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Ïîñòàíîâêà çàäà÷è

Äàíî: W � ñëîâàðü òåðìèíîâ

D � êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ d = {w1 . . .wnd }
ndw � ñêîëüêî ðàç òåðìèí w âñòðåòèëñÿ â äîêóìåíòå d

nd � äëèíà äîêóìåíòà d

Íàéòè: ïàðàìåòðû ìîäåëè

ndw
nd

≈ 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

Îíà íåêîððåêòíî ïîñòàâëåíà, ò. ê. å¼ ðåøåíèå íå åäèíñòâåííî:

(
ndw
nd

)

W×D

≈ Φ
W×T

· Θ
T×D

= (ΦS)(S−1Θ) = Φ′

W×T
·Θ′

T×D

äëÿ íåâûðîæäåííûõ S
T×T

òàêèõ, ÷òî Φ′,Θ′
òîæå ñòîõàñòè÷åñêèå.
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PLSA � Probabilisti
 Latent Semanti
 Analysis [Hofmann, 1999℄

Çàäà÷à ìàêñèìèçàöèè ëîãàðè�ìà ïðàâäîïîäîáèÿ:

L (Φ,Θ) =
∑

d,w

ndw ln
∑

t

φwtθtd → max
Φ,Θ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

ñî âñïîìîãàòåëüíûìè ïåðåìåííûìè ptdw = p(t|d ,w):

E-øàã:

M-øàã:







ptdw = norm
t∈T

(
φwtθtd

)

φwt = norm
w∈W

(
nwt

)
, nwt =

∑

d∈D

ndwptdw

θtd = norm
t∈T

(
ntd

)
, ntd =

∑

w∈d

ndwptdw

ãäå norm
t∈T

xt =
max{xt ,0}∑

s∈T

max{xs ,0}
� îïåðàöèÿ íîðìèðîâêè âåêòîðà.
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LDA � Latent Diri
hlet Allo
ation [Blei, 2003℄

Ìàêñèìèçàöèÿ àïîñòåðèîðíîé âåðîÿòíîñòè (βw , αt > −1):

∑

d,w

ndw ln
∑

t

φwtθtd

︸ ︷︷ ︸

ln ïðàâäîïîäîáèÿ L (Φ,Θ)

+
∑

t,w

βw lnφwt+
∑

d,t

αt ln θtd

︸ ︷︷ ︸

êðèòåðèé ðåãóëÿðèçàöèè 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∈W

(
nwt + βw

)
, nwt =

∑

d∈D

ndwptdw

θtd = norm
t∈T

(
ntd + αt

)
, ntd =

∑

w∈d

ndwptdw

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêîå ìîäåëèðîâàíèå 1 5 / 48



�åãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Âèçóàëèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Êðàòêîå ñîäåðæàíèå ïðåäûäóùåé ëåêöèè

Îáçîð ðåãóëÿðèçàòîðîâ

Êîìáèíèðîâàíèå ðåãóëÿðèçàòîðîâ

ARTM � Àääèòèâíàÿ �åãóëÿðèçàöèÿ Òåìàòè÷åñêèõ Ìîäåëåé

Ìàêñèìèçàöèÿ ln ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :

∑

d,w

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∈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 �ÀÍ, 2014. Ò. 455., � 3. 268�271.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêîå ìîäåëèðîâàíèå 1 6 / 48



�åãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Âèçóàëèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Êðàòêîå ñîäåðæàíèå ïðåäûäóùåé ëåêöèè

Îáçîð ðåãóëÿðèçàòîðîâ

Êîìáèíèðîâàíèå ðåãóëÿðèçàòîðîâ

Êîìáèíèðîâàíèå ðåãóëÿðèçîâàííûõ òåìàòè÷åñêèõ ìîäåëåé

Ìàêñèìèçàöèÿ ln ïðàâäîïîäîáèÿ ñ n ðåãóëÿðèçàòîðàìè Ri :

∑

d,w

ndw ln
∑

t

φwtθtd +

n∑

i=1

τiRi(Φ,Θ) → max
Φ,Θ

,

ãäå τi � êîý��èöèåíòû ðåãóëÿðèçàöèè.

