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Äàíî: êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ

ndw � ÷àñòîòû òåðìèíîâ â äîêóìåíòàõ, p(w |d) = ndw
nd

Íàéòè: ïàðàìåòðû òåìàòè÷åñêîé ìîäåëè p(w |d) =
∑

t∈T

φwtθtd

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

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

Ýòî çàäà÷à ñòîõàñòè÷åñêîãî ìàòðè÷íîãî ðàçëîæåíèÿ:
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ARTM � Àääèòèâíàÿ �åãóëÿðèçàöèÿ Òåìàòè÷åñêèõ Ìîäåëåé

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :

∑

d,w

ndw ln
∑

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 = norm
t∈T

(
φwtθtd

)

φwt = norm
w∈W

(
∑

d∈D

ndwptdw + φwt
∂R
∂φwt

)

θtd = norm
t∈T

(
∑

w∈d

ndwptdw + θtd
∂R
∂θtd

)

Âîðîíöîâ Ê. Â. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

êîëëåêöèé òåêñòîâûõ äîêóìåíòîâ. Äîêëàäû �ÀÍ. 2014.
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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

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

)
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Äèâåðãåíöèÿ Êóëüáàêà�Ëåéáëåðà

1. KL(P‖Q) > 0; KL(P‖Q) = 0 ⇔ P = Q;

2. Ìèíèìèçàöèÿ KL ýêâèâàëåíòíà ìàêñèìèçàöèè ïðàâäîïîäîáèÿ:

KL(P‖Q(α)) =

n∑

i=1

pi ln
pi

qi (α)
→ min

α
⇔

n∑

i=1

pi ln qi(α) → max
α

3. Åñëè KL(P‖Q) < KL(Q‖P), òî P âëîæåíî â Q:
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Ïðèìåðû ðåãóëÿðèçàòîðîâ íà îñíîâå KL-äèâåðãåíöèè

1

ðàçðåæèâàíèå ïðåäìåòíûõ òåì S ⊂ T :

R(Φ,Θ) = −β0
∑

t∈S

∑

w∈W

βw lnφwt−α0

∑

d∈D

∑

t∈S

αt ln θtd → max

2

ñãëàæèâàíèå �îíîâûõ òåì B ⊂ T :

R(Φ,Θ) = β0
∑

t∈B

∑

w∈W

βw lnφwt + α0

∑

d∈D

∑

t∈B

αt ln θtd → max

3

÷àñòè÷íîå îáó÷åíèå ïî ïîäìíîæåñòâàì Wt ⊂ W , Dt ⊂ D:

R(Φ,Θ) = β0
∑

t∈T

∑

w∈Wt

lnφwt + α0

∑

t∈T

∑

d∈Dt

ln θtd → max

4

óäàëåíèå íåèí�îðìàòèâíûõ òåì:

R(Θ) = −τ
∑

t∈S

ln p(t) → max, p(t) =
∑

d∈D

θtdp(d)
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Ïàðàëëåëüíûå è ñðàâíèìûå êîðïóñà òåêñòîâ

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

ïðèìåð: EuroParl, ïðîòîêîëû åâðîïàðëàìåíòà, 21 ÿçûê.

Comparable � íå ïåðåâîä, à ïåðåñêàç íà äðóãîì ÿçûêå,

ïðèìåð: Âèêèïåäèÿ.

Ìóëüòèÿçû÷íûå ìîäåëè (ML-LDA, PLTM, BiLDA)

êàæäûé ÿçûê � îòäåëüíàÿ ìîäàëüíîñòü,

W ℓ
� ñëîâàðü ÿçûêà ℓ èç ìíîæåñòâà ÿçûêîâ L.

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

ℓ∈L

d ℓ

Äîïîëíèòåëüíûå äàííûå � äâóÿçû÷íûå ñëîâàðè:

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

â ÿçûêå k

âûðàâíèâàíèå äîêóìåíòîâ ïî ïðåäëîæåíèÿì

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

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

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

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

Òåìà �68 Òåìà �79

resear
h 4.56 èíñòèòóò 6.03 goals 4.48 ìàò÷ 6.02

te
hnology 3.14 óíèâåðñèòåò 3.35 league 3.99 èãðîê 5.56

engineering 2.63 ïðîãðàììà 3.17 
lub 3.76 ñáîðíàÿ 4.51

institute 2.37 ó÷åáíûé 2.75 season 3.49 �ê 3.25

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

program 1.60 òåõíîëîãèÿ 2.30 
up 2.57 êëóá 3.14

edu
ation 1.44 íàó÷íûé 1.76 goal 2.48 �óòáîëèñò 2.67


ampus 1.43 èññëåäîâàíèå 1.67 apps 1.74 ãîë 2.65

management 1.38 íàóêà 1.64 debut 1.69 çàáèâàòü 2.53

programs 1.36 îáðàçîâàíèå 1.47 mat
h 1.67 êîìàíäà 2.14

Àñåññîð îöåíèë 396 òåì èç 400 êàê õîðîøî èíòåðïðåòèðóåìûå.

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

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

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

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

Òåìà �88 Òåìà �251

opera 7.36 îïåðà 7.82 windows 8.00 windows 6.05


ondu
tor 1.69 îïåðíûé 3.13 mi
rosoft 4.03 mi
rosoft 3.76

or
hestra 1.14 äèðèæåð 2.82 server 2.93 âåðñèÿ 1.86

wagner 0.97 ïåâåö 1.65 software 1.38 ïðèëîæåíèå 1.86

soprano 0.78 ïåâèöà 1.51 user 1.03 ñåðâåð 1.63

performan
e 0.78 òåàòð 1.14 se
urity 0.92 server 1.54

mozart 0.74 ïàðòèÿ 1.05 mit
hell 0.82 ïðîãðàììíûé 1.08

sang 0.70 ñîïðàíî 0.97 ora
le 0.82 ïîëüçîâàòåëü 1.04

singing 0.69 âàãíåð 0.90 enterprise 0.78 îáåñïå÷åíèå 1.02

operas 0.68 îðêåñòð 0.82 users 0.78 ñèñòåìà 0.96

Àñåññîð îöåíèë 396 òåì èç 400 êàê õîðîøî èíòåðïðåòèðóåìûå.

