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Äàíî:

êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ

Íàéòè:

T � ìíîæåñòâî òåì, ñîñòàâëÿþùèõ ýòó êîëëåêöèþ

φwt=p(w |t) � âåðîÿòíîñòè ñëîâ w â êàæäîé òåìå t

θtd =p(t|d) � âåðîÿòíîñòè òåì t â êàæäîì äîêóìåíòå d

Êðèòåðèé:

âåðîÿòíîñòíàÿ òåìàòè÷åñêàÿ ìîäåëü p(w |d) =
∑

t∈T

φwtθtd

äîëæíà ïðåäñêàçûâàòü ïîÿâëåíèå ñëîâ w â äîêóìåíòàõ d ,

çàîäíî ìàêñèìèçèðóÿ ñóììó ðåãóëÿðèçàòîðîâ Ri(Φ,Θ):
∑

d∈D

∑

w∈d

ln
∑

t∈T

φwtθtd +
∑

i

τiRi(Φ,Θ) → max
Φ,Θ
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Ïðèìåð 1. Ìóëüòèÿçû÷íàÿ ìîäåëü Âèêèïåäèè

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

Ïåðâûå 10 ñëîâ è èõ ÷àñòîòû 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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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

óíèãðàììû áèãðàììû óíèãðàììû áèãðàììû

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 òåìïîðàëüíîé è n-ãðàììíîé ìîäåëè

Êîëëåêöèÿ åæåíåäåëüíûõ âûñòóïëåíèé ïðåçèäåíòîâ ÑØÀ

Shoaib Jameel, Wai Lam. An N-gram topi
 model for time-stamped do
uments. 2013.

Ê.Â. Âîðîíöîâ (voron�fore
sys.ru) Òåìàòè÷åñêèé èí�îðìàöèîííûé ïîèñê 8 / 49



Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Ìàòåìàòè÷åñêàÿ òåõíîëîãèÿ

Èíñòðóìåíòàðèé

Ñïîñîáû è ñðåäñòâà âèçóàëèçàöèè

Ïðèìåð 3. Ñîâìåùåíèå òåìïîðàëüíîé è n-ãðàììíîé ìîäåëè

Êîëëåêöèÿ åæåíåäåëüíûõ âûñòóïëåíèé ïðåçèäåíòîâ ÑØÀ

Shoaib Jameel, Wai Lam. An N-gram topi
 model for time-stamped do
uments. 2013.

Ê.Â. Âîðîíöîâ (voron�fore
sys.ru) Òåìàòè÷åñêèé èí�îðìàöèîííûé ïîèñê 9 / 49



Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Ìàòåìàòè÷åñêàÿ òåõíîëîãèÿ

Èíñòðóìåíòàðèé

Ñïîñîáû è ñðåäñòâà âèçóàëèçàöèè

Öåëè è íå-öåëè òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Öåëè:

Âûÿñíèòü òåìàòè÷åñêóþ êëàñòåðíóþ ñòðóêòóðó òåêñòîâîé

êîëëåêöèè, ñêîëüêî â íåé òåì è êàêèå îíè

Ïîëó÷àòü èíòåðïðåòèðóåìûå òåìàòè÷åñêèå âåêòîðíûå

ïðåäñòàâëåíèÿ (ýìáåäèíãè) äîêóìåíòîâ p(t|d),
ñëîâ p(t|w), �ðàãìåíòîâ è ïðî÷èõ îáúåêòîâ p(t|x)

�åøàòü çàäà÷è ïîèñêà, êàòåãîðèçàöèè, ñåãìåíòàöèè,

ñóììàðèçàöèè ñ ïîìîùüþ òåìàòè÷åñêèõ ýìáåäèíãîâ

Íå-öåëè:

Óãàäûâàòü ñëåäóþùèå ñëîâà (ÒÌ � ñëàáûå ìîäåëè ÿçûêà)

�åíåðèðîâàòü ñâÿçíûé òåêñò

Ïîíèìàòü ñìûñë òåêñòà
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Íåêîòîðûå ïðèëîæåíèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

ðàçâåäî÷íûé ïîèñê â ïîèñê òåìàòè÷åñêîãî âûÿâëåíèå è îòñëåæèâàíèå

ýëåêòðîííûõ áèáëèîòåêàõ êîíòåíòà â ñîöñåòÿõ öåïî÷åê íîâîñòåé

ìóëüòèìîäàëüíûé ïîèñê àíàëèç áàíêîâñêèõ óïðàâëåíèåì äèàëîãîì â

òåêñòîâ è èçîáðàæåíèé òðàíçàêöèîííûõ äàííûõ ðàçãîâîðíîì èíòåëëåêòå

J.Boyd-Graber, Yuening Hu, D.Mimno. Appli
ations of Topi
 Models. 2017.

