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Òåìàòè÷åñêîå ìîäåëèðîâàíèå, ARTM, BigARTM

Òåìàòè÷åñêîå ìîäåëèðîâàíèå (Topic Mo deling):

âûÿâëåíèå ëàòåíòíîé òåìàòè÷åñêîé ñòðóêòóðû òåêñòîâ,

íà âõîäå � áîëüøàÿ òåêñòîâàÿ êîëëåêöèÿ,

íà âûõîäå � ÷àñòîòû òåì â äîêóìåíòàõ è ñëîâ â òåìàõ

ARTM � òåîðèÿ êîìáèíèðîâàíèÿ òåìàòè÷åñêèõ ìîäåëåé

äëÿ ïîñòðîåíèÿ ìîäåëåé ñ çàäàííûìè ñâîéñòâàìè

BigARTM � ïðîåêò ñ îòêðûòûì êîäîì,

¾ËÅÃÎ-êîíñòðóêòîð¿ òåìàòè÷åñêèõ ìîäåëåé

Îñíîâíîå îòëè÷èå îò áàéåñîâñêèõ ìîäåëåé � ïðîñòîé

ïåðåõîä îò ïîñòàíîâêè çàäà÷è ê àëãîðèòìó
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Ïðèëîæåíèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

ðàçâåäî÷íûé ïîèñê â ïåðñîíàëèçèðîâàííûé ìóëüòèìîäàëüíûé ïîèñê

ýëåêòðîííûõ áèáëèîòåêàõ ïîèñê â ñîöñåòÿõ òåêñòîâ è èçîáðàæåíèé

äåòåêòèðîâàíèå è òðåêèíã íàâèãàöèÿ ïî áîëüøèì óïðàâëåíèåì äèàëîãîì â

íîâîñòíûõ ñþæåòîâ òåêñòîâûì êîëëåêöèÿì ðàçãîâîðíîì èíòåëëåêòå
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Äàíî: êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ

ndw � ÷àñòîòû ñëîâ w â äîêóìåíòàõ d , p̂(wjd) = ndw
nd

Íàéòè: ïàðàìåòðû òåìàòè÷åñêîé ìîäåëè p(wjd) =
P

t 2 T
� wt � td

� wt = p(wjt ) � âåðîÿòíîñòè ñëîâ w â êàæäîé òåìå t

� td = p(t jd) � âåðîÿòíîñòè òåì t â êàæäîì äîêóìåíòå d

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

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :

X

d;w

ndw ln
X

t 2 T

� wt � td + R(� ; �) ! max
� ;�

; R(� ; �) =
X

i

� i Ri (� ; �)

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:

8
>>>>><

>>>>>:

p(t jd; w) = norm
t 2 T

�
� wt � td

�

� wt = norm
w2 W

� P

d2 D
ndw p(t jd; w) + � wt

@R
@�wt

�

� td = norm
t 2 T

� P

w2 d
ndw p(t jd; w) + � td

@R
@�td

�

ãäå norm
t 2 T

(xt ) = maxf xt ;0gP

s2 T
maxf xs;0g � îïåðàöèÿ íîðìèðîâêè âåêòîðà.

Âîðîíöîâ Ê. Â. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

êîëëåêöèé òåêñòîâûõ äîêóìåíòîâ. Äîêëàäû ÐÀÍ. 2014.
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Çàäà÷è ìóëüòèìîäàëüíîãî òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Òåìû îïðåäåëÿþò ðàñïðåäåëåíèÿ íå òîëüêî òåðìèíîâ p(wjt ) ,

íî è äðóãèõ ìîäàëüíîñòåé : p( àâòîð jt ) , p( âðåìÿ jt ) , p( ññûëêà jt ) ,

p( áàííåð jt ) , p( ýëåìåíò_èçîáðàæåíèÿ jt ) , p( ïîëüçîâàòåëü|t ); : : :

Topics of documents

Words and keyphrases of topics

doc1:
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...

Text documents
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m
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s
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etc.
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Ìóëüòèìîäàëüíàÿ ARTM

W m
� ñëîâàðü òîêåíîâ m-é ìîäàëüíîñòè, m 2 M

Ìàêñèìèçàöèÿ ñóììû log ïðàâäîïîäîáèé ñ ðåãóëÿðèçàöèåé:

X

m2 M

� m

X

d2 D

X

w2 W m

ndw ln
X

t 2 T

� wt � td + R(� ; �) ! max
� ;�

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:

8
>>>>><

>>>>>:

p(t jd; w) = norm
t 2 T

�
� wt � td

�

� wt = norm
w2 W m

� P

d2 D
� m(w)ndw p(t jd; w) + � wt

@R
@�wt

�

� td = norm
t 2 T

� P

w2 d
� m(w)ndw p(t jd; w) + � td

@R
@�td

�

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

multimo dal topic mo deling of large collections. CIKM TM workshop, 2015.
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BigARTM: áèáëèîòåêà òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Êëþ÷åâûå âîçìîæíîñòè:

Îíëàéíîâûé ïàðàëëåëüíûé ìóëüòèìîäàëüíûé ARTM

Áîëüøèå äàííûå: êîëëåêöèÿ íå õðàíèòñÿ â ïàìÿòè

Âñòðîåííàÿ áèáëèîòåêà ðåãóëÿðèçàòîðîâ è ìåð êà÷åñòâà

Ñîîáùåñòâî:

Îòêðûòûé êîä https://github.com/bigartm

(discussion group, issue tracker, pull requests)

Äîêóìåíòàöèÿ http://bigartm.org

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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Êà÷åñòâî è ñêîðîñòü: BigARTM vs Gensim è Vowpal Wabbit

3.7M ñòàòåé Âèêèïåäèè, 100K ñëîâ

T = 50 T = 200
ïðîö. ìèíóò ïåðïëåêñèÿ ìèíóò ïåðïëåêñèÿ

BigARTM 1 42 5117 83 3347

BigARTM async 1 25 5131 53 3362

VowpalWabbit 1 50 5413 154 3960

Gensim 1 142 4945 637 3241

BigARTM 4 12 5216 26 3520

BigARTM async 4 7 5353 16 3634

Gensim 4 88 5311 315 3583

BigARTM 8 8 5648 15 3929

BigARTM async 8 5 6220 10 4309

Gensim 8 88 6344 288 4263

D.Ko chedykov, M.Apishev, L.Golitsyn, K.Vorontsov. Fast and Mo dular

Regularized Topic Mo delling. FRUCT ISMW, 2017.
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TransARTM: òåìàòèçèðóåì òðàíçàêöèîííûå äàííûå

Òåêñòû: äîêóìåíòû $ ñëîâà

Ðåêîìåíäàòåëüíûå ñèñòåìû: ñóáúåêòû $ îáúåêòû

Òðàíçàêöèè: âçàèìîäåéñòâèå òð¼õ è áîëåå ñóùíîñòåé

Îáîáùåíèå ëåãêî ñòðîèòñÿ â ARTM!

È óæå ðåàëèçîâàíî â BigARTM!

Èëüÿ Æàðèêîâ . Ãèïåðãðàôîâûå òåìàòè÷åñêèå ìîäåëè òðàíçàêöèîííûõ

äàííûõ. (DataFest ñåãîäíÿ)
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Òðàíçàêöèîííûå äàííûå

Âûáîðêà ìîæåò ñîäåðæàòü íå òîëüêî ïàðû (d; w) , íî òàêæå

òðîéêè, ÷åòâ¼ðêè, : : : , n-êè ýëåìåíòîâ ðàçíûõ ìîäàëüíîñòåé.

Ïðèìåðû:

Äàííûå ñîöèàëüíîé ñåòè:

(d; u; w) � ïîëüçîâàòåëü u çàïèñàë ñëîâî w â áëîãå d

Äàííûå ñåòè èíòåðíåò-ðåêëàìû:

(u; d; b) � ïîëüçîâàòåëü u êëèêíóë áàííåð b íà ñòðàíèöå d

Äàííûå ðåêîìåíäàòåëüíîé ñèñòåìû:

(u; f ; s) � ïîëüçîâàòåëü u îöåíèë ôèëüì f â ñèòóàöèè s

Äàííûå ôèíàíñîâûõ îðãàíèçàöèé:

(b; s; g) � ïîêóïàòåëü u êóïèë ó ïðîäàâöà s òîâàð g

Çàäà÷à: ïî íàáëþäàåìîé âûáîðêå ð¼áåð ãèïåðãðàôà âûÿâèòü

ëàòåíòíûå òåìû åãî âåðøèí.
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Òåìàòè÷åñêàÿ ìîäåëü ãèïåðãðàôà: îïðåäåëåíèÿ è îáîçíà÷åíèÿ

� = hV ; Ei � îðèåíòèðîâàííûé ãèïåðãðàô.

V = V 1 t � � � t V M
� ðàçáèåíèå âåðøèí ïî ìîäàëüíîñòÿì

M � ìíîæåñòâî ìîäàëüíîñòåé:

K � ìíîæåñòâî òèïîâ ð¼áåð:

T � ìíîæåñòâî òåì:

X k
� íàáëþäàåìàÿ âûáîðêà òðàíçàêöèé � ð¼áåð òèïà k

ðåáðî (d; x) : âåðøèíà-êîíòåéíåð d 2 V è âåðøèíû x � V ,

ndx � ÷èñëî âõîæäåíèé ðåáðà (d; x) â âûáîðêó X k

pk (d; x) � íåèçâåñòíîå ðàñïðåäåëåíèå íà ð¼áðàõ òèïà k
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Òåìàòè÷åñêàÿ ìîäåëü ãèïåðãðàôà

Âåðîÿòíîñòíàÿ òåìàòè÷åñêàÿ ìîäåëü ð¼áåð òèïà k :

pk (xjd) =
X

t 2 T

� td

Y

v2 x

� kvt ;

