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¾ x�� dH_�z;`-pkd�ea`k��d��§b�^�{|^o¿§�|`k�4z5^�ea¨�d�e�¨$��u5^�e�f �aª$��`ce��­^����a�«��`Q¨${³^�ps±�z$d�{|`k��ea`c�~^���u$�|u$bN��e�d��:b�^�{³^o¿Ef
��`ce�b�`ce��sÀ

Á x�� dE`c��_�z$`2��d���_�pkd��~�$^�pk_�d��;_���p�^�{M`c���|���a��d�u¢��e�d��%^�u²t�¥©´Âpcd���`���e�d��%^�u�^�pkpce�`k_���d�u² $���a±
d�eN��e�d��Ã^½ea`k{³^�_a���E�|��_���p
n�`k_sÀ

»;x�� dE`c��_az$` ��`c�5^�ea^�_���d�u°d���_az$` e�^� $�|d2pkd�ea` ^�u$ md��;_a�|pc^�{¸�;z$d�_�dEpc`ku�_�`ceHd��4_�z$`j¯�ª5^��a^�ea�Hª;�a`c m��d�e
_az$`�e�`k��`ce�`cu$pk` ��e�^���`<_��|`Dpsz5^�u$b�` d�u­_az$`D_a�|��`c�apc^�{|`k��d���_�z$`k�|e��;z$d�_�d��~`q_�ea��p���^�e��³^�¨;�|{|�«_�f���d�e��|�
_az$`©�a`c�$^�e�^�_a�|d�uS��_s^�¨${�`¬À

Äjª;`c��_a�|d�u;� ¾ ^�u$  Á ^� $ $e�`c���D_�z;`®u5^�_aª$ea`¦d���_�z$`�t�¥¦´G�$z$`ku$d���`cu$d�u���^�u; ¢_�z;`��$e�d§ ;ª$pk_a�|d�u¢d��
ea`k{³^�_a���E�|��_���p4n�`q_��"�|u2^���e�^�pq_��|d�u2d��U_�z$`k�a`<^�pq_��«��`Hb�^�{|^o¿§�|`k�cxMt�pk_a����`Hb�^�{³^Å¿;��`c�B^�ea`H^ e��|pszÆd�¨;�a`ce���^�_���d�u5^�{
µ5`k{| 7��^�u$ X�2ª$pszX�|�m±�u$d¬�<uX��ead�� `c���|���a�|d�uA{|�|u;`²�a��`cpq_�ead��apcd���f��j�¸d�{³^�e��|Ç�^o_��|d�u7�H^�u$ X��^�ea�|^�¨$��{|��_�f
��_aª$ $��`c�S}��aª$psz�^���ea`k��`ce�¨¸`ke�^�_a�|d�uÈ�~^��$�;�|u$b¢d��<u$`�^�ea¨�fÉ�E`kf���`ce�_��s�Êxº¡¢dE $`c{��®d��<¨${|^�Ç�^�e���^�ea�|^�¨$��{|��_�f
�aª;b�b�`c��_�_az5^�_¦_�z$`��|u�_aea�|u;�a�|pÆ���|Çk`q����p�^�{�`c��^�ea`Æ��`ce�fº���­^�{�{<}�{��|b�z�_© 5^�fE�s�©�|uË`q¿E_a`cu�_�x�]�ª$e�ea`ku�_a{�f���_�z;`
z$��b�z$`c��_Mea`c��d�{|ª§_��|d�u©^¬��^���{³^�¨;{|`¶���7�<��_�z¦z$��b�z§����e�`c¯�ª$`ku$pkf Ì � ¤ r����­^�b��|u$bH^o_¶Í ¾�Î�Î �~��pcead�^�eapk�a`cpD}�Ï4^��s�
ea`k�ad�{�ª;_���d�u7��^�u$ �_az$`<¨¸`k��_Qd��;_a�|pc^�{;���­^�b�`c�¶��ead��ÑÐ �EÒOz5^���`D^�¨�d�ª;_-Ó Î ���|{�{|�³^�eapc��`cpQea`k�ad�{�ª;_���d�u7xMÒHz$`
��d�_�`ku�_a�³^�{; $�|��pcd¬��`ke�f��a�5^�pc`<��d�e"d�¨$��`ce���^�_a�|d�u;�Qd��7t�¥©´A�<�«_�z~�§r�¡*�|�¶_�z;`cea`q��d�ea`��aª;ea�$e��|�a��u$b�{«f®¨$e�d�^� 7�
�a��u$pc` �§r�¡Ôpc^�u° $`q_�`cpq_H�$z$d�_�dEpc`cu�_a`ce���z$���Õ_a�N^�_Q_�z;`D��`k�XÏ7^���{�`k��`k{�x¶t3��^�ea��`k_�f½d��4t�¥©´Y�;z$`cu$d��~`ku5^
�<�|{�{�¨�`j�§���a��¨${|` d�u¢��ª$pszw��p�^�{�`c�c�5��u$pc{�ª$ $��u$b½^�u$����`kea�<_�d½¯�ª$`c��_��|d�u$� ¾ ^�u;  Á x
yX��_�zO^ ¾¬Î �����|{|{��³^�e�pc��`cp­��e��|u$b�`��a�$^�pc��u$b$���§r�¡ ���~u;d�_°`Ê¿;��`cpq_�`k �_�dÈe�`c�ad�{���`¢t�¥¦´Ô^�_~�a�|b�u$���³�

�|pc^�u�_�ea`c ;�az$�«�Õ_²}Õ_�z$d�ª$b�zÖ_�z$`Sd��;_a�|d�uÖd����|�~^�b���u$b²^�_½_az$�|�½ea`k�ad�{�ª;_���d�uÉ��d�ª${| �ea`k�$ea`k�a`cu�_°^Ë�~^Ån�d�e
d�¨$��`ce���^o_��|d�u5^�{M�$�|`kpc`2d��"_az$`2t�¥©´×�$ª;ÇcÇc{�`¬�ÊxjÒHz$�|� �;ead���d���^�{���`c`c±��j_�d­`q¿§�${|d���_©�Er�¡L���©^���_�e�d���`k_�e��|p
p�^��5^�¨$��{|��_�f2¨�f���`�^���ª$ea��u$b®��d�����_���d�u$�
d��4��dE $`cea^�_�`k{�f2��^���u�_j}£ØÚÙ ¾ Ó�Û ¾�Ü �"_�^�eab�`k_��Q_�d®^�u°^�pkpcª$ea^�pkf
d��¶Í ¾¬Î Ï4^����
Äjª;`c��_a�|d�uÖ»²e�`c{|^�_�`k�2_�d²_�z;`m�$e�^�pq_���p�^�{-�|�a��ª$`md��<_�fE�|u$b²_az$`��§r�¡ ea`q��`ce�`cu$pk`S��ea^���`Ë}���u�_a`ce�u5^�{|{«f

pcd�u$�a����_�`ku�_H^�_QÝ®Ï7^��s�¶�<��_az�_az$`Dr�u�_a`ceau$^�_���d�u5^�{¸]�`c{�`c��_��³^�{UÞ�`q��`cea`ku$pc`�ß5e�^���`����<z$��psz­�|�
_�z;`�^� ;d��;_�`k 
r�t<�à��_s^�u$ 5^�e� º��d�e¦^�{�{¶d�¨$��`ce���^o_��|d�u$�cx½y�`½ $d�u$d�_¦�$e�d���d��a`Æ_�d���`ce���d�ea�V_az$`Æ��e�^���`Æ_��|`Æ�«_���`c{�����^��
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_�z;�|�¦�|��^¢ea`k�a��d�u$���|¨$��{|��_�f²d��N_�z;`m�§r�¡ l"e�don�`cpq_�x�r�u$��_a`�^� 7����`��<�|{|{"��z$d¬�©�¶�<��_az$�|uL^�¨�d�ª;_¦_�z$`�µ5ea��_
f�`c^�ec�U�<z$`q_�z$`ke�_�z$`¦��e�^���`j_���`©�<��{|{4¨�`�{��|����_a`c S¨�f � ^���_aead��$z�fE�a��p�^�{�u$d��|�a`��$xHr��"��d$���-`��-d�ª${� ¢�-d�ea±
�<��_azm_�z$`¦l"eadon�`kpk_�_�d½�|���$e�dÅ��` _�z$`©��`c{|`kpk_a�|d�u�^�u$ �d�¨$��`ce���^o_��|d�u�d��B��ª$��_�^�¨${|`je�`k��`kea`cu;pc`¦d�¨En�`cpq_��kx
ÒHz$`c��`Nµ5ea��_"��_a`c�$�"��u2�~��pce�d�^�eapk�a`kpcd�u$ 2^���_aead���`k_ae�f�d��U¯�ª5^���^�ea�¶��z$d�ª${� 2��d§pkª$�Bd�uÆª;u$ $`ce���_�^�u$ $��u$b

d���^Æ�a�~^�{|{�u�ª$�2¨�`ceHd���d�¨En�`kpk_a�c�5�a`k{|`kpk_�`k ¢d�u°_�z$`j¨5^��a�|�Hd���±�u$d¬�<u��$ead��¸`ke�_���`c�k�$�adÆ_�z$^�_H_�z$`je�`c��ª${�_a�
�~^¬f¢¨�f²���|���${�f��|u�_a`cea�;ea`k_a`c 7x2�§d���`2d��
_�z;`Æu$`�^�e�`c��_¦^�u$ Ë¨¸`k��_�����_aª$ $��`c º^�eapsz;`k_�fE�5^�{"¯�ª5^��a^�ea�©^�u$ 
t�¥©´ ^�e�`©¡ Ü�� �;»�] Á�� »§�;»�] Á���� �;^�u$ m»�]A»�Ý�ÓE�E��d�eQ�<z$�|pszm ;`k_s^��|{|`k ~Ì � ¤ rQ���­^�b��|u$b©���N^���^��|{|^�¨${|`�x
�©� Á�Ü�� �|�<¨�`c{��|`k��`c �_�d­z$^¬��`�_az$`�¨�`c��_�pc^��a`¦��d�e<�¸`kea��d§ $��pc�«_�f­�<z$��psz²�~��b�z�_<�|u$ ;�|p�^o_�`©¨$�|u$^�e�fm¨;{³^�ps±
z$d�{�`c�kxBy�`H ;d�u$d�_Q^�_a_a`c���;_Q^j��_s^o_��|��_���p�^�{§��_�ª; ;f����<z$�|psz½�-d�ª${| ½¨�`N��`k{|{5¨�`kf�d�u$ ~_az$`H�apkd���`Dd��7�§r�¡Lx
ÒHz$` e��|psz$u;`c�a�Hd���t�¥¦´ �;z$`cu$d��~`ku5^2ea`k¯Eª;�|ea`k�N��^��~�${�`c�-d���z�ª$u$ $e�`c $�<d�e-�~d�e�`�d�¨�n�`cpk_a��_�dÆ��`c�5^�e�^�_a`
d�ª;_< ;�
	¸`cea`ku�_D�;z�fE���|p�^�{M`�	�`kpk_a�cx
y�`j�<�|{�{���`ce���d�ea�·_�z$`j��d�{�{|d¬�<�|u$b®�a��`cpc�«µ5p¦d�¨$�a`ke���^�_a�|d�u$�N_ad�^�u$���-`ce<_�z;`c�a`¦¯�ª$`c��_���d�u$�cx

