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Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Äàíî:

W � êîíå÷íîå ìíîæåñòâî òåðìîâ (ñëîâ, òîêåíîâ)

D � êîíå÷íîå ìíîæåñòâî òåêñòîâûõ äîêóìåíòîâ

ndw � ÷àñòîòû ñëîâ w â äîêóìåíòàõ d

Íàéòè: âåðîÿòíîñòíóþ òåìàòè÷åñêóþ ìîäåëü

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∑
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.
Ê.Â. Âîðîíöîâ (vokov@forecsys.ru) Òåìàòè÷åñêîå ìîäåëèðîâàíèå 3 / 43



Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Öåëè, ïðèëîæåíèÿ, ïîñòàíîâêà çàäà÷è
Ëåììà î ìàêñèìèçàöèè íà åäèíè÷íûõ ñèìïëåêñàõ
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Òðè èíòåðïðåòàöèè çàäà÷è òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Ìÿãêàÿ êëàñòåðèçàöèÿ äîêóìåíòîâ ïî êëàñòåðàì-òåìàì
Ñòîõàñòè÷åñêîå ìàòðè÷íîå ðàçëîæåíèå:

Àâòîêîäèðîâùèê pd
f→ θd

g→ p̂d

pd ≡ p(w |d)
θd ≡ p(t|d) = f (pd ,Φ)
p̂d ≡ p̂(w |d) = g(θd ,Φ)∑
d

KL
(
pd‖p̂d

)
→ min

Φ

p(w |d) p(t|d) p̂(w |d)
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ðàçâåäî÷íûé ïîèñê â ïîèñê òåìàòè÷åñêîãî äåòåêòèðîâàíèå è òðåêèíã
ýëåêòðîííûõ áèáëèîòåêàõ êîíòåíòà â ñîöñåòÿõ íîâîñòíûõ ñþæåòîâ

ìóëüòèìîäàëüíûé ïîèñê àíàëèç áàíêîâñêèõ óïðàâëåíèåì äèàëîãîì â
òåêñòîâ è èçîáðàæåíèé òðàíçàêöèîííûõ äàííûõ ðàçãîâîðíîì èíòåëëåêòå
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Ïðèíöèï ìàêñèìóìà ïðàâäîïîäîáèÿ

Ïðàâäîïîäîáèå � ïëîòíîñòü ðàñïðåäåëåíèÿ âûáîðêè (di ,wi )
n
i=1:

n∏
i=1

p(di ,wi ) =
∏
d∈D

∏
w∈d

p(d ,w)ndw

Ìàêñèìèçàöèÿ ëîãàðèôìà ïðàâäîïîäîáèÿ∑
d∈D

∑
w∈d

ndw ln p(w |d)��
�H
HHp(d)

const
→ max

Φ,Θ

ïðèâîäèò ê çàäà÷å ìàòåìàòè÷åñêîãî ïðîãðàììèðîâàíèÿ:∑
d∈D

∑
w∈d

ndw ln
∑
t∈T

φwtθtd → max
Φ,Θ

ïðè îãðàíè÷åíèÿõ íåîòðèöàòåëüíîñòè è íîðìèðîâêè

φwt > 0;
∑

w∈W
φwt = 1; θtd > 0;

∑
t∈T

θtd = 1.
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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.
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Îïåðàöèÿ íîðìèðîâêè âåêòîðà: pi = norm
i∈I

(xi ) =
max{xi , 0}∑

k∈I
max{xk , 0}

Ëåììà. Ïóñòü f (Ω) íåïðåðûâíî äèôôåðåíöèðóåìà ïî Ω.
Òîãäà âåêòîðû ωj ëîêàëüíîãî ýêñòðåìóìà çàäà÷è f (Ω)→ max
óäîâëåòâîðÿþò ñèñòåìå óðàâíåíèé

ωij = norm
i∈Ij

(
ωij

∂f

∂ωij

)
, åñëè ∃i : ωij

∂f

∂ωij
> 0

ωij = norm
i∈Ij

(
−ωij

∂f

∂ωij

)
, èíà÷å, åñëè ∃i : ωij

∂f

∂ωij
< 0

ωij
∂f

∂ωij
= 0, èíà÷å
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Çàìå÷àíèÿ ê Ëåììå î ìàêñèìèçàöèè íà åäèíè÷íûõ ñèìïëåêñàõ