� td = p(t jd) � òåìàòèêà êîíòåéíåðà íå çàâèñèò îò òèïà ðåáðà k
� kvt = pk (vjt ) � äëÿ ìîäàëüíîñòè v â òåìå t íà ð¼áðàõ òèïà k

Çàäà÷à ìàêñèìèçàöèè log ïðàâäîïîäîáèÿ:

X

k2 K

� k

X

(d;x)2 X k

ndx ln
X

t 2 T

� td

Y

v2 x

� kvt ! max
� ;�

;

� kvt > 0;
P

v2 V m
� kvt = 1; � td > 0;

P

t 2 T
� td = 1;

ãäå � k > 0 � âåñà òèïîâ ð¼áåð.
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Ïîñò-îáðàáîòêà Å-øàãà: îáõîäèì ãèïîòåçó ìåøêà ñëîâ

EM-àëãîðèòì äëÿ ãèïåðãðàôîâîé ARTM

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
� ;�

:

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

ñî âñïîìîãàòåëüíûìè ïåðåìåííûìè pktdx = pk (t jd; x) :

E-øàã:

M-øàã:

8
>>>>>>><

>>>>>>>:

pktdx = norm
t 2 T

�
� td

Q

v2 x
� kvt

�

� kvt = norm
v2 V m

� P

(d;x)

�
v 2 x

�
� kndxpktdx + � kvt

@R
@�kvt

�

� td = norm
t 2 T

� P

k2 K

P

(d;x)
� kndxpktdx + � td

@R
@�td

�
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Ïîñò-îáðàáîòêà Å-øàãà: îáõîäèì ãèïîòåçó ìåøêà ñëîâ

Ïîñò-îáðàáîòêà Å-øàãà: îáõîäèì ãèïîòåçó ìåøêà ñëîâ

Ãèïîòåçà ¾ìåøêà ñëîâ¿ � ñàìîå êðèòèêóåìîå

ïðåäïîëîæåíèå òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Êàæåòñÿ, ÷òî îíî çàëîæåíî â ñàìîé êîíñòðóêöèè

ðàçëîæåíèÿ ìàòðèöû p(wjd) = ndw
nd

Òåì íå ìåíåå, ýòî îãðàíè÷åíèå ìîæíî îáîéòè ñ ïîìîùüþ

ðåãóëÿðèçàòîðà Å-øàãà, ó÷èòûâàþùåãî ïîçèöèè ñëîâ

Ëàéôõàê: äåëàòü ïîñò-îáðàáîòêó ìàòðèö p(t jd; w) ,

îñòàëüíîå îñòàâèòü êàê åñòü

Óæå îïèñàíî â ARTM è ðåàëèçîâàíî â BigARTM!

Íèêîëàé Ñêà÷êîâ . Òåìàòè÷åñêàÿ ñåãìåíòàöèÿ òåêñòà. (DataFest ñåãîäíÿ)
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Ïîñò-îáðàáîòêà Å-øàãà: îáõîäèì ãèïîòåçó ìåøêà ñëîâ

Ñåãìåíòíàÿ ñòðóêòóðà òåêñòà è ïîñò-îáðàáîòêà Å-øàãà

Äîêóìåíò d = f w1; : : : ; wnd g, nd � äëèíà äîêóìåíòà d

Ìàòðèöà òåìàòèêè ñëîâ â äîêóìåíòàõ p(t jd; wi ) ðàçìåðà T � nd :

123 ... ... nd
1

.

.

.

|T|

# ñåêöèîíèðîâàíèå è ðàçðåæèâàíèå #

# ñãëàæèâàíèå è êîíòðàñòèðîâàíèå #
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Ðåãóëÿðèçàöèÿ Å-øàãà

Òð¼õìåðíàÿ ìàòðèöà � =
�
ptdw = p(t jd; w)

�
T � D� W

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðàìè R è

~R :

X

d2 D

X

w2 d

ndw ln
X

t 2 T

� wt � td + R(�(� ; �)) + ~R(� ; �) ! max
� ;�

:

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:

8
>>>>>>>>><

>>>>>>>>>:

ptdw = norm
t 2 T

�
� wt � td

�

~ptdw = ptdw

�
1 + 1

ndw

�
@R(�)
@ptdw

�
P

z2 T
pzdw

@R(�)
@pzdw

��

� wt = norm
w2 W

� P

d2 D
ndw ~ptdw + � wt

@~R
@�wt

�

� td = norm
t 2 T

� P

w2 d
ndw ~ptdw + � td

@~R
@�td

�
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Ãèïîòåçà: ïîñò-îáðàáîòêà Å-øàãà � ýòî íåÿâíàÿ ðåãóëÿðèçàöèÿ

Ìåæäó Å- è Ì-øàãîì äîáàâëÿåòñÿ îáðàáîòêà ìàòðèöû

ptdw = p(t jd; w) òåìàòèêè ñëîâ äîêóìåíòà:

~ptdw = ptdw

�
1 +

1
ndw

�
@R(�)
@ptdw

�
X

z2 T

pzdw
@R(�)
@pzdw

��
(1)

Ïîñò-îáðàáîòêà Å-øàãà ïîçâîëÿåò ó÷èòûâàòü ïîðÿäîê ñëîâ

â êàæäîì äîêóìåíòå â îáõîä ãèïîòåçû ¾ìåøêà ñëîâ¿.

