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(1) code before scheduling and register allocation
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(a) Perfect Binary Tree (b) Left Associative Binary Tree
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7 ÄgÇ¤ÕÅÌoÊ B Ï�× P ÓyÊ98ÅÕ Ô ÄgÆÅÇ�Ì%ÊHÇ¤ÄgÖ#È?ÊHÌ�Ö?ÑÎÈ%ÕÅÌ?ÑÎÈ%ÄgÁ¤Æ
N ÉÅÊ�Á�Ï B Ï D Ï;:ÙÊ<8ÅÊ>=�Æ�Ê�Ñ�Æ�Á¤Ë�È%ÄgÂ�Ñ�Ò®Ó � ÌoÊ98ÅÕ Ô È?Ä[Á¤Æ·Ñ�Ö?=�Æ@8ÅÄgÆÅÇ Ñ�Æ�Ê O È?ÊHÆ28ÅÊ>8 Þ���
»Ð Ä`È?É·Ñ�Â�ÄgÆ�ÄgÂwÕÅÂÔ ÌoÄ[È?Ä Ô Ñ�Ò3Ë�ÑÎÈ%É�ÖoÕ Ô É�È?É�ÑÎÈ¡È?ÉÅÊ�Ì%ÊHÇ¤ÄgÖ#È?ÊHÌ¯Ö?ÑÎÈ%ÕÅÌ?Ñ+È?ÄgÁ�Æ�ÄgÖ¯Ã�Ê�Ò[Á Ð Ñ�ÖoÈ%Ì%Ä Ô È?Ò � Ë�Á¤Ö%Ä`È?Ä � ÊLÄ[ÆeÈ%Ê�Ç¤ÊHÌ¯ÒgÄ[Â�Ä`ÈBAzÏ�Û¥ÍUÆÅÁÖ%Á¤Ò[Õ�È?Ä[Á¤ÆzÄ[ÖOË�Á¤Ö%ÖoÄgÃÅÒ[Ê�Ü�È%ÉÅÊ�Æ Ð Ê�ÄgÆ Ô Ì%Ê�Â�Ê�Æ-È È?ÉÅÊ�Ò[ÄgÂ�Ä[ÈyÄ[È%Ê�Ì%ÑÎÈ?Ä � Ê�Ò � Á¤ÌLÄgÆC8ÅÄ Ô ÉÅÁÎÈ?Á¤Â�Ä Ô Â�Ñ�Æ�ÆÅÊ�Ì ÕÅÆ-È?ÄgÒ Ð Ê
=�Æ28�Ñ�ÖoÁ¤ÒgÕ7È?ÄgÁ�Æ�Ï N ÉÅÊ Ð Á¤Ì%Ö#È ÖoÁ¤ÒgÕ7È?ÄgÁ�Æ�ÄgÖDA �FE µ *GE Ï

� Ö Ð Ê�ÖoÉÅÁ Ð Æ¢ÄgÆSÈ%ÉÅÊ�ËÅÌ%Á�Á�Í�Á�Í N ÉÅÊ�ÁÅÏ B Ï D ÜUÃ�ÕÅÄgÒH8ÅÄgÆÅÇ�Ñ�ÆÙÊ O È?ÊHÆ28ÅÊ98 ÞOÞ�
 ÍWÌoÁ¤Â Ñ�Ö Ô ÉÅÊ98�ÕÅÒgÊ Â�Ñ �ÄgÆ-È?ÌoÁ�8�Õ Ô ÊhÆÅÊ�Ç-Ñ+È?Ä � ÊwÁ¤Ì Æ�Õ�ÒgÒ Ô���Ô Ò[Ê�ÖHÏ N ÉÅÊ�Á¤ÌoÊHÈ%Ä Ô ÑÎÒgÒ � Ü�È?ÉÅÊwÆ�Ê�Ç-ÑÎÈ%Ä � Ê Á¤Ì Æ�Õ�ÒgÒ Ô���Ô Ò[Ê�ÖLÖ#È?ÄgÒ[ÒrÇ¤Õ�Ñ�Ì%Ñ�Æ-È?Ê�ÊhÈ?ÉÅÊÊ O ÄgÖ#È?ÊHÆ Ô Ê�Á�Í�Ñ�Æ�Ñ Ô���Ô Ò[Ä Ô Ö Ô É�Ê98ÅÕÅÒ[Ê�Ï # Á Ð Ê � Ê�ÌHÜ7È?É�Ê�Æ�Ê O È±Ö%Ê Ô È?Ä[Á¤Æ�ÌoÊ � ÊtÑ�Ò[Ö8È%É�ÑÎÈ8È?É�ÄgÖ�ÄgÖ�Ä[Æ�Í<Ñ Ô È±Ñ�ËÅÌoÁ¤ÃÅÒgÊHÂÑ�Æ28�ÉÅÁ Ð5Ð ÊhÂ ÕÅÖoÈyÖoÁ¤Ò � Ê�Ä`ÈtÏ
IKJ�IKJ,L MONKPGQSRUTWVYX[Z]\?^_P`R�a_Vcb
:ÙÊhÕÅÖ%Ê�È?ÉÅÊ � Ñ�Ì%ÄgÑ�ÃÅÒgÊHÖ�Ñ�Æ28 Ô Á¤ÆÅÖ#È?Ì?ÑÎÄgÆ-È?ÖW8ÅÊ>=ÅÆÅÊ98�Ä[Æ�È%ÉÅÊ Â�Á�8�Ê�Ò�Á�Í È%ÉÅÊ�d�Ê Ô È%ÄgÁ¤Æ�Ï�×�Ï B ÄgÆ�Ë�Ñ�Ç¤Ê D$e Ï N ÉÅÊÈ?Á�È?Ñ�Ò Ô Á¤Â�Ë�ÒgÊ O Ä`È � ÄgÖ�Ã�Á¤ÕÅÆ@8ÅÊ98�Ã �gfihjE µ E �lk � Ñ�Ì%ÄgÑ�ÃÅÒgÊHÖ�Ñ�Æ28 fOhmE noEHFpE µ E �lk Ô Á¤ÆÅÖ#È?Ì%Ñ�ÄgÆ-È?Ö P ×

D Ï fOhmE µ E �jk Ä[ÆeÈ%Ê�Ç¤ÊHÌ � Ñ�Ì%ÄgÑ�ÃÅÒgÊHÖ P
q Ñ 6CfOhmE µ E k Ö Ô ÉÅÊ98ÅÕ�ÒgÄgÆ�Ç � Ñ�ÌoÄ:Ñ�ÃÅÒ[Ê�Ö Psr2t ÍWÁ¤Ì�Ê�Ñ Ô É�ÆÅÁ#8ÅÊvuxw µzy
q Ã 6Cf|{jhjE µ E }~hjE µ *GEe0p� k0k"��%� ÄgÆ-È?ÊHÌoÍWÊ�ÌoÊ�Æ Ô Ê�ÃÅÄgÆÅÑ�Ì � � Ñ�Ì%ÄgÑ�ÃÅÒgÊHÖ P��9t$� � w � 4 9 � � ÍWÁ¤Ì Ñ�ÒgÒ Ô Á¤Õ�ËÅÒgÊ

u 9�� w µ * y
q Ô�6CfOhmE µ *YE k ÃÅÄ[Æ�Ñ�Ì � ÄgÆ28�Ê�Ë�Ê�Æ28ÅÊHÆ-ÈOÖoÊHÈ?Ö � Ñ�Ì%ÄgÑ�ÃÅÒ[Ê�Ö y#� t w � 4 9 � � ÍWÁ�Ì�ÊtÑ Ô É � Ñ�ÒgÕÅÊvuxw µ * y
q 8 6 È?É�ÊzÈ?Á�È?Ñ�ÒOÆeÕÅÂwÃ�Ê�Ì�Á�Í�Ä[ÆeÈ%Ê�ÌoÂ�Ê>8ÅÄ:ÑÎÈ%Ê � Ñ�Ì%ÄgÑ�ÃÅÒ[Ê�Ö�ÍWÁ�Ìi� ���[� ÍWÕÅÆ Ô È%ÄgÁ¤Æ�Ö�Ñ�Æ28 Ã3Á�Á¤Ò[ÊtÑ�ÆÅÖ�8ÅÊm�

=�ÆÅÊ>8�È?Á�Ê O ËÅÌoÊ�ÖoÖ�È%ÉÅÊ�Ê = ÕÅÄ � ÑÎÒgÊ�Æ Ô ÊLÌoÊ�Ò:Ñ+È?ÄgÁ�ÆÅÖ q���� 6 Ñ�Æ@8i8ÅÄgÖ5�oÕÅÆ Ô È%ÄgÁ¤Æ�Ö q�� 6 ÄgÖ¡Ã3Á¤Õ�Æ28ÅÊ98�Ã �
fOhmE µ E �lk y×7Ï fOhmE µ E �jk Ò[ÄgÆÅÊ�Ñ�Ì Ô Á�ÆÅÖoÈ%Ì?Ñ�Ä[ÆeÈ%Ö P

q Ñ 6CfOhmE�n�E k Ö Ô ÉÅÊ98ÅÕ�ÒgÄgÆ�Ç Ô Á¤ÆÅÖ#È?Ì?ÑÎÄgÆ-È?Ö y
q Ã 6 È?É�Ê�ÆeÕÅÂ Ã3ÊHÌ�ÁÎÍUÄ[ÆeÈ%Ê�Ì � ÑÎÒ�ÒgÄ`ÍWÊHÈ?Ä[Â�ÊHÖ¡Ä[ÆeÈ%Ê�Ì#ÍWÊ�Ì%ÊHÆ Ô Ê Ô Á¤ÆÅÖoÈ%Ì?Ñ�Ä[Æ-È?ÖyÄgÖ�Ã�Á¤ÕÅÆ28�Ê98�Ã �CfOhmE µ E �lk y
q Ô�6 È?É�Ê�È%Á�ÈkÑÎÒ�ÆeÕÅÂwÃ�Ê�ÌyÁ�ÍÝÄgÆ28ÅÊHË3ÊHÆ28ÅÊHÆeÈ�ÖoÊHÈ?Ö Ô Á�ÆÅÖoÈ%Ì?Ñ�Ä[ÆeÈ%ÖyÄgÖ�Ã�Á¤ÕÅÆ28ÅÊ>8�Ã �gfOhmE µ E ��k y
q 8 6 È?Á�Ê O ËÅÌoÊ�ÖoÖ¡È?É�Ñ+È±È%ÉÅÊ�Â�Ñ O Ä[Â�Ñ�Ò7ÆeÕÅÂwÃ�Ê�Ì±Á�Í � Ñ�Ò[ÕÅÊ�Ö±Ö%Ä[ÂwÕÅÒ[È?Ñ�ÆÅÊHÁ¤ÕÅÖ%Ò � Ñ�Ò[Ä � Ê¶ÂwÕÅÖ#È¡ÆÅÁÎÈ¦Ê O7Ô Ê�Ê>8

A�Ü Ð Ê Ð ÌoÄ[È?Ê�È?É�Ñ+ÈLÈ?ÉÅÊhÂ�Ñ O Ä[Â�ÑÎÒ®Ä[Æ28ÅÊHË3ÊHÆ28ÅÊ�Æ-È�ÖoÊHÈ�ÁÎÍc� , q È%ÉÅÊ Ô Á¤Â�Ë�ÒgÊ�Â�Ê�Æ-È?Ñ�Ì � Ç¤Ì%Ñ�ËÅÉ�Á�ÍÈ?É�Ê�Ä[Æ-È?Ê�Ì#ÍWÊ�ÌoÊ�Æ Ô Ê�Ç�Ì?Ñ�ËÅÉx� 6 ÂwÕ�ÖoÈyÆÅÁ�È�Ê O�Ô Ê�Ê>8xA P
�
t$���j� � t à A
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7 Ä[Ç¤ÕÅÌoÊ B Ï B P
	 Ë7È?ÄgÂ�Ñ�Ò3Ó?d�ÓyÊ98ÅÕ Ô ÄgÆÅÇ Ð Ä`È?É��ÝÁ¤ÖoÖ%Ä[ÃÅÒ �� Ê�Ç-Ñ+È?Ä���Ê�Á¤Ì  ÕÅÒ[ÒrÀ ��Ô Ò[Ê�Ö
B Ï¯È?É�Ê�Á�Ã#�oÊ Ô È?Ä���Ê�ÍWÕ�Æ Ô È%ÄgÁ¤Æ�ÄgÖ¯È%Á�Â�Ä[ÆÅÄgÂ�Ä��HÊ�È%ÉÅÊ�È?Á�È?Ñ�Ò�Ö Ô É�Ê98ÅÕÅÒ[Ê�È%ÄgÂ�Ê P�Q�������Q����-V�r �

IKJ�IKJ�� � \?a_^��?a_b�� MONDR! b��" #�%$&$('*)
+ È¯È?É�ÄgÖ¯Ë�Á¤ÄgÆ-È�Ü Ð ÊOÈ?Ì-,�È%Á�Ö%Á¤Ò.�¤ÊOÈ%ÉÅÊLÒ[ÄgÆÅÊ�Ñ�Ì¦Ë�Ì%Á¤ÃÅÒ[Ê�Â ²�/10 8ÅÊ>=�Æ�Ê98�ÄgÆ Ë�Ì%Ê2��Ä[Á¤ÕÅÖ¯ÖoÊ Ô È%ÄgÁ¤Æ�Ï Û¥Í®ÆÅÁ�Ö%Á¤Ò[Õ�È?Ä[Á¤ÆÄgÖ�Ë�Á¤Ö%ÖoÄgÃÅÒ[Ê�Ü�È%ÉÅÊ�Æ�È?É�Ê�Ì%Ê�Ä[Ö ÆÅÁ�Ê O È%Ê�Æ28ÅÊ>8 ÞLÞ43 5 Ö%Õ Ô É�È%É�ÑÎÈ
687 h 5 k à A�Ï Û	Æ�È?ÉÅÄ[Ö Ô ÑÎÖ%Ê�Ü Ð ÊyÄgÆ Ô Ì%Ê�Â�Ê�Æ-ÈÄ[È%Ê�Ì?Ñ+È?Ä���Ê�Ò.,�È?É�ÊhÒ[ÄgÂ�Ä[È A ÕÅÆ-È?Ä[ÒrÑ�ÖoÁ¤ÒgÕ�È%ÄgÁ¤Æ�Ä[ÖyÍWÁ�ÕÅÆ28�Ï :SÊ Ô Ñ�Æ�Ñ�ÒgÖoÁ�Õ�Ö%ÊhÑ 8ÅÄ Ô ÉÅÁ�È%Á¤Â�Ä Ô Ö%Ê�Ñ�Ì Ô É�ÖoÈ?Ì%ÑÎÈ?ÊHÇ9,Ã�,�ÖoÊHÈoÈ?ÄgÆ�Ç�È?É�Ê =�ÌoÖoÈOÖ%ÊtÑÎÌ Ô ÉzÄ[ÆeÈ%Ê�Ì-��ÑÎÒÝÑÎÖWA;: & �=< A Ñ�Æ28xA>:@?�A < E µ *cE ÏB: ÉÅÊ�Æ Ð Ê =ÅÆ28 r Ñ�Ö%Á¤Ò[Õ�È?Ä[Á¤ÆÍWÁ¤Ì ²�/10;B Ü Ð Ê�ÃÅÕÅÄ[Ò 8 È?É�Ê�Ê O È?Ê�Æ@8ÅÊ98 Þ + 3 5 Ã�, È%ÉÅÊ�ÍWÁ¤ÒgÒ[Á Ð Ä[ÆÅÇwÖ#È?Ê�Ë�Ö P

C Ï�ÃÅÕÅÄ[Ò 8 µED8²GF h�5 k È?ÉÅÊH�ÎÑ�ÒgÕ�Ê�Ò[Ä[ÍWÊ¯È%ÄgÂ�Ê�ÄgÆ-È?ÊHÌ1�ÎÑ�Ò Þ + 3 ÑÎÆ28�ÌoÊ�Â�ÁI�¤Ê È%Ì?Ñ�Æ�Ö%Ä[È%Ä���Ê ÑÎÌ Ô Ö q Ä�Ï ÊÎÏ Ô Á¤Â�Ë�Õ�È?ÊÈ?É�Ê�È%Ì?Ñ�Æ�Ö%Ä[È%Ä���Ê�Ì%Ê98�Õ Ô È%ÄgÁ¤Æ 6 y×7Ï�Ê O È%Ê�Æ28 5 È?Á�Ê�Æ�ÍWÁ�Ì Ô Ê�Ò[Ä[ÍWÊHÈ%ÄgÂ�Ê�Ö¦ËÅÌ%Ê Ô Ê98�Ê�Æ Ô Ê Ì%ÊHÒ:ÑÎÈ%ÄgÁ¤Æ�ÖD8ÅÊ>=ÅÆÅÊ98�ÃJ, µED8²GF h�5 k Ï
K u 9�� w µ � uML � ÄgÆ µED8²GF h�5 k Ü Ð Ê Ô Ñ�ÌoÌ1,�Á�Õ�È�ÑN��ÑÎÒgÕÅÊ�ÖoÊ�Ì%ÄgÑ�ÒgÄ��tÑÎÈ%ÄgÁ¤Æ�u�O �QP N NyK¤K9R ÄgÆ 3 P� Ä[Í � w «�¬ �¥WTS h u k È?ÉÅÊHÆzÑ�8@8�È%ÉÅÊ�Ö%ÊHÌ%Ä:ÑÎÒ�Ñ�Ì Ô ÖNU ©4< h u ,:9�� k0�

u , w «�¬ �AWTS h u k 0 � ��� Ð Ä`È?É I�h © k < IWV�h u , k 0¢IYX`h � kIZ
� Ê�Ò[Ö%Ê�Ñ�828�È%ÉÅÊ�Ö%Ê�ÌoÄ:Ñ�Ò�Ñ�Ì Ô Ö U ©�< h u ,:9�� k"�

u , w «�¬ �A<�S h u k Ð Ä`È?É I#h © k < IYV$h u , k 0~IWXsh � k Z
� È?É�Ê�Æ�Ê Ð ÞOÞ[3 5 Â�ÑI, Ô Á¤Æ-ÈkÑÎÄgÆ�ÆÅÊ�Ç¤ÑÎÈ?Ä.�¤Ê�Á¤Ì�ÆeÕÅÒ[Ò Ô , Ô Ò[Ê�Ö y È?É�Ê�ÆÅÊ Ð ÌoÊ�Ç¤Ä[ÖoÈ%Ê�Ì�Ö?Ñ+È?ÕÅÌ%ÑÎÈ?Ä[Á¤Æ�ÄgÖ

687 h 5 k < 6[\ F h�5 k

MON�P�QSRUTWV�X�Y[X�Y�\ £����±j�uk���%��a��g� r p�bk��i��As+a-j���§¡p�b?�kj���m�xE�%����m ] �`_-d�f�dgf�d¥�E���±p�l�_��8]y��l+j�l�m�skp�x�^���l���x	s+xAl��j�uk���%��a7�g�hx�^����w�_^�x��zl��`^��=^�xysEqwcL¸ys�l�xa^�m�_ p�sb^�m�x¡b?�A_9^gj�x	��b?j�d�������ac^��`� 5 ��§��on¤x	��m��9^�m�_ 5 xEs�_�a�l�b%l�m[�xE�k��p�b?�kuk�%����m�uk��b?���`l�x�^As+m�jhl���s+m�_�i+l���a��ed j��`^ qt��x�^����8^�m�xE��b|i+l���jh����f8mhgji���§wµkD±²�F ha5 k ��jIglg ] ^`_-dÝf�dgf�d¥�¥f���d] ^`_�a�blg�d±ced:c�jk��s+�UjwxW�egmgon¤x�g�m�icgji {L{on1bpgkj�acq�x�gji�loq|x�g�b�bpgWr�s+iI^�m�_�s���j�sbq�g�x�g�l�b?ukj j�a�uk�·x���l�x�i+l9q�asgwjIgm�bY^<l9q`^.t�l�xa^As+m�j�l+j�� O ©S��jW^�m�ulg=^�xu^gjh_�a�l�bol�m�x�glgjiv^�mÙx��egw^�me^�x�^<l9q®{L{onÝ���¡bpgji�a7m�i-l�m�x�l�b?ukj�s+b�l�b?ukj��_^�x��
6 éAæ�ì-xAì ï�ãrèWy ñ�èpz�ã3è¯ã�ëWy�ä�é�ï�ë�íLã�ï í+å#ì é�æ�ì�ñ�ëWx¥ã<éhy�ï ò¯ï érñ�æ�ï å¥æOñ�ì�åEëHä{y�ê"|�ì#érï�ãh}�~�� �9�#�

��� í�õ7ö�÷�ø�ù



��� �s^�i������cr>gji�����q`^ £�� � �h£	�
s���j�sbq�g�x�g�icgWq`l�§�j��¥xW��s�jIg�x���l�xk^ rOp�s�jIg�bpgji�a7m�i-l�m�xLj�uk�egji�acq`^�m�_¢uks+m�j�x<bol9^�m�xWj	��d �og�m�s+x g�x���l�xh� g ��l�i9g
^�m�x�b?s i�a�ulgji�x<�¡s�mhgA_-l�xa^�i9g�u�§-uWq�gkjr¨�qts+b ^�m�j�xAl�m�ulghxW�eg ^�m�x<b?s i�avulgji�u�§euWq�gw�Wg�x<� glg�m�©�l�m�i � ^gj�u%l�aejIgji���§xW�eg¦qHl�u�x¡x���l�x���s+x���sEqhx��egWrÚ�WgWqgs+m�_+jhxEs «�¬ �¥WTS h � k d�£��egkjIg�mhgA_-l�xa^�i9g�u�§-uWq�gkjwg�m�j�a7bpghxW��l�x¯��s+xW�·sEq�x��egWru%l�m�m�s+x8�WgOjW^ r�acq�xAl�mhgks+aejWq�§�l9q`^�i9g �_^�x�� � d �ogLm�s+x�g�l9q�j�swx���l�x�x��eghu�bY^�x�^Au%l9qep�l�x�����l+jOm�s+x ^�m�u�bpg%l+jIgji�l�m�ixW�eg�bpgA_9^gj�x g�bLj�l�x�a�bol�xa^As+mÙsEq�x��c^gj�mhg��J{
�Nn ^gjhced
IKJ�IKJ-I �gX@V�;^� �Z V����  #�cP`R�a��  VYX�� \?^_^���� Q ^� #)
:ÙÊ�ÂwÕ�ÖoÈ�Ì%ÊHÂ�Ä[Æ28 È?É�Ñ+È�È%ÉÅÊ�ËÅÕÅÌoË3Á�Ö%Ê�Á�ÍÝÈ%ÉÅÊ�Ì%ÊHÇ¤ÄgÖ#È?Ê�Ì�Ö%ÑÎÈ?Õ�Ì?ÑÎÈ%ÄgÁ¤Æ�Ñ�ÆÅÑ�Ò�,�Ö%Ä[Ö�ÄgÖ¯È%Á�Ë�Ì%Á Ô Ê�Ê>8�Ã�,�ÊHÆÅÖ%ÕÅÌoÄgÆÅÇÄgÆ�È?É�Ê;=�Ì%Ö#È Ö#È?ÊHËÅÖyÁ�ÍÝÈ%ÉÅÊ Ô Á�Â�ËÅÄ[Ò:ÑÎÈ%ÄgÁ¤Æ�È?É�Ñ+È�Ñ�Æ�,�Ö Ô ÉÅÊ>8ÅÕÅÒ[Ê�ÁÎÍ Ñ�Ç¤Ä.�¤Ê�Æ ÞLÞ43 Ð Á�ÕÅÒ 8�ÆÅÁ�ÈyÌoÊ = ÕÅÄ[Ì%Ê�Â�Á�Ì%ÊÌ%ÊHÇ¤ÄgÖ#È?Ê�ÌoÖ�È?É�Ñ�Æ�È?É�Ê�Á�ÆÅÊ�Ö�Ñ �ÎÑ�ÄgÒgÑ�ÃÅÒgÊÎÏ���ÉÅÊ�Ö Ô É�Ê98ÅÕÅÒ[ÄgÆÅÇ�ËÅÉ�ÑÎÖ%Ê�ÄgÖ�Â�Ñ�ÄgÆ�Ò�, Ô Á¤ÆÅÖ#È?Ì%Ñ�ÄgÆÅÊ>8�Ã�, È%ÉÅÊ�Ì%ÊHÖ%Á¤ÕÅÌ Ô ÊHÖ
q ÍWÕÅÆ Ô È?Ä[Á¤Æ�Ñ�Ò±ÕÅÆÅÄ`È?Ö 6 Á�Í�È%ÉÅÊ�È?Ñ�Ì%Ç¤Ê�ÈwÑÎÌ Ô ÉÅÄ`È?Ê Ô È?ÕÅÌoÊ�ÏzÛ¥Í�È%ÉÅÊ�Ê���È?Ê�Æ@8ÅÊ98 ÞLÞ[3 ËÅÌ%Á#8ÅÕ Ô Ê98¢Ã�,�È?ÉÅÊ�Ì%Ê�Ç�ÄgÖoÈ%Ê�ÌÖ?ÑÎÈ%ÕÅÌ?Ñ+È?ÄgÁ�Æ�Ì%Ê>8ÅÕ Ô È?ÄgÁ�Æ Ô Á�ÆeÈ?Ñ�ÄgÆ�Ö¡Ñ�ÆÅÊ�Ç-Ñ+È?Ä���ÊOÁ¤Ì±ÆeÕÅÒgÒ Ô , Ô ÒgÊÎÜ Ð Ê Ô ÑÎÆÅÆÅÁ�È¡Ç¤Õ�Ñ�Ì%Ñ�Æ-È?Ê�Ê�È?É�Ñ+È¦È%ÉÅÊ�ÌoÊ Ô Á�ÕÅÒ 8�Ã3ÊÑ�Ö Ô ÉÅÊ98�ÕÅÒgÊ�ÕÅÆ28ÅÊHÌ�È%ÉÅÊ�Ì%Ê�ÖoÁ¤ÕÅÌ Ô Ê�Ö Ô Á¤Æ�ÖoÈ?Ì%Ñ�ÄgÆ-È%Ö�Ï���ÉÅÄgÖ�ÄgÖ�Ã�Ê Ô Ñ�ÕÅÖ%Ê�È?É�Ê�ÆÅÊHÇ-ÑÎÈ%Ä��¤Ê�Á¤Ì�ÆeÕÅÒ[Ò Ô , Ô Ò[Ê�Ö�ÄgÆ-È?ÌoÁ%�
8ÅÕ Ô Ê�Ö¡Ö Ô ÉÅÊ98�ÕÅÒgÄ[ÆÅÇ Ô Á¤ÆÅÖ#È?Ì?ÑÎÄgÆ-È?Ö8Á�Í�È ,�Ë3ÊHÖ�	ÆÅÁ�È±Ò:ÑÎÈ%Ê�Ì È%É�Ñ�Æ � Ð ÉÅÄ Ô É�Â�Ñ ,�Æ�Á�È±Ã3Êu�¤ÊHÌ%Ä�=�Ê98�ÄgÆ�È?ÉÅÊyËÅÌoÊ�ÖoÊ�Æ Ô ÊÁ�ÍÝÌ%Ê�ÖoÁ¤ÕÅÌ Ô Ê�Ö Ô Á¤Æ�ÖoÈ?Ì%Ñ�ÄgÆ-È%Ö�Ï

+ Ö¡Ê��ÅÑÎÂ�ËÅÒ[Ê�ÜeÒgÊ�È¯ÑÎÖ%Ö%Õ�Â�ÊOÑhÆeÕÅÒgÒ Ô , Ô ÒgÊOÃ�ÊHÈ Ð Ê�ÊHÆ È?ÉÅÊ�È Ð Á Á¤Ë3ÊHÌ?ÑÎÈ%ÄgÁ¤Æ�ÖBu�Ñ�Æ@8 � Ï��ÉÅÊ�Á�Ì%ÊHÈ%Ä Ô Ñ�ÒgÒ.,¤ÜeÑ�Æ�,Ö Ô ÉÅÊ>8ÅÕÅÒ[ÊwÖ%Õ Ô É�È?É�ÑÎÈ rYh u k < rYh � k �¤Ê�ÌoÄH=�ÊHÖ È%ÉÅÄgÖ�ÆeÕÅÒgÒ Ô , Ô ÒgÊ�Ï"!�Á Ð Ê2��Ê�ÌHÜ�Ä[Í Ð ÊhÄgÆ-È?ÌoÁ�8ÅÕ Ô Ê�È?ÉÅÊ�Ì%ÊHÖ%Á¤ÕÅÌ Ô ÊHÖÔ Á¤Æ�ÖoÈ?Ì%Ñ�ÄgÆ-È%Ö�Ö%Õ Ô É�È?É�Ñ+È�È?ÉÅÊOÈ Ð Á�Á¤Ë3ÊHÌ?ÑÎÈ%ÄgÁ¤Æ�Ö Ô Á�Æ$#�Ä Ô È?Ö�Ä`Í®È%ÉÅÊ2, Ñ�Ì%Ê�Ö Ô ÉÅÊ98�ÕÅÒgÊ>8�ÑÎÈ¡È?ÉÅÊ�Ö%Ñ�Â�ÊOÄgÖ%ÖoÕÅÊLÈ?Ä[Â�ÊÎÜÈ?ÉÅÊHÆ�È%ÉÅÊ�ÌoÊ�ÄgÖ�ÆÅÁv�ÎÑ�Ò[Ä 8zÖ Ô ÉÅÊ98ÅÕ�ÒgÊ Ð ÉÅÄ Ô É·Â�Ê�Ê�È?Ö�Ñ�Ò[ÒÝÈ?É�Ê Ô Á¤ÆÅÖ#È?Ì%Ñ�ÄgÆ-È?ÖHÏ<: ÉÅÊHÆ Ð Ê�Ì%Ê98�Õ Ô Ê�È?É�Ê�Ì%Ê�Ç�ÄgÖoÈ%Ê�ÌÖ?ÑÎÈ%ÕÅÌ?Ñ+È?ÄgÁ�Æ�Ü Ð Ê�ÂwÕÅÖ#È�Ê�ÆÅÖoÕÅÌ%Ê�È?ÉÅÑ�Æ�È%ÉÅÊ�ÌoÊ�ÄgÖ�Ñ�Ò Ð Ñ ,�Ö�Ñ�Ö Ô ÉÅÊ98ÅÕ�ÒgÊ�ÍWÁ¤Ì�Ñ�Æ�,�Ì%ÊHÖ%Á¤Õ�Ì Ô ÊHÖ Ô Á¤ÆÅÖ#È?Ì?ÑÎÄgÆ-È?Ö�Ñ�Æ28ÍWÁ¤ÌyÑ�Æ�,�ÈkÑÎÌ%Ç¤Ê�ÈyËÅÌ%Á Ô ÊHÖ%Ö%Á�Ì Ô ÉÅÑ�Ì?Ñ Ô È?ÊHÌ%ÄgÖ#È?Ä Ô Ö�Ï
��É�Ê ÆÅÊHÇ-ÑÎÈ?Ä.�¤Ê�Á¤Ì�Æ�Õ�ÒgÒ Ô , Ô Ò[ÊwÑ�ÌoÊhÄ[Æ-È?Ì%Á#8ÅÕ Ô Ê98zÄ[Æ�È%ÉÅÊ Ô Ñ�Ö%Ê Ð ÉÅÊ�ÌoÊhÈ%ÉÅÊ Ò[Ä[ÍWÊHÈ%ÄgÂ�ÊLÄgÆ-È%Ê�Ì1�ÎÑ�ÒrÁ�Í�Ñ�Ç¤Ä.�¤Ê�Æ

�ÎÑ�ÒgÕÅÊ�Ä[Ö�Ã3Ê�ÍWÁ¤Ì%Ê¯È%ÉÅÊ�Á¤ÆÅÊHÖ8Á�Í�Â�Á¤ÌoÊ¯È?É�Ñ�Æ�Á¤Æ�Ê Ô Á¤ÆÅÖoÕÅÂ�Ê�Ì�Ï 7 Á�Ì�ÄgÆÅÖ#ÈkÑ�Æ Ô Ê�Ü-Ä[Æ 7 ÄgÇÅÏ � Ï � Ü¤È?ÉÅÊ�ÆÅÊHÇ-ÑÎÈ%Ä��¤Ê Ô , Ô ÒgÊÄgÆ-È?ÌoÁ�8�Õ Ô Ê>8�Ã�ÊHÈ Ð Ê�Ê�Æ�È?ÉÅÊ�Á¤Ë�Ê�Ì?Ñ+È?ÄgÁ�ÆÅÖ © Ñ�Æ28 � Ä[ÖG8ÅÕÅÊyÈ?Á�È?ÉÅÊyÍ<Ñ Ô È8È%É�ÑÎÈ8È?ÉÅÊW, Ô Á¤ÆÅÖoÕÅÂ�Ê�È%ÉÅÊyÖ?Ñ�Â�Ê �ÎÑ�Ò[ÕÅÊ� Ð É�ÄgÒgÊ¦Ã3ÁÎÈ?ÉwÁ�Í�È%ÉÅÊ¡È Ð Á�Ñ�Ì%Ê¦ÆÅÁ�ÈUÖ%ÄgÂ ÕÅÒ[È?Ñ�ÆÅÊ�Á�Ö%ÕÅÒ.,�Ñ�ÒgÄ.�¤Ê Ð Ä`È?É � Ñ ÔHÔ Á¤Ì08ÅÄgÆÅÇ�È?ÁLÈ%ÉÅÊ Ô Á¤ÆÅÖ%ÄH8ÅÊ�ÌoÊ98�Ö Ô É�Ê98ÅÕÅÒ[Ê�Ï
�ÝÁ�ÁI��Ê�Ì Ô Á¤Â�Ê¯È?ÉÅÊ¯Ë�Ì%Á¤ÃÅÒ[Ê�Â Á�ÍvÆÅÊHÇ-ÑÎÈ%Ä��¤Ê Ô , Ô Ò[Ê�Ö�ÄgÆhÈ?ÉÅÊ¯Ê���È?Ê�Æ@8ÅÊ98 ÞLÞ[3 Ü Ð Ê¯É�Ñ �¤Ê¯È%Á�ËÅÌ%Á�ÉÅÄgÃÅÄ`ÈÝÈ%ÉÅÄgÖ Ô Ñ�ÖoÊ�ÜÄAÏ(Ê�ÏOÈ%Á ÃÅÕÅÄ[Ò 8�Ñ�Ö Ô ÉÅÊ>8ÅÕÅÒ[Ê�Ö%Õ Ô ÉzÈ%É�ÑÎÈOÈ%ÉÅÊ�ÌoÊwÄgÖ Á¤ÆÅÒ.,�Á�ÆÅÊ Ô Á�ÆÅÖ%ÕÅÂ�Ê�ÌOÁ�Í8Ñm�ÎÑ�Ò[ÕÅÊ<u·ÆÅÁ¤Æ�Ö%ÄgÂ ÕÅÒ[È?Ñ�ÆÅÊ�Á�Ö%ÕÅÒ.,Ñ�ÒgÄ.�¤Ê Ð Ä`È?É�u&%

K ugw µ *(' ÑÎÈyÂ�Á�ÖoÈ � w�)+*-, � h u k/. µ * D Ft10 D F�
:SÊ�Ñ�828�È?É�ÊLÍWÁ¤ÒgÒ[Á Ð Ä[ÆÅÇE�ÎÑ�ÌoÄ:Ñ�ÃÅÒ[Ê�Ö Ô Á¤ÆÅÖ#È?Ì?ÑÎÄgÆ-È?Ö¯È%Á�È%ÉÅÊ�ÄgÆ-È?ÊHÇ¤Ê�Ì�Ë�Ì%Á¤Ç¤Ì%Ñ�Â�Â�Ä[ÆÅÇ Â�Á�8�Ê�Ò�È%Á�Ç�Õ�Ñ�Ì?ÑÎÆeÈ%Ê�ÊÈ?ÉÅÊ�ÆÅÁ�Æ�Ê���Ä[ÖoÈ%Ê�Æ Ô ÊhÁ�ÍÝÆÅÊHÇ-ÑÎÈ?Ä.�¤Ê�Á¤Ì�ÆeÕÅÒ[Ò Ô , Ô Ò[Ê�Ö2%

K uCw µ * �
�l�4365 �87:9 t<;>=%�j�

�9t�� �@? E )&*-, � h u kA. µ *YE�0 �
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(1) code before scheduling and register allocation

0
0

17
5

b

f

ih

e

a

4 44

3 3
3

0

4

5

c

g

3

4

�
� B����	��
����� S

�	���������������	���! #" @ <%$�'&(�������������	�*)� #" @ <,+�.-��������������	�*/� #" @ <%0�1�2���*3545�76 @ <,$ " @ < + " @ <,8
�192����6��5�.:�6 @ < 0 " O <,;�*���<�*����� O < ; ">=#" O <,?
�'@(�����2�!A @ < 8 " O <CB " @ <CD
�	E��<�13545�76������ @ < $ " @ <C+ " @ <,0 " O < B

�	F���������� @ <�G "H�I" @ <�G
�'J(���5K*4�& @ <�L "M�N" @ <�L
�1�2���*3545�76������ @ <C+ " O <C? " @ <%0 " @ <�O

7 Ä[Ç¤ÕÅÌoÊ67ÅÏ C % ÞLÞ[3QP Á#8ÅÊHÒ Ð Ä[È?É P Õ�Ò[È?Ä[ËÅÒgÊLÓ�ÊHÇ¤ÄgÖ#È?Ê�ÌoÖ �
,�Ë�Ê�Ö
R X � 4TS µ < � 4 OVU

uXWOYR X � 4�h u k"�[Z à R X � 4_h u k L  � : h u kÈ%ÉÅÊ Ð Ì%Ä`È?Ê Ô , Ô Ò[Ê�Á�Ísu 4 ÄgÆ-È?Á�Ñ�Ì%ÊHÇ¤ÄgÖ#È?ÊHÌ�Á�ÍÝÈ ,�Ë�ÊM:¯ÄgÖ r`h u k>\ R X � 4_h u k
R V�� 4]S µ OYU

uXWOYR V�� 4_h u k0�[Z à R V�� 4_h u k à R X � 4_h u k L  � : h u kÈ%ÉÅÊ�Ì%Ê�Ñ�8 Ô , Ô ÒgÊ�Á�Í u 4 ÍWÌoÁ¤ÂßÑ�Ì%ÊHÇ¤ÄgÖ#È?ÊHÌ�Á�ÍÝÈ ,�Ë�ÊM:¯ÄgÖ r`h u k>\ R V�� 4_h u k

)+*�^ _ 1 ½ ºX` ¼badcfe g 3heiadj�¼U3lknm�o�¼p`qkMo�¼ba-1icÛ	ÆhÈ%ÉÅÊ Ô Ñ�Ö%Ê Ð ÉÅÊHÌ%Ê¡Â�Á¤ÌoÊ È?É�Ñ�Æ�Á¤ÆÅÊ±Ì%ÊHÇ¤ÄgÖ#È?ÊHÌrÈ ,�Ë�Ê¦Ä[ÖrËÅÌ%ÊHÖ%Ê�Æ-ÈUÄgÆ�È?ÉÅÊ±Ö?Ñ�Â�Ê ÞLÞ[3 Â�Á�8ÅÊHÒAÜ Ð Ê¦ÉÅÑI��Ê¦È%Á Ç¤Ä.�¤ÊÑ�ÆÅÊ Ð 8�Ê>=�ÆÅÄ`È?Ä[Á¤Æ�Á�ÍÝÌ%Ê�Ç�ÄgÖoÈ%Ê�Ì�ÆÅÊHÊ98�Ñ�Æ28�Ö?ÑÎÈ%ÕÅÌ?Ñ+È?ÄgÁ�Æ�Ï 3 Ä��¤ÊHÆ�Ñ ÞLÞ43 5 < h µsr n r R r R X � 4 r R V�� 4 k ÜvÑ=�ÎÑ�Ò[ÕÅÊ
u 4 w µ=< � 4 ÄgÖ�Ñ�Ò[Ä���Ê�ÑÎÈ�È?É�Ê =�Ì%Ö#ÈhÖ#È?ÊHËÙÑÎÍ�È%Ê�ÌLÈ%ÉÅÊ Ð Ì%Ä[È%ÄgÆÅÇ�Á�Í u 4 ÕÅÆ-È?Ä[Ò Ä[È%Ö�Ò:Ñ�Ö#È�Ì%Ê�Ñ�8ÅÄ[ÆÅÇ q Ô Á�ÆÅÖ%ÕÅÂ�Ë�È%ÄgÁ¤Æut|Ï
��ÉÅÊ�Ö%ÊHÈ�Á�Í Ô Á�ÆÅÖ%ÕÅÂ�Ê�ÌoÖ ÁÎÍ ÑN�ÎÑ�ÒgÕ�Êvu 4 w µ=< � 4 ÄgÖ¯È%ÉÅÊ�Ö%ÊHÈ�Á�ÍÝÁ¤Ë�Ê�Ì%ÑÎÈ?Ä[Á¤ÆÅÖ¯È?ÉÅÑÎÈyÌ%Ê�Ñ�8�Ä`ÈA%

)&*-, � h u 4 k <wv � � ' ©�< h u r � k w n < � 4 �
7 Á¤ÌÝÄ[ÆÅÖoÈ?Ñ�Æ Ô Ê�Ü )+* , � h � @(A 5 ? 4 k <xv C rk©�r �®� Ñ�Æ28 )+* , � h

¬ @(A 5 ? 4�k <wv�y � Ä[Æ 7 ÄgÇ�Ï 7ÅÏ C Ï���ÉÅÊ¯ÒgÑ�ÖoÈ Ô Á�ÆÅÖ%ÕÅÂ�Ë�È%ÄgÁ¤ÆÁ�ÍUÑw�ÎÑ�Ò[ÕÅÊ�ÄgÖ Ô Ñ�ÒgÒ[Ê98 È?É�Ê KeÄ[ÒgÒgÄ[ÆÅÇ<8ÅÑÎÈ?Ê�Ñ�Æ28�ÆÅÁ�È%Ê98 y
K u 4 w µ < � 4 ¬ �¥W F h u 4 k < z|{~}�l�8365 �87 9 t�� ; { rYh � k>\ R V�� 4�h � k �

:ÙÊLÑ�Ö%ÖoÕÅÂ�Ê È?É�ÑÎÈ¯Ñ �ÎÑ�ÒgÕ�Ê Ð Ì%Ä`È%È%Ê�Æ�ÑÎÈ¯Ñ Ô Ò[Á Ô K Ô , Ô ÒgÊ B ÄgÆ Ñ Ì%ÊHÇ¤ÄgÖ#È?Ê�Ì¦ÄgÖ¡ÑI�ÎÑ�Ä[Ò:Ñ�Ã�ÒgÊ�Á¤ÆÅÊOÖoÈ?ÊHË�Ò:ÑÎÈ%Ê�ÌHÏ ��É�ÑÎÈÄgÖ8È?ÁhÖ?Ñ ,¤Ü7Ä[Í�Á�Ë3ÊHÌ?ÑÎÈ%ÄgÁ¤Æ u�Ì%Ê�Ñ�8ÅÖ¦ÍWÌoÁ¤Â»ÑhÌoÊ�Ç¤Ä[ÖoÈ%Ê�Ì¯Ñ+È¯Ñ Ô ÒgÁ Ô K Ô , Ô ÒgÊ B Ð ÉÅÄ[ÒgÊ�Á¤Ë�Ê�Ì?Ñ+È?ÄgÁ�Æ � Ä[Ö Ð ÌoÄ[È?Ä[ÆÅÇ�ÄgÆ�Ä[ÈÑÎÈ¯È%ÉÅÊ�Ö?Ñ�Â�Ê Ô ÒgÁ Ô K Ô , Ô ÒgÊ�Ü@ux8ÅÁ�Ê�Ö�Æ�Á�È�Ç¤Ê�È �u� Ö�ÌoÊ�Ö%Õ�Ò[È�ÃÅÕ7ÈyÇ¤ÊHÈ%Ö¯È?ÉÅÊ4�ÎÑ�Ò[ÕÅÊOÈ?ÉÅÑÎÈ Ð Ñ�Ö�ËÅÌ%ÊW��ÄgÁ¤ÕÅÖoÒ�,�ÖoÈ%Á¤Ì%Ê>8ÄgÆ�È?É�ÑÎÈhÌ%ÊHÇ¤ÄgÖ#È?ÊHÌ�Ï ��ÉÅÊHÆ�ÜUÈ?É�Ê�ÒgÄ`ÍWÊHÈ%ÄgÂ�ÊwÄgÆ-È?ÊHÌ1�ÎÑ�Ò Ds� Ft�� Á�Í¯È%ÉÅÊm�ÎÑ�Ò[ÕÅÊ u 4 ÄgÖI� r`h u kM\ R X � 4�h u k r
¬ �¥W F h u 4-k ��Ï

!OÑ ��ÄgÆÅÇhÑ�Ò[Ò!�ÎÑ�ÒgÕ�Ê � Ö±Ò[Ä[ÍWÊ�È?ÄgÂ�Ê±ÄgÆ-È?ÊHÌ1�ÎÑ�ÒgÖHÜ¤È?ÉÅÊyÆeÕÅÂwÃ�Ê�Ì8Á�Í3Ì%ÊHÇ¤ÄgÖ#È?ÊHÌ%Ö8Á�Í�È ,7Ë�Ê9: ÆÅÊHÊ98ÅÊ>8�È?Á�Ö#È?Á¤ÌoÊ ÑÎÒgÒ28ÅÊm=�ÆÅÊ>8
�ÎÑ�ÒgÕÅÊHÖOÄ[Ö È?É�Ê Â�Ñ �7ÄgÂwÕÅÂ ÆeÕÅÂ Ã3ÊHÌOÁ�Í �ÎÑ�Ò[ÕÅÊ�Ö Á�Í�È ,�Ë3Ê :�È?É�ÑÎÈLÑ�Ì%ÊhÖ%Ä[ÂwÕÅÒ[È?Ñ�ÆÅÊHÁ¤ÕÅÖ%Ò.,�Ñ�Ò[Ä��¤ÊÎÏW:SÊ Ô Ñ�ÒgÒ�È%ÉÅÄgÖÆeÕÅÂwÃ�Ê�Ì�È?ÉÅÊ�ÌoÊ�Ç¤Ä[ÖoÈ?ÊHÌ�ÆÅÊ�Ê>8zÑ�Æ@8 Ð Ê�ÆÅÁ�È?Ê�Ä`ÈA%

6[\ F4 h�5 k <�z|{~}���,��� F E � ���
F4 h � k EÐ ÉÅÊ�ÌoÊ

� �#� F4 h B k <xv u 4 w µ < � 4 � B w Ds� Ft � � Ä[Ö¯È?ÉÅÊ�ÖoÊHÈ�Á�Í���ÑÎÒgÕÅÊHÖ�ÁÎÍÝÈ ,�Ë�Ê :¯Ñ�ÒgÄ.�¤Ê�Ñ+È Ô ÒgÁ Ô K Ô , Ô ÒgÊ B â�� � âGF



�����a^ r��9q�� g��9^	�
� g
� �����������a^���� ^�� ����§��Wq`^�� �����eg
�������9q�������i����2�! �"� icg#� �%$

�ÝÁ Ô Á�Â�ËÅÕ7È?Ê È?É�Ê�Ì%Ê�Ç�ÄgÖoÈ%Ê�Ì�ÆÅÊHÊ98�Á�Í�È ,7Ë�Ê :|Ü Ð Ê±ÃÅÕÅÄ[Ò 8OÈ%ÉÅÊ8ÄgÆ28ÅÄ[Ì%Ê Ô È?Ê>8�ÄgÆ-È?ÊHÌoÍWÊ�ÌoÊ�Æ Ô Ê8Ç¤Ì?Ñ�Ë�É � F4 < h µ < � 4 r�& k ÜÖ%Õ Ô É�È%É�ÑÎÈ;u 4 Ñ�Æ@8 � 4 Ñ�Ì%Ê Ñ�8 �%Ñ Ô Ê�Æ-È�Ä B·È%ÉÅÊ2,�Ñ�Ì%Ê Ö%ÄgÂ ÕÅÒ[È?Ñ�ÆÅÊ�Á�ÕÅÖ%Ò.,�Ñ�ÒgÄ.�¤ÊÎÏ ��ÉÅÊwÌoÊ�Ç¤Ä[ÖoÈ%Ê�ÌOÆ�Ê�Ê98 6[\ F4 ha5 kÄgÖ¯È%ÉÅÊ�Æ�È?ÉÅÊ Ô ÑÎÌ"8ÅÄ[Æ�Ñ�ÒgÄ`È ,�Á�ÍÝÈ%ÉÅÊ�Â�Ñ-��Ä[Â�ÑÎÒ Ô ÒgÄ	'eÕÅÊ q Ô Á¤Â�ËÅÒ[ÊHÈ?Ê�ÖoÕÅÃÅÇ¤Ì%Ñ�ËÅÉut¯Á�Ís� F4 Ï
��É�ÊwÌ%ÊHÇ¤ÄgÖ#È?Ê�ÌOÖ?ÑÎÈ%ÕÅÌ?ÑÎÈ%ÄgÁ¤Æ�Á�Í±Ñ�È ,�Ë3Ê : Ä[ÖOÖoÄgÂ�ËÅÒ�,�È%ÉÅÊwÂ�Ñ �7ÄgÂ�Ñ�Ò�Ì%ÊHÇ¤ÄgÖ#È?Ê�ÌOÆÅÊ�Ê>8�Á�Í�È?ÉÅÄ[ÖOÈ ,�Ë3ÊhÍWÁ¤ÌLÑ�Ò[Ò

�ÎÑ�ÒgÄH8�Ö Ô ÉÅÊ>8ÅÕÅÒgÊHÖ2%
687 4,ha5 k < z|{~}F 6[\ F4 h�5 k

)+*)( * c�¼U3he 3lk,+ k 1ieIkMo�½ ½ adcfe - 1NkU½ `�¾do�¼ba-1icÛ	Æ�È?ÉÅÄ[Ö�Ö%Ê Ô È?Ä[Á¤Æ�Ü Ð Ê Ð Ì%Ä`È?Ê�Ñ�Æ�Ä[ÆeÈ%Ê�Ç¤ÊHÌ�ËÅÌ%Á�Ç¤Ì?Ñ�Â�Â�ÄgÆÅÇ�Â�Á#8ÅÊHÒ3È?ÉÅÑÎÈ Ô Á¤Â�ËÅÕ�È%Ê�Ñ�Ö?ÑÎÈ%ÕÅÌ?Ñ+È?ÄgÆ�ÇwÖ Ô ÉÅÊ>8ÅÕÅÒ[ÊhÁ�ÍÑ�ÌoÊ�Ç¤Ä[ÖoÈ%Ê�Ì¯È ,�Ë3ÊM: w 5�Ï
. J�IKJ,L /DQ10� #� \?^_a32��54gPYX@a,P�?^- #)
7 Á¤Ì�Ñ�ÒgÒÝÁ¤Ë�Ê�Ì?Ñ+È?ÄgÁ�ÆÅÖ;u w76�Ü Ð Ê 8ÅÊ>=ÅÆÅÊ�È?ÉÅÊ�ÄgÆ-È%Ê�Ç¤ÊHÌ4��ÑÎÌ%Ä:ÑÎÃÅÒgÊ r2t È?ÉÅÑÎÈ Ô Á¤Â�ËÅÕ�È%Ê�Ö�È?É�Ê�Ö Ô ÉÅÊ98�ÕÅÒgÊ�È?Ä[Â�ÊÎÏ
��ÉÅÊ�=ÅÌ%ÖoÈ ÒgÄ[ÆÅÊtÑ�Ì Ô Á¤ÆÅÖoÈ%Ì?Ñ�Ä[Æ-È?ÖhÑ�Ì%Ê�È?ÉÅÁ�Ö%Ê Ð É�Ä Ô É 8ÅÊHÖ Ô Ì%ÄgÃ�Ê�È%ÉÅÊ�ËÅÌ%Ê Ô Ê98�Ê�Æ Ô Ê�Ì%Ê�ÒgÑÎÈ?Ä[Á¤ÆÅÖHÜ®ÖoÁ Ð Ê Ð Ì%Ä`È?Ê�ÄgÆÈ?ÉÅÊ�Â�Á�8�Ê�Ò�%

K98 < h u r � k w n r2�;: r2t ? R h 8 k
��ÉÅÊ�ÌoÊ Ä[Ö fihjE 6 E k Ö Ô É�Ê98ÅÕÅÒ[ÄgÆÅÇ8�ÎÑ�Ì%ÄgÑ�ÃÅÒ[Ê�Ö�Ñ�Æ@8 fOhmE noE k ÒgÄgÆ�ÊtÑ�Ì Ô Á¤ÆÅÖ#È?Ì?ÑÎÄgÆ-È?ÖHÏ �ÝÁ�Â�ÑLK�Ê�È%ÉÅÊ 8ÅÁ¤Â�Ñ�ÄgÆ�Ö Ö%Ê�È¡Á�ÍÁ¤ÕÅÌ��ÎÑ�Ì%ÄgÑ�ÃÅÒgÊHÖrÃ3Á¤Õ�Æ28ÅÊ98�Ü Ð Ê¯Ñ�ÖoÖ%ÕÅÂ�Ê � ÑÎÖ®È%ÉÅÊ Ð Á¤Ì%Ö#ÈUË�Á¤ÖoÖ%ÄgÃ�ÒgÊ±Ö Ô ÉÅÊ>8ÅÕÅÒgÊ±È?Ä[Â�ÊÎÏ�:SÊ Ô ÉÅÁ¤Ö%Ê � Ö%Õ�Ø Ô ÄgÊ�Æ-È%Ò�,Ò:Ñ�ÌoÇ¤Ê�Ü Ð ÉÅÊ�ÌoÊwÍWÁ¤ÌLÄ[ÆÅÖoÈ?Ñ�Æ Ô Ê � <=< t����?> � : h u kA@	B�CDB�E1@GF�CH1IGJ?K"L%M�B)FNF�LF�CI�B�O#P1JRQ!E1I	JSF�@GTUJ BRV � P1JXWZYZK[JK\M�@�F�JNF�P1JN]^L%IGI	L�K\@	W!_`ORLW1B�F�M�C@GWaF %

r�bdc �
+ B\ORLW1B�J ' E!JRW1OXJY�K"J�Q1JRQ1E!ORJe]^L%M\CW ,iuCwf6�%

g r2t ? r2t < D * , E u 8 � :)h � : F � * h u k"@GB;F�P1J � CiBAB�LjLWkCiBAl�L%B�B�@	H!I	J � B�O#P!JRQ1E1IGJ�F�@	T�J y
g r2tmc r2t < � : D * , E u 8 � :)h � : Fonep *$� h u k9@GBqF�P1J � CBrIsCiF�JRMqCBrl�L%B�B�@	H1IGJ � B�O#P1JRQ1E!I	J"F�@	T�JtCOROXL%M�Q!@	W1_F�LSF�P1JNK[L%M�B�FAF�LF�CIZB�O#P1JRQ1E!I	JeF�@	T�J � y

. J�IKJ�� u  #�Ga-) R! 'X ) � Vt2�) R#X2PGa32BR!)
v ��w�xay�z�x�y�xc�r{%x}|~y��1���
� P1J�I	@G]^J
F�@GTUJA@	W�F�JXM � CIZLi]�C � CI	E1J u 4rL]rF�P1JNF , l�J : @	B

Ds� t � < � r2t \ R X � 4�h u k r zq{~}�l�4365 �87:9 t�� ; {�r2� \ R V�� 4_h � k,� �
� J�Q1JX�1W1J�]^L%M�J�CO#P � CIGE1J u 49F�P1J � CiM�@sCiH1I	J�� t�� F�PoCiF"ORL%T�l1E!F�JRB;@�F�B K @	I	IG@	W1_NQ1CiF�J V � P1J�WaE1TmH�JRM"L]qB�E!O#PQ1JX�1W1JRQ � CM�@sCH!I	JRB\@GB fOh
� 6 < � 4�� k V d @GW1ORJeF�P1J�Q1L%TUC@GW�Li]�L%E1M � CM�@sCH1IGJRB\@	B\H�L%E1W1Q!JRQZYoK"J K W1L�K�F�PoC�F�� t��@	B�H�L%E1W1Q!JRQ�H , F�P1JNF�K[L�]^L%IGI	L�K\@	W1_?�oW1@GF�JNB�O#P1JXQ1E1IGJ�F�@	T�JRB %

K :DwJ5 K u 4 wf6 < � 4 � t � c � t � c � t �
K\P1JRM�J
�)�Z�����oè
���������-x������[�^���D ¡���)¢�ç{y£�X ¥¤���¦ ^

��� �§j¨R©
ª
«



7�� �s^�i������cr>gji�����q`^����	�	�
�	�
g � t � < r2t \ R X � 4_h u k"@GB\F�P1J��oM�B�F�l�L%B�B�@GH1I	J�Q!JX�oW1@�F�@GL%W QoCiF�JNLi] u 4 y
g � t�� < z|{~} �j�4365 �47 9 td� ;'{ r2� \ R V�� 4_h � k,�?@GB;F�P1JeIsC�F�JRB)F\l�LB�B�@GH1I	J K @GI	I	@GW1_`Q1CiF�JeL] u 4 V

� J E1B�J~F�P1J � � �[� I	@GW1J�CM`ORL%W1B)F�M�C@	W�F�BmF�LdORL%T�l1E!F�J�� t�� IG@ K J~J � l1IsCi@	W1JXQ @GW��jJRO
F V�jV � % K"J�W!JRJRQ F�L
Q1JX�1W1JA]^LM�J�CO#PD� t�� fOh
� )&*-, � h u 4 k � k � CM�@sCH!I	JRB�CW1Q fih�� }�� )+* , ��h u 4 k � k�I	@	W!J�CM�OXL%W1B)F�M�Ci@	W�F�B�F�LeOXL%TUl!E!F�J@GF V � P1J�F�LiF#CI�ORL%T�l1IGJ � @GF , F�LSQ!JX�oW1JeCiI	I K @	I	IG@	W1_�QoCiF�JRB[]^LM;CIGI�M�JR_%@GB�F�JXM�B[F , l�JRB�@GB;H�LE1W1Q1JXQ~H , fih � 6 � D k
� CM�@	CH1I	JXB\CW1Q fOh
� 6 � D k[OXL%W1B�F�M�C@GW�F�B V

 L�KeY1K[JeO�CiWkOXL%W1B�@GQ1JRM � 4 F�P1Je@GW1Q1@	M�JRO
F�JRQ @GWaF�JRM)]^JRM�JXW1ORJ�_%M�Cl1P L] 5 ]^L%M;F�P!J�M�JR_%@GB�F�JRM;F , l�J : V�� L%MCW , ORLE1l1I	JNLi] � CIGE1JRB u 4 r � 4 wd6 < � 4 Y1K"JNQ1J
�oW1J?CmH1@	WoCiM ,>� CM�@sCH!I	J � 4t�� � w v Z r ��� B�E!O#P�F�PoCiF\@GF[@	B�B�JXF�F�L
C @�]qF�P1JNF�K"L � CIGE1JRB\I	@�]^JXF�@	T�JRB[@GW�F�JRM � CI	B;@GW�F�JRM)]^JRM�J % K :Dw 5 r K OXL%E1l1IGJ u 4 r � 4 wf6 < � 4

� 4t$� � <�� � @�] DH� t�� . Ds� �5���<��Z LF�P!JRM�K\@GB�J
� P1J;WaE1TmH�JRM�L] � CM�@	CH1IGJRB�� 4��� � @GB�F�P1J[WaE1TmH�JRM�L]�ORLTmH1@	W1CiF�@GL%W1BqL]  � CIGE1JRB�CT�L%W1_ � 6 < � 4#� @ V J V�� � 6 < � 4��! " � 6 < � 4#��:$#�%'&�(�) V

