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

� � � � � � � � � � � � �  
! " # $ % " & $ ' % ( ) * + ) , - . / 0 1 2 ) , - . 3 ) 4 2 5 , $ 6 & # $ 6 6 $ & /

7 8 " 9 ( 6 : ( ; ( " 6 < : 6 & = > " 6 6 / ? @ ? ? A , $ 6 & # $ 6 6 $ & 2 " ' 6 & , " % & ' 6 / B % " 6 C (
D E F G H I J K L M N O J P Q R L S F T N U V

W X Y Z [ X
\ ] ^ _ ] ` a b c d _ e f g ] _ a f ` d e d a h i b j g _ ] k _ f l l b j j ^ _ k _ f g g b j m ] c n f d a f g g b e o ^ c l h p f c d j l b i q ] _ i ] c c f c p b l b c a

r ^ d p ] c a _ s e b e f i d j a _ d ` ^ a d ] c i b j i ] c c h b j b a i b j p f e p ^ e j j ^ _ e b j _ b j j ] ^ _ p b j l h l ] d _ b j b a g _ ] p b j j b ^ _ j t u c a b e
] _ i ] c c f c p b l b c a b c a _ f v c f c a ^ c j ^ _ p ] w a e ] _ j i b e q b x h p ^ a d ] c m p b a f _ a d p e b g _ h j b c a b i b ^ x a b p y c d r ^ b j g b _ l b a a f c a
i b e q ] g a d l d j b _ z i h k h c h _ b j p b c p b j h r ^ b c a d b e e b i q ^ c b g f _ a b a p ] l g d e f a d ] c o e f { ] e h b i b j p ] l l ^ c d p f a d ] c j i q f ^ a _ b
g f _ a t u c f e k ] _ d a y l b ] _ d k d c f e p ] ^ g e f c a p b j i b ^ x a b p y c d r ^ b j b j a g _ ] g ] j h g ] ^ _ f l h e d ] _ b _ e q b x g e ] d a f a d ] c i b j
_ b j j ] ^ _ p b j i q ^ c b k _ f g g b i b l ^ e a d g _ ] p b j j b ^ _ j t

| } ~ � � � � � � � � � ~ � � � � � � � � � � � � � � ~ ~ � ~ � � � � ~ �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � ¡ � � � ¢ £ � � � � � � � � � � � � � � �   � � � � � � � � � � � � � �
� �   ¤ � � �   � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � ¥ ¦ � � � � § � � � �   � � � � � �   ¤ � � �   � � � � � � � � � � � � � � �   � � � � � ¨ � � �   � � � � � � � � � � � �
� � �   � � � � � � � � � � � � � ¨ � � �   � � � �   � � � � � � � � � � � � � � © ¤ � � � � � � � � � � � � �   � £   ¤ � ¨ � � � � � � � �   � � � � � � � � � � � � �   ¤ � � �   � � � �
� � �   � ª ¨ � � ¥ « � � § � � £ � � � � ¨ � �   � � � � � � � � � © � � � � � � � �   � � � � � � � � � � � � � � � � � � ¬ � � � � � � � � � � � �   � � � � � � � ¨ � � � � � � � �
   � � � � � £   � � � � � £ ¤ � � � � � � ® � �   ¤ �  ¯ £ � � � � � � � � � � � � � � � � � � � ° � � � � � � � � � � � � �   � � �   � � � � � � � ¨ � � � ± � � � � � � � � � � � � � �
¬ � � � ° � � � � � � � � � � � � ¨ � � � £ � � � � � � ¡ � � � � � � � ² � � �   � � � � � � � ¯ £ � � � � � � � � � � � � � � � � �   � � ° � � � � � � � � ³ � � � � � � � � � � � ¥

´ � � � � � � � � � � � � � ³ � � � � � � � � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ³ � � � � � � � �   � � � � � ¥ µ � � ³ � � � � � �
  � � � � ¶ � � � � ³ � ¢ �   � � � � � � � � ³ � � � � � � � ¤ � � £ ¨ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � £ � � � � � �
� �   ¤ � � �   � � � � � � � � � � � � � � � � � ª � � � � � � �   � � � � � � � £ � � � � �   � � � � � � � � ° � � � � � ©   � � � � � � ¥ µ � � ³ � � � � � � �   � � � � � � � � �
� � � � � � � � � � � � � � £ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ·   �   � � � � � � � � � ¥

´ � � � � � � � � � � � � � � � � � � � � � � � � � �   ¤ � � � � ¬ � � � � � � � � � � �   � � � � ¢ � � � � � � � ² � � � � �   � � � � � � ¯ � ¸ � � � � � � � � � � � � � � � ²
� � � � � �   � � � � � � � � � � � � ¸ � � � � ¨ � � £ � � � � �   ¤ � � ¨ � � � ³ � � � � � � � � � � � � � � � � � � � � � � � � � ¥ ¹ � � � � � � � � � � � � � � � � � � � � � � � � � �
  � � � � º � � � � �   � � � � � ³ � ¢ �   � � � � � � � � � � � � � � � � � � � � � � � � � � £ � � � � � § � � � � � � � � � � � � � � �   � �   � � � © � � � � � � � � ¬ � »   ¤ � � ¯ � � � � �
  � � � � � � � � � � � � ¸ �   ¤ � � � � � � � � � � � � � �   � � � � ¬ � � � � � � ³ �   � � � � � � � ³ � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � ¯ � � � � � � � � �
� � � � � � � � £ � ³ � ¢ �   � � � � � � ³ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � ¼ � � � � � � � � � � � ½ ¾ ´ � � ¿ À Á £ Â Ã ¹ � À Ä Å
¨ � � � ° � � � � � ¸ � � � � ¨ � � � � � � � �   � � � � � � � ³ � � � � � � � � � � � � � � ¥ ¹ � � � � � ¤ � � � � � � � � � � � � � � � � �   � �   � � � Æ � � � �   � � � � � � � ¸ � ²
  ¤ � � � � � � � � � � � � � � � � � � ¢ � � � � � � � �   � � �   � � � � � � ² � �   � � � � ¥ ¦ � � � � £ � � � ² � � � � � � � � � � � � � �   � � � � � � � � � � ³ � � � � � � � � � � � � � �
� � � � ¨ � �   � � � � ²   � � � � � � � � � �   � � �   � � � ¸ �   ¤ � � � � � � � � � � � ¥ ¦ � � � ° � � � � �   � � � � � � � � � � � � � � � � � � £ � � � � � � � � � � � � � � � � � � � � ²
� � � � � � � � � ½ ¾ Ã À Ç £ È ´ É Ã À Ê Å ± � ¯ � �   � �   � � � � � ³ � � � � � � � �   � � � � � ¬ � � � � � � � � ¨ � � � � � �   � � � � � ¯ Æ Æ � � ¯ � � � � � � � � � � � � � � �
� ³ � � � � � � � �   � � � � �   � �   � � � ¬ � � � � � � � � ¨ � � � �   � � � � ¶ � � ¯ ¥

Â � � � � � � � � � � � £ � ³ � � � � ¸ � � � ³ � � � � � � � � � ¤ � � � ³ � � � � � � � �   � � � � � � � �   � � � � � � � � � � � � � � � � � ¨ � � � � � �   � � � � � � � � � �
� � � � � � � � � � � � � � �   � £ � ¥ � ¥ � � � � � � � � � � � � � � � � � � � � � � � � ³ � ¢ �   � � � � � � � � � � � � � � � � � ° �   � ³ � � � � � � � �   � � � � �   � �   � � � � �
� � � � � � � � � � � � � � � � � ³ � � � � � � � �   � � � � � � � � � � � � ½ ¹ ¹ ´ ´ À Ë Å ¥ Ì � � � � � � � £ � � � � � � � � � � � � � � ³ � � � � � � � � � �   � � � � � � � � � � º � �
� � � � �   � Í � ¨ � � � � � � � � � � � Î � � � � � � � � � � � � � ¤ � � � � � � � � �   � � � � � � � � � � � � � � � ¨ � � Æ � � � � � � � � � � � � � � � � � � � �   � Í � � Í � �
  � � � � ¶ � � � � � ³ � � � � � � � �   � � � � � � � � � � � ° � � � � � � ¤ � � � � � � ½ ¾ Ã À Ç Å ¥ Ì � � � � � � � � � � £ � �   � Í � � �   � �   � � � ³ � � � � � � � � � �   � � � � �
� � � � � � � � � � � � � � � � � � � � Æ � ³ � � � � � �   � � � � � � � £ � � � � � � �   � � � � � � � � � � � � � � £ � ³ � ° � � � � � � � � � � � � � � � � � � � � � � ³ � � � � � � � � � � � � � �
� ³ � � � � � � � � � � � � � � � � � � � � ¥

¹ � � � � � �   � � � � � � � � � � � £ ° � � � � � � ¢ � � � � � � � � � � � � � � � � � � � � � � � £ � � � � � � �   � � � � � � � �   ¤ � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � �   � Í � � � � © � ³ � � � � � � � � � � � � � � � ³ � � � � � � � � � � � � � � � � � � � � � ³ � � � � � � � � � � � � � � �   ¤ � � �   � � � � Ï É Ì ¬ � � � � � � � � �   � �   �
� � ¨ � � � � � � � � � ¯ � � � ³ � � � � � � � � � � � � � � � � �   ¤ � � �   � � � � � � � � � � � � � � � ° �   � � � � � � � � � � � ¬ � � � � � � � � �   � �   � � � � � � � � � � � ¯ ¥ ¹ � �
� �   ¤ � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � �   � � � � � � � � � � � � Ð � � � � � � � � ²
� � �   � � � � � � � � ¸ � � � � � ¨ � � � ¥

´ � � � �   ¤ � � ¨ � � �   � � � � � ¨ � � � � �   � �   � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   ¤ � � �   � � � � � � � ²
� � � � � � � ¤ � � � � � � � � � � � � � � � � ³ � � � � � � � � � � � � � � ¬ Ñ Ò ¯ ¥ Ì � � � £ � � � ¢ � �   ¤ � � ¨ � � � � � � � � � � � � � � �   � � � � ¶ � � � � ·   �   � ²
� � � � � ³ � � � � � � � �   � � � � � � � � � � � � � � � � � � � ± � � � � � � � � �   � �   � � � ¨ � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � ¬ Ñ Ê ¯ � �

Ó



� � � � � � � � �   � �   � � � � � � � � � � � ¬ Ñ � ¯ ¥ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ° � � � � � � � � � � � �   � � � � � � � �
� �   � � � � � � � ¥ « �   � �   � � � � � � ¬ Ñ Ë ¯ £ � �   � � � � � � � � �   � � � �   ¤ � � ¨ � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � ¢ � � � � � � � � �
� � � � � � � � � � � � � � � � � � � ¸ � � � � � � � � � � � � � � � ¥

� � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � ~ ~ � � � ~ � � � � � � � ~ � � � ~ ~ � � � � � � � � � �
« � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¨ � �   � � � � � £ � � � � � � � � � � � � � � � � � ³ � � � � � � � �   � � � � � � � � � � � � � � �   � � � ² � � � � � � � � � � � � �
� � � � � � ¨ � � � � � � � � � � � � � � � � � � � � � ° � � � 	 ´ ¦ Ï Ê � � � � � § �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � £ � � � � ¨ � � � � � � � ¬ � � � � ¢ � � � � �
� ° �   ´ ¦ Ì ¦ ¹ ¾ ½ ¦ 	 	 
 À Ë Å � � � �   � � � ¦ � ´ ¦ Ï ¯ � � � � � � � � � � � � � � � � � � � � � � � � ½ Â Ì Ï À � £ � � � À À Å ¥

¦ � � � � � � � � � � � �   � � � � � � � � �  �  � � � � � � � � � � � � � � � � � � � � � � � � � ¢ � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � �
� � � ¥ Ì � � � � � � � � � � � � � � � � � � � � �   � � � £ � � � � � � � � � � � � � � � � � � � � � � ¨ � � � � � � � � � � ° � � � � � � �  ¥ ¹ � � � � � � � � � � � � � � � � � �
� � � � � � � � � § � � � ³ � � � � � � � � � � � � �   � � � � � � � � � �   � � � � � � ¢ � ¢ � � � � � � � � � ¤ � � � � �   ¤ � � � � � � � � � � � � � �   ¤ � � �   � � � � �
�   � � � � � � � ¥ Ï � � � � � � � � � � � � � � 	 ´ ¦ Ï � � � � ° � � � Ê � � � � � � � � �  � � � � � � � � � � � � £ � � ¸ � � �  � �   � �   � � � © � � � � � � � � ¥ « �
  ¤ � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � ©   � ¨ � � � � �  � � � � � � � � � � � � � � � � � � � � �   �   ¤ � � � � � � � � � � � � ° � � � � � � � � �
� � � ° � £ � � � � �  � �   � �   � � � � � � ° � � � Î � � � � � � � � � � � � � � ¢ � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � �   � � � � � � ½ � � � À À Å ¥

« � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � ¤ � � � � ³ � � � � � � � � � � � � � � � £ � � � � � � � � � � � � � �   � � � �   � � ¢ ²   � � � � � � � � � �
� � � � � � ³ � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � �   � � � � � � � � � � � � � ¥ ´ � � � � � � � � � � � � �
� � � � � � � � � ¢ � � � � � � � � � ° � � � � � � � � � � � � � � � � � � � � � � � � �   � £ � � � � � � � � � � � � � � � � � � � ª � � � � � � � � � � � ¸ � � � � � � � � � � � �   � � £
� � � � © � �   � � � � � � � � � � © � � � � � � � �   � � � � � � �   � ½ � Ã � � � Å £ � � � � © � ³ � ¢ �   � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � ° � � �
� �   � � �   � � � ¨ � � � � � � � �   � ½ � � � À À Å ¥