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:







ptdw = norm
t∈T

(
φwtθtd

)

φwt = norm
w∈W

(

nwt + φwt

n∑

i=1

τi
∂Ri

∂φwt

)

, nwt =
∑

d∈D

ndwptdw

θtd = norm
t∈T

(

ntd + θtd
n∑

i=1
τi

∂Ri

∂θtd

)

, ntd =
∑

w∈d

ndwptdw
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Ìóëüòèìîäàëüíàÿ ARTM

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

W = W 1 ⊔ · · · ⊔WM
� îáúåäèí¼ííûé ñëîâàðü âñåõ ìîäàëüíîñòåé

Ìàêñèìèçàöèÿ ñóììû ln 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

(

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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�åãóëÿðèçàòîð äëÿ êëàññè�èêàöèè è êàòåãîðèçàöèè òåêñòîâ

Öåëü: ïîñòðîèòü òåìàòè÷åñêóþ ìîäåëü êëàññè�èêàöèè.

Y � ìíîæåñòâî êëàññîâ;

ndy = [äîêóìåíò d îòíîñèòñÿ ê êëàññó y ] � îáó÷àþùèå äàííûå;

p(y |d) =
∑

t∈T

φytθtd � ëèíåéíàÿ ìîäåëü êëàññè�èêàöèè.

�åãóëÿðèçàòîð � ïðàâäîïîäîáèå ìîäàëüíîñòè êëàññîâ:

R(Φ,Θ) = τ
∑

d∈D

∑

y∈Y

ndy ln
∑

t∈T

φytθtd → max,

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

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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�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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Ñãëàæèâàíèå, ðàçðåæèâàíèå è ÷àñòè÷íîå îáó÷åíèå

Öåëü: îáîáùèòü LDA äëÿ ðàçðåæèâàíèÿ è ÷àñòè÷íîãî

îáó÷åíèÿ, âçÿâ ïàðàìåòðû βwt , αtd ∈ R âìåñòî βw , αt > −1:

R(Φ,Θ) =
∑

t∈B

∑

w∈W

βwt lnφwt +
∑

d∈D

∑

t∈B

αtd ln θtd → max .

Ïîäñòàâëÿåì, ïîëó÷àåì �îðìóëû Ì-øàãà LDA, äëÿ âñåõ t ∈ B :

φwt = norm
w

(
nwt + βwt

)
, θtd = norm

w

(
ntd + αtd

)
,

βwt > 0 � ñãëàæèâàíèå, òåðìèí w â ¾áåëîì ñïèñêå¿ òåìû t,

βwt < 0 � ðàçðåæèâàíèå, òåðìèí w â ¾÷¼ðíîì ñïèñêå¿ òåìû t,

αtd > 0 � ñãëàæèâàíèå, òåìà t â ¾áåëîì ñïèñêå¿ äîêóìåíòà d ,

αtd < 0 � ðàçðåæèâàíèå, òåìà t â ¾÷¼ðíîì ñïèñêå¿ äîêóìåíòà d .

Vorontsov K. V., Potapenko A. A. Additive Regularization of Topi
 Models //

Ma
hine Learning. Volume 101, Issue 1 (2015), Pp. 303-323.
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�åãóëÿðèçàòîð äåêîððåëèðîâàíèÿ òåì

Öåëü: óñèëèòü ðàçëè÷íîñòü òåì, âûäåëèòü â êàæäîé òåìå

ëåêñè÷åñêîå ÿäðî, îòëè÷àþùåå å¼ îò äðóãèõ òåì.

