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Ïðèíöèï ýìïèðè÷åñêîé èíäóêöèè

¾Íå ñëåäóåò ïîëàãàòüñÿ íà ñ�îðìóëèðîâàííûå

àêñèîìû è �îðìàëüíûå áàçîâûå ïîíÿòèÿ,

êàêèìè áû ïðèâëåêàòåëüíûìè è ñïðàâåäëèâûìè

îíè íå êàçàëèñü. Çàêîíû ïðèðîäû íóæíî

¾ðàñøè�ðîâûâàòü¿ èç �àêòîâ îïûòà.

Ñëåäóåò èñêàòü ïðàâèëüíûé ìåòîä àíàëèçà

è îáîáùåíèÿ îïûòíûõ äàííûõ;

çäåñü ëîãèêà Àðèñòîòåëÿ íå ïîäõîäèò â ñèëó

å¼ àáñòðàêòíîñòè, îòîðâàííîñòè îò ðåàëüíûõ

ïðîöåññîâ è ÿâëåíèé.¿

Ôðýíñèñ Áýêîí

(1561�1626)

Òàáëèöû îòêðûòèÿ: ìíîæåñòâî ñëó÷àåâ x , êîãäà

ñâîéñòâî y ïðèñóòñòâîâàëî y(x) = 1

ñâîéñòâî y îòñóòñòâîâàëî y(x) = 0

íàáëþäàëîñü èçìåíåíèå ñòåïåíè ñâîéñòâà y(x)

Ôðýíñèñ Áýêîí. Íîâûé îðãàíîí. 1620.
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Ìåòîä íàèìåíüøèõ êâàäðàòîâ (�àóññ, 1795)

Ëèíåéíàÿ ìîäåëü ðåãðåññèè:

a(x ,w) =
n
∑

j=1

wj fj(x), w ∈ R
n.

Ìåòîä íàèìåíüøèõ êâàäðàòîâ:

Q(w) =
ℓ
∑

i=1

(

a(xi ,w)− yi
)2

→ min
w

.
Êàðë Ôðèäðèõ

�àóññ (1777�1855)

¾Our prin
iple, whi
h we have made

use of sin
e 1795, has lately been

published by Legendre...¿

C.F.Gauss. Theory of the motion of

the heavenly bodies moving about the

Sun in 
oni
 se
tions. 1809.
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Îáùàÿ îïòèìèçàöèîííàÿ çàäà÷à ìàøèííîãî îáó÷åíèÿ

Äàíî: îáó÷àþùàÿ âûáîðêà îáúåêòîâ {xi}
ℓ
i=1

Íàéòè: âåêòîð ïàðàìåòðîâ w ïðåäñêàçàòåëüíîé ìîäåëè a(x ,w)

Êðèòåðèé: ìèíèìóì ýìïèðè÷åñêîãî ðèñêà

ℓ
∑

i=1

Li (w) → min
w

ãäå Li (w) � �óíêöèÿ ïîòåðü ìîäåëè a(x ,w) íà îáúåêòå xi

Îáîáùåíèå: ìèíèìóì ðåãóëÿðèçîâàííîãî ýìïèðè÷åñêîãî ðèñêà

ℓ
∑

i=1

Li (w) +

r
∑

j=1

τjRj(w) → min
w

ãäå Rj � ðåãóëÿðèçàòîðû, τj � êîý��èöèåíòû ðåãóëÿðèçàöèè
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Îïòèìèçàöèîííàÿ çàäà÷à îáó÷åíèÿ ìîäåëè ðåãðåññèè

Äàíî: îáó÷àþùàÿ âûáîðêà (xi , yi )
ℓ
i=1 ñ îòâåòàìè yi ∈ R

Íàéòè: âåêòîð ïàðàìåòðîâ w ìîäåëè ðåãðåññèè a(x ,w)

Êðèòåðèé: ìèíèìóì ýìïèðè÷åñêîãî ðèñêà

ℓ
∑

i=1

L
(

a(xi ,w)− yi
)

→ min
w

Óíèìîäàëüíûå �óíêöèè ïîòåðü L (ε) îò íåâÿçêè ε = a(x ,w)− y :
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Îïòèìèçàöèîííàÿ çàäà÷à îáó÷åíèÿ ìîäåëè êëàññè�èêàöèè

Äàíî: îáó÷àþùàÿ âûáîðêà (xi , yi )
ℓ
i=1, yi ∈ {−1,+1}

Íàéòè: âåêòîð w ìîäåëè êëàññè�èêàöèè a(x ,w) = sign g(x ,w)

Êðèòåðèé: àïïðîêñèìàöèÿ ýìïèðè÷åñêîãî ðèñêà

ℓ
∑

i=1

[

g(xi ,w)yi < 0
]

6

ℓ
∑

i=1

L
(

g(xi ,w)yi
)

→ min
w

Óáûâàþùèå �óíêöèè ïîòåðü L (µ) îò îòñòóïà µ = g(x ,w)y :

-5 -4 -3 -2 -1 0 1 2 3 4 5

0

1
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3

4

���������� ������������� SVM hinge 

-5 -4 -3 -2 -1 0 1 2 3 4 5

0

1

2

3

4

 ��!����"���#��� �$��%������� %�&������ µ

L

Ê.Â. Âîðîíöîâ (voron�mlsa-iai.ru) Èñêóññòâåííûé èíòåëëåêò: ýâîëþöèÿ èäåé 7 / 60



Ýâîëþöèÿ èäåé èëè êàê ìû äîøëè äî òðàíñ�îðìåðîâ

Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Ïðîáëåìû íåäîîáó÷åíèÿ è ïåðåîáó÷åíèÿ

Íåäîîáó÷åíèå (under�tting):

ìîäåëü ñëèøêîì ïðîñòà,

íåäîñòàòî÷íîå ÷èñëî

ïàðàìåòðîâ n

Ïåðåîáó÷åíèå (over�tting):

ìîäåëü ñëèøêîì ñëîæíà,

èçáûòî÷íîå ÷èñëî

ïàðàìåòðîâ n
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Ïîíÿòèå îáó÷àåìîñòè â SLT, Statisti
al Learning Theory

Ñåìåéñòâî êëàññè�èêàòîðîâ A îáó÷àåìî:

P
{

sup
a∈A

∣

∣P(a)− ν(a,X ℓ)
∣

∣ > ε
}

6 η,

P(a) � âåðîÿòíîñòü îøèáêè êëàññè�èêàòîðà,

ν(a,X ℓ) � ýìïèðè÷åñêèé ðèñê (÷àñòîòà

îøèáîê êëàññè�èêàòîðà a íà âûáîðêå).

Îñíîâíûå ðåçóëüòàòû VC-òåîðèè:

Îáîñíîâàíî îãðàíè÷åíèå ñëîæíîñòè A

Ïîíÿòèå ¼ìêîñòè ñåìåéñòâà, VCdim

Ìåòîä ñòðóêòóðíîé ìèíèìèçàöèè ðèñêà

Âàïíèê Â. Í., ×åðâîíåíêèñ À. ß.

Òåîðèÿ ðàñïîçíàâàíèÿ îáðàçîâ. Ì.: Íàóêà, 1974.

Âëàäèìèð

Íàóìîâè÷ Âàïíèê

Àëåêñåé ßêîâëåâè÷

×åðâîíåíêèñ

(1938�2014)
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Îò ïðîñòûõ ðåãóëÿðèçàöèé ê îáó÷åíèþ ñëîæíûõ ìîäåëåé

LASSO (least absolute shrinkage and sele
tion operator)

Tibshirani R. Regression shrinkage and sele
tion via the LASSO. 1996

Elasti
Net (ñóììà L0 è L1 ðåãóëÿðèçàòîðîâ)
Hui Zou, Hastie T. Regularization and variable sele
tion via the Elasti
 Net. 2005

Íåãëàäêèå ðåãóðÿðèçàòîðû äëÿ îòáîðà ïðèçíàêîâ

Tatar
huk A., Urlov E., Mottl V., Windridge D. A support kernel ma
hine for supervised

sele
tive 
ombining of diverse pattern-re
ognition modalities. 2010.

