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ª � p d4W g } o5u deV g�p a`a3a`a{a�a{a�a{a{a�a{a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ª

ª a ª f Tq]G��UMr�V u �@\ g.u>� úc]:d u T(� g d4de\X] p ] u8� a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ª
ª a ¦ f Tq]G�@\ g.u8�.� �Ad4W o5u d o W4]*}��e�.�Ø� g \ o d4V g�p a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a )
ª a*) f Tq]*r�V�râ�AdsU�d4]:n�] p d a{a{a�a{a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a )
ª a,+ S g�p d4WeV^y o deV gMp r a{a�a{a{a�a{a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a )
ª a £ Û Vkrer�]:WedsU�d4V gMp.- WelAU p VX�xU�deV gMp a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a +

¦ äñ]m\kU�d4]*}�÷ g W � a`a3a`a{a�a{a�a{a{a�a{a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a £
¦.a ª õzU�W8}.|�U�W4] � y5UMr�]*}7��jqjcW g U u Tc]*r a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a £

¦.a ª a ª bKWe]*}.V u d4V p l Ý7o \^deV^jc\X]z�@W8U p5u Tq]*r�b~]:W�S�� u \X]�a{a�a{a`a3a`a{a3a`a{a�a £
¦.a ª a ¦ f Tc] f WsU u ]GS1U u Tc]{a{a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a /

¦.a ¦ � g�t d�|�U*We] � y5UMr�]*}7��jcjcW g U u Tc]*r,a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a Þ
¦.a ¦.a ª f W8U u ]GU p }à� o j5]:Weyc\ g.u>� � u Tq]*} o \^V p l`a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a Þ
¦.a ¦.a ¦ bKWe]*}.V u U*de]*}E¡KiN] u�o deV gMp a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a §
¦.a ¦.a*) õ��.j5]:Weyc\ g.u>� � u Tq]*} o \^V p l a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a §
¦.a ¦.a,+ 0{û��+÷ Ý7o \Xd4V � ÷�U:�Eß o n�j5rØa`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ªMª
¦.a ¦.a £ Ý7o \^deVkr u U�\�U�W�bKW g.u ]*rer g W8r�a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ª ¦

) �AVXn o \�U�deV gMpEÝ ]mdeT g } g \ g lM��a�a{a{a�a{a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ª )
).a ª f Tq]�S g n�jcVX\^]:W a{a�a{a{a�a{a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ª )
).a ¦ f Tq]Gõ�b@��bKW g.u ]*r4r g W Ý7g }N]m\ a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ª )
).a*) f Tq]��AV^n o \�U�d g W8r�a{a�a{a{a�a{a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ª £
).a,+ f Tq]��.b�¡@S1¢M£��@] p5u TcnEU*W � r�a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ª /

+ �@\ g.u8�N� �Ad4W o5u d o We]x}��e�.��r�U p }&deTq]��@\ g.u>� ¡ p \kU*Wel�]:n�] p d - jcd4VXn�V^�*U�d4V gMp a{a3a`a{a�a ª §
+qa ª f Tq]G�@\ g.u8� ¡ p \kU�W4lM]:n�] p d - jcd4VXn�V^�*U�d4V gMp a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ª §
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+qa ª a ¦ ¡ p \kU*Wel�V p l�deTc]GS g n�jcVX\^]:W21 r@� u�g j5] t�g W - jqdeVXn�VX�*U*deV g�p a`a{a3a`a{a�a ¦M¦
+qa ª a*) ¡~� ] u d gMp �eS1U u Tc]`b~]:W t�g WenEU p5u ] a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ¦3)
+qa ª a,+ �AV^n o \�U�d4V gMp S gMp5u ]mW p r@a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ¦3)
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+qa ¦.a ¦ f W8U�j - j�]mW8U�d4V g�p r;a{a�a{a`a3a`a{a�a{a{a�a{a�a{a�a{a`a3a`a{a3a`a{a�a ¦4+
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de]mW�/`}N]*r u WeV^y�]xr²d4Tc]�VXn�jc\^]:n�] p d8U*deV g�p�g*t U�}N� p U�n�V u yqW8U p�u T�jqWe]*}NV u d g W t�g W1yc\ g.u8�.� r�deW o�u d o W4]*}��s�"��r�a
S�T5U*jcde]:W{Þ`]:v�U�\ o U�de]xrñd4Tc]{j�]mW t�g W4nEU p�u ] g�t deTcV�rñycWsU p5u TEjcWe]x}NV u d g W�U�r u�g n�j5U�W4]*}�d g U p U�l�lMWe]xrer�V^vA]
ycWsU p5u T¤jcWe]*}.V u d g W t�g W�U u�gMp vA] p deV g�p U�\Ä�e�.��aOS�T�U�jcd4]:W&ÞàU�\�r g ]:iqU�n�V p ]*r�deTc]Eyc\ g.u>� ] p \kU*Wel�]:n�] p d
g jqdeVXn�VX�*U*deV g�p 1 r�VXn�j�U u d gMp yqW8U p�u T(jcWe]*}.V u d4V gMp U u:u�o WsU u �Aa�S�T5U*jcde]:Wâ§�]:v�U*\ o U*de]*r�deTc]{j5]:W t�g Wen U p5u ]
y5] p ]���d g�t deTc]�yc\ g.u8� ] p \�U�Wel�]:n�] p d g jcd4VXn�V^�*U�d4V gMp7t�g WGr u VX] p deVÙ� uGu�g }N]�a7S�T5U�jcd4]:WG¢EjcWe]xr�] p d8r u�gMpc�
u \ o }NV p lGWe]:nEU*W � r@U p }E}NVXW4] u deV gMp r t�g W t�o d o We]{| g W � a
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f Tc]�n U�� g W4VXd�� g*t deTc]�U�jcjcW g U u Tc]xr�jcWe]mvNV gMo r�\X��jcW g j g r�]*} t�g WzV p5u W4]*UMr�V p lGd4Tc]�V p r�d4W o5u deV g�p&t ]:d u T
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u U p y5]{nEUM}N]z]*U u T u � u \X]{U p }&n o \Xd4VXjc\^] pcgMpq�+u�g�p r�] u�o deV^vA] u U u Tc]{\^V p ]*r u U p y5] t ]md u Tc]*}�]*U u T u � u \^]Aa
f Tc]:��V p�u \ o }.]�deTc]�ycW8U p5u T�U�}c}NWe]xrer u U u Tc]�[�£4+W]+wKd4Tc] u�g \X\kU*j5r�V p l=y o � ]:W&[ ª 8�]+wKdeTq]7r o ycl�W8U�jqT � \^]:vA]:\
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f Tc] u�g n�jcV^\X]:W � y�UMr�]x};r u Tc]mn�]*r�W4] g W4lAU p VX�:]�d4Tc]�jcW g l�W8U�n d g V p�u We]*U�r�]�deTc] U�n g�ocp d g�t | g W � deT5U*d
u U p y�] t ]md u Tc]*}&|�V^deTàU&r�V p l�\X]`V u U u Tc]�U u:u ]*rer�w�]:\^VXn�V p U�d4V p lGd4Tc] p ]:]*} t�g Wz]:iNd4W8U�T�U�W8}.|�U�W4]Aa f Tc]*r�]
r u Tc]:n�]*rñV p5u \ o }N]GdeWsU u ]�U p };r o j5]:Weyc\ g.u>� r u Tq]*} o \^V p l.[ ª +5w�+5wË¦M¦3]+w�jcW4]*}NV u U�d4]*}7]:i.] u�o d4V gMp [ ¦38cw�+�¦3]+w
T.�Nj5]:W4yc\ g.u8� r u Tc]x} o \XV p l�[ ¦M¢3]+w�deTc].0{û��+÷ n o \^deV � |�U:�7� o n�j	n�] u T5U p Vkr�n [ ª )Nw�¦W/Nw ª ¦cwE)W/3]+wzU p }
n o \Xd4Vkr u U�\kU*W�jcW g.u ]xrer g W8r�[ ª £cwp+NÞ2]/a
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f Tc]@yqW8U p�u T`UM}q}NWe]*r4r u U u Tc]�[�£4+W]+w*deTc] u�g \X\�U�j5r�V p l�y o � ]:W±[ ª 84]+w:d4Tc]�r o ycl�W8U�jqT � \^]:vA]:\AjcW4]*}NV u d g W�[ ªMª ]+w

U p }7deTc]`n o \^deV^jc\X] � yq\ g.u8� U�Tc]*U�}7ycW8U p5u T7jcW4]*}NV u d g W²[³+�£4]�U�W4]�T5U*W8}N|ÄU�We]�r u Tc]:n�]xrOdeT�U�d�jcW g j g r�]�}NV t��
t ]:W4] p d{|ÄUx�qr�d g ]:i.de] p }�deTc]E}.� p U*n�V u ycWsU p5u T�jcW4]*}NV u d g W�r g d4T5U�dGV^d u U p nEU � ]�n o \Xd4VXjc\^]�ycWsU p5u T
jcW4]*}NV u deV g�p r�]*U u T u � u \X]Aa{�@] u U o r�]�r g n�] g*t deTq]GycW8U p5u Tq]*r�nEU:�Ey5]GjcWe]*}.V u d4]*}&d g y5]GdsU � ] p w deTc]*r�]
r u Tc]:n�]*r�U�\^\KWe]*Ú o V^We]�d4Tc]�U�yqVX\XV^d���d g�t ]:d u T(n o \^deV^jc\X] pqgMpc�/u�gMp r�] u�o deVXvA]`\XV p ]*r t W g nòd4Tc]GV u U u Tc]�]*U u T
u � u \X]�a f Tc]:��U*\X\�jcW g j g r�]�d g n�]:]:d�deTqVkr�We]*Ú o V^We]:n�] p d�y.�=V p de]:W4\X]*U:v.V p l�deTq]�V u U u Tc]Aa f TqVkr�lM] p ]:W8U*\
U�jqjcW g U u T�T5U�rOd4TcWe]:]�}.VkreU�}Nv�U p d8U*lM]*r�a@ú~V^W8r�d:wMy5U pc��u�g�p\´ V u d8rK|�VX\^\cU*WeVkr�]�V p deTc]�V u U u Tc]@|�Tc] p�t ]:d u TqV p l
n o \Xd4VXjc\^]�\XV p ]*r t W g nód4Tc]�reU*n�]�y5U pc� a fhg T�U p }N\^]GdeTcV�r u�g�p\´ V u d:w5deTc] t ]:d u T t�g W{U*\X\�y o d g�p ] g�t d4Tc]
u�g�p\´ V u deV p l�\^V p ]*r�n o r�d�y5]�}N]:\�U:�A]*}9a f TcVkr@�5Wsr�d{}NV�reU�}Nv�U p d8U�l�] u U p y5]�n�V p VXn�V �m]*}�V t deTc]`V u U u Tc]{V�r
V p de]mWe\X]xUxvA]x}&|�VXd4T¤U&\�U�W4lM]�] pqgMo l�T p.o n�y5]:W g�t y5U pc� r�aã��] u�gMp }9wKy5] u U o r�]�V^d�Vkr t ]:d u TqV p lEn o \Xd4VXjc\^]
pcg�pc�+u�gMp r�] u�o d4VXvA]Eyc\ g.u8� r t W g n d4Tc]7V u U u Tc]AwKd4Tc]7jcW g.u ]*r4r g W�n o r�dG}N]mde]:W4n�V p ]�|�TcV u T¤V p r�deW o5u d4V gMp r
t W g nÂdeTq] t ]:d u Tc]x} u U u Tc]�\^V p ]xr u�g W4We]*r�j g�p }&d g d4Tc]`}N]*r�VXWe]x} y�UMr�V u yc\ g.u>� r�U p }&We] g W8}.]:W�deTc]{V p r�d4W o5u��
deV gMp r�r g deT5U*dKdeTq]:� u�g WeW4]*r�j gMp }�d g deTc] g W8}N]mW g�t deT g r�]�y5U�r�V u yq\ g.u8� r�a f Tc]�jcW g.u ]*r4r g W�|�V^\X\.We]*Ú o VXW4]�U*d
\X]xUMr�d gMp ]âUM}c}NV^deV gMp U*\�r�dsU�l�]�V p deTc]zjcVXj5]:\^V p ]�V p�g Ws}N]:W@d g U u:u�g n�jc\XV�r�TGdeTq]*r�]�dsUMr � r�a f TcVkr1UM}c}NV^deV gMp U*\
r�dsU�l�]3|�V^\X\5V p�u We]*U�r�]�deTc]zycW8U p5u T�n�Vkr�jcWe]*}.V u d4V gMp j5] p U�\Xd��Aw.}N] u We]*U�r�V p l g vA]:WsU�\X\5j5]:W t�g Wen U p5u ]�a f TcV^W8}9w
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f Tc]�deW8U u ] u U u Tc]&[K)M£.w�+W+5wv)M¢3]�Vkr�U�T5U*W8}N|ÄU�We] � y5U�r�]*}ür u Tc]:n�]`deT5U*d�} g ]*r pcg d`We]*Ú o VXW4] t ]:d u TqV p l

pcg�pc�+u�gMp r�] u�o d4VXvA]Gyc\ g.u>� r t W g n[deTc]GV u U u Tc]Aa�� dsr t ]:d u T ocp VXd u�g�p r�V�r�dsr g�t deTcW4]:]Gj5U*Wed8r�Y{U u�g We] t ]:d u T
ocp V^d:w.Uâ��\X\ ocp VXd:w.U p }�U3d4W8U u ] u U u Tc]Aa f Tq] u�g We] t ]:d u T ocp V^d t ]:d u Tc]*r g�p ]�y5U�r�V u yc\ g.u>� j5]:W u � u \^] t W g n
deTq]�V u U u Tq]Aa f Tc]���\X\ oqp VXd`We] u�g W8}cr`r�]*Ú o ] p�u ]*r g*t y5UMr�V u yc\ g.u>� r t ]:d u Tq]*}ãy.��deTc] u�g We] t ]:d u T ocp V^d:w
u�g n�ycV p V p l�]*U u T�r�]xÚ o ] p5u ]�V p d g U�deW8U u ]Aa f Tc]xr�]�deW8U u ]*r�U�W4]�deTq] p r�d g We]*}GV p deTc]zdeW8U u ] u U u Tc]Aa�� t d4Tc]
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V p d g U u�gMp deVXl ocgMo rñd4W8U u ]AwNd4Tc]{jcW g.u ]xrer g W p ]:]*} gMp \^� t ]md u TEU�r�V p l�\X]�d4W8U u ] u U u Tc]�\^V p ]�d g l�]:d�U�\^\9d4Tc]
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}N]:j5] p }N] p5u V^]*rKr�j�] u V �5]x}9wAdeTc]�V p r�deW o5u deV gMp r t ]:d u Tq]*} t W g n¥d4Tc]�d4W8U u ] u U u Tc] u U p yN�.j5UMr4rKdeTc]�jcVXj5]:\^V p ]
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d g ]m\XVXn�V p U*de]�r o5u T¤ycW8U p5u Tq]*r�a f Tc]ETcVXl�Tc\X��yqVkUMr�]*}�ycW8U p5u Tc]*rGU�W4] pcg d�]:\XV^n�V p U�de]x}7y�] u U o r�]7d4Tc]:�
u U p y5]zU u:u�o W8U�d4]:\X�`jcWe]x}NV u d4]*}�y.��U3r�d8U*deV u ycWsU p5u T�jqWe]*}NV u d g W:a�ú~V^l o W4]�¦.a*)�VX\^\ o r�deW8U*de]*r�deTc]z}NV � ]:W4] p5u ]
y5]:d�|@]:] p TN�.j5]:Weyq\ g.u8� U p }�r o j5]:Weyc\ g.u>� r u Tc]*} o \^V p lqa f Tc] u�gMp deW g \ ´5g |�lMW8U*jcTGU*d~d4Tc]�d g j�r�T g |�rhy�UMr�V u
yc\ g.u>� r��»¼cø	|�Tq]:We]�d4Tc]�yqW8U p�u T�V p yc\ g.u>� �ëV�rKr�\^VXlMT.de\^��ycV�UMr�]*}�V p deTc]�y ª }NV^We] u d4V g�p U p }GdeTc]�ycWsU p5u T
V p yc\ g.u8��Û V�rOTcV^lMTc\^��ycV�UMr�]*}�V p d4Tc]`} ª }NVXW4] u d4V gMp a f Tc] u�gMp deW g \ ´5g |�lMWsU�jcT gMp deTc]zy g ded g nó\X] t d�V�r
deTq]3W4]*r o \Xd g*t U�jqjc\X�.V p l�r o j5]:Weyq\ g.u8� r u Tc]*} o \XV p l�d g d4Tc] g W4VXlMV p U�\ u�gMp deW g \ ´5g |Fl�W8U*jcT�a1�@] u U o r�]�d4Tc]
ycWsU p5u TGV p yc\ g.u>� �;Vkr pcg d�TcV^lMTc\^�3yqVkUMr�]*}9wAVXd�|�VX\X\.y5] t We]*Ú o ] p de\^��n�V�r�jcW4]*}NV u de]*}�y.�3d4Tc]�r�dsU�d4V u ycWsU p5u T
jcW4]*}NV u d g Wma7�zr�U7We]xr o \^d:w~d4Tc]�jcW g.u ]*r4r g WG|�V^\X\ t We]xÚ o ] p d4\X� t ]md u T¤U p }�Vkrer o ]�yc\ g.u>� r���S1¡�U p } Û ¡�a
f Tc] u�gMp deW g \ ´5g |FlMWsU�jcT g�p deTq]�y g d4d g n½WeV^lMT.d�V�r@deTc]`We]*r o \Xd g�t U*jcjc\^�NV p l�T.�.j�]mWeyc\ g.u>� r u Tq]*} o \^V p l
d g d4Tc] g W4VXlMV p U�\ u�gMp deW g \ ´5g |«lMWsU�jcT�aü�@] u U o r�]�d4Tc]Ed�| g&t W4]*Ú o ] p de\X�=]miN] u�o de]*}�j5U�d4T5r�w1��S1¡�U p }
� Û ¡�w�U�W4]�y g deT¤V p5u \ o }N]*}7V p deTc]�TN�.j5]:Weyq\ g.u8� ��S Û ¡�w~deTq]�jcW g.u ]*r4r g WG|�V^\X\ t We]xÚ o ] p d4\X� t ]md u T�U p }
Vkr4r o ] gMp \X�7yq\ g.u8� ��S Û ¡�a~�@\ g.u>� ú	|�VX\^\KW8U*We]:\^�7T5U:vA]Gd g y5] t ]:d u Tq]*}7U t de]:W{yc\ g.u>� ��S Û ¡�y�] u U o r�]
deTq]GycW8U p5u T=V p yc\ g.u8�(Û Vkr�TqVXlMTq\X�7yqVkUMr�]*}7V p d4Tc]G} ª }.VXWe] u deV gMp a{�@� o r�V p l�jqWe]*}NV u U�d4]*}7]:i.] u�o d4V g�p w
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B

A

a1

D

d1
Ã

d2
Ã

ABCD

d1
Ã

d2
Ã

cmp    R1, R1, 5Ä
br_gt  R1, B
 

add   R2, R2, R3Å

ld         R5, R2 [4]
cmp     R5, R5, 0
br_eq  R5, d1

C

a2

add   R2, R2, R4Å

cmp    R1, R1, 5Ä
add     R2, R2, R3  (if_gt R1)
add     R2, R2, R4  (if_le  R1)
ld        R5, R2 [4]
cmp    R5, R5, 0
br_eq  R5, d1
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B

C
Ï

D

E
Ð

A
Ñ

a1Ò a2Ò

b1
Ó

b2
Ó

c1Ô c2Ô d1
Õ

d2
Õ

e1Ö e2Ö

A

BCD

c1Ô
c2Ô d1

Õ d2
Õ

E
Ð

e1Ö e2Ö

a1b1 | a1b2Ò a2Ò

�EDbFcGJI ?��|eÎ×vf � GJD = yJDboJFZ<�ØÙ���S� u�I ?\? D@o>rSu�I�G>q3u�D@kco e

T.�Nj5]:W4yc\ g.u8� r u Tc]*} o \XV p l�Vkr`U�yc\^]�d g U:v g V�}ãnEU p � g�t d4Tc]�n�Vkr�jqWe]*}NV u deV gMp r�V p�u�o WeW4]*}=yN��r o j5]:Weyc\ g.u>�
r u Tc]*} o \XV p lca¤õ g |1]:vA]:W:w�y5] u U o r�]7T.�.j�]mWeyc\ g.u>� r u Tc]*} o \XV p l o r�]*rGjcW4]*}NV u U�de]x};]:i.] u�o d4V gMp wKVXd�r o �9]mW8r
deTq]�}NVkr4UM}Nv�U p d8U*lM]*r g�t |�UMr�de]*} t ]:d u T�U p }ãV�rer o ]�y�U p }N|�V�}NdeTüU p };V p5u We]*U�r�]*} u W4VXd4V u U*\~j5U*deT�\X] p lMdeT�r
deT�U�dEU*We]�UMr4r g.u V�U�d4]*} |�V^deT�jcWe]*}.V u U*de]*}¤]:iN] u�o deV gMp a�õ��.j�]mWeyc\ g.u>� r u Tq]*} o \^V p l�n o r�d�y�] u U�W4] t�o \^\X�
u�g�p d4W g \^\X]*}�d g ] p r o We]{deT5U*d�d4TcVkr@d4W8U�}N] g ��W4]*r o \Xd8r@V p U�j�]mW t�g W4nEU p�u ]{VXn�jcW g vA]:n�] p d:a

���«���@Ú ÛÝÜ9Þ7ß § ©�ª«¤cÓ«à ß Öv¯âá¶©ãä¬®
f Tc]�0{û��+÷ n o \XdeV � |ÄU:��� o n�j�n�] u T5U p Vkr�nå[ ª )Nwq¦3/cw ª ¦cwp)W/3] u�g n�ycV p ]*r~n o \^deVXjq\X]�ycWsU p5u Tc]*r t W g n

n o \Xd4VXjc\^]�j5U�d4T5r�V p deTc] u�g�p d4W g \ ´5g |�lMW8U*jcT�V p d g UEr�V p lM\^]�ycWsU p5u T�a`Ü�r�V p l�d4TcVkr�n�] u T5U p Vkr�n U�\ g�p l
|�VXd4T�jcW4]*}NV u U�de]x}ã]:i.] u�o deV g�p w�y5UMr�V u yq\ g.u8� r{|�TcV u T t�g Wen U&W gAg de]x}ër o ycl�W8U�jqTëV p d4Tc] u�g�p d4W g \ ´5g |
lMWsU�jcT u U p y5] u�g n�ycV p ]*}&V p d g U&r�V p l�\X]�0{û��+÷ V p r�d4W o5u d4V g�p w�|�TcV u T;V�r u U�\^\X]*}=U�deW4]:]�V p r�deW o�u deV gMp a
f Tc]{ycWsU p5u Tc]*r t�g W�d4Tc]*r�]{y5U�r�V u yq\ g.u8� r�U*We] u�g n�ycV p ]*}GV p d g UGr�V p lM\^]{n o \^deV � |ÄUx�`ycW8U p5u T g j5]:WsU�d4V gMp a
f Tc]�jcW g.u ]*r4r g W:1 r u�g�p }NVXd4V g�p�u�g }N]�We]mlMVkr�de]:Wsrh|�V^\X\qr�j5] u V t �{|�TcV u TGj5U�d4TGdeTcW gMo l�T�d4Tc]�W gAg de]*}�r o yclMWsU�jcT
Vkr�d g y5]�]:i.] u�o de]*}E� jcW4]*}NV u U�d4]*}�]:i.] u�o d4V g�p V�r o r�]*}�d g r o jcjcWe]xrer@deTq]�]:i.] u�o d4V gMp�g�t�g j5]:WsU�d4V gMp r t W g n
y5U�r�V u yc\ g.u8� r pcg d gMp deTcV�r�j5U*deT � U p }ë|�TcV u T¤d8U*Wel�]:d g*t deTq]&n o \^deV � |�U:�=ycWsU p5u T g j5]:W8U*deV g�p V�r�d g
y5]�deTq] p ]:i.d{V p r�deW o�u deV gMp aEú~V^l o W4]E¦NaK+7l�VXvA]*r{U p ]:icU*n�jc\^] g�t T g |«U7deW4]:]�V p r�deW o�u deV gMp Vkr t�g Wen�]x}9a
�@\ g.u8� r3��wKS�w�U p } Û U*We] u�g n�ycV p ]*}7V p d g U=r�V p l�\X]�d4We]:]�V p r�deW o5u deV gMp a f Tc]��5l o We]EU�rer o n�]*r{deT5U*d
U�\^\�deTc]�V p r�deW o5u deV gMp r{|�VXd4TcV p ��w~S�wKU p } Û U*We]�V p }.]:j5] p }N] p d:a�÷	Tc] p yq\ g.u8� ��S Û Vkr�Vkr4r o ]x}ãV p d g
deTq]�jcW g.u ]*r4r g Wmw~d4Tc]�}.VXWe] u deV gMp d8U � ] p yN�=d4Tc]GycW8U p5u Tc]*r�V p deTc] g W4VXl�V p U*\Oyq\ g.u8� r{��w~S�w�U p } Û |�V^\X\
U�\^We]*U�}N��y5] �.pcg | p a�� t yc\ g.u8� �1 r@yqW8U p�u TET5U�rñdsU � ] p deTq]3y ª }NV^We] u deV g�p U p }&yc\ g.u>� S�1 r@ycW8U p5u T&T�UMr
d8U � ] p deTc] u ª }NV^We] u d4V g�p w�deTc] p deTq]�]:i.] u�o d4V gMp�g�t yq\ g.u8��Û V p ��S Û |�VX\^\�y�] r o jcjqWe]*r4r�]*}�U p };d4Tc]
r o�u:u ]*r4r g W�yq\ g.u8� deT5U*d u�g W4We]*r�j g�p }cr�d g yc\ g.u>� S�1 r u ª }.VXWe] u deV gMp |�V^\X\5y5]3d4Tc] p ]miNd1yc\ g.u8��t ]md u Tc]*}9a�� p
deTqVkr�]:iqU�n�jc\^]AwcdeTq]�}NV^We] u deV g�p d8U � ] p yN�(yc\ g.u8�=Û 1 r�ycW8U p5u T;V�r�VXW4We]:\^]:v�U p d�y5] u U o r�]�yc\ g.u8�=Û Vkr pcg d
gMp deTc]{j5U*deT g�t ]:iN] u�o deV gMp a

�@] u U o r�](U�r�V p lM\X]Ed4We]:]EV p r�deW o5u d4V gMp�u U p V p5u \ o }N] g j5]:WsU�d4V gMp r t W g n nEU p ��y5UMr�V u yc\ g.u8� r�w�deTcV�r
U�jqjcW g U u T�lMV^vA]*r¶0{û��+÷ jqW g.u ]*r4r g W8r�deTq]Gn�]*U p râd g�t ]:d u T=deTc]�]*Ú o VXv�U*\X] p d�| g W �=g*t n o \Xd4VXjc\^]3y�UMr�V u
yc\ g.u>� r�]xU u T u � u \^]Aa¤õ g |@]mvA]:W:wKy5] u U o r�](deTc] g j5]:WsU�deV gMp r�|�VXdeTqV p U�0âû�� ÷ V p r�deW o�u deV gMp n o r�dGy5]

ªMª



V p }N]:j5] p }N] p dmw"V^d�Vkr u WeV^deV u U�\5deT5U*d�deTc] u�g n�jqVX\X]mWKy5]�U*yc\X]zd g � p }�] pqgMo l�T&V p }N]:j5] p }N] p d@V p r�deW o5u d4V gMp r
d g �5\^\�]*U u Tn0{û��+÷ V p r�d4W o5u d4V g�p U p },y5](U�yc\^]7d g r u Tc]*} o \X]�d4Tc] g j5]:WsU�deV gMp r�|�TcV u T¤]:v�U�\ o U�de]Ed4Tc]
u�g�p }NVXd4V g�pGu�g }N]xr t�g W�deTc]1n o \XdeV � |ÄU:�K� o n�j{]*U�W4\X�{] pcg�o lMT�r g d4T5U�d�deTc] u�gMp }.VXdeV gMp�u�g }N]*rKU*We]ÄUxv�U*VX\kU*yc\X]
|�Tc] p d4Tc]@n o \^deV � |�U:��� o n�j{Vkr�Vkr4r o ]x}9a f Tc] u�g n�jcV^\X]:W nEU:��T5U:vA]�d g }.]:\kU:�{deTc]Är u Tc]*} o \XV p l g*t�u ]:WedsU�V p
g j5]:WsU�d4V gMp r�V p�g Ws}N]:W�d g n�]:]:dzdeTc]*r�]�We]xÚ o V^We]:n�] p dsr�w9\ g |@]:W4V p l(deTc]�V p r�d4W o5u deV g�p;t ]:d u T�W8U*de] g�t d4Tc]
jcW g.u ]*rer g Wma

���«���«æ § ©»ª�¤qÓl®cÔ�Öiª�ÖOÒ ¡ Òc×�Ôv¢J®p®c×1Òp®
f Tc]�n o \^deVkr u U�\�U�W1jcW g.u ]xrer�V p l�j5U�WsUM}NV^lMn [ ª £.wH+.Þ�]�U�jcjc\^VX]*r�n o \Xd4VXjcW g.u ]*rer g W u�gMp5u ]:jcd8r�d g deTq]G}N] �

r�V^l p�g�t n�V u W g jqW g.u ]*r4r g W8r�a#� n o \^deVkr u U�\�U�W`jcW g.u ]xrer g W u�g�p r�V�r�d8r g�t U�r�]:d g�t jcW g.u ]xrer�V p l�]:\^]:n�] p d8r
u�g�pcp ] u d4]*}�V p UãW4V p lqa f Tq]7n o \Xd4Vkr u U�\kU*W{jcW g.u ]xrer g W21 r u�g n�jcVX\^]:W{VkrGWe]*r�j g�p r�V^yc\X] t�g W�}NVXv.Vk}.V p l=d4Tc]
jcW g lMWsU�n o j�V p d g&oqp VXdsr g�t | g W � w u U�\^\X]*}7dsUMr � r�a f Tc]*r�]�dsUMr � rGU*We]�}N� p U�n�V u U�\^\X�(UMr4r�VXl p ]*};d g d4Tc]
jcW g.u ]*rer�V p l�]:\^]:n�] p d8r t�g W�]:i.] u�o d4V g�p a f Tq] u�gMpcp ] u deV p l�\ g l�V u U�n g�p lGdeTq]�jcW g.u ]*rer�V p l�]:\^]:n�] p d8r�}N] �
de] u d8r�U p }¤] pNt�g W u ]*rGdeTq]=}cU*d8U�}N]:j5] p }N] p5u VX]xrGU�n g�p l;d4Tc]7dsUMr � r�a f TqVkrG\ g l�V u VkrGdeTc]En o \Xd4Vkr u U�\kU*W
u�g�ocp d4]:Wej�U�Wed t�g W�d4Tc] u U u Tc] u�g Tc]:We] p5u ��\ g l�V u�t�g Wzr�T�U�We]x}&n�]:n g We�`n o \XdeV^jcW g.u ]*rer g W8r�]:i u ]:jcd�d4T5U�d�V^d
] pNt�g W u ]xr pcg d gMp \^�G}N]:j5] p }N] p5u V^]*r�U�n g�p l�n�]:n g We��We] t ]:We] p�u ]*r t W g nD}NVÙ� ]:We] p dKjcW g.u ]*r4r�V p l�]:\X]mn�] p d8r�w
y o d�}N]:j5] p }N] p5u V^]*r�U�n gMp l�W4]:lMV�r�de]mW~W4] t ]:We] p5u ]*r t W g nD}NVÙ� ]:We] p d9jqW g.u ]*r4r�V p l�]:\^]:n�] p d8r5UMr�|@]m\X\+av01U�\ o ]*r
U�W4] u�g n�n ocp V u U�d4]*}GU�n gMp lGd4Tc]{jcW g.u ]xrer�V p l�]:\X]:n�] p dsrKvNV�U�deTc]{WeV p l p ]:d�| g W � a

