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Íîâîñòè èñêóññòâåííîãî èíòåëëåêòà

Ïðåçèäåíò Baidu ×æàí ßöèíü: ¾Èñêóññòâåííûé èíòåëëåêò
ñòàíåò íîâûì ýëåêòðè÷åñòâîì¿
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Íîâîñòè èñêóññòâåííîãî èíòåëëåêòà

General Electric âíåäðÿåò ÈÈ-ñèñòåìó â ýëåêòðè÷åñêèå

ñåòè, êîòîðàÿ ïîçâîëèò ñýêîíîìèòü $200 ìëðä âî âñåì

ìèðå çà ñ÷åò ïîâûøåíèÿ ýôôåêòèâíîñòè

ÖÐÓ ðàçðàáàòûâàåò 137 ÈÈ-ïðîåêòîâ

NEC ðàçðàáîòàëà ÈÈ-ñèñòåìó êîíòðîëÿ êà÷åñòâà

ïðîäóêöèè

Alibaba ðåøèò ïðîáëåìó íåõâàòêè âðà÷åé â Êèòàå ñ

ïîìîùüþ ÈÈ
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Íîâîñòè èñêóññòâåííîãî èíòåëëåêòà

Intel ïðåäñòàâèëà ïåðâûé âèçóàëüíûé ïðîöåññîð ñ

íåéðîñåòüþ äëÿ çàïóñêà ãëóáîêèõ íåéðîííûõ ñåòåé

Ê 2020 ãîäó âñÿ ëèíåéêà áûòîâûõ ïðèáîðîâ Samsung

ïîëó÷èò ÈÈ-ôóíêöèè

Â Ëàáîðàòîðèè ÂØÝ ïðèìåíèëè íåéðîñåòåâîé ÈÈ äëÿ

ðàñïîçíàâàíèÿ çàïàõîâ

Ñàìîñâàëû íà àâòîïèëîòå è ðîáîòèçèðîâàííûå áóðèëüíûå

ìàøèíû òåñòèðóþòñÿ óæå âî ìíîãèõ êàðüåðàõ ìèðà.
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Ïîñëåäíÿÿ íîâîñòü

ÈÈ ïîìîã õåäæ-ôîíäó Man Group óâåëè÷èòü îáúåì
àêòèâîâ íà 77%

Â îñíîâå - àëãîðèòì äëÿ ïîèñêà íàèáîëåå âûãîäíûõ

ñòðàòåãèé èíâåñòèðîâàíèÿ

Àëãîðèòì ó÷èòûâàåò äàííûå ñ áèðæåâûõ òèêåðîâ,

ïðîãíîçû ïîãîäû è äàæå ïåðåäâèæåíèÿ ãðóçîâûõ êîðàáëåé.

ÈÈ ðàñïîçíàåò ïàòòåðíû è ñî âðåìåíåì ó÷èòñÿ

¾ïðåäñêàçûâàòü áóäóùåå¿.

Èñïîëüçóåò òûñÿ÷è òåðàáàéòîâ äàííûõ ≈ îáúåì ïàìÿòè 10

000 ñòàíä. îôèñíûõ êîìï.
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Èíâåñòèöèè â èñêóññòâåííûé èíòåëëåêò

Intel èíâåñòèðîâàëà áîëåå $1 ìëðä â ÈÈ-êîìïàíèè

ÖÐÓ ðàçðàáàòûâàåò 137 ÈÈ-ïðîåêòîâ

Êèòàé îáíàðîäîâàë ñòðàòåãèþ ðàçâèòèÿ òåõíîëîãèé ÈÈ â

ñòðàíå äî 2030 ãîäà. Ãëàâíàÿ öåëü � ñòàòü ìèðîâûì

ëèäåðîì â ýòîé îáëàñòè è îáîéòè ÑØÀ

Â ÌÒÈ ñîçäàåòñÿ íîâûé öåíòð ñòîèìîñòüþ $240 ìëí äëÿ

èçó÷åíèÿ ÈÈ. Îí çàïóñêàåòñÿ ïðè ïîääåðæêå IBM
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Ïîòîê ïîíÿòèé
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×òî òàêîå ÈÈ?