� � � � � � � � � © � � � � � � � � � � � � � � � � �   � � � � � �   � � � � � � £ � � � � � � � � � � � � ° � � � � � � � �   � � � � � � � � � � �   �   ¸   � � ¨ � �
� � � � � � � � � � � � � � ¨ � �   � � � � � � � © � � � � � � � � � � � � � � � �   � � � � � � � � �   � � � � � � � � � � � � � � � � ° � � � � ¥ « � � � � � � � � � � ¨ � � � � � �
� � �   � � � � � � � � � � � � � � � � � � � � � � £ � � � � �   � � ³ � � � �   � � � � � � � � � � � �   � � � � � � � � �   � � � � � � � ³ � � � �   � � � � � � � � � � � � � � � � � ¥
´ � ª � � � � Ó � � � � � � � � � ¢ � � � � � � � � � �   � � � � �   ¸   � � ¨ � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � �   � � � � � � � ¥ ´ � � � � � � � � � � � �
� � � � � � � � �   � � � � � � � �   � £ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � �   � � � � ª � � � � � ³ � � � � � � � � � ¥ � � � � � � � �
� � � � � ¨ � � � � ° � � � � � � � � � � � �   � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � ³ � � � � � � � � � � � � � � � � ° �     � � � �   � � � � �
� � � � � � � � � � � � � � � � �  �  � � ½ ¾ Â Â ¾ À Ê Å Æ � � � � � � �   � � � � � £ � � � � � � � � � � � � � �   � � £ � �   � � � � � � � � � � ¬ ! " � ! " # � ! ! $ � % % % ¯ £
� � � � � � � � � � � � � ¸ � � � � � ¥ ¹ � � � � � � � � £ � � � � ¨ � � � � � � � � � � � � � � � � ¨ � ³ � � � � �   � � � � � � � � � ² � � � � � � � � � � � � £ � � � � � © � � � � �
¨ � �   � � � �   � � � � � � ³ � � � � � � � � � � � � � � � � � � � � � � ³ � � � ¨ � � � � � � � � � � � � � � � & � � � � ª � � � � � � � � � � � � � � ¨ � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �   � � � � � �   � � � � � � ¬ � � � � � � � � � ¢ � � � � � ¯ ¥

2

3

4 4

2 2

1

1 2 1 2 1

3 4 3 4 4

1 2 1 1

3 4 3 4 3 4

2 1 2 1 2

3 3 3 4

' � � � � � Ó ± Ì � �   � � � � �   ¸   � � ¨ � � � � � � � � � � � � � � � � � � � ( � ) � ) � � �   � � � � � � � � ³ � � � � � � � �   � � � � � � � � � � � � � � � * � *
� � �   � ¥

Â � »   � © � �   � � �   � � � � � � � � � � � � � � � � � � � � ³ � � � � � �   � � � �   � � � � ¬ � ° �   � � � � � � ¯ £ � � � � � � � �   � � � � � � � � � ¢ � � �   � � � � � � �
� � � �   � � � � � � � � � � ¥ ¦ � � � � £ � � � � � � � ³ � ¢ �   � � � � � £ � ³ � � � �   � � � � � �   � � · � � � � � � � � � � � � � � � � � � � �   � � � � � � ¨ � � � � � � � � � � �
� � � � � � � � �   � � � � � � � � ¤ � � � � ¨ � � � � �   � Í � � � � � Æ � � � � � � �   � � � � � � �   � � � � � � � ³ � � � � �   � � � � � �   � � � �   � � � � � � � � � � � � � �
� �   � � � � � �   � � � � � � � � � � � �   � � � � � � � � � ¥ ´ � � � �   � Í � � � � � � � � � � � � � � � � � ³ � � � � � � � �   � � � � � � � � � � �   � � � � � � � ¥ ¦ � � � � £ � �
� � �   ¤ � � � + ´ µ , Ì ¦ ¹ ¾ � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � ± � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � ª ¢ � � £
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ³ � � � � � � � ¤ � � � � � � � � �   � � � £ ¨ � � � � � ° � � � Î � � � � � � � � � �
� � � � � ¢ � � � � � � � � � � � � � ¢ � ³ � �   ¤ � � �   � � � � ¥

¹ � � � � � � � � £ � � � � ¨ � � � � � � � �   � � � � �   � � � ¢ � � ¨ � � � � � �   � � � � � � � � �   � � � � ¸ � � � � ¨ � � ¬ � � � � � � � ¤ � � � �   � � � � � � � � �
� � �   � � � � � ¢ � � � � � ¯ £ � ³ � � � � � � � �   � � � � � � � �   � �   � � � � � � � � � � � � � ¸ � � � � ¨ � � ¥ ´ � � � � � � � � � � � � � ³ � � � � � � � � � � � � �   � � � � �
� ¸ � � � � ¨ � � � � � � � �   � Í � ¨ � � � � � � �   � � � � � � � � ° � � � � � ° � � � � � © � � � � � � � ¥

Ò



� � � � � ~ � � � � � � ~ � � � � � � � ~ � � � � � �

� � � � � � � 	 	 
 	 � �  � 	 � � � � � � � � � � � � � � � � 
 � � 	 �
Ï � � � �   ¤ � � � Ï É Ì £ � � � � � � � � � � �   � � � � � �   � � � � � ¨ � � � � � � � � � � � � � � � � � � � � � ¸ � � � � � � � ± � � �   � � � � � � � � � © � § �   � � � © � �
� � �   � � � � � � � � �   � � � � � � � »   ¤ � � � Î � � © Î � � � � ¢ �   � � � � � � � � � � � ¢ � � � � ¥ « � � § � � £ � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� �   � Í � � � � ³ � � � � � � � � � � � � � � £ � � � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � � ³ � ¢ �   � � � � � � � ¸ � � � � � � ¨ � � � � � � � � � � � � �   � � � �
� � � � � � � � � � � � � � � � � � � � � ° � � � ¥ ¹ � � ¤ � � � � � � � � � � � � � � � � � � Æ � � � � ° �   � � � � � �   � � ° � � � � ¤ � � � � � � � � 	 � � � � £ � � & � � � � ª �
� � � � � � � � � ³ � � � � � � � � � � © � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � � � � �   � � � � ¨ � � � � � � � � � � � � ¥
� � � � �  ! " # $ % & ' ( ) * + , - . / 0 1 2 2 3 4 ( 3 2 5 4 ) 6 3 2 7 1 8 4 9 3 / 3 7 1 : 9 5 3 7 ) / 7 ; / 3 9 5 3 ( < ) / . 6 ) 9 . 1 2 5 3 / 0 1 ( 5 1 2 2 ) 2 7 3 8 3 2 9 =
9 1 ; 9 1 ( 5 1 2 2 ) 2 7 3 8 3 2 9 5 3 9 > 4 3 / . 6 9 3 ) 4 4 / . ? ; < @ ; 2 4 ( 1 A ( ) 8 8 3 4 ) ( ) / / B / 3 5 3 7 1 : 9 � � 3 9 � � 7 1 2 5 ; . 9 @ ; 2 9 3 8 4 6
5 0 3 C < 7 ; 9 . 1 2 � D 6 ; ( � 4 ( 1 7 3 6 6 3 ; ( 6 8 ) E 1 ( < 4 ) ( F

� D G � �
� � � �

H ( 3 ; I 3 , � � � � � � � � � � � � � � � � � � ° � � � � � � � � � � � ½ Â � � Á À £ ¾ Ã À Ç Å   � � � � � �   ¤ � � � � � � © � � � � � � � � � � � § � � � � � � � � � � � � � � �
� � � � � � � � � � � � �   � � � � � �   � � � � ¥ Ï � � � J � � � � � »   ¤ � ¨ � � � ³ � � � � � � � � � � � © � � � � � � � D £ � � � � � � K � � � � � � � � � � � � � � � �
  � � � � � »   ¤ � ¥ ¦ ° � � � K � £ � � � ¢ � � � � � � � � � � � � � ° � � � Î � � � � � � � � � � � � � � ± � ¯ � � � � � �   � � � � �   � � � � � � � ³ � � � � � � �   � � � � ° � � �
K � Æ � � ¯ � � � � � �   � � � � � � � � � � � ¢ � � � � � � � � � � � K L K � © � � ¨ � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � �   � � � ¥
� � � �   �   � � � � ¯ £ � � � � K M � � � � � � � � � � � � � �   � � � � � � � ¥ ´ ³ � � � � � � � �   � � � � � � � � � � � � � � � � � £ � � © � � � � � � K M � � � »   ¤ � J �
� ° � � � � � � � � Î � � � � � � � � � � � � � � � � � � � � � � � � � � � ¢ �   � � � � � ¥ µ � � ¢ � � � � � � �   � � � � »   ¤ � J � � �   � � � � � ³ � ¢ �   � � � � � © � � � � � �
K M � � � � � ¨ � � J � N O J � ¥ Ï � � � K � � � � � � � � � � � � � � � ³ � ¢ �   � � � � � � �   � � � � � »   ¤ � ¥

´ ³ � � � � �   � � � � � � �   � � � � ° � � �   � �   ¤ � � � � � � � � � � �   � � � � � � � � � � � � � � ¨ � � �   � J P N O Q Q Q N O J � N O J � � � � »   ¤ � �
� � � � � � ¨ � ³ © � � � � � � � � � � � � � � ³ � ¢ �   � � � � � £ � � � � � � � � � � � � � �   � � � � � � � � � � � �   � � � � £ � � � � � � � � � � � �   � � � � � � � � � � � � � � � � �
� ³ � ¢ �   � � � � � � � � � � � »   ¤ � � � �   � � � � � � ¨ � � �   � ¥ ´ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � & � � � � � � � R SD � �   � � � � � � � �
� �   � � � � � � � � � � � � � � � ³ � �   ¤ � � � �   � � � � ¨ � � � � � � � � ¤ � £   ³ � � � ² © ² � � � � � � � � � ¥ T

¹ � � � � � � � � £ � �   � Í � � � � � � � � � � � � � � � � � �   � � � � � � � � � �   � � � � � � � � � � � � � � Î � � � � � � � � �   � � � � � ½ ¾ Ã À Ç Å ¥ µ � � � � �
� � � � � � � � � � � � � � � � � � � � � �  � � � »   ¤ � � Æ   � � � �  U R SR V £ � � � � �   � Í � � � � � Î � � �   � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � ª � ¥ � � � � � � � � � £ � � � � � � ° � � � � � � � ¨ � � � � � � � � � � � � � � � � � ³ � � �   � � ° � � � � � � � � & � � � � � � � � � � �   ¤ � ¨ � �
� � �   � � � � � � Æ � � � � � £ � � � � � � � �   � � � � � � � � � � �   � � � � � � � � � � � � � ° � � � �   � � � � � � � � � � � »   ¤ � � � � Î � � � © � ¢ �   � � � � � � � � ¨ � ³ � � � �
� ¢ � � � � £ � � � � �   � Í � � ³ � � � � � � � �   � � � � � £ � � & � � � � � � � � � � � � £ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � ¥

� � W X � 
 Y � � 
 � � � 	 Z � � 	 � � 	 � � � 	 � � [ � � � � � �
Ì � � � � � � � � � � � � � � � � �   � Í � � � � © � � � � � � � � � � � � � � � � ³ � � � � � � � �   � � � � � £ � � � � � �   ¤ � �   ¤ � � © � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � »   ¤ � � £ � ¥ � ¥ � � � � � � � � � � � � � � ³ � & � � � � � � ³ � ¢ � � �   � � � � ¬ � ° � � � � � � � � � � � � � ° �   � � � � � � � � ¯ � � � � � � � � � � � � � � ¥

� ³ � � � � � � � � � ° � � � � � � � � � ¤ � � ¨ � � \ Ì Ã ¦ É \ £   � � � � � � � � � � � � � � � Î � � � � �   � � � � � � � � � � � � � � � � � � � � ° �   � �   � Í �
� � � ] � ^ _ `  � � � � � � ] �  � ½ a bÀ Ò £ 	 Â É , À Ç Å £ � � � � � � � � � � � � � � ¢ � ³ � � � � � � � � � � � � � � �   � � � � ¨ � � � � � � � � � � � � �
� ³ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ³ � � � � � � � � � � � � ¨ � � � � � � � � � ¥

� ³ � � � � � � � � � ° � � � � � � � � � ¤ � � ¨ � � � � � � � � � � � � £ � �   � � � � � � � � � � � � � ³ �     � � © � � � � � � � � � � � »   ¤ � � � � � � Î � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � ±   ¤ � ¨ � � � � �   � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � »   ¤ � � ¥ ´ � � � ¨ � �
  � � � � � � � �   � � � � � � � ¬ � ¸ �   ¤ � � � � � � � � � � � � � � � � »   ¤ � � � � � � � § � � � � � � � � �   � � � � � � � � � � � �   � � ° � � � � ³ � � � � �   � � � � � � ¯ £ � �
� � �   � � � � � � � � � � �     � � � � � � � ¢   � � � � � � � � � � � � � � © � � � � � � � � � � � � � � � � � � � � � � ¥ ¹ � � � � � ¸ �   ¤ � � � � � � � � � � � � � � � � � � � ¬ � �
� � � � � � � � � � �     � � � � � � � �   � � ¢   � � � � � � � � � � ° � � � � � � � � � � � � � � ¯ £ � � ° � � � � � � � � � ¤ � � � � ¨ � � ¬ 6 4 . 2 c 1 d © � � � � � � � ³ � � �
� � � � � �   � � � � 9 3 6 9 e 6 3 9 � � � � � ¨ � � ¯ � � � � Î � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � ¢   � � � � � � � � � � � � � � Æ � � � ¸ �   ¤ � � � � � � � � � �
� � � � � Î � � Î � � � � � � � � � � � � � � � � � � � � � � � � � � � � � © � � � � � � � �   � � � � � � � � � � � � � � �   � Í � � � ¢ � � � � � � � � ¢ � � �   � � � � �
�     � � � � � © � � � � � � � � � � � � � � � �   � � � � � � � � � � � � £ � ¸ � � ¨ � � � � � � � Î � � � � ¨ � � � � ½ � � & Á Ë £ ' ´ Ã À Ä Å ¥

� � � f Y g � � � � �  � � � � � � g � 	 � � � � � � 	 � � � � � � � 	 � � � Y Y � � 	 
 h h � Y � � i � 	 � � � � 	
É Î � � � ° �   � ³ � � � � � � � � � � � � � � ° � � � � � � £ � �   � Í � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � »   ¤ � � ¥ � � £ � �
� � � � � � � � � � � � ³ � ° � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � »   ¤ � � � � Î � � � � � � � � � ¢ �   � � � � � � � � �   � � � � � � � � � � � � � � �
� ³ � � � � � � � � � � �   � � � � ¥ ¹ � � � � � �   ¤ � � ¨ � � £ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � �
½ É ¾ Ã ¿ ¿ À Ó Å £ � � � � � � � � � � \ ® � � + ² ª � � � � � � �   � � � � \ � � � � ½ ' ´ Ã À Ä Å ± � � � �   � � � � � � � © � � � � � � � � � � � � � � � � � � � � � � � � � �
� � �   � Í � � � � � � � � � � � � � � � � � ³ � � � � � � � �   � � � � � � � � � �   ¤ � � � �   � � � � ¨ � � £ � ¥ � ¥ � � � � ¨ � ³ � � � � �   � � � � � � � � ° � � � � � �   � � � � � � �
° � � � � � � � � »   ¤ � © � � � � � � � � � �   � � � � � � ¨ � � � � � � � � � � � � � »   ¤ � � � � Î � � � ¥ Ì � � � � � � � � � » � � � � � � ° � � � � ¤ � � � � � � Ê ¥ Ó £
� � � � �   � Í � � � � � � � � � � � � � � � � � � � � � � � � � ¶ � ¨ � � � � �   � � � � � � � � j � ¥ ¦ � � � � £ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � ° � � � � � £ � � � � �   � Í � � Í © � ³ � � � � � � � �   � � � � � � � � � � � � � � � ¥

