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×åëîâå÷åñêèé ìîçã
Îò åñòåñòâåííûõ ñåòåé ê èñêóññòâåííûì

Ïî÷åìó ìû ëó÷øå?

Êîìïüþòåð ñ÷èòàåò áûñòðåå ÷åëîâåêà

Íî ãîðàçäî õóæå ìîæåò:

ïîíèìàòü åñòåñòâåííûé ÿçûê

óçíàâàòü ëþäåé

îáó÷àòüñÿ â øèðîêîì ñìûñëå ýòîãî ñëîâà

...

Ïî÷åìó òàê?
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Ñòðîåíèå ìîçãà

Êàê ÷åëîâåê âñåãî ýòîãî äîáèâàåòñÿ?

Â ìîçãå ìíîãî íåéðîíîâ

Íî öåïî÷êà íåéðîíîâ, êîòîðûå óñïåâàþò ïîó÷àñòâîâàòü â

ïðèíÿòèè ðåøåíèÿ, íå ìîæåò áûòü äëèííåå íåñêîëüêèõ ñîò

øòóê!

Çíà÷èò, ìîçã î÷åíü õîðîøî ñòðóêòóðèðîâàí â ýòîì ñìûñëå
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Èñêóññòâåííûå íåéðîííûå ñåòè

Îñíîâíàÿ ìûñëü ïîçàèìñòâîâàíà ó ïðèðîäû: åñòü ñâÿçàííûå

ìåæäó ñîáîé íåéðîíû, êîòîðûå ïåðåäàþò äðóã äðóãó ñèãíàëû.

Åñòü íåéðîííûå ñåòè, êîòîðûå ñòàðàþòñÿ ìàêñèìàëüíî òî÷íî

ìîäåëèðîâàòü ãîëîâíîé ìîçã; ýòî óæå íå AI è íå íàøà òåìà.
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Îáùàÿ ñòðóêòóðà

Åñòü ñåòü èç íåéðîíîâ, ñîåäèí¼ííûõ ìåæäó ñîáîé

Íåéðîíû âîçáóæäàþòñÿ ïîä äåéñòâèåì âõîäîâ è ïåðåäàþò

âîçáóæäåíèå (ëèáî êàê îäèí áèò, ëèáî ñ êàêèì-òî

çíà÷åíèåì) äàëüøå

Â ðåçóëüòàòå ïîñëåäíèé íåéðîí íà âûõîä ïîäà¼ò îòâåò

Êàê ïîñòðîèòü îäèí íåéðîí?
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Îáùèå òðåáîâàíèÿ ê ìîäåëè

Ñóòü ìîäåëè:

Íåéðîí âîçáóæäàåòñÿ, åñëè âûïîëíåíî íåêîòîðîå óñëîâèå

íà âõîäàõ;

Çàòåì îí ïåðåäà¼ò ñâîé èìïóëüñ äàëüøå.

Íåéðîí âîçáóæäàåòñÿ ïîä äåéñòâèåì êàêîé-òî ôóíêöèè îò

âõîäîâ. Òàêàÿ êîíñòðóêöèÿ íàçûâàåòñÿ ïåðöåïòðîíîì. Ýòî

ïðîñòåéøàÿ ìîäåëü íåéðîíà â èñêóññòâåííîé íåéðîííîé ñåòè.
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Ëèíåéíûé ïåðöåïòðîí

Ó ëèíåéíîãî ïåðöåïòðîíà çàäàíû:

n âåñîâ w1,w2, . . . ,wn;

ëèìèò àêòèâàöèè w0;

âûõîä ïåðöåïòðîíà o(x1, . . . , xn) âû÷èñëÿåòñÿ òàê:

o(x1, . . . , xn) =

{
1, åñëè w0 + w1x1 + . . . + wnxn > 0,

−1 â ïðîòèâíîì ñëó÷àå.

