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ÒÍçAË¤æWÚ°èÏÉqÔ¼ÇªÚ°ÞvÌGé�èªÔ Ñ Ú°É7È Ñ Ô Ñ ÇÏÓêÞ7Ë¤Ô¨ÛpÚWÊ¼à Ñ ÜWÓÖÓ¼Ë¤æWË|Þ Ñ ÇÏØqØqË|Þ¶ÉäÞqÇªÔ¼Ó¤ã
ÇªÔ¬Ë�ëUË|å�Ô¼ÇªæWË|èªçìÉqÓ�Ë|Ó/Ú°Þqèªç]Ô Ñ Ê¼Ë¤ËWÌ

ÛsË>Ü¦Ô�Ô�Ë|í1îqÔ/Ô�Ú}ÜWÞqÓ�ÛsË¤Ê�Ô Ñ ÇÏÓ¬ïÍÉ7Ë|Ó�Ô¼ÇÏÚ°ÞvÌ
ð ÞqË1ÛsÜyç¶Ô�ÚAÜ¦ÒäÓ�Ú°èªæWË1Ô Ñ ËñÚ°É7Ô�îäÉ7ÔÖå�ÚºØqÇÏÞ7ÈcÓ�Ô�ÊÝÜ¦Ô�Ë¤ÈWç¶Õ×Ê¼Ú°íòÔ Ñ Ë1îqÊ�ÇÏí�Ü¦Ê�çcÊ¼Ú°èªË�ÇÏÞ¾Ô Ñ Ë1Ë¤æWÚ°èªæWË|Ø½ÒUË�Ù

Ñ ÜyæÍÇªÚWÊÝÓ¬ÇÏÓsÔ�Ú1Ë¤æWÚ°èªæWË�Ê¼ÚWÒUÚWÔ¼ÓgÛ�ÇªÔ Ñáó¦ô õuö¤÷�ö¤øäù Ú°É7Ô�îäÉ7Ô¬å�ÚºØqÇÏÞ7ÈGí1Ë|å Ñ ÜWÞqÇÏÓ¼íñÓ¤ã7ÜWÞqÜWèªçÍú¤ËuÔ Ñ ËÖÊ¼Ë|Ó¼ÉqèªÔ¼ÇâÞ7È>ÒUË�Ù
Ñ ÜyæÍÇªÚWÊÝÓ¤ã�ÜWÞqØñÓ Ñ ÚyÛaÔ Ñ Ü¦Ô3Ô Ñ Ë/ÒUË Ñ Ü|æºÇªÚWÊ�Ó�Ü¦Ê�Ë�ïÍÉqÜWèÏÇªÔ¼Ü¦Ô¼ÇªæWË|èÏçHÓ¼Çâí�ÇÏèÏÜ¦Ê|ÌKûwÞñÚWÊ�Ø7Ë¤Ê�Ô�ÚHØ7Ú�Ô Ñ ÇÏÓ|ã°ÛpË�Ê¼Ë¤îUË|Ü¦Ô�Ë|Ø
Ô Ñ ËHË¤æWÚ°èÏÉ7Ô¼ÇªÚ°ÞäÜ¦Ê¼çìË�üÍîUË¤Ê�Çâí1Ë|ÞÅÔ¼Ó�Ø7Ë|Ó¼å�Ê�ÇÏÒrË|ØOÜ¦ÒrÚ·æWËWãUÛ�ÇªÔ Ñ ÒrÚWÔ ÑAý Ê�ÜWÇªÔ�Ë|Þ�ÒrË¤Ê�È7þ�Ó�Ú°ÉqÔ�îäÉ7Ô�ÇâÞÅÔ�Ë¤Ê¼îäÊ¼Ë¤Ô¼Ü¦Ô¼ÇªÚ°Þ
ÜWÞqØìÔ Ñ Ë�é�å�Ô¼ÇªÚ°Þ7ÙkÿêÇÏÊ¼Ë|å�Ô¼ÇªÚ°ÞOå�ÚºØqÇÏÞqÈGÓ�å Ñ Ë|í1Ë�Ø7Ë|Ó¼å�Ê�ÇªÒUË|ØìÇÏÞ��ºË|å�Ô¼ÇªÚ°Þ��ÍÌ��ÍÌÏÎ¦Ì

éuÓ�Ó Ñ Ú·Û�Þ1ÇÏÞ�ÆFÇÏÈ°É7Ê¼Ë��ÍÌÏÎ���ãÅÔ Ñ Ë¤Ê�ËgÇâÓ-èâÇªÔ�Ô¼èªËgØqÇ ëUË¤Ê¼Ë|Þqå�ËgÒUË¤ÔßÛsË¤Ë|ÞGÔ Ñ ËgÊ¼ÚWÒUÚWÔ	�<Ô¼Þ7Ë|Ó¼Ó�Ë|Ó�ÉqÓ�ÇÏÞ7ÈuÔ Ñ ËgÔ Ñ Ê¼Ë¤Ë
Ó¼å Ñ Ë|í1Ë|Ó¤Ì/éSå¤Ü¦Ê¼Ë¤Õ,Éqè_ÜWÞäÜWèªçÍÓ�ÇÏÓ/ÚWÕFÔ Ñ ËHÓ�Ô�Ê�Éqå�Ô¼É7Ê�Ë|Ó/Ë¤æWÚ°èªæWË|Ø¶ÉqÓ¼ÇÏÞqÈ ý ÊÝÜWÇªÔ�Ë|ÞÅÒUË¤Ê¼È]ÜWÞqØOéuå�Ô¼ÇªÚ°ÞºÙkÿÖÇªÊ�Ë|å�Ô¼ÇªÚ°Þ
Ú°É7Ô�îäÉqÔ-å�ÚºØqÇÏÞ7ÈêÓ�Ô�Ê�Ü¦Ô�Ë¤È°ÇÏË|Ó�å�Ú°Þ
�äÊ�í�Ó-Ú°É7ÊFË|Ü¦Ê�èâÇªË¤ÊFÚWÒäÓ�Ë¤Ê¼æ¦Ü¦Ô¼ÇªÚ°ÞHÔ Ñ Ü¦Ô Ñ ÇªÈ Ñ �äÔ¼Þ7Ë|Ó�Ó�Ë|Ó-Ú°Þ�Ô Ñ ËsÒUÚyü�ÙkîäÉäÓ Ñ ÇÏÞ7È
Ô¼ÜWÓ�àcÜ¦Ê¼Ë>Ê¼Ë|ÜWèÏÇªú¤Ë|ØOÒ�çìÇÏÞ�Ô�Ë¤Ê�èªË|ÜyæÍÇÏÞqÈ�ÚWÊ�ÜWèªÔ�Ë¤ÊÝÞqÜ¦Ô¼ÇÏÞ7È�Õ×ÚWÊ¼ÛgÜ¦Ê�Øcí1Ú·æWË|ÓêÜWÞqØcÔ¼É7ÊÝÞqÓ¤Ì Ð�Ñ Ë�Þ7Ë¤ÔßÛsÚWÊ¼àºÓ�ÉäÓ¼ÇÏÞ7È
Ô Ñ Ë ý Ê�ÜWÇªÔ�Ë|Þ�ÒrË¤Ê�È]Ó�Ô�ÊÝÜ¦Ô�Ë¤ÈWçOË¤æWÚ°èªæWË��� ÷��Íö1÷¼ö����º÷Ý÷¼ö�øäù � ô×ø���� Ü¦ÔêÔ Ñ Ë�ÔßÛsÚìÚ°É7Ô�îäÉ7ÔuÉqÞqÇªÔ¼Ó|Ì�� Ñ ÇÏèªË>Ú°ÞqËHèÏÇâÞ7à
ÇÏÓ��
� �³ô×ù,ô��¦ö ã�Ô Ñ Ë]ÚWÔ Ñ Ë¤Ê�ÇÏÓ ørö��  ù,ô��Wö Ì Ð/Ñ ÉqÓ¤ãFÔ Ñ Ë Ú°É7Ô�îäÉ7Ô�ÚWÕ/Ú°Þ7ËìÉqÞqÇÏÔ>ÇÏÓ�ÒäÇÏÜWÓ�Ë|ØQÔ�ÚyÛgÜ¦Ê�ØqÓGÊ¼Ë|íñÜWÇÏÞqÇÏÞ7È
å�Ú°ÞqÓ�Ô¼ÜWÞ�Ô¤ã�Û Ñ ÇÏèªË�Ô Ñ Ë}Ú°É7Ô�îäÉ7ÔHÚWÕ¬Ô Ñ Ë]ÚWÔ Ñ Ë¤Ê1ÉqÞqÇªÔ�ÇÏÓ>Ò<ÇÏÜWÓ�Ë|Ø½Ô�Úáå Ñ ÜWÞ7ÈWË Ü¦ÔHË¤æWË¤Ê�ç½Ô¼ÇÏí1Ë]Ó�Ô�Ë¤î_Ì¶ûwÞQÔ Ñ Ë
ý Ê�ÜWÇªÔ�Ë|Þ�ÒUË¤Ê¼È�Ó�Ô�Ê�Ü¦Ô�Ë¤ÈWçìÔ Ñ ÇâÓ¬èªË|ÜWØqÓ¬Ô�ÚñÜWèÏÔ�Ë¤Ê�ÞqÜ¦Ô¼ÇÏÞ7È�í�ÚyæWË|ÓuÜWÞqØìÔ¼É7Ê�ÞäÓ¤Ì

Ð/Ñ Ë�Þ7Ë|É7Ê¼Úºå�Ú°ÞÅÔ�Ê�Ú°èÏèªË¤Ê�ÓvÉqÓ�ÇÏÞ7ÈgÔ Ñ Ë�éuå�Ô¼ÇªÚ°ÞºÙkÿÖÇªÊ¼Ë|å�Ô¼ÇªÚ°Þ>Ó�Ô�Ê�Ü¦Ô�Ë¤ÈWç�å�Ú°ÞqÓ¼ÇâÓ�Ô�Ë|ÞÅÔ¼èÏç�Ë¤æWÚ°èªæWËsÜ¬èÏÜ¦Ê¼ÈWË øUö��  ù,ô��Wö
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Æ�ÇªÈ°É7Ê¼Ë#�ÍÌÏÎ  $ Éäí>ÒUË¤Ê¬ÚWÕ Ñ ÇÏØqØqË|Þ]ÉäÞqÇªÔ¼Ó¬ÉqÓ�Ë|Ø ÒÍç]Ô Ñ Ë�Ë¤æWÚ°èªæWË|ØAÞ7Ë¤ÔßÛsÚWÊ¼àºÓ¤Ì

Ê¼Ë|å¤É7Ê�Ê¼Ë|ÞÅÔpèÏÇÏÞ7àGÜ¦Ô3Ô Ñ Ë�Ú°É7Ô�îäÉ7ÔpÉqÞqÇªÔ�å�ÚºØqÇÏÞ7È>Õ5ÚWÊsÜWå�Ô¼ÇªÚ°ÞvÌ Ð/Ñ ÇâÓ�í1Ë|å Ñ ÜWÞqÇÏÓ¼í í�Ü¦àWË|Ó3Ô Ñ Ë�Ê¼ÚWÒUÚWÔ3ÜWèªÔ�Ë¤ÊÝÞqÜ¦Ô�Ë
ÒUË¤ÔßÛsË¤Ë|Þ í1Ú·æWË|Ó�ÜWÞäØáÔ¼É7Ê�ÞqÓ>Ü¦Ô�Ë|ÜWå Ñ Ô¼ÇÏí1Ë�Ó�Ô�Ë¤îKÌ}énÞ�Éqí�ÒUË¤Ê�ÚWÕsÊ¼Ë|Ó¼ÉqèªÔ¼Ó�Û�ÇªÔ Ñ Ô Ñ Ëñéuå�Ô¼ÇªÚ°ÞºÙkÿÖÇªÊ�Ë|å�Ô¼ÇªÚ°Þ
Ú°É7Ô�îäÉqÔñå�ÚÍØäÇÏÞ7È Ó�Ô�ÊÝÜ¦Ô�Ë¤ÈWçlÜ¦Ê¼ËOîäÊ¼Ë|Ó�Ë|Þ�Ô�Ë|ØaÇÏÞ&% ý ÜWèâÜ¦à�Ê�ÇâÓ Ñ ÞqÜWÞ('*)uÚ°ÞqÜ|æ¦Ü¦Ê|ã>Î�+,+  Ü
- ý ÜWèÏÜ¦àÍÊ�ÇÏÓ Ñ ÞäÜWÞ('
)uÚ°ÞqÜ|æ¦Ü¦Ê|ãIÎ�+,+  Ò.- ý ÜWèÏÜ¦àÍÊ�ÇÏÓ Ñ ÞäÜWÞ/'0)�Ú°ÞäÜ|æ¦Ü¦Ê|ãIÎ�+,+  å"1¼ÌgûwÔ/Ô Ñ ÉäÓ/Ü¦îqîUË|Ü¦Ê�Ó¬Ô Ñ Ü¦Ô�Ô Ñ Ë�ÒUË Ñ Ü|æºÇªÚWÊ¬ÚWÕ�ÇÏÞ�Ô�Ë¤Ê�Ù
èªË|ÜyæÍÇÏÞqÈêí�ÚyæWË|Ó3ÜWÞäØ1Ô¼É7Ê�ÞqÓFÇÏÓ�å Ñ Ü¦Ê�ÜWå�Ô�Ë¤Ê�ÇâÓ�Ô¼ÇÏågÚWÕrÔ Ñ Ë¬Ô¼ÜWÓ�àHË|ÞÅæºÇªÊ¼Ú°Þqí�Ë|ÞÅÔ�ÜWÞqØ1ÇâÓ-å�Ú°ÞäÓ¼ÇÏÓ�Ô�Ë|Þ�Ô¼èªçGØqÇÏÓ¼å�Ú·æWË¤Ê¼Ë|Ø
ÒÍç}Ë¤æWÚ°èÏÉqÔ¼ÇªÚ°ÞcÇªÊ¼Ê�Ë|Ó�îUË|å�Ô¼ÇªæWËÖÚWÕIÔ Ñ Ë�Ú°É7Ô�îäÉ7Ô/å�ÚºØqÇÏÞqÈGí�Ë|å Ñ ÜWÞqÇâÓ¼í ÉqÓ�Ë|Ø_Ì

Ð/Ñ Ë|Ó�ËÖÊ¼Ë|Ó¼ÉqèÏÔ¼Ó¬èªË|ÜWØcÉqÓ¬Ô�ÚñÒrË|èâÇªË¤æWËÖÔ Ñ Ü¦Ô¬Ë¤æWÚ°èÏÉ7Ô¼ÇÏÚ°ÞcÜWÉ7Ô�Ú°í�Ü¦Ô¼ÇÏå¤ÜWèâèªçìå�Ú°í1Ë|Ó�É7îìÛ�ÇªÔ Ñ ÛsÜyçÍÓ�Ô�Ú�Ë�ëUË|å³Ù
Ô¼ÇªæWË|èªç}å�Ú°ÉqÞÅÔ�Ë¤Ê¬Ô Ñ Ëuå�Ú°ÞqÓ¼Ô�Ê�ÜWÇÏÞ�Ô¼Ó¬ÜWÞqØ}èâÇÏí�ÇªÔ¼Ü¦Ô¼ÇªÚ°ÞäÓ�ÚWÕKÔ Ñ Ë�Ô¼ÜWÓ�à}Ë|ÞÅæºÇªÊ¼Ú°Þäí1Ë|ÞÅÔ¤Ì32ÖÇªæWË|Þ]Ô Ñ Ë�ÒUÚyü�ÙkîäÉäÓ Ñ ÇÏÞ7È
Ô¼ÜWÓ�à1ÜWÞqØ�ÇÏÔ¼Ó�ÜWÓ¼Ó�Úºå¤ÇÏÜ¦Ô�Ë|Øñå�Ú°ÞäÓ�Ô�Ê�ÜWÇÏÞ�Ô¼Ó¤ãÅË¤æWÚ°èâÉ7Ô¼ÇªÚ°Þ�ÉqÓ¼Ë|Ó�Ô Ñ Ë�ÞqË|É7Ê¼Úºå�Ú°ÞÅÔ�Ê¼Ú°èâèªË¤Ê�Ó�Ô�Ê�Éqå�Ô¼ÉqÊ¼Ë|Ó�Ü¦Ô3ÇªÔ¼Ó3ØqÇÏÓ�îUÚ°Ó¼ÜWè
Ô�ÚñÓ¼å¤ÉäèªîqÔgÒUË Ñ Ü|æºÇªÚWÊ�Ó¬Ô Ñ Ü¦Ô�ÇÏÞ�æWÚ°èªæWË�ÜWèªÔ�Ë¤Ê�ÞqÜ¦Ô¼ÇâÞ7È�í1ÚyæWË|ÓuÜWÞqØìÔ¼ÉqÊ�ÞqÓ¤Ì

465�465�7 8:9<;�=
>�?�@.=BADC6EF=HGI?�JK=
@ML�;,NPOQ9R@	S	TMJVUW9R>�XY9R@	SZOQ9R@	S	TMJ\[]=^9<G`_Ia

� Ñ Ë|Þ ÛsËìîqÊ¼Ë|Ó�Ë|Þ�Ô�Ë|Ø Ô Ñ Ë ÒUÚ|üÍÙkîäÉqÓ Ñ<b Þ�cOÔ¼ÜWÓ�àrã3ÛsËcÜId�cfe�g|Ø Ô Ñ Ü¦Ô b Ô�ÛgÜWÓ�Ü¾å Ñ ÜWèÏè�g|Þ�c b Þ<cBg|Þ�æ b d¼Ú°ÞºÙ
íhg|Þ�Ô�Ô Ñ Ü¦Ôuí�ÜWØ<g>Ô Ñ gGØ�g|Ó b c°ÞOÚWÕ3Ü¦îqî<d�ÚWî<d b Ü¦Ôig�Òjg Ñ Üyæ b Ú,d�Ó�d�Ü¦Ô Ñ gkd Ñ ÜIdÝØ]l��mgGÔ Ñ g|ÞBeqÓig|Ø/g¤æWÚ°ène7Ô b Ú°ÞqÜId¼ç
ÜWè�cWÚ,d b Ô Ñ í�ÓHÔ�Ú½Ø�g|Ó b c°Þ Þ�g�e<d¼ÚÍå�Ú°Þ�Ôid¼Ú°èÏèogkd�ÓHÕ5Ú,d1ÒUÚ|üÍÙkîReqÓ Ñ<b Þ�cpd¼ÚWÒUÚWÔ¼ÓHÜWÞäØ î<d�g|Óig|Þ�Ôig|Ø:í�ÜWÞ�ç b ÞqÓ¼Ô¼ÜWÞqåqg|Ó
ÚWÕrg�ëjg|å�Ô b æ,g1Òjg Ñ Üyæ b Ú,dÝÓklP)�Ú·Û3g¤æ,gkdyãKÚ°Þ�gGí b c Ñ ÔêÒMgHÔig|í1îqÔig|Ø¾Ô�ÚìÜWÓ�àAÕ5Ú,d�Ó¼Ú°íhg1ïHeqÜWÞ�Ô b Ô¼Ü¦Ô b æ,g1íhg|ÜWÓse�d�g
ÚWÕ3Ô Ñ g ó¦ô t(��� � ù�u ÚWÕpÜWå Ñ<b g¤æ b Þ�c�cWÚÍÚÍØB�äÔ¼Þ<g|Ó¼Óig|ÓêÚ°Þ¾Ô Ñ<b ÓuÔ¼ÜWÓ�àMlGé�èªÔ Ñ Úfe�c Ñ Û3g1å¤ÜWÞqÞqÚWÔÖî<d¼Úyæ b Ø�g1Ó�eäå Ñ Ü
íhg|ÜWÓ�e<d�gWã�Ûvg å¤ÜWÞlÓ Ñ ÚyÛ Ô Ñ Ü¦Ô1Ô Ñ g]ÒUÚyü�ÙkîReäÓ Ñ<b Þ�cOÔ¼ÜWÓ�àZå¤ÜWÞäÞ7ÚWÔGÒMg�g�ëjg|å�Ô b æ,g|èªçZÜWØqØ�d�g|Ó¼Ó�g|ØQÒÍçQÓ b í1îäè�g



 ,w

LFR BR AD

Output-coding Strategy

0

2

4

6

Fi
tn

es
s

      AFF

      BFF

      ARR

      BRR

x b cfe�dsgP�^loy�� z{gkd�|×Ú,d�í�ÜWÞqåqg�Ú,|]}�~�g�d¼Ú,�UÚ,}���Û b }�~ñØ b ëMgkd�g|ÞH}�Úfe�}�î�e�}3å�ÚºØ b Þ�c��i}idÝÜI}ig�Ù
c b g��kl

�jg�~qÜ|æ b Ú,ds��è b à,g ÷  ø<ó �I���rI� � l3�mg�å¤ÜWÞ�g|Ü,� b èªç Ø�g|í1Ú°Þ<��}id�ÜI}ig�}�~ b ���Íçìå�Ú°ÞqØ<eqåq} b Þ�c�� b í�eqèÏÜI} b Ú°ÞR�pÛ�~�gkd�g
}�~�g�d�Ú,�rÚ,}���d�ÜWÞqØ7Ú°í�èÏçñås~7ÚÍÚf�igHÜWÞcÜWåq} b Ú°Þ/}�ÚñîMgkds|5Ú,d�í ÜI}�g|ÜWås~B�i}ig¤î6l

�mgB~qÜ|æ,g¶ÜWèo��Ú ÜWèÏèneqØ�g|Ø�}�ÚK}�~�g�|×ÜWåq}�}�~äÜI}�g¤æWÚ°èoe�} b Ú°Þ b ��å¤Ü¦îäÜI�<è�gìÚ,|�g�ëMg|åq} b æ,g|èÏç��ig|ÜId�ås~ b Þ�cáæ¦Ü,�i}¤ã
í�eqè�} b í1ÚºØqÜWè�ã_ÜWÞäØ å�Ú°í1îäèog�ü��ig|ÜIdÝås~���îäÜWåqg��¤ã{e<� b Þ<ccè b }i}¼è�g�Ø7Ú°íñÜ b ÞºÙ���îjg|å b �<åHàºÞ7ÚyÛ�è�g|Ø�c,g,l ý e<}>å¤ÜWÞ½Ûvg
��~7Ú·Û�}�~qÜI}�}�~�g���î<ÜWåqgÖÚ,|-Þ�g�e<d¼ÚÍå�Ú°ÞH}id¼Ú°èÏèogkds�v|5Ú,d�}�~ b ���rÚyü�Ùkî�e<��~ b Þ<c#}¼Ü,��à b � b ÞqØ�gkg|Ø]æ¦Ü,�i}/ÜWÞqØìå�Ú°í1î<è�g�ü<�
� ÜWÞ ÛvgP��~7ÚyÛ�}�~äÜI}¬Ú,}�~�gkd/ÜWè�cWÚ,d b }�~äí��v|5Ú,d��ig|ÜIdÝås~ b Þ<c�}�~ b �gÞ�g�e�d¼Úºå�Ú°Þ�}id�Ú°èÏè�gkd���îäÜWåqgêÛ b èâè b ÞäØ�gkg|Ø�|,ÜWè�}igkd��
éuè�}�~7Úfe�cf~}Û3gÖå¤ÜWÞqÞqÚ,}vdsg|ÜWèÏèªç�� ÷ � �¦ö }�~qÜI}gÚ,}�~�gkd��ig|ÜId�å�~ìÜWè�cWÚ,d b }�~äí��3Û b èÏè�|,Ü b è�}�Úhg�ëMg|åq} b æ,g|èÏç��ig|ÜId�å�~�}�~�g
Þ�g�e�d�ÚÍå�Ú°ÞH}id¼Ú°èÏè�gkd��¼îäÜWåqgWãKÛvgñå¤ÜWÞK�s~7ÚyÛ�}�~äÜI} �Ýô ����� ö �ig|ÜId�å�~ ÜWè�cWÚ,d b }�~qí��Öè b à,ghg�ü
~qÜ,eR�i} b æ,g1Ú,d#dÝÜWÞqØ7Ú°í
�ig|ÜId�å�~vãqÛ b èÏèM�Mg b Þ�gq�}å b g��H}kl

x b ds��}¤ãUèogk}�eR��åq�f�<� bo� gkd�}�~�gh� b úkg��,|r}�~�g:�ig��Id�å�~���îR�Wåqg,l�éD����eäí b ��c�}�~<�I}�}�~�gh��g�e�d��ºåq�f��}ids�°èÏè�gkds� � �
���,}v~<�|æ,gD�,�Åç�~ bn�<� g��he<� b }��¤ãf}�~�gD�ig��Id�ås~}î<d��ºåqg � e�dsg/í�e<��} � gk}igkd�í b ��g��¦îqî<ds�Wî<d b �I}ig/åq�f�<�<g|åq} b æ b } b g��F|��,d
}�~�g�}�~<d�gkg��fe�}�îRe<}�e<� b }��P% �,���seqí b ��c��,��¡.x{¢£�fe�}�îRe�}/åq� �<b ��c���ås~�g|íhgI1�l�� b �äåqgP}�~�gkd�g#�Id�g#g b cf~�} b �7îRe�}
e<� b }��¤ã
}�~�d�gkg��fe�}�î�e�}�e<� b }��|ã<�,� � �h}�~�dsg���~��°è � |��,d�g��Wås~Be<� b }¤ã�}�~�g��ig��Id�å�~p�Wè�c,�,d b }�~qí í�e<�i} � gk}igkdÝí b ��g
%�¤f¥P�f¥:yD¦£y��H1_îR�Ids�Wíhgk}igkds�F|��,d§g��Wå�~��,|R}�~<g��fe�}�îRe�}§e<� b }��kl $ ��¨�ã^� b �qåqg�}�~�g�¨vg b cf~H}��F�Id�g�d�g��i}id b åq}ig � }i�
�jg b �H}igkc,gkds� b ��}�~<gPds�,��c,g�© ªsyk«,«
¬6¥:yk«,«"�¬R}�~<gkd�g��Id�g��I«�y>îM�f�s� b �R®�gD¯I�,®oe�g���|��,d�g��,°s~p¨vg b cf~�}kl3±�~HeR�k¬�}�~�g
ù � ù I� �³ô³²Ãö �,|F}�~�g:��g�e�d��
°q�f��}ids�f®o®�gkd��¼îR�,°qg,¬ b l´g,l�¬M}�~�g��¼îR�,°qg:�,|�îj�f��� b �R®ogP¯"�,®oe<g���|��,d�}�~�g�¨vg b cf~H}��D�,|F}�~�g
}�~�d�gkgv�fe�}�îRe<}µe<� b }��k¬ b �3%��I«�y"1�¶i·�¬I¨�~ b °�~ b �µ�D}idse<®�¸P®o�Idsc,gsï^e<�,�H} b }�¸,l{¢�g|í�g|í#�jgkd{}�~<�I}µ}�~ b �.�Rcfe�d�g b �	|��,d§�
��g�e�d��,®H��gk}¹¨3�,dsº#¨ b }�~<�fe�}	�,�H¸�~ bn�<� g��#eR� b }��klKé �<�<b ��c�~ bn�<� g��#eR� b }��.®og�� � �µ}i���,��g�üºîj�f��g���} b �,® b �R°qd�g��,�ig
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b ��}�~�g3� b úkg§�,|^}�~�gr�ig��Ids°�~#��î��,°qg,lµ±�~ b �M¯"�,�i}	��îR�,°qg�îR®n��¸
�6~<��¯,�
°F¨ b }�~P� b í1î�®�gµ��g��Ids°s~��,®�c,�,d b }�~qí��kl6�»~ b ®�g
�,��g�ü�~<�,e<��} b ¯,g��ig��Ids°�~K�,|�}�~ b �P��îR�,°qg b � ô5ø�¼¤ö  �Ýô ½ � ö �,� �tô ��� ÷  �yù,ô�� I�¾¬§ds�,� � �°í¿��g��Ids°s~ b ��°q�f��|�d��f�H}ig �
¨ b }�~»� øröÝö¼ó � ökÀ¨ô5ø�À  À�Á  u"��ù  �q� � b }�e<�I} b �f�6lÂ±�~^e<�k¬�� b í1îR®�gB�ig��Ids°�~��,®�c,�,d b }�~qí��Q® b º,gpg�ü�~<�,e<��} b ¯,g��,� �
ds�,� � �°íÃ�ig��Id�°s~m�Id�ghe<�<�se b }��I�R®�gP|��,dP�ig��Ids°�~ b ��cQ}�~�g:��îR�,°qg:�,|r��g�e�ds�^°q�f�H}id��f®o®�gkd���|��,d�}�~�g��j�yüHªkîReR��~ b ��c
}��,�iºMl

x b cfe�dsgm�^loy�¤�°q�°í1îR�Id�g���}�~�gB�R}��<g����ig����,|:��g�e�d��
°q�f��}ids�f®o®�gkds�}î<d�� � e<°qg � �^¸(gk¯,�f®oe�} b �f�»¨ b }�~Ä}�¨v�
½  �¤ö � ô×ørö g�üºîMgkd b íhg��H}��kl�±�~�g��Rds�i} b �H¯,�f®�¯,g���}�~�gh��¯,gkd��Ic,gh�R}���g����D�,|v��d��,� � �°íÅ¨v�,®oº b �<c�d��,�j�,}:%�¢.�Æ1
�,� � }�~�g:�ig�°q�f� �mb �D�Qds�,� � �°í��ig��Id�°s~��,|r}�~<g���î��,°qg��,|v��g�e�d��
°q�f�H}id��f®o®�gkds��luéD�P°k�,�B�Mg:�igkg��]¬]d��,� � �°í
¨��,®�º#d�g��se<®�}�� b ��g�ü^}idsg|íhg�®�¸HîM�^�,dFîjgkd�|��,dÝí��,�<°qg b ��}�~ b �µg��H¯ b ds�f�qíhg��H}k¬f¨ b }�~�}�~�g���¯,gkds�Ic,g�ds�,� � �°í£¨v�,®�º
%���¯,gkd�yk«
¬Ç«,«,«���eR°s~�g��H¯ b ds�f�qíhg��H}��q1�¬ºî<d�� � e<° b ��c����R}���g������,|µ�1íhgkd�ghyIlÇ«Gîj� b �H}��,� � }�~<gP�Mg���}vd��,� � �°í
¨��,®�º}îRd�� � e<° b ��c:�:�R}���g��s���,|µ�¦îäî<d��|ü b í��I}ig�®o¸ByIl  l
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x b cfe�dsgP�^loy�¤ ý �,�ig�® b �<g§g�üÍîjgkd b í�g���}��j}i�D°q�°í1îR�Id�gFd��,� � �°í»¨��,®�º�¬"ds�,� � �°í��ig��Ids°s~6¬
�,� � gk¯,�f®ne�} b �f�<�Id�¸��ig��Ids°�~]l

x b cfe�dsg��^loy�¤B�,®o�i����~<��¨���}�~�g��jg��i}��,� � ��¯,gkds�Ic,g��R}���g�����g����,|�yk«
¬Ç«,«,«Bds�,� � �°í�®�¸B°qdsg��I}ig � �<g�e�d��Iª
°q�f�H}id��f®o®�gkds��lFÈ���°k�,���jgD�,�R�igkd�¯,g � ¬
}�~ b �3d��,� � �°íÉ�ig��Ids°�~Ê¸ b g�® � �v���jg��i}3�R}���g��s�3�,| ! l��:�,� � �,����¯,gkds�Ic,g
�R}���g��s��®og�����}�~<�,��yIlÇ«
l ûË�Ì°q�f��}ids�,��}k¬3}�~�g�gk¯,�f®oe<} b �f�<�Id�¸��¦îqî<d��f�,°�~ î<d�� � e<°qg�� b � �<b ¯ bo� eR�,®o���,|���}���g����
��¯,gkd ! l w ¨ b }�~ b �B�I«Êc,g��<gkds�I} b �f�<�h% b l´g,l�¬	}i�,}��,®§gk¯I�,®oe<�I} b �f���,| w «,«�ÍÎ�I«p¦Åyk«
¬Ç«,«,«��<g�e�d��
°q�f��}id��f®n®�gkds�q1�l
±�~^e<�k¬M¨ b }�~�}�~�gh���Wíhg�g�ëM�,d�}h%�íhg��,�se�d�g �Bb ��}igkdÝí��D�,|F}�~�g:�Heqí��jgkd��,|3��g�e�d��
°q�f��}ids�f®o®�gkds��gk¯"�,®oeR�I}ig � 1�¬
gk¯,�f®oe�} b �f�<�Id�¸��ig��Ids°s~/��� � ���jgk}i}igkd��<g�e�d��
°q�f��}id��f®n®�gkds��}�~<�,�Êd��,� � �°íÏ�ig��Id�°s~]l

xRe<d�}�~�gkd�¬§¨�~<g��Ð°q�f�H} b �^e�g � }i�Ìyk«,«�c,g��<gkds�I} b �f�<�k¬r}�~�g�gk¯,�f®ne�} b �f�<�Id�¸Ð�¦îqî<d��f�,°�~QîRd�� � e<°qg����<g�e�d��Iª
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°q�f�H}id��f®o®�gkds�D¨ b }�~B�Q�jg��i}D�R}���g��s���,| w l !� ¨ b }�~YI���R}�~�gh��g�e<d��^°q�f�H}id��f®o®ogkds�uî<d�� � e<°qg � % �,� � gk¯"�,®oeR�I}ig � 1
¸ b g�® �<b �<c��,�Y��¯,gkds�Ic,g/�R}���g������,|��¦îäî<d��|ü b í��I}ig�®o¸Ð�^l�+^lÐ±�~^e<�k¬F��g��Ids°s~ b ��cp}�~<g��<g�e�d��
°q�f��}id��f®n®�gkd��¼îR�,°qg
e<� b ��c îM�Wî�e<®o�I} b �f�
ª����,�ig � gk¯,�f®oe�} b �f�<�Ids¸��,®oc,�,d b }�~qí��P~R�,���/~ b cf~<gkd#® b º,g�® b ~��H� � �,| �Rb ��°q��¯,gkd b ��c/~ b cf~R®�¸
�R} � g�� b cf�<�kl

ð �<gP�,|µ}�~<g�|��,°q}i�,d���}�~<�I}uí��Iº,g�}�~�g��j�yüHªkîReR��~ b ��c:}��,�iºÊ~<�Id �Êb ��}�~<�I}�}�~<g��j�|ü
g�� b ��}�~�g#d��H�°íÃ�Id�g
ds�,� � �°í�®�¸ìîR®o�,°qg � |��,dDg��,°�~m}id b �,®�lDÈD®o�i��¬j}�~�g�d��,�j�,} � �Hg������,}��i}��Id�}�|�d��°í��Q� b ��cf®�gP�äü^g � îj�f� b } b �f� b �
}�~�g�ds�H�°íÊ¬�ds�I}�~�gkd�¬ b }F�i}��Id�}��§|�d��°íWd��,� � �°í�®�¸�°s~��f��g���îR®o�,°qg���l{±�~ b ��í��Iº,g��r}�~�g�}��,�iºGîR�Id�} b °ke<®o�Ids®�¸�~<�Id �
�jg�°k�,e<�ig�}�~�g�d��,�j�,}F~<�,�§}i� � gk¯,g�®o�Wî��jg�~<��¯ b �,ds�{}�~R�I}F¨3�,dsº�¨vg�®o®<�,°qd��f�s�r�,®o®
}�~�g�ds�,� � �°í0g��H¯ b d��f�qíhg��H}��kl
�»~<�I}�¨3�feR® � ~<�¦îqîjg�� b |6}�~�gPd��,�j�,}��,®�¨���¸
��|��fe<� � }�~�gP�j�|ü
g�� b �Q}�~�g����Wíhg�®o�^°k�I} b �f�R��gk¯,gkd�¸�} b íhg`�ìûË�
� �<�<b } b �f�]¬ b |3}�~�g�d��,�j�,}#¨vgkd�g�}i�B�jg b �H}id�� � e<°qg ��b �H}i�/}�~�g�d��^�°íÑ�I}�}�~�g����Wí�gñîR®o�,°qg b �mgk¯,gkd�¸K}id b �,® ¬
¨v�fe<® � gk¯,�f®oe�} b �f�]î<ds� � eR°qg�d��,�j�,}v�jg�~<��¯ b �,ds�v�,|	~ b cf~�gkd3�R}���g����ig����ìûÒ}���~��fe<® � �jgD�<�,}ig � }�~<�I}�¨ b }�~Q}�~�g
�j�|ü¾îj�f� b } b �f�<�D�äü^g � �,� � }�~�g�d��,�j�,}��i}��Id�} b ��c��I}�}�~�g����Wíhg�®��
°k�I} b �f��gk¯,gkds¸B} b íhg,¬6}�~�g��j�yüHªkîReR��~ b ��c
}��,�iºÊ�,°¤ï^e b d�g���}�~<g����WíhgPÓ���¯,�,d��,��}�~<�I}��,| ù,÷  ô � À�¼ �I���³�I� ô×øH� �,d��� ²ÃökÀ¨÷��ºøqøäô5øH� }��,�iº
�kl

x b cfe�dsg��^loy�+/��~��`¨��P}�~�ghdsg���e<®�}����,|���e<°�~��cíh� �<b ��g � g�üºîjgkd b íhg��H}kl�±�¢�y:d�gk|�gkd��P}i�/}�~�g ù,÷  ô � À � ô��Wö
�j�|ü^ªkîRe<��~ b ��c�}��,�iº�%�¨ b }�~(�M�yüÌ�,� � d��,�j�,}��i}��Ids}�îj�f� b } b �f�<���äü^g � �,°qd��f����}id b �,®o�q1�laûÒ�(}�~ b ��°k�,�igp}�~�g
d��,�j�,}���e<��g � |�gkg � ª�|��,d�¨��Id � �<g�e�d��
°q�f��}id��f®n®�gkds��¨ b }�~<�fe�}��,��¸Ê~ bo�R� g���e<� b }��kl§ÈD��°k�,�Ê�jg��igkg��6¬<}�~�gP�jg��i}
|�gkg � ª�|��,ds¨v�Id � ��g�e<d��^°q�f�H}id��f®o®ogkd��I}i}�� b �<�����R}���g��s���,| ! lÇ«Q�f�B}�~ b ��}��,�iºM¬]¨�~ b °�~ b ��}�¨ b °qg�}�~�g��R}���g��s���,|
}�~�gD�jg��i}3|�gkg � ª�|��,d�¨��Id � ��g�e�d��
°q�f��}ids�f®o®�gkdvgk¯,�f®�¯,g � |��,d�}�~�g�d�gkcfeR®o�Id3�j�yüHªkîReR��~ b ��c#}��,�iºp%��^g�°q} b �f�/�^l��^l��H1�l
�»~�g��p~ bo�<� g��/eR� b }����Id�gHîjgkd�í b }i}ig � ¬<gk¯,�f®oe�} b �f� �<b �s°q��¯,gkds��|�gkg � ª�|��,d�¨��Id � ��gk}�¨v�,d�º
�D¨ b }�~/�,�B��¯,gkds�Ic,g
�R}���g��s���,|�¤^l��/�,� � �ìîjg��Iº/�R}��<g����P�,|�+^lÇ«
¬µ�,���s~���¨����^¸�±�¢D� b ��x b cfe<d�g��^loy�+^l � �f�H}ids�,�i}P}�~ b ��¨ b }�~
}�~�gP��¯,gkd��Ic,g��,� � îjg��Iº��R}��<g����ig��v�,|µ�^l  �,� � �^l�+:�,°�~ b gk¯,g � �^¸�|�gkg � ª�|��,d�¨v�Id � ��g�e�d��
°q�f��}ids�f®o®�gkds�3�f��}�~�g
d�gkcfe<®n�Id3�j�|ü^ªkîRe<�s~ b ��cP}��,�iºB%�x b cfe�d�g��^loy w 1�l3±�¢�����~��`¨��v}�~�g��R}���g����ig��3�,|6d�g�°ke<d�d�g��H}3��gk}¹¨3�,d�º
��� ô,ù�Á � �7ù
�,�H¸�~ bn�<� g���e<� b }��klµ�»~ b ®�gv}�~�g���¯,gkd��Ic,g��R}���g��s�{�,|�}�~�g���g���gk}�¨v�,d�º
� b �§¤^l��^¬�}�~<g��Mg���}§d�g�°ke�d�d�g��H}§��gk}�¨v�,d�º
î<d�� � e<°qg � �H¸:gk¯,�f®oe�} b �f��~<�,�3�P�R}���g��s�F�,|Fyk«
¬^¨�~ b °�~ b �F}�~<g�í��Ãü b í�eqí0�R}���g��s�r�I}i}�� b �<�I��®�g b �h}�~ b �F�j�|ü^ª
îRe<�s~ b ��c�g��H¯ b d��f�qíhg��H}kl§±�~^e<�k¬^gk¯,�f®oe�} b �f� �<b ��°q�`¯,gkds����g�e�ds�^°q�f�H}id��f®o®�gkd��F¨ b }�~��Wî<} b í��,®R�jg�~<��¯ b �,d b ��}�~�g
íh� �<b �Rg � ¬H}ids� b ®³ª�® b º,g�g��H¯ b ds�f�qíhg��H}kl

� �f�H}ids�,�i}�}�~<g��ig�d�g���e<®�}��v¨ b }�~�}�~<gD�jg��i}v�R}��<g����ig��v�,�R�igkd�¯,g ��b ��}�~<gDdsgkcfe<®o�Id��j�|ü^ªkîRe<��~ b ��c#g��H¯ b d��f�
ª
íhg��H}#%�¨�~�gkdsg�}�~�gP�j�|üìîj�f� b } b �f�R�v�,� � }�~�g�d��,�j�,}���}��Id�}�®��
°k�I} b �f�<���Idsg�ds�,� � �°í�®�¸�°�~��f�ig��j1�lv±�~�g#®o�I�jg�®
¢�ÿ b �px b cfe�d�g��^loy�+Q��~<��¨��D}�~�g:��¯,gkds�Ic,g��,� � îjg��IºÊ�R}��<g����ig��D�,|F}�~�g�d�g�°ke�d�dsg���}D��gk}�¨v�,d�º
� �<b ��°q�`¯,gkd�g �
�^¸�gk¯,�f®oe<} b �f�]lFû¹}F°k�,���jgv�,���igkd�¯,g � }�~<�I}r}�~�g/îjg��Iº#��}���g����{�,| w l !� �b ��í�e<°�~�®�g����igkdr}�~<�,�h}�~�g/í��Ãü b í�eqí
�I}i}�� b �<�I��®�g��R}���g������,|�yk«
l
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x b cfe�dsgP�^loy�+ � �°í1î��Id b �i�f�#�,|<}ids� b ®³ª�® b º,gF�jg�~<��¯ b �,ds�v% ±�¢�yI¬f±�¢D�^¬f�,� � ±�¢��H1�¬,¨ b }�~
d�gkcfe<®n�Id��j�|ü^ªkîRe<��~ b ��c��jg�~<��¯ b �,ds�P%�¢�ÿ�1�l

±�~^e<�k¬R�H¸Qd�g�®o�Ãü b ��c��i�°í�g�°q�f�<�i}id�� b ��}���¬<}�~�g�d�gkcfeR®o�Id��j�|ü^ªkîRe<�s~ b ��c�}��,�iº/°k�,�/�jg�}id��,�<�i|��,d�íhg �/b �H}i�
�/}id�� b ®³ª�|��f®o®���¨ b ��c��f��g,lp2 b ¯,g��Ð}�~�g�|��,°q}�}�~<�I}#gk¯,�f®ne�} b �f�K�¦îäîMg��Id���îjgkd�|�g�°q}�®�¸m°k�¦îR�I�R®�g��,| �Rb ��°q��¯,gkd b ��c
� g�� b cf�<�h% �,� � �jg�~<��¯ b �,d��q1��,|gí��Ãü b í�eqíÅ�R}��<g���� b ��}ids� b ®�ª�|��f®o®o��¨ b �<c�g��H¯ b d��f�qíhg��H}��k¬ b }���|�� b ®ne�d�g�}i� � �
�i� b �Ê}�~�g�d�gkcfe<®o�Id��M�yüHªkî�e<��~ b �<c�g��H¯ b d��f�qíhg��H}�í���¸/�jg�°q�f�<�i}idse<g � �,���,� b � �<b °k�I} b �f���,|§}�~�g b �<~�gkdsg���}
�<b �Q°ke<®�}�¸��,|	}�~<g��j�|ü^ªkîRe<��~ b ��c�}��,��º�l

±�~<g��ighd�g���e<®o}��P��~���¨Â}�~<�I} b } b ��ds�I}�~<gkd �<b ��°keR®�}�}i� � gk}igkd�í b �<g�c,�^� � �j�|ü^ªkîRe<��~ b ��c��jg�~<��¯ b �,ds� b �
c,g���gkds�,®�l#±�~�gk¸��,®n�i� � g|íh�f�<�i}id��I}ig�}�~<g:�I� b ® b }¹¸Ê�,|3�Id�} b �M° b �,®.gk¯,�f®ne�} b �f�B}i�Êgq��° b g��H}�®�¸��,� � g�ëjg�°q} b ¯,g�®�¸
�ig��Ids°�~/}�~�g���îR�,°qg��,|{��g�e�d��
°q�f�H}id��f®o®�gkd � g�� b cf�<�kl

