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T
Ý+Þ Ó6ßUàCá Þ�ârãdÞ3äåäUÞ�æJÞCç6èJéUê_Þ ß¶ë è�ì ß�í ê_Þ áTÓ6à ârç ë Þ à Ý ß èJç�èJî Ó Þ3ã|Ý0â�æ�Þ�î�Þ ß Þ á â ë Þ3äïì1è á â�ì1Þ�ðñ Þ�â á ã3òbÝ í îJÞ�æ�èJç í ê_Þ3ã�è�ì�äUâ ë â+ò0ð�Ý Ó�à Ý à â ß�à è ß+à Þ�ârç í ãTÞCì í ç Ó6ß ì1è á êLâ ë-Ó è ß ì1è á)ë ÝUÞ�è á îJâÄóßUÓ�ô â ëdÓ è ß ã°ð�Ý Ó6à Ý�é á è�ä íUà Þ3ä ë ÝUÞCê�õUö)Ý Ó ã�ã Ó\ë-í â ëdÓ è ß îJâÍæ�Þ áTÓ ãTÞ ë èLâ~÷UÞ3ç6äqè�ì�Þ Ò éUç�è á â ëdÓ è ßnøUë ÝUÞù ß èÍð�ç6ÞCäUîJÞ_ä Ó ã à èÍæJÞ áTñpÓ6ß ä0â ë â>ú0â�ãdÞCã�â�ç�ãdè à ârç6ç6ÞCänä0â ë âjê Ó6ßUÓ�ß îUõbö)ÝUÞLäUâ ë â>ê Ó6ßUÓ�ß î>é á è à ÞCãdãÓ6ß ä Ó6à â ë ÞCã ë ÝUÞ ß è ß è�ú�æ Ó è í ã�é á è à ÞCãdã�èrì
Þ Ò�ëdá â à�ë-Ó6ß î Ó êLéUç Ó6àCÓ�ëPÓ�ß ì1è á ê%â ëdÓ è ß ã3ò+é á ÞCæ Ó è í ãdç ñqíUß ùJóß èÍð ß â ß äjébè ë Þ ß¶ë-Ó â�ç6ç ñ_í ãdÞ�ì í ç�Ý Ó äUä+Þ ßjÓ6ß¶ë è ë ÝUÞ`ä0â ë â�õ

û ã ë â ß ä0â á ä�ù ß èÍð�ç6Þ3ä+îJÞ%ä Ó ã à è�æ�Þ á�ñ é á è à Þ3ãTã Ó�ßUà ç í äUÞ3ãe÷Uæ�Þ%ã ë Þ3é+ã ø ä0â ë âjãTÞ3ç6Þ àCëdÓ è ß òuäUâ ë âé á Þ3é á è à Þ3ãdã Ó6ß î+ò�ä0â ë â ë-á â ß ã�ì1è á êLâ ë-Ó è ß ò�ä0â ë â�ê Ó6ßUÓ�ß î�â ß ä}÷ ß ârç6ç ñ Þ�ærâ�ç í â ë-Ó è ß è�ì ë ÝUÞPÞ Ò�ëdá â à�ë Þ3äù ß èÍð�ç6ÞCäUîJÞ�õ�ö)ÝUÞ�ð°è á ù�ð�Ý Ó�à Ý|ð�Þ{é á Þ3ãTÞ ß¶ë�Ó6ßLë Ý Ó ã ë Ý+Þ3ã Ó ã3ò�ì1è àCí ãdÞCã)è ß ä0â ë â}ê Ó6ßUÓ�ß î`ã ë Þ3évõ+ü�Þâ á Þ Ó6ß¶ë Þ á Þ3ã ë ÞCä Ó�ß â�ù Ó�ß äqè�ì Ó�ß ì1è á ê%â ëdÓ è ß Þ Ò é á Þ3ãTãdÞ3ä�â�ã�â~äUÞ3éfÞ ß ä+Þ ßUà�ñ�áTí ç6Þrõ û äUÞCébÞ ß äUÞ ßUàCñádí ç6Þ Ó ã`â à è ß ä Ó�ë-Ó è ß â�ç Ó ê_éUç Ó�à â ëdÓ è ß úfÞ ë ð°Þ3Þ ß ãdÞ ë ã`è�ì�â ëdëdádÓ ú í+ë ÞCã{èÍæJÞ á`ë ÝUÞ~ä0â ë â>ãdÞ ë â ß ä ë ÝUÞÓ6ß¶ë Þ á ÞCã ëdÓ6ß î ß Þ3ãdã�è�ì
â ádí ç6Þ Ó ã á ÞCç â ë Þ3ä ë è Ó�ë ã�é á Þ àCÓ ã Ó è ß ò Ó\ë ã à èJêLé á Þ3Ý+Þ ß ã Ó ú Ó ç Ó�ëýñ ò Ó�ë ã í+ë-Ó ç Ó�ëýñ ò Ó\ë ãâ�é ëdÓ�ëdí äUÞ ë è�ã íUá é áTÓ ãTÞ ë ÝUÞ`Þ ß ä�ó í ãTÞ á õÇü�Þ à è�êLé0â á Þ ë Ý+Þ Ó�ß¶ë Þ á Þ3ã ë)ë è ë ÝUÞ`þ í â�ç Ó�ëýñ è�ì ë ÝUÞ ádí ç6Þ3ãCõÿ Ò�Ó ã ëdÓ6ß î_ð�è á ù�ã á Þ3ç â ë Þ3ä ë èLêLÞ3â�ã íUá Þ3ãZè�ì�äUÞCébÞ ß äUÞ ß+àCñ�áTí ç6ÞCãZþ í ârç Ó�ëýñ>ë Þ ß ä�ì1è á)ë ÝUÞ�ê%â��Tè ádÓ�ëýñë è]é á è�æ Ó äUÞ�ì1è á êLâ�ç Ó�ô â ëdÓ è ß è�ìvê_Þ�â�ã íUá ÞCã3õ�ö)ÝUÞZé íUá éfèJãTÞZè�ìlã ë â ß ä0â á ä%ä0â ë â`ê Ó�ßUÓ6ß î`ârç6îJè áTÓ�ë ÝUêLãÓ ãZîJÞ ß Þ á ârç6ç ñ>ë èL÷ ß ä ë ÝUÞ�úfÞ3ã ë ê_è�ä+Þ3ç è á é0â ëdë Þ ádß õ��0è á Þ Ò â�ê_éUç6Þròlâ%ä+Þ à3Ó ã Ó è ß�ëdá Þ3Þ Ó6ß ä í+àCë-Ó è ßâ�ç�îJè ádÓ\ë ÝUê îJÞ ß Þ á â ë Þ3ã ë ÝUÞPúfÞ3ã ë
à ç ârãdã Ó ÷0Þ á è ß�ë Ý+ÞPä0â ë â�ú ñ}à ÝUè�èJã Ó6ß î{ì1è á Þ�â à Ý~ç�ÞCæ�Þ3ç+èrì ë ÝUÞ ëdá ÞCÞ�òë Ý+ÞZê_èJã ë ä Ó ã àCádÓ ê Ó6ß â ë-Ó�ß îeâ ëTë-ádÓ ú í+ë Þ�õ�� ß_ë ÝUÞ�é á è à ÞCãdã°è�ìuâ�ãTãdè à3Ó â ë-Ó è ß�ádí ç�Þ�Þ Ò�ë-á â àCë-Ó è ß ò�â`ã ë â ß óä0â á ä�â�ç6î�è ádÓ\ë ÝUê ë Þ ß ä+ã ë è à â ádáTñ è í+ë â ß Þ Ò Ý0â í ã ëdÓ æJÞ à è íUá ãdÞ)è�ì ë ÝUÞPãdéUâ à Þ)è�ì á Þ3ãdÞ3â ádà Ý Ó�ß è á ä+Þ áë è á Þ ë â Ó�ß è ß ç ñ|ë ÝUÞ ádí ç�Þ3ã�é á èÍæ Ó ä Ó�ß î ë ÝUÞ]úfÞ3ã ë äUÞCã à3áTÓ é ëdÓ è ß è�ì ë ÝUÞ]ä0â ë â_ãTÞ ë õ�� ß ì«â àCë ò0úfÞ3Ý Ó6ß äë Ý+Þ3ãdÞ ë ð°è�é á è à Þ3ãTãdÞCã3ò ë ÝUÞ á Þ Ó ãXâ ß è�é ë-Ó ê Ó�ô â ëdÓ è ß é á è�úUç6ÞCê ð�Ý Ó�à Ý Ó ã ß è ë Þ Ò é+ç Ó6àCÓ�ë ç ñ Þ Ò é á Þ3ãdãTÞ3ävõ
ö)ÝUÞeä0â ë â}ê Ó6ßUÓ�ß î`é á è à ÞCãdã à è ß ã Ó äUÞ á Þ3äqâ àCà è á ä Ó6ß î ë è ë Ý Ó ã°ébè Ó�ß¶ë è�ìuæ Ó ÞCð à è ß ã ë-Ó\ë-í+ë Þ3ã ë ÝUÞÞ3ãTãdÞ ßUà ÞLè�ì è íUá â�éUé á è¶â à Ývõlö)Ý Ó ã`è ß Þ Ó ãeÞ Ò éfÞ ádÓ êLÞ ß¶ë â�ç�â ß änð�Þ à è ß ã Ó ä+Þ áeÓ6ß¶ë Þ á ÞCã ëdÓ6ß î ß Þ3ãdã`è�ìäUÞCébÞ ß äUÞ ß+àCñ ádí ç�Þ3ã_â�ã�úbÞ Ó6ß î�âpé á èJú+ç6Þ3ê è�ì{èJé ë-Ó ê Ó6ô â ë-Ó è ß õ�ö)ÝUÞ Ó6ß¶ë Þ á ÞCã ë-Ó�ß î ß ÞCãdãLè�ì{â ádí ç6ÞÓ ã�þ í â ß¶ëdÓ ÷0ÞCä ú ñÁë Ý+Þ�ê_Þ�â ß è�ì{â�ê_Þ�ârã íUá Þjè á ânãTÞ ë è�ì{ê_Þ�â�ã íUá ÞCã3õ�� ß äUÞCÞ3ävò Ó\ë â ádÓ ãdÞ3ã ë Ý0â ëë Ý+Þ3ãdÞLêLÞ3â�ã í+á Þ3ã�Ý0â�æJÞ%â�ä Ó	� Þ á Þ ß¶ë úbÞCÝ0â�æ Ó è á â àCà è á ä Ó6ß î ë è ë ÝUÞ_ä0â ë â�ãTÞ ë�Ó6ß æJèJç\æJÞCävò�â ß ä�ãTèUòâ ß â ß ârç ñ�ë-Ó�à â�çlâ�éUé á è¶â à Ý Ó ã ß è ë Þ3â�ã Ó ç ñ ébè�ãdã Ó úUç6ÞrõUö)Ý í ã3òÇã Ó6ßUà Þ`ð°Þ à è ß ã Ó ä+Þ á)ë ÝUÞeäUâ ë â~ê Ó6ßUÓ�ß îé á è à Þ3ãdã íUß äUÞ á{ë ÝUÞ�â ß îJç�Þ}è�ì èJé ë-Ó ê Ó6ô â ë-Ó è ß ò Ó\ë{Ó ã ß Þ à Þ3ãdãdâ áTñnë è>ã ëdí ä ñtë ÝUÞ~ãdÞ3â ádà Ý�ãdéUâ à Þ Ó�ß óä íUà Þ3ä�ú ñ ê_Þ�â�ã íUá ÞCã`â�ã{ð�ÞCç6ç�ârãeãdÞ�â ádà Ý�â�ç6îJè ádÓ�ë ÝUê_ãZârãdãdè à3Ó â ë ÞCänð Ó�ë Ý ë ÝUÞ�â ß ârç ñ ã Ó ã{è�ì ë ÝUÞCãdÞãdéUâ à ÞCã3õ�
�è á Þ3èÍæ�Þ á ò Ó�ë â�ç6ãTè�â áTÓ ãdÞCã ë Ý0â ë ãTèJê_Þ�è�ì ë ÝUÞ3ãTÞeêLÞ3â�ã í+á Þ3ãCò�ð�ÝUÞ ß|ë ÝUÞ ñ â á Þ à è ß ã Ó äUÞ á Þ3äã Ó ê í ç ë â ß ÞCè í ãTç ñ òré á ÞCãdÞ ß�ë â ß¶ë ârîJè ßUÓ ãdê_ã
� ë Ý í ãXèJú ë â Ó�ßUÓ6ß î�� ë ÝUÞ��)úfÞ3ã ë°áTí ç6Þ Ó ã ß è ë éfèJãdã Ó úUç�Þ�â ß äÓ�ë}Ó ã ß Þ à Þ3ãdãdâ áTñ�ë è à è ß ã Ó äUÞ á â�ãdÞ ë è�ì�îJè�è�ä ë-á â�äUÞ3è � ãCõ�ü�Þ|é á ÞCãdÞ ß�ë�Ó�ß�ë Ý Ó ã ë ÝUÞ3ã Ó ãCò�ãdÞ�æJÞ á â�çâ�éUé á è¶â à Ý+Þ3ã{ârç6ç6èÍð Ó�ß î ë è_Ý Ó îJÝUç Ó îJÝ ë)à Ý0â á â àCë Þ áTÓ ã ëdÓ6à ã á Þ3ç â ë Þ3ä ë è_ãdÞ3â ádà Ý�ãdé0â à Þ3ã�â ß äqð�Þ�ú ádÓ�ß îãdè�ç í+ëdÓ è ß ãZú ñtë Ý+Þ~êLÞ3â ß è�ì ë Ý+Þ~ÞCæJè�ç í+ëdÓ è ß â áTñ â�éUé á è¶â à Ývõ�� í+á èJú��TÞ àCë-Ó æJÞ Ó ã ë Ý í ã ë è>Þ Ò�ë-á â àCëádí ç6Þ�ú0â�ãTÞ3ä%ê_è�äUÞ3ç�ã à è ß¶ë â Ó6ßUÓ�ß îeäUÞ3éfÞ ß äUÞ ßUà�ñ%áTí ç6ÞCãXú ñ~ë ÝUÞ�êLÞ3â ß èrìlä0â ë â`ê Ó�ßUÓ6ß î`ârç6îJè áTÓ�ë ÝUêLãâ�úUç�Þ ë è{èJé ëdÓ ê Ó6ô Þ°âZã Ó6ß îJç6Þ êLÞ3â�ã í+á ÞPè á âZãTÞ ë è�ìÇþ í ârç Ó�ëýñ ê_Þ�ârã íUá Þ3ã3õÄü�Þ�ä Ó6á Þ àCë Þ3ä�è íUá ãTÞ3ç�æ�Þ3ã ë èróð�â á äUã
â ß Þ�æJèJç í+ë-Ó è ß â á�ñ â�éUé á è¶â à Ý~â ß ä Ó6ß é0â áTëdÓ6àCí ç â ávë èÍðPâ á äUã ë ÝUÞ�îJÞ ß Þ ëdÓ6à â�ç6îJè ádÓ�ë ÝUê_ãlð�Ý Ó6à Ý
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Optimisation

