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Êîíöåïöèÿ ¾ìàñòåðñêîé çíàíèé¿

Îãðîìíîå è âñå âîçðàñòàþùåå áîãàòñòâî çíàíèé ðàçáðîñàíî

ñåãîäíÿ ïî âñåìó ìèðó. Ýòèõ çíàíèé, âåðîÿòíî, áûëî áû

äîñòàòî÷íî äëÿ ðåøåíèÿ âñåãî ãðîìàäíîãî êîëè÷åñòâà

òðóäíîñòåé íàøèõ äíåé, íî îíè ðàññåÿíû è íåîðãàíèçîâàíû.

Íàì íåîáõîäèìà î÷èñòêà ìûøëåíèÿ â ñâîåîáðàçíîé

ìàñòåðñêîé, ãäå ìîæíî ïîëó÷àòü, ñîðòèðîâàòü, ñóììèðîâàòü,

óñâàèâàòü, ðàçúÿñíÿòü è ñðàâíèâàòü çíàíèÿ è èäåè.

� �åðáåðò Óýëëñ, 1940

An immense and ever-in
reasing wealth of knowledge is s
attered about the

world today; knowledge that would probably su�
e to solve all the mighty

di�
ulties of our age, but it is dispersed and unorganized. We need a sort of

mental 
learing house for the mind: a depot where knowledge and ideas are

re
eived, sorted, summarized, digested, 
lari�ed and 
ompared.

� Herbert Wells, 1940
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Îò ïîèñêà èí�îðìàöèè ê ¾Ìàñòåðñêîé çíàíèé¿

Îáû÷íûé ïîèñê:

¾íàø¼ë è çàáûë¿

Ìàñòåðñêàÿ çíàíèé � èíñòðóìåíòàðèé äëÿ àâòîìàòèçàöèè

ïîñëåäóþùèõ ýòàïîâ ðàáîòû ñ ïðî�åññèîíàëüíûìè çíàíèÿìè:

èùó � ÷òîáû íàêàïëèâàòü

íàêàïëèâàþ � ÷òîáû àíàëèçèðîâàòü

àíàëèçèðóþ � ÷òîáû ïîíèìàòü

ïîíèìàþ � ÷òîáû ïåðåäàâàòü

Ýòè çàäà÷è ñâÿçàíû ñ àâòîìàòè÷åñêèì àíàëèçîì òåêñòîâ

(ïðèìåíåíèå çíàíèé îñòà¼òñÿ çà ïðåäåëàìè ñèñòåìû).
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Êîíöåïöèÿ ðàçâåäî÷íîãî ïîèñêà (exploratory sear
h)

ïîëüçîâàòåëü ìîæåò íå çíàòü êëþ÷åâûõ òåðìèíîâ

çàïðîñîì ìîæåò áûòü òåêñò ïðîèçâîëüíîé äëèíû

èí�îðìàöèîííàÿ ïîòðåáíîñòü � 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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Îïðåäåëåíèÿ è ìîäåëè ðàçâåäî÷íîãî ïîèñêà

Îïðåäåëåíèå ðàçâåäî÷íîãî ïîèñêà ÷åðåç 11 åãî ñâîéñòâ:

1

An evolving sear
h pro
ess

ðàçâåäî÷íûé ïîèñê � ýòî ìíîãîøàãîâûé ïðîöåññ

êàæäûé øàã � ïåðå�îðìóëèðîâêà èëè äîïîëíåíèå çàïðîñà

2

An anomalous state of knowledge

â íà÷àëå ïîèñêà ó ïîëüçîâàòåëÿ åñòü ëèøü ìîòèâàöèè,

íî íåò çíàíèé è íåò îïðåäåë¼ííîãî ïëàíà, êàê èõ ïîëó÷àòü

3

Multiple targets / goals of sear
h

íåò êîíêðåòíîé, òî÷íî îïðåäåë¼ííîé öåëè ïîèñêà

åñòü ëèøü îáùèé èíòåðåñ è ýâîëþöèîíèðóþùèå ïîäöåëè

E.Palagi et al. A Survey of De�nitions and Models of Exploratory Sear
h. 2017.
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4

Multiple possible answers

âîçìîæíûõ ïðàâèëüíûõ îòâåòîâ ìîæåò áûòü ìíîãî

5

Not an expe
ted exa
t answer

íå ñóùåñòâóåò åäèíñòâåííîãî ïðàâèëüíîãî îòâåòà

6

A serendipitous attitude

ëþáîé øàã ìîæåò äàâàòü íåîæèäàííûå íîâûå çíàíèÿ

7

An evolving information need

íà ëþáîì øàãå öåëè è ñòðàòåãèè ïîèñêà ìîãóò èçìåíèòüñÿ

8

Un
ertainty is �u
tuating

â ïðîöåññå ïîèñêà íåîïðåäåë¼ííîñòü óìåíüøàåòñÿ,

íî èçìåíåíèå öåëè ìîæåò ñíîâà å¼ óâåëè÷èòü

E.Palagi et al. A Survey of De�nitions and Models of Exploratory Sear
h. 2017.
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9

Multifa
eted sear
h

ïðè ïîèñêå èñïîëüçóþòñÿ ðàçëè÷íûå �èëüòðû (�àñåòû),

íàïðèìåð, ïî àâòîðàì, òåìàòèêå, ñâåæåñòè, ñëîæíîñòè

10

Several one-o� pinpoint sear
hes

ìíîãîêðàòíûå òî÷å÷íûå îäíîðàçîâûå îòâåòâëåíèÿ ïîèñêà,

íàïðèìåð, ÷òîáû óòî÷íèòü ïîíÿòèå, ïåðâîèñòî÷íèê, è ò.ï.