Ý7o \Xd4Vkr u U�\�U�W�jqW g.u ]*r4r g W8r�]:\^VXn�V p U�d4]GdeTc]�jqW g yq\X]:n g�t�t ]:d u TcV p lEn o \^deV^jc\X] u U u Tq]�\^V p ]*r t W g n d4Tc]
V u U u Tc]�]xU u T u � u \^]GyN��U�rer g.u VkU�d4V p l�U=r�]:j5U*W8U�d4]�\X]mvA]:\ g�p ]�V u U u Tc]�|�VXdeTü]*U u T;jqW g.u ]*r4r�V p l=]:\X]mn�] p d:a
¡�U u T u � u \^]AwM]*U u T�jcW g.u ]*rer�V p l{]:\^]:n�] p d�U u:u ]xrer�]xr²V^d8r g | p \^]:vA]:\ gMp ]zV u U u Tc] t�g W1U�r�V p lM\^]�y�UMr�V u yq\ g.u8� a
��r9\ gMp l�U�rh]*U u TzV u U u Tc]²U u TcVX]:vA]xr�U�r owçEu V^] p d�TqVXd�W8U*de]Aw:d4Tc]�n o \XdeV�r u U*\kU*W�jqW g.u ]*r4r g WKU�r�Uñ|�T g \X]�Vkr U�yc\^]
d g�t ]:d u T=d4Tc]�]*Ú o VXv�U�\^] p d�| g W �=g*t n o \^deV^jc\X]�y�UMr�V u yq\ g.u8� r�]*U u T u � u \^]AaGõ g |@]mvA]:W:w9d4Tc]Gn o \Xd4Vkr u U�\kU*W
n g }N]m\�WsU�Vkr�]*r p ]:|½j�]mW t�g W4nEU p�u ]7V�rer o ]*r pcg d t�gMoqp } V p d4W8U�}NVXd4V gMp U�\�|�V�}N] � Vkrer o ]�jcW g.u ]xrer g W8r�a f�g
U u TcV^]:vA]�TqVXlMTEj5]:W t�g Wen U p5u ]�wNVXd1Vkr@V^n�j g WedsU p d@d4T5U�d�d4Tc]{n o \^deV�r u U*\kU�W u�g n�jcV^\X]:W u We]*U*de]�dsUMr � r�r g deT5U*d
deTq]�| g W � \ g UM}GVkr~]mvA] p \X�{y5U*\kU p5u ]*}�U�n g�p l{deTc]�jqW g.u ]*r4r�V p l�]:\^]:n�] p d8r�U p }GdeT5U*d@deTq] u�g n�n ocp V u U�d4V g�p
U�n gMp lGd4Tc]{d8UMr � r�} g ]*r pcg d�]:i u ]:]x}�deTc]{W4V p lGy5U p }N|�V�}NdeT
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fhg ]:v�U�\ o U�d4]�deTq]&j5]:W t�g W4nEU p5u ]EUM}Nv�U p dsU�lM]xr g*t yc\ g.u8�.� r�deW o�u d o W4]*}��e�.��r�wKdeTc]Ej5]:W t�g Wen U p5u ] g�t
U p õ�b@��V^n�jc\X]mn�] p d8U*deV gMp�g�t U�yq\ g.u8�N� r�d4W o5u d o We]x}&�e�.��Vkr u�g n�j5U*We]*}�d g U p V�}N] p deV u U�\^\X� u�gMp ��l o W4]*}
õ�b@�=V^n�jc\X]mn�] p dsU�d4V gMp(g�t U u�g�p vA] p d4V gMp U�\�� g W�y�UMr�] � �e�.��a f Tc] u�gMp vA] p d4V g�p U�\��e�.� u�g�p r�V�}N]:We]x}ãV�r
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cmp      R1, R1, 5�
trap_gt R1, B, E 

cmp       R1, R2, 0�
trap_ne R1, C, D

ld           R4, R2 [4]
cmp       R1, R4, R5
trap_eq R1, c1, c2

add        R3, R4, R5�
cmp       R1, R3, R7
trap_eq R1, d1, d2

E

a2

cmp      R1, R1, 5�
trap_gt R1, BC, E 

cmp       R1, R2, 0�
fault_eq R1, BD
ld           R4, R2[4]
cmp       R1, R4, R5
trap_eq R1, c1, c2

cmp       R1, R2, 0�
fault_ne R1, BC
add        R3, R4, R5
cmp       R1, R3, R7
trap_eq R1, d1, d2

E
�

a2
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mul r4, r1, r5�

BC
�

mov r1, 0�
mov r4, 0

BA mov r1, 0 add r1, r2, r3�

add r1, r2, r3�
mul r4, r1, r5
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U�jqjcW g U u Tc]*r�5 deTc] p ]:]*}¤d g=t ]:d u T,n o \^deVXjq\X] pcgMpc�/u�g�p r�] u�o deV^vA] u U u Tc]7\^V p ]*r�]xU u T u � u \X] U p },d4Tc]
u�g�p r�d4W8U�V p d g*t T5U:v.V p l{d g{o r�]�r�d8U*deV u ycWsU p5u T�jqWe]*}NV u deV gMp V p r�d4]*UM} g�t }N� p U�n�V u ycWsU p5u T�jqWe]*}NV u deV gMp�t�g W
u ]:W4d8U*V p r�]:\^] u d1ycW8U p5u Tq]*r@V p deTq]3jqW g l�W8U*n=a

Ú� ���«� Ñ�¥»ª�Ö�Òp¦1Ó�¥�¦�¤c�¢ô
�×EãQ¬�Ólªl¢�Ò4�b®F��Ô�×�¬9¢���×@Ò | ¬¶¤qÓ�ãôÓ���Ö6¤cÓ�×E¥
� p U�}c}NVXd4V g�p d g V p5u W4]*UMr�V p lEd4Tc]�V p r�deW o5u d4V gMp W8U*de]Aw�deTc]�yc\ g.u>� ] p \kU�W4lM]:n�] p d g jcd4VXn�V^�*U�d4V gMp U�\�r g

V p�u We]*U�r�]*r@d4Tc] u�g n�jcVX\^]:W21 rKr u�g j5] t�g W�\ g.u U�\ g jcdeV^n�VX�xU�deV gMp V p deTq]�r4U�n�]znEU pcp ]:W�U�rñV�r�} gMp ]`V p d4W8U u ]
r u Tc]*} o \XV p l&[ ª +3]�U p }(r o j5]:W4yc\ g.u8� r u Tc]*} o \^V p l&[ ¦M¦�]+a�S g n�jcVX\^]:W g jcd4VXn�V^�*U�d4V g�p r u U p y5]G}NV^vNV�}N]*}�V p d g
d�| g�u \kU�rer�]*r�Y�\ g.u U�\�U p }7lM\ g y5U*\E[ ª ]+azû g.u U�\ g jcd4VXn�V^�*U�d4V gMp r�U�We] g jcdeV^n�VX�xU�deV gMp r@d4T5U�dâU�We]`j5]:W t�g Wen�]*}
o j gMp V p r�d4W o5u deV g�p r�deT5U*d�W4]*r�V�}N]{|�VXdeTqV p U�r�V p lM\^]{yc\ g.u8� a f Tc]:�(U*We] p U�WeW g |FV pEt�g.u�o r�a�ø�\ g y5U�\ g jqdeV �
n�V^�*U�d4V gMp rKU�W4] g jcd4VXn�V^�*U�d4V g�p rKdeT5U*d�U�W4]�j5]:W t�g Wen�]x}GU u W g rer@n o \^deVXjq\X]@y�UMr�V u yc\ g.u>� r�a��@� u�gMp r�Vk}N]mWeV p l
U&|�V�}N]:W`r u�g j5]AwKlM\ g y5U*\ g jcdeV^n�VX�*U*deV gMp r u U p � p } g jcj g Wed oqp VXd4VX]*r t�g W�VXn�jcW g v.V p l�deTc] u�g }N]�y5]:� g�p }
|�T5U*d�Vkr�} gMp ]�yN��\ g.u U�\ g jcd4VXn�V^�*U�d4V g�p r�a�õ g |@]:vA]:WmwM|�Tc] p U�jcjc\^�NV p l`U�lM\ g y5U*\ g jqdeVXn�VX�*U*deV g�p U u W g r4r�U
r�]md g�t y5U�r�V u yc\ g.u>� r�w.deTc] u�g n�jcV^\X]:WKn o r�dO] p r o W4]�deT�U�d�deTq] g jcdeV^n�VX�xU�deV gMp } g ]*r pcg d u U o r�]{V p5u�g WeW4] u d
We]xr o \^d8r g W�V p�u We]*U�r�]�d4Tc]E]:i.] u�o d4V gMp d4VXn�] t�g W�U p �¤j5U*deT,d4Tc]EjcW g lMWsU�n nEU:�;dsU � ]�d4TcW g�o lMT	d4T g r�]
y5U�r�V u yc\ g.u>� r�a@S g�p r�V�}N]:W�deTc] u�g�p d4W g \ ´5g |FlMWsU�jcT gMp d4Tc]{\X] t d�r�Vk}N] g�t �5l o We]�+caK+ca�� t d4Tc]{jcW g lMWsU�n�1 r
j5U*deT g�t ]:i.] u�o d4V gMp Vkr�U�rer o n�]*}¤d g jcW g.u ]:]*} t W g n yc\ g.u>� �òd g yc\ g.u8� S�w1deTc] p d4Tc]7V p r�d4W o5u deV g�p
m.G = I ×4� I d&� I�y V p yc\ g.u8� S u U p y�] g jcd4VXn�V^�:]*}�d g�mnk7� I ×4�+�ha�õ g |1]:vA]:WmwMV t d4Tc]�jcW g lMWsU�n�1 rOj5U*deT
g�t ]:i.] u�o d4V gMp |�U�r²d g jcW g.u ]:]*} t W g nôyc\ g.u>� ��d g yc\ g.u>� S�wMdeTcV�r g jqdeVXn�VX�*U*deV g�p | gMo \k} u U o r�]�V p5u�g WeW4] u d
We]xr o \^d8r�a

÷	Tc] p U(r�]:d g�t y5U�r�V u yc\ g.u8� r3U*We] u�g n�ycV p ]x}7d g l�]:deTq]:W�V p d g U(r�V p lM\^]�] p \�U�Wel�]*}=yc\ g.u8� v.VkU�d4Tc]
yc\ g.u>� ] p \kU�W4lM]:n�] p d g jcd4VXn�V^�*U�d4V gMp whd4T5U�d�r�]:d g�t y5U�r�V u yc\ g.u8� rây5] u�g n�]*r{U p U�d g n�V u�ocp VXd`U p } u U p
y5]�d4We]*U*de]*}�UMr`U7r�V p l�\X]�y5UMr�V u yc\ g.u8� a f T o râd4Tc] u�g n�jcV^\X]:W u U p U�jqjc\X� g jcdeV^n�VX�*U*deV gMp r�d g deT5U*dGr�]md
g�t yq\ g.u8� r`UMr�V t deTc] g jcd4VXn�V^�*U�d4V gMp râ|1]:We]�\ g.u U�\ g jcdeV^n�VX�xU�deV gMp r�a f Tc] u�g n�jcV^\X]:W pqg \ gMp lM]:W`T5UMr�d g

¦M¦



| g WeW4��U*y gMo d�deTq] g jqdeVXn�VX�*U*deV g�p r�1�]�� ] u dsr g�p deTc]Ä}NV � ]:W4] p d�jcW g lMWsU�nDj5U�d4T5r~deTqW gMo lMTGdeTq]�r�]md g*t y�UMr�V u
yc\ g.u>� r�a@S g�p r�V�}N]:W@d4Tc] u�g�p d4W g \ ´5g |	lMWsU�jcT g�p d4Tc]�W4VXlMT.d1r�V�}N] g�t �5l o We]+qa,+qwNdeTq]�We]*r o \Xd g�t U*jcjc\X�.V p l
deTq]Oyq\ g.u8� ] p \�U�Wel�]:n�] p d g jcdeV^n�VX�xU�deV gMp d g deTc] u�gMp deW g \ ´5g |�l�W8U*jcT gMp deTc]�\X] t d:a f Tc] mZG = I ×4� I d&� IHy
t W g n¥yq\ g.u8� S�T5UMr@y5]:] p�g jcd4VXn�V^�:]*}�d g�m�k7� I ×��+� t�g W�yc\ g.u>� �âS¤|�TqVX\X]�We]mnEU�V p V p l{V p VXdsr g W4VXl�V p U*\
t�g W4n¥V p yc\ g.u>� ��S�aq� t deTc]zjcW g lMW8U*n�1 r�j5U�d4T g�t ]:i.] u�o d4V g�p |1]:We]�d g jcW g.u ]:]*} t W g n«yc\ g.u>� �ùd g yc\ g.u8�
S�w�] p \�U�Wel�]*}=yc\ g.u8� �âS�| gMo \�}ãy5]�V�rer o ]*}ãV p d g deTc]�nEU u TcV p ]Aa`� t deTc]�j5U*deT g*t ]:i.] u�o d4V g�p |@]:W4]�d g
jcW g.u ]:]*} t W g n½yc\ g.u8� �ùd g yc\ g.u>� S�w9] p \kU�W4lM]*}Eyc\ g.u8� ��S	| g�o \k}Ey5]GVkrer o ]*}EV p d g d4Tc]�nEU u TqV p ]Aa1� p
]:V^deTc]:W u UMr�]AwcdeTq]3y5]*r�d�j g rer�V^yc\X]{vA]:Wsr�V gMpEg�t yc\ g.u8� S�Vkr@V�rer o ]*}&V p d g deTq]3n U u TcV p ]�a

Ú� ���«Â Ñ��²¢~Ô�¤#×»¥ Þ 
�Ö�Ô��¢ ¡ ¢�ÒP��×1ÒHãýÖ±¥ñÔv¢
� p UM}c}.VXdeV gMp d g d4Tc]�U:vA]:WsU�l�]�yc\ g.u8� r�V^�:]AwAdeTq]�V u U u Tc]�TcVXd�W8U*de]�V�r�U pcg deTc]:W�V^n�j g W4d8U p d t U u d g W1deT5U*d

}N]:d4]:Wen�V p ]*r9d4Tc]@V p r�d4W o5u deV g�p�t ]:d u T�WsU�d4]AaKú g W�deTc]�yc\ g.u>� ] p \kU�W4lM]:n�] p d g jcdeV^n�VX�xU�deV gMp d g y�]�]��9] u deV^vA]Aw
VXd`n o r�d{V p5u We]*U�r�]�deTc]EU:vA]:WsU�l�]�yc\ g.u8� r�VX�m]�|�V^deT g�o d�r�V^l p VÙ� u U p de\^�=We]*} o5u V p l7V u U u Tc]�j5]:W t�g W4nEU p5u ]Aa
�@] u U o r�]�V^dKV p�u We]*U�r�]*r�deTc]zr�V^�:] g�t deTc]�]:i.] u�o d8U�yq\X]AwMd4Tc]�yc\ g.u>� ] p \kU*Wel�]:n�] p d g jcdeV^n�VX�xU�deV gMp nEU:�3T�UxvA]
U p ]:lAU*deVXvA]�]�� ] u d gMp V u U u Tc]GTcV^d�WsU�de]�a7¡�U u T�d4VXn�]�UEyc\ g.u8� Vkr u�g n�ycV p ]*}7|�VXd4T;V^d8r�r o5u:u ]xrer g W8r�w�U
r�]mj5U�WsU�de] u�g jN� g�t deT5U*d{yc\ g.u8� V�r u We]xU�de]x} t�g W{]*U u T�r o5u:u ]xrer g W:a`� p �5l o W4]N+qa ª w u�g n�ycV p V p l�yc\ g.u>� �
|�VXd4T�VXd:1 r1r o5u:u ]*rer g W8r�S	U p } Û We]xr o \^de]*}�V p deTq] u We]xU�deV gMp�g*t U p ]:i.deWsU u�g jN� g�t ��a f TcVkr�} o jc\XV u U�d4V gMp
nEU:�¤V p5u We]*U�r�]7d4Tc] p.o n�y5]:W g*t V u U u Tc] u U�j�U u V^d��¤n�V�rer�]*r�} o WeV p l�jcW g lMWsU�n ]:i.] u�o deV g�p U p } \ g |@]:W
j5]:W t�g WenEU p5u ]Aa f TcV�r�|�VX\^\@y5]EdeTc] u UMr�]EV t U*\X\@d4Tc]E] p \�U�Wel�]*};yc\ g.u>� r t�g W4n�]*} t W g n u�g n�ycV p V p lEd4Tc]
yc\ g.u>� |�VXd4T�VXdsr3r o5u:u ]xrer g W8rGU*We]EU u:u ]*r4r�]*};|�V^deT¤r o\ç u VX] p d t We]*Ú o ] p�u �Aa -�p deTq] g d4Tc]:WGT5U p }9wKV t U p
] p \�U�W4lM]*}7yc\ g.u>� Vkr p ]:vA]:WzU u:u ]xrer�]x}9w9deTq] p VXd�V�r p ]:vA]mW�ycW gMo l�TNd{V p d g deTc]GV u U u Tc]Aa f Tq]�} o jc\XV u U�d4V gMp
V p�u�o WeW4]*}=yN�ür o5u T¤UEyc\ g.u8� T�UMr pcg ]�� ] u d g�p deTq]�V u U u Tq]�n�V�rer�W8U*de] g W�d4Tc]�n�]:n g We�Ey5U p }N|�V�}NdeT
o r�]*}ëy.�¤deTc](V u U u Tc]�a f Tc](yc\ g.u8� ] p \�U�Wel�]:n�] p d g jcdeV^n�VX�xU�deV gMp n o r�dGy�] u�gMp deW g \^\X]*}¤r g deT5U*d�d4Tc]
}N]:l�We]:] g�t yc\ g.u8� ] p \kU*Wel�]:n�] p d�Vkr�y�U�\kU p5u ]*}(U�l�U�V p r�d{deTc]GV p5u W4]*UMr�]�V p d4Tc]GjcW g lMWsU�n�1 rñV u U u Tc]�r�j5U u ]
We]xÚ o V^We]:n�] p dsr�a

Ú� ���@Ú ��Ó�ã�©»ª�Ö6¤qÓ�×»¥ 
�×E¥�Ôv¢~Òc¥�®
��r�n�] p d4V gMp ]*}�V p�u T5U�jcd4]:W�).a*)Nw t�g W�U�r�VXn o \�U�d g W�d g U u:u�o W8U�d4]:\X�En g }.]:\~yqW8U p�u T=n�V�r�jcW4]*}NV u deV gMp

j5] p U*\XdeV^]*r t�g W�U�jcW g.u ]*r4r g W�V^n�jc\^]:n�] p deV p l{U3yc\ g.u>�.� r�deW o5u d o We]*}��s�"��wAdeTc]zr�V^n o \�U�d g W�n o r�d�d8U � ]�V p d g
U umu�gMocp d�deTq]3]��9] u d g*t |�W gMp l�j5U�d4T7V p r�d4W o5u d4V g�p r�a f Tc]{V p r�d4W o5u d4V g�p r@deT5U*d u�g n�j o de]âU t U o \^d g j5]:W8U �
deV gMp 1 r u�gMp }NVXd4V gMp nEU:��y5]{V p d4Tc]`reU*n�]�yc\ g.u>� UMr�deTc] t U o \^d�VXd8r�]:\ t a�� t r o5u T U t U o \Xd�V�rOn�V�r�jcW4]*}NV u de]*}9w
deTq] gMp \^�=|�U:�7d g }.]:de]:W4n�V p ]3d4Tc]�U�n g�ocp d g�t d4VXn�]{W4]*Ú o VXWe]x}7d g We]*r g \^vA]�deTq] t U o \Xd�V�r�d g Vkr4r o ]Gd4Tc]
U�d g n�V u yc\ g.u>� |�VXd4TcV p |�TcV u T�V^dGWe]*r�Vk}N]xr�U p }ëdeTqVkr�yc\ g.u>� wKyN� }N]�� p V^deV gMp wKV�r gMp d4Tc]E|�W g�p l;j�U�deTËa
S gMp r�Vk}.]:W�deTc]�] p \kU�W4lM]*}Gyc\ g.u>��u�gMp deW g \ ´5g |�lMW8U*jcT�V p �5l o W4]¶+qa ¦ gMp j5U�l�]¶+qa ¦Na�� o jcj g r�]�d4Tc] u�g WeW4] u d
r o�u:u ]*r4r g W�d g yc\ g.u8� ��V�rñyq\ g.u8� � Û w�y o d�d4Tc]Gr�VXn o \kU*de]*}�yqW8U p�u T(jcWe]*}.V u d g W�T5UMr�n�Vkr�jqWe]*}NV u de]x}�d4Tc]
r o�u:u ]*r4r g W{yc\ g.u>� d g y5]�yq\ g.u8� ��S�w�deT5U*d{Vkr�w deTc] t U o \^d g j5]:W8U*deV gMp V p yc\ g.u8� ��S�T5U�r3y5]:] p n�Vkr�jcWe] �
}NV u de]*} a f TcV�rOn�V�r�jcW4]*}NV u deV g�p |�VX\^\�y5]�W4]*r g \XvA]*}G|�Tc] p yc\ g.u8� ��S�1 r t U o \Xd g j5]:W8U*deV gMp Vkr�]:iN] u�o de]x}GU p }
deT o rKyc\ g.u>� ��Sün o r�dKy5]�V�rer o ]*}GV p d g deTc]zr�V^n o \kU�d4]*}3n U u TcV p ]�a fhg�u�g W4We] u de\X�`n g }N]:\qdeTc]�nEU u TqV p ]71 r
y5]:T5U:v.V g WzV p deTqVkr{r�V^d o U*deV g�p w9d4Tc]GV p r�deW o5u deV gMp d4W8U u ]�l�] p ]:WsU�de]x}7yN�à�@\ g.u8� �AV^n�1 r t W g�p d{] p }7|�V^\X\�V pc�
u \ o }N]@d4Tc]@V p r�d4W o5u deV g�p r�V p yq\ g.u8� ��S�d4T5U�d g WeV^lMV p U�\X\^� u U*n�] t W g nDyc\ g.u8� ��a f Tc]�r�V^n o \kU�d g W�|�V^\X\AdeTq] p
r�dsU�\^\�V p r�d4W o5u deV g�p�t ]md u T ocp deV^\cdeTq]�n�Vkr�jcWe]x}NV u d4]*} t U o \^d g j�]mW8U�d4V g�p Vkr�We]*r g \XvA]x}9a��@] u U o r�]z�@\ g.u8� �AV^n�1 r
t W g�p d�] p }E} g ]*r pcg d�jcW g.u ]:]*}EU p � t�o WedeTq]:W�} g | p deTc]{|�W g�p l�j5U�d4T&d4T5U p deTc]��5Wsr�d�yc\ g.u>� wNd4Tc]{]�� ] u d
g�t ]:iN] u�o deV p l�V p r�d4W o5u deV g�p r t W g nÂdeTq]3|�W gMp l�j5U*deT7V�r gMp \^��j5U*WedeV�U�\^\X��n g }.]:\X]*}Gy.�E�@\ g.u8� ��VXn=a

¦3)



��Y�� ÊE¼ü¸3°�¾���°Äµ3º�¾m¯�´ ¯GÁFµ ¬®m¯&°²± ÉËÊ�ºK¶@Æ=°1ºOÆ(¶�¸3Ì ÃKÊ7Í

Ú�«��� � ���¢ô�üÖ�®�¢ Þ ���
fhg ]:i.jc\ g We]1deTc]�j5]:W t�g W4nEU p5u ]�UM}.vMU p dsU�l�]*r g*t yq\ g.u8�N� r�d4W o5u d o We]x}G�s�"��r�wA��T5U:vA]�}.]�� p ]*}GU{r�j�] u V � u

yc\ g.u>�.� r�deW o5u d o We]*}��e�.��deT5U*d�V p5u�g Wej g WsU�d4]*r�UGr o y�r�]:d g*t d4Tc] t ]*U�d o We]*r1}N]*r u WeV^y�]x}�U�y g vA]Aa f TcV�r��s�"�91 r
U�W u TqVXde] u d o WsU�\ ocp V^d@V�rOdeTq]{U�d g n�V u yc\ g.u>� a f Tc] g j5]:W8U*deV g�p r�deT5U*d u U p y5] t�gMoqp }�V p U p U*d g n�V u yc\ g.u8�
|@]mWe]Ed8U � ] p�t W g n U�r o y�r�]:d g�t d4Tc] Ý S1§�§38W838��e�.�â[,)AÞ2]/a	��\X\1deTc] pcgMpq�+u�g�p d4W g \ ´5g | g j5]:W8U*deV g�p r
U p };V p }.VXWe] u d{ycW8U p5u Tq]*r�|@]:W4]�dsU � ] p }.VXWe] u de\^� t W g n d4Tc] Ý S1§M§38W838��e�.��a���}q}N]*};d g deTqVkr u�g We]�r�]md
g�t�g j5]:W8U*deV g�p r3|1]:We]�deTq]�d4W8U�jËw t U o \Xd:w�U p }�r o ycW g�o deV p ] u U*\X\ g j�]mW8U�d4V g�p r�a(¡�U u T�U*d g n�V u yc\ g.u>��u U p
u�g�p dsU�V p�o jEd g r�VXi.de]:] p�g j5]:WsU�deV gMp r�wcdeTc]zVkrer o ]�|�V�}NdeT g�t d4Tc]�nEU u TqV p ] ì a�� p U�}c}NVXd4V g�p wc]*U u T�U�d g n�V u
yc\ g.u>� n o r�d u�g�p dsU�V p ]:iqU u d4\X� gMp ]�deWsU�j�wqr o ycW gMo d4V p ] u U�\^\+w g W�V p }NVXW4] u dKyqW8U p�u T g j5]:W8U*deV g�p d g r�j5] u V t �
deTq] u�gMp deW g \ ´5g |�r o�u:u ]*r4r g W t�g W�d4T5U�d�yq\ g.u8� a

Ú�«���«� ��ÒcÖi¬ | ¬9¢�ÒcÖ6¤cÓ�×E¥�®
f Tc]{deWsU�j g j5]:W8U*deV g�p T5U�rÄ��vA]��5]:\�}cr�YKd4Tc]�deWsU�j g j u�g }N]Aw5deTq] u�gMp }NV^deV gMpEu�g }.]�We]mlMVkr�de]:WmwNd4Tc]��5W8r�d

d8U*Wel�]:d:wMd4Tc]�r�] u�g�p }�r�] u�gMp }3d8U*Wel�]:d:wAU p }�deTq]OdsU�W4lM]:d u�gMocp d:a���r�}NVkr u�o r4r�]*}`U�y g vA]AwMdeTq]�r�]md g�t j g rer�VXyc\^]
u�g�p d4W g \ ´5g |�r o5umu ]*rer g Wsr t�g W�U p U*d g n�V u yq\ g.u8�{u U p y5]�j5U*Wed4VXdeV gMp ]x}3V p d g d�| g r o y�r�]:dsr@� d4Tc]@dsU � ] p U p }
pcg d@d8U � ] p r o y5r�]:d8r � r o5u T�deT�U�d@d4Tc]�deW8U*j u�gMp }NV^deV gMp r�j�] u V �5]xr²d4Tc]zr o y5r�]:d�deT5U*d u�g�p dsU�V p rOd4Tc] u�g WeW4] u d
u�g�p d4W g \ ´5g |ýr o5u:u ]*rer g W:a f Tc]�deW8U*j u�gMp }NV^deV gMp Vkr�deTc]�ycV^d3V p deTc] u�g�p }NVXd4V g�p�u�g }.]�W4]:lMV�r�de]mW3d4T5U�d{V�r
r�j5] u V �5]*}Gy.��deTq]�d4W8U�j g j u�g }.]Aa f Tq]ñ�5Wsr�d�d8U*Wel�]:d g*t deTq]�d4W8U�j g j5]:WsU�d4V gMp Vkr gMp ] g�t d4Tc]�d8U*Wel�]:d8r t W g n
deTq]�d8U � ] p r o y5r�]:dma f Tc]�r�] u�g�p }�deWsU�jGd8U*Wel�]:dKVkr gMp ] g*t d4Tc]@dsU�W4lM]:dsr t W g nDdeTc] pcg dKdsU � ] p r o y5r�]:d:a f Tc]
d8U*Wel�]:d u�gMocp dñ��]:\k} g�t d4Tc]�d4W8U�j g j5]:W8U*deV g�p r�j5] u VÙ�5]*r@d4Tc]�\ g l g*t deTc]`d g d8U�\ p.o n�y5]:W g�tÄu�g�p d4W g \ ´5g |
r o�u:u ]*r4r g Wsr t�g W�d4Tc]GdeWsU�j g j5]:W8U*deV gMp 1 r3U*d g n�V u yc\ g.u8� a f TcV�r�V pNt�g WenEU*deV gMp V�r o r�]*}7y.�7d4Tc]�}N� p U�n�V u
ycWsU p5u TEjcWe]*}.V u d g W�UMr�|�VX\^\9y5]{]:i.jc\kU*V p ]*}�V p(u T�U�jcd4]:W�/Na