¾ xD¡¢`c^��aª;ea`2_�z;`Æ�a`c�$^�e�^�_a�|d�uw¨¸`q_���`k`cuL^�eapsz$`q_�fE�5^�{"pcd�ea`q�«n�`k_jt�¥©´��¸¯�ª5^���^�ea�j�a`k{|`kpk_�`k ���d�e�_�z;`c�|e
pkd��~�$^�pk_au$`c���Q��e�d��Â_�z;`�ea^� $��d¦��d�ª$e�pc`c�Q_�z5^o_- ;`kµ5u$`<_�z;`D`Ê¿§_ae�^�b�^�{³^�pq_���pNea`q��`cea`ku$pc`���e�^���`���^�u$ 
e�`k��`ce�`cu$pk`½��_s^�ea�j�|u¢��d�ª$e � _�^�eab�`k_���ea��psz��­_���{|`k�c��`�x�b;x���^ ¾ Ó¬�� $`kb�ea`k`®µ5`c{� Ëd��
ea`kb�^�ea Ëpkd�u�_s^���u$�|u$b
¨�d�_�z�»�] Á�� »½^�u$ ¢¡ Ü�� x

Á x����a`®�®ª${�_a�|pcd�{|d�ek�$ $�
	¸`ce�`cu�_��|^�{��$z5^���`�_a`cpsz$u$��¯�ª$`c� _ad­��`�^���ª$ea`¦_�z$`��a�|Çk`®^�u$ ²��_�^�¨$��{|��_�f°d��¶_�z;`
d��§_��|pc^�{Qpcd�u�_���u�ª$ª$� `c���|�a���|d�uL�<z$�|pszÈ�<��{|{
_�`c{�{-ª;�2z$d¬� _az$`°d��§_��|pc^�{Q�$z$d�_ad§pk`cu�_�`keÆ{|dEp�^�_a�|d�u
 $`k�¸`ku$ $��d�uS�N^���`k{|`ku$b�_�z�x

»;x�� `q_�`ce��~��u$`½¯�ª5^���^�e®��d��a�«_��|d�u$�¦�<�«_�z$��u�^S_���{|`Æ_�d Á�Î Ï4^��¦�|uº_�z$`�µ5ea��_®f�`�^�ek�¶ª$�a��u$bw��d�u�_�z;{�f
d�¨;�a`ce���^�_���d�u$�cx�ÒHz$`N�$e�`cpk�|�a��d�u®�<�«_�z$��u�_�z;`�_���{|`
�|���|u$ $`k�¸`ku$ $`ku�_¶d��5_�z$`-��ª${|{����|�a���|d�u2¥©e��| 2�E_s^�e
e�`k��`ce�`cu$pk`Æ��e�^���`�x¦�§��b�u$�«µ5p�^�u�_�`�^�e�{�f¢�apc��`cu$pk`Æea`k�aª${«_��c��^�u$ ²��^�{|�� 5^�_���d�uwd��"_�z$`Æd��§_��|pc^�{«��e�^� ;�|d
��ea^��~` _a�|`��$p�^�uS¨�`©d�¨;_s^��|u$`k � ;ª$ea��u$bÆ_�z$`jµ5e���_<f�`c^�eDd��"�§r�¡@d���`cea^�_���d�u$�cx
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d���e�^� ;�|d���{|d�ª$ m¯�ª5^���^�e��cx�t,��^���d�ea`c S_�z;`cd�e�fS�|u���d�{«��`k��_az$`¦^�pk_a����^�_���d�umd���ea`k{³^�_a���E�|��_��|p
n�`k_��H��e�d�� _�z;`
��ª$`k{|�|u;b�d��D^Ë��ª$��`cea�~^����a����`¢¨;{³^�ps±Lz$d�{|`~_�z$e�d�ª$b�z=^�u�^�pcpkea`q_��|d�u� ;�|�a±��Npkd�u$ $�«_���d�u$�Æ^��;�¸`c^�e2_�dË¨�`
¨$e��|`��;f°��^���d�ea^�¨${|`©^o�Õ_�`ceN_��-d­b�^�{³^o¿§��`c�Npkd�{|{��| $`j^�u$ S�~`keab�`�x
ßB�|b�ª;ea` ¾ ��z$d¬�<�
^�u½^�e�_��|��_�� �¶ $`k�$�|pq_��|d�uÆd��5_�z$`Hd�¨$�a`ke���`k ���`c^�_�ª;ea`c�"d���^�u½^�pk_a����`�b�^�{³^�pk_���p-u�ª$pk{|`kª$�

}�µ$b�ª$ea`®pcd�ª$e�_�`k��f²d��-]�x ¡Lx7�Deae�f²^�u$ Ël�x�lB^� $d¬��^�u$�³�qxjÒHz$`®d�ª;_�`ke pc{�d�ª$ $�Æ}��az$^� $`c Ëb�ea^�f$���$eadE $ª$pk`
_�z;`mu5^�eae�d¬� `k�~���a�a��d�uÈ{��|u$`k�cxËÒHz$`m�|u;u$`ce2pk{|d�ª; $��}���z5^� $`k �¨;{³^�ps±§�®�$e�d§ $ª;pc`°_�z;`°¨$ead�^� Ö`c���|�a���|d�u
{|��u$`c�kxNr�uw��d���`�t�¥©´×^�u¢d�ª§_�`ceDd��;_a�|p�^�{|{�f�_�z;�|ps±U� �  $ª$��_�fS_ad�eaª$� �­������`c`ku�d�ea¨$�«_���u$bÆ_�z$`¦¨${³^�ps±mz$d�{|`
��fE��_�`c��x
ÒHz$�|�H_ad�eaª$�H���H�$ead�¨5^�¨${«f°ea`k{³^�_a`c m_�d�^�uS��u$u$`ce<^�pcpce�`k_a�|d�uS $���a±��Q¨${³^�ps±­z$d�{�`j��fE��_a`c�Ã�<z$��psz
�|�"_az$`�^�pk_�ª$^�{5�¸d¬�-`ce�z$d�ª$��`�d��¸_�z$`�t�¥¦´¦x�r�u­ea^� $�|do��{|d�ª$ Æt�¥¦´�_��-d®d��;�¸d�����_a`c{�f��� $�|e�`cpk_a`c �e�^� ;�|d�n�`k_a�
^�e�`¦`�n�`cpq_�`c ���`cea��`cu; $�|pkª${³^�eN_ad�_az$`j_�d�e�ª$���o $�|��±­��fE��_�`c��x
t�{�_az$d�ª$b�z�_az$`ce�`®�|�D^��-`�^�{�_�z¢d��"d�¨;�a`ce���^�_���d�u5^�{� 5^�_�^~d�u¢t�¥¦´¦�U�a`k��`cea^�{���`ce�f¢¨5^����|p¦¯�ª$`c��_��|d�u$�

z5^���`wu$d�_°¨�`c`kuA^�u$����`kea`k 3 ;`kµ5u$�«_��«��`c{«f�xXy�`¢�$ead��¸d���`��§r�¡ d�¨$�a`ke���^�_���d�u$���<z$�|pszA^� $ $ea`k�a�k�D^�u$ 
�az;d�ª${| �^�u;���-`cec�5_az$ea`k`¦±�`kfS¯�ª$`k��_���d�u$�D^�¨�d�ª;_Ht�¥©´�x5ÒHz$���H�$eadÅn�`cpk_D�|�-��`k{|{«���aª$�«_�`k S_ad½`�^�e�{�f���e�`c{|`c^��a`
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�jª;eN_�z$e�`c`¦¯Eª;`c��_a�|d�u;�D^�ea`©�¸d��a`c ¢^��H��d�{�{|d¬�<�cg
¾ x�� dH_�z;`-pkd�ea`k��d��§b�^�{|^o¿§�|`k�4z5^�ea¨�d�e�¨$��u5^�e�f �aª$��`ce��­^����a�«��`Q¨${³^�ps±�z$d�{|`k��ea`c�~^���u$�|u$bN��e�d��:b�^�{³^o¿Ef
��`ce�b�`ce��sÀ

Á x�� dE`c��_�z$`2��d���_�pkd��~�$^�pk_�d��;_���p�^�{M`c���|���a��d�u¢��e�d��%^�u²t�¥©´Âpcd���`���e�d��%^�u�^�pkpce�`k_���d�u² $���a±
d�eN��e�d��Ã^½ea`k{³^�_a���E�|��_���p
n�`k_sÀ
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ßB��b�ª$ea` Á gN�§psz$`k�­^�_a�|p¦ $�³^�b�e�^�� d��"^��¸d����a��¨${|`¦¨$�|u$^�e�fm¨;{³^�ps±mz$d�{|`¦��fE��_a`c��x��Eª$psz�^~��fE��_�`k�Ôpkd�ª${� 
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¡ Ü�� ]N^�u$ $�| $^�_�` } ¾ � x Î � t�¥¦´

¾ �½pcd�e�`©�­^�b�u$��_aª$ $`
} ¤ ��ea`q_a_s^ � �.��� � ¾ ���;¾ �

¾ÅÁ Ó Á � ¾�¾ � �Q`k� ¾ �;x � Ä ª5^���^�e
Ì ��eab�d��Ed�ª;_�z ¾ÅÁ » � � Î�Î Ó ¾ÅÁ§¾ � � Î Ý�Ý �Q`k� ¾¬Ü x Î Ä ª5^���^�e

»�] Á � » ´�d ¾ÅÁ x � �5��e�^�fmÄjª$^���^�e
¾ÅÁ�Á � � Î�Á§¾ ´�d ¾ � x � �5��e�^�f ¤ {³^�Çc^�e
¾ÅÁ Ý�»Å� Î���Á ]N^�u$ $�| $^�_�` ¾¬Ü x Î �5��e�^�f ¤ {³^�Çc^�e
»�] Á � � ´�d ¾ � x Ü �5��e�^�f ¤ {³^�Çc^�e

]�d�e�d�u5^ ¤ d�e�`�^�{��|� ¾ ��»�» � » Ü�Á ¾ � ¾�¾ � »�Ý�» ]N^�u$ $�| $^�_�` ¾ � x Ó �MÛDea^¬f ¤ {³^�Çc^�e
��� ]�e ¤ ´�d ¾ÅÁ x Î ÞD^� $�|d��E_�^�e
¾ ��»�» � » Ü�Á ´�d ¾¬Ü x Î �MÛDea^¬f ¤ {³^�Çc^�e
¾ ��» Ü � » ��Ü ´�d ¾ �;x Ó ÐD��b�z${�f­l�d�{³^�e��|Çc`k ¢Äjª$^���^�e
»�]Y»�Ý�Ó ´�d ¾ �;x Î Ä ª5^���^�e
¡¢ea±mÓ Î;¾ ]N^�u$ $�| $^�_�` ¾ Ó§x Á �MÛDea^¬f ¤ {³^�Çc^�e

]N^�u$pk`ce Î�Ü Ó Î � Á Ó Î Î�Ü�Á�� � Á Ý�» ]N^�u$ $�| $^�_�` ¾ � x�» �MÛDea^¬f ¤ {³^�Çc^�e
Î�Ü » � � ¾�Ü�� �Q`k� ¾ �;x Ý Ä ª5^���^�e
�©� Á�Ü�� ]N^�u$ $�| $^�_�` ¾ Ó§x Ý �MÛDea^¬f ¤ {³^�Çc^�e
Î��;¾ÅÁ � Á���� �Q`k� ¾ �;x Ý ¤ ����^�p