11

An open-ended sear
h a
tivity whi
h 
an o

ur over time

ïðîöåññ ïîèñêà íèêîãäà íà çàêàí÷èâàåòñÿ

ïîëüçîâàòåëü ìîæåò âåðíóòüñÿ ïîñëå äîëãîãî ïåðåðûâà

E.Palagi et al. A Survey of De�nitions and Models of Exploratory Sear
h. 2017.
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Êîíöåïöèÿ ñåðâèñà òåìàòè÷åñêîãî ðàçâåäî÷íîãî ïîèñêà

Ïîäáîðêà � äîëãîñðî÷íûé ïîèñêîâûé èíòåðåñ ïîëüçîâàòåëÿ

Ïîèñêîâî-ðåêîìåíäàòåëüíûå �óíêöèè:

ïîèñê ñåìàíòè÷åñêè áëèçêèõ äîêóìåíòîâ ïî ïîäáîðêå

ìîíèòîðèíã íîâûõ äîêóìåíòîâ äëÿ ïîäáîðêè

Àíàëèòè÷åñêèå �óíêöèè:

ðåêîìåíäàöèÿ ïîðÿäêà ÷òåíèÿ âíóòðè ïîäáîðêè

àâòîìàòèçàöèÿ ðå�åðèðîâàíèÿ ïîäáîðêè

êëàñòåðèçàöèÿ òåì, èäåé, ìíåíèé âî âñåé ïîäáîðêå

âûäåëåíèå êëþ÷åâûõ ïîíÿòèé, �àêòîâ, èäåé èç äîêóìåíòà

Êîììóíèêàòèâíûå �óíêöèè:

ñîâìåñòíîå ñîñòàâëåíèå è èñïîëüçîâàíèå ïîäáîðîê

èíòåðàêòèâíàÿ âèçóàëèçàöèÿ è èí�îãðà�èêà ïî ïîäáîðêå
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Ïîèñêîâî-ðåêîìåíäàòåëüíàÿ ñèñòåìà arXiv.AITHEA.
om

Òåìàòè÷åñêàÿ ïîäáîðêà ïîëüçîâàòåëÿ:

�àçðàáîòêà êîìïàíèé AITHEA è Digital De
isions (http://dde
isions.ai)
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om

Ñïèñîê ñòàòåé, ðåêîìåíäóåìûõ äëÿ äîáàâëåíèÿ â ïîäáîðêó:

�àçðàáîòêà êîìïàíèé AITHEA è Digital De
isions (http://dde
isions.ai)
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om

Äîáàâëåíèå ñòàòüè èç ñïèñêà ðåêîìåíäàöèé â ïîäáîðêó:

�àçðàáîòêà êîìïàíèé AITHEA è Digital De
isions (http://dde
isions.ai)

Ê.Â. Âîðîíöîâ (voron�fore
sys.ru) �àçâåäî÷íîãî ïîèñêà 12 / 44



Îò ïîèñêà èí�îðìàöèè ê ¾ìàñòåðñêîé çíàíèé¿

Çàäà÷è àâòîìàòèçàöèè ðå�åðèðîâàíèÿ

Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Êîíöåïöèÿ ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Çàäà÷è ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ òåêñòà

Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

Àíàëèòè÷åñêèå �óíêöèè â ïðèëîæåíèÿõ

Íàó÷íûå ïóáëèêàöèè

Ïîäáèðàåì ñòàòüè ïî òåìàòèêå èññëåäîâàíèé

�àçäåëÿåì ïî ïîäòåìàì, íàó÷íûì øêîëàì, òåðìèíîëîãèè

Íàõîäèì òðåíäû, ïîäõîäû, îòêðûòûå ïðîáëåìû

Ìàññîâûå îòêðûòûå îíëàéí-êóðñû

Ïîäáèðàåì êóðñû ïî òåìàòèêå

�àçäåëÿåì ïî óðîâíÿì, ïðåðåêâèçèòàì, êîìïåòåíöèÿì

Íàõîäèì ïåðñîíàëüíûå îáðàçîâàòåëüíûå òðàåêòîðèè

Íàó÷íî-ïîïóëÿðíûé è ïðîñâåòèòåëüñêèé êîíòåíò

Ïîäáèðàåì ñòàòüè ïî òåìàòèêå èíòåðåñîâ

�àçäåëÿåì ïî ïîäòåìàì, âîçðàñòó öåëåâîé àóäèòîðèè

Íàõîäèì ¾òî÷êè âõîäà¿ â íàóêó, ïîðÿäîê ÷òåíèÿ
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Îò ïîèñêà èí�îðìàöèè ê ¾ìàñòåðñêîé çíàíèé¿

