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Çàäà÷à ìàêñèìèçàöèè ôóíêöèè íà åäèíè÷íûõ ñèìïëåêñàõ

Ïóñòü Ω = (ωj)j∈J � íàáîð íîðìèðîâàííûõ íåîòðèöàòåëüíûõ
âåêòîðîâ ωj = (ωij)i∈Ij ðàçëè÷íûõ ðàçìåðíîñòåé |Ij |:

Ω =




Çàäà÷à ìàêñèìèçàöèè ôóíêöèè f (Ω) íà åäèíè÷íûõ ñèìïëåêñàõ:
f (Ω)→ max

Ω
;∑

i∈Ij

ωij = 1, j ∈ J;

ωij > 0, i ∈ Ij , j ∈ J.

Ê.Â. Âîðîíöîâ (voron@forecsys.ru) Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå 3 / 58



Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Ëåììà î ìàêñèìèçàöèè íà ñèìïëåêñàõ
Ïîñòàíîâêà çàäà÷è
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ (ARTM)

Íåîáõîäèìûå óñëîâèÿ ýêñòðåìóìà è ìåòîä ïðîñòûõ èòåðàöèé

Îïåðàöèÿ íîðìèðîâêè âåêòîðà: pi = norm
i∈I

(xi ) =
max(xi , 0)∑
k max(xk , 0)

Ëåììà. Ïóñòü f (Ω) íåïðåðûâíî äèôôåðåíöèðóåìà ïî Ω.
Åñëè ωj � âåêòîð ëîêàëüíîãî ýêñòðåìóìà çàäà÷è f (Ω)→ max
è ∃i : ωij

∂f
∂ωij

> 0, òî ωj óäîâëåòâîðÿåò ñèñòåìå óðàâíåíèé

ωij = norm
i∈Ij

(
ωij

∂f

∂ωij

)
.

×èñëåííîå ðåøåíèå ñèñòåìû � ìåòîäîì ïðîñòûõ èòåðàöèé
Âåêòîðû ωj = 0 îòáðàñûâàþòñÿ êàê âûðîæäåííûå ðåøåíèÿ
Èòåðàöèè ïîõîæè íà ãðàäèåíòíóþ îïòèìèçàöèþ:

ωij := ωij + η
∂f

∂ωij
,

íî ó÷èòûâàþò îãðàíè÷åíèÿ è íå òðåáóþò ïîäáîðà øàãà η
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Äîêàçàòåëüñòâî ëåììû î ìàêñèìèçàöèè íà ñèìïëåêñàõ

Çàäà÷à: f (Ω)→ max
Ω

;
∑
i∈Ij

ωij = 1, ωij > 0, i ∈ Ij , j ∈ J.

Ôóíêöèÿ Ëàãðàíæà:

L (Ω;µ, λ) = f (Ω) +
∑
j∈J

λj

(∑
i∈Ij

ωij − 1
)
−
∑
j∈J

∑
i∈Ij

µijωij .

Óñëîâèÿ Êàðóøà�Êóíà�Òàêêåðà äëÿ âåêòîðà ωj :

∂f (Ω)
∂ωij

= λj − µij , µijωij = 0, µij > 0.

Óìíîæèì îáå ÷àñòè ïåðâîãî ðàâåíñòâà íà ωij :

Aij ≡ ωij
∂f (Ω)
∂ωij

= ωijλj .

Ñîãëàñíî óñëîâèþ ëåììû ∃i : Aij > 0. Çíà÷èò, λj > 0.

Åñëè ∂f (Ω)
∂ωij

< 0 äëÿ íåêîòîðîãî i , òî µij > 0 ⇒ ωij = 0.

Òîãäà ωijλj = (Aij)+; λj =
∑
i

(Aij)+ ⇒ ωij = norm
i

(Aij).

�
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Òåîðåìà î ñõîäèìîñòè èòåðàöèîííîãî ïðîöåññà

ωt+1
ij = norm

i∈Ij

(
ωt
ij

∂f (Ωt)

∂ωt
ij

)

Òåîðåìà. Ïóñòü f (Ω) � îãðàíè÷åííàÿ ñâåðõó, íåïðåðûâíî
äèôôåðåíöèðóåìàÿ ôóíêöèÿ, è âñå Ωt , íà÷èíàÿ ñ íåêîòîðîé
èòåðàöèè t0 îáëàäàþò ñâîéñòâàìè:

∀j ∈ J ∀i ∈ Ij ωt
ij = 0→ ωt+1

ij = 0 (ñîõðàíåíèå íóëåé)

∃ε > 0 ∀j ∈ J ∀i ∈ Ij ωt
ij /∈ (0, ε) (îòäåëèìîñòü îò íóëÿ)

∃δ > 0 ∀j ∈ J ∃i ∈ Ij ωt
ij
∂f (Ωt)
∂ωij

> δ (íåâûðîæäåííîñòü)

Òîãäà f (Ωt+1) > f (Ωt) è
∣∣ωt+1

ij − ωt
ij

∣∣→ 0 ïðè t →∞.

Èðõèí È. À., Âîðîíöîâ Ê. Â. Ñõîäèìîñòü àëãîðèòìà àääèòèâíîé ðåãóëÿðèçàöèè
òåìàòè÷åñêèõ ìîäåëåé // Òðóäû Èíñòèòóòà ìàòåìàòèêè è ìåõàíèêè ÓðÎ ÐÀÍ. 2020.
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Ïîñòàíîâêà çàäà÷è òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Äàíî:

W � êîíå÷íîå ìíîæåñòâî (ñëîâàðü) òåðìîâ (ñëîâ, òîêåíîâ)
D � êîíå÷íîå ìíîæåñòâî (êîëëåêöèÿ) äîêóìåíòîâ
ndw � ÷àñòîòà òåðìà w ∈W â äîêóìåíòå d ∈ D

Íàéòè: âåðîÿòíîñòíóþ òåìàòè÷åñêóþ ìîäåëü (ÂÒÌ)

p(w |d) =
∑
t∈T

p(w |��@@d , t) p(t|d) =
∑
t∈T

ϕwtθtd

ãäå ϕwt =p(w |t), θtd =p(t|d) � ïàðàìåòðû ìîäåëè

Êðèòåðèé: ìàêñèìóì ëîãàðèôìà ïðàâäîïîäîáèÿ

L(Φ,Θ) = ln
∏
d ,w

p(w |d)ndw =
∑
d∈D

∑
w∈d

ndw ln
∑
t∈T

ϕwtθtd → max
Φ,Θ

ïðè îãðàíè÷åíèÿõ ϕwt > 0,
∑

w ϕwt = 1, θtd > 0,
∑

t θtd = 1

Hofmann T. Probabilistic Latent Semantic Indexing. ACM SIGIR, 1999.
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Íåñêîëüêî èíòåðïðåòàöèé ïîñòàíîâêè çàäà÷è ÂÒÌ

1. Ìÿãêàÿ áè-êëàñòåðèçàöèÿ ïî êëàñòåðàì-òåìàì t ∈ T
êàê äîêóìåíòîâ: p(t|d), òàê è òåðìîâ: p(t|w) = p(w |t) p(t)

p(w)

2. Âåêòîðíûå ïðåäñòàâëåíèÿ (ýìáåäèíãè) � âåðîÿòíîñòíûå,
èíòåðïðåòèðóåìûå, ðàçðåæåííûå: p(t|d), p(t|w), p(t|d ,w),...

3. Ìàòðè÷íîå ðàçëîæåíèå � íèçêîðàíãîâîå,
íåîòðèöàòåëüíîå (ñòîõàñòè÷åñêîå), ïðèáëèæ¼ííîå:

(
ndw
nd

)
≈ ΦΘ

4. Àâòîêîäèðîâùèê äîêóìåíòîâ â òåìàòè÷åñêèå ýìáåäèíãè:

êîäèðîâùèê fΦ : ndw
nd
→ θd

äåêîäèðîâùèê gΦ : θd → Φθd

çàäà÷à ðåêîíñòðóêöèè:∑
d

KL
(
ndw
nd

∥∥ 〈ϕw , θd〉
)
→ min

Φ,Θ

p(w |d)(
ndw
nd

)
p(t|d)
θd

p̂(w |d)
〈ϕw ,θd 〉

5. Âåðîÿòíîñòíàÿ ÿçûêîâàÿ ìîäåëü p(w |d)
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Íåêîððåêòíî ïîñòàâëåííàÿ çàäà÷à ìàòðè÷íîãî ðàçëîæåíèÿ

Íèçêîðàíãîâîå ñòîõàñòè÷åñêîå ìàòðè÷íîå ðàçëîæåíèå:

Åñëè Φ,Θ � ðåøåíèå, òî ñòîõàñòè÷åñêèå Φ′,Θ′ � òîæå ðåøåíèÿ

Φ′Θ′ = (ΦS)(S−1Θ), rankS = |T |
L(Φ′,Θ′) = L(Φ,Θ) � ëèíåéíî íå çàâèñèìûå ðåøåíèÿ

L(Φ′,Θ′) > L(Φ,Θ)− ε � ïðèáëèæ¼ííûå ðåøåíèÿ

Ðåãóëÿðèçàöèÿ � ñòàíäàðòíûé ïðè¼ì äîîïðåäåëåíèÿ ðåøåíèÿ
ñ ïîìîùüþ äîáàâëåíèÿ äîïîëíèòåëüíûõ êðèòåðèåâ.
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ARTM: àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Ìàêñèìèçàöèÿ ëîãàðèôìà ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì:∑
d ,w

ndw ln
∑
t∈T

ϕwtθtd +R(Φ,Θ)→ max
Φ,Θ

; R(Φ,Θ) =
∑
i

τiRi (Φ,Θ)

