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Öåëü: ðàçäåëåíèå òåêñòà íà ñåìàíòè÷åñêè îäíîðîäíûå

ñåãìåíòû äëÿ ïîèñêà, êëàññè�èêàöèè, ñóììàðèçàöèè.

Ïðèìåðû òåêñòîâ, îáëàäàþùèõ ñåãìåíòíîé ñòðóêòóðîé

íàó÷íûå ñòàòüè

ïàòåíòû

ó÷åáíûå êóðñû

þðèäè÷åñêèå äîêóìåíòû

íîâîñòíûå äàéäæåñòû

òåêñòû ðåçþìå

îáñóæäåíèÿ â ñîöèàëüíûõ ìåäèà

ìóëüòèÿçû÷íûå äîêóìåíòû

M.A.Hearst. TextTiling: A Quantitative Approah to Disourse Segmentation. 1993.

I.Pak, P.L.Teh. Text Segmentation Tehniques: A Critial Review. 2018.
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Çàäà÷à k-ñåãìåíòàöèè ïîñëåäîâàòåëüíîñòè (k-segmentation)

Äàíî:

ïîñëåäîâàòåëüíîñòü âåêòîðîâ X = (xi )
n
i=1, xi ∈ R

T

Äëÿ òåêñòîâ xi � ýìáåääèíãè ñëîâ / ïðåäëîæåíèé / àáçàöåâ

Íàéòè:

ðàçáèåíèå íà k íåïåðåñåêàþùèõñÿ ïîäïîñëåäîâàòåëüíîñòåé

S1 ⊔ · · · ⊔ Sk = X è ñèñòåìó èõ ïðåäñòàâèòåëåé µ1, . . . , µk ∈ R
T

Êðèòåðèé:

k
∑

j=1

∑

xi∈Sj

‖xi − µj‖
2 → min

{Sj ,µj}

Îïòèìàëüíîå ðåøåíèå: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå, O(n2k)
Íà ïðàêòèêå èñïîëüçóþòñÿ ïðèáëèæ¼ííûå ýâðèñòèêè, O(nk)

Rihard Bellman. On the approximation of urves by line segments using dynami

programming. 1961.
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Ìåòîä òåìàòè÷åñêîé ñåãìåíòàöèè TopiTiling

(sj)
kd
j=1 � ïîñëåäîâàòåëüíîñòü ïðåäëîæåíèé äîêóìåíòà d

p(t|d , s) = 1
|s|

∑

w∈s
p(t|d ,w) � òåìàòèêà ïðåäëîæåíèÿ s

pj =
(

p(t|d , sj)
)

t∈T
� òåìàòè÷åñêèé âåêòîð ïðåäëîæåíèÿ sj

cj = cos(pj−1, pj ) � oherene sore, îöåíêà áëèçîñòè ñîñåäíèõ

ïðåäëîæåíèé (÷åì ãëóáæå ïðîâàë, òåì ÷¼ò÷å ãðàíèöà)

dj =
1
2

(

hlj + hrj − 2cj
)

� depth sore, îöåíêà ãëóáèíû ïðîâàëà

Martin Riedl, Chris Biemann. Text Segmentation with Topi Models. 2012.
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Ýâðèñòèêè äëÿ TopiTiling

Ýâðèñòèêè äëÿ îïðåäåëåíèÿ ÷èñëà ñåãìåíòîâ:

çàäàííîå ÷èñëî ïðîâàëîâ ñ íàèáîëüøåé ãëóáèíîé dj

ïðîâàëû ñ ãëóáèíîé áîëåå avr{dj}+ δ stdev{dj}, δ = 0,5..1,2

Äîïîëíèòåëüíûå ýâðèñòèêè è ïàðàìåòðû:

�lter: èãíîðèðîâàòü êîðîòêèå ïðåäëîæåíèÿ (ìåíåå 5 ñëîâ)

èãíîðèðîâàòü ñòîï-ñëîâà

ïîäáèðàòü ÷èñëî ïðåäëîæåíèé ñëåâà è ñïðàâà îò j

Ýâðèñòèêè äëÿ òåìàòè÷åñêîé ñåãìåíòàöèè:

èñïîëüçîâàòü �îíîâûå òåìû è èãíîðèðîâàòü èõ â pj

èñïîëüçîâàòü p(t|d ,w) èëè argmaxt p(t|d ,w)

ïîäáèðàòü ÷èñëî èòåðàöèé

ïîäáèðàòü ïàðàìåòðû |T |, α, β â ìîäåëè LDA

Martin Riedl, Chris Biemann. Text Segmentation with Topi Models. 2012.
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Èçìåðåíèå êà÷åñòâà ñåãìåíòàöèè

Áàçîâûå ìåòîäû ñåãìåíòàöèè ïî âåêòîðàì p(w |sj) è p(t|sj)

TT è TT-LDA � TextTiling (Hearst, 1997)

C99 è C99-LDA � êëàñòåðèçàöèÿ ïðåäëîæåíèé (Choi, 2000)

Êîëëåêöèè äëÿ ñðàâíåíèÿ ìåòîäîâ ñåãìåíòàöèè:

Choi dataset: ñèíòåòè÷åñêèé êîðïóñ, 700 äîêóìåíòîâ

ïî 10 ñåãìåíòîâ, íàðåçàííûõ èç ¾Brown orpus¿

Galley dataset: ñèíòåòè÷åñêèé êîðïóñ, 500 äîêóìåíòîâ

ïî 4�22 ñåãìåíòîâ, íàðåçàííûõ èç ¾WSJ orpus¿

Ìåòðèêè äëÿ ñðàâíåíèÿ ìåòîäîâ ñåãìåíòàöèè:

Preision/Reall íå ó÷èòûâàþò ãðàíèöû ìåæäó ñåãìåíòàìè

Pk (Beeferman et al., 1997)

WD, WindowDi� (Pevzner and Hearst, 2002)

Martin Riedl, Chris Biemann. Text Segmentation with Topi Models. 2012.
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Ìåòðèêè äëÿ ñðàâíåíèÿ ìåòîäîâ ñåãìåíòàöèè

Ñðàâíåíèå ñ èäåàëüíîé ñåãìåíòàöèåé (gold standard).