Èñêóññòâåííûé èíòåëëåêò � ñâîéñòâî
èíòåëëåêòóàëüíûõ ñèñòåì âûïîëíÿòü òâîð÷åñêèå ôóíêöèè,
êîòîðûå òðàäèöèîííî ñ÷èòàþòñÿ ïðåðîãàòèâîé ÷åëîâåêà
(èç Âèêèïåäèè)

Èñêóññòâåííûé èíòåëëåêò � ýòî îáëàñòü çíàíèé, äëÿ
êîòîðîé êîìïüþòåð (ñèñòåìà) ðàçâèâàåò ñïîñîáíîñòü
óñïåøíî ðåøàòü ñëîæíûå çàäà÷è, êîòîðûå òðåáóþò îáû÷íî
èíòåëëåêòà ÷åëîâåêà, íàïðèìåð, ðàñïîçíàâàíèå îáðàçîâ,
ðå÷è, ïðèíÿòèå ðåøåíèé, ïåðåâîä ñ îäíîãî ÿçûêà íà äðóãîé
è ò.ä.



Îñíîâíûå ïîíÿòèÿ Íåéðîííûå ñåòè è ãëóáîêîå îáó÷åíèå

Äåäóêòèâíîå è èíäóêòèâíîå ìåòîäû îáó÷åíèÿ

Ñïîñîáû îáó÷åíèÿ è â êîìïüþòåðíûõ ñèñòåìàõ:

1 Äåäóêòèâíîå, èëè àíàëèòè÷åñêîå, îáó÷åíèå
(ýêñïåðòíûå ñèñòåìû). Èìåþòñÿ çíàíèÿ,

ñôîðìóëèðîâàííûå ýêñïåðòîì è êàê-òî ôîðìàëèçîâàííûå.

Ïðîãðàììà âûâîäèò èç ýòèõ ïðàâèë êîíêðåòíûå ôàêòû è

íîâûå ïðàâèëà.

2 Èíäóêòèâíîå îáó÷åíèå (ñòàòèñòè÷åñêîå îáó÷åíèå,
ìàøèííîå îáó÷åíèå). Íà îñíîâå ýìïèðè÷åñêèõ äàííûõ
ïðîãðàììà ñòðîèò îáùåå ïðàâèëî.

3 Êîìáèíèðîâàííîå îáó÷åíèå.
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×òî òàêîå ìàøèííîå îáó÷åíèå (machine

learning)?

Ìàøèííîå îáó÷åíèå � ýòî ïîäðàçäåë ÈÈ, âêëþ÷àþùèé
ìåòîäû ïîñòðîåíèÿ àëãîðèòìîâ, ñïîñîáíûõ îáó÷àòüñÿ

Ìàøèííîå îáó÷åíèå � ïîäðàçäåë ÈÈ, ìàòåìàòè÷åñêàÿ
äèñöèïëèíà, èñïîëüçóþùàÿ ðàçäåëû ìàòåìàòè÷åñêîé
ñòàòèñòèêè, ÷èñëåííûõ ìåòîäîâ îïòèìèçàöèè, òåîðèè
âåðîÿòíîñòåé, äèñêðåòíîãî àíàëèçà, âûäåëÿþùàÿ
çíàíèÿ èç äàííûõ (èç Âèêèïåäèè)
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Ìàøèííîå îáó÷åíèå �
Îò äàííûõ ê çíàíèÿì
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Ñôåðû ïðèëîæåíèÿ

1 Êîìïüþòåðíîå çðåíèå (computer vision)

2 Ðàñïîçíàâàíèå ðå÷è (speech recognition)

3 Êîìïüþòåðíàÿ ëèíãâèñòèêà è îáðàáîòêà åñòåñòâåííûõ

ÿçûêîâ (natural language processing)