èëè çàïèøåì èíà÷å, ââåäÿ ïåðåìåííóþ x0 = 1:

o(x1, . . . , xn) =

{
1, åñëè

∑
i
wixi > 0,

−1 â ïðîòèâíîì ñëó÷àå.
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Ïðèìåðû ïåðöåïòðîíîâ

à � îáùèé âèä ïåðöåïòðîíà

á � äèçúþíêöèÿ

â � êîíúþíêöèÿ
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Ñèëà ïåðöåïòðîíîâ

Îäèí ïåðöåïòðîí ìîæåò ðåàëèçîâàòü ëþáóþ

ãèïåðïëîñêîñòü, ðàññåêàþùóþ ïðîñòðàíñòâî âîçìîæíûõ

ðåøåíèé. Èíà÷å ãîâîðÿ, åñëè ïðîîáðàçû 0 è 1 ó öåëåâîé

ôóíêöèè ëèíåéíî îòäåëèìû, òî îäíîãî ïåðöåïòðîíà

äîñòàòî÷íî.

Íî îí íå ìîæåò ðåàëèçîâàòü ëèíåéíî íåîòäåëèìîå

ìíîæåñòâî ðåøåíèé, íàïðèìåð, XOR.

À âîò ñåòü èç íåñêîëüêèõ óðîâíåé ïåðöåïòðîíîâ óæå è XOR

ìîæåò.

Óïðàæíåíèå

Äîêàæèòå, ÷òî ëþáàÿ áóëåâñêàÿ ôóíêöèÿ ïðåäñòàâèìà â âèäå

ïîñòðîåííîé èç ïåðöåïòðîíîâ èñêóññòâåííîé íåéðîííîé ñåòè

ãëóáèíû 2.
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Îáùèå ïðèíöèïû

Êàê îáó÷àòü ïåðöåïòðîí?

Âñ¼, ÷òî ìîæåò ó ïåðöåïòðîíà ìåíÿòüñÿ � ýòî âåñà wi ,

i = 0..n.

Èõ ìû è áóäåì ïîäïðàâëÿòü ïðè îáó÷åíèè.

Eñëè ïåðöåïòðîí îòðàáîòàë ïðàâèëüíî, âåñà íå ìåíÿþòñÿ.

Åñëè íåïðàâèëüíî � ñäâèãàþòñÿ â íóæíóþ ñòîðîíó.
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Perceptron training rule

Ïðîñòåéøåå ïðàâèëî:

wi ← wi + η(t − o)xi ,

ãäå:

t � çíà÷åíèå öåëåâîé ôóíêöèè

o � âûõîä ïåðöåïòðîíà

η > 0 � íåáîëüøàÿ êîíñòàíòà (îáû÷íî 0.05�0.2), êîòîðàÿ

çàäà¼ò ñêîðîñòü îáó÷åíèÿ
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Ïðèìåð îáó÷åíèÿ ïåðöåïòðîíà

Ìû õîòèì íàó÷èòü ïåðöåïòðîí ðàñïîçíàâàòü äèçúþíêöèþ.

Ðèñóíîê a � ïåðåä íà÷àëîì îáó÷åíèÿ.

Ïåðâûé òåñò: x1 = 0, x2 = 1 ⇒ t = 1.

Ïåðöåïòðîí òåñò íå ïðîõîäèò.

Ñåðãåé Íèêîëåíêî Èñêóññòâåííûå íåéðîííûå ñåòè I



Ìîòèâàöèÿ
Ïåðöåïòðîí

Îáó÷åíèå ïåðöåïòðîíà

Perceptron training rule
Ïðèìåð
Àëãîðèòì

Ïðèìåð îáó÷åíèÿ ïåðöåïòðîíà

Ïîïðàâêè íà ïåðâîì øàãå:

w0 ← w0 + η(t − 0)x0 = −0.6 + 0.1 · (1 − (−1)) · 1 = −0.4,

w1 ← w1 + η(t − 0)x1 = 0.3 + 0.1 · (1 − (−1)) · 0 = 0.3,

w2 ← w2 + η(t − 0)x2 = 0.4 + 0.1 · (1 − (−1)) · 1 = 0.6.

Ïîñëå ïåðâîãî øàãà ïîëó÷àåì ïåðöåïòðîí íà ðèñóíêå á

Âòîðîé òåñò: x1 = 1, x2 = 0 ⇒ t = 1.

Ïåðöåïòðîí îïÿòü òåñò íå ïðîõîäèò.
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Ïðèìåð îáó÷åíèÿ ïåðöåïòðîíà

Ïîïðàâêè íà âòîðîì øàãå:

w0 ← w0 + η(t − 0)x0 = −0.4 + 0.1 · (1 − (−1)) · 1 = −0.2,

w1 ← w1 + η(t − 0)x1 = 0.3 + 0.1 · (1 − (−1)) · 1 = 0.5,

w2 ← w2 + η(t − 0)x2 = 0.6 + 0.1 · (1 − (−1)) · 0 = 0.6.

