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äîêóìåíò ëþáîé äëèíû èëè äàæå êîëëåêöèÿ äîêóìåíòîâ

Öåëè ïîèñêà:

ê êàêèì òåìàì îòíîñèòñÿ ìîé çàïðîñ?
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Äîðîæíàÿ êàðòà: êëàñòåðèçàöèÿ ðåëåâàíòíûõ äîêóìåíòîâ

Òî÷êè � ýòî äîêóìåíòû (èëè èõ ôðàãìåíòû)

Êëàñòåðû � ýòî ãðóïïû òåìàòè÷åñêè ñõîæèõ äîêóìåíòîâ

Ôîðìó îáëàêà òî÷åê ìîæíî óäîáíî íàñòðàèâàòü

Tuan M. V. Le, Hady W. Lauw Probabilistic Latent Document Network

Embedding. IEEE International Conference ICDM. 2014.
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Êëàñòåðû
êëàñòåðîâ

êëàñòåðîâ
êëàñòåðîâ...

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

rendering of large graphs. IEEE Trans. Vis. Comput. Graph. 2012.
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Äîðîæíàÿ êàðòà: êëàñòåðèçàöèÿ ðåëåâàíòíûõ äîêóìåíòîâ

¾A map metaphor visualization (left) seems more appealing than
a plain graph layout (right), and clusters seem easier to identify.¿

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

Maps. 2012.
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http://textvis.lnu.se

Èíòåðàêòèâíûé îáçîð 170 ñðåäñòâ âèçóàëèçàöèè òåêñòîâ
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1 Èíòåðíåò-êðàóëèíã . . . . . . . . . . . . . èìåþòñÿ ãîòîâûå ðåøåíèÿ
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3 Òåìàòè÷åñêîå ìîäåëèðîâàíèå . . . . . . . . . ìàòåìàòèêà çäåñü
4 Èíâåðòèðîâàííûé èíäåêñ . . . . . . .èìåþòñÿ ãîòîâûå ðåøåíèÿ
5 Ðàíæèðîâàíèå . . . . . . . . . . . . . . . . . .èìåþòñÿ ãîòîâûå ðåøåíèÿ
6 Âèçóàëèçàöèÿ . . . . . . . . . . . . . . . . . . èìåþòñÿ ãîòîâûå ðåøåíèÿ
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçâåäî÷íûé ïîèñê � çíàíèÿ ¾íà êîí÷èêàõ ïàëüöåâ¿
Ýëåìåíòû ðàçâåäî÷íîãî ïîèñêà
Òðåáîâàíèÿ ê òåìàòè÷åñêèì ìîäåëÿì

Òåìàòè÷åñêàÿ ìîäåëü äëÿ ðàçâåäî÷íîãî ïîèñêà äîëæíà áûòü.. .

1 Èíòåðïðåòèðóåìàÿ : êàæäàÿ òåìà ïîíÿòíà ëþäÿì
2 Ìóëüòèãðàììíàÿ : òåðìèíû-ñëîâîñî÷åòàíèÿ íåðàçðûâíû
3 Ìóëüòèÿçû÷íàÿ : êðîññ-ÿçûêîâîé è ìíîãî-ÿçûêîâîé ïîèñê
4 Ìóëüòèìîäàëüíàÿ : àâòîðû, ñâÿçè, òýãè, ïîëüçîâàòåëè,. . .
5 Äèíàìè÷åñêàÿ : ðàçâèòèå òåì âî âðåìåíè
6 Èåðàðõè÷åñêàÿ: íàñòðàèâàåìàÿ ãðàíóëÿðíîñòü òåì
7 Ñåãìåíòèðóþùàÿ : ãðàíèöû òåì âíóòðè äîêóìåíòà
8 Îáó÷àåìàÿ : ó÷¼ò ýêñïåðòíûõ îöåíîê
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçâåäî÷íûé ïîèñê � çíàíèÿ ¾íà êîí÷èêàõ ïàëüöåâ¿
Ýëåìåíòû ðàçâåäî÷íîãî ïîèñêà
Òðåáîâàíèÿ ê òåìàòè÷åñêèì ìîäåëÿì

Íåäîñòàòêè òåìàòè÷åñêèõ ìîäåëåé äëÿ ðàçâåäî÷íîãî ïîèñêà

1 Ïëîõî ðàçâèòû òåõíèêè êîìáèíèðîâàíèÿ ìîäåëåé

È ïóòè èõ óñòðàíåíèÿ:

1 ARTM: Àääèòèâíàÿ Ðåãóëÿðèçàöèÿ Òåìàòè÷åñêèõ Ìîäåëåé
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçâåäî÷íûé ïîèñê � çíàíèÿ ¾íà êîí÷èêàõ ïàëüöåâ¿
Ýëåìåíòû ðàçâåäî÷íîãî ïîèñêà
Òðåáîâàíèÿ ê òåìàòè÷åñêèì ìîäåëÿì

Íåäîñòàòêè òåìàòè÷åñêèõ ìîäåëåé äëÿ ðàçâåäî÷íîãî ïîèñêà

1 Ïëîõî ðàçâèòû òåõíèêè êîìáèíèðîâàíèÿ ìîäåëåé
2 Èíòåðïðåòèðóåìîñòü ïîêà íå äîñòèãàåòñÿ àâòîìàòè÷åñêè

È ïóòè èõ óñòðàíåíèÿ:

1 ARTM: Àääèòèâíàÿ Ðåãóëÿðèçàöèÿ Òåìàòè÷åñêèõ Ìîäåëåé
2 � àâòîìàòè÷åñêîå âûäåëåíèå òåðìèíîâ n-ãðàìì

� èñïîëüçîâàíèå âíåøíèõ ëèíãâèñòè÷åñêèõ ðåñóðñîâ
� âûäåëåíèå ëåêñè÷åñêèõ ÿäåð òåì

(ðàçðåæåííîñòü, ðàçëè÷íîñòü, ñîãëàñîâàííîñòü)
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçâåäî÷íûé ïîèñê � çíàíèÿ ¾íà êîí÷èêàõ ïàëüöåâ¿
Ýëåìåíòû ðàçâåäî÷íîãî ïîèñêà
Òðåáîâàíèÿ ê òåìàòè÷åñêèì ìîäåëÿì

Íåäîñòàòêè òåìàòè÷åñêèõ ìîäåëåé äëÿ ðàçâåäî÷íîãî ïîèñêà

1 Ïëîõî ðàçâèòû òåõíèêè êîìáèíèðîâàíèÿ ìîäåëåé
2 Èíòåðïðåòèðóåìîñòü ïîêà íå äîñòèãàåòñÿ àâòîìàòè÷åñêè
3 Íå äîñòàòî÷íî èñïîëüçóþòñÿ ëèíãâèñòè÷åñêèå çíàíèÿ

È ïóòè èõ óñòðàíåíèÿ:

1 ARTM: Àääèòèâíàÿ Ðåãóëÿðèçàöèÿ Òåìàòè÷åñêèõ Ìîäåëåé
2 � àâòîìàòè÷åñêîå âûäåëåíèå òåðìèíîâ n-ãðàìì

� èñïîëüçîâàíèå âíåøíèõ ëèíãâèñòè÷åñêèõ ðåñóðñîâ
� âûäåëåíèå ëåêñè÷åñêèõ ÿäåð òåì

(ðàçðåæåííîñòü, ðàçëè÷íîñòü, ñîãëàñîâàííîñòü)
3 Ëèíãâèñòè÷åñêàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

(sentence TM, syntactic TM, segmentation TM,. . . )
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Ðåãóëÿðèçàöèÿ è ìóëüòèìîäàëüíîñòü
BigARTM: îíëàéíîâàÿ ïàðàëëåëüíàÿ ðåàëèçàöèÿ

×òî òàêîå ¾òåìà¿?

Òåìà � ñïåöèàëüíàÿ òåðìèíîëîãèÿ ïðåäìåòíîé îáëàñòè.

Òåìà � íàáîð òåðìèíîâ (ñëîâ èëè ñëîâîñî÷åòàíèé),
ñîâìåñòíî ÷àñòî âñòðå÷àþùèõñÿ â äîêóìåíòàõ.

Áîëåå ôîðìàëüíî,

òåìà � óñëîâíîå ðàñïðåäåëåíèå íà ìíîæåñòâå òåðìèíîâ,
p(wjt ) � âåðîÿòíîñòü òåðìèíà w â òåìå t ;

òåìàòè÷åñêèé ïðîôèëü äîêóìåíòà � óñëîâíîå ðàñïðåäåëåíèå
p(t jd) � âåðîÿòíîñòü òåìû t â äîêóìåíòå d.

