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v'eº�§v�v� b^:v�·V�§jzeu_hY�¸<d\^:W¡Y\wzd¡YN]N^Ev� �wl_�euWy]�W.�� beuv� ¨wld\^�e�_AY\^'�zd�wxY\^:�¯e�_»Y\ b^¬wl�b��t�egv'wlYyeujz_¨W¡jhabd\v'^�v'jX�X^z�
��j�d\^'tu^:w<�z^��X^:�z^:t�jh�9^:d\W®£¶d\jz] Yy b^�s�abd\�b^'_HYyj¾].wz_�wl�h^N£«wlabt�Y�Yyjht�^:d\wz_AY�euW\W¡a�^:W:��wl_$wz�b�bd\jhwhv� PegW(Yyj
eu].�btu^'].^'_AY�v� b^Ev�·V�9jhe�_AYµ¸xdy^EWZY�wldyY(W¡Yyd�wxY\^'�he�^EW(e�_HY\ b^�v�jh]N]�ab_begv'wlYyeujz_H^'_V�Ve�d\jz_�]N^:_AY\W�Wya�v� ªwzW�± i¢q
wz_�� i¢¼ ±2jz_��� �euv� ¦]N^EWyW\wl�h^�¥ß��wzW\Wye�_b��s9wzWy^:��wz�b�btueuv:wxY\e�jh_�W�wzdy^`s�wzWy^:�
� Ø jx��^:�z^:d:�Ady^Ev�jh]N��e�tue�_��"jzd
d\^'tueu_b·Ve�_b�NY\ b^�wl�b�btuegv'wxY\e�jh_¦egW�jz£¤Yy^'_�_b^:^:�X^E�n�
½�^��bd\jz�§jhWy^�w�_b^:� wl�b�bd\jhwhv� P�� �euv� v'jz_�WyegWZY�W�e�_ªeu].�btu^'].^'_AYyeu_b��v� b^:v�·V�§jzeu_hY�¸<d\^:W¡Y\wzd¡Y(].^:v� X¥

wz_begW¡]�W(£¶jhd���wld�wltut�^:t¢wl���bt�egv'wlYyeujz_�W�whW���wzd¡Y�jl£rw�v't�a�W¡Yy^:d�TVeu_b�ztu^�TVUXW¡Yy^'] q ]�wl�z^¬°STbT q ´"Á`�§^'d�wxY\e�_��
TXUVW¡Yy^:] °SÁ(Tb´�� m TbT q jz�§^'d�wxY\e�_���W¡UXW¡Yy^:]��he��h^:W�Y\ b^"eutut�a�Wyeujz_�Y\ �wxY(w�v�tua�W¡Yy^'d`euW®w�Wye�_��ztu^"]"a�tºY\e��bd\jl¥
v'^:W\W¡jhdC]�wzv� beu_b^z� q Y���dyjx�Veg�X^:W�Y\ b^`W\wl].^�eu_hY\^'dy£«wzv'^pwzW©w�Yyd�wz�Xe�Yyeujz_�wztbjz�§^'d�wxY\e�_���W¡UXW¡Yy^']É£¶jzd�wl_�TX± i
]�whv� be�_�^���e�Yy .Wyjz].^�wz�b�Xe�Yyeujz_9wltV£¶ab_�v�Yyeujz_�wzt�e�Yyeu^:WCWya�v� .wzW��bd\jXv�^EWyW�].e��hd\wlYyeujz_
��Â�ÃbÄnÄnÅ¶Æ�Ç
ÃbÈ=<u{�>�wl_9�
Á`�§^'_§TbT q <í�6>Xwld\^©YZ��jr^��bwl].�btu^:W�jl£�Wya�v� "WyUXWZY\^']�W�s�wzWy^:��jh_�Ê¢Å¤Ë�ÌnÍC��Á`a�d�v�jh_AYyd\e�sbabYyeujz_�egW�wz_�^��VY\^'_X¥
Wyeujz_�jl£�Y\ b^(e�_AY\^'dy£«wzv�^(jz£�wl_�TbT q jz�§^'d�wxY\e�_��NWyUXWZY\^'] £¶jhd3v't�a9WZY\^'d�W3��eºY\ �v� �^:v�·V�9jhe�_AY�¸<d\^:W¡Y\wldyY�WyUXWZY\^']
v:wltutuW�£¶jhdr��wzd\wzt�tu^'t
wz�b�btueuv:wxYyeujz_9W'�©½À �e�tu^(Yy b^"e�].�btu^'].^'_AY�wxYyeujz_�jz£�v� b^Ev�·V�9jhe�_AYµ¸xdy^EWZY�wldyY�].^Ev� �wl_begWy].W
egW�].jzd\^�v�jh]N��t�^'��wxY`·z^'d\_b^:tnt�^:�z^'t
Yy �wz_�wlYra�Wy^'drtu^'�h^'tS�XYy begWpwz�b�bd\jhwhv� ��bd\jx�Veu�X^EW�£¶abtut
Yyd�wl_9W¡��wzdy^:_�v�U
£¶jhd`wz�b�btueuv:wxYyeujz_9Wpwl_9��]N^EWyW\wl�h^�¥ß��wzW\Wye�_b��v'jz].]"ab_�euv:wxYyeujz_�^:_A�Veudyjh_b].^'_AY\WrYy b^:U¦d\^'tuU�jz_
�r½Àe�Yy Pjzabd
wz�b�bd\jhwhv� 
�xt�^:�hwhv�U"wz�b�btueuv:wxYyeujz_9W'�l�� 9wxYy^:�z^:d�Yy b^pv'jz].]"a�_�v'wlYyeujz_Nt�eusbd�wld\U�Yy b^:U�a9W¡^h�hv�jhabtg��s§^rv� b^Ev�·h¥
�§jzeu_AYy^E�¦��e�Yy �jzaXYrv� �wz_b�zeu_b�NYy b^�s�e�_�wzdyUh�
q _�Y\ beuWr��wl�§^'dE�b��^®��dyjh�9jAW¡^(_b^:�7WyUXWZY\^']�v:wltutuW�£¶jzd3Yyd�wl_9W¡��wzdy^:_AY3].^EWyW\wl�h^�¥ß��wzW\W¡eu_b����wld�wltut�^:t
wl�X¥

��t�egv'wlYyeujz_�W3v� b^Ev�·A�§jzeu_AYyeu_b�Ne�_�Yy �^�Â�Ã�ÄnÄnÅ¶Æ�Ç
Ã�ÈªTVe�_��ztu^�TXUVW¡Yy^:] q ]�wl�h^®v't�a�W¡Yy^:d`Á`�9^:d\wlYyeu_b��TVUXWZY\^']
< �6>ß�©�3 b^p��dyjh�9jAW¡^E��e�_AY\^'dy£«wzv�^®wltut�jx�rW�W¡UXW¡Yy^:] eu_be�YyegwxY\^:��v� �^:v�·V�9jhe�_AY\e�_b�9��±¬jzd\^'jx�z^:d:�z£¶dyjh] Yy b^®eu�b^'_X¥
Y\eº�9^'d�jl£ *��&
 �bdyjXv'^:W\W�jz£§w`��wld�wltutu^'tVwl�b�btuegv'wxY\e�jh_
�lwltutVYy �^�jhsXkZ^:v�Y\W3°¶��dyjXv�^EWyWy^:W:�l�bwlY\w®WZY\dy^Ewl]�W\´�_b^:^:�X^E�
Y\j.s9^�v� b^Ev�·V�9jhe�_AYy^E��£¶jhd3Yy b^��� �jztu^®�9wld�wltut�^:tRwz�b�btueuv:wxY\e�jh_�wzdy^��XegWyv'jx�z^:dy^E�n�
�3 b^¦dy^:]�wleu_be�_��¬jl£�Y\ beuW���wz�9^:d"egW"jhdy�Awl_be@?'^E��whW�£¶jht�tujx�rW�A�TV^EvµYyeujz_�¬�bd\^:Wy^'_AY\W�w�s�wzv�·V�hdyjhab_��

jh_].^:v� 9wl_begW¡]�W"£¶jzd.v� b^:v�·V�§jzeu_AYyeu_b�¾��wzd\wzt�tu^'t3wl���bt�egv'wlYyeujz_�WNwl_9�ª£¶jzd.v� b^Ev�·A�§jzeu_AYyeu_b�¾��dyjXv�^EWyWy^:W�eu_
Ê�Å¤Ë
ÌnÍ�jz�§^'d�wxYyeu_b�®W¡UXW¡Yy^']��CTV^:v�Yyeujz_N�`�X^EWyv'dyeus§^:W�Yy b^3�X^EW¡eu�z_�jl£9].^Ev� �wl_begWy].W���^� �w<�h^¢eu_AYy^'�hd\wlYy^E��eu_
Â�Ã�ÄnÄnÅ¶Æ�Ç
Ã�È�eu_�jhd\�b^'d
Y\j`eu].�btu^'].^'_AY©wpv'jAjhd\�be�_�wlYy^E��v� b^:v�·V�§jzeu_AYyeu_b�`W¡Yyd�wxY\^'�zU®£¶jhd�].^:W\W\wl�z^'¥S�9wzW\W¡eu_b�
s9wzWy^:���9wld�wltut�^:t§wz�b�btueuv:wxYyeujz_9W'�©TV^EvµYyeujz_3BN�bdy^EW¡^:_AY\W��bd\^'tue�].eu_�wld\U.�9^:d¡£¶jhdy]�wl_9v�^®dy^EW¡abt�Y\W�jhsXY\wze�_b^E��jh_
Y\ b^��bd\jlY\jlYZUV�9^®��^� �w<�z^®e�].�btu^'].^:_hY\^:�n�©³�eu_�wltutuUz�9TV^EvµY\e�jh_��.v'jz_�v't�a��b^:W:�
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�3 �^'d\^pwld\^rW¡^:�z^:d\wzt�WZY\d\wlYy^:�zeu^:W:�lt�eu·z^`v�jVjzd��Xeu_�wxY\^:�Njzd�ab_�v�jVjhd\�Xeu_�wlYy^:�.v� b^Ev�·V�9jhe�_AYyeu_b����dyjzYyjXv�jhtuW:�ltujz�l¥
s9wzWy^:�¬��dyjzYyjXv�jhtuW:��Y\j�wltut�jx� d\jztut�s9wzv�·�¸<d\^:v'jx�z^'d\U�jl£�]N^EWyW\wl�h^�¥ß��wzW\Wye�_b����wld�wltut�^:t�wz�b�btueuv:wxY\e�jh_�W'���3 �^'U
�be��R^'d(jz_¬Yy b^.�3w<U¦Y\ b^'U�]�wz_�wl�h^"�X^'�§^'_9�X^'_�v'e�^EW(e�_9v�abd\dy^E��sVU¬v�jh]N]�ab_begv'wlYyeujz_�Wps9^'YZ��^:^'_¬Y\ b^�wl�X¥
��t�egv'wlYyeujz_��bdyjXv'^:W\W¡^EW¢Y\j.�za�wzd\wz_hY\^'^`Yy �wlYpwN�ztujzs�wztRv'jz_�WyegWZY\^'_AYrWZY�wxYy^�v:wl_�s9^�d\^:W¡Yyjhdy^E� < B�>ß�
o ^Ev�^:_hY\t�U�w�tujlY�jl£
��jzd\·" �whW©s§^'^:_��Xjz_�^rYyj"e�_AYyd\jX�Xa�v'^r£«wla�tºY�Yyjztu^'d�wl_9v�^�].^:v� �wz_begW¡]�W©eu_���wzd\wzt�tu^'t