Ê



´ � � � � � � � � � � � � � � �   � � � ³ � § �   � � � � � � � � � � � � � � �   � � � � � � »   ¤ � � ¨ � � � � � � ¨ � �   � � � � � � � �   � � � � � � � £ © � � ° � � � � � � � � ³ � �
° � � ¥ Ì � � �   � � � £ � �   � � � � � � � � ³ � � � � »   ¤ � � � �   � � � � � � � � � � � � � � � � � � �   � � � � � �   � � � ¥ ¹ � � � � �   � � � � � � � � � ¤ ¸ � � � ¤ � � �
� � � � � � � � � � � � ± � � � � � � »   ¤ �   � � � � � � � � � � � ° � � � Î � � � � � � �   � � � � � � � ¢ �   � � � � � �   � � � � � � � £ � � �   Î � � � � � Î � � ¥ ¹ � � � �
¤ ¸ � � � ¤ � � � � � � � �   � � � � � � � ° � � � ª � � � � � � � � � � � � � � � � � � § � � � � � � � � � � � � � � � � � � � � � ¸ � � � � � � � ² � � � � � � � � � £   � � � � � � �
� � � � � � � � � � �   � � � � � � � � ¨ � � � � � � � � � � � � � � � � � � � © � ³ � ¢ � � � � � � � ¥ « � � � � ³ � � �   � � � � � � � � � � � � � � � � �   � � ° � ©   � � ¸ � � � �
� � � � � � � � � � � � ¥

´ � � � � � � � � � � � � � � � � � � 5 < A < 2 < ( < 3 2 3 C < 7 ; 9 . 1 2 6 < ? ; 3 2 9 . 3 / / 3 4 ( 1 � 1 2 5 3 ; ( 5 0 ) � 1 ( 5 ¥ ´ � � � � � �   � � � � ¨ � � � � � ¨ � �   � � � �
� � � � � � � � �   � �   � � � � � � � � � � � � � � � º � � � � � � � � � � � � � � � � � � � � � � � � � � � � ° � � � � � � ³ � � � � � � � ¤ � � ¥

� J L � � V J T � � �
� L 	 
 �

M � F � G U 	 � F V T M 	 � �
� M K L  E 
 � � � " : & % ( � � � " � 6 � � �
M � G P � � � " & & ( 6 & ( � ( � � � " � 6 � % � C � � ( 6 & �
� U L G 


�

<i1>

<f1>
<fk>

<sync>

<fin>

<suite>

' � � � � � Ò ± « ¢ � � � � � � � � � � � � � � � � � � � � � ² � � � � � � � � � � � � �   � ¥

� � � ¢ � � � � � � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � �   � � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � � � � ² � � � � � � � � � � � � �
� � � � � � � � � � ¥ « � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ² ¹ � � + � � � � ª � � � � Ò £ � � � � � � � � �   � Í � � � � � � � � � � ¤ � � � � ¨ � �
� � � � � ¥

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

µ � � � � � � � � � � � � # $ % & ' ( # ) ' *

+ J J , - E T E G E V F  L J G . E / 0  V K E �
� L 	 
 �
� � M � F � G U 	 � F V T M 	 � ( � & C $ > � ' 1 � ( 6 2
L U 3 4 L M  E O E / K E  E - E 5 J , � � �

- E T E G E V F  L J G . E / 0 U F , M E �
 	 0 6 V E F  L J G 7 F P Q E � U 	 8 F V T M 	 8 M � �
3 4 � J V  E V �  	 8 � J , E K V � �

�
E , M E � 9 9 � � : � 6 � % ( � C ( 6 C ( � � ; : ( 6 & ' ( 1 1 (

U 	 � F V T M 	 � �
� M K L  E 
 � � � � � ' � ( > � $ : % " : & % ( � � � " � 6

�
� � M � G P ( � & C $ > � ' 1 � ( 6 2
L U � - E T E G E V F  L J G . E / � � � U L G 
 �
E , M E �

 U L G 0 6 V E F  L J G 7 F P Q E � � U L G 
 8 M � �
�

¦ � � � � � � ¤ � � � � � � ¨ � ³ � � � � �   � � � � � �
� � ° � � � � � � �   � � �

�  8 M � 0 < F L V E O E / K E  E - E 5 J , � � �
� � & � � C % ' & : 6 ( & = C > ( ( & 1 "
� � � ? 6 C > % $ 6 ' � " & ' $ 6 M C $ % % ( � � $ 6 � " 6 & (
3 4 E P K  E V �  � �
. L T G F , E V < L G 7 F P Q E �  8 M � �

! " � ? 6 C > % $ 6 ' � " & ' $ 6 M � G P ( � & ' > � 1 ' C ' & ( 1 $ % �
� @ : 6 ( � � : � 6 � % ( � C ( 6 C ( � � ; : ( 6 & ' ( 1 1 ( �
0 6 C " � � ( 9 $ 1 � ( & = C > ( / ( 1 1 ( � ( : & A & % ( ' > � 1 � +
> ( 6 & � ( ( 6 " � � $ C ' " 6 & � ( : B C $ > � & ( : % � C C > " ; : (
� $ ' 6 & � ( � ? 6 C > % $ 6 ' � " & ' $ 6 M 2 6 $ > # % ( � ( M � F � G
( B � $ % & � � � @ : 6 ( � " % & ( & 6 $ > # % ( � ( D 6 � ( & = C > ( �
( B � $ % & � ( � � @ " : & % ( � " % & �
! " C % � " & ' $ 6 � ( 1 " & = C > ( " � � $ C ' � ( C 1 " C $ 6 & ' 6 +
: " & ' $ 6 � U L G 
 � ( : & A & % ( % � " 1 ' � � ( � " % C 1 $ 6 " : (
E M E  F K S � � , J G T F K S � G �

' � � � � � Ê ± � � � � � � � � �   � �   � � � ¨ � � � � � � � � � �   � � ° � ¥

´ � � � � � � �   � � � � � � � � � � � � � � � � � � � ³ � � � � »   ¤ � £ � � � � � � � � � � � � ¢ � � � � � � � � �   � � � � � � � � �   � � � H ¥ Ï � � � � £ � �   � � � � � �
� »   ¤ � � � � � � � � � � � � � � ³ � � � � � � � � � �   � � � � ¬ � � � � � � � � � � � � � ¢ � � � � � ° � � � � � ° � � � � � ¯ � � � � � � »   ¤ � ¬ � � � � � � � � � � � �   � � � � � ° � �
� �   � � � � � � � ¯ � � � � � � � � � � � � � � � I � � © � � � � � � � � �   � � � � � � � � � ¸ �   ¤ � � � � � � � � � � � ¨ � � � � � � � � © � � � � � � ° �   � � � »   ¤ �
� ¢ � � � � � � ¥ ´ �   � � � � � � � ¢ � � �   � � � � � � � � � ª � � � � Ê ¥

´ ³ � �   � � ° � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � �   � � � � ³ � ¢ � � � � �   � � ³ � � � � �   � � � � � � � � �   � � � ¨ � � � � � � � � � �   � � � � � � �
� ³ � � � � »   ¤ � ¬ � � � � � �   � � � � J K L M N ¯ £ � � �   � ° �   � � � � � � � � � � � � � � � � © � � � � � � © � � ¨ � � � � � � � � � �   � � � � � � ° � � � � � � � �
� � ° � � � � � �   � � � ¥ ¹ � � � � � � � � � � � � � & � � � � � � � � £ � ³ � � � � � � � �   � � � � � � � � � �   � � � � � � � � � � ¸ � � � � � � ¨ � � � � � � � � � � � � � � �
� � � � � ¬   � � ¤ � � � � � � Ê ¥ Ò ¯ ¥

O ! " � � & ( C & ' $ 6 � @ : 6 � % $ C ( � � ( : % ' 6 " C & ' P ( & � ( � $ 6 ' � ( 6 & ' & � 6 @ ( � & � " � � � & " ' 1 1 � ( Q ( 1 1 ( � @ ( R ( C & : ( C � " % & ' % � @ : 6 ( 1 ' � & ( � ( � � % $ C ( � � ( : % �' 6 " C & ' P � > $ � ' D � ( ( 6 ( B C 1 : � ' $ 6 > : & : ( 1 1 ( > " ' � � $ 6 & 1 " & " ' 1 1 ( ( � & 1 : ( ( 6 C $ 6 C : % % ( 6 C ( �

�



µ � � � � � � � � � � � � # $ % & ' ( # ) ' *
  ¶ � � � � �   � � � � � � �   � � �

� J L � � V J T � � E T E G E V E � � �
U V F S E � E  F  0 F , , J P F � N N � �
E  F  N U G 0 � � V J T � V E � V L M E �
L G  P J 0 � � � � C $ > � & ( : % $ % � ' 6 " 1
� L 	 
 �

� � � � " � 6 P 8 E " % : � 8 G ( � & C $ > � ' 1 � ( 6 2
� K M Q � E  F  8 � � P J � �

� � � " : 9 ( : " % � ( > ' 6 ' > " 1 (
U 	 � F V T M 	 � �

E  F  0 � J � � � �
L U � E  F  N 3 M  3 4 � J V  E E � � � �

� � � � � 1 ( C " 1 C : 1 ( � & � $ 6 C & ( % > ' 6 � �
. L T G F , E V < L G 7 F P Q E � E  F  � �
V E  K V G �

�
� � ) C ' 1 @ ( B � C : & ' $ 6 C $ 6 & ' 6 : ( 2
� � � � : � 6 � % ( � C ( 6 C ( � � ; : ( 6 & ' ( 1 1 ( �
� M K L  E 
 �

� � M � G P ( � & ' > � 1 ' C ' & ( �
� U L G 
 �

Ã � � � � � �   ¶ � � � � �   � � � � � � � � �   � � �
< F L V E O E / K E  E - E 5 J , � � E  F  8 � P J � �

� � E  F  � ( % > ( & 1 " � : � 1 ' C " & ' $ 6 � (
� � 1 " U V F S E ( & 1 " % ( � % ' � ( �

E  F  N U G � E  F  8 P J � �
µ � � � � � � � � � � � � # $ % & ' ( # ) ' *
  ¶ � � � � �   � � � � � � � � �   � � �

� J L � � V J T � V E � V L M E � U V F S E � U 8 L G  P J � �
- K � , L / K E V < V F S E � U � �
M � L  P Q � P J � �
� � � L 	 
 �

� � C $ � ( " � � $ C ' � C M � F � G U 	 � F V T M 	 � �

	 � � � % ( � % ' � ( � ' M � F � G U 	 " � & � 9 $ 1 �
� M K L  E 
 �
� � C > " ; : ( M � F � G ( � & ' 6 & ( % � % � & � C $ > > (
� � � : C � & � � % $ C ( � � ( : % " C & ' P �

� � M � G P ' > � 1 ' ; : ( 1 " C % � " & ' $ 6 � @ : 6 ( & = C > ( 2
L U � �   E G � V E < L G 7 F P Q E � U � 	 0 O 3 � - 
 � �

 U L G 0 6 V E F  L J G 7 F P Q E � U 8 � � P J � �
V E  K V G �

�
� U L G 


� �

' � � � � � � ± � � � � � � � � �   � �   � � � ¨ � � � � � � � � � � � � � � ° �

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

¹ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � ³ � � � � �   � � � � � � � � �   � � � ¥ ´ � � � � �   � � � � � � � � � � � � � � � � �
� � �   � � � � � � � � �   � � �   � � � � � � � ² � Î � � � � � »   ¤ � ¨ � � � � � � � ¢ � � � � � � � � � � � � � �   � � � � � � �   � � � ¥ Ì � � �   � � � £   ¤ � ¨ � � � � � � � �   � � � �
J K L M N   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¨ � � � � � ° � � � � � � � � � � ¥ ´ � � � ¨ � ³ � � � � �   � � � � � � ° � � � � � ° � � � �
  ¤ � �   ¤ � � � � � � � ° � � � £ � � � � � � � ¨ � � © � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � »   ¤ � ¥

¦ � � � � £ � � � �   � � � � � � � � � � � � £ � ³ � � � � � � � � � �   � � � �   � � � � � � � � � � � � � � # $ % & ' � � � � � � � � � � � �   � � � � � � � � � � � � � ¨ � �
� �   � � � � � � � � � � � ¬ � � � � � � � � � � � � � � � �   � � � � � � § �   � � � � � � � � � � � � # $ % & ' ¯ � � � � ¢ � � � � � � ¥ ¦ � � � � £ � �   � � � $  � � � � � � � � �
� � � ¢ � � � � � � � � � � � � � � � ¬ ª � � � � � ¯ ± � ³ � � � � � � � � � � � � � � � � � � � � � � � � � �   � �   � � � ¨ � � � � � � � � � £ � ³ � � � � � � � � � � � � � � � © � �
� � �   � � � � � � � � �   � � � � � � � � � � � � � � � �   � �   � � © � � � � � � � � � �   � � � � � � � � � � � ¥

� � !  � � " � " � � " � � � � � ! � � � � " � ´ � � ¤ � � � � � � � � � ° � � � � � � � � � ¨ � �   � � � � � ¢ � � � � � � � � � � � � � � � � ¸ � � � � � � ¨ � � � � � �
� � � � � � � � � ¥
� � � � �  ! " # $ � - ; ( ; 2 3 ) ( 7 � . 9 3 7 9 ; ( 3 @ 8 < 8 1 . ( 3 4 ) ( 9 ) A < 3 = 3 2 . 2 7 / ; ) 2 9 / 3 6 ; ( 7 1 : 9 5 3 7 1 2 9 ( � / 3 5 3 / 0 1 ( 5 1 2 2 ) 2 7 3 8 3 2 9 =
/ 3 9 3 8 4 6 5 0 3 C < 7 ; 9 . 1 2 � D 6 ; ( � 4 ( 1 7 3 6 6 3 ; ( 6 5 0 ; 2 4 ( 1 A ( ) 8 8 3 1 ( 5 1 2 2 ) 2 7 < 4 ) ( 5 < A < 2 < ( 3 6 7 3 2 7 3 6 < ? ; 3 2 9 . 3 / / 3 � ) 7 9 . I 3
1 ; 4 ) 6 6 . I 3 � 3 6 9 � 1 ( 2 < 4 ) ( F