�mgB����¨ îRd�g��ig��H}��i�°íhg/¨v�,d�º b �Ìgk¯,�f®oe<} b �f�<�Id�¸�d��,�j�,} b °k�h}�~<�I} b ��°k®��f�ig�®o¸Ðd�g�®n�I}ig � }i�K�fe�d�¨3�,d�º
� g���°qd b �jg � g��Id�® b gkd�l
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}�~�g�°q�,d�d�g���îj�f� �Rb ��c/d��,�j�,}:�ig��<�i�,d�1�l�±�~�g�}¹¨3�m�fe�}�î�e�}�e<� b }�� �Rb d�g�°q}�®�¸�°q�f�H}id��f®o®�g � }�~�g���îjgkg � �,|�}�~�g
°q�,d�d�g��¼îM�f� �<b ��c�¨�~�gkg�®µ�,|3}�~<g�ds�,�M�,}kl�±�~�g�d�g��ig��Ids°�~�gkds�Pgk¯,�f®o¯,g � �jg�~<��¯ b �,ds�D|��,d��¦îqî<d��f�,°�~ b ��c�g���gkd�c,¸
�i�fe�d�°qg��k¬r��¯,� bn�<b ��cB¨v�,®n®o�k¬§gk}�°IlÐÈõ�Heqí��jgkd:�,|�d�g�®o�I}ig � gk¯,�f®oe<} b �f�<�Id�¸�ds�,�M�,} b °k���¦îäî<d��f�,°s~<g��h�Id�g �<b �Ëª
°ke<����g �/b ���^g�°q} b �f� w loyk«
l
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ûÒ}�í���¸��jg����,}ig � }�~R�I}>íh�f�i}P�,|�}�~�g��ig��¦îäî<d��f�,°s~<g�� b �H¯,�f®�¯,g�d�g�®n�I} b ¯,g�®�¸p� b í1îR®�g�d��,�j�,}P}��,�iº
��%�g�ü^ª
îR®��,d��I} b �f�]¬��¦îqî<d��f�,°�~]¬���¯,� bo� �,�R°qg,¬�gk}�°Il³1�l�È���¨3gB~<��¯,gB�Id�cfe�g � g��Id�® b gkd�¬���e<°�~��jg�~<��¯ b �,ds���Id�g��,|�}ig��
g��,�i¸Ì}i�áî<d��,c,d��Wí í��,�^e<�,®o®�¸,l ûË�Y°q�f��}ids�,��}k¬v}�~<g�°q�f�<�i}ids� b ��}����,� � ® b í b }��I} b �f�<���,|�}�~�gÊ�j�yüHªkîReR��~ b ��c
}��,�iº�í��Iº,g b }v~<�Id � }i�Gí��,�^e<�,®o®�¸ � gk¯,g�®��WîQg�ëMg�°q} b ¯,g��jg�~<��¯ b �,d��klr�^g�°q�f� � ®�¸,¬^�i�°íhg��,|]}�~�g��ig��¦îäî<d��f�,°s~<g��
�,����eäíhg�}�~<�I}h}�~�g�d��,�j�,}h�ig��<�i�,ds�h~R��¯,g�e<�R® b í b }ig � ds�,��c,g��Ê%�¡µe<� � 'Åz§�Id b � b ¬�y�+,+ w -����,®�º,gkd�¬�y�+,+ w 1�l
±�~ b � � g�� b cf�m°s~<� b °qg b �Pe<��dsg��,® b �i} b °#|��,d�®o�Id�c,ghg��H¯ b ds�f�qíhg��H}��kl�±�~�g:�M�yüHªkî�e<��~ b �<c�}��,�iºM¬6�f�m}�~<gh�,}�~�gkd
~<�,� � ¬_í��Iº,g���e<�igh�,|��ig��<���,d b ®�¸Hª�°q�f�<�i}ids� b ��g � ds�,�M�,}���l�û�í1îj�,d�}��,�H}�®�¸,¬.�,®o®µ�,|v}�~�g��ig��¦îqî<ds�f�,°s~�g��#gk¯,�f®�¯,g
��g�e�ds�^°q�f�H}id��f®o®�gkd����,|r�qü^g � � b úkg,l�ûÒ��°q�f�H}ids�,�i}k¬6�fe<d��¦îqî<d��f�,°�~me<�ig��êíh� �<b �Rgkdiª�c,g��<g���}i��gk¯,�f®�¯,g��<g�e�d��Iª
°q�f�H}id��f®o®�gkds�	�,| �<b ëMgkd�g��H}	� b úkg��k¬¦î<d��`¯ bo�Rb ��c�gk¯,�f®oe<} b �f�#¨ b }�~�}�~�gv�Wîqîj�,d�}�e<� b }�¸�}i���,e�}i�°í��I} b °k�,®o®o¸ �<b ��°q�`¯,gkd
í b � b í��,® � g�� b cf�<��l§x b �<�,®o®�¸,¬ b � íh�f�i}��,|	}�~�g���g#�¦îqî<d��f�,°�~�g��k¬<}�~<g ÷ � ½ � ù�½ÝöqÁ  �yô � ÷�� ~<��¯,g#�<�,}��jgkg��Ê�,�<�"ª
®�¸Íúkg ��b � � gk}�� b ® lFûË��°q�f�H}ids�,�i}k¬
¨vgD~R��¯,gDgk¯"�,®oeR�I}ig � }�~�gDgk¯,�f®�¯,g � �jg�~<��¯ b �,ds�3�,� ��� gk¯,g�®��Wîjg ��b �H}�e b } b ¯,g�®�¸
°q�°í1îjg�®o® b ��c�g�üºîR®o�,�R�I} b �f�<��|��,d�~ b cf~���}���g������j�|ü^ªkîRe<��~ b ��c��Mg�~R��¯ b �,ds�kl
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ûË��}�~ b ��°s~R�¦î<}igkd#¨vg�~<��¯,g b ��}id�� � e<°qg � ��}��,�iºB}�~<�I}�dsg|ïHe b d�g��D}�~�ghd��,�j�,}�}i�ìîRe<��~B�j�|ü
g��P}i�Ê¨��,®o®o�
¨ b }�~ b ���,���,®o®��
°k�I}ig � �Wíh�feR��}µ�,|�} b íhgD% ±.g�®o®ogkd�¬�y�+,+ ! 1�lF±�~�gkd�gv�Id�g3�D�Heäí#�jgkd.�,|<°q�f�R�i}ids� b �H}��	�,�s�i�^° b �I}ig �
¨ b }�~/}�~ b ���j�yüHªkîReR��~ b ��c:}��,�iºM¬M¨�~ b °�~cí��Iº,g b }�¯,gkd�¸/~<�Id � }i� � g�� b cf�/c,�^� � °q�f�H}id��f®KîRd��,c,ds�Wí���|��,dD}�~�g
d��,�j�,}��kl�ûË�ñî��Id�} b °ke<®o�Id�¬�}�~�g��j�|ü^ªkîRe<��~ b ��c�d��,�j�,}����Id�g�°q�f�<�i}ids� b ��g � �H¸���g��<�i�,d�ds�,��c,g��v�,|.�f�R®�¸h�f��gP°qg�®o®
b �:g��,°�~ �<b d�g�°q} b �f���Id��feR� � }�~�g�d��,�j�,}klFûË��� �<�<b } b �f�]¬f}�~�g�ds�,�M�,}��r°k�,���f�<®�¸Gíh�`¯,g b � �Rb d�g�°q} b �f�<�Fî��Ids�,®o®�g�®
}i��}�~�g#¨v�,®o®n���,|µ}�~<g�d��^�°íÊlF±�~^e<�k¬�}�~�gk¸Ê°k�,�<���,} �<b d�g�°q}�®�¸Q�¦îqî<d��f�,°�~��:�j�|üÊ}�~<�I} b � �<b �Ic,�f�<�,®n®�¸��,°qd��f�s�
|�d��°í¿}�~�g|í/l�±�~�g�d��,�j�,}����Id�g��,®o����°q�f�<�i}ids� b ��g � �^¸�® b í b }ig � îRe<��~ b ��cÊ�I� b ® b }¹¸,lQ±�~�gk¸m�Id�g b �R°k�¦îR�I�R®�g
�,|sîRe<��~ b ��cñíh�,d�gh}�~R�,���f��gh�j�|üB�I}���} b íhg,l>ûË��|��,°q}k¬ b |r��eR°s~m�Ê��°qg��<�Id b �Ê�Id b �ig��k¬]}�~<ghd��,�j�,}��,°q} b �f�<�
|�� b ® l/�»~<�I}Gí��Iº,g���}�~�g�}��,��º�gk¯,g��Ì~<�Id � gkd b ��}�~<g�|��,°q}�}�~R�I}:�se<°s~Ð|�� b ®oe�d�g���°k�,�R���,}��jg � gk}ig�°q}ig � �H¸
}�~�g�d��,�j�,}klm±�~�g��ig�°q�f�<�i}id�� b ��}��1í��Iº,gQ}�~<gQ�j�yüHªkîReR��~ b ��c�}��,�iºK¯,gkd�¸�°s~<�,®n®�g���c b ��c�l�ÈD®�}�~��fe�cf~Ì±	g�®o®�gkd
%iy�+,+ ! 1�îRd��Wîj�f�ig � }�~ b ��}��,�iºY�,� � gk¯,�f®�¯,g � î<d��,c,ds�Wí��:}i��°q�f��}id��f®�d��,�j�,}:�Mg�~R��¯ b �,ds�k¬v~�g�¨v�,��eR�<�I�R®�g
}i�Ê°s~<�Id��,°q}igkd b úkgh}�~�g��jg�~<��¯ b �,ds���,|F}�~�g�gk¯,�f®�¯,g � î<d��,c,d��Wí��D�,d��,�R�,®�¸�úkg:}�~�g|íÅ}i� � gk}igkd�í b ��g�~<��¨0}�~�g
�R}���g��s�ig���¨vgkd�g#�,°s~ b gk¯,g � l

�mgPgk¯,�f®�¯,g � � b í1îR®og���g�e�d��,®M�<gk}�¨v�,d�º^��}i�:°q�f�H}id��f®]ds�,�M�,}��j�|ü^ªkîRe<�s~ b ��c��jg�~<��¯ b �,ds�kl�ûË�Q� �R�<b } b �f��}i�
gk¯,�f®�¯ b ��c��<gk}�¨v�,d�º^�	¨ b }�~#~ b cf~�gkd]��}���g����ig��]}�~R�,��}�~�gpî<d��,c,ds�Wí��.�,|�±.g�®o®ogkd�¬�¨vgr¨vgkd�g3�,®n�i���I�R®�gr}i���,�<�,®�¸Íúkg
}�~�gQ�i}idse<°q}�e�dsg��#�,|�}�~�gQgk¯,�f®�¯,g � ��g�e�ds�^°q�f�H}id��f®o®�gkd����,� ��bo� g��H} b |�¸áíhg�°�~<�,� b ��í����^¸m¨�~ b °�~�}�~�g�d��,�j�,}��
�I}i}�� b ��g � ~ b cf~:��}���g����ig��r�f��}�~ b �r}��,�iºMl-ûË��î��Id�} b °ke<®o�Id�¬f¨3g�|��fe<� � }�~<�I}rdsg�°ke�d�d�g��H}r��g�e�ds�^°q�f�H}id��f®o®�gkd��F®�g �



�I�

}i��~ b cf~<gkd{�R}���g����ig��§°q�°í�îR�Id�g � }i��|�gkg � ª�|��,d�¨��Id � �f��g��k¬f�jg�°k�,e<��g�}�~�gk¸��,®n®���¨vg � }�~�g�d��,�j�,}{}i��d�g|í�g|í#�jgkd
b }��Kî<d�gk¯ b �fe<�.�,°q} b �f���,� � °s~<�H�f�ig��,°q} b �f�<� �<b ëjgkd�g��H}6|�d��°í b }kl.�mg��Id�cfe�g � }�~<�I}	}�~ b �Kíhg�°�~<�,� b ��í&®�g�� � �.}i�
b �H}igkds®�g���¯,g � �,dv�,®�}igkds�<�I} b �<c#�,°q} b �f�<�r�,|_íh��¯ b ��c�|��,d�¨��Id � �,� � }�e�ds� b ��c�¬f¨�~ b °s~�í b � b í b úkg��{}�~<g�°s~<�,�R°qg��
�,|F}�~�g�d��,�j�,}�c,gk}i} b ��c b ��}i�Q�i}��I}ig���¨�~�gkd�g b }�í b cf~�}��jg��i}�e<°sº b � � gq��� b }ig�®�¸,l��mg:��e�c,c,g��i}ig � }�~R�I}�|�gkg � ª
|��,d�¨v�Id � ��g�e�d��
°q�f�H}id��f®o®�gkds�§�I}i}�� b �}í�e<°s~�®���¨vgkdF�R}��<g����ig��r� b �<°qg�}�~�gk¸h°k�,�<���,}3��¯I� b ®�}�~�g|í���g�®�¯,g��F�,|]��e<°�~
b ��|��,d�í��I} b �f��|�d��°íÏ}�~�gÖîR�,�i}kl

)D��¨vgk¯,gkd�¬§¨�~�g���}�~<g���g�e�d��
°q�f�H}id��f®o®�gkds��¨3gkd�g��,®o®���¨vg � }i�Aí��Iº,g�e<��g��,|�~ bo�<� g���e<� b }��k¬6¨vg�|��fe<� �
}�~<�I}3}�~�g��R}���g��s�ig��F�,|]|�gkg � ª�|��,d�¨v�Id � ��gk}¹¨3�,d�º
� b �<°qd�g��,�ig � d�g|í��Id�ºI�I�R®�¸,l ý ¸h�,�<�,®�¸Íú b ��c�}�~<g��jg�~<��¯ b �,dr�,|
��e<°�~���gk}¹¨3�,d�º
�k¬H¨3g��s~���¨vg � }�~<�I}F}�~<g�~ bo�<� g��:e<� b }��µd�g|íhg|í��Mgkd3îR�,�i} ô×ø � �7ù  �|ù,ô��  ù,ô � ø�� �,� � e<��g�}�~�g|í
}i�>îRd�gk¯,g���}3}�~�g�d��,�j�,}F|�d��°íCîMgkd�� b �i} b �<cD¨ b }�~h�f��gD�,°q} b �f�]l§È�®o}�~��fe�cf~�}�~<g��ig�d��,�j�,}�� � �����,}r�<g�°qg������Id b ®o¸
�,®�}igkds�R�I}ig�íh�`¯,g��3�,� � }�e�ds�<�k¬�}�~�gk¸:gk¯,�f®�¯,g�íhg�°�~<�,� b ��í��§}�~<�I}�îRd�gk¯,g���}3}�~�g|íW|�d��°íÂ°q�f�R�i}��,��}�®o¸Gí���¯ b ��c
|��,d�¨v�Id � �,� � c,gk}i} b �<c��i}�e<°sº b ��}�~�gÖî<d��
°qg����kl

�mgm�,®o�i� îjgkd�|��,d�íhg � ���^eqí��jgkd��,|�g�üºîjgkd b íhg��H}���}i�Ì�s~���¨�}�~<�I}�}�~ b ���jg�~<��¯ b �,dQ�,|#�,®�}igkds�R�I} b ��c
�,d b �H}igkds®�g���¯ b �<c¾í���¯,g����,� � }�e<ds�<�:¨��,�h°s~<�Ids�,°q}igkd b �i} b °��,|D}�~�g�g���¯ b d��f�äíhg���}kl��mg/��~��`¨3g � }�~ b ���H¸
°s~<�H�f� b ��c �<b ëMgkd�g��H}��fe�}�î�e�}�°q� �<b ��c���}ids�I}igkc b g��D|��,d�}�~�g��<g�e�d��
°q�f��}id��f®n®�gkd�lgûÒ��g��,°s~B°k�,�ig,¬j¨3g��,�<�,®�¸Íúkg �
}�~�g���g�e�d��
°q�f�H}id��f®o®�gkds� �<b ��°q�`¯,gkd�g � �H¸Ygk¯,�f®ne�} b �f�Ä�,� � �s~���¨vg � }�~<�I}�}�~<gAî<d b í��Id�¸��jg�~<��¯ b �,dQ�,|�}�~�g
d��,�j�,}k¬�}�~<�I}��,| b �H}igkds®�g���¯ b ��c�íh��¯,g����,� � }�e�d��<�k¬
d�g|í�� b �<g � }�~�g����Wíhg,l

x b �<�,®n®�¸,¬	¨vg��,®n�i�p��~<��¨vg � �Aíhg��,��e�dsg��,|�}�~�g �<b ��°keR®�}�¸B�,|�}�~�g��M�yüHªkî�e<��~ b �<cÊ}��,�iº�l��mg��s~���¨vg �
}�~<�I}���ds�,� � �°í:ª�¨��,®�ºh�jg�~<��¯ b �,dr�f��}�~ b �r}��,�iº�®�g�� � �F}i��g�ü^}id�g|í�g�®�¸1îj�H�,dr�R}���g����kl{�mgP��~��`¨3g � }�~<�I}v}�~�g
��g�e�ds�^°q�f�H}id��f®o®�gkd:��îR�,°qg b ��®n�Id�c,gQ�,� � °k�,�<���,}:�jg�gq��° b g���}�®�¸��ig��Ids°�~�g � }�~�d��fe�cf~�g�ü�~<�,e<�i} b ¯,g í�g��,�<�kl
�mg��,®o�i�Ì��~��`¨3g � }�~R�I}/�Ðd��,� � �°íø�ig��Ids°�~»�,|#}�~�g���g�e�d��
°q�f�H}id��f®o®�gkdÊ��îR�,°qg b � b �<g�ëMg�°q} b ¯,gm�,� � �f�<®o¸
��� � �P��g�e�d��
°q�f��}ids�f®o®�gkds�P�,|¬íhg �Rb �^°qdsg:�R}���g����kl]ûË��°q�f��}id��,�i}k¬§�,��gk¯,�f®oe�} b �f�<�Id�¸m�ig��Ids°�~K�i}ids�I}igkc,¸���� � �
��g�e�ds�^°q�f�H}id��f®o®�gkd��F�,|6~ b cf~<gkdF�R}���g��s�r¨ b }�~h}�~�g����Wíhg���g��Ids°s~Qg�ëj�,d�}D% �^eqí��jgkd3�,|6��g�e<d��^°q�f�H}id��f®o®ogkds�Fgk¯I�,®³ª
e<�I}ig � 1�lv±�~�g��igPdsg���e<®�}���¯I�,® bo� �I}igP}�~<g#°s~�� b °qg��,|{gk¯,�f®oe�} b �f� b ��}�~�g � g�� b cf�/�,|µ��g�e<d��^°q�f�H}id��f®o®ogkds��|��,d�}�~�g
�j�|ü^ªkîRe<��~ b ��c�}��,�iº�l

ûË���,�<�,}�~�gkdF�igk}µ�,|R�R�,�ig�® b ��gFg�üºîjgkd b íhg��H}��k¬I¨3g���~<��¨vg � }�~R�I}µ}�~<g3�j�|ü^ªkîRe<�s~ b ��c�}��,��º b �µ~<�Id � }i�P�i�f®�¯,g
� e�g�}i�m}�~�g/eR�7î<d�g �<b °q}��I� b ® b }¹¸��,|�}�~�gÊ�j�yüZîj�f� b } b �f�<�kl½ûË� � gkg � ¬ b �Ìg���¯ b d��f�äíhg���}��:¨�~�gkd�g�}�~�gÊ�j�|ü
g��
�Id�g��,®o¨v��¸^�1î�®o�,°qg � �I}�}�~�g/�s�Wíhg�®��
°k�I} b �f�<�k¬3¨3gp��~���¨vg � }�~<�I}�gk¯,�f®oe�} b �f� �Rb ��°q��¯,gkd��h}ids� b ®³ª�|��f®o®��`¨ b ��c
�jg�~<��¯ b �,ds��}�~<�I}��Id�g#�Wî<} b í��,®r% �I}i}�� b �B}�~�gHí��Ãü b í�eäíó�R}���g��s��îj�f��� b �R®�gI1�lgû¹}�}�~HeR���¦îqîjg��Ids��}�~<�I}D}ids� b ®³ª
|��f®o®���¨ b ��c��,d�í��¦úkgqª�d�e<�<� b �<cQ}��,��º^��°q�°í�íh�f�<®�¸�e<�ig �Kb ��gk¯,�f®oe�} b �f�R�Id�¸�d��,�j�,} b °k�k¬.�Id�g�d�g�®o�I} b ¯,g�®�¸Bg��,�i¸
}i�m� �<� d�g��s�k¬§�,� � }�~�g�}id�e�gQ°�~<�,®o®�g��<c,g�}i��}�~�g îj��¨vgkd:�,|�gk¯,�f®oe�} b �f�R�Id�¸K�ig��Ids°�~Y® b g�� b �K}��,��º^�h��eR°s~Ì�,�



�I�

�j�|ü^ªkîRe<��~ b ��c�l
�mg��,®n�i��°q�°í1îR�Id�g � }�~�g��j�|ü^ªkîRe<��~ b ��c�}��,�iº�}i�#�P�^eqí��Mgkd§�,|��,}�~�gkds�F°q�°íñíh�f�<®�¸:e<�ig �hb ��gk¯,�f®oe<} b �f�
ª

�Id�¸Qd��,�j�,} b °k�kl§�mg��Id�cfe�g � }�~<�I}�}�~�g��j�|ü^ªkîRe<��~ b ��c�}��,�iºÊ��e��R��eäíhg����h�Heäí#�jgkd��,|{}�~�g|íÏ�,� b } b �H¯,�f®�¯,g��
�,��îjg�°q}����,|��<��¯ b cf�I} b �f�6¬§g�üÍîR®o�,ds�I} b �f�]¬§�¦îqî<ds�f�,°s~]¬§�,� � ��¯,� bo� �,�<°qg,lpx�e�d�}�~�gkd�¬§}�~<g��j�|ü^ªkîRe<��~ b ��cÊ}��,�iº
î<d�g���g���}��uí��,�H¸ b �<�i}��,�R°qg����,|§}�~�g�g�üºîR®��,ds�I} b �f�Ð%���� � �,���,}�~�gkd��j�|üM13¯,gkds��eR��g�üºîR®�� b }��I} b �f�Ð%,îReR��~/�j�|üM1
�<b ®og|í�í��
¬
¨�~ b °�~ìí��Iº,g�� b }��,®o®j}�~�g>íh�,dsg b �H}igkd�g��i} b ��ch�,� � °s~<�,®o®og���c b ��c�l

)D��¨vgk¯,gkd�¬<�#�^eqí��jgkdF�,|]°q�f�<�i}ids� b �H}��3�,|]}�~�g��j�|ü^ªkîRe<��~ b ��cP}��,�iº��¦îqîjg��Idve<��d�g��,® b �i} b °Il.xR�,d b �R�i}��,�<°qg,¬
}�~�g��j�|ü^ªkîRe<��~ b ��c�d��,�j�,}��Ê�Id�g b �R°k�¦îR�I�R®�gp�,| � gk}ig�°q} b �<c�|�� b ®�g � �,°q} b �f�R�klù� b �R°qgAíh�f�i}Ê�,� b í��,®o���,� �
°q�f�H}ig|í1îj�,ds�Id�¸:d��,�j�,}��F~<��¯,g�íhg�°s~R�,� b �¼í��F}i� � gk}ig�°q}pí��,} b �f�/%��,d b }��{|�� b ®ne�d�g�}�~�gkd�gk�,|q1�¬^}�~�gk¸:°k�,��g��,� b ®o¸
� gk}igkd�í b ��g�¨�~<gk}�~�gkd�}�~�gk¸/~<��¯,gHí���¯,g � �,d����,}kl�±�~<g��Ê¨�~H¸��<�,}�}�~�g��j�yüHªkîReR��~ b ��c:d��,�j�,}����Ð�
e7îqîj�f�ig
}�~�g��j�|ü^ªkîRe<��~ b ��c�ds�,�M�,}��{~<� � �,°k°qg����r}i�P��e<°s~h�êíhg�°�~<�,� b ��íÊ¬,¨�~<�I}µº b � � �	�,|R�jg�~<��¯ b �,ds�µ¨v�fe<® � gk¯,�f®�¯,g`�
� b ®o®M}�~�g�d��,�j�,}����i} b ®n® b �H}igkds®�g���¯,g��,°q} b �f�<���,d�¨ b ®o®��,}�~�gkd��jg�~<��¯ b �,ds��g|í�gkd�c,g`�OûÒ�Ê��eR°s~Ê�h��°qg��<�Id b ��¬�¨ b ®o®
|�gkg � ª�|��,ds¨v�Id � ��gk}�¨v�,d�º
����} b ®o®{�jg �<b �s� � ¯"�,�H}��Ic,g � �,d�¨ b ®o®{}�~<gk¸¶îjgkd�|��,d�í¿�,�#¨3g�®n®F�,�#dsg�°ke�d�d�g��H}��f��g����
� b ®o®<~ bn�<� g���e<� b }��r~�g�®Ïî��,dv~^e�d�}��/È��Heäí#�jgkdr�,|6�se<°s~ b �H}igkd�g��i} b ��cHïHe<g��i} b �f�<�3°k�,���jg�|��,d�í�e<®o�I}ig � �,� �
�i}�e �Rb g � l

ûË��� �<�Rb } b �f�]¬R��°k�Id�gk|�e<®.�,�<�,®o¸^� b ���,|§}�~�g#��g�e<d��^°q�f�H}id��f®o®ogkds��gk¯,�f®�¯,g �Bb �Ê�fe<d�g�üºîjgkd b íhg��H}�����e�c,c,g���}��
}�~<�I}�í��f�i}���gk}¹¨3�,d�º
� � �����,}�í��Iº,g�e<�igP�,|{�,®o®]}�~�g��ig��R�i�,ds�kl�ûË� � gkg � ¬<�i�°íhg#�ig��R�i�,ds�k¬7îR�Ids} b °ke<®o�Ids®o¸�}�~�g
�f��g���®��
°k�I}ig � �Mg�~ b � � }�~�g�d��,�j�,}k¬]�Id�g�ds�Id�g�®�¸/e<��g � l�� b �<°qg��ig��R�i�,ds�D�f��dsg��,®	ds�,�M�,}��D°q�f�<��eäíhg�g��<gkd�c,¸,¬
b } b ���hc,�H� ��bn� g��:}i���f�<®�¸ í��Iº,g�e<�igP�,|§�ig��<�i�,d���}�~<�I}��Idsg#��g�°qg������Ids¸,l3ÿ b ��°k�Id �Rb ��c/%��,d���¨ b }�°s~ b ��c:�¦ë�1
e<�ig�®og������ig��<�i�,ds��°k�,�Ê}�~^e<��®�g�� � }i��í b � b í��,®R�,d��Wî<} b í��,® � g�� b cf�<�kl ý e�}�}�~�g��]¬�~���¨ � ��¨vg bo� g��H} b |�¸�}�~�g
�ig��<���,ds�r}�~R�I}sí�e<�i}3�Mg�d�gk}�� b ��g � �,� � }�~�g��f�<g��r¨�~ b °s~}í�e<��}3�jg �<b ��°k�Id � g � � ð ��g�îj�f��� b � b ® b }�¸ b �F}i�:e<�ig
gk¯,�f®oe�} b �f�Ê}i� � g�� b cf��}�~�g�d��,�j�,}��ig��<���,d�¸Q��¸^�i}ig|í b �Ê°q�f�"ú�e<�<°q} b �f��¨ b }�~�}�~�g#��g�e<d��^°q�f�H}id��f®o®ogkd�l

x b �<�,®n®�¸,¬j}�~�gh� b í�e<®o�I} b �f�<� b �B}�~ b ��°s~R�¦î<}igkd�~<��¯,g��,����eqíhg � }�~<�I}�}�~�gkdsg b �D�I���i�f®oe�}ig�®�¸p���Ê��� b �ig b �
}�~�g�d��,�j�,}�°q�°í1îj�f��g���}����,� �Qb ��}�~�g�d��,�j�,}Ëª�g��H¯ b d��f�qíhg��H} b ��}igkds�,°q} b �f�<�kl§x<�,d b �R�i}��,�<°qg,¬��ig��<�i�,d��3dsgk}�e�ds�
�,°k°ke�ds�I}ig�¯"�,®ne�g����,� � }�~<g�d��,�j�,}/íh�,} b �f�<��¬ b |{��e<°k°qg����i|�e<® ¬��Id�g��,®�¨v��¸^��gkd�d��,diª�|�d�gkg,l3)��`¨3gk¯,gkd�¬M}�~ b � b � b �
°q�f�H}ids�,�i}�}i��d�g��,®³ª�¨v�,ds® � ��°qg��<�Id b �f�#¨�~�gkd�g����^eqí#�jgkd��,|��ig��R�i�,d�¸�gkd�d��,ds��í��,� b |�g��i}�}�~<g|í��ig�®�¯,g���%�g,l´c�l�¬
b í1îRd��Wîjgkd�® b cf~�} b ��c�¬.��îjg�°ke<®o�Id#d�gqÓRg�°q} b �f�<��¬.gk}�°Il³1�l�¢��,�j�,}>íh�,} b �f�<� b ��}�~<g�d�g��,®³ª�¨v�,ds® � �Idsg��,®o�i�/gkdsd��,d
î<d��f�<g � e�g�}i�Q���^eqí��Mgkd��,|§|��,°q}i�,ds� b �<°k®ne �<b ��c�|�d b °q} b �f�]¬R¨�~�gkg�®³ª���® b îqîR�Ic,g,¬<e<�<gk¯,g��/} b d�g b �
Ó��I} b �f�6¬<gk}�°Il
ûÒ|���e<°�~:°q�f� �<b } b �f�R�	g�ü b �i} b ��}�~�g�d�g��,®³ª�¨v�,ds® � ¬ � g�� b cf�<�µgk¯,�f®�¯,g ��b ��� b í�eR®o�I} b �f��~<��¯,g�® b }i}�®�g3~<�WîMg��,| � � b ��c
¨vg�®o®
�f��d�g��,®<d��,�j�,}��klµ±�~He<��¬f}�~�g��ig�gkdsd��,ds��í�e<�i}F�i�°í�g�~���¨Z�Mg�}��Iº,g�� b �H}i���,°k°q�fe<��} b �:}�~�g�� b í�eR®o�I} b �f�<�kl
ÈD®�}�~��fe�cf~ b } b ��~<�Id � }i��íh� � g�®�}�~�g��igPgkd�ds�,ds���,°k°ke�ds�I}ig�®�¸,¬<dsg��ig��Ids°s~<gkds��~<��¯,gP|��fe<� � }�~R�I}vgk¯,g��/}�~�gPe<�ig



� !

�,|�ds�,� � �°í*��� b �ig b ��� b í�e<®o�I} b �f�<�Öî<d��°í��,}ig���ds�,�Re<�i} � g�� b cf�<�#}�~<�I}�¨3�,d�ºK¨3g�®o®r¨�~�g��Ð}ids�,�<�i|�gkd�d�g � }i�
d�g��,®]ds�,�M�,}���l

±�~<g��ig b ����e�g��P�,� � g�ü^}ig��<� b �f�<���,|r}�~<gh�M�yüHªkî�e<��~ b �<c�}��,�iºB|��,d�í�}�~�g���e���úËg�°q}Öí��I}i}igkd��,|v}�~�g���g�ü
}
°s~R�¦î<}igkd�l



� w

Ö å:û�ü�åhê�ýµþfÿ/ê�ý£ÿ��Åü��Kå��pÿ�û��	��
�ý��Kþ"ê� ü�ÝÐý�������å�åh÷��ÊÝ������
ýµåhêYý3ÿ/× ÷må�ýµþ�mê��vÝmê�÷ ê�ÿ/þ,ý{å

ûË��}�~�g��<dsgk¯ b �feR�Ê°s~<���<}igkdp¨3g��<d�g��ig��H}ig � �Y�j�yüHª��ReR��~ b ��c�d��,�j�,}Ê}��,�iº»}�~<�I}/¨��,���Rd����j�f�ig � �H¸
±	g�®o®�gkd�%iy�+,+ ! 1�l��mg���~��`¨3g � }�~�gQ°q�f�<�i}ids� b �H}��:�,� � ® b���b }��I} b �f�R���,���i�
° b �I}ig � ¨ b }�~K}�~�g�}��,�iºM¬F�,� � }�~�g
°s~R�,®o®�g���c,g�� b }µ�� jgkds�{}i�P}�~�g � g�� b cf���,|�c,�H� � �j�|ü^ª��Re<��~ b ��c��jg�~<��¯ b �,ds��l	�mg��,®o���!�Rd�g��ig��H}ig � d�g���e<®�}��	|�d�� �
�,�mgk¯,�f®oe<} b �f�<�Id�¸����"�<d��f�,°�~m}i�/}�~�g���¸^�H}�~�g�� b ���,|���g�e<d��^°q�f�H}id��f®o®ogkds�D|��,d�}�~ b ��}��,�iºMl��mg���~��`¨3g � }�~<�I}
gk¯,�f®oe�} b �f�/d�g$#^e b d�g���® b }i}�®�g � � � � b �
ª��%�jg�° b �M°�º^���`¨�®�g � c,g,¬�¸,gk} �Rb ��°q��¯,gkd���~ b cf~Ê�R}���g��s� � g�� b cf�<��}�~<�I}��Id�g
¨vg�®o®6� � ���<}ig � }i��}�~<g�°q�f�<�i}id�� b ��}����,|§}�~�g�}��,�iºÊg��H¯ b d��f� � g��H}kl�±�~��fe�cf~�}�~�g#°q�f�<�i}id�� b ��}����f�/}�~ b ��}��,�iº
� �Iº,g b }µd��I}�~�gkdF°s~<�,®n®�g���c b ��c�¬,¨vg��Id�cfe<g � }�~<�I}F�i� � g��,|M}�~�g � �Id�g��<�,}§d�g��,�i�f�<�I�R®og,l-ûË�:}�~ b �{°�~<���<}igkdF¨vg
d�g�®o�Ãü:�,d � � �<b |�¸#��� � g��,|j}�~�g��ig�°q�f�R�i}ids� b �H}��F�,� � �Rd�g��ig��H}Fd�g���e<®o}��{|�d�� � �,�hgk¯,�f®oe�} b �f�R�Id�¸����&�<d��f�,°s~�}i�
}�~�g � g�� b cf���,|6ds�,�M�,}���g�e�ds�^°q�f�H}id��f®o®�gkd��3�,� � �jg�~<��¯ b �,d��kl{�mg��,®o�i�:�,�<�,®�¸ÍúkgD}�~<g'�<dsg�° b �igD¨v��¸^� b ��¨�~ b °s~
}�~�g�°s~<�,�<c,g�� b ��°q�f�<�i}id�� b ��}��v�Id�gDg�ü(��®�� b }ig � �^¸hgk¯,�f®oe�} b �f� b ����°ke<®)�R} b ��c�d��,�j�,} � g�� b cf�<�3�,� � �Mg�~R��¯ b �,ds�kl

ÖFÕ�* ÷mØ�Û,ØRá^Û,è�é,+Îý{Ø<Ù�ä-�	.Ïà]Û,è�à6é

ûË��±	g�®o®�gkd|þÇ�§�j�yüHª��ReR��~ b ��cD}��,�iº:}�~�g�ds�,�M�,}��F¨3gkd�g b �<°k���R�I��®�g��,| � gk}ig�°q} b ��c�|�� b ®�g � �,°q} b �f�R�F}�~<�I}r�Ids�f�ig
¨�~�g��B}�~�g�d��,�j�,}P�I}i}ig � �<}ig � }i� � �`¯,g b �H}i��¨��,®o®o�k¬/�ReR��~/�j�|ü
g�� b �H}i��¨v�,®o®n�k¬��,d0��e<��~ � �,d�g�}�~<�,���f��g
�j�|üjlZ±�~ b �h°q�f�<�i}ids� b ��} � � � g/}�~�g � g�� b cf�Y�,|�g	 Mg�°q} b ¯,g��j�|ü^ª��Re<��~ b ��c��jg�~<��¯ b �,ds�:ds�I}�~<gkd�~<�Id � � b �<°qg
}�~�gPd��,�j�,}����,|�}ig��Êc,�,} b �H}i�h��e<°�~Ê|�e<} b ®�g!�Re<��~ b ��c��i}��I}ig���l3ûÒ} b ���fe�d�°q�f��}ig��H} b �f��}�~<�I}�}�~ b ��® b���b }��I} b �f� b �
e<��dsg��,® b �i} b °§� b �<°qgr�j�,}�~��,� b�� �,®o�	�,� � °q�f��}ig � �j�,ds�Ids¸Pd��,�j�,}��	~<��¯,g � g�°s~<�,� b � � �.}i� � gk}ig�°q} �|ö � ¼�À ��� ù,ô � ø l

±�~<gkd�g b ����¨vg��,®�}�~p�,|F® b }igkds�I}�e�dsg b �Ê}�~<g�� b �f®��,c b °k�,®6�,� � �jg�~<��¯ b �,ds�,®	��° b g��<°qg���}�~<�I} b � �<b °k�I}ig#}�~<�I}
�,� b�� �,®o�1�j�f���ig����/��¯"�Id b gk}�¸»�,| � g�°s~<�,� b � � �Ê}i� � g��,��e�d�g�� ô×ørö  ÷ �,� �  øH�,� �� ÷ �,°k°qg�®�gkds�I} b �f�<�kl ûË�
|��,°q}k¬D}�~<g��ig � g�°s~<�,� b � � ���,®o®��`¨ }�~�g � }i�Y���,}Ê�f�<®�¸ óÅö¤ùßös�|ù �ig�®�|�ª � �,} b �f�]¬��Re�}Ê�,®o�i�Y°q� � ��e�}ig�}�~�g b d
�<b �2�R®o�,°qg � g��H}�|�d�� � �i� � g��M� b ��}��,|#dsgk|�gkd�g��R°qg,¬D�^¸Z���&�<d����<d b �I}ig�®�¸ ô×øäùßö��°÷  ù,ô×øH� }�~�g��ig��,°k°qg�®�gkds�I} b �f�
� b cf�R�,®o��}¹¨ b °qg���¯,gkd�} b3� g,lD±�~ b �4�Rd��^°qg��s���,| � � b �H}�� b � b ��c��,�pg���} b�� �I}ig:�,|r�f��gWþÇ�D�`¨����M�f� b } b �f�/���,�ig �
�f��º
���`¨�®�g � c,g��,| �Rb �i}��,�<°qg,¬ �<b d�g�°q} b �f�6¬	�,� � } b�� g��,|��ig�®�|�ª � �,} b �f� b �Pd�gk|�gkd�d�g � }i�p�,� óÅö  ófÀß÷¼ö��k� � øqô×øH�



�  

�,d��
 ù�ÁHÀßô×øäùßö��W÷  ù,ô � ø %�2��,®o® b ��}ig�® ¬Fy�+,+I«^1�l�ÈD��¨ b ®o®.�jg�°k®o�Id b �Rg ��b �K�^g�°q} b �f�  l w ¬	}�~�gkdsg b �P°q�f�<� bo� gkds�I�R®�g
gk¯ bo� g��<°qgp}�~<�I}Q�,� b�� �,®o��e<�ig���e<°s~ � g�� � ª�dsg�°�º,�f� b �<c � g�°�~<�,� b � � ��}i�Ì®�g��Ids�Ä�,� � �<��¯ b cf�I}igB�jgk}�¨vgkg��
�R®o�,°qg��#%�2��,®o® b ��}ig�® ¬6y�+,+I«^1�l

ûË��� �<�<b } b �f�p}i�/�,� b�� �,®o�k¬]°q�f��}ig � �M�,d��Id�¸�d��,�j�,} b °k���,®o���Q�� jgkds�P��¯I�Id b gk}¹¸��,| � gk¯ b °qg���}�~R�I}Dg��R�I�R®�g
d��,�j�,}���}i� � gk}ig�°q} � �,} b �f�K�,� � �Mgkds|��,d �*� g�� � ª�d�g�°sº,�f� b ��c�%�òr¯,gkd�gk}i}k¬�y�+,+ w 1�l ð � � � gk}id b °:}ig�°s~R� b #^e�g��
}�~<�I} � �Iº,gDeR�ig��,| b ��g�ü5�jg��<� b ¯,g����R} b °k�,®R�,� ��� �Icf��gk} b °�¨�~�gkg�®Rg��<°q� � gkds�r�Id�g'�j���Re<®o�Id � g�°�~<�,� b � � �F|��,d
�,�<}�� b � b ��c ÷ � �f�,Á g��i} b�� �I}ig����,|	d��,�j�,}6�j�f� b } b �f�6l ð }�~<gkd � �,d�gPg�ü5�Mg��R� b ¯,g:% �,� � �,°k°ke�ds�I}igI13���&�<d��f�,°s~<g��
�Id�g � g���°qd b �jg ��b �ÊÈ'�"�jg�� �<b ü�È�l

±�~^e<�k¬��M�,}�~��,� b�� �,®n�§�,�F¨vg�®o®�d��,�j�,}��r�Idsg�°k���R�I�R®og��,| � gk}ig�°q} b ��c#��g�®�|nª � �,} b �f�]lFûÒ��® b cf~H}F�,|j}�~ b �§|��,°q}k¬
�f��g�d�g��,�i�f�<�I�R®og � � �<b ��°k�I} b �f�Ê�,|F±.g�®n®�gkd|þÇ���j�yüHª��ReR��~ b ��ch}��,��ºÊ¨3�fe<® � �jg�}i���<d���¯ bo� g#}�~�g��Ic,g��H}��D¨ b }�~
� � g�°s~<�,� b � � }i� � gk}ig�°q}:��g�®�|nª � �,} b �f�]lOûË�Ð}�~�gQ�<g�ü^}:�ig�°q} b �f��¨vg �<b ��°ke<���#}�~�gQ� �R�<b } b �f�K�,|��p� b�� �R®�g
�ig�®�|�ª � �,} b �f� � gk}ig�°q} b �f� � g�°s~<�,� b � � �,� �/b }���°q�f�<�ig$#^e�g��<°qg���|��,d�g	 jg�°q} b ¯,g#�j�yüHª��ReR��~ b ��c��jg�~<��¯ b �,ds��l

7.598�5:8 ;QSµSµ?�@=<K9Ì[6?�JKE{>�=?>.=^=^S=@µ9<_"X�A£=^_Ia.9R@µ?�;�J

�
e"�"�j�f�ig�}�~�gD�j�|ü^ª��Re<��~ b ��c�}��,�iº�¨��,� � � �<b �Rg � ��e<°s~�}�~<�I}�}�~�gDd��,�j�,}��r¨vgkd�gP°k���R�I�R®og��,| � gk}ig�°q} b ��c
�ig�®�|�ª � �,} b �f�6lvxR�,d b �R�i}��,�<°qg,¬�®ogk}�e<���,�s��e � g�}�~<�I}�}�~�g�d��,�j�,}��4�j�f���ig��s��� � g�°s~<�,� b � � }�~<�I}'�<d��`¯ bo� g����
¼|ö�ö2B�½  �k� ¨�~�g��B�,°q} b �f�<� ¼ �C��¾lP±�~ b ��|�gkg � �R�,°�º � ��¸��Mg:e<�ig � �^¸/}�~�g�d��,�j�,} b �B��¯"�Id b gk}�¸��,|r¨v��¸^�klP±	�
º,gkgD��}�~ b ��cf��� b�� �R®og,¬M®�gk}Pe<���,���se � g:}�~<�I}P}�~�g:|�gkg � �R�,°�º�� b cf�R�,® b �DeR�ig � �H¸p}�~�g:d��,�j�,}D}i�/°�~��^�f�ig��,�
�,°q} b �f� �<b  jgkd�g��H}#|�d�� � }�~<g��f��gQ}�~<�I}:®�g � }i�B}�~�gQ|�� b ®oe�d�g,l/±�~^e<�k¬ b |�}�~�gQd��,�j�,}��I}i}ig � �R}ig � }i� � �`¯,g
|��,d�¨v�Id ��b �H}i����¨v�,®o®	�,� � }�~<g��,°q} b �f�p|�� b ®�g � ¬ b �/}�~�g���g�ü
}�} b3� g��i}igD� b }�¨v�fe<® � ��¯,� bo� |��,ds¨v�Id ��� �`¯,g��
�,� � }�e<ds� b �<��}ig�� � l��»~<�I}�¨v�fe<® � ~<���&�Mg�� b |v��eR°s~��Ê|�gkg � �R�,°sºm¨3gkdsg�}i���jg���¯I� b ®o�I��®�g`�&)��`¨Â¨v�fe<® �
}�~�gDd�g�®o�Ãü��I} b �f���,|6}�~ b �v°q�f�<�i}ids� b ��}��E Mg�°q}�}�~�gDº b � � �§�,|.�Mg�~R��¯ b �,ds�v�,� � �<g�e�d��
°q�f��}id��f®n®�gkds�Fdsg$#He b d�g � |��,d
��e<°k°qg��s�i|�eR®j�M�yüHª���e<��~ b �<cH�

x b cfe�dsg ! loy���~���¨��h}�~�gÊ�jg��i}h�,� � ��¯,gkd��Ic,g��R}��<g����:�,| ¼|ö�öFB,À ¼ � ÷ �r ÷%B ��gk}�¨v�,d�º
�/%�¨ b }�~��fe<}:~ bo�<� g��
e<� b }��q1�gk¯,�f®�¯,g ��b ��}�~�gG�Rd�g��ig��<°qg:�,|v}�~�g�� b�� ��®�g�|�gkg � �R�,°sº � g�°s~<�,� b � � � g���°qd b �jg � �I�j��¯,g,lñû¹}P°k�,���jg
�,�R�igkds¯,g � }�~<�I}P|��,d��<g�e�d��
°q�f��}id��f®n®�gkds�De<� b ��cQ}�~�g:¡.x{¢��fe<}%�Re�}P°q� �Rb ��c��i}ids�I}igkc,¸,¬.}�~<g:��¯,gkds�Ic,g���}���g����
�,|�}�~�g��Mg���}#��g�e�d��
°q�f�H}id��f®o®�gkds��% È�x{xv1 �<b ��°q�`¯,gkd�g � �^¸�gk¯,�f®oe�} b �f� b �<°qdsg��,�ig���}i� w l��f�H¬§¨�~ b ®og�}�~<g��jg��i}
��g�e�ds�^°q�f�H}id��f®o®�gkd�% ý xµxv1��R}���g��s� b �R°qd�g��,�ig���}i� w l�¤,�^l $ �,} b °qg�}�~<�I}D�,}�~�gkd��fe�}%�Re<}�°q� �Rb ��c � g�°s~<�,� b � � �
® b º,g ý ¢Z�,� � È�ÿÎ�,®o����®og�� � }i��� b���b ®o�Id b �<°qd�g��,�ig��§¨�~�g��h°q� � �R�Id�g � }i�#|�gkg � ª�|��,d�¨��Id � ��gk}¹¨3�,dsº^�§gk¯,�f®o¯,g �
¨ b }�~<�fe�}�|�gkg � ���,°�º�%�x b cfe�d�g#�^loy���1�l