4 Ìåäèöèíñêàÿ äèàãíîñòèêà

5 Áèîèíôîðìàòèêà

6 Òåõíè÷åñêàÿ äèàãíîñòèêà

7 Ôèíàíñîâûå ïðèëîæåíèÿ

8 Ðóáðèêàöèÿ, àííîòèðîâàíèå è óïðîùåíèå òåêñòîâ

9 Èíôîðìàöèîííûé ïîèñê

10 . . .
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Ñìåæíûå è áëèçêèå îáëàñòè è ïîíÿòèÿ

Pattern Recognition (ðàñïîçíàâàíèå îáðàçîâ)

Data Mining (èíòåëëåêòóàëüíûé àíàëèç äàííûõ)

Big Data (áîëüøèå äàííûå)
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Íóæíî ëè ïîñâÿùàòü âðåìÿ ìàøèííîìó

îáó÷åíèþ?

Ïî îöåíêå McKinsey Global Institute, â 2018 ãîäó â îäíèõ
òîëüêî Ñîåäèíåííûõ Øòàòàõ ñïðîñ íà ýêñïåðòîâ ïî
ìàøèííîìó îáó÷åíèþ áóäåò ïðåâûøàòü ïðåäëîæåíèå íà
140�190 òûñÿ÷ ÷åëîâåê. Êðîìå òîãî, ïîòðåáóåòñÿ
äîïîëíèòåëüíî ïîëòîðà ìèëëèîíà ðàçáèðàþùèõñÿ â
äàííûõ óïðàâëåíöåâ.

(Äîìèíãîñ Ï. Âåðõîâíûé àëãîðèòì: êàê ìàøèííîå îáó÷åíèå

èçìåíèò íàø ìèð. Ì. : Ìàíí, Èâàíîâ è Ôåðáåð, 2016.)
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Êëàññèôèêàöèÿ çàäà÷ èíäóêòèâíîãî îáó÷åíèÿ

Îáó÷åíèå ñ ó÷èòåëåì, èëè îáó÷åíèå ïî ïðåöåäåíòàì
(supervised learning): êëàññèôèêàöèÿ;
âîññòàíîâëåíèå ðåãðåññèè; ñåãìåíòàöèÿ

Îáó÷åíèå áåç ó÷èòåëÿ (unsupervised learning):
êëàñòåðèçàöèÿ; âèçóàëèçàöèÿ äàííûõ; ïîíèæåíèå
ðàçìåðíîñòè;

Îáó÷åíèå ñ ïîäêðåïëåíèåì (reinforcement learning)

×òî îïðåäåëÿåò òèï çàäà÷è ìàøèííîãî îáó÷åíèÿ: Äàííûå
(îáó÷àþùàÿ âûáîðêà) è Öåëü
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Îáó÷åíèå ñ ó÷èòåëåì - êëàññèôèêàöèÿ
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Îáó÷åíèå ñ ó÷èòåëåì - Êëàññèôèêàöèÿ
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Îáó÷åíèå ñ ó÷èòåëåì - Êëàññèôèêàöèÿ
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Ïðèìåð îáó÷àþùåé âûáîðêè (êðåäèòû)

âîçðàñò äîõîä îáðàçîâàíèå êð. èñò. êðåäèò

1 46 76 óíèâåðñ. - íåò

2 60 180 øêîëà + íåò

3 54 165 óíèâåðñ. + äà

4 23 178 òåõíèêóì - äà

· · · · · · · · · · · ·
1000 44 193 óíèâåðñ. + äà

Äàâàòü êðåäèò îáúåêòó: (35, 184,òåõíèêóì,−)?
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Ðåêîìåíäàòåëüíûå ñèñòåìû
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Îáó÷åíèå ñ ó÷èòåëåì - ïðèìåð ðåãðåññèè

Êîòèðîâêè àêöèé
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×åðíûé ëåáåäü
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Îáó÷åíèå ñ ó÷èòåëåì - ñåãìåíòàöèÿ
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Îáó÷åíèå ñ ó÷èòåëåì - ñåãìåíòàöèÿ
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Îáó÷åíèå áåç ó÷èòåëÿ

Â ýòîì ñëó÷àå íåò �ó÷èòåëÿ� è �îáó÷àþùàÿ âûáîðêà�
ñîñòîèò òîëüêî èç îáúåêòîâ áåç èõ ìåòîê êëàññîâ.

Çàäà÷à êëàñòåðèçàöèè: ðàçáèòü îáúåêòû íà ãðóïïû
(êëàñòåðû), òàê, ÷òîáû â îäíîì êëàñòåðå îêàçàëèñü
áëèçêèå äðóã ê äðóãó îáúåêòû, à â ðàçíûõ êëàñòåðàõ
îáúåêòû áûëè ñóùåñòâåííî ðàçëè÷íûå.

Êëàñòåð ìîæíî îõàðàêòåðèçîâàòü êàê ãðóïïó
îáúåêòîâ, èìåþùèõ îáùèå ñâîéñòâà.
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Îáó÷åíèå áåç ó÷èòåëÿ - êëàñòåðèçàöèÿ

Äàííûå: ìàðêà àâòîìîáèëÿ; ñòîèìîñòü; âîçðàñò
âîäèòåëÿ; ñòàæ âîäèòåëÿ; âîçðàñò àâòîìîáèëÿ

Öåëü: ðàçáèåíèå àâòîìîáèëåé è èõ âëàäåëüöåâ íà
êëàññû, êàæäûé èç êîòîðûõ ñîîòâåòñòâóåò
îïðåäåëåííîé ðèñêîâîé ãðóïïå ñ îäèíàêîâîé
âåðîÿòíîñòüþ íàñòóïëåíèÿ ñòðàõîâîãî ñëó÷àÿ
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Ìîäåëü àëãîðèòìà

Ðåøèòü çàäà÷ó ìàøèííîãî îáó÷åíèÿ îçíà÷àåò
ðàçðàáîòàòü àëãîðèòì èëè ìîäåëü àëãîðèòìà, çàâèñÿùåãî
îò ïàðàìåòðîâ è ïîçâîëÿþùèõ îïðåäåëèòü çíà÷åíèå ìåòêè
êëàññà (Y ) äëÿ íîâîãî îáúåêòà (x).
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Îñíîâíûå ìåòîäû êëàññèôèêàöèè è ðåãðåññèè

Ëèíåéíàÿ ðåãðåññèÿ (Ëàññî, ãðåáíåâàÿ ðåãðåññèÿ)

Ëîãèñòè÷åñêàÿ ðåãðåññèÿ

Ìåòîä k áëèæàéøèõ ñîñåäåé

Áàéåñîâñêèé ïîäõîä (âåðîÿòíîñòíûé)

Ìàøèíà îïîðíûõ âåêòîðîâ (Support Vector Machine -
SVM)

Íåéðîííûå ñåòè

Äåðåâüÿ ðåøåíèé

Ìåòîäû êîìïîçèöèè: Áóñòèíã (AdaBoost, Random
Forest) è áýããèíã
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Ñõåìà âñåãî ïðîöåññà ìàøèííîãî îáó÷åíèÿ
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Îáó÷åíèå ñ ó÷èòåëåì

Ìíîæåñòâî X � îáúåêòû, ïðèìåðû, îáðàçöû (samples)
Ìíîæåñòâî Y � îòâåòû, îòêëèêè, ¾ìåòêè¿, êëàññû
(responses)
Èìååòñÿ íåêîòîðàÿ çàâèñèìîñòü g : X → Y , ïîçâîëÿþùàÿ
ïî x ∈ X ïðåäñêàçàòü (èëè îöåíèòü âåðîÿòíîñòü
ïîÿâëåíèÿ) y ∈ Y .
Çàâèñèìîñòü èçâåñòíà òîëüêî íà îáúåêòàõ èç îáó÷àþùåé
âûáîðêè:

T = (x1, y1), (x2, y2), ..., (xn, yn)

Ïàðà (xi , yi) ∈ X × Y - ïðåöåäåíò. Êàæäûé ýëåìåíò
âåêòîðà x - ïðèçíàê.
Çàäà÷à îáó÷åíèÿ ñ ó÷èòåëåì: íàó÷èòüñÿ ïî íîâûì
îáúåêòàì x ∈ X ïðåäñêàçûâàòü îòâåòû y ∈ Y .
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Ïðèìåð îáó÷àþùåé âûáîðêè (êëàññèôèêàöèÿ)

ïóëüñ ãåìîãëîáèí äèàãíîç
x1 70 140 çäîðîâ (y = −1)
x2 60 160 çäîðîâ (y = −1)
x3 94 120 ìèîêàðäèò (y = 1)
· · · · · · · · · · · ·
x114 86 98 ìèîêàðäèò (y = 1)
Îáó÷àþùàÿ âûáîðêà:

((70, 140),−1), (60, 160),−1), (94, 120), 1)..., (86, 98), 1))

Çàäà÷à îáó÷åíèÿ: íîâûé ïàöèåíò x = (75, 128), y =?
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Ãðàôè÷åñêîå ïðåäñòàâëåíèå îáó÷àþùåé

âûáîðêè
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Ìîäåëü àëãîðèòìà

Ìîäåëüþ àëãîðèòìà a íàçûâàåòñÿ ïàðàìåòðè÷åñêîå
ñåìåéñòâî ôóíêöèé g : X → Y èëè g(x , θ), ãäå θ ∈ Θ
ïàðàìåòðû â ïðîñòðàíñòâå ïàðàìåòðîâ.
Ïðîöåññ ïîäáîðà îïòèìàëüíîé ôóíêöèè g è
îïòèìàëüíûõ ïàðàìåòðîâ θ ïî îáó÷àþùåé âûáîðêå
íàçûâàþò íàñòðîéêîé (�tting, tuning) èëè
îáó÷åíèåì (training) àëãîðèòìà a.
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�Essentially, all models are wrong, but some are useful�
- George E. P. Box
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Ýìïèðè÷åñêèé ôóíêöèîíàë êà÷åñòâà

Ýìïèðè÷åñêèé ôóíêöèîíàë ðèñêà èëè êà÷åñòâà
àëãîðèòìà a íà âûáîðêå X åñòü

Q(a,X ) =
1

n

∑n
i=1L(a, xi)

Çàäà÷à âûáîðà �íàèëó÷øåãî� ìåòîäà îáó÷åíèÿ
- ýòî ìèíèìèçàöèÿ ôóíêöèîíàëà ðèñêà ïî ìíîæåñòâó
A èëè ïî ìíîæåñòâó ïàðàìåòðîâ Θ.
No Free Lunch òåîðåìà (Âîëüïåðòà è Ìàêðèäè):
Åñëè ïðåäïîëîæèòü, ÷òî ìåòêè êëàññîâ yi
âû÷èñëÿþòñÿ êàê f (xi) äëÿ ôóíêöèè, âûáðàííîé
ñëó÷àéíûì îáðàçîì ðàâíîìåðíî èç âñåõ âîçìîæíûõ
ôóíêöèé, òî

Ef (îøèáêè íà òåñòå) =
1

2
.
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Ïðîáëåìà ïåðåîáó÷åíèÿ è íåäîîáó÷åíèÿ

Ïåðåîáó÷åíèå (over�tting) � íåæåëàòåëüíîå ÿâëåíèå,
âîçíèêàþùåå ïðè ðåøåíèè çàäà÷ îáó÷åíèÿ ïî
ïðåöåäåíòàì, êîãäà âåðîÿòíîñòü îøèáêè îáó÷åííîãî
àëãîðèòìà íà îáúåêòàõ òåñòîâîé âûáîðêè îêàçûâàåòñÿ
ñóùåñòâåííî âûøå, ÷åì ñðåäíÿÿ îøèáêà íà îáó÷àþùåé
âûáîðêå. Ïåðåîáó÷åíèå âîçíèêàåò ïðè èñïîëüçîâàíèè
èçáûòî÷íî ñëîæíûõ ìîäåëåé.
Íåäîîáó÷åíèå � íåæåëàòåëüíîå ÿâëåíèå, âîçíèêàþùåå
ïðè ðåøåíèè çàäà÷ îáó÷åíèÿ ïî ïðåöåäåíòàì, êîãäà
àëãîðèòì îáó÷åíèÿ íå îáåñïå÷èâàåò äîñòàòî÷íî ìàëîé
âåëè÷èíû ñðåäíåé îøèáêè íà îáó÷àþùåé âûáîðêå.
Íåäîîáó÷åíèå âîçíèêàåò ïðè èñïîëüçîâàíèè íåäîñòàòî÷íî
ñëîæíûõ ìîäåëåé.
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Ïåðåîáó÷åíèå è íåäîîáó÷åíèå â êëàññèôèêàöèè
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Ìåòîä k áëèæàéøèõ ñîñåäåé

Ìåòîä k áëèæàéøèõ ñîñåäåé (kNN � k nearest neighbours)
ìåòðè÷åñêèé àëãîðèòì äëÿ êëàññèôèêàöèè îáúåêòîâ,
îñíîâàííûé íà îöåíèâàíèè ñõîäñòâà îáúåêòîâ.
Êëàññèôèöèðóåìûé îáúåêò îòíîñèòñÿ ê òîìó êëàññó,
êîòîðîìó ïðèíàäëåæàò áëèæàéøèå ê íåìó îáúåêòû
îáó÷àþùåé âûáîðêè.
Àëãîðèòì:

1 Âû÷èñëèòü ðàññòîÿíèå äî êàæäîãî èç îáúåêòîâ

îáó÷àþùåé âûáîðêè

2 Îòîáðàòü k îáúåêòîâ îáó÷àþùåé âûáîðêè, ðàññòîÿíèå äî

êîòîðûõ ìèíèìàëüíî

3 Êëàññ êëàññèôèöèðóåìîãî îáúåêòà � ýòî êëàññ, íàèáîëåå

÷àñòî âñòðå÷àþùèéñÿ ñðåäè k áëèæàéøèõ ñîñåäåé
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Ìåòîä k áëèæàéøèõ ñîñåäåé (êëàññèôèêàöèÿ)
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Áèîëîãè÷åñêèé ïðîòîòèï
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Ñòðóêòóðà íåéðîíà
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Ìíîãîñëîéíûé ïåðöåïòðîí èëè íåéðîííàÿ ñåòü
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Ãëóáîêàÿ íåéðîííàÿ ñåòü
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Ïðîáëåìû íåéðîííûõ ñåòåé

Ãëàâíàÿ ïðîáëåìà: ìíîãî ñîåäèíåíèé è âåñîâ
(îáó÷àåìûõ ïàðàìåòðîâ), ÷òî òðåáóåò â íåñêîëüêî
ðàç áîëüøå îáó÷àþùèõ ïðèìåðîâ!
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Èëëþñòðàöèÿ ñâåðòî÷íîé ñåòè

LeCun Y., Bengio Y. Convolutional Networks for Images, Speech, and Time-Series //

The Handbook of Brain Theory and Neural Networks, MIT Press, 1995
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Ñâåðòî÷íàÿ ñåòü
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Òèïîâûå ñâåðòî÷íûå ñåòè

http://www.topbots.com/14-design-patterns-improve-convolutional-neural-network-

cnn-architecture
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Ñâåðòî÷íûå ñåòè íå âñåñèëüíû

