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fGgihkjml^nZo\hqpGrsnutwvyx{zcrso\h
| vy}�~�owj |�� vmx�h

| r��s��x�� � jmx{}�px{pEjyowvypso�pB���E���!��� � pG�cx{owv/�������,���^�Z� ��� o\h

�%���^�w� �s ���¡Q¢ vyx�£¤��}�nu�srsjmx{p � �svy} �Gx{£io\h�owp�}�r �E¥�¦ �w}�nu�srij � jmx{}�p��@} §&o^v�jm}��@owvm¨©}�vyn�pcr�nZo^vmx�� � ��hmx«ª
n1rs� � jmx{}�p¬hq�srij/x�j/x{h��w}�nu�s�{o��jy}Zr¬hkoE®s¯°x � pso�x�h � hkgihkjmo^n±j ¥�� j/o � hko²j ¥ o!r¬hko�}�¨ � � � v � o³hy� � ��o � vmx�£
�w}�nu�@}Ehmo^£�§�x�j ¥$¥ o�jmo^vm} � o^psow}Er�h � p¬£!rspsvyow�{x � �s�{o�vyo^hm}�rsv���o\hw®�´µp,j ¥ x�h�� � �@owv\¶w§·o&£io\hm�wvmx{�@o¸j ¥ o � o^psowv � �
� vy� ¥ x«jyo^��jyrsvyo°}�¨�¯°x � pso � p�£%§&o³�svyo^hmowpcj&nu}Evmo²� � vmjmx���rs� � vy�{g1j ¥ o � �s����x�� � jmx{}�p�n � p ��� o^nuowpcj·hmowvy�Gx{�wo
� p�£�j ¥ o,vmo\hk}Ersv���o � �{�{}G� � jyx�}Ephmowvy�Gx{�wo�®s¹ºo$��vmo\hko^pEj/vyo^hmrs��jyh^¶�}E�ij � x�pso\£§�x«j ¥`� §·}�vy»cx{p � �svy}�jy}�j�gG�@o
}�¨@¯²x � pso�£irsvyx�p � o�i�¬o^vmx{nuowpcj � jmx{}�p�h�vyo � ��x{¼wo\£$}Ep1j ¥ o ¢ vyx{£�½¾���E���°jmo\h�jy�¬o\£�¶ j ¥¬� j�h ¥ } §Vj ¥ o�o�¿���x{owp¬��g
}�¨�j ¥ o!vmo\hk}Ersv���o � �{��}i� � jmx{}�p�hko^vm�Gx���o�®
À¤ÁcÂKÃyÄ$Å � Æ���¡Ç¢ vmx�£��}EnZ��rijmx{p � ¶@£ix�h�jyvmx{�srijyo^£hkgihkjmo^n�¶¬�¬o^owvmªTjy}�ªÈ�¬o^owv�} �Eowvy� � gupsowj�§&}Evm»ih^¶ivmo\hk}Ersvy�wo
� ���{}i� � jmx{}�pB¶ihmow��¨Éª ¥ o � �{x�p �
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�
	 ���� 	 ¡�� o^h � vmx{�{��o\h7£io¤� � ����r��/�¬o^vmnuowjkjmo^pcj%£io¨©}�rsvypsx{v7� � �sr�x{hyh � p���o¤£io � � ����rs�°pst^�wo^hyh � x�vyo
� ri hkx{n$rs� � jyx�}Ep�h�pGrsnut^vmx�zcrso^h%n � x{h�£iownuo^rsvmo^pcj���}Enu�s��owio^h��Vrijmx{��x�hmowv\®&¯²x � pso o^hkj�r�p hkgihkjml^nZo
zcrsx	�@owvynuo�j,£io7hkx{nu�s�{x���o^v��T½ rijmx{�{x{h � jyx�}Epº£�½ rspso � vyx{���{oZ£so � v � p�£io1t^� ¥ o^���{oZ�w}�nu�@}Ehmtwou£io1vyo^hyhm}�rsv���o\h
¥ t�jmt^vm} � l^pso^h&o�j/ps}Ep�� � �s�{o^h^®�� � p�h���owj � vkjyx{�w��oE¶Gps}�r�h�£st^��vyx{��}�p¬h&�L½ � v�� ¥ x«jyo^��jmrsvyo � twpst^v � ��o�£io�¯°x � pso
owj·p�}�r�h&�svyt^hmowpcjm}Ep�h¸�s�{r�h·� � vkjyx{�wrs��x{lwvyownuo^pEj&��o\h·hmowvy�Gx{�wo^h&£io � o^hkjmx{}�p%£�½ � ���s��x�� � jmx{}�p�owjq£B½ � ���{}i� � jyx�}Ep
£so&vyo^hyhk}Ersv���o^h^®��°}�r�h��svyt^hmowpcjy}�p�h�£io^h�vyt^hmrs��j � j�hw¶\}��sjmowpGr�h � �Eo^�¸r�p$�svy}�jy}�j�gG�¬o&¨©}�p¬��jmx{}�p�psow�i£io·¯°x � pso
�{}�v�h�£�½ o�i�¬t^vmx{nuowpcj � jmx{}�p�h�vyt � ��x�hmtwo^h�hmrsv!� � ��� � jmo�ªL¨©}�vynuo ¢ vyx�£�½ �����E�s¶�zcrsx¸nu}�pcjmvyowpcj��T½ o�¿�� � ��x�jmt�£sr
hmowvy�Gx{�wo³£B½ � ���{}i� � jyx�}Ep�£so³vyo^hyhm}�rsv���o\hw®
� Å �\�Z �� 	 ��¡=¢ vyx��{��o!£io,� � ����rs�L¶shmgGhkjml^nuo�£sx{hkjmvyx���rst�¶svyt^hmo � ri��{} � x�zcrso^h·� � x�vmª�� ªÈ� � x{v^¶ � �{�{}G� � jyx�}Ep�£io
vyo^hyhm}�rsv���o\hw¶ � rijy}�ªÈvmt^� � v � jyx�}Ep
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� � hmx�n1rs� � jmx{}�p pGrsnut^vmx�zcrso$}i�w�wrs�@o$rspso1�s� � ��o1�svytw�@}�p�£it^v � pcjmo$£ � p�h³£io$ps}En$�svyowrs¤£s}�n � x{pso^h
hy��x{owpcjyx��¬zcrso\h%}�� �L½ owi�¬t^vmx{nuowpcj � jmx{}�p vytwo^���{o`o\h�j¤��}��ijmo^r�hmo�¶q��}Ex�vyo`x{nu�¬}chmhmx�����oE® | }�r�v�vyt � ��x�hmowv��wo^h
hmx{n$rs� � jyx�}Ep�hw¶B£B½ x{nu�¬}Evkj � pcjyh�nu} g�o^p�h�£io�� � �{�wrs�¸£i}Ex��Eowpcj���jmvyo7ownu�s�{} g�t\hw®! ��p £io7vmt^�¬}Ep�£ivyo ���wo^h
�@o^hm}�x{p�h^¶s�{o^h/o^pcjmvyow�svyx{hmo^hqowj²x{p�hkjmx�jmrijyx�}Ep�h°hmo�jm}Ersvmp�owpcj°��o^vyh/��o,vyo � vm}Ers�@ownuowpcj/£io,�{owrsv�h�nu} g�o^p�h/£io
� � ����rs���@}�r�vq¨©}�vynZo^v/£io^h � vmx{�{��o\h�£io!� � ����r��T®

" pso � vyx��{�{ou£sou� � ����rs���¬o^rij$��}EpEjyowpsx{v!rspºps}�n1�svyoZx{nu�¬}Evkj � pcj,£io7vyo^hyhk}Ersvy�wo^h^¶ � v � �s�@o^h�£io�� � �«ª
�wrs� � jmo^rsv�h$}Er h�j � jyx�}Ep�h1£so%jyv � � � x{�L¶�zcrsx�hm}�pcj ¥ twjmt^vm} � lwp�o^h^¶�£ix�hk�@owv�hmtwo^h � t^} � v � � ¥ x�zEr�ownuowpcj$owjZpso
�@}�r�� � pcjZ£i}Epspsowv � r¬��rspso �E� v � pcjmx{o�£io�� � �sx{��x�jmtE®$#&o^hZ��}�pcjyv � x�pcjmo\h,x{nu�s��x�zcrsowpcj�zcrB½ rspso � vmx{�{��o�£io�ª
nuo^rsvmo!�w}�nu�s�{o�io �1rsjmx{��x�hko^v^¶sj � pcj�� � v���o\h � £inux{psx{hkjmv � jyowrsv�hqzcrso!� � v��{o^hqrsjmx{��x�h � jmo^rsvyh^®
� � p�h���o�j � vmjmx����{o�¶ ps}Er�h��svyt^hmowpcjm}Ep�h	�L½ � vy� ¥ x�jmo\��jyrsvmo�£io�¯²x � pso�¶�rsp�hkgihkjml^nZo/£B½ owG����}Ex«j � jmx{}�pZ�@}�rsv