Êîãäà àâòîð ïèñàë òåðìèí w â äîêóìåíò d, îí äóìàë î òåìå t ,
è ìû õîòåëè áû äîãàäàòüñÿ, î êàêîé èìåííî

Òåìàòè÷åñêàÿ ìîäåëü âûÿâëÿåò ëàòåíòíûå òåìû ïî
íàáëþäàåìûì ðàñïðåäåëåíèÿì ñëîâ p(wjd) â äîêóìåíòàõ.
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Ðåãóëÿðèçàöèÿ è ìóëüòèìîäàëüíîñòü
BigARTM: îíëàéíîâàÿ ïàðàëëåëüíàÿ ðåàëèçàöèÿ

Ïðÿìàÿ çàäà÷à � ïîðîæäåíèå êîëëåêöèè ïî p(wjt ) è p(t jd)

Âåðîÿòíîñòíàÿ òåìàòè÷åñêàÿ ìîäåëü êîëëåêöèè äîêóìåíòîâ D:

p(wjd) =
P

t
p(wjt )p(t jd); d 2 D
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Ðåãóëÿðèçàöèÿ è ìóëüòèìîäàëüíîñòü
BigARTM: îíëàéíîâàÿ ïàðàëëåëüíàÿ ðåàëèçàöèÿ

Îáðàòíàÿ çàäà÷à � âîññòàíîâëåíèå p(wjt ) è p(t jd) ïî êîëëåêöèè

Äàíî: W � ñëîâàðü òåðìèíîâ
D � êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ d = f w1 : : : wnd g
ndw = ñêîëüêî ðàç òåðìèí w âñòðå÷àåòñÿ â äîêóìåíòåd

Íàéòè ïàðàìåòðû ìîäåëè p(wjd) =
P

t
� wt � td :

� wt = p(wjt ) � âåðîÿòíîñòè òåðìèíîâ w â êàæäîé òåìå t
� td = p(t jd) � âåðîÿòíîñòè òåì t â êàæäîì äîêóìåíòå d

Çàäà÷à ìàêñèìèçàöèè ëîãàðèôìà ïðàâäîïîäîáèÿ:

L (� ; �) =
X

d;w

ndw ln
X

t

� wt � td ! max
� ;�

;

ïðè îãðàíè÷åíèÿõ íîðìèðîâêè è íåîòðèöàòåëüíîñòè

� wt > 0;
P

w
� wt = 1; � td > 0;

P

t
� td = 1
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Ðåãóëÿðèçàöèÿ è ìóëüòèìîäàëüíîñòü
BigARTM: îíëàéíîâàÿ ïàðàëëåëüíàÿ ðåàëèçàöèÿ

PLSA � Probabilistic Latent Semantic Analysis [Hofmann, 19 99]

Òåîðåìà

Òî÷êà ìàêñèìóìà L (� ; �) óäîâëåòâîðÿåò ñèñòåìå óðàâíåíèé
ñî âñïîìîãàòåëüíûìè ïåðåìåííûìè ptdw � p(t jd; w), nwt , ntd :

E-øàã:

M-øàã:

8
>>>>>><

>>>>>>:

ptdw =
� wt � tdP
t 0 � wt 0� t 0d

� wt =
nwt

nt
; nwt =

P

d2 D
ndw ptdw ; nt =

P

w2 W
nwt

� td =
ntd

nd
; ntd =

P

w2 d
ndw ptdw ; nd =

P

t 2 T
ntd

EM-àëãîðèòì � ÷åðåäîâàíèå E- è M-øàãà äî ñõîäèìîñòè,
ò. å.ðåøåíèå ñèñòåìû óðàâíåíèé ìåòîäîì ïðîñòûõ èòåðàöèé .

X Èäåÿ íà áóäóùåå: ìîæíî èñïîëüçîâàòü è äðóãèå ìåòîäû!
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Ðåãóëÿðèçàöèÿ è ìóëüòèìîäàëüíîñòü
BigARTM: îíëàéíîâàÿ ïàðàëëåëüíàÿ ðåàëèçàöèÿ

ÅÌ-àëãîðèòì. Ýëåìåíòàðíàÿ èíòåðïðåòàöèÿ

ÅÌ-àëãîðèòì � ýòî ÷åðåäîâàíèå Å è Ì øàãîâ äî ñõîäèìîñòè.

