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Íàïîìèíàíèÿ. Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Äàíî: êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ, p(w |d) = ndw
nd

Âåðîÿòíîñòíàÿ òåìàòè÷åñêàÿ ìîäåëü:

p(w |d) =
∑

t∈T

p(w |t)p(t|d) =
∑

t∈T

φwtθtd

Íàéòè: ïàðàìåòðû ìîäåëè φwt=p(w |t), θtd =p(t|d)

Ýòî çàäà÷à ñòîõàñòè÷åñêîãî ìàòðè÷íîãî ðàçëîæåíèÿ:

Hofmann T. Probabilisti
 Latent Semanti
 Indexing. ACM SIGIR, 1999.

Blei D., Ng A., Jordan M. Latent Diri
hlet Allo
ation. JMLR, 2003.



Íàïîìèíàíèÿ. ARTM � àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìàêñèìèçàöèÿ log 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 ≡ p(t|d ,w) = norm
t∈T

(

φwtθtd
)

φwt = norm
w∈W

(

nwt + φwt
∂R
∂φwt

)

, nwt =
∑

d∈D

ndwptdw

θtd = norm
t∈T

(

ntd + θtd
∂R
∂θtd

)

, ntd =
∑

w∈d

ndwptdw

ãäå norm
t∈T

(xt) =
max{xt ,0}∑

s∈T

max{xs ,0}
� îïåðàöèÿ íîðìèðîâàíèÿ âåêòîðà.

Âîðîíöîâ Ê. Â. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

êîëëåêöèé òåêñòîâûõ äîêóìåíòîâ. Äîêëàäû �ÀÍ, 2014.
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Êîíöåïöèÿ ðàçâåäî÷íîãî ïîèñêà (exploratory sear
h)

ïîëüçîâàòåëü ìîæåò íå çíàòü êëþ÷åâûõ òåðìèíîâ

çàïðîñîì ìîæåò áûòü òåêñò ïðîèçâîëüíîé äëèíû

èí�îðìàöèîííàÿ ïîòðåáíîñòü � ñèñòåìàòèçàöèÿ çíàíèé

íàâèãàöèÿ â ñåòè,
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óïîìèíàíèé,

êîíêðåòíûõ îòâåòîâ

ñàìîîáðàçîâàíèå,

òåìàòè÷åñêèé ïîèñê
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çíàíèé

èññëåäîâàíèå,

ýêñïåðòèçà,

ðå�åðèðîâàíèå,
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Îò èòåðàöèé ¾query-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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Êîíöåïöèÿ ¾ìàñòåðñêîé çíàíèé¿

Îãðîìíîå è âñå âîçðàñòàþùåå áîãàòñòâî çíàíèé ðàçáðîñàíî

ñåãîäíÿ ïî âñåìó ìèðó. Ýòèõ çíàíèé, âåðîÿòíî, áûëî áû

äîñòàòî÷íî äëÿ ðåøåíèÿ âñåãî ãðîìàäíîãî êîëè÷åñòâà

òðóäíîñòåé íàøèõ äíåé, íî îíè ðàññåÿíû è íåîðãàíèçîâàíû.

Íàì íåîáõîäèìà î÷èñòêà ìûøëåíèÿ â ñâîåîáðàçíîé

ìàñòåðñêîé, ãäå ìîæíî ïîëó÷àòü, ñîðòèðîâàòü, ñóììèðîâàòü,

óñâàèâàòü, ðàçúÿñíÿòü è ñðàâíèâàòü çíàíèÿ è èäåè.

� �åðáåðò Óýëëñ, 1940
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An evolving sear
h pro
ess
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êàæäûé øàã � ïåðå�îðìóëèðîâêà èëè äîïîëíåíèå çàïðîñà

An anomalous state of knowledge

â íà÷àëå ïîèñêà ó ïîëüçîâàòåëÿ åñòü ëèøü ìîòèâàöèè,
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Multiple targets / goals of sear
h
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åñòü ëèøü îáùèé èíòåðåñ è ýâîëþöèîíèðóþùèå ïîäöåëè

E.Palagi et al. A Survey of De�nitions and Models of Exploratory Sear
h. 2017.
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Multiple possible answers

âîçìîæíûõ ïðàâèëüíûõ îòâåòîâ ìîæåò áûòü ìíîãî

Not an expe
ted exa
t answer

íå ñóùåñòâóåò åäèíñòâåííîãî ïðàâèëüíîãî îòâåòà

A serendipitous attitude

ëþáîé øàã ìîæåò äàâàòü íåîæèäàííûå íîâûå çíàíèÿ

An evolving information need

íà ëþáîì øàãå öåëè è ñòðàòåãèè ïîèñêà ìîãóò èçìåíèòüñÿ

Un
ertainty is �u
tuating

â ïðîöåññå ïîèñêà íåîïðåäåë¼ííîñòü óìåíüøàåòñÿ,

íî èçìåíåíèå öåëè ìîæåò ñíîâà å¼ óâåëè÷èòü

E.Palagi et al. A Survey of De�nitions and Models of Exploratory Sear
h. 2017.
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Multifa
eted sear
h

ïðè ïîèñêå èñïîëüçóþòñÿ ðàçëè÷íûå �èëüòðû (�àñåòû)

ïðèìåðû: ïî àâòîðàì, òåìàòèêå, ñâåæåñòè, ñëîæíîñòè

Several one-o� pinpoint sear
hes

ìíîãîêðàòíûå òî÷å÷íûå îäíîðàçîâûå îòâåòâëåíèÿ ïîèñêà

ïðèìåðû: íàéòè îïðåäåëåíèå ïîíÿòèÿ, ïåðâîèñòî÷íèê

An open-ended sear
h a
tivity whi
h 
an o

ur over time

ïðîöåññ ïîèñêà íèêîãäà íà çàêàí÷èâàåòñÿ

ïîëüçîâàòåëü ìîæåò âåðíóòüñÿ ïîñëå äîëãîãî ïåðåðûâà

E.Palagi et al. A Survey of De�nitions and Models of Exploratory Sear
h. 2017.
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Ïîèñê òåìàòè÷åñêè áëèçêèõ äîêóìåíòîâ

θtq = p(t|q) � òåìàòè÷åñêèé âåêòîð çàïðîñà q

θtd = p(t|d) � òåìàòè÷åñêèå âåêòîðû äîêóìåíòîâ d ∈ D

Êîñèíóñíàÿ ìåðà áëèçîñòè äîêóìåíòà d è çàïðîñà q:

sim(q, d) =

∑

t θtqθtd
(
∑

t θ
2
tq

)1/2(∑

t θ
2
td

)1/2
.

�àíæèðóåì äîêóìåíòû êîëëåêöèè d ∈ D ïî óáûâàíèþ sim(q, d)
Âûäà÷à òåìàòè÷åñêîãî ïîèñêà � k ïåðâûõ äîêóìåíòîâ.

