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Êîððåëÿöèè è ñâÿçè

Âðåìÿ è ïðîñòðàíñòâî
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Íàïîìèíàíèå. Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

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

D � êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ d ⊂ W =
⊔

m Wm
,

ndw � ñêîëüêî ðàç òîêåí w âñòðåòèëñÿ â äîêóìåíòå d .

Íàéòè: ìîäåëü p(w |d) =
∑

t∈T

φwtθtd ñ ïàðàìåòðàìè Φm

Wm
×T

è Θ
T×D

:

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

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

Êðèòåðèé ìàêñèìóìà ðåãóëÿðèçîâàííîãî ïðàâäîïîäîáèÿ:

∑

m∈M

τm
∑

d∈D

∑

w∈Wm

ndw ln
∑

t∈T

φwtθtd + R(Φ,Θ) → max
φ,θ

;

φwt > 0;
∑

w∈Wm

φwt = 1; θtd > 0;
∑

t∈T

θtd = 1.
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Íàïîìèíàíèå. �åãóëÿðèçîâàííûé ÅÌ-àëãîðèòì

Ìàêñèìèçàöèÿ ln ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :

∑

d∈D

∑

w∈d

ñdw ln
∑

t∈T

φwtθtd + R(Φ,Θ) → max
φ,θ

;

ãäå ñdw = τm(w)ndw , m(w) � ìîäàëüíîñòü òîêåíà w .

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

ñdwptdw

θtd = norm
t∈T

(

ntd + θtd
∂R
∂θtd

)

, ntd =
∑

w∈d

ñdwptdw

,
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 Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

�åãóëÿðèçàòîð äëÿ êëàññè�èêàöèè è êàòåãîðèçàöèè òåêñòîâ

Öåëü: ïîñòðîèòü òåìàòè÷åñêóþ ìîäåëü êëàññè�èêàöèè.

C � ìíîæåñòâî êëàññîâ (êàòåãîðèé);

ndc = [äîêóìåíò d îòíîñèòñÿ ê êëàññó c] � îáó÷àþùèå äàííûå;

p(c |d) =
∑

t∈T

φctθtd � ëèíåéíàÿ ìîäåëü êëàññè�èêàöèè.

�åãóëÿðèçàòîð � ïðàâäîïîäîáèå ìîäàëüíîñòè êëàññîâ:

R(Φ,Θ) = τ
∑

d∈D

∑

c∈C

ndc ln
∑

t∈T

φctθtd → max,

ýòî òåìàòè÷åñêàÿ ìîäåëü ñ äâóìÿ ìîäàëüíîñòÿìè, W è C .

ÒÌ ïðåâîñõîäèò SVM â ñëó÷àå íåñáàëàíñèðîâàííûõ êëàññîâ.

Rubin T. N., Chambers A., Smyth P., Steyvers M. Statisti
al topi
 models for

multi-label do
ument 
lassi�
ation // Ma
hine Learning, 2012, no. 1�2.
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Ýêñïåðèìåíò. Êàòåãîðèçàöèÿ êîëëåêöèè EUR-Lex

EUR-Lex: |D| = 19800 äîêóìåíòîâ � çàêîíû Åâðîñîþçà

Äâå ìîäàëüíîñòè: W 1
ñëîâà (21K), W 2

êàòåãîðèè (3 250)

Êàòåãîðèè íåñáàëàíñèðîâàííûå è ïåðåñåêàþùèåñÿ:

ñëåâà: # êàòåãîðèé ñ çàäàííûì # äîêóìåíòîâ â êàòåãîðèè

ñïðàâà: # äîêóìåíòîâ ñ çàäàííûì # êàòåãîðèé

Rubin T. N., Chambers A., Smyth P., Steyvers M. Statisti
al topi
 models for

multi-label do
ument 
lassi�
ation. Ma
hine Learning, 2012, 88(1-2), p. 157�208.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 6 / 33



