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soutien et son aide dans tous les moments difficiles, depuis mon inscription jusqu’à mon
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comprendre l’essentiel malgré l’imprécision.
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Ferrand pour tous les portables et les ordinateurs fixes qu’il a fait marcher, typiquement
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leur exemple devant moi m’a réelement aidée à mener mon propre travail de thèse à bien.
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partie à son influence et à son soutien que je dois de ne pas avoir craqué dans ces moments-
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préparer“l’accouchement” : merci à Michèle Sebag de ses conseils et sa disponibilité, grazie
a Nico e Mara del loro buonissimo tiramisu, et merci à Mary Felkin, Nicolas Bredeche,
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Samir El Mouala, mes amis depuis mon arrivé en France, pour m’avoir toujours donné
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�Pf�� ���gvm¼�lhpslhk {½z �gvbnmlo¬��¦l z x¾f|f}f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�
�Pf��Pfh� ª��z x z ��nmloj:p f|f~f|f}f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�
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�]fh� ¹ z t�vP�z k z p¶n z v�x�� z psk z.{ w�x z q z k�k�j:xhr]nmlhj:psk�p]j:p���q]j { lhp��z¦z kßf|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f �P�
�]f�� ����g�Jxhr z v�xa�÷t z v · jJv { �Jps� z q5�ûrspÍ¢����¾ð f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f �g�

�]f��Pfh� � z kmr]v z k�q z ��r��Jxhlon��z t¥j:r]v�xh�(kmrsv · �J� z q z i��gv z n�j´�gtstsvbjP�º���z¦z f|f}f~f|f|f~f|f|f}f �g�
�]f��Pf�� i z v · jJv { �Jps� z k�nm�gnmlhk�nmlh�Pr z t��gv�õ]j:psk z �¦� z n�õ7x z.{ lhp]£�f~f|f|f~f|f|f}f~f|f|f~f|f|f}f ¡��
�]f��Pf�� i z v · jJv { �Jps� z}z p�q]­�ps� { lh�Pr z½ÁRÿ��PÉ�ÉsÈ[ÉPÊ������XÇºÈ���ÃmË f~f|f|f~f|f|f}f~f|f|f~f|f|f}f ¡J�
�]f��Pf�� i z v · jJv { �Jps� z q z x��û�Jxo£JjJvblhnm� {(z �Pk���r��Jxhlon��z q z k�v��z kmr�xonm�gnmkÀf~f|f|f}f~f|f|f~f|f|f}f ¡J�
�]f��Pf�� ��j:p�k�n�vbrs��nmloj:pÍq z k�tsvmjJw�x�yz.{½z k�n z k�nmk^f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f ¡Ì�

E 	 1g;[/¶ýA 1 A 4�èoCs1Ì1�
A /
� V Cs1´4(@A Z A Z V 3=;<1�� �¥þ
�Pfh� êëp¶n z vmvºr]tsnmloj:pÍq z xR�Ä�z �Jj:xar]nmloj:p^Ï�lhp z�� �¦�J� z Ñßf|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f ¡J¡

�Pfh�gfh� ª�lhnmrs�gnmloj:puv��z �Jj:xhr]nmlhj:psps�Jlov z f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f ¡J¡
�Pfh�gf�� ��j {(z p�n�q z q��z k z kmt0j:lhv�f}f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f ÎJ�

�Pf�� ò z ��vºlon�yz v z q5�û�gvbv��z n Ïët��gv�q��z k z k�t¥j:lovbÑ»f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f ÎÌ�
�Pf�� ò z����j:p�k z n�t z vbk�t z ��nmlo� z k f|f~f|f}f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f Î:�
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� 	 1230;<Z A W A -0/½c�CsZ�@A Z\6�1uD[C 4�30W ;X-�C�-98 A 4 A ü�Cs1 A /\3 ���
�Pfh� ��vmj:lhk z.{(z p�n�w�lh�Jlak��z � z vbk�x z t=�gv z p¶n�qsj { lhps�Jp�n^f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f ÎJÎ

�Pfh�gfh� ò z k�t��gv z p¶nmk f~f|f}f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �¦©J©
�Pfh�gf�� ù z x5tÖyz v z�� n z xÖ¬�xak´f}f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �¦©]��Pfh�gf�� ò z ��vmj:lhk z.{(z p¶nÍ�z xhlonmlhk�n z f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �¦©:��Pf�� ¹u�z kmrsxonm�gnmk z ìPt��z vbl {(z p¶nm�Jr]ì^f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �¦©:��Pf�� ��lhkb�¦rskmkmloj:p z n�qslov z ��nmloj:p�k�q z v z �b� z vb�b� z f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �¦©:�

FJFJF Ó�����Ô�QÄO�Ý=H:Q�K9G L�Ù�Ú�Ó¾Û(Þïá��Ý³L�Ù�N �!��I:KÖâ�Ô"�Ù�Ø³Ù�Ú
L�ÙYÔ$#aQ�G�L�N�Ú\HJI¶Q�Ù Ý5NMHJK9Ø³KÖâ�Q�Ô�Ù æ&%9S
,.-0/2123547698:/2;<3=- T�T=T
þ '�èo3 V /2;XWY;[Z\C]/2;<3=-
4�èh6�- V Cs1 A `b8)(9358¤4 A ± 30;[/2691 A T�TPç

��fh� ��j�q��z xhlhkm�gnmloj:p�qsrut��gv z ���º�]jP� z n���vblon¦yz v z k�q z x���jJtsnml { lhkm�gnmloj:p f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J���
��f�� ����Ì�Jxars�gnmloj:pÍ�gtstsvbjP�º���z¦z f}f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�.�

��f��Pfh� õ]j:ps��nmloj:psk�q5�û�gtstsvbj.ì]l { �gnmloj:p f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�.�
��f��Pf�� i�xh�Jp�qÖ� z ìPt��z vbl z ps� z f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�.�

��f�� ò z tsvmjJw=xXyz.{(z q5��jJtsnml { lhkm�gnmloj:pôf|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�\�
��f��Pfh� ªPj:xhr]nmloj:pÍq z vP�z¦· �z v z ps� z f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�\���f��Pf�� ð�tsnml { lakm�gnmloj:puk�j:rsk���j:p�n�vb�Jlhp�n z k¤f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�\���f�� �+�z nm�]j�q z q z v��z kmj:xhr]nmloj:p z n�vP�z kmrsxonm�gnmkÀf}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�.¡
��f��]fh� i�vblhk z�z p���j { tsn z q z k���j:p¶n�vº�Jlhp¶n z k½f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�.¡��f��]f�� i��gvº� { yz n�v z k�q z x��û�Jxo£JjJvblhnm� {(z �z �Jj:xhr]nmloj:psp��Jlov z f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �J�.Î��f��]f�� ¢�tst=xhlh�¦�gw�lhxalon��z qsrÍ��vbj:lhk z.{(z p�nÂ�z xhlonmlhkmn z f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�����f��]f�� ¹Â�z kmrsxonm�gnmk�¬�ps�Jr�ì f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�J�

��f�� ��j:ps�¦xhrskmlhj:psk z n�t z vbk�t z ��nmlo� z k�f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�J�
� '�èo3 V /2;XWY;[Z\C]/2;<3=-
4 A DÄèo;X-Pd A 8J/2;<3=-?4 A 8:C�12c7691ÌC�-0/V 3=6�1Â6�-³W 3�/ A 6�1 47; A Z A D 	 30W W 3=-+*ÂC�;XD TP¯ þ

¡Pfh� êëp�n�vmjPq�rs��nmloj:pÐÏën z �b��pslh�Pr z ÑBf~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�:�¡Pfh�gfh� ��jJn z r]vºk�qsl z k z x f}f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�J¡
¡Pfh�gf�� õ]j:ps��nmloj:psp z.{(z p¶n�qsr�k�­�k�n�yz.{(z ��j {½{ j:pÍ¹��Jlax7f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�J¡¡Pf�� i�vmjJw�x�yz.{(z q z x���jJtsnml { lhkm�gnmloj:puq z x��ûlapÌ« z ��nmlhj:pÍq z �¦�gvmw�r]vº�Jp¶nñf~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�g©
¡Pf��Pfh� ��vblon¦yz v z k�qÖ��jJtsnml { lhkb�gnmloj:p z n�t��gvb� { yz n�v z k�q z ��j:p�n�v��j:x z f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�g©¡Pf��Pf�� i�j:kblonmloj:p�qsrut�vmjJw�x�yz.{(z q5��jJt�nml { lhkm�gnmlhj:púf~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.���

¡Pf�� ¢�tstsvbjP�º� z k½Ïë£:xojJw��Jx z Ñ z n Ï�xoj��¦�Jx z Ñ_f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�J�¡Pf��Pfh� ¹Â�z k�j:xhr]nmlhj:p�qsrÍtsvbjJw�xXyz.{(z Ïë£:xojJw��JxaÑ$f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�J�
¡Pf��Pf�� ��j:pskmlhq��z vº�gnmloj:p^Ïët¥j:lhp�n�t=�gv�t¥j:lhp¶nmÑ f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�Ì�
¡Pf��Pf�� ð�tsnml { lakm�gnmloj:p Ïët¥j:lhp¶n�t=�gv�t¥j:lhp¶nmÑB��k�jJtsnml { lhkm�gnmloj:p Ïë£:xojJw=�Jx z Ñ f|f~f|f|f}f~f|f|f �.�Ì�
¡Pf��Pf�� ��lakm�¦rskmkmlhj:p f|f~f|f}f~f|f|f|f~f|f}f~f|f|f|f~f|f}f~f|f|f~f|f|f}f~f|f|f~f|f|f}f~f|f|f �.�J�

	 3=-�8¶DX69Z\;<30-9Z A / V A 1ÌZ V A 8J/2; ± A Z T�ç �
² , A Z¦/\Z c�;a`b3�c5d A 8J/Ì;[e�4 A.- ;[/0/¶D A 12143 A c A /�,5(�; A D A T é T
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6+7 #³)98 � : ; #&%<8 7 = >� 7 >�*)&�®���

� z n�v.yz kMp]j { wsv z r�ì|t�vmjJw�x�yz.{(z k�qsr { j:psq z vP�z¦z xPl { t�xhlh�Pr z p�nÖx���jJtsnml { lhkm�gnmloj:p kml { rsxonm�Jp��z¦z q z t�xarskml z r]vºk��vºlon�yz v z k|�Prsl7k�j:p¶n z p £��z p��z vº�Jx���j:p�n�vb�Jqslh��n�j:lov z k¦fÖ���Jpsk|x z k�tsvbjJw�xXyz.{(z k~q z ��j:ps� z tsnmlhj:p � t��gv z ì z.{ t�x z�� lhx
· �Jr]n�x z t�xarsk�k�j:rs� z p¶n�n�vmj:r]� z v~rsp¤��j { tsvmj { lhk z p�n�v z q z k�w z kmj:lhpsk�n z �º�sp]j:xojJ£:la��r z k z n�q z k�jJw�« z ��nml · k�q z��j?�rsn¦fÖò9�Íp]jJnmloj:p_q z k�j:xhr]nmloj:pøjJtsnml { �Jx z rspslh�Pr z qslhk�t=�gvb�0� @on�t0j:rsv�x z k~tsvmjJw�x�yz.{½z k~q z � z n�­Pt z �Jr_tsvmjJ¬snq z xh�¾p]jJnmlhj:pYq zA�"B)�DC=ÇEB)�÷ÈaÃ÷z p¶n�v z x z k÷qslo� z vbkBjJw�« z ��nml · k � j:rÐq z � z xax z q5��F��G��PÈIH È�J¦ÇE� qs�Jp�kBxR� z k�t��J� z q z kjJw]« z ��nml · k¦f]ò��¿�z nmrsq z q z k���j { tsvbj { lhk��(q]j:psp��z xhl z r_y�(xa�Bq��z ¬=pslonmloj:puq z k Ã�B)HK�L�XÈ�BgÉ]Ã5B"CM�XÈN�½Æ)HO� ÃBÆ��ÍÃ��¦É]ÃQPR�S ÆgÇT���UB f�ò��÷p]jJnmloj:pÍq5�¿�z �Prslhxhlow�v z � · �Jlon�xh��«ëj:p���nmloj:pÍ�.� z � xh�Bnm���z jJvbl z q z k�« z r�ì � q��z w0j:r��b�s�Jp�n�p]jJnm� {½{(z p�nkbr]v~x��Ä�z ��rslaxhlowsv z q z(� �Jkm�ÖfÖò z n�vb�.�g�Jlhx7tsv��z k z p¶nP�z qs�Jp�k~� z n�n z nm�¥yz k z k z ��j:ps� z p�n�v z kmrsv�x z t�v z.{ l z v�q z � z k�Jkmt z ��nmk � �g� z k�në� y�Ì��qslov z�� k z w��Jk z kmr]v�xh�(psjJnmloj:pÍq z q]j { lhps�Jps� z �Jr�k z p�k�q z i7�gv z n�j]fò z k�¢�xh£JjJvblonm� {(z k ����Jj:xar]nmloj:psps�Jlhv z k Á ¢�� Ë k�j:p�n { �Jlhp�n z ps�Jp�n�v z ��j:psp�r�k���j {½{½z rsp z n z �º�spslh�Pr z t��gv��nmla�¦rsxhl�yz v z.{(z p�n��Jq��gtsn��z¦z y�Bxa�|v z �º� z vb�b� z q z|ÃV�PÇIW¦ÆX�"�5PR� S ÆgÇT���UB t�r�lhkm�Pr5�ûlhxhk7n�vb�\�Ì�Jlaxhx z p�n�kmrsv�rsp z Ïët¥jJt�rsxh�Ì�nmlhj:psÑ÷q z k�j:xhr]nmlhj:pskë���¦�Jpsqslaqs�gnmk � y�(xh�÷qslZY��z v z ps� z q z xh�÷t�xhrst��gvmn�q z k { �z nm�]j�q z k�n�vb�Jqslhnmloj:psp z xhx z k � �Prsl { �Ì�p�lot�rsx z p�n z p÷£��z p��z vb�Jx=rsp÷rspslh�Pr z t¥j:lhp�n�q z xR� z k�t��J� z q z v z �b� z vb�b� z f�� z n�n z t��gvmnmlh�¦rsxa�gvblon��z q z kM¢�xo£JjJvºlonm� {(z k���Jj:xhr]nmloj:p�ps�Jlov z k�v z psqut¥j:kmkmlhw�x z xR��jJwsn z p¶nmlhj:pÍq5�ûrsp z psk z.{ w�x z q z i7�gv z n�j �gt�tsvmj��b���z~z p�rspuk z r�x z kmkm�Jl5q zxR�û�Jxo£JjJvblonm� {½z���z n½km�Jp�k÷jJw�xhlo£ z v(x��ûr]nmlaxhlhkm�gn z r]vBq z q��z ¬�pslhv÷q z k t=�gvb� { yz n�v z k kbr]w�« z ��nml · k÷kmrstst�x �z.{(z p�nm�Jlov z kn z xak�x z k�t¥j:lhq�k�v z xh�gnml · k�q z k���vblon¦yz v z k~qÖ��jJtsnml { lhkb�gnmloj:p5f¥��� z k�n~rsp¤�\�Ì�Jp�nm�g£ z l { t¥jJvmnm�Jp¶n��¦�gv { �z.{(z kml�� z kt=�gvb� { yz n�v z k�k�j:p�n�q��z ¬�pslak z p ��j:p · jJv { lon��z �\� z ��q z k�lhp · jJv { �gnmlhj:psk�lhkmkbr z k�qsr tsvmjJw�x�yz.{½z�� � z �¦l¥p z £:�gvb�Jp�nmlont=�Jk�qsrÍn�j:r]n���r z x z k�k�j:xar]nmloj:psk�qsr�tsvmjJw�x�yz.{(z t��gvb� { �z n�v��z �Jj:p¶n���jJvmv z k�t¥j:psq]v z t��gv · �Jlon z.{(z p�n��Jr�ìÍtsvblojg�vºlon��z k�lhp�n�vmj�qsrslon z k�xojJvbk�q z xh�½¬]ì��gnmlhj:p¤q z k�t¥j:lhqsk¦f � jJnm� {½{(z p�n � p]j:rsk�� z vmvmj:psk��Pr z � z �¦l�p z k z vb� t=�Jk�x z�¦�Jk�t¥j:r]v�x z k�tsvmjJw=xXyz.{(z k�q]j:p�n�xh�(kmrsv · �J� z q z k���j { tsvmj { lhk���j:p�nml z p¶n�q z k�v��z £:loj:psk���j:ps�¦�.� z k.f[ pø�Jr]n�v z �.�g�Jp¶nm�g£ z q z k�¢���k �={ �Jlhk��Prsl9p5� z kmn�t��Jk�k�t��z �¦lh¬���r z �Jr�ì�t�vmjJw�x�yz.{(z k { r�xonmlö�RjJw�« z ��nml ·\��z k�n�Pr z � z nÄ­�t z q5�û�Jxo£JjJvºlonm� {(z k�t z r]n]�z n�v z �gtst=xhlh�Pr��z �Jr�kmkml0w�l z pÍ�Jr�ìutsvmjJw=xXyz.{(z k�qslhkm��v z nmk���r z ��j:p�nmlhpPrsk�j:r
{ löìPn z k �Pz n�t z rsn�n�vº�.�g�Jlhxhx z v�kmrsv�q z k z k�t��J� z k�q z v z �b� z vb�b� z}z ps��jJv z t�xhr�k���j { t�x z ì z k z n z ì�jJnmlh��r z k � qs�Jpskx z km��r z xhk�t��gv z ì z.{ t�x z lhx5pÖ� z ì�lhkmn z t��Jk�q z psjJnmloj:p�q z q��z vblh���z¦z k¦fù9j:r]n�� z xa�~��j:psk�nmlonmr z rsp z�· jJvmn z�{ jJnmlh�Ì�gnmloj:p÷t¥j:r]vB�z nmrsq�l z v�x z ��j { t¥jJvmn z.{(z p�n�q z k�¢�xo£JjJvblonm� {(z k7���Jjg�xar]nmloj:psps�Jlhv z k|��r�xonmlö�¿ð�w�« z ��nml · qs�Jpsk}q�lo� z vbk}�¦�JkBq5�ûr]nmlaxhlhkm�gnmloj:p_qÖ�û�Jr]nm�Jp¶n t�xhrsk}��r z � z nÄ­�t z qÖ�û�gtstsvmj��b� z
z kmn�n�v¦yz k�v��z � z p�n z n�j:r]��v z q z k�t z vbk�t z ��nmlo� z k�q5�û�gt�t�xhlh�¦�gnmloj:p�k z ìPn�v��z.{(z.{½z p¶n�vblh�b� z k z n�qslo� z vºkmlo¬��z¦z k¦f

� z n�n z nm�¥yz k z~z k�n���j:psk�nmlonmr��z¦z q z n�vmj:lhk�t��gvmnml z k¦fPò��}t�v z.{ l�yz v z ��j {½{(z p�� z t=�gv�x��ûlap¶n�vmj�qsrs��nmlhj:p q z k�p]jg�nmlhj:psk z n�q z k���j:p�� z tsnmk�q z w��Jk z qsrÂq]j { �Jlhp z q z x�� ð�t�nml { lhkm�gnmlhj:p´�¤rsxonmlö�¿��vºlon�yz v z fP��pskmrslhn z�� x z q z r�ì]l�yz.{(z�º�s�gt�lon�v z tsv��z k z p�n z wsvºlXyz � z.{(z p¶nBx��Ä�z nm�gnBq z x��û�gvmn}q��Jpsk|x z qsj { �Jlhp z q z k ¢�xh£JjJvblonm� {(z k ����Jj:xhr]nmlhj:psps�Jlov z k.fêëx���j:p¶nml z p�n¤�z £:�Jx z.{(z p�n}x z �JjP�¦�gw=rsxh�Jlov z t��gvmnmla�¦rsxhl z v�r]nmlhxhlhkP�z qs�Jpsk�� z q]j { �Jlap z�� �Prsl�q]j:psp z xh�Â�¦x z¦· t¥j:r]vn�vº�Jqsrslov z qs�Jp�k�x z xh�Jp]£:�g£ z q z x���jJtsnml { lhkm�gnmloj:pu� z vmnm�Jlhp�k�n z v {(z k z n z ìPt�v z kmkmloj:p�k z.{ t�xoj2­��z k�t=�gv�xh�(kmrslhn z f
ò9��q z r�ì]l�yz.{(z t=�gvmnml z�Á �b�s�gt=lon�v z k��|y��� Ë0z k�n z p�nmlXyz v z.{(z p�n���j:pskb�J��vP�z¦z �Jr�ì~¢�xo£JjJvblonm� {½z k ����Jj:xhr]nmlhj:psps�Jlov z k�¤rsxonmlo�¿ð�wg« z ��nml ·�Á ¢����øð Ë f]ò z �º�s�gt�lon�v z � tsv��z k z p�n z x��Ä�z nm�gn�q z x��û�gvmn�qs�Jpsk�� z q]j { �Jlhp z n�v.yz k�« z rsp z�z n��Prsl
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k z n�vmj:r]� z �J��nmr z xhx z.{(z p�nMqs�Jpsk7rsp z t��z vbloj�q z q z n�v.yz k · jJvmn z�z nMvb�gt�lhq z ��vmj:lakmkm�Jps� z4^ xh��t�xhrst��gvmn�q z k7n�vb�.�g�Jr�ì�¦lonP�z k�q��Jpsk�� z �º�s�gt�lon�v z kmj:p¶n�t=�gvbrskM�gtsv.yz k�x��û�Jpsp��z¦z �.ÎJÎJ�Pf`_�l z p½�Pr z x z k�¢����¾ð+k�j:p�n�v z ��j:pspPrsk��\�Jj:lov�q z k�.�g�Jp�nm�g£ z k~kmlo£:pslo¬=�¦�gnml · k�t��gv�vb�gt�t0jJvbn��Jr�ìÍn z �b�sp�lh��r z k�q5��jJtsnml { lhkm�gnmloj:p { rsxhnmlö����vblon¦yz v z ��j:psp�r z k��Jr]t=�gvb�Ì��g�Jp¶n � rspø� z vmnm�Jlhpøp]j { w�v z q z qsl � �¦rsxon��z k�k z tsv��z k z p¶n z p�n~xojJvbk�q z x z rsv�r]nmlhxalhkm�gnmloj:p5f=���Jp�k�x z �b���gt�lon�v z � �p]j:rsk�p]j:rsk7�gvmv��z n�j:p�kMkmr]vMq z r�ì}�Pr z k�nmloj:p�k�l { t¥jJvmnm�Jp¶n z k � t¥j:r]v7x z km�Pr z xhx z k�xh��vP�z t0j:p�k z�z k�n}�z ��lhq z p�n z ��r��Jpsqlhx�k¦�û�g£:lon~q z k~¢�xo£JjJvblonm� {(z k ����Jj:xhr]nmloj:p�ps�Jlov z k { j:p]jg�RjJw�« z ��nml · k �Ö{ �Jlhk��Prsl�t0j:k z p¶n~rspøtsvmjJw=xXyz.{(z q��Jpsk�x z�¦�Jq]v z~{ rsxonmlö�RjJw]« z ��nml ·\� ��r z � z k�j:lon�qs�Jpsk�x z �¦�Jq]v z nm���z jJvblh�Pr z j:rÍ�gtst�xhla�¦�gnml · fs� z k�j:p�n�xh�Bv z tsv��z k z p¶nm�gnmloj:pq z k�v��z kmrsxhnm�gnmk � p]jJnm� {½{(z p�n|��r��Jpsq¾x z psj { wsv z q z k�jJw�« z ��nml · k z k�n¤�z x z ���z��5z n|xR�Ä�z �g�Jxhrs�gnmlhj:p z n|xa�´��j { t=�Ì�vb�Jlhkmj:pÂq z xh�Bt z v · jJv { �Jps� z q z � z k��Jxo£JjJvblhnm� {(z k¦f � j { wsv z q z kmj:xhr]nmloj:psk�t¥j:kmkmlow=x z k�y�÷� z k�t�vmjJw�x�yz.{(z k�j:p�n�z n��z tsvbjJt0j:kP�z¦z kM«�r�km��rÖ�[y�B�Jrg«ëj:r]vºq5�û��r�l ��z n�k�j:p�n�tsv��z k z p�n��z¦z k�q��Jpsk�� z �º�s�gt�lon�v z f[ p �Jr]n�v z tsvmjJw�x�yz.{½z �Prsl�k z t¥j:k z xojJvbk÷q z n�j:r]n z �gtst�xalh�¦�gnmloj:pYq z k(¢�xh£JjJvblonm� {(z k ����Jj:xhr]nmloj:psp��Jlov z k
z k�n�x z �º�]j:löì�qsr¤��vblon�yz v z q5�û�gvmv��z n¦fÖª�l9qs�Jp�k�x z �¦�Jk�q z x���jJtsnml { lhkm�gnmloj:p { j:p]jg�RjJw�« z ��nml ·\� � z ��vblon�yz v z k z w=�Jk zk�j:r]� z p�n kbr]v}xh�Í�g�Jx z r]v q z xh� · j:ps��nmloj:p jJtsnml { lak��z¦z�� qs�Jpsk x z q]j { �Jlhp z q z k ¢����øð � k z rsx�xR�û�gvmv��z n �gtsv.yz krsp_p]j { wsv z q5�ûlhn��z vº�gnmloj:psk|¬sì z �z nm�Jlon z.{ t�xoj\­��z «mrskm�Pr5�[y�Âtsv��z k z p�n¦f9���Jpsk}x z �º�s�gt�lon�v z � � p]j:rsk�tsvbjJt0j:kmj:pskrspø��vblon¦yz v z q5�û�gvbv��z n|r]nmlhxhlhkb�gw�x z �\� z �(� z vmnm�Jlhpsk~¢����¾ðBf¥ê¿x7k z w��Jk z�� qÖ�ûrsp z t��gvmn � kmr]v�xh�uk�nm�gw�lhxalhkm�gnmloj:p¤q zxh�´t z v · jJv { �Jps� z q z k~lhpsqslh�Plhq�rsk�q z xh�Ât¥jJt�rsxh�gnmloj:p � x z k~��j { t��gvº�Jlhk�j:psk¤�z nm�Jp�n|��j { tsvblhk z k��Jr_k z psk~q z xh�PXB)�÷È<É=ÆgÉ��V�aPR� S ÆgÇT���UB��=z n�q5�û�Jr]n�v z t��gvmn � kmr]v�xa� k�nm�gw�laxhlhkm�gnmloj:pÍq z x��ûrsp�l · jJv { lon��z q z xa� qslhkmn�vblow�r]nmlhj:pÂq z k
ÃbB�HK�L�XÈ�BgÉ]Ã½É�BgÉdcePXB��BÈ<É F�f� Ã q z xh�Ât¥jJt�rsxh�gnmloj:pÖf0ò z ��vblon�yz v z tsvbjJt0j:kP�z t z rsng�z n�v z �Pr_��j { {(z rsp_�Jps�JxhjJ£:r zq5�ûrspø��vblon¦yz v z n�v¦yz k|r]nmlhxhlak��z qs�Jp�k�x z �¦�Jqsv z½{ j:p]jg�RjJw�« z ��nml · ��rsl z k�n|xR�û�gvmv��z n|�gtsv.yz k|rsp¾� z vmnm�Jlap_p]j { w�v z q z£��z p��z vb�gnmloj:psk�km�Jpsk�� { �z xhlojJvb�gnmloj:p Á\hd�i�mÆRP)jlk�Èm�XÉn� ÃºÃohd�UB"CXC0È[É�Ê.p�ÇºÈm�i��Ç ÈmBJÉPË fò z ��vblon¦yz v z q5�û�gvmv��z n÷�b�]j:lakml�q z · � ���j:pY�gtstsvmjJt�vblº�z¦z t z v {(z n q z v z psqsv z x��ûr]nmlaxhlhkm�gnmloj:p_q z x��û�Jxo£JjJvblhnm� {(zxh� t�xhrsk z�� �¦�J� z t¥j:kmkmlow=x z qs�Jpskuxh�Yxhl { lon z q z xh� t z v · jJv { �Jps� z q z � z nu�Jxh£JjJvblonm� {(z f�i7�gv���j:p¶n�v z�� rspq z k · �J��n z r]vbk}��rsl7t z r]� z p�n}� { �z xhlhjJv z v}xh�ut z v · jJv { �Jps� z qÖ�ûrsp z({ �z nm�]j�q z �z �Jj:xhr]nmlhj:psps�Jlov z�� psjJnm� {½{(z p�n ��J�¦���z xº�z v z vuxh�¾v z �b� z vb�b� z q z w0j:p�p z k(k�j:xhr]nmlhj:psk � � z k�j:p�n½x z k÷jJt��z vb�gn z r]vbk´q z �g�gvblh�gnmloj:p Á ��vmj:lak z.{(z p�n z n
{ r]nm�gnmloj:p Ë f�i�j:r]vmnm�Jp�n � «�rskb��r5�[y� { �Jlhp�n z ps�Jp�n � lax�­ z rÂn�v.yz k�t z rÂq z n z p�nm�gnmlo� z k�qÖ�û�Jqs�gtsn z v�x z k�jJt��z vb�gn z r]vbkk�n�j��b�s�Jkmnmlh��r z kBrsnmlhxhlhkP�z k÷qs�JpskBx z k÷¢�xo£JjJvblonm� {½z kB���Jj:xhr]nmloj:p�ps�Jlov z kB�JrYw�r]nBt��gvmnmlh�¦rsxal z v q z xh�¤v z �º� z vb�b� zq z xR� z psk z.{ w�x z q z ��j { tsvmj { lhk q z i7�gv z n�j]f�ò z kmloì�l�yz.{(z �b�s�gt=lon�v zYÁ �Prsl���j:ps�¦xhr z xh�_t��gvmnml z ��j:pskm�J��v��z¦z�Jr�ì ¢����øð Ë lap¶n�vmj�qsrslhnBrsp zÂ· � ���j:pÐt��gvbnmlh�¦rsxhl�yz v z q z �º�]j:lhkmlhv÷x z k_Ïët��gvmn z ps�Jlov z kmÑ¾t¥j:r]v½x���jJt��z vb�gn z r]v´q z��vmj:lhk z.{(z p¶n � �Prsl]k z w=�Jk z kmr]v�xa��psjJnmloj:p½q z q]j { lhps�Jps� z q z i7�gv z n�j ��z n�k z q��z.{ �gvb�Pr z �Jlhp�kml]q z x��û�gtst�vmjP�º� zÏë�g�gvblh�gnmloj:psk��.� z r]£:x z kmÑ z p}lhp�n�vmj�qsrslhkm�Jp�nÖq z k�tsv��z¦· �z v z ps� z k~Ï�k z ì]r z xhx z kmÑ�fÌò��û�J�¦�=�z x �z vb�gnmloj:p q z xh��tsvmjJ£Jv z kmkbloj:pq z xh�´t0jJt=rsxh�gnmloj:p¤q z xR�û¢����øð � z vbk~xh�Âkmr]v · �J� z q z i7�gv z n�j�qsr z y�ux��û�gtst�xhla�¦�gnmloj:p�q z � z n~jJt��z vb�gn z r]v z kmn�z �Ì�Jxar��z¦z kmr]v�n�vbj:lhk�tsvmjJw=xXyz.{(z k�n z k�n�k�nm�Jpsqs�gvbq�k¦fò���n�vmj:lakmlXyz.{(zuz n(q z vbpsl�yz v z t��gvbnml z q z � z n�vb�\�Ì�Jlhx�t¥jJvmn z kmr]v÷x��¿�z nmrsq z q z q z r]ì tsvmjJw�x�yz.{½z k v��z¦z xak(q z��j:ps� z tsnmlhj:p�q z x��ûlhp�qsrsk�n�vbl z �Jr]n�j { jJw=lhx z f]ò z k��º�s�gt�lon�v z k�� z n�¡÷q��z ��vblh� z p¶n�v z k�t z ��nmlo� z.{(z p�n�x z tsvmjJw=xXyz.{(zq z x���jJt�nml { lhkm�gnmlhj:pYq z xh� · jJv {(z q5�ûrsp t��gv z ���b�]j���q z �Jj:lonmrsv zÍz n x z tsvbjJw�xXyz.{(z q z x���jJt�nml { lhkm�gnmlhj:pYq z kt��gvb� { yz n�v z k(q z ��j:p¶n�v��j:x z q z x��ûlapÌ« z ��nmlhj:p qsrY�¦�gvmw�rsvb�Jp¶nBt¥j:r]v÷rsp { jJn z r]v(��l z k z x�i�j:lhqsk÷òÖj:r]vºqsk¦f7� z kq z r�ìÍ�gtst�xalh�¦�gnmloj:psk�j:p�n��z nP�z tsvmjJt¥j:kP�z¦z k�t��gv�x z � z p�n�v z q z ¹ z �º� z vb�b� z q z õ7lh�gn¦f�êëx9k¦�û�g£:lhn � qs�Jpsk�n�j:rsk�x z kq z r�ìu�¦�Jk � q5�ûr�p z jJtsnml { lakm�gnmloj:p { rsxonmlö�RjJw�« z ��nml · k�j:rsk���j:p�n�vb�Jlhp�n z k¦fò��Ä�z nmr�q z qsr¤tsvmjJw�x�yz.{(z qsrøt��gv z ���b�]j��÷�
�z nP�z½z Y z ��nmr��z¦z q��Jpsk�x z �¦�Jqsv z qsrøtsvmjÌ« z n z rsvmjJt��z¦z p_ê � î����
� ��ù~fgò9�~�Prs�JxhlonP�z q z kMk�j:xar]nmloj:psk�n�vmj:r]���z¦z k�y��x��û�Jlhq z q5�ûr�p q z kM¢����¾ð³x z k7t�xarsk9t z v · jJv { �Jp�nmk7�JrÌ«�j:r]vbq5�û�Prslq��z t��Jkmk z xh�gvb£ z.{(z p¶n÷xh�¤k�j:xhr]nmloj:p q z v��z¦· �z v z ps� z jJwsn z pPr z tsv��z ���z q z.{½{(z p�n(t��gv÷x z kB�b� z vb�º� z r]vbkBq z õ�la�gn¦f[ p z k z ��nmloj:p÷q z � z �b���gt�lon�v z tsv��z k z p�n z xh� { �z nm�sjPq]j:xhjJ£:l z�z n7x z k9v��z kmr�xonm�gnmkMq z x��û�Jqs�gtsnm�gnmloj:pBq z x���jJt��z vb�gn z r]vq z ��vmj:lak z.{(z p�n�lhp¶n�vbjPqsr�lon�qs�Jpsk�x z �º�s�gt�lon�v z � � �Jr��¦�Jk�q z x���jJtsnml { lakm�gnmloj:puk�j:rsk���j:p�n�vb�Jlhp�n z k¦f¢ßxa�¤qslqY��z v z ps� z q z � z tsv z.{ l z v tsvbjJw�xXyz.{(z ��rsl�t z r]nr�z n�v z �Pr ��j {½{(z rspY�¦�Jk÷n z k�n(lhpsq�rsk�n�vbl z x � xh�v��z k�j:xhrsnmloj:p¤q�r¤t�vmjJw�x�yz.{(z q z x��ûlhpÌ« z ��nmloj:p�q�rø�¦�gvbw�r]vb�Jp�n�� · �Jlon�t=�gvmnml z q5�ûrsp¤n�vb�.�g�Jlhx7q z q��z � z xojJtst z.{(z p�n�Prsl��z nm�Jlon z p ��j:r]vbk��Jru� z p�n�v z q z ¹ z �b� z vº�b� z q z õ7lh�gn Á<z p´��j:xhxh�gw¥jJvb�gnmloj:p½�\� z ��ê¿� z ��j Ë fPê¿xsp z k¦�û�g£:lon�qsj:ps�
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t=�Jk � qs�Jp�k�� z �¦�Jk � q z x��Ä�z �Ì�Jxars�gnmloj:pÂq z k�v��z kbrsxonm�gnmk�t��gv���j { t��gvb�Jlhk�j:p´�.� z ��rsp z k�j:xhr]nmloj:p´q z v��z¦· �z v z ps� z psl �
{ �z.{½z q z xh�~t¥j:kmkmlow=lhxhlonP�z q z x z r]v�tsv��z k z p�nm�gnmloj:puq��z nm�Jlhxhx �z¦z f�ò z �b�s�gt=lon�v z ¡|tsv��z k z p�n z qsj:ps��kml { t�x z.{(z p�n�x z kv��z kbrsxonm�gnmk|jJw�n z p�rsk}qsr]vb�Jp�n~xh�ut��z vbloj�q z q z xa�Í��j:xhxh�gw¥jJvb�gnmloj:p_qslhv z ��n z �.� z �´x z k|�b� z vb�b� z rsvbk}q z õ7lh�gn|�Prsl�+�z n��z v z xh�gnmlo� z.{(z p�nB��j:rsvmn z f�ò��ûlhp¶nP�z v��z n(tsvºlhps�¦lot��Jx7q z � z n�n z �gtst�xhlh�¦�gnmlhj:p z k�n÷qs�Jpsk}xR�û�Jps�Jxo­�k z q z qslo� z vbk�\�Ì�Jp�nm�g£ z k���rÖ��j:pÍt z r]n�nmlov z v z pÍt¥j:km�Jp�n�x z tsvbjJw�xXyz.{(z q5��jJt�nml { lhkm�gnmlhj:pÂq z qslZY��z v z p¶n z k · � ���j:psk.f
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��j {½{(z x z kbr]£J£�yz v z x z psj {�� rsp(tsvbjJw�xXyz.{(z q5��jJtsnml { lhkm�gnmloj:p { rsxonmlö����vºlon�yz v z ��j:pskmlak�n z y�~jJtsnml { lhk z vMt�xhr]�kbl z r]vbk · j:p���nmloj:psk�jJw�« z ��nml · kbl { r�xonm�Jp��z.{(z p�n¦fsò z k�jJw�« z ��nml · k�q z x���jJtsnml { lhkm�gnmloj:pÂk�j:p�n �]z pu£��z p��z vº�Jx � ��j:p�n�vb�Ì�q�lh��n�j:lov z k¦f]i7�gv z ì z.{ t�x z�� t0j:rsv�x z tsvmjJw�x�yz.{½zÁÂ¯ÃwÄ�ÅUÆ Ç2È ÁIÉ¥Ë Ê~É È�ËÄ�ÅUÆ Ç)Ì ÁIÉ¥Ë Ê�È¡ÍnÎ0ÏÎ)Ð Ë ÁqÑsË

©�Òh�oÓ É È Ó � Ë ©aÓ É Ì Ó
� Ë
xR�û� { �z xhlojJvb�gnmloj:pÍq�r´t�v z.{ l z v���vblon¦yz v z l { t�xhlh�Pr z xa�Bq��z £Jvº�Jqs�gnmloj:p�qsruk z ��j:p�q5f=� z ��j:pLÔ�lon�xojJvºk�q z x���jJtsnml { lo�kb�gnmloj:p÷q z k · j:p���nmloj:psk�jJw�« z ��nml · k z n�vb�Jqsr�lon�t=�gv7x z�· �JlonM��rÖ�ûlhx�pÖ� z ì�lhkmn z t��JkMq z k�j:xar]nmloj:p÷��r�l�k z vº�Jlon7jJtsnml { �Jx zq�rut0j:lap¶n�q z ��r z q z k�q z r�ìÂ��vºlon�yz v z k¦f

min f1
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Solutions compromis (x2=0)
x2=5                      

Õ�ÖI×<Ø �gfh�]Ù »��E��°e���E£��E�����l�f��¬©���q£��]�f�D�¡�e§\ R�T�¡§e X�­����¦��¡�0°$�TÚ�$¬­�5ÛKÜfÝ
���Jp�k�� z n z ì z.{ t�x z kml { t=x z�� p]j:rsk�t¥j:r]�Jj:psk z ìPt=xhlh�¦lon z v�x z vb�gtst¥jJvmn z p�n�v z x z k · j:ps��nmlhj:psk�jJtsnml { lhkP�z¦z k ^Ç)Ì Ê Á �]Þ É Ì ËEß Ç2È f7ò z kBw¥jJvbp z kBqsr qsj { �Jlhp z q z v z �b� z vb�º� z ��jJvmv z k�t¥j:psq z p¶nB�Jr�ì �g�Jx z r]vbk z ìPn�v��z.{ �Jx z kq�r�p�r { �z vb�gn z r]v � �g� z k�në� y�Ì��qslov z y� É Ì Ê © z n É Ì Ê �Pf0ò��½¬s£:rsv z �gfh� { j:p¶n�v z x z k�w¥jJvbp z k�q�r�q]j { �Jlap z q z
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éè��5�7�eêTæ��Dëg�]à����eì
v z �º� z vb�b� z t��gvmnml z x Á Ç)Ì Ó
�g© Ë t0j:rsv�� z t�vmjJw�x�yz.{(z qs�Jpsk9xR� z k�t��J� z q z k9��vblon¦yz v z k.fÌò�����j:r]vmw z ��jJvbv z k�t¥j:psqs�Jp�n zy� É Ì Ê © v z t�vP�z k z p¶n z x��ûl { �g£ z q z xR� z psk z.{ w�x z q z k ÃbB)H��L�XÈmBJÉ]Ãí�"B)�DC=ÇeB��BÈ[Ã qs�Jp�k�x z t�xh�Jp
î Ç2È�Ë²Ç)ÌQï f0� z kk�j:xhrsnmloj:psk�kmj:p¶nÂ�z �Prslo�g�Jx z p¶n z k z p�n�v z�z xhx z k��Jruk z psk�q z k�q z r�ì ��vºlon�yz v z k�q5��jJtsnml { lhkm�gnmloj:p z n��Jrs�¦rsp^�z xº�z.{(z p¶nqsr½qsj { �Jlhp z q z v z �b� z vº�b� z p5� z k�n {½z lhxhx z r]v��Pr5�ûrsp z k�j:xhr]nmloj:p ��j { tsvmj { lak�kmr]v�x z k�q z r�ì½��vblhn�yz v z k�y� xh� · j:lak¦f� z k�j:p�n~� z k|k�j:xhrsnmloj:psk���j { tsvmj { lak Á j:r rsp z j:r_� z vmnm�Jlhp z k~q5� z p�n�v z(z xhx z k Ë �Pr5��j:p¾v z �º� z vb�º� z ��r��Jpsqlhx5k¦�û�g£:lhn�q z v��z k�j:r�q]v z rsp�tsvmjJw�x�yz.{(z qÖ��jJtsnml { lhkb�gnmloj:p { r�xonmlö�RjJw�« z ��nml · f � jJn�j:psk��Pr5� z pÍtsvb�gnmla��r z�� lax¥­u� x zt�xhr�k�k�j:rs� z p¶n}r�pø� z vbnm�Jlhp p]j { wsv z q z ��j:p�n�vb�Jlhp�n z k}�Prsl7q]j:lo� z p�nl�z n�v z km�gnmlhk · �Jlon z k~t=�gv|x z k~k�j:xhr]nmlhj:psk�qsrtsvmjJw=xXyz.{(z q5��jJtsnml { lhkm�gnmloj:p5f

ð�ñ"ð òôó�õMöe÷øöTóDùûúaüþýíÿøó���������	�
���JpskMn�j:rsn�� z ��r�lPkbrslon � p]j:rskM��j:pskblhq��z vmj:psk��Pr z n�j:r]n z k�x z k · j:p���nmloj:pskMjJw�« z ��nml · k�j:p¶n�y� { lhpsl { lhk z v � �¦�gvx z tsvºlhps�¦lot z q z qsr��Jxhlon��z r]nmlhxalhk��z qs�Jpsk|x z ��j:p¶n z ì�n z q5��jJtsnml { lhkm�gnmloj:p�
�¡J¡�� � 
�¡J��� � t z v {½z n}q z n�vb�Jp�k · jJv {(z vxh� { �Ìì�l { lhkm�gnmloj:p z p³xh� { lhpsl { lhkm�gnmloj:p z p { rsxhnmlot�xhlh�Jp�n(xh� · j:ps��nmloj:p
jJw�« z ��nml · t��gv�
|�gf�ò z tsvmjJw=xXyz.{(zq5��jJtsnml { lhkm�gnmloj:p { rsxonmlö����vºlon�yz v z t z r]n��JxojJvbk©�z n�v z t¥j:k��z k�j:rsk · jJv {(z £��z p��z vb�Jx z kmr�lo�Ì�Jp�n z4^Á��Â ��Ã Ä�ÅiÆ Ç�� ÁIÉ¥Ë Ë Ä Ê � Ë ÒqÒqÒ Ë��������� © Ë � Ê � Ë ÒqÒqÒ Ë����� � Ê © Ë � Ê � Þ+� Ë ÒqÒqÒ Ë�� �É"!# Ó É # Ó É%$# Ë Å Ê � Ë ÒqÒqÒ Ë¯Æ Ò

Á �gfh� Ë

, A 1gWY;<-�3=D<3=>=; A
ò z � z ��n z r]v É Ê ÁIÉ È�Ë ÒqÒqÒ Ë É%&�ËÂz kmn¤x z � z ��n z r]v_q z k Æ(' ÆgÇ È�ÆRJbHO� Ã5PR�íP F���¦È[ÃºÈ�BgÉ f�ò z k É !# z n É $# k�j:p�nx z k¤w¥jJvbp z kølhp · �z vºl z r]v z z n kmr]t��z vbl z rsv z v z kmt z ��nmlh� z.{(z p¶n_q z xh�?�Ì�gvºlh�gw�x z É # f|� z k¤w¥jJvbp z k¤q��z ¬�p�lhkmk z p�nx�� ��ÃUC�ÆX�V�íPR�íP F�0�¦È[ÃºÈ�BgÉ 3 f�ò z n z v {½z~PXB)�½ÆgÈ<Én�*)M� ÃiC�ÆX�"��PR� ÇT�T��ÅL��ÇE��Å�� k z vº�^r]nmlhxhlak��z ��j {½{(z km­Pp]j:p�­ {(zq z xR� z k�t��J� z q z q��z �¦lhkmlhj:p
�Jlhpskbl���r z t¥j:r]v q��z kmlh£:p z v´x��ûl { �g£ z q z x�� z k�t��J� z q z q��z �¦lhkbloj:p?q��Jpsk½x�� z k�t=�J� zq z k´��vblon�yz v z k¦f�î��z p��z vb�Jx z.{(z p�n � t��gv rsp z_ÃbB)H��L�XÈmBJÉ psj:rsk½�Jxhxoj:p�k z p¶n z p�q]v z r�p �z xº�z.{(z p�nÂq z x�� z k�t��J� z q zv z �º� z vb�b� z f
� jJn�j:psk �Pr5� z pÐnm�Jp�n �Pr z ��j:p�n�vb�Jlhp�n z k q5�ûlap��z £:�Jxhlon��z p]j:r�k(��j:pskmlhq��z vmj:p�k½k z rsx z.{½z p¶n q z k½��j:p¶n�vº�Jlhp¶n z kq z nÄ­�t z Ï�kmr]t��z vºl z r]v��Rj:r��g�z £:�JxhÑ¤�¦�gv x z k}��j:p¶n�vb�Jlap¶n z kBq z n�­Pt z Ï�lhp · �z vbl z r]vm�Rj:r��Ì�z £:�JxhÑÍt z r]� z p�nl�z n�v z n�vb�Jp�kë�

· jJv { �z¦z k z p&� z kutsv z.{ lXyz v z k z p&�gtst�xhla��rs�Jp�n´x z¾{ �z.{½z tsvblhps�¦lht z q z qsrs�JxhlonP�z�� �Prsl�p]j:rsku�Yt z v { lhkÂq zn�vb�Jpsk · jJv {½z v x z k(jJw�« z ��nml · k½q z�{ �Ìì�l { lhkm�gnmloj:p z p^� z r]ìÐq z�{ lhpsl { lhkm�gnmloj:pÖf7ª�l�r�p z k�j:xhr]nmlhj:p É p z kb�Ì�nmlhk · �Jlon~t��Jk �Jr { j:lapsk|rsp z q z k � ��j:p�n�vb�Jlhp�n z k q5�ûlap��z £:�Jxhlon��z j:r rsp z q z k � ��j:p�n�vb�Jlhp�n z kBq5�Ä�z £:�Jxhlon��z��7z xhx zz k�n q�lon zøÃbB)H��L�XÈmBgÉ_È<É�W¦ÆgÈ[Ã�ÆRJ�Hq� � ��j:p�n�vb�Jlov z.{(z p�n �Jr�ì ÃbB�HK�L�XÈ�BgÉ]Ã�W¦ÆgÈ[Ã�ÆRJ�Hq��Ã � �Prsl����z vblo¬ z p�n x�� z psk z.{ w�x z q z k
Á � Þ � Ë ��j:p¶n�vb�Jlap¶n z k�q�r tsvbjJw�xXyz.{(z f]ò�� z psk z.{ w�x z q z k�k�j:xar]nmloj:psk · �Jlakm�gw�x z k���j:psk�nmlhnmr z xa� Ç F�mÊ:ÈmBgÉíW¦ÆgÈ[Ã�ÆRJ�Hq�q z x�� z kmt��J� z q z v z �º� z vb�º� z j:r z p���jJv z x�� ��ÃUC�ÆX�V�<W�ÆJÈaÃ¦ÆRJbHO� + f
	 30- ± A-, ;a/�@A

� j:rsk|�¦lon�j:p�k}lh�¦lM�Pr z xh�Pr z k|q��z ¬�p�lonmloj:psk z n · �Jlonmk xhlº�z k´y��xh�Í��j:p�� z ì]lon��z�� �¦�gvB� z k}p]jJnmlhj:psk|p]j:rsk}k z vmj:p�nr]nmlhx z k�t=�gv�xh�(kmrslhn z fÙ³ò�� WbBJÉ����XÈ�BgÉ Ç ^�. &0/ . z k�n �$BJÉ ' �212� kbl z k�n�k z rsx z.{(z p¶n�kbl�t0j:rsvÍn�j:r]n�t��JlovÍq z �g�gvblh�gw=x z kÉ43 È65 Ë É73 Ì85:9 . & z n�t¥j:r]v�n�j:r]n�; 9 
 © Ë �<��� xhl z rux��ûlhp��z £:�Jxhlhn��z kmrslo�g�Jp¶n z4^
Ç Á ; É 3 È65 Þ Á � 
=; Ë¡É 3 Ì85¿Ë Ó>; Ç ÁIÉ 3 È65ÄË Þ Á � 
=; Ë Ç ÁIÉ 3 Ì85ÄË Ò
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ª]l�qs�Jp�k�� z n�n z q��z ¬=pslonmloj:p � p]j:rsk�v z.{ t=xh� ���j:psk7x z kmlo£:p z q5�ûlhp��z £:�Jxhlhn��z Ó t��gv ï � p]j:rsk�jJwsn z psj:psk7xh��q��z ¬=pslonmloj:pq z xh� W�BgÉ����XÈ�BgÉ¾É�BgÉdce�"BgÉ ' �212� f=i�j:r]v�n z k�n z v�kmlÖr�p z~· j:p���nmloj:p Ç z k�n���j:p¶� z ì z qs�Jp�k�rsp�lhp�n z vm�g�Jxhx z�� lhx · �Jr]n�¦�Jxa�¦rsx z v÷km� { �gn�vblh� z ¸ z kmkml z psp zCB Ì Ç z n÷���z vblo¬ z v÷kbl z xax z´z kmn÷q��z ¬=psl z t0j:kblonmlo� z qs�JpskB�b�s�J�Pr z t¥j:lhp�n q zxR�ûlhp¶n z vb�Ì�Jxhx z f�ò z�{ �z.{½z n z k�n z k�n · �Jlon(�.� z ��xa� { �gn�vblh� z 
 B Ì Ç t0j:rsvB���z vblo¬ z v½xa�øpsj:p`Ù���j:p¶� z ì]lonP�z q z Ç f¹ z.{ �gvb�Pr]j:psk��Pr z kml5rsp z�· j:ps��nmloj:p � ÁIÉ5Ë�z k�n�p]j:p�Ù���j:p¶� z ì z�� x�� z psk z.{ w�x z q z]É n z xhk��Pr z � ÁIÉ¥Ë � © z k�n�rsp
z p�k z.{ w=x z ��j:p¶� z ì z fÙ³ò z�C=ÇEBRJbHED�b���lP7F B"Cn�XÈI�÷ÈaÃ¦Æ��XÈ�BgÉ.�í��H��XÈIcEBRJHG��T�0�XÈ W Á �gfh� Ë�z kmn7�gt�t z x �z©�$BJÉ ' �212� kml z k�nMk z rsx z.{½z p¶n7kml�n�j:r]n z kx z k · j:ps��nmloj:p�k�jJw�« z ��nml · Ç�� kmj:p¶n���j:p¶� z ì z k z n�xh�|vP�z £:loj:p · �Jlhkm�gw=x z�z k�n�rsp z psk z.{ w�x z ��j:p¶� z ì z(Á �g� z k�në�y�Ì��qslov z n�j:rsn z k�x z k · j:ps��nmloj:p�k �E� k�j:p�n�p]j:p�����j:p�� z ì z k z n�n�j:r]n z k�x z k · j:ps��nmloj:psk � � kmj:p¶n�xalhp��z �Jlov z k Ë f
ðDñ*I J ó � ö$ùLK�ùLM �N� ÷ ó]ý5÷Mö � K �$öE÷�O� ú � ò�K«ÿ � ÷nó

���Jp�k�� z n�n z k z ��nmlhj:p�p]j:rsk��Jxhxhj:psk�lhp�n�vmjPq�rslov z x z k�p]jJnmloj:p�k�xhlº�z¦z k y�(x���jJtsnml { lhkm�gnmloj:p { rsxonmlö�RjJw]« z ��nml · kmr]vx z km��r z xhx z k�n�j:r]n z xh�(kbrslon z q z � z n�vº�.�g�JlhxÖ�g�(k z w��Jk z v.f
æ7PRQSP�æ T´K9G�O�Ù&��H¤L�ÙÐL�K9Ø+Q�G�Ý5G�O�ÙYÙ]H¤ÚÌK9Ô�N�H:QRK9G�ÚVU÷Ý0I¶Ù]HJK¥à K?��H:Q�Ø³Ý5ÔRÙ�Ú
3 @A µM-�;[/2;<3=-?4 A D<C_4�3=WY;<-�C�-�8 A
ò��¾k�j:xhr]nmloj:p É 3 # 5 qsr tsvbjJw�xXyz.{(z Á �gfh� ËBz k�n½qslhn zAPRB)�÷È[Én�¦Ç r�p z �Jr]n�v z k�j:xhrsnmloj:p É 3 � 5 � kml�x z k(��j:p�qslonmloj:pskkbrslo�g�Jp¶n z k�k�j:p�n����z vblo¬��z¦z k ^
�gf Ç�� ÁIÉ43 # 5 Ë Ó Ç�� ÁIÉ73 � 5 ËXW Ä 9�Y � Ë ÒqÒqÒ Ë��[Z f�Pf \ Ä 9�Y � Ë ÒqÒqÒ Ë��[Z n z xÖ��r z Ç�� ÁIÉ73 # 5 Ë î Ç�� ÁIÉ43 � 5 Ë fª]l HöÆ ÃbB�HK�L�XÈ�BgÉ�É73 # 5 PXB��BÈ<Én�gHoÆ ÃbB)H��L�XÈmBJÉ�É73 � 5 � psj:rsk��Jxhxoj:pskÂ�z ��vºlov z , 3^] 5�_ , 3 ` 5 f

min f1

m
in

 f
2

Õ�Öm×�Ø �gf��íÙba �]C�BgÈ<Éd��É�BgÈ<Ç�� Ãb��PRB)�÷È[É F�­C�ÆgÇa�¦ÅPÆX����É P2� Ãg�XÇ È�ÆgÉ�Ê�HO� Ãdc«PRB)�÷È[Én����ÅPÆR����É PR��Ã ÇT�T���RÆJÉ�Ê�HO� Ã������ÃV� F��G���È ' Æ)HO��É���Æ)�e1ÍÆgÉ�Én�mÆ)�e1�Æ��ÍÃ��¦É]Ã5PR�5HoÆ�PRB)�÷È[É=ÆJÉ��"�
� jJn�j:psk´��r z t¥j:r]v(n�j:rsn z t��Jlov z q z kmj:xhr]nmloj:psk É43 # 5 z n É73 � 5 � r�p zÍz n k z rsx z.{(z p¶n½r�p z q z k½� � v { �gnmloj:pskkbrslo�g�Jp¶n z k z k�n���vb�Jl z Á �Jj:lov�¬s£:rsv z �gf�� Ën^Ù É 3 # 5 q]j { lhp z]É 3 � 5 �Ù É 3 # 5 z k�n�q]j { lhp��z¦z t��gv É 3 � 5 �Ù É73 # 5 z n É73 � 5 k�j:p�nÂ�z ��rslh�Ì�Jx z p�n z k��Jr�k z psk�q z xa�(q]j { lhps�Jp�� z f
i7�gv�xh� kbrslon z�� x z k�k�j:xhrsnmloj:psku�z �Prslo�g�Jx z p�n z k��Jrøk z psk�q z xa� q]j { laps�Jps� z k z vmj:p¶n�t��gv · j:lhkÍ�z �Jj��Pr��z¦z k~��j {½{(z
Ã�B)H����XÈ�BgÉ]Ã F�0G���È ' Æ)HO��Éd�i��Ã Æ)��Ã���É]Ã5P2� S ÆgÇT���UB j:r �sz ps��jJv z�� ��j {½{(z(Ã�B)HK�L�XÈ�BgÉ]Ã S ÆgÇT���UB)c F��G��PÈ ' Æ�Hq�¦Éd�i� Ã f
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ü|1Ì3 V 1Ì;J@A /�@A Z½4 A D<C 1 A D<C]/2;<30-^4 A 4�3=WY;X-9C�-�8 A
ò9�gfih%jekml ÖonqpsrdÖop k Ö fihutqhut nqv�Öop k p4w h _ � n z xax z ��rÖ� z xhx z�z k�n�q��z ¬�p�l z �¦lö��q z kmkbrsk �Ù p�x hzy�l|{}k~yLf��hm��j�h�� Ö�� h � �¦�gv�r�p z k�j:xhr]nmlhj:pÍp z k z q]j { lap z t��Jk z xhx z Ù { �z.{(z �Ù p�x hzy�l|{}k~y�y�� v �hml�f Öo�q� h � �¦�gv�j:p�p5�û��«m� { �Jlhk ÁIÉ73 # 5�_ É43 � 5 Ë�z n ÁIÉ43 � 5�_ É43 # 5 Ë �Ù p�x hzy�l|{}k~y�k p l Ö yE� v �h%l"f ÖH�4� h � qsr · �Jlhn�q z x�� z ì]lhk�n z ps� z q z k�j:xhr]nmloj:p�k�i��gv z n�jg�Ì�z �Prslo�g�Jx z p�n z k �ÙAhzy�l|l�f�k p y Ö l Ö�� h � �¦�gv ÁIÉ43 # 5�_ É73�� 5 Ë ó ÁIÉ73�� 5�_ É73 � 5 Ë l { t�xalh��r zBÁIÉ73 # 5�_ É43 � 5 Ë f
ò9� v z xh�gnmlhj:p´q z q]j { laps�Jps� z�z k�n�qsj:ps��r�p z ÇT�bHoÆ��XÈ�BgÉ.P7F BgÇEPgÇE�]C�ÆgÇb�XÈ���H9Ãb�XÇºÈ���� kmr]v�x�� z k�t=�J� z q z q��z �¦lhkbloj:pu
û���Rf
� jJn�j:psk z pÍt=�gvmnmlh�¦rsxhl z v��Pr z©É 3 # 5�� É 3 � 5 p5�ûl { t�xhlh�Pr z t��Jk É 3 � 5 _ ÁIÉ 3 # 5 f
U½V /Ì;<W C�DX;[/�@A 4 A ü�Cs1 A /\3Ù&ª�j:lon��ñrsp z psk z.{ w�x z q z k�j:xhr]nmloj:p�kë���¦�Jpsqslhq��gnmk}q5�ûrsp tsvmjJw=xXyz.{(z qÖ��jJtsnml { lhkb�gnmloj:p { rsxonmlö�RjJw]« z ��nml · fò�� z psk z.{ w�x z ������� � ��j { t¥j:kP�z q z n�j:rsk x z k_�z x �z.{½z p¶nmk÷q z �ï�Prsl�p z kmj:p¶nBq]j { lhp��z k t��gv �Jr��¦rsp�z x �z.{(z p�n�q z � z k�n�q�lon ÃbB)�PÃ"cT��ÉsÃ��b��J�Hq� É�BJÉ&cePRB)�÷È[É F�aPR�5H*F ��ÉsÃ��b��J�Hq�íPR�|Ã�B)HK�L�XÈ�BgÉ]Ã �(f
i7�gv½xh�økmrslon z�� p]j:rsk÷�Jxhxhj:psk}t=�gv · j:lak z p�n z psq]v z t=�gv½rsp �¦É]Ã�����JbHO� j:r ÃbB)�PÃVcE�¦É]Ã����aJ�Hq��É�BgÉdcePXB��BÈ<É F��� rspk�j:rsk�� z psk z.{ w�x z q z k�j:xhrsnmloj:psk���r�l5k�j:p¶n�i��gv z n�jg�Ì�z �Prslo�g�Jx z p�n z k z p�n�v z|z xax z k { �z.{(z k.�ûlhx z ì�lhkmn z q5�û�Jr]n�v z k�kmjg�xhr]nmlhj:psk���rsl5qsj { lhp z p�n�q z k�k�j:xar]nmloj:psk�q z xR� z psk z.{ w�x z�z p��Pr z k�nmloj:p5f
� z}· � ���j:p��Jps�JxhjJ£:r z �Jr�ì�k�j:xar]nmloj:psk�jJt�nml { �Jx z k�£:xojJw��Jx z|z n�xoj��¦�Jx z k�qs�Jp�k�x z ��j:p�n z ìPn z q z x���jJtsnml { lakm�gnmloj:p
{ j:p]jg�RjJw]« z ��nml ·\� x z k�p]jJnmloj:p�k�q5��jJtsnml { r { xoj��¦�Jx z n�q5��jJtsnml { r { £:xojJw��Jx5�Jr�k z psk�q z i7�gv z n�j½t z r]� z p�n­�z n�v zlhp�n�vmj�qsrslon z k ^

Ù³ò�� ��É]Ã��b��JbHO�íPR� S ÆJÇE���UB >=D<3�c�C�D qsr�tsvbjJw�xXyz.{(z q5��jJtsnml { lhkm�gnmloj:p { rsxonmlo�RjJw�« z ��nml ·0Á �gfh� Ë¥z kmn9x�� z psk z.{ w�x zq z t¥j:lhp�nmk}n z xakB�Pr5�û�Jrs�¦r�pY�Jrsn�v z t¥j:lhp�n÷q z xR� z k�t��J� zu· �Jlakm�gw�x zV� p z x z kBqsj { lhp z fMªPj:r]� z p�n � xR� z p��k z.{ w�x z q z i7�gv z n�jY£:xojJw��Jx z k�nÐ�z �Jj���r��z kml { t�x z.{(z p�n½��j {½{(z x�� �¦É]Ã����aJ�Hq�gPR� S ÆgÇT���UB j:r z ps��jJv zxR� ��É]Ã��b��JbHO�gPR� Ã5�"B)�DC=ÇeB��BÈ[ÃíBVCn�XÈN�½Æ)�e1 f
Ù&� z n z psk z.{ w�x zMz k�n9��j:p�k�nmlonmr��z t��gv�x z k ÃbB�HK�L�XÈ�BgÉ]Ã}É�BJÉ&cePRB)�÷È[É F�f� ÃgP��íC=ÇEBRJbHED�b���aP4F B"CM�XÈN�÷È[Ã�Æ��XÈ�BgÉ Á �gfh� Ë"��gt�t z x �z¦z k��Jrskmkml Ã�B)H����XÈ�BgÉ]ÃíPR� S ÆgÇT���UB j:r ÃbB�HK�L�XÈ�BgÉ]Ã S ÆgÇE���UB)cEB"Cn�XÈI�(Æ�Hq��Ã q z � z tsvbjJw�xXyz.{(z f
Ù³ò��ûl { �g£ z q z x�� z psk z.{ w�x z q z i7�gv z n�j÷qs�Jpsk�xR� z k�t��J� z q z k���vblhn�yz v z k z k�n��gtst z xº�z¦z xh� Ã"��ÇNW¦ÆX�V�íPR� S ÆgÇT���UB
Á j:r x zgW ÇeBgÉ���P2� S ÆgÇT���UB qs�Jp�kBx z �¦�Jk(q z tsvmjJw�x�yz.{½z w�lo�RjJw�« z ��nml ·ºË"� j:r �z £:�Jx z.{(z p�n½xh� Ã"��ÇNW¦ÆX�V�lPR� Ã�"B)�DC=ÇEB)�÷ÈaÃlB"Cn�XÈI�(Æ���1 f

Ù³� z�{ �Jpsl�yz v z kml { laxh�Jlov z�� rsp´k�j:rskë� z p�k z.{ w=x z ���!��*� q z x�� z k�t=�J� z q z q��z �¦lhkmloj:p z k�n��gtst z xº�zí��ÉsÃ��b��J�Hq�íPR�S ÆgÇT���UB D<358:C=D k¦�ûlhx z ì]lhk�n z�§ ï ©~n z xs�Pr z t¥j:r]vMn�j:r]n(�z x �z.{(z p�n É q z � �!��*� lhx]p5� z ì]lhk�n z t��Jk�q z k�j:xhrsnmloj:psk� q��Jpsk �*Á jÖyr §Âz k�nÍrsp?p]j { w�v z t¥j:kmlhnml · t z nmlhn Ë q]j { laps�Jp¶nÂrspß�z xº�z.{(z p¶nÍq z � �!��*� z nÂ���z vºlo¬��Jp�n� � 
 É �d� Ó § f
æiPRQ PRQ U´I:KMO¢¡Ù�L�N�I:Ù�Ú�L�Ù I:Ù�O¶×�ÙsI¶O�×�Ù L�ÙÐÔT#hÙ=G�ÚÌÙ�ØÐâ�ÔRÙ G�K9G7à¦L�K9Ø+QÄG£¡Ù

ò���v z �º� z vb�º� z q z x�� z psk z.{ w�x z p]j:p���q]j { lap��z � � qs�Jpsk�rsp z psk z.{ w�x z ¬�pslPq]j:psp��z q z k7k�j:xhr]nmlhj:psk4�&k z�· �Jlonq z�· � ���j:pÍkml { lhxh�Jlov z ��r z xh�}v z �b� z vº�b� z qsr { lhpsl { r { qs�Jpsk�rsp z psk z.{ w�x z ¬=psl�q z p]j { wsv z k�vP�z¦z xhk¦fs�¤�Jlhk�kml�b���J��r z ��j:r]t�x z q z p]j { wsv z k z k�n�jJvbq]j:psp��z¦z kmrslo�g�Jp�n�xh�(v z xh�gnmlhj:p�q5��jJvbq]v z n�jJnm�Jx<î � xojJvbk�q z xh�(v z �º� z vb�b� z
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q z kB�z xº�z.{(z p�nmk�p]j:p���q]j { lap��z k � x z k÷�z x �z.{½z p¶nmk�q z x�� z psk z.{ w�x z �»k�j:p�n���j { t��gv��z k��Jr´k z psk�q z xh�}qsj { lhps�Jps� z���g� z kmnë� y�Ì��qslov z�� y��x��û�Jlaq z q z xh�Ív z xh�gnmlhj:p _ f����Jp�kB� z n�n z k z ��nmloj:p � p]j:r�k}�Jxhxoj:p�k}q��z ��vblov z wsvbl�yz � z.{½z p¶nBn�vmj:lhkt�vmjP�=�z qsrsv z k�r]nmlhxhlak��z¦z k�t¥j:r]v�lhq z p�nmlo¬ z v¤� � f � j:r�k�kmr]tst¥j:k�j:p�k�q��Jpsk�xh�(kmrslhn z ��r5�ûlax=­u� � jJw�« z ��nml · k z n¦¥t¥j:lhp�nmk�qs�Jpsk�xR� z psk z.{ w�x z �(f
² V�V 1Ì358)( A T¨§ -9C�© ª ± A¾A / D A -0/ A

���Jp�k�� z n�n z �gtstsvbjP�º� z�� �b�s�J�Pr z k�j:xhrsnmloj:p Å z k�n���j { t��gv��z¦z y�÷n�j:r]n z k�x z k��Jr]n�v z k�k�j:xhr]nmlhj:psk9«�rskb��r5�[y�B� z�Pr5� z xhx z k�j:lhn�qsj { lhp��z¦z t��gv�x��ûr�p z qÖ� z xhx z k¦f�ª�l¥�Jrs�¦rsp z p z xa�Bqsj { lhp z���z xhx z�z k�n�q��z �¦xh�gv��z¦z p]j:p���q]j { lhp��z¦z fsò9���j { t�x z ì]lon��z q z � z n�n z t�vmjP�=�z qsrsv z qs�Jpsk�x z t�lov z q z k��¦�Jk z k�n�« Á � ¥ Ì Ë 
ö�.�}�Rf
² V�V 1Ì358)( A ¯�§ W ;<Z A ýCÂd.30691Â8:3=-0/Ì;<-56 A

� z n�n z �gt�tsvmj��b� z|z kmn�n�v.yz k�kml { lhxh�Jlov z y�´xh�½tsv��z �=�z q z p�n z�� j:p�xarslÖ� kbl { t�x z.{½z p¶n�vº�2«ëj:r]nP�z rsp z}{ �z.{ j:lov z�Prsl5xh�÷v z psq z pÍ£��z p��z vb�Jx�t�xhrsk z�� �¦�J� z Ù { �Jlhk�t��Jk�qs�Jpsk�n�j:r�k�x z k��¦�Jk.f���s�J�Pr z k�j:xhr]nmlhj:p�q z � z k�n���j { t��gv��z¦z �.� z �÷rsp�k�j:rskë� z psk z.{ w�x z t��gvmnml z xhx z.{(z p¶n�v z.{ t�xhl z n���j:p]nmlhp �r��
{½z p¶n { lhk�y��«�j:r]v.f:¢�r½q��z w�r]n � xR� z psk z.{ w�x z � � ��j:p�nml z p¶n�xh��tsv z.{ lXyz v z k�j:xhr]nmlhj:p5f:��pskbrslon z�� �b�s�J�Pr z kmj:xhr]nmloj:pÅ k z vb�~��j { t��gv��z¦z �Jr�ì �z xº�z.{(z p¶nmk�q z � � f¶ù�j:r]n z k�x z kMk�j:xhr]nmloj:p�kMq z � � q]j { lhp��z¦z k�t��gv Å �:z p½kmj:p¶n÷�z xhl { lhp��z¦z k¦fª]l��Jrs�¦rsp z k�j:xhr]nmloj:p q z ����p z q]j { lap z Å � Å z k�nB�2«ëj:rsn��z¦z y�b���Xf�ò9�¤��j { t�x z ì]lonP�z Ï��Jr t�lov z �¦�JkmÑ�q z � z n�Jxh£JjJvblonm� {(z�z kmn�xh� { �z.{½z �Pr z � z xhx z q z x��û�gtst�vmjP�º� z � � �g� z k�në� y�Ì��qslov z « Á � ¥ Ì Ë fP���Jlhk �¶z p { j\­ z psp z�� � z n�n zk z ��j:psq z �gtstsvbjP�º� z|z k�n�t�xarsk�vb�gt�lhq z 
ö�.�}�Rf
² V�V 1Ì358)( A ç�§ D[C V DX6�Z A�¬ 8:Cs8 A

� z n��Jxo£JjJvblhnm� {(z�� tsvbjJt0j:kP�z t��gv¢­|rsps£ z n��Jx�f z p �.Î:�g�b
��J��� � ��j:pskmlhkmn z y�(jJvbq]j:p�p z v�x�� z psk z.{ w�x z � t��gv
jJvºq]v z ��vbj:lhkmkm�Jp�n�qsr tsv z.{ l z v���vblon¦yz v z½Á<z pÂkmr]tst¥j:km�Jp�n��Pr5�ûlhx z k�n~y� { lhp�l { lhk z v ËÖz n|y�B�gtst z x z v�xh�}tsvmj����z qsr]v zv��z �¦rsvbkmlo� z kmr�lo�Ì�Jp�n z�^
i�vmj����z q�r]v z Õ f n4p l Á � Ë®R¯�°²±6°²³-´�µ-¶�·�¸¤¹»º¸2¼¨¸V½¸d· ½¸2¼¨¸2³�± ¾�¸¤·R¿ ¸2³-´À¸d¼¢Áe·�¸¤Â¨Ã�Ä%Å�ÆeÇ»°�È ½¸<¾�ÉeÇ»¸�Ç»¸8±6°�ÉeÇ»³e¸�Ée³L¸2³�´6¸2¼¦Áe·Ê¸¤¾�¸<´ ´À°�·ÊÉe±6Ë�°²³�´dÃ ÌÙ&ª�l�Í �ÎÍ Ê � � v z n�j:r]vbp z v � ��j {½{(z x z vP�z kmrsxonm�gn�q z xh�÷tsvmj����z qsr]v z Õ f nqp l Á � Ë fÙ&ª�lhp]j:p

�gf¢Ï Ê Õ f nqp l Á YÑÐ È Ë ÒqÒqÒ Ë ÐqÒ Ó Ò Ô Ì Z Ë�z n¢Õ Ê Õ f n4p l Á YÑÐ~Ò Ó Ò Ô ÌTÍ�È Ë ÒqÒqÒ Ë ÐqÒ Ó Ò Z Ë f�Pf�i�j:r]v��b���J��r z k�j:xhr]nmloj:p×Ö # q z x�� z p�k z.{ w=x z Õ � Å Ê � Ë ÒqÒqÒ Ë Í Õ×Í �Ù³kml7Ö # p5� z k�n�q]j { lap��z¦z t��gv��Jrs�¦r�p z k�j:xhr]nmlhj:pÍq z Ï � �JxojJvbk Ï Ê Ï�Ø Y Ö # Z f�Pf�¹ z n�j:r]vºp z v¢Ï»��j {½{(z x z v��z kbrsxonm�gn�q z xh�÷tsvmj����z qsr]v z Õ f n4p l Á � Ë f
ò9�Y��j { t�x z ì]lon��z q z � z nÍ�Jxo£JjJvºlonm� {(zøz k�nÍ© Á ¥ ÁHÙHÚ � ¥ Ë*ÛÎÜ Ì Ë t0j:rsv � ï � ��z nÍ© Á ¥ ÁHÙHÚ � ¥ Ë�Ë t¥j:r]v