H.Jelodar et al. Latent Diri
hlet allo
ation (LDA) and topi
 modeling: models,

appli
ations, a survey. 2019.
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BigARTM: áèáëèîòåêà òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Êëþ÷åâûå âîçìîæíîñòè:

Áîëüøèå äàííûå: êîëëåêöèÿ íå õðàíèòñÿ â ïàìÿòè

Îíëàéíîâûé ïàðàëëåëüíûé ìóëüòèìîäàëüíûé ARTM

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:

Ñâîáîäíàÿ êîììåð÷åñêàÿ ëèöåíçèÿ (BSD 3-Clause)

Êðîññ-ïëàò�îðìåííîñòü: Windows, Linux, Ma
OS (32/64 bit)

Èíòåð�åéñû API: 
ommand-line, C++, and Python
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Êëþ÷åâûå âîçìîæíîñòè áèáëèîòåê BigARTM è Topi
Net

BigARTM

áèáëèîòåêà ðåãóëÿðèçàòîðîâ

ìóëüòèìîäàëüíûå ìîäåëè

èåðàðõè÷åñêèå ìîäåëè

ãèïåðãðà�îâûå ìîäåëè

ìîäåëè ñâÿçíîñòè òåêñòà

Topi
Net

Ïåðåáîð ñöåíàðèåâ ðåãóëÿðèçàöèè äëÿ âûáîðà ìîäåëåé

Àâòîìàòè÷åñêîå ïðîòîêîëèðîâàíèå ýêñïåðèìåíòîâ

Ïîñòðîåíèå ¾áàíêà òåì¿ èç ìíîæåñòâà ìîäåëåé

Âèçóàëèçàöèÿ ðåçóëüòàòîâ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

V.Bulatov, E.Egorov, E.Veselova,D.Polyudova,V.Alekseev, A.Gon
harov, K.Vorontsov.

Topi
Net: making additive regularisation for topi
 modelling a

essible. LREC-2020
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Êà÷åñòâî è ñêîðîñòü: BigARTM vs Gensim è Vowpal Wabbit

3.7M ñòàòåé Âèêèïåäèè, 100K ñëîâ: âðåìÿ min (ïåðïëåêñèÿ)

ïðîö. |T | Gensim Vowpal BigARTM BigARTM

Wabbit àñèíõðîí

1 50 142m (4945) 50m (5413) 42m (5117) 25m (5131)

1 100 287m (3969) 91m (4592) 52m (4093) 32m (4133)

1 200 637m (3241) 154m (3960) 83m (3347) 53m (3362)

2 50 89m (5056) 22m (5092) 13m (5160)

2 100 143m (4012) 29m (4107) 19m (4144)

2 200 325m (3297) 47m (3347) 28m (3380)

4 50 88m (5311) 12m (5216) 7m (5353)

4 100 104m (4338) 16m (4233) 10m (4357)

4 200 315m (3583) 26m (3520) 16m (3634)

8 50 88m (6344) 8m (5648) 5m (6220)

8 100 107m (5380) 10m (4660) 6m (5119)

8 200 288m (4263) 15m (3929) 10m (4309)

D.Ko
hedykov, M.Apishev, L.Golitsyn, K.Vorontsov.

Fast and Modular Regularized Topi
 Modelling. FRUCT ISMW, 2017.
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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, 2012.
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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.

Ê.Â. Âîðîíöîâ (voron�fore
sys.ru) Òåìàòè÷åñêèé èí�îðìàöèîííûé ïîèñê 16 / 49



Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Ìàòåìàòè÷åñêàÿ òåõíîëîãèÿ

Èíñòðóìåíòàðèé

Ñïîñîáû è ñðåäñòâà âèçóàëèçàöèè

Äèíàìèêà òåì âíóòðè äîêóìåíòà: òåìàòè÷åñêàÿ ñåãìåíòàöèÿ

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

Smyth P. Topi
Nets: visual analysis of large text 
orpora with topi
 modeling. ACM

Trans. on Intelligent Systems and Te
hnology. 2012.

Ê.Â. Âîðîíöîâ (voron�fore
sys.ru) Òåìàòè÷åñêèé èí�îðìàöèîííûé ïîèñê 17 / 49



Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Ìàòåìàòè÷åñêàÿ òåõíîëîãèÿ

Èíñòðóìåíòàðèé

Ñïîñîáû è ñðåäñòâà âèçóàëèçàöèè

Âèçóàëèçàöèÿ èåðàðõè÷åñêîé òåìàòè÷åñêîé ìîäåëè

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

topi
 modeling. JMLDA, 2016.
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Âèçóàëèçàöèÿ èåðàðõè÷åñêîé òåìàòè÷åñêîé ìîäåëè

BelyyA.V., SeleznovaM.S., Sholokhov A.K., Vorontsov K.V. Quality Evaluation and

Improvement for Hierar
hi
al Topi
 Modeling. Dialogue 2018.
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Ìîäåëü êîððåëèðîâàííûõ òåì CTM

Ìîòèâàöèÿ: âûÿâëÿòü ìåæäèñöèïëèíàðíûå ñâÿçè.

