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Áèîëîãè÷åñêàÿ íåéðîííàÿ ñåòü

Ïðèðîäíûå íåéðîíû èìåþò ðàçâåòâåëåííóþ äåíäðèòíóþ

ñèñòåìó, â êîòîðîé ñèãíàëû ïîñòóïàþò îò äðóãèõ íåéðîíîâ

ïðè ïîìîùè ñèíàïñîâ
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Ïðîñòåéøàÿ ìîäåëü íåéðîíà

Ïðîñòåéøàÿ ìîäåëü íåéðîíà ñîñòîèò èç ðÿäà äîïóùåíèé:

ñèíàïòè÷åñêèå ñâÿçè - ïðîñòûå (ñ åäèíñòâåííûì âõîäîì)

âêëàä ñèíàïòè÷åñêîé ñâÿçè ïðîïîðöèîíàëåí âåëè÷èíå

âõîäà(wixi );

âåëè÷èíà ñóììàðíîãî âõîäà íåéðîíà ëèíåéíî

ñêëàäûâàåòñÿ èç âêëàäîâ ñèíàïòè÷åñêèõ ñâÿçåé
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Ìîäåëü êëàññè÷åñêîãî íåéðîíà

Ñëåäóþùèå óòâåðæäåíèÿ ïðèâîäÿò ê ìîäåëè ñ ïðîñòûìè

ñèíàïñàìè:

y = sn(x) = out(θ +
n

∑
i=1

wixi)

ãäå y - âûõîä, x = (x1...xn) - âõîäû, out(s) - ôóíêöèÿ âûõîäà, θ -
ñìåùåíèå, w1...wn- âåñà,
sn(x) - ôóíêöèÿ ïðåîáðàçîâàíèÿ íåéðîíà

Ñóììàðíûé ïîòåíöèàë íåéðîíà åñòü àðèôìåòè÷åñêàÿ ñóììà

âêëàäîâ ïðîñòûõ ñèíàïñîâ è ñìåùåíèÿ θ
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Âûáîð ìàòåìàòè÷åñêîé ìîäåëè íåéðîíà

Âûáîð ìàòåìàòè÷åñêîé ìîäåëè íåéðîíà âëèÿåò íà õàðàêòåð

ïðîöåäóðû íàñòðîéêè âåñîâ íåéðîíà è íà õàðàêòåðèñòèêè

àðõèòåêòóðû íåéðîííîé ñåòè

Ñëàáàÿ ñïîñîáíîñòü ïðîñòûõ íåéðîíîâ âèäà:

y = out(θ +∑wixi)

ïðèâîäèò ê íåîáõîäèìîñòè èñïîëüçîâàíèÿ ìíîãîñëîéíîé

àðõèòåêòóðû äàæå äëÿ ïðîñòåéøèõ çàäà÷
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Âûáîð ìàòåìàòè÷åñêîé ìîäåëè íåéðîíà

Íàèáîëåå îïòèìàëüíû ìîäåëè íåéðîíà êîòîðûå:

ëó÷øå îòðàæàþò ïðîöåññû îáðàáîòêè èíôîðìàöèè â êîðå

ãîëîâíîãî ìîçãà

îáëàäàþò ëó÷øèìè ñïîîñîáíîñòÿìè ïî ïðåäñòàâëåíèþ

çàâèñèìîñòåé
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Îò ëèíåéíîé ê ïîëèëèíåéíîé ôóíêöèè ñóììèðîâàíèÿ

Äëÿ òîãî ÷òîáû îòðàçèòü îñîáåííîñòè ðåàëüíûõ íåéðîíîâ â

ìîäåëü èñêóññòâåííîãî íåéðîíà íåîáõîäèìî îñëàáèòü

äîïóùåíèÿ è ðàñøèðèòü å¼.

Ïðîñòåéøèé ñïîñîá ðàñøèðåíèÿ ìîäåëè ñîñòîèò:

óìåíüøåíèå ëèíåéíîñòè âêëàäîâ;

ïåðåõîä îò ïðîñòûõ ñèíàïñîâ ê áîëåå ñëîæíûì;

íåçàâèñèìîñòü âõîäîâ;

ïåðåõîä ê ïîëèëèíåéíîé ôóíêöèÿì ñóììàðíîãî âõîäíîãî

ñèãíàëà;
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Îò ëèíåéíîé ê ïîëèëèíåéíîé ôóíêöèè ñóììèðîâàíèÿ

Ïðèíÿòèå ïîëèëèíåéíîé ôóíêöèè ñóììèðîâàíèÿ

ïðåäïîëàãàåò ñëåäóþùèå äîïóùåíèÿ:

ñèíàïñû ìîãóò áûòü êàê ïðîñòûå, òàê è
ñëîæíûå(ñèíàïòè÷åñêèå êëàñòåðû);

âåëè÷èíà ñóììàðíîãî âõîäà íåéðîíà ñêëàäûâàåòñÿ èç

âåëè÷èí âêëàäîâ ïðîñòûõ ñèíàïñîâ è ñèíàïòè÷åñêèõ

êëàñòåðîâ;