Ãèïîòåçà

Ëþáîå ¾ðàçóìíîå¿ ïðåîáðàçîâàíèå ptdw ! ~ptdw ýêâèâàëåíòíî

íåêîòîðîìó ðåãóëÿðèçàòîðó R(�(� ; �)) .

Îòêðûòûé âîïðîñ: ïðè êàêèõ óñëîâèÿõ ïî çàäàííûì

ptdw è ~ptdw âîçìîæíî ïîäîáðàòü ôóíêöèþ R(�) òàê, ÷òîáû

âûïîëíÿëîñü óðàâíåíèå ïîñò-îáðàáîòêè (1)?
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Íîâîå â ÿäðå

Íîâîå â îáîëî÷êàõ

Íîâîå â ïðèìåíåíèÿõ

hARTM: âûÿñíÿåì îòíîøåíèÿ òåì ñ èõ ðîäèòåëÿìè

nGrammer: îòáèðàåì òåðìèíû ïî òåìàòè÷íîñòè

VisARTM: êðàñèì òåìû âî âñå öâåòà ðàäóãè

hARTM: âûÿñíÿåì îòíîøåíèÿ òåì ñ èõ ðîäèòåëÿìè

Ñòðîèòü èåðàðõèè òåì â BigARTM � ýòî î÷åíü ïðîñòî!

1) ïîñòðîèòü ïëîñêóþ ìîäåëü âåðõíåãî óðîâíÿ

2) äëÿ êàæäîãî óðîâíÿ: çàäàòü ÷èñëî òåì,

ñäåëàòü èç ðàñïðåäåëåíèé p(wjt ) ðîäèòåëüñêèõ òåì

ïñåâäî-äîêóìåíòû è äîáàâèòü èõ â êîëëåêöèþ

Ýòî ýêâèâàëåíòíî ðåãóëÿðèçàöèè â ARTM!

Êëàññ hARTM óæå ðåàëèçîâàí ïîâåðõ BigARTM!
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VisARTM: êðàñèì òåìû âî âñå öâåòà ðàäóãè

Ïîñëîéíîå ïîñòðîåíèå óðîâíåé òåìàòè÷åñêîé èåðàðõèè

Øàã 1. Ñòðîèì ìîäåëü ñ íåáîëüøèì ÷èñëîì òåì.

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

Ñòðîèì ìíîæåñòâî äî÷åðíèõ òåì S (subtopics), jSj > jT j .

Ðîäèòåëüñêèå òåìû ïðèáëèæàþòñÿ ñìåñÿìè äî÷åðíèõ òåì:

X

t 2 T

nt KLw

�
p(wjt )








P

s2 S
p(wjs)p(sjt )

�
! min

� ; ~	
;

ãäå p(sjt ) = ~ st ,

~	 = ( ~ st )S� T � ìàòðèöà ñâÿçåé .

Ðîäèòåëüñêàÿ � p � � ~	 , îòñþäà ðåãóëÿðèçàòîð ìàòðèöû � :

R(� ; ~	) = �
X

t 2 T

X

w2 W

nwt ln
X

s2 S

� ws ~ st ! max:

Ðîäèòåëüñêèå òåìû t � ïñåâäî-äîêóìåíòû ñ ÷àñòîòàìè ñëîâ nwt .
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Äâóõóðîâíåâàÿ ìîäåëü êîëëåêöèè p ostnauka.ru

20 òåì íà âåðõíåì óðîâíå, 58 òåì íà íèæíåì óðîâíå
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nGrammer: îòáèðàåì òåðìèíû ïî òåìàòè÷íîñòè

Ó÷¼ò n-ãðàìì ñèëüíî óëó÷øàåò èíòåðïðåòèðóåìîñòü òåì

Êàê îòñåÿòü ìóñîðíûå n-ãðàììû è îñòàâèòü òåðìèíû ?

