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_c^�h�SnY ¥ejQ��j ¦i_cv�h�mnjea §�jeg�Sn_`^VY�aljk^ndemnjedeYe¨�h�b o�SVb�� SVb��*h�SV_lo�hzpr�JY�oqp�oqh�Y�W@g�bfmVal� sJY�YX^ng�b���Y¤�
_c^Lh�b�hxSVY}ª�b�tF�Vvxbrbk¡1jk^n�!oq�JYXg�_¬«�gXj�hx_`bf^�acje^VdemnjedeYf � Y4mnoqY¤�®h�Sn_co>��YXoxg�vx_c��h�_cbe^�sJbkhxS�h�b%�Vv�b��fY�h�SVY
hxSVY�bfv�YXW�oTbk¡��c�e����jk^n�8h�b g�be^noqh�vxmng�h'je^%Y�¯JY¤g3hx_`�fY>�fY�vx_¬«�Y�vT¡¢bevThxSV_lo'��_coxg�_c�Vac_`^nYe

RTSnje^V��oAhxb=hxSVY Y#"Lhxvxjfg3hx_`bf^)W;Y¤g�Snjk^n_co�W �Vv�b��r_l��YX�>_c^}ª�b�t;� ZfZ¤� ¨¤�5Y bfs�hxje_`^4j'�Vvxbedev�jkW _`^�ª%$ §�{
hxSnj�higXjk^®sJY
��_`vxYXg�h�acp8Y#"rY¤g�m�hxYX�Fbe^®oxjkW}�VacY)�Vv�bfdev�jkW�oX�&¹^®hxSVY�¡¢m�h�mnv�Yf¨�h�SV_lo=�'_cacaAW�jk�eY�_`h=��bLo�o�_csVa`Y
hxb�ozhxmn��p hxSVY
g�bfW}�Va`Y#"�_¬hzp be¡|hxSVY
jkacdebfv�_`h�SVW*jk^n�8h�b}�Vvxbe�Jbfo�Y�Y�^VSnje^ng�YXW}Y�^LhxoX
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srpfhxY�¸¹g�b���Y)�fY�vx_¬«nYXv'_co je���fY�v�h�_loqY¤�%jfoij}�fY�p%g�beW}�Jbe^VYX^fh bk¡�h�SVY;oqY¤g�mVvx_¬hzpFjk^n�®oxj�¡¢Y�hzp%oqh�v�j�h�YXdep
W�je�L_c^Vd>_¬hw�Jbfoxoq_csVacY hxb�mnoqY'je^n�
Y#"�g�S�jk^VdfY5¥fjQ�Qj �VvxbedfvxjeW}o|�'_¬hxSVbemVh�¡¢Y¤jkvx_`^ndihxbLb�W4mng�S4�VjeW�jkdeYT��mVY
hxb®Y�vxv�bf^VY�bfmnoi�nv�bfdev�jkW�o>bev�Y��fY�^ W}jea`_cde^�jk^Lh)�Vv�bfdev�jkW �Vvxb��r_c��YXvxoX�$io
¥fjQ�Qj%_lo)a`_c�eYXa`p�h�b®s�Y¤g�bfW;Y
bf^VY)bk¡�hxSVY
aljk^VdfmnjkdfYXoTmno�YX�Fhxb Y�W4s�Y¤�®�Vv�bfdev�jkW�o5_`^�jea`a��r_`^n�no=bk¡1je�V�Vac_cje^ng�Y¤oTbevig�beW}�Vm�hxY�v�¸ snjfoqY¤�
je�V�Vac_cgXj�hx_`bf^no�¨r_`h=s�Y¤g�bfW;Y¤o'_cW;�Jbev�hxje^Lh5hxb}�eY�vx_`¡¢p�h�Snjkh'h�SVY
g�acje_`W bk¡wo�jk¡¢Y�hzp _lo�yzmnoqh�_`«nYX�0

: YX�eYXvxjea°h�YXjeW�o'jkvxbemV^n� h�SVY)�5bevxal�8SnjQ�fY sJY�YX^���bfv��r_c^Vd�bf^®�eY�vx_`¡¢pL_c^Vd4¡¢bevxW�jkaca`p�hxSnj�h'hxSVY)�Vvxbe��¸
YXvqhx_`Y¤o1be¡JhxSVY>¥fjQ��j�acje^Vdem�jkdeY'je^n��_`hxo1_cW}�VacY�W}Y�^Lhxjkh�_cbe^8o�mV_`h�Y=W�je�eY=_`h�j)vxYXjfoqbf^njksVacp4oxj�¡¢Yiacje^VdemnjedeYf
: beW}Yibe¡JhxSVY>��bfv��;��be^VY _co�snjfoqY¤�}be^ �JY�^�¸¹jk^��r¸ ��jk�JY�v �nv�brbk¡ o1h�Snjkh hxSVY �nv�_c^ng�_c�VacYXo bk¡0h�SnY aljk^VdfmnjkdfY
jev�Y�g�bfv�vxYXg�hX¨Vo�Y�Y>¡¢bev'_c^noqhxje^ng�Y}� Zf�L¨A�QZr¨A�<;Q� 

ª�acbfo�Y�vih�b bfmVv g�be^ng�Y�vx^noijev�Y)hxSVY
hxYXjeW}o=h�Snjkh mno�Y�W}Y¤g�Snjk^V_lg�jeaAhxbLbfaco=h�b%�eY�vx_`¡¢p8hxSVY��Vvxbe�JY�v�h�_cYXo
Y¤ozh�jksVac_loqSVY¤��jksJbem�h h�SVYi¡¢bevxW}jean��Y¤o�g�v�_c��h�_cbe^�o1bk¡°hxSVYialjk^VdfmnjkdfYe1$��eYXv�p;jeg3hx_`�fY'h�Y¤jkW _`^ h�SV_low«nYXac� _co
hxSVY>=Tjkac_VhxYXjeW jkh%?=^n_`�fY�v�oq_`hzp�be¡A§�mV^V_lg�S �'SVb
_lo1�5bevx�r_`^Vd�bf^ j
g�bfW;�nv�YXSVY�^no�_c�eY=oqh�mn��p;bk¡0hxSVY ¥fjQ��j
aljk^ndemnjedeYe¨�_`hxoi�Vvxbe�JY�v�h�_cYXo'jk^��®_¬h�o'_`W}�VacY�W}YX^fh�j�hx_`bf^�� Ze��¨|�<@�¨�Z��k��mno�_`^nd}h�SVY
�nv�brbk¡wo�proqh�YXW4&zoxjksJY�aca`Y
� Zk��� BAihxSVY�v��5bevx�%SnjfoisJY�YX^ �Vbe^VY;�'_¬hxS�hxSVY�¡¢bfv�W�jea�W}Y�h�SVb��C= je^n��hxSVY}jeoxoqb�g�_lj�hxYX�®hxbrbealo�� ���wbev
jkhED�YXoqh�vxY�aF&¹^noqh�_`h�m�hxY)mno�_`^Vd : �JYXg��5jev�Y}�c�X��¨JZe�¤� 
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ª�b�t�_lo j �Vvxbrbk¡>o�p�ozhxY�W snjeo�YX� be^ hzpr��Y®hxSVY�bfv�p �c��\�� ¨'jk^�� W}bevxY®�VvxYXg�_lo�Y�acp be^ h�SnY�g�jkalg�mna`mno}be¡
g�be^noqh�vxmng�h�_cbe^no>� �n¨n�Q��jk^n�%_¬h�o'_c^n��mng�h�_c�eY�Y�"rh�YX^no�_`bf^no�� \n¨�Z���� 

$i^©_c^fhxY�vxYXoqh�_c^Vd ¡¢Y¤j�hxmVv�Y jksJbem�h%hzpr��Y h�SVYXbevxp�snjeo�YX���nv�brbk¡�o�p�ozhxY�W�o ac_c�eY ª�brt _lo hxSnj�hFh�SnY�p
g�be^Lhxje_`^�j hzpr�JYX� �VmVvxY�acp ¡¢mn^ng3hx_`bf^njka=�nv�bfdev�jkW}W}_`^Vd aljk^VdfmnjkdfYF�'_`h�S jD^nbkh�_cbe^�be¡>hzpr�JYXo}hxSnj�h%_co
�Jb��5Y�v�¡¢mVa�YX^VbemndeS�hxb Y#"r�nv�Y¤o�o;jkacW}bfoqh;YX�eY�vxpLh�SV_c^Vd�bf^VYF�5je^fh�o
hxb o��JYXg�_`¡¢p jksJbemVh;�VvxbedfvxjeW�oK]X^$
o�YXg�be^n� ¡¢YXjkh�mVvxY _lo5h�SnY>mn^V_¬¡¢bfv�W hxv�Y¤j�hxW;YX^Lh5be¡��Vjkhxj�¸ hzpr��Y¤oTjk^n�8a`bfde_lg�jkaJ�Vvxbe�Jbfo�_¬hx_`bf^A¨L¡¢beaca`b��'_c^Vd4h�SVY
�V_coxg�_c�Vac_`^VY)�r^Vb��'^Fjeo5hxSVY_�T`a����b�c�de��fW���hg��Vvx_c^ng�_c�VacYe

=5YXgXjkmno�Y�hzpr�JYXo�jev�Y8mnoqY¤� h�b ��Y�^Vbeh�Y sJbkhxS vxY�demnacjev��Vj�h�j�¸ hzpr��Y¤o
jk^n� �Vv�bf��bLoq_`h�_cbe^�o�¨�¡¢mV^ng�h�_cbe^no
W�jQp�h�jk�eY'jfowjkvxdemVW}Y�^Lh�o��nacje_`^}�Vj�h�j�jk^n�4�VvxbLbe¡ o�h�Snjkhwh�SVY=�Vjkhxj>�eYXv�_`«nY¤o�o�beW}Y5�Vvxbe�JY�v�hzpe : _`W}_cacjev�acpe¨
¡¢mn^ng3hx_`bf^no)W�jQp�v�Y�h�mVvx^D�Vj�h�jFjfg�g�beW}�njk^n_`Y¤�!�'_`h�SD�Vvxbrbk¡ o h�Snjkh)h�SVY�vxY�hxmVvx^VYX� �Vj�h�j®o�jkh�_loz«nY¤o)oqbfW}Y
beh�SVYXv
�Vvxbe�JY�v�hzpeFRTSV_co
W}je�eY¤o)_¬h4��bLo�o�_`sna`Y}hxb!oq_cW�mnacjkh�Y}h�SnY �r_`^n�Dbe¡5vxYXjfoqbf^V_c^Vd�jksJbem�h
�VvxbedfvxjeW�o
ikj�lnmOl<jKoqpKrnstm�mvu�w)mkx<o�ytj�lzyt{|ytl<}j�~��EpMo�ytj�lzpKr�j��<o�pKst��j�~�y o��<�[ytwOw)j��[x<stmku�y o��
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&¹^ vxY�dfmValjkv1�VvxbedfvxjeW}W;_c^Vd�¨fo�mng�S j)¡¢mV^�g3h�_cbe^8��bfmVac�}sJY>v�YX�Vv�Y¤oqYX^Lh�YX�;mno�_c^Vd4j)sJbrbeacYXje^}¡¢mV^ng3hx_`bf^A¨
vxY�hxmVvx^V_`^nd�!#"%$'&��'SVY�^8h�SVYihz��b;g�bfW;��jkvxYX�}��jkacmVYXo5jkvxY=Y¤tfm�jka°jk^n�)(+*+,�-.&)�'SVYX^ h�SnY�p jkvxYi��_`¯°Y�vxY�^LhX
§�jk�r_`^nd}o�mVvxYihxSVY/!#"0$�&;��jea`mVY)_loTvxY�h�mnv�^VY¤�8�'SnY�^®_¬hio�SVbfmVac�%_loTh�SVY)�nv�bfdev�jkW}W}Y�v�� o�v�Y¤oq�Jbe^�oq_csV_ca`_`hzpe

? oq_c^Vd}��Y��JY�^n�VY�^Lh�hzpr�JYXoX¨r_¬hT_co5�Jbfoxoq_csVacY=hxb4o���Y¤g�_`¡¢p�YXtLmnjkac_`hzp4¡¢mn^ng3hx_`bf^no5_`^Fj
W}bevxYi�VvxYXg�_co�Yi�TjQpe
&¹^4¡ jeg�hX¨f��YT�'_ca`aVm�oqY5¡¢mV^ng�h�_cbe^nowh�Snjkh�vxY�hxmVvx^21P�h����34�3 � SVY�^;h�SnY�hz�5b>h�YXv�W�owjkvxYTYXtLmnjea ¨�hxSVYTv�Y�h�mVvx^VY¤�
��jea`mVY}�'_ca`a s�Y j®�Vvxbrbk¡�h�Snjkh)h�SVYXp!jkvxY}YXtLmnjka  � SVYX^ hxSVY}hz�5b%hxY�vxW�o)jkvxY}�V_coqh�_c^ng3h¤¨AhxSVY�v�Y�h�mVvx^VY¤�
��jea`mVY}�'_ca`awsJY jF�VvxbLbe¡1h�S�j�h�h�SVYXp jev�Y;^Vbkh)Y¤tfm�jka  � SVYX^5!!jk^n�6!87>jkvxY�hz�5bFh�YXv�W�o�_c^!hxSVY o�jeW}Y
hzpr�JYe¨nh�SVY�hzpL�JY
be¡��nv�brbk¡ o'h�Snjkh�!%je^n�9!87=jev�Y)Y¤tLmnjkaAbfv=�Vvxbrbk¡ oThxSnj�h:!Fje^n�;!<7ijkvxY)^VbehiYXtLmnjea|g�je^
sJY)vxY��VvxYXo�Y�^Lh�Y¤�8jfo5¡¢beaca`b��=oX¨��'SVY�vxY>=�vxY��VvxYXo�Y�^Lhxo5^VYXdfjkh�_cbe^A
? !+@0!874A%B ? =C!#@0!87DA

A sr�r_`bfmno�a`pf¨�hxSVY4hzpL�JY;v�Y�h�mVvx^VYX��sLp®hxSV_loi¡¢mn^ng3hx_`bf^ ��YX��YX^n�Vo>be^!h�SVY;��jkacmVYXo�!�jk^n�E!<7�)RTSV_lo>_co
je^%b�gXg�mVvxv�YX^ng�Y>bk¡[g.�F1+�#�Pg%��� � ��bD1����31RTSVY>hzpr��Y)be¡|hxSVY)YXtLmnjea`_`hzp}¡¢mV^ng�h�_cbe^F¡¢bev=je^Fjev�sV_`h�v�jkvxp;hzpr��YHG
_lo5h�SnY�^®v�YX�VvxYXo�Y�^Lh�Y¤�%jfo ¡¢bfa`acb��=oJI
K !8L�!87�MNGPO ? !#@0!87DA%B ? =�!0@0!<7DA

=5p}g�be^Lhxvxjfozh1�'_`h�S m�oqmnjeaRQ ^Vbe^�¸¹��YX��YX^n��Y�^Lh1¡¢mn^ng3hx_`bf^no4S�¨r��Yio�Y�Y=h�Snjkh1h�SVY ^Vbkh�j�hx_`bf^4¡¢bfv1hxSV_co hzpr��Y
m�oqY¤o5h�SVY)^njeW}YXoTbk¡�h�SVY�hz�5b�jkvxdemVW}YX^fh�o�¨#!Fjk^n��!87�¨rhxb���YXoxg�vx_`sJY�h�SnY)v�Y¤oqmVa`hThzpr��Yf
RTSVYXv�Y'W�jQp4s�Yio�Y��fY�v�jkar_cW;�na`YXW;YX^Lhxj�hx_`bf^no1be¡�hxSVY=Y¤tfm�jkac_¬hzp�h�YXoqhw¡¢mV^ng�h�_cbe^A¨L�'_`h�S���jkvx_`bfmnow��YXdevxY�YXo

be¡�YUT�g�_`YX^ng�pf¨esVmVh1��Y=o�Y�Y5h�S�j�hwh�SnYThzpL�JY=o���Y¤g�_`«nYXo�Y#"�jfg3hxa`p
�'S�j�h1_`hxowvxY�hxmVv�^nYX�4�Qjea`mnY'W�mnoqhws�Yf�RTSn_co
Y#"VjkW}�VacY jkaloqbiSVY�ac�no�oqSVb��'_c^Vd'hxSnj�h���Y��JY�^���Y�^Lh�hzpL�JYXo�g�je^)s�YToqh�vxbe^Vd=YX^VbemndeS�h�b de_c�eY jioq�JYXg�_¬«�gXj�hx_`bf^
be¡�o�beW}Y)g�b���Y)sJY�SnjQ�r_cbev¤
RTSVY®��jkacmVYFv�Y�h�mVvx^VY¤� srp jk^ YXtLmnjea`_`hzp h�YXoqh}¡¢mV^ng�h�_cbe^�g�jk^ s�Y®mno�YX� _c^ j5V+*�-.& g�bf^nozhxv�m�g3hX�& ¡

&0W�X.G'X.Y+&'Z�_co=je^%Y¤tLmnjkac_¬hzp h�YXoqh'¡¢mV^ng�h�_cbe^A¨Vh�SVYX^®j[V+*'-.&}g�be^�ozhxv�mng�h=g�jk^FSnjQ�fYihxSVY�¡¢beaca`b��'_c^Vd;¡¢bevxW9I
V+*'-.&'- K &0W�X.G'X.Y+&'ZC!�\C!�]^O`_0(

K ,0&0(0!bacO`@�d`e�\
fgK "Phgi0a+!ba87UOj@�dbe�]

&.k�Y
&¹^%h�Sn_coTY#"r�nv�Y¤o�o�_`bf^A¨r_¬h'_loT��bLo�o�_csVa`Y>hxSnj�hla8b�g�g�mVv�o�_c^�e�\)bevma�7�brgXg�mVv�o5_`^�e']��A ^nY��VYXoxg�vx_`sJYXo5_c^�e�\
�'S�j�hig�bfW}�Vm�hxjkh�_cbe^�o�SVbemVal�%hxje�eY��Valjeg�Y)�'SnY�^®��Y)S�jQ�eY)j}�VvxbLbe¡�a%h�Snjkhn!c\�jk^n�;!�]�jev�Y�YXtLmnjea|jk^��

oqp1��osr
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_c^�e�];�'S�j�h=g�bfW;�nm�hxjkh�_cbe^%o�SVbfmVac�8hxje�eY>�Valjeg�Y��'SVYX^%�5Y>SnjQ�eY�j��nv�brbk¡Ra�7 h�Snjkhl!�\�je^n� !�]}jev�Y>^Vbkh
Y¤tLmnjka 

&¹^8ª�b�tJ¨e_`h1_cow�Jbfoxo�_`sVacY5h�b
��Y�«n^VYT¡¢mV^�g3h�_cbe^�ow�'SVbfo�YT��jkacmVY'vxje^VdeY¤o�b��eY�v�hzpr�JYXoX�RTSV_lo1g�bevxv�Y¤oq�Jbe^n�no
hxb'h�SnY1��YXa`a`¸ �L^nb��'^ �JbeacprW;bfv��nSV_co�W©be¡r¡¢mV^ng3hx_`bf^njkafacje^Vdem�jkdeY¤o°a`_c�eY §�{��`���X�  � Y1mno�Y�h�SV_lo|h�b=��Y¤o�g�v�_cs�Y
_c^8j)dfY�^VYXvxjeanW�jk^n^VY�v h�SVYihzpL�JYibe¡AYXtLmnjea`_`hzp�hxYXoqh ¡¢mV^�g3h�_cbe^�o�jfo�o�b�g�_lj�h�Y¤�;h�b�je^8jkvxsV_`h�v�jkvxp��Vjkhxj)hzpr�JY.I
� &0( h kPhg!Ph�_.k &0W�X%(.$#k M��0&%!���d��0&%! MN@ �NGlM��#&.!
	 K�� L�lMNGPO ?�� @�+A%B ? = � @�'A��

$ oA¡ jev�jeo�^Vbehxj�hx_`bf^no|jev�Y1g�be^ng�Y�vx^VYX�A¨Q�VY��JY�^n��hzpr�JYXo�W�jQp>o�beW}Y�hx_`W}Y¤oAsJY��'vx_¬h�h�YX^
mno�_`^Vd j=g�je�V_¬h�jka
�4¨r�'SVY�^8h�SVY>v�Y�h�mVvx^VY¤����jkacmVY _lo5_`^FoqbfW}Y �Vjkhxj�¸ hzpr��Yf¨fbfv�m�oq_c^Vd4j�mV^V_c�eYXvxoxjka°tLmnjk^Lh�_`«�gXj�h�_cbe^ o�prW�sJbea
� ¨A�'SVYX^Dh�SVY�vxY�hxmVv�^nYX� ��jkacmVY�_co)h�SVY��Vvxbrbk¡5bk¡'oqbfW;Y��nv�bf��bLoq_`h�_cbe^A�&¹^ hxSV_co��njk�JY�v¤¨|�5Y}�'_`aca be¡ h�YX^
m�oqY>h�SnY)^Vbkh�j�h�_cbe^F�'_`h�S®�njkvxY�^LhxSVYXo�YXo�h�S�j�hig�bfv�vxYXo��Jbe^n�Vo�hxb4hxSVY)Y�"Vjfg3hTh�Y#"Lhio�Y�^LhTh�b;hxSVY4ª�b�t �Vvxbrbk¡
jfo�o�_lozh�jk^LhX &¹^�W}jkh�SVYXW�j�h�_lg�jea|^Vbehxjkh�_cbe^noX¨V�5Y
�'_`aca�o�beW}Y�h�_cW;Y¤o'mno�Y)h�SnY � ^Vbkh�j�hx_`bf^A¨nsVmVhivxjev�YXa`p8h�SVY
� ^nbkhxjkh�_cbe^AO? oq_c^Vd}W�j�h�SnY�W�j�hx_cgXjka0^Vbehxj�hx_`bf^noX¨�be^VY��'vx_¬hxYXo5h�SnY�¡¢beaca`b��'_c^Vd���Y�«�^V_¬hx_`bf^F¡¢bev�&0W�X.(%$#kcI

������������� �"!$#&%('*),+ ��-/.10 #2!3+54 - � 0�687 4:9 - � 0"6

G[(�G *,+�� 79+.Q +�� 0������ 5�S<; +.NP0 0����U+.Q
RTSnY��Vv�bfdev�jkW�o�ozhxmn��_cYX� _c^Dh�SV_lo)Y�"��JY�vx_`W}YX^fh�jev�Y�g�be^noqh�vxmng3hxYX� �'_¬hxS j®�eYXv�p�vxYXoqh�vx_lg3h�Y¤� o�mVsno�Y�h
be¡
hxSVY!_c^noqh�vxmng3hx_`bf^no8jQ��je_`aljksVacY�_c^�h�SnYD¥fjQ��jD¦i_cvqhxmnjka)§�jeg�Sn_`^VY!acje^VdemnjedeYf � Y �'_`aca>v�Y¤jeo�be^�jksJbem�h
bfs�yzYXg�hxo}sJY�acbe^Vdf_`^nd!hxb ��jev�_cbemno}g�acjfo�o�YXoX¨ sVmVh�h�SVY�g�acjfo�o�YXo;vxYXjkacacp���bf^ � h�W�j�h�h�YXv�W�mng�SA �nbev}h�Sn_co
vxYXjfoqbf^A¨��5Y)be^Vacp%jfo�o�mVW}Y�h�SVYXv�Y�Y�"�_coqhxoioqbfW;Y�hzpr�JY>=8�'Snbfo�Y)_`^VS�jksV_`hxje^fh�o=jkvxY�h�SnY�g�aljeoxoqY¤o�¨Vje^n�%¡¢bev
�nv�bfdev�jkW}W}_`^Vd;�VmVvx�Jbfo�YXoX¨���Y
jfo�o�mVW}Y>h�Snjkh=h�SVYXv�Y)Y#"�_coqhxo'je^FY¤tLmnjkac_¬hzp8h�Y¤ozh'¡¢mV^�g3h�_cbe^®¡¢bfvTh�SV_lo'hzpr�JYe
RTSnYXo�Y�jfo�o�mVW}��hx_`bf^no'jkvxY �'vx_`hqh�YX^���b��'^%�'_`h�SFhxSVY�¡¢beaca`b��'_c^Vd�g�bfW}W}je^n�0
? *%"�**@ &%!�&%" -A=lM��#&.!�B9&0W�X.!��C'&+X%Y#&'Z�M K &%W�X.(%$0kD= O(�

&¹^ bemVv;��bfv��°¨��5Y8�'_ca`a'jkalo�b!^VYXYX�Dhxb vxY�¡¢YXv�hxb je�n��v�Y¤o�o�YXo�_`^ h�SVYF�VvxbedfvxjeW jk^���h�b ��jkvx_cjesVa`Y¤o�
&¹^�ozhxYXje�Dbe¡=g�SVbrbfo�_`^Vd�g�be^ng�v�Y�h�Y8�Vjkhxjk¸ hzpr�JYXo�hxb�v�YX�VvxYXo�Y�^Lh)h�SVY¤oqY8�L_c^n�Vo�bk¡=�VjkhxjV¨��5Y �VvxY�¡¢Y�v�h�b�acY�h
hxSVY�W mn^noq�JYXg�_¬«�YX�0 : h�_caca ¨��5Y ^VYXYX�
h�bi�r^Vb��DhxSnj�h�oqbfW}Y1¡¢mV^ng�h�_cbe^no�Y#"r_loqh|h�b>g�bfW;��jkvxY1��jkacmVYXo�_`^�h�SVY¤oqY
�nj�hxj)hzpL�JYXoX�RTSVY=hzpr�JYnG ���&E �'_`acansJYimno�YX�;hxb���YX^VbkhxY je�n��v�Y¤o�o�YXo�_c^ �VvxbedfvxjeW�o�¨��'SV_cacY=h�SnY=hzpr��YGF0G E
�'_caca�sJY�mno�YX��h�b%�VY�^Vbeh�Y���jev�_ljksVacY
acb�g�j�hx_`bf^noX¨Jje^n�Fh�SVY4¡¢mV^ng�h�_cbe^noH&0W�X%*0Y#Y0"'X.Y+&'Z
jk^n�6&%W�X2H�*%"�X%Y+&'Z
�'_cacaAs�Y)m�oqY¤� hxb}g�beW}�njev�Y���jkacmVYXoT_c^Fh�SVY¤oqY>hzpr�JYXoX
? *%"�**@ &%!�&%" - G �&�&E L�F0G E M��#&.!�B;&0W�X%*0Y#Y0"'X.Y+&'Z M K &0W+X%(%$#k G �&�&E OIB
&%W�X2H�*%"�X%Y+&'Z�M K &0W+X%(%$#k�F#G E O(�
RTSVY}��jkacmVY¤o�W}je^V_c�VmValj�h�Y¤�!_c^ _`^noqh�vxmng�h�_cbe^no)jev�Y;Y�_`h�SVYXv)_`^n_¬hx_cjea`_c£�Y¤�!bfv>mn^V_`^n_¬hx_cjea`_c£�Y¤�!bfs�yzYXg�hxo�_c^

jev�sn_¬hxvxjev�p�g�acjfo�o�YXo)bfv)_`^LhxY�deYXvxoX : _`^ng�Y �5Y jkvxY ozhxmn��pr_`^nd�j®hzpr��Y�¸ g�SVY¤g��eYXvX¨A�5Y��'_ca`a�SnjQ�eY;h�b!mnoqY j
¡¢bfv�W�jeaLaljk^ndemnjedeY�h�b)��YXoxg�vx_cs�Y5h�SnY'��bLo�o�_`sna`Y5hzpr��Y¤o�bk¡J�Qjea`mnYXoX�&¹^;�VvxbLbe¡Jo�p�ozhxY�W�o�¨kh�SVY'mno�mnjea��Vvxjfg3hx_cg�Y
_loThxb v�YX�VvxYXo�Y�^LhT¡¢bevxW}jeaAaljk^VdfmnjkdfYXo'jeo=_`^n�Vmng3hx_`�fY��Vj�h�j�¸ hzpr��Y¤o� & hi_coi�'Snj�h ��Y
��b8�'_¬hxS®h�SV_lo'¡¢bfv�W�jka
aljk^ndemnjedeY'bk¡0hzpr�JYXoX¨rY��eYX^}h�SVbfmVdeS h�SVY>acje^Vdem�jkdeY'_lo�^Vbkh5v�Y¤jkaca`p;_`^���mng3hx_`�fYe¨r_c^ h�SnY o�Y�^no�Y=hxSnj�hTj)hzpr��Y
�VYXoxg�vx_`��hx_`bf^%W�jQp ^nbkh's�Y
j}o�mVs�¸¹g�bfW;�Jbe^nY�^Lh'bk¡wjk^Vbeh�SVYXvX

��� l��9���K�#�
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� k�Y%$PZg!Ph*H�&��.!&�C'&�M �0&%! M @
h k#! M��%!&�C'&

f _����+X.!&�C�&�M = �.d��.!&�C'&
f $#k'X.!&�C'&8M =���d G ���&E �.d��.!&�C'&
f !�_�C�M��%!&�C'&��
� Y>W�mnoqh�W�jk�fY=hz�5b�vxY�W�jkvx��o jes�bfm�h hxSV_coT��Y¤o�g�v�_c��hx_`bf^A
��_cvxoqhX¨rmV^n_`^V_`h�_ljkac_c£�YX�8bes�yzY¤g3h�o sJY�acbe^Vdf_`^nd
h�b
hxSVY
oxjkW}Y)g�aljeoxo�snm�hig�vxYXjkh�YX�Fj�h'hz�5b}��_¬¯°Y�vxY�^Lh=�Valjeg�YXoT_c^Fh�SVY��VvxbedfvxjeW.jkvxY ^Vbeh=_`^FhxSVY
o�jeW}Y hzpr�JYe
RTSn_cowvxY
	�YXg3h�o�h�Snjkhwh�SVY ��_coxg�_c�Vac_`^nY'de_c�eY�^;_c^F�c�e���n_`W}�Jbfo�YXo�hxSnj�h je^}bes�yzY¤g3h1g�vxYXjkh�YX�;j�h o�beW}Y'acb�g�j�hx_`bf^
_c^4h�SVY'�VvxbedfvxjeW oqSVbfmVal��sJY'_`^n_¬hx_cjea`_c£�Y¤�4sJY�¡¢bfv�Y'j ^VY�� besVyzYXg3h1gXjk^;s�Y=g�v�Y¤j�h�Y¤��jkh�hxSVY=oxjkW}YTa`b�g�jkh�_cbe^A
R�b�YX^�¡¢bev�g�Yih�SV_loTg�bf^nozhxvxje_`^Lh¤¨fsVmVh'jea`acb�� hz��b4bes�yzY¤g3h�o�be¡Ah�SnY>oxjkW}Y g�acjfo�o h�b4s�Y�mV^n_`^V_`h�_ljkac_c£�YX�%j�h5h�SVY
oxjkW}YThx_`W}Y=�'SVYX^}h�SVYXp4S�jQ�eYTs�YXY�^8g�v�Y¤j�hxYX�}j�h ��_`¯°Y�vxY�^Lh acbrgXj�hx_`bf^A¨khxSVY'hzpr��Y oqp�oqh�Y�W g�bf^noq_l��YXvxo�hxSnj�h
hxSVY;a`b�g�jkh�_cbe^ _co>�njevqh�bk¡1hxSVY}bes�yzY¤g3h>hzpr��Yf�RTSVY}oqY¤g�be^���vxY�W�jkvx��g�be^�g�Y�vx^noih�SVY;_c^fhxv�b���m�g3h�_cbe^ bk¡�j
hzpr�JY
g�jea`acYX��!�_�C0wRTSV_loThzpr��Y
�VbLY¤oT^Vbkh=vxYXjea`acp�vxY��VvxYXo�Y�^Lh=jk^FY�¯°YXg�h�_c�eY)besVyzYXg3h=g�acjfo�oX¨�sVm�h=_`hivxY
	nY¤g3hxo
hxSnj�h j>�VvxbedfvxjeW�g�je^4sJY'��YXa`a`¸ hzpL�JYX�4Y��fY�^}_`¡�hxSVYThzpr��Y'be¡°o�beW}YT��jkvx_cjesVa`Y¤o�j�h o�beW}YTa`_c^VY'_lo�mV^V�r^Vb��'^A

G[(�� *,+�� 79+.Q +�� 0������ 0�E+ 5�S<; +.NP0 -)/ ���WVE/ ��+
RTSnY>oqh�mn�V_`Y¤�8aljk^VdfmnjkdfY g�be^Lhxje_`^noTj4�eYXv�p jesnozhxvxjfg3hToqmVs�oqY�hTbe¡Ah�SnY�g�beW}W�jk^n�no��nv�Y¤oqYX^fhT_c^8hxSVY
¥k¦�§
aljk^ndemnjedeYe =Tjeo�_cgXjkaca`pf¨=_¬h�g�bf^Lhxjk_c^noFjk^ Y�"VjkW}�VacY!be¡�YXjfg�S snjeo�_lg�_c^nozhxv�m�g3h�_cbe^|¨i�Vacmno%_`^noqh�vxmng�h�_cbe^no
vxY�alj�hxYX�}hxb4bfs�yzYXg�hTg�v�Y¤j�hx_`bf^A¨r_`^V_`h�_ljkac_c£Xj�hx_`bf^8jk^�� mno�Yew~'YX�Vv�Y¤oqYX^Lh�_c^Vd;o�mng�S8j4aljk^VdfmnjkdfYi_lo�sJYXoqh'��be^VY
�'_`h�S�je^n�8_c^n��m�g3h�_c�eY
�VY�«n^V_`h�_cbe^�I
� k�Y%$PZg!Ph*H�&��2H�@c,'h M �0&%! M @

h kPZ M��2H�@c,'h
f C�_2C�M���H�@c,�h
f C0$P-ga���M��2H�@c,'h
f ,%_#*0YmM F#G E �.d���H�@c,'h
f -g!�_%"�&�M�F0G E ��d���H�@c,�h
f hg(���M)G �&�&E �.d���H�@c,'h
f k�&���M =���d���H�@c,�h
f hJkchg!lM = �.d���H�@P,'h
f $ -.&�M =���d���H�@c,�h
f a�*+,.!lM���H�@P,'h �

$im�h�bfW}jkh�_lg�jea`acpe¨5ª�b�t � o��Vvxb�g�Y¤o�o�_`^nd�bk¡'hxSV_co;_c^n��mng�h�_c�eY®��Y�«�^V_¬hx_`bf^ pr_cY�al�Vo4j!�nj�h�h�YXv�^�¸ W�j�h�g�SV_`^nd
g�be^noqh�vxmng�h hxSnj�h
W�jk�fYXo>_`h��Jbfoxo�_`sVacY;h�b���Y�«n^VY}¡¢mV^ng�h�_cbe^no�bfv>h�b®v�Y¤jeo�be^ sLp g�jeo�YXoX4RTSn_co
g�be^noqh�vxmng�h
_lo mnoqY¤��jkm�hxbeW�j�hx_cgXjkaca`pFsrp�oqbfW;Y
hxjeg�h�_lg�oih�bFoqmV�n��bfvqh gXjeo�Y
vxYXjeo�be^n_`^Vd�n�Vbfv _c^noqhxjk^�g�Ye¨°o�mV�V�Jbfo�Y
��Y
�Tjk^LhTh�b}�Vvxb��eY�o�beW}Y>¡ jeg3hijes�bfm�h=jk^®jkvxsV_`h�v�jkvxp�_`^noqh�vxmng�h�_cbe^A¨�be¡�hxSVY�¡¢beaca`b��'_c^Vd4¡¢bevxW

��� ����� )��
�'SnY�vxY ����� ) _co5j
��jkvx_ljksVacY=bk¡|hzpL�JY���H�@c,'hL�& ¡|�5YivxmV^ hxSVY g�beW}W�jk^n�� ','h @ h kP-g!°¨fh�SVYX^�h�SnY>o�p�ozhxY�W�'_caca�W�jk�fY=_`h��Jbfoxoq_csVacY=h�b4�Vvxb��eY)�X�
debfjeacoX¨e�'SnY�vxY ����� ) Snjfo sJY�YX^ vxY��Valjeg�YX�}srp�hxSVY>�Qjev�_cbem�ow��bLo�o�_csVa`Y_c^noqh�vxmng3hx_`bf^noJI

���"! �$#%� ��� &�'�& � ��� & �$(*)�+,� �$- #�.>!0/ + ���"132�'54�6�-87 � + + +
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G[(�� � Q0���n� 2E+��U+R�>2E+R�W0 0����U+.Q
&¹^®�c�e�3� ¨khxSVYijem�h�SVbfvxo��nv�bf��bLoqY�h�b)�njevqhx_¬hx_`bf^;h�SVY=o�Y�h1be¡J�Jbfoxoq_csVacY'��jkacmVYXo�_c^Lh�b
o�mVsno�Y�hxo g�bevxvxYXo���bf^n��_c^Vd
hxb�Y¤jeg�S��Jbfoxoq_csVacY'hzpr��Yf�?io�_`^Vd4��Y��JY�^n�VY�^Lh�hzpr�JYXoX¨f_`hT_co���bLo�o�_csVa`Y=h�b�vxY��nv�Y¤oqYX^fh5jkacanhxSVYXo�Y=hzpr�JYXo1�'_`h�S
j ¡ jeW;_cacp
bk¡°oqY�hxoX¨k_`^���Y�"�YX�4srp)hzpr��Y¤o� � Y=��b>h�SV_lowsrp
g�bf^noq_l��YXv�_c^Vd h�SVYXv�YTY�"�_lozh�owj ¡¢mV^ng3hx_`bf^;¡¢v�bfW h�SVY
o�Y�h bk¡1�Jbfoxoq_csVacY�g�aljeoxo'hzpr�JYXoih�b8o�Y�h�o� : _`W}_cacjev�acpe¨�h�SVY4mV^V_c^V_`h�_ljkac_`£XYX����jkacmVY¤o=W�m�ozh>s�Y;��_coqh�_c^VdfmV_co�SVY¤�
¡¢vxbeW*h�SnY��Valjk_c^���jkacmVYXoX¨��'_`h�S jk^�Y�"rhxvxj�_c^n��Y#"%hxb%jeaco�b ��_lozhx_`^VdfmV_loqS���jea`mVY¤o=_c^V_`h�_ljkac_`£XYX��jkh ��_`¯JYXv�YX^fh
acb�g�jkh�_cbe^noX
? *%"�**@ &%!�&%" _,���#&'Z�!�X2H�*+,�$�&�M =��.d��#&%!<�
? *%"�**@ &%!�&%" $0kch kchg! h�*+,'h��#&0Y�X2H#*+,�$'& M =���d G ���&E �.d �0&%!<�

? oq_c^Vd h�SV_lo�jk�V�Vvxbfjfg�SA¨Qj=��jkacmVY5_co�Y�_`h�SnY�v�jk^�_c^Lh�YXdeY�v¤¨�j=�Valjk_c^�bfs�yzYXg�hX¨�bfv�je^
mV^V_c^V_`h�_ljkac_`£XYX�
bfs�yzYXg�hX
R�b���YXoxg�vx_cs�Y>h�Sn_coX¨V�5Y>m�oqY�hxSVY�¡¢beaca`b��'_c^Vd}��Y�«�^V_¬hx_`bf^®bk¡|hxSVY�hzpr��Y H�*+,�$'&'I
� k�Y%$PZg!Ph*H�&DH+*+,�$'&�M �0&%! M @

h k+!�X2H�*+,8M;h k+!�&%i+&%"$�.d2H+*+,�$'&
f _,����M K !lM = O K _����#&'Zg!'X2H�*+,�$'& ! O ��d2H�*+,�$�&
f $0k�M K !lM =PO K *8MNG �&�&E O K $#kchJkchg!Ph�*#,'h��+&0Y+X2H+*+,�$�&5! *'O �.d�H�*+,�$'&��

$ o;��Y®oqYXYe¨whxSVY®acjfozh;hz�5b g�be^noqh�vxmng3hxbev�o
be¡ih�Sn_co��q_`^n�Vmng3hx_`�fY��8hzpr�JYFjev�Y®��Y��JY�^���Y�^LhJI%h�SnY8hzpr�JYFbe¡
hxSVY o�YXg�bf^n� g�be^�ozhxv�mng�h�bfv � o o�YXg�be^n� jkvxdemnW;YX^Lh)�VY��JY�^n�Vo
be^ h�SVY���jkacmVY}bk¡5h�SnY}«nvxoqh
jkvxdemVW}YX^fh¤¨°¡¢bev
_c^noqhxje^ng�Yf
{�j�h�YXvi_c^!bfmVvi�5bevx�°¨n�5Y�SnjQ�fY
Snje��v�Y¤jeo�be^noThxb%tLmVY¤ozhx_`bf^®h�SV_lo�g�SVbe_lg�Y
be¡1Y�^ng�b���_`^ndnzA ^nY
mno�mnjka

�nv�bf��YXvqhzp=be¡Vg�be^�ozhxv�mng�h�bfvxo°_lo0hxSnj�hAhxSVY�p�jkvxY�_`^kyzYXg3hx_`�fYe¨�o�bTh�Snjkh|be^VY�g�jk^�Y¤jeo�_`acp g�be^noqh�vxmng3h|jig�beacacYXg3hx_`bf^
be¡Th�SVYXbevxY�W�o)Y�"��VvxYXoxo�_`^VdFhxSnj�h�_`¡Thz��b�Y#"��Vv�Y¤o�o�_cbe^no�sVmn_`a`h4�'_`h�SDhxSVY8oxjkW}Y g�bf^nozhxv�m�g3h�bfv�jkvxY}YXtLmnjea ¨
hxSVY�^4h�SnYTg�be^noqh�vxmng�h�bev�� o�jev�dfmVW}Y�^Lhxo�W�m�ozhwsJY5��jk_cv��'_loqY5YXtLmnjea 
	=YXv�Y5_`^;hxSVY'g�jeo�Y5bk¡ _�����¨Qh�SV_lo���bfmVal�
pr_cY�al� hxSVY�¡¢beacacb��'_`^Vd;hz�5b;h�SVYXbevxY�W�oUI
� )�� . )� #�� + ��� � # 1������ '�� ),� -������ ' )�� 7 + ���  # 1������ '�� ),� -������ ' )� 7 +
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1������ )�� � � 7 � 1������ )� �  7! "� ��� � 
	ib���YX�eYXvX¨fh�SVY
o�YXg�be^n� h�SVYXbevxY�W gXjk^V^nbkhTs�Y
g�be^noqh�vxmng3hxYX�cI�_`hxo'oqhxjkh�Y�W}YX^fh'_loT^Vbkh'�5Y�aca¬¸ hzpr��Y¤�0 : _c^ng�Y
� � Snjeo=hzpr��Y 1������ '�� ),� -#����� ' ) � 7 jk^n� �  Snjeo=hzpL�JY 1$����� '�� ),� -#����� ' )  7 ¨�h�SnYXo�Y
hzpr��Y¤o jev�Y)^nbkh>g�be^�¸�fY�v�h�_csVacY�jk^�� ) � ��)  _co�^Vbeh��5Y�aca¬¸ hzpr��Y¤�0¨�sJYXg�jemno�Ywh�SVY5mno�mnjkaLYXtLmnjea`_`hzp�v�YXacjkh�_cbe^)_c^}ª�b�t>_co��5Y�aca¬¸ hzpr��Y¤�bf^Vacp
�'SVY�^}hxSVYThz�5b>bfs�yzYXg�hxo1jev�YT_c^;h�SVYioxjkW}Y5hzpr��YfO$'g3h�m�jkaca`pf¨eYXtLmnjea`_`hzp
_lo1j���% ���D�#c 1 	�'&4�1�VvxYX��_lg�jkh�Ye¨
�'SnY�vxY�je^%_c^r�r_co�_`sna`Y>«nv�ozhijev�dfmVW}Y�^LhT_coThxSVY>hzpr��Y)be¡�hxSVY)bkhxSVY�vThz�5bn

$�o�beacm�h�_cbe^)hxbihxSV_lo��nv�bfsVa`YXW _co�h�b>mno�Y�j�g.�F1+�#�Pg%��� �rYXtLmnjkac_`hzpe�RTSn_co��r_`^��
bk¡�YXtLmnjkac_`hzp>_lo���_`¯JYXv�YX^fh
¡¢vxbeW$h�SnY=mno�mnjka�YXtLmnjkac_`hzp�_c^Fª�b�t
_c^�h�Snjkh _`h�Snjfo�¡¢bemVv5jkvxdemVW}YX^fh�oUI|hz��b
jev�dfmVW}Y�^Lhxo jkvxYTh�SVY=bfs�yzYXg�hxo
sJY�_c^Vd8g�beW}�njev�Y¤�0¨n�'SV_cacY)hz��b8bkh�SnY�v jev�dfmVW}Y�^LhxoijkvxY�h�SVYX_`vihzpL�JYXo>Q¢�'Sn_cg�S�W�jQp%h�SVYX^�s�Y;��_`¯JYXv�YX^fh�S3
RTSn_co ��Y��JY�^n�VY�^Lh>Y¤tLmnjkac_¬hzp%W�jk�eY¤o=_loi�Jbfoxo�_`sVacY)hxb �'v�_`h�Y;��b��'^�Y�"��VvxYXoxo�_`bf^no=jksJbemVh=h�SVY4YXtLmnjea`_`hzp%be¡
hz�5b;h�YXv�W�oTY��fY�^%h�SVbfmVdeS%h�SnY�_cv'hzpr��Y¤oTW}jQprsJY)��_¬¯°Y�vxY�^Lh¤

&¹^��Vv�jeg�h�_lg�Yf¨ej ¡¢Y���ozh�jk^n�njkv��
hxbLbfaco��nv�b��r_l��YX�4_`^8ª�b�t)hxb)Snjk^���a`Y'_c^n��m�g3h�_c�eYThzpr�JYXoX¨e_c^}�njkv�h�_lg�mValjkv
h�jeg�h�_lg�o � k��#&'Z�!Ph�_.k�jk^n� � k&H�&%" -+h�_.k}�'_`aca0sJY�SnjQ�fY _c^Fje^%mn^VY�"��JYXg3hxYX�%W�jk^V^VYXv'jeo'o�bLbf^%jfo�bf^VY�Snjeo
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o�mng�S ��Y��JY�^n�VY�^Lh}g�be^noqh�vxmng�h�bev�oX¨ws�Y¤g�jkm�oqY8h�SVY¤oqY%hxjfg3h�_lg�o4hzpr�V_lg�jea`acp���bfv�� �'_`h�S h�SVY®mno�mnjkaT��¸ �Valjeg�Y
Y¤tLmnjkac_¬hzpf

G[(�� � �U+|7�/�0��)58�E/O-�Q +�� / � 0��)NFQ
RTSnY bf��YXvxjkh�_cbe^njea�o�Y�W�jk^Lh�_lg�oT��Y¤o�g�v�_csJYXo h�SVY�sJY�SnjQ�r_cbev be¡|YXjfg�S8_c^noqh�vxmng3hx_`bf^%jeo5j�h�v�jk^noq¡¢bevxW�j�h�_cbe^�be¡
o�beW}Y)W�jeg�Sn_`^VY
oqhxjkh�Yf5RTSVY�W}jfg�SV_c^VY
ozh�j�hxY
g�beW4sV_c^VYXo'��jea`mVY¤o=jeoxo�brg�_cjkh�Y¤�8hxb�YXjfg�SFacb�g�jeaA��jkvx_cjesVa`Y¤o�¨
vxY��nv�Y¤oqYX^fhxYX��srp�j�h�bkh�jkaJ¡¢mV^ng�h�_cbe^%¡¢v�bfW F#G E hxb�hxSVYihzpr�JY be¡���jkacmVY¤o�¨�j
acb�g�jea°oqhxjfg��°¨fvxY��VvxYXo�Y�^LhxYX��srp
j}ac_lozh>bk¡w��jkacmVYXoX¨�j��nv�bfdev�jkW g�bemV^Lh�YXvijk^���j��Vvxbedev�jkW®5RTSVY
�VvxbedfvxjeW.Snjeo j o���Y¤g�_ljka|oqhxjkh�mno oq_c^ng�Y
_`hT_co�^VY��fY�v5W}br�V_¬«nY¤� ��mVvx_c^Vd�Y#"rY¤g�m�hx_`bf^A¨�jk^n� ��Y�jeg�h�mnjea`acp;�Vb4^Vbeh�_c^ng�acmn��Y>_`h5_c^8bfmVv1¡¢bfv�W�jkac_c£Xj�hx_`bf^
be¡|hxSVY)W�jeg�SV_c^VY)ozh�j�hxYe � Y)^njkW}Y>h�SVY�hzpr�JY)bk¡���bLo�o�_`sna`Y)W�jeg�Sn_`^VY)oqhxjkh�YXoHh0-�!�*%!+&�
RTSVY�hzpr�JY h0-g!�*%!�&4_co'��Y�«n^VY¤�%�'_`h�S�j}g�bf^noqh�vxmng3hxbev @�� h0-�!�*%!+&4�'_`h�SFh�SnY�¡¢beaca`b��'_c^Vd4hzpL�JY.I
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ozh�jeg��°
	T"�Y¤g�m�hx_`bf^%_lo5v�YX�Vv�Y¤oqYX^Lh�YX�8srp j�vxY�alj�hx_`bf^A¨r^njkW}YX� h0-g!�&2C0¨fsJY�hz�5Y�YX^ hxSVv�YXY �n_`Y¤g�YXo5be¡��VjkhxjVwRTSVY

«�vxoqh
_co)h�SVY �nv�bfdev�jkW®¨|jF¡¢mV^ng�h�_cbe^D¡¢vxbeW je�V��vxYXoxo�YXo>h�b�_c^noqh�vxmng3hx_`bf^noX¨|hxSVY oqY¤g�bf^n� _co
h�SVY�W�jeg�Sn_`^VY
oqhxjkh�Y
sJY�¡¢bfv�Y4Y�"�YXg�m�h�_c^Vd�¨�be¡�hzpr�JY h0-�!�*.!�&�¨�hxSVY
hxSV_`v���_lo=hxSVY�W�jfg�SV_`^nY�ozh�j�hxY4j�¡ hxY�v Y�"�YXg�m�h�_c^Vdn¨°jkalo�b
be¡|hzpr�JY h%-�!�*%!�&n
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 � ) �&¹^Fh�Sn_co
o�Y�^�oqYf¨ ) jk^�� � � jev�Y>_`^n�Vm�hijk^�� �  _loTbem�hx�Vm�h¤

& h W�jQp o�Y�YXW W}bevxYF�nvxjfg3h�_lg�jea5h�b���YXoxg�vx_cs�Y®Y�"�Y¤g�m�hx_`bf^ o�_`W}�Vacp jfo�j ¡¢mV^ng3hx_`bf^ ¡¢vxbeW �njk_cv�o4be¡
�nv�bfdev�jkW je^n�®W�jeg�SV_c^VY�oqhxjkh�Y)hxb W�jeg�SV_c^VY�oqhxjkh�YXoX 	=b��5Y��fY�v¤¨�h�Sn_co ��bfmVal�%_cW}��bLoqY�h�SnjkhiY�"�Y¤g�m�hx_`bf^
_lo5h�behxjea|jk^n�F��Y�h�Y�vxW}_`^n_coqh�_lgk
R�bkh�jkaLY�"�YXg�m�h�_cbe^4��bfmVac�
W;Y¤jk^)hxSnj�hwjkacaL_`^noqh�vxmng�h�_cbe^no�g�je^
s�Y5Y�"�Y¤g�m�hxYX�
_c^4je^rp �Jbfoxoq_csVacY W�jeg�Sn_`^VY

oqhxjkh�Yf�RTSn_co�_co�_c^nje��Y¤tLmnj�hxYe¨roq_c^ng�Y ��Y jeg3hxmnjkacacp;�Tjk^Lh1hxb�Y#"r�nv�Y¤o�o �Vv�bf��YXvqhx_`Y¤o1be¡A�Vv�bfdev�jkW�ow_c^�h�YXv�W�o
be¡1Y�"�YXg�m�h�_cbe^�¡ jk_ca`mVvxYe)RTSV_lo>g�bemnac��sJY;v�Y¤g�b��eYXv�Y¤�FsLp�jf�V��_c^Vd%j%��mVW}W�p�oqhxjkh�Y
hxb%vxY��nv�Y¤oqYX^fhi¡ jk_ca`Y¤�
Y#"�YXg�mVh�_cbe^A

! Y�hxY�vxW;_c^V_lozhx_cg}Y#"�YXg�mVh�_cbe^ Snjeo��Vv�jeg�h�_lg�jea�jf����jk^LhxjedeY¤oUI>�r^Vb��'_`^nd8hxSnj�h)hxSVY�vxY�g�jk^ sJY;bf^Vacp�be^VY
bfm�h��nm�h ¡¢bfv YXjfg�S���bLo�o�_csVa`Yi_`^V�nm�hTgXjk^�W�jk�fY=�'vx_¬hx_`^Vd4��b��'^ ��jkvx_`bfmnow�Vvxbe�JY�v�h�_cYXo W�mng�S�Y¤jeo�_`YXvX!	=b��T¸
YX�eYXvX¨0_`h�g�je^ jeaco�b8hxmVvx^ bfm�h�h�b®s�Y je^ b��fY�vx�r_`aca >�Vbfv�jesnoqh�v�jeg3hx_`bf^!�Vmnv��Jbfo�YXoX¨0_¬h
W�jQp�sJY}YXjfoq_cY�v>h�b
�VYXoxg�vx_`sJY;o�beW}Y;�njkv�hxo�be¡1h�SnY��Vv�b�g�YXoxo jfo ^nbe^�¸¹��Y�hxY�vxW}_`^V_loqh�_lgk¨0hxb®jQ�fbe_l��j%^VY�Y¤��hxbFsJY;h�brb®�VvxYXg�_lo�Y
jes�bfm�hwh�SnY jeg�h�mnjeaVbe�JY�v�j�hx_`bf^4be¡°h�SVY=W�jfg�SV_`^nYe¨khxSVYioxjkW}Y=�TjQp�jeo1^Vbe^�¸¹��Y�h�Y�vxW}_`^n_coqh�_lg'g�SVbe_lg�Y'_lo1m�oqY¤�
_c^®bkhxSVY�vT¡¢bfv�W�jka°W}Y�hxSVb��VoThxb ��YXoxg�vx_`sJY�mV^n��YXvq¸¹o���Y¤g�_`«�g�jkh�_cbe^A
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RTSVY�vxY�alj�hx_`bf^ h0-�!+&2C�_loTs�Y¤ozhi��Y�«n^VY¤�%jfo5je^%_c^n��m�g3h�_c�eY��Vvxbe�Jbfo�_`h�_cbe^AT&¹^®oqmng�SFj}��Y�«n^n_¬hx_`bf^A¨�be^VY
�nv�b��r_l��YXo�j�g�beacacYXg3hx_`bf^�be¡�hxSVY�bfv�YXW}oX¨kjkalo�b>gXjkaca`Y¤� &K���'������` &#�q���D�3¨Qh�Snjkh�Y#"��Vv�Y¤o�o��'SVYX^;h�SVYT�Vvxbe�Jbfo�_¬hx_`bf^
_lo��Vvxb��QjesVacYe�RTSnY�vxY�alj�hx_`bf^
h�S�j�hw_co���Y�«n^VY¤��_lo�h�SVYTo�W}jea`acYXoqhwbe^VY�h�S�j�hwv�Y¤oq�JYXg�hxo�h�SnYXo�Y hxSVY�bfv�YXW}oX¨kjk^��
g�be^noqh�v�jk_c^Lhxo be^ h�SVY}¡¢bfv�W bk¡5�VY�«n^V_`h�_cbe^�o�Y�^no�mVvxY4hxSnj�h
o�mng�SDj%vxY�alj�hx_`bf^!Y#"r_loqhxoX�ª�b�t � o��nv�b�g�Y¤o�o�_c^Vd
be¡�hxSVY)_c^n��mng�h�_c�eY
��Y�«n^V_`h�_cbe^®deYX^VY�v�j�hxYXo'j[V+*�-.&�g�be^noqh�vxmng�hX¨��'SV_lg�S®Y�"��VvxYXoxoqY¤o hxSnj�h=�nv�bf��bLoq_`h�_cbe^noTbe¡
hxSVY=¡¢bfv�W K h0-g!�&2C ? !�\ !+]^O�g�je^�be^Vacp4S�jQ�eY=sJY�YX^ �Vvxb��eYX�;mno�_c^Vd
be^nYibk¡0hxSVY g�be^noqh�vxmng�h�bev�oX�$io1¡¢bev
hxSVY)��Y�«�^V_¬hx_`bf^%be¡|hxSVY�acje^VdemnjedeY �2H�@c,'h)jksJb��eYe¨LhxSVY)��Y�«n^n_¬hx_`bf^%_loT^Vbkh'vxYXjea`acp�_`^���mng3hx_`�fYe¨�sVmVhT_`h=�'_ca`a
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R�bFW}je_`^Lh�jk_c^�h�SnY4vxY�alj�hx_`bf^!sJY�hz�5Y�Y�^ ��pr^njkW}_lg4je^n�!oqhxjkh�_lg�_c^�¡¢bfv�W�j�hx_`bf^A¨Ao�beW}Y�Y#"LhxvxjFg�bf^no�_coqh�YX^ng�p
W4mnoqh4sJY%�fY�vx_¬«nY¤�05�Vbev;_c^V_¬hx_cjea`_c£Xjkh�_cbe^A¨1o�mVsnoqh�_`h�mVh�_cbe^no}jkvxY mno�YX� be^ sJbkhxS hxSVYF�VpL^�jkW}_cg%jk^n� h�SVY
oqhxjkh�_lg}oq_l��Ye¨|sVm�h
�5Y4^VYXYX�!h�b®W�jk�fY}o�mVvxY�hxSnj�h�hxSVY�a`b�gXj�h�_cbe^�o W}b���_`«nYX� srp�h�Sn_co)o�mVsnoqh�_`h�m�hx_`bf^�jkvxY
hxSVY®o�jeW;Y%be^ sJbkhxS o�_c�VYe�R pr�JY%g�bevxv�Y¤oq�Jbe^n�VY�^ng�Y _co4^Vbeh;YX^VbemVdfS�h�b Y�^no�mVvxY hxSV_co;SVYXv�Yf¨ws�Y¤g�jemnoqY
o�Y��fY�v�jka5bes�yzY¤g3h�g�je^ SnjQ�fY hxSVY�o�jeW;YFhzpr�JYe RTSnYF�nv�bf��YXvqhzp � �*���%� � ) ' � )
	 � � ) _`^Lhxv�b���mng�YX� _`^ �c�e�3�h�jk�fYXo�gXjkvxY8be¡'h�SVYFY�"rh�v�j�vxYXtLmV_cvxY�W}Y�^LhxoX � YF_`W}�VacY�W}YX^fh}_`h;_c^�ª�b�t �'_¬hxS j!�Vv�bf��YXvqhzp hxSnj�h}Snjeo
hxSVY4oxjkW}Y
^�jkW}Ye¨°sVm�h>��Y4mno�Y�j8��_`¯°Y�vxY�^Lhihzpr�Jbedev�jk�nSLp8h�b _c^n��_lg�jkh�Y�h�Snjkh _`h>_lo=�njevqh>bk¡1bfmVv=¡¢bfv�W�jka
�VY��eYXa`bf�VW}Y�^LhX
RTSVY>�Vvxbe�JY�v�hzp � �*���%� � ) ' � )
	 � � ) Y�^�oqmVvxYXo1h�SnjkhTjea`a°acb�g�j�hx_`bf^nowhxSnj�hTSnjQ�fY=h�SnY>oxjkW}Yimn^V_`^n_¬hx_cjea`_c£�Y¤�hzpr�JY�jkalo�b g�jkvxvxp�h�SVY4o�jeW;Y�mV^V_c^V_¬hx_cjea`_c£�Y¤�®��jkacmVYe &¹^®h�SnY���Y�«�^V_¬hx_`bf^�bk¡ ��H�@P,'h)hzpr�JYXoX¨�mn^V_`^n_¬hx_cjea`_c£�Y¤�

hzpr�JYXo SnjQ�eY�hxSVY4¡¢bevxW 1 ��� � 	�� & ��� � 7 ¨°�'SVYXv�Y � _co>j g�aljeoxoije^n� � _co>jk^ je�V��vxYXoxoX=RTSVY4g�Snjevxjfg3hxY�v�¸_c£Xjkh�_cbe^!¡¢bev�h�SnY4hzpr�JY�W�jk�  h�SnY;��jea`mVY}W�jk� � ¨|jFg�aljeoxo � ¨�jk^Dje�n��v�Y¤o�o � ¨|je^n� je^ mn^V_`^n_¬hx_cjea`_c£�Y¤���jea`mVY � _co=Y�"��VvxYXoxoqY¤� �'_`h�SFh�SVY�¡¢bfa`acb��'_c^Vd;¡¢bevxW�mValj�I
� - #�.>!0/ + 1  - 7 � 1 �&� � 	�� & �� � 7
 1 � - 7 � 1 �&��� � � 7

ª�S�jkv�jeg3hxY�vx_`£X_`^nd%hxSVY%oxjkW}Y �r_c^n��be¡T�nv�bf��YXvqhzp ¡¢bev;jkaca acbrgXj�hx_`bf^no
bf^ ozh�jeg���o)_lo4��Y¤o�g�v�_csJYX�D�'_`h�S je^
_c^n��m�g3h�_c�eY)��Y�«n^V_`h�_cbe^�g�jea`acYX� �%!�*'Z$�+V+_%"#"+&'-*C'_.k+Y'-� � Y)�'_ca`a0�'vx_`h�Y

1
� 	 4 #
��� ' ���
��( &�' � 6 (G) � � % ��7

hxb%Y#"��Vv�Y¤o�oih�S�j�h)_¬¡Tj8acb�g�jkh�_cbe^!_c^ �FSnjeo hzpr��Y 1 �&� � 	�� & � ) � 7 ¨°h�SVYX^!hxSVY�g�bevxvxYXo���bf^n��_c^Vd8acb�g�j�hx_`bf^_c^C-�g�bf^fh�jk_c^noThxSVY���jkacmVY 1 �&��) � � 7 iRTSV_lo=vxY�alj�h�_cbe^�jeaco�b�Y�"��VvxYXoxo�YXoThxSnj�h % jk^n� � SnjQ�fY)h�SVY;o�jeW}YSnY�_cdeSLhXE	T"��VvxYXoxo�_`^Vd g�bevxvxYXo���bf^n��Y�^�g�Y}s�Y�hz��YXY�^�hxSVY8mn^V_`^n_¬hx_cjea`_c£�Y¤�Dhzpr��Y 1 �&� � 	�� & � ) � 7 jk^��Dh�SVYmn^V_`^n_¬hx_cjea`_c£�Y¤� ��jea`mVY 1 ��� ) � �*7 ¡¢bev jkaca'W}Y�W}bevxp acb�g�j�hx_`bf^noX¨ ��jkvx_cjesVacYXo}jk^n��oqhxjfg�� g�Y�acalo jkac_`�fYe¨�_co
Y#"��Vv�Y¤o�o�YX�8�'_¬hxS�j4vxY�alj�hx_`bf^%be¡|hxSVY�¡¢bevxW

1 # ' ���
��( &�' � 6 ( ) � �  % � ��7
RTSn_coTvxY�alj�hx_`bf^%_lo'��Y�«�^VYX�®jeo'je^%_c^n��m�g3h�_c�eY)�nv�bf��bLoq_`h�_cbe^F�'_¬hxSFh�SVY�¡¢bfa`acb��'_`^nd�¡¢bfv�W�jkaAo��JYXg�_`«�gXj�h�_cbe^�I
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� k�Y%$PZg!Ph*H�& Z�_%"#"�&'- C'_.k�Y^-
�N!mM =�B6h MNG �&�&E B���M K $#kch kPhg!Ph�*+,�h��+&0Y#X2H+*+,�$�&5! h0OIB � M K @P*2C �.!&�C'&^O B
�8M K ,'h0-g! �%!&�C�&^OIB;(mM K @P*2C�H�*+,�$'&^OIBE- M K ,'h0-g! H�*+,�$'&'O:	mM ? "+_2C M @

Z._%"0"lM K#K�� M F#G E O K � � O�@ K $#k^X.!&�C'&j! h#O �.d K ( � O�@ K $#k ! h �cO0O ��d
K �%!�*'Z
�#V+_%"#"�&�-*C'_.k�Y�- ! h � � -+O �.d K Z._."#"�&'-*C�_.k�Y^-6! h � � � ( -#O(�

�nmVa`a�g�bf^no�_coqh�YX^ng�p%�'_¬hxS�v�Y¤oq�JYXg�h=h�b�_c^V_`h�_ljkac_`£¤j�h�_cbe^�vxYXtLmV_cvxYXo5h�S�j�h=hxSVY�vxY
Y�"�_lozh>j}�Qjea`mnY)¡¢bev=YX�eYXv�p
mn^V_`^n_¬hx_cjea`_c£�Y¤�8hzpr�JY�g�Snjevxjfg3h�YXv�_c£�Y¤��srp hxSVY
�nje_`v'be¡�je^®jf�V��vxYXoxo'jk^n�®j}g�aljeoxo5hzpr��Yf¨�jfoTY�"��VvxYXoxoqY¤�8srp
hxSVY�¡¢beacacb��'_`^Vd4¡¢bevxW�jkaA��Y�«n^V_`h�_cbe^®bk¡ V+_�kP-+h0-�!+&.k+! � kPhg!PI
� k�Y%$PZg!Ph*H�& V#_.kP-+h0-g!�&.k+! � kchg! � � M K @P*2C �%!&�C'&^OIB �8M K ,'h0-g! �.!&�C'&^O B

(mM K @P*2C�H�*+,�$'&^OIB - M K ,'h0-g! H+*+,�$'&^O*	mM ? "�_2C MN@
Z._.k -%X'h kch !lM
K#K !lM =PO K h
MNG �&�&E O K  � ����M K $0kch kchg! h�*+,'h��#&%Y�X:H�*#,�$�&C! h#O:	

K Z�_%"#"�&'- C'_.k�Y^- ! h � � � ( -#O#O#O��.d
K V+_�kP-+h0-�!+&.k+! � kPhg! � � ( -+O �

� � ��	��A�.&����������0�� =�%&����F	������

RTSnY>bf^VY�¸¹oqh�Y��FoqbfmV^n��^nYXoxo hxSVY�bfv�YXW.bk¡5�`�f�3�|o�_`W}�Vacp Y�"��VvxYXoxo�YXo h�Snjkh5hzpr�JY�¸¹g�bfv�vxYXo���bf^n��YX^ng�Y>jk^n�%_`^n_¬¸
hx_cjea`_c£Xjkh�_cbe^®g�bf^noq_loqh�Y�^�g�p jkvxY��VvxYXo�Y�vx�eYX� h�SVvxbemndeSVbfm�h5Y#"�YXg�mVh�_cbe^F¡¢bev'�5Y�aca¬¸ hzpr��Y¤�8�nv�bfdev�jkW�o�

RTSVY�W�jk_c^®ozhxv�mng�h�mVvxY�bk¡�h�SVY��Vvxbrbk¡|¡¢bfv5h�SV_loTh�SnY�bevxY�W _lo'��Y¤o�g�v�_cs�Y¤�8_c^%«ndemVvxY}�>Q¢h�SVY)dfvxje�VS8�Tjeo
bfs�hxje_`^nYX�}W}YXg�Snje^V_lg�jkacacpe¨kmno�_c^Vd)h�SnYidev�jk�nS�hxbLbfaco1¡¢bev'ª�brt4��YXoxg�vx_cs�Y¤�}_`^�� Z¤�qS3¨L�'SVY�vxYio�beW}Y=jkm9"r_cac_cjev�p
acY�W}W�jeoiSnjQ�eY)sJY�YX^�vxY�W}b��eY¤�8¡¢bfv=hxSVY4oxjk�fY
bk¡wvxYXje�njksV_ca`_`hzpe=RTSn_coidev�jk�VS�o�SVb��=oThxSnj�h h�SVY4�Vv�brbe¡�be¡
o�bemn^n��^VY¤o�o _co�sVvxbe�eYX^8��b��'^�_c^%j��Vv�brbe¡0¡¢bev Y¤jeg�S �Jbfoxo�_`sVacYi_c^noqh�vxmng3hx_`bf^ Q «n¡ h�S®g�beacmVW}^ _c^�h�SnY dfvxje�VS
aljQpebfm�hDS�1$iaco�b4j�a`beh�be¡0h�SVY�g�bfW;�na`Y#"r_`hzp;v�Y¤oq_l��YXo�_c^ a`YXW}W}jfo�jev�bfmV^n�;hxSVY vxY�alj�hx_`bf^ � �*���%�3� ) ' � )
	 � � ) 
&¹^!h�SV_lo)o�YXg3hx_`bf^A¨0�5Y;�'_caca�bf^Vacp�ozhxmn��p!o�beW}Y;�njkv�hxo>bk¡ h�SVY}�Vvxbrbk¡z2��_cvxoqhX¨A�5Y}jkvxY4dfbe_c^Vd hxb%acbrbe��j�h
�nv�brbk¡ o>jkvxbemn^n�Fhzpr�V_`^ndn¨Jh�SVYX^ �5Y4jev�Y4debf_`^Vd h�b®ozhxmn��p�oqYX�eYXvxjea�jeo��JYXg3h�oibe¡1h�SnY4�Vvxbrbk¡ o>jkvxbemV^��®h�SVY
vxY�alj�hx_`bf^ � �*���%� � ) ' � )
	 � � ) 

�[()' *,+.-)/10+���n� 0���������� /��>2 5<�U+|79/10��k58�>/O-BQ +�� /�� 0+�hNFQ
$'gXg�bfvx��_c^VdFh�b�h�SVY bf��YXvxjkh�_cbe^njea1oqYXW�jk^Lh�_lg�o�Q¢vxY�alj�h�_cbe^bh0-�!�&�C'S�¨AYXjfg�SDoqh�YX��bk¡'Y�"�Y¤g�m�hx_`bf^��Vv�b���m�g�YXo
jF^VYX�$Y#"�YXg�mVh�_cbe^Dozh�j�h�Y�srp!j®o�_`W}�VacY�W}b���_¬«Jg�j�hx_`bf^Dbk¡ hxSVY��VvxY��r_cbemno�bf^VYe)	T"�Y¤g�m�hx_`bf^Doqhxjkh�Y¤o)jkvxY
g�beW}�Jbfo�YX� bk¡
jDW�jk�V�V_c^Vd�be¡>��jkvx_ljksVacYXo;hxb ��jkacmVYXo je^n��j�ozh�jeg��°¨Tjk^n� W}b���_¬¡¢pr_c^Vd oqhxjkh�YXo}W}Y¤jk^no
mn�J�Vjkh�_c^Vd4j���jkvx_cjesVa`Yf¨fW}b���_`¡¢pr_`^Vd4h�SnYi��jkacmVY>be^�hxbe� be¡0h�SVY�ozh�jeg��°¨LbevToqmVs�ozhx_¬hxm�h�_c^Vd}jkaca�b�g�g�mVvxv�YX^ng�Y¤o
be¡�j
��jea`mVY>�'_`h�S%j�^VY��©�Qjea`mnYe : _cW;_caljkvxa`pf¨f¡¢bfv�Y¤jeg�S%a`_c^VY>bk¡0h�SnY>�nv�bfdev�jkW®¨khxSVYihzpr�V_c^Vd;oq�JYXg�_¬«�gXj�hx_`bf^
Q v�YXacjkh�_cbe^ h �+! -�!+&2C'S>YXoqhxjesVac_co�SVYXo
h�Snjkh4hxSVY%hzpL�n_`^Vd _c^�¡¢bevxW�j�h�_cbe^ jkh4hz�5b �V_¬¯°Y�vxY�^Lh4ac_c^VYXo;W�m�ozh}s�Y
vxY�alj�hxYX��_c^DoqbfW;Y;�TjQp I=¡¢bev�_`^�ozh�jk^ng�Y�hxSVY�oqY¤g�be^���a`_c^VY}W�m�ozh)sJY�hxSVY}v�Y¤oqmVa`h�bk¡ mV�°�Vjkh�_c^VdFh�SVY;hzpr��Y
¡¢bfv'j���jkvx_ljksVacYe¨rW}b���_¬¡¢pr_c^Vd4hzpL�JYXoTbf^ hxbe�8be¡|hxSVY)ozh�jeg��°¨fbfv'oqmVs�ozhx_¬hxm�h�_c^Vd�jkaca°brgXg�mVvxvxY�^ng�YXo�bk¡�j�hzpr��Y
�'_`h�S�j;^VYX�©hzpr�JYe<�VbfvTh�SVY h�(��;_c^nozhxv�m�g3h�_cbe^|¨rhzpL�JY)_c^�¡¢bevxW�j�h�_cbe^%¡¢bevThxSVvxY�Y�a`_c^VY¤o'_co'g�beW}�njev�Y¤�0
� SVYX^!j �nv�bfdev�jkW._lo=�5Y�aca¬¸ hzpr��Y¤�0¨J��Y
^nY�YX��h�b8o�SVb�� h�SnjkhihxSVY4g�bevxv�Y¤oq�Jbe^n�VY�^ng�Y>sJY�hz�5Y�YX^�hzpr��Y

_c^�¡¢bfv�W�j�hx_`bf^Fje^n�%be�JY�v�j�h�_cbe^�jka0�Vj�h�j;_co'�nv�Y¤oqYXv��fYX�}hxSVv�bfmVdeSFY�"�Y¤g�m�hx_`bf^A

��� l��9���K�#�
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corresponds type_map_subst_un

corresponds_subst_away

corresponds_subst_diff

ConsistentInit

not_in_to_StackCorresponds

type_stack_subst_un

soundness_init

ConsistentInitSubst

same_map_consistent

ConsistentInitPushInt

ConsistentInitPushVar

soundness_invariant

ConsistentInitupdate

ConsistentInitPushNew

ConsistentInitPop

soundness_use

soundness_new

soundness_if

soundness_store

soundness_load

soundness_push0

soundness_pop

soundness_inc

one_step_soundness

same_type_map

subst_stk_v

istep

soundness_halt

subst_stk_t

iwtstep

type_value

update_typeo_unused

value

u_unused

cg1_reachable

cg_reachable

subst_stk

not_in

zero_addr

same_map

jvmli

jtype

��_cdemVvxY}�.I !>j�hxjk¸ hzpr�JYXoTjk^��8hxSVY�bfv�YXW�o5¡¢bevTh�SnY)be^VY�¸ oqh�YX�%o�bemV^n�V^VYXoxo5h�SVYXbevxY�W
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�nbev�_c^noqhxje^ng�Yf¨�h�SVYFoqYXW}je^Lh�_lg�o�¡¢bfv�hxSVYE-�!�_%"+&�_`^noqh�vxmng�h�_cbe^ vxYXtLmV_cv�Y¤o�h�S�j�h�hxSVY8W�je�V�V_c^Vd�¡¢vxbeW
��jev�_ljksVacYXo'h�b8��jea`mVY¤o=_loimn�J�Vjkh�Y¤�®h�bFjeoxoqb�g�_lj�hxY
j�^VYX� �Qjea`mnY)h�bFj�de_c�eYX^��Qjev�_ljksna`Yf=RTSV_co be�JY�v�j�hx_`bf^
_lo;v�YX�VvxYXo�Y�^Lh�Y¤��srpDh�SVYF¡¢mV^ng�h�_cbe^`$&C+Y+*%!�&�5�nbev�h�mV^�j�h�YXa`pf¨wh�SnYFoxjkW}YFmV�J�nj�h�Y®bf��YXvxjkh�_cbe^ Q sVm�h}¡¢bev
�V_¬¯°Y�vxY�^Lh)hzpr��Y¤o4S>_lo)mno�YX�D_c^ h�SVY hzpL�JY o�proqh�YXW®8RTSVY�hxSVY�bfv�YXW,h�Snjkh�_lo)^VY�Y¤��YX� hxb�oqSVb���h�SVY8a`_c^V�
sJY�hz�5Y�YX^%sJbkhxS®be�JY�v�j�h�_cbe^�o�S�jeo5h�SnY�¡¢beaca`b��'_c^Vd;¡¢bevxW9I
$&C�Y+*%!+&+X.!&�C�&
1  ��� 1 � &�654 	 � � ) 0 � '  0 ) 7���� ��� 1 � &�6�4 	 � -#����� ' � 0�-87��

1 	�� & �"� � 452 � � 1 � � - 7 1  � 087 7�� 1 	�� & � � � 4�& �  7 7
 1 	�� & � � � 4�&�� �  � 7
� Y�mno�Y � h�b�Y�"��VvxYXoxo>h�S�j�h
hz�5bF¡¢mV^ng3hx_`bf^no�jev�Y}�Jbe_c^Lhq¸ �'_co�Y�YXtLmnjea  &¹^ ª�b�tJ¨AhxSV_lo
_lo)mno�mnjkaca`p ^Vbkh
YX^VbemndeS
hxb�Y�"��VvxYXoxo|hxSnj�h�hxSVY5¡¢mV^ng3hx_`bf^nowjkvxY�h�SVY=oxjkW}Y5bes�yzY¤g3hX�RTSV_lo�_co�Y#"r�nv�Y¤o�o�YX��sLp4jk^;SLpr�JbkhxSVYXo�_co
gXjkaca`Y¤�E-.**@P&+X @P*2C^X%Y#&0(J
-.**@P&+X @P*2C^X%Y#&0( I
1 ( 4 � �"� � 4�& ����7
 ��- + 1 � - 7 � 1�� -�7
RTSVY)�nv�brbk¡�_`^®bfmVvT¡¢bevxW�jka0��Y��fY�acbe�VW}YX^fh'Snjfo5h�SVY�¡¢bfa`acb��'_c^Vd;¡¢bevxW;I

=0a'&#_%"+&*@ $&C�Y#*%!�&+X.!��C'&�M
K -�**@P&+X @ *2C��%!&�C'& � 7 K $&C�Y+*.!�&	� �  !PO#O��.d
K -�**@P&+X @ *2C H�*+,�$'&b(<7 K $&C�Y+*.!�&	� (� HPO#O��.d
K !��C'&+X2H+*+,�$'& H !PO �.d K !&�C'&+X @P*�C ( � O �.d K !&�C'&#X @P*2Cb(<7 � 7UO(�


 k�(+_+,.Yb!&�C'&+X @P*2C B � k+!#"�_'-��<7�<7 ���<7 \��874] � �
E &��+"Ph !�& -.**@ &+X @P*2C'X%Y+&0( �chg!0a \ M @��<7 � B
E &��+"Ph !�& -.**@ &+X @P*2C'X%Y+&0( �chg!0a \ M @��<7 �
V+*'-.& K &0W+X2H�*%"'X.Y+&'Z � PO(�
� k+!#"�_�-��87�� B E &��#"Phg!�&��<7�� B � _ ] E &,�+"Phg!�&`$�C�Y+*%!�&#X�-*C'&'Z�\ B G%$+!�_ �
� k+!#"�_�-/B E &2C�&#*%! E &��#"Phg!�&`$&C+Y+*%!�&+X+-*C'&'Z.](B G0$#!�_ �
� &0Y8�
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jkvxY>oqh�_cacaAmV^V_c�eYXvxoxjkaca`p tLmnje^Lh�_`«nYX�0
�nbev _c^noqhxje^ng�Yf¨e_`¡A��Y=S�jQ�eY=j��Vvxbe�JY�v�hzp ) # -������ ' � ) ��� �8jk^��}��Y=�Tjk^Lhwhxb�oqSnb�� hxSVY'¡¢bfa`acb��'_`^nddfbfjea I

� � . � � #�� + � � � �  
1 ��� # 1���� � ) ����� ��� ' � � -������ ' � 7 + 1�) 1������ � �*7 7 7  
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��� � # 1���� � ) ����� ��� ' � � -#����� ' � � 7 + 1�) 1������ � � � 7 7� Y=g�je^V^Vbeh oq_cW}�Va`p;_c^fhxv�b���m�g�Y'jkacaV��jkvx_cjesVacYXowjk^��4�nv�YXW;_lo�YXo1je^n�4h�SVYX^�v�YX�'v�_`h�Y � � _c^Lh�b � _c^}h�SVY'dfbfjka
1 ) 1������ � � � � 7 7 ¨LsJYXg�jemno�Y=h�SnY=debLjka 1 ) 1������ � � � 7 7 _co�^Vbkh���YXa`a�hzpr��Y¤�cI|hxSVY=hzpr�JYibe¡ � � Snjfo1^Vbeh�sJY�YX^vxY��'vx_`hqh�YX^Aw~'Y��'vx_`h�_c^Vd}_coT�Jbfoxoq_csVacY�sVm�h'h�SnY hzpr�JY)bk¡ � � jk^n�8h�SnY)Y�"��VvxYXoxoq_cbe^ 1$����� � � � � 7 SnjQ�fYihxb�s�YvxY��'vx_`hqh�YX^8j�h�h�SVY�oxjkW}Y=hx_`W}YewRTSV_lo5Snjk�n��YX^no _`¡|bf^VYi_c^Lh�vxbr�Vmng�Y¤o bf^Va`p � ¨ � � ¨Lh�SVY>YXtLmnjea`_`hzpe¨rjk^n� h�SVYbeh�SVYXv'SrpL�JbkhxSVYXo�_loTs�Y�¡¢bevxY>vxY��'vx_`h�_c^VdnO$5h'h�S�j�h=W}beW}Y�^LhTh�SnY)debfjea°Snjeo5hxSVY�¡¢bevxW9I

��� � # 1 ��� � ) ����� ��� ' � � -������ ' � � 7 + 1 ) 1$����� � � � � 7 7

=5YXgXjkmno�Y)�5Y)SnjQ�eY�hxb�s�Y4�eY�vxp8gXjkvxY�¡¢mVa|jes�bfm�h=hxSVY
vxYXo���Y¤g3h�_c�eY)bfvx�VY�v'bk¡w��jkvx_ljksVacY)_`^Lhxv�b���mng�h�_cbe^no
je^n�}vxY��'vx_¬hxYXoX¨�h�SVY �VvxbLbe¡�hxY�"rh�_lo1W}bfv�Y'_c^Lh�vx_cgXj�h�YThxb
�'vx_¬hxYe¨rjk^n�}acYXoxow�5bevx��_lo1�JY�v�¡¢bevxW;Y¤�}srp�deYX^VY�v�jka
h�jeg�h�_lg�oX¨��'SV_cg�S®mno�mnjea`acp _cde^Vbfv�Y h�SV_lo'�r_c^n�8be¡�«�^VY
��Y�h�jk_cacoX

�[(�� � E+ 5O0�>+|7 � /����40�E+|5W79+�� Q
RTSnY8oqbfmV^n��^nYXoxo
vxYXo�mVa¬h;��YXoxg�vx_`sJYX�D_c^ �c�e�3�TdebrY¤o)s�YXpebf^n�Dbe^VY�¸ oqh�YX� oqbfmV^n��^nYXoxo��RTSVY8bes�yzY¤g3h�_c�eY8_co
hxb}�Vv�b��fYihxSnj�h=Y#"�YXg�mVh�_cbe^F�'_`acaA�Vvxb�g�Y�Y¤� ^Vbfv�W�jea`acp mV^Lh�_caA_`h=v�Y¤jeg�SVY¤o�j;Snjea¬hioqhxjkh�YXW;YX^LhT_`¡�h�SVY)�'SVbfa`Y
�nv�bfdev�jkW _lo ��YXa`a`¸ hzpr�JYX�0>RTSVY�bf^VY�¸¹oqh�Y���o�bemn^n��^VY¤o�oih�SVYXbevxY�W _co _c^nozhxv�mnW;YX^Lhxjka�_c^!oqSnb��'_`^Vd h�Snjkh _`¡
Y#"�YXg�mVh�_cbe^�Snje�V��YX^now¡¢bfv�j)�5Y�aca`¸ hzpr�JYX�}ac_`^VY jk^n�;hxSVY oqhxjkh�Y=sJY�¡¢bfv�Y=Y#"�YXg�mVh�_cbe^�_lo g�bf^no�_coqh�YX^fh��'_¬hxS�h�SVY
hzpr�V_c^Vd�_c^�¡¢bfv�W�j�hx_`bf^A¨�h�SVYX^�h�SVY%ozh�j�h�Y%j�¡ h�YXv�Y#"rY¤g�m�hx_`bf^��'_`acaTjkaloqb�sJY8g�bf^no�_coqh�YX^fh4�'_¬hxS�h�SVY hzpL�n_`^Vd
_c^�¡¢bfv�W�j�hx_`bf^A
RTSVY;oqY¤g�bf^n�®_`W}�Jbev�hxje^fh h�SVYXbevxY�W _coih�SnY>C+"�_.i#"�&'-#-
h�SVYXbevxY�W®E& h>Y�"��VvxYXoxoqY¤oTh�Snjkh _`¡1��Y;jkvxY
_c^

j ozh�j�hxY h�S�j�h}_co;g�bf^noq_loqh�Y�^Lh;�'_¬hxS h�SnY8hzpr�V_c^Vd!_c^�¡¢bfv�W�j�hx_`bf^A¨�h�SnY�^ Y#"�YXg�mVh�_cbe^ ��brY¤o�Snje�V�JY�^A¨whxSnj�h
_loX¨°h�SVYXv�Y}Y�"�_lozh�o�j8^VYX�$oqhxjkh�Y;h�Snjkh)�'_`aca�s�Y�vxYXjfg�SVYX�®hxSVvxbemVdfS!Y�"�Y¤g�m�hx_`bf^A4RTSV_lo h�SVYXbevxY�W,Snjfo>h�SVY
¡¢bfa`acb��'_c^Vd;oqhxjkh�YXW;YX^LhJI
C+"�_%i#"+&'-#-+I
� )<. ����� ���".  . % .���. ��. � � .
1 # ! � �
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9 1 ) � � 7 � ) 4�2 	  
� � ��� .�� � . � � + 1���� ��� � ' � � ��� ����� ����7�� 1 ! ($	 � & ) ��� � .���. �
� ��� ��� .�� � . � � � 7RTSV_lo �nv�brbk¡�_lo8tLmV_`h�Y!o�_`W}�VacYe � Y o�SVb��*h�Snjkh%jkaca=hxSVY��VvxY�W}_loqY¤o�^VY�Y¤��YX� ¡¢bfv Y�"�Y¤g�m�hx_`bf^ jkvxY
YX^no�mVv�Y¤��srp���YXa`a`¸ hzpL�n_`^Vd4jk^n� h�SVY�oqbfmV^n��^nYXoxo _c^r�Qjev�_ljk^Lh¤ : hx_`aca0�5YiSnjf��h�b;jeoxoqmnW;Yih�SVY�Y#"r_loqh�Y�^�g�Yibe¡
hz�5b;¡¢mV^ng�h�_cbe^nonk�&��^X�$#kPh kchg!Ph�*+,'h��+&.Y
je^n��k'&,�^X'h kch !Ph�*+,'h��+&0Y ¨n�'SV_cg�S�gXjk^�jkac�TjQpro5vxY�hxmVv�^�j}^VYX�
��jea`mVY¤o5¡¢bev'bfs�yzYXg�h'g�v�Y¤j�hx_`bf^ Q _`^noqh�vxmng�h�_cbe^�k�&��'S�bev'_c^V_`h�_ljkac_`£¤j�h�_cbe^5Q¢_c^noqh�vxmng3hx_`bf^6h kchg!�S3
R�b SnjQ�fY!g�bfv�vxYXg�h �B`a	 ��
�cN���N�F1 Y#"rY¤g�m�hx_`bf^A¨'_`h%_lo8jkalo�b�^VYXg�YXoxo�jev�p h�b Y#"r�nv�Y¤o�o��'S�j�h%W4mVa`h�_`¸ oqh�YX�

Y#"�YXg�mVh�_cbe^!_loX � Y���bFh�SV_lo�srp�_`^Lh�vxb���mng�_`^Vd®jFv�YXacjkh�_cbe^�@�$^,.!Ph&�%-�!�&2C0¨���Y¤o�g�v�_cs�Y¤�!jfo>je^ _c^n��m�g3h�_c�eY
�nv�bf��YXvqhzpih�b=sJY1hxSVYwh�v�jk^�oq_`h�_c�eY1g�a`bLoqmVvxY1be¡Ph0-�!�&2C°|=TjfoqY¤� bf^�h�SV_loX¨¤�5Y1SnjQ�fY�h�SVY ¡¢beaca`b��'_c^Vd=oqhxjkh�Y�W}YX^fh
¡¢bfvT«n^njea -�_.$#k�Y%k�&'-#->h�SVYXbevxY�W9I
-._.$#k�Y.k'&'-#-+I
� )<. ����� ���".  . %(+
1 !	� 	������ 2 )  % � ���8����7
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istep_reachable

soundness_aux

soundnessprogress

multistep
o_unused

new_initialized

istep

one_step_soundness

type_value not_in_un_type

same_type_map

update_type

zero_addr zero_smaller

iwtstep
not_in

u_unused

same_map

value

jtype

new_uninitialized

subst_stk

jvmli

cg_reachable

��_cdemVvxY
Z+IwuwvxbLbe¡�oqh�vxmng3hxmVvxY ¡¢bfv'h�SnY>�nv�bfdevxYXoxo5je^n�FoqbfmV^n��^VY¤o�o5hxSVY�bfv�YXW�o
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1�) � � 7 ��) 4�2 	 � 1 	�� & �"� (
	 4 #$� ��1 % � � 7 7RTSVY oqh�vxmng�h�mVvxY}bk¡ hxSVY��Vvxbrbk¡ o�_lo)oq�fY�hxg�SnYX� _`^ «ndemnv�Y Z� A ^VY}_cW}��bfvqh�jk^Lh
��_¬¯°Y�vxY�^�g�Y��'_`h�S h�SVY
hxSVY�bfv�YXW�oT¡¢v�bfW �c�e�3��_co'h�Snjkhi��Y)S�jQ�eY)j��5YXjk�fY�vT^Vbeh�_cbe^F¡¢bevij �Vv�bfdev�jkW hxb s�Y���YXa`a`¸ hzpr�JYX�0 &¹^�bemVv
o�Y�^�oqYf¨fhxSVY��Vvxbedev�jkW _lo��5Y�aca`¸ hzpr�JYX� _`¡�jea`a0jf�V��vxYXoxoqY¤o1vxYXjeg�S�jksVacY=¡¢vxbeW.jf�V��vxYXoxo £XY�vxb4jkvxYi�5Y�aca`¸ hzpr�JYX�0¨
snm�hi�5Y
��b�^Vbkh=_cW}��bLoqY�hxSnj�h>��YXjf�Fg�b���Y)s�Y���YXa`a`¸ hzpr�JYX�0 : h�_caca ¨nh�SV_lo=�5YXje�eY�vT^Vbeh�_cbe^®bk¡��5Y�aca¬¸ hzpr��Y¤�
�nv�bfdev�jkW�o _lo'oqh�vxbe^Vd}Y�^nbemVdfS8hxb;dfY�h=j�o�_`W}_cacjevTo�bemn^n��^VY¤o�oTvxYXo�mVa`hX

� �  ��|&5	���-®����"4�6 ��  '& ���3<
 :��U
�
	�����#F�

RTSnY
��YXa`a`¸ hzpL�JYX�V^VYXoxo'vxY�alj�h�_cbe^®SnjfoTh�SnY
¡¢bevxW 1 !	� 	  % ) 7 jk^���g�jk^®sJY�_c^Lh�Y�vx�VvxY�hxYX�®jeo ) 
 �ef8��	�	
��bD1��MgUfO
�� %e�4���N1�� &#�|�v� � %+�[��bD1+�[
��J3�����������
�������
s���#�	��b  ��� g % .&¹^�h�SV_lo�oqYX^no�Ye¨Qh�SnY5o���Y¤g�_`«�g�jkh�_cbe^
be¡
h �+!4�VbLY¤ow^Vbeh���YXoxg�vx_cs�Yije^�jkacdebevx_`h�SVW�h�Snjkh1hxje�eYXo ) je^n�}vxY�h�mnv�^no j)peY¤o���^Vb)jk^no���YXvX�RTSVYitLmVY¤ozhx_`bf^
hxSnj�h5v�YXW�jk_c^no bf��YX^A¨�jk^n��h�Snjkh5�5Y oqh�mn�V_`Y¤�8jeo�j�g�beW}�VacY�W}Y�^Lh5h�b8�c�e��� ¨r_lo �'SVY�h�SVYXvTbe^VY>g�jk^8Y�"�SV_csV_¬h
je^ jkacdebfv�_`h�SVW�h�Snjkh h�jk�eY¤o ) jeo�jk^ jev�dfmVW}Y�^Lh�jk^��}v�Y�h�mVvx^noX¨f�'SVYX^�_¬h5_co��Jbfoxoq_csVacYe¨e��jea`mVY¤o1¡¢bfv  jk^��
% o�mng�S8hxSnj�h 1 !	� 	  % ) 7 SVbeal�VoXhxSVY�vxYijkvxYThz�5b
oq_l��YXowh�b)hxSV_co�tLmVYXoqh�_cbe^A¨Ljk^n�}�5Y=je�VW;_`hqhxYX��acp}oqbfa`�fYX�;be^Vacp�bf^VY=�njevqh¤ � Y=�Vvxb��r_c�VY
j�¡¢mV^ng3hx_`bf^�h�S�j�hiYX_¬hxSVY�v>v�Y�h�mVvx^no=j �njk_cv 1  . % 7 o�jkh�_loz¡¢pr_c^Vd�h�SnY4g�bf^noqh�v�jk_c^fh�o'bev j�^VY�dLj�hx_`�fY
jk^no���YXvX¨Y#"��Vv�Y¤o�o�_c^VdTh�Snjkh�_`h��V_c�)^nbkh|«�^n�
o�mng�S
��jkacmVYXoX.&¹^4g�jeo�Y1be¡nj'^VY�dLj�hx_`�fY jk^no��5Y�v¤¨X�5Y SnjQ�fYw^Vb jfo�o�mVv�jk^ng�Y
hxSnj�hT^Vb;oqmng�S%�njk_cv5Y�"�_coqhxoX¨rsVm�hT_`^Fg�jfoqY bk¡�j���bLoq_`h�_c�eY>jk^no���YXvX¨L�5YiSnjQ�fY j
�nv�brbk¡0hxSnj�h 1 !	� 	  % ) 7Snbeal�Vo�4RTSLm�o�¨0hxSV_lo>¡¢mV^ng3hx_`bf^ _lo�j®oqbfmV^n��srpLh�Y�¸ g�b���Y4�fY�vx_¬«�Y�v¤¨°je^n� ��Y;SnjQ�eY;j8W}Y¤g�Snjk^V_c£�Y¤�!�nv�brbk¡z¨
snm�h=��Y)��b}^Vbeh=SnjQ�eY�j}W}YXg�Snje^V_c£�YX�8�VvxbLbe¡|hxSnj�h=_`h=_coig�beW}�VacY�hxYe

Ai¡Tg�bemnvxo�Ye¨Aj8h�vx_`�r_ljka�srpLh�Y�¸¹g�b���Y;�eYXv�_`«nYXvX¨Jh�S�j�h)v�Y�¡¢mno�YXo>Y��fY�vxp��Vv�bfdev�jkW be^ YXjevqhxSA¨0��bfmVal�!jkalo�b
oxj�hx_coq¡¢p�hxSVYXo�Y �Vvxbe�JY�v�h�_cYXoX : h�_ca`a ¨���Y8SVbe�JY�h�S�j�h�vxYXjf��Y�v�o��'_`aca sJY8g�be^r�r_`^ng�YX� h�S�j�h4bfmVv
srpLh�Y�¸ g�br�VY
�fY�vx_¬«�Y�vT_coT^nbkh'h�vx_c�L_ljka 

�>()' � 79/ �0 0a79/	�W+|7�Q /O- /T-���5�7'�k0� � Q
&¹^�bfmVvi_c^V_`h�_ljka�W}br�VY�ac_`£¤j�h�_cbe^|¨Vhxje�eYX^®¡¢v�bfW �c�e�3� ¨J��Y
S�jQ�eY���Y¤o�g�v�_csJYX�®�VvxbedfvxjeW}o'jfo'¡¢mV^�g3h�_cbe^�o'¡¢vxbeW
j%hzpr�JY bk¡'je�V�Vv�Y¤o�o�YXo h�b®hxSVY}hzpr��Y�be¡5_c^noqh�vxmng3hx_`bf^noX A sr�L_cbem�oqacp®h�SVY8_`^Lh�YX^Lh
_co�hxb��r_`YX� jf�V��vxYXoxoqY¤o
jfo>^nj�hxmVvxjea�^LmnW�sJY�v�o)jk^n� �Vvxbedev�jkW�o>jeo>�njevqhx_cjea�¡¢mn^ng3hx_`bf^no�b��eYXv>^�j�h�mnvxjea�^rmVW4s�YXvxo�je^n��hxSVY}hzpr��Y
o�p�ozhxY�W�o}de_c�eYX^ _c^ �c�e�3�i_c^Lh�YX^n�Vo}hxSnj�h8jea`aijf�V��vxYXoxoqY¤o;�'SVY�vxYFh�SVY��nv�bfdev�jkW _lo ��Y�«�^VYX��o�SVbemVal� s�Y
�5Y�aca`¸ hzpr�JYX�0�&¹^ h�SnYFª�b�t�oqY�hqhx_`^Vd�¨�bf^Vacp�h�behxjka1¡¢mV^ng3hx_`bf^no
jev�Y}bk¡'g�bfW;¡¢bev�hxjksna`Y}mno�Ye¨�jk^n� ��Y g�Snbfo�Y
hxb vxY��nv�Y¤oqYX^fh}�VvxbedfvxjeW}o4jeo;hxbkhxjea5¡¢mV^ng3hx_`bf^noX =5m�h j h�behxjka5¡¢mV^�g3h�_cbe^ ¡¢vxbeW ^njkh�mVv�jkaT^rmVW4s�YXvxo4h�b
_c^noqh�vxmng3hx_`bf^no>��bfmVal�!jeg�h�mnjea`acp�vxY��VvxYXo�Y�^Lh>je^!mV^nv�Y¤jkac_coqh�_lg�_c^�«n^n_¬hxY��Vv�bfdev�jkW®)R|b%h�mnv�^DjkvxbemV^���h�Sn_co
�nv�bfsVa`YXW®¨f�5YiSnjQ�fYi_c^Lh�vxbr�Vmng�Y¤� j
sJbemV^��8je�n��v�Y¤o�oX¨L�'_¬hxS h�SnY _c^Lh�Y�^Lh5h�Snjkh�hxSVY>�Vv�bfdev�jkW$�'_`aca°^VbkhTs�Y
Y#"�YXg�mVh�YX�%sJY�pebf^n�%h�Snjkh=je�V��vxYXoxoX
�nbeviY¤jeg�S��VvxbedfvxjeW je�n��v�Y¤o�oX¨VhxSVY�_c^�¡¢bfv�W�j�hx_`bf^Fh�Snjkh ^VYXYX�®hxb s�Y;g�bfW;�nm�h�Y¤��srp8hxSVY�srpLh�Y�¸ g�br�VY

�fY�vx_¬¡¢pr_c^Vd'jkacdebfv�_`h�SVW Snjeo0h�SVvxY�Yw�njevqh�oUI°hxSVY�vxYw_lo0h�SnY1W�jk�)jeoxoqb�g�_cjkh�_c^VdT�Qjev�_ljksna`Y¤oJh�b'hzpr�JYXoX¨�hxSVY1SVYX_`dfSfh
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be¡rh�SVY oqhxjfg�� je^n�>h�SVY1hzpL�JY be¡Vjkacaka`b�gXj�h�_cbe^�oA_c^�h�SVY oqhxjfg��°�ª�be^ng�Y�vx^V_c^VdTh�SVY�ozh�jeg��°¨X�5Y jev�Y1g�be^�¡¢vxbe^Lh�Y¤�
�'_`h�S�j h�vxmVY'oqhxjeg���bevx_`YX^fhxYX�4W�jeg�SV_c^VYe¨fjk^n��h�SVYXv�YT_low^Vb�_c^nozhxv�m�g3h�_cbe^4h�S�j�h1_cW;�Jbfo�YXowj)o��JYXg�_`«�g5SVYX_`dfSfh
hxb>h�SVY=oqhxjfg��J�RTSV_lo�SVY�_cdeSLh gXjk^;be^Vacp
sJY=��YX��m�g�YX�;srp��nv�bf�njkdLj�h�_c^Vdih�SVY'_c^�¡¢bevxW�j�hx_`bf^�hxSnj�hwhxSVY=ozh�jeg��
_lo|jfo�o�mVW}YX��YXW}��hzp��'SVY�^�oqhxjevqhx_`^nd'Y�"�YXg�m�h�_cbe^�jkh�je�n��v�Y¤o�oA£�Y�vxb'hxSVv�bfmVdeS
jea`af_`^�ozhxv�mng�h�_cbe^noAh�Snjkh�YX_¬hxSVY�v
_c^ng�v�YXW;YX^LhX¨°��YXg�v�YXW;YX^LhX¨nbfvi�VvxYXo�Y�vx�eY�hxSVY4oqhxjfg��8SVYX_`dfSLhXiRTSrmnoX¨nhxSVY�vxY�acY���je^fh _`^�¡¢bfv�W�jkh�_cbe^��'_ca`a�s�Y
W}bfv�Y=Y¤jeo�_`acp}g�beW}�VmVh�YX�}_`¡AhxSVY jea`dfbevx_¬hxSVW��JY�v�¡¢bevxW�o j
g�beW}�VacY�h�Yih�v�jQ�eYXvxoxjka�be¡0h�SVY �Vv�bfdev�jkW�g�be^Lh�vxbea
	�b��©dev�jk�nSA�& ¡�h�SVY)�nv�bfdev�jkW g�be^Lhxje_`^no'�VYXje�®g�br�VYe¨�hxSV_co g�b���Y)�'_ca`a|^Vbkh=sJY�g�SVY¤g��eYX�A¨�sVm�h jk¡ h�Y�v jkaca ¨
hxSV_lo=g�b���Y��'_ca`a|jeaco�b;s�Y)Snjev�W}acYXoxo�

��
���
�� � � ² ��·��V� � ¶ � ����� � � ����� 
J² �Q�¤� �
R�b�g�bf^nozhxv�m�g3h
jk^Djkacdebfv�_`h�SVW hxSnj�h�hxvxjQ�fY�v�oqY¤o=hxSVY g�bf^fhxv�bfa 	nb���dev�jk�nS �'SV_cacY;sJY�_c^Vd��Vvxb���jksVacp®h�YXvq¸
W}_c^nj�hx_`^ndn¨��5Y>S�jQ�eY>v�YXa`_cYX�8be^%h�SVY)�Jbfoxoq_csV_ca`_`hzp�hxb}�VYXo�_`df^8deYX^VY�v�jka°vxYXg�mVvxo�_c�eY jea`dfbevx_¬hxSVW�o5sLp8snjeo�_`^nd
hxSVYXo�Y�bf^��5Y�aca¬¸ ¡¢bemV^���YX� ��Y�«n^n_¬hx_`bf^no�>�5Y�SnjQ�fY�_c^fhxv�b���m�g�YX�!j8�Vjkhxj8oqh�vxmng�h�mVvxY��5Y4gXjkaca�je^6*%i+&.k�Y+*�¨
hxSnj�h _coiW;Y¤jk^Lh=hxb v�Y¤g�bfvx�%h�SnY�g�mVvxvxY�^Lhiozh�j�hxmno=be¡wjea`a�a`_c^VY¤o=bk¡�hxSVY��VvxbedfvxjeW®¨rh�Snjkh _lo=�'SVY�h�SVYXv=h�SnY�p
S�jQ�eY�jkacv�Y¤je��p�sJY�YX^F�r_loq_`h�Y¤�0¨Vbfv5�'SnY�h�SnY�v'hxSVY�pFg�bemnac�%s�Y)�r_loq_`h�Y¤�F_`^%h�SVY)^nY�"rhiozhxY��®bk¡�Y�"�YXg�m�h�_cbe^|
RTSVY)s�jeo�_cg>be�JY�v�j�hx_`bf^noTjQ��jk_cacjesVa`Y>be^E*%i�&.k+Y+*;oqh�vxmng3hxmVv�Y¤oTjkvxY�jfo5¡¢beaca`b��=oJI
�e @���X0*%i�&.k+Y+*�M G �&�&E � *%i�&.k�Y#*� RTSV_lo%g�v�Y¤j�hxYXo je^ Y�W}��hzp�jkdfY�^n�njV¨Th�S�j�h%_loFjk^ jkdfY�^n�nj
�'SVY�vxY)^Vb jf�V��vxYXoxo'_co=W}jev��fYX�%peY�hXTRTSVY
je�V�Vv�Y¤o�oT�njfo�o�YX�®jfo=jkvxdemVW}YX^fh'_c^n��_lg�jkh�YXo=h�Snjkh=be^Vacp
je�V�Vv�Y¤o�o�YXoTo�W}jea`acY�vThxSnjk^%h�S�j�h=be^nY>�'_cacaAs�Y
g�be^no�_l��Y�vxYX�0

Z� @P*."��'X#,'hJk'&�M G �&�&E � *%i�&.k�Y#* � *.i�&.k�Y+*n'RTSV_loig�v�Y¤j�hxYXoij ^VY���jedeY�^��Vj}�'SVY�vxY�je^!je�r¸
��vxYXoxoTSnjeoTsJY�YX^FW�jev��fYX�8jfo'jkacv�Y¤je��p��r_loq_`h�Y¤�0

�V8C#$ -ga^X0*0Y0Y0"�&'-#- M G �&�&E � *%i�&.k�Y#* � *%i+&.k�Y+*�>RTSV_lo)g�vxYXjkh�Y¤o j8^VY�� jkdeYX^n�Vj8�'SVY�vxY4je^
je�V�Vv�Y¤o�oT_loTv�Y¤g�bfvx��Y¤�8jfo'oqmVsnW;_`hqhxYX�%¡¢bev=j;¡¢mVh�mVvxY)�r_co�_¬h¤

�nmk'& � !'X0*0Y0Y0"�&'-#- M *.i�&.k�Y+* � K C'*."#!Ph�*+, G �&�&E OL
� Y}�5je^fh>h�b®vxYXoqh�vx_cg�h>bfmVv)ozhxmn��p�bf^Vacp®h�b®jkdeYX^n�VjfoihxSnj�h�SnjQ�fY4sJY�YX^ g�be^noqh�vxmng3hxYX�!mnoq_c^VdFa`YXde_`hq¸

_cW�j�hxY%g�jea`alo)hxb @��'X0*.i�&.k�Y+*n¨�@ *%"��'X#,�h k'&�¨|jk^�� C#$ -ga^X0*0Y0Y0"�&'-#-r��Vbev4h�Sn_co4��YF��Y�«�^VY%j��nv�bf��YXvqhzp
*'Z#Z.&2C#!�*��^,0&�bf^ jkdeYX^n�Vjfo;h�Snjkh%��YXoxg�vx_cs�Y¤o>yzmnozh%h�SVY¤oqY�jedeYX^n�VjeoX¨5mnoq_c^VdDhxSVY�¡¢beacacb��'_`^Vd�_c^n��m�g3h�_c�eY
�VY�«n^V_`h�_cbe^�I
� k�Y%$PZg!Ph*H�&b*�Z#Z.&2C+!+*��^,0&�M>*%i�&�k�Y+* �.d ? "�_2C M @
*'Z#Z�\RM K h MNG ���&E O K *�Z#Z.&2C+!#*��^,.& K @��'X0*%i+&.k�Y+* h0O#O
f *'Z0Z.]�M K h M G �&�&E B�*�MF*%i�&�k�Y+*^O