Êîððåëÿöèè è ñâÿçè

Âðåìÿ è ïðîñòðàíñòâî

Ñîöèàëüíûå ñåòè

�åãðåññèÿ è êëàññè�èêàöèÿ íà òåêñòàõ

Ìîäåëü CTM (Correlated Topi
 Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Ýêñïåðèìåíò. Êàòåãîðèçàöèÿ êîëëåêöèè EUR-Lex

�åãóëÿðèçàòîðû:

�àâíîìåðíîå ñãëàæèâàíèå Θ

�àâíîìåðíîå ñãëàæèâàíèå ìàòðèöû ñëîâà�òåìû Φ1

Label regularization äëÿ ìàòðèöû êàòåãîðèè�òåìû Φ2
:

R(Φ2) = τ
∑

c∈W 2

p̂c ln p(c) → max,

ãäå p(c) =
∑

t∈T

φctp(t) � ðàñïðåäåëåíèå íà êàòåãîðèÿõ c ,

p(t) = nt
n
� ðàñïðåäåëåíèå íà òåìàõ,

p̂c � äîëÿ äîêóìåíòîâ êàòåãîðèè c â îáó÷àþùåé âûáîðêå.

Mann G. S., M
Callum A. Simple, robust, s
alable semi-supervised learning via

expe
tation regularization // ICML 2007, Pp. 593�600.
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DLDA (Dependen
y LDA) [Rubin 2012℄ � áëèæàéøèé àíàëîã

ARTM äëÿ çàäà÷ êëàññè�èêàöèè ñðåäè áàéåñîâñêèõ ìîäåëåé

Êðèòåðèè êà÷åñòâà [Rubin 2012℄:

AUC-PR (%, ⇑) � Area under pre
ision-re
all 
urve

AUC (%, ⇑) � Area under ROC 
urve

OneErr (%, ⇓) � One error (most ranked label is not relevant)

IsErr (%, ⇓) � Is error (no perfe
t 
lassi�
ation)

�åçóëüòàòû ñðàâíåíèÿ:

AUC-PR AUC OneErr IsErr

BigARTM 51.3 98.0 29.1 95.5

DLDA [Rubin 2012℄ 49.2 98.2 32.0 97.2

SVM 43.5 97.5 31.6 98.1
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�åãóëÿðèçàòîð äëÿ çàäà÷ ðåãðåññèè

Öåëü: ïîñòðîèòü òåìàòè÷åñêóþ ìîäåëü ðåãðåññèè.

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

E (y |d) =
∑

t∈T

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

.

�åãóëÿðèçàòîð � ñðåäíåêâàäðàòè÷íàÿ îøèáêà (ÌÍÊ):

R(Θ, v) = −τ
∑

d∈D

(

yd −
∑

t∈T

vtθtd

)2
→ max

Ïîäñòàâëÿåì, ïîëó÷àåì �îðìóëû Ì-øàãà:

θtd = norm
t

(

ntd + τ
(

yd −
∑

t∈T

vtθtd

))

;

v = (ΘΘT )−1Θy .

Sokolov E., Bogolubsky L. Topi
 Models Regularization and Initialization for

Regression Problems // CIKM-2015 Workshop on Topi
 Models. ACM, pp. 21�27.
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Ïðèìåðû çàäà÷ ðåãðåññèè íà òåêñòàõ

MovieReview [Pang, Lee, 2005℄

d � òåêñò îòçûâà íà �èëüì

yd � ðåéòèíã �èëüìà (1..5), ïîñòàâëåííûé àâòîðîì îòçûâà

Salary (kaggle.
om: Adzuna Job Salary Predi
tion)

d � îïèñàíèå âàêàíñèè, ïðåäëàãàåìîé ðàáîòîäàòåëåì

yd � ãîäîâàÿ çàðïëàòà

Yelp (kaggle.
om: Yelp Re
ruiting Competition)

d � îòçûâ (íà ðåñòîðàí, îòåëü, ñåðâèñ è ò.ï.)