�@] u U o r�]�deTc]�d4W8U*j g j5]:WsU�deV gMp�g�p \X��r�j5] u V ��]*rKd�| g d8U�W4lM]:dsr�w.U�d g n�V u yc\ g.u8� r²d4T5U�d�T5U:vA]�n g W4]@d4T5U p
d�| g(u�g�p d4W g \ ´5g |«r o5umu ]*rer g Wsr�U p };] p }=V p U&d4W8U�j g j5]:W8U*deV gMp�u U pqpcg d`T5U:vA]�U*\X\�deTc]mVXW u�g�p d4W g \ ´5g |
r o�u:u ]*r4r g Wsr�]:i.jc\XV u VXd4\X��r�j�] u V �5]x}9a f Tc]�dsU�Wel�]:d8r�V p d4Tc]�dsU � ] p U p } pqg d�dsU � ] p r o y5r�]:d8r�deT�U�d{U*We] pcg d
r�j5] u V �5]*}�yN��deTc]Ed4W8U�j g j�]mW8U�d4V g�p U�W4]�VXn�jc\XV u VXd4\ �àr�j5] u VÙ�5]*};y.��deTc] t U o \Xd g j5]:W8U*deV g�p rG|�VXdeTqV p d4Tc]
u�g�p d4W g \ ´5g |Dr o5umu ]*rer g Wsr�a�ä�] t ]:W4WeV p l�y�U u8� d g �5l o We] +qa ¦ gMp j5U*lM]�+ca ¦.w�yq\ g.u8� ��T5UMr�deTcW4]:] u�g�p d4W g \
´5g |�r o�u:u ]*r4r g Wsr�w.yc\ g.u8� r���S�w.� Û wqU p }�¡�a -�p \X�Gyq\ g.u8� r1��S¤U p }�¡¤U�We]z]:iNjq\XV u VXde\^�`r�j5] u VÙ�5]*}GyN�Gd4Tc]
deWsU�j g j5]:W8U*deV g�p U�d1deTc]�] p } g�t yq\ g.u8� ��a.�@\ g.u8� � Û V�r²V^n�jc\^V u VÙde\^�{r�j5] u V �5]*}�UMr1U�r o5u:u ]*r4r g W@d g yc\ g.u8�
�¥y.�;d4Tc] t U o \Xd g j5]:W8U*deV gMp |�VXd4TcV p yq\ g.u8� ��S�a���r`U7We]*r o \Xdmw~|�Tc] p U7jcW g.u ]*r4r g W���W8r�d`] p5u�g�ocp de]:Wsr
U p U*d g n�V u yc\ g.u8� w5deTq]GjcW g.u ]xrer g W u U pcpqg d`}N]:d4]:Wen�V p ]{U*\X\�deTc]Gj g r4r�V^yc\X] u�g�p d4W g \ ´5g |Dr o5u:u ]*rer g W8r�d g
deT�U�dGyc\ g.u>� a f Tq]�jcW g.u ]*rer g WGV p�u We]:n�] p dsU�\^\X�E\X]*U*W p r`U�y gMo dGdeTc]�V^n�jc\^V u V^de\Ù�(r�j5] u VÙ�5]*} u�g�p d4W g \ ´5g |
r o�u:u ]*r4r g Wsr�|�Tq] p U t U o \Xd g j�]mW8U�d4V g�p Vkr�n�V�r�jcW4]*}NV u de]*}7|�TcV u T¤W4]*r o \^d8r�V p d4Tc]En�Vkr�jcWe]x}NV u d4]*} t U o \^d
g j5]:WsU�d4V gMp We]*}.VXWe] u deV p l�d4Tc] u�gMp deW g \ ´5g |Fd g VXd8r@dsU�W4lM]:dma

� � ]:��}NV � ]:W4] p5u ]�y5]:d�|@]:] p deWsU�j g j5]:WsU�deV gMp r�U p } u�gMp vA] p d4V g�p U�\ �e�.�ùycWsU p5u TEV p r�deW o5u deV gMp r�Vkr1UMr
t�g \^\ g |�r�Y�deWsU�j g j5]:WsU�deV gMp rG]:i.jc\XV u VXd4\X�àr�j5] u V t �;d�| g dsU�W4lM]:dsr�|�TcV^\X]�ycW8U p5u TëV p r�d4W o5u deV g�p r�]:i.jc\XV u VXd4\X�
r�j5] u V t � gMp \^� gMp ]`d8U�W4lM]:dma f Tc]�r�] u�gMp }Ed8U�W4lM]:d g�t U�yqW8U p�u T=V p r�d4W o5u d4V g�p V�rñV^n�jc\^V u V^de\X��r�j5] u V ��]*}EUMr
deTq]�V p r�deW o5u deV gMp deT5U*d t�g \^\ g |�rOd4Tc]�yqW8U p�u T�a f Tq]�deWsU�j g j5]:WsU�deV gMp |�U�r@}N]�� p ]*}�d g T5U:vA]�d�| g ]miNjc\^V u V^d
í��vø�ù���÷� �ô��@��� ÷ û����ô õ¡�4ÿ��õ�" ü@ô�¢lùe��2ùlüEý��ûiý�ù õ«ù°ü@ü ÷�	@ô*ÿ���øW÷���ù�û�k�Wùe	bùlü@û�	@ô õ«û@ù���û��ûbø�ù�ô*übü���ùúvôD�2û@ø_ $ û@ø�ù

��÷�õbø�ô*ý�ùcô $ ûbø�ù��÷Sõbø�ô*ý�ùcø3÷�ücûbø�ù4��ô õ�	�:÷
	«õbø�ô*û@ù õ«û���	 ÷ ÿ�ü��'���#�	@û�û�iô*übü���ùJ÷ û���¶ô õP��ÿ��õ�"2ücûbøW÷�û£	@ù�¤���ô�	@ù4���	bù|ûbøW÷�ý[�ý�ùõ���õ«ÿ*ùiû��ô*ü@ü���ù[¥Îù�� þ#�pû@ø4ù¸ü«õ�	 ÷ û õbøs�W÷��¶÷�ÿ*ô ÷�ü�û ÷
�4ÿAù[/§¦Sð�16¨��=�vø�ô*ü��2ô*übü@ù�	bû ÷�ûbô�Sýn��2ùlüvý'Sûvô*ý��Sùlübû@ô*þ:÷ û@ù6ü��Wõbøe��÷�õbø�ô*ý�ùlü��

¦4+



B C
©

A
ª

D
«

AD

trap

F
¬

E


BD CD
©

traptraptrap

F
¬

E


�ED@FcG>I ?�×ve y f �9g ? jl< =@= u�gJI�kcG>Fcg{u�I�< h u�<pI�F ? u h I�k£® =@? m jlkcI¯® = kvq4z�~êr�u�I�GJq3u�G>I ? y��4�Ëþ�r e

°
±�²�³#´�°
µ[¶¸·&µ�°�´�±#¹�º�»¡ºH·P´n´�¼=½P¾¸¶r¿�¶¸°0°
±'²�³H´�°f±'·À¹ÁºH·P´n¶¸Â¯½P¾6¶Ã¿�¶D°*»L±'¾6¾¸Ä�°�ÅP²�ºHÆP³#ÅZ°
±�²�³H´Ç°�È&´�¿�±�Æ&µ�´n°�ÅP´nÈP¾¸º=¿
É
´�·P¾r±'²�³H´�Â¯´Ç·^°kºH½Ê°�¶¸Â�¶¸Ë�±�°�¶¸º#·Ì¿�ºHÆP¾r¹c¿�²�´�±�°�´Í¿�º#·^°�²�º#¾ ´ º�ÎÏ³#²
±'½ÊÅ&µÐ»�º#²_Î[ÅP¶Ã¿
ÅÌ¶6°_Î[±Hµs¶6Â¯½&ºEµ�µ�¶¸ÈÊ¾¸´¯°�º
½P¾r±H¿�´_º#·P´¯º'»Ñ±'·~±�°�º#Â¯¶Ã¿kÈP¾¸º=¿
É 1 µe°
±'²�³H´�°Òµk±x»�°�´Ç²T°�Å&±'°Ð±'°�ºHÂ¯¶r¿sÈP¾¸º=¿
ÉÁ°�ºZµ�´Ç²�ÓE´ ±Hµk°�ÅP´s»L±�¾¸¾6Ä�°�ÅP²�º#ÆP³HÅ
°
±�²�³#´�°�Ô ú ¶¸³#ÆP²�´ + Ô�ÕÖ³#¶¸ÓE´�µf±'·Ì´�¼Ê±'Â�½P¾¸´EÔn×*·P¾Ã±�²�³#´�¹ØÈP¾6º=¿�ÉÊµeÙeÚsÛ�Ü[ÚsÛz±'·&¹cÝ0ÚÞ±'¾6¾¡Å&±�ÓE´_ÈP¾¸º=¿
ÉPµk×
±'·À¹Ìßà±Hµk°�ÅP´�¶6²kµ�ÆÀ¿�¿�´�µ�µ�ºH²Òµ�Ô�áÑ´�³�±'²Ò¹^¾¸´�µ�µTº�»[ÅPº�Îâ°�ÅP´ ÈP¾¸º=¿
ÉPµk±�²�´ ºH²
¹=´�²�´�¹!Û,±�°k¾¸´�±#µ�°kºH·P´ º'»�°�ÅPºEµ�´
°�ÅÊ²�´�´[´�·Ê¾Ã±'²�³H´�¹_ÈP¾6º=¿�ÉÊµ,Î[¶¸¾6¾PÅ&±�ÓE´[·P´�¶6°�ÅP´Ç²*ÈP¾¸º=¿
ÉÊµg×]ºH²0ßZ±Hµ¡¶¸°
µ4»L±'¾¸¾6Ä�°�ÅP²�º#ÆP³HÅ�°
±'²�³H´�°ÇÔ¡ã@ÅP¶Ãµ*½P²�ºHÈP¾6´�Â
¿�º#ÆP¾Ã¹äÈ&´]µ�º#¾¸ÓE´�¹~È^åæ¿�²�´�±'°�¶¸·P³ç±Ø·P´�ÎèÈP¾6º=¿�Éêéë°�Å&±'°¯¶rµì´�¶6°�ÅP´�²�±Ì¹^ÆÊ½P¾¸¶r¿�±'°�´Áº'»nÈP¾6º=¿�Éí×ïî�ºH²Íß¡ð
ºH²n±�·ÌÆP·&¿�º#·&¹^¶6°�¶¸º#·&±'¾4ñ�ÆPÂ�½Z°�ºÍÈP¾¸º=¿
É]×âî�ºH²nßgð
Ô�Ü@¾6º=¿�É]éÞ¿�ºHÆÊ¾Ã¹Z°�ÅP´�·òµ�´Ç²�ÓE´ ±Hµk°�ÅP´s»L±�¾¸¾6Ä�°�ÅP²�º#ÆP³HÅ
°
±�²�³#´�°ó»�º#²_°�ÅP´Í°�ÅP¶¸²Ò¹ç´Ç·P¾Ã±�²�³H´x¹çÈÊ¾¸º=¿
É-Ôòô�º�Î@´�ÓE´�²ÇÛ,°�ÅP´�µ�´õµ�ºH¾¸ÆÊ°�¶¸º#·&µ_ÂÍ±�åZ²�´�¹^ÆÀ¿�´Í°�ÅP´¯¶6·&µ�°�²�Æ&¿�°�¶¸º#·
»�´�°Ò¿�ÅÌ²Ò±'°�´¯È^å]´�¶6°�ÅP´�²n²�´�¹=Æ&¿�¶¸·Ê³Á°�ÅÊ´¯¶Ã¿�±#¿�ÅÊ´¯ÅP¶¸°n²
±�°�´¯È&´�¿�±�Æ&µ�´Íº�»e°�ÅP´¯´�¼=°�²Ò±Z¿�º=¹^´õ¹^ÆP½P¾6¶Ã¿�±�°�¶6ºH·Ìº#²
²�´x¹^Æ&¿�¶6·P³Í°�ÅP´�±�ÓE´�²
±�³H´ ÈP¾¸º=¿
É]µ�¶6Ë�´ìÈ&´�¿Ç±'Æ&µ�´¯º'»�°�ÅP´ì´Ç¼^°�²
±¯ÆP·&¿�º#·&¹^¶6°�¶¸º#·&±'¾�ñ�ÆPÂ¯½Z¶6·&µ�´�²�°�´�¹Z¶¸·=°�ºÍ°�ÅP´
¹^å=·&±'Â�¶Ã¿_¶¸·&µ�°�²�ÆÀ¿�°�¶6ºH·òµ�°�²�´�±'ÂöÔZÜ@åZ´�¼=½P¾¸¶r¿�¶¸°�¾¸åZµ�½&´�¿�¶÷»�å=¶¸·Ê³�°�Î0ºZ°
±'²�³H´�°ÒµV»�º#²_´�±H¿
ÅÌ°�²Ò±'½~ºH½&´�²Ò±'°�¶¸ºH·zÛ
°�ÅÊ´TÈÊ¾¸º=¿
É^ÄLµ�°�²�Æ&¿�°�ÆP²�´x¹�ø�ù=Ùê¶Ãµ[±'ÈÊ¾¸´k°�º ´�¾¸¶6Â¯¶¸·À±'°�´[°�ÅP´k½P²�º#ÈP¾¸´ÇÂZÔ

úeû�ü�û�ý þ�ÿ��������	��
�Pÿ����������
ã@ÅP´¯»L±'ÆP¾6°_ºH½&´�²Ò±'°�¶6ºH·æÅ&±HµT»�º#ÆP²��À´�¾Ã¹Pµ��ì°�ÅP´ì»L±'ÆÊ¾¸°_ºH½!¿�º=¹=´EÛ@°�ÅÊ´Í¿�ºH·À¹^¶¸°�¶¸ºH·æ¿�º=¹=´�²�´�³H¶rµ�°�´�²�Û*°�ÅP´

°
±�²�³#´�°�Û4±�·&¹Á°�ÅÊ´_°
±'²�³H´�°f¶¸·&¹^´Ç¼-Ô�Ü[±Hµ�´�¹ÁºH·Z¶6°
µ[ºH½!¿�º=¹^´�Û�°�ÅP´T»L±�ÆP¾¸°fºH½&´�²
±�°�¶6ºH·]¿
ÅP´�¿
ÉPµ[±¯µ�½&´�¿�¶��£¿TÈP¶6°
¶¸·]¶¸°Òµk¿�ºH·&¹=¶¸°�¶6ºH·ò¿�º=¹^´¯²�´�³H¶rµ�°�´�²�Ô�øL» °�Å&±�°sÈP¶6°e¶Ãµnµ�´�°ÇÛ4¶¸°kÎ[¶¸¾6¾*²�´�Â�º'ÓE´n¶¸°ÒµT±#µ�µ�º=¿�¶Ã±�°�´�¹~±'°�ºHÂ¯¶r¿sÈP¾¸º=¿
É
»�²�º#Âè°�ÅP´nÂÍ±H¿
ÅP¶¸·Ê´k±'·&¹Á²�´�¹^¶6²�´�¿�°0°�ÅP´Ð¿�ºH·=°�²�ºH¾��&º�Î�°�º ¶¸°
µ[°
±�²�³#´�°�Ô�Ùeµ�µ�ÅPº�Î[·Z¶6·��&³#ÆP²�´ �PÔ"!=Û£¶6·Á°�ÅP´
´�ÓE´�·=°e°�Å&±'°k°�ÅÊ´ìÈP²Ò±'·&¿
Å]½P²�´�¹=¶Ã¿�°�ºH²kÅ&±Hµk¶¸·&¿�ºH²�²�´�¿�°�¾¸åÍ½P²�´x¹^¶Ã¿�°�´�¹ÁÈP¾6º=¿�É]Ü�Ý °�ºÍÈ&´ì°�ÅP´¯µ�Æ&¿�¿�´xµ�µ�º#²s°�º
ÈP¾6º=¿�ÉöÙâÎ[ÅP´�·]ÈP¾¸º=¿
ÉZÜ[Ú ¶Ãµe°�ÅÊ´ ¿�ºH²�²�´�¿�°f°
±'²�³H´�°ÇÛ4°�ÅP´_»L±'ÆP¾6°eºH½&´�²Ò±'°�¶¸ºH·ò¶¸·ZÈP¾6º=¿�É]Ü�ÝêÎ[¶¸¾6¾*²�´ÇÂ¯º�ÓE´
ÈP¾6º=¿�É]Ü�Ý�#�µT¶¸·Àµ�°�²�Æ&¿�°�¶¸ºH·Àµf»�²�ºHÂ °�ÅP´ ÂÍ±#¿�ÅP¶6·P´ ±'·À¹Ø²�´�¹=¶¸²�´x¿�°k°�ÅP´�¿�ºH·=°�²�ºH¾��&º�ÎÞ°�ºÁÈÊ¾¸º=¿
É]Ü[ÚsÔ�ã@ÅP´
»L±'ÆÊ¾¸°[ºH½&´�²Ò±'°�¶¸ºH·õ±�¾Ãµ�º�µ�½&´�¿�¶��&´�µ0±'·Í¶¸·À¹^´�¼ °�Å&±�°�¶rµ@±Hµ�µ�º=¿�¶r±'°�´�¹�Î[¶6°�ÅÍ¶¸°Òµg°
±�²�³#´�°�Ô0ã@ÅP¶Ãµ¡¶¸·^»�º#²�ÂÍ±�°�¶6ºH·¯¶rµ
Æ&µ�´�¹¯È^å¯°�ÅP´n¹^å=·&±'Â¯¶r¿�ÈP²Ò±'·&¿
ÅÍ½P²�´�¹=¶Ã¿�°�ºH²[±#µÑÎ[¶6¾¸¾!È£´n´�¼=½P¾Ã±�¶¸·P´�¹ ¶¸·õ¿�ÅÀ±'½P°�´�²�$^Ô
úeû�ü�û�ú %&��'(�)�������*��
,+Ìÿ-�.���
ã@ÅP´[µ�ÆPÈP²�ºHÆP°�¶¸·P´0¿�±�¾¸¾EºH½&´�²Ò±'°�¶¸ºH·nÅ&±Hµ4°�ÅÊ²�´�´��&´�¾r¹Pµ/�4°�ÅP´¡ºH½!¿�º=¹^´EÛ#°�ÅP´0¿�±�¾¸¾E±#¹P¹^²�´�µ�µ�ÛE±'·&¹k°�ÅP´¡²�´�°�ÆP²�·

±H¹Ê¹^²�´�µ�µ�Ô�ã@ÅP´]µ�ÆPÈP²�ºHÆP°�¶¸·P´]¿�±�¾¸¾f¹^¶¸²�´�¿�°Òµó°�ÅP´Á¶6·&µ�°�²�Æ&¿�°�¶¸º#·àµ�°�²�´�±�Â °�ºÌ°�ÅP´öµ�½&´�¿�¶0�&´�¹æ¿�±'¾6¾e±#¹P¹^²�´xµ�µ
±'·À¹äµ�±�ÓE´�µs°�ÅP´Zµ�½&´�¿�¶��À´�¹Ì²�´�°�ÆP²�·æ±H¹Ê¹^²�´�µ�µì¶¸·~°�ÅP´Í²�´�°�ÆP²�·í±H¹P¹^²�´�µ�µ_²�´Ç³H¶Ãµ�°�´�²ÇÔäã@ÅÊ´ÁÉE´�åò¹^¶�1!´�²�´�·&¿�´
È&´�°�Î@´�´Ç·ä°�ÅÊ¶Ãµ¯µ�ÆPÈP²�º#ÆP°�¶6·P´]¿�±�¾¸¾k±�·&¹ä°�Å&±�°Íº'»Ð±Ì¿�º#·^ÓE´�·=°�¶6ºH·&±�¾eø�ù=Ùè¶Ãµì°�Å&±'°Í°�ÅP¶Ãµ¯µ�ÆPÈP²�ºHÆP°�¶¸·P´]¿�±�¾¸¾
´�¼=½P¾¸¶r¿�¶¸°�¾¸åÍµ�½&´�¿�¶��À´�µe°�ÅP´ ²�´�°�ÆP²�·ò±H¹Ê¹^²�´�µ�µT°�ºÁÈ&´ìÆÀµ�´�¹]±x»�°�´�²k°�ÅP´�¿�±'¾6¾¸´�¹Á»�ÆP·&¿�°�¶¸º#·Ì¿�ºHÂ¯½P¾6´�°�´xµ�Ô_ø�·ò±

!HÕ



C
2

AC
3

call4

D
5

BC
6

call

D
5

B
6

A
3

call

7�8:9<;>=@?BADCFE�G�H�I?�J�K)LML-N@I=PO<;9<IQ=P?RN@;=@STK)UU>=@?WVXVZY>=@O&®>L:?W[ J.O<=ì®LMO�\@]_^`V/N@=@;>\aNb;>=@?WUdc@egfhVaC
¿�º#·^ÓE´�·=°�¶6ºH·&±�¾*ø�ù=ÙnÛ-°�ÅP´ ²�´Ç°�ÆP²�·Ì±#¹P¹^²�´xµ�µe¶Ãµe¶¸Â�½P¾¸¶r¿�¶¸°�¾÷åÖµ�½&´�¿�¶0�&´�¹Z±Hµk°�ÅP´ ±#¹P¹^²�´�µ�µk°�Å&±�°V»�º#¾¸¾6º'Î�µe°�ÅP´
¿�±�¾¸¾�Ônã@ÅP´ ²�´�±#µ�º#·ØÎ[Å=åZ°�ÅP´_²�´�°�ÆÊ²�·ò±H¹P¹^²�´�µ�µe¶rµ�´�¼=½P¾¸¶r¿�¶¸°�¾¸åÍµ�½£´x¿�¶��&´x¹Á¶¸·Z°�ÅÊ´ìÈP¾6º=¿�É=ÄLµ�°�²�Æ&¿�°�ÆP²�´�¹Zø�ù=Ù
µ�ÆÊÈP²�º#ÆP°�¶6·P´Í¿�±�¾¸¾*º#½£´Ç²
±'°�¶¸º#·c¶rµe°�ÅP´�µ�±�Â¯´ì²�´�±Hµ�ºH·ÌÎ[Å=åZ°�ÅÊ´ì°�²
±'½òºH½&´�²
±�°�¶6ºH·~µ�½£´x¿�¶��&´xµT°�Î@ºÍ°
±�²�³#´�°
µ��
°�ÅÊ´eÈP¾¸º=¿
É ´�·P¾Ã±�²�³#´�Â¯´�·=°*ºH½Ê°�¶¸Â�¶¸Ë�±�°�¶¸º#·¯¿Ç±'·Í¿�²�´�±'°�´k¿�º#·^°�²�ºH¾<�&º�Î ³#²
±�½PÅ&µg»�ºH²[Î[ÅÊ¶Ã¿
Å¯¶¸°¡¶Ãµ@¶6Â¯½&ºEµ�µ�¶¸ÈÊ¾¸´
°�ºÍ½P¾r±H¿�´ ±�µ�ÆPÈP²�ºHÆP°�¶¸·P´�¿�±�¾¸¾i#�µ�²�´Ç°�ÆP²�·]±H¹P¹^²�´�µ�µeÈP¾6º=¿�Éö±x»�°�´�²e°�ÅÊ´ ¿�±'¾6¾i#�µ�ÈP¾¸º=¿
É-Ônß,¶6³HÆP²�´j�PÔ"$¯³#¶¸ÓE´�µe±�·
´�¼Ê±'Â¯½Ê¾¸´EÔàÜ@¾6º=¿�ÉàÝÞ´�·&¹ÊµóÎ[¶6°�Åê±Ìµ�ÆPÈP²�º#ÆP°�¶6·P´]¿�±�¾¸¾f±'·&¹à±#µ¯±Ø²�´xµ�ÆP¾6°�Û@ÈP¾6º=¿�ÉÊµ¯ÙeÝÞ±'·À¹àÜ�ÝÞ±'¾rµ�º
´�·&¹]¶¸·~±Zµ�ÆPÈP²�º#ÆP°�¶6·P´Í¿�±�¾¸¾LÔ Ý¡¾6´�±'²�¾¸åEÛ�ÈP¾¸º=¿
ÉÌÚnÛ,°�ÅÊ´¯²�´�°�ÆP²�·ç±H¹P¹^²�´�µ�µT»�º#²s°�ÅP´Í¿�±�¾¸¾�Û+¿�±'·Ê·PºH°_È&´¯°�ÅP´
»L±'¾6¾¸Ä�°�ÅP²�ºHÆP³#ÅÍÈP¾¸º=¿
Éó»�º#²[È&ºH°�ÅÍÈP¾6º=¿�ÉÊµ@ÙeÝæ±'·À¹�Ü�Ý�ÔÊÜ@å µ�½&´�¿�¶D»�å^¶6·P³_±�·Í´�¼^½Ê¾¸¶Ã¿�¶¸°*²�´�°�ÆP²�·Í±H¹Ê¹^²�´�µ�µ�ÛP°�ÅP´
ÈP¾6º=¿�É=Ä�µ�°�²�Æ&¿�°�ÆÊ²�´�¹Íø�ù=Ù ¶rµ[±'ÈP¾6´T°�ºì´Ç¾¸¶¸Â�¶¸·&±�°�´[°�ÅÊ¶Ãµ@½P²�ºHÈP¾6´�Âè±Hµ[Î@´Ç¾¸¾�Ô

!a$



kml nporqtsvu w
xzy|{�}�~ s���yX� �-�j��� ���Z�r� � ���j���B�-��� ���Z�-������� n��B��y|�����@�

ã@ÅP¶Ãµ0¿�ÅÀ±'½P°�´�²¡´�¼P±�Â¯¶¸·Ê´�µ,ÅPº�Îà°�ºnÂ¯ºEµ�°*´/1!´�¿�°�¶¸ÓE´�¾6ån±'½P½P¾6åì°�ÅP´�ÈP¾¸º=¿
É_´�·P¾r±'²�³#´�Â¯´�·=°*º#½P°�¶6Â¯¶¸Ë�±�°�¶6ºH·
°�ºZ¶6·&¿�²�´�±Hµ�´¯ÈP¾¸º=¿
Éòµ�¶¸ËÇ´Í±'·&¹Ì½&´�²�»�ºH²�ÂÖ±'·&¿�´�ÔZÜ@²
±�·&¿�Åò½P²�´�¹=¶Ã¿�°�¶¸ºH·]´/1!´�¿�°Òµ_±'²�´¯¶¸³#·PºH²�´�¹-ÔÌã@ÅÊ´�åØÎ[¶6¾¸¾
È&´Ø´Ç¼P±�Â¯¶¸·P´x¹ç¶6·à°�ÅP´]¿
Å&±�½P°�´�²Òµ�$c±�·&¹��EÔ��,´Ç²�»�´�¿�° ÈP²Ò±'·&¿
Å ½Ê²�´�¹^¶r¿�°�¶6ºH·æ¶ÃµÍ±Hµ�µ�ÆPÂ¯´x¹ç»�ºH²õ±�¾¸¾e°�ÅP´
´�¼=½&´�²�¶6Â¯´�·=°
µ*½P²�´xµ�´�·=°�´�¹ ¶¸·Í°�ÅP¶rµ[¿�ÅÀ±'½P°�´�²�Ô

wh�X� qm�B� x����D� xzy|{�}-~ st��y|� ���j��� ���Z�� ¢¡��-�@� �|£&�����|{¤�
ã@ÅP´_ÈP¾6º=¿�ÉÍ´�·P¾r±'²�³H´�Â¯´Ç·^°[º#½P°�¶6Â¯¶¸Ë�±�°�¶6ºH·Í¶¸Â¯½Ê¾¸´�Â¯´�·=°�´�¹ì¶6·Á°�ÅP´_ÈP¾¸º=¿
É=Ä�µ�°�²�ÆÀ¿�°�ÆP²�´�¹Áø�ù=Ù ¿�ºHÂ�½P¶¸¾6´�²

±'°�°�´�Â�½P°
µk°�º]¿�º#ÂìÈP¶6·P´ ±Hµ_ÂÍ±�·^å]¹^¶01!´�²�´�·=°_¿�ºHÂ ÈP¶¸·&±�°�¶6ºH·&µkº'»fÈP¾¸º=¿
ÉPµn±Hµ_½&ºEµ�µ�¶¸ÈP¾6´EÔÌã@ÅÊ´Í¿�ºHÂ�½P¶¸¾6´�²
È&´�³H¶6·&µ*Î[¶¸°�Å_°�ÅP´¥�&²Òµ�°¡ÈP¾6º=¿�Énº'»4´x±H¿
ÅT»�ÆP·&¿�°�¶¸º#·¯±�·&¹_°�²
±�ÓE´�²Òµ�´�µ4°�ÅÊ´�¿�ºH·=°�²�ºH¾¦�&º�Îæ³H²
±�½PÅ¯¶6· ±�ÈP²�´x±H¹^°�ÅPÄ
�&²Òµ�°@º#²
¹^´Ç²[¿�º#ÂìÈP¶6·P¶¸·Ê³�ÈP¾6º=¿�ÉÊµgÆÊ·^°�¶¸¾Pº#·P´eº'»�°�ÅP´e°�´�²�Â¯¶6·&±'°�¶¸º#· ¿�ºH·&¹=¶¸°�¶6ºH·&µ*¾6¶Ãµ�°�´�¹_È£´Ç¾¸º�Îà¶Ãµ*Â¯´�°ÇÔ�ã@ÅP´
½P²�º=¿�´�µ�µ¡¶Ãµ*²�´x¿�ÆP²
µ�¶¸ÓE´�¾6åe²�´Ç½£´x±'°�´x¹óÎ[¶6°�Å °�ÅP´fµ�Æ&¿Ç¿�´�µ�µ�ºH²0ÈP¾¸º=¿
ÉPµ�º'»�°�ÅÊ´�·P´ÇÎ[¾¸åT»�º#²�Â¯´x¹s´�·P¾Ã±�²�³#´�¹óÈÊ¾¸º=¿
É-Ô
ã@ÅP´��&ÓE´k°�´Ç²�Â¯¶6·&±'°�¶¸ºH·�¿�º#·&¹^¶¸°�¶¸º#·&µ »�º#²[°�ÅP´k´�·Ê¾Ã±'²�³H´�Â�´�·^°¡½P²�º=¿�´�µ�µ�±�²�´R�
§ Ô�Ü@¾6º=¿�ÉÊµ�¿Ç±'·ò¿�ºH·=°�¶6·^ÆP´n°�º¯È&´_´�·Ê¾Ã±'²�³H´�¹ÁÆÊ·^°�¶¸¾4»�ÆP²�°�ÅP´�²e´�·Ê¾Ã±'²�³H´�Â�´�·^°[Î0ºHÆP¾r¹Z¿�±'ÆÀµ�´ °�ÅP´Ðµ�¶¸ËÇ´_º'»
°�ÅP´ì´Ç·P¾Ã±�²�³H´x¹ÁÈP¾¸º=¿
ÉZ°�ºÍ´�¼Ê¿�´�´�¹Á½Ê²�º=¿�´�µ�µ�º#²s¶Ãµ�µ�ÆP´ Î[¶Ã¹=°�Å4Ô Ùeµk¹^¶rµ�¿�Æ&µ�µ�´�¹Z¶¸·]¿
Å&±�½P°�´�²��ÊÔ"!^Û4°�ÅP´
ÂÍ±�¼^¶6ÂìÆÊÂÏÈP¾6º=¿�Éöµ�¶6Ë�´_¶Ãµ�²�´�µ�°�²�¶r¿�°�´�¹Í°�ºÍ°�ÅÊ´ì¶rµ�µ�ÆÊ´_Î[¶Ã¹^°�ÅÌµ�ºÁ±#µe°�ºõ±�ÓEºH¶Ã¹Á°�ÅP´ ¿�º#Â¯½P¾¸´Ç¼^¶6°�å�º'»
µ�ÆP½P½&ºH²�°�¶¸·Ê³e±�°�ºHÂ�¶Ã¿4ÈP¾¸º=¿
ÉPµ-°�Å&±'°4²�´@¨EÆP¶¸²�´*Â¯ºH²�´,°�Å&±'·nºH·P´0¿�åÊ¿�¾6´,°�º[¶Ãµ�µ�ÆP´EÔ�ßPºH²4º#ÆP²,´Ç¼^½&´�²�¶¸Â¯´�·=°
µ
°�ÅP´kÂÍ±'¼=¶¸Â ÆPÂâÈÊ¾¸º=¿
É¯µ�¶¸Ë�´kÎ[¶¸¾6¾4±�¾¸Î[±�åÊµ@È&´sµ�¶¸¼=°�´�´Ç·4Ô