Ìåòðèêà Pk � ÷åì ìåíüøå, òåì ëó÷øå:

Bi =
[

ñëîâîïîçèöèè i è i+k−1 ëåæàò â ðàçíûõ ñåãìåíòàõ

]

B0
i � òî æå ñàìîå äëÿ èäåàëüíîé ñåãìåíòàöèè

Pk � äîëÿ ïîçèöèé (â %), äëÿ êîòîðûõ Bi 6= B0
i

Ïðèìåð: k = 5, Pk = 8
20 = 40%

B0
i :

Bi :

Doug Beeferman, Adam Berger, John La�erty. Statistial models for text

segmentation. 1999.
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Ñðàâíåíèå ñ èäåàëüíîé ñåãìåíòàöèåé (gold standard).

Ìåòðèêà WD, WindowDi� � ÷åì ìåíüøå, òåì ëó÷øå:

Ci =
(

÷èñëî ñåãìåíòîâ ìåæäó ïîçèöèÿìè i è i+k−1
)

C 0
i � òî æå ñàìîå äëÿ èäåàëüíîé ñåãìåíòàöèè

WD � äîëÿ ïîçèöèé (â %), äëÿ êîòîðûõ Ci 6= C 0
i

Ïðèìåð: k = 5, WD = 10
20 = 50%,

C 0
i :

Ci :

WD ñèëüíåå, ÷åì Pk , øòðà�óåò êîðîòêèå ëîæíûå ñåãìåíòû

Lev Pevzner, Marti Hearst. A ritique and improvement of an evaluation metri for

text segmentation. 2002.

Ê.Â. Âîðîíöîâ (vokov�foresys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 9 / 47



Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Çàäà÷è ñåãìåíòàöèè è ìåòîä TopiTiling

Èçìåðåíèå è îïòèìèçàöèÿ êà÷åñòâà ñåãìåíòàöèè

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

�åçóëüòàòû ñðàâíåíèÿ ìåòîäîâ ñåãìåíòàöèè (Choi dataset)

Òåìàòè÷åñêèå ìîäåëè ëó÷øå

Ëèäèðóåò TopiTiling ñ �èëüòðàöèåé êîðîòêèõ ïðåäëîæåíèé

¾Segments provided¿ � ÷èñëî ñåãìåíòîâ èçâåñòíî

(íà ðåàëüíûõ äàííûõ ýòî íåðåàëèñòè÷íîå ïðåäïîëîæåíèå)

Martin Riedl, Chris Biemann. Text Segmentation with Topi Models. 2012.
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Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Çàâèñèìîñòè Pk (k = 6) îò ïàðàìåòðîâ ìîäåëè

Êà÷åñòâî ñåãìåíòàöèè ñèëüíî çàâèñèò îò |T |

îïòèìàëüíûé äèàïàçîí |T | = 50..150 äîñòàòî÷íî øèðîê

ïðè |T | = 100 ñõîäèìîñòü çà 20�30 èòåðàöèé

Martin Riedl, Chris Biemann. Text Segmentation with Topi Models. 2012.
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Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Çàâèñèìîñòè Pk (k = 6) îò ïàðàìåòðîâ α, β ìîäåëè LDA

�àçðåæèâàòü íàäî, íî ìàòðèöó Θ � íå ñëèøêîì ñèëüíî

ïàðàìåòðû α, β ìåíåå êðèòè÷íû, ÷åì ÷èñëî òåì

Martin Riedl, Chris Biemann. Text Segmentation with Topi Models. 2012.
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Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Çàâèñèìîñòü Pk (k = 6) îò øèðèíû îêíà w (window)

�èêñèðîâàííîå ÷èñëî ñåãìåíòîâ:

îïðåäåëÿåìîå ÷èñëî ñåãìåíòîâ:

Îïòèìàëüíàÿ øèðèíà îêíà w = 2�3 ïðåäëîæåíèÿ

¾d=true¿: óñðåäíåíèå argmaxt p(t|d ,w) ïî êàæäîìó w

Ïî÷åìó îíè íå äîãàäàëèñü èñïîëüçîâàòü p(t|d ,w)?

Martin Riedl, Chris Biemann. Text Segmentation with Topi Models. 2012.
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Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Ýêñïåðèìåíòû íà áîëåå ðåàëèñòè÷íûõ äàííûõ Galley's WSJ

�èêñèðîâàííîå ÷èñëî ñåãìåíòîâ: îïðåäåëÿåìîå ÷èñëî ñåãìåíòîâ:

Êà÷åñòâî ñåãìåíòàöèè ñèëüíî çàâèñèò îò êîëëåêöèè

Îïðåäåëÿòü ÷èñëî ñåãìåíòîâ ñòàëî òðóäíåå

Îêíî ïðèøëîñü ðàñøèðèòü äî w = 5�10 ïðåäëîæåíèé

Çäåñü ¾�ltered¿ � ó÷èòûâàòü òîëüêî ñóùåñòâèòåëüíûå,

ïðèëàãàòåëüíûå è ãëàãîëû � ïîìîãàåò, íî íå ñèëüíî

Âîçìîæíî ëè êðèòåðèåì êà÷åñòâà ñåãìåíòàöèè

ïîâëèÿòü íà ñàìó òåìàòè÷åñêóþ ìîäåëü?

Martin Riedl, Chris Biemann. Text Segmentation with Topi Models. 2012.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Çàäà÷è ñåãìåíòàöèè è ìåòîä TopiTiling

Èçìåðåíèå è îïòèìèçàöèÿ êà÷åñòâà ñåãìåíòàöèè

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé (èëè êîðîòêèõ òåêñòîâ)

Ïðèìåðû êîðîòêèõ òåêñòîâ (short text):

òâèòû îäíîãî àâòîðà

êîììåíòàðèè â îäíîì áëîãå

çàãîëîâêè íîâîñòåé çà îäèí äåíü

çàãîëîâêè ñòàòåé â îäíîì æóðíàëå

ðåïëèêè â îäíîì äèàëîãå êëèåíòà è îïåðàòîðà

ïðåäëîæåíèÿ â îäíîì äîêóìåíòå

Îñíîâíûå ïðåäïîëîæåíèÿ î êîðîòêèõ òåêñòàõ:

ãðàíèöû êîðîòêîãî òåêñòà (ñåãìåíòà) èçâåñòíû

ñëîâ íå õâàòàåò äëÿ íàä¼æíîãî îïðåäåëåíèÿ òåìàòèêè

êîðîòêèé òåêñò îòíîñèòñÿ òîëüêî ê îäíîé òåìå

òåêñò ìîæåò ñîäåðæàòü �îíîâûå ñëîâà îáùåé ëåêñèêè
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Çàäà÷è ñåãìåíòàöèè è ìåòîä TopiTiling

Èçìåðåíèå è îïòèìèçàöèÿ êà÷åñòâà ñåãìåíòàöèè

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Òåìàòè÷åñêàÿ ìîäåëü Twitter-LDA

Ïðåäïîëîæåíèÿ:

1. Êàæäûé àâòîð a ∈ A íàïèñàë ìíîæåñòâî ñîîáùåíèé d ∈ Da.