� D G � �
� � � � � � �  � %

- . 5 3 4 / ; 6 / 3 4 ( 1 A ( ) 8 8 3 3 6 9 6 < ( . 3 c 4 ) ( ) / / B / 3 3 9 / 3 4 ( 1 7 3 6 6 3 ; ( I 1 / < 9 . ( < ) ; � ) 6 ) ( 5 ; 2 . � 1 ( 8 < 8 3 2 9 = ) / 1 ( 6 � D 3 6 9 8 ) E 1 ( <
) I 3 7 ; 2 3 � 1 2 2 3 4 ( 1 � ) � . / . 9 < 4 ) ( F

� D G � �
� � � � � % � � � %

H ( 3 ; I 3 ´ � � � � � ° � � � � � � � � Î � � �   ¤ � � � ¨ � � Ê ¥ Ó � �   � � � � � � � � � � ¨ � � � � � � � � � � � �  � »   ¤ � � © � ¢ �   � � � � � � � � � � � � � � � �
� � � ¢   � � � � � � � � � � � � � � ¬   � ½ ¾ Ã À Ç Å ¯ ¥
� � � � � �   � � � ³ � � � � � � � � � � � � � � � � ² � � � � � � � � � £ � ³ � � � � � � � �   � � � � � � � � � � � � � � � � �   � �   � � � ¨ � � � � � � � � � � � � � � � � � ¨ � ³ � ° �  
� � � � � � � � � � � � � � � � � � � � � � � � ° � � � � � � � � § �   � � � � � � � � � �   � � � � � � ½ 	 ´ À Ä Å ¬   � � � � � � � ° � � � Ê ¥ Ó ¯ ¥ ¦ ° �   � � � � � � � �

Ë



LLL

T1 W

A A A

LLL

T1

2

A A A

W

A A A

LLL

W

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

L LibérationA AllocationW Calcul Dépendance

T1

2

T1

2

T1

2

W

' � � � � � Ë ± Ì � � � � � � � � � � � � � ³ � ¢ �   � � � � � � � � � � � � � � � � ¨ � � � � � � � � � � � � � � � � ½ Â � � À À Å ¥
� ( � % $ : % " > > ( / & ' % � � ( � . " 1 � � � ( & ' 6 � � ' % � � ( � � ! � @ � / C $ > � $ % & ( 2 � � S� & = C > ( � � � ( � : % � ( 	 
 � Q � S� & = C > ( � � @ " 1 1 $ C " & ' $ 6  C > " C : 6 ( � (
� : % � ( 8 ( & " 1 1 $ : " 6 & : 6 ( � � " C ( > � > $ ' % ( � � Q � S� & = C > ( � � � ( 1 ' # � % " & ' $ 6 C > " C : 6 ( " � � $ C ' � ( C : 6 ( & = C > (  � ! ( & ( > � � ( & 1 @ ( � � " C ( > � > $ ' % (
� � ; : ( 6 & ' ( 1 � � $ 6 & 
 � ( & � � � � ' ( 6 ; : ( 
 � � 	 
 � / 1 ( � C $ 6 & % " ' 6 & ( � � ( � % � C � � ( 6 C ( � $ 6 & & ( 1 1 ( � ; : ( & $ : & ( ( B � C : & ' $ 6 � " % " 1 1 � 1 ( 9 � % ' D " 6 &

 � � � S� ' > � 1 ' ; : ( : 6 ( C $ 6 � $ > > " & ' $ 6 > � > $ ' % ( � � � � � S� � � �

� � � � � � � � � � � £ � � � � � � � � � � � � � � � ° � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � & � � � � � � � � � % � � � £ � ³ � � � � � � � ¢ � � � �
� � & � � � � � � � ¥ T

¹ � � � � � � � � � � � � � � � � � � � � � � � � � ¸ � � � � ¨ � � � � � ³ � ¢ �   � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � � � � �   � � � � � ¥ ´ �
� � � � � � � � �   � �   � �   � � ° �   � � � � � � � © ° � � � � � � � »   ¤ � � � � � � � � � � � � � � � � � � �   � � � � � ¤ � © � � � � � � � � � � � � � � Æ � � � � � ¨ � � � �
� � � � � � � � �   � �   � � � � � � ° �   � � � � � � � © ° � � � � � � � � � � ¤ � � � � ¨ � � � � � ) 4 ( . 1 ( . � � � � � � � � � � � � � � � ¥ « � � � � � � ¨ � � � �   � Í � � �
� ³ � ¢ � � � � � � � � � � � � � � � � � � ° � � � � � � � � � � � � � � Æ � ¢ � � � � � � � � � � »   ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¨ � � �   �
� � �   � Í � ¥

Ì � � � ¢ � � � � � £ � � � � � � � � � ¹ � � + ½ ' ´ Ã À Ä Å � � � � � � � � � �   � � � � � � � � � � � � �   � �   � � � ¨ � � � � � � � � � � � � � � ° � ¥ � � � � � �   � � � �   �
� � � � � � � £ � � � � � � � � � � � � �   ¤ � º � � � � � � � � � � � � � � � � � � � � � � � � ³ � � � � � � � � �   �   � � � £ � � � �   � � � �   � � � � � ¨ � � ¨ � � � ³ � � � � � � � � ° �
  � � � � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Ì � � � � � ½ ¾ � ® Ä Ä Å ¥ � � � � � �   � � � � ¹ � � + £ � � � � ¸ �   ¤ � � � � � � � � � � �
� � � � � � � � � � � � � � � �   � � � � � � � � � � � � ¤ � � � � ¨ � � � ¥

� � � � � 	 �  � � 
 � � � 	 � � � h � � � � � � � [ � � � � �
´ � � � � � � � � � � � � �   � � ° � � � � � � � � � ° � � ° � � � � � © � � � � � � � � � � � � � �   � Í � � �   � � � � ¶ � � � � � ³ � � � � � � � �   � � � � � � � � � � � � � � � � � � � � �
� �   � � £ � � � � � � � �   ¤ � � � �   � � � � ¨ � � � � � � � � � � � � � � � � � � ° � � � � � � � � � � � � ³ � � � � � � � � � � £ � � � � � � �   � � � � � � � � ° � � � � � � �   � � � ¥
� � � �   �   � � £ � � � � �   � � � � � � � � ° � � � � � �   � � � � � � � � � � � � � »   ¤ � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � �   � � � ¥
¹ � � � � � � � � � � � � � � � � � � � � � ¸ � � � � � � �   � � � � ²   � � � � � � � � � � � £ � ³ � � � � � � � � � � �   � Í � � � � � � ³ � � ° � � � � � � � � � Î � � � � � � ° � � �
� ° � � � � � � � � � � � � � � � � � � � �     � �   � � ¼ �   � � � � � © � � � � � � � � � � � »   ¤ � � � � Î � � � ¥

¦ � � � � £ � � � � � �   � � � � � � � � � � � ¹ � � + £ � � � � � � �   � � � � � � � � � \ � ¿ « \ ½ ' ´ Ã À Ä Å £ � � � � � � � � � ° � � � � � � � � � ¤ � � � � ¨ � � £
� � � � � � � � � � ¥ ´ � � � �   � � � � � � �   � � � � & � � � � � � � � � � � � � � � � »   ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ´ µ ' � ¥ « �
� � ° � �   ¤ � £ � � � � �   � � � � � � � � �   � � � ° � � � � � � & � � � � � � � »   ¤ � � � � � � � � �   � � � � � ¬ ' � £ ª � � � � � � ¯ ¥ µ � � ³ ¸ � � � � � �   � � ¼ � � � ³ �     � �
© � � � � � � � ¨ � � � � � � ¨ � �   � � � � ²   � � � � � � � � � � � © � � � � � � � � � »   ¤ � £ � � � �   � � � � � ³ � � � � �   � � � � © � ³ � � � � � � � � � � � � ³ � � ° � � � � � ¥
� � � � � �   � � � � ¹ � � + � � � � � � � � � � � � � � � � � � � � � � � � � ² � � � � � � � � � � � � �   � � � � � � � � � £   � � � � � � � � � � � � � � ³ � ° � � � � � � � � � � � � �
� ¢ � � � � � � � ° � � � � � ¥

� � � � � � � � � � � � � ¤ � ¨ � � ¿ � � � ½ 	 Ì À Ä Å £   � � � � � �   � � � � � � � � � � � � � �   � � � � � � � � � � � � � � ¨ � � �   � � ¨ � � � ¥ ´ ³ � ¢ � � � � � � � � � �
� � � ³ � � � � �   � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � �   ¤ � � �   � � � � � � � � � � � � � � � � � � � § � � � � � � � � � � � � � �
� ¸ �   ¤ � � � � � � � � � � � � � � � � ° � � � � � »   ¤ � � � � � � � � � � � � � � � ¤ � � � � ¨ � � £ � � � � � �   � � � � © � � ° � � � � � � ¸ � � � � � ¥ � � � � � �   � � � �
¿ � � � £ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Ï � � �   ¡ Ï � ´ ¦ Ã µ Ï ¥

� � � � � 	 �  � � 
 � � � 	 � � � � � � � � �  �  � � � �
´ � � � � � � � � � � � � � � � � � � � ³ � ¢ �   � � � � � � �   � � � � � � ¨ � � � � � � � � � � � � � �   � � � � � � � � ¢ �   � � � � � � � � � � � � � � � � � � � � � � � � � � �   ²
� � � � � � � � � � � � � � � � � � �   � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � ¨ � ³ � � � � � ¨ � �
� � �   � � � � � � � � ¨ � � � � � � � ¥ ´ � ª � � � � Ë � � � � � � � � � � ¢ � � � � � � ¢ � � Î � � ¥

¹ � � � � � � � � £ � ³ � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¼ � � �   � �   � � � � ¨ � � � � � � � � � � � �   � � � � � � � � � � �
� � � � � � � ¥ ¹ � � � � � � � � � � � � � � ¢ � � � � � � � � � � � � � � � �   � � � � � � � � �  � »   ¤ � � � � � � � � � � � � � � � �   ¤ �   � � � � �  � »   ¤ � � � �
� § �   � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � Æ � � � � � � � � �   � � � � � � � � � � � � � � �   � � � �   � � � � � � � � � � ¸ � � � � N � � ¥ ¹ � � � � � � � � � �

Á



� � � � � � ¢ � � � � � � � �   � � � � � � � � ¨ � � � � � � � � � � � ° � � � � ±
� � L � � L % % % L � � L � � L % % % L � � L � � � � �

� � L % % % L � � L % % % L � � L � � L % % % L � � L % % % L � � � ) �
´ � ° � � � � � � � � � � � � � � ¨ � � � � � � � � ³ � ¢ �   � � � � �   � � � � � � � � � � � � © � ³ � � � � � � � � � � � � � � � � � £ � � � � � � ¨ � �   � � � �   � � � � � � � � ²
� � � � © � ³ � � � � � � ) � � � � � �  � � � � ¥ ´ � ° � � � � � � � � � � � � � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � ³ � � � � � £ � � � � � �   � � � � � � �
  � � � � ¶ � � �   � � � �   � � � � � � � � � � � � � � � � ³ � � � � ¢ �   � � � � � � � � � � � � � � � � � � � � � � ° � � � ³ � � � � � � � ¨ � � � � � � � ¨ � � � � � � � � � � � � � � � � �
� � ª � � � � ³ � � � �   � � � � � � � � � � ¨ � � � � � � � � � ¨ � � � � � � � � � � � � � � �   � ½ 	 Â É , À Ç £ , 	 À Ç Å ¥ µ � � � � � � � � � � � � � � � � � � �   � � � � � � �
� D © � � ¥
� � � � �  ! " # $ # & � ' � � + � , � 2 1 ( 5 1 2 2 ) 2 7 3 8 3 2 9 5 3 / . 6 9 3 ? ; . = 4 ) ( 8 . / 3 6 9 � 7 � 3 6 4 ( � 9 3 6 = ) d 3 7 9 3 @ ; 2 4 ( 1 7 3 6 6 3 ; (
. 2 ) 7 9 . � / ) 4 / ; 6 4 ( . 1 ( . 9 ) . ( 3 6 3 / 1 2 / 0 1 ( 5 ( 3 6 < ? ; 3 2 9 . 3 / ( 3 ? ; . 3 ( 9 ; 2 3 6 4 ) 7 3 8 < 8 1 . ( 3 	 8 ) E 1 ( < 4 ) ( F

	 G � � � � 
 � � %
1 � � � 3 6 9 / 0 3 6 4 ) 7 3 8 < 8 1 . ( 3 ( 3 ? ; . 6 4 ) ( / 0 3 C < 7 ; 9 . 1 2 6 < ? ; 3 2 9 . 3 / / 3 5 3 ( < � < ( 3 2 7 3 3 9 
 / 0 3 6 4 ) 7 3 8 < 8 1 . ( 3 8 ) C . 8 ; 8
) / / 1 ; < 4 ) ( ; 2 3 9 � 7 � 3 �
H ( 3 ; I 3 ´ � � � »   ¤ � � � � � � � � � © � ¢ �   � � � � � � � � � � �   + � � � � � � � � � � � � � � � � � � � � � � � � � � ³ � � � � � � ³ � � � � ¢ �   � � � � � � � ¨ � � � � � � � � �  ¥
´ � � � ¨ � ³ � � � � �   � � � � � � � � � � � � � � � � � »   ¤ � £ � � � � � � � � � � »   ¤ � � � � Î � � � �   � � � � � � � � � � � � � � ³ � ¢ �   � � � � ¥ ´ � � � »   ¤ � � � � �
� � � � ° � � � � � � � � � � � � � ³ � � � � � � � ¨ � � � � � � � � � � � � � �   � � � � � � � � � � � � ¥ ´ � � � � � � � ³ � � � � »   ¤ � � � � � � � � & � � � � � � � � � £ ©
  ¤ � ¨ � � � � � � � � � � � � � � � � � � »   ¤ � � � � � ° � � � Î � � � � ¢ �   � � � � � � � � ° � �   � � � � � � � � � � � © � ³ � � � � � � � ¨ � � � � � � � � � �   ¤ � ¨ � �
� � �   � � � � � � ¥ ¹ ¤ � ¨ � � � »   ¤ � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � 
 £ � ³ � � � �   � � � � � � � � � � � � � � � ¨ � � � � � � � � & � � �
� � � � � � � 
 � � ¥ T