Ëåììà ïðèìåíèìà äëÿ ïîñòðîåíèÿ øèðîêîãî êëàññà ìîäåëåé,
ïàðàìåòðàìè êîòîðûõ ÿâëÿþòñÿ äèñêðåòíûå ðàñïðåäåëåíèÿ
âåðîÿòíîñòè (íîðìèðîâàííûå íåîòðèöàòåëüíûå âåêòîðû)
×èñëåííîå ðåøåíèå ñèñòåìû � ìåòîäîì ïðîñòûõ èòåðàöèé
Ñóùåñòâîâàíèå ñòàöèîíàðíîé òî÷êè Ω ãàðàíòèðîâàíî
Ïåðâûé èç òð¼õ ñëó÷àåâ ÿâëÿåòñÿ îñíîâíûì:

ωij := norm
i∈Ij

(
ωij

∂f

∂ωij

)
Îñòàëüíûå ñëó÷àè áóäåì ñ÷èòàòü âûðîæäåííûìè,
îòáðàñûâàÿ ωj ≡ 0 è ñîêðàùàÿ ðàçìåðíîñòü ìîäåëè
Èòåðàöèè ïîõîæè íà ãðàäèåíòíóþ îïòèìèçàöèþ, íî
ó÷èòûâàþò îãðàíè÷åíèÿ è íå òðåáóþò ïîäáîðà øàãà η:

ωij := ωij + η
∂f

∂ωij
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Íàïîìèíàíèÿ. Óñëîâèÿ Êàðóøà�Êóíà�Òàêêåðà

Çàäà÷à ìàòåìàòè÷åñêîãî ïðîãðàììèðîâàíèÿ:
f (x)→ min

x
;

gi (x) 6 0, i = 1, . . . ,m;

hj(x) = 0, j = 1, . . . , k.

Íåîáõîäèìûå óñëîâèÿ. Åñëè x � òî÷êà ëîêàëüíîãî ìèíèìóìà,
òî ñóùåñòâóþò ìíîæèòåëè µi , i = 1, . . . ,m, λj , j = 1, . . . , k :

∂L

∂x
= 0, L (x ;µ, λ) = f (x) +

m∑
i=1

µigi (x) +
k∑

j=1
λjhj(x);

gi (x) 6 0; hj(x) = 0; (èñõîäíûå îãðàíè÷åíèÿ)

µi > 0; (äâîéñòâåííûå îãðàíè÷åíèÿ)

µigi (x) = 0; (óñëîâèå äîïîëíÿþùåé íåæ¼ñòêîñòè)
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Äîêàçàòåëüñòâî Ëåììû

Çàïèøåì óñëîâèÿ Êàðóøà�Êóíà�Òàêêåðà äëÿ ωij :

∂f
∂ωij

= λj − µij ; µijωij = 0.

Ïðåäïîëàãàÿ ωij > 0, óìíîæèì îáå ÷àñòè ðàâåíñòâà íà ωij :

Aij ≡ ωij
∂f
∂ωij

= ωijλj .

Âîçìîæíû òðè ñëó÷àÿ:

1 Åñëè λj > 0, òî ëèáî Aij > 0, ëèáî ωij = 0. Òîãäà
ωijλj = (Aij)+; λj =

∑
i

(Aij)+ ⇒ ωij = norm
i

(Aij).

2 Åñëè λj < 0 è (∃i) Aij < 0, òî (∀i) Aij 6 0. Òîãäà
ωijλj = −(−Aij)+; λj = −

∑
i

(−Aij)+ ⇒ ωij = norm
i

(−Aij).

3 Èíà÷å λj = 0 è ωj íàõîäèòñÿ èç óðàâíåíèé ωij
∂f
∂ωij

= 0.
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Çàäà÷è, íåêîððåêòíî ïîñòàâëåííûå ïî Àäàìàðó

Çàäà÷à êîððåêòíî ïîñòàâëåíà,
åñëè å¼ ðåøåíèå

ñóùåñòâóåò,

åäèíñòâåííî,

óñòîé÷èâî.
Æàê Ñàëîìîí Àäàìàð

(1865�1963)

Íàøà çàäà÷à ìàòðè÷íîãî ðàçëîæåíèÿ íåêîððåêòíî ïîñòàâëåíà:
åñëè Φ,Θ � ðåøåíèå, òî ñòîõàñòè÷åñêèå Φ′,Θ′ � òîæå ðåøåíèÿ

Φ′Θ′ = (ΦS)(S−1Θ), rankS = |T |
L(Φ′,Θ′) = L(Φ,Θ)