2. Êàæäîå ñîîáùåíèå d îòíîñèòñÿ ê îäíîé òåìå p(t|d) ∈ {0, 1}.
3. Åñòü �îíîâàÿ òåìà b ∈ T ñ ðàñïðåäåëåíèåì p(w |b).
4. Âåðîÿòíîñòü �îíà îäèíàêîâà äëÿ ñîîáùåíèé, p(b|d) = π.

Ïîðîæäàþùèé ïðîöåññ:

Âõîä: ðàñïðåäåëåíèÿ p(w |t), p(t|a)
äëÿ âñåõ àâòîðîâ a ∈ A

äëÿ âñåõ ñîîáùåíèé d ∈ Da àâòîðà a

âûáðàòü òåìó t èç p(t|a), êðîìå �îíîâîé, t 6= b;

äëÿ âñåõ ïîçèöèé ñëîâ i = 1, . . . , nd â ñîîáùåíèè d

âûáðàòü ñëîâî wi èç (1− π)p(w |t) + πp(w |b);

Wayne Xin Zhao, Jing Jiang, Jianshu Weng, Jing He, Ee Peng Lim et al. Comparing

Twitter and traditional media using topi models // ECIR 2011.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Çàäà÷è ñåãìåíòàöèè è ìåòîä TopiTiling

Èçìåðåíèå è îïòèìèçàöèÿ êà÷åñòâà ñåãìåíòàöèè

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Òåìàòè÷åñêàÿ ìîäåëü ïðåäëîæåíèé senLDA è å¼ îáîáùåíèå

Sd � ìíîæåñòâî ñåãìåíòîâ, íà êîòîðûå ðàçáèò äîêóìåíò d ;

ns � äëèíà ñåãìåíòà s;

nsw � ÷èñëî âõîæäåíèé òåðìà w â ñåãìåíò s.

Òåìàòè÷åñêàÿ ìîäåëü ìîíîòåìàòè÷íîãî ñåãìåíòà:

p(s|d) =
∑

t∈T

p(t|d)
∏

w∈s

p(w |t)nsw =
∑

t∈T

θtd
∏

w∈s

φnswwt

Êðèòåðèé ìàêñèìóìà ðåãóëÿðèçîâàííîãî ïðàâäîïîäîáèÿ:

∑

d∈D

∑

s∈Sd

ln
∑

t∈T

θtd
∏

w∈s

φnswwt + R(Φ,Θ) → max
Φ,Θ

Â senLDA ðåãóëÿðèçàòîð R(Φ,Θ) � ðàñïðåäåëåíèÿ Äèðèõëå.

G.Balikas, M.-R.Amini, M.Clausel. On a topi model for sentenes. SIGIR 2016.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Çàäà÷è ñåãìåíòàöèè è ìåòîä TopiTiling

Èçìåðåíèå è îïòèìèçàöèÿ êà÷åñòâà ñåãìåíòàöèè

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Òåìàòè÷åñêàÿ ìîäåëü ïðåäëîæåíèé â ARTM

Ýòî ìîäåëü ãèïåðãðà�à (âåðøèíû � ñëîâà, ñåãìåíòû � ð¼áðà):

∑

d∈D

∑

s∈Sd

ln
∑

t∈T

θtd
∏

w∈s

φnswwt + R(Φ,Θ) → max
Φ,Θ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:































ptds ≡ p(t|d , s) = norm
t∈T

(

θtd
∏

w∈s
φnswwt

)

;

φwt = norm
w∈W

(

nwt + φwt
∂R
∂φwt

)

; nwt =
∑

d∈D

∑

s∈Sd

nswptds

θtd = norm
t∈T

(

ntd + θtd
∂R
∂θtd

)

; ntd =
∑

s∈Sd

nsptds

G.Balikas, M.-R.Amini, M.Clausel. On a topi model for sentenes. SIGIR 2016.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Çàäà÷è ñåãìåíòàöèè è ìåòîä TopiTiling

Èçìåðåíèå è îïòèìèçàöèÿ êà÷åñòâà ñåãìåíòàöèè

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Òåìàòè÷åñêàÿ ìîäåëü ïðåäëîæåíèé ñ �îíîâîé òåìîé

Ñëîâà ñåãìåíòà ïîðîæäàþòñÿ ëèáî òåìîé p(w |t) = φwt , ëèáî
�îíîâûì ðàñïðåäåëåíèåì p(w) = ψw ñëîâ îáùåé ëåêñèêè:

∑

d∈D

∑

s∈Sd

ln
∑

t∈T

θtd
∏

w∈s

(

xdswφwt+(1−xdsw )ψw

)nsw+R(Φ,Θ) → max
Φ,Θ

Âàðèàíòû ìîäåëè (÷òî ëó÷øå? � îòêðûòàÿ ïðîáëåìà):

xdsw = x � äîëÿ òåìàòè÷åñêèõ ñëîâ â êîëëåêöèè

xdsw = xd � äîëÿ òåìàòè÷åñêèõ ñëîâ â äîêóìåíòå

xdsw = [φwt > ψw ] � ðåçóëüòàò àíàëèòè÷åñêîé îïòèìèçàöèè

äëÿ êàæäîãî ñëîâà 〈d , s,w〉 (âîçìîæíî ïåðåîáó÷åíèå?)

ψw = nw
n
� �èêñèðîâàííîå ðàñïðåäåëåíèå

ψw îáó÷àåòñÿ ïî êîëëåêöèè
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Çàäà÷è ñåãìåíòàöèè è ìåòîä TopiTiling

Èçìåðåíèå è îïòèìèçàöèÿ êà÷åñòâà ñåãìåíòàöèè

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

�èïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè ÿçûêà

�åáðî ãèïåðãðà�à �îðìàëèçóåò ãèïîòåçó, ÷òî òåðìû ñâÿçàíû

äðóã ñ äðóãîì ïî ñìûñëó è ïîðîæäàþòñÿ îäíîé îáùåé òåìîé.