!^Ô�×¡±H¿
ÅÌÈP¾6º=¿�Éò¿�±�·~¿�ºH·=°
±�¶¸·~±�°sÂ¯º�µ�°n°�Î0º�»L±�ÆP¾¸°nºH½&´�²
±�°�¶6ºH·&µ�ÛgÎ[ÅP¶r¿�Å]²�´xµ�°�²�¶Ã¿�°Òµe°�ÅP´¯·=ÆPÂ È&´�²kº'»
µ�Æ&¿�¿�´�µ�µ�º#²ìÈP¾6º=¿�ÉÊµT»�ºH²�´�±H¿
Å~ÈP¾¸º=¿
ÉÌ°�ºò±'° Â¯º�µ�° ´�¶¸³#Å^°ÇÔäã@ÅP¶rµó²�´�µ�°�²�¶r¿�°�¶6ºH·~¶Ãµ_¹^ÆÊ´Á°�º]ÈP²Ò±'·&¿
Å
½P²�´�¹^¶r¿�°�¶6ºH·Í¿�º#·&µ�¶r¹^´�²Ò±'°�¶6ºH·&µkî�µ�´�´n¿�ÅÀ±'½P°�´�²�$Eð
Ô

© Ô�Ü@¾6º=¿�ÉÊµ-°�Å&±�°,´Ç·&¹e¶¸·n±�¿Ç±'¾¸¾=¿Ç±'·P·Pº#°*È&´0¿�ºHÂ ÈP¶¸·Ê´�¹�Î[¶¸°�Åk°�ÅP´�¶6²�µ�Æ&¿Ç¿�´�µ�µ�ºH²Òµ�Ô*ã@ÅÊ´@¶¸·=°�´Ç²�½P²�º=¿�´�¹^ÆP²Ò±'¾
±�·&±'¾6åPµ�¶Ãµ@²�´b¨ ÆP¶6²�´�¹ °�º�¿�ºHÂ ÈP¶¸·Ê´eµ�Æ&¿�ÅÍÈP¾6º=¿�ÉÊµ@Å&±#µÑ·Pº#°�È&´�´Ç·�¶6Â¯½P¾6´�Âì´Ç·E°�´�¹-Ô

�PÔ�Ü@¾6º=¿�ÉÊµ*°�Å&±�°@´�·&¹ ¶¸·�±T²�´Ç°�ÆP²�·¯ºH² ±'·¯¶6·&¹^¶¸²�´�¿�°-ñ�ÆÊÂ¯½¯¿Ç±'·P·Pº#°@È&´k¿�º#ÂìÈÊ¶¸·P´�¹sÎ[¶6°�Å °�ÅP´Ç¶¸²0µ�Æ&¿Ç¿�´�µ�Ä
µ�ºH²
µ�Ô¡Ü@´�¿�±�Æ&µ�´¡ÈP¾6º=¿�ÉÊµ�°�Å&±'°+´�·&¹T¶6·k¶¸·&¹^¶6²�´�¿�°4ÈP²
±�·&¿�ÅÊ´�µ�ÂÖ±xåfÅ&±�ÓE´@±�·_´�¼=°�²�´ÇÂ¯´�¾¸å[¾r±'²�³H´@·=ÆPÂ È&´�²
º�»0µ�Æ&¿Ç¿�´�µ�µ�ºH²Òµ�Û&¿�º#ÂìÈP¶6·P¶¸·Ê³sµ�Æ&¿
Å�ÈÊ¾¸º=¿
ÉPµ@Î[¶6°�ÅÍ°�ÅP´Ç¶¸²�µ�ÆÀ¿�¿�´�µ�µ�ºH²ÒµÑÎ0ºHÆP¾r¹¯¾¸´�±#¹Ö°�ºìÆÊ·&±H¿�¿�´�½P°
±�ÈP¾¸´
¾6´�ÓE´�¾Ãµ*º�»0¿�º=¹^´n¹^ÆP½Ê¾¸¶Ã¿Ç±'°�¶6ºH·<ª

«i¬�@®>¯@°"±b²M³¥®.´@°0µ·¶M¸�®.¹&®.´Xº<±�»Pº:¼"¹�¼"½¾µ¿º:¼"±�´À²�±�Á@°0Â¥¯a®Ã®�ÄbºM®.´ÅÂX®*Â�¼"´�ºM@®�ÆFÁPº:Á@¶M®º:±¥¶:®�°Çµ`Ä�ºM@¼"Èg²�±�´@ÈMº:¶Éµ¿¼"´|º_¯XÊ�µ¿°"°Ë±·Ì�¼"´@¸

!Í�



gccÎ compÏ go ijpegÐ liÑ m88kÒ perlÓ vortexÔ
BenchmarkÕ

0

10

20

30

40

50

60

70

80

E
xe

cu
ti

on
 T

im
e 

Ö
(M

ill
io

ns
 o

f 
cy

cl
es

)

Conventional ISA
Block-Structured ISA

7�8M9<;=@?Ø×ÙCMÚ<G(Û&?W=XJ.O<=P[ÜK)S\R?h\RO<[ÜY>K�=P8:VXO<SÜO)J�ÝLMO�\@]_^·V�N@=@;>\aN@;=@?¦UÞcPegfß?Íà?W\R;�N@K)ÝLM?WV&N@O
\ROáS<âÙ?¦S<N@8MO<SK)L¥c@e�f�?Íà?W\R;�N@K)ÝLM?WVaC

ã¦ä�å¥æFçWè¿é�ê�ë¾ì<íPëîíPï*ðjë¾ì)ð�ë`íPï¾ñaðXë`êîç@ò�í¤ï*ðXë¾ó)ï*ôBçaï�í@ôöõFô<÷¦õFï*ð@è/ë ñ ó�øhùBèXíPô)ô�çaë�ú<ðZè/çaøZú)õûô�ð@÷¤ü�õûë¾ìí@ô å çaë¾ì)ðXï�ú)æûçWè·é�ê/ä ã ì)õýê�ï*ð@ê.ë*ï¾õýè/ë¾õûçaô�õþê�íPæýê.ç�÷¦ó)ð�ë¾çhú)ï·í@ô<è·ì�ù�ï*ð@÷¦õþè/ë*õFçaôBè/çÅô<ê�õþ÷¦ðXï·í@ë*õFçaô<ê î ê.ðXðè·ì<íPù�ë*ðXï $Eð ä
ø ôÞía÷)÷Wõûë*õFçaô�ÿê.çaøhðjç@ò�ë*ì�ð���æûõFú)ï·í@ï å ï*çaó�ë*õûô�ð@ê�èXíPæFæûð@÷�ú å ë¾ì)ðjú<ðXô<è·ì)ø�íPï¾é)ê�ü¥ðXï¾ðjô)çaë�ï*ðbè/çaøhù�õûæûðb÷ü�õûë¾ì�ë*ì)ð�ú)æFçWè¿éhð|ô)æýí@ï*ñað|øhðXôWë�çÅù)ë*õFøhõ��bíPë*õFçaô�ä ã ì)õýê�ü�íÅê&÷Wó)ð�ë*çZó)ô<í��ÅíPõûæþíPú)õFæûõFë å ç@ò-ë*ì�ð�ê.çaó)ï`è/ðjè�çW÷¦ðò:çaï�ë*ì�ð�æûõFú)ï·í@ï å ï*çÅó)ë*õFô)ð@ê�ä ô çPüÀð��RðXï|ÿ)íPæFæ�ë*ì)ð æûõFú)ï·í@ï å ï*çÅó)ë*õFô)ð@ê�ë*ì<í@ë&ì<í��Rð í¤ê.õûñaô�õ � èXí@ô¦ë�õûø ù<íaè/ë�çÅôë*ì�ð�ç��RðXï`íPæFæ_ð��Wð@è/ó)ë¾õûçÅôhë*õFøhð&üÀðXï*ðîè/çaøhù�õûæûðb÷_ä

� ò:ë*ð|ï¥ë*ì�ð�ú�æûçWè·éhðXô)æþíPï*ñÅðXøhðXôWë�ù<íÅê*ê�ÿáë¾ì)ð è/çaøhù�õûæûð|ï�ð��Wð@è/ó)ë¾ð@ê¥í@ô)çaë¾ì)ðXï�æûçWèXí@æ�çaù)ë¾õûøhõ	�@íPë¾õûçaôZù<íÅê*ê
ç��RðXïjë*ì�ð�ðXô)æþíPï¾ñað@÷ ú)æFçWè¿é�ê�ë¾çØò:ó�ï*ë*ì�ðXï¤õFøhù)ï¾ç
�RðZë*ì�ð ¨ ó<íPæFõûë å ç@ò è/çW÷¦ð ä ã ì�õýêZê�ð@è/çÅô<÷ æFçWèXíPæ�çaù�ë*õ��øhõ	�@íPë¾õûçaôjù íaê*ê-ü�õûæFæáð��¦ù)æFçaõFë�ë*ì)ð(ô)ðXüTçÅù)ù<çaï¾ë*ó)ô)õFë*õFð@ê�ò:çÅï¥çaù�ë*õûø õ��@í@ë*õûçÅôjë*ì<í@ë¥üÀðXï*ð�è/ï¾ð@íPë¾ð@÷¤ú å ú)æûçWè·éðXô)æþíPï¾ñaðXøhð|ô¦ë î ê.ðXð è¿ì íPù)ë¾ðXï � äF§aä !Eð ä ê�õFô)ñ�ë¾ì)ð�ú)æûçWè·é�ðXô)æþíPï*ñÅðXøhðXôWë�çaù�ë*õûø õ��@í@ë*õûçÅô ÷¦ð@ê*è�ï*õûú<ð@÷ íPú<ç��RðRÿaë¾ì)ð�è/çaø ù)õûæFðXï_ñÅðXô)ðXï`íPë*ðb÷�ú)æûçWè·é��
ê�ë¾ï*ó<è�ë*ó)ï¾ð@÷ ø�ù � ð��Wð@è/ó�ë·íPú�æûð@ê�ò:çaï�ë*ì�ð�ðXõûñÅì¦ë ùW��� �-õûôWë��aãjú<ðXô<è·ì)ø�í@ï*é�ê/ä ã ì)ð�ù<ðXï�ò:çÅï*ø�í@ô<è/ð�çPòÃë*ì)ð@ê.ð
ð��Wð@è/ó)ë`íPú)æFð@ê�ï*ó�ô)ô)õûô�ñ çaô	ë*ì)ð ê�õ��Wë*ð|ðXôÜü�õý÷¦ðBõýê*ê.ó)ð ô(� ù ù)ï*çWè�ð@ê*ê.çaï�÷¦ðbê*è/ï¾õûú<ð@÷ õFôQè·ì<íPù�ë*ðXï ©¦ä ! õþêè/çÅøhù<íPï¾ð@÷öë¾çöë¾ì)ðhù<ðXï�ò:çÅï*ø�í@ô<è/ðhç@ò�ë*ì�ð�è�çaï*ï¾ð@ê�ù<çÅô<÷¦õûô�ñ è/çÅô��Rð|ô¦ë¾õûçaô íPæ ø�ù � ð��¦ðbè/ó)ë·í@ú)æûðbê�ï*ó�ô)ô)õûô�ñ
çaô	í@ôTõý÷WðXô¦ë¾õýèXí@æûæ å è/çÅô � ñaó�ï*ð@÷ ô��@ù ù)ï*çWè�ð@ê*ê.çaïXä ß õûñaó�ï*ð�ãWäû§�ê�ì�çPü�êjë*ì�ðhë*çÅë·íPæ�ôWó)øZú<ðXï�çPòîè å è�æûð@êï*ð ¨ ó)õFï*ð@÷Zë*çjð��Wð@è/ó)ë¾ð&ðbíaè·ìhú<ðXô<è·ì)ø�íPï¾é�ò:ï¾çaømë*ì)ð�ë.ü¥çZê.ðXë·ê¥ç@ò�ð��¦ð@è�ó)ë·í@ú)æûð@ê�ä ã ì)ð�ú)æFçWè¿é��Éê�ë*ï¾ó<è/ë¾ó)ï*ð@÷
ø�ù � ð��Wð@è/ó)ë`íPú)æFð@ê¥íÅè¿ì)õFð��Rð@÷ZíPô í��Rð|ï·íPñÅð�ï*ð@÷¦ó è/ë*õFçaôhõFô�ð��¦ð@è�ó)ë*õFçaôhë¾õûøhð�çPò ! ã�� ä
¯@°"±@²M³|È&º:Åµ¿º�®.´ÅÂh¼"´h¼"´ÅÂX¼"¶:®*²iº�¯@¶iµ·´Å²M@®�È(ºM±j¯Å®�²i±�¹�¯@¼"´@®*ÂZÌ�¼"ºM µ�ÈM¹(µ¿°Ë°_È:ÁP¯@È:®.º�±¿Æ�ºM@®.¼"¶�ÈMÁÅ².²i®�È:È:±/¶:È�ºMÅµ·º&±@².²iÁ@¶ÆF¶M®��/Á@®.´Xº:°"Ê�¼"´�º:P®�ÂbÊ|´aµ·¹�¼0²_¼"´@ÈMº:¶:Áa²iº:¼"±�´�ÈMº:¶:®*µ·¹��

!��



gcc� comp go ijpeg� li m88k� perl vortex
Benchmark!

0

4

8

12

16

B
lo

ck
 S

iz
e

"

Conventional ISA
#
Block-Structured ISA

7�8M9<;=@?Ø×ÙC%$ÙG(f¤âÙ?¦=@K)9<?TÝL:O�\P]�VX8'&R?WV�J.O<=öÝLMO�\@]_^`V/N@=@;>\aNb;>=@?WUvK�S>U�\RO<SáâÙ?WSáN@8:O<S>K�L�cPegf
?Íà?W\R;DNbK)Ý>L:?WVaC

ß õûñÅó)ï*ðZãWä ! è/çÅøhù<íPï¾ð@ê&ë¾ì)ðZí��RðXï·í@ñaðjú)æFçWè¿é ê�õ��|ð�ò:çaï�ë¾ì)ð¤ú�æûçWè·é��Éê�ë¾ï*ó<è/ë¾ó)ï*ðb÷ øÒù � ð��Wð@è/ó)ë`íPú)æFð@ê&ë¾çë*ì íPëjçPò(ë*ì�ð�è/çaô��RðXôWë*õFçaô<í@æ ø�ù � ð��¦ðbè/ó)ë·í@ú)æûðbê/ä  ê.õûô)ñBë*ì)ð�ú)æFçWè¿éÞðXô)æþíPï¾ñaðXøhð|ô¦ë�çÅù)ë*õFøhõ��bíPë*õFçaô�ÿ�ë¾ì)ðú)æFçWè¿é��iê.ë*ï¾ó<è/ë*ó�ï*ð@÷ ø�ù � ê-õûô<è/ï¾ð@íaê.ð@÷hë*ì)ð í��RðXï`íPñað�ú)æFçWè¿é ê�õ��|ð�ú�( $a! � ò:ï*çaø ãWä � ë*ç)�¦äË©�çaù<ðXï`íPë*õFçaô<ê�ä
å*(�õFô<è/ï*ðbíaê�õFô)ñ�ë¾ì)ð�í��RðXï·í@ñað�ú)æFçWè¿é ê�õ	�Xð�íPô ÷�ë¾ì)ðXï*ð|ú�(�õûô è/ï*ð@íÅê�õFô)ñ�ë*ì�ð�õûô<ê.ë*ï*ó è/ë*õFçaô�ò:ðXë`è¿ì ï·íPë¾ðRÿaë¾ì)ð

ú)æFçWè¿éBðXô)æýí@ï*ñÅðXøhðXôWë�çaù)ë¾õûøhõ	�@íPë¾õûçÅô�õþê�íPú)æFðjë*çhõFøhù)ï*ç��Rð�ç��RðXï·í@æûæù<ðXï�ò:çÅï*ø�í@ô<è/ðRä ô ç@üÀð��RðXïXÿ<ë*ì�ð $a! �õûô è/ï*ð@íÅê�ðjõFô�ú)æFçWè¿é ê�õ��|ðj÷¦çRð@ê�ô)çÅë ÷¦õûï¾ð@è/ë*æ	(�ë*ï·í@ô<ê�æþíPë¾ðjõûôWë*ç�í $a! ��õFô<è/ï*ðbíaê�ðjõFô�ù<ðXï�ò:çÅï*ø�í@ô<è/ðRä,+¥üÀççaë¾ì)ðXï�òÉíaè/ë¾çaï`ê/ÿ)ò:ó)æûæ	�Mü�õFô<÷¦ç@ü�ê.ë·í@æûæýê�íPô ÷�õýè|íaè·ì)ð�øhõþê*ê�ðbê/ÿ¦ï¾ð@÷¦ó<è�ð@÷hë*ì)ð ùáð|ï�ò:çaï¾ø�íPô è/ð�ñRí@õûô<ê�ù)ï*ç��Wõý÷¦ð@÷
ú�(hë*ì)ð�õFô<è/ï*ðbíaê�ðb÷¤ú)æûçWè·é�ê.õ��XðRä
ß õûñÅó)ï*ð ã¦ä"©Bê�ì)ç@ü�ê�ë¾ì)ðhôWó)ø¤ú<ðXï(çPò�ò:ó)æûæ	�Mü�õFô<÷¦ç@ü�ê.ë·íPæFæ�è-(�è/æFð@ê�ë*ì<í@ë�çWèXè/ó�ï*ï*ðb÷ ÷¦ó)ï¾õûô)ñ�ë¾ì)ðhð��Wð��

è/ó)ë¾õûçÅô�çPòÀð@íÅè¿ìBú<ðXô<è·ì)ø�íPï¾é_ä � ê(÷¦õýê¾è/ó<ê*ê.ð@÷�õFô�è·ì<íPù�ë*ðXï�©Wä ! ÿáë¾ì)ðjù)ï*çWè�ð@ê*ê.çaï�ê.ë·íPæFæýê&ë¾ì)ð�õFô<ê�ë¾ï*ó<è�ë*õûçÅôò:ðXë`è¿ì�øhðbè¿ì<í@ô)õýê.ø�ü�ì)ðXô�ð��RðXï(íPæûæÃë*ì)ðZè·ì)ð@è·é¦ù<çÅõûôWë·ê&ü�õFë*ì)õFô�õûô�ë*ì�ðjø�íaè·ì)õûô�ð�í@ï*ðZë·í@éRðXô�ä.+¥ì)õþê�ê�ë`íPæFæ
è/çÅô¦ë¾õûôWó)ð@ê�ó)ôWë*õûæ<çÅô)ð�çPòë¾ì)ð�è·ì)ð@è·é¦ù<çÅõûôWë·ê�õýê�ò:ï*ðXð@÷jó)ù�ä ß çÅï¥ø�í@ô�(jç@òë*ì)ð�ú<ðXô è¿ì)ø íPï*é�ê/ÿÅë*ì)ð�ôWó)øZú<ðXïçPò�è-()è�æûð@ê ê�ë·í@æûæFð@÷Ü÷¦çaó)ú�æûð@ê�ä ß çaï/�Rçaï*ë¾ð��Ùÿ�õûëZõûô<è/ï¾ð@íaê.ð@ê�ú�(ÜíPô	çaï·÷WðXï¤ç@ò�ø�í@ñaô)õFë*ó<÷¦ðZò:ï*çaø çÅô)ð�ë¾ç
ë*ð|ôhøhõûæFæûõFçaôjè0()è/æFð@ê/ä1+¥ì)ð�ú)æFçWè¿éZðXô)æþíPï¾ñaðXøhð|ô¦ë�çÅù)ë*õFøhõ��bíPë*õFçaôjõFô<è/ï*ðbíaê�ðbê�ë*ì�ð�ô¦ó�ø¤ú<ðXï�ç@ò�ò:ó)æûæ	�Mü�õFô<÷¦ç@ü
ê�ë`íPæFæýê¥ú<ð@èXí@ó<ê�ð�õûëÀðXô<í@ú)æûð@ê¥ë¾ì)ð�ù)ï¾çWè/ð@ê¾ê�çaï�ë*çjõþê*ê.ó)ð�õûô<ê.ë*ï*ó è/ë*õFçaô<ê�í@ë�í�òÉíaê�ë¾ðXï�ï·í@ë*ðRä�+¥ì�õýê¥õûô è/ï*ð@íÅê�ð�õFô
õûô ê�ë*ï¾ó<è/ë¾õûçaô�õþê*ê.ó)ð�ï`íPë*ðZõûô è/ï*ð@íÅê�ð@ê�ë*ì�ðjô¦ó)øZú<ðXï�çPòÀõFô<ê�ë¾ï*ó<è/ë¾õûçÅô<ê�íaê¾ê�çWè/õþíPë¾ð@÷Øü�õFë*ì�ð@íÅè¿ìÞè·ì)ð@è·éWùáçÅõûôWë
ü�ì)õþè¿ì�õFô�ë*ó)ï¾ôöõFô<è/ï*ðbíaê�ðbê&ë*ì)ð íPø çaó)ôWë&ç@ò�ë¾õûøhð ô)ðXð@÷¦ðb÷�ë*ç�ï*ðXë¾õûï¾ð�ë*ì�ðhè·ì)ð@è·é¦ù<çÅõûôWëXä ß ó)ï*ë¾ì)ðXï¾øhçaï¾ðRÿë*ì�ð�õûô è/ï*ð@íÅê�ðBõûôQõûô ê�ë*ï¾ó<è/ë¾õûçaô	õýê¾ê�ó)ð�ï`íPë*ðBõûô<è�ï*ð@íÅê�ð@ê¤ë¾ì)ð�í��RðXï`íPñÅð�æûð|ô)ñaë¾ìQçPò ë*õFøhð�íPôQõFô<ê�ë¾ï*ó<è�ë*õûçÅô
øZó<ê�ë-ü�í@õûë�ò:çaïÀõûë`ê¥÷¦ðXù<ðXô ÷¦ðXô<è/õFð@ê�ë*ç ï*ð@ê.çaæ��Rð ä�å¥ð@èXí@ó<ê�ð�ë*ì�ð�ú)æûçWè·éjðXô)æþíPï¾ñaðXøhð|ô¦ë�çÅù)ë*õFøhõ��bíPë*õFçaôZè/çÅø��
ú)õFô)ð@êjê�ð|ù<íPï`íPë*ð�ú)æFçWè¿é�ê�õûôWë*çÞí�ê.õûô)ñÅæûð�ú)æFçWè¿éÙÿ�ë.ü¥ç�õûô ê�ë*ï¾ó<è/ë¾õûçaô ê�ë*ì<í@ëjúáð|æûçaô�ñöë¾çÞ÷¦õ 1 ðXï¾ðXô¦ë ú)æûçWè·é�ê2 í@ô<÷hü¥çÅó)æý÷hì<í��Rð�ú<ðXðXô�õþê*ê�ó�ð@÷¤õûôB÷¦õ 1 ðXï*ðXôWë�è0()è/æFð@ê>ò:çaï�í�ù)ï¾çWè/ð@ê¾ê�çaï�õûø ù)æûðXøZðXôWë.õûô)ñ�íjè�çaô��RðXô¦ë¾õûçÅô<íPæ
ø�ù �43 ø�í�(Zô)ç@ü�ú<ð�õþê*ê�ó�ð@÷�õFô�ë¾ì)ðjê¾íPøhðîè-()è�æûðRä ø òÃë*ì)ð ë�üÀç¤õFô<ê�ë¾ï*ó<è�ë*õûçÅô<ê¥ì<í��Rð í¤÷�íPë·í ÷¦ðXù<ðXô<÷¦ð|ô<è-(
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Conventional ISA
Block-Structured ISA
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J.;>L:Lý^:8Z8:S>UO�8�C