Ñòàòüè ïî àðõåîëîãèè ÷àùå ñâÿçàíû ñ èñòîðèåé è ãåîëîãèåé, ÷åì ñ ãåíåòèêîé

David Blei, John La�erty. A Correlated Topi
 Model of SCIENCE, 2007.
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Ïðèìåð êàðòû ïðåäìåòíîé îáëàñòè, ïîñòðîåííîé âðó÷íóþ

http://www.theory
ultureso
iety.org/brian-
astellani-on-the-
omplexity-s
ien
es
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Èñòî÷íèêè âäîõíîâåíèÿ: http://textvis.lnu.se

Èíòåðàêòèâíûé îáçîð 440 ñðåäñòâ âèçóàëèçàöèè òåêñòîâ

Shixia Liu, Weiwei Cui, Ying
ai Wu, Meng
hen Liu. A survey on information

visualization: re
ent advan
es and 
hallenges. 2014.

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

òåêñòîâûõ äîêóìåíòîâ // JMLDA, 2015.
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Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Äåêîððåëèðîâàíèå, ñãëàæèâàíèå, ðàçðåæèâàíèå

Öåëü: íàéòè êîìáèíàöèþ

ðåãóëÿðèçàòîðîâ, óëó÷øàþùóþ

èíòåðïðåòèðóåìîñòü òåì

ïî ñîâîêóïíîñòè êðèòåðèåâ.
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�åçóëüòàòû:

ðàçðåæåííîñòü 0 → 95%, êîãåðåíòíîñòü 0.25 → 0.96,
÷èñòîòà 0.14 → 0.89, êîíòðàñòíîñòü 0.43 → 0.52,

áåç çàìåòíîãî óùåðáà äëÿ ïåðïëåêñèè: 1920 → 2020

âûðàáîòàíû ðåêîìåíäàöèè ïî ñòðàòåãèè ðåãóëÿðèçàöèè

K.Vorontsov, A.Potapenko. Additive regularization of topi
 models. Ma
h. Learn. 2015.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

�àçâåäî÷íûé ïîèñê â òåõíîëîãè÷åñêèõ áëîãàõ � 1

Öåëü: ïîèñê äîêóìåíòîâ

ïî äëèííûì òåêñòîâûì çàïðîñàì

� Habr.ru (175K äîêóìåíòîâ),

� Te
hCrun
h.
om (760K äîê.).

�åãóëÿðèçàòîðû:

5 10 15 20
k

0.6

0.7

0.8

0.9

1.0

Pr
ec
isi
on

@
k

ARTM
Assessors
TF-IDF
LDA
PLSA

5 10 15 20
k

0.6

0.7

0.8

0.9

1.0

Re
ca
ll@

k

ARTM
TF-IDF
Assessors
LDA
PLSA

L

(

PLSA
)

+ R

(

interpretable
)

+ R

(

multimodal
)

+ R

(

n-gram
)

→ max

�åçóëüòàòû:

Òî÷íîñòü è ïîëíîòà 88%, ïðåâîñõîäèò àñåññîðîâ è äðóãèå

ìåòîäû (tf-idf, word2ve
, PLSA, LDA).

Âåêòîðíûé ïîèñê ìãíîâåííûé, àñåññîðû òðàòèëè 5�65 ìèí.

A.Ianina, L.Golitsyn, K.Vorontsov. Multi-obje
tive topi
 modeling for exploratory

sear
h in te
h news. AINL, 2017.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

�àçâåäî÷íûé ïîèñê â òåõíîëîãè÷åñêèõ áëîãàõ � 2

Öåëü: óëó÷øåíèå êà÷åñòâà ïîèñêà

ñ ïîìîùüþ èåðàðõè÷åñêîé

òåìàòè÷åñêîé ìîäåëè hARTM è

îòñå÷åíèÿ íåðåëåâàíòíûõ òåì.

�åãóëÿðèçàòîðû:

5 10 15 20
k

0.6

0.7

0.8

0.9

1.0

Pr
ec

isi
on

@
k

hARTM
assessors
BM25
LDA

ARTM
word2vec
TF-IDF
PLSA

5 10 15 20
k

0.6

0.7

0.8

0.9

1.0

Re
ca
ll@

k

hARTM
assessors
BM25
LDA

ARTM
word2vec
TF-IDF
PLSA

L

(

PLSA
)

+R

(

hierarchy
)

+R

(

interpretable
)

+R

(

multimodal
)

+R

(

n-gram
)

→ max

�åçóëüòàòû:

Òî÷íîñòü è ïîëíîòà 93%, ïðåâîñõîäèò àñåññîðîâ è äðóãèå

ìåòîäû (tf-idf, BM25, word2ve
, PLSA, LDA, ARTM).