±�~<g��igÊ�R}���g��s�ig����Id�g � eR°s~(®n�Id�c,gkd�}�~<�,�(}�~�g��jg��i}hdsg���e<®�}����,�<}�� b ��g � ¨ b }�~Yd�g�°ke�dsd�g���}���gk}�¨v�,d�º
�
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x b cfe�dsg ! loy z{gkd�|��,d � �,�<°qg��,|§d��,�j�,}���¨ b }�~�|�gkg � ª�|��,d�¨��Id � ��g�e�d��
°q�f��}ids�f®o®�gkds��¨ b }�~
�h� b�� �R®�g�|�gkg � �R�,°�º � g�°�~<�,� b � � l

b �Y�^g�°q} b �f�Ì�^l��^l��^l�±�~�gQ|�gkg � �R�,°�º � g�°s~<�,� b � � }�~He<��}ids�,�<��|��,d � �#gk¯,g��Ì|�gkg � ª�|��,d�¨v�Id � ��gk}¹¨3�,dsº^� b �H}i�
g	 jg�°q} b ¯,g�°q�f�H}id��f®F�i}id��I}igkc b g��kl�x b cfe�dsg ! l��Ê��~��`¨��P}�~�gh�jg��i}���gk}¹¨3�,dsº �Rb ��°q��¯,gkdsg � �H¸Bgk¯,�f®oe�} b �f�]lIH���g
°k�,�Ì���,} b °qgQ}�~<�I}:}�~ b ����gk}�¨v�,d�º�� b�� �R®o¸ � �Iº,g��:}�~<g�d��,�j�,} � ��¯,g�|��,d�¨��Id � �R® b � � ®�¸ b | b }�~<���"�jg��<�#}i�
� gk}ig�°q}:�/�j�|ü��,~�g�� � l]ûÒ|�}�~�g�d��,�j�,}�c,gk}��:�i}�eR°�º � �`¯ b �<c/�,dJ�ReR��~ b ��cÊ��eR°s~K���j�|üj¬	g b }�~<gkd��Icf� b �<��}��
¨��,®o®j�,d��Icf� b �R�i}��,���,}�~�gkd��M�yüM¬�}�~<g�|�gkg � �R�,°�º � g�°�~<�,� b � � �,®o®���¨�� b }�}i��g���°k���jg�|�d�� � }�~�g�� b }�e<�I} b �f�6l
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x b cfe�dsg ! l�� ±�~�g{�jg��i}]|�gkg � ª�|��,d�¨v�Id � ��g�e�ds�^°q�f�H}id��f®o®�gkd]gk¯,�f®o¯,g � ¨ b }�~�}�~<g§|�gkg � ���,°�º
� g�°�~<�,� b � � l

x b cfe�dsg ! l�����~��`¨���}�~<gP�Mg�~R��¯ b �,d��,|{}�~�g�d��,�j�,}�¨ b }�~Ê}�~ b ����g�e<d��^°q�f�H}id��f®o®ogkd�lrÈD��°k�,�Ê�jg��,�R��gkd�¯,g � ¬
}�~�g:d��,�j�,}��,|�}ig�� � ��¯,g����,~�g�� � �f�m�se<°k°qg���� b ¯,g:} b�� g��i}igD���k¬]g,l´c�l�¬6�f�m�i}igD�R�  ¬µ�H¬6�,� � ¤^¬]�,d���}igD�R�hy ! ¬
y w ¬��,� � y  ¬Rgk}�°Il�)D��¨vgk¯,gkd�¬ b |	}�~ b ���jg�~<��¯ b �,d�®og�� � ��}i��� b }�e<�I} b �f�<��¨�~�gkd�gP}�~�g�d��,�j�,}��,°q} b �f�<��|�� b ® ¬�}�~�g
|�gkg � �R�,°�º � g�°�~<�,� b � � |��,d�°qg���}�~�gPd��,�j�,}�}i��}�e�ds�Ê�I}�}�~�g���g�ü^}�} b3� g��i}igD�6l
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x b cfe�dsg ! l�� ý g�~<��¯ b �,d	�,|^}�~<gFd��,�j�,}]¨ b }�~P}�~<gF�jg��i}]|�gkg � ª�|��,d�¨��Id � ��g�e�d��
°q�f��}ids�f®o®�gkd
�,� � ��� b�� �R®�gD|�gkg � �R�,°�º � g�°s~<�,� b � � l

±�~^e<�Q}�~�gm|�gkg � �R�,°sº � g�°�~<�,� b � � °qd b } b °k�,®o®�¸��E jg�°q}��/}�~<gp��}���g����ig��Ê�,� � �jg�~<��¯ b �,ds�Q�,|#}�~�gm�j�|ü^ª
�Re<�s~ b ��cQd��,�j�,}��klh� b }�~mgk¯,g��K��� b�� �R®og�|�gkg � �R�,°sº � g�°s~<�,� b � � �I}�}�~�g b d �<b �%�j�f���,®µ}�~�g�ds�,�M�,}��#�I}i}�� b �
ds�I}�~�gkd�~ b cf~h�R}���g��s�ig���e<� b ��c�úieR�i}r|�gkg � ª�|��,d�¨v�Id � �<g�e�d��
°q�f��}id��f®n®�gkds�kl{È��v¨vgP��~���¨vg � g��Ids® b gkd�¬H}�~�gD|��,°q}i�,d
�igk¯,gkd�g�®o¸Z® b���b } b ��cm}�~�gBd��,�j�,}��R}���g����ig�� b ��}�~�g b d b �R�I� b ® b }¹¸Ð}i� � gk}ig�°q}Ê|�� b ®�g � �,°q} b �f�<�klWî�� � gkd���e<°�~
° b ds°ke � �i}��,�<°qg���¨3gB��~���¨vg � ~<��¨õgk¯,�f®ne�} b �f��g�ü5�R®�� b }��hd�g�°ke�d�dsg���}��<gk}�¨v�,d�º^��}i�Ð�,®o}igkds�<�I}igp�,°q} b �f�<���,|
� �`¯ b �<cÊ|��,d�¨��Id � �,� � }�e�ds� b �<c�l $ ��¨�¬	¨ b }�~m�,�mg�ü5�R® b ° b }k¬6�,®��jg b }D� b�� �R®�g�|�gkg � �R�,°�º � g�°�~<�,� b � � gk¯,g��
|�gkg � ª�|��,ds¨v�Id � ��gk}�¨v�,d�º
��®�g�� � }i��¨v�,d�}�~�¸Ê°q�f�H}id��f®o®�gkd��klv� b���b ®o�Id�d�g���e<®o}���e<� b ��c:}�~�g�È�ÿ��fe<}%�Re�}�°q� �<b ��c
� g�°�~<�,� b � � �Id�gK�<dsg��ig���}ig ��b ��% ý �,®o�Iº^d b ��~R�<�,�#'Y)D�f�<��¯"�Id�¬�y�+,+  �
- ý �,®n�IºHd b ��~<�<�,��'�)��f�<��¯"�Id�¬
y�+,+  °"1�l

ÖFÕML ýµØRé3ã"à]ß�N ý=NFã`Û,Ø"O ÷mØRã"è�+.é

ý�b �f®��,c b °k�,®.�,d�cf�,� b � � ��g � �R®��`¸/��¯I�Id b gk}¹¸/�,|F�ig��<���,d�¸/�i¸
�i}ig � ��® b º,g � g�°s~<�,�<�,d�g�°qgD�<}i�,ds�k¬/�R~<�,}i�,d�gqª
°qgD�<}i�,ds��¬	}�~�gkd � �,d�g�°qgD�<}i�,ds��¬	g�®�g�°q}ids�,d�g�°qgD�<}i�,ds�k¬§°�~�g � �,d�g�°qgD�<}i�,d��k¬{gk}�°Il�¬�%�2�d b gkd�' ý e<d�º�¬vy�+,+,�H1�l?H���g
�j�f��� b ��®�g�d�g��,�i�f�B|��,d�}�~ b ��¯I�Id b gk}¹¸ b ��}�~<�I}�g��,°s~m�se<°s~B�ig��<�i�,ds¸ � � � �,® b }¹¸Êg�� � ��¨���}�~<g��,d�cf�,� b � � ¨ b }�~
����e�d�¯ b ¯I�,®F� � ¯I�,��}��Ic,g b ��}�~�gÊ� b °s~�g�}�~<�I} b }��
°k°keP� b g��klpxR�,dhg�ü
� � ��®�g,¬§}�~�g�¯ b � b �f�K��¸^�i}ig � �,| � �f�i}
�,� b�� �,®o� b �P�
 �s� C �Wö ¬ � g�� b cf��g � }i� � gk}ig�°q}h�<�I}�e�ds�,®r® b cf~H}#d�gqÓRg�°q}ig � |�d�� � �,�
úig�°q}��kl/)D��¨vgk¯,gkd�¬r°qgkds}�� b �
�%�jg�° b g��3�,| � gkgD��ª�¨��I}igkd � �Id b ��g�® b |�g,¬�|��,d�g�ü
� � �R®�gRQ� ��Á �SC �IÁÍùRô§��Á�T � Á � ù � ½ � ö � Á  ÷ � ø �
,� � ö�½¤÷  ù��^�VU ¬&�j�f�Ëª
�ig����§�,�p �|ù C �¦ö ¯ b � b �f����¸^�i}ig � %�2�d b gkdr' ý e�d�ºM¬<y�+,+,�H1�lr±�~�gk¸�c,g���gkds�I}ig��,� � g ��b }{}�~�g b d{��¨��h® b cf~H}k¬��,� �
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� gk}ig�°q}P�,�
úig�°q}����^¸����"�<d����Rd b �I}ig�®�¸/�ig��R� b ��c�}�~�g�dsgqÓRg�°q}ig � ® b cf~H}kl#� b �<°qg���e�d�|��,°qgh® b cf~H}�~<�Id � ®�¸Êd�g��,°s~<g��
}�~�g��
°qg��,� � gD�<}�~<�P}�~<�I}#}�~�g��igh���s~ b �<~<�I� b }k¬jgk¯,�f®oe�} b �f�Ð�igkg � ��}i�p~<��¯,g�|��fe<� � }�~ b �����`¯,g�® � g�� b cf��}i�
g��<�I�R®ogQ}�~<g��igQ����~�g���}i�m��¯,gkd�°q� � g�}�~ b ����gk¯,gkd�g/~<�,� �<b °k���6l��(�jg�° b ��°�g���¯ b d��f� � g���}��,®�°q�f�R�i}ids� b �H}��:�,d
�jg�~<��¯ b �,ds�:}�~^e<� b�� �j�f�ig�}�~�g b dh�`¨�� � g � �,� � �:�f��}�~<g/º b � � ���,|P�ig��<�i�,ds��d�g$#He b d�g � |��,d���e<°k°qg�����|�e<®n®�¸
��e�ds¯ b ¯ b ��c b ��}�~<�I}�g���¯ b d��f� � g���}kl

$ �,}��f�<®�¸��Id�gh�%�jg�° b �M°#�ig��<���,dD}id�� b }���°qd b } b °k�,®	}i��}�~�g:�Mg�~R��¯ b �,d'�Rd�� � e<°qg � ¬ b ��}igkd��,°q} b �f�<�D�jgk}�¨vgkg��
�<b  jgkd�g��H}��ig��<�i�,d��P�Id�g��,®o�i�/~ b cf~<®�¸ b3� �j�,d�}��,��}kl:x<�,d�g�ü
� � �R®�g,¬ ös�qÁ �I��� �  ù C�� ø�b ���R�I}�� b ���Ê�se<°k°qg����i|�e<®
�jg�~<��¯ b �,d��jg�°k�,e<�ig#}�~�g�e<®�}ids�,���f� b °Dg ��b }i}igkds���,� � d�g�°qgD�<}i�,d����,°q} b ��}��,� � g � l�H��<gP¨ b }�~��fe�}�}�~�g#�,}�~�gkd
¨v�fe<® � �<d��`¯,g �<b ���,�i}ids�fe<��|��,dh}�~�gÊ�,}�~<gkd�¨ b �ig��R® b � � ���I}��Ê% ë °qxR�Id�®o�,� � ¬�y�+,+,�H1�lY±�~HeR�k¬ � gk}igkd ��b � b ��c
}�~�g:d b cf~H}P°q� � � b �<�I} b �f�B�,|3��g��<�i�,ds� b ���,��g$#^e<�,®o®�¸/~<�Id � ¬]¸,gk} b�� �j�,d�}��,�H} b ����e�g,l�ÈD���,}�~�gkd �<b3� g��<� b �f�
b �»�ig��<���,d�¸Ä��¸^�i}ig � � g�� b cf� b ��}�~�g��^e � �jgkd��,� � �R®o�,°qg � g��H}Ê�,|�}�~�g��ig��<�i�,d��kl xR�,d/g�ü
� � �R®�g,¬�}�¨v�
gk¸,g��P�Id�g:��°q� �I� �f��°q�f�
�Rcfe�ds�I} b �f� b �p�,� b�� �,®n�kl�ÈD��dsgkcf�Id � ��}�~�g b d!�R®o�,°qg � g��H}k¬jgk¸,g��D®o�^°k�I}ig � �I}�}�~�g
|�d��f��}0�Rd���¯ bo� g�� b ���
°ke<®o�IdD¯ b � b �f�B}�~�gkd�gk�^¸��,®o®���¨ b ��c��i}igkd�gk�/¯ b � b �f�B�,� �m� gD�R}�~W�Mgkd�°qgD�<} b �f�]l ý e<}P}�~ b �
d�g���eR®�}�� b ���#� � �,®o®�gkdr¯ b ��eR�,®
�Rg�® � °q� � �R�Id�g � }i��gk¸,g���®��
°k�I}ig � �f��g b }�~�gkd3� bn� g��,|]}�~�g�~�g�� � % � �f���
°ke<®o�Id
¯ b � b �f�j1�l-ÿ�gD�jg�� �<b ��c��f�Q}�~�gD~R�I� b }��I}r�,|.}�~�g��,dscf�,� b � � ¬^�f��gX�R®o�,°qg � g���} ��b cf~H}3~<��¯,g��,��gk¯,�f®ne�} b �f�<�Id�¸
� � ¯I�,��}��Ic,g���¯,gkdD}�~�g��,}�~�gkd�l

±�~ b �hd�g��,�i�f� b ��cK�,®o����g�ü(��®o� b �<�:}�~�g �<b  jgkd�g��<°qg�� b �Y}�~�g � g�� b cf���,|�}�~�gB��� � g���g��<�i�,d�¸Ì�,d�cf�,� b �
�<b  jgkd�g��H}��,� b�� �,®o�klvx<�,d b �<�i}��,�<°qg,¬�}�~�g#|�e<�<°q} b �f�R���,|§¯ b � b �f� b � �<b e�ds�R�,®]�,� b�� �,®o� �<b  jgkd�|�ds� � }�~��f�ig b �
���
°q}�e�ds�<�,®M�%�jg�° b g��kl{x<�,d��<�^°q}�e�d��<�,®��,� b�� �,®o�k¬
�ig��<� b } b ¯ b }�¸ b �v�I}��Y�<d�g ��b e � �,� � }�~�g�gk¸,g � eR�i}v°q�f®n®�g�°q}
�,� � e<°�~�® b cf~�}F�,�R�M�f�s� b �R®�g,lµ±�~ b �Fd�g$#He b d�g��§��� b c�®�g��<�klµ)D��¨vgk¯,gkd�¬�}i� � � b ��}�� b ��}�~�g b�� �Ic,g b �:|��^°ke<�r�f�
}�~�ghd�gk} b �<�
¬ b �<°qdsg��,�ig � ®�g��<��� b úkghdsg$#He b d�g����/°q�,d�d�g��%�j�f� �Rb ��c b �<°qd�g��,�ig b �B}�~�g�®og��<�P°ke�d�¯I�I}�e�d�g,lh±�~^e<�k¬
� �,�H¸B�<�^°q}�e�d��<�,®{�,� b�� �,®o��~<��¯,g�®o�Id�c,g�®�g��R�ig���¨�~ b °�~��<d�� � e<°qg:� � �,®o® ¬]�Rd b cf~H} b�� �Ic,g��k¬6¨�~ b ®�g �Rb e�ds�<�,®
�,� b�� �,®o��~<��¯,g�� � �,®o®�gkd�®og��<�ig���¨�~ b °s~1�<ds� � eR°qg�®n�Id�c,gkd�d�gk} b �R�,® b�� �Ic,g��#% ë °qxR�Ids®n�,� � ' ý �f����gkd�¬.y�+,+,�H1�l

x b �<�,®n®�¸,¬I}�~�g,��~�¸
� b °k�,®Hg���¯ b d��f� � g���}Z�<d��`¯ bn� g�� � �,��¸�ds��¨ � �I}igkd b �,®o�µ}�~<�I}§°k�,���jg�e<�ig � }i� � �Iº,g�eP�
� b cf�R�,®o�kð � �f®og�°ke<®�g��k¬,® b cf~H}µ¨v��¯,g��k¬�g�®�g�°q}id b °k�,®
�,� �[� g�°s~<�,� b °k�,®^�Rg�® � ��¬`¯ b �<ds�I} b �f�<�k¬"gk}�°Il�¬�%�2Dd b gkd§' ý e�d�ºM¬
y�+,+,�H1�lv)��`¨3gk¯,gkd�¬ b �Ê�,d � gkd�}i��g�ü5�R®�� b }���� � g��,d��,®o®6�,|	}�~�g���g#� b cf�<�,®n�k¬�}�~�g��,d�cf�,� b � � ��~��feR® � ���,}��f�<®o¸
~<��¯,g��ig��<���,ds�r°k���R�I��®�g��,| � gk}ig�°q} b ��c#}�~�g � ¬���e�}F}�~�g���g��<�i�,ds�F�s~��fe<® � �,®o�����jg ù��ºørö2B C øäù ��}�~�g��ig�� b cf�<�,®o�kl
x<�,d�g�ü�� � �R®�g,¬
���
°q}�e bo��� �,}�~<�v�Id�gX�<d�gk¸,g � eP�j�f���^¸��R�I}����,�v}�~�gk¸hÓ�¸��I�j�fe�}3�I}�� b cf~H}kl§±�~�g��,e �<b }i�,ds¸
�i¸
�i}ig � �,|µ}�~�g��ig � �,}�~<��°q�f�<� b �i}����,|.}¹¨3�hg�ü
}id�g � g�®o¸Q� b3� �R®�g�g��Ids�klF±�~�g���gDg��Id����Id�g��%�jg�° b ��°k�,®o®o¸h}�e<��g �
}i�/d�g�°q�,cf� b úkg�}�~�g � � ù,÷  � � ø C � °qd b g��P�,|�~^e<��} b ��cÊ�R�I}��kl�x�e�d�}�~�gkd�}�~<g���g�e�ds�,®§° b d�°ke b }id�¸ b �P�i���Id�d��,��c,g �
�,�D}i��d�g��i�,d�}D}i� �Rb  Mgkdsg���}�gk¯"�,� b ¯,g � g��,��e�d�g�� � gD�jg�� �<b ��ch�f�B}�~�g\�Rd��|ü b���b }¹¸��,|F}�~�g:���"�<d��f�,°�~ b ��cQ�R�I}
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% ë °qxR�Ids®o�,� � ' ý �f�s�igkd�¬�y�+,+,�H1�lp� b }�~��fe<}�}�~�g b d��i¸^��}ig � �#}�eR��g � }i� � gk}ig�°q}:e<®�}ids�,�i�f� b °h|�d�g$#He<g��<° b g��k¬
}�~�g � �,}�~<��¨v�fe<® � ®��f�igP}�~<g b d���e�ds¯ b ¯I�,®Mg � c,g,l

�»~<�I}�°k�,�Q¨3gP®�g��Ids��|�d�� � }�~�g � g�� b cf���,|.�ig��<�i�,ds¸��i¸
�i}ig � �v�,|6�,d�cf�,� b � � ���p2 b ¯,g��Q}�~�gDd��f®�gDgk¯,�f®oe
ª
} b �f�/��gkg � ��}i��~<��¯,gJ�R®n��¸,g �/b � � gk¯,g�®���� b ��ch�,dscf�,� b � � ��¨ b }�~�¯"�Id b g � �jg�~<��¯ b �,ds��dsg��,® b úkg � }�~�d��fe<cf~Ê}�~�g
� �,� ½ C øUö2B � ÷�� � À�öq� �I� �Wö2B�� g�� b cf���,|��ig��<�i�,d�¸��,� � ��g�e�ds�,® b ��|��,d � �I} b �f�W�<d��
°qg���� b ��c/�i¸
�i}ig � �k¬ b }��f�<®o¸
�igkg � ���R�I}�e�ds�,®M}i�G�<d�g���e � g�}�~R�I}�}�~�gD�Rg�® � �,|.d��,�j�,} b °k���,d��,�H¸�g��H}igkd2�<d b �ig�}�~R�I}�� b�� �v}i�G�<d�� � e<°qg��,e
ª
}i�f��� � �feR�v�Ic,g��H}����,|6��°qgkd�}�� b �Q�jg�~<��¯ b �,ds�,®Rd�gD�jgkd�}i� b d�g,¬H¨3�fe<® � �jg���gq�R}r|�d�� � � b���b ®o�Idr°q�Iª�gk¯,�f®oe<} b �f�<�Id�¸
� g�� b cf�Ê°q�f�<� bo� gkd��I} b �f�<�klr� b �R°qgPgk¯,�f®oe�} b �f�<�Ids¸�}ig�°s~R� b #^e�g����Id�g#�,®od�g�� � ¸��jg b �<c:eR�ig � #He b }ig���e<°k°qg�����|�e<®n®�¸
b �h}�~<g � g�� b cf���,|j�<g�e�d��
°q�f��}id��f®n®�gkds�{|��,drd��,�j�,}��k¬H¨3g�¨v�fe<® � ® b º,g�}i�#g�ü5�R®��,dsg�}�~�g�e<��g��,|]gk¯,�f®oe�} b �f� b �h}�~�g
� g�� b cf���,|6}�~<g���g��<�i�,d�¸���¸^�i}ig � �D% ý �,®o�Iº^d b �s~<�<�,��'Î)D�f�<��¯I�Id�¬6y�+,+  �]1�lv±�~�gDg�ü(�jgkd b3� g���}��3d�gD�j�,d�}ig �Qb �
}�~ b ����g�°q} b �f���Id�g��,�Êg	 M�,ds} b ��}�~ b � �Rb d�g�°q} b �f�]l

7.5�]]5:8 A_^µ>nL"?�`sOQ=^;�T�>:^.L`?�T�@ZO�=^E	G"=^;�=^@ML`9�L`?�T�@ZT&a�[j=
@.;�TRGcb�d�@.Ee^.L�;

ÈD� b ���fe<d�g��Ids® b gkdD��}�e �<b g��k¬�}�~�g�g�ü(�jgkd b�� g���}�� b �p}�~�g�|��f®o®��`¨ b ��c��ig�°q} b �f�<���,����e � g�}�~R�I}�}�~�g�d��,�j�,}
~<�,��¯ b �se<�,®]�ig��<�i�,d��kl3±�~<g��ig��ig��<�i�,d����Id�g#�,�s��e � g � }i���<d�� � e<°qg��Ê� � � ù C À¨÷�öq� �I� �7ù C�� ø dsgD�<d�g��ig��H}��I} b �f�/�,|
�ig��<���,d�¸ b ��|��,d � �I} b �f�]¬ b l´g,l�¬j¨ b }�~ b �<°qdsg��,� b ��c �<b �i}��,�<°qg�|�ds� � }�~<g�d��,�j�,}D}�~�g:�ig��<�i�,ds��d�gk}�e�d���d�g�� �Rb ��cf�
��¯,gkdh®o�Idsc,gkd��Id�g��,�k¬{�Re<}#�I}��p°q�f�Ids�igkd�d�g��i�f®oe�} b �f�]lñûË�<�%� b d�g � ®o�Id�c,g�®�¸��^¸�}�~�g����"�Rd��|ü b�� �I}ig�®�¸ � � ø C � I�
� C ��� I� ôsö � B"�hb � � �f�i}��,� b�� �,®o��¬r}�~ b ���ig��<�i�,d�¸ b �P��e�}:d�gD�<d�g��ig��H}��I} b �f�Z�,®o®���¨��hd�gkc b �f�<��°k®��f�igkd�}i�Ð}�~�g
d��,�j�,}�}i���jgPd�gD�<dsg��ig���}ig � �I}�~ b cf~�gkd�d�g��i�f®oe�} b �f�<�v}�~<�,�Ê}�~��f�ig#|�e�ds}�~�gkd���¨���¸,l

ûË��}�~�grg�ü(�jgkd b�� g���}��.}i��|��f®o®���¨#¬`g��,°�~��ig��R�i�,d b �	°s~<�Id��,°q}igkd b úkg � �H¸P���`ª�}�e"�R®�g�%gfch:i61�l{)�gkdsg,¬�f�dsgk|�gkds�.}i�
}�~�g�ds�,��c,g�}i��¨�~ b °�~�}�~�g�°q�,d�d�g��%�j�f� �<b ��c��ig��<�i�,dv~<�,�3�Mgkg���}�e<��g � ¬ � g��,��e�dsg ��b �h}igkd � �r�,|j}�~�gD�He � �jgkd
�,| b �H}igkd�¯,g�� b ��c/°qg�®n®o���,®��f��c�}�~�g���~��,ds}ig��i}j�R�I}�~K|�d�� � }�~�g�°qg�®o®F�^°k°keP� b g � �^¸p}�~�g�d��,�j�,}��,� � }�~<g�°qg�®o®
}i��¨�~ b °s~/}�~�g#�ig��<���,d b ��}�eR��g � lFx<�,d b �<��}��,�<°qg,¬R�ig��<���,ds��}�~<�I}��,�R�igkd�¯,g�°qg�®o®o� b��I� g �<b �I}ig�®�¸��Id��fe<� � }�~�g
d��,�j�,}¤þÇ�,�M�f� b } b �f�]¬^�,� b ��}�~�gDg�ü(�jgkd b�� g���}�� � g���°qd b �jg ��b � � ~R���<}igkd��^¬
~<��¯,gDd��,��c,g!f�¦»«
l3�
g��<�i�,ds�r¨ b }�~
ds�,��c,gYf#¦�y#�,®o®���¨Æ}�~�g#ds�,�M�,}�}i���,�R�igkds¯,g�°qg�®o®o���f��g�°qg�®o® ½Ýöqu � økB }�~<g�d��,�j�,}¤þÇ��°ke<d�d�g��H}4�j�f� b } b �f�]l3±�~�g
g�®�g � g��H}�iBd�gk|�gkd���}i��}�~�g\�R®o�,°qg � g��H}#%��,d'�M�f� b } b �f�j1F�,|{}�~�g#°q�,dsd�g��%�j�f� �<b �<c:��g��<�i�,d�¬<}�~<gkd�gk�H¸ �<b °q}��I} b ��c
}�~�g B C ÷�ös�|ù C � ø I�lC ù�u �,|.}�~�gP�ig��<�i�,d�lRH�e<d3g�ü5�jgkd b�� g��H}��3�,�s��e � gD}�~<�I}�}�~�gDd��,�j�,}v�ig��R�i�,ds�v�Id�gX�M�f� b } b �f��g �
}i���ig��<��g��,®��f��cPg b cf~H}��j�f��� b �R®og �<b dsg�°q} b �f�<�{�Id��fe<� � }�~<gvds�,�M�,}kl{�mg�eR�igZi�¦»«�}i��d�gk|�gkd§}i�P}�~�g �<b d�g�°q} b �f�
!�wQ� gkc,d�gkg���}i��}�~�g:®�gk|�}��,|F}�~<g�ds�,�M�,}k¬(i�¦ùy�|��,d�}�~�g �Rb d�g�°q} b �f� �<b d�g�°q}�®o¸/�,~�g�� � �,|r}�~�g�d��,�j�,}k¬(i�¦W�
|��,d�}�~�g �<b d�g�°q} b �f� !�wh� gkc,dsgkg���}i��}�~�g#d b cf~H}k¬<�,� � �i�h�f�]¬��,� b ®o®oeR�i}ids�I}ig ��b ��x b cfe�d�g ! l ! l

2 b ¯,g��/}�~ b � b �H}igkd2�<d�gk}��I} b �f���,|§�ig��<�i�,d'�M�f� b } b �f�<�k¬<���ig��<�i�,dD�%�jg�° b �Rg � �^¸m%gf�¦&«5h:i�¦&�H1�% � g����,}ig �
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x b cfe�dsg ! l ! ë e<®�} b ª�d�g����f®oe�} b �f�Qd�gD�<dsg��ig���}��I} b �f�/�,|{�ig��<�i�,d�¸ b �P��e�}��kl

�
«f�H1�¬M¨ b ®o®]��g��<�ig�}�~�g�°qg�®o® b3�m� g �<b �I}ig�®o¸�}i��}�~�g#d b cf~�}��,|§}�~<g#d��,�j�,}k¬R¨�~ b ®�g�}�~�g��ig��<�i�,d�%gf�¦�y�h:ip¦&«^1
% � g����,}ig � �jyk«^1�¨ b ®o®��ig��R�ig��K°qg�®n® �<b �Ic,�f�<�,®n®�¸�®ogk|�}��,� � ��°qg�®n®o���,~�g�� � �,|�}�~�g�d��,�j�,}k¬��,�Q��~���¨�� b �
x b cfe�d�g ! l ! laûÒ�Y® b ��g�¨ b }�~Ì�fe�d � e<®o} b ª�d�g��i�f®oe<} b �f�KdsgD�<d�g��ig��H}��I} b �f���,|��%�R�,°qg,¬�¨vg��,����e � gÊ}�~<�I}�g��,°�~
�ig��<���,dv}�eR��g � }i������g��<� b ��c�ds�,��c,g��,| ÷ °qg�®o®o�v|�d�� � }�~�g�d��,�j�,}k¬^dsg��%�j�f� � �3}i�h�,�
úËg�°q}����`¯,gkd���f3¥�yP°qg�®o®o�k¬
��f�°qg�®o®o�P�f�Kg b }�~�gkd#� bo� g:�,|�}�~�g�}��Id�c,gk}�°qg�®o®�%gfch:i61�l�±�~^e<�k¬	�/�ig��<�i�,d#¨ b }�~��/��g��<� b ��c�ds�,�<c,g��,|�fÊ¦ù«
d�g��%�j�f� � �F}i�h��f§¥Yy�¦0yD°qg�®o® ¬^¨�~ b ®�g��:�ig��R�i�,d3¨ b }�~���ds�,��c,gD�,|nfP¦0y�d�g��%�j�f� � �r}i�h��°qg�®o®o��¬^�,� � �i���f�]l
x<�,d b �<��}��,�<°qg,¬�}�~�g��ig��<���,ds�v�jyk«��,� � �jy,y b ��x b cfe�d�g ! l ! ~<��¯,gDd��,��c,g'f�¦0yI¬
�,� � ~<g��<°qg�g��,°�~Qd�g��%�j�f� � �
}i��}�~�dsgkg#°qg�®o®o����~<��¨��Ê�^¸Q}�~�g#�Id�d��`¨��kl

ûÒ}���~��feR® � �jg����,}ig � }�~R�I}��ig��<�i�,d�ds�,��c,g����Id�g � g��,��e<d�g �/b �Ê}igkd � ���,|{}�~�g#�^e � �jgkd��,| b ��}igkds¯,g�� b ��c
°qg�®o®o���,� � ���,}�}�~�g�òve<°k® bo� g��,� � gk}id b °Il ûÒ}#°k�,�Ð�,®n�i�/�jg��,�R�igkds¯,g � }�~<�I}�}�~�g � e<®�} b ª�dsg��i�f®oe�} b �f��dsgD�<d�gqª
�ig��H}��I} b �f���,|	��g��<�i�,d�¸ b ��|��,d � �I} b �f�Q®�g�� � �v}i�h��¯,gkds®n���R� b �Q�ig��<�i�,d�¸��Rg�® � �k¬^¨ b }�~ � �,d�g�}�~<�,�Q�f��gP�ig��R�i�,d
�,|�}ig���d�g��2�M�f� �<b ��c�}i��}�~�g���� � g�°qg�®n® lrx<�,d b �<��}��,�<°qg,¬R�ig��<���,ds�D�jyk«��,� � �jy,y#~<��¯,g���¯,gkds®o���&� b ��c�d��,��c,g��
b �Qx b cfe�d�g ! l ! � b �<°qg�}�~�gk¸��j�,}�~Qd�g��%�j�f� � }i�h�,�
úig�°q}������"�jg��Id b ��c b �Q°qg�®n® � �Id�º,g �1o!o l<±�~<g��igP��¯,gkds®n���R�
°q�f��|�gkdP}�~�gh�ig��<�i�,ds¸��i¸
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(8.5%) (0,5) S

(7.5%)

(0,6) SW
(9.5%)

(0,7) W
(13.6%)

x b cfe�dsg ! l  ÿ b �i}id b �Re�} b �f�p�,|v��g��<�i�,ds� b ��}�~�gh�jg��i}Pd��,�j�,}��0�<d�� � e<°qg ��b ��g��,°�~��,|
}�~�gPgk¯,�f®oe<} b �f�<�Id�¸Qdse<�<��l

±�~^e<�k¬§�ig��R�i�,d�gk¯,�f®ne�} b �f��®�g�� � ��}i�pg	 jg�°q} b ¯,g � g�� b cf�<��}�~<�I} b �»I���.°k�,�ig���g � �R®��`¸�|�gk¨3gkd�}�~<�,��}�~�g
� �Ãü b�� e � �jgkd ��b ��� b �R®�g:¤��ig��<�i�,ds��lhxRe�d�}�~�gkd�¬.}�~�gG�R®n�,°qg � g���}#�,|v�ig��R�i�,ds� b �P®n�Id�c,g�®�¸B� b �,�ig � }i�`¨v�Id � �
}�~�g�d�gkc b �f���,~�g�� � �,� � }i�B}�~�gQ� bo� g��#�,|�}�~�g�ds�,�M�,}k¬{¨�~ b °s~ � �Iº,g�� b �H}�e b } b ¯,g���g��<�ig�� b �<°qg�}�~<g�d��,�j�,}
°k�,�<���,} �<b d�g�°q}�®�¸Êd�g��%�j�f� � }i�Ê�ig��<�i�,d����jg�~ b � ��b }kl�x<�,d b �R�i}��,�<°qg,¬ b |§}�~�g����ig��<�i�,d � gk}ig�°q}����Q�j�|üj¬j}�~�g
d��,�j�,}�~<�,��}i��}�e�ds� ù ��C �³ö �jgk|��,d�g b }�°k�,��c,gk} b �H}i����� b }�e<�I} b �f�Ê¨�~<gkd�g b }�°k�,����e<��~Ê}�~�g#�M�yüMl3�mg�~<��¯,g
�,�R�igkds¯,g � � b���b ®o�Id�dsg���e<®�}���¨ b }�~p}�~<g�e<�ig:�,| ý ¢ù�,� � È�ÿó�fe<}%�Re�}P°q� �Rb ��cÊ�i}ids�I}igkc b g���lh¢�g���e<®o}��DeR� b ��c
}�~�g�®o�I}i}igkd3���"�<d��f�,°�~����"�jg��Id b �Ê% ý �,®o�Iº^d b ��~<�R�,�:'Ä)D�f�<��¯"�Id�¬My�+,+  �]1�¬^¨�~ b °�~h�,®o�i� �<b ��°keR���ig��µ}�~�g�g	 jg�°q}
�,| b �<°qd�g��,� b ��c:}�~�gPds�,��c,g#�,|	}�~�g��ig��<�i�,ds��l

±�~ b �]�ig��<�i�,ds¸ � g�� b cf�P���"�<d��f�,°�~ b �jdsg ��b � b �s°qg���}j�,|
}�~�g ¼|ö  ù��º÷¼ö3�¤ö � ös�|ù C � ø � ÷ � ½ � ö �:¬,¨�~<gkd�g§���He � �jgkd
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�,| b �P�Re�}3|�g��I}�e�dsg����Id�gP��¯I� b ®o�I�R®ogD�,� � }�~<gDdsg��,�i�f� b ��ch�i¸
�i}ig � ~<�,��}i�h°�~��H�f��gP}i��e<�igP�:��e��R�igk}��,|	}�~�g �
|��,d��:¯"�Id b gk}�¸��,|Z�jgkd�|��,d � �,�<°qgDd�g�®o�I}ig � °q�f�<��}ids� b �H}��kl�ûË���fe<d�°k�,�ig,¬<}�~�g�d��,�j�,} b ���,®o®��`¨3g � }i��eR�ig � �,��¸
�ig��<���,ds�k¬<�Re<}�}�~�g�gk¯,�f®oe<} b �f�<�Id�¸ � g�� b cf���i¸
�i}ig � °�~��^�f�ig���}i�Qe<�ig�ú�e<�i}���|�gk¨&}�~<�I}D�i� � g�~��`¨Æ}ids�,�R��®o�I}ig
b �H}i�\�jgkd�|��,d � �,�R°qg�cf� b �<�3�f�Q}�~�gD�M�yüHª���e<��~ b �<cP}��,�iº�l3±�~HeR�k¬�gk¯,�f®oe<} b �f�<�Id�¸����"�Rd��f�,°s~�g����IdsgD�I}i}ids�,°q} b ¯,g
���<} b �f�R�r|��,d3}�~<g�|�g��I}�e�d�g��ig�®�g�°q} b �f���<d��,�R®og � ¬H�,�v~<�,���,®o�i���Mgkg�� � g � �f�<��}ids�I}ig � �H¸/%9|r�,��c�'&)��f�R��¯I�Id�¬
y�+,+,¤H1�l

ÖFÕ�Ô ×�à6Ù�ØÌà6ä#êÐà6è�ã"Ø

$ � b �igG�R®n��¸
�P��¯,gkd�¸ b3� �j�,d�}��,��}�d��f®og b �Bd��,�j�,} b °k��d�g��ig��Ids°�~K®o�Idsc,g�®�¸��jg�°k�,e<�ig:�,|v}�~�g���� b ��g b �<~�gkdiª
g��H} b �Bd�g��,®³ª�¨v�,ds® � g��H¯ b d��f� � g��H}��P�,� � d��,�j�,}P°q� � �j�f��g��H}��klhx<�,d�g�ü�� � �R®og,¬6¯ b ��e<�,®{�ig��<�i�,ds¸pd�g�� �Rb ��cf�
°q�,d�d�g��2�M�f� �<b ��c�}i��}�~�g���� � gP�,�
úËg�°q} � ��¸��jg0#He b }ig �<b  jgkd�g���}��I} �Rb  Mgkdsg���}�} b�� g�����¨ b �<ch}i���h�He � �jgkd
�,|{g���¯ b d��f� � g���}��,®.g	 Mg�°q}��D® b º,g�® b cf~H} b ��c�¬�d�gqÓRg�°q} b �f�]¬ b �H}igkd�|�gkd�g��<°qg,¬R�
°k°k®oe<� b �f�]¬�gk}�°Il�¬M�,d � e�gP}i� � gk|�g�°q}��
�,� ��� �,®�|�eR�<°q} b �f�<�v�,|{}�~�g��ig��<���,d�¸Q���&�R�Ids�I}�e<�kl�� b���b ®n�Ids®�¸,¬�ds�,�M�,}��,°q} b �f�<���Id�g#�,|�}ig��p� b ú��I�R®�g � gk¯ b �,�H}��
�,|µ}�~�g b d b �H}ig�� � g � �f��g���¬<¨ b }�~�|��,°q}i�,ds��® b º,g�|�d b °q} b �f�]¬ b�� �<ds���Mgkd�} b dsgqª b �
Ó��I} b �f�6¬H�R�I}i}igkds¸��j�`¨3gkd�¬ � �,}i�,d
� �,�^e�|��,°q}�e�d b ��c � gk|�g�°q}��k¬<c,ds� �Rb g���}���¬�gk}�°Il�¬R°k�,e<� b �<c � �Id�º,g � °s~<�,�<c,g���|�d�� � }�~�g�g�ü(�jg�°q}ig � }id��`úËg�°q}i�,d b g��
�,| � �,� b ®oghd��,�j�,}��klñûÒ|�d��,�j�,}����Id�g�}i�p�jgh�Re b ®�}�}i�p���Mgkd��I}ig b ����eR°s~�dsg��,®³ª�¨3�,d�® � g��H¯ b ds�f� � g��H}��k¬.}�~�gk¸
� e<�i}q�j�f���ig���� � g�°s~<�,� b � � ��|��,d � g��,® b ��c:d�g�® b �I��®�¸�¨ b }�~Ê�se<°s~/�<� b �ig��kl

È*|�e�ds}�~�gkdÊ°q� � �R® b °k�I} b �f�Ä�Id b �ig��Q|�ds� � }�~<g�eR�ig��,|#d��,�j�,}�� b �Äe<��º
����¨��Ä�,� � �,|�}ig���~<�¦ú��Id � �fe<�
g��H¯ b ds�f� � g��H}���® b º,g/�%���,°qg/g�ü(��®��,ds�I} b �f�]¬��^e<°k®�g��Id�¨��,�i}igp°k®og��,�
ª�eP�6¬vc,gk�Iª�g�ü(��®��,ds�I} b �f�]¬�gk}�°Il\ûÒ�Ì}�~<g��ig
���jgkds�I} b ��c � � � � b �R�k¬R}�~�g:°q� � �j�f��g��H}����,|r}�~�g�ds�,�M�,}�}�~�g � �ig�®o¯,g�� ��b cf~�}��jgJ�<d��f�<g�}i��|�� b ®ne�d�g � e�g�}i�
ds� �<b �I} b �f�]¬,~�g��I}k¬ � � b �i}�e�d�g,¬,�,� � ��~��f�i}µ�,|R�,}�~�gkd§|��,°q}i�,ds�kl§±�~<g3c,�f�,®
}�~�g�� b �µ}i� � g�� b cf�#d��,��e<�i}{�i¸^��}ig � �
}�~<�I}�°k�,�B���Mgkd��I}ig�dsg�® b �I�R®�¸ b �p}�~�g�|��,°qg��,|r��e<°�~B|�� b ®ne�d�g����,� ��� �,®�|�e<�<°q} b �f�<�6} �,�pg�ü^}ig��<� b �f�B�,|F}�~�g
�<d b �<° b �R®�g��,|{d�g�® b �I�R®ogD°q� � ��e�} b ��c[�<d����j�f�ig � �H¸Q¯,�f� $ g�e � �,�<�m%�¯,�f� $ g�e � �,�<�]¬6y�+ w, 1�l

¡ b���b }��I} b �f�R�k¬~�Rd b�� �Id b ®�¸h} b�� gP�,� � °q�f�i}k¬R�,|�}ig���|��,ds°qg � gk¯,g�®����jgkds��}i� � g�� b cf��ds�,�M�,}�� b �Ê� b�� e<®o�I} b �f�
�jgk|��,dsg��,°q}�e<�,®o®�¸��Re b ® �<b ��cp}�~�g � �,���R~H¸^� b °k�,®�g���} b } b g��kl\ûÒ���se<°s~Z°k�,�ig��k¬ b } b � b�� �jgkds�I} b ¯,gÊ}�~<�I}�}�~�g
� b�� e<®o�I}ig � g��H¯ b ds�f� � g��H}�� � � � g�®Rd�g��,® b }¹¸��,��°k®��f�ig�®�¸��,���j�f��� b ��®�g,l	)D��¨vgk¯,gkd�¬ b �m�<ds�,°q} b °qg,¬^}�~ b � b �r�,|�}ig��
~<�Id � }i���,°s~ b gk¯,g,l�x<�,d�g�ü
� � �R®�g,¬ b } b �Pg��,�i¸�}i� � �`¯,g��Êd��,�j�,}����&�M�f��g � �H¸�|�d b °q} b �f�<�,®{|��,ds°qg�� b ��}�~�g
d�g��,®	¨3�,d�® � ��e�}�¯,gkd�¸p~<�Id � }i��°�~<�Ids�,°q}igkd b úkg�}�~<g�|��,ds°qg��D}�~�d��fe�cf~�°k®��f��g � ª�|��,d �Ã�<b  Mgkd�g��H} b �,®.g$#He<�I} b �f�<�
}i�Q�Mg�e<�ig �Bb �/}�~<g�� b3� e<®n�I} b �f�]l�±�~ b � b ���,�pg�ü
}id�g � g�®o¸/~<�Id � �<d��,�R®�g � ¨ b }�~p���Q���&�R�Id�g��H}��i�f®oe<} b �f�<�kl
�^� � g�d�g���g��Ids°s~�gkd��h~<��¯,gÊ|��fe<� � ��°q� � �<d�� ��b �igÊ���"�<d��f�,°�~Ì}�~<�I} b �H¯,�f®�¯,g��h� �<�<b �<cpds�,� � � � ��� b �igQ}i�
}�~�g�� b3� e<®n�I}ig � g��H¯ b d��f� � g��H}��kló±�~�gk¸Ä~<��¯,gK|��fe<� � }�~<�I}Ê}�~�gmd��,�j�,}��jg�~<��¯ b �,ds� � g�� b cf��g ��b �»��e<°�~
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g��H¯ b ds�f� � g��H}��F¨v�,d�ºhds�I}�~�gkdv¨3g�®n®<¨�~�g���}ids�,�<�i|�gkd�d�g � �f��}i��d�g��,®�d��,�j�,}���% ëBb cf® b ��� ö¤ù I��ío¬jy�+,+ ! - ëpb cf® b ���
ö¤ù I��ío¬	y�+,+ w 1�l

ûË�#� �<�Rb } b �f��}i��}�~<gre<�igF�,|<�<� b �ig b � � gk¯,g�®���� b ��c�d��,�Re<�i}]�jg�~<��¯ b �,ds� b ��� b�� eR®o�I} b �f�]¬��<� b �ig b ��}�~�gF|��,d �
�,|3�<�f�
ª � gk}igkd ��b � b �i} b °#�,d0�<d��,�R�I� b ® b �i} b °P�,°q} b �f�<��~<�,�D�,}�~�gkd����&�R® b °k�I} b �f�R� b ��d��,�j�,} b °k��l�x<�,d b �R�i}��,�<°qg,¬
� e<®o�Mgkds}��i�f�Ê��e�c,c,g��i}ig � }�~�g�e<�ig��,|F�<� b �i¸Ê�,°q} b �f�<� b �/�`¯,gkds°q� ��b �<cI�<d��,��®�g � ���,�s�i�^° b �I}ig � ¨ b }�~Êd��,�j�,}��
c,gk}i} b ��ch°k�,e�cf~H} b ���äü^g � ª�°q¸
°k®�g!�R�I}�~<�D% � e<®��jgkd�}����f�]¬�y�+  �H1�l3x<�,d�g�ü
� � ��®�g,¬��#d��,�j�,} ��b cf~H}3�jg � ��¯ b ��c
}i��¨��Id � �:�pc,�f�,®3�,� ����b cf~�} � gk¯ b �I}ig�|�d�� �Ñb }��J�R�I}�~Ð��¨ b ��c�}i�B}�~�g��<d�g��ig��<°qg��,|��,�Ð�,�R�i}��,°k®�g,lB±�~ b �
� gk¯ b �I} b �f� ��b cf~�}�}��Iº,g b }�}i�K}�~�g/�jgkc b �R� b ��c��,| b }����,d b c b �<�,®6�R�I}�~6¬v}�~<gkd�gk�H¸ � �Iº b �<c b }�|��f®o®���¨Ã}�~�g
��� � g�e<�<�se<°k°qg����i|�e<®§}ids�`úig�°q}i�,d�¸Ð��¯,gkdh�,� � ��¯,gkd��Icf� b �]¬§e<�H} b ® b }#dseR�<���fe�}��,|q�j��¨vgkd�lp±�~ b �j�Rd��,�R®�g �
� ��¸(�jgp� �<� d�g����ig � �^¸ b �H}id�� � e<° b ��c��Rd��,�R�I� b ® b �i} b °Ê�,°q} b �f�R��|��,d�}�~�gBd��,�j�,}k¬ b l´g,l�¬�}�~�gpds�,�M�,} ��b cf~H}
�jgkd�|��,d � ���<d�gk|�gkd�d�g � �,°q} b �f��¨ b }�~�~ b cf~��<d��,�R�I� b ® b }�¸,¬µ�Re�}�°q�fe<® � �,®o�i� b cf���,d�g�}�~�g��<d�gk|�gkd�d�g � �,°q} b �f�
�,� � �Mgkds|��,d � �i� � g��,}�~�gkd��,°q} b �f��¨ b }�~���®���¨��<d��,�R�I� b ® b }¹¸,l � e<®o�Mgkds}��i�f�h��e�c,c,g��i}ig � ¨���¸
�r�,| � g�� b cf� b ��c
�Id�} b �M° b �,®	�<g�e�ds�,®µ° b ds°ke b }ids¸Ê|��,dPc,g���gkd��I} b ��cÊ���f�
ª � gk}igkd ��b � b ��} b °P�jg�~<��¯ b �,d�|�d�� ��� gk}igkd ��b � b �i} b °��<g�e�ds�,®
°q� � �j�f��g��H}��kl§ò�ü
}ig��<� b �f�<�v�,|.}�~ b � bo� g����Id�gPe<�ig ��b �Q°q�f�H}ig � �j�,ds�Id�¸ ÷¼ö C ø�¼ � ÷i�Ýö � ö¤øäù � ö  ÷Ýø C øH� �i¸^��}ig � �
%��
e�}i}i�f�p' ý �Id�}i��¬	y�+,+,¤H1�¬M�,|�}ig��p���"�R® b g � }i��d��,�j�,}�®�g��Ids� b �<c�% � �f�<��g�®o®6' ë �,~<� � gk¯I�,�]¬.y�+,+,�I�^1�l