��dyjh�zd�wl].].e�_b�p^'_V�Ve�d\jz_b].^:_hY�W'�lWya�v� NwzW�± i©q wl_�� i©¼ ±$�xa�W¡^E�"eu_�Yy b^��Xjh].wze�_�jl£§ be��h "�§^'dy£¶jzd\]�wl_�v'^
v'jz].�baXY\e�_����
�3 b^.�ht�jhs�wltCv�jVjhd\�Xeu_�wlYy^:�Pv� b^:v�·V�§jzeu_AYyeu_b�¦W¡Yyd�wxY\^'�zU� 9wzW®s9^:^'_�e�].�btu^'].^:_hY\^:��eu_�³9wleutuW\wx£¶^ i©¼ ±

<í� >ß�V¹�jX¹� b^:v�· < }6>ß�ATAY�wldy�9Wy 1< | >ß�h± i¢q ¹ Ø ¥ ¼ ¹ � < ~�>ß�h³��p¹¢¥¡¹� �wld\]
	�	 < �6>9wl_9� � m ±P¸l± i©q <�{E��>ß���3 b^
i wzdyegW�TVa9��ab_beu�z^:d\Wye�YZU� �whW©eu].�bt�^:].^'_AYy^E��jlY\ b^'d�W¢W\v� b^:]N^®W¡a9v� �wzW¢�9^EWyWye�].egWZY\euv <�{h{�>
wl_���v'wla9Wywzt.<u{E� >
tujz�h�zeu_b��� Ø jx��^'�h^'dE�©v�jz].��wzdyeu_b�PYy b^EW¡^��Xe�R^'d\^'_AY�WZY\d\wlYy^'�he�^EW�Yy b^:U$ �w<�z^�Wy bjx��_eu_ <�{<� >�Yy �wlY�Yy b^
v'jVjzd��Xe�_9wxYy^E��v� b^Ev�·A�§jzeu_AY3W\v� b^:]N^®j��R^'d�W�Yy b^(s§^:W¡Yrv�jz].�btu^��Xe�YZU��9^:d¡£¶jhdy]�wz_�v�^pYyd�wz�X^'¥Sj���eu_�v�tua�WZY\^'d�W'�
� W¡eu_b��Y\ b^:Wy^`v'jz].]"a�_beuv:wxY\e�jh_�t�eusbd�wld\e�^EW'�hdy^:sbabeutu�Xeu_b��jhd¢d\^'tue�_�·Aeu_b��Y\ b^p�9wld�wltut�^:t9wl���bt�egv'wlYyeujz_�egW¢jz£¤Yy^:_
_�^'^:�b^:�n�
�3 b^EW¡^�^:_V�Aeud\jz_b].^'_AY�W�d\^'tuU�jh_¦�bd\jXv�^EWyW�v� b^Ev�·V�9jhe�_AYyeu_b�N].^:v� �wz_beuWy]�W�Yyj�W\w<�z^`Yy b^�W¡Y\wlYy^(jl£�^:whv� 

��dyjXv�^EWyW�jl£®w¾��wzd\wzt�tu^'t�wz�b�btueuv:wxYyeujz_��$��jªv� b^Ev�·A�§jzeu_AYNwP�bd\jVv'^:W\W�wlY�jz�§^'d�wxYyeu_b��W¡UXW¡Yy^'] tu^'�h^'t�wl_9�
��e�Yy �jzaXYp].jX�Xe��9v'wlYyeujz_�jl£�Yy �^"W¡jhabd�v�^�v�jX�X^h�bYy �^'d\^�euWrw.��eg�X^�d�wl_��z^(jl£Cw<�xwleutuwzsbt�^�tueusbd\wzdyeu^:W�Wya�v� �wzW
¹�jh_��Xjhd <�{E�6>3jzd Ö �§v�·V�XY <�{�B�>ß� q _$jhd\�X^:d�Yyj�Wyw<�h^�wl_��$dy^EWZY\jzd\^.Yy b^�WZY�wxYy^¦jl£rw¬��dyjh�zd�wl]���w¾��eu�X^
d�wl_��z^�jl£�WyUXWZY\^'] v'wltutgW�wld\^�e�_AY\^'d�v�^'�bYy^:�¨eu_�jhd\�X^:d�Yyj·z^'^:�»Yyd�wzv�·jz£(Yy b^P�bdyjh�zd�wl] W¡Y\wlYy^°?W¡a9v� 
whW(].^'].jzd\U¬]�wl�b�§^:��d\^'�he�jh_�W�wl_��Pjz�§^'_���tu^� �wz_��Xtu^:W�´µ�¦TVjh].^�W¡UXW¡Yy^']�W�v:wltutuW�v:wl_Hs9^.£¶jhdys�eu�b�b^'_
�
q _»wz�b�beºY\e�jh_
�Ca�Wy^'dy¥Stu^'�h^'t�v� �^:v�·V�9jhe�_AY�¸<d\^:W¡Y\wldyY�].^:v� �wz_begW¡]�WNv'wl_�_bjlYNdy^EWZY\jzd\^�£¶jzdN^��bwl].�btu^���dyjXv�^EWyW
Wy^:W\Wye�jh_�eg�X^'_AYye���^:d:�
² � ¹ o <u{E��>�euW¢w(�bdyjzkZ^:v�Y©jl£R·z^'d\_b^:tº¥ßt�^:�z^:tX�bdyjXv'^:W\WCv� b^:v�·V�§jzeu_hY\e�_��`£¶jhdCYy �^`Ê¢Å¤Ë
Ì
Í¦·h^'d\_b^'tS��² � ¹ o

v:wl_v� �^:v�·V�9jhe�_AY"s§jlY\ d\^'�habtuwzd"wl_9�$]"a�tºY\eºY\ bdy^Ewz�X^E��°¶�bYy bd\^:wh�bW\´��bd\jz�zd�wl]�W� �jx��^:�z^'d"eºY��XjV^:W�_bjlY
Wyab�b�§jzdyY¦v� b^Ev�·V�9jhe�_AYyeu_b�$wz_��9¸<jhd�dy^EWZY\jzd\e�_��ªjl£��bd\jVv'^:W\W�a�Wye�_��$jz�§^'_��p¹ i ¸ qôi jzd���Ë
ÅgÍ �Xjh]�wleu_
WyjXv�·z^'Y\W:���r^:�z^:d¡Y\ b^'tu^:W\W'�h² � ¹ o W¡ab���9jhd¡Y�W©wz�b�be�_b� � v'wzt�tus�whv�·VW��<Yyj�a9W¡^:d¡¥ßt�^:�z^:tbv�jX�X^z�h�� begv� .wzdy^�v:wltut�^E�
�� �^'_�w�v� b^Ev�·A�§jzeu_AYCeuW�wls§jzaXYCY\j�s9^p�9^:d¡£¶jhdy].^:�
�hwl_9���� �^'_�e�Y¢euW©dy^EWZY�wldyYy^:��°¶jhd¢v'wzdyd\eu^:W�jz_�wl£¤Yy^'d¢Yy b^
v� �^:v�·V�9jhe�_AYµ´µ���3 �euWpeuW� �jx�7± i¢q v�jz].]�ab_begv'wxY\e�jh_�v'wl_�s§^� �wz_��Xtu^:��sVU�Y\ b^�£«wla�tºYrY\jztu^'d�wl_AYr�z^:d\Wyeujz_
jz£ � m ±P¸l± i©q �
TVeu_b�ht�^`TXUVW¡Yy^:] q ]�wz�z^�jz�§^'d�wxY\e�_���W¡UXW¡Yy^']�W��X^:�Xegv'wlYy^E�"Y\j"v�tua�W¡Yy^:d\W¢ �w<�z^3d\^:v�^:e��h^:�.w�tujlY¢jz£ne�_AYy^:d¡¥

^EWZYCeu_NYy b^rv't�a�W¡Yy^:d©v�jh]N]�ab_be�YZUz���3 b^:Wy^3jz�§^'d�wxY\e�_b��WyUXWZY\^']�W��ztujzs�wzt�tuU�]�wl_�wz�z^�wltutXjz�§^'d�wxY\e�_��®WyUXWZY\^']
d\^:Wyjza�d\v'^:W©Wya�v� �whW¢�bd\jXv�^EWyWy^:W:�z].^'].jhdyU�Wy^'�z].^:_hY�W'�V�bwlY\w"W¡Yyd\^:wz]�W'�h��tu^:W:�zY\ Aa9W�^EwzWye�_��"v�tua�W¡Yy^'d�a�W\wl�h^
wz_��N�bd\jz�zd�wl].].eu_b����Á`�§^'_§TbT q < ��>9wl_���Â�ÃbÄnÄnÅ¶Æ�Ç
ÃbÈ <�{�>9wld\^�YZ��j(^��bwz]N��t�^EWCjl£nW¡a9v� .WyUXWZY\^']�WCs�whW¡^E�
jh_¬Ê¢Å¤Ë
ÌnÍ©� � ^:�hwzv'U�± i©q wl���bt�egv'wlYyeujz_�Wp�X^:Wye��h_b^:��£¶jzdp]"abt�Yyeu�bd\jVv'^:W\W¡jhd3].whv� beu_b^:Wrv:wl_�s9^"^��X^:v'aXYy^E�
jh_�v't�a9WZY\^'d�W3��eºY\ bjzaXYpwz_VU�].jV�beº�9v:wxY\e�jh_�jhd�dy^Ev�jh]N��e�tgwxY\e�jh_
�¢Á`abd��zjAwltReuW�Yyj.e�_AY\^'�zd�wxY\^(��wld�wltut�^:t
wl�X¥
��t�egv'wlYyeujz_�W3v� b^Ev�·A�§jzeu_AYµ¸xdy^EWZY�wldyY¢].^:v� �wz_beuWy]�W�e�_�W¡a9v� ¦wl_¦jz�§^'d�wxY\e�_b�.WyUVW¡Yy^:] £¶jzd3£¶abtutRYyd�wl_9W¡��wzdy^:_�v�U
wz_��¦e�_��b^'�§^'_��X^:_�v�^(£¶d\jz]%wl�b��t�egv'wlYyeujz_�W3wl_9�¦v'jz].]"ab_�euv:wxYyeujz_�tue�sbd�wld\eu^:W:�
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³�e��habd\^N{�A o ^:W¡Y\wzd¡Y�a�Wy^'dy¥Seu_AYy^:d¡£«whv�^®^��bwl].�btu^

A B ��3� ����DC
Á`a�d`��jzd\·�wleu].W(wlY®]�wl·Veu_b��v� b^:v�·V�§jzeu_hY\e�_��¦wl_9�¬d\^:W¡Y\wldyYyeu_b�¦]N^EWyW\wl�h^�¥ß��wzW\Wye�_b��wz�b�btueuv:wxY\e�jh_�W®^:wzWyUz�
q _�v�jh_hY\d\whWZY�Yyj�^��XeuW¡Yyeu_b�N�bd\jlkZ^:v�Y\W:�zY\ b^®£«wlabt�Y�Yyjztu^'d�wl_9v�^p].^Ev� �wl_begWy].W�wld\^p^:_AYyeudy^:t�U.eu]N��t�^:]N^:_AYy^:�¦eu_
Y\ b^�Á(T�£¶jzdrwl���bt�egv'wlYyeujz_�W�wz_��¦t�eusbd�wld\e�^EW�eu_��X^:�9^:_��X^:_�v�^h�
½�^. �w<�z^"�b^���_b^E�¾wz_��¬eu].�bt�^:].^'_AYy^E�¾w�v�jz].]�wl_9�V¥Stueu_b^"a�Wy^'d®eu_hY\^'dy£«wzv'^z�nw��3w<U¦Yyj�dy^'Yyd\e�^:�z^"wzt�t