Ds� � � . Ds� � � <*� T�J�CW!B�F�PoCiFDLW1J�L]�F�P1J�F�K[L IG@G]^J
F�@	T�J~@	W�F�JRM'+iCIGB�@	B � H�J
]^L%M�J � F�P!J LF�P!JRMRY[@ V J V
Ds� � � 0 Ds� � �-, DH� � � 0 DH� � � V � P1JXWZYoK[JePoC.+J�F�L�J � l1M�JXB�B %

� 4�/� � < #1032 4 � Ds� � � 0 Ds� � � , DH� � � 0 DH� � �5&�j@	W!ORJ
� 4��� ��6 v Z r #7� Y!F�P1JXB�JeORLW1B�F�M�C@GWaF�BACM�JeJ ' E1@8+iCI	JXWaF�F�L %� 4��� � ?9#:032 � � � �Z:<; � : R X � 4 ">= %�:$# ? Z
� � ��:<; � : R X � 4 ">? %�:$# ? Z

3 @8+%JXWUF�P!M�JRJ�I	L%_@	O�CiIoJ � l1M�JXB�B�@	L%W1B " h rA@ r 7 % Y " h 032 " @CB 7 %D% @	B�J ' E1@8+CiI	JRW�F�F�L " h BE@<B 7 % , " 4 h B4 @ % , " 4 h B 4 7 % V � JNK\M�@�F�J�F�P1JRB�J�F�K"L Q1@GBGF�E1W!OXF�@GL%W1B;K\@�F�P I	@GW1J�CM[ORL%W1B)F�M�C@	W�F�B\H , @	W�F�M�L�Q1E1OR@GW1_mF�K"LH1@	W1CM , +iCM�@sCH1IGJRB F r FIH 6 v Z r #��	J B�JXJ:�jJXOXF VIjV � t CW1QDOXL%TUl!E!F�@GW1_�F�P1J��1W1@GF�J�W1L%WUWaE1I	I�I	L�K"JRM�H�L%E!W1Q1B;L]F�P1JeIG@	W1JRCM[]^E1W1O
F�@GL%W1B V � P1@GB�I	JRCQ1B�F�LSK\M�@�F�JN@GW F�P1JeTUL�Q1JXI % K OXL%E1l1IGJ ? 4 r = 4 6 6 < � 4
KLLLLLLLLLLLLLLM LLLLLLLLLLLLLLN

� 4�/� � \ F \ FIH :O#+? Z
� � �Z:C; � : R X � 4 "�= %r:CPRQ , " :
# r � � � : ; � : R X � 4 ">= %�:$#�%S " F \ FIH %�:$#+? Z
� � � :<; � : R X � 4 "�? %r:CPRQ , " :
# r � � � : ; � : R X � 4 ">? %�:$#�%T " F \ FUH %�:O#&? Z

: � 4�/� � : F \ FIH \ # ? Z
: � � \ ; � \ R X ">= % \ PRQ , " :
# r : � � � \ ; � \ R X � 4 ">= %D%V " F : FIH :$#�% ? Z

: � 4�/� � : FUH \ #&? Z
: � � � \ ; � \ R X "�? % \ PRQ , " :W# r : � � � \ ; � \ R X � 4 "�? %D%S " FUH :O#/%
? Z
F r FIH 6 v Z r #��

� P1J;OXL%TUl!I	J � @�F , L]oOXL%TUl!E!F�@GW1_�CiI	I�F�P1JS� 4��� � +CiM�@sCiH1I	JXB�@GBYX � � 6 < � 4#�! " � 6 < � 4���:3#�%'& H!@	WoCM , +iCM�@	CH1I	JXB J F�K"LH�L�L%IGJ�CW1B�]^L%M[JRCO#P~ORLE1l1I	J�L]Z+iCI	E1JXB ">? 4 r = 4 % t CiW1Q[X �!\ (�)�� 6 < � 4��� " � 6 < � 4��
:]#�%�� & I	@GW1J�CM�ORLW1B�F�M�C@GWaF�B J_^I	@GW1J�CM�OXL%W1B)F�M�Ci@	W�F�Bq]^L%MqJ�CO#P?ORL%E!l1I	JtL]`+CiI	E1JXB t V � P1JtF�LF�CI�ORL%T�l1IGJ � @GF , L]1OXL%W1B�@GQ1JRM�@	W1_\F�P!J"@GWaF�JRM)]^JRM�JXW1ORJ_%M�Cil1P1B�a 4 @GB;F�P1JXWkH�L%E1W1Q!JRQ�H , X " � 6 < � 4�� D % +iCM�@sCH!I	JRB;CW1QbX " � 6 < � 4�� D % ORL%W1B)F�M�C@	W�F�B V
�Gc � �GF



�����a^ r��9q�� g��9^	�
� g
� �����������a^���� ^�� �������Wq`^�� �����eg
�������9q�������i����2�! �"� icg#� 7
	

�������� �������������qx���� w��rx�v���w�x�y�z xay�x���{%xd|~y��1���
� P1JSTUC � @	TmE1T,WaE1TmH�JRM�L]Y+iCI	E1JXB�L]�F�P1JmF ��l�J : B�@GTmE1I�F#CW1JXL%E1B�I!��CIG@ +%J?ORL%M�M�JXB�l�L%W1Q1B�F�L C T C � @GT CiIORIG@ ' E1J`@GWba 4#" " 6 < � 4 r�& 4�% Y�K\P1JRM�J ">? 4 r = 4 % 6 & 4 @ B F�P1JR@GM�I	@�]^JXF�@	T�JN@	W�F�JXM'+iCI	B�@	W�F�JXM�]^JXM�J J � 4��� � " # t V-� L%MB�@GTUl1IG@	OX@GF �%Y9M�CiF�P1JRMNF�L F�L�PoCW!Q1I	JmF�P1JU@GW�F�JRM)]^JRM�JRW1OXJU_%M�Cl1P}@GF�B�JRI�]3YZK[J�l1M�JX]^JRM�ORLW1B�@GQ1JRM�@	W1_ @GF�BeORL%T�l1I	J $TUJXW�F#CM%� _%M�Cl1P�a H4 " " 6 < � 4 r�& H4 % K\P1JXM�J ">? 4 r = 4 % 6 & H4 @ B F�P1JX@	MmIG@G]^J
F�@	T�J�@	W�F�JXM'+iCI	B`Q1L �9��� @	W�F�JRM�]^JXM�JJ � 4�/� � " Z t V � P1JXWZY�F�P1J�T C � @GTmE1T WaE1T`H�JXMALi] +iCI	E!JRB\L]�F�P1JeF �jl�J : K\P1@	O#P�CM�JeB�@	TmE1I�F#CW!JRL%E1B�I!�DCI	@8+%JORL%M�M�JXB�l�L%W1Q1B\F�L�C�T C � @GT CI�@	W!Q1JRl�JRW1Q!JRW�FAB�JXF�@	W a H4 V

� L\K\M�@GF�J�F�P1J�ORL%W!B�F�M�C@	W�F�BrK\P1@GO#P`Q1JXB�OXM�@	H�JtF�P1J�@	W1Q!JRl�JRW1Q1JXW�F�B�J
F�B J�& � t Y�K[J"Q1JX�oW!J;C\H1@	WoCiM'�1+iCM�@sCH1IGJ
( � � 6 v Z r #7� ]^L%M\JRCO#P +iCIGE1J ( � � 6 6 < � 4 B�E1O#P�F�PoCiF ( � � " # @ B ? 4�H�JXI	L%W1_B\F�L CiW & � L]Ya H4 V � J?T`E1B�F
J � l1M�JRB�B�@	W~F�P!J�T�L�Q1JRI9F�P1JN]^L%I	IGL�K\@	W1_?I	@	W!J�CM;OXL%W1B)F�M�Ci@	W�F�B %

) ORLE1l1I	J ( � � r ( � � 6 6 < � 4 ( � � \ ( � �tc9#-032 � 4�/� � " Z

�j@	W!ORJ	� 4�/� � 6 v Z r #�� CW1QkH*��E1B�@	W1_�F�P1J?I	@GW1J�CM\J � l!M�JRB�B�@GL%W1BNL]�F�P1J`J ' E1@ +iCIGJRW1OXJ J 032 t YoK"Jm@	W�F�M�LjQ!E1ORJC�H�L�L%I	JRCW F 6 v Z r #�� J B�JXJE��JROXF V jV,+ t V � P1J & � CM�JeQ1J
�oW1JXQ�@	W~F�P1JN@	W�F '�- T�L�Q1JRIZH*�~OXL%W1B�@	Q1JXM�@	W!_/.

KLLLLM LLLLN
: ( � ��: ( � � \ F \ #&? Z
: � 4��� � \ F ? Z
( � � \ ( � ��:�) F ? Z� 4�/� � : F ? Z
F 6 v Z r #��

0 P1J~WaE1TmH�JRM?L]�F�P1J3+CiM�@sCiH1I	JXB ( � � @	B X " � 6 < � 4�� % V 0 P1JDWaE1T`H�JXM`L]\@GWaF�M�L�Q1E1OXJRQ H1@GWoCM'�b+iCM�@sCH!I	JRBeF�L
J�1jl1M�JRB�B�F�P!JDJ ' E1@8+CiI	JRW!ORJRBS@GB3X " )  � 6 < � 4��  " � 6 < � 4���:9#�%D% V 0 P!J~W�E!TmH�JXMSL]\I	@GW1J�CiM`ORLW1B�F�M�C@GWaF�B`F�LQ1JX�1W1JRQ�F�P1J & �~@	B�X " )	 � 6 < � 4��  " � 6 < � 4���: #�%D% V
.�2�342�3 5�6/798;:�<>= ?@8BA�C 2 :�<>=ED 2
0 P1J�M�JR_@	B�F�JRM�B�CiF�E1M�CiF�@GL%W1B�L]�F�P1JNF ��l�J : @	B;F�P1JeT CF1j@GT CI�M�JX_%@	B)F�JRM�W!JRJRQ VHG TUCF1j@	TUCI & �~@	W a H4 @GB�F�P1JT CI1!@GT CiI < � �KJMLONQP � ( � � V 0 P1JXM�JXH9�Y�K"JNK\M�@�F�Je@	WDF�P1JeTUL�Q1JRI�F�P1JN]^L%IGI	L�K\@	W1_`L%H F�JRO
F�@8+%JN]^E1W1O
F�@	LWZY�R

P CF1j@	T�@TSRJVU� ��JML�NQP � ( � �
W+*XW g 392f`ZY adcfe g 3heiadj�[U3lknm�o\[p`qkMo\[ba-1ic
& WfO�CB�J?K\P1JXM�J�C�M�JR_@	B�F�JRM�B�CiF�E1M�CiF�@	L%W^]`_ 4 "ba % Li]�CUM�JX_%@	B)F�JXM�F ��l�J : @	B�_M�J�C�F�JRM\F�P1CW^c 4 F�P1JmWaE1TmH�JRML][C/+iC@GIsCH!I	J`M�JR_%@GB�F�JRM�BXYZK[J�W1JXJRQ}F�L CQ1Q}B�JXM�@	CI�CM�ORBe@	W�F�LDF�P1Jedfd\g a F�L~M�JXQ1E1OXJU@�F V 0 P!@	BNl1M�L%H1I	JXT@	B\J ' E1@8+iCI	JXWaF�F�L��1W1Q1@	W!_UC�T�@	W1@GT CIoF�LF#CI9B�O#P1JXQ1E1I	J�F�@GTUJ�E!W1Q1JRMAM�JX_%@	B)F�JXM�ORL%W1B)F�M�C@	W�F�B\IG@ K JNJO1jl1IsC@GW1JRQ@	W<�jJRO
F Vh+jV � J M�JXK\M�@�F�J�F�P1JU@	W�F�JX_%JRM?l1M�L%_M�CT�TU@GW1_D]^L%M�TmE1IsC�F�@	LW}Li];F�P1J IsCB)F`B�JROXF�@	L%W CB`JO1jl1IsC@GW1JRQ
CH�L�+Jh.

	 V F�P!J�LH F�JRO
F�@ +J�]^E!W1OXF�@	L%W\. �����i�����Kj�x	;�bjV F�P!JeF�LF#CiIZWaE1TmH�JRM\L]�@	W�F�JX_%JRMS+iCM�@sCH1IGJRB�@GB�H�L%E!W1Q1JRQ�H*�[X " � 6 �lkA% .

J C t X " � 6 � % B�O#P1JRQ1E!I	@	W!_ +iCM�@sCH1IGJRB�. ; � ]^L%M�JRCO#P�W1L�Q1J ? 6 6 R

m�m �§j¨R©
ª
«



7  ����� �������	� � ����
 � ��	���
���
J H t X � " � 6 < � � �  " � 6 < � � ��:9#�%'%D( )�& @GWaF�JRM)]^JRM�JXW1ORJ~H!@	WoCM%� +iCM�@sCH!I	JRB�]^L%M`JRCO#P M�JX_%@	B)F�JRM�BmF ��l�J : .� ��/� � 6 v Z r #�� ]^L%M\CI	I9ORL%E1l!I	JRB ? � r = � 6 6 < � � RJ O t X " � 6 < � � � % H1@	WoCiM'��@	W1Q!JRl�JRW1Q1JXW�F�B�J
F�B +iCM�@sCH!I	JRBq]^L%MqF�P1J"ORL%T�l1IGJRT�JRW�F#CM%�e@	W�F�JXM�]^JXM�JRW!ORJ[_M�Cl1Pa H� L]rF�P!J�M�JR_%@GB�F�JRM;F ��l�J : . ( � � 6 v Z r #�� ]^L%M�JRCO#P +iCIGE1J ? � 6 6 < � � RJ Q t F�P!JAF�LF#CIoWaE1T`H�JXM"L]9@	W�F�JXM�T�JRQ1@	CiF�JACW!Q H1@GWoCM'� +CiM�@sCiH1I	JXB�F�L?K\M�@GF�J P � (�� Y�� $ Q1@GBGF�E1W1O
F�@GL%W1BCW1Q J ' E!@ +iCI	JXW1ORJNK\@�F�P I	@GW1J�CM[ORL%W1B)F�M�C@	W�F�B\@GB�H�L%E!W1Q1JRQ�H*� X " � 6 �lkA% R

+!V F�P!JeF�LF#CiIZWaE1TmH�JRM\L]�I	@	W!J�CM;OXL%W1B)F�M�Ci@	W�F�B\@	B�H�L%E1W!Q1JRQ�H*� X " ����� \ � 6 � k % .
J C t X " ��� � % B�O#P1JRQ1E!I	@	W!_�OXL%W1B)F�M�Ci@	W�F�B�.

)98 " "�? r = % 6 � ; � :C; ��� R " 8 %
J H t F�P!J?F�LiF#CIqWaE1TmH�JRMAL]�@GWaF�JRM +CiIrIG@G]^J
F�@	T�JRB�@GW�F�JRM)]^JRM�JRW1OXJmORL%W!B�F�M�C@	W�F�B�@	BAH�L%E1W1Q1JXQ X " � 6�� � � �lkA%]^L%M�JRCO#PkM�JR_%@GB�F�JRM�F ��l�J���.� ��/� � " #1032 4 ��� � � ��� � � � , � � �� � � �>&
J O t F�P!JAF�LF#CI!W�E!TmH�JXM"Li]Z@	W!Q1JRl�JRW1Q!JRW�F[B�JXF�B[ORLW1B�F�M�C@GWaF�B�]^L%M�F�P1JAORL%T�l1IGJRT�JRW�F#CM%�m@GWaF�JRM)]^JRM�JXW1ORJ_%M�Cl1P a H� @	B\H�L%E1W1Q!JRQ�H9� X " � 6�� � � �lk % ]^L%M;F�P1JeM�JR_%@GB�F�JXM;F ��l�J ��.

( � � \ ( � � c9#-0 2 � ���� � " Z

J Q t F�P!JmWaE1TmH�JRM�L]Y+iCIGE1JRB�L]�F ��l�J!�AK\P!@	O#PdCM�JmB�@GTmE1IGF�CW1JXL%E1B�I ��CI	@8+%J�TmE1B)FNW1LF�J�1jORJXJRQdF�P1JWaE1TmH�JRM\L]�C.+Ci@	IsCiH1I	J�M�JR_@	B�F�JRM�B4c
�
.

U� � J LONQP � ( � � c c
�

J J t K"J�l!M�L%P1@GH1@GF�B;F�P1JeJO1!@GB�F�JRW1OXJ?L]�W1JX_�CiF�@8+%JNO��jOXI	JXB J B�JRJ �jJXOXF V +jV +!V,+ loC_%J +#" t .

) ? 6 6$� � � U� J&%(' �*),+ � �.-0/FLON P � � ��/� � � � 1!2 �Z� "�? � %43 6�� � � ��:O#
J ] t F�P!J`F�LF�CI�WaE1T`H�JXMNL]tI	@GW1J�CM�ORL%W!B�F�M�C@	W�F�B�F�L~JO1!l!M�JRB�B P � (�� Y5� $ Q1@	B F�E1W1OXF�@	L%W!B�CW1QdJ ' E!@ +iC $I	JXW1ORJe@GB�H�L%E!W1Q1JRQ�H*�[X " � 6 � k % R

�Gc m �76



����� � ��� 
�� ��� � �
���
� � ��������� � ��� � � ������� 
 � � � �����
������� 
������ � ���5�! �"� � �#� � +

� �����	��
� �

� � � 
����� 
��������������

� J~@GTUl!I	JRT�JRW�F�JRQ ]^L%E!M`F�L�L%I	B�F�LfORCM�M%� L%E!F���� CWoCiI!��B�@GB V 0 K"L}P1JRE1M�@	B)F�@	OXB`F�L�L%IGBmCW1Q F�K"LdL%l!F�@GT CiI
F�L�L%I	B�.

