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efcN�[jH\3eCjHcO`��d;V� X[_]`badcO`3ehX[c�l]aU_YX[c]c�a{��W×ad\7�ßX[\3�*jHc��{a{���3Z]\�gY� Z]c�a X[Z
gY� jHZ]`3\ba l]a{�NjH\b�0�]ef`ba{�d`3Z]\ba{�
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�¦�{��jHc]eh�3�¦a{�ól]a^l]�di9�dc��d\kjH`3ehX[c
�b�{�OZ�adcA`3ehadgfgha.ad`Ë�{adZ8? W]\bX[WYX��kjHcA`ël]a{�ójHgfi9X[\3ef`��]�¦a{�ël&� X[\bl]X[c8:
c2jHc��{ad�¦adcA`.l�eh�3`3\3ef_]Z��{��W2j[�k�kjHcA`U� gY� �{�0��adgfgha5�

;�aRl]adZ8?�e �d�¦aË�0�2jHW]ef`3\baËW]\b�{�badcA`baËadc�l]�d`kjHefgAgY� adcN�Oef\bX[c]c�ad�¦adcO`�l]a®W]\bX[i�\kjH� �*jH`3ehX[c�W2jH\kjHg :
g �dghaFAë`��2jHW2j[�b��jHc
�3Z]\ógha{�AZ�adg�X[cA`��d`b�.a$�Ya{�d`3Z��{a{�ëgha{�ëa@?�W×�d\3ef�¦adcO`kjH`3ehX[c���� 	.X[Z��óa$��a{�d`3Z�ad\bX[c��
Z]c>_]\ba��K�]eh�3`bX[\3eh�OZ�a�l]a{�Nl�e��Y�d\badcO`ba{�^ef� W]gCjHcO`kjH`3ehX[c��U\b��jHgfeh�b�{a{�^adc�l]�d`kjHefgfgCjHcA`.W×X[Z]\N�0�2j[�dZ]c�a
l&� adgfgha{� gha{� �3`3\kjH`b�di�eha{� l&� X[\bl]X[c]c2jHc��{ad�¦adcO`�W]\bX[WYX��b�{a{���Of£c87�c&c�X[Z���a$�Ya{�d`3Z�ad\bX[c�� Z]c�_]efgCjHc
\b�{��jHW]ef`3Z]gCjH`3eí� l]apgY� adcN�Oef\bX[c]c�ad�¦adcO`(Aë`��2jHW2j[�b��jHc@ad` l]a{�¦jHZ]`3\ba{� adcN�Oef\bX[c]c�ad�¦adcO`b�*�d`3Z�l�eh�{�
l�jHc���gha W]\bad� ehad\N�0�2jHW]ef`3\ba5�

;V� jHc2jHgR���ba�l]a{�Äl]adZ8? W]\bad� ehad\b�Ä�0�2jHW]ef`3\ba{�Ä�¦X[cA`3\kjHcO`
gha{�Äl�e �*�dZ]gf`b�{�pWYX[Z]\-ef� W]gCjHcA`bad\
a��*��j[�{ad�¦adcA`�gha{�N`ba{���]c]eh�AZ�a{� l]a�l]�di9�dc��d\kjH`3ehX[c��b�{�OZ�adcA`3ehadgfgha �3Z]\ jH\b�0�]ef`ba{�d`3Z]\ba��p�¦�d�¦X[ef\ba
l�eh�3`3\3ef_]Z��{a5+¼c�X[Z���W]\bX[WYX��bX[c���l�jHc���Z]c�`3\bX[eh�3e �d�¦aË�0�2jHW]ef`3\ba5+�Z]c�a®�d`3Z�l]aRadc�`bad\3�¦a{��l]aËl]���ßjHZ]`b�
l]a W2jHi9a#l]a#W]gfZ��3ehadZ]\b��W]\bX[`bX��{X[gha{�^l]a#�{X*���d\badc��{a��¦�d�¦X[ef\ba�a@?�eh�3`kjHcA`b��W×X[Z]\�gY� ef� W]gCjHcO`kjH`3ehX[c
l&� Z]c�a��{X[Z�����a�l]aÄ�¦�d�¦X[ef\ba�W2jH\3`kjHi9�{a�l�eh�b`3\3ef_]Z��{a5�Vf£c@W2jH\3`3eh�dZ]gfehad\�+£Z]c�W]\bX[`bX��{X[gha�l]a��{XS:
���d\badc��{a�W]gfZ��*\ba{�b`3\3eh�d`3eí��_2j[�b���3Z]\pgCj!�{X[c��3`3\3Z��d`3ehX[c l8�Oc2jH� eh�OZ�a�l�Z7o2X[`Äl]a>l]X[c]c��{a{�
l]a
gY� jHW]W]gfeh��jH`3ehX[c��bad\kj�l]�d`kjHefgfgh�5� %�jH\ëZ]c�a jHc2jHgR���ba^`����{X[\3eh�AZ�aUl]a.�{a^W]\bX[`bX��{X[gha5+�c�X[Z��R�¦X[cO`3\bX[c��
�OZ�a W×adZ�l]a*l]���°jHZ]`b��l]a W2jHi9a{��efcA`bad\���ehadc]c�adcA`�ghX[\b��l&� Z]c�apa@?��{�dZ]`3ehX[c�W2jH\kjHgfg �dghap�3eRW×adZ!l]a
` k[�0��a{���bX[cO`�a@?�WYX[\3`b�{a{� b��5� a{�3`D: �6:Ùl�ef\baëa@?]�{�dZ]`b�{a{���3Z]\�Z]c�W]\bXO�{a{�b�kadZ]\�l�e����d\badcA`�l�Z�W]\bX��{a{�b�badZ]\
l&� a@?]�{�dZ]`3ehX[c�l]aUgCj�` k[����a#�AZ]e�gY� j¦�d\b�{�{a�c@�

;�a��AZ2jH`3\3e �d�¦a��0�2jHW]ef`3\ba�a{�3`^adc��3Z]ef`ba��{X[c��kj[�d\b� �¦gCj�W]\b�{�badcO`kjH`3ehX[c�l&� Z]c��¦�{��jHc]eh�3�¦a�l]a
W]efgha�W×X[Z]\pgY� ef� W]gCjHcA`kjH`3ehX[c l�ZÌW]\bX[`bXO�{X[gha�l]a��{X*���d\badc��{ado2X[`Äl]a>l]X[c]c��{a{���Q!óa�W]\bX[`bXO�{X[gha
a{�3`N_2j[�b���bZ]\^gha��{X[Z]W]gCjHi9a�l]a{�.W]\3efc��defWYa{�Nl]a�l]�di9�dc��d\kjH`3ehX[c&�b�{�AZ�adcO`3ehadgfgha�ad`.l�eh�3`3\3ef_]Z��{a5� ;�a
�¦�{��jHc]eh�3�¦a#l]a.W]efghaUWYad\3�¦ad`^l&� X[W]`3ef� eh�bad\�gha �{Xnm]`�l]a �d\b��jH`3ehX[c>l&� Z]c�aU` k[����a b�l]�di9�dc��d\kjH`3ehX[c
�b�{�OZ�adcA`3ehadgfgha�c*ad`¦gCj&i9a{�b`3ehX[c l�eh�3`3\3ef_]Z��{a�l�Zfo2X[`*l]a�l]X[c]c��{a{�*WYad\3�¦ad`*Z]c�a
ef� W]gCjHcO`kjH`3ehX[c
l�eh�3`3\3ef_]Z��{a W2j[�k�kjHcA`U� gY� �{�0��adgfgha(b�l]�di9�dc��d\kjH`3ehX[c�l�eh�3`3\3ef_]Z��{a�c@�

�UadZ8?�jHgfi9X[\3ef`��]�¦a{�Ul&� X[\bl]X[c]c2jHc��{ad�¦adcA` WYad\3�¦ad`3`kjHcA` l]a#`3ef\bad\NW2jH\3`3eha�l]a{�N�¦�{��jHc]eh�3�¦a{�
W]\b�{�badcO`b�{�^l�jHc���gha �OZ2jH`3\3e �d�¦a#���2jHW]ef`3\ba��bX[cO`^adc��3Z]ef`ba W]\b�{�badcO`b�{���4;�a#W]\bad� ehad\Na{�3`�Z]c>jHgfi9XS:
\3ef`��]�¦a�l&� X[\bl]X[c]c2jHc��{ad�¦adcA`�l8�Oc2jH� eh�OZ�a�_2j[�b���3Z]\Ugha��9X[g£l]a�` k[�0��a{� �3Z]\Uefc2j[�d`3eR��ef`b�5� 	NX[Z��
�¦X[cA`3\bad\bX[c��ë�OZ�a^�{ad`ËjHgfi9X[\3ef`��]�¦a.WYad\3�¦ad`Ël]a�_YX[\3c�ad\Rgha^c�X[��_]\ba.l]aQ�9X[gh�ó�AZ]e�efcO`bad\��Oehadc]c�adcO`
ghX[\b�Rl&� Z]c�a^a@?��{�dZ]`3ehX[cpW2jH\kjHgfg �dgha5�/;�a�l]adZ8?�e �d�¦a^a{�b`£Z]cpjHgfi9X[\3ef`��]�¦aN�b`kjH`3eh�AZ�a�l]X[cO`RgY� X[_8�3a{�d`3eí�
a{�3`ól]aN��jHgh�dZ]ghad\ëZ]c-\badi�\bX[Z]W×ad�¦adcO`ël]a{�ël]X[c]c��{a{�ël�jHc��Ëgha{�ól�e����d\badcA`b�ó�¦X�l�Z]gha{�ël]a^�¦�d�¦X[ef\ba
l�eh�3WYX[c]ef_]gha{� j���jHcA` l]a*W]gCj[�{ad\�gha{��` k[�0��a{� adc!��X[c��d`3ehX[c�l]a{��l]X[c]c��{a{� jHZ8?��OZ�adgfgha{��adgfgha{��j[�@:
���{l]adcA`�� 	.X[Z���W]\bX[WYX��bX[c���l&� a$��a{�d`3Z�ad\��{ap\badi�\bX[Z]WYad�¦adcA` adc��{X[c��b`3\3Z]eh�kjHcA`�Z]c�i�\kjHW
��a-l]a
l]�dWYadc�l�jHc��{aNl]aNl]X[c]c��{a{�Ëad`ól&� Z]`3efgfeh�bad\RZ]c�a^_]ef_]gfehX[`��4�{�AZ�a.l]a�W2jH\3`3ef`3ehX[c]c�ad�¦adcO`�bYL��{X[`b�0� � D U �
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X[Z[)�ad`3eh���BA @ � cóWYX[Z]\���jHgh�dZ]ghad\^ghaU\badi�\bX[Z]WYad�¦adcA`��
;�a��3e ?�e �d�¦a��0�2jHW]ef`3\ba.�bad\kj �{X[c��kj[�d\b�U�UgY� ef� W]gCjHcA`kjH`3ehX[cÄl]a��{a{�®�¦�{��jHc]eh�b�¦a{�Rl�jHc��®gY� adcN�Oe :

\bX[c]c�ad�¦adcO` Aë`��2jHW2j[�b��jHc�ad`U� �kj��[jHgfehl�jH`3ehX[c��3Z]\^l]a{��`ba{�3`b�N�3ef� W]gha{���4f®c�W2jH\3`3eh�dZ]gfehad\�+2c�X[Z��
l]�d`kjHefgfghad\bX[c���gY� ef� W]gCjHcA`kjH`3ehX[c@l]a{��j[�{���{��l�e����d\b�{��l�Z!gCjHc]iAjHi9a5+V_2j[�b�{a*�3Z]\�gY� Z]`3efgfeh�kjH`3ehX[c�l]a{�
�<:Ù�3`3\3Z��d`3Z]\ba{� �BA � � 	.X[Z��^W]\b�{�kadcA`bad\bX[c�� adc��3Z]ef`ba�gY� jHgfi9X[\3ef`��]�¦a�l]a�l]�d`ba{�d`3ehX[c�l]a�`bad\3� efc2jHeh�bX[c
l�eh�3`3\3ef_]Z��{a��OZ�a c�X[Z��Nj��9X[c��^ef� W]gCjHcO`b��l�jHc��UAë`��2jHW2j[�b��jHcM�&!óad`.jHgfi9X[\3ef`��]�¦a�a{�3`�efc��3W]ef\b��l]a
gY� jHgfi9X[\3ef`��]�¦a�l]a,'NjHc2j�l]�{�d\3ef`^l�jHc�� �BYEA � �

� jHc��^Z]c��badW]`3e �d�¦a#�0�2jHW]ef`3\ba��{ad`3`ba ef� W]gCjHcO`kjH`3ehX[c��bad\kj9��jHgfehl]�{a WYX[Z]\�l]a{�NjHW]W]gfeh��jH`3ehX[c��
l]aó`kjHefgfghaóW]gfZ���ef� W×X[\3`kjHcO`ba5� 	.X[Z����d`3Z�l�ehad\bX[c���+�l�jHc���Z]c�W]\bad� ehad\£`bad� W���+�gha{��\b�{�3Z]gf`kjH`b�£X[_]`ba@:
cOZ���W×X[Z]\ëgY� jHW]W]gfeh��jH`3ehX[c�L�jHW]W×a �BY ? + T U � �4!óad`3`ba#jHW]W]gfeh��jH`3ehX[c�WYad\3�¦ad`�l]a �3ef��Z]ghad\�adc
`bad� W��
\b�{adg�ghaÄ�{X[� WYX[\3`bad�¦adcA`*l]aÄ`3eh�b�bZ����{X[� �¦aÄW2jH\¦a@?]ad� W]ghaÄZ]cÔ�¦X[Z��0��X[ef\*�bZ]\�Z]c@�d`badc�l�jHi9a
X[Z
gha{�$�-ad`bad�¦adcO`b�^l&� Z]c
WYad\b�bX[c]c�a5�8;V� jHW]W]gfeh��jH`3ehX[c�#�jSiO`3Z
i � D3C +	Y � �bad\kj�W]\b�{�badcA`b�{a l�jHc���Z]c
l]adZ8?�e �d�¦a¦`bad� W����E!óad`3`bapjHW]W]gfeh��jH`3ehX[c�a{�b`#Z]c!�{X�l]a l]a¦l8�Oc2jH� eh�OZ�a¦�¦X[gh�{�dZ]gCjHef\ba*W×ad\3�¦ad`D:
`kjHcO`¦l]a
�3ef��Z]ghad\ ghaÄ�{X[� WYX[\3`bad�¦adcA`pl&� Z]c@adc��kad��_]gha
l]a-�¦X[gh�{�dZ]gha{�*l�jHc�� l]a{� �{X[c�l�ef`3ehX[c��
l�e �*�defghad�¦adcO`�\b��jHgfeh�kjH_]gha{��adc-gCjH_×X[\kjH`bX[ef\ba5�
f£c87�cÄc�X[Z��ëW]\b�{�badcO`bad\bX[c��ëgha{�ó\b�{�3Z]gf`kjH`b��X[_]`badcAZ��
WYX[Z]\ Z]c�a*jHW]W]gfeh��jH`3ehX[c�l&� X[W]`3ef� eh�þjH`3ehX[c��{X[��_]efc2jH`bX[ef\ba-l]X[cA`�gCjÄW2jH\kjHgfgh�dgfeh�kjH`3ehX[c�jÄ�d`b�*�d`3Z8:
l�eh�{a.l�jHc��RghaN��j[l�\ba^l]a^gY�BA^!ó�®�UXO�@:TI b��.�@7�`ëadc	eNW]`3ef� eh�þjH`3ehX[cG!óX[��_]efc2jH`bX[ef\ba �3Z]\$I.\3efgfgha{�@c@�
	.X[Z��Ël]�{�d\3ef\bX[c��ë�{X[� �¦adcO`��{ad`3`ba.jHW]W]gfeh��jH`3ehX[c�j#�d`b�NW2jH\kjHgfgh�dgfeh�b�{a.adc Aë`��2jHW2j[�k��jHc
jHefc��be<�OZ�a
gha{��WYad\7�ßX[\3�*jHc��{a{�^X[_]`badcAZ�a{�.�3Z]\�i�\3efgfgha5�

f®c>�{X[c��dgfZ��3ehX[c���+]c�X[Z��^W]\b�{�badcA`bad\bX[c��Ngha{��WYad\b�3WYa{�d`3eR�9a{��l]a#�{a{��`3\kj��[jHZ8?&�
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;�j@l�eh�3`3\3ef_]Z]`3ehX[c+l]a{�
` k[����a{�>l]a���jHgh�dZ]g��bZ]\
gha{��l�e��Y�d\badcO`b��W]\bX��{a{�b�badZ]\b��l�eh�bW×X[c]ef_]gha{�
a{�3`�Z]c�l]a{��WYX[efcA`b���dgh�{��W×X[Z]\�X[_]`badc]ef\ l]a{��a@?��{�dZ]`3ehX[c���W2jH\kjHgfg �dgha{� a��*��j[�{a{���V!óa-�0�2jHW]ef`3\ba
a{�3` �{X[c��kj[�d\b�>��Z]c�a
�d`3Z�l]a
l]a{� �3`3\kjH`b�di�eha{�¦l&� X[\bl]X[c]c2jHc��{ad�¦adcO`*W]\bX[WYX��b�{a{� W2jH\ �OZ�adgh�AZ�a{�
adc/��ef\bX[c]c�ad�¦adcA`b�Ul]a W]\bX[i�\kjH� �*jH`3ehX[c�W2jH\kjHgfg �dgha#\badW]\b�{�kadcA`kjH`3eí�ß���O!óa{�^�3`3\kjH`b�di�eha{�^�bX[cO`Nl�ef`ba{�
S$%�G % ��� � P S�X[Z-RnJ#��G������ � P S�adcÄ�ßX[c��d`3ehX[c�l�Z
�¦X[�¦adcA`NX��
gCj�l]�{�deh�behX[c�a{�3`�W]\3eh�ba ad`��OZ�adgh�AZ�a{�
adc/��ef\bX[c]c�ad�¦adcA`b�.W]\bX[WYX��badcA`Nl]a{���3`3\kjH`b�di�eha{�1�N�O_]\3ehl]a{���

%�X[Z]\�jHW]W]gfeh�OZ�ad\�Z]c�aË�3`3\kjH`b�di�ehaRl&� X[\bl]X[c]c2jHc��{ad�¦adcO`®�3`kjH`3eh�OZ�a5+�X[c��3Z]W]WYX��ba®�OZM� efgAa{�3`�W×X��D:
�3ef_]ghaól&� X[_]`badc]ef\VZ]c�aól]a{�b�d\3efW]`3ehX[c l]a{����jHgh�dZ]gh� �Na$��a{�d`3Z�ad\�j��[jHcO`Vghaól]�d_]Z]`�l]aËghadZ]\�a@?��{�dZ]`3ehX[cM�
!óad`3`ba^l]a{�k�d\3efW]`3ehX[c-a{�3`ó�bX[Z
�9adcA`ól]X[c]c��{aN�kX[Z��®gCjU�ßX[\3�¦a^l&� Z]cpi�\kjHW
��aNl]a�` k[�0��a{�3b�i�\kjHW
��aNl]a
W]\b�{�{�{l]adc��{a5+�i�\kjHW
��aël]aël]�dW×adc�l�jHc��{a�X[Z�i�\kjHW
��a�l]a o2X[`£l]aël]X[c]c��{a{�Zc@�5;V� jHW]W]gfeh��jH`3ehX[c*l&� Z]c�a
�3`3\kjH`b�di�ehap�3`kjH`3eh�AZ�a*�{X[c��3eh�3`bapjHghX[\b�9�
a@?]�{�dZ]`bad\�Z]c�jHgfi9X[\3ef`��]�¦ap�AZ]eËl]�{�3efi�c�ad\kj
Z]c�W]\bXO�{a{�D:
�badZ]\ël&� a@?��{�dZ]`3ehX[cÄWYX[Z]\ó���2j[�dZ]c�aUl]a{�Ë` k[����a{��l�Zpi�\kjHW
��a5�8%�jH\3� eYgha{�ó�b`3\kjH`b�di�eha{�Ëef� W]gCjHcO`b�{a{�
l�jHc���l]a{��adc/��ef\bX[c]c�ad�¦adcA`b�¦l]apW]\bX[i�\kjH� �*jH`3ehX[c�W2jH\kjHgfg �dgha5+�X[c�WYadZ]`�c�X[`bad\�gha{���3`3\kjH`b�di�eha{�
fV#QX b fRjH\3gfeha{�3`U#Vj[��i XVef\b�b`Zc�� CEC�� ad`$f='E# b fËjH\3gfeha{�3`^'^a�j[l8� X�ef\b�3`Zc
�BA C � l]X[cA`�Z]c�aF��jH\3eCjHcA`ba
j-�d`b��ef� W]gCjHcA`b�{a¦l�jHc��,Aë`��2jHW2j[�k��jHc � �8k�� +<gCjÄ�b`3\kjH`b�di�eha �3L
! b��UX[� efc�adcA`"L�a{�AZ�adc��{a !ËgfZ��D:
`bad\3efc]iNc�ef� W]gCjHcA`b�{a�l�jHc��U%V�O\3\bX�� �BYEY
+�Y T � X[Z�l]a{�.�3`3\kjH`b�di�eha{�Ul]a#W2jH\3`3ef`3ehX[c]c�ad�¦adcO` \b�{�dZ]\b�3eí�
ef� W]gCjHcA`b�{a{�.l�jHc��UL��{X[`b��� � D U � X[Z[)�ad`3eh���BA @ � �

� jHc��.gha���j[�UX���efgVcM� a{�b`NW2j[�.WYX��b�3ef_]gha�l&� j��9X[ef\ Z]c�a�l]a{�k�d\3efW]`3ehX[c��{X[� W]g �d`ba l]a{�.��jHgh�dZ]gh�
��a$��a{�d`3Z�ad\�+]l]a{���3`3\kjH`b�di�eha{��l&� X[\bl]X[c]c2jHc��{ad�¦adcO`.l8��c2jH� eh�AZ�a �kX[cA`�Z]`3efgfeh�b�{a{���
;�a{��l]�{�deh�3ehX[c��
l&� X[\bl]X[c]c2jHc��{ad�¦adcA`��bX[cO`ËjHghX[\b�®W]\3eh�ka{�W�Ul]a{�®�¦X[�¦adcO`b�Ë�dgh�{�Rl]a�gY� a@?��{�dZ]`3ehX[c-l�Z¦W]\bX[i�\kjH� �¦a
�{X[� �¦a W2jH\^a@?]ad� W]gha gCj��d\b��jH`3ehX[cM+2gCj�`bad\3� efc2jHeh�bX[c�l&� Z]c�a ` k[����a�X[Z
gY� efc2j[�d`3eR��ef`b��l&� Z]c
W]\bXS:
�{a{�b�badZ]\��=!óa{� �b`3\kjH`b�di�eha{�¦�bX[cA`�ef� W]gCjHcO`b�{a{�*l�jHc��¦l]a-c�X[��_]\badZ8?@adcN�Oef\bX[c]c�ad�¦adcO`b�p�{X[� �¦a
W2jH\¦a@?]ad� W]gha�!ËefgRi � k5k + �ED � +=LOefgRi 'NX9j[l � D8k� +=L�jH`3efc �BY D +iY C�� + � j[l]a � D Y4+ DED � +=e$PF) � k C � +
eN\b��j � D � + !W�]ef�¦a �BY k�� X[Z>Aë`��2jHW2j[�b��jHc � �$T � �

` Z�adgfghaó�AZ�aË�bX[ef`�gCj^�3`3\kjH`b�di�ehaól&� X[\bl]X[c]c2jHc��{ad�¦adcA`®Z]`3efgfeh�b�{a b��3`kjH`3eh�OZ�aËX[Z�l8�Oc2jH� eh�OZ�a�c@+¼gCj
\b��jHgfeh�kjH`3ehX[c�l]aË�{ad`�X[\bl]X[c]c2jHc��{ad�¦adcA`Ra{�b`Vl&� Z]c�aËef� W×X[\3`kjHc��{aó�d\3Z��deCjHgha5�*f£c�W2jH\3`3eh�dZ]gfehad\�+Hc�X[Z��
WYX[Z
�9X[c��^\bad�*jH\b�OZ�ad\N�OZ�a gY� �{�d\3ef`3Z]\ba�efcA`3Z]ef`3eR�9a�l&� Z]c�jHgfi9X[\3ef`��]�¦a�W2jH\kjHgfg �dgha�i9�dc4�d\ba��bX[Z
�9adcA`
_Ya�jHZ��{X[Z]W!W]gfZ���l]a¦` k[�0��a{��ad`#_×a�jHZ��{X[Z]W�W]gfZ���l]a W2jH\kjHgfgh�dgfeh�b�¦a*�OZ�a gCjÄ�*j[�0�]efc�a-�def_]gha¦c�a
WYadZ]`�adc�a@?�W]ghX[ef`bad\�����g9a{�3`VjHghX[\b����\b�{�OZ�adcA`��AZ�a®l]a{��i�\bX[Z]W×a{�Vl]a®` k[����a{�Vl]a£`kjHefgfgha{�Vef� WYX[\3`kjHcA`ba{�
�bX[ehadcO`�a@?]�{�dZ]`b�{���3Z]\ Z]c�Z]c]eh�OZ�a W]\bX��{a{�b�badZ]\��þjHc���j��9X[ef\�_×a{�kX[efc�l]a¦l]X[c]c��{a{��W]\bX�l�Z]ef`ba{� �
l�eh�3`kjHc��{a5�O�UjHc��Ë�{a���j[��+�gCj#�d\b��jH`3ehX[cpl&� Z]c�a�` k[����aNjHZ]\kjHef`ËW]Z ad`3\ba�\bad� W]gCj[�{�{aNW2jH\®Z]c*�3ef� W]gha
jHW]WYadg<�b�{�OZ�adcA`3ehadg×l]a��ßX[c��d`3ehX[cM�O��g2a{�3`R�{adWYadc�l�jHcA`ó`3\0�{�ól�e �*�defgha5+-�9X[ef\Ref� WYX��b�3ef_]ghaNl]a^l]�{�dehl]ad\
j W]\3ehX[\3e×l]a{�R` k[����a{�RWYX[Z
��jHcA`$ad`3\ba^l]�di9�dc��d\b�{a{�ëadc-jHW]WYadgh�R�b�{�OZ�adcA`3ehadgh�ól]a��ßX[c��d`3ehX[c-W]Z]eh�b�AZ�a
�{ad`3`ba&l]�{�deh�3ehX[c l]�dWYadc�l l�Z«�{X[cO`ba@?�`ba!l&� a@?��{�dZ]`3ehX[c ad`
adc«W2jH\3`3eh�dZ]gfehad\>l]a�gCjÔ�0�2jH\3i9a&l]a{�

k9T
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W]\bX��{a{�b�badZ]\b��+R�R�R� c@�
� jHc��V�{a®�0�2jHW]ef`3\ba5+�c�X[Z���l]�d`kjHefgfghad\bX[c���l�jHc���Z]c#W]\bad� ehad\V`bad� W���gha{�Vl�e��Y�d\badcO`ba{��\badW]\b�{�badc8:

`kjH`3ehX[c���l]a{��W]\bX[i�\kjH� �¦a{��W2jH\kjHgfg �dgha{�£j���jHcA`£l]aRW]\bX[WYX��bad\�Z]c�aË�dgCj[�k�3e 72��jH`3ehX[c l]a{���¦X�l
�dgha{��l]a
����c��0�]\bX[c]eh�þjH`3ehX[c>�3Z]\�gha{�b�OZ�adgh���bX[cA`�_2j[�k�{�ëgha{��adc/��ef\bX[c]c�ad�¦adcA`b�.�AZ�aUc�X[Z��ëW]\b�{�badcO`bX[c����4;�a{�
�3`3\kjH`b�di�eha{�£�b`kjH`3eh�AZ�a{��W]\bX[WYX��b�{a{��l�jHc��Vgha{��adcN�Oef\bX[c]c�ad�¦adcO`b�V%K��\3\bX���+-L��{X[`b�0� ad`E)�ad`3eh���bad\bX[cA`
adc��3Z]ef`ba��d`3Z�l�eh�{a{��+2j���jHcA`.l]aUW]\b�{�badcA`bad\Ngha{���3`3\kjH`b�di�eha{�Nl8�Oc2jH� eh�OZ�a{��_2j[�b�{a{�^�3Z]\�ghaUW]\3efc��defW×a
l]a��dl]�di9�dc��d\kjH`3ehX[c-�b�{�AZ�adcO`3ehadgfgha �1�.i�\kjHefc"7�c ef� W]gCjHcA`b�{a{�Ël�jHc��£gha{�£adc/��ef\bX[c]c�ad�¦adcA`b�Q!ËefgRi�ad`
gha{�^W]\bXO�{a{�b�bZ���gh�di9ad\b��W2jH\ba{�b�kadZ8? b ;Vj ���	#$�]\ba�j[l]�@c@+2X[Z>adc��{X[\ba %£\bX5A��d`3eR�9a � k5@ + C + k5? � � 	NX[Z��
c�X[Z���efcA`b�d\ba{�k�bad\bX[c���adc87�cÔjHZ8?��b`3\kjH`b�di�eha{��l&� X[\bl]X[c]c2jHc��{ad�¦adcO`*l8�Oc2jH� eh�OZ�a{��W2jH\�l]�di9�dc��@:
\kjH`3ehX[c�l�eh�3`3\3ef_]Z��{a5� 	NX[Z��$�9ad\3\bX[c��ë`bX[Z]`�l&� jH_YX[\blÄgha{���3`3\kjH`b�di�eha{���{adcO`3\kjHgfeh�b�{a{��Z]`3efgfeh�b�{a{��l�jHc��
� j[l]a-ad`"eQP ) j��[jHcO`�l]apl]�d`kjHefgfghad\�gha{���3`3\kjH`b�di�eha{� �]eh�d\kjH\b�0�]eh�OZ�a{��Z]`3efgfeh�b�{a{��l�jHc���L�jH`3efcÔad`
!W�2jH\3�WVXV9�

����� �����
	���������������������
�������! "��#!$%�������&�!�'#(�)�����+*,#!�-���)���.�
��'/0�-1
�,2�����3�,�&�4"�
#�5
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` ZM� adgfgha{�>�bX[ehadcA`��3`kjH`3eh�OZ�a{�ÄX[Z l8�Oc2jH� eh�OZ�a{��+ëgha{�Ä�3`3\kjH`b�di�eha{��l&� X[\bl]X[c]c2jHc��{ad�¦adcO`��OZ�a
c�X[Z���jHgfghX[c���W]\b�{�kadcA`bad\�l�jHc����{ap�0�2jHW]ef`3\baÄ�bX[cA`�_2j[�b�{a{���3Z]\�Z]c�a*\badW]\b�{�badcA`kjH`3ehX[c�l]a{��W]\bXS:
i�\kjH� �¦a{�N�bX[Z��ó��X[\3�¦a l]aUi�\kjHW
��a�l]aU` k[�0��a{��� L�adghX[c
gha{�^�3W×�{�de 72�def`b�{�^l]aUgY� X[\bl]X[c]c2jHc��{ad�¦adcA`
Z]`3efgfeh�b�5+��{a i�\kjHW
��a¦WYadZ]`�ad`3\ba \b�{l�Z]ef`"�ÄZ]c�i�\kjHW
��a*l]a*l]�dW×adc�l�jHc��{a{��+�Z]c�i�\kjHW
��a*l]a¦W]\b�@:
�{�{l]adc��{a{�-X[Z Z]c i�\kjHW
��a>l]a o2X[`-l]a>l]X[c]c��{a{���Ë�Ùc�l]�dWYadc�l�jH� �¦adcA`
l]a
gCj�\badW]\b�{�badcA`kjH`3ehX[c
����X[eh�3eha5+Ygha�i�\kjHW
��a l]a�` k[�0��a WYadZ]`3ad`3\ba��{X[cO`3\kjHefcA`�W2jH\ gY� adc/��ef\bX[c]c�ad�¦adcA`�l]a�W]\bX[i�\kjH� �*j6:
`3ehX[c adc���X[c��d`3ehX[c l�Z��¦XOl
�dghaël]aó����c��0�]\bX[c]eh�kjH`3ehX[c¦�3Z]\�gha{�OZ�adg�efg�a{�3`�_2j[�b�5��	NX[Z���l]�d`kjHefgfghad\bX[c��
l�jHc��.�{ad`3`ba��ka{�d`3ehX[c>gha{�.l�e��Y�d\badcO`ba{�N\badW]\b�{�kadcA`kjH`3ehX[c�� l]a#gY� a@?]�{�dZ]`3ehX[c�l]a{�^W]\bX[i�\kjH� �¦a{�U�OZ]e
�bad\bX[cO`pZ]`3efgfeh�k�{a{�-l�jHc��pgCj��bZ]ef`ba�j��[jHcO`-l]a�W]\bX[W×X��kad\*Z]c�a��dgCj[�b�3e 72��jH`3ehX[c«l]a{�*�¦X�l
�dgha{�Äl]a
����c��0�]\bX[c]eh�þjH`3ehX[c>Z]`3efgfeh�b�{��l�jHc��^gha{��adc/��ef\bX[c]c�ad�¦adcA`b�Ul]aUW]\bX[i�\kjH� �*jH`3ehX[c�W2jH\kjHgfg �dgha5�

��Ú ��Úc� §�¬�ÏR¯9¨<Ö�¬<È�Í�É×Í9ª°Ç�È¡Æ®¬�Ø �h¬��£¨2Ê]Ó£Í9ªÙÇ�ÈÛÆR¬ÔÏR¯9Ç�Î�¯9É�©Ì©Ì¬2ÖÄÏËÉY¯9É�ØÙØ��<Ø°¬2Ö
#�\bX[eh�Ui�\kjHc�l]a{�N�ßjH� efgfgha{�Ul]a�i�\kjHW
��a{� l]a�` k[����a{� �bX[cA`N��\b�{�OZ�ad� �¦adcA` Z]`3efgfeh�k�{a{�NWYX[Z]\.\ba@:

W]\b�{�badcO`bad\�gY� a@?]�{�dZ]`3ehX[c�l]a{�ëW]\bX[i�\kjH� �¦a{��W2jH\kjHgfg �dgha{�,]�i�\kjHW
��a l]a l]�dW×adc�l�jHc��{a{��+�i�\kjHW
��a l]a
W]\b�{�{�{l]adc��{a{�-ad` i�\kjHW
��a�l]a o2X[`¦l]a�l]X[c]c��{a{�[b 7�i�Z]\ba k � k c@�V.^c�i�\kjHW
��a>l]a
l]�dW×adc�l�jHc��{a{�
a{�3`-Z]c i�\kjHW
��a�c�X[c«X[\3ehadcA`b��l�jHc��-gha{�AZ�adg.Z]c c�X�adZ�lÌl�Z i�\kjHW
��a�\badW]\b�{�badcO`ba�Z]c�a�` k[�0��a
ad`�Z]c�a
jH\0ad`bap\badW]\b�{�kadcA`ba-Z]c�aÄl]�dW×adc�l�jHc��{aÄadcA`3\ba
l]adZ8?�` k[�0��a{���V!óa-`<��W×a-l]api�\kjHW
��a-a{�b`
�bX[Z
�9adcO`#Z]`3efgfeh�b��WYX[Z]\ gha ��jHgh�dZ]g®l&� Z]c�W]gCj[�{ad�¦adcA`��3`kjH`3eh�OZ�a � D U8+HA @ � �j!óadW×adc�l�jHcO`#W×X[Z]\ gha{�
W]\bX[i�\kjH� �¦a{�^W2jH\kjHgfg �dgha{��l8�Oc2jH� eh�OZ�a{���{X[� �¦aUW2jH\�a@?]ad� W]ghaUgha{�ËW]\bX[i�\kjH� �¦a{�^\b�{�dZ]\b�3eí�ß��X[Z
gha{�UW]\bX[i�\kjH� �¦a{���{X[cA`badc2jHcA`�l]a{�U_×X[Z��dgha{� W2jH\kjHgfg �dgha{��l]X[cA`#X[c�c�a �{X[c]c2j87h` W2j[�Ugha{�U_×X[\3c�a{�
j��[jHcO`�gY� a@?]�{�dZ]`3ehX[cM+�efgóa{�b`�efc�l�eh�3WYadc��kjH_]gha-l]apl�eh�bW×X��bad\�l&� Z]c�ap\badW]\b�{�badcA`kjH`3ehX[c@l8��c2jH� eh�AZ�a
l]a gY� a@?]�{�dZ]`3ehX[c>l]a{��W]\bX[i�\kjH� �¦a{���

� jHc�� � C4T + k � + @�� +Ygha{�UW]\bX[i�\kjH� �¦a{�#W2jH\kjHgfg �dgha{���kX[cA` \badW]\b�{�badcO`b�{��W2jH\#l]a{�Ui�\kjHW
��a{��l]a
W]\b�{�{�{l]adc��{a�X[\3ehadcA`b�{�.�kjHc����def\b�dZ]ef`�+2�{X[c��b`3\3Z]ef`b�^l8��c2jH� eh�AZ�ad�¦adcO`.jHZ>�{X[Z]\b�Nl]a gY� a@?��{�dZ]`3ehX[cM�
!óa�` �OWYa�l]aë\badW]\b�{�badcO`kjH`3ehX[cpc�a^�{X[\3\ba{�3W×X[c�l*l]X[c���W]gfZ��W�UZ]c W]\bX[i�\kjH� �¦aNW2jH\3`3eh�dZ]gfehad\�+9�*jHeh�
�¦Z]c�a�a@?]�{�dZ]`3ehX[c�W2jH\3`3eh�dZ]gfe �d\ba l]�dWYadc�l�jHcA`ba�l]a{�NW2jH\kjH���d`3\ba{�Ul�Z�W]\bX[i�\kjH� �¦a5�Y� jHc��N�{ad`3`ba

k5?
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 '^adW]\b�{�badcO`kjH`3ehX[c!l]a�gY� a@?]�{�dZ]`3ehX[c!l]a{� W]\bX[i�\kjH� �¦a{���kX[Z��.��X[\3�¦a l]a�i�\kjHW
��a¦l]a
l]�dWYadc�l�jHc��{a{� bßj-c@+]i�\kjHW
��a#l]a#W]\b�{�{�{l]adc��{a(b�_ cëad`�i�\kjHW
��a#l]aXo2X[`^l]a l]X[c]c��{a{� b���c@�

\badW]\b�{�badcO`kjH`3ehX[cM+Rgha{�*c��UZ�l]�*l�Z@i�\kjHW
��a
\badW]\b�{�kadcA`badcA`Ägha{� ` k[����a{�pl�Z W]\bX[i�\kjH� �¦a>ad`¦gha{�
jH\0ad`ba{�ó\badW]\b�{�badcA`badcO`ëZ]c�aNl]�dWYadc�l�jHc��{aNadcO`3\baNl]adZ8?p` k[�0��a{��� ;�X[\b�b�OZM� Z]c�a^` k[����a tm

�d\b�{a�Z]c�a
` k[�0��a tf

+ tm
a{�3`ëjHW]WYadgh�{aU` k[�0��aU���d\ba ad` tf

` k[�0��a 7�gfgha5�]� jHc��ëgCj��3Z]ef`ba5+��{ad`3`ba l]�dW×adc�l�jHc��{a
�����d\ba@: 7�gfgha ��a{�3`�\badW]\b�{�badcO`b�{a�W2jH\�Z]c�a od�{�0��a�adc>WYX[efcA`3efgfgh�{��+2gha{�NjHZ]`3\ba{�^l]�dWYadc�l�jHc��{a{�.�bX[cA`
\badW]\b�{�badcO`b�{a{� W2jH\ l]a{� od�{�0��a{�#�{X[cO`3efcAZ�a{���MA �0�2j[�OZ�a�c��UZ�l�l�Z�i�\kjHW
��a�WYadZ]`3ad`3\ba�j[�k�bXO�deh�
Z]c�W×X[ehl]�.\badW]\b�{�badcO`kjHcA`#gha�c�X[��_]\ba l&� efc��3`3\3Z��d`3ehX[c�� l]a�gCj*` k[�0��a5+YgCjp�AZ2jHcO`3ef`b��l]a��¦�d�¦X[ef\ba
jHgfghX[Z��{a b�X[Z>l]�{�þjHgfghX[Z��{a�c�X[Z
`bX[Z]`ba�jHZ]`3\ba efc��ßX[\3�*jH`3ehX[c>Z]`3efgha ��gY� X[\bl]X[c]c2jHc��{ad�¦adcA`��
�"� jHZ]`3\bapW2jH\3`�+�Z]c�ap\badW]\b�{�badcA`kjH`3ehX[c@l8��c2jH� eh�OZ�apl]a*gY� a@?��{�dZ]`3ehX[cÔ_2j[�b�{ap�3Z]\�ghaao2X[`�l]a

l]X[c]c��{a{��l]a¦gY� jHW]W]gfeh��jH`3ehX[c�j��d`b�pW]\bX[W×X��k�{a � �$T � ��� jHc����{ad`3`ba*\badW]\b�{�kadcA`kjH`3ehX[cM+�Z]c!i�\kjHW
��a
_]efW2jH\3`3eha�X[\3ehadcO`b���kjHc��^�def\b�dZ]ef`N�{X[c��3`3\3Z]ef`UjHZ>�{X[Z]\b��l]a gY� a@?]�{�dZ]`3ehX[c�a{�3`^Z]`3efgfeh�b�5�4;�a{�^c�XOadZ�l]�
l�Z�i�\kjHW
��a�l]a o2X[`Ul]a�l]X[c]c��{a{�.WYadZ
�9adcA`U\badW]\b�{�badcA`bad\ gha{�.` k[����a{�.X[Z�gha{�Ul]X[c]c��{a{�Ul�Z�W]\bXS:
i�\kjH� �¦a5�Q.Nc�a�jH\0ad`ba&adcO`3\ba�Z]c«c�XOadZ�l ��` k[�0��a ��ad`-Z]c«c�X�adZ�l �dl]X[c]c��{a ��\badW]\b�{�badcA`ba&gCj
W]\bX�l�Z��d`3ehX[c�l]a¦gCj�l]X[c]c��{a¦W2jH\�gCj
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gfef\ba
�{ad`3`ba>�[jH\3eCjH_]gha
a{�3`¦�bZ��3W×adc�l�Z�a9�7Z��b�OZM� ���{a
�AZ�a
�{adgfgha@:Ù�deNjHef`¦�d`b�
�{�d\3ef`ba5�=A^W]\0�{�
j��9X[ef\p�d`b���{�d\3ef`ba5+RZ]c�a>��jH\3eCjH_]gha�l]a>�0�Oc����]\bX[c]eh�kjH`3ehX[c WYadZ]` ad`3\ba�gfZ�a�W2jH\*W]gfZ��3ehadZ]\b�
` k[����a{��� !óa#`<��W×a#l]a,�[jH\3eCjH_]gha�l]a#����c��0�]\bX[c]eh�kjH`3ehX[c�a{�3`�Z]`3efgfeh�b��l�jHc���gha{�^�<:Ù�3`3\3Z��d`3Z]\ba{�
l�Z
gCjHc]iAjHi9a���l �BA � +]X[Z�l�jHc���gY� ef� W]gCjHcA`kjH`3ehX[c&l]a{� S�%<OQPQG�� S�l]a9LOeh�kjHg � � � � �

� � ��=&,.#M�����7��h/(5#/�n%-1<��1.+K(5# ` ;�a{�.jHZ]`3\ba{�N�¦X�l
�dgha{�Nl]a����Oc����]\bX[c]eh�kjH`3ehX[c�_2j[�b�{�^W2jH\
a@?]ad� W]gha��3Z]\-l]a{�(�9ad\3\bX[Z���+ël]a{�-�b�d�*jHW
��X[\ba{�
X[Z l]a{� ��jH\3eCjH_]gha{�-l]a��{X[c�l�ef`3ehX[c X[cA`
gCj!W]\bX[W]\3eh�d`b��l&� adc]i9adc�l�\bad\�l]a{�Ä�b�0���d�*j[�
l]a�����c��0�]\bX[c]eh�kjH`3ehX[c«c�X[c l]�d`bad\3� efc]eh�3`ba{���
%®\badc�X[c��#gY� a@?]ad� W]gha¦l]a¦l]adZ8?�W]\bXO�{a{�b�bZ��#a@?��{�dZ]`b�{��adc��{X[c��dZ]\3\badc��{a,�7Z��b�OZM� �-�{a¦�AZ�a
���2j[�dZ]c*l&� adcA`3\ba�adZ8?"�9adZ]efgfgha�adcA`3\bad\Ëadc��ka{�d`3ehX[c¦�d\3ef`3eh�AZ�a�adc�Z]`3efgfeh�kjHcO`®Z]c�a$�[jH\3eCjH_]gha�l]a
` �OWYaU�9ad\3\bX[ZM�
;�j�l]�dWYadc�l�jHc��{a adcA`3\ba.gha{��l]adZ8?*W]\bX��{a{�b�3Z��ël]�dWYadc�l�\kj�jHghX[\b�ól]a.gY� X[\bl�\ba
l�jHc��^gha{�AZ�adgVgha{�^l]adZ8?
W]\bX��{a{�b�3Z��NjHZ]\bX[cO`.j[�{�OZ]eh��gha��9ad\3\bX[ZM�2� jHc��^�{a#��j[��+�gha i�\kjHW
��a
l]a.l]�dWYadc�l�jHc��{a{�ëc�a.l]�dWYadc�lpW2j[�ó�kadZ]ghad�¦adcA`�l�Z-W]\bX[i�\kjH� �¦a ad`ël]a.�ba{�óW2jH\kjH���d`3\ba{��+
�*jHeh�¦jHZ��k�3e�l�Z@�{X[cA`ba@?�`ba
l&� a@?��{�dZ]`3ehX[cM�®�Ua{� adcN�Oef\bX[c]c�ad�¦adcO`b�pl]aÄW]\bX��{a{�b�3Z���gh�di9ad\b�
�{X[� �¦a¦W2jH\#a@?�ad� W]gha�gha{�,#$�]\ba�j[l]��%We3L���� �BA D � W]\bX[WYX��badcA`��{a�` �OWYa l]a�W]\3ef� ef`3eR�9a{�
l]a �0�Oc����]\bX[c]eh�kjH`3ehX[cM�

����� ����	6�-�6�������� � � ��	��,���
�,���,#(� /0�����  ���-����� $,�

� jHc��ë�{ad`3`baN�ka{�d`3ehX[cM+O`3\bX[eh�ëX[Z]`3efgh�óWYad\3�¦ad`3`kjHcA`�l]aN��jHgh�dZ]ghad\��3`kjH`3eh�OZ�ad�¦adcA`�gha.�3ef`ba.l&� a@?��@:
�dZ]`3ehX[c�l]a �0�2j[�OZ�a�` k[�0��a l&� Z]c&W]\bX[i�\kjH� �¦a*�bX[cA` W]\b�{�badcO`b�{���&;�a�W]\bad� ehad\�+&%K��\3\bX���+YZ]`3efgfeh�ba
Z]c�a ��adZ]\3eh�3`3eh�OZ�ap_2j[�k�{a-�bZ]\�gY� jHc2jHgR���baÄl�Z��0��ad� efc@�d\3ef`3eh�OZ�a5�K;�a{��l]adZ8?ÔjHZ]`3\ba{� L��{X[`b�0�@ad`
)�ad`3eh���bX[cA`^_2j[�b�{���3Z]\�l]a{��`ba{���]c]eh�AZ�a{�.l]aU_]efW2jH\3`3ef`3ehX[c]c�ad�¦adcA` l]a i�\kjHW
��a5�

��Ú��£Úc� 	*Ñ£¯9¯9Ç�Ö
;�a�W]\bXS�3ad`F%V�O\3\bX�� �BYEY � j*�d`b���{X[c*�7X[efcO`bad�¦adcA`��{X[c�l�Z]ef`.W2jH\UgY� Z]c]eR�9ad\b�3ef`b�"'�Z]`3i9ad\b��b %£eh�D:

��jH`kj�
ëj��-+ .FL A3c�ad`®gY� Z]c]eR�9ad\b�3ef`b�^l]aU!ëjHgfeí��X[\3c]eha �,L�jHcA`kj�2ëjH\3_2jH\kj b .F!QL 21c�adcO`3\ba�gha{�RjHc]c��{a{�
k5@E@ U�ad` k5@E@ED �KL�X[c�X[_8�3a{�d`3eí�N�d`kjHef`�l&� �d`3Z�l�ehad\�gha{� jHgfi9X[\3ef`��]�¦a{� l&� X[\bl]X[c]c2jHc��{ad�¦adcO`¦ad`�gha{�
�����3`0�d�¦a{��l]aUi9�dc��d\kjH`3ehX[c�l]a �{X�l]aUWYX[Z]\�gY� a@?��{�dZ]`3ehX[c>l]aUi�\kjHW
��a{�^l]aU` k[�0��a{�^�bZ]\�l]a{�^jH\b�0�]e :
`ba{�d`3Z]\ba{��WYX[Z]\�gha{�b�OZ�adgfgha{��gha{���{X[� ��Z]c]eh��jH`3ehX[c��U��� a$�Ya{�d`3Z�adcO`�W2jH\^�{���2jHc]i9a�l]a �¦a{�b�þjHi9a{���

mp#/+9!$�31.6�(91.���f� f6��	�3� ,.,.h&,.1.+9%-#

� jHc��ëgY� adc/��ef\bX[c]c�ad�¦adcA`Nl]aNW]\bX[i�\kjH� �*jH`3ehX[c>W2jH\kjHgfg �dgha3%K�O\3\bX���+Ogha.W2jH\kjHgfgh�dgfeh�3�¦a a{�b`ël]�@:
�d\3ef`#a@?�W]gfeh�def`bad�¦adcA`#W2jH\UgY� Z]`3efgfeh�kjH`badZ]\ �pgY� jHehl]a l&� Z]c�a�efcO`bad\7�ßj[�{a l]a�l]a{�b�d\3efW]`3ehX[c!l]a�i�\kjHW
��a
l]a.` k[�0��a{��j��9a{�UW]\b�{�{�{l]adc��{a5�
;�a{�ëi�\kjHW
��a{��jHefc��3e��{X[c��3`3\3Z]ef`b���bX[cO`�l]�@7�c]eh�ëW2jH\óghaN`3Z]W]gha G =
(V,E,C, T ) l�jHc���gha{�AZ�adg V \badW]\b�{�badcA`ba gY� adc��kad��_]gha#l]a{�ë` k[�0��a{� b��bX[� �¦ad`b��l�ZÄi�\kjHW
��a�c@+ E\badW]\b�{�badcO`baËgY� adc��kad��_]ghaël]a{�Vl]�dWYadc�l�jHc��{a{��l]aRl]X[c]c��{a{��adcA`3\baËgha{�V` k[�0��a{�1bßjH\0ad`ba{��l�Z�i�\kjHW
��a�c@+
C \badW]\b�{�kadcA`ba-gha{���{Xnm]`b��l]ap�{X[� ��Z]c]eh��jH`3ehX[c��*j[�b�kXO�deh�{�9���0�2j[�OZ�aÄjH\0ad`bapad` T \badW]\b�{�badcO`ba
gha{���{Xnm]`b��l]a¦��jHgh�dZ]gh��j[�b�bX��deh�{���
�0�2j[�OZ�a*�kX[� �¦ad`(b 7�i�Z]\ba���Nc@�M;�a{��W]\bX[i�\kjH� �¦a{�9%V�O\3\bX��
jHW]W2jH\3`3ehadc]c�adcA` l]X[c���jHZ��¦XOl
�dgha�l]a�����c��0�]\bX[c]eh�kjH`3ehX[c�l]�d`bad\3� efc]eh�3`ba�c�X[c>�{X[cA`3\kjHefcO`��×� jHc��
gCj��3Z]ef`ba#X[c
c�X[`ba5+ | V |= v ad` | E |= e �

�8k
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;=� X[\bl]X[c]c2jHc��{ad�¦adcA` l�jHc��^%K��\3\bX���a{�3`�_2j[�k�#�3Z]\�Z]c�a#�3`3\kjH`b�di�eha�adc�l]adZ8?
�d`kjHWYa{���
k �Q%K�2j[�ba#l]a \badi�\bX[Z]WYad�¦adcA`9]

f£c��3Z]W]WYX��kjHcO`��OZM� Z]c�a®efc87�c]ef`b�Ël]a®W]\bX��{a{�b�badZ]\b���kX[cA`Vl�eh�bW×X[c]ef_]gha{��+���jHgh�dZ]g�l]a{��i�\bX[Z]W×a{�
l]a ` k[�0��a{� � a@?��{�dZ]`bad\N�3Z]\�Z]c
W]\bXO�{a{�k�badZ]\��

� �Q%K�2j[�ba>l&� X[\bl]X[c]c2jHc��{ad�¦adcO`�l]a>���2j[�dZ]c l]a{�pi�\bX[Z]W×a{�p�3Z]\¦gha{� p W]\bXO�{a{�b�kadZ]\b�*l]a�gCj�*j[�0�]efc�a��def_]gha5�
;Vj�W
�2j[�kaNl]a^\badi�\bX[Z]W×ad�¦adcO`�Z]`3efgfeh�ba.gY� jHgfi9X[\3ef`��]�¦a.�,L
! b��UX[� efc2jHcA`UL�a{�OZ�adc��{aF!ËgfZ��3`ba@:

\3efc]iNc®W]\bX[W×X��k��W2jH\$I ad\kj[�bX[Z]gfeh�Ëad`��ËjHc]i �BY T � �O�Ùc]ef`3eCjHghad�¦adcO`��0�2j[�OZ�a�i�\bX[Z]WYa^cM� a{�3`ó�{X[� W×X��k�
�OZ�a�l&� Z]c�a��badZ]gha�` k[�0��a5� ;V� jHgfi9X[\3ef`��]�¦a �{X[c��3eh�3`ba�adc��3Z]ef`ba9� ��Z��behX[c]c�ad\.l]adZ8?�i�\bX[Z]WYa{�N�{X[�":
��Z]c]eh�AZ2jHcO`ë�{aN�AZ]e<�{X[\3\ba{�3W×X[c�l � gha{�ËW]gCj[�{ad\Ë�3Z]\Rgha���ad�¦aNW]\bXO�{a{�b�kadZ]\��-.^c�a���Z��behX[c*WYad\3�¦ad`
l&� jHc]cOZ]ghad\^gha#�3Z]\b�{Xnm]`Nl]a �{X[� ��Z]c]eh��jH`3ehX[c�adcA`3\ba#gha{�^l]adZ8?-i�\bX[Z]WYa{�^����X[eh�3eh��ad`NjHefc��3e�l]a#\b�@:
l�Z]ef\ba�gha�`bad� W�� l&� a@?]�{�dZ]`3ehX[c�W2jH\kjHgfg �dgha5�M;V� ehl]�{a�ef� WYX[\3`kjHcA`ba*l]a�gY� jHgfi9X[\3ef`��]�¦a¦�,L
!¡a{�3` l]a
��Z��3ehX[c]c�ad\=�.�0�2j[�OZ�a��d`kjHW×aël]adZ8?�i�\bX[Z]W×a{�£l]aëgCj.�b�{�OZ�adc��{aël]X[� efc2jHcA`ba5+9�5� a{�3`D: �6:Ùl�ef\ba^l�Z�W]gfZ��
ghX[c]i�����ad� efcpl�Z¦i�\kjHW
��a^W2jH\3`3ehadgfghad�¦adcA`ó\badi�\bX[Z]W×�5�8!óa��b�0���d�*j�a{�3`£ef`b�d\b�K�7Z��b�OZM� �U�{a��OZM� Z]c�a
c�X[Z
�9adgfgha#��Z��3ehX[c
c�aUW]Z]eh�k�ba W]gfZ��^jH�¦�dgfehX[\bad\NgCj�l�Z]\b�{a `bX[`kjHgha#l�Z�\badi�\bX[Z]WYad�¦adcA`UX[_]`badcAZM�

%�X[Z]\®��jHgh�dZ]ghad\�gY� X[\bl]X[c]c2jHc��{ad�¦adcA`R�bZ]\ p W]\bXO�{a{�k�badZ]\b��+�gha{�Vi�\bX[Z]WYa{��l]aR` k[����a{�£�bX[cA`£l�jHc��
Z]c�W]\bad� ehad\U`bad� W��N`3\3eh�{�Ul�jHc��NgY� X[\bl�\ba��d\bX[eh�b�kjHcA`Ul]a�ghadZ]\.�{Xnm]` l]a���jHgh�dZ]gY�O.Nc�jHgfi9X[\3ef`��]�¦a
l&� �{�OZ]efgfef_]\kjHi9a�l]a��0�2jH\3i9a�a{�3`.adc��3Z]ef`ba�Z]`3efgfeh�b��WYX[Z]\^\b�dW2jH\3`3ef\.gha{�Ni�\bX[Z]W×a{�Ul]a#�*jHc]e �d\ba��*�{a
�OZ�a �0�2j[�OZ�a#W]\bX��{a{�b�badZ]\^jHef`^�kadc��3ef_]ghad�¦adcA`NgCj���ad�¦a#�0�2jH\3i9a5�

r �Hh/!�"(91.��� +5#4,.�)� ,�x ���3���)����� ��!$#4%-#4�)(

A^7�c�l&� a@?]�{�dZ]`bad\�gha¦i�\kjHW
��a-l]a¦` k[�0��a{���3Z]\�Z]c�apjH\b�0�]ef`ba{�d`3Z]\baG���¦�d�¦X[ef\bapl�eh�3`3\3ef_]Z��{a5+
Z]c�c�X[Z
�9a�jHZ��{XOl]a�a{�3`�i9�dc��d\b��l�jHc��^gha{�AZ�adg�l]a{��W]\3ef� ef`3eR�9a{�Nl&� adcN�9X[e�c�X[c>_]ghX��OZ2jHcA`ba{�^ad`Nl]a
\b�{�{adW]`3ehX[c�_]ghXO�OZ2jHcA`ba{��X[cA`��d`b��efc��b�d\b�{a{��� !W�2j[�AZ�a�` k[����apj��AjHcA`�_Ya{�bX[efc�l&� Z]c�a¦X[Z�l]a¦W]gfZ8:
�3ehadZ]\b�Rl]X[c]c��{a{�£W]\bXOl�Z]ef`ba{�W�Ul�eh�3`kjHc��{a��bad\kj.W]\b�{�{�{l]�{a�l]a{��\ba{�OZ4ad`ba{�®l]aë\b�{�{adW]`3ehX[cÄj[�b�bX��deh�{a{���
!W�2j[�OZ�a�` k[����a^W]\bX�l�Z]eh�kjHcA`ël]a{�ól]X[c]c��{a{�Ë�OZ]e2l]X[eR�9adcA`Qad`3\ba^Z]`3efgfeh�b�{a{� �#l�eh�3`kjHc��{aN�kad\kj �3Z]eR��eha
W2jH\ gha{�U\ba{�OZ4ad`ba{� l&� adc/�9X[eËj[�k�bXO�deh�{a{��� ;V� a@?]�{�dZ]`3ehX[c!ad`UgY� j[�d`3eR��jH`3ehX[c!l]a{�U` k[�0��a{�#a{�b`Uadc��bZ]ef`ba
l�ef\3efi9�{aÄW2jH\�gY� j���jHc��{ad�¦adcA`-l�Z o2X[`�l]aÄl]X[c]c��{a{���=!óad`3`baÄ`ba{���]c]eh�AZ�a�j��d`b� ��jHgfehl]�{a
�3Z]\�gha{�
jHgfi9X[\3ef`��]�¦a{� 2$;MAFL�l]a c]eR�9a�jHZMA���gha{�^a@?�W×�d\3ehadc��{a{�NX[cA`^�¦X[cO`3\b���OZ�a gha#�{X�l]a i9�dc��d\b��j��[jHef`
l]a{��WYad\7�ßX[\3�*jHc��{a{��`3\0�{��W]\bX��0��a{�Nl]a{���{X�l]a{��l�ef\ba{�d`bad�¦adcA`.�{�d\3ef`b�^adc[)�%®�@�

��Ú ��Ú�� ��Ê�Ç�Í9ÊOÐ+¬]Í�� ¬]Í9ªÙÖ
L��{X[`b��� � D U � ad`G)�ad`3eh� �BA @ � �bX[cO`
l]adZ8? _]ef_]gfehX[`��4�{�OZ�a{��l]a���X[c��d`3ehX[c��ÄWYad\3�¦ad`3`kjHcA`�l]a

W2jH\3`3ef`3ehX[c]c�ad\#l]a{�.i�\kjHW
��a{� l]a�` k[�0��a{�Uc�X[c&X[\3ehadcA`b�{� adc�Z]`3efgfeh�kjHcO`Ul]a{�.�¦�d`���X�l]a{� l]a�W2jH\3`3e :
`3ehX[c]c�ad�¦adcO` ��Z]gf`3e :°c]eR�9a�jHZ8?&�K;�j�_]ef_]gfehX[`��4�{�OZ�aGL��{X[`b�0�@j>�d`b�-l]�C�9adghX[W]WY�{a-jHZ�gCjH_×X[\kjH`bX[ef\ba
;�jH_]\3e�l]apgY� Z]c]eR�9ad\b�3ef`b�G2ëX[\bl]a�jHZ8?��#ad`�gCj>l]ad\3c]e �d\ba	�9ad\b�behX[cÔj��d`b�-W]\bXOl�Z]ef`ba-adc � UEU k �E;Vj
_]ef_]gfehX[`��4�{�OZ�a�)�ad`3eh��j��d`b� l]�C�9adghX[W]W×�{a9��gY� Z]c]eR�9ad\b�3ef`b�#l�Z>)�efc]c�a{�bX[`kj��9)�efc]c�a�jHW×X[gfeh�Nad`�gCj
l]ad\3c]e �d\ba��9ad\b�3ehX[c�j��d`b� W]\bX�l�Z]ef`ba#adc � UEUEA8�

� �
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� jHc��£�0�2j[�dZ]c�a^l]a{�£l]adZ8?�_]ef_]gfehX[`��4�{�OZ�a{��+[ghaóW2jH\kjHgfgh�dgfeh�3�¦a�a{�3`�l]�{�d\3ef`®�bX[Z���gCj^��X[\3�¦aël&� Z]c
i�\kjHW
��a l]aU` k[�0��a{��c�X[c�X[\3ehadcA`b� b�i�\kjHW
��a l]a l]�dWYadc�l�jHc��{a{�Zc@�4;�a{��jH\0ad`ba{�^adcA`3\ba l]adZ8?Ä` k[�0��a{�
\badW]\b�{�badcO`badcA`*gha{��l]X[c]c��{a{�¦�{���2jHc]i9�{a{�¦W2jH\ �{adgfgha{�D:Ù�deY�K;�a{��` k[����a{� WYadZ
�9adcA` ad`3\ba
jHc]c�X[`b�{a{�
W2jH\*ghadZ]\-�{Xnm]`pl]a���jHgh�dZ]gUad`¦gha{�-jH\0ad`ba{�*W2jH\pgha>�9X[gfZ]�¦a>l]a�l]X[c]c��{a{�p�{���2jHc]i9�{a{�Ä�AZM� adgfgha{�
\badW]\b�{�badcO`badcA`��d;Vj�l]a{�b�d\3efW]`3ehX[c>l�Z
i�\kjHW
��a#a{�3`�a$��a{�d`3Z��{a W2jH\�gY� Z]`3efgfeh�kjH`badZ]\^adc
�{X[c��3`3\3Z]eh�þjHcA`
Z]c�a>�b`3\3Z��d`3Z]\ba�l]a�l]X[c]c��{a{�-�{X[� WYX��b�{a�l&� adcA`3ehad\b�Äad`pl]a>`kjH_]gha�jHZ8? l&� adcA`3ehad\b�-WYad\3�¦ad`3`kjHcA`
l&� ehl]adcA`3e 72ad\��0�2j[�OZ�a �bX[� �¦ad`�+��0�2j[�OZ�a jH\0ad`ba¦jHefc��3e£�AZ�a�gha{� �{Xnm]`b�#j[�b�bX��deh�{���&!óX[� �¦a�W×X[Z]\
%K��\3\bX���+��{ad`3`baNefcO`bad\7�ßj[�{a.WYad\3�¦ad`�l]aNl]�{�d\3ef\baUl]a{�óW]\bX[i�\kjH� �¦a{��jHW]W2jH\3`badc2jHcA`NjHZ-�¦X�l
�dgha.l]a
����c��0�]\bX[c]eh�kjH`3ehX[c�l]�d`bad\3� efc]eh�3`ba#c�X[c��{X[cO`3\kjHefcA`��

Z ,28����n12(9[�%-#/+��Ëx ������������� �"!$#&%'#&�)( "(91<,<12+9h/+

;V� X[\bl]X[c]c2jHc��{ad�¦adcO`���jHgh�dZ]gh��W2jH\pgCj�_]ef_]gfehX[`��4�{�AZ�a�)�ad`3eh�*�{X[c��3ehl
�d\ba��AZ�a
gCj&�*j[�0�]efc�a
�def_]gha-a{�3`��{X[� WYX��b�{apl]a*W]\bXO�{a{�k�badZ]\b����X[�¦X[i-�dc�a{��ad`�l&� Z]c�\b�{�ba�jHZ��{X[� W]gh�d`bad�¦adcA` �*jHefgfgh�5�
!óadgfZ]e :Ù�deYa{�3`R_2j[�b�N�3Z]\RZ]c
jHgfi9X[\3ef`��]�¦aUl]a�W2jH\3`3ef`3ehX[c]c�ad�¦adcO`���Z]gf`3e :°c]eR�9a�jHZ8?-adc-`3\bX[eh�ó�d`kjHW×a{�
b 7�i�Z]\ba k � C c@�

k �1%V�2j[�ba�l]a�\badi�\bX[Z]W×ad�¦adcO`�]�gY� ehl]�{a�a{�3`^eh�de�l]a�\b�{l�Z]ef\ba�gCj `kjHefgfgha�l�Z>i�\kjHW
��a�l]a�` k[�0��a{�
j67�cÔ�OZ�a¦gY� �d`kjHWYapl]apW2jH\3`3ef`3ehX[c]c�ad�¦adcA` W]Z]eh�b�ka(ad`3\bapa$�Ya{�d`3Z��{aÄl]a¦�*jHc]e �d\baÄa��*��j[�{a5�
;�a W]\3efc��defW×a�a{�3`�l]a \badi�\bX[Z]WYad\^gha{��` k[����a{��`3\kj��[jHefgfgCjHcO`.�3Z]\^gha{����ad�¦a{�^adc��bad��_]gha{�Nl]a
l]X[c]c��{a{� �5� a{�b`"��l�ef\bapgha{��` k[����a{��\badgfeh�{a{��W2jH\ l]a{��jH\0ad`ba{��l]a-WYX[ehl]��ef� WYX[\3`kjHcA`��=!óa
W]\3efc��defWYaUa{�3`�jHW]W]gfeh�AZ��Ul]a.�*jHc]e �d\ba.\b�dW×�d`3ef`3eR�9a �7Z��b�OZM� ���{a.�OZ�aNghaNi�\kjHW
��a#jHef`�jH`3`badefcA`
Z]c�a*`kjHefgfgha¦WYX[Z]\�gCj[�OZ�adgfgha¦Z]c�jHgfi9X[\3ef`��]�¦aÄl]a W2jH\3`3ef`3ehX[c]c�ad�¦adcO` W×X[Z]\3\kj[ad`3\ba¦Z]`3efgfeh�b�
a��*��j[�{ad�¦adcO`"b � !5GnO S ��� � 	�N&G3S5P6c@�

� �1.NcÔW2jH\3`3ef`3ehX[c]c�ad�¦adcA`Äl�ZÔi�\kjHW
��aÄ\b�{l�Z]ef`¦a{�3` ��jHgh�dZ]gh� b 	�GnO�% ��% � !#� � ��� � 	�N&G3SKPSc@�K%£gfZ8:
�behadZ]\b�NjHgfi9X[\3ef`��]�¦a{�NW×adZ
�9adcO`Uad`3\ba Z]`3efgfeh�b�{��W×X[Z]\^�{adgCj¦�{X[� �¦a#W2jH\^a@?]ad� W]gha#�{adgfZ]eVl]a
X�ehl�Z��{�deCj6:<)�jH`3`baC���ka{���

A8�1;�a�W2jH\3`3ef`3ehX[c]c�ad�¦adcA`�a{�3`£\kj �¦c���adc W]\bXS�3ad`kjHcA`ËW2j[�=�UW2j[�£ghaëi�\kjHW
��a^W2jH\3`3ef`3ehX[c]c��1�9ad\b�
gha#i�\kjHW
��a efc]ef`3eCjHgWb �'���"!5GnO S ��� � 	�N�G3SKPSc@�

;�j�_]ef_]gfehX[`��4�{�AZ�aGL��{X[`b�0��W×ad\3�¦ad`�l]a¦��jHgh�dZ]ghad\�Z]c�X[\bl]X[c]c2jHc��{ad�¦adcA` adc��{X[c��3ehl]�d\kjHcA`��AZ�a
gCj��*j[�0�]efc�a��def_]gha&a{�b`Ä�{X[� WYX��b�{a&l]a�W]\bX��{a{�b�badZ]\b�	���d`b�d\bX[i-�dc�a{�
\badgfeh�{�
W2jH\
l]a{�Ägfehadc���l]a
��jHW2j[�def`b�{�>l�e����d\badcA`ba{���Q;�jÔ�*j[�0�]efc�a!�def_]gha&a{�3`
�¦XOl]�dgfeh�k�{a�W2jH\
Z]c i�\kjHW
��a�c�X[c X[\3ehadcA`b�5+
jHc]c�X[`b�#W2jH\^gCj�W]Z]eh�b�kjHc��{a#l]a���jHgh�dZ]g�l]a{��W]\bX��{a{�b�badZ]\b�Nad`�gCj ��jHW2j[�def`b��l]a{��gfehadc���gha{��\badgfeCjHcA`��
%�X[Z]\��{adgCj>Z]c�jHgfi9X[\3ef`��]�¦a-l]a*_]efW2jH\3`3ef`3ehX[c]c�ad�¦adcO` \b�{�dZ]\b�3eí�^a{�3`�Z]`3efgfeh�b�5�jA ���2j[�AZ�a-�d`kjHW×a5+
l]a{�
_]efW2jH\3`3ef`3ehX[c���l�Z i�\kjHW
��a�l]a�` k[�0��a{��ad`�l�Z i�\kjHW
��a�l]a&W]\bX��{a{�b�badZ]\b�
�bX[cO`>��jHgh�dZ]gh�{a{�
j67�c!l&� jHgfghX[Z�ad\�Z]c!�bX[Z��#adc��kad��_]gha*l]a¦` k[�0��a{�"�ÄZ]c!�bX[Z���adc��bad��_]ghapl]a W]\bXO�{a{�k�badZ]\b��l]a gCj
�*j[�0�]efc�a
�def_]gha5�V!óad`¦jHgfi9X[\3ef`��]�¦aÄa{�3`�adc��3Z]ef`ba
jHW]W]gfeh�AZ��-\b�{�dZ]\b�3eR�9ad�¦adcO`(�>���2j[�AZ�aÄ�{X[Z]W]gha
l]a�W2jH\3`3ef`3ehX[c����N%£gfZ��3ehadZ]\b�ó�3`3\kjH`b�di�eha{�R�kX[cA`Ël�eh�bW×X[c]ef_]gha{�RW×X[Z]\R��jHgh�dZ]ghad\Ëgha{�®_]efW2jH\3`3ef`3ehX[c��ól]X[cA`
Z]c�a3��jH\3eCjHcA`ba#l]a#gY� jHgfi9X[\3ef`��]�¦a�l]a W2jH\3`3ef`3ehX[c]c�ad�¦adcO`N��Z]gf`3e :°c]eR�9a�jHZ�Z]`3efgfeh�b�#W2jH\1)�ad`3eh���

� A
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Phase de regroupement
(coarsing phase)

Phase de raffinement
(uncoarsing phase)

Partition projetée

Partition raffinée

��� 	 
 k � C 
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%�X[Z]\ gha{�UjHW]W]gfeh��jH`3ehX[c�� W2jH\kjHgfg �dgha{�U�AZ]eE�Oeh�kadcA`.gY� a@?�W]ghX[ef`kjH`3ehX[c�l&� Z]c�c�X[��_]\ba l]a�c�XOadZ�l]�
WYX[`badcA`3ehadgfghad�¦adcO`�i�\kjHc�l&+ëgha�c�X[��_]\ba�l]a�` k[�0��a{�
WYX[Z
��jHcA`���� a@?]�{�dZ]`bad\�adc W2jH\kjHgfg �dgha&WYadZ]`
��� j��9�d\bad\�+<l�jHc��NgCj W]\kjH`3eh�OZ�a5+<`3\0�{�^gCjH\3i9ad�¦adcO`.�3Z]WY�d\3ehadZ]\ jHZ>c�X[��_]\ba�l]a#W]\bX��{a{�b�badZ]\b�.a$��a{�@:
`3eR�9ad�¦adcO`#l�eh�3W×X[c]ef_]gha{���<� jHc��U�{a���j[��+<l]a�c�X[��_]\badZ��ba{�U` k[����a{� �bX[cA`UW]gCj[�{�{a{�U�3Z]\.Z]c���ad�¦a
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a@?]�{�dZ]`3ehX[c>W2jH\kjHgfg �dgha�a��*��j[�{a�a{�3`^l]X[c���l]a �*j87h`3\3eh�bad\NgCj�i9a{�3`3ehX[c�l�Z>W2jH\kjHgfgh�dgfeh�3�¦a�adc>l]�di9�@:
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;�j>W]efgha*l]aC��ehadcA`�Z]c�a¦W]efghap��j[�d`3Z���ghX[\b�b�AZM� Z]c�c�X[Z
�9a�jHZ�W]\bX��{a{�b�3Z���gh�di9ad\�a{�b`��d\b�{�5+����2j[�AZ�a
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W]\bX��{a{�b�3Z���ad� W]efgCjHcO`Nl]aUc�X[Z
�9a�jHZ8? � � ! � S R � G � % � 	�G % � !#���3Z]\^�kj�W]\bX[W]\ba#_]\kjHc��0��a�l]aUgCj W]efgha5�
�"� jHZ]`3\ba{�^adcN�Oef\bX[c]c�ad�¦adcO`b�U�{X[� �¦a W2jH\^a@?]ad� W]gha,%£\bX5A��d`3eR�9a�X[cA`�Z]c�a�jHW]W]\bX��0��a�l�e��Y�@:

\badcA`baUl]aNgCj�l]�di9�dc��d\kjH`3ehX[c��k�{�AZ�adcO`3ehadgfgha5��� jHc��ë�{a{�ëadc/��ef\bX[c]c�ad�¦adcA`b��+�_2j[�k�{�ó�bZ]\RZ]c-�¦XOl
�dgha
l]a#W]\bX[i�\kjH� �*jH`3ehX[c �dX[_8�3ad`
�*+×�0�2j[�OZ�a�jHW]WYadgVl]a��¦�d`���XOl]a�WYadZ]`Uad`3\ba�a@?��{�dZ]`b��l]a��*jHc]e �d\ba
�3`kjHc�l�jH\bl�X[Z�ad`3\ba `3\kjHc��7�ßX[\3�¦�#adc>jHW]W×adgVl]aU�¦�d`���XOl]a#l�eh�b`kjHcA`��

� jHc��[!ËefgRi X[Z ;�j ��� #$�]\ba�j[l]��+ëgha{�-�ßX[c��d`3ehX[c�� �{j�W]\3ehX[\3e ��W2jH\kjHgfg �dgha{���bX[cA`�l]X[c��&l]�@:
i9�dc��d\b�{a{�Uadc�jHW]WYadgh�N�k�{�AZ�adcO`3ehadgh�.l]a#��X[c��d`3ehX[c���+×jHghX[\b�.�AZ�a�l�jHc��F%£\bX5A��d`3eR�9a5+×gha{�.jHW]WYadgh� ���
W]\3ehX[\3e ���b�{�OZ�adcA`3ehadgh�Ël]a��¦�d`���X�l]a{�£W×adZ
�9adcO`Wad`3\baë`3\kjHc��7�ßX[\3�¦�{�Radc-jHW]W×adgh�®l�eh�b`kjHcA`b�R��� efgh�£�bX[cA`
a$��a{�d`3Z��{�^�3Z]\�l]a{��X[_8�3ad`b��W]\b�{�badcO`N�3Z]\�l]a{��c�XOadZ�l]��l]a���jHgh�dZ]g�l�eh�3`kjHcA`b���

� jHc��Ä�{ad`3`ba��ba{�d`3ehX[cM+óc�X[Z��-l]�d`kjHefgfghad\bX[c��ÄgY� ef� W]gCjHcO`kjH`3ehX[c _2j[�b�{a��3Z]\-Z]c�a�W]efgha���j[�d`3Z��
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gCj�W2jH\3`3eh�dZ]gCjH\3ef`b�
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a@?]ad� W]gha	LOefgRi8'^X9j[l � D8k�� X[Z !W�]ef�¦a �BY k�� X[cO`��d`3Z�l�eh�-gCj
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�¦�{��jHc]eh�3�¦a��bZ]\RjH\b�0�]ef`ba{�d`3Z]\baF�.�¦�d�¦X[ef\ba�l�eh�3`3\3ef_]Z��{a�adc¦Z]`3efgfeh�þjHcA`®Z]c�a��{X[Z�����a�l]a��¦�d�¦X[ef\ba
��ef\3`3Z�adgfgha�W2jH\3`kjHi9�{a&l�eh�3`3\3ef_]Z��{a5��� jHc��Ägha{�
l]adZ8?Ì��j[��+ë�{a{�Äef� W]gCjHcO`kjH`3ehX[c��>�bX[Z �Y\kjHehadcA`>l]a
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� jHc�� �{a�gCjHc]iAjHi9a5+×gha�W2jH\kjHgfgh�dgfeh�b�¦a ad`.gha{� �0�Oc����]\bX[c]eh�kjH`3ehX[c�� �bX[cA`#l]�{�d\3ef`ba{�UW2jH\UgY� Z]`3efgfe :

�kjH`badZ]\���gY� jHehl]a-l]ap`3\bX[eh���¦X[`b���dgh�{� ] � � � �6+ S�	�G�� �@ad`WS J#�����V�.Z!W2jH\kjHgfgh�dgfeh�b�¦a
a{�3`�i9�dc��d\b�
ghX[\b�b�OZ�a#gY� efcN�9XO��jH`3ehX[c&l&� Z]c�a�W]\bXO�{�{l�Z]\ba�a{�3`NW]\b�{�{�{l]�{a�l�Z��¦X[`N�dgh�gS�	�G�� �d�d;�jp�b�d�*jHcO`3eh�AZ�a
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�{�{l�Z]\ba����d\ba�W×adZ]` �{X[cO`3efcAZ�ad\��kX[c�a@?]�{�dZ]`3ehX[c�adc�W2jH\kjHgfg �dgha¦j��9a{��gCjpW]\bX��{�{l�Z]\ba97�gfgha5�&%VX[Z]\
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W2jH\kjHgfg �dgha5�

;�a{��W]\bX[i�\kjH� �¦a{�"!ËefgRi&jHW]W2jH\3`3ehadc]c�adcA` jHZ��¦X�l
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jHgh��jH`bX[ef\bad�¦adcO`��

.Nc��¦XOl
�dgha�l]a��{Xnm]` a{�3` j[�b�bX��deh�9�pgY� a@?]�{�dZ]`3ehX[c�l]a{�NW]\bX[i�\kjH� �¦a{�9!ËefgRi �M!W�2j[�OZ�a�W]\bXS:
i�\kjH� �¦a�a{�3`���jH\kj[�d`b�d\3eh�b� W2jH\�]


 T1
�OZ]e�\badW]\b�{�kadcA`ba gha�`3\kj��[jHefg£`bX[`kjHgRl]a�gY� jHW]W]gfeh��jH`3ehX[cM+V�5� a{�3`D: �6:Ùl�ef\ba gha�c�X[��_]\ba `bX[`kjHg

l&� efc��3`3\3Z��d`3ehX[c��Ra$��a{�d`3Z��{a{�®ghX[\b�®l]a�gY� a@?��{�dZ]`3ehX[c*l�Z*W]\bX[i�\kjH� �¦a5� T1
�{X[\3\ba{�bW×X[c�l¦l]X[c��

jHZ
`bad� W��^l&� a@?]�{�dZ]`3ehX[c��b�{�OZ�adcA`3ehadgY�

 T∞

�AZ]e�\badW]\b�{�badcO`ba�gha�`3\kj��[jHefg£�3Z]\Ugha�W]gfZ��UghX[c]i
�0��ad� efc�l�Z�i�\kjHW
��a l]a�W]\b�{�{�{l]adc��{a
l]a#gY� jHW]W]gfeh��jH`3ehX[cM� T∞

�{X[\3\ba{�bW×X[c�l�jHZ�`bad� W��.l&� a@?��{�dZ]`3ehX[c��3Z]\�Z]c�a�efc87�c]ef`b��l]a�W]\bXS:
�{a{�b�badZ]\b���


 S1
�OZ]e�\badW]\b�{�badcA`ba�gCjN�{X[c��kX[� �*jH`3ehX[c*�¦�d�¦X[ef\baëc��{�{a{�b�kjHef\ba1�NZ]c�a�a@?]�{�dZ]`3ehX[c¦�b�{�OZ�adc8:

`3ehadgfgha#adc�W]\bXH�ßX[c�l]adZ]\^l&� jH_×X[\bl&�
;V� ef� W]gCjHcO`kjH`3ehX[c!l]a#gY� jHgfi9X[\3ef`��]�¦a l]a��9X[g�l]a�`3\kj���jHefg�Z]`3efgfeh�b��iAjH\kjHcO`3ef` �AZ�a�gha�`bad� W��Ul&� a@?]�@:
�dZ]`3ehX[c+l&� Z]c W]\bX[i�\kjH� �¦a��3Z]\ p W]\bXO�{a{�k�badZ]\b�
a{�3`
`badg#�OZ�a ] Tp = T1

p
+ O(T∞) ad`
gCj�{X[c��bX[� �*jH`3ehX[c��¦�d�¦X[ef\ba��3Z]\ p W]\bX��{a{�b�badZ]\b�^a{�3`�`badgfgha#�OZ�a�] Sp ≤ pS1
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��gVa{�b`^WYX��b�3ef_]gha�l]a#`3\kjHc��7�ßX[\3�¦ad\NZ]c�W]\bX[i�\kjH� �¦a�!ËefgRi�adc�W]\bX[i�\kjH� �¦a�!+�3`kjHc�l�jH\bl�adc

�3Z]W]W]\3ef�*jHcO`ó�bef� W]ghad�¦adcA`ógha{�®�¦X[`b�R�dgh�{� ��� � �S+	S�		G�� �
ad` S J#���^l�Z*�{XOl]a^Z]`3efgfeh�kjH`badZ]\��/;�a^�{X�l]a
\b�{�3Z]gf`kjH`®a{�b`�����cA`kj6?�eh�OZ�ad�¦adcA`R�{X[\3\ba{�d`®ad`®jNgCjN��ad�¦aó�k�d�*jHcA`3eh�OZ�a��AZ�aóghaóW]\bX[i�\kjH� �¦aU!ËefgRi �
�{a#�{X�l]a a{�3`�c�X[� �¦��gCj�!=:Ù�dgfeh�3ehX[c>l�Z�W]\bX[i�\kjH� �¦a�efc]ef`3eCjHgY�

;=� ef� W]gCjHcA`kjH`3ehX[c!l]a�gY� jHgfi9X[\3ef`��]�¦a l]a,�9X[g�l]a#`3\kj���jHefg£a{�3`^_2j[�k���3Z]\Ngha�W]\3efc��defWYa ��`3\kj��[jHefg
l&� jH_YX[\bl ��� � !nO � ���iO S$% 	�O �������
	 � P����badghX[c gha{�AZ�adg�gha>�3Z]\b�{Xnm]`*l]a
gY� X[\bl]X[c]c2jHc��{ad�¦adcO`-gfeh��jHZ
`3\kj��[jHefg<`bX[`kjHg T1

l]X[ef`Wad`3\ba�X[W]`3ef� eh�b�^jHghX[\b�Ë�AZM� Z]c*�bZ]\b�{Xnm]`®W]gfZ��£ef� WYX[\3`kjHcA`óW×adZ]`Vad`3\ba�`bX[gh�d\b�
�3Z]\�gha¦�0��ad� efc��d\3ef`3eh�OZ�a T∞

� !óa{�deëa{�3`Q�7Z��3`3e 72�¦WYX[Z]\�gha{��jHW]W]gfeh��jH`3ehX[c����def_]gha{��l�Z!gCjHc]iAjHi9a
!ËefgRi b��¦XOl
�dgha�l]a����Oc����]\bX[c]eh�kjH`3ehX[c��3`3\3eh�d`U\b�{l�Z]ef`Zc@+×W×X[Z]\Ugha{�b�OZ�adgfgha{�.gha�c�X[��_]\ba l]a �9X[g�a{�b`
_YX[\3c�� W2jH\ T∞

�AZ]e�a{�b`�`3\0�{��W×ad`3ef`Nl]aC�[jHcO` T1
�

;�a.�{X[� W]efgCjH`badZ]\F!ËefgRi¦ef� W]gCjHcA`ba �{a.W]\3efc��defWYa.adcÄi9�dc��d\kjHcO`�l]adZ8?(�9ad\b�3ehX[c��óWYX[Z]\ë���2j[�AZ�a
W]\bX��{�{l�Z]\baë�defgRi(]�Z]c�a=�9ad\b�3ehX[c ��ghadcO`ba �ëad`VZ]c�a �9ad\b�3ehX[c ��\kjHW]ehl]a �*�*;�jU�9ad\b�3ehX[c�\kjHW]ehl]aëa{�3`V`3\0�{�
W]\bX��0��aUl]a�gCj��9ad\b�3ehX[c>!=:Ù�dgfeh�3ehX[cÄl]a^gCj�W]\bXO�{�{l�Z]\ba.ad`ócM� adc]i9adc�l�\ba.�OZM� Z]cp�ßjHef_]gha.�3Z]\b�{Xnm]`óW2jH\
\kjHW]WYX[\3` ��Z]c�a>a@?��{�dZ]`3ehX[cÌ�b�{�AZ�adcO`3ehadgfgha>�3`kjHc�l�jH\bl&�$!óad`3`baG�9ad\b�3ehX[cÌa{�3`¦a@?��{�dZ]`b�{a>ghX[\b�b�OZ�a
gha{�*W]\bXO�{a{�b�bZ��*�bX[cO`pj[�d`3eí�����R� jHc��*�{a���j[��+£gCj&i9�dc��d\kjH`3ehX[cÌl]a�W]gfZ��*l]a�W2jH\kjHgfgh�dgfeh�3�¦a>cM� a{�b`
W2j[��c��{�{a{�b�þjHef\ba5�E;Vj[�9ad\b�behX[c�ghadcO`ba
a{�3`�a@?��{�dZ]`b�{aÄghX[\b�b�OZM� efg�a{�3`�c��{�{a{�b�kjHef\baÄl]a-i9�dc��d\bad\¦l�Z
W2jH\kjHgfgh�dgfeh�3�¦a5+<�5� a{�3`^� l�ef\ba�jHW]\0�{��Z]c�a \ba{�AZ4ad`ba�l]aU`3\kj���jHefgY�

A^7�cpl]a�W×ad\3�¦ad`3`3\ba^gY� ef� W]gCjHcA`kjH`3ehX[c�l]a�gY� jHgfi9X[\3ef`��]�¦a.l]a1�9X[g2l]a^`3\kj���jHefgY+9Z]cp_]ghXO��l&� j[�d`3e :
��jH`3ehX[c�� � O G��aP���a{�3`�j[�b�bX��deh�,���0�2j[�OZ�a�jHW]WYadg�l]aUW]\bXO�{�{l�Z]\ba !ËefgRi�b��OZ�adgh�AZ�a �bX[ef`�gCj9�9ad\b�behX[c
Z]`3efgfeh�b�{a�c@�O;�a{�N_]ghX��{�.l&� j[�d`3eR��jH`3ehX[c�W×ad\3�¦ad`3`badcO` l]a��3`bX��0i9ad\.gha{� �[jH\3eCjH_]gha{�.ghX���jHgha{� �*gCj*W]\bXS:
�{�{l�Z]\ba*jHefc��be®�AZ�a �bX[c&�d`kjH`��M;=� adc��bad��_]ghapl]a{�U_]ghXO�{�#l&� j[�d`3eR��jH`3ehX[c!a{�3` i9�d\b���-gY� jHehl]a l&� Z]c�a
W]efgha.l]X[cA`ógha��ßX[c��d`3ehX[c]c�ad�¦adcA`�a{�3`Ë`3\0�{�RW]\bX��0��a.l]a�W]efgha3!��3`kjHc�l�jH\blpghX[\b�b�OZ�a�gha{�RW]\bXO�{�{l�Z]\ba{�
�bX[cO` a@?��{�dZ]`b�{a{�U�b�{�OZ�adcA`3ehadgfghad�¦adcO`��M;�X[\b�b�OZM� Z]c�W]\bXO�{a{�b�kadZ]\Ua{�b`U��eh�d`3ef�¦a�l&� Z]c�a�\ba{�OZ4ad`ba�l]a
�9X[gY+��3e®�þj*W]efgha¦cM� a{�3`UW2j[�3�Oehl]a5+Ygha�_]ghX�� l&� j[�d`3eR��jH`3ehX[c�W]gCj[�{� �-�bX[c��bX[� �¦ad`(b�l]X[c���gha�W]gfZ��
jHc��dehadc c�a{�3`��{X[W]eh� �9ad\b��gCj>W]efghapl�Z�W]\bXO�{a{�k�badZ]\��9X[ghadZ]\�� ;�j>W]efghapl]aC��ehadcA`¦jHghX[\b��Z]c�a ��W]efgha
��j[�d`3Z��
�*�

� Y
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;�j¦W]efgha#��j[�d`3Z��^l]a"!ËefgRi
a{�3`�ef� W]gCjHcA`b�{a�adc����2j87hc2jHcA`UadcA`3\ba�adZ8?
gha{�^_]ghXO�{�Nl&� j[�d`3eR�[jH`3ehX[c
jHgfghX[Z��{�^l�jHc���gha `kj[��b�l�jHc���gha gCjHc]iAjHi9a9!Qc3b 7�i�Z]\ba k � D c@�
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yK%'6 ,.� �)(5��(912�)�"+g��1.+K(5�n1����h/#4+
%£gfZ��behadZ]\b�U`badcA`kjH`3eR�9a{� l]a�W×X[\3`kjHi9a�l�Z�gCjHc]iAjHi9a�!ËefgRi��3Z]\UjH\b���]ef`ba{�d`3Z]\ba��¦�¦�d�¦X[ef\ba�l�eh�D:

`3\3ef_]Z��{aÄX[cA` �d`b�Äa$�Ya{�d`3Z��{a{��� ;�j�W]\bad� e �d\ba ��!ËefgRiN: 	Fe:9 � � k A � ef� W]gCjHcA`baÄgCj[�9ad\b�3ehX[c � l�Z
gCjHc]iAjHi9a�l]a��*jHc]e �d\ba�l�eh�3`3\3ef_]Z��{a�ad`*`bX[gh�d\kjHcO`ba�jHZ8?��ßjHZ]`ba{���W.Nc�a�ef� W]gCjHcO`kjH`3ehX[c W]gfZ��p\b�@:
�{adcA`ba�jHW]W×adgh�{a �d�Neh�b`3\3ef_]Z]`ba{lJ!ËefgRi � � D A � W×X[\3`ba
gCj��9ad\b�3ehX[c D � k l�Z@gCjHc]iAjHi9a��bZ]\¦�{a
`<��W×a
l&� jH\b�0�]ef`ba{�d`3Z]\ba5� %�X[Z]\*�{adgCj8+�Z]c�a
�{X[Z��0��a�l]aÄ�¦�d�¦X[ef\ba�W2jH\3`kjHi9�{a5+®l�eh�3`3\3ef_]Z��{a5+£W2jHi�efc��{a�ad`
_2j[�b�{a��3Z]\.Z]c�W]\bX[`bXO�{X[gha�l]a��{X*���d\badc��{a j[l�jHW]`b�¦jHZ8?��3WY�{�de 72�def`b�{� l�Z�gCjHc]iAjHi9a a{�3`.Z]`3efgfeh�b�{a5�
f£c87�c�gha�W]\bXS�3ad` ��LOefgRi8'^X9j[l � � D8k�� jÄ�{X[� W2jH\b� W]gfZ��behadZ]\b���{X[Z��0��a{��l]a��¦�d�¦X[ef\ba W2jH\3`kjHi9�{a{�
adc�Z]`3efgfeh�kjHcO`�l�e����d\badcA`b��W]\bX[`bXO�{X[gha{��l]a¦�{X*���d\badc��{aÄj67�c!l&� jH�¦�dgfehX[\bad\�gha{�#W×ad\7�ßX[\3�*jHc��{a{��l]a
�d�.eh�3`3\3ef_]Z]`ba{l�!ËefgRi �*�
%VX[Z]\N�{a{��`3\bX[eh��`badcA`kjH`3eR�9a{��+��badZ]gha{��l]a{�ëi�\kjHW]WYa{�^j��AjHcO`NjHZ
�*j6?�ef��Z]�
l�e ?ÄW]\bXO�{a{�b�kadZ]\b��X[cA`.�d`b� a@?�W]ghX[ef`b�{a{�Nl]a �*jHc]e �d\ba#a��*��j[�{a � k A
+ D A4+ D8k�� �

��Ú �£Ú�� ;^¬2Ö�ÏË¯9Ç£Ê�¬2Ö[Ö[ÓRÖ�Ø°¨�Î�¬2¯AÖÄÏRÉY¯9¬2Ö[ÖH¬2Ó �=<N�:>@?BA �DC%E�F�>HG!I
� jHc�� � �E@ � +Hgha{�®jHZ]`badZ]\b��W]\b�{�badcO`badcA`®Z]c�aëef� W]gCjHcO`kjH`3ehX[c*W2jH\ba{�b�badZ��kaól]aóW]\bX��{a{�b�3Z���gh�di9ad\b���

� jHc����{ad`3`baËef� W]gCjHcO`kjH`3ehX[c¦gCjN�d\b��jH`3ehX[c¦l&� Z]c�c�X[Z
�9a�jHZ�W]\bX��{a{�b�3Z���gh�di9ad\£a{�3`�adc��°jHef`�Z]c�aË�d\b��j6:
`3ehX[c ��W×X[`badcO`3ehadgfgha �Ël]aËW]\bX��{a{�b�3Z��Vgh�di9ad\$b�l]aR��ad�¦aó�OZ�a®gha �J�K����� l�Z�gCjHc]iAjHi9a1!ËefgRi
c@�*!W�2j[�AZ�a
�d\b��jH`3ehX[c¦WYX[`badcA`3ehadgfgha^W×adZ]`Vad`3\baë`3\kjHc��7�ßX[\3�¦�{a�adc¦�d\b��jH`3ehX[cÄjHW]W×adg��b�{�OZ�adcA`3ehadg<l]aó��X[c��d`3ehX[c*X[Z
adc*�d\b��jH`3ehX[cÄl]a�` k[�0��aNW2jH\kjHgfg �dgha5�
!óa��0��X[e ?*a{�3`Ëa$�Ya{�d`3Z��Nadc¦�ßX[c��d`3ehX[cpl&� �C�-�dc�ad�¦adcA`b�ë�{X[� �¦a

�$T



� 	 n �3�������"� ��!$#4%-#4�)(���� �"+a,.#/+g#4�)0"1.���)����#4%-#4�)(5+a��# 6�����8��3� %-%-��(912�)�f6��	��� ,<,.=4,.#

gY� efc2j[�d`3eR��ef`b�#l&� Z]c�W]\bX��{a{�b�badZ]\��d!óa{�ë`3\kj��[jHZ8?�X[cA`��d`b�#�¦adc��{�^��gY� Z]c]eR�9ad\b�3ef`b��l]a32ëad\�i9adghaC�Äadc
!ëjHgfeí�ßX[\3c]eha�adcO`3\ba k5@E@ED ad` k5@E@$T �

mp#4+5!$�n126�(91.���7��76��	�3� ,<,2h&,<12+�%'#
;�a{��`3\kj���jHZ8?�W]\b�{�badcO`b�{� l�jHc�� � �E@ � �bX[cO` l]a{�3`3efc��{����gY� ef� W]gCjHcO`kjH`3ehX[c l]a-W]\bXO�{a{�k�3Z���gh�@:

i9ad\b�*W2jH\ba{�b�badZ8?@�kjHc�� \ba{�3`3\3eh�d`3ehX[c W2jH\¦\kjHW]WYX[\3`-jHZ8?@jHZ]`3\ba{�*_]ef_]gfehX[`��4�{�OZ�a{�pl]a�W]\bXO�{a{�b�bZ��
gh�di9ad\b���W;�a�W2jH\kjHgfgh�dgfeh�b�¦a�a{�3`pl]X[c���i9�dc��d\b��adc �d\b��jHcA`-Z]c c�X[Z
�9a�jHZÌW]\bXO�{a{�k�3Z��¦gh�di9ad\Hb�Z]c
c�X[Z
�9a�jHZ o2X[`�l&� a@?]�{�dZ]`3ehX[c c�j67�c
l&� a@?��{�dZ]`bad\�Z]c�aUW]\bX��{�{l�Z]\ba l]a.�*jHc]e �d\ba#j[����c��0�]\bX[c�a5�4;�a{�
�{X[� ��Z]c]eh��jH`3ehX[c��^adcA`3\baUW]\bX��{a{�b�3Z��ógh�di9ad\b�ë�bX[cO`ëa$��a{�d`3Z��{a{�ëi�\ k[�{a3��gY� Z]`3efgfeh�kjH`3ehX[c
l&� Z]c�aU�¦�@:
�¦X[ef\baNW2jH\3`kjHi9�{a5���.a{�Ëefc��3`3\3Z��d`3ehX[c��3b���Z]`ba@?&+��{X[c�l�ef`3ehX[c����R�R� cRW×ad\3�¦ad`3`badcO`�l]a^i9�d\bad\ógha{�ój[�{���{�
�{X[c��dZ]\3\badcO`b�,�¦gCj*�¦�d�¦X[ef\ba�W2jH\3`kjHi9�{a5�O.Nc�W]\bX��{a{�b�3Z��NWYadZ]`Nl]X[c��9ad`3\ba�l�jHc��.gha{�.�d`kjH`b�.�bZ]e :
��jHcA`b� ]


 f£c>�{X[Z]\b��l&� a@?]�{�dZ]`3ehX[c

 LOZ��3W×adc�l�Z

 %£\0ad`U�"ad`3\ba#a@?]�{�dZ]`b�

 #�ad\3� efc��

;�a¦�¦XOl
�dgha¦l]a �0�Oc����]\bX[c]eh�kjH`3ehX[c�l]a{� W]\bX��{a{�b�3Z��#gh�di9ad\b� W2jH\ba{�b�badZ8?��°jHef` W2jH\3`3eha¦l�Z��¦X�l
�dgha
c�X[c>l]�d`bad\3� efc]eh�b`ba#W]\bX[WYX��b�{a l�jHc���gCj��ba{�d`3ehX[c k � k �

� (5����(5h48�1.#M�Rx ���3�������"� ��!$#4%-#4�)(
!óX[� �¦a�l�jHc���ghaUgCjHc]iAjHi9a !ËefgRiO+�gY� jHgfi9X[\3ef`��]�¦a#l&� X[\bl]X[c]c2jHc��{ad�¦adcA`UZ]`3efgfeh�b� a{�3`ë_2j[�b� �bZ]\

gY� adcN�9X[e^l]aÄ\ba{�AZ4ad`ba{�*l]a	�9X[g��3Z]\ efc2j[�d`3eR�Oef`b�5� L � efg�cM� a{�3` W2j[��c��{�{a{�b�kjHef\ba�l]a
�d\b�{ad\ W]gfZ��*l]a
W2jH\kjHgfgh�dgfeh�3�¦a�b���j[�óghaNW]gfZ��R��\b�{�OZ�adcA`Zc@+�ghX[\b�ël]a^gCj��d\b��jH`3ehX[c
l&� Z]c-c�X[Z
�9a�jHZÄW]\bX��{a{�b�3Z���+Ogha o2X[`
l&� a@?]�{�dZ]`3ehX[c�a{�3`�l�ef\ba{�d`bad�¦adcA`N`3\kjHc��3� eh��l�ZÄW]\bXO�{a{�b�bZ��ËWO�d\ba jHZ
W]\bXO�{a{�k�3Z��W7�gh���8A gCj�7�c
l]a
gY� a@?]�{�dZ]`3ehX[c&l�Z�W]\bX��{a{�b�3Z��U7�gh��+<�3eVgCjp�{X[cA`3efcOZ2jH`3ehX[c!l�Z�W]\bXO�{a{�b�bZ��^WO�d\ba�cM� j*W2j[�U�d`b���9X[gh�{a5+
ghago2X[` l&� a@?��{�dZ]`3ehX[c@jHefc��3eë�AZ�apgha{�9�[jHghadZ]\b��\bad`bX[Z]\3c��{a{��gfZ]eë�bX[cA`�\bad`3\kjHc��3� eh� l]apgCj���ad�¦a
�*jHc]e �d\ba��AZ�aUWYX[Z]\�Z]c�jHW]WYadg��b�{�AZ�adcO`3ehadgVl]a.�ßX[c��d`3ehX[cM�

;�X[\b�b�AZM� Z]c�a�\ba{�AZ4ad`ba l]a,�9X[g�efcA`bad\���ehadcA`�+2gha W]\bXO�{a{�k�badZ]\Q�9X[ghadZ]\�WYadZ]`�]

 �9X[ghad\
Z]c W]\bXO�{a{�b�bZ��ÄW]\b��jHgCjH_]ghad�¦adcA`��3Z��3WYadc�l�ZM+ë�*jHeh�
l]X[cA`�gY� a@?]�{�dZ]`3ehX[c WYadZ]`
\ba@:
W]\badc�l�\ba5+


 Z]`3efgfeh�bad\£gCjU�{X[cA`3efcOZ2jH`3ehX[c-l&� Z]c W]\bX��{a{�b�3Z���WO�d\ba�l]X[cA`®gY� Z]c¦l]a{�K7�gh�£a{�3`®adc¦�{X[Z]\b�®l&� a@?]�@:
�dZ]`3ehX[c�W×X[Z]\^i9�dc��d\bad\^l�Z�W2jH\kjHgfgh�dgfeh�3�¦a5�

AÔgCj^l�e��Y�d\badc��{aól]a$!ËefgRiO+�gCjN�{X[cA`3efcOZ2jH`3ehX[c¦l&� Z]c�W]\bX��{a{�b�3Z���cM� a{�3`�W2j[�VadcO`3e �d\bad�¦adcA`K�9X[gh�{aëj67�c
l&� �C��ef`bad\�gCjÄ\ba{�{X[W]ehapl]a `bX[Z]`�gY� adcN�Oef\bX[c]c�ad�¦adcO` l�Z�W]\bXO�{a{�k�3Z��#WO�d\ba5+��{a¦�OZ]e®WYadZ]`���� j��9�d\bad\
�{Xnm]`badZ8?�adc�W2jH\3`3eh�dZ]gfehad\®l�jHc��VgCj�WYad\b�3WYa{�d`3eR�9aËl&� Z]c�aóef� W]gCjHcA`kjH`3ehX[c¦l�eh�b`3\3ef_]Z��{a5�H� jHc����{aË��j[��+
ghaNW]\bXO�{a{�k�3Z��V7�gh�ëadc-�{X[Z]\b�ól&� a@?]�{�dZ]`3ehX[c
a{�3`ë�3Z��3WYadc�l�Zpad`óghalo2X[`ël&� a@?��{�dZ]`3ehX[c
a{�3`Ë\badc�l�Z�jHZ
W]\bX��{a{�b�3Z���W �d\ba,�BZ��k�AZM� �>�{a*�OZM� Z]c�c�X[Z
�9a�jHZ�W]\bXO�{a{�k�3Z��,7�gh���bX[ef`��d\b�{�5� ! � a{�3`��{a*c�X[Z
�9a�jHZ
W]\bX��{a{�b�3Z����OZ]e��bad\kj9�9X[gh� W2jH\^ghaUW]\bXO�{a{�b�kadZ]\�efc2j[�d`3eí�D�
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;=� jHgfi9X[\3ef`��]�¦a-l&� X[\bl]X[c]c2jHc��{ad�¦adcO`�W]\b�{�badcA`b�p�de :Ùl]a{�b�3Z���a{�b`#ef� W]gCjHcA`b�-adc�i9�d\kjHcA`�l]adZ8?
7�gha{�£l&� jH`3`badcO`ba,]HgCj^W]\bad� e �d\ba�W×X[Z]\�gha{��W]\bXO�{a{�k�3Z���W]\0ad`b�V� ad`3\ba�a@?��{�dZ]`b�{�£ad`�gCj.�ba{�{X[c�l]aëWYX[Z]\
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gha{���{X[cO`3efcAZ2jH`3ehX[c��Ul]a{��W]\bX��{a{�b�3Z���W2jH\badcO`b�^l]X[cA`NgY� Z]c>l]a{�$7�gh��a{�b`�adc>�{X[Z]\b��l&� a@?]�{�dZ]`3ehX[cM�
A ���2j[�AZ�a�W]\bXO�{a{�k�3Z��N�d\b�{�	b�l]�di9�dc��d\b���b�{�AZ�adcO`3ehadgfghad�¦adcA`#X[Z�c�X[c c�a{�b`.j[�b�bX��deh� Z]c�_]ghXO�

l&� j[�d`3eR��jH`3ehX[c!WYad\3�¦ad`3`kjHcA`�l]a �b`bXO��i9ad\#gha{�3��jH\3eCjH_]gha{� ghXO��jHgha{��l�Z�W]\bXO�{a{�k�3Z����j!óX[� �¦a¦l�jHc��
gha-gCjHc]iAjHi9a[!ËefgRi +VgY� adc��bad��_]gha�l]a{��_]ghXO�{� l&� j[�d`3eR��jH`3ehX[c@a{�3`�i9�d\b�	��gY� jHehl]aÄl&� Z]c�aÄW]efghaÄl]X[cA`
gha��ßX[c��d`3ehX[c]c�ad�¦adcA` a{�3`#`3\0�{��W]\bXO����a*l&� Z]c�a*W]efgha !Ü�3`kjHc�l�jH\bl!ghX[\b�b�OZ�a¦gha{�#W]\bX��{a{�b�3Z����bX[cA`
a@?]�{�dZ]`b�{�£�b�{�AZ�adcO`3ehadgfghad�¦adcA`�+Oad`��OZ]e]l]aC�OehadcO`£Z]c�aëW]efghaë��j[�d`3Z��£ghX[\b�b�OZM� Z]c�W]\bX��{a{�b�3Z���a{�3` �9X[gh�5�
A^7�c�l&� X[W]`3ef� eh�bad\£�bX[c�ef� W]gCjHcA`kjH`3ehX[cM+9gCj�W]efghaó��j[�d`3Z���cM� a{�3`�W2j[�Vi9�d\b�{aóadc �0�2j87hc2jHcO`®adcA`3\baëadZ8?
gha{�£_]ghX��{�Rl&� j[�d`3eR��jH`3ehX[c-jHgfghX[Z��{�Ël�jHc��®gha�`kj[��+[�*jHeh�ËadcpjHgfghX[Z2jHcA`ëad`®adc*���2j87hc2jHcA`ël]a�W]gfZ��®i�\bX��
_]ghX��{�*l]a��¦�d�¦X[ef\ba>W×ad\3�¦ad`3`kjHcO`-l]a��3`bX��0i9ad\*W]gfZ��behadZ]\b�¦_]ghX��{�*l&� j[�d`3eR��jH`3ehX[cM�W;V� jHgfghX���jH`3ehX[c
l&� Z]cÄc�X[Z
�9a�jHZÄ_]ghXO�.l&� j[�d`3eR�[jH`3ehX[c�l�jHc��ógCj�W]efghaU��j[�d`3Z��Ë\baC��ehadcA`��bef� W]ghad�¦adcA`1��efc��d\b�d�¦adcA`bad\
Z]c�W×X[efcO`badZ]\�l�jHc��Ugha�_]ghX����¦�d�¦X[ef\ba �{X[Z]\kjHcO`�+��kjHZ��ë�3e�gha�_]ghX����¦�d�¦X[ef\ba cM� a{�3`UW]gfZ��#j[�b�ba�
i�\kjHc�l&��� jHc����{a#��j[��Z]c�c�X[Z
�9a�jHZ�_]ghX�� �¦�d�¦X[ef\ba#a{�3`^jHgfghX[Z���l�jHc���ghaU`kj[���
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)�ad�¦a��3e�gY� adcN�Oef\bX[c]c�ad�¦adcO`	;Vj ��� #$�]\ba�j[lÌj��d`b�
\b��jHgfeh�b��l�jHc��*gCj�W×ad\b�3WYa{�d`3eR�9a�l&� Z]c�a
ef� W]gCjHcA`kjH`3ehX[c&l�eh�3`3\3ef_]Z��{a5+YjHZ��dZ]c�a �9ad\b�3ehX[c�j[l�jHW]`b�{a"�¦�{a�`<��W×a#l&� jH\b���]ef`ba{�d`3Z]\ba�cM� j¦adc��{X[\ba
�d`b� W]\bX[WYX��b�{a5�
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%£\bX5A��d`3eR�9a � k5@ + C + k5? � a{�3`óZ]cÄadc/��ef\bX[c]c�ad�¦adcA`�l]aNW]\bX[i�\kjH� �*jH`3ehX[c�l�eh�3`3\3ef_]Z��{a �dX[_8�7ad`
�
l]�C�9adghX[W]WY��jHZ>�badefc�l�Z�W]\bXS�3ad`��lG3S �2S ��gY� Z]c]eR�9ad\b�3ef`b��l]a 	^eh�{a L�X[W
�]eCj�A^cO`3efW×X[gfeh���

� jHc����{ad`�adcN�Oef\bX[c]c�ad�¦adcO`�+�Z]c�a#jHW]W]gfeh��jH`3ehX[c>l�eh�3`3\3ef_]Z��{a�a{�3`��{X[� W×X��b�{a l&� Z]c�adc��bad��_]gha
�dl&� X[_8�3ad`b�pj[�d`3eí�ß�
��bQG � % � 	3P ! ��� P � %.S6c \b�dW2jH\3`3eh�*�3Z]\ gY� adc��bad��_]gha�l]a{� c�X�adZ�l]�*l]a
��jHgh�dZ]g^l�eh�D:
WYX[c]ef_]gha{���O;�a{� �{X[� ��Z]c]eh��jH`3ehX[c���adcA`3\ba X[_8�3ad`b�#j[�d`3eí��� �kX[cA` a$�Ya{�d`3Z��{a{�#W2jH\.gY� efcO`bad\3�¦�{l�eCjHef\ba
l]a{��jHW]WYadgh��jHZ8?��¦�d`���XOl]a{��l]a{�#X[_8�7ad`b���j!W�2j[�AZ�a¦X[_8�3ad`�j[�d`3eí��l�eh�3WYX��ba l]a �bX[c&W]\bX[W]\ba o2X[`
l&� a@?]�{�dZ]`3ehX[cpad`RWYadZ]`Rl�eh�3WYX��bad\Rl]a^�kjUW]\bX[W]\ba�WYX[gfef`3eh�OZ�a�WYX[Z]\R�0��X[eh�3ef\ËgY� X[\bl�\ba^l]a^`3\kjHef`bad�¦adcA`
l]a{�RjHW]WYadgh�£l]a��¦�d`���X�l]a{�®�AZ]e�gfZ]e2�kX[cA`£`3\kjHc��3� eh�ba{���/!W�2j[�AZ�a^jHW]WYadg�l]aë�¦�d`���X�l]a�l&� Z]c*X[_8�7ad`
j[�d`3eí�Na{�3`�j[����c��0�]\bX[c�aÄad`�\bad`bX[Z]\3c�aÄl]ap�*jHc]e �d\ba*`3\kjHc��3W2jH\badcO`baÄZ]c�X[_8�3ad`�jHW]WYadgh� �þ��Z]`3Z]\
�*�
!óad`*X[_8�3ad`*\badW]\b�{�badcO`ba�gha���Z]`3Z]\¦\b�{�bZ]gf`kjH`p��jHgh�dZ]gh��W2jH\*gCj��¦�d`���XOl]a�jHW]W×adgh�{a5�W;V� jHW]WYadgCjHcA`
WYadZ]`Ël]X[c��.�{X[cA`3efcAZ�ad\��kX[cpa@?]�{�dZ]`3ehX[c��7Z��b�OZM� �#�{a^�OZM� Z]c�aN�¦�d`���XOl]aUj��AjHcO`ó_Ya{�bX[efc-l�Zp\b�{�3Z]g :
`kjH`N�kX[ef`NjHW]W×adgh�{a5�<� jHc��^�{a#��j[��+�gY� jHW]W×adgCjHcO`.a{�3`^_]ghXO�OZ��Q�7Z��b�OZM� ���{a��OZ�a gCj l]X[c]c��{a�l]X[cA`^efg
j*_×a{�bX[efc�jHef`U�d`b��W]\bXOl�Z]ef`ba5�O%£\bX5A��d`3ef_Ya¦jHW]W2jH\3`3ehadcA`#l]X[c�� jHZ��¦XOl
�dgha�l]a�W]\bX[i�\kjH� �*jH`3ehX[c
l]�d`bad\3� efc]eh�3`ba�c�X[c>�{X[cA`3\kjHefcO`��

!óX[cO`3\kjHef\bad�¦adcA`U�9!ËefgRi¦X[Z(;�j ��� #$�]\ba�j[l]��+AgCj�l]�di9�dc��d\kjH`3ehX[cÄ�k�{�AZ�adcO`3ehadgfghaNl�jHc��$%£\bX5A��@:
`3eR�9a�a{�b`^a@?�W]gfeh�def`ba5� ;V� Z]`3efgfeh�kjH`badZ]\N�ßjHef`.jHW]W×adg�jHZ8?Ä�¦�d`���X�l]a{�.l&� Z]c>X[_8�7ad`Uj[�d`3eí�®l]a#gCj���ad�¦a
�*jHc]e �d\ba �OZ�aNWYX[Z]\ógha{��jHW]W×adgh��jHZ8?pX[_8�3ad`b���3`kjHc�l�jH\bl]���4!óad`�jHW]WYadg×WYadZ]`�+�W2jH\ëgfeCjHeh�bX[c�l8�Oc2j6:
� eh�OZ�a^ad`3\ba�Z]cÄjHW]W×adg×l]a��¦�d`���X�l]a^c�X[\3�*jHgYX[Z*Z]cÄjHW]W×adg×l�eh�3`kjHcA`óW2jH\kjHgfg �dgha.ad`ój[����c��0�]\bX[c�a5�
;�j97�i�Z]\ba k �BY�efgfgfZ��3`3\ba �{a{�^l]adZ8?ÄWYX��b�3ef_]efgfef`b�{���
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� jHc��
�{ad`3`ba&�ba{�d`3ehX[cM+ëc�X[Z��ÄW]\bX[WYX��bX[c��
l&� �d`3Z�l�ehad\
gha{�
�3`3\kjH`b�di�eha{�>l&� X[\bl]X[c]c2jHc��{ad�¦adcA`
l8��c2jH� eh�AZ�a-ef� W]gCjHcO`b�{a{�¦l�jHc����AZ�adgh�OZ�a{� adc/��ef\bX[c]c�ad�¦adcA`b�¦l]a-W]\bX[i�\kjH� �*jH`3ehX[c@W2jH\kjHgfg �dgha5�
	.X[Z���W]\b�{�badcO`bad\bX[c��Nl�jHc��^Z]c�W]\bad� ehad\�`bad� W���+]gha{�^ef� W]gCjHcA`kjH`3ehX[c��.�{adcA`3\kjHgfeh�b�{a{�.l]a{�^�b`3\kjH`b�@:
i�eha{�Nl&� X[\bl]X[c]c2jHc��{ad�¦adcA` Z]`3efgfeh�b�{a{�^W2jH\ � j[l]a�ad` e$PF)\�d2Ëehadc��AZ�a��{a `<��W×a�l&� ef� W]gCjHcA`kjH`3ehX[c
c�aëWYad\3�¦ad`3`ba�W2j[�®l]a�W2j[�k�bad\=�.gY� �{�0��adgfgha5+AZ]c�aëef� W]gCjHcA`kjH`3ehX[cÄ�{adcA`3\kjHgfeh�b�{a.j.gY� j���jHcA`kjHi9a^l&�Bad`3\ba
W]gfZ��#�bef� W]gha��*�¦ad`3`3\ba*adc �UZ
�O\ba �OZM� Z]c�a�ef� W]gCjHcA`kjH`3ehX[c�l�eh�3`3\3ef_]Z��{a5���Ua�W]gfZ���+�l]a�_×X[c]c�a{�
WYad\7��X[\3�*jHc��{a{�ËWYadZ
�9adcA`$ad`3\ba^X[_]`badcAZ�a{�ë�3Z]\ól]a{�Ri�\kjHW]WYa{�Rl]aU%W!ó�ól]a�`kjHefgfghaN�¦X��9adc]c�a5���UjHc��
Z]c�l]adZ8?�e �d�¦a�`bad� W���+<c�X[Z��.W]\b�{�badcA`bad\bX[c�� l]adZ8?�`<��W×a{�.l]a��b`3\kjH`b�di�eha{�UW×ad\3�¦ad`3`kjHcO`Ul&� X[_]`ba@:
c]ef\#l]a{� a@?]�{�dZ]`3ehX[c�� WYad\7��X[\3�*jHcO`ba{���3Z]\ l]a{�#jH\b�0�]ef`ba{�d`3Z]\ba{��l]a�i�\kjHc�l]a�`kjHefgfgha5�&;�jÄ�3`3\kjH`b�di�eha
Z]`3efgfeh�b�{a�W2jH\WL�jH`3efcM+�_2j[�b�{a��3Z]\®l�Z��9X[g�l]aë`3\kj��[jHefgd�]eh�d\kjH\b�0�]eh�OZ�aNjHefc��3e2�OZ�a��{adgfghaëZ]`3efgfeh�b�{a�l�jHc��
!W�2jH\3�WVXV �bad\bX[cA`^l]�d`kjHefgfgh�{a{���
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;�aËgCjHc]iAjHi9a � j[l]a�� D Y
+ DED � j^�d`b�ël]�C�9adghX[W]W×�$��gY� Z]c]eR�9ad\b�bef`b�ól]aQLO`kjHc��ßX[\bl�adcO`3\baógha{��jHc]c��{a{�

k5@E@ UÄad` k5@E@3C � L�X[c&efcO`bad\7�ßj[�{a5+�_2j[�b�{a �3Z]\Ugha�gCjHc]iAjHi9a(! +YWYad\3�¦ad`#l&� a@?�W]\3ef�¦ad\�l]a��*jHc]e �d\ba
ef� W]gfeh�def`ba�ad`�W×X[\3`kjH_]gha gha#W2jH\kjHgfgh�dgfeh�3�¦a�adcO`3\ba gha{��` k[�0��a{�^i9�dc��d\b�{a{�^W2jH\�Z]c�a�jHW]W]gfeh��jH`3ehX[cM�

mp#4+5!$�n126�(91.���7��76��	�3� ,<,2h&,<12+�%'#
;Vj>l]a{�b�d\3efW]`3ehX[cÔl�Z!W2jH\kjHgfgh�dgfeh�b�¦apl�jHc�� � j[l]a*a{�b`�_2j[�b�{ap�3Z]\�gCj>l]�{�{X[� W×X��3ef`3ehX[cÔa@?�W]gfe :

�def`ba l�Z
W]\bX[i�\kjH� �¦a�adc
` k[�0��a{��l]a ��jHgh�dZ]gY�4;�aUW2jH\kjHgfgh�dgfeh�3�¦a#ad`�gha{������c��0�]\bX[c]eh�þjH`3ehX[c��^adcA`3\ba
` k[����a{���bX[cA`�jHZ]`bX[�*jH`3eh�OZ�ad�¦adcA`.l]�d`ba{�d`b�{��adcÄ�bW×�{�de 7<jHcO`�gha{�ëj[�{���{��a$��a{�d`3Z��{�ëW2jH\�gha{�ó` k[�0��a{�
�3Z]\Ugha{� l]X[c]c��{a{��jHgfghX[Z��{a{��adc&�¦�d�¦X[ef\ba W2jH\3`kjHi9�{a5�&;�a{� ` �OWYa{� l&� j[�{���{�#�OZM� Z]c�a�` k[����a WYadZ]`
l]�{�dgCjH\bad\��bX[cO`ógha{�ë�3Z]eR��jHcA`b�F]OgCj#gha{�d`3Z]\ba5+�gY� �{�d\3ef`3Z]\ba5+�gY� j[�{���{���{X[� ��Z]`kjH`3eí��ad`ëgCj�l]a{�3`3\3Z��d`3ehX[cM�
%�jH\�a@?]ad� W]gha5+VghX[\b�b�AZM� Z]c�ap` k[�0��aÄl]�{�dgCjH\kjHcO`�Z]cÔj[�{���{��adcÔ�{�d\3ef`3Z]\ba-a{�3`��d\b�{�{a��BZ��b`bapj���jHcA`
Z]c�a�` k[�0��a�l]�{�dgCjH\kjHcO`NZ]c�j[�{���{�^adc�gha{�d`3Z]\ba��3Z]\�gCj ��ad�¦a�l]X[c]c��{a#W2jH\3`kjHi9�{a5+<Z]c�a#����c��0�]\bXS:
c]eh�kjH`3ehX[c«a{�3`pjHZ]`bX[�*jH`3eh�OZ�ad�¦adcA`
efc��k�d\b�{a�adcO`3\ba��{a{�*` k[�0��a{���QLOeNW2jH\-�{X[cA`3\ba�l]adZ8?@` k[�0��a{�
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cM� X[cA`#jHZ��dZ]c�a�l]X[c]c��{a�adc��{X[� ��Z]cM+��{adgfgha{�D:Ù�deVc�a��bX[cO`NW2j[�Ul]�dWYadc�l�jHcA`ba{�UgY� Z]c�a�l]a�gY� jHZ]`3\ba
ad`.W×adZ
�9adcO`Fad`3\ba�a@?]�{�dZ]`b�{a{�.l�jHc��.cM� ef� WYX[\3`ba��OZ�adg�X[\bl�\ba�gY� Z]c�a�W2jH\.\kjHW]W×X[\3`3�¦gY� jHZ]`3\ba5� ;�a
c�X��AjHZ�a@?��{�dZ]`3eí��l]a � j[l]a¦WYadZ]`�l�jHc����{a¦��j[��l]�{�dehl]ad\�l&� a@?]�{�dZ]`bad\�gha{��l]adZ8?&` k[����a{��adc!W2j6:
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adc��{X[c��dZ]\3\badc��{a¦j��9a{��gha�W]\bX��{a{�b�3Z��.�AZ]e�gY� jp�d\b�{�5� ;�a��¦X[`U�dgh� ����� � WYad\3�¦ad` jHZ�W]\bX��{a{�b�3Z��
�OZ]eVgY� jHW]WYadgfgha�l&� jH`3`badc�l�\ba�gCj�7�c&l]a�gY� a@?��{�dZ]`3ehX[c&l]a�`bX[Z��.gha{�NW]\bX��{a{�b�3Z��.gCjHc��{�{�.W]\b�{�{�{l]ad�":
�¦adcA`��d;�a{�ëW]\bXO�{�{l�Z]\ba{�^l]a{�3`3efc��{a{�^�"ad`3\ba.gCjHc��{�{a{�^��gY� jHehl]a l�Z
�¦X[`��dgh� �J�K����� l]X[eR�9adcA`^ad`3\ba
W]\b�{�{�{l]�{a{�^l�Z>�¦X[`^�dgh� ����� � � �

AÜgCjpl�e��Y�d\badc��{a�l]a�!ËefgRi +OL�jH`3efc�cM� a{�b`^W2j[�.Z]c]eh�AZ�ad�¦adcO` l]a{�3`3efc���jHZ8?��*j[���]efc�a{�,� �¦�@:
�¦X[ef\ba�W2jH\3`kjHi9�{a5�
!W�2j[�OZ�a��ßX[c��d`3ehX[c*gCjHc��{�{aU� gY� jHehl]a^l�Z*�¦X[`ó�dgh� �J�K���B� l]X[ef`ËW×X[Z
�9X[ef\ó��� a@?��@:
�dZ]`bad\^�3Z]\�cM� ef� WYX[\3`ba#�OZ�adg��3ef`ba l&� a@?]�{�dZ]`3ehX[c>adc�cM� Z]`3efgfeh�kjHcO`^�OZ�a gha{��l]X[c]c��{a{��W]\b�{�kadcA`ba{�^adc
�¦�d�¦X[ef\bapghXO��jHgha5� ;V� adc/��ef\bX[c]c�ad�¦adcA` c�a¦��X[Z]\3c]ef`�W2j[��l]a¦�¦�d�¦X[ef\bapW2jH\3`kjHi9�{a5+V�*jHeh��Z]`3efgfeh�ba
gha{�®�¦�{��jHc]eh�b�¦a{�Rl]a��b�d\3eCjHgfeh�þjH`3ehX[cpl�Z¦gCjHc]iAjHi9a � j���jUWYX[Z]\R�{X[� ��Z]c]eh�OZ�ad\Ëgha{�RW2jH\kjH���d`3\ba{�Ëad`
gha{�®\b�{�bZ]gf`kjH`b�Rl]a{�£�ßX[c��d`3ehX[c��óa@?��{�dZ]`b�{a{� �#l�eh�3`kjHc��{a5�NA^Z��dZ]cpjHZ]`3\ba^�¦X��9adc-l]a^�{X[� ��Z]c]eh�OZ�ad\
j��9a{�ë�{aR`<��W×aól]a®�ßX[c��d`3ehX[cGb�W2jH\�a@?]ad� W]ghaRW2jH\lP�� P�%.SlR/P � !nOQR3S6c�cM� a{�b`�jHZ]`bX[\3eh�b�5�5!óX[� �¦aóW×X[Z]\
gha�gCjHc]iAjHi9a(!ËefgRiO+<gha{�UW]\bX[i�\kjH� �¦a{�9L�jH`3efc!jHW]W2jH\3`3ehadc]c�adcA`�jHZ��¦X�l
�dgha l]a����Oc����]\bX[c]eh�kjH`3ehX[c
�3`3\3eh�d`�\b�{l�Z]ef`9b�X[Z
ef��_]\3eh�OZ���c@�

� (5����(5h48�1.#d�Ëx ���3���)����� ��!$#4%-#4�)((H(91<,<1.+5h/#

;V� Z]c�l]a{�^X[_8�3a{�d`3eí����l]a#gY� adc/��ef\bX[c]c�ad�¦adcA`,L�jH`3efc�a{�3`�l]a WYad\3�¦ad`3`3\ba gY� a@?]�{�dZ]`3ehX[c�a��*��j[�{a
l]a{�NjHW]W]gfeh��jH`3ehX[c��.W2jH\kjHgfg �dgha{�.l]a `<��WYaWR#� 	 �2SKP O�	 !	�4O O ���#�)P O*�bZ]\^l]a{�NjH\b���]ef`ba{�d`3Z]\ba{�.l]a�`<��W×a
i�\3efgfgha5� !óa{��jH\b���]ef`ba{�d`3Z]\ba{���kX[cA`#�bX[Z
�9adcO`��{X[� WYX��b�{a{�#l]a�W]gfZ��3ehadZ]\b� i�\kjHW]WYa{�#l]a�% !ó��+��0�2j6:
�dZ]c�a#Z]`3efgfeh�þjHcA`.Z]c>\b�{�ba�jHZ�\kjHW]ehl]a�WYX[Z]\�gha{�.�{X[� ��Z]c]eh��jH`3ehX[c��UefcA`bad\3c�a{� jHghX[\b�.�AZ�a#gha{�^gfehadc��
efcA`bad\D:°i�\kjHW]WYa{�óW×adZ
�9adcO`ój��9X[ef\ól]a{�Ël]�d_]ef`b�Rad`RgCjH`badc��{a{�Ë_Ya�jHZ��{X[Z]W*W]gfZ��£�°jHef_]gha{���-;Vj#�3`3\kjH`b�di�eha
l&� X[\bl]X[c]c2jHc��{ad�¦adcA`�l]a L�jH`3efcM+�jHW]WYadgh�{a ! 'H9 LGb � � �4S$%cP O$�^G�� GEOQP��lG#��R ! � � !nO � ��%cPQG	� � � �
c@+
WYad\3�¦ad`^l]aUW]\badc�l�\ba�adc��{X[� W]`ba�gha{����jH\kj[�d`b�d\3eh�3`3eh�OZ�a{�^l]a#�{a{���*j[���]efc�a{���

!óad`3`ba¦�b`3\kjH`b�di�eha¦j-gY� j���jHcA`kjHi9a*l&�Bad`3\ba�`3\0�{�#efcA`3Z]ef`3eR�9a5�M;�X[\b�k�AZM� Z]c!�bef`ba l&� a@?��{�dZ]`3ehX[c!l]a@:
��ehadcA`^efc2j[�d`3eí��+�efgV`3ef\ba�jHgh��jH`bX[ef\bad�¦adcO`.Z]c��3ef`ba W2jH\3� eV`bX[Z��^gha{�N�3ef`ba{�^l�eh�3WYX[c]ef_]gha{�Uj67�c�l]a#gfZ]e
�9X[ghad\#l�Z�`3\kj���jHefgY� LOe�gha��3ef`ba��0��X[eh�3e®a{�3`UghX���jHgfeh�b� �3Z]\UgCjp��ad�¦a�i�\kjHW]W×a �OZ�a�gha��3ef`ba�efc2j[�d`3eí�D+
Z]c�a.\ba{�AZ4ad`ba l]a �9X[g�����c��0�]\bX[c�a a{�3`ëi9�dc��d\b�{a5�dLOeYghaU�3ef`baU�0��X[eh�3e�a{�b`ËghX���jHgfeh�b�U�3Z]\ëZ]c�a.i�\kjHW]W×a
l�eh�3`kjHcO`ba5+�X[cÔ�3Z]W]WYX��ba*�OZ�apgha*`bad� W���l&� jH`3`badcA`baÄl]apgCj�\b�dWYX[c��bapW×adZ]`9ad`3\ba-ghX[c]i4� .Nc�a*\ba@:
�OZ4ad`bapl]a(�9X[gëj[�0�Oc����]\bX[c�a-a{�b`�jHghX[\b��i9�dc��d\b�{a5� A17�cÔl]a*c�apW2j[��jH`3`badc�l�\bapefcOZ]`3efghad�¦adcA`�+£gha
�3ef`baQ�9X[ghadZ]\=�[j.`3ef\bad\ëjHgh��jH`bX[ef\bad�¦adcA`óZ]c*�3ef`baëW2jH\3� e2gha{�R�3ef`ba{�®l]a�gCjUi�\kjHW]WYa�ghX���jHgha�ad`®i9�dc��d\bad\
Z]c�aN\ba{�AZ4ad`baUl]aU�9X[gY�0�Oc����]\bX[c�aU�9ad\b�ë�{a.�3ef`ba5� A `bX[Z]`Ë�¦X[�¦adcO`�+]�0�2j[�OZ�a.c�XOadZ�lpc�aNl]X[ef`ëW2j[�
j��9X[ef\ËW]gfZ��Rl&� Z]c�a�\ba{�OZ4ad`ba�l]aQ�9X[g<adc*�{X[Z]\b�W�Ul]a{�3`3efc2jH`3ehX[c-l&� Z]c�a�i�\kjHW]WYa�l�eh�3`kjHcO`ba5� LOe<jHW]\0�{�
j��9X[ef\.\ba�_dZ�l�Z>`3\kj���jHefg�l&� Z]c��3ef`ba�l]a�gCj¦i�\kjHW]W×a�ghXO��jHgha5+<gha��bef`ba#\ba{l]aC��ehadcA`Uefc2j[�d`3eí�Rad`.�OZ�a#gCj
\b�dWYX[c��ba�l]a�gCj i�\kjHW]WYa�l�eh�3`kjHcO`ba�cM� a{�3`N`bX[Z*�7X[Z]\b�NW2j[�NjH\3\3eR�9�{a5+<Z]c��bef`ba�l]a#gCj i�\kjHW]W×a�ghXO��jHgha
�bad\kj�l]a c�X[Z
�9a�jHZ��0��X[eh�3e�jHgh��jH`bX[ef\bad�¦adcA`��

!óad`�jHgfi9X[\3ef`��]�¦a-j-gY� j���jHcA`kjHi9a*l]a�W]\badc�l�\ba*adc��{X[� W]`ba gha{� ��jH\kj[�d`b�d\3eh�3`3eh�OZ�a{��l]a{� gfehadc��
efcA`bad\D:°i�\kjHW]WYa{���kjHc��#c��{�{a{�b�bef`bad\�l]a \b�di�gCjHi9a¦W2jH\3`3eh�dZ]gfehad\�c]eRl&� efc��ßX[\3�*jH`3ehX[c���l]a¦���2jH\3i9a*l]a{�
W]\bX��{a{�b�badZ]\b���

!óad`®jHgfi9X[\3ef`��]�¦a^jN�d`b�ó`ba{�3`b�ë�3Z]\£l]a{��jHW]W]gfeh��jH`3ehX[c��Ël]aR` �OWYaóW]\bXOl�Z]ef`®l]aË�*jH`3\3eh�{a{��+���jHgh�dZ]g
AEA
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l�Z nieme `bad\3�¦aËl]aRgCj^�3Z]ef`baRl]aWXVef_YX[c2j[�{�de�X[Z�adc��{X[\baË\b�{�bX[gfZ]`3ehX[c�l�Z�W]\bX[_]g �d�¦aËl�Z �9X��AjHi9adZ]\
l]a��{X[� �¦ad\b�{a5�&;�a{�.\b�{�3Z]gf`kjH`#X[cO`.�¦X[cO`3\b��gY� a��*��j[�def`b� l]a��{ad`3`ba��b`3\kjH`b�di�eha�adc&�{X[� W2jH\kjHeh�bX[c
j��9a{��l]a{�^jHgfi9X[\3ef`��]�¦a{�.l]a `<��WYa3�9X[g�l]a `3\kj��[jHefg�_2j[�k�{�^�3Z]\�Z]c�a \ba{����ad\b�0��a�jHgh��jH`bX[ef\ba�l�Z>�bef`ba
��eh�d`3ef�¦a5�4!óa{��a@?�WY�d\3ehadc��{a{��X[cA`��d`b�.�¦adc��{a{���3Z]\ëZ]c�a.i�\kjHW]W×aUl]aF%W!ó���3Z]\ógCj[�AZ�adgfghaU�{ad\3`kjHefc��
gfehadc��NX[cA`^�d`b�U\kjHghadcO`3eh�^WYX[Z]\��3ef��Z]ghad\Ngha �{X[� W×X[\3`bad�¦adcO`.l&� Z]c�a#i�\3efgfgha5�

��Ú.��Ú�� �-Ð®ÉY¯A©����
!W�2jH\3�WVXV �BAEY � a{�3`^Z]c�gCjHc]iAjHi9a�l]a#W]\bX[i�\kjH� �*jH`3ehX[c&W2jH\kjHgfg �dgha�W2jH\.X[_8�3ad`N_2j[�k���3Z]\Ngha

gCjHc]iAjHi9a1! VXV9�[�Ùg�a{�3`�l]�C�9adghX[W]W×��jHZ l]�dW2jH\3`bad�¦adcA`®l&� efc��ßX[\3�*jH`3eh�OZ�a�l]aRgY� Z]c]eR�9ad\b�3ef`b��l]aËgY� ��gfgfe :
c�X[eh�Ul]adW]Z]eh� k5@E@ A8�O;V� Z]c�a�l]a{�.W]\3efc��defW2jHgha{�#jHW]W]gfeh��jH`3ehX[c��#l]�C�9adghX[W]W×�{a j��9a{� !W�2jH\3�WVXV a{�b`
Z]c�a�jHW]W]gfeh��jH`3ehX[c l]aël8�Oc2jH� eh�OZ�aR�¦X[gh�{�dZ]gCjHef\ba 	 A )�� �BA ?�� �6;�X[\b��l&� Z]c�aó\b�{�{adcA`baëa@?�W×�d\3ehadc��{a
�{ad`3`ba¦jHW]W]gfeh��jH`3ehX[c!jpZ]`3efgfeh�b��a��*��j[�{ad�¦adcA` AEUEUEUpW]\bXO�{a{�b�kadZ]\b� �3Z]\NZ]c�a�i�\bX��k�ba�efc��b`kjHc��{a l�Z
W]\bX[_]g �d�¦a5�

mp#4+5!$�n126�(91.���7��76��	�3� ,<,2h&,<12+�%'#
;�aUW2jH\kjHgfgh�dgfeh�3�¦a#l�jHc��U!W�2jH\3�WVXVÜa{�b`�_2j[�b�U�3Z]\�gCj��d\b��jH`3ehX[c�l&� X[_8�7ad`b�^�{X[c��dZ]\3\badcA`b�UjHW8:

WYadgh�{� � N&GnOP S@�O.Nc � N&GnOP a{�3`.Z]c�X[_8�3ad`,! VXV �b`kjHc�l�jH\bl�l]X[cO`.gha{�.�¦�d`���X�l]a{�.W×adZ
�9adcO`,ad`3\ba
jHW]WYadgh�{a{�1��l�eh�b`kjHc��{aNW2jH\ëcM� ef� WYX[\3`baU�AZ�adg�jHZ]`3\ba � N&GnOP#l�eh�bW×X��kjHcO`ól&� Z]c�a.\b���ß�d\badc��{a �3Z]\ë�{ad`
X[_8�3ad`��
.^c>jHW]WYadg�l]aU�¦�d`���X�l]a#a{�3`�a$��a{�d`3Z�� adc��d\b��jHcA`^Z]c �gP S S G �4P ��N�GnO ����� �{X[cO`badc2jHcA`
gha{��W2jH\kjH���d`3\ba{�.l]a gCj��¦�d`���X�l]a��¦jHW]WYadghad\�� !W�2j[�OZ�a�� N&GnOP�cM� a{�3`NjHZ]`bX[\3eh�b� �¦j[�{�{�{l]ad\^�OZM� �
�ba{�óW]\bX[W]\ba{�^jH`3`3\3ef_]Z]`b���
;V� j[�{���{��jHZ8?ÄjH`3`3\3ef_]Z]`b��l&� jHZ]`3\ba{� � N&GnOP S cM� a{�3`�jHZ]`bX[\3eh�b� �OZM� adc-W2j[��:
�kjHcO`�W2jH\�ghadZ]\b���¦�d`���X�l]a{��+��{X[cA`3\kjHef\bad�¦adcO`.jHZ8?
X[_8�7ad`b� ! VXV¡�3`kjHc�l�jH\bl]��WYX[Z]\�gha{�b�AZ�adgh�ëgha{�
jH`3`3\3ef_]Z]`b�*W]Z]_]gfeh�AZ�a{� WYadZ
�9adcA`(ad`3\ba�j[�{�{�{l]�{�*l�ef\ba{�d`bad�¦adcA`pW2jH\¦l&� jHZ]`3\ba{�*X[_8�3ad`b���V!W�2j[�AZ�a
� N�GnOQP��d`kjHcO`-jHZ]`bX[\3eh�b����jHW]WYadghad\¦gha{�¦�¦�d`���X�l]a{�*l]a
`bX[Z]`-jHZ]`3\ba � N&GEOQPC+Rgha{�¦W]\bX[i�\kjH� �¦a{�
!W�2jH\3�WVXV jHW]W2jH\3`3ehadc]c�adcA` jHZ��¦XOl
�dgha l]a����Oc����]\bX[c]eh�kjH`3ehX[c�l]�d`bad\3� efc]eh�b`ba#c�X[c��{X[cA`3\kjHefcO`��

� (5����(5h48�1.#M�Rx ���3�������"� ��!$#4%-#4�)(("(91.,<1.+5h4#
;=� X[\bl]X[c]c2jHc��{ad�¦adcA`&l�jHc��[!W�2jH\3�WVXV WYad\3�¦ad`�l]a&l�eh�3`3\3ef_]Z�ad\>�3`kjH`3eh�OZ�ad�¦adcA`>Z]c adc8:

�bad��_]gha�l]a � N�GnOQP S �bZ]\Ngha{�NW]\bXO�{a{�k�badZ]\b�Ul�eh�3W×X[c]ef_]gha{��+<l]a��0��X[eh�3ef\ l8��c2jH� eh�AZ�ad�¦adcO` Z]c��bef`ba
ghX[\b�b�OZM� Z]c¦c�X[Z
�9a�jHZ � N&GnOP^a{�b`®�d\b�{��ad`®l]aë� efi�\bad\®gha{� � N&GEOQP S.adc���X[c��d`3ehX[c*l]a{�Rl]�{�b�{�AZ]efgfef_]\ba{�
l]a ���2jH\3i9a5�d.NcÄ�{ad\3`kjHefc>c�X[��_]\ba#l]a �3`3\kjH`b�di�eha{�Nl&� X[\bl]X[c]c2jHc��{ad�¦adcA`U�bX[cA`�l�eh�bW×X[c]ef_]gha{��+ ad`^gCj
_]ef_]gfehX[`��4�{�OZ�a>WYad\3�¦ad`pl&� efcO`b�di�\bad\*�°j[�defghad�¦adcA`Äl]a
c�X[Z
�9adgfgha{�-�3`3\kjH`b�di�eha{�-�3`kjH`3eh�AZ�a{�pX[Z l8�N:
c2jH� eh�OZ�a{�*adc��ßX[c��d`3ehX[c l]a{�p��jH\kj[�d`b�d\3eh�3`3eh�OZ�a{�pl]a
gY� jHW]W]gfeh��jH`3ehX[c«ad`*l]a
gCj&�*j[�0�]efc�a>�def_]gha5�
;V� Z]c�aNl]a{�®�3`3\kjH`b�di�eha{�RZ]`3efgfeh�kjH_]gha�W2jH\Rl]���°jHZ]`®l�jHc��®gCj _]ef_]gfehX[`��4�{�AZ�aNa{�3`£gCj �3`3\kjH`b�di�eha1A^! 9 	
G$R/G 	�% � 	3P �"!#� %<OQG � % ��� �#� � ��%.N���� � �)P$� �3N � !nO N'! !9R5�8;�X[\b�b�OZM� Z]c¦�¦a{�b�kjHi9a�l]a��d\b��jH`3ehX[c*l]aëc�X[Z
�9a�jHZ
� N�GnOQP�a{�3`�adcN�9X��9�5+£�{ad`3`ba-�3`3\kjH`b�di�eha-�0��X[eh�3ef`�ghap�¦X[efc������2jH\3i9�-l]a{���3ef`ba{��l]a-�bX[c �9X[eh�3efc2jHi9a
�{X[� �¦a�l]a{�3`3efc2jH`kjHef\ba5� ;�a�c�X[Z
�9a�jHZ � N&GnOP �bad\kjpjHghX[\b�UjHgfghX[Z����3Z]\Ngha��3ef`ba��0��X[eh�3eY� ;�a{�.efc��ßX[\D:
�*jH`3ehX[c��Ël]a��0�2jH\3i9a��bX[cO`R�{�0�2jHc]i9�{a{�Ë�bX[ef`®adc gha{�®�{X[c���jH`b�dc2jHcO`ëjHZ8?��¦a{�b�kjHi9a{�=!W�2jH\3�WVXV l]a
gY� jHW]W]gfeh��jH`3ehX[cM+��kX[ef`.adc&�d\b��jHcA` WY�d\3ehX�l�eh�AZ�ad�¦adcO`Ul]a{�U�¦a{�k�kjHi9a{�U�3W×�{�de 72�OZ�a{�Ul]�{l�eh�{�,�*�{ad`3`ba
` k[����a5�

� jHc���ghaU��j[l�\ba l�Z�l]�C�9adghX[W]WYad�¦adcA`^l]aUgY� jHW]W]gfeh��jH`3ehX[c 	UA )��"+�l]a.c�X[Z
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l�ef\ba�gha�`bad� W��.l&� a@?]�{�dZ]`3ehX[c�l&� Z]c�W]gfZ��^ghX[c]iÄ�0��ad� efc&�d\3ef`3eh�OZ�a�l�Z�i�\kjHW
��a�l]a o2X[`.l]a
l]X[c]c��{a{���

��Ú��£Úc� Å ¯AÆRÇ�ÈRÈRÉ�ÈRÊ�¬2©Ì¬2ÈVÍ�Æ®Ñ®È®É�©«ªÙÒ�Ó®¬
;V� Z]c&l]a{� jHgfi9X[\3ef`��]�¦a{� l&� X[\bl]X[c]c2jHc��{ad�¦adcA`�l8�Oc2jH� eh�OZ�a�gha�W]gfZ��NZ]`3efgfeh�b���{X[c��3eh�3`ba"�pjHg :

ghX[Z�ad\�Z]c�a ` k[����a#W]\0ad`ba b���� efg�adc�a@?�eh�b`ba�cQ��Z]c�W]\bX��{a{�b�badZ]\�ghX[\b�b�OZ�a �{adgfZ]e :Ù�deVl]aC��ehadcA`^efc2j[�d`3eí�D�
eNc�jHW]WYadgfghaU��\b�{�AZ�ad� �¦adcO`^�{a `<��WYa l&� jHgfi9X[\3ef`��]�¦a �{jHgfi9X[\3ef`��]�¦a�i�ghX[Z]`bX[c � X[Z �{jHgfi9X[\3ef`��]�¦a
l]a gfeh�3`ba �*�

!óX[c��3ehl]�d\bX[c���l�jHc��NZ]c�W]\bad� ehad\U`bad� W�� �OZM� X[c�Z]`3efgfeh�ka�Z]c�a��*j[���]efc�a�%V'^A ) b � GnOQG	� � P �
� G#�)R ! � � �"� P S S�MG � N�� � P6c@�W!óa>`<��W×a>l]a
�*j[�0�]efc�a�a{�3`*�{X[� WYX��b�{a>l]a p W]\bXO�{a{�k�badZ]\b�*ad`l&� Z]c�a �¦�d�¦X[ef\ba�W2jH\3`kjHi9�{a5�
q [�h/����=&%'# � � � � P S �"! � ��� � � �G % � !#�	S��)P S�! � % 	�G3S 	�O$�2SKP SaP$� �"! � 	�%cP�� %�!	� % G	� ��!nO � %.N �gP
R � !nOQR !#� ��G ��� P �gP$� % R/P %<J 		P � �2S$%cP G��'� OQG % � !gR/P 		P O�� !nO �aG#��� P � !nO � � 	�GnO (2− 1

m
) S��4O �'�)P

�aG � N����)P��"! � 	 !nS �P R/P m 	)O ! � P S S5P��4O S �<R/P�� % ��� �	P S �
C4k



� � Z (9[��	6��	+5!/� � \^0)#/�3+91.��� � _a` 1<�)(5#/�3bc�	!$#d��#d6��3��8���� % %'��(91.����#/(g+56ih4!/1.� ,<12+9��(912�)�"+

;�j W]\badZ
�9a#l]a#�{aU\b�{�3Z]gf`kjH`^a{�b`^jHW]W×X[\3`b�{a�l�jHc����BAEU � �
LOe<X[c¦�{X[c��3ehl
�d\ba�ghaë�¦X�l
�dgha�l]�dgCjHe<j67�c*l]a�W]\badc�l�\ba�adc*�{X[� W]`ba�gha��{Xnm]`®l]a{�Ë�{X[� ��Z]c]eh��j6:

`3ehX[c���adcO`3\baNW]\bX��{a{�b�badZ]\b��+AghaN`����{X[\0�d�¦a �3Z]eR��jHcA`ëW×ad\3�¦ad`�l]aN�*j6�7X[\bad\ëghaN`bad� W���l&� a@?��{�dZ]`3ehX[c
W2jH\kjHgfg �dgha5�

q ["h4���3=4%'# � � !#��% � � 	�O ! �nO G�� �gP 	�GEO G	� � ��� P R ! � % � � P � � � � % � ! � � �$��� OP n %� � N�P S P�% nd
R �$�

		P���R$G#��� P S ����!9P ��R3S 	^R�!#� � �P S 	 R ���EO G 	�N�P R4P � ! %HR/PlR�!#� � �P S � � ��! ��% T1
� P�%cP � 	�S R�� P�� � � �'�

% � !#� S � � � P$� % ��P�� � P�P�% t∞
� P %cP � 	�S R � P � � � � % � ! � � ��� � ��G ��S��4O �'�)P � � � � ��% � R/P�	�O ! � P S S5P��&O S �

� � !nO S �lR$G#�	S � P(� G$RnOPgR � �'� � !9R���� PgR � � G#� R/P��"! � ��� � � �G % � !#� � � P��nOQG 	�N�PWR/P � ! %lR/PaR !#� �
� � P S G 		P�� %���%<OP�!nOQR !#� �)G#��� � S��4O m 	�O ! � P S S5P��&O S�� R/P$� % ��� � P S P$� �'� %cP � 	�S Tm

� !EO � � 	�GnO
� � ��� �

Tm ≤ T1
m

+ T∞ + O(n + nd + m)

;�jÔ�{X[c��kX[� �*jH`3ehX[c �¦�d�¦X[ef\ba&l]a�gY� a@?��{�dZ]`3ehX[c l&� Z]c W]\bX[i�\kjH� �¦a!�3Z]\ p W]\bX��{a{�b�badZ]\b�
a{�3`�*j6�3X[\b�{a W2jH\ Sp ≤ pS1
� � Y � �

��Ú ��Ú�� Å ¯AÆ®Ç�ÈËÈ®É�ÈRÊ�¬<© ¬<È�Í�Ö¼Í�É×Í9ªÙÒ�Ó®¬
� jHc���gha ��j[��W2jH\3`3eh�dZ]gfehad\^X��
ghaUi�\kjHW
��a#l]a o2X[`^l]a l]X[c]c��{a{��WYadZ]`1ad`3\ba#�{X[c]cOZ>�3`kjH`3eh�OZ�a@:

�¦adcO`�+�efgóa{�3`�WYX��b�3ef_]gha¦l&� Z]`3efgfeh�kad\�l]a{��jHgfi9X[\3ef`��]�¦a{��l&� X[\bl]X[c]c2jHc��{ad�¦adcA`¦�3`kjH`3eh�OZ�a{���{X[� �¦a
W2jH\Ra@?]ad� W]gha1fV#QX b��lGnO � ��P S$% L�GnS � � �2O S$% �^X[Z�fV' # b��lGnO � ��P S$% �lPQG$REJ � �.O S�% � �BA C�� �N!óa{�®l]adZ8?
jHgfi9X[\3ef`��]�¦a{��l&� X[\bl]X[c]c2jHc��{ad�¦adcA` �bX[cA`#l]a�` �OWYa�gfeh�3`ba5����gh� �{X[c��3eh�3`badcO`#`bX[Z��Ugha{�#l]adZ8? �ÄX[\D:
l]X[c]c2jHc��{ad\NgCj�` k[�0��a��AZ]e�WYX[Z]\3\kj �{X[� �¦adc��{ad\.�bX[c�a@?��{�dZ]`3ehX[c�jHZ�W]gfZ���`")[`9b�adc�W]\badc2jHcA`.adc
�{X[� W]`ba*gha{���{X[� ��Z]c]eh��jH`3ehX[c��@c#�3Z]\�gY� Z]c!l]a{�#W]\bX��{a{�b�badZ]\b� efc2j[�d`3eí�ß���M;�a `����{X[\0�d�¦a*�3Z]eR��jHcA`
l]X[c]c�a�Z]c�a��C��jHgfZ2jH`3ehX[c�l]a{�UW×ad\7�ßX[\3�*jHc��{a{�#l]a��{a{�#jHgfi9X[\3ef`��]�¦a{�#�3Z]\UZ]c��¦XOl
�dgha l]�dgCjHeY�&;�a
`bad� W��Ul]a��{X[� ��Z]c]eh��jH`3ehX[c�l]a n �¦X[`b�UadcO`3\ba�l]adZ8?�W]\bX��{a{�b�badZ]\b�.a{�3`N�bZ]W]W×X��b��W]\badc�l�\ba τnZ]c]ef`b�{� l]a-`bad� W����=eNcÔc�X[`ba Cmax

gha-�*j6?�ef��Z]�>+£�3Z]\�`bX[Z���gha{� ����ad� efc��¦l�ZÔi�\kjHW
��a5+£l�Z
�9X[gfZ]�¦a�l]a �{X[� ��Z]c]eh��jH`3ehX[c��dZ]��Z]gh���bZ]\�Z]c>�0��ad� efcM�

q ["h4���3=4%'#Mj ��� !#� � � � � � �/P�� P �"!
	'% R4P �G	� � � �iP %lR/P O��QG	� � SKG % � ! � R/P � � !EO R ! � ��G#��� P �gP$� % �
%�!	� % !EO R ! � ��G#��� P �gP$� % R4P %<J 		P � �2S$%cPeG3S S$��� ��G#� % �'�)P %� � N�P 	�O���%cPpS �&O � P�	�O ! � P S S5P��&O�� �'�
R � ��GEO OP OQGWS�!#� P�� � � � % � !#�-G	��	 � �/S %�� % �"!#��R � � %� � � %cP � 	�S R � P�� � � � % � !#� Tp

��G � !nO���	�GnO �

Tp ≤ T1
p

+ (1 − 1
p
)T∞ + τCmax

� ��� � �"�,2����&� ���! "��#!$%������� �!� �)/ �,�)�������-����� �

;�a�c�X��AjHZ*l&� a@?]�{�dZ]`3ehX[cpl&�BAë`��2jHW2j[�k��jHcpj.W×X[Z]\®X[_8�3a{�d`3eí��l]a�l]�d`ba{�d`bad\ËjHZ]`bX[�*jH`3eh�OZ�ad�¦adcA`
gha{������c��0�]\bX[c]eh�kjH`3ehX[c���ad`�gha*W2jH\kjHgfgh�dgfeh�3�¦a-l]a*gY� jHW]W]gfeh��jH`3ehX[c�ad`�l]a*i9�dc��d\bad\�Z]c�apa@?��{�dZ]`3ehX[c
l�eh�3`3\3ef_]Z��{aëa��*��j[�{a5�/!óaËc�X��AjHZ Z]`3efgfeh�baËWYX[Z]\��{adgCjNZ]c��¦XOl
�dghaó_2j[�b�ó�3Z]\�gCj�i9a{�3`3ehX[c l�eh�3`3\3ef_]Z��{a
l�Z o2X[`�l]aUl]X[c]c��{a{���4!óa.�¦XOl
�dgha5+]l]�{�d\3ef`�W2jH\ëgCj�7�i�Z]\ba � � C +�W×adZ]`Qad`3\baUl]�{�{X[� W×X��k� adc-`3\bX[eh�
�d`kjHWYa{���baU\b�dWY�d`kjHcA`.l]a �*jHc]e �d\ba#�C���dgfeh�AZ�a `bX[Z]`^jHZ>ghX[c]i*l]aUgY� a@?��{�dZ]`3ehX[c�l�Z�W]\bX[i�\kjH� �¦a ]

C �
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P1 P2 P3

Th1 Th2 Th3

Fork<Tache1>...
Shared<int> ...

Fork<Tache2>...
...

Interprétation

du  programme

utilisa
teur.

O
rdonnancem

ent

Execution

P1

P1

P2 P3

P1 P3

����	�
 � � C 
 )�XOl
�dgha#l&� a@?]�{�dZ]`3ehX[c>l&� Z]c�W]\bX[i�\kjH� �¦a Aë`��2jHW2j[�b��jHc8: k


 fK?��{�dZ]`3ehX[c*l&� Z]c�aë` k[����a��3Z]\£gY� Z]c¦l]a{�£W]\bX��{a{�b�badZ]\b�Rl�eh�3W×X[c]ef_]gha{���5;�j.` k[�0��a�����X[eh�3eha�a{�3`
l�ef`ba ��W]\0ad`ba �*+��5� a{�3`��
l�ef\ba �OZ�a�`bX[Z����ba{�UW2jH\kjH���d`3\ba{��adc�adcA`3\b�{apX[cA`��d`b�¦W]\bXOl�Z]ef`b���
;=� a@?��{�dZ]`3ehX[cÔl�Z!W]\bX[i�\kjH� �¦a-�{X[� �¦adc��{a*W2jH\�gCj
` k[����a*W]\3efc��defW2jHghaHb?��X[c��d`3ehX[c � �K� �
l�Z
W]\bX[i�\kjH� �¦a�c@�


 ANZ��{X[Z]\b��l]a*gY� a@?��{�dZ]`3ehX[c�l]a gCjÄ` k[����a5+�gha{� efc��3`3\3Z��d`3ehX[c�� �B����� ad` � �K�
���� �kX[cA`�efc8:
`bad\3W]\b�d`b�{a{�
ad`-Z]cÌi�\kjHW
��a�\badW]\b�{�kadcA`kjHcA`>gha o2X[`
l]a�l]X[c]c��{a{�
l]a>gY� jHW]W]gfeh��jH`3ehX[c a{�3`
�*jHefcO`badcAZM�


 ;�a{��` k[�0��a{�Ul�Z�i�\kjHW
��a�l]aXo2X[`.l]a�l]X[c]c��{a{�.�bX[cA`.adc��3Z]ef`ba#W]gCj[�{�{a{�.�3Z]\Ngha{�^l�e����d\badcA`b�
W]\bX��{a{�b�badZ]\b�^l�eh�3W×X[c]ef_]gha{���

��Ú �£Úc� �&¬2Ö�Í9ª°Ç�ÈÜÆËÓ��ËÇ�Í�ÆR¬�Æ®Ç�ÈËÈ®¨�¬2Ö
;�j.l]�d`ba{�d`3ehX[cpjHZ]`bX[�*jH`3eh�OZ�a�l�Z�W2jH\kjHgfgh�dgfeh�3�¦a�ad`£l]a{�£����c��0�]\bX[c]eh�kjH`3ehX[c��£adcO`3\baë` k[�0��a{�®a{�3`

_2j[�b�{a �3Z]\UgCj-�{X[c��3`3\3Z��d`3ehX[c ���-gCj(�9X[gh�{a � l�Z �nOQG 	�N	PWR4P � ! % R/PgR !#� � �P S¦\badW]\b�{�badcO`kjHcA`�gha
��Z]`3Z]\Ul]a�gY� a@?]�{�dZ]`3ehX[c�l�Z�W]\bX[i�\kjH� �¦a5�&;�a��¦XOl
�dgha l&� a@?]�{�dZ]`3ehX[c�l&�BAë`��2jHW2j[�b��jHc���� jH\3`3eh�dZ]gha
l]X[c���jHZ]`bX[Z]\^l]a#gCj�i9a{�3`3ehX[c>l]a#�{aUi�\kjHW
��a5�

o ����+K(5�#"!$(912�)�f� f8����	6 ["#e��#�����(a��#d���)����h/#4+
ANZ l]�d_]Z]`�l]a�gY� a@?]�{�dZ]`3ehX[c l&� Z]c W]\bX[i�\kjH� �¦a5+�gCj��badZ]gha�` k[�0��a&�{X[c]cOZ�a�a{�3`ÄgCj�` k[�0��a

W]\3efc��defW2jHgha b�gha � ��� � c@�8;�aUi�\kjHW
��a l]a o2X[`�l]aUl]X[c]c��{a{��a{�3`�l]X[c��Uc��{�{a{�b�kjHef\bad�¦adcO`^�{X[c��3`3\3Z]ef`
C A
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l8��c2jH� eh�AZ�ad�¦adcO`�jHZ&�{X[Z]\b�.l]a�gY� a@?]�{�dZ]`3ehX[c�l�Z�W]\bX[i�\kjH� �¦a5�&;V� a@?]�{�dZ]`3ehX[c�l]a��0�2j[�OZ�a�efc���:
`3\3Z��d`3ehX[c>Aë`��2jHW2j[�b��jHc8: k a{�b`�j[�k�bXO�deh�{aF��Z]c�aUX[W×�d\kjH`3ehX[c��3Z]\ëgha.i�\kjHW
��aUl]a o2X[`ël]aUl]X[c]c��{a{���
;�X[\b�k�AZM� Z]c�a�efc��3`3\3Z��d`3ehX[c � �������� a{�3`.a@?��{�dZ]`b�{a5+2Z]c>c�X[Z
�9a�jHZ>c�X�adZ�l �dl]X[c]c��{a ��a{�3`�efc]ef`3eCj6:
gfeh�b�5�d;�X[\b�b�OZM� Z]c�a efc��3`3\3Z��d`3ehX[c ���
��� a{�3`�a@?]�{�dZ]`b�{a5+]Z]c�c�X[Z
�9a�jHZ�c�XOadZ�l ��` k[����a �#a{�3`�efc��k�d\b�
l�jHc�� gha�i�\kjHW
��a5���.a{�#jH\b�{��ad`#�C�9adcA`3Z�adgfghad�¦adcA` l]a�c�X[Z
�9a�jHZ8?�c�XOadZ�l]���dl]X[c]c��{a � �bX[cA`�adc8:
�3Z]ef`ba®efc��b�d\b�{�Vl�jHc���gha£i�\kjHW
��aRadc#��X[c��d`3ehX[c�l]a{��l]X[c]c��{a{�VW2jH\3`kjHi9�{a{��j[�{�{�{l]�{a{�VW2jH\�gCjëc�X[Z
�9adgfgha
` k[����a5�S;�X[\b�b�AZM� Z]c�aË` k[�0��aW7�gfgha tf

a{�3`V�d\b�{�{aËW2jH\�gCj�` k[�0��aó���d\ba tm
+¼gha{��X[W×�d\kjH`3ehX[c����3Z]eR��jHcA`ba{�

�bX[cO`�\b��jHgfeh�b�{a{� ]

 ;�j�` k[�0��a tf

a{�b`�efc��b�d\b�{a#l�jHc���gha i�\kjHW
��a5�

 %VX[Z]\.�0�2j[�OZ�a#X[_8�7ad`^W2jH\3`kjHi9� W2j[�b�b� adc�W2jH\kjH���d`3\ba�l]a gCj�` k[�0��a(]

 LOe2gY� X[_8�3ad`RW2jH\3`kjHi9�.a{�3`Ëj[�{�{�{l]�.adc*gha{�d`3Z]\ba9]�Z]c�aUjH\0ad`ba^a{�3`ëj6�7X[Z]`b�{aNadcA`3\baNgha�c�X�adZ�l
�dl]X[c]c��{a �#j[�b�bX��deh�,��gCj9�9ad\b�3ehX[c���gfef\ba#ad`�gha c�X�adZ�l ��` k[�0��a �*�


 LOe®gY� X[_8�3ad`�W2jH\3`kjHi9�*a{�b`�j[�{�{�{l]�*adc��{�d\3ef`3Z]\ba[]�Z]c�c�X[Z
�9a�jHZ!c�X�adZ�l �dl]X[c]c��{a �¦a{�b`
�d\b�{� ad`�Z]c�a�jH\0ad`ba#a{�b`^j6�7X[Z]`b�{a#adcO`3\ba gha c�X�adZ�l ��` k[�0��a ��ad`�ghaUc�XOadZ�l �dl]X[c]c��{a �*�


 LOe�gY� X[_8�7ad`�W2jH\3`kjHi9��a{�3`^j[�{�{�{l]�#adc
�¦X�l�e 72��jH`3ehX[c\]�Z]c�a�jH\0ad`ba a{�3`^j6�3X[Z]`b�{a#adcA`3\ba#gha
c�XOadZ�l �dl]X[c]c��{a ��j[�b�bX��deh� � gCj��9ad\b�3ehX[c�� gfef\ba�ad`^gha�c��UZ�l ��` k[����a �*� .Nc>c�X[Z
�9a�jHZ
c��UZ�l �dl]X[c]c��{a �Äa{�b`��d\b�{�-�{X[\3\ba{�3WYX[c�l�jHcA` �>gCj[�9ad\b�behX[c��¦X�l�e 72�{a-W2jH\�gCj�` k[�0��a5�
.^c�a.jH\0ad`baUa{�3`ëj6�3X[Z]`b�{a.adcA`3\ba.gha^c�X�adZ�l ��` k[�0��a �.ad`ógha^c�X[Z
�9a�jHZÄc�X�adZ�l �dl]X[c]c��{a �*�


 LOe�gY� X[_8�3ad`�W2jH\3`kjHi9��a{�3`^j[�{�{�{l]��adc�j[�{�dZ]��Z]gCjH`3ehX[cM+×l]adZ8?���j[�^�bX[cO`�WYX��b�3ef_]gha{�,]��kX[ef`
gCj¦` k[����a tf

a{�3`.gCjpW]\bad� e �d\ba��*l]�{�dgCjH\bad\UgY� j[�{���{� adc�j[�{�dZ]��Z]gCjH`3ehX[cM+��kX[ef`.l&� jHZ]`3\ba{�
` k[�0��a{�Uj[�{�dZ]��Z]gCjHcO`#�3Z]\N�{ad`3`ba�l]X[c]c��{a�X[cO`.l]�T�0�¦�d`b��l]�{�dgCjH\b�{a{���×�UjHc��Ngha#W]\bad� ehad\
��j[��+YZ]c!c�X[Z
�9a�jHZ�c�XOadZ�l �dl]X[c]c��{a �¦a{�3`��d\b�{�pad`#Z]c�a*jH\0ad`bapa{�3`�j6�7X[Z]`b�{apadcA`3\ba*gha
c�XOadZ�l���` k[�0��a �®ad`�gha£c�XOadZ�l��dl]X[c]c��{a �*�¼� jHc���gha®�ka{�{X[c�l#��j[��+dZ]c�aËjH\0ad`baRa{�3`�j6�7X[Z]`b�{a
adcA`3\bapgha¦c�X�adZ�l ��` k[����a �*ad`�gha¦c�X�adZ�l �dl]X[c]c��{a �-�{X[\3\ba{�3WYX[c�l�jHcA`���gCj�l]X[c]c��{a	�
j[�{�dZ]��Z]ghad\��

A�gCj 7�c�l]a®�kX[c#a@?��{�dZ]`3ehX[cM+¼gCjë` k[�0��a tm
a{�b`��3Z]W]W]\3ef�¦�{a®l�Z#i�\kjHW
��a5�6;�j 7�i�Z]\ba � � D \badW]\b�{�badcA`ba

gY� �d`kjH`ël�Zpi�\kjHW
��a.l]a o2X[`Ël]a.l]X[c]c��{a{�$��l�e��Y�d\badcO`ba{���d`kjHW×a{�ól]a�gY� a@?]�{�dZ]`3ehX[c
l�Z*W]\bX[i�\kjH� �¦a
l]a�gCjF7�i�Z]\ba � �BA8�/;VjUW2jH\3`3ehaNj-c�l]a�gCj 7�i�Z]\ba�\badW]\b�{�badcO`ba^gY� �d`kjH`Ël�Z*i�\kjHW
��aNjHW]\0�{�RgY� a@?��{�dZ]`3ehX[c
l]a�gCjpgfefi�c�a k C l]a��{a�W]\bX[i�\kjH� �¦a5�MA �{ad`3`ba��d`kjHWYa5+�l]adZ8?�X[_8�3ad`b�UW2jH\3`kjHi9�{� i ad` j X[cA`#�d`b�l]�{�dgCjH\b�{���8;�a{�óW2jH\3`3eha{�ó_ cR��c®ldcRa�c®ad`Ë�@c��¦X[cO`3\badcA`�gY� �d`kjH`ël�Zpi�\kjHW
��a jHW]\0�{�ógY� a@?]�{�dZ]`3ehX[cÄl]a{�
gfefi�c�a{� k5D + k Y8+ k9T + k5? ad` k5@ l�Z�W]\bX[i�\kjH� �¦a5�

r �Hh/!�"(91.��� ��� ��+a,.#e�3#/+56 #/!E(g��#/+�!/���)(5�3� 1.�)(5#4+g��# � � (���#e�������"h4#/+
%�X[Z]\�WYX[Z
�9X[ef\óa@?]�{�dZ]`bad\ëgha{�R` k[����a{��l]a^gY� jHW]W]gfeh��jH`3ehX[c�adc-\ba{�3WYa{�d`kjHcA`ëgha{�ë�{X[cA`3\kjHefcA`ba{�^l]a

W]\b�{�{�{l]adc��{aól]�{�d\3ef`ba{��W2jH\Vgha£i�\kjHW
��aRl]aio2X[`Vl]a®l]X[c]c��{a{��+�efg��°jHZ]` ad`3\ba®��jHW2jH_]ghaól]a®l]�d`bad\3� efc�ad\
�Ä`bX[Z]`��¦X[�¦adcA`�gY� adc��bad��_]ghapl]a{�#` k[�0��a{� ��W]\0ad`ba{�
���>ad`3\ba¦a@?��{�dZ]`b�{a{���j%�X[Z]\��{adgCj8+�Z]c��d`kjH`
a{�3`Uj[�b�bX��deh� �*�0�2j[�OZ�a�c�X�adZ�l>l�Z�i�\kjHW
��a5� ;�a{�U�d`kjH`b�^WYX��b�3ef_]gha{�NW×X[Z]\Ngha{�^c�X�adZ�l]� ��` k[�0��a{�
�
�bX[cO`�gha{���3Z]eR��jHcA`b� ]


 Aë`3`badcA`ba ]�jHZ>�¦X[efc���Z]c>l]a{��W2jH\kjH���d`3\ba{�.l]aUgCj�` k[�0��a#cM� j�W2j[��adc��{X[\ba#�d`b� W]\bX�l�Z]ef`��

 %£\0ad`G]�`bX[Z���gha{��W2jH\kjH���d`3\ba{� l]a*gCj>` k[�0��a
X[cO` �d`b�*W]\bX�l�Z]ef`b��+�adgfgha-a{�b`�W]\0ad`baG��ad`3\ba
a@?��{�dZ]`b�{a5�


 f ?��{�dZ]`3ehX[c ]�gCj�` k[�0��a�a{�3`�adc>�{X[Z]\b��l&� a@?]�{�dZ]`3ehX[cM�

 #�ad\3� efc��>]×gY� a@?]�{�dZ]`3ehX[c�l]a�gCj*` k[����a a{�3`U`bad\3� efc��{a5+�adgfgha�W×adZ]`#l]X[c��"ad`3\ba �3Z]W]W]\3ef�¦�{a

CEC
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j
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i j j i j

j j

b)

d) e)

a) c)

f)

t0 t0

t0 t0 t0

t1

t1 t2 t1 t2 t1 t2

t3 t3 t4

� � 	�
 � � D 
 !óX[c��3`3\3Z��d`3ehX[c�l8��c2jH� eh�AZ�a�l�Z�i�\kjHW
��a#l]a o2X[`�l]a#l]X[c]c��{a{���

l�Z
i�\kjHW
��a5�
;�a{���d`kjH`b�^W×X��k�3ef_]gha{��WYX[Z]\�gha{��c�XOadZ�l]� �dl]X[c]c��{a{�
� �bX[cO`�gha{���3Z]eR��jHcA`b��]


 Aë`3`badcO`ba>]YgY� Z]c�l]a{� c�X�adZ�l]� ��` k[�0��a{�
� W]\b�{l]�{�{a{�b�badZ]\b��l�Z&c�X�adZ�l �dl]X[c]c��{a ��cM� j-W2j[�
`bad\3� efc����bX[c�a@?��{�dZ]`3ehX[cM�


 %®\0ad` ]�`bX[Z���gha{�^c�XOadZ�l]� ��` k[�0��a{�
�#W]\b�{l]�{�{a{�b�badZ]\b�.l�Z�c�X�adZ�l �dl]X[c]c��{a �#X[cO`^`bad\3� efc��
ghadZ]\Na@?��{�dZ]`3ehX[cM�


 #Vad\3� efc�� ]]`bX[Z]`ba{�Ngha{��` k[����a{�^\badgfeh�{a{�.jHZ>c�X�adZ�l �dl]X[c]c��{a �#X[cO`^`bad\3� efc��#ghadZ]\Na@?��{�dZ8:
`3ehX[cM�d;�j l]X[c]c��{a WYadZ]`�l]X[c��,ad`3\ba#�3Z]W]W]\3ef�¦�{a�l�Z�i�\kjHW
��a5�

;�a{�R�d`kjH`b�Rl]a{�£c�X�adZ�l]� ��` k[�0��a{����ad`Rl]a{�£c�X�adZ�l]� �dl]X[c]c��{a{�
���kX[cA`R��jHgh�dZ]gh�{�®ad`R� eh�=�W�7X[Z]\
���0�2j[�OZ�a �ßX[eh���OZM� Z]c�a ` k[�0��a#`bad\3� efc�a��bX[c�a@?]�{�dZ]`3ehX[cM�2� jHc���Z]c�W]\bad� ehad\N`bad� W���+�gY� �d`kjH`Nl]a
�0�2j[�OZ�a�c�XOadZ�l �dl]X[c]c��{a ���3Z��{�{�{l�jHcO`
gha�c�XOadZ�l ��` k[�0��a ��a{�b`pW2j[�b�k����gY� �d`kjH`ÄW]\0ad` b��kjHZ��
l�jHc��Ngha���j[�.l]a{�N�{�d\3ef`3Z]\ba{� �{X[c��dZ]\3\badcO`ba{� X���gY� �d`kjH`Ul�Z>c�X�adZ�l �dl]X[c]c��{a ��a{�b`^W2j[�b�b�9� W]\0ad`
�badZ]ghad�¦adcO` jHZ��¦X[�¦adcA` l]apgCj�l]ad\3c]e �d\ba
j[�{�dZ]��Z]gCjH`3ehX[c c@�£� jHc���Z]c�l]adZ8?�e �d�¦a*`bad� W���+�gha{�
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Execution  sur 4 x 16 processeurs, taille des blocs = 100
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T:9<;<BE=:�XOQ¾jH�H<FI?4Hon�H<;>?A=i9�T:H���OQD:@C�>NIH½»z;<H�ÁM=iH�J�Oz�:NIH>��@C�>NIH�@RDiFA?ANA=i;>?A@CBEDÙT:H�;P�XOEÁS=iH��:JCBM;
FIBE@R?tJf�2OE;<ÁS=:@CFI@R?A@CBEDzTv� =:Dz�jH>NANIBE=�H>?)ÁS=À�2OQ=i;>=:DiH�OQ=:?ANIH�OE;<ÁS=:@CFI@R?A@CBED½DiHWFIBE@R?)Hon�H<;>?A=i9<H Þ =iFIÁS=À�2»
J�O�ÏiD¹T0=G�:JCB�;n/i¸ÀH<FW;>NI9YOQ?A@CBEDiF�T:H�?PÄE;P�iH<FUFIBEDS?�NIH>���:J�OE;<9<H<F��XOQN�JCH<FL@RDiFA?ANA=i;>?A@CBEDiFWT0=b;<BENA�iF
T:H�J�O�?PÄE;I�iHn/�i�DGDiBE?IH

f1, f2, ..., fV

JCH�DiBE�º�:NIH¼T:H4T:9ÈÂfOQ=:?IF�T:H��XOQ¾jHº@RDS?IH>NA�jH>DM=iF�OQ=b;<BE=:NIF
T:H�Jf�ÆHÈ709<;>=:?A@CBED¡T:H¼;P�XOE;>=:DÍT:H<FW�:JCBM;<FUJCBENIFIÁM=iH�JCH��:NIBE¾nNPOQ����H�H<FA?�HÈ709<;>=:?I9�H>D�FI9<ÁM=iH>DS?A@CH>Jf/
�tBEDiFA@CT:9>NIBEDiFUJCHºDiBE�4�:NIH�T:H�T:9ÈÂÃOQ=:?IFUT:Hº�XOQ¾jH¼H>D:¾jH>DiT0NI9<FU�XOQNW=:D¹�:JCB�;

bi

JCBENIFUTv� =:DiH¼HÈ709È�
;>=:?A@CBED��XOQNPOQJRJC�>JCHn/ k�H>JCBED�JCHK�:NIBE?IB�;<BEJCHGT:Hb;<BE�i9>NIH>Di;<Hb=:?A@RJR@CFP9n�{Jf�2OE;<ÁM=:@CFA@R?A@CBED�T0=r�jH>NANIBE= O
��BE=:N�Hon�H>?WTv� @RDS�nOQJR@CT:H>N�JCH<F��XOQ¾jH<F�JCB�;YOQJCH<F�ÁM=:@yBEDM?W9>?I9���B�T0@�ÏX9<H<FU»�T0@CFA?POQDi;<Hn/.¸yO���9>��BE@RNIH
JCB�;YOQJCH¼��BE=:�nOQDS?�;<BEDM?IH>D:@RN