ûË�:}�~�g�|��f®o®���¨ b ��cP�ig�°q} b �f�<��¬f¨3g���}�e � ¸#}�~<g�gk¯,�f®oe�} b �f�h�,|Md��,�ReR�i}§�,� � d�g�® b �I��®�g3ds�,�M�,}§�jg�~<��¯ b �,ds�µ}�~<�I}
��¯,gkd�°q� � gQ%��,d�gk¯,g���g�ü5�R®�� b }q1F��� b �ig b ��}�~�g�ds�,�M�,}�°q� � �M�f�<g���}��kl

7.5�465:8 �B?�@	Sµ;�T&a'��T�?�;�=

ûË�/�fe�d�¨3�,dsº�¬�¨3g��Id�g�°q�f�<°qgkd���g � ¨ b }�~ � �,� b |�g��i}��I} b �f�<���,|F��� b �ig b �Ê}�~<g��i¸
�i}ig � °q� � �M�f�<g���}��kl¬ûË�
�R�Id�} b °ke<®o�Id�¬§¨vgÊ¨3�feR® � ® b º,g�}i���i}�e � ¸�}�~�gÊg	 jg�°q}����,|���� b �igÊ°k�,e<�ig � �^¸�}�¨v�K�i�fe�ds°qg���ð���g��<�i�,dh|��,e<®�}��
�,� � gkd�d��,d�� b �Q�,°q} b �f� � gk}igkd ��b �<�I} b �f�]l§±�~<g��ig�|�� b ®oe<d�g��r�,� �1� �,®o|�e<�R°q} b �f�<� � ��¸��jgD��dsg���e<®�}3�,|6|��,°q}i�,d��
b �H}id b �<� b °F}i�P}�~�g���g��<�i�,ds�§�,� � ��g�e<d��^°q�f�H}id��f®o®ogkd§g�®�g � g��H}���%�g,l´c�l�¬ � �,�^e�|��,°q}�e�d b �<c � gk|�g�°q}��k¬Hgk}�°Il³1�¬��,dF}�~�gk¸
� ��¸��jg�°k�,e<��g � �^¸�g��H¯ b d��f� � g��H}��,®M|�g��I}�e�dsg��v® b º,g�g�ü�°qg���� b ¯,g�°q�f�R°qg���}ids�I} b �f���,|6ds� �<b �I} b �f���,d�°q�,d�ds�f� b ¯,g
��e����i}��,�<°qg��k¬ � � b �i}�e�d�g,¬rgk}�°Il��»~<�I}igk¯,gkd ��b cf~H}��jgQ}�~�g/°k�,e<�ig,¬3¨3gÊg�ü5�jg�°q}h}�~�g�d��,�j�,}��:}i�m|�eR�<°q} b �f�
d�g�® b �I�R®�¸ b ��}�~<g b dq�<d�g��ig��R°qg,l
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ûË��c,g��<gkds�,® ¬j�ig��<�i�,d���� b �ig�°k�,�B�Mg � � � g�®�g ��b ���Q�He � �jgkd��,|F¨���¸
�klDx<�,d b �<�i}��,�R°qg,¬M�ig��R�i�,ds�D°q�fe<® �
g b }�~�gkd ¼ �C��,�,� � }�~�gkdsgk�H¸h���,}r��g��<�ig��I}3�,®n® ¬f�,dF}�~�gk¸ ��b cf~�}§d�gk}�e<ds���ig��<���,d�¸ b �P�Re�}��§°q�,d�d�eP�<}ig � �^¸��<� b �ig,l
±�~ b �#��� b ��g b ���ig��<� b �<c � ��¸K�Mg�ds�,� � � � ¨�~ b }igÊ2��,e<��� b �,�]¬µ�,d:°�~<�Ids�,°q}igkd b úkg � �^¸K�i� � gI�<d��,���I� b ® b }¹¸



¤f�

�<b ��}id b �Re�} b �f���R�,��g � �f�/}�~�g0�Rd����jgkd�} b g����,|{}�~�g����jgkds�I} b �<c � � � � b �]l�ûË�/� �<�Rb } b �f�]¬��ig��<���,ds� � ��¸Qg b }�~�gkd
|�� b ®�°q� � �R®ogk}ig�®�¸,¬ b l´g,l�¬�|��,d�}�~�gpg���} b d�g � e<ds�I} b �f�Y�,|�� b3� e<®n�I} b �f�]¬v�,d � ��¸�� b�� ��®�¸Ð�jg�eR�����jgkds�I} b �f�<�,®
|��,d��p|�gk¨É} b�� gqª��i}igD�R���,|�}�~�gQ}id b �,® lcûË�Ð�fe�d�¨v�,d�ºM¬§¨3g��,����e � g�}�~<�I}�g��,°s~Y��g��<�i�,d:~<�,�:�p°qgkd�}�� b �Ä À
� ÷ C�� ÷ CK�Rd��,�R�I� b ® b }�¸p�,|��Mg b ��cÊ|��,eR®�}�¸,¬{¨�~�gkdsg���|��,e<®�} b � � � � g�®�g � �H¸�}�~�gQ�ig��<�i�,d�d�g�� �<b �<c/��¯I�,®oe�g��,|
« b �<��}ig�� � �,|3¨�~<�I} b }P°ke�d�dsg���}�®�¸p�ig��<�ig��kl�±�~ b � b �D}��,�H}�� � �fe<�H}P}i�/����¸ b ��c�}�~<�I}Pg��,°�~K�ig��R�i�,dh%�¨ b }�~m�
�<d�gqª��2�Mg�° b �Rg � �Rd��,�R�I� b ® b }�¸�13°q�f��|�e<�ig����j�|ü
g����,� � ¨��,®o®o��¨ b }�~pg � �<}�¸B�%�R�,°qg��kl[H�e�dP� b�� e<®o�I} b �f�R��¨vgkd�g
�jgkd�|��,d � g � ¨ b }�~���yk« r �<d��,�R�I� b ® b }�¸��,|3g��,°s~��ig��R�i�,d��Mg b ��c�|��,e<®�}¹¸,l#±�~^e<�k¬j�I}Pg��,°s~m} b3� gqª��i}igD�6¬]g��,°�~
�ig��<���,dYC ø�BÅö � ö�økBÅö�øäù � u�� gk}igkd ��b ��g��:%�¨ b }�~��<d��,���I� b ® b }¹¸Ê«
loy"1�¬.¨�~�gk}�~<gkdD}i�1�<ds��¯ bo� g:�Q«��,d�}�~�gh�ig��R�ig �
¯I�,®oe�g�}i��}�~�g#��g�e�ds�^°q�f�H}id��f®o®�gkd�lr)Dg��<°qgk|��,ds}�~]¬R}�~�g��I�<�<d�gk¯ b �I} b �f���X�Q¨ b ®o®M�jg#e<�ig � }i��°s~R�Ids�,°q}igkd b úkg:�,�
g�ü5�Mgkd b�� g��H}��jgkd�|��,d � g � ¨ b }�~Ê��e<°�~/��� b �i¸��ig��<���,ds�kl
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�mg��,®n�i�P�i}�e � ¸�}�~<g�g	 Mg�°q}F�,|M��� b �ig�°k�,e<��g � �H¸�gkd�d��,ds� b � � gk}igkd ��b � b �<c�}�~�g��,°q} b �f��}i�P�Mg��jgkd�|��,d � g �
�^¸m}�~�g�ds�,�M�,}kl�x<�,d b �<�i}��,�<°qg,¬§e<� � gkd����,d � �,®3° b ds°ke � �i}��,�R°qg��k¬§�/c b ¯,g��Ì�igk}��,|��ig��<�i�,ds¸ b �P�Re�}�� � ��¸
°k�,e<�igD}�~�g���g�e�d��
°q�f�H}id��f®o®�gkd3}i��°�~��H�f��g��J�R�Id�} b °keR®o�Id3�,°q} b �f�Q}i�Y�jgkd�|��,d � l{)��`¨3gk¯,gkd�¬�dsg�� bo� e<�,®<gkd�d��,ds� b �
}�~�g��i¸^��}ig ����b cf~�}�|��,ds°qg�}�~�g��<g�e�d��
°q�f��}id��f®n®�gkd�}i�Q°s~��^�f�ig:� �<b  Mgkd�g��H}��,°q} b �f�6l��
e<°s~pgkd�d��,d�� b �p�,°q} b �f�
� gk}igkd ��b �<�I} b �f���Idsg��,���,}�~�gkd��i�fe�ds°qg��,|��<� b �ig,lñûË�m�fe�d��i¸
�i}ig � ¬µ}�~�g��ig��,°q} b �f� � gk}igkd ��b �<�I} b �f��gkd�ds�,ds�
�Id�g � � � g�®og � �,��|��f®n®���¨���l

È�}��,��¸(c b ¯,g�� b �<�i}��,�<°qgp�,|P} b�� g,¬��ig��<���,d�¸ b �P�Re<}����Id�g����"�R® b g � �,� � �<ds���R�Icf�I}ig � }�~�d��fe�cf~Z}�~�g
��g�e�ds�^°q�f�H}id��f®o®�gkd�¬�d�g���e<®�} b ��c b �Ê}�~�g b �"�Re�}��,°q} b ¯"�I} b �f�/�,|{}�~�g�}�~�dsgkg��fe�}%�Re�}�eR� b }��P% �,����e ��b ��ch�,�/¡	x{¢
�fe�}%�Re<}�°q� �<b �<c���}ids�I}igkc,¸R1�l ý e<} b �<�i}ig�� � �,|v}�~�g�e<��eR�,®3��C øqørö¤÷�Àwù  �°ökÀ I���]°q� � ��e�}��I} b �f��}i� � gk}igkd ��b ��g
}�~�g��,°q} b �f�Q}i�:�Mg'�jgkd�|��,d � g � ¬�}�~<g��igDeR� b }��v����¨Äg���cf�Ic,g b ����� ÷ � ½  ½ C��lC ��ù C � ��C øqørö�÷qÀwù  �Wö�À I����°q� � ��e�}��"ª
} b �f�]l�±�~ b ��¨v�,d�º^�D�,��|��f®o®o��¨��kl�±�~<g�e<� b }�¨ b }�~Ê}�~�g�~ b cf~�g���}��,°q} b ¯I�I} b �f� b � � g�°k®o�Idsg � }�~�g�¨ b �<�<gkd�¨ b }�~
�<d��,���I� b ® b }¹¸�«
l�+^l�� b }�~W�<d��,���I� b ® b }¹¸�«
lÇ«f+Ê}�~<g�e<� b }�¨ b }�~B}�~�g��ig�°q�f� � ®o�Idsc,g��i}��,°q} b ¯I�I} b �f� b � � gkg � g �
}�~�g�¨ b �R��gkd3�,� � ¨ b }�~�}�~�g�d�g � � b � b ��cJ�<d��,�R�I� b ® b }�¸Ê% «
lÇ«�y"1�¬�}�~�gD®og��,�i}��,°q} b ¯"�I}ig � e<� b } b �3°�~��f�ig��]l6H��<°qg
}�~�g�¨ b �<��gkd�e<� b }�~<�,���jgkg�� � gk}igkd ��b ��g � ¬ b }����fe�}%�Re�} b ���igk}�}i�Q��¥:yP¨�~ b ®�g�}�~�g��fe<}%�Re�}����,|{}�~�g#�,}�~�gkd
}�¨v�Êe<� b }����Id�g:�igk}�}i��ªsyIl�±�~�g:�,°q} b �f���,���i�
° b �I}ig � ¨ b }�~/}�~<g�¨ b �<��gkd�e<� b } b ��}�~�g����Mgkds|��,d � g � �^¸/}�~�g
d��,�j�,}kl�±�~HeR�k¬�gk¯,g��B}�~��fe<cf~p}�~<g���g�e<d��^°q�f�H}id��f®o®ogkd ��b cf~H} bo� g��,®o®�¸Ê��e<c,c,g��i}D���R�Ids} b °ke<®o�IdD�,°q} b �f�B}i�Q�jg
�jgkd�|��,d � g ��b ��d�g��%�j�f�<�igh}i�p}�~�g��ig��R�i�,d�¸ b �P�Re�}���¬6}�~�g�ds�,�M�,} ��b cf~H}�g�� � e"���jgkd�|��,d ��b ��cÊ� �<b  Mgkd�g��H}
�,°q} b �f�]¬^�,®��jg b }{¨ b }�~h�Pdsg�®o�I} b ¯,g�®�¸:� � �,®o®(�<ds�,�R�I� b ® b }�¸,l	±�~�g���gk}Fg	 jg�°q}r�,|M}�~ b � � g�°s~<�,� b � �Wb �§}i�j�Rd���¯ bo� g
��� b ��g b �Ê}�~�g��,°q} b �f�<���jg b �<c�°s~��f�ig����H¸�}�~�g#d��,�j�,}kl3)D��¨vgk¯,gkd�¬j}�~ b ���<� b �ig�°k�,�p�Mg0�j�,}ig��H} b �,®o®�¸Q�jg���gq�<ª



¤,¤

° b �,® ¬
�,���Id�cfe�g � �^¸ � e<®o�Mgkds}��i�f�/% � e<®o�Mgkds}��i�f�]¬�y�+  �H1�¬R¨ b }�~�}�~�g�ds�,�M�,}���e<� b ��c��se<°s~��,®�}igkds�R�I}ig��,°q} b �f�<�
}i�#g��s°k���Mg�|�ds� � �qü
g � ª�°q¸^°k® b °q�R�I}�~<�3�,� � �i}�eR°�º��i}��I}ig��kl§�mgD¨ b ®n®^�I�R�<d�gk¯ b �I}ig���e<°�~�g�ü5�jgkd b�� g��H}��F�,�q�m�
%�|��,d���� b �i¸Q�fe�}%�Re<}��q1�l
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ûË��}�~ b ���ig�°q} b �f��¨vg0�<d�g���g���}�d�g��se<®�}��v|�ds� � }�~<gPgk¯,�f®oe�} b �f���,|	�M�yüHª���e<��~ b �<c#d��,�j�,} � g�� b cf�<�v}�~<�I}��Id�g
d��,�ReR�i}3}i�:}�~�g�}¹¨3�h|��,d � �v�,|	�<� b �ig�� � g���°qd b �Mg � g��Ids® b gkd�lFûÒ�Q}�~�g��ig�g�ü5�jgkd b�� g��H}��k¬^}�~�g�d��,�j�,}��v°q�feR® � e<�ig
eP�h}i��yk«�~ bo�<� g���e<� b }�� b ��}�~<g b dF��g�e�d��
°q�f�H}id��f®o®�gkds�{�,� � e"�h}i��¤ �<b  jgkd�g��H}{��g��<�i�,ds�kl{xRe<d�}�~�gkd�¬,gk¯,�f®oe<} b �f�
¨��,�3�,®o®o��¨vg � }i�:°q�Iª � g�� b cf��}�~�g���g�e�d��
°q�f�H}id��f®o®�gkdv�,� � }�~�gD�ig��<�i�,ds¸��i¸^��}ig � �,|6}�~<g��j�|ü^ª��Re<��~ b ��cPd��,�j�,}kl
±�~�gPg�ü5�jgkd b�� g��H}��,® � gk}�� b ®n��¨3gkd�g���� � g#�,� b ���^g�°q} b �f� ! l��^l��^l
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�»~�g��Z}�~�gp�ig��R�i�,ds��¨vgkd�g��,����e � g � }i�K�jgB��� b �i¸,¬�¨vg�|��fe<� � }�~R�I}�gk¯,�f®oe�} b �f� �<b ��°q��¯,gkd�g � d��,�j�,}
� g�� b cf�<�v}�~<�I}�e<�ig �Q! l !� �ig��<���,ds���f�Ê��¯,gkds�Ic,g,l4HD|6}�~<g��ig,¬�� ! l � r �,|	}�~�gP�ig��<�i�,ds��¨vgkd�g0�R®n�,°qg � }i����g��<�ig
}�~�g#°qg�®n® b��m� g �<b �I}ig�®�¸��,~�g�� � �,|µ}�~<g�d��,�j�,}�% ®o�I�jg�®�g ��$ 1�¬R�,����~��`¨�� b ��x b cfe<d�g ! l �Hl

(0,0) NW
(15.7%)

(0,1) N
(24.7%)

(0,2) NE
(13.5%)

(0,3) E
(14.8%)

(0,4) SE
(8.5%)

(0,5) S
(6.3%)

(0,6) SW
(4.0%)

(0,7) W
(12.6%)

x b cfe<d�g ! l � ÿ b �i}id b �Re�} b �f�Q�,|{�ig��<�i�,d�� b ��d��,�j�,}���gk¯,�f®�¯,g � ¨ b }�~Ê�ig��R�i�,d���� b ��g,l

±�~^e<�k¬��f���,����¯,gkds�Ic,g,¬�g��,°s~�gk¯,�f®�¯,g � d��,�j�,} � g�� b cf��~<�,�� ù � ö  ��ù �f��gD�ig��<�i�,d�% �,°q}�e<�,®o®�¸ÊyIloy"1=��®o�,°qg �
}i�P�ig��<�ig3}�~�g�°qg�®o® b3�m� g �<b �I}ig�®o¸��,~<g�� � �,|R}�~�g3ds�,�M�,}�% ®o�I�jg�®�g �#$ 1�lIxRe�ds}�~�gkd�¬f�,¤ r �,|<}�~�gvgk¯,�f®�¯,g � d��,�j�,}��
~<��¯,g ù �r��� ÷ ��� ÷¼ö�$ �ig��<�i�,d��k¬	¨�~ b ®�g�¤ r �,|�}�~�gQd��,�j�,}��#e<�ig�}�~�d�gkg $ �ig��<�i�,ds��lp� b �<°qg�}�~<g��ig��<���,ds�
�Id�g�|��,e<®�}�¸,¬r�f��g � ��¸ b ��|�gkd�}�~<�I}:gk¯,�f®oe<} b �f� �<b ��°q�`¯,gkds��d��,�Re<�i} � g�� b cf�<�#}�~R�I} b ��¯,�f®o¯,g BI� ���lC �  ù C � ø �,|
}�~�g�|��,eR®�}�¸/dsg��i�fe�ds°qg,¬6�<� � g�®�¸/�ig��<�i�,d��k¬ b ��}�~<g:°qd b } b °k�,®µ�ig��<� b �<cI�j�f� b } b �f� b �p|�d��f�H}��,|F}�~�g�d��,�j�,}klP�mg
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~<��¯,g#��~��`¨��Ê� b���b ®o�Id3dsg���e<®�}��v¨ b }�~Q}�~�g�ÈD°q} b �f�
ªkÿ b dsg�°q} b �f�Ê�fe�}%�Re<}�°q� �<b �<c��i}id��I}igkc,¸�% ý �,®o�Iº^d b �s~<�<�,�Ê'
)D�f�<��¯I�Id�¬	y�+,+  °"1�l

ûË��� �<�Rb } b �f�Ê}i��}�~ b � � g�� b cf�/|�g��I}�e�d�g,¬ b }�°k�,�B�,®o�i���Mg#�,�R�igkd�¯,g � }�~<�I}D¤
yIl�� r �,|§}�~�g�d��,�j�,}��ig��<���,ds�
%��^l  ����g��<�i�,ds�q1r�Idsg�}�e<��g � }i��°qg�®o®o���f�/}�~<gP|�d��f�H}��,� � � bo� g����,|µ}�~�g�d��,�j�,}k¬<�,����~���¨�� b ��x b cfe�d�g ! l �Hl

ûË���fe<d�g�ü5�jgkd b�� g��H}���}�~<g���¯,gkd��Ic,gh�R}���g������,|§}�~�g�gk¯,�f®�¯,g �m� g�� b cf�<�#%��`¯,gkd w «�gk¯,�f®ne�} b �f�<�Id�¸Êd�e<�<�q1�¬
¨��,�P|��feR� � }i�Q�jg ! l w ��¨�~ b ®�g#}�~<gh�Mg���}�gk¯,�f®�¯,g � ��gk}�¨v�,d�ºm~<� � �Q�R}���g����D�,| w l  "! lGûÒ�H}igkd�g��i} b �<cf®�¸,¬]}�~�g
�jg��i}�gk¯,�f®�¯,g � ��gk}¹¨3�,d�º � � � gPe<��gD�,|	}�¨v� $ ��g��<�i�,ds�k¬
}¹¨3� $ ò(�ig��<���,ds�k¬��,� � �f��g�ò(�ig��R�i�,d�l�ûÒ}��s~��fe<® �
�jg/���,}ig � ~�gkdsg/}�~<�I}�}�~��fe<cf~��ig��<�i�,ds¸���� b �ig/�E Mg�°q}���}�~�g/ds�,�M�,}:��}���g����ig��k¬v}�~�gk¸Ì�Id�g����,}�� � ¯,gkds�ig�®�¸
�E jg�°q}ig � l�±�~ b � b �D°k���R}�e�d�g ��b �px b cfe�d�g ! l�¤^¬6¨�~ b °�~���~���¨���}�~<g B�ö��¤÷¼ö  �¤öPb �p}�~<g#�R}��<g����D�,|r}�~�g:d��,�j�,}
¨ b }�~B�,� � ¨ b }�~��fe<}��ig��<���,d�¸���� b ��g,lD±�~ b ����®��,}�¨��,���,�<}�� b ��g � �^¸/gk¯"�,®ne<�I} b ��cQ}�~�g��R}���g����D�,|F}�~�g��jg��i}
��g�e�ds�^°q�f�H}id��f®o®�gkdR�<d�� � e<°qg �hb �hg��,°�~��,|j}�~�g w «�gk¯,�f®oe�} b �f�<�Id�¸�dse<�<�k¬��f���#�igk}r�,|Md��,� � � � g��H¯ b d��f� � g��H}��
¨ b }�~��ig��<�i�,ds¸:�<� b �ig��,� � }�~�g���d�gkgk¯I�,®oe<�I} b ��c�}�~�g��<g�e�d��
°q�f��}id��f®n®�gkds�F�f��}�~�gD��� � g��igk}r�,|]g��H¯ b d��f� � g��H}��
¨ b }�~<�fe�}�}�~�g#��� b ��g,lF±�~ b � B C õuö¤÷�ö¤ø��Ýö ¬&��¬ b ����~��`¨�� b ��x b cfe�dsg ! l�¤^l

0 10 20 30 40 50

Run Number

-1

0

1

2

3

D
ec

re
as

e 
in

 F
it

n
es

s

x b cfe�dsg ! l�¤ ÿ�g�°qd�g��,�ig b �Q�R}���g�����¨ b }�~�}�~�g�dsg � ��¯I�,®6�,|{�ig��<�i�,ds¸Q��� b �ig,l

)Dgkd�g,¬����M�f� b } b ¯,g/¯I�,®oe�g/�,|j��d�gD�<d�g��ig��H}��Q� BÅös�¤÷¼ö  �|ö�b �Ì�R}��<g�����¨ b }�~�}�~�gpd�g � ��¯I�,®��,|��ig��<�i�,d�¸
��� b ��g,¬.¨�~ b ®�g��/��gkcf�I} b ¯,g1��¯I�,®oe�g�d�gD�Rd�g��ig��H}��#�,��C ø��|÷�ö  �¤ö�b ����}���g����kl]ûÒ�Kx b cfe�d�g ! l�¤^¬{¨vg���� � }�~<�I}
gk¯,�f®oe�} b �f�<�Id�¸Bdse<�<�X�<ds� � eR°qghg$#He<�,®r�He � �jgkds�P�,| � g�� b cf�<��}�~<�I}��jg���gq�R}��,� � ~He<d�}P|�ds� � }�~�g�dsg � ��¯I�,®
�,|��ig��<�i�,d���� b �ig,l�±�~ b � b ��ds�I}�~�gkd���e<d2�<d b � b ��c�� b �<°qg:�f��gh¨3�feR® � g�ü(�jg�°q}#�ig��R�i�,d���� b �ig:}i�Ê�jgh~<�Id � |�e<® l



+I«

)D��¨vgk¯,gkd�¬P��°k®o�f�igkd b �<�%�jg�°q} b �f�(�,|#}�~�gBgk¯,�f®�¯,g � ��g�e�ds�^°q�f�H}id��f®o®�gkd�� b � �<b °k�I}ig��Q}�~<�I}�gk¯,�f®oe�} b �f�Ä�,|�}ig��
�<b �s°q��¯,gkds� � g�� b cf�R��}�~<�I} öF� ���³��C ù ¬j�,d��jg���gq�R}�|�d�� � ¬M}�~�g���g��<�i�,dD|��,e<®o}��kl¬ûÒ�B��e<°�~p°k�,��g���}�~<g#d��,�j�,}��De<�ig
}�~�g��ig��ig��<�i�,dD|��,e<®�}���}i�Q�<d�g��IºÊ��¨v��¸�|�d�� � }�~<g b d��qü
g � ª�°q¸
°k®�gJ���I}�~<�klgû¹} b ���<����e�dF�<d b �igP}�~<g��/}�~<�I}D}�~�g
d�g � �`¯"�,®.�,|µ��g��<�i�,d���� b �ig�°k�,e<�ig���� � g�°qd�g��,�ig b ��}�~�g��R}���g��s���,|{}�~�g��ig � g�� b cf�<�kl

�mg�eR�ig � �fe�d � �I}��m}i�m}ig���}�}�~�gÊ~�¸(�j�,}�~�g�� b �:}�~R�I}h}�~�gÊd�g � �`¯"�,®��,|��ig��<���,d���� b �ig BÅös�¤÷¼ö  �|ö�� }�~�g
d��,�j�,}3�R}���g����k¬ b l´g,l�¬P�Y�(«
lF�mgP|��,d � e<®o�I}ig � }�~�g ø<� ��� Á�u �
� ù�Áºö�� C � �,�kðR�m�Dð��Y�(«
¬<�,� � }�~�g�I� ùßö�÷³ø  ù C �¦ö
Á�u �
� ù�Á7ö�� C � �,�kðX����ð��1�£«
l:2 b ¯,g���}�~<g:�s� � �R®�g:� b úkg:�,| w «m%�|�d�� �¿w «�gk¯,�f®oe<} b �f�<�Id�¸/d�e<�<�q1�¬j¨vg�e<�ig �
}�~�g��³ ÷��ÍökÀ�� I����� ö }ig��i}P%�x<dsg�e<� � ¬]y�+,+,�^-"�f�f~R�<�i�f��' ý ~<�I}i}��,°�~<�Id�¸^¸f�
¬	y�+,+  1F}i�h°q� � �Re<}ig0�»¦ �ut ��V�2�%� � ¬
¨�~�gkdsg �hd�gD�Rd�g��ig��H}���}�~<g���� � ��®�g � g��,�B�,� �W� � dsgD�<d�g��ig��H}��D}�~�g���� � �R®�g���}��,� � �Id �B� gk¯ b �I} b �f�]¬M�,� ��$
}�~�g���� � �R®�gP� b úkg,lF�mg��qü^g � }�~<gh� ök�¦ö �.� ¼�� C �Wø C ô3�  ø��Ýö �I}��m¦»«5�Ç« w �,� � °q� � �Re�}ig � �� �¦0y��  "!�w |�d�� �
}�~�g��i}��,� � �Id � ���,d � �,® �<b �i}id b �Re�} b �f��}��I�R®�g��kl ý �,�ig � �f�Ê�fe�d � �I}��:¨vg#°q� � ��e�}ig � ��¦»«5���,¤^¬ � � ¦Wy����,�^¬
�,� � �ù¦Åy��  �,¤^l�� b �<°qgI�ù¦Åy��  �,¤W¡¢�   ¦Åy��  "!�w ¬{¨vg�°q�f�<°k®oe � gh}�~<�I}#¨vg � ���<�,}#~<��¯,g���e
��° b g��H}
gk¯ bo� g��<°qg�}i�pd�gÒúig�°q}#}�~�g��^e<®o®r~�¸(�j�,}�~�g�� b �kl�±�~HeR�k¬.�fe�d � �I}�� � �Hg������,}j�<d��`¯ bn� ghd�g�® b �I��®�g���eP�"�j�,d�}�|��,d
}�~�g#°k®n� b�� }�~<�I}�d�g � ��¯I�,®6�,|{�ig��<�i�,d��<� b �ig � g�°qd�g��,��g���}�~�g�ds�,�M�,}���}���g����kl
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�»~�g���}�~�gÊ�ig��<�i�,d����Id�gÊ�,���se � g � }i���Mg�d�g�® b �I��®�g��Re<}#}�~�gkd�g b ���fe�}%�Re<}���� b �igB%�gkdsd��,ds� b ���,°q} b �f�
� gk}igkd ��b �<�I} b �f���,� � g���°qd b �jg � g��Ids® b gkdk1�¬{gk¯,�f®oe<} b �f�¤�<d�� � e<°qg�� � g�� b cf�<��¨ b }�~Ð��¯,gkds�Ic,g/�R}���g���� ! lÇ«m�,� �
�jg��i}���}���g������ � gkd�g w lÇ«�yIlD±�~He<��¬Rgkd�d��,d�� b �p�,°q} b �f� � gk}igkd ��b �R�I} b �f�����"�jg��Id�}i�Q~<��¯,gh��°qd b } b °k�,®6g	 jg�°q}
�f�B}�~�g�d��,�j�,}��R}��<g����kl�±�~ b � b ��}i���jg#g�ü5�jg�°q}ig � ¬]� b �<°qg�}�~�g��ig:�fe�}%�Re�}�gkd�d��,ds� � �Iº,g:}�~�g�d��,�j�,} b cf���,d�g
�<d�gk|�gkd�d�g � �,°q} b �f�<�#�,� � �Mgkds|��,d � �,®�}igkds�<�I}ig��f�<g���¨ b }�~m�<�f�
ªkúkgkd����<ds�,�R�I� b ® b }�¸,l�±�~ b � b ��}igkds|�gkd�g���¨ b }�~
g	 jg�°q} b ¯,g��j�yüHª��ReR��~ b ��c:�jg�~<��¯ b �,d����,� � ®�g�� � ��}i����®���¨vgkd��R}��<g����kl3±�~He<��¬<}�~��fe�cf~��fe�}%�Re�}���� b �ig#~^e�d�}��
}�~�g'�Mgkds|��,d � �,�<°qg��,|]d�g�°ke�d�dsg���}r�<g�e�d��
°q�f��}id��f®n®�gkds�k¬H¨3g�¨ b ®o®���~��`¨Ä®n�I}igkdr}�~<�I} b } b �r¯,gkd�¸�e<�igk|�e<®
|��,d3|�gkg � ª
|��,d�¨v�Id � ��g�e�d��
°q�f�H}id��f®o®�gkds��l{±�~ b � b ���jg�°k�,e<�ig#}�~�g0�<d b�� �Id�¸��jg���gq�R}��,|{�fe�}%�Re<}���� b �ig b � b �1�<d�gk¯,g��H} b ��c
}�~�g�d��,�j�,}�|�ds� � �jgkd�|��,d ��b ��ch�,� b � � gq��� b }igP�ig$#He<g��<°qg#�,|§|�� b ®�g � �,°q} b �f�<�kl�È���¨3g�~<��¯,g:��~��`¨��/g��Id�® b gkd�¬
d�g�°ke�dsd�g���}���g�e�ds�^°q�f�H}id��f®o®�gkd�� � �Iº,gPe<��g��,|	d�g�°ke�d�d�g��H}�® b ��º
�F}i�h��¯,� bn� c,gk}i} b ��c b �H}i�\�jgkd � �,�<g���}�®�¸���}�e<°�º
�i}��I}ig��kl:±�~^e<�k¬]}�~�gk¸ � �Ê���,}Pd�g��,®o®o¸���gkg � }�~�g:�jg���gq�R}��D�� jgkd�g � �fe�}%�Re<}��<� b �ig,l�x<gkg � ª�|��,d�¨��Id � �<g�e�d��Iª
°q�f�H}id��f®o®�gkds��¬^�f��}�~<gD�,}�~<gkd�~<�,� � ¬ � �h���,}�~<��¯,g � g�°s~<�,� b � � �v}i��~�g�®)�Q}�~�g � g���°k���jgP|�d�� � ��e<°s~��i}��I}ig���l
±�~�gk¸Qg�ü5�R®�� b }�}�~�g��fe<}%�Re�}���� b ��gP}i���I}i}�� b �/~ b cf~Q�R}���g������f��}�~�gP�j�|ü^ª��Re<��~ b ��c�}��,�iº�l

ý e�}�~��`¨ � �:}�~�g��ig�gk¯,�f®�¯,g �/� g�� b cf�<�v|��Id�g�¨�~�g��Q}�~�gk¸��Id�g�d�gkgk¯"�,®ne<�I}ig �/b ��g���¯ b d��f� � g���}���¨ b }�~��fe�}
�fe�}%�Re<}D��� b �ig`�Ðx b cfe�d�g ! l�+Q��~���¨��D���R®��,}D�,|R�G}\}�~<g BÅös�¤÷¼ö  �|öPb ��}�~�g��R}���g�����g����,|F}�~<g��jg��i}�d��,�j�,}��
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�<d�� � e<°qg �mb ��g��,°s~Ð�,|v}�~<g w «/gk¯,�f®oe�} b �f�<�Id�¸Bdse<�<�kl�ÈD� b ��}�~�ghg��Ids® b gkd#g�ü(�jgkd b�� g���}��k¬n�M�f� b } b ¯,gh¯I�,®oe�g��
�,|4��d�gD�<dsg��ig���}�� � g�°qdsg��,�ig b ���R}���g����#¨�~ b ®og:�<gkcf�I} b ¯,g�¯I�,®oe�g���� b cf�<�,®3�Ê�R}��<g���� b �R°qd�g��,�ig,l û¹}�°k�,�K�jg
g��,� b ®o¸��,�R��gkd�¯,g � }�~<�I}D°q� � �R�Id�g � }i��x b cfe�d�g ! l�¤�}�~�gkd�g#�Idsg � �,d�gJ�M�f� b } b ¯,gP¯I�,®oe�g����,|�� b ��x b cfe�dsg ! l�+^l
±�~ b �v®og�� � ��e<��}i����e<�2�Mg�°q}�}�~<�I}�}�~<gPd�g � ��¯I�,®]�,|µ�fe�}%�Re�}���� b �igP�,°q}�e<�,®o®�¸Q°k�,e<�ig����:d�g � e<°q} b �f� b �Qd��,�j�,}
�R}���g��s�kl
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x b cfe�d�g ! l�+ ÿ�g�°qd�g��,��g b �Q�R}��<g�����¨ b }�~�}�~<g�d�g � �`¯"�,®.�,|	�fe�}%��e�}���� b �ig,l

�mg�°k�,�»g��,� b ®�¸�}ig��i}Ê��e<°�~��Ì~�¸(�j�,}�~�g�� b ���R�,�ig � �f�Ä�fe�d�g�ü5�Mgkd b�� g��H}��,® � �I}��
¬D�,��¨��,� � �f��g b �
�^g�°q} b �f� ! l��^l��^loyIlù�mgm|��feR� � }�~R�I} �Z¦ï«5���  ¬ � � ¦ï«5�  , ¬P�,� � �ï¦ �(� � w lÉ� b �<°qgW�ï¦ �(� � w �
�   ¦ y��  "!�w ¬�¨3g�d�gÒúËg�°q}�}�~�g��^e<®o®�~H¸~�j�,}�~�g�� b �Ê%g�m��ðq��� «^1��I}Q��«
lÇ« w ®�gk¯,g�®��,|P� b cf� b ��°k�,�<°qg,llûË�
|��,°q}k¬�}�~�g�zrª�¯"�,®oe<g/�,|P}�~ b �h}ig���} b ��«
lÇ«,«f� w ¬ b l´g,l�¬�}�~�gkdsg b ��°q�f�R� bo� gkds�I��®�g/��eP�"�j�,d�}h|��,d�dsgÒúËg�°q} b �<c��m�"l
±�~^e<�k¬]�R�,��g � �f���fe�dPg�ü(�jgkd b3� g���}��,® � �I}�� b }P���"�jg��Ids��}�~<�I}P}�~�ghd�g � ��¯I�,®{�,|3�fe�}%��e�}P��� b �ig � g�°qd�g��,��g��
}�~�g��R}���g����D�,|F}�~<g�gk¯,�f®o¯,g � d��,�j�,}��kl�ûÒ} b �Dds�I}�~�gkdP��e�d2�Rd b � b �<c�}�~R�I}D}�~<g��ig�dsg�°ke�d�d�g��H}D�<g�e�d��
°q�f��}id��f®n®�gkds�
d�g�®�¸ � �,d�g��f�m�fe�}%�Re�}���� b �ighds�I}�~<gkd�}�~<�,��}�~<g b dPd�g�°ke�d�dsg���}#® b ��º
��}i�pg���°k���jg�|�d�� � �j�,}ig���} b �,®o®�¸p��}�e<°�º
� b }�eR�I} b �f�<�klÌ±�~ b � b �[�<d��,�R�I�R®o¸��jg�°k�,e<�igÊ�fe�}%�Re<}���� b �ig b �h���,} b �Ì}�~�g b d�°q�f�H}id��f®��,� � }�~<g¥�<d�gk|�gkd�d�g �
�,°q} b �f� b ���,®�¨���¸
� b cf���,d�g � ¨ b }�~¥�<d��,���I� b ® b }¹¸�«
loyIl�òr¯,�f®ne�} b �f�/}�~<g��/� � ���<}���}�~�g#°q�f�H}id��f®o®�gkd � g�� b cf�R��}i�
}�~�g��ig�° b ds°ke � ��}��,�<°qg��k¬P�<d�� � e<° b ��c�ds�,�M�,}���}�~<�I}�~<��¯,g#���i}ids�f��c�}ig�� � g��R°q¸�}i� � ��¯,g�|��,d�¨��Id � �,� � }�~<�I}
}�e�ds� � e�gP}i��gkd�d��,d�� b �Ê�,°q} b �f�p�ig�®�g�°q} b �f�]l

±�~<g��ig�gk¯,�f®�¯,g ��� g�� b cf�<�{g � ��®���¸ ! l �  �ig��<���,ds�§�f���,����¯,gkds�Ic,g�¨ b }�~��^l�¤ ! �,|M}�~�g � ®��
°k�I}ig � }i�#��g��<�ig
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(0,0) NW
(16.0%)

(0,1) N
(20.2%)

(0,2) NE
(14.7%)

(0,3) E
(17.6%)

(0,4) SE
(7.1%)

(0,5) S
(7.6%)

(0,6) SW
(4.6%)

(0,7) W
(12.2%)

x b cfe�dsg ! loyk« ÿ b �i}id b �Re�} b �f�Q�,|{�ig��<�i�,ds� b ��d��,�j�,}���gk¯,�f®�¯,g � ¨ b }�~Ê��� b ��¸��fe�}%��e�}��kl

°qg�®o®o�3�f��}�~�gD|�ds�f��}��,� � � bo� g��3�,|6}�~�g�d��,�j�,}kl§xRe<d�}�~�gkd�¬^g��,°s~Êds�,�M�,}vg � �R®o��¸
���I«
l�� r �,d�«
l�+  �ig��R�i�,ds�v}i�
�,�R�igkds¯,g�}�~�g#°qg�®o® �Rb d�g�°q}�®�¸Q�,~�g�� � �,|µ}�~�g�d��,�j�,}k¬<�,����~���¨�� b ��x b cfe�d�g ! loyk«
l
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�»~�g���}�~�g�ds�,�M�,}��:~<��¯,g�}i�B°q�f�H}ig�� � ¨ b }�~K�M�,}�~��ig��<���,d�¸K�,��¨3g�®o®v�,���fe�}%�Re�}���� b �ig,¬{�f��gQ¨v�fe<® �
g�ü5�Mg�°q}3}�~�g�ds�,�M�,}r�R}���g�����g��F}i���Mg�ds�I}�~�gkd��M�^�,d�lKH�e�d3g�ü(�jgkd b�� g���}�� b � �<b °k�I}ig�}�~<�I}r}�~�gD��¯,gkds�Ic,g���}���g����
�,|{}�~�gP�jg��i}�gk¯,�f®�¯,g � d�g�°ke�d�dsg���}���g�e<d��^°q�f�H}id��f®o®ogkds� b ���f�<®�¸Ê�^l�+,�^¬R¨�~ b ®�gD}�~�g��jg��i}�d�g�°ke<d�d�g��H}���g�e�d��
°q�f�
ª
}id��f®o®ogkd�~R�,���:d�g�®o�I} b ¯,g�®�¸�®���¨���}���g����v�,| ! l�+f�Hlv±�~�gDg�ü(��®o�,�<�I} b �f��|��,d�}�~ b �v�,�R�igkds¯"�I} b �f�Ê~R�,��}i� � �:¨ b }�~
}�~�g��<�I}�e<d�g��,|µ�ig��R�i�,d�¸��,� � �fe�}%�Re�}���� b �ig,l�û¹} � e<�i}��jgP���,}ig � }�~R�I}�}�~�gP¨v��¸�¨3g�~<��¯,g#�igk}�eP�Ê}�~ b ��cf�k¬
}�~�g��ig�}¹¨3�P��� b ��g��	�Id�g����,}{°q�,d�d�g�®n�I}ig � l§±�~ b �	®�g�� � �µ}i�D� b }�e<�I} b �f�<�	¨�~�gkdsg3}�~�gv}�¨v����� b ��g3�i�fe�d�°qg��µ°q�f��Ó b °q}
¨ b }�~�g��,°�~��,}�~�gkd�¬��,|�}ig���eR� � � b ��cD¨�~<�I}{}�~�g��,}�~<gkdF~<�,� � �f��g��,d b �H}ig�� � �{}i� � ��lµxR�,d b �<�i}��,�R°qg,¬f��eP�"�j�f�ig
}�~�g�ds�,�M�,}��ig��<�ig����Ê�j�|ü �<b d�g�°q}�®o¸p�,~�g�� � �,| b }��ig�®�|��,� � �I}i}ig � �<}���}i�?��e<��~ b }kl�¡.gk}#e<���,����e � gh}�~<�I}
}�~�g��j�yü b ���Icf� b �<��}#�/¨��,®o® ¬	¨�~ b °�~�°k�,e<�ig���}�~�g��,°q} b �f�Ð}i��|�� b ® lÊ�
eP�"�j�f�ig:}�~�gQ�ig��<�i�,d�}�~<�I} � gk}ig�°q}ig �
}�~�g��j�|ü/|�� b ®o���I}�}�~�g:��g�ü
}�} b�� g��i}igD�.l�¡.gk}�e<�D�,����e � g�}�~<�I}D}�~ b ��°s~<�,�<c,g b ���ig��<���,d�¸ b �P��e�}�®�g�� � ��}i�
�,�Ê�,°q} b ¯I�I} b �f�Ê�,|µ}�~�g�e<� b }v°q�,d�dsg��%�j�f� �<b ��c�}i���:d b cf~H}�}�e�ds�]lF±�~^e<�k¬ b |.}�~�gPd��,�j�,}�|��f®o®o��¨���}�~�g �<b °q}��I}ig��
�,|§}�~�g:��g�e�d��
°q�f�H}id��f®o®�gkd�¬ b }�°k�,�pg���°k���jg�|�d�� �Åb }���|�e�} b ®ogj�Re<��~ b ��c�l�)��`¨3gk¯,gkd�¬j®ogk}De<���,����e � g#}�~<�I}D}�~�g
�fe�}%�Re<} � gk}igkd ��b �<�I} b �f� � g�°s~<�,� b � � �,®o�i��|��,e<®�}����I}�}�~ b �D} b�� g:��}igD���,� � °s~��^�f�ig��P}�~<gh|��,d�¨��Id �W� �`¯,g
�,°q} b �f�Q��¯,gkd�}�~�gDd b cf~H}F}�e�d��]l§±�~HeR�k¬�}�~�g�d��,�j�,}k¬H¨�~ b °s~�°q�fe<® � ~<��¯,gPe<�ig � �ig��<�i�,d���� b ��g�}i��g���°k���jg�|�d�� �
b }���eR� � g�� b d��I�R®�g���}��I}ig,¬ b ���Icf� b �Êd�g�®�gkcf�I}ig � }i� b }���g��Ids® b gkd�|��I}ig,l

ÈD®�}�~��fe�cf~�}�~ b �Pd�g��,���f� b ��c ��b cf~�}#�se�c,c,g��i}#}�~R�I}�}�~�g�d��,�j�,}��#¨ b ®o®{~<��¯,g � e<°s~Ð~ b cf~�gkd��R}��<g����ig�� b |



+,�

�f��g��,d��j�,}�~B�i�fe�ds°qg��D�,|F��� b �ig��Id�g�d�g � �`¯,g � ¬j�fe�dDd�g���e<®�}�� b � �Rb °k�I}ig��,}�~�gkd�¨ b �ig,l�±�~�g��R}��<g����ig����,|F}�~�g
w «Pd�g�°ke<d�d�g��H}F��g�e�d��
°q�f��}ids�f®o®�gkds�{¨ b }�~h�,� � ¨ b }�~<�fe�}{}�~�g���� b ��g��k¬��Id�g���~<��¨�� b �:x b cfe�d�g ! loy,yIlrÈD�F°k�,���jg
�,�R�igkds¯,g � ¬�}�~<g#d�g � �`¯"�,®µ�,|§�j�,}�~p|��,d � ���,|F��� b ��g�®�g�� � }i�Q� � g�°qd�g��,�ig b �/�R}���g����kl�È�®o����¬R}�~�gkd�g:���"�jg��Id
}i�h�jg b �<�i}��,�<°qg���¨�~�gkd�g�}�~�gPd�g � �`¯"�,®6�,|.�f��gP|��,d � �,|{��� b �igP�,°q}�e<�,®o®o¸�®�g�� � ��}i���,� b �<°qd�g��,�ig b ���R}��<g����kl
)D��¨vgk¯,gkd�¬�}�~<g��ig��R}���g���� b �<°qd�g��,�ig������"�jg��Id�}i���jgPds�I}�~�gkd�� � �,®o® b � � �Icf� b }�e � g,l

0 10 20 30 40 50

Run Number

0

2

4

6

Fit
ne

ss

      NO + NS
      NO
      NS
      No Noise

x b cfe�dsg ! loy,y z{gkd�|��,d � �,�<°qg��,|Mgk¯,�f®�¯,g � dsg�°ke�d�d�g��H}F��gk}�¨v�,d�º
�§gk¯I�,®oe<�I}ig � ¨ b }�~h�,� �
¨ b }�~<�fe�}���� b �ig��kl