Çàäà÷è àâòîìàòèçàöèè ðå�åðèðîâàíèÿ

Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Êîíöåïöèÿ ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Çàäà÷è ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ òåêñòà

Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

Àíàëèòè÷åñêèå �óíêöèè â ïðèëîæåíèÿõ

Îòçûâû è îáçîðû î ïîòðåáèòåëüñêèõ òîâàðàõ

Ïîäáèðàåì îòçûâû ïî íàçíà÷åíèþ òîâàðà

�àçäåëÿåì ïî ïîòðåáèòåëüñêèì ñâîéñòâàì òîâàðà

Íàõîäèì àðãóìåíòàöèþ äëÿ ïðèíÿòèÿ ðåøåíèÿ î ïîêóïêå

Íîâîñòíûå ïîòîêè

Ïîäáèðàåì íîâîñòè ïî òåìå, ïðîáëåìå èëè ñîáûòèþ

�àçäåëÿåì ïî òîíàëüíîñòè, àêöåíòèðîâàíèþ, óìàë÷èâàíèþ

Íàõîäèì ïîëÿðíûå ìíåíèÿ è èõ èñòî÷íèêè

Àêòû àðáèòðàæíûõ ñóäîâ

Ïîäáèðàåì äåëà, ñõîæèå ïî ñóùåñòâó

�àçäåëÿåì ïî èñõîäó äåëà

Íàõîäèì àðãóìåíòàöèþ äëÿ ñóäà
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Îò ïîèñêà èí�îðìàöèè ê ¾ìàñòåðñêîé çíàíèé¿

Çàäà÷è àâòîìàòèçàöèè ðå�åðèðîâàíèÿ

Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Êîíöåïöèÿ ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Çàäà÷è ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ òåêñòà

Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

Çàäà÷è, ìåòîäû è òåõíîëîãèè NLP äëÿ ¾Ìàñòåðñêîé çíàíèé¿

Îñíîâíûå çàäà÷è:

Ñåìàíòè÷åñêèå âåêòîðíûå ïðåäñòàâëåíèÿ òåêñòà

Èåðàðõè÷åñêîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

Ñóììàðèçàöèÿ è àííîòèðîâàíèå òåêñòîâ

Òåìàòè÷åñêàÿ ñåãìåíòàöèÿ òåêñòà

�àíæèðîâàíèå äîêóìåíòîâ â ïîðÿäêå ÷òåíèÿ

Âèçóàëèçàöèÿ áîëüøèõ òåêñòîâûõ êîëëåêöèé

Âñïîìîãàòåëüíûå çàäà÷è:

Ìîð�îëîãè÷åñêèé è ñèíòàêñè÷åñêèé ïàðñèíã

Âûäåëåíèå òåðìèíîâ, �àêòîâ, òîíàëüíîñòè

Êëàñòåðèçàöèÿ è êëàññè�èêàöèÿ òåêñòîâ

Îöåíèâàíèå êîãíèòèâíîé ñëîæíîñòè òåêñòà

Ìîäåëè îáó÷åíèÿ ðàíæèðîâàíèþ
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Îò ïîèñêà èí�îðìàöèè ê ¾ìàñòåðñêîé çíàíèé¿

Çàäà÷è àâòîìàòèçàöèè ðå�åðèðîâàíèÿ

Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Êîíöåïöèÿ ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Çàäà÷è ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ òåêñòà

Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Äàíî: êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ, p(w |d) = ndw
nd

Âåðîÿòíîñòíàÿ òåìàòè÷åñêàÿ ìîäåëü:

p(w |d) =
∑

t∈T

p(w |t)p(t|d) =
∑

t∈T

φwtθtd

Íàéòè: ïàðàìåòðû ìîäåëè φwt=p(w |t), θtd =p(t|d)

Ýòî çàäà÷à ñòîõàñòè÷åñêîãî ìàòðè÷íîãî ðàçëîæåíèÿ:

Hofmann T. Probabilisti
 Latent Semanti
 Indexing. ACM SIGIR, 1999.

Blei D., Ng A., Jordan M. Latent Diri
hlet Allo
ation. JMLR, 2003.
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Çàäà÷è àâòîìàòèçàöèè ðå�åðèðîâàíèÿ

Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Êîíöåïöèÿ ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Çàäà÷è ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ òåêñòà

Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

ARTM: àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :
∑

d,w

ndw ln
∑

t

φwtθtd + R(Φ,Θ) → max
Φ,Θ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:























ptdw ≡ p(t|d ,w) = norm
t∈T

(

φwtθtd
)

φwt = norm
w∈W

(
∑

d ndwptdw + φwt
∂R
∂φwt

)

θtd = norm
t∈T

(
∑

w ndwptdw + θtd
∂R
∂θtd

)

ãäå norm
t∈T

(xt) =
max{xt ,0}∑

s∈T

max{xs ,0}
� îïåðàöèÿ íîðìèðîâàíèÿ âåêòîðà.