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. Topi
-weak-
orrelated latent Diri
hlet allo
ation // 7th Int'l

Symp. Chinese Spoken Language Pro
essing (ISCSLP), 2010. � Pp. 224�228.
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Îáçîð ðåãóëÿðèçàòîðîâ

Êîìáèíèðîâàíèå ðåãóëÿðèçàòîðîâ

�åãóëÿðèçàòîð äëÿ ìàêñèìèçàöèè êîãåðåíòíîñòè òåì

Öåëü: ñãðóïïèðîâàòü â îäíè òåìû òå òåðìèíû u,w ∈ W ,

êîòîðûå ÷àñòî âñòðå÷àþùèåñÿ ðÿäîì.

Ïóñòü Cuw � îöåíêà êîãåðåíòíîñòè, íàïðèìåð p̂(w |u) = Nuw

Nu
.

Ñîãëàñóåì φwt ñ îöåíêàìè p̂(w |t) ïî êîãåðåíòíûì ñëîâàì,

p̂(w |t) =
∑

u

p(w |u)p(u|t) = 1
nt

∑

u

Cuwnut ;

R(Φ) = τ
∑

t∈T

nt
∑

w∈W

p̂(w |t) lnφwt → max .

Ïîäñòàâëÿåì, ïîëó÷àåì åù¼ îäèí âàðèàíò ñãëàæèâàíèÿ:

φwt = norm
w

(

nwt + τ
∑

u∈W \w

Cuwnut

)

.

Mimno D., Walla
h H. M., Talley E., Leenders M., M
Callum A. Optimizing

semanti
 
oheren
e in topi
 models // Empiri
al Methods in Natural Language

Pro
essing, EMNLP-2011. � Pp. 262�272.
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Êîìáèíèðîâàíèå ðåãóëÿðèçàòîðîâ

�åãóëÿðèçàòîð 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 ìåæäó âåêòîð-ñòîëáöàìè

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

)

.

Dietz L., Bi
kel S., S
he�er T. Unsupervised predi
tion of 
itation in�uen
es //

ICML 2007. � Pp. 233�240.
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�åãóëÿðèçàòîð äëÿ òåìïîðàëüíûõ òåìàòè÷åñêèõ ìîäåëåé

Öåëü: íàéòè ñîáûòèéíûå è ïåðìàíåíòíûå òåìû.

Y � ìîìåíòû âðåìåíè (íàïðèìåð, ãîäû ïóáëèêàöèé),

y(d) � ìåòêà âðåìåíè äîêóìåíòà d ,

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

�àçðåæèâàíèå òåì p(t|y) =
∑

d∈Dy

θtdp(d) â êàæäûé ìîìåíò y :

R1(Θ) = τ1
∑

y∈Y

KL
(

1
|T |‖p(t|y)

)
→ max .

Ñãëàæèâàíèå òåì p(y |t) 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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�åãóëÿðèçàòîð äëÿ ñîêðàùåíèÿ ÷èñëà òåì

Öåëü: èñêëþ÷èòü íåçíà÷èìûå òåìû.

�àçðåæèâàåì ðàñïðåäåëåíèå p(t) =
∑

d

p(d)θtd , ìàêñèìèçèðóÿ

KL-äèâåðãåíöèþ ìåæäó p(t) è ðàâíîìåðíûì ðàñïðåäåëåíèåì:

R(Θ) = τ
∑

t∈S

KL
(

1
|T |‖p(t)

)
→ max .

Ïîäñòàâëÿåì, ïîëó÷àåì �îðìóëó Ì-øàãà:

θtd = norm
t

(

ntd − τ
nd

nt
θtd

)

.

Ý��åêò: ñòðîêè ìàòðèöû Θ ìîãóò öåëèêîì îáíóëÿòüñÿ

äëÿ òåì t, ñîáðàâøèõ ìàëî ñëîâ ïî êîëëåêöèè, nt =
∑

d

∑

w

ndwt .

