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

# $ % & ' ( ) * $ + , - ) . ) / 0 - ) 1 2 3 ' 1 % $ 4 & ' $ 5 1 '
6 & / / 7 8 9 1 : ) % ; 1 2 - ' 1 < < $ ' = 7 2 - > $ ( ) (

? @ A B C D E F @ G H I J K L @ M N O B M P
Q B R @ J S A B M S I T U H B V S J W V @ H U M P W M B B J W M P

X M W Y B J C W S G I T Z B [ \ J ] M C [ W V ^
_ J B ` B J W V S I M a Z \ b c Z c Q c U d \ e c d

f M S B J M B S g h i j k l m n o p q r s t j

u v w x y z { x
| } ~ � } � } � � � � } � � } � � � � � � � � � } � � � � � } � � � � � � � � � � �� � � � � � � � � � � � � } � � � � � � � � � � � � � ~ � � � � � } � � } � � � � � � } � � � � � � �} � � ~ � � � � � � � � } � � � � � � � � � � � � � � � � ~ � � � } � � � � � � � � � � � � � � � � �� � � � � � � } � � � � � ~ � � � � � } ~ � � } � ~ � � � } � ~ � � � � � � � � � � � � � � �� } � � � � � � � � � � } � � � � � � � � } ~ ~ � � � } � � � � } � } � � � � � � � �� � � � � � � � � � � � } � � � � � � � � � } � � � � � � } � � � } � � � } � } � � � � � � � �� � } � } � � } � � � � ~ � � � � � � � � � � � � � � � ~ � � � } � } � � � � � } � � �� � } � � � } � � } � � � � } � ~ � � � }   � � � � } � � � � � � } � � ~ � � � � � � � � }
� } � � � � � � � � � � � � � � � � � � } � � } � ¡ � ¢ £ ¤ ¥ � � � } � } ¥ � � � � } � � � � �� � � � � � � � ~ � � � � ~ � � � � � } � ¦ � � } � � � } � � � � � ~ } � � } � � } � � � �� } � � � � � � } � ~ � � � � � � � � � � � � � � } � � } ~ � } � ~ � � � } � � � � � � ~ } � �� § } � � } � � � � � ~ � � � � ~ � � � � � } � � ¨ � � � } � � � � � � }   � } � } � �� � � � � � } � � } � � � } � � } ~ � � } � ~ � � � } � � � � � � } � � � � � � � } ~ © � �� � } � � � � � } � � ª } � � � � } � � � � � } © « ¬ � ~ � � � � � � � � � � ~ � � � � } � ¦� � � � � } ~ � � � } � � � � } � � � } � � � � � � � � � � } � � } � � } ¦ � � � � � � } � � �
ª } � � � � } � � � � � � } � � � � � � � � } � � � � � ~ � � � � } � ~ } � � � � � � � � } � � � �� � � � � � � } � � � � � � } � � � } � } � } � � } � � � ~ � � � � ~ � � � � � } � � ~ � � � � � � }� � � � � } � } � } � � } � � � � � � � � � } � � � � § � � � � � � � � �  � � � � � � � � � � � � �� � � � } � } � � � � � � � � � � } ® } � � � � } � } � � � � ~ � � � � � } � ¦ � � � } � � �� ~ � � � � � � ~ � � � � ~ � � � � � � � � � � � � � � ~ � � � � } � � � } � } � � } � � �� � � � � ~ � � � � } � � � � � � � � � � � � � � } � � � � � � � } � � � } � � � � � � � � }� � � � � � � � � � � � � � � � � � � } � � � � � � � � � � � � � � � � � � � � �
¯ ° ± x y ² ³ ´ { x µ ² ±