Óâåëè÷èëàñü îïòèìàëüíàÿ ðàçìåðíîñòü âåêòîðîâ:

200 → 1400 (Habr.ru), 475 → 2800 (Te
hCrun
h.
om).

A.Ianina, K.Vorontsov. Regularized multimodal hierar
hi
al topi
 model for

do
ument-by-do
ument exploratory sear
h. FRUCT�ISMW, 2019.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Ïîèñê è ðóáðèêàöèÿ íàó÷íûõ ïóáëèêàöèé íà 100 ÿçûêàõ

Öåëü: ìóëüòèÿçûêîâîé ïîèñê

è êëàññè�èêàöèÿ íàó÷íûõ

ïóáëèêàöèé ïî ðóáðèêàòîðàì

ÓÄÊ, ��ÍÒÈ, ÎÝÑ�, ÂÀÊ

�åãóëÿðèçàòîðû:

L

(

PLSA
)

+R

(

interpretable
)

+R

(

multimodal
)

+R

(

multilanguage
)

+R

(

supervised
)

→ max

�åçóëüòàòû:

òî÷íîñòü ìóëüòèÿçû÷íîãî ïîèñêà 94%

ñîêðàùåíèå ìîäåëè 128 �á → 4.8 �á ïðè ðåäóêöèè ñëîâàðåé

(BPE-òîêåíèçàöèÿ) äî 11Ê òîêåíîâ íà êàæäûé ÿçûê.

Ï.Ïîòàïîâà, À.�ðàáîâîé, Î.Áàõòååâ, Å.Åãîðîâ, Í.Çèíîâêèí, Þ.×åõîâè÷, Ê.Âîðîíöîâ

è äð. Ìóëüòèÿçûêîâàÿ àâòîìàòè÷åñêàÿ ðóáðèêàöèÿ íàó÷íûõ äîêóìåíòîâ. 2023.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Ïîèñê è êëàññè�èêàöèÿ ýòíî-ðåëåâàíòíûõ òåì â ñîöñåòÿõ

Öåëü: âûÿâëåíèå êàê ìîæíî áîëüøåãî

÷èñëà òåì î íàöèîíàëüíîñòÿõ

è ìåæíàöèîíàëüíûõ îòíîøåíèÿõ

(ïî ñëîâàðþ èç 300 ýòíîíèìîâ).

�åãóëÿðèçàòîðû:

L

(

PLSA
)

+ R

(

seed words
)

+ R

(

interpretable
)

+ R

(

multimodal
)

+ R

(

temporal
)

+ R

(

geospatial
)

+ R

(

sentiment
)

→ max

�åçóëüòàòû: ÷èñëî ðåëåâàíòíûõ òåì: 45 (LDA) → 83 (ARTM).

M.Apishev, S.Kolt
ov, O.Koltsova, S.Nikolenko, K.Vorontsov. Additive regularization

for topi
 modeling in so
iologi
al studies of user-generated text 
ontent. MICAI, 2016.

Mining ethni
 
ontent online with additively regularized topi
 models. 2016.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Ïîèñê ýòíî-ðåëåâàíòíûõ òåì â ñîöèàëüíûõ ñåòÿõ

Äàíî:

1) äàííûå ñîöèàëüíûõ ìåäèà (ÂÊ è äð.)

2) ñëîâàðü ýòíîíèìîâ (îêîëî 300)

Íàéòè:

1) êàê ìîæíî áîëüøå òåì ïðî ýòíè÷íîñòè

2) òåìû ñ ñî÷åòàíèåì ýòíè÷íîñòåé (âîçìîæíûå êîí�ëèêòû)

Êðèòåðèé:

1) èíòåðïðåòèðóåìîñòü âñåõ òåì

2) òî÷íîñòü è ïîëíîòà ïîèñêà ýòíî-ðåëåâàíòíûõ òåì

Èñïîëüçóåìûå ðåãóëÿðèçàòîðû:

ñãëàæèâàíèå ýòíî-ðåëåâàíòíûõ òåì ïî ñëîâàðþ ýòíîíèìîâ

äåêîððåëèðîâàíèå ýòíî-ðåëåâàíòíûõ òåì

ìîäàëüíîñòü ýòíîíèìîâ
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Ïðèìåðû ýòíîíèìîâ (âñåãî îêîëî 300)

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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Ïðèìåðû ýòíî-ðåëåâàíòíûõ òåì

(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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Ïðèìåðû ýòíî-ðåëåâàíòíûõ òåì

(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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Ïðèìåðû ýòíî-ðåëåâàíòíûõ òåì

