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×òî òàêîå ¾òåìàòè÷åñêîå ìîäåëèðîâàíèå¿ (Topi
 Modeling)

Îäíî èç íàïðàâëåíèé îáðàáîòêè åñòåñòâåííîãî ÿçûêà

�àçíîâèäíîñòü ñòàòèñòè÷åñêîãî àíàëèçà òåêñòîâ

Òåõíîëîãèÿ ïîèñêà èí�îðìàöèè íå ïî ñëîâàì, à ïî ñìûñëó

Âûÿâëåíèå ñêðûòûõ èíòåðåñîâ ïî íàáëþäàåìûì äàííûì

¾Ìÿãêàÿ êëàñòåðèçàöèÿ¿ òåêñòîâûõ äîêóìåíòîâ

Áè-êëàñòåðèçàöèÿ ñëîâ è äîêóìåíòîâ ïî êëàñòåðàì-òåìàì

Ìîäåëü ìàøèííîãî îáó÷åíèÿ áåç ó÷èòåëÿ

(åñòü òåìàòè÷åñêèå ìîäåëè, îáó÷àåìûå ñ ó÷èòåëåì)

Ìîäåëü ÿçûêà, îñíîâàííàÿ íà ãèïîòåçå ¾ìåøêà ñëîâ¿

(åñòü ìíîãî ìîäåëåé, ïðåîäîëåâàþùèõ ýòî îãðàíè÷åíèå)

Ñîòíè ìîäåëåé, òûñÿ÷è ïóáëèêàöèé, òûñÿ÷è ïðèëîæåíèé
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Òåìàòè÷åñêîå ìîäåëèðîâàíèå è ñìåæíûå îáëàñòè èññëåäîâàíèé

Äèíàìèêà öèòèðîâàíèÿ, ïî äàííûì Google S
holar:

Matrix Factorization NNMF, Nonnegative Matrix Factorization Topic Model

PLSA, Probabilistic Latent Semantic Analysis LDA, Latent Dirichlet Allocation Text Categorization

Text Classification Word Embedding word2vec LSTM, long short-term memory
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×òî òàêîå ¾òåìà¿ â êîëëåêöèè òåêñòîâûõ äîêóìåíòîâ?

òåìà � ñåìàíòè÷åñêè îäíîðîäíûé êëàñòåð òåêñòîâ

òåìà � ñïåöèàëüíàÿ òåðìèíîëîãèÿ ïðåäìåòíîé îáëàñòè

òåìà � íàáîð ÷àñòî ñîâìåñòíî âñòðå÷àþùèõñÿ òåðìèíîâ

Áîëåå �îðìàëüíî,

òåìà � óñëîâíîå ðàñïðåäåëåíèå íà ìíîæåñòâå òåðìèíîâ,

p(w |t) � âåðîÿòíîñòü (÷àñòîòà) òåðìèíà w â òåìå t;

òåìàòèêà äîêóìåíòà � óñëîâíîå ðàñïðåäåëåíèå

p(t|d) � âåðîÿòíîñòü (÷àñòîòà) òåìû t â äîêóìåíòå d .

Êîãäà àâòîð ïèñàë òåðìèí w â äîêóìåíòå d , îí äóìàë î òåìå t,

è ìû õîòåëè áû âûÿâèòü, î êàêîé èìåííî.

Òåìàòè÷åñêàÿ ìîäåëü âûÿâëÿåò ëàòåíòíûå (ñêðûòûå) òåìû ïî

íàáëþäàåìûì ðàñïðåäåëåíèÿì ñëîâ p(w |d) â äîêóìåíòàõ.
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Ïðèìåð 1. Ìóëüòèÿçû÷íàÿ ìîäåëü Âèêèïåäèè

216 175 ðóññêî-àíãëèéñêèõ ïàð ñòàòåé. ßçûêè � ìîäàëüíîñòè.

Ïåðâûå 10 ñëîâ è èõ âåðîÿòíîñòè p(w |t) â %:

Òåìà �68 Òåìà �79

resear
h 4.56 èíñòèòóò 6.03 goals 4.48 ìàò÷ 6.02

te
hnology 3.14 óíèâåðñèòåò 3.35 league 3.99 èãðîê 5.56

engineering 2.63 ïðîãðàììà 3.17 
lub 3.76 ñáîðíàÿ 4.51

institute 2.37 ó÷åáíûé 2.75 season 3.49 �ê 3.25

s
ien
e 1.97 òåõíè÷åñêèé 2.70 s
ored 2.72 ïðîòèâ 3.20

program 1.60 òåõíîëîãèÿ 2.30 
up 2.57 êëóá 3.14

edu
ation 1.44 íàó÷íûé 1.76 goal 2.48 �óòáîëèñò 2.67


ampus 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 mat
h 1.67 êîìàíäà 2.14

Àñåññîð îöåíèë 396 òåì èç 400 êàê õîðîøî èíòåðïðåòèðóåìûå.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Sour
e Library

for Regularized Multimodal Topi
 Modeling of Large Colle
tions. AIST-2015.
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Ïðèìåð 1. Ìóëüòèÿçû÷íàÿ ìîäåëü Âèêèïåäèè

216 175 ðóññêî-àíãëèéñêèõ ïàð ñòàòåé. ßçûêè � ìîäàëüíîñòè.

Ïåðâûå 10 ñëîâ è èõ âåðîÿòíîñòè p(w |t) â %:

Òåìà �88 Òåìà �251

opera 7.36 îïåðà 7.82 windows 8.00 windows 6.05


ondu
tor 1.69 îïåðíûé 3.13 mi
rosoft 4.03 mi
rosoft 3.76

or
hestra 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

performan
e 0.78 òåàòð 1.14 se
urity 0.92 server 1.54

mozart 0.74 ïàðòèÿ 1.05 mit
hell 0.82 ïðîãðàììíûé 1.08

sang 0.70 ñîïðàíî 0.97 ora
le 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

Àñåññîð îöåíèë 396 òåì èç 400 êàê õîðîøî èíòåðïðåòèðóåìûå.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Sour
e Library

for Regularized Multimodal Topi
 Modeling of Large Colle
tions. AIST-2015.
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Ïðèìåð 2. Áèãðàììíàÿ ìîäåëü íàó÷íûõ êîí�åðåíöèé

Êîëëåêöèÿ 1000 ñòàòåé êîí�åðåíöèé ÌÌ�Î, ÈÎÈ íà ðóññêîì

ðàñïîçíàâàíèå îáðàçîâ â áèîèí�îðìàòèêå 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 à��èííûé