K *'Z#Z�&2C+!�*��',0& *^O��.d K *'Z0Z.&2C+!�*,�^,0& K @P*%"��'X#,'h k�& hb*'O#O
f *'Z0Z ��M K h M G �&�&E B�*�MF*%i�&�k�Y+*^O

K *'Z#Z�&2C+!�*��',0& *^O��.d K *'Z0Z.&2C+!�*,�^,0& K C#$P- a^X0*0Y#Y%"�&'-#-`hb*'O#O
�
RTSVYFvxY�h�mnv�^VY¤� hzpr��Y%¡¢bev�h�SVY%¡¢mV^ng�h�_cbe^ k'& � !'X%*0Y#Y0"�&�-#-�_c^n��_lg�j�hxYXo�h�Snjkh�hxSV_co4¡¢mV^�g3h�_cbe^ _co4be^Vacp

��jkv�h�_ljka 5RTSV_lo'¡¢mn^ng3hx_`bf^!oqSnbemVal�FSnjQ�eY�hxSVY��Vvxbe�JY�v�hzp�hxSnj�h>_¬hibf^Vacp%vxY�hxmVv�^�o=j o�mVsVW}_¬h�h�Y¤�®�Qjea`mnY
sVm�h

��� l��9���K�#�



�f� ���������������v���

^nbkh bf^VY4h�Snjkh>_loiW�jev��fYX� Q¢h�SVYXbevxY�W k'& � !'X0*0Y0Y0"�&'-#-.X�k'_%!'X @P*."��+&0Y+S3l�Vbev h�Sn_co>vxYXjeo�be^|¨nhxSVY�vxY4W�jQp
sJY
g�jfoqY¤o5�'SVY�vxY�^Vb}�Qjea`mnY
g�jk^FsJY)v�Y�h�mVvx^VYX�A

&¹^Lh�mn_¬hx_`�fY�acpe¨�h�Y�vxW}_`^�j�h�_cbe^ _lo}Y�^no�mVvxYX� srp�hxSVY®¡ jeg�h}h�Snjkh�h�SVYXv�Y�jkvxYFbe^Vacp j!«n^V_`h�Y�^rmVW�sJY�v�be¡
jf�V��vxYXoxoqY¤o1_c^8hxSVY>�Vv�bfdev�jkW® 	iY�vxY �5Y>Y�"��VvxYXoxo1hxSV_co5srp�Y�"�SV_csV_`h�_c^Vd�j
vxY�alj�hx_`bf^A¨�@ _%"�&+X @ *%"���&0Y�¨QhxSnj�h
_lo>��YXa`a`¸ ¡¢bemV^n�VYX�0e$i^ Y#"rh�v�j%g�be^noqh�v�jk_c^Lh be^ k'& � !'X0*0Y0Y0"�&'-#-
_co>hxSnj�h�_¬¡5_¬h)vxY�hxmVv�^�o>j%��jkacmVY � ¨°hxSVY�^
K @P*%"���X#,'h k'& � � O4jk^n� � jev�Y�vxY�alj�h�Y¤�8srp @P_%"�&+X @P*%"���&%Y�Q hxSVY�bfv�YXW�@P_."�&+X @P*."���&0Y�X�k'& � !�S3

$ia`a�h�SVY �Vvxbe�JY�v�h�_cYXowbe¡JhxSVY jf�V��vxYXoxowvxY�h�mnv�^VY¤�;sLp4h�SnY=¡¢mV^ng�h�_cbe^ k'& � !'X%*0Y#Y0"�&�-#-'g�je^�s�Y>oqmVW}W�j�¸
vx_c£�YX�%mno�_`^nd}j;W}bevxY)tLmnjkac_¬«�YX�8hzpL�JYe¨���Y�«n^nYX�Fmno�_`^Vd;hxSVY�¡¢beaca`b��'_c^Vd}_c^n��mng�h�_c�eY)��Y�«�^V_¬hx_`bf^�I
� k�Y%$PZg!Ph*H�&b_�C+!Ph�_.k�*+,#X."�&0*'Zga'* �^,%&+X.*0Y#Y."�&�-#-(� *�MN*%i+&.k+Y#*�	8M �0&%! MN@
_%"�*#X�-g$PZ#Z�&'-#-�M
K h
MNG �&�&E O
K @P_%"�&+X @P*%"���&%Y K @ *%"��'X#,�h k'& h *^O *^O �.d
K -g$5�2@Rh !#!�&0Y * h#O �.d = K @P*%"���&%Y * h0O �.d
K _2C+!Ph�_�k'*+,#X."+&#*'Zga+*��',0&0X0*0Y%Y0"+&'-%-C*'O
f _."�*+X%(+*'h.,8M
K#K h
MNG �&�&E O K -g$��2@Rhg!#!+&0Y * h#O ��d K @P*%"���&0Yb* h#O#O��.d
K _2C#!Ph�_.k'*#,#X."�&#*�Zga�*���,0&+X.*0Y0Y0"#&'-#- *^O �

&¹^ bfmVv ��YX�eYXa`bf�VW}Y�^LhX¨.k�& � !'X0*%Y#Y0"�&'-0-T_lo1mno�YX�;hxb���YXoxg�vx_cs�Y'hxSVY=_c^�¡¢bevxW�j�hx_`�fY'�njkv�h bk¡Aj>¡¢mV^�g3h�_cbe^
k'& � !'X%*0Y#Y0"�&�-#-R7�¨��'Snbfo�Y�hzpr�JY1_loA��YXoxg�vx_cs�Y¤� m�oq_c^VdTh�Sn_co|^VY�� hzpr��Y�_2C+!Ph�_�k'*+,#X."+&#*'Zga'* �^,%&#X0*%Y#Y."�&�-0-+I
k'& � !'X%*0Y#Y0"�&�-#-R7'M � � MF*%i+&.k�Y+* � K _2C+! h�_.k'*+,0X."�&#*'Z a'*,�^,.&+X%*%Y#Y%"�&+-#- � O

? oq_c^Vd/k'& � !�X0*0Y#Y0"+&'-#-R70_c^noqh�Y¤je�}bk¡ck'& � !'X%*0Y#Y0"�&�-#-T_`^8bemVv �VY��eYXa`bf�VW}Y�^Lh �'_ca`aJsJY=_`^�ozhxv�mVW}YX^fh�jka
hxb}W}je�eY>h�SnY)�Vv�brbe¡�bk¡�h�YXv�W}_c^nj�hx_`bf^Fbe¡�bfmVv'dev�jk�VS8h�v�jQ�eYXvxoxjka�¡¢mV^ng�h�_cbe^no'Y¤jeo�_`YXvX

��
���
�� � ����� �¢��� ² ·�����· �D����� ² · ����� ² �
RTSnYihzpr�JYH_2C+!Ph�_.k'*+,#X�"�&#*'Zga�*��',0&0X0*%Y0Y0"+&'-%-'vxY�ac_`Y¤o bf^ h�SnY Y#"r_loqh�Y�^�g�Y>bk¡Ahz�5b�vxY�alj�hx_`bf^non-g$5�2@Rh !#!�&0Y
je^n� @P*%"���&%Y�h�S�j�h=��YXoxg�vx_cs�Y h�SVY�je�n��v�Y¤o�o�YXo h�S�j�h'SnjQ�eY s�YXY�^®oqmnsVW}_¬h�h�YX�%mno�_`^nd3C#$P-ga'X0*0Y#Y0"+&'-#-ijk^��
hxSVYDje�V��vxYXoxo�YXo�hxSnj�h®SnjQ�fY�s�YXY�^ W}jev��fYX��mno�_c^Vd @P*%"��'X0,'h k'&��RTSVYXo�Y!vxY�alj�hx_`bf^no%jev�Y!�Vvxjfg3hx_cgXjkaca`p
g�S�jkv�jeg3hxY�vx_`£XYX��srp�hxSVY�¡¢beacacb��'_`^Vd}�Vvxbe�JY�v�h�_cYXoJI
-g$5�^X @ *%"��'X�C�*'-�!PI
��� # � � ' ���#� + �$� #2!�� � / + 1 ( � � � ! 	�	 � 6 � � 7
 

��� #2! ��� / + 1 (*� � � ! 	�	 � 6�1 � 4 ��� � 2�! � � � �87 � 7
-g$5�^X�C0$P-ga^X�C�*'-�!PI
��� # � � ' ���#� + �$� #2!�� � / + 1 ( � � � ! 	�	 � 6 � � 7
 

��� #2! ��� / + 1 (*� � � ! 	�	 � 6�1 & �$(*) � 4�656 �
��(5( � �87 � 7
-g$5�^X�C0$P-ga^X0*%Y#Y<7UI
��� # � � ' ���#� + �$� #2!�� � / + 1 ( � 4�252 �"� � 1 ( ! � � �87 7
 

1�� � � ��� ) ) ' ��1 & �$( ) � 4�656 �
��(5( � �87 � 7
-g$5�^X @��PI
�$� #2! ��� / + 1 (*� � � ! 	�	
� 6�1 ��� � � � ' ���#� � 7 � ��� ' � 4�656 � 7

oqp1��osr



����������	�
��
���������
���
���	�
������
�����
������� �n�

&¹^%h�mVvx^A¨rhxSVYXo�Y �nv�bf��YXvqhx_`Y¤o vxY�acp�be^8h�SVY)o�_`£XY be¡�jk^FjkdeYX^n�Vjn�&¹^Lh�mn_¬hx_`�fY�acpe¨rh�SnY�o�_c£�Y>bk¡�je^%jkdfY�^n�nj
_lo'hxSVY2G �&�&E �njevxjeW;Y�h�YXv'h�Snjkh �Tjeo'�nv�b��r_l��YX�®j�h>g�vxYXj�hx_`bf^Fh�_cW;Y�h�b�hxSVY
¡¢mn^ng3hx_`bf^ @���X0*%i�&.k+Y+*� RTSVY
¡¢mn^ng3hx_`bf^no8@P*%"��'X0,'h k'&;jk^n��C#$P-ga^X%*0Y#Y0"�&�-#-��VvxYXo�Y�vx�eY�h�SnY4o�_`£XY
�Vvxbe�JY�v�hzpe'RTSV_loi_lo=Y#"r�nv�Y¤o�o�YX�FsrpFj
g�beaca`Y¤g3hx_`bf^%be¡��Vvxbe�JY�v�h�_cYXo5hxSnj�h=�5Y)��b}^Vbkh=ac_coqh'SVY�vxYe
� YiSnjQ�fY'oq_cW}_`aljkv1�nv�bf��YXvqhx_`Y¤o�¡¢bev(@ *%"��'X#,�h k'&>jk^n� @P*%"��+&0YJ.&¹^ j�W}b���mValjkv �Vv�brbe¡0�VY��eYXa`bf�VW}Y�^LhX¨

_`h)_co��Jbfoxo�_`sVacY;h�b�jeoxo�mVW}Y;jea`a�hxSVYXo�Y}�Vv�bf��YXvqhx_`Y¤o�jk^n� a`Y�h)h�SVY}_cW}�Va`YXW}Y�^Lhxjkh�_cbe^ mV^V�r^Vb��'^A}RTSV_lo�_co
hxSVY;W;Y�h�SVb����5Y;mnoqY¤�0¨°sVm�h���Y4Y��fY�^Lh�mnjea`acp®��Y��fY�acbe�JYX��j8�Vv�Y¤g�_loqY4_`W}�VacY�W}YX^fh�j�hx_`bf^�bk¡1hxSVY>*%i�&.k�Y#*
�nj�hxjk¸ oqh�vxmng�h�mVvxY jk^n��h�SVYFjeoxoqb�g�_lj�hxYX� ¡¢mV^ng�h�_cbe^no}je^n�D�Vvxb��eYX� hxSnj�h4h�SVY%�Vvxbe�JY�v�h�_cYXo
�5Y�vxY8jfg3h�m�jkaca`p
oxj�hx_coq«nY¤�0

��
���
 	 � � ��� � µ�² � � ´#� ¶ ���|· ² ·�� ² � �A��� � ¶ �
$ o}��Y�jea`vxYXjf��p�W}Y�^Lh�_cbe^VY¤�0¨�h�SVYFh�YXv�W}_c^nj�hx_`bf^ �nv�brbk¡ ¡¢bev�bfmVv�jkacdebevx_`h�SVW vxY�ac_cYXo;be^ h�SVY�vxY�alj�hx_`bf^
@P_%"�&+X @P*%"���&%Y
h�b�sJY
�5Y�aca¬¸ ¡¢bemV^���YX�0¨�_c^®h�SnY
oqYX^noqY�hxSnj�h=_`hig�bf^Lhxjk_c^noT^Vb�_c^�«n^n_¬hxY���YXoxg�YX^n��_c^Vd�g�Snjk_c^A
RTSn_coT_lo'Y�"��VvxYXoxo�YX� m�oq_c^Vd�j;�Vv�bf��YXvqhzp%g�jkacacYX� @ _%"�&+X @ *%"���&0Y+X,��( I
@P_%"�&+X @P*%"���&%Y�X,��( I 1 � � 252 �<� ' �&� 6 � 6 � ' �
� � � 4 �"� � 657RTSVY®mno�mnjea5�nvxjfg3h�_lg�Y%h�b���Y�«n^VY�j ��YXa`a`¸ ¡¢bfmV^n��Y¤� vxYXg�mVvxo�_c�eY ¡¢mn^ng3hx_`bf^ _c^�ª�b�t�_lo4h�bDvxY�acp�be^ j
¡¢mn^ng3hx_`bf^njka0g�jea`acYX����&+,#,#X%(#_.$#k�Y+&%Y�X'h k#Y%$PZg! h�_.kJ0RTSV_lo ¡¢mV^ng3hx_`bf^njkaJh�jk�eY¤o�jfo�jev�dfmVW}Y�^Lhxo�j�o�Y�h/Q¢SVYXv�Y
*%i�&.k�Y#*#S�¨ej
sV_c^njev�p;v�YXacjkh�_cbe^�bf^�h�SV_lo5oqY�h:Q¢SnY�vxY8@P_%"+&+X @P*%"���&0Y+S3¨�j
�nv�brbk¡°hxSnj�h�h�SV_lo5v�YXacjkh�_cbe^�_lo �5Y�aca¬¸
¡¢bfmV^n��Y¤�6Q SVY�vxY @P_."�&+X @P*."���&0Y�X ��(+S3¨kj4W�jk�V�n_`^Vd;¡¢vxbeW hxSVY
o�Y�h�Q¢SVYXv�Y�*%i�&.k+Y+*#S�hxb}o�Y�h�o/Q¢acY�h�� o=gXjkaca0_¬h

� ¨0je^n��j�¡¢mn^ng3hx_`bf^njka  h�Snjkh>W4mnoqh _`hxo�Y�a`¡ v�Y¤g�YX_`�fY�jeo>jkvxdemVW}YX^fh�oije^�Y�acY�W}Y�^Lh - _c^�h�SnY;o�Y�h�jk^n��j
¡¢mn^ng3hx_`bf^ � bk¡�hzpr��Y%I

� 0 # 4"! �2� 654 + 1 � ' �
�"� � 4 ��� � 6 0 - 7 � 1 � 0 7
je^n�FoqSVbfmVal�8vxY�hxmVv�^®jk^F��jkacmVY�bk¡�hzpL�JY 1 � - 7 O&¹^Lh�mV_`h�_c�eYXa`pf¨�h�SVY>¡¢mV^�g3h�_cbe^�jka �v�YX�Vv�Y¤oqYX^Lhxo�h�SVY)sJb���p
be¡wh�SVY;vxYXg�mnvxo�_`�fY)¡¢mV^ng�h�_cbe^ s�YX_`^Vd®��Y�«n^VYX� jk^n� � v�YX�Vv�Y¤oqYX^Lhxo'hxSVY;v�Y¤g�mVv�oq_c�eY4g�jkacalo=hxb h�SnY�¡¢mV^�g3h�_cbe^
hxSnj�h�W�jQp®brgXg�mVv>_c^�h�SnY4sJb���pe
RTSVY}g�bfW}�Va`_lg�jkh�Y¤��hzpr��Y;de_c�eYX^�h�b8h�SVY;¡¢mV^�g3h�_cbe^ � Y�"��VvxYXoxoqY¤o=hxSnj�h
vxYXg�mVv�oq_c�eY®g�jea`alo�g�je^ bf^Va`p s�Y�W�je�VYFbf^�jkdeYX^n�Vjfo�hxSnj�h S�jQ�eYFW;bfv�Y®W�jkvx��o���ib��.h�SnY®¡ jeg3h�hxSnj�h
@P_%"�&+X @P*%"���&%Y�_coT�5Y�aca`¸ ¡¢bfmV^n��Y¤�8YX^noqmnv�Y¤o5h�Snjkh=_`^�«�^V_¬hxY)v�Y¤g�mVv�o�_`bf^8�'_ca`aA^nbkh=b�g�g�mVvX

&¹^)bfmVvA�5bevx�J¨�h�SVY�ozhxv�mng�h�mVvxYwbk¡Lh�SnYw¡¢mV^ng�h�_cbe^njea  �'_`acafjea`�TjQp�o�S�jQ�eY�h�SnY o�jeW}Y�¡¢bevxWF¨Qo�mVW}W}jev�_c£�Y¤�
_c^Fh�SVY�¡¢bfa`acb��'_c^Vd4��oqYXmn��b�g�b���Y%I
�eTv�Y¤tLmV_`vxYij�^VY�"rh5jf�V��vxYXoxonQ¢m�oq_c^Vd�k'& � !'X%*0Y#Y0"�&�-#-.S°¡¢vxbeW hxSVY g�mVv�vxY�^Lh�jedeYX^n�VjV¨f_¬¡�^Vb�o�mng�S ^VY#"Lh
je�V�Vv�Y¤o�oTY#"r_loqhxoX¨rh�SVYX^®g�beW}�Vm�h�j�hx_`bf^%_loTb��eYXvX¨

Z�T�Vvxbrg�YXoxo5h�SVY)ac_c^VY)j�h'h�SnY)de_c�eY�^Fje�V�Vv�Y¤o�oX¨���beh�YX^fhx_cjea`acp �5bevx�r_`^Vd;be^®o�beW}Y)jkma"�_ca`_ljkvxp �Vj�h�jV¨
�V'g�bf^nozhxv�m�g3h=j;^VY�� jkdeYX^n�Vjn¨L�'SnY�vxY hxSVY
je�n��v�Y¤o�o5df_`�fY�^%jkhiozhxY�� ��_coTW�jkvx�eY¤�8je^n�%h�SVY)je�n��v�Y¤o�o
h�Snjkhig�bfmVac�8¡¢beacacb��©_c^FY#"�YXg�mVh�_cbe^®jkvxY�o�mVsVW}_`hqhxYX�0

�n'g�jea`aVvxYXg�mVv�oq_c�eYXa`p)hxSVYT¡¢mV^ng�h�_cbe^�bf^4hxSVY=^VYX� jedeYX^n�Vj�jk^n�;^VYX��jkma"�_ca`_ljkvxp
�Vj�h�jV¨f�'SVY�^�_`h1Y�"�_lozh�o�
$ o
g�je^ sJY oqYXY�^ SVY�vxYe¨Ah�SVY jea`dfbevx_¬hxSVW,_co�s�jeo�_cgXjkaca`p�h�jk_cawv�Y¤g�mVv�o�_`�fYe¨Ao�b%hxSnj�h)W}b���_`«�g�jkh�_cbe^no�bf^

hxSVY4jedeYX^n�Vj g�bemVal��jeg�h�mnjea`acpFs�Y;��be^VY4_`^!�Vacjfg�Yf RTSV_lo jea`acb��=oT¡¢bfv>je^�_`W}�JY�v�j�hx_`�fY
_`W}�VacY�W}YX^fh�j�hx_`bf^
be¡|hxSV_co=�njkv�h'bk¡�bemVv=jea`dfbevx_¬hxSVW®
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: hxY�� Z;be¡�h�SVY¤oqY�jea`dfbevx_¬hxSVW.�'_ca`a|¡ jk_ca|�'SVYX^�jk^�YXv�vxbevT_loi��Y�h�YXg�h�Y¤�0 &¹^®h�SV_loigXjeo�Ye¨�hxSVY�vxYXg�mVvxo�_cbe^
_lo5h�YXv�W}_c^nj�hxYX�F�'_`h�S�jk^FY�vxv�bfvTv�Y¤oqmVa`hX