�mg:°k�,����e"�"�j�,d�}�}�~�g��ig��,�R�igkd�¯I�I} b �f�<���H¸Ê�i}��I} b ��} b °k�,®o®�¸��,�<�,®�¸Íú b ��c��fe<d�d�g���e<®o}��kl3xR�,d b �R�i}��,�<°qg,¬<¨vg
}ig��i}ig � }�~�g�~H¸~�j�,}�~�g�� b ��}�~<�I}�}�~�g�ds�,�M�,}���}���g����ig�� � g�°qd�g��,�ig�¨�~�g��m�j�,}�~m��� b �ig����fe�ds°qg��#�Idsg�� b�� e<®�}��"ª
��gk�fe<�s®�¸�d�g � �`¯,g � lK�mgÊ|��fe<� � }�~<�I}:}�~�g � �I}��m�seP�"�j�,d�}ig � }�~ b �:~�¸(�j�,}�~�g�� b ���I}���� b cf� b ��°k�,�<°qg�®�gk¯,g�®
�¤§ «5�Ç«,«,«�yIlD)�g��R°qg�¨ b }�~ b��m� g��<�ig#°q�f�
� � g��<°qg#¨vg:°k�,�B°q�f�R°k®oe � g�}�~R�I}�}�~�g�gk¯,�f®�¯,g � d��,�j�,} � g�� b cf�<�
d�g�®�¸�~<g���¯ b ®�¸��f���M�,}�~#|��,d � �.�,|R}�~�gv�<� b �ig,¬I�,� � }�~<g b d<úi� b �H}.d�g � ��¯I�,®^®og�� � �6}i�P�D�i}��I} b �i} b °k�,®n®�¸P� b cf� b �M°k�,��}
� g�°qd�g��,��g b ��d��,�j�,}��R}��<g����kl

±�~<g��ig�gk¯,�f®�¯,g �B� g�� b cf�R��e<�ig ! l !� �ig��<���,ds���f�p��¯,gkds�Ic,g,l�ÈD��¨ b }�~Ê�fe�d�g��Ids® b gkd�g�ü(�jgkd b�� g���}��k¬�}�~<g��ig
d��,�j�,}���c,g��<gkds�,®o®�¸��<d�gk|�gkd�}i��eR�ig��ig��<�i�,d���®��
°k�I}ig ��b �/|�d��f�H}��,� � �f�/}�~�g#� bo� g����,|{}�~�g�ds�,�M�,}�%�¤ w l � r �,|
}�~�g#��g��<�i�,ds�q1r�,����~���¨�� b ��x b cfe�d�g ! loy��^l

±�~<g��I�j�`¯,g/d�g���e<®o}��:¨3gkd�gÊ�,�R}�� b ��g � ¨ b }�~Ìdsg�°ke�d�d�g��H}h��g�e�d��
°q�f��}ids�f®o®�gkds�kl��mg � g��H} b �f��g � g��Id�® b gkd
}�~<�I}�d�g�°ke<d�d�g��H}���g�e�d��
°q�f��}ids�f®o®�gkds� � �h���,}���gkg � }�~�g��Mg��<gq�R}����,|µ�<� b �igh%�g,l´c�l�¬R}�~�g b d��<�f�
ª � gk}igkd ��b � b � � 1
}i��g���°k���jgB|�d�� � |�e<} b ®�g�� b }�e<�I} b �f�<�kl ûÒ�<��}ig�� � ¬�}�~�gk¸(°k�,�Kú�e �<b ° b �fe<��®�¸�e<�igB}�~�g b d�dsg�°ke�d�d�g��H}Q® b ��º
�h}i�
b �H}igkds®�g���¯,g � ��¯,g��Ê�,� � }�e�ds�<��lhûÒ� � gkg � ¬�}�~�gp�R}���g�����g����,|�}�~<gpgk¯,�f®�¯,g � ds�,�M�,}����jg��Id�}ig���} b�� �f�H¸�}i�
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(0,0) NW
(21.1%)

(0,1) N
(22.0%)

(0,2) NE
(16.6%)

(0,3) E
(13.0%) (0,4) SE

(4.0%)

(0,5) S
(5.8%)

(0,6) SW
(4.5%)

(0,7) W
(13.0%)

x b cfe�dsg ! loy�� ÿ b �i}id b �Re�} b �f�Ì�,|P�ig��<���,ds� b �(d��,�j�,}���gk¯,�f®�¯,g � ¨ b }�~(��� b �i¸Y�ig��<���,ds�
�,� � �<� b �i¸��fe<}%�Re�}��kl

}�~�g:|��,°q}�}�~<�I}�d�g�°ke�d�dsg���}P��gk}¹¨3�,d�º
�Pgk¯,�f®�¯,g � ¨ b }�~��fe�}P��� b �ig\�jgkd�|��,d �¨� e<°s~��jgk}i}igkd�}�~<�,��}�~<�f�ig:}�~<�I}
~<��¯,g�}i� � g��,®.¨ b }�~B��� b �ig,l�±�~He<��¬���� b ��g#~<� � �jgkds��d�g�°ke�d�d�g��H}��<g�e�d��
°q�f��}id��f®n®�gkds�k¬ b ��}igkds|�gkd b ��c�¨ b }�~�}�~�g
�j�|ü^ª��Re<��~ b ��c:�I� b ® b } b g��3�,|§��eR°s~Êd��,�j�,}��kl

�»~<�I}§�I�j�fe�}	|�gkg � ª�|��,d�¨��Id � �<gk}�¨v�,d�º^����� b ®o®f}�~<g��ig���gk}�¨v�,d�º
�	�jg���gq��}.|�d�� � }�~�gv� �R�<b } b �f�#�,|���� b ��g`�
x b cfe�d�g ! loy��P�s~���¨��{}�~<g��R}���g����ig��{�,|�}�~�g��jg��i}{|�gkg � ª�|��,d�¨��Id � ��g�e<d��^°q�f�H}id��f®o®ogkds��%�¨ b }�~h���P~ bo�R� g���eR� b }��q1
}�~<�I}3¨3gkd�g�|��feR� ��b ��g��,°s~Q�,|j}�~�g w «�gk¯,�f®oe�} b �f�R�Id�¸:dse<�<�klKH���g�°k�,��°k®�g��Id�®�¸h�igkg�}�~�g � g�°qd�g��,�ig b �h��}���g����
¨�~�g��#�f��gr�,dµ�j�,}�~#��� b �igr�i�fe�d�°qg��	�Id�g3d�g � �`¯,g � lFûÒ�#|��,°q}k¬ b }	���"�jg��Ids�6}�~<�I}µ}�~�g3d�g � ��¯I�,®H�,|��fe�}%�Re�}µ��� b �ig
°k�,e<�ig���� � �Id�º,g �/� g�°qd�g��,�ig b ����}���g����k¬�¨�~ b ®�g�}�~�gPd�g � �`¯"�,®6�,|{��g��<�i�,d�¸Q��� b �ig�~<�,��® b }i}�®�g�g	 jg�°q}klr�»~�g��
�j�,}�~���� b �ig��i�fe�d�°qg��r�Id�g�d�g � ��¯,g � ¬H}�~�g��R}���g����r�,|jg��,°s~���g�e�d��
°q�f�H}id��f®o®�gkd � d����R�F}i�����"�<d��yü b3� �I}ig�®�¸h«
l w l

±�~<g��ig �Rb  Mgkdsg��<°qg��{�Id�gv°k®og��Idµgk¯,g��:}i��}�~�g��<�Iº,g � gk¸,g,l§È(��}��I} b �i} b °k�,®
�,�<�,®�¸
� b �.�,|R�fe�d � �I}����,®o®��`¨��{e<�
}i�:°q�f�<°k®oe � g�¨ b }�~�c,d�g��I}v°q�f��� � g��<°qg:%g��§ «5�Ç«,«,«,«�y"1F}�~<�I}v}�~�g�dsg � ��¯I�,®R�,|.�f��g��,d��j�,}�~���� b �ig��i�fe<ds°qg��
d�g���eR®�}�� b �B� � g�°qdsg��,�ig b �p�R}���g����kl�±�~He<��¬M��� b �ig\��®o��¸
���Q°qd b } b °k�,®µd��f®�g b �p}�~�g��R}���g����D�,|r|�gkg � ª�|��,d�¨��Id �
��g�e�ds�^°q�f�H}id��f®o®�gkd����,� �/b }���d�g � ��¯I�,®6d�g���eR®�}�� b �Ê���i}��I} b �i} b °k�,®o®�¸Q� b cf� b ��°k�,��} � g�°qd�g��,�ig b �Q��}���g����kl

H�e<dµg�ü5�jgkd b�� g��H}��µ}�~HeR�§��~���¨Y}�~R�I}§gk¯,�f®oe�} b �f�[�<ds� � eR°qg�� � g�� b cf�<�µ}�~<�I}§�`¯,gkds°q� � g��,dr���&�<d����<d b �I}ig�®�¸
g�ü5�R®�� b }�}�~�g�°q�f�<��}ids� b �H}�� b�� �j�f�ig � �^¸�}�~�gPds�,�M�,}��,� ��b }���g���¯ b d��f� � g���}kl§xR�,d b �<��}��,�<°qg,¬�¨�~�g����ig��<���,ds�
�Id�gB|��,eR®�}�¸,¬�gk¯,�f®ne�} b �f� �<b ��°q�`¯,gkds�Qd��,�Re<�i} � g�� b cf�R��}�~<�I} b �H¯,�f®�¯,g � eP�R® b °k�I} b �f�Y�,|#�ig��<���,ds���,®o�f��cKº,gk¸
�<b�� g��<� b �f�<���Id��fe<� � }�~<gÊd��,�j�,}klK�»~�g��Ì}�~�g/�,°q} b �f����g�®�g�°q} b �f� b �:�,����e � g � }i�m�jg��<� b �i¸,¬Fgk¯,�f®oe<} b �f�
�<b �s°q��¯,gkds����g�e�ds�^°q�f�H}id��f®o®�gkd � g�� b cf�<��}�~<�I}P�Id�g[#^e b }ig �Rb  Mgkdsg���}klDx<�,d�g�ü
� � �R®�g,¬M}�~�g�gk¯,�f®o¯,g � d�g�°ke�d�d�g��H}
��g�e�ds�^°q�f�H}id��f®o®�gkd�� � ���<�,}�eR�ig:d�g�°ke�d�d�g��H}P® b ��º
��}i� b ��}igkd�®�g���¯,g � �`¯,g��#�,� � }�e�d��<�kl�ûË�<�i}ig�� � ¬]}�~<gk¸pd�g�®o¸
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x b cfe�dsg ! loy�� z{gkd�|��,d � �,�<°qgh�,|3}�~�gh�jg��i}�gk¯,�f®o¯,g � |�gkg � ª�|��,d�¨��Id � ��gk}¹¨3�,dsº^��%�¨ b }�~
����~ bn�<� g���e<� b }��k1{gk¯I�,®oe<�I}ig � ¨ b }�~Ê�,� � ¨ b }�~��fe�}���� b �ig��kl

�f��}�~�g��,°q} b �f� � gk}igkd ��b �<�I} b �f�»gkd�d��,d���}i�Yg���°k���jg�|�ds� � �M�,}ig��H} b �,®o®o¸Z�i}�e<°sºÄ� b }�e<�I} b �f�<��ló� b3��b ®o�Ids®o¸,¬
|�gkg � ª�|��,ds¨v�Id � ��g�e�d��
°q�f�H}id��f®o®�gkds�:g�ü5�R®�� b }��i¸^��}ig � ��� b ��gÊ}i�K�I}i}�� b ��dsg�®o�I} b ¯,g�®�¸Ì~ b cf~Ì��}���g����ig��h�f�(}�~�g
�j�|ü^ª��Re<��~ b ��c�}��,�iº�l

ÖFÕoÖ ÷mè�ãIá
çvã"ã"è�à.é

ûË��}�~ b ��°s~<���R}igkd�¨vgp~<��¯,g�g�ü
}ig�� � g � ±.g�®o®ogkd|þÇ���j�|ü^ª��Re<�s~ b ��c�}��,�iº��,®��f�<cK�igk¯,gkds�,® b�� �j�,d�}��,�H} �<b ª
� g��<� b �f�<��¨�~ b °�~]¬ b �B�fe�d���� b � b �f�6¬ � �Iº,g���}�~�g:}��,�iº � �,dsg ÷¼ö ,�SC �³ù C � l�x b ds�i}D¨3gh�i}�e �<b g � }�~�g:g	 Mg�°q}��,|
|�gkg � �R�,°�º b ��}�~�g � g�� b cf���,|�g	 Mg�°q} b ¯,g/�j�|ü^ª��Re<��~ b ��cp�jg�~<��¯ b �,ds�klÌ±�~HeR�k¬ b �Y°q�f�H}ids�,�i}�¨ b }�~Ì}�~�gÊ�j�|ü^ª
�Re<�s~ b ��cmd��,�j�,}����,| � ~<���R}igkdQ�^¬�}�~<g��ig�d��,�j�,}���~<��¯,gB��� b�� ��®�gÊ|�gkg � �R�,°�º � g�°s~<�,� b � � }�~R�I}Q� b cf�<�,®o�
}�~�g � b |r}�~�g b dP�,°q} b �f�<��|�� b ® b �B}�~�g:g���¯ b d��f� � g���}kl:�
e<°s~m� b }�e<�I} b �f�<�D�Id b ��g b �p}�~<d�gkg �<b  jgkd�g���}D¨���¸
� b �
}�~ b �#g���¯ b d��f� � g���}:�,� ��b �<°k®oe � g��I}i}ig � �<}�� � � � gQ�^¸�}�~�g�ds�,�M�,}�}i� � ��¯,g b �H}i�B�p¨��,®o® ¬Z�Re<��~Ð���j�|ü
b �H}i�B�p¨��,®o® ¬{�,d[�Re<��~K}�¨v�B�,d � �,dsg��j�|ü
g��:�I}:}�~�gQ�s� � g�} b3� g,lp�»~�g���}�~�g��ig�� b }�eR�I} b �f�<���Id b �ig��,� �
}�~�gh�,°q} b �f�m°�~��f�ig��m�^¸�}�~�g:d��,�j�,}�|�� b ®o�k¬M}�~�g:|�gkg � �R�,°�º � g�°s~R�,� b � � |��,ds°qg��P}�~�g:d��,�j�,}�}i��}�e�ds� b �B}�~�g
��g�ü
}�} b�� g/��}igD�6lZ±�~^e<�k¬v}�~�g��Rd�g��ig��<°qgÊ�,|�}�~�g/|�gkg � �R�,°sº � g�°s~R�,� b � �©� �Iº,g���}�~�g/ds�,�M�,}�� � �,d�g/gk|�ª
��° b g��H} b ��}�~�g b d�g�ü^g�°ke�} b �f�Ì�,|�}�~�g�}��,�iº�� b �<°qgQ}�~�gk¸K¨��,�i}igÊ®�g�����} b�� g���e�ds��e b ��cÊ|�e<} b ®�g � ��¯,g��kl�H�e�d
d�g���eR®�}�� b � �<b °k�I}ig:}�~<�I}P¨�~�g�����e<°s~K� � g�°s~<�,� b � � b �P��¯I� b ®o�I��®�g,¬]gk¯,g��m|�gkg � ª�|��,ds¨v�Id � �<g�e�d��
°q�f��}id��f®n®�gkds�
� g � �f�R�i}ids�I}igP~ b cf~<®o¸hg	 Mg�°q} b ¯,gP�j�yüHª��ReR��~ b ��c��jg�~<��¯ b �,ds�klFûË����e<°s~Ê°k�,��g��k¬��f�<°qgP�:�j�|ü b � � gk}ig�°q}ig � ¬<}�~�g
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d��,�j�,}��Pº,gkgD���Re<��~ b ��c b }�eR��} b ®{�,���,°q} b �f��|�� b ®oe�d�g b �P� b cf�<�,®�g � �^¸p}�~�gh|�gkg � �R�,°sº � g�°s~<�,� b � � l:�»~�g��
}�~ b �v~<���"�jg��<��¬�}�~�g�d��,�j�,}��v� b�� �R®o¸�}�e<ds���,� ��� ��¯,g���¨���¸,lv±�~ b �r�jg�~<��¯ b �,d b � b ����}��Id�º�°q�f�H}ids�,�i}�}i�:}�~�g
�jg�~<��¯ b �,ds��¨vg��,���igkd�¯,g � ¨ b }�~��fe<}�}�~�g�|�gkg � �R�,°�º � g�°s~<�,� b � � ¬M¨�~ b °�~ b ��¯,�f®�¯,g � °q� � ��® b °k�I}ig � ¨v��¸^���,|
b �H}igkds®�g���¯ b �<c � �`¯,g��r�,� � }�e�d��<�klµxRe�d�}�~�gkd�¬,gk¯,g��hd�g�°ke�d�dsg���}§��g�e�ds�^°q�f�H}id��f®o®�gkd��	gk¯,�f®o¯,g � ¨ b }�~:�D|�gkg � �R�,°�º
� g�°�~<�,� b � � ~<��¯,ghds�I}�~�gkd �<b  Mgkd�g��H}��i}idse<°q}�e�dsg���|�d�� � }�~�g:�f��g���gk¯,�f®�¯,g � g��Ids® b gkd�¬j�,� � ���"�jg��Id�®o�Id�c,g�®o¸
b �<°k® b ��g � }i��¨��Id � � � ��¯ b ��c�|��,d�¨��Id � lF±�~^e<�k¬����,}��f�R®�¸ � �^g���gk¯,�f®oe<} b �f� � g�� b cf���Mg�~R��¯ b �,ds� b �Ê® b ��gD¨ b }�~
}�~�g�°q�f�<�i}ids� b �H}����,|§}�~<g�g���¯ b d��f� � g���}k¬��Re�} b }��,®o�i���M� � �����`¯,g�®6¨���¸
�D�,|{� � ���<} b ��c�}i�Q°s~<�,�<c,g�� b �Ê}�~�g
g��H¯ b ds�f� � g��H}��,®6°q�f�<�i}ids� b ��}��kl

�mgD�,®o�i��g�ü5�R®��,d�g � }�~�g�e<�ig��,|jgk¯,�f®oe<} b �f� b �:}�~<g � g�� b cf���,|M}�~<g�d��,�j�,}r�ig��<���,d�¸���¸^�i}ig � l�ûÒ�G���Id�} b °ke
ª
®o�Id�¬,¨vg�gk¯,�f®�¯,g � }�~�g��He � �jgkd�¬��R®n�,°qg � g���}k¬^�,� � ds�,��c,g��,|M}�~�g�d��,�j�,}F�ig��R�i�,ds�k¬ b ��� �R�<b } b �f��}i� � g�� b cf� b ��c
}�~�g:��g�e�d��
°q�f�H}id��f®o®�gkd�lD±�~ b �����"�<d��f�,°�~��<d�� � e<°qg � �Q�^e � �jgkdD�,| b �H}igkd�g��i} b �<c�d�g���eR®�}��kl��mg:|��fe<� � }�~<�I}
}�~�gQ�j�|ü^ª��Re<��~ b ��c/}��,�iº �Rbo� �<�,}�d�g$#^e b dsgQ¤p�ig��<�i�,ds���,� � g��,°s~Ì�,|��fe�d:gk¯,�f®oe�} b �f�<�Ids¸mdse<�<�\�<d�� � e<°qg �
d��,�j�,} � g�� b cf�<�:}�~<�I} � � � g�e<��g/�,|�|�gk¨vgkd�}�~<�,�Ä¤m�ig��<���,ds�kllûÒ}���~<�fe<® � �jg¥�j� b ��}ig � �fe�}�}�~<�I}�}�~�gkd�g
¨��,������g�ü(��® b ° b }'�<d�g�����e<d�g�}i�`¨v�Id � ��e<� b ��c�|�gk¨vgkd#�ig��<�i�,d��P�,� � }�~�gh���<} b���b ú��I} b �f�B�,|r}�~�g��^e � �Mgkd����,|
�ig��<���,ds�D¨v�,���,� ö � ö�÷ ��ö�ø<ù � ÷ ��� ö�÷�ù�u �,|3}�~ b ���i¸
�i}ig � l#�mgh�jg�® b gk¯,g�}�~<�I}P~<��¯ b ��c�|�gk¨vgkd��ig��<�i�,d��P®�g�� � �
}i��®�g��s�igkd��ig��<���,d�¸Ê°q�f�
Ó b °q}��,� � ~�g��<°qg b ��|���¯,�,dsg � �^¸�gk¯,�f®oe�} b �f�]l3ûÒ�Ê}�~ b ��d�gkcf�Id � ¬R}�~�g#�ig��<���,d�¸ � g�� b cf�
�<d��,��®�g �Éb ��� b�� �R®o¸h}�~�g ¼¤ö  ù��º÷�ö#�|ö � ö��yù C�� ø � ÷ � ½ � ö � b �Ê� �Rb  Mgkdsg���}�cfe b ��g,lF±�~ b ���i}�e � ¸��,®o�i��°q�f�
��d � g �
�fe�d b �H}�e b } b �f��}�~<�I}P�ig��<�i�,ds�D®��
°k�I}ig � }i����g��<�ig:°qg�®o®o�D�,~�g�� � �,� � }i��}�~�g:� bo� g����,|F}�~<g�d��,�j�,}!�<d��,�R�I��®�¸
�R®o��¸Q� � �,d�g�� b cf� b ��°k�,�H}�d��f®�g b ��}�~�g b dq�Mgkds|��,d � �,�<°qgP}�~<�,�/�ig��R�i�,ds��®��
°k�I}ig � �jg�~ b � � }�~<gPd��,�j�,}kl

x b �<�,®n®�¸,¬H¨vg�°q�f�<� bn� gkd�g � }�~�g � g�� b cf�Q�,|µd��,�Re<��}3d��,�j�,}��jg�~<��¯ b �,ds� b �Q}�~�gX�<dsg��ig��<°qgP�,|.}¹¨3��º b � � �r�,|
��� b ��g,lD� b �<°qg���� b �ig b ��� � � b �<d�g��ig��H} b �/}�~�g�dsg��,®³ª�¨3�,d�® � ¬R}�~ b ��°q�f�<� bo� gkds�I} b �f� � �Iº,g��D}�~�g#�j�yüHª��ReR��~ b ��c
}��,�iº��p® b }i}�®�g � �,d�g�d�g��,® b �i} b °Il��mg b ��}id�� � e<°qg � }�¨v�p|��,d � �#�,|��<� b �ig b �K�fe�d���¸^�i}ig � ¬	�f��gQ°k�,e<�ig � �H¸
�ig��<���,d�|��,eR®�}����,� � }�~�g��,}�~<gkd�°k�,e<�ig � �^¸Qgkd�d��,ds� b ��}�~�g � gk}igkd ��b �<�I} b �f���,|µ}�~�gPd��,�j�,}��,°q} b �f�]l�ûË�Êg��,°�~
°k�,�ig�¨3g�|��fe<� � }�~R�I}�gk¯,�f®oe�} b �f� �<b ��°q��¯,gkds� � g�� b cf�<��}�~<�I}��Id�g�¨3g�®n®.� � ���<}ig � }i�Qg	 Mg�°q} b ¯,g�®o¸�~<�,� � ®og�%��,d
g�ü5�R®�� b }q1j}�~�g���� b �ig,lµx<�,d b �<�i}��,�R°qg,¬ b |�}�~�g��ig��<�i�,ds�{�Id�gv|��,e<®�}�¸,¬,gk¯,�f®ne�} b �f�Y�<d�� � e<°qg��	d��,�j�,}��.}�~R�I}µg � �R®���¸
}�¨v�Z% ��� � gk} b�� g���}�~�d�gkgI1��ig��R�i�,ds�h}i�K��g��<�ig/}�~�g/°qg�®n® b��m� g �Rb �I}ig�®�¸Ð�,~<g�� � �,|�}�~�gÊd��,�j�,}kltûË�Yg	 jg�°q}k¬
gk¯,�f®oe�} b �f� �Rb ��°q��¯,gkd���d��,�Re<�i} � g�� b cf�<��}�~R�I} b ��¯,�f®o¯,g�}�~<g BI� ���lC �  ù C � ø �,|3}�~�g ¼  � � ù�uì÷¼ö�� � �Í÷i�Ýö % �<� � g�®�¸
}�~�g��ig��<�i�,ds�k1 b �Êº,gk¸ �<b d�g�°q} b �f�<���Ids�fe<� � }�~�g�d��,�j�,}kl3î��<® b º,g��ig��<�i�,d�¸Ê��� b �ig�¨�~ b °s~/°k�,�p�jg�°q�fe<��}igkdsg �
�^¸ � g��,�<���,|§d�g��i�fe�ds°qg � eP�R® b °k�I} b �f�]¬��fe�}%��e�}���� b ��g#°k�,�<���,} �<b d�g�°q}�®o¸��jg�°q�feR��}igkd�g � �^¸Êgk¯,�f®oe�} b �f�]l¬ûË�
}�~ b �:°k�,�ig,¬3gk¯,�f®oe�} b �f� �<b ��°q��¯,gkds�:ds�,�M�,}��:}�~R�I}:�IdsgQ¯,gkds¸Ð�i}id��f�<cf®�¸�� b �,��g � }i�`¨v�Id � � � �`¯ b �<cp|��,d�¨��Id � l
±�~�g���g � g�� b cf�R��d�g�®�¸�~�g���¯ b ®�¸Q�f�/}�~�g#�fe�}%�Re�}���� b �igP}i���i}i���p}�~�g � |�d�� �Ïb �<°qg������,�H}�®�¸ � ��¯ b ��ch|��,d�¨��Id �
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�,dDd�gD�jg��I} b ��c�|�e�} b ®�g#|��,d�¨��Id ��� ��¯,g��klD±�~ b � � gD�jg�� � g��<°qg b ��g��,� b ®o¸ b ®o®oe<�i}id��I}ig � ¯ b ���i}��I} b ��} b °k�,®.�i}�e �<b g��
}�~<�I}h��~��`¨3g � }�~<�I}�}�~�g�d�g � �`¯"�,®v�,|��fe<}%�Re�}:��� b �ig�d�g���e<®�}�� b �Ð�B� b cf� b ��°k�,�H} � g�°qd�g��,�ig b ��}�~<g���}���g����
�,|�}�~�g�°q�,d�d�g��2�M�f� �<b ��c/ds�,�M�,}klB�»~�g����M�,}�~Ðº b � � �#�,|���� b �igQ�Id�g1�<d�g��ig��H} b ��}�~�g��i¸
�i}ig � ¬§gk¯,�f®oe<} b �f�
�<b �s°q��¯,gkds� � g�� b cf�R�§}�~<�I}3�Idsg�}�� b ®��,dsg � }i�#g�ü5�R®�� b }F}�~�g � l§±�~ b � b ���R�Ids} b °ke<®o�Ids®o¸�gk¯ bo� g��H} b �h|�gkg � ª�|��,d�¨��Id �
��g�e�ds�^°q�f�H}id��f®o®�gkd���}�~<�I}�e<�igP}�~ b ����� b �igP}i��g���°k���jg�|�ds� � |�e<} b ®�gX�Re<��~ b ��c:� b }�e<�I} b �f�R�kl

ûË��}�~ b ��°s~R���<}igkd�¨vgp~R��¯,g�e<�ig � }�~<g�gk¯,�f®oe�} b �f�<�Id�¸Y���"�<d��f�,°�~(}i� � g�� b cf����g�e�d��
°q�f�H}id��f®o®�gkds���,� �
�ig��<���,d�¸��i¸
�i}ig � ��|��,dP�j�|ü^ª��Re<��~ b ��c�d��,�j�,}��klÖûË�Bg��,°s~�°k�,��gh¨3g�~<��¯,g��,�<�,®�¸Íúkg � }�~�g:g � � b d b °k�,®.d�g��se<®�}��
�,� � ~R��¯,g�|��fe<� � }�~R�I}Fgk¯,�f®oe�} b �f� �<b ��°q�`¯,gkds�r���`¯,g�®<¨���¸
�F�,|jg�ü5�R®�� b } b �<c�}�~�g�g���¯ b d��f� � g���}��,®<°q�f�R�i}ids� b �H}��
�,� � }�� b ®��,d b ��c/}�~�g � g�� b cf�<��}i��� � ���<}J�jgkd�|�g�°q}�®�¸m}i�B}�~�gQg���¯ b d��f� � g���}�� b ��#^e�g��i} b �f�]l�ÈD®�}�~��fe�cf~Ð}�~�g
g�ü
}ig��<� b �f�<�r}�~<�I}F¨vg�~<��¯,g�g�ü5�R®��,d�g � ~�gkd�g � �Iº,g�}�~�g�}��,�iº � �,d�g�d�g��,® b �i} b °I¬f}�~�gkdsg b �F�,���,}�~<gkd b�� �M�,ds}��,��}
�<b�� g��<� b �f�Ì}�~<�I}�¨3gB~<��¯,g b cf���,dsg � lZ�mgB~<��¯,g��,����e � g � }�~<�I}�}�~�g�ds�,�M�,}���~<��¯,gB�,� b ��g�ü
~R�,e<�i} b �R®og
�i�fe�d�°qgÊ�,|�g���gkdsc,¸�}�~R�I}��,®o®���¨��h}�~�g � }i�K�se�d�¯ b ¯,g�}�~�d��fe�cf~Ì}�~�g b dhg���} b dsg/� b�� e<®o�I} b �f��} b�� g,l�±�~ b � b �
b �Ä°q�f��}id��,�i}�}i� � �f�i}�dsg��,®³ª�¨3�,d�® � � b }�e<�I} b �f�<��¨�~�gkdsg�}�~�g�d��,�j�,}�� � e<��}��jg � g�� b cf��g � º,gkgD� b ��cÌ��e<°�~
g���gkd�c,¸p°q�f�<� bo� gkd��I} b �f�<� b � ��b � � l�x<�,d b �<�i}��,�<°qg,¬Md�g��,®³ª�¨v�,ds® � �ig��<�i�,d���d�g$#^e b dsg�g���gkd�c,¸Ê}i�����jgkds�I}ig,l�ûË�
��e<°�~�����°qg��R�Id b ��¬]e<�<��g�°qg��s���Id�¸/�,d b d�dsg�®�gk¯"�,�H}���g��<�i�,ds� � e<�i}D�Mg �<b ��°k�Id � g � %��,dP�i¨ b }�°s~�g � �� �1��^¸/}�~�g
d��,�j�,}kl&� b���b ®o�Ids®�¸,¬reR�ig�®�g�����e<� b }�� � e<�i}��Mg �<b ��°k�Id � g � |�ds� � }�~�gB��g�e�d��
°q�f��}ids�f®o®�gkds�kl»È �^e � �jgkd��,|
d��,�j�,} � g�� b cf�<�X�<d�g��ig��H}ig ��b ��}�~ b �P°s~<���R}igkd b �<°k®ne � g�g�ü
� � ��®�g��P�,|���e<°�~mg�ü
°qg��s�ig���¨�~<gkd�g��ig��<�i�,d����,� �
e<� b }��h�Id�g/d�gk}�� b �<g � �H¸�}�~�g/ds�,�M�,}k¬v�Re�}��Idsg���gk¯,gkd�e<��g ��b �Y�,�H¸�|�dse b }i|�e<®v°q� � �Re<}��I} b �f�]l��mgB��gkg �
� g�°�~<�,� b � � �r}i�:° b ds°ke � ¯,g��H}v��eR°s~ � g�� b cf�<�r|��,eR®�}��klFûÒ� � ~<���<}igkd w ¨3gD¨ b ®o®5��e�ds��e�g��f��gD�se<°s~Q���"�<d��f�,°�~
}�~<�I} b�� �j�f�ig��rg���gkd�c,¸m�jg��<�,®o} b g��r�f��}�~�gDd��,�j�,}v°q� � �M�f�<g���}����,� � e<�ig��vgk¯,�f®oe�} b �f��}i� �<b �s°q��¯,gkd�g���gkd�c,¸Hª
gq��° b g��H} � g�� b cf�<�kl



+,¤

ö åhêKå:×WWªW��åG�0��þ��Qþ�åhêÐü«�pÿ�û��	��
�ý��Kþ"ê�V×�ÿ?�pÿ�üÊý&Ýmê�÷ ü��Ðå¿êKå:åh÷

��ÿ/× ýe�DÝ�ü�þ"Ý�¬¢¬�å:Ý�×mêÐþ`ê�

±�~<g�d��,�j�,}��#�,� � �jg�~<��¯ b �,d��Pgk¯,�f®�¯,g �Ìb � � ~<���<}igkds���/�,� �Ð! ¨vgkd�g����,} � g�� b cf��g � }i�B�jg�gq��° b g��H}
e<�igkd����,|�g���gkd�c,¸,lAûÒ�R�i}ig�� � ¬ b }#¨��,� b3� �R® b ° b }�®�¸��,����e � g � }�~R�I}#}�~�gQ�j�|ü^ª��Re<��~ b ��c�d��,�j�,}����,®�¨���¸
�:~<� �
g����fe�cf~pg���gkd�c,¸�}i�Q~�g�®���}�~�g � �igkg�}�~�d��fe�cf~�}�~�g b dX#He��,}����,|§�j�|ü^ª��Re<��~ b ��ch} b�� g,l�ûÒ��}�~ b �D°s~<���R}igkd�¨vg
°q�f�<� bn� gkd�}�~�g#°k�,��g#¨�~�gkdsgP}�~�g�d��,�j�,}���~R��¯,g���® b���b }ig � � � �feR��}��,|µg��<gkd�c,¸Ê�,� ��� e<�i} � �Iº,g�úie �Rb ° b �fe<�
e<�igÊ�,|�}�~�g b d�® b���b }ig � d�g���gkd�¯,g��kl(�mgp�i}�e � ¸�}�~�gÊd��f®�gÊ�,|�gk¯,�f®oe<} b �f� b �Ì}�~�g � g�� b cf�Y�,|���e<°�~Yg���gkd�c,¸Hª
gq��° b g��H}�d��,�j�,}��klv�mg��,®n�i���i}�e � ¸�}�~�g#gk¯,�f®oe�} b �f���,|µds�,�M�,} � g�� b cf�<��¨�~�g��¥�j��¨vgkd��i�fe<ds°qg����Id�g\�<d�g��ig��H}
b �Ê}�~<g�g���¯ b d��f� � g���}��,� � }�~�g�d��,�j�,}���~<��¯,g � g�°�~<�,� b � � ��}i��°�~<�Id�c,g#}�~<g b d��R�I}i}igkd b g����^¸����&�<d��f�,°s~ b ��c
}�~�g � l3x b �<�,®o®�¸,¬�¨vg�g�ü5�R®��,d�g#}�~�g�º b � � ���,|{�jg�~<��¯ b �,ds��}�~<�I}�g � gkd�c,g�¨�~�g��Ê}�~<g�d��,�j�,}���~<��¯,g��h��e b ®�}Ëª b �
� g�°�~<�,� b � � |��,dF®�g��Ids� b ��c�¬Id�g � g � �Mgkd b ��c�¬,�,� � �<��¯ b cf�I} b ��c�}i�P}�~�g�®��^°k�I} b �f�<�{�,|&�j��¨vgkdF�i�fe�d�°qg�� b ��}�~�g b d
g��H¯ b ds�f� � g��H}��kl
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±	g�®o®�gkd|þÇ���%�jg�° b ��°k�I} b �f�Y�,|�}�~�g��M�yüHª���e<��~ b �<cB}��,��º»% ±	g�®o®�gkd�¬Dy�+,+ ! 1 b�� �R® b ° b }�®�¸��,���se � g � }�~<�I}�}�~�g
d��,�j�,}��6~<� � g����fe�cf~�g��<gkd�c,¸�d�g��igkd�¯,g��.}i��}��Iº,g3}�~<g � }�~�d��fe�cf~�}�~�g b d.�i} b �Re<®o�I}ig � �j�|ü^ª��Re<�s~ b ��cv} b�� g,lµ±�~�g
� g�� b cf���,|Md��,�j�,}{�jg�~<��¯ b �,ds� b �:��eR°s~:g��H¯ b ds�f� � g��H}��{¨3gkd�g�}�~<g�� b �
Ó�e�g��R°qg � �f�R®�¸#�^¸#}�~�g�g��H¯ b d��f� � g��H}��,®
°q�f�<�i}id�� b ��}����,� � �,}�~�gkd:® b���b }��I} b �f�<�P�f�Ð}�~�g��I� b ® b } b g��P�,|�}�~<g�d��,�j�,}kl/)D��¨vgk¯,gkd�¬F|��,d�}�~ b ��}��,��º�}i�p�jg
d�g��,® b �i} b °I¬.�f�<g � e<�i}��,®n�i��¨v�,d�d�¸m�I�j�fe�}#}�~<g�� � �fe<�H}#�,|�g��<gkd�c,¸�°q�f�<��e � g � �^¸m}�~�g�d��,�j�,}klìûË��|��,°q}k¬
g���gkd�c,¸/°k�,�p}�e�ds���fe�}�}i�Q�jg#��º,gk¸Ê|��,°q}i�,d b � � gk}igkd ��b � b ��ch}�~�g�|�g��I}�e�dsg���}�~�g�d��,�j�,}�°k�,���j�f���ig����D�,� �
}�~�g�º b � � �r�,|.�jg�~<��¯ b �,ds� b }�°k�,�Qg�ü
~ b � b }kl{x<�,d b �R�i}��,�<°qg,¬ b |6��d��,�j�,}�e<�ig����i���R~ b �i} b °k�I}ig � g$#He b � � g��H}r|��,d
�ig��<� b ��c�¬5�<d��
°qg���� b �<c�¬<�,� � �,°q} b ��c�¬ b } � ��¸�d�g$#^e b dsg��se��R�i}��,�H} b �,®]� � �fe<�H}����,|µg���gkd�c,¸,lvÈ �R�<b } b �f�<�,®n®�¸,¬ b |
}�~ b ��d��,�j�,}�~<�,��}i�����jgkds�I}ig:�,e�}i�f��� � �feR��®�¸�|��,dDd�g�®o�I} b ¯,g�®�¸Ê®��f��cm�jgkd b � � ���,|§} b�� g,¬ b }D��gkg � �����R�I}i}igkd�¸
¨ b }�~Z�Kd��I}�~�gkdÊ®o�Id�c,gp°k�����,° b }�¸,lWÈD����e ��b ��c�}�~�g�e<�igp�,|#°q�f��¯,g��H} b �f�<�,®����I}i}igkd�¸�}ig�°s~R���f®��,c,¸,¬�®n�Id�c,gkd
°k���R�,° b } b g��/}�¸(� b °k�,®n®�¸(g��H}�� b ®�®o�Idsc,gkd��f�
ª��j�f�Id � ¯,�f®oe � g�}i�(�i}i�`¨*}�~�gK�R�I}i}igkd�¸��,� � ���Rd����j�,d�} b �f�<�,®
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b �<°qdsg��,�ig b �Ì}�~�g/ds�,�M�,}h¨vg b cf~H}kl $ �,}��f�<®�¸ � �^g��h}�~ b �h�E jg�°q}�}�~�g � g�ü^}igkd b }�¸,¬��%�jgkg � ¬3�,� � gq��° b g��<°q¸
�,|{}�~�gPd��,�j�,}k¬<�Re<}��,®n�i��d�g��i}id b °q}���}�~�gPº b � � ���,|µd��,�j�,}��jg�~<��¯ b �,ds��}�~<�I}�°k�,�Êg � gkdsc,g,l

ÈD®�}igkds�<�I} b ¯,g�®�¸,¬6}�~�g:d��,�j�,}�� ��b cf~H}�°k�Id�d�¸B� � �,®o®ogkdD���I}i}igkd b g����f�
ª��j�f�Id � �,� �mb �<�i}ig�� � °q� � �<ds� ��b �ig
�f�:}�~�g��ig��R�i�,ds�k¬��<ds�^°qg���� b ��c�¬f�,� � �,°q}�e<�I}i�,ds�r}�~�gk¸:��eP�"�j�,d�}kl§�
e<°s~�d��,�j�,}�� � e<�i}§�jg ö�ørö¤÷��fuIÀ�ö�t(� C ö¤øäù
b �
}igkd � ���,|§}�~�g b d�eR�ig��,|F�ig��<���,ds���,� � �<d��
°qg���� b �<c�l�2 b ¯,g��p�fe�d � g�� b cf�¥���Ids� � gk}igkds�k¬�}�~�g��ig�d��,�j�,}�� � e<�i}
�f�<®�¸�eR�igÊ�,� � �,��¸��ig��<�i�,ds���,�h�Id�gÊ�I�R�i�f®ne�}ig�®�¸���g�°qg����s�Id�¸K|��,d:}�~�g�}��,�iºK�f�Ì~<�,� � lm� b3��b ®o�Ids®o¸,¬	}�~�gk¸
��~��feR® � �j�f���ig��s�D�<g�e�d��
°q�f��}id��f®n®�gkds��}�~<�I} � �Iº,ghe<�ig��,| ��b � b�� �,®6�^e � �Mgkd����,|reR� b }��D�,� � ® b ��º
�kl�±�~�g��ig
°q�f�<� bn� gkds�I} b �f�<� � ��¸Ê�igk¯,gkd�g�®�¸�d�g���}id b °q}�}�~�g#�I� b ® b } b g��v�,� � �jgkd�|��,d � �,�R°qgP�,|	}�~�g#d��,�j�,}kl

)D��¨vgk¯,gkd�¬ b |�}�~�gkd�g/�Id�g��j�`¨3gkd����fe�ds°qg�� b �Ì}�~<gÊg���¯ b d��f� � g���}/%�g,l´c�l�¬6�j��¨vgkd��fe�}�®�gk}�� b �Ì�md��^� � 1
�,� � }�~�gQd��,�j�,}���~<��¯,g � g�°s~<�,� b � � �#}i�����&�<d��f�,°s~�}�~�g���g��j��¨vgkd:�i�fe�ds°qg���}i��°s~<�Id�c,g�}�~�g b d��R�I}i}igkd b g��k¬
}�~�g�d��,�j�,} � g�� b cf�<��°k�,���E j�,d � }i�Q�jg���® b }i}�®�g � �,d�g�g�ü
}ids��¯"�Icf�,�H}klêûÒ�p��e<°s~B°k�,�ig��k¬j}�~�g�d��,�j�,} � g�� b cf�<�
��b cf~H} b � � eR®�c,g��Ê® b }i}�®�g � �,d�g b �B}�~�gh�He � �jgkds�D�,|��ig��<�i�,ds�P�,� � �<g�e�d��
°q�f��}id��f®n®�gkdPe<� b }��kl�±�~ b ��¨v�fe<® �
¨v�,d�º b �pg���¯ b d��f� � g���}��D¨�~<gkd�g#}�~�g:®��
°k�I} b �f�<�D�,|F}�~�gY�j��¨vgkd��i�fe�ds°qg��Dd�g � � b �p°q�f�R�i}��,��}klP)D��¨vgk¯,gkd�¬ b |
}�~�g�d��,�j�,}D~R�,��}i�Q���jgkds�I}ig b �B����¯,g�®µg��H¯ b ds�f� � g��H}��k¬ b }���gkg � �D� �R�<b } b �f�<�,® � g�°s~R�,� b � � ��}i��®�g��Ids���,� �
d�g � g � �jgkd�}�~<gQ®��
°k�I} b �f�<���,|q�j��¨vgkdh�i�fe�ds°qg�� b �K}�~ b �#�<gk¨ g��H¯ b d��f� � g��H}k¬F�,�Ð�I� b ® b }¹¸B¨vgQd�gk|�gkd�}i�m�,�
� �� ù C�,�]� ö  ÷Ýø C øH� lF� b }�~��se<°s~Q�%�R�I} b �,®�®�g��Ids� b ��c � g�°�~<�,� b � � �r�I}v}�~�g b d �<b �%�j�f���,® ¬�d��,�j�,}��3°k�,�Q®�g��Ids��}�~�g
®��
°k�I} b �f�<�§�,|k�j��¨vgkd3�i�fe<ds°qg�� b �h���`¯,g�®<g��H¯ b d��f� � g��H}��k¬��,� � �<��¯ b cf�I}ig�}i�#}�~�g � ¨�~�g�� b �h��gkg � �,|/�j��¨vgkd�l