Fouille de données
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ßBè�à�ë<Ýaìcà�è�àO÷Eõcâ}íKÝa÷aíKì�àOÝ���� êW÷5è�à^íKÝaàæåcÝ¯ö�è�á^íOÝWááOã�ìcá�þÇÝWäcá^ÝWôHòcë-ÝWátåcÝWátÝWáOßcè�÷WÝaá�åcÝ�à^ÝW÷EõcÝaàO÷EõcÝ�ÝWäÅßcà^êWá^ÝWäc÷aÝ¨Ýaí���å�Ý�çIè�â}í���à^â<áOømìcÝaäMí�å1Ü�êWë-â<ô�â<äcÝaàåcÝaá�à^ïWð,ë-ÝWá��Vâ<äMíKêaàOÝaáOáKè�ämíOÝWá
	�áOÝWë-ã,ä¯å1Ürè�ì�íKà^ÝWá�÷Wà^â-íOïWàOÝaá�ã,ò?ù^ÝW÷�íKâ}ç´á@îIå1Ü�â<äMíKêaà���í3ßcè�à�Ý�Þ9ÝWô�ßcë-ÝLñpã,ìáOÝaë<ã,ä åcÝaát÷aàOâ}íKïWà^ÝWáVá^ìcò?ù^ÝW÷�íKâ}ç´átÝ¢Þ�ß�àOâ<ô�êWáVßcè�à ëYÜ�ì�íKâ-ë<â<áOè�íKÝaìcàWû�
�ä Ý���Ýaí���á^â�ëYÜ�ã,ä ÷Wã,ä�áOâ<å�ïWàOÝ¯ë-ÝWáè�ë-ð,ã,àOâ}íKõcô�ÝWá�å1Ü�â<äcå�ìc÷aíOâ<ã,ä¨åDÜ�è�à^òcàOÝaá�åcÝVåcêa÷Wâ<á^â<ã,ä�å�êWàOâ}ö,êaá�åcÝVëYÜrè�ë<ð�ã,àOâ}íKõcô�Ý����cû������|ìcâ-ä��������1â-ëáWÜrè�ð,â}í��7÷Wã,ô�ô�Ý%äcã�ìcá�ëYÜrè5ö,ã,ä�á�êaö�ã9ømìcê�ßcà^êW÷aêWåcÝaôtô�ÝWäMí���åcÝ�ßBè�à^íKâ}íKâ-ã,äcäcÝaà"ëXÜrÝaáOßBè�÷aÝ�åcÝ%àOÝW÷Eõ�ÝWàO÷Eõ�ÝáOÝaë<ã,ä>ë<ÝWá�è�íOíOàOâ<ò�ì�íKá"ë<ÝWá"ßcë<ì�á�åcâ<á^÷Wà^â<ô�â<äBè�äMíOáWû! �â-äcáOâ���åcè�äcá�ëXÜrõ#"?ß�ã�íKõcïaáOÝ�ã�$Hå�ÝWá�àOïað,ë<Ýaá�÷aã,ì�ö?àKè�äMíßTÝWì
å1ÜrÝ¢Þ9ÝWô�ßcë<Ýaá�á^ã,äMí�à^ÝW÷EõcÝaàO÷EõcêaÝWá��D÷WÝ�í%"?ßTÝ@åDÜ�è�ë-ð,ã,à^â-íKõ�ôtÝ3ä1ÜrÝaá^í3ßBè�á�ÝWä
ô�ÝWáOì�àOÝ�å1Ürè�ßcßTã,à^íOÝWàìcäcÝ á^ã,ë<ì�íOâ<ã,ä è�åcêWømìBè�íOÝ êaíEè�ämí@åcã�äcäcê ømìcÝt÷aÝaí^íKÝ ÷5è�íOêWð,ã�àOâ<ÝVå�ÝVàOïWð�ë<ÝWá�Ýaá^í@áOã,ì9ö,ÝWäMí�êWë-â<ô�â<äcêaÝåBè�ä�á�ë<è¯ß�õBè�áOÝ å1Ü�êWë<è�ðMè�ð�Ý�û'&"ã�ìcà�ë<ÝWì�à@ßcè�à^í��*ë<ÝWá@è�ë-ð,ã,à^â-íKõ�ôtÝaá3ç´ã,äcå�êWá@áOìcà@ëóè�òBè�á^Ý åcÝtëXÜ�è�ë<ð,ã�þàOâ}íKõcô�Ý�(*),+'-/.0+'-'�1 �ð�àKè������cßcà^ã9÷aïWåcÝaäMí�ÝWäVåcÝaì9Þ>êaíEè�ß�Ýaá�åcã,äMí�ë<è3ßcà^ÝWô�â<ïWà^Ý�è�ßTã,ìcà"ã,ò?ù^Ýa÷aíKâ}çBåcÝ2 ë}íKàOÝaà�ë<Ýaá�àOïað,ë<Ýaá�áOÝaë<ã,ä�ë-ÝWìcà�ö�è�ë<Ýaìcà�åcÝ4305#6�687:9:;¢û=<�Ý|çIè�â}í��m÷WÝa÷Wâ*êa÷5è�à�íKÝ|êaðMè�ë<ÝaôtÝaäMí�ìcä�÷WÝaà^íKè�â<ääcã,ô>òcàOÝ�åcÝ@àOïað,ë<Ýaá�ømìcâ*ß�ã�ì�ö�è�â<Ýaämí�á^Ý�à^êaö�êWë<Ýaà>�Vâ-äMíKêWà^ÝWá^áKè�äMíKÝaá?	�áOÝaë<ã,ä¯ìcä�è�ì�íOàOÝ�÷Wà^â-íKïaàOÝ�û@ ã,ìcà^äcâ<à"å1Ürì�äcÝ�ßBè�à�í�ìcäVô�ã9åcïaë<Ý%åcÝWá�ßcë-ìcá�ßcà^êW÷aâ<á�Ý�í�å1Ü�è�ì�íKà^Ý�ßBè�à�í�â<äMíKêaàOÝaáOáKè�ämí��,äcÝ�á^ã,äMí�ßBè�á�ë-ÝWááOÝaìcë<Ýaá|ømìBè�ë-â-íKêaá|è�í^íKÝaäcåcìcÝaá�å1Ürì�ä�è�ë<ð�ã,àOâ}íKõcô�Ý�å1ÜrÝ¢Þ?íKàKè�÷aíKâ-ã,ä¨åcÝ>÷Wã,äcäcè�â<á^áKè�äc÷aÝWáaû*Û�Ürì�íOâ<ë-â<áKè7íKÝWì�àåcã,â}í@ß�ã,ì9ö,ã,â-à�çIè�÷Wâ<ë-ÝWô�ÝWäMí@â<äMíKÝaàOßcà^êaíOÝWà@ë<ÝWá@àOêaáOìcë}íEè�íOáWû' �â-äcáOâ��*ã,ä�à^ÝW÷EõcÝaàO÷EõcÝ�ß�ë<ì�í�A�í@åcÝWá>è�ë<ð,ã7þàOâ}íKõcô�ÝWá�ç´ã,ì�àOäcâ-áOáKè�ämípåcÝWá%ôtã?åcïaë<ÝWá�ë-â<áOâ-òcë<ÝaáWûB�pÝaß�ÝaäcåBè�äMí���ÝWätç´ã,ìcâ<ë-ë<Ý�åcÝ�åcã,ä�äcêWÝaá���ã�äæ÷Wã�äcá^íKè�íKÝë<Ý�çIè�â-í�áOì�â-ö�è�äMíDCMßcë<ìcá�ìcä�ô�ã9åcïaë<Ý�Ýaá^í%ë<â<á^â<òcë-Ý��7ôtã�â<äcá�ëXÜ�è�ë-ð,ã,à^â-íKõ�ôtÝ�ømìcâ{ë<Ý�ç´ã,ìcà^äcâ-í�Ýaá^í%àOã,ò�ìcá^íOÝ�û