Q
�XOQ¾jH<FY�ÀOQ= �:JR=iF

Q
�XOQ¾jH<F���H>=:�jH>DM?4É>?ANIH¼@RDS�nOQJR@CT:9<H<FY/ k�H>JCBED¡JCH

JCH>����H <n�yBEDÙO
fpar

i ≤ fi + Q
Bdc

fpar
i

NIH>�:NI9<FPH>DS?IH�JCH�DiBE�4�:NIH6T:H�T:9ÈÂÃOQ=:?IFºT:H��XOQ¾jH�@RD0�
?IH>NA�jH>DS=iF4JCBENIF�T:H¼Jf�ÆHÈ709<;>=:?A@CBED¡T:H

bi

JCBENIFIÁM=iHºJCH¼�:NIBE¾nNPOQ����H�H<FA?�HÈ709<;>=:?I9�H>D��XOQNPOQJRJC�>JCHn/�kM@
BED6ÂÃOQ@R?)J�O�FIBE����HUT0=zDiBE�4�:NIH�T:HUT:9ÈÂfOQ=:?IF�T:HW�XOQ¾jHWT:HU;P�XOEÁS=iHU�:JCB�;UT0=6�:NIBE¾nNPOQ����Hn�XBED�O
Fpar ≤

∑v
i=1 fpar

i + V Q
H>?LT:BEDi;

Fpar ≤ Fseq + V Q
/

¸ÀHz��É>��HK?x����H�T:HzNPOQ@CFIBED:DiH>��H>DM?���H>=:?�É>?ANIHKHon�H<;>?A=i9z��BE=:N�J�O¹��BENADiHz@RD0Â¬9>NA@CH>=:NIHKT0=
?A�i9<BENI�>��HL�:=:@CFPÁS=iH�JCHLJCH>����H <���H>NA��H>?�OQ=iFIFA@XT:H�T:9<T0=:@RNIHLJf� @RDi9>¾SOQJR@R?I9

fi−Q ≤ fpar
i

/M�tH>?A?IH
@RDi9>¾SOQJR@R?I9WH<FA?d�j9>NA@�ÏX9<H���BE=:NdJCH<Fd�:JCB�;<F

b2, ..., bV

/MÎmBE=:NtJCHL�:JCB�;
b1
�SBED½��H>=:?�NIH>��OQNIÁS=iH>N)ÁS=À� @RJ

DÀ�ÆH<FA?º�XOEF4��BnFIFA@R�:JCH½T:H�ÂfOQ@RNIH���BE@RDiF�T:H½T:9ÈÂfOQ=:?IF�T:H��XOQ¾jH<F¼H>DÍ�XOQNPOQJRJC�>JCH6ÁS=À�ÆH>D}FI9<ÁM=iH>DS?A@CH>J
�:=:@CFIÁM=iH�Jf�ÆHÈ7:9<;>=:?A@CBEDrFI9<ÁM=iH>DS?A@CH>JRJCHKT:9>�:=:?IH¹O<�jH<;GJCH<F

Q
�:NIH>��@C�>NIH<F½�XOQ¾jH<F�T0@CFA��BED:@R�:JCH<F�H>D

��9>��BE@RNIHn/§ÎÊBE=:Ny;<HË�:JCB�;n�<BEDºO)T:BEDi;dOQ=4��@CH>=07
fpar
1 = f1

/ kM@jBED�ÂÃOQ@R?vJ�O�FPBE����HËT:H<FÀNI9<FA=:JR?POQ?IF
T:HW;I�XOEÁM=iHU�:JCBM;WT0=½�:NIBE¾nNPOQ����H�BED�BE�:?A@CH>DM?tJf� @RDi9>¾SOQJR@R?I9 ∑v

i=1 fpar
i − (V − 1)Q ≤ Fpar

H>?
T:BEDi;

Fseq − (V − 1)Q ≤ Fpar

/
�¸yO Ïi¾n=:NIH �0/2-�T:BED:DiHKT:H>=07~HÈ70H>���:JCH<F½T:Hz�:NIBE¾nNPOQ����H<F���H>NA��H>?A?POQDS?6Tv�2OQ?A?IH>@RDiT0NIHKJCH<F

��BENADiH<FËT:H�Jf�ÆH>Di;YOET0NIH>��H>DM?�T0=�?A�i9<BENI�>��H)ßi/E¸{�ÆHÈ7:9<;>=:?A@CBED��XOQNPOQJRJC�>JCHLT0=¼�:NIH>��@CH>NË�:NIBE¾nNPOQ����H
��H>NA��H>?8Tv�2OQ?A?IH>@RDiT0NIHLJ�OL��BENADiH)FA=:��9>NA@CH>=:NIH)T0=¼?A�i9<BENI�>��Hn/�i�D�;<BEDiFA@CT:�>NIH�ÁM=iHdJCH<F8?PÄE;P�iH<FËFIBEDS?

1 <
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')(]*t, �0/2-¼3G587:H>���:JCH<F�T:Hº�:NIBE¾nNPOQ����H<F���H>NA��H>?A?POQDM?�Tv�2OQ?A?IH>@RDiT0NIH�J�O���BENADiH¼FA=:��9>NA@CH>=:NIH�O �
H>?U@RD0ÂÃ9>NA@CH>=:NIH¼����FI=:NWJCHºDiBE�4�:NIH�T:H�T:9ÈÂfOQ=:?IF�T:H��XOQ¾jH�JCBENIFIÁS=iH�JCH��:NIBE?IB�;<BEJCH�T:H�;<BE�i9>NIH>Di;<H
�XOQNIH<FIFPH>=iFIH4»�J�O�JR@R��9>NPOQ?A@CBEDbH<FA?�=:?A@RJR@CFI9n/

OQJRJCBE=i9<H<F�T:H)��OQD:@C�>NIHL;>��;>JR@CÁM=iH�FA=:NË=:D�DiBE�º�:NIHL�XOQ@RN{T:H)�:NIB�;<H<FIFIH>=:NIFY/n¿�OQDiF{;<H)�:NIBE¾nNPOQ����Hn�
V
?PÄE;P�iH<F{FIBEDS?8;>NI9<9<H<FY�nOQJR?IH>NADXOQ?A@R�jH>��H>DS?�T:H�?p�M��H]\ ���1^��`_ H>?a\ ���9^ �Ob /�¸yO��:NIH>��@C�>NIHt@RDiFA?ANA=i;È�?A@CBED�T:HW;I�XOEÁM=iHU?PÄE;I�iHU;<BENANIH<FA��BEDiTz»4J�Oº�:NA@CFIHWTv� =:D6�jH>NANIBE=�H>?)J�OºT:H>NAD:@C�>NIH�OQ=½NIH>J�ÄE;P�iH>��H>DS?

Tv� =:D¹�jH>NANIBE=À/ i�D¹;<BEDiFA@CT:�>NIH¼TiOQDiFW;<H>?WHÈ7:H>���:JCH¼ÁS=iH4JCH<FUT:BED:Di9<H<FWT0=¹�:NIBE�:JC�>��H¼BM;<;>=:��H>DS?
Q + 1

�XOQ¾jH<FºFPBE@R?0<½�XOQ¾jH½T:H��:JR=iFºÁM=iH���H>=:?�H>D ;<BEDS?IH>D:@RN¼J�O���9>��BE@RNIHn/{�tH<Fº�XOQ¾jH<F¼FIBEDS?
DM=:��9>NIBE?I9<H<F�T:H

P1
»

PQ+1
/À¸mOzÏi¾n=:NIH��0/��KT:BED:DiH�J�Oz?ANPOE;<H½T:H<F4HÈ7:9<;>=:?A@CBEDiFºFI9<ÁM=iH>DS?A@CH>JRJCH

H>?¼�XOQNPOQJRJC�>JCHz��BE=:N�JCH<FPÁS=iH>JRJCH<F¼J�Ob��BENADiH6FI=:��9>NA@CH>=:NIHzT0=}DiBE�4�:NIHKT:HzT:9ÈÂfOQ=:?IF�T:H6�XOQ¾jH6H<FI?
OQ?A?IH>@RDM?IHn/d¿�OQDiF¼Jf�ÆHÈ709<;>=:?A@CBEDrFI9<ÁS=iH>DM?A@CH>JRJCH �]�XOQNA?A@CHGO ��T:HzJ�ObÏi¾n=:NIH �È�ËJCH<F¼�XOQ¾jH<F��:NI9<FIH>DS?IH<F
H>D¡��9>��BE@RNIH½FIBEDS?�OE;<;<9<T:9<H<F4�:JR=iFA@CH>=:NIF�Â¬BE@CFºO<�nOQDS?ºTv�ÆÉ>?ANIH�NIH>���:J�OE;<9<H<FY/y¸yOK�XOQ¾jH

P2
NIH<FA?IH

��É>��HºH>DG��9>��BE@RNIHº?IBE=:?WOQ=KJCBED:¾6T:H�Jf�ÆHÈ7:9<;>=:?A@CBEDÀ/.¿�OQDiFLJf�ÆHÈ7:9<;>=:?A@CBED¹�XOQNPOQJRJC�>JCH0�]�XOQNA?A@CHº���
T:HWJ�OºÏi¾n=:NIH �È�0JCHW�:NIBM;<H<FPFIH>=:N*�ºHÈ7:9<;>=:?IHUJCH<Ft?PÄE;I�iH<Fc\ ���1^��K_ H>?tJCHW�:NIB�;<H<FIFIH>=:N <UHÈ7:9<;>=:?IH�JCH<F
?PÄE;P�iH<Fd\ ���1^��
b / � ÏiD~T:H6FIH��:J�OE;<H>N�TiOQDiF¼JCH½�:@RNIHzT:H<F�;YOEF§�mBED~;<BEDiFA@CT:�>NIHzÁM=À�2OQ=i;>=:DiH6T:H<F
T:BED:Di9<H<F�Di9<;<H<FPFPOQ@RNIH<F�OQ=07¹;YOQJC;>=:JCFUDiH�FIBEDM?U@RD:@R?A@�OQJCH>��H>DS?�@RDiFA?POQJRJC9<H<F4TiOQDiFUJ�O���9>��BE@RNIH�T:H<F
�:NIB�;<H<FIFIH>=:NIFY/0Ý�DiH�?IH>JRJCHUHÈ7:9<;>=:?A@CBED��XOQNPOQJRJC�>JCH�H<FA?t��BnFIFI@R�:JCH�FA@�JCH<Ft?PÄE;I�iH<FV\ ���1^��K_ H>?]\ ���9^ �ObOE;<;<�<T:H>DM?WJCH<FW�XOQ¾jH<FWÎ*<n�ÆÎd-6H>?UÎ ��H>D¹JCH<;>?A=:NIH¼FIH>=:JCHn/ � =b;<BE=:NIFUTv� =:DiHº?IH>JRJCHºHÈ7:9<;>=:?A@CBED �XO��
NPOQJRJC�>JCHn�Ë;P�XOEÁS=iHz@RDiFA?ANA=i;>?A@CBED ����������
 , � ������� �	� ��� @R���:JR@CÁS=iHzJf� @RDM�EOQJR@CTiOQ?A@CBED T:Hz?IBE=:?IH<F¼JCH<F
�XOQ¾jH<F½T:H�J�O ��9>��BE@RNIHn/ � =i;>=:DiHK�XOQ¾jHKDiH���H>=:?½T:BEDi;KÉ>?ANIHKNI9>=:?A@RJR@CFI9<HGH>?�BED BE�iFIH>NA�jHG=:D
T:9ÈÂfOQ=:?�T:HU�XOQ¾jH��XOQN�OE;<;<�<F§/i¿�OQDiFL;<H�;YOEF�BEDGOQ?A?IH>@RDM?��:@CH>DKJ�O���BENADiH

Fpar = Fseq + QV
/

¸mO¹�XOQNA?A@CHz���4T:HzJ�OGÏi¾n=:NIH5�0/2-b��BEDS?ANIHK=:D~�:NIBE¾nNPOQ����Hz��BE=:N�JCH<ÁM=iH>J)J�OG��BENADiHz@RD0ÂÃ9È�
NA@CH>=:NIH�T:H�Jf�ÆH>Di;YOET0NIH>��H>DS?�T0=b?A�i9<BENI�>��H4ß½H<FA?WOQ?A?IH>@RDM?IHn/.ÎÊBE=:N�Jf�ÆHÈ7:9<;>=:?A@CBED¹�XOQNPOQJRJC�>JCHºT:Hº;<H

1n-
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Défaut de pages
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Fseq = 4

Fpar = 12

Q = 2     V = 4
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Fpar = Fseq + QV = 12
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')(+*),��0/��L3�587:H>���:JCH�T:Hd?ANPOE;<H)Tv�ÆHÈ7:9<;>=:?A@CBED�T0=��:NIBE¾nNPOQ����H�T:H�J�O�Ïi¾n=:NIH?�0/2-WO �À��H>NA��H>?A?POQDS?
Tv�2OQ?A?IH>@RDiT0NIH�J�O���BENADiHtFI=:��9>NA@CH>=:NIH�FA=:N8JCHtDiBE�4�:NIH�T:H�T:9ÈÂfOQ=:?IFËT:Ht�XOQ¾jHn/n¸yO��XOQNA?A@CHLO �y��BEDS?ANIH
J�O�?ANPOE;<H6Tv� =:DiH6HÈ709<;>=:?A@CBED}FI9<ÁM=iH>DS?A@CH>JRJCHzH>?4J�OK�XOQNA?A@CH����4;<H>JRJCH½Tv� =:DiH½HÈ709<;>=:?A@CBED}�XOQNPOQJRJC�>JCH
FA=:NLT:H>=07��:NIB�;<H<FIFIH>=:NIFY/

�:NIBE¾nNPOQ����Hn�:BEDz;<BEDiFA@CT:�>NIH�ÁS=iH�JCH<Ft?PÄE;I�iH<F�FIBEDM?LOQJRJCBE=i9<H<FtT:HW��OQD:@C�>NIHU;>�0;>JR@CÁS=iHUFA=:N
#proc�:NIB�;<H<FIFIH>=:NIFY/M¸ÀH<F�T:BED:Di9<H<F)T0=6�:NIBE¾nNPOQ����HUFIBEDS?)OQJRJCBE=i9<H<FtTiOQDiF

p×Q
�XOQ¾jH<FY/�¸yO4��9>��BE@RNIH

T:Hz;I�XOEÁM=iH6�:NIBM;<H<FIFPH>=:N
p
H<FA?¼@RD:@R?A@�OQJR@CFI9<H�O<�jH<;zJCH<F��XOQ¾jH<F�DS=:��9>NIBE?I9<H<F½T:H

P1(p), ...PQ(p)FPOQ=0ÂËJCBENIF�T:H4Jf�ÆHÈ709<;>=:?A@CBED FI9<ÁM=iH>DS?A@CH>JRJCH�BdcKJ�O���9>��BE@RNIH�T0=K�:NIB�;<H<FIFIH>=:NWH<FA?L@RD:@R?A@�OQJR@CFI9<H¼O<�jH<;
JCH<Ft�XOQ¾jH<F

P1(0), ..., PQ(0)
ÁS=:@�FIBEDS?tJCH<F

Q
�:NIH>��@C�>NIH<F)�XOQ¾jH<F)OE;<;<9<T:9<H<F)�XOQNtJCH��:NIBE¾nNPOQ����Hn/

¸yO½?ANPOE;<H¼T:H�Jf�ÆHÈ709<;>=:?A@CBED¡FI9<ÁM=iH>DS?A@CH>JRJCH¼T0= �:NIBE¾nNPOQ����H �+Ïi¾n=:NIH��0/ ßKO � ����BEDM?ANIH�ÁS=À�2OQ�:NI�<F
JCH<F

Q
�:NIH>��@CH>NIF�OE;<;<�<FY�0;P�XOEÁS=iH�DiBE=:�jH>JyOE;<;<�<F�H>DM?ANPOqpCDiH�=:DKT:9ÈÂfOQ=:?)T:HU�XOQ¾jHn/:¸yBENIF�T:HUJf�ÆHÈ709È�

;>=:?A@CBED��XOQNPOQJRJC�>JCH��+Ïi¾n=:NIH �0/ ß¼���&�È�MJCH<F)T:BED:Di9<H<F�Di9<;<H<FPFPOQ@RNIH<FL»ºJf�ÆHÈ709<;>=:?A@CBEDKT:H<F)?PÄE;P�iH<F�FIBEDS?
?IBE= Þ BE=:NIF�H>D6��9>��BE@RNIHn/ � =i;>=:D�T:9ÈÂÃOQ=:?�T:HW�XOQ¾jHWDÀ� @RDS?IH>NA��@CH>DS?�T:BEDi;�OQ=�;<BE=:NIF�T:HU;<H>?A?IHUHÈ709È�
;>=:?A@CBEDÀ/iÎÊBE=:N�;<H>?A?IH�?ANPOE;<Hn�XBEDbO��:@CH>DKJf�Æ9>¾SOQJR@R?I9
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Accroissement 
de la pile

Bloc d’activation main

Bloc d’activation T1

Bloc d’activation T11

Accroissement 
de la pile

Bloc d’activation main

Bloc d’activation T1

Accroissement 
de la pile

Accroissement 
de la pile

Bloc d’activation main

Bloc d’activation T1

Bloc d’activation main

Accroissement 
de la pile

Bloc d’activation main

Bloc d’activation T2

Accroissement 
de la pile

Bloc d’activation main

Donnée a

Donnée b

Cloture T1, a

Cloture T2, a, b

Accroissement 
de la pile

Bloc d’activation main

Accroissement 
de la pile
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Donnée a

Donnée b

Cloture T1, a

Cloture T2, a, b

Cloture T11, a

Donnée a

Donnée b

Cloture T1, a

Cloture T2, a, b

Cloture T11, a

Donnée a

Donnée b

Cloture T1, a

Cloture T2, a, b

Cloture T11, a

Donnée a

Donnée b

Cloture T1, a

Cloture T2, a, b

e) f)

a) b) c) d)

g) h)

Donnée a

Donnée b

Cloture T1, a

Cloture T2, a, b

Donnée a

Donnée b

Cloture T1, a

Cloture T2, a, b

Cloture en cours d’exécution Bloc d’activation
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I_prec

I_succ

Tache + accès à la donnée partagée

Création récursive de tache

I−structure transmise

I−structure nouvellement créée

Transmission de I−structure
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��� J�*��IL ���_�P�k|�ys}@�_� #�|"!P�$#17�L7@����!�8L!@?@KL��#�H�+J���@ �98 J����+L J�� L!@$� H�*�� L��(�u$.�98 J��'�<L2�<L3� J%+7H��������IH��
	P}�� � �P��xA�N�3�DI� H��'@3�~)3� L �<L � L!@?@ J���L ����� L��$AE�IL����+L������+J���@3�98 J��"��H������$>#� L$-
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� L��GJ��"��H������$>#� L�$��98 J!A�J����KJ���L.�;8 , ��� L0��� J������,+�3� � LLC$L��*@����=+@J����H���C� H��#���;8 J����+L J��@�MH��#�
�#��� L!��� L��C� J � L���������J��'@KH�� @ H����

#processeurs + 1
� L!@?@KJ���L!@1w- � L!@$� J���@�@��$�ML�� ����������@��,+�

7�H��?@�&3�I8 ���F�+H5L��*�6� J����8L$�#����� J����#����� L����
���+L2�#��� L!�����IH��A@��8L����ILÈ� ��� @KL��KJ<@$� H��#�M�8L-�IH��?@U&(�I8 L����IL
� L����8H������ L��KJC�IL.�#� L����IL��J�+H5L��*� J������,+ @��#�7�98 J����+L J��I

_1`	� 
 i hjm��"i lJmjn[k��iUf"f�hjm��.i lJmjn[k�������� ������m������
(0-��J�<L6A�J��"�'�<L����8L��$� L6�+H���A�L����IL��"����� J����KJ����IH��P�;8 (-�$>�J���J�@?� J��A@ �+H���@ �#� H�� HI@ H���@ �+J���@

���%�#� L����IL��:� L�����@G�;8<�����*���IL��V�<L���+ J��#���"�'� J����IH���@5���!���#�?@���A�L!@7 � L!@ J��#���"�'� J����IH���@G� L���� L��$� L����
L��@��J��$���'�����"�IL��2�<LJ� L!@$� L��2�98 J��"��H������$>#� L �;8 H����<H�����J����8L�� L����B�e)���J����'&3�+L.*�J�@��1@��#���IL1A�H����<L
�FE��?>+L!@1�S H���@0�����*���IL�� H���@��+J���@2���A�#� L����IL��1� L�����@3�98 J��#���"�'� J����IH����<��J���) J!A�J������;8<��A�J��"�+L��
� J�*#��*��"�IH��$>=9�&3�+L J!A�L!� �98 J��#���"�'� J����IH��';�� J�� J����7

oqp<;wpsr � |��8t �
7=8 J��#���"�'� J����IH����<��J���)R�ML���� L��2�<L � J��'�����IL��2���!���#�?@���A�L�� L����.�IL!@2���'��� L����?@B�<L<� J%@��#��� L -

F (n) = F (n − 1) + F (n − 2) + ... + F (n − k)
F (0) = 0

@
F (1) = 1

� L��$� L J��#���"�'� J����IH�� @ L��KJ�A�J��"�'�#�8L L��A�<L���+R���KJ�� L!@7�S H���@2�����*���IL�� H���@3� H����2�;8 J�* H����+@ H��
�8H���� H��$� L�� L����<@��#�2���+L J��?��>#��� L!�����#� LF$4�N��� H��"� L/��J��$�KJ����8L:�<L �)�KJ��*�<L �KJ������IL) � L��$� L/�#� LÈ�
���:9�� L L,+E�������IL����8L �+H���@6� L���� L��$���KJD�<L&�8H�����J�� L����IL!@:� L��6+7H���� J����8L!@4�<L � J+*#��*��"�IH��$>=9�&3�+L
(-�$>�J���J�@?� J�� JGA�L!�&� JK*#��*��"�IH��$>=9�&(�+L � ����/�qS H���@������*���IL�� H���@ L���@��#��� L&@ H�� �8H���� H��$� L�� L����
@��#� J��?�?>#��� L!�����#� L�$Q�N��� H��"� L����'@$������*#�*�8L6�8L6&3�#� �+H���@B� L���� L��$���KJ@�<L"�8H�����J�� L����IL!@����!@������
�KJ��?@ H�*�� L��3��@ JGA�L!� �8L���+?�<L<� J6A�L��?@��IH�� R/�;8 (-�$>�J���J�@?� J��D�#�!������� L/�+J���@3� J6@KL!�����IH��']����
� ��� ��	&� 	��
������#% 9 	&��	&��'(	��"! � � �$#

� L��$� L L,+��������IL����8L 2�^P L!@$� LLC$L!�����*�8LF@��#� ���+L � ���"�)��� � 	���� JB)
J����"]DPD2R�#� H
�8L!@?@ H��?@.�������
�"�'@KJ����.� JCA�L��?@��IH�� 2� &R��� @j)
@$�j9�� L6�;8 L,+E���IH����KJ����IH�� - ��� +;J7�L!@���J��KJ���9���� L!@/�<L"�98 J��#���"�'� J����IH��
�������"�'@��!@6@ H����

n = 28
L��

k = 10
.(0-�� �;8 J��+J���� L���� J?�)�KJ��(��� J��������D@:�IL!@ L,+��M�����IL����8L!@�@ H����

LLC$L!�����*�8L!@ JGA�L!������@ L��#���E�;8 J���� , �V�<L�� J0�#�!�8H��#�ML����!���#�?@���A�L����
J��e$
10

H��F$
12
@��8L�&(�#�
�8H���� L!@´�

� H��*��$����+L��)�KJ��3��� J��������0�<L�� L!@�� L!������A�L�� L����
20

L��
60
@ L!�8H��*�<L!@7 � L��$� L L,+��M�����IL����8L!� L���� L��

�<L%�8H�����J�� L��6�<L���+ L���AE�"� H����+L�� L����?@4&3�#�V�"����� J���� L����:�<L!@ �N�!� J��#�'@�� L!@%�<L��#�������*���KJ����IH��
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Athapascan, th = 10
Athapascan, th = 12

Cilk, th = 10
Cilk, th = 12

AGB,DGFJ2�^P .R� H�����J��KJ��'@ H��'(-�$>�J���J�@�� J���8 � ����/

@���&3�+L������IL����IL) � �4� L����:�8H���@?�KJ�� L��5&3�I8 (-�$>�J���J�@?� J�� J��<L!@G�ML��6+%H���� J����8L!@ �8H�����J��KJ�*��IL!@ A�H��"� L
� L������IL��#� L!@$&3�+L � ����/F@��#�-�8L1�s)E�ML��;8 J��?�?>#��� L!�����#� L)�7�H��?@U&(�I8 H�� J��#�)� L���� L<� J%�)�KJ��(��� J��������D@� J
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