¾ÅÁ
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ÒHz$���2�apk�|`cu;pc`m�$e�d�b�e�^��[e�`c¯�ª$�|e�`c�Æd�u;{�fL^²�~dE $`k��_Æ^��~d�ª;u�_2d��D�§r�¡ d�¨$��`ce��E��u$b²_����~`��"^�¨�d�ª;_Æ»�¼m�
d�e�^�¨�d�ª;_ � Ó Î z$d�ª$e��cx ¤ `k{|d¬�©�-�-`w ;`c�apkea��¨¸`�_�z$`� $`c���|b�u=d�� d�ª$e~d�¨$�a`ke��E�|u$bL�${³^�u7�N^�u; Oz$d¬�Ã�-`
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} ¾ ��ÒMdL^� $ $e�`c�a�Æ_az$`S�apc��`cu$pk`Sb�d�^�{��2 $`c��pce��|¨�`c =^�¨¸d¬��`��Qª$�a��u$b�_�z$`m���|u$���2ª$� u$`kpc`c����^�e�fO�§r�¡
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} Á ��ÒMd~d�¨;_s^���um�~`c^�u$��u$b���ª${¸�apc��`cu�_��«µ5p©ea`k�aª${«_��H�<��_az$�|um_�z;`©µ$ea��_<f�`�^�e<d��¶�§r�¡@d��¸`ke�^�_a�|d�u�x
y�`Hz5^���`���z$d¬�<u�_az5^�_-�§r�¡º���Q^�pkpcª$ea^�pkf2�<��{|{§`q¿§pc`k`c ½_�z$`<r�]NÞ�ßº^�pcpcª;e�^�pqfÆea`c^�{|��Çc`c Æ¨�f�Ìj� ¤ rM¨�f

^2�aª;¨$��_�^�u�_��³^�{¸��^�pq_�d�ek�;^�u; mu$dÆd�_�z;`ceN��u$��_aeaª$��`cu�_H¨�`c���| $`k�<�§r�¡9p�^�um ;dÆ¯Eª$^���^�eN^���_aead���`k_ae�f~¨¸`k{|d¬�
Í ¾¬Î�Î Ï4^��kx¶ÒHz$`kea`k��d�ea`��E��`� $d�u$d�_Qz5^���`�_�d���^��«_Q��d�e
_az$`<µ5u5^�{U�ad�{|ª;_a�|d�uÆ��d�e"_�z;`�^���_�e�d��~`q_�e��|pHb�e��| 7�
u$d�eQ_�z$`D $`kµ$u$��_a����`���e�^���`q��_���`����|u~d�ea $`ke-_adÆ^� $ $e�`c���N_�z$`D�apc��`cu$pk` b�d�^�{|�cxBr�u­��^�pk_c�§e�`c{|^�_��«��`���d�����_���d�u$�
^�pkpcª$ea^�_�`w_adÉ^�¨�d�ª;_ ������� Ù ¾ ÓºÏ4^��c�<^o�Õ_�`ce ¾ f�`c^�ec�H�<��{|{<¨¸`w^� $`k¯Eª$^�_�`�x � ��� � ���~_az$`É}�Þ�¡²�;�
�a��u$b�{�`���`�^���ª$ea`k�~`ku�_©^�pcpkª$e�^�pkf²��uwd�u;`Æ^���_aead���`k_aea��p���d��a�«_���d�uwpkd§d�e� $�|u$^�_�` ��ea`k{³^�_a����`���d��a�«_���d�uwpc^�u
¨�`¦��`�^��aª$e�`c ��|u�^Æ�a�|u;b�{|`�_a�|{�` � �E�|����_ �;�5^�u$ m�<�|{�{7�|���$e�dÅ��`jd�uSea`k�¸`c^�_�`k ¢�E�|����_��kx
ÒHz$` 
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#� ��� b�d�^�{|�"d���d�ª$eQt�¥¦´A�$e�d�b�ea^�� ea`k¯Eª;�|ea`�gH} ¾ �QÞ<`c{|^�_��«��`H��d��a�«_���d�u$�Q^�u$ ��$ead��¸`ke

��d�_���d�u$�Q¨¸`q_���`k`cu�t�¥¦´3d����a`q��`cea^�{4 $� 	�`kea`cu�_�pc{³^��a�a`k���U^�u; Ë} Á ��]�d�{|d�e��� $`k�¸`ku$ $`ku�_N�¸d�����_a�|d�u�d 	¸�a`k_a�
ª$���|u$b½ $� 	�`kea`cu�_a�³^�{7�;z5^��a`¦�|u§��d�ea�~^�_���d�u­d�u���u$ $�«�§�� $ª5^�{¸t�¥¦´¦x
y�`½p�^�uÈ^�psz$��`k��`­^�{�{¶d��-_�z$`k�a`�b�d�^�{��j¨�fË{��|����_a�|u$b~d�ª$ej_s^�e�b�`k_¦��`c{|`kpk_a�|d�u�_�dS_�z;d��a`½�<z$�|psz � µ$_ �

�<��_az$�|u�^½�a�~^�{|{�uEª;�2¨¸`keDd��
�§r�¡@_��|{�`c�kx��E�|u$pk`�d�ª;e���pc��`cu$pk`�d�¨�n�`cpk_a����`c��pc^�uw¨�`©�~`q_�ª$�a��u$b & � � ����� � �
��`�^���ª$ea`k�~`ku�_a��¨�`k_��-`c`kuÈt�¥©´��4��`��${|^�pc`½d�u${«f�{|���~�«_�`k ²ea`k{|�³^�u$pc`Æd�uº_�z$`�^���_�e�d��~`q_�e��|pÆb�e��| ºpcd�u§�
��_aeaª$pq_�`k w¨�f°_�z;`®�Er�¡ l"eadÅn�`cpk_cx-ÒHz�ª$��d�ª$eHd�¨$�a`ke��E�|u$b��${|^�um $dE`c�<u$d�_�ea`k¯�ª$�|e�`jb�{|d�¨$^�{7^���_�e�d��~`q_�e�f �
�|u;��_�`c^� ���`���`ce���d�ea�9{�d§pc^�{¶^���_�e�d��~`q_�e�fw�<��_az$�|uº^m�a��u$b�{�`®_���{|`�x®t�u$ º¨¸`kp�^�ª;�a`½��`½ $d�u$d�_© $`k�¸`ku$ 
d�u°_az$` b�e��| 7�E��`jpc^�umd�¨;_�^��|u°e�`c��ª${�_a�H�|u­_az$` µ5ea��_Nf�`c^�ec�§�<z$`cuS_�z$` ^�u�_��|pk�|�5^o_�`c ­b�ea�� m^�pcpkª$e�^�pkf°�<��{|{
¨�`¦�®ª$psz¢��dEd�ea`keN_�z5^�u�^�_�`ku$ §��d��³�����|�a���|d�u�x
¤ f²pkd�u$pc`ku�_�e�^o_��|u;bS_az$`Æd�¨$��`ce���^o_��|d�u$� �<��_az$�|uË^°_���{|`��¸�-`�b�^��|u�d¬��`kej_�z$`Æ��_s^�u$ $^�ea Ë�<�| $`Ê��^�u;b�{|`