�ä�å1Ürè�ì�íOàOÝWá�íKÝaàOô�ÝWá��?ìcä�è�ë<ð,ã,à^â-íOõcôtÝpàOã,òcì�á^íKÝ|è@íKÝaäcåBè�ä�÷WÝE��ð,êWäcêaàOÝaàpìcä�ô�ã?åcïWë-Ý�ßTÝWìæë<â<á^â<òcë-Ý�û
��Ü�ÝWá^í�ë<Ý�÷5è�á�ßBè�à�Ý�Þ9Ýaôtßcë-Ý�å�ÝWá�àOêWá^Ý5è�ì?Þ¨åcÝ@äcÝaìcàOã,ä�ÝWá�ømìcâ�áOã�ämí�àOÝa÷Wã,äcämìcá3÷Wã,ô�ô�Ý@ê�íEè�äMí3ìcäcÝåcÝaá�÷5è�íOêWð,ã,à^â<Ýaá�å1Ürè�ë<ð,ã�àOâ-íOõcô�ÝWápë-ÝWá�ß�ë<ìcá�à^ã,òcìcá�íKÝaá��Bôtè�â<á%ë<ÝWápôtã?åcïWë-ÝWá�Ýaäcð,ÝaäcåcàOêaá�ßBè�á�÷aÝ�òcâóè�â-ááOã�ämí�íOàOïWá�ßTÝWì
ë<â-áOâ<ò�ë<ÝWáaûF ä�è�ì9íKàOÝ�ß�àOã,òcë-ïWô�Ý�÷Wã�äc÷WÝaàOäcÝ�ëYÜ�â<äMíOÝWàKè�÷aíKâ-ã,äHÝaämíOàOÝ�è�í^íKàOâ-òcì�íOáWû#�pÝ�í�è�áOßTÝW÷�í�ÝWá^í�÷aàOìc÷aâóè�ë�ë<ã,à^áOømìcÝë<Ýaá�åcã�äcäcêWÝaá�áOã,äMí3ç´ã,à^íOÝWô�ÝWäMí|÷aã,àOà^êWë<êaÝWá��D÷5è�à�ë<Ýaá|è�ë-ð,ã,à^â-íKõ�ôtÝaá�á�íEè�ä�åBè�àOå�á|ð,êWä�ïWàOÝaäMí�è�ë<ã�àOá�åcÝWáô�ã9åcïaë<Ýaá�÷Wã,äcá�íKâ}íKìcêaá�åDÜrìcä¯íKà^ã,ß¯ð,àKè�äcå�ä�ã,ôHòcà^Ý�åcÝ�àOïWð�ë<ÝWá�ßTã,ìcà�ëXÜrì�íOâ<ë-â<áKè7íKÝWì�àWû

�ä 2 äG��ß�Ýaì�å1Ürè�ë<ð,ã�àOâ-íOõcô�ÝWá�ÝWä¨ç´ã,ì�â<ë<ë-Ý�åcÝHåcã�äcäcêWÝaá�áOã,äMíE�æôH�aôtÝ�åcÝHßTã,ì�ö�ã,â<à�÷Wã,ä�áOâ<å�êWàOÝaà|áOâ¾þôHìcë}íEè�ä�êWô�ÝWäMí�ßcë-ìcáOâ-ÝWìcà^ápô�ÝWá^ìcàOÝaá�åcÝ|ømìBè�ë-â-íKê3åcÝWápàOïWð�ë<ÝWá���÷aÝ|ß�ã�â<äMí�Ýaá^í�äcêWè�äcô�ã,â<ä�ápÝWá^áOÝaämíOâ<ÝaëYû
 2 ä°åDÜ�è�ß�ß�ã,à�íKÝaà|åcÝWá�á^ã,ë<ì9íKâ<ã�äcáE��÷aÝWá@è�áOßTÝW÷�íKá��1äcã,ìcá�ä�ã,ìcá�áOã�ôtô�ÝWá|ã�àOâ<ÝaäMíKêWá3ö,ÝWà^á�ë<ÝWá|è�ë<ð,ã7þàOâ}íKõcô�ÝWá�ê�ö,ã,ë-ì�íKâ-ã,äcäBè�â-àOÝaáWûJI�ã,ìcá@ßcàOêaáOÝWäMíOã,äcá>åcè�äcá@ëóè�áOÝa÷aíKâ-ã,ä�á^ìcâ-ö�è�äMíOÝ��*ë<Ýaá@è�ßcßcà^ã9÷EõcÝaá>ømìcÝäcã,ì�á�èLö�ã,äcá�÷Eõcã�â<áOâ-ÝWá�åcè�äcá�ë<Ý�÷Wã,äMíKÝ¢Þ?íKÝ�åcÝ�ë<è�ç´ã,ìcâ-ë<ë<Ý�åcÝ|å�ã,äcäcêaÝWá�Ýaí�á^ÝWë-ã,ä�ëóè>ß�àOã,òcë-êWôtè�íKâ-ømìcÝømìcÝ@äcã,ìcá�ö,Ýaäcã,äcá�åcÝ�ßcà^êWáOÝaäMíKÝWàaû
K�LNM O P4Q'RTSEU4Q'RTPWVYX[Z,Q]\�PWV^QJ_`R�acbdQ'R�P>VYX

@ è�÷WÝ è�ì?Þ�äcã,ô>òcàOÝaìcáOÝaá@ô�ÝWá^ìcàOÝaá�åcÝVømìBè�ë<â}íKê�ßcàOã,ßTã,á^êWÝWá�Ý�í���ëóè�äcêa÷WÝWá^áOâ}íKê å1Ü�ã,ò�íKÝaäcâ<à�åcÝWáô�ã9åcïaë<Ýaá%ë-ÝWápß�ë<ìcá%ßcàOêa÷Wâ<á%ÝaípáOìcà�íKã,ì�ípë<Ýaápßcë-ìcápâ-ämíOêWà^ÝWáOáOè�äMíKá��câ<ë{÷Wã�ämö?â-ÝWäMí�å1Ü�êaíOìcåcâ-ÝWà�Ý�í�åcÝ3÷Wã,ôVþ
�
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«�¬�­a®<¯(°�­<±X² ³R´-±0µ�¯(¶B°�­c·I«�±a¸I¹[¹[®a°_ºz«X®�´_«0±�°/»I¼�½B®AºU¯"­<°/½(»[±j°/»r¸I­a°/´_«0±�½B¸U«X»[¾0½B®A«q®a«X·[½B»[·[¯(»>­<«0±c«X­
·[«q­a®<¯(»I±A¼�½B®Aºz«X®c´/«X±l¾0½(»[»#¯(°_±a±<¯*»[¾0«X±M°_»>­<¿0®A«0±A±<¯(»>­<«X±y«0»�¾0½B»I»#¯(°/±A±<¯(»I¾0«0±y¾X½Bºz¹I®a¿0ÀI«0»[±A°/Á[´_«0±
¹#¯*®�´Dµ�¸I­a°/´_°/±<¯"­<«0¸I®ÃÂ#»#¯*´E²rÄÅ¾0«�±]­�¯(·I«(Ær¸[»4®A«X­<½(¸[®�¯(¸�¬U¯(¸I­a®a«0±�¿X­<¯(¹-«0±�«0±A­c¹h½(±a±a°_Á[´/«*²rÇ�¿0¯(»�È
º�½B°/»I±0Æ|¼�½B®a¾X«U«0±]­}·[«4¾X½B»[±A­<¯*­<«X®2Ér¸[«4´/«U¾�À[½B°�¬Ê·[«4´Dµ�¿5­�¯(¹-«4ËÌ´/¯(Ér¸[«0´_´/«�®a«5­<½B¸[®A»[«0®�»�µ�«X±A­
¹#¯*±2¯(°/±A¿(²ÃÍk¯(®J¾0½B»I±a¿0Ér¸[«X»>­�ÆP¾0«5­a­a«:¾0°/»IÉ ¸I°/Î0º�«�¿X­�¯*¹h«4«X±A­2±A½B¸IÏ(«0»>­}´�¯�¹[´/¸[±�·[°_Ð�¾0°_´/«}«0»
¹[®a¯*­<°_Ér¸[«(²

Ñ «0±�¿5­�¯(¹-«0±J®a«X´�¯*­a°_ÏB«X±�¯*¸Ê¹[®A¿5È8­a®<¯(°�­<«Xºz«X»r­H«5­�Ë�´�¯:­<®<¯*»[±A¼�½B®AºU¯"­<°/½(»,·I«0±JÏ*¯(®A°�¯(ÁI´/«0±G®A«0¹[®A¿5È
±a«X»>­<«0»>­�´�¯2¹[À#¯*±a«G·[«G¹[®a¿X¹#¯(®a¯*­<°_½B»�·[«0±y·[½B»I»[¿0«X±0²