1) ñòàòèñòè÷åñêè: íàïðèìåð, àëãîðèòì TopMine

2) ñèíòàêñè÷åñêè: íàïðèìåð, ñ ïîìîùüþ SyntaxNet

3) òåìàòè÷åñêè: ïî ïèêîâîñòè ðàñïðåäåëåíèé p(t jw)

Îêàçûâàåòñÿ, 2) íå íóæíî, åñëè äåëàòü 1) è 3)

Äîñòàòî÷íî PLSA (áåç ðåãóëÿðèçàöèè) íà 30�50 òåì

Ðåàëèçîâàíî è ñîâìåñòèìî ñ BigARTM!
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VisARTM: êðàñèì òåìû âî âñå öâåòà ðàäóãè

Òðè ìåòîäà îòáîðà òåðìèíîâ: SyntaxNet + TopMine + BigARTM

Êîëëåêöèÿ jDj = 3200 àííîòàöèé ñòàòåé NIPS (Neural

Information Pro cessing Systems), n = 500 000 ñëîâ

Ðó÷íàÿ ðàçìåòêà íåáîëüøîãî ñëó÷àéíîãî ïîäìíîæåñòâà

(2000 n-ãðàìì) íà òåðìèíû / íå-òåðìèíû

Train : Test = 1000 : 1000

7 ñòàòèñòè÷åñêèõ ïðèçíàêîâ èç TopMine

2 ñèíòàêñè÷åñêèõ ïðèçíàêà èç SyntaxNet

3 òåìàòè÷åñêèõ ïðèçíàêà èç BigARTM, 30 òåì

äâå ìîäåëè êëàññèôèêàöèè:

ëîãèñòè÷åñêàÿ ðåãðåññèÿ, ãðàäèåíòíûé áóñòèíã

Âëàäèìèð Ïîëóøèí . Òåìàòè÷åñêèå ìîäåëè äëÿ ðàíæèðîâàíèÿ ðåêîìåíäàöèé

òåêñòîâîãî êîíòåíòà. Áàêàëàâðñêàÿ äèññåðòàöèÿ, ÂÌÊ ÌÃÓ, 2017.
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Ñðàâíåíèå ìåòîäîâ àâòîìàòè÷åñêîãî îòáîðà òåðìèíîâ

Íàéòè êàê ìîæíî áîëüøå òåðìèíîâ � ïîëíîòà âàæíåå òî÷íîñòè

Ãðóïïà ïðèçíàêîâ Ëèíåéíàÿ ìîäåëü Ãðàäèåíòíûé áóñòèíã

Ñèíò Ñòàò Òåì AUC Òî÷íîñòü Ïîëíîòà AUC Òî÷íîñòü Ïîëíîòà

+ 0.83 0.20 0.91 0.83 0.20 0.91

+ 0.71 0.09 0.94 0.73 0.11 0.90

+ 0.92 0.32 1.00 0.95 0.32 1.00

+ + 0.88 0.22 0.91 0.88 0.24 0.91

+ + 0.91 0.36 0.91 0.95 0.34 0.99

+ + 0.93 0.29 0.94 0.98 0.34 1.00

+ + + 0.95 0.38 0.91 0.97 0.41 0.99

Ñòàò < Ñèí < Ñèí+Ñòàò < Òåì <

Ñòàò+Òåì

Ñèí+Òåì

< Ñòàò+Ñèí+Òåì

Òåìàòè÷åñêèå ïðèçíàêè ñóùåñòâåííî ïîâûøàþò êà÷åñòâî

Ñèíòàêñè÷åñêèå ïðèçíàêè ìîæíî íå èñïîëüçîâàòü
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VisARTM: êðàñèì òåìû âî âñå öâåòà ðàäóãè

Web-ïðèëîæåíèå äëÿ âèçóàëèçàöèè ARTM ìîäåëåé

Îòêðûòûé êîä: https://github.com/bigartm/visartm

Àâòîìàòè÷åñêîå ïåðåñòðîåíèå ìîäåëåé ÷åðåç BigARTM

Òåêñòîâûå èíòåðàêòèâíûå âèçóàëèçàöèè

äîêóìåíòîâ, òåì, òåðìèíîâ, ìîäàëüíîñòåé

Ãðàôè÷åñêàÿ âèçóàëèçàöèÿ èåðàðõè÷åñêèõ ìîäåëåé

Ãðàôè÷åñêàÿ âèçóàëèçàöèÿ òåìïîðàëüíûõ ìîäåëåé

Òåìàòè÷åñêèé ñïåêòð: òåìû ìîæíî ðàíæèðîâàòü òàê,

÷òîáû ñåìàíòè÷åñêè áëèçêèå òåìû ñòîÿëè ðÿäîì

Ñáîð àñåññîðñêèõ îöåíîê
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×òî òàêîå ¾ñïåêòð òåì¿ è çà÷åì îí íóæåí

Âèçóàëèçàöèÿ èåðàðõèè òåì âî âðåìåíè (êîíöåïò):

Èíòåðïðåòèðóåìûå îñè ¾âðåìÿ�òåìû¿

Áëèçêèå òåìû äîëæíû íàõîäèòüñÿ ðÿäîì

Ñïåêòð òåì � îäíîìåðíàÿ ëèíåéíàÿ ïðîåêöèÿ

(íàïðèìåð, íàóêè: ãóìàíèòàðíûå ! åñòåñòâåííûå ! òî÷íûå )
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Ïîñòðîåíèå ñïåêòðà òåì. Ïîñòàíîâêà çàäà÷è