L(Φ′,Θ′) 6 L(Φ,Θ) + ε � ïðèáëèæ¼ííûå ðåøåíèÿ

Ðåãóëÿðèçàöèÿ � ñòàíäàðòíûé ïðè¼ì äîîïðåäåëåíèÿ ðåøåíèÿ
ñ ïîìîùüþ 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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Öåëè, ïðèëîæåíèÿ, ïîñòàíîâêà çàäà÷è
Ëåììà î ìàêñèìèçàöèè íà åäèíè÷íûõ ñèìïëåêñàõ
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Öåëè, ïðèëîæåíèÿ, ïîñòàíîâêà çàäà÷è
Ëåììà î ìàêñèìèçàöèè íà åäèíè÷íûõ ñèìïëåêñàõ
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Óñëîâèÿ âûðîæäåííîñòè ìîäåëè äëÿ òåì è äîêóìåíòîâ

Ðåøåíèå ìîæåò áûòü âûðîæäåííûì äëÿ íåêîòîðûõ òåì
(ñòîëáöîâ ìàòðèö Φ) è äîêóìåíòîâ (ñòîëáöîâ ìàòðèöû Θ).

Òåìà t âûðîæäåíà, åñëè äëÿ âñåõ òåðìîâ w ∈W

nwt + φwt
∂R
∂φwt

6 0.

Åñëè òåìà t âûðîæäåíà, òî p(w |t) = φwt ≡ 0; ýòî îçíà÷àåò,
÷òî òåìà èñêëþ÷àåòñÿ èç ìîäåëè (ïðîèñõîäèò îòáîð òåì).

Äîêóìåíò d âûðîæäåí, åñëè äëÿ âñåõ òåì t ∈ T

ntd + θtd
∂R
∂θtd

6 0.

Åñëè äîêóìåíò d âûðîæäåí, òî p(t|d) = θtd ≡ 0; ýòî îçíà÷àåò,
÷òî ìîäåëü íå â ñîñòîÿíèè îïèñàòü äàííûé äîêóìåíò.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

PLSA, LDA, ôîíîâûå òåìû è äåêîððåëèðîâàíèå
Ìóëüòèìîäàëüíûå òåìàòè÷åñêèå ìîäåëè
Êëàññèôèêàöèÿ è ðåãðåññèÿ íà òåêñòàõ

Äâà ÷àñòíûõ ñëó÷àÿ: ìîäåëè PLSA è LDA

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 − 1) lnφwt +
∑
d ,t

(αt − 1) ln θtd .

Ì-øàã � ñãëàæåííûå ÷àñòîòíûå îöåíêè ñ ïàðàìåòðàìè βw , αt :

φwt = norm
w

(
nwt + βw − 1

)
, θtd = norm

t

(
ntd + αt − 1

)
.

Hofmann T. Probabilistic latent semantic indexing. SIGIR 1999.
Blei D., Ng A., Jordan M. Latent Dirichlet allocation. 2003.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

PLSA, LDA, ôîíîâûå òåìû è äåêîððåëèðîâàíèå
Ìóëüòèìîäàëüíûå òåìàòè÷åñêèå ìîäåëè
Êëàññèôèêàöèÿ è ðåãðåññèÿ íà òåêñòàõ

Ðàñïðåäåëåíèå Äèðèõëå

Ãèïîòåçà. Âåêòîð-ñòîëáöû φt = (φwt) è θd = (θtd)
ïîðîæäàþòñÿ ðàñïðåäåëåíèÿìè Äèðèõëå, α ∈ R|T |, β ∈ R|W |:

Dir(φt |β) =
Γ(β0)∏

w
Γ(βw )

∏
w
φβw−1
wt , φwt > 0; β0 =

∑
w
βw , βt > 0;

Dir(θd |α) =
Γ(α0)∏
t

Γ(αt)

∏
t
θαt−1
td , θtd > 0; α0 =

∑
t
αt , αt > 0;

Ïðèìåð. Ðàñïðåäåëåíèå Dir(θ|α) ïðè |T | = 3, θ, α ∈ R3
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

PLSA, LDA, ôîíîâûå òåìû è äåêîððåëèðîâàíèå
Ìóëüòèìîäàëüíûå òåìàòè÷åñêèå ìîäåëè
Êëàññèôèêàöèÿ è ðåãðåññèÿ íà òåêñòàõ

Ðàñïðåäåëåíèå Äèðèõëå

Ãèïîòåçà. Âåêòîð-ñòîëáöû φt = (φwt) è θd = (θtd)
ïîðîæäàþòñÿ ðàñïðåäåëåíèÿìè Äèðèõëå, α ∈ R|T |, β ∈ R|W |:

Dir(φt |β) =
Γ(β0)∏

w
Γ(βw )

∏
w
φβw−1
wt , φwt > 0; β0 =

∑
w
βw , βt > 0;