yd � ÷èñëî ãîëîñîâ ¾useful¿, êîòîðûå ïîëó÷èò îòçûâ

B. Pang, L. Lee. Seeing stars: Exploiting 
lass relationships for sentiment


ategorization with respe
t to rating s
ales // ACL, 2005.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 10 / 33



Êîððåëÿöèè è ñâÿçè

Âðåìÿ è ïðîñòðàíñòâî

Ñîöèàëüíûå ñåòè

�åãðåññèÿ è êëàññè�èêàöèÿ íà òåêñòàõ

Ìîäåëü CTM (Correlated Topi
 Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Ìîäåëü CTM: âûÿâëåíèå âçàèìîñâÿçåé ìåæäó òåìàìè

David Blei, John La�erty. A Correlated Topi
 Model of SCIENCE //

Annals of Applied Statisti
s, 2007. Vol. 1, Pp. 17-35.
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Îáîáù¼ííîå ëîã-íîðìàëüíîå ðàñïðåäåëåíèå

Ìîòèâàöèÿ. Òåìû ìîãóò êîððåëèðîâàòü. ¾Ñòàòüè ïî ãåîëîãèè

÷àùå ñâÿçàíû ñ àðõåîëîãèåé, ÷åì ñ ãåíåòèêîé¿.

�èïîòåçà. Âåêòîð-ñòîëáöû θd ïîðîæäàþòñÿ |T |-ìåðíûì
ëîã-íîðìàëüíûì ðàñïðåäåëåíèåì ñ êîâàðèàöèîííîé ìàòðèöåé S :

(θtd ) = SoftMax(ηtd ) =
exp(ηtd )

∑

s∈T

exp(ηsd )
;

p(ηd |µ,S) =
1

(2π)
n
2 |S |

1
2

exp
(

−1
2(ηd − µ)òS−1(ηd − µ)

)

,

µ, S � ïàðàìåòðû ãàóññîâñêîãî ðàñïðåäåëåíèÿ.

ηtd = ln θtd + Cd � âåêòîðû äîêóìåíòîâ, îïðåäåë¼ííûå

ñ òî÷íîñòüþ äî êîíñòàíòû Cd , íå çàâèñÿùåé îò òåì t.
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�åãóëÿðèçàòîð êîððåëèðîâàííîé òåìàòè÷åñêîé ìîäåëè CTM

Ìàêñèìèçàöèÿ ïðàâäîïîäîáèÿ âûáîðêè âåêòîðîâ ηd = (ηtd ):
∑

d∈D

ln p(ηd |µ,S) → max .

�åãóëÿðèçàòîð ñ ïàðàìåòðàìè µ, S :

R(Θ) = −
τ

2

∑

d∈D

(ηd − µ)òS−1(ηd − µ) → max .

Ôîðìóëû M-øàãà (S , µ ìîæíî îáíîâëÿòü íàìíîãî ðåæå, ÷åì Θ):

θtd = norm
t∈T

(

ntd − τ
∑

s∈T

S−1
ts

(

ln θsd − µs

)

)

;

µ =
1

|D|

∑

d∈D

ln θd ;

S =
1

|D|

∑

d∈D

(

ln θd − µ)
(

ln θd − µ)ò.
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Ìîäåëè, ó÷èòûâàþùèå öèòèðîâàíèÿ èëè ãèïåðññûëêè

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

Òåìàòè÷åñêàÿ ìîäåëü âûÿâëÿåò âëèÿòåëüíûå ññûëêè

Laura Dietz, Ste�en Bi
kel, Tobias S
he�er. Unsupervised predi
tion of 
itation

in�uen
es // ICML-2007, Pp. 233�240.
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�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

�åãóëÿðèçàòîð 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 ñâÿçàííûõ äîêóìåíòîâ θd , θc :

R(Θ) = τ
∑

d,c∈D

ndc cov(θd , θc) → max .