Âîðîíöîâ Ê. Â. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

êîëëåêöèé òåêñòîâûõ äîêóìåíòîâ. Äîêëàäû �ÀÍ, 2014.

Ê.Â. Âîðîíöîâ (voron�fore
sys.ru) �àçâåäî÷íîãî ïîèñêà 17 / 44



Îò ïîèñêà èí�îðìàöèè ê ¾ìàñòåðñêîé çíàíèé¿

Çàäà÷è àâòîìàòèçàöèè ðå�åðèðîâàíèÿ

Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Êîíöåïöèÿ ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Çàäà÷è ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ òåêñòà

Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

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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Çàäà÷è àâòîìàòèçàöèè ðå�åðèðîâàíèÿ

Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Êîíöåïöèÿ ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Çàäà÷è ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ òåêñòà

Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

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

)

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

multimodal topi
 modeling of large 
olle
tions. CIKM TM workshop, 2015.
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Îò ïîèñêà èí�îðìàöèè ê ¾ìàñòåðñêîé çíàíèé¿

Çàäà÷è àâòîìàòèçàöèè ðå�åðèðîâàíèÿ

Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Êîíöåïöèÿ ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Çàäà÷è ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ òåêñòà

Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

Ìîäàëüíîñòü áèãðàìì óëó÷øàåò èíòåðïðåòèðóåìîñòü òåì

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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Çàäà÷è àâòîìàòèçàöèè ðå�åðèðîâàíèÿ

Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Êîíöåïöèÿ ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Çàäà÷è ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ òåêñòà

Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

Èåðàðõè÷åñêàÿ òåìàòè÷åñêàÿ ìîäåëü: ïîñëîéíîå ïîñòðîåíèå

Øàã 1. Ñòðîèì ìîäåëü ñ íåáîëüøèì ÷èñëîì òåì.

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

Ñòðîèì ìíîæåñòâî äî÷åðíèõ òåì S (subtopi
s), |S | > |T |.

�îäèòåëüñêèå òåìû ïðèáëèæàþòñÿ ñìåñÿìè äî÷åðíèõ òåì:

∑

t∈T

nwt ln p(w |t) =
∑

t∈T

nwt ln
∑

s∈S

p(w |s)p(s|t) → max
Φ,Ψ

,

ãäå p(s|t) = ψst , Ψ = (ψst)S×T � ìàòðèöà ñâÿçåé.

�îäèòåëüñêàÿ Φp ≈ ΦΨ, îòñþäà ðåãóëÿðèçàòîð ìàòðèöû Φ:

R(Φ,Ψ) = τ
∑

t∈T

∑

w∈W

nwt ln
∑

s∈S

φwsψst → max .

�îäèòåëüñêèå òåìû t � ïñåâäî-äîêóìåíòû ñ ÷àñòîòàìè ñëîâ nwt .
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Çàäà÷è àâòîìàòèçàöèè ðå�åðèðîâàíèÿ

Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Êîíöåïöèÿ ðàçâåäî÷íîãî èí�îðìàöèîííîãî ïîèñêà

Çàäà÷è ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ òåêñòà

Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

Äèñòðèáóòèâíàÿ ãèïîòåçà è âåêòîðíûå ïðåäñòàâëåíèÿ ñëîâ

Words that o

ur in the same 
ontexts tend to have similar

meanings [Harris, 1954℄.

You shall know a word by the 
ompany it keeps [Firth, 1957℄.

Äàíî: nuw � ÷àñòîòà ïàðû ñëîâ u,w â îêíå ±h ñëîâ

Íàéòè: âåêòîðíûå ïðåäñòàâëåíèÿ ñëîâ xw è êîíòåêñòîâ yu
Ìîäåëü: âåðîÿòíîñòü ñëîâà w â êîíòåêñòå ñëîâà u:

p(w |u) = SoftMax
w∈W

〈xw , yu〉 = norm
w∈W

(

exp 〈xw , yu〉
)

Êðèòåðèé ìàêñèìóìà log-ïðàâäîïîäîáèÿ:

∑

w ,u∈W

nwu ln p(w |u) → max
{xw ,yu}

Z.Harris. Distributional stru
ture. 1954.

J.R.Firth. A synopsis of linguisti
 theory 1930-1955. Oxford, 1957.
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Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

Ìîäåëè âåêòîðíûõ ïðåäñòàâëåíèé òåêñòà

word2ve
: ýìáåäèíãè (âåêòîðíûå ïðåäñòàâëåíèÿ) ñëîâ

T.Mikolov et al. E�
ient estimation of word representations in ve
tor spa
e. 2013.

paragraph2ve
: ýìáåäèíãè �ðàãìåíòîâ èëè äîêóìåíòîâ

Q.Le, T.Mikolov. Distributed representations of senten
es and do
uments. 2014.

sent2ve
: ýìáåäèíãè ïðåäëîæåíèé

M.Pagliardini et al. Unsupervised learning of senten
e embeddings using 
ompositional n-gram features. 2017.

FastText: ýìáåäèíãè ñèìâîëüíûõ n-ãðàìì
https://github.
om/fa
ebookresear
h/fastText

StarSpa
e: ýìáåäèíãè ÷åãî óãîäíî îò Fa
ebook AI Resear
h

L.Wu, A.Fis
h, S.Chopra, K.Adams, A.B.J.Weston. StarSpa
e: embed all the things! 2018.