	 V F�P!J�P!JRE1M�@	B�F�@	OXBAOXL%W1B�@	B�F\@GW ORL%T�l1E!F�@	W1_�CW!QkM�JRQ1E1OX@	W1_�M�JX_%@	B)F�JXM�B�CiF�E1M�CiF�@	L%W\R

jV F�K"L�Ll!F�@GT CI�F�LjL%IGB�_JRW1JXM�CiF�J�@	W�F�JX_%JRM�IG@	W1JRCMrl1M�L%_M�CT�TU@GW1_ATUL�Q1JRIGB�CW!QSB�L%I8+%J[F�P1JRT F�LNOXL%TUl!E!F�J
J�1!CO
F�M�JR_%@GB�F�JRM�B�C�F�E1M�CiF�@GL%W CW1Q�M�JXQ1E1ORJ�@GF;L%l!F�@GT CiI	I!� V

� 1!l�JRM�@	T�JRW�F�JXQ ORL�Q1JXB CM�J J�1�F�M�COXF�JRQ ]^M�L%T*+iCM�@GL%E1BSI	L�L%l1B�E1B�JRQ @GW! � �#" " Y g G g$" �&% V 0 P1JX@	M�O ��ORIG@	Odfd\gNB�CM�J?l!M�JRB�JRW�F�JXQf@	W F�P1J`Cl1l�JRW1Q!@ 1�L]' 0/0 � � % K\P1JXM�J�F�P1J�WaE1TmH�JRM�Li]�W1L�Q1JRB�@	W F�P1J�I	L�L%l�H�L�Q1@GJRB_%L�JRB�]^M�L%T  F�L  � V & W�L%E1MtJ�1jl�JRM�@GTUJXW�F#CiF�@	L%WZYiK[J\]^LjOXE1BtL%W)(oL�CiF�@	W1_el�L%@	W�FtM�JX_%@	B)F�JXM�B�CW1QUCB�B�E1T�J\F�PoCiFM�JRCQ1@	W!_�]^M�L%T CiW1Q�K\M�@GF�@	W1_mF�L�M�JR_%@GB�F�JRM�BACM�JNQ1L%W1J�CiFAO��jOXI	J � V
*�+-, .�/ [1032 4$57698 :�;<2 /�= [>4\[10?;A@
� Jd@GTUl1IGJRT�JRW�F�JXQ C F�L�L%I�F�P1CiF _%JRW!JRM�C�F�JRB�@	W�F�JR_%JXM~I	@	W!J�CMDl!M�L%_%M�CT�TU@GW1_ T�LjQ!JRI	BUF�L ORL%T�l1E!F�JfF�P1J
L%l!F�@	TUCI1M�JX_%@	B)F�JXM"B�CiF�E1M�CiF�@GL%W�]^L%M�C?_%@8+%JRW dfd\g V 0 P1J�l1M�L%H1IGJRT5M�JXB�L%IGE!F�@GL%W�@	BtQ1L%W1JAH*��ORl1IGJ�1� CB -ED " + % V
� J"O#P1JROGF�J�1jl�JRM�@	T�JRW�F#CIGI!��F�P1J�JRM�M�L%Mr@	W�F�M�LjQ!E1ORJXQ`H*��geM�JRJRQ>� $ ��P1JXE1M�@GB�F�@	O V � 1jl�JXM�@	T�JRW�F�CIaM�JRB�E1IGF�B�B�P1L�K
F�PoC�F geM�JRJXQ� $ ��@	B�+%JRM%� J?HUOX@	JXWaF�.�@	W CI	T�L%B�F�CIGI�ORCB�JXBRY�@GF�ORL%T�l1E!F�JRB�F�P1JSJ�1!CO
FNM�JX_%@	B)F�JXM�B�CiF�E1M�C�F�@	LW V
I CF1j@	TUCI�J�1jl�JRM�@	T�JRW�F#CI�JRM�M�L%M"@	B 	 Yj@ V J V F�P1J�L%l!F�@GT CiI�M�JR_%@GB�F�JRM[B�CiF�E!M�CiF�@	L%WU@	B[_M�J�C�F�JRM"H*�DL%W1JAF�PoCiWDF�P1JORL%T�l1E!F�JRQ�H*� geM�JRJXQ� $ � V�\@	_PaF�B�@GQ1J�L] 0 CH VKJjV 	 _%@ +JRB�L%l!F�@	TUCI J K\@GF�PS@	W�F�JX_%JRM�IG@	W1JRCM�l!M�L%_%M�CT�TU@GW1_�T�LjQ!JRIMLrCW1Q�ORLTUl1EjF�JRQJ K\@�F�P gNM�JXJRQ� $ �UP1JRE!M�@	B)F�@GONLO���S]^L%M�I	L�L%lUH�L�Q1@	JXB V � J�P1C/+J�E1W!M�L%IGI	JRQ�F�P!JRB�J�I	L�L%l1B�F�L?@	W1OXM�J�CiB�JAM�JR_@	B�F�JRM
l1M�JXB�B�E1M�J�@	WkL%M�Q!JRM�F�LDB�F�E1Q� gNM�JXJRQ� $ �kJ-H�OR@GJRW1O�� @GW O�CB�JmL]tI	CM�_%JXMfd G gNB V\G B�ORL%T�l1E!F�@	W1_UL%l!F�@GT CiIB�L%IGE!F�@GL%WmPoCiBtCWSJ�1jl�L%W1JRW�F�@sCI1OXL%T�l1I	JO1!@�F �%Y�K[J\O�CiW1W1LF�E!W1M�L%IGIjF�P1JRB�J�I	L�L%l1B�K\@�F�PSH1@G_�] COXF�L%M�BXY�LF�P!JRM�K\@GB�J
F�P1J\OXL%TUl!E!F#CiF�@	L%W?F�@	T�J[K"L%E1IGQ�H�J\J�1�F�M�JRT�JRI �mI	LW1_ V � J\E1W1M�L%I	IGJRQmF�P1JRB�JAIGLjLl1B�]^M�LT  F�L "!V 0 CH1IGJ JjV 	 Y
0 CiH VPJjV  CW!Q 0 CH VPJ�V + _%@ +JNQ1JXF�C@	IGJRQ M�JXB�E1I�F�B�K\@GF�P Q1@RQ�JRM�JRW�FAE1W1M�LI	I	@GW1_mQ1JX_%M�JXJ J WaE1TmH�JRM\L]�W1LjQ!JRB\@	WCI	I�F�P1JXB�JAE1W1M�L%I	IGJRQSI	L�L%l1B�_%LjJXB�]^M�L%T � F�L 	  � Y%CW1Q�W�E!TmH�JXM�L] +CiI	E1JXB�_%LjJXB�]^M�L%T 	 F�L 	 	 � L V gNM�JXJRQ� $ �ORIGJ�CM�I!�UORL%T�l1E!F�JRB�W1JRCM�I � L%ljF�@	TUCI�B�L%IGE!F�@GL%W1B;@GW~l�LI!��W1L%T�@sCIoF�@	T�J�ORLTUl1IGJ�1j@GF � VES E1M;K"L%M�B)F\JRT�l1@	M�@	O�CiIJRM�M�L%M�@	B 	 Yr@ V J V ]`_ET c ]`_ c ]`_OTVU # V G l1l�JRW!Q1@ 1 G _%@ +JRB?CW JO1!CTUl!I	JSK\P1JRM�J�F�P1J�L%l!F�@GT CiIO���
@	B�_M�J�C�F�JRM�H9� L%W1J`F�P1JRWfF�P!JSL%W1JSORLTUl1EjF�JRQfH*� geM�JRJRQ>� $ �fCW1QfJ�1jl1I	C@	W!B�K\P*�fL%E1M�P!JRE1M�@	B�F�@	O`] Ci@	I	B\F�LM�JRCO#P�@�F V
m�m �§j¨R©
ª
«



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

���������	��
�� ���������������� ����� �� ! �  
�� £��"s¦�¦�� ¤ © © #
$  &%'" $ �R�'(�) « « #
$  &%'" $ �R�'(i© « * * #
$  &%'" $ �R�'(�+ © © #�!(���,"�¦���¦-" $ ���'(�) + + #�!(���,"�¦���¦-" $ ���'(i© ¨ ¨ #�!(���,"�¦���¦-" $ ���'(�« ¨ ¨ #�!(���,"�¦���¦-" $ ���'(/. ) ) #�!(���,"102(�(�(�" $ ���3(�) © © #�!(���,"��!(� ¡�)�4" $ ���'(�)�# © © #�!(���,"��!(� ¡�)�4" $ ���'(�) ) ) #�!(���,"��!(� ¡�)�4" $ ���'(i© « « #�!(���,"��!(� ¡�)�4" $ ���'(�« © © #�!(���,"��!(� ¡�)�4" $ ���'(�¨ . ª )�!(���,"��!(� ¡�)�4" $ ���'(�+ ) ) #�!(���,"��!(� ¡�)�4" $ ���'(�ª « « #�!(���,"��!(� ¡�)�4" $ ���'(/. « « #�!(���,"��!(� ¡�)�4" $ ���'(5* © © #�!(���,"��!(� ¡�)�4" $ ���'(56 ¨ ¨ #�!(���,"	¤��'78" $ ���3(�) ª ª #�����3¤9"��4:�� $ ��¨ ; ) ) ) #�����3¤9"��4:�� $ ��¨ ; © ) ) #�����3¤9"��4:�� $ ��¨ ; ¨ ) ) #�����3¤9"��4:�� $ ��¨ ; * ) ) #�����3¤9" $ �R�'(�) « « #�����3¤9" $ �R�'(i© © © #�����3¤9" $ �R�'(�« ¨ ¨ #

�����5�=<?>�@BA ���CD���E���	�F� �G��� �� H �  
$  £��"s¦�¦�� ¤ ¨ ¨ #
$  I%B" $ ���'(�) + + #
$  I%B" $ ���'(i© « )�ª )�ª #
$  I%B" $ ���'(�+ ¨ ¨ #�!(i���,"�¦���¦-" $ ���3(�) 6 6 #�!(i���,"�¦���¦-" $ ���3(© * * #�!(i���,"�¦���¦-" $ ���3(i« * * #�!(i���,"�¦���¦-" $ ���3(J. © © #�!(i���,"102(�(�(K" $ �R�'(�) ¨ ¨ #�!(i���,"��9(� ¡�)�4" $ ���3(�)�# « « #�!(i���,"��9(� ¡�)�4" $ ���3(�) © © #�!(i���,"��9(� ¡�)�4" $ ���3(© ª ª #�!(i���,"��9(� ¡�)�4" $ ���3(i« © © #�!(i���,"��9(� ¡�)�4" $ ���3(�¨ )�© )�© #�!(i���,"��9(� ¡�)�4" $ ���3(/+ © © #�!(i���,"��9(� ¡�)�4" $ ���3(iª ª ª #�!(i���,"��9(� ¡�)�4" $ ���3(J. ª ª #�!(i���,"��9(� ¡�)�4" $ ���3(�* ¨ ¨ #�!(i���,"��9(� ¡�)�4" $ ���3(�6 6 * )�!(i���,"	¤��'7L" $ �R�'(�) )3) )3) #�����)¤9"��4:�� $ �)¨ ; ) ) ) #�����)¤9"��4:�� $ �)¨ ; © © © #�����)¤9"��4:�� $ �)¨ ; ¨ © © #�����)¤9"��4:�� $ �)¨ ; * © © #�����)¤9" $ ���'(�) + + #�����)¤9" $ ���'(i© ¨ ¨ #�����)¤9" $ ���'(�« ¨ ¨ #

0NM�OQP1R JjV 	 .HgNM RBR Q� $ � � H�OBS R W1O �TSGW D L�L%lVU[L�QQS R'WXM W1Q D LjL%l WXY WQZ�[ P1P�R Q  0 S	T RBW

�Gc m �76



����� � ��� 
�� ��� �	� ����
 � �����
���� ����� ��� ������� 
 � � � �����
 � ��� 
���
�� �$� ���5��� � � � � � � J

�������=< >��BA ���������������� ����� �� ! �  
$  ¡�K"s¦�¦�� ¤ ª ª #
$  &%'" $ �R�'(�) . . #
$  &%'" $ �R�'(i© « © ¨ ©#¨ #
$  &%'" $ �R�'(�+ ª ª #�!(���,"�¦���¦-" $ ���'(�) )�« )�« #�!(���,"�¦���¦-" $ ���'(i© )�© )�© #�!(���,"�¦���¦-" $ ���'(�« )�© )�© #�!(���,"�¦���¦-" $ ���'(/. « « #�!(���,"102(K" $ ���'(�) + + #�!(���,"��!(� ¡�)�4" $ ���'(�)�# ¨ ¨ #�!(���,"��!(� ¡�)�4" $ ���'(�) « « #�!(���,"��!(� ¡�)�4" $ ���'(i© 6 6 #�!(���,"��!(� ¡�)�4" $ ���'(�« © © #�!(���,"��!(� ¡�)�4" $ ���'(�¨ )�ª )�ª #�!(���,"��!(� ¡�)�4" $ ���'(�+ « © )�!(���,"��!(� ¡�)�4" $ ���'(�ª 6 6 #�!(���,"��!(� ¡�)�4" $ ���'(/. 6 6 #�!(���,"��!(� ¡�)�4" $ ���'(5* ª ª #�!(���,"��!(� ¡�)�4" $ ���'(56 )�« )�© )�!(���,"	¤��'78" $ ���3(�) ) + )D+ #�����3¤9"��4:�� $ ��¨ ; ) ) ) #�����3¤9"��4:�� $ ��¨ ; © © © #�����3¤9"��4:�� $ ��¨ ; ¨ « « #�����3¤9"��4:�� $ ��¨ ; * « « #�����3¤9" $ �R�'(�) ª ª #�����3¤9" $ �R�'(i© ª ª #�����3¤9" $ �R�'(�« ¨ ¨ #

�����5�=<?>! KA ���CD���E���	�F� �G��� �� H �  
$  £��"s¦�¦�� ¤ * * #
$  I%B" $ ���'(�) 6 6 #
$  I%B" $ ���'(i© « «X© «X© #
$  I%B" $ ���'(�+ * * #�!(i���,"�¦���¦-" $ ���3(�) ) . ) . #�!(i���,"�¦���¦-" $ ���3(© )�ª )�ª #�!(i���,"�¦���¦-" $ ���3(i« )�ª )�ª #�!(i���,"�¦���¦-" $ ���3(J. ¨ ¨ #�!(i���,"102(K" $ ���3(�) ª ª #�!(i���,"��9(� ¡�)�4" $ ���3(�)�# + + #�!(i���,"��9(� ¡�)�4" $ ���3(�) ¨ ¨ #�!(i���,"��9(� ¡�)�4" $ ���3(© )�© )�© #�!(i���,"��9(� ¡�)�4" $ ���3(i« © © #�!(i���,"��9(� ¡�)�4" $ ���3(�¨ © # © # #�!(i���,"��9(� ¡�)�4" $ ���3(/+ ¨ « )�!(i���,"��9(� ¡�)�4" $ ���3(iª )�© )�© #�!(i���,"��9(� ¡�)�4" $ ���3(J. )�© )�© #�!(i���,"��9(� ¡�)�4" $ ���3(�* * * #�!(i���,"��9(� ¡�)�4" $ ���3(�6 ) . )�ª )�!(i���,"	¤��'7L" $ �R�'(�) )�6 )�6 #�����)¤9"��4:�� $ �)¨ ; ) ) ) #�����)¤9"��4:�� $ �)¨ ; © © © #�����)¤9"��4:�� $ �)¨ ; ¨ ¨ ¨ #�����)¤9"��4:�� $ �)¨ ; * ¨ ¨ #�����)¤9" $ ���'(�) ª ª #�����)¤9" $ ���'(i© * * #�����)¤9" $ ���'(�« ¨ ¨ #

0 M/OQP�R J#"  . g Z RBR%$ � $ � � H�&'S R(' & �TS ' D [�[*) W Y+' ZD[ P�P1R($ + M�'�$ � 0 S	, RBW

m�m �§j¨R©
ª
«



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

������� <?>��'A �5������E������� ����� �� ! �  
�a ¡�K"s¦�¦�� ¤ )�# )D# #
$  &%B" $ ���3(�) )3) )') #
$  &%B" $ ���3(i©
« ¨'# ¨B# #
$  &%B" $ ���3(�+ )�# )D# #�9(���4"s¦���¦-" $ �R�'(�) ©K) ©�) #�9(���4"s¦���¦-" $ �R�'(i© © # ©3# #�9(���4"s¦���¦-" $ �R�'(�« © # ©3# #�9(���4"s¦���¦-" $ �R�'(/. + + #�9(���4"�02(�(5(K" $ ���3(�) . . #�9(���4"s�!(�  �3�4" $ �R�'(�)�# ª ª #�9(���4"s�!(�  �3�4" $ �R�'(�) + + #�9(���4"s�!(�  �3�4" $ �R�'(i© )D+ ) + #�9(���4"s�!(�  �3�4" $ �R�'(�« © © #�9(���4"s�!(�  �3�4" $ �R�'(�¨ ©#¨ © ¨ #�9(���4"s�!(�  �3�4" $ �R�'(�+ + + #�9(���4"s�!(�  �3�4" $ �R�'(�ª )D+ ) + #�9(���4"s�!(�  �3�4" $ �R�'(/. )D+ ) + #�9(���4"s�!(�  �3�4" $ �R�'(5* )�# )D# #�9(���4"s�!(�  �3�4" $ �R�'(56 ©K) ©3# )�9(���4"G¤��378" $ ���3(�) © « ©
« #�����3¤!"s� :�� $ ��¨ ; ) ) ) #�����3¤!"s� :�� $ ��¨ ; © © © #�����3¤!"s� :�� $ ��¨ ; ¨ ¨ ¨ #�����3¤!"s� :�� $ ��¨ ; * + + #�����3¤!" $ ���3(�) ª ª #�����3¤!" $ ���3(i© )�# )D# #�����3¤!" $ ���3(�« ¨ ¨ #

�����5� < >��BA ���CD���E�����F� �G��� �� H �  
$  £��"s¦�¦�� ¤ )�© )�© #
$  I%B" $ ���'(�) )�« )�« #
$  I%B" $ ���'(�+ )�© )�© #�!(i���,"�¦���¦-" $ ���3(i« ©#¨ ©#¨ #�!(i���,"�¦���¦-" $ ���3(J. ª ª #�!(i���,"��9(� ¡�)�4" $ ���3(�) ª ª #�!(i���,"��9(� ¡�)�4" $ ���3(i« © © #�!(i���,"��9(� ¡�)�4" $ ���3(/+ ª ª #�!(i���,"��9(� ¡�)�4" $ ���3(iª )�* )�* #�����)¤9"��4:�� $ �)¨ ; ) ) ) #�����)¤9"��4:�� $ �)¨ ; © © © #�����)¤9"��4:�� $ �)¨ ; ¨ ¨ ¨ #�����)¤9" $ ���'(�« ¨ ¨ #

0 M/OQP�R J#",+ . g Z RBR%$ � $ � � H�&'S R(' & �TS ' D [�[*) W Y+' ZD[ P�P1R($ J M�'�$ " 0 S	, RBW

�Gc m �76



����� � ��� 
�� ��� �	� ����
 � �����
���� ����� ��� ������� 
 � � � �����
 � ��� 
���
�� �$� ���5��� � � � � � � ^
*�+�� .�/ [1032 4$576���� =ZY 03@�� ;	� 6��
� 0���[��� 8 4`[>=�� 4`[10?;A@
& '���� S W WDR & � S�[ '����8R W�����$ � R 1#) R ZDS , R%'�� M/P1P � [ � Z �DR & � ' S�� �QRBW���WDR($ � [JZ Z R($!� &BS '#" Z R�" S W�� R Z WDM$��� Z M$� S1[ '
��� S P�R ,�S ' S	,�STSBS '#"%���QR &'ZDS � S	& M/P ) M$��� "
& R S	,�) P1R , R%''� R($ [ � Z �QR(� ZDS W�� S & WFM�' $ [�) � S , M/P W [ P)�*� S1[ '+� [C[ P1W
�QW S '#" D � d G  I-, " " % M�' $ &() P1R 1  B -VD " + % "#G ��. Z W����!�LR/�?M F R0���QR dfd\g W [ � P [�[*) O [ $ S R'W M�' $��LR/� Z%�
� [ Z R($#� & R1���QR Z R�" S W��DR Z WDM$��� Z M$� S�[ ' M/W�P [ � M�W )	[ WDW S OQP1R$�2��� S & � S WFR � � S + M/P1R%''�/� [ Z R�" S W�� R Z W�� H &'S R%' & � G03 � " 	 % " 0
� S W S W $ [ 'QR O � WDR4��� S '#" c " # M/WTM5�?M Z "JR(�TP S	,�S � " 0 M/OQP�R J#" � W�� [ �XW [�) � S , M/P + W "
M ) )QZ�[M1�S , M6� R($ W [ P��!� S�[ 'QW . ���QR7�8� [ . Z W9� '�� , R ZDS & M/P &'[ P)� , ' W�� [ �XW '�� , O�R Z W [ � ' [ $�RBW M ' $ + M/P��QRBWS ' R-M & � d d\g " S ) � S	, M/P �;: [ � P [C[�) O [ $ S R'W M Z R W�� [ � ' S ' 'QR 1 � &B[ P�� , ' " S ) � S , M�P �0: Z R%$#� & � S1[ '
� S ��� S � W &B[JZ�Z RBW )	[ ' $ S '!"e& D�- P [ W�WXM Z RFW�� [ � ' S ' 'QR 1 � &'[ P , ' " � RBW��QP��DW [ � [ � Z ��R�� Z�S W�� S	& W M Z R S ' W M , R&B[ P�� , ' O	R4�8�8R'R('�O Z M &GF R(� W " 0
�QR P M/W9� &B[ P�� , ' W�� [ �XW & D�- P [ WDW S ' O [ ��� [�) � S , M/PCM�' $<�QR(� ZDS W�� S	& W & M/WDR'W "
S ) � S , M/P Z R($#� & R($ �;: �8M/W S '7� [JZ W�� & M/WDR'W P1R'WDWLO ��[ '�R Z R(" S W9� R Z ��� M�' [ � Z �QR ZDS W�� S & W Z R'W��QP=� W ">& R , �QW��
' [ �DR���� M$� W S ' & R �0: &'[*,�) �!�?M6� S1[ ' S ' + M/P��QR WDR ZDS M/P S!S M$� S1[ '?�QR�� Z�S W9� S	& W S W $ [ 'QREO � g Z R'R($ � $9@ ���8R�M�$ $S �DW�� [JZ W�� R 1#) R ZDS , R%''�?M/P R ZDZ�[JZ J 	 Z R(" S W9� R Z L ��� S	& �VP1RBM�$QW�� [ M�� [ �?M/P , M 1CS	, M/P�R Z�ZD[JZ [ ���8� [�Z R(" S W9� R Z W "

