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

, � � � �� � � 	 � � � 	 � � � � 	 � 	
 	 �� 
 	� ��  � 	� 	 ��

, � !" � �� " 
 	� 	� �

� �" �
 	  
" # # " � � � � # �� � �� � � �� � 	 � # " � � � ��" � 	
 � �� �  � �� � 	 # 	 � � # " � �
 �" � � �" 
 � � � � 	 	 � � 	


� � � � �� � � � � � � �� � !
 	 �  ! �" 
 �" � � � �
 	  
" # # �� # 	� � 	 � � � 	
 � ! � � �
 � 	
 # " � � � 	� �" 
 � 	 � �

� " � � � �� � � 	� 	� � � � � �� �� � 	� � # �
 � �" �

� �" � " �� � � � �" 
 � �� � �" � � �  � � � ! 	 � � � � � �
 	 � # � � � �� � ! � � ! � � � �" � � 	
 � � �
� � � � � �� � 		 	
 � �  �

� � � � �

, � !" � �� " � "  � � � �

� �" � �� ! ��  � !" � �" � � � � � �� �� " � � �
 � � � � ��  �� � � � � �
 	 � # � � � � !
 	 �  ! � � � � 	
 � " � � " �� �� 

� � 	 � � !" � � � � �
 	 � # � � � � !
 	 �  ! �
 � �� 	
 � �� � � � � � �� � 		 	
 � �  � � � � �

, � !" � �� " �� 	 � 	# ��

� � 	 
 �# 	� � � 	 � � 
 	 �� �

� " � "  � � � # " � �� � � � �� � 	 � � 	 � �� � 	 � � �  � �� �� � � � � �� � " �� � 
 	 # �� � � � � � 	
 � � � �� � 	 � � 
 �� �

� ! � �
 	  
" # � !" � � �� � � � ! �"  � � � ! 	 � � 	 # " � � �� � � � � �� � 	 � � � � � �
 	 � # � � � �

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX 



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

, � 	� 	 � � � � � 	 � 	
 	 �� 
 � 	 � � � � �  � �

, !" � " � 	 � � " � � " � � � � �

, �� �� � � � � � ! � � ! � � � �" � � 	
 � � �
" � ! �
 � !" �

� ! � � �
 � �" � 	
 � �# ��" � �� � 	
 � �  

, �� " # � � !" � � �" � � � � � � �

, � 	 � � " �� � �  �� 	 �� � 	 � �
 � � � � � �� � 	 � � � � " � �

, � 	 � � " �� � �  �� 	 �� � 	 � �
 � � � � � �� �

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

, � 	 � � �� � �� �  � � 	 �� � ! � � ! � �
 � 	
 # " �� � 	 � �

, !" � " � 	 � �� 	� � � � ! � � ! � " � �� � � � �� � 
 	 #

� ! � � � � � 	
 � � # " � �� � � � � � � �  � � � � � �� � 	 � �

" � 	 �� " �� � 	 � � � 	 � " � � �" � � �
 � �� � � ! 	 � �

" �� � 	 � � � � � � � � ��  � 	# # " � � � � 	 # 	� 	
 �

controller

sensors

intelligenceperception action

effectors

body

brain

	 � � � � � 	 � � � �� � �  � �

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX �



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

, � ! � � 	
 � � 	� 	 � �" # � � 
 	 # � ! � ! � � � ! � 	
 � � 	� 	 � � � � ! � � ! # �" � � � � �� 

, � � �� � 
 � � � � ���" � � 
 �� �� " 
 �� ! " � �� � � � 	 � � �# �� � � � � �
 � " � � 	� 	� � � � � � � �  

, ! �# " � � � �� �" �� 	# " � �� � � � � � �� � " � �" � �" 
 � " �� " � " � � � � � � � 
 � � � �

, # 	� �
 � � � �� 	� " 
 	� 	� � � �# � � 
 	 # � � � � � � � � �� � 	 � � �� �
" � �
 �

, � 	
 �# 	 � � " �� ! 	
 � � � " " � � � �# 	 � � �� � � 	� 	� � � � � � �  

, � ! � � 
 �   � � �� 	� � 	� 	 � � ��

� � � 
 	� 	� # " � � 	� � � � �
 �" ! �# " � � � ��  � 	
 � � !
 	 �  ! � �" �� � 	 � �" � � 	 � " ! �# " � � � ��  � 	

� 	# � � 	 !" 
 # �

� � � 
 	� 	� # � � � 	� � � � ! � 	
 � �
 �  � � � � �� � � ! �# " � � � � �  � �� � � �� � ! �
 � � � � ! 	
 � �
 �

� 	 �� � � 	 � � � �� � �� ! � ! � ' �
 � � �" � �

� � � 
 	� 	� # � � � �
 	� � �� �� � 	 � � �� �� � � � � �" � � 	 �  " � � � � ! �
 	� � �� � 	 � � 	 �� � 	� � 	 � � � ��

� �� ! � ! � ' �
 � � 	
 � � � 	 � � �" � �

, $ 	 � � � � 	 	 � � 
 	� � � ! �� � 
 �� �� � � �  � � � & ! � & �
 # ��" � 	
 � � � � � �  

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX X G



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

," �� �" � 	
 � �

� ! �# " � � � �  � �" 
 # � � � � �� � � 
 �� � �

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

� 
 	� 	� � � ! �� �" 
 � � � �" � � � # 	� 	
 � � !" � " � � 	 � � ! � 
 	� 	� � � 	 # 	 � � �

, � �
 � � �� � 	 � �

� ! �# " � � � � �� � �" 
 � � � 	 � � � � # �� � � � 	 � � !

� � � � �� � 	 � � � � � � 	
 � " � � � � � � �� �" � � 	 � 
 �" �� � � � �� � �
" �� � 	 � � �� ! � ! � � 	
 � � � & ! � � �
 	 � �� �

�� � 	
 # " � � 	 � " � 	 �� � ! � � �
 
 	 � � � ��  � 	
 � � �

� 
 	� 	� � " � 	 � � ! � � � � 	
 �" � � 	� �� �" 
 	� 	� � !" � �� !" � � 	# � �� � 	 � � " �� � �� ! � 	# �� ! � � 

�� � � �

, � 	 � � 
 	 � �

� ! �# " � � � � � � 
" � � �
 � 	 � � � � � � �# �� � � �
 � 	 	 �" � � 	 �� �
 � 	 	 � � �" � �
 � 	� � ! � � 
" � �

� � � � �� � 	 � � � 
" �� � 	 � � 
 	 � � �� �� " �� � 	 � � " � � 
 �� � 	 � � � � 	 � � � � 	
 � �� � �� �

� 
 	� 	� � � � �" � � � � ! � � 
" �� �� " � 	# � �� �
 	 � � 	 # � � � � � �

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX X X



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

, � 	 � �
 � 	 �
 � ��

� ! �# " � � � 	 	 � " � � � �  �� � � � � � � � � �#

� � � � �� � 	 � � � 	 � �
 � 	 �
 � � � � � �� � �� � ! � � � �
  � � � �� �� � 	 
 � � � ! � � 
" �� �" �� �" � 	
 � �" � �

� � � � 	
 �

� 
 	� 	� � � � �" � � � � " � � �
 � �� 	� � 	 # � � � � � �

, � 	# # � � � �" � � 	 � � �

� ! �# " � � � 	 � � � �  �� � �
 �� � ! �" 
 � � 

� � � � �� � 	 � � ! 	 � � 	 �� �� � 	 # # � � � �" � �� � !" � � 	 �� �� � " ��

� 
 	� 	� � � � �" � � � � !
 	 �  ! � � � � �� � �� � 	 �� � ��  � � �
 �� �� � � �� �
 �� � � 	 � � �

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX X P



� � � �� �
 � � � 

, � 	# �
 �� �� " � � � ! � # � � !" � �� # � � !
 	 �  !