èí�îðìàòèâíîñòü îöåíêà èí�îðìàòèâíîñòè à��èííûé à��èííûé êîìèòåò

ñîñòîÿíèå ìíîæåñòâî îáúåêòîâ ñëó÷àé à��èííûé ðàçäåëÿþùèé

çàêîíîìåðíîñòü ðàçðåøèìîñòü çàäà÷è ïîêðûòèå îáùåå ïîëîæåíèå

ñèñòåìà êðèòåðèé ðàçðåøèìîñòè îáùèé ìíîæåñòâî òî÷åê

ñòðóêòóðà èí�îðìàòèâíîñòü ìîòèâà ïðîñòðàíñòâî ñëó÷àé çàäà÷è

çíà÷åíèå ïåðâè÷íàÿ ñòðóêòóðà ñõåìà îáùèé ñëó÷àé

ðåãóëÿðíîñòü òóïèêîâîå ìíîæåñòâî êîìèòåò çàäà÷à MASC

Ñåðãåé Ñòåíèí. Ìóëüòèãðàììíûå àääèòèâíî ðåãóëÿðèçîâàííûå

òåìàòè÷åñêèå ìîäåëè // Ìàãèñòåðñêàÿ äèññåðòàöèÿ, ÌÔÒÈ, 2015.
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Ïðèìåð 3. Ñîâìåùåíèå äèíàìè÷åñêîé è n-ãðàììíîé ìîäåëè

Ýêñïåðèìåíòû íà êîëëåêöèè âûñòóïëåíèé ïðåçèäåíòîâ ÑØÀ

Shoaib Jameel, Wai Lam. An N-Gram Topi
 Model for Time-Stamped

Do
uments. ECIR 2013.
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Ïðèìåð 4. Ïîèñê ýòíî-ðåëåâàíòíûõ òåì â ñîöèàëüíûõ ñåòÿõ

Îñíîâíûå çàäà÷è ïðîåêòà:

�àçâåäî÷íûé ïîèñê ýòíè÷íûõ òåì â ñîöèàëüíûõ ìåäèà

Ìîíèòîðèíã ýòèõ òåì âî âðåìåíè è ïî ðåãèîíàì

Âûÿâëåíèå î÷àãîâ âðàæäåáíîñòè, êîí�ëèêíîñòè

Ïîääåðæêà ñîöèîëîãè÷åñêèõ èññëåäîâàíèé

Â ÷¼ì ñëîæíîñòü çàäà÷è:

¾Êëàññè�èöèðîâàòü èãîëêè â ñòîãå ñåíà¿:

ïîäðîáíî òåìàòèçèðîâàòü ìàëóþ äîëþ (ìåíåå 1%) êîíòåíòà

�àðàíòèðîâàòü, ÷òî âñå ýòíè÷íûå òåìû íàéäåíû

Âûÿâëÿòü ñîáûòèéíûå è ðåãèîíàëüíûå òåìû

Âûÿâëÿòü òåìàòè÷åñêèå ñîîáùåñòâà
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Ïðèìåð 4. Ïîèñê ýòíî-ðåëåâàíòíûõ òåì â ñîöèàëüíûõ ñåòÿõ

Ôðàãìåíò ñëîâàðÿ ýòíîíèìîâ (ñëîâà-çàòðàâêè, seed words)

îñìàíñêèé ðóñè÷

âîñòî÷íîåâðîïåéñêèé ñèíãàïóðåö

ýâåíê ïåðóàíñêèé

øâåéöàðñêàÿ ñëîâåíñêèé

àëàíñêèé âåïññêèé

ñààìñêèé íèããåð

ëàòûø àäûãè

ëèòîâåö ñîìàëèåö

öûãàíêà àáõàç

õàíòû-ìàíñèéñêèé òåìíîêîæèé

êàðà÷àåâñêèé íèãåðèåö

êóáèíêà ëÿãóøàòíèê

ãàãàóçñêèé êàìáîäæèåö
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Ïðèìåð 4. Ýòíî-ðåëåâàíòíûå òåìû â ñîöèàëüíûõ ñåòÿõ

(ðóññêèå): ðóññêèé, êíÿçü, ðîññèÿ, òàòàðèí, âåëèêèé, öàðèòü, öàðü, èâàí,

èìïåðàòîð, èìïåðèÿ, ãðîçèòü, ãîñóäàðü, âåê, ìîñêîâñêàÿ, åêàòåðèíà, ìîñêâà,

(ðóññêèå): àêöèÿ, îðãàíèçàöèÿ, ìèòèíã, äâèæåíèå, àêòèâíûé, ìåðîïðèÿòèå,

ñîâåò, ðóññêèé, ó÷àñòíèê, ìîñêâà, îïïîçèöèÿ, ðîññèÿ, ïèêåò, ïðîòåñò, ïðîâåäåíèå,

íàöèîíàëèñò, ïîääåðæêà, îáùåñòâåííûé, ïðîâîäèòü, ó÷àñòèå,

(ñëàâÿíå, âèçàíòèéöû): ñëàâÿíñêèé, ñâÿòîñëàâ, æðåö, äðåâíèå, ïèñüìåííîñòü,

ðþðèê, ëåòîïèñü, âèçàíòèÿ, ìå�îäèé, õàçàðñêèé, ðóññêèé, àçáóêà,

(ñèðèéöû): ñèðèéñêèé, àñàä, áîåâèê, ðàéîí, òåððîðèñò, óíè÷òîæàòü, ãðóïïèðîâêà,

äàìàñê, îðóæèå, àëåñèî, îïïîçèöèÿ, îïåðàöèÿ, ñåëåíèå, ñøà, íóñðà, òóðöèÿ,

(òóðêè): òóðöèÿ, òóðåöêèé, êóðäñêèé, ýðäîãàí, ñòàìáóë, ñòðàíà, êàâêàç, ãîðèí,

ïîëèöèÿ, ïðåìüåð-ìèíèñòð, ðåãèîí, êóðäèñòàí, àòàòþðê, ïàðòèÿ,

(èðàíöû): èðàí, èðàíñêèé, ñøà, ðîññèÿ, ÿäåðíûé, ïðåçèäåíò, òåãåðàí, ñèðèÿ, îîí,

èçðàèëü, ïåðåãîâîðû, îáàìà, ñàíêöèÿ, èñëàìñêèé,

(ïàëåñòèíöû): òåððîðèñò, èçðàèëü, òåðÿòü, ïàëåñòèíñêèé, ïàëåñòèíåö,

òåððîðèñòè÷åñêèé, ïàëåñòèíà, âçðûâ, òåððèòîðèÿ, ñòðàíà, ãîñóäàðñòâî,

áåçîïàñíîñòü, àðàáñêèé, îðãàíèçàöèÿ, èåðóñàëèì, âîåííûé, ïîëèöèÿ, ãàç,

(ëèâàíöû): ëèâàíñêèé, áîåâèê, ðàéîí, ëèâàí, àðìèÿ, òåððîðèñò, àëè, âîåííûé,

õèçáàëëà, ðàíåíûé, óíè÷òîæàòü, ñèðèÿ, ïîäðàçäåëåíèå, êâàðòàë, àðìåéñêèé,

(ëèâèéöû): ëèâàí, äåìîêðàòèÿ, ñòðàíà, ëèâèéñêèé, êàääà�è, ãîñóäàðñòâî,

àëæèð, âîéíà, ïðàâèòåëüñòâî, ñøà, àðàáñêèé, àëè, ìóàììàð, ñèðèÿ,
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Ïðèìåð 4. Ýòíî-ðåëåâàíòíûå òåìû â ñîöèàëüíûõ ñåòÿõ

(åâðåè): èçðàèëü, èçðàèëüñêèé, ñòðàíà, âîéíà, íåòàíüÿõó, òåëü-àâèâ, âðåìÿ, ñøà,

ñèðèÿ, åãèïåò, ñëó÷àé, ñàìîëåò, åâðåéñêèé, âîåííûé, áëèæíèé,

(àìåðèêàíöû): àìåðèêàíñêèé, àìåðèêàíêà, âîéíà, ðîññèÿ, âîåííûé, ñòðàíà,

âàøèíãòîí, àìåðèêà, àðìèÿ, êîíãðåññ, ñèðèÿ, ñîþçíûé, ðîññèéñêèé, îáàìà,

âîéñêà, ðóññêèé, îðóæèå, îïåðàöèÿ,

(íåìöû): àðìèÿ, âîéíà, âîéñêà, ñîâåòñêèé, âîåííûé, äèâèçèÿ, íåìåö, �ðîíò,

íåìåöêèé, ãåíåðàë, áîðò, îïåðàöèÿ, îáîðîíà, ðóññêèé, áîã, ïîáåäà,

(íåìöû): ãåðìàíèé, íåìåö, ãåðìàíñêèé, ñññð, íåìåöêèé, âîéíà, ñòàðîå,

ñîâåòñêèé, ðîññèÿ, áåðåçà, ðóññêèé, ïðàâèòåëüñòâî, òåððèòîðèÿ, ïîëíûé,

äîêóìåíò, âîïðîñ, ñîðò, äîãîâîð, îòíîøåíèå, �ðàíöèÿ,

(åâðåè, íåìöû): åâðåé, åâðåéñêèé, õîëîäíûé, ãåðìàíèé, àíòèñåìèòèçì, ãåòðà,

íåìåö, ñèíàãîãà, ñøà, èçðàèëü, ìàëèíîâñêîãî, êîìèññèÿ, íàöáîë, äîêóìåíò,

âîéíà, åâðåéêà, ìèëëèîí, óêðàèíà,

(óêðàèíöû, íåìöû): óêðàèíñêèé, óïñ, îóí, íåìåö, íåìåöêèé, êîâàëüêîâ, õîõîë,

âîëûíñêèé, áàíäåðà, îðãàíèçàöèÿ, ðîññèÿíèí, ñîâåòñêèé, ðóññêèé, ïîëüñêèé,

àðìèÿ, øóõåâè÷à, ðîâåíñêèé,

(òàäæèêè, óçáåêè): ìèãðàíò, ñòðàíà, ðîññèÿ, ìèãðàöèÿ, àçèÿ, íåëåãàëüíûé,

ìèãðàöèîííûé, òàäæèêèñòàí, ãàñòàðáàéòåð, ãðàæäàíêà, òðóäîâîé, ðàáî÷èé, �ìñ,

êîðåíåâî, ñðåäíåå, óçáåêèñòàí, òàäæèê, ïðîáëåìà, ðóññêèé, íàñåëåíèå,

(êàíàäöû): êîìàíäà, èãðà, èãðîê, êàíàäñêèé, ñåçîí, õîêêåé, ñáîðíàÿ, èãðàòü,

áîëåëüùèê, ïîáåäà, êóáîê, ñ÷åò, çàáèðàòü, õîêêåéíûé, âûèãðûâàòü, õîêêåèñò,

÷åìïèîíàò, øàéáà,
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Ïðèìåð 4. Ýòíî-ðåëåâàíòíûå òåìû â ñîöèàëüíûõ ñåòÿõ

(ÿïîíöû): ÿïîíñêèé, ÿïîíèÿ, êîðåÿ, êèòàéñêèé, æèëèùà, àâàðèÿ, �óêóñèìó,

öóíàìè, ñîîáùàòü, îêåàí, ñòàíöèÿ, õàòèêî, ðàéîí, ïðàâèòåëüñòâî, àòîìíûé,

(íîðâåæöû): äèòÿ, ðåáåíîê, ðîäèòüñÿ, äåòñêèé, ñåìüÿ, âîñïèòàííûé, ïðàâî,

âîçðàñò, îòåö, âîñïèòàíèå, íîðâåæñêèé, ðîäèòåëüñêèé, ðîäèòü, ìàëü÷èê,

âçðîñëûé, îïåêà, ñûí,

(âåíåñóýëüöû): êóáà, êàñòðî, âåíåñóýëà, ÷àâåñ, ïðåçèäåíò, óãî, ìàäóðî, áîëèâèÿ,

�èäåëü, ãëàâà, ëàòèíñêèé, âåíåñóýëüñêèé, ëèäåð, áîëèâàðèàíñêîé,

ïðåçèäåíòñêèé, àëüåíäå, ãåâàðó,

(êèòàéöû): êèòàéñêèé, ðîññèÿ, ïðîèçâîäñòâî, êèòàé, ïðîäóêöèÿ, ñòðàíà,

ïðåäïðèÿòèå, êîìïàíèÿ, òåõíîëîãèÿ, âîåííûé, ðåãèîí, ïðîèçâîäèòü,

ïðîèçâîäñòâåííûé, ïðîìûøëåííîñòü, ðîññèéñêèé, ýêîíîìè÷åñêèé, êíð,

(àçåðáàéäæàíöû): ðóññêèé, àçåðáàéäæàí, àçåðáàéäæàíåö, ðîññèÿ,

àçåðáàéäæàíñêèé, òàêñèñò, äèàñïîðà, àíàïà, íàðîä, ìîñêâà, ñòðàíà, àðìÿíèí,

ñëîâî, ðûíîê,

(ãðóçèíû): ãðóçèíñêèé, ñïåöíàç, âîåííûé, àâãóñò, áàòàøåâà, ðîññèéñêèé,

ñïåöíàçîâåö, ìèðîòâîðåö, îïåðàöèÿ, ðóìûí, áðèãàäà, ìèðîòâîð÷åñêèé, àáõàçèÿ,

ãðóïïà, âîéñêà, ðóññêèé, öõèíâàëå,

(îñåòèíû): êîíñòèòóöèÿ, îñåòèÿ, àìèíàò, ðóññêèé, îñåòèíñêèé, þæíûé, ñåâåðíûé,

ðîññèÿ, âîéíà, ðåñïóáëèêà, âîïðîñ, àëàõàé, ðîññèéñêèé, íàñåëåíèå, êîí�ëèêò,

(öûãàíå): íàðêîòèê, öûãàí, öûãàíêà, õîðîøèé, ìåñòî, ñòðàíà, äåíüãà, âðåìÿ,

ðàáîòàòü, æèçíü, æèòü, ðóêà, äîì, öûãàíñêèé, íàðêîìàíêà,
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�àçíîâèäíîñòè òåìàòè÷åñêèõ ìîäåëåé (îñíîâíûå âåõè)