Òðåáóþò îãðîìíîå êîëè÷åñòâî äàííûõ

Íèêòî íå çíàåò òîëêîì êàê îíè äåëàþò âûâîä (ïî÷òè
÷åðíûé ÿùèê)
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Ìîòèâàöèÿ

Ãåíåðàöèÿ íîâûõ îáúåêòîâ ñ çàäàííûìè
ñâîéñòâàìè
https://www.youtube.com/watch?v=XNZIN7Jh3Sg
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Ïîðîæäàþùèå ìîäåëè íà îñíîâå íåéðîííûõ

ñåòåé

1 Âàðèàöèîííûé àâòîêîäåð (Variational
AutoEncoder (VAE))

2 Ïîðîæäàþùèå êîíêóðèðóþùèå ñåòè
(Generative Adversarial Networks (GANs))

3 Ñîïåðíè÷àþùèå àâòîêîäåðû (Adversarial
autoencoders)
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Ïðèìåðû èñïîëüçîâàíèÿ ïîðîæäàþùèõ

ìîäåëèåé

Èçìåíåíèå âîçðàñòà ëèöà ñ ïîìîùüþ GAN
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Ïðèìåðû èñïîëüçîâàíèÿ ïîðîæäàþùèõ

ìîäåëèåé

Ãåíåðèðîâàíèå êàðòèíîê ïî òåêñòó ñ ïîìîùüþ GAN
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Ïðèìåðû èñïîëüçîâàíèÿ ïîðîæäàþùèõ

ìîäåëèåé

Ïîèñê íîâûõ ëåêàðñòâ äëÿ áîðüáû ñ ðàêîì: ñ
ïîìîùüþ Adversarial Auto Encoder (AAE) ìîæíî
âûó÷èòü ëàòåíòíîå ïðåäñòàâëåíèå ìîëåêóë è äàëüøå ñ
åãî ïîìîùüþ èñêàòü íîâûå
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Ðåêóððóíòíûå ñåòè

Ýëåìåíòû ðåêóðåíòíîé ñåòè èçîáðàæàþò êàê îáû÷íûå

íåéðîíû ñ äîïîëíèòåëüíîé öèêëè÷åñêîé ñòðåëêîé.

Åñëè �ðàçâåðíóòü� òàêîå èçîáðàæåíèå, ïîëó÷èòñÿ öåïî÷êà

îäèíàêîâûõ íåéðîíîâ, êàæäûé èç êîòîðûõ ïîëó÷àåò íà

âõîä ñâîé ýëåìåíò ïîñëåäîâàòåëüíîñòè, âûäàåò

ïðåäñêàçàíèå è ïåðåäàåò åãî äàëüøå ïî öåïî÷êå êàê ñâîåãî

ðîäà ÿ÷åéêó ïàìÿòè.
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Ïðèìåíåíèå RNN

Google Translate

Ãåíåðèðóþùàÿ ìîäåëü äëÿ íåîáðàáîòàííîãî àóäèî

×òåíèå ïî ãóáàì: RNN íà àóäèî, CNN + RNN íà
âèäåî, ýòè äâà âåêòîðà ïîäàþòñÿ â èòîãîâóþ LSTM,
êîòîðàÿ ãåíåðèðóåò ðåçóëüòàò (ñëîâà).
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Ýòàïû ðåøåíèÿ çàäà÷ ìàøèííîãî îáó÷åíèÿ

ïîíèìàíèå çàäà÷è è äàííûõ;

ïðåäîáðàáîòêà äàííûõ è èçîáðåòåíèå ïðèçíàêîâ;

ïîñòðîåíèå ìîäåëè;

ñâåäåíèå îáó÷åíèÿ ê îïòèìèçàöèè;

ðåøåíèå ïðîáëåì îïòèìèçàöèè è ïåðåîáó÷åíèÿ;

îöåíèâàíèå êà÷åñòâà;

âíåäðåíèå è ýêñïëóàòàöèÿ.
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Ñõåìà âñåãî ïðîöåññà ìàøèííîãî îáó÷åíèÿ
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