� ! � � !" 
 	� 	� �" � �  � � � !" �  �� 	 � �� � �� �

	
 �� � � � � �
 	 � # � � �

, � � �� � � 	 � � � ! � " �� �" � # � � !" � �� # � !" �

� �" � � �� � ! � �
 � �� 	
 � 	 �� � � �� �" � " �� � 	 � �

� 	 � � �
 � � � 	 � � � " 
 � � 	 # # " � � � � � � 	 � ! � � � �" �

# 	� � 	 �

, � � � �� �
� " 
 #

� � � 
� � ! � ��

�  
 � � � �


, �" � �  	
 � �� �

� 
 � � � � � � � � 	 �

� 
 	� �� 

� 	
 
 � � � � � � � � 	 � � 	� 	 ��

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX X F



� � � � � � �� � � � � � � 

, ��" � � �� �� � � # " � � �
 	� � 	 � 	# 	� � 	 � �

� � 
  � �

� �  � � �

, � � " � �� �� � �� �# � 	
 � " � �

� � � � � � �� � �� �� � � �

� � � � �
 � �� � �� �� � � �

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX X �



� � ��� � � � � �� �� � � � �� ��

, � �# � �
 	� � �
 � �� � 	 � � �� � ! � � ! 
 	� 	� # 	� � 	 � �" � � � � 	 � � 
 	 � � ��

, � 
 � � � 	� � �� � �" � � !" � � � �  
 � �� 	� � 
 � �� 	 # �

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

� � !
 � � � 	
 	
 � � � � " � � 	 � �	�� � � 
�� ��� 
 ��� � �

� ��� � 
 �� �
 � � 	 � ! � � �
 � �� � 	 � �� � ! � � ! � ! � � 	� � �� �" � � � 

� � � � � �� � 	
 � � � � " � � 	 � � �� ! �� � ! � � � ���" � �

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

� � � � � �� � 	
 � � � � " � � 	 � � �� ! �� � ! � � � ��" � �

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

� � � � � �� � 	
 � � � � " � � 	 � � �� ! �� � ! � � � ���" � �

, �� � ! �
 � �� " � " �� �" � 	
 � 	
 � � �
 � � �  
 � � 	� � 
 � �� 	# � � ! � � " � � � �  
 � �� 	 � � 
 � �� 	 # " 
 �

� 	 � � 
 	 � �" � � � � 
 	� 	 � 	
 � �

, # 	 � � 
 	� 	� � " 
 � � 	 �� 
 	� 	 � 	
 � �

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX X �



� � �  � �  � � 

, � � �
 � � �� � 	 �

� � � 	 � � � 	 �  � � �� � � � 	 � � ! �
 � � 	 �
 � 	 � � � � � � � � � 	
 � " 
 �

� 	 � 	
  �� � � � � 	 � � ! �
 � � 	 �" 
 �

, � � � �� � 	 � � � 	 � 	 � � �
 � " � ! � � � �" � �
 	 � �
 � � �� � 	 " � �� � �� 
 	 � � � � �  �" � � ! � � ! �" � � � �� � �
 �
 �� ��

� � � ! � 
 	� 	� �� " � � �� �� � " �

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


� 	 � � " �� � �# � � � � �� � !