Ñ «�º�«0°_´/´_«0®Hºz½=ÒB«X»Ó·[«�¾0®a¿X«0®}¸[»Óº�½�·[ÎX´/«4«X±A­}·[«�®A«0¾�À[«X®a¾�À[«X®z·#¯*»[±}´/«4¹#¯*±a±a¿�·[«X±2¿XÏB¿X»[«5È
º�«0»>­<±q±A°/º�°/´/¯(°/®A«0±0²#³R´�¼C¯(¸I­�·[½B»[¾�¾X½B»[±]­<°_­a¸[«0®XÆ�Ë4¹#¯*®A­<°_®�·I«�´�¯Uº�¿0º�½B°_®a«H·[«�´Eµ�«0»>­a®a«0¹I®a°/±A«(Æh¾0«X­A­<«
Á#¯(±A«�·�µ�°/»I¼�½(®aºz¯*­<°_½B»[±�Ér¸[°k¹-«0®Aºz«5­q·[«J¾0½B»I±A­<®A¸[°/®A«�´_«Jº�½�·IÎ0´/«*² Ñ ¯z®a¿0¾X¸[¹-¿0®<¯"­<°/½(»Ì·[«0±�·[½B»[»I¿0«0±
¹-«0¸I­�Ô5­<®a«y¹[´_¸[±P½B¸}º�½B°/»[±�¼C¯(¾0°_´/°�­<¿0«�¹#¯(®P´_«0±j­<«X¾�À[»[½B´_½B¶B°_«0±j«X»z¹[´/¯(¾0«kÕB«0»}¹#¯(®]­<°_¾0¸[´_°/«0®Ã´Eµ�«5¬�°/±]­<«X»[¾0«
·�µ�¸[»�«0»>­<®A«0¹-Ö(­M·[«G·[½B»[»[¿X«0±M«0±]­�°_ºz¹-½B®A­<¯(»>­<«*²
Ñ ¯�¹[®A«0º�°/ÎX®a«�¹[À#¯(±A«4·[«U±A¿0´_«0¾X­a°/½B»×¾0½B»I±A­<°�­<¸[«*Æ|´/½B®A±aÉr¸[«U´_«0±H±AÒ ±A­aÎ0º�«0±2°_»I¼�½B®aºz¯*­a°/Ér¸[«0±�±A½B¸[®A¾0«0±
±a½(»r­�¹-«0¸�·[½ ¾0¸[º�«0»>­<¿X±�«5­�À[¿X­a¿0®a½(¶BÎ0»[«X±0Ær¸[»[«M¾�À#¯(®A¶B«y·[«�­<®a¯=Ï*¯(°_´[¾0½(»[±a°_·[¿0®a¯(Á[´/«�Ér¸[°Ø¹-«0¸I­�®A«0¹[®A¿5È
±a«X»>­<«0®�ÙA¸[±aÉr¸�µ�Ë4ÚBÛ>ÜÝ·I«�´�¯}¾�À#¯(®A¶B«�·I«J­<®a¯�Ï(¯*°/´O¶B´_½BÁ#¯(´_«�·[¸Ì¹[®A½�¾X«0±a±A¸[±q·[«H¼�½B¸[°_´/´/«�·I«J·[½(»[»[¿0«X±0²
Þ «�¹[´_¸[±0Æ ¾0«X®A­<¯(°/»[«X±�¿X­a¸[·[«0±�»I¿0¾0«X±a±A°_­<«X»>­y´Eµ�½B®a¶>¯*»[°/±a¯*­<°_½B»z·%µ�¸[»�¹[´/¯(»4·[«�¾0½B´_´/«0¾5­<«�·[«0±�·[½(»[»[¿0«X±�ß
«0»>­a®a«X­a°/«X»[±lÉr¸#¯(´_°_­�¯"­<°_¼�±XÆB¾0®A¿�¯*­a°/½B»z·[«�¹I®a½B¶B®a¯(º�ºz«X±�¹-½B¸[®�àJ°/»>­a«0®a¾X«0¹I­a«0®láz·[«0±c·[½B»[»[¿X«0±lÉr¸[°-»[«
¼�½B»>­�Ér¸[«�àz­a®<¯(»I±a°_­a«0®Gáâ·[¯(»[±q´_«�±AÒ ±]­<Î0º�«2·�µ�°/»I¼�½(®aºz¯*­<°_½B»[±0²-ãØ¯(¾X«�¯(¸�±A«0»>­<°_ºz«X»r­q·[«�¹-«0®A­a«�·[«
­<«Xºz¹I±J«5­�·�µ�°/»r¸I­a°/´_°_­<¿�¿0¹[®A½B¸IÏB¿z¹#¯(®G´/«X±4à�¾0´_°/«0»>­a±�á�·[¸Ê¹I®a½"ÙA«5­J¼�½B¸I°/´/´_«�·[«�·[½B»[»I¿0«0±J¹h«X»[·#¯(»>­
¾0«5­a­a«�¿X­<¯(¹h«*Æh´_«J®A«0±A¹h½B»I±<¯(Á[´_«�·[¸â¹[®a½"ÙA«5­q·[½(°_­�ºz«5­a­<®A«�«X»ÌäG¸IÏ ®a«�¸[»I«�¹-½B´/°�­<°/Ér¸[«G·�µ�¯(»[°_ºU¯"­<°/½(»
«X­M·[«G±A¸[°_Ï °O·[«G´�¯�¾X½B´/´_«0¾5­<«(²
Ñ «�¹[®a½ ¾0«X±a±a¸I±jÉr¸[«�»I½B¸[±|ÏB«0»I½B»[±k·I«�·I¿0¾0®A°/®A«�«X±A­Ã¶B´/½BÁ[¯(´/«Xºz«X»r­�´/«Pº�Ô0º�«�Ér¸[«X´/Ér¸[«�±a½B°�­�´/«j­RÒ ¹h«�·[«
º�½�·[ÎX´/«MË�·[¿X¾0½B¸�Ï�®A°/®XÆ�½B¸z«0»4·%µå¯(¸�­<®a«X±c­<«X®aº�«0±XÆ�Ér¸[«X´/Ér¸[«�±A½B°_­�´�¯�­�æ*¾�À[«q¾0½(»[±a°_·[¿0®A¿0«(² Ñ ¯J±a«X¾X­a°/½B»
±a¸I°_Ï*¯(»>­<«�·[½(»[»[«�¸[»[«y¹[®A¿0±A«0»>­�¯*­a°/½B»}·[¿5­�¯(°_´/´_¿0«c·I«0±P­�æ(¾�ÀI«0±�·[«�¹[®A¿0·[°_¾X­<°_½B»2«X­�·I«�·[«0±A¾0®a°_¹I­<°_½B»2Ér¸[°
»[½B¸I±M°_»>­<¿0®A«0±A±a«0»>­�¹h½(¸[®y´Eµ�«5¬ ­<®a¯(¾X­a°/½B»:·[«G®AÎ0¶B´_«0±y·[«G·[¿0¹-«0»I·#¯(»[¾X«(²
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Ç�½B¸I±�¹[®A¿0±A«0»>­<½B»I±l¹#¯(®]­<°/¾X¸[´/°_Î0®A«0º�«0»>­P·#¯(»I±�¾X«X­a­a«�±A«0¾5­<°/½(»�Ær´/«0±P­a«0¾�À[»[°_Ér¸[«0±�ºz°_±a«0±�«X»UäG¸IÏ ®a«
·#¯(»I±�´�¯�¹[À[¯(±a«G·�µ�«5¬ ­<®a¯(¾X­a°/½B»:¹I®a½B¹[®A«0º�«0»>­y·[°�­<«(Æ�Ér¸[°|¯(¶B°�­l±a¸I®�·[«0±�·[½(»[»[¿0«X±y»[«X­A­<½=ÒB¿X«0±M«X­y¹[®A¿5È
¹#¯(®A¿0«X±0² Þ ¯(»[±k¾X«X­A­<«l¹[À[¯(±a«*Æ*´_«0±j¯*´/¶B½B®A°_­aÀ[ºz«X±Oºz°_±Ã«X»�äG¸IÏ ®a«�Ï�°_±a«X»r­PË�«5¬ ­a®<¯(°_®a«�·[°_õh¿0®A«0»>­<±k­RÒ ¹-«0±
·[«yº�½�·[ÎX´/«X±0²>ÇM½B¸[±�·[¿X­<¯(°/´_´/½B»[±Ã«0±A±a«0»>­a°/«0´_´/«Xºz«X»r­�·#¯*»[±�¾X«X­A­<«y±a«X¾X­<°_½B»�´Eµ�«5¬ ­<®a¯(¾X­a°/½B»}·[«X±�º�½�·IÎ0´/«X±
Ë2Á#¯(±A«J·[«G®AÎ0¶B´_«0±0²
Ñ «0±2±]­�¯*­a°/±A­a°/Ér¸[«X±2«X­2¹[´_¸[±2¹#¯(®]­<°_¾0¸[´_°/Î0®A«0º�«0»>­J´�¯�¼�½B¸I°/´/´_«z·I«:·[½B»[»[¿X«0±}¹-«0®aº�«X­A­<«X»r­}·%µ�«�¬I¹I´/½B®A«0®
´/«X±c®A«0´�¯"­<°/½(»[±�«X»>­<®a«�·[½B»[»[¿X«0±�¯*°/»[±A°hÉr¸[«q´_«0¸[®�°/º�¹-½B®A­<¯(»[¾0«*² Ñ ¯H¼�½B®a¾X«�·�µ�¸[»[«q®A«0´/¯*­<°_½B»z¹-«0¸�­lÔX­a®a«
¾�¯*´/¾0¸I´/¿0«�¹#¯(®Ã´/«c¾X½�«5Ð�¾0°/«X»>­P·[«l¾X½B®a®A¿0´�¯"­<°/½(»�² Ñ ¯�®a«X¾�À[«0®A¾�À[«y·[«0±P¾X½B®a®A¿0´�¯"­<°/½(»[±Ã¹-«0®Aºz«5­j·[«c·[°/±]­<°/» È
¶B¸[«X®l·#¯(»I±lÉr¸[«0´_´/«qº�«0±A¸[®a«q·I°_õh¿0®a«X»>­<±l¿X´/¿0º�«0»>­a±l°/»>­<«X®<¯(¶(°/±a±A«0»>­�² Ñ ¯�®a«0¾�ÀI«0®a¾�ÀI«H·I«q´�¯�¾0¯(¸[±A«�·[«0±
®a«X´�¯*­a°/½B»I±�«X»r­a®a«�·I«�»[½Bº�Á[®a«X¸[±a«X±qÏ(¯*®a°�¯*Á[´/«X±M«X±A­G¯*±a±a«Xö�¾0½(ºz¹[´_«5¬�«(²h÷P»�«Xõh«X­0Æ%±a°�´Eµ�½B»�¾0½B»[±A°/·[ÎX®a«
±a«X¸[´/«Xºz«X»>­P·[«0¸ ¬�Ï*¯(®a°/¯(Á[´_«0±0Æ�°_´�«X±A­�¯(±A±a«Xöl¼C¯(¾0°_´/«�·[«cÏB½(°/®k±Xµ�°_´�Ò�¯�½B¸2»[½(»�¾0½B®A®a¿X´�¯*­a°/½B»J«0»>­<®A«�«0´/´_«0±X²
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GIH�J<KML�NOLPH�J<Q5H QOR�S�TUJPTWV�XZY�H�LP[\H�]�]^H�X_]<QOH QOTa`bTUJPH�LIQOH�J?QOVMXOXOR�H�J�H�XZc�LPV�d5Y�H�J<NOKMJPR�J<J�dOL?eUH�Jf`MKgeUH�d5LPJ
QOH�JB`MKgLPThKgNOeUH�J�i�jkeUJ-J�V�X_]ZQOH�J-V�d5]^TWeUJ+YOdOTUJ�J^KMX_]PJlH�]ZKMY5YOLPR�S�TUR�JBY�V�dOLBe�mnKMY5YOLPH�X�]PTUJ�J^KMc�HoJPdOY�H�L�`pTWJPR
H�]qehKZYOL�R�QOTWS�]^TWV�XfibrsH�]P]^H+]^H�Sut5XOTUv�dOH+H�J�]sehKZYOeUd5Jqd5]PTUeWTUJPR�H"H�]sJPdOJ�S�TW]PH-eWHwY5eUdOJ9QfmxH�XOc�VMdOH�[\H�X_]%S�KML
H�eWeUHCH�J�]#YOeUd5J#J�TU[\YOeUHoH�]yYOeUdOJlLPKMYOTWQOH;vbd5HzeWH�JlLPR�JPH�KMdp{|QOH;XOH�d5LPV�XOH�JyH�]#QOV�XOXOH\QOH�Jy[\VpQ5}�eUH�J
~ KMS�TUeUH�[zH�X_]"S�V�[\YOL�R�tOH�XOJPTWNOeUH�JwYOKML"e�mxd5]^TWeUTWJ^Kg]PH�dOL�i