ûË��¨�~<�I}�|��f®o®��`¨��k¬R¨vg � g���°qd b �jgP�fe�d��I}i}ig � �<}��D}i���i}�e � ¸Ê}�~<g#gk¯,�f®oe�} b �f���,|Fg��<gkd�c,¸�ª�gq�Q° b g���}Dd��,�j�,}
�ig��<���,d�¸ � g�� b cf�<���,� � �jg�~<��¯ b �,d��kl��mgh¨ b ®o®6�i}�e � ¸Ê}�~�g�g	 jg�°q}��P�,|F}�~<g\�<dsg��ig��<°qg��,d��I���ig��<°qg:�,|K�j��¨vgkd
�i�fe�d�°qg����f�p}�~<g � g�� b cf�<�Dgk¯,�f®�¯,g � ¬	�,� � �I}i}ig � �<}P}i�Ê°s~<�Id��,°q}igkd b úkgh}�~�g b �
ÓMe�g��<°qg��,|r�%�R�I} b �,®{®�g��Id�� b ��c�l
¨ b }�~(�,� � ¨ b }�~<�fe�}G�j��¨vgkd��i�fe�ds°qg����,� � �%���I} b �,®�®�g��Ids� b ��c�l ý e�}h��ds�i}k¬v¨3g � g���°qd b �jgÊ�,� b�� �M�,ds}��,��}
°s~R�,��c,g b ��}�~<g��ig��<�i�,d�¸����"�R�Id��I}�e<���,|{�fe�d�d��,�j�,}��kl
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ûË�h}�~�g�}��,��º:�2�Mg�° b ��°k�I} b �f�:�,|]±.g�®n®�gkd�% ±.g�®n®�gkd�¬Ry�+,+ ! 1�¬ b }§¨��,�r�,���se � g � }�~<�I}r}�~�g�d��,�j�,}F�ig��<���,ds�§¨vgkd�g
°k���R�I�R®og/�,|�dsg�® b �I�R®�¸Ðd�g�°q�,cf� b ú b ��c��,� ���<b  Mgkd�g��H} b �I} b �<cm�Mgk}¹¨3gkg��(�j�|ü
g��k¬�¨v�,®o®n�k¬3�,� � g � �<}�¸Y�%���,°qg��kl
±�~^e<�k¬ b |	}�~�g�d��,�j�,}�~<� � ���ig��<�i�,d��R®o�,°qg � }i� � gk}ig�°q}�}�~�g#°qg�®n® b��m� g �<b �I}ig�®�¸ b ��|�d��f�H}��,| b }k¬<}�~�g��ig��R�i�,d
¨��,�3�,���se � g � }i��d�gk}�e�d�� �<b  jgkd�g��H}F¯"�,®ne�g�� � gD�Mg�� �<b ��c��f��}�~<g��
°k°keP�R�,�<°q¸h�,|]}�~<�I}v°qg�®o® l§ÈD®�}�~��fe�cf~�}�~ b �
b ��®n�Id�c,g�®�¸�}idse�g��,|�� b �f®��,c b °k�,®F�ig��R�i�,ds��%�g,l´c�l�¬F�/~^e � �,��gk¸,gQ°k�,� � gk}ig�°q}��,� � � bo��b ��}�~�g�d�g�°q�,cf� b } b �f�
�,| �<b  jgkd�g��H}�º b � � ���,|��,�
úig�°q}��q1�¬§°q�f��}ig � �M�,d��Id�¸�d��,�j�,}#�ig��<�i�,d�}ig�°s~<�<�f®��,c,¸ �<b °q}��I}ig��#�,}�~�gkd�¨ b �ig,l�xR�,d
b �<��}��,�<°qg,¬r�i�f�<�Id���g��<�i�,ds�h°k�,�Y�jg�e<�ig � #^e b }ig�d�g�® b �I��®�¸m}i� �<b  jgkd�g��H} b �I}ig��Mgk}¹¨3gkg���¨v�,®o®n���,� � g � �<}�¸
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�%�R�,°qg���%��R�Idsd b ��c#��� � g'�Rd��,�R®�g � �K�M�f��g � �^¸��%�jg�°ke<®o�Id3d�gqÓRg�°q} b �f�<�k1�%�ò3¯,gkd�gk}i}k¬6y�+,+ w 1�lr)D��¨vgk¯,gkd�¬ �<b  jgkdiª
g��H} b �I} b ��c��jgk}�¨vgkg���¨v�,®n®o���,� � �M�yü^g�� b � � e<°�~m~<�Id � gkd�¬]�,� �W� ��¸pgk¯,g����jg b�� �j�f��� b �R®�g#e<� b ��c�� b�� �R®�g
�i�f�<�Id��ig��<� b �<c�lKHP��g � ��¸Ê��gkg � }i��e<�igP�,}�~�gkd��,�%�jg�°q}���® b º,g���~R���Mg,¬�°q�f®��,d�¬R��e�d�|��,°qgP}ig�ü
}�e�d�g,¬<d�gqÓ�g�°q} b �f�
�<d����jgkd�} b g��k¬<gk}�°Il�¬j}i���jgkd�|��,d � }�~ b � �Rb �i} b �<°q} b �f�]lgûÒ�p�,��¸/°k�,�ig,¬ b } b �4�j�f��� b �R®�gP}�~<�I}D}�~�g � gk}ig�°q} b �f���,� �
d�g�°q�,cf� b } b �f���,| �<b  jgkd�g��H}§º b � � �§�,|j�,�
úig�°q}�� ��b cf~�}§dsg$#He b d�g �<b  jgkd�g��H}F}�¸(�jg��F�,|]�ig��<�i�,d��r�,� � g��H}�� b ®R}�~�g b d
��¨���d�g��%�jg�°q} b ¯,gp°q�f�i}���% b ��}igkd � ���,|�} b�� gÊd�g$#He b d�g � ¬3g���gkd�c,¸Y°q�f�<��e � g � ¬3dsg�® b �I� b ® b }�¸K�,� � �,°k°ke�ds�,°q¸
�,|�dsg�°q�,cf� b } b �f�]¬rgk}�°Il³1�l ûÒ} b ��}�~^e<��|�dse b }i|�e<®F}i��}�~ b ��º��,|#��� � C � I��� ÷�� C ÷³ù�� I�{�ig��<�i�,d���}�~R�I} � gk}ig�°q}�%��,d
d�g�°q�,cf� b úkgI1 � � ö�� C ôv� º b � � ���,|§�,�
úig�°q}����I}!���Id�} b °ke<®o�Id��M�f� b } b �f�<��dsg�®o�I} b ¯,g�}i��}�~�g�d��,�j�,}kl�x<�,d b �R�i}��,�<°qg,¬
¨vg�°k�,��}�~ b ��º��,|µ�h®��,c b °k�,®j¨��,®o®j�ig��<�i�,d�}�~R�I} b ���R®o�,°qg � �i�h�,��}i� � gk}ig�°q}�}�~<g0�<d�g��ig��<°qg��,|	¨v�,®o®n� b��m� gqª
�<b �I}ig�®o¸��,~�g�� � �,|]}�~�g�d��,�j�,}kl§±�~ b �§�ig��<�i�,d b �F�,����e � g � }i�#�jg b �R°k���R�I�R®�g��,| � gk}ig�°q} b �<c��j�|ü
g��r�,d3g � �<}�¸
�%�R�,°qg���lF±�~�g��ig��ig��<�i�,d��3�Id�gP®��,c b °k�,® b ��}�~�g��ig��<�igD}�~<�I}�}�~ b � � �Hg������,} b�� ��®�¸:}�~�g�ds�,�M�,}F� Á�u"� C � ,��� u ~<�,�
���ig��R�i�,dK�j�f� b } b �f�<g � }i���ig��<��g�}�~�g�°q�,d�d�g��2�M�f� �<b ��cP°qg�®o® lµ¢��I}�~<gkd�¬^eR� b ��c�}�~�g �Rb  Mgkdsg���}F�ig��R�i�,ds�§}�~<�I}v�Id�g
��¯I� b ®o�I��®�g�}i�h}�~�gPd��,�j�,}k¬ b } b ���i� � g�~��`¨&�I�R®�g�}i� � gk}igkd ��b ��gD}�~�g0�<d�g���g��<°qg��,d��I�R�ig��<°qgP�,|	¨v�,®n®o� b �Q}�~�g
°qg�®o®FeR� � gkdj#^e�g��i} b �f�]l ý ¸ � g�® b ��º b ��c�}�~�g�®��,c b °k�,®§|�d�� � }�~�gG��~�¸
� b °k�,® ¬.}�~ b ��¯ b gk¨��,|��ig��<�i�,d��0�jgkd ��b }��
}�~�g � g�� b cf���,|§�i¸
�i}ig � ��}�~R�I}�°k�,�/�jgPg��,� b ®o¸ b�� �R®�g � g��H}ig � �f� �<b  jgkd�g��H}�d��,�j�,}���¨ b }�~�¯"�,�i}�®o¸ �<b  Mgkd�g��H}
�ig��<���,d�¸:g$#He b � � g��H}k¬��,�3®o�f��c#�,�F}�~<g��R~H¸^� b °k�,®<�ig��<���,ds�§�f��}�~�g�d��,�j�,}r°k�,���jg�e<�ig � }i��¸ b g�® � }�~�g b �P�Re�}��
d�g$#^e b d�g � �^¸K}�~�gÊ®��,c b °k�,®��ig��R�i�,ds�kl½ûË��}�~�gÊg�ü5�Mgkd b�� g��H}��#}�~<�I}h|��f®o®��`¨�¬F¨vgÊe<�igÊ®��,c b °k�,®��ig��<���,ds��}�~<�I}
� gk}ig�°q}�¨��,®o®o�:%��Æ1�¬6�j�|ü
g��h% ý 1�¬.�,� � �j��¨vgkd#�i�fe�d�°qg��h%�z�1�l]�»~�g���}�~�g��ig��ig��R�i�,ds� � gk}ig�°q}#�,���,��úËg�°q}��,|
}�~�g b d�}¹¸~�jg,¬�}�~�gk¸��<d��`¯ bo� gD�:¯I�,®oe�g��,|{¥hy�}i�h}�~�gP��g�e�d��
°q�f��}ids�f®o®�gkd�lRHD}�~�gkds¨ b �ig,¬
}�~�gk¸��<d���¯ bo� gP��¯I�,®oe�g
�,|§«
l
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ûË��}�~<g�g�ü5�jgkd b�� g��H}�� b �/}�~ b �D°s~R���<}igkd�¬j¨3g:�,����e � g#}�~<�I}�}�~�g�d��,�j�,}D��g��<�i�,ds�D�,� � ��g�e�d��
°q�f��}ids�f®o®�gkd
e<� b }���°q�f�<��e � gQ� øUö:�ºø C ù �,|§g���gkd�c,¸�gk¯,gkd�¸/} b�� g�}�~�gk¸��Id�g�e<�ig � �,dD�Idsg b �H¯,�f®�¯,g �Bb ���Q°q� � �Re<}��I} b �f�]l
±�~^e<�k¬ b |#�Ìd��,�j�,}Ê~<�,��|��fe�d/�ig��<�i�,d��Ê�,� � �R¯,gm��g�e�d��
°q�f�H}id��f®o®�gkdÊe<� b }��k¬�}�~�g � ds� b �Z�f�»}�~�gmd��,�j�,}¤þÇ�
�R�I}i}igkd�¸ b �Ðg��,°s~Ì} b�� g��i}igD�Ì�,|����jgkds�I} b �f� b ��� b �<g�g���gkd�c,¸Ðe<� b }��klAûÒ�Ì� �<�Rb } b �f�]¬µd��,�j�,} � �,} b �f�Ì�,®o�i�
°q�f�<��e � g��#g��<gkd�c,¸,l/�»~ b ®�g�}�e<ds�<�#�,� ��� �`¯,g����f�<®�¸�d�g���e<®o} b �K�B®��f���#�,|��R¯,gQg���gkd�c,¸�e<� b }��k¬n�ReR��~ b ��c
���j�yüÌ}��Iº,g����,�Ä� �<�<b } b �f�<�,®�}i�f®o®��,|���¯,g�g���gkd�c,¸�eR� b }��klÄ±�~�g�°�~�� b °qgB�,|D}�~<g��igp�^e � �Mgkd�� b ��d��I}�~�gkd
 B,À�Á � � ¬�¨ b }�~�}�~�g��f�<®o¸hcfe bo�<b �<c0�<d b �<° b �R®�g��jg b ��c�}i��g��<��e�dsg�}�~<�I}v�j�|ü^ª��Re<��~ b ��c b �v�,��g���gkdsc,¸�ª � d�� b � b ��c
���jgkds�I} b �f�]l ë �,dsgQdsg��,® b �i} b °�¯"�,®oe<g���°k�,�Ì�jg�°�~��f�ig�� � gD�jg�� �<b ��cÊ�f��}�~�g�}��,��º�g���¯ b d��f� � g���}:�,� � }�~�g
�R~H¸^� b °k�,®]°s~<�Id��,°q}igkd b �i} b °k���,|	}�~<g�d��,�j�,}���g � �R®o��¸,g � l
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2 b ¯,g��K}�~ b ����°qg��<�Id b ��}�~�gQ�i¸^��}ig �Ñb �� À � ÷ C � ÷ CF� b �,�ig �  � �C ø���ù ��e<��~ b �<cQ�j�yü^g���� b �<°qg�}�~<�I} b �#}�~�g
� �f�i}Pgq�Q° b g���}�eR�ig:�,| b }��P® b���b }ig � g���gkd�c,¸,l:)D��¨vgk¯,gkd�¬	�,�P¨ b ®o®	�Mg�°q� � ghgk¯ bo� g���}P�i�^�f�]¬6g	 jg�°q} b ¯,g��j�|ü^ª
�Re<�s~ b ��c��jg�~<��¯ b �,ds�Dg � gkd�c,g�� b �R°qg�}�~<g�dsgD�<d�� � e<°q} b ¯,gY�j�,}ig���} b �,®µ�,|3}�~�g:d��,�j�,}�� b �Dc,��¯,gkds��g � �H¸p}�~�g b d
�R}���g��s��% �^e � �jgkdD�,|3�j�|ü
g��D�Icf� b �<�i}�}�~�g:¨v�,®n®�1vd��I}�~�gkdP}�~<�,�B�H¸p}�~�g b d��I� b ® b }�¸Ê}i�/��e�ds¯ b ¯,g�}�~�g b dX#^e��,}��
�,|§� b�� e<®o�I} b �f�Q} b�� g,l

±�~<g�d��,�j�,}�� b ��}�~�g��ig�g�ü5�jgkd b�� g��H}����,®o�i�?�M�f�s�ig���� � g�°s~<�,� b � � �P}i�B°s~<�Id�c,g�}�~�g b d��R�I}i}igkd b g��#¨�~�g��
}�~�gk¸pg��<°q�fe<�H}igkdj�j��¨vgkd��i�fe�ds°qg��kl�±�~ b ��~<���&�Mg��R���,��|��f®o®��`¨��kl��»~�g���}�~�ghd��,�j�,}P°q� � g�� b �H}i�/°q�f�H}��,°q}
¨ b }�~Z���j��¨vgkdÊ�i�fe�ds°qgB~�g�� � ª��f�]¬ b }����R�I}i}igkds¸(®�gk¯,g�® b �<°qd�g��,�ig����H¸Z�m�qü
g � � � �fe<��}k¬�dsgk|�gkd�dsg � }i�Ì�,�
µ®¶�· ¸2¹eº�»�¼3½�¾ ¬ b �pgk¯,gkd�¸/} b�� g��i}igD�.lD±�~^e<�k¬ b |§}�~�g�d��,�j�,}��%�jg�� � � w } b�� g:e<� b }���|��,° b �<cQ���j��¨vgkd����fe�ds°qg,¬
b }��]���I}i}igkd�¸�®�gk¯,g�® b �<°qd�g��,�ig��]�^¸�}�~�gr� � �feR��}kð w Í µ®¶�· ¸2¹eº�»�¼3½�¾ l{�mg3�,®o�����,����e � gF}�~<�I}6}�~�g3d��,�j�,}]�R�I}i}igkd�¸
~<�,��� � �Ãü b�� e � °k�����,° b }�¸�%À¿ »ÂÁ5Ã�¶E¾�¼3½�Ä 1§¨�~ b °s~Q® b���b }��F}�~�g � �Ãü b�� e � � � �fe<�H}v}i�:¨�~ b °s~�}�~�g�d��,�j�,}��
°s~R�Id�c,g,lrÈD®�}�~��fe�cf~G�j�`¨3gkdv�i�fe�ds°qg��3�Id�g����,d � �,®o®�¸:®��^°k�I}ig � �,®��f��c�}�~<g�¨��,®o®o�k¬���� � g��,|j�fe�drg�ü5�jgkd b�� g��H}��
�,����e � g�}�~<�I}\�M�`¨3gkd:�i�fe�d�°qg���°k�,�����"�jg��Id#�,�H¸H¨�~<gkd�g b ��}�~�g��Id�g��R�
l/È�®�}�~<�fe�cf~m}�~ b � � �Iº,g�� b }�g��,�i¸
|��,d�}�~�gQd��,�j�,}�}i�B°�~<�Id�c,gÊeP�Ì�I}����j��¨vgkd:���fe�ds°qgQ�H¸����"�Rd��f�,°s~ b ��c b }�|�d�� �Å� e<®�} b �R®�g �<b dsg�°q} b �f�<�k¬ b }
�,|�}ig�� b�� �jg � g��v}�~�g#d��,�j�,}¤þÇ��g�ü^g�°ke<} b �f�/�,| b }����j�|ü^ª��Re<�s~ b ��c:}��,�iº�ÆI�j��¨vgkd��i�fe<ds°qg������"�jg��Id b �<c��f��}�~�g
�R�I}�~��,|{�:|�eR®o®�¸Hª�°s~<�Id�c,g � ds�,�M�,}��Id�gP�,���i}��,°k®�g���}�~<�I}�}�~�g�d��,�j�,} � e<��}���¯,� bo� l�ûË�Ê� �<�<b } b �f�]¬
�j�|ü
g�� � ��¸
g�� � eP�p�<g�ü^}�}i��}�~�gY�j��¨vgkdD���fe�ds°qg��k¬Mg b }�~�gkd � e�g�}i�Q}�~�g b dDds�,� � � � �R®o�,°qg � g���}D�,dD�,����d�g���e<®�}��,|F}�~�g
�j�|ü^ª��Re<��~ b ��cD�Mg�~R��¯ b �,ds�{�,|j}�~�g�d��,�j�,}k¬��,� �m� ��¸:�R®o�^°sº��,°k°qg����r}i�j�j��¨vgkd3�i�fe<ds°qg��kl§±�~�g��ig�|��,°q}i�,ds� � ��¸
°k�,e<�ig#d��,�j�,}��R}���g�����g���}i���,°q}�e<�,®n®�¸ � g�°qd�g��,�ig,¬�°q�f�H}ids�Id�¸�}i��¨�~<�I}�¨vg ��b cf~H}�g�ü5�Mg�°q}kl3òr¯,�f®oe<} b �f� � e<�i}
°q�f�H}ig�� � ¨ b }�~�}�~�g��igj�j�f��� b � b ® b } b g��F¨�~ b ®�g � g�� b cf� b �<c�g	 jg�°q} b ¯,g�d��,�j�,}��Mg�~R��¯ b �,ds�kl
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ûË�m�,d � gkd#}i� � �Iº,g�}�~<gh�M�yüHª���e<��~ b �<cQ}��,��º���® b }i}�®�g � �,d�g�°s~<�,®o®og���c b ��c�¬]¨vg�°q�f�<� bn� gkd�g � d��^� � �P�,|
� b úkgByk«(Íùyk«p°q�f�H}�� b � b ��cKyk«p�M�yü^g���l/±�~�g�d��,�j�,}���¨3gkdsg�c b ¯,g�� w «,«�} b3� g��i}igD����}i��°k®�g��Id�}�~<g�d��^� � l
±�~�g�d��,�j�,}���°q�feR® � eR�ig�eP��}i�m�I«B��g��<�i�,ds���,� � yk«p~ bn�<� g��KeR� b }��kl/ÈD��¨3g � g��H} b �f��g � g��Ids® b gkd�¬{g��,°�~
�ig��<���,dP¨v�,��°k�����I�R®�g:�,| � gk}ig�°q} b ��cÊ�f�<®�¸p�f��g:}�¸(�Mgh�,|3�,�
úig�°q}�% ý ¬.�Æ¬]�,dPz�1�¬6�,� � }�~�g��ig��<�i�,dPd��,��c,g��
¨vgkd�g�d�g��i}id b °q}ig � }i��� � �Ãü b3� e � �,|µ}¹¨3�Q°qg�®o®o���jgk¸,�f� � }�~�g�d��,�j�,}klròv�,°s~ � g � �jgkd��,|{}�~�gJ�M����e<®o�I} b �f�
b �����R�Id�} b °ke<®o�Id�c,g���gkd��I} b �f�K¨��,��gk¯"�,®oeR�I}ig � �f�K}�~�g���� � g��igk}��,|�� w ds�,� � � � g��H¯ b d��f� � g��H}��k¬µ¨�~ b ®�g
�<b  jgkd�g��H}�c,g���gkds�I} b �f�<��¨vgkd�ghgk¯I�,®oe<�I}ig � �f� �Rb  Mgkdsg���}P�igk}����,|vg���¯ b d��f� � g���}���l�±�~�g � g�° b � b �f�p}i��e<�igh�
� � �,®n®��^e � �Mgkd��,|	g���¯ b d��f� � g���}��v}i�hgk¯I�,®oe<�I}igP}�~�g�d��,�j�,}��v¨v�,� � � � g�º,gkgD� b ��c b � ��b � � }�~�g b �R°qd�g��,�ig �
} b�� gD°q� � �R®�g�ü b }¹¸h�,|]}�~�g�ds�,�M�,}3gk¯"�,®ne<�I} b �f�<��% w «,«�� b�� eR®o�I} b �f����}igD�R�R�jgkd3g���¯ b d��f� � g���}q1�lF±�~<g���¯,gkds�Ic,g
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�jgkd�|��,d � �,�<°qg��,|.}�~<gDds�,�M�,}��`¯,gkd�}�~�g�� w g��H¯ b ds�f� � g��H}���¨v�,����� bn� }i�h�jg b }��3�R}���g��s�k¬<�,� � ¨v�,��e<�ig � �H¸
}�~�g�� b �<�Id�¸�}i�fe<ds�<� � g��H}��ig�®�g�°q} b �f�¥�<d��
°qg � e�d�g,l

x<�f®n®���¨ b ��c��fe�d�dsg���e<®�}�� b � � ~<���<}igkd ! ¬R}�~�g�ds�,�M�,}�� b �Ê}�~�g���g�g�ü(�jgkd b3� g���}���¨3gkd�g��,����e � g � }i��~<��¯,g
��|�gkg � �R�,°sº � g�°�~<�,� b � � }�~<�I} b ��|��,d � g � }�~<g � �,|§|�� b ®�g � �,°q} b �f�<�kl�±�~ b � � g�°�~<�,� b � �Ç� � � g���e�d�g#}�~<�I}
}�~�g�d��,�j�,}�� �<bn� ���,}Dd�gD�jg��I}��,�B�,°q} b �f�B}�~<�I}�®�g � }i��|�� b ®oe<d�g b ��}�~�gJ�<dsgk¯ b �feR���i}igD�6l�±.��º,gkgD�B}�~<g#}��,�iº
d�g��,® b �i} b °I¬.¨vg��,�s��e � g � }�~R�I}#}�~�g�d��,�j�,}#�ig��<�i�,d���¨vgkd�g���� b ��¸,¬µ�,� � g���°qd b �jg ��b �Ð�^g�°q} b �f� ! l��^l��^loyIl/�mg
�,®o�i�:�,����e � g � }�~R�I}vgkdsd��,ds�3g�ü b ��}ig �Qb ��°�~��H�f� b ��c�d��,�j�,}v�,°q} b �f�R�k¬��,� � g���°qd b �jg ��b �Q�^g�°q} b �f� ! l��^l��^l��^lv�mg
e<�ig � gk¯,�f®oe�} b �f�<�Id�¸K�,®�c,�,d b }�~ � �#}i����g��Ids°s~�}�~�g�°q� � � b ��g �Ì� g�� b cf�Ð�%�R�,°qg��,|�d��,�j�,}��ig��<�i�,d�¸Ð�i¸^��}ig � �
�,� � d�g�°ke<d�d�g��H}:�<g�e�ds�,®���gk}�¨v�,d�ºÌ°q�f��}ids�f®o®�gkds�kl�±�~�gQ|��f®n®���¨ b ��cB��g�°q} b �f�<�[�<d�g���g���}hd�g��se<®�}���|�ds� � }�~<g��ig
g�ü5�Mgkd b�� g��H}��kl
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ûË��}�~ b �µg�ü(�jgkd b3� g���}k¬,}�~<gvds�,�M�,}��{¨vgkd�g��,���se � g � }i�0�j�f���ig����{�D�R�I}i}igkd�¸�¨ b }�~ b ��g�ü�~<�,e<��} b �R®�gFg��<gkd�c,¸,l
ûË�Y}�~ b �hdsgkcf�Id � }�~�gk¸Y¨vgkd�g�� b���b ®o�Idh}i�K}�~�g�d��,�j�,}�� b � � ~<���<}igkd������,� ��! l»±�~ b �:g�ü5�Mgkd b�� g��H}��,®o�i�
�,����e � g � }�~R�I}�}�~�gkdsg�¨vgkd�g������j�`¨3gkdh�i�fe�d�°qg�� b ��}�~�gQg���¯ b d��f� � g���}klp¢�g���eR®�}��#�,|��fe�d�gk¯,�f®ne�} b �f�<�Id�¸
g�ü5�Mgkd b�� g��H}����Id�g#��e �I� �Id b úkg �Êb �Ê±µ�I�R®�g w loy

±µ�I�R®�g w loy ¢�g���e<®�}���¨ b }�~ b ��g�ü�~<�,e<��} b �R®�g��R�I}i}igkd�¸1�j��¨vgkd�l

È�¯,gkd��Ic,g ý g��i}
x b }���g���� yk«
l�� w y,yIl ! ¤
�
e�d�¯ b ¯I�,®M± b�� g w «,«
lÇ«,« w «,«
lÇ«,«
���,®o® ý e � �R� y��^lÇ«�� ¤^l !,!
) bo�R� g���îD� b }�� ! l �"« «
lÇ«,«
�^g��<�i�,ds� y,yIl �"« y  lÇ«,«

ûÒ}�°k�,���jg/g��,� b ®�¸��,�R�igkd�¯,g � }�~<�I}�gk¯,�f®oe�} b �f� �<b �s°q��¯,gkds��d��,�j�,} � g�� b cf�R�h}�~<�I}m�jgkd�|��,d � ¯,gkd�¸Ì¨vg�®o®
�f��}�~�gQ�M�yüHª���e<��~ b �<c/}��,�iºMl�±�~�g��jg��i}�d��,�j�,}��I}i}�� b �R���p�R}��<g����#�,|�y,yIl ! ¤^¬r¨�~ b °s~ b �����&�<d��|ü b�� �I}ig�®o¸
¤,� r �,|�}�~�g � �Ãü b�� e � �R}���g����Q%iy ! 1�}�~<�I}h°q�fe<® � �jg��I}i}�� b ��g � �^¸�}�~�gQd��,�j�,} b �K}�~ b �#g��H¯ b d��f� � g��H}kl
±�~ b � b ����� b cf� b ��°k�,��} b �<°qd�g��,�ig�|�ds� � }�~�g\�Mgkds|��,d � �,�<°qg#�,|§}�~�g��jg��i}�d��,�j�,} �Rb ��°q��¯,gkdsg �pb ���fe�d�g��Id�® b gkd
g�ü5�Mgkd b�� g��H}��k¬�¨�~ b °�~Ê~<� � ���R}���g������,|  l��,��% ���"�<d��yü b�� �I}ig�®�¸  � r �,|{}�~�g � �Ãü b�� e � �R}���g��s���,|�yk« b �
}�~�g  Í  g���¯ b d��f� � g���}q1�lF±�~�g'�Rd b�� �Id�¸:d�g��,���f��|��,d�}�~ b � �<b  jgkd�g��<°qg b �3}�~�g b �<°qd�g��,�ig b ��}�~�g�� b�� e<®o�I} b �f�
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} b�� g,lvòr¯,g���}�~��fe�cf~�}�~�g#d��,�j�,}�� b �Ê}�~�g�g��Id�® b gkd�g�ü5�jgkd b�� g��H}���¨v�,d�º,g �pb �/� � �,®o®ogkd�g���¯ b d��f� � g���}��#%  Í
 1�¬�}�~�gk¸Q�f�<®�¸�~R� � ¤I«:} b3� gP�i}igD�R��|��,d��M�yüHª���e<��~ b �<c#¨�~�g���°q� � ���Id�g � }i�h}�~�g w «,«:} b�� gP�i}igD�R���,®n®���¨vg �
|��,d3}�~�gDd��,�j�,}�� b ��}�~�g�°ke�d�dsg���}3g�ü(�jgkd b�� g���}kl{�mgP~<��¯,gP��~<��¨���g�®o�igk¨�~<gkd�g�% ý �,®o�Iº^d b ��~R�<�,��'&)��f�R��¯I�Id�¬
y�+,+  �^1§}�~<�I}r�,� b �<°qd�g��,�ig b �h}�~�g�} b3� g��,®o®��`¨3g � }i�J�ReR��~:�j�|ü
g��k¬H®�g�� � �F}i���,� b �<°qd�g��,��g b �:d��,�j�,}§�R}��<g����kl
)D��¨vgk¯,gkd�¬,¨3gv�,®o�i���s~���¨vg � }�~<�I}.�R}���g���� � �Hg��	���,} b �<°qd�g��,�ig b � � gq��� b }ig�®o¸,¬��,� � }�~�gr�R}���g����.°ke�d�¯,gFÓM�I}i}ig��<�
�fe�}��I|�}igkd����"�<d��yü b�� �I}ig�®�¸1Ê�%gË ¶ 1§�,|	� b3� e<®n�I} b �f��} b3� gh%�¨�~�gkd�g $ Í $£b �v}�~�gP� b úkg��,|.}�~�gP�Id�g��R�^1�lF�mg
�,®o�i�G�Rd���¯ bo� g � �,� b ��}�e b } b ¯,g�g�ü(��®o�,�<�I} b �f��|��,d�}�~ b ���,�R�igkd�¯I�I} b �f��% ý �,®o�Iº^d b ��~R�<�,�Ê'0)��f�R��¯I�Id�¬	y�+,+  �^1�l

ûÒ}�°k�,�m�jg:�,�R�igkd�¯,g � |�d�� � ±µ�I�R®�g w loyh}�~<�I}P}�~<�fe�cf~�}�~�g��ighd��,�j�,}�� � g � �f�<�i}ids�I}ig�~ b cf~p�R}���g������jgqª
~<��¯ b �,d��k¬j}�~�gk¸��Id�g:ds�I}�~�gkd�g�ü
}ids��¯I�Icf�,�H} b �p}�~�g b d�e<�ig��,|rd�g����fe�ds°qg��klPx<�,d b �<�i}��,�<°qg,¬j}�~�g:��¯,gkds�Ic,g���g�e
ª
d��
°q�f��}ids�f®o®�gkd�e<��g�� ! l �m~ bo�<� g��Ye<� b }��h¨�~ b ®�g�}�~�g���¯,gkd��Ic,gBds�,�M�,}�g � �R®��`¸^�py,yIl �m�ig��<���,ds�kl»±�~�gÊ�jg��i}
d��,�j�,} � g�� b cf��°k�,�m�jg��igkg��m}i�pg � �R®��`¸�y  ��g��<�i�,ds�kl�±�~ b �P°q�f�
Ó b °q}��P¨ b }�~�}�~�ghdsg���e<®�}��P�,|v�fe�d�g��Id�® b gkd
g�ü5�Mgkd b�� g��H}�� b ���ig��R�i�,dFgk¯,�f®oe�} b �f��%��^g�°q} b �f� ! l��H1�¬
¨�~ b °�~ b � �<b °k�I}ig � }�~<�I}r}�~�g��M�yüHª���e<��~ b �<cD}��,��º�°q�fe<® �
�jgÊ¨3g�®n®�� �<� d�g�����g � ¨ b }�~pú�e<�i}h��~<�,� � |�e<®3�,|P�ig��<�i�,d��kl ûÒ�����Id�} b °ke<®o�Id�¬Fgk¯,�f®oe�} b �f� �<b ��°q�`¯,gkd�g � d��,�j�,}
� g�� b cf�<�D}�~<�I}#e<�ig � �,��|�gk¨Â�,�P}¹¨3�p�ig��<�i�,ds��l�ò3¯,g��m}�~��fe�cf~�}�~�g���g��<�i�,ds� b ��}�~<g:°ke<d�d�g��H}Pg�ü(�jgkd b�� g���}
�Id�g �<b  jgkd�g���}r|�d�� � }�~�g��f�<g��re<�ig � g��Ids® b gkdD%�}�~�g�°ke<d�d�g��H}r�ig��<�i�,d��r�Id�g��,�
úËg�°q}Ëª��2�Mg�° b ��°�¨�~ b ®�g�}�~�g�g��Id�® b gkd
�ig��<���,ds�:°q�fe<® ��� gk}ig�°q} � eR®�} b �R®�ghº b � � �#�,|��,��úËg�°q}��q1�¬Dy  Bb ����} b ®o®r��®o�Idsc,gQ�^e � �Mgkd��,|��ig��R�i�,ds��}i�me<�ig,l
�»~�¸ � �^g���}�~ b ��~R���"�jg����

±�~<gkd�g��Id�gQ}�¨v���M�f�s� b �R®�ghg�ü5�R®o�,�R�I} b �f�<��|��,d�}�~ b �#�,�R�igkd�¯I�I} b �f�]l/x b d��i}k¬ b } � ��¸��jg�}�~�g�°k�,�igQ}�~<�I}
�B�He � �jgkd#�,|�}�~�g���gQ�ig��R�i�,ds���,� � ~ bo�<� g���eR� b }����Id�g�e<�ig�®og���� b l´g,l�¬µgk¯,g���}�~��fe<cf~K}�~�gk¸Ð�Id�g���¯"� b ®n�I�R®�g,¬
}�~�gk¸ � ��¸Ì���,}��E jg�°q}�}�~�g�d��,�j�,}:�Mg�~R��¯ b �,d b ���,��¸�¨v��¸,lY±�~ b � � ��¸Ì~<���"�jg����jg�°k�,e<�ig�}�~�gÊ�ig��<���,ds�
�,� � ~ bo�<� g��YeR� b }��h�Id�gB���,}�°q�f�<�<g�°q}ig � }i�Ð�,}�~�gkd�g�®�g � g���}����,|P}�~�g���g�e<d��^°q�f�H}id��f®o®ogkd�l»�^g�°q�f� � ¬��fe�d
g�ü5�Mgkd b�� g��H}����,����e � gP}�~<�I}�}�~�g#��g��<�i�,ds���Idsg#��� b �i¸,l3È���¨vg b ®o®oe<�i}id��I}ig �Qb ���^g�°q} b �f� ! l��^l��^loyI¬M}�~ b ��®�g�� � �
}i�Pd��,�j�,} � g�� b cf�<�µ}�~<�I}{g � ��®���¸ � e<®o} b �R®�gr��g��<�i�,ds�{}i� � gk}ig�°q}r°qg�®n®o� b ��º,gk¸ �<b dsg�°q} b �f�<�µ�Id��fe<� � }�~�g�d��,�j�,}kl
�
e<°�~/|��,e<®�}Ëª�}i�f®�gkd��,��} � g�� b cf�<� � ��¸/�,®o�i���Mg�°q�f��}id b �Re�} b ��ch}i��}�~�g#�^e � �Mgkd��,|F�ig��<�i�,ds��e<�ig � �^¸�d��,�j�,}��
b ��}�~ b ��g�ü(�jgkd b�� g���}kl

È °k�Id�gk|�eR®§�,�<�,®�¸
� b �D�,|r}�~�g:gk¯,�f®�¯,g �Ð� g�� b cf�R��}ig�®o®n�Pe<�D}�~<�I}P}�~�g��ighg�ü5�R®o�,�<�I} b �f�<���Id�gh°q�,d�d�g�°q}kl:�mg
�,�R�igkds¯,gP}�~<�I} � �,�H¸Q�ig��R�i�,ds���,� � ~ bo�R� g���eR� b }��k¬��,®�}�~��fe<cf~Q��¯"� b ®o�I�R®�g�}i�h}�~�gPd��,�j�,}k¬ � �h���,} b �
Ó�e�g��<°qg
}�~�gÊ�jg�~<��¯ b �,d:�,|D}�~�g�d��,�j�,}klÐxR�,d b �<�i}��,�R°qg,¬rx b cfe�d�g w loyÊ��~<��¨��:}�~�gÊ�jg��i}h��g�e<d��^°q�f�H}id��f®o®ogkd�gk¯,�f®o¯,g �
e<� � gkd�}�~�g��ig#°q�f� �Rb } b �f�<�kl

ûÒ}F°k�,�:�jgv�,���igkd�¯,g � }�~<�I}§}�~��fe<cf~h}�~ b �µd��,�j�,}§~<�,��y  �ig��<���,ds�§�I} b }�� �<b �2�M�f�s�,® ¬`�f�R®�¸�y,y6�<ds��¯ bo� g��,��¸
|��,d � �,| b �P��e�}�}i��}�~�gh��g�e�ds�^°q�f�H}id��f®o®�gkd:% ���,} b °qg:}�~<�I} � e<®�} b ��®�g��ig��R�i�,ds�����"�jg��Id b ��}�~<d�gkgh®��^°k�I} b �f�<�q1�l
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x b cfe�dsg w loy ý g��i}�d��,�j�,} � g�� b cf��gk¯,�f®�¯,g � ¨ b }�~ b ��g	Ì�~<�,e<��} b �R®�g��R�I}i}igkd�¸1�j��¨vgkd�l

±�~�gQd�g � � b � b ��c w �ig��R�i�,ds���Id�gÊ���,}�eR�ig � �I}:�,®n® lpxR�,d b �<�i}��,�<°qg,¬§}�~<g�d��,�j�,} � �^g����<�,} � �Iº,g�eR�ig��,|
�ig��<���,ds�:�£y����,� � z�y w l¤ÍÒ�Y� �<�Rb } b �f�]¬§}�~�g�d��,�j�,}h���"�jg��Ids�:}i��e<��g��W�j�`¨3gkd��i�fe<ds°qgÊ�ig��<�i�,d/%�zDy���1�l
ý e�}k¬<�,��}�~<gkd�g��Id�gGÎ��j�M�`¨3gkd��i�fe�ds°qg�� b ��}�~ b ��g���¯ b d��f� � g���}k¬�}�~ b ���ig��<�i�,d��,®�¨v��¸^�4�<d���¯ bo� g����:¯I�,®oe�gP�,|
«Q}i��}�~�gh��g�e�d��
°q�f��}ids�f®o®�gkd�l�±�~^e<�k¬Mgk¯,g���}�~ b ���ig��R�i�,d�¬j}�~��fe�cf~m°q�f�<�<g�°q}ig � }i�Ê}�~�g��<g�e�d��
°q�f��}id��f®n®�gkd�¬ b �
°q� � �R®ogk}ig�®�¸QeR�ig�®�g����kl

ÈD®o�i���<�,} b °qg�}�~<�I}�}�~ b � � g�� b cf�Ð~<�,� � e<®�} b ��®�gh�ig��<�i�,ds���,|�}�~�g��s� � g�}¹¸~�jg�}�eR��g � }i�B°qgkd�}�� b ��°qg�®o®o�
%�g,l´c�l�¬.���M�ÂÌ��ig��<�i�,d����I}:% «
¬§y"1�¬]��¨��,®o®	��g��<�i�,ds�D�I}�%iyI¬.��1�¬jgk}�°Il³1�l�� b �<°qg�}�~�g���g��<�i�,ds�D�Id�g��,�s��e � g � }i�
�jg�|��,e<®o}�¸,¬�}�~ b � � g�� b cf� ��b cf~H}v�� jgkd��jg���gq�R}����,|	|��,eR®�}Ëª�}i�f®�gkds�,�<°qgP�^¸ � eP�R® b °k�I} b ��c#}�~�g�|��,e<®�}¹¸�d�g����fe�ds°qg,l

x b cfe�dsg w l�����~���¨���}�~�g �<b �i}id b �Re�} b �f���,|§}�~<g��ig��R�i�,d�}¹¸~�jg����I}�}�~<g �<b  jgkd�g��H}��j�f��� b �R®�gP�ig��<�i�,d!�j�f� b ª
} b �f�<��¬6��¯,gkds�Ic,g � ��¯,gkd�}�~�g � g�� b cf�R�'�Rd�� � e<°qg ��b �Bg��,°s~��,|v}�~�g w «Êgk¯,�f®oe<} b �f�<�Id�¸pdse<�<�kl�x<�,d b �R�i}��,�<°qg,¬
}�~�gDgk¯,�f®�¯,g � d��,�j�,}�� b ��}�~ b �Fg	Ì5�Mgkd b�� g��H}k¬H�f�Q��¯,gkds�Ic,g,¬�e<�ig:yIl�� w �j�ÂÌ��ig��<�i�,ds�,�j�f� b } b �f�<g � }i�:�ig��<�igD}�~�g
°qg�®o® b��I� g �<b �I}ig�®�¸��,~�g�� � �,|j}�~�g�d��,�j�,}�% «
¬�y"1�lF±�~<gk¸��,®o�i��eR�ig�«
l w ¨��,®o®��ig��<�i�,d��k¬,�f����¯,gkd��Ic,g,¬^}i� � gk}ig�°q}
¨��,®o®o��}¹¨3��°qg�®o®o���,~<g�� � �,� � }i��}�~�g�®�gk|�}��,|µ}�~<g#d��,�j�,}#%iyI¬M«^1�lvx�e�d�}�~�gkd�¬M� b �<°qg#}�~�g#��¯,gkd��Ic,g�¯I�,®oe�g����Id�g
���f�
ª�Ïkgkds��|��,dv�,®o®��ig��<���,ds�F�,� � �j�f� b } b �f�<� b �:x b cfe�dsg w l��^¬Hgk¯,�f®oe<} b �f�����"�jg��Ids�§}i� �<b ��°q�`¯,gkdrd��,�j�,} � g�� b cf�<�
}�~<�I} � �Iº,gÊe<�ig��,|�gk¯,gkd�¸K}¹¸~�jgQ�,|��ig��<�i�,d b �Kgk¯,gkd�¸��j�f��� b �R®�g��ig��R�i�,d\�j�f� b } b �f�]l�ÍË�Ð� �R�<b } b �f�]¬Z�j��¨vgkd
�ig��<���,ds�F���"�jg��Idr}i���jg�e<�ig � �,|�}ig�� b �:}�~�g��ig � g�� b cf�<�{gk¯,g���}�~��fe�cf~�}�~�gkd�g��Id�g����j�j��¨vgkd3�i�fe<ds°qg�� b ��}�~ b �
g��H¯ b ds�f� � g��H}klF±�~HeR�k¬�}�~�g��ig�ds�,�M�,} � g�� b cf�<���igkg � }i���jgPg	Ì^}idsg � g�®�¸Q¨v�,�i}igk|�e<®]�,|§�i¸
�i}ig � dsg��i�fe�ds°qg��kl

�»~<�I}�¨3�feR® � ~R���"�jg��(}i�Ì}�~�g��ig�d��,�j�,}�� b |�}�~<gk¸�¨3gkdsgB}i���<��¨����jgkds�I}ig�¨ b }�~Ä® b���b }ig � �R�I}i}igkd�¸
�j��¨vgkd�� $ � � �fe<�<}�}�~�g b d���}���g�����¨v�fe<® ��� g�°qd�g��,�ig,¬��Re�}�~��`¨&�R� � ¨3�fe<® � }�~�g b d��R}���g������jg�°q� � g`� � �,�
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x b cfe�dsg w l�� ÿ b �i}id b �Re�} b �f���,|<�ig��R�i�,ds� b ��d��,�j�,}��	gk¯,�f®�¯,g � ¨ b }�~ b ��g	Ì
~R�,e<�i} b �R®og§�R�I}Ëª
}igkd�¸��j��¨vgkd�l

¨vg b�� �<d���¯,g�}�~�g:d��,�j�,} � g�� b cf�<��}i�Ê~�g�®)�B}�~�g � ���Mgkd��I}ig b �pg���gkd�c,¸Hª�°q�f�<�i}id�� b ��g � g���¯ b d��f� � g���}������mg
g	Ì5�R®��,d�g��,�<��¨3gkds��}i��}�~�g��igJ#^e�g��i} b �f�<� b �Ê}�~�gP|��f®o®��`¨ b ��ch�ig�°q} b �f�<�kl

ö{ÕMÐ ¬�èVOZè Û,ØRÜÑ��Ú�ÛIÛ,Ø�ß�NÒ�:à�ÉQØ<ßBÚjé3ÜWêÐà���à�É�Ø�ßKý{à6çFß^á
ØRã

�
e"�"�j�f�ig�}�~�g�d��,�j�,}��F~<� � ���I}i}igkd b g��§�,|j® b���b }ig � °k�����,° b }�¸,¬
����¸�¿ »ÂÁ(Ãk¶c¾�¼3½�Ä ¦0yk«,«,«
lr±�~ b �µg���gkd�c,¸ b �
� gD�R®ogk}ig � �H¸�}�~�g��ig��<�i�,d��k¬f��g�e�d��
°q�f�H}id��f®o®�gkd§e<� b }��k¬f�,� � d��,�j�,}F�,°q}�e<�I}i�,ds�k¬^�,� � g���°qd b �jg ��b ���^g�°q} b �f� w l��^l
î�� � gkdh}�~�g��igp° b ds°ke � ��}��,�<°qg��k¬3~<��¨Ï¨v�fe<® � }�~�g�d��,�j�,}�� � g�� b cf��g �Yb �(�^g�°q} b �f� w l w |��Id�g`�¿�mg/¨v�fe<® �
�<�I}�e�d��,®o®�¸�g	Ì(�jg�°q}�}�~�g��R}���g����D}i� � g�°qd�g��,��g,¬]�Re�}��^¸p~<��¨ � eR°s~���)D��¨�� � ¯,gkds�ig�®�¸/¨v�fe<® � }�~�g:g���gkd�c,¸
® b���b }��I} b �f�<���E jg�°q}�}�~�g�ds�,�M�,} � g�� b cf��gk¯,�f®�¯,g � g��Ids® b gkd��

�»~�g��Ð}�~�g��jg��i}#�<g�e�d��
°q�f��}id��f®n®�gkd�¬{��~���¨�� b �Kx b cfe�d�g w loyI¬§¨��,�#dsgkgk¯"�,®oeR�I}ig � ¨ b }�~�¿ »$Á5Ãk¶c¾�¼3½�Ä ¦
yk«,«,«
¬ b }����R}��<g���� � g�°qd�g��,�ig � |�ds� � y,yIl ! ¤B}i��� � gkd�gByIl � ! % �,�Y¤ w�r � d���� b �K�R}���g����q1�lpxRe�d�}�~<gkd�¬ b }��
��e�ds¯ b ¯I�,®v} b�� gÊ°s~R�,��c,g �(� d��,�i} b °k�,®o®�¸,¬r|�d�� � w «,«m} b�� g/�i}igD���h}i��ú�e<�i} !� lÇ«��Y% � � d����Y�,|�+
y r 1�l�±�~�g
°s~R�,��c,g � g��H¯ b d��f� � g��H}��,®.°q�f�R�i}ids� b �H}��k¬ b �/}�~ b ��°k�,�ig�® b���b }ig � g���gkdsc,¸Êd�g��igkd�¯,g��k¬M}�~^e<�4�R®n��¸Ê~<��¯,�
°�¨ b }�~
}�~�g��M�ÂÌHª���e<��~ b �<c¥�Mgkds|��,d � �,�<°qg��,|�}�~�gQd��,�j�,}kl/)D��¨vgk¯,gkd�¬ b |�d��,�j�,} � g�� b cf�<�#¨3gkdsg�}i�B�jg�gk¯,�f®�¯,g �Ìb �
g��H¯ b ds�f� � g��H}���¨ b }�~�}�~�g���g�g���gkd�c,¸�°q�f�<�i}ids� b ��}��k¬R¨3�fe<® � gk¯,�f®oe�} b �f���M� �¥� �,d�gPg	 jg�°q} b ¯,g � g�� b cf�<���

±µ�I�R®�g w l�����~��`¨��6}�~�grd�g���e<®�}]�,|
gk¯,�f®�¯ b ��c[Ó	ÎkÓ ÷��fuIÀ Ó t(� CgÓDÎ&ÔId��,�j�,} � g�� b cf�<� b ��g��H¯ b d��f� � g��H}��6¨ b }�~��fe�}
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±µ�I�R®�g w l�� ¢�g���eR®�}���¨ b }�~Ê® b3��b }ig � �R�I}i}igkd�¸1�j��¨vgkd��,� � �<�m�j��¨vgkd��i�fe�ds°qg���l

È�¯,gkd��Ic,g ý g��i}
x b }���g���� �^l w « �^l  +
�
e�d�¯ b ¯I�,®M± b�� g y w «
l  � y w �^l ! y
���,®o® ý e � �R� yIl w « yIloy��
) bo�R� g���îD� b }�� «
lÇ«,« «
lÇ«,«
�^g��<�i�,ds� yIloyk« yIlÇ«,«