BERT: ýìáåäèíãè �ðàç è ïðåäëîæåíèé îò Google AI Language

J.Devlin et al. BERT: pre-training of deep bidire
tional transformers for language understanding. 2018.

Ïðåèìóùåñòâà òåìàòè÷åñêèõ âåêòîðíûõ ïðåäñòàâëåíèé:

êîîðäèíàòû ñîîòâåòñòâóþò òåìàì, èíòåðïðåòèðóåìûå,

ðàçðåæåííûå, ìîãóò áûòü ñäåëàíû èåðàðõè÷åñêèìè
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Ïîèñê â ïðîñòðàíñòâå ñåìàíòè÷åñêèõ âåêòîðíûõ ïðåäñòàâëåíèé

Ïîèñê ïî ñðåäíåìó âåêòîðó ïîäáîðêè (íåóäà÷íàÿ ñòðàòåãèÿ):

Ïîèñê ïî êëàñòåðàì, ïîñòðîåííûì ïî äîêóìåíòàì ïîäáîðêè:

Ïîèñê ïî êëàñòåðàì, ïîñòðîåííûì ïî ñåãìåíòàì äîêóìåíòîâ:
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Ñòðàòåãèè ðàçâåäî÷íîãî ïîèñêà

Ïîèñê â ïðîñòðàíñòâå ñåìàíòè÷åñêèõ âåêòîðíûõ ïðåäñòàâëåíèé

Ïîèñê ïî ÷àñòè ïîäáîðêè èëè ïî îòäåëüíîìó äîêóìåíòó:

Ìåæäèñöèïëèíàðíûé ïîèñê ïî ñìåæíûì òåìàì ÷àñòè ïîäáîðêè:

Ìåæäèñöèïëèíàðíûé ïîèñê ïî ñìåæíûì òåìàì âñåé ïîäáîðêè:
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Àâòîìàòèçàöèÿ ðå�åðèðîâàíèÿ: ïîñòàíîâêè çàäà÷

Çàäà÷à òåìàòè÷åñêîé ñåãìåíòàöèè òåêñòà

Çàäà÷à ñóììàðèçàöèè (àííîòèðîâàíèÿ, ðå�åðèðîâàíèÿ) òåêñòà

Àâòîìàòè÷åñêàÿ ñóììàðèçàöèÿ � êðàòêèé òåêñò, ïîñòðîåííûé

ïî îäíîìó èëè íåñêîëüêèì äîêóìåíòàì è íàèáîëåå ïîëíî

ïåðåäàþùèé èõ ñîäåðæàíèå.

Ïîëóàâòîìàòè÷åñêàÿ � HAMS, human aided ma
hine summarization

Îñíîâíûå òèïû çàäà÷ ñóììàðèçàöèè:

one-do
ument � íà âõîäå îäèí äîêóìåíò d ∈ D

multi-do
ument � íà âõîäå íàáîð äîêóìåíòîâ D ′ ⊆ D

⊕
topi
 � íà âõîäå íàáîð ñåãìåíòîâ òåìû p(d , s|t)

Îñíîâíûå ïîäõîäû ê ñóììàðèçàöèè:

extra
tive � âûáîð íåêîòîðûõ ïðåäëîæåíèé öåëèêîì

abstra
tive � ãåíåðàöèÿ òåêñòà íà åñòåñòâåííîì ÿçûêå

H.P.Luhn. The automati
 
reation of literature abstra
ts. 1958.

Juan-Manuel Torres-Moreno. Automati
 Text Summarization. 2014.
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Çàäà÷à òåìàòè÷åñêîé ñåãìåíòàöèè òåêñòà

Çàäà÷à ìíîãîêðèòåðèàëüíîé äèñêðåòíîé îïòèìèçàöèè

Sd � ìíîæåñòâî ïðåäëîæåíèé äîêóìåíòà d

ïîäìíîæåñòâî a ⊂ Sd � èñêîìàÿ ñóììàðèçàöèÿ

Ïîêðûòèå òåðìèíîëîãèè äîêóìåíòà (lexi
on 
overage):

WCov(a) = KL
(

p(w |d)‖p(w |a)
)

→ min
a⊂Sd

Ïîêðûòèå òåìàòèêè äîêóìåíòà (topi
 
overage):

TCov(a) = KL
(

p(t|d)‖p(t|a)
)

→ min
a⊂Sd

Èçáûòî÷íîñòü ñóììàðèçàöèè (redundan
y):

Red(a) =
∑

s,s′∈a

Bss′ → min
a⊂Sd

, Bss′ = sim
(

p(w |s), p(w |s ′)
)

,

ãäå sim � îäíà èç ìåð ñõîäñòâà: 
os, JS, Ja

ard è ò.ï.

Marina Litvak, Natalia Vanetik, Chunlei Liu, Lemin Xiao, Onur Savas.