Ïîäñòàâëÿåì, ïîëó÷àåì åù¼ îäèí âàðèàíò ñãëàæèâàíèÿ:

θtd = norm
t

(

ntd + τθtd
∑

c∈D

ndcθtc

)

.

Laura Dietz, Ste�en Bi
kel, Tobias S
he�er. Unsupervised predi
tion of 
itation

in�uen
es // ICML 2007. � Pp. 233�240.
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Âðåìÿ è ïðîñòðàíñòâî

Ñîöèàëüíûå ñåòè

�åãðåññèÿ è êëàññè�èêàöèÿ íà òåêñòàõ

Ìîäåëü CTM (Correlated Topi
 Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Ñâÿçè êàê ìîäàëüíîñòü. �åãóëÿðèçàòîð Φ

Ïðîáëåìà ó÷¼òà ñâÿçåé â îíëàéíîâîì EM-àëãîðèòìå:

ñâÿçàííûå äîêóìåíòû ìîãóò îêàçàòüñÿ â ðàçíûõ ïàêåòàõ.

Äîêóìåíòû ñîäåðæàò ñëîâà w ∈ W 1
è ññûëêè c ∈ W 2 ⊆ D

W 2
� ìîäàëüíîñòü äîêóìåíòîâ, íà êîòîðûå åñòü ññûëêè

�åãóëÿðèçàòîð � log-ïðàâäîïîäîáèå ìîäàëüíîñòè W 2
:

R(Φ2,Θ) = τ
∑

d∈D

∑

c∈W 2

ndc ln
∑

t∈T

φctθtd → max .

Äðóãîé âàðèàíò � ñóììà êîâàðèàöèîííûõ ðåãóëÿðèçàòîðîâ:

R(Φ2,Θ) = τ
∑

d,c

ndc
∑

t∈T

φctθtd → max .
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�åãóëÿðèçàòîðû âðåìåíè

Ýêñïåðèìåíòû íà êîëëåêöèè ïðåññ-ðåëèçîâ

�åî-ïðîñòðàíñòâåííûå ìîäåëè

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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�åãóëÿðèçàòîðû âðåìåíè

Ýêñïåðèìåíòû íà êîëëåêöèè ïðåññ-ðåëèçîâ

�åî-ïðîñòðàíñòâåííûå ìîäåëè

Òåìïîðàëüíûå òåìàòè÷åñêèå ìîäåëè

Íàøè ïðåäïîëîæåíèÿ:

Âðåìÿ y ∈ Y äèñêðåòíî, ïîñêîëüêó

� ìåòîê âðåìåíè â äîêóìåíòàõ êîíå÷íîå ÷èñëî,

� íàêîïëåíèå ñòàòèñòèêè ïî òåìàì òðåáóåò âðåìåíè.

Ñàìè òåìû p(w |t) íå ìåíÿþòñÿ âî âðåìåíè,

ìåíÿþòñÿ òîëüêî èõ äîëè p(t|y).

Íåâîçìîæíî àäåêâàòíî îïèñàòü âðåìåííîé ðÿä p(y |t)
ïàðàìåòðè÷åñêîé ìîäåëüþ òèïà β-ðàñïðåäåëåíèÿ.

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 âðåìåíè

Ýêñïåðèìåíòû íà êîëëåêöèè ïðåññ-ðåëèçîâ

�åî-ïðîñòðàíñòâåííûå ìîäåëè

�åãóëÿðèçàòîðû Θ äëÿ òåìïîðàëüíûõ òåìàòè÷åñêèõ ìîäåëåé

Y � ìîìåíòû âðåìåíè (íàïðèìåð, ãîäû ïóáëèêàöèé),

Dy ⊂ D � âñå äîêóìåíòû, îòíîñÿùèåñÿ ê ìîìåíòó y ∈ Y .

ny =
∑

d∈Dy

nd � äîëÿ êîëëåêöèè, îòíîñÿùàÿñÿ ê ìîìåíòó y .

