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Ìåòîäû îáðàáîòêè òåêñòîâ åñòåñòâåííîãî ÿçûêà

Ïðèêëàäíûå çàäà÷è àíàëèçà òåêñòîâ

Äðóãèå ïðèêëàäíûå èññëåäîâàíèÿ

Ïèðàìèäà NLP (Natural Language Proessing)

Çàäà÷è àíàëèçà òåêñòîâ

Ìîð�îëîãè÷åñêèé àíàëèç è ëåììàòèçàöèÿ (lemmatization)

Ñèíòàêñè÷åñêèé àíàëèç (syntax analysis)

. . .
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Ïðèêëàäíûå çàäà÷è àíàëèçà òåêñòîâ

Äðóãèå ïðèêëàäíûå èññëåäîâàíèÿ

Çàäà÷è àíàëèçà òåêñòîâ

Àâòîìàòè÷åñêîå âûäåëåíèå òåðìèíîâ (automati term extration)

�àñïîçíàâàíèå èìåíîâàííûõ ñóùíîñòåé (named entity reognition)

Ñåìàíòè÷åñêèå ñåòè è îíòîëîãèè (ontology learning)

Ñåìàíòè÷åñêèå âåêòîðíûå ïðåäñòàâëåíèÿ ñëîâ (word embedding)

Òåìàòè÷åñêîå ìîäåëèðîâàíèå (topi modeling)

Êëàñòåðèçàöèÿ òåêñòîâ (text lustering)

Êëàññè�èêàöèÿ òåêñòîâ (text lassi�ation)

Ñåãìåíòàöèÿ òåêñòà (text segmentation)

Àííîòèðîâàíèå è ñóììàðèçàöèÿ (text summarization)

Èí�îðìàöèîííûé ïîèñê (information retrieval)

Îáó÷àåìîå ðàíæèðîâàíèå (learning to rank)

Îòâåòû íà âîïðîñû, ìàøèííûé ïåðåâîä, ÷àò-áîòû (sequene-to-sequene)

Ê.Â. Âîðîíöîâ (vokov�foresys.ru) Çàäà÷è è ìåòîäû àíàëèçà òåêñòîâ 4 / 45



Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Ìåòîäû îáðàáîòêè òåêñòîâ åñòåñòâåííîãî ÿçûêà

Ïðèêëàäíûå çàäà÷è àíàëèçà òåêñòîâ

Äðóãèå ïðèêëàäíûå èññëåäîâàíèÿ

Ïðèêëàäíûå çàäà÷è àíàëèçà òåêñòîâ

Íîâîñòíîé ìîíèòîðèíã: âûÿâëåíèå è êëàññè�èêàöèÿ

íîâîñòåé, îòíîñÿùèõñÿ ê äàííîé êîìïàíèè

Àíàëèç íîâîñòåé èëè òâèòîâ äëÿ ïðåäñêàçàíèÿ ñêà÷êîâ

öåíû íà áèðæåâûõ òîðãàõ

Àíàëèç òåêñòîâ îòçûâîâ î êîìïàíèè è å¼ ïðîäóêòàõ äëÿ

âûÿâëåíèÿ è êàòåãîðèçàöèè ïðîáëåì

Àíàëèç òåêñòîâ êîììåíòàðèåâ â îïðîñàõ ñîòðóäíèêîâ

êðóïíûõ êîìïàíèé äëÿ âûÿâëåíèÿ è êàòåãîðèçàöèè ïðîáëåì

Àíàëèç çàïèñåé ãîëîñîâûõ îáðàùåíèé â êîíòàêò-öåíòð äëÿ

êëàññè�èêàöèè öåëåé êëèåíòà (àâòîñàëîíû,

íåäâèæèìîñòü, çàïèñü ê âðà÷ó, çàêàç òàêñè)

Ñåãìåíòàöèÿ çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà äëÿ

ìîíèòîðèíãà ðàáîòû îïåðàòîðîâ è îïòèìèçàöèè ñêðèïòîâ

Àíàëèç äàííûõ î ïîñåùåíèÿõ ñàéòîâ äëÿ âûÿâëåíèÿ

èíòåðåñîâ ïîëüçîâàòåëåé è òàðãåòèðîâàíèÿ ðåêëàìû
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Äðóãèå ïðèêëàäíûå èññëåäîâàíèÿ