� Ê � Ë �×
��J���Rf
æ7PRQSPRÝ Þ Ù�OPHJÙ�N�I¤Q�L£¡ÙsÝ5Ô�Ù]H�Ü9Ù�OPHJÙ�N�IøL�Ùàß Ý5L�Q�I

ò z ' �T���i����Ç|ÈmP F�.Æ)H á�â qsrÐtsvmjJw=xXyz.{(z Á �gfh� Ë½z k�n´x z � z ��n z r]vÍq z x�� z k�t=�J� z q z k´��vblon�yz v z kÂq]j:p¶n´�b�s�J�Pr z��j { t0j:kb�Jp¶n z�á � z k�n7xh��k�j:xhr]nmlhj:p}qsr tsvmjJw�x�yz.{½z q z�{ lhpsl { lhkm�gnmloj:p~q z xh� · j:p���nmloj:p Ç�� k�j:r�k�x z k���j:p�n�vb�Jlhp�n z kq�rÍtsvmjJw�x�yz.{½zÂÁ �gfh� Ë Á �Jj:lov�¬�£:r]v z �gf�� Ë fÖî��z p��z vb�Jx z.{(z p�n � � z � z ��n z rsv�p z ��jJvmv z kmt0j:p�qÍt��JkBy�´rsp z kmj:xhr]nmloj:pq z xR� z k�t��J� z q z q��z �¦lhkmlhj:p { �Jlhk�lhx z k�n��Pr z xh�Pr z k · j:lak�rsnmlhx z�z pÍnm�Jp¶n��Pr5�ûrsp z v��z¦· �z v z ps� z�� t��gv z ì z.{ t�x z�� xojJvbkq z xh�(p]jJv { �Jxalhkm�gnmloj:puq z k��g�Jx z r]vºk�q z k�jJw�« z ��nml · k¦f
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Front 
de Pareto

min f1
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in
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z*

z nad

Espace 
faisable

Õ�Öm×�Ø �gf��íÙ>ã �T�0�i�b��Ç|È�P F�.Æ�H%á â ��� ' �T�0�i�b��ÇQPR��ä ÆXPgÈ<Ç¢á &}å2æ
¢ xh�÷qslZY��z v z ps� z qsrÂ� z ��n z r]v�lhq��z �Jx5�Prsl0v z tsv��z k z p�n z x z k�w¥jJvbp z k�lhp · �z vbl z rsv z k�q z �b�s�J�Pr z jJw�« z ��nml · q��Jpskx�� z k�t=�J� z�· �Jlakm�gw�x z�� x z ' �T�0�i�b��Ç5PR�¨ä ÆXPgÈ<Ç á &�ådæ ��jJvmv z k�t¥j:psq�y�}x z rsvbk7w¥jJvbp z k�kmrst��z vbl z r]v z kMkbr]v�xh�~kmrsv · �J� z q zi7�gv z n�j z n�p]j:p�t��Jk�qs�Jpsk�n�j:rsn�x�� z kmt��J� z · �Jlhkm�gw=x z Á �Jj:lov�¬s£:r]v z �gf�� Ë fÖ� z � z ��n z r]v z k�n�w�l z p�t=xhrsk�qsl � �¦lhx zq z n�vmj:rs� z v}��r z x z � z ��n z r]v laq��z �Jx�f9i�j:r]v}� z vmnm�Jlapsk~tsvmjJw=xXyz.{(z k � xh� { �z nm�]j�q z q zgC�Æ)jXB*ç �RÆRJbHO� 
û�g����t z r]n�z n�v z r]nmlhxhlhkP�z¦z fÖò z � z ��n z r]v(q z´� �Jqslhv|t z r]n}��jJvmv z kmt0j:p�q]v z y��r�p z j:r+y���Jrs�¦rsp z k�j:xhr]nmloj:p z ì�lhkmnm�Jp¶n z���z p

· j:ps��nmloj:p�qsrut�vmjJw�x�yz.{(z Á p]jJnm� { {(z p¶n � q z xh�(��j:p�� z ì�lhn��z qsrÍq]j { �Jlhp z q z v z �º� z vb�º� z2Ë fi�j:r]v|p]jJv { �Jxhlhk z v~�º�s�J��r z jJw�« z ��nml ·¡� x z � z ��n z rsv}lhq��z �Jx z n|x z � z ��n z rsv}q z½� �Jqslov|k�j:p�n z p¾t��gvmnmlh�¦r�xhl z vr]nmlhxalhk��z k�q z~· � ���j:p�kmrslh�Ì�Jp�n z4^
Ç & �»è �� Ê Ç�� 
 á�â�á &}å2æ� 
 á â�
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æiPRQ Phå TÂK9G�L�Q�H:QRK9G�ÚÍL�#hKÀ��H:Q�Ø³Ý5Ô�QRH:¡Ù

���Jpsk½� z n�n z k z ��nmloj:p^psj:rsk(�¦lon�j:psk½x z k(��j:psqslonmloj:p�k(p��z � z kmkm�Jlov z�z n kmr � kb�Jp¶n z q5��jJt�nml { �JxhlonP�z �JrÐk z p�kq z i7�gv z n�j · jJv { rsx �z¦z k´t¥j:r]v x z t�vmjJw�x�yz.{(z Á �gfh� Ë f�ª�rstst¥j:k�j:psk÷��r z n�j:r]n z kÂx z k · j:ps��nmloj:psk jJw�« z ��nml · Ç � �Ä Ê � Ë ÒqÒqÒ Ë�� � �Jlhpskml7�Pr z x z k · j:p���nmloj:psk~q z ��j:p�n�vb�Jlhp�n z k �E� � � Ê � Ë ÒqÒqÒ Ë�� �Öz n � � � � Ê � Þ � Ë ÒqÒqÒ Ë�� � k�j:p�n��j:p�nmlhp �r {(z p�n�qslZY��z v z p�nmlh�gw�x z k¦f
	 30-947;[/2;<3=-
-÷@A 8 A Z\Z.C�;<1 A 4 Abé 1Ì;[/0/J`8ê¥3n(�-i�j:r]v}�Pr zlÉ â kmj:lon}rsp z kmj:xhr]nmloj:p_i7�gv z n�jg�RjJtsnml { �Jx z q�r¾tsvmjJw�x�yz.{(zøÁ �gfh� Ë"� lhx z k�n p��z � z kmkm�Jlov z ��rÖ�ûlhx z ì�lak�n zq z k}� z ��n z r]vbk�; � © z n�ë � © Á ; 9 .�Û � 6 9 .�ì z nL; Ë 6îíÊ © ï Ë n z xak}�Pr z x z k ��j:psqslonmloj:p�k|kmrslo�g�Jp�n z kk�j:l z p�n����z vºlo¬��z¦z k ^
�gf�ð Û�òñ�È ; � B Ç�� ÁIÉ â Ë 
=ð ì� ñ�È ë � B ��� ÁIÉ â Ë4Ê © ��Pf ë � � �¶ÁIÉ"â.Ë�Ê ©÷t¥j:r]v�n�j:r]n � Ê � Ë ÒqÒqÒ Ë�� f
ò��Ítsv z r]� z q z � z nm���z jJv¦yz.{(z t z rsna�z n�v z n�vbj:r]���z¦z�� t��gv z ì z.{ t=x z�� qs�Jpskó
ö�.���Rf���p z Y z n � laxMp5� z k�n}t=�Jkqsl � �¦lhx z q z p]jJn z vÂxh� kml { lhxh�gvblonP�zuz p�n�v z � z nm���z jJv.yz.{½zøz nÂxh�_��j:psqslhnmloj:p^p��z � z kmkm�Jlhv z q z x���jJtsnml { �Jxalon��z q z­|rs��p���ù�r��8ô z v�t¥j:r]v�x���jJtsnml { lhkm�gnmloj:p { j:psjg�RjJw�« z ��nml · f

	 30-947;[/2;<3=-^Z26 ¬ Z.C�-0/ A 4 ACõ C�1Ì6�Z0(Ö` õ 6¶(�-Ö`",�698�ö A 1ª�r]t�t0j:kmj:psk��Pr z x z k · j:ps��nmlhj:psk Ç�� � Ä Ê � Ë ÒqÒqÒ Ë�� � kmj:p¶n}��j:p�� z ì z k � x z k · j:ps��nmlhj:psk �E� � � Ê � Ë ÒqÒqÒ Ë�� k�j:p�n
p]j:p�����j:p�� z ì z k z nÂx z k · j:p���nmloj:psk � � � � Ê � Þ � Ë ÒqÒqÒ Ë�� k�j:p�nuxhlhp��z �Jlov z k Á �Jr]n�v z.{(z p�nuqslon � x z tsvmjJw=xXyz.{(z
{ rsxonmlö�RjJw�« z ��nml ·MÁ �gfh� ËMz kmn�kmr]t�t0j:kP�z �z n�v z ��j:p�� z ì z �JrÂk z psk�q z xh�|q��z ¬=pslonmloj:p½qsj:psp��z¦z q��Jpsk�xh� k z ��nmloj:p��gfh� Ë f¢�xojJvbk � kblsxh�}��j:p�qslonmloj:p½p��z � z kbkm�Jlov z q z õ]vºlonÑ÷��6øJj:�sp z k�n����z vblo¬��z¦z�� xh� k�j:xhr]nmloj:p É"â�z k�n�rsp z kmj:xhr]nmloj:p½i7�gv z n�jg�
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jJt�nml { �Jx z qsrÍt�vmjJw�x�yz.{(z Á �gfh� Ë f
i�j:r]v�xh�÷tsv z r]� z psj:rsk�v��z¦· �z vbj:psk÷y�×
û�g�}�Rf
ðDñ»û ü=ýQülöd�$öd�íÿ � ú �(þ K«õ�ÿ

���Jp�k}� z n�n z k z ��nmloj:pYp]j:rsk~t�vP�z k z p¶n�j:p�kBr�p z �gtst¥j��b� z q z x���jJtsnml { lhkm�gnmloj:p { rsxonmlo����vblon�yz v z qslhn z Ï�p]j:p����jPjJt��z vb�gnmlo� z Ñ ��rsl � y�Bxh� q�lZY��z v z p�� z q�r´��j:ps� z t�n�lhp¶n�vbjPqsr�lon��¦lö��q z kbkmrsk � k z w��Jk z kmr]v�xh�}v z �b� z vb�º� z p]j:p´t��Jkq z ��j { tsvmj { lak { �Jlhk�q5�ûr�pÐÏ¶�z nm�gn�q5�¿�z �Prslhxhlow�v z Ñ z p¶n�v z x z k�qslo� z vºk�jJw�« z ��nml · k¦fê¿x5k¦�û�g£:lhn�q z x��û�gtstsvbjP�º� z tsvmjJt¥j:k��z¦z t��gv¢øsfsõ�f � �Jkm� z p �.ÎJ���Î
û�g¡��9lhp�lonmlh�Jx z.{(z p�n�q z k�nmlhp��z¦z y�(v��z kmj:rsq]v zq z k�tsvmjJw�x�yz.{½z k�q5��jJtsnml { lhkm�gnmloj:p�lhkmkmrsk�q z xh�½ù����z jJvºl z q z k�ø z r�ì¥f�i�j:r]v�r�pÍtsvmjJw�x�yz.{½z y� � jJw�« z ��nml · k � xh�kmn�vb�gn��z £:l z q z´� �Jkm� ��j:pskmlhk�n z y� · �Jlhv z÷z p k�jJvmn z ��r z �º�s�J�¦rsp q z k � Ï[«ëj:r z r]vbkmÑujJtsnml { lhk z k�j:p jJw�« z ��nml · fò��}v.yz £:x z q z � z « z r z k�n�n z xhx z ��r z �b���J��r z «�j:r z r]v�n z p¶n z qÖ�û� { �z xhlojJv z v�k�j:pu��vblon¦yz v z�� x z k Á � 
 � Ë jJw]« z ��nml · kv z k�nm�Jp¶nmk �z nm�Jp�n¾Ïë¬sì��z kmÑøt��gv÷x z kB�Jr]n�v z k�«ëj:r z rsvbk¦f��~rs�Jpsq �Jr��¦rspu«�j:r z r]v÷p z t z r]n t�xhrsk}� { �z xhlojJv z v÷k�j:pjJw]« z ��nml ·\� x z k�­Pkmn�yz.{½z(z k�n|��j:pskmlhq��z v��z ��j { {(z �.­:�Jp�n}�gn�n z lhp�n|k�j:p �z nm�gn}q5�Ä�z ��r�lhxhlowsv z�� �gtst z x �z F��G���ÈIH ÈUJ�ÇT�rPR�ä ÆÌÃºÅ fªPj:lon Æ xh��q�l {(z pskmlhj:p}q z x�� z k�t��J� z q z q��z �¦lhkmloj:p�� � �g� z k�në� y�Ì��qslov z psj:k � · j:ps��nmloj:p�k9jJw�« z ��nml · q��z t z psq��Jp¶nq z Æ �Ì�gvºlh�gw�x z k ÁIÉ È�Ë ÒqÒqÒ Ë É%&�Ë fsª�r]tst¥j:k�j:p�k Æ � � � � z �Prsl=t z v {(z n�q z q�lo�Plak z v�x�� z kmt��J� z q z q��z �¦lakmloj:p z p �kmj:rskë� z k�t��J� z k�p]j:p��R��lhq z k ^
� Ê Ø Û�òñ�È � �QË n¦fû��f�� � Ð�� � � Ï Ê�� t0j:rsv Ä�È íÊ Ä Ì Ò

¢�r]n�v z.{½z p¶nÖqslhn � n�j:r]n z k9x z kÖ�Ì�gvbla�gw�x z k5q z q��z �¦lhkbloj:p|k�j:p�nÖqslo��lhkP�z¦z k z p � £Jvmj:rst z k ÁIÉ È�Ë ÒqÒqÒ Ë É%&sË Ê�Á ,�	 Ë ÒqÒqÒ Ë ,�
 Ë fò z t¥j:lhp¶n Á ,
� 	 Ë ÒqÒqÒ Ë ,
�
 Ë�z k�n�q�lonzF��G���ÈIH ÈUJ�ÇT�íPR�¨ä ÆÌÃbÅ kml W Ä Ê � Ë ÒqÒqÒ Ë��
Ç�� Á , � 	 Ë ÒqÒqÒ Ë , � 
 Ë4Ê lap ·��������� Ç�� Á , � 	 Ë ÒqÒqÒ Ë , � � Ü 	 Ë , � Ë , � � Í 	 Ë ÒqÒqÒ Ë , � 
 Ë Ò

ò z k½�g�gvblh�gw=x z k½q z q��z �¦lakmloj:p
kmj:p¶nÂq]j:ps��qslak�n�vblow�r��z¦z k z p¶n�v z x z k � «�j:r z r]vbk.f����s�J�Pr z «�j:r z r]v t z r]n� { �z xalojJv z v�x z ��vblhn�yz v z ��rsl5xarsl=��jJvbv z k�t¥j:psq z p {(z n�nm�Jp�n z p « z r�k z rsx z.{(z p¶n�k z k �Ì�gvbla�gw�x z k¦f�ò9�÷v��z t��gvbnmlonmloj:pq z k��Ì�gvbla�gw�x z k�t z r]n­�z n�v z �gvmw�lhn�vb�Jlov z�{ �Jlhk ��z pÍt�vb�gnmlh�Pr z���z xhx z�z k�n�k�j:r]� z p�n½Ï�kmr]£J£��z v��z¦z ÑÂt��gv�xh�(kmn�vbrs��nmr]v zq�rutsvmjJw�x�yz.{(z fî��z p��z vb�Jx z.{(z p�n � xR�Ä�z �Prslhxalowsv z q z�� �Jkm� z k�n´qsl � �¦lhx z y�_n�vbj:r]� z v´qs�Jp�k½x z �¦�Jq]v z q z x��ûr]nmlhxalhkm�gnmloj:pYq z k
{ �z nm�sjPq z k�q5��jJtsnml { lakm�gnmloj:pÂ�¦xh�Jkmkmlh�Pr z k¦fs� z �¦l¥t z r]n { �z.{(z �z n�v z l { t¥j:kmkmlow�x z�� kml5x z k · j:ps��nmloj:psk�jJtsnml { lhkP�z¦z kp z kmj:p¶n�t��Jk�qslZY��z v z p¶nmlh�gw=x z k¦f]ò9�÷v z �º� z vb�º� z q z x��¿�z �Prslhxhlow�v z q z�� �Jkm��k z w��Jk z kmr]v�xh�(psjJnmloj:pÍq5� z psk z.{ w�x zq z vP�z �J��nmloj:p�vº�gnmloj:psp z xhx z÷Á¿Ç�Æ��XÈ�BgÉ=Æ)H7ÇT�mÆX�0�XÈmBgÉ¾Ã����aË�� � q z �b���J��r z «ëj:r z rsv ^� � Ê Y Á ,�	 Ë ÒqÒqÒ Ë , � Ü 	 Ë , � � Ë , � Í 	 Ë ÒqÒqÒ Ë ,�
 Ë n¦fû�=f Ç�� Á ,�	 Ë ÒqÒqÒ Ë , � Ü 	 Ë , � � Ë , � Í 	 Ë ÒqÒqÒ Ë ,�
 Ë Ó Ç�� Á ,�	 Ë ÒqÒqÒ Ë ,�
 Ë Z Ò
êëp�nmrslonmlo� z.{(z p�n ��� � z kmn�xR� z psk z.{ w�x z q z k {(z laxhx z r]v z k�k�j:xhr]nmlhj:psk��Pr z x z «�j:r z r]v Ä t z rsn��gn�n z lhpsqsv z t¥j:r]vx z k�q�lZY��z v z p�n z k�k�n�vº�gn��z £:l z k�q z k z k��Jq]� z vbkb�Jlov z k¦f����s�J�Pr z�z psk z.{ w�x z�� � t z r]nD�z n�v z lhq z p�nmlo¬��z y�÷x��û�Jlhq z q z k� z ��n z rsvbk , � n z xhk~�Pr z���� � 3 �! #"%$%$%$%" ��& 5� ��� Ê ©�fÖò��Ä�z ��rslaxhlowsv z q z(� �Jkb� z k�n �5z p · �Jlhn � x z t¥j:lhp�n~q5�ûlhp�n z vbk z ��nmloj:pq z k z psk z.{ w�x z k � � � Ä Ê � Ë ÒqÒqÒ Ë�� f[ p zÂ· � ���j:p �z x z £:�Jp�n z Á<z n(��r�l�k zu{ �gvbl z n�v.yz k(ps�gnmr]v z xhx z.{(z p�n �\� z �Íx z ��j:ps� z t�n÷q z « z r ��j { t��z nmlonml ·ºËq z½{(z n�n�v z(z p('|rs��v z q z xa� { �z nm�]jPq z q z½� �Jkm� z k�n}q��z ��vºlon z qs�Jpskg
ö�¦©]���RfÖi�j:r]v|n�vmj:r]� z vBx��Ä�z ��r�lhxhlowsv z q z
� �Jkm� � x z k��Jr]n z r]vºk�tsvmjJt¥j:k z p�n�q5�ûrsnmlhxhlhk z vMx z k�¢�xh£JjJvblonm� {(z k����Jj:xhr]nmlhj:psps�Jlov z k7t�vP�z k z p¶nP�z k�qs�Jpsk�x z �b���gt�lon�v zkbrslo�g�Jp¶n¦f
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éè��5�7�eêTæ��Dëg�]à����eì
êëx0­Â�(km�Jp�k�q]j:r]n z q z k�tsvbjJw�xXyz.{(z k�t¥j:r]v�x z km�Pr z xhk�x z ��j:ps� z t�n�q z x���jJtsnml { lhkm�gnmloj:p { r�xonmlö����vblon¦yz v z w=�Jk��zkmr]v�x��Ä�z ��r�lhxhlowsv z t z r]nQ�z n�v z ��j:pskblhq��z vP�z ��j {½{(z t�xhrsk��gtstsvmjJtsvºlº�z �Pr z � z xarsl�q z k���j { t�vmj { lhk¦f5� z t z psqs�Jp�n �x z kÂ�z nmrsq z k Á nm�Jp�n�jJvblh£:lhps�Jx z k��Pr z~· �Jlhkm�Jp�n�t��gvmnml z q z x��¿�z nm�gn�q z x��û�gvmn Ë ��r z p]j:rsk�q��z ��vºlo�Jj:psk�q��Jpsk�xh�½kbrslon zq z � z}{ �Jp�rskb��vblon � k�j:p�n���j:pskm�J��v��z¦z k(y�½xh�÷v z �b� z vb�º� z q z k���j { tsvmj { lak�q z i7�gv z n�j]f

ð�ñ*) + O� ÷�ÿíóQú � õ!ú O� ÷ � ÿ � ö$ùlöTõd÷ � õ
���Jpsk½� z n�n z k z ��nmloj:p?p]j:rsk(q��z ��vblh�Jj:psk �Pr z xh�Pr z k { �z nm�]j�q z k n�vb�Jqslonmloj:p�p z xhx z.{(z p�n(r]nmlhxhlak��z¦z k÷t0j:rsv½xh�v��z k�j:xhrsnmloj:p q z k�tsvmjJw�x�yz.{(z k�q5��jJtsnml { lakm�gnmloj:p { rsxonmlö�RjJw�« z ��nml · f�ù9j:rsn z k¤� z k¤�gtstsvmj��b� z k�t��Jkmk z p�n�t��gv¤xh�n�vb�Jpsk · jJv { �gnmloj:pÍqsrÍtsvbjJw�xXyz.{(z lhpslhnmlh�Jx z p¤rsputsvmjJw=xXyz.{(z q5��jJtsnml { lhkm�gnmloj:p { j:psjg�RjJw�« z ��nml · f
� j:rsk(��j {½{(z p ���j:psk(t��gv½q��z nm�Jlhxax z v(x z k(q z r�ì { �z nm�]jPq z k½x z k÷t�xhr�k ��j:pspPr z k z n½rsnmlhxhlhkP�z¦z k ^ x���jJt�nml { lö�km�gnmloj:p t��gv �g£Jv��z £:�gnmlhj:pÐt¥j:psq��z vP�z¦z q z k|jJw�« z ��nml · k �9z n÷x��û�gtstsvbjP�º� z t��gv § ����j:p�n�vb�Jlhp�n z k¦f,�~r z xh�Pr z k}�Jr]n�v z k

{ �z nm�]j�q z k�kmj:p¶n z p�kmrslon z tsv��z k z p�n��z¦z k�t�xhrsk�wsvºlXyz � z.{(z p¶n¦f
¹��gtst z xoj:psk��Pr z xR� z k�t��J� z q z k�k�j:xhrsnmloj:psk · �Jlhkm�gw=x z k�qsr tsvmjJw�x�yz.{(z÷Á �gfh� ËMz kmn�p]jJnP�z��_z n z k�n�q��z ¬�pslst=�gv ^

�
Ê Y É 9 � ^ �E� ÁIÉ¥Ë � © Ë � Ê � Ë ÒqÒqÒ Ë���� � � ÁIÉ¥Ë Ê © Ë � Ê � Þ+� Ë ÒqÒqÒ Ë�� Z
æiPhå�P�æ Ó¾Õ9Iò¡ÙsÕÖÝ0H:QRK9G!��K9G�L£¡ÙsI�¡Ù�Ù

� z n�n z�{ �z nm�sjPq z�� tsvmjJw��gw�x z.{(z p¶n � xh��t=xhrsk7xh�gvm£ z.{(z p�n�r]nmlhxalhk��z¦z qs�JpskMxh��tsvb�gnmla��r z�� ��j:pskblhk�n z y��vb� {(z p z vx z t�vmjJw�x�yz.{(z { rsxonmlo����vblon�yz v z �Jr tsvmjJw�x�yz.{½z q z x���jJt�nml { lhkm�gnmlhj:p q5�ûrsp z ��j { w�lhp��Jlhk�j:p xhlap��z �Jlov z q z k}jJw�« z � �nml · k�lapslonmlh�Jr�ì¥f�ò z k���j z�� �¦l z p�nmk~k�j:p�n�£��z p��z vº�Jx z.{(z p�n}�b�]j:lakmlhk z p · j:ps��nmloj:p¾q z x��ûl { t0jJvbnm�Jps� z v z xa�gnmlo� z q z kjJw�« z ��nml · k¦f0�¤�Jlhk�t0j:rsv�t¥j:r]�Jj:lov�¬]ì z v�x z k��Ì�Jx z r]vbk�q z k�t¥j:lhq�k�q z k���vblon�yz v z k�q zB· � ���j:p¾�gtstsvbjJtsvbl �z¦z�� lax · �Jr]nkm�\�Jj:lov��Prs�Jp�nmlo¬ z v�x z k�t�vP�z¦· �z v z ps� z k��Prs�Jxhlhnm�gnmlo� z k�lhkbkmr z k�q z x��û�gtst=xhlh�¦�gnmloj:p Á r�p z �gtst�vmjP�º� z t z v {(z n�nm�Jp�n�q zx z´· �Jlov z q zu{ �Jpsl�yz v z lap¶n z vb�J��nmlh� z � �z n��z tsvmjJt¥j:kP�z¦z t��gv÷i7�gv {(z¦zÍz n÷�Jx�f 
�¡J��� Ë"�7z n {½z n�n�v z x z k · j:ps��nmloj:p�kjJw�« z ��nml · y�½x��Ä�z �b� z xax z t¥j:r]v���rÖ� z xhx z k��Jl z p�n�x z|{ �z.{(z jJvbq]v z q z|{ �g£:pslonmrsq z fªPj:lhn
-�. ÁIÉ5Ë Ê Û/

�òñ�È!0 �­Ç�� ÁIÉ¥Ë ËjÖyr�x z k C�BgÈ�PÌÃ 0 � � ©½kmj:p¶n�n z xhk��Pr z ð Û��ñ�È 0 � Ê �gf=ò�� { �z nm�]j�q z Ï�q z xh�(k�j {½{½z t¥j:psq��z v��z¦z Ñ´t0j:rsv�xh�v��z k�j:xhrsnmloj:pÍqsrÍtsvbjJw�xXyz.{(z Á �gfh� Ë ��j:p�kmlhk�n z�� �JxhjJvbk � y�(v��z k�j:r�q]v z x z tsvbjJw�xXyz.{(z q5��jJt�nml { lhkm�gnmlhj:pÂkbrslo�g�Jp¶n ^
{ lhpÎ �21 -3. ÁIÉ¥Ë Á �gf�� Ë

êëx��&�z n��z �z nm�gw=xhl�r�p p]j { wsv z q z v��z kmr�xonm�gnmkBnm���z jJvblh�Pr z k �¦xa�gvblo¬��Jp�n x z vb�gtst¥jJvmn z p�n�v z xh��kmj:xhr]nmloj:p qsrtsvmjJw=xXyz.{(z�Á �gf�� Ë�z n}x z k|k�j:xhr]nmlhj:psk~i7�gv z n�jg�RjJtsnml { �Jx z k}qsr_t�vmjJw�x�yz.{(z�Á �gfh� Ë Á 
û��� � 
û�g��� Ë f � jJnm� {½{(z p�n � x z kq z r�ìÂnm���z jJv¦yz.{(z k�kmrslo�g�Jp�nmk�j:p¶nu�z nP�z q��z.{ j:p�n�vP�z k¦f
,g(B@A 3�1�ýA W A T ò9� k�j:xhrsnmloj:p+qsr³tsvmjJw�x�yz.{(z^Á �gf�� ËÂz kmnur�p z k�j:xhr]nmloj:p+i7�gv z n�jg�RjJtsnml { �Jx z qsr³tsvmjJw=xXyz.{(z
{ rsxonmlö�RjJw�« z ��nml ·�Á �gfh� Ë kml¥n�j:rsk�x z k�t¥j:lhqsk 0 �

k�j:p¶n�t0j:kblonml · k¦f
,g(B@A 3�1�ýA W A ¯ ª�l0x z t�vmjJw�x�yz.{(z q5��jJtsnml { lhkm�gnmloj:p { rsxhnmlö�RjJw�« z ��nml ·�Á �gfh� Ë�z k�n���j:p¶� z ì z~z n É â z k�n�rsp z q z k z kk�j:xhrsnmloj:psk|i7�gv z n�jg�RjJtsnml { �Jx z k � lhx z ì�lhkmn z rsp � z ��n z r]v(q z k t¥j:lhqsk|t¥j:kmlhnml ·�Á 0 È�Ë ÒqÒqÒ Ë 0 Û Ë n z x���r z�É"â½z k�n÷xh�k�j:xhrsnmloj:puqsrÍtsvmjJw=xXyz.{(z Á �gf�� Ë f
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ò z tsvmj�� z kmkmr�k�q z|{ lhpsl { lhkm�gnmloj:pÂq z xh�(��j { w�lhps�Jlhkmj:pÂxalhp��z �Jlov z q z q z r]ìÂ��vblon¦yz v z k z k�n�lhxhxarsk�n�v��z qs�Jpsk�xh�¬�£:r]v z �gf�� Á � Ë f=��p z Y z n � xR��jJtsnml { lhkb�gnmloj:puq z q z r�ì´jJw]« z ��nml · k { lapsl { lhkb�Jp¶n�rsp z k�j {½{(z t¥j:psq��z v��z¦z ��jJvbv z kë�t¥j:psqø�Jr+Ï�q��z t�xh�J� z.{(z p�nmÑ�q z xh�uq]vmj:lhn z - Ê76�Ú Æ38�9 Á n�vb�J�=�z¦z q��Jpsk�x�� z k�t��J� z q z k~��vblhn�yz v z k Ë qs�Jpsk�x z k z pskq z xh��q��z ��vbj:lhkmkm�Jps� z q z xh�Í�g�Jx z r]v÷q z - nm�Jp¶n÷��r z � z n�n z q]vmj:lon z ��j:p¶nml z p�n(q z k|t¥j:lhp�nmk}q�r q]j { �Jlap z q zv z �b� z vb�º� z f ÁX� jJn�j:psk÷�Pr z xa��t z p¶n z q z � z n�n z xhlo£:p z½z k�n÷q��z ¬�psl z t=�gvBx z vb�gnmloj=
 0 È ß 0 Ì f Ë � z tsvmj�� z kmkmrskk.�û�gvmv��z n z �JxojJvbk��Jr { j {(z p�n�j5yr¤xh�´q]vmj:lon z �gn�n z lhp�n�xh� t¥j:kmlonmloj:pÍnm�Jps£ z p¶n z y�Âxh� · vmj:p�nmlXyz v z q�r�q]j { �Jlap z q zv z �b� z vb�º� z Á qs�Jpsk(x�� z kmt��J� z q z k÷��vblon�yz v z k Ë f�ò z k z rsx�t0j:lap¶n÷q z x�� z k�t��J� z q z v z �º� z vb�b� z ��j:p¶n z pPrÐqs�Jpsk÷xh�qsvmj:lon z y�u� z({ j {(z p�në��xÄy� Á x z t¥j:lhp¶n¨Ï qs�Jp�k�xa� ¬s£:rsv z �gf�� Ë v z t�vP�z k z p¶n z xa�´k�j:xar]nmloj:pøqsr�t�vmjJw�x�yz.{(zÍÁ �gf�� Ë"�lRf z fsxh�(k�j:xhr]nmlhj:pÍq z i7�gv z n�j´qsrut�vmjJw�x�yz.{(z´Á �gfh� Ë ��jJvmv z k�t¥j:psq��Jp¶n z �JrÍ� z ��n z rsv�q z k�t0j:laqsk Á 0 È�Ë 0 Ì Ë f
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HöÆÐÃbB)�í����C�BgÉ�P F�¦Ç F�f�ôPR�.P2�b�e1W�BgÉ��0�XÈmBJÉ]Ã�BRJHG��T�0�XÈ W#> a ��C�BgÈ<Éd� Ï �$BgÇ ÇE��ÃUC�BJÉ�P>DÆQHöÆ|ÃbB)H��L�XÈmBJÉ�P��]C=ÇeB2JbHED�b���©P7F B"Cn�XÈI�÷ÈaÃ¦Æ��XÈmBJÉ@?BA!>DC#E2> : cF; a ��Ã
Ç F�mÊ:ÈmBJÉ]Ã­�"BgÉ��bÆ ' � ÃoPR�©HöÆBÃV��ÇNW¦ÆX�"�QPR� S ÆgÇT���UB÷Ã�BgÉd�HG�È[É0ÆX�$�V� ÃbÃ È�J�Hq��ÃJI�C�B)��Ço�"�����i�©� F���<Å`B�P2�5G��d�bHqG��d� Ã�Ã�BgÈ��¦Éd�HO� Ã ' Æ)Hq����ÇbÃ 0 È ��� 0 Ì >
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� z n�n z¤{ �z nm�]j�q z�z kmn´kml { t�x zÂz n � t¥j:r]v q z k½tsvmjJw�x�yz.{(z k´�.� z �¤xh� kmr]v · �J� z q z i��gv z n�jY��j:p�� z ì z���z xhx zt z v {½z n�nm���z jJvblh�Pr z.{(z p�n�q z n�vmj:rs� z v�n�j:rsn z k�j:xar]nmloj:p q z i7�gv z n�jg�RjJtsnml { �Jx z t��gv�xa� { lhp�l { lhkm�gnmlhj:p÷vP�z t��z n��z¦zq z k�j {½{(z k�t¥j:psq��z v��z¦z k�q z k���vºlon�yz v z k��\� z �}q z k�t0j:laqsk�qslZY��z v z p¶nmk¦f� z t z psqs�Jp�n � t¥j:r]v½xa�¤t=xhr]t��gvmn÷q z k(t�vmjJw�x�yz.{(z k½psj:p���xhlhp��z �Jlov z k ��{ �z.{½z x zu· �Jlon½��r z q z k÷�Ì�Jx z r]vbk(q zt¥j:lhq�k�r�psl · jJv { �z.{(z p�n�qslhk�n�vºlow�r��z¦z kM�Jl z p�nB�z n��z kmr��¦� z kmkmlo� z.{(z p�n�rsnmlhxhlhkP�z¦z kMp z £:�gvb�Jp¶nmlhn�t��Jk�qsr½n�j:r]n��Pr z x z kkmj:xhr]nmloj:psk�q z i7�gv z n�j(��jJvmv z k�t¥j:psqs�Jp�n z k�k z vmj:p�n � y�÷x z r]v�n�j:r]v � rspsl · jJv { �z.{(z p�n�q�lhk�n�vblow=r��z¦z k�kmrsv�xh�Bkmr]v · �J� zq z k(��j { tsvmj { lak¦f�� z �¦l�v z psqÐq�l � �¦lhx z x z �º�]j:löìÐq z k(�g�Jx z r]vbk÷q z k(t¥j:lhq�kBq zÍ· � ���j:p?��r5� z xax z k÷v z tsv��z k z p�n z��jJvbv z ��n z.{(z p�n�x��ûl { t0jJvbnm�Jps� z v z xh�gnmlo� z q z k���vblon¦yz v z k¦f� z t�xarsk � xh��t�xhrst��gvmn�q z k { �z nm�]j�q z kMq5��jJt�nml { lhkm�gnmlhj:p { j:psjg�RjJw�« z ��nml · k�j:p�n�w=�Jk��z¦z k�kmr]v7x z ��vblon�yz v z q5��jJt]�nml { �JxhlonP�z qsrutsv z.{ l z v�jJvbq]v z f]êëx · �Jr]n��JxojJvbk �]z pÍtsvblhp��¦lot z�� ���z vºlo¬ z v��÷t¥j:k�n z vblhjJvbl5kml5xh�(k�j:xar]nmloj:pÂv z n�vmj:r]���z¦z
z kmn z Y z ��nmlh� z.{(z p¶n�k�j:xhr]nmlhj:pÍqsrutsvmjJw�x�yz.{½z Á �gf�� Ë f��p]¬�p � t¥j:r]v~q z k�tsvmjJw�x�yz.{½z k~q]j:p¶n~xh�Âkmr]v · �J� z q z i7�gv z n�j���j:p�nml z p¶n|q z k�vP�z £:loj:psk~p]j:p�����j:p�� z ì z k � x z kkmj:xhr]nmloj:psk�q z i��gv z n�j½kmlonmr��z¦z k�qs�Jpsk�n z xhx z k�v��z £:loj:p�k�p z t z r]� z p�n�t=�Jk]�z n�v z v z n�vmj:r]���z¦z k�t��gv�xa� { �z nm�]j�q z q zxa�~k�j {½{(z t¥j:psq��z v��z¦z�� ��r z xhx z �Pr z k�j:lon�xa�|��j { w=lhps�Jlhk�j:p q z kM�g�Jx z r]vbk�q z kMt¥j:lhqsk¦f�� z�· �Jlon z kmn�lhxhxarsk�n�v��z qs�Jpskxa�´¬�£:r]v z �gf�� Á w Ëø^ lhxMp5��­¾�ut��Jk|q z nm�Jp]£ z p�n z �Jr · vmj:p�n}q z i7�gv z n�j¤��rsl7t=�Jkmk z vb�Jlon~t=�gv}x z t¥j:lhp�nLK km�Jpsk
�Pr5�ûrsp z �Jrsn�v z q]vmj:lhn z q z}{ �z.{(z t z p�n z~z n�q z �Ì�Jx z rsv�q z - { j:lhpsq]v z p z ��j:rst z �Jrskmkml5x z~· vmj:p�n � q]j:psp��Jp¶nq z|{(z lhxhx z rsv z k��Ì�Jx z rsvbk�qsrÍ��vblon¦yz v z t¥j:psq��z vP�z´Á � z �¦l z kmn���vº�Jl5t¥j:r]v�n�j:rsk�x z k�t0j:lap¶nmk z p�n�v z Ï z n¢Õ Ë f
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��p^�.Î:�P� � ¸��Jl {(z k z n}�Jx�f:
 �¶����j:p¶n}kbr]£J£��z vP�z xh��vP�z¦· jJv { rsxh�gnmlhj:p qsr_tsvbjJw�xXyz.{(z q5��jJtsnml { lhkm�gnmloj:p Á �gfh� Ëk�j:rsk · jJv {(z kmrslo�g�Jp¶n z4^ O
{ lhp Î ��1 Ç�P ÁIÉ5Ë ËÇ � ÁIÉ¥Ë Ó § � Ë � Ê � Ë ÒqÒqÒ Ë�� Ë Ä íÊRQ � Á �gf�� Ë

jÖyr Q 9�Y � Ë ÒqÒqÒ Ë��[Z z n�x z kMt��gvb� { yz n�v z k § � kmj:p¶n�y�~q��z ¬=pslovMt��gv�x��ûrsnmlhxhlhkm�gn z rsv.fÌ��p(q5�û�Jr]n�v z k�n z v {(z k � rsp z q z k· j:ps��nmloj:psk���rÖ�ûlhx · �Jr]n�jJtsnml { lak z v z kmn�v z n z p�r z ��j {½{½z r�pslh�Pr z jJw�« z ��nml ·\� nm�Jp�qslhk���r z x z k���vblon¦yz v z k�v z k�nm�Jp¶nmkk�j:p�n�n�vb�Jpsk · jJv { �z k z p���j:p�n�vb�Jlhp�n z k¦fi7�gv z ì z.{ t�x z�� kmr]tst¥j:k�j:psk~�Pr z�� xhjJvbk|q z xh��vP�z k�j:xhr]nmloj:p q5�ûrsp_tsvbjJw�xXyz.{(z q z { lhpsl { lakm�gnmloj:pøq z q z r�ìjJw�« z ��nml · k � p]j:r�k��.­Jj:p�k�q��z �¦laq��z q z v z n z pslhv Ç)Ì ��j {½{½z�· j:ps��nmloj:p_y�|jJtsnml { lhk z v�k�j:rsk�xa�}��j:p�n�vb�Jlhp�n z Ç2È ÁIÉ¥Ë Ó§ È f¶ò���¬s£:r]v z �gf��~�Jlhq z y�|laxhxhrsk�n�v z v7� z n�n z�{ �z nm�]j�q z t¥j:r]v�q z k�km���z ps�gvbloj:k���jJvmv z k�t¥j:psq��Jp¶nmk�y�}q z qslZY��z v z p¶n z k�g�Jx z r]vbkMq z�§ È f�ò z q]j { �Jlhp z q z v z �º� z vb�b� z�z k�n�q�lo�Plak��z qs�Jpsk�x�� z kmt��J� z q z k���vblon�yz v z k�t��gv�xh�|qsvmj:lon z � z vmnmlh�¦�Jx z
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Õ�ÖI×<Ø �gf��5Ù < HIHK�PÃV�XÇ�Æ��XÈ�BgÉ.PR�5HÑF ÆVCXC=ÇEB���Å��rPR��§�ce�"BgÉd�XÇ�ÆgÈ[É��i� Ã
Ç2È Ê&§ È z pÍq z r�ì t=�gvmnml z k ^ xh� t��gvmnml z�· �Jlakm�gw�x z÷Á Ç2È Ó § È Ë�z n�xh�}t=�gvmnml z lhp · �Jlhkm�gw�x zBÁ Ç2È � § È Ë f]¹u�z k�j:rsqsv z x ztsvmjJw=xXyz.{(z½Á �gf�� Ë v z ��l z p¶n�qsj:ps�½y�÷n�vmj:r]� z v�rsput¥j:lhp�n · �Jlakm�gw�x z�z n�n z xÖ�Pr z xh�÷�Ì�Jx z r]v�q z Ç)Ì ÁIÉ¥Ë k�j:lon�xa� t=xhrskt z nmlon z t¥j:kmkmlow=x z fP���Jpsk�xh�÷¬s£:r]v z �gf�� � xojJvbk�qsr�km���z ps�gvbloj § È Ê&§8� È � �g� z k�n�x z t¥j:lhp�nSK(f��pÐ� z ��r�l���j:ps� z vbp z xR�û�gtst�xhlh�¦�gw=lhxhlonP�z q z xh� { �z nm�]j�q z q5� § ����j:p¶n�vb�Jlap¶n z k � x z v��z kmrsxhnm�gn kmrslo�g�Jp�n÷�»�z nP�zq��z.{ j:p�n�vP�z�^
,g(B@A 3�1�ýA W A ç i�j:r]v´n�j:r]n � z ��n z rsv § Ê Á�§ È�Ë ÒqÒqÒ Ë § P Ü È0Ë § P�Í�È�Ë ÒqÒqÒ Ë § Û Ë n z x��Pr z x z tsvmjJw�x�yz.{(zYÁ �gf�� Ë � rsp zk�j:xhrsnmloj:p � � z n�n z k�j:xar]nmloj:p z k�n�r�p z k�j:xhr]nmloj:pÍi7�gv z n�jg�RjJt�nml { �Jx z qsrutsvmjJw�x�yz.{½z}{ r�xonmlö�RjJw�« z ��nml ·�Á �gfh� Ë f
3�;<Z.8¶6�Z.Z\;<3=-

ò���¬s£:r]v z �gf�� Á km���z ps�gvbloj § � È Ë lhxhxhr�k�n�v z x zM· �JlhnÖ��r5�[y��xh��qslZY��z v z ps� z q z xR�û�gtstsvmj��b� z q z xh��k�j {½{(z t¥j:psq��z v��z¦z��xh� { �z nm�sjPq z q z�§ ����j:p¶n�vº�Jlhp¶n z k z kmn��¦�gt��gw�x z q z v z n�vmj:r]� z v�x z k�kmj:xhr]nmloj:psk�q z i7�gv z n�j÷�gtst��gvmn z p��Jp¶n z k|y�}q z kv��z £:loj:psk�p]j:p�����j:p�� z ì z k�q z xh�(kbr]v · �J� z q z k���j { tsvbj { lhk¦fs��pun z v {(z q z t=�gvb� { yz n�v z k�q z.{ �Jpsq��z k�� z k�q z r�ì�gtstsvbjP�º� z k�k�j:p�nÂ�z ��r�lo�Ì�Jx z p¶n z k¦fò z �º�]j:löì qsrY� z ��n z r]v §÷z k�n(n�v.yz k´l { t¥jJvmnm�Jp�n z n z kmn÷xalº�z y�_q z � z vbnm�Jlhp z k(qsl � �¦rsxon��z k¦f � jJnm� { {(z p¶n ��b���J��r z �g�Jx z r]v § � q]j:lhnl�z n�v z �b�sj:lhkml z(z p�n�v z x z k��g�Jx z r]vºk z ìPn�v��z.{ �Jx z k}q z xR��jJw�« z ��nml · ��jJvmv z k�t¥j:psqs�Jp�n Ç�� fi7�gv z ì z.{ t�x z�� kml § È Ê § æ È Á ¬s£:r]v z �gf�� Ë � �z n��z �b�sj:lhkml � x z tsvmjJw=xXyz.{(z Á �gf�� Ë p5�û�÷t��Jk�q z k�j:xhr]nmloj:p�k · �Jlhkm�gw=x z k¦f�B�û�Jr]n�v z t��gvmn � t¥j:r]v�n�j:r]n z �Ì�Jx z rsv�q z�§ È kmrst��z vbl z r]v z y� §UT È xh� { �z.{(z k�j:xhrsnmloj:p Á ��jJvmv z kmt0j:p�qs�Jp¶n z �Jr t¥j:lhp�nÕ qs�Jpsk�xh�÷¬�£:r]v z �gf�� Ë k z vb�÷n�vmj:r]���z¦z f
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��j {½{(z x��û�gt�tsvmj��b� z q z xh�(k�j { {(z t¥j:psq��z vP�z¦z�� x z k�n�vmj:lak { �z nm�]j�q z k�kmrslh�Ì�Jp�n z k���j:pskmlhkmn z p¶nBy�÷vº�Jkmk z.{ �w=x z v Á �º�s�J�¦rsp z y�÷km� · � ���j:p Ë x z k�jJw�« z ��nml · k�qsrÂtsvmjJw�x�yz.{(z½Á �gfh� Ë�z pÍrsp z�· j:ps��nmloj:pÍrsp�lh��r z�� �Prsl z kmn z pskmrslon zjJt�nml { lhkP�z¦z f
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��ñ�È 0 � Í Ç � ÁIÉ5Ë 
 á â� Í

Y!] È Ô^Y Ë
jÖyr

0 � 9

 © Ë �<�0n z xhk��Pr z ð Û��ñ�È 0 � Ê � �:z n á�â�z k�n�x z � z ��n z r]v�laq��z �Jxsqsr(tsvbjJw�xXyz.{(z�{ rsxonmlö�RjJw�« z ��nml · lhpslonmla�Jx

Á �Jj:lhv�k z ��nmloj:p��gf��Pf�� Ë f]ð�p÷t z r]n}�z £:�Jx z.{(z p¶n�r]nmlhxhlak z v�y�~xa��t=xh�J� z qsrB� z ��n z r]v�laq��z �Jx]p5�ûl { t¥jJvmn z ��r z x�� z ��n z r]v
Á q�lon(Ïë� z ��n z r]v�rsn�jJt�lh�Pr z ÑQÙ �L�UB"C=È�ÆgÉ ' �T�0�UBgÇmË q]j:p�n��b�s�J�Pr z ��j { t0j:kb�Jp¶n z|z kmn�t�xhrsk�t z nmlon z Á k¦�ûlax5k¦�û�g£:lon�q zxa� { lhpsl { lhkm�gnmloj:p Ë ��r z xh�(��j { t¥j:km�Jp�n z ��jJvmv z kmt0j:p�qs�Jp¶n z q�ru� z ��n z r]v�laq��z �Jx�fòÖjJvbkBq z x��û�gtst�xhla�¦�gnmloj:p q z xh� { �z nm�sjPq z q z k { �z n�vblh�Pr z kBt¥j:psq��z v��z¦z k � x z tsvmjJw�x�yz.{(z lhpslhnmlh�Jx Á �gfh� Ë z k�nv z¦· jJv { rsx �z q z~· � ���j:p�kbrslo�g�Jp¶n z4^

{ lapÎ ��1 Ù Y ÁIÉ¥Ë Ò Á �gf�� Ë
��rs�Jpsq Ð Ê�_~� lax¶k¦�û�g£:lon�q z v��z kmj:rsq]v z x z4C=ÇEBRJ�HED���a��C�BgÉnP F��Ç F�]PR�a`��¦Å��0J�j��¦Å��Hç t¥j:r]v9x z �Pr z x�xh� · j:ps��nmloj:pjJw]« z ��nml ·�z k�n�xa�(kmrslo�g�Jp¶n z4^

Ù � ÁIÉ¥Ë Ê Û{ �Ìì�òñ�È 0 � Í Ç � ÁIÉ¥Ë 
 á â� ÍKÒò z q z £Jv��z q�rYkbrs�¦�Ìyz k q z xh�øv z �º� z vb�º� z q z k(k�j:xar]nmloj:psk÷�gtst��gvbn z ps�Jp¶n z k´�Jr�ì v��z £:lhj:psk½p]j:p�����j:p�� z ì z kq z xh� kmrsv · �J� z q z i7�gv z n�j �Jr]£ {(z p�n z �\� z �¤xa�_�Ì�Jx z r]v´q z Ð f���p^v��z k�j:xo�g�Jp�n´x z tsvmjJw�x�yz.{(z t0j:p�q��z vP�z q zù��b� z wP­P�º� z Y_�.� z �|q z qslqY��z v z p�nmk��g�Jx z r]vbk�q z k�t¥j:lhqsk � lhx z k�n�nm���z jJvblh�Pr z.{(z p�n�t¥j:kmkmlow=x z q z n�vmj:rs� z v�n�j:r]n z kx z k�k�j:xhr]nmloj:p�k�q z i7�gv z n�j´qsr�tsvmjJw�x�yz.{(z qÖ��jJtsnml { lhkb�gnmloj:pulhpslonmlh�JxRf� z t z psqs�Jp�n � lax z kmn l { t¥jJvmnm�Jp�n(q z p]jJn z v �Pr z ��r��JpsqÐxh�ø�Ì�Jx z r]v½q z Ð ��vmj:lon � xa� · j:ps��nmlhj:p jJw�« z ��nml ·q z �Pl z p�n�psj:p���qslZY��z v z p¶nmla�gw�x z�� � z �Prsl:t¥j:k z rsp tsvmjJw�x�yz.{(z xojJvbk�q z x��ûr]nmlhxhlakm�gnmloj:p~q z p]j { wsv z r�ì { �z nm�]j�q z k7q z£Jvº�Jqsl z p�n¦f\� z t�xhr�k � � z n�n z�{ �z nm�]j�q z q z.{ �Jpsq z xR��jJtsnml { lhkb�gnmloj:p�tsv��z �Jxh�gw�x z q z �º�s�J��r z jJw�« z ��nml · k��z t��gvP�z.{(z p�n�g¬=pÍq z n�vmj:r]� z v�x z � z ��n z r]v�lhq��z �Jx�f

V®@A /f(�354 A Z½4 Acb÷A -9Z.30-
��j {½{(z x z k}�gtstsvbjP�º� z k}w=�Jk��z¦z kBkbr]v}x z k { �z n�vblh�Pr z k � � z n�­Pt z q z´{ �z nm�]jPq z k q z.{ �Jpsq z q z ¬]ì z v rsp� z ��n z rsv�q z vP�z¦· �z v z ps� z�á!d qs�Jpsk�x�� z k�t��J� z q z k�jJw]« z ��nml · k¦f�� z n�n z~· j:lhk á!d�z k�n��b�]j:lhkbl0�Jx �z �gn�j:lhv z.{(z p�n�qs�Jpsk�xh�v��z £:lhj:p · �Jlhkm�gw�x z f]��pskmrslon z�� x z t�vmjJw�x�yz.{(z qÖ��jJtsnml { lhkb�gnmloj:pukmrslo�g�Jp¶n z kmn�vP�z k�j:xhr ^O

{ �Ìì Î ��1 ð Û�òñ�È Äfe É�Á © Ë ÁHá d� 
 Ç�� ÁIÉ5Ë�Ë ËÇ�� ÁIÉ5Ë Ó á!d� Ë Ä Ê � Ë ÒqÒqÒ Ë�� Á �gf�� Ë
¢ xh��q�lZY��z v z p�� z q z x���jJtsnml { lhkm�gnmloj:p�q z k { �z n�vblh�Pr z k5t¥j:psq��z v��z¦z k � x z k { �z nm�]j�q z k9q z _ z p�k�j:p|p z p��z � z kmkblon z p¶nt=�Jk�rspÂ�b�sj:löì q z t0j:laqsk 0 �

f��B�û�Jr]n�v z t��gvmn � x z k�k�j:xhr]nmlhj:psk�q z k�v��z £:loj:psk�p]j:p]����j:p¶� z ì z k�t z r]� z p�n z pÂtsvblhp]��¦lht z �z n�v z v z n�vbj:r]���z¦z k¦fÖi7�gv}��j:p�n�v z�� � z n�n z �gt�tsvmj��b� z �2«�j:r]n z q z k~��j:p�n�vb�Jlhp�n z k � z n~q z t�xhrsk � xh� · j:ps��nmloj:pjJw]« z ��nml · qsrutsvbjJw�xXyz.{(z Á �gf�� Ë p5� z k�n�t��Jk�q�lZY��z v z p�nmlh�gw�x z f
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U½V /Ì;<WY;<Z.C]/2;<30-Ð4 A D<C_e�30-98J/Ì;[30-³4�èh69/2;XD<;[/�@A[ p z �Jr]n�v zÍ· � ���j:p^q z vb�Jkmk z.{ w�x z v½x z k(��vblon¦yz v z k½lapslonmlh�Jr�ì z p
rsp zu· j:p���nmloj:pÐ��j:pskmlhkmn z y�_�º�]j:lhkmlhv½rsp z
· j:ps��nmloj:p�qslhn zlP4F �L�XÈIH Èm� F�hg ^!iHj / iïz n�q z v��z k�j:rsqsv z x z tsvmjJw=xXyz.{(zO Äfe É g Á Ç ÁIÉ¥Ë�Ë ËÉ 9 � Ò Á �gf�� Ë

� jJn�j:psk(�Pr z x z k { �z nm�]jPq z k(q z xh�¤kmj {½{(z t¥j:psq��z vP�z¦zÍz n(q z k { �z n�vblh�Pr z k÷t¥j:psq��z v��z¦z k÷t z r]� z p�n �z n�v z��r z k���j {½{(z x z k��¦�Jk~t��gvbnmlh�¦rsxhl z vºk�q z x��û�gtst=xhlh�¦�gnmloj:p¤q z � z n�n z �gtstsvmj��b� z f¥� z k~lhkbkmr z k�kmr]tst=xº�z.{(z p¶nm�Jlhv z k��j:ps� z vbp��Jp¶n�x��û�gtst�xhla�¦�gnmloj:p|q z k · j:p���nmloj:psk9qÖ�ûr]nmlhxhlonP�z t z r]� z p�n��z n�v z n�vmj:r]���z¦z k � t��gv z ì z.{ t�x z�� qs�Jpsk�x z n�vb�\�Ì�Jlaxq z ­ z¦z p z ­ z n�¹��JlZY5� 
������Rf
æiPhå�Phå ÞßKÖI:Ý5Ô�QRH:¡Ù

ù�j:r]n z k�� z k¤�gtstsvmj��b� z k�tsv��z k z p�n z p�n¤rsp � z vbnm�Jlhp p]j { wsv z qÖ�ûlhps��j:p]���z psl z p�nmk¦f�ù�j:r]n�q5�û�gw¥jJvbq ��z xax z kp��z � z kmkmlhn z p¶nux z �º�]j:löì^q z k´t��gvb� { yz n�v z kÂ��r�l�kmr]t�t0j:k z xh� qslhkmt0j:kblonmloj:p � tsvºlojJvbl�q z � z vbnm�Jlhp z kÂlhp · jJv { �Ì�nmloj:psk�xhl �z¦z k��Jr tsvbjJw�xXyz.{(z Ù z n�� z k�lhp · jJv { �gnmlhj:psk�p z k z xal { lon z p�nMt��Jk~y�}q z k�tsvblojJvºlon��z k z p�n�v z q z qslZY��z v z p�nmkjJw�« z ��nml · k¦fÖ¢�¬=p_q5��jJwsn z pslov|q z k�vP�z kmrsxonm�gnmk ��rslM��jJvbv z k�t¥j:psq z p�n y�Í� z k|tsvblhjJvblon��z k � rsp z ��j:psp��Jlhkmkm�Jps� z t=xhrsktsvmj · j:psq z q z xh�¤p��gnmr]v z qsr t�vmjJw�x�yz.{(zÂz k�n÷k�j:r]� z p�n÷p��z � z kbkm�Jlov z �g¬�pYq z tsv��z �Jj:lov½��j {½{½z p¶n÷n z x�j:rYn z x�b�sj:löì q z k t��gvb� { yz n�v z k÷q z xh� { �z nm�]j�q z �Ì�ølhpLÔ=r z ps� z v}x z vP�z kmrsxonm�gn¦f�� z tsvmjJw�x�yz.{(z´z k�n÷xhlº�z �Jr · �Jlhn �Pr zn�j:r]n z k�x z k��gtstsvbjP�º� z k�q��z ��vºlon z k�qs�Jpsk�� z n�n z k z ��nmloj:pup z�· j:rsvbpslhkmk z p¶n��Pr5�ûrsp z k z rsx z k�j:xhrsnmloj:p � �Prsl0q��z t z psq
· jJvmn z.{(z p�n�q z k�t��gvº� { yz n�v z k��º�]j:lhkmlak��Jr�q��z t��gvmn¦f�¤�Jlhk { �z.{(z kmlÖt�xarskml z r]vºk z kmkm�Jlhk�k�j:p�n · �Jlonmk��.� z �÷q z k�t��gvb� { yz n�v z k�q�lZY��z v z p�nmk � j:p¾p z t z r]nQ�z n�v z kX�r]vq5� z ì�t�xojJv z v�xR� z psk z.{ w�x z q z x�� z k�t=�J� z q z v z �º� z vb�b� z�z�� �¦�J� z.{(z p�n¦f [ p z q z k�vb�Jlhk�j:psk z p z k�n�x��ûl { t0j:kbkmlow�lhxalon��zq z n�vmj:r]� z v�x z k7vP�z £:loj:psk�psj:p�����j:p¶� z ì z k�q z xa��kbr]v · �J� z q z kM��j { tsvmj { lhk7xojJvbkMq z x��û�gtst=xhlh�¦�gnmloj:pBq z � z vmnm�Jlhp z k
{ �z nm�]j�q z k¦fg���Jlhk �2{ �z.{(z ��r��Jpsq|� z p5� z k�n9t=�Jk9x z �¦�Jk � k¦�ûlax:x z k9��vºlon�yz v z k7q5��jJtsnml { lakm�gnmloj:p|k�j:p�n�psj { wsv z r�ì � q zù�¹ y��ª�p]j { wsv z r]ì z kbkm�Jlhk9kmj:p¶n�p��z � z kmkm�Jlov z k�t¥j:r]v9�gt�tsvmj��b� z v�xh��kmr]v · �J� z q z i7�gv z n�j { rsxhnmlhqsl {(z p�kmloj:psp z xax z f� z �¦l9qslon � kml5x z w�r]n�q z x���jJt�nml { lhkm�gnmlhj:pÂ��j:p�kmlhk�n z y�½n�vmj:r]� z v�r�p z Á j:r��Pr z xh�Pr z k�rsp z k Ë k�j:xhr]nmloj:pÍ��j { �tsvmj { lhk���r z xa��j:ps��r z�� kb�Jpsk · jJvº���z.{½z p¶n�£:�gvb�Jp¶nmlhv�km�(��j:p · jJv { lonP�z �\� z �}x z k�t�vblojJvblonP�z k�lhkbkmr z k�qsrutsvmjJw=xXyz.{(z��j:rukml¥x z k�lhp · jJv { �gnmloj:p�k�q]j:p�n�j:pÍqslhk�t¥j:k z k�j:p�n�kbr � km� {½{½z p¶n���j { t�x�yz n z k�t¥j:r]v�xh� £:�gvb�Jp�nmlov � lhx0p5� z k�n�pPrsxw z k�j:lhpuq z �º� z vb�º� z v�q z k { �z nm�]jPq z k��Jr]n�v z k���r z � z xax z k � tsv��z k z p¶nP�z¦z k�qs�Jpsk�� z �º�s�gt�lon�v z f��p z Y z n � xa� { �2«�jJvblon��z q z � z k { �z nm�]j�q z kÂ£:�gvb�Jp¶nmlakmk z p�nÂxh� ��j:p¶� z vm£ z p�� z � z vbk´r�p z q z kÂk�j:xhrsnmloj:pski7�gv z n�jg�RjJtsnml { �Jx z k¦f�� z t�xarsk ��z xhx z k�kmj:p¶n�kbl { t�x z k|y� {(z n�n�v z}z pf'|rs��v z�z n�v z xh�gnmlo� z.{(z p�n�t z r���j?�r]n z rsk z k¦f
ð�ñlk m5öb� � �lü5÷on�üíõ&÷øölp � � � õ � órq � ùíõ

���Jpsk�xa� t�vb�gnmlh�Pr z�� xojJvbk�q z psj { wsv z r�ìÂq��z � z xojJt�t z.{½z p¶nmk�lapsqsrsk�n�vºl z xhk � lhx z k�n z pÍ£��z p��z vb�Jx�lhp�n��z v z kmkm�Jp�nq5� z ì�t�xoj:lon z vBn�j:rsk(x z k { j2­ z psk½qslak�t¥j:pslow�x z k�t¥j:r]vBnmlov z v(x zÍ{ �Ìì]l { r { qsrYtsvmjJ¬sn÷q z x��Ä�z nm�gt z q z xR��jJtsnmlö�
{ lhkb�gnmloj:p5f�ò z �b�s� { t=k´q5�û�gt�t�xhlh�¦�gnmloj:pÐq z p]j:r]� z xhx z k(n z �b�sp�lh��r z k q5��jJtsnml { lhkm�gnmloj:p { rsxhnmlö�RjJw�« z ��nml · t=xhrskt z v · jJv { �Jp�n z k z n�t=xhrsk���j?�r]n z rsk z k � n z xax z k��Pr z x z k�¢�xh£JjJvblonm� {(z k����Jj:xhrsnmloj:psps�Jlov z k � k¦�Ä�z xh�gvm£:lon��Jr · r]v z n½y�
{(z kmrsv z �Pr z x z k z ì�t z vmnmk7q z qslo� z vbk�q]j { �Jlhp z k�q5�û�gt�t�xhlh�¦�gnmloj:p�k9k z v z psq z p�n7��j { tsn z q z n�j:rsk7x z k��\�Ì�Jp�nm�g£ z k�Pr z � z k��gtst�vmjP�º� z k�t z r]� z p�n�x z r]v��gtst¥jJvmn z v\f

� jJnm� {½{(z p�n � ��rs�Jp�q½lhx�k.�û�g£:lon�q z vP�z k�j:rsq]v z rsp tsvmjJw�x�yz.{(z q z ��j:p�� z tsnmloj:p � lhx z k�n�k�j:r]� z p�n�t�vP�z¦· �z vb�gw�x zq z tsv z psq]v z xh�(q��z �¦lhkbloj:pÍ¬�ps�Jx z y�½t��gvmnmlov�q z k�lhp · jJv { �gnmloj:psk�x z k�t�xhrsk���j { t=xXyz n z k�t¥j:kmkmlhw�x z���{ �z.{(z kml5x z r]vjJwsn z p�nmloj:p^q z.{ �Jpsq z rsp^��j?�rsn q z �¦�Jxh�¦rsx�kmr]tst�x �z.{½z p¶nm�Jlov z f���pÐn z v {½z q5��jJtsnml { lhkm�gnmloj:p { rsxonmlö����vºlon�yz v z����¦� kmlh£:pslo¬ z ��r z x z �b�]j:loìÐqÖ�ûrsp z k�j:xhr]nmlhj:p jJtsnml { �Jx z �¾t¥j:k�n z vºlojJvbl � �g� z k�n_y�_qslov z��Mz p^q�lhk�t¥j:km�Jp�n÷qÖ�ûrsp z
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w¥j:psp z �gtstsvmj\ì�l { �gnmloj:pøq z n�j:rsn�xR� z psk z.{ w�x z q z i7�gv z n�j �¥z k�n � qs�Jpsk�n z xhk��¦�Jk � t�xhr�k��gtstsvbjJtsvbl �z ��r z x���jJw]�n z p�nmloj:p¤q z k�k�j:xar]nmloj:psk�q z k�tsvbjJw�xXyz.{(z k Ïët=�gvb� { �z n�vP�z¦z kmÑÍ�½t�vblojJvbl z n�km�Jpsk�kb�.�Jj:lov z ì��J��n z.{½z p¶n~��j {½{(z p�nxa�÷t��gvb� { �z n�vblhkb�gnmloj:p��b�sj:lhkml z �g�½qslovºlo£ z v�xh�÷v z �b� z vb�b� z f� �û�Jrsn�v z t��gvmn � xh�÷qslhkmt0j:kblonmloj:p qÖ�ûlhp · jJv { �gnmloj:psk�t�xhr�k���j { t�xXyz n z k Á p]jJnm� {½{½z p¶n � xa� t¥j:kmkblow�lhxhlhn��z q5�û�Jps�Ì�xh­Pk z v½xR�û�Jxhxhr]v z q z xh�_kbr]v · �J� z q z i7�gv z n�j Ë t z r]n(�Pr z xh�Pr zu· j:lak½�Jlhq z v¤y� { l z r�ìY��j { tsv z psq]v z xa�_ps�gnmr]v zq�r^tsvmjJw=xXyz.{(z f�� z t�xhrsk � q��Jpsk q z kÂ�gtst�xalh�¦�gnmloj:psk(v��z¦z xax z k � x z k · j:ps��nmloj:psk´jJw�« z ��nml ·~· j:p¶n´£��z p��z vº�Jx z.{(z p�nt=�gvmnml z qsr { jPq5yz x z ��j:psk�n�vbr�lon|t��gv}q z k}lhp]£��z psl z r]vbk~t¥j:r]v}q��z ��vºlov z x z t����z p]j { yz p z �z nmrsqsl �z f7ò9�Ít����Jk z q zxR��jJtsnml { lhkb�gnmloj:pøv z w¥j:rs�¦x z k�j:r]� z p�n}� z vºk}xh����jJvbv z ��nmloj:p q z � z { j�q¥yz x z �\�Ì�Jp�nBqÖ�û�gvmvblo� z vÂy��x��Ä�z nm�gt z q z xh�t�vblhk z q z q��z �¦lhkmlhj:p ¬�ps�Jx z f����Jpsk½� z �¦�Jk � xh�_��j:psps�Jlakmkm�Jps� z q z xR� z psk z.{ w�x z q z k(��j { tsvbj { lhk÷t z r]n �z n�v z
z ì�n�v��z.{(z.{(z p�n r]nmlax z���z n(t z r]n÷��j:p�n�vblow�r z v�y�_xh�ø�g�Jxhlhqs�gnmlhj:p qsr { j�q5yz x z �Jlhp�kml��Pr5�û�Jlhq z v�y�øv��z �Jxhlak z v½k�j:p�gt�t�xhlh�¦�gw�laxhlon��z�z Y z ��nmlo� z f��p vP�z kmr { �z�� lhx�p5��­ ��t=�JkBq z v z � z n�n z £��z p��z vb�Jx z qsr �º�]j:löì q z xh� { �z nm�]j�q z qÖ��jJtsnml { lhkb�gnmloj:p { rsxonmlö���vºlon�yz v z�� �¦�gv��b���J��r z �gt�t�xhlh�¦�gnmloj:pu�(q z k z ì]lo£ z ps� z k z n�q z k�xhl { lhnm�gnmloj:psk�t��gvmnmlh�¦r�xhlXyz v z k¦f�ù9j:rsn z xh�÷kmrslon z q z� z n�n z nm�¥yz k z(z k�n|��j:pskm�J��v��z¦z �Jr�ìø�¦�Jk|j5yr_x���j:p¾�Ílhp¶nP�z v��z nBq z �b� z vb�º� z v}rsp z w¥j:psp z �gtstsvbj.ì]l { �gnmloj:p¾q z xh�kbr]v · �J� z q z i7�gv z n�j]f
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¸¶£��T�e�T�}|0��£2��§e��£2�N�q£2�R�T�q���T¬©�T£2����£�~?£2�q�L¦R�����M¨�$�)�e�E�q�$®�D��£`§V´R¦`�±�)�S� §V�©�¡���m�TµL¦`�²�)�«��£��Q�f�­§\ R��£`§e�T���T�R��� §"�o¬­���¡§e X�V®�]�$�"�Z�$��¼� R�0�0�V¢
� z �b�s�gt�lhn�v z lhp¶n�vbjPqsr�lon�x z k�¢�xo£JjJvblhnm� {(z k����Jj:xhrsnmloj:psps�Jlov z k Á ² ° Ë�z n�tsv��z k z p�n z x z k�qslZY��z v z p�n z k�p]jJnm�Ì�nmlhj:psk z n��gwsvP�z �Pla�gnmloj:psk�rsnmlhxhlhkP�z¦z kMt=�gv�xh�|kbrslon z f¶ò��|tsv z.{ lXyz v z k z ��nmloj:p z k�n�rsp z lhp�n�vmj�qsrs��nmloj:p÷£��z p��z vb�Jx z �Jr]ì¢�� � lhxhxhrskmn�vb�Jp¶n�x z r]vbk�jJvblh£:lhp z k � x z rsv�tsvblaps�¦lot z�z n�x z r]v���lhk�n�j:lov z f=��pskmr�lon z�� x z k�q z r�ìÍv z tsv��z k z p�nm�gnmloj:psk�x z kt=xhrsk�r]nmlhxhlhkP�z¦z k � w�laps�Jlov z�z n�vP�z¦z xhx z�� k�j:p�n�lhp¶n�vbjPqsr�lon z k��Jlapskml¥��r z x z k�jJt��z vº�gn z r]vbk½Ïë£��z p��z nmlh�Pr z kmÑ´��jJvmv z k�t¥j:p��q��Jp¶nmk¦f0���Jpsk�xa�½nm�5yz k z�� p]j:rsk�n�vb�.�g�Jlhxhxhj:psk�k z r�x z.{(z p�n��.� z �÷xh� v z tsv��z k z p�nm�gnmloj:pøv��z¦z xhx z � xh�½v z tsvP�z k z p�nm�gnmloj:pw=lhps�Jlov z�z k�n�q��z ��vºlon z qs�Jpsk�� z �b�s�gt=lon�v z ��r z k�j:p�l { t0jJvbnm�Jps� z qs�Jpsk�x��û��lhk�n�j:lov z q z k�¢���f

I©ñ$ð ���U�Dó�ÿ?öE÷�ÿ � � õ ü��Dó��$ü5÷øöTóDùlùLK�ö$ÿ � õ
ò z kÖ¢���k�j:p�n9q z k9�Jxo£JjJvblonm� {½z kÖk�n�j��b�s�Jk�nmla��r z k9q5��jJtsnml { lakm�gnmloj:p�lhpsk�t=lovP�z k5qsr�t��gvb�Jq�lo£ {(z q z x��¿�z �Jj:xhrsnmloj:pq��gvm¼�lhpsl z psp z q z k�t¥jJt�rsxh�gnmlhj:psk¦f�ª z xoj:p����gvm¼�lhp � x z k�lhpsqslo��lhqsr�k�x z k�t=xhrsk��gtsn z k�kmr]vm��lo� z p�n y� xh�(kP�z x z ��nmloj:pp��gnmr]v z xhx z}z n�k z v z t�vmjPq�rslhk z p�n z n~� z �¦l7k z v��z tÖyz n z q5�ûrsp z £��z p��z vº�gnmloj:p?y�ux��û�Jr]n�v z��¥{(z ps�Jp�n½y�´x��û�Jq��gtsnm�gnmloj:pq z xh� t¥jJt�rsxh�gnmlhj:p q z k�lhpsq�lo�Plaqsrsk�y�÷x�� z p��Plovbj:psp z.{(z p�n��JrÍ��j:r]vºk�q z x��¿�z �Jj:xhrsnmloj:p5f]��p´n z v {(z k�q5��jJt�nml { lhkm�Ì�nmlhj:p � x��Ä�z �Jj:xhr]nmloj:p�k z n�vb�Jqsrslhn�t=�gv�rsputsvmj�� z kmkmrsk�lhn��z vº�gnml · q z v z �b� z vº�b� z q z x���jJtsnml { r { qs�Jpsk�xR� z k�t��J� z q zq��z �¦lakmloj:p5f�ò z ��vblhn�yz v z t¥j:r]v�q��z ¬=pslov�x z kÍ�z x �z.{(z p�nmk~x z k Ïët=xhrsk��gtsn z kbÑ´q5�ûr�p�k�j:rsk�� z psk z.{ w�x z ¬�p�lÖq z � z n z kë�t=�J� z ��jJvmv z k�t¥j:psq � ps�gnmr]v z xhx z.{(z p¶n � y�½x���jJw�« z ��nml · q5��jJtsnml { lakm�gnmloj:p5fsò��û�Jqs�gtsnm�gnmloj:p y�½x�� z p��Plovbj:psp z.{(z p�n z k�nv��z �Jxalhk��z¦z t��gv}x zB· �Jlon|q z n�vbj:r]� z vÂy�Í�b���J��r z lon��z vb�gnmloj:p kbrslo�g�Jp¶n z q z k|kmj:xhr]nmloj:psk�t¥jJn z p�nml z xhx z k {(z laxhx z r]v z k �xa�(t z v · jJv { �Jps� z q z k�k�j:xhr]nmlhj:psk´�z nm�Jp¶n¤�z �g�Jxhr��z¦z y� xh�(w=�Jk z q z k��Ì�Jx z r]vbk���jJvmv z k�t¥j:psqs�Jp�n z k�q z xh� · j:ps��nmloj:pjJw]« z ��nml · f
ò z k�¢��&qsj:p¶n�x z k�� z vbkmloj:p�k�qslqY��z v z p�n z k�j:p¶n¤�z n��z lhp�n�vmj�qsrslon z k�t��gv~õ]jJ£ z x z p �.ÎJ�J�u
��J��� � ¹ z �b� z p¶w z vm£

z p+�.Î:�g�à
�¡:��� � ¸�j:xhxh�Jpsq z p+�.Î:�g�à
��J��� � j:p¶n �z n��z t¥jJt�rsxh�gvºlhk��z k z p+�.ÎJ¡JÎøt��gv î�j:xaq]w z vm£%
 �s�<�RfMò��û�.�g�Jp�nm�g£ z��vºrs�¦lh�Jx7q z � z k { �z nm�]j�q z k q z �Ì�Jp�n|x z k~�Jxo£JjJvºlonm� {(z k~q5��jJt�nml { lhkm�gnmlhj:p¤n�vº�Jqslonmloj:psp z xhk���j:p�kmlhk�n z(z p � z �Pr zx z k�¢�� Ï�k z ��j:p¶n z p�n z p¶nmÑuq z ��j:psps�0� @on�v z x z k��g�Jx z r]vbk�q z xh� · j:ps��nmloj:p�jJw�« z ��nml · psj:p�k z rsx z.{(z p¶n�km�Jpsk · �Jlov z�gt�t z x�y�(xa�(q��z vblo���z¦z q z � z n�n zB· j:ps��nmlhj:p { �Jlhk { �z.{(z km�Jpsk z ì]lo£ z v�kmj:p z ìPt�v z kmkmloj:p��Jps�Jxo­Pnmlh��r z f
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� z n�n z k z ��nmlhj:p z k�n�n�v¦yz k�l { t¥jJvmnm�Jp�n z�� �¦�gv z xax z t z v {(z n�q5�¿�z nm�gw�xhlhv�x z vb�gt�t0jJvbn z p�n�v z x���jJtsnml { lhkm�gnmloj:p z nn�j:r]n�� z ��rsl z kmnÂ�z ��vblon�qs�Jp�k�x z k��b���gt�lon�v z k�v z k�nm�Jp¶nmk�q z � z n�n z nm�¥yz k z f
Ù�� p t Ö��ÀÖ t � ��rsp³�z x �z.{(z p�n�q z x�� z k�t��J� z q z v z �b� z vb�b� z fÙ��¦hmfi� n f v k p4w h � Á p]jJn��z¦z - ��j { {(zS���XÉn��ÃbÃmË xh� {(z kmrsv z q z xh�÷�Prs�JxhlonP�z q z k�lhpsqslo��lhqsr�kMw��JkP�z¦z kbr]vxR��jJw�« z ��nml · q z x���jJtsnml { lhkm�gnmloj:p z n(t z v {(z n�nm�Jp�n½q z ��j { t��gv z v´x z k(lhpsqslh�Plhq�rsk z p¶n�v zÍz r�ì �g¬=pYqÖ� z pq��z n z v { lhp z v�t=xhrsk z n { j:lhp�k��gtsn z k¦fÙ�� � kqj � kml Öonqp q5�ûrspÍlapsqslo��lhqsr½��x z �¦�Jxh�¦rsx5q z km�(t z v · jJv { �Jps� z fÙ�� n { � jekml Öonqp ��rsp z p�k z.{ w=x z ¬�psl Á t4hul-k Ö j�j�h(� Ë q5�ûlapsqslo��lhqsrsk.fÙ�� �4n j � l Öonqp ��rsputsvmj�� z kmkmr�k�lon��z vb�gnml · q z v z �º� z vb�b� z q5�ûrsp Á j:r�t�xhrskbl z r]vbk Ë lhpsqslh�Plhq�r½jJtsnml { �Jx�fÙ����h p �hmf�kml ÖHn4p ��jJvmv z kmt0j:p�q_y�÷x��ûlhn��z vº�gnmloj:p � �g� z k�në� y�Ì��qslhv z�� v z tÖyz v z x z~{ j {½z p¶n�q z x��¿�z �Jj:xhr]nmlhj:p5f����Jlak �t=�gv · j:lak � � z n z v {(z kblo£:pslo¬ z xh�÷t¥jJt�r�xh�gnmloj:p z p�rsp z � z vbnm�Jlhp z lonP�z vb�gnmloj:pÖfÙ��¨f nÀÖ y²h v h p l}�¥x���jJt��z vº�gn z r]v�q z v z tsvbjPqsr���nmloj:p|�gtst�xalh��r��z �.� z ��xh��tsvbjJw��gw�lhxhlhn��z Ð � z n���jJvbv z k�t¥j:psqs�Jp�ny� rsp(wsvº�Jkmkm�g£ z qÖ�ûlhp · jJv { �gnmloj:p z p�n�v z x z k�lhp�qslo��lhqsrsk�q z xa�~t¥jJt�rsxh�gnmloj:pÖfÌêëx���j:p�kmlhk�n z y�ø�z �b�s�Jps£ z v�q z kt=�gvmnml z k���j { t¥j:km�Jp�n z k Á £]yz p z k Ë�z p�n�v z q z r]ì´j:rÍt�xarskml z r]vºk�lapsqslo��lhqsrsk.fÙ�� � l�kml Öonqp ��xR��jJt��z vb�gn z r]v|q z({ j�qslo¬��¦�gnmlhj:p¤q5�ûr�p�j:røt�xhr�kml z r]vbk�£�yz p z k|�gtst�xalh��r��z �.� z �½xa� tsvbjJw��Ì�w=lhxhlonP�z Ð � q��Jpsk�x z w�r]n�qÖ�ûlhp¶n�vbjPqsr�lov z r�p z p]j:r]� z xhx z �Ì�gvbla�gw�lhxhlonP�z qs�Jpsk�xa�÷t0jJt=rsxh�gnmloj:pÙ����hmj�h w l Öonqp ��tsvmj�� z kmkmrsk�qsr¤�b�]j:löìøq z k�lapsqslo��lhqsrsk�t¥j:r]v�xh� v z tsvmj�qsrs��nmloj:pÍw=�Jk��z kbr]v�x z r]v�t z v · jJv��
{ �Jps� z fÙ���h v {mjek w h v h p l~�=tsvmj�� z kmkmr�k9q z�· jJv { �gnmlhj:p}q5�ûrsp z p]j:r]� z xhx z t¥jJt�rsxh�gnmloj:p y��t��gvmnmlov�q z k z p�k z.{ w=x z kq z t��gv z p�nmk z n�q5� z p · �Jp�nmk z Y z ��nmr��z x z t=xhrsk�k�j:r]� z p�n�kmr]v�xh�÷w��Jk z q z x z r]v�t z v · jJv { �Jps� z f

� z n�n z tsv z.{ l�yz v z t��gvmnml z qsr �JjP�¦�gw�r�xh�Jlov z kmr � n~t¥j:r]v|t¥j:r]�Jj:lov|�J�¦��j { t=�g£:p z vBq z ��j {½{(z p�nm�Jlov z k x zkm�º���z.{ �½£��z p��z vb�Jx�qsr · j:ps��nmloj:psp z.{½z p¶n�qÖ�ûrspÍ¢�xh£JjJvblonm� {(z ���Jj:xhr]nmloj:psp��Jlov z tsv��z k z p�n��z qs�Jp�k�xh�÷¬s£:r]v z �Pfh�gf
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Parents Stop ?