PLSA (1999) âåðîÿòíîñòíûé ëàòåíòíûé ñåìàíòè÷åñêèé àíàëèç

LDA (2003) ëàòåíòíîå ðàçìåùåíèå Äèðèõëå

ATM (2004) àâòîðû äîêóìåíòîâ

TOT (2006) ìåòêè âðåìåíè äîêóìåíòîâ

HDP (2006) îïðåäåëåíèå ÷èñëà òåì

TNG (2007) ãðóïïèðîâàíèå ñëîâ â ìóëüòèãðàììû

CTM (2007) êîððåëÿöèè ìåæäó òåìàìè

NetPLSA (2008) ãðà� ñâÿçåé ìåæäó äîêóìåíòàìè

ML-LDA (2009) ìíîãîÿçû÷íûå ïàðàëëåëüíûå òåêñòû

ssLDA (2012) ÷àñòè÷íîå îáó÷åíèå

Dependen
y-LDA (2012) êëàññè�èêàöèÿ äîêóìåíòîâ

BitermTM (2013) áèòåðìû â êîðîòêèõ äîêóìåíòàõ

mLDA (2013) ìåòàäàííûå ñ òðåìÿ è áîëåå ìîäàëüíîñòÿìè

WNTM (2014) ëîêàëüíûå êîíòåêñòû ñëîâ

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêèé àíàëèç òåêñòîâ 16 / 59



Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Òåìïîðàëüíàÿ ìîäåëü ÒÎÒ (Topi
s over Time)

1. Êàæäàÿ òåìà èìååò íåïðåðûâíîå β-ðàñïðåäåëåíèå âî âðåìåíè

2. Êàæäîå ñëîâî èìååò ìåòêó âðåìåíè

Xuerui Wang, Andrew M
Callum. Topi
s over Time: A Non-Markov

Continuous-Time Model of Topi
al Trends // ACM SIGKDD-2006
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Òåìïîðàëüíûå òåìàòè÷åñêèå ìîäåëè

Íåàäåêâàòíîñòü TOT î÷åâèäíà äàæå ïî êàðòèíêàì èç ñòàòüè!

Íàøè ïðåäïîëîæåíèÿ:

Âðåìÿ äèñêðåòíî, i ∈ I � èíòåðâàëû âðåìåíè

Êàê è â TOT, òåìû p(w |t) íå ìåíÿþòñÿ âî âðåìåíè

Ïåðìàíåíòíûå òåìû èìåþò ìåäëåííî ìåíÿþùèåñÿ p(i |t)

Ñîáûòèéíûå òåìû èìåþò p(i |t) = 0 ïî÷òè âñ¼ âðåìÿ

Ìåòêè âðåìåíè ïðèïèñûâàþòñÿ äîêóìåíòàì, à íå ñëîâàì

Ïàðàìåòðè÷åñêèå ìîäåëè íå èñïîëüçóþòñÿ

Öåëè ìîäåëèðîâàíèÿ:

êàêèå òåìû îáùèå, êàêèå ñïåöè�è÷íû äëÿ èñòî÷íèêîâ?

êàêèå òåìû ñîáûòèéíûå, êàêèå ïåðìàíåíòíûå?

êàêèå òåìû è êîãäà êîððåëèðóþò ñ çàäàííîé òåìîé?
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Ïðèìåð 5. Äèíàìèêà òåì âî âðåìåíè

Êîëëåêöèÿ î�èöèàëüíûõ ïðåññ-ðåëèçîâ âíåøíåïîëèòè÷åñêèõ

âåäîìñòâ ðÿäà ñòðàí íà àíãëèéñêîì ÿçûêå.

Áîëåå 20 òûñ. ñîîáùåíèé çà 10 ëåò, 180Ìá òåêñòà.

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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Ïðèìåð 5. Äèíàìèêà òåì âî âðåìåíè

Ïðèìåð: ñîáûòèéíûå òåìû è ìîìåíò èõ ñîâìåñòíîãî âñïëåñêà

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

p
(y

|t
)

syrian   
syria   
opposition   
annan   
assad   
league   
kofi   
sri   
damascus   
lanka   
brahimi   
sar

sudan   
darfur   
sudanese   
khartoum   
rebel   
kozak   
cpa   
frazer   
bashir   
garang   
abuja   
kiir

russian   
russia   
federation   
lavrov   
sergey   
moscow   
mfa   
bogdanov   
sphere   
putin   
mass   
interaction

Íèêèòà Äîéêîâ. Àäàïòèâíàÿ ðåãóëÿðèçàöèÿ âåðîÿòíîñòíûõ òåìàòè÷åñêèõ

ìîäåëåé // Áàêàëàâðñêàÿ äèññåðòàöèÿ, ÂÌÊ Ì�Ó. 2015.
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Ïðèìåð 5. Äèíàìèêà òåì âî âðåìåíè

Ïðèìåðû ïåðìàíåíòíûõ òåì (ñãëàæèâàíèå îòêëþ÷åíî)

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
0

0.005

0.01

0.015

0.02

0.025

p
(y

|t
)

student   
cultural   
university   
educational   
youth   
award   
fulbright   
education   
alumnus   
study

woman   
girl   
hiv   
pepfar   
gender   
health   
mother   
hiv/aids   
treatment   
award

rice   
condoleezza   
stanford   
piano   
football   
jefferson   
downer   
music   
rumsfeld   
chappell

Íèêèòà Äîéêîâ. Àäàïòèâíàÿ ðåãóëÿðèçàöèÿ âåðîÿòíîñòíûõ òåìàòè÷åñêèõ

ìîäåëåé // ÂÊ� áàêàëàâðà, 2015. ÂÌÊ Ì�Ó.
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Ïðèìåð 6. Ìîíèòîðèíã ñîîáùåíèé ÑÌÈ ïî êîìïàíèÿì

Òåìû ïðîáëåìíûõ ñèòóàöèé (ÀÔÊ Ñèñòåìà, íîÿ-äåê 2016)
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Ïðèìåð 6. Ìîíèòîðèíã ñîîáùåíèé ÑÌÈ ïî êîìïàíèÿì

Íîâûå âûÿâëåííûå òåìû (ÀÔÊ Ñèñòåìà, íîÿ-äåê 2016)
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Äèíàìèêà òåì: ýâîëþöèÿ ïðåäìåòíîé îáëàñòè

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

Ñòðàòåãèÿ âèçóàëèçàöèè â ñèñòåìàõ TextFlow è RoseRiver:

ýêñïåðò çàäà¼ò ñå÷åíèå èåðàðõèè (äåðåâà) òåì,

èíòåðàêòèâíî âûáèðàåò ïîäìíîæåñòâî òåì è ñîáûòèé,

ïîëó÷àåò ñãåíåðèðîâàííûé îò÷¼ò ñ èí�îãðà�èêîé.

