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Modeling one Neuron
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Hardware Implemenatations

Hardware implementations

Frank Rosenblatt, ~1957: Perceptron Widrow and Hoff, ~1960: Adaline/Madaline



Perceptron?

* Introduced by Frank Rosenblatt, author of the book Principles
of Neurodynamics

 In machine learning, the perceptron is an algorithm for
supervised learning of binary classifiers (functions that can
decide whether an input, represented by a vector of numbers,
belongs to some specific class or not).



https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://en.wikipedia.org/wiki/Machine_learning
https://en.wikipedia.org/wiki/Supervised_classification
https://en.wikipedia.org/wiki/Binary_classification

Perceptrons

Perceptrons (1969)
by Marvin Minsky, founder of the MIT Al Lab

® We need to use MLP, multilayer
perceptrons (multilayer neural nets)

EE S ® No one on earth had found a viable
way to train MLPs good enough to
learn such simple functions.

Marvin L. Minsky
Seymour A. Papert




Perceptrons

Convolutional Neural Networks
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Perceptron?
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=2|2|2 — NAND, OR Gate

121 2-3 NAND A|0|EZS] Fl2|&® a2l 2-4 OR A0|ES| XI2|&
X X2 y X X2 y
0 0 1 0 0 0
1 0 1 | 1 0 1
0 I 1 0 1 1
1 I 0 1 1 1




Perceptron T+¢15}7]

¢ Simple AND def AND(x1, x2):

wl, w2, theta = 0.5, 0.5, 0.7
tmp = xT#*wl + x2#%w2
if tmp (= theta:

return 0

elif tmp > theta: d@f AND(X1, Xz):
return 1 ¥ = np,array([XT, Xz])
w = np.array([0.5 0.5])
- . —_ . b = -0.7
° 7|‘3X|(We|ght)9|- JI-ElCC)DI:(bIaS) tmp = np.sum(wxx) + b
oY:O(b+ W7X7+ WZXZSO) it tmp (= 0:
o ’](b + WX, + WoXs > O) return 0
else:

{ 0 (w,x, +wyx,=06) return 1
y =

1 (wx, +wyx, > 0)



Perceptron -

« NAND, OR Gate %

def

det

NAND(x1, x2):
x = np,array([x1, x2])
W
b =07
tmp = np.sum(wxx) + b
it tmp (= 0:

return ©
else:

return 1

OR(x1, x2):

np.array([x1, x2])
w = np,array([0.5, 0,5])
b =-0,2
tmp = np.sum(wxx) + b
if tmp <{= 0:
return 0
else:

I

return 1

np.array([-6.5, -0,5]) # mDHE ZFER|(wlt b)BH CLRCH

# ANDRb= THER|(w@} b) P CHELCH



Perceptron — XOR Gate

~18l 2-5 XOR H0|EQ| ZI2[®

« Exclusive OR Gate ”
» XOR Gate = Perceptron2 Z 757 )

« OR Gate L

/ \ 0 1 1
(b, wl, w2) = (-0.5, 1.0, 1.0) RSOSSN CT——— S——
e 1 1 0
E’O 05+ x1+x2=0) N
yz}\l (-054+x1+x2>0) \
\\ |1
N



Perceptron — XOR Gate

 Linear vs nonlinear
* Single- Iayer perceptron2 ==
XOR gateE £ == BIC}

« Single-layer perceptron ==
H|A9|o:| O?|/02|g —|—E'_F|)° A o-||_—_|_




Multi-layer Perceptron

« AND, NAND, OR GateE =%}

NAND 0 0 1 0 0
o e
________ e e
. }S\“E e T 1|0 1|0
' D
X, ) 52 def XOR(x1, x2):

s1 = NAND(x1, x2)
s2 = 0R(xT, x2)

y = AND(s1, s2)
return vy



Multi-layer Perceptron
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Round Up
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