E-øàã: óñëîâíûå âåðîÿòíîñòè òåì p(t jd; w) äëÿ âñåõt ; d; w
âû÷èñëÿþòñÿ ÷åðåç� wt , � td ïî ôîðìóëå Áàéåñà:

p(t jd; w) =
p(w; t jd)
p(wjd)

=
p(wjt )p(t jd)

p(wjd)
=

� wt � tdP
s � ws� sd

:

Ì-øàã: ÷àñòîòíûå îöåíêè óñëîâíûõ âåðîÿòíîñòåé âû÷èñëÿþòñÿ
ïóò¼ì ñóììèðîâàíèÿ ñ÷¼ò÷èêà ndwt = ndw p(t jd; w):

� wt =
nwt

nt
; nwt =

P

d2 D
ndwt ; nt =

P

w2 W
nwt ;

� td =
ntd

nd
; ntd =

P

w2 d
ndwt ; nd =

P

t 2 T
ntd :
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ
Ðåãóëÿðèçàöèÿ è ìóëüòèìîäàëüíîñòü
BigARTM: îíëàéíîâàÿ ïàðàëëåëüíàÿ ðåàëèçàöèÿ

ARTM � àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêîé ìîäåëè

Ïóñòü, íàðÿäó ñ ïðàâäîïîäîáèåì, òðåáóåòñÿ ìàêñèìèçèðîâàò ü
åù¼n êðèòåðèåâ � ðåãóëÿðèçàòîðîâRi (� ; �) , i = 1 ; : : : ; n.

Ìåòîä ìíîãîêðèòåðèàëüíîé îïòèìèçàöèè � ñêàëÿðèçàöèÿ.

Çàäà÷à ìàêñèìèçàöèè ðåãóëÿðèçîâàííîãî ïðàâäîïîäîáèÿ:
X

d2 D

X

w2 d

ndw ln
X

t 2 T

� wt � td

| {z }
L (� ;�)

+
nX

i =1

� i Ri (� ; �)

| {z }
R(� ;�)

! max
� ;�

;

ïðè îãðàíè÷åíèÿõ íåîòðèöàòåëüíîñòè è íîðìèðîâêè

� wt > 0;
P

w2 W
� wt = 1; � td > 0;

P

t 2 T
� td = 1

ãäå� i > 0 � êîýôôèöèåíòû ðåãóëÿðèçàöèè.
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Çàäà÷à ìàêñèìèçàöèè ðåãóëÿðèçîâàííîãî ïðàâäîïîäîáèÿ:
X

m2 M

� m

X

d2 D

X

w2 W m

ndw ln
X

t 2 T

� wt � td

| {z }
log-ïðàâäîïîäîáèå L m(� ;�)

+
nX

i =1

� i Ri (� ; �)

| {z }
R(� ;�)

! max
� ;�

;

ïðè îãðàíè÷åíèÿõ íåîòðèöàòåëüíîñòè è íîðìèðîâêè

� wt > 0;
P

w2 W m
� wt = 1 ; m 2 M; � td > 0;

P

t 2 T
� td = 1 :

ãäå� m > 0, � i > 0 � êîýôôèöèåíòû ðåãóëÿðèçàöèè.
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EM-àëãîðèòì äëÿ ìóëüòèìîäàëüíîé ARTM

EM-àëãîðèòì = ìåòîä ïðîñòûõ èòåðàöèé äëÿ ñèñòåìû óðàâíåíèé

Òåîðåìà

Òî÷êà ìàêñèìóìà L (� ; �) + R(� ; �) óäîâëåòâîðÿåò ñèñòåìå
óðàâíåíèé ñî âñïîìîãàòåëüíûìè ïåðåìåííûìè ptdw = p(t jd; w):

ptdw = norm
t 2 T

�
� wt � td

�
;

� wt = norm
w2 W m

�
nwt + � wt

@R
@�wt

�
; nwt =

X

d2 D

� m(w)ndw ptdw ;

� td = norm
t 2 T

�
ntd + � td

@R
@�td

�
; ntd =

X

w2 d

� m(w)ndw ptdw ;

ãäåm(w) � ìîäàëüíîñòü òåðìèíà w, ò.å.w 2 W m(w) .
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Äîêàçàòåëüñòâî Òåîðåìû î ðåãóëÿðèçàöèè Ì-øàãà

1. Óñëîâèÿ ÊÊÒ äëÿ� wt , w 2 W m (äëÿ � td âñ¼ àíàëîãè÷íî):
P

d
� mndw

� td
p(wjd) + @R

@�wt
= � t � � wt ; � wt > 0; � wt � wt = 0 :

2. Óìíîæèì îáå ÷àñòè ðàâåíñòâà íà � wt è âûäåëèì ptdw :

� wt � t =
P

d
� mndw

� wt � td
p(wjd) + � wt

@R
@�wt

= nwt + � wt
@R

@�wt
:

3. Àëüòåðíàòèâà: ëèáî� wt = 0 äëÿ âñåõw, ëèáî � t > 0 è

� wt � t =
�

nwt + � wt
@R

@�wt

�

+
:

4. Ñóììèðóåì îáå ÷àñòè ðàâåíñòâà ïî w 2 W m:

� t =
P

w2 W m

�
nwt + � wt

@R
@�wt

�

+
:

5. Ïîäñòàâèì � t èç (4) â (3), ïîëó÷èì òðåáóåìîå. �
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ñãëàæèâàíèå òåì îáùåé ëåêñèêè (LDA)

ðàçðåæèâàíèå ïðåäìåòíûõ òåì

äåêîððåëèðîâàíèå ïðåäìåòíûõ òåì

ýíòðîïèéíîå ðàçðåæèâàíèå äëÿ îòáîðà òåì

ìàêñèìèçàöèÿ ñîãëàñîâàííîñòè (êîãåðåíòíîñòè)
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ìíîãîÿçû÷íîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

è äð.
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Machine Learning. Special Issue �Data Analysis and Intelligent Optimization
with Applications�. Springer, 2014.
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Îíëàéíîâûé ïàðàëëåëüíûé MultiARTM

Áîëüøèå äàííûå: êîëëåêöèÿ íå õðàíèòñÿ â ïàìÿòè
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Ñîîáùåñòâî:

Îòêðûòûé êîä https://github.com/bigartm
(discussion group, issue tracker, pull requests)

Äîêóìåíòàöèÿ http://bigartm.org
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Ëèöåíçèÿ è ñðåäà ðàçðàáîòêè:

Freely available for commercial usage (BSD 3-Clause license)

Cross-platform � Windows, Linux, Mac OS X (32 bit, 64 bit)

Programming APIs: command-line, C++, and Python
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Ýêñïåðèìåíò 1. Îáãîíÿåì êîíêóðåíòîâ ïî ñêîðîñòè

3.7M ñòàòåé àíãëèéñêîé Âèêè, 100K óíèêàëüíûõ ñëîâ

procs train inference perplexity
BigARTM 1 35 min 72 sec 4000
Gensim.LdaModel 1 369 min 395 sec 4161
VowpalWabbit.LDA 1 73 min 120 sec 4108
BigARTM 4 9 min 20 sec 4061
Gensim.LdaMulticore 4 60 min 222 sec 4111
BigARTM 8 4.5 min 14 sec 4304
Gensim.LdaMulticore 8 57 min 224 sec 4455

procs= ÷èñëî ïàðàëëåëüíûõ ïîòîêîâ

inference= âðåìÿ òåìàòèçàöèè 100K òåñòîâûõ äîêóìåíòîâ

perplexityâû÷èñëåíà íà òåñòîâîé âûáîðêå äîêóìåíòîâ
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Ýêñïåðèìåíò 2. Ìóëüòèÿçû÷íàÿ ìîäåëü

Ìîäàëüíîñòè � ýòî ðàçíûå ÿçûêè.

216 175ðóññêî-àíãëèéñêèõ ïàð ñòàòåé Âèêè.
Ïåðâûå 10 ñëîâ è èõ âåðîÿòíîñòÿìè p(wjt ) â %:

Topic 68 Topic 79
research 4.56 èíñòèòóò 6.03 goals 4.48 ìàò÷ 6.02
technology 3.14 óíèâåðñèòåò 3.35 league 3.99 èãðîê 5.56
engineering 2.63 ïðîãðàììà 3.17 club 3.76 ñáîðíàÿ 4.51
institute 2.37 ó÷åáíûé 2.75 season 3.49 ôê 3.25
science 1.97 òåõíè÷åñêèé 2.70 scored 2.72 ïðîòèâ 3.20
program 1.60 òåõíîëîãèÿ 2.30 cup 2.57 êëóá 3.14
education 1.44 íàó÷íûé 1.76 goal 2.48 ôóòáîëèñò 2.67
campus 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 match 1.67 êîìàíäà 2.14
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Ýêñïåðèìåíò 2. Ìóëüòèÿçû÷íàÿ ìîäåëü

216 175ðóññêî-àíãëèéñêèõ ïàð ñòàòåé Âèêè.
Ïåðâûå 10 ñëîâ è èõ âåðîÿòíîñòÿìè p(wjt ) â %:

Topic 88 Topic 251
opera 7.36 îïåðà 7.82 windows 8.00 windows 6.05
conductor 1.69 îïåðíûé 3.13 microsoft 4.03 microsoft 3.76
orchestra 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
performance 0.78 òåàòð 1.14 security 0.92 server 1.54
mozart 0.74 ïàðòèÿ 1.05 mitchell 0.82 ïðîãðàììíûé 1.08
sang 0.70 ñîïðàíî 0.97 oracle 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

Íåçàâèñèìûé àñåññîð îöåíèë 396 òåì èç jT j = 400 êàê õîðîøî
èíòåðïðåòèðóåìûå.
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Ýêñïåðèìåíò 3. Èíòåðïðåòèðóåìîñòü ìóëüòèãðàììíîé ìîäåëè

Äâå ìîäàëüíîñòè � óíèãðàììû è áèãðàììû.