�åàëèçàöèÿ: âåêòîðíûé èíäåêñ äëÿ áûñòðîãî ïîèñêà

äîêóìåíòîâ d ïî êàæäîé èç òåì t çàïðîñà

A.Ianina, K.Vorontsov. Multi-obje
tive topi
 modeling for exploratory sear
h

in te
h news. AINL, 2017.
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Äèâåðãåíöèÿ Êóëüáàêà�Ëåéáëåðà è å¼ ñâîéñòâà

Ôóíêöèÿ ðàññòîÿíèÿ ìåæäó ðàñïðåäåëåíèÿìè P = (pi)
n
i=1 è Q = (qi)

n
i=1:

KL(P‖Q) ≡ KLi (pi‖qi ) =

n∑

i=1

pi ln
pi

qi
.

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 ñèëüíåå âëîæåíî â Q, ÷åì Q â P:
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0.020
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P PP

Q

Q Q

KL(P‖Q) = 0.44 KL(P‖Q) = 0.44 KL(P‖Q) = 2.97
KL(Q‖P) = 2.97 KL(Q‖P) = 0.44 KL(Q‖P) = 2.97
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàòîð ñãëàæèâàíèÿ

�èïîòåçà ñãëàæåííîñòè:

ðàñïðåäåëåíèÿ φwt áëèçêè ê çàäàííîìó ðàñïðåäåëåíèþ βw ;

ðàñïðåäåëåíèÿ θtd áëèçêè ê çàäàííîìó ðàñïðåäåëåíèþ αt .

∑

t∈T

KL(βw‖φwt) → min
Φ

;
∑

d∈D

KL(αt‖θtd ) → min
Θ
.

Ìàêñèìèçèðóåì ñóììó ðåãóëÿðèçàòîðîâ:

R(Φ,Θ) = β0
∑

t∈T

∑

w∈W

βw lnφwt + α0

∑

d∈D

∑

t∈T

αt ln θtd → max .

Ïîäñòàâëÿåì, ïîëó÷àåì �îðìóëû Ì-øàãà, ïîõîæèå íà LDA:

φwt = norm
w∈W

(nwt + β0βw ), θtd = norm
t∈T

(ntd + α0αt).

Blei D., Ng A., Jordan M. Latent Diri
hlet Allo
ation. JMLR, 2003.
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàòîð ðàçðåæèâàíèÿ

�èïîòåçà ðàçðåæåííîñòè: ñðåäè φwt , θtd ìíîãî íóëåé;

ðàñïðåäåëåíèÿ φwt äàëåêè îò çàäàííîãî ðàñïðåäåëåíèÿ βw ;

ðàñïðåäåëåíèÿ θtd äàëåêè îò çàäàííîãî ðàñïðåäåëåíèÿ αt .

∑

t∈T

KL(βw‖φwt) → max
Φ

;
∑

d∈D

KL(αt‖θtd ) → max
Θ

.

Ìàêñèìèçèðóåì ñóììó ðåãóëÿðèçàòîðîâ:

R(Φ,Θ) = −β0
∑

t∈T

∑

w∈W

βw lnφwt − α0

∑

d∈D

∑

t∈T

αt ln θtd → max .

Ïîëó÷àåì ¾àíòè-LDA¿ (â LDA âñå α0, αt , β0, βt ïîëîæèòåëüíû):

φwt = norm
w∈W

(

nwt − β0βw
)

, θtd = norm
t∈T

(

ntd − α0αt

)

.

Varadarajan J., Emonet R., Odobez J.-M. A sparsity 
onstraint for topi


models � appli
ation to temporal a
tivity mining. NIPS-2010.
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Îáúåäèíåíèå ñãëàæèâàíèÿ è ðàçðåæèâàíèÿ

Îáùèé âèä ðåãóëÿðèçàòîðîâ ñãëàæèâàíèÿ è ðàçðåæèâàíèÿ:

R(Φ,Θ) = β0
∑

t∈T

∑

w∈W

βwt lnφwt + α0

∑

d∈D

∑

t∈T

αtd ln θtd → max,

ãäå β0 > 0, α0 > 0 � êîý��èöèåíòû ðåãóëÿðèçàöèè,

βwt , αtd � ïàðàìåòðû, çàäàâàåìûå ïîëüçîâàòåëåì:

βwt > 0, αtd > 0 � ñãëàæèâàíèå

βwt < 0, αtd < 0 � ðàçðåæèâàíèå

Âîçìîæíûå ïðèìåíåíèÿ ñãëàæèâàíèÿ è ðàçðåæèâàíèÿ:

çàäàòü �îíîâûå òåìû ñ îáùåé ëåêñèêîé ÿçûêà

çàäàòü øóìîâóþ òåìó äëÿ íåòåìàòè÷íûõ òåðìîâ

çàäàòü ïñåâäî-äîêóìåíò ñ êëþ÷åâûìè òåðìàìè òåìû

ñêîððåêòèðîâàòü ñîñòàâ òåðìîâ è äîêóìåíòîâ òåìû
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×àñòè÷íîå îáó÷åíèå (semi-supervised learning)

Îáùèé âèä ðåãóëÿðèçàòîðîâ ñãëàæèâàíèÿ è ðàçðåæèâàíèÿ:

R(Φ,Θ) = β0
∑

t∈T

∑

w∈W

βwt lnφwt + α0

∑

d∈D

∑

t∈T

αtd ln θtd → max,

Èäåÿ: â ïîñòðîåííîé ìîäåëè ìîæíî ñêîððåêòèðîâàòü òåìû,

äîáàâëÿÿ è óäàëÿÿ â íèõ òåðìû è äîêóìåíòû.

�àçðåæèâàíèå ïî ¾÷¼ðíûì ñïèñêàì¿:

βwt = − 1
|Wt |

[

w ∈ Wt

]

� òåðìîâ èç Wt íå äîëæíî áûòü â t

αtd = − 1
|Td |

[

t ∈ Td

]

� òåì èç Td íå äîëæíî áûòü â d

Ñãëàæèâàíèå ïî ¾áåëûì ñïèñêàì¿:

βwt =
1

|Wt |

[

w ∈ Wt

]

� òåðìû èç Wt äîëæíû áûòü â t

αtd = 1
|Td |

[

t ∈ Td

]

� òåìû èç Td äîëæíû áûòü â d
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Ïðîáëåìà ln 0 â äèâåðãåíöèè Êóëüáàêà�Ëåéáëåðà

Ïî÷åìó â ðåãóëÿðèçàòîðå ñãëàæèâàíèÿ/ðàçðåæèâàíèÿ

R(Φ) = β0
∑

t∈S

∑

w∈W

βw lnφwt → max

íå âîçíèêàåò ïðîáëåì ñ lnφwt ïðè φwt → 0?