ú<ðXë.ü¥ðXð|ô�ë*ì)ðXø ÿ_ë*ì)ð|ô í@ô�(Þ÷¦õ 1 ðXï*ðXô è/ð�õFôöë¾ì)ðXõûï(õýê*ê.ó)ðZë*õûø ð@ê�üÀçaó)æþ÷Øø íaê�é ê�çÅøhðjçPò�ë¾ì)ð¤æþíPë¾ðXô<è-(BçPòï*ðbê�çaæ	�¦õFô)ñZë*ì<í@ë�÷¦ð|ùáð|ô<÷¦ðXô<è0(Rä�å*(�ðXæûõFøhõûô íPë*õFô)ñ�ë*ì)ð ÷¦õ 1 ðXï¾ðXô<è/ð�õFô�ë*ì�ðXõûï�õýê¾ê�ó)ð�ë*õFøhð@ê�ÿ¦ë*ì�ð�ú)æFçWè¿é�ðXô;�æýí@ï*ñÅðXøhðXôWë�çaù)ë¾õûøhõ	�@íPë¾õûçÅô�õûô è/ï*ð@íÅê�ð@ê�ë*ì)ðZí@øhçaó)ôWë�ç@ò¥ë¾õûøhð í@ôöõFô<ê�ë¾ï*ó<è/ë¾õûçÅô�ø¤ó<ê.ë&ü�íPõFë&ò:çaï�õûë`ê�÷)í@ë·í
÷¦ðXù<ðXô ÷¦ðXô<è/õFð@ê�ë*çBï*ð@ê.çaæ��Rð ä<+¥ì)õýê�ð 1 ð@è�ëXÿ�õûô ë¾ó)ï*ôgÿ>ò:ó)ï*ë¾ì)ðXï�õûô<è�ï*ð@íÅê�ð@ê�ë*ì)ðZë*õFøhðjï*ð ¨ ó)õFï*ð@÷�ë*çBï*ðXë¾õûï*ðè·ì)ð@è·é¦ù<çaõFô¦ë`ê/ä � æûë¾ì)çaó)ñÅìhë*ì�ð�õFô<è/ï¾ð@íaê.ð�õûô¤ò:ó�æûæ��:ü�õûô ÷¦ç@ü�ê.ë·íPæFæ�è-(�è/æFð@ê�õýê�íj÷¦õFï*ð@è/ëÀè/çÅô<ê�ð ¨ ó)ð|ô<è/ð�ç@ò�ë¾ì)ðú)æFçWè¿é�ðXô�æýíPï¾ñaðXø ðXô¦ë�çaù�ë*õûø õ��@í@ë*õûçÅô�ÿ_ë¾ì)õýê�õûô<è/ï¾ð@íaê.ðhê.ì)çaó�æý÷öô)çÅë�ú<ð è/çaô<ê.õý÷¦ð|ï*ð@÷Þí�÷¦ï`íXü�ú<íaè·é�çPò�ë¾ì)ð
ú)æFçWè¿éÞðXô)æþíPï*ñÅðXøhðXôWë�çaù)ë¾õûøhõ	�@íPë¾õûçÅô�äÞå*(öï¾ðXøhç��¦õFô)ñ�ë*ì)ð�õFô<ê�ë¾ï*ó<è/ë¾õûçÅôöò:ðXë·è·ì ú<çaë¾ë*æFðXô)ð@è·é_ÿ�ë¾ì)ð�ú)æûçWè·é
ðXô)æþíPï¾ñaðXøhð|ô¦ë�çÅù)ë*õFøhõ��@í@ë*õFçaô�ì<íaê�ñÅõ��RðXôBë*ì)ð ù)ï*çWè/ðbê*ê�çÅï�ë*ì)ðjçÅù)ù<çaï*ë¾ó)ô)õFë=(Bë*çhð��¦ù)æFçaõFë�í¤ì�õûñaì�ðXï�æûð��RðXæ
çPòÀõFô<ê�ë¾ï*ó<è/ë¾õûçÅô�æûð��RðXæÙù<íPï`íPæFæûðXæFõýê�ø,ü�ì)õþè¿ìBï*ð@ê.ó)æûë¾ð@÷�õFô�ë*ì)ð ó)ô<è/ç��RðXï¾õûô)ñZçPò�í@ô)çaë¾ì)ðXï�ú<çaë*ë¾æûðXô�ð@è¿é � ë¾ì)ð
� ô)õFë*ð ê�õ	�Xð�ç@ò-ë*ì)ð�ù)ï¾çWè/ð@ê¾ê�çaï # ê�õûô<ê.ë*ï¾ó<è/ë*õFçaôhü�õFô<÷¦ç@ü�ä� êj÷¦õþê*è/ó<ê¾ê�ð@÷ õFôTè·ì<í@ù)ë*ðXï � äû§Åä"©¦ÿ-ë*ì�ð�è�çW÷¦ð�÷¦ó�ù)æûõþèXíPë¾õûçaô	èXí@ó<ê�ðb÷dú�( ú)æFçWè¿é ðXô)æýí@ï*ñÅðXøhðXôWë�ø�í�(õûô è/ï*ð@íÅê�ð-ë*ì�ð¥õýè|íaè·ì)ð�øhõþê*ê_ï·í@ë*ðRä ß õûñÅó)ï*ðÀãWä � ê�ì)ç@ü�ê>ë¾ì)ð¥ôWó)øZúáð|ï_çPòáè-()è�æûð@ê_ë¾ì<íPëë*ì)ðÀù)ï*çWè�ð@ê*ê.çaï-ê.ë·íPæFæûð@÷ë*ì�ð�õûô ê�ë*ï¾ó<è/ë¾õûçaôhò:ðXë`è¿ì�øhðbè¿ì<í@ô)õýê.ø�÷Wó)ð�ë¾çhí@ô�õýè|íaè·ì)ð�øhõýê¾ê/ä>+¥ì)ð�õþèXíaè·ì)ð�ó<ê.ð@÷�õûô�ë¾ì)õýê�ð��Wùáð|ï*õûø ðXô¦ë
ü�íÅê&§ !���? å�ÿRò:çaó)ï��Mü�í�( ê�ð|ë�íaê¾ê�çWè/õþíPë¾õ��RðRäA@Qõûë*ìZë*ì�ð�ð���è/ðXù)ë¾õûçaôjç@òë*ì)ð(ñRèXè�íPô<÷hñÅç�ú<ðXô<è·ì)ø�í@ï*é�ê/ÿaë¾ì)ðú)æFçWè¿é��iê.ë*ï¾ó<è/ë*ó�ï*ð@÷ ø�ù � ð��Wð@è/ó�ë·íPú�æûð@ê�ê.ì)ç@ü�æFõûë*ë¾æûð õûô<è/ï¾ð@íaê.ð¤õFô�õýèXíÅè¿ì�ðjøhõýê¾ê&è-(�è/æFð@ê&íÅê�è/çÅøhù<í@ï*ð@÷�ë¾ç
ë*ì�ð�è/çaô��RðXôWë*õûçÅô<íPæ ø�ù � äB+¥ì)ð�ñRè|è�íPô<÷jñaç�ú<ðXô<è·ì)ø�í@ï*é�ê>ê.ì)ç@ü¥ð@÷jê.õûñaô�õ � èXí@ô¦ëÃõûô<è/ï¾ð@íaê.ð@ê>õFô�õýè|íaè·ì)ð¥øhõþê*êè-(�è/æûðbêDò:çaïÀë�üÀç�ï*ð@íÅê�çaô ê/ä ß õûï`ê�ëXÿRú<çaë¾ìhú<ðXô<è·ì)ø�í@ï*é�ê�íPï¾ð&æþíPï*ñÅð�ë*ç ú<ðXñaõFô¤ü�õFë*ì�ä ß çaï-ë¾ì)ð�è�çaô��RðXô¦ë¾õûçÅô<íPæ
ø�ù � ð��Wð@è/ó)ë`íPú)æFð@ê/ÿXçÅô)æ�(�ë*ì�ð¥ñRè|èaÿPñÅç)ÿRí@ô<÷C�Rçaï¾ë*ð��(úáð|ô<è¿ì�ø�íPï¾é)êÙê�ì)ç@ü	í&ê.õûñÅô)õ � è|íPôWë>ôWó)øZúáð|ï_çPò õýèXíÅè¿ì)ðøhõþê*ê�ðbê/ÿ¦õFô<÷¦õþèXíPë¾õûô)ñZë*ì<í@ë&ë¾ì)ð�ú<ðXô è¿ì)ø íPï*é�ê¥í@ï*ð í¤æûõFë*ë*æFð�ú)õFë�ë*çRçhæþíPï*ñÅð�ò:çÅï�ë*ì)ðZ§ !���? å�õýè|íaè·ì)ðRä>+¥ì)ðè/çW÷¦ð ÷¦ó)ù)æFõýèXí@ë*õFçaô�õûô<è�ó)ï*ï¾ð@÷hú�(hë¾ì)ð�ú�æûçWè·éhðXô)æþíPï*ñÅðXøhðXôWë-çaù)ë¾õûøhõ	�@íPë¾õûçÅô¤ò:çaï�ë*ì)ðbê�ð�ú<ðXô è¿ì)ø íPï*é�ê�ü�õFæûæ
ë*ï`íPô<ê.æýí@ë*ð�÷¦õFï*ð@è�ë*æ�(Bë*çBõûô<è/ï¾ð@íaê.ð@÷öõþèXíaè·ì)ðjøhõþê*ê�ðbê/ä ù ð@è�çaô<÷_ÿë*ì)ð ñRèXèhí@ô<÷öñÅç�úáð|ô<è¿ì�ø�íPï¾é)ê�è�çaôWë·íPõFôø�í@ô�(Üó)ôWú)õýíÅê�ð@÷Tú�ï·íPô è¿ì)ðbê/ä � êhíÞï*ð@ê.ó)æûë|ÿ&í æþíPï*ñÅðXïhôWó)øZúáð|ïjçPò ë*ì)ðÞê.ó<èXè/ðbê*ê�çÅïhú)æFçWè¿é�ê�ò:çaï�ð@íÅè¿ì
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Conventional ISA
Block-Structured ISA
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ðXô)æþíPï¾ñað@÷¤ú�æûçWè·é¤õFôhë*ì)ðbê�ð�ë.ü¥ç ú<ðXô<è·ì)ø�íPï¾é)ê�ü�õFæûæ<ú<ð�íaèXè�ð@ê*ê.ð@÷¤ü�õûë¾ì�ê�õFñaô)õ � èXí@ô¦ë-ò:ï*ð ¨ ó)ðXô<è0(jü�ì)õýè·ì¤õFôë*ó�ï*ô�õûô<è�ï*ð@íÅê�ð@ê¥ë¾ì)ð�ôWó)ø¤ú<ðXïÀçPò�÷¦ó)ù)æFõýèXí@ë*ð@÷Zú)æûçWè·é)ê¥ë¾ì<íPë�øZó<ê.ë¥ú<ð�ì)ðXæý÷hõFôhë*ì)ð�õþèXíaè·ì)ðRä1+¥ì)ð,�Rçaï*ë¾ð��
ú<ðXô<è·ì)ø�í@ï*éÙÿÍçÅôhë*ì�ð�çÅë*ì)ð|ï¥ì<í@ô<÷_ÿ<è/çÅô¦ë`íPõûô ê�ø�í@ô�(jì)õFñaì)æ	(��:ú)õþíaê�ðb÷ ú�ï·íPô è¿ì)ðbê/ÿ¦ï¾ð@÷¦ó<è�õûô)ñ ë*ì)ð�ôWó)øZú<ðXï
çPòî÷¦ó)ù�æûõýè|íPë*ðb÷Øú)æFçWè¿é�ê�ë¾ì<íPëjøZó<ê.ë�ú<ð�ì)ðXæþ÷ØõFô ë*ì�ð�õþèXíaè·ì)ðRä � ê í�ï*ð@ê.ó)æûë|ÿ>ë*ì�ðhú)æûçWè·éÞðXô)æýí@ï*ñÅðXøhðXôWë
çaù�ë*õûø õ��@í@ë*õûçÅôB÷¦çRð@ê�ô)çaë(õûô<è/ó�ï�íÅê�ê.ð��RðXï¾ð�íZùáð|ô<íPæFë=(hò:çÅï4�RçÅï*ë¾ð���÷¦ð@ê.ù)õûë¾ðjë*ì)ð�òÉíaè/ë(ë*ì<í@ëF�Rçaï¾ë*ð���õýê(í
æýí@ï*ñÅð�ú<ðXô è¿ì)ø íPï*éÙä

+Dç ¨ ó<íPôWë*õ0ò'(¤ë¾ì)ð�ùáð|ï�ò:çaï¾ø�íPô è/ð�õûø ù<íaè/ëÀçPòÃë*ì)ð�õþèXíaè·ì)ð�øhõþê*ê.ð@ê/ÿ � ñÅó)ï*ð ã¦ä"ãjê.ì)ç@ü�ê�ë¾ì)ð�ð��Wð@è/ó)ë¾õûçaôë*õFøhð@ê_ç@ò�ë*ì�ð�ë*ì)ï¾ðXð�ú)æûçWè·é��iê.ë*ï*ó è/ë*ó)ï¾ð@÷ ø�ù � ð��Wð@è/ó)ë`íPú)æFð@ê/ÿ@ñRè|èaÿañaç�ÿ)í@ô<÷G�RçÅï*ë¾ð��_ÿXò:çaïÀí�ù)ï¾çWè/ð@ê*ê.çaï-ü�õûë¾ìí�ù<ðXï�ò:ðbè/ë¥õþèXíaè·ì)ðRä1+¥ì)ð@ê�ð�ë¾ì)ï*ðXð(úáð|ô<è¿ì�ø�íPï¾é)ê�ü¥ð|ï*ð�ë¾ì)ð�çaô�æ�(hçÅô)ð@ê¥ë*ì íPë�ì<íÅ÷�íjô)çÅô;�Më¾ï*õ	�¦õþíPæ_ôWó)øZú<ðXï
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×	×ÞÏ
� ÑBÈUØ�Ô�×�×�Ï=Å	Ó:É�Ï��AÒUÅ�Ó:ÐÅ�ß/Ó:Ð;Éyâ;È:ÑBÆ�ÈOÔ
èùÔ�È:ÉêØÚÐ;ÑÁÏ=É�ß.Ý'Ñ�È�Ý'Ç;ßXØ-Ó�Å�ÑBß�Å�ß;×	Å�ß;Å	ß;Æ;ËAà*Ð;ÉêÖ;×�Ñ�Ø�ÙM�éÏ=Ó�È:ÇXØ0Ó:Ç;È�É ã ���H�
Ø-ÑBè�â;Å�×	É�È�ÇXÏJÉ�Ï�Ô ÕBÔ�È:ÅÞÔ�Ó:Å	Ñ�ß�Ñ�Ý�Ó:ÐÉyÔ
×�ÆBÑ�È�Å�Ó:Ðè â;È:ÑBâªÑÁÏ=É ã Ö�ä��}ÒUÇ�Ô�ß ã ~�ÐXÔ
ß;Æ�� Ì�å��XÓ:Ñ�Ï=É�×�É�Ø-ÓAÓ:ÐÉFØ�Ô�×�×
Ï=Å	Ó:É�ÏyÓ:Ñ�ÖXÉ/Å�ß;×	Å�ß;É ã ËFà*Ð;É.â;È�Ñ�ÆBÈ�Ô
è Ó�Ñ<ÖªÉ/Ø0Ñ�è�â;Å	×�É ã ÅáÏ��XÈ�ÏJÓFâ;È�ÑO�X×	É ã Ó:Ñ ã É�Ó:É�È�è�Å�ßÉ4Ó�Ð;É ã ä�ßXÔ
è)ÅÞØ
Ý'È:É���Ç;É�ßXØ-Å�É�ÏìÑ�ÝyÉ�Ô�Ø�ÐîØ�Ô
×	×>Ï=Å�Ó�É.ÒUÅ�Ó�Ð;Å�ßîÓ:Ð;É/â;È�Ñ�Æ�ÈOÔ
è ÒUÐ;É�È�É ã ä�ßXÔ�è�ÅÞØFÝ'È:É;�¥Ç;É�ßXØ0ä[ÅÞÏ ã É��Xß;É ã Ó�Ñ[ÖXÉ
Ó:ÐÉCÈ�Ô�Ó:Å	Ñ�Ñ
Ý�Ó�Ð;ÉCß�Ç;è/ÖXÉ�ÈUÑ
Ý�Ó�Å�è�É�Ï*Ó:Ð;ÉÛØ�Ô
×	×AÏ=Å�Ó�ÉCÑ�Ø�Ø0Ç;È:È�É ã Ó�Ñ�Ó:Ð;É�Ó:ÑBÓ�Ô
×Aß�Ç;è�ÖXÉ�ÈUÑ�Ý�Ö;×	Ñ�ØÚÙÏìÅ	ß[Ó�Ð;É
â;È�Ñ�Æ�ÈOÔ
è»Ë1à*Ð;É,Ø�Ô�×�×�Ï=Å	Ó:É�Ï�Ô�È:ÉyÓ:Ð;É�ß)Ñ�È ã É�È:É ã Ô�Ø�Ø-Ñ�È ã Å�ß;Æ�Ó:Ñ,Ý'È:É;�¥Ç;É�ßXØ0ä.Ô
ß ã Ô
È�ÉFÏJÉ�×�É�Ø0Ó:É ã Ý'ÑBÈ*Å�ß×�Å�ßÅ�ß;Æ
Ö�ä�Ó:Ð;ÉFÝ'ÑB×�×�Ñ�ÒUÅ	ß;Æ/Ø-Ñ�ß ã Å�Ó�Å�Ñ�ßÃÏ�!

u �



ë}Çè�ÖXÉ�È�Ñ
Ý à�Ñ�ÓOÔ
×�~>Ô
×	×#�¥Å�Ó�É � ß;×	Å�ß;É ã ~�Ñ ã É
�*É�ßÃØÚÐ;èbÔ
È:Ù ~>Ô�×�×#�¥Å	Ó:É�Ï Ä;È:É���Ç;É�ßXØ-ä �ÁÅ�Ü�É � Ö�ä�Ó:É�Ï��

Æ¥Ø�Ø Î Î�ËÍÎ�Î¥æ Î
Ø-ÑBè�â;È:É�Ï:Ï � Ê�Ë����¥æ å�Ì����

Æ�Ñ Ê åBËÍÎ�Ì¥æ Ì���å�Ì
Å��JâXÉ�Æ Ì Î�Ë u �¥æ �BÌ u
×�Å Ì¡  å�Î�Ë� ���æ Ì�ÊBÎ�Î

è�����Ù;ÏJÅ�è å"� Ê�Ë v Ì¥æ � u�u �
âªÉ�È:× å�Ì Ê�Ë v Ì¥æ Ì�ÊBÌ��
Õ¥Ñ�È�Ó:É�ñ å v v Ë� �Ê¥æ v Ê����

º�L;½9C5: ¶?<5>A@£¢¤LQC5C�P"2¥G;:HP�G;U9LMG`¦¤:H8;:aP":HC^:HE�G;:H§fR_DA8`R_69KVE�G;25DAK¨25KVC525KV25KV4�<

å�Ëyà*Ð;É Ø�Ô
×	×�É ã Ý'Ç;ßXØ-Ó�Å�Ñ�ßÛØ�Ô
ßß;Ñ�ÓAÖXÉ*È:É�Ø-Ç;È�ÏJÅ�Õ¥É¥Ë��ÀÓAÅÞÏòÅ	è�âXÑ¥Ï�Ï=Å�Ö×�É|Ó�Ñ,Ø-Ñ�è)â;×�É�Ó�É�×�ä>Å�ß;×	Å�ß;É>ÔUÈ:É�Ø0Ç;È�ÏJÅ�Õ¥É
Ý'Ç;ßÃØ-Ó:Å	Ñ�ß�Ë

Ì�Ëyà*Ð;É ã ä�ßÃÔ
è�ÅáØ4Ý'È:É;�¥Ç;É�ßXØ0ä»Ñ
ÝyÓ:ÐÉ<Ø�Ô
×	×>Ï=Å�Ó�É�è/ÇXÏ=Ó,ÖXÉ<Ô
ÖXÑ�Õ¥É�Ó�Ð;É<Ï=âXÉ�Ø0Å��XÉ ã Ó:ÐÈ:É�ÏJÐ;Ñ�× ã Ë»à*Ð;ÅáÏ
ÆBÇXÔ
ÈOÔ
ß�Ó:É�É�ÏyÓ:ÐXÔ�ÓFÑ�ß;×	ä<Ó:Ð;ÉÛØ�Ô
×	×AÏ=Å�Ó�É�ÏUÓ:ÐXÔ�ÓFÐXÔ�Õ¥É.Ô/Ï=Å	Æ�ß;Å©��Ø�Ô
ß�ÓyÅ�è�âXÔBØ-ÓUÑ�ß»âXÉ�ÈJÝ'Ñ�È�è<Ô
ßXØ0É4ÒUÅ	×�×
ÖXÉ�Ø-Ñ�ßÃÏ=Å ã É�È:É ã Ý'ÑBÈ}Å	ß;×�Å	ß;Å�ß;ÆË

v Ëyà*Ð;É.Ó�Ñ�ÓOÔ
×�Ô�è�Ñ�Ç;ß�ÓFÑ�Ý*Å	ß;×�Å	ß;É ã Ø-Ñ ã É.è/ÇXÏ=Óyß;Ñ�ÓêÉ�ñ;Ø0É�É ã Ó�Ð;É/Ï=âXÉ�Ø0Å��XÉ ã èbÔ
ñ�Å�è.Ç;è Ï=Å	Ü�É¥Ë,à*Ð;ÅáÏ
Ø-ÑBß ã Å	Ó:Å�ÑBßZØ-Ñ�ß�Ó:È�Ñ�×ÞÏ*Ó�Ð;É�Ô
è�ÑBÇ;ß�ÓUÑ
Ý Ø-Ñ ã É ã Ç;â;×�ÅáØ�Ô
Ó�Å�ÑBß�Å�ßXØ0Ç;È:È�É ã Ö�ä�Ý'ÇßXØ-Ó:Å	Ñ�ß<Å�ß×�Å�ßÅ�ß;Æ�ª-Ë

Ä;Ñ�È/Ó:Ð;É<É�ñ�âXÉ�È:Å	è�É�ß�Ó�ÏFÐ;É�È�É¥ï|Ó:Ð;ÉZè�Å�ßÅ�è.Ç;è ã ä�ßÃÔ
è�ÅáØGÝ'È:É;�¥Ç;É�ßÃØ-ä Ó�Ð;È:É�Ï=Ð;ÑB× ã ÒUÔBÏ�ÏJÉ�Ó.Ó:Ñ ËÍÎBÎ�å
Ô
ß ã Ó�Ð;ÉFè<Ô�ñ�Å	è�Çè Å	ß;×�Å	ß;É ã Ø-Ñ ã É�Ï=Å	Ü�ÉyÒUÔ�ÏUÏJÉ�Ó*Ó�Ñ<å"��«	�FËàaÔ�Ö;×�É�Ê�Ë�å}×	ÅÞÏJÓ�ÏxÓ�Ð;ÉFß�Ç;è/ÖªÉ�ÈxÑ�Ý�Ø�Ô
×�×�ÏJÅ�Ó:É�Ï
Ø�Ð;Ñ¥ÏJÉ�ß�Ý'ÑBÈ}Å	ß;×�Å	ß;Å�ß;ÆCÝ'ÑBÈFÉ�ÔBØÚÐ<ÖXÉ�ßXØ�Ð;è<Ô�È:Ù<Ô�×�Ñ�ßÆ�ÒUÅ�Ó�Ð[Ó:ÐÉ4Ó�Ñ�ÓOÔ
× ã ä�ßXÔ�è�ÅÞØìÝ'È�É;�¥Ç;É�ßXØ-äbÔ
ß ã Å�ß;×	Å�ß;É ã
Ø-Ñ ã É�ÏJÅ�Ü�ÉFÝ'Ñ�ÈUÓ�Ð;É�ØÚÐÑ¥Ï=É�ß[Ø�Ô
×�×AÏJÅ�Ó�É�Ï-Ë��}ââªÉ�ß ã Å�ñ¬� ×	ÅÞÏJÓ�Ï*Ó:ÐÉ4×	Ñ�Ø�Ô
Ó�Å�ÑBßXÏ*Ñ
Ý�Ó�Ð;É�ØÚÐÑ¥Ï=É�ß[Ø�Ô
×�×AÏJÅ�Ó�É�Ï-Ë

ÄaÅ�ÆBÇ;È:É Ê�Ë Ì��,Ø-Ñ�è)âXÔ
È�É�Ï«Ó�Ð;É*âXÉ�ÈJÝ'Ñ�È�è<Ô
ßXØ0É*Ñ
Ý�Ö;×	Ñ�ØÚÙH�éÏ=Ó:È�ÇXØ-Ó�Ç;È:É ã ���H�¬É�ñ�É�Ø-ÇÓ�Ô
Ö×�É�ÏAØ-Ñ�è)â;Å�×	É ã ÒUÅ�Ó�Ð
Ý'Ç;ßXØ0Ó:Å�ÑBß,Å�ß;×	Å�ß;Å	ß;Æ*Ó�Ñ}Ó�Ð;É�âªÉ�È=Ý'Ñ�È�è<Ô
ßÃØ-É|Ñ
ÝÃÓ:Ð;ÑÁÏ=ÉUØ0Ñ�è�â;Å	×�É ã ÒUÅ�Ó�Ð;Ñ�ÇÓ«Ý'Ç;ßÃØ-Ó:Å	Ñ�ß,Å�ß;×	Å�ß;Å	ß;Æ;Ë¦à*Ð;É>Ô�Õ¥É�È�Ô
ÆBÉ
Å�è)â;È:Ñ�Õ¥É�è/É�ß¥ÓCÅ	ß\É�ñ�É�Ø-Ç;Ó�Å�Ñ�ß Ó:Å	è�É<ÅÞÏ���Ë v æ�Ë à*Ð;É»ÖXÉ�ßXØ�Ð;è<Ô�È:ÙÏCÓ:ÐXÔ�Ó<ÐXÔ ã Ó�Ð;É»è�Ñ¥ÏJÓ�ÏJÅ�ÆBß;Å���Ø�Ô
ß�Ó
Å�è)â;È:Ñ�Õ¥É�è/É�ß¥Ó�ÏFÒ>É�È:É<×�Åéï|âXÉ�È:×éï*Ô�ß ã Ø-ÑBè�â;È�É�Ï:ÏCÒUÅ	Ó:ÐIÅ�è�âÈ:Ñ�Õ¥É�è/É�ß¥Ó�ÏFÅ�ßIÉ�ñ�É�Ø-ÇÓ:Å�ÑBßIÓ:Å�è)É�ÏFÑ
Ý�ÌBÎ�æ)ï
å�Ê¥æ�ï¦Ô
ß ã ��æ)ËCà*ÐÉ.Æ¥Ø�Ø,ÖªÉ�ßXØÚÐè<Ô
È�Ù[ÏJÐ;Ñ�Ò*É ã ßÑ ã Å í�É�È�É�ßXØ-É�ÖXÉ�Ø�Ô
ÇÃÏ=É/ß;Ñ�Ó�Ð;Å�ß;Æ)ÒUÔ�ÏFÅ	ß;×�Å	ß;É ã Ëêà*Ð;É
Æ�Ñ ÖªÉ�ßXØÚÐè<Ô
È�ÙIÏ=Ð;Ñ�Ò>É ã Ô9Ï=×	Å�ÆBÐ�Ó ã É�Ø-È�É�Ô�ÏJÉ[Å	ß¾âXÉ�È=Ý'ÑBÈ:è<Ô�ßXØ-É¥ï Ô
ÖXÑ�Ç;Óîå�æ�ï ã Ç;ÉZÓ:Ñ9Ó�Ð;É»Å�ßÃØ-È:É�ÔBÏ=É ã
ÅÞØ�Ô�Ø�Ð;ÉFè�ÅáÏ:ÏxÈOÔ
Ó�É4Ñ�í¦Ï=É�Ó�Ó:Å�ßÆ�Ó�Ð;É,ÖªÉ�ß;É��XÓOÏìÑ�Ý|Ó�Ð;É,Å�ß;×	Å�ß;É ã Ý'Ç;ßXØ-Ó�Å�Ñ�ßÃÏ-Ë

ÄaÅ�ÆBÇ;È:É Ê�Ë v Î,Ø-Ñ�è)âXÔ
È�É�ÏòÓ:Ð;É Ô�Õ¥É�È�Ô�Æ�ÉUÖ;×	Ñ�ØÚÙ�Ï=Å	Ü�É�Ñ
Ý�Ö;×	Ñ�ØÚÙH� ÏJÓ:È�ÇXØ-Ó:ÇÈ:É ã ��¡�¬É�ñ�É�Ø-Ç;ÓOÔ
Ö;×	É�Ï�Ø-ÑBè�â;Å�×	É ã
ÒUÅ�Ó�Ð[Ý'Ç;ßXØ-Ó�Å�ÑBß Å	ß;×�Å	ß;Å�ß;Æ/Ó:Ñ<Ó�Ð;Ñ¥ÏJÉ�Ø-ÑBè�â;Å	×�É ã ÒUÅ�Ó�Ð;Ñ�ÇÓ}Ý'Ç;ßXØ-Ó�Å�ÑBß Å	ß;×�Å	ß;Å�ß;ÆË,à*Ð;É)Ô�Õ¥É�È�Ô
ÆBÉ.Ö;×�Ñ�Ø�Ù»ÏJÅ�Ü�É
Å�ßÃØ-È:É�ÔBÏ=É ã Ý'È:ÑBè®��Ë v Ó:Ñ.å�Î�Ë Ì�Ë�à*Ð;É�È�ÉUÔ�È:É*ÓJÒ>Ñ}Å	ß�Ó�É�È:É�ÏJÓ:Å	ß;ÆUâXÑ�Å�ß�Ó�ÏAÅ�ßCÓ�Ð;ÅÞÏ?�XÆBÇ;È:É¥Ë1ÄaÅ�ÈOÏ=Ó�ï
Ó�Ð;ÉUØ-ÑBè�â;È�É�Ï:Ï
ÖXÉ�ßXØ�Ð;è<Ô�È:Ù<ÐXÔ ã Ó:Ð;É.×áÔ
È:ÆBÉ�Ï=Ó,Å	ßXØ-È:É�Ô�Ï=É/Å�ß»Ö×�Ñ�Ø�Ù»Ï=Å	Ü�É¥ï�Æ�ÑBÅ�ß;Æ�Ý'È�Ñ�è¯��Ë	å.Ó:Ñîå�Ì�Ë u Ë)à*Ð;ÅÞÏFÅ	ßXØ-È:É�Ô�Ï=É.Å	ß
Ö;×	Ñ�ØÚÙ,ÏJÅ�Ü�É1Ó:È�Ô�ßXÏ=×áÔ
Ó�É ã Ó�ÑUÑ�ß;×	ä,Ô£�¥æ ã É�Ø0È:É�ÔBÏ=É�Å�ß,É�ñ�É�Ø-Ç;Ó�Å�ÑBßFÓ:Å	è�ÉaÖXÉ�Ø�Ô
ÇXÏJÉ*Ó:ÐÉ Ý'Ç×�×�ÒUÅ	ß ã Ñ�ÒIÏJÓ�Ô
×	×ÞÏªÝ'ÑBÈ
Ó:ÐÉ4Å	ß;×�Å	ß;É ã Õ¥É�È�Ï=Å	Ñ�ß<Ñ
ÝxØ-Ñ�è�âÈ:É�Ï�ÏxÅ�ßÃØ-È:É�ÔBÏ=É ã ÏJÅ�Æ�ßÅ���Ø�Ô�ß�Ó�×�ä.Ý'È:ÑBè ÓJÒ>Ñ.è�Å�×	×�Å�ÑBß�Ø0ä;Ø-×	É�ÏxÓ�Ñ�ÏJÅ�ñ�è)Å�×�×	Å�ÑBß
Ø-äØ-×�É�Ï-Ë/à*Ð;É.Ý'Ç;×�×|ÒUÅ	ß ã Ñ�ÒçÏ=ÓOÔ
×	×ÞÏ}Ý'Ñ�È,Ó:ÐÉ�Ø-ÑBè�â;È�É�Ï:ÏFÖXÉ�ßXØ�Ð;è<Ô�È:ÙZÔ�Ø�Ø0Ñ�Ç;ß�Ó:É ã Ý'Ñ�È�Ñ�Õ¥É�È u Î¥æ Ñ�ÝUÓ�Ð;É
°²±a³�´_µ^µ5´_¶V·;´.Á;¶M¼�¸5µ:¼©¹Vº?»�Á;¼©½3·�¾�¿�´�¹T»�À;¸^µ5¶Á¾¿¼�À;´Â½£µ5·;´#µ^»�µÁ¾�¼H¾�Ã£»�Á;À"µQ»�Ä)¼ÅÀO¼Ë¼�À;´�½3¹Æ»;½"´#³�¾�¸^´Â½£»�ÀÇµ^·;´�¼©¹_¾�¹^·;´#¶5´�È�ÁP¼Å¶^´ÆÉÃÇ´²À�µ^¸�»�Ä9µ^·;´Ç»�¶:¼�Ê�¼�À�¾�¼)»;¶5»�Ê�¶Á¾�Ã¤Ë�ÌQ¶^»�Ê�¶Á¾�Ã£¸#µ5·�¾�µ-Á;¸5´�¾Í¸^ÃÎ¾�¼Å¼MÄÏ¶Æ¾�¹ÆµM¼�»�À�»�Ä9µ^·;´Çµ^»�µÆ¾�¼_¼Ð¹²¾�¹^·;´Î¹²¾�À�¾�ÑX»�¶Æ½�Ê�¶5´Â¾�µ5´_¶¾�Ã£»�Á;À"µ^¸A»�Ä<¼�À;¼"¼�À;´Â½Ç¹T»�½�´�µ^·�¾�À�»;¶^»�Ê�¶Á¾�Ã£¸=µ^·�¾�À�»;¶^»�Ê�¶Á¾�Ã£¸Aµ5·�¾�µ�Á;¸^´Ò¾�¼©¾�¶5Ê�´�ÄÏ¶Æ¾�¹ÆµM¼�»�ÀÍ»�ÄQµ5·;´�µ^»�µÆ¾�¼R¼©¹_¾�¹^·;´#¸M»�¾�¹Æ´�Ë
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132^4A698;:·¶=<éd�>A@	¢¤DAIYb9LQ8;2^K94êG;U9:âb�:M8"R_DA8;IYLQKVEX:YDQR�25KVC525KV:H§®EXDAKª¼=:HK7G;25DAKVLcCSÞ;ß�à :¡|9:XÝ
EX6�G;L;½9C5:MP�G;DN2^K9C^25K9:M§I½9C^D�E;F?Ý�P�G;8;6VE�G;698;:M§fÞ;ß�à¯:X|9:MEX6�G;L;½9C^:HP�<