� �� � " � � � �� � 
" � 	 � � � � 
" � " 
 � �� � 
" 
 �� �� �  

� �  !� � � � �� � ! 	� 	 � �� � � �" # �
"

� 	 � � � � � � �� # � �
 	 � ! 	 � �

� # �� � � ! �# � �" �

� �# � �
" � �
 � � ! �
 # " �

� � �� ��" � � 	 �  � 
 	 � � 	 � �


 	� " � � 	 � � � � 	� �


�
 �� � �
 � �
 �� � �
 � " �  �

" � � �� �� � " � � �# �� �


E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX X �



��� � � � � � � �  � �  � � 

, 	 � �
" � � 	 �

� � �� � �� � 
 �" � " �
 	 � �
 � � 	 � � ! � � � � �
 	 � # � � �

� � � � �� � " �� 	 � � ! � � � � �
 	 � # � � � " � � 
 �" � � ! � 
 �� �� �

em
itt

er
re

ce
iv

er

object

light signal

em
itt

er

object

receiver

em
itt

er

receiver

light signal

light signal

�  �  � � � � �  � �  �� � �  �


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

� � � � � �� � � 
 	# � ! � 
 	� 	� �� � � � �
 	 � # � � �

� � �� �� � � � � 	 � � �" � ! �� � �� �# ��" � � � 
 �� � � � � 	 �� �

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX X Q



� � � � � � �� � � � � � �

, � � � � � �� �  � � � � � � � � � �� � 

� 
 	� 	� !" � " � � �� � � 	 " � � � � � �� �" 
 � � � � 	
 # " � � 	 � 
 �� � �
 �� � 	 # " � �" � �� � 	
 # �� � � � �� � 	 �

" � 	 �� � 	 � 	 � �� �

, �  � �
 � � �� � � � � � � 	 � �  � �
 � � �� � � �

� " � �" �� � 	 � � !" � " 
 	� 	� � � � �
 � " � �� !" � 	 � � � 	 � � � 	 � � �� � � 	 �� � 	 # � �

,  � �� 	 � � � � � � 	 ��  � �� 	 � � �

� � ! � � 	
 � � �
 	 � � �� � " � " � �
 � �� 	 � 
 � � �" � �� � � �� 	� �� �

,� � � � � � � � � � � �
 � �

� � ! � � 	
 � � � !" �  �� � � �� � �� � � � 	� 	 � � � � � � � 	 " �� � 	 � � �
 � �� �� � � � ! � 
 	� 	�

, � �� ��  �  � � � 	 � � � � � 	 ��

� � � � � 	
 
 �" � ��  � " � � " �� � 	 � � !" � �" � �� �
 �� � � �� 	 � �" � � �� �

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX X 



� � �  � � � �

, � � 	 � � ��  �" � 	 �� 	 � �� �� � " � � 	 � � �� � � � �
 	 � # � � �

� � � � 
 � � � �� � � � �� � 	 � � 	
 
 �� � 	 � � " � � � � �� � � � � " �� �" � 	
 # � � !" � �� # � " � � 
 �� �� � �� 

# 	� � 	 �
� # 	� � 	 � �

� 
 	� " 
 �

� � � � �" 


� � 	# � � � �� � � � � �� �" � � " �� �� 

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

, � �� 	 � � �� � � � �
 	 � # � � � �� � �� � 	� � � � 	
 # " � � 	 �

, � 	
 " � "  � � � � � !" � �� 
 �� � �" � � �

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX X �



� � � � � � � � �

, � �
 � � � � " �  �
 	 � � � � �� � � " � � �

, �" � � � 
 � ��" � � ! �# " � � � �� ! � 	� 	� � �

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

� � � � � � � 
 � � � � � � � # " � � � ��" � 	
 
 	� 	� � 	
 � � �� � ��  �" 
  

� � �� � �" � � � � � � � � �
  � �" � 
 	� 	� � � � � 	 � � � ! �" � �" � � " � 	
   

� � " 
 � � � � � � � � # 	  � ! � " � � �  � # � � � � �� � � � ��  

�  �� � � � ���" � � � � � � � � �# � � "  � # � � � �# 
 	� 	�  

� � � ! �
 ���" � �� �

� � !" � � 	 � 	 � � ! � � � � � 	 � � � � �� � � � � � 	 �  

E E FGH G FI J KLMN OP G GQ I JRS TN I U V EWX P G