� vmx{�{��o°zcrsx�hmx�nu�s�{x ��o°�L½ rsjmx{��x�h � jmx{}�p�£io^h&vmo\hmhm}�r�vy�wo^h¸£�½ rspso � vyx��{�{o�® �/}�jyvmo²�svyx�p��wx�� � �@}��i~�o\��jmx�¨Bo^hkjq�T½ rijmx{�{x«ª
h � jyx�}Ep�jyv � p�hk� � vyowpcjmo³£io!�T½ owp¬hko^n$�s�{o!£io^h·vyo^hyhk}Ersvy�wo^h·£io�� �Z� vmx{���{o�h � p�h�zcrso���o\hqrijmx{��x�h � jmo^rsv�h&p�½ � x�o^pEj
�uhmo!hk}Er���x{owv/£io�� � ��}i� � ��x�h � jmx{}�p�¶s£io�� � £ix�hm�¬}Epsx���x��{x«jyt!}�r£io^h�£st�¨ � x{�{� � p���o\h�£io^h�vyo^hyhm}�rsv���o\hw®
� � p�hur�p �svyownux{owvZjmo^nZ�¬hw¶�ps}Er�h1�svmt\hko^pcjm}�p¬h$¯²x � pso�¶�ps}�jmvyo�hmgih�jylwnuo£�½ owi�s��}Ex«j � jyx�}EpV�¬}Ersvu� �

� o^hkjmx{}�p£io^h/vmo\hmhm}�rsv���o\hq£�½ r�pso � vyx��{�{o�® �°}�r�hqt^ps}�p&%w}�p�hqp�}Eh�}E�i~�o^��jmx�¨ähw¶sp�}Eh/� ¥ }Ex«�£io,��}Ep���o^�ijmx{}�po�j
��vmt\hko^pEjy}�p�h&�L½ � vy� ¥ x�jmo\��jyrsvmo�£io�¯°x � p�o�® �/}Er�hq�svyt^hmowpcjm}Ep�h�o^p�hmrsx«jyo�owp£it�j � x{����o\h�hko^vm�Gx���o^h·£io � o\h�jyx�}Ep
£B½ � �s�s�{x{� � jmx{}�p¬h$owju£�½ � �{�{}G� � jyx�}Ep £io�vmo\hmhm}�rsv���o\hw®��/}Er�hZ�svmt\hko^pcjm}�p¬h$�{o^h1vmt\hkr��«j � jyhu£io\h$owi�¬t^vmx{nuowpiª
j � jyx�}Ep�h!zcrsoups}�r�h � �E}�p�h²vyt � �{x�hkt^o^h � ��o\�$ps}�jmvyou�svm}�jm}�j�gc�@oZ¯°x � psouo�j,� ��� vyx��{�{ou£B½ owG�@twvyx{nZo^pcj � jyx�}Ep
¢ vyx�£�½ �����E�('��*)L®! �� � pcj�£iou��}Ep����{rsvyo�¶@ps}�r¬h°�svyt^hmowpcjy}�p�h³£io^h²jyv � � � rs � �s� � vyowpcjyt^h ��¯°x � p�o1�@}�rsv���o
zcrsxB�w}�p��wowvypso�� �Z� o^hkjmx{}�p£io^hqvyo^hyhk}Ersv���o^h·£�½ rspso � vmx{���{o�®
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�°}�r�h³�svyt^hmowpcjm}Ep�h³£ � p�h��wo�jkjyou� � vmjmx{o$�{o^h³}��s~�o^��jyx«¨äh�zcrsoups}Er�h � �E}�p�h³hm}�r ¥�� x«jyt � jkjmo^x�p¬£ivmoZ�@}�rsv

� � ��}Ep���o^�ijmx{}�p£ir¤hkgihkjml^nZo�¯²x � pso�®
� ½ }E�i~�o^��jmx�¨q��vmx{p���x{� � �¸o^hkj,� � hmx{nZ����x���x�jmt%£B½ rijyx��{x�h � jmx{}�p £io�� �� vyx��{�{oZ�@}�r�v,��o\h,rijyx��{x�h � jmowr�vyh^®C ��p

£B½ }i�w�wrs��jmowvq� � �w}�nu�s�{o�ix�jmt�x�p¬£irsx�jmo�� � vq�{o � v � p�£�p�}�n$��vmo³£io�vmo\hmhm}�rsv���o\hw¶Eps}�r¬h·hm}�r ¥�� x�jm}Ep�h·}�DKvmx{v �
�L½ rijmx{��x�h � jmo^rsv!rspsou�Gx�hkx{}�p4£ioZj�gG�¬oFEBGHE ��I�JK�MLF��JKN��8�O���P�RQ*�&� ®C /x{p�hmxT¶�rsp rsjmx{��x�h � jmo^rsv,£i}�x�j!�¬}Ers��}Ex�v
hm}�r�nZowjkjyvmo rspsoºj�SE� ¥ o hmrsv� �=� vyx{���{o £io^�srsx�h�pB½ x{nu�¬}Evkjyo zEr�ow�{��oºvmo\hmhm}�r�vy�wo�¶&h � p¬h�hmoºhm}�r¬��x{owv£io^h
vyo^hyhm}�rsv���o\h&zcrsx�hmowvy}�pcjqrijmx{�{x{hmtwo\hq�¬}Ersv/�L½ owGt\��rijyx�}Ep�£so,hk}Ep � �s�s�{x{� � jmx{}�p�®
� o^hZrijmx{�{x{h � jyowrsv�h$vyt � ��x�h � pcj1£io\h1hmx�n1rs� � jmx{}�p¬h$pGrsnutwvyx�zEr�o^h1t�j � pcjuhm}�rs�Eowpcj ¥�� �sx�jmrst\h �`rijmx{�{x{hmowv

£so^h � v � ���¬o\h � twvytwo\h²� � v!rsp � o\h�jyx�}Epsp � x�vyoZ£so1jyv � � � ri�¶���ounu}i£io�£io7hk}Ersnux{hyhmx�}Epº£io\h³j�SE� ¥ o^h!£i}Ex«j
hmo!v � �s�svy}i� ¥ owv�£irnu}i£io,£io$hm}�r�nZx�hyhkx{}�p�rijmx{�{x{hmt,hkr�v/rsp � o\h�jyx�}Epsp � x{vyo�£so�jmv � � � ri�®�� � p�h/�wo!nZ}i£io
£souhm}�r�nZx�hyhkx{}�pB¶��L½ rijmx{��x�h � jmo^rsv�¨©}�r�vmpsx�j � r hmgGhkjml^nuoZr�pso7£io^hy��vyx��sjmx{}�p4��}�pcjyowp � pEj,£io\h�x�ps¨©}�vyn � jmx{}�p�h
�@}�r�v&zcrso°� � j�S�� ¥ o°�srsx�hmhmoT�wjmvyo/o�it^�wrijmt^o�®>#&o^h�x�pi¨©}Evmn � jmx{}�p�h��¬o^rs��o^pEjq��}Ep���o^vmpso^v¸� � v�o�io^nZ����o³£io^h
��vmtwªLvyo^zcrsx�h·n � jmt^vmx{ow��h&jmow��h/zcrB½ rspso�j � x{���{o!£�½ o\hk� � ��o!£ix�hyzEr�o!}�r�rspps}�n1�svmo�£io!�svy}i��o\hmhmowrsv�h^®
� � p�h&rspso � vyx{���{o/�{o^h&vmo\hmhm}�rsv���o\h�hk}Epcj&o�i�s�{}�x�jmt^o^h&£io²n � psx�l^vmo\h ¥ twjmt^vm} � lwp�o^h^®�U¸p%o�D@owj^¶Gx{�¬�@owrijqg