Ó:ÑBÓ�Ô�×ªÉ�ñ�É�Ø0Ç;Ó:Å	Ñ�ß/Ó:Å�è)É¥ËV�¥É�Ø0Ñ�ß ã ï¥Ó�Ð;ÉFÔ�Õ¥É�ÈOÔ
ÆBÉ}Ö;×	Ñ�ØÚÙÛÏ=Å	Ü�ÉìÝ'ÑBÈ�Ó:Ð;ÉyÅ��JâXÉ�Æ,ÖXÉ�ßXØ�Ð;è<Ô�È:Ù.ÏJÐ;È�Ô�ß;Ù)Ï=×�Å	Æ�Ð�Ó:×	ä¥Ë
à*Ð;É<È:É�Ô�Ï=ÑBß9Ý'Ñ�È.Ó:ÐÅÞÏCÅÞÏ,Ó:ÐXÔ�Ó�Ó�Ð;É�Ý'Ç;ßÃØ-Ó:Å	Ñ�ßIÖXÉ�Å�ß;ÆZÅ�ß;×	Å�ß;É ã ÒUÔBÏCÕ¥É�È:ä Ï=è<Ô�×�×éË�îyßXØ-É�Ó�Ð;É�Ý'Ç;ßXØ0Ó:Å�ÑBß
ÒUÔBÏxÅ	ß;×�Å	ß;É ã Ô
ß ã Ô
×	×ªÓ�Ð;ÉFÅ	ßXÏ=Ó�È:ÇXØ-Ó�Å�ÑBßXÏ�Ô�Ï:ÏJÑ�Ø-ÅÞÔ�Ó:É ã ÒUÅ	Ó:Ð/Ó:Ð;ÉêØ�Ô
×	×�Ô
ß ã È�É�Ó:ÇÈ:ß�Ñ�Ý�Ó:ÐÃÔ
ÓxÝ'ÇßXØ-Ó:Å	Ñ�ß�Ò>É�È:É
É�×	Å�è�Å	ßXÔ
Ó�É ã ï�Ó�Ð;É,È:É�ÏJÇ;×�Ó�Å�ß;Æ.Ö;×	Ñ�ØÚÙ)ÒUÔ�ÏUÏJè<Ô
×	×�É�È>Ó:ÐXÔ�ßZÔ
ß�ä�Ñ
Ý�Ó�Ð;É,Ñ�È�Å�Æ�Å	ßXÔ
×�Ö×�Ñ�Ø�Ù;Ï0Ë

ÄaÅ�ÆBÇ;È:ÉóÊ�Ë v å»Ø-ÑBè�âXÔ�È:É�Ï.Ó:Ð;ÉZâXÉ�È=Ý'ÑBÈ:è<Ô�ßXØ-É[Ñ�Ý,Å�ß×�Å�ßÉ ã Ö;×	Ñ�ØÚÙH�éÏ=Ó:È�ÇXØ-Ó�Ç;È:É ã ���H� É�ñ�É�Ø-Ç;Ó�Ô�Ö;×�É�ÏGÓ�Ñ
Å�ß×�Å�ßÉ ã Ø-Ñ�ß�Õ¥É�ß�Ó:Å	Ñ�ßXÔ�×#���H� É�ñ�É�Ø-Ç;ÓOÔ
Ö;×	É�Ï-Ë��*ÑBÓ:Ð Ï=É�ÓOÏ4Ñ�ÝUÉ�ñ�É�Ø-Ç;ÓOÔ
Ö;×	É�Ï}Å	ß;×�Å	ß;É ã Ó:ÐÉ/Ï:Ô
è)É�Ø�Ô�×�×�ÏJÅ�Ó�É�Ï-Ë
à*Ð;É�Ö;×	Ñ�ØÚÙH� ÏJÓ:È�ÇXØ-Ó:ÇÈ:É ã ���H�9É�ñ�É�Ø-Ç;ÓOÔ
Ö;×	É�ÏªÈ�É ã ÇXØ-É ã É�ñ�É�Ø0Ç;Ó:Å	Ñ�ßFÓ�Å�è�É|Ö�ä,Ô�ß.Ô�Õ¥É�È�Ô�Æ�É�Ñ
ÝÃÌ���ËÍÊ¥æ�ï¥ÔyÏ=×	Å�ÆBÐ�Ó
Å�è)â;È:Ñ�Õ¥É�è/É�ß¥ÓAÑ
Õ¥É�È|Ó:Ð;ÉyâXÉ�È=Ý'ÑBÈ:è<Ô�ßXØ-É ã Å í�É�È:É�ßÃØ-É*Ý'Ñ�È>Ó:Ð;Éyß;Ñ�ßc��Å	ß;×�Å	ß;É ã Õ¥É�ÈOÏ=Å�ÑBßXÏ|Ñ
ÝAÓ�Ð;É}É�ñ�É�Ø0Ç;Ó�Ô�Ö;×�É�Ï0Ë
�*É�Ø�Ô�ÇXÏ=É/Ó:ÐÉ ã ä�ßXÔ�è�ÅÞØ4Ý'È�É;��ÇÉ�ßXØ-ä»Ñ�ÝyÓ:Ð;É.Ý'Ç;ßXØ-Ó�Å�ÑBßXÏ4Ó�Ñ[ÖXÉ�Å	ß;×�Å	ß;É ã Ò*É�È�É�È�É;�¥Ç;Å�È�É ã Ó:ÑZÖªÉ)Æ�È:É�Ô
Ó:É�È
Ó:ÐÃÔ
ß.Ó:ÐÉxè)Å�ß;Å	è�Ç;è Ó:Ð;È�É�Ï=ÐÑ�× ã ï�Ó:Ð;É>ß�Çè�ÖXÉ�È�Ñ
ÝXÝ'Ç;ßXØ-Ó�Å�ÑBßXÏ«Ó�ÐXÔ
Ó��¥ÇXÔ
×	Å��XÉ ã Ý'Ñ�ÈAÅ�ß;×	Å�ß;Å	ß;ÆUÒUÔBÏ«ßÑ�Ó|×áÔ
È:ÆBÉ
É�ß;ÑBÇ;Æ�Ð»Ó�Ñ�è<Ô�Ù¥É,Ô�Ï=Å	Æ�ß;Å©��Ø�Ô�ß�ÓyâXÉ�È=Ý'ÑBÈ:è<Ô�ßXØ-É ã Å í�É�È�É�ßXØ-ÉÁË3� ÖXÉ�Ó�Ó:É�ÈêÔ
â;âÈ:Ñ¥ÔBØÚÐ»Ó�Ñ�Ñ�Õ¥É�È�Ø0Ñ�è�Å	ß;ÆCÓ�Ð;É
Ø�Ô�×�×^��È:É�Ó�Ç;È:ßÛØ-Ñ�ßÃÏ=Ó:ÈOÔ
Å	ß�ÓAè�Å�ÆBÐ�Ó�ÖXÉUÓ:ÑyâXÔ
È�Ó:ÅÞÔ�×�×	ä4Å	ß;×�Å	ß;É|Ý'Ç;ßXØ-Ó�Å�ÑBß.Ø�Ô�×�×ÞÏ�Ô�ß ã È:É�Ó:Ç;È�ßXÏaÓ:ÐÃÔ
ÓAâ;È:É�èbÔ
Ó:ÇÈ:É�×	ä
É�ß ã Ö;×	Ñ�ØÚÙ)É�ß;×ÞÔ�È:ÆBÉ�è�É�ß�Ó�Ë#�¥É�É�Ø�ÐXÔ
âÓ:É�È]��ËÍÌCÝ'Ñ�ÈUè)Ñ�È:É ã É�Ó�Ô�Å�×áÏ-Ë
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à*Ð;ÅÞÏ/Ï=É�Ø-Ó:Å	Ñ�ß¾É�ñ;Ô�è�Å�ß;É�ÏCÔ»â;È:Ñ;�X×�É"�'Æ�ÇÅ ã É ã Ô
â;âÈ:Ñ¥ÔBØÚÐ Ó:Ñ9È�É ã ÇXØ0Å�ß;Æ»Ó�Ð;É[âXÉ�ÈJÝ'Ñ�È:èbÔ
ßXØ-É)âªÉ�ßXÔ
×	Ó=ä

ã Ç;ÉêÓ:ÑCÓ�Ð;ÉFè<Ô�ñ/Ï=ÇXØ�Ø-É�Ï:ÏJÑ�È Ø-Ñ�ßXÏJÓ:ÈOÔ
Å�ß�Ó�Ë��êÏxÒUÅ�×	×XÖªÉ ã ÅÞÏ�Ø-ÇXÏ:ÏJÉ ã Å	ß<ØÚÐÃÔ
â;Ó�É�ÈÒ��ï;Ó:ÐÉFÖ;È�Ô�ßXØ�Ð�â;È:É ã ÅÞØ-Ó�Ñ�È
È:É�Ï=Ó:È�ÅÞØ-ÓOÏCÉ�Ô�Ø�ÐIÉ�ß;×áÔ
È:ÆBÉ ã Ö;×�Ñ�Ø�Ù9Å	ß¾Ô»Ö;×	Ñ�ØÚÙH� ÏJÓ:È�ÇXØ-Ó:ÇÈ:É ã ���H� â;È�Ñ�ÆBÈ�Ô
è Ó�Ñ9Ô�Ó�è�ÑÁÏ=Ó.É�Å	Æ�Ð�Ó.Ø-ÑBß�Ó�È:ÑB×
ö Ñ�Ò ÏJÇXØ�Ø-É�Ï:Ï=ÑBÈ�Ï£÷ Ý'ÑBÇ;È�Ï=ÇXØ�Ø0É�Ï:ÏJÑ�È�Ï}Ý'È�Ñ�è Ó:ÐÉ.Ó�Ô
Ù¥É�ß»Ó:È�Ô�â9ÏJÅ ã É/Ô�ß ã Ý'Ñ�Ç;È�Ï=ÇÃØ�Ø-É�Ï�Ï=Ñ�ÈOÏ}Ý'Ñ�È,Ó:Ð;É/ß;ÑBÓ
Ó�Ô�Ù¥É�ß9Ó�È�Ô
â ÏJÅ ã É¥Ëîà*Ð;É<ÖXÔBÏ=É<Ö;×	Ñ�ØÚÙîÉ�ß;×áÔ
È:ÆBÉ�è�É�ß�ÓFÑBâ;Ó:Å	è�Å�Ü�Ô�Ó:Å	Ñ�ßîÉ�ß�Ý'Ñ�ÈOØ-É�ÏCÓ�Ð;ÅÞÏ,È:É�ÏJÓ:È:ÅáØ-Ó:Å	Ñ�ß9Ö�ä Ô
×é�
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×�Ñ�ÒUÅ	ß;Æ�É�ÔBØÚÐZÉ�ß;×ÞÔ�È:ÆBÉ ã Ö;×	Ñ�ØÚÙZÓ:Ñ�ÐÃÔ�Õ¥ÉÛÔ
ÓFè)Ñ¥Ï=ÓyÓJÒ*Ñ.ÝéÔ
Ç;×	ÓFÑ�âXÉ�ÈOÔ
Ó�Å�Ñ�ßÃÏ-Ë�à*Ð;É ã ÅáÏ:Ô ã ÕBÔ
ß�Ó�Ô
ÆBÉ�Ñ�Ý>Ó:Ð;ÅáÏ
Ô
ââ;È:ÑÁÔ�Ø�Ð�ÅáÏxÓ�ÐXÔ
Ó>Å�Ó*È�É�Ï=Ó�È:ÅáØ-Ó�Ï>Ô
×�×XÓ�Ð;ÉFâXÔ�Ó:ÐXÏ*Å	ß�Ó:Ð;Éêâ;È:ÑBÆ�È�Ô�è Ó:Ñ�Ó:Ð;É Ï:Ô
è)É ã É�ÆBÈ:É�ÉyÑ
Ý1É�ß;×áÔ
È:ÆBÉ�è�É�ß�Ó�Ë
� ÖXÉ�Ó:Ó�É�È�Ô�â;â;È�Ñ¥Ô�Ø�Ð¾Ò>Ñ�Ç;× ã Ô�×�×�Ñ�Ò ÆBÈ:É�Ô�Ó:É�È ã É�ÆBÈ:É�É�ÏCÑ
Ý,É�ß×ÞÔ
È�Æ�É�è)É�ß�ÓÛÔ
×	Ñ�ß;Æ Ý'È�É;�¥Ç;É�ß�Ó:×�ä»É�ñ�É�Ø0Ç;Ó:É ã
âXÔ�Ó:ÐXÏ}Ö�ä<È:É ã ÇXØ-Å�ßÆ.Ó:Ð;É ã É�Æ�È�É�ÉCÑ�Ý>É�ß;×ÞÔ�È:ÆBÉ�è�É�ß�ÓUÔ�×�Ñ�ßÆ�Å�ß�Ý'È�É;�¥Ç;É�ß�Ó:×�ä/É�ñ�É�Ø-Ç;Ó�É ã âXÔ�Ó:ÐXÏ0ËFà�Ñ�É�ñ�â;×�ÑBÅ�Ó
Ó:ÐÅÞÏFÓ:ÈOÔ ã É�Ñ�í1ï|Ó:Ð;É/ÖXÔ�ÏJÉ�Ö;×	Ñ�ØÚÙZÉ�ß;×ÞÔ�È:ÆBÉ�è�É�ß�ÓFÑ�âÓ:Å�è)Å�Ü�Ô�Ó:Å�ÑBß[ÅáÏ è)Ñ ã Å��XÉ ã Ó�Ñ�Å	ßXØ-ÑBÈ:âXÑ�ÈOÔ
Ó:É)â;È:ÑBÆ�È�Ô�è
â;È�ÑO�X×	É�Å�ß�Ý'ÑBÈ:è<Ô�Ó:Å	Ñ�ßîÓ:ÐXÔ�Ó/Ï=âXÉ�Ø-Å©�XÉ ã Ó�Ð;É�È:É�×ÞÔ
Ó�Å�Õ¥É.Ý'È:É;�¥Ç;É�ßÃØ-Å�É�ÏFÑ�ÝêÔ
×�×>Ó:Ð;É)âXÔ
Ó�ÐXÏCÅ�ß9Ó�Ð;É<â;È:ÑBÆ�ÈOÔ
è»Ë
øyÔ
Ó:ÐÉ�È.Ó:ÐXÔ�ßIÓ:È�Ô�Õ¥É�ÈOÏ=Å	ß;Æ[Ó�Ð;É<Ø-ÑBß�Ó�È:Ñ�× ö Ñ�Ò ÆBÈ�Ô�â;Ð¾Å	ßIÔ[Ö;È:É�Ô ã Ó�ÐQ�ì�ÃÈ�Ï=Ó.ÑBÈ ã É�È�ï�Ó:Ð;É�Ö×�Ñ�Ø�Ù É�ß×ÞÔ
È�Æ�É"�
è�É�ß�Ó*ÑBâ;Ó:Å	è�Å�Ü�Ô
Ó:Å	Ñ�ß/ÒUÅ�×	×�ß;Ñ�Ò É�ß;×áÔ
È:ÆBÉ,Ó:Ð;É�Ö;×�Ñ�Ø�Ù;ÏUÔ�×�ÑBß;Æ�Ó�Ð;É,è�Ñ¥ÏJÓ*Ý'È:É;�¥Ç;É�ß�Ó:×	ä�É�ñ�É�Ø0Ç;Ó:É ã â;È:ÑBÆ�È�Ô�è
âXÔ�Ó:ÐXÏS�ÃÈ�Ï=Ó�ËÂÄÃÇÈ:Ó:ÐÉ�È:è�ÑBÈ:É¥ï|Ö×�Ñ�Ø�Ù¬É�ß;×ÞÔ�È:Æ�É�è�É�ß�Ó4ÒUÅ	×�×Uß;Ñ ×�Ñ�ßÆ�É�È)Ï=Ó�Ñ�â\ÒUÐ;É�ß Ô
ß\É�ß×ÞÔ
È�Æ�É ã Ö;×�Ñ�Ø�Ù
ÐXÔBÏFÔ�Ø�Ø0Ç;è�Ç×ÞÔ
Ó�É ã ÓJÒ*Ñ.ÝéÔ
Ç×�ÓyÅ�ßXÏJÓ:È:ÇÃØ-Ó:Å	Ñ�ßXÏ0Ë3�*×�Ñ�Ø�Ù�É�ß;×áÔ
È�Æ�É�è�É�ß�Ó>ÒUÅ�×�×AÏJÓ:ÑBâ»Å ÝAÝ'Ç;È:Ó�Ð;É�ÈyÉ�ß;×ÞÔ�È:ÆBÉ�è�É�ß�Ó
Ø�Ô�ÇXÏ=É�Ï>Ô4Ö;×	Ñ�ØÚÙ�Ó:Ñ�ÐXÔ�Õ¥É}è�ÑBÈ:ÉUÓ�ÐXÔ
ß�Ó�Ð;Éyè<Ô
ñ�Å�è/Ç;è ß�Ç;è/ÖªÉ�È|Ñ
Ý«Ï=ÇXØ�Ø0É�Ï:ÏJÑ�È�Ï0Ë��FÏ*Ô,È:É�ÏJÇ;×�Ó�ï�Ó:ÐÉFÖ;×�Ñ�Ø�Ù
É�ß;×áÔ
È�Æ�É�è�É�ß�ÓUÑBâ;Ó:Å	è�Å�Ü�Ô�Ó:Å	Ñ�ß[ÒUÅ	×�×Aß;Ñ�ÒÿÖXÉ/Ô
Ö×�É.Ó:Ñ�Ý'ÑBÈ:è É�Õ¥É�ß[×áÔ
È:ÆBÉ�È,Ö;×�Ñ�Ø�ÙÏFÔ
×	Ñ�ß;Æ<Ó:ÐÉCÝ'È:É;�¥Ç;É�ß�Ó:×	ä
É�ñ�É�Ø-Ç;Ó�É ã â;È�Ñ�ÆBÈ�Ô
èùâXÔ�Ó:ÐXÏ0Ë

ÄaÅ�ÆBÇ;È:ÉyÊ�Ë v ÌFØ-Ñ�ß�Ó:ÈOÔ�ÏJÓ�Ï|Ó:Ð;É ã Å í�É�È�É�ßXØ-É>ÖXÉ�ÓJÒ*É�É�ßÛÔ
â;â×�ä�Å�ß;ÆFÓ�Ð;ÉUÖ;×	Ñ�ØÚÙ,É�ß;×áÔ
È�Æ�É�è�É�ß�Ó�ÑBâ;Ó:Å	è�Å�Ü�Ô�Ó:Å	Ñ�ß
ÒUÅ�Ó�Ð¾Ó�Ð;É[ÓJÒ*Ñ»ÝéÔ
Ç×�Ó.È:É�Ï=Ó:È�ÅÞØ-Ó�Å�ÑBß\Ô
ß ã Ô
ââ;×�ä�Å�ß;ÆîÓ:ÐÉ[Ö;×	Ñ�ØÚÙ9É�ß;×ÞÔ�È:Æ�É�è�É�ß�ÓCÑ�âÓ:Å�è)Å�Ü�Ô�Ó:Å�ÑBß9ÒUÅ�Ó�Ð¾Ó�Ð;É
â;È�ÑO�X×	É"��ÆBÇ;Å ã É ã Ô�â;â;È�Ñ¥Ô�Ø�Ð�Ë/à*Ð;É.ÑBÈ:Å�ÆBÅ�ßXÔ�×>Ø-Ñ�ß�Ó:È�Ñ�× ö Ñ�Ò Æ�È�Ô�â;Ð9ÅáÏFÏ=Ð;Ñ�ÒUß Ô
Ó,Ó:ÐÉ�Ó�Ñ�â�Ë/à*Ð;É/Ø-ÑBß�Ó�È:ÑB×
ö Ñ�Ò¾ÆBÈ�Ô�â;Ð�ÑBß�Ó�Ð;ÉU×�Ñ�Ò>É�Èa×	É-Ý'ÓAÅÞÏaÓ�Ð;ÉUÈ:É�ÏJÇ;×�Ó1Ñ
ÝAÔ�â;â;×	ä�Å	ß;ÆFÓ:ÐÉUÖ;×�Ñ�Ø�ÙCÉ�ß×ÞÔ
È�Æ�É�è)É�ß�Ó�ÑBâ;Ó:Å	è�Å�Ü�Ô
Ó:Å	Ñ�ß,ÒUÅ�Ó�Ð
Ó:ÐÉ4ÓJÒ>ÑCÝéÔ
Ç;×	ÓUÈ:É�ÏJÓ:È:ÅáØ-Ó:Å	Ñ�ß�Ë1à*Ð;É�Ø-Ñ�ß�Ó:È�Ñ�× ö Ñ�Ò ÆBÈ�Ô�â;Ð[ÑBß�Ó�Ð;É,×�Ñ�Ò*É�È*È:Å	Æ�Ð�ÓUÅÞÏ*Ó�Ð;É,È:É�ÏJÇ;×�ÓUÑ�Ý�Ô�â;â;×�ä�Å�ßÆ
Ó:ÐÉ*Ö;×	Ñ�ØÚÙ,É�ß;×áÔ
È�Æ�É�è�É�ß�Ó�ÑBâ;Ó:Å	è�Å�Ü�Ô�Ó:Å	Ñ�ß,ÒUÅ�Ó�ÐCÓ:ÐÉ*â;È�ÑO�X×	É"��ÆBÇ;Å ã É ã Ô
â;âÈ:Ñ¥ÔBØÚÐ.ÒUÐÉ�È:ÉUÓ�Ð;É*âXÔ�Ó:Ð.Ó�Ð;È:ÑBÇ;Æ�Ð
Ö;×	Ñ�ØÚÙÏ3�Fï?~yïAùUïXÔ
ß ã �xÅÞÏUÔBÏ:ÏJÇ;è�É ã Ó:Ñ/ÖXÉ,Ó:Ð;É�è�Ñ¥ÏJÓxÝ'È:É���Ç;É�ß�Ó�×�ä/É�ñ�É�Ø-Ç;Ó:É ã âXÔ
Ó�Ð�Ë��\Ð;É�ß<Ó:Ð;É�Ö;×�Ñ�Ø�Ù
É�ß;×áÔ
È�Æ�É�è�É�ß�ÓAÑ�â;Ó�Å�è�Å	Ü�Ô
Ó�Å�ÑBß.ÅÞÏxÈ�É�Ï=Ó�È:ÅáØ-Ó:É ã Ó�ÑCÓJÒ*ÑFÝéÔ�Ç;×�ÓOÏ-ï�Å	Ó>Ø�Ô
ß<Ø0Ñ�è/Ö;Å�ß;É Ô
Ó>ÖªÉ�Ï=Ó*Ö×�Ñ�Ø�Ù;Ï��FïQ~yï�Ô
ß ã
ù9Ó:ÑBÆ�É�Ó�Ð;É�È>Ô
×	Ñ�ß;Æ.Ó�Ð;É}è)Ñ¥Ï=Ó|Ý'È�É;��ÇÉ�ß�Ó�×�ä,Ó�Ô�Ù¥É�ß/âXÔ
Ó�Ð�Ë �\ÐÉ�ß�Ó�Ð;ÉyÖ;×�Ñ�Ø�Ù.É�ß;×áÔ
È:ÆBÉ�è�É�ß�Ó|ÑBâ;Ó:Å	è�Å�Ü�Ô�Ó:Å	Ñ�ß
ÅÞÏUÔ�Ö;×�É,Ó�ÑCÝ'Ñ�Ø-ÇXÏUÑ�ß<Ó:Ð;ÉFÝ'È�É;��ÇÉ�ß�Ó�×�ä.ÓOÔ
Ù¥É�ß<âXÔ�Ó:Ð�ï;Å	ÓyØ�Ô
ßZØ-ÑBè�Ö;Å	ß;ÉyÖ;×�Ñ�Ø�Ù;Ï3�FïA~yïAùUïXÔ
ß ã �xÓ�Ñ�ÆBÉ�Ó:Ð;É�È
Ô
×	Ñ�ß;Æ<Ó�Ð;É�è)Ñ¥Ï=ÓUÝ'È:É���Ç;É�ß�Ó�×�ä<Ó�Ô�Ù¥É�ß»âXÔ
Ó�Ð�Ë.à*Ð;É/Ó:ÈOÔ ã É�Ñ
íIÅáÏ}Ó:ÐXÔ�Ó,Ó:Ð;É/â;È:Ñ;�X×�É���ÖXÔBÏ=É ã Ô
ââ;È:ÑÁÔ�Ø�Ð9Ø�Ô�ß
Ø-ÑBè�Ö;Å	ß;É*ÑBß;×�ä/Ö;×	Ñ�ØÚÙÏ��¾Ô
ß ã �ÂÓ:Ñ�ÆBÉ�Ó:ÐÉ�È>Ô
×�ÑBß;Æ.Ó:ÐÉ}×	É�Ï:Ï|Ý'È:É;�¥Ç;É�ß�Ó:×	ä4ÓOÔ
Ù¥É�ß/âXÔ�Ó:Ð<Å�ßXÏJÓ:É�Ô ã Ñ�ÝAÖ;×�Ñ�Ø�ÙÏ
�FïQ��ïXÔ
ß ãyú Ñ�ÈÇ�CË

ÄaÅ�ÆBÇ;È:ÉîÊ�Ë v�v Ø-Ñ�è)âXÔ
È�É�ÏGÓ�Ð;É»âXÉ�È=Ý'ÑBÈ:è<Ô�ßXØ-ÉZÑ
Ý�Ö;×�Ñ�Ø�ÙH� ÏJÓ:È:ÇÃØ-Ó:Ç;È�É ã ���H�ùÉ�ñ�É�Ø-Ç;ÓOÔ
Ö;×	É�ÏGÆBÉ�ß;É�ÈOÔ
Ó�É ã
ÇXÏJÅ�ß;Æ.Ó�Ð;ÉFÓ:ÐÉFÖ;×�Ñ�Ø�Ù/É�ß;×ÞÔ�È:ÆBÉ�è�É�ß�Ó|Ñ�âÓ:Å�è)Å�Ü�Ô�Ó:Å�ÑBß.ÒUÅ�Ó�Ð�Ó�Ð;ÉFâ;È�ÑO�X×	É"�'ÖXÔ�ÏJÉ ã Ô
â;â;È�Ñ¥ÔBØÚÐ<Ó:Ñ�Ó:Ð;ÉêâªÉ�È=Ý'Ñ�ÈÂ�
è<Ô�ßXØ-ÉUÑ
ÝAÖ×�Ñ�Ø�ÙM�éÏ=Ó�È:ÇXØ-Ó�Ç;È:É ã ���H�\É�ñ�É�Ø-Ç;ÓOÔ
Ö;×	É�ÏaÆ�É�ß;É�È�Ô�Ó:É ã ÇXÏ=Å	ß;ÆCÓ�Ð;É}Ö×�Ñ�Ø�Ù.É�ß;×ÞÔ�È:ÆBÉ�è�É�ß�ÓaÑBâ;Ó:Å	è�Å�Ü�ÔO�
Ó:Å	Ñ�ßZÒUÅ�Ó:Ð<Ó�Ð;ÉCÓJÒ*Ñ.ÝéÔ
Ç×�ÓUÈ:É�Ï=Ó:È�ÅÞØ-Ó�Å�ÑBß�Ë*ÄAÅ�Æ�ÇÈ:É.Ê�Ë v;u Ø-ÑBè�âXÔ�È:É�Ï*Ó�Ð;É.Ô�Õ¥É�ÈOÔ
Æ�É,Ö;×	Ñ�ØÚÙbÏ=Å�Ü�É�Ï*Ñ
Ý>Ó:ÐÉ4ÓJÒ>Ñ
Ï=É�Ó�Ï}Ñ�Ý*É�ñ�É�Ø0Ç;Ó�Ô�Ö;×�É�Ï0Ë,à*Ð;É.â;È�ÑO�X×	É"��ÖÃÔ�Ï=É ã Ô
â;â;È�Ñ¥ÔBØÚÐîÅÞÏyÔ
Ö;×	É.Ó:Ñ<È:É ã ÇXØ-É�Ó:Ð;É�É�ñ�É�Ø-Ç;Ó:Å	Ñ�ßZÓ:Å�è)É4Ö�ä»Ô�ß
Ô�Õ¥É�È�Ô�Æ�ÉyÑ
Ý«Ì�Ë��¥æ Ö�ä�Å�ßXØ0È:É�ÔBÏ=Å�ßÆ4Ó�Ð;ÉêÔ�Õ¥É�È�Ô
ÆBÉUÖ;×�Ñ�Ø�Ù/Ï=Å	Ü�ÉUÖ�ä u Ë Ì�æ)ï�Ý'È:Ñ�èùå�Î�Ë Ì4Ó:Ñ/å�Î�Ë���Ë�à*Ð;ÅÞÏaÝ'Ç;È�Ó:Ð;É�È
È:É ã ÇXØ-Ó�Å�Ñ�ß Å�ß É�ñ�É�Ø-Ç;Ó:Å	Ñ�ßIÓ:Å	è�É<È:É ã ÇXØ-É�ÏCÓ�Ð;É»âXÉ�È=Ý'ÑBÈ:è<Ô�ßXØ-É ã Å í�É�È�É�ßXØ-É<ÖXÉ�ÓJÒ*É�É�ß¾Ö;×	Ñ�ØÚÙH�éÏ=Ó:È�ÇXØ-Ó�Ç;È:É ã
���H� É�ñ�É�Ø-ÇÓ�Ô
Ö×�É�Ï>Ô
ß ã Ø-ÑBß�Õ¥É�ß�Ó:Å	Ñ�ßXÔ�×����H� É�ñ�É�Ø0Ç;Ó�Ô�Ö;×�É�Ï|Ó�Ñ�Ì���Ë u æ�Ë�Ä;Ç;È�Ó:Ð;É�ÈUÅ�ßXØ-È�É�Ô�ÏJÉ�ÏxÅ	ß<Ö;×�Ñ�Ø�Ù�ÏJÅ�Ü�É
Ô
ß ã âXÉ�È=Ý'ÑBÈ:è<Ô�ßXØ-É,è<Ô�ä/ÖªÉÛÔ�Ø�Ð;Å�É�Õ¥É ã Ö�ä�É�ñ�Ó�É�ß ã Å	ß;Æ.Ó:Ð;É,â;È�ÑO�X×	É ã �'ÖXÔ�ÏJÉ ã Ô
ââ;È:ÑÁÔ�Ø�Ð[Ó:Ñ ã É ã ÅáØ�Ô
Ó�ÉCÔ�ß
É�Õ¥É�ß)Æ�È:É�Ô
Ó:É�È*Ý'È�Ô�Ø0Ó:Å�ÑBß[Ñ�Ý�Ô.Ö;×�Ñ�Ø�Ù=�ÍÏ*ÏJÇXØ�Ø-É�Ï:Ï=ÑBÈ�ÏUÓ:Ñ/Ó:Ð;É,è�ÑÁÏ=Ó�Ý'È:É;�¥Ç;É�ß�Ó:×	ä.Ó�Ô
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»7¼�»#½ ��¾}¿ ��À »#ÁDÂ ¾�Ã » �ÅÄ ÁÇÆ�ÈK»#É Ä ½ ¾KÄ�ÊhË Á ¾}¿ ÀEÀ ½ � ½ À »#ÁZÈ�»#É � ½c»#É ¾KÃ »;ÈK» À ¿3¾�ÄEÌ »µÆ�»7È^Í Ê È �;¿3Ë ½c» Äy� Æ�È Ê3Ì » � » Ë?¾¿ ½ Ã�Ä » Ì »#É � �P¾KÃ » ��À Ê ½ÏÎ�ÐkÁ ¾ È � ½ ¾_� ÈK»#ÉPÑKÒ�ÓÕÔ�Ö Ã�Ä Á\È�» À ¿#¾KÄEÌ »ÕÆ�»7ÈÇÍ Ê È �;¿#Ë ½D» Ä�� Æ�È Ê#Ì » � » Ë�¾Ø×Ø¿ ÁaÍ � È ¾KÃ »6È
ÈK»ÙÉ � ½D»#É � �µ¾KÃ »ZÍ ¿ ½ ¾a¾�Ã�¿3¾Ú¾KÃ » ¿ � Á Ê À ��¾ » Ë���� � »7È Ê Í �ÅÄ ÁÇÆ�ÈK»#É Ä ½ ¾KÄ�ÊhË Á ¾Û¿ ÀEÀ ½ � ½ À »ÙÁ ×Ø¿ ÁÚÜ3Ý � � ÈK» ¿3¾ »6È
Í Ê È ¾KÃ » ��À Ê ½ÛÎ?ÐkÁ ¾ È � ½ ¾�� È�»#ÉGÑKÒ�ÓÞ»7¼�»#½ ��¾}¿ ��À »#Á ¾�Ã�¿3Ë Í Ê È ¾KÃ »Å½ ÊßË?Ì » Ë�¾KÄ�ÊhË�¿ À ÑKÒ�ÓÞ»7¼?»Ù½ ��¾Û¿ ��À »ÙÁDÔ;Ö Ã�Ä ÁÄEË ½DÈK» ¿ ÁÇ» Ä�Ë2�µÄ ÁÇÆ�È�»#É Ä ½ ¾KÄ�ÊhË Á ¾}¿ ÀEÀ ½ � ½ À »#Á Ä Á�É � » ¾KÊ;¾^×:Ê ÈK» ¿ Á ÊßË ÁDà À Ê#× »7È\Æ�ÈK»#É Ä ½ ¾KÄ�ÊhË¸¿ ½7½ � È ¿ ½ �z¿3Ë É� È�» ¿3¾ »7È � È ¿3Ë ½ Ã È�»#Á Ê À ��¾�ÄEÊhË;¾�Ä�� »&Ô
áØâAãÚâ�ä å h�æ:çÚè/éëê�h�ì$í\î^è/ï�î^ðØçëñ,è�è�ò[h�æSè/ó
ô�Ä��v� ÈK»Õõ&ÔöÜÕ½ Ê�� Æ ¿ È�»#Á ¾KÃ » �ÅÄ ÁÇÆ�ÈK»#É Ä ½ ¾KÄ�ÊhË È ¿3¾ » Ê Í ¾KÃ » ��À Ê ½ÛÎ�ÐAÁ ¾ È � ½ ¾�� È�»#É÷Ñ}Ò�Ó � È ¿#Ë ½ Ã Æ�ÈK»ÙÉ Ä ½ ¾�Ê È¾KÊ¶¾KÃ »ø½ ÊhË�Ì » Ë�¾KÄEÊßË�¿ À Ñ}Ò�Ó � È ¿3Ë ½ Ã Æ�È�»#É Ä ½ ¾KÊ È7Ô;Ö Ã » �ÅÄ ÁÇÆ�ÈK»#É Ä ½ ¾KÄ�ÊhË È ¿3¾ » Ê Í ¾�Ã » ��À Ê ½ÏÎ�ÐkÁ ¾ È � ½ ¾_� ÈK»#É