Enfants

Evaluation

Initialisation

Remplacement

Sélection

Meilleur individu

Evaluation

Croisement,
Mutation, ...

Initialisation et opérateurs stochastiques
Darwinisme (stochastique ou deterministe)
Le coût CPUÕ�Öm×�Ø �Pfh�©Ù¨§ |0§$�K�­�&¤ ��£ª©�¸

� j:rsk���j {½{½z p ���j:psk�t��gv�¬]ì z v�x z k�t=�gvb� { yz n�v z k�n z xhk��Pr z�� t��gv z ì z.{ t=x z�� xh�÷nm�Jlhxax z q z xh�÷t¥jJt�r�xh�gnmloj:p �x z k�t�vmjJw��gw�lhxalon��z k�qsr���vmj:lhk z.{(z p¶n z n�q z xa� { r]nm�gnmlhj:p5f � j:rsk��º�]j:lhkmlhkbk�j:psk��JrskbkmlÖx z nÄ­�t z q z k��z x z ��nmloj:p � q z
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v z.{ t�xh�J� z.{(z p�n � x z k�jJt��z vb�gn z rsvbk�q z ��vbj:lhk z.{(z p�n z n�q z|{ r]nm�gnmloj:p z n�x z ��vblon¦yz v z q5�û�gvbv��z n¦f=ò z k�t0j:kbkmlow�lhxalon��z kkmnm�Jpsqs�gvbq´��rsl��Jlhq z p�n�y� ¬]ì z v�n�j:rsk�� z k�q z £JvP�z k�q z xhlow z vmnP�z k z vmj:p¶n�tsv��z k z p�n��z¦z k�qs�Jpsk�x z k z ��nmlhj:psk�kbrslo�g�Jp¶n z kq z � z �b�s�gt=lon�v z fò z tsvmj�� z kmkmrsk�q z x���jJt�nml { lhkm�gnmlhj:p t��gv�rspu¢��
��j {½{½z ps� z t��gv��b�]j:lakmlov��Jxº�z �gn�j:lov z.{(z p�n�qs�Jp�k�x�� z k�t��J� zq z v z �b� z vb�b� z rsp�p]j { w�v z ¬�p�lÖq5�ûlhpsq�lo�Plaqsrsk���rsl9�Jj:p¶n���j:psk�nmlhnmr z v�xa�(t¥jJt�rsxh�gnmloj:p�lhpslonmlh�Jx z fs¢�x��Ä�z nm�gt z q zkP�z x z ��nmloj:p � ��rsl z k�n Á x z t�xhrsk�k�j:r]� z p�n Ë kmn�jP�º�s�Jk�nmlh�Pr zBz n�w��JkP�z¦z kbr]v�xh�´t z v · jJv { �Jps� z�� � z vmnm�Jlhpsk�lhpsq�lo�Plaqsrskkmj:p¶n7�b�]j:lakmlhk�qs�Jpsk�xh��t¥jJt�r�xh�gnmloj:p}lapslonmlh�Jx z tsvP�z �Jxh�gw�x z.{½z p¶n|�z �Ì�Jxhr��z¦z t¥j:r]v7xh��v z tsvmj�qsrs��nmloj:pÖf2ò��û�gt�t�xhlh�¦�gnmloj:pq z k�jJt��z vb�gn z r]vºk�q z ��vmj:lhk z.{½z p¶n z n�q z { r]nm�gnmlhj:p�t z v {(z n�q5��jJwsn z pslov�rsp�p]j:rs� z x z psk z.{ w�x z q5�ûlhpsqslh�Plhq�rsk ��gt�t z x �z kÍÏ z p · �Jp�nmkmÑ � �Prsl7q]j:lo� z p�ní�z n�v z �z �Ì�Jxar��z k´y�Íx z r]v�n�j:r]v|�g¬�p_q z t¥j:r]�Jj:lhv�q��z �¦laq z v}x z km�Pr z xhk�q5� z p�n�v z
z r]ì¾Ï { �z vblhn z p¶nmÑ q z v z.{ t�xa�J� z v�� z vmnm�Jlhpsk�t��gv z p�nmk z n�q z�· �Jlov z t��gvbnml z q z xh��£��z p��z vb�gnmloj:pukmr�lo�Ì�Jp�n z f � jJn�j:psk�Pr z�� y� xh�|qslqY��z v z ps� z q z xh� � �gnmr]v z�� xh�}t�xhr]t��gvbn7q z k�¢�� n�vº�.�g�Jlhxhx z p�n��.� z ��rsp z t0jJt=rsxh�gnmloj:p(q z nm�Jlhxhx z ¬sì z fò9�(��j:p�� z vm£ z ps� z q z � z tsvbjP� z kmkbrsk�p5� z k�n�t=�Jk�£:�gvb�Jp�nml z���{ �Jlak�kml z xhx z �½xhl z r � �g� z k�n�£Jv���J� z �Jr�ì³�z nm�gt z kÏ�q��gvm¼�lhpslak�n z kmÑ � �Jr ��j:rsvbk}q z kb��r z xax z k~x z k}lapsqslo��lhqsrsk { j:lhpsk}�gtsn z k Á �\­:�Jp¶n(xh��t z v · jJv { �Jps� z lhp · �z vbl z r]v z2Ëkmj:p¶n��z xhl { lhp��z k��.� z �÷rsp z tsvmjJw��gw=lhxhlonP�z t�xhr�k�£Jvb�Jpsq z ��r z � z r�ì��Prsl9k z k�j:p�n { l z r�ì��Jqs�gtsnP�z k y� xR� z p¶��lovmj:p��p z.{(z p¶n¦f�i7�gv z ì z.{ t�x z�� xh��tsvbjJw��gw�lhxhlhn��z t¥j:r]v rsp lhp�qslo��lhqsrøq5�Z�z n�v z �º�]j:lhkml�t¥j:r]v}xh�Ív z tsvmj�qsrs��nmloj:p_t z r]n�z n�v z tsvmjJt¥jJvmnmloj:p�p z xhx z y�½xh�÷t z v · jJv { �Jps� z v z xh�gnmlh� z q z � z n�lapsqslo��lhqsr5fò z tsvmj�� z kmkmrsk t z r]n��z n�v z �gvmv��z nP�z �JrYw¥j:r]n qÖ�ûrsp psj { wsv z q5�ûlonP�z vb�gnmlhj:pskB¬]ì��z �¤tsvblojJvbl � j:r ��rs�Jp�q x z
{½z lhxhx z r]v�lhpsq�lo�Plaqsr q z xh�÷t¥jJt�rsxh�gnmloj:pu�gn�n z lhp�n�rspÍ� z vbnm�Jlhp�pslh� z �Jr�q z t z v · jJv { �Jps� z f

¬ @A -�3s/®­ V A ± Z V (B@A -93�/¯­ V A
ò�� z k�t��J� z q z v z �b� z vb�º� z q z k(¢�� � �gtst z x �z �Jrskmkbl ��z p n z v {(z k(£��z p��z nmlh�Pr z k � x�� ��ÃUC�ÆR�"� PR� Ã Ê F�¦É�B��mj"CL��Ã"�t z r]n©�z n�v z qslZY��z v z p�n�q z x�� z kmt��J� z q z k�k�j:xhr]nmlhj:psk � �gtst z xº�z x�� ��ÃUC�ÆX�V�lPR��Ã«C�Å F�¦É�B��mj"CL� Ã kbr]v�x z �Pr z x z k�n�q��z ¬�pslxa��t z v · jJv { �Jp�� z f:i��gv z ì z.{ t=x z�� rsp÷£��z p]jJn�­Pt z t z r]n��z n�v z rsp÷� z ��n z rsv�v��z¦z x �:z nMv z tsvP�z k z p�n z v�rsp z kmn�vbrs��nmr]v zt=�¶­�kmlh�Pr z ��j { t�x z ì z qs�Jpsk�xR� z k�t��J� z q z k�t����z p]jJn�­Pt z k¦fò9� WbBJÉ����XÈ�BgÉ PR�
�"B�P:Æ.Ê`� �Prsl�n�vb�Jpsk · jJv {(z rsp³t����z psjJn�­Pt z_z p&r�p+£��z psjJn�­Pt z q]j:lon·�z n�v z lhpÌ« z ��nmlo� z4^y� �b�s�J�Pr z t����z p]jJnÄ­�t z ��jJvmv z k�t¥j:psq?rsp
k z r�x�£��z p]jJn�­Pt z f�ò9� t z v · jJv { �Jps� z qsr
£��z p]jJn�­Pt zøz kmnÂ� z xhx z qsrt=���z p]jJn�­Pt z ��jJvmv z k�t¥j:psq��Jp¶n¦f�ò��ûlhpslonmlh�Jxalhkm�gnmloj:pYq z xh�_t¥jJt�r�xh�gnmloj:p k z�· �Jlon � £��z p��z vb�Jx z.{(z p�n � q5�ûrsp zÍ· � ���j:p�Jx �z �gn�j:lhv z qs�Jp�k(x�� z k�t��J� z q z k(£��z p]jJn�­Pt z k¦f�ò z �b�]j:loì q z k½jJt��z vb�gn z r]vbkÂq z ��vmj:lhk z.{(z p¶n z n q z�{ r]nm�gnmloj:pq��z t z psq qsr½��j�qs�g£ z q z k�lhpsq�lo�Plaqsrsk¦fÌi��gv���j:p�n�v z�� x z k�jJt��z vb�gn z r]vbk�q z k��z x z ��nmloj:p z n�q z v z.{ t�xh�J� z.{(z p�n�k�j:p�nlapsq��z t z psqs�Jp�nmk�q z xh�Âv z t�vP�z k z p¶nm�gnmlhj:p_£��z p]jJn�­Pt�lh�Pr z�� t�r�lhkm�Pr5�ûlhxhk�rsnmlhxhlhk z p�n�r�pslh�Pr z.{(z p�n�xh�Ât z v · jJv { �Jps� zq z k�lhpsqslh�Plhq�rsk¦f

° , V D<3=;[/\C]/2;<30- ± Z A-, V D[3=12Cs/2;<3=-
¢?�º�s�J�¦rsp z q z k �z nm�gt z k�q z x��û�Jxh£JjJvblonm� {(z q��z ��vblhn��¦lö��q z kmkbrsk � lhx z k�n�l { t¥jJvmnm�Jp¶nMq z v��z �Jxalhk z v�rsp ��j { tsvmjg�

{ lhk z p¶n�v z x�� �81bC�HqBgÈI�RÆX�XÈmBgÉ¾z n}xR� �81VCnHZBgÇ�Æ��XÈ�BgÉ fM¢�� z � � z k}q z r�ì¾psjJnmloj:psk � p]j:r�k|lhp�n�vmjPq�rslhk�j:psk�rsp qslhx z.{½{½z�Jr�kmkml5l { t¥jJvmnm�Jp�n���r z qsl � �¦lax z y�÷v��z kmj:rsq]v z xhjJvbk�q z x��ûrsnmlhxhlhkm�gnmlhj:p´q z k�¢���fò z �º�]j:löì q z x�� z ì�t�xoj:lhnm�gnmloj:p+v z ��l z p¶n y� z Y z ��nmr z vør�p z v z �b� z vb�b� z xoj��¦�Jx z qs�Jpsk�x z �Jj:lhkmlhp��g£ z q z k
{½z lhxhx z r]vºk�lhpsqslh�Plhq�rsk¦fJò��ûlhq��z¦z�z k�n�q5� z ì�t�xoj:lhn z v z�� �¦�J� z.{(z p¶n�xR�ûlhp · jJv { �gnmloj:p´jJwsn z pPr z tsvP�z ���z q z.{½{(z p�n�t��gvx z k {½z lhxhx z r]v z k�k�j:xar]nmloj:psk�t¥j:r]vMk�t��z �¦rsx z vMkmr]vMxh��t¥j:kmlonmlhj:p q z p]j:rs� z �Jr�ì t¥j:lhp�nmk7�.� z ��x�� z kmt0j:lhv�q5�û� { �z xalojJv z vxa�÷t z v · jJv { �Jps� z fù9j:r]n z¦· j:lhk � x�� z ì�t�xoj:lonm�gnmloj:p�n�j:r]n z k z rsx z p z t z v {(z n�t=�Jk�q z tsvP�z k z vm� z v~xh� PJÈ ' ��ÇºÃºÈm� F�|Ê F�¦É F���XÈ�G��d��� t�rslhk���Pr5� z xhx z £:rslhq z xh�´t¥jJt�rsxh�gnmlhj:p�� z vbk~x z t�xarsk�t�vmjP�º� z jJtsnml { r { xojP�¦�JxRf0ò��´t¥jJt�r�xh�gnmloj:p�q z �Pl z p�n~�JxojJvbk��]jg�
{ jJ£�yz p z�z n�k�j:p �z �Jj:xar]nmloj:p½k z v��z q�rslon�y�|x��¿�z �Jj:xhrsnmloj:p½q z x��ûlapsqslo��lhqsr|qsj { lhps�Jp�n¦f�� z t����z p]j { yz p z�z k�n��gtst z x �z�"BgÉ ' ��Ç�Ê2��Én�"��C=Ç F�b�½Æ��m��Ç F�0� f



�J¡ à�á��]â��.�7���>?�å^�L�<æ��Dè��7��æ�ç»�����7�\ì���à��¿���9���
ò z �b�]j:löìÍq z x�� z ì�t�xojJvº�gnmloj:pu��j:pskmlhk�n z y� qslovblo£ z v�xh�Bv z �º� z vb�º� z q z~· � ���j:pYy�÷tsv��z k z vm� z v�rsp z t¥jJt�r�xh�gnmloj:pqslo� z vºkmlo¬��z¦z f.ò�� z ì�t�xojJvº�gnmloj:p|q z psj:r]� z xhx z k5v��z £:lhj:psk9q z xR� z k�t��J� z q z v z �b� z vº�b� z t z v {(z nÖq5�ûlhp�n�vmj�qsrslov z qs�Jpsk9xh�t¥jJt�rsxh�gnmlhj:p q z k�lhp · jJv { �gnmloj:pskMlapsp]j\�g�gn�vblh� z k.f:� z t z p�qs�Jp¶n � xR� z ì��gyz k�q5� z ìPt=xojJvb�gnmloj:p � �¦xh�Jlhv z.{(z p�n �Jz.{ tø�z �b� zxh�(��j:p�� z vm£ z ps� z fêëx · �Jr]n÷q]j:ps� { �Jlhp¶n z p�lov rsp��z ��r�lhxhlowsv z(z p¶n�v z x�� z ì�t�xoj:lonm�gnmlhj:p q z w0j:p�p z k}k�j:xar]nmloj:psk}v z ps��j:p�n�vP�z¦z k z nx�� z ì�t�xojJvb�gnmlhj:pYq z kL÷¦j:p z k½lhps��j:p�p�r z k÷q z x�� z kmt��J� z q z v z �º� z vb�b� z t0j:rsvB£:�gvº�Jp¶nmlov´x�� z�� �¦�J�¦lonP�z q z xR�û�Jxo£Jjg�vblonm� {(z fù�­�t=lh��r z.{(z p¶n � x z k½jJt��z vb�gnmloj:psk´q z k��z x z ��nmloj:p z n q z ��vmj:lak z.{(z p�n½k�j:p¶n´q z k �z nm�gt z k q5� z ì�t�xoj:lhnm�gnmloj:p ��JxojJvbk��Pr z x��ûlapslonmlh�Jxhlakm�gnmloj:p z n~xh� { r]nm�gnmloj:p¾k�j:p�n�q z kÍ�z nm�gt z k~q5� z ì�t�xojJvb�gnmloj:pÖf ÁX� jJn�j:psk���r z xh� { r]nm�gnmlhj:pt z r]n�q z � z pslov�rspujJt��z vb�gn z r]v�q5� z ìPt=xoj:lonm�gnmloj:p�kbl5x z k�t z vmnmr]vmw=�gnmloj:psk�£��z p��z vP�z¦z k|k�j:p�n�n�v¦yz k�t z nmlon z k¦f Ë��p z Y z n � kbl¥j:p�k��z x z ��nmloj:psp z t�xhrskbl z r]vbk���jJt�l z k�q z k {(z lhxhx z rsvbk�lapsqslo��lhqsrsk � rspuvblhkb��r z q z ��j:p�� z vm£ z ps� ztsv��z.{ �gnmrsvP�z¦z k z t�vP�z k z p¶n z f¥���Jlak�kml5xh�½�Ì�gvbla�Jps� z q z xh�(kP�z x z ��nmloj:p z kmn�n�vmjJt�£Jvb�Jp�q z�� �g� z k�n�rspÍt����z p]j { yz p zq z�P F��Ç È ' �(Ê F�¦É F���XÈ�G��d� �Prsl�vºlhkm�Pr z q z k z t�vmjPq�rslov z�� t z v {½z n�nm�Jp¶n�y�¤� z vbnm�JlhpskBlhpsqslo��lhqsr�k~q z kmrsvm�Plh��v z �Jrq��z n�vbl {½z p¶n�q5�ûlhpsqslh�Plhq�rsk {½z lhxhx z r]vºk¦f¦ê¿x · �Jrsn�q]j:ps����r z xh��kP�z x z ��nmloj:p kmj:lon��¦�gt��gw=x z q z�{ �Jlhp�n z pslov9xa��qslo� z vºkmlon��zn�j:r]n z p · �\�JjJvblhkm�Jp�n�x z k {½z lhxhx z r]vºk¦f

QSP�æ7PRQ °YQ�Ú2HJKÖI¶QB±7N�Ù
ò z kÖ¢�xh£JjJvblonm� {(z k5���Jj:xhr]nmloj:p�ps�Jlov z k��z xh�gw¥jJv��z k9q z t�rslhk¥x z kÖ�Jp�p��z¦z k�k�j:loì��Jp�n z�� k z �¦xh�Jkbk z p¶n z p~���¦�gn��z £JjJvbl z kq z w��Jk z ��r z psj:rsk�tsv��z k z p�n�j:psk�qs�Jpsk�� z n�n z k z ��nmloj:p ^

' A Z½²uD<>�3=1Ì;[/f(�W A Z ¬ @A -B@A /Ì;XWÖ6 A Z : ² ¬ ;
ò z kÖ¢�îÐk�j:p�nÖtsvbjJw��gw�x z.{(z p�n5x z kÖ�Jxo£JjJvºlonm� {(z kÖx z k¥t�xhrsk5��j:pspPrsk z n�r]nmlhxhlhkP�z k¥qs�Jp�kÖx z �¦�Jxh�¦rsx��z �Jj:xar]nmloj:psps�Jlhv z fêëxhk}j:p�n �z n��z q��z � z xojJtst��z k qs�Jpsk÷x z k(�Jpsp��z¦z k(k�j:loì��Jp�n z t��gv(¸�j:xaxh�Jpsq 
������RfMò��ûlhq��z¦z q z k�j:pÐkm­Pk�n¦yz.{(z �z nm�Jlhnq5�¿�z nmrsqsl z v � qs�Jpsk�x z �¦�Jq]v z q z xa�(t�k�­��b�]j:xhjJ£:l z³² w�loj:xojJ£:l z�� x z tsvbjP� z kmkbrsk�q5�û�Jqs�gt�nm�gnmloj:p�q z k�t¥jJt�rsxh�gnmlhj:psk}y�xh�÷w��Jk z q z k�q]j:psp��z¦z k�k z psk�jJvºl z xhx z k�lhp�n�vmj�qsrslon z k��Jr�km­Pk�n¦yz.{(z £Jv���J� z y�(q z k�q��z n z ��n z r]vbk�w�lhp��Jlov z k�
���� � �J���Rfò z k�¢�î+j:p�n(�z n��z �gtst=xhlh�Pr��z k�y�|x���jJtsnml { lhkm�gnmloj:pBt��gvb� { �z n�vºlh��r z t¥j:r]vMxh��tsv z.{ l�yz v z�· j:lhk�t��gv�� z øJj:ps£ z p�.Î:�g�×
��J��� � �Prsl¥�÷t¥j:k��z x z k · j:psq z.{(z p�nmk�q z � z n�n z n z �º�spslh�Pr z q5�û�gtst�xalh�¦�gnmloj:p5fs� z t z psqs�Jp�n � x z~{ �Jps�Pr z q zt�rslakmkm�Jps� z q z k9jJvbqslhp��gn z r]vbk�y��xR�Ä�z t¥j���r z p z t z v {½z n�nm�JlonÖt��Jk�x z r]v9�gtst=xhlh�¦�gnmloj:p|kbr]v9q z k9tsvmjJw�x�yz.{(z k9vP�z¦z xhk�q z£Jvb�Jpsq z nm�Jlhxax z f5� z pÖ� z k�n~��r z t z psqs�Jp�n�x z k~�Jpsp��z¦z k~��r��gn�v z �Plhps£Jn�q�löì � tsv��z �¦lhkP�z.{(z p�n � �\� z �½x��û�gtst��gvºlonmloj:pq z x���j:r]�Pvb�g£ z q z v��z¦· �z v z ps� z �z ��vºlon(t��gv´î�j:xhqsw z vb£à
 �s�E� � ��r z x z k(¢�îík z k�j:p�n · �Jlhnmk(��j:psps�0� @on�v z qs�Jp�k(xh���j {½{ rsps�Jr]nP�z kb�¦l z p¶nmlh¬���r z f

' A Z + /\1ÌC]/�@A >=; A Z 4�è °�± 30D<69/2;<3=- : + ° ;
ò z kÂªPn�vb�gnP�z £:l z kuq5�û���Jj:xhr]nmloj:p?k�j:p�n´q��z qsl �z¦z k y� xa�_vP�z k�j:xhr]nmlhj:p
q z tsvmjJw�x�yz.{(z k´q5��jJtsnml { lhkm�gnmloj:p^q��Jpskx�� z k�t=�J� z q z k�� z ��n z r]vºk~q z v��z¦z xak¦f5ò z k�tsv z.{ l z vbk z Y¥jJvmnmk�t¥j:r]v�xh� { lhk zBz p¤t=xh�J� z q z k~ª]�+j:p¶n z r¾xhl z r z p�.ÎJ�Ì� y�¤x��ûrspslh� z vbkmlonP�z q z _ z vbxalhp �Jr ��j:rsvbk}q z xh�Ív��z k�j:xhrsnmloj:p q5�ûr�p_tsvmjJw�x�yz.{½z �9�z vmjPqs­Pps� { lh��r z 
�ÎJ¡��Rf���p�.ÎJ�J� � ¹ z �b� z p¶w z vm£Â�½lhp�n�vmjPq�rslon�x��û�Jxo£JjJvblhnm� {(z´Á �0Þ÷� Ë ����ª � �Prsl · �JlonÍ�z �Jj:xar z v�r�p�k z rsxÖlapsqslo��lhqsr z n�r]nmlaxhlhk zxh� { r]nm�gnmlhj:p î��Jr�kmkml z psp z¤Á k z ��nmloj:pÐ�Pf��Pf�� Ë t¥j:r]v �Jkbkmr]v z vB� z n�n z �z �Jj:xar]nmloj:p5f�ê¿x���t�vmjJt¥j:k��z xh��v¦yz £:x z � ß �t¥j:r]v�x��û�Jqs�gtsnm�gnmlhj:p�q z xh�(q��z ��lh�gnmloj:p�k�nm�Jpsqs�gvbq�q z xh� { r]nm�gnmloj:p|
�¡:�}�Rf� z n�n z k�n�vb�gnP�z £:l z ��k z vm�Pl�q z w��Jk z t¥j:r]v}xh�Ín�vº�Jpskmlonmloj:p³y� Á´Q Þ ; Ë ����ª z n Á´Q Ë ; Ë ����ª Á k z ��nmloj:pY�Pf��Pf�� Ëlhp�n�vmj�qsrslonmk}t��gv´ª��b��¼ z¦·[z x z p&�.Î:�J�à
�ÎJÎ � �¦©J©e�RfM� z�{ �z.{½z�� q z p]j:r]� z �Jr�ìYjJt��z vb�gn z r]vbk q zÍ{ r]nm�gnmlhj:p z nq z ��vbj:lhk z.{(z p�n´j:p�n^�z nP�z { lak z p^t=xh�J� z f�ª�j:p¶nÂ�JxojJvbkÂ�gtst��gvbrsk x z k´psjJnmloj:psk qÖ�û�Jr]n�jg���Jqs�gtsnm�gnmlo��lonP�z t¥j:r]vxh� { rsnm�gnmloj:p^�Jlhpskbl��Pr z q z k(qslZY��z v z p�nmk(n�­Pt z k(q z ��vmj:lhk z.{(z p�n z p�n�v z � z ��n z r]vbk(v��z¦z xak(lhxhxhrskmn�vP�z kBq��Jpsk÷xh�k z ��nmloj:p¤�Pf��Pf��Pf
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'�C_ü|1Ì3�>=12C�WYW C]/2;<3=- °�± 3=DX69/2;<3=-�-9C�;<1 A : ü ° ;
ò9�¾i�vmjJ£Jvº� {½{ �gnmloj:pÐ���Jj:xhr]nmloj:psp��Jlov z�� q��z � z xojJtst��z¦z t=�gv÷ò�f�ø]f�õ]jJ£ z x�
��J��� � k z w��Jk z kmrsv÷xR�Ä�z �Jj:xar]nmloj:pqÖ�ûrsp z t0jJt=rsxh�gnmloj:p?q5�û�Jr]n�j { �gn z k y� �z nm�gnmk�¬�pslhk Á ¬s£:r]v z �Pf�� Ë"��z n z k�n�rsnmlhxhlhkP�z¦z t¥j:r]vÂxa� v��z kmj:xhr]nmloj:p+q zt�vmjJw�x�yz.{(z k7q z tsv��z qsla��nmloj:p5fgò9��nm�gw�x z q z n�vb�Jpskblonmloj:p÷q z k7�Jr]n�j { �gn z k z k�n { jPq�lo¬��z¦z £Jv���J� z y�~q z k { rsnm�gnmloj:psk�Jx �z �gn�j:lhv z k�rspsl · jJv {(z k�q��Jpsk�xR�û�Jxot��s�gw z n�qslakm��v z n���jJvmv z k�t¥j:psqs�Jp�n¦f=ò��¿�z �g�Jxhrs�gnmloj:p¾q z xh�½t z v · jJv { �Jp�� z q z klapsqslo��lhqsrsk ��jJvmv z k�t¥j:psq �Jr p]j { w�v z q z k�­ { w¥j:x z kut�vP�z qslonmk���jJvmv z ��n z.{(z p¶n¦f|���s�J�Pr z �Jr]n�j { �gn z q z xh�t¥jJt�r�xh�gnmloj:pÍt��gv z p¶n z £��z p¥yz v z rsp z p · �Jp�n�t��gv { r]nm�gnmlhj:p �=z n�x z k {(z lhxhx z r]v z k�k�j:xar]nmloj:psk z p¶n�v z x z k�t��gv z p�nmk

z n�x z k z p · �Jp�nmk�k�j:p¶n�kP�z x z ��nmloj:p�p��z¦z k�t0j:rsv�kmr]vm��lo�Pv z�� � z ��r�lÖ��jJvmv z k�t¥j:psq y�´xa�½k�n�vb�gnP�z £:l z�Á´Q Þ Q�Ë qs�Jp�k�xh�n z v { lhp]j:xojJ£:l z q z k�ª���f
ò9�~i�� �¾�z n��z�z p�kmrslon z q��z � z xojJtst��z¦z�z n�k�j:p q]j { �Jlhp z �ø�z nP�z �z xh�gvm£:l]t=�gv��Bf±_�fPõ]jJ£ z x � �g¬�p½�Pr5�ûlhxPt�rslhkbk z p¶nn�vº�.�g�Jlhxhx z v|qs�Jp�k~x�� z k�t��J� z v��z¦z x�
��g© � ����� � jÖyr xh�Ík��z x z ��nmloj:p q��z n z v { lhpslak�n z(z k�n|v z.{ t�xh�J���z¦z t��gv}r�p¾n�j:r]vbp]j:lkmn�jP�º�s�Jk�nmlh�Pr z f
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Õ�Öm×�Ø �Pf�� Ù�µ 1`�b�DC�HO��P7F �PÉ
Æ����UB��(ÆX�i� DÆ F���RÆX�<Ã���ÉsÈ[ÃÂÆ)j:ÆgÉ��©�XÇeBgÈ[Ã F���RÆ��<Ã PgÈ ç F�¦ÇE�¦Éd�<Ã��!Ê Y Ï Ë Õ Ë K Z cD��ÉÆ�H C�Å�ÆRJ$���<P7F ��Éd�XÇ F�0��¶lÊ Y © Ë � Z c����4��É¤Æ�H C�Å�ÆRJ$����PR�~ÃbBJÇV�XÈU� « Ê Y e�Ë Ö Ë 6 Z >«p�ÅPÆRG��d�}ÆJÇ¸·���i�5�¦Éd�XÇE�gPR���e1 F���RÆX�<Ã
È<É�PgÈ�G��d�5��Én�í�XÇ�ÆgÉ]Ã ÈI�XÈ�BgÉ C�BÌÃbÃ È�J�Hq��c�����HöÆ]W�BgÉ��0�XÈmBgÉôPR�í�XÇ�ÆgÉ]ÃºÈm�XÈ�BgÉ=¹a^��»º¼¶ / �Nº « � ÃV��ÃiC F���.È � F�f��C�ÆgÇHO� Ã©HoÆRJ$��H�Ã÷Æ)��ÉsÈ ' �bÆ)� PR��Ã ÆgÇ¸·���i� Ã÷Æ)j:ÆgÉd��HöÆDW�BgÇV�a� Å ß�Ú�c�ÃºÈoÊJÉsÈ ��ÆgÉ���G��&�½¹PÁ�Á 8 # Ë¯Å Ë�Ë<Ê�Á 8 � Ë Ú:Ë¾>

'�C_ü|1Ì3�>=12C�WYW C]/2;<3=- ¬ @A -B@A /2;´WÖ6 A : ü ¬ ;
ò9� tsv z.{ lXyz v z r]nmlhxhlakm�gnmloj:p³q z kÍk�n�vbrs��nmrsv z k��gvmw¥jJv z km� z p�n z k�qs�Jp�kÍrsp&�Jxo£JjJvblonm� {(z £��z p��z nmlh��r z � �z n��zkbr]£J£��z vP�z¦z t��gv���vb� {½z v z p_�.ÎJ¡J�×
ö�¦©}� � qs�Jpsk�x z w�rsn�q z�· �Jlov z �z �Jj:xhr z v�q z k�k�j:rskë�RtsvbjJ£Jvb� {½{(z k�kP�z �Pr z p�nml z xhkqÖ�ûrsp~xh�Jp]£:�g£ z �Jxh£JjJvblonm� { la��r z kml { t�x z f¦ò��û�Jxo£JjJvºlonm� {(z q5�¿�z �Jj:xhr]nmlhj:p}r]nmlhxalhk��z7z k�n9x z ªsª�î�¢ Á �gf · f\k z ��nmlhj:p}�Pf��Pf�� Ë f
ò��û�Jq]jJtsnmlhj:p(q z � z n�n z tsv��z k z p�nm�gnmloj:p(t¥j:r]vMq��z ¬�pslhv7xa��i�vmjJ£Jvb� {½{ �gnmloj:p´î��z p��z nmlh�Pr z ��j {½{½z rsp(p]j:r]� z x�Jxh£JjJvblonm� {(z �z �Jj:xar]nmloj:psps�Jlhv z �+�z n��zu· �Jlon z t��gv�ø:j:�sp|­~j�÷.� z p
�.ÎJÎJ��
��J���Rf7ª�j:p jJw�« z ��nml · lhpslonmla�Jx}�z nm�Jlhn q z

· �Jlov z �z �Jj:xhr z v�q z k�k�j:r�kë�RtsvmjJ£Jvb� { {(z k�qsr(xh�Jps£:�g£ z òÖêmª�i Á ¬s£:rsv z �Pf�� Ë f�î�v)��J� z y�|x���j:r]�Pvb�g£ z q z ­|j�÷.��
��J�}� �xR�ûr]nmlhxhlhkb�gnmloj:p q z xh�øi�îïk¦� z kmn �z n z p�qsr z y�¾xh�¤vP�z k�j:xhr]nmloj:pÐq z psj { wsv z r�ì n�­Pt z k÷q z tsvmjJw�x�yz.{(z k(qsj:p¶n(x z kkmj:xhr]nmloj:psk�t z r]� z p�n­�z n�v z v z tsv��z k z p¶nP�z¦z k�t��gv�q z k�k�n�vºrs��nmr]v z k��gvmw¥jJv z kb� z p¶n z k � ��j {½{(z x z k�v z t�vP�z k z p¶nm�gnmlhj:psk
· j:ps��nmloj:p�p z xhx z k�xhlhp��z �Jlhv z k 
û�gÎ�� � x z k�£Jvb�gt�� z k 
ö�¦©¶� � Î���� � x z k�k�n�vbrs��nmr]v z k { j:x �z �¦rsxh�Jlhv z k z nm�gf
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and

d0 not

-if

and

d0d1

or d1

d2

d1Õ�ÖI×<Ø �Pf��.Ù¿µ 12����CnHq� P7F �PÉM�øÃbB�HK�L�XÈ�BgÉÁÀ S ��É a < h S¼Â Y�Ã © Ë Ã � Ë Ã � Z � Ãb�í�PÉ ��É]Ã��b��JbHO�.P4F È<É]ÃV�XÇV�&���XÈ�BgÉ]Ã�$BJÉ]ÃV�XÈm�m�sÆgÉd��Hq��ÃQ�i��ÇV�÷È[É=Æ���1�c���� Y Å¡ÇnËÄe2Æ Ã Ë Ú�Å Z Ã�BgÉd��PR� Ãg�21VC=ÇT� ÃºÃºÈ�BgÉ]Ã a < h S �$BJÉ]ÃV�XÈm�m�sÆgÉd��Hq��Ã|É�Æ��&PÌÃ¾>
I­ñÑI Ç � ýíÿ O� õ � ù­÷"K�÷Mö$óDùíõ � ÷ óDý O� ÿiK�÷ � üíÿøõ M4ó�ÿøÿ � õný�óDùíú�K�ù­÷nõ
QSPRQ P�æ È¾Ù&��I�¡Ù�ÚÌÙ�G�HJÝ0HJQ�K9G»â�QÄG�Ý5QRI:Ù

ò z ��j�qs�g£ z w=lhps�Jlov zøz k�n�x z �¦�Jq]v z £��z p��z vº�Jx}q z k�¢�î n�vb�Jqslonmloj:p�p z xhku
 �s���Rf����s�J�Pr z lhpsq�lo�PlaqsrÐê z kmnv z tsv��z k z p¶nP�z t��gv�rsp½� z ��n z r]v�w=lhps�Jlov z}Á j:ru�º�s�0� @hp z q z w�lhnmk Ë"� jÖyrÂ�b�s�J�Pr z �z xº�z.{(z p�n�t�v z psq xa�|�g�Jx z r]v�© j:rø� ^
¶íÊ�Á edÈ�Ë#É#É#ÉÀËÄe ! Ë 9�Y © Ë � Z ! Ë

jÖyr Ù�z k�n�xa�÷nm�Jlhxhx z qsrÍ� z ��n z rsv Á p]j { wsv z q z w�lonmk Ë f
� z n�n z v z t�vP�z k z p¶nm�gnmlhj:p k¦�û�Jqs�gtsn z w�l z p�y� q z kÂtsvbjJw�xXyz.{(z kÂj5yr&x z kuk�j:xhr]nmlhj:psk t¥jJn z p�nml z xhx z k´j:p�n�rsp zv z tsv��z k z p¶nm�gnmloj:p�w�lhps�Jlov z �¦�Jp]j:psla��r z�� ��j { {(z x z k�tsvmjJw=xXyz.{(z k�w¥j�j:x �z¦z psk.f���xhx z k¦�û�gtst=xhlh�Pr z �Jrskbkml0t0j:rsv�q z ktsvmjJw=xXyz.{(z k�q5��jJtsnml { lakm�gnmloj:p�t=�gvb� { �z n�vblh�Pr z ��j:p¶nmlap�r z�Á Ç ^ËÊ &|/ Ê�Ë"��{ �Jlhk�lhx z k�n~�JxojJvbk�p��z � z kmkm�Jlhv z q zq��z ¬�pslhv�rsp z n z �b�sp�lh��r z q z ��j�qs�g£ z �Jq��z �Prs�gn z q zaÊ & � z vbk Y © Ë � Z ! f

	 1Ì3=;<Z A W A -0/(c�;X-�C�;<1 A
ò z ��vmj:lhk z.{(z p¶n z k�n��Pr¤��j {½{(z x���jJt��z vb�gn z r]v�q5� z ì�t�xojJvb�gnmloj:p z kmk z p�nml z x�q z k�¢�î÷f5ªPj:p�v��j:x z ��j:pskmlhk�n z y���j { w�lhp z v�x z k�£��z p]jJn�­Pt z k�q z q z r]ìÂlhpsq�lo�Plaqsrsk7t¥j:r]v z pujJwsn z pslov�q z r]ì´p]j:r]� z �Jr�ì �]z p
�z �b�s�Jps£ z �Jp¶n�rspÂj:rt�xhr�kml z r]vbk · vb�g£ {(z p�nmk~q z k�q z r�ì¤£��z psjJn�­Pt z k.f�ð�p¤q�lhk�nmlhp]£:r z t�xhr�kml z r]vbk���vmj:lhk z.{(z p�nmk�t¥j:kmkmlow�x z k � q]j:p�n~x z kt�xhr�k�rsnmlhxhlhkP�z k�k�j:p�n ^
ÙAj-h w f nÀÖ y�h v h p lÍÌk�ÎV{ nÀÖRp l�
����E� ^r�pÍk z rsx · vb�g£ {(z p�n z k�nu�z �º�s�Jp]£��z k z xoj:p�rsput¥j:lhp�n�q z ��j:r]t�rsv z �b�]j:lakml5�Jxº�z �gn�j:lov z.{(z p�n �
ÙAj-h w f nÀÖ y�h v h p l ÌkRÏb{ nÀÖRp liy�
��Ì� � �J��� ^q z r�ì · vb�g£ {(z p�nmk�k�j:p�nÍ�z �º�s�Jp]£��z k�k z xoj:p��÷t¥j:lhp�nmk�q z ��j:r]t=r]v z �b�sj:lhkmlhk��Jx �z �gn�j:lov z.{(z p¶n �
ÙAj-h w f nÀÖ y�h v h p l �7pøÖ � n f v hu
ö�¦©:��� ^ð~p �z �b�s�Jp]£ z x z k(w�lhnmk¤y� �b���J��r z t0j:kblonmloj:p lhpsq��z t z psqs� { {(z p¶n(�\� z �¤rsp z tsvmjJw��gw�laxhlon��z q z ©�f��Pf�êëxt z r]n��z n�v z ��rÂ��j {½{(z r�p ��vmj:lhk z.{(z p¶n { rsxonmlö�Rt¥j:lhp�nmk�q]j:p�n�x z p]j { wsv z q z ��j:r]t�rsv z k z k�n�q��z n z v { lap��z�Jx �z �gn�j:lhv z.{(z p�n��Jr���j:r]vºk�q z x���jJt��z vº�gnmloj:p5f
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Croisement 1 point

Croisement Uniforme

Croisement 2 points

Õ�Öm×�Ø �Pf��aÙ£a ��Ã5PgÈ ' ��ÇºÃ5�¦ÇEBgÈ[Ã��b���¦Éd�<ÃíJ�È<É=ÆgÈ<ÇT� Ã Â DÆÐA©CLBgÈ[É��oc DÆÑC5C�BgÈ<Éd�<Ãí���<HO�5�.ÇeBJÈaÃ��b����Éd����ÉsÈ WbBJÇ"���}>
V 69/\C]/2;<30-^c7;<-�C�;<1 A

��� z k�n}rsp¾jJt��z vº�gn z r]v �PrslMlhp�� z vbk z �Jx �z �gn�j:lhv z.{(z p�n x z k~w=lonmk~qsr¾£��z p]jJn�­Pt z �\� z � rsp z(· �Jlow=x z tsvmjJw��gw�lo�xalon��z�� n�­Pt�lh�Pr z.{(z p�n q z © � ©]�¾y��© � ©J©]�gf7êëx z k�nBq z k�nmlhp��z y��qslo� z vºkmlo¬ z v~£��z p��z nmlh�Pr z.{(z p�n(x z k¾�z x �z.{(z p�nmk÷q z xh�t¥jJt�r�xh�gnmloj:p Á<z p�k�j:p��gw�k z ps� z�� �Jr��¦rsp z �¦�gvb�J��nP�z vblak�nmlh�Pr z £��z p��z nmlh�Pr z psj:r]� z xhx z p z t z r]n��gt�t��gvb�0� @on�v z2Ë f=ò z k
{ r]nm�gnmloj:p�k�x z k�t�xarsk�r]nmlhxhlhkP�z¦z k�k�j:p¶n ^ÙAjek v�� l-kml ÖHn4p y²l n~w
Ò kqy²l ÖH�4� hoÓ J¦ÈI�¸Ô�È²C¸Õ 
��JÎ � �s�E� ^lhp�� z vbk z �b�s�J�Pr z w�lhn�lapsq��z t z psqs� {½{(z p�n��.� z �|rsp z t�vmjJw��gw�lhxalon��z � ! � �\� z � 6 ï © z n Ù�z k�n�xh�Bnm�Jlhxhx z qsr� z ��n z r]v.f5��� z k�n�xh� { r]nm�gnmloj:p¤xh�÷t�xhrsk z.{ t=xoj\­��z¦z qs�Jpsk�xh�÷v z tsv��z k z p�nm�gnmloj:p�w�lhps�Jlov z f

ÙAjek v�� l-kml ÖHn4p Î r�Ö là
��JÎ�� ^lhp�� z vbk z x z k�­ { w0j:x z q5�ûrspuw�lon��º�]j:lhkmlÖ�Jr��s�Jkm�gvbq��\� z �}rsp z tsvmjJw��gw�laxhlon��z Ð � f

     MutationÕ�Öm×�Ø �Pf��gÙuò9� { r]nm�gnmloj:p ��w=lon ^ ò z km­ { w¥j:x z qsr���Ö � Ö�w=lon�� �z n��z lhp�� z vbkP�z f
Q PRQSPRQ È¾Ù&��I�¡Ù=Ú2Ù=G9HJÝ0H:QRK9G»I�¡Ù�Ù�Ô�Ô�Ù

¢�� z ��xh��v z t�vP�z k z p¶nm�gnmlhj:p}v��z¦z xhx z�� x�� z k�t=�J� z q z v z �b� z vb�º� z�z k�n�x�� z kmt��J� z v��z¦z x Ê & Á �Ì�gvbla�gw�x z k9psj:p|w¥jJvbp��z¦z k Ëj:r�rsp z t��gvmnml z q z x�� z k�t��J� z vP�z¦z x �N×NÊ & Á �g�gvblh�gw�x z k�w¥jJvbp��z¦z k Ë f� z n�n z v z t�vP�z k z p¶nm�gnmlhj:p¤�Ð�z n��z lhp�n�vmj�qsrslon z lhp�lonmlh�Jx z.{(z p�n�t¥j:r]v�x z k�ªPn�vb�gn��z £:l z k�q5�û���Jj:xar]nmloj:p|
�ÎJÎ�� �0{ �Jlhkkmj:p¤r]nmlaxhlhkm�gnmloj:p¤k¦� z k�n��z n z psqsr z vb�gt=lhq z.{(z p�n��Jr�ìø�Jr]n�v z k�n�­Pt z k�qÖ�û¢�xo£JjJvºlonm� {(z k����Jj:xhrsnmloj:psps�Jlov z k¦f�i�j:r]vq z k�tsvmjJw�x�yz.{(z k�qÖ��jJtsnml { lhkb�gnmloj:puqs�Jpsk�x�� z k�t=�J� z vP�z¦z x � x�� z k�t��J� z q z k�£��z p]jJn�­Pt z k�k¦�ûlhq z p¶nmlo¬ z y�(x�� z kmt��J� z q z kt=���z p]jJn�­Pt z k ^¸¶gÊ 
/ É Ê�ÁIÉ È Ë#É#É#É�Ë É & Ë 9 Ê & f
	 1230;[Z A W A -0/(17@A�A D

���Jp�k�xh�~v z tsvP�z k z p�nm�gnmloj:pÂvP�z¦z xhx z�� lax]­(�}q z r�ì { �Jp�lXyz v z k�q z ��j { w=lhp z v�q z r]ì(�JxaxXyz x z k�q z q z r�ì(t��gv z p�nmk ^�º�]j:lhkmlhv�x��ûrspÍq z k�q z r�ìÍ�JxhxXyz x z k Á ��vmj:lak z.{(z p�n�qslhkb��v z n Ë j:r���j { w�lhp z v�xhlhp��z �Jlov z.{½z p¶n�x z k�q z r�ì Á ��vmj:lhk z.{(z p�nlap¶n z v { �z q�lh�Jlov z j:r��gvblhnm� { �z nmlh�Pr z2Ë f����Jpsk�x z q z r�ì]lXyz.{(z �¦�Jk � t�xarskml z r]vºk��g�gvblh�Jp�n z k�j:p�nÍ�z n��z t�vmjJt¥j:k��z¦z k¦fÙ�Ø�h w f n?Ö y�h v h p l=t Ö y w fihml ^
W Å 9�Y � Ë#É#É#ÉÀË¯ÆSZXË É �# Ê9É 1!" # j:r É¸Ù " # Ë
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jÖyr Æ z kmn�xh��nm�Jlhxhx z qsr÷� z ��n z r]v�vP�z¦z x z n �øz n�Ú
k�j:p�n�q z r]ìBlhpsq�lo�PlaqsrskÖkP�z x z ��nmlhj:psp��z k�q z xa��t¥jJt�r�xh�gnmloj:pt=�gv z p¶n z t0j:rsv�x�� z psk z.{ w�x z q z k���j { t0j:kb�Jp¶n z k�q z 
/ É f

Ù�Ø�h w f nÀÖ y²h v h p l ÖRp l"h%f v �hmt Ö k Ö fih»Ó»k4f Ö l Ò7v �hml Öo�q� h ÕM^
W Å 9�Y � Ë#É#É#É¶Ë¯ÆSZXË É �# Ê�ÛÀÉ 1!" # Þ Á � 
 Û7Ë¡ÉËÙ " # Ë

jÖyr ÛYz k�n�rsp z �g�gvblh�gw�x z �Jxº�z �gn�j:lov z rspsl · jJv {(z �gtst=�gvmn z ps�Jp�n÷y� xR�ûlhp¶n z vb�Ì�Jxhx z 
 © Ë �<� ÁÜÛ Ê»g 
 © Ë �<� Ë�z n �z nSÚ k�j:p�n�q z r�ìÍlhpsqslh�Plhq�rsk�kP�z x z ��nmloj:p�p��z k�t¥j:r]v�x�� z p�k z.{ w=x z q z k���j { t¥j:km�Jp�n z k�q z 
/ É f[ p z �Jr]n�v z �g�gvblh�Jp�n z q�rY��vbj:lhk z.{(z p�nBlap¶n z v { �z q�lh�Jlov zÂz k�n(x z ��vmj:lhk z.{(z p�nl_�ò�Ý��ßÞ Á Ïáà HO��É�Pép�ÇeBgÃ"c
Ã�B ' �¦Ç Ñ Ë"� tsvmjJt¥j:k��z t��gv½��kb� z x { �Jp z n´ª��º�s��Y z vC
��J¡�� � ��r�l��_xa�¤t�vmjJtsvbl �z nP�z q z t¥j:r]�Jj:lov �z xh�gvm£:lhv½x zqsj { �Jlhp z q z q��z ¬�pslonmlhj:p�q z x�� z p · �Jp�n ��z p¤r]nmlhxhlhkb�Jp¶n�rsp¤lhp¶n z vb�Ì�Jxhx z t�xhrsk�xa�gvm£ z t¥j:r]v Û f=��p z Y z n ��ÛpÖ� z k�n�t=xhrsk���j { t�vblhk z p¶n�v z © z n�� �]{ �Jlhk z p¶n�v z(Á 
½Þ Ë�z n Á �ÀÞ(Þ Ë"� �\� z �~©aî¿Þ î � Á ¬s£:r]v z �Pf�� Ë f=ð�ppsjJn z ��r z x z ��vmj:lhk z.{½z p¶n�_�ò3Ý���©½��jJvbv z k�t¥j:psqÍ�Jr���vbj:lhk z.{(z p�n��gvblonm� { �z nmla��r z n�vº�Jqslonmloj:psp z x�f

p1 p2

IφΙ φΙ

Õ�Öm×�Ø �Pf��gÙâà�a�ã c Þ >
���Jpsk�kmj:p&j:r]�Pvb�g£ z kmr]v�xa� nm���z jJvbl z q z k�k�n�vb�gn��z £:l z k¾q5�Ä�z �Jj:xhr]nmloj:p 
ö�¦©J©�� � ª��º�¶¼ z¦·<z x|�^l { �g£:lap��z rsp�Jr]n�v z n�­Pt z q z ��vbj:lhk z.{(z p�n jÖyr n�j:r]n z xh��t¥jJt�rsxa�gnmloj:p¾t��gv z p�n z t z r]n}t��gvmnmlh�¦lot z v´y�øxh�Í£��z p��z vb�gnmloj:pÐqÖ�ûrsp

z p · �Jp¶n � �gt�t z x �z x z ��vmj:lak z.{(z p�n(£:xojJw��Jx�f����s�J�Pr z t��gv z p�n z k�n½kP�z x z ��nmloj:p�p��z lhpsq��z t z psq�� {½{(z p�n¦fM��j { {(zt¥j:r]v x z ��vmj:lhk z.{(z p¶n÷kml { t�x z�� k z xhj:p xh�øk�n�vb�gnP�z £:l z q z £��z p��z vb�gnmloj:p^q z kB�JxaxXyz x z k q z x�� z p · �Jp�n Á qslakm��v¦yz n z j:rlhp�n z v { �z qslh�Jlhv z2Ë"� q z r]ì n�­Pt z k�q z ��vmj:lhk z.{(z p¶n�£:xojJw=�Jx=k�j:p�n�t0j:kbkmlow�x z k ^ x z ��vmj:lhk z.{(z p�n�£:xojJw��Jx0qslhkm��v z n z n�x z��vmj:lhk z.{(z p¶n�£:xhjJw��JxÖlhp�n z v { �z qslh�Jlhv z f
ð�pÍpsjJn z ��r z x z ��vmj:lhk z.{½z p¶n { rsxonmlo�Rt��gv z p�n z ì�lhkmn z �Jrskmkml5qs�Jp�k�xh�÷v z tsv��z k z p¶nm�gnmloj:p�w�lhps�Jlhv z 
��J���Rf
Ù�Ø�h w f nÀÖ y²h v h p l × j nqr k4j t Ö y w fihml ^

W Å 9�Y � Ë#É#É#É¶Ë¯ÆSZXË É �# Ê~É 1³ä^" # Ë
jÖyr � # z k�n�rsp½lhp�qslo��lhqsr÷k��z x z ��nmloj:psp��z q z xh�~t¥jJt�rsxh�gnmlhj:p(t��gv z p�n z t¥j:r]v�xh�|��j { t¥j:km�Jp�n zDÉ # f]ð�p psjJn z�Pr5�ûlhx0­Í�(�Jr]nm�Jp�n�q z t=�gv z p¶nmk�k��z x z ��nmloj:psp��z k���r z q z ��j { t¥j:km�Jp�n z k�qs�Jp�k�x��ûlhpsq�lo�Plaqsr5f

Ù�Ø�h w f nÀÖ y²h v h p l × j nqr k4j ÖRp l�hmf v �hmt Ö k Ö fih ^
W Å 9�Y � Ë#É#É#É¶Ë¯ÆSZXË É �# Ê�Û # É 1³äÜ" # Þ Á � 
 Û7Ë¡ÉËÙ ä*" # Ë

jÖyr Û # Ê»g 
 © Ë �<� z n � # z n�Ú # k�j:p�n�q z r]ì�lhpsqslo��lhqsr�k�kP�z x z ��nmlhj:psp��z k�q z xh�½t0jJt=rsxh�gnmloj:pÍt=�gv z p¶n z t¥j:r]vxa�(��j { t¥j:km�Jp¶n zQÉ # f



?�å�ùRå?	����Såø�\ç����s
��³�������eì���à7�¿��� �J�

V 69/\C]/2;<30-^17@A�A DXD A
Ù�æfçéè�ê2èéëíì¸î�ïað�êéç¸ï¯ï¯ëòñ!îËî¸ñJï�ó
ò9�¾tsvºlhps�¦lot��Jx z n z �b��pslh�Pr z r]nmlhxhlak��z¦z t¥j:r]v½xa� { r]nm�gnmloj:p^vP�z¦z xhx z�z k�n½xR�û�2«ëj:r]n½qÖ�ûrsp wsvbrslhn(î��Jr�kmkml z p�Jr�ì(qslZY��z v z p¶n z k���j { t¥j:km�Jp�n z k�qsr÷� z ��n z rsv 
/ É f�ò9�|qsl � �¦rsxonP�z q z � z n�n z �gtstsvmj��b� z�z k�n�x��û�2«mrsk�n z.{½z p¶nq z xR�Ä�z �¦�gvbnë�Rn�­Pt zâô qsr wsvºrslon|£��z p��z v��z f���p z Y z n � �JrYq��z w�r]n÷q z xR�Ä�z �Jj:xar]nmloj:pYq5�ûrsp z t¥jJt�r�xh�gnmloj:p ��ôq]j:lon��z n�v z �Jkmk z ÷Í�z x z ���z t0j:rsvM£��z p��z v z v�q z�· jJvbn z k�t z vmnmr]vmw=�gnmloj:psk z n��Jlhp�kml z ìPt=xojJv z v�vb�gt=lhq z.{(z p�nMn�j:r]nx�� z k�t��J� z q z v z �º� z vb�º� z f [ p z½· j:lhk x z k|t�la�¦k|q z xa� · j:p���nmloj:p �z nmrsqsl �z¦z xoj��¦�JxhlhkP�z k � x��û�Jxo£JjJvblonm� {(z q]j:lon�z n�v z �¦�gt��gw=x z q z q��z n z v { lap z v��\� z �|tsv��z �¦lhkbloj:p�x z k�k�j:xar]nmloj:psk�jJtsnml { �Jx z k¦f
i7�gvÂ��j:pskP�z �Pr z p�n �Sô p z q]j:lon½t=�Jk �z n�v z ��j:psk�nm�Jp�nÍ�Jr?��j:rsvbk q z x��Ä�z �Jj:xhr]nmloj:pÖf�i�j:r]vÂvP�z k�j:rsq]v z � ztsvmjJw�x�yz.{½z�� t=xhrskml z rsvbkÖk�n�vb�gnP�z £:l z k��Jqs�gtsnm�gnmlo� z k z n��Jr]n�jg���Jqs�gtsnm�gnmlo� z k�j:p¶nB�z nP�z tsvbjJt0j:kP�z¦z k�t0j:rsv��2«mrskë�n z v�xh�}q��z ��lh�gnmloj:pÂ�Jr´��j:rsvbk�q z x��¿�z �Jj:xhrsnmloj:p5fs� z k�j:p�n � t��gv z ì z.{ t�x z�� xh�}v¦yz £:x z q z k�� ß � tsvbjJt0j:kP�z t��gv¹ z �º� z p¶w z vm£C
�¡:���Öj:r�xh� { r]nm�gnmloj:p�òÖjJ£g� � jJv { �Jx z tsvmjJt¥j:k��z¦z t��gv�ª��º�¶¼ z¦·<z x:
ö�¦©J©��Rf

Ù�õSçéèéöéñJï�ì�÷høñ!öùê2èéñ!çËöËï�ú�ñÑûrçéè³ê2èéëíì�î½ó
�B�û�Jr]n�v z kÖjJt��z vº�gn z r]vbk9q z�{ r]nm�gnmlhj:p}q z � z ��n z r]vºkÖv��z¦z xhk9j:p¶n��z nP�z tsvmjJt¥j:k��z k5t��gv��¤lh�º�s�Jx z ¼�lh��÷�q��Jpsk�
û�g��� �q��z qsl �z k y�Ðq z k�tsvmjJw�x�yz.{(z kÍ��j:p�n�vb�Jlhp�nmk Á �g�gvblh�gw�x z kuw0jJvºp��z¦z k z n ² j:r k�j:r { lhk z k y�Ðq z kÍ��j:p�n�vb�Jlhp�n z kxhlhp��z �Jlov z k Ë f2� z k�j:p�n9q z k5jJt��z vº�gn z r]vbk9r�ps�Jlov z k � �Prsl�y��t��gvbnmlovÖq5�ûrsp�t��gv z p¶n 
/ É Ê ÁIÉ È�Ë#É#É#ÉÀË É � Ë#É#É#É�Ë É%&]Ë"�£��z p¥yz v z p¶nÍrsp z p · �Jp¶n 
/ É � Ê ÁIÉ È�Ë#É#É#É�Ë É � � Ë#É#É#É?Ë É%&]Ë"� jÖyr É � � z k�nÂx��Ä�z xº�z.{(z p¶n { r]n��z¤z nÎô z k�n´�º�]j:lhkml�Jxº�z �gn�j:lov z.{(z p�n q��Jpsk~x��ûlhp�n z vm�g�Jxhx z 
ö� Ë¯Æ �Rf9i�j:r]v}�¦�Jxh�¦r�x z v É � � � lhxhk~r]nmlaxhlhk z p�n�x z q]j { �Jlhp z �Jq { lhkmkmlow=x zq z k��g�gvblh�gw�x z k�qsr¾vº�Jp]£¼üs
 ÙëÁ ü Ë Ë ë Á ü Ë � � q��z ¬=psl�y�ut��gvmnmlov|q z k�w¥jJvbp z k~q z x�� z k�t��J� z q z v z �b� z vb�º� z(z nq z k���j:p�n�vb�Jlhp�n z k�qsr�tsvmjJw�x�yz.{(z k.�ûlhx¥­ z p�� � y�½��j:psqslhnmloj:pÍ��rÖ� z xhx z k�k�j:l z p�n�xhlap��z �Jlov z k¦f

I©ñ»û J K«ÿ�ý ö$ùlöTõ � � K«ÿn÷MöUpgM ö � �
Q PRÝSP�æ þ ¡Ù�Ô�Ù�OPH:QRK9G
*Â3=6�D A /\/ A : Z�@A D A 8J/2;<3=- V 123 V 3�12/2;<3=-�- A DXD A ;

ò9�~tsv z.{ lXyz v z kP�z x z ��nmlhj:p { lak z�z p½t�xa�J� z t¥j:r]v�x z k�¢�î z k�n�x z nmlovb�g£ z y�|xh�~vbj:rsx z n�n z�� j:r ÿ«B)��HO�����i�âÿÍÅ��$��HhM�bHO�T���XÈ�BgÉ ÁRÿvÿ�hPË lap¶n�vmj�qsrslhn z t=�gv î�j:xhq]w z vm£ 
 ���E�Rf���� z k�n}rsp z({ �z nm�]j�q z kmn�jP�º�s�Jk�nmlh�Pr z �Prsl z ì�t�xoj:lon z xh�
{ �z nm�gt=�]jJv z q5�ûrsp z vbj:rsx z n�n z q z �¦�Jkmlhpsj � �Prsl���j { tsn z vº�JlonÂ�Jrsnm�Jp¶nuq z �¦�Jk z ku�Pr z qÖ�ûlhpsqslo��lhqsr�k qs�Jp�k xh�t¥jJt�r�xh�gnmloj:p5f]ò9�´xh�gvm£ z r]v�q z xh� �¦�Jk z qÖ�ûrsp�lhpsq�lo�Plaqsr 
/ É # z k�n�tsvmjJt¥jJvmnmloj:psp z xhx z y� km� t z v · jJv { �Jps� z Ç Á 
/ É # Ën^� 3 Ü�Î ä 5���� � 3 Ü�Î � 5 f¶ò z vmj:r z �z nm�Jp�n�xa�Jps���z¦z�� x��ûlhp�qslo��lhqsrBk��z x z ��nmloj:psp��z�z k�n�q��z kmlh£:p��z t��gv�x��û�gvmv��z n�q z xh�~vmj:r z kmr]v�kb�|�¦�Jk zÁ ¬�£:r]v z �Pf � Ë fò�� z k�t��z vb�Jp�� z Æ # q z psj { wsv z q z ��jJt�l z k|q5�ûr�p �z x �z.{½z p¶n 
/ É # q z xh�ut¥jJt�rsxh�gnmlhj:p¤��j:r]vº�Jp¶n z½z kmn|q]j:psp��z¦zt=�gv�x�� z ìPt�v z kmkmloj:p ^

Æ # Ê ¥
ð��� Ç Á 
/É � Ë Ç Á


/ É # Ë Ë
jÖyru¥ z k�n|x z p]j { wsv z q5�ûlapsqslo��lhqsrsk.fsò�� z k�t��z vb�Jp�� z { �Ìì]l { �Jx z ��e É�Á Æ # Ë qs�Jpsk~xR� z psk z.{ w�x z q z k��z xº�z.{(z p�nmkq z xh�÷t¥jJt�rsxh�gnmloj:p z k�n��gtst z xº�z¦z xh� C=ÇT� ÃºÃºÈ�BgÉ¾Ã F��Hq�$���XÈ ' � f� z n�n z { �z nm�]j�q z · �.�JjJvºlhk z x z k {½z lhxhx z r]vºkÂlapsqslo��lhqsrsk ��{ �JlhkÍn�j:r�k�x z kÍlhp�qslo��lhqsrsk j:p¶n�n�j:rg«ëj:r]vºk�q z k�º�s�Jps� z k~q5�q�z n�v z kP�z x z ��nmlhj:psp��z k¦f�� z t z psqs�Jp�n � xh� { �z nm�sjPq z t z r]n��¦�Jrsk z v~rsp z t z vmn z q z xh�´qslo� z vbkblon��z q z xh�t¥jJt�r�xh�gnmloj:p(kmlsxa�~tsv z kmkbloj:p½kP�z x z ��nmlo� z(Á j:r Æ # q�r {(z lhxhx z r]v Ë�z k�n(�z x z ���z¦z f]� z t�xhr�k � km�|�g�gvblh�Jp�� z�z n�k�j:p´��jø�r]nkmj:p¶nu�z x z ���z k¦f
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Õ�ÖI×<Ø �Pf �oÙ ÿ«B)�d�íPR�QHqB��i��Ç È��«C�B��PÇ5��Én��CLB"C���HöÆX�XÈmBgÉôPR����È<É�PgÈ ' È�P)�PÃ}Æ ' �$� Ç ÁIÉ # Ë�Ê Y �g© Ë �J� Ë �.� Ë �¦© Z > S B)��Ç�XÈ<ÇE�¦Ço��É F��H F���a�¦Éd�oc�BgÉ�HoÆgÉ��V�gHöÆ´ÇEB)�d�<c����MÃ È��bHIHq�|Ã�F ÆgÇ Ç¸·���i� ÃV�PÇQHöÆ �bÆgÃ�� ÈRc?É # ��ÃV��Ã F�bHO�T�0�XÈmBJÉsÉ F�}>
¢�¬�p÷q z qsl { lap�r z v7xh���g�gvblh�Jps� z�� _��}ô z v���tsvmjJt¥j:kP�z�z p��.ÎJ¡:��xa��kP�z x z ��nmloj:p¤y��xh��vmj:rsx z n�n z �\� z ��v z k�n z kmn�jg��b���Jk�nmlh�Pr z�� j:r Ãb�UB���ÅPÆgÃV�XÈ��©��ÉsÈ ' ��ÇºÃ�Æ�HsÃ�Æ���CnH È<É�ÊBÁ ª [ ª Ë 
 ���Rf:¢�� z ��� z n�n z �gtstsvmj��b� z�� qÖ�ûrsp z�· � ���j:p kml { lhxh�Jlov zy� ÿLÿ�h&� j:p ��j:pskmlhq5yz v z rsp z vmj:rsx z n�n z t��gvmnmlonmloj:p�p��z¦z½z p �Jr]nm�Jp�n÷q z �¦�Jk z k÷�Pr z q5�ûlhp�qslo��lhqsrsk � j5yr �º�s�J��r z�¦�Jk zÍz k�n½q z nm�Jlaxhx z tsvmjJt¥jJvmnmloj:p�p z xhx z y�_xa�¤t z v · jJv { �Jp�� z fM�¤�Jlhk(� z n�n z¤· j:lhk � x z kBlapsqslo��lhqsrsk}k��z x z ��nmloj:psp��z kk�j:p�n~q��z kmlo£:p��z k~t��gv~rsp z psk z.{ w�x z q z t¥j:lhp�nmk��z �Prslhq�lhk�nm�Jp�nmk Á ¬�£:r]v z �Pf�¡ Ë f9ò z p]j { wsv zBz Y z ��nml · q z ��jJt�l z kq z x��ûlapsqslo��lhqsr 
/ É # k z vb�½xh�÷t=�gvmnml z~z p�nmlXyz v z lhp · �z vbl z rsv z j:r�kmr]t��z vbl z r]v z q z k�j:p z k�t��z vb�Jps� z Æ # fò z wsvbrslhn÷q z k��z x z ��nmloj:p �z nm�Jp¶nÂt�xhrsk · �Jlow�x z�� xh� q��z vblo� z £��z p��z nmla��r z k z¤{ �Jpsl ·<z k�n z�{ j:lapsk(��rÖ�û�.� z �øxh�

{ �z nm�]j�q zBÿLÿ�h f

Õ�ÖI×<Ø �Pf�¡ Ù h��UB���ÅPÆgÃV�XÈ��� �ÉsÈ ' ��ÇºÃ�Æ�H�h=Æ)�DC�H È<É�Ê
hM�bHO�T���XÈ�BgÉ Â C�B)��Ç´Ã F��Hq�$���XÈ�BgÉsÉn�¦Ç PR��Ã´È<É�PgÈ ' È�P)�PÃ2c©BgÉ+HöÆJÉ��"�HoÆ_ÇEB)�d�<c5���oG��]ÆJÉ�P ��HNHO�uÃ�F ÆJÇºÇ¸·���i��co�¦ÅPÆXG��&��È<É�PgÈ ' È�P)� PXBgÉd�oHöÆ �bÆÌÃ��·��ÃV�<C�BJÈ[Éd� F�f�lC�ÆgÇ���Éw�½ÆgÇEG��d�b��Ç � Ãb�
Ã F��Hq�$���XÈ�BgÉsÉ F��>
,�3=6�1Ì-�3=;<Z

ò��½k��z x z ��nmloj:p¤t��gv�n�j:rsvbp]j:l9p z|· �Jlhn�t��Jk�p��z � z kbkm�Jlov z.{(z p�n��gtst z xÖ�Jr�ìÍ�Ì�Jx z r]vbk��gw�kmj:xhr z k�q z xh�(t z v · jJv��
{ �Jps� z��Pz xhx z k z ��j:p¶n z p�n z q z k�t z v · jJv { �Jps� z k�v z xh�gnmlh� z k�q z k�lapsqslo��lhqsrskM�Prsl�t z v {(z n�n z p¶n�q z x z k���j { t��gv z v
z p�n�v z�z r�ì0f�ò z tsvºlhps�¦lot z ��j:pskblhk�n z y�B�º�]j:lhkmlhv�rspÂ£Jvmj:rst z q z"! lapsqslo��lhqsrskM�Jx �z �gn�j:lhv z.{(z p�n�qs�Jpsk�xh�Bt¥jJt�rsxh�Ì�nmloj:p � q z kP�z x z ��nmloj:psp z v�q5�ûrsp z~{ �Jpsl�yz v z q��z n z v { lhpslak�n z x z~{(z lhxhx z r]v�qs�Jpsk�� z £Jvmj:rst z��]z n�q z v z ��j {½{(z ps� z v
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xR��jJt��z vb�gnmloj:p¤«mrskm�Pr5�[y�¤xR��jJwsn z p¶nmlhj:pÐqsr p]j { w�v z q5�ûlhpsqslh�Plhq�rsk�v z �Prslhk¦f7¢�rÐ��j:rsvbk(q5�ûrsp z £��z p��z vb�gnmloj:p � lhx�­�u�Jr]nm�Jp�n|q z n�j:r]vbp]j:lak��Pr z q5�ûlhpsq�lo�Plaqsrsk y�ukP�z x z ��nmloj:p�p z v.f5ò9�Âtsv z kbkmloj:pøq z k��z x z ��nmloj:p z k�n|�2«mrsk�nP�z¦z t��gv~x zpsj { wsv z q z t��gvmnmlh�¦lht��Jp¶nmk}y� rspun�j:r]vbp]j:l Á,!JË f [ p ! �z x z ���z ��j:psq�rslon}y�½rsp z�· jJvmn z tsv z kmkmloj:pÍq z kP�z x z ��nmloj:p5fò��û�.�g�Jp�nm�g£ z q z � z n�n z n z �b�spsla��r z q z kP�z x z ��nmlhj:p z kmn �Pr5� z xhx z½z kmn}t��gvb� { �z n�vº�gw�x z t=�gv xh���Ì�Jx z rsv q z-!`�t z r¤k z pskmlow=x z �Jr�ì z vbv z r]vbk�kmr]v - z n�p5� z k�n�t��Jk��b�5yz v z y� {(z n�n�v z÷z p='|r]�Pv z}z n½y� z ì��z �¦r]n z v\fÖi��gv~��j:p�n�v z��kb�÷�Ì�gvbla�Jps� z|z k�nu�z x z ���z¦z 
��J�}�Rf
ê¿x z ì]lhk�n z t�xarskml z r]vºk9�g�gvblh�Jp�n z k�q z xh��kP�z x z ��nmlhj:p �.� z ��n�j:r]vbp]j:l � qsj:p¶nMj:p½�¦lhn z x z n�j:r]vbp]j:l]q z _�j:xhnÑ÷ { �Jpsp
.�¦©:¡}� � �Prsls�Jkmkbr]v z �Pr z xh�}qslak�n�vblow�rsnmloj:p÷q z k��g�Jx z r]vºk�q5�û�Jqs�gt�nm�gnmloj:p´qÖ�ûrsp z t¥jJt�rsxa�gnmloj:p½k�j:lon�tsvmj��b� z q5�ûrsp zq�lhk�n�vblow=r]nmloj:p÷q z _�j:xonÑ÷ { �Jp�p5f�i�j:r]v�rsp z ��j { t��z nmlhnmloj:p z p¶n�v z rsp z kmj:xhr]nmloj:p½��j:rsvb�Jp¶n z 
/ É # z n�rsp z kmj:xhr]nmloj:p�Jxhn z vbps�gnmlo� z 
/É � � 
/ É # £:�g£:p z �.� z ��xh��tsvmjJw=�gw�lhxhlonP�z ÈÈ¡Í Ö0/213/.456 ä87 4 13/.4 56 � 7.7.9;: � jÖyr�Ú z k�nMxh��n z.{ t��z vb�gnmr]v z q z kP�z x z ��nmloj:p5f