(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,

Ê.Â. Âîðîíöîâ (voron�fore
sys.ru) Òåìàòè÷åñêèé èí�îðìàöèîííûé ïîèñê 36 / 49



Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

�åçóëüòàò: ìîäåëü ARTM íàõîäèò áîëüøå ýòíî-ðåëåâàíòíûõ òåì

×èñëî ýòíî-ðåëåâàíòíûõ òåì, íàéäåííûõ ìîäåëüþ:

ìîäåëü ýòíî-òåì �îí.òåì ++ +− −+ âñåãî

PLSA 300 9 11 18 38

PLSA 400 12 15 17 44

ARTM-1 200 100 18 33 20 71

ARTM-1 250 150 21 27 20 68

ARTM-2 200 100 28 23 23 74

ARTM-2 250 150 38 42 30 104

�åãóëÿðèçàòîðû ARTM-1:

ýòíî òåìû: ðàçðåæèâàíèå, äåêîððåëèðîâàíèå, ñãëàæèâàíèå ýòíîíèìîâ

�îíîâûå òåìû: ñãëàæèâàíèå, ðàçðåæèâàíèå ýòíîíèìîâ

�åãóëÿðèçàòîðû ARTM-2:

ARTM-1 + ìîäàëüíîñòü ýòíîíèìîâ

M.Apishev, S.Kolt
ov, O.Koltsova, S.Nikolenko, K.Vorontsov. Additive regularization

for topi
 modeling in so
iologi
al studies of user-generated text 
ontent. MICAI 2016.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Àíàëîãè÷íûå ïî ñòðóêòóðå èññëåäîâàíèÿ

Ìåòà�îðà: ¾èùåì è êëàññè�èöèðóåì èãîëêè â ñòîãå ñåíà¿

ïîèñê è êëàñòåðèçàöèÿ íîâîñòåé [1℄

ïîèñê â ñîöèàëüíûõ ìåäèà èí�îðìàöèè, ñâÿçàííîé

ñ áîëåçíÿìè, ñèìïòîìàìè è ìåòîäàìè ëå÷åíèÿ [2℄

ïîèñê ÷àòîâ, ñâÿçàííûõ ñ ïðåñòóïíîñòüþ

è ýêñòðåìèçìîì [3, 4℄

ïîèñê âûñòóïëåíèé î ïðàâàõ ÷åëîâåêà â ÎÎÍ [5℄

1. J.Jagarlamudi, H.Daum�e III, R.Udupa. In
orporating lexi
al priors into topi


models. 2012.

2. M.Paul, M.Dredze. Dis
overing health topi
s in so
ial media using topi
 models. 2014.

3. M.A.Basher, A.Rahman, B.C.M.Fung. Analyzing topi
s and authors in 
hat logs for


rime investigation. 2014.

4. A.Sharma, M.Pawar. Survey paper on topi
 modeling te
hniques to gain useful

fore
asting information on violant extremist a
tivities over 
yber spa
e. 2015.

5. Kohei Watanabe, Yuan Zhou. Theory-driven analysis of large 
orpora:

semisupervised topi
 
lassi�
ation of the UN spee
hes. 2022.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Òåìàòè÷åñêèå ìîäåëè êîðîòêèõ òåêñòîâ

Öåëü: èíòåðïðåòèðóåìûå ðàçðåæåííûå

òåìàòè÷åñêèå ýìáåäèíãè íà îñíîâå

äèñòðèáóòèâíîé ñåìàíòèêè, àíàëîãè

word2ve
 è WNTM.

�åãóëÿðèçàòîðû:

L

(

PLSA
)

+ R

(

co-occurence
)

+ R

(

interpretable
)

+ R

(

multimodal
)

→ max

�åçóëüòàòû:

Òî÷íîñòü ïîèñêà ñõîæèõ äîêóìåíòîâ: 0.8 → 0.9

Êîãåðåíòíîñòü òåì: 0.08 → 0.33

Ñåìàíòè÷åñêàÿ áëèçîñòü ñëîâ: 0.53 → 0.58, 0.38 → 0.61

A.Potapenko, A.Popov, K.Vorontsov. Interpretable probabilisti
 embeddings: bridging

the gap between topi
 models and neural networks. AINL, 2017.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Âûÿâëåíèå íàìåðåíèé êëèåíòîâ äëÿ ïîñòðîåíèÿ ÷àò-áîòîâ

Öåëü: âûÿâèòü òåìàòèêó è èíòåíòû

(íàìåðåíèÿ) êëèåíòîâ ïî êîëëåêöèè

îáðàùåíèé â êîíòàêòíûé öåíòð.

Ïîñòðîèòü ðóáðèêàòîð èíòåíòîâ äëÿ

ïîñëåäóþùåé ðàçìåòêè äèàëîãîâ.