×òî ìîæåò áûòü ðåáðîì ãèïåðãðà�à:

ïðåäëîæåíèå

ñèíòàãìà, âåòêà ñèíòàêñè÷åñêîãî äåðåâà

èìåííàÿ ãðóïïà

�àêò ¾îáúåêò, ñóáúåêò, äåéñòâèå¿

ñâÿçàííûå òåðìû â îäíîì èëè ñîñåäíèõ ïðåäëîæåíèÿõ:

äâà ñèíîíèìà, ãèïîíèì�ãèïåðîíèì, ìåðîíèì�õîëîíèì

ëåêñè÷åñêàÿ öåïî÷êà

òåêñò ñîîáùåíèÿ è åãî àâòîð

�èíàíñîâàÿ òðàíçàêöèÿ ñ òåêñòîì ïëàò¼æíîãî ïîðó÷åíèÿ
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Çàäà÷è ñåãìåíòàöèè è ìåòîä TopiTiling

Èçìåðåíèå è îïòèìèçàöèÿ êà÷åñòâà ñåãìåíòàöèè

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Ñåìàíòè÷åñêàÿ ñåòü WordNet

117Ê íàáîðîâ ñèíîíèìîâ (synset), 155K ñëîâ, ñ îïðåäåëåíèÿìè

è ïðèìåðàìè, ñâÿçàííûõ ñåìàíòè÷åñêèìè îòíîøåíèÿìè:

ãèïåðîíèì � áîëåå îáùåå (ðîäîâîå) ïîíÿòèå

ãèïîíèì � ÷àñòíîå (âèäîâîå) ïîíÿòèå

õîëîíèì � îáúåìëþùåå öåëîå

ìåðîíèì � ñîñòàâíàÿ ÷àñòü

Ñëîâàðè ðàçäåëåíû ïî ÷àñòÿì ðå÷è:

ñóùåñòâèòåëüíûå

ãëàãîëû

ïðèëàãàòåëüíûå

íàðå÷èÿ

http://wordnet.prineton.edu
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Çàäà÷è ñåãìåíòàöèè è ìåòîä TopiTiling

Èçìåðåíèå è îïòèìèçàöèÿ êà÷åñòâà ñåãìåíòàöèè

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Ìåòîä ëåêñè÷åñêèõ öåïî÷åê (Lexial Chains)

Ëåêñè÷åñêàÿ öåïî÷êà � ìíîæåñòâî òåðìèíîâ:

ïàðû òåðìèíîâ ñâÿçàíû òåçàóðóñíûìè ñâÿçÿìè

ñîñåäíèå òåðìèíû íà ðàññòîÿíèè íå áîëåå 2 ïðåäëîæåíèé

âîçìîæíà òðàíçèòèâíàÿ ñâÿçü ÷åðåç òðåòèé òåðìèí

Ñèëüíàÿ öåïî÷êà � (ïî÷òè) âñå ñëîâà ñâÿçàíû (êëèêà)

Jane Morris, Graeme Hirst. Lexial ohesion omputed by thesaural relations as an

indiator of the struture of text. 1991.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Çàäà÷è ñåãìåíòàöèè è ìåòîä TopiTiling

Èçìåðåíèå è îïòèìèçàöèÿ êà÷åñòâà ñåãìåíòàöèè

Òåìàòè÷åñêèå ìîäåëè ïðåäëîæåíèé

Ïðèìåð âûäåëåíèÿ ëåêñè÷åñêèõ öåïî÷åê

Ïðèìåð èñïîëüçîâàíèÿ ðóññêîÿçû÷íîãî òåçàóðóñà �óÒåç

Ëàáîðàòîðèÿ àíàëèçà èí�îðìàöèîííûõ ðåñóðñîâ, ÍÈÂÖ Ì�Ó

http://www.labinform.ru/info/onthology
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

Âîçìîæíà ëè òåìàòèçàöèÿ òåêñòà çà îäèí ïðîõîä?

Äàíî: s � �ðàãìåíò òåêñòà, Φ � ãîòîâàÿ òåìàòè÷åñêàÿ ìîäåëü

Íàéòè: p(t|s) � òåìàòè÷åñêèé âåêòîð �ðàãìåíòà òåêñòà

Ïðîáëåìû:

êàê íå ïåðåîáó÷èòü âåêòîð p(t|s), åñëè òåêñò êîðîòêèé?

êàê ñîãëàñîâàòü p(t|s) ñ îáúåìëþùèì êîíòåêñòîì?

êàê ñîãëàñîâàòü p(t|s) ñ p(t|w) = φwt
p(t)
p(w) òåðìîâ w?

Íàâîäÿùèå ñîîáðàæåíèÿ:

ïåðâàÿ èòåðàöèÿ ÅÌ-àëãîðèòìà ñ èíèöèàëèçàöèåé θ0td = 1
|T | :

θtd (Φ) = norm
t∈T

(

∑

w∈W

ndwptdw

)

=
∑

w∈d

ndw
nd

norm
t∈T

(φwtθ
0
td )

�îðìóëà ïîëíîé âåðîÿòíîñòè:

θtd (Φ) =
∑

w∈d

p(w |d) p(t|w) =
∑

w∈d

ndw
nd

norm
t∈T

(

φwtpt
)
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

EM-àëãîðèòì äëÿ ARTM áåç ìàòðèöû Θ

Ìàêñèìèçàöèÿ ëîãàðè�ìà ïðàâäîïîäîáèÿ:

∑

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
)

; ntd =
∑

w∈d

ndwptdw + θtd
∂R

∂θtd
;

p′tdw = ptdw +
1

ndw

∑

s∈T

nsd

θsd
φwt

∂θsd
∂φwt

;

φwt = norm
w∈W

(

∑

d∈D

ndwp
′
tdw + φwt

∂R

∂φwt

)

.