& ' M WDR &'[ ' $ R 1#) R ZDS R%' & R$�A�LR?� ' ZD[ P�P����QR'WDRVP [�[*) W��8� S	& R M ' $B� Z'� � [ Z R($#� & RC���QR S�Z��0: � ' $QR Z M
P S , S � &'[*,�) �!� R%$ M/W0����R�. Z W9� )	[ �LR Z [ �AD�P [ �LR Z ��� M�' �;: � S " R " S � �;: S W 	 DE���QR%'F�8R Z R($#� & R S �0� [+G �
R(� & " d R4�?M S P1R%$ Z R'W��QP=� W�M Z RH� Z�S ��� R(' S ' 0 M/OQP�R J#"CJ#" 0
�QR%. Z W��/�8� [ &B[ P�� , 'QW W�� [ �XW '�� , O�R Z W [ � ' [ $QRBW
M�' $ + M/P)�QR'W S ' R-M & � dfd\g W " 0
�QR%'��I�LR<" S + R ) � S	, M/P �0:=[ �J���QR'WDR�P [�[*) WK� ' Z�[ P1P�R($L�8� S & R " 0
�QR�'QR 1 �&B[ P�� , ' W�� [ �XWI���QRJ�?M Z "JR(��� R($ P S , S � [ � �;: Z R%$#� & � S1[ ' "OS ) � S	, M/P �;: Z R%$#� & � S1[ '	� S ��� S �DW &'[JZDZ RBW )	[ '�$ S '#"
& D�- P [ W�W M Z R1" S + R%' S 'L����R<�8� [ P M/W9� &B[ P�� , 'QW " � R'W��QP=� W O�R(�8�LRBR(' O Z M &GF R(�DW M Z R���� [ WDR &B[�, ) �*� R($ O �[ � Z ��R�� Z�S W�� S	& W "NM R Z RO�P�LR WDR'R M�P1W [ ��� M$� , M 1CS , M/PGR 1#) R ZDS	, R(''� M/P8R ZDZD[/Z S W 	 J Z R , R , O	R Z M/P�W [ ��� M$�g Z RBR%$ � $9@ S '�� ZD[ $#� & RBW M�' , M 1CS	, M/P R 1#) R ZDS	, R(''� M/P R ZDZ�[JZ [ � 	 L " 0
�QR W M , R R 1#) R ZDS	, R(''�Q� M�W $ [ '�R [ '
P [�[*) WR� ' Z�[ P1P�R($ + � S	, RBW�J�0 M/OQP�R J#" " L M�' $ � � S , R'W�J�0 M/OQP1R J#" ^ L "I& R $ S $�'�ST� & �QR &GF � [JZ P M Z "JR Z ��' ZD[ P�P S '#"
$QR�" Z RBR'W�O�R & M$�QWDR &B[*,�) �!� S '#" [*) � S	, M/P �;:VZ R($#� & � S�[ ' [ �NP M Z "JR d G g W S W &B[*,�) �!� M$� S�[ ' M/P2� ''� Z M & �?M�OQP1RJ [ 'Z& ''� R'P - & & & GVUVU IC� S �#� Z�[*, � [ � Z W�� [ �LRBR F W+$QR ) R%' $ S '#" [ ' d G g WXW S!S R M�' $�� M Z "JR4� R%$VP S	,�S � L "& R
O	R'P S R + R
��� M$�R���QR R 1#) R Z�S	, R(''�?M$� S1[ '�W>��� M$�R�LR;�QM + R & M ZDZ�S R($ [ �!�LM Z RXW�� H�&BS R(''�J� [ W�����$ �E[ � Z W�� Z M$�DR�" S RBW
R H�&BS R(' &�� JW���QR '�� , O�R ZF[ � ' [ $�RBW S ' M/P�P����QR'WDR���' ZD[ P�P1R%$ P [�[*) W�" [ RBWQ� ZD[*, � � [�GOU � M ' $-����R '�� , O�R Z[ � + M�P)�QR'WQ" [ R'W�� ZD[*, 	 � [ ^ " L "
*�+9X 698 YZ��[ 4Q\ 0-;]� 03@ ^ @�� ; 5-54��� _ ;); /?�
& '`��� S WER 1#) R ZDS R(' & RO���LR W���� $ � ����R �;: R +J[ P��!� S�[ ' S 'B�a��' & � S1[ ' [ �/� ' ZD[ P�P S '!" $�R�" Z RBR S ' RBM & � P [C[�) "
b S "O� Z R "PJ#" 	 W�� [ �XW0���QR ) P [ �DW [ � �;: J &'[*,�) �!� R%$ O �^g Z RBR($ � $c@ L S '+�a� ' & � S1[ ' [ �d���QR%��' ZD[ P�P S '#" $QR�" Z RBRJa� Z�[*, 	 � [ D U S ' RBM & �=P [�[*) � )QZ�[ $!� &BS '#" M '�� , O	R ZF[ � ' [ $QR'W0" [/S '#"<� ZD[*, � � [ � UVU ��� S & � W�� H &'S R%'��
� [ W�����$ � �;: O�R��QM +�S�[JZ S ' Z R-M/P M ) ) P S	& M$� S�[ 'QW L " G WH�LR�R 1#) R & �e�>����R �;: S W M�' S ' &'Z R-M�W S '!"C�a� ' & � S�[ ' .
W S ' & R���' ZD[ P�P S '#"�M P [C[�) )QZ�[ $#� & RBW ,�[JZ R + M/P)��RBW�O�R & MO�QWDR [ ��P [�[*) O [ $ S RBW+$#� ) P S	& M$� S�[ '��f���QR �;: &B[ �QP	$
' [ � $QR &'Z R-M�WDR " 0
� S W S W+' [ ��'QR & R'WDW M Z'� � [/Z M�' � &B[ $QRO� S " R " �0: S W+'�R S ���QR Z P S 'QR-M Z ' [/Z W�� ZDS & � P �TS ' &'Z RBM/W $S '#"E�a� ' & � S1[ ' M &(&'[JZ $ S '#"g� [ ����R�� ' Z�[ P1P S '#"�$QR�" Z RBR . ��� S W S WFO�R & MO�QW�R�� ' Z�[ P1P S '#" M�P [�[*) )QZD[ $#� & RBW�'QR4�
M Z�& WFO�R & MO�QWDR [ � & ��& P S	& M�' $ S ''� R Z $ S � R Z M$� S1[ ' $QR ) R%' $QR%' &BS RBW " 0
�QR [ 'QP � & M/WDR'W;���QR Z R%���QR �;:VS W P S 'QRBM Z
M &(&'[JZ $ S '#"�� [ � ' ZD[ P1P S '#"�$QR�" Z RBR S W0���QR & M/WDR [ � M & ��& P S	& P [C[�) W;� S ��� [ 'QP � P [C[�) $ S ' $QR ) R('�$QR(''� M Z�& W " & '
��� S W & M/W�RO�h� ' Z�[ P1P S '#" MEP [C[�) � $ � S	, RBW , �QP�� S	) P S RBWJ���QR �;: O � M��9M & � [JZ [ � � "

& ' M W�R &B[ ' $ R 1#) R Z�S R(' & RO�
�LR W9��� $ � ���QR P S	,�S � [ � �0: Z R%$#� & � S1[ ' S 'i�a� ' & � S1[ ' [ �0���QR-��' ZD[ P�P S '#"
$QR�" Z RBR " b S "O� Z R "PJ#" D ) P [ � W Z R%$#� & R($ �;: � [ + D1�QW S '#" [ � Z �QR�� ZDS W9� S & W [ ' + M Z�S1[ �QW
��' ZD[ P�P1R%$ P [C[*) W�� S ���
�9M & � [JZ W;" [JS '#"E� Z�[*, 	 � [ D U " G W;�LR WDR'RO� S ' )QZ M & � S	& M/P1P � M/P1P & M/WDR'W/���QR �0: S W , M S ''� M S 'QR%$?��' $QR Z ���QR

m�mkjOl*m�n4o4p



� G ������� �����	� ��� ��
 ��� ����� � �

�	�
������
��� ����� ��� � � ��� ��������������! 
����"#� $&%(')%(�+*,*
P S ' $ $ $ [ � � � D D�- D L U " UVU/. - U " UVU/.)L
P S10 $ P [�[*) 	 " G + D�- D L U " 	 	 . - U " D U/.)L
P S10 $ P [�[*) J J � D D�- D L U " UVU/. - U " 	32 .)L
P S10 $ P [�[*) D + D U 	 " G + - � L U " D "/. - U " D J .)L
W ) R & $ $ [ $ $ P [C[*) 	 	 + 	 D J + - � L U " 	 D . - U " 	 D .)L
W ) R & $ $ [ $ $ P [C[*) D 	 U " � D�- + L U " 	 J . - U " UVU/.)L
W ) R & $ $ [ $ $ P [C[*) + 	 	 	 U � D�- + L U " 	 � . - U " UVU/.)L
W ) R & $ $ [ $ $ P [C[*) 2 � + 	 	 - 	 L U " UVU/. - U " UVU/.)L
W ) R & $ � ) $ P [C[�) 	 J � D 	 - 	 L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS & R $ P [�[*) 	 U � + D D�- D L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS & R $ P [�[*) 	 D D 	 	 - 	 L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS & R $ P [�[*) D " " + + - + L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS & R $ P [�[*) + � + D D�- D L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS & R $ P [�[*) � 	 D G 2 J - " L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS & R $ P [�[*) J D 	 	 	 - 	 L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS & R $ P [�[*) " " " + D�- D L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS & R $ P [�[*) 2 J � + D�- D L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS & R $ P [�[*)hG � + D D�- D L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS & R $ P [�[*) " 	 	 " � + - + L U ",+ + . - U ",+ + .)L
W ) R & $ � [*, $ P [C[�) 	 	 J 	 D " + - � L U " 	 	 . - U " UVU/.)L
���QR(� $ & ��& P1R �54 	 � � 	 	 - 	 L U " UVU/. - U " UVU/.)L
���QR(� $ & ��& P1R �54 D � � 	 	 - 	 L U " UVU/. - U " UVU/.)L
���QR(� $ & ��& P1R �54 � � � 	 	 - 	 L U " UVU/. - U " UVU/.)L
���QR(� $ & ��& P1R �54 G � � 	 	 - 	 L U " UVU/. - U " UVU/.)L
���QR(� $ P [�[*) 	 	 " 	 " + D�- + L U " UVU/. - U " UVU/.)L
���QR(� $ P [�[*) D 2 " D D�- D L U " UVU/. - U " UVU/.)L
���QR(� $ P [�[*) + J J � � - � L U " UVU/. - U " UVU/.)L

0NM�OQP1R J#" � . S ) � S	, M/P 0 W G ) )�ZD[M1CS	, M$� R%$ �;: � R%$#� & � S1[ ' S ' D [�[*)VU8[ $ S R'W6- c "87 L

9;: m<9 6



����� � ��� 
�� ��� �	� ����
 � �����
���� ����� ��� ������� 
 � � � �����
 � ��� 
���
�� �$��� �5��� � � � � � � "

�;�
�����	��
� ����� ��� � � ]`_ c ]`_ $ % ' % �+*,*
P S ' $ $ $ [ � G G � D + - + L U " UVU/. - U ",+ G/.)L
P S10 $ P [C[*) 	 	 G 	 " J � � - � L U " UVG/. - U " UVG/.)L
P S10 $ P [C[*) D + � U + G 	 " G G - G L U " UVU/. - U " 	32 .)L
P S10 $ P [C[*) J 	 U " � D D�- D L U " DVD . - U " DVD .)L
W ) R & $ $ [ $ $ P [�[*) 	 D " D � " G G - G L U " UVU/. - U " UVU/.)L
W ) R & $ $ [ $ $ P [�[*) D D U 	 G G � � - � L U " UVU/. - U " UVU/.)L
W ) R & $ $ [ $ $ P [�[*) + DOD D U G � � - � L U " UVU/. - U " U 2 .)L
W ) R & $ $ [ $ $ P [�[*) 2 G " D 	 D�- D L U " UVU/. - U " � G/.)L
W ) R & $ � ) $ P [�[*) 	 	 U G � D D�- D L U ",+ 2 . - U ",+ 2 .)L
W ) R & $ W )QS	& R $ P [�[*) 	 U G " + D D�- D L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS	& R $ P [�[*) 	 � � D 	 D�- D L U " UVU/. - U " D J .)L
W ) R & $ W )QS	& R $ P [�[*) D 	 G 	 G " � � - J L U " 	 G/. - U " UVU/.)L
W ) R & $ W )QS	& R $ P [�[*) + G " D 	 D�- D L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS	& R $ P [�[*) � D � 	 " 	 D G G - G L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS	& R $ P [�[*) J � D D 	 	 - 	 L U " D J . - U " D J .)L
W ) R & $ W )QS	& R $ P [�[*) " 	 D 	 D " � � - � L U " UVU/. - U " UVU/.)L
W ) R & $ W )QS	& R $ P [�[*) 2 	 U G " � � - � L U " U J . - U " U J .)L
W ) R & $ W )QS	& R $ P [�[*)hG G " � D D�- + L U "CJ U/. - U "CJ U/.)L
W ) R & $ W )QS	& R $ P [�[*) " DOD 	 G " G G - G L U " UVU/. - U " UVU/.)L
W ) R & $ � [*, $ P [�[*) 	 + U D � 	 	 G G - G L U " UVU/. - U " UVU/.)L
���QR4� $ & ��& P�R � 4 	 G G 	 	 	 - 	 L U " UVU/. - U " UVU/.)L
���QR4� $ & ��& P�R � 4 D G G D 	 D�- D L U " UVU/. - U "CJ U/.)L
���QR4� $ & ��& P�R � 4 � G G D 	 D�- D L U " UVU/. - U "CJ U/.)L
���QR4� $ & ��& P�R � 4 G G G D 	 D�- D L U " UVU/. - U "CJ U/.)L
���QR4� $ P [�[*) 	 + D + D J � � - J L U " UVU/. - U " UVU/.)L
���QR4� $ P [�[*) D 	 � 	 D � D + - + L U " UVU/. - U " UVU/.)L
���QR4� $ P [�[*) + 	 U 	 U � D � - � L U " UVU/. - U " UVU/.)L

0 M/OQP�R J#" J . S ) � S	, M/P 0 W G )�)QZD[M1CS	, M$� R%$ �0: � R($#� & � S�[ ' S ' D [C[*) Y ' ZD[ P�P1R%$CD 0 S , R'W

m�mkjOl*m�n4o4p



J U ������� �����	� ��� ��
 ��� ����� � �

�;�
�����	��� � ����� ��� � � ]`_ c ]`_ $ % ' % � * *
P S ' $ $ $ [ � � D � D " � � - � L U " UOU/. - U " UOU/.)L
P S10 $ P [C[*) � D 2 D � 2 � � - J L U " DOD . - U " D " .)L
P S10 $ P [C[*) D + " U J 2 D � � " � " -�� " L U " UOU/. - U " UOU/.)L
P S10 $ P [C[*) J � J � D " � � - � L U " UOU/. - U " UOU/.)L
W ) R & $ $ [ $ $ P [�[*) � D " D " � + G G - G L U " UOU/. - U " UOU/.)L
W ) R & $ $ [ $ $ P [�[*) D + U D 2 � D G G - G L U " UOU/. - U " UOU/.)L
W ) R & $ $ [ $ $ P [�[*) + +Q+ + U � D G G - G L U " UOU/. - U " UOU/.)L
W ) R & $ $ [ $ $ P [�[*) 2 � D " + D D�- D L U " � 2 . - U " � 2 .)L
W ) R & $ � ) $ P [�[*) � � J � D J � � - � L U " UOU/. - U " UOU/.)L
W ) R & $ W )QS	& R $ P [�[*) � U � D " � D D�- D L U " UOU/. - U " UOU/.)L
W ) R & $ W )QS	& R $ P [�[*) � " " + D D�- D L U " D U/. - U " D U/.)L
W ) R & $ W )QS	& R $ P [�[*) D �

G
�
G " G G - G L U " UOU/. - U " UOU/.)L

W ) R & $ W )QS	& R $ P [�[*) + � D " D � D�- D L U " UOU/. - U " UOU/.)L
W ) R & $ W )QS	& R $ P [�[*) � + " D � � " G G - G L U " UOU/. - U " UOU/.)L
W ) R & $ W )QS	& R $ P [�[*) J " + + D D�- D L U " UOU/. - U " UOU/.)L
W ) R & $ W )QS	& R $ P [�[*) " �

G
�
G " G G - G L U " UOU/. - U " UOU/.)L

W ) R & $ W )QS	& R $ P [�[*) 2 � J � D " G G - G L U " UOU/. - U " UOU/.)L
W ) R & $ W )QS	& R $ P [�[*)hG � D " " � � - � L U " J U/. - U " J U/.)L
W ) R & $ W )QS	& R $ P [�[*) " +Q+ D � � + G G - G L U " UOU/. - U " D "/.)L
W ) R & $ � [*, $ P [�[*) � � J +#" � J G G - G L U " UOU/. - U " UOU/.)L
���QR4� $ & ��& P�R � 4 � � D � D � � � -�� L U " UOU/. - U " UOU/.)L
���QR4� $ & ��& P�R � 4 D � D � D D � D�- D L U " UOU/. - U " + U/.)L
���QR4� $ & ��& P�R � 4 � � D � D + D + - + L U " UOU/. - U " J U/.)L
���QR4� $ & ��& P�R � 4 G � D � D + D + - + L U " UOU/. - U " J U/.)L
���QR4� $ P [�[*) � � G � G " � J - J L U " UOU/. - U " UOU/.)L
���QR4� $ P [�[*) D D�� �

G " � � - � L U " UOU/. - U " UOU/.)L
���QR4� $ P [�[*) + � J � J � D � - � L U " UOU/. - U " UOU/.)L

0 M/OQP�R J#" " . S ) � S	, M/P 0 W G )�)QZD[M1CS	, M$� R%$ �0: � R($#� & � S�[ ' S ' D [C[*) Y ' ZD[ P�P1R%$ + 0 S , R'W