Ïîäïðàâèì ðåãóëÿðèçàòîð, ïðè ñêîëü óãîäíî ìàëîì ε:

R(Φ) = β0
∑

t∈S

∑

w∈W

βw ln(φwt + ε) → max .

Ïîäñòàâèâ â �îðìóëó Ì-øàãà, ïîëó÷èì äëÿ âñåõ t ∈ S :

φwt = norm
w∈W

(

nwt + β0βw
φwt

φwt+ε

)

.

Åñëè φwt = 0, òî ðàçðåæèâàíèÿ íå áóäåò, íî îíî è íå íóæíî.
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

�àçäåëåíèå òåì íà ïðåäìåòíûå è �îíîâûå

Ïðåäìåòíûå òåìû S ñîäåðæàò òåðìèíû ïðåäìåòíîé îáëàñòè,

p(w |t), p(t|d), t ∈ S � ðàçðåæåííûå, ñóùåñòâåííî ðàçëè÷íûå

Ôîíîâûå òåìû B ñîäåðæàò ñëîâà îáùåé ëåêñèêè,

p(w |t), p(t|d), t ∈ B � ñóùåñòâåííî îòëè÷íûå îò íóëÿ

ΦW×T ΘT×D
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�åãóëÿðèçàòîð äåêîððåëèðîâàíèÿ òåì

Öåëü: ñäåëàòü òåìû êàê ìîæíî áîëåå ðàçëè÷íûìè,

âûäåëèòü äëÿ êàæäîé òåìû ëåêñè÷åñêîå ÿäðî � íàáîð òåðìîâ,

îòëè÷àþùèé 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
(ìàëûå âåðîÿòíîñòè φwt â ñòðîêå ñòàíîâÿòñÿ åù¼ ìåíüøå):

φwt = norm
w∈W

(

nwt − τφwt
∑

s∈T\t

φws

)

.

Tan Y., Ou Z. Topi
-weak-
orrelated latent Diri
hlet allo
ation. 2010.
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Íàïîìèíàíèå. Ìóëüòèìîäàëüíàÿ òåìàòè÷åñêàÿ ìîäåëü

Òåìà ìîæåò ïîðîæäàòü òåðìû ðàçëè÷íûõ ìîäàëüíîñòåé:

p(ñëîâî|t), p(n-ãðàììà|t), p(ñëîâî-èç-ÿçûêà|t), p(àâòîð|t),
p(âðåìÿ|t), p(ññûëêà|t), p(ïîëüçîâàòåëü|t), p(áàííåð|t), . . .
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Íàïîìèíàíèå. Ìóëüòèìîäàëüíàÿ ARTM

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

Ìàêñèìèçàöèÿ ñóììû log-ïðàâäîïîäîáèé ñ ðåãóëÿðèçàöèåé:

∑

m∈M

τm
∑

d∈D

∑

w∈Wm

ndw ln
∑

t∈T

φwtθtd + R(Φ,Θ) → max
Φ,Θ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:



























ptdw = norm
t∈T

(

φwtθtd
)

φwt = norm
w∈Wm

(

∑

d∈D

τm(w)ndwptdw + φwt
∂R
∂φwt

)

θtd = norm
t∈T

(

∑

w∈d

τm(w)ndwptdw + θtd
∂R
∂θtd

)

K.Vorontsov, O.Frei, M.Apishev et al. Non-bayesian additive regularization for

multimodal topi
 modeling of large 
olle
tions. CIKM TM workshop, 2015.
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Ïðèìåð äðåâîâèäíîé òåìàòè÷åñêîé èåðàðõèè

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

Expertise Mining. 2013.
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Ïðèìåð òåìàòè÷åñêîé èåðàðõèè

Òåêñòû íàó÷íî-ïðîñâåòèòåëüñêîãî ðåñóðñà Postnauka.ru:

2976 äîêóìåíòîâ, 43196 ñëîâ, 1799 òýãîâ

ChirkovaN.A., Vorontsov K.V. Additive regularization for hierar
hi
al

multimodal topi
 modeling. JMLDA, 2016.

Belyy A.V., SeleznovaM.S., SholokhovA.K., Vorontsov K.V. Quality Evaluation

and Improvement for Hierar
hi
al Topi
 Modeling. Dialogue 2018.
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

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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�åãóëÿðèçàòîð Φ: ðîäèòåëüñêèå òåìû êàê ïñåâäî-äîêóìåíòû

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,Ψ̃

,

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

�îäèòåëüñêàÿ Φp ≈ ΦΨ̃, îòñþäà ðåãóëÿðèçàòîð ìàòðèöû Φ:

R(Φ, Ψ̃) = τ
∑

t∈T

∑

w∈W

nwt ln
∑

s∈S

φws ψ̃st → max .

�îäèòåëüñêèå òåìû t � ¾äîêóìåíòû¿ ñ ÷àñòîòàìè òåðìîâ nwt .
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

�àçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

Ìîäàëüíîñòè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

�åãóëÿðèçàòîð Θ: ðîäèòåëüñêèå òåìû êàê ìîäàëüíîñòü

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:

∑

d∈D

nd KLt

(

p(t|d)
∥

∥

∥

∑

s∈S

p(t|s)p(s|d)
)

→ min
Θ,Ψ

,

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

�îäèòåëüñêàÿ Θp ≈ ΨΘ, îòñþäà ðåãóëÿðèçàòîð ìàòðèöû Θ:

R(Θ,Ψ) = τ
∑

d∈D

∑

t∈T

ntd ln
∑

s∈S

ψtsθsd → max .

�îäèòåëüñêèå òåìû t � ìîäàëüíîñòü ñ ÷àñòîòàìè òåðìîâ ntd .
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

�àçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

Ìîäàëüíîñòè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Ýêñïåðèìåíò íà êîëëåêöèè ÌÌ�Î-ÈÎÈ

Ñðåäíåå ðàññòîÿíèå Õåëëèíãåðà ρ(Φp,ΦΨ̃) è ρ(Θp ,ΨΘ) äëÿ
ðåãóëÿðèçàòîðîâ Φ è Θ ïðè ïåðåõîäå ìåæäó óðîâíÿìè 1 → 2:

�àçðåæèâàíèå Φ ñ 1-é èòåðàöèè �àçðåæèâàíèå Φ ñ 10-é èòåðàöèè

Âûâîä. �åãóëÿðèçàòîð Θ ïëîõî ïðèáëèæàåò Φp
.