È.À.Èðõèí, Â.�.Áóëàòîâ, Ê.Â.Âîðîíöîâ. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ

ìîäåëåé ñ áûñòðîé âåêòîðèçàöèåé òåêñòà. ÊèÌ, 2020.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

Äîêàçàòåëüñòâî (ïî Ëåììå î ìàêñèìèçàöèè íà ñèìïëåêñàõ)

Îïòèìèçàöèîííàÿ çàäà÷à M-øàãà îòíîñèòåëüíî Φ è Θ(Φ):

Q(Φ) =
∑

d∈D

∑

u∈W

∑

s∈T

ndupsdu ln
(

φusθsd(Φ)
)

+ R
(

Φ,Θ(Φ)
)

→ max
Φ

Ïðèìåíèì Ëåììó ê ðåãóëÿðèçîâàííîìó log-ïðàâäîïîäîáèþ Q:

φwt
∂Q

∂φwt

=
∑

d∈D

ndwptdw+
∑

d,s,u

ndupsdu
φwt

θsd

∂θsd

∂φwt

+φwt

∑

d,s

∂R

∂θsd

∂θsd

∂φwt

+φwt
∂R

∂φwt

=

=
∑

d∈D

ndw

(

ptdw +
1

ndw

∑

s∈T

φwt

θsd

(
∑

u∈d

ndupsdu + θsd
∂R

∂θsd

)

︸ ︷︷ ︸

nsd

∂θsd

∂φwt

)

+ φwt
∂R

∂φwt

=

=
∑

d∈D

ndw

(

ptdw +
1

ndw

∑

s∈T

nsd

θsd
φwt

∂θsd

∂φwt

)

︸ ︷︷ ︸

p′
tdw

+ φwt
∂R

∂φwt

.

�
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

EM-àëãîðèòì äëÿ ëèíåéíîé òåìàòèçàöèè äîêóìåíòîâ

θtd (Φ) =
∑

w∈d

pwd norm
t∈T

(φwtpt) ⇒ φwt
∂θsd
∂φwt

= pwdφ
′
tw

(

δst − φ′sw
)

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

φ′tw = norm
t∈T

(

φwtnt
)

; θtd =
∑

w∈d

pwdφ
′
tw ;

ptdw = norm
t∈T

(

φwtθtd
)

; nt =
∑

d∈D

∑

w∈d

ndwptdw ;

ntd =
∑

w∈d

ndwptdw + θtd
∂R

∂θtd
;

p′tdw = ptdw +
φ′tw
nd

(

ntd

θtd
−

∑

s∈T

φ′sw
nsd

θsd

)

;

φwt = norm
w∈W

(

∑

d∈D

ndwp
′
tdw + φwt

∂R

∂φwt

)

.

E-øàã ïî-ïðåæíåìó çàíèìàåò O(nd |T |) îïåðàöèé äëÿ

êàæäîãî
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

Ýêñïåðèìåíò. Ïðîâåðêà ìîäè�èöèðîâàííîãî EM-àëãîðèòìà

Êîëëåêöèÿ NIPS, |T | = 50, ìîäåëè:

TARTM (Θless ARTM) � ìîäè�èöèðîâàííûé 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.�.Áóëàòîâ, Ê.Â.Âîðîíöîâ. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ

ìîäåëåé ñ áûñòðîé âåêòîðèçàöèåé òåêñòà, 2020.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

Óïðîùåíèå EM-àëãîðèòìà äëÿ ëèíåéíîé òåìàòèçàöèè

Íåò ðåãóëÿðèçàöèè ïî Θ, ñëåäîâàòåëüíî, ∂R
∂θtd

= 0

Ïîäñòàíîâêà íåñìåù¼ííûõ îöåíîê θtd = ntd
nd
, θsd = nsd

nd

â �îðìóëó Ì-øàãà ïðèâîäèò ê óïðîùåíèþ: p′tdw = ptdw

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

φ′tw = norm
t∈T

(

φwtnt
)

; θtd =
∑

w∈d

pwdφ
′
tw ;

ptdw = norm
t∈T

(

φwtθtd
)

; nt =
∑

d∈D

∑

w∈d

ndwptdw ;

φwt = norm
w∈W

(

∑

d∈D

ndwptdw + φwt
∂R

∂φwt

)

.

Ýòî îáû÷íûé EM-àëãîðèòì, òîëüêî ñ îäíîïðîõîäíûì Å-øàãîì!

Î�Î! È ÒÀÊ ÌÎÆÍÎ ÁÛËÎ?!
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

Ëèíåéíàÿ òåìàòèçàöèÿ: îò äîêóìåíòà ê ëîêàëüíûì êîíòåêñòàì

Òåìàòèçàöèÿ äîêóìåíòà d = (w1, . . . ,wnd ) çà îäèí ïðîõîä:

θtd (Φ) ≡ p(t|d) =
1

nd

nd
∑

i=1

p(t|wi) =
1

nd

nd
∑

i=1

φ′twi

Òåìàòèçàöèÿ ëîêàëüíîãî êîíòåêñòà Ci = (. . . ,wi , . . . ) òåðìà wi :

θti(Φ) ≡ p(t|i) =
1

|Ci |

∑

u∈Ci

p(t|u) =
1

|Ci |

∑

u∈Ci

φ′tu

Òåìàòèçàöèÿ ëîêàëüíîãî êîíòåêñòà ñ ðàñïðåäåëåíèåì âåñîâ:

θti(Φ) ≡ p(t|i) =
∑

u∈Ci

φ′tuα(u|i),
∑

u∈Ci

α(u|i) = 1, α(u|i) > 0

Ëîêàëèçîâàííàÿ òåìàòè÷åñêàÿ ìîäåëü (ïîõîæà íà BitermTM):

p(w |d , i) =
∑

t∈T

p(w |t) p(t|i) =
∑

t∈T

φwt
∑

u∈Ci

φ′tuα(u|i)
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

EM-àëãîðèòì ñ ëîêàëèçîâàííûì E-øàãîì

w1, . . . ,wn � ñêâîçíàÿ íóìåðàöèÿ òåðìîâ âî âñåé êîëëåêöèè

Ci � ëîêàëüíûé êîíòåêñò (îêðóæåíèå) òåðìà wi

α(u|i) � ðàñïðåäåëåíèå âàæíîñòè òåðìîâ u ∈ Ci äëÿ òåðìà wi

íå íóæíà ãèïîòåçà ¾ìåøêà ñëîâ¿

íå íóæíî ðàçáèåíèå íà äîêóìåíòû

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

φ′tw = norm
t∈T

(

φwtnt
)

; θti =
∑

u∈Ci

φ′tuα(u|i);

pti = norm
t∈T

(

φwi tθti
)

; nt =

n
∑

i=1

pti ;

φwt = norm
w∈W

( n
∑

i=1

[wi =w ]pti + φwt
∂R

∂φwt

)

.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

Áûñòðîå âû÷èñëåíèå äâóíàïðàâëåííûõ âåêòîðîâ êîíòåêñòà

Äâà ïðîõîäà ïî òåêñòó � ¾ñëåâà íàïðàâî¿ è ¾ñïðàâà íàëåâî¿

äëÿ âû÷èñëåíèÿ ýêñïîíåíöèàëüíûõ ñêîëüçÿùèõ ñðåäíèõ (ÝÑÑ):