1. �àçðåæèâàíèå p(t|y) =
∑

d∈Dy

θtd
nd
ny

â êàæäûé ìîìåíò y :

R1(Θ) = τ1
∑

y∈Y

KL
(

1
|T |‖p(t|y)

)

→ max .

2. Ñãëàæèâàíèå p(y |t) =
∑

d∈Dy

θtd
nd
nt

â ñîñåäíèå ìîìåíòû y , y−1:

R2(Θ) = −τ2
∑

y∈Y

∑

t∈T

∣

∣p(y |t)− p(y−1|t)
∣

∣ → max .
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�åãóëÿðèçàòîðû âðåìåíè

Ýêñïåðèìåíòû íà êîëëåêöèè ïðåññ-ðåëèçîâ

�åî-ïðîñòðàíñòâåííûå ìîäåëè

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 y ∈ W 2 = Y

W 2
� ìîäàëüíîñòü ìîìåíòîâ âðåìåíè (time stamps)

1. �àçðåæèâàíèå p(t|y) ýêâèâàëåíòíî ðàçðåæèâàíèþ p(y |t) = φyt :

R1(Φ
2) = −τ1

∑

y∈Y

∑

t∈T

lnφyt → max .

2. Ñãëàæèâàíèå p(y |t) = φyt â ñîñåäíèå ìîìåíòû y , y−1:

R2(Φ
2) = −τ2

∑

y∈Y

∑

t∈T

∣

∣φyt − φy−1,t

∣

∣ → max .

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 20 / 33



Êîððåëÿöèè è ñâÿçè

Âðåìÿ è ïðîñòðàíñòâî

Ñîöèàëüíûå ñåòè

�åãóëÿðèçàòîðû âðåìåíè
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�åî-ïðîñòðàíñòâåííûå ìîäåëè

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, ìîìåíòû âðåìåíè

ðàçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

ñãëàæèâàíèå òåì âî âðåìåíè
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�åãóëÿðèçàòîðû âðåìåíè
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�åî-ïðîñòðàíñòâåííûå ìîäåëè

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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�åãóëÿðèçàòîðû âðåìåíè

Ýêñïåðèìåíòû íà êîëëåêöèè ïðåññ-ðåëèçîâ

�åî-ïðîñòðàíñòâåííûå ìîäåëè

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.
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�åãóëÿðèçàòîðû âðåìåíè

Ýêñïåðèìåíòû íà êîëëåêöèè ïðåññ-ðåëèçîâ

�åî-ïðîñòðàíñòâåííûå ìîäåëè

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

Íèêèòà Äîéêîâ. Àäàïòèâíàÿ ðåãóëÿðèçàöèÿ âåðîÿòíîñòíûõ òåìàòè÷åñêèõ

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

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 24 / 33



Êîððåëÿöèè è ñâÿçè

Âðåìÿ è ïðîñòðàíñòâî
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�åãóëÿðèçàòîðû âðåìåíè

Ýêñïåðèìåíòû íà êîëëåêöèè ïðåññ-ðåëèçîâ

�åî-ïðîñòðàíñòâåííûå ìîäåëè

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

Íèêèòà Äîéêîâ. Àäàïòèâíàÿ ðåãóëÿðèçàöèÿ âåðîÿòíîñòíûõ òåìàòè÷åñêèõ

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

Ýêñïåðèìåíòû íà êîëëåêöèè ïðåññ-ðåëèçîâ
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�åî-ïðîñòðàíñòâåííûå ìîäåëè

Äàííûå: ℓd = (xd , yd ) � ãåîëîêàöèÿ (GPS) äîêóìåíòà d

Öåëè èññëåäîâàíèÿ:

êàêèå òåìû îáùèå, êàêèå ñïåöè�è÷íû äëÿ ðåãèîíà?

êàêèå åñòü ïîõîæèå òåìû â äðóãèõ ðåãèîíàõ?

�åãóëÿðèçàòîð:

R(Θ) = −
τ

2

∑

(c,d)

wcd

∑

t∈T

(

θtd − θtc
)2

→ max,

wcd � âåñ ïàðû (c , d), áëèçîñòü ãåîëîêàöèé (xc , yc ) è (xd , yd )

Zhijun Yin, Liangliang Cao, Jiawei Han, Chengxiang Zhai, Thomas Huang.

Geographi
al Topi
 Dis
overy and Comparison // WWW 2011.
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�åãóëÿðèçàòîðû âðåìåíè

Ýêñïåðèìåíòû íà êîëëåêöèè ïðåññ-ðåëèçîâ

�åî-ïðîñòðàíñòâåííûå ìîäåëè

Ïðèìåð: Food dataset

�äå è ÷òî åäÿò ïîëüçîâàòåëè Fli
kr?

Zhijun Yin, Liangliang Cao, Jiawei Han, Chengxiang Zhai, Thomas Huang.

Geographi
al Topi
 Dis
overy and Comparison // WWW 2011.
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Êîððåëÿöèè è ñâÿçè

Âðåìÿ è ïðîñòðàíñòâî

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà (topi
al 
ommunity)

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè

Âûÿâëåíèå òåìàòè÷åñêèõ ñîîáùåñòâ

�ðà� 〈V ,E 〉, âåðøèíû v � ïîäìíîæåñòâà Dv ⊂ D, íàïðèìåð:

Dv � îòäåëüíûé äîêóìåíò v ≡ d

Dv � âñå ñòàòüè îäíîãî àâòîðà v

Dv � âñå ïîñòû èç îäíîãî ãåîãðà�è÷åñêîãî ðåãèîíà v

Òåìàòèêà âåðøèíû:

p(t|v) =
∑

d∈Dv

p(t|d)p(d |v) =
∑

d∈Dv

θtd
nd

nv

�åãóëÿðèçàòîð NetPLSA, ïðè çàäàííûõ âåñàõ wuv ð¼áåð (u, v):

R(Θ) = −
τ

2

∑

(u,v)∈E

wuv

∑

t∈T

(

p(t|v)− p(t|u)
)2

→ max

Qiaozhu Mei, Deng Cai, Duo Zhang, ChengXiang Zhai. Topi
 Modeling with

Network Regularization // WWW-2008, Pp. 101�110.
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Òåìàòè÷åñêèå ñîîáùåñòâà (topi
al 
ommunity)

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè

Ïðèìåðû òåìàòè÷åñêèõ ñîîáùåñòâ

�åãóëÿðèçàöèÿ òåì ïî ñîàâòîðñòâó â ñòàòüÿõ êîí�åðåíöèé:

�åãóëÿðèçàöèÿ òåì ïî ãåîãðà�è÷åñêîé áëèçîñòè ðåãèîíîâ:
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Êîððåëÿöèè è ñâÿçè

Âðåìÿ è ïðîñòðàíñòâî

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà (topi
al 
ommunity)

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè

Íàïðàâëåííûå ñâÿçè

Ïðîáëåìà: êâàäðàòè÷íûé ðåãóëÿðèçàòîð NetPLSA èãíîðèðóåò

íàïðàâëåííîñòü ñâÿçåé u → v .

Ïðåäïîëîæåíèå: íàïðàâëåíèå ñâÿçè u → v îçíà÷àåò, ÷òî

ðàñïðåäåëåíèå p(t|v) ¾ïîä÷èíÿåòñÿ¿ ðàñïðåäåëåíèþ p(t|u).

Ìîäåëü iTopi
Model.