� TWXOJPT���eUH�Jl[zVbQO}�eUH�JlQ5HCS�ehKgJPJPTa��H�d5LlS�V�[\[zHoeUH�JZKgLPNOL�H�JZQOH;QOR�S�TUJ�TUV�X�J�m�H
{5Y5LPTU[\H�X_]#S�VM[z[\H
dOX7H�XOJ�H�[�N5eUHZQOHZLP}�c�eUH�J"QOHZS�ehKgJPJPTa��S�K�]^TUVMX�QOHZehK ~ V�LP[\H��

�f� Q5H�JPS�LPTWY5]^TWV�X7���"�;� � S�ehKgJPJPH

� X�Y�H�d5];Q5R���XOTWL;dOXOH�S�eUKMJPJ�H7d5XOTUv�dOH�V�d�QOH�J\S�ehKMJ�JPH�J\[odOeW]PTUYOeWH�J�i��+X�S�eUKMJPJ�H�dOXOTUv�dOH7�;�
KMYOY�H�eWR�HCQOH�JPS�LPTUYp]^TUVMX�QOHCS�KMLPKMS�]PR�L�TUJ�]PTUv�dOH�J��fQOVMTW]B��]^L�HCS�V�XOJ�]^L�dOTW]PH��f]^V�d5JBeUH�JlR�Sut�KMX_]PTUeUeWV�XOJlKgYp�
Y�KML�]^H�X�KMX_]���S�H�]P]PHlS�ehKgJPJPH-JPV�X_]�QOH�J%R�Sut�KgX�]PTUeWeUV�XOJqY�VMJPTW]PT ~ J�i5GIHBJ��pJ�]^}�[zHlQOVMTW]"KgeUV�L�JsS�VMXOJ�]PLPdOTWLPH
dOXOH"Q5H�JPS�LPTWY5]^TWV�XCY�VMdOL S�H�J QOH�L�XOTUH�LPJ�i�GIH�J R�Sut�KMX_]PTUeUeWV�XOJ�X5R�c_Kg]PT ~ J�JPV�X_]9eUH�J�[zH�[�NOL�H�J QOH�J�KMd5]^L�H�J
S�eUKMJPJ�H�J�if��KgLBH�{pH�[\YOeWHM��Q�KMXOJBe�m�H�X_`pTWLPV�X5XOH�[\H�X_]lKgXOTU[zKMe��5V�X�Y�H�d5]lQ5R���XOTWL-dOX5HoS�eUKMJPJ�H� zY�V�TUJ>�
JPVMX¢¡£H�];LPH�SutOH�L�SutOH�L\dOXOH�QOH�JPS�LPTUYp]^TUVMX¤QOH�S�KMLPKMS�]PR�L�TUJ�]PTUv�dOH�J���V�¥¦]PV�dOJCeWH�J�Y�V�TUJ�JPV�X5JCJPH�L�`�H�X�]
QfmxH�{pH�[\YOeWH�J�Y�VMJPTW]PT ~ J%H�]weUH�JwKMdp]^LPH�JwKMXOTU[zKMdp{§QfmxH�{pH�[\YOeWH�J�XOR�c�Kg]^T ~ J�i

� XoY�H�d5]<`�V�TWL?dOX�KML�NOLPH9QOH9QOR�S�TUJ�TUV�X#S�V�[\[\H dOXoH�XOSut�Kg¨UXOH�[\H�X_]�tOTUR�L^KML�SutOTUv�dOH9QOH9LP}�cMeUH�J<eUV��
c�TWvbd5H�J S�VMXOJ�]PLPdOTa]^H�J�QOH"[§KgXOTU}�LPH%Kgd5]^V�[zKg]PTUv�dOH%�BYOKML�]PTUL�Q�m�dOX5H"N�KMJPH"Q�m�H
{5H�[zY5eUH�J�i_�+X;H
{5H�[zY5eUH
H�J�]©S�V�XOJ�]PTW]PdORªQ�m�dOX5H�eUTWJ�]^H�Qfm�Kg]�]^LPTWNOd5]PJ���QOV�X_]zehK�`MKgeUH�d5LzQOR�]^H�LP[\TUXOH7e�m�KMYOY�KgL�]^H�X�KMXOS�H«�¬dOXOH
S�eUKMJPJ�HzQ5V�XOXOR�HMi<G?KªS�VMXOJ�]PLPdOS�]^TUVMX|QOH\e�m�KML�NOLPH;QOH\QOR�S�TUJ�TUV�X­S�VMXOJPTWJ�]^Hz�ªdp]^TUeWTUJ�H�LBeWH�J#Kg]P]PLPTWNOd5]^J��
Y�V�dOLZJPdON�QOTa`pTWJPH�L#Y5LPV�c�L�H�J�JPTW`MH�[\H�X_]�e�m�H�XOJPH�[�NOeWH\Q�m�H
{5H�[zY5eUH�J#H�X|JPV�d5J��kH�XOJPH�[�NOeWH�J#QOHzY5eUdOJZH�X
YOeWdOJ"��XOJ�i�rsH�]P]^HZ]^H�SutOXOTWvbd5HyY�H�L�[zH�]+Q5H#Q5R�]^H�LP[\TUXOH�L�eUH�JwKg]�]^L�TUNOd5]PJ"JPTWc�XOTW�OS�Kg]PT ~ J"Y�V�dOL"dOXªR�eUR
�
[\H�X_]§Q5V�XOXORgi%GIHª[\R�S�KMXOTWJP[\HªQOHªN�KMJ�H«S�VMXOJPTWJ�]^H«�|SutOVMTUJPTWL;dOX®Kg]�]^LPTWNOd5]\S�VM[z[\HªLPKMS�TWXOH7H�]
�«QOR�`�H�eUV�YOY�H�Loe�m�KMLPNOL�HzJ�H�eWV�X¦eUH�J�Kg]�]^L�TUNOd5]PJyeWH�JyYOeUdOJyJPTWc�XOTW�OS�Kg]PT ~ J�iIjke9H�{pTWJ�]^H§dOXOH©c�LPKMXOQOH\`gK��
LPTWR�]PRlQfmnKgeUc�V�L�TW]PtO[zH�J%Y�V�dOL"S�VMXOJ�]PLPdOTWLPHZQOH�J+KML�NOLPH�JwQ5HyQOR�S�TWJPTUVMXf�OV�X7S�Ta]^HlY�KML�H
{5H�[zY5eUH#r �B¯�°
± rseUKMJPJ�TW�5{5Kg]PTUV�X � XOQ ¯ H�c�L�H�J�JPTUVMX ° LPH�H�Ju²
�%r%³ � j>´ ± r%³+Tµ�kJPv�d�KgLPH�Q � d5]PV�[zKg]^TWS�jkX�]PH�LPKMS�]PTUV�X
´-H�]^H�S�]^TWV�X¶² H�]%rs·Oi¹¸bipG m�KMeUcMV�LPTa]^tO[\H"r �-¯�°»ºx¼ LPH�Th½M·M¾¶S�V�XOJ�]^LPd5TW]qdOX©KML�NOLPH�NOTWX�KMTWLPH"H�X§QOTW`bTUJPKMX_]
eUH�J�H�XOL�H�c�TWJ�]^L�H�[\H�X_]^JqKMd\XOTW`MH�KMd\QOHwSut�KMv�dOHwXO¿ZdOQ§J�H�eWV�Xzd5XOH ~ VMXOS�]PTUV�X;XOH�QOR�Y�H�XOQ�KMX_]%v�dOHwQOd
Sut�KM[\Y©QfmxH�X_]PLPR�Hg�5H�XOJPdOTa]^HBTWe�YOLPVbS�}�QOHBH�X©R�eUKMc�d�KMX_]qe�m�KMLPN5LPHMi5r%³ � j>´ º ³+KML�]uÀ�¸�¾��bYOeUd5]PÁM]qvbd5H-QOH
]^H�XOTULZS�V�[zYp]^H;QOH;]^V�d5]PH�J#eUH�J#Q5V�XOXOR�H�JoY5dOTUJZQfmxR�eUKMc�dOH�LyH�XOJPdOTa]^H;S�Hzv�dOT�H�J�]#]^L�V�Y¬Y�KML�]PTUS�dOeUTWH�L��
H�J�J^KMTWHoQfm�KML�LP��]PH�L+ehK;S�LPVMTUJPJPKMXOS�HoQOHye�m�KMLPNOL�HoK�`gKMX_]+ehK;S�V�XOJ�]^L�dOS�]PTUV�X�Q5HoNOLPKMXOSutOH�JBv�dOT�Q5H�`bLPV�X_]
��]PLPHlH�XOJPdOTa]^HBR�ehKMcMdOR�H�J�i¶rs·Oin¸ º�Â d5TUX�Ã�Ä�¾��pH�J�]"dOX�QOH�J�KgeUc�V�L�TW]PtO[zH�J�eUH�JsYOeUdOJsS�V�XOX�dOJ�H�]"YOLPVbQOdOTa]
dOXªXOV�[�NOL�H#`gKML�ThKMN5eUHlQOHyNOL^KMX5SutOH�JBYOKML�XO¿ZdOQ�KMeWV�LPJ�v�dOHCr �-¯�° KM[\}�X5Ho�\dOX�KML�NOLPH#NOTWX�KMTUL�H
�CSut�KMv�dOH#XO¿ZdOQfi

´BKMXOJ?eUK%JPdOTa]^H�QOd#[\R�[\V�TUL�HM�
XOV�dOJ?d5]PTUeWTUJPVMXOJf�%QOH�[�d5eW]^TWYOeUH�J�L�H�YOL�TUJ�H�J���eWH�JIL�R�JPd5eW]uK�]^JIV�N5]PH�X�dOJ
��e�m�KMTUQOH�Qfm�d5X�KMeWc�V�LPTa]^tO[\H�Q5R�LPTa`�R9QOH�e�m�KMeUcMV�LPTa]^tO[\H�QfmxTUX5QOdOS�]PTUV�XZQfm�KML�NOLPH�J�QOH�QOR�S�TWJPTUVMX�rs·Oin¸pi�rsH
QOH�LPXOTWH�L�H�J�]-eWdOTI[z��[zHZQOR�LPTa`�R#QOHye�mnKgeUc�V�L�TW]PtO[zHwj>´BÅ« \jkXOQOd5S�]^TWV�Xª´-H�S�TUJPTWV�X ° L�H�Ho¡ º�Â d5TUX�½�Ä�¾
N�KMJ�R§J�dOL�eUH\c_KMTWX|TWX ~ V�L�[§Kg]PTUV�X5XOH�e�S�V�[\[zH\S�L�TW]^}�LPH\QOH§J�R�eWH�S�]PTUV�X£QOH�J#`MKgLPThKgNOeUH�J�i?jkeqJ�mnKgc�TW]#QOH
ehKC[\R�]PtOVpQ5H#eUKCYOeUdOJ# ;X�KgÆ�`�Hy¡7Y�V�dOL"S�V�XOJ�]PLPdOTWLPH#dOXªKMLPNOL�HZQfm�TWXOQOdOS�]^TWV�Xfi�G m�KMeUc�VMLPTUt_]P[zHZrs·5i¹¸
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ë�èMÛOÚ�ÜPÖPáOàaÜ�×�ÜwåOè�Û_Üwä�æxÙ�äUÞMç_ÞMç�×+Ø�×�á5Üwô�ÜPÖP×ZÖPÙ�ÞMäUàWÚPÙMñ