��dyjXv�^EWyWy^:W3jz£©w���wld�wltutu^'t
wl���bt�egv'wlYyeujz_�£¶d\jz] *��&
 jz£�Y\ b^']��§�ztujzs�wzt�v�jVjhd\�Xeu_�wlYy^:��v� b^Ev�·A�§jzeu_AYyeu_b��wl_9�
d\^:W¡Y\wzd¡Y\e�_����bd\jlY\jXv�jztgW:��³�eu_�wltut�Uh�XYy �^�dy^EWZY\jzd�wxYyeujz_�jl£�jz�§^'_�WZY\dy^Ewl]�W3 �wzW3s§^'^:_�dy^Ewltue"?:^:�n�

EGFIH JLKNMPORQTSVUXWZY\[^]_M.`aKNb c3deKNfhgDijUTOkST`ml5noKNM.`aYqpa`9r.S^`aK�phW�YsftK
�3 �^�v� b^Ev�·A�§jzeu_AYµ¸xdy^EWZY�wldyYre�_AYy^:d¡£«whv�^�]�a�W¡Y®s§^�Wye�].�btu^.wl_���^EwzWyU�Y\j�a�Wy^z�(�3 Va�W`��^� �w<�z^"v� �jhWy^'_�Yyj
a9W¡^®Yy �^�Wywz]N^(eu_AYy^'dy£«wzv'^®£¶jzd���wzd\wzt�tu^'tnwl���bt�egv'wlYyeujz_�W�wz_���W¡^Efha�^'_AYyegwltn�bd\jXv�^EWyWy^:W:�
��jrv� b^:v�·V�§jzeu_AY�wl_�wl�b��t�egv'wlYyeujz_
�:��^©Wyab�z�h^:W¡YnYy b^�£¶jht�tujx��eu_b��v�jz].]�wl_9�V¥Stueu_b^Ce�_AY\^'dy£«wzv�^Du�vxwxu�y.zx{}|	~a�

� {�za�t|�{�~t����zt|��§��z'|���s§^'eu_b�(Yy �^p�bd\jXv�^:W\W�eg�X^'_AYye���^:d¢jl£ *��&
 jl£RYy b^p��wld�wltut�^:tbwl�b��t�egv'wlYyeujz_.�bd\jVv'^:W\W¡^EW'�
Á`�bYyeujz_��	za�h{xu�wx�P�a��{�~}���°«jzd��	zb´Nwzt�tujx�rW�Y\jªv� b^:v�·V�§jzeu_hY.jz_�t�Uw�Wy^:fAab^'_AY\euwzt���dyjXv�^EWyW:�½Àe�Yy �jzaXY
Y\ b^�jz�bYyeujz_
�XY\ b^���wzd\wzt�tu^'t
wz�b�btueuv:wxY\e�jh_¦£¶d\jz_AY\e�^:d�euWrv:wltgv�abtgwxY\^:��wzWr�b^:W\v�d\e�s§^:��eu_�TX^:vµY\e�jh_¬�b�í�X��ÁpY\ b^'d
jh�XYyeujz_9W�^'_�wzsbtu^�Yyj�v� �jAjAW¡^®Y\ b^"W¡Yyjzd�wl�h^(]N^E�Xegw¬°R���tw��}|����s���}|���y_���mw��t{����m�l´µ�zYyj�wh�b��w�v� b^:v�·V�§jzeu_AY
�b^:W\v�d\e��XY\e�jh_P°I���@�	�Pwx�Pu��t|1za�t|�{�~��<´�wl_9��Y\j.v'dy^EwxY\^®wNv� b^:v�·V�§jzeu_AY��� begv� �euW3^'�V�§jzdyY\wzsbtu^pY\j.wz_bjlY\ b^'d
v't�a9WZY\^'d�°R��w.��zx{��P�h���}�.wV´��
m �3w<U�£¶jzd��§^'d\e�jX�Xegv'wzt�tuU¾v� b^Ev�·V�9jhe�_AYyeu_b��wl_Hwl�b��t�egv'wlYyeujz_�euW(Y\j�tuwzab_�v� �eºY���e�Yy �Yy �euW�eu_AYy^:d¡£«whv�^ A

�hwa�x|����}��wa���.�P~ � {�za�t|�{�~t�����	zhw.�t|�{��}|�ua|��P�P�h��u�{��P�t��~h�§� � s9^:e�_��®w`��wxYyYy^:dy_�jl£��§^'d\e�jX�Xegv�e�YZU�wl_9�
u�{��P�t��~h�ps9^:e�_b�pYy b^�ab_b].jX�Xe���^:�Nv�jh].].wz_��(Y\jptgwlab_�v� "Yy b^3wl���bt�egv'wlYyeujz_
� q Y�wzt�tujx�rW ���6��� 
�� ���0�����)��� 
�7
(�-�
�(�/��*����0� �
�3 b^�a�Wy^'d�v'wl_�v� bjVjhWy^CYy b^3v� b^Ev�·A�§jzeu_AY�£¶d\jz] �� begv� �Yyj`dy^EWZY\jzd\^CYy �^�wl���bt�egv'wlYyeujz_�eu_�wpt�egW¡Y�Wy bjx��e�_��

e�Y\WpWyw<�Veu_b�N��wxYy^�wz_��¦�b^:W\v�d\e��XY\e�jh_�°?W¡^:^�³�e��habdy^.{<´�wl£¤Yy^:d�^��X^:v'aXYyeu_b�.Yy �^j�awx���h�.���.v�jh].].wz_��n�
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EGF�� � U��7`aU@n<K�`Pp}ORK��TK��
	�	�=phUGftKNMPM�KNM UXWZYsS��oiei�	kOIftY `hORUTS
�3 �^�Á(T�_b^'^E�bW�Yyj(�X^�Y\^:vµY©wzt�tV�bd\jXv�^:W\Wy^:W
jz£§wz_�wl���bt�egv'wlYyeujz_�£¶d\jz] Y\ b^3�beg��jl£ *��&
 jl£bY\ b^'] sVU�tujVjz·Ve�_��
wlY3��t�egwxY\e�jh_�t�eu_b·XW�wl_���v�jh].]"ab_begv'wlYyeujz_�WZY\dy^Ewl]�W3eu_¦jhd\�X^:d3Yyj�v� b^Ev�·A�§jzeu_AYrw��9wld�wltut�^:tRwz�b�btueuv:wxY\e�jh_
�
q _wPTbT q v�tua�W¡Yy^:d.Á(THWya�v� $wzWNÂ�ÃbÄnÄnÅ¶Æ�Ç�ÃbÈC�C�bd\jXv�^EWyWy^:W�wz_��$W¡Yyd\^:wz].W"v'wl_ªs§^�].eu�zd�wxY\^:� <u{:}6>

£¶d\jz] jh_b^®_bjX�X^®Yyj.wl_bjzYy b^:d:�©TVj�Yy b^��Xe�R^'d\^'_AY��bdyjXv'^:W\W¡^EW¢jz£�wN��wld�wltut�^:t§wz�b�btueuv:wxY\e�jh_¦v'wz_�s§^�W¡�bd\^:wh�
jh_�]�wl_VU�_bjX�X^EW'�X^:�z^:_�e�£�Yy �^'d\^®wzdy^`��tueuwlYyeujz_�tueu_b·XW3s9^'YZ��^:^'_�Y\ b^(�bd\jVv'^:W\W¡^EW'� m �bd\jVv'^:W\W����bv'dy^EwxYy^E�
sVU�Yy b^�a{.�Py�WyUVW¡Yy^:]�v:wltutn£¶dyjh] �bd\jXv�^EWyW # �begWpw ��*�� jl£��bdyjXv'^:W\W # � q £ # wz_���� wld\^�_bjlYrd\ab_b_�e�_b�
jh_¾Y\ b^�Wywz].^N_�jV�b^z����egW�w ��
�� *�� 
 Wyjz_�jl£��bdyjXv'^:W\W # ^:tuWy^�� egW�w !"* (���! Wyjz_Pjl£3�bd\jVv'^:W\W # � q £�w
��dyjXv�^EWyW + egWrw.W¡jh_¦jz£��r� + euW�w 7�
���(�
��$7 ���� jl£��bd\jVv'^:W\W¡^EW��,wz_�� # �
��j�w<�hjzeg��v� b^:v�·V�§jzeu_AYyeu_b��Yy �^��� bjht�^NW¡UXW¡Yy^:]��
w¦W¡jht�abYyeujz_¬egW`Yyj¦v� �^:v�·�Yy b^��`Ç
Ã���������Å¤Ë��! #"�$AÃ

v:wl��wzsbeut�e�YZUz� m �bd\jXv�^EWyW¦v'wl�9wlsbeut�e�YZU <�{x|�>(euW�w$��dyjXv�^EWyW¦wxYyYyd\e�sbabYy^¬Y\ �wxY�v'wz_�s§^�Wy^�YE�rab_�Wy^�YE�`wl_9�
eu_b b^:dye�Yy^E�n�r²�U¦�X^'£«wlabt�Y:�Rw��bd\jXv�^EWyWr�bjA^EWr_bjzYp �w<�h^(Yy b^��`Ç
Ã������%��Å¤Ë��& #"�$hÃ�v:wl��wzsbe�tue�YZU��� begv� ¬v'wz_
s§^�^:_�wlsbtu^:��sVU�w�v�jh]N]�wz_���t�eu_b^�£¶jhdr^:whv� ���dyjXv�^EWyWrjl£©wl�b��t�egv'wlYyeujz_�W�tgwla�_�v� b^:��tgwxY\^'d�£¶d\jz] w�W¡ �^'tut?�
q £CwN�bd\jVv'^:W\W3�XjV^:W�_bjzY� �w<�z^`Yy b^'�`Ç�Ã���������Å¤Ë��& #"%$AÃ�v'wz��wlsbeutueºYZU�e�Yr��eut�t
_�jlY�s9^�v� �^:v�·V�9jhe�_AY\^:�n�
m �bd\jXv�^EWyW��� begv� ._b^'^E�bW�Yyj�s§^rv� b^Ev�·A�§jzeu_AYy^E�"sbabY©�� bjhWy^�£«wxYy �^'dC�bd\jXv�^:W\W�egWC_bjlY©v� b^Ev�·V�9jhe�_AY\wzsbtu^

egW¢w -�
�� 7 ��*�*�� °¤£¶jhd¢^��bwz]N��t�^h�h�bd\jXv�^EWyWy^:Wp{pwl_��4B�e�_¦³�eu�za�dy^`���� beuv� ¦W¡ bjx�rW�w���wzd\wzt�tu^'t§wl�b�btuegv'wxY\e�jh_
Y\j�s9^�v� b^Ev�·V�9jhe�_AYy^E��´µ� m �bd\jXv�^EWyW®�� bjAW¡^�£«wxY\ b^'d�egW(d\^'].jlY\^.wz_��P_b^'^E�bW®Yyj�s§^�v� b^:v�·V�§jzeu_hY\^:�PeuW�w
!@*�(���!$��* *�� °¤£¶jzd�eu_�WZY�wl_�v'^z�V�bd\jXv�^:W\W�|�e�_�³�eu�za�dy^`�b��½P^®v'wltutu^:� �)(�*�� ��� �$!'�)(����	�)*�� w�t�jXv'wzt9d\jVjlY¢��dyjXv�^EWyW
wz_���wltutneºY�W�t�jXv:wlt
�X^EWyv'^'_��bwz_AY\W:�
³�dyjh] *��$
 jz£`Y\ b^¾wz�b�btueuv:wxYyeujz_»�bd\jXv�^:W\Wy^:W:�©Yyd�w<�z^:d\Wyeu_b�PtujXv'wztpwl_��»d\^'].jlY\^���t�egwxY\e�jh_»Yyd\^'^¬wl_9�

v� �^:v�·Ve�_���Yy b^�`Ç
Ã���������Å¤Ë+�! #"�$hÃ�v'wl�9wlsbeut�e�YZUz�A��^r��_�� *��&
 jz£nYy b^`��wld�wltutu^'t9wz�b�btueuv:wxY\e�jh_ -�
�� 74��*�*�� �
�3 �^'_
�V��^®wh�b��wzt�t§Yy �^`tujXv'wltnwz_���d\^'].jlY\^`�X^EWyv'^'_���wl_AY\W�jl£
Y\ begW3�bdyjXv'^:W\W©Y\j"Y\ b^`tuegWZY�jl£��bdyjXv'^:W\W¡^EWCYyj
s§^�v� b^Ev�·A�§jzeu_AYy^E�n�
½À b^:_¯w���dyjXv�^EWyW"jl£�Y\ beuW�tueuW¡Y�egW"wlY¡Y\whv� b^:�ªYyj¾wPWZY\dy^Ewl]-, ��^�v� b^:v�·�e�£�Yy b^¦jlYy �^'dN�bdyjXv'^:W\W¡^EW

wlY¡Y�wzv� b^E�®Yyj.,�wld\^¢wltud\^:wz�bU`eu_�Yy �^�tueuW¡Y:� Ö tgW¡^h�xeº£b��dyjXv�^EWyWy^:W� �w<�z^©Yy b^/�`Ç
Ã������%��Å¤Ë��& #"�$hÃ"v'wl�9wlsbeut�e�YZUz�
��^p�hj"ab�¦e�_�Yy b^®tujVv:wltRwl_���dy^:].jlYy^p��tueuwlYyeujz_�Y\dy^:^`tujVjz·Ve�_���£¶jzd�wl_�jlYy �^'d¢ �^:wz��dyjVjzY��bd\jXv�^:W\W:� q £�e�Y3euW
Y\ b^�Wywz].^` b^Ewz��dyjVjlYE�XWZY\dy^Ewl]0,$v'wz_�s§^®eu�z_�jzd\^:��eu_¦Yy b^(��wzd\wzt�tu^'tRwl�b��t�egv'wlYyeujz_�£¶d\jz_AY\e�^:d3v:wltgv�abtgwxY\e�jh_
s§^:v:wla�Wy^©e�Y�egW
d\^:�Xa�_��bwl_AY���e�Yy ���t�egwxY\e�jh_
� q _�³�eu�za�dy^��b�xWZY\dy^Ewl]1,32"euW�e��h_bjzd\^:�®eu_�£¶dyjh_AYyeu^'d�v:wltgv�abtgwxY\e�jh_
eu_�v�jh_hY\d\whWZY3��e�Yy �WZY\dy^Ewl]�,�4z�

EGF E ��ORKNphYqpxfxd OIftY�	 c%UDUXp%5eOISeY `PK�5 c d_KNfxg ijU^OIS^`,YsS/5 noKNM.`aYqpa`
6#786#7:9 ; Ó�Ó �xÔ�<:=��X� Ï Ô¨�?> Ï �A@�B Ó <:=R�
�3 �^�v� b^Ev�·V�9jhe�_AYyeu_b���bd\jlYyjXv'jzt�euW.�Xeu�Veu�X^E�eu_¯Yy bd\^'^�WZY\^'��W3AH°Z{<´�Y\j�d\^�Y\dyeu^'�h^¦wzt�t3�bd\jXv�^:W\Wy^:W�jl£`wz_
wz�b�btueuv:wxY\e�jh_»wz_��]�wz·z^�Yy b^:]�Wyt�^:^'�beu_b�Heu_»jhd\�b^'dNYyj$W¡Yyjh�»v'jz].]"ab_�euv:wxYyeujz_9W'�®°?�z´�Y\j$v� b^:v�·V�§jzeu_AY
Y\ b^']���°?�h´�Y\j.v'jz].].eºY�Y\ b^�v� b^Ev�·A�§jzeu_AY�e�£©W¡a9v'v�^EWyW¡£¶abtut?�
�pj���dyjXv�^EWyW® �whW�w�v�jz].�btu^�Y\^.·A_�jx��t�^E�X�z^Njl£��bdyjXv'^:W\W¡^EW`eu_V�zjht��h^:��eu_�Yy b^�v� b^Ev�·V�9jhe�_AY:�.³bd\jz] w

d\jVjlY��bdyjXv'^:W\W'�V��^®v:wld\^`wls§jzabY�w��� bjht�^(W¡a�sX¥ßwz�b�btueuv:wxY\e�jh_�wl_���dy^:].jlYy^(Wyjz_�W�jl£�Yy b^�WyabsX¥ôwl�b�btuegv'wxY\e�jh_
��dyjXv�^EWyWy^:W®sbabY���^��Xj�_bjzY�·A_�jx� eº£3d\^'].jlY\^.Wyjz_9W( �w<�z^.�X^:W\v�^:_��bwz_hY�jhd�_bjlYE���3 b^.e�_X£¶jhdy]�wlYyeujz_�euW
�beuW¡Yyd\e�s�aXYy^E�n�
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Node A Node B

32

1 4

5 6

7

S2S1

8
9

Process

Remote filiation

Local filiation

Parallel application frontier

Communication stream

Process without 
Checkpointable capability

³�e��habdy^���A m �9wld�wltut�^:tRwz�b�btueuv:wxY\e�jh_¦d\ab_b_beu_b�.jz_¬Â�ÃbÄnÄnÅ¶Æ�Ç
ÃbÈ

³�eud\W¡Y�jl£�wzt�tS�
Y\ b^.��wld�wltutu^'tCwl�b��t�egv'wlYyeujz_P£¶dyjh_hY\e�^:d(euW�v:wltgv�abtgwxY\^:�n�nY\ b^'_Hwltut�Yy �^�wl�b�btuegv'wxY\e�jh_¾�bd\jl¥
v'^:W\W¡^EW
 �w<�h^Cs9^:^'_NWZY\jz�b�§^:��d\^:v'^'eu�Ve�_b�`wrW¡eu�z_9wltS���3 b^'_��<£¶jzd
Y\ b^3Wywz·z^Cjl£�v� �^:v�·V�9jhe�_AY\e�_b�p�9^:d¡£¶jhdy]�wl_9v�^z�
wr�bdyjXv'^:W\W�wl_9�(eºY�W�tujXv'wltA�X^:W\v�^:_��bwz_hY�W�wzdy^¢v� �^:v�·V�9jhe�_AY\^:�®e�_"��wld�wltut�^:tz��e�Yy �d\^'].jzYy^¢�X^EWyv'^'_���wl_AY\W�°«wl_9�
Y\ b^'eud�d\^'tgwxYyeu�z^(tue�_�^®jz£��b^:W\v�^'_AYµ´µ�
½À b^:_�d\^:v�^:e��Veu_b�$w$WyabsX¥ôwl�b��t�egv'wlYyeujz_Àv� b^:v�·V�§jzeu_AY�dy^Efha�^:W¡Y�£¶jzd�wHt�jXv'wztpd\jVjlY��bd\jXv�^:W\W � ��_bjh_

s�t�jXv�·Ve�_��N��dyjXv�^EWyW3v� b^Ev�·V�9jhe�_AY�dy^EfAab^:W¡Y\W�wzdy^�Wy^'_AY�£¶jzdrwzt�tne�Y\W�tujXv'wzt��X^:W\v�^:_��bwz_hY�W�wl_��¦_bjh_�s�t�jXv�·Ve�_��
WyabsX¥ôwl���bt�egv'wlYyeujz_"v� �^:v�·V�9jhe�_AY�dy^Efha�^:W¡Y\W�£¶jzd�wltutAYy b^3d\^'].jlY\^�Wyjz_�W�jl£�Yy b^EW¡^��bd\jVv'^:W\W¡^EW'��½À b^'_��9jAW¡e�Yyeu�z^
d\^'��t�eu^:W®£¶d\jz] wzt�t©Yy b^��X^EWyv'^'_���wl_AY\W( �w<�h^�s§^'^:_Hdy^Ev�^'eu�z^E�n��w��§jhWyeºY\e��h^.dy^:�bt�U¾euW�Wy^'_AY(£¶d\jz] � Yyj�e�Y\W
Wyjztuegv�e�Yyjzd.°¶tujXv'wzt©v� b^:v�·V�§jzeu_hY(v�jh]N].e�Y�´���½À b^:_�wzt�tC �^:wz�¾dyjVjzY®�bd\jXv�^EWyWy^:W` �w<�z^NtujVv:wltut�U¬v'jz].].eºYyYy^E�
Y\ b^'eudrv� b^Ev�·A�§jzeu_AY:�VY\ b^�v� b^:v�·V�§jzeu_AY3egW�£¶abtut�U�v�jh]N].e�Y¡Y\^:�n�
m WptujXv'wlt�d\jAjzYp�bd\jXv�^:W\Wy^:Wpwzdy^�v�jVjzd��Xeu_�wxY\jzd�W�£¶jzd`Yy b^:e�d®dy^EW¡�§^:v�Yyeu�z^"Wyabs�wz�b�btueuv:wxY\e�jh_
��Y\ b^�v'jVjzd��Xeº¥

_9wxYyeujz_�egW3 be�^:d\wzd\v� �euv:wltS�

6#786#7�� ��Ï �'�E�X�<�
³�jzd®^:whv� ¬dy^EWZY�wldyYy^E���bd\jVv'^:W\W � �§��^N].wz·z^�_bjz_Psbt�jXv�·Veu_b��d\^:fAab^EWZY�WrY\j¦d\^:W¡Yyjhdy^"wzt�t�tujXv'wlt�Wyjz_�W®jl£ �
wz_��$Wy^'_��$_bjz_$s�t�jXv�·Ve�_��¬dy^EfAab^:W¡Y\W"YyjPdy^EWZY\jzd\^�Yy b^�W¡a�sX¥ßwz�b�btueuv:wxY\e�jh_�W�jz£r�� beuv� $Yy b^�t�jXv:wlt�dyjVjlY�euW
w�d\^'].jzYy^�Wyjz_�jl£ � ���3 �^.£¶jztut�jx��eu_b��WZY\^'�$v'jz_�WyeuW¡Y\W�e�_H�3wle�Yyeu_b��dy^:�btue�^EW(£¶dyjh] Y\ b^��X^:W\v�^:_��bwz_hY�W(Yyj
v'jz].].eºY�Y\ b^(dy^EWZY\jzd�wxY\e�jh_
� o ^:W¡Y\wldyYyeu_b�.s§^'�zeu_�W3��e�Yy �Yy �^�wl�b�btuegv'wxY\e�jh_¦ �^:wz�¦d\jAjzY\W3�bd\jXv�^EWyWy^:W:�
²�^�£¶jhdy^�v� b^:v�·V�§jzeu_hY\e�_����'��dyjXv�^EWyWy^:W
 �w<�z^Cs§^'^:_"�X^'��t�jxUh^:�®sVUpY\ b^�Â�ÃbÄnÄnÅ¶Æ�Ç
ÃbÈ��ztujzs�wztxY\whW¡·(W\v� b^:�V¥

a�t�^:d�jzd�sVU�Y\ b^��bd\jz�zd�wl].].^'dE�C�3 �wxY�egW��� VU��bd\jXv�^EWyWy^:W3wld\^(dy^EWZY�wldyYy^E��jh_�Y\ b^'eudrjzd\eu�zeu_�wltR^��X^Ev�aXY\e�jh_
_�jV�b^z�
e�£��§jhW\W¡eusbtu^z�RY\j�d\^:Wy�§^:vµY®Yy �^Njhdyeu�zeu_�wzt��X^:�btujxUA].^:_hYE� Ø jx��^:�z^'dE�nwxY®Yy b^NY\e�].^.jl£�dy^EWZY\jzd�wxYyeujz_��
��dyjXv�^EWyWy^:W:�l�� begv� .��^:dy^���dy^:�Aeujza9W¡tuU�d\ab_b_beu_b��jz_�w(£«wze�tu^:�N_bjX�X^h�Awzdy^3d\^:W¡Y\wzd¡Y\^:�Njz_NYy �^r_bjX�X^r bjAWZY\e�_��
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³�eu�zabd\^���A i wld�wltut�^:t©wl�b��t�egv'wlYyeujz_�s9^'£¶jzd\^.wz_��Hwx£¤Y\^'d�w�dy^EWZY\jzd�wxY\e�jh_¾��e�Yy �£¶^'��^'d�_bjX�X^EW�°«�pjV�b^���euW
jhaXY�jl£�jzd��X^'dµ´