ÑKÒ�ÓùÆ�ÈK»ÙÉ Ä ½ ¾�Ê È{Á Ã�Ê#× Á ÊßË À �Õ¿#Ë;úhú � ÄEË ½cÈK» ¿ ÁÇ» Ê#Ì »7È ¾KÃ » �µÄ Á^Æ�ÈK»ÙÉ Ä ½ ¾�ÄEÊßË È ¿#¾ » Ê Í ¾KÃ »�½ ÊhË�Ì » Ë�¾KÄEÊßË�¿ À ÑKÒ�Ó
Æ�È�»#É Ä ½ ¾KÊ È6Ô ô È Êv�n¿ Æ�È Ê � ¿ � Ä À Ä Á ¾KÄ ½ Ì�Ä » × Æ ÊßÄEË�¾ Â ¾KÃ » ��À Ê ½ÏÎ�ÐkÁ ¾ È � ½ ¾_� ÈK»#É÷ÑKÒ�Ó � È ¿3Ë ½ Ã Æ�È�»#É Ä ½ ¾KÊ ÈûÁ Ã�Ê�� À É� » ¿ ��À » ¾KÊj¿ ½ Ã�Ä » Ì » ¾�Ã »PÁ ¿�� »;Æ�È�»#É Ä ½ ¾KÄEÊßË1¿ ½7½ � È ¿ ½ ��¿ Á ¾KÃ�¿#¾	Ê Í ¾�Ã »P½ ÊhË�Ì » Ë?¾�ÄEÊßË�¿ À ÑKÒ�Ó � È ¿3Ë ½ Ã
Æ�È�»#É Ä ½ ¾KÊ ÈzüAÁÇ»6»¸½ Ã�¿ Æ ¾ »6È ¥ Ô ú3ý Ôqþ Ê#× » Ì »7È6Â � »#½ ¿V� ÁÇ» ¾KÃ » Ä�Ë É Ä�Ì?Ä É ��¿ À�ÿ þ\ÖW» Ë?¾ È Ä »ÙÁ Ê Í ¾KÃ » ��À Ê ½ÛÎ?Ð
Á ¾ È � ½ ¾�� È�»#É ÑKÒ�Ó � È ¿3Ë ½ Ã Æ�ÈK»ÙÉ Ä ½ ¾�Ê È ¿ ÈK» ¿ � Ê���¾�� ¼ À ¿ È � »7È ¾KÃ�¿#Ë1¾KÃ�Ê ÁÇ» Ê Í ¾KÃ »z½ ÊhË�Ì » Ë�¾KÄEÊßË�¿ À ÑKÒ�Ó� È ¿3Ë ½ Ã Æ�ÈK»#É Ä ½ ¾KÊ È7Â ¾�Ã » � È ¿#Ë ½ Ã÷Ã�Ä Á ¾KÊ È � È�» �hÄ Á ¾ »6È À » Ë��h¾KÃ Í Ê È ¾�Ã » ��À Ê ½ÛÎ�ÐAÁ ¾ È � ½ ¾�� È�»#É÷Ñ}Ò�Ó Æ�ÈK»#É Ä ½ ¾�Ê È Ä Á¾KÃ ÈK»7» � Ä�¾ Á�Á Ã�Ê È ¾ »7È ¾KÃ�¿#ËH¾KÃ ¿3¾$Ê Í ¾�Ã »û½ ÊhË�Ì » Ë�¾KÄEÊßË�¿ À ÑKÒ�ÓùÆ�ÈK»#É Ä ½ ¾�Ê È ×ØÃ » ËÕ¾KÃ »SÆ�È�»#É Ä ½ ¾KÊ ÈÛÁ ¿ È�» Ê Í�»�� ��¿ À
Á Ä�� »&Ô8Ö Ã�Ä Á\ÈK»#É � ½ ¾KÄ�ÊhËPÄ�ËG¾�Ã » ¿��µÊv��Ë�¾\Ê Í Ã�Ä Á ¾�Ê È �¶¾KÃ�¿#¾H¾�Ã » ��À Ê ½ÛÎ�ÐAÁ ¾ È � ½ ¾�� È�»#É¸Ñ}Ò�Ó Æ�ÈK»#É Ä ½ ¾�Ê È�½ ¿#Ë
ÈK»Ù½ Ê È}É É�»#½DÈK» ¿ ÁÇ»ÙÁ ÄE¾ Á ¿ ½7½ � È ¿ ½ � Ô:Ö Ê É�» �µÊhË Á ¾ È ¿3¾ » ¾KÃ » Äy� Æ Ê È ¾}¿3Ë ½c» Ê Í ¾�Ã »#Á^» �ÅÄ ÁKÁ ÄEË��ÕÃ�Ä Á ¾KÊ È � � ÄE¾ ÁDÂ� �v� ÈK»µõ Ô Ý;½ Êv� Æ ¿ ÈK»#Á ¾�Ã »8Æ�ÈK»ÙÉ Ä ½ ¾�ÄEÊßË�¿ ½7½ � È ¿ ½ Ä »#Á Ê Í ¾KÃ » ��À Ê ½ÛÎ�ÐAÁ ¾ È � ½ ¾�� È�»#É�ÑKÒ�Ó ¿3Ë ÉP½ ÊhË�Ì » Ë?¾�ÄEÊßË�¿ À

¥ Ü



gcc� comp� go ijpeg	 li
 m88k� perl� vortex
Benchmark�

0.00

0.05

0.10

0.15

0.20

M
is

pr
ed

ic
ti

on
 R

at
e

�

Conventional ISA
Block-Structured ISA

�������$¯#°���������±����! $¯#°#"$��%h²&��'�³ ¯#´?²Ù°#�)(*'�¯ù�$+�'�%�,.-/�c²#¯��0%h²��$¯#°#" ´�³$"1%2'*³ � °?³�²���'�³$´3+547698 �¯#°:"0��%h²�'�¯��H�;��²�<N�:=¸�0� ²;<$���D²&'*¯!>�¯#°#�����D²#°�¯��?�

ÑKÒ�Ó � È ¿#Ë ½ Ã Æ�ÈK»#É Ä ½ ¾KÊ ÈÛÁ ×ØÃ »6ÈK» ¾KÃ »�Á Ä�� » Ê Í ¾KÃ » ��À Ê ½ÏÎ�ÐAÁ ¾ È � ½ ¾�� ÈK»#É�ÑKÒ�ÓùÆ�ÈK»ÙÉ Ä ½ ¾�Ê È Ã�¿ Á � »7» ËHÄEË ½DÈK» ¿ ÁÇ»#É
» Äy�hÃ�¾ Ð Í Ê À É¶Á Ê;¾KÃ ¿3¾\Ä�¾ Á � È ¿3Ë ½ ÃPÃ�Ä Á ¾KÊ È � ÈK» �ßÄ Á ¾ »7È À » Ë��ß¾KÃPÄ Á ¾KÃ »÷Á ¿�� » ¿ Á ¾�Ã�¿3¾�Ê Í ¾�Ã »8½ ÊhË�Ì » Ë?¾�ÄEÊßË�¿ À
Æ�È�»#É Ä ½ ¾KÊ È6ÔA@ �¡� Á Ä�Ë���¾KÃ »ÚÁ ¿�� » Ã�Ä Á ¾�Ê È � È�» �hÄ Á ¾ »7È À » Ë��h¾�Ã Í Ê È � Êß¾KÃ Æ�ÈK»#É Ä ½ ¾�Ê ÈÛÁcÂ ¾KÃ »ÚÉ ÄCB »7ÈK» Ë ½D» ÄEË8¾�Ã »¾^×:Ê Æ�È�»#É Ä ½ ¾KÊ È � Á �ÅÄ ÁÇÆ�ÈK»#É Ä ½ ¾KÄ�ÊhË È ¿3¾ »ÙÁ � »#½ Êv� »#Á Ë » � À Ä��ßÄ ��À »aÍ Ê È ¿ ÀEÀ ¾KÃ » � » Ë ½ Ã��ø¿ ÈKÎ�Áº»6¼�½D»6Æ ¾q�ßÊ Ô
Ö Ã » �ßÊ � » Ë ½ Ã��;¿ È�ÎPÁ Ã�Ê3× Á ¿ Á Äy�hË�Ä � ½ ¿3Ë�¾ À � À ¿ È � »6È ÄEË ½DÈK» ¿ ÁÇ» ÄEË��ÅÄ ÁÇÆ�ÈK»#É Ä ½ ¾KÄ�ÊhË È ¿3¾ » ¾KÃ ¿3Ëù¾�Ã »Êh¾�Ã »7È � » Ë ½ Ã��;¿ ÈKÎ�Á�» Ì » ËÅ¿ Í ¾ »6È ¾KÃ »\Æ�»7È^Í Ê È �;¿3Ë ½c» Äy� Æ ¿ ½ ¾ºÊ Í ¿ Á Ã�Ê È ¾ »7È Ã�Ä Á ¾�Ê È � È�» �hÄ Á ¾ »6È ×Ø¿ Á ¾Û¿ Î&» ËÄEË�¾KÊz¿ ½7½ Ê���Ë�¾ Ô¸Ö Ã�Ä Á Ä Á � »#½ ¿�� Á^» ¿ À ¿ È � » Ë���� � »7È Ê Í ¾�Ã »;»7¼ ¾ È ¿;�µÄ Á^Æ�ÈK»ÙÉ Ä ½ ¾�ÄEÊßË Á\Á �:B »6ÈK»#É � �G¾�Ã »��À Ê ½ÏÎ�ÐAÁ ¾ È � ½ ¾�� ÈK»#ÉµÑKÒ�Ó,Æ�ÈK»#É Ä ½ ¾�Ê È ×�¿ ÁØÉ � » ¾�Ê @ØÖ�@ �µÄ Á�ÁÇ»#ÁcÔ�Ö Ã » �ßÊ � » Ë ½ Ã��;¿ È�Î÷½ ÊhË�¾Û¿#ÄEË Á ¿ À ¿ È � »Ë���� � »7È Ê Í{Á ¾}¿3¾�Ä ½ � È ¿#Ë ½ Ã »#Á ¾KÃ�¿#¾Ø¿ È�»aÍ�ÈK»&� � » Ë?¾ À � »7¼�»#½ ��¾ »#É ×ØÃ�Ä ½ Ã ÈK»#Á � À ¾ Á ÄEËÅ¿ Á Ä��ßË�Ä � ½ ¿3Ë�¾ºË���� � »7ÈÊ ÍD@ØÖ�@ �µÄ ÁKÁÇ»ÙÁaÉ � È ÄEË�� ¾�Ã »8»7¼�»#½ ��¾�ÄEÊßË�Ê Í ¾�Ã » � » Ë ½ Ã��;¿ È�Î/Ô�Ö Ã »#ÁÇ»;@ØÖ�@ �µÄ ÁKÁÇ»ÙÁ Ä�Ë ½ � È ¿!� ÈK» ¿3¾ »6ÈË���� � »7È Ê Í �µÄ Á^Æ�ÈK»ÙÉ Ä ½ ¾�ÄEÊßË ÁºÍ Ê È ¾KÃ » ��À Ê ½ÏÎ�ÐkÁ ¾ È � ½ ¾_� ÈK»#ÉPÑKÒ�Ó Æ�ÈK»#É Ä ½ ¾KÊ È ¾KÃ ¿3Ë Í Ê È ¾KÃ »÷½ ÊhË�Ì » Ë?¾�ÄEÊßË�¿ À

ÑKÒ�ÓùÆ�ÈK»ÙÉ Ä ½ ¾�Ê È � »#½ ¿�� ÁÇ» ¾KÃ » ��À Ê ½ÏÎ�ÐAÁ ¾ È � ½ ¾�� ÈK»#É�ÑKÒ�Ó Æ�ÈK»#É Ä ½ ¾KÊ È � Á ¿ ½7½ � È ¿ ½ �ZÄ Á �ÅÊ ÈK»ûÁ^» Ì »7ÈK» À ��¿&B »#½ ¾ »#É� �µ¿ @ØÖ�@ �µÄ ÁKÁcÔFE Ã » Ë¶¿ @ØÖ�@ �µÄ ÁKÁ Ê ½7½ � È}ÁºÍ Ê È ¿ ½ ÊßË?Ì » Ë?¾�ÄEÊhË ¿ À ÑKÒ�Ó Æ�È�»#É Ä ½ ¾KÊ È6Â ¾KÃ »\Æ�ÈK»#É Ä ½ ¾KÊ È Ä Á��Ë�¿ ��À » ¾KÊ¡� ÁÇ» ÄE¾ Á ÿ Ó\ÁS½ Ê�� Æ ÊßË » Ë�¾ ü � »#½ ¿�� ÁÇ» ¾KÃ » � È ¿#Ë ½ Ã·� ÁSÆ*»6ÈKÐ ¿ É�É?È�»#ÁKÁ Ã�Ä Á ¾KÊ È � ÈK» �ßÄ Á ¾ »7È Ä Á:Á ¾�Ê È�»#ÉÄEË�ÄE¾ Á5@ØÖ�@p» Ë�¾ È ��ý Â � ��¾÷Ä Á÷Á ¾�Ä À�À ¿ ��À » ¾KÊ�� » Ë »7È ¿#¾ » ¿ Æ�È�»#É Ä ½ ¾KÄ�ÊhË�� Á Ä�Ë��ùÄ�¾ Á � Á Ã ¿ ÈK»z½ Ê�� Æ ÊßË » Ë�¾ Ô
þ Ê#× » Ì »7È7Â ÄE¾P�L� Á ¾$×Ø¿#ÄE¾P��Ë�¾KÄ À ¾KÃ » � È ¿3Ë ½ Ã÷ÄEË Á ¾ È � ½ ¾KÄ�ÊhË÷ÄEË8¾KÃ »\½ � ÈKÈK» Ë?¾ ��À Ê ½ÛÎ Ä Á�É?»Ù½ Ê É?»#É � »DÍ Ê È�» ¾�Ã »� È ¿3Ë ½ ÃP¾Û¿ È � » ¾ ½ ¿3Ë � »÷É?» ¾ »7È �µÄEË »ÙÉ/ÔØÓ\Á ¿ ÈK»#Á � À ¾ Â Ä�Ë Á ¾ È � ½ ¾�ÄEÊßË Í�» ¾ ½ ÃI�D� Á ¾ � »÷Á ¾Û¿ ÀEÀ »#ÉøÍ Ê È ¿ ½ � ½ À »
ü ¿ ÁKÁ ���µÄEË��\ÄEË Á ¾ È � ½ ¾KÄ�ÊhË É?»#½ Ê É�» Ä Á ÄEË8¾�Ã »ÚÁÇ»#½ ÊhË É÷Á ¾}¿�� » Ê Í ¾KÃ »ÚÆ Ä Æ*» À ÄEË » ý � »DÍ Ê ÈK» ¾KÃ »ØÆ�ÈK»#É Ä ½ ¾KÄ�ÊhË ½ ¿#Ë� » � ÁÇ»#É ¾KÊ É?» ¾ »7È �ÅÄEË » ¾�Ã » ¿ É�É?È�»#ÁKÁ Ê Í ¾�Ã » Ë »6¼ ¾ ��À Ê ½ÛÎ ¾�Ê � » Í�» ¾ ½ Ã »#É/Ô$E Ã » Ë;¿ @ØÖ�@ �µÄ ÁKÁ Ê ½7½ � È}Á
Í Ê È ¿ ��À Ê ½ÏÎ�ÐAÁ ¾ È � ½ ¾�� ÈK»#É8ÑKÒ�Ó Æ�È�»#É Ä ½ ¾KÊ È7Â ¾�Ã »ØÆ�ÈK»ÙÉ Ä ½ ¾�Ê È Ä Á�Á ¾�Ä À�À ¿ ��À » ¾KÊF� » Ë »7È ¿#¾ » ¿ Æ�È�»#É Ä ½ ¾KÄEÊßË8ÄEË8¾�Ã »
Á ¿V� » �;¿3Ë�Ë »7È ¿ Á ¾KÃ »�½ ÊhË�Ì » Ë�¾KÄ�ÊhË�¿ À ÑKÒ�Ó,Æ�ÈK»#É Ä ½ ¾�Ê È ¿#Ë É �L� Á ¾û¿ À Á Ê8×�¿3Ä�¾Ø¿ ½ � ½ À » ��Ë�¾KÄ À ¾�Ã »�½ � ÈKÈK» Ë?¾��À Ê ½ÏÎ � Á ¾ È ¿ Æ Ê Æ�»7È ¿3¾�ÄEÊhË;Ä ÁºÉ�»#½ Ê É?»#É ¾KÊ É?» ¾ »7È �ÅÄEË » ¾KÃ » ¾ È ¿ Æ ¾Û¿ È � » ¾ ÁDÔûþ Ê#× » Ì »7È7Â ¾�Ã »ÚÎ&» � É ÄGB »7È�» Ë ½D»
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Í Ê È ¾KÃ » ��À Ê ½ÏÎ�ÐAÁ ¾ È � ½ ¾�� ÈK»#É¸ÑKÒ�Ó Æ�ÈK»#É Ä ½ ¾KÊ È Ä Á ¾KÃ�¿#¾H¾�Ã » ¾ È ¿ Æ Ê Æ�»7È ¿#¾KÄEÊßËùÊhË À � ÁÇÆ�»#½ Ä � »#Á ¾^×:Ê;Ê Í ¾�Ã »
½ � È�ÈK» Ë�¾ ��À Ê ½ÛÎ � Á:Á � ½7½D»ÙÁKÁ Ê ÈÛÁ\ükÁÇ»7»�½ Ã�¿ Æ ¾ »7ÈûÝ�Ô`_?Ôa_ ý ÔSÑ�Í ¾KÃ » ¾Û¿ Ècbh» ¾ØÄEË É?»6¼5bh» Ë »6È ¿3¾ »#É � �8¾�Ã »�Æ�ÈK»ÙÉ Ä ½ ¾�Ê È
½ Ê ÈKÈK»ÙÁÇÆ ÊhË É�Á ¾KÊ÷¿Z¾}¿ Èdbh» ¾Ø¾�Ã�¿3¾ûÄ Á Ë�Êh¾ ÁÇÆ�»#½ Ä � »#É � �	¾�Ã » ¾ È ¿ Æ Ê Æ�»7È ¿#¾KÄEÊßË Â ¾KÃ »\Æ�ÈK»ÙÉ Ä ½ ¾�Ê È Ã�¿ Á Ë�ÊH×�¿�¾KÊ bh» Ë »6È ¿3¾ » ¾�Ã » ¿ É�É�ÈK»#Á�Á Í Ê È ¾�Ã�¿3¾�¾Û¿ Èdbh» ¾ Ô�Ó\Á ¿ ÈK»#Á � À ¾ Â ¾�Ã »HÆ�ÈK»#É Ä ½ ¾KÊ Èfe � Á ¾Ú¿ À ¾ »7È Ä�¾ ÁØÆ�ÈK»#É Ä ½ ¾�ÄEÊhË¾KÊ � » ÊhË » Ê Í ¾KÃ » ¾}¿ Ècbß» ¾ ÁÕÁÇÆ�»#½ Ä � »#É � �¸¾KÃ » ¾ È ¿ Æ Ê Æ�»7È ¿#¾KÄ�ÊhË Â�È�»#É � ½ Ä�Ë b ¾KÃ »ÅÆ�ÈK»#É Ä ½ ¾�ÄEÊhË¸¿ ½7½ � È ¿ ½ �Ê Í ¾KÃ »�Æ�È�»#É Ä ½ ¾KÊ È6Ô ô$Ä b � ÈK»8õ&Ô`g	½ Ê eµÆ ¿ ÈK»#Á ¾�Ã »HÆ�È�»#É Ä ½ ¾KÄ�ÊhË;¿ ½7½ � È ¿ ½ Ä »#Á Ê Í ¾�Ã » ��À Ê ½ÛÎ?ÐkÁ ¾ È � ½ ¾_� ÈK»ÙÉ ÑKÒ�Ó¿3Ë É ½ ÊhË�Ì » Ë?¾�ÄEÊßË�¿ À ÑKÒ�ÓÞÆ�ÈK»#É Ä ½ ¾�Ê ÈÛÁ\Í Ê È ¾�Ã »hb Ê � » Ë ½ Ã e ¿ ÈKÎ ¿ Á ¾KÃ »i@ØÖ�@ÞÁ Ä�� » Ä Á ÄEË ½DÈK» ¿ ÁÇ»#ÉPÍ�È Ê e
_?j(» Ë�¾ È Ä »#Á ¾�Ê�úlk j(» Ë?¾ È Ä »#ÁDÔ{Ö Ã »ÕÁ Ä�� » Ê Í � Êß¾KÃ Æ�ÈK»#É Ä ½ ¾KÊ ÈÛÁ Ä Á:Ü?_mjn@\Ô�Ö Ã »ÕÉ ÄGB »7È�» Ë ½D» Ä�Ë Æ�ÈK»#É Ä ½ ¾�ÄEÊhË¿ ½6½ � È ¿ ½ � É?»Ù½DÈK» ¿ ÁÇ»#ÁØÁ Ä b Ë�Ä � ½ ¿3Ë�¾ À �Å¿ Á ¾KÃ »R@ØÖ�@1Á Ä�� » Ä Á ÄEË ½DÈ�» ¿ Á^»#É/Ô
áØâAãÚâAã å h�æ:çÚè/épo1ì$q�ðsr}ò�ï�î^ð çut îwvqì
Ö Ã »¶ÁÇ»#½ ÊhË ÉùÈK» ¿ Á ÊßË Í Ê È ¾KÃ » ÄEË ½cÈK» ¿ ÁÇ» Ä�Ë e Ä Á^Æ�ÈK»ÙÉ Ä ½ ¾�ÄEÊßË Á ¾Û¿ ÀEÀ ½ � ½ À »#Á�Á �#B »7È�»#É � �¸¾KÃ » ��À Ê ½ÛÎ?Ð

Á ¾ È � ½ ¾�� È�»#ÉGÑKÒ�Ó »6¼?»#½ ��¾Û¿ ��À »#Á Ä Á ¾�Ã�¿3¾�¾KÃ » � È ¿#Ë ½ Ã ÈK»ÙÁ Ê À ��¾KÄ�ÊhË¸¾KÄ eµ» ¿ À Á Ê�Ä�Ë ½DÈK» ¿ ÁÇ»ÙÁ Í Ê È ¾KÃ » ��À Ê ½ÛÎ?Ð
Á ¾ È � ½ ¾�� È�»#É1ÑKÒ�Ó¹»7¼�»#½ ��¾}¿ ��À »#ÁDÔ ô�Ä b � È�»ùõ&Ô k Á Ã�Ê#× Á ¾KÃ » ¿7Ì »7È ¿ bh» Ë�� e � »7È Ê Í÷½ � ½ À »#ÁHÈK»�� ��Ä ÈK»#É ¾�Ê
ÈK»ÙÁ Ê À Ì » ¿ e Ä ÁÇÆ�È�»#É Ä ½ ¾ »#É � È ¿3Ë ½ Ã Í Ê È � Êß¾KÃP¾�Ã » ��À Ê ½ÛÎ?ÐkÁ ¾ È � ½ ¾�� È�»#É;Ñ}Ò�Ó ¿#Ë É�½ ÊhË�Ì » Ë?¾�ÄEÊßË�¿ À ÑKÒ�ÓN»7¼�»7Ð
½ ��¾}¿ ��À »#ÁDÔ{Ö Ã » � È ¿3Ë ½ Ã ÈK»#Á Ê À ��¾KÄEÊßË	¾�Ä eµ» Ä Á ú _Tx À ÊßË bh»6È Í Ê È ¾�Ã » ��À Ê ½ÛÎ?ÐkÁ ¾ È � ½ ¾_� ÈK»ÙÉ	ÑKÒ�Ó »7¼�»#½ ��¾Û¿ ��À »#Á¿ Áû½ Ê eÅÆ ¿ È�»#É ¾KÊ�¾KÃ »\½ ÊßË?Ì » Ë?¾�ÄEÊhË ¿ À Ñ}Ò�Ó »7¼�»#½ ��¾Û¿ ��À »#ÁcÔ�Ó�ÁºÉ Ä ÁK½ � ÁKÁ^»#É Ä�Ë ½ Ã ¿ Æ ¾ »7Èsg?Ô ú Â � � ½ Ê e � ÄEË�Ä�Ë b
ÁÇ»6Æ ¿ È ¿3¾ » ��À Ê ½ÛÎ�Á Ä�Ë?¾�Ê�¿ Á Ä�Ë b À »	» Ë À ¿ Èdbh»#É ��À Ê ½ÛÎ/Â ¾�Ã » ��À Ê ½ÛÎP» Ë À ¿ Ècbß»!eµ» Ë�¾\Ê Æ ¾KÄ e Ä��#¿#¾KÄEÊßË�Ä�Ë ½DÈK» ¿ ÁÇ»ÙÁ¾KÃ » ¿7Ì »7È ¿ bh» À » Ë b ¾�ÃùÊ Í ¾�Ä eµ» ¿#ËjÄEË Á ¾ È � ½ ¾KÄ�ÊhË e � Á ¾�×Ø¿3Ä�¾ Í Ê È ÄE¾ ÁHÉ?»6Æ*» Ë É?» Ë ½ Ä »#Á ¾KÊ È�»#Á Ê À Ì »&Ô¶Ö Ã�Ä Á
Æ Ã » Ë�Ê eµ» Ë�ÊhË¶Ê Í ÄEË ½cÈK» ¿ ÁÇ»#É\e Ä ÁÇÆ�È�»#É Ä ½ ¾ »#É � È ¿#Ë ½ Ã È�»#Á Ê À ��¾�ÄEÊßËP¾KÄ eÅ» ×Ø¿ Á ¿ À Á ÊµÊ � Á^»7È Ì »ÙÉ � � @ ��¾ À »7È×ØÃ » Ë Á ¾�� É �?Ä�Ë b ¾�Ã »PÆ�»7ÈÇÍ Ê Èce ¿#Ë ½D» Ê Í ¿ ½ ÊhË�Ì » Ë?¾�ÄEÊßË�¿ À ÑKÒ�Ó�Æ�È Ê ½D»#ÁKÁ Ê È ¾KÃ ¿3¾ Í�» ¾ ½ Ã »#É ¿3Ë É Ä ÁKÁ � »#É

k g



gccy compz go{ ijpeg| li} m88k~ perl� vortex�
Benchmark�

0

5

10

15

20

B
ra

nc
h 

R
es

ol
ut

io
n 

T
im

e 
(C

yc
le

s)