9;: m<9 6



����� � ��� 
�� ��� �	� ����
 � �����
���� ����� ��� ������� 
 � � � �����
 � ��� 
���
�� �$����� ��� � � � � � J �

� �
�����	��� � ����� ��� � � ]`_ c ]`_ $ % ' % � * *
P S '�� $ $ [ � � " � " G � � - � L U " DOD . - U " DOD .)L
P S10 �,P [C[*) � + G + D " G G - G L U " UOU/. - U " UOU/.)L
P S10 �,P [C[*) D + GOU 2 " + D � " � " -�� " L U " UOU/. - U " � U/.)L
P S10 �,P [C[*) J D U � " G � � - � L U " UOU/. - U " UOU/.)L
W ) R & � $ [ $�� P [�[*) � J D � G � 2 � " � " -�� " L U " UOU/. - U " UOU/.)L
W ) R & � $ [ $�� P [�[*) D � U +#" � " G G - G L U " UOU/. - U " UOU/.)L
W ) R & � $ [ $�� P [�[*) + � � � U � " G G - G L U " UOU/. - U " UOU/.)L
W ) R & � $ [ $�� P [�[*) 2 � " � D � + + - + L U " � " . - U " � " .)L
W ) R & � � ) �,P [�[*) � D U � " " � � - � L U " D U/. - U " D U/.)L
W ) R & �,W )QS	& R�� P [�[*) � U � " � D J � � - � L U " UOU/. - U " UOU/.)L
W ) R & �,W )QS	& R�� P [�[*) � G G � D D�- D L U " D "/. - U " D "/.)L
W ) R & �,W )QS	& R�� P [�[*) D + " +#" � D G G - G L U " UOU/. - U " � J .)L
W ) R & �,W )QS	& R�� P [�[*) + � " � D D � D�- D L U " UOU/. - U " UOU/.)L
W ) R & �,W )QS	& R�� P [�[*) � � G + D D U � " � " -�� " L U " UOU/. - U " UOU/.)L
W ) R & �,W )QS	& R�� P [�[*) J G � � D D�- D L U " UOU/. - U " UOU/.)L
W ) R & �,W )QS	& R�� P [�[*) " D � D � � D G G - G L U " UOU/. - U " UOU/.)L
W ) R & �,W )QS	& R�� P [�[*) 2 D U � " � D G G - G L U " � U/. - U " � U/.)L
W ) R & �,W )QS	& R�� P [�[*)hG � " � D G � � - � L U " J U/. - U " " D .)L
W ) R & �,W )QS	& R�� P [�[*) " � � +#" � 2 � " � " -�� " L U " UOU/. - U " UOU/.)L
W ) R & � � [*, �,P [�[*) � " U � G �

"
� " � " -�� " L U " UOU/. - U " UOU/.)L

���QR4�	� &�
�& P�R � 4 � � " � " � � � -�� L U " UOU/. - U " UOU/.)L
���QR4�	� &�
�& P�R � 4 D � " � " D � D�- D L U " UOU/. - U " J U/.)L
���QR4�	� &�
�& P�R � 4 � � " � " � D � - � L U " UOU/. - U " J U/.)L
���QR4�	� &�
�& P�R � 4 G � " � " � D � - � L U " UOU/. - U " J U/.)L
���QR4�	� P [�[*) � " � " � " � J - J L U " UOU/. - U " UOU/.)L
���QR4�	� P [�[*) D D G D � G � � - � L U " � 2 . - U " � 2 .)L
���QR4�	� P [�[*) + D U D U � D � - � L U " UOU/. - U " UOU/.)L

0 M/OQP�R J#" 2 . S ) � S	, M/P 0 W G )�)QZD[M1CS	, M$� R%$ �0: � R($#� & � S�[ ' S ' D [C[*) Y ' ZD[ P�P1R%$ � 0 S , R'W

m�mkjOl*m�n4o4p



J D ������� �����	� ��� ��
 ��� ����� � �

P S , S � + D*� R 1#& R ) ��� [JZ P S 0 R Z�, [/Z R�� P [�[*) D +#"�� '���� M$� & M/W�RO�>����R �;: S W , M S ''�?M S 'QR%$ � '�$QR Z + DC� ''� S PR���QR
� ' Z�[ P1P S '#" $QR�" Z RBR � D " G �W�DR Z ���QM$�e�P����R Z R�" S W��DR Z )QZ RBW�W�� Z R S W W�� H�&BS R(''� P 
 � S "V�5� [ M/P=� M 
 W F R'R ) ���QRZ R(" S W9� R Z '�RBR($VM/O [!0 R + D " 0
�QR Z RBM/W [ ' [ ����QR/�9M S P�� Z R S W8W�� M Z R($VO 
 O [ ��� S '�� ZDS 'QW S & $ M$� M $QR ) R('�$QR(' &'S R'W)QZD[�) R Z � S RBW - S '�� ZDS 'QW S & Z R�" S W��DR Z )QZ R'WDW�� Z RO� S " R " Z R�" S W�� R Z W�� H�&BS R(' &�
 L M�' $ [ � Z ��R�� Z�S W�� S	& WLP S	,�S �?M6� S1[ 'QW ";G
W ) R &'S M/P Z R , M Z F�S WJ��� M$� Z R($#� & R($ �;:�S 'E� ' Z�[ P1P�R($�P [C[�) W S W ' [ �XM�' S ' &BZ R-M/W S '#"	�a� ' & � S1[ ' " 0
� M$� S W S ���8RZ R%$#� & R7���QR �;: � [ c

���
] S ' ���QREP [C[*) � ' ZD[ P�P1R($ � � � S , R'W�� M�' $ � [Zc

k �
] S 'F���QR�P [�[*) � ' Z�[ P1P�R($

� � U 7�� � � S	, RBW(� ��� S W+$ [ RBW ' [ � , RBM�' 'QR & RBW�W M Z 
 ���QM$� c
�	�

c
k -9W�RBR P S 0 R Z�,�[JZ R �,P [�[*) D + S 'Fb S " " J#" D L "

0
�QR R 1#) P M ' M$� S�[ ' S W
���QM$� , [JZ R ) M Z M/P1P�RBP 0 M/P��QRBW M Z R M 0 M S P M/OQP�R S 'VM dfd\g � , [JZ R 0 M/P)�QR W�R ZDS M/P S!S M$� S1[ '�W
M Z R )�[ WDW S OQP�R O 
 &B[ '�WDR � �QR%' & R$�2" S 0�S '#" ,�[JZ R;� Z RBR%$ [*, M�'�$ & � [JS	& R]� [EZ R($!� &BS '#" �;: �QR�� ZDS W9� S & W "

*�+XW 
 _�� _ ;H�� 0-@ ^ @�� ;<5?5(��� _ ;�; /C� 4]�F[���	698 6���� = Y [10-;<@
� '���� S W P M/W9� WDR & � S�[ '��I�LR�W9��� $ 
 ���QR � D�- P [ WDW R 0/[ P)�!� S1[ ' Z R'W��QP=� R%$ � ZD[�, �0: Z R($!� & � S1[ ' � ' $QR Z + D S '
�a� ' & � S1[ ' [ � ����R/� ' Z�[ P1P S '#" $QR(" Z R'R "P& R &B[*,�) �!�DR;����R , M 1�S , M�P � Di- [ � M dfd\g a��� ��� �������������������
M/W

� ��� ��a �  ��� �
1�� � � �"!�#%$ � # �'& �ba �

0
�QR Z M$� S1[ �QW�R($+� [JZ R 1#)QZ RBWDW S '#"7���QR � D�- P [ WDW S W
[JZ�S " S ' M/P � Di-)( 'QR(� � D�-

[JZDS " S ' M�P � D�-
b S "O� Z R "�J#",+ ) P [ � W � D�- P [ W�W M &(&'[JZ $ S '#"g� [ � ' ZD[ P1P S '#" $�R�" Z RBR "*� ' , [ W9� & M�WDRBW(�����QR � D�- P [ W�W S W , M S '��
�?M S 'QR($L� [ '��QP1P O 
 [ � Z �QR�� Z�S W9� S	& � S " R " &BZDS � S & M/P ) M$���QW�$ [ ' [ � S ' &'Z RBM/WDR "HM [ �8R 0 R Z � S ' [ ���QR Z & M/W�R����QR
� D�- & M�'VR 1#& RBR($,+.-0/ - & M/W�R [ �NW ) R & � W )QS & R�� P [�[*)hG L � [ , M S ''�?M S 'g���QR Z R�" S W�� R Z )QZ R'WDW�� Z RH� ' $QR Z + D "

G W S ' ����R R 1#) R Z�S	, R(''� [ � �0: Z R($!� & � S1[ '������QR � D�- P [ WDW S W�' [ � M ' S ' &BZ RBM/W S '#" �a��' & � S1[ ' " 0
�QR
R 1#) P1M�' M$� S1[ ' S Wd���QM$� ,�[JZ R 0 M/P��QRBW M Z R M 0 M S P M/OQP�R S '����QR d d\g � , [/Z R 0 M/P��QR WDR ZDS M/P S!S M$� S1[ 'QW M Z R )	[ WDW S OQP1R "
S � Z �QR�� ZDS W9� S & W � M 0 R ,�[JZ R>� Z RBR%$ [*, � [ & � [C[ WDRP���QRGO�RBW9� 0 M�P)�QR W�R Z�S M/P STS M6� S1[ ';���QM$� , S ' S	,�STS R ���QR &BZ�S � S	& M�P) M$����" ZD[ �
��� ">& R�' [ � R0��� M$� S 'g����RBWDR R 1#) R ZDS	, R(''�DW��QW [*, R [*) R Z M6� S1[ 'QWA� M 0 R P [ '#" W ) R &BS . R($TP1M$� R%' &BS RBW
- � ) � [ � 2 L . ��� S W & M�' )QZD[ $#� & R $ Z M , M$� S	& M/P S ' &BZ R-M/W�R S ' &BZ�S � S	& M�P ) M$��� S �f�8R S '�� ZD[ $#� & R 'QR(� WDR Z�S M/P�M Z�& W "

� "%1  32�4 0
�QR ) � Z�)�[ WDR [ ����' ZD[ P�P S '#" S WP� [ R('QP1M Z "JR d G g W M�' $ S ' &'Z RBM/WDR Z R�" S W��DR Z )QZ R'WDW�� Z R$�QM�' $ ' [ �
� [ W9��� $ 
 ���QR � Di- P [ W�W S '�P [�[*) W " 0
� M$� S W��*���QR � D�- P [ W�W )QZD[ $#� & R($VM$�W�DR Z ��' ZD[ P�P S '#" S W [ 'QP 
 � [/Z d G g W
' [ ��� [JZ P [C[*) W " 0 [ &'[*, ) �!� RK����R � D�- S ' & M/W�R [ � P [�[*) W(�!�LR , ��W�� $ S10�S $QR/���QR � D�- [ �I� ' Z�[ P1P�R($ d G g W
O 
 ���QR]� ' Z�[ P1P S '#"H�9M & � [JZ � [E[ O!� M S '����QR � D�- [ � [ 'QR S �DR Z M6� S1[ ' "

9;: m<9 6



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

���
�������
� �� �����
� ���
���
�

��$��
��� ���

��� ��
JQ+

2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
84
86
88
90
92
94
96
98

100
102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

lin-ddot
liv-loop1

liv-loop23
liv-loop5

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

spec-dod-loop1
spec-dod-loop2
spec-dod-loop3
spec-dod-loop7

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

52

54

56

58

60

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

spec-fp-loop1
spec-spice-loop1

spec-spice-loop10
spec-spice-loop2

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
84

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

spec-spice-loop3
spec-spice-loop4
spec-spice-loop5
spec-spice-loop6

2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
84

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

spec-spice-loop7
spec-spice-loop8
spec-spice-loop9
spec-tom-loop1

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

whet-loop1_RS
whet-loop2
whet-loop3

b S"V� ZRJ#" � .V�0:� 0J[P)�!� S1['
S'T

Y' ZD[P1P1R%$ D [�[*)W

m�mk
jOl*m�n4o4p



J �
������� �����	

���� ��
��� ������ �

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

52

54

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

lin-ddot
liv-loop1

liv-loop23
liv-loop5

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

spec-dod-loop1
spec-dod-loop2
spec-dod-loop3
spec-dod-loop7

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

spec-fp-loop1
spec-spice-loop1

spec-spice-loop10
spec-spice-loop2

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

spec-spice-loop3
spec-spice-loop4
spec-spice-loop5
spec-spice-loop6

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

spec-spice-loop7
spec-spice-loop8
spec-spice-loop9
spec-tom-loop1

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

2 4 6 8 10 12 14 16 18

R
eg

is
te

r 
Sa

tu
ra

tio
n

unrolling factor

whet-loop1_redRS
whet-loop2
whet-loop3

b S"O� ZRJ#" D .E�;:�R%$#� &� S1['
S'T

Y' ZD[P1P1R%$ D [�[*)W6- c


�
 L

9;:m<9 6



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

���
�������
� �� �����
� ���
���
�

��$��
��� ���

��� ��
JJ

0

0.2

0.4

0.6

0.8

2 4 6 8 10 12 14 16 18 20

IL
P 

lo
ss

unrolling factor

lin-ddot
liv-loop1

liv-loop23
liv-loop5

0

0.2

0.4

0.6

0.8

2 4 6 8 10 12 14 16 18 20

IL
P 

lo
ss

unrolling factor

spec-dod-loop1
spec-dod-loop2
spec-dod-loop3
spec-dod-loop7

0

0.2

0.4

0.6

0.8

2 4 6 8 10 12 14 16 18 20

IL
P 

lo
ss

unrolling factor

spec-fp-loop1
spec-spice-loop1

spec-spice-loop10
spec-spice-loop2

0

0.2

0.4

0.6

0.8

2 4 6 8 10 12 14 16 18 20

IL
P 

lo
ss

unrolling factor

spec-spice-loop3
spec-spice-loop4
spec-spice-loop5
spec-spice-loop6

0

0.2

0.4

0.6

0.8

2 4 6 8 10 12 14 16 18 20

IL
P 

lo
ss

unrolling factor

spec-spice-loop7
spec-spice-loop8
spec-spice-loop9
spec-tom-loop1

0

0.2

0.4

0.6

0.8

2 4 6 8 10 12 14 16 18 20

IL
P 

lo
ss

unrolling factor

whet-loop1_ilp_loss
whet-loop2
whet-loop3

b S"O� ZRJ�"+ .� D�-
P [WDWXY' ZD[P�P1R%$ D [�[*)W6- c


�
 L

m�mk
jOl*m�n4o4p



J " ������� �����	� ��� ��
 ��� ����� � �

9;: m<9 6



����� � ��� 
�� ��� �	� ����
 � �����
���� ����� ��� ������� 
 � � � �����
 � ��� 
���
�� �$����� ��� � � � � � J 2

� �����	��
� �

� ����������� �����

� 'N��� S W;� [JZ F ��LR<� M 0 REW���� $ S R($ [*) � S , M�P �;: &B[*,�) �!� M$� S�[ ' M�' $ Z R($#� & � S�[ 'F� [ )QZ�[30 R [ � Z �QR(� ZDS W�� S & W
R H�&BS R(' &�
 " S � Z dfd\g ,�[ $QR'P S W W�� H�&BS R(''� P 
 "JR('QR Z M/PR� [ , R'R(� M/P1P & � ZDZ R(''�EM Z�& � S �DR & ��� Z R )QZD[�) R Z � S RBW
-	� D � & M�' $�W�� ) R Z W & M/P M Z L ��R�
 & R ) �J� [JZ W [�, RXM Z�& � S �DR & ��� Z RBWR��� M$��W�� ) )�[JZ � S WDW�� S '#" $QR ) R%' $QR(''� S 'QW9� Z � & �
� S�[ 'QW M$�;���QR W M , R & P [#&GF &�
�& P1RO� ��� S	& �F� [ �QP	$ Z R � � S�Z R Z R )QZ RBW�R(''�?M$� S1[ ' �QW S '#" ' ��P1PNP1M$� R%' &�
 " b [JZ ��� S W
W ) R &'S M/P & M/WDR$�#�8R W�� [ �QP	$TW ) R &'S � 
 M6�XP1R-M�W�� M1� ' S � P M$�DR(' &�
 � [ , RBR4� [ � Z ,�[ $QR'P Z R'W�� ZDS	& � S�[ ' "d& RK��� S ' F
��� M6�K��� S W $ Z Me�XO M &GF W�� [ ��P	$ ' [ � O�REM , M� [/Z�) R Z � [JZ�, M ' & R $�R�" Z M�$ M$� S1[ 'L�9M & � [JZ � W S ' & R '��QP�P P M$�DR(' &�
[*) R Z M6� S1[ 'QW $ [ ' [ �Q"JR%'QR Z M/P1P 
 &'[ ''� ZDS O#�!�DR]� [ &BZDS � S & M/P	R�
CR & �!� S�[ ' ) M$���QW "

��
 ) R ZDS , R%''�?M/PGW9��� $ 
 W�� [ �XWH��� M$� [ � Z g Z R'R($ 
 � @ �QR�� ZDS W9� S & S W 'QR-M Z P 
 [*) � S , M�P "�� Z M & � S & M/P�P 
 �����QR, M
 S , M�PGR ZDZ�[JZ S W [ '�R Z R(" S W9� R Z " Y W S '!" [ � Z �QR�� Z�S W9� S	& [ ' 0 M Z�S1[ �QW &B[ $QR'W W�� [ �XW���� M$� Z R�" S W��DR Z &'[ '��
W�� Z M S '��DW & M�' O�R [ OQW [ P1R4� R$�/W [ �8R & M�' S "*' [JZ RP���QR , � [ W S , ) P S � 
F[*) R Z M6� S1[ ' W & �QR($#��P S '!" " � � �;: S WI" Z R-M$�DR Z
��� M ' M 0 M S P1M/OQP�R Z R(" S W9� R Z W����LR7" S10 REM+��R�� Z�S W�� S	& ��� M$�K� Z 
 � [TZ R($#� & R S �K� ' $�R Z M & R Z �?M S ' P S	,�S � " G P1W [ �[*) � S	, M/PQW [ P)�!� S1[ 'QW [ � ��� S W )QZD[ O�P1R , & M�'�M$� � [JZ W�� & M/W�R Z R%$#� & R �;: O�R(��� R Z ���QM�' [ � Z )�ZD[*)�[ WDR%$g�QR(� ZDS W �
� S & � S ��� M $ SRQ R Z R(' & R [ � [ 'QR Z R�" S W�� R Z "�� � S W/� [JZ W�� & M/WDR1� ' S ��R ZDZ�[JZ W M Z R 0 R Z	
 M &(& R ) �?M�OQP1R W S ' & R �0:&B[*,�) �!� M$� S�[ ' S W;, � � &'[*,�) P1R4� RO��M ' $ �;:VZ R($#� & � S�[ ' S W0, � �8� M Z $ "A& R ' [ � R]��� M6� &'[*, ) �!� S '#" [*) � S , M�P
W [ P��!� S�[ 'QWA� [/Z O [ ��� )QZ�[ OQP1R , W M Z R 0 R Z	
 � S	, R &'[ 'QW�� , S '#"�-a� R4� $QM 
 W S ' W [*, R & M/W�RBW�� [ 'TM GVUVU I � M S
� R%'�� S � , �'� � L �QW [ �8R & M ' ' [ � , M F R R�
 ) R Z�S	, R(''�?M6� S1[ 'QW [ 'VM�' 
 P M Z "JR &'[ $QR'W "

� 'K���QRP�a�!��� Z RO� �8RP� S P1P/R�
 � R('�$ [ � Z � [JZ F � [ P [�[*) W " & R>� S P1P/W9��� $ 
 � [ ��� [ &'[*,�) �!� R M�'�$ Z R($#� & RR���QRZ R(" S W9� R Z W M6��� Z M$� S�[ ' S ' & M/W�R [ � &�
�& P S	& W & ��R($#�QP�RBW�P S F R W [ �W�8�8M Z R )QS	) RBP S ' S '#"�- : &�� L " G . Z W��FM ) )�ZD[ M & �
� M/W O	R'R(' W9��� $ S R($ S '  ��� UOU % " ��
 ) R Z�S	, R(''�?M$� S1[ ' [ '<���QR P [�[*) W M�'QM/P 
�S R%$ S '7��� S WP� [JZ F W�� [ �XWA��� M6�e� S '
���QR ,�[ W9� & M/W�RBW(�#�8R $ [ ' [ � 'QRBR%$ Z R�" S W��DR Z &'[ 'QW9� Z M S ''� W�� [JZ O#� S P $ S '!" M : &�� , [ � S � S ' $QR ) R%' $QR(''�DP 
 [ �
M�' 
 �a� ' & � S1[ 'QM/Pf� ' S � &B[ 'QW�� Z M S '��DW "hG P1W [ � ��� S W ) R Z � , S �R� [JZ�S 'QW9�?M�' & R;� [ �QW�R;����RFR�
 � Z M Z R�" S W�� R Z W -a��� [ WDR
��� [ M Z R ' [ �XR�
 ) P [JS � R%$VO 
 ���QR P [�[*) L � [ F RBR ) W [�, RK"JP [ O M/P 0 M ZDS M/OQP1R'W M�' $ M Z�Z M 
 W S ' Z R�" S W��DR Z W "

m�mkjOl*m�n4o4p



J G ������� �����	� ��� ��
 ��� ����� � �

9;: m<9 6



����� � ��� 
�� ��� �	� ����
 � �����
���� ����� ��� ������� 
 � � � �����
 � ��� 
���
�� �$����� ��� � � � � � J "