Êîëëåêöèÿ 1000ñòàòåé êîíôåðåíöèé ÌÌÐÎ, ÈÎÈ íà ðóññêîì

ðàñïîçíàâàíèå îáðàçîâ â áèîèíôîðìàòèêå 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 àôôèííûé
èíôîðìàòèâíîñòü îöåíêà èíôîðìàòèâíîñòè àôôèííûé àôôèííûé êîìèòåò
ñîñòîÿíèå ìíîæåñòâî îáúåêòîâ ñëó÷àé àôôèííûé ðàçäåëÿþùèé
çàêîíîìåðíîñòü ðàçðåøèìîñòü çàäà÷è ïîêðûòèå îáùåå ïîëîæåíèå
ñèñòåìà êðèòåðèé ðàçðåøèìîñòè îáùèé ìíîæåñòâî òî÷åê
ñòðóêòóðà èíôîðìàòèâíîñòü ìîòèâà ïðîñòðàíñòâî ñëó÷àé çàäà÷è
çíà÷åíèå ïåðâè÷íàÿ ñòðóêòóðà ñõåìà îáùèé ñëó÷àé
ðåãóëÿðíîñòü òóïèêîâîå ìíîæåñòâî êîìèòåò çàäà÷à MASC
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Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

Ýíòðîïèéíûé ðàçðåæèâàþùèé ðåãóëÿðèçàòîð äëÿ îòáîðà òåì

×òîáû ñäåëàòü ðàñïðåäåëåíèåp(t ) ðàçðåæåííûì,
ìàêñèìèçèðóåì åãî KL-äèâåðãåíöèþ ñ ðàâíîìåðíûì
ðàñïðåäåëåíèåì: KL

� 1
jT j
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�
! max:
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X

t 2 S

1
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d2 D
p(d)� td

| {z }
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Ðåãóëÿðèçîâàííûé M-øàã ðàçðåæèâàåò ñòðîêè� öåëèêîì:

� td = norm
t 2 T

�
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�
1 � �

n
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� �
:

Åñëènt < � n
jT j , òî âñå ýëåìåíòû t -é ñòðîêè îáðàùàþòñÿ â íóëü.
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Ýêñïåðèìåíòû ñ ýíòðîïèéíûì ðàçðåæèâàíèåì òåì

Êîëëåêöèÿ ñòàòåé NIPS (Neural Information Processing System)

jDj = 1566 îáó÷àþùèõ äîêóìåíòîâ; jD0j = 174 òåñòîâûõ

jW j � 1:3 � 104 � ìîùíîñòü ñëîâàðÿ

Ñèíòåòè÷åñêàÿ êîëëåêöèÿ:

ñòðîèì PLSA çà 500 èòåðàöèé,jT0j = 50 òåì íà NIPS

ãåíåðèðóåì (n0
dw ) èç ïîëó÷åííûõ � è � :

n0
dw = nd

X

t 2 T

� wt � td

Ïàðàìåòðè÷åñêîå ñåìåéñòâî ïîëóñèíòåòè÷åñêèõ äàííûõ:

n�
dw � ñìåñü ñèíòåòè÷åñêèõ äàííûõ n0

dw è ðåàëüíûõ ndw :

n�
dw = � ndw + (1 � � )n0

dw
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Ïîïûòêà îïðåäåëåíèÿ ÷èñëà òåì
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Íà ñèíòåòè÷åñêèõ äàííûõ íàä¼æíî íàõîäèì jT j = 50,
â øèðîêîì èíòåðâàëå çíà÷åíèé êîýôôèöèåíòà � ;
îäíàêî íà ðåàëüíûõ äàííûõ íåò ñòîëü ÷¼òêîãî èíòåðâàëà.
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Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
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Óäàëåíèå ëèíåéíî çàâèñèìûõ è ðàñùåïë¼ííûõ òåì

Äîáàâèëè 50 ëèíåéíûõ êîìáèíàöèé òåì â ìîäåëüíóþ � .

Ðàñùåïèëè 50 òåì, êàæäóþ íà äâå ïîäòåìû â ìîäåëüíîé � .