âåëè÷èíà âêëàäà ñèíàïòè÷åñêîãî êëàñòåðà ïðåäñòàâëÿåò

ïîëèëèíåéíóþ ôóíêöèþ îò âõîäîâ, ó÷àâñòâóþùèõ â
îáðàçîâàíèè;
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Ñèíàïòè÷åñêèå êëàñòåðû

Â ïðèðîäíûõ íåéðîíàõ âñòðå÷àþòñÿ ñèíàïòè÷åñêèå êëàñòåðû,
â îáðàçîâàíèè êîòîðûõ ó÷àâñòâóþò íåñêîëüêî âõîäîâ,
òàê ÷òî âêëàä êàæäîãî âõîäà çàâèñèò îò âåëè÷èí äðóãèõ

âõîäîâ.

Ìîäåëü ∑∏-íåéðîíà îïèñûâàåò ïðåîáðàçîâàíèÿ â
ñèíàïòè÷åñêîì êëàñòåðå(ñëîæíîì ñèíàïñå)

Àêñî-äåíäðèäíàÿ ñâÿçü
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Ìîäåëü êëàññè÷åñêîãî ∑∏−íåéðîíà

Ìîäåëü íåéðîíà ñ ïîëèëèíåéíîé ôóíêöèåé ñóììàðíîãî âõîäà

y = out(θ +
m

∑
k=1

wi ∏
i∈ik

xi)

Ìîäåëèðóåò ñèíàïòè÷åñêèå êëàñòåðû ïðè ïîìîùè

àãðåãèðóþùåé ôóíêöèè ïðîèçâåäåíèÿ.

Â òàêîé ìîäåëè ïðîèçâåäåíèå èñïîëüçóåòñÿ äëÿ îòðàæåíèÿ

âêëàäà ãðóïïû çàâèñèìûõ âõîäîâ ñ íîìåðàìè i ∈ ik
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∑∏- íåéðîí

∑∏−íåéðîí ìîæíî ïðåäñòàâèòü â âèäå äâóñëîéíîé ñåòè ñî
ñëîåì èç∏-ýëåìåíòîâ è ∑- íåéðîíîì â âûõîäíîì ñëîå

y = out(θ +
N

∑
k=1

wk sk)

sk = ∏
i∈ik

xi , k = 1N

×åðåäíèêîâ Ä.Þ.,Øèáçóõîâ Ç.Ì. Îìîäåëÿõ íåéðîíîâ àãðåãèðóþùåãî òèïà



Ñâîéñòâà∑∏- íåéðîíà

∑∏- íåéðîí ñïîñîáåí èíòåðïîëèðîâàòü ïðîèçâîëüíûå
äèñêðåòíûå ôóíêöèè, îïðåäåëåííûå íà êîíå÷íûõ
ïîäìíîæåñòâàõ Rn

Ïîçâîëÿåò ïîñòðîèòü ìíîæåñòâî ðàçëè÷íûõ êîððåêòíî

îáó÷åííûõ ìîäåëåé

Â îïåðàöèÿõ òèïà áóñòèíãà èëè âçâåøåííîãî ãîëîñîâàíèÿ

ìîæíî ïîñòðîèòü ∑∏- íåéðîí êîòîðûé íå îøèáàåòñÿ
áîëåå ÷åì íà ïîëîâèíå îáó÷àþùåé âûáîðêè, èñïîëüçóÿ
ïðè ýòîì íå áîëåå ïîëîâèíû îáó÷àþùåé âûáîðêè
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Êîíñòðóêòèâíîå îáó÷åíèå

Ê ìîäåëÿì ∑∏-íåéðîíà ìîæíî ïðèìåíèòü êîíñòðóêòèâíóþ
ïðîöåäóðó îáó÷åíèÿ.

Êîíñòðóêòèâíûé ïîäõîä ê îáó÷åíèþ îðèåíòîðîâàí íà:

íà ïîñòðîåííèå ïîòåíöèàëüíî îïòèìàëüíîé àðõèòåêòóðû

ñåòè

îñóùåñòâëåíèå àäåêâàòíîé íàñòðîéêè âåñîâûõ

ïàðàìåòðîâ

Êîíñòðóêòèâíûå ìåòîäû îáó÷åíèÿ íàïðàâëåíû íà

ïîñòåïåííîå ïîñòðîåíèå àðõèòåêòóð, ñïîñîáñòâóþùèõ:

óëó÷øåíèþ ñõîäèìîñòè ïðîöåññà îáó÷åíèÿ

äîñòèæåíèþ êîððåêòíîãî ôóíêöèîíèðîâàíèÿ
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Ìîäåëü íåéðîíà ñ àãðåãèðóþùèìè ñëîæíûìè

ñèíàïñàìè

Ìîäåëü ∑∏- íåéðîíà ÿâëÿåòñÿ ÷àñòíûì ñëó÷àåì ñëåäóþùåé
ìîäåëè íåéðîíà ñî ñëîæíûìè ñèíàïñàìè:

y = out(θ +
m

∑
k=1

uk)