Òåìàòè÷åñêèé ñïåêòð � òàêàÿ ïåðåñòàíîâêà òåì t1; : : : ; t jT j , ÷òî

ñóììà ðàññòîÿíèé ìåæäó ñîñåäíèìè òåìàìè ìèíèìàëüíà:

jT jX

i =2

� (t i ; t i � 1) ! min

Ôóíêöèÿ ðàññòîÿíèÿ � (t ; t 0) ìåæäó òåìàìè, ïðèìåðû:

Ìàíõýòòåíñêîå: � (t ; t 0) =
P

w2 W

�
� � wt � � wt 0

�
�

Õåëëèíãåðà: � 2(t ; t 0) = 1
2

P

w2 W

� p
� wt �

p
� wt 0

� 2

Æàêêàðà: � (t ; t 0) = 1 �
jWt \ Wt 0j
jWt [ Wt 0j

, Wt =
�

w : � wt > 1
jW j
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Ïîñòðîåíèå ñïåêòðà òåì � ýòî çàäà÷à êîììèâîÿæ¼ðà

Çàäà÷à TSP (traveling salesman problem)

Íàéòè ïóòü ìèíèìàëüíîé ñóììàðíîé ñòîèìîñòè, ñîåäèíÿþùèé

T ãîðîäîâ òàê, ÷òîáû â êàæäîì ãîðîäå ïîáûâàòü îäèí ðàç.

Àëãîðèòì Ëèíà�Êåðíèãàíà â ðåàëèçàöèè Õåëüñãàóíà � ëó÷øèé

äëÿ ðåøåíèÿ çàäà÷è TSP, ïî äàííûì Encyclop edia of op erations

research íà 2013 ãîä.

Âû÷èñëèòåëüíàÿ ñëîæíîñòü T 2:2
.

Äðóãèå àëãîðèòìû îêàçàëèñü íå òîëüêî ìåäëåííåå, íî è õóæå

ïî êà÷åñòâó òåìàòè÷åñêèõ ñïåêòðîâ.

Keld Helsgaun. An e�ective implementation of the Lin�Kernighan traveling

salesman heuristic. EJOR, 2000.

Äìèòðèé Ôåäîðÿêà. Òåõíîëîãèÿ èíòåðàêòèâíîé âèçóàëèçàöèè

òåìàòè÷åñêèõ ìîäåëåé. Áàêàëàâðñêàÿ äèññåðòàöèÿ. ÌÔÒÈ, 2017.
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Òåìàòè÷åñêèå ýìáåäèíãè: îáãîíÿåì word2vec

p(t jw) � òåìàòè÷åñêèå âåêòîðíûå ïðåäñòàâëåíèÿ ñëîâ

Ìîäåëè ñåòè ñëîâ WTM (2009) è WNTM (2014) ñòðîÿòñÿ

íå ïî äîêóìåíòàì, à ïî ñîâñòðå÷àåìîñòè ñëîâ

Òåìàòè÷åñêèå âåêòîðû � ðàçðåæåííûå, èíòåðïðåòèðóåìûå

Çàäà÷è ñåìàíòè÷åñêîé áëèçîñòè � ïî÷òè êàê word2vec

Óæå ðåàëèçîâàíî ñ èñïîëüçîâàíèåì BigARTM!

A.Potap enko, A.Pop ov, K.Vorontsov. Interpretable probabilistic emb eddings:

bridging the gap b etween topic mo dels and neural networks. AINL-6, 2017.
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Ìîäåëü ñåòè ñëîâ WNTM äëÿ êîðîòêèõ òåêñòîâ

Èäåÿ: ìîäåëèðîâàòü íå äîêóìåíòû, à ñâÿçè ìåæäó ñëîâàìè.

du � ïñåâäî-äîêóìåíò, îáúåäèíåíèå âñåõ êîíòåêñòîâ ñëîâà u .

nuw � ÷èñëî âõîæäåíèé ñëîâà w â ïñåâäî-äîêóìåíò du .

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

Yuan Zuo, Jichang Zhao, Ke Xu . Word Network Topic Mo del: a simple but

general solution for short and imbalanced texts. 2014.
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Ìîäåëè WNTM è WTM (Word Topic Mo del)

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

p(wjdu) =
X

t 2 T

p(wjt )p(t jdu) =
X

t 2 T

� wt � tu ;

ãäå du � ïñåâäî-äîêóìåíò ñëîâà u .

Ìàêñèìèçàöèÿ ëîãàðèôìà ïðàâäîïîäîáèÿ:

X

u;w2 W

nuw log
X

t 2 T

� wt � tu ! max
� ;�

;

ãäå nuw � ñîâñòðå÷àåìîñòü ñëîâ u; w (êñòàòè, nuw = nwu ).

Yuan Zuo, Jichang Zhao, Ke Xu . Word Network Topic Mo del : a simple but

general solution for short and imbalanced texts. 2014.

