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Óíèâåðñàëüíàÿ òåîðåìà àïïðîêñèìàöèè

ÈÍÑ ñ 1 ñêðûòûì íåëèíåéíûì ñëîåì � ïåðöåïòðîí Ðîçåíáëàòòà.

F. Rosenblatt, “The perceptron. a perceiving and recognizing automaton (project para)”,
Cornell Aeronautical Laboratory, Inc., Tech. Rep. 85-460-1, Jan. 1957

n-ìåðíûé ñëó÷àé

I Êîëè÷åñòâî íåéðîíîâ íà ñêðûòîì ñëîå � kn.

I Äëÿ èçîáðàæåíèÿ n � ýòî êîëè÷åñòâî ïèêñåëåé (∼ 106 � ìåãàïèêñåëü). Ñëåäîâàòåëü-

íî, íåîáõîäèìî ∼ 210
6
íåéðîíîâ, ÷òî áîëüøå, ÷åì êîëè÷åñòâî àòîìîâ âî âñåëåííîé.
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Ïåðöåïòðîí Ðîçåíáëàòòà Vs ãëóáîêàÿ ÈÍÑ

x = x1 x2 x3 x4 · · · xn
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I Ïðè îäíîì ñêðûòîì ñëîå òî÷íîñòü àïïðîêñèìàöèè äîñòèãàåòñÿ óâåëè÷åíèåì ¾øè-

ðèíû¿ ñëîÿ (êîëè÷åñòâîì íåéðîíîì â í¼ì). Ïðè ýòîì êîëè÷åñòâî ïàðàìåòðîâ ÈÍÑ

(âåñîâ) ðàñò¼ò ëèíåéíî ñ ðîñòîì ¾øèðèíû¿ ñëîÿ.
I Ïðè 2 è áîëåå ñêðûòûõ ñëîÿõ ðîñò ¾øèðèíû¿ ñëî¼â ïðèâîäèò ê êâàäðàòè÷íîìó ðîñòó

êîëè÷åñòâà ïàðàìåòðîâ (âåñîâ). Òàêèì îáðàçîì, îäíîâðåìåííîå óâåëè÷åíèå êîëè÷å-

ñòâà ñëî¼â (¾ãëóáèíû¿ ÈÍÑ) è èõ ¾øèðèíû¿ êðàéíå çàòðàòíî � â ïðîöåññå îáó÷å-

íèÿ ïîíàäîáèòñÿ ïîäîáðàòü çíà÷åíèÿ î÷åíü áîëüøîãî ÷èñëà ïàðàìåòðîâ.
I Èìååì äâà ïðèíöèïèàëüíî ðàçíûõ ïîäõîäà ê óâåëè÷åíèþ ñëîæíîñòè ÈÍÑ:

¾óøèðåíèå¿ åäèíñòâåííîãî ñëîÿ è óâåëè÷åíèå ¾ãëóáèíû¿.
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Ïîëíîñâÿçíûå Vs ¾ðàçðåæåííûå¿ ñëîè ÈÍÑ

x = x1 x2 x3 x4 · · · xn
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Âàðèàíò ¾ðàçðåæåííîãî¿ ñëîÿ � ñâ¼ðòî÷íûé ñëîé

x = x1 x2 x3 x4 · · · xn
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I Ñìåùåíèå b(0) = 0.

I Âåñà ñâÿçåé, âåäóùèõ ê x
(1)
1 , x

(1)
2 è ò. ä. îäèíàêîâû: w1, w2, w3.

I Ñîâîêóïíîñòü âåñîâ w1, w2, w3, . . . íàçûâàþò ÿäðîì ñâ¼ðòêè.
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Äðóãèå îïåðàöèè, ïðèìåíÿåìûå â ñâ¼ðòî÷íûõ ÈÍÑ

Ïîíèæåíèå ðàçìåðíîñòè ïóò¼ì àãðåãèðîâàíèÿ � ïóëèíã (pooling)

x1 x2 x3 x4
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Â êà÷åñòâå àãðåãèðóþùåé îïåðàöèè ÷àñòî èñ-

ïîëüçóåòñÿ

I ñðåäíåå àðèôìåòè÷åñêîå (â ðàííèõ

ðàáîòàõ ïî ñâ¼ðòî÷íûì ÈÍÑ) èëè

I max (â ñîâðåìåííûõ ðàáîòàõ).

