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Outlines

* Perceptron
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Perceptron

Not a Dr. Who Robot (or maybe it is?)
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Perceptron

* Invented by Frank Rosenblatt (1957): simplified mathematical model of how
the neurons in our brains operate
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From: http://v\ANw.andreykurenkov.com/writing/ai/a-brief-history—of—neural-nets-and-deep—leyn'i'r%



Perceptron
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Perceptron
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Point X position

Sigmoid activation function
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Basic data structures (reminder)

Xij = fact(xi—l,l *Wi_11,j - Xi—an;_, * Wi—l,ni_l,j)




Example: Perceptron (l)

* No hidden layers
* . (ay,...,a,) =sigla;+...+a)

* Frearn(Woj1 0100/ Xo1,+X010C) = Wojp g1q + C*(d - Sig(2Xo*Woip))#Xg,

where d is the expected output of the web

* Usually there are more inputs to a perceptron than what is suggested by the
function to learn: bias-nodes allow for more learning accuracy
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Example: Perceptron (ll)

Perform the learning for a perceptron with two input nodes and one bias node
with constant value of 1 and a learning rate c = 0.3

Let the initial weights be
Wy = 0.3, Wy, =0.4; Wys, =-0.2

Training data:
(1,1)->1;(9.4,6.4)->-1;(8,7.7) ->-1; (0.5,2.2) > 1
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Basic data structures (start)

O

xi+1,ni+1

X out,n

Xij = fact(xi—l,l *Wi_11,j - Xi—an;_, * Wi—l,ni_l,j)
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Basic data structures (two incoming)

X11 = fact(XO,l*WO,l,lle,Z*WO,Z,l)
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Basic data structures (three incoming)

X171 = fact(X0 1%Wo 1 1,X02¥W( 2 1 X03¥W(31)
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Basic data structures (like exmaple)

X171 = f,(X0 1%Wo 1 1, X0 2¥ W 2 1 ,D*¥W( 5 1)
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Example
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Example: Perceptron (ll)

Perform the learning for a perceptron with two input nodes and one bias node
with constant value of 1 and a learning rate c = 0.3

Let the initial weights be
Wy = 0.3, Wy = 0.4 ; Wys, =-0.2

Training data:
(1,1) > 1;(9.4,6.4) -> -1, (8,7.7) -> -1, (0.5,2.2) -> 1
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Example: Perceptron (ll)

Perform the learning for a perceptron with two input nodes and one bias node
with constant value of 1 and a learning rate c = 0.3

Let the initial weights be
Wy = 0.3, Wy = 0.4 ; Wys, =-0.2

Training data:
(1,1) > 1;(9.4,6.4) -> -1, (8,7.7) -> -1, (0.5,2.2) -> 1

* Frearn(Woj1 0100/ Xo1,++ X010 C) = Woj o1 + C*(d - STB(2Xo%Woi)) Xy
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Example: Perceptron (ll)

Perform the learning for a perceptron with two input nodes and one bias node
with constant value of 1 and a learning rate c = 0.3

Let the initial weights be
Wy = 0.3, Wy = 0.4 ; Wys, =-0.2

Training data:
(1,1) > 1;(9.4,6.4) -> -1, (8,7.7) -> -1, (0.5,2.2) -> 1

* Wo11 new = Wo11 0 + C*(d - Sig(2-X0i* Wi )) #Xo1
* W21 new = Wop1 0 + C*(d - Sig(2-Xoi*Wgir))#Xg,

* W31 new = Woa1 ol + C*(d - Sig(2-Xgi*Wgiq))*b
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Example: Perceptron (ll)

Perform the learning for a perceptron with two input nodes and one bias node
with constant value of 1 and a learning rate c=0.3

Let the initial weights be
Wy = 0.3, Wpy = 0.4, Wys, =-0.2

Training data:
(1,1) > 1;(9.4,6.4) -> -1, (8,7.7) -> -1, (0.5,2.2) -> 1

® Woiqnew = 0.3 +0.3 #(1 - Sig(2_Xgi*Wg;i1))*1
* Wopp pew = 0.4 + 0.3 #(1 - sig(2xg#We;))*1
* Wo3qnew = 0.2 +0.3 *(1 - Sig(2_Xgi*Wg;i1))*1
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Example: Perceptron (ll)

Perform the learning for a perceptron with two input nodes and one bias node
with constant value of 1 and a learning rate c=0.3