Dir(θd |α) =
Γ(α0)∏
t

Γ(αt)

∏
t
θαt−1
td , θtd > 0; α0 =

∑
t
αt , αt > 0;

Ïðèìåð. Ðàñïðåäåëåíèå Dir(φ|β) ïðè |T | = 10, φ, β ∈ R10:

βw = 0.1 βw = 1

(ðàâíîìåðíîå)

βw = 100
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

PLSA, LDA, ôîíîâûå òåìû è äåêîððåëèðîâàíèå
Ìóëüòèìîäàëüíûå òåìàòè÷åñêèå ìîäåëè
Êëàññèôèêàöèÿ è ðåãðåññèÿ íà òåêñòàõ

Ìàêñèìèçàöèÿ àïîñòåðèîðíîé âåðîÿòíîñòè äëÿ ìîäåëè LDA

Ñîâìåñòíîå ïðàâäîïîäîáèå äàííûõ è ìîäåëè:

ln
∏
d∈D

∏
w∈d

p(w , d |Φ,Θ)ndw
∏
t∈T

Dir(φt |β)
∏
d∈D

Dir(θd |α)→ max
Φ,Θ

Ðåãóëÿðèçàòîð � ëîãàðèôì àïðèîðíîãî ðàñïðåäåëåíèÿ:

R(Φ,Θ) =
∑
t,w

(βw − 1) lnφwt +
∑
d ,t

(αt − 1) ln θtd

Ì-øàã � ñãëàæåííûå èëè ðàçðåæåííûå ÷àñòîòíûå îöåíêè:

φwt = norm
w

(
nwt + βw − 1

)
, θtd = norm

t

(
ntd + αt − 1

)
.

ïðè βw > 1, αt > 1 � ñãëàæèâàíèå,
ïðè 0 < βw < 1, 0 < αt < 1 � ñëàáîå ðàçðåæèâàíèå,
ïðè βw =1, αt =1 àïðèîðíîå ðàñïðåäåëåíèå ðàâíîìåðíî, PLSA.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

PLSA, LDA, ôîíîâûå òåìû è äåêîððåëèðîâàíèå
Ìóëüòèìîäàëüíûå òåìàòè÷åñêèå ìîäåëè
Êëàññèôèêàöèÿ è ðåãðåññèÿ íà òåêñòàõ

Ïî÷åìó èìåííî ðàñïðåäåëåíèå Äèðèõëå?

îíî ñïîñîáíî ïîðîæäàòü ðàçðåæåííûå âåêòîðû,

èìååò ïàðàìåòðû, óïðàâëÿþùèå ñòåïåíüþ ðàçðåæåííîñòè,

îïèñûâàåò êëàñòåðíûå ñòðóêòóðû íà ñèìïëåêñå (ñì. ðèñ.),

ìàòåìàòè÷åñêè óäîáíî äëÿ áàéåñîâñêîãî âûâîäà

Ðàñïðåäåëåíèå Dir(φ|α) ïîðîæäàåò âåêòîðû òåì φt = p(w |t),
êîòîðûå ïîðîæäàþò ìóëüòèíîìèàëüíûå ðàñïðåäåëåíèÿ p̂(w |t, d).
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

PLSA, LDA, ôîíîâûå òåìû è äåêîððåëèðîâàíèå
Ìóëüòèìîäàëüíûå òåìàòè÷åñêèå ìîäåëè
Êëàññèôèêàöèÿ è ðåãðåññèÿ íà òåêñòàõ

Ðàçäåëåíèå òåì íà ïðåäìåòíûå è ôîíîâûå

Ïðåäìåòíûå òåìû S ñîäåðæàò òåðìèíû ïðåäìåòíîé îáëàñòè,
p(w |t), p(t|d), t ∈ S � ðàçðåæåííûå, ñóùåñòâåííî ðàçëè÷íûå

Ôîíîâûå òåìû B ñîäåðæàò ñëîâà îáùåé ëåêñèêè,
p(w |t), p(t|d), t ∈ B � ñóùåñòâåííî îòëè÷íûå îò íóëÿ

ΦW×T ΘT×D
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

PLSA, LDA, ôîíîâûå òåìû è äåêîððåëèðîâàíèå
Ìóëüòèìîäàëüíûå òåìàòè÷åñêèå ìîäåëè
Êëàññèôèêàöèÿ è ðåãðåññèÿ íà òåêñòàõ