�åãóëÿðèçàòîðû:

L

(

PLSA
)

+ R

(

interpretable
)

+ R

(

hierarchy
)

+ R

(

segmentation
)

+ R

(

multimodal
)

+ R

(

n-gram
)

+ R

(

syntax
)

→ max

�åçóëüòàòû: òî÷íîñòü êëàññè�èêàöèè èíòåíòîâ 60% → 66%.

A.Popov, V.Bulatov, D.Polyudova, E.Veselova. Unsupervised dialogue intent dete
tion

via hierar
hi
al topi
 model. RANLP, 2019.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Âûÿâëåíèå òðåíäîâ â êîëëåêöèè íàó÷íûõ ïóáëèêàöèé

Öåëü: ðàíåå îáíàðóæåíèå òðåíäîâûõ òåì

ñ íà÷àëüíûì ýêñïîíåíöèàëüíûì ðîñòîì

â îáëàñòè AI/ML 2009�2021 ãã.

�åãóëÿðèçàòîðû:

L

(

PLSA
)

+R

(

interpretable
)

+R

(

dynamic
)

+R

(

multimodal
)

+R

(

n-gram
)

→ max

�åçóëüòàòû:

âûäåëåíèå 90 èç 91 òðåíäà â îáëàñòè ìàøèííîãî îáó÷åíèÿ

63% òåì âûäåëÿåòñÿ çà ãîä, 79% çà äâà ãîäà

Í.�åðàñèìåíêî, À.×åðíÿâñêèé, Ì.Íèêè�îðîâà, Ì.Íèêèòèí, Ê.Âîðîíöîâ.

Èíêðåìåíòàëüíîå îáó÷åíèå òåìàòè÷åñêèõ ìîäåëåé äëÿ ïîèñêà òðåíäîâûõ òåì

â íàó÷íûõ ïóáëèêàöèÿõ. Äîêëàäû �ÀÍ, 2022.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Âûÿâëåíèå äèíàìèêè òåì â íîâîñòíûõ ïîòîêàõ

Öåëü: âûäåëåíèå òåì â êîëëåêöèè

ïðåññ-ðåëèçîâ ÌÈÄîâ 4õ ñòðàí,

ñ ïðèâÿçêîé êî âðåìåíè.

�åãóëÿðèçàòîðû:

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

L

(

PLSA
)

+ R

(

interpretable
)

+ R

(

temporal
)

+ R

(

multimodal
)

+ R

(

n-gram
)

+ R

(

multilanguage
)

→ max

�åçóëüòàòû:

ðàçäåëåíèå òåì íà ñîáûòèéíûå è ïåðìàíåíòíûå

êîãåðåíòíîñòü òåì: 5.5 → 6.5

Í.Äîéêîâ. Àäàïòèâíàÿ ðåãóëÿðèçàöèÿ âåðîÿòíîñòíûõ òåìàòè÷åñêèõ ìîäåëåé.

ÂÊ� áàêàëàâðà, ÂÌÊ Ì�Ó, 2015.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Âûäåëåíèå ïîëÿðèçîâàííûõ ìíåíèé â ïîëèòè÷åñêèõ íîâîñòÿõ

Öåëü: íàéòè ïðèçíàêè, ïî êîòîðûì

ñîáûòèéíàÿ òåìà ðàçäåëÿåòñÿ

íà êëàñòåðû-ìíåíèÿ

�åãóëÿðèçàòîðû:

L

(

PLSA
)

+R

(

interpretable
)

+R

(

multimodal
)

+R

(

n-gram
)

+R

(

syntax
)

→ max

�åçóëüòàòû:

âûäåëåíèå ìíåíèé âíóòðè òåì: F1-ìåðà = 0.86%

ñîâìåñòíîå èñïîëüçîâàíèå òð¼õ ìîäàëüíîñòåé: �àêòû

¾ñóáúåêò�ïðåäèêàò�îáúåêò¿, ñåìàíòè÷åñêèå ðîëè ñëîâ

ïî Ôèëëìîðó, òîíàëüíîñòè èìåíîâàííûõ ñóùíîñòåé

D.Feldman, T.Sadekova, K.Vorontsov. Combining fa
ts, semanti
 roles and sentiment

lexi
on in a generative model for opinion mining. Dialogue 2020.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Âûäåëåíèå ïîëÿðèçîâàííûõ ìíåíèé â ïîëèòè÷åñêèõ íîâîñòÿõ

Ñëîâà ¾Ïîðîøåíêî¿, ¾�îññèÿ¿, ¾Óêðàèíà¿ âñòðå÷àþòñÿ

â òåêñòå-1 è òåêñòå-2 îäèíàêîâî ÷àñòî, îäíàêî:

¾Ïîðîøåíêî¿ � ñóáúåêò â òåêñòå-1 è îáúåêò â òåêñòå-2;