� ��� 
 ����� � �

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

� 'N��� S WFWDR & � S�[ '����LR7" S10 REM ' R�
�M , ) P1R%� [ W�� [ � ��� 
 g Z R'R($ 
 � @ �9M S P1WQ� [ .!' $ [*) � S	, M/P W [ P��!� S�[ ' "]& R& � [�[ WDR����QR & M�WDR [ �	�,W ) R & � W )QS & R �,P [�[*) ��
 P [�[*) O [ $ 
 - WDR'R�b S " "� " D L ���QR Z R����QR [*) � S , M�P Z R�" S W��DR Z WDM$��� Z M �
� S�[ ' S W 2 Z M$����R Z ��� M ' " &B[�, ) �*� R($�O 
E[ � Z �QR(� ZDS W�� S & " b [JZ W S	,�) P S &BS � 
 �$�LR M/WDW�� , RQ� ' S ��P M$�DR(' &'S R'W>� S ���
'��QP1P Z RBM�$ M�'�$ � ZDS � R�$QRBP1M 
 W " : M$��� Z M$� S '#" 0 M/P)�QR'W &'[*,�) �!� R%$ O 
 g Z RBR%$ 
 � @ M )�) RBM Z W S ' Z R($ &B[ P [JZ W�� �[ ����R Z�0 M�P)�QR'W S 'H" Z RBR%' M�'�$ ' [ ' 0 M/P)�QR ' [ $QR'WNM )�) RBM Z W S '	" Z R 
 " bNP [ � M Z�& WNM Z R Z R($	��� S P�R W�R Z�S M/P [ '�RBW M Z R
OQP M &GF - S '7��� S WLR�
QM , ) P�RO�CM/P1P�M Z�& W8M Z R ( [ � L " � [ � '�$QR Z W��?M ' $�� [ � W M$��� Z M6� S '!" 0 M/P)��RBWJ� M 0 R�O�RBR%' &B[*, �) �!�DR($��#�LR )QZ R'WDR%'��
���QR )�[ � R%'�� S M/P F�S P�P S '!" d � g ��� a �ba � S '�b S " "�� " �V� M ' $����QR $ S W � [JS ''� 0 M/P��QR d � g
� ��� �ba � S '�b S " "�� "���"ES � Z �QR(� ZDS � S &+& � [�[ W�RBW ' [ $QR G M�WA���QRFO	R'W�� & M�' $ S $ M$� RQ� [ F�S P1P	M/P1P ) M Z R(''� 0 M/P��QRBWS 'L���QR O S	) M Z � S � R &B[*,�)	[ 'QR(''� !��  ��� �3��� ��+ ����� � �� �"! �,7 - �,7 7.�,7 
�� � " , [ $QR G S W & � [ WDR%' O 
$# Z R'R($ 
 � @O	R & MO��WDR S � F�S P1P�W�M/P1P#���QR;� [ � Z ) M Z R%'��DW " :C[ � ���QRFM ) )QZD[ 
 S	, M$�DR($ F�S P1P S '#"/�a� ' & � S�[ '7" S10 RBW @ T � �.� % �'���QR%'
' [ $QRBW 2 M�' $ G & M�' ' [ �FO�R W S	, ��P��?M 'QR [ ��WDP 
 M�P S10 R	��� S	& � P�R-M�$QW�� [ "JR(�'&)( T �+* �  + " Y '!� [JZ ��� ' M$�DRBP 
 �
���QR [*) � S	, M/P F�S P1P S '#"H�a� ' & � S1[ ' @ &B[�, ) �*� R($TO 
 ���QR S ''� R("JR Z P S 'QRBM Z )QZ�[ " Z M , ,�S '#" , [ $QR'P M/WDW S "*' ' [ $QR
� D M/W8M F�S P�P1R Z � [ ' [ $QR 2 S ' [JZ $QR Z � [AF RBR ) ' [ $QR G W S , �QP=�?M�'QR [ �QW�P 
 M/P S10 R�� S ��� � 7.� 
%� �3��� ��+ ����� " � �QR%'
&)( �+* �  � " S � Z ��R�� Z�S W�� S	&�& M�'�' [ � & � [ WDRH��� S W F�S P�P1R Z O	R & MO�QW�R S � )QZ�[#& RBR%$QWFO 
 " ZD[ � )QS '!" ) M Z R(''�DW;� [
"JR(�;���QR W M , R F�S P1P�R Z " � � S W P1R-M $QWQ� [ � M 0 R M�'=M )�)QZD[ 
 S	, M$� R%$ Z R�" S W�� R Z WDM$��� Z M$� S1[ ' [ �GW S 
 � S " R " P1RBW�WFO 
[ 'QRK���QM�'C���QR [*) � S	, M/P	W [ P)�*� S1[ ' "

,.-0/21 (43 $ 3�576�8 / 093  ;:=< /  />17?@/  .ACB;< 3 < 1 % /D1FE $ 1�G.H " 1 j ? " B;< 6 : / % /  +A 6I3 j 3 0 :=< / ( 1 ( /  >JA 6 j G�/ :+< /2G 3 $ 3  +A ? 3 j�K : G 337 /37L : (  33( /  H$ :�093  M:=< / 7ON B / A L575 / AP:M:=< 1 :Q:=< / : < 1 % /R1 $ 3S3 H�1 :M:=< / (43 AT: G  6&( :QU5$ /V1 % 1 6 $ 1�E $ / 3 j :=< / B;B;B 0  337 :+< /
093 $I$ 3 B 6 j 5 17??  / A+AXWY<Z:T: ( W\[7[]B;B;BQ^ 6 j  6 1 ^ 0  _[�`a`a`	bc[ (�L E $ 6 G>1 : 6I3 j A " / j 5 ^ <Z: 7 $
`a` jOl*m�n4o4p



" U ����� ��� ���	� � ����
 � �� � � ���

b S "V� Z R � " ���GW ) R & � W )QS & R��GP [�[*) � O [ $ 


b S "V� Z R � " D���W ) R & �,W )QS	& R P [C[�) � � � � �=* �

9;: ` 9 6



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

b S "O� Z R � "I� �GW ) R & � W )QS & R P [�[*) � �2� ����� �=* �

`a` jOl*m�n4o4p



� D ����� ��� ���	� � ����
 � �� � � ���

� ��� 
 �

� � D
� ��� �+* �4� � �
� ��� �=* � � �
*�����	 � D
*�
 �$� � D
� � � J&���� �+* �4� J
��� � � �+* �4� �
���� ��� �4�hD
���� ��� �4�hD
� � �fD
��� ��� �4� � D
� �=* � � � J
� � D
� � D
� � �fD
@ � $ $! �#"$� ��� �4� J
M�$ �DM & R(''�e� D
M�''� S & � M S '2�fD
O S	) M Z � S � R $QR &'[*, )�[ W S � S�[ '�� � J
&B[ '�'QR & � R($ O S	) M Z � S � R &B[*,�)	[ 'QR(''�e� �&%&B[ '�W�� , R Z W�� J
' � # � WDW [#&'S M$�DR($�� [ @ � � D
$QRBW & R%' $ M�''� 0 M/P��QRBW(� � D
' S W � [JS ''��� M/P��QR(' � # � � �
R�
 & R'WDW S10 R 0 M/P)�QR'W�� J
R�
 & R'WDW S10 R & P [#&GF &�
�& P1R$� �
R�
 � R%' $QR%$)' � # � D
( [ � M Z�& W���%
F�S P1P�R Z W�� JF�S P1P S '#"H�a� ' & � S1[ '2� � �
P S � R(� S , R S ''� R Z 0 M/P � J
, M
 S , M�P M�''� S & � M S '��hD

) M Z M/P�P1RBP �#D)QZ R($QR & R'WDW [/Z �2D
Z R�" S W�� R Z M/P1P [#& M$� S�[ '�� �Z R�" S W�� R Z 'QRBR%$�� J
WDM$��� Z M$� S '#" F�S P1P S '#" WDR4�e� � J
W�R ZDS M/P M Z�& W���%
W [ � Z�& RO� D
W�� &(& RBWDW [JZ �2D
� M Z "JR4�e� D
� M/P��QR D S � R4� S	, RBW � Z R & R($QR%' & R�' � # � �0 M/P��QRBW(��%

9;: ` 9!*



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

� ��� ����������� �����

 �03 � " � % � � S � � " Z Me�8M/P � � � S P S ) 3 P�R S '�� M�' $ � " � M 0�S "�S Z $�R ZDS '#" � ZD[ OQP�R , W � )�)QZD[ 
 S	, M$� R%$ � � R�" S W �
�DR Zd: � H�&BS R(' &�
 � :�S '#"JP�R � ZD[�& RBW�W [JZ>:#& �QR%$#�QP S '#"�M ' $ � ''�DR Z 0 M/P # Z M ) � B8[*,�) P1R4� S�[ ' " S '��DR Z ' M/PZ RBW�R-M Z�& � Z R )�[JZ � B
: � " ��� � G � U8Z�[ � 'EY ' S10 R Z W S � 
 � � ZD[!0�S $QR%' & R$� � � [ $QR � WDP M ' $��KI M Z�& � �

" "
� "

 � P�� " J % � Z�S	& � P�� , M ' " � ��� � ��� 
 � �
	 ��� ��
 �� � � � 
 � � � � ��� � � ���  � ��� � ��� � 
 � � � � � � � � � ��� � � � ��
 ��" � � '
���QRBW S W(�PI &@# S P�P Y+' S10 R Z W S � 
 �PI [ ''� Z R-M/P � S & � [ O	R Z �

" " J#"
 IU ' � S " 2 % � R(�DR Z U R Z "*'�R Z � � R4� R Z '�MO�QP � '�M 0�S $ � '#"/RBO Z R(� W�R('�� M ' $ I M$�����QR4� S S 3 RBR4� R " :�)QS P�P B8[ $QR

I S ' S , S�� M$� S1[ ' 0�S M � '��DR Z � R Z R%' & R � R�" S�[ ' :�)QS P�P S '!" "�� ��� � ��� �  � ������� � � � � � � � D - J L � D G 2��
D " J � I M 
 �

" " 2 "
 IU R-M " � % � " � " U R-M/W�P1R 
 " � ��� � � � � � � � � � � ����
 � � � ��� � ������
  
 � ��
���� � � � � � 0J[ P�� , R % [ � �"!#	 � 
 �

� � ��� #
 � � ��
 � � � � � � ���;� � ����� � � � � � � � � � � ��� 
 � ����� � ������" S 
 � [JZ $ :#&'S R(' & R � �QO�P S	& M$� S�[ 'QW(�
S 
 � [JZ $ Y ' S10 R Z W S � 
 � Z RBWDW(� S 
 � [JZ $�� # Z RBM$� U8ZDS �?M S '�� � " " � "

 IUF# # � G " % 'FM 0�S $ U R Z 'QW9� R S '�� ' S ' M%$ " # [ P	$ S '��VI M Z � S ' B " # [ P�� , O S & � M �!" [ 3 Z Me� &&��
 F �(' S W�� M 

I M�'QW [ � Z � � � M S ,FMO��W�� [ '2�GM�' $ � [ ')' " � S ''� R Z " :#)QS P1P B8[ $QR I S ' S , S�� M$� S1[ ' � R & ��' S)� �QR'W
� [/Z S ) � S	,�S*�BS '#" B8[*,�)QS P�R Z W " � ���  � ���+��� � � � � � ��D�%�- 2 L � D J G � D � � � � �QP 
 �

"VG " " � ZD[�& R'R($��S '#"JW [ ����QR � B I : � # � D � , S G " B8[ '!� R Z R(' & R [ ' � Z�[ " Z M , ,�S '#" D M '#"V� MO"/R�'FRBW S "*' M�' $
� ,�) P�R , R(''�?M$� S1[ ' "

 IU � " 2 % ' " U R Z � W S , M�WXM�' $ � " � W S �DW S F P S W " ��� � 
 � � ���� � ��� � � � � � ����
 � ��� � � �-, ��� � ���!"M� ���QR%' M :#&BS R('��
� S . & � U R'P ,�[ ''�e� I � � � " " 2 "

 CB B � :#"OG % & S P1P S M , B8[C[ F � & S P1P S M , M�" B � ' ' S '#"V�QM , � & S P1P S M ,9� "�� �QP1P�R 
 OQP M ' F �GM�' $ � P1R�
�M�'�$QR Z:�& � ZDS � 0 R Z " � � �/. � � ��� � 
 � � 
 � ��� � � �-, ��� � ���!" � "!& S P�R 
 M ' $ W [ 'QW(� � " "VG "
 CB ' 2 � % � R(�DR Z B8Z Me�XP1R 
 M�'�$ � [ O	R Z � ��" ' S P=� [/Z ��� " ��
 ���0.(
�� � � � � � � 
 � �
	 � ��� � � � � ��" � Z R%''� S	& R M M/P1P �

� '#"/P1R(� [�[ $ B P S Q W(� � " 2 ��"
 CB �QM G D % # " � " B �QM S � S ' " � R�" S W��DR Z M/P1P [#& M$� S�[ 'EM�' $ W )QS P�P S '#" 0�S MH" Z M ) � &B[ P [JZDS '#" " � ��� � �1� �  � ���

��� � � � � � � � 2 - � L � "VG � � U J � � ��'QR �
"VG D "

 CB 3 " � % 'FM 0�S $ B M/P1P1MO� M�' M�' $ ULZDS M ' 3 [ OQP1R%' � " � R(" S W9� R Z � P�P [�& M$� S1[ ' 0�S M M S R Z M Z�& � S & M/P # Z M ) �B8[ P [JZ�S '#" " � �1�  � ���2��� � � � � � ��D � - � L � � " D � D U � � � � 'QR �
" "

� " � ZD[�& R'R($ S '#"JW [ �J����R � B I: � # � D � , S " � B8[ '!� R Z R(' & R [ ' � ZD[ " Z M ,�,�S '#" D M '#"V� MO"/R('FRBW S "*' M�' $ � , ) P1R , R(''� M$� S�[ ' "
 CB � D " � % B � D �43 S ) � S	,�S*� M$� S�[ '�� � ' & " � � ' & P S 'QR � S P�P MO"JR$�R, R 0 M $ M " � � � � � �;� � �� �6587 � � 
 
 �9. 
 �

� � .(
���
 � � � � �� �6587 � � ! � � � � � ������
 � � .(
���
 � � � " " ��"
`a` jOl*m�n4o4p



� % ����� ��� ���	� � ����
 � �� � � ���

 � :#" � % B � ZDS W9� S 'QR�� S W�R('�O�R S W M�' $ � ''� [JS 'QR : Me� M 
 M " S ) � S , M/P D [�[*) � M Z M/P�P1RBP S*� M$� S�[ ' � '��
$�R Z � R�" S W��DR Z B8[ 'QW�� Z M S '��DW " � R & � ' S	& M/P � R )�[JZ � � � �9D 2 G �V� � , � �_� � � M�'�� M Z	
 �

" " � "
�W� ) �����6�W� ) " S ' ZDS M " � Z � � , � �_� � ) �QOQP S	& M6� S1[ '�� ) �QO�P S � ) W �8" � � � � � � � �cD 2 G � " ) W " " � "

 I# � #$" % % � " # [!0�S ' $ M Z M�DM�'2� � ZDSRF � "D� P�� , M�'��NM�' $ # � M�'#" � " # M [ " I S ' S	,�S*�'S '#" � R�" S W�� R Z � R��� � S�Z R , R%'��DW
� ' $QR Z � R'W [ � Z�& R � B8[ 'QW9� Z M S 'QR%$ � M$�DR�� S ) � S	, M/P :C[ �W�8�8M Z R � S	) RBP S ' S '#" " � ' � � �
� � ����� � ) MO"/RBW G J � " %#��'FR & R , O	R Z �

" " % "
 I# , 2 D % �X[ O�R Z � : " # M Z .!' F RBP M�' $ # R [JZ "/R D " , R , � MO��WDR Z " ��� � ������
  
 � ��
���� � � � � " � [ � ' & S P1R 


� :C[ 'QW(� , R(� ' [JZ F � � " 2 D " : R ZDS RBW S ' 'FR &BS W S1[ 'VM�'�$ B8[ ''� ZD[ P "
 I?, " " % 3 � Z � IVR��QP�� [JZ ' M�' $ : � R(�9M '5,	�$�QR Z " �65�
 �� �  
 ��� 	 � 
 � �
	 � � �/. � � ��� � 
 � � 
 � � � � � �

� �	��� 
 � � � � � ��#� � � � " B M , O ZDS $!"JR Y ' S10 R Z W S � 
 � Z R'WDW(� B M , O ZDS $#"JR$� � '#"JP M ' $�� � M�'�� M Z	

�
" " " "

 , # " � % $ S , S '#" M ' $ # � M '#" � " # M [ "�� , [!0 R'Pfb Z M , R(� [JZ F [ � � R(" S W9� R Z � P1P [#& M$� S�[ 'H� [/ZR:C[ �W�8�8M Z R
� S ) R'P S ' S '#" " � ' � ��� 	 ��
 � � � � � � � � 
 � �
	 �;� � � � � � � � ��� � � ��� � ���  � ��� � � �1� � � � � � � �
� � � � �� ���  
 � � � � � 
 � � �
	  
 � ��
���� � � � � � � � �� � ��� � � ) M$"JRBWHD " � %�D*� B � M Z P1R'W�� [ '�� :�[ �!���B M ZD[ P S ' M!� � M�'�� M Z 
 �

" " �#"Y� B I � Z RBWDW "
 : M � " 2 % � ''� [JS 'QR : M �8M 
 M "  � � � 
 � � � � � � � � � � 
���
�� � � �� 
 � ��� ��� � ��� ��
�� � � � � � � � � ��� � � � 
 � ��" � � '

���QRBW S W(��Y+' S 0 R Z W S ��� $QR ��R Z W M S P1P�RBW : M S ''�	�
$/�QR(''� S '�� � '�� ' 0 RBP S 'QRBW(� � )�ZDS P � " " 2 "
 : R(� 2 J % � " : R(��� S " B8[*,�) P�R(� R Z R(" S W9� R Z M/P�P [�& M$� S1[ ' )�ZD[ OQP�R , W " � � � � � � �
 � � 
 ��� � � � ��#� � � � �

% - � L � DVD � � D�% G � � " 2 J#"
 ��� UOU % :�S $�� � � , R($�� � P S � [ � M$� S M ' $ b Z M '�� [JS W � � [*, M/WDW�R(� " � R�" S W�� R Z : M$��� Z M$� S�[ ' S '

'FM$�?M 'FR ) R('�$QR(' & R # Z M ) �QW " � RBW�R-M Z�& � � R )	[/Z � � � � � " 2 G � � , � �_� � � �QP 
 D UVUOU "
�W� ) " S ' Z�S M " � Z � � , � �_� � ) �QO�P S	& M$� S�[ '�� ) �QOQP S � ) W �8" � � � � � � � � � " 2 G " ) W " " � "

 & 3 � " J % � S M�' & M�'#"#� � ' $ Z R-M/W 3 Z M/P�P �/M�' $ I " � '�� [ '�� Z � P " � R(" S W9� R ZO� R � � S1Z R , R(''�P� [JZ ��
 ) P [/S � S '#"
D [�[*) W I M 
 S	, � , � '�W�� Z � & � S1[ ' � D R 0 RBP � M Z M�P1P1R'P S W , " � ' : � [ � U M S � � S M�' )�S '#" b�M�'��XM�' $
3 S M [�� � [ '!" D S � R%$ S � [JZ W(� � � �/� � �
 �;� ��� � ��
 � ��� � ��� � 
 � ��� 	 ��
 � � � � 	 � 
�� �  � � � � � ���� ��

� � � � � � � � � � � ) MO"JR'W 2 U �52 J � U R S � S '!"#� � " " J#" � R F�S '#" Y+' S10 R Z W S � 
 � Z R'WDW "

9;: ` 9!*



Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)

Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