�

Conventional ISA
Block-Structured ISA

�������$���ML���=��Q�����! $���#"$��%?�&�#"1]$���3�0%�<W���#�l'�+�������'�������Y[�#�\(�'��[��<$��]$+�'�%�,.-w�������0%?�&�0���:"
�3�0"Z%2'����.�:���&��'��$�3+�47698� 0���:"0��%?��'����?�

e �3���d���3��� ���?� ��� � ���:�/� � ���l�����������5�¡ 7¢¤£¥f¦3�����2�§�c¨3�©�?�d¨3�!� � �!¦U�ª¨ e � �c� ��« �c¨�� � � � ¦��/¨5�c� � �?�y�3�c���?¦5�d� e � �.¬ �?�§�d¨3� b � � ¦U e �m�7� � � e � �!¦U�ª¨3®
e � �c�¯#�����d� �?� � � ü � �µú�° x � ¦�±° x ý ¬ �?�A�d¨3� � ���:�/�:® � �c���U�����3�d��5²c³:´µ�l¶#���µ�3� �V� ��� � ��¦ � �c� � R� ¬ ��¦����c� �?� ®��¦ b £ ÿA� �c��� ¬ �c¨��5#���·�c� �m� � ¬ �?�Q�c¨3� b � � �!¦��/¨ e � �d�h¸ �m� ��3�5�c� @�¹�@�e � �d� � �©� ¦U\��� � �ª¨3� e � �d� � � £´ � #� � ��� �c� �& �V� �7º2� « �c¨3� � ���:�ª�:® � �c�_���������c��»²c³:´ � � � ¦��/¨¼���c��#�½���c�m� e � �2� ��� �#���d���?¦ � � e � � �3�d��#���·®�c���?¦ � ��3�n�c� @�¹�@¾e � �c� � � £ ¹ ¨��¿�d� � �m���3�d���m¦¼�d� e � ¬ �m� � ���/¨ � � � ¦��/¨3� � �����c¦ � �v�3���c� � � ¬À�?� �c�!���d¨ � ¦�c�_�3��� e � � ���c��#�½���c�& � � � ¦U�ª¨3� � £§²*� � �/¨3� e � �c� � � #���·�c� �m� ���c¨�� � � � ¦��/¨Á�d� � �m���3�d���?¦;�c� e ��� ¬ �d¨3�&�5�:�!�����¸�¨3����� ¬ �l�/�/¨3��¦ b �È� � � ¦��/¨5�c¨ � �Â¸������ � � e � � �3�c��:�����d��.£�²¤¦ � �c���U���c���?¦ � �d¨ � �§¨ � º2� � ���d� � �� � �!�!¦5� �c� ������¦:�c�»�d¨3� e � �/¨3��¦3�Ã���?¦:�c��¦����Á�d�¼�l¶#���µ�3�c�5¸�¨3�����;�c¨3�;��� � �/¨3� e � �d� � �n� �!�cº:�����&.£h´ �n� �c� � �3��� « ¸�¨��!¦�c¨�� � � � ¦U�ª¨h� �Â� ¦ � ����� ¬ �!�w�ª¨3�& � ¦�»� �d� �3�� « �c¨��¿�����2�!����¨3�2�:5�c¨ � �©�c¨3����¦ � �d�����·�c���m¦ � �3���?¦�¸�¨3���/¨h�d¨3�
� � � ¦��/¨^:�!���!¦� � ¨ � º2� � ���d� � �� � �l�!¦Ä�l¶#���µ�3�c��»� � b �d� � �d�!�n�c¨ � ¦^� ¬ �c¨3�;��� � �/¨3� e � �c� ¨ � Ä¦3�m�n�:��®���3�d�c���£ ¹ ¨3� �·« ��¦����3�d¦ « �d� � ����� � ��¦ �;� ¨3�m�c�d�!�f�d� � �m���3�d���m¦\�c� e � ¬ �m�f�d¨3� � � � ¦��/¨�£�ÅA��� e ��¦ � �d��¦ bÃ@�¹�@� ¦U\��� � �ª¨3� e � �d� � �Â¬ �d� e �c¨3�n�!¶:�������c���m¦»� ¬ �c¨3� b � � �!¦��/¨ e � �d�Á�d������·� � �d¨3�5:�GB��!�c�l¦�������¦ � � � ¦��/¨�c� � �?�y�3�c���?¦»�c� e � ¬ �c� eÇÆ ° x �d�hÈ x £

¹ ¨3���c� e � ��¦3��¦ b #�CB.�l�c�!¦��·� � ��¦ � � � ¦��/¨5�c� � �?�y�3�c���?¦5�d� e � ��¬ �m�§�c¨3� b � � ¦� e ÈmÈ7� � � e � �l¦��ª¨ e � �d� ��c� e � ��¦D�3¦ � �!���v�3¦:�c�� ¬ �m�!£�É©¦3����� �d� � � ���n�!¶:�3� � ¦ � �d���?¦Ê� � �d¨3�¯���?¦:º2�!¦:�c���?¦ � �.²c³:´Z�!¶:�����3� ��� ��� � ¨ � º2�� ��� �  ��� � � ¦U����¦ b ���c� � ��� e £ E ¨3�!¦ �"� ���:�/�Ë� ¬ ��¦ � �c���U���c���?¦ � � � � �d� �3�&Ä��¦:�c�)�d¨3�h�3�d�:��� �c� �?� « �d¨3�Ì � � �h��¦ � �d�������d���m¦¾��¦Í�c¨3� � ���:�/�[� �;� �!¦:�;�c�^�d¨3� Ì � � � ¬ ��¦����c���?¦ � �È��¦3���X� � ¦3�:#�)� �V� ��� « �d¨3� � �����m¦�
��¦ � �c�_�����d���?¦Î� �5� �l¦#�¯�c�)�c¨�� � ���·�?¦� ¬ �3¦��·�c���m¦ � �g��¦3���X� � ¦��:#�»� ��� ��� «§� ¦� � �Ë�?¦�£ ¹ ¨3� � � � �d�c���µ�3� � �
e � �3�3��¦ b � ¬ ��¦ � �d�����·�c���m¦ � �c� ¬ �3¦U���c���?¦ � �¸�3¦���� � �c� � �3��� � ��¦ � ¨3� � º:���l��¸��?�d�#��� �  ¬ �?���d¨3� ¬ �3¦U���c���?¦ � ��3¦3��� � ��¦Í�c¨3��� � �d�����l�R��� � ���c���?¦ �Ê� ¦� � ��� b ¨#�d�!�R¸s�?�c�:��� �  ¬ �m�Á�d¨3� ¬ �3¦U���c���?¦ � �È�3¦���� � ��¦Í�c¨3�»� � �c�l���� � ���c���?¦ � £h³2� � �c�\¨ �?�n� ¨3��¸�¦Ë�c¨ � � � ���/¨)��� � )� e ��� � � ¦���� � � � ¦Ë��¦��·�c� �m� �5�c¨��5� � �d�!¦������ � � ¬ �·�c���d��� � �
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Ø�Ù�Ú�Û$���ML�ÜOL�ÝQV5PRV Y[Ù�Þ!Þ)���#���:ÞÄß*à��Ä��á$�Z]$â�à�ã�ä.å/Þ·����Û0ã?��Û$���#æèç7é9ê �3�$æ1��á0�Zã2à����.�:��å
��Ù�à��$�3âÂç�é9êë]$���3�0ã�áíì0���:æ0Ù�ã?��à���Þ?Ü

� � �c¨ � ��¦��c¨3�5���c� b � � e)î ����¸��!�d��¦ b ���!� ¬ �m� e � ¦����»� g?ï ¢¤ð�ñq� e �l� b ��¦ b;e �3���c���3��� � ���:�/� � ��¦:�c� �»� ��¦ b ����!¦3� � � b �� � ���:�/� î �c¨�� � ���:�ª�»�!¦3� � � b � e �l¦#�s�?�3�d� e ��ò � �d���?¦����d� � �d� �©� e �?�d�n�!º2�!¦�#� � �c�d� � �3�d���m¦)� ¬ �d¨3�¸��m�c�:��� � 5¸�¨3���/¨ � ���!�� � ���Á��¦ � �d�������d���m¦5�c� � �?�����c���m¦Á�d� e � � ¦�±��¦Á� � �c�d������� � � î?e � � �3�d��#���·�c�� � � � ¦��/¨�c� � �?�y�3�c���?¦»�c� e �2ð

óhôcõ öW÷1ö øèù�ú§û2ü5ú�ý þ±ÿ�� ù
¹ ¨3� �¯� ���·�c���m¦^�·� e � � �c� � �d¨3�»ñ ¹ ñ����!� ¬ �?� e � ¦��·� ¬ �?�R�d¨3� � ���:�ª�:® � �c�_�����_�3�c��Ë²c³:´ � � � ¦��ª¨Î�3�c�!®

#�½���c�m�R�c�)�d¨ � �5� ¬ �c¨3�����m¦#º2�l¦#�d���?¦ � �§²c³:´ � � � ¦U�ª¨[�3�d��#���·�c�?�lð��0� b �3�d��� ð�� � ¨��7¸ � �d¨3��ñ ¹ ñ e � �c�� � �c� �f¬ �m� � _?j �!¦:�c�_�)ñ ¹ ñ�ð��Q�!� î�b � î � ¦�Äº2�m�c�c�l¶)¸��!�d�5�c¨3�;�?¦3�y� � �!¦��/¨ e � �d� � �c�»¨ � º2� � � � � b ��!¦3�v� b ¨;¦�� e � �!��� ¬�¬ �c�	�{�3�!¦:�c�y�¿�l¶#���µ�3�c�� � � � ¦��/¨3� � �c�n��¦��µ�3� � ¦3�m�c�½��� ��� ����¦�� e � �!��� ¬ ñ ¹ ñ e � �d� � � ð�3�?���d¨3� b �!� � �!¦U�ª¨ e � �c� î �c¨��5ñ ¹ ñ e � �c� � � �c� �D¬ �?�©�c¨3� � ���:�/�#® � �d�������_�3�c�& � ¦U)���?¦:º2�!¦:�c���m¦ � �$²c³:´�3�d��#���·�c�?� � ¸��!�d�»��� e � � � ��� ���2ð
�3�?�5�c¨�� b � � �!¦U�ª¨ e � �c� î �d¨3� � ���:�/�:® � �c���U�����3�d��[²c³:´ �3�d��#���·�c�?�X� �
ñ ¹ ñ e � �c� � � �c�Q¸ �?� ��º2�!�§� ¸��½���©�c¨ � ��� ¬ �c¨������m¦#º2�l¦#�d���?¦ � ��²c³:´ ���c��#�½���c�m�!ð��U�m���d¨3��º2�?�d�c�!¶ � �!¦U�ª¨3®
e � �c� î �c¨3� � ���:�/�:® � �c���U�����3�d��¾²c³:´W�3�c�&#�����d�?�X� � ñ ¹ ñ e � �d� � � �c�)¸ �m� �c¨��c�!���c� e � �5� e � �����!�R�d¨ � ¦�c¨ � �R� ¬ �c¨3�Ê���m¦#º2�!¦:�c���?¦ � �§²c³:´��3�d��#���·�c�?�lð ¹ ¨3� � �Á�d� � �3��� � �c�Ê#���·�!�3�c��º2� î ¨3��¸s�!º2�!�!ðÊñ���� � � � �5�d¨3�� ���:�ª�:® � �c�_���������c��h²c³:´ ��� e � ��¦�� � e �3���d���3��� ���m� ��� � ���:�/� � ��¦:�c� �¯� ��¦ b ���Q�!¦3� � � b �� � ���:�ª�;�!¦ �V� ����¦ b ����c� ¬ �!�/�/¨Ë�c¨3�;�	�{�3��º � ���!¦:��¸��m�c�Ë� ¬ e �3���d���3��� �U�?� �½� � ���:�ª� � � � �/¨[��������� î �c¨3� � ���:�/�#® � �d�����·���3�d��Ä²c³:´�3�d�:��� �c� �?�©#�2� � ¦3�m��¦3�!�&±�d� � �l��� �c� �d¨3�nñ ¹ ñ �m� e � ¦��¯�c� e � �A�m� �c¨������m¦#º2�l¦#�d���?¦ � ��²c³:´Z�3�c�:�·� �c� �?��c�Ê�!¶#�&���3�c�¯�c¨3� �c� e � � e ���3¦:�©� ¬ ¸s�?�d�.ðn´ �Q� �c� � �3��� î �d¨3� � ���:�ª�:® � �c�_���������c���²w³T´��3�c�:��� �c� �m� e � ���¦U���3� ¬ �!¸��!�©ñ ¹ ñ e � �d� � �P� �3� � �c������¨ � º2� � ¨3� b ¨3�!�Qñ ¹ ñ e � �c� � � �c�2ð ¹ ��� ����� ð Æ ��� � � � �d¨3� �V��� �m���3�d�

k�



ñ��!¦��/¨ e � �c� b �!� ��� e � b � ���*��� b ��� e È?È�� ���l�c� º2�m�c�c�l¶
� �?¦:º2�!¦:�c���m¦ � � ° k _ °   _   Ælï k?  gmg#Æ È k _mï   g °m° g k?k?k Æ È�� g Æ!_ k�°2È��ñ����:�/�#®*³2�d�������_�3�c�& _   _ Èm  Æ   ï   k? ?  ï?ï    ?È Æ!ï ° g � �mÈ Æ Æ!gmï   _ ° k7° ï

P��3]$â��ML�Ü���ÝnV5P¯VpYµÙ�Þ!Þhã2à�Û$����Þhß*à��»��á0�Ë]$â�à�ã�ä.å/Þ·����Û0ã?��Û$���#æZ���0æèã2à������:����Ù�à��0�3â©ç7é9ê
]$���3�0ã�áZì$���#æ$Ù�ã?�&à���Þ?Ü

¦�� e � �!�s� ¬ ñ ¹ ñ e � �c� � � ��¦����3�d�c��h¸�¨3�������l¶#���µ�3�c��¦ b �c¨3� � ���:�ª�:® � �c�_�����_�3�c�� � ¦�\���m¦#º2�l¦#�d���?¦ � ��²c³:´�!¶:�����3� ��� ��� � ð¯²¤¦ � ����� �?� � � î �!¶:�����3�d��¦ b �c¨3� � ���:�/�#® � �d�������_�3�c�&)²w³T´��!¶#�&���3� �V� ��� � �c� � �3���d��\��¦ ¬ �l¸��!�
ñ ¹ ñ e � �d� � � ð��3�?�n�d¨3� b �!� î.b � î � ¦�\º2�?�d�c�!¶ � �!¦��/¨ e � �d� � î �d¨3�5� � �c���h� ¬ �c¨3� �V��� �m���3�d�5¦�� e � �!�©� ¬ñ ¹ ñ e � �c� � �F¬ �?���d¨3�n���m¦#º2�!¦:�c���?¦ � ��²w³T´ �3�d��#�½���c�m�&� � �c�¯�c¨ � ��� ¬ �c¨�� � ���:�/�:® � �c���U�����3�d��h²c³:´����c��#�½��®
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¶V·�¸c¹M¶/º»¶/¼1¸g½x¾`¹ � ¾	¿#¼1ÀH¸ � ºm¶/ÁÂ½�ÀH¸*·�Ã#¾ �HÄ�Å � ¸g½�ºd¸	¶	¼d¸ Å ¿B¾`º�¸	¶�½�À
½(¶ Ä=Ä ·�Æ=¼1¸ ð�Ç ÀHÆÈ·�Ã#¾ �HÄ�Å ¸(ÁM¶ � Ä ¸�¼1ÀH¸� º»¶/ÁM½mÀR¹Hº1¸ Å Æ�½�¼d¾`º�¼d¾�¼»¶/Æ Ä ¾`ºfÆi¼m·"¹+ºd¸ Å ÆÈ½x¼dÆi¾`ÁM·s¼d¾�¼dÀH¸�·�¹M¸	½�Æ�É~½ Å�� ÁM¶ _ Æ�½ � ¸cÀÂ¶*ÊUÆ=¾�ºf¾/¿z¸	¶�½�ÀËÆ=Á Ä Æ=ÁH¸ Å
½x¾�¹ � ¾	¿u¼1ÀH¸ � ºm¶	ÁM½mÀ ðÇ ÀH¸�Æ _ ¹Hºd¾	Ê-¸ _ ¸cÁU¼�ÆiÁV¹Hº1¸ Å Æ�½�¼dÆ=¾�ÁV¶�½c½ � º»¶`½ � ¿B¾`º�¼dÀH¸ a ½c½�¶	Á ÅVa ¾ � ¸cÁM½mÀ _ ¶	ºdÌ+·u¹Hºd¾	ÊUÆ Å ¸ Å � � ¼1ÀH¸
¹Hº1¾/É Ä ¸cÍ � ¶`·�¸ Å ¶/¹+¹Hºd¾Î¶`½mÀ�¼d¾e¸(Á²¿B¾`º»½xÆ=Á a ¼1ÀH¸ _ ¶/ÏÐ· � ½c½x¸	·1·�¾`º@½�¾`ÁM·�¼dºm¶	Æ=ÁU¼m·FÃÑ¶`· Å�� ¸ ¼d¾z¼dÀH¸�¹Hºd¾	É Ä ¸cÍ � ¶�·�¸ Å
¶/¹+¹Hºd¾Î¶`½mÀÒº1¸ Å�� ½xÆiÁ a ¼dÀH¸fÆ _ ¹M¶`½�¼�¾	¿ ñeÇ�ñÓ_ Æ�·1·�¸	·e¾`Á � ºm¶	ÁM½mÀ�¹Hºd¸ Å Æ�½x¼1Æ=¾`ÁÔ¶`½c½ � ºm¶�½ �2ðsÕ · Å Æ�·d½ � ·d·�¸ Å
¶ � ¾	Ê-¸2î ñeÇ�ñÒ_ ÆÈ·d·�¸*·Fºd¸ Å�� ½x¸ ¼dÀH¸Ñ¶`½c½ � ºm¶`½ � ¾	¿M¼dÀ+¸ � Ä ¾U½�ÌUÍ�·�¼dº � ½x¼ � ºd¸ Å�Ö»×Õ � ºm¶/ÁÂ½�À�¹Hºd¸ Å Æ�½x¼1¾`º � ¸*½c¶ � ·�¸
¼dÀ+¸�¹Hº1¸ Å Æ�½�¼d¾`ºzÆ�·z½x¾�ÁM·�¼1ºm¶/ÆiÁH¸ Å � � ¶ ñeÇ�ñØ_ Æ�·d·#¼1¾V½mÀH¾-¾Î·�Æ=Á a Æ=¼»·Ù¹Hº1¸ Å ÆÈ½x¼dÆi¾`Á�¿Bº1¾ _ ¼dÀ+¸�¼�Ã#¾g¼m¶	º a ¸(¼m·
·�¹M¸	½�Æ�ÉM¸ Å � � ¼1ÀH¸6½ � ºdºd¸(Á²¼ � Ä ¾U½mÌ h ·"¼1ºm¶/¹W¾`¹M¸cº»¶/¼dÆi¾`Á[Æ=ÁÂ·�¼d¸*¶ Å ¾/¿Ú½�À+¾-¾-·�ÆiÁ a Æ=¼m·�¹+ºd¸ Å ÆÈ½x¼dÆi¾`ÁÒ¿Bº1¾ _ ¶ Ä=Ä
¼dÀ+¸�¹M¾Î·d·�Æ � Ä ¸�· � ½c½x¸	·1·�¾�ºm·�¼d¾�¼1ÀH¸�½ � º1ºd¸cÁU¼ � Ä ¾U½�Ì ð
Ç ÀH¸6¹Hºd¾	É Ä ¸(Í � ¶�·�¸ Å ¶	¹H¹Hºd¾Î¶`½mÀÛº1¸ Å�� ½x¸*·"¼dÀ+¸ Ä ¾-·1·
Æ=Á6¹Hº1¸ Å ÆÈ½x¼dÆi¾`Á�¶`½c½ � ºm¶�½ �6Å�� ¸�¼d¾ ñeÇ�ñÛ_ Æ�·1·�¸	· � �!� ·�Æ=Á a ¼dÀ+¸"¹+ºd¾ a ºm¶ _ ¹+ºd¾/É Ä ¸�¼1¾ Å ¸c¼d¸cº _ Æ=Á+¸�ÃeÀHÆÈ½�À
· � ½c½x¸	·1·�¾`ºe¾�Á&¼1ÀH¸s¼m¶/Ì-¸(Á6·�Æ Å ¸s¾/¿Ü¶ a Æ=Ê-¸cÁ � Ä ¾U½mÌ h ·Ý¼dº»¶/¹�¾`¹M¸cºm¶	¼dÆi¾`Á&ÃeÆ Ä=Ä ¾U½c½ � º _ ¾Î·�¼ ¿Bºd¸ �{� ¸cÁU¼ Äy� ¶/Á Å
ÃeÀHÆÈ½�À
· � ½c½x¸	·1·�¾�º�¾`Á
¼dÀ+¸�ÁH¾�¼�¼»¶/Ì-¸cÁË·�Æ Å ¸f¾/¿z¼1ÀH¸�¼1ºm¶	¹ÒÃeÆ Ä=Ä ¾U½c½ � º _ ¾Î·�¼�¿Bº1¸ �{� ¸cÁU¼ Ä�� ðfÇ ÀH¸g¹Hºd¾	É Ä ¸cÍ� ¶�·�¸ Å ¶/¹H¹+ºd¾-¶�½�Àg¼dÀ+¸cÁg·�¸ Ä ¸	½x¼»·µ¼1ÀH¸	·�¸e¼�Ã�¾s· � ½(½x¸	·d·�¾`º»·Ü¼1¾ � ¸�¼1ÀH¸e¼m¶	º a ¸c¼m·�¾	¿t¼1ÀH¸e¼dº»¶/¹ ð§ñq� ·�¸(¼d¼dÆiÁ a ¼1ÀH¸
¼dº»¶/¹
¼m¶	º a ¸(¼m·�¼1¾ � ¸f¼1ÀH¸ _ ¾-·�¼�¿Bºd¸ �7� ¸(Á²¼ Ä�� ¾U½c½ � ºdº1Æ=Á a · � ½c½x¸*·d·�¾�ºm·�Æ=ÁÂ·�¼d¸*¶ Å ¾/¿Ñ·�¸ Ä ¸	½�¼dÆ=Á a ¼1ÀH¸f¼m¶	º a ¸(¼m·
¶/¼fº»¶/Á Å ¾ _ î ¼dÀH¸6¹Hº1¾/É Ä ¸cÍ � ¶`·�¸ Å ¶/¹H¹Hº1¾-¶�½�ÀWÆ�·f¶ � Ä ¸V¼1¾ÒÆ _ ¹Hºd¾	Ê-¸f¼1ÀH¸�¶`½c½ � ºm¶`½ � ¾/¿Ð¼dÀH¸6¹Hº1¸ Å ÆÈ½x¼dÆi¾`ÁM·_ ¶ Å ¸ � � ¼dÀH¸ � Ä ¾U½mÌ²Í�·�¼1º � ½x¼ � ºd¸ ÅVÖd×UÕ � ºm¶/ÁÂ½�À6¹Hº1¸ Å Æ�½�¼d¾`º Å�� ºdÆ=Á a ¶ ñeÇ�ñ´_ ÆÈ·d· ð�Ç ÀHÆ�·�¶ Å Ê�¶	Á²¼»¶ a ¸ Ä ¸ Å
¼d¾gÆ _ ¹Hºd¾	Ê-¸ _ ¸cÁU¼m·uÆ=Á6¹Hº1¸ Å Æ�½�¼dÆ=¾�Á�¶`½c½ � ºm¶`½�Æ=¸	·Ý¿B¾�º�¾�Á Ä�� ¼dÀ+¸ a ½c½�¶	Á Å�a ¾ � ¸cÁM½mÀ _ ¶	ºdÌ+· � ¸	½c¶ � ·�¸f¼1ÀH¸ �
Ã#¸(ºd¸�¼1ÀH¸s¾`Á Äy� ¼�Ã#¾ � ¸(ÁM½�À _ ¶/º1ÌH· ¼dÀM¶	¼eÀM¶ Å ¶�·�Æ a Á+Æ�É~½c¶	Á²¼eÁ �H_ � ¸cº ¾/¿ ñeÇ�ñÛ_ ÆÈ·d·�¸	· ð

�cÞ



gccß compà go ijpegá liâ m88kã perlä vortexå
Benchmarkæ

0.00

0.05

0.10

0.15

0.20

M
is

pr
ed

ic
ti

on
 R

at
e

ç

Target Count
No Target Count
è

éeê�ëMì@	®;:~í�îH:~ï�ðñêBòcó@/®Uô@ê�õ`±	êBöM°Ò	¯²±*®²ò�÷�öM�>@	¯H°@õ/ø[ó@	®²ô@ê�õ`±*öK	ò�ùgê�±	ø[¯H°@ôÒùgê�±	ø�öMìt±�±	ø@®
±*¯H	ëK®-±gõ-öMì�°M±V®-Yt±	®U°�ò(ê�öM° í

úVûdü ýoncþ6ÿ p�����������ÿ	�
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Ç ÀHÆ�·z·�¸*½x¼dÆi¾`Á&¸(ÏH¶ _ Æ=ÁH¸*·Ý¼dÀ+¸�¹M¸cº�¿B¾�º _ ¶	ÁM½x¸��M¸cÁ+¸xÉM¼m·z¾/¿ ¼1ÀH¸�¼»¶/º a ¸c¼Ð½x¾ �HÁU¼Ð¶/Á Å ¼m¶/º a ¸c¼ _ ¶/¹H¹+Æ=Á a

¸cÏU¼d¸cÁÂ·�Æ=¾�ÁM·#¼d¾g¼dÀ+¸�� Ä ¾U½mÌ²Í�·�¼1º!�M½x¼"�Hºd¸ ÅVÖd×UÕ �Hºm¶	ÁM½�À6¹Hº1¸ Å ÆÈ½x¼d¾�º$#
%'&)(*&"+ ,.-/1032�4�576'8�9
4

Õ · Å Æ�·1½:�M·d·�¸ Å Æ=ÁÔ½�ÀÂ¶/¹H¼1¸cº S # ^ # ^<; ¸	¶`½mÀ&¸cÁ Ä ¶/º a ¸ Å � Ä ¾U½mÌ6Æ�·e¼m¶ a`a ¸ Å ÃeÆi¼dÀ&¼1ÀH¸ _ Æ=ÁHÆ _ � _ Á=� _ �M¸cº
¾/¿	�HÆi¼m·�º1¸?>@�HÆ=º1¸ Å ¼d¾��HÁ+ÆA>@�H¸ ÄCB ·�¹M¸	½xÆv¿ B ¶ Ä=Ä ¼dÀH¸D� Ä ¾U½mÌ h ·�·E�M½c½x¸	·1·�¾�ºm·GFBÆ)#�¸H#Ù¼1ÀH¸ Ä ¾ a ¾	¿�¼dÀH¸fÁ=� _ �K¸(ºe¾/¿
¼m¶	º a ¸c¼m·�¿B¾`ºÐ¼dÀH¸I� Ä ¾U½mÌKJL# Ç ÀH¸D� Ä ¾U½�ÌUÍ�·�¼dº"�M½x¼!�+ºd¸ Å�Ö»×Õ �Hºm¶	ÁM½�À�¹Hºd¸ Å Æ�½x¼1¾`º��Â·�¸	·�¼1ÀHÆ�·zÆ=Á²¿B¾�º _ ¶	¼dÆ=¾�Á&¼1¾Å ¸c¼1¸cº _ Æ=ÁH¸sÀH¾	Ã _ ¶	Á B �HÆi¼m·�¼d¾�¼m¶/Ì-¸�¿Bº1¾ _ ¼1ÀH¸�¹+ºd¸ Å ÆÈ½x¼d¸ Å ¼m¶/º a ¸c¼sÆiÁ Å ¸cÏ�¼d¾�·�ÀHÆ�¿B¼sÆiÁ²¼1¾V¼dÀH¸.�Hº»¶/ÁM½mÀ
ÀHÆÈ·�¼d¾�º B º1¸ a ÆÈ·�¼d¸(º$#�M�Æ a �Hº1¸ONH#CPQNj¸cÊ�¶ Ä �M¶/¼1¸	·"¼1ÀH¸�¹M¸cº�¿B¾`º _ ¶/ÁM½�¸D�K¸(ÁH¸xÉM¼�¾/¿*�M·�Æ=Á a ¼dÀH¸.� Ä ¾U½mÌ h ·�¼m¶	º a ¸(¼
½x¾R�HÁ²¼�¼d¾
½x¾�Á²¼1ºd¾ Ä ¼dÀH¸VÁ=� _ �M¸cºs¾/¿S�HÆ=¼»·�·�À+Æ�¿B¼d¸ Å Æ=ÁU¼d¾�¼1ÀH¸��Hº»¶/ÁM½mÀ[ÀHÆ�·�¼d¾`º B º1¸ a ÆÈ·�¼1¸cº$# Ö ¼f½x¾ _ ¹M¶	ºd¸	·
¼dÀ+¸ _ Æ�·�¹Hºd¸ Å Æ�½x¼1Æ=¾�Á�ºm¶/¼1¸6¾/¿Ú¶ a ·�ÀÂ¶/ºd¸HF!P S ; P?J!T?U Õ ·:F"P S ; PQJV� Ä ¾U½mÌ²Í�·�¼1º!�M½�¼!�Hº1¸ ÅRÖd×UÕ �Hº»¶/ÁM½mÀ[¹Hºd¸ Å Æ�½x¼1¾`º
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·�¹M¸	½�Æ�ÉM¸ Å � B ¼dÀH¸ ½x¾ _ ¹+Æ Ä ¸(ºe¶/Á Å ·�¼d¾�ºd¸ Å Æ=Á�¼dÀH¸Vd Ç d�# Õ · Å Æ�·d½e�M·d·�¸ Å ÆiÁ�½mÀM¶/¹H¼1¸cº S #fY�¼dÀ+Æ�· _ ¶/¹H¹+Æ=Á a
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Conventional ISA
Block-Structured ISA
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Ó~Æ�ÓcÌ�Þ&× Ì�Î�Õ,Æ*è�å�áâÌ ß�ä�ã èPáÅå�é�ç å*ß�ê
" Ä Â�Ä�¿�Ì-ý � Õ�¿�Ì-ý Ì�Î�Õ,Æ*è�å�áâÌ å�èPå�ã èPáÅå�é�ç å*à�ë
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