� �E}�x{v�£io^h�vyo^hyhm}�rsv���o\h&owi�s��}Ex«jytwo\h�owp¤nu}i£io!x{pEjyowv � ��jmx�¨�jyow�{��o\h°zcrso,£io\h/h�j � jyx�}Ep�h/£io!jyv � � � x���rijyx��{x�h � pEj
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�L½ }�v�£i}�psp � p��wowrsv � x{pGri�}Er¤£io^h � v � �s�@o^h&¨©}�p���jmx{}�psp � pcj � ��o\�²r�phmgih�jylwnuo �ux{n ��� o�rspsx�zcrso,��}EnunZo
� o^vmvyx ��¥ o\£ ' �H)�� � v1owiownu�s�{o�® �°o\hZvmo\hmhm}�rsv���o\h!�@owrs�Eowpcj � r�hyhkx ��jyvmo�o�i�s�{}�x�jmtwo\h$o^p nu}i£io%p�}�p x{piª
jyowv � ��jmx�¨·��}EnunZo7£io\h � v � �s�@o^h²¨©}Ep���jyx�}Epsp � pcj � ��o\�$r�p � o^hkjmx{}�psp � x�vyou£ioZjmv � � � ri�®K¯°x � pso7£i}Ex«j���jyvmo
� � � � �s�{o%£�½ o�i�s�{}�x�jmowvu��o\h$£ix DKtwvyowpcj1j�gG�@o^hZ£io%vyo^hyhm}�rsv���o\h!�¬}ErsvZowpVv � jyx�}Ep � �{x{hmowv$�T½ � �^��l^h^® �²o��s��r¬hw¶
p�}�r�h!hm}�r ¥¬� x�jm}�p¬h!��}�p¬hko^vm�Eowv���o\h,hmgGhkjml^nuo^h�o�ix�h�j � pcjyh!hmrsv,�{o^h � v � �s�@o^h�}�r4�{o^h,hkj � jmx{}�p�h!£soujmv � � � x��
� ��pzEr�o!��o^rsv�o�i�s�{}�x�j � jmx{}�ph � p�h·rijmx{��x�hmowv/¯²x � pso�vmo\h�jyo³�@}Ehyhmx��s�{o�®

U¸pVjmowvynuo%£�½ t^� ¥ o^���{o�¶�¯°x � pso%£s}�x�j$�¬}Ers��}Ex�v��wjmvyo�rijyx��{x{hmt � �Eo^�Zrspso � vyx��{��o�£so � v � p�£so1j � x{���{o%zcrsx
�w}�nu�@}�vmjmo��s��r¬hkx{owrsv�hZnux��{��x{owv�h7£iovyo^hyhk}Ersvy�wo^hZ£ix�hk�@owv�hkt^o^huhmrsvu�s��r¬hkx{owrsv�huhkx�jmo\h � t^} � v � � ¥ x{zcrso^nuowpcj
t^��}Ex � pst^h^® �²o°�s�{r�h^¶Ep�}�r�h�pso²hm}�r ¥¬� x�jm}�p¬h¸� � h���}Ep�hmx{£it^vmo^v¸�{o^h¸vyo^hyhm}�rsv���o\h�rijmx{�{x{hmtwo\h���}EnunZo � � ����o\h¸o�j
jy}�r ~�}Ersv�h&��vmt\hko^pEjyo^h·£ � p¬h&� �Z� vyx��{�{o�® | }Ersv�£io^hqv � x�hm}�p�h·£�½ � £inux{psx{hkjmv � jyx�}EpB¶Grspso³vmo\hmhm}�r�vy�wo°�@owrij/��jyvmo
vyo�jyx�vytwou£iou� ��� vmx{�{��oE® � � p�h!��o7� � h���o7£it^� � vmj!�¬o^rij ��jyvmo � pEjyx{�wx��@t�® � � p¬h���o7� � h�} �ºrspsouvyo^hyhk}Ersvy�wo
o\h�j&�cx���jyx�nuo³£�½ r�pso²£itw¨ � x{��� � p¬��o�¶E��o²£itw� � vkj&pso°�@owrij·� � h$��jyvmo � pcjmx���x{�¬tE®�´µ�¬¨ � rij � x{p�hkx@zcrso/�{o°hkgihkjml^nZo
�@}�r�v � vyx{���{o`��}Epcjmx{pcr�o �4¨©}�p¬��jmx{}�p�psowv�n � � � vyt¤� � £sx{hm� � vyx�jmx{}�p £io � � vyo^hyhm}�rsv���oE® | }�rsv�nZx{psx{nux{hmowv
�{o^h�w}�p�hmt^zcrso^p���o\h�£io4��o\h£it�¨ � x��{� � p���o\hw¶qps}�jmvyoºhmgih�jylwnuo4£i}�x�j��@}Ehyhmt^£io^v�£io\h�svy}��svyx�twjmt\h�£�½ � rsjm}�ª
vytw� � v � jmx{}�p�® �°}�r�hqjyv � x«jy}�p�hq£io\h��svy}��svyx{t�jmt\hq£�½ � rijm}�ªLvytw� � v � jmx{}�p�£io!¯°x � pso!£ � p�h ' � )È®
�²r%�@}�x{pcjq£io²�Grso³£so°�L½ � £inux�psx�hkjmv � jmo^rsv\¶Eps}Er�h·hk}Er ¥�� x�jm}Ep�h�zcrB½ rspso²vmo\hmhm}�r�vy�wo/�srsx�hmhmoT�wjmvyo¸~�}Ex�pcjmo

}Er%vyo�jyx�vytwo�£io�� �1� vyx{���{o°jyvml\h�hkx{nu�s�{ownuowpcj^¶szcrso³�{o�hmgih�jylwnuo��¬}Ersv � vyx��{�{o²pso!hm}�x�j·� � h·jmvy}���x�pcjyvmr�hmx�¨�o�j
zcrB½ x{�Bpso�vmo\zcrsx�o^vkj�� � hqrspso!x{p�hkj � �{� � jmx{}�p��}Enu�s��x�zcrstwoE®

-/.�- �����$=���� 7 9��! �9�7#" ;>=��$ 
 ��p$£io�jyv � x«jyowvB� � �svy}�����t^n � jmx�zcrso¸£io¸� ��� v � p¬£io�t^� ¥ o^���{o�¶^ps}�r¬h � ��}Ep�h�}��sjmt¸�@}�rsv�rspso&�w}�p��wow�ijyx�}Ep

�w}�nu�s�{l�jyownuowpcj²£ix�hkjmvyx��sr�two�®< /x{p�hmxT¶@� � £st�¨ � x{�{� � p���o$£B½ rsp�o$vyo^hyhk}Ersvy�wo!zEr�ow����}�p¬zEr�o!pB½ o^pcjmv �&% pso,� � h�� �
£st�¨ � x{�{� � p���o!��}Enu�s��lwjmo!£ir¤hmgGhkjml^nuo�®
�°}�r�h7£itwj � x��{��}Ep�hZ£ � p�hF' �H)/�L½ rsjmx{��x�h � jmx{}�p £iovmt\hko � ri �{} � x�zcrso^h1� � x�vmª ��ªL� � x{v1��}EnunZo�¨©}�p¬£ � jyx�}Ep

�@}�r�v²�{o^h�hmowvy�cx���o\h°£io ¥�� rij³p�x��Eo � r £ � p�h²¯°x � p�o�® � � �svmx{p��wx�� � ��o1v � x{hm}�p £B½ rijyx��{x�h � jmx{}�p £so^h²vmt\hko � ri
�{} � x{zcrso\hqvmt\hkx�£io,£ � p�h/�{owr�vyh���vm}E�svmx{t�jyt^h�£�½ � rsjm}�ªÈ}�v �E� psx�h � jmx{}�pB¶i£�½ � rijy}�ªÈvmt^� � v � jyx�}Ep%owj²£io,� � hmh ��� o �
�L½ t^� ¥ o^���{o�®

 ���jmrso^���{ownuowpcj\¶�ps}Er�hqpso!�svy}��@}Ehm}�p�h·� � h�£io,hm}��{rijmx{}�p�o�¿�� � ��o!�@}�rsv��{o^h/�svm}E�s�{lwnuo^h�£io!hmt^�wrsvmx�jmt
owj·�@}�r�v&�{o^h·��}EnZn1rspsx�� � jmx{}�p�h·£iow� � pEjqhw½ t�j � �s�{x{v �,jmv � ��owv�h¸£io\hqhko^vm�Eowrsv�h�n � p�£ � j � x�vyo^h�}�r�£io^h&� � vyo�ª
¨©o^ri�®

-/.(' )+*P9��T=@;�7:9<;-,�*>7.�T70/ =�1! T7
� � � � rsvyo��/hm� ¥ twn � jyx{hmoq�T½ owp�hmown1�s�{o/£io^h�hmowvy�Gx{�wo^h�£ir7hmgGhkjml^nuo�¯°x � pso/£ix�hy��rijyt^h¸£ � p�h���owj � vmjmx����{o�®

�1½ � rijyvmo\h�hko^vm�Gx���o^h�hm}�pcj/�svyt^hmowpcjyt^h�£ � p�h�' 2H)L®�#&o^h/hmowvy�Gx{�wo^hq�@owrs�Eowpcj°hko,�w� � hmhmowv�o^p�jmvy}�x�h�� � jyt � }�vyx�o\h
zcrsx�hm}�pcj���o\h³hmowvy�Gx{�wo^h³£iou� � h³psx{��o � rB¶K�{o^h�hmowvy�cx���o\h²£so ¥�� rij!psx{��o � r`owj³�{o^h�hmowvy�cx���o\h²£B½ x{pcjmowvm¨ � �wo �
�L½ rijmx{��x�h � jmo^rsv\®
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r�p$hkgihkjml^nZo·£�½ o�i�s�{}�x�j � jyx�}Ep,��� � hyhkx�zcrso�¶^�T½ x{pEjytwv���j	£io&�wo^h�hko^vm�Gx���o^h�£io�� � h�p�x��Eo � r!p�½ o\h�j�� � h�£io¸¨©}Ersvypsx�v
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Interface de

soumission

des tâches

Informations

d’exécution

Équilibrage

de charge

Transfert

de fichiers

Gestionnaire

d’applications

Allocation de

ressources

Réservation

de ressources
Réseau P2P

structuré

Réseau P2P

non structuré

Interface

avec le

gestionnaire

local

������� ���M /v�� ¥ x�jmo^��jmrsvyo!£ir¤hkgihkjml^nZo�¯²x � pso

£sx�vyo^��jmownuo^pEjZ£io^h,hmowvy�Gx{�wo^h ��L½ rijmx{��x�h � jmo^rsv$n � x{h$�s��rsj
	�jZ£io7¨©}�r�vmpsx{v$£io\h!¨©}Ep���jyx�}Epsp � �{x�jmt^h$�¬}Ersv,�{o^h
hmowvy�Gx{�wo^hq£io ¥�� rij�psx{��o � rB®

 ��p`£�½ � hyhkr�vmo^v���o\h/��}EnZn1rspsx�� � jmx{}�p�h�o^pcjmvyo!��o\h°£ix D@t^vmo^pcjyh�p��!r¬£sh°£io$� �u� vmx{���{o!o�j²owp £it^�sx«j³£io^h
£st�¨ � x{�{� � p���o\h²�@}�r�� � pcj�x{pcjmo^vm�Eowpsx{v^¶@ps}Er�h � ��}Ep�h²�w}�p&%wr £io^ri hmowvy�Gx{�wo^h�zcrsx�}�DKvmo^pcj�£io\h!��}Er�� ¥ o^h�£io
�w}�nun$r�psx{� � jyx�}Ep
�Zjmv � ��o^vyh·£io\hqvmt\hko � ri��{} � x{zcrso\hq� � x{vkª�� ªÈ� � x�v\®

" p �svyownux�o^v%hmowvy�cx���o¤�@owvynuo�j�£B½ twj � ����x{v�£io\h%�w}�nun$rsp�x{� � jmx{}�p¬h��ºjmv � ��o^vyhursp vyt^hmo � rÇ��} � x�zEr�o
hkjmvyr���jmrsvyt�® � o\h�vyt^hmo � ri ��} � x�zcrso^h�h�jyvmr¬��jmr�vmt\h%} D@vyowpcj¤£io^h�¨©}�p¬��jmx{}�p�p � �{x«jyt^h�£ioºps}�nun ��� o`o�j £io
�{}i� � ��x�h � jmx{}�p o�¿�� � ��o\hw® � � p¬h7¯°x � psoE¶�ps}Er�h � �E}�p�hunux�h�owp�!r��cvyorsp vyt^hmo � rÇ�{} � x{zcrso hkjmvyr���jyrsvyt
¨©}Ep�£ituhkr�v |�� h�jyvmg '{�^�H)È®! /x{p�hkxL¶�x{��o\h�j �E� v � pcjmx�zcrsou� ¥�� zEr�o1p��!r¬£`£ioZ� ��� vyx{���{o$�@owrij��wjmvyo1x�£iowpcjyx���t
£so²n � p�x�l^vmo²rspsx�zEr�o²owj·pB½ x{nZ�@}�vmjmo�zcrsow�Kp��!r¬£��@owrij/��}Epcj � ��jmo^v�� � v&vy}�rij ��� o°pB½ x�nu�@}�vmjmo�zcrsow� � rsjmvyo
p��!r�£,o^p$rsp1ps}�n1�svmo&��x{nux«jyt·£so·h � rij�hw®H ���o^� |�� hkjmvyg�¶ ��o&ps}�n1�svmo·£ioqh � rijyh�o^hkj�o^p$nu} g�o^pspso

log16(n)}��
n
o^hkj���o!p�}�n$��vmo�£io!p��!r�£�h�£ � p�hq�{o!vyt^hmo � r�®

" phmo^�w}�p�£�hmowvy�cx���o��@owvynuo�j°£�½ t�j � �s�{x�v/£so^h/�w}�nun$rsp�x{� � jmx{}�p¬h �Zjyv � �Eowv�h�r�p�vyt^hmo � r%�{} � x{zcrso�ps}Ep
hkjmvyr���jmrsvyt�® #&o�hko^vm�Gx���o¸�@owvynuo�j	£io��{}i� � �{x�hko^v�£io^h�p��!r�£sh�£ � p�hB�{o�hmgGhkjml^nuo ��� � vkjyx�v�£�½ rspso&£so^hy��vyx��ijyx�}Ep
¨©}Ep�£it^o²hmrsv�rsp%owp�hmown1�s��o³£�½ � jkjyvmx{�srij�hw®>#&}�pcjyv � x�vyownuowpcj � r%hko^vm�Gx���o/£io²vmt\hko � r�hkjmvyr���jyrsvyt�¶E�wo²hmowvy�Gx{�wo
p�½ } D@vyou� � h�� ���E� v � pcjyx�ou£ioujmvy}�r���owv�rsp4p��!r¬£ �w}�vyvmo\hk�@}�p�£ � pcj ��rsp�o�£io^hy��vyx��sjmx{}�pB® � � vyo^� ¥ owv�� ¥ o
£ � p�h$rspVvyt^hmo � r p�}�pVhkjmvyr���jyrsvmt�hw½ o*DKo^��jmrso�� � v1x�p�}�p�£ � jmx{}�p }Er � � vZ£io^h1� � vyx � pEjyo^h,£B½ x{ps}�p¬£ � jyx�}Ep
£B½ rsp�o!vmo\zEr&��jmo!£ � p�hq�{o!vmt\hko � rB® � � p�hq¯²x � pso�¶��wo!hko^vm�Gx���o�o^hkjq¨©}�p�£it,hmrsv��{o!�svy}�jm}i�w}��{o�fi� � nu� ' � )L®

" p jyvm}Ex{hmx{lwnuo7hko^vm�Gx���oZo^hkj!� ¥¬� v � tu£ioZ¨ � x{vmou�L½ x{pcjmowvm¨ � �wo � ��o^�1�{o � o^hkjmx{}�psp � x{vmoZ��}i� � ��£io�� ¥�� zEr�o
vyo^hyhm}�rsv���oE®��/}Er�h � ��}Ep�h¸t^��}izcrst�£ � p�h·� � � � vmjmx{o��s®���zcrso³��o\hqvmo\hmhm}�rsv���o\h¸�@}�rs� � x�o^pEj6��jyvmo�owG����}Ex«jytwo^h
� �Eo^�!£ix DKtwvyowpcj � o\h�jyx�}Epsp � x�vyo^h/£so,vmo\hmhm}�r�vy�wo^hq�{}G� � ri�® � o$hmowvy�Gx{�wo,£�½ x{pcjmo^vk¨ � ��o � �Eo^���{o � o\h�jyx�}Epsp � x�vyo
�{}i� � �¬¨©}Ersvypsx«jqrspso�x{pcjmowvm¨ � �wo � twpst^vmx�zcrso²zcrsx�o\h�j�hm�¬t\��x � �{x{hmtwo³�¬}Ersv�� ¥�� zcrso²j�gG�¬o�£io � o\h�jyx�}Epsp � x�vyo²£io
vyo^hyhm}�rsv���o\hw®