Improving Summarization Quality with Topi
 Modeling. 2015.
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Ñâåäåíèå äèñêðåòíîé îïòèìèçàöèîííîé çàäà÷è ê íåïðåðûâíîé

Ìåòîä ðåëàêñàöèè: âìåñòî a ⊂ Sd èùåì πs = p(s|a), ãäå s ∈ Sd .

Â ðåëàêñèðîâàííîé çàäà÷å:

p(w |a) =
∑

s∈d

p(w |s)p(s|a) =
∑

s∈d

nws
ns
πs

p(t|a) =
∑

s∈d

p(t|s)p(s|a) =
∑

s∈d

θtsπs

Ñóììà òð¼õ êðèòåðèåâ WCov(a) + τ1TCov(a) + τ2Red(a):
∑

w∈d

ndw ln
∑

s∈d

nws
ns
πs + τ1

∑

t∈T

θtd ln
∑

s∈d

θtsπs − τ2
∑

s,s′∈d

Bss′πsπs′ → max
{π}

Ìàêñèìèçàöèÿ ïîêðûòèÿ � ýòî ìàêñèìèçàöèÿ ïðàâäîïîäîáèÿ!

Ìîæíî äîáàâèòü ðåãóëÿðèçàòîð ðàçðåæèâàíèÿ:

R(π) = −τ3
∑

s∈Sd

lnπs → max
{π}
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Ïîñëåäíèå äîñòèæåíèÿ àáñòðàêòèâíîé ñóììàðèçàöèè

S.Subramanian, R.Li, J.Pilault, C.Pal. On Extra
tive and Abstra
tive Neural

Do
ument Summarization with Transformer Language Models. 2019.
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Çàäà÷à òåìàòè÷åñêîé ñåãìåíòàöèè òåêñòà

Àâòîìàòèçàöèÿ ðå�åðèðîâàíèÿ â ñòèëå ãèáðèäíîãî èíòåëëåêòà

Íàó÷íûå ñòàòüè èìåþò ññûëêè è ñïèñêè ëèòåðàòóðû.

Îñíîâíîé öèêë â ïðîöåññå ðå�åðèðîâàíèÿ ïîäáîðêè ñòàòåé:

ïîëüçîâàòåëü âûáèðàåò ñó�ë¼ðà

ñó�ë¼ð âûäà¼ò ðàíæèðîâàííûé ñïèñîê ïîäñêàçîê

ïîëüçîâàòåëü âûáèðàåò èç íåãî �ðàçó

�ðàçà äîáàâëÿåòñÿ â ðåäàêòèðóåìûé òåêñò ðå�åðàòà

Âèäû ñó�ë¼ðîâ:

êàêóþ ñòàòüþ óïîìÿíóòü ñëåäóþùåé

êàêîå ïðåäëîæåíèå âçÿòü ïðî äàííóþ ñòàòüþ

êàêóþ öèòàòó âçÿòü èç äàííîé ñòàòüè
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Ôîðìèðîâàíèå âûáîðîê äëÿ îáó÷åíèÿ ñó�ë¼ðîâ

Èäåÿ èç self-supervised learning: àâòîìàòè÷åñêîå

�îðìèðîâàíèå îáó÷àþùåé âûáîðêè èç òåêñòîâ íàó÷íûõ ñòàòåé

Ïîäáîðêà xi � ñòàòüè èç ñïèñêà ëèòåðàòóðû ñòàòüè i

�å�åðàò yi � ïðåäëîæåíèÿ èç îáçîðíûõ ÷àñòåé ñòàòüè i

Âûäåëåíèå îáçîðíûõ ÷àñòåé ñòàòüè

ðåøåíèå çàäà÷è ñåãìåíòàöèè

îòáîð ñåãìåíòîâ ñ øèðîêîé òåìàòèêîé è ÷àñòûìè ññûëêàìè

Êðèòåðèé êà÷åñòâà ñó�ë¼ðà

ROUGE�k � ñðåäíåå ïî âñåì ïðåäëîæåíèÿì âñåõ ðå�åðàòîâ

çíà÷åíèå ìåòðèêè êà÷åñòâà ñóììàðèçàöèè ROUGE

äëÿ k-ãî ïðåäëîæåíèÿ â ðàíæèðîâàííîì ñïèñêå ïîäñêàçîê.
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Çàäà÷à òåìàòè÷åñêîé ñåãìåíòàöèè òåêñòà

Ìåòîäû ñåãìåíòàöèè TextTiling, Topi
Tiling

(sj)
kd
j=1 � ïîñëåäîâàòåëüíîñòü ïðåäëîæåíèé äîêóìåíòà d

vs [t] =
1
|s|

∑

w∈s
vw [t] � âåêòîðíîå ïðåäñòàâëåíèå ïðåäëîæåíèÿ s

vw [t] � ýìáåäèíãè ñëîâ (word2ve
, òåìàòè÷åñêèå p(t|d ,w) è ò.ï.)

cj = cos(vj−1, vj) � 
oheren
e s
ore, îöåíêà áëèçîñòè ñîñåäíèõ

ïðåäëîæåíèé (÷åì ãëóáæå ïðîâàë, òåì ÷¼ò÷å ãðàíèöà)

dj =
1
2

(

hlj + hrj − 2cj
)