Q PRÝSPRQ È¾Ù�Ø~��ÔRÝ5O�Ù�Ø³Ù�G�H
* A W V D<Cs8 A W A -0/(4÷@A / A 1ÌWY;X-�;<Z¦/ A

ò z v z.{ t=xh�J� z.{(z p�n|q��z n z v { lhpslak�n z÷z k�n|r]nmlhxhlak��z nÄ­�t=lh��r z.{(z p¶n~qs�Jp�k~x z k ªPn�vb�gnP�z £:l z k q5�û���Jj:xar]nmloj:p5f9ªPj:p�¦�gvº�J��n�yz v z t�r]v z.{(z p�n�q��z n z v { lhpslhkmn z xhrsl¶q]j:psp z rsp|v��j:x z �¦x z¦· qs�Jp�k�x��¿�z �Jj:xhrsnmloj:p}��rB��r5�ûlax:£:rslhq z xh��v z �b� z vb�º� z� z vºkBx z k ÷¦j:p z k(q z k {(z laxhx z r]vbk lhpsqslh�Plhq�rsk¦f0ê¿x�jJt5yz v zÍz pYk��z x z ��nmloj:psps�Jp�n(x z k Q Á �·î Q Ó ; Ë|{(z laxhx z r]v z kkmj:xhr]nmloj:psk�t��gv { l ^Ù³x��ûrspslhj:pÂq zvQ t��gv z p�nmk z n�; z p · �Jp¶nmk ^ km�b���z.{ �´�gtst z xº�z´Á´Q Þ�; Ë ����ª �Ù³x�� z psk z.{ w�x z q z ; z p · �Jp�nmk ^ km�º���z.{ � �gtst z x �z Á´Q Ë ; Ë ����ª0fò z v z.{ t�xh�J� z.{(z p�n Á´Q ÞL; ËÖz k�n|�z xhlonmlhk�n z��2z n9£:�gvb�Jp�nmlon7rsp z � { �z xalojJvb�gnmloj:p { j:p]jJn�j:p z q z xh��t z v · jJv { �Jps� zq z xh� t0jJt=rsxh�gnmloj:p �s{ �Jlhk�lax9k¦�û�Jqs�gt�n zB{ �Jx�y� r�p&�z � z p�nmr z xM�b�s�Jps£ z.{(z p¶n~q5� z p���lovmj:psp z.{½z p¶n¦f0i��gv~��j:p�n�v z���\� z �ursp v z.{ t�xh�J� z.{(z p�n Á´Q Ë ; Ë"� xh� {(z laxhx z r]v z t z v · jJv { �Jp�� z t z r]n}q��z ��vmjf� @on�v z��7{ �Jlhk}�JxojJvºk x��û�Jxh£JjJvblonm� {(zz kmn½t�xhrskgÔ z ì]low�x z �\� z ��x z k �b�s�Jp]£ z.{½z p¶nmkÂq5� z p��Plovbj:psp z.{(z p�n¦f�� z t�xhr�k � xa�¾vP�z £Jv z kmkmloj:p?q z k {(z laxhx z r]v z kt z v · jJv { �Jp�� z k�t z r]n��Jlhq z v~x z tsvmj�� z kmkmr�k�q z v z �b� z vb�º� z y�uk�jJvmnmlov~q z k�v��z £:lhj:psk~q5�û�gn�n�vb�J��nmloj:p q z k�jJtsnml { �xhjP�¦�Jr�ì �¥z n´y�Í��j:p¶nmlap�r z v|xR� z ìPt�xhjJvb�gnmloj:p¾�Jlhxhx z rsvbk¦f=�B��jÖyr xa�´v z ��j {½{ �Jpsqs�gnmlhj:p_qsr_km�b���z.{ � Á´Q Ë ; Ë ����ªøt��gvª]�b��¼ z¦·<z x�
.�¦©J©��Rf
* A W V D<Cs8 A W A -0/(>�@A -B@A 12Cs/2;<3=-�- A D[ p z �Jr]n�v z n z �b�spsla��r z q z v z.{ t�xh�J� z.{(z p�n z k�nøx z v z.{ t�xh�J� z.{(z p�n�£��z p��z vb�gnmloj:p�p z x Á n�jJnm�Jx Ë"� r]nmlhxhlhkP�zt�vblhps�¦lot=�Jx z.{(z p�n÷q��Jpsk x z k´¢�î k�nm�Jpsqs�gvbq�k¦f�¢�� z �¤� z n�n z �gtstsvmj��b� z�� xh�_t¥jJt�r�xh�gnmloj:p^q z k z p · �Jp¶nmk´v z.{ �t=xh�J� zÍz p¶nml�yz v z.{(z p¶n´xh�¾t¥jJt�rsxh�gnmloj:pYt��gv z p¶n z f�ò�� qsr]v��z¦z q z ��l z q5�ûrspÐlapsqslo��lhqsr z k�n½�JxojJvbk½qÖ�ûrsp z k z rsx z£��z p��z vb�gnmlhj:p5f����Jpsk|k z k¤�z nmrsq z k}kbr]v~xh�ut z v · jJv { �Jps� z q z � z n�n z n z �º�spslh�Pr z�� � z øJj:ps£|
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f�GI�QHGIL[hOiR0K^jkQ�QZI�T%R(jCR0OCT;x [ QZI+GILR0U�X�ItI�\]FPKN[cK^dSU�I-|,OCKNR(I�FPOi[u}
[0IL|~I�Q�E(R(ILR(R(I*I�Q ���C�C��
 �`��� \]jkQSR([0ItdeUZI�XZI�E
R0OCUZV$GI�TNILv�GI�E�X�I�<�XZjkQ�Q�I�Q`R%XZI�\_I�K^T^TNI�UZ[cE�[WGI�EhU�TNR0OiR0E�deUZI�TNI�E%R0OCUWV�|,OCKN�PT^I�ELx
Q PRÝSPRÝ þ��S�£¡�P�+�q�*��� ¡�Z���������k�;���

� Q&E0JhbHGI�\-O�Xmp�GILvCjkT8UZR0KNjkQ�I�E(R
UPQZI�J?jk\��PK^Q�OCK8E(jkQ*XqprUPQtR��eFyI�X�I�EeGI�TNI�J?R0KNjkQ&ILR"XqprU�Q*R��eF�IsXZI�[0I�\]FPT^O �
J?I�\_I�Q`RLx�¡�jkUZR(I-J?jk\��PK^QPOCK^E(jkQzXZI�E�F�[0jWJPGI�XPUZ[0I�EwF�[WGI�E0I�Q`ReGILI�E�FPT^U�E"b�OCU�RwI�E(RYT^K^JLK^R(ICxy¡�jkUZR(IL|~jkK^ELl�J?IL[hR0OCK^QZI�E
Xmp¢I�Q`R([0I�I�T^TNI�E"E(jkQSR"FPT^U�E�E(jkUZvCI�QSR�UZR0K^T^K8ESGILI�ELlndeUZIsJ?I_E(jkKNR
F�jkU�[
XZI�E
[hOCK8E(jkQ�E
b�K^E(R(jC[hK8dSUZI�E�lPR0bHGILjC[hK^deUZI�E
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deU�KnT^I�E�jkQSR�FyjCFPU�T^Oi[cK^ESGILI�ELxW¤�I�E-GI�J?jkT^I�E�R([hO�viOCK^T^T8OCKNI�Q`R�E0UZ[�XZI�E�I�E0FPOCJ?I�E�XZI"[0I�Jhb�IL[hJhbZIw�nKNI�Q-FP[eGI�JLK^ELlZJ?ILFyI�QW�
X�OCQSRLl�TNI�E%E0Jcb�GI�\_OCE
E(jkQ`R�R(jCR0OCTNI�\]I�QSR�K^Q�XHGILFyI�Q�XPOCQ`R0E�XZI�T;p¢I�E(FPOCJ?IYXZIY[0I�JhbZIL[cJhbZICx
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D
¤�I-E0JhbHGI�\-O�I�E0RY�POCEeGIÃE0UZ[�TNI_[0I�\]FnT^OCJ?I�\]I�QSRYf�GI�Q�GIL[hOiR0KNjkQ�Q�I�TÄx�ÅÆJcb�OCdeUZIuf�GI�QHGIL[hOiR0K^jkQql�ÇÈFPOi[0I�QSR0E
E0jkQ`R�ESGI�TNI�J?R0KNjkQ�QHGI�EgE(R(jeJcb�OCE(R0K^deUZI�\]I�QSR�FPOi[�U�QZI�X�I�E�\ÉGILR0bZjWXZI�E�XHGI�J?[hK^R(I�E�X�OCQ�E�T^O�E(I�J?R0K^jkQsÊex � x � xS¤�I�E
Ç$FPOi[0I�QSR0E�XZjkQPQZI�Q`R�QPOCK^E0E0OCQ�J?I�I�QPE0U�KNR(I�aOwÇ+I�QZ|,OCQ`R0E�FPOi[gOiF�FPT8K^JLOiR0KNjkQ]XZI�E�jCF�GIL[cOiR(I�UZ[hE�f�GI�QHGILR0K^deUZI�E
=,OËvCI�J�X�I�E�F�[0jC�POi�nK^T^KNReGI�E�XZjkQ�QHGILI�EcDcx�ÌgQZMnQqlZJ?I�E%Ç�I�QZ|~OCQSR0E�[0I�\_FPT^OCJ?I�QSR%FPUZ[0I�\_I�Q`R�ILR�EhK^\]FPTNI�\_I�Q`R
T^I�E%ÇÍFnOi[0I�Q`R0E�FyjkUZ[�T^Osf�GI�Q�GIL[hOiR0KNjkQÎE0U�KNviOCQSR(ICx

Ï ¥H²e¶_¶L­Ë« §Z­�³²e©n¬~²e¶]·g¦Ë³²SÐnªn¨ µ ­°¬~ªn´Ñ I�UWV&R��eFyI�EwXZI]E0JhbHGI�\_OCE�E(jkQSRwF�jkEhE0KN�PTNI�E�X�OCQ�EwTNI�E�ÒeR([cOiRSGILfkK^I�EYXqprÌgvCjkT^UZR0KNjkQ"ÓqTNI]E0Jcb�GI�\_O�Ô(ÌHÒPÕ"Ö
�nOCESGItE0UZ[sTNIÃ[0I�\]FPT^OCJ?I�\_I�Q`R]XHGILR(IL[h\_K8Q�K^E(R(I×=´Q&Õ ; Dcl�ILR_TNIÃE0JhbHGI�\_O�Ô(Ì�Ò�lrÖÎ�POCEeGItE0U�[�TNIÃ[0I�\_FPT^O �
J?I�\_I�Q`RsX�GILR(IL[h\_K^QPK^E(R(I&=´Q�Ø ; Dcx�ÅÙJhb�OCdeUZI�f�GI�QHGIL[cOiR0KNjkQql�TNI�E ; I�QZ|~OCQSR0E�E(jkQ`R�f�GI�Q�GIL[eGI�E�aO�FPOi[0R0KN[YX�I�E
FnOi[0I�Q`R0E�ESGI�TNI�J?R0KNjkQ�QHGI�E�FPOi[%R0K^[hOifCIYU�Q�K^|®jC[h\_I]=~jkQ*FyI�UZR%X�KN[0IwdeUqprK^TqQqp¢�ÃO]FPOCE�XZI�EeGI�TNI�J?R0KNjkQ&OCUtE(I�QPE
XPOi[0Ú�K^Q�K^I�QnDcx
Û Q�QZjCR(IYdeUZIYJ?IYE0Jcb�GI�\_O_I�E0R�E(jkUZvCI�QSR�OCE0E(jWJLK3GIÃaO]T8Os[0ILF�[WGI�E(I�QSR0OiR0KNjkQ�[eGILI�T^TNICx
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aO"FPOi[hR0KN[
XmprU�Q�jkU&XZI�UWVÃFPOi[0I�QSR0E�EeGI�TNI�J?R0K^jkQ�Q�GI�E"E(I�TNjkQ*T^I�UZ[hE�FyIL[0|~jC[h\_OCQ�J?I�E�x�¤HI�E�I�QZ|~OCQSR0E�[0I�\]FPT^OCJ?I�QSR�OCTNjC[cE
X�I�E�K^Q�X�K^veK^XPU�E�XZI_T8OÃF�jCFnU�T^OiR0KNjkQ&FPOi[0I�QSR(ICl�EeGI�T^I�J?R0KNjkQ�QHGI�E�E(jkKNR�XqprU�Q�Is\-OCQ�K,aIL[0I-XHGILR(IL[h\-K^Q�K^E(R(I*=,T^I�E
FnKN[0I�E�X�OCQ�E�T8OsF�jCFnU�T^OiR0KNjkQnDclZE(jkK^R�FPOi[%R(jkUZ[hQ�jkKmK^QSvCIL[hESGICl�jkUtE(I�T^jkQtTNI�E�ßOifCI�E�=,TNI�E%FPT8U�EHveKNI�UZV�Dcx
¤�I
\]jWXqaI�TNI"ELprOiF�FPT8K^dSU�I�OCU�E0E0K�FyjkUZ[HTNI�E%ÒeR([hOiRSGILfkKNI�E%XqprÌgvCjkT^UZR0KNjkQ�O�vCI�JwT;prOiF�F�[0jWJhbZIs=(=´QsÕ � Dmàtá�âgD
jmaUÑQzã � lWK^QSR([0jeXPU�KNR(I%FPOi[�ä%I�JcbZI�QS��IL[hf�I�Q ���kåi�Ãæ¢�kå°ç lejqaU-R(jkU�E�TNI�E�FPOi[0I�QSR0EHFyI�UZvCI�Q`R�FPOi[0R0K^JLK^F�IL[waO
T8OwF�[0jWX�U�J?R0KNjkQ-XZI�TÄp¢I�QZ|,OCQSRLxW¤HILFyI�Q�X�OCQSRLl`TNI
\]jWXyaI�TNI�Qqp¢I�E(R�FPOCE�R([LaI�EHU�R0K^T^K^EeGI�FPOi[cJ?I�deUqprK^T�QZI�F�IL[c\]ILR
FnOCE%TÄprK^\]FnT^OCQ`R0OiR0K^jkQ�X�I�TÄprOCUZR(ji��OCX�OiF�R0OiR0K^jkQ*FyjkUZ[%T^O]\�UZR0OiR0KNjkQmx
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ê I×E0JhbHGI�\_OëU�R0K^T^K^EeGI&[0I�E0E(I�\��PTNI�aOìJ?I�T^U�K
XZI�E�E(R([hOiReGILfkKNI�E*Xqp�GILvCjkT^UZR0KNjkQ�Ì�Ò�Õ�l�dSUZjkK8dSUZIÎXHGILvCI�TNjCF�F�GI
J?jk\_FPT,aILR(I�\]I�QSR�K^Q�XHGILFyI�Q�XPOC\_\]I�QSRLx�¤�ILF�I�QPX�OCQ`RLl�OËvCI�JYÌ�£�lnTNI�QZjk\���[0I�Xqp¢I�QZ|,OCQSR0E�ILR�J?I�T^U�KqX�IwFPO �
[hI�Q`R0E�I�E0R�K^XZI�QSR0K^deUZI�Ó�=,íÈÕëíÎD�àzásâHx
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ê I�EmR(I�JhbPQ�K^deUZI�E�XZI�\_OCK^QSR(I�Q�OCQ�J?IgXZI�T^O%X�KNvCIL[cE0KNRSGIgXZI�E�K^Q�X�KNvWK^X�UPEnX�OCQPEmT^O�FyjCFPU�T8OiR0KNjkQwE(jkQSR�I�\]FPT^jË��GILI�E

OiMPQ�XZIwFyIL[h\_ILR(R([0I�aO]U�QtÅ
ÌtÓ
Ï Xmp�GILvWKNR(IL[
T^O]J?jkQ`vCIL[hfCI�Q�J?I�FP[eGI�\_OiR0UZ[WGILIYvCIL[cE�U�QÃjCF�R0K8\�U�\ÙT^jeJLOCTÄl
Ï XmprK^XZI�QSR0KNM�IL[HFPT^U�E0K^I�UZ[hE�jCFPR0K^\_O�jkU�dSUPOCE0K.�;jCF�R0K^\-O�deU�OCQ�X�T^O�|~jkQ�J?R0KNjkQÃjC���(I�J?R0KN|�I�E(R%\�UPTNR0K.��\]jWX�OCTNICx
£�Oi[h\_K�TNI�EYOiFPF�[0jWJhbZI�E�J?jkQ�QeUZI�ELl�Q�jkU�E�FyjkUZvCjkQ�E�\]I�QSR0KNjkQ�QZIL[�l�FPOi[YI?VWI�\]FPTNICl�TNI{Ô(EhUZ[0FyI�UZFPTNI�\_I�Q`R0Ö

=(¾L@(Á��gÝiB~>SÀ D æ ÊCÊ ç lZTÄp�GI�JLT^OCKN[hJLK8E0E(I�\]I�QSR-GI�T8KNR0K^E(R(I æ¢� �Cç ILR�T^O�R([LaI�E�FyjCFPU�T^OCK^[0I%R(I�JhbPQ�K^deUZI
XPUuFnOi[0R0OifCI-=	�hÂeAC@cB~>SÀ°D
deUZIYQZjkU�E�X�GILR0OCK^T^TNjkQPE�JLK.��X�I�E0E(jkU�E�FPOi[hJ?I�deUqp¢I�T^T^IYE(IL[hOëGILvCjedeU�GILIsFPOi[
T8O_E0U�KNR(I�TNjC[hE�XZI�T^O_F�[eGI�E(I�QSR0OiR0KNjkQÎXZI
TÄp�GILR0OiR�X�I�TÄprOi[0R%X�OCQ�E�TNI�XZjk\_OCK^Q�I�XZI�TÄp Û F�R0K8\_K^E0OiR0KNjkQ�Ì�vCjkT8UZR0KNjkQ�Q�OCK^[0I�
*U�T^R0K.� Û ���(I�J?R0KN|�x
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ê I�ºWAi@?½;A�Àe¼�¼:9?ºn» B,¾�B~½�¼�ÝS¼�».AgºZ¼L@<;LÁi@3¹_Ai>n¾c¼�O�GILReGI�K^QSR([0jeXPU�KNR�FPOi[�}
jkT^X���IL[hfHILR�ä�K^Jcb�Oi[hX�E(jkQ"I�Q ���C�kå�æ � Ê ç x

ê prK^XHGILI�J?jkQ�E0K8E(R(I-aO]X�GILfC[hOCXZIL[�T^O�viOCTNI�UZ[%XZIwT^O�FyIL[0|~jC[h\_OCQ�J?IwXZIwTÄprK8Q�X�KNvWK^X�U]I�QÃ|~jkQ�J?R0KNjkQ�X�I"T8O]XZI�Q�E0KNReGIwXZI
T8OÃF�jCFnU�T^OiR0KNjkQÎX�OCQ�EYE(jkQ×vCjkK^E0K8Q�OifCICx ê I]�nUZRwF�[hK^QPJLKNFPOCT�I�E(RYXZI]F�GI�Q�OCT8K^E(IL[YTNI�EYK^Q�X�KNvWK^X�UPE�deU�K�E(jkQSR�R([0jCF
FP[0jeJcbZI�E"TNI�E"U�Q�E"XZI�E"OCUZR([0I�E�xyÅ
K^Q�EhKÄlnT^OuFyIL[0|~jC[h\_OCQ�J?IYºWAi@?½;A�À�=¼°¼-=	�cÂeAi@0¼0Ý?>g½,>�¼@�A�0DCB�D�XqprU�QÎK^QPX�KNvWK^X�U àE FHG
I�E0R�XZjkQ�QHGILI�FnOi[qÓ B D = àE F G D"I B-= àE F G DJLKMONQPSRUT =WVn= àE F7G Ø àEF M D(D
jmaU RUT XHGI�E0KNfkQ�I�T^O]|~jkQ�J?R0KNjkQ�XZI�FPOi[hR0OifCIÃ=	�cÂeAi@3B®>SÀ�;YXW>n¾Ë½,B,ÁC>eD�deU�KmXHGILFyI�Q�X�XZIYT^O_XPK^E(R0OCQ�J?I�V�I�QSR([0I�X�I�UWV
E0jkT^UZR0KNjkQ�E�x�Ì�T^TNI�[0ILR(jkU�[hQZIzp!ZipgEhK%TNI�E-X�I�UWVìE0jkT^UZR0KNjkQ�E]E0jkQ`R�K^XZI�QSR0K^dSU�I�ELl�p\[Wp�E0K%T8OzX�K^E(R0OCQPJ?I�I�Q`R([0I�I�T^TNI�E
XHGILFnOCE0E(ItU�QëJ?IL[0R0OCK8QëE(I�U�K^Tw=W]H^	_-`Aa�b3D�ILR-U�QZI�v OCT^I�UZ[_K^QSR(IL[h\{GI�X�K^OCKN[hI�FyjkUZ[]XZI�E]X�ILfC[eGI�E-XZI�X�K^EhE0K^\_K^T8Oi[hKNRSGI
K8Q`R(IL[h\ÉGI�XPK^OCKN[0I�ELx ê O]|®jkQPJ?R0KNjkQtXZIwFPOi[hR0OifCI�T^OsFPT8U�E�UZR0K^T^K^EeGILIwI�E0RqÓ

RUT =WVeD"Idc Z�à$=feg/hWikj�l$m DonyØÈE0KpVrqs]H^	_-`Aa�b[WØ E0K^Q�jkQyØ =ÄÊex!ZËD
jmaU�tÉI�E(R�U�QZI�J?jkQ�E(R0OCQSR(I�UZR0K^T8K^ESGILIwFyjkUZ[�J?jkQSR([ ßjkTNIL[�T;prOCT^T^UZ[0IwXZI�T^O]|~jkQ�J?R0KNjkQtXZIYFPOi[0R0OifCICx ê IYJLOCT^JLU�T�XZI�T^O
XPK^E(R0OCQ�J?IHI�Q`R([hI�X�I�UWV�K^Q�XPKNveK8X�U�EyFyI�UZR�E0IH|,OCKN[0I�X�OCQ�E�TÄp¢I�E(FnOCJ?IHf�GI�QZjCR��SFnK^dSU�IY=~ICx¢fZxkX�K^E(R0OCQ�J?I�XZI�u�OC\-\_K^QZfSD
jkUìFnb�GI�QZjCR��eFPK^deUZIz=~ICx¢fZx�X�K^E(R0OCQPJ?IÃÌ�U�JLT^K^XPKNI�Q�QZI°Dcl�E(I�TNjkQìTNIÃF�[0jC�PTÄaI�\_I�R([cOCKNRSGICxH¤HILFyI�Q�X�OCQSRLl�X�I�E{GILR0U�XZI�E
I?VWF�GIL[hK^\_I�Q`R0OCTNI�E"|,OCKNR(I�EwFnOi[ Ñ IL�zILRY}
jkT8XZ�yIL[0fÃI�QvZ �C�C�zæ Z � ç E0UZ[wTNI�Ew\�ßI�\]I�E�R(I�E(R0EwjkQSR�\]jkQ`R([WGI_deUZI]TNI
FnOi[0R0OifCIYX�OCQ�E�TÄp¢I�E(FPOCJ?I�Fnb�GI�QZjCR��eFPK^deUZI�XZjkQ�Q�I"X�I�E�[eGI�E0U�TNR0OiR0E�TcGILfWaIL[0I�\]I�QSR"\_I�K^T^TNI�UZ[cELx

ê O�F�[0jWJPGI�XPUZ[0I�X�I�FPOi[hR0OifCI"JLT8OCE0E0K^deUZI�O�U�QZI
J?jk\]FPTNI?VZKNRSGI*GI�T^ILv�GILI-=xw_=,ízyËD(DclWveU�deUqp¢I�T^TNI
Q�GI�J?I�E0E0KNR(IwU�QZI
J?jk\_FPOi[hOCK^E(jkQ�XZI�UWV�aO"XZI�UZVYXZI�R(jkUPE�T^I�E�K^QPX�KNvWK^X�U�EyXZI�T^O�F�jCFnU�T^OiR0KNjkQqx°Å�MPQ�XZI�[eGI�X�U�KN[0IHJ?ILR(R(I%J?jk\]FPTNI?VZKNReGICl{ K^Q�ILR�}
IL[h\-O��ClPI�Q|Z �C�C� lnjkQ`R�FP[0jCFyjkESGI�XZIwJLT^OCE0E0KNMPIL[�T8OsF�jCFnU�T^OiR0KNjkQuI�Q�Q�K^JcbZI�E�O�viOCQ`R
T^O�F�[0jWJPGI�X�UZ[0IwXZI
FnOi[0R0OifCI æ Z}Z-~ ç xn¤HILR(R(IwXZIL[hQPK,aIL[0I"I�E(R�OiF�FPT^K^deUHGILI
I�Q�E0U�KNR(I"E0UZ[�Jcb�OCdSU�I�Q�K^Jhb�ICleJ?I�deU�Kn[eGI�X�U�KNR�T^O�J?jk\]FPTNI?VZKNReGI
aO�w-=,í��W�U��=,í×D(Dcx

¤HILR(R(I*\ÉGILR0bZjWXZI*O�GILReGI*I�QPE0U�KNR(I�[0I�QPX�UZI�OCX�OiF�R0OiR0KNvCI*FPOi[_Å�T8T^KNjCR æ Z ç l�deU�K�F�[0jCFyjkE(I�XqprOCJ?R0U�OCT8K^E(IL[_T^O
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� � ï ö÷ � ï-þ ÿ ï-ð�ñ)� ó ÿ ð ÿ òï/ñ)ï ù ÿ ÷ ù ø ÿ ï§û!÷ ÿ ó ðkø � ó =7ý ø ó � ù ÿ ï§û!÷�ñ)�}ñ7ýSû!÷�ø ó � ù ï ù þ"�S÷ - ýSï¤�Qòï ù òï � ÷�ø ó � ù &�o�ï-þ ó ï��2ñ7û ó�- ýSïûü÷ økï ù ÿ ÷ ù þ@ï ÿ ïCû!÷�ñR�}ñHýSû!÷�ø ó � ù ÿ ï��[â,H@p ÿ ïCð:ï¥þ�� ù þ@ï ù ø � ï � ÿ ÷ ù ð�û!ï-ð � òï�� ó � ù ð ÿ ïCûü÷�ð:ý � $W÷}þ@ï ÿ ï�n�÷ � ï/ø*��5� 'ý ý ù ÿ ï-ð¢þ � ó ø 'ï � ï-ð¢ï-ðkø ù ï/økøkï � ï ù ø � ï ó ûüû³ï-ý � - ý ïCû³ï-ð¢÷}ý ø � ï-ð�5úï ù þ/÷}ð ÿ ï¥ð:ý � $¿÷}þ@ïCþ�� ù þ/÷ � ï ô } ó �úý � ï J &æå ö &



F 9 ���¥���"�-���¥ �í�
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â ùìZ�6�6�[ 5;} � ÷ ù 80L�ý � ð:÷ è ïr÷ ñ � �}ñ)�úðÙòïrû!÷ � òï/ø
��� ÿ ï	� ñ â.�(wòØ�¼�Á Ä.¿#NÝýÝÓ/Å)ÄKQ É Q Ùê¼ ¾\Õ,Û#¿#Æ X�ÄKQ!¿#S�½�ÄKN*O#ýÄ ¼ � Ú ú29]\Gû &)ã¶÷ ù ð¶þ@ï/økøkï ÷�ñSñ � ��þ��Sï�5'ý ù ï^�2ø � ÷�ø2òï�� ó ï ÿ  ëâ � �úû!ý ø ó � ù ÷}ý ø*�#w$÷ ÿ ÷�ñSø:÷�ø ó�� ï ÿ ï]=7÷}ðkï°ï-ðkø � � ÿ ó ��òï/ï÷#� ù ÿ  �äï/ø � ï°ý ø ó û ó ð:÷#=7û³ï¥ñR�úý � û!÷ � òï-ð*�úû!ý ø ó � ù ÿ ï-ð§ñ � ��=7û 'ï � ï-ð � ýSû³ø ó w.��= � ï-þ@ø ó $y&ó ù óüù ÿ ó���ó ÿ ýzï-ðkøÄþ�� � ñ)�úðÙòï ÿ ï ÿ ï-ý�� ð*�úû!ý ø ó � ù ð ÿ � ù ø°ý ù ï ï-ðkø � ÷ � - ý�òï/ï þ�� �P� ï®ï ÿ � � ó!ù ÷ ù økï�ð�ï/øû! \÷}ý ø � ï�þ�� �P� ï\ï � òï-þ@ï-ð:ð ó�� ï�ð�&4p ó!ù ð ó 5 ÿ ï-ý���òï � ÷}û!ýS÷�ø ó � ù ðCþ�� �
� ï-ð:ñR� ù ÿ ï ù ø '÷�þ��7÷}þ/ý ù ÿ ï-ð ó!ù ÿ ó��2ó ÿ ýSð�ô Ê e ï/øÊ a &V�; 	òï � ÷}ûüýS÷�ø ó � ù � ù ÷}û³ï ï/øCû!÷Þð2òï-û³ï-þ@ø ó � ù ð*� ù ø�ï � ï-þ@ø:ý¢òï/ï-ð ÿ ïB$¿÷ �þ�� ù ð:ý ó�� ÷ ù økï�&�Q÷ ð2òï-û³ï-þ@ø ó � ù ï-ðkø�$¿÷ ó økï ï ù � òï/ø:÷�ñ)ï-ð ô � 'ýL� ï-ð:ø û³ï ù � � = � ï ÿ ï-ð���= � ï-þ@ø ó $¿ð ö & 'p þ��7÷ - ý ïÛòï/ø:÷�ñ)ï�5û³ï � ï-þ@økï-ý � ÿ ï-ðÄñ � ��=7÷#= ó û ó øÙòï-ð ÿ òï�� ùSó ñ7÷ � û! \ý ø ó û ó ð:÷�økï-ý � ï-ðkøÞý ø ó û ó ð2òïrñ)�úý � þ���� ó ð ó � ý ù ÿ ï-ðÂ��= � ï-þ@ø ó $Wð�&>o�ï� ï-þ@økï-ý � ñ)ï-ý ø�äï/ø � ï[����òï^�úý � ÷ � ó ï � ÷}ý þ��úý � ð ÿ ï^�Qòï ù òï � ÷�ø ó � ù ð�&
� ó û!÷ ¬ 'ï � ï $T� ù þ@ø ó � ù ��= � ï-þ@ø ó $pï-ðkø�þ���� ó ð ó ï�5û!÷Öñ)ï � $1� � � ÷ ù þ@ï ÿ  \ý ùvó!ù ÿ ó��2ó ÿ ý ï-ðkø þ/÷}û!þ/ýSûOòï/ï�þ�� �Y� ï û!÷ � �Gz}ï ùSù ï�ñR� ù ÿ òï � òï/ï ÿ ï-ð � ÷}û³ï-ý � ð ô5Ê e ö ' G )+ ï/øô5Ê a ö ' G )+ ï ù ñ � �}ñ)� � ø ó � ù å]_ Z ô
B ' G ) I å

J ô5Ê e ö ' G )+ $ ZJ ô5Ê a ö ' G )+ ²oZ� �Y� ï ÿ ÷ ù ð�ý ù ï��2ø � ÷�øÙòï�� ó ï ÿ  ëâ � �úû!ý ø ó � ù ðkø:÷ ù ÿ ÷ � ÿ 5a`Þð*�úû!ý ø ó � ù ð � ý øÙòï/ï-ð"ð*� ù ø�þ � òïHòï/ï-ð '÷�ñ7÷ � ø ó � ÿ ï.bñ7÷ � ï ù ø:ð�&�ã�ï§ñ7û!ý7ð�5 ý ù �}ñ�òï � ÷�økï-ý � �O�>O"ÅÂ- ý ó òï-þ��7÷ ù �}ï ÿ ï-ð � ÷ � ó ÷#=Hû³ï-ð ÿ ï ÿ òï-þ ó ð ó � ù ÿ ï-ð�ñ7÷ � ø:ðBï ÿ � ��ó!ù ÷ ù økï�ðï/øYï � òï-þ@ï-ð:ð ó�� ï�ð ÿ  \ý ùÈó!ù ÿ ó���ó ÿ ý ï-ðkø�÷�ñSñHû ó�- ý¢òï�÷ � ï-þ�ûü÷Äñ � ��=7÷#= ó û ó øÙòï Z _ J ñ)�úý � þ��7÷}þ/ý ù ï ÿ ï-ð � ÷ � ó ÷#=7û³ï-ð�&'p�þ��7÷ - ý ï òï/ø:÷�ñ)ï ÿ ï�û!÷�ð2òï-û³ï-þ@ø ó � ù 5 ûü÷§ñ)�}ñ7ýSû!÷�ø ó � ù ï-ðkø�� � ÿ � ùSù òï/ï�ð:ï-û�� ù ý ù ÿ ï-ð���= � ï-þ@ø ó $Wðâï/ø ô � þÄZßö7" �� ï ó ûüû³ï-ý � ð�ð*� ù ø�þ"��� ó ð ó ð�ï ù ø:÷ ù ø - ý ïCñ7÷ � ï ù ø:ð�&�o�ï/økøkï�ñ � ��þ7òï ÿ ý � ï¥ï-ðkø � òï/ñ�òï/ø2òï/ï?�­$1� ó ð"ï/ø�ý ø ó û ó ðkï '÷�þ"�S÷ - ýSï$1� ó ð�û!÷�ñ)�}ñ7ýSû!÷�ø ó � ù�- ý ó ÷°ð:ý � � òï-þ/ýrû�� � ð ÿ ï¶û! 2� � ÿ � ùSù ÷ ù þ@ï � ï ù ø�ñ � òï-þ 'ï ÿ ï ù ø�&U�ªï � ÷�ñ7ñR� � ø"ï ù ø � ïc`rï/ø.b ï-ð:ø÷}û�� � ð§û!ï�ð:ý ó�� ÷ ù ø�ô
b I±ô � þìZ� ö 9 `

r/�úý økï-ð"û³ï-ðdb ù �úý � ï-û!û³ï-ð�ð
�úû!ý ø ó � ù ð�ð
� ù ø�þ��}ñ ó òï/ï-ð ÿ ÷ ù ð�ý ù ï ù ðkï � =7û³ï§ï���økï � ù ï�5 ÿ ÷ ù ð�û³ï - ý ï-û�ø*�úý økï-ð�û³ï-ðð*�úû!ýSø ó � ù ð ù � ù w ÿ � � óüù òï/ï-ð�ø � �úý � òï/ï-ð ÿ ï/ñ7ý ó ð©û³ï ÿ òï�=7ý ø ÿ ï§û! oòï � �úû!ýSø ó � ù ð*� ù ø�ð:ø*�2þ�8"òï/ï-ð�&qâ ù ð:ý ó økï�5 û. ï ù ðkï � =7û³ï÷ ó!ù ð ó ��=Søkï ù ýÈï-ðkø � ó ð '÷ � �úý � ñ7÷ � òï-û óX� ó!ù ÷�ø ó � ù ÿ ï¶ø*�úý økï-ð¥û³ï-ð�ð*�úû!ý ø ó � ù ð ÿ � � ó!ù òï/ï-ð�&V� ó û!÷°ø:÷ ó ûüû³ï ÿ ï¶þ@ï/økøkï÷ � þ"� ó�� ï�ï-ð:ø�ø � �}ñ � � ÷ ù ÿ ï�5©ý ù0� òï-þ/÷ ùSó ð � ï ÿ ï ùSó þ��S÷#�}ï ï-ðkø?ý ø ó û ó ð2òï ñ)�úý � òï-û ó�� ó!ù ï � ÿ ï-ð?ð*�úûüý ø ó � ù ð ø � �}ññ � ��þ��Sï-ð�&ì^�}ø*� ù ð - ý ï � äï � ïrð ó û³ï-ð�ð
�úû!ý ø ó � ù ð ù � ù w ÿ � � óüù òï/ï-ð�ð*� ù ø�ñ � òï-ð:ï � � òï/ï-ð�5©ï-û!û³ï-ð ù ï�ð*� ù ø�ñH÷}ð�ý ø ó û ó ðÙòï/ï-ðÿ ÷ ù ð�û³ïÞñ � ��þ@ï-ð:ð:ýSð<�Qòï ù òï/ø óX- ý ï ýSû³ø2òï � ó ï-ý � 3 þ@ï/økøkïr÷�ñ7ñ � ��þ�� ï ù  \÷�ñSñ7÷ � ø ó ï ù ø ÿ � ù þ ñ7÷}ð '÷�û!÷ þ/÷�øÙòï���� � ó ï ÿ ï-ð÷�ñSñ � �2þ"� ï-ð òï-û ó ø ó ð:økï-ð�&
PNe DSfhg�DSD eji ?kEWClGNm�I�n

� ñ âo� ñ � òï-ðkï � � ïÞø*�úý økï-ð û!ï-ð�ð
�úû!ý ø ó � ù ð ù � ù w ÿ � � ó!ù òï/ï-ð¶ï/ø ý ø ó û ó ðkï�û³ï � òï-þ/÷ ùSó ð � ï ÿ ï ù7ó þ��S÷#�}ï�5pþ# ï-ðkøbw'÷{w ÿ ó � ï ó û§ñ)�úð:ð 'ï ÿ ïzû³ï-ð ÿ ï-ý��sþ/÷ � ÷}þ@øÙòï � ó ðkø ó�- ý ï-ðrï-ð:ðkï ù ø ó ï-û!û!ï-ð ÿ  \ý ù ïb=R� ù ð 
òñ â>pÈ& 
 ÷}û�� ï-ý � ï-ýSðkï � ï ù ø�5L�ý � ð:÷ è ï ù  \÷ ñHý�=7û ó òï�û³ï-ð � òï-ð:ýSû³ø:÷�ø:ð ÿ ïCð óX� ýSûü÷�ø ó � ù×- ýSï�ñ)�úý � ý ù ý ùSó�- ý ï�ñ � ��=7û 'ï � ïCï/ø ó û ù  2zÄ÷�ñ7÷}ð"ï-ý ÿ ïø � ÷ � ÷}ý�� � ï/ñ � ï ù ÷ ù ø¶ï/ø ÿ òï � ï-û��}ñSñH÷ ù ø�þ@ï/ø�÷}û���� � ó ø
� � ï�&)|�û©ï-ðkø ÿ � ù þ ÿ ó³Ã þ ó û³ï '÷ ñ � òï ÿ ó � ïÄð:÷ ñ)ï � $T� � � ÷ ù þ@ïð:ý � ÿ ï-ð§ñ � ��=7û 'ï � ï-ð§ñ7û!ýSð�þ�� � ñHû³ï��2ï-ð�&ã�ï-ð � ÷ � ó ÷ ù økï-ð ÿ ï¶þ@ï/ø�÷}û���� � ó ø
� � ï�ð*� ù ø¢ñ)�úð:ð ó =7û³ï-ð�ï/ø�û!÷ ù òï-þ@ï-ð:ð ó ø2òï ÿ ï¶û!÷ � ï/ñ � òï-ðkï ù ø:÷�ø ó � ù ñH÷ � ÿ �úý	=7û³ïþ�� � � � �úð*� � ï-ðCï-ðkø ÿ ó ð:þ/ý ø:÷#=7û³ï�&�|�ûpï-ðkø�ñ � ��=7÷#=7û³ï � ï ù ø '÷ þ/÷}ýSð:ï ÿ ï�û!÷Þþ�� � ñ7û³ï�� ó øÙòï ÿ ï�ð:÷ ��ó ðkï ï ù �2ï-ý � � ï- ý ï�þ@ï/økøkï � òï/ø
��� ÿ ï ù  ï-ðkø�ñ � ÷�ø ó�- ý ï � ï ù ø©ñ7÷}ð�òï � � - ý¢òï/ï�ñ7÷ � û³ï-ð�þ"� ï � þ��Sï-ý � ð�ø � ÷ � ÷ ó ûüû!÷ ù ø ÿ ÷ ù ð�û³ï ÿ � � ÷ ó!ù ïÿ ï�û! ñ ñSø ó�� ó ðA÷�ø ó � ùr
 ýSû³ø ó w.��= � ï-þ@ø ó $sâ � �úû!ý ø ó � ùSù ÷ ó � ï�&
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â ùzZ�6�6�J 5 u ÷vukï-û!÷°ï/ø.� ó!ù � ù ø�ñ � �}ñ)�úðÙòï¥û!÷ � òï/ø
��� ÿ ï u �EH@p ú F 9#û 5 ÿ � ù ø�ûü÷�ð2òï-û³ï-þ@ø ó � ù ï-ðkø,=7÷}ð2òï/ï ð:ý � û!÷ñ)ï � $1� � � ÷ ù þ@ï ÿ ï-ð ó!ù ÿ ó��2ó ÿ ýSð�þ/÷}û!þ/ýSûOòï/ïÄþ�� �P� ïÞû!÷�ð
� �P� ï°ñR� ù ÿ òï � òï/ï ÿ ï-ð[��=wukï-þ@ø ó $Wð�&Ãp û!÷ ÿ ó³� òï � ï ù þ@ï ÿ ïûü÷ � òï/ø
��� ÿ ï ÿ ïCû! \÷#� � òï��ú÷�ø ó � ù ñ)� ù ÿ òï � òï/ï�ø � ÷ ÿ ó ø ó � ùSù ï-û!û³ï�5 ó þ ó 5�ý ùP� ï-þ@økï-ý � ÿ ï-ð¢ñ)� ó ÿ ð ÿ ó³� òï � ï ù ø¢ï-ð:ø¢÷}ð:ð*��þ ó òï'÷Þþ"�S÷ - ý ï ó!ù ÿ ó��2ó ÿ ý4&�âï�ñ)� ó!ù ø©ø � 'ï-ð ó�� ñR� � ø:÷ ù ø ÿ ï§þ@ï/økøkïC÷�ñSñ � �2þ"� ï�ï-ðkø�û!÷�ñ � òï-ðkï � � ÷�ø ó � ù ÿ ï§û!÷ ÿ ó�� ï � ð ó øÙòï�ï ù ø � ï�û!ï-ð � ï-þ@økï-ý � ðÿ ï-ðCñ)� ó ÿ ð�&)o�ï-û!÷�ñ)ï-ý øÈäï/ø � ïÂ$W÷ ó ø ÿ ï ÿ ï-ý��k$¿÷ �þ�� ù ð ð:ý ó�� ÷ ù økï-ð�&X�q� ó ø¥û³ï � ï-þ@økï-ý � ÿ ï-ð�ñ)� ó ÿ ð�$¿÷ ó ø�ñ7÷ � ø ó ï ÿ ïû. ó!ù ÿ ó���ó ÿ ý�ï/ø¢û!÷�økï-þ�� ùSóX- ý ï ÿ ï ùSó þ��S÷#�}ï�ï-ð:ø¢÷�ñSñ7û ó�- ý�òï/ï�5Ùð*� ó ø ÿ ï-ð�ð*�úýSð*wxñR�}ñHýSû!÷�ø ó � ù ðE�S÷#= ó û³ï � ï ù ø�þ��	� ó ð ó ï-ðð
� ù ø òï � ÷}û!ý�òï/ï-ð¥ï ù ý ø ó û ó ð:÷ ù ø ÿ ï-ð � ï-þ@økï-ý � ð ÿ ï-ð§ñ)� ó ÿ ð ÿ ó�� òï � ï ù ø:ð§ñ � òï ÿ òï�� ùSó ð�&
;:xWx�y i f{z�C � =
D QCTC|DAg�y:}jC|x�=
yA@A=
B
C

ã�÷ ù ð�û³ï§þ/÷ ÿ � ï ÿ ï§þ@ï/økøkï¥÷�ñ7ñ � ��þ�� ï�5 ÿ ï-ý��]�}ñSø ó � ù ð�ð*� ù ø�ñ)�úð:ð ó =Hû³ï-ð�&v�Q÷¶ñ � ï � ó!'ï � ï�þ# ï-ð:ø - ýW \ý ù]� ï-þ@økï-ý �ÿ ï ù � � = � ï-ð � òï/ï-û!ð ÿ ï ø:÷ ó û!û!ï � $¿÷ ó øÞñH÷ � ø ó ï ÿ ïÈþ��S÷ - ý ï ó!ù ÿ ó���ó ÿ ý4&Wp^� ù ÿ ïÈð� \÷}ð:ðAý � ï � - ý ïÈû!÷Öð*� �P� ïÿ ïrðkï-ðÞþ�� � ñR�úðA÷ ù økï-ð ð
� ó ø òï��ú÷}û!ï '÷ Z 5"þ"�S÷}þ/ý ù ï ÿ  ï-ûüû³ï-ð°ï-ðkø ù � � � ÷}û ó ðÙòï/ïrñH÷ � ûü÷�ð*� �Y� ï ÿ ï ø*�úý økï-ð û³ï-ðþ�� � ñR�úðA÷ ù økï-ð�ô ~ G I ~ GJ 9MONQP ~ M ²�ª÷ ÿ ï-ý�� ó!'ï � ï �}ñSø ó � ù ï-ð:ø�ñ7û!ý7ðÞ÷�ñSñ � �}ñ � ó òï/ï ÷}ýìþ/÷}ð�� 'ýìðkï-ý7û³ï � ï ù ø�ñ)ï-ý ÿ ï ð
�úû!ý ø ó � ù ð ÿ ï n�÷ � ï/ø*�ð
� ù ø ÿ òï-ð ó � òï/ï-ð�&
�; ï ù ðkï � =Hû³ï ÿ ï � ï-þ@økï-ý � ð ÿ ï-ð�ñ)� ó ÿ ð�ï-ðkø�þ��	� ó ð ó ÷Äñ � ó � � ó ï/ø¥ý ù ï � ÷ � ó ÷#=7û³ï�ï ù ø ó!'ï � ï F
� - ý óÿ òï-ð ó � ù ï û³ï ù ý � òï � � ó ÿ ï ù ø ó �7÷ ù ø�þ"�S÷ - ýSï � ï-þ@økï-ý � ð� \÷vu*�úý økï '÷Þþ��7÷ - ý ï ó!ù ÿ ó���ó ÿ ý4&]�ªï ù � � = � ï ÿ ï � ï-þ@økï-ý � ðÿ ï-ð�ñ)� ó ÿ ð ´ þ�� �
� ï-ð:ñR� ù ÿ ÷}ý ù � � = � ï ÿ ï ð*�úûüý ø ó � ù ð - ýW 2� ùI� ï-ý�� ø � �úý � ï � &Eã¶÷ ù ðÄþ@ï/økøkï�ðkï-þ@ø ó � ù�ù �úýSð÷}ûüû�� ù ð ÿ òï-þ � ó � ï ñ7û!ýSð�ï ù ÿ òï/ø:÷ ó û!ð�þ@ï ÿ ï � ùSó ï � þ/÷}ð�&ó ù ï�ð
�úû!ý ø ó � ù F ' G ) ï-ðkøÈòï � ÷}û!ý�òï/ï°ðkï-û�� ù û. 	òï - ýS÷�ø ó � ù
B�ô F�' G ) ö�I 9ÁMYNQP ~2�{������M Ê M ô F ' G ) ö�þ Ê + G KMÊ + ` �M þ Ê + G KM ² ô!J & Zßö

|oþ ó 5 Ê + G KM ï/ø Ê + ` �M ð*� ù ø û³ï-ð � ÷}û!ï-ý � ð�ï��2ø � òï � ÷}û³ï-ð ÿ ïÄû! 2��=wukï-þ@ø ó $ ¯ ø � �úý � òï/ï-ð ñH÷ � � ó û!ï-ð�ð
�úû!ý ø ó � ù ð ÿ ïûü÷ÄñR�}ñHýSû!÷�ø ó � ù þ��úý � ÷ ù økï�&p�� ù ÿ ïÄñ � òï-ð:ï � � ï � û!÷ ÿ ó�� ï � ð ó øÙòï ÿ ï-ð ð*�úû!ýSø ó � ù ð�5)û!÷røkï-þ�� ù7ó�- ýSï ÿ ï°ñH÷ � ø:÷#�}ï ô1� � ó � ðkï-þ@ø ó � ù åq& F & Zßö ï-ðkøýSø ó û ó ð2òï/ï�&w�âï�ñ7÷ � ø:÷#�}ï ó þ ó þ�� ù þ@ï � ù ï ðkï-ýSû³ï � ï ù ø�û!÷�ñH÷ � ø ó ï ÿ ï¶û! ó!ù ÿ ó��2ó ÿ ýÞþ�� �
� ï-ðkñ)� ù ÿ ÷ ù økï¶÷}ý � ï-þ@økï-ý � ÿ ï-ðñ)� ó ÿ ð�57þ# ï-ðkøbw '÷{w ÿ ó � ï F
� &Wo�ï-û!÷rð ó � ù7ó �Sï - ý ïÄðkï-ýSû³ï � ï ù ø¶û³ï-ð � ÷}û³ï-ý � ð F ' G )� ï/ø F ' M-)� ð*� ù ø¶ñ � ó ðkï-ðCï ù þ�� � ñSøkïû�� � ð ÿ ýÈþ/÷}û!þ/ýSû ÿ ï�û!÷ ÿ ó ð:ø:÷ ù þ@ï V G M ï ù ø � ï�û!ï-ð�ð*�úû!ý ø ó � ù ð Ç ï/ø ¯ ôV G M I µ F ' G )� þ F ' M-)� µ ²
�ª÷]$T� ù þ@ø ó � ù ÿ ï ñ7÷ � ø:÷#�}ï�� T ôWV G M ö ï-ðkø�þ/÷}û!þ/ýSûOòï/ï�÷ � ï-þ�û³ï¶ñ7÷ � ÷ �t'ï/ø � ï ]H^	_-`:akb &U1¥÷�ñSñ)ï-û�� ù ðbw ù �úýSð - ý ï û!÷� ÷ � ó ÷#=Hû³ï F
� ï-ðkø�ï ù ø ó!'ï � ï°ï/øCñ � ï ù ÿ�ÿ ï-ð � ÷}û³ï-ý � ð�÷ � ï-þÄý ù ñ7÷}ðÈòï��ú÷}û³ï '÷ Z &)p¥û�� � ð�5 ]H^	_-`Aa�b�I Z ð ó � ùSó �Sï � ÷ ó ø- ý ï¶ðkï-ýSû³ï � ï ù ø�û³ï-ð�ð*�úû!ý ø ó � ù ð¢÷ � ï-þ û!÷ � äï � ï � ÷}û³ï-ý � ÿ ï F
� ð*� ù ø�ñ7÷ � ø:÷#�©òï/ï-ð�& ]'^$_ß`:akb¢I å?ñ)ï � � ï/økø � ÷ ó ø¢û!÷þ�� ù ø � ó =Hý ø ó � ù ÿ ï ÿ ï-ý�� � ï-þ@økï-ý � ð ÿ ï-ð�ñ)� ó ÿ ð � � ó ð ó!ù ð � ÷ ó ð�þ@ï-û!÷ � ó ð - ý ï ÿ ï � òï ÿ ý ó � ï�û!÷ ÿ ó�� ï � ð ó ø2òï ù òï-þ@ï-ð:ðA÷ ó � ïñ)�úý � ø � �úý � ï � ø*�úý økï-ð û!ï-ð ´ ð*�úû!ý ø ó � ù ð�n�÷ � ï/ø*�#w.�}ñSø ó�� ÷}û³ï-ð ÿ ó�� òï � ï ù økï-ð�5pþ��S÷}þ/ý ù ïÄþ�� ��� ï-ðkñ)� ù ÿ ÷ ù ø '÷ ý ù ïþ�� � = ó!ù ÷ ó ð*� ù ÿ ï-ð§ñ)� ó ÿ ð�&�âï�ï ùSó þ"� ï�þ��úý ù ø
ð É ¼ G ÿ ïÈþ��7÷ - ý ï�ð
�úû!ý ø ó � ù Ç ï-ðkø þ/÷}ûüþ/ýSûYòï�þ�� �P� ï�û!÷Öð*� �Y� ï ÿ ï-ð � ÷}û³ï-ý � ð ÿ ïÈû!÷$1� ù þ@ø ó � ù ÿ ï ñ7÷ � ø:÷#�}ï ÿ ï ø*�úý økï-ð?û!ï-ð�ð*�úû!ýSø ó � ù ð ÿ ÷ ù ð?û!÷Èñ)�}ñ7ýSûü÷�ø ó � ù &4â ù � ù 5âû!÷Èñ)ï � $1� � � ÷ ù þ@ï þ/÷}û!þ/ýSûOòï/ï



Fv` ���¥���"�-���¥ �íh�ì ¶�S�C��î¶ L£[î �����
ðkï-û�� ù û. 	òï - ýS÷�ø ó � ù\J & Z ï-ðkø ÿ ó��2ó ðÙòï/ï ñ7÷ � É ¼ G þ@ï - ý ó ÿ � ùSù ï û!÷ � ÷}û³ï-ý � ÿ ï ñ'ï � $T� � � ÷ ù þ@ï�þ�� �
� ó �©òï/ï�&� ÑQÒT�'áâÒÈäªÏ|Ò�Ñ��SÏSØX�2×ªØpÕ¥ÑªÐ��'Ï ä)ÑQÐªÝ��^�.�^���HÑQÝ ÎÏ|ÝßáâØ�Ò�Ï(��ÑªØ�ÔÙÑ4öQÏZ &�ns�úý � ø*�úý økï<$1� ù þ@ø ó � ù ��=wukï-þ@ø ó $ ¯ 57ø � �úý � ï � Ê + ` �M ï/ø Ê + G KMåq&�ns�úý � ø*�úý økïÄð*�úû!ý ø ó � ù Ç IdZ{� å �³²³²³²��� þ/÷}û!þ/ý7û³ï � û!ï-ð ÿ ó ð:ø:÷ ù þ@ï-ð V G�� 5�� IdZ{� å �³²³²³²��� &Wâ ù ðAý ó økï�þ/÷}û!þ/ý7û³ï �ûü÷Â$T� ù þ@ø ó � ù ÿ ï ñ7÷ � ø:÷#�}ï°þ�� �P� ï�ðAý ó økï�ô

� T ôWV G�� ö"I c Z¤þ e ���g/h5i�jklxm � ð ópV G�� Ë ]'^$_ß`:akb[w� ð óüù � ù'²
â ù � ù 5 þ/÷}û!þ/ý7û³ï � û³ïkï ùSó þ"� ï�þ��úý ù ø
ð É ¼ G I J��� NQP � T ôWV G�� ö &J &�ns�úý � ø*�úý økï?ð
�úû!ý ø ó � ù Ç I±Z{� å �³²³²³²� 5)þ/÷}û!þ/ýSû³ï � û!÷ � ÷}û!ï-ý � ÿ ï�ñ'ï � $T� � � ÷ ù þ@ï B G ð:ï-û�� ù û! oòï - ýS÷�ø ó � ùòJ & Zï/øCï ù ð:ý ó økï û!÷Þþ�� ��� ó �}ï � ñH÷ � û³ï ñ7÷ � ø:÷#�}ï�ô B DG I½B G " É ¼ G &� ý7÷ ù ÿ û³ï-ð � ÷}û³ï-ý � ð ÿ ï B D ð*� ù øCþ/÷}û!þ/ýSûOòï/ï-ð¥ñ)�úý � ø*�úýSð¥û³ï-ð ó!ù ÿ ó��2ó ÿ ýSð ÿ ï�û!÷Þñ)�}ñ7ýSûü÷�ø ó � ù 5 û!÷Þð2òï-û³ï-þ@ø ó � ùñ � �}ñ)� � ø ó � ùSù ï-û!û³ï¶ï-ðkø¥ï � ï-þ@ø:ý�òï/ï þ�� �Y� ï ÿ ÷ ù ð¥ý ù p�H � � ÿ ó!ù ÷ ó � ï�&U�âï-ð^�}ñ�òï � ÷�økï-ý � ð ÿ ï?þ � � ó ðkï � ï ù øCï/ø ÿ ï� ý ø:÷�ø ó � ù ð*� ù øC÷�ñSñHû ó�- ý¢òï-ð§÷}ý�� óüù ÿ ó���ó ÿ ýSð�5�û!÷Äñ7÷ � ø F
� ó!ù þ/û!ý ï�&o�ï/økøkï � ï � ð ó � ù ÿ ï u �sH@p ù ï ÿ ï � ÷ ù ÿ ïCñ7÷}ð ÿ ï�þ��S÷ ù �}ï � ï ù ø:ð§þ�� ù ð ó ÿ òï � ÷#=7û³ï-ð¢ñ7÷ �Z� ÷�ñSñ)� � ø '÷?ý ù p^â� � ù �#w.��=>u�ï-þ@ø ó $s� � ÿ óüù ÷ ó � ï�&�ã�ï�ñ7û!ý7ð�5 ð:÷Þþ�� � ñ7û³ï�� ó ø2òï�ï-ðkø � ï-û!÷�ø ó�� ï � ï ù ø � òï ÿ ý ó økï�&�ªï-ð�÷�ñSñ � �2þ"� ï-ð � ýSû³ø ó w.��=wukï-þ@ø ó $R=7÷}ð2òï/ï-ð�ð:ý � û! \÷}ðAðkï � =Hû!÷#�}ï ÿ ïCþ � ó ø 'ï � ï-ð�ï ù ý ù ï�ð*� �Y� ï�ñ)� ù ÿ òï � òï/ïCñH÷ � wø:÷#�}ï ù ørû³ï-ð � äï � ï-ð ÿ òï�$¿÷}ý ø:ð�ô ó û!ð�ð*� ù ø ó!ù þ/÷�ñ7÷#=Hû³ï-ð ÿ ï�ø � �úý � ï � û³ï-ð ð*�úû!ý ø ó � ù ð ð ó ø:ý�òï/ï-ðrð:ý � û³ï-ð � òï�� ó � ù ðþ�� ù þ/÷ � ï-ð ÿ ï û!÷sð:ý � $¿÷}þ@ï ÿ ïIn�÷ � ï/ø*��&@ã¥ï ñ7û!ýSð�5 � äï � ï ý ù ï ù ðkï � =7û³ï ÿ ï-ð � ï-þ@økï-ý � ð ÿ ï-ð�ñ)� ó ÿ ðÈý ùSó w$1� � � òï � ï ù ø ÿ ó ðkø � ó =7ý�òï-ð ù  \÷}ð:ð:ý � ï ù ø§ñH÷}ð,$T� � þHòï � ï ù ø¥û. \ý ùSó $1� � � ó ø2òï ÿ ï û!÷ ÿ ó ðkø � ó =7ýSø ó � ù ÿ ï-ðCð*�úû!ý ø ó � ù ð�þ�� � w� ï-ðkñ)� ù ÿ ÷ ù økï-ð�&�o�ï-ûü÷ � ï ù ÿ û³ï�þ"��� ó �È÷�ñSñ � �}ñ � ó òï ÿ ï�þ@ï-ð � ï-þ@økï-ý � ð ÿ ó!Ã þ ó û³ï�&

;:x�xWy i f,z�C � =UD QC�C|DAg�yL}jCTD#D i g�D���x i xWgW}j=>@ eji ?�D
o�ï/økøkï � òï/ø
��� ÿ ï ï-ðkøÞð ó���ó û!÷ ó � ï '÷|�@âZH@pÈ&�ã] \÷#=R� � ÿ 5©ý ù ï ù ðkï � =Hû³ï ÿ ï ´ ÿ ó�� òï � ï ù ø:ð � ï-þ@økï-ý � ð ÿ ï-ðñ)� ó ÿ ð ~ ' � ) 55� I Z{�³²³²³²��\´ 5©ï-ð:ø?þ��	� ó ð ó &Wâ ù ð:ý ó økï�5Qþ��S÷}þ/ý ù ÿ ï�þ@ï-ð � ï-þ@økï-ý � ð?ï-ðkø°ý ø ó û ó ð2òï�ñR�úý � þ/÷}û!þ/ýSû³ï � û!÷ñ)ï � $1� � � ÷ ù þ@ï�ñ)� ù ÿ òï � òï/ï ù � � � ÷}û ó ðÙòï/ï�ñR�úý � ø*�úýSð�û!ï-ð  �� ï � = � ï-ð ÿ ï§û!÷¥ñ)�}ñ7ýSû!÷�ø ó � ù &v�âï-ð  #" � � ï ó ûüû³ï-ý � ðÿ  ï ù ø � ï�ï-ý��Èð*� ù ø�� � �úýSñ�òï-ð�ï ù ý ù ï�ð*�úýSðbwxñ)�}ñ7ý7û!÷�ø ó � ù|ôK- ý ó ï-ðkø¥÷}ðAð*�2þ ó òï/ï°÷}ý � ï-þ@økï-ý ��~ ' � ) ö ñ)�úý � û³ï ñ � �#wþ@ï-ð:ð:ý7ðE�Qòï ù òï/ø óX- ý ï¥ñ)�úðkøÙòï � ó ï-ý � &vo[ ï-ð:øbw '÷{w ÿ ó � ï�5úû!÷¶ð2òï-û³ï-þ@ø ó � ù 5úû³ï�þ � � ó ð:ï � ï ù ø�ï/ø�ûü÷ � ý ø:÷�ø ó � ù ð
� ù ø � ï-ð:ø � ï ó!ù ø:ð÷}ý���ð
�úýSðbwxñ)�}ñ7ýSû!÷�ø ó � ù ð�&
�Q÷�ø:÷ ó ûüû³ï ÿ ïÄð*�úýSð*wxñR�}ñHýSû!÷�ø ó � ùH #" � ñ)�úý � þ��S÷ - ý ï � ï-þ@økï-ý �c~ ' � ) ï-ðkø � ÷ ó!ù økï�wù ý ï�5Sþ@ï - ý ó ÷}ð:ð:ý � ï - ý4 '÷Þû!÷Â� ù ÿ ï�þ@ï-ðA�}ñ�òï � ÷�ø ó � ù ðCû!÷Äø:÷ ó û!û³ï ÿ ï�û!÷°ñ)�}ñ7ýSû!÷�ø ó � ù ï ù ø ó!'ï � ï?ï-ðkø§ø*�úý,u*�úý � ð  &p ûü÷È�©òï ù òï � ÷�ø ó � ù ð:ý ó�� ÷ ù økï¶ï ù þ�� � ï�5Sþ"�S÷ - ýSï � ï-þ@økï-ý ��~ ' � ) ï-ðkø�ý ø ó û ó ð2òï�ñR�úý � ø � �úý � ï � û!÷Äð*�úýSðbwxñ)�}ñ7ý7û!÷�ø ó � ùþ�� �
� ï-ð:ñR� ù ÿ ÷ ù økï ÿ ï-ð � ï ó û!û!ï-ý � ð¢ï/ø:þ#&|�û	z�÷ ÿ � ù þ ´ ð*�úý7ðbwxñ)�}ñ7ýSû!÷�ø ó � ù ð�5úþ��S÷}þ/ý ù ï þ�� �
� ï-ðkñ)� ù ÿ ÷ ù ø '÷°ý ù�� ï-þ@økï-ý � ÿ ï�ñR� ó ÿ ð�&vì^�}ø*� ù ð - ýW \ý ù� ï � = � ï ÿ ï û!÷?ñR�}ñHýSû!÷�ø ó � ù ñ)ï-ý ø^äï/ø � ï�÷}ðAð*�2þ ó òï '÷°ñ7ûüýSð ÿ  \ý ùY� ï-þ@økï-ý � &�â ù ñ7÷ � ø ó þ/ýSû ó ï � 5�û³ï-ð�ð*�úû!ý ø ó � ù ð ù � ùï���ø � òï � ÷}û³ï-ðCð:ï � � ù ø ó!ù þ/û!ýSð:ï-ð ÿ ÷ ù ð�ñ7û!ý7ð ÿ  \ý ù ï ð*�úýSð*wxñR�}ñHýSû!÷�ø ó � ù &ã¶÷ ù ð¢þ@ï/ø�÷}û���� � ó ø
� � ï�5 ÿ ï � ýSû³ø ó ñ7û!ï-ð�ð*�úû!ý ø ó � ù ð"ð*� ù ø�ø � �úý � òï/ï-ðZ� � ä÷}þ@ï '÷?û!÷ ñ � òï-ð:ï � � ÷�ø ó � ù ï���ñ7û ó þ ó økï ÿ ï´ ÿ ó�� òï � ï ù ø:ð � ï-þ@økï-ý � ð ÿ ï-ð�ñ)� ó ÿ ð�&#|�û ù  ï-ðkø�÷}û�� � ð�ñ7÷}ð ù òï-þ@ï-ð:ðA÷ ó � ï ÿ  óüù ø � � ÿ ý ó � ï�ý ù �}ñ�òï � ÷�økï-ý � ÿ ï ùSó þ"�S÷#�}ïð:ý ñ7ñ7ûYòï � ï ù ø:÷ ó � ï�&
� ÑQÒT�'áâÒÈäªÏ|Ò�Ñ��SÏSØX�2×ªØpÕ¥ÑªÐ��'Ï ä)ÑQÐªÝ��^�.�^���HÑQÝ ÎÏ|ÝßáâØ�Ò�Ï7ÝÞÝU×ªáªÝ �
�7×��7áâÒúÑSÔ'Ó¿×QÐªÝZ &���� ó ø�û³ï�þ�� � ñSøkï-ý � ÿ ï-ð�ð*�úûüý ø ó � ù ð�� I�Z &



íh��¡w�¢���¥ ¢í �o ¢��ë|���¥�C¡��Þ¤�� F 6
åq&[o�÷}û!þ/ýSû!ï � û!÷�ñ)ï � $T� � � ÷ ù þ@ï B M ÿ ïrþ��S÷ - ý ïÈð*�úû!ý ø ó � ù�¯ ý ø ó û ó ð:÷ ù ø?û! oòï - ýS÷�ø ó � ù�J & Z ÷ � ï-þÈû³ï � ï-þ@økï-ý �~ ' � ) &4o¤��� ó ð ó �  #" ´g� ï ó ûüû³ï-ý � ï-ð�ð
�úû!ý ø ó � ù ð '÷�ñH÷ � ø ó � ÿ ï-ð � ÷}û³ï-ý � ð B M &)o,�}ñ ó ï � þ@ï-ð�ð
�úû!ý ø ó � ù ð ÿ ÷ ù ðð*�úýSðbwxñ)�}ñ7ý7û!÷�ø ó � ù / � &J &�â � ï-þ@ø:ý ï � û!÷|ð2òï-û!ï-þ@ø ó � ù 5�÷�ñSñHû ó�- ý ï � û³ï�þ � � ó ðkï � ï ù øÞï/ø�ûü÷ � ý ø:÷�ø ó � ù ÷}ý�� � ï � = � ï-ð ÿ ïJ/ � ñ)�úý �þ � òï/ï � ý ù ï ù �úý � ï-û!û³ï ñ)�}ñ7ý7û!÷�ø ó � ù ÿ ï ø:÷ ó û!û!ï  #" ´ &F &�� ó � qs´ 5 ó!ù þ � òï � ï ù økï � � ÿ ï Z ï/ø � ï/ø*�úý � ù ï � '÷�û! 	òï/ø:÷�ñ'ï]åq&~ &�� ó!ù � ù 5ªþ�� � = ó!ù ï � ø*�úý økï-ðÞû³ï-ð°ð*�úýSðbwxñ)�}ñ7ý7û!÷�ø ó � ù ð�ñR�úý � þ � òï/ï � ý ù ï�ñ)�}ñ7ýSû!÷�ø ó � ù / I�3¤£� NQP / � &d� óµ / µ q¥ 5S÷vu*�úý økï � ÿ ï-ðCð*�úû!ý ø ó � ù ð§÷}ûYòï-÷�ø*� ó � ï-ð¥ñR�úý � þ�� � ñ7ûOòï/økï � ûü÷ÄñR�}ñHýSû!÷�ø ó � ù &
ì��}ø*� ù ð - ýW '÷�û! 	òï/ø:÷�ñ)ï[åq5  ð*�úû!ýSø ó � ù ð"ð*� ù øÄòï � ÷}û!ý¢òï/ï-ð�ï/ø�þ@ï/økøkï�òï/ø:÷�ñ)ïCï-ð:ø � òï/ñ�òï/øÙòï ´ $T� ó ð�5úþ@ï - ý ó þ��4äý økï´� òï � ÷}û!ýS÷�ø ó � ù ð�&Ão�ï/ñ)ï ù ÿ ÷ ù ø�5 þ@ï/økøkï�÷�ñSñ � �2þ"� ï¶ï-ðkø � ï ó û!û!ï-ý � ï ÿ ý ñR� óüù ø ÿ ï � ý ï ÿ ï û!÷Äþ�� � ñ7û³ï�� ó øÙòï�ñ7÷ �� ÷�ñSñ)� � ø '÷Èû. \÷�ñSñ � ��þ�� ïÂ=7÷}ð2òï/ïrð:ý � û³ïÞñ7÷ � ø:÷#�}ïP� � ä÷}þ@ï '÷Èû! \÷#=Hðkï ù þ@ï ÿ ý � òï-þ/÷ ùSó ð � ï ÿ ï ùSó þ"�S÷#�}ï ÷ � ï-þ ðkï-ðþ/÷}ûüþ/ýSû!ð ÿ ï-ð ÿ ó ðkø:÷ ù þ@ï-ð�&

���<���! �O¦H§©¨
ªL«X¬d¦{­h¨
ª
â ù $¿÷ ó ð:÷ ù øÄû³ï�= ó û!÷ ù ÿ ï þ@ï-ðÞñ � ï ��óK'ï � ï-ð°økï ù ø:÷�ø ó�� ï-ð ÿ  \÷ ÿ ÷�ñSøkï � û³ï-ðÂp[â '÷Öû!÷ � ï-þ�� ï � þ�� ï ÿ ïÈû!÷zð:ý � w$W÷}þ@ï ÿ ï�n�÷ � ï/ø*��5 ù �úýSð�ñ)�úý � � ù ð � ï � ÷ � - ý ï � - ý4 ï ù �Qòï ù òï � ÷}û!5�û³ï-ð � ÷}û³ï-ý � ð ÿ ï ñ)ï � $T� � � ÷ ù þ@ï ÿ ó³� òï � ï ù økï-ðð
� ù ø�÷�økø � ó =7ý�òï/ï-ð�÷}ý�� óüù ÿ ó���ó ÿ ýSð ù � ù w ÿ � ��ó!ù òï-ð ÿ ï�ûü÷|ñ)�}ñ7ýSû!÷�ø ó � ù &;o�ï-þ ó � ï ù ÿ ñ � ��=7÷#=7û³ïÈû! \÷�ñ7ñ7÷ � ó ø ó � ùÿ ývñ���òï ù � �t'ï ù ïÖ÷�ñSñ)ï-ûOòï ïkð:ñ'ï-þ ó ÷�ø ó � ù ð ô ��þ"�S÷ � ï � ö &+|�û�ð� \÷#� ó ø ÿ ï�ûü÷|økï ù ÿ ÷ ù þ@ï ÿ ï�ûü÷|ñ)�}ñ7ýSû!÷�ø ó � ù ÿ ï�ðkïþ�� ù þ@ï ù ø � ï � ÿ ÷ ù ð ÿ ï-ð � òï�� ó � ù ðCñ7÷ � ø ó þ/ýSû óK'ï � ï-ð ÿ ï�û!÷Þð:ý � $¿÷}þ@ï ÿ ï-ð�þ�� � ñ � � ��ó ð�&r>z2ñ ó�- ý ï � ï ù ø�57þ@ï-þ ó ñ)ï-ý ø¥ðkï�ø � ÷ ÿ ý ó � ï ñ7÷ � ý ù ï ÿ ó!Ã þ/ýSû³ø2òï ô1� � ó � ó�� ñ)�úð:ð ó = ó û ó ø2òï ö['÷ ø � �úý � ï � û³ï-ð¥ð*�úû!ý�wø ó � ù ð�÷�ñSñ7÷ � økï ù ÷ ù ø¶÷}ý�� � òï�� ó � ù ð�þ�� ù þ/÷ � ï-ð ÿ ï�û!÷ ðAý � $W÷}þ@ï ÿ ï%n�÷ � ï/ø*��5)þ�� �P� ï ù �úýSðCû! \÷ � � ù ð ù �}ø2òï ÿ ÷ ù ðû!ï-ð§þ/÷}ð ÿ ï®�@âZHBpêï/ø ÿ ï u �EH@p ô } ó �úý � ï J &æå ö &

f1

f2

VEGA,

HLGA

õ ÓKö>÷ J &æå øL¯ì=¼ ;�O�X�Äj°È¾ ¼ Æ Ì O�Ä!ÄKNÝQ � X�ÄKQK¿#SI¾ ¼ Æ O<Å ¼ N<;�¿#N É O�S Á"¼ ¾�O#S>°]¾ ¼ ÅRN ¼�É Q ¼ N-°@Î[Õ>Ô�Ó
â ù þ@ï - ý ó þ�� ù þ@ï � ù ïo� ñ â.�)5{= ó ï ùÂ- ý ï§ð:÷¶ð2òï-û³ï-þ@ø ó � ù ð*� ó ø - ý ï-û - ý ï¢ñH÷ � ø�ð ó�� ó ûü÷ ó � ï ÿ ï§þ@ï-û!û!ï ÿ ïo�@âZH@pÈ5}	� ù ðkï-þ/÷�ï/øZ}�û³ï � ó!ù � ú2J F û ð:ý ñSñ)�úðkï ù ø - ý ïCþ@ï/økøkï � òï/ø
��� ÿ ï¥÷ økï ù ÿ ÷ ù þ@ï '÷Öòï-û ó�� ó!ù ï � ÿ ï-ð ó!ù ÿ ó��2ó ÿ ýSðQðAý � û³ï-ðï���ø � òï � ó ø2òï-ð ÿ ï�û!÷°ð:ý � $¿÷}þ@ï ÿ ï-ð�þ�� � ñ � � ��ó ð ô ð ó ý ù ��=>u�ï-þ@ø ó $Qðkï-û�� ù û³ï - ýSï-ûHþ@ï-ð ó!ù ÿ ó���ó ÿ ýSð�ð*� ù ø×ï � ÷}ý � ÷ ó ð
ðï-ð:øCþ���� ó ð ó ñ)�úý � ÿ òï-þ ó ÿ ï � ÿ ï�û³ï-ý � ð*� � ø ö &�âï-ð¶÷}û���� � ó ø
� � ï-ð��[â,H@p­ï/ø u �sH@pdð*� ù øB�S÷#= ó ø:ý ï-û!û³ï � ï ù ø�þ ó øÙòï-ð ÿ ÷ ù ð¶û³ï-ð�ø � ÷ � ÷}ý��Öþ�� ù ð:÷}þ � òï-ð '÷rû!÷þ�� � ñ7÷ � ÷ ó ð*� ù ÿ ï û!÷rñ'ï � $T� � � ÷ ù þ@ï ÿ ï ÿ ó�� òï � ï ù ø:ð%p^â.± ñ ô1� � ó � 5pñ7÷ � ï���ï � ñ7û³ï�5 ú�Z å Z�û¿ö &EoZ� � ñ7÷ � òï-ð�÷}ý��÷�ñ7ñ � ��þ�� ï-ð@=7÷}ð2òï/ï-ð?ð:ý � û!÷ ÿ � � óüù ÷ ù þ@ï ô1� � ó � ðkï-þ@ø ó � ù ð J & J ï/ø J & F ö 5Qþ@ï-ð�÷}û���� � ó ø
� � ï-ð ô ð:ý � ø*�úý ø��@âZH@p öù ïCñ)ï-ý � ï ù ø¢ñ7÷}ð@äï/ø � ï þ�� ù ð ó ÿ òï � òï-ð§þ�� �P� ï ó!ù $-òï � ó ï-ý � ð�÷}ý�� � òï/ø
��� ÿ ï-ð ÿ òï-þ � ó økï-ð ÿ ÷ ù ð�û!÷?ð:ï-þ@ø ó � ùtJ & J 52ø:÷ ù ø- ý4 ó û�ð� \÷#� ó ø ÿ ï-ð�ñ � ��=Hû 'ï � ï-ð�ñ)�úý � û³ï-ð - ý ï-û!ð�û³ï¤$ � � ù ø ÿ ïAn�÷ � ï/ø*��ï-ðkø¢þ�� ùv� ï���ï�&�oZ� � ñSøkï�økï ù ý ÿ ï�ð*� ù $W÷ ó =7û³ï