�

p(t|i) = γi p(t|wi ) + (1−γi )
�

p (t|i−1), i = 1, . . . , n, γ1 = 1
�

p(t|i) = γi p(t|wi ) + (1−γi )
�

p (t|i+1), i = n, . . . , 1, γn = 1

ãäå γi � êîý��èöèåíò ñãëàæèâàíèÿ â ïîçèöèè i

Îñíîâíîå ñâîéñòâî: åñëè γi = γ, òî α(wk |i) = γ(1− γ)|i−k|

Íåñêîëüêî ñîîáðàæåíèé, êàê ðàñïîðÿæàòüñÿ âûáîðîì γi :

γi ≈
1
h
, ãäå h � øèðèíà îêíà, ðàçìåð êîíòåêñòà

γi = 1, åñëè íàäî çàáûòü êîíòåêñò, ñìåíèòü äîêóìåíò

γi = 0, åñëè íàäî ïðîèãíîðèðîâàòü òåðì

γi ìîæíî óìíîæàòü íà îöåíêó âàæíîñòè òåðìà
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

Èñïîëüçîâàíèå äâóíàïðàâëåííûõ âåêòîðîâ êîíòåêñòà

Äâóíàïðàâëåííûå òåìàòè÷åñêèå âåêòîðû îïðåäåëÿþò:

�

p(t|i) � òåìàòèêó ëåâîãî êîíòåêñòà òåðìà wi
�

p(t|i) � òåìàòèêó ïðàâîãî êîíòåêñòà òåðìà wi
1
2

(

�

p(t|i) +
�

p(t|i)
)

� òåìàòèêó äâóñòîðîííåãî êîíòåêñòà wi

p(t|i . . . j) = 1
2

(

�

p(t|i) +
�

p(t|j)
)

� òåìàòèêó ñåãìåíòà [i . . . j]

òåìàòè÷åñêóþ îäíîðîäíîñòü ñåãìåíòà [i . . . j]:
íàñêîëüêî ðàñïðåäåëåíèÿ

�

p(t|i) è
�

p(t|j) ñõîæè

ïîçèöèè i ãðàíèö ìåæäó ñåãìåíòàìè:

íàñêîëüêî ðàñïðåäåëåíèÿ

�

p(t|i) è
�

p(t|i) íå ñõîæè

êîðîòêèå è äëèííûå êîíòåêñòû ïðè ðàçëè÷íûõ γi
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

Ìîäåëü âíèìàíèÿ Query�Key�Value

q � âåêòîð-çàïðîñ äëÿ òðàíñ�îðìàöèè â âåêòîð êîíòåêñòà z

(k1, . . . , kn) � âåêòîðû-êëþ÷è, ÷òîáû ñðàâíèâàòü ñ q

(v1, . . . , vn) � âåêòîðû-çíà÷åíèÿ, ñîñòàâëÿþùèå êîíòåêñò

Ìîäåëü âíèìàíèÿ � ýòî âûïóêëàÿ êîìáèíàöèÿ âåêòîðîâ vu:

z =
∑

u

vu SoftMax
u

〈ku , q〉,

ãäå 〈ku , q〉 � îöåíêà ðåëåâàíòíîñòè êëþ÷à ku çàïðîñó q

Ìîäåëü âíóòðåííåãî âíèìàíèÿ (ñàìîâíèìàíèÿ, self-attention):

zi =
∑

u

Vxu SoftMax
u

〈Kxu,Qxi 〉

òðàíñ�îðìèðóåò ïîñëåäîâàòåëüíîñòü âåêòîðîâ (x1, . . . , xn)
â âûõîäíóþ ïîñëåäîâàòåëüíîñòü âåêòîðîâ êîíòåêñòà (z1, . . . , zn)

Vaswani et al. Attention is all you need. 2017.

Dihao Hu. An Introdutory Survey on Attention Mehanisms in NLP Problems. 2018.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Îäíîïðîõîäíûé E-øàã

Ëîêàëèçîâàííûé E-øàã

Ìîäåëè âíèìàíèÿ

Ñðàâíåíèå ëîêàëèçîâàííîãî Å-øàãà ñ ìîäåëüþ self-attention

Òåìàòè÷åñêèé âåêòîð ëîêàëüíîãî êîíòåêñòà íà âûõîäå E-øàãà:

p(t|Ci ,wi ) ≡ pti = norm
t∈T

(

φwi tθti
)

= norm
t∈T

(

∑

u∈Ci

φ′tuφwi tα(u|i)
)

Âåêòîð êîíòåêñòà (ýìáåäèíã) íà âûõîäå ìîäåëè âíèìàíèÿ:

zi =
∑

u∈Ci

Vxu α(u|i) =
∑

u∈Ci

Vxu SoftMax
u∈Ci

〈Qxi ,Kxu〉.

Ñõîäñòâî:

âåêòîð òåðìà wi òðàíñ�îðìèðóåòñÿ â âåêòîð åãî êîíòåêñòà

ïóò¼ì óñðåäíåíèÿ âåêòîðîâ φ′u èç êîíòåêñòà òåðìà wi ,

íàèáîëåå (ñåìàíòè÷åñêè) ñõîæèõ ñ âåêòîðîì òåðìà wi .

Îòëè÷èÿ:

àäàìàðîâî óìíîæåíèå âåêòîðà φ′u íà âåêòîð-�èëüòð φwi
;

íåò îáó÷àåìûõ ïàðàìåòðîâ Q,K ,V êàê ó ìîäåëè âíèìàíèÿ;

ïðîåöèðîâàíèå èòîãîâîãî âåêòîðà íà åäèíè÷íûé ñèìïëåêñ.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Ïîñòîáðàáîòêà Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Ïðèìåðû ðåãóëÿðèçàòîðîâ Å-øàãà

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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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Ïîñòîáðàáîòêà Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Ïðèìåðû ðåãóëÿðèçàòîðîâ Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Òð¼õìåðíàÿ ìàòðèöà Π =
(

ptdw = p(t|d ,w)
)

T×D×W

�åãóëÿðèçàòîð Å-øàãà: R̃(Φ,Θ) = R(Π(Φ,Θ),Φ,Θ):
∑

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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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Ïîñòîáðàáîòêà Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Ïðèìåðû ðåãóëÿðèçàòîðîâ Å-øàãà

Íàáðîñîê äîêàçàòåëüñòâà: òðè øàãà

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

è ëþáîãî z ∈ T

φwt
∂pzdw
∂φwt

= θtd
∂pzdw
∂θtd

= ptdw
(

[z= t]− pzdw
)

.