õyö�÷�ø�ù�úgû<üMù�ýþö�÷9ÿ òIè�ÖPÚ åO×"äUÞBë�è�Û5Ú�Ü^Ö�áOë�ÜPàUè�ÛCå�æ�áOÛzÞMÖ�ãOÖP×%å5×wå5Ù�ë�àWÚPàWè�ÛfïMä�æ�àWåOÙ�×q×�Ú�Üqå5×"ÚPÙ�äW×�ë�Ü^àUèMÛ��
ÛO×�Ö%ä�æ�ÞgÜPÜPÖPàWãOá5ÜqåOá � ×�á�åO×lå5è�ÛOÛOÙ�×�Ú"ê�áOà�Ú�Ù�Ø�ÞgÖP×ZÞMá�â\àU×�á��zë�×�äWäU×�Ú��kë�à�ïpÞgð�Û�åO×-äU×�ÚsÖPÙ�ØOÞMÖ�ÜPàUÖ9å�ÞMÛOÚ
äU×�ÚlÛ��ZáOåOÚZð�äUÚ�ñ��kä�Ú�ænÞMçMàWÜZåOè�Û5ë\å5×\å5Ù�ð�ÛOàWÖlØ�ÞMÖláOÛ¬ë�Ö�àWÜPì�ÖP×Câ\×�Ú�áOÖ^ÞgãOäU×Cë�×\ê�áfæx×�Ú�Üoá5ÛO×;åOàUÚ�ë�ÖPà	�
â\àUÛ�ÞgÜPàUè�ÛªØ�èMáOÖBè�ã5ÜP×�ÛOàWÖ-äW×�âz×�àUäWäU×�á5Ö+Ø�ÞgÖ�Ü^àaÜ^àWè�ÛOÛO×�âz×�Û�Ü�ñ�
-ÞMÛOÚlä�æ�ÞMäWç�è�ÖPàaÜ^éOâ\×��

��5ï�ähÞ§â\×�Ú�áOÖP×
åfæx×�Û_Ü^Ö�è�ØOàW×C×�Ú�ÜZápÜ^àUäWàUÚ�Ù�×oë�è�â\âz×yë�ÖPàaÜ^ì�ÖP×Mñ��s×�ÜPÜP×Câz×�ÚPáOÖ�×�Ýþá5ÜlàWÛ�ÜPÖPèbåOáOàaÜ^×oØOÞMÖ��-ñ��"ñ��pé�ÞgÛOÛOè�Û
×�Ü+ÞMä�ñ����pé�ÞMÛ������?×�Üwâ\×�Ú�áOÖP×ZäU×\í�ëué�Þgè�ÚBî©åO×Zä�æ�àWÛ5Ýþè�ÖPâzÞgÜPàUè�Ûfñ�pè�àaÜ��	 �!#"$ &%'"'()()(*"$ �+-,BáOÛ¬Ù�äWÙ�â\×�Û_Ü#åOá|Ú�àUâ\ØOäU×.�p×0/21�ïIàWä Ú�æ�ÞMç�àWÜZçMÙ�ÛOÙ�Ö^ÞMäW×�â\×�Û_Ü#åfæ�á5Û¬óM×�ë�ÜP×�áOÖ
åO×ZØOÖ�è�ã�ÞMãOàWäUàaÜ^ÙMñ�3BÛ«ÞgØOØ�×�äUäW×B×�Û_Ü^Ö�è�ØOàW×#å5×4�bé�ÞMÛOÛOèMÛ7ä�ænÞgØOØOäUàWë�ÞgÜPàUè�Û6587qåOÙ�ð�Û5àU×ZØ�ÞMÖ�9
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åO×�Ú§ÝþÖPÙ�êbá5×�ÛOë�×�Ú�×�â\ØOàWÖPàUê�áO×�Ú�ñqò æ�×�Û�ÜPÖPè�Ø5àU×«×�Ú�Ü§ë�ÞMäWë�áOäWÙ�×«Ø�è�áOÖzëué�ÞMê�áO×�Ú�è�â\âz×�Ü§åfæxáOÛ3ÞMÖ�ãOÖP×gñ�pè�àW×�Û_ÜUT ä�æ�×FV�×�ë�ÜPàWÝ<Ü^èMÜ^ÞMäIåfæxáOÛ � ×�á«åO×#åOè�ÛOÛ5Ù�×�Ú�ïWTYX#ä�æx×ZV�×�ë�ÜPàWÝ�åO×�ÚwàUÛ5Ú�ÜuÞgÛOë�×�Ú+åOáªÚPè�â\â\×�ÜU[�X
×�Ü�T K X�ä�æ�×FV�×�ë�ÜPàWÝ�åO×�ÚlàUÛOÚ�ÜuÞMÛOë�×�ÚBå5á�ÚPè�â\âz×�Ü\[�X�ê�áOà�ÞMØOØ�ÞMÖ�Ü^àW×�ÛOÛO×�Û_Ü\]§ähÞzë�ähÞgÚPÚP×_^ K ñ�`?ó�×�ë;ähÞ
åOÙ�ð�ÛOàWÜPàUè�Û�Ø5ÖPÙ�ë�Ù�åO×�Û_Ü^×Mï�ä�æx×�Û_ÜPÖPè�ØOàW×låfæxáOÛªÚ�è�â\âz×�ÜU[�Xl×�Ú�ÜwåOèMÛOë_9
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�"�����M�"� £ ���X�����G�T�M���
�µ�F��� ���X�®�"�X� Ï$� È � £ �5�����X� �����5¤F�;�G�T���

Í7�M�"�U��� £�£ �X���;���¾�µ�;���w�����¾�T�;²��5�B�;� Ï��"�ßÙ
Å��"���W���U�"�§��ÅG�5�X�k�½Ä £ �����������F���T����²��"���k���U��¤;�X�G�T�����1¹
���������G� ���X�"�s���X���;�G�T�5¨
�"� £ �M���®�5�X�{���X�
Ï*���8���M�������X�¯°�±7²3�;�����X�&³MÅ~°�� �M�µ�;�7³����¯°«à¾�;�T�:³MÅ
����� £ �X�A�T�5¤;�X���X�G�BÅ
���"�w�5�X��¨
�"�X���w���M�"�U�B¤;�M�����;²"�T���
�������¾���X�����5�T�F�T� £ ���X�����G�T�X�U�µ�;���w�X�A�����s� È ÉX���;�

Í7�M�"���á¤;�M�������X�����������M���"�¬�µ�;���¯�����X�;���������¬�X���������M�5�������X�����X�������������M�G�����`���5ºM���5Ó ¹
�B�I�T���;�$�����7�;�5���X���X�G�s�X�;� £ ��� È �������5²���� £ �;� �»¦§�"�T�5�������F�T�����X� ª �X�s�������T�5�M��� ���"�5¤F�;�G�T��� £ ���X���X�G�T�����
����� £ �X�A�T�5¤;�X���X�G�*�Æ�K���X�����5�����?¦§���\�I�T�������¬�����������X��ÅØ�Æ� ´ �;�����`�����¬��É�ºM�����XÅ����K¤F�;�����F�T�5�M�y���X�
¤F�;����������Å����s���"Óµ�`�5�X�®���M�����X�Æ�I�T���;���Ø���7�;�G�T�;ºM�M���5�����X�®�]Ï"�5���T�;�G�7���G�T���W���X���T�;���"�X� �����������X���

â ãÌäØã»ä å�æ&æ7ç�è�é ê.ëíìkî ê(è¾ïñð7ò�ócò�ó
æ&ìwô3ò�óÇð&òpç"ò�ô�õ&ò?ç"ô�õ&ò

ª �X�k�X� £ �;���X�k���Ø���X� È ����� È ���¾¨
�"�®���M���-���M�������������M���{���\�F���{�T��É��{¤F�;�����X��ÅM�����X�.�k�AÏ
����öX���X���X�G�
���1Þ������5�¯�?¦§�X�K�B¤M�M�5�­�����b°¬�����;ºM��³�Óµ��É������X�;�­��� £ �;���X�M�����W�AÏ È �;���.�T� ´ �?¦§�X�.�8ºM�X�����T�;�5�X���X�G�
£ �;�¯�X�G¤
���T�FºM�B�;²"���;�~±&�"�����VÅ-� £"£ ���BÏ �����X�¯�;�Ô�����X�
Ï¶���X�«��� £ �F�X�X��Åk�FÓµ�c�"�¬�X�M�"�µ�F÷������������«�����(¹
�T����²�� �T���;���������8���X���������XÅ £ �X�����A�W�����������������������M� £ �T��¨��?¦§���-�]Ï ������������²3�;�����X�W��ÉXºM�5�X�­¨����
���;���:�T�F���X�����������F� £ �X���:�����X�X�����1�T�����$���������X�ÔøW�"¤
������������� È � ����� £ �X�����A���T�;�G�:��¦%�M² �T�X�"���
���W²��M�������7� £�£ ���BÏ �����F�����M�����
ù �;���Ø�X� ´ �F�����FÅ �"�M���Ø�"�����5�����;���U�"�X�®����� È � �����Ø���M���"���T�����������5�����X� £ �X�����A���\�F�����?¦§�M²"�T�����������X�
� £�£ ���BÏ �����F�T�5�M�����"�8���X� �X� £ �;���X�X�3�����7���������5ÉX���X� ��� £ �M���X�G�s����� ���«���;�T�5�M�����W���������1�T�­�?¦§���T�F�T�
���M�G�s�Æ�«�"��Óµ���1�T�5�M�*�X���s���«�����1¤;�F������×
ú�ûPü ý\þVþVÿ��§þ��������	� þ�

�������������������Iÿ��������­ý ��!�"�ý��#��$

�M�
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@;ACBEDGF;HJI�F @LK
M N�OPOPQ�M N�OPOPQ�M N�OPOPQ�M N�OPOPQ�M N�OPO�Q�M
DRISDRACTUTWVXIXY Z[T)Y�O�\GTW]XIXY K�Z[T9M Q^VXI�_#Y I�TUO�M ]	\GO�M

`badcdegf hjiGiGh'k l�m k n n lJo
prqts9u/u�vRw xjyWzdy|{ xRz x x)} ~ x

�����J�G� f���� �G� � ��� k�i�� l
n h n n �
� �	� a)��f�� � �G�jk l
� m � n m
� �	� a)��f���� lJn�n�n k�l o � n lGl