Àíñàìáëèðîâàíèå, ãîëîñîâàíèå, êîìèòåòû, áóñòèíã

Ìàçóðîâ Â.Ä. Êîìèòåòû ñèñòåìû íåðàâåíñòâ è çàäà÷à ðàñïîçíàâàíèÿ. 1971.

Æóðàâë¼â Þ.È. Êîððåêòíûå àëãåáðû íàä ìíîæåñòâàìè íåêîððåêòíûõ (ýâðèñòè÷åñêèõ)

àëãîðèòìîâ. 1977.

Freund Y., S
hapire R. E. A de
ision-theoreti
 generalization of on-line learning and an

appli
ation to boosting. 1995.

Dropout äëÿ ãëóáîêèõ íåéðîííûõ ñåòåé

N.Srivastava, G.Hinton, A.Krizhevsky, I.Sutskever, R.Salakhutdinov. Dropout: a simple way to

prevent neural networks from over�tting. 2014

Îñòàòî÷íûå íåéðîííûå ñåòè (Residual NN)

Kaiming He, Xiangyu Zhang, Shaoqing Ren, Jian Sun. Deep residual learning for image

re
ognition. 2015.
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Èñêóññòâåííûé íåéðîí � ëèíåéíàÿ ìîäåëü êëàññè�èêàöèè

Ëèíåéíàÿ ìîäåëü íåéðîíà (1943):

a(x ,w) = σ

(

n
∑

j=1

wj fj(x)− w0

)

fj(x) � ïðèçíàêè îáúåêòà x

wj � âåñà ïðèçíàêîâ

w0 � ïîðîã àêòèâàöèè

σ(z) � �óíêöèÿ àêòèâàöèè

f1(x)

f2(x)

· · ·

fn(x)

∑

σ a(x)

w1
PP

P

((PP
P

w2
❬❬❬ --❬❬❬

...
wn♥♥♥

66♥♥♥

//

−1

w0

PP

Óîððåí Âàëüòåð

ÌàêÊàëëîê Ïèòòñ

(1898�1969) (1923�1969)
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�ëóáîêèå íåéðîííûå ñåòè (Deep Neural Network, DNN)

1965: ïåðâûå ãëóáîêèå íåéðîííûå ñåòè

1997: ðåêóððåíòíàÿ ñåòü LSTM äëÿ àíàëèçà ïîñëåäîâàòåëüíîñòåé

2012: ñâ¼ðòî÷íàÿ ñåòü äëÿ êëàññè�èêàöèè èçîáðàæåíèé AlexNet

Àðõèòåêòóðà ñåòè � ñòðóêòóðà ñëî¼â è ñâÿçåé ìåæäó íèìè,

ïîçâîëÿþùàÿ íàäåëÿòü DNN íóæíûìè ñâîéñòâàìè

DNN ïîçâîëÿþò ïðèíèìàòü íà âõîäå è ãåíåðèðîâàòü

íà âûõîäå ñëîæíî ñòðóêòóðèðîâàííûå äàííûå

Èâ�àõíåíêî À. �., Ëàïà Â. �. Êèáåðíåòè÷åñêèå ïðåäñêàçûâàþùèå óñòðîéñòâà. 1965

Ho
hreiter S., S
hmidhuber J. Neural Computation, 9(8), 1997

Krizhevsky A. et al. ImageNet 
lassi�
ation with deep 
onvolutional neural networks. 2012
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�åíåðàöèÿ ïðèçíàêîâ äëÿ ðàñïîçíàâàíèÿ èçîáðàæåíèé

Êëàññè÷åñêèé ïîäõîä ê ðàñïîçíàâàíèþ èçîáðàæåíèé:

Ñîâðåìåííûé ïîäõîä � end-to-end Deep Learning:

Sanjeev Arora. Toward theoreti
al understanding of deep learning. ICML-2018 Tutorial

https://unsupervised.
s.prin
eton.edu/deeplearningtutorial.html
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Òðàíñ�îðìåðû è ChatGPT

�ëóáîêèå ñâ¼ðòî÷íûå ñåòè äëÿ êëàññè�èêàöèè èçîáðàæåíèé

Ñòàðò â 2009 ×åëîâå÷åñêèé óðîâåíü îøèáîê 5% ïðîéäåí â 2015

Ñâ¼ðòî÷íûå

íåéðîííûå ñåòè

AlexNet (2012)

ResNet (2015)

Li Fei-Fei et al. ImageNet: A large-s
ale hierar
hi
al image database. 2009

Krizhevsky A. et al. ImageNet 
lassi�
ation with deep 
onvolutional neural networks. 2012

Kaiming He et al. Deep residual learning for image re
ognition. 2015
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Òðàíñ�îðìåðû è ChatGPT

ResNet: âèçóàëèçàöèÿ îïòèìèçàöèîííîãî êðèòåðèÿ

Ñêâîçíûå ñâÿçè (skip 
onne
tion) óïðîùàþò îïòèìèçèðóåìûé

êðèòåðèé, óñòðàíÿÿ ëîêàëüíûå ýêñòðåìóìû è ñåäëîâûå òî÷êè:

Hao Li et al. Visualizing the Loss Lands
ape of Neural Nets. 2018
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Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Ïðåäîáó÷åíèå (pre-training), ïåðåíîñ îáó÷åíèÿ (transfer learning)

Îáó÷åíèå ìîäåëè âåêòîðèçàöèè z = f (x , α) íà âûáîðêå {xi}
ℓ
i=1:

ℓ
∑

i=1

Li

(

g(f (xi , α), β)
)

→ min
α,β

Îáó÷åíèå öåëåâîé ìîäåëè y = g(z , β) íà ìàëûõ äàííûõ:

m
∑

i=1

L
′
i

(

g ′(f (x ′i , α), β
′)
)

→ min
β′

Sinno Jialin Pan, Qiang Yang. A Survey on Transfer Learning. 2009

J.Yosinski et al. How transferable are features in deep neural networks? 2014.
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�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Ñàìîñòîÿòåëüíîå îáó÷åíèå (self-supervised learning)

Ìîäåëü âåêòîðèçàöèè z = f (x , α) îáó÷àåòñÿ ïðåäñêàçûâàòü

âçàèìíîå ðàñïîëîæåíèå ïàð �ðàãìåíòîâ îäíîãî èçîáðàæåíèÿ

Ïðåèìóùåñòâî: ñåòü âûó÷èâàåò âåêòîðíûå ïðåäñòàâëåíèÿ

îáúåêòîâ áåç ðàçìå÷åííîé îáó÷àþùåé âûáîðêè (áåç ImageNet).
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�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Ìíîãîçàäà÷íîå îáó÷åíèå (multi-task learning)

z = f (x , α) � âåêòîðèçàöèÿ, óíèâåðñàëüíàÿ äëÿ âñåõ ìîäåëåé

gt(z , β) � ñïåöè�è÷íàÿ ÷àñòü ìîäåëè äëÿ çàäà÷è t ∈ T

Îäíîâðåìåííîå îáó÷åíèå ìîäåëè f ïî çàäà÷àì Xt , t ∈ T :

∑

t∈T

∑

i∈Xt

Lti

(

gt(f (xti , α), βt )
)

→ min
α,{βt}

Îáó÷àåìîñòü (learnability): êà÷åñòâî ðåøåíèÿ îòäåëüíîé çàäà÷è

〈Xt ,Lt , gt〉 óëó÷øàåòñÿ ñ ðîñòîì îáú¼ìà âûáîðêè ℓt = |Xt |.

Learning to learn: êà÷åñòâî ðåøåíèÿ êàæäîé èç çàäà÷ t ∈ T

óëó÷øàåòñÿ ñ ðîñòîì êàê ℓt , òàê è îáùåãî ÷èñëà çàäà÷ |T |.

Few-shot learning: äëÿ ðåøåíèÿ íîâîé çàäà÷è t äîñòàòî÷íî

íåáîëüøîãî ÷èñëà ïðèìåðîâ, èíîãäà äàæå îäíîãî.