Vorontsov K. V., Potapenko A. A., Plavin A. V. Additive Regularization of

Topi
 Models for Topi
 Sele
tion and Sparse Fa
torization // SLDS 2015.
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Òðåáîâàíèÿ èíòåðïðåòèðóåìîñòè è ãèïîòåçû î ñòðóêòóðå òåì

Ïðåäìåòíûå òåìû S ñîäåðæàò òåðìèíû ïðåäìåòíîé îáëàñòè,

p(w |t) ðàçðåæåííûå, ñóùåñòâåííî ðàçëè÷íûå

Ôîíîâûå òåìû B ñîäåðæàò ñëîâà îáùåé ëåêñèêè,

p(w |t) è p(t|d) íå ðàçðåæåííûå â ýòèõ òåìàõ

ΦW×T ΘT×D
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�àçðåæèâàíèå + Ñãëàæèâàíèå + Äåêîððåëÿöèÿ

M-øàã ïðè êîìáèíèðîâàíèè 6 ðåãóëÿðèçàòîðîâ:

φwt = norm
w

(

nwt + τ1 βw [t∈B ]
︸ ︷︷ ︸
ñãëàæèâàíèå

�îíîâûõ

òåì

− τ2 βw [t∈S ]
︸ ︷︷ ︸

ðàçðåæèâàíèå

ïðåäìåòíûõ

òåì

− τ3 φwt

∑

s∈S\t

φws

︸ ︷︷ ︸

äåêîððåëÿöèÿ

)

θtd = norm
t

(

ntd + τ4 αt [t∈B ]
︸ ︷︷ ︸
ñãëàæèâàíèå

�îíîâûõ

òåì

− τ5 αt [t∈S ]
︸ ︷︷ ︸

ðàçðåæèâàíèå

ïðåäìåòíûõ

òåì

− τ6
nd

nt
θtd

︸ ︷︷ ︸
óäàëåíèå

ìàëûõ òåì

)

Òðàåêòîðèÿ ðåãóëÿðèçàöèè (regularization path) â ïðîñòðàíñòâå

τ = (τ1, . . . , τ6) ïîäáèðàåòñÿ ýêñïåðèìåíòàëüíûì ïóò¼ì.

Âîðîíöîâ Ê. Â., Ïîòàïåíêî À. À. �åãóëÿðèçàöèÿ âåðîÿòíîñòíûõ

òåìàòè÷åñêèõ ìîäåëåé äëÿ ïîâûøåíèÿ èíòåðïðåòèðóåìîñòè è îïðåäåëåíèÿ

÷èñëà òåì // Ìåæä. êîí�. ïî êîìïüþòåðíîé ëèíãâèñòèêå Äèàëîã-2014.
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Ñòàíäàðòíàÿ ìåòîäèêà îöåíèâàíèÿ ìîäåëåé ÿçûêà

Ïåðïëåêñèÿ òåñòîâîé êîëëåêöèè D ′
(hold-out perplexity):

P(D ′) = exp




−

∑

d∈D′

∑

w∈d ′′

ndw ln p(w |d)

∑

d∈D′

∑

w∈d ′′

ndw




 ,

d = d ′ ⊔ d ′′
� ñëó÷àéíîå ðàçáèåíèå òåñòîâîãî äîêóìåíòà

íà äâå ïîëîâèíû ðàâíîé äëèíû;

ïàðàìåòðû φwt îöåíèâàþòñÿ ïî îáó÷àþùåé êîëëåêöèè D;

ïàðàìåòðû θtd îöåíèâàþòñÿ ïî ïåðâîé ïîëîâèíå d ′
;

ïåðïëåêñèÿ âû÷èñëÿåòñÿ ïî âòîðîé ïîëîâèíå d ′′
.

Èíòåðïðåòàöèè ïåðïëåêñèè:

1) P(D ′) → |d ′′| ïðè n → ∞, åñëè ñëîâà ðàâíîâåðîÿòíû;

2) íàñêîëüêî õîðîøî ìû ïðåäñêàçûâàåì ñëîâà â äîêóìåíòàõ

(÷åì ìåíüøå ïåðïëåêñèÿ, òåì ëó÷øå).
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Ïðîâåðêà ãèïîòåçû óñëîâíîé íåçàâèñèìîñòè

�èïîòåçà óñëîâíîé íåçàâèñèìîñòè: p(w |d , t) = p(w |t).