Îáîáùåíèå LDA: ðåãóëÿðèçàòîðû ñãëàæèâàíèÿ è ðàçðåæèâàíèÿ

Ñãëàæèâàíèå ôîíîâûõ òåì B ⊂ T :
Ðàñïðåäåëåíèÿ φwt áëèçêè ê çàäàííîìó ðàñïðåäåëåíèþ βw
Ðàñïðåäåëåíèÿ θtd áëèçêè ê çàäàííîìó ðàñïðåäåëåíèþ αt

R(Φ,Θ) = β0

∑
t∈B

∑
w∈W

βw lnφwt + α0

∑
d∈D

∑
t∈B

αt ln θtd → max,

ãäå β0, α0 � êîýôôèöèåíòû ðåãóëÿðèçàöèè

Ðàçðåæèâàíèå ïðåäìåòíûõ òåì S = T \ B:
Ðàñïðåäåëåíèÿ φwt äàëåêè îò çàäàííîãî ðàñïðåäåëåíèÿ βw
Ðàñïðåäåëåíèÿ θtd äàëåêè îò çàäàííîãî ðàñïðåäåëåíèÿ αt

R(Φ,Θ) = −β0

∑
t∈S

∑
w∈W

βw lnφwt − α0

∑
d∈D

∑
t∈S

αt ln θtd → max .

ãäå β0, α0 � êîýôôèöèåíòû ðåãóëÿðèçàöèè.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

PLSA, LDA, ôîíîâûå òåìû è äåêîððåëèðîâàíèå
Ìóëüòèìîäàëüíûå òåìàòè÷åñêèå ìîäåëè
Êëàññèôèêàöèÿ è ðåãðåññèÿ íà òåêñòàõ

Ðåãóëÿðèçàòîð äåêîððåëèðîâàíèÿ òåì

Öåëü: óñèëèòü ðàçëè÷íîñòü òåì; âûäåëèòü â êàæäîé òåìå
ëåêñè÷åñêîå ÿäðî, îòëè÷àþùåå å¼ îò äðóãèõ òåì;
âûâåñòè ñëîâà îáùåé ëåêñèêè èç ïðåäìåòíûõ òåì â ôîíîâûå.

Ìèíèìèçèðóåì êîâàðèàöèè ìåæäó âåêòîð-ñòîëáöàìè φt :

R(Φ) = −τ
2

∑
t∈T

∑
s∈T\t

∑
w∈W

φwtφws → max .

Ïîäñòàâëÿåì, ïîëó÷àåì åù¼ îäèí âàðèàíò ðàçðåæèâàíèÿ �
ïîñòåïåííîå êîíòðàñòèðîâàíèå ñòðîê ìàòðèöû Φ:

φwt = norm
w

(
nwt − τφwt

∑
s∈T\t

φws

)
.

Tan Y., Ou Z. Topic-weak-correlated latent Dirichlet allocation // 7th Int'l
Symp. Chinese Spoken Language Processing (ISCSLP), 2010. � Pp. 224�228.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

PLSA, LDA, ôîíîâûå òåìû è äåêîððåëèðîâàíèå
Ìóëüòèìîäàëüíûå òåìàòè÷åñêèå ìîäåëè
Êëàññèôèêàöèÿ è ðåãðåññèÿ íà òåêñòàõ

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

Wm � ñëîâàðü òîêåíîâ 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

(
nwt + φwt

∂R
∂φwt

)
, nwt =

∑
d∈D

τm(w)ndwptdw

θtd = norm
t∈T

(
ntd + θtd

∂R
∂θtd

)
, ntd =

∑
w∈d

τm(w)ndwptdw
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Ìîäàëüíîñòü áèãðàìì óëó÷øàåò èíòåðïðåòèðóåìîñòü òåì

Êîëëåêöèÿ 850 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

Ñòåíèí Ñ. Ñ. Ìóëüòèãðàììíûå àääèòèâíî ðåãóëÿðèçîâàííûå òåìàòè÷åñêèå
ìîäåëè. Ìàãèñòåðñêàÿ äèññåðòàöèÿ, ÌÔÒÈ, 2015.
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Ìíîãîÿçû÷íûå ìîäåëè ïàðàëëåëüíûõ êîëëåêöèé

Äëÿ ïîñòðîåíèÿ ìóëüòèÿçû÷íûõ òåì äîñòàòî÷íî èìåòü ïàðíûå
äîêóìåíòû, áåç âûðàâíèâàíèÿ, áåç äâóÿçû÷íûõ ñëîâàðåé!

I. Vuli�c, W.De Smet, J. Tang, M.-F.Moens. Probabilistic topic modeling in
multilingual settings: an overview of its methodology and applications. 2015
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Ïðèìåð. Ìóëüòèÿçû÷íàÿ ìîäåëü Âèêèïåäèè

216 175 ðóññêî-àíãëèéñêèõ ïàð ñòàòåé.
Ïåðâûå 10 ñëîâ è èõ âåðîÿòíîñòè 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.

