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[7\1]_^a`Wbdc�b�e(fgb�c�hLeIijh_kmlonph_k�^(lJ]Lh_q,lJr�hL\1esr�b,t�uIeIhwvx^IbzyE\{cml
r�uIc�b�bSfgh_`Wb�eIk�hL\1e(lJ]<\1|~}�b,t�r�t�lJ]L]_b2f��J�J���p�����x�,�	���.uahGt�u�u(lJk
t�\1]L\1c�lJe(fUr�c�lJeIk��(lJc�b�e(t���\1e�h_r�k7i1c�hwfU��\{hLeIr�k�t�lJ]_]Lb,f��{�,�x���9���
� ^�t�u�l.np\1]_^a`Wb7fIlJr�l.h_k�t�\1eInxb�epr�h_\1e(lJ]L]_��\{|ar�l2hLeIb2f�|a��`Wb2fph��
t�lJ]�k�t�l2eaeIhLeIi�b,vx^IhL�I`Wb�eIr�k�k�^(t�uWlJk��7��lJe(fU�Z ¢¡�k�t�lJeIeIb�c,£
|I^ar�c�b2t�b�ear	]L�ol2]Lk�\¤�ac�\gfp^(t�b,f¥|a�¦k�t�hLb�epr�h:§;t¨t�\1`W�I^ar�lJr�hL\{e
k�^�t�u�lJk�yE\{c�k�r	c�^(t�r�^Ic�lJ]xlJe(lJ]L�pk�hLk!lJe�f�©(^Ihwf�fg�~e(lJ`Whwt�k2� � hLe(t�b
np\{]L^I`Wbªc�b�e(fpb�c�h_eaiWc�b,vx^IhLc�b�kªlWua^Ii1bSlJ`W\{^aeIr7\Jy7t�\{`W�a^Ir�l,�
r�h_\1e�l2]!�(\1�7b�c.lJe(f«c�b�k�\1^ac�t�b�k,£Ih_r�h_k�e�l2r�^Ic�l2]AlJe(fUeIb2t�b�k�k�lJc��
r�\�b�¬I�I]L\{hLr.��lJc�l2]L]Lb�]��Ic�\It�b�k�k�h_eaiWr�b,t�uaeIhwv1^ab�kAyE\{c¢uIhLi{u�k��(b�b,f
c�b�e�fpb�c�hLeIi(�

¡$e�\1c�fpb�cªr�\�c�b,lJ]Lh_q�bWc�b,lJ]���r�hL`Wb­np\1]_^a`WbSc�b�e�fpb�c�hLeIi�yF\1c
]wl2c�i{b�np\1]_^a`Wb,fIlJr�lI£2�.b¢u(l1f­�Ic�\1��\1k�b,f�l��(lJc�lJ]L]_b�]au(lJc�fp��lJc�b
lJc�t�uIhLr�b,t�r�^ac�bx®_¯�°,±C£�®L¯�²J±<yE\1c7n~\1]L^I`Wb�c�b�e(fgb�c�hLeIi�l2e�fU�.b�u(lJn1b
fpb�k�hLi{eab,fm³�´xµ�¶J·�¸�´�¹�º(»�¼I½«®L¯�¾,±$£�®_¯�¿,±C£�®L¯�À�±ªlJk­hLr	k��ac�\1r	\1r$�p��b
hL`W�I]Lb�`Wb�ear�lJr�hL\{e¨Á$Â�h_i(�¢¯�Ã��

¡$e�r�uIhLk¢�(lJ�(b�c,£~�.b�h_ear	c�\~fg^(t�b�r	uab�lJc�t�uIhLr�b,t�r�^Ic�b�\2yA³�´�Ä
µ�¶J·0¸�´�¹�º(»�¼I½�h_emk�b,t�r	hL\1e¥Åg�Æ�.uIb�e¤�7bUfphLk�t�^ak�k­hL`W�a]_b�`Wb�ep�
r�lJr	hL\1eZc�b�]wlJr�b,fUhLk�k�^Ib�k�\Jy�³�´~µ!¶J·�¸�´�¹�º(»�¼I½�hLeZk�b2t�r�h_\1eZ°I£IyF\1]:�
]L\{�7b,fS|I�­h_r�k¢�(b�cCyF\1c�`�lJe(t�b�b�n~lJ]_^�lJr	hL\1e�hLe�k�b,t�r�hL\{e�²(�HÇ�yFr�b�c
r�u(lJr,£{�.b�c�b�n~hLb��¥r�uIb�fpb�n1b�]L\1�I`Wb�eprÈ\Jy<³�´~µ�¶2·�¸�´�¹�ºa»�¼I½ÈyFc�\1`
k�b�n~b�c�lJ]gnphLb��o��\1h_ear	k�hLe�k�b,t�r�hL\{e�¾�lJe(f�t�\1e�t�]L^(fpb�h_e�k�b,t�r�hL\1e

É�Ê�Ë~ÌxÍ$Î�Ï0ÐLÑxÒHÏCÓ�Î�Ó�ÐLÔ,Ó�Õ­ÖgÓ�×xÏ$ÌpÊ�Ï$ØSÙ{ÚpÛ2Ü,Ü,Ý
É�Ê�Ë~ÌxÍ$Î�Ï0ÐLÑxÒHÏCÓ�Ô,ÐLÍ$Ó�Õ­Û,Ü,Ü,Ý
Þ	ß Ï	Ê�ÕxÌgÊ�Ò$Ó�à{Î�áxâ,â�ã«â�äzå0Ë{äwâ,Ï$æ�Ê�Ò0Ð_Î�Í�Ú¨ç7ØJâ,Ò$âjè�Ë1Ð_Ô{Ó�Ï$Í0ÐLÒEØ2Ú

éHâ,ÍCá{ÐLÕpÊ�ê�ë�â,Ë{ê�É�Ê�Î�á{ÐFÚ~àxÊ�ì{Ø,â,Ì{êEì{ÌaÚxç7Ø{â,Ò�â~Úxí,Ü,í�ê�î,ï,Ü{ð�ñ�ò¢óaò¢ô
Þ�ÞCß Ï	Ê�ÕxÌgÊ�Ò$Ó�à{Î�áxâ,â�ã(â�ä�õ<Î�â,Ëxâ,æ�Ø,Ú~çöØ{â,Ò$â�è�Ë1Ð_Ô{Ó�Ï$Í0ÐLÒEØ
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ÅI�_¯ Â�^Ie(falJ`Wb�e1r�lJ]<Â�b,lJr�^Ic�b�k7hLeZ ¢b�[�\1]_n1b�c �1�7²"!

³�´xµ�¶J·�¸�´�¹�º(»�¼I½ l1fp\1�ar	k¦c�l��x�Ct�lJk�r�hLeIi k�r	�p]Lbmnp\1]_^a`Wb
c�b�e(fgb�c�hLeIi«lJ]Li1\{c�hLr�uI` �.uIhwt�u�h_kª�.hwfpb�]L�Æ^ak�b,f¨hL`�l2i1b���k��(l1t�b
lJ�I�Ic�\~l1t�u!�¢�.uah_kªl2]Li1\1c�h_r�uI` r�c�l1t�b�k�c�lJ�~k�r�uIc�\1^Ii1u�r�uIb�n~\1]��
^I`Wbx£Al1t�t�^I`W^I]wlJr�h_eai«t�\1]L\{c­lJ]L\1eIiÆb,l1t�u�c�lJ�(Á$Â�hLi(�«Å{Ã��$#<b�r
%  £ % ' £ö������£ %'& |(b�nx\�¬Ib�]Lk�lJ]L\1eIi«l�c�lJ��k��(lJr�hwl2]L]L�Æ\1c�fpb�c�b,f
yFc�\1`sn~hLb�� �(\1hLeIr,£"( )�lJe(f�*+)È|�b�t�\1]_\1c7lJe(f�r	c�lJeIk��(lJc�b�e�t���\2y
% ) c�b�k���b,t�r	hLnpb�]L�~���.uIb��ah:¬Ib�](n1l2]L^Ib�Á0\1c�t�\1]L\1c�Ã-,oyE\1cÈr�uIhLk�c�lJ�
h_k
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�.uIhLk¨t�lJ]Gt�^I]wlJr	hL\1ejhLk�c�b�yFb�c�c�b2for�\ lJk;:��J��<a�,�>=G�?=0�A@ � <��CB��ED
�?=0�A@a®_¯�±�lJe(f hLr�t�lJe¥|;b¨t�\1`W�I^ar	b2fmc�b,t�^ac�k�hLn~b�]L� ^Ik�h_eaidr�uIb
yF\1]L]L\{�.hLeIi�b2v1^�l2r�hL\1e!�
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�.uIb�c�bP, FQH'I l2e�f M FQH'I l2c�b�r�uIb«r�\{r�lJ]�l1t�t�^I`W^I]wlJr�b,f¤t�\{]L\1c
lJe(f«r	c�lJeIk��(lJc�b�e�t��ª}�^Ik�r�l,yFr�b�cªr�uIbSc�lJ��uah_r�h���r�uZnp\�¬Ib�]�£alJe(f
, ) & lJe(f M ) & lJc�b�r	uab�r�\1r�lJ]<l1t�t�^a`W^I]wlJr	b2f�t�\1]L\{c7lJe(f�r�c�l2eakC�
�(lJc�b�e�t���}�^ak�rS|(b�yF\1c�bWr	uab­c�lJ�Zuah_r�r�uIbWnp\�¬Ib�]��S�.uah_kSt�lJ]wt�^p�
]wl2r�hL\1eÆhLk�c�b�yFb�c�c�b2f¨r	\�lJk��2�{�CB��R<��CB��,�?=0�'@(®_¯�±C��¡$r�hLk�|�b,t�l2^ak�b
, FQH'I lJe(f M FQH'I t�lJe |�b�r�uI\1^Ii1upr�lJk­t�\1]L\{cSlJe(f�\1�(l1t�hLr��Z\Jy
r�uIb­t�\{`�|IhLeIb2fU\{|x}�b,t�r�hLeZ�.uahGt�uZlJeZ\1|1}�b,t�r�r�u(lJr.u�l2kªt�\1]_\1c
,S) & lJe(fUr�c�lJeIk��(lJc�b�e(t�� M ) & h_k��a]Gl1t�b2fU\{n1b�c7n1\,¬gb�] % )��

Ç�k��p\1^Zt�lJeZk�b�bªyFc�\1` r�uIb�k�bSb,vx^(lJr�hL\{eak,£(n~\1]L^I`Wbªc�b�eg�
fpb�c�h_eai�|�b�]L\{eai1kSr	\Zl«t�]wlJk�kª\Jy¢`Wb�`W\1c��ÆhLepr�b�eIk�hLn1b�t�\1`W�I^g�
r�lJr	hL\1e!�H�.uI^ak�r	uab�`Wb�`W\{c��U�(b�cCyF\1c�`�lJe(t�b�hLk.t�c�^�t�hwl2]�r�\�r�uIb
c�b�e�fpb�c�hLeIi�k��;b�b2f;�W¡0y��7b�t�\{^a]Gf¨�ac�b��(lJc�b�b�ea\1^Ii1uÆ`Wb�`W\1c��
��b�cCyF\1c�`�lJe(t�bx£gr�uIb�c�b�b�¬IhLk�r7yEc�^IhLrCyF^I]!k�\1^Ic�t�b�k7\JyA�(lJc�lJ]L]_b�]_hLk�`«�
�.uIbª ¢b�[�\1]_nxb�c �1�7²"!���l2k¢fpb�k�hLi1eIb2f­|I�Wt�\{`��IhL]_hLeIi�lJ]_]�r�uIb�k�b
�(lJc�lJ]L]_b�]_hLk�`Wk�hLeIr�\�r�uIhLk7`�l1t�uah_eabx�

� h_e�t�b¢r	uab�r�lJc�i1b�r�\Jy�³�´~µ;¶J·�¸�´�¹�º(»�¼I½öh_köc�b,lJ]:�$r	hL`Wb�nph_k�^p�
lJ]_hLq,lJhL\1e�\Jy!eI\1rÈ\1eI]L��`Wb,fphwt�lJ]gnp\1]_^a`Wb.fal2r�l�|a^Ir�lJ]Lk�\�k�t�h_b�ep�
r�h:§;t�fIlJr�lI£{³�´xµ�¶J·�¸�´�¹�º(»�¼g½ölJ]Lk�\�u(lJk�r�uIb�yF\1]L]_\1�.hLeIi7yFb,lJr�^Ic�b�k2�
¯1�UT�=L�E:CB����	�S�A@��V:��A@g�?=W@a�a�J�x�����{�x��� �
¡$ed�A=L�E:CB����	�È`W\gfpb�]0£~hLr7hLk.lJk�k�^I`Wb,f�r	u�lJr.l�n~\�¬Ib�]ahLk¢r	uab
t�b�eIr�b�c�\Jy�l�^IeIhLr­t�^I|�bUlJe(f lJea�Z�(\1hLeIr�kªh_e�r�uIbUt�^a|�b
u�l2nJbAr�uIb�k�l2`�b�n~\,¬gb�]{n1l2]L^abx�YX�e�r�uIbA\1r�uIb�c�u�l2e�f;£2np\�¬p�
b�]Lk¢h_eZ:��A@g�?=W@a�a�J�~��`W\gfpb�];lJc�bSlJr7n~b�c�r	hwt�b�k�\JyAr	uab�t�^a|�b
lJe(fWr	uab�n1lJ]_^ab�\Jy�l���\{hLeIr�hLe�r�uIb�t�^I|�b�h_k¢\1|Ir�lJh_eab,f­|I�
]LhLeIb,lJcÈhLeIr�b�c��a\1]GlJr�hL\{e�\Jy!r	uab7np\�¬Ib�]~n~lJ]_^ab�k,�\[�\1r�u­`W\af~�
b�]Lk�k�uI\1^I]wf�|�b7lJ�I�a]_hwt�lJ|a]_b¢fpb���b�e�fphLeIi�\1e�r�uIbö\{|x}�b,t�r	hLnpb
\JyAc�b�e�fpb�c�hLeIi(�

ÅI�^]_B��A@g���:��:��C@g���{�J���p�����
[�\1]_^a`Wb�kSr�\Æ|(b�c�b�e�fpb�c�b,fdk�ua\{^a]wf |;b«�?B��A@g���:��:��>@g�ök�\
r�u(lJr�r�uIb¢h_ear	b�c�h_\1c<\Jy�\1|1}�b,t�r�kAh_kAk�b�b�e!�!�.uIb¢r�c�l2eak�]L^(t�b�epr
c�b�e�fpb�c�hLeaiWl2]Lk�\�t�\1��b�k��.h_r�uZlJe � <��"`��a��\1|1}�b2t�r,£g�.uIhwt�u
t�\1ean2b�epr	hL\1e(lJ]{k��~k�r�b�`�k!t�l2eSn~hLk�^�lJ]_hLq�b�\1ea]_�p£�i1hLn~hLeIi.q�b�c�\
r�c�lJeIk���lJc�b�e(t��Ur	\�r�uab�np\�¬Ib�]Lk�yE\1c.hLr�k7k�^acCy0l1t�b~�

°I�Ua��CB��b<�� :��?=M�J�S�A@��L<��AB��J�L�G����<�B��bc,� :��?=0�A@
Âa\1c�r�uIb�nph_k�^(lJ]_hLq,lJr�hL\{e�\Jy¢k�t�hLb�ear	h�§�t�t�\1`W�I^ar�lJr�h_\1e c�b��
k�^a]Lr	k2£{k�^�t�u�lJk.lJe(lJ]L�~k�h_k�\Jy<k�b�hLk�`Whwt¢��l�n1b�k2£'<��CB��b<a� :��?=M�J�
�ac�\�}�b,t�r�hL\{e¨h_k�\JyEr	b�eZk�^ah_r�lJ|I]LbSr�\Wk�uI\1�.h_eaiW�.hwfpbªc�lJeIi1b
\JyHk��(l1t�b~�AÂI\1c�k�`�lJ]L]�\{|p}�b2t�r�k,£~k�^�t�u�lJk7ua^I`�lJe�|Ic�lJhLeIk,£
<��ABC�J�M�L���H�Ic�\�}�b2t�r�h_\1e¥hLkUl2]Lk�\¤lJn2lJhL]GlJ|I]Lb«l2k�hLeot�\1eIn1b�ep�
r�hL\{e�lJ]<k��pk�r�b�`Wk,�

²(�Ud����J� D$�?=w����B��C@��x�CB>=3@fe
g ^Ihwt>h¥c�b�k���\1eIk�bzyE\1]_]L\1�.h_eai¦r�uIbd`W\Jn1b�`Wb�epr�\Jy�n~hLb��
��\1h_ear.hLk�b�k�k�b�ear	hwlJ]_]L��hL`W��\1c�r�lJear�r�\�uIb�]L�Zr�uab­lJe(lJ]_�pk�hLk
lJe(fUc�b2t�\1i1eIhLr	hL\1e�\Jy�t�\1`W�I]LhGt�l2r�b,fUnp\1]_^a`Wb�fal2r�lI�A�.uah_k
B��	�J�iD��b=w���öc�b�e�fpb�c�hLeIi�c�b,vx^IhLc�b�k�uah_i1u��Ic�\(t�b�k�k�hLeIi�k���b�b,f
\1nJb�c�¯j!SyFc�lJ`Wb�k���b�c�k�b,t�\1e�f;�

��\�`�l'hpb7³�´xµ�¶J·0¸�´�¹�º(»�¼g½�u(lJn1bör	uab�k�b¢yEb,lJr�^Ic�b�k2£{�7b.fgb��
n~hLk�b2f�l�k�hL`W�I]Lh�§(b,f­np\�¬Ib�]gk�l2`W�a]Lh_eaiª`Wb�r�ua\gf;�\kzb�lJ]_k�\St�\1eg�
r�c�h_n1b2fZl�r�uIc�b�b�fgh_`Wb�eIk�hL\1e(lJ]An1\1]L^I`WbS`Wb�`W\{c���§�r�yF\1cªr	uah_k
lJ]_i1\1c�hLr	ua` hLeZ\1c�fgb�c�r�\�c�b2l{f�lJ]L]Hn~\1]L^I`WbSfIlJr�l�\{eZl�c�lJ��\Jy
lJep��fgh_c�b2t�r�h_\1e�hLe��(lJc�lJ]_]Lb�]��

ÅI� Å Ç�c�t�uIhLr	b2t�r�^Ic�lJ]<ÂIb2lJr	^ac�b�k7\Jy� .b�[7\1]_nJb�c �1�7²�!
ÅI� ÅI�L¯ � lJ`W�a]_hLeIiW�«b�r�uI\gfUl2e�f�l�lJc�lJ]_]Lb�]([7\1]_^a`Wb���b�`W\1c��
 ¢b�e�fpb�c�hLeIi�\1eIb�h_`�lJi1b{Á0\1c�yFc�lJ`Wb2Ã�\2ynm O m yFc�\1`om / n~\1]��
^I`Wb�fIlJr�l�c�b,vx^IhLc�b�k�p�Ábm / Ã�`Wb�`W\1c��Zr�uIc�\1^Ii1uI�a^Ir,�S�.ua^Ik,£
r�\�k�lJr	hLkCyE��r	uab�c�b,lJ]���r�hL`Wb�c�b,vx^IhLc�b�`Wb�eIr,£{�.b�u(l1f�r�\Wfpb�npb�]L\1�
l�t�\1ep©�hGt�r�yFc�b�b7uah_i1uI]L���(lJc�lJ]L]_b�]a`W^a]_r�h���|(lJe�h�`Wb�`W\1c����.uIhwt�u
t�lJe¤k�h_`�^I]Lr�lJeIb�\1^Ik�]_��c�b,l1f \1^arWlJ]L]�n1\,¬gb�]_k­lJ]L\1eIizlZc�lJ�Æ\Jy
lJep�zfphLc�b,t�r	hL\1e!� � h_e�t�b«³�´xµ<¶2·�¸�´�¹�ºa»�¼I½�k�^I�I�<\{c�r�kS��b�c�k��(b2t��
r�h_n1bö�Ic�\�}�b,t�r	hL\1e�`Wb�r	ua\gf­l2kH�.b�]L]xlJk��(lJc�lJ]L]_b�]x�ac�\2}�b,t�r	hL\1e!£2c�b��
v1^ah_c�b�`Wb�epr�k<r	\�r�uIbA`Wb�`W\1c���k��pk�r�b�` lJc�bA`W^(t�u�`W\1c�b�k�b�n1b�c�b
r�u(lJejr�uIbdk��pk�r�b�`Wk¨�.uahGt�u fg\~b�k�eYq r¨k�^a�I��\1c�rZ�;b�c�k���b,t�r�hLn~b
�Ic�\�}�b,t�r�h_\1e!��¡$e \1c�fgb�cSr	\ÆlJ]_]Lb�nphwl2r�b�r�uIhLkSk�b�n~b�c�h_rC�~£��.bWu(l1f
�Ic�\1��\1k�b,f l�k�hL`W�I]Lh�§(b,f�np\�¬gb�]Ak�lJ`W�I]LhLeIiZ`Wb�r�uI\(f;®L¯�°,±C£�®L¯�²2±C�
¡$r.hLk�t�lJ]L]Lb,f�\1|1}�b,t�rC��|(lJk�b,f�Á0\1c�k�]LhGt�b��ClJ]Lh_i1eIb2fIÃ7k�lJ`W�I]Lh_eai�c�b��
t�b�epr�]L��®L¯�±$£�® ¿,±C�

¡$eor�uIhLk�`Wb�r�uI\(f;£¢hLeIk�r�b,l1fm\JySk�l2`W�a]_hLeaiznp\�¬gb�]_kW\1e�l
c�l��¤lJr­c�b�i1^I]wlJc­hLeIr�b�c�n2lJ]Lk­\Jy�r�uIbUc�lJ��h_r�k�b�]:y	Á�Â�hLi(� °~Á$l1Ã�Ã�£��.b
k�lJ`W�I]Lb¢n~\,¬gb�]LkÈlJr�c�b�i1^I]wlJcÈhLeIr�b�c�n1lJ]_kA\Jy�r�uIb�c�l��_q kÈ�ac�h_e�t�hL�(lJ]��
l,¬ghLk«�.uIhwt�u h_k«r�uIbÆ¬<£ �I£�\1c«q��Cl,¬Ih_k«`W\1k�r��(lJc�lJ]L]_b�]�r�\¦r�uIb
c�l���Á$Â�h_i(� °pÁE|�Ã	Ã�� �.uab�c�b�yE\{c�b~£�h:yWr�uIbdk�lJ`W�a]_hLeIi¥h_ear	b�c�n{lJ]�hLk
b,vx^(lJ]Sr�\�r�uIb¦^IeIhLr�\Jy�r�uIb¦n~\1]L^I`Wbmt�\p\{c�fgh_e�lJr	b¦k��pk�r�b�`«£
r�uIbdt�\~\1c�fphLe(lJr�b�k«\Jy�lJea�¦k�lJ`W�a]_hLeIi¥�;\1h_epr�kU�.hLr�ujc�b�k���b,t�r
r�\ r�uIb¦�Ic�hLe(t�hL�(lJ]��Cl,¬ghLkdl2c�b fphsr;b�c�b�eprZb,l1t�uj\{r�uab�c,� �.uIhLk
`�lAh1b�k¢h_r��(\1k�k�h_|a]_bªr�\�t�\1eIk�r�c�^(t�r�l�|�lJe�h1�	t�\1ep©(hwt�r¢yFc�b�bª��l2c	�
lJ]_]Lb�]¢np\1]_^a`WbU`Wb�`W\1c�� yE\1c�|�\1r�u¦��b�c�k���b,t�r�hLn~b«l2e�fm�(lJc�lJ]:�
]_b�]A�Ic�\�}�b2t�r�h_\1eIk�Á�Â�hLi(� ²xÃ���t�b�c�bx£�r�uIbW�Ic�hLe(t�h_��l2]��Cl,¬Ih_kª\Jy¢b,l1t�u
c�l��pkUn1lJc�h_b�k�lJ`W\1eIi ¬~��£ �x��£�lJe�f¥q��Cl,¬IhLk�l1t�t�\1c�fphLeIi¤r�\¤r�uIb
n~hLb�� �;\1h_epr�lJe�f��.b­��lJepr�r�\¨lJn1\1hwfÆt�\~\1c�fphLe(lJr�b�r	c�lJeakCyF\1cC�
`�lJr	hL\1e¤hLemr	uabU`Wb�`�\{c�� r�\uh~b�b�� c�b,lJ]���r�hL`Wb�yE\{]L]L\{�7�$^I� r�\
n~hLb�� �;\1hLepr�`W\1n1b�`�b�epr�� � \(£H�.b�k�]_hwt�b�r	uabUnp\1]_^a`Wb�k��(l1t�b
h_epr�\��a]GlJeab�kA�(b�c��(b�e(fphwt�^a]GlJc�r�\�¬~��£{�x��£xlJe�f�q��Cl,¬ghLk7lJe(fSk�r�\1c�b
l�k�b�r7\JyHh:�$r	uU�I]wlJeIb�k¢yEc�\1`wv��I]wl2eab�k,£yx��I]wlJeIb�k�lJe(f{z��I]wlJeIb�k
h_epr�\�h:�$r	uVl�lJc�lJ]L]_b�]a�Èc�b�|I]Lb�[�\1]_^a`Wb���b�`W\1c��­eI\gfpb~�HÇ�k¢h_r�hLk
\1|pn~hL\1^Ik<yEc�\1` r�uIhLkÈ`Wb�`W\1c���k�r�c�^(t�r�^Ic�b~£2r	uab7bCr;b,t�r�hLn~bö`Wb�`��
\1c���r�uIc�\1^Ii1uI�a^Ir.k�t�lJ]_b�k��¢hLr�u�r�uIbªeI^I`�|Ib�c.\JyAr�uIbª`Wb�`W\1c��
eI\gfgb�k,£1h_c�c�b�k���b,t�r�hLn~b¢\Jy<r�uIb�nph_b��¤�;\1hLepr�lJe(f­r�uIb��ac�\�}�b,t�r�hL\1e
`Wb�r�uI\gf<�

ÅI� ÅI� Å �7\1`W��\{k�h_r�hL\1e�|�b�r��7\1c}h
�.uIb�eab�¬grSr�\«|�bUt�\1eak�hwfpb�c�b,fzh_e r�uIb«lJc�t�uIhLr	b2t�r�^Ic�lJ]�fpb�k�hLi{e
h_kWuI\1� r�\Æ\{c�i~lJeIhLq�b�r�uIb�t�\1`W�(\1k�hLr�h_\1emeIb�r��7\1c}hÆhLe¤�.uIhwt�u
r�uIb�t�\1`W�(\1k�h_r�hL\{ed\{��b�c�lJr�hL\{e<Áb~�v��L¯�ÃªhLkS�(b�cCyF\1c�`Wb,f<��Ç�kS�.b
u(l,n1b�`Wb�eIr�h_\1eIb2f�|�b�yE\1c�bx£al­�Ih�¬gb�]!n~lJ]_^ab�t�lJe�|�bSt�lJ]wt�^I]wlJr	b2f
|p�zlJ�I�a]_�phLeIiÆr�uIbUt�\1`W��\1k�hLr	hL\1e¤\1��b�c�lJr�hL\{emc�b,t�^Ic�k�hLn~b�]_�1£Hk�\
r�u(lJr�hLr�hLkSc�b�]wlJr	hLnpb�]L�Zb,lJk��Ær�\Z\{c�i~lJeIhLq�bUlP|¢��k�r�lJi1b�kS]Lh_eab,lJc
�IhL��b�]Lh_eab�\JyH\1n1b�c7\1��b�c�lJr�h_\1e<Á?~�v���Å1Ã�® �,±C£�®_¯�¾,±C�

X�e�r�uIbW\{r�uab�c�u�l2e�f;£!k�h_e�t�bWr�uIhLk�t�\{`W��\1k�hLr�h_\1e�\1�(b�c�l,�
r�h_\1e t�lJe l2]Lk�\�|(bUfgb�yF\1c�`�lJ|a]_bWhLeIr�\UlU�IhL�(b�]_hLeIb�\Jy¢r�c�b�bWc�b��
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fp^�t�r�h_\1e�k�r��p]_b~®_¯�°,±C£�®_¯�²J±C£gr�uIb�c�b�b�¬Ih_k�r�k��(lJc�lJ]L]_b�]<np\{]L^I`Wbªc�b�ep�
fpb�c�h_eai¢k��pk�r�b�`WkH�.uIhwt�u�l1fg\{�ar;r�c�b�b��$|(lJk�b,f�t�\{`W��\1k�hLr�h_\1e�eab�rC�
�.\1c}h��L® Å,±$£�® ²J±p¡$eS\1^Ic�hLeIhLr	hwlJ]g�Ic�\1��\1k�lJ]0®L¯�°,±$£�®L¯�²J±C£2�öb¢lJ]_k�\�^ak�b,f
l�r�c�b�b���|(lJk�b2f�t�\1`W�(\1k�h_r�hL\{e�eab�r���\1c}h��

¡$ej³�´~µ!¶J·�¸�´�¹�º(»�¼I½¦£��.b¨\1c�i~l2eah_q�bdr	uab t�\1`W�(\1k�hLr�hL\{e
eIb�r	�7\1c}h�lJk�\1eab­fphLc�b,t�r�hL\1e(lJ]H]_hLe�hZk�r�c�^�t�r�^Ic�b{Á$Â�hLi(� ¾1Ã.­����.uab
�Ic�hL`�lJc��¤l{fgn~lJepr�l2i1b�k�\2y�r�uIb�]_hLe�h eIb�r	�7\1c}hzlJc�bUr�uabUi1\~\(f
k�t�l2]wlJ|IhL]Lh_r���lJe(f«r	uabSb,lJk�b�\Jy�hL`W�I]Lb�`Wb�ear�lJr�hL\{eY gr�uIb�t�\1k�r�\Jy
�.hLc�h_eaid|�b,t�\1`Wb�k�u(lJ]�yS�.uIhL]Lb«r	uab¨]L\{i1hwt�lJ]�r	uac�\1^Ii1uI�I^ar�k�\Jy
|�\1r	u­eIb�r	�7\1c}h~kAl2c�b�r	uab7k�l2`Wb�lJr�r	uab7\1^Ir��a^IrC��b�e(f<�<�.ua\{^ai1u
r�uIbS]wlJr�b�e(t���hLe(t�c�b2l2k�bªyFc�\{`¡p­Á?¢¤£E¥fm«Ã�r	\¦p�Ábm�Ã�£(h_r�hLkªeIb�iJ�

Þb§ á~ÓÈãwÊ�Ò�Ó�ÍCÒHÔ{Ó�Ï$Í0ÐLâ,Ë�â�ä�óY¨n©¨×gâJÊ�Ï$ÕxÍ�â�ä«ª­¬�®f¯>°�±²¬}³b´�µ«¶"·AápÊ�Í
×{Ð�êEÕ{Ð_Ï$Ó�Î�Ò0ÐLâ,ËpÊ�ã~Ï0Ð_Ë�¸7Í$Ò$Ï$ÌxÎ�Ò$ÌxÏ$Ó�äwâ,Ï!Ê�Ë~â,Ò�á~Ó�Ï;Ï$Ó�Ê�Í$â,ËxÍ>¹ Û,ïCº9»MÍ$Ó�ÓÈÍCÓ�Î�ê
Ò0Ð_â2Ë�ïE¼È×xÌxÒÈÒ$áxÓ�Ø­Ê�Ï$Ó.ÍCÒEÐ�ã�ã�½öÊ�ÐLÒEÐLË"¸�äwâ,ÏÈÑpÊ�ÏCÒ�Í7Ê�Í$ÍCÓ�æ�×1ã_Ø'¾

]_hLi1hL|I]LbSh�y�b,l1t�uZt�c�b,lJr	b2f¨h_`�lJi1b�k�u�lJk�r�uIbW\{c�fgb�c�\JySm , �ah:¬p�
b�]Lk,� �.uah_kUlJc�i1^I`Wb�ear­h_k�ea\{rUlJ]_��l��pkUlJ�I�I]Lhwt�lJ|I]Lb«r	\ `W\1k�r
�(lJc�lJ]_]Lb�]Hnp\{]L^a`WbSc�b�e(fgb�c�hLeIi�k��pk�r�b�`Wk,® ²J±C£�® ¾,±$�ª¡$r�hLkª|(b2t�lJ^Ik�b
r�uIb�� ^Ik�bUyEc�lJ`Wb���|�l2k�b,f¥t�\1`W��\1k�hLr	hL\1e¥r	\ uIhwfpb«r�uIb�hLc�]GlJc�i1b
t�\1`W`�^IeIhwt�lJr�h_\1e�\1n1b�c�uIb,l1f;£J�¢uab�c�b,lJk¢h_eU³�´xµ�¶J·�¸�´�¹�º(»�¼I½ö�.b
t�\1^I]wfU^Ik�b��Ih�¬gb�]:�$|(lJk�b,f�t�\1`W��\1k�hLr�h_\1eZk�h_e�t�bS³�´~µ!¶J·�¸�´�¹�º(»�¼I½
u(lJk<r�uIb�]L\1�Æ]wlJr	b�e(t���t�\1`W�(\1k�h_r�hL\{eSeIb�r��7\1c}h�b�`�|(b2fIfpb2f�h_ear	\
h_r�kU|7�$k�r�l2i1b�k.]LhLeIb,lJc��IhL��b�]Lh_eab�\JyA\1n1b�c�\1�;b�c�lJr	hL\1e!�

¿ À Á ¿ À Â ¿ À Ã ¿ À Ä ¿ À Å ¿ À Æ ¿ À Ç
Pixel Value Calculation Tree

È É Ê Ë Ì ÍÎ
¿ À Á ¿ À Â ¿ À Ã ¿ À Ä ¿ À Å ¿ À Æ ¿ À Ç

Pixel Value Calculation Pipeline
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°I�_¯ølAc�b�]_hL`WhLe(lJc�� � ��b,t�h:§;t�lJr	hL\1e
Ç�k�l��Ic�\1r�\1r$�p�(b�h_`W�a]_b�`Wb�eIr�lJr�h_\1e�\Jy¢\1^Ic��(lJc�lJ]L]_b�]An~\1]L^I`Wb
c�b�e(fgb�c�hLeIiªlJc�t�uah_r�b,t�r	^ac�bx£2�.b¢u(l1f­fpb�§�eIb,f­r�uab7k��;b,t�h�§�t�l2r�hL\1e
\Jy­³�´~µ�¶2·�¸�´�¹�ºa»�¼I½ÆlJk�yF\1]L]L\{�.k�|(lJk�b,f \1e r	uab¨r�b,t�uaeI\1]L\{i1�
l�n1lJh_]wlJ|I]Lb�hLe�b,lJc�]L�uq �y!2k2�

ùYú�û�üþýªû ��ÚSÙSóßÕ ôJÕ õDØ�ÚSùU�L×(Ù=Ü#Õ �DÜ=Ø�à�ÕMã.õ
��Ø.ÚSØ�ó óMÙSó~ý�ã.óßâ�ôÂÙÿ� ÙSôæã.ÚSù

ò�â�ôJÞDÙ#Ú¢ã�ä9ò¦ã:Û�Ù)Ö-�þòn� 0 
����Ù#ôæã.ÚSù��LÕ��=Ù>�íàÝã�àÝØ�ó � � 0 
R�����Ù#ôæã.ÚSù��LÕ��=Ù>�MõDã:Û�ÙR� �>���
ü�Ù#õDÛ�ÙSÚÝÕßõDøU�L×QÙ)Ù=Û��M×(Ù#ÚSÖ�×QÙ)Ü=à�ÕM÷�Ù�×�ÚSã.ÿÝÙ=Ü=à�Õáã.õg� Û:ÕMÖÝÜ#ÚSÙ)àÝÙ%ôÂã:Û�Ù#ó �0 
����7ý�ã�ó â�ôæÙ¦ã.õ 0 
����5�:Ü#ÚSÙ=ÙSõ ý ����� �_�

������7ý�ã�ó â�ôæÙ¦ã.õS
������5�:Ü#ÚSÙ=ÙSõ ý ����� �_�
� 0 
��7ý�ã�ó â�ôæÙ¦ã.õS� 0 
��5�:Ü#ÚSÙ=ÙSõ 0��	� ���

°I� Å t�lJc�fp��lJc�bª�7\{eg§(i1^Ic�lJr�hL\{e�\JyA³�´xµ�¶J·�¸�´�¹�º(»�¼I½
Â�hLi{^ac�b$�zk�uI\2�.k�r�uIb«\1n1b�c�n~hLb�� \JySr�uab�u�lJc�fp��lJc�b¨t�\1ep§(iJ�
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t�\1eIr�c�\1]�^aeIhLr�lJe(fol r�uIc�b�b���k�r�lJi1b«`�l1t�c�\¤�IhL�(b�]_hLeIbzl2k�yF\1]��
]L\{�.k2�A¡$eÆ³�´xµ;¶J·�¸�´�¹�º(»�¼I½W£I�.bSl{fg\{�ar�k.�.¡Cq k���hLi1h_r�lJ] � h_i1e�l2]
lAc�\gt�b�k�k�\1c�Á�� � l�Ã­��� � °1Åy!{�7²�!I® Å{À,±�\{��b�c�lJr�hLeIi¦lJr�¾y!1�Pt�q
lJkS�Ic�\gt�b�k�k�h_eai«b�]_b�`�b�eIr�Ábl-~�Ã�k�h_e�t�bUhLrSu(lJkS^Ik�b�yF^a]�hLeIr�b�c�e(lJ]
t�\1ep§�i1^Ic�lJr�h_\1eUyF\1c�n~\1]L^I`Wb�c�b�e(fpb�c�h_eai�t�lJ]wt�^I]wlJr�h_\1e!�
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^IeIhLr�k�n~lJc�hL\1^Ik�fIlJr�ly�1t�\1`W`�lJe(fpk2£Wk�^(t�u lJk�np\{]L^I`Wb
fIlJr�lg£WnphLb��.hLeIi ��l2c�lJ`Wb�r	b�c�kdk�^(t�u lJkd�(\1k�h_r�hL\{eakd\Jy
n~hLb�� �(\1hLeIr7lJe(fUk�t�c�b�b�e!£(l2e�fUc�b�e(fgb�c�hLeIiW`�\gfpbx�

RI¶��¥Y ¶�¸LË�¡¤£�� ��Ë�¶�������R�YX���U�.uIhLk k�r�l2i1b t�lJk�r	k c�l,�~k
�.uIhwt�u¥k�r�lJc�r�yEc�\1` r	uab¨nph_b�� �(\1hLeIr�lJe�f¥��b�eIb�r	c�lJr�b
�Ih�¬gb�]Lk¢\{eUr�uIb�k�t�c�b�b�e!£glJe(f�k�b�e�f�r�uIb�` r	\�lAh�¬Ib�]��.lJ]��
t�^I]wlJr	hL\1e � r�lJi{b~�ª¡$e�\{c�fpb�c�r�\�i1b�eab�c�lJr	b�k�lUc�l2��fIlJr�l
h_e¥b�npb�c�� `�l1t�uah_eab�t��It�]Lbx£¢r�uIhLk�k�r�lJi1b�t�\1eIk�h_k�r	k�\JySÀ
l-~Ak,�Æ�.uIb�^Ieah_rS\Jy�]L\~l1f¤fphLk�r�c�hL|I^ar	hL\1e hLk­\1eIb�k�t�lJeg�
]_hLeIb¨lJe(fdr�uIb«k�t�lJea]_hLeIb�k�lJc�b«k�r�lJr�hGt�lJ]_]L�¦lJk�k�hLi1eIb2f¤r�\
b,l1t�u�l­~Èk¢h_e�t��It�]Lhwt¢y0lJk�uIhL\{e�����b�eIb�c�l2r�b2f�c�lJ��fIlJr�l�h_k
k�r�\{c�b2f�hLear	\�l�Â�¡	Â Xm`Wb�`W\1c���t�\1`W`W\{e­r�\�r�uIb�Àyl­~Èk2�
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r	\�yEb�b,f�c�l2��fIlJr�l�fphLc�b,t�r�]L��hLeIr�\ lAh�¬gb�]�[.lJ]L^IbS�.lJ]Gt�^p�
]GlJr�hL\{e � r�lJi1bx�
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c�b�ear!�ah:¬Ib�]at�\~\1c�fphLe(lJr�bx£{lJe(f^l��" q k�c�b�]GlJr�h_npb���\1k�hLr�h_\1e
hLe�l�� � � � hLe(t�b�r	uah_knhph_e�f­\Jy<t�\1`W�I^Ir�lJr�h_\1e�hLe(t�]_^�fpb�k�l
]L\{r�\Jy�|ah_rC��|�l2k�b,f�\{��b�c�lJr�hL\{eak,£g�7b�u�l�n1b�h_`W�a]_b�`Wb�epr�b,f
Ç$�s�.hLr	u�Â lX��Ç�Á v�h_]LhLep¬uv��7²�!g¯j!Y��£<¯j!I£ !y!�!UixlJr�b�k�Ã��
Ç�]_]�r�uIb�hLepyF\1c�`�lJr�h_\1e�eab,t�b�k�k�lJc���r	\Wt�\1`W�I^Ir�b�r�uIbªl{f~�
fpc�b�k�k«h_k�r	c�lJeakCyFb�c�c�b,f r	uac�\1^Ii1uor�uIb�fgh_c�b2t�r�]Lh_e9h¦|<b��
r��öb�b�e­eIb�hLi1uI|I\1c�hLeIi�Ç$��k,£2�.hLr	ua\1^Ir7l2ea��hLeIr�b�c�nxb�epr	hL\1e
|I��r�uIbª�Ic�\It�b�k�k�h_eaiWb�]_b�`Wb�eIr,�
�.uIbÆÇZ� lJ]Lk�\¤u(lJk�lJe¥hL`W�;\1c�r�lJepr­yE^Ie�t�r�h_\1eo\Jy�r	uab
np\�¬Ib�]{�Ic�b�]_\~l1fphLeIi�r	\�uahGfgb�r�uIb¢]GlJr�b�e(t���\Jy(r	uab�[�� l1t��
t�b�k�k�b�k2£�lJk�yE\1]_]L\1�.k+*A[7\,¬gb�]_k�r�\W|;bªk�l2`W�a]Lb,fZlJc�bSc�b2l{f
\1^IrSyEc�\{` r�uIb�[�� ^ak�hLeIi«r�uabUl{fafpc�b�k�k�b�kWi1b�eIb�c�l2r�b,f
|I��Ç$� lJe�fÆlJc�bWk�r�\1c�b,f�hLeIr�\�r�uIbS[7\,¬gb�]\#!lJr�t�u\[�k�b�b
Â�hLi(�È¿1Ã7fp^ac�hLeIiªr�uab�l-~dhLk7fg\{hLeIi�r�uab�\{nxb�cÈ\1��b�c�lJr�h_\1e
yF\1c�r�uIbª�Ic�b�nphL\1^Ik��Ih�¬gb�]0�
,�% M ö ª&ª
·&¥�X-]¢¥�´7¶�^Y����� ö XÀ´_��*S[öb�yE\{c�bÆr	uab�\1nJb�c
\1�;b�c�lJr�h_\1e�£�r	uab k�lJ`W�I]Lb,f �Ih�¬gb�]Un~lJ]L^Ib u(lJk r�\ |(b
r�c�lJeIk�]wlJr	b2f h_ear	\ t�\1]_\1cml2e�fjr�c�lJeIk��(lJc�b�e(t��g�J,�% M#;\I\yh1�& ��g���AlJ|a]_b1Á?#� .��Ã�hLk¢�Ic�\1n~hwfpb2f��.hLr�u�b,l1t�u�l��" 
r�\«fp\�r	uah_k�r	c�lJeIk�]GlJr�hL\1e!�ª¡$e�\1^Ic�³�´xµ<¶2·�¸�´�¹�ºa»�¼I½�hL`��
�I]Lb�`Wb�eIr�l2r�hL\1e!£~r�uIhLk�r�lJ|a]_bªhLk�l2]L]L\gt�lJr�b,fUhLeIr�\�r�uIbªb�`��
|;b,fafpb,fm`Wb�`W\{c��m]_\(t�lJr�b,f¥lJr�]L\at�lJ]�|I^ak�hLeIk�hGfgb¨r�uIb
� � l¦k�\�r	u�l2r�h_r�t�\1^I]wfU|�b�l1t�t�b�k�k�b,f�h_e�\1eIbSt��It�]Lbx�
ô ©�ª%§A��¸:¸L¡¤£��
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u(lJn1b«l1fp\1�Ir�b,fd�.¡Cq k#� � l ��� � °{Åy!1�7²�!I£A�.b�t�l2]L]�hLr
�7²�!Zh_emr�uIb�c�b�k�r­\Jy�r	uahLk­�(lJ��b�c,£AlJk­\1^ac­�Ic�\gt�b�k�k�hLeai
^Ieah_r,��¡$r���l2kª|�b,t�lJ^ak�bx£ö¯�Ãª�7²"!�u(lJkªr��ö\��aup�~k�hGt�lJ]L]L�
k�b��(lJc�lJr	b2f�°1Å,��|IhLr�|I^Ik�b�k,£gt�lJ]L]_b2fa`.�L�cb��J�.d.�~�AlJe�f#eÈ�ED
:��J�Yd.�~��£{�.uIhwt�u�k�^a�I��\1c�rÈk�hL`W^I]Lr�l2eab�\1^Ik�l1t�t�b�k�kAr�\�r	uab
r��ö\�fphsr;b�c�b�eIr�b�¬gr�b�c�e�lJ] �JhLeIr�b�c�e(lJ]�fpb�nphwt�b�k�h�y�r�uIb���l2c�b
]L\at�l2r�b,f�lJr�fphsr;b�c�b�eIr7|I^ak�k�b�k�b,l1t�u�\1r�uIb�cE �Å1Ã	�7²�!­u(lJk
r��ö\.b�`W|Ib2fIfpb2f �  .Ç��«k��.uIhwt�u�t�lJeS|(bö^Ik�b2f�lJk ,�% M
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��]_\1|�l2]�[ö^IkÆ\2yWr�uIbd�7²�!¦hLe r	uabdeIb�¬grPl��" S�¢�.uIb
`�l�¬IhL`W^I` r�uIc�\1^Ii1uI�a^Ir�\Jy¢r�uIhLk�Â�¡	ÂYXsh_k�¯j!y!{�$[S�Jk,�
��^Ic�hLeIi¢np\1]L^I`WbAc�b�e(fgb�c�hLeIi�\1�(b�c�lJr	hL\1e!£�r�uIb7�7²�!.�Ihwt>hpk
^I��hLeIr�b�c�`Wb2fphwl2r�b�t�\1]L\1cÈlJe(f�r�c�lJeIk���lJc�b�e(t���fIlJr�l7yFc�\1`
r	uab�Â�¡	Â X \Jy¢hLr	kS�ac�b�nph_\1^ak^l��" S£�r�uIb�e h_r���b�cCyF\1c�`Wk
r	uab¨\1n1b�c�\1�(b�c�lJr	hL\1eIkU^ak�hLeIi¦�ac�b�]L\xl1fgb,f¥np\�¬Ib�]LkUl2e�f
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t�\1c�fphLeIi�r	\�r�uIb��ah:¬Ib�]?q k¢t�\~\1c�fphLe(lJr�bx�\k uab�e�lJ]L]a�Ih�¬Ib�]Lk
|(b�]_\1eIi1k¢r�\SlJe�hL`�lJi1b�i1b�r7c�b2l{fg��hLe�  [�k2£xr�uah_k¢h_`�lJi1b
h_k�k�u�l1fpb,f ^Ik�hLeIi¦fpb��Ir�u¥i1c�l{fgh_b�eIr�k�u(l1fphLeIi(£¢|I�¤fgb��
y0lJ^I]Lr,£{h�y<r�uIb�^ak�b�c���lJeprÈr�\ªu(lJnJb¢|;b�r�r�b�c�n~hLk�^�l2]Ib>r;b,t�r,�
�.uIb¢§(e�l2](hL`�l2i1b�hLk�k�r�\1c�b,f�h_epr�\�r�uIb�fp\1^I|a]_b���|I^fr;b�c�b,f
n~hwfpb�\ `Wb�`W\1c�hLb�kUfphLk�r�c�hL|I^Ir�b,f lJ`W\{eai ¯j�z�7²�!Jk,��Ç
n~hwfpb�\�k�h_i1e(lJ]gi1b�eab�c�lJr�h_\1e�t�hLc�t�^IhLr�t�\{]L]Lb,t�r�k�k�^I|p��hL`�lJi1b�k
i{b�eIb�c�lJr�b,fU|I��b2l{t�u��7²�!Jk,£�t�\1eInJb�c�r�k�r�uIb�` hLeIr�\Wl2e�l,�
]_\1iWnphwfpb�\�k�h_i1e�l2]Hl2e�fUk�b�e�fpk�hLr.r�\�lg��hLk��I]L�I�

°I� ° l��G[A�+#;b�n1b�] � �~k�r	b�` �7\1ep§�i1^Ic�lJr�h_\1e

k¤bSu(lJn1b�fpb�k�h_i1eab,f«yF\1^Ic�hph_e�fpkS\Jy¢�Ic�hLeIr�b,f�t�hLc�t�^ah_r�|;\~lJc�f�*
� �" |�\~lJc�fpk,£ö 7� � |(\~lJc�fpk2£­l�� � |�\~lJc�f¤lJe(f �a� |�\~lJc�f;�
~�l1t�u­|(\~lJc�fpk�b�¬at�b��IrAyF\1c � �" ¥|�\~l2c�fgk7lJc�b�[��P~�k�r�lJe�fIlJc�f
r�c�h_�a]_b���uIb�h_i1uIr�|;\~lJc�f�lJe(fUr�uIb���t�\1epr�lJh_eak.ÀW�7²�!Jk¢b,l1t�u!� � \(£
¯j�ul�� � |�\~l2c�fpkSyE\1c­r�uIb{l�� � lJe(fmÅ �I� |�\xlJc�fgkSyE\{cWr	uab
�I� u(l�nxbªr	\�|�bª`W\1^IeIr�b,fU\1eIr�\W³�´~µ�¶2·�¸�´�¹�ºa»�¼I½��ac�\{r�\1r��~�abx�
Â�hLi(�ÈÀ­k�uI\1�.k�l�©(\p\{c	���I]wlJe�\JyAr�uIb��Ic�\1r�\1r	�p�Ibªk��pk�r�b�`«�

°I� ² X�n1b�c�nph_b��o\Jy� ¢b�e�fpb�c�hLeIi�lÈhL��b�]Lh_eabªh_eZ³�´xµ;¶J·�¸�´�¹�º(»�¼I½

Â�hLi(� � k�uI\J�.k uI\1� r	uab c�b�e(fgb�c�hLeIi �ah_�;b�]_hLeIb \Jy ³�´�Ä
µ�¶J·0¸�´�¹�º(»�¼I½��.\1c}h~k2�AÂIc�\1` r�uab�uah_i1uab�k�r�]_b�npb�]�£~r�uIb�c�bªhLk�r	uab
yFc�lJ`Wb���|(lJk�b2f��ah_��b�]_hLeIbª�.uIb�c�b�hL`�lJi{bªi1b�eab�c�lJr�h_\1e!£Ik�u(l1fgh_eaia£
lJe(fShL`�l2i1b¢\1^Ir��I^Ir�\1c�i~lJeIhLq�b�l�°,��k�r�lJi1b�kA�IhL�(b�]_hLeIb~�<�.uIb¢]wl2k�r
r��ö\�k�r�lJi{b�k�lJc�bShL`W�I]Lb�`Wb�eIr�b,fU|I��r�uIbS�.b�]_]��?hpeI\2�.eZfg\1^I|I]Lb
|I^fr;b�c�hLeIiZ\Jy7r�uIb�yFc�lJ`Wb�`Wb�`W\1c��ZhLe r�uIb �I� ���.uIb�k�b2t�\1e(f
]Lb�npb�]�hLk��ah:¬Ib�]���|�l2k�b,f �IhL�(b�]_hLeIbÆr	u�lJr�b�¬Ih_k�r	k�h_e r�uIb¨hL`�lJi1b
i1b�eIb�c�lJr	hL\1e�k�r�lJi1bx�H�.uIhLk��IhL��b�]Lh_eab�t�\1eIk�hLk�r�k�\JyHr	uab�c�lJ��t�lJk�rC�
hLeIiZk�r�l2i1b«lJe(f�r�uIbV|¢��k�r�lJi1b�kW]_hLeIb2l2cS�ah_��b�]LhLeIbU\Jy�\1n1b�c�\1�p�
b�c�lJr�hL\{e����.uI\1^Ii1u�r	uab­ �� � hLr�k�b�]�y¢^Ir�h_]LhLq�b�k�k�t�lJeI]LhLeIb��$|(lJk�b,f
�(lJc�lJ]L]_b�]_hLk�`«£�h_rUhLk«eI\1r�nphLk�hL|I]Lb¨r�\¦r�uIb¨hL`�lJi1b¨i1b�eIb�c�l2r�hL\1e
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v511v1v0ray
v511v1v0ray

v511v1v0ray
v511v1v0ray

Pixel 0
Pixel 1
Pixel 2
Pixel 3

FRAME0

FRAME1

FRAME2
RCS SS

RCS SS

RCS SS

PCS

PCS

PCS

Image Generation Shading Image Output

Pipelining at RCS and PCS

Ray: Ray Generation at RCS

Vn : Pixel Value Computation at PCSn

÷;ø_ùgú�y ü�Ù#õDÛ�Ù#ÚÝÕ õDø ��Õß×(Ù#óßÕ õDÙ
�IhL��b�]Lh_eab7lJk�]L\{eaiªlJk�r�uIb�c�böb�¬Ih_k�r	kAc�lJ��hLepyF\1c�`�lJr�hL\{eSh_e� ¢� � q k
\1^Ir��I^Ir.Â�¡	Â XW�
°I� ¾z��b�n~b�]_\1�a`Wb�epr7\JyÈ³�´xµ�¶J·0¸�´�¹�º(»A¼I½