�,�H¸��j��¨vgkd��i�fe�d�°qg��kl�Í¹}�°k�,�/�MgD�,�R�igkds¯,g � }�~<�I}�gk¯,�f®oe�} b �f� �<b ��°q�`¯,gkds� � g�� b cf�R�3}�~R�I}��Mgk}i}igkd��R}�}�~�gP��gk¨
g��H¯ b ds�f� � g��H}��,®R°q�f�<�i}id�� b ��}���lZÍË��}�~ b �r°k�,�ig,¬����,}r�f�<®�¸h�Id�g�}�~<g�d��,�j�,}�� � �,d�g��R}r�f����¯,gkds�Ic,gh%��^l w ¯,gkds�se<�
yIl � ! g��Id�® b gkdk1�¬��Re<}��,®n�i��g � �R®o��¸Q|�gk¨vgkd��ig��R�i�,ds���,� � ~ bo�<� g���e<� b }��P%iyIloyk«��,� � «
lÇ«,«�d�g��%�jg�°q} b ¯,g�®�¸�1�l

ÈD�:�,�<�,®�¸
� b �	�,|R}�~�gv�jg��i}	ds�,�M�,}��Z�<ds� � eR°qg ��b ��g��,°s~��,|R}�~�g w «Dgk¯,�f®oe�} b �f�<�Ids¸�dse<�<�µ��~��`¨��µ}�~<�I}6Î���ÎkÓ
�,|{}�~�g#ds�,�M�,}���e<�ig��j�ÂÌÊ��g��<�i�,ds�kl�±�~ b ��°ke�d b �fe<� � g�� b cf� b �q�<d�g���e � �I�R®�¸�}�~�g#d�g��se<®�}��,| � eR®�} b ª��,�
úig�°q} b ¯,g
}ids� � gk�� ]� b �<~�gkd�g��H} b �B}�~�g�d��,�j�,}¤þÇ�P}��,�iºMlhx<�,d b �<�i}��,�<°qg,¬.�M�ÂÌ���g��<�i�,ds���Idsg�e<�igk|�e<®µ�Mg�°k�,eR�igh}�~�gk¸m°k�,�
� gk}ig�°q}�}�~�gm�<d�g���g��<°qgh�,|��M�ÂÌ^g����,� � |��^°keR�P}�~�g�d��,�j�,} b �m���&�<d����<d b �I}ig �<b d�g�°q} b �f�R�klh)��`¨3gk¯,gkd�¬ b ���fe�d
�i¸
�i}ig � }�~�gQ�M�ÂÌÐ�ig��<���,ds� � ��¸K�,|�}ig���|�� b ®r}i� �<b °q}��I}igQ}�~�g��,°q} b �f�<���,|�}�~<g�d��,�j�,}��kl�±�~ b � b ���jg�°k�,e<�ig
�fe�d��i¸
�i}ig �ïb �h°q�f�<�i}ids� b �<g � �^¸Ì�ig��<�i�,d��,� � �fe<}%�Re�}h��� b �ig,¬3¨�~ b °�~ � ��¸Ìg b }�~�gkd�°k�,eR�igÊ�j�$Ì
g��h}i�mc,�
e<� � gk}ig�°q}ig � �,d b cf���,dsg��,°q} b �f�<�v��e�c,c,g���}ig � �H¸h}�~�g��j�$Ì��ig��<���,d�l§xRe�d�}�~<gkd�¬H�j�ÂÌ��ig��<�i�,ds�v�Id�gD���,}v°qd b } b °k�,®
}i���j�$Ì^ª��Re<��~ b ��c�� b �R°qg�}�~�g�d��,�j�,}��:°k�,�Õ�Re<�s~��j�$Ì
g��:�H¸Ð� b�� �R®o¸Bd�e<�<� b �<c b �H}i�p}�~�g � ¨ b }�~��fe�}�gk¯,g��
� gk}ig�°q} b �<c�}�~�g � lÕÍË�Y� �<�<b } b �f�6¬r�m�j�$ÌY�ig��<�i�,d�°q�f�R��e � g��h�f�<g/e<� b }:�,|Dg���gkd�c,¸ b �Ìg��,°s~Z�i}igD���,| b }��
���jgkds�I} b �f�]lr2 b ¯,g���}�~<g��ig�gk¯I�,®oe<�I} b �f�<�3�,� � }�~�gD|��,°q}v}�~R�I}3}�~�gDd��,�j�,}�~<�,�3��® b���b }ig � Î���Î Àß÷ Ó¹�M�)ÓDÎ"C ��Á  ½ �)Ó
g���gkd�c,¸����fe�ds°qg,¬
gk¯,�f®oe�} b �f���<d�g��se � �I�R®�¸ � gk}igkd ��b ��g��r}�~R�I}r}�~�g �<b ��� � ¯"�,�H}��Ic,g��r�,|	~<��¯ b ��c����j�$Ì��ig��R�i�,d
�fe�}¹¨3g b cf~�}�~�g�� � ¯I�,��}��Ic,g���l�� b3��b ®o�Ids®o¸,¬�}�~�g��ig#d��,�j�,} � g�� b cf�<� � �����,} � �Iº,g�e<�igP�,|{�,��¸Ê~ bo�R� g���e<� b }��kl

x b cfe�dsg w l����s~���¨���}�~�g#�jg��i}���g�e�d��
°q�f��}ids�f®o®�gkd �Rb ��°q��¯,gkdsg � �^¸Êgk¯,�f®oe�} b �f� b �Ê}�~ b ���igk}i} b ��c�l6ÍÒ}�~<�,�D�
�R}���g��s���,|{�^l  +^¬M�,� � g � ��®���¸
���f��g�¨��,®o®]�ig��R�i�,d��,� � �<��~ bo�<� g���e<� b }��kl

$ �,} b °qg�}�~R�I}F}�~�g�}�~�dsg���~��f® � �{�f��}�~�g��fe�}%��e�}Fe<� b }��{� b �,�§}�~�g�ds�,�M�,}§}i�`¨v�Id � �r|��,d�¨��Id �m� �`¯,g�� b �h}�~�g
�I�R�ig��R°qgh�,|v�ig��R�i�,d�¸ b �P�Re�}��kl��mg�°k�,���,®o�i�Ê�,���igkd�¯,gh}�~<�I}P}�~ b ��d��,�j�,}�eR�ig��P�Ê�ig��<�i�,d#}i� � gk}ig�°q}�¨��,®o®o�
}�¨v�/°qg�®o®o� b �p|�d��f��}��,|F}�~<g�ds�,�M�,}kl�±�~ b ��~<�,� b �H}igkd�g��i} b ��c�°q�f�<�ig$#^e�g��<°qg����j�,}�~B|��,d���¯,� bo�<b �<cQ��e � � b �<c
b �H}i�:¨v�,®o®n�3�,� � �,®o����|��,d��,e�}i� � �I} b °k�,®n®�¸ � gk}igkd ��b � b �<c#¨�~�g���}i�m#^e b }R��e<��~ b �<c#�:�j�$Ìjl§x<�,d b �<�i}��,�R°qg,¬ b |
}�~�g�ds�,�M�,} b ���Re<��~ b ��cP�P�j�$Ìj¬f}�~�g�¨��,®o®<��g��<�i�,d � gk}ig�°q}��v��¨��,®o®
}�~�g b �<�i}��,�H}F}�~�g��j�ÂÌ:°q� � g��v�Icf� b �<��}F}�~�g
¨��,®o® ¬k�<d�� � e<° b ��c����ig��R�i�,d�¸ b �P��e�}��,|F�0y,y�¦�¥:yIl�±�~ b ��°k�,e<��g���}�~<g:�,°q} b ¯"�I} b �f�R���,|r}�~�g��fe<}%�Re�}�e<� b }��



yk«��

W11

L F R

94

W11

-6840

155-141 -104

-126-10 128

x b cfe�dsg w l�� ý g��i}�d��,�j�,} � g�� b cf�Kgk¯,�f®o¯,g � ¨ b }�~K® b���b }ig � �R�I}i}igkd�¸��j��¨vgkdh�,� � ���
�j��¨vgkd��i�fe�d�°qg��kl

}i�/�jg�°q� � g,ðP¡§¦�ªsy ! y�ªsyk«�¦�ªsy w yI¬§xr¦:y w,w ªsy��  ¦P�,+^¬§�,� � ¢P¦�ªsyk« ! ¥  ¤f¥ ! «�¥�+ ! ¥:y��,¤f¦P�,�  l�)�g��R°qg�}�~�g
d��,�j�,}�}�e�d��<��d b cf~H}�¨ b }�~�~ b cf~¥�<ds�,�R�I� b ® b }�¸,¬
}�~�gkd�gk�^¸Ê®�g���¯ b ��c�}�~<g��j�$Ì/�Icf� b �<�i}�}�~�g#¨��,®o® l $ �,} b °qg�}�~<�I}
}�~�g�d��,�j�,}{°q�fe<® � ~<��¯,g�eR�ig ��b }��	|�gkg � �R�,°sº � g�°s~<�,� b � � }i�Ddsg��,® b Ïkgv}�~�g���� � g��jg�~<��¯ b �,d�¬ b l´g,l�¬ b }��µ�I}i}ig � �<}
}i���ReR��~B}�~�gh�j�$Ì b ��}i�Ê}�~�gh¨��,®o®{¨v�fe<® � ~<��¯,g�°k�,e<�ig �Kb }�}i�/}�e�ds���I}�}�~�g��<g	Ì^}P} b�� g:��}igD�6lh)��`¨3gk¯,gkd�¬
}�~ b �3°k�,e<�ig��v}�~�g�d��,�j�,}3}i��¨v�,��}igD�,�Q�,°q} b �f���i}igD�6¬^¨�~ b °�~ b �3�,|¯�<d�g ��b e � }i��}�~�g��igDg���gkd�c,¸Hª�°q�f�<�i}ids� b ��g �
d��,�j�,}��kl§ò3¯,�f®oe�} b �f�Ê}�~^e<� �Rb ��°q��¯,gkd�� � g�� b cf�R��}�~<�I}�����¯,g�}�~�g�ds�,�M�,}���}�~ b ��¨��,�i}ig � g	 j�,d�}kl

x b cfe�dsg w l ! ��~��`¨���}�~�g �Rb �i}id b ��e�} b �f���,|r�ig��R�i�,ds� b �/}�~<g�gk¯,�f®�¯,g � ds�,�M�,}���l'ÍÒ}D°k�,�B�jg:���,} b °qg � }�~<�I}
}�~�g��ig�d��,�j�,}��K�<d b3� �Id b ®�¸�e<�ig�¨��,®o®<�ig��<���,ds�F}�~<�I}3�Id�g�°qd b } b °k�,®o®�¸\�R®o�,°qg � }i� � gk}ig�°q}r¨��,®o®o�§}¹¨3�:°qg�®o®o�r�,~�g�� �
�,|v}�~�ghd��,�j�,}k¬ b l´g,l�¬ b ���M�f� b } b �f�<�:%iyI¬	«^1�¬v%iyI¬3y"1�¬	�,d�%iyI¬µ�H1�l�ÈD�P¨vg � g���} b �f��g � g��Ids® b gkd�¬]}�~�g��ig��ig��R�i�,d
�R®o�,°qg � g���}��D�,®o®��`¨Æ}�~�g�d��,�j�,}�}i�����,}��f�R®�¸Ê��¯,� bo� ¨��,®o®o�k¬<��e�}��,®o�i� � gk}igkd ��b ��g#¨�~<g��/}i����}i�����ReR��~ b ��c
�/�j�ÂÌMl�ÍÒ�Ð°q�f��}id��,�i}�}i�px b cfe�d�g w l��^¬{�f��g���~��fe<® � ���,} b °qg�}�~<�I}��ig��<�i�,d�� b �mx b cfe<d�g w l ! �Id�gm�R®o�,°qg � }i�
�ig��<��g�°�~�� b °qgP®��
°k�I} b �f�<���Id��fe<� � }�~�g�d��,�j�,}kl§x<�,d b �<�i}��,�<°qg,¬����f��g��,|6}�~<gDgk¯,�f®o¯,g � d��,�j�,}���~<��¯,gP�ig��<���,ds�
}i���,�R��gkd�¯,g#°qg�®o®o� ½ Ó Á CMÎ B }�~�gPd��,�j�,}kl

ö{Õ:Ö �:à&É�Ø�ßÐýµà6çrßHá
ØRã�è�é_��ègÈ§ØRÜ°¬�à§á
ÚMÛ,è�à6évã

ÍË��}�~ b ��g	Ì(�jgkd b�� g���}�¨3g�e<�ig � d��,�j�,}���¨ b }�~�® b���b }ig � �R�I}i}igkds¸Kd�g��igkds¯,g��h�,�:�Mgk|��,d�g,¬§�Re<}��,���se � g �
}�~<�I}�}�~�gkd�g�¨vgkd�gJ�j�`¨3gkd��i�fe�ds°qg�� b �Ê}�~�g�g���¯ b d��f� � g���}kl�±�~�g�®��^°k�I} b �f�<���,|§}�~�g��ig\�j��¨vgkd��i�fe�d�°qg���¨vgkd�g
�"Ì
g � �,°qd��f�s��g��H¯ b d��f� � g��H}��kl�x<�,d b �<�i}��,�R°qg,¬ b ���fe�d�g	Ì5�jgkd b�� g��H}���}�~�g#g���¯ b d��f� � g���}��D~<� � }¹¨3���j��¨vgkd
�i�fe�d�°qg���®��
°k�I}ig � �,®��f��ch}�~<g�¨v�,®n®o�k¬<�,����~<��¨�� b ��x b cfe�d�g w l w l
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x b cfe�dsg w l ! ÿ b �i}id b �Re�} b �f���,|��ig��<���,ds� b �md��,�j�,}���gk¯,�f®�¯,g � ¨ b }�~�® b���b }ig � �R�I}i}igkd�¸
�j��¨vgkd��,� � �<�G�M�`¨3gkd��i�fe�ds°qg��kl

±µ�I�R®�g w l��Q��e �m� �Id b Ïkg���}�~<g�d�g��se<®�}����,|r�fe�dDgk¯,�f®oe�} b �f�R�Id�¸/g	Ì5�Mgkd b�� g��H}�� b �p}�~ b ��g��H¯ b ds�f� � g��H}kl!ÍÒ}
°k�,�Ê�jg��,�R�igkd�¯,g � }�~<�I}�}�~�g��igPd�g��se<®�}����Id�gP¯,gkd�¸�� b���b ®o�Idv}i�h}�~��f�igP�,�<}�� b �<g �Êb ��g���¯ b d��f� � g���}���¨ b }�~��fe�}
�,�H¸��j��¨vgkd#�i�fe<ds°qg���% ±µ�I�R®�g w l��H1�l�±�~�g:�f�<®�¸ �Rb  Mgkdsg��<°qgh�jgk}�¨vgkg��md�g���e<®o}�� b ��}�~�gh}�¨v�/g��H¯ b d��f� � g��H}��
���"�jg��Ids�r}i�#�jg b �h}�~�gD�He � �jgkdF�,|j¨��,®o®<�Re � �R�klµÈ����,�<�,®�¸
� b �§�,|j}�~�g�d�g���e<®�}��r��e�c,c,g��i}��3}�~<�I}r}�~<g�d��,�j�,}��
b ��g���¯ b d��f� � g���}��3¨ b }�~��"Ì^g � �j��¨vgkdv���fe�ds°qg�®��^°k�I} b �f�<�r��e � � b �H}i��¨v�,®o®n� � �,d�gD�,|�}ig���}�~<�,�Q}�~�g�d��,�j�,}��
b �Qg��H¯ b ds�f� � g��H}��3¨ b }�~��fe�}6�j��¨vgkd��i�fe�ds°qg���l§)��`¨3gk¯,gkd�¬�}�~ b � b ��� �<b dsg�°q}3d�g��se<®�}v�,|	}�~�gP®��
°k�I} b �f�<�v�,|µ}�~�g
�j��¨vgkd��i�fe�ds°qg���l3� b �<°qgX�j��¨vgkd��i�fe�ds°qg����Idsg��,�s��e � g � }i�h�jg��I}i}��,°s~�g � }i�h}�~�g�¨v�,®o®n�k¬
}�~�g�d��,�j�,}����Re � �
b �H}i�h¨v�,®n®o��¨�~�g���}�~<gk¸����&�<d��f�,°s~/}�~�gj�j��¨vgkd��i�fe�d�°qg���}i��°�~<�Id�c,g�}�~�g b d��R�I}i}igkd b g���l

±µ�I�R®�g w l�� ¢�g���e<®o}���¨ b }�~�}�¨v�I�j�`¨3gkd����fe�ds°qg�� b �Q�"Ì^g � ®��^°k�I} b �f�<�kl

È�¯,gkd��Ic,g ý g��i}
x b }���g���� �^l w"! �^l �I�
�
e�d�¯ b ¯I�,®M± b�� g y w �^l �I� y w, l��  
���,®o® ý e � �R� �^l !,! yIl�� w
) bo�R� g���îD� b }�� «
lÇ«  «
lÇ«,«
�^g��<�i�,ds� yIlÇ«f¤ yIlÇ«,«
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Power sources at fixed locations

x b cfe�d�g w l w ¡	�^°k�I} b �f�<���,|µ}�~�g�}¹¨3�h�&Ì^g � �j�`¨3gkd����fe�ds°qg��kl

ý e�}�¨�~�¸ � ��d��,�j�,}��4�jgkd�|��,d � �i�I�j�^�,ds®�¸ b �Ê}�~ b ��g��H¯ b ds�f� � g��H}��m�»~�¸ b ��}�~�g b d���e�ds¯ b ¯I�,®j} b�� g����
�<b  jgkd�g��H}�|�ds� � }�~��f�ig��,|µd��,�j�,}�� b ��g��H¯ b d��f� � g��H}���¨ b }�~��fe�}6�j��¨vgkd��i�fe�d�°qg����

±�~<gPg	Ì(�R®n�,�<�I} b �f�Ê�Icf� b �/® b g�� b ��}�~�g�®��
°k�I} b �f�<���,|	}�~�g0�j�`¨3gkdD�i�fe�ds°qg��klFÈD��¨vg � g��H} b �f��g � g��Id�® b gkd�¬
}�~�g4�j�`¨3gkdr���fe�ds°qg��r�Idsg�®��
°k�I}ig � �,®��f��cP¨��,®o®o��¬��,� ��b �:�,d � gkdF}i��°�~<�Id�c,g�e"�6¬f}�~�g�ds�,�M�,}�� � e<��}r���"�<d��f�,°�~
¨��,®o®o�kl ý e�}�}�~ b ���Mg�~R��¯ b �,dQ°q�f��Ó b °q}���¨ b }�~�}�~<gp�I� b ® b }�¸Ì�,|�}�~�gpd��,�j�,}�}i� � gk}ig�°q}Ê�,� � ��¯,� bo� ¨��,®o®o�k¬
�,� ��� gk}igkd ��b ��g�¨�~�g��B}i��#He b }'��e<��~ b �<c��Q�M�ÂÌMlJÍÒ�B�,d � gkdP|��,d��j�,}�~pº b � � ���,|3�Mg�~R��¯ b �,ds�D}i�/°q�Iª�g	Ì b �i}k¬
}�~�g�d��,�j�,} � eR�i}��Mg�°k���R�I�R®ogB�,|��ig��<� b ��cÐ�j�,}�~��j��¨vgkd/�i�fe�ds°qg��Ê�,� � ¨��,®o®o��¬��,� �»� gk}igkd ��b � b ��cÐ}�~�g
���"�<ds���<d b �I}igÊ�jg�~<��¯ b �,d b �Y}�~<�I}�°q�f�H}ig	Ì
}kl�)��`¨3gk¯,gkd�¬����Mgkd��I} b ��c � e<®�} b �R®og���g��<�i�,ds� b ��¯,�f®o¯,g���g���gkd�c,¸
°q�f�i}��klrxRe�d�}�~�gkd�¬ b } b ��#^e b }igX�j�f��� b �R®�g�|��,d�}�~�g0�j��¨vgkd��i�fe�ds°qg�}i�h�jgD�,�R��°ke�d�g � �^¸����j�$ÌQ}�~<�I}�~<�,���jgkg��
�Re<�s~�g � �Icf� b �<��} b }kl�±�~ b � � �Iº,g���}�~�gJ�j��¨vgkd��i�fe�ds°qg b �<�,°k°qg���� b �R®�g,l�ÍÒ�p® b cf~H}��,|§}�~�g��ig�°q�f�<� bo� gkd��I} b �f�<�k¬
gk¯,�f®oe�} b �f�Ä���&�Mg��Id���}i�Y°s~<�H�f�ig � g�� b cf�<��}�~<�I} B �ÕÎ���Ô � �Iº,gme<�igB�,|j�j��¨vgkdÊ�ig��<�i�,d��kl0xRe�d�}�~�gkd�¬�}�~�g
� g�� b cf�<��gk¯,�f®�¯,g � �Id�g�g	Ì^}id�g � g�®�¸/� b���b ®o�Id�}i��}�~<g#�f��g�� b �Êg��H¯ b d��f� � g��H}���¨ b }�~��fe�}��,�H¸¥�j��¨vgkdD�i�fe<ds°qg��
%��^g�°q} b �f� w l  1�l

±�~ b ��� b���b ®o�Id b }¹¸ b ��°k®�g��Ids®�¸Qgk¯ bn� g���} b �Êx b cfe�dsg w l  ¬�¨�~ b °s~Ê�jg��Ids�����i}id b º b ��c:d�g��ig � �R®o�,�<°qg�}i��x b cIª
e�d�g w l ! lÐÈD�h°k�,�Ì�jg��,���igkd�¯,g � ¬r�,® � �f�i}h�,®o®v�,|�}�~�gÊ�ig��R�i�,ds�:e<�ig � �^¸K}�~�g�gk¯,�f®�¯,g � d��,�j�,}��h�Id�g�¨��,®o®
�ig��<���,ds��}�~<�I}��Idsgj�R®o�,°qg � }i� � gk}ig�°q}�¨��,®o®o��}¹¨3��°qg�®n®o���,~�g�� � �,|{}�~�gPds�,�M�,}kl

x b cfe�dsg w l �Ê��~���¨��P}�~�g � g�� b cf���,|3}�~�gh�jg��i}�d��,�j�,}Pgk¯,�f®�¯,g �Kb ��}�~�g��ig�° b d�°ke � �i}��,�<°qg���l:ÈD�P°k�,���jg
�,�R�igkds¯,g � ¬�}�~ b �3d��,�j�,}�g � �R®��`¸^���f��gP�ig��R�i�,d�°qd b } b °k�,®o®o¸G�R®o�,°qg � }i� � gk}ig�°q}�¨��,®o®o�3}�¨v��°qg�®o®o���,~�g�� � �,|	}�~�g
d��,�j�,}kl�ÍË�Ì}�~�gÊ�I�R�ig��R°qgÊ�,|�¨��,®o®o�:��g��Idh}�~�g�d��,�j�,}k¬3}�~�gÊ}�~�d�g���~<�f® � ���f�Ì}�~�gÊ�fe�}%�Re�}he<� b }��#� b �,�:}�~�g
d��,�j�,}�}i��¨��Id � �:|��,d�¨v�Id �¤� ��¯,g��kl�)D��¨vgk¯,gkd�¬3¨�~�g��Ð}�~�g�d��,�j�,}�g��<°q�feR��}igkds�h�p¨��,®o®r}¹¨3��°qg�®n®o���,~<g�� � ¬
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x b cfe�dsg w l  ÿ b �i}id b �Re�} b �f���,|	�ig��R�i�,ds� b �Qd��,�j�,}���gk¯,�f®�¯,g � ¨ b }�~��j��¨vgkd��i�fe�d�°qg�� b �
�"Ì
g � �j�f� b } b �f�<���,®o�f��ch}�¨v��¨��,®o®o�kl

}�~�g�¨v�,®n®	�ig��R�i�,d'�Rd���¯ bo� g��D��¯I�,®oe�g��£y,y�¦#¥:y�}i��}�~�g:��g�e�ds�^°q�f�H}id��f®o®�gkd�l�±�~ b ��®�g�� � ��}i��}�~�g#|��f®o®��`¨ b ��c
�,°q} b ¯I�I} b �f�<� b �/}�~<g#�fe�}%�Re<}�e<� b }��kðr¡§¦�ª ! �f¥P¤,¤f¥ w «�¥P+
y�¦hy�¤f�H¬6xr¦:y ! �f¥P�`ª¹¤  ¦ w ¤^¬.�,� � ¢P¦�ª¹+,¤^l�±�~^e<�
}�~�g�ds�,�M�,}4#^e b }��6��e<��~ b �<c�}�~�gP�j�ÂÌÊ�,� � }�e�ds�<��®ogk|�}�¨ b }�~�¯,gkd�¸Ê~ b cf~1�<d��,���I� b ® b }¹¸,l

x<�,d�}�~�g�d�g��,�i�f�<� � g���} b �f��g � g��Ids® b gkd�¬^�fe<d�d�g���e<®�}�� b � �<b °k�I}igD}�~<�I}�}�~�gPd��,�j�,}����Idsg�e<�<�I�R®�gD}i�hd�g��,®o®o¸
g	Ì5�R®�� b }�}�~<gJ�j��¨vgkdD���fe�ds°qg��k¬Mgk¯,g��B}�~��fe�cf~/}�~<g b d��j�f� b } b �f�<���Id�g:°q� � �R®�gk}ig�®o¸��Rd�g �<b °q}��I�R®og�%��"Ì
g � ®��
°k�"ª
} b �f�<�k1�lF)��`¨3gk¯,gkd�¬�¨vg#�Id�cfe�g � }�~<�I}�}�~ b ��¨v�,��� �<b d�g�°q}�dsg���e<®�}��,|{}�~�g#®��
°k�I} b �f�<��°s~��f�ig���|��,d�}�~�gj�j��¨vgkd
�i�fe�d�°qg��kl��mg���e<c,c,g��i}ig � }�~<�I}��j��¨vgkd��i�fe�ds°qg���®��^°k�I}ig � �f�p}�~�g#¨��,®o®o���,|§}�~<g��Id�g��<� b�� �j�f�ig � °q�f��Ó b °q}Ëª
b ��chdsg$#He b d�g � g��H}����f�Ê}�~�g�ds�,�M�,}���¬<|��,d�° b ��ch}�~�g � }i�����"�<ds�f�,°s~/¨��,®o®o��d��I}�~�gkd�}�~<�,�p��¯,� bo� }�~�g � lv±�~ b �
� �Iº,g��Qe<�h¨v�f� � gkd�¨�~<�I}�¨v�fe<® � ~<���&�Mg�� b |�}�~�g?�M�`¨3gkdQ�i�fe�ds°qgp®��^°k�I} b �f�<�h�jg�°k� � g�e<�"�<d�g �<b °q}��I��®�g`�
)D��¨õ¨v�fe<® � }�~�gÊds�,�M�,}���|��Id�g b | �<b  jgkd�g��H}hg���¯ b d��f� � g���}��h~<� � �j�`¨3gkd����fe�ds°qg���®��
°k�I}ig ��b � �<b  Mgkd�g��H}
�j�f� b } b �f�R����±�~�gP|��f®o®��`¨ b ��c:g	Ì5�jgkd b�� g��H}q�<d��`¯ bo� g����,�<�i¨vgkds��}i��}�~�g���gJ#He<g��i} b �f�<�kl

ö{ÕM× �:à&É�Ø�ßÐýµà6çrßHá
ØRã�è�é0×BÚjévÜFà³O ¬�à§á
ÚMÛIè�à6é3ã

�
e"�"�j�f�ig§}�~�gF�j�$Ì^ª��Re<�s~ b ��c�d��,�j�,}6¨��,�.�jg b �<c�gk¯"�,®oeR�I}ig �#b � �Rb  Mgkdsg���}6g��H¯ b d��f� � g��H}��F%�g,l´c�l�¬ �<b  Mgkd�g��H}
d��^� � � b �h���Re b ® �<b ��c
1�l¯ÍÒ} b �K#He b }igq�j�f��� b �R®ogv}�~R�I}F}�~�g4�j��¨vgkd3���fe�ds°qg�� ��b cf~�}3���"�jg��Id b � �<b  Mgkd�g��H}r®��
°k�"ª
} b �f�<� b �Êg��,°s~p�,|µ}�~�g��ig#g��H¯ b d��f� � g��H}��klF)D��¨ � �^g���}�~ b ��e<�P�<d�g �Rb °q}��I� b ® b }�¸h�,|e�j��¨vgkd��i�fe�d�°qg�®��^°k�I} b �f�<�
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x b cfe�dsg w l � ý g��i}Dd��,�j�,} � g�� b cf��gk¯,�f®o¯,g �mb �/g��H¯ b d��f� � g��H}��D¨ b }�~��j�`¨3gkdP�i�fe�d�°qg��
b �Q�"Ì
g � �j�f� b } b �f�R���,®��f��ch}�¨v��¨��,®o®o��l

�E jg�°q}�}�~�g�gk¯,�f®o¯,g � �jg�~<��¯ b �,ds���
ÍË�K�fe<d�g	Ì5�jgkd b�� g��H}��k¬{g��,°s~Ìd��,�j�,}�g���¯ b d��f� � g���}�~<� � }�¨v�W�M�`¨3gkd:�i�fe�d�°qg���}�~R�I}�¨vgkd�g��R®o�,°qg � �I}

÷ �Î B �I�Î®o�^°k�I} b �f�R�klµ±�~�g��ig�®��^°k�I} b �f�<�{°q�fe<® � �jg3�f�:}�~�gv¨��,®o®o�µ�,d{gk¯,g��h¨ b }�~ b ��}�~�g��Id�g��<�
l{ÈD� � g���°qd b �jg �
g��Ids® b gkd�%��
g�°q} b �f� w l��H1�¬,�j��¨vgkdh�i�fe�ds°qg��h®o�^°k�I}ig �Yb �Ð}�~�gÊ�Id�g��<���,®o®o��¨É}�~�g�d��,�j�,}:}i��°�~<�Id�c,g/eP��|�d�� �
� e<®�} b �R®og �Rb d�g�°q} b �f�<��l.)D��¨vgk¯,gkd�¬<® b º,g�¨��,®o®o�k¬�}�~�gk¸:}i�H���,�R�i}idse<°q}§ds�,�M�,} � �,} b �f���,� � }�~�g b dF�j�ÂÌHª��ReR��~ b ��c
�jg�~<��¯ b �,ds��l

±µ�I�R®�g w l ! ��~<��¨��:}�~�gÊdsg���e<®�}����,|D�fe�d:g	Ì(�jgkd b�� g���}�� b ��}�~ b ����gk}i} b ��c�lÕÍ¹}h°k�,�Y�jg��,�R�igkds¯,g � }�~<�I}
}�~��fe�cf~/}�~�g��ig�d��,�j�,}�����e<d�¯ b ¯,g�®��f��c,gkd�}�~<�,�Ê}�~<g�d��,�j�,}�� b �Qg��H¯ b ds�f� � g��H}���¨ b }�~Q�"Ì
g � �j��¨vgkd��i�fe<ds°qg��k¬
}�~�gk¸Ê~<��¯,g���® b cf~�}�®�¸Q®���¨vgkd���}���g����ig��kl,ÍÒ�/|��,°q}k¬�}�~�g b d��R}��<g����ig����Idsg�gk¯,g���®��`¨3gkd�}�~<�,�/}�~<g��f��g���gk¯,�f®o¯,g �
b ��g���¯ b d��f� � g���}��r¨ b }�~��fe�}3�,��¸G�j��¨vgkd��i�fe�ds°qg���% �,®�}�~��fe�cf~�}�~�g � �Icf� b }�e � g��,|]}�~�g �<b  Mgkd�g��R°qg b �r� � �,®o® ¬
g,l´c�l�¬3�^l�+ w ¯,gkds��e<�:�^l w ¬F}�~�g�d�g���e<®o}��#�Id�g��i}��I} b �i} b °k�,®o®�¸m� b cf� b ��°k�,��}q1�l?Í¹}�¨3�fe<® � }�~^e<�����&�Mg��Id�}�~<�I}�}�~�g
d��,�j�,}�� � �B�Mgk}i}igkd b �Kg��H¯ b d��f� � g��H}���¨ b }�~��fe�}��,��¸��j��¨vgkd:���fe�ds°qg��:}�~<�,� b �Ð�f��g���¨�~�gkd�gQ}�~�g1�j��¨vgkd
�i�fe�d�°qg����Id�g b �ÊeR�P�<d�g �<b °q}��I�R®�g�®��^°k�I} b �f�<�klFÈ�d�g�}�~�g��igJ�M�`¨3gkd��i�fe�ds°qg����<�,}�e<�ig � �I}��,®o®j}�~�g����

ÍÒ}3��~<�fe<® � �jg��<�,}ig � }�~<�I}v}�~�g��ig�d��,�j�,}��3�se�d�¯ b ¯,g � e<°s~Q®��f��c,gkd�% ���"�<d��ÂÌ b3� �I}ig�®�¸ w,w�r ®��f��c,gkdk1µ}�~<�,�
}�~�ghd��,�j�,}�� b �K�^g�°q} b �f�<� w l  �,� ��w l �Hl�±�~ b � b �P®o�Id�c,g�®�¸p}�~�g�d�g��se<®�}��,|3}�~<g b d��I� b ® b }�¸�}i� � gk}ig�°q}J�j��¨vgkd
�i�fe�d�°qg����,� � ���"�<ds�f�,°s~Ä}�~�g � lÒÍË�Z|��,°q}k¬�¨vgB�,�R�igkd�¯,g � }�~<�I} � �f�i}Q�,|P}�~�gpds�,�M�,}���gk¯,�f®�¯,g �»b �(}�~ b �
g	Ì5�Mgkd b�� g��H}k¬ � � � g�e<��gh�,|,�j��¨vgkd#�ig��R�i�,ds�k¬.eR�<® b º,g:}�~�g � g�� b cf�<� b ��}�~�ghg��Id�® b gkdPg	Ì5�Mgkd b�� g��H}��kl[Í¹|v}�~�g
d��,�j�,}��v�Id�g b � � gkg � e<� b ��cJ�M�`¨3gkd��i�fe<ds°qg��ig��R�i�,ds�v}i���se�d�¯ b ¯,g�®��f�<c,gkd�¬^~<��¨ b �r}�~<g b dr��}���g���� � e<°�~�®���¨vgkd
}�~<�,�K�Mgk|��,d�g`�£±�~ b ��°k�,���jg�g	Ì5�R®o� b ��g � �H¸�}�~�g�|��,°q}�}�~<�I}��,|�}ig����j�`¨3gkd��i�fe�ds°qg������"�jg��Id�¨ b }�~ b ��}�~�g
�Id�g��<�
l�ÍÒ�Ð��e<°�~Ð°k�,�ig���¬§}�~�gI�j��¨vgkd:�i�fe�ds°qg����,|�}ig��K�,�R��}idse<°q}#c,�^� � �j�$Ì���e<��~ b �<cÊ�Mg�~R��¯ b �,ds�#�,��}�~�gk¸
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±	�I��®�g w l ! ¢�g���e<®�}���¨ b }�~�}�¨v�I�j��¨vgkd��i�fe�d�°qg�� b ��ds�,� � � � ®��
°k�I} b �f�<�kl

È�¯,gkd��Ic,g ý g��i}
x b }���g���� �^l�+ w �^l��
y
�
e�d�¯ b ¯I�,®M± b�� g y�+,�^l �I� � ! yIl �"«
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~<���"�jg���}i���jgP�f�Ê}�~<g0�R�I}�~/�,|{�hd��,�j�,}q�Re<�s~ b ��c:�h�j�$Ì�}i���h¨��,®o® lF±�~ b ��®�g�� � ��}i��®o��¨vgkd��R}���g��s�ig��kl
x b cfe�dsg w l�¤���~<��¨��D}�~�g �<b ��}id b �Re�} b �f�Ê�,|F}�~�gh�ig��<���,ds� b ��}�~<g�ds�,�M�,}��Dgk¯,�f®�¯,g �Kb ��}�~ b �Dg	Ì(�jgkd b�� g���}kl

ÍÒ}�°k�,���Mg��,�R�igkds¯,g � }�~<�I}k¬6�f�m�,�m��¯,gkds�Ic,g,¬µ�,® � �f�i}P�,®o®µ}�~�gh¨��,®o®{�ig��<�i�,ds���f�m�,�H¸�gk¯,�f®o¯,g � d��,�j�,}��Id�g
�R®o�,°qg � }i� � gk}ig�°q}�¨��,®o®o���I}�� �<b �i}��,�<°qgP�,|µ}�¨v��°qg�®n®o� b ��|�d��f��}��,|{}�~�gPds�,�M�,}klFÈD��¨vgPg	Ì5�R®o� b ��g � g��Id�® b gkd�¬
}�~ b � � g�� b cf�K°s~�� b °qg��,®o®��`¨���}�~<g�d��,�j�,}���}i� � gk}ig�°q}��M�ÂÌ^g����Icf� b �<��}#¨��,®o®o�k¬	}�~�gkd�gk�^¸��,®o®���¨ b ��c/}�~�g � }i�
�Re<�s~��j�$Ì
g�� b �Ä�,�Z���R} b�� �,®�|��,��~ b �f�]lØÍ¹}���~��fe<® � �jgB�<�,}ig � }�~R�I}k¬��f�»�,�»��¯,gkds�Ic,g,¬�}�~�gBd��,�j�,}�� b �
}�~ b ��g	Ì5�Mgkd b�� g��H}��,®o�i��e<�igQ�f��g��j��¨vgkd:���fe�ds°qgÊ�ig��<�i�,dY�j�f� b } b �f�<g � }i� � gk}ig�°q}G�j��¨vgkdh�i�fe�ds°qg���}i��}�~�g
b��m� g �<b �I}ig�d b cf~H}klr±�~�gPds�,�M�,}�� b ��}�~�gPg��Ids® b gkd�g	Ì(�jgkd b3� g���}�� �Rbo� ���,}�~<��¯,g#}�~ b ��|�g��I}�e�d�g,l
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Ý2ç�æ/ç�åqæ/Þ$ï"ð$ê5Ú)ç�Ý�ð�ä'Ú)å4ìPç(Þ$ä�èPç�åqñ&Ý2çÂê5Ú�ìPÞjð�è~ö1éMç�ÝFí ç�éeÚ3èPñ&ÜPå6å%çmå2ïPÞ\èPÞ$ÜPÝ2ç5ò	ç�è®å%ÝFç�ë�ë)ÞDÝ$à�û!çÂî�ÞDê�ÞDÝ$økå2ï"Ú�ä
ä%Þ$è"ä2ç�Ý�Ú�äqèPç�å�Ü&ä%Þ$ë)Þ$ä2äqð�ä'Ú)å4ò	ç�è®å%ÝüÚ)æ&ÜPå%Þ$äqå%çIå2ïPÞJìPÞDå%Þ$ò	å2Ú)ç�è�ð�è"ì¥ë)Þ$ð�ÝFè&Ú�èPÛ[ç�éeñkçcî,ÞDÝ'ä%ç�ÜPÝFò	ÞJë�ç(òDð�å2Ú)ç�è&äDà
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Ù�Ú)Û�ÜPÝFÞ0ß(à ó$ÿ ��Þ$ä%åJÝFç�ækç�å\ìPÞ$ä2Ú)Û�è�ò	ç  ÞDê�ç�ë�ê�Þ$ì�î'Ú)å2ï�å2ïPÞmå2ï"Ý2Þ$ä2ïPç�ë�ì&äDà¬�J�6ú �jô�ÿ %
ð�è"ì¥û��6ú � õ ó á(à

ú4ï"Þ1ì&Ú�ä%å%ÝFÚ)æ�ÜPå2Ú)ç�è�ç�éXä%Þ$è"ä%ç�ÝüäYÚ3è�å2ï"Þ�ÞDê�ç�ë�ê�Þ$ì�Ý2ç�æ/ç�å2äDø,äFïPçÂî�èÕÚ�è¤Ù�Ú)Û�ÜPÝFÞ¥ß(à ó$ô ø6òDð�èÕæ/Þ¥ä%ÞDÞ$èÕå%ç
ñ&ð�ÝFð�ë3ë)Þ$ë4å2ï"ð�å1ç�éjÝFç�ækç�å2ä1Ú�è®#(Þ$ò	å2Ú)ç�è ß(àâõ(à ÿ à � Û�ð�Ú�è�å2ïPÞWíGç�ä%å¥ë�Ú]��Þ$ë�ö�ñ&ë�ð�ò	Þ$íGÞ$è~å�ç�é\ñ/çÂî�ÞDÝ1ä2ç�ÜPÝFò	Þ
ä%Þ$è"ä2ç�ÝFä\ð�ñ&ñkÞ$ð�Ýüäjå%ç�ækÞIÞ$Ú)å2ïPÞDÝYñkç�äFÚ)å2Ú)ç�è�ý ó ø ó�� ç�Ý�ý ó øRß � ý:åVî�ç�ò	Þ$ë�ë�äJð�ï"Þ$ð�ì�ç�ÝYæ/Þ$ï"Ú�è"ìWå2ïPÞ�Ý2ç�æ/ç�å � à
#5Ú�íIÚ�ë�ð�ÝFë)ö!å2ïPÞ�ñ"Ý2ÞDé9ÞDÝ2Ý2Þ$ìYñ/ç�ä2Ú)å2Ú)ç�èJç�é&î6ð�ë�ë(ä%Þ$è"ä%ç�ÝFäeð�ñ"ñ/Þ$ð�ÝFäZå%çXæ/Þ!ý ó ø ÿU� ø�î�ï"Ú�ë�ÞRæ/çY"\ä2Þ$è"ä%ç�ÝFäDø�ð�ë�å2ïPç�ÜPÛ�ï
é9ÞDî Ú�è¥è(Ü"í\ækÞDÝÂø"ð�Ý2Þjñ"Ý2ÞDé9ÞDÝ2Þ$è~å2Ú�ð�ë�ë)ö�ñ&ë�ð�ò	Þ$ì�ð�åYýe�5ø ó�� à83Xè�ð�è?ðÂê�ÞDÝFð�Û�Þ�ø/å2ïPÞ$ä%ÞjÝFç�ækç�å'ìPÞ$ä2Ú)Û�è"ä6Þ$ímñ&ë)çÂö
ó à ó %�ñ/çÂî�ÞDÝ[ä2ç�ÜPÝFò	Þ�ä2Þ$è"ä%ç�ÝFäDø ó àÏ� ÿ î6ð�ë�ë,ä2Þ$è"ä%ç�ÝFäDø�ð�è"ì¤ð�íGÞDÝ2ÞZ�5à ÿ�ÿ æ/ç�"�ä%Þ$è"ä%ç�ÝFä$à�ú4ï(Ü"äDøZÛ�Ú)ê�Þ$è¤å2ïPÞ
Þ$è~ê(Ú)ÝFç�è"íGÞ$è~å2ð�ëRò	ç�è"ä%å%Ýüð�Ú�è®å2ä$ø�å2ïPÞIÝ2ç�æ/ç�å2äYð�ñ"ñ/Þ$ð�ÝJå%ç�æ/Þ$èPÞ
 &åJé9Ý2ç�í ñkçcî,ÞDÝ[ä%ç�ÜPÝüò	Þ�ð�è"ì�î�ð�ë3ëRä%Þ$è"ä2ç�ÝFä
ÝFð�å2ïPÞDÝ�å2ï"ð�è¥æ/çY"�ä%Þ$è"ä2ç�ÝFäDà

9;:�Û6Ü Ý½?�P�KNM�?BAßÞàEGF�á

¾!ç�ë! 1ÞDå,ð�ëgà4ý ó õ�õ �b� ìPÞ$ä2ò	ÝüÚ)æ/Þ$ìmð\äFÚ�í\Ü&ë�ð�å2Ú)ç�èGç�é³ð\éMç�Ýüð�Û�Ú�èPÛJå2ð�ä��Gî�ïPÞDÝ2Þ'å2ïPÞ'ð�Û�Þ$è~å0ý:ç�Ý,Ý2ç�æ/ç�å � ï"ð�ì
å2ïPÞYå2ð�ä2��ç�é� kè"ì"Ú�èPÛGé9ç(ç(ì¯à'û'çcî,ÞDê�ÞDÝÂø³Ú�è?ð�ì"ì&Ú)å2Ú)ç�è�å%ç�å2ï"Ú�ä'é9ç�ÝFð�Û�Ú�èPÛ�å2ð�ä2��ø/å2ïPÞ[ð�Û�Þ$è~å2ä0ð�ë�ä%ç�`6h2g.��de�Yc�g��
å2ïPÞqèPÞ
"5åeñkç�äFÚ)å2Ú)ç�è\ç�é&é9ç~ç5ìYæ&ð�ä%Þ$ì[ç�è[å2ïPÞ6ñ"Ý2Þ$ä2Þ$è®åeñ/ç�ä2Ú)å2Ú)ç�è\ç�é&å2ï"Þ�ÝFç�ækç�åeð�è"ìGÚ)å2äeÚ�è~å%Þ$è"ìPÞ$ì[íGçcê�Þ$íGÞ$è~åDà
�=Ú���Þqå2ïPÞ4Ý2ç�æ/ç�å2äKÚ�è[å2ï"Þ4æ/çY"  ñ&Ü"ä2ï"Ú3èPÛ'å2ð�ä���ø~å2ïPÞ$ä%Þ4Ý2ç�æ/ç�å2ä�å%ç(çPø®ç5òDòDÜPñ&Ú�Þ$ìGð0åVî�ç  ì"Ú�íGÞ$è&ä2Ú)ç�è"ð�ë5Û�ÝFÚ3ìmð�è"ì
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Ù�Ú)Û�Ü"Ý2ÞJß(à ó$ô ã0Ú�ä2å%ÝFÚ)æ&ÜPå2Ú�ç�èIç�é�ä%Þ$è"ä2ç�ÝFä4Ú�è1Ý2ç�æ/ç�å2äqî'Ú)å2ï1ÞDê�ç�ë)ê�Þ$ì�å2ï"Ý2Þ$ä2ïPç�ë�ì&äDà