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

216 175 ðóññêî-àíãëèéñêèõ ïàð ñòàòåé.
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
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.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Source Library
for Regularized Multimodal Topic Modeling of Large Collections. AIST-2015.
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Òåìàòè÷åñêàÿ ìîäåëü êëàññèôèêàöèè (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 êëàññèôèêàöèè

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. Statistical topic models for
multi-label document classi�cation // Machine Learning, 2012, no. 88 (1�2).
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Ðåãóëÿðèçàòîð äëÿ çàäà÷ ðåãðåññèè

yd ∈ R äëÿ âñåõ äîêóìåíòîâ d � îáó÷àþùèå äàííûå.

E (y |d) =
∑
t∈T

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

Ðåãóëÿðèçàòîð � ñðåäíåêâàäðàòè÷íàÿ îøèáêà (ÌÍÊ):

R(Θ, v) = −τ
∑
d∈D

(
yd −

∑
t∈T

vtθtd

)2
→ max

Ïîäñòàâëÿåì, ïîëó÷àåì ôîðìóëû Ì-øàãà:

θtd = norm
t∈T

(
ntd + τvtθtd

(
yd −

∑
t∈T

vtθtd

))
;

v = (ΘΘò)−1Θy .

Sokolov E., Bogolubsky L. Topic Models Regularization and Initialization for
Regression Problems // CIKM-2015 Workshop on Topic Models. ACM, pp. 21�27.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

PLSA, LDA, ôîíîâûå òåìû è äåêîððåëèðîâàíèå
Ìóëüòèìîäàëüíûå òåìàòè÷åñêèå ìîäåëè
Êëàññèôèêàöèÿ è ðåãðåññèÿ íà òåêñòàõ

Ïðèìåðû çàäà÷ ðåãðåññèè íà òåêñòàõ

MovieReview [Pang, Lee, 2005]
d � òåêñò îòçûâà íà ôèëüì
yd � ðåéòèíã ôèëüìà (1..5), ïîñòàâëåííûé àâòîðîì îòçûâà

Salary (kaggle.com: Adzuna Job Salary Prediction)
d � îïèñàíèå âàêàíñèè, ïðåäëàãàåìîé ðàáîòîäàòåëåì
yd � ãîäîâàÿ çàðïëàòà

Yelp (kaggle.com: Yelp Recruiting Competition)
d � îòçûâ (íà ðåñòîðàí, îòåëü, ñåðâèñ è ò.ï.)
yd � ÷èñëî ãîëîñîâ ¾useful¿, êîòîðûå ïîëó÷èò îòçûâ

Ïðîãíîçèðîâàíèå ñêà÷êîâ öåí íà ôèíàíñîâûõ ðûíêàõ
d � òåêñò íîâîñòè
yd � èçìåíåíèå öåíû â ïîñëåäóþùèå 10�60 ìèíóò

B. Pang, L. Lee. Seeing stars: Exploiting class relationships for sentiment
categorization with respect to rating scales // ACL, 2005.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Ïðîáëåìà êîðîòêèõ òåêñòîâ

Êîðîòêèå òåêñòû (short text):

Twitter è äðóãèå ìèêðîáëîãè

ñîöèàëüíûå ìåäèà

çàãîëîâêè ñòàòåé è íîâîñòíûõ ñîîáùåíèé

Òðèâèàëüíûå ïîäõîäû:

ñ÷èòàòü êàæäîå ñîîáùåíèå îòäåëüíûì äîêóìåíòîì

ðàçðåæèâàòü p(t|d) âïëîòü äî åäèíñòâåííîé òåìû

îáúåäèíèòü ñîîáùåíèÿ ïî àâòîðó/âðåìåíè/ðåãèîíó/è ò. ï.

îáúåäèíèòü ïîñòû ñ êîììåíòàðèÿìè

äîïîëíèòü êîëëåêöèþ äëèííûìè òåêñòàìè (Âèêèïåäèÿ è äð.)

Áîëåå èíòåðåñíàÿ èäåÿ:

èñïîëüçîâàòü ñî÷åòàåìîñòü ïàð ñëîâ â ñîîáùåíèÿõ
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Áèòåðìû: ìîäåëü ñî÷åòàåìîñòè ñëîâ â êîðîòêèõ òåêñòàõ

Áèòåðì � ïàðà ñëîâ, âñòðå÷àþùèõñÿ ðÿäîì:
â îäíîì êîðîòêîì ñîîáùåíèè / ïðåäëîæåíèè / îêíå ±h ñëîâ.