Ç�yFr�b�c�¾J�~b2l2c�k�yFc�\1` r�uab­hLeIhLr�hGlJ]A�ac�\{��\1k�lJ]A\Jy¢r�uIb­ .b�[7\1]_n1b�c
lJc�t�uIhLr	b2t�r�^Ic�bx®L¯�°,±$£�®L¯�²J±$£Hl��(lJc�r�\Jy� �� � |(\~lJc�f��.hLr	u °yl­~Ak,£
\1eIbSl�� � |�\~lJc�f��.hLr	u�Àyl­~Ak,£{lJe(f�\1eab �I� |(\~lJc�fS�.h_r�u�Àyl­~Ak
|�b,t�lJ`Wb¨\1��b�c�lJr�h_\1e(lJ]�hLeo]wl2r�bm¯j�y�1ÀI�{ �k�hLeIi¤r�uIb�k�b¨�(lJc�r�k,£
�öb�u�l1f¤t�\1eak�r�c�^(t�r�b,f lZb�n{lJ]L^(lJr�hL\{edk�^I|Ik��~k�r	b�` �¢uahGt�u �.b
t�lJ]L]_b2fo³�´xµ<¶J·0¸,´�¹�º(»�¼I½�Ä}|_~���~0� Ç�e(f r	uab�e!£.h_e b,lJc�]_�j¯j�y���I£
�öb«u�l�n1b�c�b�\1c�i~l2eah_q�b,f¥hLr�hLeIr�\zl�]_hLr�r	]Lb«|IhLr�]wlJc�i1b�c�k��~k�r	b�`
�.uIhwt�u �7b t�lJ]L]�³�´xµ;¶J·�¸�´�¹�º(»�¼I½�Ä��~´�|�¶g� ³�´xµ<¶J·0¸,´�¹�º(»�¼I½�Ä
�~´	|�¶ �.lJkUt�\1ep§(i1^Ic�b2f¥�.hLr	u yF\1^Ic{l�� � |(\~lJc�fpkÆÁ�°1Åyl­~Ak�Ã
lJe(f¥\1eIb �I� |�\~lJc�f�Á$Àyl­~Èk�ÃU|I^IrUhLr�fp\~b�k«eI\1rUu(lJnJb¨np\�¬gb�]
�Ic�b�]L\~l1f�yE^Ie(t�r	hL\1e¥\Jy�l�� � |;\~lJc�fpkWeIb�hLr�uIb�cU �� � |�\xlJc�fgk,�
¡$e�³�´{¸J¶J·0¸�´�¹�ºa»�¼I½�Ä��p´	|�¶I£{lJ]_](r�uIb�t�\1`W`W^IeIhwt�lJr�hL\{e­|�b�r��öb�b�e
eIb�hLi1up|�\{c�hLeIi l­~Ak�hLk­��b�cCyE\{c�`Wb2fmr	uac�\1^Ii1u¥r	uabUb�`W|Ib,fafpb,f
t�\1`W`�^IeIhwt�lJr�h_\1eS�(\1c�r�kA\2y���� � °1Å�!1�7²�!�lJe(fSr�uIb¢uI\1k�r�t�\1`��
�I^Ir�b�c�Á?lHb�epr�h_^a`W¡$¡�¡�Ày!y!1�Pt�q,Ã�l2]Lk�\�yE^Ie(t�r	hL\1eIk7lJk7 �� � ����^Ib
r�\¢r�uIb�`Wb�`W\{c���k�hLq�böc�b�k�r�c�hwt�r�h_\1e!£1³�´xµ<¶2·�¸�´�¹�ºa»�¼I½�Ä��p´	|�¶¢t�l2e
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k¤b�u(l1fª`�l{fgb7fpb�r�lJhL]Lb,f���b�cCyE\{c�`�l2e�t�b�b�n{lJ]L^(lJr�h_\1e�|(lJk�b,fx��\1e
³�´~µ�¶2·�¸�´�¹�º(»�¼I½�Ä}|_~���~plJe�f�r�uIb�c�b�k�^I]Lr�kÈ��lJc�bAk�^a`W`�l2c�hLq�b2f�hLe
®L¯�¿,±C£�®L¯�À,±$�H¡$eUr�uIhLk�k�b,t�r	hL\1e!£~�.b�u(lJnJb¢yF\It�^Ik�b,f�\1eUr�uIb�b�n~lJ]L^p�
lJr�h_\1eU\2ynl�� � k�hLe(t�b�r�uIb��(b�cCyF\1c�`�lJe(t�b�\JyYl�� � hLk7r�uIb�`W\1k�r
fp\1`WhLe(lJeIr��(lJc�rSh_edr	uab­\1n1b�c�lJ]_]A��b�cCyE\1c�`�l2e�t�bx�W¡$edr	uabWyF\1]��
]L\{�.hLeIi�fphLk�t�^ak�k�hL\1e!£2�.b�lJk�k�^I`Wb¢r	uab�hL`�l2i1bök�hLq�b7\Jy�Å1¾�� O Å{¾y�
^Iea]_b�k�kAeI\1r�hGt�b2f�b�k��(b2t�hwl2]L]L�I��Ç�e�f�lJ]Lk�\��.b7lJk�k�^I`Wb�r�u(lJrÈb2l{t�u
l��" .kSlJc�bSc�b�k���\{eak�hL|I]LbSyE\1c�°,��k�b�r�kª\Jy0���	Å{¾y� O Å1¾y�W�a]GlJeIb�k
\1^Ir�\2y�Å1¾y� / np\1]_^a`Wb�fIlJr�l��.uab�c�b_���-�:¯���Å��C²x��À��~�
²(�_¯  ¢b�e(fpb�c�h_eai�lAb�cCyF\1c�`�lJe(t�b
�.uIbWnp\�¬Ib�]��ac�b�]L\~l{fgh_eai�hLkS\1eIbW\2y¢r�uIbW`W\1k�r�hL`W�;\1c�r�lJe~rªh_k	�
k�^ab«h_emr	uab«h_`W�a]_b�`Wb�eIr�lJr�h_\1e!£H�.b�§(c�k�r­b�¬alJ`WhLeIb«r�uIb��;b�cC�
yF\1c�`�lJe(t�b­\Jy�r�uab�l1fIfgc�b�k�kªi1b�eIb�c�lJr	\1c�Á0Ç$�ªÃ��a�ölJ|I]Lb,Å�k�uI\1�.k
r�uIbdr�hL`Wbdk���b�eIrUyE\1c¨�Ic�b�]L\~l1fphLeIi l n1\,¬gb�]_k¨lJ]_\1eai l¥c�lJ�1�
� hLe(t�b7�.böu(lJn1b7fgb�k�hLi1eIb,f­rC�ö\ hph_e�fpk�\Jy�ÇZ��£�r�uIhLkAr�l2|a]_b�t�\1ep�
r�lJh_eak�|�\{r�u¨\2yAr�uIb�k�bS��b�cCyE\1c�`�l2e�t�bx�¢�.uabSr��~�abx¯�ÇZ�jhLk�r�uIb
eI\1eg���IhL�(b�]_hLeIb2f�hL`W�I]Lb�`Wb�ear�lJr�h_\1e \Jy�Ç$�W£��.uah_]Lb�r�uIb�r	�p�Ib2Å
Ç$� hLk�r�uab��ah_�<b�]Lh_eab,f�n1b�c�k�hL\{e��.uab�c�bU¯�ÃCc�lJ�1�CfalJr�l­c�b,l1fx��\1^ar
yFc�\1` �Ic�b�n~hL\1^Ik�Â�¡	Â X­£gÅ1ÃCÇ�fIfpc�b�k�k��.lJ]wt�^I]wlJr	hL\1e!£a°1ÃC[�\{]L^I`Wb
��b�`W\{c��­Ç�t�t�b�k�k,£glJe(f­²~ÃCc�l��x�CfIlJr�l�k�r	\1c�b�hLeIr�\�hLr�k7Â�¡	Â X lJc�b
��b�cCyF\1c�`Wb2f¥hLeo�IhL��b�]Lh_eab,fmy�lJk�uIhL\1e!� Â�c�\1` r�uIhLkUr�l2|a]_b~£¢�.b
t�\1^I]wf¨§�i{^ac�bU\1^IrSr�u(lJr­r$�p�(b~¯�lJe�f�r	�p�Ib2ÅZÇZ��k�u�l2nxb­��b�cC�
yF\1c�`�lJe(t�b­\JyU�I�L¯�Â l � Á�Â�c�l2`Wb�lÈb�c � b,t�\{e�fIÃ�lJe(f�Åy�I� °1Â l � £
c�b�k��(b2t�r�h_npb�]L�~£(h�yGl . ¯1� t�\1��b�nxb�c,£��.b­t�\1^a]Gf¨eI\1r�l1t�uah_b�n1b
r�uIbWi1\xlJ]ö\2y�°y!1Â l � yF\1c�l-.ªÅ�b�n~b�eZ�.hLr	u r��p�Ib,ÅUÇZ����¡$r�h_k
|�b,t�lJ^Ik�bS�.bSt�\1^I]wf�ea\{r�b�¬Ir�c�l1t�r�r	uabS��b,lAh���b�cCyE\1c�`�lJe(t�bS\Jy
�� ¢Ç�� fpb�n~hwt�bª�.uI\1k�b�c�lJk	�Cl1t�t�b�k�k7r�hL`Wb�hLkS¯j�y!2eak,�
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�.uIb�eIb�¬gr­r�uIhLeIi r	\Æb�¬alJ`WhLeIb�h_k�r�uIb�r	hL`Wb�k��;b�eprSyE\{c

\1n1b�cª\{��b�c�l2r�hL\1e �.uIhwt�u fpb�r�b�c�`WhLeIb�kSr�uIb��IhL��b�]Lh_eabU�ah_r�t�u \Jy
r�uIb�c�b�e(fgb�c�hLeIi��IhL��b�]Lh_eabx�H��l2|a]_b�°�k�uI\1�.k���b�cC���ah:¬Ib�]�c�b�e�fpb�cC�
hLeIi�r�hL`Wb.lJe�f�yFc�lJ`Wb¢c�lJr	böyE\{c�Å1¾�� O Å1¾y��hL`�l2i1bx�!¡$e­\1c�fpb�cAr	\
b�¬(lJ`Wh_eab7r�uIb¢b>r<b,t�r�k�\Jy�ÇZ�W£�r�uIhLkAr�lJ|a]_b�t�\1eIr�lJhLeIk�r�uIb¢c�b�k�^I]Lr
\JyAr��ö\Wfgh r;b�c�b�eIr.t�\1eg§(i1^Ic�lJr�h_\1eak.\Jy5l��" �*g�.hLr�uZlJe(fU�.h_r�ug�
\1^Ir�Ç��W�I¡$eÆt�lJk�bª\Jy5l��" �.h_r�uZÇ$�W£~�.bª^Ik�b,fUr	uabS�.�p�Ib���¡
Ç$� k�hLe(t�b��.�p�Ib��$¡	¡öÇ$�j��l2k7l­]Lh_r�r�]_bª|ah_r�^IeIk�r�lJ|I]Lbx�H¡$eZt�l2k�b
\Jy­l��" �.hLr	ua\{^ar.Ç$�W£~eI\1r.\1ea]_��r�uab�c�b�k�^I]Lr	k�\JyA\1n1b�c¢\{��b�cC�
lJr�h_\1e�|I^ar�lJ]Lk�\�c�lJ�1�CfalJr�l�u�lJn1b�r�\W|�bªr	c�lJeIk	yFb�c�c�b,fU|(b�r��öb�b�e
�7²�!Jk.lJe(f��7²�!�lJ]_k�\�u(lJk7r�\�k�^I|ak�r�h_r�^Ir�b�yF\1c7Ç$�W�xÂ�c�\{`sr�uIhLk
r�lJ|I]Lbx£g�.bªt�\1^I]wf�t�\1eg§(c�` r	uabªi{c�b2lJr.hL`W�(l1t�r.\JyAÇ�� \1e�r	uab
c�b�e�fpb�c�hLeIi��(b�cCyF\1c�`�lJe(t�b~�ª¡$e(fgb�b,f;£�r�uab�l��" �.hLr	u¨�.�~�ab���¡
Ç$� ��b�cCyE\{c�`Wk�c�\1^ai{ua]_�¥Åg� ¾Ær�hL`Wb�kWy0lJk�r	b�c�r�u(lJe¥r�uIb$l��" 
�.hLr	ua\1^Ir7Ç$�W�"t�\1��b�n1b�c,£xt�\1`W��l2c�hLeIi��.hLr�u�r�lJ|I]Lb,ÅI£~r�uIb�c�b�ep�

fpb�c�hLeIi ��b�cCyF\1c�`�lJe(t�b¨u(lJk�fgb,t�]LhLeIb,f<� ¡$rU��l1f¤fg^Ib¨r�\zr�uab
t�\1`W`�^IeIhwt�lJr�h_\1e�\Jn1b�c�uab,l1f�\JyA�7²�!g�\[�b2t�lJ^Ik�b�\Jy<r�uIb�hL`W�I]Lb��
`Wb�epr�lJr	hL\1e�fpb��<b�e(fgb�eprHt�c�h_r�hwt�lJ]~r	hL`WhLeIi�\Jy�Â�¡	ÂYXml1t�t�b�k�k�l2e�f
r�uIb¢c�b�k�r�c�hwt�r�h_\1e­\Jy<�ö²�!�\1e�r�uab.t�\1eak�b,t�^ar�h_npb��.c�hLr	b�l{t�t�b�k�k�b�k,£
c�\1^Ii1uI]L�WÅ��;k���lJkAk��;b�eprAyF\1c7t�\1`W`W^IeahGt�l2r�hL\1e�|�b�r��7b�b�e��7²�!
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r�uIb«t�\1`W`W^IeIhwt�lJr�hL\{em]Lh_e9hz|�b�r��7b�b�e � �" l2e�f l��� S�n~An1�
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lJ]_]¢k�r�lJi1b�k2£�°1Ã$c�b��;b,lJr­|I]L\gt>h�\1�(b�c�l2r�hL\1e¤�.uahGt�ud^Ik�b�k­k�hLeIi1]Lb
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\Jy�r�uab7]wlJr	b�k�rÈ�ac�\gt�b�k�k�\1cÈhLkÈ`�\{c�b¢r�u(lJe�¾�!�r	hL`Wb�kHy�l2k�r	b�cÈr�u(lJe
�7²�!g£(�.bSt�\1^I]wf�l1t�uIhLb�n1b�¯�¾y!�r	hL`Wb�kªk���b�b2fp^I�¨r	\1r�lJ]_]L��h:y¢�.b
t�\1^I]wf�^ak�bSlJ]_]!r	uab�c�bª]wl2r�b�k�r.r�b,t�uaeI\1]L\{i1hLb�k,�
ÅI�È�«b�`W\1c����Èb,t�uIea\1]_\1i1�
�.uIbWn~\1]L^I`WbS`�b�`W\1c��ÆhLe l��" h_kª²~�P[\�� .Ç�� \Jy�°1ÅJ|IhLr
�.hGfgr�u!�<¡$rEq k�c�lJk7l1t�t�b�k�k�]GlJr�b�e�t���hLk�¯²�y!JeIk¢l2e�f�u�lJk�r	uac�\1^Ii1up�
�I^Ir¨\Jy{�y�I� �1�P[S�Jk2� |�\{��£��.b t�\{^a]Gf �I^ac�t�u(lJk�bd¾I¯�Å{�$[
�Z�� ö� � �� ¢Ç�� \Jyn�2²J��|ah_r�k��.hwfpr�u!£gÅy�y�y�{�$[S�Jk,£glJr7r�uIb�k�h_`��
h_]wlJcU�Ic�hwt�b~� �.uah_k«`Wb�`W\1c��¥hLk�]wlJc�i1b¨b�eI\1^ai{u yE\{cUnp\1]_^a`Wb
fIlJr�lÆ\Jy­¾I¯�Å / lJe(f u(lJk�l1t�t�b��Ir�lJ|I]Lb�|�lJe(fp�.hwfpr�u¥yE\1c�¾I¯�Å ,
k�t�c�b�b�e!�\t.\1�7b�nJb�c,£�c�lJk�l1t�t�b�k�kH]GlJr�b�e(t���yF\1c�c�lJe(fg\{` l1t�t�b�k�k�b�k
h_k¢k�r�hL]_];y0lJc�|(b�eIb,lJr�u�r	uab�c�b2v1^IhLc�b,fUk��(b�b,f;� � \(£~k�r�h_]L]<r�uIb�c�bªh_k
eIb�b2f�yF\1c<�(lJc�lJ]_]Lb�]{np\1]_^a`Wb�`Wb�`W\{c���\1c�i~lJeIhLq,lJr	hL\1e�b�npb�e��.hLr�u
r�uIbª]GlJr�b�k�r�`Wb�`W\{c���r�b,t�uIea\{]L\1i1��hLeZ\1c�fpb�c�r�\�c�b,lJ]_hLq�b�n~hLb��7�
h_e�fpb���b�e�fpb�earÈc�b,lJ]���r�h_`Wb�n~\1]L^I`Wb�c�b�e(fpb�c�h_eai�^Ik�hLeIi���b�c�k��(b2t��
r�h_n1b��ac�\2}�b2t�r�h_\1e!�nt�\1�öb�n2b�c,£~h:yH�.b�lJ]_]L\J�¦nphLb��7��c�b�k�r	c�hwt�r�b,f�\1c
n~hLb��7�Cfgb���b�e(fgb�eIr�c�b�e(fgb�c�hLeIi(£<r�uIb�c�b�lJc�bWk�\1`WbS�<\{k�k�hL|IhL]_hLr�h_b�k
r�\�c�b,fp^�t�b�r�uIbWc�lJe(fp\1`Weab�k�kªhLe `Wb�`W\1c��Æl1t�t�b�k�kS�(lJr�r	b�c�eIk+*
t�l1t�uIbS|a]_\It>h~hLeIi(£I\{c�r�hL]Lh_eaia£�r�b,t�uaeIhwv1^abShLk�\1eIbS\Jyök�^(t�u���\1kC�
k�hL|IhL]_hLr$�p�
°I�ÈÂnlX��Ç lJe(f ���pe(lJ`WhGtª .b,t�\1ep§�i1^Ic�lJ|I]Lb���b2t�u!�
�.uIb¨`W\1k�r��;\2�7b�cCyE^I]�Â l(��Ç �.b«^Ik�b,f¥hLe�³�´~µ;¶J·�¸�´�¹�º(»�¼I½
h_k�v�hL]LhLep¬uv��7²"!I¯j!Y� �.uIhwt�uZu�lJk�¯j!I£ !�!y!�b,vx^IhLn~lJ]Lb�epr�ixlJr�b�k,£
\1�(b�c�l2r�hLeIizlJr�Å1¾1�Pt�q�h_em\1^Ic�k��~k�r	b�`«�d¡$r­��lJk­lÆ|ah_i1i1b�k�r
Â l(��Ç c�b,lJk�\1e(lJ|I]L�Zl2n1lJhL]GlJ|I]LbSlJr�r	u�l2rªr	hL`Wbx� � hLe(t�bWhLr���lJk
h_`W��\1k�k�h_|a]_b�r�\�h_`W�a]_b�`Wb�eIr�|;\1r	uUÇ$� lJe(f�t�h_c�t�^IhLr	k¢yE\1c7\1n1b�c
\1�(b�c�l2r�hL\1eZhLeZ\1eIb­t�uIhL�!£(�.bªu(l1fZfpb2t�hwfpb,f¨r�\�b�`W�I]L\1�¡� � l
yF\1c�\{nxb�c�\{��b�c�lJr�hL\{e��÷|�\2��£¢�7b�u�lJn1bUn~lJc�hL\1^IkUt�ua\{hwt�b�k­\Jy
n1b�c�k�l2r�hL]_b«Â l(��Ç�k,� � \1`Wb¨Â lX��Ç�kWu(lJn1b�b�`W|ab,fIfgb,fm�Ic�\J�
t�b�k�k�\1c�Á0\{c � � l�Ã0�	t�\1c�b�kUc�^aeIeIhLeIio°�!y!1�Pt�q�lJe(f ^I�!£�k�\1`Wb
u(l,n1b�b�`W|Ib2fIfpb2f k��~e(t�uIc�\1eI\1^Ik�`Wb�`W\1c��z|a]_\(tRh¤l1t�t�b�k�k�hL|I]Lb
lJrö¯�¾y!1�Pt�q7lJe(fª^I�!£{lJe�f�k�\1`Wb¢u(l�nxbA`W\{c�b¢r�u(lJe�¯j!.`WhL]_]LhL\{e
i~l2r�b�k2�H¡0y<�.b�t�lJe�^ak�b�k�^(t�u�l�Â l(��Çjfgb�n~hwt�b~£~�¢b�t�\1^a]Gf�h_`­�
�I]Lb�`Wb�epr7l�yEb��or�b�eak�\Jy l��" h_e�t�]L^(fphLeIi�Ç$�oh_eU\1eIb�Â l(��Ç
�.h_r�u¥l�yFb�� t�u�l2eaeIb�]LkS\Jy��Z�� ö� � �� ¢Ç�� ��b�`W\1c�hLb�k,�¤¡$ep�
fpb�b2f;£��.b­lJc�b�t�^Ic�c�b�epr	]L�Zfpb�k�h_i1eIhLeai�k�^(t�uÆl�k��pk�r�b�` hLe�\1^Ic
]GlJ|�\1c�lJr	\1c��;® Å{¿,±C�ª¡$e l1fIfphLr�h_\1e�r�\�r	u�l2r,£!h:yö�.b­t�\1^I]wf¨^Ir�hL]_hLq�b
r�uIb�]wlJr	b�k�rÈr�b,t�uaeIhwv1^ab�\1e�fp�~e�lJ`WhGtöc�b,t�\{eg§(i1^Ic�lJ|IhL]Lh_r��;® °y!,±C£�hLr
h_kª��\1k�k�hL|I]LbWr	\Æt�\1eIk�hGfgb�c�l�i1c�lJ�IuIhwt�kª�Ic�\It�b�k�k�\1c��.uahGt�u t�lJe
fp�pe(lJ`Whwt�lJ]_]L��l1fIlJ�ar!hLr�k�b�]�yar�\�`Wb�b�r�r�uIbAc�b,vx^IhLc�b�`Wb�eIr;\Jy(c�b�ep�
fpb�c�hLeIiZt�\1e(fphLr�hL\{eak,£H]Lh h1bW�Ic�\�}�b2t�r�h_\1e `W\Ifpb�k2£�nx\{]L^I`Wb�fal2r�l
k�r�c�^(t�r�^ac�b�k,®L¯j��±C£1]_hLi1uIr�hLeIiSlJe�f­k�u(l1fgh_eai��(lJc�lJ`Wb�r�b�c�k,£glJe(f�k�\
\1e!�

¾I� Å �7\1eak�hwfpb�c�lJr�h_\1e�\1e�[�\1]L^I`Wbª ¢b�e�fpb�c�hLeIi�Ç�]_i1\1c�hLr	ua`

�.uIb�yF^ae(fIlJ`Wb�ear�lJ]�lJ]Li1\{c�hLr�uI` �.b­^ak�b,f¨hLe¤³�´xµ�¶J·�¸�´�¹�º(»�¼g½
h_k�r�uIb�c�lJ��t�l2k�r	hLeIi�lJ]Li1\{c�hLr�uI`«�¢��^abSr�\WhLr�k�k�hL`W�I]Lhwt�hLr	��lJe�f
h_r�kHh_`�lJi1b�v1^(lJ]LhLr	�1£2lJ]_`W\1k�r�lJ]_]~\Jy�r	uab�u(lJc�fp��lJc�b¢l{t�t�b�]Lb�c�lJr�b,f
n1\1]_^a`WbSc�b�e�fpb�c�hLeIi�k��pk�r�b�`Wk,® Å,±�£�® ²J±$£�® �,±�£�®_¯1¯�±7l1fp\1�Ir�r�uIhLkSl2]��
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i1\1c�h_r�uI`«�w[ö^IrUeI\1eIbz\JySr�uIb�k�b¨k��~k�r	b�` k�^a�I��\{c�r���l2c�lJ]L]Lb�]
np\{]L^I`Wb�c�b�e(fgb�c�hLeIiZ^Ik�hLeIi��(b�c�k���b,t�r�hLn~bW�Ic�\�}�b2t�r�h_\1e!£!b�¬(t�b��ar
³�´~µ�¶2·�¸�´�¹�º(»�¼I½��

 .b,t�b�ear�l{fgn~lJe(t�b�k­hLe l�����|(lJk�b2fot�\1`W`W\gfgh_r�� i1c�l2�aup�
hwt�kSt�lJc�fpkS�.uIhwt�u¨k�^I�a��\{c�r2¤-D�b��G�>@��A=W@fe�yE\{cªc�b�e(fgb�c�hLeIiZeI\1ep�
\1�(l1vx^Ib���\1]_�pi1\{edc�b,lJ]_hLq�bWr�uIb�r�b�¬Ir	^ac�b���|�l2k�b,f lJ�I�ac�\~l{t�uZr�\
r�uIb�n~\1]L^I`WbWc�b�e(fgb�c�hLeIi(® ¿,±C�z¡0y�lZ�.ua\{]Lb�n~\1]L^I`WbUfIlJr�lZt�lJe
|�b�k�r	\1c�b,f�hLeIk�hwfpb�n~hwfpb�\W`Wb�`W\1c���\Jy�k�^(t�u�l�i1c�lJ�IuahGt�k.t�l2c�f<£
hLröt�lJeU��b�cCyF\1c�`snp\{]L^I`Wb¢c�b�e�fpb�c�hLeIi��.hLr�u�l1t�t�b��Ir�l2|a]_b.yFc�lJ`Wb
c�lJr�bx�$t�\1��b�n1b�c,£<k�^�t�u lÆt�\1`W`W\gfphLr��Zi1c�l2�auIhwt�k­t�lJc�f fg\gb�k
eI\1rSu(lJn1bWb�eI\1^Ii1u nphwfpb�\Z`Wb�`W\1c��Ær�\Æk�r	\1c�b�]wlJc�i{b�n~\1]L^I`Wb
fIlJr�lI£�k�\¤hLrUk�hLi{eah�§�t�lJeIr�]L�¤k�]L\2�.kUfp\1�.emyE\{cU]wlJc�i1b¨np\{]L^I`Wb
fIlJr�l�fp^Ibªr�\�r�uIbSk�]Lhwt�hLeIi�b>r;b2t�r,� � \1`Wbªk��pk�r�b�`Wk�u�l2nxb��ac�\J�
��\1k�b,f¨r�\«lJ]_]Lb�nphwl2r�bWr	uahLk�b>r<b,t�r�|a����l2c�lJ]L]Lb�]A�Ic�\gt�b�k�k�h_eaia® À,±C£
® Å��,±C�

�.uIb�c�b�lJc�bzk�\1`Wb¨\1r�uIb�c¨l2]Li1\1c�h_r�uI`Wk2®_¯�Å,±�yF\1c���lJc�l2]L]Lb�]
np\{]L^I`Wbªc�b�e(fpb�c�h_eaia£;]_hþh~b�k��I]wlJr�r	hLeIi�lJe(f�t�b�]_]H�Ic�\�}�b2t�r�h_\1e�® �,±C�
�.uIb�k�b�l2]Li1\1c�h_r�uI`Wköu(lJn1b7l�t�lJ�(lJ|IhL]Lh_rC��\Jy�np\1]_^a`Wb7c�b�e(fpb�c�h_eai
�.hLr	u�^Ieak�r�c�^(t�r�^ac�b,f¨i{c�hwf�np\1]L^I`Wb­fal2r�lI£�r�uI\1^Ii1u!£!r�uIb��ZlJc�b
fph¥�Ut�^a]_r�r	\ hL`W�I]Lb�`Wb�eIr­hLeou�lJc�fp�.l2c�b¨fg^Ib«r�\zk�\1`Wb�hph_e�f
\Jy�t�\1`W�I]Lhwt�lJr	b2f�]LhLk�r.�ac�\gt�b�k�k�hLeIi�r�\�hpb�b���r�uab�\1c�fgb�c7\JyA\2nxb�c
\1��b�c�lJr	hL\1e�r�\WhLeIr�b�c�`Wb,fghGlJr�b�k�^I|p�$h_`�lJi1b�k,�

¾I� ° �7\1eIk�hGfgb�c�lJr	hL\1e�\1ePt�^I`�lJe�[�h_k�^(lJ]YlAb�c�t�b��Ir�hL\{e
� \.y�l2c,£1�öböu(lJnJb�hLeIr�b�e(fgb,f�eI\1rÈr�\�t�\1eIk�hwfgb�c�r�uIb�l2�a�Ic�\J¬ghL`�l,�
r�h_\1eSr	b2t�uIeahGvx^Ib�kHh_eSh_`�lJi1b�i1b�eab�c�lJr�h_\1e­|�b,t�lJ^Ik�b��.bAr	ua\1^Ii1uIr
hLr­h_kWeI\1r�l1t�t�b��Ir�l2|a]_b«hLem`Wb,fphwt�lJ]�lJ�I�I]Lhwt�lJr�h_\1eIkW�.uIhwt�u �.b
r�uI\1^Ii1uIr�r�uIbª|IhLi1i1b�k�r7`�lJc}hpb�r7\Jy�np\1]_^a`Wb�c�b�e(fgb�c�hLeIi(�­t�\2�7�
b�npb�c,£�r�uIb�c�b�lJc�b7l�]L\1r!\Jy���\1k�k�hL|IhL]Lh_r�hLb�kAr	\�hLe(t�c�b,lJk�b¢c�b�e(fgb�c�hLeIi
k���b�b2fZh�y¢�.bSr�lAh~bSr�uab­ua^I`�lJeZnph_k�^(lJ]A��b�c�t�b��Ir�h_\1e�hLeIr�\Ul1t��
t�\1^Iear,�Yt�b�c�bª�.b�t�\{eak�hwfpb�c�r�uIc�b�b�r��~�Ib�k�\2yöl2�a�Ic�\J¬ghL`�lJr�h_\1e��
¯1�n~�lJc�]L�� �l2����b�c�`Wh_e�l2r�hL\1e!® Å�!,±C£�® ÅI¯�±
��^Ic�hLeIi.r�uIb7t�\{`W��\1k�hLr�h_\1e�t�\1`W�a^Ir�l2hL\1e!£2h�ygr�uIb�l1t�t�^a`W^I]wlJr	b2f
r�c�lJeIk���l2c�b�e(t���|;b2t�\1`Wb�kAn~b�c���]L\1��£2k�lJ��¦,£{r�uIböyE^Ic�r�uIb�c7l1t�t�^g�
`W^I]wlJr�h_\1eIk¢fp\�eI\1r.lEr;b,t�r7r�uIb�hL`�l2i1b�r�\~\�`W^(t�u!�!�.uIb�b,lJc�]_�
c�lJ��r	b�c�`Wh_e�lJr	hL\1e�hLk�l�r�b,t�uIeIhwvx^Ib��.uahGt�u�t�^Ir�k�\Ar�r	uab�l1t�t�^p�
`W^I]wlJr�h_\1e­yE\{c�r�uIb�c�b�k�r7\JyAk�lJ`W�a]_hLeIi���\1h_ear�k�\{eZl�c�lJ�­h:yAr�uIb
l1t�t�^a`W^I]wlJr	b2f­r	c�lJeak��(lJc�b�e�t��-§¨¦��H�.uIhLk7r�b,t�uIeIhwvx^Ib¢h_k5h~ea\1�
r�\«|�b�n1b�c��Z^Ik�b�yF^I]��V[ö^IrShLr�u�l2kSea\�b>r;b2t�r�hLe¤t�^Ic�c�b�ear�³�´�Ä
µ�¶J·0¸�´�¹�º(»�¼I½�|;b2t�lJ^Ik�b�b�n~b�eÆh�y�~� H� l2�a�I]Lh_b�kSh_ear�b�c�`Wb,fghGlJr�b
c�b�k�^I]Lr	kªu(lJn1b�r	\�|;b­�ac�\1�(lJi~l2r�b,f¨r�\�r�uIbWb�e�f�\2y¢c�b�e(fpb�c�h_eai
�IhL��b�]Lh_eabx�H¡0y�³�´xµ�¶J·0¸,´�¹�º(»�¼g½�hLkÈt�\1eg§(i1^Ic�b,fS�.hLr�uWl.yEb�b,fg|(l1t>h
]L\~\1�UyFc�\1` r�uIbªr�l2hL]<\Jyöc�b�e(fgb�c�hLeIiW�ah_��b�]LhLeIbªr�\�r	uabªr	\1�!£Ik�lJ�
yFc�\1` r�uIb¢]wlJk�r l��" dr�\�r�uIbA§�c�k�r-l��" S£,lJe(fª�.b�l2�a�I]L��t��It�]LhGt
fIlJr�lWfgh_k�r	c�hL|I^ar�h_\1e!£I�.b�t�\1^I]wfU|(b�eIb�§�r7yFc�\1` r�uIb�~� H��® Å1¾,±C�
ÅI�n#;b�npb�]�\Jy(��b�r�lJh_]
¡0y�r	uabUnph_b�� ��\{hLeIrS`W\2nxb�kSnpb�c��zvx^Ihwt>hp]_�1£HhLr­hLk­hL`W�(\1k�k�hL|I]Lb
r�\�c�b,t�\1i1eIhLq�b­l�fpb�r�l2hL]A\Jy�b2l{t�u�h_`�lJi1b�k2� � \�hLr�h_kª|�b�r�r	b�c�r	\
i1b�eIb�c�lJr	bW]Lb�k�kSfpb�r�lJhL]_b2fZhL`�lJi1b­r�\Ph1b�b��Ær�c�l1tRhZ\Jy7r�uIbWnph_b��
��\1h_ear�`W\1n1b�`Wb�exr�hLe c�b,lJ]�r�hL`Wbx£Hc�lJr�uIb�cSr�u(lJe r�\«i1b�eab�c�lJr�b
yF^a]_]<fgb�r�lJh_]Lb,f�h_`�lJi1b�|a^Ir7]Lb�k�köyFc�lJ`Wbªc�lJr�bx� � hLe(t�b�r�uIhLk7r�b,t�ug�
eIhwvx^Ibªh_k�b,lJk���r�\�hL`W�I]Lb�`Wb�epr.hLeZ³�´~µ�¶2·�¸�´�¹�ºa»�¼I½�£g�.bªu�l2nJb
lJ]_c�b,l1fp��b�¬alJ`WhLeIb,f�hLe�k�\1`Wb�t�l2k�b�k7lJe(f�\1|Ir�l2hLeIb2f­n~b�c���eIhwt�b
c�b�k�^I]Lr	k2�
°I�nlÈk�b�^(fg\J�QlAb�c�k��ab,t�r�h_npb�lÈc�\�}�b2t�r�h_\1e
¡0y¢r�uIbWk�t�c�b�b�e k�hLq�bª© i1b�r	kª�.hwfpb�c,£!�(lJc�lJ]_]Lb�]A�ac�\�}�b,t�r�hL\1eÆ|<b��

t�\1`WbWeI\Z`W\{c�b�l1t�t�b��Ir�lJ|I]Lbx� t�\1�öb�nxb�c,£�c�b,lJ]���r�h_`Wb�c�b�e(fpb�cC�
h_eai«^ak�hLeIiÆ��b�c�k���b,t�r	hLnpb­�ac�\2}�b2t�r�h_\1e hLkSy�lJh_c�]L�Æb�¬g��b�eak�hLn~b�r�\
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Û ä ÜÝÚ ñ�ò Ü�õ ò à ä ë¢Úxê'Ú�×�A�ÚÝÜ�ïá×�ó�è ê'Ú�õ ò à > ÚÝÜ Ð Åi� ÜÝÖ�×�Ø Ó�ò�ñ EìÞ � ¢�Ö�Ù�Ö�× Ð
õ ò à Ó ç 1 Ð-=�ò�Ó �¿Ð Ù�Ù Ó Ñ � 2 ��æ�Ñ � Ñ Ò�Ð Ñ���� � 9¥ï ×�¢�Ö�Ù�Ö�×�Ú�Ø�Ú�; Ó

� Ñ � ��¥ ä�k ï � Ø ä Øìî�ïáë"Ö Ð Ú�Û�Ö�à Ó'Ð�âJ� î�Ú�ÞVÖ�ÜÝÖ�à à¥ÚÝà ã�ò ë�Ù ä Û�ÚÝÜ ñ�ò ÜZõ ò àáæä ë¢Ú�ê'Ú�×�A�Ú�Ü�ï ×�ó � ê'Ú�õ ò à > Ú�Ü<¦ ã � 2 �YÐ Å Þ�Ü ò í Ó�ò�ñ ¢ ò ï ×�Û � !�ë0Ù Ó�ò ×
ÞVÖ�ÜÝÖ�àáàðÚ�à�Þ�Ü ò í�Ú&Ø}Øìïá×�ó¢Ñ���� �¿Ð Ù�Ù Ó Ñ�Ñ�æ�Ñ Ò�Ð Ñ���� � 9¥ïá×¤¢	Ö�Ù�Ö�×�Ú&Ø}Ú�; Ó

� Ñ 1 �
¢­ïá×�§�ïxA ä.Ð Ú�Û'Ö�à Ó Ðxâ?��ä ÙcÚ�Ü�æ�î�ï¥ó�î � ÙcÚ�Ú�AZõ ò à ä ë¢Ú�ê'Ú�×�A�ÚÝÜ�ïá×�ó�é�Ü�æ
í�î�ïðÛ�Ú�í&Û ä ÜÝÚ B�Ö�Ø�Ú�A ò ×_Þ�ïx�¿ÚÝàxÞVÖ�ÜÝÖ�àáàðÚ�à ï¥Øìë D ï¥Ûìî�Ûìî�Ú�ê'Ú�Ø}Û�ÜÝÖ�ï ×�Ú�A
õ�ï¥Ø ä Ö�à�é�×�ó�àðÚ Ð Å�¨OU�\^NqQOP*j&U�s¤GJnpzS¨¿Ð õ ò à Ó ç Ò�Ði=�ò�Ó � Ð Ù�Ù Ó Ñ 1�1 Ò��
Ñ 1 Ò 2 Ð Ñ���� �¿Ó