�����	��� f^�Ge����G� o�mGi ojm l n l oGo
��� � � l
mGn m n h n l

����� � � m�� l�� h i n m
� c ���d� �R� � i�l�k�h kGo m n n lJi
� c �	�	��� � l�k�����n � l n n i
 Ws9u�¡)¢ £¤~9¥ ¦§x x ¦U~ ~ ~
¨ sU©
ª yW«¤{ x)} x)} ~ ~ ~
¬ �R� lJn)l l
i l�m n l k

­�®/¯±° o)²gl�³µ´ \GQ�\R]�O¶V�Q Z�Y�OPZP·�F¤IXY�DRIXY�DGZ ¸0V�QXI�TUO[Y�HJI�F�¹ºDRI�DRACTUTWVXIXY»F�OPZ[_¼Z�Y
VXY�M|½�IXY�HJI�FG¹ºDRI�DRACTUTWVXIXY
FRO�Z[_¼Z�Y
VXYSDj\GT)Y¾]XI�B¿V�B¿ACZ[QXI�Y
ACTUO�_�IXYtHJI�F�¹ÁÀLN�K�ACTUTWVXY�ÂCÃLÀ¾ÄÅACT9\GQ0ÂÆI�O;ÀÈÇ9ACO¶ILÂjM

É ���gfSc �Æ���	Êd� � � a �¿�	� � �d��� � �d�ÈË�Ì±ÍXÎÅÏ �GÐ ÌÑ��� f¾e�Ò ���)�	���S� e � a ��� ��� �)Ó ��c �^� f^��� �d�Ô� f Î e �
Õ � � ��f^��� �ÁÖ cd� �G��� �R��� �Ø× � �U�GÖ c � ��� �)Ó ��c �	� f^��� �ÚÙ c �d�¿Û�� e � c �S�	Ü�� e�e � ² �0�G�d�Ý� ��f �	� � �G��Þ c �d�
��� �)Ó ��c �	� f^��� �ß��� fLc �d�Ý��à ��e � ² ���áDRI�T)Y�Z[O¶VÝD�âãV�O�\GO[Yåä�æ¿ç¾Ìéè»�ê��� c �	� e � Õ �	Ü�Ö c ��� � � a � � �U�GÖ c �
Û�� e � c � a � e � Õ � � ��f^��� � a �G�)� e�Ò ����ÊU� � � a �¾��� � �d��� � �d� ² ��� a Ü�Ód� ��f	��� � a � � � f	f �¾����� c ���S��� f�� � �
a Ü�Ê|��� a �G� f � a � e �¿��� e � f^��� � a �SÛ ��� � � �U� � �S� f�adc Êd� �R� ���	� c � a �Ý�	� � �d��� � �d� ²�ë �G� ��� �d�	Ü�Ö c ��� f Þ
� � f	f ���ê��� c �	�»��� f6� �G�	� ��f Ü�� � � f	� Ö c � a � e�Ò ���	ÊU� � � a �»�	� � �d��� � �d�GÞR��ì������ �Ue�Ò ��� f^� �¿� f	��� � a ��ærç¾Ì
��� ���ê��� ��c �b� e�e�� �)� e ��Û ��� � ���í��a ���	� �Gc ��Ê9� c)f Õ � � �	���GÊdÊ9� e × c ��Û ��� � � �d� � � �Gc × c �rÊ)� �R� ����� c �
a �L�	� � �d��� � �d� ²

ë/��c � e ���/����ÊU� � ��� a ��Ê9� f^�gf � f � ��e�e ��Þ e � a ���d� ��f Ü aÅÒ Ü f � f �tÊ|� c)f ì f �	� � � f ��� c � a � Õ �Gî � �Ý��ï)� ��f �
ÊU�G��Ü�� c �êÜ��^� f^��� �Ø��ï��U� c � f^� Û�� a � e�Ò ����ÊU� � � a ��� ��� �)Ó ��c �^� f	��� �d� ²dë���c � e ���b����ÊU� � ��� a � � �^��� a �
f � ��e�e �GÞ e�Ò Ü�� c ��Ü��^� f	��� � ��� ��Ê e à f �Ô��� f0� �	��ÜJ� e�� �^��� e � ² �§�Ô��� cde �	� ����c ���0��� f0a �ÔÊd� �R� Ü a ����ÊU�G�0��Ê �
Êd� � ï � �¿� f	��� � ² � Ò ��� f	� ��� f^��� �¾Ê9� c)f ì f �	�»�	Ü�� e�� �	Ü���Êd�G�é�GÊdÊd� � ï � �¿� f^��� �º�G�U� eg�Rf	� Ö c �b� c � � ��� f � � �d�
Êd� � � e à������ ��c ��� ��� �	�LÊU�G�»��ÊdÊd� � ï � ��� f	��� �Ø� ï)Ê9Ü�� � �ê��� f � e � ²

� ��c � c)f	��e�� � � �d� a � c ïÆ�êÜ f � �Ra ���;Ö c �¿� �Gc �S�JÛ � �d�¾� a �GÊ f Ü����Ô� cð� �G� a ���;�	à ��e ���Ô� � �êÊ e ���
� f�� Ü��dÜ��	� e�� �	Ü���� ² ���ºÊd�	��� � à����;Ö cd� ��� f�e �ÝÊ e�c �»�U��ñ�ÛG�GÞ¤Ê9� c)f �d�LÊU�G� f � ��c ÛG��� � ��� f � � �d���»��à ��e ���
e�� �	�	Ö c � e � ad� � f � � � c�f^��� � a � � � e�e ��� �����§a �G�d� e�Ò ���	ÊU� � �;� Ò ��� f ÊU�G� c � � Õ � �	�ê�GÞ ��e � Ò � ����f�a � e �º��Ü �
f � ��a ��� e Ü�� f^�G� �	� ² ���Ô�	� ��� � a ��ÞdÊ e�c ��Ü e �G� � �	Ü��GÞRÊ|���	�ê� f�a �0ÊU� e�e�� ��� � � a Ü Õ � c)f�² � � f	f ����Ü f � �Ra �
��� f�a Ü�� � �ê��Ü����êÜ f � �Ra � a ��ò�óUô�õWö<÷¤ö<øRù[úÝû#�+� f � mGo�ü�² � ��c ���
Û � �d� c)f^��e�� ��Ü e �L��Ü f � �Ra ��� e Ü�� �
f^�G� �	� a ���d� e �+� cd��f � adc ��Ü�� �G� �	��Þ � �G� ��� ��Ê f � f ��� cÁa ���»ý�� c ï a � a)� �d�dÜ���� ��� �d� ��a Ü���Ü���Þ e ���
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&�')(�* +�,-,/.10/2�34, 57618:9 ;=<?>A@CB:,/0/D�3E9
F GIHKJML N OPLRQMSTJMUVG WCXZY1U:OPU[G\HKJ]L N
^ _K`aU STbacdGILRcfe g7`aU:OhU:ikj HKl?bachcPm
n QIUTo�p�UTQ]G STbacdGILRcfe q4baorlPJ]U[OPU:QIUTo�HKLRcPUTQsJ]U/Q]G\HKcdGMU/Q
t GMufvwU STbacdGILRcfe xyOPUTQ7HKYPY1UTiRQ�QIbaJzG\HKcdGIQ4UTc	vwUTUT{f|kU/chO
} o$baLRQ STbacdGILRcfe g7chS/LRUTcPchUTGMmEOPe�STbacdGIJMH~G[UTc	o$baLRQ
� �]g7YhJMUTQV���P`KG STbacdGILRcfe q4baorlPJ]U[OPUw�]baePJMQ�OPUTYPePLRQ�OPUTJ]cPLRUTJ4S\�PHKcP`aUTo$U/cdG
� G]uh��L uZU STbacdGILRcfe xyO�j HKYPY1UTiRQ4QMbaJ]GIHKcfGMQ4�dUTJ]Q4Y1baQ]GIU:�PuZU
� cPYPg4YPYPQV�h� STbacdGILRcfe q4baorlPJ]U[o$b-XdUTc#O�j HKYPY1UTiRQ��dUTJ]Q7QIUTJz�hLRSTU:STiRLRUTcfG4Y�HKJso$baLRQ
� cflPg4YPYPQ\� STbacdGILRcfe q4baorlPJ]U[o$b-XdUTc#O�j HKYPY1UTiRQ4UTcdGIJMHKcfGMQ[Y�HKJ�o$baLRQ
F/� OPePJ]mTU~� STbacdGILRcfe �7ePJ]mTU:o$b-XdUTcPcPU:OhU/Q4HKYPY1UTiRQ4QMbaJ]GIHKcdGIQ4Y�HKJ4o$baLRQ
FaF OPePJ]mTU-� STbacdGILRcfe �7ePJ]mTU:o$b-XdUTcPcPU:OhU/Q4HKYPY1UTiRQ4UTcdGIJMHKcdGIQ[YPHKJ�o$baLRQ
F/^ o$S STbacdGILRcfe ��bacdG\HKcdG7OhU/QsSTbao$o�ehcPLRS/H~GILRbacPQs�PbaJ]QsN�baJzNkHKL G
F/n QMo$Q STbacdGILRcfe q4baorlPJ]U[o$b-XdUTc#OPUr�h����YPHKJ4o$baLRQ
F t LRchN�bf� STbacdGILRcfe q4baorlPJ]U[o$b-XdUTc#O�j HKYPY1UTiRQ7����cZN�b���bacPQMb=Y�HKJso$baLRQ
F/} cZl1� STbacdGILRcfe q4baorlPJ]U[o$b-XdUTc#O�j HKYPY1UTiRQ4QMbaJ]GIHKcfGMQ[Y�HKJso$baLRQ
F/� cZl��wbaJ]J STbacdGILRcfe q4baorlPJ]U[OPU:STbaJMJ]UTQIY1bacPO�HKcdGMQ:U/cdGMJIHKcdGIQ7OPL �?m/J]UTcfGMQ7YPHKJ4o$baLRQ
F � G]uP��S\�PUTSTQ STbacdGILRcfe xyOPUTQ4mTS\�PUTSTQ7OhU/Q4HKYPY1UTiRQ4QMbaJ]GIHKcdGIQ4Y�HKJso$baLRQ
F/� JMUTQILRi OPLRQMSTJMUVG �7UTo�HKcPOPU7OPU:JMmTQMLRiRL�H~GILRbac
F/� �w� OPLRQMSTJMUVG ��bZOhU:Y?baQ]G\HKi

���	�� E¡7¢�£¥¤�;=<?>A@CB:,/0/D�3E9§¦�9�(¨@C,-,/.10/2�34,V(©¦C3§ª«9?3¬¦�9¨¦�'�B:B�<�9�(®­¯+¯2?'�B:B�<�(¯°s*

&�')(�* +�,-,/.10/2�34, 57618:9 ;=<?>A@CB:,/0/D�3E9
FE���a� ±³²[�=±7´Vµ STbacdGILRcfe ����HKSTePc�OhU/Q4�a�=H~G]GIJ]LRlPehGMQ[J]UTYPJMmTQMU/cdGMUrikj mTcPUTJ]`aLRU