~�[ ² �¥���"�-���¥ �íh�ì ¶�S�C��î¶ L£[î �����
þ��Wäý ø ÿ ï?þ/÷}ûüþ/ýSûªï/ø ÿ ï°û!÷�ð ó�� ñ7û ó þ ó øÙòï ÿ ïÄð:÷ ��ó ðkï�ï ù|M ý � � ï�5V�[â,H@p±ñ)ï-ý øÈäï/ø � ï°ñH÷ � $T� ó ð�ñ7û!ý7ðC÷�ñSñ � �}ñ � ó òï'÷Þû! \ýSðA÷#�}ï - ýSï�þ@ï � ø:÷ ó!ù ð�÷}û���� � ó ø
� � ï-ðA=7÷}ðÙòï-ðCð:ý � û³ï ñ � ó!ù þ ó ñ)ï ÿ ï ÿ � � ó!ù ÷ ù þ@ï�&
ßc³bß cµ´ d2¶�·(¸º¹ eÞ�¼»d½¿¾^ÀÁ½^Â»d½Ã½�Ä · ´ÅÀÇÆ ¶ � ¸-È À È �¤»ÉÆ�»ËÊÌÀ · » ¹0¶

�Q÷ þ�� ùv� ï�� ó øÙòï ÿ ï�ûü÷ ð:ý � $W÷}þ@ï ÿ ïAn�÷ � ï/ø*� ÿ òï/ñ)ï ù ÿÞÿ ï�ûü÷@$¿÷ �þ�� ù ÿ � ù ø"û³ï-ð;��=wu�ï-þ@ø ó $¿ð"ð
� ù ø � ó ð '÷ û! 	òï-þ�� ï-û!û!ï�&ó ù ï?ø � ÷ ù ð*$1� � � ÷�ø ó � ùÖù � ù w$û ó!ù òï-÷ ó � ï ÿ ïÄû! 	òï-þ�� ï-û!û!ï°ñ)ï-ý ø¶þ�� ùC� ï � ø ó � ý ù ïÄð:ý � $¿÷}þ@ïÞþ�� ù þ/÷ � ï ï ù ý ù ïÄð:ý � $W÷}þ@ïþ�� ùC� ï��2ï�ï/ø �2ó þ@ï � ï � ð:÷�&	n�÷ � ï��2ï � ñ7û³ï�5Sû!÷Â�	�úý � ï J & J×� � ù ø � ï ø � � ó ð�ñ)�úð:ð ó = ó û ó ø2òï-ð ÿ ï � ó ð:ï '÷Þû. 	òï-þ"� ï-û!û³ï ÿ ï-ðþ � ó ø 'ï � ï-ð - ý ó þ�� �
� ï-ðkñ)� ù ÿ ï ù ø '÷ ÿ ó�� òï � ï ù økï-ðA$1� � � ý7û!÷�ø ó � ù ð ÿ ý � äï � ï�ñ � ��=Hû 'ï � ï ÿ  2�}ñSø óX� ó ð:÷�ø ó � ù &

1 (x)] a[f

2

a = 5

a = 9

a = 1
f (x)] a[

õ Ó1ö+÷ J & JtøsÍ
ÎFÏ0ÐÑÅÒ�ÑºÓ�ÔpÕ×ÖSØ	Ù ÎSÚ Ò�Ñ ÚÛÎ Ø{ÜLÝ Î Ï0ÐÑ ÏºÞaÚ Ò Î	ß Ö à�Õ�Ø Î ØwÓºÑ�Ñ Ï Ô Î á Ñ Þ ÜAÒ�ÑãâÎ Ò Î ÓäÖSØ á ÑÛåvÕ�Ô ÐÑ ß ÑOÒ ÎFÏ7ÞaÚçæÅÎ ÓºÑ ß Ñè ÎSÚ ÑÅÔéÖ
�"ý - ý ïÞû! 2� � ÿ � ï?ï-ðkø¶ñ � òï-ðkï � � òïÞñ7÷ � û³ï-ð�ø � ÷ ù ð*$1� � � ÷�ø ó � ù ð � � ù �}ø*� ù ï-ð�5âûü÷ ð2òï-û³ï-þ@ø ó � ù ñ7÷ � û³ï � ÷ ù � ô �úýN*O#S�ÀGQ1ST� ö =H÷}ðÙòï�ð:ý � û!÷ ÿ � � ó!ù ÷ ù þ@ï ï-ðkø�÷ � ï-ý��úû³ï '÷�û!÷�þ�� ùv� ï�� ó øÙòï ÿ ïÖû!÷ ð:ý � $W÷}þ@ï ÿ ï\n�÷ � ï/ø*��&@o�ï-þ ó¶ù ïð ó � ù7ó �Sï ñ7÷}ð - ý ï°û! \÷�økø � ó =Hý ø ó � ù ÿ ï°û!÷ ñ)ï � $1� � � ÷ ù þ@ï<=7÷}ð2òï/ïÞð:ý � û³ï � ÷ ù 8 ó!ù ��ñ7÷ � ÿ � � ó!ù ÷ ù þ@ï�ñ � òï �2ó ï ù ø�û!÷ðkñ�òï-þ ó ÷�ø ó � ù43 þ@ï�ñ���òï ù � �t'ï ù ï�ñ)ï-ý øâø*�úý{ub�úý � ðQ÷ � � ó � û ó ï-ý�ð ó þ@ï � ø:÷ ó!ù ï-ð � òï�� ó � ù ð ÿ ï�û!÷CðAý � $W÷}þ@ï ÿ ï-ð©þ�� � ñ � � ��ó ðð*� ù ø¶ñ7û!ýSð^$¿÷}þ ó û³ï-ð '÷ ø � �úý � ï � - ýSï°û³ï-ð¶÷}ý ø � ï-ð�&(± ÷ ó ð û!ï � ÷ ù 8 ó!ù �sòï-û ó���ó!ù ï�ï � ï-þ@ø ó�� ï � ï ù ø�û!÷rðkï ù ð ó = ó û ó øÙòï '÷û!÷ ù � ù w$þ�� ùv� ï�� ó øÙòï ÿ ï�ûü÷Þð:ý � $W÷}þ@ï ÿ ï<n�÷ � ï/ø*��&

�5êp�¤êìë í�Y|��

î�� ù ðkï-þ/÷�ï/ø�î©û!ï � ó!ù � ú2J�J{û � ù øÈòï/øÙòïÞû³ï-ð�ñ � ï � ó ï � ð '÷Þñ � �}ñ)�úðkï � û! \÷}û���� � ó ø
� � ï - ý ó ý ø ó û ó ðkï û!÷ ù �}ø ó � ù ÿ ïÿ � � óüù ÷ ù þ@ï ÿ ó � ï-þ@økï � ï ù ø�ñ)�úý � òï � ÷}û!ý ï � û!÷Äñ)ï � $T� � � ÷ ù þ@ï ÿ ï-ð ó!ù ÿ ó���ó ÿ ýSð�&ã¶÷ ù ð û!ï-ý � ÷}û���� � ó ø
� � ï�5�ñ)�úý � þ��S÷ - ý ïzð*�úû!ý ø ó � ù Ç 5"û³ï ù � � = � ï É G ÿ ï�ð*�úû!ýSø ó � ù ðÞû!÷ ÿ � ��ó!ù ÷ ù ø°ï-ð:øþ/÷}û!þ/ýSûOòï�57ï/øCû³ï � ÷ ù ��ï G I�ô�Z.$ É G ö û!ý ó ï-ðkøC÷}ð:ð
�2þ ó òï ô î ó �úý � ï J & ~�ô ÷ ökö &�ªï � ÷ ù � ÿ ïÄþ"�S÷ - ý ï ð*�úû!ý ø ó � ù�ù � ù w ÿ � � ó!ù òï/ïÄï-ðkø ÿ � ù þ òï��ú÷}û '÷ Z ï/ø û³ï � ÷ ù � � ÷{� ó�� ÷}û ù ïÄñ)ï-ý ø¥ñH÷}ðäï/ø � ï ñ7û!ý7ð;� � ÷ ù ÿ - ý ï¶û!÷�ø:÷ ó û!û³ï ÿ ï¶ûü÷�ñ)�}ñ7ýSûü÷�ø ó � ù# &��Q÷°ñ'ï � $T� � � ÷ ù þ@ï B G ÷�økø � ó =7ý¢òï/ï '÷°þ"�S÷ - ý ï ó!ù ÿ ó���ó ÿ ýï-ðkøÂ=7÷}ð2òï/ï�ð:ý � ð*� ù � ÷ ù ��&¤�ª÷ $T� ù þ@ø ó � ù�- ý ó ø � ÷ ù ð
$T� � � ïrû³ï � ÷ ù �Öï ù ý ù ï � ÷}û³ï-ý � ÿ ïrñ'ï � $T� � � ÷ ù þ@ï ï-ð:øøkï-û!û³ï - ý ï�ø*�úý7ðCû³ï-ð ó!ù ÿ ó���ó ÿ ý7ð ÿ ý � äï � ï � ÷ ù �P� ù ø¥û!÷ � äï � ï?ñ'ï � $T� � � ÷ ù þ@ï�ï/ø¥þ@ï/økøkï°ñ)ï � $1� � � ÷ ù þ@ï ï-ðkø '÷� ÷{� ó�� ó ð:ï � &:�ó ï ù�- ý ïzû. ó ÿ òï/ï ÿ ïzþ�� ùC� ï � ø ó � û!ï-ð � ÷}û³ï-ý � ð ÿ ïzû!÷°ï�ñ)ï � $1� � � ÷ ù þ@ï � ï-þ@ø*� � ó ï-ûüû³ï�ð ï ù ý ù ï � òï/ø � ó�- ý ïý ø ó û ó ð:÷ ù ø©û³ï N*O#ST�Y¾ ¼ ¾�¿ É Q1SÃO#S ÁÝ¼ � ï/ñ � òï-ðkï ù økïCý ù ÷ � ÷ ù þ@ï � ï ù ø�þ�� ù ð ó ÿ òï � ÷#=7û³ï ÿ ÷ ù ð�û! 2�}ñSø ó�� ó ð:÷�ø ó � ùÂ� ý7û³ø ó w��=wukï-þ@ø ó $y5)ûü÷ ñ � òï-ðkï � � ÷�ø ó � ù ÿ ï û!÷ ÿ ó�� ï � ð ó ø2òï ÿ ï-ð�ð*�úûüý ø ó � ù ð ù ïÄñ)ï-ý ø¶ñ7÷}ð×äï/ø � ï�÷}ðAð:ý � òï/ï '÷Èû! \÷ ó ÿ ï ÿ ïÄþ@ï/økøkïð ó�� ñ7û³ï�ñ � ��þ7òï ÿ ý � ï�&î�� ù ðkï-þ/÷�ï/ø.î©û!ï � ó!ù �B� ù ø ÿ � ù þ ó!ù ø � � ÿ ý ó ø�û³ï ùSó þ"�S÷#�}ïCï ù ø � ïCû!ï-ð�ð*�úû!ýSø ó � ù ð ÿ ý � äï � ï � ÷ ù ��&vã] \÷#=R� � ÿ 5û³ï-ð ÿ ó ðkø:÷ ù þ@ï-ð ù � � � ÷}û ó ð2òï/ï-ðrï ù ø � ïzþ"�S÷ - ýSï�ñ7÷ ó � ï ÿ ïzð*�úû!ý ø ó � ù ð ÿ ý � äï � ï � ÷ ù � ð*� ù ø þ/÷}û!þ/ýSûOòï/ï-ð ÿ ÷ ù ð



íh� íh���¥£oð®ñ��C�/���¶í� �ë:ò��¶ëtó �ë�ë�¤©� £Q�êîFñ§í �ºô¥��ô ²  �î¶ k�'���C ¶��ñ ~�Z
û. ï-ðkñ7÷}þ@ï ÿ ï�þ � ó ø 'ï � ï-ð�ô

V G M I õöö÷ 9Á� ø�ùdú Ê '�û )� þ Ê '�ü )�Ê +.ý �� þ Ê + û�þ� ÿ y �
� 'ý Ê + û�þ� ï/ø Ê +.ý �� ð*� ù ø�û³ï-ð � ÷}û³ï-ý � ð � ó!ùSóX� ÷}û³ï°ï/ø � ÷{� ó�� ÷}û³ï ÿ ï�ûü÷x$T� ù þ@ø ó � ù ��=wukï-þ@ø ó $o�Ö÷�økøkï óüù økï-ð°ð:ý �ûü÷ ñ)�}ñ7ý7û!÷�ø ó � ù þ��úý � ÷ ù økï�&��ª÷�$1� ù þ@ø ó � ù ÿ ïÞñ7÷ � ø:÷#�}ï	��� ô�� û�ü ö ï-ðkø�þ/÷}û!þ/ý7ûYòï/ï ðkï-û�� ù û! oòï - ýS÷�ø ó � ùìô åq&�� ö ÷ � ï-þt�� � ï/ø�ï ùSó þ��Sï�þ��úý ù ø
ð ÿ � ùSù òï�ñH÷ � û!÷Â$T� � � ýSû!ï�ð:ý ó�� ÷ ù økï�ô

É ¼ û � �
'
	 � )Áü ø�ù ��� ô�� û�ü ö-�

� 'ý:b ô ï û ö ï-ðkø�û³ï ù � � = � ï ÿ ï ð*�úû!ýSø ó � ù ð ÿ ï � ÷ ù �^ï û &�â ù � ù 5�û!÷ � ÷}û!ï-ý � ÿ ï�ñ'ï � $T� � � ÷ ù þ@ï�� û ÷�økø � ó =7ý�òï/ï '÷Äû!÷=H÷}ðkï ÿ ý � ÷ ù ��ï-ðkøCþ�� �
� ó �Qòï/ï°þ�� �P� ï ù �úýSð§û! \÷ � � ù ð � ý ÿ ÷ ù ð�û. \÷}û���� � ó ø
� � ï u �sHBp%ô
��
û � � û " É ¼ û ²�ªï-ð � ÷}û³ï-ý � ð ÿ ï¶ûü÷�ñ)ï � $1� � � ÷ ù þ@ïxï�ñ7÷ � ø:÷#�©òï/ï�ð�� 
 ù ï�ð*� ù ø�ñ7û!ýSð�û³ï-ð � äï � ï-ð�ñ)�úý � û³ï-ð ó!ù ÿ ó��2ó ÿ ýSð ÿ ý � äï � ï� ÷ ù ��5Qû³ï-ð°ð*�úû!ýSø ó � ù ð�ð ó ø:ý¢òï/ï-ð ÿ ÷ ù ð ÿ ï-ð � òï�� ó � ù ð?ñHû!ýSðÖòï/ñ7÷ � ðkï-ð?÷êzú÷ ù ø � ï ó û!û³ï-ý � ïÞñ'ï � $T� � � ÷ ù þ@ï�&Eo�ï-ûü÷ ðkïø � ÷ ÿ ý ó ø�ñ7÷ � ûü÷Äñ � ï-ð:ð ó � ù ÿ ï�ðÙòï-û³ï-þ@ø ó � ù ñ7û!ýSð,�S÷}ý økï�ñR�úý � økï-û!û³ï-ð�ð*�úûüý ø ó � ù ð�&

U e DSC��=�� i g�y:EWC������ ý 	��
ã�÷ ù ð�û³ï�þ�� ù økï���økï ÿ ï û! 2�}ñSø óX� ó ð:÷�ø ó � ù(� ýSû³ø ó w.��=wu�ï-þ@ø ó $u5ªû!ï ñ7÷ � ÷ �t'ï/ø � ï ÿ ï ñH÷ � ø:÷#�}ï ����� ý 	�� ÿ � ó øPäï/ø � ïþ"��� ó ð ó ÿ ï<$W÷ �þ�� ù '÷�÷}ðAð:ý � ï � ûü÷ ÿ ó ðkø � ó =7ý ø ó � ù ý ù7ó $T� � � ï ÿ ï�û!÷Þñ)�}ñ7ý7û!÷�ø ó � ù ÿ ï�ø:÷ ó ûüû³ï  ð:ý � û!÷�ð:ý � $W÷}þ@ï ÿ ïn�÷ � ï/ø*��&Uî	� ù ðkï-þ/÷Äï/øÁî�û³ï � ó!ù � ú2J�J{û � ù ø§ð:ý	���Qòï � òï?ý ù ïCñ � �2þHòï ÿ ý � ï�ð ó�� ñ7û³ï¥ñ)�úý � þ/÷}ûüþ/ýSû³ï � ����� ý 	�� '÷°þ��S÷ - ý ï�©òï ù òï � ÷�ø ó � ù &r��úý ø ÿ  \÷#=)� � ÿ 5�û³ï-ð � ÷}û³ï-ý � ð�ï���ø � òï � ÷}û³ï-ð Ê + û�þü ï/ø Ê +.ý �ü ÿ ï�þ��7÷ - ý ïò��=wukï-þ@ø ó $ ¯ ð
� ù ø þ/÷}û!þ/ýSûOòï/ï-ð '÷ñH÷ � ø ó � ÿ ï-ð¥ð*�úû!ý ø ó � ù ð ÿ ï�û!÷Þñ)�}ñ7ý7û!÷�ø ó � ù þ��úý � ÷ ù økï�&V�ªï-ð ó�� ÷#�}ï-ð ÿ ï�ø*�úýSøkï-ð¥þ@ï-ð�ð*�úû!ý ø ó � ù ð ÿ ÷ ù ð¥û! ï-ðkñ7÷}þ@ïÿ ï�þ � ó ø 'ï � ï-ðCð:ï�ø � �úý � ï ù ø ÿ ÷ ù ðCû! ë�vz2ñ)ï � � �úû!ý � ï�� ��� 9û ø�ù ô5Ê +%ý �ü þ�Ê + û�þü ö &n©÷ � ÿ òï�� ùSó ø ó � ù 5�ý ù ï ð:ý � $W÷}þ@ï ÿ ï<n�÷ � ï/ø*� ù ï ñ)ï-ý ø�ñ7÷}ðCþ � � ó ðkï � ý ù ï ÿ � � ó økï ñ7÷ � ÷}ûüû 'ï-û³ï '÷ ý ù ï ÿ ï-ð§÷{��ï-ðï ù ñHû!ýSð ÿ  \ý ù ñ)� ó!ù ø�&U��ý ñ7ñR�úð
� ù ð - ý ï û! 2� ù ÷Äø � ÷}þHòï�ý ù ï�økï-ûüû³ï ð:ý � $W÷}þ@ï¶ñ7÷}ð:ð:÷ ù ø�ñ7÷ � ø*�úý økï-ð�û³ï-ð§ð
�úû!ý ø ó � ù ðù � ù w ÿ � � ó!ù òï/ï-ð ÿ ï�û!÷?ñR�}ñHýSû!÷�ø ó � ù þ��úý � ÷ ù økï�&w�> \÷ ó � ï ÿ ï¶þ@ï/økøkï�ð:ý � $W÷}þ@ï¥ï-ð:ø óüù $-òï � ó ï-ý � ï '÷°û!÷°ð*� �P� ï ÿ ï¶ðkï-ðñ � �,u�ï-þ@ø ó � ù ð�û³ï û�� ù � ÿ ï�þ��S÷}þ/ý ù ï ÿ ï-ð�÷{��ï-ð�&â ù � ù 5 � ý - ý ï�û! \÷ ó � ï � ÷{� ó�� ÷}û³ï ÿ ï þ��S÷ - ý ï ñ � �,u�ï-þ@ø ó � ù ù  ï-ðkø�ñH÷}ð�ð:ý ñ�òï � ó ï-ý � ï '÷�û! \÷ ó � ï ÿ ï�û!÷x$W÷}þ@ïþ�� ��� ï-ðkñ)� ù ÿ ÷ ù økï ÿ ï§û! ë�vz2ñ)ï � ñ7÷ � ÷}ûüûYòï-û���� � ÷ �P� ï ÿ òï�� ùSó ñH÷ � û³ï-ð�ñ)� ó!ù ø:ð ô5Ê + û�þù �! ! ! ���Ê + û�þ9 ö ï/ø ô5Ê +%ý �ù �! ! ! ���Ê +.ý �9 öô1� � ó � ûü÷<�	�úý � ï J & F ö 5Sû! \÷ ó � ï ÿ ï ù �}ø � ï¶ð:ý � $¿÷}þ@ï�ï-ðkø ó!ù $-òï � ó ï-ý � ï '÷?ûü÷?ð*� �Y� ï ÿ ï�þ@ï-ð,$W÷}þ@ï-ð�5 þ# ï-ðkøbw '÷{w ÿ ó � ï '÷°û!÷ð:ï � ó w$÷ ó � ï ÿ ï�û. ë�vz2ñ)ï � ñ7÷ � ÷}û!ûOòï-û���� � ÷ �P� ï�ô

" � 9# û ø�ù
9$ü ø�ù 6 ü&%ø û ô(' +%ý �ü þ)' + û�þü ö* 

� ý ñSñ)�úð*� ù ð - ý ï�û³ï-ð���=wu�ï-þ@ø ó $¿ð¥ð*� ù ø ù � � � ÷}û ó ðÙòï-ð�57þ@ï - ý ó ñ'ï � � ï/ø ÿ ï�þ"��� ó ð ó � û³ï � äï � ï ����� ý 	�� ñR�úý � ø*�úýSðû!ï-ð,��=wu�ï-þ@ø ó $¿ð�&�p�û�� � ð�5Sû!ï ù � � = � ï ÿ ï ñR� óüù ø:ð ÿ ï-ðkø óüù òï-ð '÷ � ï/ñ � òï-ðkï ù økï � ûü÷°ðAý � $W÷}þ@ï " ð:÷ ù ð óüù økï � $-òï � ï � ï ù ø � ïï-ý��R5 ñ)ï-ý ø+äï/ø � ï�þ/÷}ûüþ/ýSûYòï§þ�� �P� ï§û³ï ù � � = � ï ÿ  ë�vz2ñ)ï � þ/ý�=)ï-ð ÿ ï � �úû!ý � ï � 9��� ý 	�� &#ã] \÷}ý ø � ï§ñ7÷ � ø�5 ù �úýSð�÷ � � ù ð'÷ ù �}ø � ï ÿ ó ðkñ)�úð ó ø ó � ù	 ó!ù ÿ ó��2ó ÿ ýSð ÿ ï¶ûü÷ÄñR�}ñHýSû!÷�ø ó � ù ï/ø ù �}ø � ïB=7ý ø ó!ùSó ø ó ÷}û'þ�� ù ð ó ðkøkï '÷Þþ"��� ó ð ó � ����� ý 	�� ÿ ï$W÷�+þ�� ùk- ý4 ó û!ð§ð
� ó ï ù ø¥ý ùSó $1� � � òï � ï ù ø ÿ ó ðkø � ó =7ý�òï-ð�û³ï�û�� ù � ûü÷Þð:ý � $W÷}þ@ï ÿ ï<n�÷ � ï/ø*��&



, å ².-0/ �2143.506�íh�7683 / 3�986;:[î / 5<3

(f min
1 ,f min,f min

2 3 )

(f 1
max,f2

max,f max
3 )

f1

f

f

2

3

õ>= ö+÷ J & F ø ½@?�NBA�O ÁÝ¼ ¾ ¼ ùAO�N ¼ Ä.¿{Ï.CD��J

pFEHG�IKJ4LMJ4NOGQP@R!GTSVUJTGKW�NOG�PHXYNZN[UJ\E@N]NHXYLÈ=@IKJ\PHJ_^`XYR�NOGKa  S<Rcb0J4aKGQ^`XYaKaKR!dZb�J�PfegJ4a�GKRcLMJTI ����� ý 	h� J4NIiUJ4a�XYb!jkW�NOGlb(e�UJ4mOEZWkGKR!XYNnaKEZR!j&W�NOG�J�ô
 o� � 9ü ø�ùqp ' +.ý �ü þ\' + û�þü $ ����� ý 	��sr þt� 9ü ø�ù4p ' +.ý �ü þ)' + û�þü r� 9��� ý 	h�

^`XYEHI ����� ý 	�� ÿvu SZwsJxmyE@R`IKJTjiR!J4NOG{zWMG�IKXYEHj�JTIFb!J4a|I}W�wTR�N@J4a|^`XYaKR!GKR!j�J4a|Pfe~EZN�^�XYb�zyN/äXYL�J8PZE�PHJT��IyUJ C­þ �k�
�0��� ��� �����_���v�@�@� �y� �f�0��� � �n�`�����M�7� ���
�k�[o|�HXYR�aKR!I|E@N@JFjkW�b!J4EHI0PHJ ����� ý 	�� �|hN@R!GKRcW�b�R�a�JTI.b p ï û r ��u ^`XYEHI|G�XYE@a0b!J4a�I}W�NH�Yal^`XYaKaKR!dZb�J4a�� � � � å �! ! ! ��� �X�yXYR�G|� � ��b�J�wsXYLM^@G�J4EHIlP@J4aaKXYb�EHGKR!XYN@a4�åy��n�XYEHI.b�WFa�XYb�EHGKR�XYN��KSkwTW�b�wTE@b!JTI�� û S&b!J>NHXYL{d@IKJ[P@J>a�XYbcEHGKR!XYN@a�b�W0P@XYL�R�N@W�NOGTSq^ZEZR�a�a�XYN{I}W�NH��ï û � � $ � û �|hN@wsIiUJ4LMJ4NOG�JTI0b�J�wsXYLM^@G�J4EHIFPHJ�a�XYb�EHGKR�XYN@a|PHJ�I}W�NH��ï û ôUb p ï û r2� b p ï û r $ �k�� ���HR`���  S@� � � $ ��JTG<IKJTG�XYE@I}NHJTI zWMb(e¡UJTGKWk^`J]åy���iR�NHXYNfSi^ZW�a}a�JTI zWMb(e¡UJTGKWk^`Jx¢H�¢H�A|hPHJ4NOGKR!£@JTI¤b!J¥I*W�NH�¦L¥W&§iR�L¥W�b ïY¨�wkegJ4aKGbw©zW{w�P@R!IKJLï û L�W&§iRcL�W�b2G�J4b�myEHJ	b p ï û r ÿªu ��n�XYE@I G�XYE@G�J4aMb!J4aaKXYb�EHGKR!XYN@a�� � � � å �! ! ! ��� S`wTW�b�wTE@b�JTIlb!J4EHI|jkW�b!J4EHI}a|P@J�^�JTI}«¬X�I}L¥W�N@wsJ�wsXYL�LMJxa}E@R!G�J�ô

� û �� �þ 	 ��­ ù#� ø�ù b p � r þ\ui , p b p ï û r þ � r  
�iXYR!GÁï � ��b!J�wsXYLM^@G�J4E@IlPHJ4a|I}W�N@�YaT�

, ��n�XYEHI8G�XYEHG�J�aKXYb�EHGKR!XYN��<PHJ¤I}W�NH�:ïiS`wTW�bcwTE@b!JTI�b!Jòï�N@R�w}�@J¤wsXYEZN�G
ðV�¯® û Wqj�J4w�b!J4a8W�EHG�IKJ4a�a�XYbcEHGKR!XYN¦P@ELtäJ4L�JMI}W�NH�VJTGTSfJ4N@aKE@R!G�J�S`b�W�^`JTIK«¬X�I*L�W�N@wsJòïh^ZWkIKGKWk��UJTJ�ð�� 
û �4p0£ZN�PHJ{^ZIyUJ4a�JTIKj�JTIxb�WVLtäJ4LMJM^`JTIK«BX�I*wL¥W�N@wsJxLMXGz�J4N@NHJ�SZLMJTG�G�I}Jx� 
û zW�b(e¡UJ4w}�@J4b�b!JxPHJ�«�W�+wsXYNna}E@R!jkW�N�G�J�ô
��
û � � û b p ï r° � '±	 )��ø�ù � 
� ��
û  

² ���HR�ï¤�¥ï�¨³S>ï � p ï $ � r JTGlIKJTG�XYEHI}NHJTI¤zW�b(e�UJTGKWk^`J , �0�iR�N@XYNfSHb�W¤^@IKXiwZUJ4P@EHIKJ�J4a�GlG�JTI}L�R�N>UJTJ��



íh� íh� / :oð®ñ�5l1T3 -8´ 6>µ:ò / µtó6>µQµ.¶�5·: / 9Fñ ´ 1ºô / ô ² 6¸986k� / 5l683�ñ ,��
¹ i�º xW}jCO» e @ QCNE�C�¼ mLKL;�¯J�UJTGKWk^`J4aÈå�JTG � a�XYN�GxIyUJT^>UJTGOUJ4a  «BXYR�a8JTGVzWQw*�@W�mOE@J�«¬XYRca p  þ � r a�XYbcEHGKR!XYN@a8a�XYNOGxwsXYLM^ZWkIiUJTJ4a W�EaKJ4N@axPHJ�PHXYL�R�N@W�NZwsJ��Eo>JTG�G�J�^@IKXiwZUJ4PZEHIKJ¥Js§HR!��J�½ p CÃ �¾ r wsXYLM^ZWkI}W�R�aKXYN@aT�so>XYL¥LMJ�R�b2^�J4E@G<z\W4j�XYR!I¤W�EL¥W&§iR�L E@L  I*W�NH�YaTSYb!J4a{UJTGKWk^`J4a2¢HS , JTG2b(egX�^�UJTI*WkGKR!XYN�PHJ|L�R�aKJ�zW8b(e¡UJ4w*�HJ4b�b!J<PHJ<bcW0^`JTIK«BX�I}L�W�NZwsJÂïh^�WkIKGKWk��UJTJ�ðN@JlwsX4äEHG�JTIKXYNOG[^�W�a2^Zb�EZa�mOEHJ�½ p  ¦¾ r �CpFb!X�I}aTS�bcW�wsXYLM^Zb!Js§HR!GyUJlG�X�GKW�b�JFPHJ�± ñ�¿ p�J4a�G[PHJ0b(egX�I}PHIKJ8½ p CÃ �¾ r �
PNe DSfTg�DSD epi ?kE�C�¼ m:KJ;��W�«�W�+wsXYNtP@J�wTW�b�wTE@b�JTIxb�W�^`JTIK«BX�I}L�W�N@wsJ¥J4a�G{aKRcLM^Zb!J�P@W�NZa ± ñx¿ px�¤±�W�R�aTS�Pfe~W�E@G�IKJ¥^ZWkI}GTS¯dZR!J4N\myEHJb�J¥wsXYN@wsJT^@G PHJ�PHXYL¥R�N@W�N@wsJ¥aKXYR!GxEHGKR�bcR�aOUJM^`XYEHI{wTW�b�wTEZb!JTIxb!J�I}W�NH�nPfe~EZNHJ¥a�XYb�E@GKR!XYNfS¯P@RÁÀlUJTIKJ4NOG�J4a aKXYb�EHGKR!XYN@aWk^Z^ZWkIKG�J4N@W�NOGFW�E�LtäJ4LMJM«BIKXYNOGFN@XYN�w�PHXYL�R�N>UJ p zWV^ZWkIKG8b!J ^@IKJ4L�R!JTI r NfegXYNOG0^�W�aFN>UJ4wsJ4a}aKW�R!IKJ4LMJ4NOG�b�WVLxäJ4LMJ^`JTIK«BX�I}L�W�NZwsJ��)o>J4wTR�^`J4EHG0R�L�^Zb�R�myEHJTI<myEHJ4b�myEHJ4ald�R�W�R�alRcN@P[UJ4aKR!I}Wkd�b!J4a|j�JTI}a8wsJTIKGKW�R�N@J4aFaKXYb�EHGKR!XYN@a0P@W�N@aFb(egJ4abw^�W�wsJQPHJ�IKJ4w}�@JTI}w}�HJ��+â�N�^ZWkIKGKRcwTE@b�R!JTI4S�b(e~W�b!��X�I}R�GK�@LMJ�^`J4EHG�äJTG�I}Jna�J4N@aKR�dZb!J\zW_b(e~W�b�b�EHI}JVPHJ�b�W�«BIKXYNOGKR�zJTIKJQPHJn.WkIKJTG�X�XYEtzW�b�WMP@J4N@aKR!GyUJ�PHJ4a<aKXYb�EHGKR!XYN@a|a}EHI<wsJTG�G�Jx«BIKXYNOGKR�zJTIKJ����W¤^@IKXiwZUJ4P@EHIKJ{P@E�^ZWkIKGKWk��J Nfe~W�aKaKEHI}JF^�W�a<mOE@Jxb!J4a<a�XYbcEHGKR!XYN@a�Pfe~E@N�I*W�NH��^Zb�EZa]ïh^�W�EHjOI}J�ð�W�EHIKXYNOGlE@NHJL�XYR�N@a{d�XYNZNHJ¥jkW�b!J4EHI¤PHJV^�JTI}«¬X�I}L¥W�N@wsJ ïh^�WkIKGKWk��UJTJ�ð)� 
 myEHJ�b!J4a a�XYb�EHGKR�XYN@a{P¯e~E@N)I*W�NH�¦L�J4R�b�b!J4EHIq�so>J4b�W^`J4EHG2aKJl^@IKXiP@E@R�IKJ[J4N�^ZWkIKGKRcwTE@b�R!JTI2aTe~Rcb�z�WxE@N�NyE@Wk��J0G�ITzJ4a[PHJ4NZa�JlPHJFa�XYb�EHGKR!XYNZa�Pfe~E@N¥L�J4R�b�b!J4EHI.I}W�N@�H�Cã8W�N@ab�J4a0wTW�a8^ZWkI}J4R�b�aTS�R�bWznW�b!J I}R�a}mOEHJ{Pfe~E@NHJ ^@IKJ4aKa}R!XYNnPHJ¤ayUJ4b!J4wsGKR!XYN_RcN@aKEHÂ¥a}W�N�G�J{^�XYE@IFwsJ4a�a�XYbcEHGKR!XYN@a0wsJ¤myE@RL�zJ4N@JVzW�b�WMwsXYNOj�JTIK��J4N@wsJ I}W�b!J4NOGKR!J��
�¤êp�5ê¬Ã Äã[%�t
�2e~R�P>UJTJ<PHJ ¿ XYb�PHd`JTIK��Pfe~EHGKR�bcR�a�JTI.b!J<wsXYN@wsJT^@G�P@JFÅ�ÆkÇ À&È Ç �^Å ÆkÅ ¾�¿ É È Ç�ÆkÇÃÁ"¼[P@W�NZa�b!J4a�p ¿ ú ¢@� û WnUJTGyUJF^Zb�E@aPZR!IKJ4wsG�J4LMJ4NOG�L¥R�a�J�J4N M EHjyIKJ[^ZWkI¤�iI}R�NOj&W�a�JTGEãFJTd¤J4NV�4É�É&¢�P@W�N@a�b!J4EHI�LÊUJTGK�@XyPHJ¤ìc� ¿ p w Þ%¿ Ç ¾�¿ É È Ç�Æ Ä ¼ ¾½R¿ Å Ä�È Ç �µÍ ¼sÇR¼ Ä�È Á Î[Æ��v¿ Å ÈKÄBË É ú � u ¢ û �;â�NZwsX�IKJQE@NHJ�«BXYR�aTS�b!J�PHXYEHdZb�J�X�dwu�J4wsGKR!«ÂÁ ¿ Ç Û ¼sÅ � ¼TÇÃÁ"¼ ýb¾kÈ1Û ¼TÅ °©È1ÄHÌ¼�J4a�GWkG�G�J4RcN�GTS�P¯e~E@NHJ�^ZWkIKGTS�^ZWkI�b(e~EHGKR�b�RcaKWkGKR!XYNÊPfe~E@N�aKw}�>UJ4L¥W)P@EÍwTW�b�wTEZb|PHJQb�W�^`JTIK«BX�I}L�W�N@wsJ�myE@R�^@IiUJT«�zJTI}J�b!J4aaKXYb�EHGKR!XYN@a8NHXYN�w�PHXYL�R�N>UJTJ4a8JTGTS�P¯e~W�EHG�IKJM^ZWkIKGTSf^�WkI�b(e~Wk^@^Zb�RcwTWkGKR!XYN�P@J�b�WVG�J4w}�@N@RcmOEHJ�PZE�^�WkIKGKWk��J�J4NOG�IKJ¥b!J4aaKXYb�EHGKR!XYN@a�P@EnLxäJ4LMJ�«BIKXYN�G0NHXYN�w�PHXYL�RcN[UJ��Î2IKJ4L�R(zJTI}JÊUJTGKWk^�JVPHJYìc� ¿8Ï wsXYN@aKRca�G�J�zW�G�I}R!JTI{b�W�^`X�^ZE@b�WkGKR�XYN|/Ða�J4b!XYN\b�JM^@I}R�N@wTR�^�J¤PHJ¥P@XYL�R�N@W�N@wsJ��Ñ JTG�G�J�^@IKXiwZUJ4P@EHIKJ�P@R�jyR�aKJ b�W�^`X�^ZEZb�WkGKR!XYN¦J4N\E@N_NHXYL{d@IKJ�P@J�wTb�W�aKa�J4a�PZR�a�GKR�N@wsG�J4ac/ ü PHJM«�W�+wsXYN)a}E@R!jkW�N�G�J�ôG�XYEZa{b!J�R�N@P@R!jiR�P@EZaFN@XYNiÒ�PHXYL�R�N>UJ4a{PHJ	/ÓWk^@^ZWkI}GKR!J4N@NHJ4NOGVzW¦b(egJ4N@a�J4L{dZb!J#/ ùTÔ J4NZaKE@R!G�J�S¯G�XYEZa{b!J4a_UJ4b*UJ4LMJ4NOGKaN@XYNiÒ�PHXYL�R�N>UJ4a.PHJ�/ Õ,/ ù a�XYNOG�^Zb�W�w�UJ4a�PZW�N@a.b(egJ4N@a�J4L{dZb!JÁ/ ¾ JTGKwk�T��WF^@IKXiwZUJ4P@EHIKJ|J4a�G�G�JTI*L�R�N>UJTJ<myE@W�N@P G�XYEHG�JbcW¤^�X�^�E@b�WkGKR!XYNVJ4a�G<G�I*R*UJTJ�ô / � 3 	ü ø�ù / ü  ãFJ�P@R!j�JTI*a[W�b!��X�I*R!GK�@LMJ4a>^`XYEHI�R�PHJ4NOGKR!£@JTI[b�JFa�XYEZahÒÖJ4N@a�J4L{dZb!J8NHXYNiÒ�PHXYL¥R�N[UJFP¯e~E@N¥J4NZa�J4Lxd�b!JFP@XYN@N[UJ8XYN�G¥UJTGOUJ^ZIyUJ4a�J4N�GyUJ4aFP@W�N@a<bcWMa�J4wsGKR!XYN\�k�æåy�æåy�ìlX�G�XYN@a>myEHJlJ4NOG�IKJ0P@J4Ei§�a�XYb�EHGKR!XYNZa�PHJlbcWxLtäJ4LMJ8wTb�W�aKa�J�SyW�E@wTE@NHJFNHJ<^`J4EHG�äJTG�I}JFwsXYN@a}R�P[UJTIyUJTJFL�J4R�b�b!J4EHI}JP@JVb(e~W�E@G�IKJVwsXYL�^@G�J�G�J4NOEÍPHJVG�XYE@aMb!J4a X�dwu�J4wsGKR!«�a¤P@EÊ^@IKX�dZb(zJ4LMJ��5�¯J�NHXYL{d@IKJVG�X�GKW�b|PHJ�wTb�W�aKaKJ4aTS�N@X�GOUJlïPZW�N@a0bÖe�UJ4myE@WkGKR!XYN_wTR!Ò�PHJ4aKaKE@a4S�P>UJT^`J4N@P�PHJ¤b�W¥^`X�^ZEZb�WkGKR!XYNN/M�X��W¥£@�YE@IKJ � � , p d r ^ZIyUJ4a�J4N�G�J�EZNnJs§iJ4LM^Zb!J¤PHJG�J4bcb!J�wTb�W�aKaKR�£ZwTWkGKR!XYN p b!J4a0NOEZLtUJTIKXYalW�aKaKXywTR©UJ4aMzW¥w*�@W�mOE@J�^`XYR�N�G<wsX�I}IKJ4a�^`XYN@PHJ4NOGlW�EnNyE@LÊUJTIKX�PHJxb�W�wTbcW�aKa�JVzWbcW�mOEHJ4bcb!JFRcbfWk^@^ZWkIKGKR!J4NOG r wsXYLM^�WkIyUJTJ{W4j�J4w b!J8I}W�NH×iR�NH��P@J ± ñ�¿�Ï �� E@W�N@P G�XYEHG�JlbcW0^`X�^ZEZb�WkGKR!XYN{J4a�G�G�I}R©UJTJ�S�b(egJ4NZa�J4Lxd�b!JÁ/ ù wsXYNOGKR!J4N�G�G�XYEHG�J4a2b!J4a�a�XYbcEHGKR!XYN@a.NHXYNiÒ�P@XYL�R�N>UJTJ4aP@JL/�� Ñ J4a�a�XYb�EHGKR�XYN@a¤a�XYN�G�b�J4a L�J4R�b�b!J4EHI}J4a{W�EvaKJ4N@aMPHJ�b!J4EHI¤^@IKXq§iRcL�R!GOUJ�PHJQb�W�aKEHIK«�W�wsJ�PHJ�Î.WkIKJTG�X)P@E^ZIKX�dZb(zJ4LMJ��0��W�j&W�b!J4E@I0PHJ{^�JTI}«¬X�I}L¥W�N@wsJ{b�W¥^Zb�E@a<��I}W�N@PHJ a�JTI}WVPHXYN@wxWkG�G�I*R!dZE>UJTJQzW�wsJ4a8R�N@PZR!jyRcP@E@a Ô b�W�^`JTI�Ò«BX�I}L�W�NZwsJ�j&W¤^@I}X���IKJ4aKaKR!j�J4L�J4N�GlPZR�L�R�NyEHJTI>J4N�^ZW�aKaKW�NOGlPfe~EZN�«¬IKXYNOG{zWMb(e~W�EHG�I}J��@Ø�XYEHG�J{a�XYb�EHGKR!XYN��[PHJ�b(egJ4NiÒaKJ4LxdZb�J®/ ù IKJi+wsXYR�G<b�W¤j&W�b�J4EHIlPHJ�^`JTIK«BX�I}L�W�N@wsJ�� û �! �



, ¢ ².-0/ �2143.506�íh�7683 / 3�986;:[î / 5<3
f2 1

1

1

1

1

3

2

5

f1

f2 1

1

1

1

1

2

f1

2 3

p W r ± ñ�¿8Ï p d r ìc� ¿8Ï
õ>= ö+÷ � � , ø�Ù�Ì¼ °*?�Æ Ä Æ Äj°]¾ ¼xÅhÆ�Ç À³È Ç ��ÚsÔ�Ó<Í;Î ÛS°[Þ<½/Í;Î

Ï £ZN7P@JQ^@IiUJ4a�JTIKj�JTI�b�W)P@R!j�JTI}aKR�GOUJ�J4N�G�I}J�b!J4aVa�XYb�EHGKR�XYN@a�PHJ¦LxäJ4LMJ¦myE@W�b�R�GOUJ p wkegJ4a�GhÒ©zW&Ò�P@R!I}J�S>wsJ4b�b�J4a¥myE@RWk^@^ZWkI}GKR!J4N@NHJ4NOG�W�EtLtäJ4L�J�J4N@aKJ4LxdZb�J¥NHXYNiÒ�PHXYL¥R�N[UJ r S�b�Wnj&W�b�J4EHI{PHJ¥^�JTI}«¬X�I}L¥W�N@wsJ¥� û a�JTI}W�P[UJT��I}W�P[UJTJ�J4N«BXYN@wsGKR!XYNQPHJ�N@XYLxd@I}J�PHJ�a�XYb�EHGKR�XYN@a×ïhj�XYR�aKR�N@J4a
ðMPHJ�b�WMa�XYbcEHGKR!XYN��K�ã8W�N@a�b�Wtj�JTI}aKR!XYN;X�I}R��YR�N@W�b!J¦PHJ\ìc� ¿8Ï S|b�Wt^@IKXiwZUJ4PZEHIKJ�P@E7^�WkIKGKWk��J_J4a�G�dZW�ayUJTJ_aKEHI�b!J4aVP@R�a�GKW�NZwsJ4awTW�b�wTE@b©UJTJ4a�P@W�NZa>bÖegJ4a�^ZW�wsJ8PHJFP>UJ4wTRcaKR!XYNf� Ñ egJ4a�GhÒ©zW&Ò�P@R�IKJ�SybcW{P@Rca�GKW�N@wsJlJ4NOG�IKJ�PHJ4Ei§¥aKXYb�EHGKR!XYN@a���JTG.��P@E�LtäJ4L�J«BIKXYN�G�/�Û¯J4aKGlPHXYN@N>UJTJ�^�WkIlb(e�UJ4mOEZWkGKR!XYN
� û�ü � õöö÷ Ü Ý�Þ¬Ü#� ø�ù úàß

'�û )� þ ß
'�ü )�

ß
+%ý �� þ ß

+ û�þ� ÿ ¾  
Ñ J4a¯PZR�a�GKW�N@wsJ4afa�XYNOG�EHGKRcb�R�ayUJTJ4af^`XYEHIfwTW�b�wTE@b�JTI�b�W�«BXYN@wsGKR!XYN�P@E8^�WkIKGKWk��J.��� p � û�ü r wsXYL�LMJ2P@W�N@a�b(e�UJ4mOE@WkGKR�XYNÈåy���W4j�J4w�á � åy�v��JÈï�N@R�w*�HJ�wsXYE@NOG
ð<J4aKG�wTW�b�wTE@b©UJ[wsXYL�LMJ[P¯e~�@WkdZR!GKE@P@J�JTGTS³J4NH£ZNfS³b�W�^`JTIK«¬X�I*L�W�N@wsJ�R�NZR!GKR�W�b!J�� û J4aKGP>UJT��I}W�P>UJTJ<PHJ>«�W�+wsXYN�zWFW�EH�YLMJ4NOG�JTI2b�W0^@IKJ4aKa}R!XYNxPHJ�ayUJ4b!J4wsGKR!XYN¤P@W�NZa�b!J4a�IiUJT�YR!XYNZa�^�b�E@a8UJT^ZWkI*a�J4a�ô�� 
û � � û " �¯® û �

�0��� ��� �����_���v�@�@� �y� �f�0��� � �n�`�����Mâ�ã �^�
�k� Ñ �HXYR�aKR!I[b!J0^�WkI}W�L�zJTG�IKJ ����� ý 	�� JTG�E@NVNHXYLxdZIKJ0^`JTGKR!G[^`XYaKR!GKR!«Wç>JTG|R�N@R!GKRcW�b�R�a�JTI2� + û�þ �! $ çT�U�yXYR!G>b!JwsXYL�^@G�J4EHIlPHJ�«BIKXYNOGKa[� � �k�åy�lØ�I}R!JTI<bcW¤^�X�^�E@b�WkGKR!XYNL/äa�J4b�XYNQNHXYNiÒ�PHXYL¥R�N@W�N@wsJ�ô

p / ù � / ¾ �! ! ! �� / 	 r � �.å,ï&æ p / �Zç r
� �lÎ�XYEHIlG�XYEHG2�¤èN/ ü

ø ��E@RfW�aKa�XiwTR!JTIlbcW¤^�JTI}«¬X�I}L¥W�N@wsJ�� '
é )ü � � + û�þ þ ç4�ø Ñ W�b�wTE@b!JTI��¯® é wsXYL�LMJ<b�WFa�XYL�L�J�P@J4a�«BXYN@wsGKR!XYNZa�P@J>^�WkIKGKWk��J|PHJ4a�R�N@P@R�jyR�PZE@afPHJo/ ü aKJ4E@b!J4LMJ4NOGT�
ø Ñ W�b�wTE@b!JTI<b�W¤^`JTIK«BX�I}L�W�NZwsJxïh^�WkIKGKWk��UJTJ�ðV� 
 'Áé )ü � � '
é )ü " �¯® é �

¢H�l� + û�þ �;ê �Ö� p � 
 'Áé )ü ôh�¤èN/ ü r JTG[� � p � $ � r �, ���HR@�¥ëãïiSHIKJTG�XYE@I}NHJTI zWMb(e¡UJTGKWk^`J � ���iR�NHXYNfSHb!J8^@I}XywsJ4aKa}E@a|J4a�G<G�JTI*L�R�N>UJ��
Ñ JTG�G�J�^@IKXiwZUJ4P@EHIKJM^`J4EHGPäJTG�IKJVR�N@ayUJTIiUJTJVP@W�N@a�E@N Ïl¿ LMXYNHXkÒÖX�d>uhJ4wsGKR!«¡� Ï R�N@a}R(Sfb!J4a�W�EHG�J4EHI*a�PHJYìc� ¿8ÏXYNOGlR�N@R!GKRcW�b!J4LMJ4NOG[J4LM^�b!Xqì2UJ{b�WMayUJ4b!J4wsGKR�XYNQ^ZWkI<I}XYE@b!JTG�G�J p j�XYR!IFb�WMa�J4wsGKR!XYNÖåy� � ��� r �



íh� íh� / :oð®ñ�5l1T3 -8´ 6>µ:ò / µtó6>µQµ.¶�5·: / 9Fñ ´ 1ºô / ô ² 6¸986k� / 5l683�ñ ,�,
¹ i�º xW}jCO» e @ QCNE�C¦ítnWKL;

�¯JMwsX4äEHG�PHJ¤wTW�b�wTE@b.b!J¤b�WV^@IKXiwZUJ4PZEHIKJ¤wTRÁÒ�PHJ4aKaKEZa0J4aKGF^ZI}R�N@wTR!^�W�b!J4LMJ4NOGlP[UJTG�JTI}L�R�N>UJM^�WkI8bÖegX�^>UJTI}WkGKR!XYN_PHJI*W�NH×yRcNH�_PHJQb�W�^`X�^ZE@b�WkGKR�XYN�JTG�^ZWkI¥b�W_L¥R�a�J�J4NÍXyJ4EHjyIKJQP@EÍ^ZWkI}GKWk��J��%�¯J�I*W�NH×yRcNH�\PHJ4L�W�N@P@JQW�EÍ^Zb�E@a½ p CR ¦¾ r X�^�UJTI*WkGKR!XYN@aT�5�¯J�^ZWkIKGKWk��J�wsXYN�GKR!J4NOG¤b!J4a{wsXYL�^ZWkI}W�R�a�XYNZaxPHJVw}�@W�myEHJ�a�XYb�EHGKR!XYNtW4j�J4wVG�XYEHG�J4a¤b!J4aW�E@G�IKJ4a[Wk^Z^ZWkIKG�J4N@W�NOG>W�EVLtäJ4LMJF«¬I}XYN�G�wsJFmyE@R�a�JlG�I}W�PZE@R!G2^ZWkI ° 	ü ø�ù�î / ü î ¾ wTW�b�wTE@bca�PHJ8P@R�a�GKW�NZwsJ4aT� Ñ �ZW�mOEHJwTW�bcwTE@b<PHJQP@Rca�GKW�N@wsJnwsXYLM^ZIKJ4N@P��·P@R!ÀlUJTIKJ4N@wsJ4a¥J4N�G�I}Jnb!J4aM^ZWkI*W�L�zJTG�IKJ4a�P@JnP[UJ4wTR�aKR!XYN¯�>ã8W�N@a¥b!J�^�R!IKJ�wTW�ap myE@W�N@P�G�XYEHG�J4a�b!J4a8a�XYbcEHGKR!XYN@aFWk^@^ZWkIKGKR�J4N@NHJ4NOG¤zWL/ ù r S`wsJMwTW�b�wTE@b�J4a�G�PHJ¤wsXYLM^Zb!Js§HR!GyUJ¥½ p �  ¾ r � Ï b!X�I}a4S�b!JwsXWäE@G<G�X�GKW�b�PHJ�wsJTG0W�b!��X�I}R!GK�@L�J�J4a�G êQï ß
p ½ p �  ¦¾ r � ½ p CR ¦¾ r�r �

PNe DSfTg�DSD epi ?kE�C¦ítnWKL;
�2e~W4jkW�NOGKWk��J)^@I}RcN@wTR!^ZW�bFPHJ(ì�� ¿8Ï wkegJ4aKGQmOEHJ\b�J4a�j&W�b!J4E@I}a�PHJ_^`JTIK«¬X�I*L�W�N@wsJ_a�XYNOGQWkG�G�I}R!dZE>UJTJ4aQW�EH§RcN@P@R!jiR�P@E@a.zW<b�W�dZW�aKJ�PHJ�b(egJ4NZa�J4Lxd�b!J2NHXYNiÒ�PHXYL¥R�N[UJ2W�E@myEHJ4bYR�b�afWk^Z^ZWkIKGKR!J4N@N@J4N�GT� Ñ J4wTR�^`JTI}LMJTG[zW<b(e~W�b���X�I}R!GK�@LMJP¯e~W�aKaKEHIKJTI>b�W�^ZIKX���IKJ4aKaKR�XYN¥PHJFb�W�^`X�^ZE@bcWkGKR!XYNMj�JTI}a>b�Wxa}EHIK«�W�wsJ0Î.WkIKJTG�XkÒÖX�^@GKR�L¥W�b!JFb�J0b!XYNH� PHJlG�XYE@G>b!J0«¬I}XYN�GT�ãFJ�^�b�E@aTSfb!JM^ZWkI}GKWk��J�P@W�N@axb(egJ4a�^ZW�wsJ¥P@J¥P[UJ4wTR�aKR!XYN)W�aKaKEHIKJ�bcWQP@R!j�JTI}a}R!GOUJM��UJ4N@X�G�ìy^ZR�myEHJ�PHJ4axa�XYb�EHGKR!XYNZaT�(��WG�J4w*�@N@R�myEHJ�PHJ�^�WkIKGKWk��J�^`J4EHG<äJTG�IKJ_UJT�YW�b�J4LMJ4N�GFWk^@^Zb�RcmOE>UJTJ�P@W�N@alb(egJ4a�^ZW�wsJxP@J4a|X�dwu�J4wsGKR!«Ba4�ìlX�G�XYN@a wZUJT^`J4N@P@W�NOG{myEHJ�b(e~E@GKR�b�R�aKWkGKR�XYN¦PZE\^ZWkIKGKWk��JVPHJ4L�W�N@P@J¥PHJ¥£@§yJTI b!J�^ZWkI}W�L�zJTG�I}J ����� ý 	�� myE@R�WEZNHJ�R�NHðZEHJ4NZwsJFG�I4zJ4aFR�LM^`X�IKGKW�NOG�J�zWMb�W¤^`JTIK«BX�I}L�W�N@wsJ�P@J�b(e~W�b!��X�I}R!GK�ZLMJ ú � u ¢ û �

ñ¤ê¬ñ5ê¬ñ Ä)òN�t

â�NnLtäJ4L�JV�4É�É&¢HSfó0X�I}NnJTG8W�b(� ú ,�, û XYNOG0^ZIKX�^`XYaOUJ{b!J4EHI0LtUJTGK�HXyP@J�S�J4bcb!JxW�E@aKa}R¯dZW�ayUJ¤aKEHIFb!JxwsXYN@wsJT^@G8PHJP@XYL�R�N@W�N@wsJ��Cì0Î ¿8Ï Ò Þ�È Á Ë ¼ ¾�ý!ù ÆkÅ*¼ Ä.¿ÖÍ ¼TÇR¼ Ä�È Á Î[Æ��v¿ Å ÈKÄBË É�Ò.P@RÁÀ�zJTI}J0PHJ4a>W�b!��X�I}R!GK�ZLMJ4a�P>UJ4wsI}R�GKa[wTRÁÒ�P@J4aKaKE@azW�b�W¥aKGKW�PHJ P@J{ayUJ4b!J4wsGKR!XYN¯�Rã8W�N@a@ìFÎ ¿8Ï S�bcW¥ayUJ4b!J4wsGKR!XYN¦^ZWkIFG�XYEHI}N@XYR¯J4a�G8EHGKR�b�RcaOUJTJxW�E�b�R!J4EQPHJ b�W¥ayUJ4b�J4wsGKR!XYN^ZIKX�^`X�IKGKR!XYN@NHJ4bcb!J�� Ñ J[w*�HXYRÁ§�J4a�G�dZW�ayUJ�aKEHI�bÖe�UJTGKEZPHJ[GK�>UJTX�I*R�mOE@J ú ¢ u#û wsXYN@aKW�wsIiUJTJ<W�Ei§�X�^�UJTI*WkG�J4EHI}a.PHJ[ayUJ4b�J4wsGKR!XYNE@GKR�b�R�ayUJ4a|P@W�NZa|b(egX�^@GKR�L�RcaKWkGKR!XYN7UJTj�XYb�EHGKR!XYNZN@W�R!IKJ�LMXYN@XkÒÖX�dwuhJ4wsGKR�«��ó0N�N@R�w*�@Wk��J�L�R�a�zWFu�XYEHIMPHìiN@W�L�R�myEHJ4LMJ4NOG úgôku�û J4a�GMEHGKRcb�R�ayUJ�PZW�N@aÂì0Î ¿8Ï ��ãFJ4Ei§taKXYb�EHGKR!XYN@a{��JTG��aKXYN�G�w}�@XYR�aKR!J4a8PHJMb�WV^`X�^ZE@b�WkGKR�XYNl/õPHJ¤«�W�+wsXYN\W�b*UJ4WkG�XYR!IKJ��Wâ[N@aKE@R!G�J�S�G�XYE,u�XYEHI}a�W�b©UJ4WkG�XYR!I}J4LMJ4N�GTS�E@NHJ¤a�XYE@ahÒ^`X�^ZEZb�WkGKR!XYN¸ö÷PHJ_GKW�R�bcb!J_æ¡ø}ù + pÖú  r J4a�Gnw*�HXYR�aKR�J�� Ñ �@W�wTE@NHJ\P@J4aQa�XYb�EHGKR�XYN@a��¥JTG��7J4a�GnwsXYL�^ZWkIyUJTJWqj�J4wMG�XYEHG�J4a�b�J4aFaKXYb�EHGKR!XYN@a8PHJMb(egJ4NZa�J4Lxd�b!JxöûW�E_aKJ4N@a�PHJMb�W�PHXYL�R�NZW�N@wsJ��0��J4a�aKwZUJ4N@WkI}R!XYaxaKE@R!jkW�N�GKa8a�XYNOGwsXYNZaKR�P>UJTIiUJ4a�ô
ø �iR.E@NHJMPHJ4a�a�XYbcEHGKR!XYN¦�<XYEQ�QP@XYL�R�NHJ¤G�XYEHG�J4a�b�J4a�a�XYb�EHGKR!XYNZaFP@J{öàGKW�N�G�myEHJ�b(e~W�EHG�I}J J4aKG�PHXYL�R�N>UJTJ^ZWkIlW�EQL�XYR�N@a|E@NHJ�aKXYb�EHGKR!XYNfSHW�b!X�I*a<wsJ4b�b!J�^@I}J4L�R�zJTIKJ�J4a�Glw*�HXYR�aKR�J��
ø �iR�b�J4a�PHJ4EH§xa�XYb�EHGKR!XYNZa¯�`JTG`�8aKXYN�G.a�XYR!G.PHXYL�R�N>UJTJ4a�^ZWkI.W�E LMXYR�N@a�E@NHJ[aKXYb�EHGKR!XYN PHJ2ö{S³a�XYR!G.PHXYL�RcNHJ4N�GG�XYEHGlb(egJ4NZa�J4Lxd�b!J8öxS@W�b!X�I}alJ4b�b!J4a<aKXYN�GlL¥R�a�J4a|G�XYEHG�J4a0b!J4a<PHJ4EH§�P@W�NZa<b�WM^`X�^ZE@bcWkGKR!XYN�PHJ4a|J4NH«�W�N�GKa8üp ^ZWkIKGKR!J4bcb!J4LMJ4NOG�IKJ4LM^�b�R!J r JTG.b!J4EHI[ï�N@R�w}�@J>wsXYE@NOG
ð8P@W�N@a.ü¸J4a�G�wTW�bcwTE@b*UJ��,��W0aKXYb�EHGKR!XYNfS&mOEZR�WFb!JÈï�N@Rcw}�HJwsXYE@NOG
ðM^Zb�E@a�^`JTGKR!G��YWk�YNHJ b!J�G�XYEHI}N@XYR(�
Ï E�P>UJTdZEHGTS@myE@W�N@P�b�W ^`X�^ZE@bcWkGKR!XYN�P@J4a�J4NH«BW�NOGKa�J4a�G|jiR�PHJ�SiR�b�^`J4EHG>aKJF^ZIKXyPZE@R!IKJFE@NHJ8b*UJT�izJTI}J{P>UJTjiR�WkGKR!XYNPZEHJ¤zW¤b�W{^@IKXiwZUJ4P@EHIKJ8P[UJ4wsI}R!G�J�wTRÁÒ�P@J4aKaKE@aT� � E@W�N@PVb!J8a�J4wsXYN@P�aKw�UJ4N@WkI*R!X¤J4a�G|aKE@R!jiR@^`XYEHI�b!J4a�PHJ4Ei§�^@I}J4L�R�zJTIKJ4aaKXYb�EHGKR!XYN@a4S�E@NHJ8PHJ4a�PHJ4Ei§¥a�XYbcEHGKR!XYN@a[J4a�G�w}�HXYR�a}R!JFW�b©UJ4WkG�XYR�IKJ4LMJ4NOG|J4N�GKW�NOG|mOE@J0^ZWkI}J4N�G�^`X�G�J4N�GKR�J4b(�Câ[N@aKE@R!G�JP@J4Ei§F^�WkIKJ4N�GKa�a�XYNOG�wsIKXYR�ayUJ4a�JTG�L EHGOUJ4a�^`XYEHI¯wsIiUJTJTI�PHJ4EH§FJ4NH«�W�NOGKaT�Gã{zJ4a�bcW|G�IKXYR�aKR(zJ4L�J2IKJT^@I}Rca�J�PHJ�wsJ[a}wZUJ4NZWkI}R!XHSbcW¤^@IKXiwZUJ4PZEHIKJ�X�I}R!�YRcN@W�b!J8J4a�GlW�PHX�^ZGOUJTJ��ìlX�G�XYN@aMmyEfe¬zW�b�W¦P@RÁÀlUJTIKJ4N@wsJ�PHJ4a¤LtUJTGK�HXiPHJ4a¤^@IiUJ4a�J4NOGOUJTJ4a�uKE@aKmyEfe¬zW�L¥W�R�N�G�J4NZW�N�GTS�ìFÎ ¿8Ï NHJVa}EH���izJTIKJ^�W�a P@JVwTW�b�wTEZb[PHJ�^`JTIK«BX�I}L�W�N@wsJVaKwTW�b�W�R!I}J�^`XYEHI¤w}�@W�myEHJ�R�N@PZR!jyRcP@Ef�X��W¦^@IKJ4a}aKR!XYNÊPHJVayUJ4b�J4wsGKR!XYN�j�JTI}aMb!J4aaKXYb�EHGKR!XYN@a�Î.WkIKJTG�XkÒÖX�^ZGKR�L�W�b!J4a{W�R�N@aKR�myEHJ¥b�W�^ZIyUJ4a�JTIKjkWkGKR!XYN)PHJ�b�W�P@R!j�JTI}a}R!GOUJ¥PHJ4a�a�XYbcEHGKR!XYN@a�a�XYNOGxW�aKa}EHIyUJTJ4a
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�k�21�UJTX�I}PHXYN@NHJTI0W�b*UJ4WkG�XYR!IKJ4LMJ4NOGFbcW¤^�X�^�E@b�WkGKR!XYNL/M�0�iXYR!J4N�G|� � ��JTGFü ��� �åy��â2À�J4wsGKE@JTI0b�WMayUJ4b!J4wsGKR�XYNQ^ZWkI<G�XYE@I}NHXYRfwsXYL�LMJ{P[UJ4wsI}R!GlwTRÁÒ�P@J4aKaKE@aTSG�I}XYEHj�JTIlb!J�^@I}J4L�R!JTI|^ZWkIKJ4NOG�� ù �! /�� " þ æhå��
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¹ i�º x5}jC�» e @ QCNEWC¦í	�^KJ;
Î�XYEHI�w}�ZW�mOEHJ¤G�XYEHI*NHXYR(S`b!J¤^@IKJ4L�R!JTI8aKw�UJ4N@WkI}R�XVJs§HR!��JMb�W�wsXYLM^ZWkI*W�R�a�XYN�PHJ¤PHJ4Ei§�a�XYbcEHGKR!XYN@a8W4j�J4wMbÖegJ4NiÒa�J4L{dZb!J8PHJFæ¡øKù + a�XYbcEHGKR!XYN@a[^`XYEHI>bcW{PHXYL¥R�N@W�N@wsJ8wsJ�mOE@R�a�J8G�I}W�P@EZR!G�^ZWkIAå C æ¡ø}ù + wsXYLM^ZWkI}W�R�aKXYN@a>JTG�P@XYN@w^ZWkIxå C æhøKù +  wsXYL�^ZWkI}W�R�a�XYNZa�^`XYEHI¥G�XYE@G�J¦b�W)^`X�^ZE@b�WkGKR!XYN¯�;ãFW�NZaVb�Jna�J4wsXYN@P�aKw�UJ4N@WkI}R�XHS>b!J¦wTW�b�wTE@b0PHJï�N@R�w*�HJ�wsXYE@NOG
ðQPHJ4L�W�NZPHJPå î ü î wTW�b�wTEZb�a�PHJ4a�P@Rca�GKW�N@wsJ4a�^`XYEHI�w}�ZW�mOEHJ¥G�XYEHI}NHXYR(� Ñ XYL�LMJ�b�WVGKW�R�b�b�J¤P@J�b�W^`X�^ZE@b�WkGKR�XYN P@J4a�J4NH«�W�N�GKa�jkWkI}R!J<P@J�å¥zW p  þ å r S�W�EMG�X�GKW�b`½ p  ¦¾ r wTW�b�wTE@b�a�P@J<P@R�a�GKW�N@wsJ4a�a�XYN�G[N[UJ4wsJ4aKaKW�R!IKJ4a4�Ï b!X�I}aTSHb!J�wsXWäEHGlG�X�GKW�b�PHJ�bÖe~W�b!��X�I}R!GK�@L�JFJ4aKGF½ p  ¦¾ r �
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?0@A=UBVCTDFEWC¦í	�^KJ;�iRib!J�^ZWkI*W�L�zJTG�IKJ<æhøKù + J4a�G�d`J4W�E@wsXYEH^M^ZbcE@a�^`JTGKR!G�myEHJ  SkW�b�X�I}a�b!J|wsX4äEHG�PHJ|wTW�b�wTEZbHNHJ|P[UJT^�J4NZP¤^@IKJ4aKmyEHJ^ZW�a>P@E¥N@XYLxd@I}J0PfegX�dwu�J4wsGKR!«�aTSOwsJ8myE@R@IKJ4NZPYìFÎ ¿8Ï ^�WkIKGKR�wTE@b�R(zJTI}J4LMJ4N�G>R�NOGOUJTI}J4aKaKW�NOG[^`XYEHI>b�W�IiUJ4a�XYbcEHGKR!XYNVPHJ^@IKX�d�b�zJ4LMJ4a<LMJTG�GKW�NOGlJ4NOu�J4EQE@N���I*W�N@PQNHXYL{d@IKJ�PfegX�d>uhJ4wsGKR!«�aT�
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ìFÎ ¿8Ï P@J4L�W�N@PHJxbcW¥P>UJT£ZN@R�GKR!XYNQPHJ PHJ4Ei§�^ZWkI}W�L�zJTG�IKJ4a8R�L�^�X�I}GKW�N�GKa ����� ý 	�� JTGlæhøKù + � ñ I4SZb(e~R�N@ðZEHJ4N@wsJPHJ ����� ý 	�� J4a�GF^Zb�E@a|��I*W�N@PHJxJ4NZwsX�IKJMP@W�N@a�ìFÎ ¿�Ï mOE@J P@W�NZa�ìc� ¿8Ï �Râ[NnJsÀ`JTGTS`�¯® û J4aKGFwTW�b�wTEZb*UJ wsXYL�L�Jb!J¥N@XYLxd@I}J¥PHJ�L�J4Lxd@I}J4axPHJVb�W�^`X�^ZE@b�WkGKR�XYN\mOEZR2a�XYNOG{aKR!GKE>UJ4a�zWnbcWnP@R�aKGKW�N@wsJ¥R�NH«4UJTI}R!J4EHI}J¦zW ����� ý 	�� PHJ�b�Wa�XYb�E@GKR!XYNn�}����W�P@R�a�GKW�N@wsJ¤LtäJ4LMJ p myE@R�^`J4EHG]äJTG�I}JM^@IKXiw}�HJ¤PHJ u XYE_PHJ ����� ý 	��©r SfNfegJ4a�G8^ZW�a8P@E¦G�XYEHG8^@I*R�a�JJ4NQwsXYLM^ZG�J����WxjkW�b!J4EHI�PHJFæ¡øKù + J4a�G�UJT�YW�b!J4LMJ4NOG<Pfe~E@N@Jl��I}W�N@P@JFR�L�^�X�I}GKW�N@wsJ��w�iR�J4b�b!J0J4a�G�G�IKX�^V^�JTGKR�G�J�Syb�W ayUJ4b!J4wsGKR!XYNa�JTI}W�G�IKX�^nd@I*E@R!GOUJTJxwsJxmyE@RfJ4a�GFP@W�NH��JTIKJ4EH§V^`XYEHIlbcW�wsXYN�j�JTI}��J4N@wsJ��X�HR(SH^ZWkI0wsXYNOG�IKJ�S�J4b�b!J�J4a�G0G�IKX�^n��I}W�NZPHJ�Sb!J�wsXWäEHGlP@JxwTW�b�wTE@b`jkW�wsXYN@aKRcP[UJTI}WkdZb!J4LMJ4NOG<W�EH�YLMJ4NOG�JTI4�
ßc³�� � ´ ¸7¹�¸ ½��¼» À�Ä ½0» È ½ÃÆ�» ´ÅÀÇÆ ¶ � ¸�È À È�� »