¶ � } � � � � � ~ � ~ } � � ~ � } � } � � } � ~ � } � � � � � � � � � } � } � � � � � � � } �� } � � ~ � � � � � � � � � � � � � � � � � � � � � � } � � � � � } � � } � � � � � } � � � � � � } �� � � } � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � } � � � � � � � � �� � � � � � � � � � � � � � � ~ ~ � � � � � � � � � � � � � � � � � � � � } � � � � � � � �
� � } � � � � � } � � } � � � � } � � � � � � � � � � � � � � � � � � � � � } � � � � � � } � � �~ � � � } � � � } · ¬ ¦ ¸ ¹ � � � } � � � º � � � � � � � � � � � � � � � � � � � � � � � º� � ~ � } � } � � } � � � � � � � } � � � � � � } � » � } � } � } � � � � � � � � � � � � � }� } � } ¼ � } � � � � � ¦ � } � � � � � � } � � � } � � � � � � � � ~ � � � � � � � � � � � ½ �~ � � � � � � � � � ¦ � � � � } ~ � ~ } � � � } � � � � � } � � } � � } ~ � � � � � � � } � � �� � � � � } � � � � � � � � � � � � � � � � � � � � } � � � � � � } � � � � ~ ~ � � � � � � � �� � � � ~ ~ � � � � � � � � � � � � � � � � « � � � � � � � } � � � � � � � � � �
� � � � � � � � � � � � � � � � � � ¾ ~ } � � § � � � � � ¦ � � } � � � � � � � } � � } � ~ �~ � � � � � ¦ � � � � � � � � � � � � � � � � � � � } � � � � ¦ � � � � � � } � } � } � � � � � �� � � � � ~ � � � � � } � � } � � � � � � } ~ � � ~ � � � � � � � � ¦ � � � } � � � � � � � � � � } �� } } � � � � º � � � � �   � } } � } � � � � � � � � � � � � } � � � � � � } � � ~ � � � � ¦� � � � � � � } � � � � } � � � � � � � � � � � � � � } � � � � � } � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � } � � � } � ¦ � � � � � � � � } § � } � } � � � � � � � � ~ � } � � � �� � � � � � } � � � � � � � � } ~ � � } � ~ � � � } � ~ � � � � � � � � � � �
¿ À Á x µ Â µ Ã z x µ ² ± ² Ä Å Æ Ç È x É Á Ê É w Á ² ± w É
� � } ~ � � � } � � � } � � � � � � } � ~ � } � � � � � � � � � · ¬ ¦ ¸ ¹ ~ � � � � � } � � � }� � � � � � � � � � � } � � � � � � � } � ~ � � � � � } � � ½ � � � � � � � � } } � �~ � � � � � } � � � � � � � } � � � � � � � � � � � � � � � � � � ~ � } � � � � � � � � � } � � � �� � � � � � � � } � � � � � � � } � � � � � � } � } � � � } � � ª } � � � � } � � � } � � � } �� } � � � � � � � � � � � � � ~ � � � � ~ � � � � � } � � � � � � � � � � � � � � } � � � � } � �� � � � } � ~ � � � � � � � � � � � � } ~ Ë � � � � � � � � � � � � � � � � � � � ~ � � � � ¦
� � } � } � � � � � � � } � � ~ } � � � � � ~ � � � � � � � � � � � � � � � } � � � � � � �� � � � } � } � � � � � � } � } � � � � �
Ì � } � � � � � � � � � � § � � � � � � � � } � � � � ¦ � � � � � � ~ � � � � � � � �~ � � } � � } � ~ � � � � � � � � � � ~ � � � � } � � � � � } � � � � � � � � � � } � } � � }� } � � � } � � } � � � � � � � � � � � � � � � } ~ � � � � } � � Í � � � � ¦ � � } � � �ª } � � � � } � � � � � � � � Î � � } ¼ ~ � } � � } � � � � } � � � � � � � } � } � � � } �� � � } � � � � � � } � � } ~ � } � ~ � � � } Ï Ð � Ñ � � � Ò