Berlin Chen . Word Topic Mo dels for sp oken do cument retrieval and

transcription // ACM Trans., 2009.
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word2vec è ARTM íà çàäà÷àõ àíàëîãèè ñëîâ

Äâà ïîäõîäà ê ñèíòåçó âåêòîðíûõ ïðåäñòàâëåíèé ñëîâ:

ARTM : èíòåðïðåòèðóåìûå ðàçðåæåííûå êîìïîíåíòû

word2vec : èíòåðïðåòèðóåìûå âåêòîðíûå îïåðàöèè

Îïåðàöèÿ Ðåçóëüòàò ARTM Ðåçóëüòàò word2vec

king � b oy + girl

queen , princess,

lord, prince

queen , princess,

regnant, kings

moscow � russia + spain

madrid , barcelona,

aires, buenos

madrid , barcelona,

valladolid, malaga

india � russia + ruble

rup ee , birbhum,

pradesh, madhaya

rup ee , rupiah,

devalued, debased

cars � car + computer

computers , software,

servers,

implementations

computers , software,

hardware,

micro computers

A.Potap enko, A.Pop ov, K.Vorontsov. Interpretable probabilistic emb eddings:

bridging the gap b etween topic mo dels and neural networks. AINL-6, 2017.
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Àãðåãàöèÿ: äîëèâàåì ìîðå äîêóìåíòîâ â ìîäåëü

word2vec è ARTM íà çàäà÷àõ ñåìàíòè÷åñêîé áëèçîñòè ñëîâ

Äàìï Âèêèïåäèè 2016-01-13, jW j = 100 K, ðàçðåæåííîñòü 93%.

Êîíêóðåíòû: LDA, SVD-PPMI, SGNS (word2vec).

Âàðèàíòû ARTM: o� line, on line, on line-with-sp arsing.

WordSim

similarity

WordSim

relatedness

WordSim

joint

Bruni et

al. MEN

Radinsky

m.turk

LDA 0.530 0.455 0.474 0.583 0.483

SVD-PPMI 0.711 0.648 0.672 0.236 0.616

SGNS 0.752 0.632 0.666 0.745 0.661

ARTM o� 0.701 0.615 0.647 0.707 0.613

ARTM on 0.718 0.673 0.685 0.669 0.639

ARTM on-sp 0.728 0.672 0.680 0.675 0.635

A.Potap enko, A.Pop ov, K.Vorontsov. Interpretable probabilistic emb eddings:

bridging the gap b etween topic mo dels and neural networks. AINL-6, 2017.
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Ñðàâíåíèå word2vec è ARTM ïî èíòåðïðåòèðóåìîñòè òåì

SGNS (word2vec) � íåò èíòåðïðåòèðóåìîñòè:

avg hearth so c protector decomp osition whip sto chastic sewer splinter accessory

howie thief thermo dynamic b oltzmann equilibrium kingship unconscious

rainy mio cene snowy horner cfb triassic eleventh amadeus dams tenth mesozoic

fourteenth thirteenth ninth diaries bight demographics seventh almanac eo cene

gnis usda blo omb erg usgs regulator nhk gerd magnetism capacitor fed classi�es

capacitance stadt bip olar multilateral trp o d kunst recipro cal smiths p otassium

ARTM � åñòü èíòåðïðåòèðóåìîñòü:

scottish scotland edinburgh glasgow mps oxford educated cambridge college

ab erdeen dundee royal uk scots fellows �fe corpus kingdom thistle eton angus

game games video gameplay multiplayer puzzle mario nintendo player gaming

p ok playable mortal sup er kombat adventure rpg ds puzzles online smash zelda

election party elected elections parliament assembly seats memb ers minister

legislative electoral lib eral council representatives parliamentary demo cratic

A.Potap enko, A.Pop ov, K.Vorontsov. Interpretable probabilistic emb eddings:

bridging the gap b etween topic mo dels and neural networks. AINL-6, 2017.
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Àãðåãàöèÿ: äîëèâàåì ìîðå äîêóìåíòîâ â ìîäåëü

word2vec è ARTM â çàäà÷å ñåìàíòè÷åñêîé áëèçîñòè äîêóìåíòîâ

ArXiv triplets dataset: 20K òðîåê ñòàòåé:

hñòàòüÿ A, ñõîæàÿ ñòàòüÿ B, íåïîõîæàÿ ñòàòüÿ C i

îáó÷åíèå ïî 1M òåêñòîâ ñòàòåé ArXiv

òåñòèðîâàíèå íà òðèïëåòàõ ArXiv

Êîíêóðåíò DBOW: paragraph2vec

[Dai et. al, 2015]

ARTM ïðåâîñõîäèò ìîäåëü DBOW (distributed bag-of-words).

