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Perceptron
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Hamming

 ¿Fl﹎b1? ¾ ·﹊>m¿°¬N±0 ¾ ·|﹁1W .
Recurrent Network – Associative Memory

Hopfield



3 Apple/Banana Sorter
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3 Prototype Vectors

p =

shape

texture

w eight p2  =
1

1

–1

Prototype Banana Prototype Apple

Shape: {1 : round ; -1 : eliptical} 

Texture: {1 : smooth ; -1 : rough} 

Weight: {1 : > 1 lb. ; -1 : < 1 lb.}

Measurement

Vector

p1  =
–1

1

–1

7
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3 Perceptron
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3 Two-Input Case
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3 Apple/Banana Example
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3 Testing the Network
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>> nnd3pc



19 شبکه های عصبی مصنوعی
P

re
p

a
re

d
 b

y
 K

a
z

im
 F

o
u

la
d

i  
| 

  
F

a
ll 

2
0

1
7

  
| 

2
n

d
  

E
d

it
io

n

®²aFBiaC
¾]°? ︹¬O

� \³m ¿﹞ ¶\1﹀Fi0 ¾aÂ﹎\1Ã ¾1½ j²` b0 ċf1Ã1? ² ®b² ¾1½`0\a? ¯F﹁1Ã ¾0a?Ě ¾1½ ﹏p﹁% ċ۷ ċ۱۰  ²۱۱ę

� «Â°﹋ ¶\1﹀Fi0 ·Ã﹐]°S ®²aFBiaC ¾ ·﹊>m b0 ]Ã1? ċ]°m1>± ¿x[ aÃ_C0]O 1½ ·Fi\ a﹎0Ě ﹏p﹁۱۱ę

®²aFBiaC
o`³[ kÂC ¾ ·﹊>m
o¿x[ «Â¬pG ba﹞
o«Â¬pG a½ ¾0a? ®²a± ﹉Ã



·﹊>m ¿︻³°p﹞ ¿>p︻ ¾1½ 

¿>p︻ ¾ ·﹊>m b0 1Ã³﹎ 1لJ﹞ ﹉Ã



3 Hamming Network
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3 Feedforward Layer
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3 Recurrent Layer
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3 Hamming Operation

p =
–1
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Input (Rough Banana)

a1 –1 1 –1

1 1 –1

–1

–1

–1

3

3
+

1 + 3

– 1 + 3

4

2
= = =

First Layer
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3 Hamming Operation

Second Layer

29



30 شبکه های عصبی مصنوعی
P

re
p

a
re

d
 b

y
 K

a
z

im
 F

o
u

la
d

i  
| 

  
F

a
ll 

2
0

1
7

  
| 

2
n

d
  

E
d

it
io

n

﹌°Â¬½ ¾ ·﹊>m

HAMMING NETWORK

 b³﹞ ¾]°? ·﹆>y ¾ ·¨Æh﹞ ¾0a? ď=Âi

`³[ kÂC ¾ ·Ã﹐
Feedforward Layer

¿Fl﹎b1? ¾ ·Ã﹐
Recurrent Layer

ª²\ ¾ ·Ã﹐²0ل ¾ ·Ã﹐

⎥
⎦

⎤
⎢
⎣

⎡
⎥

⎦

⎤
⎢
⎣

⎡




⎥
⎦

⎤
⎢
⎣

⎡


⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡





⎥
⎦

⎤
⎢
⎣

⎡






⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡







2

4

31

31

3

3

1

1

1

111

111

1

1

1

1
a

p

Input (Rough Banana)
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3 Hopfield Network
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3 Apple/Banana Problem
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3 Summary

41

• Perceptron
– Feedforward Network

– Linear Decision Boundary

– One Neuron for Each Decision

• Hamming Network
– Competitive Network

– First Layer – Pattern Matching (Inner Product)

– Second Layer – Competition (Winner-Take-All)

– # Neurons = # Prototype Patterns

• Hopfield Network
– Dynamic Associative Memory Network

– Network Output Converges to a Prototype Pattern

– # Neurons = # Elements in each Prototype Pattern
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Martin T. Hagan, Howard B. Demuth, Mark H. Beale, Orlando De Jesus,

Neural Network Design,

2nd Edition, Martin Hagan, 2014.

Chapter 3

Online version can be downloaded from: http://hagan.okstate.edu/nnd.html