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

in large text 
orpora. 2014.
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

https://
arrotsear
h.
om/foamtree-overview
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Òåõíîëîãèÿ BigARTM

Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

https://
arrotsear
h.
om/foamtree-overview
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

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

Expertise Mining. 2013.
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Âûÿâëåíèå âçàèìîñâÿçåé ìåæäó òåìàìè

D. Blei, J. La�erty. A 
orrelated topi
 model of S
ien
e. 2007.
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Òåìàòè÷åñêèå ìîäåëè öèòèðîâàíèÿ è ãèïåðññûëîê

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

Òåìàòè÷åñêàÿ ìîäåëü âûÿâëÿåò âëèÿòåëüíûå ññûëêè

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

in�uen
es // ICML-2007, Pp. 233�240.
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Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

�åî-ïðîñòðàíñòâåííûå òåìàòè÷åñêèå ìîäåëè

Ïðèìåð: Food dataset. �äå è ÷òî åäÿò ïîëüçîâàòåëè Fli
kr?

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

Geographi
al Topi
 Dis
overy and Comparison // WWW 2011.
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Ìíîãîÿçû÷íûå ìîäåëè ïàðàëëåëüíûõ êîëëåêöèé

Íåîæèäàííîå îòêðûòèå: äâóÿçû÷íûå ñëîâàðè íå íóæíû!

I. Vuli�
, W.De Smet, J. Tang, M.-F.Moens. Probabilisti
 topi
 modeling in

multilingual settings: a short overview of its methodology with appli
ations. 2012.
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Ïðèëîæåíèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

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

Ïîèñê òðåíäîâ, �ðîíòà èññëåäîâàíèé (resear
h front)

Ïîèñê ýêñïåðòîâ, ðåöåíçåíòîâ, ïîäðÿä÷èêîâ (expert sear
h)

Àíàëèç, àãðåãèðîâàíèå, �èëüòðàöèÿ íîâîñòíûõ ïîòîêîâ

�åêîìåíäàòåëüíûå ñèñòåìû

Êàòåãîðèçàöèÿ è êëàññè�èêàöèÿ òåêñòîâûõ äîêóìåíòîâ

Àííîòèðîâàíèå è ñóììàðèçàöèÿ òåêñòîâûõ äîêóìåíòîâ

Òåìàòè÷åñêàÿ ñåãìåíòàöèÿ òåêñòîâûõ äîêóìåíòîâ

Àííîòèðîâàíèå èçîáðàæåíèé, âèäåî, ìóçûêè

Àííîòàöèÿ ãåíîìà è äðóãèå çàäà÷è áèîèí�îðìàòèêè

Àíàëèç äèñêðåòèçèðîâàííûõ áèîìåäèöèíñêèõ ñèãíàëîâ
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Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Êîíöåïöèÿ ðàçâåäî÷íîãî ïîèñêà (exploratory sear
h)

ïîëüçîâàòåëü ìîæåò íå çíàòü êëþ÷åâûõ òåðìèíîâ,

çàïðîñîì ìîæåò áûòü òåêñò ïðîèçâîëüíîé äëèíû,

èí�îðìàöèîííîé ïîòðåáíîñòüþ � ñèñòåìàòèçàöèÿ çíàíèé

íàâèãàöèÿ â ñåòè,

ïîèñê �àêòîâ,

óïîìèíàíèé,

êîíêðåòíûõ îòâåòîâ

ñàìîîáðàçîâàíèå,

òåìàòè÷åñêèé ïîèñê

ñèñòåìàòèçàöèÿ

çíàíèé

èññëåäîâàíèå,

ýêñïåðòèçà,

ðå�åðèðîâàíèå,

ìîíèòîðèíã òåì

Gary Mar
hionini. Exploratory Sear
h: from �nding to understanding. 2006.
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Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Îò áëèæíåãî ÷òåíèÿ (
lose reading) ê äàëüíåìó (distant reading)

Êîíöåïöèÿ äàëüíåãî ÷òåíèÿ Ôðàíêî Ìîðåòòè

Äàëüíåå ÷òåíèå � ýòî ñïåöèàëüíàÿ �îðìà ïðåäñòàâëåíèÿ

çíàíèé: ìåíüøå ýëåìåíòîâ, ãðóáåå ñìûñë èõ âçàèìîñâÿçåé,

âàæíû ëèøü îáùèå î÷åðòàíèÿ è ñòðóêòóðû.

Ìàíòðà Øíåéäåðìàíà

¾Ñíà÷àëà êðóïíûé ïëàí, çàòåì ìàñøàáèðîâàíèå è �èëüòðàöèÿ,

äåòàëè ïî òðåáîâàíèþ¿

B.Shneiderman. The Eyes Have It: A Task by Data Type Taxonomy for

Information Visualizations. Visual Languages, 1996.

F.Moretti. Graphs, Maps, Trees: Abstra
t Models for a Literary History. 2005.

S.Jani
ke, G.Franzini, M.F.Cheema, G.S
heuermann. On Close and Distant

Reading in Digital Humanities: A Survey and Future Challenges. EuroVis, 2015.
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Ïðèìåðû òåìàòè÷åñêèõ ìîäåëåé

�àçíîâèäíîñòè ìîäåëåé

Ïðèëîæåíèÿ

Êîìáèíèðîâàíèå òðåáîâàíèé ê òåìàòè÷åñêèì ìîäåëÿì

Äèíàìè÷åñêàÿ: âûÿâëåíèå èñòîðèè ðàçâèòèÿ òåì

Èåðàðõè÷åñêàÿ: âûÿâëåíèå èåðàðõè÷åñêèõ ñâÿçåé òåì

Èíòåðïðåòèðóåìàÿ: êàæäàÿ òåìà ïîíÿòíà ëþäÿì

Ìóëüòèãðàììíàÿ: òåðìèíû-ñëîâîñî÷åòàíèÿ íåðàçðûâíû

Ìóëüòèìîäàëüíàÿ: àâòîðû, ñâÿçè, òýãè, ïîëüçîâàòåëè,...

Ìóëüòèÿçû÷íàÿ: äëÿ êðîññ- è ìíîãî-ÿçûêîâîãî ïîèñêà

Ñåãìåíòèðóþùàÿ: âûäåëåíèå òåì âíóòðè äîêóìåíòà

Îáó÷àåìàÿ ïî îöåíêàì àñåññîðîâ è ëîãàì ïîëüçîâàòåëåé

Îïðåäåëÿþùàÿ ÷èñëî òåì àâòîìàòè÷åñêè

Ñîçäàþùàÿ è èìåíóþùàÿ íîâûå òåìû àâòîìàòè÷åñêè

Îíëàéíîâàÿ: îáðàáàòûâàþùàÿ êîëëåêöèþ çà 1 ïðîõîä

Ïàðàëëåëüíàÿ, ðàñïðåäåë¼ííàÿ äëÿ áîëüøèõ êîëëåêöèé
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Ïîñòàíîâêà çàäà÷è òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ â PLSA

Äàíî: êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ

ndw � ÷àñòîòà òåðìèíà w â äîêóìåíòå d , p(w |d) = ndw
nd

Íàéòè: ïàðàìåòðû òåìàòè÷åñêîé ìîäåëè 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:
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Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Áàéåñîâñêîå îáó÷åíèå � äîìèíèðóþùèé ïîäõîä â ÒÌ

Îñíîâà ïîäõîäà � áàéåñîâñêèé âûâîä:

Prior(Φ,Θ) + Data → Posterior(Φ,Θ).

LDA (Latent Diri
hlet Allo
ation) � ñàìàÿ ïîïóëÿðíàÿ ìîäåëü,

Prior è Posterior � ðàñïðåäåëåíèÿ Äèðèõëå.

Ïðîáëåìû:

Íàì íóæíû ëèøü çíà÷åíèÿ Φ,Θ, à íå ðàñïðåäåëåíèÿ

Prior Äèðèõëå ëèíãâèñòè÷åñêè ñëàáî îáîñíîâàí

Çàäà÷à ñèëüíî óñëîæíÿåòñÿ äëÿ äðóãèõ Prior

Áàéåñîâñêèé âûâîä óíèêàëåí äëÿ êàæäîé ìîäåëè

Òåõíè÷åñêè òðóäíî êîìáèíèðîâàòü ìîäåëè

Blei D., Ng A., Jordan M. Latent Diri
hlet Allo
ation // JMLR, 2003.
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ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Ìè�û ïðî LDA

LDA ñóùåñòâåííî ìåíüøå ïåðåîáó÷àåòñÿ, ÷åì PLSA

LDA ñòðîèò ðàçðåæåííûå òåìàòè÷åñêèå ìîäåëè

LDA èìååò ìåíüøå ïàðàìåòðîâ ïî ñðàâíåíèþ ñ PLSA

LDA == òåìàòè÷åñêîå ìîäåëèðîâàíèå

Íà ñàìîì äåëå,

LDA è PLSA ïî÷òè íå îòëè÷àþòñÿ íà áîëüøèõ äàííûõ

LDA íå ìàêñèìèçèðóåò ðàçðåæåííîñòü ìîäåëåé

LDA èìååò áîëüøå ïàðàìåòðîâ ïî ñðàâíåíèþ ñ PLSA

LDA � ëèøü ñàìàÿ ïðîñòàÿ áàçîâàÿ ìîäåëü

Asun
ion A., Welling M., Smyth P., Teh Y. W. On smoothing and inferen
e

for topi
 models. Int'l Conf. on Un
ertainty in Arti�
ial Intelligen
e, 2009.
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Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

25 ïîëåçíûõ ñâîéñòâ òåìàòè÷åñêèõ ìîäåëåé

Òåìàòè÷åñêîå ìîäåëèðîâàíèå � ìíîãîêðèòåðèàëüíàÿ çàäà÷à

interpretable sparse robust de
orrelated multigram

multimodal multilingual hierar
hi
al temporal spa
io-temporal

short-text senten
e segmentation relational sentiment

supervised 
lassi�
ation semi-supervised auto-labeled summarization

fast online extendable parallel distributed

Äëÿ êàæäîãî ñâîéñòâà X èìååòñÿ ìàññà ëèòåðàòóðû

ïî áàéåñîâñêèì ìîäåëÿì ¾X Topi
 Model¿ (ïîãóãëèòå!)

Ïðî êîìáèíàöèè äâóõ ñâîéñòâ ¾X Y Topi
 Model¿

ëèòåðàòóðû íàìíîãî ìåíüøå.

Êîìáèíèðîâàíèå òð¼õ è áîëåå ìîäåëåé êðàéíå ðåäêî.

Ïðè÷èíà � íåîáõîäèìîñòü çàíîâî ðåøàòü ìàòåìàòè÷åñêóþ

çàäà÷ó äëÿ êàæäîé ìîäåëè èëè êîìáèíàöèè ìîäåëåé.
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Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Çàäà÷è, íåêîððåêòíî ïîñòàâëåííûå ïî Àäàìàðó

Çàäà÷à êîððåêòíî ïîñòàâëåíà,

åñëè å¼ ðåøåíèå

ñóùåñòâóåò,

åäèíñòâåííî,

óñòîé÷èâî.

Æàê Ñàëîìîí Àäàìàð

(1865�1963)

Çàäà÷à ñòîõàñòè÷åñêîãî ìàòðè÷íîãî ðàçëîæåíèÿ íåêîððåêòíî

ïîñòàâëåíà, òàê êàê èìååòñÿ áåñêîíå÷íîå ìíîæåñòâî ðåøåíèé:

ΦΘ = (ΦS)(S−1Θ) = Φ′Θ′

äëÿ íåâûðîæäåííûõ ST×T òàêèõ, ÷òî Φ′,Θ′
� ñòîõàñòè÷åñêèå.

�åãóëÿðèçàöèÿ � ñòàíäàðòíûé ïðè¼ì, ââåäåíèå íîâûõ

îãðàíè÷åíèé èëè êðèòåðèåâ, äîîïðåäåëÿþùèõ ðåøåíèå.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêèé àíàëèç òåêñòîâ 40 / 59



Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

ARTM � Àääèòèâíàÿ �åãóëÿðèçàöèÿ Òåìàòè÷åñêèõ Ìîäåëåé

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :

∑

d,w

ndw ln
∑

t

φwtθtd +R(Φ,Θ) → max
Φ,Θ

; R(Φ,Θ) =
∑

i

τiRi(Φ,Θ)

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:



























ptdw = norm
t∈T

(

φwtθtd
)

φwt = norm
w∈W

(

∑

d∈D

ndwptdw + φwt
∂R
∂φwt

)

θtd = norm
t∈T

(

∑

w∈d

ndwptdw + θtd
∂R
∂θtd

)

Âîðîíöîâ Ê. Â. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

êîëëåêöèé òåêñòîâûõ äîêóìåíòîâ. Äîêëàäû �ÀÍ. 2014.
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Îíëàéíîâûé EM-àëãîðèòì ñ ðåãóëÿðèçàöèåé