Èòîãî ïîëó÷àåòñÿ ïåðöåïòðîí c ðèñóíêà â. Îí óæå

ðåàëèçóåò äèçúþíêöèþ ïðàâèëüíî.
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Ïðèìåð îáó÷åíèÿ ïåðöåïòðîíà

Åñëè áû η = 0.01, âåñà áûëè áû èñïðàâëåíû â íóæíóþ ñòîðîíó,

íî íåäîñòàòî÷íî. Ïîýòîìó íóæíî çàïóñêàòü àëãîðèòì ïî

èìåþùèìñÿ òåñòîâûì ïðèìåðàì äî òåõ ïîð, ïîêà î÷åðåäíîé

ïðîãîí àëãîðèòìà ïî âñåì òåñòàì íå îñòàâèò âñå âåñà íà ìåñòå.
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Àëãîðèòì îáó÷åíèÿ ïåðöåïòðîíà

PerceptronTraining(η, {x
j
i , t

j }n,m
i=1,j=1)

Èíèöèàëèçèðîâàòü {wi }
n
i=0 ìàëåíüêèìè ñëó÷àéíûìè çíà÷åíèÿìè.

WeightChanged = true.

Ïîêà WeightChanged = true:

WeightChanged = false.

Äëÿ âñåõ j îò 1 äî m:

Âû÷èñëèòü

o
j =

{
1, åñëè w0 + w1x

j
1 + . . . + wnx

j
n > 0,

−1 â ïðîòèâíîì ñëó÷àå.

Åñëè o j 6= t j :

� WeightChanged = true.

� Äëÿ êàæäîãî i îò 0 äî n èçìåíèòü çíà÷åíèå wi ïî

ïðàâèëó

wi ← wi + η(t j − o
j )x j

i .

Âûäàòü çíà÷åíèÿ w0,w1, . . . ,wn.
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Îáó÷åíèå ïåðöåïòðîíà íà Python

def PerceptronTraining(eta,x):

import random

w=[]

for i in range(len(x[0])):

w.append((random.randrange(-5,5))/50.0)

WeightsChanged=True

while (WeightsChanged==True):

WeightsChanged=False

for xj in x:

t,o,curx=xj[0],0,[1]+xj[1:len(xj)]

for i in xrange(len(w)): o+=w[i]*curx[i]

if o>0: o=1

else: o=-1

if (o==t): continue

WeightsChanged=True

for i in xrange(len(w)): w[i]+=eta*(t-o)*curx[i]

return w
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Ñõîäèìîñòü

Ýòîò àëãîðèòì ñõîäèòñÿ âñåãäà, êîãäà ýòî âîçìîæíî.

Òåîðåìà

Åñëè êîíå÷íîå ìíîæåñòâî òî÷åê C1 ⊂ {0, 1}n ìîæíî â {0, 1}n

îòäåëèòü ãèïåðïëîñêîñòüþ îò êîíå÷íîãî ìíîæåñòâà òî÷åê

C2 ⊂ {0, 1}n, òî àëãîðèòì îáó÷åíèÿ ïåðöåïòðîíà çà êîíå÷íîå

êîëè÷åñòâî øàãîâ âûäà¼ò ïàðàìåòðû ïåðöåïòðîíà, êîòîðûé

óñïåøíî ðàçäåëÿåò ìíîæåñòâà C1 è C2.
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Ñïàñèáî çà âíèìàíèå!

Lecture notes, ñëàéäû è êîäû ïðîãðàìì ïîÿâÿòñÿ íà ìîåé

homepage:

http://logic.pdmi.ras.ru/∼sergey/index.php?page=teaching

Ïðèñûëàéòå ëþáûå çàìå÷àíèÿ, êîäû ïðîãðàìì íà äðóãèõ

ÿçûêàõ, ðåøåíèÿ óïðàæíåíèé, íîâûå ÷èñëåííûå ïðèìåðû è

ïðî÷åå ïî àäðåñàì:

sergey@logic.pdmi.ras.ru, smartnik@inbox.ru
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