Àíàëèç áàíêîâñêèõ òðàíçàêöèîííûõ äàííûõ �èçè÷åñêèõ

ëèö äëÿ âûÿâëåíèÿ òèïîâ ïîòðåáëåíèÿ è ïðîãíîçèðîâàíèÿ

ðàñõîäîâ

Àíàëèç áàíêîâñêèõ òðàíçàêöèîííûõ äàííûõ þðèäè÷åñêèõ

ëèö äëÿ âûÿâëåíèÿ âèäîâ ýêîíîìè÷åñêîé äåÿòåëüíîñòè

ïî îòðàñëÿì

�àñïîçíàâàíèå äâèæåíèé æèâîòíîãî èëè ÷åëîâåêà

ïî äàííûì ýëåêòðîêîðòèêîãðàììû

�àñïîçíàâàíèå äåéñòâèé ðàáî÷èõ ïî äàííûì ñ íîñèìûõ

ìîáèëüíûõ óñòðîéñòâ

www.MahineLearning.ru: ×èñëåííûå ìåòîäû îáó÷åíèÿ ïî ïðåöåäåíòàì

(ïðàêòèêà, Â.Â. Ñòðèæîâ)

Ê.Â. Âîðîíöîâ (vokov�foresys.ru) Çàäà÷è è ìåòîäû àíàëèçà òåêñòîâ 6 / 45



Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

×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

researh 4.56 èíñòèòóò 6.03 goals 4.48 ìàò÷ 6.02

tehnology 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

siene 1.97 òåõíè÷åñêèé 2.70 sored 2.72 ïðîòèâ 3.20

program 1.60 òåõíîëîãèÿ 2.30 up 2.57 êëóá 3.14

eduation 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 math 1.67 êîìàíäà 2.14

Àñåññîð îöåíèë 396 òåì èç 400 êàê õîðîøî èíòåðïðåòèðóåìûå.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Soure Library

for Regularized Multimodal Topi Modeling of Large Colletions. 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

ondutor 1.69 îïåðíûé 3.13 mirosoft 4.03 mirosoft 3.76

orhestra 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

performane 0.78 òåàòð 1.14 seurity 0.92 server 1.54

mozart 0.74 ïàðòèÿ 1.05 mithell 0.82 ïðîãðàììíûé 1.08

sang 0.70 ñîïðàíî 0.97 orale 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 Soure Library

for Regularized Multimodal Topi Modeling of Large Colletions. 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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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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Òåìàòè÷åñêîå ìîäåëèðîâàíèå è ñìåæíûå îáëàñòè èññëåäîâàíèé

Äèíàìèêà öèòèðîâàíèÿ, ïî äàííûì Google Sholar:

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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Ïóñòü

W � êîíå÷íîå ìíîæåñòâî ñëîâ (òåðìèíîâ, òîêåíîâ)

D � êîíå÷íîå ìíîæåñòâî òåêñòîâûõ äîêóìåíòîâ

T � êîíå÷íîå ìíîæåñòâî òåì

êàæäîå ñëîâî w â äîêóìåíòå d ñâÿçàíî ñ íåêîòîðîé òåìîé t

D ×W × T � äèñêðåòíîå âåðîÿòíîñòíîå ïðîñòðàíñòâî

ïîðÿäîê ñëîâ â äîêóìåíòå íå âàæåí (bag of words)

ïîðÿäîê äîêóìåíòîâ â êîëëåêöèè íå âàæåí

êîëëåêöèÿ � ýòî i.i.d. âûáîðêà (di ,wi , ti )
n
i=1 ∼ p(d ,w , t)

di ,wi � íàáëþäàåìûå, òåìû ti � ñêðûòûå

ãèïîòåçà óñëîâíîé íåçàâèñèìîñòè: p(w |d , t) = p(w |t)

Òåìàòè÷åñêàÿ ìîäåëü, ïî �îðìóëå ïîëíîé âåðîÿòíîñòè:

p(w |d) =
∑

t∈T

p(w |��❅❅d , t) p(t|d)
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Ïîñòàíîâêà çàäà÷è òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Äàíî: êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ

ndw � ÷àñòîòû òåðìèíîâ â äîêóìåíòàõ, p̂(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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Ïðèíöèï ìàêñèìóìà ïðàâäîïîäîáèÿ

Ïðàâäîïîäîáèå � ïëîòíîñòü ðàñïðåäåëåíèÿ âûáîðêè (di ,wi )
n
i=1:

n
∏

i=1

p(di ,wi ) =
∏

d∈D

∏

w∈d

p(d ,w)ndw

Ìàêñèìèçàöèÿ ëîãàðè�ìà ïðàâäîïîäîáèÿ

∑

d∈D

∑

w∈d

ndw ln p(w |d)p(d) → max
Φ,Θ

ýêâèâàëåíòíà ìàêñèìèçàöèè �óíêöèîíàëà

L (Φ,Θ) =
∑

d∈D

∑

w∈d

ndw ln
∑

t∈T

φwtθtd → max
Φ,Θ

ïðè îãðàíè÷åíèÿõ íåîòðèöàòåëüíîñòè è íîðìèðîâêè

φwt > 0;
∑

w∈W

φwt = 1; θtd > 0;
∑

t∈T

θtd = 1.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Çàäà÷è, íåêîððåêòíî ïîñòàâëåííûå ïî Àäàìàðó

Çàäà÷à êîððåêòíî ïîñòàâëåíà,

åñëè å¼ ðåøåíèå

ñóùåñòâóåò,

åäèíñòâåííî,

óñòîé÷èâî.

Æàê Ñàëîìîí Àäàìàð

(1865�1963)

Íàøà çàäà÷à ìàòðè÷íîãî ðàçëîæåíèÿ íåêîððåêòíî ïîñòàâëåíà:

åñëè Φ,Θ � ðåøåíèå, òî ñòîõàñòè÷åñêèå Φ′,Θ′
� òîæå ðåøåíèÿ

Φ′Θ′ = (ΦS)(S−1Θ), rank S = |T |

L (Φ′,Θ′) = L (Φ,Θ)

L (Φ′,Θ′) 6 L (Φ,Θ) + ε � ïðèáëèæ¼ííûå ðåøåíèÿ

�åãóëÿðèçàöèÿ � ñòàíäàðòíûé ïðè¼ì äîîïðåäåëåíèÿ ðåøåíèÿ

ñ ïîìîùüþ äîïîëíèòåëüíûõ êðèòåðèåâ.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

ARTM � Àääèòèâíàÿ �åãóëÿðèçàöèÿ Òåìàòè÷åñêèõ Ìîäåëåé

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :
∑

d,w

ndw ln
∑

t∈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:



























p(t|d ,w) = norm
t∈T

(

φwtθtd
)

φwt = norm
w∈W

(

∑

d∈D

ndwp(t|d ,w) + φwt
∂R
∂φwt

)

θtd = norm
t∈T

(

∑

w∈d

ndwp(t|d ,w) + θtd
∂R
∂θtd

)

ãäå norm
t∈T

(xt) =
max{xt ,0}∑

s∈T

max{xs ,0}
� îïåðàöèÿ íîðìèðîâêè âåêòîðà.

Âîðîíöîâ Ê. Â. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

êîëëåêöèé òåêñòîâûõ äîêóìåíòîâ. Äîêëàäû �ÀÍ. 2014.

Ê.Â. Âîðîíöîâ (vokov�foresys.ru) Çàäà÷è è ìåòîäû àíàëèçà òåêñòîâ 17 / 45



Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

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:



























p(t|d ,w) = norm
t∈T

(

φwtθtd
)

φwt = norm
w∈Wm

(

∑

d∈D

τm(w)ndwp(t|d ,w) + φwt
∂R
∂φwt

)

θtd = norm
t∈T

(

∑

w∈d

τm(w)ndwp(t|d ,w) + θtd
∂R
∂θtd

)

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

multimodal topi modeling of large olletions. CIKM TM workshop, 2015.
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

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

(disussion group, issue traker, pull requests)