� depth s
ore, îöåíêà ãëóáèíû ïðîâàëà

Martin Riedl, Chris Biemann. Text Segmentation with Topi
 Models. 2012.
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Çàäà÷è òåêñòîâîé àíàëèòèêè íà ïîäáîðêàõ

�åêîìåíäàöèÿ ïîðÿäêà ÷òåíèÿ è ñëîæíîñòü òåêñòà

Çàäà÷è âèçóàëèçàöèè

Ïðèìåð: êëàñòåðèçàöèÿ íîâîñòíîé òåìû íà ïîëÿðíûå ìíåíèÿ

Ôîðìàëèçàöèÿ ïîíÿòèå ¾ïîëÿðíîå ìíåíèå¿:

íàáîð òîíàëüíûõ îöåíîê êëþ÷åâûõ îáúåêòîâ òåìû

íàáîð ÷àñòî óïîìèíàåìûõ �àêòîâ

íàáîð óìàë÷èâàåìûõ �àêòîâ

íàáîð ñåìàíòè÷åñêèõ ðîëåé êëþ÷åâûõ îáúåêòîâ òåìû

Äëÿ îöåíèâàíèÿ êà÷åñòâà êëàññè�èêàöèè èñïîëüçóåòñÿ âûáîðêà

íîâîñòåé, ðàçìå÷åííûõ ýêñïåðòàìè.

Òåêóùèé óðîâåíü òî÷íîñòè êëàññè�èêàöèè îêîëî 70%.

Ò.Ñàäåêîâà. Âûäåëåíèå ìíåíèé â òåìàòè÷åñêèõ ìîäåëÿõ íîâîñòíûõ

ïîòîêîâ. ÂÌÊ Ì�Ó, 2018.

Ä.Ôåëüäìàí. Èñïîëüçîâàíèå �àêòîâ äëÿ ïîèñêà ìíåíèé â íîâîñòÿõ.

ÌÔÒÈ, 2018.
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Àíàëèç, ñèñòåìàòèçàöèÿ è ïðåäñòàâëåíèå çíàíèé

Çàäà÷è òåêñòîâîé àíàëèòèêè íà ïîäáîðêàõ

�åêîìåíäàöèÿ ïîðÿäêà ÷òåíèÿ è ñëîæíîñòü òåêñòà

Çàäà÷è âèçóàëèçàöèè

Çàäà÷à îöåíèâàíèÿ êîãíèòèâíîé ñëîæíîñòè òåêñòà

Îñíîâíûå ïðåäïîëîæåíèÿ:

óðîâíè ÿçûêà: �îíåòè÷åñêèé, ìîð�îëîãè÷åñêèé,

ëåêñè÷åñêèé, ñèíòàêñè÷åñêèé, äèñêóðñèâíûé

íà óðîâíå i òåêñò ìîæåò áûòü ïðåäñòàâëåí â âèäå

ïîñëåäîâàòåëüíîñòè òîêåíîâ àë�àâèòà Ai

ñëîæíîñòü òåêñòà íà óðîâíå i � ýòî äîëÿ òîêåíîâ,

èìåþùèõ àíîìàëüíî âûñîêóþ ÷àñòîòó

÷àñòîòà òîêåíà àíîìàëüíî âûñîêàÿ, åñëè îíà ïðåâûøàåò

95%-þ êâàíòèëü åãî ÷àñòîòû â ðå�åðåíòíîì êîðïóñå

ðå�åðåíòíûé êîðïóñ � òåêñòû, íå ÿâëÿþùèåñÿ ñëîæíûìè

äëÿ âûáðàííîé ÷èòàòåëüñêîé àóäèòîðèè

M.Eremeev, K.Vorontsov. Lexi
al quantile-based text 
omplexity measure.

RANLP-2019.
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Çàäà÷è âèçóàëèçàöèè

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

Êîíöåïöèÿ äàëüíåãî ÷òåíèÿ Ôðàíêî Ìîðåòòè

¾Äàëüíåå ÷òåíèå � íå îãðàíè÷åíèå, à ñïîñîá ïðåäñòàâëåíèÿ

çíàíèé: ìåíüøå ýëåìåíòîâ, ÷¼ò÷å ïîíèìàíèå èõ âçàèìîñâÿçåé,

àêöåíò íà �îðìàõ, îòíîøåíèÿõ, ñòðóêòóðàõ, ìîäåëÿõ¿

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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Ïðèìåð: òåìàòèêà îáñóæäåíèé íà www.PatientsLikeMe.ñom

Chen A., Ei
hler G. Topi
 Modeling and Network Visualization to Explore

Patient Experien
es. 2013.
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Åù¼ îäíà êàðòà òåìàòè÷åñêîé êëàñòåðíîé ñòðóêòóðû

C.Folgar, J.M
Cuan. The 3 most-
ited studies in health
are and AI. Quid, 2017.
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Åù¼ îäèí ïðèìåð êàðòû íàóêè

Âàæíîå íàáëþäåíèå:

îáëàñòè çíàíèÿ

ñàìîïðîèçâîëüíî

ðàñïîëàãàþòñÿ ïî êðóãó,

çíà÷èò,

èõ ìîæíî ðàñïîëàãàòü

è âäîëü ïðÿìîé ëèíèè.