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:



ptdw ≡ p(t|d ,w) = norm
t∈T

(
ϕwtθtd

)
ϕwt = norm

w∈W

(
nwt + ϕwt

∂R
∂ϕwt

)
, nwt =

∑
d∈D

ndwptdw

θtd = norm
t∈T

(
ntd + θtd

∂R
∂θtd

)
, ntd =

∑
w∈d

ndwptdw

Âîðîíöîâ Ê. Â. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé êîëëåêöèé
òåêñòîâûõ äîêóìåíòîâ. Äîêëàäû ÐÀÍ, 2014.
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Äîêàçàòåëüñòâî (ïî ëåììå î ìàêñèìèçàöèè íà ñèìïëåêñàõ)

Ïðèìåíèì ëåììó ê log-ïðàâäîïîäîáèþ ñ ðåãóëÿðèçàòîðîì:

f (Φ,Θ) =
∑
d ,w

ndw ln
∑
t∈T

ϕwtθtd + R(Φ,Θ)→ max
Φ,Θ

ϕwt = norm
w∈W

(
ϕwt

∂f

∂ϕwt

)
= norm

w∈W

(
ϕwt

∑
d∈D

ndw
θtd

p(w |d)
+ ϕwt

∂R

∂ϕwt

)
=

= norm
w∈W

(∑
d∈D

ndwptdw + ϕwt
∂R

∂ϕwt

)
;

θtd = norm
t∈T

(
θtd

∂f

∂θtd

)
= norm

t∈T

(
θtd

∑
w∈W

ndw
ϕwt

p(w |d)
+ θtd

∂R

∂θtd

)
=

= norm
t∈T

(∑
w∈d

ndwptdw + θtd
∂R

∂θtd

)
.

�
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Äâå íàèáîëåå èçâåñòíûå ìîäåëè � ÷àñòíûå ñëó÷àè ARTM

PLSA: probabilistic latent semantic analysis [Hofmann, 1999]
(âåðîÿòíîñòíûé ëàòåíòíûé ñåìàíòè÷åñêèé àíàëèç):

R(Φ,Θ) = 0.

Ì-øàã � ÷àñòîòíûå îöåíêè óñëîâíûõ âåðîÿòíîñòåé:

ϕwt = norm
w

(
nwt
)
, θtd = norm

t

(
ntd
)
.

LDA: latent Dirichlet allocation (ëàòåíòíîå ðàçìåùåíèå Äèðèõëå):

R(Φ,Θ) =
∑
t,w

βw lnϕwt +
∑
d ,t

αt ln θtd .

Ì-øàã � ÷àñòîòíûå îöåíêè ñ ïîïðàâêàìè βw > −1, αt > −1:

ϕwt = norm
w

(
nwt + βw

)
, θtd = norm

t

(
ntd + αt

)
.

Hofmann T. Probabilistic latent semantic indexing. SIGIR 1999.
Blei D., Ng A., Jordan M. Latent Dirichlet allocation. NIPS 2001.
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Áàéåñîâñêàÿ è êëàññè÷åñêàÿ ðåãóëÿðèçàöèÿ

Áàéåñîâñêèé âûâîä àïîñòåðèîðíîãî ðàñïðåäåëåíèÿ p(Ω|X )
(ãðîìîçäêèé, ïðèáëèæ¼ííûé) ðàäè òî÷å÷íîé îöåíêè Ω:

Posterior(Ω|X , γ) ∝ p(X |Ω)Prior(Ω|γ)

Ω := arg max
Ω

Posterior(Ω|X , γ)

Ìàêñèìèçàöèÿ àïîñòåðèîðíîé âåðîÿòíîñòè (MAP)
äà¼ò òî÷å÷íóþ îöåíêó Ω íàïðÿìóþ, áåç âûâîäà Posterior:

Ω := arg max
Ω

(
ln p(X |Ω) + lnPrior(Ω|γ)

)
Ìíîãîêðèòåðèàëüíàÿ àääèòèâíàÿ ðåãóëÿðèçàöèÿ (ARTM)
îáîáùàåò MAP íà ëþáûå ðåãóëÿðèçàòîðû è èõ êîìáèíàöèè:

Ω := arg max
Ω

(
ln p(X |Ω) +

∑
i=1

τiRi (Ω)
)
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Ðåãóëÿðèçàòîðû äëÿ óëó÷øåíèÿ èíòåðïðåòèðóåìîñòè òåì

background

Ñãëàæèâàíèå ôîíîâûõ òåì B ⊂ T :

R(Φ,Θ) = β0

∑
t∈B

∑
w

βw lnϕwt + α0

∑
d

∑
t∈B

αt ln θtd

sparse

Ðàçðåæèâàíèå ïðåäìåòíûõ òåì S = T \ B :
R(Φ,Θ) = −β0

∑
t∈S

∑
w

βw lnϕwt − α0

∑
d

∑
t∈S

αt ln θtd

seed words

Ñãëàæèâàíèå äëÿ âûäåëåíèÿ ðåëåâàíòíûõ òåì
ñ ïîìîùüþ ñëîâàðÿ ¾çàòðàâî÷íûõ¿ êëþ÷åâûõ ñëîâ

decorrelated

Äåêîððåëèðîâàíèå äëÿ ïîâûøåíèÿ ðàçëè÷íîñòè òåì:

R(Φ) = −τ
2

∑
t,s

∑
w

ϕwtϕws

interpretable

Ñãëàæèâàíèå + ðàçðåæèâàíèå + äåêîððåëèðîâàíèå
äëÿ óëó÷øåíèÿ èíòåðïðåòèðóåìîñòè òåì
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Ðåãóëÿðèçàòîðû äëÿ ó÷¼òà äîïîëíèòåëüíîé èíôîðìàöèè

regression

Ëèíåéíàÿ ìîäåëü ðåãðåññèè ŷd = 〈v , θd〉 äîêóìåíòîâ:
R(Θ, v) = −τ

∑
d∈D

(
yd −

∑
t∈T

vtθtd

)2

Ñâÿçè ñî÷åòàåìîñòè ñëîâ (nuv � ÷àñòîòà áèòåðìà):

R(Φ) = τ
∑
u∈W

∑
v∈W

nuv ln
∑
t∈T

ntϕutϕvt

relational

Ñâÿçè èëè ññûëêè ìåæäó äîêóìåíòàìè:

R(Θ) = τ
∑

d ,c∈D
ndc

∑
t∈T

θtdθtc

hierarchy

Ñâÿçè ðîäèòåëüñêèõ òåì t ñ äî÷åðíèìè ïîäòåìàìè s:

R(Φ,Ψ) = τ
∑
t∈T

∑
w∈W

nwt ln
∑
s∈S

ϕwsψst
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Ê.Â. Âîðîíöîâ (voron@forecsys.ru) Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå 16 / 58



Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Ìîäàëüíîñòè, äèíàìèêà, ñâÿçè, èåðàðõèè
Ãèïåðãðàôîâûå ìîäåëè òðàíçàêöèîííûõ äàííûõ
Ìîäåëè ïîñëåäîâàòåëüíîãî òåêñòà

Ìóëüòèìîäàëüíàÿ òåìàòè÷åñêàÿ ìîäåëü

Òåìà ìîæåò ïîðîæäàòü òåðìû ðàçëè÷íûõ ìîäàëüíîñòåé:
p(ñëîâî|t), p(n-ãðàììà|t), p(àâòîð|t), p(âðåìÿ|t), p(èñòî÷íèê|t),

p(îáúåêò|t), p(ññûëêà|t), p(áàííåð|t), p(ïîëüçîâàòåëü|t)

Ê.Â. Âîðîíöîâ (voron@forecsys.ru) Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå 16 / 58



Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Ìîäàëüíîñòè, äèíàìèêà, ñâÿçè, èåðàðõèè
Ãèïåðãðàôîâûå ìîäåëè òðàíçàêöèîííûõ äàííûõ
Ìîäåëè ïîñëåäîâàòåëüíîãî òåêñòà

Ìóëüòèìîäàëüíàÿ òåìàòè÷åñêàÿ ìîäåëü

Òåìà ìîæåò ïîðîæäàòü òåðìû ðàçëè÷íûõ ìîäàëüíîñòåé:
p(ñëîâî|t), p(n-ãðàììà|t), p(àâòîð|t), p(âðåìÿ|t), p(èñòî÷íèê|t),
p(îáúåêò|t),

p(ññûëêà|t), p(áàííåð|t), p(ïîëüçîâàòåëü|t)

Ê.Â. Âîðîíöîâ (voron@forecsys.ru) Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå 16 / 58



Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Ìîäàëüíîñòè, äèíàìèêà, ñâÿçè, èåðàðõèè
Ãèïåðãðàôîâûå ìîäåëè òðàíçàêöèîííûõ äàííûõ
Ìîäåëè ïîñëåäîâàòåëüíîãî òåêñòà

Ìóëüòèìîäàëüíàÿ òåìàòè÷åñêàÿ ìîäåëü

Òåìà ìîæåò ïîðîæäàòü òåðìû ðàçëè÷íûõ ìîäàëüíîñòåé:
p(ñëîâî|t), p(n-ãðàììà|t), p(àâòîð|t), p(âðåìÿ|t), p(èñòî÷íèê|t),
p(îáúåêò|t), p(ññûëêà|t),

p(áàííåð|t), p(ïîëüçîâàòåëü|t)

Ê.Â. Âîðîíöîâ (voron@forecsys.ru) Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå 16 / 58



Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Ìîäàëüíîñòè, äèíàìèêà, ñâÿçè, èåðàðõèè
Ãèïåðãðàôîâûå ìîäåëè òðàíçàêöèîííûõ äàííûõ
Ìîäåëè ïîñëåäîâàòåëüíîãî òåêñòà

Ìóëüòèìîäàëüíàÿ òåìàòè÷åñêàÿ ìîäåëü

Òåìà ìîæåò ïîðîæäàòü òåðìû ðàçëè÷íûõ ìîäàëüíîñòåé:
p(ñëîâî|t), p(n-ãðàììà|t), p(àâòîð|t), p(âðåìÿ|t), p(èñòî÷íèê|t),
p(îáúåêò|t), p(ññûëêà|t), p(áàííåð|t),

p(ïîëüçîâàòåëü|t)

Ê.Â. Âîðîíöîâ (voron@forecsys.ru) Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå 16 / 58



Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Ìîäàëüíîñòè, äèíàìèêà, ñâÿçè, èåðàðõèè
Ãèïåðãðàôîâûå ìîäåëè òðàíçàêöèîííûõ äàííûõ
Ìîäåëè ïîñëåäîâàòåëüíîãî òåêñòà

Ìóëüòèìîäàëüíàÿ òåìàòè÷åñêàÿ ìîäåëü

Òåìà ìîæåò ïîðîæäàòü òåðìû ðàçëè÷íûõ ìîäàëüíîñòåé:
p(ñëîâî|t), p(n-ãðàììà|t), p(àâòîð|t), p(âðåìÿ|t), p(èñòî÷íèê|t),
p(îáúåêò|t), p(ññûëêà|t), p(áàííåð|t), p(ïîëüçîâàòåëü|t)

Ê.Â. Âîðîíöîâ (voron@forecsys.ru) Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå 16 / 58



Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Ìîäàëüíîñòè, äèíàìèêà, ñâÿçè, èåðàðõèè
Ãèïåðãðàôîâûå ìîäåëè òðàíçàêöèîííûõ äàííûõ
Ìîäåëè ïîñëåäîâàòåëüíîãî òåêñòà

Ìóëüòèìîäàëüíàÿ òåìàòè÷åñêàÿ ìîäåëü

Òåìà ìîæåò ïîðîæäàòü òåðìû ðàçëè÷íûõ ìîäàëüíîñòåé:
p(ñëîâî|t), p(n-ãðàììà|t), p(àâòîð|t), p(âðåìÿ|t), p(èñòî÷íèê|t),
p(îáúåêò|t), p(ññûëêà|t), p(áàííåð|t), p(ïîëüçîâàòåëü|t)

Ê.Â. Âîðîíöîâ (voron@forecsys.ru) Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå 16 / 58



Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Ìîäàëüíîñòè, äèíàìèêà, ñâÿçè, èåðàðõèè
Ãèïåðãðàôîâûå ìîäåëè òðàíçàêöèîííûõ äàííûõ
Ìîäåëè ïîñëåäîâàòåëüíîãî òåêñòà

Ìóëüòèìîäàëüíàÿ òåìàòè÷åñêàÿ ìîäåëü ARTM

Wm � ñëîâàðü òåðìîâ m-é ìîäàëüíîñòè, m ∈ M
Ìàêñèìèçàöèÿ ñóììû log ïðàâäîïîäîáèé ñ ðåãóëÿðèçàöèåé:∑

m∈M
τm
∑
d∈D

∑
w∈Wm

ndw ln
∑
t∈T

ϕwtθtd + R(Φ,Θ) → max
Φ,Θ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:



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

)
K.Vorontsov, O.Frei, M.Apishev et al. Non-Bayesian additive regularization for
multimodal topic modeling of large collections. CIKM TM workshop, 2015.
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Ïðèìåð 1. Ìóëüòèÿçû÷íàÿ òåìàòè÷åñêàÿ ìîäåëü Âèêèïåäèè

216 175 ðóññêî-àíãëèéñêèõ ïàð ñòàòåé. ßçûêè � ìîäàëüíîñòè.
Ïåðâûå 10 ñëîâ è èõ ÷àñòîòû p(w |t) â %:

Òåìà �68 Òåìà �79

research 4.56 èíñòèòóò 6.03 goals 4.48 ìàò÷ 6.02
technology 3.14 óíèâåðñèòåò 3.35 league 3.99 èãðîê 5.56
engineering 2.63 ïðîãðàììà 3.17 club 3.76 ñáîðíàÿ 4.51
institute 2.37 ó÷åáíûé 2.75 season 3.49 ôê 3.25
science 1.97 òåõíè÷åñêèé 2.70 scored 2.72 ïðîòèâ 3.20
program 1.60 òåõíîëîãèÿ 2.30 cup 2.57 êëóá 3.14
education 1.44 íàó÷íûé 1.76 goal 2.48 ôóòáîëèñò 2.67
campus 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 match 1.67 êîìàíäà 2.14

Àñåññîð îöåíèë 396 òåì èç 400 êàê õîðîøî èíòåðïðåòèðóåìûå.

Ê.Vorontsov, O.Frei, M.Apishev, P.Romov, M.Suvorova. BigARTM: Open Source
Library for Regularized Multimodal Topic Modeling of Large Collections. AIST-2015.
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Ïðèìåð 1. Ìóëüòèÿçû÷íàÿ òåìàòè÷åñêàÿ ìîäåëü Âèêèïåäèè

216 175 ðóññêî-àíãëèéñêèõ ïàð ñòàòåé. ßçûêè � ìîäàëüíîñòè.
Ïåðâûå 10 ñëîâ è èõ ÷àñòîòû p(w |t) â %:

Òåìà �88 Òåìà �251

opera 7.36 îïåðà 7.82 windows 8.00 windows 6.05
conductor 1.69 îïåðíûé 3.13 microsoft 4.03 microsoft 3.76
orchestra 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
performance 0.78 òåàòð 1.14 security 0.92 server 1.54
mozart 0.74 ïàðòèÿ 1.05 mitchell 0.82 ïðîãðàììíûé 1.08
sang 0.70 ñîïðàíî 0.97 oracle 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.

Ê.Vorontsov, O.Frei, M.Apishev, P.Romov, M.Suvorova. BigARTM: Open Source
Library for Regularized Multimodal Topic Modeling of Large Collections. AIST-2015.
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Ïðèìåð 2. Áèãðàììû óëó÷øàþò èíòåðïðåòèðóåìîñòü òåì

Êîëëåêöèÿ 1000 ñòàòåé êîíôåðåíöèé ÌÌÐÎ, ÈÎÈ íà ðóññêîì

ðàñïîçíàâàíèå îáðàçîâ â áèîèíôîðìàòèêå òåîðèÿ âû÷èñëèòåëüíîé ñëîæíîñòè
unigrams bigrams unigrams bigrams
îáúåêò çàäà÷à ðàñïîçíàâàíèÿ çàäà÷à ðàçäåëÿòü ìíîæåñòâà
çàäà÷à ìíîæåñòâî ìîòèâîâ ìíîæåñòâî êîíå÷íîå ìíîæåñòâî
ìíîæåñòâî ñèñòåìà ìàñîê ïîäìíîæåñòâî óñëîâèå çàäà÷è
ìîòèâ âòîðè÷íàÿ ñòðóêòóðà óñëîâèå çàäà÷à î ïîêðûòèè
ðàçðåøèìîñòü ñòðóêòóðà áåëêà êëàññ ïîêðûòèå ìíîæåñòâà
âûáîðêà ðàñïîçíàâàíèå âòîðè÷íîé ðåøåíèå ñèëüíûé ñìûñë
ìàñêà ñîñòîÿíèå îáúåêòà êîíå÷íûé ðàçäåëÿþùèé êîìèòåò
ðàñïîçíàâàíèå îáó÷àþùàÿ âûáîðêà ÷èñëî ìèíèìàëüíûé àôôèííûé
èíôîðìàòèâíîñòü îöåíêà èíôîðìàòèâíîñòè àôôèííûé àôôèííûé êîìèòåò
ñîñòîÿíèå ìíîæåñòâî îáúåêòîâ ñëó÷àé àôôèííûé ðàçäåëÿþùèé
çàêîíîìåðíîñòü ðàçðåøèìîñòü çàäà÷è ïîêðûòèå îáùåå ïîëîæåíèå
ñèñòåìà êðèòåðèé ðàçðåøèìîñòè îáùèé ìíîæåñòâî òî÷åê
ñòðóêòóðà èíôîðìàòèâíîñòü ìîòèâà ïðîñòðàíñòâî ñëó÷àé çàäà÷è
çíà÷åíèå ïåðâè÷íàÿ ñòðóêòóðà ñõåìà îáùèé ñëó÷àé
ðåãóëÿðíîñòü òóïèêîâîå ìíîæåñòâî êîìèòåò çàäà÷à MASC

Ñåðãåé Ñòåíèí. Ìóëüòèãðàììíûå àääèòèâíî ðåãóëÿðèçîâàííûå òåìàòè÷åñêèå
ìîäåëè // Ìàãèñòåðñêàÿ äèññåðòàöèÿ, ÌÔÒÈ, 2015.
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Ðåãóëÿðèçàòîðû äëÿ ìóëüòèìîäàëüíûõ òåìàòè÷åñêèõ ìîäåëåé

supervised

Ìîäàëüíîñòè ìåòîê êëàññîâ èëè êàòåãîðèé äëÿ
çàäà÷ êëàññèôèêàöèè è êàòåãîðèçàöèè òåêñòîâ.

multilanguage
Ìîäàëüíîñòü ÿçûêîâ è ðåãóëÿðèçàöèÿ ñî ñëîâàð¼ì
πuwt = p(u|w , t) ïåðåâîäîâ ñ ÿçûêà k íà `:

R(Φ,Π) = τ
∑

u∈W k

∑
t∈T

nut ln
∑

w∈W `

πuwtϕwt

temporal

Òåìïîðàëüíûå ìîäåëè ñ ìîäàëüíîñòüþ âðåìåíè i :

R(Φ) = −τ
∑
i∈I

∑
t∈T

∣∣ϕit − ϕi−1,t

∣∣.
geospatial

Ìîäàëüíîñòü ãåîëîêàöèé g ñ áëèçîñòüþ Sgg ′ :

R(Φ) = −τ
2

∑
g ,g ′∈G

Sgg ′
∑
t∈T

n2
t

(ϕgt

ng
−
ϕg ′t

ng ′

)2
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Òðàíçàêöèîííûå äàííûå

Âûáîðêà ìîæåò ñîäåðæàòü íå òîëüêî ïàðû (d ,w), íî òàêæå
òðîéêè, ÷åòâ¼ðêè, . . . , n-êè òåðìîâ ðàçíûõ ìîäàëüíîñòåé.

Äàííûå ñîöèàëüíîé ñåòè:
(d , u,w) � ïîëüçîâàòåëü u çàïèñàë ñëîâî w â áëîãå d

Äàííûå ñåòè èíòåðíåò-ðåêëàìû:
(u, d , b) � ïîëüçîâàòåëü u êëèêíóë áàííåð b íà ñòðàíèöå d

Äàííûå ðåêîìåíäàòåëüíîé ñèñòåìû:
(u, f , s) � ïîëüçîâàòåëü u îöåíèë ôèëüì f â ñèòóàöèè s

Äàííûå ôèíàíñîâûõ îðãàíèçàöèé:
(b, s, g) � ïîêóïàòåëü u êóïèë ó ïðîäàâöà s òîâàð g

Äàííûå î ïàññàæèðñêèõ àâèàïåðåë¼òàõ:
(u, a, b, c) � ïåðåë¼ò êëèåíòà u èç a â b àâèàêîìïàíèåé c

Çàäà÷à: ïî íàáëþäàåìîé âûáîðêå ð¼áåð ãèïåðãðàôà íàéòè
ëàòåíòíûå òåìàòè÷åñêèå âåêòîðíûå ïðåäñòàâëåíèÿ åãî âåðøèí.
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Ãèïåðãðàôîâàÿ ARTM òðàíçàêöèîííûõ äàííûõ

Vm � ñëîâàðü òåðìîâ ìîäàëüíîñòè m ∈ M
V = V 1 t · · · t VM � ñëîâàðü òåðìîâ âñåõ ìîäàëüíîñòåé
Γ = 〈V ,E 〉 � ãèïåðãðàô, ñèñòåìà êîíå÷íûõ ïîäìíîæåñòâ V
(d , x) � ðåáðî èç E , ãäå d ∈ V � âåðøèíà-êîíòåéíåð, x ⊂ V

Äàíî:
Ek � íàáëþäàåìàÿ âûáîðêà ð¼áåð (òðàíçàêöèé) òèïà k ,
nkdx � ÷èñëî âõîæäåíèé ðåáðà (d , x) â âûáîðêó Ek .

Íàéòè: òåìàòè÷åñêóþ ìîäåëü ð¼áåð òèïà k

p(x |d) =
∑
t∈T

p(t|d)︸ ︷︷ ︸
θtd

∏
v∈x

p(v |t)︸ ︷︷ ︸
ϕvt

Êðèòåðèé: ìàêñèìóì ðåãóëÿðèçîâàííîãî ïðàâäîïîäîáèÿ:∑
k∈K

τk
∑

(d ,x)∈Ek

nkdx ln
∑
t∈T

θtd
∏
v∈x

ϕvt + R(Φ,Θ)→ max
Φ,Θ
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EM-àëãîðèòì äëÿ ãèïåðãðàôîâîé ARTM

Çàäà÷à ìàêñèìèçàöèè ðåãóëÿðèçîâàííîãî ïðàâäîïîäîáèÿ:∑
k∈K

τk
∑

(d ,x)∈Ek

nkdx ln
∑
t∈T

θtd
∏
v∈x

ϕvt + R(Φ,Θ)→ max
Φ,Θ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé
ñî âñïîìîãàòåëüíûìè ïåðåìåííûìè ptdx = p(t|d , x):

E-øàã:

M-øàã:



ptdx = norm
t∈T

(
θtd

∏
v∈x

ϕvt

)
ϕvt = norm

v∈Vm

( ∑
k∈K

τk
∑

(d ,x)∈Ek

[
v ∈x

]
nkdxptdx + ϕvt

∂R
∂ϕvt

)
θtd = norm

t∈T

( ∑
k∈K

τk
∑

(d ,x)∈Ek

nkdxptdx + θtd
∂R
∂θtd

)
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Äîêàçàòåëüñòâî (ïî ëåììå î ìàêñèìèçàöèè íà ñèìïëåêñàõ)

Ïðèìåíèì ëåììó ê log-ïðàâäîïîäîáèþ ñ ðåãóëÿðèçàòîðîì R :

ϕvt = norm
v∈Vm

(
ϕvt

∑
k∈K

τk
∑

dx∈Ek

nkdx
θtd

p(x |d)

∂

∂ϕvt

∏
u∈x

ϕut + ϕvt
∂R

∂ϕvt

)
=

= norm
v∈Vm

(∑
k∈K

∑
dx∈Ek

τknkdx [v ∈ x ]ptdx + ϕvt
∂R

∂ϕvt

)

θtd = norm
t∈T

(
θtd
∑
k∈K

τk
∑
x∈d

nkdx
1

p(x |d)

∏
v∈x

ϕvt + θtd
∂R

∂θtd

)
=

= norm
t∈T

(∑
k∈K

∑
x∈d

τknkdxptdx + θtd
∂R

∂θtd

)
�

K.Vorontsov. Rethinking probabilistic topic modeling from the point of view of classical
non-Bayesian regularization // Springer Optimization and Its Applications. 2023
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Òðàíçàêöèîííûå äàííûå â ðåêîìåíäàòåëüíûõ ñèñòåìàõ

U � êîíå÷íîå ìíîæåñòâî (ñëîâàðü) êëèåíòîâ (users)
I � êîíå÷íîå ìíîæåñòâî (ñëîâàðü) îáúåêòîâ (items)
A � ñëîâàðü àòðèáóòîâ êëèåíòîâ (ñîöäåì, ðåãèîí, õîááè...)
B � ñëîâàðü ñâîéñòâ îáúåêòîâ (ñëîâà â òåêñòîâûõ îáúåêòàõ)

C � ñëîâàðü ñèòóàòèâíûõ êîíòåêñòîâ
J � ñëîâàðü èíòåðâàëîâ âðåìåíè

Âîçìîæíûå âèäû äàííûõ:
nui � êëèåíò u âûáðàë îáúåêò i
nua � êëèåíò u èìååò àòðèáóò a
nib � îáúåêò i èìååò ñâîéñòâî b
nuv � êëèåíò u äîâåðÿåò êëèåíòó v
nuib � êëèåíò u îòìåòèë i òýãîì b
nuic � êëèåíò u âûáðàë i â êîíòåêñòå c
nuicj � u âûáðàë i â c â èíòåðâàëå j
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Ãèïåðãðàôîâûå òåìàòè÷åñêèå ìîäåëè ÿçûêà

Ð¼áðàìè ãèïåðãðàôà ìîãóò áûòü ëþáûå ïîäìíîæåñòâà òåðìîâ,
ñâÿçàííûå ïî ñìûñëó è ïîðîæäàåìûå îáùåé òåìîé:

ïðåäëîæåíèå / ôðàçà / ñèíòàãìà

âåòêà ñèíòàêñè÷åñêîãî äåðåâà / èìåííàÿ ãðóïïà

ôàêò ¾îáúåêò, ñóáúåêò, äåéñòâèå¿

ïàðû ñèíîíèìîâ, ãèïîíèì�ãèïåðîíèì, ìåðîíèì�õîëîíèì

ëåêñè÷åñêàÿ öåïî÷êà

òåêñò êîììåíòàðèÿ è åãî àâòîð

Ìîäåëü äà¼ò èíòåðïðåòèðóåìûå òåìàòè÷åñêèå ýìáåäèíãè:

p(t|d) � êàæäîãî êîíòåéíåðà, â ÷àñòíîñòè, äîêóìåíòà

p(t|w) = ϕwt
p(t)
p(w) � êàæäîãî òåðìà, â ÷àñòíîñòè, ñëîâà

p(t|d , x) � êàæäîé îòäåëüíîé òðàíçàêöèè (ôðàçû, ôàêòà)
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Ìîäåëè ïðåäëîæåíèé è êîðîòêèõ òåêñòîâ TwitterLDA, senLDA

Sd � ìíîæåñòâî ïðåäëîæåíèé äîêóìåíòà d
nsw � ñêîëüêî ðàç òåðì w âñòðå÷àåòñÿ â ïðåäëîæåíèè s

Òåìàòè÷åñêàÿ ìîäåëü ïðåäëîæåíèÿ s:

p(s|d) =
∑
t∈T

p(t|d)
∏
w∈s

p(w |t)nsw =
∑
t∈T

θtd
∏
w∈s

ϕnsw
wt

Ìàêñèìèçàöèÿ ðåãóëÿðèçîâàííîãî log-ïðàâäîïîäîáèÿ∑
d∈D

∑
s∈Sd

ln
∑
t∈T

θtd
∏
w∈s

ϕnsw
wt + R(Φ,Θ)→ max

Φ,Θ

ýòî ÷àñòíûé ñëó÷àé ãèïåðãðàôîâîé ìîäåëè, ïðåäëîæåíèÿ
ÿâëÿþòñÿ ãèïåð-ð¼áðàìè.

Wayne Xin Zhao, Jing Jiang, Jianshu Weng, Jing He, Ee Peng Lim et al. Comparing
Twitter and traditional media using topic models. ECIR 2011.

G.Balikas, M.-R.Amini, M.Clausel. On a topic model for sentences. SIGIR 2016.
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Ðåãóëÿðèçàòîðû äëÿ ìîäåëèðîâàíèÿ ïîñëåäîâàòåëüíîãî òåêñòà

sentence

Òåìàòè÷åñêèå ìîäåëè, ó÷èòûâàþùèå ãðàíèöû
ïðåäëîæåíèé, àáçàöåâ è ñåêöèé äîêóìåíòîâ

n-gram

Ìîäåëè ñ ìîäàëüíîñòÿìè n-ãðàìì, êîëëîêàöèé,
èìåíîâàííûõ ñóùíîñòåé (èñïîëüçóåì TopMine)

syntax

Ìîäåëè, ó÷èòûâàþùèå ðåçóëüòàòû àâòîìàòè÷åñêîãî
ñèíòàêñè÷åñêîãî ðàçáîðà (èñïîëüçóåì UDPipe)

sentiment

Ìîäåëè âûäåëåíèÿ ìíåíèé íà îñíîâå òîíàëüíîñòåé,
ôàêòîâ, ñåìàíòè÷åñêèõ ðîëåé èìåíîâàííûõ ñóùíîñòåé

segmentation

Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè ñ àâòîìàòè÷åñêèì
îïðåäåëåíèåì ãðàíèö ñåãìåíòîâ
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Ñåãìåíòíàÿ ñòðóêòóðà òåêñòà è ïîñò-îáðàáîòêà Å-øàãà

Äîêóìåíò d = {w1, . . . ,wnd}, nd � äëèíà äîêóìåíòà d

Òåìàòèêà òåðìîâ â äîêóìåíòå p(t|d ,wi ) � ìàòðèöà T×nd :
123 ... ... nd

1

...

|T|

↓ ñåêöèîíèðîâàíèå è ðàçðåæèâàíèå ↓

↓ ñãëàæèâàíèå è êîíòðàñòèðîâàíèå ↓
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Ðåãóëÿðèçàöèÿ Å-øàãà êàê ïîñòîáðàáîòêà ìàòðèö p(t|d ,w)

Òð¼õìåðíàÿ ìàòðèöà Π =
(
ptdw = p(t|d ,w)

)
T×D×W∑

d∈D

∑
w∈d

ndw ln
∑
t∈T

ϕwtθtd + R(Π(Φ,Θ),Φ,Θ) → max
Φ,Θ

.

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:



ptdw = norm
t∈T

(
ϕwtθtd

)
p̃tdw = ptdw

(
1 + 1

ndw

(
∂R
∂ptdw

−
∑
z∈T

pzdw
∂R
∂pzdw

))
ϕwt = norm

w∈W

( ∑
d∈D

ndw p̃tdw + ϕwt
∂R
∂ϕwt

)
θtd = norm

t∈T

( ∑
w∈d

ndw p̃tdw + θtd
∂R
∂θtd

)
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Ãèïåðãðàôîâûå ìîäåëè òðàíçàêöèîííûõ äàííûõ
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Ñõåìà äîêàçàòåëüñòâà èç òð¼õ øàãîâ

1. Äëÿ ôóíêöèè ptdw (Φ,Θ) = ϕwtθtd∑
z ϕwzθzd

è ëþáîãî z ∈ T

ϕwt
∂pzdw
∂ϕwt

= θtd
∂pzdw
∂θtd

= ptdw
(
[z = t]− pzdw

)
.

2. Ââåä¼ì âñïîìîãàòåëüíóþ ôóíêöèþ îò ïåðåìåííûõ Π,Φ,Θ:

Qtdw (Π,Φ,Θ) = ∂R(Π,Φ,Θ)
∂ptdw

−
∑
z∈T

pzdw
∂R(Π,Φ,Θ)
∂pzdw

.

R̃(Φ,Θ) = R(Π(Φ,Θ),Φ,Θ) íå çàâèñèò îò ptdw ïðè w /∈ d , çíà÷èò

ϕwt
∂R̃
∂ϕwt

= ϕwt
∂R
∂ϕwt

+
∑
d∈D

ptdwQtdw ; θtd
∂R̃
∂θtd

= θtd
∂R
∂θtd

+
∑
w∈d

ptdwQtdw .

3. Ïîäñòàâëÿåì ýòî â ôîðìóëû Ì-øàãà:

ϕwt = norm
w∈W

( ∑
d∈D

ndwptdw +
∑
d∈D

Qtdwptdw + ϕwt
∂R
∂ϕwt

)
;

θtd = norm
t∈T

( ∑
w∈d

ndwptdw +
∑
w∈d

Qtdwptdw + θtd
∂R
∂θtd

)
.

�
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Ëþáàÿ ïîñò-îáðàáîòêà Å-øàãà ýêâèâàëåíòíà ðåãóëÿðèçàòîðó R(Π)

Èòàê, ïðîèçâîëüíîìó ãëàäêîìó ðåãóëÿðèçàòîðó R(Π,Φ,Θ)
îäíîçíà÷íî ñîîòâåòñòâóåò ïðåîáðàçîâàíèå ptdw → p̃tdw .
Âåðíî è îáðàòíîå:

Òåîðåìà. Åñëè íà k-é èòåðàöèè EM-àëãîðèòìà äëÿ êàæäîãî
(d ,w): ndw > 0 â ôîðìóëàõ Ì-øàãà âìåñòî âåêòîðà (pktdw )t∈T
ïîäñòàâèòü äðóãîé âåêòîð (p̃ktdw )t∈T , óäîâëåòâîðÿþùèé
óñëîâèþ íîðìèðîâêè

∑
t p̃

k
tdw = 1, òî ýòî ýêâèâàëåíòíî

äîáàâëåíèþ ðåãóëÿðèçàòîðà ñãëàæèâàíèÿ�ðàçðåæèâàíèÿ

R(Π) =
∑
d∈D

∑
w∈d

ndw
∑
t∈T

(p̃ktdw − pktdw ) ln ptdw .

Îáùèé âûâîä: ïîñò-îáðàáîòêà Å-øàãà ïîçâîëÿåò ó÷èòûâàòü
ïîðÿäîê òåðìîâ â äîêóìåíòå â îáõîä ãèïîòåçû ¾ìåøêà ñëîâ¿.