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

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

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

KL
(
p̂(t|u)

∥
∥ p(t|w)

)
→ min,

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

p(w) = φwt
nt
nw
.

Ìîäåëü ML-TD (MultiLingual Translation Di
tionary)

R(Φ) = τ
∑

ℓ,k∈L

∑

w∈W ℓ

∑

u∈Πk(w)

∑

t∈T

nut lnφwt → max
Φ

.

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

òåìàòèêó îìîíèìîâ ñáëèæàòü íå íóæíî,

ñëîâî ìîæåò èìåòü ðàçíûå ïåðåâîäû â ðàçíûõ òåìàõ.

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

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

�èïîòåçà. Ïåðåâîäû ñëîâ çàâèñÿò îò òåì: πkℓuwt = p(u|w , t),
òåìû ñîãëàñóþòñÿ â ðàçíûõ ÿçûêàõ ÷åðåç ïåðåâîäû ñëîâ:

KL
(
p̂(u|t)

∥
∥ p(u|t)

)
→ min;

p̂(u|t) = nut
nt

� ÷àñòîòíàÿ îöåíêà ïî ìîäàëüíîñòè (ÿçûêó) k ,

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

p(u|t) =
∑

w∈Πℓ(u)

p(u|w , t)p(w |t) =
∑

w∈Πℓ(u)

πkℓuwtφwt .

Ìîäåëü ML-TDP (MultiLingual Translation Di
tionary Probability)

R(Φ,Π) = τ
∑

ℓ,k∈L

∑

u∈W k

∑

t∈T

nut ln
∑

w∈Πℓ(u)

πkℓuwtφwt → max
Φ,Π

.

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

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

ML-TD (MultiLingual Translation Di
tionary):

φwt = norm
w∈W ℓ

(

nwt + τ
∑

k∈L\ℓ

∑

u∈Πk (w)

nut

)

ML-TDP (MultiLingual Translation Di
tionary Probability):

φwt = norm
w∈W ℓ

(

nwt + τ
∑

k∈L\ℓ

∑

u∈Πk(w)

πℓkwutnut

)

πkℓuwt = norm
u∈W k

(
πℓkwutnut

)

Ñìûñë ðåãóëÿðèçàöèè:

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

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

ìíîæåñòâî set ìàòåìàòèêà triangle âåêòîð ve
tor

ïðîñòðàíñòâî spa
e òðåóãîëüíèê square êîîðäèíàòà 
oordinate

ãðóïïà point òåîðåìà number ïðîñòðàíñòâî �eld

òî÷êà left òî÷êà point ïðåîáðàçîâàíèå tensor

ýëåìåíò limit ìàòåìàòè÷åñêèé theorem áàçèñ transform

�óíêöèÿ symmetry óãîë angle òåíçîð basis

ïðåäåë fun
tion êîîðäèíàòà mathemati
s ñèëà spa
e

îòîáðàæåíèå open ýêîíîìèêà real âåêòîðíûé for
e

ñèììåòðèÿ property ÷èñëî theory òî÷êà rotation

îòêðûòûé topology êâàäðàò geometry ñèñòåìà thermometer

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

îðáèòà spa
e ïðîãðàììíûé software èãðà game

àïïàðàò nasum âåðñèÿ version âèäåîñèãíàë 
hara
ter

êîñìè÷åñêèé orbit ðàáîòà news èãðîê video

çåìëÿ instrument êîìïàíèÿ 
ompany �èëüì player

ïîâåðõíîñòü earth àíîíèìíûé work ãîëîâîëîìêà series

ñîëíå÷íûé surfa
e ïðèìå÷àíèå note ñåðèÿ puzzle

ñòàíöèÿ solar òåðìèíàòîð release êà÷åñòâî movie

çàïóñê system æóðíàë support øàõìàòû jason

ñèñòåìà landing ðåé terminator äæåéñîí world

àòìîñ�åðà 
amera ïåðñîíàæ anonymous áóêâà 
hess
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Êðîññ-ÿçû÷íûé ïîèñê: èùåì äîêóìåíò ïî åãî ïåðåâîäó

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

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

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

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

5,5

6,0

6,5

7,0

7,5

8,0

8,5

Iteration

Average position

ML-P ML-TD ML-TDP ML-TD-P ML-TDP-P
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

�åçþìå ïî ìóëüòèÿçû÷íûì ìîäåëÿì

�ëàâíîå ÷óäî: äëÿ ïîñòðîåíèÿ ìóëüòèÿçû÷íûõ òåì

äîñòàòî÷íî èìåòü ñðàâíèìûå êîðïóñà.