É Î � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � �   � � � ¨ � � � � � � � � � £ � � � � � � � � � � � � � � � � � ° � � � � � �   � � � � � � � � � � � � � ° � � �
� � �   � � � � � � � ¥ ¹ � � � � � � � � £ � � � � � � � � � � � � � � � �   � � � � � ³ � � � � �   � � � � � � £ � � � � � � � � � � � � � � � � � & � � � � � ³ � � �   � � � � � � � � �
� � ¨ � � � ¥ Ì � � � ¢ � � � � � £ ¹ � � + � � � � � � � � � � � � �   � � � ³ � � � � � � � � � � � � � � ² � � � � � � � � � 6 9 ( . 7 9 � � � � � � � � � � � � ¸ �   ¤ � � � � � � � � � � �
� � � � � � � � � � � � � »   ¤ � � � � � � ª � � � � � � »   ¤ � � ¨ � ³ � � � � � � � � �   � � � � � �   � � � � � ¥ � � � �   �   � � £   � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � ° � ± � � � � ¨ � ³ � � � � �   � � � � � �   � � � � � � � »   ¤ � £ � � \ � � � � � � \ � ³ � ¢ �   � � � � � � � ²   � � � � � � � � � ¢ �   � � � �   � � � � � � � ° � � � � � »   ¤ �
� � � � � � � � � � � � �   � � � � ¬ � � �   � � � � � � � � � � � � � � � ³ � � � � � ¯ ¥ ¹ � � � � � � � � � � � � � � � � � � � � � � � ² � � � � � � � � � � � � �   � £ © � � � �
� � � � � � � £ � � ¸ � � � � � � � � � � � �   ¤ � � � � � � � � � � � � ¤ � � �   � � � � � �   � �   � � ¥ � � £ � ³ � � � �   � � � � � � � � � � � �   ¤ � ¨ � � � � � �   ¤ �
� � � � � & � � � � � � � � Æ � ³ � � � �   � � � � � � � � � � � � � � � ¨ � � � 	 � � � � � �   � � & � � � � � � 	 G � % � � ¥

� � � � � ~ � � � � � � ~ � � � � � � � � � � � �
� � � �   � � � � � �   � � � � � � � �   � � � � � � � � � � ¨ � � � � ¼ � � � � � � � � � � � � �   � � ° � � � � ³ � ¢ �   � � � � � � � �   � � � � Æ � � � � � � �   � �   � � � � � � �
� � � � � � � �   � � � � � £ � � � � � � � � � � � � � � �   � � � � � � � � � �   � � � � � � � � � � � � �   ¤ � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � Í �
� � � � � � � � � � � �   � � � � � �   � � � � � � ¥ µ � � ³ � � � � � � �   �   � � ³ � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � ¢ � »   ¤ � � � � & �   � � � � � � � � �
� � � � � � � � � � ³ �     � � � � � � � � � � �   � � � � � � � � »   ¤ � � � � � � � � � � � � Î � � � � �   � � � � � � £ � � � � � � � � � � � � � � �   � � � � � �   � � � � �
¬ � � � � � � � � � � � � � ² � � � �   � � � � � � � � � ¯ � � � � � � � � � � � � � � � � � ¢ � � �   � � � � � � � � � � � � �   � � ¥

� � � � � � � 	 	 
 	 � �  � 	 � � � � � � � � � � � � � � � � 
 � � 	 �
´ � � � � � � � � � ¤ � � � � ¤ � � � � ¨ � � � � ³ � � � � � � � �   � � � � � � � � � � � �   � � � � � ¨ � � � � � � � � � � � � � � � � � � « � ' � ) ( / . 3 6 9 � ) 6 � � . ( 6 9 � �
« Ã � � ) ( / . 3 6 9 � 3 ) 5 > � . ( 6 9 ½ ¿ ¹ ¦ ´ Ä À Å ¥ ¹ � � � � � ¢ � � � � � � � �   � � � � � � � � � � � � � ¸ � � � � � � � ¥ µ � �   � � � � � � � � � © � � � � � � � �   � �
� � � »   ¤ � ¨ � � � � � � � �   � � � � �   � � � � � � ¢ �   � � � � � � � � � � � � ¶ � ¬ � � � � � � � � � � �   � � � � � � � � � � � � � � � ° � � � � � � � � �   � � � � ²
� �   � � � � � ¯ � � � � ³ � � � � � � � �   � � � � � � � � � �   � � � � ¥ Ï � � � # � � # � � % % % � # D � � � � � � � �   � � � � � � � ¥ ´ ³ � � � � � � � ¤ � � � ° � � � � � � �   £
� � � �   ¤ � ¨ � �   � � � � � � � � � � � � � � � # £ � � � � � � � � � � � � � � � � � � � � � � »   ¤ � � � � � � � � � � �   � � � � � � � � £ � �   � � � � � � � � � � � � �
� � � � � � � �   � � � � � �   � � � � � � � � � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � � � � ¥ Ï � � � � � � � � � � � �   � � � � � � � � �   � � © � � � � � � � � � � � �
� � � � � � � � � � � � � � � Æ � � � »   ¤ � � � � � � � � � � � � � � � � � � �   � � � � � � � � �   � � � � � � � � ¥

´ � � ¤ � � � � � � � � � ° � � � � ° � � � � � � � � � � � � � � �   � � ³ � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
½ ¿ ¹ ¦ ´ Ä À Å ± � � � � � � � � �   � � � � � �   � � � � � � �  � � � � � � � � � � � � ¢ � � �   � � � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � �
� � � � � ¥
� � � � �  ! " � $ % & � . ; + � , - . / 0 1 2 2 < A / . A 3 / 3 7 1 : 9 5 3 7 ) / 7 ; / 3 9 5 3 ( < ) / . 6 ) 9 . 1 2 5 3 / 0 1 ( 5 1 2 2 ) 2 7 3 8 3 2 9 = 9 1 ; 9 1 ( 5 1 2 2 ) 2 7 3 c
8 3 2 9 5 3 9 > 4 3 / . 6 9 3 ) 6 6 . A 2 ) 2 9 ; 2 3 9 � 7 � 3 4 ( � 9 3 6 ; ( / 3 4 ( 1 7 3 6 6 3 ; ( ? ; . 5 < 8 ) ( ( 3 ( ) 6 1 2 3 C < 7 ; 9 . 1 2 ) ; 4 / ; 6 9 � 9 7 1 2 5 ; . 9
@ ; 2 9 3 8 4 6 5 0 3 C < 7 ; 9 . 1 2 � D 8 ) E 1 ( < 4 ) ( F

� D G � �
� � � � � �

� � � � � � �  ! " %

# ! @ ' 6 � ( % & ' $ 6 ( & 1 " � : � � % ( � � ' $ 6 � " 6 � 1 " 1 ' � & ( � ( : 9 ( 6 & A & % ( ( R ( C & : � ( � ( 6 : 6 6 $ > # % ( C $ 6 � & " 6 & � @ $ � � % " & ' $ 6 � � " % C > " $ 6 " : ( 2 1 ( � & = C > ( �
D 1 1 ( � � $ 6 & ' 6 � � % � ( � C 1 @ " 6 C ' ( 6 6 ( � $ � ' & ' $ 6 � ( 1 " > � % ( �

Ç



µ � � � � © � � � � � ¨ � � � � � � & � � � � � � � � � � � � � � � � � � � � ¨ � � � � � � � � ¤ � � � ¼ � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � £ � � � � � ¨ � �
� � � � � � � � � � � � � »   ¤ � � � � � � � ° � � � � � � � �   � � � � � �   � � � � � ¥ ¹ � � � � � � � � £   � � � � � � � � � ¤ � � � � � � ° � � � � � � � � Î � � � � � � � � � � �
© � � ° � � � � Æ � � � �   �   � � £ � � � � � � � � � � � � � � � � � � � � & � � � � � � � � � � � � � � � � ± � D G R SD � � � � �D � � � � � �  ! " � ½ � � � À À Å ¥ Ì � �
� � � � � � � � £ � �   � Í � � �   � �   � � � � � ³ � � � � � � � �   � � � � � � � � � � �  � � ½ ¿ ¹ ¦ ´ Ä À Å ¥

� " ! ! � � � " $ � ³ � � � � � � � �   ¤ � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � ¤ � � � � ¨ � � � � � � � � � � � � � � � �   � � � � � �   � � � � � � ¥
Ì � � � �   � � � � � ²   � £ � � ( 3 A ( 1 ; 4 3 8 3 2 9 � � � »   ¤ � �   � � � � � � � © � � � � � � � � � � � � � � � Î � � � � �   � � � � � � � � � � »   ¤ � � � ¸ � � � � �
� � � � � � � � � � � � � � � � � �   � � ¥ ¦ � � � � £ Ì ¸ � � � � ½ Â � À � Å   � �   � � � © � � � � � � � � � � � �   � � � �   � � � � � � � � � � � � � � � � � � �   � � � � � � � �
� � � � � � � � � � � � � � � � � � � � �   � � � � � � � ° � � � � � � � � � � � � � � � � � � � � � � � � �   � Í � � � � � � � � � � � Æ � � � � £ � � � � � � � � � � � � � � � � � � £
� � � � � �   � � � � � � � ° � � � � � � � � � � � � � �   � � � � � � � � � � �   � � � � � � � � ¤ ¸ � � ¨ � � � ¥
� � � � � � � � � �   ¤ � � ¨ � � £ � � 5 ; 4 / . 7 ) 9 . 1 2 £   � � � � � � � © � � � � � ¨ � � � � � � � »   ¤ � � � � � � � � � � � � � � � �   � � � � � � � Æ � � � � � � � � � � � � � � �
�   � � � � � � � �   � � � � � »   ¤ � � � � � � � � � Î � � � �     � � � � � � �   � � � � � � � � � � �   � � � � � �   � � � � � � � �   � � � � �   � � � � � � � ¥ 	 � � � ¨ � �
° � � � � � � � ¤ � � � � ¨ � � � � � � £ � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � ½ ¹ ¹ ´ ´ À Ë Å £ � ³ � � � � � � � � � � � � � � � � ¨ � �
� � � � � � � � �   � � � � � � � � � � � � ³ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � �
� � ° � � � ¥

� � W � � � � � � � � � � � 
 Y � � 
 � � � 	 � � Y � � � � � 	 	 
 	 � �  � 	 �
É Î � � � ° �   � � � � � � � � � �   � � � � � � � � � � � � £ � ³ � ¢ �   � � � � � � � � � � � � �   ¤ � � �   � � � � � � � � � � � � � � � �   � � � � � � � � �   � � � � � � ²
  � � � � � � ¥ Ì � � � � �   � � ° � � � � � � � � � � � � � �   � � � � � �   � � � � � � � � � � �   � �   � � � £ � � � �   ¤ � � ¨ � � � � ° � � � � � � � � � � � � � � � � � � � ²
  � � � � � � � ¬ 4 ) ( ) / / 3 / 6 / ) 7 � 2 3 6 6 ¯ £   � � � � � � � © � � � � � � � � � � �   � � � � � � � ° � � � � � � � � � � � � � � � � �   � � � � � � � � ¤ ¸ � � ¨ � � � ½ ¾ Ã À Ç Å ¥
� ³ � � � � � � � � � ° � � � � � � � ¨ � � £ � � � � �   ¤ � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¬ 8 ; / 9 . 9 � ( 3 ) 5 . 2 A ¯ � � � � � � � � � � � � � � � � � � � �
� � � � � � � � ° � � � � � � � � � � � � � ¥

µ � � � � � � � � � � � � � � �   � � � � � �   ¤ � � ¨ � � £ � ³ � � � � � � � � � � � � � � � � � � � � � � � � �   � � £ � � � � � � �     � � � �   � � £ � � � � � �   � � � � � � ²
  � � � � � � � � � � � � � � � � � � � � � � � � ¥ � � � � � � � � � � � ½ ´ ' ¦ À Á Å � � � � � � � �   � � � � � � � & � � �   � � � � � � � � � � � � � © � � � � � � � � � � �   � �
� � � � � � � � � � � � � � ° � � � � � � � � � � � � � � � � � � � � ¥ ´ � � � ¨ � ³ � � � � � � � � � � � � �   � � � � £ � � � � � � ¨ � �   � � � � � � �   � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � �   � � � � � � # � ¨ � � � � � � � � � � ³ �   � � � � � � ¥ ¦ � � � � £ � � � � � � � � � � � »   ¤ � �     � � �   � � � � � � � � � � � � � �   ²
� � � � � � �   � � Î � � � � �   � � � � � � £ � � � � � � � � � � � � � ¨ � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � �   � ³ �     � � � � � � � � � � � � � �
  � � � � � �   � � � � � ¥

´ ³ � �   � � ° � � � � � � � �   � � � � � � � � � � � � � � � � � � ¨ � � � � � »   ¤ � ¨ � � � � � � � � � �   � � � � � � � � ¢ �   � � � � � � � � � � � �   � � � � � � # �
� � § � � � � � � � # � ¥ � � � �   �   � � £ � � � � � � � � � � � � ¢   � � � � � �   � � � � � � � � � ° � � � � � � � � Î � � � � � � � � � � � � ± � � � � � � � � � � �
� � # � ° � � � # � � � � � � � � � � � � � � � � � � � � � � Æ � ³ � � � � � � � � � � � � � £ � � # � ° � � � # � £ � � � � � ³ � � ° � � � � � � � � � � ¥ ¹ � �
� � � � � ² � � � � � � � ° �   � ¸ �   ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¥

¹ � � � � � � � � £ � � � � � � � � � ¨ � � � ³ � � � � � � � �   � � � � � � � � �   � �   � � � � ° � � � � ³ � ¢ �   � � � � � � � � � »   ¤ � � ¥ ´ � � � ¨ � � # � � � � � � � �
� ³ �   � � � � � � £ � � � � � � � � �   ¨ � � � � � � � � � � � � � � � � � � � � # � ± � � � � � � � � �   � � � �   � � � � � � � � � � � ° � ¸ � � � � � � � � � �   � � � � ²
� � � � � � � � � ¥ Ï � � � � � � � � � � � � £ # � � � � � ¬ � ³ � � � � � � � �   � � � � � � � � � � � � ²   � �   � � � ¯ ¨ � ³ � � � � � � � � � � � � � »   ¤ � J ¨ � � � � � � � � � �
� � � � � � � � � �   � � � � � � � # � ¥ µ � � � � � � �   � � Î � © � �   � ° � � � � � � � � � � � � � � # � ¬ � � � � ¢ � � � � � � � � � � � ¶ � � � ¸ �   ¤ � � � �
� ³ � � � � � � � � � � � � � �   � � � � � � ¯ ¥ ¦ � � � � £ � ³ �     � � © � � � � � � � � � � � � � � � � � � � � Î � � � � � � � � � � � � � � � � � � � � �   � � � � � �   � � � � �
� � � � � � �   � � � � � � � � � � � ¨ � � � � � � £ � � � � � � £ Î � � � � � � �   � � � � � � � � � � � � � � � ¸ �   ¤ � � � � ¥