Chirkova N. A., Vorontsov K. V. Additive regularization for hierar
hi
al

multimodal topi
 modeling. JMLDA, 2016.
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

�àçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

Ìîäàëüíîñòè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Ýêñïåðèìåíò íà êîëëåêöèè ÌÌ�Î-ÈÎÈ

Ñðåäíåå ðàññòîÿíèå Õåëëèíãåðà ρ(Φp,ΦΨ̃) è ρ(Θp ,ΨΘ) äëÿ
ðåãóëÿðèçàòîðîâ Φ è Θ ïðè ïåðåõîäå ìåæäó óðîâíÿìè 2 → 3:

�àçðåæèâàíèå Φ ñ 1-é èòåðàöèè �àçðåæèâàíèå Φ ñ 10-é èòåðàöèè

Âûâîä. �åãóëÿðèçàòîð Θ ïëîõî ïðèáëèæàåò Φp
.

Chirkova N. A., Vorontsov K. V. Additive regularization for hierar
hi
al

multimodal topi
 modeling. JMLDA, 2016.
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

�àçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

Ìîäàëüíîñòè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Âûâîäû

�åãóëÿðèçàòîð Φ ïðèáëèæàåò Φp ≈ ΦΨ̃ è Θp ≈ ΨΘ

�åãóëÿðèçàòîð Θ ïðèáëèæàåò òîëüêî Θp ≈ ΨΘ

Ñèëüíîå ðàçðåæèâàíèå ψts ∈ {0, 1} äà¼ò èåðàðõèþ�äåðåâî

Íåëüçÿ äîïóñêàòü âûðîæäåíèÿ ψts = p(t|s) ≡ 0

Äàëüíåéøèå çàäà÷è:

Ñîãëàñîâàííàÿ ðåãóëÿðèçàöèÿ: ψ̃stp(t) = ψtsp(s)

τ1
∑

t,w

nwt ln
∑

s

φwsψts
ns
nt

+ τ2
∑

d,t

ntd ln
∑

s

ψtsθsd → max
Φ,Ψ,Θ

Èåðàðõèè ñ òåìàìè ðàçëè÷íîé ãëóáèíû:

� íàðàùèâàíèå óðîâíÿ äëÿ ïîäìíîæåñòâà T ′ ⊆ T

� êðèòåðèé íåîäíîðîäíîñòè òåìû äëÿ âêëþ÷åíèÿ å¼ â T ′
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

�àçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

Ìîäàëüíîñòè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Èåðàðõèè ñ òåìàìè ðàçëè÷íîé ãëóáèíû

Íà êàæäîì óðîâíå ðàñùåïëÿþòñÿ íå âñå òåìû

(äîïóñêàåòñÿ âûðîæäåííîñòü: p(s|t) ≡ 0 äëÿ íåêîòîðûõ t)

�àñùåïëÿåìàÿ òåìà ìîæåò èìåòü äî÷åðíþþ �îíîâóþ,

â êîòîðîé ñîáèðàåòñÿ îáùàÿ ëåêñèêà ðîäèòåëüñêîé òåìû

Ïðè ìàêñèìàëüíîì ðàçðåæèâàíèè p(t|s) ∈ {0, 1}
èåðàðõèÿ ÿâëÿåòñÿ äåðåâîì (êîðåíü íå ïîêàçàí)
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

�àçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

Ìîäàëüíîñòè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Èåðàðõèè ñ òåìàìè ðàçëè÷íîé ãëóáèíû

Íà êàæäîì óðîâíå ðàñùåïëÿþòñÿ íå âñå òåìû

(äîïóñêàåòñÿ âûðîæäåííîñòü: p(s|t) ≡ 0 äëÿ íåêîòîðûõ t)

�àñùåïëÿåìàÿ òåìà ìîæåò èìåòü äî÷åðíþþ �îíîâóþ,

â êîòîðîé ñîáèðàåòñÿ îáùàÿ ëåêñèêà ðîäèòåëüñêîé òåìû

Ïðè óìåðåííîì ðàçðåæèâàíèè p(t|s) ó âåðøèíû ìîæåò

áûòü íåñêîëüêî ðîäèòåëåé (êîðåíü íå ïîêàçàí)
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

�àçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

Ìîäàëüíîñòè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Èåðàðõèè ñ òåìàìè ðàçëè÷íîé ãëóáèíû

Ñëåä äîêóìåíòà â òåìàòè÷åñêîé èåðàðõèè îïðåäåëÿåò

ñòåïåíü åãî ñïåöèàëèçàöèè, íàçíà÷åíèå, àóäèòîðèþ

óçêî ñïåöèàëèçèðîâàííûé,

äëÿ ïðî�åññèîíàëîâ

ìåæäèñöèïëèíàðíîå èññëåäîâàíèå,

äëÿ ïðî�åññèîíàëîâ

îáçîðíûé,

äëÿ îçíàêîìëåíèÿ ñ ïðåäìåòíîé îáëàñòüþ

ïîïóëÿðíûé èëè ýíöèêëîïåäè÷åíñêèé,

äëÿ ðàñøèðåíèÿ êðóãîçîðà
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

�àçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

Ìîäàëüíîñòè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Ñïîñîáû îöåíèâàíèÿ êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Ïåðïëåêñèÿ èëè ïðàâäîïîäîáèå: ïðèâîäèò ëè ïîñòåïåííîå

äðîáëåíèå òåì ê áîëåå òî÷íîìó ðàçëîæåíèþ

Ïîëåçíîñòü: ñêîëüêî øàãîâ äåëàåò ïîëüçîâàòåëü, ÷òîáû

íàéòè äîêóìåíò ïî èåðàðõèè

Êîãåðåíòíîñòü: êàê ÷àñòî ñëîâà òåìû è å¼ ïîäòåìû

ñîâìåñòíî âñòðå÷àþòñÿ ðÿäîì â òåêñòå

Ìåòîä èíòðóçèé: ïðàâèëüíî ëè àñåññîðû îïðåäåëÿþò

÷óæóþ òåìó, âíåäð¼ííóþ â ñïèñîê äî÷åðíèõ òåì

Ñðàâíåíèå ñ ¾çîëîòûì ñòàíäàðòîì¿: íàñêîëüêî èåðàðõèÿ

ïîõîæà íà èìåþùóþñÿ êàòåãîðèçàöèþ äîêóìåíòîâ
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Äâå êîëëåêöèè íîâîñòåé ïðî òåõíîëîãèè

Habrahabr.ru

175 143 ñòàòåé íà ðóññêîì

10 552 ñëîâ (óíèãðàìì)

742 000 áèãðàìì

524 àâòîðîâ ñòàòåé

10 000 àâòîðîâ êîììåíòàðèåâ

2546 òåãîâ

123 õàáà (êàòåãîðèè)

Te
hCrun
h.
om

759 324 ñòàòåé íà àíãëèéñêîì

11 523 ñëîâ (óíèãðàìì)