Ñðàâíèìàÿ êîëëåêöèÿ ÿâëÿåòñÿ áîëåå ñèëüíûì èñòî÷íèêîì

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

Ìîäåëü ñ âåðîÿòíîñòÿìè ïåðåâîäîâ � ñàìàÿ ñèëüíàÿ

Âîçìîæíûå ïðèìåíåíèÿ:

Êðîññ-ÿçû÷íûé ïîèñê: èùåì òåêñòû íà äðóãîì ÿçûêå

Ìóëüòè-ÿçû÷íûé ïîèñê: èùåì òåêñòû íà âñåõ ÿçûêàõ

Ñòàòèñòè÷åñêèé ìàøèííûé ïåðåâîä: âûáèðàåì âàðèàíò

ïåðåâîäà, íàèáîëåå ïîäõîäÿùèé òåìàòèêå äîêóìåíòà.
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Ñòðàòåãèè ïîñòðîåíèÿ òåìàòè÷åñêèõ èåðàðõèé:

ñòðóêòóðà èåðàðõèè: äåðåâî / ìíîãîäîëüíûé ãðà�

íàïðàâëåíèå: ñíèçó ââåðõ / ñâåðõó âíèç / îäíîâðåìåííî

íàðàùèâàíèå: ïîâåðøèííîå / ïîñëîéíîå

Îòêðûòûå ïðîáëåìû:

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

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

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

a 
hallenging task and an open issue.�

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

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


Hierar
hies from Texts with Hierar
hi
al Diri
hlet Pro
esses. 2011.
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàòîð ðîäèòåëüñêèõ òåì (ðåàëèçîâàí â BigARTM)

Øàã 1. Ñòðîèì ìîäåëü ñ íåáîëüøèì ÷èñëîì òåì.

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

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

�îäèòåëüñêèå òåìû ïðèáëèæàþòñÿ ñìåñÿìè äî÷åðíèõ òåì:

∑

t∈T

nt KLw

(

p(w |t)
∥
∥
∥
∑

s∈S

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

→ min
Φ,Ψ

,

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

Φp ≈ ΦΨ, îòñþäà ðåãóëÿðèçàòîð ìàòðèöû Φ:

R(Φ,Ψ) = τ
∑

t∈T

∑

w∈W

nwt ln
∑

s∈S

φwsψst → max .

�îäèòåëüñêèå òåìû t � ¾äîêóìåíòû¿ ñ ÷àñòîòàìè ñëîâ nwt .

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêîå ìîäåëèðîâàíèå � 2 18 / 52



Ìîäàëüíîñòè. ßçûêè. Èåðàðõèè

Áèãðàììû. Áèòåðìû. Ñîâñòðå÷àåìîñòü ñëîâ

Âðåìÿ. Ñåãìåíòàöèÿ

�åãóëÿðèçàòîðû íà îñíîâå KL-äèâåðãåíöèè

Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Âèçóàëèçàöèÿ äðåâîâèäíûõ èåðàðõèé (FoamTree)

https://
arrotsear
h.
om/foamtree-overview

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêîå ìîäåëèðîâàíèå � 2 19 / 52



Ìîäàëüíîñòè. ßçûêè. Èåðàðõèè

Áèãðàììû. Áèòåðìû. Ñîâñòðå÷àåìîñòü ñëîâ

Âðåìÿ. Ñåãìåíòàöèÿ

�åãóëÿðèçàòîðû íà îñíîâå KL-äèâåðãåíöèè

Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Âèçóàëèçàöèÿ äðåâîâèäíûõ èåðàðõèé (FoamTree)

https://
arrotsear
h.
om/foamtree-overview

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêîå ìîäåëèðîâàíèå � 2 20 / 52



Ìîäàëüíîñòè. ßçûêè. Èåðàðõèè

Áèãðàììû. Áèòåðìû. Ñîâñòðå÷àåìîñòü ñëîâ

Âðåìÿ. Ñåãìåíòàöèÿ

�åãóëÿðèçàòîðû íà îñíîâå KL-äèâåðãåíöèè

Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Âèçóàëèçàöèÿ äðåâîâèäíûõ èåðàðõèé

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

Expertise Mining. 2013.
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Áèòåðìû è ìîäåëè êîðîòêèõ òåêñòîâ

Òåìàòè÷åñêàÿ ìîäåëü ñåòè ñëîâ WNTM

Áèãðàììíàÿ òåìàòè÷åñêàÿ ìîäåëü

ndvw � ÷àñòîòà ïàðû ñëîâ ¾vw¿ â äîêóìåíòå d

φvwt = p(w |v , t) � ðàñïðåäåëåíèå ñëîâ ïîñëå ñëîâà v â òåìå t

Ìîäåëü BTM (Bigram Topi
 Model):

∑

d∈D

∑

vw∈d

ndvw ln
∑

t∈T

φvwtθtd → max
Φ,Θ

Ýòî ìóëüòèìîäàëüíàÿ ìîäåëü:

M = W , êàæäîìó ñëîâó v ñîîòâåòñòâóåò îòäåëüíàÿ ìîäàëüíîñòü,

W v = W � âñå ñëîâà, êîòîðûå ìîãóò ñëåäîâàòü çà v .

Íåäîñòàòêè áèãðàììíîé ìîäåëè BTM:

âñå ïàðû ñîñåäíèõ ñëîâ îáðàçóþò áèãðàììû;

ìîäåëü íå îïèñûâàåò îòäåëüíûå ñëîâà (óíèãðàììû);

îáùåå ÷èñëî òîêåíîâ O(|W |2).

Hanna Walla
h. Topi
 modeling: beyond bag-of-words // ICML 2006
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Òåìàòè÷åñêàÿ ìîäåëü ñåòè ñëîâ WNTM

Îáúåäèíåíèå óíèãðàìì è áèãðàìì â îäíîé ìîäåëè

Ìîäåëü TNG (Topi
al n-grams):

∑

d∈D

∑

vw∈d

ndvw ln
∑

t∈T

(
ξvtφ

v
wt + (1− ξvt)φwt

)

︸ ︷︷ ︸

p(w |v ,t)

θtd → max
Φ,Θ,Ξ

,

ãäå ξvt = P(ñëîâî v íà÷èíàåò áèãðàììó â òåìå t).

Ìóëüòèìîäàëüíàÿ ìîäåëü ARTM:

W n
� ñëîâàðè n-ãðàìì, îò�èëüòðîâàííûå ïî òð¼ì êðèòåðèÿì:

1) íàëè÷èå ïîä÷èíèòåëüíûõ ñèíòàêñè÷åñêèõ ñâÿçåé,

2) ñòàòèñòè÷åñêè çíà÷èìàÿ ñîâñòðå÷àåìîñòü (êîëëîêàöèÿ),

3) âûñîêàÿ òåìàòè÷íîñòü KL
(

1
|T |

∥
∥ p(t|vw)

)
→ max.