M.Crawshaw. Multi-task learning with deep neural networks: a survey. 2020

Y.Wang et al. Generalizing from a few examples: a survey on few-shot learning. 2020
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Òðàíñ�îðìåðû è ChatGPT

Îáó÷àåìàÿ âåêòîðèçàöèÿ äàííûõ: çàäà÷à àâòîêîäèðîâùèêà

Äàíî: îáó÷àþùàÿ âûáîðêà îáúåêòîâ {xi}
ℓ
i=1

Íàéòè: z = f (x , α) � ìîäåëü êîäèðîâùèêà (en
oder)

x̂=g(z , β) � ìîäåëü äåêîäèðîâùèêà (de
oder)

Êðèòåðèé: êà÷åñòâî ðåêîíñòðóêöèè èñõîäíûõ îáúåêòîâ

ℓ
∑

i=1

L
(

g(f (xi , α), β), xi
)

→ min
α,β

Êâàäðàòè÷íàÿ �óíêöèÿ ïîòåðü: L (x̂ , x) = ‖x̂ − x‖2

Äëÿ ëèíåéíîãî àâòîêîäèðîâùèêà f (x ,A) = Ax , g(z ,B) = Bz ,

çàäà÷à ñâîäèòñÿ ê (íèçêîðàíãîâîìó) ìàòðè÷íîìó ðàçëîæåíèþ:

ℓ
∑

i=1

‖BAxi − xi‖
2 → min

A,B
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Ìàøèííîå îáó÷åíèå
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Òðàíñ�îðìåðû è ChatGPT

Âåêòîðèçàöèÿ ñîâìåñòíî ñ ïðåäñêàçàòåëüíûì ìîäåëèðîâàíèåì

Äàííûå: ðàçìå÷åííûå (xi , yi )
k
i=1, íåðàçìå÷åííûå (xi )

ℓ
i=k+1

Íàéòè:

zi = f (xi , α) � êîäèðîâùèê

x̂i = g(zi , β) � äåêîäèðîâùèê

ŷi = ŷ(zi , γ) � ïðåäèêòîð

Ôóíêöèè ïîòåðü:

L (x̂i , xi ) � ðåêîíñòðóêöèÿ

L̃ (ŷi , yi ) � ïðåäñêàçàíèå

Êðèòåðèé: ñîâìåñòíîå îáó÷åíèå àâòîêîäèðîâùèêà è

ïðåäñêàçàòåëüíîé ìîäåëè (êëàññè�èêàöèè, ðåãðåññèè èëè äð.):

ℓ
∑

i=1

L
(

g(f (xi , α), β), xi
)

+ λ

k
∑

i=1

L̃ (ŷ(f (xi , α), γ), yi ) → min
α,β,γ

Dor Bank, Noam Koenigstein, Raja Giryes. Autoen
oders. 2020
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Îáó÷àåìàÿ âåêòîðèçàöèÿ äàííûõ � ãëîáàëüíûé òðåíä AI/ML

Foundation Models � ãîìîãåíèçàöèÿ âåêòîðíûõ ìîäåëåé

R.Bommasani et al. (Center for Resear
h on Foundation Models, Stanford University)

On the opportunities and risks of foundation models // CoRR, 20 August 2021.
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Òðàíñ�îðìåðû è ChatGPT

Ýâîëþöèÿ ïîäõîäîâ ìàøèííîãî îáó÷åíèÿ â àíàëèçå òåêñòîâ

Äåêîìïîçèöèÿ çàäà÷ ïî óðîâíÿì ïèðàìèäû NLP

ìîð�îëîãè÷åñêèé àíàëèç, ëåììàòèçàöèÿ, îïå÷àòêè

ñèíòàêñè÷åñêèé àíàëèç, âûäåëåíèå òåðìèíîâ, NER

ñåìàíòè÷åñêèé àíàëèç, âûäåëåíèå �àêòîâ, òåì

Ìîäåëè âåêòîðíûõ ïðåäñòàâëåíèé (ýìáåäèíãîâ)

ñëîâ íà îñíîâå ìàòðè÷íûõ ðàçëîæåíèé

ìîäåëè äèñòðèáóòèâíîé ñåìàíòèêè:

word2ve
 [Mikolov, 2013℄, FastText [Bojanowski, 2016℄

òåìàòè÷åñêèå ìîäåëè LDA [Blei, 2003℄, ARTM [2014℄

Íåéðîñåòåâûå ìîäåëè ëîêàëüíûõ êîíòåêñòîâ

ðåêóððåíòíûå íåéðîííûå ñåòè

ìîäåëè âíèìàíèÿ è òðàíñ�îðìåðû:

BERT [2018℄, GPT-3 [2020℄, GPT-4 [2023℄
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Òðàíñ�îðìåðû è ChatGPT

Ìîäåëè âíèìàíèÿ äëÿ ìàøèííîãî ïåðåâîäà

Âõîä: {xi} � ïîñëåäîâàòåëüíîñòü ñëîâ âõîäíîãî ÿçûêà

Âûõîä: {yt} � ïîñëåäîâàòåëüíîñòü ñëîâ âûõîäíîãî ÿçûêà

Èíòåðïðåòàöèÿ: ìàòðèöà ait ïîêàçûâàåò, íà êàêèå ñëîâà xi
ìîäåëü îáðàùàåò âíèìàíèå, ãåíåðèðóÿ ñëîâî ïåðåâîäà yt

Bahdanau et al. Neural ma
hine translation by jointly learning to align and translate. 2015.
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Òðàíñ�îðìåðû è ChatGPT

Ìîäåëè âíèìàíèÿ äëÿ àííîòèðîâàíèÿ èçîáðàæåíèé

Ïîäñâå÷åíû îáëàñòè, íà êîòîðûå ìîäåëü îáðàùàåò âíèìàíèå,

êîãäà ãåíåðèðóåò ïîä÷¼ðêíóòîå ñëîâî â àííîòàöèè èçîáðàæåíèÿ

Kelvin Xu et al. Show, attend and tell: neural image 
aption generation with visual

attention. 2016

Ê.Â. Âîðîíöîâ (voron�mlsa-iai.ru) Èñêóññòâåííûé èíòåëëåêò: ýâîëþöèÿ èäåé 24 / 60



Ýâîëþöèÿ èäåé èëè êàê ìû äîøëè äî òðàíñ�îðìåðîâ

Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Òðàñ�îðìåð äëÿ ìàøèííîãî ïåðåâîäà

Òðàñ�îðìåð (transformer) � ýòî íåéðîñåòåâàÿ àðõèòåêòóðà

íà îñíîâå ìîäåëåé âíèìàíèÿ è ïîëíîñâÿçíûõ ñëî¼â

Ñõåìà ïðåîáðàçîâàíèé äàííûõ â ìàøèííîì ïåðåâîäå:

S = (w1, . . . ,wn) � ñëîâà ïðåäëîæåíèÿ íà âõîäíîì ÿçûêå

↓ îáó÷àåìàÿ èëè ïðåä-îáó÷åííàÿ âåêòîðèçàöèÿ ñëîâ

X = (x1, . . . , xn) � âåêòîðû ñëîâ âõîäíîãî ïðåäëîæåíèÿ

↓ òðàíñ�îðìåð-êîäèðîâùèê

Z = (z1, . . . , zn) � êîíòåêñòíûå âåêòîðû ñëîâ

↓ òðàíñ�îðìåð-äåêîäèðîâùèê, ïîõîæ íà êîäèðîâùèêà

Y = (y1, . . . , ym) � âåêòîðû ñëîâ âûõîäíîãî ïðåäëîæåíèÿ

↓ ãåíåðàöèÿ ñëîâ èç ïîñòðîåííîé ÿçûêîâîé ìîäåëè

S̃ = (w̃1, . . . , w̃m) � ñëîâà ïðåäëîæåíèÿ íà âûõîäíîì ÿçûêå

Vaswani et al. (Google) Attention is all you need. 2017.
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Ìîäåëü âíèìàíèÿ Query�Key�Value

q � âåêòîð-çàïðîñ äëÿ òðàíñ�îðìàöèè â âåêòîð-êîíòåêñò z

K = (k1, . . . , kn) � âåêòîðû-êëþ÷è, ñðàâíèâàåìûå ñ çàïðîñîì

V = (v1, . . . , vn) � âåêòîðû-çíà÷åíèÿ, îáðàçóþùèå êîíòåêñò

Ìîäåëü âíèìàíèÿ � òð¼õñëîéíàÿ ñåòü, âû÷èñëÿþùàÿ z êàê

âûïóêëóþ êîìáèíàöèþ âåêòîðîâ vi , ðåëåâàíòíûõ çàïðîñó q:

z = Attn(q,K ,V ) =
∑

i

vi SoftMaxi 〈ki , q〉,

ãäå 〈ki , q〉 � îöåíêà ðåëåâàíòíîñòè êëþ÷à k çàïðîñó q

Ìîäåëü âíóòðåííåãî âíèìàíèÿ (ñàìîâíèìàíèÿ, self-attention):

zi = Attn(Wqxi ,WkX ,WvX )