Îòêëîíåíèå ðàñïðåäåëåíèÿ p(w |d , t) = ndwt
ndt

îò p(w |t) = nwt
nt
:

Sdt = KLw

(

p(w |d , t)
∥
∥
∥ p(w |t)

)

=
∑

w∈d

ndwt

ndt
ln

ndwtnt

ndtnwt
,

ãäå ndwt = ndwp(t|d ,w) � ðåçóëüòàò E-øàãà.

Ñðåäíåå ïî äîêóìåíòàì îòêëîíåíèå òåìû t îò îáùåé ïî êîëëåêöèè:

St =
∑

d∈D

p(d |t)Sdt =
∑

d∈D

ndt

nt
Sdt =

= KLd,w

(

p(d ,w |t)
∥
∥
∥ p(d |t) · p(w |t)

)

=
∑

d,w

ndwt

nt
ln

ndwtnt

ndtnwt
.

David Mimno, David Blei. Bayesian Che
king for Topi
 Models //

Empiri
al Methods in Natural Language Pro
essing, 2011.
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Ïåðïëåêñèÿ è äðóãèå âíóòðåííèå êðèòåðèè

Âíåøíèå êðèòåðèè

Èíòåðàêòèâíûé àíàëèç êà÷åñòâà

Îöåíêà èíòåðïðåòèðóåìîñòè òåìû: êîãåðåíòíîñòü

Êîãåðåíòíîñòü òåìû t � ñðåäíÿÿ ïîòî÷å÷íàÿ âçàèìíàÿ

èí�îðìàöèÿ òîï-ñëîâ òåìû (pointwise mutual information, PMI):

PMIt =
2

k(k − 1)

k−1∑

i=1

k∑

j=i

PMI(wi ,wj),

ãäå wi � i -é òåðìèí â ïîðÿäêå óáûâàíèÿ φwt , k = 10.

PMI(u, v) = ln |D|Nuv

NuNv
� ïîòî÷å÷íàÿ âçàèìíàÿ èí�îðìàöèÿ.

Nuv � ÷èñëî äîêóìåíòîâ, â êîòîðûõ òåðìèíû u, v

õîòÿ áû îäèí ðàç âñòðå÷àþòñÿ ðÿäîì (â îêíå 10 ñëîâ),

Nu � ÷èñëî äîêóìåíòîâ, â êîòîðûõ u âñòðåòèëñÿ õîòÿ áû 1 ðàç.

Newman D., Lau J.H., Grieser K., Baldwin T. Automati
 evaluation of topi



oheren
e // Human Language Te
hnologies, HLT-2010, Pp. 100�108.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêîå ìîäåëèðîâàíèå 1 21 / 48



�åãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé
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Âèçóàëèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Ïåðïëåêñèÿ è äðóãèå âíóòðåííèå êðèòåðèè

Âíåøíèå êðèòåðèè

Èíòåðàêòèâíûé àíàëèç êà÷åñòâà

Îöåíêè ðàçðåæåííîñòè òåìû

�àçðåæåííîñòü:

äîëÿ íóëåâûõ ýëåìåíòîâ â Φ
äîëÿ íóëåâûõ ýëåìåíòîâ â Θ

Õàðàêòåðèñòèêè èíòåðïðåòèðóåìîñòè òåì:

ðàçìåð ÿäðà òåìû: |Wt |, ÿäðî Wt =
{
w : p(t|w) > 0.25

}

÷èñòîòà òåìû:

∑

w∈Wt

p(w |t)

êîíòðàñòíîñòü òåìû:

1
|Wt |

∑

w∈Wt

p(t|w)

Âûðîæäåííîñòü òåìàòè÷åñêîé ìîäåëè:

äîëÿ �îíîâûõ ñëîâ:

1
n

∑

d∈D

∑

w∈d

∑

t∈B

p(t|d ,w)

äîëÿ íåòåìàòè÷íûõ äîêóìåíòîâ:

1
|D|

∑

d∈D

[
∑

t∈B

p(t|d) > 0.95
]

äîëÿ íåòåìàòè÷íûõ òåðìèíîâ:

1
|W |

∑

w∈W

[
∑

t∈B

p(t|w) > 0.95
]
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Èíòåðàêòèâíûé àíàëèç êà÷åñòâà

Âíåøíèå êðèòåðèè

Ïîëíîòà è òî÷íîñòü òåìàòè÷åñêîãî ïîèñêà

Êà÷åñòâî ðàíæèðîâàíèÿ ïðè òåìàòè÷åñêîì ïîèñêå

Êà÷åñòâî êàòåãîðèçàöèè äîêóìåíòîâ

Ýêñïåðòíîå îöåíèâàíèå òåì ìåòîäîì èíòðóçèé

Òî÷íîñòü ñîîòâåòñòâèÿ òåì çàäàííûì êîíöåïòàì

(÷èñëî íåíàéäåííûõ è ðàñùåïë¼ííûõ òåì è êîíöåïòîâ)

Chuang J., Gupta S., Manning C., Heer J. Topi
 Model Diagnosti
s: Assessing

Domain Relevan
e via Topi
al Alignment // ICML-2013.
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Âíåøíèå êðèòåðèè

Èíòåðàêòèâíûé àíàëèç êà÷åñòâà

Èíòåðàêòèâíûé àíàëèç êà÷åñòâà òåìàòè÷åñêîé ìîäåëè

Ïðîöåññ èíòåðàêòèâíîãî óëó÷øåíèÿ òåì:

ïîñòðîèòü òåìàòè÷åñêóþ ìîäåëü;

äëÿ êàæäîé èíòåðïðåòèðóåìîé òåìû t âûâåñòè ñïèñêè:

� òåðìèíû, ðàíæèðîâàííûå ïî p(t|w), p(w |t);
� äîêóìåíòû, ðàíæèðîâàííûå ïî p(t|d), p(d |t);
� òåìû, ðàíæèðîâàííûå ïî ñõîäñòâó p(w |t);

îòìåòèòü ¾áåëûå¿ è ¾÷¼ðíûå¿ ýëåìåíòû ñïèñêîâ;

âíåñòè ðàçìåòêó â ðåãóëÿðèçàòîðû ÷àñòè÷íîãî îáó÷åíèÿ;

èìåíîâàòü íàéäåííûå íîâûå èíòåðïðåòèðóåìûå òåìû;

äîáàâèòü èõ ê ñòàðûì òåìàì;

ïåðåñòðîèòü ìîäåëü è ñíîâà ðàçìåòèòü òåìû;

Ñì. òàêæå Hu Y., Boyd-Graber J., Satino� B. Intera
tive topi
 modeling //

HLT-2011. ACL. pp. 248�257.
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Ïàðàäèãìà ðàçâåäî÷íîãî ïîèñêà

Ñèñòåìà TMVE � Topi
 Model Visualization Engine

Òåìàòè÷åñêèé íàâèãàòîð ñ âåá-èíòåð�åéñîì:

https://github.
om/ajb
/tmv

Chaney A., Blei D. Visualizing Topi
 Models // Frontiers of 
omputer s
ien
e

in China, 2012. � 55(4), pp. 77�84.
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Ñèñòåìà Termite

Èíòåðàêòèâíàÿ âèçóàëèçàöèÿ ìàòðèöû Φ è ñðàâíåíèå òåì:

https://github.
om/uwdata/termite-visualizations

Chuang J., Manning C., Heer J. Termite: Visualization Te
hniques for Assessing

Textual Topi
 Models // International Working Conferen
e on Advan
ed Visual

Interfa
es, 2012. ACM. pp. 74�77.
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Äîðîæíàÿ êàðòà: êëàñòåðèçàöèÿ ðåëåâàíòíûõ äîêóìåíòîâ