�>(�G H 0�365 � /TQ�Q^S>79+|/T8[2E5�3`�
RTSnY;g�be^noqh�v�jk_c^Lhxo h�bF�eYXv�_`¡¢p®¡¢bev�YXjfg�S!ac_`^nY}gXjk^ s�Y}sVvxbe�fY�^ �Vb��'^!_c^!hz�5b8�njevqh�o�;RTSVY;«nv�ozh��njkv�h�_co
&#`a� `a	����
s�g��wRTSV_lo �r_c^n��bk¡Ag�be^noqh�v�jk_c^Lhxo1_lo1��jea`_l��Y��fY�^�_`¡Ah�SnYi_c^�¡¢bevxW�j�h�_cbe^�dLj�hxSVY�vxYX�}j�hToqbfW}Y=a`_c^VY _co
_c^ng�beW}�VacY�h�Yf¨n_c^®h�SVY4oqYX^noqY�hxSnj�h>oqbfW;Y)W}YXW;bfv�p%a`b�gXj�h�_cbe^�o'W�jQp%oqh�_ca`a�SnjQ�eY)jk^�mn^V�r^Vb��'^FhzpL�JYe¨�sVm�h
je^rp®g�Snbe_lg�Y�be¡1hzpr��Y4¡¢bev>hxSVYXo�Y4acb�g�jkh�_cbe^no �'_`acawozhx_`aca�v�Y¤oq�JYXg�h hxSVY}g�be^�ozhxvxje_`^LhxoX)RTSVY}oqY¤g�be^����njevqh>_co
�4��������
 &���
s�g�UI5h�b �fY�vx_¬¡¢p%h�SnYXo�Y�g�bf^nozhxvxje_`^Lh�o�¨V_`h _lo=^nYXg�Y¤o�oxjkvxp hxb �r^Vb�� h�SVY
hzpL�JY4jfo�o�b�g�_lj�hxYX�%h�b YX�eYXv�p
acb�g�jkh�_cbe^ _`^ W}Y�W}bevxp�¡¢bev�hxSVY�ac_`^VY}sJY�_c^Vd�oqh�mn��_cYX�A ~'YXoqh�vx_cg�h�_c�eY;_`^V¡¢bevxW}jkh�_cbe^Dg�bf^nozhxvxje_`^Lh�o>je�V�JYXjkv
bf^Vacp�¡¢bev'ac_`^nYXo'g�bf^Lhxjk_c^V_c^Vd�j k�&��8bfvHhJkchg!�_c^nozhxv�m�g3h�_cbe^|
� YTsVv�bf�eY5��b��'^)h�SnY5�fY�vx_¬«Jg�j�hx_`bf^
jkacdebfv�_`h�SVW _c^
hz�5b ��jeoxoqY¤o�|RTSnY «nv�oqh��njfo�o�jfg�g�mnW�mValj�hxYXo�_`^�¡¢bfvq¸

W�jkh�_cbe^}jk^n�;�eYXv�_`«nY¤o�h�SVY=g�mVW�mValj�hx_`�fY'g�be^�ozhxvxje_`^LhxoX�RTSnY=oqY¤g�be^����njfo�owg�SnYXg���o�h�Snjkh1h�SVY'_c^�¡¢bfv�W�j�hx_`bf^
dLj�hxSVY�vxYX����mnv�_c^Vd
hxSVY «nvxoqh���jeoxo jkalo�b
�eYXv�_`«nYXo h�SnYivxYXoqh�vx_cg�h�_c�eYig�be^noqh�v�jk_c^LhxoX��ib4jegXg�mVW4mValj�h�_cbe^�S�jk��¸
�JY�^�o=jk^rprW}bevxYi_c^%hxSVY
o�YXg�bf^n�%�njeoxo�
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�� 
�� � � ²�� ���X� ���V�¤�
& hxY�v�j�hx_`bf^ mno�mnjea`acp��5bevx�ro�srp��nv�bfdevxYXoxoq_c�eYXa`p®W}b���_¬¡¢pr_c^Vd�j�oqhxj�hxYe � SnY�^DY�^ng�b���_`^nd�_¬hxY�v�j�h�_cbe^ _c^Dj
�nmVv�YXa`p®¡¢mn^ng3hx_`bf^njka��VvxbedfvxjeW;W}_c^Vd8oqhzpra`Yf¨°h�SVYXv�Y;_co>^Vb®o�_c��Y�¸ Y�¯JY¤g3h�be^ j%oqhxjkh�Y}jk^n��h�SV_lo�_co�jfg3h�m�jkaca`p
YX^ng�b���Y¤�
srp
SnjQ�r_c^Vd je^4Y#"rh�v�jijkvxdemnW;YX^Lh�hxbihxSVYTv�Y¤g�mVv�oq_c�eY ¡¢mV^ng�h�_cbe^4h�Snjkh�vxY��nv�Y¤oqYX^fh�oAhxSVY'ozh�j�hxY�hxSnj�h
_lo>W}br�V_¬«nY¤� �VmVv�_c^Vd%Y�"�YXg�m�h�_cbe^A � Y;h�Srmno���Y�«n^VY�j�¡¢mn^ng3hx_`bf^!hxSnj�h�hxje�eY¤o je^ jkdfY�^n�nj8jk^��!jFozh�j�h�Y
jfo=jkvxdemnW;YX^Lhxo'jk^��%vxY�hxmVvx^no=jk^®bf��h�_cbe^njea|oqhxj�hxY
jeo'��jea`mVYf � SVYX^!j�oqhxj�hxY)_co=v�Y�h�mVvx^VYX�A¨Vh�Sn_co'W}Y¤jk^no
hxSnj�h5h�SnYihzpr�JY>�fY�vx_¬«Jg�j�hx_`bf^ oqm�g�g�YXYX��Y¤�0 � SVY�^F^Vb4�Qjea`mnY _lo5v�Y�h�mVvx^VYX��h�SV_loTW�mnoqhTs�Y>_`^LhxY�vx�Vv�Y�h�Y¤�8jeo
j%¡ je_`acmVvxY.I�h�SnY �Vvxbedev�jkW,o�SVbemnac� sJY�v�YqyzYXg3hxYX�0 &¹^ bfmVv)�5bevx�J¨�!��C'&'-�!0"0$PZ�!%_lo>h�SnY�hzpr��Y�be¡5oqhxj�hxYXo
je^n� K C'*%"#!Ph�*+,j!&�C�&'-�!#"0$ Z�!PO=_lo5h�SVY>hzpr�JY>Y#"��Vv�Y¤o�o�_c^Vd�hxSnj�h'^VYXdfjkh�_c�eY�jk^no���YXvxo�W�jQp�s�Y�vxY�hxmVv�^nYX�0
� Y8jkalo�b�SnjQ�eY;hz�5b®¡¢mV^ng3hx_`bf^no�i�&%!'X%(%"�**@P&8je^n�5i�&%!�X�-�!�*'Z$�FhxSnj�h
vxY�hxmVv�^DvxYXo���Y¤g3hx_`�fY�acp�h�SnY 
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? oq_c^Vd�hxSVY%g�beW}W}be^D�VvxYXo�Y�^Lhxjkh�_cbe^Dbk¡'bemnv
h�v�jQ�eYXvxoxjkawjea`dfbevx_¬hxSVW�o)de_c�eYX^ _c^ o�YXg3hx_`bf^��nc�e �V¨�h�SVY
«�vxoqh'�njeoxoTmno�YXo'j4hzpr��Y�¡¢bfv'v�Y�h�mVvx^VYX�%��jkacmVY�bk¡�h�SVY�¡¢bfa`acb��'_c^Vd�¡¢bfv�W9I
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RTSrmnoX¨�h�SnY�¡¢mV^ng3hx_`bf^ � vxY��VvxYXo�Y�^Lh�_c^Vd;v�Y¤g�mVv�o�_`�fY>gXjkacacoTSnjfo5h�SVY�¡¢bfa`acb��'_c^Vd�hzpr�JY.I
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�nbev5YXjeg�S�ac_c^VYi�5Yi�Tjk^Lh1hxb�vxY�«n^VYih�SVY�g�mnv�vxY�^Lh�oqhxjkh�Y=hxb
h�jk�eYi_`^Lh�b;jegXg�bemn^fh h�SVY>g�be^�ozhxvxje_`^Lhxo _`W;¸
�Jbfo�YX�>srp=hxSVY1_c^noqh�vxmng3hx_`bf^�jkh0h�Snjkh|ac_`^VYf�ª�bf^nozhxvxje_`^Lh�oJjev�YwvxY��nv�Y¤oqYX^fhxYX� srp j5hzpr��Y�!&�C'&+X+Z._.kP-�!0"�*^h k+!
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je^n�}YXjfg�S�_`^�ozhxv�mng�h�_cbe^ _c^�hxSVYialjk^VdfmnjkdfY'W�jQp4_cW}��bLoqY>oqYX�eY�v�jka�be¡0h�SVY¤oqY>g�bf^nozhxvxje_`^Lh�o��RTSLm�o �5Y=SnjQ�fY
je^�jkma"�_ca`_ljkvxp)¡¢mV^ng�h�_cbe^�g�jea`acYX����H�@c,�h.X.!�_+X+Z._.kP-�!0"�*^hJk#!�X#,'h.-�!'hxb)W}je�}_`^noqh�vxmng�h�_cbe^no�hxb)a`_loqhxowbe¡0g�be^�¸
oqh�v�jk_c^LhxoX
R�b4dfY�h�h�SV_loTg�acYXjkvxY�v¤¨eacY�h�� o5SnjQ�fY j�a`brbe��jkh�hxSVY>g�be^noqh�v�jk_c^Lhxo�jeoxoqb�g�_lj�hxYX�;hxb�hxSVY _c^noqh�vxmng3hx_`bf^Eh kPZr

& ¡
h k Z=_lo�h�SnY5_c^noqh�vxmng3hx_`bf^;jkhwa`_c^VY � ¨�h�SVYX^�hxSVY5hzpr��Y'be¡n��jkvx_cjesVa`Y¤o�j�hwa`_c^VY � je^n� � 7 � oqSVbfmVal��g�bf_`^�g�_l��Ye¨
hxSVY=hzpr�JY be¡|ozh�jeg��}j�h5a`_c^VY � je^n� � 7 � o�SVbfmVac�8g�be_c^ng�_c��Yf¨�jk^n�}hxSVY�vxYio�SVbemnac��sJY�j
��jkacmVYibe¡0hzpr��Y hJk+!
bf^8hxbe�®bk¡�h�SVY
oqhxjfg��° � Y)vxY��VvxYXo�Y�^Lh5h�SV_lo'�'_`h�SFh�SVvxY�Y)g�be^noqh�v�jk_c^LhxoTbk¡�h�SVY�¡¢bfa`acb��'_c^Vd�¡¢bfv�W9I
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A ^ng�Y �5Y1SnjQ�fY g�bf^nozhxvxje_`^Lh�oAjeoxoqb�g�_cjkh�YX� hxb jk^�_`^noqh�vxmng�h�_cbe^
jk^��
j'ac_`^VY�^rmVW�sJY�v¤¨Q��Y�^VY�Y¤�>h�biW}b��r¸
_`¡¢pFh�SVY;ozh�j�hxY4jegXg�bfvx��_c^Vdfa`pfTRTSn_co _co>��bf^VY
mno�_`^nd%j}¡¢mV^�g3h�_cbe^!��Y4^njkW}YX�E*0Y#Y�X�Z�_.kP-�!#"+*^h k+!'X0,'h%-�!�7
�'_`h�SFhxSVY�¡¢beaca`b��'_c^Vd4hzpr��Y%I
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RTSVY�vxY�hxmVvx^VYX�!�Qjea`mnY;_lo�be^na`p�bf��h�_cbe^�jka ¨|jk^n� �VvxbedfvxjeW}o jkvxY4vxYzyzY¤g3hxYX�Dj�h
j%de_c�eY�^ ac_`^VY}�'SVYX^ j

g�be^noqh�v�jk_c^Lh�¡ je_`alo5h�b�sJY
je�n��YX�8¡¢bevThxSVY)_`^�ozhxv�mng�h�_cbe^�j�h'ac_`^nYe
A ^ng�Y)h�SnY�g�bf^nozhxvxje_`^Lh�o'j�hij�df_`�fY�^®a`_c^VY)SnjQ�fY)s�YXY�^�g�SVY¤g��eY¤�0¨V_`hi_coi_`W}�Jbev�hxje^fh'hxb��Vvxbrg�Y�Y¤�%�'_`h�S

hxSVY;a`_c^VYXo �'SVYXv�Y�h�SVY}g�bf^fhxv�bfa�gXjk^�sJY4h�v�jk^noq¡¢Y�vxYX�0�RTSV_lo>_co>��be^nY�srp�W�jkvx�L_c^Vd�hxSVY}g�mVvxv�YX^Lh ac_`^VY;_c^
hxSVY}jkdeYX^n�Vj6Q¢mno�_`^nd h�SnY4¡¢mn^ng3hx_`bf^ @P*%"��'X#,'h k�&#S5jk^��!o�mVsVW}_¬h�h�_c^Vd%h�SVY}ac_`^VY¤oi�'SnY�vxY;g�be^Lh�vxbea�g�jk^ s�Y
hxvxje^noq¡¢Y�vxYX� Q¢m�oq_c^Vd�hxSVY%¡¢mV^ng3hx_`bf^ C#$P-ga'X0*0Y#Y0"+&'-#-�FRTSn_co4W�jkvx�L_c^Vd!je^n� o�mVsVW}_`hqh�_c^Vd be�JY�v�j�hx_`bf^�_co
�VYXoxg�vx_`sJYX�%srp8j;¡¢mV^ng�h�_cbe^CQsk'&��^X%*%i�&.k�Y#*#S�
RTSVY
g�beW}�VacY�hxY)Y�^ng�br�V_`^Vd}be¡|h�SnY)s�b���p8¡¢mV^ng3hx_`bf^njka�Q jeo'�VYXoxg�vx_`sJYX�F_c^®o�YXg�h�_cbe^F�nc�e �%S _co=de_c�eY�^F_c^

«�demVvxY8�VC&¹^�h�SV_lo�¡¢mV^ng3hx_`bf^A¨ ? _co;oqmn�V��bLoqY¤� h�b v�YX�Vv�Y¤oqYX^Lh)h�SVYFg�mVvxv�YX^Lh��Vvxbedev�jkW Q jfo�j®¡¢mV^�g3h�_cbe^
¡¢vxbeW jf�V��vxYXoxoqY¤o)hxb _c^noqh�vxmng3hx_`bf^no4S�^$=alo�bn¨ jea¬hxSVbemVdfS hxSV_co}��brY¤o4^nbkh�jk�V�JYXjev4_c^ hxSVY®�'v�_`h�_c^Vd�¨wh�SVY
k'&��^X0*.i�&.k�Y+*�¡¢mV^ng3hx_`bf^�_lo�jfg3hxmnjkaca`p��njevxjeW}Y�h�YXv�_c£�Y¤��srp ? ¨¤s�Y¤g�jemnoqY h�SVYTje�n��v�Y¤o�o�YXoAh�b>oqmVsnW;_`hw��Y��JY�^n�
bf^8hxSVY)��jkacmVY K ? � Or
RTSVY
jfg3hxmnjka°«nv�oqhT��jeoxo5¡¢mV^ng3hx_`bf^®_coThxSVY>¡¢mV^ng�h�_cbe^ H�&%" h�( h�&%";��Y�«n^VY¤�Fjfo5¡¢beaca`b��=oJI

� &0( h kPhg!Ph�_.k H�&%"Phg( h�&%"lM
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*%i�&.k+Y+* @P_%"�&#X @P*%"��+&0Y @P_."�&+X @P*."���&0Y�X ��(
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R�b®��bfv��®be^ h�Sn_co>¡¢mV^�g3h�_cbe^|¨|_`h�S�jeo��Vvxb��eY¤��Snjk^���p�h�bFmno�Y;h�SVY}¡¢bfa`acb��'_`^ndC`a�J3���	g�
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mn^L�Tjk^LhxYX�%hzpr��Y4acjkh�Y�vi_`^�hxSVY
�Vvxb�g�Y¤o�oX��Vbev=h�SVY�«nvxoqhi�njfo�oX¨n�5Y���b�^nbkh>g�SnYXg�� hxSVY�vxYXoqh�vx_lg3h�_c�eY��njevqh
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�'_cacaro�Y�h�g�bfv�vxYXg�h
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�r^Vb��©^VbkhxSV_`^nd jksJbem�h=oqhxjeg���oTbf^8hxSVY)bkhxSVY�v'ac_`^nYXoX

�[()' � � N 5 2������ -��)Q 09Q�/�� 2 0����U+.Q
� Y)�Tjk^LhTh�b}mno�Y�tLmnjfoq_°hxY�vxW�o5h�b�vxY��VvxYXo�Y�^LhT�njkv�h�_ljkaca`p8�L^nb��'^8_c^�¡¢bevxW�j�h�_cbe^®jksJbemVh=sV_¬¸¹��_cW}Y�^no�_`bf^njka
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new_agenda_reachable

verifier_sound_main

new_agenda
new_agenda_sound

acc_new_agenda

new_agenda_correct

extensionality

smaller_add_one

sound_verif_aux_line

next_address

tc_store_implies_update

stack_defined

tc_stack_implies_defined

tc_push_type_implies_defined

tc_pop_implies_defined

tc_push_implies_defined

tc_store_implies_defined

tc_init_implies_defined

jvmli_to_constraint_list_stack_defined

add_constraint_list’

jvmli_to_constraint_list

acceptableagenda

more_marked_wf
iwtstep’

jvmli

cg1_reachable_decompose
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�VY�hxje_`acYX�%_c^®je^VbkhxSVY�v'dfvxje�VSA
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tc_top_semantics

sound_verif_aux_line_if0

sound_verif_aux_line_use

sound_verif_aux_line_inc

sound_verif_aux_line

tc_push_type_semantics

sound_verif_aux_line_new

sound_verif_aux_line_push0

smaller_add_one

sound_verif_aux_line_store

sound_verif_aux_line_load

sound_verif_aux_line_pop

tc_pop_semantics

constraint_applied_cons

add_constraint_list’
sound_verif_aux_line_halt

sound_verif_aux_line_init

jvmli_to_constraint_list

tc_all_vars_semantics

iwtstep’

tc_store_semantics

tc_push_semantics

tc_stack_semantics

jvmli
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subst_nth_some tc_top_semantics

qnth_place_one_list_subst

get_frame_aux2_place_one_list_subst

nth_make_two_list_top_gap_non_null

get_frame_aux_place_one_list_subst

tc_push_semantics

tc_pop_semantics

get_frame_aux_make_two_list_top_gap_non_null’

same_map_mk_two_list_update2

same_map_mk_two_list_update

tc_all_vars_semantics

tc_store_semanticsqnth_place_one_list

get_frame_aux2_place_one_list_diff

same_map

get_frame_aux_make_two_list_bottom

nth_make_two_list_bottom

stack_defined_mk_two_list_bottom
tc_push_type_semantics

tc_stack_semantics
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�nbev=hxSVYXo�Y
�Vvxbrbk¡ oX¨V�5Y
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mn^V_¬«Jg�j�hx_`bf^ jea`dfbevx_¬hxSVW®¨A�'SV_lg�SDY�^ng�br�VY;ac_lozh�o�¨�jk^n� ac_coqhxo)be¡�ac_coqhxoX R�b�v�Y¤jeo�be^!bf^!hxSVYXo�Y�besVyzYXg3h�o�¨�_¬h
_lo�o�Y�^�oq_csVacY h�b!��YXvq¡¢bfv�W _`^���mng3hx_`bf^ �Vvxbrbk¡ o)hxSnj�h;v�Y 	nYXg�h
h�SnY%oqh�vxmng3hxmVv�Y8bk¡=ac_coqhxo;Q¢�'_`h�S�hz�5b!gXjeo�YXoDS
v�j�hxSVY�v5hxSnjk^®_c^n��mng�h�_cbe^®�VvxbLbe¡ o�h�Snjkh=v�Y 	nYXg�h5hxSVY
oqh�vxmng3hxmVv�Y�be¡ W%$'*'-#hg!�&%"�@ ��jkacmVY¤o�wR�b;W�je�eY>h�SVY¤oqY
�nv�brbk¡ o�Y¤jeo�_`YXvw��YTSnjQ�fYT_`^Lh�vxb���mng�YX�}jk^n�;�Vvxb��eY¤��j)��YXv�_c�eY¤��_c^n��m�g3h�_cbe^}�Vvx_c^ng�_c�VacY'�'_¬hxS}h�SVYT¡¢bfa`acb��'_`^nd
oqhxjkh�YXW;YX^LhJI
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RTSVY}«�vxoqh
g�jeo�Y���brYXo�^Vbeh)Y�"Vjeg�h�acp!g�bfv�vxYXo���bf^n��hxbFh�SVY[kch.,Fg�jfoqY}_c^ je^ m�oqmnjeaw�VvxYXo�Y�^Lhxjkh�_cbe^!be¡

ac_lozh�o�F~=j�hxSVY�v¤¨|_`h4g�b��fY�v�o)jkacawh�YXv�W�o�hxSnj�h��Vb�^Vbkh�YX^ng�b���Y�ac_lozh�o)�'_¬hxS j�h�acYXjfozh
bf^VY�Y�acY�W}YX^fh¤%RTSVY
�Jbfoxo�_`sV_cac_¬hzp4h�b��VY�«n^VY ^VY���_c^n��mng�h�_cbe^ �nv�_c^ng�_c�VacYXoX¨fW}bfv�Yijf�Vjk�Vh�YX�;hxb
bemnv mno�Y=bk¡0hxSVYi�Vjkhxjk¸ oqh�vxmng3hxmVvxY
_loTbe^nY>be¡�hxSVY
g�Snjevxjfg3h�YXv�_loqh�_lgije�V�Qje^LhxjkdfYXo5bk¡�h�SnY�bevxY�W �Vv�b��fY�v�o s�jeo�YX�%be^FSV_`dfSVY�v�¸ bev���Y�v5a`bfde_lgk
RTSVY g�be^�ozhxvxje_`^Lh ! Z.X'h kchg! Snbeal�Vo j�o���Y¤g�_ljka'�Valjeg�Ye RTSnY��Vv�bf��YXvqhzp _¬h8YX^no�mVv�Y¤o}_co ^Vbkh8oqhxjesVa`Y