U¸p���pB¶�ps}Er�h � ��}�p¬h°��}Ep&%�r`rspºhmowvy�Gx{�wo1£ioZvyt^hmowvy� � jmx{}�p £ioZvyo^hyhk}Ersvy�wo^h^®<#&ouhko^vm�Gx���o � �@}�rsv³�srij
£so � twvyowv�� � �w}�p��wrsvyvmo^p���o³£�½ � �w�wl^h �,rspso³vyo^hyhk}Ersvy�wo°zcrsx�hko^v � x«j·v � vmoE®��°}�r�h·pB½ � ��}Ep�h¸� � h�o^p���}Evmo²nux{h
o^p��!r��cvyo!��o!hmowvy�cx���o!£ � p�hq¯°x � p�o�®

3#46574 3 : Á �&;#<ä  Á �7Æ Á�� ����� =?<@; Á ���
�°}�r�h � ��}Ep�h/�w}�p&%wr`zcr � jyvmoZhko^vm�Gx���o^h²£io ¥�� rij³psx{��o � rB¶¬¨©}�p�£it\h³owp � � vkjyx�oZhkr�v²�{o^h�hmowvy�cx���o\h/�svyt�ª

hmowpcjyt^h�£ � p�hq� � � � vkjyx�o,�s® ��®��E®
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" p���vmo^nZx{owv/hmowvy�Gx{�wo � �s�@ow�{t � o^hkjmx{}�psp � x{vmo�£�½ � �s�s�{x�� � jyx�}Ep�h·o^hkj°� ¥�� v � t³£io�¨©}�r�vmpsx{v � ri � �s�s�{x�� � ª
jyx�}Ep�hq�{o³nu} gEowp�£so�h^½ o�it^�wrijmo^v � � �s�{ownuo^pEj\®��/}Er�hqvmo^��o^ps}�p�h&�s�{r�hqowp¤£itwj � x��Bhmrsv���o,hmowvy�Gx{�wo³£ � p�h·� �
� � vmjmx{o���®

" p hmo^��}Ep�£`hmowvy�Gx{�wo�¶ � �s�@ow�{t � ���{}i� � jmowr�v²£ioZvmo\hmhm}�r�vy�wo^h^¶so^hkj�� ¥¬� v � t$£iou£it\��}�r��cvyx{v°o�j!£�½ � �{��}Ersowv
£so^hqvyo^hyhk}Ersvy�wo^h&��x{�svyo^h�£io!� �Z� vyx��{�{o � ri � �s�s�{x{� � jmx{}�p¬hw®P#&o!hmowvy�cx���o�o\h�j/£itwj � x{�{��t,£ � p�hq� � � � vmjmx{o �

¯²x � psoq�¬}chmhml^£io � r�hmhmxGrsp7hko^vm�Gx���oq£io·jmv � p�hk¨©owvmj�£io �¬� ¥ x{owv�h	owpcjmvyo&p��!r�£sh�zcrsxi�@owvynZowj�£io·jmv � p�hk¨©t�ª
vyowv&jm}Er�hq�{o^h·tw�{twnuowpcj�hqpst^�wo^hyh � x�vyo^h �1�L½ o�it^�wrijmx{}�p�£ix{hkj � pcjmo!£�½ rspso � �s����x�� � jmx{}�pB®&#&o�hko^vm�Gx���o³�¬o^vmnuo�j
�$�T½ rijyx��{x{h � jyowrsvq£io³pso°� � h·hko�hk}Er���x{owv·£ir�£stw�s�{}�x{ownuowpcjq£io �@� ¥ x�o^vyh��sx{p � x{vmo\h&£so°�L½ � �s�s�{x{� � jmx{}�p%o�j�£io^h
�@� ¥ x�o^vyhq£�½ owpcjyvmt^o!}�r£io!hk}Evkjyx�oE®

�°}�r�h � �E}�p�h � r�hyhmxq�w}�p&%wr=r�p hmowvy�Gx{�wo�£�½ t^zcrsx{�{x��sv ��� o�£io¤� ¥�� v � o�® #&o¤hko^vm�Gx���o�o^hkju�{o�¬o^p�£ � pEj
£sgcp � nux{zcrso4£ioº�T½ � �{�{}G� � jyowrsv£ioºvmo\hmhm}�rsv���o\hw® U¸pXo*DKo�j^¶q�{oºjmownu��h£�½ o�it\��rijyx�}EpQ£�½ rspso j�SE� ¥ o o\h�j
hm}�r���owpcj�x{nZ��vmt^�cx�hmx��s�{o�®  /x{p�hmx�rspso�vmo\hmhm}�rsv���o�ps}Ep,� ¥ }�x�hkx{o	� � v��T½ � �{��}i� � jmo^rsv�£io�vmo\hmhm}�rsv���o\h@�srsx�hmzcrB½ ow�{��o
twj � x«j$}i�^��rs�@two��@owrsjZhmo�vmowjmvy}�rs�Eowv!�{x���vmo � �svyl^h!rspV�w}�rsvmj$x{p�hkj � pcj\® � ½ }��s~�o^��jyx«¨�o\h�j1£so���}Evmvyx � owv��{o^h
£st^hmt^zcrsx{��x{�svyo^h�£io�� ¥�� v � o·zEr�xc�@owr���owpcj¸hmo&�svy}i£irsx{vmoq£ � p�h	��o^h	� � hkªL� �s® �/}�jmvyo � �s�svy}G� ¥ o&£�½ t^zcrsx{��x{�sv ��� o
£so1� ¥�� v � o,o^hkj°¨©}Ep�£itwoZhkr�v²� � nux � v � jmx{}�p £so$�@}�x{pEj�h²£so1vyow�svyx�hko$£B½ � �s�s�{x{� � jmx{}�p¬hw®���j � pEj!£i}Epspst1zcrso
p�}�r�h�p�o²hm}�r ¥�� x«jy}�p�h	� � h¸nu}i£ix ��owv&��o\h � ���s��x�� � jmx{}�p�h�£io^h�rijmx{��x�h � jmo^rsv�hw¶c��o�jmjmo�¨©}Ep���jyx�}Epsp � ��x�jmt/x{nu�¬}chko
�{o�hmrs�s�@}�vmj�£ir$hmgih�jylwnuo�hm}�r�hkª{~ � ��o^pcj���}�nunuo � o^vmvyx �E¥ o^£ ' � )E� � v�owiownu�s�{o�®��°}�r�h�pB½ � ��}�p¬hK� � h�owp��w}�vyo
nux�hqowp �!rs�Gvyo��wo�jmjmo�¨©}�p¬��jmx{}�p�p � �{x«jyt!£ � p�hq¯²x � pso�®

3#4657465 : Á �&;#<ä  Á ��� Å ������� ��� < �(<ä�\�i� Á ���
�°}�r�h��svyt^hmowpcjm}Ep�h�n � x�pcjmo^p � pcj¤£iowrs hko^vm�Gx���o^h�zcrsx!hk}EpEj� ¥�� v � t\h%£io ¨ � x{vyo`�L½ x{pcjmowvm¨ � �wo`o^pEjyvmo

�L½ rijmx{��x�h � jmo^rsv�o�j/�{o,hmgGhkjml^nuo�®
� o/hko^vm�Gx���oq£io/hk}Ersnux{hyhmx�}EpZ£io·j�S�� ¥ o\h	�¬o^vmnuo�j ���L½ rijmx{��x�h � jmo^rsv¸£io/hm}�rsnuowjkjmvyo�hko\h � �s����x�� � jmx{}�p�h	o^p