Äîêóìåíòàöèÿ http://bigartm.org

Ëèöåíçèÿ è ñðåäà ðàçðàáîòêè:

Freely available for ommerial usage (BSD 3-Clause liense)

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

Programming APIs: ommand-line, C++, and Python
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

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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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

�åãóëÿðèçàòîðû äëÿ óëó÷øåíèÿ èíòåðïðåòèðóåìîñòè òåì

background
Ñãëàæèâàíèå �îíîâûõ òåì B ⊂ T :

R(Φ,Θ) = β0
∑

t∈B

∑

w

βw lnφwt + α0

∑

d

∑

t∈B

αt ln θtd

sparse
�àçðåæèâàíèå ïðåäìåòíûõ òåì S = T \ B :

R(Φ,Θ) = −β0
∑

t∈S

∑

w

βw lnφwt − α0

∑

d

∑

t∈S

αt ln θtd

decorrelated
Äåêîððåëèðîâàíèå äëÿ ïîâûøåíèÿ ðàçëè÷íîñòè òåì:

R(Φ) = −
τ

2

∑

t,s

∑

w

φwtφws

interpretable

Ñãëàæèâàíèå + ðàçðåæèâàíèå + äåêîððåëèðîâàíèå

äëÿ óëó÷øåíèÿ èíòåðïðåòèðóåìîñòè òåì
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Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Èåðàðõè÷åñêèå, òåìïîðàëüíûå, ðåãðåññèîííûå ìîäåëè

hierarchy
Ñâÿçü ðîäèòåëüñêèõ òåì t ñ äî÷åðíèìè ïîäòåìàìè s:

R(Φ,Ψ) = τ
∑

t∈T

∑

w∈W

nwt ln
∑

s∈S

φwsψst .

temporal
Òåìïîðàëüíûå ìîäåëè ñ ìîäàëüíîñòüþ âðåìåíè i :

R(Φ) = −τ
∑

i∈I

∑

t∈T

∣

∣φit − φi−1,t

∣

∣.

regression Ëèíåéíàÿ ìîäåëü ðåãðåññèè ŷd = 〈v , θd〉 äîêóìåíòîâ:

R(Θ, v) = −τ
∑

d∈D

(

yd −
∑

t∈T

vtθtd

)2
.

n of topics
�àçðåæèâàíèå p(t) äëÿ îòáîðà òåì:

R(Θ) = −τ
∑

t∈T

1

|T |
ln p(t), p(t) =

∑

d∈D

p(d)θtd .
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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Ñïåöèàëüíûå ñëó÷àè ìóëüòèìîäàëüíûõ òåìàòè÷åñêèõ ìîäåëåé

supervised

Ìîäàëüíîñòè ìåòîê êëàññîâ èëè êàòåãîðèé äëÿ çàäà÷

êëàññè�èêàöèè è êàòåãîðèçàöèè òåêñòîâ.

multilanguage Ìîäàëüíîñòü ÿçûêîâ è ðåãóëÿðèçàöèÿ ñî ñëîâàð¼ì

πuwt = p(u|w , t) ïåðåâîäîâ ñ ÿçûêà k íà ℓ:

R(Φ,Π) = τ
∑

u∈W k

∑

t∈T

nut ln
∑

w∈W ℓ

πuwtφwt

graph
Ìîäàëüíîñòü âåðøèí ãðà�à v , ñîäåðæàùèõ Dv :

R(Φ) = −
τ

2

∑

(u,v)∈E

Suv
∑

t∈T

n2t

( φvt

|Dv |
−
φut

|Du|

)2
.

geospatial
Ìîäàëüíîñòü ãåîëîêàöèé g ñ áëèçîñòüþ Sgg ′

:

R(Φ) = −
τ

2

∑

g ,g ′∈G

Sgg ′

∑

t∈T

n2t

(φgt

ng
−
φg ′t

ng ′

)2
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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Òåìàòè÷åñêèå ìîäåëè ñâÿçíîãî òåêñòà (beyond bag-of-words)

n-gram

Ìîäåëè ñ ìîäàëüíîñòÿìè n-ãðàìì, êîëëîêàöèé,

èìåíîâàííûõ ñóùíîñòåé

syntax

Ìîäåëè, ó÷èòûâàþùèå ðåçóëüòàòû àâòîìàòè÷åñêîãî

ñèíòàêñè÷åñêîãî ðàçáîðà (SyntaxNet)

coherence

Ìîäåëè äèñòðèáóòèâíîé ñåìàíòèêè íà îñíîâå

ñîâñòðå÷àåìîñòè ñëîâ (áèòåðìû, êîãåðåíòíîñòü)

sentence

Òåìàòè÷åñêèå ìîäåëè, ó÷èòûâàþùèå ãðàíèöû

ïðåäëîæåíèé, àáçàöåâ è ñåêöèé äîêóìåíòîâ

segmentation

Òåìàòè÷åñêèå ìîäåëè ñåãìåíòàöèè ñ àâòîìàòè÷åñêèì

îïðåäåëåíèåì ãðàíèö ñåãìåíòîâ
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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Ïîèñê è êëàññè�èêàöèÿ ýòíè÷íîãî äèñêóðñà â ñîöñåòÿõ

Çàäà÷à: íàéòè âñå ýòíî-ðåëåâàíòíûå òåìû äëÿ ìîíèòîðèíãà

ìåæíàöèîíàëüíûõ îòíîøåíèé.

Èñïîëüçóåì ñëîâàðü èç 300 ýòíîíèìîâ äëÿ îáó÷åíèÿ òåì.

Ìåøîê ðåãóëÿðèçàòîðîâ:

L

(

PLSA
)

+ R

(

interpretable
)

+ R

(

multimodal
)

+ R

(

temporal
)

+ R

(

geospatial
)

+ R

(

sentiment
)

→ max

�åçóëüòàòû: ÷èñëî ðåëåâàíòíûõ òåì âûðîñëî

ñ 45 äëÿ LDA äî 83 äëÿ ARTM.

M.Apishev, S.Koltov, O.Koltsova, S.Nikolenko, K.Vorontsov. Additive

regularization for topi modeling in soiologial studies of user-generated text

ontent. MICAI, 2016.
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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

�àçâåäî÷íûé ïîèñê â êîëëåêòèâíûõ áëîãàõ

Çàäà÷à: ïîèñê äîêóìåíòîâ ïî äëèííîìó çàïðîñó.

Ìåøîê ðåãóëÿðèçàòîðîâ:

L

(

PLSA
)

+ R

(

interpretable
)

+ R

(

multimodal
)

+ R

(

n-gram
)

→ max

�åçóëüòàòû:

Òî÷íîñòü è ïîëíîòà óâåëè÷èëèñü

ñ (65%, 73%) äëÿ LDA äî (85%, 92%) äëÿ ARTM

íà äàííûõ Habrahabr.ru è TehCrunh.om.

Òî÷íîñòü è ïîëíîòà ñðàâíèìû ñ ðåçóëüòàòàìè àñåññîðîâ.

Òåìàòè÷åñêèé ïîèñê äà¼ò ðåçóëüòàò ìãíîâåííî,

àñåññîðû òðàòÿò íà ýòó æå ðàáîòó â ñðåäíåì 30 ìèíóò.

A.Ianina, K.Vorontsov. Multi-objetive topi modeling for exploratory searh in

teh news. AINL, 2017.
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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Èåðàðõè÷åñêàÿ òåìïîðàëüíàÿ ìîäåëü íîâîñòíîãî ïîòîêà

Çàäà÷è:

íàðàùèâàòü 3õ-óðîâíåâóþ èåðàðõèþ äèíàìè÷åñêè

îáåñïå÷èòü èíòåðïðåòèðóåìîñòü è èìåíîâàíèå âñåõ òåì

óïðàâëÿòü ìåäèàêîìïàíèÿìè è òâîð÷åñêèìè çàäàíèÿìè

Ìåøîê ðåãóëÿðèçàòîðîâ:

L

(

PLSA
)

+ R

(

interpretable
)

+ R

(

hierarchy
)

+ R

(

temporal
)

+R

(

multimodal
)

+R

(

n-gram
)

+ R

(

multilanguage
)