hxSVvxbemVdfS�hzpr��Y®oq�JYXg�_cjea`_c£Xjkh�_cbe^ jeo4v�YX�Vv�Y¤oqYX^Lh�YX� sLpDhxSVYFbev���Y�v>! -.,0&0W Q ��S3 RTSV_co}g�be^noqh�v�jk_c^Lh;jkalo�b
vxY�ac_cYXo}be^�jk^ Y�^�g�b���_c^Vd�bk¡�oqmVs�ozhx_¬hxm�h�_cbe^�be^ W%$'*'-#hg!�&%"�@ �Vjkhxjn¨�W^-g$��P-�!° RTSnY�ozhxv�mng�h�mVvxY®bk¡>h�SVY
�nv�brbk¡ oTjev�bfmV^n�8h�SV_lo=g�bf^noqh�v�jk_c^fhT_lo=oq�fY�h�g�SVYX�8bem�h=_c^F«ndemVvxYU;V
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getstack_aux2_qsubst_subst_stk

tc_init_stack

stack_defined_llist

tc_init_stack_exists
subst_nth_some

qnth_place_one_list_subst

tc_init_frame

tc_init_implies_defined

qnth_subst_untype_diff

tsleq_f

qnth_place_one_list

qnth

qsubst_stack_defined

max_var_index

get_frame

place_one_list

type_constraint

qsubst

qsubst_no_list

qnth_subst_untype

qsubst_unchanged

get_stack

stack_defined_aux_tsleq

qsubst_val

corresponds_subst_diff

��_`dfmVv�YU;'I : h�vxmng3hxmVvxY>be¡��Vvxbrbk¡ o5¡¢bfvTh�SVY
g�be^noqh�v�jk_c^Lhm! Z%X'hJkchg!
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RTSnY=Y�"rh�v�jeg�h�_cbe^�W}YXg�S�jk^V_loqW$bk¡�ª�b�t4W}je�eY¤ow_¬h5��bLo�o�_csVa`Y=h�b
bfs�hxje_`^}¡¢vxbeW$h�SV_lo ¡¢bevxW}jea���Y¤o�g�v�_c��hx_`bf^}j
�nv�bfdev�jkW hxSnj�h��'_ca`arvxmV^
be^4oq_cW}�Va`Y5Y�"VjeW;�na`Y¤o� : h�_ca`a ¨Qh�Sn_co��VvxbedfvxjeW _lo|�fY�vxp ac_c�eY�acp>h�b>s�Y5mV^V�nvxjfg3h�_lg�jea I
^nb=j�hqhxY�^Lh�_cbe^�Snjfo0sJY�Y�^)��jk_l�ihxbTh�SVY _`^VSnY�vxY�^Lh|g�bfW;�na`Y#"r_`hzpibe¡fhxSVY1�fY�vx_¬«�gXj�hx_`bf^iW}YXg�Snje^V_loqW®�$5hAYX�eYXv�p
_`h�YXvxjkh�_cbe^��5Y g�be^noqh�vxmng3h�h�YXv�W�o��'SVbfo�Y o�_`£XY=_lo��nv�bf��bfvqhx_`bf^njka�hxb
hxSVY ac_c^VYi^rmVW4s�YXv�sJY�_c^Vd;�eY�vx_`«nYX�cI�_c^
hxSV_lo=oqYX^no�Y hxSVY
jkacdebfv�_`h�SnW g�bfW;�na`Y#"r_`hzp _lo=jkacvxYXje�Vp oqmVvxY>h�b�sJY
tLmnje��v�j�hx_cge�$ ozhxv�bf^Vd;_`W}�Vvxb��eYXW;YX^Lh
o�SVbfmVac�%sJY
bes�h�jk_c^VYX�%_`¡��5Y
��Y¤g�_l��Y�h�b}�eYXY��Fh�SnY)^VY�"rhije�n��v�Y¤o�o'g�a`bLoqYXvTh�b}vxYXjeg�S|¨r¡¢bev=_c^noqhxjk^�g�Y�mno�_`^Vd
hxSVY �nj�hxjk¸ oqh�vxmng�h�mVvxYXo�hxSnj�h'\;#	imVY�h5�ValjQpf¡¢mna`acp}^njkW}YX� �#
 1%1+�#�D�=�`�Q�¤� T$i^VbkhxSVY�vT��_cv�Y¤g3hx_`bf^�_co h�b�jQ�fbe_l�
m�oq_c^Vd�mV^n_¬«�gXj�hx_`bf^A¨�h�vxpL_c^Vd�_c^noqh�Y¤je� h�b!mnoqYFj9$#kch�_.k ��( hJk�Y®jkacdebfv�_`h�SnW ��alj�R�jkv yqjk^�� Z�@Q� ¨�mnoq_c^Vd!j
��jkv�h�_`h�_cbe^�bk¡|jea`aJ��jkvx_cjesVacYXo1jkh5jkacaJa`_c^VYXoX¨L�'SVY�vxY'hz�5b
��jkvx_cjesVa`Y¤o1sJY�_c^Vd�_c^�hxSVY oxjkW}YiY¤tLmV_`��jea`YX^ng�Yig�acjfo�o
W}Y¤jk^no5hxSVY�p%W�mnoqh'SnjQ�eY>h�SnY
o�jeW;Y>hzpr�JYe

: hx_`aca ¨wY��eYX^�_¬¡'hxSVY8Y#"Vjeg3h4v�YX�Vv�Y¤oqYX^Lhxj�hx_`bf^Dbk¡'h�SnY hzpr�V_c^Vd!oqhxj�hxY8jk^���g�be^�ozhxvxje_`^Lhxo4jkvxY�a`_c�eYXa`p h�b
g�S�jk^VdfY8hxb bfs�hxje_`^�j W}bevxYFm�o�jesVa`YF�eYXv�_`«nYXvX¨���Y®sJY�ac_`YX�eYFh�Snjkh�h�SVY���Y¤g�bfW;�Jbfo�_`h�_cbe^ bk¡ _`hxo _`W}�VacY�¸
W}YX^fh�j�hx_`bf^%jk^��%g�Y�v�h�_`«�g�jkh�_cbe^8_c^%h�SVY���jkvx_`bfmno5�VSnjfoqY¤o��nv�Y¤oqYX^fhxYX�8_`^%h�SV_loT�nje��YXv'_coTac_`�fY�acp}h�b}vxY�W�jk_c^
vxY�acY���je^fh¤wRTSVYXo�Y��VSnjeo�YXo'jev�Y%I
�e'uwvxb��L_c^Vd;h�SnY
oqbfmV^n��^VY¤o�o5be¡�j4hzpr��Y
o�p�ozhxY�W.s�jeo�YX�%be^®�Vj�h�j4^nbkh=�Vvxb��r_c��Y¤� _c^Fh�SVY)�VvxbedfvxjeW®¨
Z�'uwvxb��L_c^Vd4h�Snjkh=j��VvxbedfvxjeW$snmV_`al��_c^Vd;h�SVY�W}_lo�o�_`^nd;�Vjkhxj4Y�^no�mVvxYXo�h�S�j�hTh�SVY>hzpr�V_c^Vd}g�be^�ozhxvxje_`^Lhxo
jkvxY)o�jkh�_loz«nY¤�0¨

�V�!iY¤g�bfW;�Jbfo�_c^Vd h�SVYDhzpr�V_c^Vd�g�bf^nozhxvxje_`^Lh�o8¡¢bfv�YXjfg�S©_c^nozhxv�m�g3h�_cbe^ _c^Lh�b�W}bevxY �nv�_cW}_¬hx_`�fYDg�be^�¸
ozhxvxje_`^Lh�o5h�Snjkhig�jk^FsJY
oqSnjev�Y¤� sJY�hz�5Y�YX^®o�Y��fY�v�jka°_c^nozhxv�m�g3h�_cbe^�o�¨

�n : Y�h�h�_c^Vd�jeo�_c�VY
h�SnY}g�be^noqh�v�jk_c^Lhxoih�Snjkh>W�jQp�^Vbeh>sJY;�Vv�Y¤oqYXv��fYX�®hxSVvxbemVdfS�h�SVY}vxY�«n^nY�W}Y�^Lhxo b�g3¸
g�mVvxvx_`^Vd}Y¤jeg�S hx_`W}Y
j}ac_`^nY>_lo'�Vvxb�g�Y¤o�o�YX�0¨

��'u�Y�v�¡¢bevxW;_c^Vd�j�dfvxje�VS h�v�jQ�eYXvxoxjkawsrp!m�oq_c^Vd!je^ jkdeYX^n�Vj�oqh�vxmng3hxmVvxYe¨��'SVY�vxY ac_`^VY¤o�jev�Y�W�jkvx�eY¤�
jk^n�®o�mVsVW}_`hqh�Y¤�0¨

\V'uwvxb��L_c^Vd je^�_`^r��jkvx_cje^LhTbf^®h�SVY�dev�jk�VSFh�v�jQ�eYXvxoxjka°�'SVYXv�Y
h�SVY)hzpr�V_c^Vd �nv�bf��YXvqhx_`Y¤o=jkvxY
jeoxoqmnW;Y¤�
¡¢bev�hxSVY�W�jkvx�eY¤� ac_`^VY¤o jk^�� �'SVYXv�Y�bf^VY®�Vvxb��eYXo4hxSnj�h�hxSVY�p �'_`aca=sJY�bes�h�jk_c^VYX� ¡¢bev8jea`a'ac_c^VYXo
v�Y¤jeg�SnjesVacYi¡¢vxbeW hxSVY
o�mVsVW}_¬h�h�Y¤�®a`_c^VYXoX

� _`h�S�j�sVvxbfjf��Y�v���YXvxo���Y¤g3hx_`�fYe¨�h�Sn_co}��YX�eY�acbe�nW;YX^Lh�bk¡ j g�YXvqhx_¬«nY¤��srpLh�Y�¸¹g�b���Y%�eYXv�_`«nY�v¤¨wg�je^ s�Y
mn^n��Y�v�oqh�brb�� jeo�je^ Y#"VjkW}�VacY%be¡ mno�_`^ndDj!hzpr��Y�¸ hxSVY�bfv�p�s�jeo�YX� �Vv�brbe¡ oqp�oqh�YXW jeo�j �Vvxbedev�jkW}W}_c^Vd
aljk^ndemnjedeY�_c^ h�SnY%��bfW}je_`^ bk¡=�VvxbedfvxjeW jk^�jkacpro�_lo)h�brbfacoX¨��'_¬hxS jkaca�h�SVY%s�YX^VY�«Vh�o;bk¡'h�SnY%Y#"r�nv�Y¤o�o�_`�fY
hzpr�JYFo�p�ozhxY�W:hxb ¡ jfg�_ca`_`hxjkh�YFa`b��T¸ Y�vxvxbev
�VvxbedfvxjeW}W;_c^Vd!je^n� vxY�¸ mno�Y%be¡ibkhxSVY�v}�VvxbedfvxjeW�o�jk^�� �Vjkhxj�¸
oqh�vxmng�h�mVvxYXoX¨�jfo=�5Y���_l�®�'_¬hxS�h�SVY4mV^V_`«�g�jkh�_cbe^�jea`dfbevx_¬hxSVW be¡=� Z \Q�  : h�_ca`a���Y�SnjQ�eY�hxb8sJY�jQ�5jev�Y�hxSnj�h
hxSVY;��bfv��®�VvxYXo�Y�^Lh�Y¤��SVYXv�Y;W}_`dfSfh�ozhx_`aca1g�bf^Lhxjk_c^�sVmndfo _`^DoqbfW}Y4o�Y�^no�Y.I=�5Y;SnjQ�eY4be^Vacp®�Vv�b��fYX�®hxSnj�h
bfmVvTsrpfhxY�¸¹g�b���Y��eYXv�_`«nYXv5�'_cacaAbe^Vacp8jfg�g�YX��h'�Vvxbedev�jkW�o h�Snjkh=s�YXSnjQ�eY�o�bemV^n�Va`pf¨���Y�^VYX�eY�v'�nv�b��fYX��hxSnj�h
_`h}�'_`aca=jegXg�Y��Vh;jk^rp��VvxbedfvxjeW�o
j�h�jkaca  RTSn_co}tLmVYXoqh�_cbe^|¨ jk^n� bkhxSVY�v�tLmVYXoqh�_cbe^�o��JY�v�hxje_`^V_c^Vd h�b h�SVY
YUT g�_cY�^ng�p bk¡�h�SVY)�fY�vx_¬«�Y�vT�'_`acaAsJY�h�SVY�bfs�yzYXg�h�_c�eY�bk¡�¡¢m�h�mnv�Y)�5bevx�°
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�`���U$i^Lh�be^n_cjB=5jeacjfj
jk^����1�eY¤o =5Y�v�h�behX���_"r¸ �Jbe_c^Lh�YXtLmnjkh�_cbe^no ¡¢bev���YXa`a`¸ ¡¢bemV^n�VYX��vxYXg�mVvxo�_cbe^�_c^ hzpr��Y
hxSVY�bfv�pf�&¹^ ¥n 	ijev�vx_co�be^ jk^n��§DW$ jkdfjfjkv��0¨1Y¤��_¬hxbev�o�¨ ��%+�K�����#��� �h���<
�� �^
��^dU
���%#�#��� �hg.�#�
���M��
 & ���
	�����% ����� �#���P����
���� ��	E�����J3 �#����� &D� � ��Od����
���������k¨��ebeacmVW}Y���@ \ ;%bk¡���� &#��`a�4���e���N� �

���������1 `a� ������&�
 �#� &D��¨V�njkdfYXo����J��\n : �Vv�_c^VdfY�v�¸ ¦wYXv�aljkd�¨rZe�e�e�n

� Z����1�fYXo�=5YXvqhxbkh jk^���A ac_c�L_cY�v�u�bf^noX ! Y��JY�^n��YX^ng�p;dev�jk�nSno�_`^}hxSVY�bfv�YXW��Vvxb��eYXvxoX¨eZk�f�e�nnR|b
je�V�JYXjkv
jfo &z�i~[&k$�~'YXo�YXjevxg�SF~'Y��Jbev�hX¨Vjeaco�b4�r_loq_csVacY
jeoTSLhqhx��I � �Q�'�'�T¸¹o�be�A _`^nv�_ljV ¡¢v ��a`YXW}W;Y �Qdfvxje�VSno �r

� �k�){|mn��b��r_lg!ª5jeoxoqY�h8jk^n��¥eYXjk^V¸ {|bemV_lo�{|je^VY�h¤ 	=b��*h�b ¡¢bevxW}jea`acp o���Y¤g�_`¡¢p hxSVY�yqjQ��jDsrpLh�Y�g�b���Y
o�Y�W�je^fhx_cgXoim�oq_c^Vd hxSVY;s!W}Y�hxSVb��0z&¹^E1 �M� &D�D�Kg�
�� ������3e��%#��� ����� � %���1 ���C����������	 �'� & % � 
� �`'� �
3���� �9�����!�%�M�h� �h��� �e���#" �$���#�&%�%k¨°¥kmn^VY}��; ; ;V

� �e�)RTSn_`YXv�vxp8ª�brtLmnje^n�0('1� � ��%�)K����
 �Bg.� �B�����'������` &#��
������3|uwS ! h�SVY¤oq_lo�¨�?=^n_`�fY�v�oq_`h�]>��Y>u�jev�_lo1¦ &)&3¨
�<; @L��

� ���)RTSn_`YXv�vxp!ª�brtLmnje^n��jk^��!\>]�v�jkv�� 	=mVY�hX)RTSVY�ª5jkalg�mVacmno bk¡5ª�be^�ozhxv�mng�h�_cbe^noX ���J3�����������
����^���Pg
������1P`a�q����
����n¨°��\V¨0�<; @ @n

� \k�)RTSn_`YXv�vxp ª�brtLmnje^n� je^n� ª�Snv�_lozhx_`^nY u�jkmna`_c^�¸z§®beSVvx_c^Vdn &¹^n��mng�h�_c�eYXa`p.��Y�«n^VY¤�.hzpr�JYXoX &¹^
u�w§�jkv�h�_c^�¸¹{+*e¡'je^n� \;�§�_`^LhxoX¨�YX��_`h�bfvxoX¨#�%�h� &4�D�Kg�
������ �F3 ����	�h�-, .�.e¨1�ebfa`mnW;Y8�n�Q�%be¡/��� &#��`a���
�B��� ���U
����O����1P`a�N�#��� &#
 �#� &D�� : �Vvx_`^VdfY�v�¸ ¦wYXv�aljkd�¨��<; ;f�V

� �Q��ª�Snv�_lozhx_`^�j>ª�bevx^VY¤o�je^n��! Y�ac�VSV_c^VY'R|YXv�v�jeoxoqYf $=mVh�beW�jkh�_c£�_c^Vd _c^r�eYXvxo�_`bf^)bk¡V_c^n��mng�h�_c�eY5�VvxYX��_lg�jkh�YXo
_c^!g�brtJ%&¹^ �abD1�� ��3������ �h����34� ��� g��%�h�M���h���2�3¨J�ebfa`mVW}Y��f�¤��@;be¡��R� &���`a�����e���N� �U
���������1 `a� �#�
��&�
 �#� &D�� : �Vvx_c^VdeYXvq¸ ¦wY�vxacjedn¨J��; ;f��

� @k�
¥eYXje^�¸qª�SVv�_loqh�be�nSVY8��_`acac_10kh�vxYeruwv�brbe¡Vbk¡V_cW;�JY�v�j�hx_`�fY �VvxbedfvxjeW�o0_`^�hzpr��Y�h�SVYXbevxpe &¹^ ��� �N�#���P����
����P��	
������� � %��D1 �����"2�3, %4.k¨=�fbeacmVW}Y���\f�L�!bk¡!��� &#��`a�4�5�e���N� � 
�� ������1 `a� �#�6� &#
 ��� &4���u1v�_c^VdeYXvq¸
¦wYXv�aljkd�¨n§�jkv�g�S!�<; ; @V

� ;k�
¥eYXje^�¸qª�SVv�_loqh�be�nSVY:��_ca`ac_70�h�vxYe��%�4��`+���Bg%��1P�h�M���h���B� � �z
���18)��h����
 34� �#� ��%�)K����
 ��g%���U��bD1+� �31uwS"!
hxSVYXo�_lo�¨�?i^V_c�eY�v�o�_¬hx]�u�jev�_loz¸ : mn�A¨n¥kmVacp��<; ; ;n

�c�X�k��~=besJY�v�h � ^��a`b�p��0%$ioxoq_cde^n_`^Vd}W}YXje^V_c^VdfoThxb��Vvxbedev�jkW�oXT&¹^!¥VnR� : g�Sr�5jevqhx£e¨�YX�V_¬hxbev¤¨:9C����%#�#c
������
 &K��	<;:�N1�� &�� � �F3e�O����1P`a�N�#�=��&�
 �#� &D�(�/	�%���%[��b���19�g��
�`a�4���5;l1.1 	�
 �Mg!9C��� %+��������
 &��3¨r�njedeYXo
�<;>���V�e¨°�<; \ \n

�c�e��� : h�Y��nSVY�^ �
P�VvxY�mV^n� jk^n��¥ebeSn^ ª °§�_¬h�g�SVY�aca  $$R�pr��Y : p�ozhxY�W ¡¢bevUA s�yzYXg�h &¹^V_`h�_ljkac_c£Xj�hx_`bf^�_c^
hxSVY8¥fjQ�Qj =5pLh�YXg�b���Y�{|jk^ndemnjedeYeB&¹^?;B�-9 ����� 3 �����#� &D� ���@� �BAU� &���cC� ��
 ��� �N�Kg5�%�M�h� �h��� � 
�� �D�
�Pbg���N�#�2���E��������`����%� ���%��� g!;m1%1 	 
 &K����
������3¨ A>g�h�besJY�v)�<; ; @V

�c�¤Z�� : h�Y��nSVY�^��
��nv�YXmV^n�®jk^��F¥ebeSV^�ª n§®_`hxg�SVYXa`a O$ �VbevxW�jkac�Vv�jkW}YX��bfv��;¡¢bev5hxSVY�¥ejQ��jB=�pLhxYXg�b���Y
{�jk^VdfmnjkdfY�je^n�)¦wY�vx_`«nY�v¤�&¹^�;B�E9 �����J3 �#����� &D� ���
� �BAU� &���cC� ��
 ��� �N�Kg�� �h�h� �h���B� 
�� �D�3� bg��� ��� ���
��������`����%� �e��� gF;l1.1 	�
 &M����
������3¨��ib��eYXW�sJY�v���; ; ;V

oqp1��osr
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�c�X�k�z$��\>beal��sJY�vxdn�$ o���Y¤g�_`«�g�jkh�_cbe^Fbk¡1¥ejQ��j4a`bLje��_c^Vd�jk^��8srpLh�Y¤g�b���Y)�eYXv�_`«�gXj�h�_cbe^|�&¹^ �%�h� &D�D�Mg�
�� ���
��3 � ��%�;B�E9 ����� 3 �����#� &D�����^�O����1P`a�N�#�B���Pg_�����B� `a��
 &K����
���� �P� &#`a��
���b�¨A�<; ; @V

�c���e�
ª�S�jkvxa`Y¤oO$=^Lh�SVbf^rp4~'_lg�Snjkv�� 	=bfjev�Yf�$=^�j�"r_cbeW�jkh�_lg�s�jeo�_co�¡¢bfv1g�beW}�VmVh�Y�v �Vv�bfdev�jkW}W}_`^ndnT����� c
� `a��
 &K����
������e�F3U��%#��;B�E9®¨FA>g3hxbesJY�v���; \ ;V

�c�¤���)\>]Xvxjevx� 	imVY�h¤fRTSVY1£X_`�n��YXvX8�9��`a���P��	a�F3T�F`a� &���
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