� � � � � � � � � � � � � � £ � � �   � � � � � �   ¤ � � ¨ � � � ³ � � � � � � � � � � � � � � £ � � � � � � � � � �   � � � � � �   � � � � � � � � � � � � ¨ � � ©   � � � �
� � ¨ � � � � � � � � � � � � � � � � � � ¨ � � ° � � � � � �   � � � � ° �   � � � � � � � � � � � ¤ � ¨ � � � � � � � � � � � � � � � � � � � � �   � � � � É Ì µ � � �
� ¢ � � � � � ¥ ¹ � � � � � � � � £ � ³ � � � � � Î � � � � ³ � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¥ « � � § � � £
� ³ � � � � � � � �   � � � � � � � � ° � � � � � � � � � � Î � � � ¨ � � �   � � ¨ � � £ � � � � � � � � � � � � � � � � � � � É Ì µ � � � � Î � � � � � � � � � � � � �   � � � � � � �
© � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   © � � � � � � � � ³ � ¢ �   � � � � � � � � � � � � � � � � ¥ � � � � � �   � � � � � ³ � � � � � � � � � � � � � � £
� �   � � � � � � � � � � � Î � � � � � � � � � � ¨ � � � �   � � � � � � �   � Æ � � �   � � � � � � �   � � � � � � � � � � � � � � � � � ³ � � � � � � � �   � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � ¥

¹ � � � � � � � � � ¤ � � � ³ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¸ � � � � � � � � � �   � � � � � � � ° � � � � ¥

� � � f Y g � � � � �  � � � � �  h � Y 
 � � � 	 � Y 
 [ � Y � � � � � � �   � 	 � � 
 � � � 	 �
´ ³ � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � �   � � � � � � � � �   � � � � � � � ¤ � � � ¼ � � � � � � � � � � � � � � � � � � � � �   � � � � �
� ° � � � � ³ � ¢ �   � � � � � � � � � »   ¤ � � ¨ � �   � � � � � � � � � �   � � � � � ¤ � ¥ ¹ � � � � � � � � � � � � ³ � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � ¢
� � � � �   � � � � � � � � � � � � � � � � � � � � � � � ¨ � � � � � � � � � � � � ¤ � � � ¼ � � � � � � � � � � � ¬ � � � � �   � � � � � � � � � � � � � � � � � ³ � � � � �   � � � � � ¯ � � � �
Î � � � � �   � � � � � � � � � � � � ª � � © � � � � � � � � � ³ � ¢ �   � � � � � � ³ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¥
¹ � � � � � � � � £ � � � � � ³ � � � � � � � � �   � � � � � � © � �   � � � � � � � � � ¸ � � � � ¨ � � £ � � � � � � � � � � � ¢ � � � � �   � � � � � � � � � � � � � ¨ � � � � � �
� � � � � � � � � � � � � � � � � � �   � � � � � � � ¤ � � � � ± � ³ � ¢ �   � � � � �   � � � � � � � � � © � � � � �     � � � � � � � � � ¤ � � � � � � � � �   � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � ³ � ¢ �   � � � � � Æ � � � � �   � � � � � � � � ³ � � � � ¤ � � � � � � � � � � � �   � �   � � � � § �   � � � � � � � �
� � � ¤ � � � � � �   � � � � � � ¥

Ä



R_W

R_W

R_W

R

Processeur 2Processeur 1

R_W

R_W

R_W

R

t5

t4

t3

t2

t1t1

t2

t3

t4

t5

Communication d’une version d’un objet partagé

a1

a2

a3

a1

a2

a3

a4a4

2 : % 1 ( � % $ C ( � � ( : % � / 1 " & = C > ( � � ( � & � % A & ( > " ' � C $ > > ( ( 1 1 ( "
� & � � 1 " C � ( � : % 1 ( � % $ C ( � � ( : % � / ( 1 1 ( ( � & % ( & ' % � ( � : : % " � > ( � " 6 �
A & % ( ( B � C : & � ( � � $ : % � � / 1 ( � % $ C ( � � ( : % 8 " & & ( 6 � " 1 $ % � 1 " 9 ( % � ' $ 6
� � � ( 1 @ $ # � ( & > $ � ' D � � " % � � �
2 : % 1 ( � % $ C ( � � ( : % � / 1 " & = C > ( � � ( � & ( B � C : & � ( � : ' � % ( & ' % � ( � :
: % " � > ( � ! ( 6 � : � � � � ( 9 ' ( 6 & � % A & Q 1 ( : % " � > ( � ( % > ( & � ( � ( 9 $ ' %
; : ( 1 ( � % $ C ( � � ( : % � " & & ( 6 � 1 " 9 ( % � ' $ 6 � � � ( 1 @ $ # � ( & � " % & " : � � $ : %
( B � C : & ( % � � � ! ( � % $ C ( � � ( : % � � ( : & " 1 $ % � � � � 1 " & ( % > ' 6 " ' � $ 6 � (
� � ( 6 9 $ ? ( % � � � : % 1 ( � % $ C ( � � ( : % � �
! ( > A > ( > � C " 6 ' � > ( ( � & " � � 1 ' ; : � 1 $ % � � ( 1 " & ( % > ' 6 " ' � $ 6 � (
� � � ! ( � % $ C ( � � ( : % � � ( : & " 1 $ % � ' > > � � ' " & ( > ( 6 & ( 6 9 $ ? ( % � � " :
� % $ C ( � � ( : % � � $ : % � � �

' � � � � � Á ± µ � � � � � � � � � � � � � � ³ � � � � � � � � � � �   � � � � � � � � � Ë � »   ¤ � � � � � Ò � � �   � � � � � � � ½ � � � À À Å ¥
! ( � C ( % C 1 ( � % ( � % � � ( 6 & ( 6 & 1 ( � & = C > ( � E ( 6 � $ ' 6 & ' 1 1 � � ' 1 " & = C > ( ( � & � 1 " C � ( � : % : 6 " : & % ( � % $ C ( � � ( : % G ( & 1 ( � % ( C & " 6 : 1 ( � 1 ( � � $ 6 6 � ( � ( 6
" � � ' : 6 " & ' $ 6 : 6 ' ; : ( E C > " C : 6 ( C $ % % ( � � $ 6 � C : 6 ( 9 ( % � ' $ 6 � @ : 6 $ # � ( & � G �

Ì � � � � � � � � � ª � � £ � � � � � � � � � ¤ � � � � � �   � � � � � � � � � �   � ± � � � � � � � � � ¨ � ³ � � � � »   ¤ � J 	 � � � � � � � ³ � � � � � � � � � � ¼ � � ¥ ´ �
ª � � � � Á £ � � � � � � � ½ � � � À À Å £ � � � � � � � � � � � � � � ¢ � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � ¥

´ ³ � ¢ �   � � � � � � � � � � � � � � � � � � � � � � � � � � ° � � � � � � ¨ � � � � � � � � � � � � � � � � �   � � � ±
% $ « ¢ �   � � � � � � � � � � »   ¤ � � �   � � � J 	 � �   � � � � � �   � � � � � ³ � � � � � � ¤ � 
 � �   � � ° � � � � � ¼ � � � � � � � � � � � ¥
� $ ¹ � �   � � � ³ � � � � � � � � � �   � � � � � � � 
 ¬ � � � � ¢ � � � � � � ° �   « � ' ¡ « Ã � ¯ ¥ ¦ � � � � £ � � � � 
 £   ¤ � ¨ � � � »   ¤ � ¬ � � � � ¥   ¤ � ¨ � �
� � � � � � � � � � � � � � � � � � � � � � ¨ � � ¯ � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � ¨ � � � � � � � � � � � � ³ � ¢ �   � � � � � ¬ � � � � ¥ � ³ �   � � � � � � ¯ ¥
# $ � � § � � � � � � � 
 � � � � � � � � � � � � � � �   � � � � � � � ¥
� $ µ � � � � � � � � � � � � � � �   � � � � � 
 � � �   ¤ � ¨ � � � � �   � � � � � � ¨ � � � ¢ �   � � � � � � � »   ¤ � � ¨ � � � � � � � � � � � � § �   � � � � ¥

´ ³ � � � � � � � ³ � � � � � � � � � � � � � � � � � � � � � �   � � ° � � � � � � � � � � � ¨ � � � � � � � � ¤ � � � � � � � � � ¨ � � � � �   ¤ � ¨ � � � � �   � � � � � � ¥ ¹ ¤ � ¨ � �
� � �   � � � � � � � � � � � � � � � � � � � � � »   ¤ � � £ ¨ � ³ � � � � � � � � � �   � � �   � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � ¥ Ì � � �   ¤ � ¨ � � � � � � � �
�   � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � »   ¤ � � �   � � � � � � � £ � � � � � ¨ � � � � � � � �   � � � � � � � � ¸ �   ¤ � � � � � � �
� � � � � � Æ � � � § � � £   ¤ � ¨ � � � � � � � � � � � � � � � � � � � � � � � � ¨ � � � � � � Î � � � � �   � � � � � � � � � � � � � ª � � � � »   � © � � � � � � � � � � � ¨ � �
� � � � 
 ¬ 9 ) A ¯ ¥ ¹ � � �   � � � � � � � � � �   � � � � � � � � ¸ �   ¤ � � � � � � � � � � � ³ � � � �   � � � � � � �   � � � � � �   � � � � � � ¥
´ ³ � � � � � � � ¤ � � � ³ � � � � � � � � � � � � � � � � �   ¤ � ¨ � � � � �   � � � � � � � � � � � � � � � � � � � ° � � � ±

& � �  � �  � � # � � � � # � % * � � # � � * %  � � � ' � � � �
� � � � * � � �  � � * � $ � � � ' # �  � � � # � � �
� � � � � �  �  ! � �  � % � � # � � � � # � % * � � # �  � � � # � � �
& � �  � " � # � � $ � ) � � �

� � � # $ � $ � � �
� $ � * � � �  � � � �
� ' % � � � *  � � �  � # � � � ( ( e b j h p _ d a ^ _ b j j ] c a d c a b _ g _ h a h b j p ] l l b i b j

( ( b c { ] d j f j & c p y _ ] c b j ' f { b p a f k ( { b _ j e b j g _ ] p b j j b ^ _ j
( ( r ^ d ] c a g ] j a h i b j _ b r ^ ) a b j i b e b p a ^ _ b t

* *
¹ � � �   � � � � � � � ³ � � � � � � � � � � � � � �   � � � � � � © � � � � � � � � � � ° � � � � � � � � � � � � � � � ³ � ¢ �   � � � � � ¥
� � � � �  ! " � $ � & + 1 ( + + , � 2 . 2 7 / ; ) 2 9 / 3 7 1 2 9 ( � / 3 5 3 / 0 1 ( 5 1 2 2 ) 2 7 3 8 3 2 9 = / 3 9 3 8 4 6 5 0 3 C < 7 ; 9 . 1 2 � D 6 ; ( � 4 ( 1 7 3 6 6 3 ; ( 6
5 0 ; 2 3 8 ) 7 � . 2 3 @ 8 < 8 1 . ( 3 5 . 6 9 ( . � ; < 3 � 8 1 5 B / 3 5 < / ) . � 5 0 ; 2 4 ( 1 A ( ) 8 8 3 5 ) 2 6 / 3 ? ; 3 / 6 3 ; / 3 / ) 9 � 7 � 3 ( ) 7 . 2 3 7 ( < 3 5 0 ) ; 9 ( 3 6
9 � 7 � 3 6 3 6 9 � 1 ( 2 < 4 ) ( F

� D G � �
� � � � � � �  ! " � � � �  � � � , �  �

1 � � � �  � � 8 ) E 1 ( 3 / 3 7 ) / 7 ; / ) ( . 9 � 8 < 9 . ? ; 3 5 ; A ( ) 4 � 3 
 3 9 5 3 6 1 2 1 ( 5 1 2 2 ) 2 7 3 8 3 2 9 � 6 ) 2 6 7 1 8 8 ; 2 . 7 ) 9 . 1 2 � 3 9 , �  �
3 6 9 / 3 9 3 8 4 6 5 3 5 .d ; 6 . 1 2 5 3 
 6 ; ( 7 � ) 7 ; 2 5 3 6 4 ( 1 7 3 6 6 3 ; ( 6 �

H ( 3 ; I 3 � � � � � � ³ � � � � � � � � � � � � � � � �   � � � � � � £ � � �   � � � � � �   � � � � � � � � � � � � � � � � �   � � � � � � � � � � Æ � � � � � � � � �  ! " � � � � �
� � �   � Í � � �   � � � � � �   � � � � � � � � � � �   ° � � � � � ¥ ´ � � � �   � Í � � � � © � ³ � � � � � � � �   � � � � � � � � � � & � � � � � � ± � �   � �   � � � �
� ³ � � � � � � � �   � � � � � � � �  � � Æ � � � � § � � � � � � � � � � � ¤ � � � � � � � , �  � Æ � � ª � � �   � �   � � � �   � � � � �   ¤ � ¨ � � � � �   � � � � � �
� � � � »   ¤ � � � � Î � � � � �  � ¥ � ³ � � � � � � & � � � � � � � � � � � �   � Í � � � �  � � � , �  � ¨ � � ° � � � � � ³ � & � � � � � © � � � � � � � � � � � �
� ³ � � � � � � � �   � � � � � ¬ � ¤ � � � � � � � ¥ Ó ¯ ¥ T

¦ � � � � £   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ³ � ¢ �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ª � ¬ � � �   ) 4 ( . 1 ( .
� � � � � � � � ¯ � � � � � � � � � � � � � � � ·   �   � ¨ � � � � � � � ° � � � � � � � � � � � � � �   � � ¢ � � �   � � � � � � � � � � � �   � � � Ï Ì É � � � � � �

À



� � �   � � � � � � � ¬ �   � � � � � É Ì µ � � � � ¢ � � � � � ¯ ¥ ¦ � � � � £ � � � � � � � � ° � � � � � � �   � � � � �   � � � � � � � � � � � � �   � �   � � � � � � � � � � � � �
  � � � � � � � � � � ª � � � � � � � � � � � ³ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � £ � � � � � � �   � � � � �
a � � � ½ Ã � � À Ä Å £ Ã � � � � ½ � ' À À Å � � ¦ � ¤ � � � �   � � ² Ó ½ Â Ã ¹ � À Ä Å ¥ � � � � � �   � � � ³ ¦ � ¤ � � � �   � � ² Ó £ � ³ � � � � � � � ¢ � � � � � � � � � � � �
� � � � � � � � � � �   � �   � � � � � � � � � � � � � �   � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � µ 	 É Ï Ì Ó © Ó Á
� � �   � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � ¹ ¤ � � � � + ¸ ¬ ª � ¥ Ç ¯ ¥

0

20

40

60

80

100

120

140

160

400 800 1200 1600 2000 2400

m
flo

ps

Taille de la matrice

Execution  sur 16 processeurs, taille des blocs = 100

Athapascan-1 dynamique, glouton
Athapascan-1 dynamique, cyclique bidimensionnel

¬ � ¯
0

100

200

300

400

500

600

700

800

0 500 1000 1500 2000 2500 3000 3500 4000

m
flo

ps

Taille des matrices

Execution  sur 16 processeurs, taille des blocs = 100

LLt athapascan-1
LLt scalapack

¬ � ¯
' � � � � � Ç ± ' �   � � � � � � � � � � � � ¹ ¤ � � � � + ¸ � � � µ 	 É Ï Ì Ó � ° �   Ó Á � � �   � � � � � � � � ³ � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � �   �
  � � � � � � � � � � � � � � � � Ó � � ± ¬ � ¯ � � � � � � � � � � � � �   � �   � � � � � � � � � � � Æ ¬ � ¯ � ° �   � � � � � � � � �   � �   � � � � � � � � � � � � �   � � � � � � � � � �
� ° �   Ï   � ´ � � �   + ¯ ¥

� � � � � ~ ~ � ~ � � � � ~ � � � � � � � � � � � � � � � �
� � � � � �   � � � ³ � � � � � � � � � � � Ï É Ì £ � � � � � � ¢ � � � � � � � � �   � �   � � � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � � � ° � � � Î � � �   � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¢ � � ° � � � ¢ � � � � � � � � � � � � � � ±

� � � � � � � � � �   � �   � � � � � � � � � � � ± � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � »   ¤ � � � � � � � � � � � � � � � � � � � § � � � � � � � � � � � � � �
� ³ � �   ¤ � � �   � � � � ¥

� � � � � � ² � ¤ � � � � � � � � �   � � ± � � �   ¤ � ¨ � � � � � � � Ï É Ì £ � � � � »   ¤ � � � � � � � � � � � � � �   � � � � � � � � � � ¤ � � � � � � � � � � ¢ � � � � � � �
� � � � � � � � � � � � � � � ¤ ¸ � � ¨ � � ¬ � ¤ � � � � � � ¸ � � � � � ¯ � � � �   � � ° � � � � � � � � � � � � � �   � � � � � �   � � � � � � � � � �   � �   � � ¬ � ¤ � � � � �
� � � � � � � � � � � ¯ ¥

� � � � � � � � � �   � �   � � � ¨ � � � � � � � � � ± � � �   ¤ � ¨ � � � � � � � Ï É Ì £ � ³ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � �   � Í � � �   � � � ³ � � � � � � � �   � � � � � � � � � � � � � � � � � ³ � ¢ � � � � � � � � � � � � � � � Í � � � � � � � � � � � � � � � ¥

Â � »   � ©   � � � �   ¤ � � ¨ � � � £ � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � � � � � ª � ¬ � � � � � ¯ � � � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � �
� »   ¤ � � � � � �   � � � � ¨ � � � � ¬  � � � ¯ � � � ° � � � Î � � � � � � � � � � �   � � � ·   �   � � � � � � � � � � � � �   ¤ � � �   � � � � � � � � ¸ � � � � � � � � �
¤ � � � � � � � � � � � � � � � � � � ¨ � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � ° � � � R SR V ¬ � 1 ( � c � ( 6 9 4 ( . 2 7 . 4 / 3 ¯ � �  ¬ 4 ) ( ) / / 3 /
6 / ) 7 � 2 3 6 6 ¯ ¥

´ ³ � � � � � � � � � � � � � � � � � � � � � � � � � ¸ � � � � � ¦ � ¤ � � � �   � � � � � � � � � � � � � � � � � �   � � � � � � � ½ ¹ � Ã À Ä Å ¬ ' � � ¥ Ä ¯ ¥ ´ �
� � � � ¤ � � � ¼ � � � � � � � � � � � � � � �   � � © � ³ � ¢ �   � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � £ � ° �   � � � � � � � � � � � � � � � �   � Í �
� � � � � � � � � � � � � � � � � � � � � � � � ¥ ´ � � � � � � � � � � � � � � � � � � � � �   � � � � � ¬ � � � � � � � � � �   �   � � ¢ ²   � � � � � � � ¨ � � � � � � �
� � � � � � ª � � £ � � � � ¢ � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ½ � � � À À Å ¯ £
� � � � � � � � � �   � � � � � « � ' � �   � � � � � ¤ � � � �   � �   � � � ¥ ´ � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � �   � �   �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ³ � � � � � � � ¤ � � Ñ � ¥ Ê ¥ « � � � � � � £ � � � � ° � � � � �   ¤ � ¨ � � � � � � � � � � � � � � �   � � � � � � £ � �
� � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � �   � �   � � � ¨ � � � � � � � � � ± � � �   � � � � � � � � � � � »   ¤ � � � � � �
� � � � � � � � � � � � � � � � � � � � � � ³ � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � �   � �   � � � ¨ � � � � � � � � � �   � � ° � � � � � ³ � � � � � � � ¤ � � � � � � � � � �
� � Ñ Ê ¥ Ê ¥ Ó ¥

´ � ª � � � � À   � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � �   � � � � � � � � � Ó Á � � � � � � ¨ � � � � � ²
� � �   � � � � � � � ©   � � � � � � � � � � � � � � ° �   � � � � �   � � � � � � � � � � � � � � � � � � �   ¸   � � ¨ � � � � � � � � Á � � � �   � � � � � � � ¥

Ó �



Global reserve

Node 1 Node n

Global reserveWork lists

.
2

1

m
.

Application

graph transitions

task terminations

tasks to run

Executor

Scheduler

1 2 m

. . .

Local Mem

graph transitions

task terminations

.

tasks to run

Executor

Scheduler

Application

' � � � � � Ä ± É � � � � � � � � ° � � � ³ � � � � � � � � � �   � � � � �   � � � � � � � � � � � � ¸ � � � � � ¦ � ¤ � � � �   � � ² Ó ¥ ´ � � � »   ¤ � � � � � � � � � � � ²
� � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � �   � � � � � � � � � � � Æ � � �   ¤ � ¨ � � � � � � � Ï É Ì £ � � � � »   ¤ � � � � � � � � � � � � � �   � � �
� � � � � � � � � � � �   � �   � � � ¨ � � � � � � � � � ¥

0

2000

4000

6000

8000

10000

12000

2000 3000 4000 5000 6000 7000 8000 9000 10000

m
flo

ps

Taille des matrices

Execution  sur 4 x 16 processeurs, taille des blocs = 100

LU athapascan-1
LLt athapascan-1

produit de matrices athapascan-1

' � � � � � À ± � � � � � � � �   � � � � � � � �   � � � � � � � � � � � � � � � � � � �   � �   � � � � � � � � � � � � � ¬ « � ' ¯ � � � � ¨ � � � � � � � � � � � � � � � � � � � � �
� � Ó Á Ï � , � � � � � Ï � � �   ¨ � � � � � ² � � �   � � � � � � � Æ   � � � � � � � � � � � ° �   � � � � � � � � � � �   � � � � � � � �   ²   ¸   � � ¨ � � � � � � � � � � � � � � � �
� � � � � � Á � � � �   � � � � � � � ¥

Ó Ó



� � � ~ � � � � � � ~
¦ � � � � � � � � � � � ³ � � � � � � � �   � � � � � � ³ � � � � � � � � � � � � � � � � � � ³ �   � � � � � � � �   � � � � � � � � � � � � � £ � � � � � � � � � � � � � � � ³ � �   ¤ � � �   � � � � ¥
, � � � � � � � � � � � � � � ¢ � �   ¤ � � ¨ � � � £ � � � � � � � � �   � �   � � � ¨ � � � � � � � � � � ³ � � � � � � � � � � � � � � � � � � � � ³ � � � � � � � � � £ ¨ � � � � � � � ²
� � � � � � � � � � � � � � � � � � �   � Í � � � � � � � � � � � � � � � � � �   � � � � � � � � � �   � � � � � ¥ � �   � � � � � � � � �   � � � � � ¢ � �   ¤ � � ¨ � � � � � �
� � � � � � � Æ � � � � ¢ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � �   � � � � ¢ � � � � � � ² � � � � � � � � � � � � � � � � � � � � � ²
� � � � � � ³ � � � � � � � � � � � � � � � � � � � � � � � � � � � ° � � � � � � � ³ � � � � �   ¤ � � ³ � � � � � � � � � ° � � � � � � � ¨ � � ¥

¹ � � � � � � � � � � �   � �   � �   � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � ¢ � � � � � � � �   � � � � � � ¥ ¦ � � � � £ � � � � � � � � � � �   � �   � � � ¨ � � � ²
� � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � ° � � � � � � � ° � � � � ³ � � � � � � � � � � � � � � � � � � �   � � � � � � � ¨ � � � � � � �
� ³ � � � � � � � � � ¥ � � � Î � � £ � � � � � � � � � � �   � �   � � � � � � � � � � �   � � � � � � � � � © � �   � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � ¨ � �
¨ � � �   � � ¨ � � � � � � � � � � � � � �   � � � � � ¨ � � � � � � Î � � � � �   � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � �   � � � � � � � � ¬ � � �   � � � � � �
� � �   � � � � � ¯ ¥

� � � � � � � �   � � � � � ¢ � � � � � � � � � � � ¨ � � � � � � � � � � � � � � � ³ � � � � � � � �   � � � � � £ � � � � ² � � � � � ¢ � � � � � � � Î � � � � � � �
� � � � � � � � � �   ¤ � � � � � � � � � � � � � � � � � � � � � � � � © Ò � � �   � � � � � � � £ � � § � � � � � � � ¤ � � � � � � � ¨ � � � � � � ° � � � Î � � � � � � � � � � � � ¥ ´ �
  ¤ � � ¢ � ³ � � � ¤ � � � � � � � ¨ � � � � � � � � � � � � � � � � »   ¤ � � � � � � � � � � � � � � �   � � � � � ³ � ¢ �   � � � � � £ � � � � �   � � � � � � � ³ � � � �   � � � � � � £
� ¥ � ¥ � � �   � � �   � � � � � � � ¨ � � � � � � � � � � � � � � � � � � � � � �   ¤ � � � ¨ � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � ¥

¦ � � � � £ � � � � � � � ³ � � � � Î � � � ¢ �   � � � � � £ � � § � � � � � � � � � � � � � �   � � � � � � � � � ° � � � Î � � � � � � � � � � � � � � � � � � � � � � � � � � ¥ ´ �
  � � � � � � � � � � � � � ¨ � � � � � � � � � � ¢ � � � � � � � �   � � � � � � ¨ � � �   � � ¨ � � � � � � � � � � � � � � � �   ¤ � � ¨ � � ¨ � � � � � � � � � � � � � � ³ � � � � � � � � �
� ³ � ¢ �   � � � � � � ³ � � � � � � � � � � � £ � � � � � � � � � � � � � � � � � � �   ¤ � � ¨ � � � � � � � � � � � � � �   � ¥

� � � � � � ~ � � �
½ ¦ 	 	 
 À Ë Å « ¥ ¦ � � � � � � � £ � ¥ 	 � � £ ¹ ¥ 	 � �   ¤ � � £ a ¥ � � � � � � £ a ¥ � � � � � � � � £ a ¥ � � ¹ � � � £ ¦ ¥ Â � � � � � � � � £ Ï ¥ ¿ � � ²

� � � � � � � £ ¦ ¥ É   ¾ � � � � ¸ £ Ï ¥ � � � � � �   ¤ � ° £ � � � � ¥ Ï � � � � � � � ¥ � � H � � 	 � 6 3 ( 6 0 ' ; . 5 3 = - 3 7 1 2 5 � 5 . 9 . 1 2 ¥
Ï µ ¦ É £ Ì ¤ � � � � � � � ¤ � � £ Ì ¦ £ Ó À À Ë ¥

½ 	 Â É , À Ç Å Â � ¸ « ¥ 	 � � � � �   ¤ £ Ì ¤ � � � � � 	 ¥ Â � � � � � � £ � � � � � É � � � � � £ � � � Â � � � & � a ¥ , � � � � + � � ¥ Ï � �   � � ·   � � � � �   ¤ � � � � � � �
� � Ì � � � � � � � � � � ® � � ¤ Ï ¸ �   ¤ � � � � � � � � � � � � � � � � � � � ¥ µ � H ( 1 7 3 3 5 . 2 A 6 1 � 9 � 3 + 9 � - > 8 4 1 6 . ; 8 1 2 H ) ( ) / / 3 /
� / A 1 ( . 9 � 8 6 ) 2 5 � ( 7 � . 9 3 7 9 ; ( 3 6 ¥ ¦ ¹ É Ì � � � � £ a � � � Ó À À Ç ¥

½ 	 ´ À Ä Å Ã � � � � � � ¥ 	 � � � � � � � � � ¹ ¤ � � � � � « ¥ ´ � � � � � � � � ¥ Ï � �   � ² � ·   � � � � �   ¤ � � � � � � � � � � � � � � � ¤ � � � � � �   � � � � ²
� � � � � � � ¥ - 
 � � � 1 ; ( 2 ) / 1 2 � 1 8 4 ; 9 . 2 A £ Ò Ç ¬ Ó ¯ ± Ò � Ò  Ò Ò À £ Ó À À Ä ¥

½ 	 Ì À Ä Å Ã � � � � � � ¥ 	 � � � � � � � � � � � � � � � � � Ì � � � � � � � � � � � ¥ ¿ � � � ± ¦ � � � � ² � � ° � � � ¤ � � � � � ´ � � � � � ¸ � � � É � � ²
� � � � � � � � � � � � É � � � � � � �   � � � � � � ¥ � �   ¤ � �   � � Ã � � � � � ¤ � � � ± ¡ ¡ ® ® ® ¥   � ¥ � � � ¢ � � ¥ � � � ¡ � � � � � ¡ ¤ � � � ¡ £ � ¤ �
� � � ° � � � � � ¸ � � � � ¢ � � � � ¦ � � � � � £ Ó À À Ä ¥

½ ¹ ¹ ´ ´ À Ë Å Ì ¥ ¹ ¤ � � � � � � � � £ « ¥ Â ¥ a � ¹ � § � � � £ a ¥ ¾ ¥ ´ � � � � � � £ � � � � ¥ ´ � � ¥ - 7 � 3 5 ; / . 2 A � � 3 1 ( > ) 2 5 . 9 6 � 4 4 / . 7 ) 9 . 1 2 6 ¥
a � ¤ � È � � � ¸ � � � Ï � � � £ « � � � � � � £ Ó À À Ë ¥

½ ¹ � Ã À Ä Å Â � � � � � Â ¥ ¿ ¥ ¹ � ° � � ¤ � � � � £ � ° � � � � � � � � � � � £ � � � a � � � ² ´ � � � � Ã �   ¤ ¥ ¦ � � � � � � � � � � � � � � � � �   � ª   � � � � �
� � � � � � � � � � � � � � �   ¤ � � � � � � � ¥ µ � H ( 1 7 � 1 � � ; ( 1 H ) ( 0 + � = - 1 ; 9 � ) 8 4 9 1 2 ¥ Ï � � � � � � � ² � � � � � � ´ , ¹ Ï À Ä � £ Ï � � ¥
Ó À À Ä ¥

½ � � & Á Ë Å « ¥ È ¥ � � & + � � � � ¥ Ï � � � � � � � � � � � � � � � � � � �   � �   � � � � � � � � � � � � � � � � �   � � � � � � ¥ � 1 8 8 ; 2 . 7 ) 9 . 1 2 6 1 �
9 � 3 � � � £ Ä ¬ À ¯ ± Ë Á À £ Ó À Á Ë ¥

½ � � � À À Å É � � ¤ � � � � � � � � � � � ¥ � 9 � ) 4 ) 6 7 ) 2 c  F � 3 ( 6 ; 2 8 1 5 B / 3 5 3 4 ( 1 A ( ) 8 8 ) 9 . 1 2 4 ) ( ) / / B / 3 ) 5 ) 4 9 < ) ; 7 ) / 7 ; /
6 7 . 3 2 9 . � ? ; 3 ¥ Ì ¤ � � ¤ � � � � £ µ � � � � � � � , � � � � � � � Ì � � ¸ � �   ¤ � � ¨ � � � � Â � � � � � � � £ Â � � � � � � � £ ' � � �   � £ � �  
Ó À À À ¥

½ � Ã � � � Å ¦ � � � � � � � � � £ � ° � � Ã � � � � � £ � � � ' � � � � � �   � � ° � � � ¥ - 7 � 3 5 ; / . 2 A ) 2 5 � ; 9 1 8 ) 9 . 7 H ) ( ) / / 3 / . � ) 9 . 1 2 ¥
	 � � + ¤ � � � � � £ Ò � � � ¥

½ ' ´ Ã À Ä Å É � � � � � ' � � � � £ ¹ ¤ � � � � � « ¥ ´ � � � � � � � � £ � � � ¾ � � � ¤ ¿ ¥ Ã � � � � � � ¥ � ¤ � µ � � � � � � � � � � � � � � � � ¤ � ¹ � � + ² Ë
É � � � � � ¤ � � � � � � ´ � � � � � � � ¥ µ � H ( 1 7 3 3 5 . 2 A 6 1 � 9 � 3 � � � - 
 ' H � � � � 1 2 � 3 ( 3 2 7 3 1 2 H ( 1 A ( ) 8 8 . 2 A
� ) 2 A ; ) A 3 + 3 6 . A 2 ) 2 5 
 8 4 / 3 8 3 2 9 ) 9 . 1 2 � H � + 
 0 + � � £ a � � � Ó À À Ä ¥

½ Â � � À À Å ' � � � I   � � � Â � � � � � � ¥ � 9 � ) 4 ) 6 7 ) 2 c  F 
 2 9 3 ( 4 ( < 9 ) 9 . 1 2 5 . 6 9 ( . � ; < 3 5 ; � 1 9 5 3 5 1 2 2 < 3 6 5 0 ; 2 4 ( 1 A ( ) 8 8 3
4 ) ( ) / / B / 3 ¥ Ì ¤ � � ¤ � � � � £ µ � � � � � � � , � � � � � � � Ì � � ¸ � �   ¤ � � ¨ � � � � Â � � � � � � � £ Â � � � � � � � £ ' � � �   � £ � � � � Ó À À À ¥

Ó Ò



½ Â Ì Ï À � Å ¾ ¥ ¦ ¥ Â � � � � ° � � £ Ã ¥ a ¥ Ì � � � � � � � £ � � � ¦ ¥ ¿ ¥ Ï � � � ¤ ¥ Ì � � � � � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � � � � � � � �
  � � � � � � � � � � � ¥ - 
 � � � 3 I . 3 � £ Ê Ò ¬ Ó ¯ ± Ë �  Ó Ê Ë £ É � �   ¤ Ó À À � ¥

½ Â � � Á À Å Ã ¥ ´ ¥ Â � � ¤ � � ¥ 	 � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � ¥ - 
 � � � � � 4 4 / � � ) 9 � � £ Ó Ç ¬ Ò ¯ ± � Ó Á  � Ò Á £
Ó À Á À ¥

½ Â Ã ¹ � À Ä Å ' � � � I � � � Â � � � � � � £ a � � � ² ´ � � � � Ã �   ¤ £ Â � � � � � ¹ � ° � � ¤ � � � � £ � � � É � � � ¤ � � � � � � � � � � � ¥ ¦ � ¤ � � � �   � � ² Ó ±
� � ² � � � � 	 � � � � � � � � � � � ' � � ® Â � � � ¤ � � � Ì � � � � � � � ´ � � � � � � � ¥ µ � µ « « « £ � � � � � � £ 
 2 9 3 ( 2 ) 9 . 1 2 ) / � 1 2 � 3 ( c
3 2 7 3 1 2 H ) ( ) / / 3 / � ( 7 � . 9 3 7 9 ; ( 3 6 ) 2 5 � 1 8 4 . / ) 9 . 1 2 � 3 7 � 2 . ? ; 3 6 = H � � � 0 + � £ � � � � � Ä Ä  À Ë £ Ì � � � � £ ' � � �   � £
�   � � � � � Ó À À Ä ¥

½ Â � À � Å ¦ � � � � � � � Â � � � � � � � � � � � � � � � � � � � ¥ � Ï ¹ ± Ï   ¤ � � � � � � � � � � � � � � � � � � + � � � � � � � � � � � � � � � � � � � � � �
� � �   � � � � � � ¥ 
 � � � � ( ) 2 6 ) 7 9 . 1 2 6 1 2 H ) ( ) / / 3 / ) 2 5 + . 6 9 ( . � ; 9 3 5 - > 6 9 3 8 6 £ Ë ¬ À ¯ ± À Ë Ó  À Á Ç £ Ï � � Ó À À � ¥

½ ¿ ¹ ¦ ´ Ä À Å a ¥ ² a ¥ ¿ ® � � � £ � ¥ ² ¹ ¥ ¹ ¤ � ® £ ' ¥ � ¥ ¦ � � � � £ � � � ¹ ¥ ² � ¥ ´ � � ¥ Ï   ¤ � � � � � � � � � �   � � � �   � � � � � ¤ � � � � ¸ � � � � �
® � � ¤ � � � � � � � �   � � � � �   � � � � � �   � � � � � � � � � � ¥ - 
 � � � 1 ; ( 2 ) / 1 2 � 1 8 4 ; 9 . 2 A £ Ó Ä ¬ Ò ¯ ± Ò � �  Ò Ë Ç £ ¦ � � � �
Ó À Ä À ¥

½ a bÀ Ò Å a ¥ a � & � ¥ � 2 
 2 9 ( 1 5 ; 7 9 . 1 2 9 1 H ) ( ) / / 3 / � / A 1 ( . 9 � 8 6 ¥ ¦ � � � � � � ² È � � � � ¸ £ Ã � � � � � � £ É � � � �   ¤ � � � � � � £ Ó À À Ò ¥
½ ¾ Â Â ¾ À Ê Å � ¥ ¾ � � � � £ ¦ ¥ Â � � � � £ ¦ ¥ Â � � � � £ � � � Â ¥ ¾ � � ¸ � � � ¥ 
 2 9 ( 1 5 ; 7 9 . 1 2 9 1 H ) ( ) / / 3 / � 1 8 4 ; 9 . 2 A ¥ 	 � � ²

& � � � � ¡ ¹ � � � � � � � £ Ó À À Ê ¥
½ ¾ ´ � � ¿ À Á Å Ã ¥ É ¥ ¾ � � � £ É ¥ ´ � � ¸ £ � � � ' ¥ É � ¸ � � � � � � � � ¿ � � � � ¥ « ·   � � � � Ì Ã ¦ É Ï � � � � � � � � � � � � � � � � � � � � � � �

É � � � � ¸ É �   ¤ � � � ¥ � / A 1 ( . 9 � 8 . 7 ) £ Ó Á ± Ë Ó Ç  Ë � Ò £ Ó À À Á ¥
½ ¾ � ® Ä Ä Å a ¥ Ï ¥ � � � � � � ¾ � ® � � � + ¥ H ) ( ) / / 3 / � 1 8 4 ; 9 ) 9 . 1 2 ) 2 5 � 1 8 4 ; 9 3 ( 6 � 1 ( � ( 9 .� 7 . ) / 
 2 9 3 / / . A 3 2 7 3 ¥ ¾ � � ® � �

¦   � � � � �   Ì � � � � � ¤ � � � £ Ó À Ä Ä ¥
½ ¾ Ã À Ç Å a � � � ² ¹ � � � � � ¾ � � � � � � � a � � � ² ´ � � � � Ã �   ¤ ¥ É �   ¤ � � � � ° � � � � � � � � � � � � �   ¤ � � ¨ � � � � ³ � � � � � � � �   � � � � � ¥

µ � H ( 1 7 3 3 5 . 2 A 6 < 7 1 / 3 5 0� . I 3 ( 5 3 H � - 
 � � � � 0 + � £ ¦ � � � � � � £ ' � � �   � £ � �   Ó À À Ç ¥ ¤ � � � ± ¡ ¡ ® ® ® ²
� � �   ¤ � ¥ � � � � ¥ � � ¡ & � � �   ¤ ¡ � � ¡ À Ç ² �   ¤ � � ² � � � � � � � ¥ � � ¥ � � ¥

½ ´ ' ¦ À Á Å � � ° � � ¾ ¥ ´ � ® � � � ¤ � � £ � � �   � � � È ¥ ' � � � ¤ £ � � � Â � � � � � ¸ Ã ¥ ¦ � � � � ® � ¥ � � � � � ' � � � ² Â � � � � � ¤ � � � � �
� � � Ã � � ² � � � � � �   � � � � � É � + � � � � � Ì � � � � � � � ¹ � � � � � � � � ¥ 
 � � � � 1 ; ( 2 ) / 1 � H ) ( ) / / 3 / ) 2 5 + . 6 9 ( . � ; 9 3 5
� 1 8 4 ; 9 . 2 A £ ¦ � � Ó À À Á ¥

½ ´ � � À � Å � ¤ � � ´ � � ¥ ¦ � � � � � � Â � � ¤ � � ³ � � � � � � ¥ 
 2 � 1 ( 8 ) 9 . 1 2 H ( 1 7 3 6 6 . 2 A � 3 9 9 3 ( 6 £ Ê Á ± Ó  Ë £ Ó À À � ¥
½ É ¾ Ã ¿ ¿ À Ó Å « � �   É � ¤ � £ � � ° � � ¦ ¥ ¾ � � � � £ � � � a � Ã � � � � � ¿ ¥ ¿ � � � � � � � ¥ ´ � � ¸ � � � +   � � � � � � � ± ¦ � �   ¤ � � ¨ � � � � �

� �   � � � � � � � � ¤ � � � � � � � � � � � ¸ � � � � � � � � � � � � � � � � � � ¥ 
 � � � � ( ) 2 6 ) 7 9 . 1 2 6 1 2 H ) ( ) / / 3 / ) 2 5 + . 6 9 ( . � ; 9 3 5
- > 6 9 3 8 6 £ Ò ¬ Ê ¯ ± Ò Á Ê  Ò Ä � £ a � � ¸ Ó À À Ó ¥

½ , 	 À Ç Å Â � � � & � a ¥ , � � � � + � � � � � Â � ¸ « ¥ 	 � � � � �   ¤ ¥ Ï � �   � ² � ·   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¥
µ � H ( 1 7 3 3 5 . 2 A 6 1 � 9 � 3 - . C 9 � � � � - 
 ' H � � � - > 8 4 1 6 . ; 8 1 2 H ( . 2 7 . 4 / 3 6 ) 2 5 H ( ) 7 9 . 7 3 1 � H ) ( ) / / 3 /
H ( 1 A ( ) 8 8 . 2 A £ � � � � � Ò Ë  Ê Á £ a � � � Ó À À Ç ¥

½ Ã � � À Ä Å É ¥ ¹ ¥ Ã � � � � � ¥ � ¤ � � � � � � � £ � � � � � � � � � � � � � � � � � � ° � � � � � � � � � � a � � � ± � � � � � � � � � £ � � � � �   � � � ¸ � � � � � � � �
� � � � � � � � � � � � � � � � � � � ¥ � � � � ( ) 2 6 ) 7 9 . 1 2 6 1 2 H ( 1 A ( ) 8 8 . 2 A � ) 2 A ; ) A 3 6 ) 2 5 - > 6 9 3 8 6 £ Ò � ¬ Ê ¯ ± � Ä Ê Ë � Ë £ É � ¸ Ó À À Ä ¥

½ È ´ É Ã À Ê Å É ¥ ¿ ¥ È � � � � � � � + ² ´ � ² É � � � � � � Ì ¥ Ã � � ° � � ¥ Ï � � � � � � � � � � � � � ¸ � � � �   � � � � ² � � � � �   � � � � � ¤ � � � ¸ � � � � � � � �
  � � � � � � � � ¥ 
 � � � � ( ) 2 6 ) 7 9 . 1 2 6 1 2 H ) ( ) / / 3 / ) 2 5 + . 6 9 ( . � ; 9 3 5 - > 6 9 3 8 6 £ � ¬ À ¯ ± À Ç À  À À Ê £ Ó À À Ê ¥

½ � ' À À Å � � � � � � � � � � ¹ � � � ' � ¥ Ï � �   � ¡ � � � � ² « ·   � � � � Ï   ¤ � � � � � � � � � � « ¢ �   � � � � � � � Ì � � � � � � � µ � � � � � � � �
¹ � � � � � � � � � � � ¥ � � � � ( ) 2 6 ) 7 9 . 1 2 6 1 2 H ( 1 A ( ) 8 8 . 2 A � ) 2 A ; ) A 3 6 ) 2 5 - > 6 9 3 8 6 £ Ò Ó ¬ � ¯ £ Ó À À À ¥

Ó Ê