Xuerui Wang, Andrew M
Callum, Xing Wei. Topi
al N-Grams: Phrase and

Topi
 Dis
overy, with an Appli
ation to Information Retrieval. 2007.
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Áèãðàììû ðàäèêàëüíî óëó÷øàþò èíòåðïðåòèðóåìîñòü òåì

Êîëëåêöèÿ 1000 ñòàòåé êîí�åðåíöèé ÌÌ�Î, ÈÎÈ íà ðóññêîì

ðàñïîçíàâàíèå îáðàçîâ â áèîèí�îðìàòèêå 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 à��èííûé

èí�îðìàòèâíîñòü îöåíêà èí�îðìàòèâíîñòè à��èííûé à��èííûé êîìèòåò

ñîñòîÿíèå ìíîæåñòâî îáúåêòîâ ñëó÷àé à��èííûé ðàçäåëÿþùèé

çàêîíîìåðíîñòü ðàçðåøèìîñòü çàäà÷è ïîêðûòèå îáùåå ïîëîæåíèå

ñèñòåìà êðèòåðèé ðàçðåøèìîñòè îáùèé ìíîæåñòâî òî÷åê

ñòðóêòóðà èí�îðìàòèâíîñòü 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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Òåìàòè÷åñêàÿ ìîäåëü ñåòè ñëîâ WNTM

Áèòåðìû: ìîäåëü ñîâñòðå÷àåìîñòè ñëîâ â êîðîòêèõ òåêñòàõ

Áèòåðì � ïàðà ñëîâ, âñòðå÷àþùèõñÿ ðÿäîì:

â îäíîì êîðîòêîì ñîîáùåíèè / ïðåäëîæåíèè / îêíå ±h ñëîâ.

Òåìàòè÷åñêàÿ ìîäåëü áèòåðìîâ (Biterm topi
 model):

p(u,w) =
∑

t∈T

p(w |t)p(u|t)p(t) =
∑

t∈T

φwtφutπt ,

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

Êðèòåðèé ìàêñèìóìà ëîãàðè�ìà ïðàâäîïîäîáèÿ:

∑

u,w

nuw ln
∑

t

φwtφutπt → max
Φ,π

,

φwt > 0;
∑

w φwt = 1; πt > 0;
∑

t πt = 1

Xiaohui Yan, Jiafeng Guo, Yanyan Lan, Xueqi Cheng. A Biterm Topi
 Model

for Short Texts // WWW 2013.
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Íåîáõîäèìûå óñëîâèÿ òî÷êè ìàêñèìóìà ïðàâäîïîäîáèÿ

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :

∑

u,w

nuw ln
∑

t

φwtφutπt + R(Φ, π) → max
Φ,π

,

nuw � ÷àñòîòà áèòåðìà (u,w) â äîêóìåíòàõ êîëëåêöèè.

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:







ptuw ≡ p(t|u,w) = norm
t∈T

(
φwtφutπt

)

φwt = norm
w∈W

(

nwt + φwt
∂R
∂φwt

)

, nwt =
∑

u∈W

nuwptuw

πt = norm
t∈T

(

nt + πt
∂R
∂πt

)

, nt =
∑

u,w∈W

nuwptuw
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Áèòåðìû êàê ðåãóëÿðèçàòîð äëÿ îáû÷íîé ΦΘ-ìîäåëè

1. �åãóëÿðèçàòîð áèòåðìîâ äëÿ ìàòðèöû Φ:

R(Φ) = τ
∑

u,w∈W

nuw ln
∑

t∈T

ntφutφwt → max

Ïîäñòàâëÿåì â �îðìóëó Ì-øàãà, ïîëó÷àåì ñãëàæèâàíèå:

φwt = norm
w

(

nwt + τ
∑

u∈W

nuwptuw

)

;

ptuw ≡ p(t|u,w) = norm
t∈T

(
ntφwtφut

)
.

2. �åãóëÿðèçàòîð ðàçðåæèâàíèÿ äëÿ ìàòðèöû Θ:

R(Θ) = −τ ′
∑

d∈D

∑

t∈T

αt ln θtd → max .
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Ìîäåëü ñåòè ñëîâ WNTM äëÿ êîðîòêèõ òåêñòîâ

Èäåÿ: ìîäåëèðîâàòü íå äîêóìåíòû, à ñâÿçè ìåæäó ñëîâàìè.

dw � ïñåâäî-äîêóìåíò, îáúåäèíåíèå âñåõ êîíòåêñòîâ ñëîâà w .

nwu � ÷èñëî âõîæäåíèé ñëîâà u â ïñåâäî-äîêóìåíò dw .

Êîíòåêñò � êîðîòêîå ñîîáùåíèå / ïðåäëîæåíèå / îêíî ±h ñëîâ.

Yuan Zuo, Ji
hang Zhao, Ke Xu. Word Network Topi
 Model: a simple but

general solution for short and imbalan
ed texts. 2014.
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Ìîäåëè WNTM è WTM (Word Topi
 Model)

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

p(u|dw ) =
∑

t∈T

p(u|t)p(t|dw ) =
∑

t∈T

φutθtw ,

ãäå dw � ïñåâäî-äîêóìåíò ñëîâà w .

Ìàêñèìèçàöèÿ ëîãàðè�ìà ïðàâäîïîäîáèÿ:

∑

u,w∈W

nwu log
∑

t∈T

φutθtw → max
Φ,Θ

,

ãäå nwu � ñîâñòðå÷àåìîñòü ñëîâ w , u.

Îòëè÷èå îò ìîäåëè áèòåðìîâ: òàì Θ = diag(π1, . . . , πt)Φ
ò

.

Yuan Zuo, Ji
hang Zhao, Ke Xu. Word Network Topi
 Model: a simple but

general solution for short and imbalan
ed texts. 2014.

Berlin Chen. Word Topi
 Models for spoken do
ument retrieval and

trans
ription // ACM Trans., 2009.
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Ïðèìåðû âåêòîðíûõ îïåðàöèé â çàäà÷å àíàëîãèè ñëîâ

Äâà ïîäõîäà ê ñèíòåçó âåêòîðíûõ ïðåäñòàâëåíèé ñëîâ:

ARTM: èíòåðïðåòèðóåìûå ðàçðåæåííûå êîìïîíåíòû

word2ve
: èíòåðïðåòèðóåìûå âåêòîðíûå îïåðàöèè

Îïåðàöèÿ �åçóëüòàò ARTM �åçóëüòàò word2ve


king � boy + girl

queen, prin
ess,

lord, prin
e

queen, prin
ess,

regnant, kings

mos
ow � russia + spain

madrid, bar
elona,

aires, buenos

madrid, bar
elona,

valladolid, malaga

india � russia + ruble

rupee, birbhum,

pradesh, madhaya

rupee, rupiah,

devalued, debased


ars � 
ar + 
omputer


omputers, software,

servers,

implementations


omputers, software,

hardware,

mi
ro
omputers

Àðò¼ì Ïîïîâ. �åãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé äëÿ âåêòîðíûõ

ïðåäñòàâëåíèé ñëîâ. 2017. ÂÌÊ Ì�Ó.
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�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Ìîäåëü ÒÎÒ (Topi
s over Time)

1. Êàæäàÿ òåìà èìååò íåïðåðûâíîå β-ðàñïðåäåëåíèå âî âðåìåíè

2. Êàæäîå ñëîâî èìååò ìåòêó âðåìåíè

Xuerui Wang, Andrew M
Callum. Topi
s over Time: A Non-Markov

Continuous-Time Model of Topi
al Trends // ACM SIGKDD-2006
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Òåìïîðàëüíûå òåìàòè÷åñêèå ìîäåëè

Íåàäåêâàòíîñòü TOT î÷åâèäíà äàæå ïî êàðòèíêàì èç ñòàòüè!

Íàøè ïðåäïîëîæåíèÿ:

Âðåìÿ äèñêðåòíî, i ∈ I � èíòåðâàëû âðåìåíè

Êàê è â TOT, òåìû p(w |t) íå ìåíÿþòñÿ âî âðåìåíè

Ïåðìàíåíòíûå òåìû èìåþò ìåäëåííî ìåíÿþùèåñÿ p(i |t)

Ñîáûòèéíûå òåìû èìåþò p(i |t) = 0 ïî÷òè âñ¼ âðåìÿ

Ìåòêè âðåìåíè ïðèïèñûâàþòñÿ äîêóìåíòàì, à íå ñëîâàì

Ïàðàìåòðè÷åñêèå ìîäåëè íå èñïîëüçóþòñÿ

Öåëè ìîäåëèðîâàíèÿ:

Âûäåëèòü ñîáûòèéíûå è ïåðìàíåíòíûå òåìû.

Ïðîñëåäèòü ðàçâèòèå òåì âî âðåìåíè.

Âûäåëèòü òðåíäû (â íîâîñòÿõ, â íàó÷íûõ ïóáëèêàöèÿõ).
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�åãóëÿðèçàòîðû Θ äëÿ òåìïîðàëüíûõ òåìàòè÷åñêèõ ìîäåëåé

I � èíòåðâàëû âðåìåíè (íàïðèìåð, ãîäû ïóáëèêàöèé),

Di ⊂ D � âñå äîêóìåíòû, îòíîñÿùèåñÿ ê èíòåðâàëó i ∈ I .

ni =
∑

d∈Di

nd � äîëÿ êîëëåêöèè, îòíîñÿùàÿñÿ ê èíòåðâàëó i .

1. �àçðåæèâàíèå p(t|i) =
∑

d∈Di

θtd
nd
ni

â êàæäîì èíòåðâàëå i :

R1(Θ) = τ1
∑

i∈I

KL
(

1
|T |‖p(t|i)

)
→ max .

2. Ñãëàæèâàíèå p(i |t) =
∑

d∈Di

θtd
nd
nt

â ñîñåäíèõ èíòåðâàëàõ i , i−1:

R2(Θ) = −τ2
∑

i∈I

∑

t∈T

∣
∣p(i |t)− p(i−1|t)

∣
∣ → max .

Íèêèòà Äîéêîâ. Àäàïòèâíàÿ ðåãóëÿðèçàöèÿ âåðîÿòíîñòíûõ òåìàòè÷åñêèõ

ìîäåëåé // ÂÊ� áàêàëàâðà, 2015. ÂÌÊ Ì�Ó.
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Âðåìÿ êàê ìîäàëüíîñòü. �åãóëÿðèçàòîð Φ

Ïðîáëåìà ðåãóëÿðèçàòîðà Θ â îíëàéíîâîì EM-àëãîðèòìå:

ñîñåäíèå ïî âðåìåíè äîêóìåíòû ìîãóò ïîïàñòü â ðàçíûå ïàêåòû.

Äîêóìåíòû ñîäåðæàò ñëîâà w ∈ W 1
è âðåìÿ i ∈ W 2 = I

W 2
� ìîäàëüíîñòü èíòåðâàëîâ âðåìåíè (time stamps)

1. �àçðåæèâàíèå p(t|i) ýêâèâàëåíòíî ðàçðåæèâàíèþ p(i |t) = φit :

R1(Φ
2) = −τ1

∑

i∈I

∑

t∈T

lnφit → max

2. Ñãëàæèâàíèå p(i |t) = φit â ñîñåäíèõ èíòåðâàëàõ i , i−1:

R2(Φ
2) = −τ2

∑

i∈I

∑

t∈T

∣
∣φit − φi−1,t

∣
∣ → max
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�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Çàäà÷à àíàëèçà ïîòîêà ïðåññ-ðåëèçîâ

Êîëëåêöèÿ î�èöèàëüíûõ ïðåññ-ðåëèçîâ âíåøíåïîëèòè÷åñêèõ

âåäîìñòâ ðÿäà ñòðàí íà àíãëèéñêîì ÿçûêå.

Áîëåå 20 òûñ. ñîîáùåíèé çà 10 ëåò, 180Ìá òåêñòà.

Öåëè èññëåäîâàíèÿ:

êàêèå òåìû îáùèå, êàêèå ñïåöè�è÷íû äëÿ èñòî÷íèêîâ?

êàêèå òåìû ñîáûòèéíûå, êàêèå ïåðìàíåíòíûå?

êàêèå òåìû è êîãäà êîððåëèðóþò ñ çàäàííîé òåìîé?

Ìîäàëüíîñòè è ðåãóëÿðèçàòîðû:

äâå ìîäàëüíîñòè: èñòî÷íèêè, èíòåðâàëû âðåìåíè

ðàçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

ñãëàæèâàíèå òåì âî âðåìåíè
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Òåìïîðàëüíûå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Äèíàìèêà òåì âî âðåìåíè

2004 2005 2006 2007 2008 2009 2010 2011 2012

year

Topics in time

iraq
iraqi
baghdad
sunni
saddam
hussein
shia
maliki
coalition
sectarian

assistance
million
food
humanitarian
relief
aid
disaster
emergency
provide
fund

democracy
freedom
democratic
egypt
society
religious
free
egyptian
civil
cuba

iran
iranian
sanction
regime
enrichment
suspend
pressure
tehran
impose
oil

program
student
education
university
cultural
school
educational
youth
study
award

russia
russian
federation
lavrov
moscow
sergey
putin
mfa
bogdanov
sphere

syria
syrian
opposition
annan
sri
assad
lanka
league
geneva
regime

africa
african
entrepreneurship
corporate
tanzania
ghana
agoa
hunger
entrepreneur
continent

Íèêèòà Äîéêîâ. Àäàïòèâíàÿ ðåãóëÿðèçàöèÿ âåðîÿòíîñòíûõ òåìàòè÷åñêèõ

ìîäåëåé // ÂÊ� áàêàëàâðà, 2015. ÂÌÊ Ì�Ó.
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�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Äèíàìèêà òåì âî âðåìåíè

Óêðóïíåíèå ìàñøòàáà âðåìåíè

Feb Mar Apr May June July Aug Sept Oct Nov Dec

months

2009
palestinian
israeli
israel
saudi
quartet
gaza
arabia
abbas
roadmap
palestine

north
korea
korean
six
peninsula
denuclearization
kim
northeast
test
verification

afghanistan
afghan
nato
taliban
kelly
karzai
kabul
isaf
bonn
lisbon

economic
economy
growth
investment
business
global
market
technology
expand
increase

Íèêèòà Äîéêîâ. Àäàïòèâíàÿ ðåãóëÿðèçàöèÿ âåðîÿòíîñòíûõ òåìàòè÷åñêèõ

ìîäåëåé // ÂÊ� áàêàëàâðà, 2015. ÂÌÊ Ì�Ó.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêîå ìîäåëèðîâàíèå � 2 38 / 52



Ìîäàëüíîñòè. ßçûêè. Èåðàðõèè

Áèãðàììû. Áèòåðìû. Ñîâñòðå÷àåìîñòü ñëîâ

Âðåìÿ. Ñåãìåíòàöèÿ

Òåìïîðàëüíûå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Äèíàìèêà òåì âî âðåìåíè

Ïðèìåð: ñîáûòèéíûå òåìû è ìîìåíò èõ ñîâìåñòíîãî âñïëåñêà

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

p
(y

|t
)

syrian   
syria   
opposition   
annan   
assad   
league   
kofi   
sri   
damascus   
lanka   
brahimi   
sar

sudan   
darfur   
sudanese   
khartoum   
rebel   
kozak   
cpa   
frazer   
bashir   
garang   
abuja   
kiir

russian   
russia   
federation   
lavrov   
sergey   
moscow   
mfa   
bogdanov   
sphere   
putin   
mass   
interaction
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Äèíàìèêà òåì âî âðåìåíè

Ïðèìåðû ïåðìàíåíòíûõ òåì (ñãëàæèâàíèå îòêëþ÷åíî)

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
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Ìåòîä òåìàòè÷åñêîé ñåãìåíòàöèè Topi
Tiling

(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 ) � 
oheren
e s
ore, îöåíêà áëèçîñòè ñîñåäíèõ

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

dj =
1
2

(
hlj + hrj − 2cj

)
� depth s
ore, îöåíêà ãëóáèíû ïðîâàëà

Martin Riedl, Chris Biemann. Text Segmentation with Topi
 Models. 2012.
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Ìîäàëüíîñòè. ßçûêè. Èåðàðõèè
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�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Çàäà÷à òåìàòè÷åñêîé ñåãìåíòàöèè äîêóìåíòîâ

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

Ìàòðèöà òåìàòèêè ñëîâ â äîêóìåíòàõ p(t|d ,wi) ðàçìåðà T×nd :

123 ... ... nd
1

.

.

.

|T|

↓ ñåêöèîíèðîâàíèå è ðàçðåæèâàíèå ↓

↓ ñãëàæèâàíèå è êîíòðàñòèðîâàíèå ↓
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Ìîäàëüíîñòè. ßçûêè. Èåðàðõèè

Áèãðàììû. Áèòåðìû. Ñîâñòðå÷àåìîñòü ñëîâ

Âðåìÿ. Ñåãìåíòàöèÿ

Òåìïîðàëüíûå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

�åãóëÿðèçàöèÿ Å-øàãà

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

)

T×D×W

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðàìè R è R̃ :
∑

d∈D

∑

w∈d

ndw ln
∑

t∈T

φwtθtd + R(Π(Φ,Θ)) + R̃(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(Π)
∂ptdw

−
∑

z∈T

pzdw
∂R(Π)
∂pzdw

))

φwt = norm
w∈W

(
∑

d∈D

ndw p̃tdw + φwt
∂R̃
∂φwt

)

θtd = norm
t∈T

(
∑

w∈d

ndw p̃tdw + θtd
∂R̃
∂θtd

)
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Ìîäàëüíîñòè. ßçûêè. Èåðàðõèè

Áèãðàììû. Áèòåðìû. Ñîâñòðå÷àåìîñòü ñëîâ

Âðåìÿ. Ñåãìåíòàöèÿ

Òåìïîðàëüíûå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Äîêàçàòåëüñòâî

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

è ëþáîãî z ∈ T

φwt
∂pzdw
∂φwt

= θtd
∂pzdw
∂θtd

= ptdw
(
[z= t]− pzdw

)
.

Ââåä¼ì �óíêöèþ îò âñïîìîãàòåëüíûõ ïåðåìåííûõ Π:

Qtdw (Π) =
∂R(Π)
∂ptdw

−
∑

z∈T

pzdw
∂R(Π)
∂pzdw

.

Ëåììà 2. Åñëè R(Π) íå çàâèñèò îò ptdw ïðè w /∈ d , òî

φwt
∂R(Π)
∂φwt

=
∑

d∈D

ptdwQtdw (Π); θtd
∂R(Π)
∂θtd

=
∑

w∈d

ptdwQtdw (Π).

Ëåììà 3. Ôîðìóëû Ì-øàãà:

φwt = norm
w∈W

(
∑

d∈D

ndwptdw +
∑

d∈D

Qtdwptdw + φwt
∂R̃
∂φwt

)

;

θtd = norm
t∈T

(
∑

w∈d

ndwptdw +
∑

w∈d

Qtdwptdw + θtd
∂R̃
∂θtd

)

.
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Âðåìÿ. Ñåãìåíòàöèÿ
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�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Òåìàòè÷åñêàÿ ìîäåëü ñåãìåíòèðîâàííîãî òåêñòà

Sd � ìíîæåñòâî ñåãìåíòîâ, íà êîòîðûå ðàçáèò äîêóìåíò d

nsw � ÷èñëî âõîæäåíèé ñëîâà w â ñåãìåíò s äëèíû ns
Òåìàòèêà ñåãìåíòà s ∈ Sd � ñðåäíÿÿ òåìàòèêà åãî ñëîâ:

ptds ≡ p(t|d , s) = 1
ns

∑

w∈s
nswptdw .

�åãóëÿðèçàòîð ðàçðåæèâàíèÿ KL
(

1
|T |

∥
∥ p(t|d , s)

)
→ max:

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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×òî òàêîå ¾òåìà¿ â çàïèñè ðàçãîâîðà êîíòàêò-öåíòðà

Òèïû òåì â õîëîäíûõ ïðîäàæàõ:

Ïðåäñòàâëåíèå

Ïðîäóêò

Ñâîéñòâî ïðîäóêòà

Òèï âîçðàæåíèÿ êëèåíòà

Àðãóìåíò îïåðàòîðà

Äàëüíåéøåå äåéñòâèå êëèåíòà

Ïðîùàíèå

Òåìàòè÷åñêîå ìîäåëèðîâàíèå êîëëåêöèè ðàçãîâîðîâ:

Âõîä: êàæäûé äîêóìåíò � ïîñëåäîâàòåëüíîñòü ñëîâ.

Âûõîä: êàæäàÿ òåìà t � ÷àñòîòíûé ñëîâàðü ñëîâ p(w |t);
êàæäûé ðàçãîâîð d � ðàñïðåäåëåíèÿ òåì p(t|d), p(t|d ,wi).
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Ïðèìåð òåìû: ¾Ïåðåâîä áàëàíñà¿

èìååò ñìûñë ïåðåâåñòè ïîòîìó ÷òî òðè ìåñÿöà âû áåç ïðîöåíòîâ ãàñèòå

ýòî óæå êàê ñîãëàñèòåñü âûèãðûø íî äàëåå óæå ïðîöåíò

ñ íàøåé ïîìîùüþ ìû âû ìîãëè áû ïîãàñèòü âàøè êðåäèòû â äðóãèõ áàíêàõ

è áåñïðîöåíòíûé ïåðèîä â ýòîì ñëó÷àå óâåëè÷èòñÿ íà ñðîê äî äåâÿíîñòà

äíåé

âîñïîëüçîâàòüñÿ óñëóãîé ïåðåâîä áàëàíñà óñëóãà ïîçâîëèò âàì ïîãàñèòü

äîëã â äðóãîì áàíêå îïëà÷èâàÿ åãî âû íå áóäèòü ïëàòèòü ïðîöåíòû â òå÷å-

íèè ìåñÿöåâ

ïðåäîñòàâëÿåò âîçìîæíîñòü âîñïîëüçîâàòüñÿ óñëóãîé ïåðåâîä áàëàíñà

áåñïðîöåíòíûé ïåðèîä â ýòîì ñëó÷àå óâåëè÷èòñÿ íà ñðîê äî äåâÿíîñòà äíåé

óñëóãà áåñïëàòíàÿ ñ ïîìîùüþ ýòîé óñëóãè âû ìîæåòå ÷àñòè÷íî èëè ïîëíî-

ñòüþ çàêðûòü äåéñòâóþùèå êðåäèòû â äðóãèõ áàíêàõ çàêðûòü
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Ìîäàëüíîñòè. ßçûêè. Èåðàðõèè