Ôóíêöèÿ àêòèâàöèè ReLU

ReLU(x) = max{0, x} =

{
0, x < 0,

x, x > 0.

Â íåêîòîðîì ñìûñëå ÿâëÿåòñÿ ïðîñòåéøåé íåëèíåéíîé ôóíêöèåé: ñîñòîèò èç 2-óõ

ëèíåéíûõ ôðàãìåíòîâ, äèôôåðåíöèðóåìà, ïðîèçâîäíàÿ ðàâíà 0 (â îòðèöàòåëüíîé

îáëàñòè) èëè 1 (â ïîëîæèòåëüíîé).
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Ìåòîäû ÈÈ â çàäà÷àõ àíàëèçà òåêñòîâ

I Ìåøîê ñëîâ (bag of words) � ïîäõîä, ïðè êîòîðîì àíàëèçèðóþòñÿ òîëüêî ÷àñòîòû

ïîÿâëåíèÿ ñëîâ â òåêñòå, ïîðÿäîê ñëîâ íå ó÷èòûâàåòñÿ. Â ýòîì ñëó÷àå ïðèçíàêè òåê-

ñòà � ýòî ÷àñòîòû ñëîâ.

I Äëÿ áîëåå òîíêîãî àíàëèçà òåêñòîâ íåîáõîäèìî ðàññìàòðèâàòü êàê ïðèçíàêè ñàìè

ñëîâà. Ñëîâî � ïðèçíàê êàòåãîðèàëüíîãî òèïà. Èõ ìîæíî ïåðåíóìåðîâàòü, íî àðèô-

ìåòè÷åñêèå îïåðàöèè íàä èõ íîìåðàìè íå ÿâëÿþòñÿ îñìûñëåííûìè.

I Äëÿ ïðèìåíåíèÿ ìåòîäà ðàçäåëåíèÿ ãèïåðïëîñêîñòüþ, ÈÍÑ è ìíîãèõ äðóãèõ ìåòîäîâ

â çàäà÷àõ àíàëèçà òåêñòîâ íåîáõîäèìî ïðåîáðàçîâàòü ñëîâà â âåêòîðû ïðèçíàêîâ, ò.å.

ïîñòðîèòü îòîáðàæåíèå ìíîæåñòâà ñëîâ â ïðèçíàêîâîå ïðîñòðàíñòâî � ýìáåääèíã
(embedding).
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Ýìáåääèíã Word2Vec

I Êàæäîìó ñëîâó ñòàâèòñÿ â ñîîòâåòñòâèå âåêòîð: Word
to − 2−−−−→ Vec.

I Âåêòîðû, ñîîòâåòñòâóþùèå ñëîâàì, ïîäáèðàþòñÿ òàê, ÷òîáû ñëîâàì, èìåþùèì áëèç-

êèé ñìûñë, ñîîòâåòñòâîâàëè áëèçêèå âåêòîðû.

I Ïîêàçàòåëåì áëèçîñòè ñìûñëà ñ÷èòàåòñÿ óïîòðåáëåíèå â ñõîæèõ êîíòåêñòàõ. Êîíòåêñò

ñëîâà ïîíèìàåòñÿ òðèâèàëüíûì îáðàçîì � êàê íåñêîëüêî ñëîâ, îêðóæàþùèõ âûáðàí-

íîå (íàïðèìåð, 5 ïðåäøåñòâóþùèõ ñëîâ è 5 ïîñëåäóþùèõ).

I Ïîäáîð âåêòîðîâ îñóùåñòâëÿåòñÿ ìåòîäàìè ìàøèííîãî îáó÷åíèÿ íà îñíîâå êîðïóñà

òåêñòîâ.