Ê.Â. Âîðîíöîâ (voron@forecsys.ru) Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå 33 / 58



Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
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Îäíîïðîõîäíûé ïî äîêóìåíòó EM-àëãîðèòì äëÿ ARTM

Ìàêñèìèçàöèÿ log-ïðàâäîïîäîáèÿ ïðè îãðàíè÷åíèè Θ = Θ(Φ):∑
d ,w

ndw ln
∑
t∈T

ϕwtθtd(Φ) + R
(
Φ,Θ(Φ)

)
→ max

Φ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

ptdw = norm
t∈T

(
ϕwtθtd(Φ)

)
; ntd =

∑
w∈d

ndwptdw + θtd(Φ)
∂R

∂θtd

p̃tdw = ptdw +
ϕwt

ndw

∑
z∈T

nzd
θzd(Φ)

∂θzd
∂ϕwt

ϕwt = norm
w∈W

(∑
d∈D

ndw p̃tdw + ϕwt
∂R

∂ϕwt

)

È.À.Èðõèí, Â.Ã.Áóëàòîâ, Ê.Â.Âîðîíöîâ. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ
ìîäåëåé ñ áûñòðîé âåêòîðèçàöèåé òåêñòà. ÊèÌ, 2020.
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Äîêàçàòåëüñòâî (ïî ëåììå î ìàêñèìèçàöèè íà ñèìïëåêñàõ)

Îïòèìèçàöèîííàÿ çàäà÷à M-øàãà îòíîñèòåëüíî Φ:

Q(Φ) =
∑
d∈D

∑
u∈W

∑
z∈T

ndupzdu
(
lnϕuz+ln θzd(Φ)

)
+R
(
Φ,Θ(Φ)

)
→ max

Φ

Ïðèìåíèì ëåììó ê ðåãóëÿðèçîâàííîìó log-ïðàâäîïîäîáèþ Q:

ϕwt
∂Q

∂ϕwt
=
∑
d∈D

ndwptdw+
∑
d,z,u

ndupzdu
ϕwt

θzd

∂θzd
∂ϕwt

+ϕwt

∑
d,z

∂R

∂θzd

∂θzd
∂ϕwt

+ϕwt
∂R

∂ϕwt
=

=
∑
d∈D

ndw

(
ptdw +

ϕwt

ndw

∑
z∈T

1

θzd

(∑
u∈d

ndupzdu + θzd
∂R

∂θzd

)
︸ ︷︷ ︸

nzd

∂θzd
∂ϕwt

)
+ ϕwt

∂R

∂ϕwt
=

=
∑
d∈D

ndw

(
ptdw +

ϕwt

ndw

∑
z∈T

nzd
θzd

∂θzd
∂ϕwt

)
︸ ︷︷ ︸

p̃tdw

+ ϕwt
∂R

∂ϕwt

�
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×àñòíûé ñëó÷àé θtd(Φ) =
∑

w pwd normt(ϕwtpt)

×àñòíûå ïðîèçâîäíûå: ϕwt
∂θzd
∂ϕwt

= pwd ϕ̃tw

(
δzt − ϕ̃zw

)
EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

ϕ̃tw = norm
t∈T

(
ϕwtpt

)
; θtd =

∑
w∈d

pwd ϕ̃tw

ptdw = norm
t∈T

(
ϕwtθtd

)
; ntd =

∑
w∈d

ndwptdw + θtd
∂R

∂θtd

p̃tdw = ptdw +
ϕ̃tw

nd

(
ntd
θtd
−
∑
z∈T

ϕ̃zw
nzd
θzd

)
ϕwt = norm

w∈W

(∑
d∈D

ndw p̃tdw + ϕwt
∂R

∂ϕwt

)

E-øàã ïî-ïðåæíåìó çàíèìàåò O(nd |T |) îïåðàöèé äëÿ êàæäîãî d
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Ýêñïåðèìåíò. Ïðîâåðêà ìîäèôèöèðîâàííîãî EM-àëãîðèòìà

Êîëëåêöèÿ NIPS, |T | = 50, ìîäåëè:

TARTM (Θless ARTM) � ìîäèôèöèðîâàííûé EM-àëãîðèòì

naive TARTM � îäíà èòåðàöèÿ îáû÷íîãî EM-àëãîðèòìà
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TARTM î÷èùàåò òåìû îò îáùåóïîòðåáèòåëüíûõ ñëîâ,

óëó÷øàåò ðàçðåæåííîñòü, ðàçëè÷íîñòü è êîãåðåíòíîñòü òåì

È.À.Èðõèí, Â.Ã.Áóëàòîâ, Ê.Â.Âîðîíöîâ. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ
ìîäåëåé ñ áûñòðîé âåêòîðèçàöèåé òåêñòà, 2020.
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Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Íåêîòîðûå ïðèëîæåíèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

ðàçâåäî÷íûé ïîèñê â ïîèñê òåìàòè÷åñêîãî âûÿâëåíèå è îòñëåæèâàíèå
ýëåêòðîííûõ áèáëèîòåêàõ êîíòåíòà â ñîöñåòÿõ öåïî÷åê íîâîñòåé

ìóëüòèìîäàëüíûé ïîèñê àíàëèç áàíêîâñêèõ óïðàâëåíèåì äèàëîãîì â
òåêñòîâ è èçîáðàæåíèé òðàíçàêöèîííûõ äàííûõ ðàçãîâîðíîì èíòåëëåêòå
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Òåìàòè÷åñêàÿ ìîäåëü äëÿ ðàçâåäî÷íîãî ïîèñêà äîëæíà áûòü...

1 Èíòåðïðåòèðóåìàÿ: îáúÿñíåíèå ñìûñëà êàæäîé òåìû

2 Èåðàðõè÷åñêàÿ: ðàçäåëåíèå òåì íà ïîäòåìû

3 Äèíàìè÷åñêàÿ: ðàçâèòèå êàæäîé òåìû âî âðåìåíè

4 Ìóëüòèìîäàëüíàÿ: ñëîâà + àâòîðû, êàòåãîðèè, ñâÿçè, òåãè,...

5 Ìóëüòèãðàììíàÿ: ñëîâà + òåðìèíû-ñëîâîñî÷åòàíèÿ

6 Ìóëüòèÿçû÷íàÿ: äëÿ êðîññ- è ìíîãî-ÿçûêîâîãî ïîèñêà

7 Ñåãìåíòèðóþùàÿ äîêóìåíò íà òåìàòè÷åñêèå áëîêè

8 Îáó÷àåìàÿ ïî îöåíêàì àñåññîðîâ è ëîãàì ïîëüçîâàòåëåé

9 Îïðåäåëÿþùàÿ ÷èñëî òåì àâòîìàòè÷åñêè

10 Ñîçäàþùàÿ è èìåíóþùàÿ íîâûå òåìû àâòîìàòè÷åñêè

11 Îíëàéíîâàÿ: îáðàáîòêà êîëëåêöèè çà îäèí ïðîõîä

12 Ïàðàëëåëüíàÿ, ðàñïðåäåë¼ííàÿ äëÿ áîëüøèõ êîëëåêöèé
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Ïàëèòðà ðåãóëÿðèçàòîðîâ â ARTM (ñïèñîê íå ïîëîí)

Ñòðóêòóðû ìàòðè÷íûõ ðàçëîæåíèé â âåðîÿòíîñòíûõ ìîäåëÿõ:
PLSA

Ðåãóëÿðèçàòîðû � äîïîëíèòåëüíûå êðèòåðèè è îãðàíè÷åíèÿ:
sparse background decorrelated interpretable multimodal multilanguage pseudo docs seed words

sentence sentiment dialog n-gram syntax

tree hierarchy graph hypergraph word network relational

regression supervised temporal segmentation n of topics geospatial
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Ìîäóëüíûé ïîäõîä ê ñèíòåçó ìîäåëåé ñ çàäàííûìè ñâîéñòâàìè

Äëÿ ïîñòðîåíèÿ êîìïîçèòíûõ ìîäåëåé â BigARTM íå íóæíû
íè ìàòåìàòè÷åñêèå âûêëàäêè, íè ïðîãðàììèðîâàíèå ¾ñ íóëÿ¿.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

BigARTM: áèáëèîòåêà òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Êëþ÷åâûå âîçìîæíîñòè:

Áîëüøèå äàííûå: êîëëåêöèÿ íå õðàíèòñÿ â ïàìÿòè

Îíëàéíîâûé ïàðàëëåëüíûé ìóëüòèìîäàëüíûé ARTM

Âñòðîåííàÿ áèáëèîòåêà ðåãóëÿðèçàòîðîâ è ìåð êà÷åñòâà

Ñîîáùåñòâî:

Îòêðûòûé êîä https://github.com/bigartm
(discussion group, issue tracker, pull requests)

Äîêóìåíòàöèÿ http://bigartm.org

Ëèöåíçèÿ è ñðåäà ðàçðàáîòêè:

Ñâîáîäíàÿ êîììåð÷åñêàÿ ëèöåíçèÿ (BSD 3-Clause)

Êðîññ-ïëàòôîðìåííîñòü: Windows, Linux, MacOS (32/64 bit)

Èíòåðôåéñû API: command-line, C++, and Python
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Êëþ÷åâûå âîçìîæíîñòè áèáëèîòåê BigARTM è TopicNet

BigARTM

áèáëèîòåêà ðåãóëÿðèçàòîðîâ

ìóëüòèìîäàëüíûå ìîäåëè

èåðàðõè÷åñêèå ìîäåëè

ãèïåðãðàôîâûå ìîäåëè

ìîäåëè ñâÿçíîãî òåêñòà

TopicNet

Ïåðåáîð ñöåíàðèåâ ðåãóëÿðèçàöèè äëÿ âûáîðà ìîäåëåé

Àâòîìàòè÷åñêîå ïðîòîêîëèðîâàíèå ýêñïåðèìåíòîâ

Ïîñòðîåíèå ¾áàíêà òåì¿ èç ìíîæåñòâà ìîäåëåé

Âèçóàëèçàöèÿ ðåçóëüòàòîâ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

V.Bulatov, E.Egorov, E.Veselova, D.Polyudova, V.Alekseev, A.Goncharov, K.Vorontsov.