1.2 ìëí. áèãðàìì

605 àâòîðîâ

184 êàòåãîðèé

Ïðåäîáðàáîòêà òåêñòîâ

îòáðîøåíû 5% íàèáîëåå ÷àñòîòíûõ ñëîâ (îáùàÿ ëåêñèêà)

óäàëåíèå ïóíêòóàöèè

íèæíèé ðåãèñòð, ¼→å

ëåììàòèçàöèÿ pymorphy2
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Ìåòîäèêà îöåíèâàíèÿ êà÷åñòâà ðàçâåäî÷íîãî ïîèñêà

Ïîèñêîâûé çàïðîñ

íàáîð êëþ÷åâûõ ñëîâ èëè �ðàãìåíòîâ

òåêñòà, îêîëî îäíîé ñòðàíèöû À4

Ïîèñêîâàÿ âûäà÷à

äîêóìåíòû d ñ ðàñïðåäåëåíèåì p(t|d),
áëèçêèì ê ðàñïðåäåëåíèþ p(t|q) çàïðîñà

Äâà çàäàíèÿ àñåññîðàì

1

íàéòè êàê ìîæíî áîëüøå ñòàòåé,

ïîëüçóÿñü ëþáûìè ñðåäñòâàìè

ïîèñêà (è çàñå÷ü âðåìÿ)

2

îöåíèòü ðåëåâàíòíîñòü ïîèñêîâîé

âûäà÷è íà òîì æå çàïðîñå

Ïðèìåð çàïðîñà äëÿ

ðàçâåäî÷íîãî ïîèñêà
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Ïðèìåð: �ðàãìåíò çàïðîñà ¾Ñèñòåìà IBM Watson¿

IBM Watson � ñóïåðêîìïüþòåð �èðìû IBM, îñíàù¼ííûé âîïðîñíî-îòâåòíîé

ñèñòåìîé èñêóññòâåííîãî èíòåëëåêòà, ñîçäàííûé ãðóïïîé èññëåäîâàòåëåé ïîä

ðóêîâîäñòâîì Äýâèäà Ôåðó÷÷è. Åãî ñîçäàíèå � ÷àñòü ïðîåêòà DeepQA. Îñíîâ-

íàÿ çàäà÷à Óîòñîíà � ïîíèìàòü âîïðîñû, ñ�îðìóëèðîâàííûå íà åñòåñòâåííîì

ÿçûêå, è íàõîäèòü íà íèõ îòâåòû â áàçå äàííûõ. Íàçâàí â ÷åñòü îñíîâàòåëÿ IBM

Òîìàñà Óîòñîíà.

IBM Watson ïðåäñòàâëÿåò ñîáîé êîãíèòèâíóþ ñèñòåìó, êîòîðàÿ ñïîñîáíà ïîíè-

ìàòü, äåëàòü âûâîäû è îáó÷àòüñÿ. Îíà òàêæå ïîçâîëÿåò ïðåîáðàçîâûâàòü öåëûå

îòðàñëè, ðàçëè÷íûå íàïðàâëåíèÿ íàóêè è òåõíèêè. Íàïðèìåð, ïðåäñêàçûâàòü ïî-

ÿâëåíèå ýïèäåìèé èëè âîçíèêíîâåíèÿ î÷àãîâ ïðèðîäíûõ êàòàñòðî� â ðàçëè÷íûõ

ðåãèîíàõ, âåñòè ìîíèòîðèíã ñîñòîÿíèÿ àòìîñ�åðû áîëüøèõ ãîðîäîâ, îïòèìèçè-

ðîâàòü áèçíåñ-ïðîöåññû, óçíàâàòü, êàêèå òîâàðû áóäóò â òðåíäå â áëèæàéøåå

âðåìÿ.

... ... ...

�åëåâàíòíûå òåêñòû: ïðèìåðû ñåðâèñîâ è ïðèëîæåíèé, îñíîâà êîòîðûõ �

êîãíèòèâíàÿ ïëàò�îðìà IBM Watson, èñïîëüçóåìûå â IBM Watson òåõíîëîãèè,

âîïðîñ-îòâåòíûå ñèñòåìû, ñîïîñòàâëåíèå IBM Watson ñ Wolfram-Alpha.

Íåðåëåâàíòíûå òåêñòû: îáùèå âîïðîñû èñêóññòâåííîãî èíòåëëåêòà, äðóãèå

êîììåð÷åñêèå ðåøåíèÿ íà ðûíêå áèçíåñ-àíàëèòèêè.
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Òåìàòèêà çàïðîñîâ ðàçâåäî÷íîãî ïîèñêà

Ïðèìåðû çàãîëîâêîâ ðàçâåäî÷íûõ çàïðîñîâ ê Õàáðó

(îáú¼ì êàæäîãî çàïðîñà � îêîëî îäíîé ñòðàíèöû À4):

Àëãîðèòìû ðàñêðàñêè ãðà�îâ Ñèñòåìà IBM Watson

�åêîìåíäàòåëüíàÿ ñèñòåìà Net�ix 3D-ïðèíòåðû

Ìåòîäèêè áûñòðîãî íàáîðà òåêñòà CERN-êëàñòåð

Êîñìè÷åñêèå ïðîåêòû Èëîíà Ìàñêà AB-òåñòèðîâàíèå

Òåõíîëîãèè Hadoop MapRedu
e Îáëà÷íûå ñåðâèñû

Áåñïèëîòíûé àâòîìîáèëü Google 
ar Êîíòåêñòíàÿ ðåêëàìà

Êðèïòîñèñòåìû ñ îòêðûòûì êëþ÷îì Ìàðñîõîä Curiosity

Îáçîð ïëàò�îðì îíëàéí-êóðñîâ Âèäåîêàðòû NVIDIA

Data S
ien
e Meetups â Ìîñêâå �àñïîçíàâàíèå îáðàçîâ

Îáðàçîâàòåëüíûå ïðîåêòû mail.ru Ñåðâèñû Google s
holar

Ìåæïëàíåòíàÿ ñòàíöèÿ New horizons MIT MediaLab Resear
h

ßçûêîâàÿ ìîäåëü word2ve
 Ïëàò�îðìà Mi
rosoft Azure
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Îöåíèâàíèå êà÷åñòâà ïîèñêà

Pre
ision � äîëÿ ðåëåâàíòíûõ ñðåäè íàéäåííûõ

Re
all � äîëÿ íàéäåííûõ ñðåäè ðåëåâàíòíûõ

P =
TP

TP+ FP

� òî÷íîñòü (pre
ision)

R =
TP

TP+ FN

� ïîëíîòà, (re
all)