Óäàëÿþòñÿ ëèíåéíî çàâèñèìûå è ðàñùåïë¼ííûå òåìû

Îñòàþòñÿ áîëåå ðàçëè÷íûå òåìû èñõîäíîé ìîäåëè.
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Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

Ðåãóëÿðèçàòîðû äëÿ äèíàìè÷åñêîé òåìàòè÷åñêîé ìîäåëè

Y � ìîìåíòû âðåìåíè (íàïðèìåð, ãîäû ïóáëèêàöèé),
y(d) � ìåòêà âðåìåíè äîêóìåíòà d,
Dy � D � âñå äîêóìåíòû, îòíîñÿùèåñÿ ê ìîìåíòó y 2 Y .

Ãèïîòåçà 1: ðàñïðåäåëåíèåp(t jy) =
P

d2 Dy

� td p(d) ðàçðåæåíî:

R1(�) = � � 1

X

y2 Y

KL
� 1

jT j kp(t jy)
�

! max:

Ãèïîòåçà 2: p(yjt ) ìåíÿþòñÿ ïëàâíî, ñ ðåäêèìè ñêà÷êàìè:

R2(�) = � � 2

X

y2 Y

X

t 2 T

�
�p(yjt ) � p(y� 1jt )

�
� ! max:
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

Ýêñïåðèìåíòû. Çàäà÷à àíàëèçà ïîòîêà ïðåññ-ðåëèçîâ

Êîëëåêöèÿ îôèöèàëüíûõ ïðåññ-ðåëèçîâ âíåøíåïîëèòè÷åñêèõ
âåäîìñòâ ðÿäà ñòðàí íà àíãëèéñêîì ÿçûêå.
Áîëåå 20 òûñ. ñîîáùåíèé çà 10 ëåò, 180Ìá òåêñòà.

Íàéòè:

êàêèå òåìû ïåðìàíåíòíûå?

êàêèå òåìû ïðèâÿçàíû ê ñîáûòèÿì?

êàêèå òåìû è â êàêèå ìîìåíòû êîððåëèðóþò?

Ðåãóëÿðèçàòîðû:

ðàçðåæèâàíèå, ñãëàæèâàíèå, äåêîððåëèðîâàíèå

ðàçðåæèâàíèå òåìp(t jy) â êàæäûé ìîìåíò âðåìåíè y

ñãëàæèâàíèå òåìp(yjt ) â ñîñåäíèå ìîìåíòû âðåìåíè
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

Ýêñïåðèìåíòû. Çàäà÷à àíàëèçà ïîòîêà ïðåññ-ðåëèçîâ

Ïðèìåðû õîðîøî èíòåðïðåòèðóåìûõ òåì

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
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

Ýêñïåðèìåíòû. Çàäà÷à àíàëèçà ïîòîêà ïðåññ-ðåëèçîâ

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
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

Ýêñïåðèìåíòû. Çàäà÷à àíàëèçà ïîòîêà ïðåññ-ðåëèçîâ

Ïðèìåðû ñîáûòèéíûõ òåì è ìîìåíòà 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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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

Ýêñïåðèìåíòû. Çàäà÷à àíàëèçà ïîòîêà ïðåññ-ðåëèçîâ

Ïðèìåðû ïåðìàíåíòíûõ òåì

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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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

Ìîòèâàöèè

Âûáîðêà ìîæåò ñîäåðæàòü íå òîëüêî ïàðû (d; w), íî òàêæå
òðîéêè; : : : ; n-êè ýëåìåíòîâ ðàçíûõ ìîäàëüíîñòåé.

Ïðèìåðû:

Äàííûå ñîöèàëüíîé ñåòè:
(d; u; w) � â áëîãå d ïîëüçîâàòåëü u íàïèñàë ñëîâî w

Äàííûå ñåòè èíòåðíåò-ðåêëàìû:
(u; d; b) � ïîëüçîâàòåëü u êëèêíóë ðåêëàìíîå
îáúÿâëåíèå b íà âåá-ñòðàíèöåd

Äàííûå ðåêîìåíäàòåëüíîé ñèñòåìû:
(u; f ; s) � ïîëüçîâàòåëü u îöåíèë ôèëüì f
â ñèòóàòèâíîì êîíòåêñòå s

Õîòèì îáúÿñíèòü íàáëþäàåìóþ âûáîðêó ð¼áåð ãèïåðãðàôà
ëàòåíòíûìè òåìàòè÷åñêèìè ïðîôèëÿìè åãî âåðøèí.
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