TopicNet: making additive regularisation for topic modelling accessible. LREC-2020
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Êà÷åñòâî è ñêîðîñòü: BigARTM vs Gensim è Vowpal Wabbit

3.7M ñòàòåé Âèêèïåäèè, 100K ñëîâ: âðåìÿ min (ïåðïëåêñèÿ)

ïðîö. |T | Gensim Vowpal BigARTM BigARTM
Wabbit àñèíõðîí

1 50 142m (4945) 50m (5413) 42m (5117) 25m (5131)
1 100 287m (3969) 91m (4592) 52m (4093) 32m (4133)
1 200 637m (3241) 154m (3960) 83m (3347) 53m (3362)

2 50 89m (5056) 22m (5092) 13m (5160)
2 100 143m (4012) 29m (4107) 19m (4144)
2 200 325m (3297) 47m (3347) 28m (3380)

4 50 88m (5311) 12m (5216) 7m (5353)
4 100 104m (4338) 16m (4233) 10m (4357)
4 200 315m (3583) 26m (3520) 16m (3634)

8 50 88m (6344) 8m (5648) 5m (6220)
8 100 107m (5380) 10m (4660) 6m (5119)
8 200 288m (4263) 15m (3929) 10m (4309)

D.Kochedykov, M.Apishev, L.Golitsyn, K.Vorontsov.

Fast and Modular Regularized Topic Modelling. FRUCT ISMW, 2017.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Äåêîððåëèðîâàíèå, ñãëàæèâàíèå, ðàçðåæèâàíèå

Öåëü: íàéòè êîìáèíàöèþ
ðåãóëÿðèçàòîðîâ, óëó÷øàþùóþ
èíòåðïðåòèðóåìîñòü òåì
ïî ñîâîêóïíîñòè êðèòåðèåâ.

Ðåãóëÿðèçàòîðû:
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Ðåçóëüòàòû:

ðàçðåæåííîñòü 0→ 95%, êîãåðåíòíîñòü 0.25→ 0.96,
÷èñòîòà 0.14→ 0.89, êîíòðàñòíîñòü 0.43→ 0.52,

áåç çàìåòíîãî óùåðáà äëÿ ïåðïëåêñèè: 1920→ 2020

âûðàáîòàíû ðåêîìåíäàöèè ïî ñòðàòåãèè ðåãóëÿðèçàöèè

K.Vorontsov, A.Potapenko. Additive regularization of topic models. Mach. Learn., 2015.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Ðàçâåäî÷íûé ïîèñê â òåõíîëîãè÷åñêèõ áëîãàõ � 1

Öåëü: ïîèñê äîêóìåíòîâ
ïî äëèííûì òåêñòîâûì çàïðîñàì
� Habr.ru (175K äîêóìåíòîâ),
� TechCrunch.com (760K äîê.).

Ðåãóëÿðèçàòîðû:
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)
→ max

Ðåçóëüòàòû:

Òî÷íîñòü è ïîëíîòà 88%, ïðåâîñõîäèò àñåññîðîâ è äðóãèå
ìåòîäû (tf-idf, word2vec, PLSA, LDA).

Âåêòîðíûé ïîèñê ìãíîâåííûé, àñåññîðû òðàòèëè 5�65 ìèí.

A.Ianina, L.Golitsyn, K.Vorontsov. Multi-objective topic modeling for exploratory
search in tech news. AINL, 2017.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Ðàçâåäî÷íûé ïîèñê â òåõíîëîãè÷åñêèõ áëîãàõ � 2

Öåëü: óëó÷øåíèå êà÷åñòâà ïîèñêà
ñ ïîìîùüþ èåðàðõè÷åñêîé
òåìàòè÷åñêîé ìîäåëè hARTM è
îòñå÷åíèÿ íåðåëåâàíòíûõ òåì.
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(
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)
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Ðåçóëüòàòû:

Òî÷íîñòü è ïîëíîòà 93%, ïðåâîñõîäèò àñåññîðîâ è äðóãèå
ìåòîäû (tf-idf, BM25, word2vec, PLSA, LDA, ARTM).

Óâåëè÷èëàñü îïòèìàëüíàÿ ðàçìåðíîñòü âåêòîðîâ:
200→ 1400 (Habr.ru), 475→ 2800 (TechCrunch.com).

A.Ianina, K.Vorontsov. Regularized multimodal hierarchical topic model for
document-by-document exploratory search. FRUCT�ISMW, 2019.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Ïîèñê è ðóáðèêàöèÿ íàó÷íûõ ïóáëèêàöèé íà 100 ÿçûêàõ

Öåëü: ìóëüòèÿçûêîâîé ïîèñê
è êëàññèôèêàöèÿ íàó÷íûõ
ïóáëèêàöèé ïî ðóáðèêàòîðàì

ÓÄÊ, ÃÐÍÒÈ, ÎÝÑÐ, ÂÀÊ

Ðåãóëÿðèçàòîðû:

L

(
PLSA

)
+R

(
interpretable

)
+R

(
multimodal

)
+R

(
multilanguage

)
+R

(
supervised

)
→ max

Ðåçóëüòàòû:

òî÷íîñòü ìóëüòèÿçû÷íîãî ïîèñêà 94%

ñîêðàùåíèå ìîäåëè 128 Ãá → 4.8 Ãá ïðè ðåäóêöèè ñëîâàðåé
(BPE-òîêåíèçàöèÿ) äî 11Ê òîêåíîâ íà êàæäûé ÿçûê.

Ï.Ïîòàïîâà, À.Ãðàáîâîé, Î.Áàõòååâ, Å.Åãîðîâ, Í.Çèíîâêèí, Þ.×åõîâè÷, Ê.Âîðîíöîâ

è äð. Ìóëüòèÿçûêîâàÿ àâòîìàòè÷åñêàÿ ðóáðèêàöèÿ íàó÷íûõ äîêóìåíòîâ. 2023.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Ïîèñê è êëàññèôèêàöèÿ ýòíî-ðåëåâàíòíûõ òåì â ñîöñåòÿõ

Öåëü: âûÿâëåíèå êàê ìîæíî áîëüøåãî
÷èñëà òåì î íàöèîíàëüíîñòÿõ
è ìåæíàöèîíàëüíûõ îòíîøåíèÿõ
(ïî ñëîâàðþ èç 300 ýòíîíèìîâ).

Ðåãóëÿðèçàòîðû:

L

(
PLSA

)
+ R

(
seed words

)
+ R

(
interpretable

)
+ R

(
multimodal

)
+ R

(
temporal

)
+ R

(
geospatial

)
+ R

(
sentiment

)
→ max

Ðåçóëüòàòû: ÷èñëî ðåëåâàíòíûõ òåì: 45 (LDA) → 83 (ARTM).

M.Apishev, S.Koltcov, O.Koltsova, S.Nikolenko, K.Vorontsov. Additive regularization
for topic modeling in sociological studies of user-generated text content. MICAI, 2016.

Mining ethnic content online with additively regularized topic models. 2016.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Òåìàòè÷åñêèå ìîäåëè êîðîòêèõ òåêñòîâ

Öåëü: èíòåðïðåòèðóåìûå ðàçðåæåííûå
òåìàòè÷åñêèå ýìáåäèíãè íà îñíîâå
äèñòðèáóòèâíîé ñåìàíòèêè, àíàëîãè
word2vec è WNTM.

Ðåãóëÿðèçàòîðû:

L

(
PLSA

)
+ R

(
co-occurence

)
+ R

(
interpretable

)
+ R

(
multimodal

)
→ max

Ðåçóëüòàòû:

Òî÷íîñòü ïîèñêà ñõîæèõ äîêóìåíòîâ: 0.8→ 0.9

Êîãåðåíòíîñòü òåì: 0.08→ 0.33

Ñåìàíòè÷åñêàÿ áëèçîñòü ñëîâ: 0.53→ 0.58, 0.38→ 0.61

A.Potapenko, A.Popov, K.Vorontsov. Interpretable probabilistic embeddings: bridging
the gap between topic models and neural networks. AINL, 2017.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Âûÿâëåíèå íàìåðåíèé êëèåíòîâ äëÿ ïîñòðîåíèÿ ÷àò-áîòîâ

Öåëü: âûÿâèòü òåìàòèêó è èíòåíòû
(íàìåðåíèÿ) êëèåíòîâ ïî êîëëåêöèè
îáðàùåíèé â êîíòàêòíûé öåíòð.
Ïîñòðîèòü ðóáðèêàòîð èíòåíòîâ äëÿ
ïîñëåäóþùåé ðàçìåòêè äèàëîãîâ.

Ðåãóëÿðèçàòîðû:

L

(
PLSA

)
+ R

(
interpretable

)
+ R

(
hierarchy

)
+ R

(
segmentation

)
+ R

(
multimodal

)
+ R

(
n-gram

)
+ R

(
syntax

)
→ max

Ðåçóëüòàòû: òî÷íîñòü êëàññèôèêàöèè èíòåíòîâ 60%→ 66%.