��ikj LRcdGMm/J]LRUTePJ�O�j ePcPU:l�HKchOPUEOPU[N�J]mT¶ZehU/chS/U
Y�HKJzGMLRS/ehiRLR·/J]U³LRcfGMmT`aJMmTU³QIePJsePcPU:STUTJzG\HKLRcPUEOPehJMmTU
O�HKchQ4iRU[GMUTo$YPQ

�hF S/i�HKQMQIU lPLRc�HKLRJ]U WCXZY1UEOPU[GIUTJ]JIHKLRc

���	�� E¡7¢�¡¨¤¬;=<?>A@CB:,-0/D�3:9¨¦�9�(¨@C,/,/.?0/2�3�,V(y¦C3¯ª«9?3¬¦�9¥¦�'�B:B�<�9�(¸­©;='�B³@C.�°w*

¹[º¼»4½¿¾AÀ¼ÁhÂ[Ã4¹7º�Ä¥ÅTÃ�»7ÆhÇ[ÈMÄhÄhº¼ÇwÁy¹[º�ÄyÆZÀ�ÄZ»[ÉMÁPÊËÁPÄ¨ÄhÈI¾AÈIÉIÊCÈIÆZº�Ä ¢�Ì Ê�¾ÍÀ?ÁPÂ[Ã�¹[ºÎ¹7º®Ï¯Ð:Ñ�Ò�Ó�ÔEÓ�Õ�ÖV×®º¼ÄZÁ
ÉIÃCÇ[Ø�»[º�Ù©¾Íº?ÁhÁPÆZº�º¼Ç�ÚÛ»7Ü�ÆZº�º¼ÁÝÇ7À�Þ�º¼ÄhÄZÈMÁPºÛ»[Ç¸ß[ÊCÆPÊC¾AÀ¼ÁhÆPÊCØCº�¹[È]àÍÞ¼ÈIÉMº�Ù¥¹7À¼ÁPº¼Æh¾AÈIÇ[º¼Æ ¢[á º�ÄÝ¹[º¼»4½
¾AÀ¼ÁPÂ7Ã4¹[º¼Ä¨ß³º�ÆZ¾Íº?ÁhÁhº�ÇwÁ©¹[ºÍØ�À�Ç7À�Æhº¼Æ¥¹[º¼Ä¥ÆZâ�Ø�ÉMº�Ä (?0V>�8³ãI9�( ÃC»åä <?B�<?.Z@Cã�0I()<�9�(?¢$æ Ã�»7Ä¥ß[ÆZÀ�Ähº¼ÇwÁPÃ�Ç[Ä
Þ�Èzça¹[º¼ÄhÄZÃ�»[ÄèÉIÊ¨¾ÍÊCÇ[ÈIâ¼Æhº�¹[Ã�ÇwÁÝÞ¼º�ÄèÆZâ�Ø�ÉMº�Ä�ÄhÃ�ÇwÁèØCÀ�Ç[À¼ÆhÀ�º¼ÄÝº¼ÁéÀ¼ÜËÊCÉI»7À�º�Äéß:ÊCÆéÉIÊ§¾AÀ¼ÁhÂ[Ã�¹[º�Ç:Ê�ê~Ü�º�º¼Á
ß:ÊCÆÝÉIÊy¾ÍÀ?ÁPÂ[Ã�¹[º¯¹[º¨Ï¯Ð:Ñ�Ò�Ó�ÔEÓ�Õ�ÖV×Íë

ìîí¸ï�ð�ïsñ�ò4ó�ô/õ³ðåö#÷ùø�õ³ð#ú�ï�û=÷#ü�ðró�ý á º¼Þ�È=Þ¼Ã�Ç[Þ¼º�ÆhÇ7º�»[Ç[ÈMþ�»7º�¾Aº�ÇwÁèÉMº�ÄéÆZâ�Ø�ÉMº�Ä�Ø�À�Ç[À¼ÆPÊCÉMÈIÄZÀ�º�Ä ¢
ÿ Ç º � º?Á��#ÉIº�Ä¨Æhâ¼Ø�ÉIº¼Ä¨ÄZÈI¾Aß[ÉIº¼Ä§ÃCÇsÁ¨ÁPÃ�»4ÁPº�Ä¨ÉIºA¾��¼¾ÍºAÞ�ÃCÇ[ÄhÀ¼þ�»7º�ÇwÁ"¹[ºÎÉMÃ�Ç[Ø�»7º�»[Æ§»[Ç��7½4À
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*,+.-0/ 1�2323465370892 :�;=<?>
@ ACBEDGFHF IKJMLNDGJMOQP
R SNDGLUTKJMA3DGVKV=P3TXWYJMLUZ�DGL\[]F IKJMLNDGJMOQP
^ _
D`[HPCOaWYVKOQbGc]PCAd[QWYACbeF][QWYFHSNDGOQJMLKf IKJMLNDGJMOQP
g DGTKbeVX[HJMbeLUWhbGZiWh[]SKPdWYIKjUTKfePd[]WYOQPCFHbeBMjU[]JMbeL IKJMLNDGJMOQP
k VKSmlXFHJMACJEDGLUWhZiPCPCW�Z�OQPCP3nCP IKJMLNDGJMOQP
o P3B WhFpDGB qeDGTUbeOQWaDGJMT IKJMLNDGJMOQP
r OQPCBMJMfeJMbejKF]WhfeO]bejKVUF]WYJMLUWhFHApSKb\beBMF IKJMLNDGJMOQP
s DGL\[]J WYFHD`[HPCBMBMJ []PCW�[HPCF][QWYINDGL IKJMLNDGJMOQP
t DGJMTUWh[]bGWYLKJMA3DGOHDGfejKDGLUWYACbeL\[]O]DGF IKJMLNDGJMOQP
@3u vxw\WYvyJMF]FHJMBMP IKJMLNDGJMOQP
@e@ JMvyvyJMfeOHD`[]JMbeL IKJMLNDGJMOQP
@3R FQlULXZ�jKPCBMFQWYACbeO]V=beO]D`[HJMbeLUWhA3jX[HINDGAHz IKJMLNDGJMOQP
@3^ PCTKjUA{D`[]JMbeLUWYF]V=P3LUTKJMLKf IKJMLNDGJMOQP
@ g F]jKV=PCOQZijKLKTUWhO]JMfeSm[]W�[HbGWYF]jKP IKJMLNDGJMOQP
@3k ACO]JMvyP IKJMLNDGJMOQP
@3o TKjU[Yl\WhZiO]PCPdWYPdwUV=beOa[HF IKJMLNDGJMOQP
@ r PdwUV=beOa[]WaDGTUvyJMLKJMF][]OHD`[]JMbeLUWaDGAd[QWYFHbejX[HSUWYD`Z�OQJMA3D IKJMLNDGJMOQP
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;$<>=@?BADC-EF?G;IHJEDKML0NO=@?BAPCQEF?G;RHJEFSTLVU
W%=@?BADCQE�?G;XHYE�LVU[Z\W!]_^a`
bced$c4f U[ZTgih\U�jih\k�ZTU/UGl:mG6 f j�WnUFop 6�giZqli68giZqj�]_^�r[68liZsm[UGj-UGlitu^Fl�W4j-68gihs]evwk�liZ\Wn^�l�Wstu^FliZq]�U%mG^�tih\UxtiUx]_^�j�hTk�Z\UxUGl@mG6 f j�WTU%tyvzgiliUZTU[gi]�U f U[ZTgih\U�o|{}U~ju^Fhn^ f�� WThTU���UGZIWa^�jij-UG]��GU~]�^�WnU f j-�GhT^FWng�hTU~U
W�UGZIW�ti�[WTUGh f k�li�~tiU��Y^FrG68lU f jik�hTk���giUFo�{|v�^�]��868h\k�Wn� f U�UGZ\W�^�jiji]�k���gi�aj-68gih�m��u^���giU f U[ZTgih\U�U
W�]�UGZ/UGliZ\U f�� ]�UGZ/tiU�j�68k�l�WnZ6 � WTUGl�giZ4ZT68l�W4ZTg�j�U[hTj-68ZT�[ZGo{}Uam��i68k���tiUa]_^�jih\6�m��u^Fk�liU�h � �8]�U�EDK�j-UGg�W��[Wnh\UahT�D^F]�k�Z\��tiUatik����Gh\UGl�WnU[Z f ^�l�k � h\UGZ��}Z\68k�Wx]evw6 ���WnU[l�Wnk�6�l�tiU�mGU
WTWnU/h � �8]�U/UGZIW!k�liti�[j�U[litu^�l�WnU�tiU/]_^ah � ��]�U�jihT�[mG�[tiUGl�WnU�EFSM�QZT68k�W4UG]�]�U�UGZ\W3jih\k�ZTU�^�g�u^�ZT^�hTt�ju^�h f k�]�vzUGliZ\U f�� ]�UqtiUGZ�h � �8]�U[Z|�868k�ZTk�l�UGZ�tiUVEFS�ti�[ ul�k�UGZ�ju^�h|g�liU3h\UG]�^FWnk�68l�tiUV�868k�ZTk�lu^��8UFo¡ 6�gihVliU�ju^�Z � k_^Fk�ZTU[hs]�vw^�jij�hT6D��k f ^FWnk�68l�tiU�]evwU[ZTju^�m[U�tiU�hTUGm���UGhTm���U�¢YU[ZTju^FmGU/tiUGZVh � �8]�U[Z�£M�uk�]¤U[Z\Wj-68ZTZ\k � ]�U�tyvz�[�¥k�WTUGhxtyvzg�Wnk�]�k�ZTUGh4giliU�h\UG]�^FWnk�68l�tiU���68k�Z\k�lu^���U�o}¦§U[j�U[litu^�l�W/mGU[mGk0hT^�]�U[l�Wnk�W!mG68l�ZTk�t�� �hn^ � ]�U f U[l�WV]�UxWnhn^Fk�WnU f U[l�WD�imG^�hV�8�Gli�[hTU[h3gil�U�li6�g��8U[]�]�U�h � �8]�UxEDK!tiU
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Wn�i6¥tiU/tiUa¬x­u®�¯¤°0±Q°0²¥³µ´8o¤{}U�j�hTU f k�U[h3��hn^�ji��U�tiU�]�^� u��gihTU�©�o�ª�ª�mG6�h �hTU[ZTj-68lit�^Fg�hT�[ZTgi]�W�^FW�tyvzU
���Gm[g�Wnk�68l~tiU3]_^ f �
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après le site de croisement
Echange des gènes situés

Site de croisement

Individu non valide

Individu parent 1

Individu parent 2

Individu enfant 1

Individu enfant 2
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V2��R�T^S&_aV^PJ]^V^I4S&V^Z\KeW`_gMOV^I���Z�{�VAijRJZaFH_�YQV WUV^]�hQPJ_a�XGQV^I4T2MHFHZgGJW`_gFHPQPlKO_gSUVAI7i�GQZpW`_�oqFHrts&VA]AWU_guvI�V^P?uvFHGQ_gZaZaV
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