+R

(

sentiment
)

→ max

�åçóëüòàò: ... (èññëåäîâàíèå ïðîäîëæàåòñÿ)
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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìåøîê ðåãóëÿðèçàòîðîâ

Ñöåíàðíûé àíàëèç çàïèñåé ðàçãîâîðîâ êîíòàêò-öåíòðà

Çàäà÷è:

âûäåëèòü ñöåíàðèè äèàëîãîâ îïåðàòîð�êëèåíò

àâòîìàòèçèðîâàòü îöåíèâàíèå êà÷åñòâà ðàáîòû îïåðàòîðîâ

âûðàáîòàòü îíëàéíîâûå ïîäñêàçêè äëÿ îïåðàòîðà

Ìåøîê ðåãóëÿðèçàòîðîâ:

L

(

PLSA
)

+ R

(

interpretable
)

+ R

(

segmentation
)

+ R

(

n-gram
)

+ R

(

syntax
)

+ R

(

sentence
)

+ R

(

dialog
)

→ max

�åçóëüòàò: êà÷åñòâî ñåãìåíòàöèè âûðîñëî

ñ 40% ó áàçîâîãî ðåøåíèÿ äî 75% ó ARTM
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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Âûáîð òðàåêòîðèè ðåãóëÿðèçàöèè

Ýêñïåðèìåíòû

Êîíöåïöèÿ ðàçâåäî÷íîãî ïîèñêà (Exploratory Searh)

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 Marhionini. Exploratory Searh: from �nding to understanding. 2006.
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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Âûáîð òðàåêòîðèè ðåãóëÿðèçàöèè

Ýêñïåðèìåíòû

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)

TehCrunh.om

759 324 ñòàòåé íà àíãëèéñêîì

11 523 ñëîâ (óíèãðàìì)

1.2 ìëí. áèãðàìì

605 àâòîðîâ

184 êàòåãîðèé
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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Âûáîð òðàåêòîðèè ðåãóëÿðèçàöèè

Ýêñïåðèìåíòû

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

íàéòè êàê ìîæíî áîëüøå ñòàòåé,

ïîëüçóÿñü ëþáûìè ñðåäñòâàìè

ïîèñêà (è çàñå÷ü âðåìÿ)

îöåíèòü ðåëåâàíòíîñòü ïîèñêîâîé

âûäà÷è íà òîì æå çàïðîñå

Ïðèìåð çàïðîñà äëÿ

ðàçâåäî÷íîãî ïîèñêà
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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Âûáîð òðàåêòîðèè ðåãóëÿðèçàöèè

Ýêñïåðèìåíòû

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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Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê

Çàäà÷à ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà
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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 MapRedue Îáëà÷íûå ñåðâèñû

Áåñïèëîòíûé àâòîìîáèëü Google ar Êîíòåêñòíàÿ ðåêëàìà

Êðèïòîñèñòåìû ñ îòêðûòûì êëþ÷îì Ìàðñîõîä Curiosity

Îáçîð ïëàò�îðì îíëàéí-êóðñîâ Âèäåîêàðòû NVIDIA

Data Siene Meetups â Ìîñêâå �àñïîçíàâàíèå îáðàçîâ

Îáðàçîâàòåëüíûå ïðîåêòû mail.ru Ñåðâèñû Google sholar

Ìåæïëàíåòíàÿ ñòàíöèÿ New horizons MIT MediaLab Researh

ßçûêîâàÿ ìîäåëü word2ve Ïëàò�îðìà Mirosoft Azure
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�àçâåäî÷íûé òåìàòè÷åñêèé ïîèñê

q = (w1, . . . ,wnq ) � òåêñò çàïðîñà ïðîèçâîëüíîé äëèíû nq

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

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

Êîñèíóñíàÿ ìåðà áëèçîñòè äîêóìåíòà d è çàïðîñà q:

sim(q, d) =

∑

t θtqθtd
(
∑

t θ
2
tq

)1/2(∑

t θ
2
td

)1/2
.

�àíæèðóåì äîêóìåíòû êîëëåêöèè d ∈ D ïî óáûâàíèþ sim(q, d)

Âûäà÷à òåìàòè÷åñêîãî ïîèñêà � k ïåðâûõ äîêóìåíòîâ.