¨©}Ersvypsx{hyh � pcj°rspsou£io\hm�wvmx{�ijmx{}�p ��}�nu�@}�vmj � pEj°jmvy}�x�h°� � vkjyx�o\hw® � � �svmo^nux�l^vmo1� � vmjmx{o1�w}�nu�¬}Evkjyo,�{o^h�� ¥ o�ª
nux{p�h&��owv�h��{o^h��sx�p � x{vmo\h¸o�j·��o\h �@� ¥ x�o^vyh�£�½ o^pcjmvytwo���hk}Evkjyx�o/£so°�L½ � �s�s�{x{� � jmx{}�p�® � � hko\��}�p¬£io/� � vkjyx�o°£s}�pspso
r�psoZ£so^hy��vyx��ijyx�}Ep £io\h�tw�{twnuowpcj�h²n � jmtwvyx{ow��h²owj³�{} � x{�wx�o^�{h³vyo^zcrsx�h³�¬}Ersv��T½ o�it^�wrijmx{}�pº£iou�T½ � ���s��x�� � jmx{}�pB®
� � jyvm}Ex{hmx�l^nuo1� � vkjyx�oZ��}EnZ�@}�vmjmoZ£io^h³t^��t^nZo^pcjyh³}��ijyx�}Epspso^�{h�zcrsx � nutw�{x{}�vyowpcj²�{o$¨©}Ep���jyx�}Epspso^nZo^pcj�£io
�L½ � �s�s�{x�� � jyx�}Epn � x{h²zcrsx�psoZhk}Epcj/� � h²��vyx«jyx{zcrso\hw® � }�v�h�£�½ rspsoZhk}Ersnux{hyhkx{}�p�¶sx���¨ � rij²¨©}�rsvypsx{v/�{o �¬� ¥ x{owv
£so²£io\hm�wvmx{�ijmx{}�p�£io°� � j�S�� ¥ o²o�jq�T½ � £ivyo^hyhmo°£�½ rspso°n � � ¥ x�p�o	�äzcrso^�{�w}�p�zcrso�
¸£io³� �,� vyx{���{o°zcrsxKo�it^�wrijmo²��o
hmgih�jylwnuo�¯°x � psoE®
� o�hmowvy�cx���o�£�½ x{pi¨©}Evmn � jyx�}EpV£�½ o�it^�wrijmx{}�p �@owrijuvyowp�hmowx � pso^v,�L½ rijyx��{x�h � jmowr�v1hmrsv1�L½ t�j � jZ£io�hk}Ep � �iª

����x�� � jmx{}�pB®B´µ�&pB½ o^hkj$� � h,�¬}chmhmx�����o%£so���}�p�p �&% jmvyo7�T½ t�j � j1£B½ � � � p¬��ownuo^pEj$£B½ rsp�o � �s����x�� � jmx{}�p h � p�h!o^p
� �E}�x{v�x�p¬h�jyvmrsnuo^pEjyt$�{o1�w}G£so�®�#&o^�¬o^p�£ � pEj³��oZhko^vm�Gx���o,o\h�j³� � � � �s�{o$£�½ x�p¬£ix{zcrso^v³hmx�r�pso � �s�s�{x{� � jmx{}�p �
twjmt7owGt\��rijytwo7hmrsv,rspso7vyo^hyhm}�rsv���oE¶Khmx¸rsp�o � �s�s�{x�� � jyx�}Ep � jyowvynZx{pst�hm}�p4o�it\��rijyx�}Ep }Erºo^p���}Evmo7hmx�� �
vyo^hyhm}�rsv���o ¥ tw�@owv � o � pcj��T½ � �s����x�� � jmx{}�p � hmrs�sx�r�pso,£it�¨ � x��{� � p��wo�®
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� oZhmowvy�Gx{�wo$£io � o^hkjmx{}�p`£B½ � �s�s�{x{� � jmx{}�p � rsp v 	��{o$��vmx{nu}�v�£ix � ��£ � p�h²¯°x � psoE®!#&oZhko^vm�Gx���o$o\h�j³vmo\h�ª
�@}�p¬h � �s��o�£ir7�wgG�w��o�£io��Gx{o/��}EnZ����owj�£B½ rsp�o � �s�s�{x�� � jyx�}EpB® � }EvyhyzcrB½ rspso � �s����x�� � jmx{}�pZo^hkj�hm}�r�nZx�hmoq£ � p�h
¯²x � pso�¶Krsp � o\h�jyx�}Epsp � x{vyo$£�½ � �s�s�{x�� � jyx�}Ep`�@}Ehyhkt\£ � pcj³rsp`x�£iowpcjyx�� � pcj³rsp�x{zcrsoZo^hkj � rijy}�n � jyx{zcrso^nZo^pcj
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�wvmt^t/hkr�v�� � vmo\hmhm}�r�vy�wo/£i}�pcj��L½ x�£io^pEjyx�� � pcj&£ � p�h¸�{o°vyt^hmo � ruhkjmvyr���jmrsvyt/o^hkj��{o°�s�{r�h��svm}i� ¥ o°pcr�nZt^vmx�zcrso�ª
nuo^pEj°£so³�L½ x{£io^pcjmx � � pcj/rspsx�zcrso,£ir � o\h�jyx�}Epsp � x�vyo²£�½ � ���s��x�� � jmx{}�pB®

" pso$¨©}Ex{h³��vytwtE¶¬�{o � o^hkjmx{}�psp � x{vmo,x{psx�jmx{o1� � £st^��}Ers��o^vkjyo,o�j³�T½ � �{�{}G� � jyx�}Ep`£io$vyo^hyhm}�rsv���o\hw¶ijyv � p�hk¨©lwvyo
�{o^h �¬� ¥ x{owv�h³£io1�L½ � �s�s�{x�� � jyx�}Ep`hmrsv²� � vyo^hyhm}�rsv���o$� ¥ }�x�hkx{o,o�j!hmrsvm�Eowx{���{o$vyt � rs�{x�l^vmo^nZo^pcj°�T½ t�j � j!£io$�L½ � �iª
����x�� � jmx{}�p owGt\��rijytwoE® � }�v�hmzcrso$�T½ o�it^�wrijmx{}�p o^hkj²jyowvynux�pst^o�¶K�{o � o\h�jyx�}Epsp � x�vyo$£�½ � �s����x�� � jmx{}�p`vyt^�wrs�@lwvyo
�{o^h&vyt^hmrs�«j � j�h¸�svy}i£irsx�jyh·£ � p�h&rsp��¬� ¥ x{owv&£so³hm}�vmjmx{o/o�j�hmrs�s�svyx�nuo²��o\h�t^��owpcjyrsow��h �¬� ¥ x�o^vyh&o�j·�svm}i�wo^hyhkr�h
�wvmt^t^h/hmrsv/� � vyo^hyhk}Ersvy�wo!zEr�x � t�jyt,rijyx��{x{hmtwoE® � o � o\h�jyx�}Epsp � x{vyo�£B½ � �s�s�{x{� � jmx{}�p¤p�½ o\h�j°� � h/£itwjmvyrsx�j/j � pEj
zcrso��L½ rsjmx{��x�h � jmo^rsv/pB½ � � � hqvyt^�wrs�¬t^vmt��{o^hqvyt^hmrs��j � j�hw®

U¸p=� � h$£io�£it�¨ � x��{� � p��wo�£io�� � vmo\hmhm}�rsv���o7� ¥ }Ex{hmx{o���T½ x{hyhmrso�£io��L½ � ���{}i� � jmx{}�p £io7vyo^hyhk}Ersvy�wo�¶��s�{riª
hmx{owrsv�h��¬}E��x�jmx�zcrso^h,�¬o^rs��o^pEj �wjmvyo7ownu�s�{} g�t^o^h^® |�� v!o�iownu�s�{o�¶�hmx¸� � vmo\hmhm}�r�vy�wo1�@}Ehyhkl\£ioursp hkgihkjml^nZo
�@owvynuo�jmj � pcj�£io h � rs�Eo �c� v�£iowvZ£io^hu�@}�x{pcjyh7£io¤vyow�svyx�hkoE¶��{o � o\h�jyx�}Epsp � x{vyo�£�½ � ���s��x�� � jmx{}�p vmo\£itwn � vmvyo
� rijm}En � jmx�zcrsownuo^pEj7�L½ � �s�s�{x{� � jyx�}EpÇ£sow�srsx�h�hm}�p £io^vmpsx{owv7�@}�x{pcj�£io¤vyow�svyx�hkoE®  ���jmr�ow�{��o^nZo^pcj^¶&hmowr��/��o
vyo^£stwn � vyv ��� o � rijm}En � jmx�zcrso!£iow��rsx{h/��o,£it^�srij°£io��L½ � �s�s�{x{� � jyx�}Ep�o\h�j/nux�h�owp �!rs�Gvmo!£ � p�hq¯°x � p�o�®
� o � o\h�jyx�}Epsp � x{vyou£B½ � �s�s�{x{� � jmx{}�p twj � pEj,r�pV�¬}Ex�pcj1�wvmr¬��x � ��£ � p�h!� � �Gx�o�£�½ r�pso � ���s��x�� � jmx{}�pB¶�£io^h