Î Ó ÔÕ
Ö × Ø

ÙÕ
Ú × Ø Û Ú � Ï � Ñ Ú » ¥ Ö � Ü Ï Ð � Ñ Ú � � Ý � ¬ �

� � } � } Ï � Ñ Ú » ¥ Ö � � } � � � } � � � } � � } ~ � } � ~ � � � } � � � � } � � � � � � �� � � � } � � � � � � } ~ � � � � ~ � � � � � } ¥ Ö � � � � } � � � } � � � � � � � � � � } �Ñ Ú ¦ � � �
Û Ú � � } � } � � � � � � � � � � � � � � � � ¦ � � � } ¼ � � ~ � } ¦ ~ } � �� � � � � � � } � � ® � } � � } } � � } � � � � } � � � � � } � � � � � � } � � � } � ~ � � � }� } � � � ¦ � � } � � � � � � � � � � � � � � } � � � � } � � } � � � � � � � � } � � � � � � � �� } � � � ¦ � � } � � � � � � � � � ® � } � � �

� � } � � ~ � � � � � } � ¥ Ö ¤ Þ Ó ¬ ¤ ¸ ¤ ß ß ß à � � � � } � } � } � � } � � � � }� � } � � � } � � � � � � } � � � � � } � � � � � � � � } ¦ � � � � } � � � � � � ® } � »
� � � � � � ~ � � � � � � ¦ � � � } � } � ¦ � � � � � � } � � } � � � � � � � � � � � � � �� } � � � | } � � � � � � � � � } � ~ ~ � � � � � � � � ~ � } � } � � } � � } � � � � � � �� } � � � � � � � � � � � } � � � � } � � � � } � � � } � � � � � � � � � � � � � } � � ¦ � �� � � } � � � � } � � } } ® } � � � � � � � � � º � � �   » � � � } � } � � � ¦ � � } � } � } � � � � �� � � � } � } � } � � � � � � � � � � } � ~ ~ � � � � � � � � � � � � � } � � � � � � ~ } � � § � �á � � � � � ~ � � � � � � � � ¦ � � } � } � � � } � � � � } � � � � � � } � � } ~ � } � ~ � � � }Ï Ð � Ñ � � � � � � } � � � � } � � � � } � � � � } � � � � � � � � } � ~ � � � � � | }
� � � } � � � ~ � } � � } � } � � � � � � � � } � � } � � � � � } § � � � � � � � ~ ~ � � ~ � � �� � } � � � � � � } } ¼ � � ~ � } � } � � � Ò � � � � } � } � � � � } � � � � � } � � � � � � }� � } ~ � } � ~ � � � } � � � � } � } � � � � � } § � � � � � � � � � � � � � � � } � Ï Ð � Ñ �} � � � � � � � � } � � } � � � } � � � � } � } � � � � � } ~ � } � ~ � � � } � � � � � } � } �� � � � } § � � � � � � � � � � � � � � � } � �



Í � � � � � � ¦ � � } � � � } � � � � � � � � � � � � � � � � � � � ~ � } � } � � � � � � � � � �� � � � � � � � } ~ � } � � � � � � } � ~ � � � � � � � � � � ~ � � � } � � ¦ � � � � � � � � � }� } � � � } � � � � } � � � � � � } � � } ~ � } � ~ � � � } Ï Ð � Ñ � � � � � � } � � � } � � � � �} � � � � ~ � � � � � � � � � � � � � � � � � � � � } � � � � � � } � � � � } � } � � �� � } ~ � } � ~ � � � } � � � � � } � } � � � � � } ~ � } � } } � � � � � � � �
� � É w µ � ± � � z Â Á � É
 � � � � � � � � � � � � � � � � � � � } � � � � } � � � � } � � � � � � } � � � } � � �� � � « � � � � � � � } � � � } � � � · ¬ ¦ ¸ ¦ � ¦ � ¹ � � � � � � � � } � � � } �
� � � � � � � � � � � � � � � � � } � � � � � � � � � � } ~ � } � } � � � � � � � � � � � �� � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � } � � � � � � Í � � � � � � � �� � } � } � } � � � � � � � � � � � � ~ � } � } � � } � � � � � } ¦ � } § � � � � } � } � �� � } � � ~ � � � � ~ � � � � � } � � � � } � � � } � � � } � � � } ~ � ¸ � � � � � � �
� ~ � � � } } � � � � � · ¬ ¹ ¦ � � � } � � ¦ ~ } � � � � � � � � � � � � � � � � � � �� � � � � � � } � � � � � ¦ � � � � � } � � � � � � � � } � � � � � � } � � � � � } � � � � � ~� � � } � � } } � � � � º � � � 	 � � � � ~ } � � � � � � � ¦ � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � } � � � } � � � � � � } � � � � � � � � } � � � } � �
 ~ � } � � � � � � � � � � � � } � � � � � � � � � � � } � } � � � � } � � � � �� � � � � ~ ~ � � � � � � � � � ~ � � � � � } � ~ � � ~ � � � � � � � � ¦ � � � } � � � � � � �� � � } � � } } � � � � º � � � � 
 � � ~ � � � � � } � � � � � � � � � � � � } � } � � � } � � � �� � � ~ � � � � � � � � � � � } � � � � � � � � � � � � � � � } � � � } � ~ } � � � � � ~� � } � � } � � � � } � ~ � � � } � � � � � � � } � � � � � � � � � � � � � ~ � � � � ~ � � �� � � } � � � � � � � � � � � � � } � � � ~ � � � � } � } � � � } � � } � � � � � � } �
� � � } � � � � � � � � � � � � � � � � � } � � � � � � } ~ � � ~ � � � � � � � � ~ � � �� � � � } � � � � � 	 � � � � � � � � � } � � � � � � � � � � Ò Í � � � � ¦ � � } � � � }� � � � � º } � � � � � � } } � � � � � } � � } � � � � ~ � � � � � � � � � ¦ 	 � �  �� � ~ � � � � � � } � � } � � ¦ � } � � � � � } � � } � �   � ¦ 	 � �  � � � ~ � � � � � � } � � � � � � ¦� } � � � � � } � � � � � �   � ¦ 	 � �  � � � ~ � � � � � � } � � } � � � � ¦ � } � � � � � } �� } � � � �   � � � � 	 � �  � � � ~ � � � � � � } � � � � ¦ � } � � � � � } � � � �   � �� � } � } � � } � � � � ~ � � � � � � � � � � � � � } � �   � � � � � � ~ � � � } � �
} � � � } � } � � º } � � � � } � � ª � � � � � � } ~ � � � � } � } � � � } § � � � � � � }� � � � � � ~ � � ~ � � � � � � � � � � � � � � } � � � � �   � � � � � » � � } � � } � } � } �� } � � � � } � � � � � � � � � � } � � � � � ¦ � � } � ¦ � � ª � � � � � � � � } � � � � � � �� � � � } � � } § � � � � � } � � � � � } � � } } � � � } � � � � � � � � � � � � � �� � } � � � � 
 � � ~ � � � � � } � � � � » � � � � � } � � � � } � � � � � } � } � � } � �� � � ~ � � � � � � � � � � � � � � � � � � } � � � } � � � � � � � } ~ � � � } � � � Í � � � ¬ �
� � � } � � � � � � } § � } � � } � � } � � ~ � } � } � � � � } � � � � } � � � � � � � � � � } ¼ �
� � � � � � � } � � � � � � � � � � � � � � � � � � � � � � � � � ¦ � � � } � � � } � � � � �� � � � � � � � } � � � � � } � � � � } ¦ � � } � � � � � } � � � � � � � � } � � � � � »
� � � � � � � } � � � � } � � � � � � � � � � � � � � � } � �
� � } § � � � � � � � } � � � � } � } � � � � � � � � ~ � � � � � � � � � � � � � � �~ � � � } � � } � � � } � � � � � � � ~ } � � � � � � � � } � � � � } � } � � � � � � �� � � � } � � � � � ~ � � � � } � � Í � � � � ¦ � } � � � � � � � } ~ � } � � � � � � } �� � � � � � � � } � � } � � � � } � } � } � � } � � � � � } } � � � � � � � � � } � ~ �
� � � � � � � � � � ~ � � � } � � � � � � � � � } � � } � } � � � � � } � · ¬ ¹ Ò � � }� � � � � � � � � � } � � 	 � � � � } � � � � } � } � � � � � � � � } � � � } � � } � � � �� � � � � � � � ª } � � � � } � � � � � � � �   ¦ � � � � � � � � � � } � � � � � � � � } �� � � � } � � } � � � � � � � � � � � � � � � � � } � � � � � ¦ � � } � � } � } � � � � }§ � � � � � � � � � � � � � � � } � � � � } � } � � � � � � � � � � } � � � � � � � } � ¦ � � � �� � ~ � � � � ~ � � � � � } � � � � � � � � � � � � ¥ Ø Ó � ß ¸ � � � ¥ � Ó ¬ � ß ¸� � � � � � � � � } � ¦ � � } � � � � � � � Í � � � ¸ � � � � ~ � � � � � � � } � }
� � � � } � � � � � � � } � � � � � � � } � ¦ � � � � } � � � } � � � � � � � � } � � � } � �
	 � � � � } � � � � � � � } � ~ � � � ~ } � � � � � � � � } Ë � � � � � � � � � � � � � � }� � ~ � � � � ~ � � � � � } � � � � � � � � � � � � � � � } � � � � � � � � � ~ ¦ � } � ~ } � �� � � } � � ¦ � } � � � � � ~ � � � � � } � � � � � � } � � � } � ~ � � � } � � � } ~ � } � � � �� � � � � � � � � � � } � � � � � ¦ � � � � } � � � } � � � � � ¦ � � � ~ � � � � � } �

Fuzzy Logic output

PZ, NZ            

PS, NS            

PM, NM            

PB, NB            

−0.5 −0.4 −0.3 −0.2 −0.1 0 0.1 0.2 0.3 0.4 0.5
−2.5

−2

−1.5

−1

−0.5

0

0.5

1

1.5

2

2.5

e

Fuzzy Logic Proportional Compensator & Membership Functions

Í � � � � } ¬ Ò � � � � � � � � á } � � } � � � � ~ Í � � � � � � � �

� � } � � � � � } ~ � } � ~ � � � } � � � � � � � � } � � � º � � � � � } � � � } � � � � � � }� � � � ~ � � � � ~ � � � � � } � � � � } ~ } � � � � � � � � } � � � � } � � � � �� � � � � � � � � � ® } � } � � � � � � � � � � � � � � � � � · � ¹ ¦ � � � � � � � � � � }
� � � � � � } � � � � � � � � � � } � � � � � � � � � � � � � � � � } � � � � � � � � � ¦ � � } � �� � } � � � � � � � � � } � � } � � � � � � � } � � } � � � � } � � � � � � � � } � � � �� � � � � } � � � � · � ¹ � � � � � � � � } � � � � � � � } � � � � � } ® } � � � � } � �� � � � � } � � � } � � � � � � � � � � � � � � } � � � � � � � � � � } � � � � � � � � � � � � �

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0

0.5

1

1.5

2

Time (second)

N
or

m
al

liz
ed

 S
te

p 
R

es
po

ns
es

Motor with Linear PI+TACH (1990 ACC paper)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0

0.2

0.4

0.6

0.8

1

1.2

Motor with Fuzzy Logic PI+TACH (1990 ACC paper parameters)

N
or

m
al

iz
ed

 S
te

p 
R

es
po

ns
es

Time (second)Í � � � � } ¸ Ò � � � } � � � � � � � � � � � } � � � � � � � � � � � } � � � � � � � � � � } �¾ � } ~ � } � ~ � � � } �
� � } ~ } � � � � � � � � } � � � � � ~ � � � � � } � � � � � � � } ~ � � � } � � �Í � � � � �  � � � � � } � � � � � ~ � � � � � � � � � � � � � � � � � } � � } � � � } � �� � } � � � � � � � � } � � � } ~ � } � ~ � � � } � � � � � } ~ � } � � � � � � � � � � �� � � � � } � } � � � } � Ï Ð � Ñ � � � � � � } � � � � } ¦ � � � � � � ~ � � � � � Í � � �¸ � � } � � � � } � � � � � } � � } ~ � � } � ~ � � � } � } � � � � � � � � � � � � § � � � } �
| } � � � } � � � � � ~ � � � � � � � � � � � } � � � � } � � � � � � � � � � � � � � � � � �~ � � � } � } � � � � � � } � � � } � � � � � � � � � � � � � } � � � � � � � � } � � � } ~� } � ~ � � � } � � � � ~ � � } � � � � � � � } § � � � � � � � � � � � Í � � � � � � ¦ � � }� � ~ � � � } � } � � � � � � � � � � } � � � � � � } � � � � } � � � � � � } � ~ � � �� � � � � � � � � � � } � � � � � � � � } � � � Í � � � � � � � } � � } � � � } � � � � }