¾A map metaphor visualization (left) seems more appealing than

a plain graph layout (right), and 
lusters seem easier to identify.¿

E.R.Gansner, Y.Hu, S.North. Visualizing Streaming Text Data with Dynami


Maps. 2012.
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Äîðîæíàÿ êàðòà: êëàñòåðèçàöèÿ ðåëåâàíòíûõ äîêóìåíòîâ

Òî÷êè � ýòî äîêóìåíòû (èëè èõ �ðàãìåíòû)

Êëàñòåðû � ýòî ãðóïïû òåìàòè÷åñêè ñõîæèõ äîêóìåíòîâ

Ôîðìó îáëàêà òî÷åê ìîæíî íàñòðàèâàòü

Tuan M. V. Le, Hady W. Lauw Probabilisti
 Latent Do
ument Network

Embedding. IEEE International Conferen
e ICDM. 2014.
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Äîðîæíàÿ êàðòà: êëàñòåðèçàöèÿ ðåëåâàíòíûõ äîêóìåíòîâ

Êëàñòåðû

êëàñòåðîâ

êëàñòåðîâ

êëàñòåðîâ...

M.Zinsmaier, U.Brandes, O.Deussen, H.Strobelt. Intera
tive level-of-detail

rendering of large graphs. IEEE Trans. Vis. Comput. Graph. 2012.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêîå ìîäåëèðîâàíèå 1 29 / 48



�åãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Âèçóàëèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Èíòåð�åéñû äëÿ èíòåðàêòèâíîé âèçóàëèçàöèè

Îáçîð ñðåäñòâ âèçóàëèçàöèè

Ïàðàäèãìà ðàçâåäî÷íîãî ïîèñêà

Òåìàòè÷åñêàÿ èåðàðõèÿ: ñòðóêòóðà ïðåäìåòíîé îáëàñòè

Smith A., Hawes T., Myers M.. Hi�erar
hie: intera
tive visualization for

hierar
hi
al topi
 models. Workshop on Intera
tive Language Learning,

Visualization, and Interfa
es, ACL, 2014.
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Äèíàìèêà òåì: ýâîëþöèÿ ïðåäìåòíîé îáëàñòè

Ýâîëþöèÿ èåðàðõèè òåì. Êîëëåêöèÿ Prism (2013/06/03 � 2014/02/09)

ýêñïåðò âûáèðàåò ñå÷åíèå òåìàòè÷åñêîé èåðàðõèè,

çàòåì îòìå÷àåò ñîáûòèÿ â èíòåðàêòèâíîì ðåæèìå,

è ãåíåðèðóåò îò÷¼ò.

Weiwei Cui, Shixia Liu, Zhuofeng Wu, Hao Wei. How hierar
hi
al topi
s evolve

in large text 
orpora. IEEE Trans. Vis. Comput. Graph. 2014.
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Òåìàòè÷åñêàÿ ñåãìåíòàöèÿ äîêóìåíòà çàïðîñà

Gretarsson B., O'Donovan J., Bostandjiev S., Hollerer T., Asun
ion A.,

Newman D., Smyth P. Topi
Nets: visual analysis of large text 
orpora with

topi
 modeling. ACM Trans. on Intelligent Systems and Te
hnology. 2012.
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Òåìàòè÷åñêèé àíàëèç èñòî÷íèêîâ

Oelke D., Strobelt H., Rohrdantz C., Gurevy
h I., Deussen O. Comparative

exploration of do
ument 
olle
tions: a visual analyti
s approa
h. EuroVis. 2014.
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Òåìàòè÷åñêèé àíàëèç èñòî÷íèêîâ

Shixia Liu, Xiting Wang, Jianfei Chen, Jun Zhu, Baining Guo. Topi
Panorama:

a full pi
ture of relevant topi
s. IEEE Symp. on Visual Analyti
s S
ien
e and

Te
hnology. 2014.
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http://textvis.lnu.se

Èíòåðàêòèâíûé îáçîð 220 ñðåäñòâ âèçóàëèçàöèè òåêñòîâ
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�àçâåäî÷íûé ïîèñê êàê èíñòðóìåíò ñàìîîáðàçîâàíèÿ

ïîëüçîâàòåëü ìîæåò íå çíàòü êëþ÷åâûõ òåðìèíîâ

ïîëüçîâàòåëÿ ìîæåò èíòåðåñîâàòü ìíîæåñòâî îòâåòîâ

Gary Mar
hionini. Exploratory Sear
h: from �nding to understanding.

Communi
ations of the ACM. 2006, 49(4), p. 41�46.
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Îò ïîèñêà �query-browse-re�ne� ê ðàçâåäî÷íîìó ïîèñêó

R.W.White, R.A.Roth. Exploratory Sear
h: beyond the Query-Response

paradigm. San Rafael, CA: Morgan and Claypool, 2009.
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Âîçìîæíûé ñöåíàðèé ðàçâåäî÷íîãî ïîèñêà

Ïîèñêîâûé çàïðîñ:

äîêóìåíò ëþáîé äëèíû èëè äàæå êîëëåêöèÿ äîêóìåíòîâ

Öåëè ïîèñêà:

ê êàêèì òåìàì îòíîñèòñÿ ìîé çàïðîñ?

÷òî åù¼ èçâåñòíî ïî ýòèì òåìàì?

êàêîâà òåìàòè÷åñêàÿ ñòðóêòóðà ýòîé ïðåäìåòíîé îáëàñòè?

÷òî åù¼ åñòü ïîíÿòíîãî, îáçîðíîãî, âàæíîãî, ñâåæåãî?

Ñöåíàðèé ïîèñêà:

1

èìåÿ ëþáîé òåêñò ïîä ðóêîé, â ëþáîì ïðèëîæåíèè,

2

õîòèì ïîëó÷èòü êàðòèíó ñîäåðæàùèõñÿ â í¼ì òåì-ïîäòåì,

3

è ¾äîðîæíóþ êàðòó¿ ïðåäìåòíîé îáëàñòè â öåëîì
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�àçâåäî÷íûé ïîèñê: ïðîòîòèï èíòåð�åéñà

�àäóæíàÿ ïîëîñà íàïîìèíàåò, ÷òî çíàíèÿ âñåãäà ïîä ðóêîé
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�åçþìå

Òåìàòè÷åñêîå ìîäåëèðîâàíèå � ýòî âîññòàíîâëåíèå

ëàòåíòíûõ òåì ïî êîëëåêöèè òåêñòîâûõ äîêóìåíòîâ

Òåìàòè÷åñêîå ìîäåëèðîâàíèå � íåêîððåêòíî ïîñòàâëåííàÿ

çàäà÷à ñòîõàñòè÷åñêîãî ìàòðè÷íîãî ðàçëîæåíèÿ

Ñòàíäàðòíûå ìåòîäû � PLSA è LDA

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ (ARTM) � îáùèé ïîäõîä

ê ïîñòðîåíèþ êîìáèíèðîâàííûõ è ìíîãî�óíêöèîíàëüíûõ

òåìàòè÷åñêèõ ìîäåëåé.

Âçãëÿä íà òåìàòè÷åñêîå ìîäåëèðîâàíèå êàê íà çàäà÷ó

ìíîãîêðèòåðèàëüíîé îïòèìèçàöèè: ðåãóëÿðèçàòîðû

ðàçíîîáðàçíû, ìåòðèêè êà÷åñòâà òîæå ðàçíîîáðàçíû.

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê (Exploratory Sear
h)

� îäíî èç ïåðñïåêòèâíûõ ïðèëîæåíèé òåìàòè÷åñêîãî

ìîäåëèðîâàíèÿ
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