Áèãðàììû. Áèòåðìû. Ñîâñòðå÷àåìîñòü ñëîâ

Âðåìÿ. Ñåãìåíòàöèÿ

Òåìïîðàëüíûå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Ïðèìåð òåìû: ¾Î�îðìëåíèå çàÿâêè¿

äëÿ ýòîãî íóæíî ñíà÷àëà î�îðìèòü çàÿâêó

ìû â òåëå�îííîì ðåæèìå î�îðìëÿåì çàÿâêó áóêâàëüíî äåñÿòü ìèíóò âà-

øåãî âðåìåíè

åñëè çàÿâêó íà ñàéòå ñäåëàòü ðàâíî âàì íåîáõîäèìà ïîìîùü îïåðàòîðîâ â

òîì ìîìåíòå ÷òî òàì áûâàþò òàêèå íþàíñû ÷òî íó ïðàâèëüíî çàïîëíåíèå

òî åñòü áåç îïåðàòîðà

ïðåäëàãàþ òîëüêî ñîñòàâèòü çàÿâêó

â çàÿâêå óêàçûâàåòå â êðåäèò êîòîðûé âû æåëàåòå äà ïî ñâîèì âîçìîæíî-

ñòÿì ïî ñâîèì ïî ñâîèì ïîòðåáíîñòÿì

ãîòîâû ñåé÷àñ î�îðìèòü çàÿâêó

î�îðìèòü çàÿâêó íà ïîëó÷åíèå êðåäèòíîé êàðòû

äëÿ ïîëó÷åíèÿ íàøåé êðåäèòíîé êàðòû ïðåäëàãàþ ñåé÷àñ çàïîëíèòü çàÿâêó

äëÿ ýòîãî ïîòðåáóåòñÿ ïÿòü ñåìü âðåìåíè

âû ìîæåòå îñòàâèòü çàÿâêó
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Ìîäàëüíîñòè. ßçûêè. Èåðàðõèè

Áèãðàììû. Áèòåðìû. Ñîâñòðå÷àåìîñòü ñëîâ

Âðåìÿ. Ñåãìåíòàöèÿ

Òåìïîðàëüíûå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Ïðèìåð òåìû: ¾Ëüãîòíûé ïåðèîä¿

ëüãîòíûé ïåðèîä äî ïÿòèäåñÿòè ïÿòè äíåé ïîçâîëÿåò ëþäÿì îòäîõíóòü çà

ãðàíèöåé ïðè ýòîì âåðíóòüñÿ è ïîëüçóÿñü ëüãîòíûì ïåðèîäîì âîñïîëíèòü

ñðåäñòâà ïî êàðòå òî åñòü íå ïîòåðÿòü íà ïðîöåíòàõ

ëüãîòíûé ïåðèîä äî ïÿòèäåñÿòè ïÿòè äíåé ó âàñ ïðàêòè÷åñêè äâà ìåñÿöà

íà áåñïðîöåíòíîå ïîãàøåíèå

áåñïðîöåíòíûé ëüãîòíûé ïåðèîä äî ïÿòèäåñÿòè ïÿòè äíåé âû ñîâåðøàåòå

ïîêóïêè â îáû÷íîì ðåæèìå â ìàãàçèíå íà çàïðàâêå â àïòåêå è ïðè ýòîì íå

ïëàòèòü ïðîöåíòû

ëüãîòíûé ïåðèîä êîãäà âû ìîæåòå ïîëüçîâàòüñÿ äåíüãàìè ïî êàðòå è íå

ïëàòèòü çà ýòî ïðîöåíòû

ëüãîòíûé ïåðèîä áåñïðîöåíòíûé êîãäà âû ìîæåòå ïîãàøàòü çàäîëæåííîñòü

àáñîëþòíî ïðè ýòîì íè÷åãî íå ïåðåïëà÷èâàÿ
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Âðåìÿ. Ñåãìåíòàöèÿ

Òåìïîðàëüíûå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Ïðèìåð. Ñðàâíåíèå àñåññîðñêîé è ìîäåëüíîé ðàçìåòêè

öâåòîì âûäåëÿþòñÿ òåìû

ïîä÷¼ðêèâàíèåì âûäåëÿåòñÿ àñåññîðñêàÿ ðàçìåòêà
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�åãóëÿðèçàöèÿ Å-øàãà è çàäà÷à ñåãìåíòàöèè

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Àíàëèç îøèáîê âûäåëåíèÿ ñåãìåíòîâ ïî òåìàì

Part% � äîëÿ ïðàâèëüíûõ ñåãìåíòîâ â òåìå

Error Part% � âêëàä òåìû â ñóììàðíóþ îøèáêó
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�åçþìå

Ìîäàëüíîñòè

êëàññû, êàòåãîðèè

ÿçûêè

áèãðàììû

Ïñåâäî-äîêóìåíòû

ðîäèòåëüñêèå òåìû â èåðàðõèÿõ

êîíòåêñòû ñëîâ (ìîäåëü WNTM)

�åãóëÿðèçàòîðû

ðàçðåæèâàíèå, ñãëàæèâàíèå, ÷àñòè÷íîå îáó÷åíèå

äåêîððåëèðîâàíèå òåì

áèòåðìû (äëÿ êîðîòêèõ òåêñòîâ)

Ìåòðèêè êà÷åñòâà

âíóòðåííèå (ïåðïëåêñèÿ, êîãåðåíòíîñòü, ðàçëè÷íîñòü òåì)

âíåøíèå (êà÷åñòâî êëàññè�èêàöèè, ïîèñêà, ðåêîìåíäàöèé)
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