¾�îññèÿ¿ � àãåíñ â òåêñòå-1 è ëîêàöèÿ â òåêñòå-2;

íåãàòèâíàÿ òîíàëüíîñòü: ¾�îññèÿ¿, ¾Êðåìëü¿ â òåêñòå-1,

¾Êèåâ¿, ¾Óêðàèíà¿ â òåêñòå-2.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

Òåìàòè÷åñêèé ïîèñê

¾Êëàññè�èêàöèÿ èãîëîê â ñòîãå ñåíà¿

Òåìïîðàëüíûå ìîäåëè

Òåìàòè÷åñêàÿ ìîäåëü áàíêîâñêèõ òðàíçàêöèîííûõ äàííûõ

Öåëü: Âûÿâëåíèå ïàòòåðíîâ

ïîòðåáèòåëüñêîãî ïîâåäåíèÿ

êëèåíòîâ áàíêà, ïðè÷¼ì

äîêóìåíòû = êëèåíòû,

ñëîâà = MCC-êîäû ïðîäàâöîâ.

�åãóëÿðèçàòîðû:

L

(

PLSA
)

+ R

(

interpretable
)

+ R

(

multimodal
)

+ R

(

supervised
)

→ max

�åçóëüòàòû:

òåìû � ïàòòåðíû ïîòðåáèòåëüñêîãî ïîâåäåíèÿ

ïðåäñêàçàíèå ïîëà, âîçðàñòà, äîñòàòêà êëèåíòîâ

E.Egorov, F.Nikitin, A.Gon
harov, V.Alekseev, K.Vorontsov. Topi
 modelling for

extra
ting behavioral patterns from transa
tions data. 2019.

Ê.Â. Âîðîíöîâ (voron�fore
sys.ru) Òåìàòè÷åñêèé èí�îðìàöèîííûé ïîèñê 45 / 49



Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

�àçåòíûå àðõèâû

Äîêóìåíòàëüíàÿ ëèòåðàòóðà è äíåâíèêè

Íàó÷íàÿ è ëèòåðàòóðíî-õóäîæåñòâåííàÿ ïåðèîäèêà

Èññëåäîâàíèÿ ãàçåòíûõ àðõèâîâ

[1℄ Êîðïóñ Pennsylvania Gazette 1728�1800, 25Ì ñëîâ:

� âûäåëåíèå ïîñëåäîâàòåëüíîñòè ñîáûòèéíûõ òåì;

� èçó÷åíèå ñèíõðîííîñòè ñîáûòèé;

� êîìáèíèðîâàíèå àâòîìàòè÷åñêîãî àíàëèçà è ðó÷íîãî.

[2℄ �àçåòû Òåõàñà îò ãðàæäàíñêîé âîéíû äî íàøèõ äíåé:

� âûäåëåíèå âñåõ òåì, ñâÿçàííûõ ñ õëîïêîì;

� ïîñòðîåíèå ñåðèè ìîäåëåé â ñêîëüçÿùèõ îêíàõ;

� âàæíîñòü êà÷åñòâåííîé ïðåäîáðàáîòêè òåêñòîâ.

[3℄ �àçåòû è ïåðèîäèêà Ôèíëÿíäèè (1854�1917):

� âûäåëåíèå òåì î öåðêâè, ðåëèãèè, îáðàçîâàíèè;

� òðåíäû ìîäåðíèçàöèè è ñåêóëÿðèçàöèè �èíñêîãî îáùåñòâà.

1. D.Newman, S.Blo
k. Probabilisti
 topi
 de
omposition of an eighteenth-
entury

Ameri
an newspaper. 2006.

2. Tze-I Yang, A.J.Torget, R.Mihal
ea. Topi
 modeling on histori
al newspapers. 2011.

3. J.Marjanen et al. Topi
 modelling dis
ourse dynami
s in histori
al newspapers. 2021.

Ê.Â. Âîðîíöîâ (voron�fore
sys.ru) Òåìàòè÷åñêèé èí�îðìàöèîííûé ïîèñê 46 / 49



Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

�àçåòíûå àðõèâû

Äîêóìåíòàëüíàÿ ëèòåðàòóðà è äíåâíèêè

Íàó÷íàÿ è ëèòåðàòóðíî-õóäîæåñòâåííàÿ ïåðèîäèêà

Èññëåäîâàíèÿ äîêóìåíòàëüíîé ëèòåðàòóðû è äíåâíèêîâ

[1℄ Äâóÿçû÷íûé êîðïóñ êíèã íà àíãëèéñêîì è íåìåöêîì:

� âñå òåìû, ñâÿçàííûå ñ ýïèñòåìîëîãèåé

[2℄ Êîðïóñ òåêñòîâ íà êèòàéñêîì ÿçûêå (1644�1912):

� âñå òåìû, ñâÿçàííûå ñ áàíäèòèçìîì, ïðåñòóïëåíèÿìè;

� íåîáõîäèì êîíòåêñò äëÿ óñòàíîâëåíèÿ òèïà ïðåñòóïëåíèÿ;

� âàæíîñòü ïðàâèëüíîé òîêåíèçàöèè äëÿ êèòàéñêîãî ÿçûêà.