î�ÞDÝ2Þ?òDð�ñ&ð�æ&ë�Þ¥ç�éXímçÂê5Ú�èPÛ�é9ç�Ý2î6ð�ÝFì�ç�Ýmå2ÜPÝüè"Ú�èPÛWÝFÚ)Û�ï~åGç�ÝIë)ÞDé9åDà�ú4ï"Þ¥Ý2ç�æ/ç�å2äIï"ð�ìÕå-î,ç¤ä%Þ$è"ä%ç�ÝFämå2ï"ð�å
ñ"Ý2çcê(Ú3ìPÞ$ì�å2ïPÞ$í î�Ú)å2ï1Ú�èPé9ç�ÝFímð�å2Ú)ç�è�Ý2ÞDÛ�ð�ÝFì&Ú�èPÛYå2ïPÞjì"Ú�ä%å2ð�è&ò	Þ!ð�è"ì1ð�èPÛ�ë�Þ!ç�é=å2ïPÞ£iNg.a�h2g
^�c/é9ç~ç5ì�Þ$ë)Þ$íGÞ$è~åDà
ú4ïPÞ¥é9ç(ç(ì�Þ$ë�Þ$íGÞ$è®å2ämå2ïPÞ$ímä%Þ$ë)ê�Þ$äIî,ÞDÝFÞ�ÝFð�è"ìPç�íIë)ö�ì"Ú3ä%å%ÝFÚ)æ&Ü"å%Þ$ì�Ú�èÕå2ï"Þ�Þ$è®ê5Ú)Ý2ç�è&íGÞ$è®åmð�è&ì�ç(òDòDÜ"ñ&Ú)Þ$ì
Þ$è~å2Ú)Ý2Þ�ò	Þ$ë�ë�ä$à�þ£ïPÞ$èÕå2ïPÞ¥Ý2ç�æ/ç�åmíGçcê�Þ$ì�Ú�è~å%ç�ð�ò	Þ$ë�ë6ç5òDòDÜPñ&Ú)Þ$ìÕæ(ö�ðWé9ç~ç5ìÕÞ$ë)Þ$íGÞ$è~åDø6Ú)å[î�ð�ämäFð�Ú�ìÕå%ç
ï"ðÂê�ÞYò	ç�è"äFÜ"íGÞ$ì�å2ï"ÞjéMç(ç5ì?ð�è"ì?å2ïPÞjé9ç~ç5ì?ì"Ú3ä2ð�ñ"ñ/Þ$ð�Ý2Þ$ì¯à�ú4ïPÞjÝ2ç�æ/ç�å4æ/Þ$ï"ðÂê(Ú�ç�ÝFä4î�ÞDÝ2ÞJÛ�Þ$è"ÞDÝFð�å%Þ$ì?æ(ö�ð
^�c�h�de�Yc�flnÌâ(g,g���¥Xâ
��h,��a�h2�mè"ÞDåVî�ç�Ý���å2ï&ð�åXò	ç�è~å2ð�Ú�èPÞ$ì�é9ç�ÜPÝ0Ú�èPñ&Ü"å�Ü"è"Ú)å2ä$økä%ÞDê�Þ$è�ï&Ú�ì"ìPÞ$è�Ü"è"Ú)å2äDø/ð�è"ì�åVî�ç¥ç�Ý
é9ç�ÜPÝRç�ÜPå%ñ�ÜPåRÜ"è"Ú�å2äDà=þ£ï"Ú�ë�Þ4åVî�çYÚ3èPñ&ÜPåKÜ"è&Ú)å2ä�ñ"Ý2çcê(Ú3ìPÞ$ìmä%Þ$è"ä2ç�Ý2öGÚ�èPé9ç�ÝFímð�å2Ú)ç�è�ýgì&Ú�ä%å2ð�è"ò	Þ!ð�è"ìIì"Ú�Ý2Þ$ò	å2Ú)ç�è
ç�éXå2ïPÞ?èPÞ$ð�ÝFÞ$ä%åIé9ç~ç5ì�Þ$ë)Þ$ímÞ$è®å � øqå2ïPÞ?ç�å2ïPÞDÝIå-î,çÕÜ"è"Ú)å2ä[ñ&Ý2çÂê5Ú�ìPÞ$ì�å2ï"Þ?èPÞDåVî�ç�Ý���î�Ú�å2ï�å2ïPÞ?òDÜPÝFÝ2Þ$è®å2ë�ö
`6f]a�i�iNg.�Gð�è"ì�ð�ä!ö�ÞDå4�biNg,ã�g.�(��c�g��\Ý2ç�æ/ç�åXð�ò	å2Ú)ç�è¯à���ð�ä2Þ$ìWç�è?å2ïPÞ$ä2Þ[Ú3èPñ&ÜPå2äqå2ï"ÞYèPÞDå-î,ç�Ý.�?ñ"Ý2ç5ì"Ü"ò	Þ$ì�ð�è
ç�ÜPå%ñ&Ü"åRð�ò	å2Ú)ç�è¯ø5î�ï"Ú3òFïGî6ð�äRå2ï"Þ!ð�ò	å2Ú)ç�è�å2ï"ð�å,å2ïPÞ�Ý2ç�æ/ç�å,î,ç�Ü"ë3ìmÞ
"5Þ$òDÜPå%Þ!ð�å,å2ïPÞ�iQg.ã�c�å2Ú�íGÞ'ä%å%ÞDñ³àKú4ï(Ü"äDø
å2ï"Ú�äjî�ð�äJå2ïPÞ£`6f]a�i�iQg���ð�ò	å2Ú)ç�è¯øZî�ï"Ú�ë�ÞYå2ï"ÞIð�ò	å2Ú)ç�è�Þ
"5Þ$òDÜPå%Þ$ì¤Ú�è�å2ïPÞ�òDÜPÝ2Ý2Þ$è~åjå2Ú�íGÞ�ä%å%ÞDñ�î6ð�äjå2ïPÞ�ç�èPÞ
å2ï"ð�å0î6ð�äXñ&ë�ð�è"è"Þ$ì�ð�å0å2ïPÞ[ñ"ÝFÞDê(Ú)ç�Ü&ä�å2Ú�ímÞ[ä2å%ÞDñ³à\ú4ï(Ü"äDø¯Ú�è�å2ïPÞ$Ú�ÝXä2ö(ä%å%Þ$í�ø¯å2ïPÞ[Ý2ç�æ/ç�åXï&ð�ì�ð1ñ�ë�ð�è"èPÞ$ì
ð�ò	å2Ú)ç�è�é9ç�Ý�å2Ú�íGÞYä%å%ÞDñ°äæå�à4÷Àå�ç�æ&å2ð�Ú�èPÞ$ì�ä%Þ$è"ä%ç�Ý2ö¥Ú�è"ñ&ÜPå2ä4ð�å	äæå\ð�è"ì?ì"ÞDå%ÞDÝFímÚ�èPÞ$ì�ðmñ&ë3ð�è"èPÞ$ì?ð�ò	å2Ú�ç�è?é9ç�Ý
ä + à6÷Àå�å2ïPÞ$è?Þ
"(Þ$òDÜ"å%Þ$ì�å2ï"ÞJð�ò	å2Ú)ç�è�ñ&ë�ð�è"èPÞ$ì�éMç�Ý�ä å ø�î�ï"Ú�òüï�ë)Þ$ì¥å%ç1èPÞDî ä2Þ$è"ä%ç�Ý2ö¥Ú�èPñ�ÜPå2äqð�å�ä + à � è"ì�ä%ç
ç�è¯à

ú4ï"Þ!èPÞDå-î,ç�Ý.��ï"ð�ì�é9ç�ÜPÝ6ç�ÜPå%ñ&ÜPåqÜ"è&Ú)å2äDø®å-î,ç�ò	ç�Ý2Ý2Þ$ä%ñ/ç�è"ì"Ú3èPÛjå%çGå2ïPÞ0ð�ò	å2Ú)ç�è1æ/Þ$Ú�èPÛ\ñ&ë�ð�è"è"Þ$ìIé9ç�Ýqå2ïPÞ
èPÞ
"5åRå2Ú�ímÞ'ä%å%ÞDñ1ð�è"ìmå2ï"Þ'ç�å2ïPÞDÝ�åVî�ç[ò	ç�Ý2Ý2Þ$ä%ñ/ç�è"ì"Ú3èPÛ0å%ç\å2ï"Þ�ñ"Ý2Þ$ì&Ú�ò	å2Ú)ç�èGç�é³ä%Þ$è&ä%ç�Ý2ömÚ�èPñ�ÜPå2äKð�å�å2ïPÞ'èPÞ
"5å
å2Ú�íGÞ�ä%å%ÞDñ³à½�6ð�ä%Þ$ìÕç�è�å2ï"Þ�ÞDÝ2ÝFç�ÝYæ/ÞDå-î,ÞDÞ$è¤ñ"Ý2Þ$ì&Ú�ò	å%Þ$ì�ð�è&ì�ç�æ&ä2ÞDÝ2ê�Þ$ìÕä%Þ$è"ä%ç�Ý2ö�Ú3èPñ&ÜPå2äDøZå2ïPÞ1èPÞDåVî�ç�Ý��



ó$ÿ�ô

î6ð�ä1å%ÝFð�Ú�èPÞ$ì£Ü"ä2Ú3èPÛ�å2ïPÞ�æ&ð�ò.�  ñ"ÝFç�ñ&ð�Û�ð�å2Ú)ç�èÒð�ë)Û�ç�ÝüÚ)å2ï"í¥à�#5Ú3è"ò	Þ?å2ïPÞ�ä2Ü"æ&èPÞDåVî�ç�Ý��5ä1ò	ç�è®å%ÝFÚ�æ&ÜPå2Ú�èPÛ�å%ç
ä%Þ$è"ä2ç�Ý2ö�ñ"ÝFÞ$ì"Ú�ò	å2Ú)ç�è¤ð�è"ìÕð�ò	å2Ú)ç�èÕÛ�Þ$èPÞDÝFð�å2Ú�ç�è�ä2ï"ð�Ý2Þ$ìÕï"Ú3ì"ìPÞ$è�Ü&è"Ú)å2ä[ð�è"ìÕë�Ú�è��5äDø�ë)Þ$ð�ÝFè&Ú�èPÛ?å%ç�ñ&Ý2Þ$ì"Ú�ò	å
ð�ë�ä%çmÚ3èbÎ�ÜPÞ$è"ò	Þ$ì1å2ï"Þ0ñ&ë�ð�è"è"Ú3èPÛ\ç�éZé:ÜPå2ÜPÝ2Þjð�ò	å2Ú)ç�è&äDà

ú4ï"ÞIÝ2Þ$ä%Þ$ð�ÝüòFïPÞDÝFä\é9ç�Ü"è"ì�å2ï&ð�åJÞDê�ç�ë�ÜPå2Ú�ç�è�ð�è"ì�ë)Þ$ð�ÝFè"Ú3èPÛ�ð�\kÞ$ò	å%Þ$ìÕÞ$ð�òüï¤ç�å2ïPÞDÝYì"ö(è"ð�íIÚ�òDð�ë�ë)ö�ø=î�Ú)å2ï
ñ/ç�ñ&Ü"ë�ð�å2Ú�ç�è"äqï"ð$ê5Ú�èPÛIå2ïPÞ\ð�æ&Ú3ë�Ú)åVö�å%ç1ë)Þ$ð�ÝFè¥å%ç�ñ"Ý2Þ$ì"Ú3ò	åqéMç(ç(ì�ë)ç5òDð�å2Ú)ç�è"äDøkìPÞ$íGç�è"ä%å%Ýüð�å2Ú�èPÛmæ/ÞDå%å%ÞDÝ!ÞDê�ç�ë�Ü 
å2Ú)ç�è"ð�ÝFö�Ú�è"ò	Ý2Þ$ð�ä%ÞYÚ�è�å2ï"Þ\ð$ê�ÞDÝüð�Û�Þmð�æ&Ú�ë�Ú)å-ö1å%ç¬ �è"ì?éMç(ç5ì�Ú�è�å2ïPÞ\Þ$è~ê5Ú)Ý2ç�è"íGÞ$è~åDà�ú4ï"ÞDö1ð�ë3ä%çIé9ç�Ü"è"ì?å2ï"ð�å
ë)Þ$ð�ÝFè&Ú�èPÛ1å%ç�ñ"Ý2Þ$ì&Ú�ò	å0Ú�íGñ"Ý2çcê�Þ$ì�å2ïPÞmð�æ&Ú3ë�Ú)åVö�å%ç� �è"ìWé9ç(ç(ì�Ú�èWå2ï"ÞGÞ$è®ê5Ú)Ý2ç�è"ímÞ$è®åDøZð�è"ìWå2ï"ð�åjÞDê�ç�ë�Ü"å2Ú)ç�è
ñ"Ý2ç5ì"Ü"ò	Þ$ì¥Ú3è"ì"Ú)ê5Ú�ì"Ü"ð�ë3ä�å2ï"ð�å4î�ÞDÝ2Þjñ"ÝFÞ$ì"Ú�ä%ñ/ç�ä%Þ$ì�å%çIë)Þ$ð�Ýüè¯à

ú4ï"Þ�æ/ç�"  ñ&Ü&ä2ï"Ú�èPÛ�å2ð�ä2��ì&Ú!\kÞDÝüä\é9Ý2ç�í«å2ï"Ú�äYî�ç�Ý��ÕÚ�è�ðWé9ÞDî ò	ÝFÚ)å2Ú3òDð�ë,î6ð$ö5äDà � ä[î�Þ�ï"ð$ê�Þ�ð�ÝFÛ�ÜPÞ$ì
Þ$ð�ÝFë�Ú�ÞDÝ$ø�å2ï"ÞYæ/ç�"  ñ&Ü&ä2ï"Ú�èPÛIå2ð�ä2��Ú�äXíGç�ÝFÞ[ò	ç�ímñ&ë)Þ
"?å2ï"ð�è�é9ç~ç5ì  ð�ñ"ñ&Ý2ç�ð�òFï"Ú3èPÛPà � ë�ä2çPøkå2ï"ÞYæ/ç�"  ñ&Ü&ä2ï"Ú�èPÛ
Ý2ç�æ/ç�å2ä4ï"ð�ì�Þ
"(å%Ý2Þ$ímÞ$ë)ö¥ë�Ú�ímÚ)å%Þ$ì1ä%Þ$è&ä%ç�Ý2ö�ÝFð�èPÛ�Þ$äDøkÜ"è"ë�Ú]��ÞXå2ïPÞ0é9ç�ÝFð�Û�Ú�è"ÛmÝ2ç�æ/ç�å2ä4Ú�è1å2ïPÞJÞ
"(ñ/ÞDÝFÚ�ímÞ$è®å2äqç�é
ý�¾!ç�ë! �g(c�a�f!ç3ø ó õ�õ � æ � à,÷Àè"ì"ÞDÞ$ì¯øPÚ)é³å2ïPÞjë)ç5òDð�å2Ú)ç�è1ç�éZå2ïPÞ0èPÞ$ð�Ý2Þ$ä%åqé9ç(ç(ì1Þ$ë)Þ$ímÞ$è®å4Ú�ä6ì"Ú�Ý2Þ$ò	å2ë)öIðÂêEð�Ú�ë3ð�æ&ë)Þ�ø"ð
ä2Ú�ímñ&ë)Þ�ø5ímð�è~Ü&ð�ë�ë)öIìPÞDê�Þ$ë�ç�ñkÞ$ì�ñ"ÝFç�Û�ÝFð�í òDð�è1Û�Ü"Ú�ì"Þ!å2ï"Þ!ÝFç�ækç�å6å%çmå2ï"Þ!é9ç(ç(ì1Þ$ë)Þ$ímÞ$è®åDà�#PÜ"òFï�ñ"Ý2ç�Û�Ýüð�ímä
ð�Ý2Þ1ê�ÞDÝ2ö�ï&ð�ÝFì¤å%çWì"ÞDê�Þ$ë)ç�ñ�ímð�è~Ü&ð�ë�ë)ö�é9ç�ÝYå2ï"Þ�æ/çY"  ñ&Ü"äFï"Ú�èPÛ�å2ð�ä���çÂî'Ú�èPÛ�å%ç�å2ï"Þ1íIð�è®ö�ò	ç�è&ä%å%ÝFð�Ú�è~å2ä
Ú�è"ï"ÞDÝ2Þ$è®å'Ú�è�å2ïPÞ\å2ð�ä2�¥é9ç�ÝFí\Ü&ë�ð�å2Ú)ç�è¯à � èPç�å2ïPÞDÝ!Ý2Þ$ë�ð�å%Þ$ì�ç�æ&ä%ÞDÝ2ê�ð�å2Ú)ç�è�ò	ç�è"ò	ÞDÝFè"ä'å2ïPÞ_f!a��(¢0ç�éKä2Ú)Û�è"Ú! kòDð�è®å
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"5ñkÞDÝüÚ�íGÞ$è~å2äRå2ïPÞ!Ý2ç�æ/ç�å2ä�ç�è"ë)öGÝ2ÞDñ&Ý2Þ$ä%Þ$è~å%Þ$ì¥ë�ð�è"ì"ímð�Ý.�(ä
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Place field estimates after

Estimated position

10 motion steps 10 motion steps
Place map after

Actual position
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100 motion steps
Place field estimates after

100 motion steps
Place map after
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Aliasing resolved

unit 0
Firing field of CA3 Firing field of CA1

unit 0
Firing field of CA1

unit 61

Perceptual aliasing

_�`badcfeNgih jl� _�`beN`�}ua��5gI���uw�qts��x�S®�ot}u�É�x�Q�©cu}5`bnpw-j¤�x�S®�c5}u`bn�Ã¤epgIw(~Bqd}u�uw�n(q
~Bg-eN��g-~unpcuot���by¿ot��`�otw(gI�8~O��ot��gIw-j¥¦�vu`�wiot{��5`badc5`bn�y�`�wSepgIw(qd�b�tgI�8� y�npvfg
Î�otvuot��ot}fqt�5`�wi�u`�w(npot}u��g�`�}8npvfg©�x�Q�¥��oIytg-e���`bnpv0�x�Q��cu}u`�npw�Ã�ot}u�
Ùz�iepgIwp~Dqd}5�u`�}faQn(q�npvfgin���q2ot��`�otw(gI�$~O��ot��gIw-j

ä�å�æFå�ç è2é êm�FëdìOê�í�îdìuï¬ím�OðØí�ðÈï¬ñµé�ò�ó¬é ôIézðªëdé½�Oõ�ò�é�ó�ëdé öªï¬÷µì5ê�ø�ê�í�ìuô&í�ðªù
Ü�g��fgI{¥qd}5w(n(eNoUn(gI�×npvfg8oU�5`���`bn�yÊqts�qdcfe�w(~5oUnp`�ot���bgIoUeN}5`�}fa0ot}u�×�bqz�-ot��`b±IoUnp`bqd}×{¥qz�fgI��`�}À��gIoUeN}u`�}fa

s�ot`bnpvfs�cu�z{¥g-n(eN`���~O��ot��g�{�oU~5w�g-�tgI}1`�}4npvfg�s�ot��g�qtsD~Bg-eN��g-~5npcuot�fot��`�otwp`�}fafjµÜ�g���`����z}fq¬�Àwpvfq¬�¡npvfg�oU�O`���`bn�y
qts*qdcfe�{¥qz�fgI�Fn(q¿úb¾I½ûUúß·bü¬º���vugI}$`�}+n(eNq �uc5��gI�$`�}+n(q¥~5epg-� `�qdcuwp�by1��gIoUeN}fgI�$gI}�� `�epqd}u{¥gI}�npw-j

Ú}1qdcuerg�Äz~Bg-eN`�{¥gI}�n-�+�rgi�bg-n�npvug�epqt�Bqtnx�bgIoUeN}2o�~O��ot��g�{1oU~�otwrg�Äz~5��ot`�}ugI�1`�}1npvfg�~5epg-� `�qdcuw�wpgI��np`bqd}Fj
��s?n(g-e�kt�UÃ¶w(n(g-~Ow�qtsSg�Ä ~O�bqteNoUnp`bqd}Èot}5�È{�oU~fÅ
�5c5`����u`�}uaf����g¤Æ `��5}uoU~u~BgI�Ynpvfg¿epqt�Bqtn�s�epqd{ý`�npw��-cfepepgI}�n
~Bqdwp`bnp`bqd}�ot}u��`�}�n(epqz�ucu��gI��`bni`�}�npvfg4~Bg-eN��g-~unpcuot����y�ot��`�otw(gI��epg-ad`�qd}���jF¦�vfg4�UoUeN`�ot}u��g4qts�npvfg¥~Bqdwp`bnp`bqd}
gIw(np`�{1oUn(gQqts�npvfg4epqt�Bqtn�`�w�wpg-n�n(q�þÿn(q$wp`bad}5ot�µo���qd{¥~5��g-n(g4�5`�w(n(eNcuwpn�qts�`�npw��ugIot�zÅ
epgI�pÆtqd}5`�}fa�~Bqdwp`bnp`bqd}
gIw(np`�{1oUn(gtj@��w�g�Äz~5��ot`�}fgI�QgIoUeN��`bg-eI�d`�}�qte�fg-e@n(q��bqz�-ot��`b±-gt�dnpvug�epqt�Bqtn@{¥q&�tgIw�eNot}u�fqd{���y�cu}�np`��zoS~Dg-e��g-~unpczÅ
ot���by��z¸u·����5º�~5��ot��g�`�w�s�qdcu}u��j��Ë~O��ot��g�`�wrcu}u`�Ç�cfg�`�sFqd}u�by4qd}fg��x��®�cu}u`�n*�5epgIwroU�Dq¬�tgi`bnpw�npvuepgIwpvfqd���©ot}u�
`�wrotwpw(qz�-`�oUn(gI����`bnpv1qd}u�by¥qd}fg��x�Q��cu}u`bn-j�¦�vfg�epqt�Bqtn�npvugI}2c5w(gIw�npvug�§�ot��{�ot}©�O�bn(g-eN`�}ua�{¥gI�Nv5ot}u`�wp{ n(q
epgI�bqz�-ot��`b±-g�oUn�npvuoUn�~5��ot��gtj

_�`badcfeNgSh jlh4wpvuq&��wxnpvfgiw(npoUn(giqtsµnpvfgSepqt�Bqtn�oUs?n(g-e�qd}fgiot}u�©�5�tgiw(n(g-~OwxqtsªepgI�bqz�-ot��`b±I`�}fafj��ScueN`�}fa�npvu`�w
~Bg-eN`bqz�$npvfgQepqt�Bqtn��fq gIw�}fqtn���q �-ot��`�±-g��BgI�-otcuw(g4`bn��fg-n(gI��npw�~Bg-eN��g-~unpc5ot�µot��`�otwp`�}fa����z`�o©oU�Dq¬�tg�Å
npvfepgIwpvuqd���
�5eN`�}fa1qtsr{�cu��np`b~5�bg¥�x��®2cu}5`bnpw�qtei��y¤npvfg4~uepgIw(gI}u��g4qtsr{�cu��np`b~5�bg¥�x���4cu}5`bnpwS��qd}u}fgI��n(gI��n(q�npvfg©�x�S®
��`�}5}fg-eIj*Ú�n�npv cuw�Ætg-g-~Ow�{¥q¬� `�}ua¥eNot}u�fqd{���ytj

��s?n(g-e¤�-Ã[w(n(g-~5w4npvfg$eNqt�Dqtn4�D}uot���by�epgIot�vfgIw1o8~O��ot��g¿w(qdcfnpvzÅ
�rgIw(n¥qtsS��ot}u�u{1oUepÆ����UjÊ¦�v5`�wQ~5��ot��g



�Ihz�

200 motion steps
Place field estimates after

200 motion steps
Place map after
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250 motion steps
Place field estimates after

250 motion steps
Place map after
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5 motion stepsUpon reintroduction

Kidnapped robot relocalization

Estimated position

Actual position
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�x�S® ��ot}u�¡������cu}u`�npw�eNgIÇ�cu`�epgI�É`�}Yqdcfe�{¥qz�fgI�:j0��w¥�-ot}Ê�Bg�qt�5w(g-ep�tgI�Ê`�}Y_�`badcfeNg$h j���Áf�rnpvfgJI1ºpût¸



�Iht�

Robot relocalizes

10 motion steps

Kidnapped robot relocalization

50 motion steps
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Standard deviation of Gaussian dead-reckoning error

With max. sensing range of 10 units

With spatial learning
Without spatial learning
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Standard deviation of Gaussian dead-reckoning error

Comparison of sensing ranges of 10 and 30 units

Range: 30
Range: 10
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n(g-eps�g-epgIwQ��`bnpv0s�ot`bnpvus�cu��{�oU~Y��gIoUeN}u`�}faf��npvfg-epg-� y[��qd}u��gI�u`�}fa���oUepatg-e
~Bqdwp`bnp`bqd}2g-epeNqteNw-j

`�}u��eNgIotwp`�}fa1wpnpot}u�uoUeN���fg-�z`�oUnp`bqd}¿qts�npvug�eNot}uatgQw(gI}5wp`�}fa�g-eNepqte���gIot�uw�n(q�o1}ugIoUe(Å���`�}fgIoUeS`�}u��eNgIotw(g�`�}�npvfg
} cu{��Bg-e�qts@²x� cu}u`bnpw�epgI��eNcu`�n(gI�F�OotwSwpvfq¬��}�`�}¿_�`badcfeNgQh j��I� jS_5cfepnpvug-eI�DwN`�}u��g�npvfg-eNgQ`�w�}fq©~Dg-e��g-~unpcuot�
ot��`�otwN`�}faS`�}4npvu`�w*gI}�� `�epqd}u{¥gI}�n-�dnpvfg�} cu{��Dg-ew*qtsF�x�S®Sot}u�©������cu}5`bnpw*epgIÇ cu`bepgI�4oUepg�ºWVdûd½&¹�úYX4¹��zº�¼�ûZI�º-j
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npvfg�} cu{��Bg-eNwrqts@����®¥ot}5���x����cu}u`bnpwx�Bg-ytqd}u�$o���g-eNnpot`�}$~Bqd`�}�n-j

¦�v cuw-��npvug�wN`b±-g�qts�npvfg$w(~5oUnp`�ot�r{1oU~É��gIoUeN}fgI�Y��y¶qdcfe¥{¥qz�fgI�S�:�fgI}fqtn(gI�É� yÉ�x�Q�©�5gI���uw��p�@wN�-ot�bgIw
Ç cu`bn(gi�rgI���B��`bnpv$`�}5��epgIotw(g�`�}�eNot}uatg�w(gI}uwp`�}fa4g-epepqteIj
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epgIw(gI}�n(gI�1oUn�oS�O}fg-e@eNgIw(qd��cfnp`bqd}4npv5ot}�epg-ad`bqd}5w���vfg-epg�npvug�epqt�Bqtn@w(~BgI}+n@o�s?g-�À~5otwpwp`�}uaS{�qd{¥gI}+npwIj�mz`�}u��g
�O}fg-eµepgIw(qd��cunp`bqd}�vfgI��~5wª`�}�{¥qtepgxot�-�-cfeNoUn(g��bqz�-ot��`b±IoUnp`bqd}���vu`���g���qdoUeNw(g-e*epgIw(qd��cfnp`bqd}�wNoI�tgIw*�Uot��cuoU�5�bg�{¥gI{4Å
qtepy2w(~5ot��gt�fnpvu`�wxn(eot�fg-qU¯��uotcun(qd{�oUnp`��-ot���by2ot�Nvu`�g-�tgI�$npvfepqdcfadv$wN`�{¥~5�bg�g�Ä ~Bg-eN`�gI}u��gt�f`�wxo4��ot��c5oU�5�bg�~Dqd`�}+n
`�}¥s�oI�tqtexqtsFqdcferw(~5oUnp`�ot�5�bgIoUeN}u`�}ua�{¥q �ugI�:j�¦�vu`�w@{Qcu�bnp`°Å
eNgIw(qd��cfnp`bqd}4eNg-~uepgIw(gI}�npoUnp`bqd}2oUeN`�w(gIw�otw�o�eNgIwpcu�bn@qts
eNot}fatg�Å�wpgI}uwp`�}fa1g-epepqteNw�ot}5�¿npvfgI`be���qd}uw(gIÇ cfgI}+n�epqd�bg�`�}¿npvfg���epgIoUnp`bqd}¤qts�}fg-�³²��Ëcu}u`�npw-�fnpvfg�ot�batqte`bnpvu{



�IhtÑ

0

2

4

6

8

10

12

14

0 0.2 0.4 0.6 0.8 1

D
is

ta
nc

e 
er

ro
r 

in
 fi

na
l r

ob
ot

 p
os

iti
on

L

Standard deviation of Gaussian dead-reckoning error

Comparison of errors with and without updates

With updates
Without updates

_�`badcfeNgih j��I® ÍS`b~u~Bq �-ot{�~5ot��§�ot��{�ot}¶�O�bn(g-eN`�}ua�cf~F�uoUn(gIwQ~5��ot��g©�5gI���Y��gI}+n(g-ew�`�}
ot�u�u`�np`bqd}¿n(q2npvfg�eNqt�Dqtn-��w�~Bqdwp`bnp`bqd}�gIw(np`�{�oUn(gt�F�bgIot�5`�}fa�n(q��bq&�rg-eS�bqUÅ
�-ot��`b±IoUnp`�qd}$g-epepqteIj

s�qte��fg-n(g-eN{�`�}u`�}fa4npvfg�ot��np`���oUnp`bqd}5w�qts��x�S®¥cu}u`bnpwI� npvug�epqd�bgiqts*npvfg�Î�otvuot��ot}uqt�5`�w��u`�w(npot}u��g�`�}�npvfg���epg�Å
oUnp`bqd}©qtsµ�x�Q��cu}u`�npw-�+ot}u�2`�{¥~Bqtepnpot}�np�byt�dnpvfg���oUe`�ot}u��g�cu~B�5oUn(gIw@~Bg-eps�qteN{¥gI��� y¥§�ot��{�ot}��O�bn(g-eN`�}fafjµ_5qte
`�}uwpnpot}u��gt�5_�`badcfeNg�h j��IÙ1wNvfq&��w�npvfg��5eN`�}fa4�OgI���uw�qts�s�qdcfeS������c5}u`bnpw-j���w��-ot}¤�Dg�qt�5w(g-ep�tgI�F�Dnpvfgi�OgI���uw
�u`°¯Bg-e�`�}¤wp`�±-g���`�npv¿npvfg4��oUepatg-e��5eN`�}ua¥�5gI���uw���qtepepgIwp~Dqd}5�u`�}fa¥n(q��x�Q��c5}u`bnpw���eNgIoUn(gI��`�}¿eNoUeNgI�by$� `�wp`bn(gI�
oUepgIotw�ot}u�¿wp{1ot���bg-ex�5gI���5w�`�}$epg-ad`�qd}uw�Ç cu`bn(gis�epgIÇ�cugI}+np�by2�z`�wp`bn(gI�$� y�npvfg�epqt�Bqtn��5cfeN`�}fa4`bnpw�g�Ä ~5��qteNoUnp`bqd}
eNcu}�j

§�ot��{�ot}Ê�O��n(g-e2cf~F�uoUn(gIw1~uepq¬� `��ug�qd}fg¤�ro&y¡`�}È��vu`��Nv¡npvu`�w2{�c5�bnp`°Å
epgIw(qd��cfnp`bqd}Éepg-~ueNgIw(gI}+npoUnp`�qd}Àqts
w(~5ot��g��-ot}�oUeN`�w(gtj�mzcu~u~Bqdw(g�npvug�eNqt�Dqtn�`�w�npvuqtepqdcfadvu�by©g�Ä ~O�bqteN`�}fa4o¥wp{�ot���OeNg-ad`bqd}�qtsªnpvfgigI}��z`bepqd}u{¥gI}�n-j
Ú�n��OeNw(n���eNgIoUn(gIw�o���g-epnpot`�}�} cu{��Bg-e�qts�~5��ot��gQ��gI����w�s�qteSnpvu`�w�epg-ad`bqd}Fjiá�q&����otwi`bn�Ætg-g-~OwSepg-� `�wp`bnp`�}fa©npvfg
~5��ot��gIwI�z§�ot��{�ot}©�O�bn(g-eN`�}fa�cf~F�uoUn(gIw�npvfgSgIw(np`�{1oUn(gIwxqtsªnpvfg��5gI���2��gI}�n(g-eNw�ot}u�2epgI�uc5��gIw�npvugI`bex��oUeN`�ot}u��gIw-j
��w�npvfg¥�UoUeN`�ot}u��gIw��fgI��epgIotw(gt��npvfg1Î�otvuot��ot}uqt�5`�w��u`�w(npot}u��g�{¥gIotwpcuepg�`�}u��epgIotwpgIw�cu}�np`���`bnis�ot`���wioUnQw(qd{¥g
~Bqd`�}�n-j�²��tgI}�npvfqdcfadv$npvug�epqt�Bqtn�`�w�`�}¿o�s�ot{�`���`�oUer~O��ot��g�npvfg�wpy w(n(gI{ }fq¬� ��epgIoUn(gIw�ot}fqtnpvfg-ei�x����cu}u`bn
s�qte@npvu`�w*epg-ad`�qd}F�dnpvfg-epg-� y4�u`�w(n(eN`��5cfnp`�}fa�npvfg��5eN`�}fa��OgI���4qtsOnpvug�qteN`bad`�}uot� ~5��ot��g��Dg-n���g-gI}1n��rq�~5��ot��g���gI����w-�
ot}u�¿wpq¥qd}Fj

Ú�n�wpvuqdcu���¥�Bg�}fqtn(gI�©npvuoUn�npvu`�w@�vuot}fatgS`�}�epgIwpqd��cfnp`bqd}�`�w�ot}�º�I1º�»�_�º�¸O¹N`O»¾a`fº�»�¹XSqtsDqdcuerw(yzw(n(gI{ ot}u�
oUeN`�wpgIw�otcfn(qd{�oUnp`��-ot���by©�z`�o4npvfg�g�Ä ~Bg-eN`bgI}5��g�qts*npvfgieNqt�Dqtn�`�}�npvfgigI}�� `beNqd}u{¥gI}�n-j
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Standard deviation of Gaussian range sensing error

With max. sensing range of 10 units

EC units
CA3 units
CA1 units

_�`badcfeNgih j���Á Î¤gIot}×} cu{��Bg-eNw�qts�²������x��® ��ot}u�Ø������cu}u`bnpw©��epgIoUn(gI�Ø� yÊnpvfg
w(~5oUnp`�ot���bgIoUeN}5`�}fa�w(yzw(n(gI{$�*ad`b�tgI}Yw(gI}uwpqte�eNot}uatg©qts��-Ã�cu}u`bnpwIj¿¦�vfg
} cu{��Bg-eNw4qts��x�S®8ot}u�À�����¿c5}u`bnpw¥wp�-ot�bg¤cf~Ê��gI���x��`bnpvÈ`�}5��epgIotw(g
`�}Êeot}fatg¿g-epepqte&j¡Í�q&�rg-�tg-eI��npvfg�} cu{��Dg-e1qts������¿c5}u`bnpw¥`�w�{�qtepg
npvuot}��x��®�cu}u`bnpw*�BgI�-otcuw(g�npvfg�w(yzw(n(gI{ ��epgIoUn(gIw�{�qtepg��x�Q��cu}u`�npw�n(q
epgIw(qd���tg�~Bg-eN��g-~unpcuot�Fot{��5`badcu`�np`bgIw-j

b�ced f6gihkjOlZg<monQp�p�qsrtj"uSv�g<wyxzr"qJf6r"{|r"lQ}|r~u@j�hk�k�,jOlZ�krt�

mz`�}u��g��bq �-ot��`b±IoUnp`bqd}Ø~5��o&y w�oÊ��eN`bnp`��-ot�Sepqd��g[`�}×epqt�Bqtn¿}uoI�z`badoUnp`bqd}F�i`bn¿`�w$vuoUeN�u�byÀwpcfep~ue`�wp`�}fa0npvuoUn
} cu{¥g-epqdcuw�n(gI�Nvu}u`�Ç�cfgIwµvuoI�tgr�Bg-gI}��fg-�tgI�bqt~BgI��s?qteµepqt�Bqtnªw(~5oUnp`�ot�+�bgIoUeN}u`�}ua�ot}u���bqz�-ot��`b±IoUnp`bqd}�jµ�É}�c5{��Bg-e
qts@npvfgIwpgQoU~u~5epqdot�NvfgIwioU~5~DgIoUeS�-�bqdw(gI��y¿epgI��oUn(gI��n(q2npvfgQ��q �-ot��`�±IoUnp`bqd}¤wpy w(n(gI{à�fgIwN��eN`b�BgI��`�}¤npvu`�w�~5oU~Bg-eIj
Ú}©npvug�s�qd���bq¬��`�}faQw(gI��np`bqd}uwx�rgi��`����u�ueN`�g�Û5y��u`�wp�-c5wpw�ot}5�2��qd{�~5oUepgiw(qd{¥gig�Äfot{¥~5�bgIwr�BgI�bqd}fad`�}fa�n(q¥gIot�v
qts*npvfgIw(g��u`b¯Dg-epgI}�n�oU~u~ueNqdot�NvfgIw-j

ä�åbç�å# ø2ö�öµó��5ìuëUñµé�ô©è©ézê�ìfï&é�!Èï�����ì5ê�¶ì5ð>5�í�ê?ï&é ó�í�ðµù
mz`�}u��g�epqt�Bqtnpw�~Bg-eN��gI`��tg�otw(~BgI��npw�qts�npvugI`be�gI}�� `�epqd}u{¥gI}�npw�npvfeNqdcfadv¿npvfgI`�e�w(gI}uwpqteNw-�5ot}�y¿oUn(n(gI{¥~unSoUn

�rqteN���zÅ�{¥qz�fgI��`�}fa¤{Qcuw(n4�Bg�~uepgI��gI�fgI�É� y¶w(gI}5w(qtepy¶`�}fs?qte{�oUnp`bqd}¶s�cuwN`bqd}Ø�:ot��w(q[�-ot���bgI�Éw(gI}5w(qte¥s�c5wp`bqd}B�pj
mz{�`�npvF��m gI�bs��*ot}5�É�xvug-gIw(gI{�ot}Ø�(�IhthUÃ ��oUepadcfgI�Éw(n(eNqd}fad�by�s�qteQnpvug2cuwpg©qts�Ìxo&ytgIwp`�ot}ÊgIw(np`�{�oUnp`bqd}¶npvfg�Å
qtepy[`�}0epqt�Bqtn�w(~OoUnp`�ot��eNg-~uepgIw(gI}�npoUnp`bqd}×�:�-ot���bgI�¶npvfg�¼�¹
¾I½U�zû�¼�¹�·:½yI�ûW`O�p�@ot}u�¶wNvfq&�rgI�YnpvuoUnQot}Ø¾W`D¹�·�I�ûUú
`�}fs�qteN{�oUnp`�qd}És�cuwN`bqd}ÉoU~u~uepqdot�vÈ�xotw¥gIÇ�c5`b��ot��gI}+n¥n(q0o0wp`�{¥~5��g©s�qteN{ qtsS§�ot��{�ot}Ê�O�bn(g-eN`�}uaY�:§�ot��{�ot}F�
�IhtÙUÃ �pj�Í�q&�rg-�tg-eI�fnpvfg���`�}fgIoUe`bn�yQepgIw(n(eN`���np`bqd}uw�`�{¥~Bqdw(gI�¥� y�§�ot��{�ot}��O�bn(g-eN`�}ua��:w(g-gimzgI��np`bqd}©Ñ jlk j������rg-epg
cu}feNgIot��`�w(np`��S`�}¿epgIot�°Å
�rqteN���¿wp`�npcuoUnp`bqd}uw-�Oot}u�¿npvfg���Vt¹�º-¸OÔ+ºNÔ
�4ûUú�I¥ût¸�Ó@ú°¹�º�»xs?eot{¥g-��qteNÆ$�rotw��fg-�tgI�bqt~BgI�
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Standard deviation of Gaussian range sensing error

With max. sensing range of 30 units

EC units
CA3 units
CA1 units

_�`badcfeNgih j��I� Ú}u��epgIotwp`�}ua�eNot}fatgrg-epepqte*o�¯DgI��npw�npvfgx} cu{��Bg-eNwªqtsf²x�0cu}u`bnpw�epgIÇ�c5`bepgI�
�5cfn�}uqtn1npvfg�} cu{��Bg-e�qtsS~5��ot��gIw�eNg-~uepgIw(gI}�n(gI� �:`�}5�u`��-oUn(gI�Ê� yÉnpvfg
} cu{��Bg-e�qts�����®1ot}u���x�Q��c5}u`bnpw��pj�mz`�}5��ginpvfg-epg�`�w�}fq�~Bg-eN��g-~5npcuot�
ot��`�otwN`�}fa���`�npv�w(gI}uwpqteµeNot}uatg�qtsO®UÃScu}5`bnpw-�&npvugr} cu{��Dg-eµqtsD�x�S®�c5}u`bnpw
gIÇ cuot�Fnpvfg�} cu{��Dg-e�qts��x�Q��cu}5`bnpw-j

s�qte��5cu`����u`�}fa�®��Ò{�oU~5wiqtsrnpvfg�gI}�� `�epqd}u{¥gI}�n��:��ydot�vfg B _5otcfatg-eNotw-���IhtÑdÞ+�pj2¦�vfg�`��fgIo$vug-epg¥�rotw�n(q
cuw(g¿o�¦�oIyz�bqte(Å�wpg-eN`bgIw¥g�Äz~5ot}uwp`�qd}¶qts�npvfg¿}fqd}fÅ���`�}fgIoUe4s�cu}u��np`bqd}Êot}u�Én(ecu}u�-oUn(g¿`bn�oUn¥npvfg��OeNw(n��fg-eN`���o�Å
np`b�tgt� npvfg-epg-� y¥qt�unpot`�}u`�}fa�o���`�}fgIoUe�ûW`S`D»¾�Vt·eI�ût¹�·:¾U¸©qtsFnpvfg�qteN`bad`�}uot�fs�cu}u��np`bqd}Fj*Î¤qdcfnpoUeN��`bg-erot}u�2��vuoUnp`���o
�(�IhtÑth����ug-�tgI�bqt~BgI��ot}�ot��n(g-eN}uoUn(g�w(n(qz�Nvuotwpnp`��¥`�}fs�qteN{�oUnp`bqd}�s�cuwp`bqd}¤s�eNot{¥g-�rqtepÆ�s�qte�{�oU~fÅ
�5c5`����u`�}ua1ot}u�
wpvfq¬��gI�YnpvuoUn¥`bn�epgI�ucu��gIw�n(q�§�ot��{�ot}0�O�bn(g-e`�}fa�otw4o�w(~BgI�-`�ot���-otwpgtj8�Òatq�qz�É�u`�wp�-cuwNwp`bqd}�qts�§�ot��{�ot}
�O�bn(g-e`�}fa�oU~u~5epqdot�NvfgIwxs�qtexepqt�Bqtnr��q �-ot��`�±IoUnp`bqd}©�-ot}��Bg�s?qdcu}5�©`�}����repq¬���bg-yt�F�Ihtht���p�u��v5`��bg�npvfgi}fgI��gIwNwp`bn�y
ot}u���u`�T©�-cu�bnp`bgIw�otwpw(qz�-`�oUn(gI����`�npv�{1ot`�}+npot`�}u`�}fa2��qtepepgI��oUnp`bqd}5wSqts�npvfg�w(npoUn(g¥�UoUeN`�oU�O�bgIw�qtsro�w(n(qz�Nvuotwpnp`��
{�oU~�oUeNg��fg-npot`��bgI�$`�}���Í�g-�Bg-epnQºI¹�ûUú����µ�Ihtht���pj

§�ot��{�ot}S�O�bn(g-e`�}fa�oU~u~uepqdot�vfgIw�s�qte�epqt�Bqtnª��q �-ot��`�±IoUnp`bqd}SepgIÇ cu`bepg@oS¼Iº�¸f¼-¾U»�I�¾IÔ�º�úu¾z��¹��fº�º�¸i�¬·?»(¾U¸iI1º-¸5¹
`�}4npvfg�{�gIotwpcfepgI{¥gI}�n�s�cu}u��np`bqd}Fj*¦�vu`�w�wpgI}uw(qte�{¥qz�fgI� ~uepq¬� `��fgIw*npvfg�w(gI}uwpqtepyQ`�}f~5cfnpwx��qte�{¥gIotwNcfepgI{¥gI}�n��
npvuoUn�npvfg�epqt�Bqtn2��qdc5���×epgI��gI`b�tg���vfgI}Ø`�}×ot}�y¡ad`b�tgI}Ø~Bqdwp`bnp`�qd}Fj �rqd}��tgI}+np`bqd}5ot�ioU~u~uepqdot�vfgIw$cuw(g�o
{¥gIotwpcuepgI{¥gI}�n¥s�cu}5��np`bqd}YnpvuoUn�w(~BgI�-`°�5gIwQnpvfg8»pº�úbût¹�·e�tºH`z¾�¼·�¹�·:¾U¸f¼4qts���ot}5�u{�oUepÆzw���`bnpvYepgIw(~BgI��n¥n(q�npvfg
epqt�Bqtn-j�Ú�}4wpcu�v4�-otw(gIw-�dnpvfgx��ot}u�5{�oUepÆzwµoUepgxepg-~5epgIw(gI}�n(gI�Q`�}�oQ»(¾S�N¾t¹��½º-¸5¹�º�»pºpÔ*��»(û�I1º*ot}u�Qnpvfgx��ot}u�u{�oUeNÆ
~Bqdwp`bnp`bqd}5wioUepg©cf~F�uoUn(gI�0�5otw(gI�0qd}[epqt�Bqtn�{¥qtnp`�qd}Fj$¦�vfgIw(g1cu~B�5oUn(gI�[~Bqdwp`bnp`bqd}5wiw(g-ep�tg©otw�~uepgI�5`���np`bqd}uw
��vu`��bginpvfgQqt�5w(g-ep�tgI��epgI��oUnp`��tg�~Bqdwp`bnp`bqd}5w�qts�npvfg4��ot}u�u{1oUepÆ w�w(g-ep�tg4otw�qt�Ow(g-ep�UoUnp`bqd}uw-�B{�oUÆz`�}fa©§�ot��{�ot}
�O�bn(g-e`�}fa$~Bqdwpwp`b�O�bg$��mz{�`bnpvÀºI¹�ûtú������IhthUÃ@����ydot�vfg B _5otcuatg-eNotw-���IhtÑdÞ��2�µg-qd}uoUeN� B �icfepeNot}�nÅ
Ü×v�y n(gt�
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Firing fields of CA1 units
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_�`badcfeNgih j��IÙ Î�cu�bnp`°Å
epgIwpqd��cfnp`bqd}©epg-~uepgIwpgI}+npoUnp`bqd}�qts�w(~5ot��gtj@Í�g-epgt�us�epgIÇ cfgI}�np�by��z`�wÅ
`bn(gI�Øqte¿npvuqtepqdcfadvu�by¡g�Ä ~5��qtepgI�Øepg-ad`bqd}uw�qtsQnpvfg�gI}�� `�epqd}u{¥gI}�n$oUepg
epg-~ueNgIw(gI}+n(gI����yQ{¥qtepg��x�Q��cu}u`�npwµ��`bnpv4wp{�ot���bg-e*�OeN`�}fa��5gI���uwI����vu`��bg
�-cfeNwpqteN`��by�g�Äz~5�bqteNgI��epg-ad`bqd}uw�oUepgieNg-~uepgIw(gI}�n(gI�$� y©s�g-��g-eS�x���ic5}u`bnpw
��`bnpv8��oUeNatg-ei�5eN`�}ua1�5gI���uw-j�¦�vfgQ�5eN`�}fa©�5gI���5w�qtsro$wpot{¥~5��gQqts��x�Q�
cu}u`�npwxs?epqd{Â�u`°¯Bg-epgI}+n�eNg-ad`bqd}uw�oUepg�wNvfq&��}�j

�Ihthtk��OÎ¤qdcfnpoUeN��`bg-e B �xv5oUnp`���oz�F�IhtÑth��F�xepq&����g-yt���Ihtht���p�
Í�q&�rg-�tg-eI�*`bs�npvfg4gI}�� `�epqd}u{¥gI}�ni��qd}+npot`�}5w�{�c5�bnp`b~5�bgQ`��fgI}�np`��-ot����ot}u�5{�oUepÆzw�ot}5��w(gI}uw(qteieNot}uatgIw�oUepg
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