òðàíñ�îðìèðóåò âõîäíóþ ïîñëåäîâàòåëüíîñòü X = (x1, . . . , xn)
â âûõîäíóþ ïîñëåäîâàòåëüíîñòü âåêòîðîâ êîíòåêñòà (z1, . . . , zn)
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Ýâîëþöèÿ èäåé èëè êàê ìû äîøëè äî òðàíñ�îðìåðîâ

Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Àðõèòåêòóðà òðàíñ�îðìåðà-êîäèðîâùèêà

1. Äîáàâëÿþòñÿ ïîçèöèîííûå âåêòîðû pi :

hi = xi + pi , H = (h1, . . . , hn) d = dim xi , pi , hi = 512
dimH = 512×n

2. Ìíîãîìåðíîå ñàìîâíèìàíèå: j = 1, . . . , J = 8

h
j
i = Attn(W j

qhi ,W
j
kH,W

j
vH) dim h

j
i
= 64

dimW j
q,W

j
k
,W j

v = 64×512

3. Êîíêàòåíàöèÿ:

h′i = MHj(h
j
i ) ≡

[

h1i · · · h
J
i

]

dim h′i = 512

4. Ñêâîçíàÿ ñâÿçü + íîðìèðîâêà óðîâíÿ:

h′′i = LN(h′i + hi ;µ1, σ1) dim h′′i , µ1, σ1 = 512

5. Ïîëíîñâÿçíàÿ 2õ-ñëîéíàÿ ñåòü FFN:

h′′′i = W2 ReLU(W1h
′′
i + b1) + b2 dimW1 = 2048×512

dimW2 = 512×2048

6. Ñêâîçíàÿ ñâÿçü + íîðìèðîâêà óðîâíÿ:

zi = LN(h′′′i + h′′i ;µ2, σ2) dim zi , µ2, σ2 = 512

Ê.Â. Âîðîíöîâ (voron�mlsa-iai.ru) Èñêóññòâåííûé èíòåëëåêò: ýâîëþöèÿ èäåé 27 / 60
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Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Àðõèòåêòóðà òðàíñ�îðìåðà äåêîäèðîâùèêà

Àâòîðåãðåññèîííûé ñèíòåç ïîñëåäîâàòåëüíîñòè:

y0 = 〈BOS〉 � ýìáåäèíã ñèìâîëà íà÷àëà;

äëÿ âñåõ t = 1, 2, . . . :

1. Ìàñêèðîâàíèå ¾äàííûõ èç áóäóùåãî¿:

ht = yt−1 + pt ; Ht = (h1, . . . , ht)

2. Ìíîãîìåðíîå ñàìîâíèìàíèå:

h′t = LN ◦MHj ◦ Attn(W
j
qht ,W

j
kHt ,W

j
vHt)

3. Ìíîãîìåðíîå âíèìàíèå íà êîäèðîâêó Z :

h′′t = LN ◦MHj ◦ Attn(W̃
j
qh

′

t , W̃
j
kZ , W̃

j
vZ )

4. Äâóõñëîéíàÿ ïîëíîñâÿçíàÿ ñåòü:

yt = LN ◦ FFN(h′′t )

5. Ëèíåéíûé ïðåäñêàçûâàþùèé ñëîé:

p(w̃ |t) = SoftMaxw̃ (Wyyt + by )

ãåíåðàöèÿ w̃t = argmax
w̃

p(w̃ |t) ïîêà w̃t 6= 〈EOS〉

Vaswani et al. (Google) Attention is all you need. 2017.

Ê.Â. Âîðîíöîâ (voron�mlsa-iai.ru) Èñêóññòâåííûé èíòåëëåêò: ýâîëþöèÿ èäåé 28 / 60



Ýâîëþöèÿ èäåé èëè êàê ìû äîøëè äî òðàíñ�îðìåðîâ
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Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

BERT (Bidire
tional En
oder Representations from Transformers)

Òðàíñ�îðìåð BERT � ýòî êîäèðîâùèê áåç äåêîäèðîâùèêà,

ïðåäîáó÷àåìûé íà áîëüøîé òåêñòîâîé êîëëåêöèè äëÿ ðåøåíèÿ

øèðîêîãî êëàññà çàäà÷ NLP

Ñõåìà ïðåîáðàçîâàíèÿ äàííûõ â çàäà÷àõ NLP:

S = (w1, . . . ,wn) � òîêåíû ïðåäëîæåíèÿ âõîäíîãî òåêñòà

↓ îáó÷åíèå ýìáåäèíãîâ âìåñòå ñ òðàíñ�îðìåðîì

X = (x1, . . . , xn) � ýìáåäèíãè òîêåíîâ âõîäíîãî ïðåäëîæåíèÿ

↓ òðàíñ�îðìåð êîäèðîâùèêà

Z = (z1, . . . , zn) � òðàíñ�îðìèðîâàííûå ýìáåäèíãè

↓ äîîáó÷åíèå íà êîíêðåòíóþ çàäà÷ó

Y � âûõîäíîé òåêñò / ðàçìåòêà / êëàññè�èêàöèÿ è ò.ï.

Ja
ob Devlin, Ming-Wei Chang, Kenton Lee, Kristina Toutanova (Google AI Language)

BERT: pre-training of deep bidire
tional transformers for language understanding. 2019.
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Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Êðèòåðèè îáó÷åíèÿ òðàíñ�îðìåðîâ

Ìàøèííûé ïåðåâîä: ìàêñèìèçàöèÿ ïðàâäîïîäîáèÿ ñëîâ

ïåðåâîäà w̃t ïî âûáîðêå ïàð ïðåäëîæåíèé ¾S , ïåðåâîä S̃¿:
∑

(S,S̃)

∑

w̃t∈S̃

ln p(w̃t |t,S ,W ) → max
W

BERT MLM (masked language modeling):

ïðåäñêàçàíèå ïðîïóùåííûõ ñëîâ ïî ëîêàëüíîìó êîíòåêñòó

BERT NSP (next senten
e predi
tion):

ïðåäñêàçàíèå, ñëåäóþò ëè äâà ïðåäëîæåíèÿ äðóã çà äðóãîì

Fine-tuning: äîîáó÷åíèå òðàíñ�îðìåðà Z (S ,W ) íà çàäà÷å
ñ ìîäåëüþ f (Z (S ,W ),Wf ), âûáîðêîé {S} è L (S , f ) → max

Multi-task learning: äîîáó÷åíèå íà íàáîðå çàäà÷ {t}
ñ ìîäåëÿìè ft(Z (S ,W ),Wt), âûáîðêàìè {S}t , ïî ñóììå
êðèòåðèåâ

∑

t λt

∑

S Lt(S , ft) → max
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Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

ChatGPT è GPT-4: ïðîáëåñêè îáùåãî èñêóññòâåííîãî èíòåëëåêòà

Íîâûå ñïîñîáíîñòè ìîäåëè, íå çàêëàäûâàâøèåñÿ ïðè îáó÷åíèè:

îáúÿñíÿòü ñâîè îòâåòû, ïåðå�ðàçèðîâàòü

ðå�åðèðîâàòü, ãåíåðèðîâàòü ïëàíû, ñöåíàðèè, øàáëîíû

ïåðåâîäèòü íà äðóãèå ÿçûêè, ñòðîèòü àíàëîãèè,

ìåíÿòü òîíàëüíîñòü, ñòèëü, ãëóáèíó èçëîæåíèÿ

ãåíåðèðîâàòü ïðîãðàììíûé êîä íà ðàçëè÷íûõ ÿçûêàõ

ðåøàòü íåêîòîðûå ëîãè÷åñêèå è ìàòåìàòè÷åñêèå çàäà÷è

èñêàòü è èñïðàâëÿòü ñîáñòâåííûå îøèáêè ïî ïîäñêàçêå
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Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Ïîÿâëåíèå ó ìîäåëè êà÷åñòâåííî íîâûõ ñïîñîáíîñòåé