d�¨$��`ce���^o_��|d�u¦��pc`ku5^�ea��d$�Å¨¸d�_�z©�|u _a`cea���4d��§ea`k $ª$pc`k �d�¨$�a`ke��E�|u$b<d¬��`keaz$`c^� 7��^�u$ ¦�|���$ead¬��`k j�|u$��_�e�ª$�~`ku�_
��`ce���d�ea�~^�u$pc`�x�yXz$��{|`Q_�z$`N��`c{�`cpk_a`c ½t�¥©´�^�ea`-_�dEd���^��|u�_M_�dj`ku5^�¨${�`�_�z$`�e�^��$�� §�����<��_apsz$�|u$b��<z$�|pszÆ�<��{|{
¨�`¦ª;�a`c ���d�eH�${|^�u$`k_�����`�^�e�psz$�|u$b;�;��`¦^���d��| ��$�|ps±��|u;b�ª;�w^���_�e�d��~`q_�e��|p `keaead�ea�H��ead��·_�z$`©b�e��| S��_a�a`k{���x
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^�pszL_a�|{�`2�<�|{|{�¨¸`�d�¨$��`ce���`c ��|uº^S_a�|��`q��` ��pc��`cu�_©�­^�u$u$`cej�<z$��pszL��z5^�e�`c�®psz$^�e�^�pq_�`kea�|��_���pc�©d��N¨�d�_az
��_�^�u$ 5^�ea ²u5^�eaead¬�N�N^�u$ ��<�| $`Ê��^�u$b�{|`��§r�¡ ��dE $`c�kxHÒHz5^�_ ���c�5�-`®d�¨$��`ce���`2b�e��| ���_�^�ea��_�d­ ;`k_�`kea���|u$`
_�z;`"¨5^��a��p"�|u$��_�e�ª$�~`ku�_s^�{��5^�e�^��~`q_�`ce��c�¬��d�{�{|d¬��`k j¨�f _�z$`"��pc��`cu$pk`
_�^�eab�`k_��kx�tÉe�`c�$e�`c��`cu�_s^�_a����`Q_a�|��`c{|��u$`
�|�©��z$d¬�<uÈ�|uLßB�|b�ª$ea` � xm� `k�¸`ku$ $��u$b¢d�uL_�z;`~��u$��_aeaª$��`cu�_���_s^�¨$�|{���_�f²d¬��`ceÆÍÃz$d�ª$e¦_a�|��`c��p�^�{�`c�c�4�-`
�~^¬fËe�`c��`�^�_�_�z$`~b�ea�� ���_s^�e�d�¨$�a`ke���^�_a�|d�u$��^�_�_�z$`~`cu$ Èd��<^¢_���{|`��M_adw`c{��|���|u5^o_�`2µ5e���_���d�ea ;`ce® ;ea���Õ_a�cx
t�¥©´��¸d�����_a�|d�u$���<�|{|{§¨¸`Hpkd����$ª;_�`k ½�|uÆ_�z$`Hpkd§d�ea $��u5^�_�`-��e�^���`Hd��U_�z$`<b�e��| 7��^�u$ ½ea`qµ5u$`c ­^��¶_�z;`Hb�ea�� 
�|���$e�dÅ��`c�� $ª$e��|u$b½_�z$`��~���a���|d�u7x ¤ ª;_�_�z$`¦�apk�|`ku$pc`¦�<�|{|{4¨�`¦ $`ce�����`k ²�$e��|�~^�ea��{�f½��ead��¹ ;�
	¸`cea`ku$pc`k����u
������� ��d�eH`�^�psz¢_s^�eab�`q_�^�_H_�z$`©`k�¸dEpsz¢��uS¯Eª;`c��_a�|d�u�x
¤ `cpc^�ª$�a`��~d���_�d��¶d�ª$e�_�^�eab�`k_���^�e�`�e�`c{|^�_��«��`c{«f­��^���u�_��Ud�ª$e< 5^�_�^½�<��{|{4¨�`© $d����|u5^�_a`c �¨�fS�$z$d�_ad�u

u$d����a`���ea^�_�z;`ce~_az5^�uA��u$��_aeaª$��`cu�_°��fE��_�`k�­^o_��|pw`ceae�d�ea�kx:y�`w`c��_a�|�~^�_�`S_�z;` � ��fE��_�`c�~^�_a�|p ���5^�e�_°d��
�§r�¡L� �����|u$b�{|`q���~`c^��aª;ea`c��`cu�_D^�pkpcª$ea^�pkfm_ad­¨�`®^�e�d�ª$u$  ����
�� Ù �>� Á Ï4^�����_az$�|�<�|u;pc{|ª; $`c�D^�u�`c��_a�|�~^�_�`
d��-^�uË^�u;b�{|`Ê�H $`k�¸`ku$ $`cu�_�pcd�u�_aea�|¨;ª;_���d�uw_�d°_az$`2��^�ea�|^�u$pk` � � x©yX��_azË^­_�f§�;�|p�^�{Bd�¨$��`ce��§��u$bm_����~`�d��
¾ÅÁ�Î�Î �Qd�umØGÙ ¾¬Ü _�^�eab�`q_��k���-`�`Ê¿§�¸`kpk_�_ad2^�psz;�|`k��`�^¦�a��u$b�{|`<��`�^���ª$ea`k�~`ku�_N^�pkpcª$ea^�pkf�d��4Í ¾ »©Ï4^��cx
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Observe
6 grid stars