�åàëèçàöèÿ: èíâåðòèðîâàííûé èíäåêñ äëÿ áûñòðîãî ïîèñêà

äîêóìåíòîâ d ïî êàæäîé èç òåì t çàïðîñà
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Ïîñëåäîâàòåëüíûé ïîäáîð êîý��èöèåíòîâ ðåãóëÿðèçàöèè

äåêîððåëèðîâàíèå ðàñïðåäåëåíèé òåðìèíîâ â òåìàõ (τ),

ðàçðåæèâàíèå ðàñïðåäåëåíèé òåì â äîêóìåíòàõ (α),

ñãëàæèâàíèå ðàñïðåäåëåíèé òåðìèíîâ â òåìàõ (β).
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Îöåíêè êà÷åñòâà ïîèñêà

Preision � äîëÿ ðåëåâàíòíûõ ñðåäè íàéäåííûõ

Reall � äîëÿ íàéäåííûõ ñðåäè ðåëåâàíòíûõ

P =
TP

TP+ FP

� òî÷íîñòü (preision)

R =
TP

TP+ FN

� ïîëíîòà, (reall)

F1 =
P + R

2PR
� F1-ìåðà

TP (true positive) � íàéäåííûå ðåëåâàíòíûå

FP (false positive) � íàéäåííûå íåðåëåâàíòíûå

FN (false negative) � íåíàéäåííûå ðåëåâàíòíûå
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�åçóëüòàòû èçìåðåíèÿ òî÷íîñòè è ïîëíîòû ïî çàïðîñàì

100 çàïðîñîâ, 3 àñåññîðà íà çàïðîñ

òî÷íîñòü è ïîëíîòà ïîèñêà âðåìÿ è F1-ìåðà (àñåññîðû)
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ïîëíîòà ÷óòü ëó÷øå, òî÷íîñòü ÷óòü õóæå, ÷åì ó àñåññîðîâ
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Ñðàâíåíèå ñ àñåññîðàìè ïî êà÷åñòâó ïîèñêà

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

(êîëëåêöèÿ Habrahabr.ru)

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

A.Ianina, K.Vorontsov. Multi-objetive topi modeling for exploratory searh in
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Ñðàâíåíèå ñ àñåññîðàìè ïî êà÷åñòâó ïîèñêà

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

(êîëëåêöèÿ TehCrunh.om)
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Âëèÿíèå êîìáèíàöèé ðåãóëÿðèçàòîðîâ íà êà÷åñòâî ïîèñêà

Äåêîððåëèðîâàíèå, Θ-ðàçðåæèâàíèå, Φ-ñãëàæèâàíèå

Habrahabr TehCrunh

R = 0 Ä ÄΘ ÄΘΦ R = 0 Ä ÄΘ ÄΘΦ

Pre�5 0.628 0.748 0.771 0.810 0.652 0.775 0.779 0.819

Pre�10 0.653 0.776 0.812 0.879 0.679 0.787 0.819 0.867

Pre�15 0.642 0.765 0.792 0.868 0.669 0.773 0.798 0.833

Pre�20 0.643 0.759 0.783 0.847 0.673 0.777 0.792 0.825

Reall�5 0.692 0.784 0.805 0.840 0.673 0.812 0.812 0.835

Reall�10 0.714 0.814 0.834 0.870 0.685 0.821 0.845 0.868

Reall�15 0.725 0.835 0.867 0.891 0.712 0.859 0.869 0.890

Reall�20 0.735 0.862 0.891 0.925 0.723 0.882 0.895 0.919

êîìáèíèðîâàíèå ðåãóëÿðèçàòîðîâ óëó÷øàåò êà÷åñòâî ïîèñêà

õîòÿ èñõîäíî âñå ðåãóëÿðèçàòîðû íàöåëåíû íà óëó÷øåíèå

èíòåðïðåòèðóåìîñòè òåì è íå îïòèìèçèðóþò ïîèñê ÿâíî
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Âëèÿíèå ñî÷åòàíèÿ ìîäàëüíîñòåé íà êà÷åñòâî ïîèñêà

Êîëëåêöèÿ Habrahabr.ru. ×èñëî òåì |T | = 200. Ìîäàëüíîñòè:

Ñëîâà, Áèãðàììû, Òåãè, Õàáû, Êîììåíòàòîðû, Àâòîðû.