GPT-2: 14/Feb/2019, êîíòåêñò 768 ñëîâ (1,5 ñòðàíèöû)

1,5 ìëðä. ïàðàìåòðîâ, êîðïóñ 10 ìëðä. òîêåíîâ (40Gb)

ñïîñîáíîñòü íàïèñàòü ýññå, êîòîðîå êîíêóðñíîå æþðè

íå ñìîãëî îòëè÷èòü îò íàïèñàííîãî ÷åëîâåêîì
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Ýâîëþöèÿ èäåé èëè êàê ìû äîøëè äî òðàíñ�îðìåðîâ

Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Ïîÿâëåíèå ó ìîäåëè êà÷åñòâåííî íîâûõ ñïîñîáíîñòåé

GPT-3: 11/Jun/2020, êîíòåêñò 1536 ñëîâ (3 ñòðàíèöû)

175 ìëðä. ïàðàìåòðîâ, êîðïóñ 500 ìëðä. òîêåíîâ

ñïîñîáíîñòü äåëàòü ïåðåâîä íà äðóãèå ÿçûêè,

ðåøàòü ëîãè÷åñêèå è ìàòåìàòè÷åñêèå çàäà÷è,

ãåíåðèðîâàòü ïðîãðàììíûé êîä ïî îïèñàíèþ
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Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Ïîÿâëåíèå ó ìîäåëè êà÷åñòâåííî íîâûõ ñïîñîáíîñòåé

GPT-4: 14/Mar/2023, êîíòåêñò 24 000 ñëîâ (48 ñòðàíèö)

>1 òðë. ïàðàìåòðîâ, êîðïóñ >1Tb

ñïîñîáíîñòü îïèñûâàòü è àíàëèçèðîâàòü èçîáðàæåíèÿ,

ðåàãèðîâàòü íà ïîäñêàçêè âðîäå ¾Let's think step by step¿,

ðåøàòü êà÷åñòâåííûå �èçè÷åñêèå çàäà÷è ïî êàðòèíêå
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Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Ìàøèííîå îáó÷åíèå

�ëóáîêîå îáó÷åíèå

Òðàíñ�îðìåðû è ChatGPT

Âûâîäû ïî ÷àñòè 1 (èç 3)

Îñíîâíûå ïðèíöèïû è ñîñòàâíûå ÷àñòè óñïåõà ÈÈ-òåõíîëîãèé:

ïðèíöèï ýìïèðè÷åñêîé èíäóêöèè Ôðýíñèñà Áýêîíà

ìèíèìèçàöèÿ (è àïïðîêñèìàöèÿ) ýìïèðè÷åñêîãî ðèñêà

ðåãóëÿðèçàöèÿ íåêîððåêòíî ïîñòàâëåííûõ çàäà÷

êîííåêöèîíèçì è ãëóáîêèå íåéðîñåòåâûå àðõèòåêòóðû

ãðàäèåíòíàÿ îïòèìèçàöèÿ ñâåðõâûñîêîé ðàçìåðíîñòè

âåêòîðèçàöèÿ ñëîæíî ñòðóêòóðèðîâàííûõ äàííûõ

ìîäåëè âíèìàíèÿ äëÿ ó÷¼òà äàííûõ êîíòåêñòà

ñàìîñòîÿòåëüíîå îáó÷åíèå âìåñòî îáó÷åíèÿ ïî ðàçìåòêå

óâåëè÷åíèå îáú¼ìîâ (íå)ðàçìå÷åííûõ äàííûõ

óâåëè÷åíèå ðàçìåðà ìîäåëåé ïðè êîíòðîëå ïåðåîáó÷åíèÿ

óâåëè÷åíèå ñêîðîñòè è ïàðàëëåëèçìà âû÷èñëèòåëåé
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Ýâîëþöèÿ èäåé èëè êàê ìû äîøëè äî òðàíñ�îðìåðîâ

Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Íåìíîãî îá ýòèêå ÈÈ

Òðóäíûå çàäà÷è ïîíèìàíèÿ åñòåñòâåííîãî ÿçûêà

Çàäà÷è �îðìàëèçàöèè ãóìàíèòàðíûõ çíàíèé

Äàëåêî íå ïîëíûé ïåðå÷åíü âîçìîæíîñòåé

Ïåðñîíàëüíûé èíòåëëåêòóàëüíûé ïîìîùíèê � ¾áîò¿

óæå ñïîñîáåí ïîìîãàòü ñ ðóòèííî-òâîð÷åñêîé ðàáîòîé:

äåëàòü îáçîðû, ðå�åðàòû, ñâîäêè íà ðàçíûõ ÿçûêàõ

èñêàòü è ñòðóêòóðèðîâàòü ïðî�åññèîíàëüíóþ èí�îðìàöèþ

ñîîáùàòü íîâîñòè, ïîääåðæèâàòü ðàçãîâîð ïî òåìå

ãåíåðèðîâàòü äîêóìåíòû èëè ñàéòû ïî îïèñàíèþ

â òîì ÷èñëå þðèäè÷åñêèå äîêóìåíòû ïî øàáëîíàì

ãåíåðèðîâàòü ïðîãðàììíûé êîä ïî îïèñàíèþ

óòî÷íÿòü è äîïîëíÿòü êîíòåíò ïî ïðîñüáå, â äèàëîãå

ðàçãîâàðèâàòü ñ äåòüìè ñ ó÷¼òîì âîçðàñòíûõ îñîáåííîñòåé

âûïîëíÿòü �óíêöèè âîñïèòàòåëÿ, ó÷èòåëÿ, íàñòàâíèêà

îêàçûâàòü ïñèõîëîãè÷åñêóþ ïîìîùü . . .
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Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Íåìíîãî îá ýòèêå ÈÈ
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Çàäà÷è �îðìàëèçàöèè ãóìàíèòàðíûõ çíàíèé

Äàëåêî íå ïîëíûé ïåðå÷åíü óãðîç

Ïåðñîíàëüíûé èíòåëëåêòóàëüíûé ïîìîùíèê � ¾áîò¿

ñïîñîáåí ïðåäñòàâëÿòü óãðîçó, äàæå íå îáëàäàÿ àâòîíîìíîñòüþ:

¾ãàëëþöèíèðóÿ¿, ñîîáùàòü íåâåðíóþ èí�îðìàöèþ

äàâàòü íåâåðíûå ñâåäåíèÿ, êàñàþùèåñÿ çäîðîâüÿ ÷åëîâåêà,

äðóãèõ ëþäåé, ñîáûòèé, òåõíîëîãèé, íîðì, ïðàâèë, çàêîíîâ

âûçûâàòü íåîáîñíîâàííîå äîâåðèå è ìàíèïóëèðîâàòü

ïîáóæäàòü ÷åëîâåêà ê äåéñòâèÿì, íå âûãîäíûì åìó

ïîáóæäàòü èçìåíèòü òî÷êó çðåíèÿ, óìàë÷èâàÿ èí�îðìàöèþ

ïîääåðæèâàòü ïðåäðàññóäêè è ëæåíàó÷íûå ïðåäñòàâëåíèÿ

ïîääåðæèâàòü ïðîïàãàíäèñòñêèå ìåäèà-êàìïàíèè

âëèÿòü íà �îðìèðîâàíèå ìèðîâîççðåíèÿ äåòåé è ïîäðîñòêîâ

îêàçûâàòü äåïðåññèâíîå âîçäåéñòâèå íà ïñèõèêó . . .
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Äàëåêî íå ïîëíûé ïåðå÷åíü çàäà÷ è ìåð áåçîïàñíîñòè

Ïåðñîíàëüíûé èíòåëëåêòóàëüíûé ïîìîùíèê � ¾áîò¿ äîëæåí

îáëàäàòü ñïîñîáíîñòÿìè, ÿâíî çàêëàäûâàåìûìè â ìîäåëü:

áûòü áîëåå ýêñòðàêòèâíûì: ïîäêðåïëÿòü ñâåäåíèå èëè

òî÷êó çðåíèÿ äîñëîâíîé öèòàòîé ñî ññûëêîé íà èñòî÷íèê

íå çàíèìàòü îäíó èç ñòîðîí â ÷åëîâå÷åñêèõ êîí�ëèêòàõ:

äåòåêòèðîâàòü ïîëÿðèçàöèþ, èçëàãàòü ïîçèöèè âñåõ ñòîðîí

íå èìèòèðîâàòü âçÿòèå îòâåòñòâåííîñòè íà ñåáÿ, íàëè÷èå

ñîáñòâåííîãî ìíåíèÿ, ëè÷íîñòè, êàêîé-ëèáî ñóáúåêòíîñòè

íå ïûòàòüñÿ çàìåíÿòü ðåøåíèå çàäà÷è ðàññóæäåíèåì,

óìåòü âçàèìîäåéñòâîâàòü ñ âíåøíèìè ðåøàòåëÿìè

ðåøàòü òðóäíûå çàäà÷è ïîíèìàíèÿ åñòåñòâåííîãî ÿçûêà:

óìåòü îáúÿñíÿòü êîíòåêñò, ïîäòåêñò, çàòåêñò, èíòåðòåêñò

ñ ÿâíîé îïîðîé íà îáøèðíûå ãóìàíèòàðíûå çíàíèÿ . . .
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Ïðèìåð 1. Êîíêóðñ Ï�Î//×ÒÅÍÈÅ

Çàäà÷à: ïîèñê ñìûñëîâûõ îøèáîê â ñî÷èíåíèÿõ Å�Ý ïî

ðóññêîìó, ëèòåðàòóðå, èñòîðèè, îáùåñòâîçíàíèþ, àíãëèéñêîìó

Ïåðèîä: äåêàáðü 2019 � äåêàáðü 2022

Ïðèçîâîé �îíä:

� 100Ì ðóá. ðóññêèé ÿçûê

� 100Ì ðóá. àíãëèéñêèé ÿçûê

Òèïîâ îøèáîê: 152

(ð:70 ë:16 î:23 è:20 à:23)

Ïîäòèïîâ îøèáîê: 236

(ð:112 ë:19 î:29 è:26 à:50)

Àëãîðèòì äîëæåí âûäåëÿòü

îøèáîê è äàâàòü èõ îáúÿñíåíèÿ.

Òåõíè÷åñêèé ðåãëàìåíò êîíêóðñà Ï�Î//×ÒÅÍÈÅ: http://ai.upgreat.one. 2019�2022
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Ïðèìåð 2. Îáëàñòü èññëåäîâàíèé ¾Fake News Dete
tion¿

1

De
eption Dete
tion

âûÿâëåíèå îáìàíà â òåêñòå

2

Automated Fa
t-Che
king

àâòîìàòè÷åñêàÿ ïðîâåðêà �àêòîâ

3

Stan
e Dete
tion

âûÿâëåíèå ïîçèöèè çà èëè ïðîòèâ

4

Controversy Dete
tion

âûÿâëåíèå è êëàñòåðèçàöèÿ ðàçíîãëàñèé

5

Polarization Dete
tion

âûÿâëåíèå ïîëÿðíûõ ïîçèöèé

6

Cli
kbait Dete
tion

ïðîòèâîðå÷èÿ çàãîëîâêà è òåêñòà

7

Credibility S
ores

îöåíêà äîñòîâåðíîñòè èñòî÷íèêîâ

E.Saquete et al.

Fighting post-truth using

natural language pro
essing:

a review and open


hallenges // Expert Systems

With Appli
ations, Elsevier,

2020.
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Òèïîëîãèÿ óãðîç è çàäà÷è èõ àâòîìàòè÷åñêîé äåòåêöèè

E.Saquete, D.Tomas, P.Moreda, P.Martinez-Bar
o, M.Palomar. Fighting post-truth

using natural language pro
essing: A review and open 
hallenges // Expert Systems

With Appli
ations, Elsevier, 2020.
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Òèïû çàäà÷ ML/NLU äëÿ ìîíèòîðèíãà ìåäèà-ïðîñòðàíñòâà
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Çàäà÷è Propaganda/Manipulation/Persuasion Dete
tion

Áàçîâàÿ ðàçìåòêà: ¾�ðàãìåíò, ìåòêà êëàññà¿

Óïðîù¼ííàÿ ðàçìåòêà: ¾ïðåäëîæåíèå, ìåòêà êëàññà¿

Ïðîäâèíóòàÿ ðàçìåòêà: ¾�ðàãìåíò, ìèøåíü, ìåòêà êëàññà¿

SemEval-2023 task 3. Dete
ting the genre, the framing, and the persuasion te
hniques

in online news in a multi-lingual setup.

https://propaganda.math.unipd.it/semeval2023task3

G.Martino, P.Nakov et al. A survey on 
omputational propaganda dete
tion. 2020.
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Óíè�èêàöèÿ ïðî�åññèîíàëüíîé ðàçìåòêè

Îáîáùåíèå êëàññè÷åñêèõ çàäà÷ êîìïüþòåðíîé ëèíãâèñòèêè

(NER, SemAn, SemRL, SyntPars), çàäà÷ âûÿâëåíèÿ ìàíèïóëÿöèé,

ïîëÿðèçàöèè, ñìûñëîâûõ îøèáîê â àêàäåìè÷åñêèõ ýññå è äð.

Òåõíè÷åñêèé ðåãëàìåíò êîíêóðñà Ï�Î//×ÒÅÍÈÅ (http://ai.upgreat.one)
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Óíè�èêàöèÿ ìîäåëåé ðàçìåòêè

Áîëüøèå ïðåä-îáó÷åííûå ìîäåëè ÿçûêà (òðàíñ�îðìåðû)

îáó÷åíû ïî òåðàáàéòàì òåêñòîâ, ¾îíè âèäåëè â ÿçûêå âñ¼¿

ñïîñîáíû âûäåëÿòü è êëàññè�èöèðîâàòü �ðàãìåíòû òåêñòà

ñïîñîáíû ãåíåðèðîâàòü ñâÿçíûé òåêñò

ìóëüòèÿçû÷íû: îáó÷àþòñÿ íà äåñÿòêàõ ÿçûêîâ

ìóëüòèçàäà÷íû: äëÿ êàæäîé íîâîé çàäà÷è NLP/NLU

äîñòàòî÷íî ïðåä-îáó÷åííîé ìîäåëè + äîîáó÷åíèÿ

íà îòíîñèòåëüíî íåáîëüøîé ðàçìå÷åííîé âûáîðêå
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Óíè�èêàöèÿ îöåíèâàíèÿ ìîäåëåé ðàçìåòêè

Â îñíîâå ìåòîäèêè � ñðàâíåíèå ïàð ðàçìåòîê òåêñòà:

¾àëãîðèòì � ýêñïåðò¿, ¾ýêñïåðò-1 � ýêñïåðò-2¿,

ïóò¼ì îïòèìàëüíîãî ñîïîñòàâëåíèÿ èõ ýëåìåíòîâ

Ââîäÿòñÿ ìåðû ñîãëàñîâàííîñòè ïàðû ðàçìåòîê Ñonk(A,B)

Ââîäèòñÿ èõ ñðåäíåâçâåøåííàÿ ñîãëàñîâàííîñòü Ñon(A,B)

ÑÒÀ� (Ñðåäíÿÿ Òî÷íîñòü Àëãîðèòìè÷åñêîé �àçìåòêè)

� ñðåäíÿÿ ïî ðàçìå÷åííîé âûáîðêå ñîãëàñîâàííîñòü

Ñon(A,E ) ðàçìåòêè ìîäåëè A è ðàçìåòêè ýêñïåðòà E

ÑÒÝ� (Ñðåäíÿÿ Òî÷íîñòü Ýêñïåðòíîé �àçìåòêè)