��J4a�LÊUJTGK�HXiPHJ4aV^@IiUJ4a�J4NOGOUJTJ4a�u�EZaKmOE¯e¬zW)L�W�R�NOG�J4N@W�NOG¥^`J4EHj�J4NOG äJTG�IKJ�EHGKR�bcR�aOUJTJ4a¥^`XYEHI�b�W\IKJ4w*�HJTI}w*�HJ¦P@J4aa�XYb�E@GKR!XYN@a¤NHXYNiÒ�PHXYL¥R�N[UJTJ4a�L E@b!GKR!^Zb�J4a{d�R!J4NÍP@R�a�G�I*R!dZE>UJTJ4a JTG�^Zb�EZa{XYE7LMXYR�N@a¤^@I}Xyw*�HJ4a�PHJQb(egJ4NZa�J4Lxd�b!J�PHJa�XYb�E@GKR!XYN@a>Î�WkI}JTG�XkÒÖX�^@GKR�L�W�b!J4a4SHJTG<wsJ4wTRfW4j�J4w�E@N�PHJT��IiUJ�P@JFaKEZwTw&zJ4a0R�N@P>UJT^`J4N@P@W�NOG[P@J8bÖe~W�b�b�EHIKJFPHJ�b�W aKEHIK«�W�wsJPHJ4a<wsXYL�^@IKXYL�R�a|P@J�w}�@W�myEHJ�^@I}X�dZb�zJ4LMJ��
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Ñ JT^`J4N@P@W�NOGTS@^ZWkI0W�NZW�b!X��YR!JxWqj�J4w bÖegX�^@GKR�L�R�a}WkGKR!XYN�JTj�XYb�EHGKR!XYNZN@W�R!IKJ�LMXYN@XkÒÖX�dwuhJ4wsGKR�«�S�b(e~R�NOG�IKXyPZE@wsGKR!XYN�PHJbÖe�UJ4bcR!GKR�aKLMJMUJTGKW�R!G�R�N[UJTjyR�GKWkdZb!J�W�E@aKaKRyP@W�N@a�b!J[P@XYL�W�R�NHJ�PHJ4a Ï â.± ñ �{±�W�R�a.W4jkW�N�G�PHJ>^ZWkI}b�JTI�PHJ4a@ï�LMJ4Rcb�b!J4EHI}a�ðiSRcb[«�W�b�b�W�R�G)UJTGKWkdZbcR!I�E@N�a�ìia�GszJ4LMJ�PHJ�^@IiUJT«4UJTI}W�N@wsJ4aT�Zâ�N�JsÀ`JTGTS�b!J4a Ï â%± ñ UJ4b�R!GKRca�G�J4aMa�XYNOG�Wk^@^ZWkI}E@a¤JTGMXYNOG^ZIKXYb�R!«4UJTIyUJ�Wk^@ITzJ4a0myEHJ�wsJTIKGKW�RcN@a|^@I}RcN@wTR!^`J4a�PHJ�b(e~WkG�G�I}R!d�EHGKR!XYN�PHJ�b�W¤^`JTIK«BX�I}L�W�NZwsJ�W�Ei§�RcN@P@R!jiR�P@E@a p G�J4b�a<myEHJbcW P@XYL�R�N@W�N@wsJ8JTGlbcW{^ZIyUJ4a�JTIKjkWkGKR!XYNnPHJ�b�WMPZR!j�JTI}aKR!GyUJ�zWMb(e~RcN�GyUJTI}R!J4E@I<PHJ�b(egJ4N@a�J4L{dZb!J�NHXYNHÒ�PHXYL�R�N>UJ r W�R!J4NOG�UJTGOUJbcWkIK��J4LMJ4NOG|IKJ4wsXYN@NyE@a<wsXYL�LMJ�^�WkIKGKR�wTE@b�R(zJTI}J4LMJ4N�G|Wk^@^ZIKX�^@I}R©UJTJ4a{zWMbcW¤IKJ4w}�HJTI*w}�HJxP@J8bcWMaKEHIK«�W�wsJ�PHJ�Î.WkIKJTG�XH��¯J4a|W�b!��X�I}R�GK�@LMJ4a�P[UJ4wsI}R!GKa<PZW�N@a|wsJTG�G�Jxa�J4wsGKR!XYN�PZRÁÀ�zJTIKJ4NOG<aKEHI}G�XYEHG[^�WkI<b�W «BW�+wsXYNQP@XYN�G|b!J4a×ï�LMJ4Rcb�b!J4EHI}a�ðRcN@P@R!jiR�P@E@a[a�J�P@R�aKGKR�NH�YEHJ4NOG|PHJ�b�W¤^`X�^ZE@b�WkGKR�XYN�I}J4a�GKW�N�G�J�S�JTGlR�NOG�JTI}Wk�YR�aKaKJ4N�GlWqj�J4w�J4b�b�J��
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â�N]�4É�É ô S ü R�G��4b!JTI¤JTG¥Ø<�@R!J4b�J�XYNOGM^@IKX�^`XYayUJQE@NHJ�LÊUJTGK�HXiPHJ�UJTj�XYb�EHGKR�XYN@N@W�R!IKJ;UJ4b�R�GKR�a�G�J�^`XYEHIMb(egX�^@GKR�L�R!Òa}WkGKR!XYN_L{EZb!GKRÁÒ�wsI}R!GTzJTIKJ�myEfe~R�bca0XYNOG�Wk^@^`J4b©UJTJ ½�Ä Å
¼sÇ �vÄBË ù ÆkÅ
¼ Ä.¿tÕ,Û#¿k?�Ä�ÈK¿ Ç�ÆkÅ Ú Î[Æ��v¿ Å ÈKÄBË É ú ��å u#û ����e�UJ4bcR!GKR�aKLMJJ4aKGlR�NOG�IKXyPZE@R!G�^ZWkIlb!J�L¥W�R�N�GKR�J4N�Js§y^�b�R�wTR!G�J�Pfe~EZNHJ�^`X�^ZE@b�WkGKR!XYNVJs§iG�JTI}NHJO/ 
 Wk^@^`J4b*UJTJxW�E@aKaKR[ÆkÅbÁ Ë�È1Û ¼s� Ñ JTG�G�J^`X�^ZEZb�WkGKR!XYNVJ4a�GlPHJ4aKGKR�N[UJTJVzW�wsXYNOG�J4N@R!IFE@N�NHXYL{d@IKJ�b�R�L¥R!GOUJ�PHJxa�XYb�E@GKR!XYN@a|NHXYNiÒ�P@XYL�R�N>UJTJ4a|G�IKXYE@j2UJTJ4aFPHJT^ZE@R�ab�J{P>UJTdZEHGFPHJ{bÖe�UJTj�XYbcEHGKR!XYNf� Ï w}�ZW�mOEHJ¤R!GyUJTI}WkGKR!XYN¯S�PHJ NHXYEHj�J4W�Ei§¦R�N@P@R!jiR�P@EZa>N@XYNiÒ�PHXYL�R�N>UJ4aFa�XYNOGFwsXYL�^ZWkIyUJ4aW�EH§{LMJ4L{d@IKJ4a.PHJÁ/ 
 W�E¤a�J4NZa�P@J�P@XYL�R�N@W�N@wsJ>JTG�a�J4E@b!J4a.b!J4a.a�XYbcEHGKR!XYN@a�NHXYNiÒ�PHXYL¥R�N[UJTJ4a.IyUJ4aKE@b!GKW�NOG�J4a.IKJ4a�G�J4NOGJ4NZaKE@R!G�J�P@W�N@a2/ 
 � ¡bOJ4a�G.R�LM^`X�IKGKW�NOG�PHJ�NHX�G�JTI�mOE@JÁ�iÎ+â Ï NHXYN¤a�J4EZb!J4LMJ4NOG�^@IiUJ4aKJTIKj�J|b(e�UJ4b�R!G�J�L�W�R�a�W�E@aKaKRyb�W0«BW�R!G�^ZWkIKGKR�wTR�^�JTIW�EH§VX�^�UJTI}WkGKR�XYN@a<��UJ4N>UJTGKR�myEHJ4aT�Ñ JTG<W�b!��X�I}R!GK�ZLMJ�P[UJ4L�WkIKIKJ{W4j�J4wxEZNHJ8^�X�^�E@b�WkGKR!XYNL/"!�PHJ�GKW�R�b�b!J  wsIyUJ�UJTJ W�b©UJ4WkG�XYR!I}J4LMJ4N�GFJTG<W4j�J4w E@NHJ^`X�^ZEZb�WkGKR!XYN¦Js§yG�JTI*NHJ p XYE ï�WkI}w}�@R�j�J�ð r / 
! jiR�PHJ�� zÏ w}�@W�myEHJ���UJ4N>UJTI*WkGKR!XYNÊæ*S�b�J4axa�XYb�E@GKR!XYN@a�NHXYNiÒ�P@XYL�R�N>UJTJ4aP@JO/$#>aKXYN�G8wsX�^ZR©UJTJ4a�P@W�NZa0b�W�^`X�^ZE@b�WkGKR�XYNQJs§iG�JTI}NHJ�/ 
# JTG8J4N@aKEZR!G�J�S�G�XYE@G�J4a�b!J4a0aKXYb�EHGKR!XYN@aFPHXYL�RcN[UJTJ4a p myE@R^`J4EHj�J4NOG<Wk^@^ZWkI*Wêä %!G�IKJ�P@E�«�W�R!G<PHJxbÖe~WvuhXYEHG<P@J�NHXYEHj�J4W�Ei§¸UJ4b*UJ4LMJ4NOGKa¤zWF/ 
# r aKXYN�G�UJ4bcR�L�R�N>UJTJ4aT�� E@W�N@P;b�WÊGKW�R�b�b!J�PHJt/ 
# WkG�G�J4R�N�GQbcWÊbcR�L�R!G�J  
 S<E@N;wsI}R!GszJTIKJ\aKEH^Z^Zb*UJ4LMJ4NOGKW�R!IKJ�^`XYEHIVW�wTwsJT^ZG�JTI�E@NHJaKXYb�EHGKR!XYN¦P@W�N@a8b(e¡UJ4b�R!G�J¤IKJ4NOG�IKJ¤J4N#uhJ4E¯� Ñ J wsI}R�GszJTI}J�S¯R�aKaKE¦PHJMb�W�^@IyUJTXywTwTE@^ZWkGKR!XYN_PHJMb�W�^@IiUJ4a�JTIKjkWkGKR!XYN_PHJ¤b�WPZR!j�JTI}aKR!GyUJ8J4NOG�IKJ�b!J4a|LMJ4L{d@IKJ4a|PHJ®/ 
# SHJ4a�G|d�W�aOUJxaKEHI|b!J8^@I}RcN@wTR!^`JlPHJYÁ Æ±?�°ÝÄ ¼TÅ È Ç � �U�2e~W�b!��X�I}R�GK�@LMJ�PHJ�L�R�a�J¥zWu�XYEHI<PHJ�bcW¤^�X�^�E@b�WkGKR!XYN�Js§iG�JTI}NHJ�a�JTI*WM^@IiUJ4a�J4NOGOUJ{J4NQP>UJTGKW�Rcb�E@N�^`J4E�^Zb�EZa|b!XYR�N�P@W�N@a<wsJTG�G�J a�J4wsGKR!XYNf�
Ï ^@I4zJ4alb�W¤L�R�a�J�zW�uhXYE@I<PHJ�b(egJ4N@a�J4L{dZb!J�/ 
# S@b(e~W�b!��X�I}R!GK�ZLMJ0I}JTG�XYEHI}NHJ8j�JTI}a<bcW{^`X�^ZEZb�WkGKR!XYNVwsXYEHI}W�NOG�J��
�¯J^ZIKJ4L�R!JTI0^ZW�a8wsXYN@aKR�a�G�JQzWVW�aKa�XiwTR!JTI�E@NHJxjkW�b!J4EHI8PHJ ^`JTIK«¬X�I*L�W�N@wsJ�zW�w*�@W�mOE@J a�XYbcEHGKR!XYNf�RìlX�G�XYN@a�myEHJ¤P@W�N@a�HÎ>â Ï wsJTG�G�J�jkW�b!J4EHI¤a�JTI}W�zW�L�RcN@R�L�R�aKJTI4� Ñ XYL�LMJVNHXYE@a b(e~W4j�XYNZa P>UJäu³zW�P@R!GTS¤�iÎ>â Ï EHGKR�b�R�aKJ�b(e~WkI}w}�ZR!j�J:/ 
#PZW�N@axb!J�^@IKXiwsJ4aKaKE@ax��UJ4N[UJTGKR�mOE@J��EóFNHJVj&W�b�J4EHI{aKwTW�bcW�R!IKJ�P@J¥^`JTIK«BX�I}L�W�N@wsJ¥P@XYR!G{PHXYNZwtäJTG�IKJ�WkG�G�I}R!dZE>UJTJ�NHXYNaKJ4E@b!J4LMJ4NOG[W�Ei§¥aKXYb�EHGKR!XYN@a[PHJ8b�W�^`X�^ZE@bcWkGKR!XYN�wsXYEHI}W�NOG�J�L�W�R�a[W�E@aKaKR�W�Ei§ÍUJ4b©UJ4LMJ4NOGKa|PHJ0bÖegJ4N@a�J4L{dZb!J�/ 
# �w��W^`JTIK«BX�I}L�W�NZwsJ Pfe~EZN�R�NZP@R!jiR�P@EQPHJMb(e~WkI*w}�@R!j�J¤�|J4a�G�P>UJ4aKR��YN[UJTJ�^ZWkI � û p �¦wsXYL¥LMJ °ÝÄ Å
¼sÇ �vÄBË r ����WVjkW�b!J4EHI�PHJ� û J4a�G|^@IKX�^`X�IKGKR�XYN@NHJ4b�b!J0W�E�NHXYLxdZIKJ p � û r PHJ4a�R�N@PZR!jyRcP@E@a2PHJ�b�W{^`X�^ZE@b�WkGKR�XYN�wsXYEHI*W�N�G�J�myE@R`a�XYNOG�P@XYL�R�N>UJ4a^�WkI<b�WMa�XYb�EHGKR�XYN�Js§yG�JTI}N@J��
ô � û � � û $ �  p � �æå r

��W¤P@R!jiR�aKR!XYNM^�WkI p  $ � r �YWkI}W�NOGKR!G<myEHJFb�J4a�j&W�b!J4E@I}a[P@J®� û a�XYNOG|R�NH«4UJTI*R!J4EHIKJ4a�zW��k�	ã0J8^ZbcE@aTSOEZNHJFaKXYb�EHGKR!XYNJs§iG�JTI}NHJ<P@XYL�R�N@W�NOG�LMXYR�N@a�PHJ<aKXYb�EHGKR!XYN@a�P@J�bcW8^�X�^�E@b�WkGKR!XYN¤wsXYEHI}W�NOG�J<IKJi+wsXYR�G2E@NHJ|jkW�b!J4EHI2PHJ|^`JTIK«BX�I}L�W�N@wsJ^�b�E@a>^`JTGKR!G�J p R(�gJ��ZLMJ4Rcb�b!J4EHIKJ r �â�N@aKEZR!G�J�Sfb�W�j&W�b�J4EHIxPHJM^`JTIK«BX�I}L�W�N@wsJ�P¯e~E@N_LMJ4L{d@IKJ{��PHJ�b�W�^`X�^ZE@bcWkGKR!XYN�wsXYEHI}W�NOG�J¥J4a�G_UJT�YW�b�J�zW�b�WaKXYL�LMJ�PHJ4a|jkW�b!J4EHI*a<PHJkï�a�G�IKJ4N@��GK�	ð�PHJ�G�XYEHG�J4a0b!J4a<a�XYbcEHGKR!XYN@a�Js§iG�JTI}NHJ4a0b�WMPHXYL�R�NZW�N�G�J4a�ô
� ü � � $ #û'&

Ý
()+* û',Tü � û  p � � � r
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��e~WvuhXYEHGFPHJ��{�YWkI}W�NOGKR!G8mOEHJ b�WM^`JTIK«BX�I}L�W�N@wsJ PHJxG�XYE@G�J a�XYbcEHGKR!XYNnP@J / 
û a�JTI*W¥LMJ4R�bcb!J4EHIKJ�myEHJ{bcW�^`JTI�Ò«BX�I}L�W�N@wsJ�PHJ�w*�@W�wTE@NHJ{PHJ4a<a�XYb�E@GKR!XYN@a|PHJ�b�W¤^`X�^ZEZb�WkGKR!XYN�wsXYEHI}W�NOG�J / û �

f 1

2 2/7

3/7

7/7

9/7 14/7

10/7

10/7

f
9/7

2/7

õ>= ö+÷ � � ² ø Ë Æ Æ Á ?�Æ/¾ ¼ Æ Æ Å ¼sÅ A�¿ Å"É�ÆkÇRÁ"¼ ¾ ÆkÇ °%½qù+Õ>Î
��W�aOUJ4b!J4wsGKR!XYN_^ZWkIxG�XYEHI}NHXYR�PHJMb�W�GKW�Rcb�b!JPåVJsÀ�J4wsGKE>UJTJ�aKEHI�b(egJ4NZa�J4Lxd�b!J�/ 
û 3 / û a�JMd�W�a�J�PHXYN@wMaKE@I�b!J4ajkW�b!J4EHI}a2� û JTGl� ü PHJx«BW�+wsXYNtzW�^@IyUJT«4UJTIKJTI8b!J4a|jkW�b!J4EHI*a�^Zb�E@a>^`JTGKR!G�J4aT�
� �¯� =¬ý þ�@�`� ý�= � �Í���tã�ÿ ���
�k�lØ�IKXYEHj�JTI0b(egJ4N@a�J4L{dZb!J�PHJ4alR�N@P@R!jiR�P@EZa�NHXYNiÒ�P@XYL�R�N>UJ4a.- ù p / # r PHJ�b�W¤^`X�^ZE@bcWkGKR!XYNL/ # �/ 
# � / 
# 3 - ù p //# r �åy�lØ�IKXYEHj�JTIlG�XYEHG�J4a<b!J4a|a�XYbcEHGKR!XYN@a|NHXYNHÒ�PHXYL�R�N>UJTJ4a.- ù p / 
# r PHJ�b�W¤^`X�^ZEZb�WkGKR!XYN�Js§yG�JTI}N@JxLMXiP@R!£�UJTJc/ 
# JTGUJ4b�RcL�R�NHJTI|G�XYEHG�J4a0b!J4a<a�XYbcEHGKR!XYN@a�PHXYL�RcN[UJTJ4a�ô
/ 
# � - ù p / 
# r �� ���HR î / 
# î ÿR 
 SfEHGKR�b�R�aKJTI0b�W�G�J4w}�@NZR�mOE@J¤P@JxÁ Æ±?�°ÝÄ ¼TÅ È Ç � ^`XYEHIFIiUJ4P@E@R�IKJ bcW¥GKW�R�bcb!J P@J b(e~WkI*w}�@R!j�J�uKE@aKmyEfe¬zW 
 �
��W¤^`X�^ZE@bcWkGKR!XYNVIyUJ4aKE@b!GKW�NOG�JxJ4a�G0b�W¤^`X�^ZE@b�WkGKR!XYNVJs§iG�JTI}NHJxP@J�b�W¤��UJ4N[UJTI}WkGKR!XYN�aKE@R!jkW�NOG�J®/ 
#10 ù �¢H� Ñ W�b�wTE@b!JTI8b�WV^`JTIK«¬X�I*L�W�N@wsJ¤PHJ4a�a�XYb�EHGKR�XYN@a0P@J^/ 
#10 ù EHGKR�b�RcaKW�N�GFb(e�UJ4mOEZWkGKR!XYN � �æåVJTG�PHJ4a�a�XYb�E@GKR!XYN@aFPHJ/ #10 ù a�J4b!XYNnb(e�UJ4mOE@WkGKR�XYN � � � �, � Ï ^@^ZbcR�mOE@JTI�b!J|G�XYE@I}NHXYRHPHJ<b�W8GKW�Rcb�b!JAåySYb!J<wsIKXYR�aKJ4LMJ4N�G�JTG2b�W�L{E@GKWkGKR!XYN�W�Ei§MR�N@P@R�jyR�PZE@a�PHJ<bÖegJ4N@a�J4L{dZb!J/ 
#10 ù 3 / # ^`XYEHI<wsIyUJTJTIFEZNHJ�NHXYEHj�J4b�b�JF^`X�^ZEZb�WkGKR!XYNL/ #10 ù PHJ�GKW�R�b�b!J  �

�®y i f QC�EWg�yvC�EWClfh} g�D @AC�y e ?�B
Ï £ZNVPHJ8IyUJ4P@E@R!IKJ8b�W{GKW�R�b�b!J8PHJ�b�W{^`X�^ZE@b�WkGKR!XYN¥Js§yG�JTI*NHJ®/ 
# P@J  
# 	 ù'2 zW  
 SHb�W{^@IKXiwZUJ4P@EHIKJ�aKE@R�j&W�NOG�J0J4aKGEHGKR�bcR�aOUJTJ��ã e~Wkd`X�I}PfS`G�XYEHG�UJ4b©UJ4LMJ4NOG{P@J^/ 
# J4a�G�wsXYNZaKR�P>UJTIiUJÖäJTG�IKJ�aKR!GKE>UJ�P@W�N@a�aKXYN�^@IKX�^@IKJMwTb�EZa�G�JTI4�� ¡NZR!GKR�W�b!J4LMJ4NOGTSNHXYE@aFW4j�XYNZa�PHXYN@w  
# 	 ù32 wTbcW�a�G�J4EHI}aT�)â�NZaKE@R!G�J�S�b!J4a8P@R�a�GKW�N@wsJ4a0J4NOG�IKJMw}�@W�myEHJ¤^ZW�R!IKJ PHJ¤wTb�E@a�G�JTI}aFa�XYNOG�wTW�bÁÒwTE@b©UJTJ4a0wsXYL�LMJxaKEZR!G�J

� � Û � �î54 � î!î54 Û î #û6&87 � 6 ü9&:7 Þ
� p � � � r  

�¯J4a¤P@Rca�GKW�N@wsJ4a � p � � � r J4N�G�IKJ�b!J4a¤a�XYbcEHGKR!XYN@ax�FJTG���^`J4EHj�J4NOG�äJTG�I}JQwTW�b�wTE@b©UJTJ4aMP@W�N@a b(egJ4a�^�W�wsJVPHJ�P>UJ4wTR�aKR�XYNXYE\P@W�NZaxb(egJ4a�^�W�wsJ¥PHJ¥wsI}R�GszJTI}J4aTS�wsXYL�L�J¥b!J�«BXYN�G{b!J4axW�EHG�J4E@I}a�PHJ:�HÎ>â Ï � Ï ^@I4zJ4axwsJVwTW�b�wTE@b(S¯b�J4axwTb�E@aKG�JTI}a� 
 JTG<; 
 G�J4b�axmOEHJ � � ( Û ( � L�RcN � 6 Û & Ý () �
� Û�a�XYN�GxIyUJ4E@N@R�a8^`XYEHI�«BX�I}LMJTIxEZN_wTb�E@a�G�JTI�^ZbcE@a8��I}W�N@Pf�¯Ø�XYEHG�J4a{b!J4aP@R�aKGKW�N@wsJ4a � � ÛHa�XYNOG2W�b!X�I}a.IKJ4wTW�b�wTEZb*UJTJ4a�JTG2b!J4a.PHJ4Ei§¤wTb�E@a�G�JTI}a.b!J4a.^�b�E@a�^@IKXiw}�HJ4a�a�XYNOG2PHJ|NHXYEHj�J4W�E¤«�E@aKR�XYN@N[UJ4aJ4NVE@N¥a�J4EZb(�h�¯J0^@IKXiwsJ4aKaKE@a�J4a�G>IyUJT^>UJTGOUJÁu�E@a}mOEfe¬zWxwsJFmyEHJ0b�J0NHXYL{d@IKJFPHJ0wTb�EZa�G�JTI}a�WkG�G�J4RcN�G  
 �qãFW�NZa[w*�@W�mOE@JwTb�E@aKG�JTI4S�E@NHJFa�XYb�EHGKR�XYN�J4a�G>IKJTG�J4NyEHJ�� Ñ egJ4a�G>bcWxa�XYb�E@GKR!XYN¥PHXYNOG�b�WxP@Rca�GKW�N@wsJ0L�Xqì�J4N@NHJ8PHJ4a>W�EHG�IKJ4a�a�XYb�E@GKR!XYN@a
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� � ö�� � =¬ý�= �F����� � � � � ý �@� = � ö
�k�lØ�XYE@G�J�a�XYb�EHGKR!XYNV��Wk^Z^ZWkIKGKR!J4NOGxzWMa�XYN�wTb�E@a�G�JTIêô 4 û �>
 � � ���yXYR!G 4 �>
 4 ù �! ! ! �� 4 � ()@?BA3CD� b(egJ4N@a�J4L{dZb!J8PHJG�XYE@a<b!J4alwTb�E@a�G�JTI}a4�åy���iR î54¥î ë  
 S@^ZW�aKaKJTI zW�b(e¡UJTGKWk^`J , �0�iRcNHXYNfSi^ZW�aKa�JTI¤zW�b(e�UJTGKWk^`J � �� �lÎ�XYEHI8G�XYEHG0^�W�R!IFP@J{wTb�E@aKG�JTI}aTS`wTW�b�wTE@b!JTI8b!J4aFP@R�a�GKW�N@wsJ4aFEHGKR�bcR�aKW�NOGlb(e�UJ4mOEZWkGKR!XYN_wTRÁÒ�PHJ4aKa}E@aT��Ø�IKXYEHj�JTI8b!J^ZW�R!I p � ù � � ¾ r SZmOEZRfwsX�IKIKJ4a�^`XYN@P)zW�bcWMP@R�a�GKW�N@wsJ�L¥R�N@R�L�W�b�J��¢H�2î@E@aKR�XYN@NHJTI<b!J4a<wTbcE@a�G�JTI}a 4 û'E JTG 4 û�F �
1<JTG�XYEHI*NHJTI zW�b(e¡UJTGKWk^`JÈåy�, ��ã8W�N@a|w}�@W�myEHJ�wTb�EZa�G�JTI4SyG�IKXYEHj�JTIlb�W a�XYb�E@GKR!XYN�PHXYN�G|b�W¤P@Rca�GKW�N@wsJ�LMXqì�J4NZNHJ�PHJ4a�W�EHG�IKJ4a<aKXYb�EHGKR!XYN@a>P@ELxäJ4LMJxwTb�EZa�G�JTI<J4a�GlL¥R�N@R�L�W�b�J0JTG�UJ4bcR�L�R�NHJTI�G�XYEHG�J4a0b!J4a<W�EHG�I}J4a<a�XYb�EHGKR�XYN@a|P@E�wTb�E@aKG�JTI4�
�2e~W�b!��X�I}R�GK�@LMJM^@IiUJ4a�J4NOGOUJVRcwTR.«BW�wTR�bcR!G�J�b�W�wsXYLM^@IiUJ4�@J4N@aKR!XYNtP@E_LtUJ4wTW�N@R�aKL�J¥PHJ¥wTb�EZa�G�JTI}R�NH��L�W�Rca�wsX4äEHG�J½ p C p  
# 	 ù32 rHGqr �Wâ�N_JsÀ`JTGTS�b!JMwsXWäEHG�P@E_wTW�bcwTE@b�PHJ4a�P@R�aKGKW�N@wsJ4a�J4NOG�IKJMG�XYEHG�J4axb�J¤aKXYb�EHGKR!XYN@aFJ4a�G�P@J�b(egX�I}PHIKJ½ p CR ¦¾ r ��â�N@a}E@R!G�J�S³w*�@W�myEHJ�^ZW�aKaKWk��J|J4NOG�IKJ|PHJ|b(e�UJTGKWk^`J�å¤zWF¢�wsXWäEHG�Jl½ p  ¦¾ r JTG�R�b�J4aKG�IyUJT^>UJTGOUJ p  
# 	 ù32 þO 
 r«BXYR�aT�X±�W�R�a8J4N�«BW�R�GTS`Rcb�J4a�G�^`XYaKa}R!dZb!JxP@J IiUJ4PZE@R!IKJ¤b!JMwsX4äEHG�PHJMw}�@W�myEHJ�R!GyUJTI}WkGKR�XYN_PHJMwsJTG�G�J�d`XYE@wTb!J2u�E@a}mOEfe¬zW½ p  r J4N�EHGKR�b�RcaKW�N�G{b�WQ^@I}Xyw�UJ4P@EHI}JVW�aKaKJI��wsXYL�^Zb!Js§iJVmyE@R>wsXYN@aKR�a�G�J\zW¦a�G�Xyw}×�JTI�b!J4a¤R�NH«BX�I}L�WkGKR!XYNZaxaKEHI¤b!J4awTbcE@a�G�JTI}a�j�XYRcaKR�N@a�JTG b!J4a�LMJTG�G�I}J�zW^u�XYEHI Wk^@ITzJ4a{w*�@W�myEHJ¥«�E@aKR!XYN¯����e�UJTGKWk^�J , WqìYW�N�G¤E@N\wsXWäE@G{b�R�N>UJ4W�R�IKJ�^ZWkII*Wk^@^`X�IKG zW¥bcW�GKW�R�b�b�JxPHJ{bÖe~WkI}w}�@R�j�J�S�R�b�J4a�G0^`XYaKa}R!dZb!J�PHJ LMJTG�G�IKJ J4N M E@jOIKJ{b(e~W�b!��X�I}R!GK�ZLMJ{PHJ wTb�E@a�G�JTI*R�NH��PHJ«�W�+wsXYNQmyEHJxaKWMwsXYL�^Zb!Js§HR!GOUJxa�XYR!GF½ p CR ¦¾ r �

¹ i�º xW}jCO» e @ QCNE�CZnJ�®Ic;
�2e�UJTGKWk^`J0�2myE@R�wsXYN@aKRca�G�JFzW|G�IKXYE@j�JTI�b!J�LMJ4Rcb�b!J4EHI`«BIKXYN�G¯N@XYNiÒ�PHXYL�R�N>UJ2P@J //#�STJs§HR!��J>½ p CR ¦¾ r X�^�UJTI}WkGKR�XYN@aT��HR  JTG  
 a�XYNOGlP@E�LtäJ4LMJ{X�I}PHIKJ�S@b(e¡UJTGKWk^`J]å¤W¥b!J�LxäJ4LMJ{wsXWäE@GlPHJ�wTW�b�wTE@b�mOEHJ�bÖe�UJTGKWk^`JV�k�
�¯JxwTbcE@a�G�JTI}R�N@�wsXWäE@G�J�½ p CR ¦¾ r �(��WVwsXYLM^Zb�Js§iR!GyUJ�Pfe~W�E@G�IKJ4anUJTGKWk^�J4axPHJMb(e~W�b!��X�I}R!GK�ZLMJ{NHJMP>UJT^ZW�a}a�JM^ZW�a8wsJTG�G�J�jkW�b!J4EHI4���¯JwsXWäE@G<G�X�GKW�b�PHJ��HÎ>â Ï J4a�GlP@XYN@w�PHJ�b(egX�I}P@IKJx½ p CÃ ¾ r �

PNe DSfTg�DSD epi ?kE�CZn�� I�;
�2e�UJ4mOEZR�b�R!d@I}JlJ4NOG�IKJ�b�W GKW�R�b�b!J4a�PHJ4a�^`X�^ZEZb�WkGKR!XYN@a[Js§yG�JTI*NHJ�JTG<wsXYEHI}W�NOG�JxR�NHð�EHJ4N@wsJld`J4W�E@wsXYE@^Qb�W ^�JTI}«¬X�I�ÒL¥W�N@wsJ�PHJ�b(e~W�b!��X�I}R�GK�@LMJ��
�iRfb(e~WkI}w*�@R!j�J8J4a�G<G�I}X�^���I}W�N@PHJ�S@R�b�ì�WMb!J8I}R�aKmyEHJ8PHJ�NHXYNiÒ�wsXYNOj�JTIK��J4N@wsJ��Rã e~W�EHG�IKJ^�WkIKGTS¯aKR  
 J4a�G�G�IKX�^\^`JTGKR!GTS�b(egJsÀ�JTG{PHJ�b(e�UJ4b�R!GKR�a}LMJM^`J4EHGÂäJTG�IKJ¥^`JTI}P@E¯�)ãFJ�^�b�E@aTSfP@W�N@axb!J�PHJTI}N@R�JTI�wTW�axPHJN@XYLxd@I}J4E@a�J4a a�XYb�EHGKR!XYNZa{PHJ�b�W�^`X�^ZE@b�WkGKR�XYN)wsXYEHI}W�NOG�J�NHJ�a�JTIKXYNOGMPHXYL�R�N>UJTJ4a ^ZWkIMW�E@wTE@N@JVPHJ4aMaKXYb�EHGKR!XYN@aJs§iG�JTI}NHJ4a<JTGlb!J4EHI<jkW�b!J4EHI*a|PHJ�^`JTIK«¬X�I*L�W�N@wsJ�a�JTIKXYNOGlPHXYNZw�b!J4a<LtäJ4LMJ4aT��¯J4axaKXYb�EHGKR!XYN@a�Js§yG�JTI}N@J4a{PHXYL¥R�N@W�NOG�^Zb�E@a�P@J¥a�XYb�EHGKR�XYN@a�PHJ�bcW�^`X�^ZE@b�WkGKR!XYN_wsXYE@I}W�N�G�JVa�XYNOG�UJTj&W�bcE[UJTJ4awsXYL¥LMJ�LMXYRcN@aMd`XYN@NHJ4a�myEHJ¦b!J4a¥a�XYbcEHGKR!XYN@aMJs§iG�JTI}NHJ4aVmyE@R|J4N7P@XYL�R�NHJ4NOG¥LMXYR�NZaT�;ó0N¸G�J4b<^ZI}R�N@wTR!^`J�J4a�GuKE@a�GKR�£>UJ�aKJ4E@b!J4LMJ4NOG�mOEZW�N@P�G�XYEHG�J4a¥b�J4a�a�XYb�EHGKR�XYN@aMPHXYL�R�N>UJTJ4a¥a�J�G�IKXYEHj�J4NOG�G�I4zJ4a�^@IKXiw}�HJQPHJQbcW¦aKXYb�EHGKR!XYNP@XYL�R�N@W�NOG�J�� Ñ J4wTR0I*R�aKmyEHJ�PHJ¦«�W�E@aKa�JTI�b�Wt^@IKJ4aKa}R!XYN¸P@J�ayUJ4b�J4wsGKR!XYN�^`XYEHIVP@J4aVaKXYb�EHGKR!XYN@aVNHXYNiÒ�P@XYL�R�N>UJTJ4aTSa}EHIKG�XYEHG<W�Ei§�^@IKJ4L¥R!JTI}a�a�GKW�PHJ4a0PHJ�b(e�UJTj�XYb�EHGKR!XYN¯�â2GfJ4NH£ZN¯S4b!J2LtUJ4wTW�N@R�aKL�J�PHJ�wTb�EZa�G�JTI}R�NH�|W|G�J4NZP@W�N@wsJ0zW<NHJ�^ZW�af^@IiUJ4a�JTI}j�JTI�b!J4a¯RcN@P@R!jiR�P@E@a�mOEZR�a�J2G�IKXYEHj�J4NOGa}EHIlb!J4a|Js§iG�IiUJ4L�R!GyUJ4a8PHJxbÖe~WkI}w}�@R�j�J�SZwsJ{myE@Rf^`J4EHG<äJTG�IKJ{G�ITzJ4a0RcLM^`X�IKGKW�N�G|^`XYEHI0b�W¤d`XYN@NHJ�IKJT^@IiUJ4aKJ4N�GKWkGKR!XYN¦PHJbcWMaKEHIK«�W�wsJ�PHJ�Î.WkIKJTG�X¥^�WkIlb(e�UJ4b�R!G�J�£ZNZW�b!J��
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ì0XYE@a8W�b�b!XYN@aF^@IiUJ4aKJ4N�G�JTIxRcwTR�b�WVj�JTI}a}R!XYN�PHJ��HÎ>â Ï wsX�IKI}R!��UJTJ�^ZWkI�b!J4a8LtäJ4LMJ4axW�EHG�J4EHI}a ú ��� ô#û ���iÎ+â Ï åP@RÁÀ�zJTIKJ�PHJ�a�XYNQ^@IyUJ4P[UJ4wsJ4aKa�J4EHIFJ4N�^ZbcE@aKR!J4EHI*a[W�a�^`J4wsGKaT�Ø�XYEHG�Pfe~Wkd`X�I}PfS`b�W�GKW�R�b�b!J¤PHJ¤b(e~WkI}w}�ZR!j�J�/ 
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PHXYL�RcNHJx^`JTI}a�XYNZNHJ{JTG�^`JTI}aKXYN@NHJ¤NHJMb!J P@XYL�R�NHJ r SfR�b�J4a�G�W�wTwsJT^@GyUJ�PZW�N@a8b(e~WkI}w}�ZR!j�JnzW�b�W�wsXYN@P@R!GKR!XYN¦myEHJMb�WGKW�R�b�b�J�bcR�L�R!G�J|PHJlbÖe~WkI}w}�@R�j�JlNfegJ4a�G2^�W�a2J4N@wsX�IKJFWkG�G�J4R�NOG�J��� hbHJ4a�G[wTbcW�R!I�myEHJ<P@W�N@a2wsJFPHJTI}N@R�JTI2wTW�aTSOb!Jl^ZWkIKJ4NOGJ� #«�W�R!G�^ZWkIKGKR!J<P@J<b(e~WkI}w}�ZR!j�J�S�b�E@RiW�E@a}aKR(�YÎ�XYEHI�P>UJ4wTR�P@JTI[myE@RHa�JTI}W�b!Jl^ZWkIKJ4NOG2P@W�N@a2wsJTG�G�JFaKR!GKE@WkGKR!XYN¯SYb!J4a2PHJ4N@a}R!GOUJ4aPHJ4a<aKXYb�EHGKR!XYN@a�P@W�NZa<b!J4a|j�XYR�a}R�N@Wk��J4a<PHJc��#�JTGlPHJ�®m#�a�XYNOG<wsXYLM^ZWkIiUJTJ4aT���W_LMJ4aKEHIKJQP@JQb�W_PHJ4N@aKR�GOUJ�PHJ4a�a�XYb�E@GKR!XYN@a¤P@W�N@a�Î Ï â.�ÊJ4aKG¥P@RÁÀlUJTIKJ4N�G�J�PHJQwsJ4b�b!J4a�myEHJQNHXYEZa�W4j�XYN@aIKJ4N@wsXYNOG�IiUJTJ4a�P@W�N@a2P¯e~W�EHG�IKJ4a�LÊUJTGK�@XyPHJ4a(uKE@aKmyEfe¬zW�L�W�R�NOG�J4N@W�NOGT�OØ�XYEHG[bÖegJ4a�^ZW�wsJlPHJlIKJ4w}�HJTI*w}�HJFJ4a�G[PZR!jyRcaOUJ|J4Np å ø r 9 �OìO^`JTI}wTE@d�J4ac±QÒ�P@R�LMJ4NZaKR!XYN@NHJ4bcaTS�X¯zE � J4a�G{E@N_^ZWkI}W�L�zJTG�I}J�P>UJT£ZN@R2^ZWkIxb(e~EHGKRcb�R�aKWkG�J4EHIq�0��J�NHXYLxdZIKJPHJ<a�XYbcEHGKR!XYN@a2PZW�N@a2w}�ZW�mOEHJF��ìy^`JTI}wTEHd`J�J4a�G[wTW�bcwTE@b*UJ��T��W�LMJ4aKEHI}JlPHJlP@R�j�JTI}aKR!GyUJlPfe~EZNHJ<a�XYb�EHGKR�XYNMJ4a�G�P>UJT£ZNZR!JwsXYL�LMJQb�JQNHXYLxdZIKJQPHJQa�XYb�E@GKR!XYN@a¤mOEZR|a�XYN�G�aKR!GKE>UJTJ4a¥PZW�N@aMb!JQLtäJ4LMJn�Oìy^�JTI*wTEHd`J p j�XYR�I¥b�W�£@�YEHI}J � � ô r ��2e~E@GKR�b�R�aKWkGKR�XYN_PHJ4a�^ZEZR�aKaKW�N@wsJ4axPHJ�å�^`JTI}L�JTGxb�WQP@R�jyR�a}R!XYN�IyUJ4wTEHI}aKR�j�J�PHJ¥bÖegJ4a�^ZW�wsJ�P@J�IKJ4w}�@JTI}w}�HJVJTGxI}J4N@P^Zb�EZa[JTÂ�wTW�wsJ{b�WMb!XiwTW�b�R�a}WkGKR!XYN�JTGlb!J�^ZbcW�wsJ4LMJ4N�G0PHJ4a<a�XYb�E@GKR!XYN@a|P@W�N@a|bcW¤��I}R�b�b!J��
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â[N_wTW�axPHJMP>UJT^ZW�aKaKJ4LMJ4N�G PHJ�b�WVGKW�R�b�b�J¤bcR�L�R!G�J�S`b�W�L�R�aKJQzW^uhXYEHI�P@J�b(e~WkI}w}�ZR!j�J¤J4a�G�«�W�R!G�J�wsXYL�LMJ¥a}E@R!GT�Ø�XYEHG[Pfe~Wkd`X�I}P¯SOb(e~�OìO^`JTI}wTE@d�J<wsXYNOG�J4N@W�NOG|b!J0NHXYL{d@IKJFL�W&§HR�L�W�bZP@J0a�XYb�E@GKR!XYN@a2J4aKG>R�P@J4N�GKR!£�UJ��>�iRZbcWxa�XYb�E@GKR!XYNJ4N�myEHJ4a�GKR!XYN p wTW�NZP@R�P@WkG�J<^`XYEHI�I}J4N�G�IKJTI[P@W�N@a2b(e~WkI*w}�@R!j�J r N¯e~Wk^@^ZWkIKGKR!J4NOG�^ZW�a0zWxwsJTG[�OìO^`JTI}wTEHd`J�SkJ4b�b!J�IKJäu�XYR�NOGb(e~WkI}w*�@R!j�J{GKW�N@P@R�aFmOE¯e~E@NHJ{P@J4aFaKXYb�EHGKR!XYN@a0PHJ¤b(e~��ìy^`JTI}wTEHd`Jxb!J{^Zb�E@a�ïh^`J4EH^Zb©UJ�ðiS`w}�HXYR�a}R!J W�b©UJ4WkG�XYR�IKJ4LMJ4NOGTSfJ4NJ4a�G�UJ4b�RcL�R�N>UJTJ��

¹ i�º x5}jC�» e @ QCNEWC��%;:I�n
â[NÍE@NHJ���UJ4N[UJTI}WkGKR!XYN;PHJQÎ Ï âo��S[½ p CÃ r wsXYL�^ZWkI}W�R�a�XYNZa�a�XYNOG�N[UJ4wsJ4aKaKW�R!IKJ4a¥^`XYEHIMj�XYR!I�aKR|b(egJ4N@«BW�NOGPHXYL�RcNHJ�mOEHJ4bcmOEHJ4a|aKXYb�EHGKR!XYN@a|P@J�b(e~WkI}w}�ZR!j�J p PHJ�GKW�R�bcb!J  r ���X�I}a�PHJnbÖe~W�N@W�b!ìia�JnPHJQb�W)P@R!j�JTI}aKR�GOUJ�S[b(e~��ìy^`JTI}wTEHd`J�PHJnw*�@W�mOE@J�LMJ4L{d@IKJnP@Jnb(e~WkI}w*�@R!j�JQJ4a�G�Pfe~Wkd`X�I}PR�PHJ4NOGKR!£�UJ�S>wsJ¦myE@R<wsXWäEHG�J)½ p  ¦C � r wsXYLM^ZWkI}W�Rca�XYN@a�^�XYE@I¥b(e~WkI}w*�@R!j�J�PHJ  UJ4b©UJ4LMJ4NOGKaT�<Ø�J4blJ4a�GVb!J�wsXWäE@GPfe~E@N@Jx��UJ4N[UJTI}WkGKR!XYN\P@J Î Ï â.���(±�W�R�aF^�XYE@IFwsXYLM^�WkIKJTI�b�W�wsXYL�^Zb!Js§HR!GOUJ¤P@J wsJTG�G�J�LÊUJTGK�HXiPHJMW4j�J4wMwsJ4bcb!J P@J4aW�EHG�IKJ4a Ï â%± ñ S�Rcbf«BW�E@G0G�XYEHG8Pfe~Wkd`X�I}PnIKJ4L�WkI}myEHJTI0myEHJ  ��UJ4N[UJTI}WkGKR!XYN@a�PHJ Î Ï âo�naKXYN�GQUJ4mOE@R�j&W�b!J4NOG�J4a�zWE@NHJF��UJ4N[UJTI}WkGKR!XYN�PHJBì�� ¿�Ï ÒB \ [XYEl�iÎ>â Ï J4N�G�JTI}LMJ�P@J8N@XYLxd@I}JFPHJ�NHXYE@j�J4b�b!J4a�a�XYb�EHGKR�XYN@a>G�IKXYEHj2UJTJ4a<JTG<PHJNHXYL{d@IKJ�Pfe¡UJTjkW�b�E@WkGKR!XYNZaT�

�®I�n(;
Ï ^@I4zJ4a�Î Ï âo��S<b!J4a�LtäJ4LMJ4anW�EHG�J4EHI}a�XYNOG�^@IKX�^`XYayUJ\E@NHJ�W�EHG�IKJ\LÊUJTGK�@XyPHJ\Wk^Z^�J4b©UJTJ\Î+â.� Ï Ò ù ÆkÅ
¼ Ä.¿Õ Ç Û ¼ Æ�¿"Å ¼ ý � Æ ° ¼ ¾�½ ¼ Æ ¼�Á Ä�È!¿ Ç Î@Æ �C¿ Å ÈKÄBË É ú É û �¤ã8W�N@a�Î>âo� Ï S�b�J�^@I*R�N@wTR!^`JnPHJ_b(e~WkI*w}�@R!jkWk��J_PHJ4a�a�XYb�E@GKR!XYN@aNHXYNiÒ�P@XYL�R�N>UJTJ4a JTG�b�W¦G�J4w}�@NZR�mOE@J�P@J�^@IiUJ4aKJTIKj&WkGKR�XYNvPHJ�b�W¦P@R!j�JTI}aKR�GOUJ�a�XYNOG�b!J4a¤LtäJ4LMJ4a�myEHJ�P@W�N@aMbÖe~W�b!��XkÒI}R!GK�ZLMJ<^@IiUJ4wsJ4P@W�NOGT��ã8W�N@a[Î+â.� Ï SOwsXYL¥LMJFPZW�N@ao�HÎ>â Ï åySOaKJ4E@b!J4a>b!J4a�a�XYbcEHGKR!XYN@a[PHJ0b(e~WkI*w}�@R!j�J0^ZWkIKGKR�wTR�^�J4NOGW�E�^@I}XywsJ4aKa}E@a|PHJ�jkWkI}R�WkGKR!XYN@a<��UJ4N>UJTGKRcmOEHJ4a4�



íh�����¸6�:�1T3�1Kµ ´ 6 / ¶vµi6 ô�µV986¸: / 9Fñ ´ 1ºô / ô ² 6 ²�,
� � ö�� � =¬ý�= �F��ÿ � ã ��k� ¿ UJ4N[UJTIKJTI|JTG�UJTjkW�b�EHJTI�E@NHJl^�X�^�E@b�WkGKR!XYN(ï�R�NOG�JTI}NHJ�ð p jh/ r PHJ�/ t R�N@P@R!jiR�P@EZaT�GóFNHJl^`X�^ZEZb�WkGKR!XYN0ïhJs§iG�JTI�ÒNHJ�ð p3� / r J4a�GlW�EnP[UJTdZEHGlE@N�J4NZa�J4Lxd�b!J�jyRcPHJ��åy��±QJTG�G�I}J�zW�u�XYEHIlb(e~WkI}w*�@R!j�J p3� / r �� ���iR�b!J¥wsI*R!GszJTIKJ�Pfe~WkI}I�äJTG�J4a�G{a}WkGKR�a�«�W�R!GTS¯b(egJ4N@a�J4L{dZb!J p3� / r J4aKG�IKJTG�XYEHI}N>UJVwsXYL�LMJ�IyUJ4aKE@b!GKWkGxP@J¥b(egX�^@GKRÁÒL�R�aKWkGKR�XYNf�V�iR�NHXYN¯SHjyR�P@JTI<b(egJ4N@a�J4L{dZb!J p jT/ r JTG0IyUJT^>UJTG�JTI8bcWM^@IKXiwZUJ4P@EHIKJxa}E@R!jkW�N�G�JouKE@aKmyEfe¬zWMwsJ mOEHJ�/ tNHXYEHj�J4W�Ei§�R�N@PZR!jyRcP@E@a�aKXYR!J4N�Gl��UJ4N>UJTIiUJ4a�ô

ø;Ï j�J4w{b�WM^@I}X�dZWkdZR�b�R�GOUJ.� 7 SZayUJ4b�J4wsGKR!XYN@NHJTIFPHJ4Ei§�^ZWkIKJ4NOGKalPHJxbcWM^`X�^ZE@b�WkGKR!XYN p3� / r SZX�d@G�J4NZR!IlE@Na�J4E@b�J4N@«BW�NOG¯J4Nxb�J4a¯wsIKXYR�aKW�NOG¯JTG�L EHG�JTI�wsJTG�J4NH«�W�N�GT� Ï j�J4w[b�W�^@IKX�d�WkdZR�b�R!GyUJ p � þ � 7 r S³ayUJ4b!J4wsGKR�XYN@NHJTIE@N�^ZWkIKJ4NOGlPHJ p3� / r JTGlb�J�L{EHG�JTIq�¢H�21<JTG�XYEHI*NHJTI zW�b(e¡UJTGKWk^`JÈåy���W�^@I}Xyw�UJ4P@EHI}J<PHJlb�W�L�Rca�J{zW.u�XYEHI�PHJ<b(e~WkI*w}�@R!j�J p3� / r J4aKG[R�PHJ4NOGKR�myEHJxzW�wsJ4b�b!J<P@JlÎ Ï âo����â�b�b�J<wsXYLM^ZWkIKJG�XYE@G�J4alb!J4a<aKXYb�EHGKR!XYN@a�NHXYNHÒ�PHXYL�R�N>UJTJ4a0PHJ p jh/ r S�E@NHJ�^ZWkIlEZNHJ�S@W�Ei§�LMJ4LxdZIKJ4a<PHJ p3� / r ���W8aOUJ4b!J4wsGKR!XYN�PHJ4a.^ZWkIKJ4NOGKalzW�b(e�UJTGKWk^`J � J4a�G�dZW�ayUJTJla}EHI�b�W8LMJ4aKEHIKJ|PHJ|P@R�j�JTI}aKR!GyUJ<myE@RyJ4a�G2Wk^@^`J4b*UJTJ|^ZWkI2b!J4aW�E@G�J4EHI}a<ï�aKmyEHJTJI�TJ<«�W�wsG�X�I�ðxJTG�mOEZRiJ4a�G�wTW�b�wTE@b©UJTJ�SywsXYL�LMJlPZW�N@alzW�Î Ï âo��SYwsXYL�LMJFb!J|NHXYL{d@IKJ<PHJlaKXYb�EHGKR!XYN@aPZW�N@a8b!JMLxäJ4LMJ¥�OìO^`JTI}wTEHd`J mOEHJMb�W�a�XYbcEHGKR!XYN¦J4N_mOE@J4a�GKR!XYNf���iR.b�W�ayUJ4b!J4wsGKR!XYN\^ZWkI�G�XYEHI}NHXYR�J4a�G�J4L�^Zb!Xqì2UJTJ�SP@J4Ei§ a�XYbcEHGKR!XYN@a.PHJ<b(e~WkI*w}�@R!j�J<aKXYN�G�w*�HXYR�aKR�J4a�W�b*UJ4WkG�XYR!IKJ4LMJ4NOG�JTG�wsJ4bcb!J�SYPHXYNOG2b�WFj&W�b!J4E@I2PHJPï�aKmyEHJTJI�TJl«�W�wsG�X�I�ðJ4aKG<^Zb�E@a>^`JTGKR!G�J��YWk�YNHJ��
PNe DSfTg�DSD epi ?

Ñ �@W�wTE@NHJ8PHJ4a�PHJ4Ei§¥LÊUJTGK�@XyPHJ4a4S@Î Ï â.�¥JTG|Î>âo� Ï SOJs§HR!��J�b�W P[UJT£ZN@R!GKR!XYNVPHJ8PHJ4Ei§¥^�WkI}W�L�zJTG�IKJ4a<R�L�^�X�IKÒGKW�NOGKa�ô.b�W�GKW�R�bcb!J¥PHJVb(e~WkI}w}�ZR!j�J  JTG¤b!J�^ZWkI*W�L�zJTG�IKJ�PHJ�P@R�j�JTI}aKR!GyUJ � ����J�NHXYL{d@IKJVPfe~��ìy^`JTI}wTEHd`J4a�w*�@W�NH��JJs§i^`XYNHJ4NOGKR!J4b�b!J4LMJ4NOG<W4j�J4w¤b!J{w}�@W�NH��J4L�J4N�G8PHJ � S�wsJ mOE@R¯IKJ4N@PQ^�b�EHGGäX�G<P@R!Â�wTR�b!J�b!JxwsXYNOG�I{äXYb!J WkIKdZR!G�I*W�R!IKJ�PHJbÖe~E@N@R!«BX�I}L�R!GyUJ�PHJ<b�W8IiUJT^ZWkI}GKR!GKR!XYN�PHJ4a�a�XYb�EHGKR!XYN¯�#ãFJ<^�b�E@aTSk^`XYEHI�G�IKXYEHj�JTI>b�W8b!XYNH�YEHJ4E@I2PHJlw}�ZW�mOEHJ0wväX�GOUJFPfe~E@N�Oìy^�JTI*wTEHd`J�S�R�b.«�W�EHG�wsXYN@NZWêä %!G�IKJMXYE�J4a�GKR�L�JTIxb!JMI}W�NH�QP@J4a8j&W�b!J4E@I}a�PHJ�w}�ZW�mOEHJ¥«¬XYN@wsGKR�XYN�X�dwuhJ4wsGKR�«�S�wsJ�myE@RJ4aKGlP@R!Â¥wTRcb!J0^`XYEHI<bcW¤^Zb�EH^ZWkI}G>PHJ4a<^@IKX�dZb(zJ4LMJ4a<IyUJTJ4b�aT�Ñ XYLM^@G�J>G�J4NOE¤PHJ>b(e~W�N@W�b!ìia�J>PHJ>bcWlwsXYLM^Zb�Js§iR!GyUJ|PHJ�Î Ï âo��S³E@N@J[R!GyUJTI}WkGKR!XYNMP@J[Î>âo� Ï wsXWäEHG�J<½ p C �h ¾ r �
ñ¤ê��dê6� �¤«J�é¦a¨
ª��«��/�X¦a­]¨���¬N�Ûª,¨�¯J4a�G�I}Wqj&W�EH§MwsXYL�^ZWkI}W�NOG[b!J4a Ï â%± ñ NHJ0b�W�R�aKa�J4NOG�^ZW�a2P@J<PHXYEHG�J ú ��� \#û aKEHI�b!J|«�W�R!G2myEHJ<b(e~R�NOG�IKXiP@E@wsGKR!XYNP@J�bÖe�UJ4bcR!GKR�aKLMJ�W_LMJ4N>UJtzW_PHJ4a¤^`JTIK«BX�I}L�W�NZwsJ4aMNHJTG�G�J4LMJ4NOG¥aKEH^�UJTI}R�J4EHIKJ4aT�.Î.WkI¥wsXYN�G�I}J�S�b!J4aMwsXYLM^ZWkI*W�R�a�XYN@aP@J PHJTI*N@R�zJTIKJ4a�LÊUJTGK�HXiPHJ4a¦UJ4b�R!GKRca�G�J4aFJ4N�G�IKJMJ4bcb!J4a8NHJ{^`JTI}L�JTG�G�J4N�G�^ZW�a8PHJ¤«�W�R!IKJ¤E@N�w}�HXYR!§¦aKW�N@a8�>UJ4aKR�GKWkGKR!XYNf� hb�J4a�GxP@R�Â¥wTR�b!J PHJ�P@R!IKJ¤myEHJ�b�WV^`JTIK«¬X�I*L�W�N@wsJ�Pfe~E@N�PHJ4axW�b!��X�I}R!GK�@L�J4a �iÎ>â Ï åyS4ìc� ¿8Ï ÒB \ 0JTG�Î+â.� Ï J4a�GL�J4R�b�b!J4EHI}J{PHJMwsJ4b�b!J4a�P@J�PHJ4Ei§¦W�E@G�IKJ4aT� ü R!G��4b�JTIFJTG�W�bÖ� ú ��� ô{û XYN�G�UJTGKWkd�b�R�mOE¯e~W�Ei§�^@I}J4L�R�zJTIKJ4a���UJ4N>UJTI}WkGKR!XYNZaTSÎ+â.� Ï aTe~Wk^Z^@IKXiw}�HJ ^Zb�E@a<jyR!G�J PHJ{bcW¥aKEHI}«BW�wsJ¤PHJ4aFwsXYLM^@IKXYL�RcaTSZL�W�R�aFb�W¥^�JTI}«¬X�I}L¥W�N@wsJx£ZNZW�b!JxPHJ��iÎ>â Ï åJTG�PHJ@ì�� ¿8Ï ÒB ] 2a�J4Lxd�b!JÈäJTG�IKJ�LMJ4Rcb�b!J4EHIKJ0aKEHI�wsJTIKGKW�R�N@a[^@IKX�dZb(zJ4L�J4a[G�J4aKGKa>W�E�a�J4NZa>P@J0b�W LtUJTG�I}R�myEHJ8EHGKR�b�R�ayUJTJPZW�N@a�b!J4EHI UJTGKE@PHJ�� Ñ J<wsXYLM^`X�IKG�J4LMJ4NOG�PHJ<Î>âo� Ï J4aKG�^@IKX�dZWkdZb�J4LMJ4N�G�P;äE¯SkW�E¥P[UJTdZEHG2PHJ|b(e¡UJTj�XYb�EHGKR�XYNfS�zW�E@NHJ^�b�E@a���I}W�NZPHJ0R�NOG�J4N@aKR�GOUJ8PHJFb(e�UJ4b�R!GKR�aKL�J�SYJTGTSij�JTI}a[bcW�£ZN�PHJ0b(e¡UJTj�XYb�E@GKR!XYNfS¯zW{b�W{P@R!Â¥wTEZb!GOUJlP@EVw}�HXYRÁ§¥Wk^Z^@IKX�^@I}R©UJPZE�^ZWkI}W�L�zJTG�IKJ � S@J4NQLtäJ4L�J�G�J4LM^Za0mOEfe¬zWMbcW¤«¬X�IKG�J{R�NHðZEHJ4NZwsJ8P@J�wsJ�^ZWkI}W�L�zJTG�IKJ aKEHI<b�W¤^`JTIK«BX�I}L�W�NZwsJ�� ¡b.NHJ¤«�W�EHG8^ZW�aFXYEHdZb�R!JTI8myEHJ¤G�XYEHG�J�W�N@W�b!ìia�JMwsXYLM^ZWkI}WkGKR�j�J�PHJ4a Ï â.± ñ J4aKG8bcR�L�R!GyUJTJMNHXYN�a�J4E@b!J4L�J4N�G^�WkI8b�J¤w*�HXYRÁ§_PHJ4a8G�J4a�GKa�L¥W�R�a�W�E@aKaKR.PHJ4a�LÊUJTG�I*R�mOE@J4a�PHJ¤^`JTIK«¬X�I*L�W�N@wsJ p wsJM^@IKX�dZb(zJ4L�J «BJTI}W�b(egX�d>uhJTG�PHJMb�WPZR�aKwTE@aKa}R!XYN\PHJ�b�W¦a�J4wsGKR!XYNÊ¢H�æå r �d��W�£@�YEHIKJ � � É�IyUJ4aKE@LMJ�myEHJ4b�myEHJ4a_UJTGKEZPHJ4aMPHJ�wsXYLM^ZWkI}W�R�aKXYNÊP@J4a Ï b!��XkÒI*R!GK�@LMJ4a,â2j�XYbcEHGKR!XYN@N@W�R�IKJ4a.±�E@b!GKR!Ò ñ dwu�J4wsGKR!«�SiPHXYNOG<b�W ^Zb�EH^�WkIKG[a�XYNOG|«�W�R!G�J4a|^ZWkI<b!J4a|W�E@G�J4EHI}a|PHJ�NHXYEHj�J4W�EH§W�b���X�I}R!GK�@LMJ4a|PZW�N@a<b!J�wTW�PHI}JxPHJ�b!J4EHI|jkW�b�R�PZWkGKR!XYNf�
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�ÂÁRÃ-ÄRÅ
ÆÇ ÃkÁ¥ÈVÅ�ÉAÊkË�Ë�ÁRÌ�È Ç Å�Á�Í�ÊkÎ Ç ÎÐÏ�Î£ÉAÑÒÁRÊkÌ Ç Î Ç ËlÓW¾z����ÔXÊkÃÕÌÕÖØ×�Á�Í�ÁRË Ç Ï\P Ç ÁRÏ�ÈVÉAÏ£ÍÙÎ ÇÛÚ�Ç Ì Ú Á Ú Ê?O Ç ËÎÕÖJÁRÎÐÁ�Í Ú�Ç Å�Î Ç ËÜÉRÍÝÆÇ Å�Á Ú�Ç Ï£Å#Ë�Ä*ÆÇ Ì&ÆÇ�Ú ÊkÞNÏ Ç ËQÁRÏ[P�Ï Ú Í�Á�Å Ú Ê^È�ÏÐÃkÊ Ç Å�Î Ç ÃkÁlÅ Ç È�ß Ç Å#È�ß Ç Î Ç ÃnÖ Ç ÌÐË Ç ÑQP�Ã Ç Ì£ÉAÌ
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ÊkÎÐÏÐË[Î£ÉAÌ Ú ÃkÁ~ÎÐÊkË Ú ÁRÌ�È Ç YzÑ Ç Ë�ÏÐÅæÆÇ�Ç ÎÐÁRÌ�Ë(ÃnÖ Ç Ë�Í�ÁRÈ Ç Î Ç Î&ÆÇ È�ÊkË�Ê-ÉAÌÛÉAÏÛÎ�ÁRÌÐË(ÃnÖ Ç Ë�Í�ÁRÈ Ç Î Ç Ë�ÈVÅ�Ê Ú�îÇ Å Ç Ë"F Ç S£È îÇ Î ÇÏ�Ì Ç O�ÁRÃ Ç ÏÐÅ � �
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ÆÇ Ë Ç Ì Ú�Ç Ì Ú ÏÐÌ�Á�Å�ÄAÏÐÑ Ç Ì ÚÍXÉAÏ£ÅÛÃ Ç È#ß£ÉAÊTSòÎ Ç ËÛÍ�Á�Å Ç Ì Ú ËÛÎ�ÊkË�Ë�ÊkÑ�ÊkÃkÁRÊ-Å Ç Ë ² ÃnÖJÊ^Ì£íjÉRÅ#ÑÒÁ Ú Ê-ÉAÌóíiÉAÏ£Å�ÌÐÊ Ç Í�Á�ÅÛÎ Ç�Ú Å îÇ Ë�ÎÐÊCH\ÆÇ Å Ç Ì Ú ËÛÈVÉAÑ�Í�Å�ÉAÑÒÊkËÍ Ç Ï Ú ýÇ�Ú Å Ç ÈVÉAÑQP�Ê^Ì&ÆÇ�Ç Î Ç ízÁn½ÈVÉAÌ îÁòÍ Ç Å�Ñ Ç�Ú�Ú Å Ç ÃnÖØÉ*P Ú�Ç Ì Ú Ê-ÉAÌqÎ�ÖJÁRÏ Ú Å Ç Ë Ú ×NÍ Ç ËsÎ Ç P[ÉAÌ�Ë¥ÈVÉAÑ�Í�Å�ÉAÑÒÊkË	`Dü(ÁÌ2ÆÇ È Ç Ë�Ë�Ê Ú ÆÇ ÎÐÏ�ÈVÅ�ÉAÊkË Ç Ñ Ç Ì Ú Å Ç Ë Ú Å Ç ÊkÌ Ú Î�ÁRÌÐË&Ã Ç Ë&Ó"¾>�v�ôÁóÆÇ�Ú ÆÇ Ë�ÉAÏÐÃ^Ê-ÄAÌ&ÆÇ�Ç ÁRÏÐË�Ë�Ê�Í�Á�ÅÝõ?ÁRËBþ�öæÊ Ç�÷ ÊkÈ�þ¾á>Î U�ä `��lÅ Ôr�Ê Ú þ Ã Ç Å Ç�Ú syßÐÊ Ç Ã Ç á ¡$¡ Ô�ä ÉAÌ Ú ÈVÉAÌ�Ë Ú Á Ú ÆÇ ÃnÖJÁ�P�Ë Ç ÌÐÈ Ç Î�ÖJÁRÑøÆÇ ÃkÊ-ÉRÅ#Á Ú Ê-ÉAÌ�Î Ç Ã Ç Ï£ÅTÅ
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ÆÇ Ë Ç Ì Ú Á Ú Ê-ÉAÌøÁRË�Ë Ç þ�Í�Á�Å Ú ÊkÈ�ÏÐÃ^Ê îÇ Å Ç Ô�ÉAÌ ÚLÇ Ë�Ë�Á ×�ÆÇ Î Ç ÎÐÊCH\ÆÇ Å Ç Ì Ú�Ç Ë�Ë Ú Å�Á Ú ÆÇ ÄAÊ Ç Ë�Î ÇÅ Ç Ë Ú Å�ÊkÈ Ú Ê-ÉAÌhÎÐÏhÈ#ß£ÉAÊTS�Î Ç Ë�ÊkÌÐÎÐÊ?OæÊkÎ�ÏÐËXÍXÉAÏ£Å�ÃkÁlÅ Ç ÍÐÅ�É
ÎÐÏÐÈ Ú Ê-ÉAÌ�`�ü Ç Ï£Å�ËÜË Ú Å�Á Ú ÆÇ ÄAÊ Ç Ë2ÈVÉRÅ�Å Ç Ë�ÍXÉAÌÐÎ Ç Ì ÚyîÁdÃkÁGÑÒÊkÌÐÊ9]Ñ�ÊkË�Á Ú Ê-ÉAÌ¥ÉAÏ îÁÛÃkÁ�ÑÒÁ�S£ÊkÑÒÊkË�Á Ú Ê-ÉAÌ¥Î Ç ÎÐÊ?O Ç Å�Ë Ç Ë2Ñ Ç Ë�Ï£Å Ç ËÝÎ Ç ÎÐÊkË�Ë�ÊkÑÒÊkÃ^Á�Å�Ê Ú ÆÇ ÔAÎ£ÉAÌ Ú ÃkÁ�ÎÐÊkË�Ë�ÊkÑÒÊkÃ^Á�Å�Ê Ú ÆÇ ÁRÏsË Ç ÌÐËÎ�Ï�Å�ÁRÌÐÄhÎ Ç ÎÐÉAÑÒÊkÌÐÁRÌÐÈ Ç `Ðý Ç�Ú�Ú�Ç ÆÇ�Ú ÏÐÎ Ç Ï Ú ÊkÃkÊkË Ç ÏÐÌsÓW¾z���ôÎ£ÉAÌ Ú ÃnÖDÆÇ ÃkÊ Ú Ê^Ë�Ñ Ç Ë Ç P�ÁRË Ç Ë�Ï£ÅTÃkÁhÑÒÁRÊkÌ Ú�Ç ÌÐÁRÌÐÈ ÇÎ Ç ÃnÖJÁ�Å�È#ßÐÊ9O Ç Î Ç Ë&ÊkÌÐÎÐÊ?OæÊkÎ�ÏÐË*ÌÐÉAÌl]{Î£ÉAÑÒÊkÌ2ÆÇ ËA`�ü�Ö Ç�þ È�ÁRÈ�Ê Ú ÆÇ ÎÐÏ�ÈVÅ�ÉAÊkË Ç Ñ Ç Ì Ú Î Ç ËQÊkÌÐÎ�Ê9OæÊ^ÎÐÏÐË(Î Ç ÃnÖJÁ�Å�È#ßÐÊ9O Ç ÁwO Ç ÈÈ Ç Ï
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O�ÆÇ�Ç Ë~ÁwO Ç È Ç�Ú Ë�ÁRÌÐËTÅ Ç Ë Ú Å#ÊkÈ Ú Ê-ÉAÌ4`

üQÖØÉRÍ2ÆÇ Å�Á Ú�Ç Ï£ÅGÍÐÅ�ÉRÍXÉAËæÆÇ ÎÐÁRÌ�Ë\È Ç È�ßÐÁ�Í�Ê Ú Å Ç Á ÆÇ�Ú ÆÇ ÊkÌÐÊ Ú ÊkÁRÃ Ç Ñ Ç Ì Ú Í Ç ÌÐËNÆÇ ÈVÉAÑÒÑ Ç ÏÐÌÙÑ�É�× Ç Ì�Î�ÖJÁRÈ�È�ÆÇ Ã#ÆÇ Å Ç ÅÃkÁ|ÍÐÅ�ÉRÄRÅ Ç Ë�Ë�Ê-ÉAÌvÎ Ç ÃkÁ|ÍXÉRÍ�ÏÐÃkÁ Ú ÊkÉAÌ\O Ç Å#ËdÃkÁsË�Ï£Å�ízÁRÈ Ç Î Ç�G Á�Å Ç�Ú É
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]{Î£ÉAÑÒÊkÌ2ÆÇ ËyÁwO Ç ÈÛÈ Ç Ï
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F%�� ¡ ]�
F%��\å�`�g*Á�ÈVÉAÑ�Í�Á�Å�ÁRÊ^Ë�ÉAÌùÎ Ç ÃkÁ�OæÊ Ú�Ç Ë�Ë Ç Î�ÖJÁwO�ÁRÌÐÈ Ç Ñ Ç Ì Ú Î Ç ËTÄ*ÆÇ Ì&ÆÇ Å�Á Ú Ê-ÉAÌÐË~Ã-ÉRÅ�ËTÎ Ç Ë Ç Ë�Ë�ÁRÊkËyÁAO Ç È Ç�ÚË�ÁRÌÐË~Ï Ú ÊkÃkÊ^Ë�Á Ú Ê-ÉAÌsÎÐÏÂÈVÅ�ÉAÊkË Ç Ñ Ç Ì Ú ÆÇ ÃkÊ Ú Ê^Ë Ú�Ç ízÁRÊ Ú ËyÍXÉAÏ£Å\Ã^ÁÒÑ jÇ Ñ Ç Í[ÉRÍ�ÏÐÃkÁ Ú Ê-ÉAÌùÊkÌ�Ê Ú ÊkÁRÃ Ç Ñ�ÉAÌ Ú Å Ç È�Ã^ÁRÊ-Å Ç Ñ Ç Ì ÚÃnÖJÁwO�ÁRÌ Ú Á�Ä Ç ÞæÏ Ç È Ç ÈVÅ�ÉAÊkË Ç Ñ Ç Ì Ú Í Ç Ï Ú Á�ÍÐÍXÉRÅ Ú�Ç ÅfYeORÉAÊ-Å�Ô£Í�Á�Å Ç S Ç Ñ�Í�Ã Ç ÔÐÃ Ç Ë ñ ÄAÏ£Å Ç Ë U `:åæÔ U `Øã£Ô U `�JAF,`ý Ç�Ú ÁAO�ÁRÌ Ú Á�Ä Ç\Ç Ë Ú ÁRÈ�È�Ï�ÑÛÏÐÃ"ÆÇ Í Ç ÌÐÎÐÁRÌ Ú ÞæÏ Ç Ã Ç ÈVÅ�ÉAÊkË Ç Ñ Ç Ì Ú ÆÇ ÃkÊ Ú Ê^Ë Ú�Ç Ë Ç ÍÐÅ�É
ÎÐÏÐÊ Ú Å Ç ÃkÁ Ú Ê9O Ç Ñ Ç Ì Ú Ë�ÉAÏ
O Ç Ì Ú `&QÌ�Ë�ÏÐÊ Ú�Ç Ô�ÌÐÉ Ú ÁRÑÒÑ Ç Ì Ú Í Ç ÌÐÎÐÁRÌ Ú ÞæÏ Ç Ã^ÁyÍXÉRÍ�ÏÐÃkÁ Ú ÊkÉAÌ Ç Ë Ú Î&ÆÇ ¦ îÁlÑ�ÉAÌ£É�]�íiÅ�ÉAÌ Ú ÁRÃ Ç Ô�È Ç�Ú ÁAO�ÁRÌ Ú Á�Ä ÇTÇ Ë Ú Í�ÅæÆÇ Ë Ç Å'O�ÆÇ `&QÌ Ç H Ç�Ú Ô îÁ�È Ç�Ú�Ú�Ç ÆÇ�Ú Á�Í Ç|ñ ÌÐÁRÃ Ç YzÎ�ÁRÌÐËÛÈ#ßÐÁRÈ�ÏÐÌ Ç Î Ç Ë Ú Å�ÉAÊkË ñ ÄAÏ£Å Ç Ë�Ô U `:åæÔ U `Øã£Ô U `�JæÔ Ç ÃkÃ Ç ÈVÉRÅ�Å Ç Ë�ÍXÉAÌÐÎâÁRÏÍ�ÁRË�Ë�Á�Ä Ç Î Ç Ã�ÖJÁAO�ÁRÌ Ú ]{Î Ç Å#ÌÐÊ Ç Å`ÁRÏóÎ Ç Å�Ì�Ê Ç Å~ÄRÅ#Á�Í�ß Ç F#ÔÕÊkÃ�Ì�ÖØ×ÙÁ|Í�ÁRËdÎ Ç Î�ÊCH\ÆÇ Å Ç Ì�È Ç Î�ÁRÌÐËGÃ Ç ÈVÉAÑ�ÍXÉRÅ Ú�Ç Ñ Ç Ì ÚÎ Ç ËÝÍXÉRÍ�ÏÐÃ^Á Ú Ê-ÉAÌÐË&É*P Ú�Ç ÌNÏ Ç Ë\ÁAO Ç È Ç�Ú Ë�ÁRÌÐËTÃkÁhÅ Ç Ë Ú Å�ÊkÈ Ú Ê-ÉAÌùÎ�Ï|È#ß£ÉAÊTSùÎ Ç Í�Á�Å Ú�Ç Ì�ÁRÊ-Å Ç Ë	`£ÓlÃ-ÉRÅ�Ë�ÔÐÃ Ç ÍÐÅ�ÉæÈ Ç Ë�Ë�ÏÐËÎ Ç ÃnÖJÏ�ÌÐÊ-íiÉRÅ�ÑÒÊkË�Á Ú ÊkÉAÌ¥Î Ç Ã^Á�ÎÐÊkË Ú Å�Ê?P�Ï Ú Ê-ÉAÌ¥Î Ç ÃkÁhÍXÉRÍ�ÏÐÃ^Á Ú Ê-ÉAÌsÃ Ç Ã-ÉAÌ£ÄÒÎÐÏsíiÅ�ÉAÌ Ú Y ÆÇ O Ç Ì Ú Ï Ç Ã^Ã Ç Ñ Ç Ì Ú Ô[ÁRÈ�ÈVÉAÑ[]Í�Á�ÄAÌ2ÆÇ Î�ÖJÏÐÌ Ç ÍÐÅ�ÉRÄRÅ Ç Ë�Ë�Ê-ÉAÌÒÅ Ç ÃkÁ Ú Ê9O Ç Ñ Ç Ì Ú Í Ç�Ú Ê Ú�Ç F ñ ÌÐÁRÃkÊ^Ë�ÁRÌ Ú ÃnÖDÆÇ ORÉAÃkÏ Ú Ê-ÉAÌ ] WlZ{W ç } èjë W ÁRÏÐË�Ë�Ê£Í�ÃkÏ�Ë Ú jÉ Ú ÔNË�Ê�Ã ÇÈVÅ�ÉAÊkË Ç Ñ Ç Ì Ú ÆÇ ÃkÊ Ú Ê^Ë Ú�Ç ÁâÆÇ�Ú ÆÇ ÍÐÅ
ÆÇ È�ÆÇ Î Ç ÑÒÑ Ç Ì Ú Á�ÍÐÍ�ÃkÊkÞæÏ&ÆÇ `xg Ç Ñ�ÉAÑ Ç Ì Ú Î Ç ÃkÁ Z{W ç } èië ê è ]Vm ë�Î Ç È Ç Ë Ú ÁRÎ Ç~ñ ÌÐÁRÃÍ Ç Ï Ú jÇ�Ú Å Ç Î2ÆÇ�ñ Ì�ÊÕÌ£É Ú ÁRÑÒÑ Ç Ì Ú�îÁ Ú Å#ÁAO Ç Å�Ë~ÃkÁ»ô�Ñ Ç Ë�Ï£Å Ç ÎÐÏùÎ2ÆÇ Ë Ç Ë�ÍXÉAÊ-Å0õ�ÊkÌ Ú Å�ÉæÎÐÏ�Ê Ú�Ç Î�ÁRÌÐËyÃkÁ�Ë Ç È Ú ÊkÉAÌ8J�` ¡ ` o `g Ç ízÁRÊ Ú ÞæÏ Ç ÃnÖJÁAO�ÁRÌ Ú Á�Ä Ç ÁRÈ�È�ÏÐÑÛÏ�Ã#ÆÇ ÃkÉRÅ�Ë*Î Ç ÃnÖJÁ�ÍÐÍ�ÃkÊkÈ�Á Ú Ê-ÉAÌÛÎÐÏÛÈVÅ�ÉAÊkË Ç Ñ Ç Ì Ú ÆÇ ÃkÊ Ú ÊkË Ú�Ç2Ç Ë Ú Í�ÅæÆÇ Ë Ç Å'O�ÆÇLîÁGÃkÁ ñ ÌÎ Ç ÃnÖDÆÇ ORÉAÃkÏ Ú Ê-ÉAÌ�Ì£ÉAÏÐË\Î£ÉAÌÐÌ Ç Î Ç PXÉAÌÐÌ Ç ËTÅ�ÁRÊkË�ÉAÌ�ËTÎ Ç Í Ç ÌÐË Ç Å îÁÒÈVÉAÑfP�ÊkÌ Ç Å\ÎÐÁRÌÐËTÃkÁÒÍÐÅ�Á Ú ÊkÞæÏ Ç ÃnÖJÏ Ú ÊkÃ^ÊkË�Á Ú Ê-ÉAÌÎÐÏ ÈVÅ�Ê ÚVîÇ Å Ç Î�ÖJÁ�Å�Å-jÇ�Ú Î&ÆÇ ÈVÅ�Ê Ú ÎÐÁRÌ�ËÒÃ Ç È#ßÐÁ�Í�Ê Ú Å Ç Í�ÅæÆÇ È�ÆÇ Î Ç Ì Ú|Ç�Ú Î Ç È Ç ÈVÅ�ÉAÊkË Ç Ñ Ç Ì Ú `��ÙÁRÊkËÒÌÐÉAÏÐË Ú�Ç Ì£ÉAÌÐË îÁË�ÉAÏÐÃ^Ê-ÄAÌ Ç Å\ÞæÏ Ç È Ç È�Ê�Ì Ç Å Ç OæÊ Ç Ì Ú Í�ÁRË îÁ Ç ÑÒÍ�Ã-É�× Ç ÅGÃkÁ¥Ñ Ç Ë�Ï£Å Ç ÎÐÏÂÎ2ÆÇ Ë Ç Ë�Í[ÉAÊkÅ\ÍXÉAÏ£ÅùÆÇ O�ÁRÃkÏ Ç ÅGÃnÖJÁRÈ�È�ÆÇ Ã#ÆÇ Å�Á Ú Ê-ÉAÌÁ�ÍÐÍXÉRÅ Ú ÆÇ�Ç Í�Á�Å\Ã Ç ÈVÅ�ÉAÊkË Ç Ñ Ç Ì Ú ÆÇ ÃkÊ Ú ÊkË Ú�Ç ÔÐÈ�Á�Å Ú�Ç ÃkÃ Ç ÆÇ O�ÁRÃkÏÐÁ Ú Ê-ÉAÌùÅ#ÊkË�ÞæÏ Ç Å�ÁRÊ Ú Î�Ö�jÇ�Ú Å Ç PÐÅ#ÏÐÊ Ú ÆÇ�Ç Í�Á�ÅyÃ Ç È�ßÐÉAÊTSsÎ Ç ËÍ�Á�Å�ÁRÑ îÇ�Ú Å Ç Ë�ÎÐÏ­ÈVÅ#Ê ÚVîÇ Å Ç Î�ÖJÁ�Å�Å~jÇ�Ú `�g ÇùÚ Á�P�Ã Ç ÁRÏ U ` ¡ Ë Ç Å Ú Í�ÃkÏ Ú jÉ Ú Î Ç ÃnÖJÊkÃ^ÃkÏÐË Ú Å�Á Ú ÊkÉAÌâÎÐÏ ízÁRÊ Ú ÞæÏ Ç Ã Ç ÈVÉQjÏ ÚÎ Ç È�ÁRÃ^È�ÏÐÃ(Ì2ÆÇ È Ç Ë�Ë�ÁRÊ-Å Ç Í[ÉAÏÐÅ~ÃnÖØÉ*P Ú�Ç Ì Ú Ê-ÉAÌ�Î Ç Ë\Ë�ÉAÃkÏ Ú Ê-ÉAÌÐË~Î�ÖJÏÐÌ Ç È Ç Å Ú ÁRÊkÌ Ç ÞNÏÐÁRÃ^Ê Ú ÆÇ Í Ç Ï Ú ÞæÏ Ç ÃkÞæÏ Ç íiÉAÊkËmjÇ�Ú Å Ç
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min f1

m
in

 f2

0 10.5

0

1

2

3

4

5

6 Front exact        
Population initiale

ZDT1

min f1

m
in

 f2

0 10.5
0

1

2

3

4
Front exact                        
Génération 10: croisement élitiste 
Génération 10: croisement aléatoire

ZDT1

min f1

m
in

 f2

0 10.5

0

1

2

Front exact                        
Génération 20: croisement élitiste 
Génération 20: croisement aléatoire