�@}��{x�jmx�zEr�o^h�£io,£ir��s��x�� � jmx{}�p��¬o^rs��o^pcj ��jmvyo�ownu�s�{} g�t^o^h·�¬}Ersv�jy}��{twvyowvq� � £itw¨ � x{��� � p¬��o!£�½ rspso!vyo^hyhk}Ersvy�wo
¥ tw�@owv � o � pcj1£io^h � o\h�jyx�}Epsp � x{vyo^h,£�½ � ���s��x�� � jmx{}�pB® � o�vmt\hko � r4�{} � x�zcrso%hkjmvyr���jyrsvyt�¨©}�r�vmpsx�j1�Gx � �{o%nut�ª
� � psx�hmnZo�£io�j � �s��o£io ¥�� � ¥¬��� o�£ix�h�jyvmx{�srst^o�£io\h1¨ � ��x{�{x«jyt^hZ�¬}Ersvuo*DKo^��jmrso^vu£so%jyow�{��o\hZ£srs�s�{x{� � jmx{}�p¬hw®
� � £srs�s�{x{� � jmx{}�p£io\h � o^hkjmx{}�psp � x{vmo\h&£�½ � ���s��x�� � jmx{}�p�pB½ o\h�jqjy}�rijyo�¨©}�x�hq� � h&o^p���}Evmo³nux{hqo^p��!r��cvyo²£ � p�h
¯²x � pso�®
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 ��p=£io%¨©}�rsvypsx{v �`�T½ rijmx{�{x{h � jyowrsvZrspso��cx�hmx�}Ep £io�j�gG�@o EBGHE ��I�JK�(L ��JKN��8� ���&�RQ��&� ¶�ps}Er�h � ��}�p¬h
�w}�p&%wrÇrsp hko^vm�Gx���o¤�@owvynuo�jkj � pcj�£io jmvy}�rs�Eowv � rsjm}�n � jmx�zEr�ownuowpcj�£io\h7vyo^hyhk}Ersvy�wo^h7�w}�pG��o^p � pcj��4� �
£so^hy��vyx��ijyx�}Ep%¨©}Ersvypsx�o�� � v��T½ rijyx��{x{h � jyowrsv�owj°£ix�hk�@}�psx{�s�{o^h�£ � p�hq� �u� vyx��{��oE®
� o1hmowvy�cx���o,£B½ � ���{}i� � jyx�}Ep £io$vyo^hyhm}�rsv���o\h � £iowrsv 	��{o^h°�svyx�p��wx�� � ri¤zcrsx�hm}�pcj°� � £it\��}Ers��o^vkjyo,£io^h

vyo^hyhm}�rsv���o\h²owj$� � hkt^��o\��jmx{}�p £�½ rspso%vmo\hmhm}�rsv���oZ}��sjmx{n � ��o7� � vynZx&��ow�{�{o^h$zcrsx�}�pcj,t�jyt7jmvy}�rs�Etwo\h�o�j$o^p
¨©}Ep���jyx�}Ep�£B½ rsp�o!�¬}E��x�jmx�zcrso,£i}�p�pstwoE®

�T.10 ���:9��!,�� 7#*�;�70�T7 *>7:A A �!,�*&9�7�A
#&}EnZnuo�ps}�r�h,�T½ � ��}Ep�h!tw�E}izEr�t%£ � p¬h,� � � � vmjmx{o��s® �s¶Bps}�r¬h � ��}Ep�h,� ¥ }Ex{hmx�£�½ rijyx��{x{hmowvZrspso � v�� ¥ x«ª

jyo^��jmrsvyo,��}EnZ����lwjmownuo^pEj³£ix{hkjmvyx{�srstwoE® � � £st^��}Ers��o^vkjyo!£io,vyo^hyhk}Ersvy�wo^h·vyow�@}Ehmo�hmrsv/�{o$hmowvy�Gx{�wo�£so$��}En1ª
n1rspsx�� � jmx{}�pÇ£ � p�hur�p vmt\hko � r p�}�p h�jyvmr¬��jmr�vmtE® " pso £it\��}Ers��o^vkjyo£so�vyo^hyhm}�rsv���o\hZ�w}�vyvmo\hk�@}�p¬£ �º� �
��vm}E� ���c� jmx{}�p7£ � p�h·��o²vmt\hko � r�p�}�p%hkjmvyr���jyrsvyt²£�½ rspso�� � vkjyx�o³£io²� � £so^hy��vyx��ijyx�}Ep7¨©}�r�vmpsx{o°� � v·�T½ rijmx{�{x{h � ª
jyowrsv �,� � hm}�r�nZx�hyhkx{}�p%£B½ rsp�o/j�SE� ¥ o�®  ���jyrsow�{�{ownuowpcj^¶G� � �svy}�� ���E� jmx{}�p�£io²vmo\zcr>��jyo^h·£ � p�h&¯°x � p�o°�@owrij
h^½ o*DKo^��jyrsowv�� � v�x{ps}�p�£ � jmx{}�p}Er�� � v�n � v�� ¥ o^h � �{t � jm}Ex�vyo^h��G£B½ � rijmvyo^hqnut^� � psx�hmnZo\h�hk}Epcjqo^p¤��}�r�vyh�£io
£stw��o^��}E�s�@ownuowpcj^®
	 � � hmrsx«jyo £io¤� � �svm}E� ���c� jyx�}Ep=£io¤� � vmo\zcr>��jyo�¶��{o^h7vyo^hyhk}Ersv���o^hu�w}�pG��o^p � pcj �4�T½ o�it^�wrijmx{}�p £io

� � j�S�� ¥ o vmt^�¬}Ep�£io^pEj � r � o^hkjmx{}�psp � x{vmo`£B½ � �s�s�{x{� � jmx{}�pQ��}�p¬��owvypstE® ��j � pcj£s}�pspstº� � p � jmrsvyo £io � �
vyo^� ¥ owv�� ¥ o�¶sx{��o^hkj°�¬}chmhmx{�s��oZzcrB½ � r���r�pso,vyo^hyhk}Ersvy�wo!pso1�w}�pG�Gx�o^pspso ��� � £so^hy��vyx��ijyx�}Ep¤}�r`zcrso1£io^h²vmo\h�ª
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hm}�r�vy�wo^h&o�ix{hkjmo^pcj·n � x�h·pB½ }�pcj·� � h&t�jmt³jyvm}Ers��t^o^h^® � � p�hq�wo³� � h^¶c�{o � o^hkjmx{}�p�p � x{vmo²£�½ � �s�s�{x{� � jyx�}Ep%�@owrij
x{psx�jmx{owv	�s�{r�hmx�o^rsvyh�£it\��}�r���owvmjmo\h�£io·vyo^hyhk}Ersvy�wo^h�hkr��^��o\hmhmx��Eo^h��¬}Ersv�jyvm}Ers��o^v�r�pso&vyo^hyhm}�rsv���o��w}�pG��o^p � ����oE®

�T.�- � ���@7�9<;�= �! � 70*>7:A A �!,�*&9�7�A
" pso/¨©}Ex{h&zEr�o�� � £st^��}Ers��o^vkjyo/£io/vyo^hyhk}Ersv���o^h	o\h�j�jmowvynux�p�two/owj&£ � p¬h¸�{o°� � h�} ��£io\h¸vyo^hyhk}Ersv���o^h�}EpEj

twjmt$jmvy}�rs�Etwo^h^¶��L½ � �{��}i� � jmo^rsv°£ioZvmo\hmhm}�r�vy�wo^h�£i}Ex«j�hkt^��o\��jmx{}�p�psowv³� � vmo\hmhm}�rsv���o!� � ����r�h � £ � �ijytwo$� � vynZx
�wow�{��o\hBjyvm}Ers��t^o^h^® | ��r�hmx{owrsv�h��@}��{x�jmx�zEr�o^h��¬o^rs��o^pcj �wjmvyo&o^pc�Gx�h ��� t^o^h��@}�rsv��wo·� ¥ }Ex«�® |�� v�o�iownu�s�{o�¶�x{�co\h�j
�@}Ehyhmx��s�{o&£so·hmtw�{o^��jmx{}�pspso^v�� � vmo\hmhm}�rsv���o�� � nu}�x{p�h�� ¥¬� v � twoE¶w}Er � �{}�v�hB� � vmo\hmhm}�rsv���o&zEr�xGhmoqhkx�jmrso·�{o&�s�{r�h
��vml\h¸£�½ rsp7hko^vm�Eowrsv¸£io �@� ¥ x�o^vyh�£i}�psp�t��¬}Ersv¸nux�p�x�nux�hko^v¸��o\h��w} �ij�h¸£ioqjmv � p¬h�¨©o^vkj�£io\h �¬� ¥ x{owv�h�£�½ owpcjmvytwo
owjq£so�hm}�vmjmx{o�®  ���jyrsow�{�{ownuowpcj^¶shmowr���o³� � �@}��{x«jyx{zcrso�£ir� ¥ }�x��£io�� � vmo\hmhm}�r�vy�wo/� � nu}�x{p�hq� ¥�� v � t^o � t�jmt
nux�hko�o^p �!r��cvyo!£ � p¬hq¯°x � psoE®
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 ��p £�½ tw� � �{rsowv°��o,hmgih�jylwnuo!¯°x � psoE¶�ps}Er�h � ��}Ep�hqvyt � �{x�hkt�rsp¤�svy}�jy}�j�gG�@o�®> ���jyrsow�{�{ownuowpcj^¶@��o!�svy}�ª