Âõîä: êîëëåêöèÿ D, ÷èñëî òåì |T |, ïàðàìåòðû imax, jmax, γ;

Âûõîä: ìàòðèöû òåðìèíîâ òåì Θ è òåì äîêóìåíòîâ Φ;

èíèöèàëèçèðîâàòü nwt := 0;
äëÿ âñåõ i = 1, . . . , imax (èòåðàöèè ïî êîëëåêöèè)

äëÿ âñåõ äîêóìåíòîâ d ∈ D

äëÿ âñåõ j = 1, . . . , jmax (èòåðàöèè ïî äîêóìåíòó)

ptdw := norm
t∈T

(

φwtθtd
)

;

θtd := norm
t∈T

(

∑

w∈d

ndwptdw + θtd
∂R
∂θtd

)

;

nwt := γnwt + ndwptdw ;

åñëè ïîðà îáíîâèòü ìàòðèöó Φ òî

φwt := norm
w∈W

(

nwt + φwt
∂R
∂φwt

)

;
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Ñðàâíåíèå î��ëàéíîâîãî è îíëàéíîâîãî àëãîðèòìîâ

Î��ëàéí ÅÌ-àëãîðèòì:

1

ìíîãîêðàòíîå èòåðèðîâàíèå ïî êîëëåêöèè

2

îäíîêðàòíûé ïðîõîä ïî äîêóìåíòó

3

õðàíåíèå ìàòðèöû Θ

4

îáíîâëåíèå Φ â êîíöå êàæäîãî ïðîõîäà ïî êîëëåêöèè

5

ïðèìåíÿåòñÿ ïðè îáðàáîòêå íåáîëüøèõ êîëëåêöèé

Îíëàéí ÅÌ-àëãîðèòì:

1

îäíîêðàòíûé ïðîõîä ïî êîëëåêöèè

2

ìíîãîêðàòíîå èòåðèðîâàíèå ïî êàæäîìó äîêóìåíòó

3

íåò íåîáõîäèìîñòè õðàíèòü ìàòðèöó Θ

4

îáíîâëåíèå Φ ÷åðåç çàäàííîå ÷èñëî ïàêåòîâ

5

ïðèìåíÿåòñÿ ïðè ïîòîêîâîé îáðàáîòêå áîëüøèõ êîëëåêöèé
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Çàäà÷è ìóëüòèìîäàëüíîãî òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Òåìû îïðåäåëÿþò ðàñïðåäåëåíèÿ íå òîëüêî òåðìèíîâ p(w |t),
íî è äðóãèõ ìîäàëüíîñòåé: p(àâòîð|t), p(âðåìÿ|t), p(ññûëêà|t),
p(áàííåð|t), p(ýëåìåíò_èçîáðàæåíèÿ|t), p(ïîëüçîâàòåëü|t), . . .

Topics of documents

Words and keyphrases of topics

doc1:

doc2:

doc3:

doc4:

...

Text documents

Topic
Modeling

D
o
c
u
m
e
n
t
s

T
o
p
i
c
s

Metadata:

Authors
Data Time
Conference
Organization
URL
etc.

Ads Images Links

Users
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Ìóëüòèìîäàëüíàÿ ARTM

Wm
� ñëîâàðü òîêåíîâ 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

)

.
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Îáçîð ïîëåçíûõ ðåãóëÿðèçàòîðîâ

�àçðåæèâàíèå ìàòðèö Φ è Θ

Ñãëàæèâàíèå �îíîâûõ òåì äëÿ âûäåëåíèÿ îáùåé ëåêñèêè

Äåêîððåëèðîâàíèå (óñèëåíèå ðàçëè÷íîñòè) òåì

Îòáîð íåçíà÷èìûõ, äóáëèðóþùèõ è çàâèñèìûõ òåì

Ñâÿçûâàíèå òåì ñ ðîäèòåëüñêèì óðîâíåì èåðàðõèè

Ñãëàæèâàíèå p(i |t) â òåìïîðàëüíûõ ìîäåëÿõ

�àçðåæèâàíèå p(t|i) äëÿ âûäåëåíèÿ ñîáûòèéíûõ òåì

Îáó÷åíèå ñ ó÷èòåëåì äëÿ çàäà÷ êëàññè�èêàöèè è

ðåãðåññèè

Ìîäåëü äèñòðèáóòèâíîé ñåìàíòèêè WNTM, àíàëîã word2ve


Ìîäåëü áèòåðìîâ Biterm-TM äëÿ êîðîòêèõ òåêñòîâ (twitter)
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Êðèòåðèè êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Âíåøíèå êðèòåðèè:

Ïîëíîòà è òî÷íîñòü òåìàòè÷åñêîãî ïîèñêà

Êà÷åñòâî ðàíæèðîâàíèÿ ïðè òåìàòè÷åñêîì ïîèñêå

Êà÷åñòâî òåìàòè÷åñêèõ ðåêîìåíäàöèé

Êà÷åñòâî êàòåãîðèçàöèè äîêóìåíòîâ

Ýêñïåðòíûå îöåíêè êà÷åñòâà òåì

Âíóòðåííèå êðèòåðèè:

Ïåðïëåêñèÿ

Ñðåäíÿÿ êîãåðåíòíîñòü (ñîãëàñîâàííîñòü) òåì

�àçðåæåííîñòü ìàòðèö Φ è Θ

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêèé àíàëèç òåêñòîâ 47 / 59



Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Èíòåðïðåòèðóåìîñòè è êîãåðåíòíîñòü

Òåìà èíòåðïðåòèðóåìàÿ, åñëè ïî òîïîâûì ñëîâàì òåìû ýêñïåðò

ìîæåò îïðåäåëèòü, î ÷¼ì ýòà òåìà, è äàòü åé íàçâàíèå.

Ýêñïåðòíûå îöåíêè:

� èíòåðïðåòèðóåìîñòü òåìû ïî áàëëüíîé øêàëå;

� êàæäóþ òåìó îöåíèâàþò íåñêîëüêî ýêñïåðòîâ.

Ìåòîä èíòðóçèé (intrusion):

� â ñïèñîê òîïîâûõ ñëîâ âíåäðÿåòñÿ ëèøíåå ñëîâî;

� èçìåðÿåòñÿ äîëÿ îøèáîê ýêñïåðòîâ åãî ïðè îïðåäåëåíèè

Íóæíà àâòîìàòè÷åñêè âû÷èñëÿåìàÿ ìåðà èíòåðïðåòèðóåìîñòè,

êîððåëèðóþùàÿ ñ ýêñïåðòíûìè îöåíêàìè.

Åþ îêàçàëàñü êîãåðåíòíîñòü (ñîãëàñîâàííîñòü, 
oheren
e).