Y\ b^'eudr��wzdy^:_AYr�bdyjXv'^:W\W'�¢³�eu�zabd\^���Wy bjx�rW�wl_�^'�Xwz].�bt�^�jz£�wz_�wl�b�btuegv'wxY\e�jh_��bdy^:�Ve�jha�W¡tuU�d\ab_b_beu_b��jh_��
_�jV�b^:W3�� begv� �euW3d\^:W¡Y\wzd¡Y\^:��jh_�jz_btuU¦��_bjX�X^:W:�

EGF�� �9ijKNS [ `aphK�Ysb\M noKNM.`PUTphY `aOIUTS
Â�Ã�ÄnÄnÅ¶Æ�Ç
Ã�ÈH�bd\jx�Aeg�X^EW��bwxY�w�WZY\dy^Ewl]�W3��eºY\ �^��VYyd\^'].e�Yyeu^:W��� �euv� �v'wz_�s9^�].jx�h^:�¦£¶dyjh] jh_b^�_bjX�X^(Yyj
wz_bjlY\ b^'d(wl_9�¾wld\^"eg�X^:_hY\eº�9^:�¬sVU¬w�ab_begfha�^N_Vab]�s9^:d <u{:~�>S�"�3 �euW®eg�X^'_AYye���^:d®]�w<U�s§^Nwzt�d\^:wh�XU�e�_Pa�W¡^
wlY`Y\ b^.Yyeu].^.jl£�d\^:W¡Yyjhd\wlYyeujz_
��½�^.a�Wy^.w�Wy �wld\^:�¾ �wzWy AY\wls�t�^Njz_P�� beuv� PYy �^N·h^'U�egW®Yy b^.jhtu��WZY\dy^Ewl]
eg�X^:_hY\eº�9^'d�wl_��P�bwxY�w�egW`Yy b^._b^:�ÉW¡Yyd\^:wz]%eg�X^:_hY\eº�9^'dE��½À b^'_�d\^:W¡Y\wldyYyeu_b�9�§e�£�w¦�bd\jXv�^:W\W`_b^'^E�bW`Yyj�s9^
s�e�_��b^:��Yyj�w�WZY\dy^Ewl]���e�Y`tujVjz·XWrwlYrYy b^�jztg��WZY\dy^Ewl]�eu�X^:_AYye���^'d`e�_�Y\ b^� �whW¡ AY�wlsbtu^"wl_9��eº£Ce�Y®�XjV^:Wp_bjlY
^'�XeuW¡Y:�3w�_b^'� WZY\dy^Ewl] egW�v�d\^:wlYy^E�n� m Y�Yy b^�^:_��»jl£`d\^:W¡Yyjhd\wlYyeujz_Yy b^� �whW¡ AY�wlsbtu^�v:wl_¨s§^¬�X^'tu^�Y\^:�n�
±¬^�Yy �jV��Wpa�Wy^:�¬Yyj¦sbe�_9�¾wl_9�¾�X^'Y\wzv� Pw��bd\jXv�^:W\W�Y\j¦w¦WZY\dy^Ewl] e�_�v'whW¡^�jz£¢].e��hd\wlYyeujz_¬wzdy^"Yy b^.Wywz].^
£¶jhd`v� b^Ev�·V�9jhe�_AYµ¸xdy^EWZY�wldyY:� m dy^EWZY\jzd\^:��v�jh].]"ab_begv'wlYyeujz_¬W¡Yyd\^:wz]%�XjV^EWp_bjzY`eu].�bt�U�wz_AU�jx�z^:dy �^:wz��jh_
v'jz].�baXY�wxY\e�jh_�Wye�_9v�^®Yy b^:dy^�egW3_bj.].^:W\Wywz�z^`£¶jzd\��wzd\�be�_b�9�

� � �`�"!��¦������)��

m �bd\jlY\jlYZUV�§^� �whW(s9^:^'_�e�].�btu^'].^:_hY\^:��eu_HÂ�ÃbÄnÄnÅ¶Æ�Ç
ÃbÈÀT�T q Á(T < ��>S�.�3 begW(�bd\jlYyjzYZUV�9^Ne�_9v�tua��X^:W�w
v� �^:v�·V�9jhe�_AY�¸<d\^:W¡Y\wldyY`a9W¡^:d¡¥ße�_AY\^'dy£«wzv�^�°«Wy^'^�TV^EvµY\e�jh_H����{<´µ�
�9wld�wltut�^:t�wz�b�btueuv:wxY\e�jh_¾£¶d\jz_AYyeu^'d�v:wltgv�abtgwxY\e�jh_
°?W¡^:^�TX^:vµY\e�jh_»��� �h´��� �euv� ¨�XjV^:WN_bjzY.Uh^�YNY\wz·z^�v'wld\^�jl£`W¡Yyd\^:wz].W:�©jh�9^:_»W¡Yyd\^:wz].W�d\^:W¡Yyjzd�wxY\e�jh_ °«Wy^'^
TX^:vµY\e�jh_$�b� BA´`£¶jhd����
	�� ��{xu�yhw��PWZY\dy^Ewl]�W'���ztujzs�wzt© beu^'d�wld�v� begv'wlt©v'jVjzd��Xe�_9wxYyeujz_Hv� b^Ev�·A�§jzeu_AYyeu_b�¬wl_9�
d\^:W¡Yyjhd\wlYyeujz_¾°?W¡^:^"TV^:v�Yyeujz_��b� �h´��
�3 begWNW¡^EvµYyeujz_ª��dy^EW¡^:_hY�W�^��X�§^'d\e�].^:_hY�W�d\^:wzt�e@?'^E�¾Y\j¾^:�<wzt�a9wxYy^�jzabd"wzt��hjzd\eºY\ b]�W'��Yyj¾]N^EwzWyabd\^�Yy b^

W¡Yyjhd\wz�z^©eu].��wzv�YCjz_"�§^'dy£¶jzd\]�wl_�v'^z�<Y\j®�xwzt�eg�bwxY\^�wz�b�btueuv:wxY\e�jh_"d\^:W¡Yyjzd�wxY\e�jh_���e�Yy bjhaXYC_bjX�X^¢£«wze�tuabd\^:W�wl_9�
Y\j.�z^'d\e�£¶U�WZY\dy^Ewl] d\^:W¡Yyjhd\wlYyeujz_
�

D ñ«ëíóßè
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�eFIH ���GijK�pxOkb@KNS^`PY�	 c%UTS/5 O `hORU^SeM
Ö �V�§^'d\eu]N^:_AY\wxY\e�jh_�WN �w<�z^�s9^:^'_¨�Xjz_b^�a�Wye�_���v't�a�W¡Yy^:d\W�jl£(��Y\j B�_bjX�X^:WNv�jh].]"ab_begv'wlYyeu_b�PYy bd\jzab�h 
Ö Yy b^:dy_b^'Y`{E�z�(±�sbe�Yµ¸lW'�C�3 b^r_�jV�b^:W¢wzdy^��§^'d�Wyjz_�wzt�v�jh]N��aXYy^:d\W¢��eºY\  i ^:_AYyeuab] q¡q ¹ i � wz_����X{<�(±¬²
jz£�].^'].jhdyUh�
�3 b^�Â�ÃbÄnÄnÅ¶Æ�Ç
ÃbÈ»�ht�jhs�wlt�Y�wzWy·¾Wyv� �^:�Xabtu^'d(egW��XegWywzsbt�^E�¾�Xa�dyeu_b��Yy b^�^'�X�9^:dyeu].^'_AY\W:�NTVj�Y\ b^'d\^.euW

_�j��bd\^'^'].�XY\e��h^��bd\jVv'^:W\W©].eu�zd�wxYyeujz_�wz_��.�bd\jVv'^:W\W¡^EWCwld\^pWy�bdy^Ewz��£¶jztutujx��e�_b�(Y\ begW©d\abt�^ A�w�Wyjz_���dyjXv�^EWyW
d\ab_�W®jh_¾_bjX�X^

n + 1
]NjX�Xa�t�j

N
�
N
s§^'eu_b��Yy �^�Y\jlY�wlt�_Vab]"s§^'d(jl£�_bjX�X^:W(wl_9�

n
Y\ b^._bjX�X^N�� beuv� 

 �jhW¡Y\W3e�Y\W���wzdy^:_AY��bd\jXv�^EWyW:�
¹� b^Ev�·V�9jhe�_AYyeu_b��Yyeu].^:W3d\^:WyabtºY�£¶d\jz] Yy �^(w<�h^'d�wl�h^rjl£C�"v'jz_�Wy^:v'aXYyeu�z^®].^:wzWyabd\^'].^'_AY�W'� o ^:W¡Y\wzd¡Y\e�_��

Y\e�].^� �whW3s9^:^'_�].^:whW¡abd\^:�¦wx£¤Y\^'drd\^'s§jVjlYyeu_b�N^:whv� ¦_bjX�X^EW3jl£�Yy b^�v't�a9WZY\^'dE�
Ù abd\e�_b�H^'�V�§^'d\eu]N^:_AY\W:�¢]�wl_VU$W¡Yyjzd�wl�h^¦wz�b�bd\jhwzv� �^:W� �w<�z^�s9^:^'_»a�Wy^:�n�¨�3 b^��p³CT»v�^:_hY\d\wzt�e@?'^E�

Wy^'d\�z^:d"a�Wy^:�$YyjHWZY\jzd\^¦v� b^Ev�·V�9jhe�_AY"�9t�^EW"egWN^��VYy^:dy_�wzt¢Y\j¾Y\ b^�v�tua�W¡Yy^'dE�H½À b^'_¯Yy �^�v� bjAW¡^:_W¡Yyjzd�wl�h^
wz�b�bd\jhwhv� �euW�Yy �^®a9W¡^®jl£�Yy b^®_bjX�X^:W�tujXv'wltR �wzd\�¦�Xd\e��h^:W¢£¶jzd\].wlY¡Y\^:��a9W¡eu_b��Yy b^���� � 4¦�9t�^'¥ßWyUXWZY\^']��VYy b^
v� �^:v�·V�9jhe�_AY���tu^:Wp]"a�W¡Yps§^�]�wl_Va�wzt�tuU¦v'jz�beu^:��jz_¬wzt�t�_bjX�X^:Wrjl£�Yy b^�WZY\jzd�wl�z^(s§^�£¶jhdy^�Y\ b^�d\^:W¡Yyjhd\wlYyeujz_
v:wl_¦Y\wz·z^(�btgwzv�^h�

�eF�� noKNM���	 `hM
q _MwH��d�WZY�^'�X�9^:dyeu].^'_AY:����^¾ �w<�h^¬v�jh]N�9wld\^:�¯YZ��j¯v� b^:v�·V�§jzeu_hY\e�_��$wltu�zjzd\e�Yy b]�W�A¾Y\ b^¬��d�W¡Y�jz_b^¾euW
Y\d\w<�h^'d�W¡eu_b��Yy �^�Yyd\^'^�jz£r�bd\jVv'^:W\W¡^EW®£¶dyjh] Y\ b^�d\jVjlY�wz_��ªv� b^Ev�·A�§jzeu_AY\W�^Ewzv� ª�bd\jXv�^EWyW�jh_b^�wl£¤Yy^'d"Yy b^
jzYy b^:d:�zYy b^rWy^:v'jz_��Njh_b^�euW©Yyd�w<�z^:d\Wye�_��pY\ b^3Yyd\^'^rjz£§��dyjXv�^EWyWy^:W:�zWy^'_��be�_b��_�jz_.sbtujVv�·Veu_b���bd\jXv�^:W\WCv� b^Ev�·h¥
�§jzeu_AY�dy^EfAab^:W¡Y\W.wl_9�Y\ b^'_¨�3wle�Yyeu_b��£¶jzd�whv�·A_�jx��t�^E�X�z].^'_AY�W'� m W�wz�b�btueuv:wxY\e�jh_¯�bd\jXv�^EWyWy^:W�wzdy^��XegWZ¥
�9wxY\v� �^:�¨jz_�Yy b^��Xe��R^'d\^'_AY�_bjX�X^:W�jl£�Yy �^Pv�tua�W¡Yy^:d:�pWy^'_9�Xe�_��$_bjz_ sbt�jXv�·Veu_b�v� b^Ev�·A�§jzeu_AY�d\^:fAab^:W¡Y\W
j��§^:d\W¢jl£�v'jzabd�W¡^ps9^'Y¡Yy^:d3dy^EW¡abt�Y\W¢Yy 9wl_��3wle�Yyeu_b�"Wy^:fAab^:_hY\euwzt�tuUN£¶jzd�^:wzv� ��bdyjXv'^:W\W¢v� b^Ev�·A�§jzeu_AY:� o ^:Wyabt�Y\W
£¶jhd�wz_�wl�b�btuegv'wxY\e�jh_�v�jh]N�§jhWy^:�Njz£©{:}(�bd\jXv�^:W\Wy^:W©wzdy^pWy bjx��_.eu_�³�e��habdy^ B�����j"W¡Yya9�XU�WZY\jzd�wl�z^�WyUXWZY\^']
eu].��wzv�Y:�h��^3 �w<�h^�a�Wy^:�.w(�p³CTNv�^:_AYyd�wltue"?:^:�NW¡^:dy�h^'d�jzd�Y\ b^�t�jXv:wltb�XegW¡·"jl£R^:wzv� .v�tua�W¡Yy^:dC_bjX�X^z� o ^:Wyabt�Y\W
�b^'].jz_�W¡Yyd�wxY\^3Yy b^`e�_AY\^'d\^:W¡Y¢jl£RYy �^p��wzd\wzt�tu^'t�wzt��hjzd\eºY\ b]Éwz_���Wy bjx�Y\ �wxY�eºY�euW�a�W\wlsbtu^�a�Wye�_b��w�v�^:_hY\d\wztº¥
e@?'^E����tu^"W¡^:dy�h^'dE��Áp£©v�jhabd\Wy^z�bYy b^"W¡Yyjhd\wz�z^�WyUVW¡Yy^:]� 9wzWrwz_�e�].��whvµY:�§W¡j�e�Y`Wy bjza�tu��s§^�eu_hY\^'d\^:W¡Yyeu_b�.Yyj
Y\^:W¡YreºYrjh_�w.�XegW¡Yyd\e�sbabYy^:�¦��tu^�WyUVW¡Yy^:]��
m W¡^Ev�jz_9�¦^'�X�9^:dyeu].^'_AYp �whW��xwltueu�bwlYy^E��jzabdrd\^:W¡Y\wzd¡Yr].^Ev� �wl_begWy] jz_¬wN£¶^:��^:dp_Vab]�s9^:drjl£C_bjX�X^EW'�

m _�wl�b��t�egv'wlYyeujz_�v�jh_�W¡Yye�YyaXY\^:�.jl£C{E}(�bdyjXv'^:W\W¡^EW�dyab_�_be�_���jz_ B�_bjX�X^EW© �whW©s§^'^:_�v� b^:v�·V�§jzeu_hY\^:�n���3 b^:_
Y\ b^�wz�b�btueuv:wxY\e�jh_¬ �wzW`s§^'^'_¾dy^EWZY�wldyYy^:��jh_P�X�n��jhd B¦_bjX�X^:Wp£¶d\jz]�Yy b^.Wywz].^�v� b^Ev�·A�§jzeu_AY:�§a�Wye�_b��Yy b^
tujXv'wztb�XeuWy·�jz£§^Ewzv� �v't�a9WZY\^'dC_bjX�X^�jhd�Yy b^�^'�AY\^'d\_�wltX�`³�TNWy^'d\�z^:d�£¶jhd�Yy b^rW¡Yyjhd\wz�z^h��³�e��habdy^r�®Wy bjx�rW�Yy b^
d\^:Wyabt�Y\W:� Ù abd\e�_���^'�V�§^'d\eu]N^:_AY\W:�h^Ewzv� ��bd\jXv�^EWyW�jl£nY\ b^`�9wld�wltut�^:t§wz�b�btueuv:wxYyeujz_�dyab_9W¢jh_�Yy b^®_bjX�X^

n + 1��e�Yy 
n
Y\ b^�_bjX�X^( bjAWZY\e�_b�Ne�Y\W3��wzdy^:_hY��bd\jXv�^EWyW:� q Y�egW�Yy b^���jzd�W¡Y3v:wzWy^p£¶jhd�Y\ b^�d\^:W¡Y\wldyYyeu_b�Nwltu�zjzd\e�Yy b]

Wyeu_�v�^�wN�bd\jXv�^:W\W�v'wz_b_bjzYrs9^�d\^:W¡Yyjhdy^E��ab_AY\e�t�eºY�W���wld\^'_AY��bd\jXv�^:W\W3egW�dy^EWZY\jzd\^:�n�©�3 9wxYregW��� VU�Yy �^'d\^�euW
wN��^:wz·��Xe��R^'d\^'_9v�^�a�Wye�_��.�`³CT¦Wy^'d\�z^:d3jzd3Yy �^�t�jXv'wzt
�XegW¡·XW3jl£�^:whv� �v't�a�W¡Yy^:d�_bjX�X^z�
m Y\ be�d��P^��X�9^:dyeu].^'_AY� �wzW(s§^'^:_ª�Xjz_b^NY\j��xwzt�eg�bwxY\^NYy b^�W¡Yyd\^:wl] dy^EWZY\jzd�wxYyeujz_�� i d\jVv'^:W\W(��wzeºY\e�_��

eu_�w�WyUXWZY\^'] v:wltut
v'wl_�_bjlY3s9^�v� b^Ev�·V�9jhe�_AYy^E��sVU�Y\ b^�v�abd\dy^:_AY�eu].�bt�^:].^'_AY\wlYyeujz_�jl£�Y\ b^(�bd\jVv'^:W\W3WZY�wxYy^
^'�VYyd�wzvµY\e�jh_H]N^Ev� �wl_�euWy]2��dyjx�Veg�X^:�HsVUÂ�ÃbÄnÄnÅ¶Æ�Ç
ÃbÈ©�¾�3 Va�W"e�Y�]�wz·z^:W�_bjlY.v�abd\dy^:_AYytuUP�§jhW\W¡eusbtu^�Yyj
v� �^:v�·V�9jhe�_AYpd\^:wzt���jzd\tu��wz�b�btueuv:wxYyeujz_9W'� m W`WyjVjz_¬whW�Yy �euW`t�eu].eºY�wxY\e�jh_¬��e�tut�s9^NW¡jht��h^:�n�§��^�W¡ bjhabtg��s9^
wzsbtu^.Yyj¬v� b^Ev�·A�§jzeu_AY�e�_��ba�WZY\dyegwlt�wl�b�btuegv'wxY\e�jh_�W:��³bjzd"_bjx������^. �w<�z^NYy^EWZY\^:�Hjhabd���jhdy·Pwls§jzaXY�jh�9^:_

C0D öFE�G�H�I
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³�eu�zabd\^ B0A�¹�jAWZYpjz£C��wld�wltut�^:t�wl���bt�egv'wlYyeujz_¬v� b^Ev�·V�9jhe�_AYyeu_b��a�Wyeu_b��Wy^:fAab^'_AY\euwzt�jzdp��wld�wltut�^:t�wltu�zjhdye�Yy �].W
wz_����Xe��R^'d\^'_AYpW¡Yyjhd\wz�z^`WyUXWZY\^']�W:��¹� b^:v�·V�§jzeu_hYrWye"?:^(euW�} B.±¾²`�

³�eu�zabd\^���A¯¹�jhW¡Y¦jz£�wl�b��t�egv'wlYyeujz_�d\^:W¡Y\wzd¡Y\e�_b�jz_M�b�p�jhd,B¯_bjX�X^:W¦£¶d\jz] Yy b^HW\wl].^Pv� b^Ev�·V�9jhe�_AY:�
¹� �^:v�·V�9jhe�_AYrWye"?:^®egWr} BN±¬²®�

D ñ«ëíóßè
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W¡Yyd\^:wz]�W(dy^EWZY\jzd�wxYyeujz_Pjz_ªwl_H^EW¡�§^:v'euwzt�tuU¾��d\eºYyYy^:_$wl�b�btuegv'wxY\e�jh_
���3 begW�wz�b�btueuv:wxYyeujz_HegW�v�jh].�9jAW¡^E�Pjz£
YZ��j��bd\jXv�^EWyWy^:W�°«w¦��wld\^'_AYp�bd\jXv�^EWyW®wl_��¬eºY�W®Wyjz_§´µ�(³�eud�WZY(w ����	
� ��{xu�yhw.�¦W¡Yyd\^:wl] egWpjh�9^:_b^:�
�9Y\ b^'_
Y\ b^¬v� beutu�»�bd\jXv�^EWyW.Wy^'_��bW��bwxY�w¾Y\jªeºY�W.��wld\^'_AY�sVU$Y\ b^¬WZY\dy^Ewl]���Yy b^���wzdy^:_AY.��dyeu_AY\WNYy �^�dy^Ev�^'eu�z^E�
��wxY\w�� � wlYy^:d:�XY\ b^�v�jh].]"ab_begv'wlYyeujz_�egWrWZY\jz�b�§^:�H°«sbaXYrY\ b^"W¡Yyd\^:wl] dy^:].wze�_9W�jz�§^'_9´�Y\j�]�wl·z^�w�fAabe�Yy^
tujz_���v�jh]N��aXY\wlYyeujz_¾�Xa�dyeu_b���� begv� ¾w¦v� b^:v�·V�§jzeu_hY`euW®Wyw<�h^:�n� m Y`Y\ b^"^:_��¬jz£CYy b^Nv�jz].�babY\wxY\e�jh_
�§Yy b^
v� �e�tg���bdyjXv'^:W\W�W¡^:_��bWrWyjz].^��bwlY\w�Yyj�e�Y\Wr��wld\^'_AY�Yyj�^:_�Wyabdy^®Y\ �wxYrY\ b^"W¡Yyd\^:wz] euWpWZY\e�tut�jh�9^:_
� m YrtgwzW¡Y:�
Y\ b^�W¡Yyd\^:wl]�euWpv�tujhWy^:��wl_��¦Yy �^�wl�b�btuegv'wxY\e�jh_�Yy^'d\].e�_9wxYy^EW'���3 beuWpwl�b�btuegv'wxY\e�jh_¦ 9wzW�s§^'^:_�Wya�v:v�^:W\W¡£¶abt�tuU
v� �^:v�·V�9jhe�_AY\^:�Àwl_9�¨dy^EWZY�wldyYy^:�
��dy^:s9jVjlY\e�_��$jzd�_�jlY�wzt�t`_bjX�X^:W¦jl£�Y\ b^Pv't�a9WZY\^'dE� �3 beuW¦^��X�§^'d\e�].^:_hY
�xwzt�eg�bwxY\^:W�Y\ b^�WZY\dy^Ewl] d\^:W¡Yyjhd\wlYyeujz_
�

� * )���&�!������')��

½�^© �w<�h^��bdy^EW¡^:_AYy^:�`Y\ b^©eu]N��t�^:]N^:_AY\wxY\e�jh_�jl£V��wld�wltutu^'tzwz�b�btueuv:wxYyeujz_�v� b^Ev�·V�9jhe�_AYµ¸xdy^EWZY�wldyY§].^Ev� �wl_begWy].W
eu_�w�v't�a�W¡Yy^:d�TbT q Á(Tn� � ^:�hwhv�U"wz�b�btueuv:wxYyeujz_9W©v'wz_.Y\wl·h^rwz�X�xwz_hY�wl�h^�jl£RYy b^EW¡^p]N^Ev� �wl_�euWy]�W�Yyj�Y\jztu^'d�wxY\^
_�jV�b^`£«wze�tuabd\^:W3eu_�wNv't�a9WZY\^'d���e�Yy bjhaXYrdy^EfAabe�d\eu_b��wl_VU�].jV�beº�9v:wxY\e�jh_�jhd3dy^:sbabeutu�Xeu_b�9�
m v�jh_A�h^'_beu^'_AY(v�jz].]�wl_9�V¥Stueu_b^"eu_AYy^'dy£«wzv'^" �whWps§^'^:_P�X^EW¡eu�z_�^:��Y\j�Y\dyeu�z�h^'dp�9wld�wltut�^:t�wl���bt�egv'wlYyeujz_�W

v� �^:v�·V�9jhe�_AY\e�_b�.wl_9�¦d\^:W¡Y\wzd¡Y\e�_������3 beuWre�_AYy^:d¡£«whv�^�wltutujx�rW�WyUXWZY\^']�e�_be�YyegwxY\^:��v� b^Ev�·A�§jzeu_AY:� m tut�WyUXWZY\^']
jhsXkZ^:v�Y\W¢jl£�w���wzd\wzt�tu^'t9wl�b�btuegv'wxY\e�jh_�v'wz_�s9^®�X^�Y\^:vµY\^:�.£¶d\jz] Y\ b^peg�X^'_AY\eº��^:d¢jz£ *��&
 jz£nYy b^®wl�b�btuegv'wxY\e�jh_
��dyjXv�^EWyWy^:W:�ª½�^� 9w<�z^�eu].�btu^'].^'_AYy^E�¯wP�ztujzs9wlt3v�jVjzd��Xeu_�wxY\^:�$v� b^Ev�·V�9jhe�_AYyeu_b�HWZY\d\wlYy^:�zUz�$±¬jzd\^'jx�z^:d
��^.wld\^�wls�t�^NYyj�d\^:W¡Yyjzd\^�v'jz].]"a�_beuv:wxY\e�jh_PW¡Yyd\^:wl]�W`��eºY\ bjzabY�wz_VU�jx�z^'d\ b^Ewz��wx£¤Y\^'d(d\^:W¡Y\wldyYyeu_b��W¡eu_�v�^
�be�d\^:v�Y�v'jz].]"a�_beuv:wxY\e�jh_¾egW(�bdy^EW¡^:dy�h^:�¾s9^'YZ��^:^'_Hv�jz].]�ab_begv'wxY\e�_��¦�bd\jXv�^EWyWy^:W®^'�h^'_�eº£��bd\jVv'^:W\W¡^EW(wld\^
_�jlY�dy^EWZY\jzd\^:��jz_�Yy b^:e�d�jhdyeu�zeu_�wzt§^'�X^:v�abYyeujz_�_bjX�X^z�
³�abd¡Y\ b^'d\].jzd\^z�A��^` �w<�z^�^'�X�9^:dyeu].^'_AYy^E��w��bd\jlY\jlYZUV�§^re�_�Â�ÃbÄnÄnÅ¶Æ�Ç
ÃbÈ�jh�9^:d\wlYyeu_b�"WyUXWZY\^'] �� begv� 

�b^'].jz_�W¡Yyd�wxY\^:W�Yy �^�^���v�eu^'_�v'U�jz£�Yy �^���wld�wltut�^:t
v� b^:v�·V�§jzeu_AYyeu_b�Nwzt��hjzd\eºY\ b] wl�Awleu_�W¡Y�w.Wy^:fAab^:_hY\euwztne�]N¥
��t�^:]N^:_AY\wxY\e�jh_
� m ��wzd\wzt�tu^'t§wl�b��t�egv'wlYyeujz_�v:wl_�s§^`d\^:W¡Y\wzd¡Y\^:�.^'�h^'_�e�£�Wyjz].^p_bjX�X^EW�wzdy^pjzaXY�jl£
jzd��X^:d�wxY
d\^:W¡Y\wzd¡Y\e�_���Y\e�].^h�3³�eu_�wltutuUz�bY\ b^�d\^:W¡Yyjhd\wlYyeujz_�jl£Cjz�§^'_�W¡Yyd\^:wl]�W�°���� � � ��*�(�/�
�� ´� �wzW�s§^'^:_��xwltueu�bwlYy^E�
sVU�^'�X�9^:dyeu].^'_AY\W:�
¹�abd\d\^'_AYytuUz��Yy b^�a9W¡^:d�e�_AYy^:d¡£«whv�^�egW�_b^Ewld\t�U¾v'jz].�btu^�Y\^�sbaXY"e�Y"�XjV^:W�_bjlY"Wyab�b�§jzdyY"Uz^'Y��9^:dyeujX�Xegv'wlt

wz�b�btueuv:wxY\e�jh_¾v� b^:v�·V�§jzeu_AY:�(�3 b^�d\^:W¡Y\wzd¡Y®wltu�zjzd\e�Yy b] egWp��wzd\wzt�tu^'tue@?'^:�¾wl_���Y\ b^N��wld�wltut�^:t�e@?:wlYyeujz_�jz£©Yy b^
v� �^:v�·V�9jhe�_AY\e�_b�Nwltu�zjhdye�Yy b] egW3wzW�s9^EWZYrwzW���^`v:wl_¦Wyeu_�v�^®��^(�XjN_bjlY3�3wl_AY�Y\jNv'^'_AYyd�wltue@?'^peu_X£¶jhdy]�wxY\e�jh_
wzs9jhaXY��� begv� ���dyjXv�^EWyWy^:W�_b^:^:�X^E��Y\j�s9^�v� �^:v�·V�9jhe�_AY\^:�n�
¹� b^Ev�·V�9jhe�_AYyeu_b��wz_���dy^EWZY�wldyYyeu_b�.dy^Ewlt�± i©q wl�b��t�egv'wlYyeujz_�WrWy bjhabtu��s§^"�§jhW\W¡eusbtu^�W¡jVjh_
���3 �^�]�wleu_

��dyjhsbt�^:] egW"w�tueu]Ne�Y\wlYyeujz_ªjz£�Y\ b^���dyjXv�^EWyW"WZY�wxYy^�^'�VYyd�wzvµY\e�jh_H]N^Ev� �wl_�euWy] <u{:}�>��bd\jx�Veu�X^E��sAU$Â�ÃbÄ��
ÄnÅ¶Æ�Ç
ÃbÈ��� �euv� �euWr_bjlYrwls�t�^®Yyj�v� �^:v�·V�9jhe�_AYrwN�bd\jVv'^:W\W���wzeºY\e�_b�.eu_�wNWyUXWZY\^'] v:wltut?�
½�^`��tuwz_�YyjN^��X�§^'d\e�].^:_hY�jz_¦tuwzdy�h^'d�v't�a9WZY\^'d�W©Y\j"^'�xwzt�a�wlYy^`Yy b^(W\v'wltgwls�e�tueºYZU.jz£
jzabd3wl�b��dyjAwzv� �wl_9�

��e�Yy �d\^:wztne�_��ba�WZY\dyegwlt
wz�b�btueuv:wxY\e�jh_�W'�C½�^�wleu]�wlYre�_AY\^'�zd�wxY\e�_���jhabd�dy^EW¡a�tºY�W3e�_�Yy �^��babsbtuegv(dy^:t�^EwzWy^ <u{�>
jz£pÂ�ÃbÄnÄnÅ¶Æ�Ç�ÃbÈHW¡eu_b�ht�^�WyUVW¡Yy^:] eu].wz�z^(jz�§^'d�wxY\e�_��.WyUXWZY\^']��
Á`abd¢£¶aXYya�dy^`��jhdy·���e�tut�£¶jXv'a�W¢jh_�W¡ 9wld\^:�.].^'].jzd\U.wl�b�btuegv'wxY\e�jh_�v� b^:v�·V�§jzeu_AYyeu_b��e�_¦W¡eu_b�ztu^pWyUXWZY\^']

eu]�wl�h^�jz�§^'d�wxY\e�_���WyUXWZY\^']�W.wl_��jz_eu].�btu^'].^'_AYyeu_b�HjlY\ b^'dNd\jztut�s�whv�·�¸<d\^:v�jx�h^'d\U¾W¡Yyd�wxYy^:�zeu^:WNW¡a9v� ¯wzW
tujz�h�zeu_b�NYyj�wzt�tujx� ��dyjh�zd�wl].].^'d�W¢Y\j�Wy^'tu^:vµYpYy b^"W¡Yyd�wxY\^'�hU��� begv� �euWrYy b^�].jhdy^�wz�b�bd\jz�bd\euwlYy^®Yyj�Yy b^:e�d
wz�b�btueuv:wxY\e�jh_
�
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# (�/��&*�� !"
�7����4
����� A�½�^¦��jza�tu�ªtueu·z^�Y\j¬Y\ �wl_b· i whWyv:wlt × wzt�tgwld��$wz_�� o ^:_�wla�� � jlYyYyegwlaX�ª�� bj
 9w<�z^. b^'tu�§^:��Yyj�eu_AYy^:�zd�wxYy^.Y\ b^��bd\jz�§jhWy^:�P��wzd\wzt�tu^'t©wz�b�btueuv:wxYyeujz_ªv� b^Ev�·V�9jhe�_AYµ¸xdy^EWZY�wldyY®].^Ev� �wl_begWy].W
eu_�Y\ b^NÂ�ÃbÄnÄnÅ¶Æ�Ç
ÃbÈ$jz�§^'d�wxY\e�_b��WyUXWZY\^']��p�3 begWr��jzd\·� 9wzWrs§^'^:_¬��wzd¡Y\euwzt�tuU�£¶a�_��X^:�¬sAU Ù(×(m ab_9�X^'d
Y\ b^�¹�Á�¹ m7i©Ö¢m v'jz_AYyd�wzv�Y:�

� ��x3����¦&���

<�{�>�� Õ ^:dyd\eu�z b^E����^'s�WyeºY\^z� �® AY¡Y\�;A ¸z¸<������� ·z^:dyd\eu�z b^E�n� jhdy�X¸V�
< ��>��lÁ`�§^'_§TbT q ��^:s�W¡e�Yy^h� �( AY¡Yy�.Aí¸h¸<������� jz�§^'_�W\W¡eS� jzd\�V¸V�
< ��>"¹`�
±¬jzd\e�_
� o � � jlYyYyegwlaX�n� × � ¼ wzt�tuc'^h� i � × wltutuwzd\�n� Ù �
±¬wzdy�h^'d\Uz�	��� ¥�
��n²�^'dyYy bjha
�
wl_�� q �
TXv� X¥
^:d\Wyjz_���� Õ ^'d\dyeu�z �^:�$wz_���bwlY\wP��wld�wltutu^'tueuWy] A�¹�tua�WZY\^'d�v�jh].�baXYyeu_b��jz_ÀTVeu_b�ztu^�TXUVW¡Yy^:] q ]�wl�h^
jh�9^:d\wlYyeu_b��W¡UXW¡Yy^:].W:� �`e�_ � ��*�(��*��4+ ! (���� 
�� 4������b� qôÖ©Ö©Ö �RTV^'�XYE�9�l�h��B9�

< B > Ö �R�"�§±$� Ö tu_bj�?:wl VUh� � � m tu�VeuWyeS��
N� ¥ô±ª�§½�wz_b���Rwl_�� Ù �R²®���hjz b_�Wyjz_���� m Wyabdy�h^'U¦jl£©d\jztut�s�whv�·A¥
d\^:v'jx�z^:dyU¬��dyjzYyjXv�jhtuW�eu_$].^:W\W\wl�z^'¥S�9wzW\W¡eu_b��W¡UXW¡Yy^:].W:� � # + � + *�� �3( �� , ( ���� �C�zjztS��� B���_bj����b�
���
���A|z����Bh�z~��V�z�z�A�X�

< ��>��9� � ^'jh_
� m � � �n³�euWy b^:d:�Rwl_�� i �
TAY\^'^:_b·VeuW¡Yy^h���<³9wleutº¥ZTXwl£¶^ i©¼ ± A m �§jzdyY\wls�t�^���wzv�·xwl�h^�£¶jzd®�XegWZ¥
Y\dyeusbaXY\^:���bd\jz�hd\wz]N].eu_b�N��eºY\ ¦Y\d\wz_�Wy��wld\^'_AY3dy^Ev�jx�z^:dyUh� �p��^:v� 
� o ^'�
�u�n{ � �z���

< }�> × ��TAYy^:t�tu_b^:d:�	�l¹�jV¹� b^Ev�·$A�¹� �^:v�·V�9jhe�_AY\e�_b�¬wz_����bd\jVv'^:W\W(].e��hd\wlYyeujz_P£¶jzd"± i¢q � ��e�_ � ��� ,! "�#�$
� ��*�(�
�
�7�������� *%��� -�
 2�� ��- � �0� 
����&�����)*��&��!F��������!�!"
�!� ��* (�
��������F� , ��� ��*���� (a� � qôÖ¢Ö©Ö ¹�jz].�baXY\^'d
TXjVv'e�^'YZUz�
{ ���h}b�A�b�
�9�h�l}&�b�l��{z�

<í|6> m � m �zs9wld\euw�wz_�� o �V³bd\eu^:�X]�wl_��&�\TAY\wzd¡�§W¡ ;A�³�wzabt�Y¡¥SYyjztu^'d�wl_AY��bUA_9wl].euv`± i©q ��dyjh�zd�wl]�WCjz_�v't�a9WZ¥
Y\^'d�W©jz£
��jhdy·XW¡Y\wxY\e�jh_�W:� �3e�_(' ��- � � � � � �0� 
����&�����)*��&��! , ��� �*6��� (a� *��*) �5�6- ��
��+��*���� ���&(�
�, � ���
�	���:* ( � 
�7 +�*�� �3( ������� � � jhW m tuwz]Ne�YyjAW'�n{ ��� �b�

< ~�> m �X²�jhaXYy^:e�tutu^'dE� Ø � ¥ � �V²�jza�?:euwz_b^z� i � � ^']�wld\eu_be�^:d:�A�(� Ø c'd�wla�tºYE�Awz_���³���¹�wl�b�§^'tuj���� Ø UVsbdyeg���bd\^�¥
^:].�XYyeu�z^(Wyv� �^:�Xabtueu_b��£¶jhd�].�benwl���bt�egv'wlYyeujz_�W�jz_�Yy b^®�zd\eg�bW'� � i d\^:Wy^'_AY\wlYyeujz_�eu_��xYy  qôÖ¢Ö©Ö ¸ m ¹�±
q _AY\^'d\_�wxY\e�jh_�wltn½�jzd\·XW¡ bjh��jh_ × d\eu�¬¹�jh]N��aXYyeu_b���b�pjx�z^:]"sbd\^(�z�z� B��

< ��> × ��-R b^'_b�9� � �
TV beS�
wl_�� � � ¼ � Õ wzt�ch���<³��p¹¢¥¡¹� �wld\]
	�	 A m _¾eu_X¥ß].^'].jzd\U�v� b^:v�·V�§jzeu_hYy¥Ss9wzWy^:�
£«wzabt�YCYyjztu^'d�wl_AYCd\ab_AYyeu]N^�£¶jhd�¹� �wld\]
	�	¨wl_��N± i©q � ��e�_ 4��.�/� � � � � � �0� 
����&�����)*��&��!;+�*��0��
���
��&(�

*�� + ! (���� 
�� +�*�� ��( �	���F� �9TXwz_ Ù eu^:wl�hj��9¹ m �9TV^'�bYy^']�s9^:dp�l�h��B��

<u{:��>�Tn�xTbwl_b·xwld�wl_��&�9�<±ª�lTXfAabUVdy^EW'�x²®�E²3wzdyd\^�YyY:� m � � a�].W\�bwze�_b^h����� Ù ab^'tut?� i � Ø wld\�zd\jx�z^z�Ewl_�� Ö � o jl¥
]�wz_
�.�y�3 b^ � m ±�¸x± i©q v� b^Ev�·A�§jzeu_AYµ¸xdy^EWZY�wldyY©£¶d\wz].^'��jzd\·&ACTVUXW¡Yy^']N¥ße�_�eºY\euwlYy^:��v� b^Ev�·V�9jhe�_AYyeu_b�9� �
eu_ � ��* (�
�
�7����F���2143.# + , � , ��� �*6��� (a� �9TXwz_hY\^�³b^h���r^:�M±�^'�Vegv�j9� � T m �RÁ®v�Yyjzs§^'dr�z�z�z���

<u{z{�> m �9²�jzabYy^'eutut�^:d:�b³��§¹�wz�b�9^:t�tuj��9�(� Ø c:d\wzabtºYE� × � Õ d�w<��^�?'eu·R� i � � ^']�wld\eu_be�^:d:�bwz_���³���±¬wl�h_beu^�Y¡Y\^z�
�<± i©q ¹ Ø ¥ ¼ ��A�w"£«wla�tºY�Yyjht�^:d\wz_hY3± i©q £¶jhd3�zjztgwxY\e�tu^p_�jV�b^:W�s�wzWy^:��jz_��§^:W\W¡eu].euW¡Yyegv®W¡^:_��X^'d3s�whW¡^E�
].^EWyW\wl�h^©t�jh�z�he�_b�9� �¢eu_ ) �5� - � 
��+��*����4���&(�
 � 
���� *���/����F� ���&7 +�*�� �3( �������65 , + 4��.��7�8x� i  bjV^'_be��
� T m A qôÖ©Ö©Ö ¸ m ¹�±ª���pjx�z^']�s9^:dp�l�h�z�b�

D ñ«ëíóßè



���������	������
������
���������
���������������� ��������!�!"
�!$#%���&!'�)(������)*����,+.-�
�(�/��*����0�������1���324
������5�6-�
�7 {E�

<u{E��> m ��²�jzabYy^'eutut�^:d:� i � � ^:]�wld\e�_beu^'dE�3�(� Ø c:d\wzabtºYE� × � Õ d\w<��^�?:e�·R��wl_��¨³���¹�wl���9^:t�tuj�� � q ]N��dyjx�h^:�
].^EWyW\wl�h^¦tujz�h�zeu_b�P�h^'d�W¡a9W"eu].�bdyjx�h^:�¯v�jVjzd��Xeu_�wxY\^:�v� �^:v�·V�9jhe�_AY\e�_b�P£¶jzd.£«wzabt�Y�Yyjztu^'d�wl_AY�± i©q � �
eu_ �$-�
 4��.�/� � � � � � �� 
����$���	�)*��&��! +�*�����
���
��$(�
 *�� + ! (���� 
�� +�*�� ��( �	���F� �©TXwl_ Ù e�^:�zj � T m �
TX^'�XY\^']"s§^'d®�l�z� B��

<u{:��> Ù �¢�3 �wze�_����(�©��wl_b_b^:_Vs�wlab]���wl_��¯±ª� � eu�V_AUh� � Ù egW¡Yyd\e�sbabYy^:�»v�jh].�baXYyeu_b�Heu_¯�bd�wzv�Yyegv�^�A��3 b^
¹�jh_��Xjhd�^��X�9^:dyeu^'_9v�^z� � +�*��$( ( ����
��$(��,���&7�+ *�� �3( � �����)*�� $ � ����(��	�)(�
4���&7 ��� ��
����)
��&(�
 �§�l�z� B��

<u{�B > Ö � i eu_b b^:e�d\j�� �y��d\abtuUA¥?Y\d\wz_�W¡�9wld\^'_AY v� �^:v�·V�9jhe�_AY\e�_b� jz£ �9wld�wltut�^:t wl�b��t�egv'wlYyeujz_�W:� � v'eºY\^�¥
Wy^'^:d:� egWZYE� ��Wya
� ^:�XaR¸6Bh� BV|l}z~b�  AYy].tS�

<u{E��> �9� Ù a�^'tut?� i � Ø wld\�zd\jx�z^h��wz_�� Ö � o jz]�wl_
�u� �y�3 b^��b^:Wye��h_¯wl_9�$eu]N��t�^:]N^:_AY\wxY\e�jh_jz£`²�^'d\·z^'tu^'U
� wls%� W � e�_VaX��¹� b^:v�·V�§jzeu_hY�¸ o ^EWZY�wldyY:� ��³�aXYya�dy^r��^:v� b_�jztujz�zeu^:W × d\jza��N�� �eºY\^r��wl�§^'dE�z��^:v� 
� o ^'�����
�z�z�h�b�

<u{:}�> × � ¼ wzt�tuc'^h� o � � jzY¡Y\euwzaX�n� Ù �§±¾wld\�z^'d\Uz�n¹`�§±¬jzd\e�_
�Rwl_9� ��� ¥�
��9²�^:d¡Y\ bjza�wz_��n��� ×  �jhW¡Yp�bd\jVv'^:W\W�A
w�Wyjza�_��¾s9wzWyeuW`Yyj�eu].�btu^'].^'_AY�_b^:�,].^:v� �wz_begW¡]�W®£¶jzd��ht�jhs�wltC��dyjXv�^EWyW®]�wl_9wl�z^:].^'_AY®eu_Ht�eu_VaX�
v't�a9WZY\^'d�W'� �®eu_ � , � , + 4��.� � � � eutut�^h��³bd�wl_�v'^z���habt�U��l�h�h�X�
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