A.Popov, V.Bulatov, D.Polyudova, E.Veselova. Unsupervised dialogue intent detection
via hierarchical topic model. RANLP, 2019.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Âûÿâëåíèå äèíàìèêè òåì â íîâîñòíûõ ïîòîêàõ

Öåëü: âûäåëåíèå òåì â êîëëåêöèè
ïðåññ-ðåëèçîâ ÌÈÄîâ 4õ ñòðàí,
ñ ïðèâÿçêîé êî âðåìåíè.

Ðåãóëÿðèçàòîðû: 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
0

0.005

0.01

0.015

0.02

0.025

p
(y

|t
)

student   
cultural   
university   
educational   
youth   
award   
fulbright   
education   
alumnus   
study

woman   
girl   
hiv   
pepfar   
gender   
health   
mother   
hiv/aids   
treatment   
award

rice   
condoleezza   
stanford   
piano   
football   
jefferson   
downer   
music   
rumsfeld   
chappell

L

(
PLSA

)
+ R

(
interpretable

)
+ R

(
temporal

)
+ R

(
multimodal

)
+ R

(
n-gram

)
+ R

(
multilanguage

)
→ max

Ðåçóëüòàòû:

ðàçäåëåíèå òåì íà ñîáûòèéíûå è ïåðìàíåíòíûå
êîãåðåíòíîñòü òåì: 5.5→ 6.5

Í.Äîéêîâ. Àäàïòèâíàÿ ðåãóëÿðèçàöèÿ âåðîÿòíîñòíûõ òåìàòè÷åñêèõ ìîäåëåé.
ÂÊÐ áàêàëàâðà, ÂÌÊ ÌÃÓ, 2015.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Âûäåëåíèå ïîëÿðèçîâàííûõ ìíåíèé â ïîëèòè÷åñêèõ íîâîñòÿõ

Öåëü: íàéòè ïðèçíàêè, ïî êîòîðûì
ñîáûòèéíàÿ òåìà ðàçäåëÿåòñÿ
íà êëàñòåðû-ìíåíèÿ

Ðåãóëÿðèçàòîðû:

L

(
PLSA

)
+R

(
interpretable

)
+R

(
multimodal

)
+R

(
n-gram

)
+R

(
syntax

)
→ max

Ðåçóëüòàòû:

âûäåëåíèå ìíåíèé âíóòðè òåì: F1-ìåðà = 0.86%

ñîâìåñòíîå èñïîëüçîâàíèå òð¼õ ìîäàëüíîñòåé: ôàêòû
¾ñóáúåêò�ïðåäèêàò�îáúåêò¿, ñåìàíòè÷åñêèå ðîëè ñëîâ
ïî Ôèëëìîðó, òîíàëüíîñòè èìåíîâàííûõ ñóùíîñòåé

D.Feldman, T.Sadekova, K.Vorontsov. Combining facts, semantic roles and sentiment
lexicon in a generative model for opinion mining. Dialogue 2020.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Âûÿâëåíèå òðåíäîâ â êîëëåêöèè íàó÷íûõ ïóáëèêàöèé

Öåëü: ðàíåå îáíàðóæåíèå òðåíäîâûõ òåì
ñ íà÷àëüíûì ýêñïîíåíöèàëüíûì ðîñòîì
â îáëàñòè AI/ML 2009�2021 ãã.

Ðåãóëÿðèçàòîðû:

L

(
PLSA

)
+R

(
interpretable

)
+R

(
dynamic

)
+R

(
multimodal

)
+R

(
n-gram

)
→ max

Ðåçóëüòàòû:

âûäåëåíèå 90 èç 91 òðåíäà â îáëàñòè ìàøèííîãî îáó÷åíèÿ

63% òåì âûäåëÿåòñÿ çà ãîä, 79% çà äâà ãîäà

Í.Ãåðàñèìåíêî, À.×åðíÿâñêèé, Ì.Íèêèôîðîâà, Ì.Íèêèòèí, Ê.Âîðîíöîâ.

Èíêðåìåíòàëüíîå îáó÷åíèå òåìàòè÷åñêèõ ìîäåëåé äëÿ ïîèñêà òðåíäîâûõ òåì
â íàó÷íûõ ïóáëèêàöèÿõ. Äîêëàäû ÐÀÍ, 2022.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Òåìàòè÷åñêàÿ ìîäåëü áàíêîâñêèõ òðàíçàêöèîííûõ äàííûõ

Öåëü: Âûÿâëåíèå ïàòòåðíîâ
ïîòðåáèòåëüñêîãî ïîâåäåíèÿ
êëèåíòîâ áàíêà;
äîêóìåíòû = êëèåíòû,
ñëîâà = MCC-êîäû ïðîäàâöîâ.

Ðåãóëÿðèçàòîðû:

L

(
PLSA

)
+ R

(
interpretable

)
+ R

(
multimodal

)
+ R

(
supervised

)
→ max

Ðåçóëüòàòû:

òåìû � ïàòòåðíû ïîòðåáèòåëüñêîãî ïîâåäåíèÿ

ïðåäñêàçàíèå ïîëà, âîçðàñòà, äîñòàòêà êëèåíòîâ

E.Egorov, F.Nikitin, A.Goncharov, V.Alekseev, K.Vorontsov. Topic modelling for
extracting behavioral patterns from transactions data. 2019.
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Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Àâòîìàòè÷åñêèé ïîäáîð êîýôôèöèåíòîâ ðåãóëÿðèçàöèè

Öåëü: AutoARTM � àâòîïîäáîð
ãèïåðïàðàìåòðîâ (êîýôôèöèåíòîâ
ðåãóëÿðèçàöèè, ÷èñëà èòåðàöèé)
ïî êðèòåðèþ êîãåðåíòíîñòè òåì

Ðåãóëÿðèçàòîðû:

L

(
PLSA

)
+ R

(
decorrelated

)
+ R

(
sparse

)
+ R

(
background

)
→ max

Ðåçóëüòàòû:

Çíà÷èìîå óëó÷øåíèå êîãåðåíòíîñòè òåì íà 5 äàòàñåòàõ

Ãåíåòè÷åñêèé àëãîðèòì ïîêàçàë ëó÷øèå ðåçóëüòàòû

M.Khodorchenko, S.Teryoshkin, T.Sokhin, N.Butakov. Optimization of learning
strategies for ARTM-based topic models. LNCS, 2020.

Ê.Â. Âîðîíöîâ (voron@forecsys.ru) Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå 56 / 58



Ðåçþìå

20 ëåò ðàçâèòèÿ PTM, ñîòíè ìîäåëåé, òûñÿ÷è ïóáëèêàöèé
â ðàìêàõ èçáûòî÷íî ñëîæíîãî áàéåñîâñêîãî îáó÷åíèÿ

Áûë ïðîïóùåí åñòåñòâåííûé ýòàï ðàçâèòèÿ òåîðèè PTM
â ðàìêàõ êëàññè÷åñêîé íå-áàéåñîâñêîé ðåãóëÿðèçàöèè

ARTM � çàïîçäàëàÿ ïîïûòêà âîñïîëíèòü ýòîò ïðîáåë

ARTM � ýòî ¾òåîðèÿ îäíîé ëåììû¿

Åñëè áû ñîîáùåñòâî PTM çíàëî îá ýòîé ëåììå, ðàçâèòèå
PTM âðÿä ëè ïîøëî áû ïî ïóòè áàéåñîâñêîãî îáó÷åíèÿ

Ýòà æå ëåììà ïðèìåíèìà äëÿ îáó÷åíèÿ íåéðîííûõ ñåòåé
ñ íåîòðèöàòåëüíûìè íîðìèðîâàííûìè âåêòîðàìè

Íåéðîñåòåâûå òåìàòè÷åñêèå ìîäåëè � îñíîâíîé òðåíä ÒÌ

Íåîòðèöàòåëüíîñòü è íîðìèðîâàííîñòü âåêòîðîâ �
ïóòü ê èíòåðïðåòèðóåìîñòè íåéðîñåòåâûõ ìîäåëåé?

Ê.Âîðîíöîâ. Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå: òåîðèÿ ARTM è
ïðîåêò BigARTM. 2022.
http://www.MachineLearning.ru/wiki/images/d/d5/Voron17survey-artm.pdf

Rob Churchill, Lisa Singh. The Evolution of Topic Modeling. November, 2022.



Òåîðèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Äåáàéåñèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òåõíîëîãèè è ïðèêëàäíûå çàäà÷è

Òðåáîâàíèÿ ê ÒÌ â ñîöèî-ãóìàíèòàðíûõ èññëåäîâàíèÿõ
Òåõíîëîãèè BigARTM è TopicNet
Ïðèìåíåíèÿ ARTM è BigARTM

Äîïîëíåíèå. Ýâîëþöèÿ òåìàòè÷åñêèõ ìîäåëåé

Äèíàìèêà öèòèðîâàíèÿ:

Topic Modeling è ñìåæíûå
îáëàñòè èññëåäîâàíèé
(ïî äàííûì Google Scholar)

Matrix Factorization NNMF (Nonnegative Matrix Factorization) Topic Model

PLSA (Probabilistic Latent Semantic Analysis) LDA (Latent Dirichlet Allocation) Text Categorization

Text Classification Word Embedding word2vec LSTM (long short-term memory)
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Rob Churchill, Lisa Singh. The Evolution of Topic Modeling. November, 2022.
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