Let the initial weights be
Wy = 0.3, Wpy = 0.4, Wys, =-0.2

Training data:
(1,1) > 1;(9.4,6.4) -> -1, (8,7.7) -> -1, (0.5,2.2) -> 1

® W11 new = 0.3 + 0.3 *(1 - sig(2xq% W) *1

Woo1 new = 0-4 + 0.3 #(1 - sig(2xg#wWg;))*1

Wo31 new = ~0-2 + 0.3 #(1 - sig(2xq*Wg;q))*1
Sig(2 Xgi*Wq;i1) = sig(0.3*1 + 0.4*1 +-0.2*1) = sig(0.5) = 1

Heaviside step function
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Example: Perceptron (ll)

Perform the learning for a perceptron with two input nodes and one bias node
with constant value of 1 and a learning rate c=0.3

Let the initial weights be
Wy = 0.3, Wpy = 0.4, Wys, =-0.2

Training data:
(1,1) > 1;(9.4,6.4) -> -1, (8,7.7) -> -1, (0.5,2.2) -> 1

* Woiqnew = 0.3 +0.3%(1-1)%1=0.3

Wop1 new = 0.4 + 0.3 *(1-1)%1 = 0.4

W31 pew = -0.2 + 0.3 *(1 —1)*1 =-0.2

sig(Dxq*Wq;;) = sig(0.3*1 + 0.4*1 + -0.2*1) = sig(0.5) = 1

Heaviside step function
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Example: Perceptron (ll)

Perform the learning for a perceptron with two input nodes and one bias node
with constant value of 1 and a learning rate c=0.3

Let the initial weights be
Wy = 0.3, Wpy = 0.4, Wys, =-0.2

Training data:
(1,1) > 1;(9.4,6.4) -> -1, (8,7.7) -> -1, (0.5,2.2) -> 1

* W pew = 0.3 +0.3 #(-1 - 1)%9.4 = -5.34
Wos1 new = 0.4 + 0.3 %(-1 - 1)%6.4 = -3.44
Wos1 new = -0.2 + 0.3 %(-1 - 1)%1 =-0.8

Sig(2 Xgi*Wq;i1) = sig(0.3%9.4 + 0.4*6.4 + -0.2*1) = sig(5.18) = 1 Restart!

Heaviside step function
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Example: Perceptron (ll)

Perform the learning for a perceptron with two input nodes and one bias node
with constant value of 1 and a learning rate c=0.3

Let the initial weights be
Wy = -5.34 ; Wy, = -3.44 ; Wy, =-0.8

Training data:
(1,1) > 1;(9.4,6.4) -> -1, (8,7.7) -> -1, (0.5,2.2) -> 1

* Wi pew = -5-34 + 0.3 %(1 - -1)x1 = -4.74

Wi new = -3-44 + 0.3 #(1 - -1)%1 = -2.84

Wos1 new = 0.8 + 0.3 #(1 - -1)#1 = -0.2

Sig(2Xgi*Wqiy) = sig(-5.34*1 + -3.44*1 + -0.8*1) = sig(-9.58) = -1

Heaviside step function

Restart!
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Example: Perceptron (Finally) (8t Try Through)

Perform the learning for a perceptron with two input nodes and one bias node
with constant value of 1 and a learning rate c=0.3

Let the initial weights be
Wy = -1.74 ;, Wy, = 0.16 ;, Wyy, = 2.8

Training data:
(1,1) > 1;(9.4,6.4) -> -1, (8,7.7) -> -1, (0.5,2.2) -> 1

* W pew = -1.74 + 0.3 %(1 - 1)*0.5 = 1.74
W1 new = 0.16 + 0.3 #(1-1)%2.2=0.16
Wosi new = 2.8 + 0.3 #(1- 1)1 = 2.8

Sig(2 Xgi*Wq;i1) = sig(-1.74*0.5 + 0.16*2.2 + 2.8*1) = sig(2.282) = 1

Heaviside step function
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Example: Perceptron (Finally) (8" Try Through)

* Series of w011, w021, w031 values

0.30 0.40-0.2
-5.34-3.44-0.8
-4.74 -2.84 -0.2
-4.14 -2.24 0.4
-3.54-1.64 1.0
-2.94-1.04 1.6
-2.34-0.44 2.2
-1.74 0.16 2.8
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Onward to ...
convolutional neural
networks
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