ãäå uk - âêëàä k -îãî àãðåãèðóþùåãî ñëîæíîãî ñèíàïñà èëè
ñèíàïòè÷åñêîãî êëàñòåðà, ñîñòîÿùåãî èç ïðîñòûõ ñèíàïñîâ

uk = Aggï{ui : i ∈ ik}

ãäå Aggï- àãðåãèðóþùàÿ ôóíêöèÿ, êîòîðàÿ óäîâëåòâîðÿåò
òðåáîâàíèþ

uk = Aggï{ui : i ∈ ik}= 0⇔∃i ∈ i : ui = 0
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Ìîäåëü íåéðîíà ñ àãðåãèðóþùèìè ñëîæíûìè

ñèíàïñàìè

Ïóñòü out- êîððåêòíàÿ ôóíêöèÿ âûõîäà, ò.å äëÿ ∀y ∈ Y
íàéäåòñÿ çíà÷åíèå s òàêîå ÷òî y = out(s)

Ôóíêöèÿ ïðîñòîãî ñèíàïñà, òàêàÿ syn(x−a,w), òàêàÿ ÷òî:

syn(x−a,w) = 0, òîëüêî ïðè x 6 a;

∀w ôóíêöèÿ synw(x) = syn(x ,w) - ìîíîòîííàÿ;

∀w ôóíêöèÿ synx(w) = syn(x ,w) - ñòðîãî ìîíîòîííàÿ;

∀x è ∀u ∃w : u = synx(w), òîëüêî ïðè x > a;
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Ìîäåëü íåéðîíà ñ àãðåãèðóþùèìè ñëîæíûìè

ñèíàïñàìè

Theorem
Äëÿ ëþáîãî êîíå÷íîãî íåïðîòèâîðå÷èâîãî íàáîðà

ïðåöåäåíòîâ < X̃ , Ỹ > ìîæíî ïîñòðîèòü àãðåãèðóþùèé íåéðîí

agn(x) = out(θ +Agg∏{ui : i ∈ ik}

òàêîé ÷òî y = agn(x) äëÿ ëþáîé ïàðû < x ,y > èç < X̃ , Ỹ >
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Äâóñëîéíàÿ ìîäåëü íåéðîíà ñî ñëîæíûìè ñèíàïñàìè

Ìîäåëü àãðåãèðóþùåãî íåéðîíà ìîæíî îáîáùèòü, åñëè
çàìåíèòü îáû÷íîå ñóììèðîâàíèå íà ñèììåòðè÷íóþ

àãðåãèðóþùóþ ôóíêöèþ:

y = out ◦Agg∑{θ ,s1, ...,sm},

sk = Agg∏{uki : i ∈}

Agg∑−àãðåãèðóþùàÿ îïåðàöèÿ äëÿ âû÷èñëåíèÿ ñóììàðíîãî
ïîòåíöèàëà íåéðîíà,
Agg∏− àãðåãèðóþùàÿ îïåðàöèÿ äëÿ âû÷èñëåíèÿ îáùåãî
âêëàäà ïðîñòûõ ñèíàïñîâ, âõîäÿùèõ â ñîñòàâ ñëîæíîãî
ñèíàïñà, â ñóììàðíûé ïîòåíöèàë íåéðîíà
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Äâóñëîéíàÿ ìîäåëü íåéðîíà ñî ñëîæíûìè ñèíàïñàìè

Theorem
Äëÿ ëþáîãî êîíå÷íîãî è íåïðîòèâîðå÷èâîãî íàáîðà

ïðåöåäåíòîâ < X̃ , Ỹ > ìîæíî ïîñòðîèòü àãðåãèðóþùèé íåéðîí

agn(x) = out ◦Agg∑{θ ,s1, ...,sm},

sk = Agg∏{uki : i ∈}

òàêîé ÷òî y = agn(x) äëÿ ëþáîé ïàðû < x ,y > èç < X̃ , Ỹ >
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Çàêëþ÷åíèå

Â äàëüíåéøåì ïðåäñòîèò òåîðåòè÷åñêîå è

ýêñïåðèìåíòàëüíîå èññëåäîâàíèå âîçìîæíîñòåé ìîäåëåé

àãðåãèðóþùèõ íåéðîíîâ ïî àïðîêñèìàöèè ðàçëè÷íûõ

òèïîâ çàâèñèìîñòåé.

Òàêæå ïðåäñòîèò åùå èññëåäîâàòü ýôôåêò îò ïðèìåíåíèÿ

ðàçëè÷íûõ êëàññîâ àãðåãèðóþùèõ ôóíêöèé êàê äëÿ

àãðåãèðîâàíèÿ âêëàäîâ â ñëîæíûõ ñèíàïñàõ è

ñèíàïòè÷åñêèõ êëàñòåðàõ, òàê è äëÿ àãðåãèðîâàíèÿ âñåõ
âêëàäîâ â ñóììàðíûé ïîòåíöèàë íåéðîíà íà êà÷åñòâî è

ñëîæíîñòü àïïðîêñèìàöèè çàâèñèìîñòåé.
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ÑÏÀÑÈÁÎ ÇÀ ÂÍÈÌÀÍÈÅ!
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