ZDT1

min f1

m
in

 f2

0 10.5
0

1

2

0.5

1.5

Front exact                        
Génération 30: croisement élitiste 
Génération 30: croisement aléatoire

ZDT1

min f1

m
i f

2

0 10.5

0

1

0.5

1.5
Front exact                        
Génération 40: croisement élitiste 
Génération 40: croisement aléatoire

ZDT1

min f1

m
in

 f2

0 10.5

0

1

0.5

Front exact                        
Génération 50: croisement élitiste 
Génération 50: croisement aléatoire

ZDT1

min f1

m
in

 f2

0 10.5

0

1

0.5

Front exact                        
Génération 60: croisement élitiste 
Génération 60: croisement aléatoire

ZDT1

min f1

m
in

 f2

0 10.5

0

1

0.5

Front exact                         
Génération 88: croisement élitiste  
Génération 101: croisement aléatoire
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ÆÇ Î�ÏÐÊ Ú Ã-ÉRÅ�ËTÎ Ç ÃkÁ�ÈVÉAÑQP�ÊkÌÐÁRÊkË�ÉAÌùÎ�Ï�ÈVÅ�ÉAÊkË Ç Ñ Ç Ì Ú ÆÇ ÃkÊ Ú ÊkË Ú�Ç ÁAO Ç ÈÛÃ Ç ÈVÅ�Ê Ú�îÇ Å Ç Î�ÖJÁ�Å�Å-jÇ�Ú ô7Í�Á�Å~Î2ÆÇ Ë Ç Ë�ÍXÉAÊ-Å0õl`ý ÇTÚ Á�P�Ã Ç ÁRÏ�Å Ç ÍÐÅ
ÆÇ Ë Ç Ì Ú�Ç Ã Ç ËQË Ú Á Ú ÊkË Ú ÊkÞæÏ Ç Ë�Î Ç P�ÁRË Ç È�ÁRÃkÈ�Ï�Ã#ÆÇ�Ç Ë�ÍXÉAÏ£Å�Ã Ç Ì£ÉAÑfPÐÅ Ç Î�ÖJÊ Ú ÆÇ Å�Á Ú Ê-ÉAÌÐË�íiÁRÊ Ú�Ç Ë&Ã-ÉRÅ�ËÎ Ç o0/ Ç Ë�Ë�ÁRÊ£Î Ç21 ûÐìGÓj]IH5H�Ë�Ï£Å�Ã Ç Ë�Ñ jÇ Ñ Ç Ë�ÍXÉRÍ�Ï�ÃkÁ Ú Ê-ÉAÌÐË�ÊkÌÐÊ Ú Ê^ÁRÃ Ç Ë(ÍXÉAÏ£Å�È#ßÐÁRÈ�ÏÐÌÒÎ Ç Ë Ú Å�ÉAÊkËÜÍÐÅ�É*P�Ã îÇ Ñ Ç Ë Ú�Ç Ë Ú `1 ÉAÏÐËQÍ[ÉAÏ0ORÉAÌÐËQÈVÉAÌÐË Ú Á Ú�Ç ÅÝÃ Ç ÄAÁRÊkÌ�ÎÕÖ Ç Ì�O
Ê-Å�ÉAÌ'354 ÍXÉAÏ£Å&È#ßÐÁRÞæÏ Ç\Ú�Ç Ë Ú `�H7Ã Ç Ë Ú È�Ã^ÁRÊ-Å&ÞæÏ Ç ÍXÉAÏ£ÅQÈ Ç Ë Ú�Ç Ë Ú Ë Ô?É îÏ
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min f1

m
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 f2
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5
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Front exact        
Population initiale

ZDT2

min f1

m
in

 f2

0 10.5

0

1

2

3

Front exact                        
Génération 20: croisement élitiste 
Génération 20: croisement aléatoire

ZDT2

min f1

m
in

 f2

0 10.5
0

1

2

0.5

1.5

Front exact                        
Génération 30: croisement élitiste 
Génération 30: croisement aléatoire

ZDT2

min f1
m

in
 f2

0 10.5

0

1

0.5

1.5

Front exact                        
Génération 40: croisement élitiste 
Génération 40: croisement aléatoire

ZDT2

min f1

m
in

 f2

0 10.5

0

1

0.5

Front exact                        
Génération 50: croisement élitiste 
Génération 50: croisement aléatoire

ZDT2

min f1

m
in

 f2

0 10.5

0

1

0.5

Front exact                        
Génération 60: croisement élitiste 
Génération 60: croisement aléatoire

ZDT2

min f1

m
in

 f2

0 10.5

0

1

0.5

Front exact                        
Génération 70: croisement élitiste 
Génération 70: croisement aléatoire

ZDT2

0 10.5

0

1

0.5

Front exact                         
Génération 102: croisement élitiste 
Génération 114: croisement aléatoire
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Ã Ç ÈVÉ�jÏ Ú ÎÐÏ¥È�ÁRÃ^È�ÏÐÃ�Î Ç Ë&íiÉAÌÐÈ Ú Ê-ÉAÌ�ËQÉ*Pl¦ Ç È Ú Ê-í Ç Ë Ú2Ú Å îÇ ËÝÍ Ç�Ú Ê Ú Ô
È Ç ÄAÁRÊkÌ Ç Ë Ú ÍÐÅ�Á Ú ÊkÞæÏ Ç Ñ Ç Ì Ú Ì2ÆÇ ÄAÃ^Ê-Ä Ç Á�P�Ã Ç `?�ÂÁRÊ^ËË�Ê�Ã Ç ËQÅ
ÆÇ Ë�ÏÐÃ Ú Á Ú ËÝË�ÊkÑÒÊ^ÃkÁRÊ-Å Ç Ë�ÆÇ�Ú ÁRÊ Ç Ì Ú É*P Ú�Ç ÌæÏÐËQÍXÉAÏ£Å2ÏÐÌ¥ÍÐÅ�É*P�Ã îÇ Ñ Ç ÅæÆÇ�Ç ÃnÔæÉ îÏ|Ã Ç ÈVÉQjÏ Ú Î Ç È#ßÐÁRÞæÏ Ç ÆÇ O�ÁRÃkÏÐÁ Ú ÊkÉAÌÇ Ë Ú Å Ç ÃkÁ Ú Ê9O Ç Ñ Ç Ì Ú ÆÇ Ã Ç O�ÆÇ ÔæÈ Ç ÄAÁRÊkÌ�Ë Ç Å�ÁRÊ Ú ÈVÉAÌÐË�ÊkÎ&ÆÇ Å�Á�P�Ã Ç ÈVÉAÑ�Í Ú�Ç\Ú�Ç ÌæÏ�ÞæÏ Ç Ô Ç ÌÒÍ�ÃkÏ�Ë�ÔRÍ�ÃkÏÐË�Ê Ç Ï£Å�Ë Ç Ë�Ë�ÁRÊkË&Ë�ÉAÌ ÚÚ ÉAÏ ¦�ÉAÏ£Å�ËÝízÁRÊ Ú ËyÃ-ÉRÅ#ËyÎ Ç ÃnÖJÏ Ú Ê^ÃkÊkË�Á Ú Ê-ÉAÌ|Î�ÖJÏÐÌùÁRÃkÄRÉRÅ�Ê Ú ßÐÑ Ç Ë Ú ÉæÈ#ßÐÁRË Ú ÊkÞæÏ Ç `
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min f1

m
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 f2
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0
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6
ZDT3

min f1

m
in

 f2

0 10.5
-1

0

1

2

3

4 Courbe contenante le front exact   
Génération 10: croisement élitiste 
Génération 10: croisement aléatoire

ZDT3

min f1

m
in

 f2

0 10.5
-1

0

1

2

3
Courbe contenante le front exact   
Génération 20: croisement élitiste 
Génération 20: croisement aléatoire

ZDT3

min f1

m
in

 f2

0 10.5
-1

0

1

2
Courbe contenante le front exact   
Génération 30: croisement élitiste 
Génération 30: croisement aléatoire

ZDT3

min f1

m
in

 f2

0 10.5
-1

0

1

2 Courbe contenante le front exact   
Génération 40: croisement élitiste 
Génération 40: croisement aléatoire

ZDT3

min f1

m
in

 f2

0 10.5
-1

0

1

Courbe contenante le front exact   
Génération 50: croisement élitiste 
Génération 50: croisement aléatoire

ZDT3

min f1

m
in

 f2

0 10.5

0

1

-0.5

0.5

Courbe contenante le front exact   
Génération 60: croisement élitiste 
Génération 60: croisement aléatoire

ZDT3

min f1

m
in

 f2

0 10.5

0

1

-0.5

0.5

Courbe contenante le front exact    
Génération 92: croisement élitiste  
Génération 113: croisement aléatoire
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ÊkÎÐÏùÌ£ÉAÌ
]{Î£ÉAÑÒÊkÌ2ÆÇ
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Ã^Á Ú ÁRÊ^ÃkÃ Ç Î Ç ÃkÁ�ÍXÉRÍ�ÏÐÃ^Á Ú Ê-ÉAÌ�Ô�ÊkÃ Ç Ë ÚÒÚ Å îÇ Ë�ÍÐÅ�É*P�Á�P�Ã Ç ÞæÏ Ç È#ßÐÁRÈ�ÏÐÌ ÎÕÖ Ç ÏlS ÌÕÖJÁvÍ�ÁRËÒÎ�ÖJÊkÌ�ÎÐÊ9O
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ÌÐÁRÑÒÊkÞæÏ Ç ËfYzÈVí�`�Ë Ç È Ú Ê-ÉAÌ�ã
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FÝ®<ÐÛ®Ü¯;Î®<Ä�Î®°«Ï­IÅË±cÃ5Äè²¬Ã5Ä^ÅÉÊÃ5ÐÛÕ�­I«0Î®<²,­YÑ � ²¬Ã5ÆÍÑoÅË±cÃ5Äo²ªÅ¬«ÏÃ5Ñ ¨ Î®°®<²,Õ�­I«>ÆaÇí­YÆc¯YÃY«Ï±cÅËÒoÐª®=Ñ?ÅË±�ÆÍ±Í²Ë­YÄ^Å9²¬®<ÑoÆÍ®<ÐÛ®<ÄSÅ,Æc®ëÉÊ«ËÃ5±Í²Ë®<ÐÛ®<ÄSÅ>­YÆ Î®<­IÅ¬Ã5±c«Ë®­IÕo«<Ý®<²�ÆÍ­���
�
FÝ®<Ðª®Û¯�Î®<Ä�Î®°«j­IÅË±cÃ5ÄF�;��Äæ® � ®°Å°³�Ã5Ä=ÉÊÃ5Äo²¬ÅË­IÅ¬®ÛÆc®�ÐF¼®<ÐÛ®�Ä�± ¨ ®<­YÑèÂo®ÜÕ�®°«ËÌ×ÃY«ÏÐª­YÄoÉÊ®�Â?®�ÉÊ®<²�Â?®<Ñ �
®<Äo²¬®<Ð � Æc®<²;Â?®d²¬Ã5ÆÍÑ?ÅË±ÍÃ5Äo²�Âo­YÄ�²�ÆÍ­ó«0Î®°¯5±cÃ5Ä������ Ó�Ó�� � C �G8"¯?³ � Ð ����������� Ð�� ��� Ð � � C Ë�Ë�Ë�Ë5:! �®°Å£ÐÛ®<±ÍÆ�Æc®<Ñ?«Ë®Õ�®°«ËÌ×ÃY«ÏÐª­YÄoÉÊ®ÚÂ?®ÖÆÍ­ÛÐìÎ®°ÅËÒoÃ"Â?®�Ñ?ÅË±ÍÆÍ±�²Ë­YÄSÅdÆc®ÖÉÊ«ËÃ5±�²¬®<ÐÛ®<Ä^Å'Î®<ÆÍ±cÅË±Í²¬Å¬®Ú®<ÄèÂ?®<Ò?ÃY«Ï²2Âo®ÖÉÊ®°Å¬Å¬®�«0Î®°¯5±cÃ5Ä��

ôóÃ5Ño²�Õ%Ã5Ñ ¨ Ã5Äo²�Ä?ÃYÅ¬®°« ¦×¨ Ã5±c«+³)Õ�­I«�® � ®<ÐªÕ�Æc®Y³IÆc®ïÂ?®°«jÄo±c®°«�¯Y«Ï­IÕ�Ò?®ïÂo­YÄ�²�ÆÍ­ Óo¯5Ñ?«Ë® ð � ð � Ø"Ñ?®�ÉÊ®dÉÊ«ÏÃ5±Í²¬®<ÐÛ®<Ä^ÅÉÊÃ5ÆÍÆÍ­ � ÃY«Ë®äÂo®,Ì×­-ÈÉÊÃ5Ä�®Nò9É°­YÉÊ®zÝ­ ÆÍ­Ù«Ë®<ÉjÒ?®°«ÏÉÏÒo®èÂ?®<²Û® � Å¬«0Î®<Ðª±cÅ"Î®<²>ÂoÑzÌ×«ËÃ5Ä^Å9Â?® � ­I«Ë®°Å¬Ã Æ Ý­0³£Ã�ÝÑ�ÉÊ®<Æ�­ÙÕ�Ã5²¬®ÑoÄ Õo«ÏÃ � ÆlÝ®<ÐÛ®êÝ­ÔÆKÇí­YÆÍ¯YÃY«Ï±cÅËÒoÐÛ®äÑoÅË±ÍÆÍ±Í²Ë­YÄ^Å7Æc®<²ªÉÊ«ËÃ5±Í²Ë®<ÐÛ®<ÄSÅË²�­YÆjÎ®<­IÅ¬Ã5±c«Ë®<²°�/�DÅ9Ð ¼®<Ðª®è²Ë±2Âo­YÄ�²ªÆc®äÉ°­YÂ?«Ë®èÂ?®ÆKÇí­IÕoÕ�ÆÍ±ÍÉ°­IÅË±cÃ5Ä Â?Ã5ÄoÄ�Î®°®èÉIÇÈ®<²¬Å9ÆÍ­ë«0Î®°¯5±cÃ5Ä�ð¬ÉÊ®<ÄSÅ¬«j­YÆc®<ñ ÂoÑ Ì.«ËÃ5Ä^ÅªØ"Ño±d®<²¬ÅªÕ�Æ�Ño²7±ÍÄSÅ"Î®°«Ë®<²Ï²Ë­YÄSÅ¬®=ÂoÑzÕ�Ã5±ÍÄ^ÅÛÂ?®¨ Ñ?®'Âo®<²Û±ÍÄ?¯�Î®<Äo±c®<Ñ?«j²°³;ÉIÇÈ®<²ËÅªÑoÄ?®>Ã � ²¬®°« ¨ ­IÅË±cÃ5ÄìÅ¬«<Ý®<²ª±ÍÐªÕ%ÃY«ÏÅË­YÄSÅ¬®>Õ�Ã5Ñ?«7ÆKÇ Î® ¨ ­YÆÍÑ�­IÅË±cÃ5ÄzÂ?®,ÆKÇÈÃYÕdÎ®°«Ï­IÅ¬®<Ñ?«�ÂoÑÉÊ«ËÃ5±Í²Ë®<ÐÛ®<ÄSÅ>Î®<Æ�±cÅË±Í²¬Å¬®Y�
�t�ED(�ED " ï¾�¥ ê|é ¤�¨-¤�¥$#/¡=¨ ê ª

º�®<²õ²ËÃ5ÆÍÑ?ÅË±cÃ5Äo²óÃ � Å¬®<Ä"Ñ?®<²õ®<ÄÙÑ?ÅË±ÍÆÍ±�²Ë­YÄSÅóÆÍ­�ÐìÎ®°ÅËÒoÃ"Â?®ÛÂ�Î®<ÉÊ«Ï±ÍÅ¬®7Â�­YÄo²�ÆÍ­�²Ë®<ÉÊÅË±cÃ5Ä ð � ÷ � Û ²¬Ã5ÄSÅ�Õo«0Î®<²Ë®<ÄSÅ"Î®°®<²Âo­YÄo²2Æ�­7Óo¯5Ñ?«Ë® ð � ) �
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Masse (kg)

E
ne

rg
ie

 in
te

rn
e 

(J
)

33 34 35 36 37

30000

25000
Croisement élitiste 
Croisement aléatoire

80ème génération

Masse (kg)

E
ne

rg
ie

 in
te

rn
e 

(J
)

33 34 35 36 37

30000

25000

35000

Croisement élitiste 
Croisement aléatoire

90ème génération

Masse (kg)

E
ne

rg
ie

 in
te

rn
e 

(J
)

33 34 35 36 37

30000

25000

35000

Croisement élitiste 
Croisement aléatoire

Génération 100

Masse (kg)
E

ne
rg

ie
 in

te
rn

e 
(J

)
33 34 35 36 37

30000

25000

35000

Croisement élitiste 
Croisement aléatoire

120ème génération

Masse (kg)

E
ne

rg
ie

 in
te

rn
e 

(J
)

33 34 35 36 37

30000

25000

35000

Croisement élitiste 
Croisement aléatoire

150ème génération

Masse (kg)

E
ne

rg
ie

 in
te

rn
e 

(J
)

33 34 35 36 37

30000

25000

35000

Croisement élitiste 
Croisement aléatoire

300ème génération
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å�®�²ËÃ5ÄSÅÚÆc®<²�²¬Ã5ÆÍÑoÅË±cÃ5Äo² ÄoÃ5Ä0î8Â?Ã5Ðª±ÍÄ�Î®°®<²õÅ¬«ËÃ5Ñ ¨ Î®°®<²Ö­IÕo«<Ý®<² Û } Ë>¯;Î®<Ä�Î®°«Ï­IÅË±ÍÃ5Äo²ÖÆcÃY«Ï²õÂ?® Û�Û ®<²Ë²Ë­Y±Í²�Â?®7ÆKÇí­YÆ\î¯YÃY«j±cÅËÒoÐÛ®ÖÑ?ÅË±�ÆÍ±Í²Ë­YÄ^Å2Æc®ÜÉÊ«ËÃ5±Í²Ë®<ÐÛ®<ÄSÅ,Î®<ÆÍ±cÅË±Í²¬Å¬®Y���ïÆÍÆc®<²�²ËÃ5ÄSÅ�Å¬Ã5ÑoÅ¬®<² Ìl­Y±Í²Ë­ � ÆÍ®<²2®°Å°³�ÉÊÃ5ÐªÐª®ÜÄ?Ã5Ño² Õ%Ã5Ñ ¨ Ã5Äo²2«Ë®ÊîÐ9­I«ÏØ^Ño®°«<³^ÆÍ­�Ðª­�ñ¬ÃY«Ï±cÅ^Î®õÂ�ÇÈ®<ÄSÅ¬«Ë®õ®<ÆÍÆc®<²�Â?Ã5Ðª±�Ä?®óÆÍ­�²¬Ã5ÆÍÑ?ÅË±ÍÃ5Ä9Â?®ó«"Î®°Ì<Î®°«Ë®<ÄoÉÊ®Ö²ÏÑ?«�ÆÍ® Õ�ÆÍ­YÄ ¦ �(� Ó�Ó��*) � Ð �+���,���� Ð�� �+� Ð � � Â?®�Ì×­-ÈÉÊÃ5Äê­Y²Ë²¬®��>²Ë±c¯5Äo±cÓ�É°­IÅË± ¨ ®Y�7»DÑêÆÍ®9ÉÏÒ?Ã5± � Âo®<² ¨ ­YÆc®<Ñ?«Ï²ÖÂo®�ÉÊÃ5Ä^Å¬«Ï­Y±ÍÄ^Å¬®<²°³�ÉÊ®<²�²¬Ã5ÆÍÑ?ÅË±ÍÃ5Äo²ÖÂ?ÃIîÐ9±ÍÄ?®<Ä^ÅDÆÍ­Ö²¬Ã5ÆÍÑoÅË±cÃ5ÄªÂoÑ ¦��#����� «Ï®<ÆÍ­IÅË± ¨ ®<ÐÛ®<Ä^Å�Ý­ÚÅ¬Ã5Ñ�²ïÆc®<² Û ËÖÃ � ñ¬®<ÉÊÅË±cÌl²�ÂoÑÛÕ�«ËÃ � ÆKÝ®<ÐÛ® Â�ÇÈÃYÕoÅË±ÍÐª±Í²Ï­IÅË±cÃ5Äª±ÍÄo±cîÅË±�­YÆK�^ôóÃYÅ¬Ã5Äo²
­YÑo²Ë²Ë±^Ø^ÑFÇíÑ�Ä?®DÕ�­I«ËÅË±Í®�­Y²Ë²¬®���¯Y«Ï­YÄoÂ?®�Â?®<²;²¬Ã5ÆÍÑ?ÅË±cÃ5Ä�²�­IÕoÕ�­I«ËÅË±Í®<ÄSÅ2Ý­óÆÍ­�«"Î®°¯5±cÃ5Ä-���(� Ó�Ó�� � C �/. � ³� Ð ���������0� Ð�� ��� Ð � ��C Ë�Ë�Ë�Ë	12 5�
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Masse (kg)

E
ne
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ie
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te
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e 

(J
)

33 34 35 36 37

30000

25000

35000

120ème génération avec le croisement élitiste 
150ème génération avec le croisement aléatoire

����� 0Ïð � � ß ñ�³I¯�¨Ã¬�«Á¥z³�±�³z­�¦ ¶³�¡X«£¦J«Á¥¢¦7³�Â�³z¨¢±Ï³z¦5®x× ©�¦�¦7³�«£­s®�¨ª³I¡¼³ ±�3³z±Ï³*­�«£à�³§©�¤ ®Ê³ Ì�¤�©�¡ß«£¦�¶³Þ®Ê³¢¥ ¥�¬�¡ß¤k¦�«%¬�­�¥*³z­ ¤k­­�¬�±Ï²z¨ª³ò®V× «£¦�¶³z¨ª©�¦�«%¬�­�¥�Âs¡ß¤#¥ Â�³�¦�«£¦#¹ À�4#Æ µ·¶³z­¸¶³z¨ª©�¦J«%¬�­�¥�©�àm³§¯L¡½³d¯�¨ª¬�«Á¥z³�±�³�­	¦�¶³�¡X«£¦J«Á¥¢¦7³¸¯§¬�­�¦�¨ª³ À´ÅÊÆ65 ©�à�³Ã¯ò¡½³¸¯z¨ª¬�«Á¥z³z±Ï³z­�¦¥¢¦(©�­�®Ê©�¨ª®�7

Masse (kg)

E
ne
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ie

 in
te
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e 

(J
)

32 33 34 35 36 37

30000

25000

35000

Solutions non-dominées par NSGA-II
Solution de référence de (CE)2    
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º�®ëÕo«ËÃ � ÆKÝ®<Ðª®=Â?®ëÆKÇÈÃYÕoÅË±�Ðª±Í²Ë­IÅË±cÃ5Ä ÂoÑ Õ�­I«Ë®Êî8ÉjÒ?Ã0É Î®°ÅËÑ�Âo±jÎ®ÙÂo­YÄo²>ÉÊ®ÙÉÏÒo­IÕ�±ÍÅ¬«Ë®ë®<²¬Å,ÑoÄ Õo«ËÃ � ÆKÝ®<ÐÛ®ëÂ?®ÉÊÃ5Ä�ÉÊ®°ÕoÅË±cÃ5ÄF��º�­ªØ^Ñ�­YÆÍ±cÅ^Î®ÖÂ?®<²�²¬Ã5Æ�Ñ?ÅË±cÃ5Äo²2Ø"ÑFÇí±ÍÆ%®<²¬Å�Õ�Ã5²Ë²Ï± � Æc®õÂ?®ÖÅ¬«ËÃ5Ñ ¨ ®°«óÆcÃY«Ï²2Â?®ÖÆKÇÈÃYÕ�ÅË±ÍÐª±Í²Ë­IÅË±ÍÃ5Ä,­IÕoÕ�­I«Ï­^¼ úcÅÂoÃ5ÄoÉ ¦ ñ¬Ño²ÏØ^ÑFÇ.Ý­>ÑoÄo®�ÉÊ®°«ËÅË­Y±�Ä?®ªÆÍ±ÍÐª±ÍÅ¬®Y³ � ±c®<Äë²�¼Ño«DC Õ�ÆÍÑo²õ±ÍÐÛÕ�ÃY«ËÅË­YÄ^Å¬®ÛØ^Ñ?®ÛÆÍ­'«Ï­IÕ�±ÍÂo±cÅ"Î®ÛÂ?®ÛÆc®<Ñ?«�Ã � Å¬®<Ä^ÅË±cÃ5ÄF�~ Çí­YÑ?Å¬«Ï®ÜÕ�­I«ËÅ°³%Æc®ÜÂ�Î® ¨ ®<ÆcÃYÕ�Õ%®<Ðª®<ÄSÅõ±ÍÄoÂoÑo²ËÅ¬«Ï±c®<Æ%«Ë®<²¬Å¬®�ÑoÄäÕo«ÏÃ"ÉÊ®<²Ë²ÏÑo²�ÉÊÃ5ÐÛÕo«Ï®<Äo­YÄSÅõÂ?®<²�®<²Ï²Ë­Y±Í²�«0Î®°ÕdÎ®°Å"Î®<²ÖØ"Ño±²ËÃ5ÄSÅ�ÄïÎ®<ÉÊ®<²Ë²Ë­Y±c«Ë®<²�Õ�Ã5Ñ?« ¨ ­YÆÍ±�Â?®°«�Æc®�ÐÛÃ"ÂFÝ®<ÆÍ®�®<Ä ¨ ­I«j±Í­YÄSÅ�²¬®<²�Âo± ¨ ®°«Ï²¬®<²�ÉÊÃ5ÐÛÕ�Ã5²Ë­YÄ^Å¬®<²°�:º�®�ÉjÒ?Ã5± � Â?®<²�Õ�­ î«j­YÐ>Ý®°Å¬«Ë®<²dÂ?®õÆaÇí­YÆc¯YÃY«Ï±cÅËÒoÐª® ÂFÇÈÃYÕoÅË±ÍÐ9±Í²Ë­IÅË±cÃ5ÄªØ"Ño±�ÂïÎ®°Ó�Äo±Í²Ë²Ë®<ÄSÅ�Æc® Å¬®<ÐÛÕ�²�Âo®óÉ°­YÆÍÉ°ÑoÆ�­ÔÎ®°Å"Î®ÚÌl­Y±cÅïÉÊÃ5ÐªÕoÅ¬®óÅ¬®<Ä"ÑÉÊ®<²óÂ?®<Ñ � «Ë®<Ðª­I«ÏØ"Ñ?®<²°�
ô Ã5Ño²ï­ ¨ Ã5Äo²ï«0Î®<Ño²Ë²Ï±;Ý­ÖÃ � Å¬®<Äo±c«�ÑoÄo®2¯Y«Ï­YÄoÂ?® ¨ ­I«Ï± Î®°Å"Î®�Â?® ²¬Ã5Æ�Ñ?ÅË±cÃ5Äo²£Õ�Ã5Ñ?«ïÆKÇÈÃYÕoÅË±ÍÐª±�²Ë­IÅË±cÃ5ÄÛÂoÑÛÕ�­I«Ë®Êî8ÉÏÒ?Ã0ÉÂo®Öé;±�­IÅrøæÑ�ÆcÅË±cÕ�ÆÍ­�Â?®ÖØ"Ño­YÆÍ±cÅ"Î®/ñËÑo²ËØ"ÑFÇ.Ý­7Õo«0Î®<²¬®<Ä^Å Ò?ÃY«j²�ÂFÇí­IÅ¬Å¬®<±ÍÄ^Å¬®Y�
ºDÇí±ÍÂ�Î®°®äÂ?®,Å¬«j­YÄo²¬Ì×ÃY«ÏÐÛ®°«ªÆc®>Õo«ËÃ � ÆlÝ®<ÐÛ®ä±ÍÄo±cÅË±�­YÆ�Ý­ÙÂo± � Ã � ñ¬®<ÉÊÅË±cÌ×²ª®<Ä ÑoÄìÕo«ËÃ � ÆKÝ®<Ðª®êÝ­ÙÂ?®<Ñ � Ã � ñN®<ÉÊÅË±cÌl²²ËÃ5Ño²dÉÊÃ5ÄSÅ¬«Ï­Y±�ÄSÅ¬®<²�²Ë®(ñËÑo²¬ÅË±ÍÓo®ó­YÑ?ÅË­YÄ^Å2Õ�Ã5Ñ?«dÆÍ­Ü«0Î®<Â�ÑoÉÊÅË±cÃ5Ä,ÂoÑ>ÉÊÃ;¼Ñ?Å2Â?®ÚÉ°­YÆÍÉ°ÑoÆ�Ø"Ñ?®�ÂoÑ'Õ%Ã5±�ÄSÅdÂ?® ¨ Ñ?®ÚÂ?®�ÆÍ­Ø"Ño­YÆÍ±ÍÅ^Î®ÖÂo®<²2«"Î®<²ËÑoÆcÅË­IÅË² ®°Å ²ËÑ?«ÏÅ¬Ã5Ñ?Å�Â?®ÖÆÍ­7Ìl­YÉ°±ÍÆÍ±cÅ"Î®ÜÂo®ÖÆc®<Ñ?«2«Ë®°Õo«0Î®<²Ë®<ÄSÅË­IÅË±cÃ5Ä��
º�®<² ¨ ­YÆÍ®<Ñ?«Ï²7Â?®<²ÛÉÊÃ5Ä^Å¬«Ï­Y±ÍÄ^Å¬®<²7Ã5ÄSÅìÎ®°Å^Î®èÉjÒ?Ã5±Í²Ë±c®<²äÝ­=Õ�­I«ËÅË±Í«�Â?®,ÆÍ­=²¬Ã5ÆÍÑoÅË±cÃ5Ä Â?®�«0Î®°Ì<Î®°«Ë®<ÄoÉÊ®=ÉÊ®>Ø"Ño±�®<²¬ÅÅ¬Ã5ÑoÅªÝ­'Ìl­Y±cÅÚÂo­YÄo²�ÆKÇÈ®<²¬Õ�«Ï±cÅ�ÂoÑèÂ�Î® ¨ ®<ÆÍÃYÕoÕ�®<ÐÛ®<ÄSÅÖ±�ÄoÂoÑo²¬Å¬«j±c®<ÆK��º�®<Ñ?«Ú­�ñ¬Ño²ËÅ¬®<ÐÛ®<ÄSÅÖ­6Î®°Å"Î®ªÌl­Y±cÅ�®<Ä Î® ¨ ±cÅË­YÄ^ÅÖÂ?®²Ï­YÉÊ«Ï±cÓo®°«�Å¬«ËÃYÕäÆÍ­�Ø^Ñ�­YÆÍ±cÅ^Î®ÚÂ?®<²�Ã � ñN®<ÉÊÅË±ÍÌ×²�Õo«Ï±�ÄoÉ°±cÕ�­YÑ � � � ­I«�ÉÊÃ5Ä^Å¬«Ë®Y³oÆÍ­�Ø^Ñ?®<²ËÅË±cÃ5Ä>±ÍÄSÅ"Î®°«Ë®<²Ï²Ë­YÄSÅ¬®ÖØ"Ño±�ÄFÇí­�Õ�­Y²Î®°Å"Î® Î®°ÅËÑoÂo± Î®°®ÜÂo­YÄ�²�ÉÊ®ÖÅ¬«Ï­ ¨ ­Y±ÍÆ�®<²¬Å ÉÊÃ5ÐªÐÛ®<Ä^Å�«Ë®<Ä�Â?«Ë®ÖÆc®ÚÕo«ÏÃ"ÉÊ®<²Ë²ÏÑo²2Â?®ÖÆc®<Ñ?«�­�ñËÑo²¬Å¬®<Ðª®<ÄSÅ�Õ�ÆÍÑo²d«Ï±c¯YÃ5Ño«Ë®<Ñ � �
º�­�Õ%®°«ÏÌ.ÃY«ÏÐ9­YÄoÉÊ®�ÂoÑ \ IJS	OÁQ L K L U MÒ÷L À�O M ORQ M�L ¦×¨ Ã5±c«ÚÉÏÒo­IÕ�±ÍÅ¬«Ë® �ECó­zÎ®°Å"Î®ªÅ¬®<²ËÅ^Î®°®ªÂ�­YÄo²óÆÍ®�É°­YÂ?«Ë®7Â?®7ÆKÇÈÃYÕoÅË±\îÐ9±Í²Ë­IÅË±cÃ5Ä=ÂoÑ=Õ�­I«Ë®Êî8ÉjÒ?Ã"É7Ì×ÃY«ÏÐ�ÑoÆ Î®Û±ÍÉ°±
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g*h�i+jk+lPmon0p�më¼q/rts i kõÂus hui q�ñ?k�r/õ�ô�öwv|ôxv|÷zy!m{n|p}qEm{m{n6~�q i n6rt��qE��n+�/k+pzm{k+l9p��!k i p��!k+s i l2Â�s$�9k+�,r i kÚÂ!kw��k}�p��!k i p��!k Â!k*���{n6r����R�*��C�n��k�r	�k h qEs i lts��{�	��k/�6�wn/��l�p}kxp���n h �{r i k*�!qEs�l h�i �k+l�k+�,r�qE��l�m����k�rtsoÂ�kóÂ���s�� hui q/~um jk+��kÂ���q h rt�{�&�{l�n6rt��qE��m{���k jn&m{n�p�n/m{�{~ i n6rt��qE�,Â�s$�&q/r�k+s i Â��{k+l�k+mFÂ!k+l h qE�ÍÂ�lRm�qEs i Â�l h qEl,�k h n i õ��/k+p}q!�
����  ¡�¢�£¥¤�¦�§ A A £�¨t¦�¢ ©¥£�ª A ? ¢�¨�« A ª�¬

­ �ìÂ!k+l|p���n/m{m{k+�!®/k+l0�¯n�ñ?k+s i l h qEs i m�k+l h�i q"Â�sup}r�k+s i lÜÂ���n/s!r�qE��q/~u�{m{k+l�k+l�r7Â!k¯°±n/� i k-°²n/p}k jn=Â!k+l³k}´!�µ�®/k+�up}k+l0p}qE�,r i nYÂ��{p}r�qE� i k+l³p}qE�&�&k-m����k+p}qE�!qE�&�{k�Â!k&p�n i ~¶s i n/�,r�k�r0m{n h k i °²q i �&n/�up}k9Â�s·���k+���{p�s�m�k/y¸r�qEs!r�k+�i k+l h k+p}rtn/��r9Â�k+l&�����/k+n/s�´¹�&n�´!�{�|s�� Â����k+�&�{ltl���qE��l h qEm{m{sun/��r�k+l��»º¸k½¼	rtn/�oÂ�n i Â¹v�s i q h �k�k+�6Â���v��¯�{ltlt��qE�ul��¾ ��¿?À ¾RÁBÂÄÃ�ÃDÂ À6Å �uÆ�Ç Å¶È Ç ¿�È C�nÉ�k�r	�k·�{�,r i q"Âus���r jn·Êu� Â�k i �k<Â�s�� i k h�i q/® i k+l�lt���/k+��k+�,r¯m�k+l[�k+�¯�{ltlt��qE�ulªÂ!k+lh qEm{mos�n/��rtlxp�m{n/ltlt�oË,s!k+l�m�q�p�n/s�´Ì� ô�ùx´¥y���qE��q+´�Í"Â!k7Â!kBp�n i ~�qE�!k/y h n i rt�{p�s�m{k+l�y������ÎCPk�rw®Em�q/~¶n/s�´�öwv9¼Ï�²®En#� jnk}Ð�k�rÜÂ!k&ltk iti k/y¸�!q/rtn/�¯��k+��rB�Hù Ø C��¸º¸k+l��!q i ��k+l½�k�rtn6~¶m{��k+l h qEs i m{k+lz��q/r�k+s i l�Â���k+l�k+m£Â!k+l h qE��Â�lwm�qEs i Â�lltqE��r*p��{r,�k�k+lõÂ�n/��lPm{kzrtn6~um�k+n/säÂ�n/�ul�m{nBÊ�®Es i k � � Û �
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æ�çéè�çéè ê è�ë/ì�ê î�íïî(ì ì í ì�é

¼���m�kz�&n i p��9�k�k+s i q h �k�k+�äÂ!k+lR���k+�u�{p�s�m�k+l2Â��{k+l�k+m�p}qE����nñð ú�rPs��!kwr�k+m{m{kwp i qE�{ltltn/��p}k/y!�{m�m�kÚÂ!qE�{rR��q/rtn/�&��k+�,rn/s�´$l�Í�l�r jk+��k+lóÂ����{��ñ�k+p}rt��qE�$��q0Â!k i �!k+l��!vò�$k}Ð¥k�r�y%Â!k�m{n�Ë	s�n/m{��r	�kÜÂ�k�m����{��ñ�k+p}rt��qE�,Â9�k h k+�oÂ!k+�,r�m�k�p}qEs h m{k/y�m{np}qE��l�qE�¯�&n6rt��qE�äÂ!k�p�n i ~us i n/�,r�yum�k+l��k+�&�oltlt��qE��l h qEm{mos�n/��r�k+lRk�rxm�k�p}qE� h q i r�k+��k+�,r*l�qE�!q i kÜÂ�s$��q/r�k+s i �
ùw�>Â��ol�rt�{�!®Es!k�Â!k+s�´�réÍ h k+l2Â!kz��q/r�k+s i l�Âu��k+l�k+m6ó!��q/r�k+s i|jn��o��ñ?k+p}rt�{qE�'Âu� i k+p}r�kwk�r*�{�oÂu� i k+p}r�k/��º¸nBr�k+p��!����{Ë	s!k,Â!k�m����o��ñ?k+p}rt�{qE�zÂ�� i k+p}r�k$k}Ð�k+p}rts!kïm����{��ñ�k+p}rt��qE�zÂ�s[®En#��qEm�k=Â�� i k+p}r�k+��k+�,r9Â�n/�ul&m�k�p}Í�m{�{�oÂ i k-k�r��!qE�h n/l�Â�n/��lBs��!k�p���n/�0~ i k,Â!k�rts i ~¶s�m�k+��p}k�n/�Ì�k+��n6®;�k�kæÂ�n/��lBm{n½p�s�m{n/ltltk#ñts�l�r�k�n+�6n/��r�m�k�p}Í�m{�{�oÂ i kï�±�{��ñ�k+pD�rt��qE�Ì�{�oÂ�� i k+p}r�k�C��¸º¸nôr�k+p������oË,s!k'Â!k-m����{��ñ�k+p}rt��qE�ÔÂ�� i k+p}r�k-nN�k�r	�k�nYÂ!q h r,�k�k$p�n i k+m{m�k h k i �&k�r�Â!k&~¶n/�{ltl�k i m{np}qE��l�qE�¯�&n6rt��qE��Â�kïp�n i ~us i n/��r�y9n/ltlts i kôs��T�&k+�{m{m�k+s i�i k+�oÂ!k+��k+�,r&k�r�p}qEm{m{n6~�q i k jnÌm{n i �k<Â�s�p}rt�{qE�6Â!kïm{nh qEm{m{s!rt�{qE���
õ?mEk+l�r;� i n/��Ë	s!kïÂ!k h s��{l�Ë	s!k+m{Ë	s!k+l¸n/�u�ò�k�k+l2m{k�Â���k+l�k+m,����n h n/l¸~�qE���!k h s!~um{�{p��{r,�k�k+��r i k9m�k�~ i s���r�Ë	s����{m��k+�&k�rk�rBltnï�¯n/s!��n/�ol�k i �k h s�rtn6rt��qE�Ïk+�är�k i �&k'Â!k h qEm{m{s!rt��qE����õ;qEs i|i �k+ltqEsoÂ i k�p}k+l h�i q/~um jk+��k+l+y;m�k+l|�{�!®2�k+����k+s i lqE�,r i �k+s�ltlt� jnäp}qE��l�k i �/k i m�k+l�n+�6n/��rtn6®/k+l>Â!k�m����{��ñ�k+p}rt��qE�zÂ�� i k+p}r�k$r�qEs�r&k+� i �k<Â�s��oltn/��r�°²q i r�k+��k+�,r¯m�k+l¯�{���p}qE�,���k+����k+�,rtl��;õ?m{lwl�qE�,r�s���n/���o��k+l h qEs i Â�� i k|Ë	s!k�m{n���n/s!r�k hui k+ltlt��qE�½k+l�rzm{n�l�qEmos!rt��qE�ëÂ���n+�/k+�u� i�h qEs i m�kÂ���k+ltk+m��!�w��k+l�r2Â!kzm jnBË,s���k+ltrR�9�k�k0m����{��ñ�k+p}rt��qE�'Â�� i k+p}r�kz��n/s!r�k hui k+ltlt��qE��n h�h k+mD�k�k0�9qE�&�&qE�$�*n/�{m¶��m{n i n/� h kÂ����{�	ñ?k+p}rt��qE��p}qE�&�|s��!k/���k+s�´�°²n/p}r�k+s i lÜÂ9�k�r�k i �¯�{�!k+�,rzk+ltl�k+�,rt��k+m{m�k+��k+�,r�m{n$Ë	s�n/m{��r	�kªÂ!k&m����{��ñ�k+p}rt��qE�wó�Â���s��!k h n i r�y�m{n h�i k+l�lt��qE�n+�/k+p¯m{n/Ë,s�k+m{m�k0m{kBp�n i ~us i n/�,rwk+l�rz�{��ñ�k+p}r,�kªÂun/��lwm�k�p}Í	m{�o�oÂ i k2öFÂ���n/s!r i k h n i r�y�m{n���q0Â�s�mon6rt��qE�èÂ����{��ñ�k+p}rt��qE���º�k��9qE�&�&qE�$�*n/�{m¶k+l�rPm�kzl�k+s�m¥l�Í�l�r jk+��k�q js�m{nB�&�{l�kwl�qEs�l h�i k+ltlt��qE�-k+l�rP�{�oÂ9�k h k+�oÂ�n/�,r�k�Â!kzm����{��ñ�k+p}rt��qE��ó!m�kp�n i ~us i n/��rwk+l�rÖÂ���n6~¥q i Â½ltr�q	pz8��k jn$�un/s!r�k h�i k+ltl���qE�ëÂ�n/��lzs�� i �k+l�k i �/qE� i p}k+��r i n/m�y h s��{lw÷/n h�h k+mD�k+÷ h n i m�k+lÂ��µÐ*�k i k+�,rtl³�{��ñ�k+p}r�k+s i l�k+�ø°²qE��p}rt��qE�ÔÂ!k-m�k+s i lz~�k+l�qE�o��l�����k-p}k¯°±n/��r�y¸mon h�i k+ltlt�{qE���k+m�k����k�k·�²k+m{m�k h k+s!r�n/mom�k i

ñts�ltË	s�� jn Û+ù }6ú ~un i l�C�k+l�r2Â��{l h qE�u��~um�k�k+�$p}qE�,rt�{�	s�y!��ðk+��k jnB~un/l i �k�®E�{�&k/y�p}k�Ë,s���n/ltl�s i kws��!kzn6r�qE�&�{ltn6rt�{qE�r i+jk+lzÊu��k7Âus½p�n i ~us i n/�,r�y h qEs i su�!k�p}qE��l�qE�&�&n6rt�{qE�·q h rt�{�&�ol,�k�k|k�r h m{s�l h�i q h�i k/��º¸k�p}qE�oÂ�s�p}r�k+s i Â���n/s��r�qE��q/~u�om�kxk+� i k+ltl�k+�,r�m{s��µ�é�$ðk+��kzm�k+lRk}Ð�k�rtl�yun/s$�u���/k+n/s,Â!k+l i k h�i �{l�k+ldÂ�s���q/r�k+s i p}qE�&�&kÖÂ!k+l-�k+p}qE�!qE�&��k+lÂ!k�p�n i ~¶s i n/�,r��
æ�çéè�çÄû ü è¸ý�þ	ë ì è;ý�ý�ì þ ì¶ý¸ë î ê í�ÿ»í ë �ì þ ì�� è þÿþ è¸ý "�� ì é

¼�s i m�k³l�Í�l�r jk+��k&�9qE�&��qE�ï�*n/�{m�y�p6��k+l�r�su�!k h qE� h k jn¯��n/s!r�k h�i k+ltl���qE��Ë	s���p}qE� h�i �{��k�m�k³p�n i ~us i n/�,rk�rwm�k i k�°ÄqEs�m{k³�/k i lzm{n i n/� h k7Â����{��ñ�k+p}rt��qE�ôn huh k+mD�k�k�÷ i n/�om{÷����Rk�r�r�k i n/� h k³k+l�r i k+m{�D�k�kBn+�/k+p�m{k+l��o��ñ?k+p}r�k+s i lh �{m{q/r,�k+l h n i Â!k+l��k+m{k+p}r i qñ�6n/m��/k+l�� ­ ��kz°Äq i r�k h�i k+ltlt�{qE�,Â�s�p�n i ~us i n/��rPk+ltr*n h�h m{�oË,s9�k�kzk+� h k i �¯n/�!k+��p}k�n/s�´�{��ñ�k+p}r�k+s i l+��� `Zo jk[m]Cq�[�j�lsg ` iBgdhJl�n `#o g y` Âun/��lRm�k�p}Í�m{�{��Â i k ^j cC` idhJl�iBgBj�lsgTi¸Y@jk[mgBh o q % h ` [�i ` g ` l��!q�j�lsgBhEg y`YC[ y`#o h%i ` i �º;n h qE� h k��un/s!r�k h�i k+ltl���qE� �²Ê�®!� � �	�·� Û C|k+l�r¯l h �k+p���ÊuË	s!k�n/sTl�Í�l�r jk+��k/�9v�m{m�k$n/m{�o��k+��r�kïm{n i n/� h kp}qE�&�|s��!k/�
� `3cdy` ]@hEg ` iBg v ~¶��k+�TlEðs i y % h y` ^j % j rxh%g ` iBi ` c q a \�g ` qV[ � ÷;qEs!r�k½monä��n/s!r�k h�i k+l�lt��qE�Tltk i nÂ�� i ��®;�k�kx�/k i l*m{n i n/� h k�p}qE�&�|s��!k/y!k+mom�k�ltk i n|k+��lts���r�k i �k�®EmD�k�k h n i su� i �k�®Esum{n6r�k+s i Â!k h�i k+l�lt��qE���{�,r,�k�® i �k³k+�~�qEs!r2Â!k i n/� h k/�º;n i n/� h k&p}qE�&�|s��!kï�²Êu®!� � �	�$���EC�k+l�r0su�·rts!~�kªÂ!k&°²q i r�k¹�k h n/�oltl�k+s i�h qEs!�6n/�,r i �k+lt�{l�r�k i�jnäÂ!k&r i+jk+l��n/s!r�k+l h�i k+ltlt��qE��l+y h q i rtn/��r jn|l�k+l9k}´	r i �k+�¯��r,�k+l*m�kwp�n h r�k+s i Â!k h�i k+ltl���qE�½�²Êu®!� � �	�0�
�EC�k�rRm{k i �k�®Es�m{n6r�k+s i Â!kh�i k+l�lt��qE�[�²Ê�®!� � �	�-���,C��;�9kÛÂ!k i ���{k i�i k��p}qE��rwk�r�l�r�q	pz8/k¯m�kB®En#��qEm�k¯�un/s!r�k h�i k+ltlt�{qE�ïk+� hui qñ�/k+��n/�up}kªÂ!k�m{nh qE� h k/y+�{m�n/mo�{��k+�,r�k�k+� h k i �¯n/�!k+��p}kòm{k+l¸�{��ñ�k+p}r�k+s i l9�²Ê�®!� � �	�P� } C�r�qEs�ñ�qEs i l;l�qEs�l h�i k+ltl���qE���+º�k i �k�®Es�m{n6r�k+s ik+l�r*p}qE�¯�&n/�oÂ9�k h n i m�kz~�q�ð ú�rt��k i �k+m�k+p}r i qE���oË,s!k0l�k+m�qE��s���k�p�n i r�q/® i n h ���{kzk+�ô�Ï�k+��qE� i k/� ­ ��k³p�n i r�q/® i n h �u��kk+l�rws���k+�ul�k+�³~¶m�k�Â!k7Â!qE���9�k�k+lw�&�ol�k+���Ì�k+��qE� i k7Â�n/��l�m�k|p�n/m{p�s�m{n6r�k+s i Ë	s��¸l�k i rõÂ!k i �k�°+�k i k+�up}k jn-p}k+m{su�µ�ép��h qEs i o \ aôa j�l cC` [ % ` [ y` {�q % jkg ` q�[ cC` p(j��o \�l \�YCgBh a j % `	v p6��k+l�rxm�k�÷/m�q/®E�{p���k+mo÷ÛÂ�s�p�n/m{p�s�mon6r�k+s i �
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º¸nBr�k+p��u�!qEm�q/®E��k��9qE�&��qE���xn/�{m�n h�h q i r�k jn&mon���q/r�q i �{ltn6rt�{qE���w��k+l�k+m�m{n��¯nñð ú�r i �{l�kÚÂ�s�r�k+� h l Â����o�:9?k+pD�rt�{qE����º�k³p�n/mop�s�m{n6r�k+s i yuk+��°²qE��p}rt��qE�äÂ!k+lx�0sum�rt� h m�k+lR�{��°Äq i �¯n6rt��qE��lRk+�,�/qñÍ��k�k+l h n i m�k+l�Âu�µÐ*�k i k+�,rtl*p�n h r�k+s i l�²�/qE� i Ê�®Es i k � � ù C i k��p}qE�{rxm�k+l�l���®E��n/s�´,Â���k+�,r i �k�k0k�rx® jk i k|m�k+lxl�q i rt��k+l ` l p�\�l o gBhJ\	l c�` i o [�h%g ^` [ ` i cC` p(\�l o�;gTh%\�l�l `#aô` lsg c q a \	g ` q�[ � õ;qEs i nYÂ�n h r�k i m{nøË	s�n/�,rt��r,�kèÂ!kô®En#��qEm�k/y % ` o j % o q % jkg ` q�[�j�{�hEgôiT\�hEgôiTqV[ % jYC[ ` iBiTh%\�l c q o jk[m]@qV[�j�lsgõÂ�n/��lPm{n i n/� h k&�²�6n/m��/kÜÂ�s i �k�®Es�mon6r�k+s i Â!k h�i k+ltlt��qE�¶C-iT\	h%gGiTqV[ % j c q�[ y`#`'cfe j o�;gThEr�jkgTh%\�l c�` i y` % `�o gz[�\#r�j�lCl ` i cC` i5h%l#n `�o g ` q�[mi v k+�½l�Í���p�� i qE���{ltn/�,r�y�~u��k+�ôl/ðs i y�p}k+l�n/p}rt��qE��l��¥º¸n-Ë,s�n/�,rt��r	�k�o�:9?k+p}r	�k�k�Âò�k h k+��ÂäÂ!k³m{n¯p}qE�&�&n/�oÂ!k�Â!k+l��k+m�k+p}r i q���n/�u�!k+l�y�Â!k³m{nB����r�k+ltl�k�Â���qEs!�/k i rts i k�k�róÂ!k0m{nB°Äk i ��k�rts i kÂ�k-m���n/��®Esu�{m{m�kªÂ!k�m����{�:9�k+p}r�k+s i y�Â!k�mon h�i k+l�lt��qE� Âusäp�n i ~us i n/��r�Â�n/��l|m�k i n/�{m�y�Â!k�m{nïË,s�n/�,rt��r	�k h n/ltl	�k�k h n im����{�:9�k+p}r�k+s i k�r9Â!k�m{n�m�k����k�kæÂ!k�m���n/��®Esu�{m{m�k/��º�k�ltp��ò�k+�&nÔÂ�n/�ul&m{n½Ê�®Es i k � � ù i k h�i �k+l�k+�,r�kïm�k+l h�i �{��p�� h n/m{k+l�o�!°Äq i �&n6rt��qE��ldÂ���k+�,r i �k�k³k�r Â�k³l�q i rt��k�n/sôp�n/m{p�s�m{n6r�k+s i �
<�� � /60 5>=2? �/� � 31� 5>= �1�2/��

º¸nôp}qE�ul�qE�&�&n6rt��qE�Ïk+l�r h m{sul i �k�®Es�m{� jk i k�m�q i ltË,s�k-m���n iti �����k�k'Â!k�p�n i ~us i n/�,r0l�k�°±n/��r³k+� h m{sult��k+s i lw°²qE�{lÂun/��lzm�k&�$ðk+��k�p}Í	p�m�kªÂ�k�r i n+�6n/�{m�� ­ �!k h�i �k}�é�o�:9?k+p}rt�{qE�ÔÂ!k�r i+jk+l0°²n/��~¶m�kB�/qEm{s���kªÂ!k&p�n i ~us i n/�,rzk+l�r³ltsu���	�{kh n i m����{�:9�k+p}rt��qE� h�i �o��p�� h n/m�k/y�p}qE� h mD�k�r	�k�k/y�n/s�~�k+l�qE�{��y h n i s��!k h qEl�r?�é�{�:9�k+p}rt��qE� i k+mon6rt���/k+��k+�,r�°²n/�{~um�k/�º¸n hui �k}�é�{�:9�k+p}rt��qE�ïltk i r�l�s i r�qEs!r jn�n/ltlts i k i su�!k³��n/s�l�l�k�Â!k h�i k+ltl���qE� i �k�®Es�mo� jk i k�Âun/��l*m{n-p���n/�0~ i k7Â!kp}qE�0~us�ltrt��qE��k�r Â!qE��p jn i �k<Â�s�� i k�m{kz~ i s���rRm{�D�k jn&mon�p}qE�³~usul�rt��qE�zö�m{n h qEl�r?�é�o�:9?k+p}rt�{qE��n6®E��r�Ë	s�n/��r jn�k+m{m�kzn/s�u���/k+n/s,Â�s i k�r i n/��r�k+��k+�,r Â!k+lP®En#��Â����k+p���n h�h k+��k+�,r��
@ i ðn/p}k jnTl�k+l½�{�:9�k+p}rt��qE��l i n h �ÍÂ!k+l$k�r h�i �k+p��{ltk+lïm�kÌl�Í	ltr jk+�&k �RqE�&��qE�(�xn/�{m h�i �k+ltk+��r�kzÂ!k+lïn6r�qEs!rtlÂ9�k�r�k i �&�{��n/�,rtlxn/s i k�®En i Â=Â!k+l h�i k+ltp i � h rt��qE��lR°±s!rts i k+l�k+�½�&n6rt� jk i kÛÂ����k+�&�{ltl���qE��l�Â!k0®En#�ÛÂ����k+p���n h�h k+��k+�,r�²�/qE� i Ê�®Es i kBA	�C�ñC��
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�����$F A	� ùôÑ GIH'JLKNMPORQ	SUTVO�WYX�Z[Q	S�SV\
]^S�Q`_PXaW:b+c'Hed^_Vfg\hSVO�]�MiS
fg]jSVW^WYX�KPk-lmH'Xak[T[KB]6nSjoPXaJ�S bqp8H8d^_Vfg\hSVO�]rMiS$f:]^SVW^W^XCKPksW^O�]
]j_)J+f>Std^KPJ$J
O�k Sub8v"H�WVKPkuMwSE\hSVJ+fxnSV]y_P\�O�]^S�M6z S^_)OqbU{IHqd^KPk:\|_wd�\hSVO�]}f
nS[Mw_~Q	SEMiS8TY]^SVXak'bU�IHqd^_Vfg\hSVO�]tMiS�k:Xa�PSj_PO�M�z ��O�X�Q	Sgb8�"H
d^_Vfg\hSVO�]�fRKPW^Xa\�X�KPkL�NX�Q	S[Z�]jS^��O�Xakeb ��H:MmnS[Z�Xa\�J��SV\�]^SeM6z _PXa]IJ�_)WYW^XC��O:S'_���Q J�dY�>_PO>MIb Gw�mH:d^_Vf:\hSVOR]6fRKPW^Xa\�XCKPkxfxnS[M~_~Q	SqM6z _wd^d,nS�Q�nSV]j_)\hSVOR]�b
GwGIHIWVKPkuMwSL\hSVJ8f
nSV]j_)\�OR]jStM6z _PXa]ubeG)c"H4fg]6nS[dY�>_POV�e_NoiS6b"�R�}�m�~�:�a�w�����>�[�R�6�'b'G�p>�8GPvP�eGw{)�'Gi���eGP�P�eG~�P�"c��)�qcRGwHIX�kNT[KP]YJ�_)\�XCKPk:W
d^KPkudYSV]Yku_Pk>\'Q	SVW+W^X	oPkg_PO~���8�q���	�x�m�:���8 L¡�¢R£,¤I¥,�e¦�¥6¢j§r�6�+�R¨x©

�z�Nª «b¤�¦t¬®­:¯ª$° ª §�ª±­R²�¦´³0£�¨P° ¨�µm¶9£�¨�¦x¢ §�ª·­R²�¨�¢
¸uª
¹2£�¨t¦�¢ §�ªº¹x¶P¤'¬®»B¤q¶�¢�£
æ�çh¼»çéè �¾½4¿�ëIÀìÁ½Eì í$î�ÂCÃ'Ä ë ¿YÅÆ¿ í �¥ë ¿ Ã ý(ì!ë Ä �"½ �qÅÇÀì!ëu½Eì íïî ì¹þ Ã ý;ëu½'ÈÃeÉ ì

vò� i k h�i k+�un/��r�p}k9Ë,s��/n��k�r,�kdÂ���r�n/s�Âò�k�~us!r�Â�k�m{n�l�k+p}rt��qE� h�i �k+pu�k<Â!k+�,r�k/y h n i
Ê À6ÅuÅmË�Ì�Í ÇuÎÎÂ±Æ�ÏËRÈ4Ë ÎNÐ Â Å�Ñ�Ë�Ò Æ±Â À6Å�!qEs�l9n/m{m�qE�ul�k+�,r�k+�oÂ i kzp}qE��ltqE�&�&n6rt��qE�,Â�s�p�n i ~us i n/��r i �k<Â�s��{r�k/y	~¶n/l9�u���/k+n/s>Â!kx~ i s���r�Â!k�p}qE�0~us�ltrt��qE��k�rltn6rt�{lt°²n/p}rt��qE�æÂ!k+l�p}qE�,r i n/�{�,r�k+l*�{� h qEl	�k�k+l h n i m�k0¾ Í�¿�ÀPÓ,Ë Ç Å ¾RÁBÂÄÃ�ÃDÂ À6Å�Ô Æ�Ç Å¶È Ç ¿�È �
Õ s Ë	s!k�p}kôltqE��r&k+l�l�k+��rt�{k+m{m�k+��k+�,r¯m{n·��q0Â�s�mon6rt��qE� Â!k�m����{�:9�k+p}rt��qE�[k�r¯mon h�i k+ltlt�{qE�¹Ë,s��P�o�,Öus!k+��p}k+�,rm�k������/k+n/szÂ!k$ltn6rt�ol�°²n/p}rt�{qE�zÂ!k$p}k+l&p i ��r jk i k+l�y���qEs�l��!qEs�l h m{nm�p}qE�ulÛÂ�n/��lBm�k$p�nYÂ i k/y»q js¹m�k h�i q	p}k+ltl�s�l7Â!km����{�g9?k+p}rt��qE�Bk+ltrïÂ9�k�Êu��� h n i m�k+l h n i n/� jk�r i k+lRlts��{��n/�,rtl�ó,m�kPrt�o�&�{�!®zk�r9m{n h�i k+l�lt��qE�ÛÂ!k*m����{�:9�k+p}rt��qE� h�i �o��p�� h n/m�kk�r*m�kzrt�o�&�{�!®|k�r*m{nÛÂ�s i �k�kÜÂ!k�p��un/p�s��!kÜÂ!k+l h�i �k}�òk�r h qEl�r?�é�o�:9?k+p}rt�{qE��l��²�/qE� i Ê�®Es i kBA	�×��Ø��

Paramétres de controle

Timing de l’injection principale 
de commande

Unité

Moteur

Reponses du système

Performances

(NOx, particules, ...)
Emissions 

Pression

Timing de la pré−injection

Durée de la pré−injection

(consommation, bruit)Timing de la post−injection

Durée de la post−injection
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º���k+��l�k+�0~um�k�Â!k+l h qE�{�,rtlïÂ�s h mon/�½��÷�Â²Æ Ë Ã�Ã Ë0ÈgÍ Á À Æ ËiÍ	¿.øùÒ�ÀgÍ>Ó Î Ë Øòq js�m�k+l&�k+�&�{ltl���qE��l h qEm{m{s�n/�,r�k+l�l�qE�,r�&k+lts i �k�k+l�k+ltrÖÂò�k�Êu��� h n i m{k+l��!q i ��k+l³m��k�®E�{ltm{n6rt���/k+l�k�r³�{m��6n i ��kBk+�·°²qE��p}rt��qE�ÔÂ�s�r�Í h k9Â�k&��q/r�k+s i �'ú;qEs�lm{k+l h qE�{�,rtl�����nñÍEn/��r h n/l�m{n���ðk+��kô�{� h q i rtn/�up}k/y�su� h qE�ÍÂul�û�mD�k�®E�oltm{n6rt��°t÷½k+l�r&n/ltltq	p��D�k jn·p���n/p�s��zÂ���k+s!´¥y®2�k+�9�k i n/m{k+��k+��r�yuk+�-°²qE��p}rt��qE�'Â�s h qEs i p}k+�,rtn6®/kwltrtn6rt�{l�rt�{Ë	s!k�Â!k*r�k+� h l�Âus i n/�,ròm�k+Ë	s!k+m¥m�k��&q/r�k+s i r i n+�6n/�{m{m�knñ�/k+p¯m�k i n6rt��q�����r�k+ltl�k>ü�p}qEs h m�kªÂ9�k�r�k i �&�o�ò�k h n i m�k h qE�{��rzk+�äË,s!k+ltrt��qE���2����k+ltr?� jn��8Â�� i k/y¸m{q i lÖÂ�s·r�k+ltrÜÂ���s���&q/r�k+s i n/sÏl�k+��l�Â!k h qEm{m{s�rt��qE��y�m{nôË	s�n/�,rt��r,�k'Â����k+�¯�{ltlt��qE�êÂ���s�� h qEm{mos�n/��r0p}q iti k+l h qE�oÂ�n/�,r jnïp���n/p�s��ìÂ!kp}k+lýû i �k�®E�{�&k+lPp}qE��r i ðqEmD�k+l�÷0k+ltrR�&k+lts i �k�k/y	k�rRmon³l�qE�&�&k h qE�oÂ9�k i �k�kÚÂ!k+l9Ë,sun/��rt��r	�k+lP��k+l�s i �k�k+l9k+l�r9p}qE� h n i �k�kjn�mon�m{�{�&��r�kzn/s!r�q i �{l,�k�k/�
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ÚyÛ}F A	� } Ñ�þ èÿà��gà Þ ë���àtã>àtå ÜiÝ ájà´ãRà�â Ý äà��Ræ Þ à�âEã�� Þ çiájà�� Ý
	 à)è��Ræ�è6à Þ�Ü ë
� Ü�� à[å�����ë4çiæ�è�á|âEã��®å[ç�è4á Ý��ç�� à
º�k+lRl�Í�l�r jk+��k+l2Â!k�rt�{�&�{�!®0�Ì�k+p�n/���{Ë	s!k+lPl�qE�,r9p�n h n6~¶m�k+ldÂ���nYÂ�n h r�k i m�kxrt�{�&�{�!®�Â����{�:9�k+p}rt��qE� jn0m{n0����r�k+ltl�kÂusô��q/r�k+s i ���?m�k}´!�{l�r�kø�k�®En/m{k+��k+��rÚÂ!k+l*qEs!rt�{m{l h qEs i m�k+l�p}qE�oÂ���rt�{qE��l�� Í Î2Î��VÎ À Ç È k�r Î À�� ��Â È Î Ë ���ïn/�{l�n+�/k+p7Â!kr�k+molòl�Í�l�r jk+��k+l��om�k+l�r h m{s�r�ðq/rïÂ�� �-p��{m�k Â!kwltn6rt�{lt°²n/� i kx�$ðk+��kzm�k+lRp}qE�,r i n/�{�,r�k+lPv�s i q ù �²Ê�®Es i k�A	�C�RØ��!�wn/��lPm�k+lltÍ	l�r jk+��k+lÚÂusôp}qE�,r i ðqEm�k7Â!k+lw��q/r�k+s i l$�k+m�k+p}r i qE���{Ë	s!k+l�y�m�k+l h n i n/� jk�r i k+lzp}qE�¯��k|m{k³rt�{�&�o�!®&k�rzm{n hui k+ltlt��qE�Âun/��lòmon i n/� h kwn/�{��l��uË	s!k�m{k+l9p�n i n/p}r,�k i �{l�rt�{Ë	s!k+l�Â!kwm����{�g9?k+p}r�k+s i l�qE�,rPl�r�q	Ë	s9�k+l2Â�n/��l9s��!kwp�n i r�k ù �é�|�u�9k+m{nh k i �&k�rRm{kwp}qE�,r i ðqEm�k��o�oÂ������ÍÂ�s!k+m�Â!k�m����{�:9�k+p}rt��qE�-k+�äÂ��µÐ*�k i k+�,rtl h qE�{��rtlRlts i m�k h m{n/�·��÷ñÂ±Æ Ë Ã�Ã Ë|ÈgÍ Á À Æ ËiÍ	¿ýø

Ò�ÀgÍ>Ó Î Ë Øz�²�/qE� i Ê�®Es i krA	� } Ø���9k�r�r�kîÖ�k}´!��~u�{mo��r,�këÂus h�i q�p}k+ltlts�l,Â����o�:9?k+p}rt�{qE�¥Â!käp�n i ~us i n/��r$r i nYÂ�s���r�k·k+�Nr�k i ��k Â���q h rt�o�&�{ltn6rt��qE��yl���®E����Ê�k|Ë,s�k&�!qEs�lzn/m{m�qE�ulzp��!k i p��!k i s���k+�ul�k+�³~¶m�kÛÂ!kB��n/m�k+s i lwq h rt�{�&n/m{k+lÚÂ!k+l h n i n/� jk�r i k+lÜÂ!k�p}qE�,r i ðqEm�k�k+�	s��Ï�k i �k+l>Â�n/��l�m{n�Êu®Es i k1A	�×� h qEs i p���n/p�s�� Â�k+l h qE�{��rtlÛÂus¹p}qE��r i ðqEm{kæÂ!k�m{nùû�p�n i r�k=Â!k+l i �k�®E�{�&k+l9Â�s�&q/r�k+s i ÷�� Ë}Å�! Â ÅmË Á&Ç Ó Ø��²�/qE� i Ê�®Es i kBA	� } Ø��
æ»çh¼�çh¼ "ýÃ¸í ¿�ë ¿ Ã ý î$# Ä ½ Ã&%$É ÀìIÅ ì îEÂCÃ'Ä ëu¿VÅÆ¿ í �¥ëu¿ Ã ý

' q/r�qE��l�(*)B�/k+p}r�k+s i Â�k+l��6n i �{n6~um�k+lóÂ!kÜÂ9�k+p��{l���qE�ïp}q i�i k+l h qE�oÂ�n/�,r*n/s,+�-.�/0. h qE�{�,r Â�sïp}qE��r i ðqEm�k|l�s i m{np�n i r�kÜÂ!k+l i �k�®E�{�&k+l Â!k���q/r�k+s i �uõ�n i m{n�l�s���r�kz�!qEs�l�n/mom�qE��lPs!rt�{mo�{l�k i m�k+l��!q/rtn6rt�{qE��l�lts��{��n/�,r�k+l�ó1�2 )w�òmon�p}qE��l�qE�&�&n6rt�{qE�Ì� 354 �RØ9qEs�m�kz~ i s���r2Â!k�p}qE�0~us�l�rt�{qE�ä� 364 � ØR��k+lts i �k+lxn/s h qE�{�,r0+¥ö7 2 )z�òm����k+�&�oltlt��qE�,Â�s h qEm{mos�n/��r83-��k+lts i �k�k0n/s h qE�{��r9+¥ö: 2 �¯mon[��n/m�k+s i Â�køp}qE��r i n/�o��r�k h qEs i m����k+�&�oltlt��qE�¥Â�s h qEm{mos�n/��r;3!y��o� h qEl,�k�k h n i ¾ Í�¿�ÀPÓ,Ë Ç Å ¾PÁBÂoÃ�Ã�Â À6Å
Ô Æ�Ç Å¶È Ç ¿�È ö< )³��m�k h qE�ÍÂ�lPmD�k�®E�oltm{n6rt��°2p}q iti k+l h qE�oÂ�n/�,r�n/s h qE�{�,r9+¥�¼�qE��rRk+�!Êu�=(=4 �>(&?�@ A A A @B(�C�Ø�yuq jsED]k+l�r*m�k��!qE�0~ i kÖÂ�k h qE�o��rtl�Âus$p}qE��r i ðqEm{k/�º�k h�i q/~¶m jk+��kÖÂ���q h rt�{�¯�{ltn6rt��qE�b�k�rtsoÂ��D�k�Â�n/��lPp}k³p���n h ��r i k³p}qE��lt�{ltr�k jn�r i qEs!�/k i s����/k+p}r�k+s i(�F04 �>(GF? @ A A A @B(�FC Øòr�k+m�Ë,s�k
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�wn/��lòm�k�p�nYÂ i k ÂusªÂò�k��/k+m�q h�h k+��k+�,ròp}qE� h m�k}´	k|�²°²n/��r h n i ���/k+p}q�Ø�y	�!qEsul�l�qE�&��k+lò�{�,r�k i �/k+�,sul�n/s&l�rtnYÂ�kÂ!k¯mon i �k+l�qEm{s�rt��qE�êÂ���s�� h�i q/~um jk+��k-l��{� h m{�{Ê9�kBnñ�/k+p$l�k+s�m�k+�&k+��r�Â!k+s�´øp}qE��r i n/�{��r�k+l$�±lts i p��{�uË �k+�	s��Ï�k i �k�k+lÂ�n/��lPmonBÊ�®Es i kBA	�C�RØ�yGU,VW(ôk�r�X*Y[Z�\�] :K^G_a`Jb �dcfe Ø��º¸k���q�g jk+m{kOg�s¹��q/r�k+s i p}qE��lt�hg9�k i �kig�n/��l&p}k�r�r�kN�k�rtsjg!kôp}q iti k+l h qE�jg jnøm����o�:9?k+p}rt�{qE� jnkg!k+s�´ �k�rtn h k+l¸óh�i �k}�é�{�g9?k+p}rt��qE��k�r�m����o�:9?k+p}rt�{qE� h�i �{��p�� h n/m{k/y�p6��k+l�r?� jn��lg�� i k�m{nBm�qE�!®Es!k+s i g!kzp���n/Ë,s�k��/k+p}r�k+s i (*)³k+l�r-�k�®En/m�k jný��²�/qE� i Êu®Es i kBA	�×��Ø��º¸k��!qE�0~ i k
g!k+l h qE�{�,rtlmg�s�p}qE�,r i ðqEm�k h qEs i m{kxr�Í h kWg!kw��q/r�k+s i k+��Ë,s!k+ltrt��qE��k+l�r¯�k�®En/m{k jn¾�����±p}qE�&�&kg�n/��lPmonBÊ�®Es i kBA	� } Ø�y¥p}k³Ë,su��lt��®E����ÊukMn (�nT4onµ�>(&?�@ A A A @B(�CrØ�np4 �4A	�
�z�rq s ³®³B¤�¦r¹utBª
µ ©wv´­t¦´¬ý¶�­tª�¬ ª»£ ©e­t¦B¹x¶�­tª�¬
æ�çyx»çéè z|{ì í:ÃeÉ�# ë ¿ Ã ý îm# Ä ½ Ã&%
É ÀìIÅ ì~}�� ÉYÃ&% � É��
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º����k�rtsjg�k5gus h�i q/~um jk+��k h qEl,�k5gun/��lxmon-l�k+p}rt�{qE�îA	�	�	�	��n �k�r	�k¯p}qE�&�&k+��pu�k h n i m{n i �k+l�qEm{s!rt��qE�,g�s h�i q/~¶m jk+��kg���q h rt�o�&�{ltn6rt��qE��ltsu����n/�,r�ó � ]�� 1 2 �>("ØK@ 354 ��@	��@ �jA	�×��Ø
l�qEs�lzp}qE�,r i n/�{�,r�k+l-�jA	�	� Ø�y;q jsøm�k+lz°²qE��p}rt��qE�ul 1 2 l�qE�,r�gò�k�Êu����k+l h n i m�k+l½�k�®En/m{��r	�k+l��jA	� ù Ø��;�wn/��l³r�qEs!r�p}k¯Ë	s��lts��{r�y¸p}k h�i q/~um jk+��k-k+l�rä�k��/q	Ë	sò�k$p}qE�&��k Ó¶¿�À Ê Î��Ë Á Ë�! Î À Ê ÇgÎ=y»p�n i p���n/p�s���k�g!k+l0°²qE��p}rt��qE��l0q/~�9�k+p}rt��°9g!k�m{np}qE��l�qE�¯�&n6rt��qE��g�s p�n i ~us i n/��r�k�r=g�s ~ i s��{r�g!k·m{nÏp}qE�³~¶s�l�rt��qE� k+l�r �k+p i �{r�ltqEs�l�°Äq i �&k,g�k+l½Ã À ÁBÁ Ë Ã
Ó�À6Å¥È ÏË}¿ ÏËRË Ã�Ã Í�¿ Æ ÀgÍ ÃrÎ Ë Ã Ó�À Â Å Æ²Ã ÈgÍ�Ò�À6Å Æ ¿��À Î Ë �­ �!k�r�k+m{m�kÏ�k+p i �{rts i kMg�s h�i q/~um jk+��kô�jA	�C�RØ�yP�jA	�	� Ø i �k�g�s��{rwmon=g��{��k+��l���qE�,g!k&m���k+l h n/p}kMg�k+lzq/~�9�k+p}rt��°²lfg!k
�:� jn��	y¶p}k³Ë,su��k+��m jk��/k³m{n�Ë	s!k+l�rt��qE�Og!k�m{n i k h�i �k+ltk+��rtn6rt��qE�ig!k+l i �k+l�s�m�rtn6rtl�k�r�y*g!k h m{s�l+y i �k�gus���r�m�k�p}q�ðs!r�g�si n/�����{�!®�m�q i l0g!k�m���n h�h mo�{p�n6rt��qE��g!k³m�� g m�®/q i �{rt����kzv��/qEm{s�rt��qE����n/� i k
�ïs�m�rt�µ���w~�9?k+p}rt�{°��­ �!k i k+�&n i Ë	s!k-r i+jk+l��o� h q i rtn/��r�k�p}qE��lt�{ltr�k jnig�� i k�Ë,s�k/y�g�n/�ul0p}k$p�n/l�y�m�k+l|°ÄqE�up}rt��qE��l0q/~�9?k+p}rt�{°²l 1�2 )h qEs i gu�µÐ*�k i k+�,rtl0+ï�²�6n i �{n/�,rSg!k � jnÿ��� Øò�!k
g9�k h k+�jg!k+�,rmg���n/sup�s��!k���n i �on6~um�k*p}qE�&�|s��!k�k�rSg!qE��p6y�n h�i ��q i ��y�!k&l�qE�,r h n/l1û?k+�äp}qE�ÁÖu��rt÷�m�q i l�g!k¯m�k+s i q h rt�{�&�oltn6rt��qE�·lt�{�|s�m�rtn/�9�k�k/� g �o��lt��y�m�k h qE�hgulzn/ltl�q�p����k jn�p���n/Ë,s�k°²qE��p}rt��qE�&q/~,9?k+p}rt��°xÎ À�Ò ÇgÎ Ë 1�2 )�gò�k+p i ��ròk}Ð¥k+p}rt���/k+�&k+��rPm����{� h q i rtn/��p}k9g�s h qE�o��r$gus¯p}qE�,r i ðqEm�kxp}q i�i k+l h qE�jg�n/�,ri k+m{n6rt�{�/k+��k+��rwn/s�´ïn/s�r i k+l h qE�{�,rtl�g�sïp}qE�,r i ðqEm�k$� i n h�h k+m�qE�ul*Ë	s!k|m{k h qE�hg�l < )&p}q iti k+l h qE�jgïn/s h qEs i p}k+���rtn6®/kfg�s�r�k+� h l�g�s i n/��r�m{k+Ë,s!k+m�m{k���q/r�k+s i r i nñ��n/�om{m�k�g�n/��lPm{k i �k�®E�{��k6+ÁØ��

º;n�Ê�®Es i kÿA	�	� h�i �k+l�k+�,r�k�m���k+�ul�k+�³~¶m�k�g!k+l|l�qEm{s!rt�{qE��l³�!qE�!�lg!qE�&�{�9�k�k+l0r i qEs!���k�k+l|m{q i lfg!k��u�¯k+l�ltn/�{l6g!k' ¼ @ g �����ò�±l�k+p}rt��qE� ù �×�!� ù Ø�n h�h m{�oË,s9�kRn/s h�i q/~¶m jk+��k��jA	�×��Ø�y¶�jA	�	� Ø���º�q i l�g!kPp���n/Ë	s!kPk+ltltn/��y6mon h q h sum{n6rt��qE�6g!krtn/�{m{m{kE� ú/ú n$�k��/qEm{s9�k h k+�jgun/��r ù ú/ú ®;�k+�9�k i n6rt��qE��l��Eº¸k+l2n/s�r i k+l h n i n/� jk�r i k+l�g!kRm���n/m�®/q i ��rt����k&�k��/qEm{s!rt��qE���un/� i kl�qE�,r�m�k+l��$ðk+��k+l�Ë	s!k�p}k+s�´�s!rt�{m{�ol,�k+l h qEs i m���q h rt�{�&�{l�n6rt��qE�=g�s h n i k}�ép��!q�p¯�²�/qE� i ltk+p}rt��qE���,�×�!�	� Ø��
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Consommation du carburant (g/kW)
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Ò�À Á Ê Â Å ÏË Çg÷ Ë�Ò   Å � Ë Ç�ÃDÂ Ê ÂhÎ=Â±Æd¡�¢ Ê Ñ�Ë�Ò Æ±Âh÷ Ë
�
Ó Ó¥¿?À Ç Ò�£

��n/�ul�p}k�r�r�k&�k�rtsjg�k/y�m�k+l�p}qE�,r i n/�{�,r�k+lug�k+l��k+�&�{ltl���qE��lwU¤V
(|k�rucfeVp}q iti k+l h qE�jg�k+��r�n/s���q i �&n6rt��°�¥ ^ Z�¦ ù�²Êu®Es i k�A	�C�RØ���v��·°±n/��r�y h qEs i m�k+l���n/m�k+s i l : 2 g!k�¥ ^ ZT¦:�!y¸�!qE�äl�k+s�m�k+��k+�,r³n/s�p�su�!k&l�qEm{s!rt�{qE��°²n/�{l�n6~um�kMg�shui q/~um jk+��kB�jA	�×��Ø�y¸�jA	�	� Ø�����n h sôðk�r i k�r i qEs!���k�k/y��¯n/�{lò�$ðk+�&k�m�k+l9l�qEm{s�rt��qE��l$gus h�i q/~um jk+��k�g�kx�&�{�u�{�&�{ltn6rt�{qE�g�k+l 7 2 �>(qØ�yT354 ��@	�|����n h n/lRn6r�r�k+�{�,rPm�k��u���/k+n/s�g�k�Ë	s�n/m{��r	�kzlts��-ltn/��r h qEs i l�n6rt�{l�°±n/� i kxm{k+l9�o�ò�k�®En/m{��r,�k+l��jA	�	� Ø�²�/qE� i m{nBÊ�®Es i kBA	�§�uØ��
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0 1 2 3 4 5
0

0.1

0.2
Limites Euro4 pour NOx et PM                
Solutions non-dominées de  min NOx et min PM
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ë Ü â ßÜEÝ à�è�á Ý à Ý ã Ü è âm� ÜtÝ äà��Ræ|çièW¬�­¯®M²,³p´Bµ���¶p·�¸ � °�±¹²,ºp´ º
»���¶p·�¸ � å[ç ÝNÝ à�â2ë ç�è6ã Ü è4ájà ßÜ �Yê à��>æ¼�:à�è�å[à�ãRà¾½0¿�À�Á�Â

�ôn/�{l9p}k+p��¥k+l�r h m{s!r�ðq/r9�!q i �&n/m¥Ë,s�k�g9�k+p}k��6n/��r�g�n/�ulò�!q/r i k�p�n/l�y�p�n i m�kw��q�g jk+m{k��k�rtsjg��D�kw�!k h�i �k��/qE��r h n/lmon h qEltr?�é�{�:9�k+p}rt��qE��y�û i k+l h qE��l�n6~um�k+÷�y�p}qE�&��k-�!qEs�l�m���nñ�/qE��lfg9�k�9 jnOgu��r h m{s�lw��n/s�r�y h qEs i m{n i �k�g�sup}rt��qE�Ãg�s�u���/k+n/s=g!k+l��k+�&�oltlt��qE��l+�
õ;qEs i m{n h�i �{ltk|k+�äp}qE� h r�k�g!k+l³p}qE��r i n/�o��r�k+l�y¾  Å � Ë Ç�Ã�Â Ê Â2Î=Â²Æd¡Ä¢ Ê Ñ�Ë�Ò Æ±Â2÷ Ë6�LÓ Ó¶¿�À Ç Ò�£ n �k�r,�k-k+� h m�qñÍ��k¯�{p��g�k�m{n���ðk+��k�°±nm�p}qE�ôË	s!k³m�q i l0g!k�m���q h rt�{�¯�{ltn6rt��qE��g�s h n i k}�ép��!q�p¯�±l�k+p}rt�{qE�i�,�×�!�C�RØ��
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º¸k$°²n/��r-Ë,s!k�m{k+l�°ÄqE�up}rt��qE��l�q/~�9�k+p}rt��° 1�2 )�ym+Æ4 ��@ A A A @C���Ì�!kOg9�k h k+�jg!k+�,r h n/lMg!k+l-��ðk+��k+l&�6n i �{n6~¶m�k+lg!kWg9�k+p��{lt�{qE��y!°²n/�{r h k+�ul�k i0jn�m{n h qEltlt��~¶�{m{��r	�k�g�kzr i n/��r�k i �{��gò�k h k+��g�n/�&��k+�,r´��� h�i q/~um jk+��k+l9g���q h rt�{�&�oltn6rt��qE�
Î À�Ò Ç ÍpÇ y¸p���n/p�su�·p}q iti k+l h qE�jg�n/�,r jn$s�� h qE�{��rWg�s�p}qE�,r i ðqEm�k/�¸�|��s���k h n i r�y�p}k+p�� i k�����k+�jg i n/�{r jn i �k�g�su� i kBm{ng��{�&k+��lt��qE��g!k�m���k+l h n/p}k�g!k i k+p���k i p��!kÈg!k��4A�Ë	s!k��!qEs�lPnñ�	��qE�ul h qEs i m�k h�i q/~um jk+�&k�®Em{q/~un/m��jA	�×��Ø�y2�jA	�	� Ø jn
� h qEs i p��un/Ë,s!k h�i q/~um jk+��k�m{q	p�n/m��º;nTË	s!k+l�rt��qE� Ë,su�³l�k h qEltkÏp}qE��p}k i �!kÏm{kÌp���qE�µ´~g!k+lï��n/m�k+s i lOg!k+l½p}qE�,r i n/�{�,r�k+l h qEs i p��un/p�s��Ég�k+lh�i q/~¶m jk+��k+lôm�q�p�n/s�´Êg!kÌ°²nm�p}qE� Ë,s�kÌm�k+s i ltn6rt�{l�°±n/p}rt��qE� �{� h m{�oË,s!k·m{nTltn6rt�{l�°±n/p}rt��qE�Ëg!k+lôp}qE�,r i n/�{�,r�k+l,g�sh�i q/~¶m jk+��k��{����rt�on/m2�jA	�	� Ø��­ �!kPl�qEm{s!rt�{qE�|�un�Ì Í��/k�p}qE��lt�{ltr�k jn hui k+�jg i kRm{nw�$ðk+��k��6n/m�k+s i g�k+l»p}qE��r i n/�o��r�k+l h qEs i r�qEsul»m�k+l h�i q/~um jk+�&k+lm�q�p�n/s�´�y��!q/rtn/�&��k+�,rxm�k+l*��n/m{k+s i l : 2 � @ i ðn/p}k0n/sô°²n/�{r*Ë,s�k³m{n�l�qE�&�&kfg!k+l h qE�hgul < )0k+ltr��k�®En/m�k jn��6yult�;m�k+l�{�9�k�®En/m{�{r,�k+l

7 2 ),�>(G)gØ0R : 2 @Î+M4 ��@ A A A @C���
l�qE�,rP���k i �{Ê9�k�k+l h qEs i r�qEs!r h qEmom{s�n/�,r�3�yun/m�q i l*p���n/p�s���kfg!k+l�p}qE�,r i n/�{�,r�k+l0�jA	�	� Ø�l�k i nÏ�k�®En/m�k+��k+�,r����k i ��ÊR�k�k/�º¸k+l��o��p}qE�����k+����k+�,rtl=g!k·p}køp��!qE��´Æg!k+l��6n/m�k+s i l�g!k+l$p}qE�,r i n/�{�,r�k+l�m�q�p�n/m�k+l�l�qE��r$m�k+l�ltsu����n/�,rtl���ú;qEs!rg���n6~�q i g�y2�{m9�!k-rt�{k+��r h n/l5g�sÌr�qEs!r�p}qE� h r�k=g!k+lB�{� h q i rtn/�up}k+l i k+m{n6rt���/k+l5g!k+l h qE�{��rtl6g�s[p}qE�,r i ðqEm�k/�»��kh m{sul�y2m{k+l�r�k+l�rtl¯�&qE��r i k+�,r-Ë	s���nñ�/k+pOg!k$r�k+mxp��!qE�µ´Ïg!k�p}qE�,r i n/�{�,r�k+l�y h qEs i p}k i rtn/�{��l h�i q/~um jk+��k+l&m�q�p�n/s�´�ym���n/m�®/q i ��rt����kz����n iti ���/k h n/l jn�r i qEs!�/k i g!k�l�qEmos!rt��qE��lR°±n/�{ltn6~um{k+l��­ �!k·n/s!r i køn h�hui q	p��!køn/s�´ p��!qE�µ´Ðg!k+l$p}qE�,r i n/�{�,r�k+lôm�q�p�n/m�k+l$n �k�r	�kär�k+ltr,�k�k/�wv�mom�k·l���n h�h s��{k½lts i m�k+li �k+lts�m{rtn6rtl�q/~�r�k+�	s�l³m{q i lWg!k¯m{n i �k+ltqEm{s!rt��qE�Ñg�s h�i q/~um jk+�&k&®Em�q/~un/m����z�øp�n/m{p�s�m�k/y�g���n6~�q i g�y�m�k+lz�6n/m�k+s i lfg!k7 2 )	�>(*)uØ�yu+O4º��@ A A A @C���	y h qEs i r�qEs�r�k¯l�qEm{s!rt�{qE�O(k4 �>( ? @ A A A @B( ?lÒ Ø�gus hui q/~um jk+��k��jA	�C�RØ�yò�jA	�	� Ø�� ' q/r�qE��l�y 7 2 )m{nB��q�Í/k+���!k�g!k+l 7 2 ),�>(*)uØ h n i �¯�¶r�qEs�r�k+l*m�k+lPl�qEmos!rt��qE��l¯(¸��º;nB��n/m{k+s i g!k�m{nBp}qE��r i n/�{��r�k : 2 ) h qEs i p���n/Ë,s�kh�i q/~¶m jk+��k-m�q�p�n/m�k+ltr|p��!qE�{lt��k�g!k¯°±nm�p}qE� jnïp}k�Ë	s���k+m{m�k�l�qE��r hui q h q i rt��qE���!k+mom�k jnïm����o� h n/p}rÈg�k 7 2 ) g�n/��l0m{n��q�Í/k+���!k�®Em�q/~¶n/m�k 7 2 y¶p6��k+l�r?� jn��lg�� i k : 2 )W4 : 2 � 7 2 )�Ó 7 2 Ø��º;n û�m�q/®E�{Ë	s!k+÷�g!kBp}k|p��!qE�µ´Og!k+l��6n/m�k+s i l : 2 )Bk+l�r�r�k+m{m�k|Ë,s!kBm�k i n6rt��q 7 2 )�Ó 7 2 y$û��k+m{n6~�q i �k+÷$n/s�p}qEs i l�g!km���q h rt�o�&�{ltn6rt��qE��®Em{q/~un/m�kï�±Ë	s��»rt��k+�,r0p}qE� h r�k�g!k+l�û��{� h q i rtn/��p}k+l0m��k�®E�{ltm{n6rt�{�/k+lt÷Og!k�g��µÐ*�k i k+��rtl h qE�{��rtlfg�sp}qE�,r i ðqEm�k>Øòp}q iti k+l h qE�jg jnBm{n|��k+�{m{m{k+s i k h k i °²q i �&n/�up}k�n/s$l�k+�ul¯g�k+lòq/~,9?k+p}rt��°±l0g!kwm{nBp}qE��l�qE�&�¯n6rt��qE��k�r0g�s~ i su��ròq h rt�{�&�{l	�k+l�ltqEs�l�m�k+l�p}qE�,r i n/�{�,r�k+l9g�k0¾ Í�¿?À~Ó,Ë Ç Å ¾RÁBÂoÃ�Ã�Â À6Å�Ô Æ�Ç Å¶È Ç ¿?È �º;nxÊu®Es i k�A	�	Aw��qE�,r i k�m�k+l�l�qEm{s!rt�{qE��l¾g!k+l h�i q/~um jk+�&k+l»m�q	p�n/s!´0p}qE� h n i �k�k+lòn/s�´|l�qEmos!rt��qE��l¾g�s h�i q/~¶m jk+��k®Em�q/~un/m�gun/��l�m�k+lzk+l h n/p}k+l�R 1 ? )[@ 1 Ò )EÔzy�+¤4±��@ A A A @C���	�»º�k+lz® i n h �!k+l�g�n/�ul�p}k�r�r�k-Êu®Es i k&l�qE�,r h m{n/p¶�k+l³k+�p}qE�!°²q i �&��r	�k|n+�/k+p|m�k+l h qElt��rt��qE�ul0g!k+l h qE�{�,rtl�g�s�p}qE�,r i ðqEm�k|p}q iti k+l h qE�jgun/��rtlxlts i m{n&p�n i r�kÈg!k+l i �k�®E�{��k+l�g�s��q/r�k+s i �²Ê�®Es i kBA	� } Ø���?m�k+l�r��{� h q i rtn/��r�g!k*��q/r�k i Ë,s�kPr�qEs!r�k+l�m�k+l�l�qEm{s!rt��qE�ul�g�s h�i q/~um jk+�&k�m�q	p�n/m*+|���k i ��Êuk+��r�m{k+l�p}qE��r i n/�{��r�k+lm�q�p�n/m�k+l : 2 ),ywrtn/�jg��{l·Ë	s!k¹m�k+l h�i q:9�k+p}rt��qE��l¤g�k+l·l�qEm{s!rt��qE�uligus hui q/~um jk+��k[®Em�q/~un/m�l�s i m�k¹l�qEs�l?��k+l h n/p}kRÕ(*)
Ö ? @B(G)
Ö Ò @B(G)
Ö ×
@B(G)
Ö Ø~Ô h k+s!�/k+�,rô����qEm�k i p}k+lïp}qE�,r i n/�{�,r�k+l�������k+l�r?� jn��lg�� i k/y*qE� h k+s�rôp}qE�³~¶�{�!k i �����{�B�h q i r�k-Ë	s!k+m{m{k-l�qEm{s�rt��qE�kg���su� h�i q/~um jk+��k�m�q	p�n/m9n+�/k+p$�����{� h q i r�k¯Ë	s!k+m{m�k�l�qEm{s!rt�{qE�kg���s��Ïn/s!r i k h�i q/~¶m jk+��km�q�p�n/m�k+��®En i gun/��r*m{k+l�p}qE��r i n/�{��r�k+lx®Em�q/~un/m{k+l�ltn6rt�{l�°±n/��r�k+l��¶�Rk+p��¸p}qE��l�rt�{rts!k�s���nñ��n/�,rtn6®/k|�o� h q i rtn/��r�g�k�m{np}qE��lt�Ùgò�k i n6rt��qE� û h qE�{�,r h n i�h qE�{�,rt÷��
æ�çyx»çyx ÚéÄ ëu¿VÅÆ¿ í �¥ëu¿ Ã ýÛ} Ä�Ã ¿�ý¸ë Ä �"½ Ä�Ã ¿éý;ë �ÝÜ»íéÃ'Ä ë ¿YÅÆ¿ í �¥ë ¿ Ã ýÛ}�� É^Ã&% � É ì �

õ2qEs i p}qE� h n i k i m�k+l i �k+ltsum�rtn6rtl5g!k�m���q h rt�{�&�{l�n6rt��qE�øm�q�p�n/m�k�n+�/k+p$m�k+l|l�qEm{s!rt�{qE��lfg�s h�i q/~¶m jk+��k-®Em{q/~un/mg�n/��l|m���k+l h n/p}k,R 1 ?�@ 1 ÒiÔzy2su�Ì�!qE�0~ i k�lts��-ltn/�&��k+�,r h k�rt��r5g!k�l�qEm{s!rt�{qE��l0m{q	p�n/m�k+lBn �k�r,�kôl,�k+m�k+p}rt��qE���9�kh qEs i p���n/Ë	s!k�+¹� h qE�{�,rtlw~um�k+sulzlts i m{n�® i n h �!k+l�g�n/��lzmon�Ê�®Es i k�A	�	A Ø��;vò��lts��{r�k/y�p���n/p�s��!k�g!k+l�l�qEm{s�rt��qE��l
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p��!qE�{lt�{k+l*�±Ë,su�!k+l�ròsu���/k+p}r�k+s i g!k�� Ø Ø�n��k�r	�kzp}qE�0~u�{�9�k�kxnñ�/k+pxm{k+l�l�qEm{s!rt�{qE��l8g!k�r�qEsul�m�k+l�n/s�r i k+l h�i q/~um jk+��k+lm{q	p�n/s�´;g!kP°±nm�p}qE� jn³q/~�r�k+��� i m�k+l��/k+p}r�k+s i l¯g!k�� Ø� lts i m�k+ltË	s!k+m{l»m�k+l»�6n/m�k+s i l8g!k 1 ?�k�r 1 ÒRqE�,r��k�r,�k�p�n/mop�s�m��k�k+l��
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103.5 Solutions non-dominées du problème "global"
Solutions combinées des problèmes "locaux" 
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' q/r�qE��l»Ë	s!k9Ë	s!k+m	Ë,s�k9l�qE�{r2m�kRp���qE�µ´Èg!k+l�p}qE�,r i n/�{�,r�k+l»m�q	p�n/m{k+l�y hui �{l�k+l;r�qEs!r�k+l�k+��l�k+�0~um�k/y�k+m{m�k9l�qE�,r h m{s�li k+l�r i �{p}rt���/k+l*Ë	s!k|m�k+lxp}qE�,r i n/�{�,r�k+lw�{����rt�on/m�k+l³�jA	�	� Ø��&�ôn/m{® i �kBp}k+mon�y¥m�k+l i �k+lts�m�rtn6rtl
g���q h rt�{�&�{ltn6rt�{qE��yu�{m{mos�l�r i �k+lg�n/��lxm{n&Êu®Es i k.A	�"!���qE�,r i k+�,r�m{q i l9g!kBm{n i �k+l�qEm{s!rt��qE�ig!k+l h�i q/~um jk+�&k+lxm�q�p�n/s�´�y¶m{n-��ðk+��k�Ë,sun/m{��r,�kÈg���q h rt�µ��&�{l�n6rt��qE�ø�±n/s�l�k+��l9g!k+l�l�qE�&�&k+l h qE�jg9�k i �k�k+l 1 ?Pk�r 1 Ò�Ø9k+ltr*n6r�r�k+�{�,r�k/�
æ�çyx»ç&% ' ¿ í þ #�í6í ¿ Ã ý

º;n½�&q/rt����n6rt�{qE�Ï�o����rt�{n/m�k�g!k=g������{l�k i m�k h�i q/~um jk+��k�®Em�q/~¶n/mw�jA	�C�RØ�y��jA	�	� Ø|k+�¹l�qEs�l?� hui q/~um jk+��k+lBp}q iti k+l��h qE�jg�n/�,rtl jnEg��µÐ*�k i k+��rtl h qE�o��rtlWg�s�p}qE�,r i ðqEm�k[�k�rtn/��r6g���k+ltltnñÍ/k i g!k i �k�g�su� i k�m{n=g��{�&k+��lt��qE�ig!k&m���k+l h n/p}kMg!ki k+p��!k i p���k/y¸p}k¯Ë	s�� h k i ��k�r�y�®2�k+�9�k i n/m�k+�&k+��r�y¾g!k&m���k}´ h m�q i k i³h m{s�l�k��¯p�n/p}k+��k+�,rBn+�/k+p¯su�·p}q�ðs!rÈg!k&p�n/mop�s�mi �k�g�s��{r���9k h k+�jgun/��r�y�p}k+m{nT�!k h k+s!r h n/l·ðk�r i kÏm�køp�n/lô�{p��-�±n/s ��qE�{��l+yPk+� p}kÌË	s��zp}qE��p}k i ��käm{n i �k�g�s�p}rt�{qE�g!kôp}q�ðs�rPØ�yòrtn/�,r�Ë	s!kô��qEs�l¯s!rt�om{�{l�qE��l�m{k+l-l�qEmos!rt��qE��lMgus h�i q/~um jk+�&kô®Em�q/~un/m h qEs i Ê!´�k i m�k+l-�6n/m�k+s i lMg�k+lp}qE�,r i n/�{�,r�k+l*m�q�p�n/m�k+l��º����hgò�k�k¯g�kòm{n�g������{lt��qE��gus h�i q/~¶m jk+��k h qE�jg9�k i �kPn$�k�r	�k/yE�9�k+n/���&qE�{��l�y i k+p}qE���	s!kò��qE�0l�k+sum�k+��k+�,r¸q i ��®E�o��n/m�k�&n/�{l�r i+jk+l2n h�h�i q h�i �D�k�k jn�m���n huh m{�{p�n6rt��qE�ï�k�rtsjgu���k�k�k�r¸p}k+p�� h�i �{��p�� h n/m�k+��k+�,r h qEs i m�k+l&g!k+s�´ i n/�{ltqE��l�lts����6n/�,r�k+l���|��s��!k h n i r�y jn½m����k�rtn h k�g�k¯m����k+m{n6~�q i n6rt��qE�Äg!k+l³�&q�g jk+m�k+l|l�rtn6rt�{ltrt�{Ë,s�k+l h qEs i m{k¯p�n/m{p�s�mmg!k+l i �k h qE��ltk+lg�s�l�Í�l�r jk+��k½�k�rtsjg��D�k&�²k+�$m���q�p�p�s iti k+�up}k/y�p}kzl�qE�,rPm{nBp}qE��l�qE�&�¯n6rt��qE��y!m�k�~ i s���ròk�rPm�k+l¯�k+�&�{ltlt�{qE��lPØ�m���n/��n/m�Í�l�kg!k+l i �k+l�s�m�rtn6rtl-q/~�r�k+�,sul h qEs i m�k+l h�i q/~um jk+�&k+l¯m�q�p�n/s�´ h k i ��k�r¯Ë	s!k+m{Ë	s!k�°ÄqE�ol;g!kOg9�k�r�k+p}r�k i g!k+l-��q�g jk+m{k+l�{��p}q i�i k+p}rtl h qEs i p}k i rtn/�{�ul�g!k³p}k+l h qE�{�,rtl���ïn/�{l�m{n i n/�ol�qE� h�i �{�up�� h n/m�k h qEs i m{n/Ë,s�k+m{m�k�m{n·p}qE��lt�hg9�k i n6rt��qE� û h qE�{�,r h n i&h qE�{��rt÷�n �k�r	�k i k+p}qE���	s!kn h�h q h�i �D�k�kzm�q i l�g!k�m����k�rtsjg!kÈg!k�p}k h�i q/~¶m jk+��k/y�p6��k+l�r*Ë	s!k��$ðk+��k|lt��r�qEs�l�m�k+l*p��{��Ë h qEm{mos�n/��rtl0gus$�!q i �&n6rt��°k+s i q h �k�k+���+�k+�,s��Ï�k i �k+l$g�n/��l�m�k�rtn6~um�k+n/sfg�k�m{nRÊ�®Es i k$A	�C�RØ�ltqE��r hui �{l�k+�0p}qE� h r�k/y��om6Íwn�y�k+� i �k+n/m{�{r,�k/y�g���n/s!r i k+lp}qE�,r i n/�{�,r�k+l��±n/s!rtn/�,rSg���r�k+l�p}qE�,r i n/�{�,r�k+l9q h �k i n6rt��qE����k+m{m�k+lPØ�Ë	s�����k*°²qE��r h n/l h n i rt��k9g�s-��q�g jk+m{kxp}qE��lt�Ùgò�k i �kg�n/��l0p}k�r�r�kT�k�rts�g!k/y2�¯n/�{l0n/s!´�Ë	s!k+m{m�k+l³m�k+l0ltqEm{s!rt��qE��lfg!k-�!q/r i k h�i q/~um jk+��k�g���q h rt�{�&�{l�n6rt��qE�Ãg!qE���/k+�,r-ðk�r i knTg�n h r	�k�k+l9s�m�r	�k i ��k+s i k+��k+�,r��	�9k+l�p}qE�,r i n/�{�,r�k+l9�{� h qEl�k+�,r��!q/rtn/�&��k+�,rmg!k+l�m{�{�&��r�k+l»l�s i m{n�gu�µÐ*�k i k+�up}k�k+��r i km�k+lò��n/m{k+s i l¯g!k+l h n i n/� jk�r i k+lPq h rt�{�&�{l	�k+lz�²rt�{�&�o�!®!y[g�s i �k�kxk�rPm{n h�i k+ltl���qE��g�k�m����o�:9?k+p}rt�{qE��Ø�g�n/�ulmg!k+l h qE�{�,rtlg�s¹p}qE�,r i ðqEm�kï�/qE�{lt�{��l+��º¸n h qEltlt�{~u�{m{��r	�k�g!kôp}qE�0~u�{�!k i k}´ h mo�{p���r�k+��k+�,r¯m�k+l&ltqEm{s!rt��qE��l�m{q	p�n/m�k+l¯k+�Ts��[�/k+pD�
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­ �!k»r�k+��g�n/��p}k i k+�¯n i Ë,sun6~um�k�g!k+l g m�®/q i ��rt�u��k+l�v��/qEm{s�rt��qE����n/� i k+l�k+l�r�Ë,s�k�p}k+l¸�Ï�k�rt�!q�g!k+lEû h �k+� jk�r i k+��rt÷n/sg9?qEs i g����,su�9g�n/��l=g�k���qE�³~ i k+s�´b�!qEs!�/k+n/s!´Ýg!qE�&n/�o�!k+l�g���n h�h m{�op�n6rt��qE��l��&n/m�® i �køm���n6~ultk+��p}k¤g!k�~un/l�k+lrt�9�k�q i �{Ë,s�k+l|�±�!q/rtn/�¯��k+��r�ywg!k h�i k+s!�/k+l�g!k|p}qE���/k i ®/k+�up}k>Ø�n/s�ltlt�;l�qEm{�hg!k+lxË,s�k0p}k+m{m�k+lxË,s���qE� h k+s!rxr i qEs!�/k ih qEs i g!k+lzn huh�i q�p��!k+l�n/m{r�k i ��n6rt���/k+l��w�?��l h � i �k�k h n i p}k�r�r�k&q/~ultk i ��n6rt�{qE��y�m{n���q/rt���6n6rt��qE� h�i �{��p�� h n/m{kÈg!k�p}kr i n+�6n/�{m-�k�rtn/��r�g!k�p}qE�,r i ��~¶s!k i n/sÏgò�k��/k+m�q h�h k+��k+�,r�g!k+l g m�®/q i �{rt����k+l�v��/qEmos!rt��qE����n/� i k+l;�ôs�m{rt�µ����~�9�k+p}rt��°� g vm�,�rØSg�kz°²nm�p}qE� jn i k+�jg i kwm{k+s i n h�h m{�op�n6rt��qE�$n/s�´ h�i q/~um jk+��k+l i �k�k+m{l*m{n h m{s�l9k��¯p�n/p}k h qEltl���~um�k/�g �{�ult��y/m�k*p i �{r jk i k�g���n i�i ðk�r û h n i gò�k+l�k+l h qE� i ÷�y h�i q h qEl,�k�g�n/�ul�m�k*p���n h ��r i k } y�k+l�r¯g!k+l�rt�{�9�k jn�q h rt�{�¯�{l�k i m�ki n h�h q i rRk+��r i k|m{n�Ë	s�n/m{��r	�kfg!k+lxl�qEm{s!rt�{qE��lRk�rxm�k�p}q�ðs�r�g!k�p�n/m{p�sum/ó�g�n/��l*m{n h�i n6rt�{Ë	s!k/y�p6��k+l�r�p}k0p}qE� hui qE�&�{lË	s���k+l�rxm�k h m{s�lRl�qEs��/k+��r i k+p��!k i p��ò�k/��xk���ðk+��k/y�m���q h �k i n6r�k+s i g!k¯p i qE�{l�k+��k+�,r�y2�o��r i q�g�s��{r
gun/��l³m�k�p���n h ��r i kÿ�	y�n �k�r,�kb�k���n/m{s9�k�g�n/��l0m����hg9�k�kg�k¯��k�r�r i k�k+�ä�6n/m�k+s i m���n/p�pu�k+m��k i n6rt��qE� g�k-m{n hui q/® i k+ltlt�{qE�ø�/k i l|m{nôl�s i °±n/p}k�g!k�õ2n i k�r�q½Ë	s����{mòn h�h q i r�k&k�r��qE� h n/l�y h n i k}´	k+� h m�k/yum�k h qEs i p}k+�,rtn6®/kÈg�k+l�l�qEm{s!rt�{qE��l0g!k³õ�n i k�r�q-k}´�n/p}r�k+l�Ë,s����{m h k i ��k�r�g!k i k�r i qEs!�/k im{q i l5g!k$m{n i �k+l�qEm{s!rt��qE�Ïg�k+l h�i q/~um jk+��k+lBr�k+ltrï�±m{n���k+lts i k�Ë	s��Rn(�k�r,�kïs!rt�{mo�{l,�k�k$m�q i l5g!k�p}k i rtn/�{��k+lÌ�k�rtsjg!k+lhui q h qEltn/��r�g�k��!qEs!�/k+n/s�´�q h �k i n6r�k+s i l�g!kz�6n i �{n6rt��qE�mØ��
º����k�rtsjg!kfg�kfg!k+s�´$n h�h m{�op�n6rt��qE��l i �k�k+m{m�k+lx�{ltlts!k+l0gusEg!qE�&n/�{��k�g!k�m��B�?�jg�s�l�r i ��k g s!r�qE��q/~¶�{m�k/y h k+s!rwðk�r i kk+ltrt�{�Ì�k�k�p}qE�&��k�s���k i �k+sultlt��r�k�g�n/�ul9m{k+l0g!k+s�´�p�n/l+��õ;qEs i m�k h�i q/~um jk+��kWg!k�m���q h rt�{�&�{l�n6rt��qE��gus h n i k}�ép��!q�pg�kx�/qE��rts i k/y!m{n|r i n/��l�°²q i �&n6rt��qE��g!k+l9q/~�9�k+p}rt��°±lPl�k+p}qE�jg�n/� i k+l9k+�$p}qE��r i n/�o��r�k+l�g�k�m���q h rt�{�&�{ltn6rt�{qE�-n h k i �&�{lg���q/~�r�k+��� i s���k���n i ���k�r,�kwlts��-ltn/�&��k+�,r�® i n/�jg�k9g!k*l�qEmos!rt��qE��l�°±n/�{ltn6~um{k+l�Ë,su�jg!qE�&�{��k+��r8g!kxm�qE�{�&m{nzltqEm{s!rt��qE�g�k i �k�°+�k i k+��p}k/y�k�r�p}k+p��2k+�½r�k+� h l�g!k|p�n/m{p�s�m h m{s�lxË,s!k i n/�{l�qE�u��n6~um�k³p}qE� h r�k0r�k+�	s�m�k³°±n/��r�Ë,s����om¸l���n6®E��r
g!kmon i �k+l�qEm{s!rt��qE�Og���s�� h�i q/~¶m jk+��k�g!k�p}qE��p}k h rt�{qE���õ;qEs i m{n�l�k+p}qE�jg!k�n huh m{�{p�n6rt��qE��y	k+�ôn6~ul�k+��p}k�g!kzr�qEs�r�k i �k�°+�k i k+�up}k/y¶m{n i �k+s�l�lt��r�k�p}qE��lt�ol�r�kzr�qEs!r�g���n6~�q i gjn0n+�/qE� i r i qEs!���k�g�k+l�l�qEm{s�rt��qE��l�ltn6rt�ol�°²n/�oltn/��r�k+l�k+�-n huh m{�{p�n/�,r�s�� g vm�,� h k i °Äq i �¯n/��r�y�p}qE�0~u�{�9�k�n+�/k+pws��!kn huh�i q�p��!k5g!kBm{n hui �{l�k0k+�·p}qE� h r�k;g!k+lwp}qE��r i n/�{��r�k+lw~¶n/l,�k�k&lts i m�k|r i � h n i g�k�® i �kMg!k�m{n¯����qEm{n6rt�{qE���G�ïn/�{lp6��k+ltr�lts i r�qEs!rxm����hgò�k�kÈg!kBm{n�g������{lt��qE�=g�s h�i q/~um jk+�&kÈg���q h rt�o�&�{ltn6rt��qE�ï�{����rt�on/m�k+��k+�,r h qEl	�k5g�n/��l�s��ôk+l h n/p}kg�k�g9�k+p��olt��qE��g!kEg��{�&k+��lt��qE� �4A½k+�ù����l�qEs�l?� h�i q/~um jk+��k+l;g!qE�,r&p���n/p�su�[k+l�r i �k+l�qEm{sÏg�n/�ul�s��Ïk+l h n/p}kEg!kg9�k+p��olt��qE�Og�kÈg��{�&k+��lt��qE�s�!y�Ë,su�¸n¹�k�r	�k�n h�h�i �k+p��D�k�k h n i �!qEl�p}qEm{m{n6~�q i n6r�k+s i l9g�s��9k+��r i kÈg!k|��k+p���k i p��!k5g!k���{n6r��2º���nñ��n/�,rtn6®/kEg!k¯p}k�r�r�k=g������{lt�{qE��k+� h qEltlt��~¶�{m{��r	�kMg���k}´ h m�qE��r�k i m�k+l0ltqEm{s!rt��qE��lfg!k+l³l�qEsul?� h�i q/~um jk+�&k+l jng���n/s!r i k+l�l�rtnTg�k+l9g!k�p}kfg9�k��/k+m{q h�h k+��k+��r��
ú¸qEs!r�k+l�m�k+l¹�k�rtsjg!k+l�k}Ð¥k+p}rts9�k�k+lOg�n/��l¯m{kôp�nTg i k,g!kïp}k�r�r�k½rt� jk+l�k�qEs!� i k+�,r�g!k+l h k i l h k+p}rt���/k+l�g�k i k}�p��!k i p��!kB°²s!rts i k/�?>ws�k|p}k�l�qE��rwm���s!rt�om{�{ltn6rt��qE�Og!k+lw�Ì�k�r i �{Ë	s!k+lWg!Í���n/�&�{Ë	s!k+l h qEs i�i k+�jg i k h mos�l i �{®/qEs i k+s�l�km����k��6n/m{s�n6rt�{qE�=g�s�p i ��r jk i kfg���n i�i ðk�r�û h n i g9�k+l�k+l h qE� i ÷0k�r�gus$p i qE�{l�k+��k+�,r-�k+m{��rt�{ltr�k/y	qEsôm{nBp}qE�³~u�o��n/�{l�qE��g!kzm{ni k+l�r i �{p}rt��qE�,g�s·p��!qE�µ´,g!k+l h n i r�k+��n/� i k+lw~un/l	�k�k¯lts i m{n�g!qE�&�{��n/�up}kBnñ�/k+pMg���n/s!r i k+lzréÍ h k+lWg�s·p i qE�{l�k+�&k+��rË	s!kA@RºCB ~u�{n/�{l	�k/y!qEs�k+�up}q i k³m���k}´ h m�q i n6rt�{qE��g�k+l��hg9�k�k+l�m{�D�k�k+l jn¯m{n|°²nm�p}qE� h m{s�lRl�Í�l�r,�k+�&n6rt�{Ë	s!kfg!kwÊ!´�k i g!k+l�6n/m�k+s i l0g!k�p}qE��r i n/�{��r�k+l h qEs i m�k h�i q/~¶m jk+��kfg�s h n i k}�ép��!q�p6��0��n/s�r i k+l
g�� i k+p}rt��qE�ul h qEltlt��~¶m�k+l h qEs i mon i k+p��!k i p��!k0°±s!rts i k³qE�,rô�k�®En/m�k+�&k+��r½�k�r,�k&�{�jg��oË,s9�k�k+lxn/sïÊ¶mug�s
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r�k}´�r�k/y�k�r jn�m{n-Êu�ig!k+lzp��un h ��r i k+lwp}q iti k+l h qE��g�n/��rtl+���9k i rtn/�{�!k+l
g!kBp}k+lz�hgò�k�k+lzl�k i qE�,rzltn/��l
g!qEs!r�k+lz�&�ol�k+lk+�JI�s�� i kWg�n/�ul�m�kz°±s!rts i m�k h mos�l h�i q�p��!k/��ïn/�{lwm{n�p��!qEl�k&l�s i mon/Ë,s!k+mom�k0�{m;°±n/s!r��o��lt�{l�r�k i �{p���y�p6��k+l�rzË	s!k�p}kB�¯n/�,s�l�p i ��r�y¥~u��k+�½Ë,s!k h�i �k+l�k+�,rtn/�,r�m�k~u�{mon/�Og�sïr i n+�6n/�{m2k}Ð�k+p}rtsò�k�9�sultË,s�� jn h�i �k+ltk+��r�y��!kBm�kBp}qE��p�m{s!r h n/l����?m¸°±n/sjg i n/��r h m{s!r�ðq/rwm�k|p}qE� h n i k i¯jn�s���{��ltrtn/��rtn/���9�kô��Ã Å Ç Ó Ã £	À Æ|Ø³Ë,su�;Ê�´	k&m����k�rtn6r6g!k�m����k��/qEm{s!rt��qE� jn$su�·��qE��k+�,r h�i �k+p��{l����ïn/�{l�y h k+�jg�n/�,rzË,s���qE�m���n/��n/m{Í	l�k/y»p}k�r¹�k�rtn6r�y9®;�k+�ò�k i n/m�k+��k+�,r�yRp���n/�!®/kïk�r¯p}qE�,rt�{�,s�k jn �k��/qEm{s!k i �òº¸n·l�k+s�m{k$���k i ��rtn6~¶m�k�p}qE��p�m{s�l���qE�p}qE��lt�ol�r�k jn9gu� i k�Ë	s!k�m{n�p}qE��g���rt��qE��g���n iti ðk�r´û h n i g9�k+l�k+l h qE� i ÷�g�n/��l;p}kòp�n/l;k+l�r¸k+��p}q i kòm�qE�{�fg��µðk�r i k9l�n6rt�{l�°±n/��r�k/yp�n i �{m�Í�n�k+��p}q i k³s�� h q/r�k+�,rt��k+mwg!k h�i q/® i k+ltlt��qE�$l�s��¯ltn/�,r h qEs i g!k��!qE�0~ i k+s�ltk+lP®;�k+�ò�k i n6rt��qE��l��
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!c!�Ù:upÙ:&iØ	Ù	×iÚ6�n×�, F ×�#h�1trØ	Ù�Ú(� Q &@u�£�Ù�Ú�q�, ¡ u ¹i¹ £�¥ ��¦ ¥�� ! Ö�¥ � �~u�� !p��¼ ��T� � � <[�L?¢wr|�j�g45�mi�`� ��g�|��&gih�oVvi��mp�ivxy&wro��&vxh;j�o�|�g�o�mp°x�zm�jå��vi|V�im�lno�vi|$vi{qo��&���EW�g�o��zvxh­�¹��h�7Hgihqj��ûµEgiwqy0tl��H5[mp��m�y[gihlµ¸= m��&hq�qg�|cµ¸� Ìgihkhrmp|�uCm6µq�&o�vi|�jpu]A ,�×4ucqOq�Û�Ù�ÚH��!V×.�¶Ø>£2q � ^PC A &�,s&�r$rXq'r A ,�×�w'rXq'#ºx¡×�r�� Ù�ÚH��c,�×�# ��&xØ-t(,vq uk{kg�°im�jÕ� !iº Ö¡� !p� �z0~{q|��&hr°imp||{Gmp|�y&g�°ru©� !i! ����T� ;�� �=�im�yzèthrm�á©wro�o�vxh­� �LqnÚ�q�Ø	Ù-u6��rT��×�,½Ù�Ø>£H#�!>&�Ú¡Û � ,s&@u�ØP&�r�!b�S��rT��×�,�Ù	Ø>£�#�q"!E�~±qnÚ�±q�Ø	Ù-²6tiq"!jq�Ø � ,s&@u�ØP&�rEq"! �� !i!i¹ ��fHvxj�j��&mp|`µ­�°7Hg��k�&y&�zo�g�o��&vxhÜ�g>µq�z|��&°imp||µqm�j�|�m�l��qmp|�l��rm�j���T� !�� �P�_0��]�ågihqgij��*3H|�g�{¡�q�&lpgiy[��mpo��rv2µqj¢vi� ��wqyzo��z�ûln|��zo�mp|��zvxhPvi{q|��&���EW�g�o��zvxh­� Ý\qpÙ�Ø$!'u�£�,½Ù �nØ]��»t2,M�HÚH�(q��©G&�Ú¡ÛiØ8q Q &iØ>£2q'#>&iØ	Ù%ZVt~Ú�Û Q qvu�£2&�ÚqÙdZ u1� ¹ £ ¼@��¦"ºp��¼ Ö ºp�T� u�� !�;i¹ �� ��¸��â@ |�� ���øgij�gihlµ­� � {qo��&����j��&hr°Alnvxhræiµqm�hqlnm�vi�©o�mns~o�lpy&gij�j��zæklpg�o��zvxh¶��è¤mp�ivxy&wro��zvxhàvi�©j�èt����vxy��&l�mnst{q|�m�j��j��zvxhqj�����h�?Am�hqhrmpo��V� �l?¢�&hqhqm�g�|�u � |��zutm6µq�zo�vi|�u ��Û���&�Ú1ucq�!¢Ù�Ú��LqnÚ�q�Ø	Ù-u A ,�×v�@,.&�# #âÙ�ÚH� u?l��kg�{qo�mp| ¹ ��u{kg�°im�j�¥i¥ ¼ Ö�¥ ¼�; ���I��¨ µ=|�m�j�j�uC� !i! ¥r�� � � � �P��f��|�ål'?Õg�èiu�[ � � �[ä[vxhqv �imp|�u�u�gihlµ®=Õ� � � @ m�l � ��gihC�S� lnvx��{¡g�|��&j�vxh vi�Ao��q|�mpmå��mpo��rv2µqj��vi|¶j�m�yzm�lno��&hr° ��giy&wrm�j�vi�H�&hq{kwroâ��g�|��&g��kyzm�j��&h�o��qmJgihqgiyzètj��&jâvi��vxwro�{kwro���|�vx� g lnvx��{kwro�mp|¶lnv2µrmi�ß1qOu�£�Ú�×�#�qpØ-,½Ù-u'! u ¹ � ¦"¹iºi! Ö ¹ ¥ ¼ u=� !p��! �� ��¹�� »®�(�ø�&l��qgiyzm'5 �&l�Wi� �LqnÚ�q�Ø	Ù-u���rT��×�,½Ù�Ø>£H#�!�¼�Þ &iØP&bxkØ-,"tlu�Ø-t2,vq"!'½ M ��×�r�trØ	Ù	×iÚ A ,�×v�@,.&�#�! �G0~{q|��&hq°imp|_{Gmp|��y&g�°rui��m'5��:9=vi| � u©� !i! �~� º |OµVm6µq�zo��&vxh­�� ��º�� »®�(�ø�&l��qgiyzm'5 �&l�WHgihlµS�Õ�t��o�o��&gt�¬���ivxy&wro��zvxhkg�|�èâvi{qo��&���XW�g�o��&vxh�vi�©lnvxhqj�o�|�gi�&hrm6µ¶{q|�vi�ky&m���jp����h¶�Õ�T{��0~mp�kgiyEµàgihlµVá�� � �2<rvi°im�y�uqm6µq�&o�vi|�jpulA ,�×6ucqcq�Û�Ù�ÚH��!â×.�AØ>£2q�ÿ } K �HÚqÚitB&�r F ×iÚ6�'q',sqpÚ1ucq�×�Ú M ��×�r�ttØ	Ù�×�Ú1&�, ¡A ,�×v��,s&�#j#âÙ�Ú(� u�{kg�°im�j !�; Ö¡� ¸@; ��[ vi|�yEµ+0rlp�zm�h�o��&ækl�uC� !i! ¥r�� � ¥ � »®�)�ø�&l��qgiyzm'5 �&l�W[gihlµ�äH��»®� � gihq� � v45¢�27�gihiµqy&�&hr°�lnvxhkj�o�|�gi�&h�o�j¬��h¢°im�hrmpo��&l[giyz°ivi|��&o��q��jp�H��h�=¢��?�� @ mn�yzm'5Sgihlµ¶á�� @ � @ v�v � mp|�urm6µk�zo�vi|�jpuBA ,�×6ucqcq�Û�Ù�ÚH��!�×s�HØ>£2q ¥�CED   ÚkØ8q',�Ú�&iØ	Ù	×iÚ1&�r F ×�Ú6�6q�,vqnÚ�ucq�×�ÚÄ�LqpÚ�qpØ	Ù:u��rT��×�,½Ù�Ø>£H#�! uk{kg�°im�j�� ¼ ��Ö¡� ¼p� ���åvi|�°xgih+?¢giwr�	��gihqh­uC� !i! ���� ��¼�� »®���ø�&l��qgiy&m'5 �&l�W�gihlµV3��@�Hg�W��q�zèxg�o��C��3Hm�hrvtlnvi{��O�v� ¦ �2lnv���mp�ivxy&wro��zvxhqg�|�èâgiy&°ivi|��zo��q�:��vi|�h~wq��mp|��&lpgiyvi{qo��&���EW�g�o��zvxh${q|�vi�kyzm��¤jh5��zo��ãhrvxhqy&�&hqm�g�|Hlnvxhqj�o�|�gi�&h�o�jp����hãf�� @ ��<qvi°im�y�uCm6µq�zo�vi| u�A ,�×4ucqOq�Û�Ù�ÚH��!à×s�



� ¼i¹ ý[Æ�ý[Î©ÆpÈf� F ¾�� D Æ�À
Ø>£BqJx�qvu�×iÚ¡Û   MGMGM   ÚkØ8q�,½Ú1&iØ	Ù�×�Ú1&�r F ×�Ú6�6q�,vqnÚ�ucq�×�Ú M ��×�r�trØ	Ù�×�Ú1&�, ¡~F ×�#h�1trØP&iØ	Ù�×�Ú u¡{kg�°im�j`��¥ � Ö(� ¼ �����������µ�|�m�j�jpuC� !i!i¼ �� � � � ?��i�å�zmpo�o���hrm�h­� ��×�Úlr Ù�Ú�qO&�, Q t2r Ø	Ù�×�w-³6qvu Ø	Ùd��q ¢ ��Ø	Ùd#âÙEn6&iØ	Ù�×�Ú ��?¢y&wH5�mp| u @ vxj�o�vxh­u©� !i!i! �� �T� � 7��B�Jètwqhr°ru � � �87��B?¢�&�Vu~gihlµ²f�� @ �B<rvi°im�y��Eµ�|�m�y&�&�¤�&hqg�|�èâ�&h��im�j�o��z°xg�o��zvxh²�&h�o�v�g�o�5�v��ûj�o�g�°im���mpo��rv2µvi��mp�ivxy�wro��zvxhqg�|�è vi{ko��&���XW�g�o��zvxhÜvxhÄlnvxhkj�o�|�gi�&hrm6µÜ{q|�vi�ky&m���jp����h � �\=¢�]�ålpfHvxhqhrm�y�y�u�=Õ�]3��\=�mpè��hqvxyEµqjpuxgihlµàf�� @ �2<rvi°im�y�u~m6µq�zo�vi|�jpu2A ,�×6ucqcq�Û�Ù�ÚH��!Õ×.�HØ>£2qY� CED �HÚqÚltl&�r F ×�Ú6�6q�,vqnÚ1u"qÕ×�Ú M ��×�r�trØ	Ù	×iÚ1&�, ¡A ,�×O��,s&�#j#�Ù�ÚH� u¡{kg�°im�j ¥i¥ ! Ö�¥�� º �����.¨8µ=|�m�j�jpuC� !i!i¼ �� ��;��j� �l<[�i��gij��­�G��vxhqlnv�vi{?mp|�g�o��&�im¢°xgi��m�jp� ��ÚqÚ1&�r�!�×.� Q &iØ>£2q�#>&iØ	Ù:u�! u ¼ ¥ ¦"¹�;i! uE� !i¼ ���� ��!�� µ®mpo�mp|S� vi|Oµk�&h­���9lnvx��{¡�&y&�&hr°$°im�hrmpo��&lJ{q|�vi°i|�gi���¤�&hr° j�ètj�o�m�� o��qg�o�µk�z|�m�lno�yzèÜ�¤gihq�z{kwqy�g�o�m�jâo��rm�¤gil��q�&hqmålnv(µqmi����h¾?Am�hqhrmpo��_����?¢�&hqhrm�g�| � |��zu=m6µk�zo�vi|�u ��Û���&�Ú1ucq�!åÙ�Ú �LqpÚ�qpØ	Ù:u A ,�×v�@,.&�#j#âÙ�ÚH� u{¡g�°im�j º �i��Ö ºiºi¹ �����.¨8µ�|�m�j�jpuC� !i! ¥r�� ;�¸�� ä��l?�� � m���uqf���3Hvxy%µr�?mp|�°ruqgihlµI0�� � � ��ä��qgihr°r�_¨¬vxwr|�hkgi��m�h�o�j�m�yzm�lno��zvxh­uqhq��l��q�&hq°rutgihiµVo��rmA{q|�m�j�mp|����g�o��zvxhVvi�
µq�&�imp|�j��zo�èi�_¨©m�l��qhq�&lpgiy­|�mp{�vi|�opu U hq�&�imp|�j��zo�è¤vi�]��y�y&�&hrvx�&j�u U |��kgihqg���ä��kgi��{kgi�z°xh­u­� !i! ���� ; � �j� �Gµ®g�|�m6µq�&jp� ä[v~mp�ivxy&wro��zvxhqg�|�èÄlnvxhqj�o�|�gi�&h�o�j�g�o��&j��	gilno��zvxh­�£��h£9â�=f�g��t�Eµrvi|�u_7�� �ûµ®��0tl��H5[mp��m�y�u�gihlµ=Õ���øgihqhrmp|�ukm6µq�zo�vi|�jpumA ,�×6ucqcq�Û�Ù�ÚH��!�×.��Ø>£2q º } K F ×�Ú6�6q�,vqnÚ1u"q�×�Ú A &�,s&�rdrEq�r A ,�×�w'rXq'# !�x¡×�r�� Ù�ÚH�e�",�×�#��&iØ-t2,vq uq{kg�°im�j ¥�� Ö ¼i¼ �m0t{q|��&hr°imp|��P{Gmp|�y&g�°ruráz�AäL0 ; ���~u®� !i! ¥r�� ;i¹�� �½�CäH��µEg�|���mpmiu?f��©ä[mp�~o � v �t�&l�u­�Õ��[ ��[Pg�o�j�vxh­u­gihlµPäH��=¢� @ vxhk�qgi�V�J�åwkyzo��zvi�t��m�lno��z�im�j�g�o��&j��	gil½�o��&vxh�5 �zo��k�&hPgihR�&h�o�mp|�gilno��z�im¶mp�ivxy�wro��zvxhqg�|�è�µqm�j��z°xhPm�h��t�z|�vxhq��m�h�op�+M ��×�r�ttØ	Ù�×�Ú1&�, ¡®F ×�#h�1trØP&iØ	Ù�×�Ú u; £ ¹@��¦ � !p� Ö ¹i¹i¹ u ¹�¸i¸i¸ �� ;iº�� �½� äH�?µEg�|���mpm�gihlµ�3��­µ�wq|�l��qgij�mi�J¨��rmjµrmp�im�yzvi{k��m�h�o�vi�Rµq�&|�m�lno�m6µå°im�hqmpo��&l�j�m�g�|�l��ão�m�l��qhq����wrm���vi|�qm�g��t�&yzè�lnvxhqj�o�|�gi�&hqm6µJµrm�j��z°xhAj�{kgilnm�jp�@��h�A ,�×6u"qOq�ÛiÙ�ÚH��!�×.�[Ø>£2q F ×�Ú4�'q',sqpÚ1ucq ×�ÚÈ� Û�&c��Ø	Ù$��q F ×�#`��ttØ	Ù�ÚH�Ù�Ú M ÚH�xÙ�Ú�qcq�,½Ù�Ú(��Þ q�!�ÙX�iÚ§&�Ú¡Û F ×�ÚkØ-,�×�r u¡{¡g�°im�j !p� Ö¡� ¸x¹ � U hq�&�imp|�j��zo�è¶vi�Eµ�yzèt��vxwro��CuC� !i! ¥r�� ; ¥ � ���rµ®mpo�|�v45 j � ���E� lpy&m�g�|��&hr°�{q|�vtlnm6µqwr|�m�gij�gâhq�&l��q�&hr°���mpo��rv2µ²��vi|�°im�hrmpo��&lAgiy&°ivi|��zo��q��j��z��hS¨¢�(<qwr�� wlµqgtu�m6µq�zo�vi|�u�A ,�×4ucqOq�Û�Ù�ÚH��!$×s�åØ>£2q ßu£�Ù$,�Û   MRMGM   ÚkØ8q',�Ú1&xØ	Ù	×�Ú�&�r F ×iÚ6�'q',sqpÚ1ucqã×iÚ M ��×�r�trØ	Ù	×iÚ1&�, ¡F ×�#`��ttØP&xØ	Ù	×�Ú u¡{kg�°im�j ��!�; Ö ;�¸xº ��������� {q|�m�j�jpuC� !i! �~�� ;i¼�� ä���µ®vxyzvxhq��u�����3��&wr|�°imp�~�&l��­u?á=� � hrm�j�o���u?gihlµ~{��?µ®m6µq�&|�v(µkgt�J7 è~�q|��Eµk�&j�g�o��zvxhVvi�[g²��wqy&o��zvi�t��m�lno��z�im°im�hqmpo��&l�giyz°ivi|��zo��q�Vu�g hrm�wr|�giy�hrmpo�5�vi| � gihiµ�g�lpy&gij�j��&lpgiy�vi{qo��&���EWpmp|©��vi|®lnvx��{¡yzmnsJµrm�j��z°xhÕ{q|�vi�kyzm�� �&h¿ wq�Eµ�µrèthqgi���&lpjp� F ×�#h�1trØ8q', Q q�Ø>£~×�Û)!¢Ù�ÚO�����1r ÙPq�Û Q qvu�£2&�ÚqÙ:u�!�&�Ú¡Û M ÚH�iÙ�Ú�qcq�,½Ù�ÚH� uC� ; �r£ ¹ ��¥ ��¦ ¥ ¸xº Ö¥ ¹�¸ u ¹�¸i¸i¸ �� ; � � 0?�10��l= g�vr� ¢ �?Ø	Ùd#âÙEn6&iØ	Ù�×�Ú1�Hßu£2q�×�, ¡ &�Ú¡Û;�|�@�1r Ù-uc&iØ	Ù	×iÚB! ��[2��yzmpèiul� m'5��:9=vi| � u®� !�; ¥r�� ;p� � �½�B=�m�l��rm�h��?mp|�°r�RM ��×�r�trØ	Ù	×iÚ~x¡Ø-,.&iØ8q8�iÙPq6� ¢ �?Ø	Ùd#âÙPq�,"t~Ú(�ãß�qvu�£�ÚqÙd!«£2q',Jx ¡ !½Ø8q'#�q�Ú1&@u�£ A ,½Ù�Ú(nnÙ��¡ÙPqnÚPÛ�q"!� Ù�×�rz×v�iÙd!�u�£2qnÚ M ��×�r�trØ	Ù	×�Ú �G<r|�vx���¤giht�87 v�W�y&��v~vi°>{Gmp|�y�g�°ru�0~o�wro�o�°xg�|�opu®� !p��º �� ;�;�� 3â��{��H=�m � y&gi�zo���jpux�Õ�(= g �~�&hiµr|�gih­uxgihlµV?��H�Ü�H=�g�°xjvµrm�y&y��   ÚH�(qnÚ�q',�Ù�ÚH� ¢ ��Ø	Ù$#âÙXn4&iØ	Ù�×�Ú Q qpØ>£~×�Û�!
&�Ú¡Û�|�@�1r Ù:uO&iØ	Ù�×�ÚB! �G[S�&yzmpèiui��m'5��:9=vi| � u¬� !�;iº �� ;i!�� 3�mp|�giyEµ�µ®�@=�vxj�o�vxhC� � �LqnÚ�q�Ø	Ù-u Q qpØ>£~×�Û�×�r�×O� ¡ �n×�, F ×�Ú6/��@t2,.&iØ	Ù�×�ÚàÞjq�!�ÙX�iÚ �qµ��qf�o��qm�j��&jpu@�åm�l��qgihq�z�lpgiy?��hr°x�&hrmpmp|���hr°ru~ä�g�|�hqmp°x�zm
�åm�y&yzvxh U hq�z�imp|�j��&oûèiutµ��zo�o�j��¡wr|�°x�­u~µ��ü� ¼i¹ � º � º�;i! ��u U 0t��u~fHm�lnm�����mp|� !i! ¥r�� !�¸��;� ��=�vxwlµrm�h � vruz�P��0tl��rv~m�hqgiwrmp|�u�¨A� @ vxj��&vruCgihlµ�=¢��<qvxh�o�gihqgt�¶� ��wqyzo��zvi�r��m�lno��z�imâmp�ivxy&wqo��zvxhqg�|�ègiy&°ivi|��zo��q�W��vi|Vlpg�|V��|�vxh�oàm�hiµ¢µrm�j��z°xh­�À��hSµ®��ä[vxy&yzmpoJäH�|<rvxhqy&wr{ko � �8?���7Hg�v ����á©wqo�o�vxh;gihlµ�Ü�@0tl��rv~m�hqgiwrmp| u m6µq�zo�vi|�jpu ��,nØ	Ù /RupÙ:&�r M ��×�r�trØ	Ù�×�Ú�Á ú(Â@Âp� ui{kg�°im�j ¹�¸x¼ Ö ¹ �6�~u~ä[|�m�wkj�viopu�<r|�gihqlnmiu�Ã�lno�vi�?mp|¹�¸i¸ ���m0~{q|���hr°imp||{Gmp|�y&g�°r�� ! � � ä�vxhrvi| = èxgih­u � � � �Eä�vxy&y&�&hqj�uCgihlµ£�ø�&l��qg�m�yLÃÄ��m��&y&y��+3�|�gi����g�o��&lpgiy[mp�ivxy&wqo��zvxh ¦ ���ivxyz�t�&hr°å{k|�v��°i|�gi��j���vi|Hgihøg�|��k�zo�|�g�|�èVy&gihr°xwqg�°imi�|��h�[ vxyz��°xgihr° @ gihlW��qg���u�= �&lplpg�|cµrv¶µ®vxy&��u��åg�|�lj0tl��qv�m�hqgiwqmp|�u
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gihlµ�¨¬mp|�m�hqlnm�äH�i<rvi°xg�|�o�èiu?m6µq�zo�vi|�jpu1A ,�×4ucqOq�Û�Ù�ÚH��!�×.��Ø$Æ2q � Ù$,O!nØ M t2,�×"�Bqv&�Ú � ×�,cZ4!cÆ~×c��×�Ú®ÇLqpÚ�qpØ	Ù:uA ,�×v��,s&�#j#âÙ�Ú(� u��ivxy&wq��m � º�È ��vi�iÉzÊ F x u�{kg�°im�j ;iº Ö Èi¼ u�µEg�|��&j�ux�n¥���� ¼ ��{q|��&yt� È�È�; �@0~{q|���hr°imp|��P{Gmp|�y&g�°r�� Èi¹��b� ��f��m0tl��kg)��mp|����åwqy&o��z{kyzm�vi�t��m�lno��z�im�vi{qo��&���XW�g�o��&vxh�5 �zo��å�im�lno�vi|�mp��giy&wkg�o�m6µå°im�hrmpo���l�giyz°ivi|��zo��q��jp���h � � � �\3�|�mp��m�hkj�o�mpo�o�miu©m6µq�&o�vi|�u�A ,�×6ucqcq�Û�Ù�ÚH��!à×.��Ø$Æ2q �6^8C�Ë ÚkØ8q',�Ú1&xØ	Ù	×�Ú�&�r F ×iÚ6�'q',sqpÚ1ucq²×iÚ·ÇLqpÚ�qpØ	Ù:uÌ rT��×�,½Ù�Ø$ÆH#�! uk{kg�°im�j Èiº Ö¡� ¸i¸ ��á¬giwr|�m�hqlnm¢��|�yz�kgiwk�`��j�j�v~lp�&g�o�m�j�u©� È�;i¼ �� Èiº�� �P�z0tl��rv~m�hqgiwrmp|AgihlµP»®���å��l��qgiyzm'5��&l�Wi�¢�=�ivxy&wqo��zvxhqg�|�èålnvx��{kwro�g�o��zvxhãg�oAo��rm�m6µr°im�vi����m�gij��z�¡�&y&�zo�èi���hV7Õ� ���Ü�2{Gvx�z°iopu2[ �~�=�?m�y&�&hq°ru@���(=�m�l��rm�h��?mp|�°rutgihlµS7Õ� �ûµ®�l0tl��H5[mp��m�y�u~m6µq�zo�vi|�jpu2A ,�×6u"qOq�Û�Ù�Ú(��!Õ×.��Ø$Æ2q¥�CED F ×�Ú4�'q',sqpÚ1ucq�×�Ú A &�,s&�r$rXq'r A ,�×�w'rXq'#Äx¡×�r�� Ù�ÚH�h�c,�×�# Ê &iØ-t2,vq ur{kg�°im�j ¹ ¥ ¼ Ö ¹i¼ ¥r�m0~{q|���hr°imp|��P{Gmp|�y&g�°ruáz�AäL0$�i�n¥q��uE� È�È �~�� È ¥ � �P��0tl��rv�m�hkgiwrmp|Hgihiµã»®���å��l��qgiyzm'5��&l�Wi� @ vxwqhlµkg�|�èVvi{?mp|�g�o�vi|�j���vi|Alnvxhqj�o�|�gi�&hrm6µJ{¡g�|�gi��mpo�mp|�vi{qo�������XW�g�o��zvxhJ{q|�vi�kyzm��¤jp�]��h�¨ �­� @eÍg�m�lvÎ�u¡m6µq�&o�vi|�u1A ,�×6ucqcq�Û�Ù�ÚH��!â×.�ÕØ$ÆBqeÏ CED�Ë ÚkØ8q',�Ú�&iØ	Ù	×iÚ1&�r F ×�Ú6�6q�,vqnÚ1u"q×�Ú®ÇLqnÚ�q�Ø	Ù-u Ì r ��×�,�Ù	Ø$Æ�# ! uk{kg�°im�j ºi¹i¹ Ö ºi¹�È ���åvi|�°xgihI?¢giwq����gihkh­u­� È�È Ï �� Èi¼�� �P��0tl��rv~m�hqgiwrmp|¬gihlµ�»®�4�ø�&l��kgiyzm'5 �&l�Wi�H0~{¡�rmp|�mEvi{?mp|�g�o�vi|�j©gihiµAo��rm��z|Cg�{q{¡y&�&lpg��k�&y��zoûè���vi|©lnvxhqj�o�|�gi�&hrm6µ{kg�|�gi��mpo�mp|åvi{qo��&���XW�g�o��&vxh_{k|�vi�kyzm���j��¹��h @ ��µ®vi|�o�vru m6µq�zo�vi|�u`A ,�×6u"qOq�ÛiÙ�ÚH��!Ä×.� Ø$Æ2q¶Ð CED Ì ÚqÚitB&�rF ×�Ú6�6q�,vqnÚ1u"qâ×�Ú M ��×�r�trØ	Ù�×�Ú1&�,"Ñ A ,�×v��,s&�#j#âÙ�Ú(� u?áz�AäL0��i0~{q|���hr°imp|Y{Gmp|�y&g�°ru©� È�È�; �� È � � �P�G0tl��rv~m�hqgiwrmp|�gihlµN0�� B gih�o��qg�Î~��jp�Ää[vxhqj�o�|�gi�&hrm6µ£3A�Nvi{qo��&�¤�XW�g�o��zvxh­�~��h®0��]<rvi|�|�m�j�opuEm6µq�zo�vi|�uA ,�×6ucqcq�Û�Ù�ÚH��!ø×.�JØ$Æ2q ¼ CED£Ë ÚkØ8q',�Ú1&xØ	Ù	×�Ú�&�r F ×�Ú4�'q',sqpÚ1ucq$×�ÚÀÇLqnÚ�q�Ø	Ù-u Ì rT��×�,½Ù�Ø$ÆH#�! u={kg�°im�j ¼ Ï º Ö ¼�;�¸ ��Jvi|�°xgihI?¢giwr�	��gihqhCu?� È�Èiº �� È Ï �b� �|=¢�`0tl��rvio�op�Ò<qgiwqyzo²o�vxyzmp|�gih�o�µrm�j��&°xh_wqj��&hr°Äj��&hr°xyzm$gihlµS��wqy&o����ûln|��zo�mp|���gP°im�hrmpo��&lãgiyz°ivi|��zo��q��jp��ågij�o�mp|��³j�o��rm�j��&jpuqfHmp{kg�|�o���m�h�o vi�E��mp|�vxhqgiwro��&lpj�gihlµV�Hj�o�|�vxhqgiwro���lpjpu1�I��¨Au @ vxj�o�vxhCu��ø�Õu©� È�Èi¼ �� È�;�� 7Õ� �ûµ®�R0tl���5[mp��m�y��«Ó Ñ�wOq�,½Ú�q�Ø	Ù%!'u�Æ2q M ��×�r�trØ	Ù�×�Ú¢&�r�!�xkØ-,.&xØ8qP�iÙPq$Û�q�,�qvÔ��Bq�,½Ù$#>qpÚkØ8q�r$rEqnÚ � ×�,c!�u'Æ�ttÚH�PÙ�ÚÛ�q�,�xkØ-,�»×�# ttÚH��!½Ø8qOu�Æ�ÚqÙdZ ��¨©m�l��qhq�&lpgiy U hq�&�imp|�j��zo�è¶vi� @ mp|�y&�&hCu?� È � ¼ �[f��z{ky�� �P��hr°r�B¨��rm�j���jp�� È�È�� 7Õ� �ûµ®�z0tl���5[mp��m�y����Hwq��mp|���j�l��rm�vi{qo��&�¤�zmp|�wqhr°¤�ivxh$lnvx��{kwro�mp|��û��v2µrm�y&y&m�hå���zo�o�m�y�jhµrmp|Hmp�ivxy&wro��&vxhqj�j��o�|�g�o�mp°x�zmi�YË ÚkØ8q�,�Û�Ùd!�Ù��1r Ù�Ú1&�,"ÑS!cÑ)!½Ø8q'# !�,sq�!'qO&�,.u'Æ u ¹ �~u©� È Ï�Ï ���� ¸i¸�� 7Õ� �ûµ®�z0tl���5[mp��m�y��
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Résumé

Ce travail est une contribution au développement des Algorithmes Evolutionnaires Multi-objectif. La
hausse remarquable d’inérêt pour ces méthodes récentes constatée depuis la dernière décénie s’explique
notamment par leur capacité de trouver une (bonne) approximation de l’ensemble des compromis de
Pareto en un seul essai de l’algorithme, à la différence des approches traditionnelles pour l’optimisation
multi-critère, qui ne trouvent qu’une solution-compromis à la fois (d’autant que cette solution dépend
fortement du choix subjectif de certains paramètres). En effet, lors de la résolution des problèmes réels
d’optimisation multi-critère, et en particulier, des problèmes de conception, il est souvent préférable de
prendre la décision finale à partir des informations les plus complètes possibles, même si cela nécessite
un effort de calcul supplémentaire.

Dans cette thèse, deux problèmes de l’industrie automobile sont étudiés. Le premier concerne l’op-
timisation paramétrique de la forme d’un pare-choc de voiture, un problème a 10 objectifs issus de 3
domaines mécaniques: crash, acoustique et statique. Le second problème qui se pose lors du calibrage du
moteur diesel Common Rail (rampe commune) consiste à minimiser la consommation spécifique du car-
burant ainsi que le bruit de la combustion tout en respectant les normes européennes de fonctionnement
en terme de nuisances à l’environnement.

Une tendance remarquable des Algorithmes Evolutionnaires est que ces méthodes “pénètrent” au-
jourd’hui dans de nombreux nouveaux domaines d’application malgré l’absence de bases théoriques
(notamment, de preuves de convergence) aussi solides que celles qu’on peut trouver pour des approches
alternatives. Inspirée par cette observation, la motivation principale de ce travail était de contribuer
au développement des Algorithmes Evolutionnaires Multi-objectif de façon à rendre leur application
aux problèmes réels la plus efficace possible. Ainsi, une contribution originale de cette thèse consiste à
répondre à un manque criant dans ce domaine, le manque de critère d’arrêt plus fin qu’une simple borne
sur le nombre d’itérations. Le critère d’arrêt proposé dans ce travail est destiné à optimiser le rapport
entre la qualité des solutions et le coût de calcul: dans la pratique c’est ce compromis qui est le plus
souvent recherché. De même, un nouvel opérateur de croisement basé sur la relation de la dominance
de Pareto est proposé et nous montrons l’accélération de la progression vers la surface des compromis
optimaux qu’il apporte.

Abstract

This work contributes to the development of Evolutionary Multi-objective Algorithms. The increa-
sing interest for these techniques observed since the last decade is mainly due to their ability to find a
(good) sampling of the whole set of the Pareto compromises in a single run unlike the traditional multi-
objective optimization approaches that provide only one compromise solution which, what is more,
highly depends on the subjective choice of certain parameters. Indeed, when solving the real-world
multi-objective optimization problems and, in particular, design problems, it is often preferable to make
the final decision from the informations as complete as possible even if an additional computation effort
is needed.

In this thesis, two problems from car industry are studied. The first one is the optimization of
the shape of the car front end taking into account 10 objectives issued from the crash, acoustic and
static mechanical domains. The second problem consists in optimizing the parameters controlling the
fuel injection for the Common Rail diesel engine in order to minimize the specific consumption and
combustion noise subject to the European Emission Standard constraints.

An important tendency of the Evolutionary Algorithms is that these methods today “penetrate”
into numerous new applicative domains in spite of the absence of a solid theoretical basis (notably,
convergence proofs) as can be found for the alternative approaches. Inspired by this observation, the
main motivation of this work was to contribute to the development of Evolutionary Multi-objective
Algorithms in such a way as to make their application to the real-world problems most efficient. Thus,
one original contribution of this thesis consists in responding to a very important lack in this domain,
the lack of a stopping criterion finer then just the bounding of the number of iterations. The stopping
criterion proposed in this work is intended to optimize the ratio between the solutions quality and the
computation cost: indeed, in practice this is what is very often sought. Then, a new crossover operator
based on the Pareto dominance relation is proposed and we show that it accelerates the progress toward
the Pareto surface.