2. Ââåä¼ì âñïîìîãàòåëüíóþ �óíêöèþ îò ïåðåìåííûõ Π,Φ,Θ:

Qtdw (Π,Φ,Θ) = ∂R(Π,Φ,Θ)
∂ptdw

−
∑

z∈T

pzdw
∂R(Π,Φ,Θ)

∂pzdw
.

Åñëè R(Π,Φ,Θ) íå çàâèñèò îò ptdw ïðè w /∈ d , òî

φwt
∂R̃
∂φwt

= φwt
∂R
∂φwt

+
∑

d∈D

ptdwQtdw ; θtd
∂R̃
∂θtd

= θtd
∂R
∂θtd

+
∑

w∈d

ptdwQtdw .

3. Ïîäñòàâëÿåì ýòî â �îðìóëû 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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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Ïîñòîáðàáîòêà Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Ïðèìåðû ðåãóëÿðèçàòîðîâ Å-øàãà

Øàã 1. Çàìå÷àòåëüíîå òîæäåñòâî

Äëÿ �óíêöèè ptdw (Φ,Θ) = φwtθtd∑
z φwzθzd

è ëþáîãî z ∈ T

φwt
∂pzdw
∂φwt

= θtd
∂pzdw
∂θtd

= ptdw
(

[z= t]− pzdw
)

.

Âîñïîëüçóåìñÿ îïðåäåëåíèåì �óíêöèè ptdw (Φ,Θ):

φwt
∂pzdw
∂φwt

= φwt
[z= t]θtd

∑

u φwuθud − θtdφwzθzd
(
∑

u φwuθud )
2

=

= ptdw [z= t]− ptdwpzdw = ptdw ([z= t]− pzdw );

θtd
∂pzdw
∂φtd

= θtd
[z= t]φwt

∑

u φwuθud − φwtφwzθzd
(
∑

u φwuθud )
2

=

= ptdw [z= t]− ptdwpzdw = ptdw ([z= t]− pzdw ).
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Ïîñòîáðàáîòêà Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Ïðèìåðû ðåãóëÿðèçàòîðîâ Å-øàãà

Øàã 2. Äè��åðåíöèðîâàíèå ñóïåðïîçèöèè R(Π(Φ,Θ),Φ,Θ)

Ïóñòü R(Π) íå çàâèñèò îò ïåðåìåííûõ ptdw ïðè w /∈ d . Òîãäà

φwt
∂R̃
∂φwt

= φwt
∂R
∂φwt

+
∑

d

ptdwQtdw ; θtd
∂R̃
∂θtd

= θtd
∂R
∂θtd

+
∑

w

ptdwQtdw

ãäå Qtdw = ∂R
∂ptdw

−
∑

z∈T

pzdw
∂R

∂pzdw
.

Çàìåòèì:

∂pzdw′

∂φwt
=0, w 6=w ′

;

∂pzd′w
∂θtd

=0, d 6=d ′
;

∂R
∂ptdw

=0, w 6∈d .

φwt
∂R̃
∂φwt

= φwt

(

∂R
∂φwt

+
∑

z ,d,w ′

∂R
∂pzdw′

∂pzdw′

∂φwt

)

= φwt
∂R
∂φwt

+
∑

d,z

∂R
∂pzdw

φwt
∂pzdw
∂φwt

✿✿✿✿✿✿✿

θtd
∂R̃
∂θtd

= θtd

(

∂R
∂θtd

+
∑

z ,d ′,w

∂R
∂pzd′w

∂pzd′w
∂θtd

)

= θtd
∂R
∂θtd

+
∑

w ,z

∂R
∂pzdw

θtd
∂pzdw
∂θtd

✿✿✿✿✿✿✿

Â ñèëó ¾çàìå÷àòåëüíîãî òîæäåñòâà¿ øàãà 1

∑

z∈T

∂R
∂pzdw

ptdw
(

[z= t]− pzdw
)

✿✿✿✿✿✿✿✿✿✿✿✿✿✿✿✿✿✿

= ptdwQtdw .
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Ïîñòîáðàáîòêà Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Ïðèìåðû ðåãóëÿðèçàòîðîâ Å-øàãà

Øàã 3. Ïîäñòàíîâêà ïðîèçâîäíûõ R̃(Φ,Θ) â �îðìóëû Ì-øàãà

Òî÷êà ìàêñèìóìà (Φ,Θ) ðåãóëÿðèçîâàííîãî log-ïðàâäîïîäîáèÿ

∑

d∈D

∑

w∈d

ndw ln
∑

t∈T

φwtθtd + R(Π,Φ,Θ) → max
Φ,Θ

óäîâëåòâîðÿåò ñèñòåìå óðàâíåíèé îòíîñèòåëüíî φwt , θtd , ptdw :

ptdw = norm
t∈T

(

φwtθtd
)

;

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

)

.

Îáùèé ÷ëåí â �îðìóëàõ Ì-øàãà ïåðåíîñèòñÿ â Å-øàã, åñëè

ââåñòè íîâóþ ïåðåìåííóþ p̃tdw = ptdw
(

1 + 1
ndw

Qtdw

)

.

�
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Ïîñòîáðàáîòêà Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Ïðèìåðû ðåãóëÿðèçàòîðîâ Å-øàãà

Ëþáàÿ ïîñò-îáðàáîòêà Å-øàãà � ýòî ðåãóëÿðèçàòîð 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 �îðìóëàõ Ì-øàãà âìåñòî âåêòîðà (pktdw )t∈T
ïîäñòàâèòü 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 .

p(t|d ,w) ìîæíî ïîäâåðãàòü ëþáîé ðàçóìíîé ïîñò-îáðàáîòêå!

Î�Î! È ÒÀÊ ÌÎÆÍÎ ÁÛËÎ?!
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Ïîñòîáðàáîòêà Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Ïðèìåðû ðåãóëÿðèçàòîðîâ Å-øàãà

Ïðèìåð 1. Êðîññ-ýíòðîïèéíîå ðàçðåæèâàíèå p(t|d ,w)

Ïóòü êàæäûé òåðì îòíîñèòñÿ ê íåáîëüøîìó ÷èñëó òåì:

KL
(

1
|T |

∥

∥ p(t|d ,w)
)

→ max .