6 min

Astrometry
Tile #1

120 min

Slew 15û and
settle
8 min

Acquire and track
guide stars

1 min

Observe
AGNs
54 min

 x x 
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Astrometry
Tile #2

120 min

Slew 15û and
settle
8 min

Observe
6 grid stars

6 min

Observe
AGNs
53 min
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ÒHz�ª$�2¨�fË $`k�a�|b�u7�Bd�ª;e�`Ê¿;��`ce��|��`cu�_��|�¦ea`c{|^�_��«��`k{�f²��u$�a`ku$�a�«_��«��`½_�d¢_az$`~^�pk_aª5^�{"��^�{|ª$`�d�� ����
�� �<z$��psz
�§r�¡ ^�psz$��`k��`k�cx
ÒHz$�|�N�~^�±�`c�N_�z;`jb�`cu$`ke�^�_a�|d�u­d���^�umd�¨$��`ce��E��u$bÆ�${³^�u°��d�eN^2b��«��`kuS_ad�_s^�{¸d�¨;�a`ce��E�|u$bÆ_����~`��~^��|u${«f

^Æ_�e�^� $`©¨¸`q_���`k`cu²u�ª$�2¨�`ce�d��Bd�¨$�a`ke���^�_a�|d�u$��^�u; w^���_�e�d��~`q_�e��|p©^�pkpcª$ea^�pkf�d���`�^�psz¢d�¨$��`ce���^�_a�|d�u�x-ÒMd
¨�`��aª;ea`�_az5^�_Q_�z$` �;ead���d��a`k °�${|^�u­e�`c�~^��|u$�Q�|u�_�z$����e�`cb����~`����-` pkd��~�;ª;_�`k m^�u°`��~pk�|`ku$pkf~�~`q_�e��|p�d��
������� � � �<z;�|pszm��d�ª${| S¨�`jpcd�u$��_s^�u�_H��d�eN^�um�| $`c^�{���u$��_aeaª$��`cu�_cx
��d�u$bÆ�|u�_�`kb�e�^o_��|d�u$�H^�e�` �|u$`���pc�|`ku�_
¨�`cp�^�ª$�a`~d��N��u$��_aeaª$��`cu�_¦��fE��_a`c�~^�_���pc���B��`ke�fº�az$d�e�_�d�¨$�a`ke���^�_a�|d�u$��^�e�`���u$` ��pk�|`cu�_�¨¸`kp�^�ª;�a`­d��N��`ce��
_s^�eab�`q_<dÅ��`ce�z$`�^� �x
ÒHz$`ce�`w�<�|{�{�¨�`�^�{��adLe�^�u$ ;d�� pcd�u�_�e��|¨$ª§_��|d�u$�~_ad�_�z$`²^���_aead���`k_aea�|p�`ce�ead�e���ead�� `keaead�ea�­��uO_�z;`
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u$`kpc`c����^�e�f��;�-`�p�^�u~�|���$ead¬��`H_az$`D¨$^��a`k{|�|u;`���d�{|ª§_��|d�u�¨�f½d�¨;�a`ce��E�|u$b$�E��^�f ¾¬Î �|u$��_�`c^� ~d���_�z;`Du$d��~��u5^�{
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Çc`keadÆ�5^�e�^�{�{³^o¿�^�u$ m�$ead��¸`ke���d�_���d�u���d�e-_�z;` t�¥¦´¦x§ÒHz;�|����ea^��~`Ê��_a�|`H_s^���±~���N^®e�`c���¸d�u;�a�|¨;�|{|�«_�f½d��4_�z;`
�§r�¡il"e�don�`cpq_�xDÐDd¬��`q��`kec�7_�z;`® 5^�_�^��-`®d�¨§_s^���u¢��d�e<d�ª$eD�apk�|`cu;pc`®b�d�^�{|�<�<�|{�{4¨¸`¦��`ke�f¢�|���¸d�e�_s^�u�_<��u
_��-d~e�`c�a��`cpq_��kg
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_�z;�|��e�`�^���d�u7�E��`��<��{|{ � 
 � ea`k¯Eª;`c��_H_az5^�_�d�ª$e-_�^�eab�`k_-¯Eª$^���^�e� 5^�_s^�¨¸`D�$ead��;ea�|`q_s^�e�f��E�|u$��_�`c^� 7�§�-`��<��{|{
�~^�±�`©��_H^¬��^���{³^�¨;{|`D��d�eN_�z$�����;ª$ea��d��a`�x