F1 =
P + R

2PR
� F1-ìåðà

TP (true positive) � íàéäåííûå ðåëåâàíòíûå

FP (false positive) � íàéäåííûå íåðåëåâàíòíûå

FN (false negative) � íåíàéäåííûå ðåëåâàíòíûå
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Êàêèå ìîäåëè ïîèñêà ñðàâíèâàëèñü

assessors: ðåçóëüòàòû ïîèñêà, âûïîëíåííîãî àñåññîðàìè

TF-IDF, BM25: ñðàâíåíèå äîêóìåíòîâ ïî ÷àñòîòàì ñëîâ

word2ve
: íåòåìàòè÷åñêèå âåêòîðíûå ïðåäñòàâëåíèÿ ñëîâ

PLSA: Probabilisti
 Latent Semanti
 Analysis (1999)

LDA: Latent Diri
hlet Allo
ation (2003)

ARTM: òåìàòè÷åñêàÿ ìîäåëü ñ òðåìÿ ðåãóëÿðèçàòîðàìè

hARTM: äâóõóðîâíåâàÿ èåðàðõè÷åñêàÿ ìîäåëü ARTM

Çàäà÷è ðåãóëÿðèçàòîðîâ â ARTM è hARTM:

ñäåëàòü òåìû êàê ìîæíî áîëåå ðàçëè÷íûìè

ñäåëàòü âåêòîðû p(t|d) êàê ìîæíî áîëåå ðàçðåæåííûìè

íå äîïóñòèòü âûðîæäåííîñòè ðàñïðåäåëåíèé p(w |t)
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Ñòðàòåãèÿ ðåãóëÿðèçàöèè

Ïîñëåäîâàòåëüíîå ïðèìåíåíèå òð¼õ ðåãóëÿðèçàòîðîâ

1

äåêîððåëèðîâàíèå òåì:

R(Φ) = −τ
∑

s,t∈T

∑

w∈W

φwtφws

2

ðàçðåæèâàíèå ðàñïðåäåëåíèé p(t|d):

R(Θ) = −α
∑

d,t

ln θtd

3

ñãëàæèâàíèå ðàñïðåäåëåíèé p(w |t):

R(Φ) = β
∑

t,w

lnφwt
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Ïîñëåäîâàòåëüíûé ïîäáîð êîý��èöèåíòîâ ðåãóëÿðèçàöèè

äåêîððåëèðîâàíèå ðàñïðåäåëåíèé òåðìîâ â òåìàõ (τ),

ðàçðåæèâàíèå ðàñïðåäåëåíèé òåì â äîêóìåíòàõ (α),

ñãëàæèâàíèå ðàñïðåäåëåíèé òåðìîâ â òåìàõ (β).
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

�åçóëüòàòû èçìåðåíèÿ òî÷íîñòè è ïîëíîòû ïî çàïðîñàì

100 çàïðîñîâ, 3 àñåññîðà íà çàïðîñ

òî÷íîñòü è ïîëíîòà ïîèñêà âðåìÿ è F1-ìåðà (àñåññîðû)

0.7 0.8 0.9 1.0
Precision

0.7

0.8

0.9

1.0

1.1

Re
ca

ll

Assessors
Topic search

0 10 20 30 40 50 60
Time (min.)

0.7

0.8

0.9

1.0

F1
-m

ea
su

re

Assessors

ñðåäíåå âðåìÿ îáðàáîòêè çàïðîñà àñåññîðîì � 30 ìèíóò

òî÷íîñòü âûøå ó àñåññîðîâ, ïîëíîòà � ó ïîèñêîâèêà

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 43 / 55



�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Ñðàâíåíèå ñ àñåññîðàìè ïî êà÷åñòâó ïîèñêà

Òî÷íîñòü è ïîëíîòà ïî ïåðâûì k ïîçèöèÿì ïîèñêîâîé âûäà÷è

(êîëëåêöèÿ Habrahabr.ru)
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A.Ianina, K.Vorontsov. Multi-obje
tive topi
 modeling for exploratory sear
h

in te
h news. AINL, 2017.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 44 / 55



�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Ñðàâíåíèå ñ àñåññîðàìè ïî êà÷åñòâó ïîèñêà

Òî÷íîñòü è ïîëíîòà ïî ïåðâûì k ïîçèöèÿì ïîèñêîâîé âûäà÷è

(êîëëåêöèÿ Te
hCrun
h.
om)
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A.Ianina, K.Vorontsov. Multi-obje
tive topi
 modeling for exploratory sear
h

in te
h news. AINL, 2017.
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Âëèÿíèå ÷èñëà òåì íà êà÷åñòâî ïîèñêà

Âñå ðåãóëÿðèçàòîðû è ìîäàëüíîñòè, ïëîñêàÿ ìîäåëü

Habrahabr Te
hCrun
h

àñåññ 100 150 200 250 400 àñåññ 350 400 450 475 500

Pr�5 0.821 0.662 0.721 0.810 0.761 0.693 0.822 0.653 0.725 0.752 0.819 0.777

Pr�10 0.869 0.761 0.812 0.879 0.825 0.673 0.851 0.663 0.732 0.762 0.867 0.811

Pr�15 0.875 0.733 0.795 0.868 0.791 0.651 0.835 0.682 0.743 0.787 0.833 0.793

Pr�20 0.863 0.724 0.795 0.847 0.792 0.642 0.813 0.650 0.743 0.773 0.825 0.793

R�5 0.780 0.732 0.807 0.840 0.821 0.721 0.762 0.731 0.762 0.793 0.835 0.817

R�10 0.817 0.771 0.843 0.870 0.851 0.751 0.792 0.763 0.793 0.812 0.868 0.855

R�15 0.850 0.824 0.895 0.891 0.871 0.773 0.835 0.782 0.807 0.855 0.890 0.882

R�20 0.873 0.857 0.905 0.925 0.892 0.771 0.867 0.792 0.823 0.862 0.919 0.903

ñóùåñòâóåò îïòèìàëüíîå ÷èñëî òåì

÷åì áîëüøå êîëëåêöèÿ, òåì áîëüøå îïòèìóì ÷èñëà òåì
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Âëèÿíèå ÷èñëà òåì íà êà÷åñòâî ïîèñêà

Habrahabr. Âñå ðåãóëÿðèçàòîðû è ìîäàëüíîñòè, òðè óðîâíÿ

|T1| 20 25 30

|T2| 150 200 250 275 300 400 450

|T3| 750 800 1200 1300 1300 1400 1500 1500 1600 3000 3500

Pr�5 0.625 0.743 0.840 0.852 0.869 0.872 0.870 0.805 0.771 0.705 0.672

Pr�10 0.648 0.754 0.851 0.867 0.882 0.915 0.901 0.811 0.799 0.722 0.694

Pr�15 0.632 0.752 0.850 0.872 0.878 0.895 0.889 0.809 0.785 0.729 0.703

Pr�20 0.629 0.745 0.845 0.861 0.871 0.877 0.882 0.803 0.778 0.710 0.681

R�5 0.632 0.780 0.845 0.869 0.883 0.889 0.872 0.851 0.841 0.721 0.695

R�10 0.654 0.792 0.859 0.873 0.905 0.922 0.881 0.873 0.850 0.749 0.703

R�15 0.675 0.805 0.874 0.892 0.932 0.942 0.905 0.889 0.863 0.787 0.725

R�20 0.684 0.824 0.889 0.901 0.958 0.961 0.912 0.904 0.878 0.805 0.734

ñóùåñòâóåò îïòèìàëüíîå ÷èñëî òåì íà êàæäîì óðîâíå

òðè óðîâíÿ ñëåãêà ëó÷øå, ÷åì äâà;