[3℄ Äíåâíèê Martha Ballard (1735�1812), îõâàòûâàåò 27 ëåò:

� âûäåëåíèå ñîáûòèéíûõ è ïåðìàíåíòíûõ òåì;

� âûäåëåíèå ïåðñîíàëüíûõ è èñòîðè÷åñêèõ òåì;

� ñïåöè�è÷íûé àíãëèéñêèé XVIII âåêà.

1. M.Erlin. Topi
 modeling, epistemology, and the English and German novel. 2017.

2. Ian Matthew Miller. Rebellion, 
rime and violen
e in Qing China, 2013.

3. Cameron Blevins.

http://www.
ameronblevins.org/posts/topi
-modeling-martha-ballards-diary.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ïðèìåðû ïðèëîæåíèé

Òåìàòè÷åñêèå ìîäåëè â èñòîðè÷åñêèõ èññëåäîâàíèÿõ

�àçåòíûå àðõèâû

Äîêóìåíòàëüíàÿ ëèòåðàòóðà è äíåâíèêè

Íàó÷íàÿ è ëèòåðàòóðíî-õóäîæåñòâåííàÿ ïåðèîäèêà

Èññëåäîâàíèÿ íàó÷íîé è ëèòåðàòóðíî-õóäîæåñòâåííîé ïåðèîäèêè

Ñòàòüè êîëëåêöèè JSTOR äîñòóïíû â âèäå ¾ìåøêîâ ñëîâ¿.

[1℄ Íàó÷íûå æóðíàëû XX âåêà:

� ðàçëè÷èÿ òåìàòèêè íà àíãëèéñêîì è íåìåöêîì ÿçûêàõ;

� îñîáåííî èññëåäîâàëèñü ðàçëè÷èÿ, ñâÿçàííûå ñî 2ÌÂ;

� äëÿ îáúåäèíåíèÿ òåì èñïîëüçîâàëèñü èíòåðâèêè Âèêèïåäèè.

[2℄ Áîëåå 100 ëåò ëèòåðàòóðíî-õóäîæåñòâåííîé ïåðèîäèêè:

� êàê ìåíÿëèñü òåìû;

� êàê ìåíÿëèñü çíà÷åíèÿ ñëîâ âíóòðè êàæäîé òåìû;

� êàê ìåíÿëàñü òåìà íàñèëèÿ (violen
e, power, fear, blood,

death, murder, a
t, guilt).

1. D.Mimno. Computational historiography: Data mining in a 
entury of 
lassi
s

journals. 2012.

2. A.Goldstone, T.Underwood. The quiet transformations of literary studies: What

thirteen thousand s
holars 
ould tell us. 2014.
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�åçþìå

Òåìàòè÷åñêîå ìîäåëèðîâàíèå � èíñòðóìåíò äëÿ ïîèñêà

è ñèñòåìàòèçàöèè áîëüøèõ òåêñòîâûõ êîëëåêöèé

Òåîðèÿ ARTM è áèáëèîòåêà BigARTM ïîçâîëÿþò ñòðîèòü

ìîäåëè ñ íóæíûì íàáîðîì ñâîéñòâ

Åñòü íàðàáîòàííûå ïðè¼ìû äëÿ

� óëó÷øåíèÿ èíòåðïðåòèðóåìîñòè òåì

� óëó÷øåíèÿ êà÷åñòâà òåìàòè÷åñêîãî ïîèñêà

� èññëåäîâàíèÿ äèíàìèêè òåì âî âðåìåíè

� âûäåëåíèÿ òåì ïî áîëüøîìó ñïèñêó ñëîâ-çàòðàâîê

� èåðàðõè÷åñêîãî äðîáëåíèÿ òåì íà áîëåå ìåëêèå ïîäòåìû

� íàâèãàöèè ïî òåìàì è èõ âèçóàëüíîãî àíàëèçà

� ó÷¼òà îáðàòíîé ñâÿçè ñ ýêñïåðòîì

Ýòè ïðè¼ìû àêòèâíî èñïîëüçóþòñÿ äëÿ îáðàáîòêè áîëüøèõ

ìàññèâîâ èñòîðè÷åñêîé èí�îðìàöèè

Ôàêòîð óñïåõà � êà÷åñòâåííàÿ ïðåäîáðàáîòêà:

ñêàíèðîâàíèå, îïå÷àòêè, òîêåíèçàöèÿ, ñåêöèîíèðîâàíèå
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