Òåìàòè÷åñêàÿ ìîäåëü áèòåðìîâ (Biterm Topic Model):

p(u, v) =
∑
t∈T

p(u|t)p(v |t)p(t) =
∑
t∈T

φutφvtπt ,

ãäå φwt = p(w |t), πt = p(t) � ïàðàìåòðû ìîäåëè.

Êðèòåðèé ìàêñèìóìà ëîãàðèôìà ïðàâäîïîäîáèÿ:∑
u,v

nuv ln
∑
t

φutφvtπt → max
Φ,π

,

φvt > 0;
∑

v φvt = 1; πt > 0;
∑

t πt = 1

Xiaohui Yan, Jiafeng Guo, Yanyan Lan, Xueqi Cheng. A Biterm Topic Model
for Short Texts. WWW 2013.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Ìîäåëü ñåòè ñëîâ WNTM äëÿ êîðîòêèõ òåêñòîâ

Èäåÿ: ìîäåëèðîâàòü íå äîêóìåíòû, à ñâÿçè ìåæäó ñëîâàìè.
du � ïñåâäî-äîêóìåíò, îáúåäèíåíèå âñåõ êîíòåêñòîâ ñëîâà u.
nuw � ÷èñëî âõîæäåíèé ñëîâà w â ïñåâäî-äîêóìåíò du.
Êîíòåêñò � êîðîòêîå ñîîáùåíèå / ïðåäëîæåíèå / îêíî ±h ñëîâ.

Yuan Zuo, Jichang Zhao, Ke Xu. Word Network Topic Model: a simple but
general solution for short and imbalanced texts. 2014.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Ìîäåëè WNTM (Word Network) è WTM (Word Topic Model)

Òåìàòè÷åñêàÿ ìîäåëü êîíòåêñòîâ, ðàçëîæåíèå W×W -ìàòðèöû:

p(w |du) =
∑
t∈T

p(w |t)p(t|du) =
∑
t∈T

φwtθtu,

ãäå du � ïñåâäî-äîêóìåíò ñëîâà u.

Ìàêñèìèçàöèÿ ëîãàðèôìà ïðàâäîïîäîáèÿ:∑
u,w∈W

nuw log
∑
t∈T

φwtθtu → max
Φ,Θ

,

ãäå nuw � ÷àñòîòà ñî÷åòàíèÿ ïàðû ñëîâ (w , u).

Yuan Zuo, Jichang Zhao, Ke Xu. Word Network Topic Model: a simple but
general solution for short and imbalanced texts. 2014.

Berlin Chen. Word Topic Models for spoken document retrieval and
transcription. ACM Trans., 2009.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Ðåãóëÿðèçàòîð 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 òåìàòè÷åñêèõ âåêòîðíûõ
ïðåäñòàâëåíèé ñâÿçàííûõ äîêóìåíòîâ θd , θc :

R(Θ) = τ
∑

d ,c∈D
ndc

∑
t∈T

θtdθtc → max .

Ïîäñòàâëÿåì, ïîëó÷àåì åù¼ îäèí âàðèàíò ñãëàæèâàíèÿ:

θtd = norm
t

(
ntd + τθtd

∑
c∈D

ndcθtc
)
.

Laura Dietz, Ste�en Bickel, Tobias Sche�er. Unsupervised prediction of citation
in�uences. ICML-2007.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Ìîäåëè, ó÷èòûâàþùèå öèòèðîâàíèÿ èëè ãèïåðññûëêè

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

Òåìàòè÷åñêàÿ ìîäåëü âûÿâëÿåò âëèÿòåëüíûå ññûëêè

Laura Dietz, Ste�en Bickel, Tobias Sche�er. Unsupervised prediction of citation
in�uences. ICML-2007.

Ê.Â. Âîðîíöîâ (vokov@forecsys.ru) Òåìàòè÷åñêîå ìîäåëèðîâàíèå 37 / 43



Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Ïðèìåð äðåâîâèäíîé òåìàòè÷åñêîé èåðàðõèè

Georgeta Bordea. Domain adaptive extraction of topical hierarchies for
Expertise Mining. 2013.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

ñòðóêòóðà èåðàðõèè: äåðåâî / ìíîãîäîëüíûé ãðàô

íàïðàâëåíèå: ñíèçó ââåðõ / ñâåðõó âíèç / îäíîâðåìåííî

íàðàùèâàíèå: ïîâåðøèííîå / ïîñëîéíîå

Îòêðûòûå ïðîáëåìû:

�Despite recent activity in the �eld of HPTMs, determining the
hierarchical model that best �ts a given data set, in terms of
the structure and size of the learned hierarchy, still remains
a challenging task and an open issue.�

�The evaluation of hierarchical PTMs is also an open issue.�

Zavitsanos E., Paliouras G., Vouros G. A. Non-Parametric Estimation of Topic
Hierarchies from Texts with Hierarchical Dirichlet Processes. 2011.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Èåðàðõè÷åñêàÿ òåìàòè÷åñêàÿ ìîäåëü: ïîñëîéíîå ïîñòðîåíèå

Øàã 1. Ñòðîèì ìîäåëü ñ íåáîëüøèì ÷èñëîì òåì.

