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Q PJBS� X{=;�-�T< ]h`�b~�OiGdyi ^VkRiQk�^C��^Ca�l���d a�^V� dyiQiQk�j�df_�`0l�j���b~aQbc��bLUV^+a�jE��^ _�j�a�l�^Ca4l�b�j�a��)`Qb~e�^ i�^Vk��Tjfk���bca��)� � e p
l�b�i�e~^�� � e�l�bc_Vdf��l w �Qk�j�df�Q_Vdf��lOj�a��tjfk���`�j�e~^EV p dyk��XW p _ � ��^ a�^Vl±�tjfk@YE�O�;b~l�` j �f^Vk�e~dyi�i ^C�7��^C��l�b~aQdyl�b~j�a%��^Vl��V�R]h`�^
^[Z�b~��l�b~a���� � e�l�b~_Vdf��l dfe~�fjfk�b�l�`Q����bca�l�`Q^�e~b�l�^Vk�dyl � k�^0�Q^Ce~b��f^Vk i�j4jfk�i�^Vk��Tjfk���dfaQ_�^ � a���^Vk�� � e~l�b�i�e�^W� � e~l�b~_Vdf��l
��^C_Vd � ��^9l�`�^C��^9dfe~�fjfk�b�l�`Q���7`QdC�f^ ��^V^Ca ��^C��b~��a�^C�[�;b~l�` j�aQe�� ¢	¥T¡�\�ª�«9µ0°Eª ¤¦¥¨£� y¢®¤tb~a[��b~a���� ];`�^Ya�^V� dfe��fj p
k�b�l�`����hb~a4l�k�jE� � _�^C�Nb~aNl�`Qb~��i�dyi�^Vk;�Qj9a�jfl � ��^7dfa4� ��e�jf��dfe�YEa�j{�;e�^C���f^Wdy� j � lhl�`�^7k�^C��i�^C_�l�b��f^7��^C��l�bcaQdyl�b�j�a
��^Vl�� jf��l�`�^�_�j�aQ_ � k�k�^Ca4l%� � e�l�b~_Vdf��l��C� s aQ��l�^Cdf����j�aQe��Ae~j:_Vdfe�b~a��Tjfk���dyl�b~j�a dfa�� ��j � k�_�^ p ��i�^C_Vb^]G_ i�dyk�l�b~l�b�j�aQb~a��
dyiQiQk�j�df_�` dyk�^ � ��^C�/�`_QjfkN���:��l�^C��� � � iQi�jfk�l�b~aQ� � aQb~_Vdf��l ��^C����dy�f^ p i�df����bca�� d aQ^V� n � o ��^C��``a ² §y°E�£®«[b
©h f�®¤¦¥¦¤¦¥¦§f¡ «�¬dcRµY«®¢fe-gtdfe��fjfk�b�l�`Q�$bc� iQk�jfi�j���^C��dfaQ����`Qj �;a l�j���^�� � i�^Vk�b~jfktl�`�dfa l�`�^7_�j�a4�f^Ca�l�b�j�a�dfe o ��^C��`
dfe��fjfk�b~l�`Q�2h � u-i ��jfk � � e~l�b�i�e�^W� � e~l�b~_Vdf��lV�0]���j��QbLj ^Vk�^Ca4l�dfe��fjfk�b�l�`����V� n�kXlnm a ² §f°:��£	«Pb)o °Q �¬f� y¡G¤qp%¥v«��� y�rb
£[e4¥¦£	 yªtsO«� �¬�«V�ug�dfaQ� nQq+lnm a ² §f°:��£	«Pb[v «V¡�¤±«���«�¬wp%¥v«��� y�£Pe�¥¨£� yªtsJ«� �¬4«��@g	�hdyk�^NiQk�jfi�j���^C� �TjfkY���E��l�^C�����;b�l�`
� � e�l�b~��^C��l�b~aQdyl�b�j�a ��^C����dy�f^ p iGdf����b~a���dfa�� ��`�j �;a l�j���^�� � i�^Vk�b~jfk�l�`Qdfa l�`Q^ lxm ��_�`�^C��^>h �Sy i � } eceGl�`Q^C��^%dfe p
�fjfk�b�l�`���� i�^Vk��Tjfk��2�&g.z p �P{Wl�b~��^C� �¦df��l�^Vktl�`Qdfa9l�`�^;^[Z�b~��l�b~aQ�7dfe��fjfk�b�l�`���� � a���^Vk+� � e�l�b�i�e~^ � � e�l�bc_Vdf��l�dfaQ� |Tg
df� �¦df��ltdf�+^[Z�b~��l�b~aQ�%dfe��fjfk�b�l�`Q�Y� � aQ��^Vk���b~a���e�^h� � e�l�bc_Vdf��lV�G_ � k�l�`�^Vk	��jfk�^f��l�`Q^ nQq+lnm ��_�`�^C��^)��^C��j�aQ��l�k	dyl�^C�
l�`Qdyl)l�`�^Wecdyl�^CaQ_���jf� � � e�l�b�i�e�^�� � e�l�b~_Vdf��l)_Vdfa���b~a��¦df_�lV��� ^Y��«�¬y°Q£	«�¬Wdf�*l�`�^W��^V�fk�^V^7jf� � � e�l�bc_Vdf��l7¥T¡G£V��«� y¢V«®¢
��^V�fj�aQ� d[_�^Vk�l�dfb~a a � �7��^VkC� n � _�` k�^C� � e�l���k�^Cecdyl�^C� l�j � � e�l�b�i�e~^ � � e�l�b~_Vdf��l�dyk�^Nl�`�^|]Gk���l�jf�*l�`�^Cb�k0YEb~aQ�
b~a l�`�^9�tjfk���`Qj�e�^9e~b~l�^Vk�dyl � k�^f� ]h` � �V�Jl�`Q^C��^ dfe~�fjfk�b�l�`Q���W��^C��j�a���l�k�dyl�^ ��b���aQb^] _Vdfa�l%i�jfl�^Ca4l�b~dfe�l�j ��^ � ��^C�
�Tjfkh��^C��b���aQbca�� �¦df��lhdfaQ����_Vdfe~dy��e�^�_�j�e~e�^C_�l�b~�f^%_�j���� � aQb~_Vdyl�b�j�a�e~b~�Qk�dyk�b�^C�+j�aN_ � k�k�^Ca�l�dfaQ� � � l � k�^ �f^Ca�^Vk	dyl�b�j�a
�tjfk���`�j�e�^%���:��l�^C�Y�V�

?A@�(�U}��X´IJB-< q j�e~e�^C_�l�b~�f^ _�j���� � aQbc_Vdyl�b�j�a��)� � e�l�bc_Vdf��lV�;�Qk�j�df�Q_Vdf��lV�*��jfk��Y`�j�e�^ k�j � l�b~aQ���;��^C��`�^C�C�nV p dyk��
W p _ � ��^f� � aQbc_Vdf��l�dfaQ�N� � e�l�b~��^C��l�b~aQdyl�b�j�a ��^C����dy�f^%i�df����bca����QdfaQ��i�dyl�` p ��df��^C��k�j � l�b~a����
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]h`�^t�tjfk���`�j�e�^ p k�j � l�b~a��*���;b�l�_	`Qb~a��)l�^C_�`QaQb�� � ^ b~�J��^C_�j���b~a��)l�`�^ l�k�^CaQ�Wb~a7� � b~e~�Qbca�� � � l � k�^�iGdyk�dfe~e�^Ce4���:��l�^C���
� � ^ l�j�b�l��)bcaQ`�^Vk�^Ca4l)df���ydfa4l�dy�f^C��e~bLYf^ e~j � p e~dyl�^Ca�_���_�j���� � aQb~_Vdyl�b~j�a�dfaQ��k�^C� � _�^C��_�j���� � aQbc_Vdyl�b�j�a `Qdyk�� p
� dyk�^7j{�f^Vk�`�^Cdf� h��:�J� z�i � s�� � n �)� wfn ��|:� s a4l�^CeO��dyk�dy�fj�a/� q k�dC�N]�¶	�W��
)_ � ��^f�� p � df_�`Qb~aQ^f� dfaQ� n l�dfa��Tjfk��
� } nHl dyk�^�k�^ViQk�^C��^Ca4l�dyl�b��f^����E��l�^C��� �¦dfe~e~b~aQ� b~a4l�j l�`�b~� _Vdyl�^V�fjfk��f��� k�df� � dfe~e~���´dyk�bcdyl�b�j�aQ��jf�Ol�`Qb~�tl�^C_	`QaQb�� � ^f�
YEa�j �;��df�;_ � l p l�`�k�j � ��` k�j � l�b~a�����dyk�^���^Cb~a�� � ��^C� b~a�aQ^Vl±�tjfk@Y:�hjf�O�tjfk@Y:��l�dyl�b�j�aQ�V�Qe~b¨Yf^ ���:k�b~a�^Vl�hO¶ i df���t^Ce~e¨�
� b~��l�k�b~� � l�^C� p ��^C��jfk���jfk��Qb~��l�k�b~� � l�^C� p ��`�dyk�^C�%��^C��jfk��7iQk�jf�fk	df����b~a��)i�dyk�df�Qb~�����Jdyk�^ � � iQi�jfk�l�^C� j�a l�`Q^C��^
���E��l�^C���V��_�jfk�^�� _Vb�^Ca�l � � i�i jfk�l;jf� l�`�^0dy��j �f^�i�dyk	df�Qb������V�Gl�`�^C��^����E��l�^C���*k�^�� � b�k�^ �Tdf��l*b~��i�e�^C��^Ca4l�dyl�b�j�a
jf� _�j�e~e�^C_�l�b��f^Y_�j��Y� � a�b~_Vdyl�b�j�a jfi�^Vk�dyl�b�j�a��0a�¯���§C �¬�£	 ´¢®¤¦�hµ0°Eª ¤¦¥¦£	 ´¢®¤¦�G\fª�§�¯� fª�£�§yµY¯V¥�¡ «7dfaQ�H¯� y�	�®¥v«���¢®³y¡G£[e���§�b
¡Q¥��C f¤¦¥¨§y¡9g h �Sz i �

� � e�l�bc_Vdf��l w �Qk�j�df�Q_Vdf��l)b~�hdY_�j�����j�a _�j�e~e�^C_�l�b��f^7_�j��Y� � a�b~_Vdyl�b�j�aNjfi�^Vk�dyl�b~j�aNb~a�i�dyk	dfe~e�^Ce����E��l�^C���}h ��¶E�
� z ����� i �+� dfa4� � � e�l�b~_Vdf��l w �Qk�j�df�Q_Vdf��lhdfe~�fjfk�b�l�`Q��� `Qd �f^���^V^Ca iQk�jfi�j���^C� b~a l�`�^�e~b�l�^Vk�dyl � k�^�b~a k�^C_�^Ca�l��f^Cdyk	�
h |E� u � z � y:� x ���C|E��� u ��� x�i � ]h`Q^C��^ dfe~�fjfk�b�l�`Q���0`Qd �f^���^V^Ca iQk�b~��dyk	b~e�� ��^V�f^Ce�jfi�^C� ��jfk ¢®¥�¡�\�ª�«�� � e~l�b~_Vdf��lV�
l j �t^V�f^VkC��µ0°:ª ¤¦¥��Gª�«[µ0°Eª ¤¦¥¨£� ´¢�¤ jfi�^Vk�dyl�b�j�aQ�wa¦b¨� ^f� l±�tj jfkN��jfk�^ � � e�l�b~_Vdf��l��9^[ZE^C_ � l�b~aQ� ��b~� � e�l�dfa�^Vj � ��e��"g
jE_V_ � k7�Tk�^�� � ^Ca�l�e~� b~a[i�dyk�dfe~e�^Ce+���:��l�^C���V���GZ�df��i�e�^C�%bcaQ_Ve � ��^�_Vdf_	`�^ p b~a4�´dfe~bc�Qdyl�b�j�a bca[�Qb~��l�k	b�� � l�^C� p ��^C��jfk��
���E��l�^C���V��� � e�l�b�i�e~^��Qk�j�df�Q_Vdf��l b~aNa � ��^Vk	b~_VdfeOdfaQ� ��_Vb�^Ca4l�b^]G_7dyiQi�e~b~_Vdyl�b~j�aQ��a mJo ��^C_�j���i�j���b�l�b�j�aA��jfk*^[Z�df� p
i�e�^�g	�G� � e~l�b�i�e�^ �Qk�j�df��_Vdf��l w � � e�l�b~_Vdf��l)jfi ^Vk	dyl�b�j�aQ�;� � k�b~a���_�j�aQ_ � k�k�^Ca4l;��dyk�k	b�^VkhdfaQ�Nk�^C� � _�l�b�j�a�jfi�^Vk�dyl�b~j�aQ�V�
^Vl�_y� s a l�`Q^C��^ jfi ^Vk	dyl�b�j�aQ�V�t��^C��l�b~aQdyl�b~j�a ��^Vl���jf�)�QbLj ^Vk�^Ca4l�� � e�l�b~_Vdf��l��0jf�Tl�^Ca j �f^Vk	e~dyi/��e~^Cdf�Qb~a�� l�j[a�jE��^C�
i�dyk�l�bc_Vb�i�dyl�b~a���_�j�aQ_ � k�k�^Ca4l�e��9b~a�� � e�l�b~i�e�^�� � e�l�b~_Vdf��l��V�

���9_Vb�^Ca4lh� � e�l�b~_Vdf��l�dfe��fjfk�b~l�`Q����dyk�^�l �4i�bc_Vdfe~e��9`�b�^Vk�dyk�_	`Qb~_Vdfe�b~a�aQdyl � k�^f�Qb¨� ^f� ��j���^7�Q^C��l�b~aQdyl�b�j�a��t��^Vk��f^
df� b~a4l�^Vk���^C�Qb~dyl�^ ��j � k	_�^C�tdfa��Y�Tjfk�� dyk�� _�jfi�b�^C�tjf�/l�`�^ ��^C����dy�f^ l�j0jfl�`�^Vk���^C��l�bcaQdyl�b�j�aQ�V�:�;`�^Ca9l�`�^V��k�^C_�^Cb��f^
b�lV�*]+�:i�b~_Vdfe~e~�f�Ql�k�^V^ p ��df��^C� dfe~�fjfk�b�l�`Q���)dyk�^ � ��^C��l�j ��bcaQb~��bLUV^�l�`Q^ a � �7��^Vk*jf� _�j���� � aQb~_Vdyl�b�j�a ��l�dyk�l p � i��
a¦��l�^Vi��)g�k�^�� � b�k�^C� ��jfk)� � e~l�b~_Vdf��l�h �f�;z:�/�f�f�/� u-i � ];`�^C��^%dfe��fjfk�b~l�`Q��� dyk�^%dfe~��j��f^CaQ^Vk�dfe~e�� _�j�a�l�^Ca4l�b�j�a p �Tk�^V^%�Tjfk
��b~aQ��e�^�� � e~l�b~_Vdf��lV�

s a[jfk	��^Vk7l�j b~��i�e�^C��^Ca�l%� � e�l�b�iGe�^�� � e~l�b~_Vdf��l7b~a _ � k�k�^Ca4l%i�dyk	dfe~e�^Ce ���E��l�^C���C�J^Cdf_	` ��j � k�_�^9aQj:��^ � ��^C�
l�`�^���df��^�dfe��fjfk�b�l�`Q�'��^C��b���a�^C� ��jfk%��b~a���e�^�� � e�l�b~_Vdf��l�dfaQ� _�j�aQ��l�k � _�l��%b�l���� � e�l�bc_Vdf��l l�k�^V^�b~aQ��^Vi�^CaQ�Q^Ca�l�e��f�
� b�l�` j �f^Vk�ecdyiQi�^C� �Q^C��l�b~aQdyl�b�j�a ��^Vl��C�O� � _	` _�j�aQ��l�k � _�l�b~j�a jf�+l�k�^V^C�%�YdC� k�^C� � e�l b~a ¡G§C¬4«9£	§y¡�¤±«V¡�¤¦¥¦§f¡Q��]h`Qb~�
��d �[��b���aQb^] _Vdfa�l�e�� d�j ^C_�lWl�`�^�j{�f^Vk�dfe~ete~dyl�^CaQ_�� jf��l�`�^Y� � e�l�b~i�e�^�� � e�l�b~_Vdf��l%jfi�^Vk�dyl�b~j�a��9�+k�j �Eb~�Qb~aQ����e�jf��dfe
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YEa�j �;e~^C���f^�jf�G�Qb^j�^Vk�^Ca�l�� � e�l�b~_Vdf��l��qaTl�`�^ ��j � k	_�^ dfa�� ��^C��l�b~aQdyl�b�j�aQ�)g�l�j*^V�f^Vk�� ��j � k�_�^�b~�Rd;i�j�����b~��e�^+��j�e � l�b�j�a��
]h` � �V�y^V�f^Vk��0��j � k�_�^�_Vdfa�_�j�aQ��l�k � _�l�b�l��Rl�k�^V^�jfiQl�b~�Ydfe~e��f�fb~a jfk���^Vk�l�j%��b~aQbc��bLUV^+a�jE��^ p _�j�a4l�^Ca�l�b~j�a�� l j{��^V�f^Vk �
^[Z�_�`Qdfa��f^ jf�%� � _	` ��e�jf�GdfeYEa�j �;e~^C���f^�b~�9a�jflYk�^Cdfe~b~��l�b~_ �Tjfk9�Q�:aQdf�Yb~_N� � e�l�b~_Vdf��lYjfi ^Vk	dyl�b�j�aQ�YecbLYf^A_Vdf_�`Q^ p
_�j�`�^Vk�^Ca�_��f�H]h`�^Vk�^V�Tjfk�^f�tl�`�^N_�`�dfe~e�^Ca��f^Nb~a ��j�e��:bca�� l�`�^NiQk�jf�Ge�^C� jf� � � e�l�b~i�e�^9� � e�l�bc_Vdf��l�b~��l�j[��^C��b���a d
� � e�l�b~_Vdf��l*dfe��fjfk�b�l�`��2�;`Qbce�^��f«	« �G¥T¡�\�µ0°Eª ¤¦¥��Gª~«0µ0°Eª ¤¦¥¦£	 ´¢®¤�¥T¡ µ0¥�¡ ¬y� n � _�`Adfa dfe��fjfk�b~l�`Q� � � ��lW�&g�i�k�j �Eb~��^
dfa9jfiQl�b~��dfe ��j�e � l�b~j�a���jfk���bca���e�^;� � e�l�b~_Vdf��l+dfaQ� |Tg ��bcaQb~��bLUV^haQj:��^*_�j�a�l�^Ca4l�b�j�a � aQ�Q^Vk�� � e�l�b�i�e~^h� � e~l�b~_Vdf��lV�
�;`�^Ca9^V�f^Vk�� ��j � k�_�^ � ��^C��l�`Qb~� dfe��fjfk	b�l�`Q� l�j0_�j�a���l�k � _�l b�l��tl�k�^V^�b~a9l�`�^*dy�G��^CaQ_�^ jf�Jdfa4����e�jf��dfe5YEa�j �)e�^C���f^f�

s a l�`Qb~�Wi�dyi�^Vk0�t^�l�d�Yf^Nj�a l�`�^C��^N_	`Qdfe~e�^Ca��f^C�C� � ^A�Q^V�f^Ce�jfi ^��9_Vb�^Ca4l�� � e�l�b~_Vdf��l�dfe��fjfk�b~l�`Q���Wj�a V p
dyk�� W p _ � � ^���jfk	��`�j�e�^ a�^Vl±�tjfk@YE�V�;�)`Qb~_�`L��dyl�b~����� l�`Q^ dy��j �f^ jf����^C_�l�b��f^C�V� � ^ _�j�aQ��b~��^Vk ���:��l�^C��� �;b�l�`
� aQbc_Vdf��l�df�Y�t^Ce~ehdf�9� � e�l�b~��^C��l�bcaQdyl�b�j�a ��^C����dy�f^ p i�df����b~aQ��h � z �;�Sy i � _�b�k���l���^ b~��^Ca4l�b���� dfaQ� dfa�dfe���UV^�l�`�^
��^V�f^Vk�b~l±� jf��a�jE��^0_�j�a�l�^Ca4l�b�j�a �;`Q^Ca dfe~�fjfk�b�l�`Q���*��^C��b~��a�^C� ��jfk%��bca���e�^ � � e�l�bc_Vdf��l�dyk�^�dyiQi�e~b�^C��l�j�� � e�l�b�i�e�^
� � e�l�b~_Vdf��lV� � ^Y�Q^V�f^Ce�jfi dfaQdfe��:l�b~_Vdfe���jE��^Ce~� �Tjfk%^C��l�bc��dyl�b~a���� � _	`[a�jE��^�_�j�a�l�^Ca4l�b�j�a ��jfk7_�j���i�e�^Vl�^Ce�� dfaQ�
k�dfaQ�Qj���e���j �f^Vk	e~dyiQi�^C� ��^C��l�b~a�dyl�b�j�a ��^Vl��V� ];`�k�j � ��` l�`�^C��^�dfaQdfe~�:��^C� �t^�_�j�aQ_Ve � �Q^Wl�`�dyl aQj:��^�_�j�a4l�^Ca�l�b~j�a
dfe�j�a��9�;b�l�`�e~b~a"Y _�j�a�l�^Ca4l�b�j�a _Vdfa � ^7k�^C� � _�^C��b�����j���^ ��j � k�_�^ p ��i�^C_Vb^]G_ b~a��Tjfk���dyl�b�j�aA_VdfaA��^ � ��^C�Nl�j _�j�a p
��l�k � _�l+� � e�l�b~_Vdf��l l�k�^V^C�+�Tjfk��QbLj ^Vk�^Ca4l+��j � k�_�^C�V��
)^[Z:lV�:��^*��^V�f^Ce�jfi dfe��fjfk�b�l�`Q�Y����jfkt� � e�l�b�i�e�^�� � e�l�b~_Vdf��lV��_Qjfk
� aQbc_Vdf��l p ��df��^C�����:��l�^C���V� ��^WiQk�jfi�j���^7d a�^V� n � o ��^C��` a ² §y°E��£	«[bv©h f�®¤¦¥¦¤¦¥¦§f¡ «�¬ cJµY«�¢fe�ghdfe��fjfk�b�l�`Q�N���;`Qbc_�`
� ��^C����j � k�_�^ p i�j���b�l�b�j�a�bca���jfk	��dyl�b�j�a l�j�_�j�aQ��l�k � _�l�l�`�^%� � e�l�b~_Vdf��l�l�k�^V^f��]h`Qb~� a�^V��dfe��fjfk	b�l�`Q�$b~��_�j�a4l�^Ca�l�b~j�a
�Tk�^V^hdfaQ��b~��df� ^��9_Vb�^Ca4l+df��l�`�^ o ��^C��`Ydfe��fjfk�b�l�`Q� h � uTi ��jfk+��b~a���e�^�� � e�l�b~_Vdf��lV��� � l _Ve�^Cdyk�e~� � � i�^Vk�b~jfkR�Tjfk+� � e p
l�b�i�e~^ � � e�l�bc_Vdf��lV�G_�jfkt���:��l�^C�Y�+� � i�i jfk�l�b~a�� � � e~l�b~��^C��l�b~a�dyl�b�j�a0��^C����dy�f^ p i�df����b~a����4��^hi�k�jfi�j���^�l±�tj �QbLj ^Vk�^Ca4l
dfe��fjfk�b~l�`Q���V� n�kXlnm a ²�§y°E�£®«[b[o °� �¬y� f¡�¤,b�¯� ´¢V«�¬0p�¥v«��� y��£[e�¥¨£� fª5sO«� �¬�«��@g�dfaQ� nQq+lnm a ²�§y°E�£®«[bPv «�¡�¤±«V��«�¬}p%¥v«��)b
 y��£[e�¥¨£� fª�sO«� �¬�«��@g	�7]h`�^ nQq+lnm dfe��fjfk�b�l�`Q� � ��^C� ��j � k�_�^ p i�j���b�l�b�j�a�b~a��Tjfk���dyl�b�j�a df�*��^Ce~eRdf� e�j�df� p ��dfecdfaQ_Vb~a��
l�^C_�`�aQb�� � ^C� j�a a�^Vl±�tjfk@YYecb~a"YE��dfe�j�a�� ��b^j ^Vk�^Ca�l+��b�k�^C_�l�b�j�aQ� l�jW��bcaQb~��bLUV^�� � e�l�b�iGe�^h� � e�l�b~_Vdf��l+ecdyl�^CaQ_��f� � jfl�`
l�`�^C��^�dfe��fjfk	b�l�`Q���*dyk�^���b���aQbL]G_Vdfa�l�e~� ��^Vl�l�^Vk l�`Qdfa l�`�^ lnm ��_�`�^C��^|h �Sy i �Tjfk�� � e�l�b�i�e�^ � � e~l�b~_Vdf��lV� � ^�dfe~��j
_�j���i�dyk�^;l�`�^)� ^C��l+jf����jfl�`0YEb~aQ�Q��jf�/dfe~�fjfk�b�l�`Q���na n � o ��^C��`9dfaQ� n�q+lxm gRl�j0��l � ���0l�`�^h��^Ca�^[]Gl�� jf�/� � e�l�b p
��^C��l�bcaQdyl�b�j�a7��^C����dy�f^ p i�df����b~a��*j �f^Vk � aQbc_Vdf��lO��^C����dy�f^ p i�df����b~aQ�)�TjfkR� � e�l�b~i�e�^ � � e�l�b~_Vdf��lV� s lJb~�R��^C��j�aQ��l�k�dyl�^C�
l�`QdylV����b~��b~e~dykJl�j l�`�^ lnm ��_	`�^C��^�h �Sy i �Tjfk���b~a���e�^t� � e~l�b~_Vdf��lV�fl�`�^ nQq+lnm ��_�`Q^C��^�b~��dfe~��j _Vdyi�dy��e�^ jf�/��«�¬y°Q£C¥�¡�\
� � e�l�b�i�e~^*� � e�l�b~_Vdf��lhe~dyl�^CaQ_���df��l�`�^7�Q^V�fk�^V^%jf��� � e~l�b~_Vdf��l�¥T¡G£V��«� ´¢C«®¢®�

];`�^;k�^C��l�jf�/l�`Q^*iGdyi ^Vktb~��jfk���dfaQbLUV^C� df�t��j�ece�j �;�C� n ^C_�l�b�j�a | ��b~��_ � ����^C�+`�j{�(_�j�a4l�^Ca4l�b�j�a�e�^Cdf�Q��l�j0i j:jfk
i�^Vk��Tjfk���dfaQ_�^*�;`�^Ca9^[ZEbc��l�b~a��W� � e~l�b~_Vdf��l dfe��fjfk�b�l�`Q�Y�t�Q^C��b���a�^C�9��jfk���bca���e�^)� � e�l�bc_Vdf��ltdyk�^ � ��^C�Y�Tjfk�� � e�l�b�i�e�^
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� � e�l�b~_Vdf��lV� n ^C_�l�b�j�a�¶WiQk�^C��^Ca4l�� l�`�^ n � o ��^C��` dfe~�fjfk�b�l�`Q�$dfaQ� ^V�ydfe � dyl�^C�hb~l���a�j:�Q^ p _�j�a�l�^Ca4l�b�j�a�iQk�jfi ^Vk�l±�f�
n ^C_�l�b�j�a u iQk�jfi j���^C� l�`�^ n�kXlnm dfaQ�(l�`�^ nQq+lnm ��_�`Q^C��^C���TjfkN���:��l�^C����� � iQi�jfk�l�bca�� � � e�l�b~�Q^C��l�b~aQdyl�b�j�a
��^C����dy�f^ p i�df����b~aQ��� n b~� � e~dyl�b�j�a�^[ZEi�^Vk�b~��^Ca4l��tdfaQ��k�^C� � e�l��V�:_�j���i�dyk�b~aQ�7l�`�^*k�^Ce~dyl�b��f^*��^Vk�b�l���jf��l�`�^*^[ZEbc��l�b~a��
dfaQ�NaQ^V� dfe��fjfk�b�l�`����V��dyk�^%iQk�^C��^Ca�l�^C�Ab~a n ^C_�l�b�j�a$z:� q j�aQ_Ve � �Qb~a�� k�^C��dyk@YE�hdyk�^7�Ydf��^7b~a n ^C_�l�b~j�a z �
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s a9l�`�b~����^C_�l�b�j�a ��^���^C��_�k	b���^)`�j{�(aQj:��^ dfaQ� e~b~a"Y�_�j�a4l�^Ca4l�b�j�a�dyk�b~��^C�t�;`Q^CaY^[Z�b~��l�b~aQ� � � e�l�b~_Vdf��l dfe��fjfk�b~l�`Q���
dyk�^ � ��^C� l�j*bc��i�e�^C��^Ca4lO� � e�l�b�iGe�^ � � e�l�b~_Vdf��lV��]h`�^ o ��^C��` dfe��fjfk	b�l�`Q� h � u-i � � ��b~aQ� � aQb~_Vdf��lO��^C����dy�f^ i�df����b~a��
dfaQ� l�`�^ lnm ��_	`�^C��^$h �Sy i � � ��b~a�� � � e~l�b~��^C��l�b~a�dyl�b�j�aA��^C����dy�f^�i�df����b~a�����dyk�^0^[ZEdf�Yb~a�^C��� } aQdfe��:l�b~_Vdfe���jE� p
^Ce~�7l�j�^C��l�bc��dyl�^ aQj:��^9_�j�a�l�^Ca4l�b�j�a � aQ��^VkW� � e�l�b�i�e�^�� � e�l�bc_Vdf��l7dyk�^ ��^V�f^Ce�jfi�^C��� } a dyiQi�k�j�df_�` l�j�k�^C� � _�^
_�j�a4l�^Ca�l�b�j�a � ��b~aQ�0��j � k�_�^ p ��df��^C��b~a��Tjfk���dyl�b�j�a�bc� j � l�e~b~a�^C�/�
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m ^Vl � ��_�j�aQ��b~��^Vk�� � e�l�b�i�e�^�� � e~l�b~_Vdf��l��Rj:_V_ � k�b~a�� ��b~� � e�l�dfa�^Vj � ��e���b~a0d ���:��l�^C���f�;b�l�` ^Cdf_�`�� � e�l�bc_Vdf��lR`�dC�Eb~a��
d � aQb�� � ^���j � k�_�^ dfaQ� dA��^VlWjf�h��^C��l�b~a�dyl�b�j�aQ�V��]h`�^ ��^C��l�b~a�dyl�b�j�a ��^Vl�� jf���ydyk�b�j � � _�j�aQ_ � k�k�^Ca4l � � e�l�bc_Vdf��l��
��d � j �f^Vk�ecdyi/� � � _Vb�^Ca�l � � e�l�b~_Vdf��lYdfe~�fjfk�b�l�`Q���9dyk�^ l±�:i�b~_Vdfe~e�� `Qb~^Vk�dyk�_�`�b~_Vdfehb~a aQdyl � k�^ h � u �)�Sy i ���)`�^Vk�^
��j���^9b~a�l�^Vk	��^C�Qb~dyl�^���^C��l�b~aQdyl�b�j�aQ�7dyk�^ � ��^C� l�j���jfk��tdyk��[l�`�^Y��^C����dy�f^�l�jAjfl�`�^VkW��^C��l�b~a�dyl�b�j�aQ��b~a l�`�^9��^VlV�
]h`�^Vk�^V��jfk�^f�*d a�jE��^�iGdyk�l�b~_Vb�i�dyl�bca�� b~a(� � e�l�b�iGe�^�� � e�l�b~_Vdf��l�� �YdC� aQ^V^C�(l�j ��jfk�� dyk��(� � e�l�b�i�e~^���^C����dy�f^C�
� � k	b~a��9d ��b~�f^Ca i�^Vk�b�jE�Ajf�tl�b~��^f�W]h`Qb~� e�^Cdf�Q� l�j ¢C«��®¥¦ fª ¥��C f¤¦¥¨§y¡ jf�+l�`�^�df����j:_Vbcdyl�^C�[_�j���� � aQb~_Vdyl�b�j�a ��l�dyk�l p
� i��C�G�;`�b~_�` b~�*��^[]Ga�^C� df�W¡G§C¬�«9£�§y¡G¤±«�¡�¤¦¥¨§y¡Q� �*^Vi�^CaQ�Qbca���j�a l�`�^0a � � ��^Vk)jf�+j �f^Vk�e~dyi�i ^C� a�jE��^C�*dfaQ� l�`�^
��^V�fk�^V^�jf�Rl�`�^�j{�f^Vk�e~dyiQi�bca����Ej�a�^�jfk;��jfk�^%aQj:��^C���YdC� �Tdfe~e�b~a4l�j�l�`�^Y£C�	¥¦¤¦¥¦£	 yª �E f¤�e4�t]h`Q^*j{�f^Vk�dfe~e/ecdyl�^CaQ_��9jf�
l�`�^7� � e�l�b~i�e�^�� � e�l�b~_Vdf��l�i�dyl�l�^Vk	aN�;b~ece �Q^Vi ^Ca�� j�aNl�`�^C��^ a�j:�Q^C�hdfaQ��l�`�^ ��^V�fk�^V^7jf��a�jE��^%_�j�a4l�^Ca�l�b~j�aAl�`�^V�
^[ZEi ^Vk	b�^CaQ_�^f� m ^Vl � � dfaQdfe~��UV^ `�j ��a�jE��^9_�j�a4l�^Ca4l�b�j�a d�j ^C_�l��0l�`Q^ e~dyl�^Ca�_��[jf�;� � e�l�b�i�e~^�� � e~l�b~_Vdf��l�� �;`Qb~e�^
� ��bca��0l�`�^ o ��^C��`Ndfe��fjfk�b~l�`Q� h � u-i dfa�� l�`�^ lnm ��_	`�^C��^Oh �Sy i �

z
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4�Z 4�Z,6 � MJ@ #N> @:B M Q S��	��X�� �´MJ>

]h`�^ o ��^C��` dfe��fjfk�b�l�`Q� h � u-i � ��^C�)l�`�^0_�j�aQ_�^ViQl jf�+d �Qb~��^CaQ��b�j�a p jfk	��^Vk�^C�N_	`Qdfb~a a��ghj�a ��^C��`�^C�*l�`Qdyl � ��^
^ p _ � ��^�k�j � l�b~a��wh�� i �9];`�^�_�`Qdfbca[b~�%d�l�jfl�dfe+jfk���^Vk�bca���jf� l�`�^�^Ce�^C��^Ca4l��%jf� l�`�^Y��^Vl%�;`Qb~_	`[_�j�aQ��bc��l���jf� l�`�^
��j � k	_�^hdfaQ��dfe~e:l�`�^h��^C��l�bcaQdyl�b�j�a�a�jE��^C�Rjf�Gl�`Q^h� � e~l�b~_Vdf��lV��]h`�^�jfk���^Vk	b~a��*^CaQ� � k�^C��UV^Vk�j%_�j�a�l�^Ca4l�b�j�a��Tjfk e~b~a�Y:�
��^Vl±�t^V^Ca[��^C����dy�f^C� jf��d�� � e�l�b~_Vdf��lV� l j{��^V�f^VkC�Jl�`Qb~� ��j:^C� a�jfl iQk�^V�f^Ca4l%��^C����dy�f^C����^Ce�j�aQ��b~a��Yl�j��QbLj ^Vk�^Ca4l
_�j�aQ_ � k�k�^Ca�l�� � e�l�b~_Vdf��l�� ��k�j���_�j�a4l�^CaQ�Qb~aQ�W�Tjfkh��j���^�a�jE��^C�tjfkhe~b~a�Y:�V��_�b�� � k�^��Ta¦d�gt��`Qj �;��`�j{��d0� � e~l�b~_Vdf��l
��^C����dy�f^Wi�k�jfi�dy��dyl�^C� �;b�l�`�b~aNl�`�^0�Qb~��^CaQ��b�j�a p jfk	��^Vk�^C�A_	`Qdfb~a��*��]h`�^0a�jE��^7l�j k�^C_�^Cb��f^0l�`�^�]�k���l*��^C����dy�f^
b~��i�j���b�l�b�j�a�^C�9`Qdfe�� p �td �Yb~a9l�`�^ _�`Qdfb~a/�:dfaQ� b~�t_Vdfe~e�^C�9l�`�^�e: yª �rbr¡G§C¬4«��+]h`Q^*dfe��fjfk	b�l�`Q� k�^C_ � k���b~�f^Ce���b~��^Ca4l�b^]�^C�

� °Q y��¤±«��)br¡G§C¬�«�¢	�R§f¡ «[b�«�¥L\�e4¤�e�b ¡G§ ¬�«®¢hdfaQ�N��j�j�a��

(a)

source half-node
quarter-node one-eighth-node

(b)

source half-node
quarter-node one-eighth-node

_�b�� � k�^ ��� �S��\hBGFPm�s-VXBM_0=�VGVGs�Y-=�}�stBDBD=E]G@���VDFP@.Y[BD^�=odf_o=�VX^ s�\PY-:-]GFHBD^._ �+:-]0¤�sC¥u_���\hBGFPm�s-VXBLZ�s�@�<4¤�¡�¥f_��.\HBDFWmEsAV�BL� 7
bc^.=eVD:-�.]nm�=�V���^�s-\h�  ±@.:8<8=�Vus�@�<��C��s�]DBD=�]X ±@.:8<8=�Vcs-]D=L^.FPY-^.\PFPY-^CBD=�< 7

m ^Vl � � _�j�aQ��b~��^Vk7l±�tj�� � e�l�b~_Vdf��l�� } dfaQ� � �;b�l�` b~��^Ca4l�b~_Vdfe ��j � k	_�^ p ��^C��l�b~aQdyl�b~j�a[��^Vl��WdfaQ� l�`�^ ��df��^
�Qb~��^CaQ��b�j�a p jfk	��^Vk�^C� _	`Qdfb~a��*� } ec��j��+e�^Vl � ��df��� � ��^ l�`Qdyl���jfl�` l�`�^Cb�k���j � k�_�^C��ecb�^ bca l�`Q^ e~j �t^VkY`Qdfe��hjf�
�*�q_�b�� � k�^C� �Ta¦d�g)dfaQ� �TaT�!gh��`Qj � l�`�dyl)��jfl�`A� � e�l�bc_Vdf��l��V�Ql�j dYe~dyk��f^7^[ZEl�^Ca�lV����`Qdyk�^%l�`�^ ��df��^ `Qdfe~� p a�jE��^f�
� � dyk�l�^Vk p a�jE��^C�V�fj�aQ^ p ^Cb���`�l�` p a�j:�Q^C��dfaQ����j j�a���]h`�^ _�j�����j�a�`�dfe�� p aQj:��^t�Tjfk } dfaQ� � `Qdf��l�j���^�� � ^Ca�l�bcdfe~bLUV^
l�`�^)��j � kt��^C����dy�f^ ��l�dyk�l p � i��+l�`�dyl�b�l � aQ��^Vk��fj:^C�V� n b~��bce~dyk�e��f��b�����^V�f^Vk	dfeG� � e�l�b~_Vdf��l��+`Qd �f^}a¦a�^Cdyk	e��"g b~��^Ca4l�b~_Vdfe
� � �V�Jl�`�^C��^Y� � e�l�bc_Vdf��l��7a�^V^C�[l�j���`Qdyk�^�l�`�^Y��df��^ a�jE��^C��dyl7l�`�^>Yf^V� i j���b�l�b�j�aQ� dfe�j�a��Al�`�^Y_�`�dfb~a��Je~^Cdf�Qb~a��
l�j�`Qjfl7��i�jfl��V� s a l�`Q^Y�tjfk���l7_Vdf��^ jf��� � e�l�b�i�e�^�� � e�l�b~_Vdf��l!�Yµ� y¡Q³�b¤v§�b fª�ª�¯���§C �¬�£	 ´¢®¤¦� ^Cdf_	` ��k�j�df�Q_Vdf��lW`Qdf�
l�`�^ ��df��^"� �N]h`�^Vk�^V�Tjfk�^f��dfe~e l�`Q^9��j � k	_�^C� _	`�j4j���^Yl�`�^ a�jE��^Y`Qdfe�� p � dC�[b~a l�`�^9_	`Qdfb~a[l�j ��^CaQ� l�`�^Cb�k ]�k���l
��^C����dy�f^C�;l�j��Gl�`�^ a�jE��^ � � dyk�l�^Vk p � dC��b~a�l�`�^7_	`Qdfb~aAl�jY��^CaQ�Al�`�^Cb�k;��^C_�j�a��A��^C����dy�f^C�;l�j���dfaQ�N��j9j�a�� ]h`Qb~�
e�^Cdf�Q�hl�jY��^V�f^Vk�^7aQj:��^%_�j�a4l�^Ca4l�b�j�aAdfaQ�A`Qb���`�e~dyl�^CaQ_�� �Tjfkhl�`�^7� � e�l�b~i�e�^ � � e~l�b~_Vdf��l�i�dyl�l�^Vk�a/�

_�b�� � k�^;|"a¦d�g���`Qj �;�+l±�tj � � e�l�b~_Vdf��l��C� } dfaQ� � ���;b�l�`�bc��^Ca�l�bc_Vdfe#�*��]h`�^Cb�k ��j � k�_�^C� dyk�^ a|¶:�h¶Tg dfaQ� a u �~�&g	�
k�^C��i�^C_�l�b��f^Ce~�f�Y]h`�^��Qb~��^CaQ��b�j�a p jfk	��^Vk�^C� _�`Qdfbca$��b~����`Qj �;a[bca _Rb~���J|"aT�5g	�>_�b�� � k�^C�7|"a¦_&g�dfaQ� |"a¦�	g ��`�j{�
l�`�^ � � e~l�b~_Vdf��l7l�k�^V^C�7jf� } dfa�� � �Jk�^C��i�^C_�l�b��f^Ce��f� s l _Vdfa � ^9jf����^Vk��f^C� l�`Qdyl0a�jE��^C�Oa¨|:� |Tg	�xa|¶:� |Tg7dfaQ� l�`�^

�



a�jE��^C�0b~a l�`�^�� � �Ql�k�^V^C�Wk�j:jfl�^C� dyl�l�`�^C��^�a�jE��^C� ^[Z:i�^Vk�b�^Ca�_�^ _�j�a4l�^Ca�l�b~j�a ��k�j�� ��jfl�` � � e�l�b~_Vdf��l��C� ];`�^C��^
a�jE��^C� ��^�� � ^Ca�l�bcdfe~bLUV^0l�`�^�� � e�l�b~_Vdf��l��V���)`Qb~_�` k�^C� � e�l�� b~a e~dyk��f^Vk%� � e�l�b�iGe�^ � � e�l�b~_Vdf��l*e~dyl�^Ca�_��f� _�jfk d�e~dyk��f^
a � �7��^Vk jf��� � _�`Y_�j�a�_ � k�k�^Ca4l+� � e�l�b~_Vdf��l��C�4� � _	`���^�� � ^Ca4l�b~dfe~bLUCdyl�b�j�aY_Vdfa9��b~��aQb^]G_Vdfa4l�e�� d�j�^C_�ltl�`�^Cb�k+e~dyl�^Ca�_Vb�^C�V�
} �Q^Vl�dfb~e�^C��dfaQdfe��E��b~�Rjf�Gl�`�^ha�jE��^�_�j�a�l�^Ca4l�b�j�a��;`�b~e�^ � ��b~a��*l�`�^ o ��^C��`�dfe��fjfk�b~l�`Q����j�e~e~j �;��b~a n ^C_�l�b~j�a�|:�h¶:�~�y�

0,0 1,0 2,0 3,0 4,0 5,0

0,1 1,1 2,1 3,1 4,1 5,1

0,2 1,2 2,2 3,2 4,2 5,2

0,3 1,3 2,3 3,3 4,3 5,3

0,4 1,4 2,4 3,4 4,4 5,4

0,5 1,5 2,5 3,5 4,5 5,5

Destination Node Source &
Destination Node

(a) (b)

Φ  (0,1), (0,2), (0,4), (1,0), (1,3), (1,5),

(2,0), (2,2), (2,3), (2,5), (3,0), (3,2),

(3,3), (3,4), (3,5), (4,1), (4,2), (5,2)>

= <

3,4

3,5

4,1 2,2

5,2 3,0 2,5 2,0 1,5 1,0

2,3 1,3 0,4 0,2

0,1

[4] [3] [2]
[1]

[5] [4] [4] [3] [4] [3] [2]

[4] [4] [4] [3]

[4]

3,2

3,3

Node with contention

(c)

3,2 2,2

3,0 2,5 2,0 1,5 1,0

2,3 1,3 0,4 0,2

0,1

[2]
[1]

[4] [3] [4] [3] [2]

[4] [4] [4] [3]

[4]

4,1

3,4

[3]

[4]

3,3

[4][5]

3,55,2

Node with contention

(d)

_�b�� � k�^t| � 9;:8<8=¨m�:-@CBG=E@CBDFP:-@L¡�=�B�³¨=E=E@LB�³¨:fmE:-@�mE�.]D]G=E@CB£_���\hBGFPm�s-VXBGV#��VXFP@.YuBG^.=?df_o=�VX^es-\HYA:-]GFhBG^._ � ¤�sC¥�B�³?:u_��.\HBDFWmEs-VXBGV
Z�s�@�<Q��:-@gsoNtT.N�_0=�VX^ �#¤�¡�¥¨¡�:�BD^Q_���\hBGFPm�s-VXBGVcVX^�s�]GFH@.Y�BD^�=LVGs�_0=L<8FP_o=�@�VDFH:A@8 ¢:A]G<.=E]G=�<�mn^�s-FH@����#¤�m�¥rBD^.=L_���\hBGFPm�s-VXB
BD]G=E=Q�+:A]�Z ³uFhBG^ VX:A�.]GmE=Qs�B ¤ q � q ¥ �cs�@�< ¤�<�¥0BD^.=S_��.\hBGFPm�s-VXB0BD]G=E=g�+:-]�� ³uFhBG^ VX:A�.]GmE=Qs�B ¤ w � �
¥ 7 bc^.=S@.:8<8=�V[³uFhBG^
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4�Z 4�Z¨4 � MJ@ /�� �!�yMO@E> @

� � e�l�b~_Vdf��l�bca����;b�l�`N� � e�l�bc��^C��l�b~aQdyl�b~j�a���^C����dy�f^ i�df����b~aQ���;`Qb~e~^ � ��b~a���l�`�^ lxm ��_	`�^C��^ h �Sy i dfe~��j `Qdf�;a�jE��^
_�j�a4l�^Ca�l�b�j�a iQk�jf��e�^C�'�TjfkW� � e�l�b�iGe�^�� � e~l�b~_Vdf��lV� m ^Vl � �%_�j�aQ��bc��^Vk7l ��j _�j�aQ_ � k�k�^Ca�l7� � e�l�bc_Vdf��l��V� } dfa�� � �
�;b�l�` b~�Q^Ca�l�b~_Vdfe���j � k�_�^ p ��^C��l�b~a�dyl�b�j�a ��^Vl���j�a dN|	����^C��`/� m ^Vl�l�`�^Cb�k k�^C��i�^C_�l�b��f^���j � k�_�^C� ��^0dyl>a¨|:�h¶Tg%dfaQ�
a u � u g	��df�;��`�j{�;aAbca|_Rb~����¶:� s l;_VdfaA��^�jf����^Vk��f^C��l�`Qdylh�;b~l�`N� � e�l�b~��^C��l�bcaQdyl�b�j�a ��^C����dy�f^ i�df����bca�� } dfaQ� �

`Qd �f^%l�`�^���df��^%e�^V�f^Ce/|0dfa���e�^V�f^Ce���e�^Cdf��^Vkh��^Vl���a��	� dfaQ�
���rgXh �Sy i � n ^�� � ^Ca4l�b~dfe~b¨UCdyl�b�j�a jf�O�tjfk�����a � a�b~_Vdf��l
df�h�t^Ce~e/df�)� � e�l�b~��^C��l�bcaQdyl�b�j�a	g+_�jfk�k�^C��i�j�aQ��b~a��0l�j9� � e�l�b~_Vdf��l�� } dfaQ� � dyl;l�`Q^�	��dfaQ�����;a�jE��^C�he�^Cdf����l�j
`Qb���`�ecdyl�^CaQ_��9�Tjfkhl�`�^�j{�f^Vk�dfe~e/� � e�l�b~i�e�^ � � e~l�b~_Vdf��l jfi�^Vk�dyl�b�j�a�� � b�l�`�l�`Qbc� lxm ��_�`�^C��^f��d�e~dyk��f^%a � � � ^Vk�jf�
_�j�aQ_ � k�k�^Ca�l�� � e�l�b~_Vdf��l�� �;b�l�` j �f^Vk�ecdyiQi�b~a�� e�^Cdf��^Vk%��^Vl���e�^Cdf�Q� l�j�`Qb���`�^Vk�a�jE��^�_�j�a4l�^Ca�l�b�j�a/� q j�aQ��b~��^Vk l�`�^
�tjfk���l0_Vdf��^ jf��� _�j�a�_ � k�k�^Ca4l7�Qk�j�df�Q_Vdf��l��V� ]h`�^��	�Y��^Vl�� �Tjfk0dfe~e+l�`Q^9�Qk�j�df�Q_Vdf��l��0b~�%l�`Q^ ��df��^ ��bca���e�^Vl�j�a
��^Vl�_�j�aQ��bc��l�b~a��9jf�+d9_�jfk	a�^Vk�a�j:�Q^f� ];`Qb~�;aQj:��^ � aQ��^Vk��fj4^C�*l±�tj���l�dyk�l p � iG�)i�^Vk*�Qk�j�df�Q_Vdf��lV� ];`Qb~�V� l�`Qb~�)�;b~e~e
k�^C� � e�l;b~a�l�`Q^W��^�� � ^Ca4l�b~dfe~bLUCdyl�b~j�aNjf�+|��H��^C����dy�f^0��l�dyk�l p � iG�)dyl)l�`�^W_�jfk	a�^Vk)a�jE��^f� e�^Cdf�Qb~a��Yl�j d9��b���aQb^] _Vdfa�l
b~aQ_�k�^Cdf��^C�;b~a l�`Q^7� � e�l�b�i�e�^�� � e�l�b~_Vdf��lhe~dyl�^CaQ_��f� } �Q^Vl�dfb~e�^C�NdfaQdfe~�:��bc� jf�Rl�`Q^7a�jE��^7_�j�a4l�^Ca�l�b�j�a��;`Qbce�^ � ��b~a��
l�`�^ lnm ��_�`�^C��^7��j�e~e~j �;��b~a n ^C_�l�b�j�aA|:�h¶:� |:�

y



2,00,0 1,0 3,0 4,0 5,0 6,0

0,1 1,1 2,1 3,1 4,1 5,1 6,1

0,2 1,2 2,2 3,2 4,2 5,2 6,2

0,3 1,3 2,3 3,3 4,3 5,3 6,3

0,4 1,4 2,4 3,4 4,4 5,4 6,4

0,5 1,5 2,5 3,5 4,5 5,5 6,5

1,60,6 2,6 3,6 4,6 5,6 6,6

destination

source

BRCP worm

Unicast worm

(a)

level 1 leader

level 2 leader

2,00,0 1,0 3,0 4,0 5,0 6,0

0,1 1,1 2,1 3,1 4,1 5,1 6,1

0,2 1,2 2,2 3,2 4,2 5,2 6,2

0,3 1,3 2,3 3,3 4,3 5,3 6,3

0,4 1,4 2,4 3,4 4,4 5,4 6,4

0,5 1,5 2,5 3,5 4,5 5,5 6,5

1,60,6 2,6 3,6 4,6 5,6 6,6

destination

source

BRCP worm

Unicast worm

(b)

level 1 leader

level 2 leader
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^[Z�b~��l�b~a��9dfe��fjfk�b�l�`Q�Y�)b~a�d9� � e�l�b~i�e�^%� � e�l�b~_Vdf��l)i�dyl�l�^Vk�a��*]h`�^W_�j�a�l�^Ca4l�b�j�a �Qb�k�^C_�l�e~�Nd�j ^C_�l��*l�`�^0e~dyl�^CaQ_��Njf�
l�`�^7� � e�l�b~i�e�^ � � e~l�b~_Vdf��l�i�dyl�l�^Vk�a/�

4�Z¨3/Z,6 � MJ@ #N> @:B M Q S��	��X�� �´MJ>
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dyiQi�ecb~_Vdyl�b�j�a[_�j � ec� e~b�^�dfa4�:�;`�^Vk�^ b~a l�`�^9k�dfa��f^Yjf��k	dfaQ��j�� l�j _�j���i�e�^Vl�^9j �f^Vk�ecdyi jf�h��j � k�_�^ p ��^C��l�bcaQdyl�b�j�a
��^Vl��V� s a _ � k�k�^Ca4lY�f^Ca�^Vk�dyl�b~j�a(��jfk��Y`�j�e�^����:��l�^C�Y� d _�j���� � aQb~_Vdyl�b~j�a ��l�^Vi b~� ��j���bcaQdyl�^C�H�:�H��^C����dy�f^
��l�dyk�l p � i _�j���lV� l ^CaQ_�^f�Qb~a9l�`Qb~�t��^C_�l�b�j�a��QdfaQ� b~a dfaQdfe��:l�b~_Vdfe ^C��l�b~�Ydyl�^C����j�a�^�b~�te~dyl�^Vkh��^C_�l�b�j�aQ�C�:�t^ ^V�´dfe � dyl�^
a�jE��^7_�j�a4l�^Ca�l�b~j�a�dfaQ��� � e�l�b�i�^�� � e~l�b~_Vdf��l;e~dyl�^Ca�_�� bca�l�^Vk����;jf� ��l�^Vi���a¦��^C����dy�f^0��l�dyk�l p � i��)g	� l j �t^V�f^VkC��b~a
n ^C_�l�b�j�a zA��^ _�j�aQ��b~�Q^Vk7��jfl�`�����^C����dy�f^���l�dyk�l p � i dfa�� iQk�jfi�dy��dyl�b�j�a _�j���l��0�;`�^Ca iQk�^C��^Ca4l�b~a�� ��b~� � e~dyl�b�j�a
k�^C� � e�l��V�
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\%X����;� � m ^Vl � ��0;:6<�=>: � =  � � =>: � + �'? � m ^Vl@:BA���^Wd���j � k�_�^�a�jE��^Wbca�j�aQ^Wjf�tl�`�^�� � e�l�b~_Vdf��l��C� _�jfk%jE�Q�
	��C: A _	`�j4j���^C��:ED F df� l�`�^�`Qdfe~� p a�jE��^0b~aQ��^Vi�^CaQ�Q^Ca�l)jf��b�l�� k�^Cecdyl�b��f^0i j���b�l�b�j�a b~a �*��^[ZE_�^Vi�l��;`�^CaHG�� � � �
s �I:ED F bc�)j�aQ^Wjf�tl�`�^���j � k	_�^C�V�/b�l � aQ��^Vk��fj4^C�(������ �J� � ����l�dyk�l p � i���df� l�`�^�`Qdfe~� p a�jE��^W��jfk�^Cdf_	` jf�+l�`Q^�jfl�`�^Vk
�K� �%� � e�l�bc_Vdf��l��V�QdfaQ��dfaNdf���Qb�l�b�j�aQdfeL������ � � � � ��l�dyk�l p � i��;df�hd���j � k	_�^f� s �M: D F bc��a�jflhj�a�^�jf�Rl�`�^7��j � k�_�^C�V�
b�l � aQ��^Vk��fj4^C�������� � � � ����l�dyk�l p � i�� ��jfk ^Cdf_	` jf�+l�`�^ � � � e�l�b~_Vdf��l��C�/dfaQ� dfa df���Qb�l�b�j�aQdfeR��l�dyk�l p � i[b~�)aQ^V^C��^C�
�Tjfk l�`�^O]�k���l7��^C����dy�f^ l�j dyk�k�b��f^ dyl�:ND FR��]h`Q^Vk�^V��jfk�^f�R�TjfkWj:�Q� 	A��l�`�^ e~dyl�^CaQ_�� jf�)dA� � e�l�b�i�e~^�� � e~l�b~_Vdf��l
i�dyl�l�^Vk�aAb~����b��f^Ca��:�wa �������� �Ta ��� �� g��O� �&g ��l�^Vi�� a¦��l�dyk�l p � i��)g	�

_QjfkW^V�f^Ca�	���e�^Vl � � df��� � ��^Yl�`Q^9��^C��lW_Vdf��^9jf� � aQb��Tjfk�� �Qbc��l�k�b�� � l�b�j�a jf�h��j � k�_�^C�0b~a �*��];`�^9a�jE��^:CPQDSR ~FUT b~�)_�`�j���^Ca df�)l�`�^ `Qdfe~� p a�jE��^%b~a � � jf��l�`�^W� � e�l�b~_Vdf��l��V�V:CP�D!R ~W T b~�;_	`�j���^Ca df�)d � � dyk�l�^Vk p a�jE��^7b~a9X �Y
jf��l�`�^0� � e�l�b~_Vdf��l��V� dfaQ�A��j9j�a�� �)^Vi�^CaQ��b~a���j�a�l�`�^7�ydfe � ^ jf� 	A� j�a�^7jf��l�`Q^C��^WaQj:��^C�C�G��d �(:[ZE� � aQ��^Vk��fj:^C�
l�`�^���d�Z�b~� � � a � �7��^VkWjf�*��l�dyk�l p � i���b~a l�`�^�� � e�l�b�i�e~^9� � e�l�b~_Vdf��l0i�dyl�l�^Vk	a�� s � ��0 	A� �Tjfk�^C��l�b~�Ydyl�b~a��
l�`�^Ne�j{��^VkY� j � aQ���+e�^Vl � ��df��� � ��^�l�`Q^�� ^C��l0_Vdf��^Njf�
: Z a�jfl���^Cb~a�� j�a�^�jf�*l�`�^N��j � k�_�^C�C� ]h`�^Vk�^V�Tjfk�^f��b~�: Z �\: P DSR ~F T �/l�`�^Vk�^�b~��dfa ^[Z:l�k	dN��l�dyk�l p � i ��^V�Tjfk�^0l�`�^}]�k���l ��^C����dy�f^Ydyk�k	b��f^C��dyl�: Z ���Tj�e~e�j{�;b~a�� �;`Qb~_	`H: Z
� aQ�Q^Vk��fj4^C� � � �Te�jf� � � � �9��l�dyk�l p � i��V� n b~��bce~dyk�b~e��f��b��]:6Z �^: P D!R ~F�_ T �Rl�`Q^Vk�^9dyk�^�/)^[ZEl�k�d���l�dyk�l p � i��7��^V��jfk�^9l�`�^
]�k���l���^C����dy�f^*k�^Cdf_�`�^C�]: Z �4�Tj�e~e�j{�;b~a�� �;`Qb~_	`�: Z � aQ�Q^Vk��fj4^C��` � _ + ��a �� _ �Te�jf� � �� _ ����l�dyk�l p � i��V��]h`�^ e�j{��^Vk ��j � aQ�
b~�*��b��f^Ca �:�Al�`�dyl�^[Z:iQk�^C����b�j�a b~a �;`�b~_�`b: Z � aQ�Q^Vk��fj4^C� l�`Q^���d�ZEbc� � �'a � � � ^Vk jf� ��l�dyk�l p � iG�V� s � ��� 	��
l�`�^CaU:[Z � a���^Vk��fj:^C�7dfa df���Qb�l�b�j�aQdfe������ � 	�� ��l�dyk�l p � iG�7df�WdA��j � k	_�^f� s a[l�`�b~�%_Vdf��^f��l�`�^ e�j �t^Vk7��j � a��[b~�
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��b��f^Ca �:� ������ � 	��0i�e � �)l�`Q^0�Yd�ZEb~� � �'a � �7��^Vk jf� ��l�dyk�l p � i�� l�`�dyl�: Z � aQ��^Vk��fj:^C�V�W]h`�^Vk�^V�Tjfk�^f���Tjfk�^V�f^Ca
	���l�`�^�e~dyl�^CaQ_�� jf�Jd�� � e�l�b�i�e~^)� � e�l�b~_Vdf��l i�dyl�l�^Vk	aNb~�t��j � aQ��^C�9��^Ce�j � �:� a�� �C #"6$ �1& $ g���l�^Vi��C���;`�^Vk�^ 2 b~�
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} ��b~��iGe�^;^[ZEi�^Vk�b~��^Ca4l�� df�h_�j�aQ� � _�l�^C� l�j�^C��l�b~��dyl�^�l�`Q^ ecdyl�^CaQ_��9jf�R� � e�l�b�i�e�^*� � e�l�b~_Vdf��l�a¦b~a l�^Vk���� jf�
��l�^Vi��)g � ��b~a��)l�`�^ o ��^C��`Wdfe~�fjfk�b�l�`Q� �;b�l�`0_�j���i�e~^Vl�^tj{�f^Vk�e~dyi�jf����j � k�_�^ p ��^C��l�bcaQdyl�b�j�a0��^Vl���j�a�dfa�y � y;��^C��`��
s a�l�`Qb~��^[ZEi�^Vk�b~��^Ca4lV��dfe~eQ���:��l�^C� i�dyk�df��^Vl�^Vk	�xaTiQk�jfiGdy��dyl�b�j�a�l�b~��^f��k�j � l�^Vkt��^Ce~dC�f�:���;b�l�_	`Qb~a�� l�b~��^�^Vl�_&g��t^Vk�^
b���a�jfk�^C�YdfaQ�9j�aQe���d `Qb���`Y��l�dyk�l p � i l�b~��^;� df� _�j�aQ��b~�Q^Vk�^C����]h`�^)^[Z:i�^Vk�b~��^Ca�l�dfe��´dfe � ^C� �t^Vk�^*d �f^Vk�dy�f^C��j{�f^Vk
¶�{�k � aQ� dfaQ� k�j � aQ�Q^C� j�j l�jNl�`Q^�a�^Cdyk�^C��l%b~a4l�^V�f^VkC��]h`Q^Wl�`�b�k�� dfaQ� ��^V�f^Ca4l�`[k�j{�;��jf� ]Jdy�Ge�^N����`�j{� l�`�^
k�^C� � e�l���jf��l�`Qb~�%^[Z:i�^Vk�b~��^Ca�l%�Tjfk7jE�Q�[dfa��[^V�f^Ca 	A�Rk�^C��i�^C_�l�b��f^Ce��f��]h`Q^YdfaQdfe��:l�b~_Vdfe �ydfe � ^C� _Vdfe~_ � e~dyl�^C� �4�
� ��bca��W];`�^Vjfk�^C� � dyk�^%��`�j{�;a�b~a9l�`�^��Tj � k�l�` dfaQ� ^Cb���`4l�` k�j �)� ��jfk�jE�Q� dfaQ� ^V�f^Ca 	��Ek�^C��i�^C_�l�b��f^Ce��f� s lh_Vdfa
��^0jf����^Vk��f^C� l�`�dyl%l�`�^�dfaQdfe��:l�b~_Vdfe��ydfe � ^C����dyl�_	` l�`�^�^[ZEi�^Vk�b~��^Ca4l�dfe��´dfe � ^C� �f^Vk�� _Ve�j���^Ce��f�J�´dfe~bc�Qdyl�b~a�� l�`�^
k�^C� � e�l�� jf��]h`�^Vjfk�^C� �y�9]h`�^C��^�k�^C� � e�l���bcaQ�Qb~_Vdyl�^�l�`Qdyl a�j:�Q^�_�j�a�l�^Ca4l�b�j�a � ^C_�j���^C�7��^V�f^Vk�^9��jfk dN� � e�l�b�i�e�^
� � e�l�b~_Vdf��l�iGdyl�l�^Vk�aNdf�hl�`Q^7a � �7��^Vk�jf����j � k�_�^C�)dfaQ����^C��l�b~a�dyl�b�j�aQ��b~aQ_�k�^Cdf��^f�

]Rdy��e�^���� R�T8}�=E]GFH_0=E@CBns�\�s�@�< s�@�s-\H�CBGFPm�s�\�\Ps�BD=E@�m���:-�r_��.\HBDFP}.\P=0_��.\HBDFWmEsAV�B�¤+FP@(@C��_�¡�=E]L:��cV�BG=E}�Vn¥;��VXFP@.YSd;_0=�VD^ :A@
s�@�p��gp�_o=�VX^g�+:A]"<8F���=E]G=E@CBf~ts�\P�.=�Vf:�����s�@�<4¤+:8<.<Ss-@�<g=E~A=E@�¥	� 7 >?:-_0}.\P=�BD=�:t~-=�]D\Ws�}Q:��UVD:-�.]nm�=E ±<8=�V�BGFH@�stBDFP:-@gVD=�BGV
FWVum�:-@�VXFW<8=E]G=�<(¤
����1¥ 7

� � � � �
y ��y �
y q � q � w a N q
:8<.<������ ��� �
y q � N q �
y q � N q q � N q N q N q
R�T8}�=�]DFP_0=E@CBGs-\ w y N w N NT� a�N � 6 y �
y�N 6-q N q ��N
Z;@�s�\P�ABGFPm�s�\ w y N w N NT� a�N � 6 y �
y�N 6-q N q ��N

� � � � ��N ��N ��N qC6 qC6 w p N w
=E~A=E@������ ��� ��N qA6 N w ��N qA6 N w qC6 N w N w N w
R�T8}�=�]DFP_0=E@CBGs-\ w y N 6 p wC6 yCa aAa ���Ay �
y w ��v-p
Z;@�s�\P�ABGFPm�s�\ w y N 6 p q p y�� aAa vAp � w N ��v-p

< =�FOI%�G> ��D @4XyST=�� �;�.���	�JX���@�8�K�@:BP���¦FO=������GFd��@��{B-< m ^Vl � �Ra�j{� _�j�aQ��b~��^VkRl�`�^�_Vdf��^�jf�Gk�dfaQ��j�� j �f^Vk�ecdyi
jf� ��j � k	_�^ p ��^C��l�b~aQdyl�b~j�aA��^Vl��V� n b~aQ_�^7b~l)b~�)�Qb �9_ � e~l�l�j9b~��^Ca4l�b��T� l�`�^ a�jE��^%�)`Qb~_�` � aQ��^Vk��fj4^C�;l�`�^ ��d�Z�b~� � �
a�jE��^0_�j�a�l�^Ca4l�b�j�a��/�t^�_�j�aQ��l�k � _�l d e�j{��^Vk���j � aQ��j�a l�`�^�a�jE��^W_�j�a4l�^Ca4l�b�j�a �:�A_Vdfe~_ � e~dyl�bca��9l�`Q^W^[ZEi�^C_�l�^C�
a � �7��^Vk�jf����l�dyk�l � iG�h��^�� � ^Ca�l�bcdfe~bLUV^C��dyl;d�aQj:��^ � ��b~a��0iQk�jf�Gdy��b~e~b~��l�b~_hdfaQdfe��E��b~�C� m ^Vl � �hdf��� � ��^�^Cdf_	`�a�jE��^
`Qdf� ^�� � dfe�iQk�jf�Gdy��b~e~b�l ��jf����^Cb~aQ� b~a dfa4��i�j���b~l�b�j�a�bca l�`�^��Qb~��^CaQ��b�j�a p jfk���^Vk�^C��_	`Qdfb~a a��g)jf�td�� � e~l�b~_Vdf��lV�
s a k�^Cdfe~b�l �f�Jl�`Q^9a�jE��^C���;`�b~_�`[ecb�^�b~a l�`�^9��b~�Q�Qe~^Wjf� l�`�^9��^C��` `�dC�f^9dA�fk�^Cdyl�^VkWiQk�jf��dy��bce~b�l±��jf� � ^Cbca���l�`�^

�f�



`Qdfe�� p a�jE��^��Tjfk d�� � e~l�b~_Vdf��l7�)b�l�` e~dyk��f^ 	�� n b~��b~e~dyk	b~e��f��l�`�^ a�j:�Q^C�7b~a jfl�`�^VkW��i ^C_VbL]G_�i�dyk�l��7jf��l�`�^9��^C��`
`Qd �f^ d0`Qb~��`�^Vk�i�k�jf��dy��b~ecb�l±�Wjf�/��^Cb~a��W��i�^C_Vb^]G_;aQj:��^C�tb~a d � � e�l�bc_Vdf��l��)b�l�`9ecdyk��f^ 	�� ]h`�^Vk�^V��jfk�^f�:l�`�^ �ydfe � ^C�
�f^Ca�^Vk�dyl�^C� �:� � ��b~a���l�`�^Y^�� � dfe+iQk�jf��dy�Gb~e~b�l �Adf��� � ��iQl�b�j�a[_Vdfa ��^Vk��f^9df� dAe�j{��^Vk ��j � aQ� l�jAl�`Q^Y� � e�l�b�i�e�^
� � e�l�b~_Vdf��lhecdyl�^CaQ_��f�

} ��dfb~a��Qe~^Vl � �h_�j�aQ��b~��^Vk�� � � e�l�b~_Vdf��l���j:_V_ � k�b~a�����bc� � e~l�dfa�^Vj � ��e��f�E^Cdf_	`N�;b�l�` � � � � 	�� } aAdyk���b�l�k�dyk��
a�jE��^�G �;`�b~_�`�b~�)d9��j � k�_�^0b~aAj�a�^7jf� l�`Q^ � � e�l�b~_Vdf��l��}a¦dfaQ� `�^CaQ_�^ � aQ��^Vk��fj4^C� �Te�jf� � 	��W��l�dyk�l � i��rgh_Vdfa���^
d�`Qdfe~� p a�jE��^f� � � dyk�l�^Vk p a�jE��^f�QdfaQ����j�j�a��Qb~a l�`�^7jfl�`�^Vk �K�H��� � e�l�bc_Vdf��l��V� m ^Vl�l�`�^%l�^Vk������ �´��� Y ������dfaQ�
��j�j�a��R��^Ca�jfl�^�l�`�^Y^V�f^Ca�l��7jf� GY��^Cb~a�� l�`�^�`Qdfe�� p a�jE��^f� � � dyk�l�^Vk p a�jE��^f�/j�aQ^ p ^Cb���`�l�` p a�j:�Q^f�Ok�^C��i�^C_�l�b��f^Ce~�f�Ob~a
d � � e�l�b~_Vdf��lV� m ^Vl�� < ��^Ca�jfl�^ l�`�^ ^V�f^Ca4l0jf�
G�a�jflWi�dyk�l�bc_Vb�i�dyl�b~a�� b~a d�� � e�l�b~_Vdf��lV� dfaQ� e�^Vl��  	� �Q^Ca�jfl�^
l�`�^%^V�f^Ca4l��
� dfaQ� � jE_V_ � k�bca�����b~� � e�l�dfa�^Vj � ��e��f��
;j{�%�Q^Cdf_	`A^V�f^Ca4l)`Qdf�;d}]�ZE^C�Na � �7��^Vk�jf����l�dyk�l p � i�_�j���l
df����jE_Vb~dyl�^C�A�;b�l�`�b�lV� _�jfk)^[ZEdf��i�e�^f��� ��`�df���Te�jf� � � � �%��l�^ViG�;df����jE_Vb~dyl�^C���)b�l�`�b�lV��� Y `�df���Te�jf� � � � �f��dfa��N��j
j�a�� o aQ��^Vk�l�`Q^%^�� � dfe�iQk�jf��dy�Gb~e~b�l ��df��� � ��i�l�b�j�a�df�;��l�dyl�^C��dy��j �f^f���t^7`Qd �f^ �

� MO@9��X´@:> 4 ��e�«%ª� f¤±«V¡G£V³ § �  9µ0°:ª ¤¦¥��Gª�« µ0°Eª ¤¦¥¦£	 ´¢®¤ �E f¤¨¤±«V�	¡H��¥¦¤�e�� f¡G¬�§yµ §��f«�ª�  � § ��¢V§y°E�£®«[b�¬�«®¢�¤¦¥�¡G �¤¦¥¦§y¡
¢V«C¤T¢�� � ¢�§y°E��£	«�¢9 y¡G¬ a 	 ���&g�¬4«®¢®¤¦¥T¡G f¤¦¥¨§y¡�¢ ��§y� «� �£Pe ¢V§y°E�£®«���¥T¤�e �� y¡G¬�§fµ �O� ��e4¥�ª~«Y°4¢®¥�¡9\�¤�e�« cJµY«®¢re
 yª�\�§y�®¥¦¤�e�µ ¥�¢�¯�§f°:¡ ¬�«�¬ ¯�«Vª §���¯�³9�Te�jf� � 	�� ¢®¤±«���¢ � ª °:¢ ¤�e�« ¢®°:µ § � ¤�eE« �G��§C¬y°Q£C¤T¢A§ � ¤�eE« �G�§4¯� �¯V¥�ª ¥T¤¦¥v«®¢A§ �
«� �£[eA¤±«��®µ�¥T¡ ¤�eE«�«���G��«®¢�¢®¥¦§f¡a�� < ��� � ��� Y ��� � �  � � ��� � g � + � § £�£V°E�®¥�¡9\� y¡G¬ ¤�eE« ¡Q°EµY¯�«V� § ��¢�¤±« ��¢
 ´¢	¢�§C£C¥¦ f¤±«�¬ ��¥¦¤�e «� �£Pe�¤±«V�	µ��
\%X����;� ��]h`�^�l�^Vk	���hb~a l�`�^7^[Z:iQk�^C����b�j�awa�� < ��� �)��� Y ����� �  � � ��� � g � + � ��^[]Ga�^%dfe~e�i�j�����b���e�^ ^V�f^Ca4l��
�TjfkYd ��j � k�_�^KG�� _�jfk9^[ZEdf��iGe�^f��l�`Q^�l�^Vk���� �<  � X�  � �Y  � � k�^ViQk�^C��^Ca4l���l�`�^A��j�e~e~j �;b~aQ��^V�f^Ca4l!�KG���j:^C��a�jfl
i�dyk�l�bc_Vb�i�dyl�^�b~a | � � e~l�b~_Vdf��l��V�/b~�*l�`�^�`�dfe�� p aQj:��^Wjf�M¶ � � e�l�bc_Vdf��l��V��l�`�^ � � dyk�l�^Vk p a�jE��^0jf�t| � � e�l�bc_Vdf��l���dfaQ�
l�`�^hj�aQ^ p ^Cb���`�l�` p a�j:�Q^hjf���h� � e�l�b~_Vdf��lV� s ��� a��Xg�k�^ViQk�^C��^Ca�l��+l�`�^hiQk�jf�Gdy��b~e~b�l �%jf��l�`�^h^V�f^Ca4l } jE_V_ � k�b~a�����l�`�^Ca
l�`�^ ^[ZEi ^C_�l�^C� a � � � ^Vktjf�J��l�dyk�l p � i�� b~aQ_ � k�k�^C���:� G � � ^)l�j0l�`�^ ^V�f^Ca4l�� �<  � X�  � �Y  � � jE_V_ � k�b~a��Wb~�t��b��f^Ca �4�
l�`�^*^[Z:i�k�^C����b�j�a a¨| � {I� ¶C�Te�jf� � � � �N�[|C�Te~jf� � � Y �N� �Te~jf� � � � ��g�� a�� �<  � X�  � �Y  ���&g	� ]h`Q^Vk�^V��jfk�^f�:l�`Q^*^[ZEi�^C_�l�^C�
a � �7��^Vk jf�+l�jfl�dfe���l�dyk�l p � i���b~a�_ � k�k�^C���4�bG�b~���Te�jf� � 	��$a¦df��d ��j � k�_�^�g)iGe � �)l�`�^�� � � jf�+l�`�^0iQk�j:� � _�l��)jf�
l�`�^�i�k�jf��dy��b~ecb�l�b�^C�hjf� ^Cdf_	`[l�^Vk�� a¦b~a l�`�^Ydy��j �f^Yi j�e~�:a�j��Yb~dfe'ghj:_V_ � k	b~a��NdfaQ� l�`�^9a � � ��^Vk�jf�t��l�dyk�l p � i��'G
b~aQ_ � k��;�Tjfk%l�`�^0l�^Vk��N�W]h`�b~� a � � ��^Vk�df_�l��%df�%d�e�j{��^Vk%��j � a��A��^C_Vd � ��^0jf�tl�`�^�df��� � ��iQl�b�j�a�jf��^Cdf_	` a�jE��^
`Qd �:b~aQ��^�� � dfe/iQk�jf��dy��bce~b�l±�Yjf�J��^Cb~a���b~a�dfa4� i�j���b�l�b�j�a b~a�l�`Q^ �Ljf��d�� � e~l�b~_Vdf��lV�

_Qjfk ^[Z�df��i�e�^f�J��jfk �´dfe � ^C�%jf� � � u dfaQ� 	 � y:�Rl�`�^Y^[ZEiQk�^C����b�j�a[b~�>a�� <L��� � ��� Y ��� � g X � ]h`�^
�C|



a�jE��^�G%b~a�_ � k��L¶0��l�dyk�l p � i���df��d���j � k�_�^f��|0df��d�`Qdfe�� p a�jE��^�a�� �&g	�/��df��d � � dyk�l�^Vk p a�jE��^0a�� Y g	�Qdfa���a�j�a�^�df�
d0j�a�^ p ^Cb���`4l�` p a�jE��^>a����&g	� s ��G%��j:^C��a�jfl�i�dyk�l�b~_Vb�i�dyl�^�b~a d�� � e�l�b~_Vdf��l�a�� < gtb�l�b~aQ_ � k�� a�j���l�dyk�l p � i��V� m ^Vl � �
_�j�aQ��bc��^Vk)l�`Q^ l�^Vk�� � ��  � Y �*];`�^ a � � � ^Vk*jf�+��l�dyk�l p � i��*df����jE_Vb~dyl�^C� �;b�l�`Al�`�^ l�^Vk	� bc�nz:� ]h`�^Wa � � ��^Vk)jf�
l�b~��^C� l�`Q^�l�^Vk�� dyiQi�^Cdyk��%bca�l�`Q^�dy� j{�f^�^[ZEiQk�^C����b~j�a b~��¶:��]h`�^�iQk�jE� � _�l*jf�tl�`�^�iQk�jf��dy�Gb~e~b�l �Njf��l�`Q^�l�^Vk��
dfaQ�Al�`�^ df����j:_Vb~dyl�^C� ��l�dyk�l p � i��;bc��¶  z  � a�� ��  � Y g	� n b~��bce~dyk�b~e��f�:l�`�^WiQk�jE� � _�l���jf��l�`Q^7iQk�jf�Gdy��b~e~b�l�b~^C� jf��jfl�`�^Vk
l�^Vk����;dfaQ��l�`�^Cb�k�k�^C��i�^C_�l�b��f^7��l�dyk�l � i��hdyk�^ { � a�� X< g	� z �Ga�� X� g	��¶ �Ga�� XY g	�;{ � a�� X� g	��¶  | � a�� �<  � �&g	��dfaQ�A��j�j�a��

} ����dfece�^[Z:i�^Vk�b~��^Ca�l � df�;_�j�aQ� � _�l�^C��l�j�^C��l�b~�Ydyl�^%l�`�^7a � � � ^Vk�jf����^�� � ^Ca4l�b~dfe~bLUV^C����l�^ViG� a¦��l�dyk�l p � iG�rg
l�`Qdylh� � e�l�b�iGe�^*� � e�l�bc_Vdf��l�b~aQ_ � k��t�Tjfk�l�`�^ o ��^C��`�dfe��fjfk�b~l�`Q���;b�l�` k�dfa���j�� j �f^Vk�e~dyi�jf�R��j � k�_�^ p ��^C��l�bcaQdyl�b�j�a
��^Vl��*j�a d u � u ��^C��`��*]h`�^ ����dfe~e�^Vk*��bLUV^7� df� _�`�j���^Ca�l�j ��d�Yf^0l�`�^W_Vdfe~_ � e~dyl�b�j�a�jf�+dfe~eOl�`�^Wl�^Vk����)jf� l�`�^
� � e�l�b~a�j��Yb~dfeQ^[ZEiQk�^C����b�j�aY�T^Cdf��b��Ge�^f� m bLYf^ l�`�^*iQk�^V�Eb�j � ��^[Z:i�^Vk�bc��^Ca�lV��dfe~e ���E��l�^C��i�dyk�df��^Vl�^Vk�� ��^Vk�^ b~��a�jfk�^C�
dfaQ� j�aQe���d�`Qb���` ��l�dyk�l � i l�b~��^ � df��_�j�aQ��b~�Q^Vk�^C���7]h`Q^ ^[ZEi�^Vk�b~��^Ca4l)�ydfe � ^C�*�t^Vk�^�dC�f^Vk	dy�f^C�[j �f^VkQ¶�{ k � aQ�
dfaQ��k�j � aQ��^C��j�j�l�j l�`�^;a�^Cdyk�^C��l+b~a4l�^V�f^VkC� ]Jdy�Ge�^)|���`Qj �;�+l�`Qdyl l�`�^;dfa�dfe��4l�bc_Vdfe��´dfe � ^C�+_Vdfe~_ � e~dyl�^C���:� � ��b~a��
l�`�^7dy��j{�f^%l�`�^Vjfk�^C� ��^Vk��f^7df�;�fj4jE�Ne�j{��^Vkh��j � a��Q� l�j�l�`�^�^[ZEi�^Vk�b~��^Ca4l��´dfe � ^C�V�
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m ^Vl � � dfaQdfe��9UV^hdfa�^C��l�b~��dyl�^hjf� l�`�^;a�jE��^�_�j�a4l�^Ca�l�b�j�a9�;`�^Ca � ��b~a�� l�`�^ lnm ��_�`�^C��^;��jfk+� � e�l�b~i�e�^ � � e~l�b~_Vdf��l
j�aYd V p dyk��}W p ��^C��`�� � ^)j�aQe���_�j�aQ��b~�Q^Vk l�`�^;_Vdf��^)jf��l�jfl�dfeQj{�f^Vk�e~dyi �;b�l�`�b~�Q^Ca�l�b~_Vdfe���j � k�_�^ p ��^C��l�b~aQdyl�b�j�a9��^Vl��
b~a l�`Qbc�h��^C_�l�b�j�a���]h`�^�k�dfaQ�Qj��$j �f^Vk�ecdyi�_Vdf��^7bc�h�Qb �9_ � e�l�l�j ��jE��^Ce�dfaQ�NdfaQdfe~��UV^f� l j �t^V�f^VkC� ��^ ��l � ��� l�`�^
b~��iGdf_�lhjf����jfl�`Nk�dfaQ�Qj���df�h�t^Ce~eJdf�;l�jfl�dfeJj �f^Vk�ecdyi�j�a � � e�l�b�i�e�^�� � e�l�b~_Vdf��l;e~dyl�^CaQ_�� � ��b~a�����b~� � e~dyl�b~j�aQ��b~a
n ^C_�l�b�j�a z:�

m ^Vl � ��_�j�aQ��b~��^Vk � � � e�l�b~_Vdf��l��+�;b~l�`Ydfe~eG� � e~l�b~_Vdf��l��t`QdC�Eb~a��Wb~��^Ca4l�b~_VdfeG��j � k�_�^ p ��^C��l�bcaQdyl�b�j�aY��^Vl���jf�J��bLUV^
	�� n � _�`Ab~��^Ca4l�b~_Vdfe���^Vl��;e~^Cdf��l�jYb~��^Ca4l�b~_Vdfe�e�^Cdf�Q^Vk;��^Vl��V�+];`Qb~��e�^Cdf�Q�hl�j �

��¶



� MO@9��X´@:> 3 ��e�« ª� f¤±«�¡G£C³7§ ��  µ0°:ª ¤¦¥��Gª�«hµ0°Eª ¤¦¥¨£� ´¢�¤ �E �¤¨¤±«��®¡���¥¦¤�e0£�§fµ � ª�«C¤±«)§��y«��®ª�  ��§ �t¢V§y°E�£®«[b�¬�«®¢�¤¦¥�¡G �¤¦¥¦§y¡
¢V«C¤T¢ ����µ0°Eª ¤¦¥¨£� ´¢�¤T¢� f¡G¬$a 	 �L�&g�¬�«�¢®¤¦¥T¡G f¤¦¥¨§y¡�¢ ��§f��«� �£[e�¢�§y°E��£	«���¥T¤�e ¥¦¬4«�¡�¤¦¥¨£� yªR¢V§y°E�£®«[b�¬�«®¢�¤¦¥�¡G �¤¦¥¦§y¡ ¢C«V¤T¢ 	
� �	��0§f¡� �V5b� y�	³�WGbrµY«®¢re�°4¢®¥�¡9\�¤�eE«xpxs ¢�£[e�«�µY« ¥�¢ � a�C� �������� � � � �4� �%W�g;¢�¤±« ��¢� y¡G¬�¥c¢ 7 �%W ¢®¤±«���¢ �
\%X����;� � � df��^C� j�a dN��b~�f^Ca ��j � k�_�^ p ��^C��l�b~a�dyl�b�j�a ��^VlV��e~^Vl � �W_�j�aQ��b~�Q^Vk dAaQj:��^�� ��k�j�� l�`�^ `Qb���`�^C��l e�^V�f^Ce
e�^Cdf��^VkW��^VlV� ���y� � � � � W h �Sy i � ]h`Qb~�%aQj:��^ � aQ��^Vk��fj:^C�%��j���^9��l�dyk�l p � i��%�;`Q^Ca ^V�f^Vk��[��j � k	_�^ � ��^C�7l�`�^
o ��^C��`Ydfe~�fjfk�b�l�`Q� l�jW� � e�l�b~_Vdf��l l�jWa�jE��^C� jf� � � � s a�l�`�^;��jfk���l�_Vdf��^f��b���� bc��l�`�^)`�dfe�� p aQj:��^��Tjfk+l�`Q^ o ��^C��`
i�`Qdf��^�jf� ^Cdf_�` � � e~l�b~_Vdf��lV��� � a���^Vk��fj:^C� ����.� ��� 	�
��� �Y��l�dyk�l p � i��%�Tjfk7^Cdf_	` � � e�l�b~_Vdf��lV� s a l�`�^���^C��l _Vdf��^f��
b~aQ_ � k��JaQj%��l�dyk�l p � i���bca l�`Q^ o ��^C��`0iG`Qdf��^ jf�G^Cdf_	`Y� � e�l�b~_Vdf��lV�R]h`�b~�OjE_V_ � k�� �;`�^Ca � ��� � ���t�Tjfk+`Qb���`W�ydfe � ^C�
jf� 	�� _�j�e~e~j �;b~aQ�Wl�`Q^ o ��^C��` iG`Qdf��^f��� � aQ�Q^Vk��fj4^C� d0��d�Z�b~� � � jf�C�9��l�dyk�l p � i�� �Tjfk�^Cdf_�`N� � e�l�b~_Vdf��lV� ]h`Qb~�
b~��l�j���^CaQ� j � l � � � e�l�b~��^C��l�bcaQdyl�b�j�a ��jfk	���%l�jA_�j{�f^Vk ^Cdf_	` ��^Vl%jf���)`Qb~_�` b�l%b~��dNe�^Cdf�Q^VkC�Y]h`�^Vk�^V��jfk�^f�Jl�`�^
a � �7��^Vk�jf����l�dyk�l p � iG� ��^�� � ^Ca�l�bcdfe~bLUV^C��dyl�� e~b�^C����^Vl±�t^V^Ca a �'����� � � 	 
 �� �5� �E�Hg�dfa�� �E��� } � 	�b~aQ_�k�^Cdf��^C�C��l�`�^
�ydfe � ^�jf� � �����4k�^C� � _�^C���Tk�j�� V l�jA�%dfa���l�`�^��ydfe � ^�jf�N� b~a�_�k�^Cdf��^C���Tk�j�� {�l�j0W�� ];`�^%��d�Z�b~� � ��i j�����b���e�^
�ydfe � ^%jf� � � � ��b~�nV �GdfaQ�Al�`Qdyl)jf�N�Nb~�qW�� n b~aQ_�^%b�l;bc�h�f^Vk��N_�j���iGe�^[ZNl�j9dfaQdfe~�4l�b~_Vdfece��9i�k�^C�Qb~_�lhl�`Q^7�ydfe � ^C�hjf�
� ��� �4dfaQ�����Tjfk ��b^j ^Vk�^Ca�lt�´dfe � ^C�+jf� � dfaQ� 	��E��^�_�j�aQ��b~��^Vk � iQi�^Vk�dfaQ� e�j{��^Vk���j � aQ��� �Tjfktl�`�b~�+^[ZEiQk�^C����b�j�a��
_�jfk l�`�^ � iQi�^Vk���j � aQ����jE_V_ � k�b~aQ� �Tjfk7e�j{� �ydfe � ^C��jf� 	A�J��^�_Vdfa l�d�Yf^ � ��� � ��V dfaQ�K� � W���]h`Q^�e�j �t^Vk
��j � aQ� _Vdf��^ j:_V_ � k	����jfk)`Qb���` �ydfe � ^C��jf� 	��)`�^Vk�^ � � � �����%dfaQ� � � W��

m ^Vl � ��a�j{� ^C��l�bc��dyl�^%l�`�^%e~dyl�^Ca�_�� jf�Rl�`�^7� � e�l�b~i�e�^ � � e~l�b~_Vdf��l i�dyl�l�^Vk�a�� s �Rl�`�^7a�jE��^���bc�ha�jfl�j�a�^%jf�
l�`�^;��j � k�_�^C�+bca0l�`�^hi�dyl�l�^Vk�a/�:dfa�^[ZEl�k�d ��l�dyk�l p � i b~� df�Q��^C��l�j7df_V_�j � a4l��Tjfk l�`�^;��l�dyk�l � iYjf��l�`�^]�k���l ��^C����dy�f^
l�jAdyk�k	b��f^��Tk�j�� dN��j � k�_�^�l�j��J�9]h`Qbc� ��b��f^C� � �7dfa � iQi�^Vk ��j � aQ� jf��a�L� �������� � � � � � �%W�g dfaQ�[dAe�j �t^Vk
��j � aQ�Ajf�na�]� �%W�gh�Tjfk*l�`Q^0� � e�l�b~i�e�^7� � e�l�b~_Vdf��l*e~dyl�^Ca�_��f� m a�l�`�^0jfl�`�^Vk%`QdfaQ����b���� bc�)d ��j � k	_�^ �Tjfk�j�a�^
jf�hl�`�^ � � e�l�b~_Vdf��l��C��dfa�� d `Qdfe�� p a�jE��^��Tjfk l�`�^ k�^C��dfbcaQb~a�� � � �9� � e�l�bc_Vdf��l��V����^ �f^Vl�d � iQi�^Vk%��j � aQ�[jf�
a ������ �&VB�C�da ��� �&g������� � � � �C� �%W�g	�:�;`Qb~_	`�b~� ^�� � dfe�l�jRa�!� ������.� � � � �!� �%W�g	� s ��� bc�+d7��j � k�_�^)dfa��Ydfe~��j l�`�^
��j�e�^ ��^C�7��^Vkhjf��dfe~e�l�`Q^���7��^Vl��V�Gb�lh��^CaQ�Q��j � l �E� ��^C����dy�f^C�;l�jY��b��f^ � �;d�e�j �t^Vk;��j � a�� jf� ��W��+]h`�^V�Tjfk�^f�
l�`�^ � iQi�^Vk ��j � aQ���Tjfk+l�`Q^;l�`�^*� � e~l�b�i�e�^h� � e�l�b~_Vdf��l i�dyl�l�^Vk�a b~�xa�!� �������� � � � �C� ��W�g�dfaQ�Yl�`�^)e�j{��^Vkt��j � aQ�
b~� �%W��

} ����dfe~e�^[Z:i�^Vk�b~��^Ca�lJ�tdf��_�j�aQ� � _�l�^C� l�j*^C��l�b~�Ydyl�^tl�`Q^ta � � � ^VkJjf����^�� � ^Ca4l�b~dfe~bLUV^C�W��l�^Vi��Rl�`Qdyl�� � e�l�b�i�e�^
� � e�l�b~_Vdf��l�b~aQ_ � k��O�Tjfk�l�`�^ lxm ��_�`�^C��^��;b�l�`W_�j���i�e�^Vl�^ j �f^Vk	e~dyi�jf�G��j � k�_�^ p ��^C��l�b~a�dyl�b�j�a0��^Vl���j�a�d�y � y)��^C��`��

� u



m b¨Yf^Wi�k�^V�:b~j � �;^[ZEi�^Vk�b~��^Ca4l��V��dfe~e����E��l�^C�'i�dyk�df��^Vl�^Vk�� ��^Vk�^0b~��a�jfk�^C� dfaQ� j�aQe���d `�b���` ��l�dyk�l � i l�b~��^0� df�
_�j�aQ��bc��^Vk�^C����]h`�^Y^[Z:i�^Vk�b~��^Ca�l�dfe+�´dfe � ^C�%�t^Vk�^9d �f^Vk�dy�f^C� j �f^Vk�¶�{�k � aQ�%dfa��[k�j � a���^C�[j�j l�j�l�`�^9a�^Cdyk�^C��l
b~a4l�^V�f^VkC��]h`�^0�Tj � k�l�` k�j � jf� ]Jdy�Ge�^�¶���`�j{�;� l�`�^�k�^C� � e�l��*jf� l�`Qb~�*^[Z:i�^Vk�bc��^Ca�lV� s a l�`Qb~�%|	�$��^C��` W � |
dfaQ�RV � y7��b��:bca��7dfa � iQi�^Vk ��j � aQ�Yjf� �!� u � dfaQ� d7e~j �t^Vkt��j � a���jf�O|��t�+]h`Q^ � iQi�^Vk+��j � a��Q� b~a9]Jdy��e~^o¶
k�^ViQk�^C��^Ca�l;l�`�^7�tjfk���l;_Vdf��^ _�j�aQ�Qb~l�b�j�a�jf� � ��� � � VNdfa�� � � W���dfaQ�A`�^CaQ_�^7df_�l e~bLYf^%d9e�j4j���^ � iQi�^Vk���j � aQ���

)^V�f^Vk�l�`�^Ce�^C���C�Ql�`�^�^[ZEi ^Vk	b~��^Ca4l�dfe��´dfe � ^C���Tdfece�� ^Vl ��^V^CaAl�`�^�l±�tjY��j � a��Q� dfaQ� k�^���^C_�lhl�`Q^%��^V�f^Vk�b�l � jf��a�jE��^
_�j�a4l�^Ca�l�b�j�a�b~aN� � e�l�b�iGe�^*� � e�l�bc_Vdf��lV�
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} ��jf����^Vk��f^C��dy��j �f^f�Q�;`Q^Ca�^Cdf_�`���j � k�_�^7aQj:��^ � ��^C��l�`�^7��df��^%��b~a���e�^�� � e�l�b~_Vdf��lhdfe��fjfk�b�l�`Q��l�j9b~��i�e�^C��^Ca�l
� � e�l�b�i�e~^9� � e�l�b~_Vdf��lV�tl�`�^Nb~a4l�^Vk���^C��b~dyl�^�a�j:�Q^C�0jf�)l�`�^N� � e�l�bc_Vdf��l�����b���`4l���^ bc��^Ca�l�bc_Vdfete~^Cdf�Qb~a�� l�j a�jE��^
_�j�a4l�^Ca�l�b�j�a/� � �f^CaAb~�Jl�`�^V�Ndyk�^7a�jfl)bc��^Ca�l�bc_Vdfe¨�Ql�`�^V����d �Ne~b�^%b~aN_Ve~j���^7iQk�jSZ�b~��b�l �9�;b~l�`�^Cdf_�`�jfl�`�^VkC� � `�^Ca
l�`�^C��^ _Ve�j���^Ce��9� � aQ_	`�^C��b~a4l�^Vk���^C�Qb~dyl�^%aQj:��^C����^CaQ��j � lh��^C����dy�f^C�;df��iGdyk�l�jf��l�`�^Cb�k�k�^C��i�^C_�l�b��f^%� � e�l�bc_Vdf��l��V�
b�lWe�^Cdf�Q�%l�j ª ¥�¡ � £�§y¡�¤±«V¡�¤¦¥¨§y¡Q��];`Qb~�%��d � dfe~��j d�j ^C_�lWl�`�^9j �f^Vk�dfe~e e~dyl�^Ca�_�� jf�h� � e~l�b�i�e�^�� � e�l�b~_Vdf��l7jfi�^Vk�d p
l�b�j�a�� ];`�^�^[j ^C_�l)jf��e~b~a"YY_�j�a4l�^Ca4l�b�j�aNjf�:�:b~j � ��e�� b~aQ_�k�^Cdf��^C�;df�;e~b~a�Y�iQk�jfi�dy��dyl�b~j�aNl�b~��^���^C_�j���^C�;��jfk�^%jf��d
��j���bcaQdfa�l��¦df_�l�jfk)_�j���i�dyk�^C��l�jY��l�dyk�l p � iAl�bc��^f� s l)dfe~��j���^C_�j���^C�;�Qj���b~aQdfa4l ��jfk;e~j�a�����^C����dy�f^C�C�

];` � �C�Jd��fj:j:� � � e�l�b~_Vdf��l7dfe~�fjfk�b�l�`Q� ��`�j � e~�[�Yd�Yf^9� � k�^�l�`Qdyl7l�`�^ b~a4l�^Vk���^C�Qb~dyl�^9a�j:�Q^C����jfk �´dyk	b�j � �
_�j�aQ_ � k�k�^Ca�l0� � e�l�b~_Vdf��l��Wdyk�^��Qb^j�^Vk�^Ca4l dfaQ� �t^Ce~e+��iQk�^Cdf� j � lWj �f^Vk�l�`�^ a�^Vl±�tjfk@Y � ]h`�^ ��jfk���^VkW_�j�aQ��b�l�b�j�a
k�^C� � _�^C�%l�`�^ a�j:�Q^Y_�j�a�l�^Ca4l�b�j�a ^[Z:i�^Vk�b~^CaQ_�^C���R�;`Qb~e�^0l�`�^ e~dyl�l�^VkWk�^C� � _�^C� e~b~a"Y _�j�a�l�^Ca4l�b�j�a�� s a[l�`�b~��i�dyi�^Vk
�t^Y_�j�aQ_�^Ca4l�k�dyl�^9j�a k�^C� � _Vbca���l�`�^Ya�jE��^�_�j�a4l�^Ca�l�b~j�a �:� ��d�Y:bca��N� � k�^�l�`�dyl7l�`�^Ybca�l�^Vk���^C�Qb~dyl�^�a�jE��^C���Tjfk
�Qb^j�^Vk�^Ca4l)� � e�l�b~_Vdf��l��)dyk�^Wdf� �Qb^j�^Vk�^Ca�l*df�;i�j�����b���e�^f� } ��bc��^%^[j�^C_�l*jf�+l�`�^ b~a4l�^Vk���^C��b~dyl�^ a�jE��^C�)��^Cb~a����t^Ce~e
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��iQk�^Cdf��j � l�j �f^Vk*l�`�^7��^C��`�b~��l�`Qdyl)b�l�iQk�j{�:b~�Q^C� k�^C� � _�^C�Necb~a"YY_�j�a4l�^Ca�l�b~j�a��Gdf�h��b~��_ � ����^C��b~a n ^C_�l�b�j�a u �
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} ��^Vl�`�jE��l�j�k�^C� � _�^7a�jE��^�_�j�a�l�^Ca4l�b�j�a b~��l�jY�Yd�Yf^7^Cdf_�` � � e�l�b~_Vdf��lh_	`�j:j���^ � a�b�� � ^*b~a4l�^Vk���^C��b~dyl�^%a�jE��^C�V�
df�*�Qb^j�^Vk�^Ca�l*df�*i j�����b���e�^ �Tk�j�� l�`�^7k�^C��lV� � b�l�`A���EaQdf��bc_%� � e�l�b~_Vdf��l)i�dyl�l�^Vk�aQ�V��dfe~eJ_�j�aQ_ � k�k�^Ca4l)� � e�l�bc_Vdf��l��
dyk�^ � aQd �tdyk�^9jf�hj�a�^ dfa�jfl�`�^VkC��]h`Qb~� ��^CdfaQ� l�`QdylWd � � e�l�b~_Vdf��l `Qdf� aQj b~aQ��jfk��Ydyl�b�j�a �;`Qdyl���j4^V�f^Vk�dy��j � l
l�`�^A��j � k�_�^AdfaQ�H��^C��l�b~aQdyl�b~j�aQ��jf� l�`�^Njfl�`�^Vk � � e�l�b~_Vdf��l��V�L]h`�^Ca�� `�j{� _VdfaHd � � e~l�b~_Vdf��lY_	`�j4j���^ � aQb�� � ^
b~a4l�^Vk���^C�Qbcdyl�^%a�j:�Q^C�h�Qb^j�^Vk�^Ca4lt�Tk�j��$l�`Qj���^%jf��jfl�`�^Vk;� � e�l�b~_Vdf��l����

} �fj4jE� � � e�l�bc_Vdf��l9dfe��fjfk	b�l�`Q�6��`�j � e~� � ��^ ��j���^ e�j:_Vdfe*b~a��Tjfk���dyl�b~j�a l�j ��d�Yf^ b�l��Yl�k�^V^ df� � aQb�� � ^
df�0i�j�����b��Ge�^f� ]h`�^�e�jE_Vdfetbca���jfk	��dyl�b�j�a l�`Qdyl�j � k�a�^V�2dfe��fjfk�b~l�`Q��� � ��^ b~�0l�`�^ i�j���b�l�b�j�a jf�;l�`Q^ ��j � k�_�^�b~a
l�`�^����E��l�^C����];`Qb~� b~� � a�b�� � ^ �Tjfk�^Cdf_�` � � e�l�b~_Vdf��lV� s ��^Cdf_	` � � e�l�b~_Vdf��l%_�j�a���l�k � _�l��%b~l�� l�k�^V^���df��^C�[j�a l�`�^
i�j���b�l�b�j�a jf�;b�l��0_�jfk�k�^C��i j�a��Qb~a��A��j � k�_�^f��l�`�^Ca dfe~e�l�`�^ � � e~l�b~_Vdf��l�� �;b~e~e+^CaQ� � i �;b~l�` l�k�^V^C�0df� � a�b�� � ^Ydf�
i�j�����b��Ge�^f� s aN_ � k�k�^Ca�l�a o ��^C��`�dfaQ� lxm gtdfe��fjfk�b�l�`���� l�`�^7� � e�l�b~_Vdf��ltl�k�^V^C�;dyk�^%�f^CaQ^Vk�dyl�^C� � ��b~a��WiQk�b~��dyk	b~e��
l�`�^ ��^C��l�b~a�dyl�b�j�a a¦��b~��l�k�b�� � l�b�j�a	gRb~aQ��jfk��Ydyl�b�j�a���]h`�^V����^Vi�^CaQ���4l�j�d7�f^Vk��9����dfe~e ��^V�fk�^V^f�Ej�a l�`�^*i j���b�l�b�j�a�jf�
l�`�^7��j � k�_�^f� s a�j � k)a�^V� � aQb~_Vdf��l p ��df��^C�Ndfe��fjfk�b�l�`��$��^ � ��^%l�`Q^7��df��^7��b~��^CaQ��b~j�a p jfk���^Vk�^C� _	`Qdfb~aA_�j�a�_�^ViQl
df� l�`�^ o ��^C��` dfe��fjfk�b�l�`����O� � l � ��^9l�`�^Yi�j���b�l�b~j�a jf��l�`�^9��j � k�_�^9bca l�`�^9_	`Qdfb~a l�j���^C_Vbc��^�l�`�^ � � e~l�b~_Vdf��l
l�k�^V^f� s a j � k�� � e�l�b~��^C��l�bcaQdyl�b�j�a p ��df��^C�9dfe��fjfk	b�l�`Q������^%_	`�j:j���^�l�`�^�e�^Cdf��^Vk���^Vl�� �Tjfkhd0� � e~l�b~_Vdf��l ��^Vi�^CaQ�Qb~a��
j�a�l�`�^7i j���b�l�b�j�a jf��b�l��h��j � k	_�^f� � ^7iQk�^C��^Ca�l�l�`�^C��^7a�^V� dfe��fjfk	b�l�`Q����b~a l�`Q^%��j�ece�j �;bca�����^C_�l�b�j�aQ�V�
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s a l�`Qb~� ��^C_�l�b�j�a �t^�iQk�jfi�j���^�d�a�^V��²�§y°E�£®«�©h y��¤¦¥T¤¦¥¨§y¡ «�¬�cJµY«®¢re a n � o ��^C��`	g)dfe��fjfk�b�l�`Q�N��l�jNb~��i�e�^C��^Ca�l
^��9_Vb�^Ca4l � � e~l�b�i�e�^h� � e�l�b~_Vdf��l � ��bca�� � aQbc_Vdf��l���^C����dy�f^C�V�E_�jfk���bca���e�^;� � e�l�b~_Vdf��lV�4l�`�^ dfe��fjfk�b~l�`Q� i�^Vk��Tjfk�����df�
�t^Ce~e�df� l�`�^ o ��^C��` dfe��fjfk�b~l�`Q�'�4� iQk�^C��^Vk��:bca�� ecb~a"YN_�j�a4l�^Ca�l�b�j�a p ��k�^V^YiQk�jfi�^Vk�l±�f�}_�jfkW� � e~l�b�i�e�^W� � e~l�b~_Vdf��lV�
l�`�^�a�^V�2dfe��fjfk	b�l�`Q� i�^Vk���jfk	���W�Tdyk���^Vl�l�^Vk�l�`Qdfa l�`�^ o ��^C��` dfe��fjfk	b�l�`Q� �4� k�^C� � _Vbca�� aQj:��^�_�j�a4l�^Ca�l�b~j�a��
_�b�k���lV��l�`Q^7dfe��fjfk�b�l�`��$b~��iQk�^C��^Ca�l�^C���Tjfk���dfece��9dfaQ�Ab�l��he~b~a�Y9_�j�a4l�^Ca�l�b�j�a p ��k�^V^ iQk�jfi�^Vk�l � b~� i�k�j �f^C�A��jfk;��b~a���e�^
� � e�l�b~_Vdf��lV� ];`�^CaNb�l�� k�^C� � _�^C�Na�jE��^%_�j�a4l�^Ca�l�b�j�aAiQk�jfi�^Vk�l �9�Tjfk;� � e�l�b�i�e~^*� � e�l�b~_Vdf��lhb~�h��^C��j�a���l�k�dyl�^C���
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} � l�`�^�aQdf��^�� � �f�f^C��l��C��l�`�^ n j � k�_�^���dyk�l�b�l�b�j�aQ^C� o ��^C��` dfe~�fjfk�b�l�`Q� i�dyk�l�b~l�b�j�aQ�)l�`�^��Qb~��^CaQ��b�j�aAjfk	��^Vk�^C�
_�`�dfb~aYdf_V_�jfk���b~a��7l�jWl�`�^hi�j���b~l�b�j�a�jf��l�`�^*��j � k�_�^*b~a�l�`�^*_�`Qdfbca�� m ^Vl+l�`Q^)��j � k	_�^)dfaQ�9��^C��l�b~aQdyl�b~j�aYdf�Q��k�^C����^C�
��^*��jfk�l�^C� b~a�l�j�d0�Qb~��^CaQ��b�j�a�jfk	��^Vk�^C� _�`Qdfbca�� �*� } a�^V� _�`�dfb~a � � b~�tjf�Ql�dfbca�^C� �4�Yd ��§f¤v f¤±«Pb ª~« ��¤ jfi ^Vk	dyl�b�j�a
j�a � l�b~e~e�l�`�^���j � k�_�^�G���`�b���l���l�j0l�`�^ ��^V��b~aQaQb~aQ�%jf� ���V��
)j � l�`�^ o ��^C��` dfe��fjfk�b~l�`Q��b~�+i�^Vk��Tjfk���^C�9j�a ���V�
]h`�^�dfe~�fjfk�b�l�`Q� b~� �Tjfk���dfece��AiQk�^C��^Ca�l�^C� b~a _�b���� u �>_�b�� � k�^ �Ha¦d�g%��`�j{�;�%dfa ^[Z�df��i�e�^�jf��d�� � e�l�b~_Vdf��l�l�k�^V^
�f^Ca�^Vk�dyl�^C�A�;`�^Ca�l�`Q^ n � o ��^C��`Ndfe~�fjfk�b�l�`Q�$b~� � ��^C� �Tjfk;� � e�l�b~_Vdf��l } �Tk�j�� _�b�����|"a¦d�g	�
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];`�^ n � o ��^C��`Ydfe��fjfk	b�l�`Q� ��b^j ^Vk	� �Tk�j�� l�`Q^ o ��^C��` dfe��fjfk�b�l�`�� j�aQe����)b�l�`�k�^C��i ^C_�l�l�j l�`Q^*�Qbc��^CaQ��b�j�a
jfk���^Vk�^C�N_�`Qdfbca�� q `Qdfa���b~a�� � l�j"���;_Vd � ��^C�hl�`�^W� � e~l�b~_Vdf��l�i�dyl�l�^Vk�aAl�jY��^%��^Vi�^CaQ��^Ca4lhj�a�l�`Q^7i�j���b�l�b�j�a jf�
l�`�^���j � k	_�^f�7]h`Qb~�)^[j�^C_�l%e�j �t^Vk���a�jE��^0_�j�a�l�^Ca4l�b�j�a dfaQ� e~dyl�^CaQ_�����jfk%� � e�l�b~i�e�^7� � e�l�b~_Vdf��l df� _�j���iGdyk�^C� l�j
l�`�^ o ��^C��`�dfe��fjfk�b�l�`���� s l;b~��l�j���^7aQjfl�^C�Nl�`Qdyl;d9��b~��bce~dyk k�^Vjfk���^Vk�bca��0jf�Rl�`Q^ �Qb~��^CaQ��b�j�a p jfk	��^Vk�_�`Qdfb~aA`Qdf�
��^V^Ca � ��^C�Ab~adh |�{ i l�j ��^V�f^Ce�jfi � � e�l�b~_Vdf��l*dfe��fjfk�b�l�`Q�Y����jfk*l�`�^ l�jfk � �*a�^Vl±�tjfk@YAdfaQ��b~a h z�i �Tjfk)� � e�l�b�i�df_fYf^Vl
� � e�l�b~_Vdf��lV� l j �t^V�f^VkC� `�^Vk�^ ��^ � ��^ � � _�` k�^Vjfk	��^Vk�b~a��Wj�a���^C��`Q^C� l�j�k�^C� � _�^�a�jE��^ _�j�a�l�^Ca4l�b�j�a��Tjfkh� � e�l�b�i�e�^
� � e�l�b~_Vdf��lV� n bcaQ_�^�l�`Q^;� � e�l�b~_Vdf��l�l�k�^V^;bc���f^Ca�^Vk�dyl�^C�Ybca ^[Z�df_�l�e��0l�`�^h��df��^��td �0df�+b~a0l�`�^ o ��^C��`�dfe��fjfk	b�l�`Q���
l�`�^ n � o ��^C��`[dfe~�fjfk�b�l�`Q��l�d�Yf^C�WaQjA��jfk�^9l�`Qdfa;�Te�jf� � 	�� ��l�dyk�l p � iG�%�Tjfk dA��b~a���e�^�� � e�l�b~_Vdf��lV� � ^ iQk�j{�f^
��^Ce�j ��l�`QdylYl�`�^ n � o ��^C��` dfe~�fjfk�b�l�`Q��� e~bLYf^Al�`�^ o ��^C��`Hdfe~�fjfk�b�l�`Q���t� � dyk�dfa4l�^V^C�OUV^Vk�j e~bca"Y _�j�a4l�^Ca�l�b~j�a
df��j�a��Yl�`�^%��^C����dy�f^C�)�Tjfk;d���b~aQ��e�^�� � e~l�b~_Vdf��lV�

��� 
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]h`�^ o ��^C��` dfe��fjfk�b~l�`Q� � � dyk	dfa�l�^V^C� UV^Vk�j e~b~a"Y _�j�a�l�^Ca4l�b�j�a df��j�a�� ��^C����dy�f^C� jf�hd ¢®¥�¡�\�ª�«7� � e�l�b~_Vdf��lRh � u-i
�Tjfk;�tjfk���`�j�e�^ ���:��l�^C���h�;b~l�`N�Qb~��^Ca���b�j�a jfk���^Vk	b~a���� m ^Vl � � � ��^%l�`Q^%��b~aQdyk��9k�^Cecdyl�b�j�a:9��Qbc��^CaQ��b�j�a jfk	��^Vk�;E�

���



��^Ca�jfl�^C� df� 0��y� df�*��^[]GaQ^C�Ab~ah � uTi � } _V_�jfk	�Qb~a��9l�jYl�`�^W��^[]GaQb�l�b~j�a���b����H0���� 0�� �H0���� ��l�`�^Ca�l�`�^ i�dyl�`
l�d�Yf^Ca �:��d ��^C����dy�f^ ��k�j�����l�j���dfaQ�Yl�`Q^)i�dyl�`9l�d�Yf^Ca �:��d ��^C����dy�f^ ��k�j�� ��l�j���dyk�^*dyk	_)�Qbc� �j�bca�lV� m b~a�Y
_�j�a4l�^Ca�l�b�j�a jE_V_ � k����;`�^CaYl±�tj0jfkt��jfk�^*��^C����dy�f^C��a�^V^C�9l�j � ��^;l�`�^ ��df��^*i�`4�:��bc_Vdfe�e~b~a�YWdyltl�`�^ ��df��^*l�b~��^f�
� ^ df��� � ��^%��^C��`�^C���;b�l�`���b~��^CaQ��b~j�a p jfk���^Vk
	 p�� k�j � l�b~a��0�Tjfkhl�`Qb~� iQk�j4jf�r�

m ^Vl � ��_�j�a���b~��^Vk�G�l�j[��^Nl�`Q^A��j � k�_�^�dfaQ� 2 l�j[��^�l�`�^ `Qdfe�� p a�jE��^�b~a l�`�^ n � o ��^C��` dfe��fjfk	b�l�`Q���
� b�l�`�j � l%e�j�����jf� �f^Ca�^Vk�dfe~b�l �f�Je�^Vl � ��df��� � ��^�l�`Qdyl G 0�� 2 �O_Rb~� � k�^>z"a¦d�g���`�j �;�%l�`�^�i�j���b�l�b�j�aQ� jf�LG9dfaQ�2 b~a l�`Q^ a�^V�$�Qbc��^CaQ��b�j�a p jfk���^Vk�^C�[_	`Qdfb~a���� ����dfaQ� l�`Q^Cb�k0i j���b�l�b�j�aQdfe+k�^Ce~dyl�b�j�aQdf��`Qb�i����)b�l�` l�`Q^ jfk	b���b~aQdfe
�Qb~��^CaQ��b�j�a p jfk	��^Vk�^C��_	`Qdfb~a�� �*� _�b�� � k�^Xz"aT�5g+��`�j �)�t`Qj �(l�`�^*i j���b�l�b�j�aQ�+jf�EG dfaQ� 2 _Vdfa ��^ � ��^C�9l�j0�Qb��Eb~��^
l�`�^ ��^C��` bca�l�j�l�`�k�^V^YiGdyk�l�b�l�b�j�aQ�C� } _V_�jfk��Qbca��Nl�j l�`�^9a�^V� dfe��fjfk�b�l�`�� G ��^CaQ�Q�7l�`�^0]Gk���l7��^C����dy�f^9l�j 2 �
n � �G��^�� � ^Ca�l�e��f�4GY_�j �f^Vk��W��^C��l�bcaQdyl�b�j�aQ��b~a i�dyk�l�b�l�b�j�a ��dfaQ� 2 _�j{�f^Vk�� �Q^C��l�b~aQdyl�b�j�a���b~a i�dyk�l�b�l�b�j�a��%|ydNdfaQ�
|´�/� m ^Vl � �h��^[] a�^�l�`�^%��^C����dy�f^C�;�Tjfk;d���bca���e�^�� � e�l�b~_Vdf��l�j�a�l�`�b~�����E��l�^C��df���Tj�e~e�j{�;�!�
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s l�_Vdfa ��^ ^Cdf��b~e��[jf�G��^Vk��f^C� �Tk�j�� l�`�^Ndfe��fjfk�b~l�`Q� l�`Qdyl�dy��l�^Vk GN��^CaQ��� l�`Q^O]Gk���l���^C����dy�f^�l�j 2 �tdfe~e
� � k�l�`�^Vk%��^C����dy�f^C� dyk�^Yb~a4l�k�d p i�dyk�l�b�l�b~j�a ��^C����dy�f^C�7^[ZE_�^ViQl ��jfk7l�`�j���^Yb~a4l�^Vk p i�dyk�l�b�l�b�j�a ��^C����dy�f^C�7��^Ca4l%�Tk�j��
a�jE��^C�hb~aN|yd�l�jYa�jE��^C��b~aA|´�/� � b�l�`�k�^C��i�^C_�l�l�jYb~a4l�k�d p i�dyk�l�b�l�b~j�a���^C����dy�f^C�V�G��^ `QdC�f^ �

�t@:> > = 6�� ��¤±«��]G0¢C«�¡G¬´¢ ¤�eE«�� ��¢�¤�µY«®¢�¢V S\4«%¤v§ 2 	�¤�eE«���«�¥�¢)¡ §0ª ¥T¡ ��£�§y¡�¤±«V¡�¤¦¥¨§y¡ ¯	«V¤���«�«V¡� y¡Q³�¤��+§�¥�¡�¤¦�� �b
�E y��¤¦¥¦¤¦¥¦§y¡ µ�«�¢�¢V S\4«�¢ �

\%X����;� � q j�a���b~��^Vk%dfa4� jf� l�`�^Yl�`�k�^V^�i�dyk�l�b�l�b~j�aQ�V� } e~e b~a4l�k�d p i�dyk�l�b�l�b�j�a[��^C����dy�f^C� dyk�^9��^Ca4l7��l�k�bc_�l�e�� � ��b~a��

�Sy



l�`�^ o ��^C��`�dfe~�fjfk�b�l�`Q� df_V_�jfk��Qb~aQ�9l�j l�`�^0�Qb~��^CaQ��b�j�aNjfk��Q^Vk�b~a����;];`�^Vk�^V�Tjfk�^f��b~a�l�k	d p i�dyk�l�b�l�b�j�a���^C����dy�f^C� jf�
dNiGdyk�l�b�l�b�j�a ��jAa�jflW_�j�a�l�^CaQ� �TjfkWe~bca"Y:� �)b�l�`[^Cdf_	` jfl�`Q^VkC� m �:�:b�j � ��e��f�Jbca�l�k�d p iGdyk�l�b�l�b�j�a[��^C����dy�f^C�Wjf��l±�tj
a�j�a p df� ��df_�^Ca4l%i�dyk�l�b~l�b�j�aQ��_VdfaQa�jfl%_�j�a4l�^CaQ� ��jfk%e~bca"Y:�*�;b~l�` ^Cdf_�`[jfl�`Q^VkC� m ^Vl � ��_�j�a���b~��^Vk%b~a4l�k�d p i�dyk�l�b�l�b�j�a
��^C����dy�f^C��jf�Gl ��j df� ��df_�^Ca4l�i�dyk�l�b~l�b�j�aQ�V� } a�bca�l�k�d p iGdyk�l�b�l�b�j�a0��^C����dy�f^h_Vdfa�l�d�Yf^;a�j�e~b~a�Y7b~aWl�`�^ �9�Qbc��^CaQ��b�j�a
�;`Qbc_�`�b~��_�j���iGe�^Vl�^Ce��0_�j�a�l�dfb~aQ^C��b~a�b�l�� df� ��df_�^Ca4l i�dyk�l�b~l�b�j�a�� s l _Vdfa�j�a�e��7l�d�Yf^)j�a�^ �9��b~��^CaQ��b~j�a e~bca"Y%�;`Qbc_�`
��l�k�df���Qe�^C� l�`Q^*b~a4l�^Vk p i�dyk�l�b�l�b�j�a���j � a��Qdyk��f�4dfa��Yl�`Qbc�+e~b~a�Y0_Vdfa�a�jfl���^)l�d�Yf^Ca �4��dfa b~a4l�k�d p i�dyk�l�b~l�b�j�aY��^C����dy�f^
jf� l�`�^�df� ��df_�^Ca4l*iGdyk�l�b�l�b�j�a�� } e~��j���dfa b~a�l�k	d p i�dyk�l�b�l�b�j�a ��^C����dy�f^0_Vdfa l�d�Yf^�l�`�^ �N�Qbc��^CaQ��b�j�a�e~b~a"YE��aTjf��l�`�^
_�j�����j�a(_�j�e � ��a	g0b~aHl�`�^ df� ��df_�^Ca4l i�dyk�l�b�l�b�j�aHj�aQe�� b~aHl�`�^�aQ^V��dyl�b��f^ �Qb�k�^C_�l�b�j�a/�t�)`Qb~e�^Nb~a4l�k�d p i�dyk�l�b�l�b�j�a
��^C����dy�f^C�;jf��l�`�^ df� ��df_�^Ca4l*i�dyk�l�b�l�b�j�aA_VdfaAl�d�Yf^Wl�`�j���^ � ��b~��^CaQ��b~j�a ecb~a"YE��j�aQe�� b~a�l�`�^ i�j���b�l�b��f^%�Qb~k�^C_�l�b�j�a��
]h`Qbc� iQk�j �f^C�;l�`Qdylhl�`�^Vk�^�^[ZEb~��l��ha�j�e~b~a�Y9_�j�a4l�^Ca�l�b�j�aA��^Vl±�t^V^CaAdfa4� l ��j b~a4l�k�d p i�dyk�l�b�l�b~j�a���^C����dy�f^C�V�

];`Qb~�;e~^CdC�f^C� � �)l�j _�j�a�_�^Ca�l�k�dyl�^0j�aQe~��j�a�l�`Q^ b~a4l�^Vk p i�dyk�l�b~l�b�j�a���^C����dy�f^C�*�;`Qb~_	`�dyk�^W��^Ca4l*��k�j�� a�jE��^C�
b~aN|yd�l�j9a�j:�Q^C�hb~aN|´�/� m ^Vl � �h��^[] a�^�l�`�^C��^7��^C����dy�f^C�;df�;��j�ece�j �;� �

K�@��F%�'�����GF�4 � ¡9¥�¡G¤±«��)b��E f�®¤¦¥¦¤¦¥¦§f¡�µ�«�¢�¢V S\4« �®�§yµ �E y��¤¦¥¦¤¦¥¦§y¡��:  ¤v§��E y��¤¦¥¦¤¦¥¦§y¡��E¯h¥�¢;£� yªTª~«�¬0 W¯� �£ �%µY«�¢�¢� &\4« �

]h`Qbc��e�^Cdf�Q� l�j �

�t@:> > =w4 � ¤� y¡�³ �E§f¥�¡�¤�§ � ¤¦¥�µY« 	+¤�e�«���«W¥c¢7 f¤¦µ�§´¢�¤h§y¡Qª ³ §y¡�«�¯� �£ ��µ�«�¢�¢V S\4« ¥T¡ ¤�e�«7¢	³´¢®¤±«Vµ �
\%X����;� � m ^Vl+l�`�^Vk�^h��^�l±�tj7jfk���jfk�^;_�j�aQ_ � k�k�^Ca�l+��df_@Y���^C����dy�f^C�V� m ^Vl � ��l�d�Yf^ dfa��0l±�tj7jf��l�`�^C��^)��^C����dy�f^C�V�2 �hdfaQ� 2 �y� m ^Vl 2 � ��^*�Tk�j��$a�jE��^ �Al�j�a�jE��^ �9dfaQ� 2 �*��^*��k�j��$aQj:��^ �Nl�j�aQj:��^ �G�+]h`�^Vk�^V�Tjfk�^�a�jE��^C�
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_Rb~� � k�^ z �+�Rj�����b~��e�^�_Vdf��^C�)��jfkhl ��j ��b~� � e�l�dfa�^Vj � �t��^C����dy�f^C�)�fj�b~a����Tk�j��$i�dyk�l�b~l�b�j�aN|yd�l�jYiGdyk�l�b�l�b�j�aN|´�/�

\%X����;� � m ^Vl � �t]�k���l�_�j�aQ��bc��^Vk�dfaNb~a4l�k�d p i�dyk�l�b�l�b~j�a ��^C����dy�f^%��^Ce�j�a���bca�� l�jYi�dyk�l�b�l�b�j�a�|ydE�E_Qjfk)�Qb~��^CaQ��b�j�aQdfe
	 p�� k�j � l�bca���� d ��df_@Y ��^C����dy�f^�l�d�Yf^C� 	 �Qb~��^Ca���b�j�a ecb~a"YE�%j�aQe�� b~a l�`Q^ aQ^V��dyl�b��f^N�Qb�k�^C_�l�b~j�a�� } a b~a4l�k�d p
i�dyk�l�b~l�b�j�a���^C����dy�f^ �fj�b~a����Tk�j��2aQj:��^ " l�j a�j:�Q^'&)dfe~�td �:�*`Qdf� " 0�� & dfa��N`�^CaQ_�^f��b~l�l�d�Yf^C��	 �Qbc��^CaQ��b�j�a
e~b~a�Y:�Rj�aQe��Wb~a0l�`�^hi�j���b~l�b��f^��Qb�k�^C_�l�b�j�a/�R]h`Q^Vk�^hb~��a�j%_�j�a4l�^Ca�l�b~j�aYb~a0l�`�^ � �Qbc��^CaQ��b�j�aW��^C_Vd � ��^ � �Qbc��^CaQ��b�j�a
e~b~a�Y:� dyk�^%l�d�Yf^CaA�4� l�`�^��Gdf_@Y���^C����dy�f^ j�aQe�� dy��l�^Vk*b�l�k�^Cdf_�`Q^C�;i�dyk�l�b�l�b�j�aN|´�/�

o ��b~aQ��l�`�^ ��df��^7k�^Cdf��j�aQb~a�� df�)dy��j �f^f��l�`�^Vk�^ b~�)a�j9_�j�a4l�^Ca�l�b~j�a bca�l�`�^ 	 ��b~��^CaQ��b~j�a���^Vl±�t^Ca�dY��df_@Y
��^C����dy�f^*dfaQ� dfa b~a�l�k	d p i�dyk�l�b�l�b�j�aY��^C����dy�f^*��^Ce�j�a���b~a��7l�j i�dyk�l�b�j�aA�y� } ��df_fYY��^C����dy�f^)l�d�Yf^C� � �Qbc��^CaQ��b�j�a
e~b~a�Y:�tj�aQe�� dfe�j�a��Yd�_�j�e � ��a l�`Qdyl;`�df�hdyl�e�^Cdf��lhj�aQ^7a�jE��^�b~a i�dyk�l�b�l�b~j�aN|ydE� } aNb~a4l�k�d p i�dyk�l�b�l�b~j�a ��^C����dy�f^7jf�
i�dyk�l�b~l�b�j�a � l�d�Yf^C� � �Qbc��^CaQ��b�j�a�e~b~a"YE�)j�aQe��Adfe�j�aQ� l�`Q^0_�j�e � ��a l�`Qdyl%`Qdf��dyl�e�^Cdf��l�j�a�^�a�j:�Q^0bcaAi�dyk�l�b�l�b�j�a
�y� ]h`�^*j�aQe��9_�j�e � ��a9l�`Qdyl���dyl�b~��]G^C����jfl�`9l�`�^C��^�_�j�aQ�Qb~l�b�j�aQ�tb~�+j�aQ^*�)`Qb~_�` `Qdf�tl�`�^���j � k	_�^*a�jE��^@G�� s a l�`Qb~�
_�j�e � �Ya��Gdfa b~a4l�k�d p i�dyk�l�b�l�b~j�aA��^C����dy�f^ jf��i�dyk�l�b�l�b�j�a �W_Vdfa�j�aQe���l�d�Yf^Wl�`�j���^ � �Qb~��^Ca���b�j�a�e~b~a�Y:���)`Qb~_�`�e~b�^
b~a�iGdyk�l�b�l�b�j�a �7dfaQ��dyk�^Wbca�l�`�^7i�j���b~l�b��f^7�Qb�k�^C_�l�b�j�a�� m aNl�`�^ jfl�`�^Vk `QdfaQ��� d���df_fYN��^C����dy�f^0_VdfaAj�a�e�� l�d�Yf^
l�`�j���^ � �Qb~��^CaQ��b�j�aYe~bca"Y:��b~a l�`�^*i j���b�l�b��f^ �Qb�k�^C_�l�b�j�a9�;`Qbc_�` e~b�^*b~aYiGdyk�l�b�l�b�j�a�|´�/� ]h`Q^Vk�^V��jfk�^f�:l�`Q^Vk�^*_Vdfa�a�jfl
��^%_�j�a�l�^Ca4l�b�j�aA� ^Vl ��^V^Ca�dfaNb~a4l�k�d p i�dyk�l�b~l�b�j�a���^C����dy�f^ jf�JiGdyk�l�b�l�b�j�a[��dfa��Nd���df_fY ��^C����dy�f^f�

o ��b~aQ�Yl�`�^0��df��^Wk�^Cdf��j�aQbca�� ��^Ca�l�b�j�aQ^C��b~aAl�`�^0��^V��b~aQaQb~aQ��jf� l�`Qb~�)iQk�j:jf� � l�`�^Vk�^0b~�*a�j9_�j�a4l�^Ca4l�b�j�a b~a
l�`�^ 	��Qbc��^CaQ��b�j�a ��^Vl±�t^V^Ca d��Gdf_@Y ��^C����dy�f^�dfaQ� dfa b~a�l�k	d p i�dyk�l�b�l�b�j�a ��^C����dy�f^�� ^Ce~j�a���b~a��Nl�j i�dyk�l�b�l�b�j�a
|´�/� m ^Vl � ��_�j�aQ��b~��^Vk�_�j�a4l�^Ca�l�b�j�a b~a l�`�^ � �Qb~��^CaQ��b�j�a ��jfk d ��df_@Y ��^C����dy�f^A�Tk�j�� a�jE��^ �Hl�j a�j:�Q^ �
� � _	`Nl�`Qdyl�� 0�� �J��]h`�^Vk�^7dyk�^7l�`�k�^V^W_Vdf��^C�!� l�`�^ ��df_@YN��^C����dy�f^7l�d�Yf^C��a¦d�g;dyl�e�^Cdf��l*j�a�^ � �Qb~��^CaQ��b�j�a�e~bca"Y
b~a l�`�^Yi j���b�l�b��f^��Qb�k�^C_�l�b�j�a��/jfkOaT�!g dyl�e�^Cdf��l j�a�^ � �Qb~��^CaQ��b�j�a e~b~a"Y b~a l�`�^Ya�^V��dyl�b~�f^9�Qb�k�^C_�l�b�j�a��/jfkOa¦_&g%a�j
� �Qb~��^CaQ��b�j�a e~b~a"YE�V� s a _Vdf��^ a¦_&g*l�`�^Vk�^�bc�%a�j�i�j�����b��Ge�^ _�j�a4l�^Ca�l�b~j�a �;b~l�` dfa[b~a4l�k�d p i�dyk�l�b�l�b~j�a ��^C����dy�f^Yjf�
i�dyk�l�b~l�b�j�a |´�/� m ^Vl � ��l�d�Yf^ _Vdf��^C� a¦d�g7dfaQ� aT�!g	� q j�aQ��b~��^Vk%dfa b~a4l�k�d p i�dyk�l�b�l�b~j�a[��^C����dy�f^ jf� i�dyk�l�b�l�b~j�a |´�
�Tk�j�� a�jE��^ " l�jAaQj:��^�&W� � _	` l�`Qdyl " 0�� & 0�� �J� s �+l�`�b~����^C����dy�f^9��`Qdyk�^C� ^V�f^Ca j�a�^ � ��b~��^CaQ��b~j�a�e~bca"Y
�;b�l�`�l�`�^0��df_fY���^C����dy�f^f��l�`�^Ca " 0�� ��� } _V_�jfk	�Qb~a�� l�j l�`�^ o ��^C��` dfe~�fjfk�b�l�`Q����b�� � ��^CaQ�Q�*d ��^C����dy�f^0l�j
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�Hg M �;bce~e�j�a�e���k�^C_�^Cb��f^�l�`Q^ ��^C����dy�f^%b~a � � �G��^�� � ^Ca�l ��l�^Vi��V� n b~aQ_�^*l�`�^%a�jE��^ "
e~b�^C� b~a�l�`Qb~� ��^VlV�Jb�l�b~�*�f^Vl�l�j�k�^C_�^Cb��f^�l�`�^���^C����dy�f^�dfaQ� l�` � ��_Vdfa�a�jfl���^W��^Ca��Qb~a�� d ��^C����dy�f^�l�j(& b~a l�`�^
��df��^%��l�^Vi/� ]h`�^Vk�^V�Tjfk�^f��l�`�^Vk�^%_VdfaQa�jfl���^�_�j�a�l�^Ca4l�b�j�a���^Vl±�t^V^CaNdfaNbca�l�k�d p iGdyk�l�b�l�b�j�a ��^C����dy�f^�� ^Ce~j�a���b~a��Wl�j
i�dyk�l�b~l�b�j�aN|´�AdfaQ�Nd���df_@Y���^C����dy�f^f�

m ^C�Y��df�%� p ¶���b�k�^C_�l�e�� e�^Cdf��l�j �
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G�0�� 2 � ]h`�^%_Vdf��^%jf� 2 0�� G _Vdfa���^�^Cdf��b~e~�
iQk�j{�f^C�A�)b�l�`���b~��bce~dykhdyk�� � ��^Ca4l��V� } e�l�`�j � ��`�l�`�b~��l�`�^Vjfk�^C� `Qdf�;� ^V^CaNiQk�j �f^C���Tjfk)dY|	� ��^C��`���b�l)b~� � � b�l�^
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o ��b~a�� l�`�^ n � o ��^C��` dfe��fjfk	b�l�`Q��� ^Cdf_�` � � e�l�b~_Vdf��lA_	`�j:j���^C�Ad ��b^j ^Vk�^Ca�lN`Qdfe~� p a�jE��^ ��^Vi�^CaQ�Qbca�� j�a l�`�^
i�j���b�l�b�j�a jf��b�l��)_�jfk�k�^C��i�j�aQ��b~a��0��j � k�_�^Wa�j:�Q^f�+]h`Qb~�hk�^C� � _�^C��l�`Q^7_�j�a�l�^Ca4l�b�j�a�j�aNl�`�^ _�^Ca�l�k�dfece�� i j���b�l�b�j�a�^C�
a�jE��^C�hjf���*� � `�^Ca�� b~�h��b��:bc��^C� k�^C_ � k���b��f^Ce�� dyl)^Cdf_	`���l�dy�f^Wjf��l�`�^Wdfe��fjfk�b�l�`Q�N�Ql�`�^ dy��j{�f^7^[j�^C_�l*_Vdyk�k	b�^C�
j �f^Vk � m ^Vl � �+l�d�Yf^*l�`�^)^[ZEdf��iGe�^;�Tk�j�� _�b����E|%l�jW��^V^*l�`�^;^[j�^C_�l�jf��l�`Q^ n � o ��^C��`Ydfe��fjfk	b�l�`Q����_�b�� � k�^C� �Ha¦d�g
dfaQ� �HaT�5gWbce~e � ��l�k	dyl�^9l�`�^�k�^C� � e�l��W�TjfkY� � e�l�b~_Vdf��l�� } dfaQ� � ��k�^C��i�^C_�l�b��f^Ce��f� 
)j �%� � � e�l�b~_Vdf��l�� } dfaQ� �

_�`Qj4j���^wa�y��{�gWdfaQ� a¨|:��{�gWdf�0l�`�^Cb~k k�^C��i ^C_�l�b~�f^ _�^Ca4l�^VkYa�jE��^C�WdfaQ� ^[Z:i�^Vk�b�^Ca�_�^>UV^Vk�j[a�jE��^ _�j�a�l�^Ca4l�b�j�a�� s a
�f^Ca�^Vk�dfev��l�`�^ n � o ��^C��`�dfe��fjfk�b~l�`Q� d�j�^C_�l��+l�`�^)_�`�j�b~_�^;jf� l�`Q^;_�^Ca�l�^Vkta�jE��^hdyl+^Cdf_	`Yjf� l�`�^;� � _V_�^C����b��f^;��l�^Vi��
jf��l�`�^%dfe��fjfk�b~l�`Q����k�^C� � e�l�b~a��0b~a k�^C� � _�^C�Na�jE��^%_�j�a�l�^Ca4l�b�j�a��
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²E©�cJµY«®¢re  yª�\�§y�®¥¦¤�e�µ2¥�¢�¯�§f°:¡ ¬�«�¬9 �¯�§��f« ¯V³ � �Te�jf� � 	��4�����*�� < | * �Te�jf� � �� _�� ~ �4��� �Te�jf� � ��
	 � F � �W¢®¤±«���¢ 	���eE«V��«
� ���O� � �*�� < | * ���  y¡G¬��(0 | � � � �
\%X����;� � m ^VlLG���^*j�a�^�jf�Ol�`Q^ ��j � k�_�^C�V� s a l�`�^ ��jfk	��l�_Vdf��^f�5G%_Vdfa ��^*l�`�^%`Qdfe�� p a�jE��^;�Tjfkhdyl���j���l�j�aQ^�jfl�`�^Vk
� � e�l�b~_Vdf��lV��l�`Q^ � � dyk�l�^Vk p a�j:�Q^W�Tjfk%dyl���j���l�l ��j�jfl�`Q^Vk7� � e�l�b~_Vdf��l��V��l�`�^�j�aQ^ p ^Cb���`�l�` aQj:��^0�Tjfk�dyl���j���l%�Tj � k
jfl�`�^VkW� � e~l�b~_Vdf��l��V��dfaQ�[��jAj�a�� ];`�^Ye~dyl�^CaQ_�� jf��l�`�^9� � e~l�b�i�e�^�� � e�l�b~_Vdf��l�iGdyl�l�^Vk�a bc����j � aQ��^C� dy��j �f^9�4�
l�`�^���d�Z�b~� � ��a � � ��^Vk�jf�R��l�^Vi���a¦��l�dyk�l p � i��rg+l�`QdylLG�_Vdfa � a���^Vk��fj�� m ^Vl � ��^*�hk�b�l�l�^Ca df���N�� �*�� < | * ���
�;`�^Vk�^�� 0�| � � � ��]h`�^0a�jE��^ G � aQ��^Vk��fj4^C� dyl���j���l(�Te�jf� � 	��0��l�dyk�l p � i�� df��d ��j � k�_�^f� �Te�jf� � � � ����l�dyk�l p � i��
df�WdA`Qdfe�� p a�jE��^f�R|C�Te~jf� � � Y �9��l�dyk�l p � i�� df� d � � dyk�l�^Vk p a�jE��^f��]h`�^Vk�^V�Tjfk�^f�Rl�`�^9� � e�l�b�iGe�^�� � e�l�b~_Vdf��l%iGdyl�l�^Vk�a
e~dyl�^CaQ_���b~� ��j � a���^C� dy� j{�f^7�:� a �Te~jf� � 	��I� ���*�� < | * �Te�jf� � �� _�� ~ �O��� �Te~jf� � ��
	 � F ��g ��l�^Vi��C�

} ����dfece ^[Z:i�^Vk�b~��^Ca�l�� df�N_�j�aQ� � _�l�^C��l�j ^C��l�bc��dyl�^[l�`�^[a � � � ^Vk�jf����l�^ViG�Nb~aQ_ � k�k�^C�L�4�(� � e�l�b�i�e�^
� � e�l�b~_Vdf��l�iGdyl�l�^Vk�a � ��bca��9l�`Q^ n � o ��^C��` dfe��fjfk	b�l�`Q�'�;b�l�` _�j���i�e�^Vl�^�j{�f^Vk�e~dyi[jf� ��j � k�_�^ p �Q^C��l�b~aQdyl�b�j�a ��^Vl��
j�aNdfa$y � y���^C��`�� m bLYf^�iQk�^V�Eb�j � � ^[ZEi�^Vk�b~��^Ca4l��V��dfe~e/���:��l�^C�2i�dyk�df��^Vl�^Vk��;��^Vk�^%b���a�jfk�^C�Ndfa�� j�aQe�� d�`Qb���`
��l�dyk�l p � i9l�b~��^h�tdf� _�j�aQ��b~��^Vk�^C����]h`�^;^[Z:i�^Vk�b~��^Ca�l�dfe��´dfe � ^C� �t^Vk�^*d �f^Vk�dy�f^C� j �f^Vke¶�{ k � aQ�+dfaQ��k�j � aQ��^C��j�j
l�j�l�`�^�a�^Cdyk�^C��l b~a�l�^V�f^Vk ��];`�^ l�`Qb�k��WdfaQ�0��^V�f^Ca4l�`�k�j �)��jf�G]Rdy��e�^ u ��`�j{� l�`�^�k�^C� � e~l��Jjf�Gl�`Qb~�R^[ZEi ^Vk	b~��^Ca4lJ�Tjfk
jE�Q� dfa�� ^V�f^Ca�	��fk�^C��i�^C_�l�b��f^Ce~�f�R]h`Q^�dfaQdfe��:l�b~_Vdfe:�ydfe � ^C��_Vdfe~_ � e~dyl�^C�W�:� � ��bca��)]h`Q^Vjfk�^C� z;dyk�^���`Qj �;a0b~a l�`�^
�Tj � k�l�`7dfa��7^Cb���`4l�`%k�j �;�J��jfkRjE�Q�7dfaQ�7^V�f^Ca 	A�yk�^Vi�^C_�l�b��f^Ce��f� s lJ_Vdfa � ^+jf����^Vk��f^C�Wl�`QdylJl�`�^�dfaQdfe~�4l�b~_Vdfe4�ydfe � ^C�
df_�l�df� dfa � iQi�^Vk ��j � aQ���Tjfktl�`�^)^[ZEi�^Vk�b~��^Ca4l�dfeG�´dfe � ^C�V�4�ydfe~b~��dyl�b~a��7]h`Q^Vjfk�^C��z:� s lt_Vdfa dfec��j ��^*��^V^Ca l�`QdylV�
� aQecbLYf^�l�`�^ o ��^C��`9_Vdf��^f� 	 � ^Cbca���j:����jfkt^V�f^Ca9��j:^C�+aQjfl�d�j�^C_�ltl�`Q^;a � �7��^Vk+jf�/��l�^Vi��V��]h`�^h^[ZEi�^Vk�b~��^Ca4l�dfe
k�^C� � e�l��hb~a�]Jdy��e~^ u dyk�^W��b���aQbL]G_Vdfa�l�e~� e�^C���h�;`�^Ca�_�j���i�dyk�^C��l�jYl�`Qj���^ b~a�]Jdy�Ge�^Y�y�h]h`�^ dfaQdfe��:l�b~_Vdfe/k�^C� � e�l��
jf��]Jdy�Ge�^ u �Q�;`�^Ca�_�j���i�dyk�^C���;b~l�` l�`�j���^%jf��]Rdy��e�^��%e�^Cdf� l�j9l�`�^��Tj�e~e�j �)b~a��0jf����^Vk��ydyl�b�j�a �

��PJB @4X{D�="�����GF 6 ��e�« ° � ��«V��¯�§y°E¡G¬ §y¡ ¤�e�« ª� f¤±«�¡G£C³ § ��  µ0°Eª ¤¦¥��Gª~«AµW°Eª ¤¦¥¦£	 ´¢®¤��E f¤¨¤±«V�	¡ ��e�¥Tª�«N°:¢	¥T¡�\ ¤�e�«
²E©�cJµY«®¢re  yª�\�§y�®¥¦¤�e�µ�¥�¢)ª~«®¢	¢ ¤�e: f¡�¤�eE«%ª §���«�� ¯�§f°:¡ ¬Y§y¡ ¤�eE«�ª� f¤±«V¡G£V³Y§ � ¤�eE«�¢� yµY« �E f¤¨¤±«V�	¡K��e�¥Tª�«%°:¢	¥T¡�\Y¤�e�«
cRµ�«�¢feA yª�\�§y�®¥¦¤�e�µ��

];`�^Vk�^V�Tjfk�^f�Gl�`Q^ n � o ��^C��`�dfe~�fjfk�b�l�`Q��iQk�j���b~��^C�)� � _�` ��^Vl�l�^Vk*i ^Vk���jfk��YdfaQ_�^7l�`Qdfa l�`�^ o ��^C��` dfe��fj p
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s a l�`Qb~����^C_�l�b~j�a l±�tj � � e�l�b~_Vdf��lNdfe��fjfk�b�l�`Q�Y��dyk�^ iQk�jfi�j���^C�(�Tjfk����E��l�^C���A� � iQi�jfk�l�b~aQ� � � e�l�b~�Q^C��l�b~aQdyl�b�j�a
��^C����dy�f^ p i�df����b~aQ���+]h`�^V� dyk�^7��`Qj �;a l�j9� ^ ��^Vl�l�^Vk;l�`�dfa�l�`�^ lnm ��_	`�^C��^Oh �Sy i ��jfk)� � e~l�b�i�e�^ � � e�l�b~_Vdf��lV�

� �� � � ��	 ����� ����� � �  � ������� � � ���
	����  � � ��� � � 
 � � � � � �� 	��	 ����	 � ��� � �

1/Z�6�Z,6 � MJ@ Q S��	��X�� �´MJ>

m ^Vl � �t_�j�aQ��bc��^Vk�d � � e�l�b~_Vdf��l�i�dyl�l�^Vk	a ��k�j�����j � k�_�^7¢ l�j�dW��^C��l�bcaQdyl�b�j�a ��^Vl  � m ^Vl�� < � 	�� J G M � s a l�`�^/vl�` ��l�^Vi/��� � / ��W���l�`Q^Wdfe��fjfk	b�l�`Q�2iGdyk�l�b�l�b�j�aQ�)��^Vl�� * b~a4l�j9�Qb~� �j�b~a4l;� � ����^Vl��V�G^Cdf_�` �;b�l�`�d9e�^Cdf�Q^Vk)a�jE��^f�
]h`�^�e�^Cdf�Q^Vk aQj:��^�_Vdfa �Tjfk�� dyk�� d���^C����dy�f^�l�j�l�`�^���^C� ��^Vk��*jf�tb~l��*��^Vl � ��b~a�� d���b~a���e~^W� � e�l�b~�Q^C��l�b~aQdyl�b�j�a
�tjfk�� � a���^Vk�l�`�^���b~��^CaQ��b~j�a p jfk���^Vk�k�j � l�bca��h��jE��^Ce¨�O]h`Q^ �fk�j � i�bca�����dyk�^��Qj�a�^ ^[Z�df_�l�e���e~bLYf^ l�`�^ lxm ��_�`Q^C��^f�
l j �t^V�f^VkC��l�`�^%e~^Cdf��^Vk;a�jE��^C��dyk�^%_	`�j���^CaNdf_V_�jfk���b~a���l�j�l�`�^%dfe~�fjfk�b�l�`Q�$b~aR_�b����;y:� s a�^[j�^C_�lV�Q�;`�^Ca��Q^Cdfe~b~a��
�;b�l�`Al�`�^��yl�`��Qb~��^CaQ��b�j�a��O� ��� � W dfa a�W�� �&g p �Qbc��^CaQ��b�j�aAi�e~dfa�^f�����´��b~�;��k	dC�;aAi ^Vk�i ^Ca��Qb~_ � e~dyk l�j l�`�^
�yl�`Y�Qbc��^CaQ��b�j�a�� � _�`Yl�`Qdyl�b�lt�Qb��Eb~��^C��l�`�^xW � ��^C��`9b~a�l�jW`Qdfe��f^C�V��]h`Q^;e�^Cdf��^Vk���dyk�^)_	`�j���^Ca df��_Ve~j���^;l�j l�`Qdyl
^CaQ�Ajf� l�`�^7�fk�j � i�b~a���df�*l�`�^W`Qdfe���b~a��)`Qb~_�`Al�`�^ ��j � k�_�^0e~b�^C�V��]h`�^7k�^C��dfb~aQbca��Y��l�^Vi��)dyk�^Wl�`�^ ��df��^ df�*l�`�^
jfk�b���bcaQdfe lnm ��_�`�^C��^f�)]h`�^ a � � ��^Vkhjf�+��l�dyk�l � i��h�Tjfk*d9��b~a���e~^7� � e�l�b~_Vdf��l � ��b~a���l�`Q^ n�kXlnm ��_�`�^C��^Wb~�;l�`�^
��df��^ df���;`�^Ca � ��b~a��0l�`�^ lnm ��_�`�^C��^ b¨� ^f����a �Te�jf� � a � � $ ���(�&g��]� 2 g	�
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_�b�� � k�^ x ��`Qj �;�;l�`�^ ��^C����dy�f^7i�dyl�l�^Vk	aA�Tjfk)� � e�l�b~_Vdf��l � aT��k�j�� _�b�����¶"aT�!gug � ��bca���l�`�^ n;kXlxm ��_�`Q^C��^
j�a d |	� ��^C��`�� n b~aQ_�^Yl�`Q^9��j � k	_�^9�Tjfk l�`Q^ � � e�l�b~_Vdf��lV�qa u � u g	��b~�7b~a l�`�^ k�b���`4l � iQi�^Vk � � df��k	dfa�lV��l�`�^ ���
e�^Cdf��^Vk	�;dyk�^7_	`�j���^Ca�j�aNl�`�^ k�j �)�hl�jYl�`Q^7k�b���`4lh^CaQ�Njf��l�`�^7��^C��`/�GdfaQ��l�`Q^ �	��e~^Cdf��^Vk��;dyk�^ _�`Qj���^CaAj�aAl�`�^
_�j�e � �YaQ��l�jNl�`�^ � iQi�^Vk�^CaQ� jf� l�`�^Y��^C��`��O_�b�� � k�^A�P{N��`Qj �;�7l�`�^�i�dyl�l�^Vk�a��%jf��� � e�l�b~��^C��l�bcaQdyl�b�j�a ��jfk	���
l�`Qdyl%�f^Vl �f^Ca�^Vk�dyl�^C� ��jfk �Qb^j�^Vk�^Ca�l7i j���b�l�b�j�aQ�*jf� l�`�^Y��j � k�_�^Yb~a[d�|	�$��^C��` �;b~l�`[e~dyk��f^Y�Q^C��l�b~aQdyl�b�j�a ��^Vl��V�
s l;b~�hdf��� � ��^C��l�`Qdyl)�fk�j � i�bca���b~�h��j�aQ^�]�k���lhdfe~j�a���l�`�^ � �Qb~��^CaQ��b�j�a����*^Vi�^CaQ�Qbca��0j�aNl�`�^%i�j���b~l�b�j�a�jf��l�`�^
��j � k	_�^ l�`Q^�� � ��^Vl0l�^CaQ��� l�j{�tdyk	�Q�0j�a�^ jf�;l�`�^ ^C���f^C�V��dfaQ� l�`�^�� � ��^VlWl�j{�tdyk	�Q�0j�a�^ jf�;l�`�^�_�jfk�a�^Vk	� jf�
l�`�^7��^C��`���];`�^X]�k���lh��^Vl;jf��� � e�l�b~��^C��l�bcaQdyl�b�j�a ��jfk	��� a¦dyk�k�j{�;�*��dyk@Yf^C�Adf� �%b~a|_�b����R�P{�g �fj��Tk�j��2l�`Q^�	�
a�jE��^C� l�jWl�`�^ ����a�jE��^C�tdfaQ��l�`Q^)a�^[ZElt��^Vl+jf���tjfk����Xa¦dyk�k�j �)�t�Ydyk@Yf^C�9df� |Tg �fj �Tk�j�� l�`Q^���� a�jE��^C� l�jWl�`�^
k�^C��dfbcaQb~a��Y�Q^C��l�b~aQdyl�b�j�a��V��]h`�^ o ��^C��` ��l�dy�f^Wjf��l�`�^0� � e~l�b~_Vdf��l�� b~� a�jfl ��`�j �)a��Tjfk�_Ve~dyk�b�l �f�%]h`Qb~�)��_�`Q^C��^
`Qdf��i�jfl�^Ca4l�b~dfe�l�j�k�^C� � _�^%a�jE��^%_�j�a4l�^Ca�l�b�j�a�_�j���i�dyk�^C�Al�j�l�`�^ lnm ��_�`�^C��^f�

2,00,0 1,0 3,0 4,0 5,0 6,0

0,1 1,1 2,1 3,1 4,1 5,1 6,1

0,2 1,2 2,2 3,2 4,2 5,2 6,2

0,3 1,3 2,3 3,3 4,3 5,3 6,3

0,4 1,4 2,4 3,4 4,4 5,4 6,4

0,5 1,5 2,5 3,5 4,5 5,5 6,5

1,60,6 2,6 3,6 4,6 5,6 6,6

destination

source
BRCP worm
Unicast worm

level 1 leader

level 2 leader

_�b�� � k�^ x � �S=�VGVDs-Y-=M}�stBDBD=�]D@��+:-]u_��.\hBGFPm�s-VXBf�)¤ �+]G:-_´��FHY 7.q ¤+¡�¥X¥|��VXFP@.Y0BD^�=�l��Mjfk�VGmn^.=E_0= 7
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1 2

(a)

1 2

(b)

12

(c)

12

(d)
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1/Z�6�Z¨4 <9@:I�����@:I 
��GF5�{@:F5����� F ����X�� �RS'�����RST@��`�JS'������=QBS�

m ^Vl � ��l�d�Yf^Al�`Q^N^[ZEdf��i�e�^N�Tk�j��2_�b����"¶:�L� � e�l�b~_Vdf��l�� } dfaQ� � `QdC�f^ b~��^Ca4l�b~_Vdfeh��^C��l�bcaQdyl�b�j�a ��^Vl��Y�;b�l�`
��j � k	_�^C�tdyl a¨|:�h¶Tgtdfa�� a u � u g	��k�^C��i�^C_�l�b��f^Ce��f� � b�l�` l�`�^ n�kXlnm ��_�`�^C��^f�:l�`Q^ ��^C����dy�f^�i�dyl�l�^Vk�a �Tjfk�� � e~l�b~_Vdf��l
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s aW^[j ^C_�lV�4�;`Qb~e~^���^Cdfe~bca��)�)b�l�`Wl�`�^ �´l�`���b~��^CaQ��b~j�a��{^Cdf_	`��fk�j � i �%�Tk�j���l�`�^ lnm ��_	`�^C��^hb~�Ri�dyk�l�b~l�b�j�a�^C�
b~a4l�jAdyl���j���l l±�tj��fk�j � i�� � � dfaQ�b� ��df� ��j�ece�j �;�C� } a a�Wb���&g p �Qb~��^CaQ��b�j�a i�e~dfa�^f� ���y�Rb~�%��k�d �;a[l�`Qk�j � ��`
l�`�^���j � k�_�^�i�^Vk�i�^CaQ�Qb~_ � e~dyk;l�j�l�`�^ �´l�` ��b~��^CaQ��b~j�a�� } e~eRl�`�^YaQj:��^C��bcaK��e��Eb~a�� l�jNj�a�^���bc��^0jf�tl�`Q^�i�e~dfa�^
a¦b~aQ_Ve � �Qb~a��0a�jE��^C� j�aNl�`Q^%i�e~dfa�^�gtdyk�^7df�Q��^C��l�j�� �)dfa���l�`�^%k�^C�Ydfb~aQb~a��Wl�j�� �´� ��df_�`Njf��l�`�^C��^%�fk�j � i��;`Qdf�
d�e�^Cdf�Q^Vk;a�jE��^�df�;_Ve�j���^7l�j ��� df�hi�j�����b���e�^f�

m ^Vl � � _�j�aQ��b~��^Vk d%|	� ��^C��`��;b�l�`��Qb~��^CaQ��b�j�a p jfk	��^VkJk�j � l�b~a���dfaQ��dfa�^[ZEdf��iGe�^�� � e~l�b~_Vdf��l��;b�l�`���j � k�_�^
dyl�a¨|:� |Tghdf�h��`�j{�;aNb~a|_�b��N��¶:� s lhb~��df��� � ��^C��l�`�dyl��fk�j � i�b~aQ�0bc�h��j�a�^X]�k	��l�dfe�j�a���l�`�^ � a,{����5g �Qb~��^CaQ��b�j�a��
]h`�^ � � a�jE��^C� dyk�^�j�a ��jfl�` ��b~��^C�*jf� � < a� p �Qb~��^CaQ��b�j�aQdfeRi�ecdfa�^W_�jfk�k�^C��i�j�aQ�Qb~aQ�Yl�j�l�`�^�{����[�Qb~��^CaQ��b�j�a	g	�
�;`Qbc_�` b~�Yl�`�^N�f^Vk�l�bc_Vdfe)e~bca�^�� ��k�dC�)a l�`�k�j � ��` l�`�^A��j � k�_�^f� ]h`�^�� � e�^Cdf��^Vk a�jE��^C�Ydyk�^ a�j � �fk�j � i�^C�
_�j�e � �Ya p �;b~��^f�R]h`�^ � ��a�j:�Q^C� e~b�^ j�a���jfl�`���bc��^C��jf� � �V��l�`Q^;`�jfk�bLUVj�a4l�dfeQe~bca�^ �'��k	dC�;a0l�`�k�j � ��`�l�`�^;��j � k�_�^f�
]h` � �V��l�`�^ � ����^Vlh�;bce~e���^%e�jE_Vdyl�^C�A_Ve~j���^�l�j��GdfaQ�Adyk�j � aQ� l�`�^%��j � k�_�^7a�jE��^f�

s aNl�`Q^ nQq+lnm ��_�`�^C��^f��b�l;_Vdfa���^%jf����^Vk��f^C�Al�`Qdyl�� � * ��_Vdfa�i�jfl�^Ca�l�b~dfece�� � ^%dyl���j���l | * l�bc��^C�;l�`Q^ � � * �
jf�tl�`�^ lxm ��_�`Q^C��^f� } ��� � ��bca�� 2 e~^V�f^Ce~� jf� �fk�j � i�b~aQ���V�/dfaQ� � $ df�%l�`�^�e�^Cdf�Q^Vk%��^Vl7b~a l�`�^�jfk	b���b~aQdfe lnm
��_	`�^C��^f� �Te�jf� � a¨| $ � � $ ��� �&g�����l�dyk�l � i�� dyk�^0k�^�� � b�k�^C�A�Tjfk l�`�^ o ��^C��` ��l�dy�f^�jf��l�`�^ nQq+lnm ��_�`�^C��^f�%]h`�^
k�^C��dfbcaQb~a�� 2 � � e~l�b~��^C��l�b~a�dyl�b�j�a��tjfk���iG`Qdf��^C�)l�d�Yf^ 2 ��l�dyk�l � iG�V�;]h`�^Vk�^V��jfk�^f�Gl�`�^0��d�ZEbc� � � a � �7��^Vk;jf�
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m ^Vl � �%l�d�Yf^ � � e�l�b~_Vdf��l�� q dfa�� �$�Tk�j�� _�b����t�f�y���;b�l�`[��j � k�_�^C� dylRa|¶:� u g dfaQ��a�z:�h¶Tg	��k�^C��i ^C_�l�b~�f^Ce��f��]h`�^
� � e�l�b~_Vdf��l���^C����dy�f^�i�dyl�l�^Vk�aQ�*�Tjfk q dfaQ� � � ��b~a�� l�`�^ nQq+lnm ��_�`Q^C��^�dyk�^���`�j{�;a b~a _Rb~����� u � s l�_Vdfa ��^
jf����^Vk��f^C�[l�`Qdyl l�`�^Yb~a4l�^Vk���^C_�l�b�j�a[jf�tl�`Q^9e�^Cdf��^Vk ��^Vl��%jf� q dfa�� �$b~�%dfe~��j���l7a�^V��e~b~��b���e�^f��]h`�b~��k�^C� � e�l���b~a
k�^C� � _�^C� a�jfl�^ _�j�a�l�^Ca4l�b�j�a df� _�j���iGdyk�^C�[l�j�l�`�^ n�k�lxm ��_�`�^C��^f� ];`�^Vk�^V�Tjfk�^f�Jl�`Q^ nQq+lnm ��_�`�^C��^ ��`�j{�;�
��b���a�b^]G_Vdfa4lti�jfl�^Ca4l�b~dfe��Tjfkhi�^Vk��Tjfk���dfaQ_�^%b~��iQk�j �f^C��^Ca�lh�Tjfk;� � e�l�b�iGe�^*� � e�l�bc_Vdf��lV�
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� � bce~�Qb~a�� dfaWdfaQdfe��:l�b~_Vdfe���jE��^Cef�TjfkJl�`Q^ nQq+lnm ��_�`�^C��^tb~�/d;�f^Vk��%_�j���i�e�^[Z�l�df�uY ��]Oj)^C��l�b~��dyl�^�l�`�^�a�jE��^
_�j�a4l�^Ca�l�b�j�a dN����dfece�^[Z:i�^Vk�b~��^Ca�l � df�%_�j�aQ� � _�l�^C� l�j�^C��l�b~��dyl�^Yl�`�^Ya � �7��^Vk�jf� ��^�� � ^Ca�l�bcdfe~bLUV^C� ��l�dyk�l p � i��
l�`Qdyl7� � e�l�b~i�e�^0� � e~l�b~_Vdf��l%b~aQ_ � k��*��jfk l�`�^ nQq+lnmLn _	`�^C��^��;b~l�` _�j���i�e�^Vl�^�j{�f^Vk�e~dyi jf� ��j � k�_�^ p ��^C��l�bcaQdyl�b�j�a
��^Vl���j�a d|y � y ��^C��`�� m bLYf^0iQk�^V�Eb�j � �*^[ZEi�^Vk�b~��^Ca4l��V��dfe~e����E��l�^C� i�dyk�df��^Vl�^Vk�� ��^Vk�^�b���a�jfk�^C� dfaQ� j�aQe~��d
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� ^ ��b~� � e~dyl�^C�NdfaQ�N_�j���i�dyk�^C�Nl�`Q^7i�^Vk��Tjfk���dfaQ_�^C��jf��l�`�^7�´dyk�b~j � �hdfe��fjfk�b~l�`Q�����Tjfk)� � e�l�b�iGe�^�� � e~l�b~_Vdf��lV� }
�Gb�l p e~^V�f^CeG�tjfk���`Qj�e�^ p k�j � l�^C� ��b~� � e~dyl�jfk � m g)� onmRn b~� aT� � b~e�l � ��b~aQ� qhn:s � h |E� i g�� df� � ��^C� l�j���jE��^Ce l�`�^
_�j���� � aQb~_Vdyl�b~j�a ��l�^Vi��0dfaQ� ^V�´dfe � dyl�^ l�`Q^ dfe��fjfk	b�l�`Q���V� _�jfk�dfece+l�`�^ ^[ZEi�^Vk�b~��^Ca4l��V����^�df��� � ��^C� ���E��l�^C�
i�dyk�df��^Vl�^Vk��tk�^ViQk�^C��^Ca4l�b~a��Wl�`�^ _ � k�k�^Ca4ltl�k�^CaQ� b~aYl�^C_	`Qa�j�e�jf�f�f��]h`�^*i�dyk�df��^Vl�^Vk�� � ��^C�9�t^Vk�^ � � AXa¦_�j���� � aQb p
_Vdyl�b�j�a���l�dyk�l p � i�l�b~��^�g �`zW��b~_�k�j���^C_V�V� �������0a¦e~b~a"Y�iQk�jfi�dy��dyl�b�j�a l�b~��^�g �`zWaQdfa�j���^C_V�V� � �
	 ��� aTk�j � l�^Vkh��^Ce~dC�
dyl�a�jE��^�g ��|�{0aQdfa�j���^C_V�C� � A� a¦���)b�l�_�`Qbca��7l�b~��^*df_�k�j�����l�`Q^*k�j � l�^Vkt_�k�j�������dyk)g � z7a�dfa�j���^C_V�V� � * ��� aTl�b~��^*l�j
b~a ��^C_�l���^C����dy�f^�bca�l�jNa�^Vl ��jfkfY"g � z aQdfaQj���^C_V�%dfaQ� ��� 	 � A aTl�bc��^0l�jN_�j�aQ� � ��^���^C����dy�f^��Tk�j�� a�^Vl±�tjfk@Y�g �
z9aQdfa�j���^C_V�V�*]h`�^7��^C����dy�f^�e�^Ca��fl�`A�tdf� df��� � ��^C�Al�j ��^7d _�j�aQ��l�dfa4l�z�{ �Gb�l��C� } � z � � z ��^C��`A� df� � ��^C�
�Tjfk l�`�^ |	�2��b~� � e~dyl�b~j�aQ�%dfaQ� z � z � z ��^C��`[�Tjfk l�`�^�¶	����bc� � ecdyl�b�j�aQ�V� ]h`�^ � �
	 ��� iGdyk�df��^Vl�^VkW��jfkWl�`�^
� � e�l�b~��^C��l�b~aQdyl�b�j�a[��b~� � e~dyl�b�j�aQ��� df� ]�Z:^C� dyl u {�aQdfaQj���^C_�j�aQ�Q�V��l�j l�d�Yf^�_Vdyk�^9jf��l�`Q^ df�Q��b�l�b�j�aQdfe�k�j � l�b~a��
j �f^Vk	`�^Cdf� _�j���iGdyk�^C� l�j � a�b~_Vdf��l���^C����dy�f^Yi�df����b~aQ� h �Sy i ��]Oj|Yf^V^Vi l�`�^�_�j���i�dyk�bc��j�a �Tdfb~kC�/l�`�^�a � � � ^Vk�jf�
_�j�aQ� � ��iQl�b�j�a _�`Qdfa�a�^Ce~�W�tdf� ];Z:^C� dyl u ��jfkY|	� dfaQ� z �TjfkS¶	�'b~a ��jfl�` � aQb~_Vdf��l0dfaQ� � � e�l�b~�Q^C��l�b~aQdyl�b�j�a
��_	`�^C��^C��h �Sy i � �+df_	`N^[ZEi ^Vk	b~��^Ca4l��tdf�h_Vdyk�k�b�^C��j � l�¶�{Yl�b~��^C��l�jYjf�Ql�dfb~aNd �f^Vk�dy�f^ k�^C� � e�l��V�

_Qjfk�^Cdf_�` ��bc� � ecdyl�b�j�a[�t^�_�j�aQ��b~��^Vk�^C� l�`�^ l ��j[_Vdf��^C� �9d�g7��jfk	��l�_Vdf��^N��_�^CaQdyk�b~j�jf�)l�jfl�dfe j �f^Vk�e~dyi jf�
��^C��l�bcaQdyl�b�j�a7��^Vl��JdfaQ�7�5g�k	dfaQ��j���j{�f^Vk�e~dyi0jf�Q��^C��l�bcaQdyl�b�j�a%��^Vl��C� s a%k�^Cdfe~b�l±�f�f_�j�aQ_ � k�k�^Ca4lJ� � e�l�b�i�e~^�� � e�l�bc_Vdf��l��
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jf�/dfa dyiQi�e~b~_Vdyl�b~j�a�_�j � e~�9e~b�^;dfa4�4�)`�^Vk�^)bca�l�`�^;k	dfa��f^)jf���� y¡G¬�§yµ l�j�£�§fµ � ª�«C¤±«�j �f^Vk�e~dyi jf�O��^C��l�b~aQdyl�b�j�a���^Vl��V�
_�jfk ^Cdf_	`�jf�Gl�`�^hdy��j �f^h_Vdf��^C�V�4��^�iGe�jfl�l�^C��� � e�l�b�i�e�^t� � e�l�b~_Vdf��l�e~dyl�^CaQ_��Wdy��dfb~aQ��l d�gRa � � ��^VkRjf� ��^C��l�b~a�dyl�b�j�aQ�
a�:9g	�:�;`Qbce�^.Yf^V^ViGb~a��%a � �7��^Vk�jf����j � k	_�^C�Äa � g�]�ZE^C����dfa����5gRa � �7��^Vk�jf����j � k	_�^C�Äa � g	���)`Qb~e�^tYf^V^Vi�b~a�� :�]�ZE^C���
]h`�^ �Tjfk���^Vk+��`�j �;� l�`�^�^[j ^C_�l+jf�Gl�`�^ha � � ��^Vk�jf� � � e�l�b~_Vdf��l���j�a�e~dyl�^CaQ_��f�4�;`Qb~e�^tl�`�^he~dyl�l�^Vkt��`�j{�;��l�`�^�^[j�^C_�l
jf� l�`�^Y��b¨UV^�jf�tl�`Q^Y� � e�l�b~_Vdf��l���j�a e~dyl�^CaQ_��f� s a l�`Q^Y_�j���i�e�^Vl�^Yj �f^Vk�e~dyi _Vdf��^Yl�`Q^���j � k�_�^ p ��^C��l�b~aQdyl�b�j�a ��^Vl��
�t^Vk�^Y_�`Qj���^Ca b~�Q^Ca�l�b~_Vdfe��Tjfk � � 	��0_�jfk � ? 	��Ob�l%_Vdfa[��^�a�jfl�^C� l�`Qdyl7b�l%b~��aQjfl�i j�����b���e�^Wl�jN�f^Ca�^Vk	dyl�^
b~��^Ca4l�b~_Vdfe ��j � k	_�^ p ��^C��l�b~aQdyl�b~j�a ��^Vl��V� ]h`�^Vk�^V�Tjfk�^f�tb~a j � k�_�j���i�e�^Vl�^Aj �f^Vk�e~dyiH^[Z:i�^Vk�b~��^Ca�l��V�+��^��f^Ca�^Vk	dyl�^C�
��j � k	_�^ p ��^C��l�b~aQdyl�b~j�aN��^Vl��;df�;_Ve�j���^%l�jYbc��^Ca�l�bc_Vdfe�df�hi�j�����b��Ge�^)�Tjfk � ? 	A�
���� 7 ��
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� ^���b~� � e~dyl�^C�9� � e~l�b�i�e�^;� � e�l�bc_Vdf��l+�Tjfk��Qb^j�^Vk�^Ca�l��´dfe � ^C�+jf� � dfa���:��:j�a |	��dfaQ�(¶	�����E��l�^C���V� � ��bca��7��jfl�`
o ��^C��`NdfaQ� n � o ��^C��`�dfe��fjfk	b�l�`Q����dfaQ�A_�j���i�dyk�^C�Al�`�^C���

C�Z�6�Z,6 4�K ��@:B MJ@4B

_�b�� � k�^C�t�Sz"a¦d�gJdfaQ�RaT�5g/��`�j � l�`�^ _�j���i�dyk�b~��j�a%�TjfkR_�j���iGe�^Vl�^�j{�f^Vk�e~dyi0jf����j � k�_�^ p ��^C��l�b~a�dyl�b�j�a ��^Vl��V� s l�_Vdfa ��^
jf����^Vk��f^C����k�j�� _�b����O�Sz"a¦d�g l�`�dylhl�`�^ n � o ��^C��`�dfe��fjfk�b�l�`��$j � l�i�^Vk��Tjfk���� l�`�^ o ��^C��`Ndfe~�fjfk�b�l�`Q�$�Tjfkh��jfl�`
��bLUV^C�hjf�R� � e�l�b~_Vdf��l��hdfaQ���Tjfkh��jfl�` k�dfa��f^C�V� � �	 dfaQ��� ? 	�� _�jfk*d�e~dyk��f^%a � � � ^Vk�jf��� � e�l�b~_Vdf��l���a � �
|-z z g	�:l�`�^ n � o ��^C��`�dfe��fjfk	b�l�`Q� b~��dy��j � lEz p z l�b~��^C� � ^Vl�l�^Vk��Tjfk+d�e~dyk��f^ : a¨|�{-{�g	�:dfa���dy� j � l u l�b~��^C����^Vl�l�^Vk
�Tjfk*d ����dfece4:wa�C|-yTg	� � �f^Ca �Tjfk*d ����dfeceOa � �7��^Vk*jf�+� � e�l�b~_Vdf��l��}a � �2�C|-yTg	��l�`Q^ n � o ��^C��`�dfe~�fjfk�b�l�`Q� b~�
dy��j � ltz l�b~��^C�+��^Vl�l�^VkC� } e~��j��:l�`�^ n � o ��^C��` dfe��fjfk�b�l�`�� i�^Vk��Tjfk����+^�� � dfece��0��^Ce~eG�Tjfk���jfl�` e~dyk��f^ dfaQ�9����dfe~e:Q� ]h`Qb~�*b~�*��^C_Vd � ��^f�/b~aQ_�k�^Cdf��b~a�� :N��j:^C�*aQjfl bcaQ_�k�^Cdf��^0l�`�^�a�jE��^0_�j�a�l�^Ca4l�b�j�a��Odf� l�`Q^0� � e�l�bc_Vdf��l)l�k�^V^C�%dyk�^
i�^Vk��T^C_�l�e�����l�dy�f�f^Vk�^C� �Tjfk*b~�Q^Ca�l�b~_VdfeR��^C��l�bcaQdyl�b�j�aA��^Vl��V� m aAl�`�^Wjfl�`�^Vk*`�dfaQ����l�`Q^Vk�^Wbc�;d ��dyk@Yf^C� �Qb^j�^Vk�^CaQ_�^
��^Vl±�t^V^CaNl�`�^�: �0�C|-y a�C| �-g;dfaQ� :��%|�{-{$a� xfx g � ��b~a��Wl�`�^ o ��^C��`Ndfe��fjfk	b�l�`Q��� ]h`�b~� b~� ��^C_Vd � ��^%b~aQ_�k�^Cdf��b~a��: b~aQ_�k�^Cdf��^C�;l�`�^7a � � � ^Vk�jf����l�dyk�l � i���l�`�^ _�j�����j�aA_�^Ca4l�^Vk a�j:�Q^��;b~e~e�`Qd �f^7l�jY��^�� � ^Ca4l�b~dfe~b¨UV^f��]h`Qbc� l�k�^CaQ�
_Vdfa ��^���^V^Ca���jfk�^�_Ve�^Cdyk�e~�Yb~aR_�b������Sz"aT�5g	� } � iQk�^C�Qb~_�l�^C� b~a ]h`�^Vjfk�^C� �y��l�`�^ o ��^C��`�dfe��fjfk�b�l�`Q� i�^Vk��Tjfk����
�tjfk���^%�Tjfkh^V�f^Ca(: aTjE�Q� 	Rg l�`Qdfa��Tjfkhj:��� : aT^V�f^Ca 	Rg bca l�`�^ ���	 k�dfa��f^f�

_�b�� � k�^C�0�Sz"a¦_&g dfaQ� a¦�	g)��`�j{��l�`Q^0_�j���i�dyk�b~��j�a �Tjfk k�dfaQ��j�� j �f^Vk	e~dyi[jf����j � k�_�^ p ��^C��l�bcaQdyl�b�j�a ��^Vl��V� s l
_Vdfa ��^)jf�G��^Vk��f^C� b~aR_�b���� �Sz"a¦_&g	��l�`Qdyl�l�`�^ n � o ��^C��` dfe��fjfk�b~l�`Q� ��l�b~e~eGj � l�i�^Vk���jfk	���+l�`Q^ o ��^C��` dfe��fjfk	b�l�`Q�
�Tjfk ecdyk��f^�: �:�Nd �Tdf_�l�jfk�jf��dy� j � l*|:��]h`Qb~�)b~�*_Ve�^Cdyk�b~a$_�b������Sz"a¦�	g;�;`�^Vk�^ l�`�^ o ��^C��`�ecdyl�^CaQ_��A��`�j:jfl�� � i

¶E�



0

1000

2000

3000

4000

5000

6000

7000

8000

0 50 100 150 200 250 300

M
ul

tip
le

 M
ul

tic
as

t L
at

en
cy

 (
in

 m
ic

ro
se

co
nd

s)

Number of sources (S)

(a) identical destination sets, fixed d

200_um
199_um
200_sp

128_um
127_um
128_sp

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 50 100 150 200 250 300

M
ul

tip
le

 M
ul

tic
as

t L
at

en
cy

 (
in

 m
ic

ro
se

co
nd

s)

Number of destinations (d)

(b) identical destination sets, fixed S

256_um_even
256_um_odd

256_sp
128_um_even
128_um_odd

128_sp

0

200

400

600

800

1000

1200

1400

1600

0 50 100 150 200 250 300

M
ul

tip
le

 M
ul

tic
as

t L
at

en
cy

 (
in

 m
ic

ro
se

co
nd

s)

Number of sources (S)

(c) random destination sets, fixed d

200_um
199_um
200_sp

128_um
127_um
128_sp

0

1000

2000

3000

4000

5000

6000

0 50 100 150 200 250 300

M
ul

tip
le

 M
ul

tic
as

t L
at

en
cy

 (
in

 m
ic

ro
se

co
nd

s)

Number of destinations (d)

(d) random destination sets, fixed S

256_um_even
256_um_odd

216_sp
128_um_even
128_um_odd

128_sp
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�Tjfk*e~dyk��f^Vk :Q� �;`�^Vk�^Cdf�;l�`�^ n � o ��^C��`�e~dyl�^CaQ_��Nk�^C��dfb~aQ�h��jfk�^7jfk e�^C���*_�j�aQ��l�dfa4lV�;]h`�^We~dyl�^CaQ_����ydfe � ^C�*dyk�^
a�jfl�df��`Qb���` df� l�`�^�b~�Q^Ca�l�b~_Vdfe���^C��l�b~aQdyl�b�j�a _Vdf��^���^C_Vd � ��^ l�`�^�a�jE��^�_�j�a�l�^Ca4l�b�j�aNbc��e�^C����a¦��b~aQ_�^ ��^C��l�b~a�dyl�b�j�aQ�
dyk�^0_�`�j���^Ca k�dfaQ��j���e~�"g	� s l _Vdfa dfe~��jY��^ jf����^Vk��f^C� l�`QdylV� � a�e~bLYf^%l�`�^0_�j���i�e~^Vl�^ j{�f^Vk�e~dyi[_Vdf��^f��l�`�^ o ��^C��`
dfe��fjfk�b~l�`Q��i�^Vk���jfk	��dfaQ_�^%��j:^C�ha�jfl;�Q^Vi ^Ca��9j�aA�;`�^Vl�`�^VkL: b~� jE�Q��jfkh^V�f^Ca/�
C�Z�6�Z¨4 3QK ��@:B MJ@4B

_�b�� � k�^C�9� z a¦d�g%dfa���aT�5g ��`�j � l�`�^9_�j���iGdyk�b~��j�a �Tjfk _�j���i�e�^Vl�^Yj{�f^Vk�e~dyi jf����j � k�_�^ p ��^C��l�b~aQdyl�b�j�a ��^Vl��V� ]h`�^
k�^C� � e�l��0dyk�^N��b~��bce~dyk l�j l�`�^A|	�'_Vdf��^f� _�b�� � k�^ � z a¦d�g0��`Qj �;��l�`�dylV��e~bLYf^�b~a l�`Q^�|	� _Vdf��^f��l�`�^ n � o ��^C��`
dfe��fjfk�b~l�`Q��j � l�i�^Vk��Tjfk����tl�`�^ o ��^C��`�dfe��fjfk�b~l�`Q� �4� d0�Tdf_�l�jfk;jf��z p z �Tjfk;d�e~dyk��f^� a¨|�{-{�g	� dfaQ� �:�9d0�¦df_�l�jfk
jf� u �Tjfk;dY����dfe~e � a�C|-yTg	���Tjfkh��jfl�`Nk�dfaQ�f^C�hjf�	����	 dfa�� � ? 	A� } ec��j�����b~�Yb~e~dyk l�jYl�`�^W|	� _Vdf��^f� l�`�^Vk�^
b~� ��b~a�b~��dfe�_	`Qdfa��f^%b~a e~dyl�^CaQ_�� df�]:�b~a�_�k�^Cdf��^C�t��jfk�l�`Q^ n � o ��^C��` dfe��fjfk�b�l�`�� df��_�j���i�dyk�^C� l�j0l�`�^ o ��^C��`
dfe��fjfk�b~l�`Q���9];`Qb~��b~�%��`�j �;a b~aw_�b����+� z aT�5g	� } e~��j���df�%iQk�^C�Qb~_�l�^C���/l�`Q^ o ��^C��` i�^Vk��Tjfk���dfaQ_�^9b~���tjfk���^��Tjfk
^V�f^Ca(: aTjE�Q� 	Rg l�`Qdfa��Tjfkhj:��� : aT^V�f^Ca 	Rg bca l�`�^ ���	 k�dfa��f^f�
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_�b�� � k�^C� � z a¦_&g dfaQ� a¦�	g9��`�j � l�`Q^ _�j���iGdyk�b~��j�aL�Tjfk�k�dfaQ��j�� j �f^Vk�ecdyi�jf�7��j � k	_�^ p ��^C��l�b~aQdyl�b~j�aL��^Vl��V�
} ��dfb~a��hl�`�^ k�^C� � e�l�� dyk�^ ��b~��b~e~dyk9l�j l�`�^ |	� _Vdf��^f� ]h`Q^$]�� � k�^C�9��`�j � l�`Qdyl l�`�^ n � o ��^C��` dfe��fjfk	b�l�`Q�
j � l�i�^Vk��Tjfk����7l�`�^ o ��^C��` dfe��fjfk	b�l�`Q� �:� d��Tdf_�l�jfk0jf�;dy��j � l�|:� dfaQ� l�`�^ o ��^C��` e~dyl�^Ca�_�� ��`�j:jfl�� � i �Tjfk
e~dyk��f^VkR��^V�fk�^V^C�Jjf�Q� � e�l�b~_Vdf��lO��^Vl��V�{�)`�^Vk�^Cdf�Jl�`�^ n � o ��^C��`7e~dyl�^CaQ_�� k�^C�Ydfb~aQ�/��jfk�^+jfkJe~^C���O_�j�aQ��l�dfa�lV� } ��dfb~a��
� aQecbLYf^7l�`�^0_�j���i�e~^Vl�^Wj{�f^Vk�e~dyi[_Vdf��^f��l�`Q^ o ��^C��` dfe��fjfk�b~l�`Q� i ^Vk���jfk��YdfaQ_�^ ��j:^C� a�jfl���^Vi�^CaQ�Nj�a �)`�^Vl�`�^Vk:Ybc� j:�Q� jfk;^V�f^Ca���]h`Q^ dy��j{�f^%k�^C� � e~l���e�^Cdf��l�j�l�`�^%_�j�aQ_Ve � ��b�j�a l�`Qdyl)a�j:�Q^ _�j�a4l�^Ca4l�b�j�aAb~a l�`Q^ o ��^C��`NdfaQ�
l�`�^ n � o ��^C��`[dfe��fjfk	b�l�`Q������j:^C�7aQjfl%�´dyk����;b~l�`[_�`QdfaQ�f^9b~a a � � � ^Vk7jf� ��b~��^CaQ��b~j�aQ�*jf��l�`�^9��^C��`�� ]h`Qb~�
b~�0��^C_Vd � ��^ l�`�^N� � e�l�bc_Vdf��l0l�k�^V^Nb~�0�f^Ca�^Vk�dyl�^C�Hdf_V_�jfk��Qb~a�� l�j l�`Q^N�Qb~��^CaQ��b�j�a p jfk���^Vk�^C� _	`Qdfb~a��+dfa�� b~��a�jfl
d�j�^C_�l�^C�A�:�9l�`Q^7�Qb~��^Ca���b�j�aQdfe~b~l±��jf��l�`�^%��^C��`/�

��� 
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� ^7��bc� � ecdyl�^C��� � e~l�b�i�e�^*� � e~l�b~_Vdf��l��Tjfkh�Qb^j�^Vk�^Ca�l �ydfe � ^C��jf� � dfaQ��:���j�aA|	��dfaQ�ª¶	�����E��l�^C���V� � ��b~a�� lnm �
n�kXlnm �Qdfa�� nQq+lnm ��_	`�^C��^C�;dfa��N_�j���i�dyk�^C�Nl�`�^C���
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C�Z 4�Z,6 4�K ��@:B MJ@4B

_�b�� � k�^C�7���Ha¦d�ghdfaQ�daT�5g ��`Qj � l�`Q^7_�j���i�dyk�bc��j�a��Tjfk)_�j���i�e~^Vl�^%j �f^Vk�ecdyi�jf����j � k	_�^ p ��^C��l�b~aQdyl�b~j�aN��^Vl��V� s l;_Vdfa
��^�jf����^Vk��f^C��b~a _�b����O���Ha¦d�g	��l�`Qdyl;��jfk*e~dyk��f^':��Ql�`�^ n�q+lxm ��_�`Q^C��^7b~�hdy��j � l*|0l�b~��^C�;� ^Vl�l�^Vk)l�`QdfaNl�`Q^%l�`�^
n�kXlnm ��_	`�^C��^f�+dfaQ� dy��j � l z{p ��l�b~��^C�W��^Vl�l�^Vk�l�`Qdfa l�`�^ lxm ��_�`�^C��^f� } iQk�jfi�^Vk�l � jf�;l�`�^ lnm ��_�`Q^C��^
b~� l�`Qdyl%ecdyl�^CaQ_���k�^C� � _�^C� �;b�l�` b~a�_�k�^Cdf��^�b~aH:h �Sy i �W]h`�b~� _Vdfa ��^0aQjfl�^C� ��k�j�� _�b���� ���Ha¦d�g	��df��l�`�^��fk	dyi�`Q�
�Tjfk�: ��|�{-{ dyk�^ e�j �t^Vk9l�`�dfa l�`�^��fk�dyi�`Q�Y��jfk : � �C|-y:� ]h`�b~����df��bc_�iQk�jfi�^Vk�l � jf��l�`Q^ lnm ��_	`�^C��^ b~�
��^C��lh^[ZEi�e�j�b�l�^C�N�4��l�`�^ nQq+lnm ��_	`�^C��^f��]h`Qbc�h_VdfaN��^7a�jfl�bc_�^C�Ab~a _�b����R���HaT�5g	� �;`�^Vk�^%j�a�b~aQ_�k�^Cdf��b~a���: l�`�^
e~dyl�^CaQ_���jf� nQq+lnm ��k�jfiG�)� � ����l�dfa4l�b~dfe~e��f� s l �fj:^C� ��k�j��'|�{-{-{��Yb~_�k�j���^C_Ra�: � z´u g)l�j�dy� j � l |-z�{���bc_�k�j���^C_
a�: � |-z-zTg	�/dYk�^C� � _�l�b~j�aN�:�NdY�¦df_�l�jfk jf� dy� j � l �P{E�Ä_�jfk����Ydfe~e�^Vk :��Gl�`Q^ n�kXlnm ��_�`�^C��^ j � l�i�^Vk��Tjfk����;l�`�^
nQq+lnm ��_	`�^C��^f�R��b~aQ_�^�l�`�^�a � � ��^Vk�jf�t��l�dyk�l � i���dyl%l�`�^ o ��^C��` ��l�dy�f^Yjf�tl�`�^�� � e�l�b~_Vdf��l%bc����jfk�^��Tjfk%l�`�^
nQq+lnm ��_�`�^C��^f� } e~dyk��f^Vk :�j�j���^Vl�� l�`Qb~�%j �f^Vk�`�^Cdf�/��dfa��[l�`�^ n�q+lxm ��_	`�^C��^9��l�dyk�l��%j � l�i�^Vk��Tjfk���bca���l�`�^
n�kXlnm ��_�`�^C��^ dyl :��fk�^Cdyl�^Vk*l�`Qdfa[�C|-y:�
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_�b�� � k�^ ��� � ���.\hBGFH}�\H=�_��.\HBDFWmEsAV�Bo\Ps�BD=E@�m��(:-@ªs|��N � ��NS_0=�VD^4��VDFH@.Y jfk�¤�^.\ ¥ �?l��Mj"k)¤�V �C^.\ ¥es�@�<ªl�>¨jfk�¤�VGmn^.\ ¥
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�.T8=�<��°¤¡� 6 p � 6 y-NA¥�³uFHBD^[~ts�]G��FH@.Y�� 7�� s�@�<8:-_�:t~-=E]G\Ws�}�:-�#VX:A�.]GmE=� |<8=�VXBDFP@�s�BDFP:-@�VD=�BnVU³uFHBD^�¤%m�¥ �.T8=�<?��¤�� 6 p�� 6 ���C¥�³uFhBG^
~ts�]G��FH@.Y �°s�@�<(¤�<�¥��.T8=�<�� ¤�� 6 p�� 6 y-NA¥?³uFHBD^g~ts�]G�CFP@.Y � 7

_�b�� � k�^C�;���Ha¦_&gtdfaQ� a¦�	g+��`�j �Ll�`�^*_�j���i�dyk�b~��j�aY�Tjfk�k	dfaQ��j�� j{�f^Vk�e~dyi jf�O��j � k�_�^ p ��^C��l�b~a�dyl�b�j�aY��^Vl��C� ]h`�^

¶ u



lnm ��_	`�^C��^ � aQ��^Vk��fj:^C�hd�e~dyk��f^%��^V�fk�^V^7jf��a�jE��^%_�j�a4l�^Ca�l�b�j�a�^V�f^CaN�Tjfk;k	dfaQ��j���e�� _�`�j���^CaA��^C��l�bcaQdyl�b�j�aQ�V� s l
_Vdfa ��^9jf����^Vk��f^C� b~a_�b��������Ha¦_&g l�`QdylWl�`�^ nQq+lnm ��_�`�^C��^���l�bce~e+��j:^C�0dy��j � lW| p ¶�l�b~��^C�W��^Vl�l�^Vk0l�`Qdfa l�`�^
n�kXlnm ��_	`�^C��^%dfaQ� dy��j � lz p � l�b~��^C� ��^Vl�l�^Vk�l�`Qdfa l�`�^ lnm ��_	`�^C��^f� } e~��j���e~bLYf^*l�`�^�b~��^Ca4l�b~_Vdfe���^C��l�bcaQdyl�b�j�a
��^Vl���_Vdf��^f��l�`Q^ n;kXlxm ��_�`�^C��^ j � l�i�^Vk��Tjfk�����l�`�^ nQq+lnm ��_�`Q^C��^���jfk����Ydfe~e5:�� } ��dfbca��El�`�^Vk�^�b~� d _�k�j�����j �f^Vk
i�j�b~a4l dy�Tl�^Vk;�)`Qb~_�` l�`Q^ nQq+lnm ��_	`�^C��^7i�^Vk��Tjfk����t��^Vl�l�^VkC�+];`Qb~��_Vdfa���^%��^V^Ca _Rb~���/���Ha¦�	g	�

C�Z 4�Z¨4 3QK ��@:B MJ@4B

_�b�� � k�^C�9�Sy"a¦d�g%dfa���aT�5g ��`�j � l�`�^9_�j���iGdyk�b~��j�a �Tjfk _�j���i�e�^Vl�^Yj{�f^Vk�e~dyi jf����j � k�_�^ p ��^C��l�b~aQdyl�b�j�a ��^Vl��V� ]h`�^
nQq+lnm dfaQ� n;kXlxm ��_�`�^C��^C��j � l�i�^Vk��Tjfk�� l�`�^ lnm ��_	`�^C��^f� m bLYf^Nbca l�`Q^A|	� _Vdf��^f��l�`Q^ nQq+lnm ��_�`Q^C��^
��^C��l*^[Z:i�e~j�b�l��;l�`Q^W�Gdf��b~_ lnm ��_	`�^C��^0iQk�jfi�^Vk�l �f�%]h`Qb~�)_Vdfa � ^ jf����^Vk��f^C� _�b������Sy"a¦d�g dfaQ� ��jfk�^�_Ve�^Cdyk	e��Nb~a
_�b������Sy"aT�!g	� s l7_Vdfa ��^Y��^V^Ca b~a_�b����+�Sy"aT�!g�l�`Qdyl j�a b~a�_�k�^Cdf��b~a���: l�`�^ e~dyl�^CaQ_�� jf��l�`�^ nQq+lnm ��^C_�k�^Cdf��^C�
� � �G��l�dfa�l�bcdfe~e��A�Tk�j�� |�{-{-{���bc_�k�j���^C_$a�: �J¶f|Tg�l�j�dy��j � l�z�{-{ ��b~_�k�j���^C_$a�: �2|E�SzTg	� } e~��j��Rdf� b~a[l�`�^9|	�
_Vdf��^f�Gl�`�^ nQq+lnm �fk�dyi�`��h_�k�j�����j{�f^Vk)l�jYj � l�i�^Vk���jfk	��l�`�^ n�kXlnm �fk�dyiG`Q�V��� � l�dyl;dY� � _	`Ne~dyk��f^Vk :Q�+]h`�b~��b~�
��^C_Vd � ��^ l�`�^ k	df�Qb^Z�jf��^Cdf_�` �Qbc��^CaQ��b�j�a�bcaNl�`�^S¶	� ��^C��`�b~�;j�aQe�� z ���;`Qb~_	`A��j:^C�*a�jfl)dfe~e~j ��l�`�^7�fk�j � i�b~a��
i�jfl�^Ca�l�bcdfe�jf�Jl�`Q^ nQq+lnm ��_	`�^C��^7l�jY� ^ k�^CdfecbLUV^C�N_�j���i�e~^Vl�^Ce��f��df�h_�j���iGdyk�^C�Nl�jYdA� z � � z ��^C��`��

_�b�� � k�^C�7�Sy"a¦_&g;dfaQ� a¦�5g ��`�j{� l�`�^W_�j���i�dyk�b~��j�a���jfk)k�dfaQ��j���j �f^Vk�ecdyi�jf����j � k	_�^ p ��^C��l�b~aQdyl�b~j�aA��^Vl��V� } �
b~a l�`�^7|	� _Vdf��^f��l�`�^ lnm ��_�`�^C��^ � aQ��^Vk��fj:^C��d�e~dyk��f^%df��j � a4l�jf��aQj:��^�_�j�a4l�^Ca�l�b~j�a�dfaQ� i�^Vk��Tjfk���� i�j:jfk�e��f�
s l)_Vdfa ��^7jf����^Vk��f^C��b~a _�b����R�Sy"a¦_&g;l�`Qdyl*l�`�^ nQq+lnm ��_�`�^C��^0��l�b~eceO��j:^C�)dy��j � lW�y��z�l�bc��^C�;��^Vl�l�^Vk l�`Qdfa�l�`�^
n�kXlnm dfaQ�Ydy��j � l+z�l�b~��^C�+��^Vl�l�^Vk�l�`Qdfa9l�`�^ lxm ��_	`�^C��^f� l ^Vk�^;l�j:j��El�`�^ n�k�lxm ��_�`Q^C��^;j � l�i�^Vk��Tjfk����+l�`�^
nQq+lnm ��_�`�^C��^Y��jfk7����dfe~e�:Q�J� � l�l�`�^Vk�^�b~�%dN_�k�j�����j �f^VkWi�j�b~a�l�dy�Tl�^Vk7�;`�b~_�` l�`�^ nQq+lnm ��_�`Q^C��^Yi�^Vk��Tjfk����
��^Vl�l�^VkC��df�h_VdfaA��^�jf����^Vk��f^C�Nbca|_Rb~���O�Sy"a¦�	g	�

];`�^ dy��j �f^�k�^C� � e�l��*b~a n ^C_�l�b�j�a z:�~�0dfaQ� n ^C_�l�b�j�a z:� | e�^Cdf� l�j9l�`�^�_�j�aQ_Ve � ��b�j�a�l�`Qdyl a�j:�Q^W_�j�a4l�^Ca�l�b~j�a
b~��j�aQ^Njf� l�`�^NiQk�bcaQ_Vb�i�dfe�k�^Cdf��j�aQ�Y��jfkYi j:jfk�i�^Vk��Tjfk���dfaQ_�^�jf� ^[Z�b~��l�b~aQ�[� � e~l�b~_Vdf��l�dfe��fjfk�b~l�`Q�����TjfkY� � e�l�b p
i�e�^ � � e�l�b~_Vdf��lV� gh^C� � _Vb~a���aQj:��^ _�j�a�l�^Ca4l�b�j�a ��`Qj � e~�[��^9l�`�^9i�k�b~��dyk�� �Tj:_ � �7�;`�b~e�^Y��^C��b���aQb~a���� � e~l�b~_Vdf��l
dfe��fjfk�b~l�`Q���V�

����� ��� ��� �  ��� ��� � � � � � � � � � � ��� � ��� 7 ��
 � � � � � � ��� � � ����� � � � � ��� 	 � ��� � � �

� ^ _�j���i�dyk�^C�N� � e�l�b~_Vdf��lhdfe��fjfk�b�l�`Q�Y� � ��b~a�� � a�b~_Vdf��lh��^C����dy�f^C�h�;b�l�` l�`Qj���^ � ��bca���� � e~l�b~��^C��l�b~a�dyl�b�j�a ��^C� p
��dy�f^C�V�*]h`Qb~�;��^Cdf� � k�^C�)l�`�^Wi�jfl�^Ca�l�b~dfeO��^Ca�^[]�l��)l�`Qdyl)d ���E��l�^C��i�k�j �Eb~��^C�)b�� b�l;� � iQi�jfk�l��;� � e�l�b~�Q^C��l�b~aQdyl�b�j�a
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�.T8=�<��°¤¡� 6 p � 6 ��NA¥�³uFHBD^[~ts�]G��FH@.Y�� 7�� s�@�<8:-_�:t~-=E]G\Ws�}�:-�#VX:A�.]GmE=� |<8=�VXBDFP@�s�BDFP:-@�VD=�BnVU³uFHBD^�¤%m�¥ �.T8=�<?��¤�� 6 p�� 6 ���C¥�³uFhBG^
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�tjfk���`�j�e�^ k�j � l�b~a���� � ^%_�j���i�dyk�^C� l�`Q^ n � o ��^C��` aTl�`�^ ��^C��l � aQb~_Vdf��l p ��df��^C� dfe��fjfk�b�l�`��Og+�;b�l�` l�`�^ nQq+lnm
aTl�`�^%��^C��lh� � e�l�bc��^C��l�b~aQdyl�b~j�a p ��df��^C� ��_	`�^C��^�g ��_	`�^C��^f�

C�Z¨3/Z,6 4�K ��@:B MJ@4B

_�b�� � k�^C�;� x a¦d�g dfaQ� aT�5g���`�j{�Hl�`�^)_�j���i�dyk�b~��j�a���jfk�k�dfaQ��j�� j �f^Vk�e~dyi9jf����j � k�_�^ p ��^C��l�b~aQdyl�b�j�a9��^Vl��V�G_�jfk e~dyk��f^:Q�+l�`�^ nQq+lnm ��_�`�^C��^ j � l�i�^Vk��Tjfk����Wl�`�^ n � o ��^C��` dfe~�fjfk�b�l�`Q� df� � b~aQ_�k�^Cdf��^C�C� �4� d��¦df_�l�jfk�jf�)dfec��j���l
|:��z:�h]h`Qbc��_VdfaA��^%jf����^Vk��f^C�Ab~a$_Rb~���J� x a¦d�g;dfaQ�$_�b����R� x aT�5g	��]h`�^�]�� � k�^C�;dfe~��jY��`�j{�;�hl�`Qdyl)l�`�^ n � o ��^C��`
dfe��fjfk�b~l�`Q� ��`�j �;�W��^Vl�l�^Vk0k�^C� � e~l��%�Tjfk0����dfe~e :�� ]h`�^Vk�^ b~� d _�k�j�����j �f^Vk�i�j�b~a4l dyl�dyk�j � a�� : ���P{-{E�+dy�Tl�^Vk
�;`Qbc_�`0l�`�^ nQqqlxm ��_�`�^C��^qYf^V^Vi��+b~��iQk�j �Eb~a����R]h`�^�k�^Cdf��j�a�b~�V��`�b�^Vk�dyk�_	`Qb~_VdfeE�fk�j � iGb~a��*jf���Q^C��l�b~aQdyl�b�j�a�����b��f^C�
k�^Ce~dyl�b~�f^Ce���e~dyk��f^ e~^Cdf��^Vk)��^Vl��)�Tjfk*���Ydfe~eC:Q�h];`Qb~�hb~�;��^C_Vd � ��^7l�`Q^ ��^C��l�bcaQdyl�b�j�aQ�hdyk�^7k�dfaQ�Qj���e�� ��_Vdyl�l�^Vk�^C� b~a
l�`�^���^C��`/� m aWl�`�^ jfl�`�^Vk `�dfaQ��� n � o ��^C��`W�f^Ca�^Vk	dyl�^C��i�^Vk���^C_�l�e~�7��l�dy�f�f^Vk�^C��l�k�^V^C����jfk b~�Q^Ca�l�b~_Vdfe:��^C��l�bcaQdyl�b�j�a
��^Vl��V� � � lV� df� : b~aQ_�k�^Cdf��^C�V�Ql�`�^Wdf���´dfa4l�dy�f^Wjf�R^�� _Vb�^Ca�l)�fk�j � i�bca���j �f^Vk�_�j���^C�)l�`Q^ a�jE��^%_�j�a4l�^Ca�l�b�j�a/�h]h`Qb~�
k�^C� � e�l���b~a ��^Vl�l�^VkYi�^Vk��Tjfk���dfaQ_�^��:� l�`�^ nQq+lnm ��_	`�^C��^f� } ��aQjfl�^C� ^Cdyk�e~b~^VkC�+l�`�^�e~dyl�^CaQ_�� jf� n � o ��^C��`
k�^C��dfbcaQ����l�^Cdf��� �;b�l�`�bcaQ_�k�^Cdf��^%b~a�a � � ��^Vk�jf���Q^C��l�b~aQdyl�b�j�a��V�
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_�b�� � k�^C� � x a¦_&g dfaQ� a¦�	g9��`�j � l�`Q^ _�j���iGdyk�b~��j�aL�Tjfk�k�dfaQ��j�� j �f^Vk�ecdyi�jf�7��j � k	_�^ p ��^C��l�b~aQdyl�b~j�aL��^Vl��V�
o aQe~bLYf^tl�`�^�b~��^Ca4l�b~_VdfeE��^C��l�b~a�dyl�b�j�a0��^Vl�_Vdf��^f��l�`�^ nQqqlxm ��_	`�^C��^�j � l�i�^Vk��Tjfk����Rl�`�^ n � o ��^C��`0dfe��fjfk�b�l�`Q���Tjfk
��jfl�`9ecdyk��f^)dfaQ� ����dfece :Q� ];`Qb~�+_Vdfa9��^)��^V^Ca b~aO_�b�� � k�^W� x a¦_&g	�QdfaQ�O_�b���� � x a¦�	gnaTl�jWdWe~dyk��f^Vkt^[ZEl�^Ca�lrg	� n b~aQ_�^
l�`�^Y�Q^C��l�b~aQdyl�b�j�a ��^Vl��7dyk�^ _�j���i�e�^Vl�^Ce~� k	dfaQ��j����/l�`Q^Yi�`�^CaQj���^Ca�j�a jf��b~��^Ca4l�b~_Vdfe � � ��^Vl��7�Qj4^C� a�jfl%jE_V_ � k
�Tjfk7��j � k�_�^C� j�a[l�`�^���df��^�_�j�e � ��a�� l ^CaQ_�^f�Jl�`�^Vk�^�b~��aQj aQj:��^�_�j�a4l�^Ca�l�b~j�a[l�jA��^V�fk	df��^�l�`�^�i�^Vk��Tjfk���dfaQ_�^
jf�Rl�`�^ nQq+lnm ��_	`�^C��^f� } e~��j���l�`Q^��fk�j � i�b~aQ�W^[j�^C_�l;l�d�Yf^C�;j �f^Vk*��jfk)e~dyk��f^VkL:9l�j���b��f^%d��¦df_�l�jfk;jf��dy��j � l uyp z
b~��i�k�j �f^C��^Ca4lhj{�f^Vk;l�`�^ n � o ��^C��`�dfe��fjfk�b~l�`Q���

C�Z¨3/Z¨4 3QK ��@:B MJ@4B

_�b�� � k�^C� |�{�a¦d�g%dfaQ� aT�5g ��`Qj � l�`Q^Y_�j���i�dyk�bc��j�a �Tjfk _�j���i�e~^Vl�^�j �f^Vk�ecdyi jf����j � k	_�^ p ��^C��l�b~aQdyl�b~j�a ��^Vl��V�R_�b�� p
� k�^�|�{�a¦d�g ��`Qj �;�tl�`Qdyl �Tjfkhe~dyk��f^@:$a¨|�{-{�g�l�`�^ nQq+lnm ��_	`�^C��^ j � l�i�^Vk��Tjfk����tl�`�^ n � o ��^C��` dfe��fjfk�b~l�`Q���E� � l
�Tjfk ����dfe~e�^Vk�: a�C|-yTgRl�`Qb~��b~��a�jfl�l�k � ^f��];`Qb~�Rb~����^C_Vd � ��^f��df��^[ZEi�e~dfb~aQ^C�7��^V�Tjfk�^f��l�`�^ k�df�QbLZ7jf�G^Cdf_	`Y�Qbc��^CaQ��b�j�a
b~aAl�`�^g¶	� ��^C��` b~�hj�a�e�� z �G�)`Qb~_�`���j:^C�*aQjfl)dfe~e�j{� l�`Q^ �fk�j � i�b~a���i�jfl�^Ca4l�b~dfeJjf��l�`�^ n�q+lxm ��_	`�^C��^Wl�j ��^
k�^Cdfe~b¨UV^C� _�j���iGe�^Vl�^Ce��f� _�b�� � k�^ |�{�aT�5g ��`�j �)� l�`Q^ _�k�j�����j �f^Vk�i�j�b~a4l a�: � �Sy�{�g7�;`�^Vk�^9l�`�^ nQq+lnm ��_�`Q^C��^
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_�b�� � k�^C��|�{�a¦_&g dfaQ� a¦�	g9��`�j � l�`Q^ _�j���iGdyk�b~��j�aL�Tjfk�k�dfaQ��j�� j �f^Vk�ecdyi�jf�7��j � k	_�^ p ��^C��l�b~aQdyl�b~j�aL��^Vl��V�
_�b�� � k�^�|�{�a¦_&g%��`�j �)��l�`Qdyl%l�`�^ n�q+lxm ��_�`�^C��^�j � l�i�^Vk��Tjfk����*l�`�^ n � o ��^C��` dfe��fjfk�b�l�`��'��jfk���jfl�`[e~dyk��f^�:
a¨|�{-{�g�dfa�������dfe~eS: a�C|-yTg	�+_�b�� � k�^%|�{�a¦�	g�_Ve�^Cdyk�e�� ��`�j �)��l�`Qdyl�l�`�^ n � o ��^C��`�dfe��fjfk�b�l�`���i ^Vk���jfk��Y�tdfec��j���l
df� �t^Ce~e�df� l�`�^ nQq+lnm ��_	`�^C��^�l�b~e~eRdy��j � l@: � �P{-{E� } �Tl�^Vk%l�`Qdyl i�j�b~a4lV��l�`�^ nQq+lnm _Ve�^Cdyk�e~�Nj � l�i�^Vk��Tjfk����
l�`�^ n � o ��^C��`�� m bLYf^0l�`�^Y|	��_Vdf��^f�Ol�`�b~� b~��� � ^0l�j�i�`�^CaQj���^Ca�j�a jf�tbc��^Ca�l�bc_Vdfe � �%��^Vl��%a�jfl�jE_V_ � k�b~aQ�9�Tjfk
��j � k	_�^C��j�aNl�`�^%��df��^7_�j�e � �Ya ��jfkhl�`Q^ nQq+lnm _Vdf��^f�

];`�^C��^%k�^C� � e�l��he�^Cdf�Al�jYl�`�^ _�j�aQ_Ve � ��b~j�a�l�`Qdyl)���:��l�^C�Y�hiQk�j{�:bc�Qb~a���� � e�l�b~��^C��l�b~aQdyl�b�j�a���^C����dy�f^7i�df����b~a��
_VdfaA� � iQi�jfk�l ��jfk�^%^��9_Vb~^Ca�l;� � e�l�bc_Vdf��l�l�`QdfaN���E��l�^C���hiQk�j �Eb~�Qbca�� � aQb~_Vdf��lh��^C����dy�f^7i�df����b~a��0j�aQe��f�
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� � e�l�b~_Vdf��lRi�dyl�l�^Vk�a�� � ��b~a��*���E��l�^C� ��bLUV^C��jf� u � u ��y � y:���C| � �C| dfaQ� � z � � z ���Tjfk�d�g � ��� � dfaQ� : ��� � �y�
dfaQ���!g�� ��� dfaQ��:�� � � ���)`�^Vk�^�� � W � ��jfk)dfa|W � W[���E��l�^C�2��b¨UV^f�
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_�b�� � k�^C��|E�Ta¦d�g0dfaQ� aT�5g ��`�j{�$l�`�^�_�j���i�dyk�bc��j�a ��jfk�_�j���iGe�^Vl�^ j �f^Vk�e~dyiHjf�)��j � k	_�^ p ��^C��l�b~aQdyl�b~j�a ��^Vl��V�
_�b�� � k�^[|E�Ta¦d�g ��`�j �;� l�`Qdyl�l�`Q^ aQ^V� dfe��fjfk�b�l�`Q�Y� ��_Vdfe�^ � ^Vl�l�^Vk��)b�l�`(b~aQ_�k�^Cdf��bca�� ���:��l�^C�"��bLUV^ l�`Qdfa(l�`�^
^[Z�b~��l�b~a��0dfe��fjfk�b~l�`Q������jfkh� � e�l�b�iGe�^;� � e�l�b~_Vdf��lV� s l�_Vdfa � ^*jf����^Vk��f^C��b~a l�`Qb~���fk�dyi�` l�`Qdyl�l�`�^ nQq+lnm ��_�`Q^C��^
b~��l�`�^*j�aQe���j�a�^*�;`Qbc_�` ��`�j �)��_�j�aQ��l�dfa�l�i�^Vk��Tjfk���dfaQ_�^)�;b�l�` b~aQ_�k�^Cdf��b~a�� ���:��l�^C����b¨UV^)�Tjfk�e~dyk��f^*�´dfe � ^C�+jf�4:��
_�b�� � k�^7|E�TaT�!g�dfe~��j���`�j �;�;l�`Qdylhl�`�^ a�^V� dfe��fjfk�b~l�`Q����dyk�^7��jfk�^7��_Vdfe~dy�Ge�^��;b�l�`NbcaQ_�k�^Cdf��b~aQ�0���:��l�^C� ��bLUV^��Tjfk
e~dyk��f^��ydfe � ^C�hjf� � �

_�b�� � k�^C��|E�Ta¦_&g+dfaQ� a¦�5g���`�j{�Hl�`�^*_�j���i�dyk�b~��j�a���jfktk�dfaQ�Qj�� j �f^Vk�ecdyi9jf�/��j � k�_�^ p ��^C��l�b~a�dyl�b�j�a���^Vl��V� m bLYf^
b~aYl�`�^*_�j���i�e�^Vl�^*j �f^Vk�e~dyiN_Vdf��^f�H_�b�����|E�Ta¦_&gt��`�j{�;��l�`Qdyl�l�`Q^*a�^V� dfe��fjfk	b�l�`Q������_Vdfe�^*� ^Vl�l�^Vk �;b~l�`Yb~aQ_�k�^Cdf��b~a��
���E��l�^C�'��bLUV^Wl�`Qdfa l�`�^W^[ZEb~��l�b~a��9dfe~�fjfk�b�l�`Q���;��jfk�� � e�l�b�iGe�^7� � e�l�b~_Vdf��lV� } ��dfb~a���b�l*_Vdfa ��^7jf�G��^Vk��f^C� b~a�l�`Qb~�
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�fk�dyi�` l�`Qdyl%l�`�^ nQq+lnm ��_	`�^C��^ b~��l�`�^9j�aQe�� j�a�^Y�;`�b~_�` ��`Qj �;� _�j�aQ��l�dfa4l i�^Vk��Tjfk���dfaQ_�^��)b�l�`[b~aQ_�k�^Cdf��b~a��
���E��l�^C� ��bLUV^h�Tjfk+e~dyk��f^h�ydfe � ^C� jf�S:�� _�b�� � k�^;|E�Ta¦�	g dfe~��j7��`�j �;�+l�`Qdyl l�`�^)a�^V�Hdfe��fjfk�b~l�`Q��� dyk�^)��jfk�^;��_Vdfecdy��e�^
�;b�l�`�bcaQ_�k�^Cdf��b~aQ�0���:��l�^C� ��bLUV^��Tjfk;e~dyk��f^��ydfe � ^C�hjf� � �

� &(#)�0� �	�0� ��#)�0�

s a l�`Qbc�7i�dyi�^VkW��^�`Qd �f^�b~a�l�k�j:� � _�^C�[l�`�^ _�j�aQ_�^ViQl0jf�)�Q^C��b���aQb~aQ�A� � e�l�b~_Vdf��lWdfe��fjfk�b�l�`Q�Y�7�;b~l�` ��bcaQb~��bLUV^C�
a�jE��^A_�j�a4l�^Ca�l�b~j�aL��j l�`Qdyl � � e�l�b�i�e�^�� � e�l�b~_Vdf��lYi�dyl�l�^Vk�a��9_Vdfa ��^Ab~��i�e~^C��^Ca�l�^C� �;b�l�` k�^C� � _�^C�Hecdyl�^CaQ_��f�
� ^ `QdC�f^ ��`�j{�;a l�`Qdyl l�`�^�^[ZEb~��l�b~a�� � � e�l�b~_Vdf��lYdfe��fjfk�b�l�`���� a o ��^C��`LdfaQ� lnm ��_�`Q^C��^C�rg���jfk9��jfk��Y`�j�e�^
V p dyk�� W p _ � ��^W���E��l�^C��� e�^Cdf� l�j i�j:jfk*i�^Vk��Tjfk���dfa�_�^ �;`Q^Ca�� � e�l�b�iGe�^ � � e�l�b~_Vdf��l��*dyk�^0bca��fj�e��f^C�/�%]h`�^Wi j:jfk
i�^Vk��Tjfk���dfaQ_�^*`Qdf�t� ^V^Ca9^[ZEi�e~dfb~a�^C�Y�4��aQj:��^ _�j�a4l�^Ca�l�b�j�a/��
;jE��^ _�j�a�l�^Ca4l�b�j�a�dyk�b~��^C�+�Tk�j�� l�`�^*�Tdf_�ltl�`Qdyl l�`�^
^[Z�b~��l�b~a��N� � e�l�bc_Vdf��l7dfe��fjfk�b~l�`Q�����t^Vk�^9�Q^C��b���a�^C� �)b�l�`[��b~aQ��e�^�� � e�l�b~_Vdf��l%b~a ��b~aQ��� � ^9`Qd �f^YiQk�^C��^Ca�l�^C� d
��^Vl�dfb~e~^C� dfaQdfe��E��b~�*jf�+l�`�^�aQj:��^�_�j�a4l�^Ca�l�b~j�a[l�`Qdyl�k�^C� � e�l��*�;`�^Ca ^[Z�b~��l�b~aQ� � � e�l�b~_Vdf��l dfe~�fjfk�b�l�`Q����dyk�^ � ��^C�
�Tjfk;� � e�l�b�i�e�^ � � e�l�b~_Vdf��lV�

} aQ^V�LdyiQi�k�j�df_�` `Qdf����^V^CaYiQk�jfi j���^C�����;`�b~_�` � ��^C�t��j � k�_�^ p ��i�^C_Vb^] _;b~a��Tjfk���dyl�b~j�a�l�j0_�k�^Cdyl�^�� � e~l�b~_Vdf��l
l�k�^V^C�V� o ��b~aQ��l�`�^)a�^V�LdyiQiQk�j�df_	`���l�`Qk�^V^)a�^V� � � e~l�b~_Vdf��l+dfe��fjfk	b�l�`Q���Äa n � o ��^C��`�� n�kXlnm dfaQ� nQq+lnm g�`Qd �f^
��^V^Ca ��^V�f^Ce�jfi�^C���7]h`Q^Wa�jE��^0_�j�a�l�^Ca4l�b�j�a[bca�l�`Q^C��^�dfe��fjfk�b�l�`Q�Y�*`�dC�f^���^V^Ca dfaQdfe��9UV^C� ��jfk%� � e�l�b�iGe�^7� � e�l�b p
_Vdf��l%iGdyl�l�^Vk�aQ�V�/dfaQ� ��`�j �;a l�j���^�e�^C��� �)b�l�` k�^C��i�^C_�l�l�j�l�`�^�^[Z�b~��l�b~a�� dfe��fjfk�b~l�`Q���V�W]h`�^�a�^V� dfe��fjfk�b~l�`Q���
`Qd �f^7��^V^CaN��^C��j�a���l�k�dyl�^C�Nl�jYi ^Vk���jfk�� z p �P{�l�b~��^C�h� ^Vl�l�^Vk)l�`QdfaNl�`Q^ o ��^C��`NdfaQ��l�`Q^ lxm ��_	`�^C��^C� � aQ��^Vk
� � e�l�b�i�e~^0� � e�l�bc_Vdf��l%i�dyl�l�^Vk�a��V� ];` � �C�Ol�`�^C��^ dfe��fjfk�b�l�`����%��^C��j�a���l�k�dyl�^9d�e�jfl%jf��i�jfl�^Ca4l�b~dfe �Tjfk ��^C��b���aQb~a��
��_Vdfe~dy�Ge�^h_�j�e~e�^C_�l�b��f^*_�j���� � aQb~_Vdyl�b�j�aYe~b��Qk�dyk	b�^C�Rj�a�_ � k�k�^Ca4l+dfaQ��� � l � k�^���jfk	��`�j�e�^h���E��l�^C���C� � ��_�j���iGdyk�b~a��
l�`�^ n � o ��^C��`A�;b�l�`Al�`�^ n�q+lxm ��b�l*`Qdf�;��^V^Ca ��^C��j�aQ��l�k�dyl�^C�Al�`�dyl*� � e�l�b~�Q^C��l�b~aQdyl�b�j�aA��^C����dy�f^ p i�df����b~a�� b~�
d���^C��b�k�^C� �T^Cdyl � k�^%�Tjfkh� � l � k�^��tjfk���`�j�e~^%���:��l�^C���hl�jYbc��i�e�^C��^Ca4l ^��9_Vb�^Ca4l;_�j�e~e�^C_�l�b~�f^ _�j���� � aQb~_Vdyl�b~j�a�jfi p
^Vk�dyl�b�j�a��V� s a l�`Qbc��iGdyi ^Vk �4�t^�`QdC�f^�j�aQe~��^C��i�`Qdf��bLUV^C�Yj�a�� � e�l�b~i�e�^;� � e�l�b~_Vdf��ltiGdyl�l�^Vk�aQ�V� � ^%dyk�^�_ � k�k�^Ca�l�e~�
^V�ydfe � dyl�b~a�� jfl�`�^Vk�i�dyl�l�^Vk	aQ� e~bLYf^0� � e~l�b�i�e�^%�Gdyk�k�b�^Vk��*dfaQ� k�^C� � _�l�b�j�aAjfi�^Vk�dyl�b~j�aQ�V� s l)�;bce~eOdfe~��j ��^Wb~a�l�^Vk�^C��l p
b~a�� l�j���^V^�`�j � � � _	` � ^CaQ^[]�l��*l�`�^C��^�a�^V� dfe��fjfk�b�l�`����)_Vdfa i�k�j �Eb~��^W�;`�^Ca b~a4l�^V�fk�dyl�^C� �;b�l�` dyiQiGe~b~_Vdyl�b�j�a
_�`�dyk�df_�l�^Vk�b~��l�bc_V�hj�aN�Qbc��l�k�b�� � l�^C� ��`Qdyk�^C����^C��jfk�� ���:��l�^C�Y���;b�l�`�_Vdf_	`�^ p _�j�`�^Vk�^CaQ_��f�

Q IJI��'�����GFJ=�S5�CF�����Xy> =������GFE< } a � � ��^Vk/jf��k�^Ce~dyl�^C� i�dyi�^Vk��JdfaQ�%l�^C_	`QaQb~_Vdfe4k�^Vi�jfk�l��Rdyk�^�d �´dfb~ecdy��e�^ ^Ce�^C_�l�k�j�a p

u {



b~_Vdfe~e~� l�`Qk�j � ��`�l�`�^W`Qj���^ iGdy�f^Wjf��©; y�� yª�ª~«�ª � �£Pe�¥T¤±«�£C¤¦°E��«� y¡G¬ v�§yµ0µ0°:¡�¥¦£	 f¤¦¥¦§f¡ a¦� } q g;k�^C��^Cdyk�_	`��fk�j � i/�
]h`�^ o g m b~����������� 	
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�%�,���.-0/ � } e�l�^Vk	aQdyl�b��f^Ce��f�:l�`�^*i�dyi�^Vk���_Vdfa ��^;jf��l�dfb~a�^C�
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h � i } � � dyk p 
)j �%dfaQ� n ��<%b�i�a�b~�V� � � e�l�b�iGe�^��A^C����dy�f^ � k�j�df�Q_Vdf��l�bca��;b~a l�`�^��Jj���l�dfe���j:��^Cev� s a �	¡�¤±«V�	¡  f¤¦¥¦§f¡G yª
©; y�� yª�ª~«�ª�© ��§C£	«�¢�¢®¥�¡�\ ²�³yµ ��§´¢	¥T°EµW�Gi�dy�f^C� u�z ¶>= u ��{E��� xfx ¶:�

h | i � � � dyk�a�^Vl�lV� n � � � i�l�dE� �W� �W�O��dC�Ea�^f� m � n ` � e�^VkC�/g7���´dfa ��^ �*^Cb ��a��OdfaQ� �Q� � dyl�l��V� s a4l�^Vk�iQk�jE_�^C� p
��jfk q j�e~e�^C_�l�b��f^ q j���� � aQb~_Vdyl�b�j�a m b~�Qk�dyk��wa s a�l�^Vk�_�j�� g	� s a ² £� yª� �¯Vª�« p�¥L\�e�©;«����V§y�	µ� y¡ £	« v�§yµ �G°�¤¦¥�¡�\
v�§f¡ �V«V��«V¡G£	«V�Qi�dy�f^C�o¶-z ��=�¶ z´u ��� xfx´u �

hO¶ i 
 � ��� � jE��^Ca�� �W� q j�`�^Ca��EdfaQ�Y^Vl dfe¨�O���:k�b~a�^Vl!� } � b~��dy��b�l p i�^Vk prn ^C_�j�aQ� m jE_Vdfe } k�^Cd 
)^Vl±�tjfk@YG� ���+���
? ¥¦£C�§f�Qi�dy�f^C�)| x =�¶-z:�!_�^V� � xfx z:�

h u�i g7��@W� � jfiQi�dfa�dE� n � q `Qdfecdf��dfaQb¨�RdfaQ� q � n �Og)dy��`QdC�f^CaQ�Qk�dE� m a � � e~l�b~_Vdf��l � jfk	��`�j�e�^ ghj � l�b~aQ�Ab~a
� � e�l�bc_�j���i � l�^Vk 
)^Vl±�tjfk@Y:�C� s a ²G³´µ �E§y¢	¥T°:µ §y¡ ©h f� yªTª~«�ª� y¡ ¬  ¥�¢®¤¦�®¥¨¯V°�¤±«�¬ © ��§C£	«�¢�¢	¥T¡�\��Ji�dy�f^C� �y|f|>=
�y| x �R� xfx´u �

h�z i �Q� � k � _fYG�fg%� q �4iG`�^VkC�ydfaQ� q � p ]�� l j��4� � e~l�b�i�e�^ ��^C����dy�f^ � k�j�df�Q_Vdf��l�b~aQ�;�;b�l�` �*^Ca�^Vk�dfe~b¨UV^C� _�b���j�aQdf_V_Vb
]Jk�^V^C�V� s a ²�³yµ �E§´¢®¥�°Eµ §y¡A©h f� yªTª~«�ªR f¡G¬  ¥c¢�¤¦�	¥v¯�°�¤±«�¬�©��§C£®«®¢	¢	¥T¡�\f�Gi�dy�f^C� u | u = u ¶�{E��� xfx |:�

h z�i m � �*^ q j���l�^Vk � 
7� �*^V� � e��r�ydfaQ� q � p ]�� l j�� ���9_Vb�^Ca4lR� � e�l�b p iGdf_@Yf^Vl�� � e�l�b~_Vdf��l } e~�fjfk�b�l�`Q���Jj�a0�A^C��`�^C�
�)b�l�` � jfk	��`�j�e�^ dfaQ� �*bc��^CaQ��b�j�a prm k���^Vk�^C� ghj � l�bca���� s a �	¡�¤±«��®¡G f¤¦¥¨§y¡G yª>v�§f¡ �V«V��«V¡G£	« §y¡L©; y� fª�ª~«�ª
©��§ £	«®¢	¢	¥T¡�\f�Gi�dy�f^C� s�s�s �~��¶ ��=G� u �y� })� �A� xfx z:�

h�� i � � ���	� dfe~e��%dfaQ� q � m � n ^Cb�luUf� �*^Cdf�Qe�jE_@Y p _�k�^V^;��^C����dy�f^hg;j � l�b~a��*b~aW� � e~l�b�iQk�jE_�^C����jfk s a4l�^Vk�_�j�aQaQ^C_�l�b�j�a

)^Vl±�tjfk@YE�V� �����+� ���� y¡�¢V �£C¤¦¥¨§y¡�¢�§y¡ v�§yµ �G°�¤±«��	¢	�Gi�dy�f^C�xz u ��=9z-z8¶:��� dC� � x y �4�

h�y i �Q��� � dyl�j�� } 
;^V� ]h`Q^Vjfk��Njf� �*^Cdf�Qe�jE_@Y p _�k�^V^ } �Qdyi�l�b��f^Wg;j � l�b~a�� b~a � jfk���`�j�e~^ 
)^Vl±�tjfk@YE�V�W���+���
�Q�� y¡�¢� �£C¤¦¥¨§y¡�¢0§f¡N©; y�� yª�ª~«�ª� y¡G¬  ¥�¢®¤¦�®¥¨¯V°E¤±«�¬Y²�³´¢®¤±«�µW¢®� u a�C|Tg �~��¶f|�{
=G��¶8¶E�f�+� xfx ¶:�

h x�i�n � m � ��j�`QaQ����j�a dfaQ� q � p ]%� l j�� m i�l�b~� � � � k�j�df�Q_Vdf��l�b~a�� dfaQ� �R^Vk���j�aQdfe~b¨UV^C� q j���� � aQb~_Vdyl�b�j�a b~a
l �:i ^Vk	_ � ��^C�V�+���+�+� �Q� y¡Q¢� �£ ¤¦¥¦§y¡Q¢�§y¡ v�§yµ �G°�¤±«V��¢®��i�dy�f^C� �C| u�x =G�C| z y:� n ^ViQl�^C�7��^Vk7� x y x �

u �



h �P{ i g)df� <�^C��d �´dfa9dfaQ� �W�7<�����dfaQ�QdE� ��bcaQb~��bLUCbca�� 
)j:�Q^ q j�a�l�^Ca4l�b�j�a9b~a0� � e~l�b�i�e�^ � � e�l�b~_Vdf��l�j�a � jfk	� p
`Qj�e�^ V p dyk��|W p _ � � ^ 
;^Vl ��jfkfY:�V� s a © ��§C£®«�«�¬f¥�¡�\f¢Y§ � ¤�eE« �	¡�¤±«��®¡G f¤¦¥¨§y¡G fªÄv�§y¡ �C«���«�¡G£®«�§y¡ ©; y�� yª�ª~«�ªO©��§�b
£®«®¢	¢	¥T¡�\f� q `Qb~_Vdy�fj�� s�m � }*� �N� xfxfz �

h �f� i � � m dfa�� } � p¡l � �+���Tdf`Qdfa�b~dfa���dfaQ� m � 
)b¨��� � e~l�b~_Vdf��l0b~a l �4i�^Vk�_ � � ^ � � e�l�b�iQk�jE_�^C����jfk	�V� � §f°:�®¡G yªh§ �
©; y�� yª�ª~«�ª� y¡G¬  ¥c¢�¤¦�	¥v¯�°�¤±«�¬ v�§fµ � °E¤¦¥T¡�\��5y �h¶�{
= u �y��� xfx {E�

h �C| i 	W� m b~a�dfaQ� m �:� � 
)b¨� �*^Cdf�Qe�jE_@Y p �Tk�^V^*� � e�l�bc_Vdf��l � jfk��Y`�j�e�^)g;j � l�b~a�� b~a�� � e�l�b~_�j���i � l�^Vk 
)^Vl±�tjfk@Y:�C�
s a ©��§C£®«�«�¬y¥�¡9\y¢;§ ��¤�e�«+�	¡�¤±«V�	¡G �¤¦¥¦§y¡  yª:²�³yµ ��§´¢	¥T°Eµ §y¡ v�§yµ �G°�¤±«�� � ��£[e4¥T¤±«�£C¤¦°E��«V�yi�dy�f^C���f� z =G�C| u �G� xfx �y�

h ��¶ i �R�><�� ��_$<7b~aQe�^V�*dfaQ� �W�&_t� ghjf�Gb~aQ��j�a�� q j�ece�^C_�l�b��f^ q j���� � aQbc_Vdyl�b�j�a�b~a � jfk��Y`�j�e�^ p ghj � l�^C�7� df����b��f^Ce��
��dyk�dfece�^Ce q j���i � l�^Vk��V�����+��� v�§fµ � °E¤±«V�	�Gi�dy�f^C��¶ x =9z�{E��*^C_Y� xfx z:�

h � u�i �R�+<��f� _$<%b~aQe~^V�f� l � 	 � � } � p¡l � �+���¦df`QdfaQb~dfa/�ydfa�� m ��� � 
)b¨� o aQbc_Vdf��l p ��df��^C��� � e�l�b~_Vdf��l q j���� � aQb~_Vd p
l�b~j�aAb~a � jfk���`�j�e�^ p k�j � l�^C� 
)^Vl±�tjfk@YE�V� �����+�$�Q� f¡�¢� �£ ¤¦¥¦§f¡�¢�§f¡ ©h y�� yªTª�«Vª� f¡G¬  ¥c¢�¤¦�	¥v¯�°�¤±«�¬ ²�³´¢®¤±«Vµ ¢®�
z"a�C|Tg �~�C|-zf|>=G�C| z z:� �*^C_�� xfx´u �

h �Sz i ��^C����dy�f^W��df����b~a�� s a4l�^Vk��Tdf_�^�_�jfk � ��� ? ©+��� � ? «®¢	¢� S\:«[bv©h ´¢	¢	¥T¡�\��	¡�¤±«����� �£	«7²G¤v y¡ ¬� y��¬y����dykW� xfx´u �

h � z�i m � 
*b dfaQ� �R��<��O��_$<7b~aQe�^V�f� } n � k��f^V� jf� � jfk	��`�j�e�^ ghj � l�b~aQ�N]O^C_	`QaQb�� � ^C�%b~a �*b~k�^C_�l 
)^Vl±�tjfk@Y:�C�
�����+� v�§yµ �G°�¤±«��®��i�dy�f^C� z |>= � z �5_Q^V�/�J� xfx ¶:�

h ��� i �W� <��Q��dfaQ��dE� s ��� � ^C� b~a �*^C��b���aQb~aQ� ���9_Vb�^Ca4l�dfaQ��� k�df_�l�bc_Vdfe } e~�fjfk�b�l�`Q���t�Tjfk q j�e~e~^C_�l�b��f^ q j���� � aQb p
_Vdyl�b~j�a�b~a � jfk���`�j�e�^ p g;j � l�^C� n �E��l�^C���C� s a��������	�A§y� � ¢feE§ � §y¡ v�e: yªTª�«V¡�\4«�¢���§y��©; y�� yª�ª~«�ªE© ��§C£	«�¢�¢	¥T¡�\��
iGdy�f^C�xy>=G�Sz:�J� xfx z:�

h �Sy i �W��<��/�Rdfa��QdE� n � n b~a���dfe¨�/dfa��[�R�O� k�dy�G`Qd�Y´dyk	dfa��Y� � e�l�b~��^C��l�b~aQdyl�b�j�a ��^C����dy�f^9��df����b~a��N��^C_�`QdfaQbc���
q j�a���jfk	��b~a��[l�j � df��^ � jfk���`�j�e~^ g;j � l�b~a�� n _�`�^C��^f� s a(©��§ £	«�«�¬y¥T¡�\y¢[§ � ¤�eE«N©h f� yªTª~«�ª0v�§yµ �G°�¤±«��

 §y°�¤¦¥�¡�\� f¡G¬ v�§yµ0µ0°:¡�¥¦£	 f¤¦¥¦§f¡��A§y� � ¢re:§ �G�Gi�dy�f^C�7��¶E��=G� u z:��� xfx´u �

h � x�i �Q� � � m �R��dyk@Y � l � } � q `�j�b¨� 
7� 
 � i�dfb�k�j �V��dfaQ� m �J� � 
)b¨� q j�aQ��l�k � _�l�b�j�a jf� m iQl�b~��dfe�� � e~l�b~_Vdf��l
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