Ñóììèðóåì ïî âñåì òåðìàì âñåõ äîêóìåíòîâ:

R(Π) = −
τ

|T |

∑

d∈D

∑

w∈d

ndw
∑

t∈T

ln ptdw → max .

Ôîðìóëà ðåãóëÿðèçîâàííîãî Å-øàãà:

p̃tdw = ptdw − τ
(

1
|T | − ptdw

)

.

Èíòåðïðåòàöèÿ: Åñëè ptdw < 1
|T | , òî ptdw ñòàíåò åù¼ ìåíüøå.

Òåìàòèêà òåðìà êîíöåíòðèðóåòñÿ â íåáîëüøîì ÷èñëå òåì.

Íåäîñòàòîê: Òåìàòèêà ñîñåäíèõ òåðìîâ ðàçðåæèâàåòñÿ íåçàâèñèìî.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Ïîñòîáðàáîòêà Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Ïðèìåðû ðåãóëÿðèçàòîðîâ Å-øàãà

Ïðèìåð 2. Òåìàòè÷åñêàÿ ìîäåëü ñåãìåíòèðîâàííîãî òåêñòà

Sd � ìíîæåñòâî ìèêðî-ñåãìåíòîâ äîêóìåíòà d

nsw � ÷èñëî âõîæäåíèé òåðìà w â ñåãìåíò s äëèíû ns
Òåìàòèêà ñåãìåíòà s ∈ Sd � ñðåäíåå ïî âñåì åãî òåðìàì:

ptds ≡ p(t|d , s) = 1
ns

∑

w∈s
nswptdw .

Êðîññ-ýíòðîïèéíûé ðåãóëÿðèçàòîð ðàçðåæèâàíèÿ p(t|d , s):

R(Π) = −
∑

d∈D

∑

s∈Sd

∑

t∈T

ln
∑

w∈s
nswptdw → max .

Ôîðìóëà ðåãóëÿðèçîâàííîãî Å-øàãà:

p̃tdw = ptdw

(

1− τ
ndw

∑

s∈Sd

nsw
ns

(

1
ptds

−
∑

z∈T

pzdw
pzds

))

.

Èíòåðïðåòàöèÿ: åñëè ptds <
1
|T | , òî ptdw óìåíüøàòñÿ ∀ w ∈ s.

Òåìàòèêà ñåãìåíòà êîíöåíòðèðóåòñÿ â íåáîëüøîì ÷èñëå òåì.
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Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè òåêñòà

Ëèíåéíàÿ òåìàòèçàöèÿ òåêñòà

�åãóëÿðèçàöèÿ Å-øàãà

Ïîñòîáðàáîòêà Å-øàãà

�åãóëÿðèçàöèÿ Å-øàãà

Ïðèìåðû ðåãóëÿðèçàòîðîâ Å-øàãà

Ïðèìåð 2. Ýêñïåðèìåíò íà ïîëóñèíòåòè÷åñêîé êîëëåêöèè

Ñåãìåíòàöèÿ òåêñòîâ, ñêëååííûõ èç ñåãìåíòîâ ìîíîòåìàòè÷íûõ

ñòàòåé íàó÷íî-ïðîñâåòèòåëüñêîãî ïîðòàëà postnauka.ru

N.Skahkov, K.Vorontsov. Improving topi models with segmental struture of texts.

Dialogue, 2018.
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Òåîðåòè÷åñêîå çàäàíèå �6

1. Äëÿ òåìàòè÷åñêîé ìîäåëè ïðåäëîæåíèé ñ �îíîâîé òåìîé

(ñëàéä 19) âûâåäèòå ðåøåíèå äëÿ ïåðåìåííîé xdsw .

2. Äëÿ òåìàòè÷åñêîé ìîäåëè ïðåäëîæåíèé ñ �îíîâîé òåìîé

âûâåäèòå �îðìóëû M-øàãà â ñëó÷àÿõ: xdsw = x , xdsw = xd .

3

∗
. Âûâåäèòå EM-àëãîðèòì ñ ëîêàëèçîâàííûì E-øàãîì

(ñëàéä 31) äëÿ ëîêàëèçîâàííîé òåìàòè÷åñêîé ìîäåëè.

Êàêèå ïåðåìåííûå óäîáíåå îñòàâèòü â ìîäåëè, φwt èëè φ
′
tw?

4

∗∗
. Ïðåäëîæèòå ïàðàìåòðèçàöèþ äëÿ òåìàòè÷åñêîé ìîäåëè

âíèìàíèÿ (ñëàéä 35). Èñïîëüçóÿ ¾îñíîâíóþ ëåììó¿, ïîëó÷èòå

óðàâíåíèÿ äëÿ íîâûõ ïàðàìåòðîâ ìîäåëè.



�åçþìå

Ìåõàíèçìû ó÷¼òà ïîðÿäêà ñëîâ â ARTM:

� ìîäåëè ñî÷åòàåìîñòè ïàð ñëîâ: BitermTM, WNTM;

� ãèïåðãðà�îâûå ìîäåëè, â òîì ÷èñëå

ìîäåëè ïðåäëîæåíèé: Twitter-LDA, senLDA;

� òåìàòè÷åñêàÿ ñåãìåíòàöèÿ (TopiTiling è äð.);

� ðåãóëÿðèçàöèÿ E-øàãà;

� ëèíåéíàÿ îäíîïðîõîäíàÿ òåìàòèçàöèÿ äîêóìåíòîâ,

â òîì ÷èñëå ëèíåéíàÿ ëîêàëüíàÿ òåìàòèçàöèÿ è

äâóíàïðàâëåííûå òåìàòè÷åñêèå ìîäåëè êîíòåêñòà.

Âîçìîæíû ëè òåìàòè÷åñêèå ìîäåëè âíèìàíèÿ?

(åñòü ìíîãî ïîïûòîê îáúåäèíÿòü òåìàòè÷åñêèå ìîäåëè

ñ íåéðîñåòåâûìè ìîäåëÿìè ÿçûêà attention, transformer)

Rob Churhill, Lisa Singh. The Evolution of Topi Modeling. November, 2022

He Zhao et al. Topi Modelling Meets Deep Neural Networks: A Survey. 2021

Liang Yang et al. Graph Attention Topi Modeling Network. 2020

Tian Tian et al. Attention-based Autoenoder Topi Model for Short Texts. 2019

Shuangyin Li et al. Reurrent Attentional Topi Model. 2017
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