Òåìàòè÷åñêàÿ ìîäåëü ãèïåðãðàôà: îïðåäåëåíèÿ è îáîçíà÷åíè ÿ

� = hV ; Ei � îðèåíòèðîâàííûé ãèïåðãðàô

M � ìíîæåñòâî ìîäàëüíîñòåé
� : V ! M, � (v) � ìîäàëüíîñòü âåðøèíû v
V m � ìíîæåñòâî âñåõ âåðøèí ìîäàëüíîñòè m
K � ìíîæåñòâî òèïîâ ð¼áåð,
� : E ! K , � (e) � òèï ðåáðà e

h = h(k) � ðàçìåðíîñòü ð¼áåð òèïà k
k 7! (m0; : : : ; mh) 2 M h+1 � ìîäàëüíîñòè âåðøèí ð¼áåð òèïà k
m0 � âûäåëåííàÿ ìîäàëüíîñòü-êîíòåéíåð ( � äîêóìåíò)
e = ( d; x), x = ( v1; : : : ; vh) � ðåáðî ñ âåðøèíîé-êîíòåéíåðîì d

X k � íàáëþäàåìàÿ âûáîðêà ð¼áåð òèïà k
ndx � ÷èñëî âõîæäåíèé ðåáðà e = ( d; x) â âûáîðêó X k

pk (d; x) � íåèçâåñòíîå ðàñïðåäåëåíèå íà ð¼áðàõ òèïàk
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

Òåìàòè÷åñêàÿ ìîäåëü ãèïåðãðàôà

Âåðîÿòíîñòíàÿ òåìàòè÷åñêàÿ ìîäåëü ð¼áåð òèïàk:

pk (xjd) =
X

t 2 T

� td

Y

v2 x

� kvt ;

� td = p(t jd) � íå çàâèñÿò îò k
� kvt = pk (vjt ) � ðàñïðåäåëåíèå ýëåìåíòîâ ìîäàëüíîñòè � (v)
â òåìå t íà ð¼áðàõ òèïàk

Çàäà÷à ìàêñèìèçàöèè ðåãóëÿðèçîâàííîãî ïðàâäîïîäîáèÿ:
X

k2 K

� k

X

(d;x)2 X k

ndx ln
X

t 2 T

� td

Y

v2 x

� kvt + R(� ; �) ! max
� ;�

;

� kvt > 0;
P

v2 V m
� kvt = 1 ; k 2 K ; � td > 0;

P

t 2 T
� td = 1 ;

ãäå� k > 0 � âåñà òèïîâ ð¼áåð.
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Ðàçâåäî÷íûé ïîèñê èíôîðìàöèè
Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Íåêîòîðûå ïîëåçíûå ðåãóëÿðèçàòîðû

Ðàçðåæèâàíèå è îïðåäåëåíèå ÷èñëà òåì
Äèíàìè÷åñêèå (òåìïîðàëüíûå) ìîäåëè
Òåìàòè÷åñêèå ìîäåëè íà ãèïåðãðàôàõ

EM-àëãîðèòì äëÿ ìóëüòèìîäàëüíîé ARTM

EM-àëãîðèòì = ìåòîä ïðîñòûõ èòåðàöèé äëÿ ñèñòåìû óðàâíåíèé

Òåîðåìà

Òî÷êà ìàêñèìóìà óäîâëåòâîðÿåò ñèñòåìå óðàâíåíèé
ñî âñïîìîãàòåëüíûìè ïåðåìåííûìè ptdx = p(t jd; x):

ptdx = norm
t 2 T

�
� td

Y

v2 x

� kvt

�
;

� kvt = norm
v2 V m

�
nkvt + � kvt

@R
@�kvt

�
; nkvt =

X

(d;x)2 X k

�
v 2 x

�
� knxptdx ;

� td = norm
t 2 T

�
ntd + � td

@R
@�td

�
; ntd =

X

(d;x)2 X k

� knxptdx ;
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Íàïðàâëåíèÿ äàëüíåéøèõ èññëåäîâàíèé (òîñòû)

Çà èíòåðïðåòèðóåìîñòü òåì!

Çà áîëüøîå ÷èñëî òåì!

Çà ìåëêîçåðíèñòóþ èåðàðõèþ!

Çà ãèïåðãðàôîâûå îáîáùåíèÿ!

Çà ëèíãâèñòè÷åñêóþ ðåãóëÿðèçàöèþ!

Çà àâòîìàòè÷åñêîå èìåíîâàíèå òåì!

Çà ðàçâèòèå BigARTM!

http://bigartm.org
Join BigARTM community!
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