Íåäîñòàòêè:

îñè íå èìåþò

èíòåðïðåòàöèè

èñêàæåíèå ñõîäñòâà

ïðè äâóìåðíîì

ïðîåöèðîâàíèè

http://s
imaps.org
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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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Âèçóàëèçàöèÿ òåìàòè÷åñêîãî ðàçâåäî÷íîãî ïîèñêà (êîíöåïò)

Èíòåðïðåòàöèÿ îñåé: âðåìÿ, òåìû, ñëîæíîñòü, è ò.ä.

Èåðàðõè÷íîñòü: òåìû äåëÿòñÿ íà ïîäòåìû

Ñïåêòð òåì: ãóìàíèòàðíûå→ åñòåñòâåííûå→ òî÷íûå

Èíòåðàêòèâíîñòü: ðåàëèçàöèÿ ìàíòðû Øíåéäåðìàíà

Ñóììàðèçàöèÿ: êàðòà ëþáîãî ìàñøòàáà çàïîëíåíà òåêñòîì
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Ïîñòðîåíèå ñïåêòðà òåì. Ïîñòàíîâêà çàäà÷è

Òåìàòè÷åñêèé ñïåêòð � òàêàÿ ïåðåñòàíîâêà òåì t1, . . . , t|T |, ÷òî

ñóììà ðàññòîÿíèé ìåæäó ñîñåäíèìè òåìàìè ìèíèìàëüíà:

|T |
∑

i=2

ρ(ti , ti−1) → min

Ôóíêöèÿ ðàññòîÿíèÿ ρ(t, t ′) ìåæäó òåìàìè, ïðèìåðû:

Ìàíõýòòåíñêîå: ρ(t, t ′) =
∑

w∈W

∣

∣φwt − φwt′
∣

∣

Õåëëèíãåðà: ρ2(t, t ′) = 1
2

∑

w∈W

(
√

φwt −
√

φwt′
)2

Æàêêàðà: ρ(t, t ′) = 1−
|Wt ∩Wt′ |

|Wt ∪Wt′ |
, Wt =

{

w : φwt >
1

|W |

}
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Çàäà÷è âèçóàëèçàöèè

Ïîñòðîåíèå ñïåêòðà òåì � ýòî çàäà÷à êîììèâîÿæ¼ðà

Çàäà÷à TSP (traveling salesman problem)

Íàéòè ïóòü ìèíèìàëüíîé ñóììàðíîé ñòîèìîñòè, ñîåäèíÿþùèé

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

Àëãîðèòì Ëèíà�Êåðíèãàíà â ðåàëèçàöèè Õåëüñãàóíà � ëó÷øèé

äëÿ ðåøåíèÿ çàäà÷è TSP, ïî äàííûì En
y
lopedia of operations

resear
h íà 2013 ãîä.

Âû÷èñëèòåëüíàÿ ñëîæíîñòü T 2.2
.

Äðóãèå àëãîðèòìû îêàçàëèñü íå òîëüêî ìåäëåííåå, íî è õóæå

ïî êà÷åñòâó òåìàòè÷åñêèõ ñïåêòðîâ.

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

salesman heuristi
. EJOR, 2000.

Äìèòðèé Ôåäîðÿêà. Òåõíîëîãèÿ èíòåðàêòèâíîé âèçóàëèçàöèè

òåìàòè÷åñêèõ ìîäåëåé. Áàêàëàâðñêàÿ äèññåðòàöèÿ. ÌÔÒÈ, 2017.
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Çàäà÷è âèçóàëèçàöèè

�åçþìå

Òåõíîëîãèè ¾Ìàñòåðñêîé çíàíèé¿ � ìàøèííîå îáó÷åíèå,

÷èñëåííàÿ îïòèìèçàöèÿ, ìàòåìàòè÷åñêàÿ ñòàòèñòèêà

ñåìàíòè÷åñêèå âåêòîðíûå ïðåäñòàâëåíèÿ òåêñòà

èåðàðõè÷åñêîå òåìàòè÷åñêîå ìîäåëèðîâàíèå

òåìàòè÷åñêàÿ ñåãìåíòàöèÿ òåêñòà

îáó÷åíèå ðàíæèðîâàíèþ äëÿ ðàçëè÷íûõ ñòðàòåãèé ïîèñêà

îáó÷åíèå ðàíæèðîâàíèþ �ðàç äëÿ ñóììàðèçàöèè

îáó÷åíèå ðàíæèðîâàíèþ äîêóìåíòîâ â ïîðÿäêå ÷òåíèÿ

âûÿâëåíèå ïîíÿòèé, �àêòîâ, èäåé, ìíåíèé, âûâîäîâ

îöåíèâàíèå îòíîñèòåëüíîé êîãíèòèâíîé ñëîæíîñòè òåêñòà

îïòèìàëüíîå ëèíåéíîå ðàíæèðîâàíèå òåì

îïòèìàëüíîå ðàçìåùåíèå òåêñòîâûõ äàííûõ íà êàðòàõ
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