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0

0.2

0.4

0.6

0.8

1

1.2

Motor with Fuzzy Logic PI+TACH, First Optimization

N
or

m
al

iz
ed

 S
te

p 
R

es
po

ns
es

Time (second)Í � � � � } � Ò � � � � � � } � � � � � ¾ � } ~ � } � ~ � � � } �
� � � � � � � � } � � � } ~ � } � ~ � � � } � � � � � } � � � � � } � � � � � ~ � � � � � } �� � � � � � � � } � � � � � } � } � � � � � } � Ï Ð � Ñ � � � � � � } � � � � } ¦ Í � � �
� � ¦ � � } � � � } � � � } ~ � � ~ � � � � � } � ~ ~ � � } � � � � � } � � � � } � ¦
� � � � � } � � � ~ � � � } � } � � � � � � } � � � } } � � � � � � � � � } � � � � � } �� } � } � � ª � � � } � � � � � � � � � � } � � } � } � � � � } � } � � � � � } � � } } �� � } � � � � � � � � � } � � � } ~ � } � ~ � � � } � � � � � � } � � � � } � � Ì � � �¬ � � � � } � � � � � � � � � } � � � } � � ~ � � � } � } � � � � � � � � } � � � � � � �� � � � � � } � � � � � � � � � � � } ~ } � º � � } � � � � � � � � � � � � � } � � } � �� � � } � � � � � � Ë � � � � � � � � } � � � � � � � � } � � � � � } � � � � � � � � � � }� � � � } � Ï Ð � Ñ � � � } � � � � � � � � � } ~ � � � � � } � } � � � � � � � � } � � � � }� � � � � � � � � � } � � � � � } § � � � � ~ � � � � � � � � � � � � � �

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0

0.2

0.4

0.6

0.8

1

1.2

1.4
Motor with Recursively Optimized FLC Levels

N
or

m
al

iz
ed

 S
te

p 
R

es
po

ns
e

Time (second)Í � � � � } � Ò � } � � � � � � } � � � ~ � � � � � } � � � � ¾ � } ~ � } � ~ � � � } �
� È ´ Â Â z y � z ± ³ Ç ² ± { � ´ w µ ² ± w
� � } � } � � � � � � � � � � } � � � · ¬ ¦ ¸ ¹ � � � } ¼ � } � � } � � � � � ~ �~ � � } � � � ¾ } � � � � � � ¸ � � � � � � � � } � � � � � � } � } � � � � � � � } � � �� � � � � � � � � � � } � � � � � � � � � } ~ � � � � � � � � � � � � � � � � � � } � �� � � � } � � � � � � � � � � � � � � } � � � � � ~ } � � � � � � � } � � � � ~ � � ~ � � } �

� � · � ¹ � � � � } � } � � ~ } � � � � � � } � � � � � } � � � � � � } � } � � � � ~ } � � § �� � � � � � � � } � � � � § � � � � � � � � � · � ¹ Ë · � ¹ � � � } � � � � � � � � � � � � � �� � � � ~ � ~ } � � � � � } ¼ � } � � � � } � } � � } � � � � § � � � � � � ~ � � � � � �� � ~ � � � � � � � � � � � � � � ¦ � � � } � � ¦ � � } � } � } � � � � � � � � � � � �� � � ~ � � � � � � � � � � � } � � � � � � � � � � 
 � � � � � � � � ~ � � � � � } � � � �� } � � � � � � � � } � � � � � � � � } } ® } � � � � } � � � } � � � } � � } � � � � } � �� � � � ~ � ~ } � � � � ~ ~ � � � � � � � � � } � � � � � � � � � � � } � � � � � � } � ~ �� � � � � � � � � � � � � � � � � } � � � ~ � � � } � � } � � � ~ } � � � � � � � � } � � �
� } � � � � � � � � � � | } } � ~ � � � � � } � � � � � � � � � � � � � � � � � � � } � � � �� � � } � ~ � } � � � � � � � � � � � � � � � � � � } � � } � � � � � � } � } � � � } � � } �� � � � � � � } � � � } � ~ � � � � � � � � � � � � � } � � � � � } Ë � � � � � � ~ � � � � � �� � � } � � ~ � � � } � � � � � } � � � � } � � � � � } � � � � � ¨ � � } � � � � � }} ¼ � � ~ � } � � � � � � � ¾ } � � � � � � ¦ � } � } } � � � � � � � � � � } � � � � � � }� � � � � � � � � ~ � � � � � } � � � } � � � � � � � � � � � } � � � � } � � � } � � � �� � � � ~ � � � � } � � � � � � � � � � } � � � � � � } � � � } � � � � Ò � � } � } � � � � � �
� � � � � � � � } � � � � � � � � � � � � � � } � � } � � ~ � � � � � } � � } ~ } � � } � � }� � � � � � � � } � � ~ � � � � � �
� � � � � ~ ~ � � � � � � � � � ~ � � � } � � � � } � � � � � � } � } � � � � � � � � � } � �~ � � � � � ¦ � � � � � � � } � � � � � � � � � � � � � � � � � � } � � � � } � ¦ � � � � } �� � � � ~ } � � � � � � � � } � � � � � } � ¦ � � � � � § � � � � � � � � � � � } � } � } � � � � �� � º } � � } � � } � � � � � � � � � � } � � � � � � � } � � � � � � � � � � } � � } � � � �
� } � � � � � � � � � � � � � � � � � � � � � } } ® } � � � � } � ½ � � � � � � � � } � � } � } �� � � � � � � � � } � � � � � ~ ~ � � � � � � � � � ~ � � � � � } � � � � � } � � � º � � �
� � � � � } � � } � } � � ~ � } � � � � � � � } � } � � � � � � � � � � � � � � � � � � � �� � � � � } � � } � � � � � � � � � � � � � } � � � � � � } � � �
� � 	 � 
 � � � � 