îïòèìàëüíîå ÷èñëî òåì óâåëè÷èâàåòñÿ
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Âëèÿíèå ÷èñëà òåì íà êà÷åñòâî ïîèñêà

Habrahabr. Âñå ðåãóëÿðèçàòîðû è ìîäàëüíîñòè, äâà óðîâíÿ

|T1| 20 25 30

|T2| 150 200 250 275 300 400 450

Pr�5 0.621 0.742 0.839 0.850 0.865 0.869 0.869 0.803 0.769 0.701 0.670

Pr�10 0.645 0.749 0.850 0.861 0.879 0.911 0.895 0.809 0.796 0.719 0.689

Pr�15 0.635 0.751 0.848 0.869 0.873 0.893 0.887 0.807 0.781 0.721 0.701

Pr�20 0.630 0.745 0.841 0.855 0.864 0.874 0.875 0.800 0.775 0.709 0.675

R�5 0.628 0.773 0.843 0.865 0.881 0.881 0.868 0.849 0.839 0.715 0.691

R�10 0.652 0.782 0.855 0.871 0.902 0.918 0.877 0.871 0.845 0.745 0.699

R�15 0.671 0.801 0.870 0.889 0.929 0.939 0.901 0.883 0.861 0.781 0.722

R�20 0.680 0.819 0.886 0.892 0.955 0.955 0.907 0.901 0.872 0.801 0.729

ñóùåñòâóåò îïòèìàëüíîå ÷èñëî òåì íà êàæäîì óðîâíå

äâà óðîâíÿ ëó÷øå, ÷åì îäèí;

ïðè ýòîì îïòèìàëüíîå ÷èñëî òåì óâåëè÷èâàåòñÿ
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Âëèÿíèå ÷èñëà òåì íà êà÷åñòâî ïîèñêà

Te
hCrun
h. Âñå ðåãóëÿðèçàòîðû è ìîäàëüíîñòè, òðè óðîâíÿ

|T1| 80 100 120

|T2| 300 350 500 550 600 700 750

|T3| 1500 1700 2500 2600 2600 2800 3000 3000 3200 4500 4700

Pr�5 0.655 0.707 0.751 0.792 0.887 0.893 0.890 0.789 0.722 0.703 0.678

Pr�10 0.678 0.712 0.773 0.823 0.895 0.922 0.905 0.805 0.741 0.722 0.692

Pr�15 0.692 0.715 0.775 0.831 0.902 0.921 0.907 0.821 0.743 0.725 0.703

Pr�20 0.687 0.709 0.761 0.819 0.889 0.885 0.898 0.809 0.736 0.719 0.683

R�5 0.751 0.795 0.802 0.856 0.871 0.877 0.863 0.852 0.831 0.738 0.705

R�10 0.767 0.812 0.825 0.875 0.892 0.908 0.879 0.871 0.842 0.751 0.711

R�15 0.772 0.824 0.841 0.887 0.912 0.927 0.901 0.893 0.854 0.772 0.721

R�20 0.783 0.830 0.854 0.892 0.931 0.949 0.935 0.905 0.871 0.790 0.732

ñóùåñòâóåò îïòèìàëüíîå ÷èñëî òåì íà êàæäîì óðîâíå

òðè óðîâíÿ ñëåãêà ëó÷øå, ÷åì äâà;

îïòèìàëüíîå ÷èñëî òåì óâåëè÷èâàåòñÿ
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Âëèÿíèå ÷èñëà òåì íà êà÷åñòâî ïîèñêà

Te
hCrun
h. Âñå ðåãóëÿðèçàòîðû è ìîäàëüíîñòè, äâà óðîâíÿ

|T1| 80 100 120

|T2| 300 350 500 550 600 700 750

Pr�5 0.651 0.701 0.749 0.789 0.883 0.889 0.889 0.785 0.721 0.701 0.675

Pr�10 0.675 0.709 0.771 0.821 0.891 0.918 0.902 0.803 0.738 0.718 0.691

Pr�15 0.687 0.712 0.773 0.827 0.899 0.919 0.905 0.817 0.741 0.721 0.701

Pr�20 0.683 0.707 0.759 0.815 0.885 0.888 0.895 0.805 0.732 0.716 0.679

R�5 0.749 0.791 0.801 0.854 0.868 0.875 0.861 0.849 0.829 0.731 0.701

R�10 0.765 0.809 0.823 0.873 0.890 0.904 0.875 0.867 0.835 0.745 0.708

R�15 0.771 0.820 0.841 0.882 0.909 0.921 0.895 0.890 0.848 0.769 0.717

R�20 0.778 0.825 0.851 0.887 0.928 0.942 0.929 0.901 0.869 0.785 0.728

ñóùåñòâóåò îïòèìàëüíîå ÷èñëî òåì íà êàæäîì óðîâíå

äâà óðîâíÿ ëó÷øå, ÷åì îäèí;

ïðè ýòîì îïòèìàëüíîå ÷èñëî òåì óâåëè÷èâàåòñÿ
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Âëèÿíèå ìîäàëüíîñòåé íà êà÷åñòâî ïîèñêà

Âñå ðåãóëÿðèçàòîðû è ìîäàëüíîñòè, 3 óðîâíÿ, îïòèìàëüíîå |T |
Ìîäàëüíîñòè: Words, Bigrams, Authors, Comments, Tags, Hubs, Categories

Habrahabr Te
hCrun
h

àñåññ W Com WB WBTH All àñåññ W C WB WBC All

Pr�5 0.821 0.621 0.558 0.673 0.871 0.872 0.822 0.718 0.569 0.795 0.891 0.893

Pr�10 0.869 0.645 0.567 0.712 0.911 0.915 0.851 0.729 0.592 0.807 0.919 0.922

Pr�15 0.875 0.631 0.532 0.693 0.894 0.895 0.835 0.737 0.603 0.803 0.920 0.921

Pr�20 0.863 0.628 0.531 0.688 0.877 0.877 0.813 0.729 0.594 0.792 0.883 0.885

R�5 0.780 0.725 0.645 0.797 0.888 0.889 0.762 0.754 0.659 0.775 0.874 0.877

R�10 0.817 0.748 0.652 0.812 0.921 0.922 0.792 0.778 0.671 0.808 0.908 0.908

R�15 0.850 0.782 0.679 0.842 0.941 0.942 0.835 0.783 0.679 0.825 0.927 0.927

R�20 0.873 0.789 0.672 0.852 0.960 0.961 0.867 0.785 0.711 0.837 0.949 0.949

ëó÷øå èñïîëüçîâàòü âñå ìîäàëüíîñòè

áèãðàììû è êàòåãîðèè âûèãðûâàþò ó àñåññîðîâ

àâòîðû è êîììåíòàòîðû íàèìåíåå âàæíû
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Âëèÿíèå ðåãóëÿðèçàòîðîâ íà êà÷åñòâî ïîèñêà