� Ñ � � = Ö ò 5¿ïp¥ ò Ø�î�ïðÛ�Ö�×�ï�Ú&Û Ö�à ÐXâ ÞxÚ�Ü ñ�ò Ü�ë¢Ö�×�í�Ú&© > Ö�à ä Ö	Ûìï ò × ò�ñ ÞxÖ�ÜÝÖ�à æ
à¥ÚÝà'õ ò à ä ë¢Ú�ê'Ú�×�A�Ú�Ü�ï ×�ó 3 Ö	í�î�ïá×�Ú ê'Ú&õ ò à > ÚÝÜ<¦ ã � 2 Å�Ð E�Þ � ¢ � E 6
=�ò Û�Ú&Ø Ð ����æ�é�ê ã æ�Ñ�ç Ô Ð Ù�Ù Ó � ��æ Ò � Ð Ñ������,9¥ï ×�¢�Ö�Ù�Ö�×�Ú�Ø�Ú�; Ó

� Ñ Ò � = Ö ò 5 ïS¥ ò Øìî�ï¥Û�Ö�×�ï Ð�â Eôë�Ù�àðÚ�ë"Ú�×�Û�Ö	Ûìï ò ×�Ö�×�A�ÞxÚ�Ü ñ�ò Ü�ë¢Ö�×�í�ÚY© > Ö�à ä æ
Ö	Ûìï ò × ò�ñ ÞxÖ�ÜÝÖ�à à¥Ú�à�õ ò à ä ë¢Ú�ê�ÚÝ×�A�Ú�Ü�ïá×�ó 3 Ö	íÝî�ï ×�Ú�ê�Ú&õ ò à > Ú�Ü<¦ ã � 2
Å�Ð-3 Ö	Ø�Û�Ú�Ü � îYÚ&Ø�ïðØ Ð l�Ú�Ù ò�ñxã�ò ë�Ù ä Û�ÚÝÜ � í�ïðÚ�×�í&Ú Ð ?7! ò Û ò m�×�ï > ÚÝÜ�æ
Øìï¥ÛJ! Ð-ª Ú å.Ó Ñ������v9¥ï ×	¢	Ö�Ù�Ö�×�Ú�Ø�Ú�; Ó

� Ñ���� 3 Ö	Ø}Ö�î�ïáÜ ò&ª�ä�k ïáî�Ö�ÜÝÖ Ð Ú&Û'Ö�à ÓáÐxâ ê'Ú�Ö�à¥Ûìï ë¢Ú�õ'ïðØ ä Ö�àáïðö�Ö	Ûìï ò × 3 Ú�Ûìî ò A
ñ�ò Ü Õ�ï¥ÚÝÜÝÖ�ÜÝíÝî�ï¥í&Ö�àK6�Ü�ïtAgõ ò à ä ë"Ú l�Ö	Û�Ö Ð Å	GJnpzS¨¤zSc y�TY«�U�]J_`T�Ð � Ò æ
é�ê ã æ�Ñ Ô Ò�Ð Ù�Ù Ó,��� Ñ Ô ÐS3 Ö�Ü Ó Ñ���� Ò�Ó

� Ô�2 � 3 Ö�ÜÝív8�Ú > ò ! Ð.Å ©�¬¢íÝï¥Ú�×�Û�ÜÝÖ�! ÛìÜÝÖ	í�ï ×�ó ò�ñi> ò à ä ë¢Ú&A�Ö�Û�Ö Å é ãY3
� ÜÝÖ�×YØ Ó¿ò ×�6'ÜÝÖ�Ù�î�ïðí�Ø Ð õ ò à Ó � Ð E�Ø}Ø ä Ú�ç Ð Ù�Ù Ó Ô � ��� Ô�1 Ñ Ð ¢ ä àt!ZÑ���� 2 Ó

� Ô Ñ��ZÞ�î�ïáà ïáÙ�ÙcÚ 8�Ö	í�Ü ò�ä Û�ÚXÖ�×�A 3 Ö�ÜÝí:8�Ú >¿ò ! Ð�Å�ª Ö�Ø�Û�õ ò à ä ë¢Ú�ê'Ú�×�A�Ú�Ü�æ
ï ×�óim�Øìïá×�ó�Ö � î�Ú�Ö�Ü�æ@�_Ö�Ü�Ù ª Ö�í&Û ò Ü�ïðö�Ö	Ûìï ò × ò�ñ Ûìî�Úxõ�ï¥Ú D ïá×�ó � ÜÝÖ�×�Øìæ
ñ�ò Ü�ë¢Ö	Ûìï ò × Ð Å Þ�Ü ò í Ó�ò�ñ"� EJ676�ê'é�ÞVÕ ~ ��� Ð Ù�Ù Ó � � Ñ�æ)� ��Ò�Ð ¢ ä àt! Ñ������ Ó

� Ô	Ô � � Ö	Û ò Ø�î�ï­¥�Ö�ë"Ö ä í�î�ï Ð Ú&Û�Ö�à ÓáÐ�â é�í�Ûìï > Ú õ ò à ä ë¢Ú ê'Ú�×�A�ÚÝÜ�ïá×�ó D ïðÛìî� ï ë ä à¥Ö	Ûìï ò × � Û�Ú&Ú�Ü�ïá×�ó Ð Å�G IKG�W£IHL�_ d<b*T­uw_)[,T¥Ð õ ò à Ó Ñ 2 Ñ ÐO=�ò�Ó Ô Ñ 1 Ðã Þ � ¥ Ô�2�2 Ñ�æìç �¿Ð Ù�Ù Ó Ñ � Ò�Ð ¢ ä àt! Ô�2�2 Ñ Ó
� Ô ç�� ª�ä ë�ït!	Ö�Ø ä Õ�Ö�ÜÝÖ�Ø�Ú Ð Ú�Û�Ö�à ÓáÐxâ ê�Ú&Ö�à æ � ï ë¢Ú�õ ò à ä ë"Ú�õ'ïðØ ä Ö�àáïðö�Ö	Ûìï ò ×

ò ×Zê'Ú�õ ò à > Ú�Ü<¦ ã � 2 Ð ÅwGJnpzS¨&zSc®y�T0«&U�]`_`T¥Ð Ô�2�2 Ô æìé�ê ã æ�Ñ�� Ò�Ð Ù�Ù Ó,���
Ñ Ô ÐS3 Ö�! Ô�2�2 Ô Ó

� Ô ��� ª�ä ë�ït!	Ö�Ø ä Õ�Ö�ÜÝÖ	Ø�Ú�Ú�Û�Ö�à ÐXâ é Õ�Ö�ÜCA D Ö�ÜÝÚ�é�Ø}Øìï¥Ø�Û ñ�ò Ü � í�ï¥ÚÝ×�Ûìïáß�í
õ�ï¥Ø ä Ö�à ï¥ö&Ö�Û�ï ò × Å�Ð Þ�Ü ò í Ó.ò�ñ Ûìî�Ú�ç 2 Ûìî � !�ë�Ù Ó.ò ×ªõ'ïðØ ä Ö�àáïðö�Ö	Ûìï ò × Ð
Ù�Ù Ó Ñ�Ñ�� � Ñ Ô	Ô Ð Ô�2�2 Ô Ó � 9¥ïá×$¢	Ö�Ù�Ö�×�Ú�Ø}Ú�; Ó

� Ô � � 3 Ö	Ø}Ö	Û�Ö�5¿Ö	E�5 ä ë ò�Ð Ú&Û Ó Ö�à Ð"âJ� î�Ú�©�¯cÚ�í&Û�Ø ò�ñ ©xÖ�Ü�àt!-ê'Ö�! � ÚÝÜ�æ
ë0ïá×�Ö	Ûìï ò ×-ï ×ªÞVÖ�ÜÝÖ�àáàðÚ�à'õ ò à ä ë¢Ú¢ê�ÚÝ×�A�Ú�Ü�ï ×Yó D ï¥Ûìî ã !¿í�à ï¥í�l�Ö	Û�Ö
l'ï¥Ø�ÛìÜ�ï å�ä Ûìï ò × Ð Å�npN�Uqd<T�U�s���U�Nq\^ZHU�Q$GCQ�s�U�NqZ�P�]�c)U�QrL�_ d<b*Q�U�jtUJy�|	Ð
õ ò à Ó ç Ð ¢�æ@� 1 Ð Ù�Ù Ó Ô ç�ç � Ô ç�� Ðy� ÚÝÙ Ó Ô�2�2 Ô 9¥ïá×	¢�Ö�Ù�Ö�×�Ú&Ø}Ú�; Ó

� Ô�1 � 3 Ö	Ø}Ö	Û�Ö�5¿Ö�E�5 ä ë ò�Ð Ú&Û Ó Ö�à Ð0â ÞVÖ�ÜÝÖ�àáàðÚ�à'õ ò à ä ë¢Ú¢ê�ÚÝ×�A�Ú�Ü�ïá×�ó�©�×�æ
> ïáÜ ò ×�ë¢Ú�×�Û ñ�ò Ü�Eô×�Û�ÚÝÜÝÖ�í&Ûìï > Ú-ê'Ú�Ö�à æ � ï ë¢Ú � ïáë ä à¥Ö	Ûìï ò × Ð Å°npN�UCd�T
U�s�GJnpzS¨4±hP�QSR<P�cx}J�<NqP�QOd<b��YU�Nq\^Z0Ð Ù�Ù Ó Ñ Ô Ñ � Ñ Ô � Ð7=�ò�>YÓ Ô�2�2 Ô 9ðïá×
¢�Ö�Ù�Ö�×�Ú�Ø�Ú�; Ó

� Ô � � 3 Ö	Ø}Ö	Û�Ö�5¿ÖoE�5 ä ë ò�Ð â l�Ú > Ú�à ò Ù�ë"Ú�×+Û ò�ñ Ö²6�ÜÝÖ�Ù�î�ï¥í&Ø ã Ö�ÜCA
õ�ï¥Ø�é ñ�ò Ü�ê'Ú�Ö�àáæ � ï ë¢Ú õ�ï¥Ø ä Ö�à ï¥ö&Ö�Ûìï ò × ò�ñY� ï ë¢Ú�æ > Ö�ÜC!�ïá×�ó�õ ò à ä ë¢Ú
l�é � é Ð Åi3 Ö	Ø}Û�ÚÝÜ � î�Ú&Ø�ïðØ Ð 6'ÜÝÖ�A Ó²� í�î ò	ò à ò�ñ E�× ñ�ò Ü�ë¢Ö	Ûìï¥í&Ø Ð ?7! ò Û ò
m�×�ï > Ú�ÜÝØ�ïðÛ)! Ð-ª Ú å.Ó Ô�2�2 ç Ó

� Ô Ò � � Ú�� Ö�ØYEô×�Ø�ÛìÜ ä ë¢ÚÝ×YÛ�Ø­è ��3 � ç Ô�2 ã ���&m�Ø}ÚÝÜ ~ Øi6 ä ïxA�Ú Ð Ñ����	ç Ó
� Ô ��� � î ä�å î�ÚÝ×�A ä��YÓ Ú&Û'Ö�à Ó Ð�âJ� î�Ú�é'à Ù�î�Ö Ô Ñ�ç 1 � = Ú&Û D�ò ÜJ5¢é'ÜÝíÝî�ïðÛ�Ú�íÝæ

Û ä ÜÝÚ Ð Å�GJIKIKI¡�¤c�d<N�U­Ð Ù�Ù Ó Ô�1 æìç �¿Ð ¢�Ö�× ä Ö�ÜC! Ô�2�2 Ô
� ç 2 �ZÕ�ïtA�ÚÝî�Ö�Ü ä é�ë¢Ö�× ò�ÐXâ éHA,!�×�Ö�ë0ï¥í�Ö�àáàt!_Ö�A�Ö�Ù�Ûìï > Ú î�Ö�ÜCA D Ö�ÜÝÚ ä Øìæ

ï ×�ó¡Ö¯ë ä à¥Ûìï æìí ò ×+Û�Ú��¿Û�ÜÝÚ&í ò ×�ß�ó ä ÜÝÖ å à¥ÚgÙ�Ü ò í&Ú�Ø�Ø ò Ü Ð Å³GJnpzS¨´zSc y�T
«&U�]J_CT�µJ�������*}�giu�W�} ¶*·,�J¸�Ð õ ò à Ó Ô�2�2 Ô Ð¹=�ò�Ó Ñ	Ñ Ô Ð Ù�Ù Ó � � � 1 � Ð:=�ò�>�Ó
Ô�2�2¿Ô Ó

� ç Ñ��
?�Ú�× ~ ïðí�î�ï�EìÛ�Ö�5 ä ÜÝÖ Ð Ú�Û�Ö�à ÓáÐ�â ÞVÖ�ÜÝÖ�à à¥ÚÝà > ï¥Ø ä Ö�à ï¥ö&Ö�Ûìï ò × ñ�ò ÜXÙ�Ö�ÜÝÖ�à à¥ÚÝà
A�Ö	Û�Ö�Ø}ÛìÜÝÚ&Ö�ë Ð ÅhnpN�Uqd�T�U�s7¨*z-nKnp���*��¶�Ð Ù�Ù Ó Ñ Ò � � Ñ�� 1 Ð ¢ ä ×YÚ Ô�2�2 Ñ Ó