jy}�j�gG�@o¤o^hkj�¨©}�p���jmx{}�psp�ow�L¶&h � p�hujy}�rijyo�¨©}Ex{h7�@}Ehyhmt^£io^v7jm}Erijmo\h7��o\h7¨©}Ep���jyx�}Epsp � �{x�jmt^h%£it^�wvmx�jmo\h�£ � p¬h7� �
� � vmjmx{o1�i® �s® |�� v°v � �s�@}�vmj �7ps}ch/}E�i~�o^��jmx�¨äh/x{psx«jyx � ri�¶¬�{o,�svy}�jy}�j�gG�@o,}�DKvmo$rspso,�GrsoZ£io!j�gG�¬oMEBGHE � I�J �
L ��JKN��8� ���&�RQ��&� �@}�r�v³�wo$zcrsx��w}�p��wowvypso,� �7� o\h�jyx�}Ep£B½ rsp � v � p�£ps}En$�svyo,£io1vmo\hmhm}�rsv���o\h�£io$� � ����rs�
zcrsx°�¬o^rs��o^pEjO�wjmvyo � tw} � v � � ¥ x{zcrso^nZo^pcjZt^��}Ex � pstwo\hw® � � hm}�r�nZx�hyhkx{}�pÇ£�½ rspsoj�SE� ¥ o £ � p�hu¯°x � pso¤o\h�j
�w}�nu� � v � �s��o �Z� � hm}�rsnux�hmhmx{}�p�£B½ rsp�o�j�S�� ¥ o�£ � p�h�r�p � o^hkjmx{}�psp � x�vyo�£io�jmv � � � ri�®
� ½ x{pi¨©v � hkjmvyr���jyrsvmo¸£so¸��}�nun1rspsx�� � jyx�}Ep!£ir��svm}�jm}�j�gc�@o��@}Ehyhkl\£io�£io^h��svm}E�svyx�twjmt^h�£B½ � rijm}�ªLvytw� � v � jmx{}�p
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PRQ � � �[Z�ownu��h�nu} g�o^p�£�½ o�it\��rijyx�}Ephmow�{}�p��L½ x{pcjmowvy� � �{��o!£io!hm}�rsnux�hmhmx{}�p

| }�r�v¸vmt � �{x{hmowv	� � nuo^hmrsvmo/£so��T½ o�¿�� � ��x�jmt°£sruhmowvy�Gx{�wo�£�½ � ���{}i� � jmx{}�p7£io�vyo^hyhk}Ersvy�wo^h	£io�¯²x � pso�¶�p�}�r�h
� �E}�p�h�o�D@o\��jmr�t²��x{p�z$o�i�¬t^vmx{owp¬��o^h�£ � p�h¸��o\hmzcrso^���{o^h��{o^h�hk}Ersnux{hyhkx{}�p¬h�£io^h¸j�S�� ¥ o^h�}EpEj¸twjmt/o\hk� � ��t^o^h�£io
�E¶@�s¶K�s¶��\�7}�r ����hmo^��}Ep�£io\hw® �/}�r¬h/pB½ � ��}Ep�h/� � h°� ¥ o^vy� ¥ t ��t^� � ��r�owv°�{o,jyownu��h � �{}�� � ��£�½ o�it\��rijyx�}Ep
£so^h�2 � � �svm}i�wo^hyhkr�h1n � x�h$�{o�jyownu��hZnu} g�o^p £�½ o�it^�wrijmx{}�p £B½ rsp=�svy}G�wo^hyhkr¬hw®  /x{p�hmxT¶	ps}Er�h$t^� � �{rs}�p�h
� � � � � � �wx«jyt$£ir hmowvy�Gx{�wo,£�½ � ���{}i� � jmx{}�p¤£io,vyo^hyhk}Ersv���o^h � jmvy}�rs�Eowv��{o^h/vyo^hyhm}�rsv���o\hq��o\h�nu}�x{p�h°� ¥�� v � two\h
�@}�r�v��s� � ��o^v���o\hqps}�rs�Eow�{��o\h&j�S�� ¥ o^h�hm}�rsnux�hko\hw®
� o/j � �s�{o � r��!nu}�pcjmvyo/�{o°jyownu��h·£�½ o�it^�wrijmx{}�p�nu} gEowp7�@}�rsvq� ¥�� �wrspso³£io^h&o�i�@twvyx�o^p���o\h � x{p�hmx@zcrso

�{o²hmrsv���}��ij&£�½ rijmx{�{x{h � jyx�}Ep%£io°p�}�jmvyo/�svy}�jy}�j�gG�@o/� � v&v � �s�@}�vmj � r7jyownu��h·£�½ o�it^�wrijmx{}�p�nu} gEowp�£io1� 2��c�
hmo^�w}�p�£so^h^® �/}Er�h1�¬}Ers��}Ep�h$vyown � vyzcrso^v$zcrso�£ � p�hZ��o^hZvyt^hmrs��j � j�hw¶��s�{r�hZ�T½ x�pcjyowvy� � ���{o�£so�hm}�rsnux�hmhmx�}Ep
o\h�j³tw�{ow�Et�¶�����r�h³�{o,jyownu��h³£�½ owit^��rsjmx{}�p o\h�j!��}Ersvkj\® �°}�r�h²o�i�s�{x{zcrs}Ep�h°�wow� � � � v°�{o$¨ � x«j�zcrB½ r�p ��}Ersvmj
x{pcjmo^vm� � �{�{oZ£iouhm}�rsnux�hmhmx�}Ep`psoZ�@owvynZowj!� � h ���T½ � �{��}i� � jmo^rsv!£ioZ¯°x � pso7£�½ o*DKo^��jmrso^v!rspsoZnZo\hkr�vmo1jmvyl^h
��vmt\��x�hko°£so/� � � ¥�� v � o/£so^h¸vyo^hyhm}�rsv���o\h	rijmx{��x�hmtwo^h^®  /x{p�hkxL¶c�s��r¬hkx{owrsv�h¸��vm}i��o\hmhmr�h��@owr���owpcj ��jmvyo/owGt\��rijyt^h
hmrsvrspXhko^rs�!�svy}G�wo^hyhko^rsv\¶&��o zcrsx � �{�{}�p � o`�{o jyownu��h¤£�½ o�it\��rijyx�}EpB® � o4hkrsv���}��ij¤£�½ owit^��rsjmx{}�p o\h�j
jy}�rijyo�¨©}Ex{h²vmo^� � jmx{��o^nZo^pcj/¨ � x{�s�{o1��}Enu�ijmowªTjyowpGr`£ir �E� x{p¤owp � rijy}�n � jyx{h � jyx�}Ep¤o�j³owp � � �sx{��x�jmt1}��ijyowpGrB®
#&ohmrsvy�w} �iju�@}�rsvyv � ��jyvmo�vmt\£irsx�j7��}Evyhyzcrso%�{o¤hko^vm�Gx���o�£B½ t\zEr�x��{x���v ��� o�£so� ¥¬� v � o�hmowv � ¨©}Ep���jyx�}Epspso^�T¶
��rsx{hyzcrso!�{o^h�£it\hkt\zEr�x��{x���vmo\hq�¬}Ersvmvy}�pcj/��jyvmo!�w}�vyvmx � t\h � �svyl^hq�L½ � ���{}i� � jyx�}Ep%x{psx�jmx � �{o�® �²o,�s�{r�h^¶s��o�jyownu��h
nuo\hkrsvyt�o^hkj&hmrs�@twvyx�o^rsv � rZjyownu��h¸vytwo^��£�½ o�it^�wrijmx{}�p�® U¸p7o�D@owj^¶�� � £itwjmo\��jmx{}�p7£io°� � ��p�£so/�T½ o�it\��rijyx�}Ep
£B½ rsp�svy}i��o\hmhmr�h·�¬o^rij/�svyowp�£svmo·~�r�hyzcrB½ �7�E�1hmo^�w}�p�£so^h^®
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