Âìåñòî êâàäðàòè÷íîãî ðåãóëÿðèçàòîðà ìèíèìèçèðóåòñÿ

KL-äèâåðãåíöèÿ KL
(

p(t|v)
∥

∥ p(t|u)
)

:

R(Θ) =
τ

2

∑

(u,v)∈E

wuv

∑

t∈T

p(t|v) ln p(t|u) → max

Yizhou Sun, Jiawei Han, Jing Gao, Yintao Yu. iTopi
Model: Information

Network-Integrated Topi
 Modeling // 2009.
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Êîððåëÿöèè è ñâÿçè

Âðåìÿ è ïðîñòðàíñòâî

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà (topi
al 
ommunity)

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè

Ñîçäàòåëü èëè ðàñïðîñòðàíèòåëü êîíòåíòà?

na � ÷èñëî ñîîáùåíèé ïîëüçîâàòåëÿ a

ra � ÷èñëî ðåòâèòîâ ïîëüçîâàòåëÿ a

rab � ñêîëüêî ðàç b ñäåëàë ðåòâèò ñîîáùåíèÿ ïîëüçîâàòåëÿ a

θta = p(t|a) � òåìàòèêà a êàê ñîçäàòåëÿ êîíòåíòà

θ′ta = p′(t|a) � òåìàòèêà a êàê ðàñïðîñòðàíèòåëÿ êîíòåíòà

Ïðåäïîëîæåíèÿ:

åñëè b ðåòâèòèò a, òî òåìàòèêè θta è θ′tb áëèçêè

åñëè c ðåòâèòèò a è b, òî òåìàòèêè θta è θtb áëèçêè

åñëè a è b ðåòâèòÿò c , òî òåìàòèêè θ′ta è θ′tb áëèçêè

Wayne Xin Zhao, Jinpeng Wang, Yulan He, Jian-Yun Nie, Xiaoming Li.

Originator or Propagator? In
orporating So
ial Role Theory into Topi
 Models

for Twitter Content Analysis // CIKM 2013.
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Êîððåëÿöèè è ñâÿçè

Âðåìÿ è ïðîñòðàíñòâî

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà (topi
al 
ommunity)

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè

Ñîçäàòåëü èëè ðàñïðîñòðàíèòåëü êîíòåíòà?

Ìåðû áëèçîñòè ïàð ïîëüçîâàòåëåé a è b:

sim1(a, b) =
rab

na+rb−rab
� êàê íåïîñðåäñòâåííî âçàèìîäåéñòâóþùèõ

sim2(a, b) =
∑

c rac rbc
(∑

c r
2
ac

)

1/2
(∑

c r
2
bc

)

1/2
� êàê ñîçäàòåëåé êîíòåíòà

sim3(a, b) =
∑

c rca rcb
(∑

c r
2
ca

)

1/2
(∑

c r
2
cb

)

1/2
� êàê ðàñïðîñòðàíèòåëåé êîíòåíòà

�åãóëÿðèçàòîðû:

R1(Θ) = τ1
∑

(a,b)∈E

sim1(a, b)
∑

t∈T

(

θta − θ′tb
)2

→ max;

R2(Θ) = τ2
∑

(a,b)∈E

sim2(a, b)
∑

t∈T

(

θta − θtb
)2

→ max;

R3(Θ) = τ3
∑

(a,b)∈E

sim3(a, b)
∑

t∈T

(

θ′ta − θ′tb
)2

→ max;

Wayne Xin Zhao, Jinpeng Wang, Yulan He, Jian-Yun Nie, Xiaoming Li.

Originator or Propagator? In
orporating So
ial Role Theory into Topi
 Models

for Twitter Content Analysis // CIKM 2013.
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�åçþìå

�åãóëÿðèçàòîðû ïîçâîëÿþò íàöåëèòü òåìàòè÷åñêóþ ìîäåëü

íà êëàññè�èêàöèþ, ðåãðåññèþ, âûÿâëåíèå ñâÿçåé

�àçíîîáðàçíûå òèïû ñóùíîñòåé, âñòðå÷àþùèåñÿ

â äîêóìåíòàõ, óäîáíî ïðåäñòàâëÿòü ìîäàëüíîñòÿìè

�àçíîîáðàçíûå òåìàòè÷åñêèå ìîäåëè óäîáíî ñòðîèòü,

êîìáèíèðóÿ ðåãóëÿðèçàòîðû è ìîäàëüíîñòè
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