Âñå ðåãóëÿðèçàòîðû è ìîäàëüíîñòè, 3 óðîâíÿ, îïòèìàëüíîå |T |
�åãóëÿðèçàòîðû: De
orrelation, Θ-sparsing, Φ-smoothing, Hierar
hy

Habrahabr Te
hCrun
h

íåò D DΘ DΘΦ DΘΦH íåò D DΘ DΘΦ DΘΦH

Pr�5 0.628 0.772 0.771 0.865 0.872 0.652 0.777 0.779 0.879 0.893

Pr�10 0.653 0.781 0.812 0.883 0.915 0.679 0.788 0.819 0.895 0.922

Pr�15 0.642 0.785 0.792 0.891 0.895 0.669 0.791 0.798 0.901 0.921

Pr�20 0.643 0.771 0.783 0.875 0.877 0.673 0.775 0.792 0.892 0.885

R�5 0.692 0.820 0.805 0.875 0.889 0.673 0.825 0.812 0.869 0.877

R�10 0.714 0.831 0.834 0.905 0.922 0.685 0.856 0.845 0.881 0.908

R�15 0.725 0.847 0.867 0.921 0.942 0.712 0.877 0.869 0.912 0.927

R�20 0.735 0.873 0.891 0.943 0.961 0.723 0.892 0.895 0.934 0.949

Ëó÷øå èñïîëüçîâàòü âñå ðåãóëÿðèçàòîðû

Ìîäåëè ñî ñëàáîé ðåãóëÿðèçàöèåé (PLSA, LDA) ñëàáû
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Âëèÿíèå �óíêöèè áëèçîñòè ýìáåäèíãîâ íà êà÷åñòâî ïîèñêà

Âñå ðåãóëÿðèçàòîðû è ìîäàëüíîñòè, 3 óðîâíÿ, îïòèìàëüíîå |T |
Ôóíêöèè áëèçîñòè: Eu
lidean, Cosine, Manhattan, Hellinger, KL-div

Habrahabr Te
hCrun
h

Eu 
os Ma He KL Eu 
os Ma He KL

Pr�5 0.652 0.872 0.772 0.725 0.741 0.647 0.893 0.752 0.742 0.735

Pr�10 0.693 0.915 0.798 0.749 0.772 0.658 0.922 0.794 0.758 0.751

Pr�15 0.695 0.895 0.803 0.737 0.751 0.672 0.921 0.801 0.745 0.742

Pr�20 0.671 0.877 0.789 0.731 0.738 0.652 0.885 0.793 0.739 0.738

R�5 0.693 0.889 0.721 0.742 0.833 0.688 0.877 0.708 0.733 0.858

R�10 0.715 0.922 0.732 0.775 0.868 0.692 0.908 0.715 0.753 0.872

R�15 0.732 0.942 0.739 0.791 0.892 0.724 0.927 0.719 0.785 0.895

R�20 0.741 0.961 0.721 0.812 0.902 0.732 0.949 0.711 0.808 0.901

êîñèíóñíàÿ �óíêöèÿ áëèçîñòè óâåðåííî ëèäèðóåò
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

Âûâîäû ïî ðåçóëüòàòàì ýêñïåðèìåíòîâ

Àñåññîðñêèå äàííûå îòíîñÿòñÿ íå ê òåìàì, à ê êîëëåêöèè;

ïîýòîìó ñ èõ ïîìîùüþ ìîæíî îöåíèâàòü íîâûå ìîäåëè

Íåáîëüøèõ àñåññîðñêèõ äàííûõ õâàòàåò äëÿ îöåíèâàíèÿ

òåìàòè÷åñêèõ ìîäåëåé, êîòîðûå îáó÷àþòñÿ áåç ó÷èòåëÿ

�åãóëÿðèçàòîðû, óëó÷øàþùèå èíòåðïðåòèðóåìîñòü ìîäåëè,

ïîâûøàþò òàêæå è êà÷åñòâî ïîèñêà

Èåðàðõèÿ óëó÷øàåò êà÷åñòâî ïîèñêà (â îñíîâíîì òî÷íîñòü)

áëàãîäàðÿ ñóæåíèþ îáëàñòè ïîèñêà

Ïîäáîð òðàåêòîðèè ðåãóëÿðèçàöèè è îïòèìèçàöèÿ

êîý��èöèåíòîâ ðåãóëÿðèçàöèè âëèÿåò íà êà÷åñòâî ïîèñêà

Ïðè òùàòåëüíîé îïòèìèçàöèè òåìàòè÷åñêèé ïîèñê

ïðåâîñõîäèò êàê àñåññîðîâ, òàê è êîíêóðèðóþùèå ìîäåëè
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�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

�åãóëÿðèçàòîðû, ìîäàëüíîñòè, èåðàðõèè

Ýêñïåðèìåíòû ñ òåìàòè÷åñêèì ïîèñêîì

Ìåòîäèêà èçìåðåíèÿ êà÷åñòâà ïîèñêà

Òåìàòè÷åñêàÿ ìîäåëü äëÿ äîêóìåíòíîãî ïîèñêà

Îïòèìèçàöèÿ ãèïåðïàðàìåòðîâ

�åçþìå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê (exploratory sear
h):

ýòî ïîèñê ïî ñìûñëó, à íå ïî êëþ÷åâûì ñëîâàì

ìîæåò áûòü ïîñòðîåí íà òåìàòè÷åñêîì ìîäåëèðîâàíèè

òðåáóåò ìíîãî�óíêöèîíàëüíîñòè îò òåìàòè÷åñêèõ ìîäåëåé

ÿâëÿåòñÿ îäíîé èç ãëàâíûõ ìîòèâàöèé äëÿ ARTM

è, â ÷àñòíîñòè, äëÿ èåðàðõè÷åñêèõ ìîäåëåé

Îòêðûòûå ïðîáëåìû

ïîñòðîåíèå ðàçíîóðîâíåâûõ èåðàðõèé â ARTM

îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

îïòèìèçàöèÿ ÷èñëà òåì íà êàæäîì óðîâíå èåðàðõèè
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