àñåññîðû Ñ Ê ÑÁ ÑÁÒÕ âñå

Pre�5 0.821 0.612 0.549 0.654 0.737 0.810

Pre�10 0.869 0.635 0.568 0.701 0.752 0.879

Pre�15 0.875 0.625 0.532 0.685 0.682 0.868

Pre�20 0.863 0.616 0.533 0.682 0.687 0.847

Reall�5 0.780 0.722 0.636 0.797 0.827 0.840

Reall�10 0.817 0.744 0.648 0.812 0.875 0.870

Reall�15 0.850 0.778 0.677 0.842 0.893 0.891

Reall�20 0.873 0.803 0.685 0.852 0.898 0.925

Íàèëó÷øåå êà÷åñòâî ïîèñêà � ïî âñåì ìîäàëüíîñòÿì

Íàèáîëåå ïîëåçíûå ìîäàëüíîñòè � ñëîâà è òåãè

Ê.Â. Âîðîíöîâ (vokov�foresys.ru) Çàäà÷è è ìåòîäû àíàëèçà òåêñòîâ 42 / 45



Ïðèêëàäíûå èññëåäîâàíèÿ êà�åäðû è ëàáîðàòîðèè

Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

�àçâåäî÷íûé èí�îðìàöèîííûé ïîèñê
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Âëèÿíèå ÷èñëà òåì íà êà÷åñòâî ïîèñêà

Êîëëåêöèÿ Habrahabr.ru

Èñïîëüçóåì âñå 5 ìîäàëüíîñòåé, ìåíÿåì |T |

àñåññîðû 100 150 200 250 400

Pre�5 0.821 0.662 0.721 0.810 0.761 0.693

Pre�10 0.869 0.761 0.812 0.879 0.825 0.673

Pre�15 0.875 0.733 0.795 0.868 0.791 0.651

Pre�20 0.863 0.724 0.795 0.847 0.792 0.642

Reall�5 0.780 0.732 0.807 0.840 0.821 0.721

Reall�10 0.817 0.771 0.843 0.870 0.851 0.751

Reall�15 0.850 0.824 0.895 0.891 0.871 0.773

Reall�20 0.873 0.857 0.905 0.925 0.892 0.771

Íàèëó÷øåå êà÷åñòâî ïîèñêà � ïðè 200 òåìàõ

Òåìàòè÷åñêèé ïîèñê ïðåâîñõîäèò àñåññîðîâ ïî ïîëíîòå
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�åçþìå

Òåìàòè÷åñêîå ìîäåëèðîâàíèå � ýòî âîññòàíîâëåíèå

ëàòåíòíûõ òåì ïî êîëëåêöèè òåêñòîâûõ äîêóìåíòîâ

Çàäà÷à ñâîäèòñÿ ê ñòîõàñòè÷åñêîìó ìàòðè÷íîìó ðàçëîæåíèþ

Çàäà÷à ÿâëÿåòñÿ íåêîððåêòíî ïîñòàâëåííîé, òàê êàê

ìíîæåñòâî å¼ ðåøåíèé â îáùåì ñëó÷àå áåñêîíå÷íî

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ (ARTM) äîîïðåäåëÿåò çàäà÷ó

è ïîçâîëÿåò ñòðîèòü ìîäåëè ñ çàäàííûìè ñâîéñòâàìè

Îíëàéíîâûé EM-àëãîðèòì õîðîøî ðàñïàðàëëåëèâàåòñÿ

è òåìàòèçèðóåò áîëüøèå êîëëåêöèè çà îäèí ïðîõîä

�àçâåäî÷íûé òåìàòè÷åñêèé ïîèñê ïðîòèâ àñåññîðîâ:

òî÷íîñòü òà æå, ïîëíîòà íà 5% âûøå, 1 ñåê. âìåñòî 30 ìèí.
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