� ñðåäíÿÿ ïî ðàçìå÷åííîé âûáîðêå ñîãëàñîâàííîñòü

Ñon(E1,E2) ðàçìåòîê äâóõ ýêñïåðòîâ, E1 è E2

ÎÒÀ� = ÑÒÀ� / ÑÒÝ�,

åñëè áîëüøå 100%, òî àëãîðèòì íå õóæå ýêñïåðòîâ

Òåõíè÷åñêèé ðåãëàìåíò êîíêóðñà Ï�Î//×ÒÅÍÈÅ (http://ai.upgreat.one)
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Âûâîäû ïî ÷àñòè 2 (èç 3)

Íåêîòîðûå íàïðàâëåíèÿ èññëåäîâàíèé â îáëàñòè ÿçûêîâîãî ÈÈ:

ìîäåëè âñòàâêè òî÷íûõ öèòàò è ññûëîê íà èñòî÷íèêè

ìîäåëè âûÿâëåíèÿ ïîëÿðèçàöèè è ñîïîñòàâëåíèÿ ìíåíèé

ìîäåëè âçàèìîäåéñòâèÿ ñ âíåøíèìè ðåøàòåëÿìè çàäà÷

ìîäåëè êóëüòóðíîãî êîíòåêñòà: êîììóíèêàòèâíûõ íîðì,

ìèðîâîççðåíèé, ñîöèîêóëüòóðíûõ è öåííîñòíûõ êîäîâ

ìîäåëè ðàçìåòêè äëÿ �îðìàëèçàöèè ãóìàíèòàðíûõ çíàíèé,

ãåíåðàöèè îáúÿñíåíèé è êîëè÷åñòâåííîé àíàëèòèêè

ìîäåëè äåòåêöèè èñêóññòâåííî ñãåíåðèðîâàííîãî òåêñòà

ìîäåëè äåòåêöèè �åéêîâ, ìàíèïóëÿöèé, ïðîïàãàíäû äëÿ

ïðîòèâîäåéñòâèÿ óãðîçàì â èí�îðìàöèîííîì ïîëå

J.Togelius, G.N.Yannakakis. Choose your weapon: survival strategies for depressed

AI a
ademi
s. April 14 2023.
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Òåìàòè÷åñêîå ìîäåëèðîâàíèå: ¾î ÷¼ì âñå ýòè òåêñòû?¿

Äàíî:

êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ D, ñëîâàðü W

ndw � ÷àñòîòà òåðìà w ∈ W â äîêóìåíòå d ∈ D

Íàéòè:

T � ìíîæåñòâî òåì, ñîñòàâëÿþùèõ êîëëåêöèþ D

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

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

p(w |d) =
∑

t∈T

ϕwtθtd � òåìàòè÷åñêóþ ÿçûêîâóþ ìîäåëü

Êðèòåðèé: ïðàâäîïîäîáèå ïðåäñêàçàíèÿ ñëîâ w â äîêóìåíòàõ d

ñ äîïîëíèòåëüíûìè êðèòåðèÿìè-ðåãóëÿðèçàòîðàìè Ri(Φ,Θ):
∑

d∈D

∑

w∈d

ln
∑

t∈T

ϕwtθtd +
∑

i

τiRi (Φ,Θ) → max
Φ,Θ
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Òðè èíòåðïðåòàöèè çàäà÷è òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

1. Ìÿãêàÿ êëàñòåðèçàöèÿ äîêóìåíòîâ ïî êëàñòåðàì-òåìàì

2. Íèçêîðàíãîâîå ñòîõàñòè÷åñêîå ìàòðè÷íîå ðàçëîæåíèå:

3. Àâòîêîäèðîâùèê äîêóìåíòîâ â òåìàòè÷åñêèå ýìáåäèíãè:

êîäèðîâùèê fΦ :
ndw
nd

→ θd
äåêîäèðîâùèê gΦ : θd → Φθd

çàäà÷à ðåêîíñòðóêöèè:

∑

d

KL
(

ndw
nd

∥

∥ 〈ϕw , θd 〉
)

→ min
Φ,Θ

p(w |d)
(

ndw
nd

)

p(t|d)
θd

p̂(w |d)
〈ϕw ,θd〉
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ARTM: àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

Ìàêñèìèçàöèÿ ëîãàðè�ìà ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì:

∑

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:



























ptdw ≡ p(t|d ,w) = norm
t∈T

(

ϕwtθtd
)

ϕwt = norm
w∈W

(

nwt + ϕwt
∂R
∂ϕwt

)

, nwt =
∑

d∈D

ndwptdw

θtd = norm
t∈T

(

ntd + θtd
∂R
∂θtd

)

, ntd =
∑

w∈d

ndwptdw

Âîðîíöîâ Ê. Â. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé êîëëåêöèé

òåêñòîâûõ äîêóìåíòîâ. Äîêëàäû �ÀÍ, 2014.
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Áàéåñîâñêàÿ è êëàññè÷åñêàÿ ðåãóëÿðèçàöèÿ

X � äàííûå, òåêñòîâàÿ êîëëåêöèÿ, Ω = (Φ,Θ) � ïàðàìåòðû

Áàéåñîâñêèé âûâîä àïîñòåðèîðíîãî ðàñïðåäåëåíèÿ p(Ω|X )
(ãðîìîçäêèé, ïðèáëèæ¼ííûé) ðàäè òî÷å÷íîé îöåíêè Ω:

Posterior(Ω|X , γ) ∝ p(X |Ω)Prior(Ω|γ)

Ω := argmax
Ω

Posterior(Ω|X , γ)

Ìàêñèìèçàöèÿ àïîñòåðèîðíîé âåðîÿòíîñòè (MAP)

äà¼ò òî÷å÷íóþ îöåíêó Ω íàïðÿìóþ, áåç âûâîäà Posterior:

Ω := argmax
Ω

(

ln p(X |Ω) + lnPrior(Ω|γ)
)

Ìíîãîêðèòåðèàëüíàÿ àääèòèâíàÿ ðåãóëÿðèçàöèÿ (ARTM)

îáîáùàåò MAP íà ëþáûå ðåãóëÿðèçàòîðû è èõ êîìáèíàöèè:

Ω := argmax
Ω

(

ln p(X |Ω) +
∑

i=1
τiRi (Ω)

)
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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 ìåòðèê 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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Çàäà÷à ìàêñèìèçàöèè �óíêöèè íà åäèíè÷íûõ ñèìïëåêñàõ

Ïóñòü Ω = (ωj)j∈J � íàáîð íîðìèðîâàííûõ íåîòðèöàòåëüíûõ

âåêòîðîâ ωj = (ωij)i∈Ij ðàçëè÷íûõ ðàçìåðíîñòåé |Ij |:

Ω =

























Çàäà÷à ìàêñèìèçàöèè �óíêöèè f (Ω) íà åäèíè÷íûõ ñèìïëåêñàõ:






















f (Ω) → max
Ω

;
∑

i∈Ij

ωij = 1, j ∈ J;

ωij > 0, i ∈ Ij , j ∈ J.
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Íåîáõîäèìûå óñëîâèÿ ýêñòðåìóìà è ìåòîä ïðîñòûõ èòåðàöèé

Îïåðàöèÿ íîðìèðîâêè âåêòîðà: pi = norm
i∈I

(xi ) =
max(xi , 0)

∑

k max(xk , 0)

Ëåììà. Ïóñòü f (Ω) íåïðåðûâíî äè��åðåíöèðóåìà ïî Ω.
Åñëè ωj � âåêòîð ëîêàëüíîãî ýêñòðåìóìà çàäà÷è f (Ω) → max
è ∃i : ωij

∂f
∂ωij

> 0, òî ωj óäîâëåòâîðÿåò ñèñòåìå óðàâíåíèé

ωij = norm
i∈Ij

(

ωij
∂f

∂ωij

)

.