Andrew Dai, Cristopher Olah, Quo c Le. Do cument Emb edding with Paragraph

Vectors, CoRR, 2015

A.Potap enko, A.Pop ov, K.Vorontsov. Interpretable probabilistic emb eddings:

bridging the gap b etween topic mo dels and neural networks. AINL-6, 2017.
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Çàâîäñêèå íàñòðîéêè: âûêàòûâàåì âñåïîãîäíûé ARTM

Ïðîáëåìà: êîýôôèöèåíòû ðåãóëÿðèçàöèè ïðèõîäèòñÿ

ïîäáèðàòü âðó÷íóþ, äëÿ êàæäîé çàäà÷è çàíîâî

Îòíîñèòåëüíûé êîýôôèöèåíò ðåãóëÿðèçàöèè ~� i (â %) �

ýòî ¾ñèëà¿ âîçäåéñòâèÿ ðåãóëÿðèçàòîðà íà ìîäåëü

Ñòåïåíü èíäèâèäóàëèçàöèè 
 i (îò 0 äî 1) � ÷åì áîëüøå,

òåì ðàâíîìåðíåå âîçäåéñòâèå íà ñòîëáöû � èëè �

~� i è 
 ïîäáèðàþòñÿ óíèâåðñàëüíî ïî ìíîãèì çàäà÷àì
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Îòíîñèòåëüíûå êîýôôèöèåíòû ðåãóëÿðèçàöèè

Ôîðìóëà Ì-øàãà ñî âçâåøåííîé ñóììîé ðåãóëÿðèçàòîðîâ Ri :

� wt = norm
w2 W

�
nwt +

kX

i =1

� i � wt
@Ri

@�wt

�
:

Ñóììàðíîå âîçäåéñòâèå rit ðåãóëÿðèçàòîðà Ri íà òåìó t è

ñóììàðíîå âîçäåéñòâèå ri ðåãóëÿðèçàòîðà Ri íà âñå òåìû:

rit =
X

w2 W

�
�
�
� � wt

@Ri

@�wt

�
�
�
� ; ri =

X

t 2 T

rit :

Îòíîñèòåëüíûé êîýôôèöèåíò ðåãóëÿðèçàöèè ~� i :

� i = ~� i

�

 i

nt

rit
+ (1 � 
 i )

n
ri

�
;

ãäå 
 i � èíäèâèäóàëèçàöèÿ âîçäåéñòâèÿ Ri íà òåìû.
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Ìîäåëü ARTM ¾èç êîðîáêè¿ ñ óíèâåðñàëüíûìè íàñòðîéêàìè

Ðåêîìåíäóåìûé íàáîð ðåãóëÿðèçàòîðîâ è êîýôôèöèåíòîâ

ðåãóëÿðèçàòîð ~� i

Ñãëàæèâàíèå � t ôîíîâûõ òåì Smo othBcgPhi 2
Äåêîððåëèðîâàíèå DecorrelatorPhi 0:05
Ñãëàæèâàíèå � Smo othAllPhi 0

Ðàçðåæèâàíèå � SparseTheta � 0:1
Ñãëàæèâàíèå � ôîíîâûõ òåì Smo othBcgTheta 0:1

Ðåêîìåíäóåìîå çíà÷åíèå èíäèâèäóàëèçàöèè 
 i = 0 :6
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Àãðåãàöèÿ: äîëèâàåì ìîðå äîêóìåíòîâ â ìîäåëü

Ïîñòðîèëè àêêóðàòíóþ ìîäåëü ïî íåáîëüøîé êîëëåêöèè

Õîòèì äîáàâèòü áîëüøóþ êîëëåêöèþ,

1) íå ðàçðóøèâ èìåþùèåñÿ òåìû,

2) îòáðîñèâ íåðåëåâàíòíûå äîêóìåíòû,

3) ñîçäàâ íîâûå ðåëåâàíòíûå òåìû

Ïðèìåð çàäà÷è: àãðåãàöèÿ íàó÷íî-ïîïóëÿðíîãî êîíòåíòà

Êà÷åñòâî ñâÿçåé èåðàðõèè � êîãåðåíòíîñòü

(ñîâñòðå÷àåìîñòü) òîï-ñëîâ äî÷åðíåé è ðîäèòåëüñêîé òåìû

Ì.Ñåëåçí¼âà, À.Áåëûé, À.Øîëîõîâ. Quality evaluation and improvement for

hierarchical topic mo deling. Äèàëîã 2018.
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Ïðèãëàøàåì ê ñîòðóäíè÷åñòâó ïî ïðîåêòàì

Ñîçäàíèå âåá-ñåðâèñîâ òåìàòè÷åñêîãî ïîèñêà

Ðàçðàáîòêà èåðàðõè÷åñêèõ ìîäåëåé áîëüøèõ êîëëåêöèé

Òåìàòèçàöèÿ íîâîñòíûõ ïîòîêîâ

Àíàëèç áàíêîâñêèõ òðàíçàêöèîííûõ äàííûõ

Òåìàòè÷åñêàÿ ñåãìåíòàöèÿ äèàëîãîâ

Äîðàáîòêà VisARTM

Ñîçäàíèå äàòàñåòîâ, äåìî-ìîäåëåé, òüþòîðèàëîâ

http://bigartm.org

k.v.vorontsov@phystech.edu
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