} Á � � ª$e
�apk�|`cu�_a��µ5p�ea`k�aª${«_��
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�<�|{�{"�az$d¬�à�«_j�<��_�z;�|uË_�z$`�µ5ea��_�f�`�^�e�d��<�§r�¡ d��¸`ke�^�_a�|d�u�x~yXz$��{|`Æ_�z$���© $d§`k�®u$d�_�d�	�`ke®^��ad�{�ª;_���d�u7�
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d�¨$��`ce��§��u$b���_�ea^�_�`kb�fS^�u; ���d�eN_�^�eab�`q_<{|����_<d���t�¥¦´��<�|�Hu$`k`c $`k 7x
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¤ ^�u; 7�U�2x5�"x �Ñ¡w^�{|±o^�u7�U¡ºx5t®x ¾ ��Ü � �;tD�U�;�U»�Ý�Ó§� ¾ÅÁ�Á x
¤ ��ea`k_�_s^;�5�;x�t�x����E_a`ce�u7��]�x lMxU^�u$ ¢Ð�^�e�ea���c�5�2x�vHx ¾ ���;¾ �§tj� ¾¬Î;¾ � ¾ ��» Á x
¤ {|^�u$ ;��d�e� 7��Þ©x4�2x ¾ ��� � �4�|u � � � & 
��*� 
 � ��� ����� � ��! �q��l"eadEpc`k`c $��u$b��©d��-tj�;lG]�d�u§��x��§`cekx���Ì
d�{�x ¾ � Î �
`c �x��;x5t�xU�§`k{|{��-dEd§ �^�u$ ¢�;x��;x�¥jd§dE $�~^�u7� Á ��Ó§x
v"e�^�pk{|`kd�ª$�c��¡ºx �ÂÐ�^�{|��`ceau��U�;xUl�x ¾ � � Ý$�$tD�U���¸� ��Î � ¾ x
ÐDª§_a_�`kec�U�2xU�;x �Â¡¢ª;����d�u7�¸�¸xU�"x ¾ ��Ü �;�$t��5�;�U» Î;¾ �UÓ Î x
��ª$u$d�ec�$yGx«� ¤ �|e�`k_a_�^;�5�;x t®x«��^�u$ ��4���E�|d;�5¡Lx ¾ � ��� �5´D^�_�ª$e�`��5Ý Î§¾ � Ü��;¾ x
hj�| $b�`cec�5¡Lx Á�Î�Î�Î t � ¾�¾ � � Á�Î Ó�»;x
h �d�u$��b�{��Et®x ¾ ��Ü;¾ �$tD�U�;� Á Ý�»;� ��Î�Î x
hjead�{��|±U�5�;x ¾ ����� �§t�pk_a����`®¥©^�{|^�pk_a�|pj´�ª$pc{�`c���4}£l"ea��u$pc`q_�d�u��Du;����`kea����_�f�l"ea`k�a�cg-l"ea��u$pc`q_�d�uU�Êx
�4`c��_�e�^� $`��$�®ß�x«�;l"ea`k��_ad�u7�$Þ©x�t®x«�5��d�u$`c�k�;�2xE�"x��§l"z$�|{�{|���$�c��Þ©x ¤ x«�;Þ<d�b�`kea�c�Et®x§vHxEv<x«�;ÒH�«_�ª$�k�$¡ºxEt�x��
Þ<�|dona^;�$¡Lx��;x«��¥¦^�¨;ª$Çc 5^§�U�2xU]�x ¾ ����� t �©tG»�Ý�Ý$� ¾¬Î§¾ Ý$x
¡¢`k�|`cek�$�2xE�"x ¾ ����� ���|u­�4����`�]-f§pk{|`k�Nd���Þ�^� $��dÆ�§d�ª;eapc`k�c�§�$eadEpc`k`c $��u$b��Nd��4^�uS�§Ò��§pkr
pcd�u;��`kea`ku$pc`��$`c 7x
�;x ¤ ��ea`k_�_s^;�§�|uS�$e�`c�a�kx
� ��_a`cea¨;eadEps±����2x�vHx �Ñ¡w^�_�_�z$`q�<�c�5yGx�¥Æx ¾ ��Ü �§�$t Þ<t�t�� Á Ý$� ¾ �E¾ x
l�`kea{��­^�u��5vHx �¸x ¤ �|ea`q_a_�^;�U�;x t®x«�-,�z$d�ª7�5ß-x����§�$^�ea±��c�$yGx ¤ x«�¸¡w^�pcpsz;`k_a_ad$��ß�x��2x ¾ ��� � t � ¾�¾ � � Á§¾¬Ü Ó§x
l"�|u$`kec� ¤ x ¥Æx5^�u$ ¢hj�|u$b�z$^��¢�§hÆx�t�x�� ¾ ����Ü t��U�~Ó Î�� � ��Î �;x
�§z5^�±Eª;e�^;�U´¦x�rsxU^�u; ²�§ª;u�f�^�`k���¸Þ¦x t®x ¾ ��� »Æt �jt×Ó�Ó§� ¾ Ó�Ó§x
�Du��<��u7�§�¸x ]�x«��y�`kz$ea{�`���t�x vHx«�§��eae�f��E]�x ¡Lx��§¥j�|{��~d�e�`����2x ¡Lx«� ¤ ^�e�_�d�u���v<x �;x«�§h-n�`keaª${«��� ¤ x ]�x�� ,�`cu;�aª$�k�
�;x t®x«� �ÂÞ�^�¨5^�pc^;��]�x Þ©x ¾ ��� Ý$�;tD�U�;�5Ý�» Á � ¾¬Î »;x
yL`cz$e�{|`��5t�x vHx«�Ul"�³^�u7�$v<x«�U�De�e�f���]�x ¡LxB� �.��� � ¾ � ��Ü t��U�½Ý ��� � ¾ ��Ü x
yL`cz$e�{|`��Bt®x�v<x«�"l"�|u;`cec� ¤ x ¥Æx«�¶�Du��<��u7�
�¸x ]�x�� � ��� � Á�Î�Î�Î ��_�d²¨�`­��ª$¨$����_�_�`c º_�d²tD�U�wd�uÖ��ª;u$` ¾ �
Á�Î�Î�Î x
yX�|{��ad�u��;t®x���x �Ñ]�d�{�¨¸`ke�_��$v<x��;x�¡ºx ¾ ��� Ó§�;t��U�;�5Ý�» Ü �E� Á x
,�z$`ku$b$�$yGxO� �.��� � ¾ ��� Ó§�;tD�U�;�5Ý�Ý�Ý$�L��» Á x
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