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÷åñêèé àíàëèç òåêñòîâ 48 / 59



Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Ýêñïåðèìåíò. Ñâÿçü êîãåðåíòíîñòè è èíòåðïðåòèðóåìîñòè

Èçìåðÿëàñü ðàíãîâàÿ

êîððåëÿöèÿ Ñïèðìåíà

ìåæäó 15 ìåòðèêàì

è ýêñïåðòíûìè îöåíêàìè

èíòåðïðåòèðóåìîñòè.

PMI � ëó÷øàÿ ìåòðèêà.

Gold-standard � ñðåäíÿÿ

êîððåëÿöèÿ Ñïèðìåíà

ìåæäó îöåíêàìè

ðàçíûõ ýêñïåðòîâ.

Âûâîä: êîãåðåíòíîñòü áëèçêà ê ¾çîëîòîìó ñòàíäàðòó¿.

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



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

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîñòàíîâêà çàäà÷è

ARTM: êîìáèíèðîâàíèå òåìàòè÷åñêèõ ìîäåëåé

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ ìîäåëåé

Êîãåðåíòíîñòü êàê âíóòðåííÿÿ ìåðà èíòåðïðåòèðóåìîñòè

Êîãåðåíòíîñòü (ñîãëàñîâàííîñòü) òåìû t ïî k òîïîâûì ñëîâàì:

PMIt =
2

k(k − 1)

k−1
∑

i=1

k
∑

j=i

PMI(wi ,wj )

ãäå wi � i -é òåðìèí â ïîðÿäêå óáûâàíèÿ φwt .

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

NuNv
� ïîòî÷å÷íàÿ âçàèìíàÿ èí�îðìàöèÿ

(pointwise mutual information),

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.
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîäãîòîâêà äàííûõ

Òåõíîëîãèÿ BigARTM

Âèçóàëèçàöèÿ

Ïðåäâàðèòåëüíàÿ îáðàáîòêà òåêñòîâîé êîëëåêöèè

Óäàëåíèå �îðìàòèðîâàíèÿ, ïåðåíîñîâ, íå-òåêñòà

Èñïðàâëåíèå îïå÷àòîê

Ñëèÿíèå ñëèøêîì êîðîòêèõ òåêñòîâ

Ëåììàòèçàöèÿ (ðóññêèé) èëè ñòåììèíã (àíãëèéñêèé)

Âûäåëåíèå òåðìèíîâ (term extra
tion)

Âûäåëåíèå èìåíîâàííûõ ñóùíîñòåé (named entities)

Óäàëåíèå ñòîï-ñëîâ è ñëèøêîì ðåäêèõ ñëîâ

Ïîäãîòîâêà áàò÷åé äëÿ ïàêåòíîé îáðàáîòêè
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîäãîòîâêà äàííûõ

Òåõíîëîãèÿ BigARTM

Âèçóàëèçàöèÿ

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.
om/bigartm

(dis
ussion group, issue tra
ker, pull requests)

Äîêóìåíòàöèÿ http://bigartm.org

Ëèöåíçèÿ è ñðåäà ðàçðàáîòêè:

Freely available for 
ommer
ial usage (BSD 3-Clause li
ense)

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

Programming APIs: 
ommand-line, C++, and Python
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîäãîòîâêà äàííûõ

Òåõíîëîãèÿ BigARTM

Âèçóàëèçàöèÿ

BigARTM óïðîùàåò ðàçðàáîòêó òåìàòè÷åñêèõ ìîäåëåé

Äëÿ ïîñòðîåíèÿ ñëîæíûõ ìîäåëåé â BigARTM íå íóæíû

íè ìàòåìàòè÷åñêèå âûêëàäêè, íè ïðîãðàììèðîâàíèå ¾ñ íóëÿ¿.
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîäãîòîâêà äàííûõ

Òåõíîëîãèÿ BigARTM

Âèçóàëèçàöèÿ

Òåñòû ïðîèçâîäèòåëüíîñòè

3.7M ñòàòåé àíãëèéñêîé Âèêè, 100K óíèêàëüíûõ ñëîâ

pro
s train inferen
e perplexity

BigARTM 1 35 min 72 se
 4000

Gensim.LdaModel 1 369 min 395 se
 4161

VowpalWabbit.LDA 1 73 min 120 se
 4108

BigARTM 4 9 min 20 se
 4061

Gensim.LdaMulti
ore 4 60 min 222 se
 4111

BigARTM 8 4.5 min 14 se
 4304

Gensim.LdaMulti
ore 8 57 min 224 se
 4455

pro
s = ÷èñëî ïàðàëëåëüíûõ ïîòîêîâ

inferen
e = âðåìÿ òåìàòèçàöèè 100K òåñòîâûõ äîêóìåíòîâ

perplexity = ïåðïëåêñèÿ íà òåñòîâîé âûáîðêå äîêóìåíòîâ

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Òåìàòè÷åñêèé àíàëèç òåêñòîâ 54 / 59



Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîäãîòîâêà äàííûõ

Òåõíîëîãèÿ BigARTM

Âèçóàëèçàöèÿ

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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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîäãîòîâêà äàííûõ

Òåõíîëîãèÿ BigARTM

Âèçóàëèçàöèÿ

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. IWCAVI 2012.
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Òåìàòè÷åñêèå ìîäåëè

Òåîðèÿ

Òåõíîëîãèÿ BigARTM

Ïîäãîòîâêà äàííûõ

Òåõíîëîãèÿ BigARTM

Âèçóàëèçàöèÿ

http://textvis.lnu.se

Èíòåðàêòèâíûé îáçîð 380 ñðåäñòâ âèçóàëèçàöèè òåêñòîâ

Àéñèíà �. Ì. Îáçîð ñðåäñòâ âèçóàëèçàöèè òåìàòè÷åñêèõ ìîäåëåé

êîëëåêöèé òåêñòîâûõ äîêóìåíòîâ // JMLDA, 2015.
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�åçþìå

Òåìàòè÷åñêîå ìîäåëèðîâàíèå � èíñòðóìåíò äëÿ ïîèñêà

è ñèñòåìàòèçàöèè òåêñòîâîé èí�îðìàöèè

Êîãäà íóæíà òåìàòè÷åñêàÿ ìîäåëü, îáû÷íî ïîëüçóþòñÿ

ïîñò-îáðàáîòêîé òåì, íàéäåííûõ LDA

BigARTM ïîçâîëÿåò îïòèìèçèðîâàòü òåìû ïîä çàäà÷ó,

ñòðîèòü ìîäåëè ñ çàäàííûìè ñâîéñòâàìè,

êîìáèíèðîâàòü ðàçëè÷íûå êðèòåðèè è èñòî÷íèêè äàííûõ

VisARTM � âèçóàëèçàöèÿ â BigARTM (â ðàçðàáîòêå)

http://bigartm.org
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