Øàã k. Ïóñòü ìîäåëü ñ ìíîæåñòâîì òåì T óæå ïîñòðîåíà.
Ñòðîèì ìíîæåñòâî äî÷åðíèõ òåì S (subtopics), |S | > |T |.

Ðîäèòåëüñêèå òåìû ïðèáëèæàþòñÿ ñìåñÿìè äî÷åðíèõ òåì:∑
t∈T

nwt ln p(w |t) =
∑
t∈T

nwt ln
∑
s∈S

p(w |s)p(s|t) → max
Φ,Ψ

,

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

Ðîäèòåëüñêàÿ Φp ≈ ΦΨ, îòñþäà ðåãóëÿðèçàòîð ìàòðèöû Φ:

R(Φ,Ψ) = τ
∑
t∈T

∑
w∈W

nwt ln
∑
s∈S

φwsψst → max .

Ðîäèòåëüñêèå òåìû t � ïñåâäî-äîêóìåíòû ñ ÷àñòîòàìè ñëîâ nwt .
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Ïîñòðîåíèå âòîðîãî óðîâíÿ èåðàðõèè ñ ïîäòåìàìè S

Â êîëëåêöèþ äîáàâëÿþòñÿ |T | ïñåâäîäîêóìåíòîâ ðîäèòåëüñêèõ
òåì ñ ÷àñòîòàìè òåðìîâ τnwt = τntφwt , t ∈ T

Ìàòðèöà ñâÿçåé òåì ñ ïîäòåìàìè Ψ =
(
p(s|t)

)
îáðàçóåòñÿ

â ñòîëáöàõ ìàòðèöû Θ, ñîîòâåòñòâóþùèõ ïñåâäîäîêóìåíòàì.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå
Ïðèìåðû ðåãóëÿðèçàòîðîâ

Ìîäåëèðîâàíèå çàâèñèìîñòåé

Çàâèñèìîñòè ìåæäó ñëîâàìè
Çàâèñèìîñòè ìåæäó äîêóìåíòàìè
Çàâèñèìîñòè ìåæäó òåìàìè

Ïðèìåð òåìàòè÷åñêîé èåðàðõèè

Òåêñòû íàó÷íî-ïðîñâåòèòåëüñêîãî ðåñóðñà Postnauka.ru:
2976 äîêóìåíòîâ, 43196 ñëîâ, 1799 òýãîâ

ChirkovaN.A., VorontsovK.V. Additive regularization for hierarchical
multimodal topic modeling. JMLDA, 2016.

BelyyA.V., SeleznovaM.S., SholokhovA.K., VorontsovK.V. Quality Evaluation
and Improvement for Hierarchical Topic Modeling. Dialogue 2018.
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Ðåçþìå

Òåìàòè÷åñêîå ìîäåëèðîâàíèå � ¾ìÿãêàÿ êëàñòåðèçàöèÿ¿,
àâòîêîäèðîâùèê èëè ñòîõàñòè÷åñêîå ìàòðè÷íîå ðàçëîæåíèå

Ñòàíäàðòíûå ìåòîäû � PLSA è LDA

Íåñòàíäàðòíûå � îãðîìíîå ðàçíîîáðàçèå ðåãóëÿðèçàòîðîâ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ ïîçâîëÿåò êîìáèíèðîâàòü ìîäåëè

Îáû÷íî â ÒÌ èñïîëüçóåòñÿ áàéåñîâñêîå îáó÷åíèå.
Ïî÷åìó îíî íå íóæíî: íà ïðàêòèêå èñïîëüçóþòñÿ íå
àïîñòåðèîðíûå ðàñïðåäåëåíèÿ, à ëèøü èõ òî÷å÷íûå îöåíêè

Â ARTM òå æå ìîäåëè âûâîäÿòñÿ íàìíîãî ïðîùå,
ñ ïîìîùüþ îáùåé Ëåììû î ìàêñèìèçàöèè íà ñèìïëåêñàõ
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