×èñëåííîå ðåøåíèå ñèñòåìû � ìåòîäîì ïðîñòûõ èòåðàöèé

Âåêòîðû ωj = 0 îòáðàñûâàþòñÿ êàê âûðîæäåííûå ðåøåíèÿ

Èòåðàöèè ïîõîæè íà ãðàäèåíòíóþ îïòèìèçàöèþ:

ωij := ωij + η
∂f

∂ωij

,

íî ó÷èòûâàþò îãðàíè÷åíèÿ è íå òðåáóþò ïîäáîðà øàãà η
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EM-àëãîðèòì äëÿ ARTM áåç ìàòðèöû Θ

Ìàêñèìèçàöèÿ ëîãàðè�ìà ïðàâäîïîäîáèÿ:

∑

d,w

ndw ln
∑

t∈T

ϕwtθtd (Φ) + R
(

Φ,Θ(Φ)
)

→ max
Φ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

ptdw = norm
t∈T

(

ϕwtθtd
)

; ntd =
∑

w∈d

ndwptdw + θtd
∂R

∂θtd
;

p′tdw = ptdw +
1

ndw

∑

s∈T

nsd

θsd
ϕwt

∂θsd

∂ϕwt

;

ϕwt = norm
w∈W

(

∑

d∈D

ndwp
′
tdw + ϕwt

∂R

∂ϕwt

)

.

È.À.Èðõèí, Â.�.Áóëàòîâ, Ê.Â.Âîðîíöîâ. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ

ìîäåëåé ñ áûñòðîé âåêòîðèçàöèåé òåêñòà. ÊèÌ, 2020.
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Ïðîâåðêà ìîäè�èöèðîâàííîãî EM-àëãîðèòìà

θtd (Φ) =
1
nd

∑nd
i=1 norm

t∈T
(ϕwi tnt) � ëèíåéíàÿ òåìàòèçàöèÿ

Ýêñïåðèìåíò íà êîëëåêöèè NIPS, |T | = 50, ìîäåëè:

TARTM (Θless ARTM) � ìîäè�èöèðîâàííûé EM-àëãîðèòì

naive TARTM � îäíà èòåðàöèÿ îáû÷íîãî EM-àëãîðèòìà
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TARTM î÷èùàåò òåìû îò îáùåóïîòðåáèòåëüíûõ ñëîâ,

óëó÷øàåò ðàçðåæåííîñòü, ðàçëè÷íîñòü è êîãåðåíòíîñòü òåì

È.À.Èðõèí, Â.�.Áóëàòîâ, Ê.Â.Âîðîíöîâ. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ

ìîäåëåé ñ áûñòðîé âåêòîðèçàöèåé òåêñòà, 2020.
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Îäíîïðîõîäíàÿ ëèíåéíàÿ òåìàòèçàöèÿ + ëîêàëèçàöèÿ E-øàãà

w1, . . . ,wn � ñêâîçíàÿ íóìåðàöèÿ òåðìîâ âî âñåé êîëëåêöèè

Ci � ëîêàëüíûé êîíòåêñò (îêðóæåíèå) òåðìà wi

α(u|i) � ðàñïðåäåëåíèå âàæíîñòè òåðìîâ u ∈ Ci äëÿ òåðìà wi

íå íóæíà ãèïîòåçà ¾ìåøêà ñëîâ¿

íå íóæíî ðàçáèåíèå íà äîêóìåíòû

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

ϕ′
tw = norm

t∈T

(

ϕwtnt
)

;

pti = norm
t∈T

(

ϕwi t

∑

u∈Ci

ϕ′
tuα(u|i)

)

; nt =

n
∑

i=1

pti ;

ϕwt = norm
w∈W

( n
∑

i=1

[wi =w ]pti + ϕwt
∂R

∂ϕwt

)

.
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Ýâîëþöèÿ èäåé èëè êàê ìû äîøëè äî òðàíñ�îðìåðîâ

Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Çàäà÷è òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Îñíîâíàÿ ëåììà

Ñâÿçü ñ ìîäåëÿìè âíèìàíèÿ

Ñðàâíåíèå ëîêàëèçîâàííîãî Å-øàãà ñ ìîäåëüþ self-attention

Òåìàòè÷åñêèé âåêòîð ëîêàëüíîãî êîíòåêñòà íà âûõîäå E-øàãà:

p(t|Ci ,wi ) ≡ pti = norm
t∈T

(

ϕwi tθti
)

= norm
t∈T

(

∑

u∈Ci

ϕ′
tuϕwi tα(u|i)

)

Âåêòîð êîíòåêñòà (ýìáåäèíã) íà âûõîäå ìîäåëè âíèìàíèÿ:

yi =
∑

u∈Ci

Vxu α(u|i) =
∑

u∈Ci

Vxu SoftMax
u∈Ci

〈Qxi ,Kxu〉.

Ñõîäñòâî:

âåêòîð òåðìà wi òðàíñ�îðìèðóåòñÿ â âåêòîð åãî êîíòåêñòà

ïóò¼ì óñðåäíåíèÿ âåêòîðîâ u èç êîíòåêñòà òåðìà wi ,

íàèáîëåå (ñåìàíòè÷åñêè) ñõîæèõ ñ âåêòîðîì òåðìà wi .

Îòëè÷èÿ:

àäàìàðîâî óìíîæåíèå âåêòîðà ϕ′
tu íà âåêòîð-�èëüòð ϕwi t ;

íåò îáó÷àåìûõ ïàðàìåòðîâ Q,K ,V êàê ó ìîäåëè âíèìàíèÿ;

ïðîåöèðîâàíèå èòîãîâîãî âåêòîðà íà åäèíè÷íûé ñèìïëåêñ.
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Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Çàäà÷è òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Îñíîâíàÿ ëåììà

Ñâÿçü ñ ìîäåëÿìè âíèìàíèÿ

Ýâîëþöèÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Neural Topi
 Models � ïîòîê ïóáëèêàöèé íà÷èíàÿ ñ 2016

Êàê ¾îáúåäèíèòü ëó÷øåå îò äâóõ ìèðîâ¿?

Neural: êà÷åñòâî, óíèâåðñàëüíîñòü, ãåíåðàòèâíîñòü

Topi
: ñêîðîñòü, èíòåðïðåòèðóåìîñòü, ïðîñòîòà

×òî îáúåäèíÿåò: âåêòîðèçàöèÿ, îïòèìèçàöèÿ, ðåãóëÿðèçàöèÿ,

ãîìîãåíèçàöèÿ, ëîêàëèçàöèÿ (êîíòåêñò è âíèìàíèå)

Rob Chur
hill, Lisa Singh. The Evolution of Topi
 Modeling. November, 2022.
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Ýâîëþöèÿ èäåé èëè êàê ìû äîøëè äî òðàíñ�îðìåðîâ

Êàê ïðèâèòü òðàíñ�îðìåðàì ÷åëîâå÷íîñòü

Êàê ïðèâèòü òðàíñ�îðìåð òåìàòè÷åñêèì ìîäåëÿì

Çàäà÷è òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Îñíîâíàÿ ëåììà

Ñâÿçü ñ ìîäåëÿìè âíèìàíèÿ

Âûâîäû ïî ÷àñòè 3 (èç 3)

Íåêîòîðûå íàïðàâëåíèÿ èññëåäîâàíèé â Topi
 Modeling

�èïîòåçà: íîðìèðîâêà âåêòîðîâ â íåéðîííûõ ñåòÿõ ìîæåò

ïðèâåñòè ê ïîÿâëåíèþ ñâîéñòâ èíòåðïðåòèðóåìîñòè

Åñòü óñïåøíàÿ ïåðâàÿ ðåàëèçàöèÿ ARTM íà pyTor
h,

íåîæèäàííî: íà GPU âðåìÿ âû÷èñëåíèé íå çàâèñèò îò |T |

Îò ëîêàëèçàöèè E-øàãà ê òåìàòè÷åñêèì ìîäåëÿì âíèìàíèÿ

Óïðîùåíèå ìîäåëåé âíèìàíèÿ è àðõèòåêòóð òðàíñ�îðìåðà

Vorontsov K. V. Rethinking Probabilisti
 Topi
 Modeling from the Point of View of

Classi
al Non-Bayesian Regularization. 2023 (ïðèíÿòî ê ïóáëèêàöèè)

Rob Chur
hill, Lisa Singh. The Evolution of Topi
 Modeling. November, 2022

He Zhao, Dinh Phung , Viet Huynh , Yuan Jin , Lan Du , Wray Buntine. Topi


Modelling Meets Deep Neural Networks: A Survey. 2021

Liang Yang et al. Graph Attention Topi
 Modeling Network. 2020

Tian Tian et al. Attention-based Autoen
oder Topi
 Model for Short Texts. 2019

Shuangyin Li et al. Re
urrent Attentional Topi
 Model. 2017
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