· ¬ ¹ � � � � � � � � � � � � � � � ¾ � } � � ¦ � Í � � � � � � � � � � � � � �� � � � � } � ¾ � � � � } � � � � � � Ì � } � � � � � � } � � � � � � � � ¾ � � � } � �� � � � � � � � � � } � � Í � � � � � � �   ¦ � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � �  � � � � ! " # } � � � � � � ¦ á � � � � � � � ¦ ~ ~ �
� ¸ � � � ¸ � ¦ ¾ } ~ � } � � } � ¬ $ $ � �

· ¸ ¹ � � � � � � � � � � � � � � � ¾ � } � � ¦ � Í � � � � � � � � � � � � � � � � � � } �¾ � � � � } � � � ¨ � � } � � � ¾ � � � � � � � � � � ½ � ~ � � # } � � � � � � � �
Í � � � � � � � á } � � � � � � � � � ~ � � � � � � � � � �   ¦ � � � � � % � & � '
� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � � � ! " � � � � �� � � � � � ¦ ~ ~ � ¸ ¬ $ � ¸ ¸ � ¦ � � � � � } � ¬ $ $ � �

· � ¹ � � � � � � � � � � ¦ �  ¾ � � � } � � � � � � � � � � � } � � � � � � � � � � } �
# } � � � �  ~ ~ � � � � � ¨ � � } � � � ( � � � � � � � } � � ¾ � � � } �
á � � } � �   ¦ � � � � � � ) � � � �  � � � � � � � � � � � � � � � � � � " ¾ � �Í � � � � � � � � ¦ �  ¦ ~ ~ � ¬ � ¬ � ¬ � � ¦ � � � } ¬ $ � � �

· � ¹ � � � � � � � � � � � � � * � � � ¾ � � � � } � ¦ � � � � � � � } � � � � � �~ } � � � � � � ¾ � � � � } � � � � � � ¾ � � � � � � � � � � ½ � ~ � � # } � � � � � � � �Í � � � � � � � � ¦   � � � � � � ) � � � �  � � � � � � � � � � � � � � � � � � ¦¨ � � � � � á  ¦ ~ ~ � ¬ ¸ � ¸ � ¬ ¸ � � ¦ � � � } ¬ $ � � �
· � ¹ � � � � � � � � � � � � � � � � � � � # � � � } � � ¦ � ¾ � � � � } � � �� � � � � � � � } � � � � � � � � � � } � � � � � � � � � } Í } } � � � � º � � �¾ ½ # Í á } � � � � �   ¦ � � � � � � ) � � � �  � � � � � � � � � � � � � � +

� � � � " ¾ � � # � } � � ¦ �  ¦ ~ ~ � ¸ ¸ ¬ � � ¸ ¸ ¸ ¸ ¦ á � � ¬ $ $ � �
· � ¹ � � � � � � � � � � � � � # � * } � } � } ¦ � á � � } � � � � � � � ¾ � � � �� � � � � � � � � � � � � � ¾ � � � } � � � � � , - � , �   ¦ � � � � � � � , �

. � � � / � � � 0 � � ! ! " ¾ � � Í � � � � � � � � ¦ � � � � � � � � � � ¦ � � � �¬ $ $ � �


