
� � � � � 	 �

� � � � � � � � � � � � � ! � � � � � % � '

� ( � � + � - � � � � 1 3 5 % � � � � � 9 � � 1 9 � � > ? � � + � % � � 1

� B � � > % � � � > � 1 + � � �

G

� � � � � � � � � � � � � � � � � � �

	 	 �  � � � � � � � � �  

� � � � � 	 �  � �  ! � � � #  � � � � � � � $  � ! 	 � �

� � � � � � � 	 ( � � � � 	 �  � $ � � �

� 	 	 � � � !  � 	 �  + � � � � � � 	 � � $ � � � �

� � ! � � � � � ! 	 # � �  � 	 �  � � � � � $  � ! 	 � �

� $ � � � � ( � � � � ! �   � +  � 	 �  �    � � � 1 � 2 � � � 	 � # �

" � � ! � + � � � 1 1 � 1 ! 	 � + �  �  � 	 �

6 � 	 + � �  � �  	 � � �  � $ ! � � 1 � � � � � 1 � �   % & � �   ( 

� + � � , � � � � 	 � . 1 � 2 �  � � �  � 	 1 �  � �  ! � � � # � � �  

� + � � , � � � # �  � � � �  � � ! 	 � � � !  � 	 �  � � 	 � # � � �  

� 0 � # � 1 , + � � � 1 1 � 1 2 � �   � � � �  � � + � 	 ! �  

� 3 � + � �  �  	 �  � � � � # � � � # �   � �  	 � �  � ! � 1 1 ,

6

� � � � � � � � � � � � � � � � � � �

� � 
 � 	 �  � � �  � � � �  � �

� � � � � � � � � � � � � � ! � � � �

� � � � � � � � � � �  � � � ! � � � � � �

$ ! � � � � � % � ' � � � � � � � � � � 	 � 
 � � �

� � � � � � � � � 	 � � + � % � + � 	 � � % � �

� � � � � � � � � 
 � ' � . � � � �

� � 
 � � ' � � � % � � � $ � � � % � � 	 � �

� � � � � � � � � � % ' � � � � . + � 	 � � % � �

� � � � � � � � � � � � � % � � � ' � � � % � �
!

� � � � � � � � � 	 � � 
 � � � � � � � � � � � � � �

Sharp
 Left

Sharp
Right

4 Hidden
   Units

30 Output
   Units

 30x32 Sensor
 Input Retina

Straight
 Ahead

�

� � � � � � � � � �

w1

w2

wn

w0

x1

x2

xn

x0=1

.

.

.
Σ

Σ wi xi

n

i=0
1

-1

if > 0

otherwise{o =
Σ wi xi

n

i=0

� � � � � � � � � � � � 	 
���
��

� � � � � � � � � � � � � � � � � � � � �

� � � 	 �  � � � �  �

� � 
  	 � 
  � �   � � � �  � � 
 � �  � �  � 	 � �  � 	 ! 	 � �  �

� � �� � 	 
���
��

� � � �� � �� � �

� � � 	 �  � � � �  �

�

� � � � � � � � � � � � � � � � � � � � � � � � � � � �

x1

x2
+

+

-
-

+

-

x1

x2

(a) (b)

-

+ -

+

� � 
 � � � � � � � � � � � � � � � � � � � � � � � � � �

" � # $ � & � � ) # � � � � 
 � � � � � �

� � � � �
� � � � � 	 
 � � � �
� � � �

 � � � � � � � � � � � � � � � � � � � � 
 � � � � � � $ 
 � �

" � � ) � � � � � � � � � $ � �  � � 
 $ � $ 
 � �

" � # � � � � � � � � & � � � � & $ � � � � � & � � 1 � � � � # � � � � � �

�



� � � � � � � � � � � � � � � � � � � � � �

� � � � � �
� � �


 �  � 

� � � � � � � � � � � � � � �

� �  �  �

� � � � � 	� � � � � � � �  � � � �  

� � � � !  � #  ! � � & ' &  � !  �

� � � � � � � � � # & ' � � � ' � �  � � � 	 � � � # � � �  .  � � � � � � � � � � �


 � /  �  ' �  �

� � � � � � 1 &  � !  � � � � � & & � � � �

� � ' . � � ! & � � � � �  	 '  � � � � �  �

�

� � � � � � � � � � � � � � � � � � � � � �

� 
 �  � � � � � � � � � � � � � � � � � �

� � � � � 
 � � � � � # 
 � 
 � $ � � � � 
 � � � $ �  
 � 
 � � �

� 
 � # � $ ) � � � � � � � � $ � 
 � �
�

� � � � � � � � � � � � � � �

� � 	 �  � � � � � �  � � � � � �  � � � � �  ! � � � � � � � � � � � � � $ % � � �

� � � � � � � � � � � � � � � � � �

' � � 	 � ! � � � � � 
 	 � � % � � � � � � � � � � � % � � � 	 � � �  � � � � �

� � 	� � �
+

� 	
 �   � 
 
 � 
 � �

� % � � � � � � � � � � , � � � � � � � . � � � �  ! � �

�

� � � � � � � � � � � � � � �

-1

0

1

2

-2
-1

0
1

2
3

0

5

10

15

20

25

w0 w1

E
[w

]
� � 
 � � � � �

� � � �� � � ��� � �
� � �

�
� �

� � �
� � � �

� �
� � �

� �
	

� � 
 � � � � � � � � � �

� �� � � � � � � �� �

� � � � �

� � � � � � � �
� � �

� 	

� � � � � � � � � � � � � � �

�
�

�
� �

� �
�

� �
�

� � � � � � � � � � �

�

�
� � � �

�
� �

� � � � � � � �

�

�
� � �

� � � � � � � � �
�

� �
� � � � � � �

� � � � � � � � � � �
�

� �
� � � � ��

�
�� � �

�
�

�
� �

� � � � � � � � � � � � � � � � �

� �

� � � � � � � � � � � � � � �

� � � � � 	 �  � � 	 � � 	 �  � � � � � � � � � ! � � " # % ! ( � � �

) � * , � � � � 	 � 	 �  - � / 0 �  � 2 � 0 � � � 3 5 � ,  5 3 � /

: �� � � < > @ ,  �  �� � 2 � ,  C  * � 3 � 3 5 � 	 0 � � C � � �  2 >

� 	 F � � 2 � ,  � � � �  � 3 � � 0 � � C � � �  J � � 2 � , 

�  � � 	 � 	 � � � �  K  J � J > J O Q R J

� � 	 �  � � � � � � � � � � � �  � � � � � � � � � � � � 	 " � � � � � % �

� T 	  � �  � �  � � � � 	 �  � � 	 � � 	 " �  � � 	 � � � �  
 U �

� � 	 �  � � � � � � � � � � � � �  � � � � � �

� V � � � � � � : �� � � < � 	 � � � � � � � � ! � � " # % ! ( 
 U �

W � 	 , %   � � � 	 �  � 	 � � ��  �  � � % 	 �  � 	 "

� � � , %  �  � � � %  , %  �

W V � � � � � � � � 	 � � � % 	 �  / � � 0 �  � � 
 U �

� � � � � � � � � � � � � � � �

� V � � � � � � � � 	 � � � % 	 �  / � � 0 �  � � 
 U �

� � � � � �
� � �

2 



� � � � � � �

� � � � 	 � � � �   � 	 � � � � � � � � � � � � � � � 	 � � � �  � � �  � � 

# $ � 	 � 	 �  � � �  %  % � � � � � �  % ) � * %  ) � � � � , �  )

� � � � � � � � � � 	 � � � � � � % �

# $ � � � � � � �  � � �  � � � � 	 � � � � 	 � � � � � � 	  � �

# � � � � , ) � �  � 	 � � � � � � 	  	 � %  � � �  � � � 	 � � � � � �

. � �  � *  � % �  � 	 � � � � � � � � � � � 	 � 	 �  � � �  % � �   � � � � /

# � � 	 � � � � � � � 	 � * � � � 	 � � � � � � 	 � � � � � * 	 � 	 � � �

# 	 � �  � � �  � � � � 	 � � � � 	 � � � � � � 	  � �

2 �

� � � � � � � � � � � � � � � � � � � � 	 � � � � � � 	 � � � � � � � � � �

� � � 	 � �  � � �  � � � � � � � � � � � � � �

� � � � � � " � � � � � � � �

$ � � � 
 % � � � � & � '  � � � � � � � � � � �� �

� � �� � �� � � � � � � �� �

� � 	 � � � � � � � � �  � � �  � � � � � � � � � � � � � �

� � � � � � " � � � � � � � �

* � �  � � � & �  � � � � � ' � � � 
 % " � � � � �

$ � � � 
 % � � � � & � '  � � � � � � � � � � �� �

� � �� � �� � � � � � � �� �

� � � �� � �
$

� �� � � � � � � � � � �

� � � �� � �
$

� � � � � � � � �

� � � � � � � � 	 � � ! � � � � � � 	 # � � � � � 	 � � � � % %  � � � 
 � � �

$ � 	 � 	 ! � � � � � � 	 # � � � � � 	 �  � � �  �  � " � � " � � � " � � 1 �


 � � � � 
 � " " � � � � ' &

$ �

� � � � � � � � � � �

w1

w2

wn

w0

x1

x2

xn

x0 = 1

.

.

.
Σ

net = Σ wi xii=0

n

1

1 + e
-net

o = σ(net) =

� � � � � 	 
 � � 	 � � � � � � � � � � 
 � � �
�

�
� � � �

� � � � � � � � � � 
 � 	 � � � � 	
� �

� � � � � � � � � � � � �

� � � " � � � � � � � � � " � � � � 
 � � � � � 
 � � + � 	 
 � 
 � " � �

- � � � 	 � � � � � � � � � 


- 
 � � � � � � � � � � � � � � �  � � � 	 � � � � � � � � � 
 	 �

� " � / � � � � " � " 
 � � �

� �

� � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
� �

� �
�

� �
�

� �� � � � � � � � � � �

�

�
� � � �

�
� �

� � � � � � � �

�

�
� � �

� � � � � � � � �
�

� �
� � � � � � �

� � � � � � � � � � � �� � �
� �

�
� �

� �
�

� � � � � � � � � � � �
� �

�
� � � �

�
� � � �

�
� �

� � 	 
 �  � � 
 �
�

� �
�

� � � �
� �

� � � � � � �

�
� � � �

� � � � � � � � �

�
� � � �

�
� �

� �
� ��

�
�� � �

�
� �

� � � � �

� � �

�
�

�
� �

� � �� � � � � � � � � � � � � � � � � � � � � �

� �


