
���������
	��	���������	�����	�	�����������! #"$�!�%�%&'��'	��(�
) &*���%��+���-,.�%	/ �01�%+�23 ���465 �7+
89	:�'0�;!�'0 ) �
	< �����	>=

?$@BADC�EGFBEIH!JKFMLONPLRQ�Q�@
S7TVU/WYXOT/Z\[^]`_badcfehgiTkj%emlOnOTVopgiq(c!T<q�r1ad_sX^t^u%TV_b[^q

v'[^TVwbq(adoiTxgDyefXOT<z*_{cfe}|
~:_ba*�>q%ad�{ehgde
j_b�keD�peb[^[^T`�7t^[^TVai_{c�e{�OW T�g

��C�@BF�@��������}��L9Q�����LRQ�@�E{F'?��1��@�LR�
Z�����~�W �mWO��eDg�op_{[�z'q(oiq(eha�j��� �q([Ggiq%a
¡1_{ai¢Ggd_D£*[¥¤�q%TV�b�Ggdo(l^¦*¡¨§P©{ªh«{¬

UmoistR�7tmo(W TV®^c�W j_bc

¯
°�±(²%³D´^µb²
¶ XOTVopgiadTV®^tOgiqPX�c}t^��giT�·\opq(aiw{q%a��¸q%®�oiTxgdq
j%eb[�U^ai_DwsTkXOqfgi�mq
oij(eh�keh®^TV�VTxg�¹[^q(j%q(odoiebai�gd_º¢bq(q%U�t^U»£*T�gi�

�{ai_D£*TV[^��j%��TVq%[Gg>XOq%c�eb[mX}ehg:UR_bU^t^�keha�oiTxgdq(o(W�¼<_{ebX�®meh�keh[mj%T�[m�'_h]^gd�^q(oiq�XOTVopgiadTV®^tOgiqPX��¸q%®O·\oiq%adwbq%a�opOopgiq(cfo(l
j%_b[moiTko�gdT�[^��_h]<c�t^��giTVU^��q½�¸q%®�opq(aiw{q%a�o�]`_ba*XO_Ojtmc!q([Gg¾adqgdaiTVq%wDeh�Keh[9X¿e�S7_bc�ebT�[¿[9ehcfq½oiq%adwbq(a7ÀBS7¦½n^ÁY]`_ba
e{X^XOadq(odo*adq(oi_b�VtOgiTV_b[/lm_bURq%[mo�T�[Ggiq(aiqPo�gdT�[m�¿[^q%£ÂU^ad_b®m��q(cfo(W¾Z\[�gi�^Tko�U9ehURq%aPlm£¾q�T�[swbqPo�gdT��GeDgdq�gi�^q�qÃKq(j�g�o'_b]
t9opTV[^��e
cf_{aiqfebjgiTVwbqfS7¦½nº£*�^Tkj��/l<e{o�eh[¹ehg�sU^TVj(eh�>jq([Ggia�eh�VT�u(q(XIodj��^qPXOt^�Vq%aPl/ehU^U^�VTVq(o�op_{cfq!odj��^q(X^t^��TV[^�
opgia�eDgdq%�{¿T�[¥ad_btOgdT�[^�!gd�^q�aiqPÄGt^q(opgdo¾gd_�gd�^q�cf_{opg�optmTxg�eh®^�Vq��¹q(®�oiq%adwbq(a(W

v�[^�VT�¢{q'gia�ebX^TxgdT�_{[meh�RUmeha�eh�V�Vq%�`ÅDXOTko�gdaiTV®^tOgdq(X�oiOo�gdq%c�oYTV[
£*�mTVj��¥e}jq([Ggia�eh�VT�u(q(X¿odj��^q(X^t^��q(aY�me{o1]`tm���/j%_b[O·
gdai_{��_h]'gd�^q¥oiOo�gdq%c�l>gd�^q¥S½¦7nÆj_{[Ggiad_b�ko�_b[m��ÇeIwbq%ad»opc�eb���¾]`a�ebj�gdT�_{[Ç_h]�gi�^q¥aiqPÄGt^q(opgdo�aiqPebj��^TV[^��gd�^q
c�t^��giT�·Moiq%adwbq(a¾�¸q%®�oiTxgdqbW>~��^Tko*URq(jtm��TkehadTxg�{lOq(oiU9qPjTkeh�V���TV[¥gi�^q�U^adq(oiq%[9jq�_h]��^T��{�^�V
op¢{q%£¾q(X
��_GebXÈlOc�eh¢{q(o
T�g'wbq(ai3XOTxÉ¿j%t^�xg*gd_¿ebj��^TVq%w{q½e{j%j%q%UOg�eh®^�Vq���_GebX3®meh�keh[mj%T�[m�!eb[mX�eÊwb_bTkX¿_Dw{q%ad��_GebXOTV[^�}oi_bcfq��¸q%®ºoiq%adwbq%aPW

~��mTVo�UmehURq%a*e{X^ehUOg�o>gdade{XOTxgdT�_{[meh�Kodj��^q(XOtm��TV[^��eb���{_badTxgd�^c�o>gd_}gd�^q½S½¦7nÈlGUmai_{U9_GopqPoY[^q(£�U9_{��TkjTVq(o(lOeh[mX
q%Ë^ehcfT�[mq(oKgd�^q%TVa<TVcfUmebjg/t^[mXOq(a:XOT�ÃRq(aiq([Gg<oij%q%[mebaiTV_{o(W/Ì>Ësgiq([moiT�w{q1opTVc}t^�keDgdT�_{[�aiqPopt^��gdo<op�^_D£Igi�^q�ebXOwDeh[Gg�eh�bq
_b]/o�gdadehgiq%�{T�qPo�gi�mehgYc�eh¢{q'oij��^qPXOt^�VT�[m��XOq(j%TVoiT�_{[mo>_{[�gd�^q'®me{opTko>_b]Rgd�^q�XO_{c�ehTV[�gd�meDg�_badT��{T�[mehgiqPo�gi�^q�j%��TVq%[Gg
adq(ÄGt^qPo�g�o%lReh[mX¥�VT�cfT�giqPXºopq(aiw{q%a'opgdehgiq�TV[O]`_badc�eDgdT�_{[�ÀÍqbW �mW¾£*�^qgd�^q%a½e�opq(aiw{q%a*Tko'_Dw{q%ad��_GebXOqPX¿_ba�[^_hg�Á�W ¶ [
TV[^T�giTkeh�V���tm[^qËOURq(j�gdq(X
aiqPopt^��g�TkoYgi�mehg�tmoiT�[m��XOq%gdehTV�Vq(X¿oiq%adwbq(aYTV[O]`_badc�eDgiTV_b[<l{qPopURq(j%TVeb���Vf®meboiq(X�_{[¿�^Tko�gd_badbl
X^_GqPoY[m_hg¾oiq%q(cÎtmopq%]`t^�RT�[¿UmaiqPXOTVjgiTV[^��gd�^q']`t^git^adq��V_{e{XÈlGeb[mX¿j(eh[�_h]Ïgdq%[3��qPebX!gi_!XOq%�{ade{XOq(XfURq%ai]`_badc�eh[mj%qbW

Ð%Ñ:Ò�ÓGÔÖÕ¾Ó ³Ê×�±bØ�Ù�ÚkÛ�Ü�Ý�ÚÍÞßOÜ\à�á¹Û�âÊÛ�Ü\àã�Û�ä½å<æPçbá�Þdçhè�çDéKêÚÏésëDä�ì*à%Ý`íæDÝ�ã�çDéRê�à¸çDéKçDèîâÊÛ�ÚkÛ�ä}ïÈêdðmàdáhßOèîÚÏéGëÆçDè ëGæDñ
Ý�ÚÏÜ`ðsã�Û�ä}ò�à(Þ�Û%àÝ�óDàÝ�Û W

ô1õö�÷�ø(øPùfú�û:û<û1ü9ý/þGÿ����������
	��������������������������� �"!#���$!#��%&�#���#'('�)�'*���,+.-/�(�0� �1�"2�34�5)�+76�8#�0�5)�9:�0;=<?>?�Ïü�ø@;A��>büCB@;EDPþ����!÷�ø(øPùhü
ýE��F0��>#�HG#�>þ����$>#I&J0�����LK$G�J0��F0��G#�*���NM,��F0KC�OJ�J0�
	müQPR>
ST�U<?��F
;VM,��F0KC��������>?�WJ0>QF0�UM@F0���XJ�Y
F0�UMGþ{ÿ��������WJ0�����:K$GZJ0��F0��G#�[I\>#F]G?	�<?��F�J0��������^
>#F]M�F0>?KC>�J0��>?�HG��_MGþ@F0M,>?���U�C>�F]I(>�F õ F0�
GZJ0����^`����S õ >#����� õ J0��<?�aST>�F0b@�]I\>#F]F0���0G#���c>#F]F0�U	�����J�F0�îÿGþ�J0��>#�dJ0>e����F0<���F0�:>#FC������J0�U;_>#F:J0>
F0��þ����fG#�Xg õ >?MXg4F0��^?�XJ0�
	 õ >#KCM,>?���U�XJ_>#I=J0�����_S*>#F0bh���a>#J0����F_ST>#F0b4�U;�K½þ���J1ÿ,�R>Pÿ�J1G������
	.IiF0>?KjJ0���¾úMû<û:û>ülk*>#�4J1G õ J
m*nQG#��G#^?��F
;
k*>?MXg4F0��^?�XJ0�oG#��	fýE��F0KC��������>?���RY7ú�û:û<ûqp@��F0<@� õ �Lk*���4J0��FrYLs?sXt:Pu>X�U�uvAG#���LY�ýKü w7ü�x*>
y
÷
z?zh÷NY�ý���� õ GZJ1GUS_GUgX;H{RDC|PùPù?t?t
}p÷Uz?zh÷?;
~ p@��ü��A�U���UM���>#���?m[� ú��XJ0�Ïü[�#z?�Z}�t#B?�Z}5zPø#B?Bhü

�



� � �f �0>�¿4º2�&¾ >����

�$�=�h���H���"�d���A���,���Z� �l���,�_���,�#�"�����"�=�.���X���V�,�:� �4�d�
�����E�T�l�=�4���Z���,�V�,�Z���$�Z� �����Z�=�.�Z�4¡£¢V�4�
�L���H�
�a�
�W�
�l¤¥�
�T�,��¢V�"�H�c�Z�"�
�4�X¦d�$�=��§��l¤����"���H�Z� �l���,�C�"�V§��Z�4�,�Z�4�¨¢V�Z�H�,���,�]�=�X���N�,�Z©��[�,�V�=�h�"�V�Z�ª�,�V�¨�@«,�X��� �l�,�V�4�¬�
�X��«,�X���
¤��@®§X�,¢��
�d¢V�
�X�#�c�
�¯�
�T�4�V��¤`¢V§��°�,�]�Z�=�4� �7�
�4�Z��� �l���Z�"¤¥�¥�]�,� �Z�"�V�q�5�,�`�,§X§��4�Z�e�
�ª�=�A§X¢�¤¥�4���Z�4¦d±=�,�e�Z�V�4�
�
�Z�4�,�
�l���X²��Z�=�h�Z�X���"�"§X�H�Z�"�l�W�,�T���=�5�,�#¤��H�Z� �l�¥�,§��Z�l�Z�h³5´*µ�¶�·=¶X´[µ�¶X´�¸V�,�Q¹�º4ºH»
µH³�´[¼,¸1¶�µQ¤�� �Z�Z�,���4�¥�
�X�Z«,�X���N�"�/�T�4§��l¤W½
�"�=�¾�ª§��l¤�¤¥�l�¬§��=�l�"§�� �5�,�`¤¥�l�
�7�T�,��¢��"�H�7�Z� �
�4��¿OÀE²uÁE��Â0¦�Ãf�H��� �l¢V�e�Z�4�,�
�l�V���"�V�V��§X�H�
�¥�Z�V�H���ª§��£�,�����"�V�H�
�4�
�H��§#�V� �
�4§��Z¢=�Z�,²£�V�,¤¥�4� `�Wµ,³�Ä�¸�»#³0Å�Æ=¸1¶ZµÈÇª¶�Å�É�ÄX¶X»#Ê,¶�»:Ä#Ë�Ä?¸1¶XÌW²£�"�R�Z�=�C¤¥�l�
�/���Z�l¤��"�Z���=�h�
�l�"¢V�Z� �l�_¦rÍÎ�V�"�Z�
��� ��¢=�
�4�
¤`¢V� �Z�(½1�
�X��«,�X�h�
E�
�
�4¤Ï�"�h¤¥�,�Z�e�Z§X�,���H��� �7�,�V�q���,¢V� �U½0�
�l�"�X���,���h�Z�V�,�¯�,�£q§��4���
���,��� ÐX�4�¯§��l¢V�£�
�X�Z���H���X¦N±V¢=���Z�=�X�
½
¤¥�,�Z�,²V�"�]¤d�,�"���Z�,���V�]�¥�Z�"�=�l� �Q¢V�
�X�Z½0«A� �X�Ñ�����
�X�Z���,§��c�Z�V�H�$�"�4²E�W�Z���=�l� �QÒ.Ó.Ôf²V�,�V�q� �Z�C�"�l�,�q§X�,�Õ�*�Q���,���,�V§��4�_¦
Ö �q§��l���
���,�Z�X²��Z�=�7�"���=�X�T�4�V�=�4�£�:¤��"�Z�Z�,�Z�4�E½1�Z�X�Z«,�X�$�H��§���� �
�4§��Z¢=�Z�c�V���@«E�"�=�4�C���"���
�N�,�/�"���=�X�T�4�V�=�4�£�NÒaÓhÔ°��� �
�4�
�Z�V�H�$�H�Z��¤��,�£¢��,�"� d�
�4�"�4§��
�4�q�£��Z�=�7¢V�Z�X���X¦f�$�V���:�Z�l�"¢=�Z� �l�Õ�=�A�4�$�=�,�C�V���@«E�"�=�Q�Z�=�c�
���,�V�Z���H�Z�4�V§� �5�,�h¢��
�X���
�,�V�°�V�Z�4§X�"¢V�V�4�7�,���§��l�£�
�Z�l�N�,�C�Z�=���Z�4¡A¢=�4�
�Õ×��Z��Ø��V�"�
�
�#� ��¢=�Z� �l�È�A®�Z�=�d���X�=½1�Z�X�Z«,�X�¥�
A�Z�
�4¤q¦qÙh���N�X«,�X�4²f�"�
�Z�=�¾§��l¤¥�T�l�=�4�£�Z�¥�,�a�Z�=�¯�V���
�
��� ��¢V�
�4�°���X�=½1�Z�X�Z«,�X� �
E�
�
�4¤Ú�H���¾�=�,���:�4�"�]�=�4�Z� �l�=�4�j�,���j�Z�=�q�Z�4�Z¢�� �Z�¥�H�Z�
�=�,���X«��,�"¢��H�
�4�¬§X�H�Z�X��¢V�"�",²u�Z�=��§��l¤¥��� ���=� ��¨�,�V�°� ���Z�X�l¢V�"�H���"�Z� �4�c�,�C���,���"�°�Û���=�d���X�Ü§��l¢V�"�Ý�=�X�,���,�=� �Z�=�
�T�X�Z���,��¤��,�V§��c�,�r��§��A�,���V�"�V�H�
�4�¯�H��§��V�"�
�4§��Z¢=�Z�,¦

Þ �E�"�Z�Z�"�=�®�"�V�
�Z�,�"���H�Z� �l�V���,�.�V�"�Z�
��� ��¢=�
�4�¬¤�¢�� �Z�(½1�
�X�Z«,�X�W���X�Î��� �
�4�¥�H�Z�Õ�Z�=�¾ßcà$áEÍâÙa�$�$ãäáE�X�Z«,�X�¯¿(�4å�Â
�,�V�ª�Z�=� Ö�æ]ç ���X���
�X��«,�X�a�[¢V�"� �$�l�®�,��áEã/½�Á ¤��,§#�V�"�=�q¿(�4ÀE²r�@è�Â0¦aÍé§��l¤�¤¥�l�V� ª¢V�
�4�È�H�V�V�Z�l�,§#�ª���,�Q� �l�,�
���,�"�,��§X�"�=� ���$�Z�=�WÓ$�l¢V���E½1Ó$�,�����¯êa�l¤��,�"�®ßa�,¤¥�¥áE�X�Z«,�X��×�ÓhÓC½1êQßcáVØh�
�4§��V���"¡£¢V���=�4�Z§��#� �T�4�¯�"�Ü¿(�4åE²r�?Â0¦ Ö �
¿(�4À�Âo�,�q�,� �
�X�#�V�H�Z� «,�,²=�Z�X���X�Z�Z�4���
���,�]�Z�=�7�.àCãÜ�Z�l¢=�
�X�$�H�V�V���l�,§��_²V�"�]§��l�V���"�=�X�Z�4���h�V��§��Õ¢V�
�4�C�W�.à]ãë�5�Z�l�£�U½
�4�V���
�¥�V�"�
�
�#� ��¢=�
�$�"��§��l¤��"�=���Z�4¡£¢V�4�
�Z�]�,¤¥�l�=�¥�W�
�X�]�,�o§X�"¢V�
�
�X���4� �
�X��«,�X���X¦:áE���V§��h�Z�=�QêQßQá �
�4§#�V�V�"¡A¢=�Q§X�,�
�T� �H�V�[�"� �4�¨�
�®�T�,�Z�Ý� �A§X�,��� ¨�,�V�¬�,�X�,�,���H���V�"§X�,��� ¨�V�"�
�
�#� ��¢=�
�4�����X�V½1�
�X�Z«,�X�d�
E�
�
�4¤��4²f�"�°�Z���"�7���H�T�X�4²r�:�
�V�Z�,�T�l�
�c�,�V�¾�X«��,�"¢��H�
�7�T�l�"�"§X� �4�:�Z�V�H�h§X�,�¯�"¤¥�V�Z��«,�c�Z�=�e� �l�,�¾���,�"�,�V§��c�Z�=���l¢=�l�q�,�q���E�
�4�V�Z� �l�q�,�R�Z�=�eêQßcá
�
�4§����V�"¡A¢=�,¦

�$�V�.�V�"�Z�
��� ��¢=�
�4�W���X�V½1�
�X�Z«,�X�$�
E�
�
�4¤q²E�"�"�"¢��
�
���H�
�4���"� ±r� �l¢=�Z�`�H²A§��l�V���"�
�Z�N�,�&¤�¢V�"�Z� ��� �,²l���X���"�"§X�H�
�4�d���X�
�
�X�Z«,�X�#�e×��ìá�ØN�Z�V�H�C��¢V���V�"�Z�d�Z�=�aí=îHïTðW�=�E§X¢V¤¥�4�£�Z�X²V�,�V�q�¥§X�"¢��
�
�X�Cêaßcá��Z�V�H�C�
�#�,�V�Z�"�H�
�4�]�Z�=�7�"�,�l�"§X�,�[íEîAî�ñ
�,�V�=���4�Z�¯×�´[¼HÌd¶#Ø¥�"�£�
�¨�Z�=� Ö ã/½1�,���=�Z�4�Z�W�,�Q�l�=�¾�,�Q�Z�=�¯���X�Û�
�X��«,�X���¥�,�Q�Z�=�¯� �,�l��§X�,�h§X�"¢V�Z�
�X�4¦Î�$�=�¾êQßcá
§X�,�¨¢V�Z�¥«��H���"�l¢V�c�Z§��V�4�V¢V�"�"�V���T�l�"��§X� �4�h�
�ª¤��H�°�V�(òT�X�Z�4�£�7§X�"� �4�£�Z�Q�
�¾�Z�=���V� ò*�X�Z�4�£�7�
�X�Z«,�X�#�7�"�®�Z�=��§X�"¢��
�
�X�4¦
Ù.�@�:�X«,�X�4²N�Z�V�����X�j���Z�@�h�Z�X���W�H�¥�Z�=��§X��� �4���Z�¥�,���Ý�Z�X«,�X���,�C�V�,¤¥�Õ�
�X�Z«,�X���W�l�Ü�Z�V���[�H�Z�¬���Z�l¤ó§X�"� �4�£�Z�`�
�
�Z�=�¾êQßcá¬�1A���"§X�,�"� Ý§X�,§��=�¯�Z�=�¾�V�,¤¥��½0�
�H½1�,�V�V�Z�4�Z��¤��H�����"�=�È�Z�X�Z¢=���V�4�¬�A°�Z�V�¾êaßcá*¦/���=�4�j�,�ë�,�V�V�Z�4�Z�
�Z�4�
�l��¢=�Z� �l�q�"�]���l¢V�V�q�"�Õ�l�V�e§X�,§��=���,�u�Z�V�7���H�Z�_²=�Z�=�e���H�,�7�Z�4¡A¢=�4�
�$�"�C��� �Z�4§��Z� ��
�4���h�
���Z�=�e�,�V�V�Z�4�Z�]�,�r�Z�=�
�"�V���"§X�H�
�4�¥�Ñá*²��A£�[�,�Z�Z�"�=�e�Z�=�.�,�V�V�Z�4�Z�f���4�
�l�"¢=�Z� �l�d�"�¥�Z�=�aêaßcá*¦Vôa�Z�=�X�Z�.�"�
�,²l�Z�=�a�V�,¤¥�.�Z�4¡£¢V�4�
�N�V�,�L�
���T�
�Z�4�
�l�"«,�4���A��Z�=�.§X�"¢V�
�
�X�:êaßcá*¦�Ía�f�e�Z�4�Z¢V� �r�,�_�,�V�=���4�Z�f§X�,§����"�=�=²E�7�"�H�Z�,�h�A¢V¤��T�X�/�,�T§X��� �4���Z�N�"�W�Z�=�h�V�l¤��,�"�
�T�4�V�"�V�d�Z�=�c�Z�,¤¥�c�V�,¤¥�c�
�X��«,�X�$�H�Z�c¤��H�V�T�4���
�`�Z�V�Q���,¤¥�Q�ìá*²=� �4�,���"�=�`�
���`�"�l�,����¤e���,���,�V§��a�,¤��l�=�¥�Z�=�
�
�X�Z«,�X�#�X²_�,�.¡A¢V�,�£�Z�(õ��4�È�"�¬¿(�4À�Â0¦Q�u� �Z�4��¢V§��`�"�l�,�ª�"¤����,�"�,��§��,²[�h���"� �c�Z�X�Z¢=�#�V�"�=���Z�V�����£E�Z�"§X�,�o�,���=�Z�4�Z�.�,�L�
�Ñá*²=�Z�=�7êQßQáq§��l¢V�"�q�H�V���"d�
�l¤¥�WÄX¹�öE¶�µHÆE÷i³�´£øe�*�l���"§���Z�V�H�$���l¢=�
�4�C�Z�=�c���H�,�c���4¡£¢=�4�Z�Z�C�
�¥�Z�=�¾ùU�T�4�
�Zú¥�Ñá*¦

Òa�V�"� ©,�Q�
���,��� �Z� �l�V�,�[���H���,�"�"�4�5û��V�"�
�
�#� ��¢=�
�4���ZA�
�
�4¤d�$�"���h�V�"§#�Õ�¥§��4���
���,��� ÐX�4�q�Z§��V�4�V¢V� �X�C�V�,�]��¢V�"�*§��l���
���l�
�l���Z�=�:���V§��l¤��"�=�h�Z�4¡£¢V�4�
�Z�C¿(��üV²,è£²,ÁHý=²A�4þ�Â0²l�V¢=�N�
�a§X�,§#�V�"�=�Q�"�7�Z�V�:�V�,¤��N�
�X�Z«,�X�#�R�,�����H�R�Z�=�:���X�`���Z�@�h�Z�X���X²
�Z�=��êaßcá¨�1A���"§X�,�"� ®§��l�£�
�Z�l�"�W�¯�Z¤d�,�"�/�����,§��Z� �l�_²R�,�5�
�4�Ý�l�°�Z�=�d�,���V�X���,�$�¯�5�X�ä�*�X�#§��4���X²r�,�C�Z�=� �Z�4¡£¢V�4�
�Z�
�Z�4�,§#�V�"�=�W�Z�=�Q���X�¾�Z� �
�,¦f�h�=�c�=�l�E½1¢V�V�"�5�,��¤d� �1W�,�o�Z�V�Q�"�l�,�������
�Z�E�V¢V§��4�]�,�V��� �Z� �l�V�,�*�=�X�,�Z�X�4�]�,�R§��l¤¥��� ���=� �1
�
�c�Z�=�]�Z�4¡A¢=�4�
�/�Z§#�=�4�V¢V�"���=�.�"���Z¢=�,¦u�h�=�4�
�]�T�4§X¢V�"�"�H���"�Z� �4�o§��Z�4�H�
�$�,�¥�����
�X�Z�4�Z�Z�"�=�Q§��V�,�"�"�4�=�,�]�
�7�,��`�Z§��=�4��¢V�"�"�=�

Á



WS 1

C
C C

C

DNS

WS
WS

2

N

Distributed Web System

Address request

Page request

INS

INS

INS

INS

INS

LNS/LG 1 LNS/LG k

±r� �l¢=�Z�¥�Hÿ pXg@��J0�UKÜKC>4	����£G��H	h����J5ST>#F0b��H>
S*ü

�,� �,�,���"�Z�V¤ �Z�V�H�`�Z�=��êaßcá¬¤��4��4¤���� �@,¦È�$�V�"�7���H�T�X���,�V�,� AÐX�4�`�
���,�V� �Z�"�l�V�,�f�,� �,�,���"�Z�V¤��X²R�V�Z�,�T�l�
�4���=�X�
�l�=�4�X²T�,�V�ª§��l¤¥���H�Z�4�.�Z�=�4� �.�*�X���5�,��¤d�,�V§��e¢V�V�V�X�h�V�(òT�X�Z�4�£�h�Z§��4�V�H���"�l�X¦$�$�=�7�[�,�Z�"§c�V���4¤��"�
�7�,�/�l¢V�h�:�,�Z©¾�"�
�Z�=�c§��l¤¥���H�Z�"���"�"� ��W�h� �Z�����E���
�Z�"�=�����X�¾�
�Z�,�V�V�H�����:�Z���Z�V�H�C�Z�V�.�V���,�*�l�Z�4� êQßcá��Z§��=�4��¢V�"�"�=���T�l�"�"§X� �4�N§��l¢V�"�
�T�c�4�,�Z�"� ��,�=�,�V�
�4�_¦

�$�V�e�Z�4�
�.�,�/�Z�=�e�[�H�*�X�a�"�$�,���l�,�V� ÐX�4�¯�,�a���l�"� ���h�X¦ Ö �®áA�4§��Z� �l�®ÁA²[�:�e���Z�4�
�4�£�.�d¤��A�=�4�o�5�,�Q�V�"�Z�
��� ��¢=�
�4�
���X�=½1�
�X��«,�X�d�
E�
�
�4¤��W�Z�V�H���"�W�Z¢�� �Z�H��� ���
�®�Z�=�q�T�X�Z�5�,�#¤��,�V§��Õ�,�V�,� E�Z�"�`�,�.êQßcáÝ�Z§��=�4��¢V�"�"�=�ª�T�l�"�"§X� �4�X¦ Ö �
áA�4§��Z� �l�ìÀA².�N���=�4�Z§��#� �T�ª�,� �,�,���"�Z�V¤�� �Z�V�H�q§X�,���T�®¢V�
�4���£��Z�=�®êaßcáÎ�
�j�,�Z�Z� �l�Û�Z�=�®�Z�4¡A¢=�4�
�Z���
�Ü�Z�=�
�
�X�Z«,�X�#�X¦ Ö ��áE�4§��Z� �l�Îü=².�N�È���=�,¤��"�=�ª�Z�=�È¤��X�
���"§X���,�V�Î�Z�V�ª¤¥�E�=�4�.���H���,¤¥�X�
�X�����Z�V�H���:�È¢V�Z�4���"�Î�Z�=�
���E�*�X�#�"¤¥�4�£�Z�X¦ Ö ��áE�4§��Z� �l�ÎþA²:�N�¯���"�Z§X¢V�Z�`�Z�=�¯���A�T�X���"¤��4���Z�,�]�Z�4��¢V� �Z�W�h�V��§��j�H�Z�¾�,§#�V� �X«,�4�ë���,�d�V� ò*�X�Z�4�£�
�
E�
�
�4¤��$�,���¾�Z§��4�V�H���"�l�X¦ Ö �¯áA�4§��Z� �l�¯åA²V�:�7�l¢=�Z���"�=�Q�l¢=�h§��l�V§X��¢V�Z� �l�V�4¦

� � �¿4�����,���	:&*01���3 ���!�
�$�=�ª¤¥�A�V�4�$�Z�����4§��Z���Z�=�ª�5�E§X¢V�d�,�c�Z�=�ª�[�H�*�X� �l�Î�Ý¤�¢�� �Z�(½1�
�X�Z«,�X� ���X�ì�Z� �
�¯�,�V���Z�=�ÈêaßcáÎ�Z§��=�4��¢V�"�"�=�
�,� �,�,���"�Z�V¤q¦aáE���V§��7�Z�=�W�,�V�,� E�Z�"�.�"�h§X�H�Z�#� �4�¯�l¢V�.���Z�l¤ �Z�=�e�T�l�"�£�h�,�/«E� �X� �,�f�d���H���Z�"§X¢V�"�H�.���X�=½1�
�X�Z«,�X�4²T�:�
�=�X�Z�,�"�T�Z�V�Q�,�Z�*�4§��Z�$�Z�V�H�$��ò*�4§��h�Z�V�H�$¤�¢�� �Z�(½1�=�E�=�a���X�=½1�
�X�Z«,�X�h�ZA�
�
�4¤â�h� �Z�=�l¢=�C�H�
�
�4¤¥���Z�"�=�W�
��¤¥�E�=�4�T�Z�=�
�4�£�Z� �Z� Ö �£�
�X���=�X�]�h�"�Z� �Z�V�l¢V�Z�,�V�V�:�,�u�,�Z�=�X�$���X�=½1�
�X��«,�X�h�
E�
�
�4¤��X¦fÍa�C�"�"�"¢��
�
���H�
�4���"�Õ±R�"�l¢=�Z�¥�H²=�Z�=�c�
E�
�
�4¤
�:�.�H�Z�h§��l���Z�"�=�X�����=�c�"�f§��l¤¥�T�l�
�4�d�,�T���
�X�L�,�f¹4÷i³0¶�´�¸�Är�Z�V�H�:�H�Z�h§��l�V�=�4§��
�4� �
� Ö �£�
�X���=�X�f�Z�=���l¢=�l�¾÷ º4¹�¼,÷[´[¼,Ì�¶
ÄX¶X»#Ê,¶�»	��Ä�
ª×�ÔoßcáVØc�,�V�Î÷(º@¹�¼H÷/ø�¼,¸1¶�L¼HË�Ä ×�Ô��7Ø#¦r±=�Z�l¤ �Z�=� �T�l�"���e�,�C«A� �X�ä�,�C�Z�=�d���X�V½1�
�X�Z«,�X�¥�
E�
�
�4¤q²r�Z�=�
§X�"� �4�£�c�"�Q�l�V� È�"�=�4�£�Z�(õ[�H���"�e���Z�l¤ � �Z�c�=�l¤d�,�"�_¦W�$�=�¥�V�"�
�
�#� ��¢=�
�4�ª���X�=½1�
�X�Z«,�X�`�
E�
�
�4¤ §��l�V�Z�"�Z�Z�c�,�:�Z�X«,�X���,�
���X�ª�Z�X�Z«,�X���e×��Z���H���"�=�¥�Z�=�7���,¤¥�eÒaÓhÔRØ:�,���¾�¥§X�"¢V�
�
�X�.êaßcá��Z�V�H�h�Z�4§��4� «,�4�h�,���_�"�V� �Z�"�,�T�,�V�V�Z�4�Z�]�Z�4�
�l��¢=�Z� �l�
�Z�4¡A¢=�4�
�Z�Q§��l¤��"�V�d�Z�=�Z�l¢V�l�ªÔ��Q�X¦7áA�X«,�X���,�:³5´[¸1¶�»?Ì�¶�µH³�¼,¸1¶¥´*¼HÌd¶WÄ4¶�»?ÊH¶�»#Ä�× Ö ßQáVØ$�1A���"§X�,��� q���E���
�h�T�X�1�:�X�4���
Ô��é�,�V�ª���Ñá*¦����V�"� �e�Z�X�Z¢=���V���=�¥�Z�=���,���=�Z�4�Z�h�,�f���Ñá*²��Z�=�`êQßQá¯�
�T�4§X�(õ��4�.�¯¸�³�Ì�¶XÉ�¸0º,É�÷\³5Ê,¶`×��$�$ÔRØ]�Z�V�H�
�"�X²=�Z�V�7�V¢=���H�Z� �l�Õ�,�r�Z�"¤��c�5�,�$�.�V�"§��q�d�V�,¤¥��½0�
�H½1�,�V�=���4�Z�h¤��H�����"�=�¥�"�C§X�,§#�=�4�¯�H�aÔoßcáE�C�,�V� Ö ßQá=�X¦

À



Ö ���,���V� �Z� �l�j�
�Ý�Z�=�È�=�,��¤��,�h�Z�,�
©ë�,�c�Z�4�
�l�"«A�"�V�¨�Z�=�ªÒaÓhÔ �,�V�V�Z�4�Z�d�����
�¬�Z�=� Ö ã/½1�,���=�Z�4�Z�d�,�7�°�Ñá*²
�Z�=�dêQßcá®�,�C�¯���"�
�
��� �[¢=�
�4�È���X�=½1�
�X�Z«,�X�W�
E�
�
�4¤ §X�,�¬���"�@ª�Z�=� �Z�l� �¥�,�$�¾§��4�£�
���,�"�"ÐX�4�°�Z§#�=�4�V¢V� �X�@¦ Ö �°�Z�=�
�
�4� �4§��Z�"�l�¾�,�/�Z�=�`�,�V�=�Z�4�Z�$�,�f���Ñá*²V�Z�=�`êaßcáq§��l¢��"�¯�"¤���� �4¤¥�4�£�$�
�l¤¥���*�l���"§�d�Z�V�H�a�H�
�
�4¤¥�V�Z�a�
�d�[�,�"�,�V§��
�Z�=�a� �l�,�d�,¤¥�l�V�e¤�¢�� �Z� ��� �$�Z�X�Z«,�X���f�,�:�4«,�l�"���
�l¤¥�.�ìá¥�5���l¤ �T�4§��l¤��"�=�e�@«,�X��� �l�,�V�4�_¦fÙh���N�X«,�X�@²=�
���,§���� �X«,�
�Z�=�4�
�Q�,�l�,�"�4²=�Z�=�cêaßcá£½1�Z§#�=�4�V¢V�"�X�C���,§��4�C�Z�V�a���l�"� ���h�"�=���,���
�Z�,§X� �4�$�h�V�"§#� ¤��H©,�7�"�]���(ò*�X���4���:�5���l¤ �`�V�,��¤��,�
�Z§#�=�4�V¢V� �X�@¦

� Ía�V�=���4�Z�]§X�,§��V�"�V���"�"¤�� �Z�L�Z�=�c§��l���
���l�_�,�o�Z�=�cêQßcá �l�Õ�Z�=�Q�Z�4¡£¢V�4�
�Z�]�Z�4�,§����"�=�W�Z�=�Q���X�¯�Z� �
�,¦f�h�=�X�Z��½
���,�Z�,²�¤��l�
�$���,§��
�,���$�Z�V�H�.��ò*�4§��.�Z�=�7�
E�
�
�4¤â�T�X�Z���,��¤��,�V§��7�H���7�"�V�=�X�T�4�V�=�4�£�]�,�u�Z�V�eêQßQáÕ�V�4§X�"�Z� �l�V�4¦

� êQ¢=�#�"�=�Õ�Z�=�d�$�hÔë�T�X��� �E�_²_�Z¢=���Z�4¡£¢=�4�£�c���X�°���4¡£¢=�4�Z�Z�7���Z�l¤ �¾Ô�� �H�Z��� «,�¥�
�ª�Z�=���Z�,¤¥�d�ìá*¦u�$�V�"�
§X�,�ª§X�,¢V�
�e��� �l�q�
©,�X�h�C�4�Z�*�4§X���,�"�  �"�o�Z�=�eÔ�� �
�X�Z«,�4�.¤��,�£Õ§X��� �4���Z�4¦

� Òa�Z�"�V�`�$�hÔ��ÛýW§��l¢V�"��§X�,¢V�
�Q�Z�=�cêQßQá �
�W�T�4§��l¤¥�c�`�T�,�
�Z� �4�=�4§Z©*¦ Ö ���,���V� �Z� �l�_²A¤¥�l�
�C�V�,¤¥�c�
�X��«,�X���
¢��
���®¤����V�"¤`¢V¤ �$�hÔ�«H�,�"¢=�Õ� �C�Z�=�Õ�Z�4§��4�"«,�4�Ý�h�$Ôì�"�`§��l�V�Z�"�=�X���4�°�
�A���Z¤��,�"�Q×�ùU�N�¾§X�,���=�,�¥¤��H©,�
�T�X�,���"�7�,�
©�¢��C�5�,�h�Z�=�e�,�V�=���4�Z�X²=�,�V�q�:�e§X�,�V�=�,�.§��l���
�Z�l�o�h�V�H�C�Z�=�Xq�=�¥�.� �Z�Õ�Z�=�7�,�V�=���4�Z�Zú¾¿(���HÂ�Ø#¦

�$���"�f�$�$Ôª�T�X��� �E�¥���,�:§X�,§#�V�"�=�`�V�,¤¥��½0�
�H½1�,�V�=���4�Z�]¤��H�V���"�V�7�V�(òT�X�Z�4���Z���H�
�4�L�Z�=�aêQßQád�Z§��V�4�V¢V�"�"�V�c�V�Z�,�=½
� �4¤ ���Z�l¤ó�Z�=�q§��l��«,�4�£�Z� �l�V�,�h�Z§��=�4��¢V�"�"�=�ª�V�Z�,���"�4¤ �"�Ü�V���
�
��� ��¢V�
�4�°�
E�
�
�4¤��W�h���"§��Ü§X�,�Ü�T�Õ«A� �X�:�4�Ü�,���
�
�T�4§X�"�,�Q§X�,�
�¨�.� �Z���$�$Ô �4¡A¢V�,�Q�
�jÐX�X�Z�=¦ ×��$�V�"�Õ�"�q�H���V�Z�4�=�"¤��H�
�4�"ë��¢=�q�=�,�¾�
�
�#�"§��Z� Î§��,�Z���4§��¾�T�4§X�,¢V�
�
�V�Z���h�
�X���N§X�,§��=�Q�Z�=�a¤��H�V�T�4���,�V�V�Z�4�Z�X²A�,�V�d�Z¢V���
�4¡A¢=�4���L�Z�4¡£¢V�4�
�Z�L���Z�l¤é�Z�=�.�Z�,¤��h�V�Z���h�
�X�:�N�l¢��"�¥�T�h�
�4�£�
�
�È�Z�=� �Z�,¤����=�E�=�,¦iØ Ö �°�Z�V� §��l�£«,�4���Z� �l���,�:���"�
�
��� �[¢=�
�4���
E�
�
�4¤q²r�Z�=�Õ¡£¢=�4¢V� � �4�=�,�Z�¬�H���4�,§#�Ü�
�X�Z«,�X�¥§X�,�
¢V�Z¢��,�"� ®�V�Z��«A�"�V� �È�,�£�E�Ü�"�V�V��§X�H�Z� �l�¨�,�.�Z�=���Z�X�Z«,�X�¥� �l�,�_¦ Ö �Ý�Z�=�Õ�V�"�Z�
��� ��¢=�
�4�°���X�=½1�
�X�Z«,�X���ZA�
�
�4¤¾²f�Z�=�
¡A¢=�4¢=�e� �4�V�,�Z�¾�H�h�4�,§#�ª�
�X��«,�X�.�=�A�4�h�=�,�h�Z�����4§��.�V�@� ¤d�,��¨¹�º,Ì`ÌW³�¸�¸1¶Zµ���¢=�Z¢=�Z�7�H�Z�#� «��,���C�h�"�"�*�E§X§X¢=�.��¢=�c�
�
�Z�=�Q�$�$ÔÈ��òT�4§��:�l�����,�Z�N�,�Z�Z�"�l�V¤¥�4�£�Z�X¦Nà:�l�V�Z���=�X�N�`�
�X�Z«,�X�]�h� �Z� � �@�ì¢=�Z���"� Ð4�H�Z� �l�_¦fáE¢=���*�l�Z�$�Z�V�H�:�Z�=�aêQßcá
¤��,�=�a�e�[¢=���
�f�,�u�V�,¤¥��½0�
�H½1�,�V�=���4�Z�]¤��H�V���"�V�l�f�
�`�Z�V�H�:�Z�X�Z«,�X���E�Z�=�.�Z�X�Z«,�X�����]¢=�Z�"�"�"Ð4�H�Z� �l��¤��@d�
�Z�"�"�[�H�V�T�4�H���
�
�¾�T��� ���é���,�e�¾�Z�=�,���7�h�V�"�"�,²&�,�V�¨§��l¢V�"�®�Z�V�4�¨�T�4§��l¤¥����«,�X��� �l�,�=�4�¬�H�5�
�X� Ö ßcáE�7�,�V�°ÔoßcáE�7§��l�£�Z�"�£¢V���
�
¤��H�¾���4¡£¢=�4�Z�Z�C�
���Z�V�"�h�
�X�Z«,�X�$���,�Z�4�q�l�¾�Z�=�4�"�$�,�V�=�Z�4�Z�h§X�,§��V�"�V�¥�5�,�$�Z�V�e�$�$Ô��T�X���"�A�_¦

ç �,��ª���E���
�Z�"�=���V�"�
�
���"��¢=�
�4�Õ���X�¨�Z� �
�4�Q�,�Z��� �l�¯�Z�V���Z�4¡A¢=�4�
�Z�Q�H�Z�#� «A���=���H�Q�Z�=�`êQßcáª�"�ª� �Z�l¢V���E½0�Z�,���"�
¤��,�V�V�X���,¤¥�l�=���Z�=�q�ÑáE�¾¿(�4åE²$�?Â0¦ Ö �¬�Z���"�W���H�T�X�4²f�:�¾�=�4¤¥�l�V�Z�
���H�
�q�Z�V�H�¥�Z�=�¾Óh�l¢V�V�E½1Óh�,���"�Ýê.�l¤d�,�"�
ßa�,¤¥��áA�X�Z«,�X�c�T�l�"��§�¬×�ÓhÓQØ#²&�Z�X���X�Z�Z�4�®�
�¾�,�7êQßcá£½1ÓhÓe²&�N�,��©A�Q�:�4�"�r�l�V� È� �L�Z�V��§X�"� �4�£�Z�Q�*�4���"�V�ª�4�,§��°Ô��
�H�Z�Q¢V�V� ���,��¤��"��V�"�Z�
��� ��¢=�
�4�&¦uÙ.�@�:�X«,�X�4²V���,�N�Z�=�Q¤¥�,�Z�.�Z�4�,�"�"�Z�Z�"§h�££�T�,�Z�=�4���"�f�,�o�`�=�l�E½1¢��V� ���,��¤ �V�"�Z�
��� ��¢=�Z�"�l�
×��,¦O�=¦ ²=�,�X�l¤¥�X�
����§H²��o³�·���� ÄZØ#²E�Z�l¢V�V�E½0���,���"���,�Z��� �l�V¤¥�4�£�Z�L�,�_�Z�V�a§X�"�"�4���Z�N�
�����X�q�
�X��«,�X���N§X�,���T�X�Z���,��¤ �T�A�,��� ,¦

�����  "!�#%$'&(!�)+*,$	-/.102-3)54#�-6&'78-3&9#�:,#%$'-6;
�$�=�C�V���
�
��� ��¢V�
�4�7���X�=½1�
�X��«,�X�L�
E�
�
�4¤ ¢V�V�V�X�R§��l�V���"�=�X���H�Z� �l�¥���R§��l¤��*�l�Z�4�W�,�/<â���X� �
�X�Z«,�X���/�,�V�¥�c§X��¢V�
�
�X�
êQßQád�Z�V�H�:�Z�4§��4� «,�4�]�,�"�*�"�V�"�Z�"�,�V�,�V�=���4�Z�f�Z�4�Z�l�"¢=�Z� �l� �Z�4¡A¢=�4�
�Z�:§��l¤��"�=�`�Z�=�Z�l¢=�l��Ô��c�X¦LáE�"�V§��.�Z�=�a�Z�X�Z«,�X���]�H�Z�
�,�Z�Z¢�¤¥�4�q�
���T�c¤�� �Z���,�Z�4�_²E�Z�=�7���H�,�e�Z�4¡£¢V�4�
�Z�$§X�,�¾�T�7�
�X��«,�4�q�£Õ�,�£��Ñá*¦

���=� >?-@$�ACBD&FEG;HB5.,-6I
áE�"��§��e�Z�=���5�E§X¢V�.�,�f�Z�V�"�h���H�T�X�a�"�h�l�È�Z�=�e�T�X�Z���,��¤��,�V§����,�f�Z�=�`���X�=½1�
�X�Z«,�X�7�ZA�
�
�4¤¾²[�:�`�V� �=�,�a�X«��,��¢V�H�
�
�Z�=�W¢V�
�X�Q�"�H�
�4�V§�q�Z�"¤�����«,�X�c�Z�=���=�X���N�,��©[¦a���¥¤¥�A�V�4�&�l�V� q�Z�V� Ö ���
�X�#�=�X�a§��l¤��*�l�V�4���Z�.�Z�V�H�c�"¤¥���,§��.�Z�=�

ü



�T�X�Z���,��¤��,�V§��:�,���Z�=�C�V���
�
��� ��¢V�
�4�7���X�=½1�
�X��«,�X�L�
E�
�
�4¤ �Z¢V§#�`�,�r�Z�V�a³�´�¸1¶X»#Ìd¶Zµ,³�¼,¸1¶.´*¼HÌd¶CÄ4¶�»?ÊH¶X»�Ä?¦r�h�=� Ö ßcáE�
§��l¢V�"�ª�V�,�V�V�"�e�
�l¤¥�`�,�V�=�Z�4�Z�h�Z�4�
�l�"¢V�Z� �l�¾�Z�4¡A¢=�4�
�a�Z¢V§#�¯�Z�V�H�.�Z�=��êQßcá¾���$�A£���,���
�4�_¦h�$�V�e§��l�V�
�4¡A¢=�4�V§��W�"�
�Z�V�H�c�Z�=��êQßcá®� �A�l�
�4�Q�Z�=��§��l�£�
�Z�l�/�l�¨��¢=���
�4¡A¢=�4�£�.���X�¬�Z�4¡£¢V�4�
�Z�c§��l¤��"�=�¾�H���
�X�e�,���,�V�V�Z�4�Z�Q�Z�4�
�l��¢=�Z� �l�_¦
���=�4�¯�Z�V�`êQßcáq�Z�X�Z¢V���V�$�Z�V� Ö ã/½1�,�V�V�Z�4�Z�$�,�L�l�=�e�,�f�Z�V�e�Ñá¯���¾�Z�=�`�
A�Z�
�4¤q²_� �h�,�"�
���V�Z��«A���=�4�h���$�$Ô¬�
�
�Z�=�h���,¤¥�h�
�X�Z«,�X�#�N�,� �l�V�7�Z�=�$���H�Z�d�
�7�Z�=�a§X�"� �4�£�f�
�e�Z�V�H�N�"���
�X�#¤¥�4�V�"�H�
�h�,����� �E§X�,���V�,¤¥�.�
�X�Z«,�X���N§X�,�d§X�,§��V�
�Z�=�d���,¤¥��½0�
�H½1�,�V�=�Z�4���e¤��H�V�[�"�=�Õ�5�,���Z�=�d�$�hÔë�T�X��� �E�®§��=�l�
�4�°�£®�Z�=� êaßcáë×��,�`�¾¤��"���"¤�¢�¤ �h�$Ôë�Z�=�X
�"¤¥�T�l�
�,²=� �R�Z�=�7êQßcáÕ«H�,�"¢=�c�"�C�
�A�d� ���aØ#¦

êa�X�Z�,�"�"���,�c�Z�=�®¤¥�4�Z���H�l�"�=�Ý�
���KJ §È�H�Z�È�V�,��¤¥�E�=�4� �4�Î�5�,���Z�=�È�5�l��� �@�h���=�¨�Z�4�,�
�l���X¦ Ía� �N�È�h�"�"�h�
�X�,²
�Z�=�È�Z§��=�4��¢V�"�"�=�°�*�l���"§X� �4�¥�Z�V�H� �Z�4¡A¢V� �Z�¯¤��,�Z�È¤��4�Z�Z�H�,�4�Õ�,¤¥�l�=�¬���X���Z�X�Z«,�X���Õ�,�V�ÎêQßcáë�,�"�Z�4�,�=ë�Z�=���
�:�,���
�`�*�X���5�,��¤d�,�V§��,²[�.�V�"� �7�Z�V���T�X�
�
�X�a�*�l���"§X� �4�h���V§X¢=�h�l��� ¾� §��l¤d¤�¢V���"§X�H�Z� �l�È� �l�,�¯�Z���H�Q���.�=�X�l��� �l� ��� �7�"�
§��l¤¥���H���4�Ü�
�®§X��� �4���`�Z�4¡A¢=�4�
�Z�W���,�¥���X�ë�=�E§X¢V¤¥�4�£�Z�X¦¨�$�=�X�Z�X���,�Z�,²L§X�H���Z¢=���"�=�È�Z�=�q§��l¤�¤`¢V�V�"§X�H�Z�"�l�Ý§��l�Z�Z�
�:�l¢V�"�®�=�,�7��òT�4§��7�l¢=�7§��l�V§X�"¢��Z� �l�V�X¦�±V¢=�Z�Z�=�X�#¤¥�,�Z�,²&�,§X§X¢=���H�
� ¤¥�A�V�4�"�a�,� Ö ���
�X�#�=�X�c�
���KJ §W�H�Z���
�Z���"�u¢��V�=�X�
�
�Z¢V�V®¿L�E²*þA²o�XýHÂ0¦$à:�l�V�
�4¡A¢=�4�£�Z� ,²V�"�q�Z�V���C���H�T�X�$�:�e�=�d�=�,�.§��l�V�Z�"�=�X�C�Z�V��§X�"�,�Z�$�,�r��§��=�4�V¢��"�"�=�¥�,� �,�,���"�Z�V¤��
�Z�V�H�$�Z�H©,�`�"�£�
���,§X§��l¢V���.�,�X�,�,���H���V��§X�,�o� �E§X�,�"� ��,¦f±V¢=�Z¢=�Z�e�Z�4�
�4�H��§#�¯�,�"¤��C�H�h�Z�4�"���=�"�=�¥�Z�V�"�C�,���Z¢V¤¥�V�Z�"�l�_¦

���=M 0N-6)PO@I�!Q-6RS$F#
�$�=��¹X÷\³�¶X´�¸�Ä$�T�4� �l�=���
���V�(òT�X�Z�4���a�=�l¤��,�"���$�"�=�4�£�Z�(õ��4�¾���¯±r� �l¢=�Z� �e�Aq�Z�=��ÔußQá�û�Ô��`¦*�LA���"§X�,�"�",²��=�X�1�:�,�Z©
�
�X�Z«E�"§��N�V�Z�@«E�"�=�X�#�o�,�V�`§��,�Z�T�,���H�Z� �l�V�R�V�@«,�:�a�
�X�R�,��ÔoßcáE�o�,�����H�Z�]§��l�V�=�4§��
�4�`�
�a�Z�=�]�=�X�1�:�,�Z©7�Z�=���l¢=�l��Ô��`²
�Z¢V§#� �,�Nõ����X�:�,�"���f�,�C�
�E§Z©E�#û��V�Z�@�A��
�X�Z«,�X���X¦fÒa�V�=�X�N���E���
�Z�"�=�����X�Õ�Z�Z�,�V�V�H���V�4²£�Z�=�Q�,�V�=���4�Z�L�,�_�Z���"�N�V�l¤��,�"�
�"�N�Z�=�Q�l�V� �§X�"�"�4���]�"�=���,��¤��H�Z� �l�d�h�V�"§#� ���N�,§X§��4�Z��� ��� �a�
�W�Z�=�aêQßcád�h�=�4��� �N���4§��4� «,�4�C�,�Õ�,�V�=�Z�4�Z�N�Z�4�
�l��¢=�Z� �l�
�Z�4¡A¢=�4�
�X¦W�$�=�X�Z�X���,�Z�,²&���,�c�Z�=�¥��¢V�Z�T�l�
�4�h�,�:�l¢=�7�,�V�,�"A�Z���X²_�qÔ�� �"�a�Z�X���Z�4�
�4�£�Z�H�Z� «,���,�L�Z�V��§X�"� �4�£�¥µ�ºHÌ�¼H³5´�²
�,�V�d�Z�=�Z�l¢=�l�=�l¢V�/�Z�=�h���H�T�X�f�:�h�.�"�"�E¢V�
�$�T�,�Z� �=��õ[�V� �Z�"�l�V�r�4¡£¢�� «��,�"�4���Z� ,¦R���.�,���
��§��l�V���"�=�X�L�Z���=�l� �X�
�l��Ô��Q�
�h�V��§��¬�Z�X�V�Z�4�
�4�£�W�
�Z�,�V�E½1�,� �l�V��§X�"�"�4���Z�X¦°à]��� �4�����T�X�Z�5�,�#¤��,�V§�� ���Z�Z¢=�4�`�H�Z�q�"�V�V�"�Z�4§��Z� ��,�V�=�Z�4���
�4�_²r�T�4§X�,¢V�
�
¤��"���"¤�� Ð4�"�V�N�
�X�Z«,�X�R�@«,�X�#� �l�,�V�"�=�.�"¤¥�V�Z��«,�4�&�Z�=�L�Z�=�Z�l¢=�l�=�[¢=�_�,�=�Z�=�f��«,�X���,�"���ZA�
�
�4¤ �,�V�c���4�V¢V§��4�&�Z�V�L§X�"� �4�£����
¤¥�4�,�¾���H�
�4�V§�Õ�Z�"¤¥�7�,�V�¾¢��V�Z¢V§X§��4�Z�Z��¢V�*�Z�4�Z�*�l���
�4�X¦

Ía�ª��¤¥�T�,�Z�Z�,���.�"�Z�Z¢=���"�.�V�@� �Z�=��§X�"�"�4���Z�a�H�Z�����"�
�
��� �[¢=�
�4�¾�,¤¥�l�=� �Z�=�W�=�l¤��,�"�V�4¦$Í �=�X�Z�,�"� �4�ª�,�V�,� E�Z�"�
���,�e�T�,��¢V�"�H�Q���X�Ü�Z� �
�4�7���7�=�,�7,�X�`�4«H�,�"�"�H��� � �"���"� �
�X���H�Z¢V�Z�,¦ Ù.�@�:�X«,�X�4²r«��H�#� �l¢V�7�
�Z¢��V� �4�7�"���V�"§X�H�
�W�Z�V�H���"�
�l�=�¾�#�,�=©A�d�Z�=�¾�T�,��¢V���H��� �1¬�,�7�=�l¤��,�"���¥�£Ü�Z�=�¯�5�Z�4¡A¢=�4�V§�Ü�,�Q�Z�=�4� � �,§X§��4�Z�
�4���
�°�Z�=�¯���X�Û�
�X��«,�X�4²C�Z�=�
§X�"� �4�£�d�V���
�
��� ��¢V�Z� �l�¬�����¨��¢V�V§��Z� �l�ë�h� �Z�ë�¨��¤��,�"�$�A¢V¤��*�X�d�,�Q���H�Z�,�¾«H�,�"¢=�4�ª×�§��,���Z�4�
�T�l�V�V�"�V�È�
�¬�T�,��¢V�"�H�
Ö ���
�X���V�X�a�
�X��«A�"§����V�Z��«A�"�V�X���X²[���H�Z�,�����4�
�4�H��§��®�"���
�Z� �Z¢=�
�4�a�,�V�È§��,�Z�T�,���H�Z� �l�V�h�*�4���"�V�Õõ����X�:�,�"���#Ø#²[�,�V�È��� �l�=�
�Z�,�"�N�,�Z�Z¢V¤����=�¾�Z¤��,�"�f«��,�"¢V�4�X¦q±=�,�����=�,¤¥���"�,²R�¯�N�,�Z©E� �l�,�¬�,�V�,� E�Z�"�c�l�Ý�,§X�,�=�4¤��"§ �,�V�°§��l¤d¤¥�X��§X�"�,�L���X�
�Z� �
�4�¥���=�@�h�W�Z���H�`�l�j�@«,�X���H�,�®èHþFTó�,�h�Z�=�q§X�"� �4�£�W�Z�4¡A¢=�4�
�Z�¥§��l¤¥�q���Z�l¤ó�l�V� ��Xý(T �,�.�Z�=�q�=�l¤d�,�"�V�q¿OÁ�Â0¦
Í �,�A�E���V�"�
�
���"��¢=�Z� �l�q�Z���H�Qõ��Z�Q�Z�=�¥�=�l�E½1¢V��� �5�,�#¤�� �1Õ�,�N�Z�V�"�a��¢��V§��Z� �l�®�"�a�Z�=�VUT� �V�5½1�"� ©,�`�V�"�
�
�#� ��¢=�Z� �l�¾�Z�V�H�
�"�X²C���[�H���,¤¥�X�
���"§ª�V�"�
�
�#� ��¢=�Z� �l�¬�h�=�X���¾�Z�=�¯���Z�,���H���"��� �1¬�,�Q�Z�4� �4§��Z�"�=�¬�Z�=�XW�½0�Z�Û� �
�4¤ �����V�Z�,�T�,�Z�Z�"�l�V�,�]�
�
�%Y�W[Z=\[]3^%_Z¦Õ�$�V�"�c���"�
�
��� �[¢=�Z� �l�ª�5�,�`�¾�
�X�e�,�a` � �
�4¤��7���c�l� «,�4�¨�A9bcedgfY�WhZi\[]3^%_.�5�,�e�4�,§��?Wkjml��	nooo�nh`�pl²
�h�=�X���qfrd �%Ytsiu"vcxw \ �%Y�W Zi\[]3^%_Qy �"�7�¾�V�,��¤��,�"� Ð4�H�Z�"�l��§��l�V�
�Z�,�£��¿OÁ,å�Â0¦��$�=�`·[ÆE»Z¶tU_� �V����Q��¢V�V§��Z� �l�ë×��Z�V�H�`�"�X²
�h� �Z�d���H���,¤¥�X�
�X�az{d�ý�ØL�"�N§��l¤d¤¥�l�V� ��,�=�,���
�4�����d«H�H��� �l¢V�N�
�E§X�"�,�[§��l�£�
���E�Z�C�
�`¤��A�=�4�[�Z�=�Q�V�"�
�
�#� ��¢=�Z� �l�W�,�
�T�X�,��� �a§��=�l�"§��4�4²V�Z¢V§��Õ�,�]�Z�=�c�A¢V¤��*�X�:�,�&�Z�4¡A¢=�4�
�Z�]���,�C�`���X�q���H�,��¿(�,��Â0¦f±r� �l¢=�Z�cÁ`�Z�=�@�.�:�V�@�Ñ§X�"� �4�£�Z�]�H�Z�
���H�Z�Z�"�Z� �l�=�4�q�,¤¥�l�=�q`|dìÁHý��Z¢V�T�V�l¤��,�"�V�:�"�q§X�,�
�7�,�r�¥�,�X�l¤¥�X�
�#�"§7�V�"�Z�
��� ��¢=�Z�"�l���h� �Z�Õ�[�H���,¤¥�X�
�X�,}{d�ý~o�ÀA²
�ª��¢=�Z��U_� �V����e���"�
�
��� �[¢=�Z� �l�_²&�9UT� �V�]�h�"�Z�"z�d ý~o�þA²L�,���¬�ª¢V�V� ���,��¤ ���"�
�
��� �[¢=�Z� �l�j×��Z�V�H�¥�"�X²r��U_� �V�:�h� �Z�

þ



0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 2 4 6 8 10 12 14 16 18

G
en

er
at

ed
 s

es
si

on
s 

(f
re

qu
en

cy
)

�

LGTW rank

Zipf (x=0.0) - pure Zipf
Zipf (x=0.5)

Zipf (x=1.0) - Uniform
Geometric

±r� �l¢=���eÁAÿ,� G�F0��>Pþ��o	�����J�F0�îÿGþ�J0��>#���&>#I õ �����U�XJ0�oG#KC>#��^$��|]	�>#K$G#������ü

���H���,¤��X�
�X�kz?dâ�@Ø#¦�ß.�,�
���Z�=���"�l�=�q�Z�,�"�r�,�:�Z�=��UT� �V�f���"�
�
��� �[¢=�Z� �l�V�h�Z�V�H�e� �4��¢V�Q�
�q���Z�X�5�X�e�Z�V�"�a��¢��V§��Z� �l�
���,��¤¥�E�=�4�"�"�V���Z�V�d���H�Z�Z�"�Z� �l���,�C§X�"� �4�£�Z�e�,¤¥�l�V�ª�=�l¤��,���V�c���,�e�Z�=���[�,�
�d§X�,�
���,�]�Z�=�d�T�X�Z���,��¤��,�V§����Z�Z¢V�=,¦
Ö ��áE�4§��Z� �l�¨þA¦Oü=²o�
�4�V��� �Z� «E� �1¾�,�V�,�"A�Z���.�"�a�V���@«E�"�=�4�ª�l�®�Z�=�¥�£¢V¤��T�X�.�,�:Ô��Q�c�,���ª«H�H��� �l¢��a���"�
�
��� �[¢=�Z� �l�V�C�,�
§X�"� �4�£�Z�$�,¤¥�l�V���Z�=�7Ô��c�X¦

���x� ��B8��.�;�B5.�-6I
���e¤¥�E�=�4�T�4�,§#�ª§X�"�"�4���aÄX¶�Ä�Ä?³�ºH´��H�$�Z�=�7�Z�,¤��7���X�ª�Z�"�
�7�,�$§��V�H�#�,§��
�X��� ÐX�4�¾�A��l�=�e�,�V�=���4�Z�]�Z�4�
�l�"¢V�Z� �l�q�,�V�
�
�X«,�X���,�V���X�d���H�,�c»Z¶h�4ÆV¶�Ä?¸�Ä?¦ Ö �W�Z�=�]õ[���
�R���V�,�
�,²l�Z�V�$§X�"� �4�£�R�,���Z�,�"�V�/�Z�=�C�,�V�V�Z�4�Z�r�,�*�l�=�C�ìáW�,�[�Z�=�$§X��¢V�
�
�X�
�Z�=�Z�l¢V�l�¯�Z�=�`êQßQá¯�,�V�=�Z�4���h�Z�4�Z�l�"¢=�Z� �l�¯�V�Z�E§��4�Z�X¦aáE¢V���
�4¡A¢=�4���Z�",²V�Z�=�W§X�"� �4�£�.�Z¢=�[¤�� �Z�$¤`¢V� �Z� �[� �c���X�®���H�,�
�Z�4¡A¢=�4�
�Z�c�Z���H�7�H�Z���
�X���H���H�
�4�¨�£È�q¤¥�4�,�¨�"�£�
�X�
½0�Z�4¡A¢=�4�
�c�Z�"¤��q×U¸�ö£³5´@�¾¸�³�Ìd¶�Ø#¦¥ßh�¾§X�,§#�V�"�=�q�,�]�=�E§X¢V¤¥�4�£�Z�
�"�]§��l�V�Z���=�X�Z�4�_¦/�$�=�c§X�"�"�4���:õ����Z�N�,�X�Z�C�Z�V�Q¤d�,�"�díEî,ï*ðW���H�,�,²V�Z�=�4���
���,�V�Z���H�Z�4�£�Z�  �"���Z¢=�4�:�l�=�.íEîAî�ñ �Z�4¡A¢=�4�
�
���,�N�4�,§#� �,�@�U�4§��:§��l���Z�,�"�V�4� �"� �7���X�Õ���H�,�,¦/���a�h�"�"�E���X�5�X�:�
�e�Z�=�4�Z�.�
�X���H�#�H�
�a�,§X§��4�Z�Z�4�]�
�e�Z�=�.���X�Õ�Z�X�Z«,�X�
�,�cö£³�¸�Ä?¦

�$���"�h¤¥�E�=�4�u�"�$�Z�X���Z�4�
�4�£�Z�H�Z� «,�W�,�/�V�Z�4�
�4�£�.���X��� �l�,�&²��h�=�X���cí=îHïTð��,�V�¯��¤��H�,�`�V�A§X¢V¤��4���Z�a�H�Z�W¤¥�,�Z�
�Z�V�,���Hý(T �,�C�Z�=� �
�,�Z�,�L���4¡£¢=�4�Z�Z�e�
�ª�Z�=�d���X�Ü�
�X�Z«,�X����¿OÁ�Â0¦ ç ¢V� �Z�"¤¥�4���"���,�~�U�4§��Z�`�"� ©,� �
�l¢V�V�¨�,���¨«E�"�=�X�
�,§X§��l¢V�£�]�5�,�:�l�V� q���AÁFTä�,�_�Z�=�a�Z�4¡A¢=�4�
�Z�X²A�X«,�4�Õ� �T�Z�=�4�
�.õ[� �4�:¤��4����4�,§��Õ�e�"�H���,�X�:�T�X��§��4�£�Z�H�,�a�,�&�Z�=�h�AA�
�4�
�
���,�V�Z�5�X�Z���4�_¦f�$�=�Q�,�Z���$�Z�¾�"���Z�=�7¢V�Z�a�,�r¤`¢V� �Z�"¤¥�4���"�e�,�@�U�4§��Z�$�,���X�l�4«H���H�V�[� �X�Z�]�h�"�"�*�Z¢=���4� d�"�V§����4�,�
�c�Z�=�
�Z�4�"�H�Z�"«,�c�*�X�#§��4���Z�H�,���,�u�Z�=�4�Z�7�Z�4¡A¢=�4�
�Z�X¦ æ Õ�V�Z�,�T�X���  �
�4� �4§��Z�"�=�¥�Z�V�c�N�,�Z©E� �l�,�q�[�H���,¤¥�X�
�X���h�
�d¤¥�E�=�4�T�Z�=�
�A¢V¤e�T�X�r�,�����4¡£¢=�4�Z�Z�r�*�X�/�
�4���Z� �l�_²,�Z�=�C�A¢V¤��*�X�r�,�*�V� �Z�r�,�V�`�Z�=�C�
�X�Z«E�"§��]�Z�"¤¥�,²����(ò*�X���4���R�1A�T�4�r�,���:�,�Z©A�"�l�,�V�
�Z�V�H�a�d§X�"� �4�£�h�
�4���Z� �l�¯¤d�4¾�"¤¥�T�l�
�c�l�È���Ñáq§X�,�ª�T�7�Z�X�V���4�
�4���
�4�&¦]Í �V�X�Z�,�"� �4�¯¤��A�=�4�&�,�/�Z�=���V��¤¥�4�V�Z� �l�
�,�V���V�H�Z¢=�Z�a�,�&���X�Õõ[�"�4�N�"�N�,�Z�Z�=�,�,�l���,�*�,��� �T�X,�l�V� �Z�=�Q�Z§��,�T�.�,�o�Z�V�"�N���H�T�X�4¦/ÍÑ�
�4�V�Z�"�Z� «A�"�1��,�V�,� E�Z�"�L�l�
�Z�=�W�£¢�¤e�T�X�h�,�/���4¡£¢=�4�Z�Z�h�T�X�Q�
�4�Z�Z� �l�&²��Z�=�W�£¢�¤e�T�X�h�,�f��� �Z�$�T�X�a�Z�4¡£¢V�4�
�.�,�V�È� �Z�a�
�X�Z«E�"§��e�Z��¤¥��§��l�Eõ[��¤¥�4�
�Z�=�e¤d�,�"�q§��l�V§X�"¢V��� �l�V�]�,�R�Z�V�"�]���H�T�X�4¦

å



� ) &S���'4º2��%�(����������}01�� ���� 	

Ö �¨�Z�V�"���
�4§��Z� �l�¬�N���V�Z�4�Z�4���`�
�l¤¥� �Z�
���H�
�X�l� �4�`�Z�V�H���,��¤ �H�`�"¤¥�V�Z��«A���=�q�Z�=���*�X���5�,��¤d�,�V§����,�$�V�"�Z�
��� ��¢=�
�4�
¤`¢V� �Z�(½1�
�X��«,�X�f���X����� �
�4�f�Z�V�H�N�H�Z�.�"�"©,�4� e�
���*�X���5�,��¤ �*�A�,��� `¢V�V�=�X�/�Z�V�.�V�,� «,�.ÓhÓC½1êQßcá*¦�Ía�"�=�Z�=�h�V�Z�,�T�l�
�4�
�Z§#�=�4�V¢V�"���=���,�"�,�,��� �Z�V¤��Q�
�4�����
�¯¢V�
���,���V� �Z� �l�V�,�r�
�Z�H�
� �"�=���,��¤��H�Z� �l�®�"�®�Z�=� ¤��H�V���"�V� �,�]Ò.Ó.ÔÎ�V�,¤��4�c�
�
Ö ã/½1�,�V�=���4�Z�
�4�C�,�R���X�ª�
�X��«,�X���X¦L�$�V�7�
A�Z�
�4¤Ï�
�Z�H�
�e���=�5�,�#¤��H�Z� �l�q�,§X§��4�Z�Z�"��� �c�
���Z�=��êaßcáÕ�"�$�,�u���N� ©A�"���V�X¦

���S���6�	�?�@�����/���/���� ¢¡ �$�=�a���E�"�Z�Z�"�=�`�V�Z�,�
�E§��l�_�,�"� �@�.�N�Z�V�QêQßcá �
�¥�"�=�4�£�Z� �5d�Z�=�Q�,��� �l�"� �,�o�4�,§#�q�Z�4¡A¢=�4�
�
�,�Z©A�"�V�¯���,���,�Ý�,�V�=�Z�4�Z�e�Z�4�
�l�"¢V�Z� �l�_¦ ç �,���X�@«,�X�4²f�Z�V� êQßQá°§X�,�Ý§��l�"� �4§��W�"�=���,��¤��H�Z� �l���l�ÝÔ��c�7���Z�l¤
�ÑáE�C���,�h«H�H��� �l¢��C�
�Z�H�Z�"�
�Z�"§X�4¦

���S���6�	�?�@�����/���/��£¥¤§¦��6�3¨+¡ Íj«H�H��� �X�1��,�[�V�H�Z�Q§X�,�W�T�:�,�V�Z�,�"�=�4�`���Z�l¤ �4�,§��¥�Ñá*¦,�$�V�"�R§X�,�`���,�=�,�]���Z�l¤
�¥���"¤¥��� �`¼�Ä#ËH´[¹Xö�»Uº,´[ºHÆAÄ`¼H÷ ¼H»?Ì �5�Z�l¤ �W�Ñád�
���Z� �l�V�,�*�Z�=�cêQßQád�Z�V�H�C�Z�V�a�Ñá��"�:�T�4§��l¤��"�=�W�=�4�@«A�"�"
�"�l�,�=�4�_²A�
�©�?»
¶ª�XÆ�¶�´[¸/Ìd¶?Ä�ÄX¼4ø£¶�Äf�5���l¤é�Ñád�
��©,�X�X�qêQßQá �"�V�5�,��¤��4�¥�l�Õ�=�X�Z�,�"� �4�d�V�Z�E§��4�Z�
�,�C� �l�,�V�:�,�V�
���"�
�
�,�Z��,�R�Z�X�Z«,�X�.�
�Z�H�
�,¦

êa�X�T�4�V�V�"�V�Ý�l�Ñ�Z�=�¨�1A�T���,�¥�"�=���,��¤��H�Z� �l�ì¢V�Z�4�_².�:�°§X�,� ���H�Z�Z� �Z� �l���Z�V�¨êaßcáì��§��=�4�V¢��"�"�=�Ý�T�l�"�"§X� �4�
�"�£�
�Õ�Z�=�Z�X��¤��,�"�®§X�"�,���
�4�XÿQ�l�V� ÈÔ�� �"�=���,��¤��H�Z�"�l�_²T�l�V� ¯�ÑáÈ�"�=���,��¤��H�Z�"�l�_²_§��l¤e�����V�H�Z� �l�®�,�]Ô�� �,�V�®�Ñá
�"�=���,��¤��H�Z�"�l�_¦ �$�=���,¤¥�l¢V�£�q�,�����=�5�,�#¤��H�Z� �l���=�4§��4�Z�Z�H��Î���,�q�4�,§�� �,�"�,�,��� �Z�V¤ �h�"���$�T��¢V�
�4�Û�
�j��¢V�Z�Z�=�X�
�V�"�Z�Z�"�=�l¢V�"���Q�Z�=�L�T�l�"�"§X�"�4�o�"�£�
�.�Z¢V�=½1§X�"�,�Z�
�4�4¦uêa�X�
�X��¤��"���"�=�h�Z�V�N¢V�
�X��¢V�"�V�4�Z�&�,�V�V� ò*�X�Z�4�£�u�"�X«,�4�"�o�,�[�"�=���,��¤��H�Z� �l�
�"�Q�l�=�¥�,�:�Z�=��¤��,���ª�[¢=�Z�T�l�
�4�a�,�N�Z���"�Q���H�T�X�4¦`���d�=�,�
�¥�Z�V�H�X²R�,� �Z�=�l¢=�l�®�Z�=�¥���Z�,�T�l�
�4�®�,� �,�,��� �Z�V¤d�Q«��H�Z
�"�È�
�X��¤��Q�,�]�"¤¥�[� �4¤¥�4�£�Z�H�Z� �l�®§��l¤¥��� ���=� �1È�,�V��§��l¤�¤`¢V�V�"§X�H�Z�"�l�V�c� �l�,�_²&�,�"�R�,�:�Z�=�4¤ �H�Z���H�V�[�"�"§X�H��� ���
�¯�
�Z�4�,�(½0�Z��¤¥�c�4��«E� �Z�l��¤¥�4���$�,���¾�=�d�=�,�C���4¡£¢V�"�Z�c§��V�,�=�,�4�.�
�����=�"�
�Z�"�V�¥���X�ª�
�Z�,�V���H���V�X¦f�$�V�7�"�Z�Z¢=�Q�,�/�=���Ñ�
�
�,§X§X¢=���H�
�4�"��4�Z�Z�"¤��H�
�7�Z�=���=�4§��4�Z�Z�H�Zq�
�Z�H�
���"�=���,��¤��H�Z� �l�q�"�C�,���,� £ÐX�4�ª�"�¨¿Oå�Â0¦

M���� «9IQ¬8BD&(!$F®+;H#C*+#K!�R,¬m.,B8;H�¯!�RP!�R,°±BD&(;H��$F!QB8R
�$�=�aõ��#�
�C§X�"�,�Z�]�,�r�,� �,�,��� �Z�V¤d�]�4�
�Z�"¤��H�
�4�C�Z�V�7�4«,�X���H�,�`�£¢V¤��T�X�]�,�R�Z¢V���
�4¡A¢=�4���C§X�"�"�4���]�Z�4¡A¢=�4�
�Z�C���Z�l¤ �4�,§#�
Ô�� �
� �¥�ÑáÕ���4�Z¢V� �Z�"�V�`���Z�l¤â� �V�,¤¥��½0�
�H½1�,�V�V�Z�4�Z�h¤d�H�V���"�=�=¦N�$�=�eêQßcáÕ�
���,§�©A�.�Z�=�e�A¢V¤��*�X�C�,�/�V�,¤���½0�
�H½
�,�V�=���4�Z�h¤��H�����"�=�¥�Z�4¡A¢=�4�
�Z�.� �$�Z�4§��4�"«,�4�¯���Z�l¤â�4�,§#�®Ô�� ��¢=���"�=�¥�4�,§#�ª¤��4�,�Z¢=�Z�4¤¥�4�£�h�T�X���"�A�_¦:Ô&�X�²<¢³´ �T�
�Z�=�C�A¢V¤e�T�X�R�,�[�V�,¤���½0�
�H½1�,�V�=�Z�4�Z�/¤d�H�V���"�=�.�Z�4¡A¢=�4�
�Z�r�Z�V�H�r�Z�=�CêQßQáe�Z�4§��4�"«,�4�/�5���l¤µ`e¶ ´ ¦ Þ �,§#�W�ìá��
�#�,§Z©E�
�Z�=�7�A¢V¤��*�X�C�,�R�Z�4¡A¢=�4�
�Z�$�"�C�Z�4§��4� «,�4�q���Z�l¤ �4�,§#�¯Ô�� �V¢=���"�V���Z�=�7§��,���Z�4�
�T�l�V�V�"�V���T�X��� �E�_¦/Ô&�X��<�·c�¸ ´ �T�c�Z�=�
�A¢V¤e�T�X�`�,�$���X�j�Z�4¡A¢=�4�
�Z�`�Z�V�H�V¹Pº�c$�Z�4§��4�"«,�4�Ü�5�Z�l¤»`e¶ ´ ¦¨ãR�X��� �E�V�"§X�,�"�"j×��0¦O�,¦È���,�W�4�,§��ë¤��4�,�Z¢=�Z�4¤¥�4�£�
�T�X��� �E�[Ø#²��Z�V�`êQßcá¯§��l��� �4§��Z�Q�Z�=�¼< ·c�¸ ´ �"�=���,��¤��H�Z� �l�¯�5���l¤ �4�,§#�®�ìáT¦*êQßcá¯¢��
�4� u c < ·c�¸ ´ Y½< ³´ �
�Õ�4�
�Z��¤��H�
�
�Z�=�¥�4«,�X�#�H�,�d�£¢�¤e�T�X�Q�,�L���X���Z�4¡A¢=�4�
�Z��×�¾ ´ Øh�5�Z�l¤¿`e¶ ´ �T�X�c¤��H�V���"�V�=¦¥×�ß.�,�7�,�"�R���X���Z�4¡A¢=�4�
�Z�Q�h���"�&���,�"�
�"�£�
� �Z�V�W¤��4�,�Z¢=�Z�4¤¥�4�£�Q�T�X��� �E�¾��¢=�Q�
�l¤¥�`�,�L�Z�V���Z�4¡A¢=�4�
�Z�Q���Z�l¤ �Z�=�`�V�Z�X«E� �l¢V�a¤��H�V�����=�l�.¤d�4ª§��l�£�Z�"�A¢=�
�
�¯���,�"�N�"���
�¯�Z�V�"�e�����
�X�Z«H�,��¦¯áA�¯�Z�Z�H�Z�"�
�Z�"§X�,�"�"®�"�e�Z�=�l¢V���¨�4«,�X���H�,�Õ�l¢=�X¦iØ������Z�X���X�e�
�È�Z�=��«H�,�"¢=��¾ ´ �,���Z�=�
ö�³�µlµ�¶X´È÷ º4¼lµ��N¶X³(ø,ö£¸_�,��`À¶ ´ �Z�"�V§��7� �C�"�]�
�#�,�V�
���H�Z�4�£�C�
���Z�=�7êQßcá*¦VÍ �ìáÕ���C�
�4� �4§��
�4�q�l�q�Z�V�c���,�Z�"�]�,�R�Z�=�
�,�V�=���4�Z�a�,�L�Z�=�¥Ô��ä�Z���H�Q���,�Q�,��� �l�"�V�H�
�4�È�Z�=�W§X�"� �4�£�Q�Z�4¡A¢=�4�
�c�,�V�®� �Z�Q�V�"�V�V�4�¯� �l�,�®�:�4� �l�£�X¦eßh�q�
�#�,§Z©E�"�=�
�,�/� �l�,�¾� �X«,�4�&�,�u�Z�=�e���X�ª�
�X�Z«,�X�#�$�"�C�Z�4¡A¢V� ���4�_¦

ÁÃÂ �3Äh����ÅÆ�%ÄªÇ���ÈS�S¨8ÄªÇ��/É��Ê�µË[Ç�Ç{Ì�Í�¡ �$�V�"�/�,� �,�,�#� �Z�V¤ �"�/¤¥�,�Z�"«��H�
�4�¥���Z�l¤ �Z�V�C�,���
�X�Z«H�H�Z� �l�¥�Z�V�H�/�Z�V�$�V�"�E½
�V�4�e� �l�,���N�4�"�l���u�,�=�4�,§��WÔ��ë§X�,�e�T�f«,�X�Z��V�(òT�X�Z�4���X¦R±=�,�R�Z�V�"�&���4�,�
�l�_²H�N�:�,�Z�Z¢V¤��L�.���"¤¥��� �r���H���Z� �Z� �l�

è



�,�]�Z�=� �=�l¤��,�"�V�e�"���
�¯�1�:�ª§X�"�,�Z�Z�4�Xÿd´[º,»#Ì�¼H÷&Ô��Q�X²r�,�V�ÜöAº,¸NÔ��Q��×��Z¢V§#�¨�,�e�T�,��¢��"�H�Q�V�Z�@«E�"�=�X�#�7�,�V�
���H�Z�,�C§��l¤¥���,�V� �4�R�,�V�W�"�V�Z�Z� �Z¢=�
�4�#Ø#¦ æ �,�Z�4�W�l���Z�V�:�,�#� �l�"�`�=�l¤��,�"���,�V�Z�=�]�Z�4¡A¢=�4�
�Z�X²,�Z�V�:Ó.Ó.Áa�
�
���H�
�X�,
�H�����"� �4�Q�Õ�Z�l¢V���E½0�Z�,���"�ª�T�l�"�"§�q�
�¾�4�,§#�¨§X�"�,�Z�7�,�NÔ�� �
�X���H���H�
�4� ,¦¥�$���H�Q���Q�
�¾�Z�4,²R¢V�V�=�X�Q�Z�=��Ó.Ó.Á
�Z�
���H�
�X�,,²=�c�
�X���H���H�
�$���l¢V�V�E½0�Z�,�[�"�W�Z§��=�4��¢V�"�"�=�Q�"�"�Z�r���/¤��,�"�£�Z�,�"�=�4�W���,�f�Z�=�$�Z�4¡A¢=�4�
�Z�f�5�Z�l¤ �4�,§��d§X���,�Z�X¦
×��h�=�Q�Z�l¢V�V�E½0���,���"�¥�,�u�4�,§��¾§X�"�,���:§X�,�q�Z�Z�H�Z�]�5�Z�l¤ �`�V�(òT�X�Z�4�£�N�Ñá*¦iØN�$�=�a�,�~�
�4§��Z� «,�7�"�N�
�¥�Z�4�V¢V§��a�Z�=�
���Z�,���H���"��� �1��Z���H�$�Z�=�e�=�,�$�V�l¤��,�"�V�C�H�Z���,�Z�Z� �l�=�4�¾�
�£�����Z�4¡A¢=�4�£�Z� d�
� �Z�=�7�Z�,¤¥�7�Ñá*¦
±V�,� ���=�,¤¥��� �,²C�,�Z��¢V¤¥�¾���N�Ý�ìá=�d�,�V�j���l¢=��Ô��Q�X²]�h�V�X�Z�Î`À¶ \ �,�V�§`e¶ÐÏq�H�Z�È�=�,�dÔ�� �,�V�§`e¶ÐÑ
�,���9`À¶ÓÒ¥�H�Z���V�,��¤��,�rÔ��Q�4¦����d�V�4�=�,�
�¥�Z�=�ÃÔH½0�Z�¬�V�,¤¥��½0�
�H½1�,�V�V�Z�4�Z�7¤��H�����"�=���Z�4¡A¢=�4�
�Q�5���l¤Õ`À¶Óc
�
�Ý�T�×ÖÐØc�¸ ´ ¦ÑÍa�Z�Z¢V¤¥�È�°�
�4¡A¢=�4�V§��È�,�7�V�,¤¥��½0�
�H½1�,���=�Z�4�Z�Õ¤��H�V�[�"�=���Z�4¡A¢=�4�
�Z� �
�¬�Z�V�ªêQßQá ×��"�Î�,�
½
�V�X�¾�,�`�H����� «H�,�"�#Ø �"�{Ö Ø\ ¸ \ nhÖ ØÑ½¸ \ nhÖ ØÏ½¸ \ nhÖ ØÒ�¸ \ nhÖ Ø \ ¸ Ñ nhÖ ØÑ½¸ Ñ nhÖ Ø \ ¸ Ï nÙÖ Ø \ ¸ Ò ²c�,�V�1Ö ØÏ½¸ Ñ ¦âÒ.���=�X�¾ÓhÓaÁA²c�Z�=�X�Z�
�H���Ý���N�Ñ���V�=�X�T�4�V�=�4�£�¯�Z�l¢��V�E½0�Z�,����� �Z§#�=�4�V¢V�"���=�Î�"�"�Z�Z�XÿÑ�l�=�Ñ×��=�,�#ØÈ�"���
�¯���,�®�Z�4¡£¢V�4�
�Z�®�5���l¤Ú`e¶ \�,����`e¶ÐÏ �,�V�Ü�,�=�,�Z�=�X���=�,��¤d�,�N�"���
�����,�r`À¶ÓÑ��,�V�|`À¶ÓÒ,¦¨�$�=���Z�4¡£¢V�4�
�Z�`�l�Ü�Z�=���V�,�W���"�
�����V§X�"¢V�=�
Ö Ø \ ¸ \ nhÖ ØÏ½¸ \ nhÖ Ø \ ¸ Ñ nhÖ Ø \ ¸ Ï nhÖ Ø \ ¸ Ò �,�V�?Ö ØÏ½¸ Ñ ¦ª�h�=�d�Z�4¡A¢=�4�
�Z���l�Ý�Z�=� �V�,��¤��,�:�"�"�
�e���V§X�"¢V�=�qÖ ØÑ½¸ \ nhÖ ØÒ�¸ \ ²f�,�V�
Ö ØÑ½¸ Ñ ¦QÍ.���Z¢V¤¥�`¢V�V�=�X�QÓhÓaÁA²*�Z�V���Z�l¢��V�E½0�Z�,�����¾�Z§��V�4�V¢V�"�"�V���,�f�Z�=�W�=�,�Q�"�"�
�a�
�Z�H�Z�Z�Q�H�Ã¹µº \ �,�V�È�Z�=�
�,�Z�V�X�:�"���
�L�
�Z�H�Z�Z�:�H��¹µº�ÑH¦/Ó.Ó.Á7�,���Z� �l�V�L�
�r¹Pº \ ÿ5Ö Ø \ ¸ \ nhÖ Ø \ ¸ Ñ ²E�,�V�VÖ Ø\ ¸ Ò ���Z�l¤ä�Z�=�.�V�,�N�"�"�Z�f�,�V��Ö ØÒ�¸ \
���Z�l¤ �Z�V�h�=�,��¤��,�=���"�
�X¦rÓhÓ.ÁQ�,���Z� �l�V�/�
�¼¹µº�Ñ�ÿ5ÖÐØÏ½¸ \ nhÖÐØ\ ¸ Ï ²£�,�V�qÖÐØÏ½¸ Ñ �5�Z�l¤ �Z�=�h�=�,�f�"���
�/�,�V�qÖÐØÑ½¸ \ �,�V�
ÖÐØÑ½¸ Ñ ���Z�l¤Ï�Z�=�e�=�,��¤d�,�o�"�"�Z�X¦N�$�=���,�Z�Z� �l�V¤��4���$�T�l�"��§� �V� «E�"�=�4�]�Z�V�e�Z�4¡A¢=�4�
�h�"�l�,�¾���Z�l¤â�Z�=���=�,�.Ô��Q�
×����"¤��"�"�H�#� ª���,�`�Z�=� �=�,�#¤��,�NÔ��Q�#Øc���,� �#� ®�X«,�4�V� ¨�,¤¥�l�=�È�Z�=���1�:�ª�ÑáE�X¦ÈÒ.���=�X�e�Z�=�ÕÓhÓ �
�
�#�H�
�X�,,²
�Z�V�`�,�Z��� �l�V¤¥�4�£�.�"�a�,�.�5�l�"�"�@�h�X¦©Ö Ø\ ¸ \ nhÖ ØÏ½¸ \ nhÖ Ø \ ¸ Ñ nhÖ Ø \ ¸ Ï ²*�,�V�¢Ö ØÏ½¸ Ñ ���Z�l¤Ï�Z�V�`�=�,�Q�"�"�Z�h�H�Z�W�,�Z�Z� �l�=�4�¯�
�
¹Pº \ ¦f�$�V�X�Z�c�"�]�=�W�Z�4¡£¢V�4�
�]�5�Z�l¤ �Z�V�a�,�Z�V�X�h�"�"�
�]�,�Z�Z�"�l�=�4���
��¹µº \ ¦Nôc� �Z�V�a�,�Z�V�X�h�V�,�V�_²A�l�V�  �l�=�
���4¡£¢=�4�Z� ×ÊÖ Ø \ ¸ Ò Øa�5���l¤ �Z�=�d�V�,�e�"�"�
�7�,���°�,�"�r�Z�4¡A¢=�4�
�Z�e�5���l¤ �Z�=�d�V�,��¤��,�f�"���
�d×ÊÖ ØÑ½¸ \ nhÖ ØÒ�¸ \ ²r�,�V�"Ö ØÑ½¸ Ñ Ø
�,�X�a�,�Z�Z� �l�V�4�Õ�
��¹Pº�Ñ�¦L�$�=�7� �l�,�¯§X�,�¾�Z�A¢V�C�T�4§��l¤¥�c«,�X�Zq¢V�£���,�"�,�V§��4�q�,¤��l�=���Z�=�7���N� �ìá=�X¦
±V�,�h�=�X���,¢V� �X²=�:�Q�Z�X�C�Z�=�d¹X÷ ¼�Ä�Äe¸�ö£»
¶�Ä�öAºH÷ µkÛ¯Ü¬�
�¯×U�%Y'Ý¼`e¶eØ�n=�h�=�X���kÝr`À¶ �"�]�Z�=�7�@«,�X���H�,���A¢V¤��T�X�:�,�
�V�l¤��,�"�V�a§��l�V�=�4§��
�4���
�Õ�Z�=�W���X�=½1�Z�X�Z«,�X�e�
E�
�
�4¤q¦7�$�V�`�=�l¤d�,�"�×`e¶ÐÞ¥�T�4� �l�V�l�h�
�Õ�Z�=�¥�=�,�c§X�"�,�Z�4²T�"�
�Z�V��»Z¶�÷ ¼,¸�³�ÊH¶Q���"�V�=�4�ª� �l�,�È�N�4� �l�£�Ó¾FÞ	Y5uàß�¾ ß �"�Q�"�H�Z�,�X�Q�Z�V�,�×Û¯ÜN¦7±=�,�c���=�,¤¥���"�,²T�"�+Ý¼`À¶ád ÁHýE²&�,�"�
�V�l¤��,�"�V�]�Z�V�H�h�,�4�=�X���H�
��¤��,�Z�7�Z�V�,�¯þFT �,�R�Z�V�c�Z�4¡£¢V�4�
�Z�$�T�4� �l�=�W�
���Z�V�e�=�,�$§X�"�,�Z�4¦
ß.�,�
�7�Z�V�H�$�Z�X«,�X���,�T«��H�#�"�,���Z�$�,�o�Z�V�"�]�,� �,�,�#� �Z�V¤ §X�,�q�T�c�=�X��� «,�4�Õ�"���V���,§��Z��§��,¦LÍ.�C�,�Õ���=�,¤¥���"�,²V�
�l¤¥�
Ô��Q�Q§X�,���,� �]�4E�Q�*�`§��l�V�Z�"�V�X�Z�4�ª�,�Q�=�,�X²_�.�V�"� �7�,�Z�V�X���Q¤��4q�U�l�"�ª�Z�=�W�=�,�c§X�"�,�Z�a�l�V� q�E§X§X�,�Z� �l���,�"� ,¦
ç �,�Z�X��«,�X�4²f�Z�=���Z�=�Z�4�Z�V�l�"��Û Ü §X�,�¬�*� �
�X�`���(ò*�X���4���Z� ,²r�,�V�[û��,�W¤¥�,�Z� �Z�V�,�¬�l�=� �Z�V�Z�4�Z�=�l�"�°§X�,�¬�T�
�4�Z�Z�H���"�"�Z�V�4�_²_�Z�V�H�e�"�4²fÌWÆA÷(¸�³�É�¸�³0¶�»?É�»
ºHÆE´[µHÉ�»
º�Å�³�´V¦ Ù.�@�:�X«,�X�4²r�:���h�"�"�u���A§X¢V�7�l���Z�=�dÓ.Ó.Á��T�4§X�,¢V�
�¥�:�
���4«,���,���Z�X�Z«,�4�¨�"�®�â�
�l�"���c�
�Z¢��=¯�Z�V�H�7�"�Q���a�V�,�7§��l��«,�4�V�"�4���7�
�q�[�H�Z�Z� �Z� �l�È�Z�=���=�l¤d�,�"�V�Q�"�£�
�¾¤¥�,�Z�
�Z���,�q�1�:� §X�"�,���
�4�X¦

ãCä8�S�6�?��åF�/¦�¦=ä�æ�åFå(È��9È�¦=�3�%ÅÆ¨H�À�6�3¨µË[ã�æ��ÙÍ%¡ Í.�C�"��ÓhÓaÁA²Vê$ÍaÔ¨�=�X�4�V�]�
�W�4�
�Z�"¤d�H�
�a�Z�V�Q���"�V�=�4� � �l�,�
�:�4� �l�£�¥�,�$�4�,§��ÎÔ��`¦r���V�"� ���Z�=�qÓhÓaÁ¯�T�l�"��§�¨¢V�
�4�`�Z�=�q�V�"�V�V�4�¬� �l�,�Ý�:�4� �l�£�`�4�Z�Z�"¤��H�Z� �l�Ý�
�¨�=���
�[�"�V�H�Z`���H�Z�Z� �Z�"�l�V�"�=�a�,�_�Z�=�h�=�l¤d�,�"�V�X²�êhÍ.ÔÈ¢V�
�4�L�Z�=�h�V�"���=�4�¥� �l�,�¥�:�4� �l�£�L�
�e�4�Z�Z�"¤��H�
�$��¢=�Z¢=�Z�$�"�l�,�V�
×���¢=�ª�
�Ý�V�Z�X«E� �l¢V� êQßQá��,�Z�Z�"�l�V¤¥�4�£�Z�#Ø����Î¤��H©E�"�=�Ý�Z§��=�4��¢V�"�"�=�¬�=�4§X�"�Z� �l���X¦ ±=�,�Õ�Z�V�"� �Z�4�,�
�l�&²$�Z�=�
�,§X§X¢V���,§�°�,�$�Z�V� �4�
�Z��¤��H�
�4�`�*�4§��l¤��4�`¤��,�Z��§��#� �Z�"§X�,�f�Z���,�¬���,�WÓhÓ.ÁA²f�,���¬�,�V��� �Z� �l�V�,�N�"�=���,��¤��H�Z� �l�
���Z�l¤ �Z�=�¯�Ñáj§��l¢V���j�T�¯¢V�
�X��¢V�C�,���V�"�Z§X¢V���
�4�j�"� ¿Oå�Â0¦ì�$�V�¾êaßcáÎ�,§X§X¢V¤�¢��"�H�
�4�d�Z�V�¯�V�"�V�V�4�j� �l�,�
�:�4� �l�£�Z�`�,�C�Z�=� ���Z�X«A�"�l¢V�7�,�Z�Z�"�l�V¤¥�4�£�Z���"�¬�ÜÅX³5´È���,���4�,§#�¬�Ñá*¦rÍ]���4�,§#�Ý�Z�4¡£¢V�4�
���,�$�V�X� �,�V�V�Z�4�Z�

�



���4�
�l�"¢=�Z� �l�&²[�Z�=�WêQßQáª§#�=�£�l�Z�4�Q�Z�=���Ñá¯�h� �Z�ª�Z�=�W� �@�:�4�
�Q���"�¯«��,�"¢V�,¦a±V¢V�Z�Z�=�X��¤¥�,���,²*�4�,§#�®�Z�"¤¥�`�Z�=�
êQßcáª¤��H©,�4�c���ìá¯�
�4� �4§��Z� �l�&²T�"�a�"��§��Z�4�,�
�4�.�Z�=���[�"�¯«H�,�"¢=���,�f�Z�=�W§��=�l�Z�4�®�ìá¯�A¾�Z�=�W�V�"�V�=�4�¯� �l�,�
�:�4� �l�£�$�,�r�Z�=�c�Z�4¡A¢=�4�
�Z�"�V��Ô�� �
� �Z�����4§��$�Z�=�7�A¢V¤��T�X�C�,�r��¢=���
�4¡A¢=�4�£�C�Z�4¡£¢V�4�
�Z�C�Z�V�H�$�.�"�"�*�Z�4�,§��¯�Z�=�
§#�=�l�
�4���Ñáª���Z�l¤ �Z�=��Ô�� ��¢=�W�
�q�Z�V�"�Q�,�Z�Z� �l��¤¥�4���X¦q× Ö ���,§��Z¢V�,�/�"¤¥���"�4¤¥�4���Z�H�Z�"�l�_²_�Z�=�W���"�È«H�,�"¢=�4�
�H���.�T�X��� �E�V�"§X�,��� 7�Z�4�V¢�§��4���A��,� �,¤¥�l¢����:�4¡£¢��,�V�
�`�Z�=�.¤����V�"¤`¢V¤ �,�&�,�"�����"�¥«H�,�"¢=�4�:�
�e�Z���H�L�Z�=�a���"�
«H�,�"¢=�4�$�h�"�"�T�=�,�C�T�4§��l¤¥�7�
�A�d�"�H���,�,¦iØ

M��=� «9IQ¬8BD&(!$F®+;H#C*+#K!�R,¬mIQBD�¯.P!�R�°±BD&(;H��$'!�B8RçB8Rµ0N-3)è#K-3&'7S-3&(#
Í �V�(òT�X�Z�4�£�$�H�V�V�Z�l�,§#�¾�
���Z�=���Z§��=�4��¢V�"�"�=�¥�"���Z¢=�c�"�C�
���,�"� �@� �Z�=�eêQßQáÕ�
� ¤��H©,�e�V�4§X�"�Z� �l�V�$���,�
�4�q�l�ª�
�l¤¥�
�"�=���,��¤��H�Z�"�l�ª�H�T�l¢=�.�Z�=�¥� �l�,�È�,�f�Z�=�`���X�¨�
�X�Z«,�X���X¦7�h�V�"�h���h�,���
�4��¢V�
�4�È�"�È§��l��«,�4�£�Z� �l�V�,�/� �l�,�È���,���,�V§X�"�=�
�H�V�V���l�,§��ì¿OÁ,þE²/Á,ÀE²rÁ�ülÂ0¦È�¨�,�V�®�,��� ç �,�Z���"�`�V�@«,�Õ���=�4���Z� õ��4�°�
�X«,�4�Ü� �X«,�4�����,�.�"�=���,��¤��H�Z� �l�¬�=�X�T�4�V�=�4�V§�,²
�h�=�X���`�Z�V���"�=���,��¤��H�Z� �l�È�,�N�q��� �l�=�X�7� �X«,�4�/�Z¢V���Z¢V¤¥�4�a�Z�V�H�c�,�N�Z�=��� ���N�X�e�"�X«,�4�$¿OÁ,þ�Â0¦ Ö �®�l¢=�7�ZA�
�
�4¤¾²&�Z�=�
� ���N�4�
��� �X«,�4�/¤��4È�T�W�Z�X�V�Z�4�
�4�£�
�4���Aª�Z�V��»
¼H´[µ�ºHÌ �,� �,�,�#� �Z�V¤ �Z�V�H�e�=�A�4�c�=�,�c�Z�4¡A¢V� ���`�,�£È���=�5�,�#¤��H�Z� �l�_¦
±=�,�c�Z�=�¥�=���E�Q� �X«,�4�"�X²T�:�W§��l���Z�"�=�X�a�Z�=�`�5�l�"�"�@�h�"�V� �"�=���,��¤��H�Z�"�l�¯�,���V�X�Z�4�È�£¯���V§��Z�4�,�Z�"�V� � �X«,�4��ÿh�@«,�X��� �l�,�V�4�
�
�X�Z«,�X�#�X²r�Z�=��§X¢V�Z�Z�4�£��� �l�,�°�,�$�ìá=�X²r�Z�=� §X¢=���Z�4���`�,�V�¬���,�
���"�l�,�°�,�C�ÑáE�X²r�Z�=���
�4¡£¢V�4�V§�� �,�C�Z�V���
�X��«,�X���
§��V�l�
�4�¯�"�Õ�Z�V�7�V�Z�X«E� �l¢V�]�,�Z�Z�"�l�V¤¥�4�£�Z�X¦

Ía����,�V�Z�=�4�
�]©E�"�V�V�u�,�[���=�5�,�#¤��H�Z� �l�`§X�,���T�:�4¤e�T�E�V� �4�`�"�`�a��§��=�4�V¢��"�"�=�a�
�
���H�
�X�,,¦NáA�l¤¥�]�,�V�Z�V�4¤ §��l¢V�"�
�T�7¤��,�"�£�Z�,�"�=�4�¾�H�.�Z�=��êQßcáq� �Z�Z�4� �]×��,¦O�=¦ ²T�
�4¡A¢=�4�V§��7�,�/���Z�X«A�"�l¢V�C�,�Z�Z� �l��¤¥�4���Z�?Ø#¦:±=�,�a�Z�=�7���4¤��,�"�V�"�V�¥�l�=�4�X²
�:���,�Z��¢V¤¥���Z�V�H�`�,�ZA�V§#�=�Z�l�=�l¢��Z� ®�,�W�*�X�#� �A���"§X�,�"� ª�Z�=��êQßcá°�Z�4§��4� «,�4�`�Z�=���Z�4¡£¢V�4�
�
�4�°�[�H���,¤¥�X�
�X���`���Z�l¤
�4�,§��¾�ìá*¦=±=�,�$�,�"�,�,��� �Z�V¤��:�Z�4¡A¢V� �#�"�=�e�
�X��«,�X�$� �l�,�Õ�"�=���,��¤��H�Z� �l�_²E¢V�V�"�4�Z�L�,�Z�V�X�Z�h�"�
�Q�
�T�4§X�(õ��4�&²£�:�c�,�=�,�V�C�,�
� �l�,�¬�"�=���,��¤��H�Z� �l���Z�V�¾Æ=¸�³5÷\³êé@¼,¸�³�ºH´®�Z�V�H�e�4�,§#�°�Ñá��X«H�,�"¢V�H�
�4���X«,�X�Zë�4þ¯�
�4§��l�V�V�e�5�,�`�Z�=�����,�Z� �4þ¾�Z�4§��l�V�
�V¢=�#�H�Z� �l���,�V���
���,���Z¤�� �Z�Q�
�¾�Z�V�dêQßQá*¦ ç �,�Z�d���A�
�4�V��� «,�d�"�=���,��¤��H�Z�"�l�®�4� �Z�=�X�7�"�7�V�,�7�4�,�Z�"� È�,§X§��4�Z�Z� �[� ���"�
�����X�=½1�
�X�Z«,�X�`�
E�
�
�4¤ �,�7�"�a�=�,�7¢V�
�X��¢V�u�5�,�cêQßQáª���4�
�l�"¢=�Z� �l�È��¢V�Z�T�l�
�4�X¦ Ö �®�[�H�Z�Z�"§X¢V�"�H�@²[�:�W�V�Z�,�T�l�
�¥�,�V�
§��l¤¥���H���¥õ�«,�d�,� �,�,�#� �Z�V¤��c�.�V�"§����H�����Z�X�V�Z�4�Z�4���Z�H�Z� «,� ���E�,¤���� �4�c�,�]�Z�=���T�X�Z���,��¤��,��§����,§��V� �X«H�H��� �¥�A®�Z�=�
�T�l�"�"§X� �4�$���,�
�4�ª�l�ª�
�X��«,�X�Q���=�5�,�#¤��H�Z� �l�_¦CÃf�H���"�l¢V�h�,�Z�V�X�Q�,�"�,�,��� �Z�V¤��.�V�4«,�W�T�X�4�¾�
�4�Z�
�4�_²T��¢=�h�Z�V�4� �h�Z�4��¢V� �Z�
�H�Z�e�V�,�C�Z�X�T�,�Z�
�4�q�T�4§X�,¢V�
�c�Z�=�4�"�$�T�X�Z�5�,�#¤��,�V§��7�"�]�4¡A¢V� «H�,� �4�£�C�,�$�T�£�,�Z�X�h�Z�V�,�q�Z�=�l�
���Z�=�@�.�q�=�X�Z�,¦

ë Ä#ËH´[¹�ö£»UºH´*ºHÆAÄ`¼H÷ ¼H»#Ì`Ä ¡ �$�V���$�"�$�Z�V�`� ���N�4�Z�a�"�V�5�,��¤d�H�Z� �l�¾�=�X�T�4�V�=�4��§�Õ�"�X«,�4�o�Z�V�H�a§X�,�®§��l¤¥�����Z�l¤ ���Ñá
�
�ª�Z�=�dêQßcá*²o��¦O�,¦��q���"�V�H��È�
�Z�H�
���"�=���,��¤��H�Z� �l�����V�V�"§X�H�Z�"�V���.�=�X�Z�=�X�e�q�Ñá����c�@«,�X���"�l�,�=�4�°�,���=�,�X¦
Þ �,§��Î�ìáj�*�X�#� �A���"§X�,�"� ®�X«H�,�"¢V�H�
�4�d�"�Z�¥�@�h��¢=�Z�"�"�"Ð4�H�Z� �l�Ü�,�V�ë�
�4�V���¯¼�Ä#ËH´[¹Xö�»
ºH´[ºHÆAÄÈ¼H÷ ¼H»?Ì`Ä��
�¨�Z�=�
êQßcáW�
�`�Z� �l�V�,�=�Z�V�$�T�X�l�"�V�V�"�V�Q�,���¥�4�V���,�_���=�4�4«E�"� W� �l�,�=�4� �
�Z�H�
�,²£���4�
�T�4§��Z� «,�4� ,¦/�$�V�"�L�"�=���,��¤��H�Z� �l�
�"�Z�
�4� �_�"�f�=�,�:�Z¢~J §X�"�4���f�
�`�=��õ[�=�$���Z§��V�4�V¢V�"�"�V�c�*�l���"§�,²l��¢=�N� �L§X�,���T�h¢��
�X��¢��"� �§��l¤����"�V�4���h� �Z���,�Z�=�X�
�,�"�,�,��� �Z�V¤���×��
�X�`áA�4§��Z� �l�ªÀA¦�ÀA¦"�@Ø#¦

ì »Z¶?Ä4¶�´�¸N÷ º4¼lµÕ³�´��XºH»#Ì�¼,¸�³�ºH´ ¡ �$�V�"�h�*�l���"§�,²*���"¤��"�"�H�#�  �
���Z�=�¥§X�"�,�Z���"§â�l�l�"�E½0�Z�=��½�áE�V�,�Z�
�4�
�U½îíQ¢=�4¢V�`�,� �,�,�#� �Z�V¤q²
§��l���Z�"�=�X�����l�V� ��Z�V�Õ���,�
�
�4�
�W� �l�,�Ü�"�=���,��¤��H�Z� �l�¬�"�¬�V�4§X�"�V�"�=�¯�Z�=���,���Z� �l�V¤¥�4�£�Z�X¦ Ö �°�Z�V���e���H�T�X�4²r�:�
���=�@�Ñ�Z�V�a�T�X�Z���,��¤��,��§��a�,�R�Z�=� �ÀÅÆ�6ï�rðC���Ê¦���ñFÅò¨HóÎ�¯¨�Å × �Àð{ó Ø:�T�l�"�"§�¥�Z���H�h�,�Z�Z� �l���N�Z�V�c�Z�4¡£¢V�4�
�Z�
�
�Ý�Z�=�ª�ìáÎ�V�4«E�"�=�°�Z�=�ª� ���N�4�Z��¢=�Z���"� Ð4�H�Z� �l�_²:���,�
�4�Î�l�Î�Z�V�ª¤¥�l�
� �Z�4§��4�£��� �l�,���"�=���,��¤��H�Z� �l�ë�Z�V�H�
�Z�V�WêQßcá¯�Z�4§��4� «,�4�Q���Z�l¤ ���X�¨�
�X�Z«,�X���X¦cÓh�4§X�,�"�R�Z�V�H�Q�Z�=�¥¢=�Z�"�"� Ð4�H�Z�"�l�¯�"�a¤¥�4�,�Z¢=���4�ª���,�c�®�4þ �Z�4§��l�V�
�����
�X�Z«H�,��¦

ì ¼HÄ?¸]¼H´[µe·[»Z¶?Ä4¶�´�¸N÷(º@¼lµÕ³�´���º,»#Ì�¼,¸�³�ºH´ ¡ �$�=�®§X�"�,�Z�Z�"§®�H�V���Z�l�,§��ì�,�`¤��H©E�"�=�j�Z§��V�4�V¢V�"�"�V�¬�=�4§X�"��� �l�V���l���Z�=�

�



�[�,�Z�"�C�,�R�V�Z�4�
�4�£�$�,�V�q�[�,�
�h�"�=���,��¤��H�Z�"�l��¤��,�Z� «��H�
�4�h�Z�=�4�
�e�,�"�,�,��� �Z�V¤��4¦

�À� Â Åòï�VðC�K��¦Ê��ñF�@�K�=���çËh�+ð¢Í%¡ �$�V�qõ����
�d«,�X���Z� �l�Û�"���¬�V�,� «,�¯�T�l�"��§�¬�Z�V�H� �4�
�Z�"¤��H�
�4���Z�=�ª� �l�,�Î�,�
�°�
�X�Z«,�X���A¬�X«H�,�"¢V�H�Z���=�¨� �Z�¥¢=�Z�"��� Ð4�H�Z� �l�Ý�@«,�X�Õ��� �l�=���T�X��� �E�_¦Ü�o�¬§X� �4�H��� Ý�V�(òT�X�Z�4���Z���H�
�q�Z�V�"�
�,�"�,�,��� �Z�V¤ �5�Z�l¤ ÔoÒaß �,�V�°�Z¢�§X§��4�Z�Z� «,� �*�l���"§X� �4�X²&�:� §��l���Z�"�=�X�7�Z�V� �"�,�
���=�l¢=�e�,���Z�=� �����
�X�Z«H�,�
���,�C�Z�=�Q¢=�Z�"�"�"Ð4�H�Z� �l�d�4�Z�Z�"¤��H�
�Q�5�,�CÔuÒe¦=Ía�:��� ÔuÒ.ß�²E�Z�=�cêaßcá �,�Z�Z� �l���N�Z�V�a���4¡£¢=�4�Z�Z�N�
�W�Z�=�Q�Ñá
�Z���H�h�V�,�C�Z�=��� �@�:�4�
�h¢=�Z���"� Ð4�H�Z� �l�_¦

�À� Â Åòï�V�/�à���8ô"õ²�3ï���6�8¨Hõk�KÅÆï%Åò���VðC�K��¦Ê��ñF�@�K�=���8ï¢Ë[�Àõkõkð¢Í%¡cÖ �c�Z�V�"�_§X�,�Z�,²��Z�=�NêaßcáQ�H�
�
�4¤¥���Z�
�
�q�4�Z�Z�"¤��H�
�¥�Z�=�W��¢=�Z¢=�Z�¥� �l�,�È�AÈ�,�Z��� �l�V�"�=��� �@�:�X�7�:�4� �l�£�Z�Q�
�¾� �4�Z�a�Z�4§��4�£�e¤¥�4�,�Z¢=���4�X¦ Ö �È�Z�V�"�
�[�H�*�X�@²A�:�Q�V�Z�4�
�4�£�:�Z�=�cÔoãLãNÒÑ�T�l�"�"§�¥�Z���H�]¢��
�4�:�Z�=�aõ�«,�c¤¥�l�
�]�Z�4§��4�£�$¢=�Z�"�"� Ð4�H�Z�"�l� �Z�,¤���� �4�]�,�
�Z�V�Q¤��4�,�Z¢=�Z�a�,�&�Z�=�Q�Ñád�"�l�,�_¦ Þ �,§#� «H�,�"¢=�Q�"�]§��l¤����"�=�4� �h� �Z���`�N�4� �l�£�:�,�V�Z�,�"�=�4���Ad�W�=�4§X�4
���"�
�
��� �[¢=�Z� �l�_¦W���Õ¢V�
�Ó}F}6ö/÷�c�d uàø´ w \ ×U�%Y'¶eØ�ùÆc�×êÔ£Ø±ú	] ´½û Ñ ²R�h�=�X�Z�qùÆcU×êÔAØQ���,�²Ô"jül��	nooo%n�þÆpq�H�Z�
�Z�V�]¢V�Z�"�"� Ð4�H�Z� �l���Z�,¤¥���"�4�u�,�¯¹Pº�c=�X«��,��¢V�H�
�4�¥�"���Z�=�]���,�
�Rõ�«,�]�"���
�X��«��,�"�R�,�R�4þ.�Z�4§��l�V�V�R�4�,§��_²A�,�V�
¶ýdþu"ø´ w \ ú ] ´½û Ñ ���Q�Z�=���=�,��¤��,��� Ð4�"�=� ���,§��
�,�4¦��h�=�¥êaßcáÈ�
�4� �4§��Z�7�Z�=�¥�ìá®�Z�V�H�7�V�,�Q�Z�=��� ���C½
�4�Z�h�:�4� �l���
�4�ª¢=�Z�"�"�"Ð4�H�Z� �l�¨×ÿ}F}6ö/÷
ØN«H�,�"¢=�,¦ Þ �E�*�X�#�"¤¥�4�£�Z�C§X�H�Z��� �4�q�l¢V�$�h� �Z�q�V� ò*�X�Z�4�£�C���H���,¤��X�
�X�
«H�,�"¢=�4�h�V�"�q�=�,�$�Z�"�l�V�(õ[§X�,�£�Z�  §#�V�,�=�,�7�Z�V�eÔoãNãLÒ �Z�4�Z¢V� �Z�4¦

� ¶ª�XÆ�¶�´[¹?¶`º±�]·[»Z¶�Ê�³�ºHÆAÄ`¼HÄ�Ä#³ ø,´�Ì�¶X´�¸�Ä ¡ �$�=� ���=�4�¯���,�W�Z�V�"�`§X�"�,�Z���,�h�T�l�"�"§X�"�4�7§��l¤¥�4�W���Z�l¤ �Z�=� �,�[�
�X�Z«H�H�Z� �l�
�Z���H�:��êaßcád�,�V�=�Z�4�Z�L�Z�4�
�l�"¢V�Z� �l�d�V�,�N�,� ��¤¥���,§��L��«,�X�C�7�T�X��� �E�¥�,�_�Z�"¤¥�,¦ Ö �����H���Z�"§X¢V�"�H�4²��N�a�V�Z�,�T�l�
�
�d«��H�#�"�H�Z� �l�¾�,�/�Z�V���V�,� «,�`ÔoÒaß �,�V�¯ÔuãLãLÒ �H�T��«,�`�,� �,�,�#� �Z�V¤��e×����X�5�X�Z���4�ª�,� �+ð{óXÄ��à�¯¨�����Åò¨ �,�V��Àõkõkð�Ä��?�¯¨�����Åò¨ ²=�Z�4�Z�*�4§��Z�"«,�4� =Ø#¦ Ö ���Z�=�Q¤¥�A���(õ��4� «,�X���Z� �l�_²A�Z�=�4�
�Q�T�l�"�"§X�"�4�N� �A�,©����,�]�Z�=�aõ����
�]�,�V�
�Z�4§��l�V�j¤��"�V��¤�¢V¤ �,¤¥�l�=���Z�=�Õ�Ñá¬¢=�Z�"�"� Ð4�H�Z�"�l�¬�Z�,¤���� �4�X¦ Ö �h�Z�=��õ��#�
�`¤d�"�V�"¤`¢V¤ §��,���Z�4�
�T�l�V�V���
�
�Z�V���Z�,¤¥�e�ìáq�,�/�Z�=�7�V�Z�X«E� �l¢V�h�,�Z�Z� �l�V¤��4���X²V�Z�V�e�,�Z�=�X�.�ìá¾�"�h§#�=�l�
�4�_¦]ßh�,�
�`�Z�V�H�a�,� �Z�=�l¢=�l�q�Z�V�4�
�
«,�X�#�Z� �l�V�]�"�V§����4�,�
�h�Z�=�c�"�V�5�,��¤d�H�Z� �l�d�=�X�T�4�V�V�4�V§��� �X«,�4��²A�Z�=�Xd�=�W�=�,�C�"�V§����4�,�
�h�Z�=�c§��l¤�¤`¢V�V��§X�H�Z� �l�V�
��«,�X���=�4�,���T�4§X�,¢V�
�$�Z�V�.�
�4¡A¢=�4�V§��.�,�_���X���
�X��«,�X���L§#�=�l�
�4���"���Z�=�h�V�Z�X«E� �l¢V�f�,�Z��� �l�V¤¥�4�£�Z�L�H�Z�a�,� �Z�4�,�=
�@«��,���"�H��� �¥�H�Q�Z�=�¥êQßQá*¦uôc�=�`§��l¢��"�È�V�Z�,�T�l�
�W�V�(òT�X�Z�4���Q�"¤¥�[� �4¤¥�4�£�Z�H�Z� �l�V�Q�"�ª�h�V�"§#�ª�X«,�4�¨�Z�=�W�Z�V� ���
�,���5�l¢V�Z�Z�¨¤��"���"¤�¢�¤ ¢=�Z�"�"� Ð4�H�Z�"�l���Z�,¤¥��� �4�e�H�Z�d§��l�V�Z���=�X�Z�4�Î×���¦O�,²R�Z�=���Z��� ����¤��"���"¤�¢�¤ ¢V�Z�"�"� ÐX�4�®�Ñá
���7�
�4� �4§��
�4�Ý� �:�Z�=��õ��#�
�c�1�:�¯�:�X�Z� �Z�4� �4§��
�4�¬�����Z�=���V���X«A� �l¢��Q�1�:�È�,�Z��� �l�V¤¥�4�£�Z�#Ø#¦ÕÙh���N�X«,�X�4²f�����Z�=�
���"¤�¢��"�H�Z� �l�V�X²E�=���Z�"�l�V�(õ[§X�,�£�:§#�V�,�=�,�4�h�
�¥�*�X���5�,��¤d�,�V§��Q�N�X�Z�c�,�[�
�X�Z«,�4�q�A�§��l���Z�"�=�X�����=�e�Z�=�c�Z��� �����,�
���l¢=�Z�Z�¬¤��"�V��¤�¢V¤ ¢=�Z���"� ÐX�4���Ñá��&�Z�=�X���X�5�,�Z�,²r�Z�=�4�Z���T�l�Z�Z� ���"�`���E�
�4�V�Z�"�l�V�e�H�Z� �l¤�� �
�
�4�°�5�Z�l¤ ��¢V�Z�Z�=�X�
§��l���Z�"�=�X���H�Z�"�l�_¦

M��=M «9IQ¬8BD&(!$F®+;H#CO~B8;§)+!�R+!�R�¬�.,B8;H�¯!�Rµ�¯R�.�#�-6&'78-3&�!�R�°îB8&(;H�/$F!�B8R
�$�=���"�,�
�h�
�
�X�®�"�q�Z�V���=�4�Z�"�l�q�,�/�Z�=����§��=�4�V¢��"�"�=�W�T�l�"�"§X� �4�h�"�C�
� �,��� �@� �Z�=��êQßcáq�
��¤��H©,���=�4§X���Z� �l�V�C�[�,�
�4�
�l���"�=���,��¤��H�Z�"�l�¯�l��Ô��é�,�7�N�4�"�R�,�Q�ÑáÈ� �l�,�V�X¦7�������(ò*�X���4���Z�"�H�
�`�T�X�1�:�X�4�¨�,� �,�,���"�Z�V¤��Q¢V�Z�"�V�d«,�X�ZÈ�"� �
�Z� �
�"�=���,��¤��H�Z�"�l�`��¢V§��¥�,�f�,�ZA�V§#�=�Z�l�=�l¢��/�,�"�H��¤��r���Z�l¤ �=�4�@«A�"�"�� �l�,�=�4�¥�Z�X�Z«,�X���X²��,���W�*�l���"§X� �4�r�=�X�4�V�"�V�a�,§X§X¢=�#�H�
�
���X�ª�Z�X�Z«,�X�.� �l�,�¯�"�=���,��¤��H�Z� �l�_¦

�Xý



� ¡ � ¡�� æC¦=ô/�6�	�=���S�?ïVÈSï%�Ê�8ô��6¦��3�	� �?ÅÆï�ï%�3ô6Åòïq���K�/�	�8Åò��
8��¦=ä�¦��6�6¨SÅò¨�ï%ÅÆ��
/Åò��ï
�$�=���"¤¥���"�4¤¥�4���Z�H�Z�"�l�¨�,�C�T�,�Z�¬Ó.Ó.Á¯�,�V�¬êhÍ.Ôì�,� �,�,�#� �Z�V¤����"�7�Z�4���H�Z� «,�4� ¨�Z�"¤���� ���,�V�Ý�=�A�4���=�,���Z�4¡A¢V� �Z�
�
���,§�©A�"�V�¯�,��¤��l�V� �
�,���"�V���,�C�Z�V�d�,§��Z¢V�,�L�"�l�,�°§��l�V�V�"�Z� �l���l�¨�Z�V���ìá=�X¦qôc���Z�=�d�,�Z�V�X���V�,�V�&²o�Z�=�d���"¤¥��� �
�"�=���,��¤��H�Z�"�l�¯�l�®�h���"§��ª�Z�=�X¯�[�,�
�W�Z�=�4� �c�=�4§X�"�Z�"�l�V�.�V�£�4�c�=�,�c�,� �]�4E�Q�Z�����4§��Q�Z�=�¥�,§��Z¢V�,�r�ÑáÈ� �l�,�V�4¦7�$�=�
���E�*�X�#�"¤¥�4�£�Z�,���Z�4��¢V� �Z�:�"�ÕáE�4§��Z� �l�qþe�.�"�"�V�Z�V�@�ì�Z�V�H�:�Z�V�"�]�
�l¤¥�X�Z��¤¥�4�]§X�,¢V�
�4�C���ìád�
�W�T�4§��l¤¥�Q�@«,�X��� �l�,�V�4�
�X«,�4�®� �/� �Z�.�4�
�Z�"¤��H�
�4�È� �l�,�Ü×��,¦O�=¦ ²*�[�"�¯� �X«,�4�R�"�¾êhÍ.ÔrØh���h�=�,�a�V� �l�_¦$Í �T�,�
�4�£�Z�"�,�"� Õ�T�X�
�
�X�c�H�V�V�Z�l�,§#�ª�"�h�
�
§��l¤����"�=�c�Z�=�e�V�Z�X«E� �l¢V�C�
�
���H�
�X�l�"�4�h���,�Z�4�q�l�¯Ô�� �"�=���,��¤��H�Z� �l�Õ�.� �Z�¾�
�l¤¥���,�V�V� �Z� �l���,�*���=�5�,�#¤��H�Z� �l�q�H�T�l¢=�
�Z�=�7�,§��Z¢V�,�o� �l�,�_¦ Ö �Õ�Z�V�"�]�
�4§��Z� �l�_²��N�c���A§X¢��]�l�¾�,� �,�,��� �Z��¤��:�Z�V�H�C�Z�H©,���"�£�
�¥§��l�V�Z�"�V�X���H�Z� �l�q�¥�Z�"¤���� �Q�
�Z�H�
�
�"�=���,��¤��H�Z�"�l�q�"�V�V�"§X�H�Z���=�W�h�=�X�Z�=�X�h���ìáÕ���$�=�4�4«E�"� Õ� �l�,�=�4�¾�,�.�=�,�X¦ Þ �,§��ª�ìáÕ�*�X�#� �A���"§X�,�"� ¥�X«H�,�"¢V�H�
�4�a� �Z�
�@�.�q¢=�Z�"�"� Ð4�H�Z�"�l� �,�V�q�"�]���:�,��� �@�:�4�Õ�
���
�4�V��¼�Ä?Ë�´*¹�ö�»
ºH´[ºHÆAÄ`¼,÷(¼H»?Ì`Ä:�
�¥�Z�V�7êaßcá*²=�Z� �l���,�"�"�=���Z�=�c�T�X�l�"�V�V�"�V�
�,�V�q�4���Õ�,�R�#�"�
©d�,�/�,�q��«,�X��� �l�,�V���=�¥���V�,�
�,²��Z�4�
�T�4§��Z� «,�4� ,¦

�$�A¢V�c�Z�V�d�Z§��V�4�V¢V�"�"�V�Õ�,�"�,�,��� �Z�V¤��c§X�,�¬���,�
�¥�Z�V�4� �e�=�4§X�"��� �l�V�c�l�¨�Z�l¤¥�����X�4�=���,§Z©¨���=�5�,�#¤��H�Z� �l���H�T�l¢=�
�Z�=�¨�,§��Z¢V�,�e� �l�,�_¦ �$�V�"�Õ�,�"�H��¤ �Z�H©,�4�¯�V�Z�4§��4�=�4��§����@«,�X�ª�,�£ì� �l�,���4�
�Z�"¤d�H�Z� �l���,�¾�Z�X�l¢V���H�¾�Z§��=�4��¢V�"�"�=�=¦
�N£����§X�,�"� ,²_�Z�=�¥��«,�X��� �l�,�=�4���Ñá®�"�Q�Z�H©,�4�°�HòÝ�Z�V�¥�*�A�l�r�,�c¼l¹4¸�³�ÊH¶¥ÄX¶X»#Ê,¶�»#Äa�,�V�¨���a�V�,�7§��l�V�Z�"�=�X���4���"���,��
�,�Z�Z�"�l�V¤¥�4�£�u¢V�£�Z�"�,�Z�=�N�4�V�7�,�=�Z�V�L�@«,�X�#� �l�,�V�"�=�.�Z� �Z¢V�H�Z� �l���Z� �l�V�,�"�4�7�AQ�,�V�,�Z�=�X�R¤��4�Z�Z�H�,�,¦ Ö �=�,�"���Z�=�L�ÑáE�R�H�Z�
§��l�V�Z���=�X�Z�4�¬³5´[¼�¹4¸�³�ÊH¶�²_� ���,�V�=�l¤ �,�Z��� �l�V¤¥�4�£�.�"�.���,��§��4�_¦Q�����,�V�,� AÐX���Z�V�Z�X��«H�H���"�H�Z�"�l�V�h�,�N�Z�V�"�a�H�V�V�Z�l�,§#�
�h� �Z�Ý�,�Ü�,�
E�V§��=���l�=�l¢V�`�,�"�H��¤ �Z�V�H�¥§X�,�¬�T�Õ§��l¤e�[�"�=�4�¬�h� �Z�Ý�,��°�Z�
���H�
�X�,¬¢V���"�=�ª�V�l¤��,�"�Ý�"�=���,��¤��H�Z� �l�
�Z¢V§#�¾�,�hÓ.Ó7²VÓ.Ó.Á¥�,�V�qêhÍ.ÔL¦

¤D���Sô/¦�Å×���S��Åòï��S�/¦�¨èË Á �S��@Í%¡ �$�=��êQßcá�§X�,�¨�V���
�
��� ��¢V�
�`§X�"�"�4���c�Z�4¡A¢=�4�
�Z�e�,¤¥�l�=�¯�,�"�r�ÑáE�7¢��Z�"�=�Õ�l�=���,�
�Z�V�Õ�,�"�,�,��� �Z�V¤����V�Z�X«E� �l¢V��� ��=�4�Z§���� �T�4�_²r¢V�V�"�4�Z�e� �`�Z�4§��4� «,�4�¥�,�Ü�,�"�H�#¤ ¤��4�Z�Z�H�,�Õ�5���l¤ �Z�l¤¥� �,�.�Z�=�
���X���
�X�Z«,�X���¥�"���V�"§X�H�Z�"�=�¯�Z�V�H��� �Z��Æ=¸�³5÷\³êé@¼,¸�³�ºH´°�V�,�W���=§��X�4�=�4�ë�j¹X»?³�¸�³�¹#¼H÷]÷(º4¼�µ°¸�ö�»Z¶?Ä#öAºH÷ µ{Û������f¦ Ö �
��¢V§��¨�¯§X�,�
�,²o�Z�=� êaßcáÈ���=§X�"¢V�=�4�Q�Z�V���@«,�X���"�l�,�=�4�¨�ÑáÈ���Z�l¤ ��¢V�Z�Z�=�X�7�,�Z�Z�"�l�V¤¥�4�£�c�,�]�,�£È�Z�4¡£¢V�4�
�Z�
¢����Z�"�_�"�Z�$¢=�Z�"�"�"Ð4�H�Z� �l���Z�X�Z¢=���V�C¢��V�=�X�C�Z�=�ÐÛ��������Z�=�Z�4���=�l�"�_¦

ã{�/ÈSÉ�¦=Å×���S��Åòï��S�/¦�¨èË Á �8�'Ì�Í%¡ �$���"�L�,� �,�,�#� �Z�V¤é���N�Z��¤��"�"�H�f�
�W�Z�=�a�$�=�@�.�
�
���H�
�X�,,¦:Ùh���N�X«,�X�4²[�$�=�#ÁQ�
�4���V�
�
� �=�4�"�4��Z�=�c�Z��½1�,§��Z�"«��H�Z� �l�¾�,�R�,�q��«,�X��� �l�,�=�4�¯�ìáÕ�£Õ¢V�Z�"�V�`�¥� �l�,�¾�Z�=�Z�4�Z�=�l���VÛ ����� �
�d�=�X�
�X�#¤��"�=�
�Z�V�:���=� �r���Z�l¤ �Z�=�C�,§��Z� «,�C�T�£�l�0²l�,�V�W�,�=�,�Z�=�X�h×�� ���N�X�?Øu�Z�V�Z�4�Z�=�l�"�âÛ����Ü�
�7�,�"�"�@�Ü�5�,�/�Z�V�:����½1�,§��Z� «��H�Z�"�l�_¦
�h�=�Q���H�Z� �l�V�,� �Q���,�$¢V�Z�"�V�e�1�:�d� �l�,�Õ�Z�V�Z�4�Z�=�l�"���N�"�]�,�C���l�"� ���h�X¦r��� �Z�q�W�Z�"�=�l� �a�Z�=�Z�4���=�l�"�_²E� �&�:�7�
�X�C� �
�
�A�Õ� �@�7²T¤��,�£¾�
�X�Z«,�X���a�h���"�T�T��§��l�V�Z���=�X�Z�4�¨³�´[¼l¹@¸�³5Ê,¶h�X«,�4�ª�.�=�4�¯� �a�"�a�=�,�.�=�4§��4���Z�H�Z,¦Qà]�l��«,�X���Z�4� ,²
�"�7�N�¨§#�=�A�l�
�¨�Ü�V� �l�Û�Z�=�Z�4�Z�V�l�"�_²$�Z�=������½1�,§��Z� «��H�Z�"�l�ì¤��4Û�T�ª�V���4¤��H�Z¢=�Z�,²a�Z�=�X�Z�X�A�§X�,¢V���"�=�Ü�=�X�
��«,�X��� �l�,�V���=����� �Z¢V�H�Z� �l�V�.���,�.�Z�=�Ù�Z¢V�
�a�Z��½1�,§��Z� «H�H�
�4�®�ìá*¦T±=�,�Q�Z�V�"�.�Z�4�,�
�l�&²*�Z�V�`�$�V�#Á��
�
�#�H�
�X�,,²_�Z�V�H�
¢��
�4�$�¥�Z�4���H�Z� «,�4� Õ�V� �l�Õ�Z�=�Z�4���=�l�"���
���
��� �,�,�X�a�,�q���=� �C�5���l¤ �Z�=�e�,§��Z� «,�e�*�A�l�_�,�V�¾�d� �@�:�X�h�Z�=���4�Z�=�l�"�
���,�7�Z��½1�,§��Z�"«��H�Z� �l�&²o�V�Z��«A���=�4�c�,�¨�,�£�Z�(½0�Z�=���,�Z���"�=�q¤¥�4§����,�V�"�Z¤ �Z�V�H�c�[�H�Z�Z�"�,�"� ¯�Z�4�
�4¤���� �4�c�Z�=���Z�4§��l�V�
�,�"�,�,��� �Z�V¤ �
�c�=�X�
�X��¤��"�V�N�V���A§��4�Z�R¤�� �,�#�H�Z� �l������¿OÁ�ü,Â0¦ ç ¢V� �Z� �[� �f�Z�=�Z�4���=�l�"�V�o�
�Q�V��õ[�=�:�Z�=�:�"�l�,�`�Z�Z�H�Z¢V�
�,�/���V�A�=�c�,�V�¼�U�,�¾����½1�V� �Z�4§��Z� �l�Õ�:�X�Z�e�,���
���V�Z�,�T�l�
�4�q���¨¿OÁ,À�Â0¦

Á Åò���,�/���6¦����S��Åòï��S�/¦�¨PË Á �S� Á Í%¡ �$���"�/¤¥�X�Z�=�E���"�£�
�Z�E�V¢V§��4�f�,�=�,�Z�V�X�N�,�£�Z�(½0�Z�=���,�Z���"�=�c¤¥�4§����,�V�"�Z¤ �
�`�,§?½
§��l¢����Q���,�.�Z�=�`���,§��a�Z���H�a���=�4�"�@¯�"�.�V�Z�4�
�4�£�h�T�X�1�:�X�4�®�Z�=�`���E�"�h�,�L� �ìá¯���Z�l¤ �Z�=�`�,§��Z�"«,�`�T�A�l�&���,�
��§��=�4�V¢��"�"�=�¯�,���¬� �Z�`�Z�X�Z¢V���°�
�È�Z�=�Õ�,§��Z� «,�Õ�T�£�l��¦È�$�=��� ¢V�
�4�`�È�Z�"�=�l� � �Z�=�Z�4�Z�V�l�"�°�,�V�¬���=§X�"¢V�=�4�W�
�ÑáÈ�h�V�4�È�"�Z�c¢=�Z�"�"� Ð4�H�Z�"�l�ª���=§��X�4�V�c�Z���H�c�Z�=�Z�4�Z�=�l���_¦�Ù.�@�:�X«,�X�4²R�Z�=�W�Z��½1�,§��Z� «H�H�Z� �l�°�"�Q�=�,�c�[�,�
�4�®�l�
�Z�V�W¢V�Z�"�"� Ð4�H�Z� �l�ª� �X«,�4�r�,�V�®�Õ�=�X� ¤¥�4�Z�Z�H�,�W�
�Õ�Z�=�¥êQßQá*²T��¢V�.�l�®���Z�"¤¥�`�4�
�Z�"¤��H�Z�"�l�Ü×����Z�@«E�"�=�4�ª�£

�,�



êQßcáVØ.�Z�V�H�e���a�V�X�4¤¥�4�¨�=�4§��4�Z���H�Zª���,�e�Õ�Ñáª�
�¯§��l¤¥���"�X�
��¤¥�l�
�c�,�:�Z�=�¥�Z�4¡A¢=�4�
�Z�c�V¢=�W�
�¾�Z�V�¥���,�
�
�Ñá¬�,�V�=�Z�4���e�,�Z�Z�"�l�V¤¥�4�£�Z�X¦È�h�=�d���,���"§d�"�V�4�¾�T�4�V�"�V�¨�Z�V�"�e�,�"�,�,��� �Z�V¤ �"�e���"¤��"�"�H�e�
�È�Z�V� �Z�=���4�Z�=�l�"�
�.� �Z�q�=�4�"�@��Z���H�h¤¥�,�Z� «H�H�
�4�q�Z�=�7�Z��� ���q�,� �,�,���"�Z�V¤ �"�¨¿OÁ�ü,Â0¦

� ¡ � ¡xÌ æC¦=ô/�6�	�=���S�?ïVÈSï%�Ê�8ô��3¨�¨��=�������8�6¦À�Ê�8���6�	�à�3�����/���3É,�/È8�r���SÅ×ï%ÅÆ��
/Åò��¦��/�3¨
Í ��¢=�Z�Z�=�X�e�Z�
�X�Ý�"�¨�Z�=�d�,�V�Z��¤�� Ð4�H�Z� �l�°�,�C�Z�=� êQßcá��Z§#�=�4�V¢V� �X���N�l¢��"�¨�
�X�4¤ �
�È�,��� �@�ä�Z�=� êQßcá��
�È¤��H©,�
�=�4§X�"��� �l�V�c���,�Z�4�°�l�Ý¤¥�,�Z� �V�Z�4§X�"�
� �"�=���,��¤��H�Z� �l�¨�H�T�l¢=���Z�=� �,§��Z¢��,�N� �l�,�¬�,�C�Z�=� �ìáE�4¦¾±=�,�W�Z�V�"�c�Z�4�,�Z�l�_²
�:� �V���,�*�l�Z� �
�l¤¥�Õ«H�H���"�H�Z� �l���7�,�$�Z�=�Õê$ÍaÔì�T�l�"�"§�®�Z�V�H�¥§��l¤����"�=� �Z�=���V�l¤��,�"�Ý�"�=���,��¤��H�Z� �l�°�h� �Z�Ý�
�l¤¥�
�"�=���,��¤��H�Z�"�l�q�H�*�l¢V�C�Z�=�7� �l�,�¾�
�Z�H�Z¢��$�,�r�Z�=�c���X�ª�Z�X�Z«,�X���X¦

ã�æ���Äªï�ÅÆ�VÉ��Ê���%�"�����çËhã�æ��,Ä¤ Á Í%¡ �$�V�"� �,� �,�,��� �Z�V¤ �"�Õ�Ý�Z�"¤¥���"�¯¤¥�E�V�(õ[§X�H�Z� �l���,�7�Z�=�®ê$ÍaÔ �T�l�"�"§�,¦
Ù.�@�:�X«,�X�4²eêhÍ.Ô&½�áE� ¢V�
�4�Õ�Z�V�®�,�ZA�V§#�=�Z�l�=�l¢��q�,�"�H��¤ ¤¥�4�Z���H�,�4�¾���Z�l¤ �Z�=���ÑáE�q�V�(òT�X�Z�4�£�Z� ë���Z�l¤
êhÍ.Ô&½1�$�=�@�W�,�V�®ê$ÍaÔ_½1�$�V�#ÁA¦7�$�=�`�"�=�4���"�a�Z�V�H�.�X«,�X��¯�Z�"¤¥�`�Z�=�¥¢=�Z�"��� Ð4�H�Z� �l�¾�,�:�d�Ñáª���=§��X�4�V�Q�Z�=�
�l�"«,�4�¾�Z�=�Z�4���=�l�"�_²=� �Z�]�����Õ«��,�"¢V�7¤�¢V�Z�C�*�7�Z�X�h�H�h� �4�,�
�C�4¡A¢V�,�_�
�d�Z�=�e§X¢=�Z���4���$�V�"�l�=�4�
�C���"��«H�,�"¢=�,¦

ã�æ���Äªï�ÅÆ�VÉ��Ê���%�à�6å'��ÈS�6¦+�¯È���É,Åò���/�Ù�KÅ��DÈSÅòï�%ïÎË[ã�æ��,Ä�æ�ó9Í�¡ �$���"�_�,� �,�,��� �Z��¤��N�,�Z©E�&�Z��¤��"�"�H�T�
�hê$ÍaÔ
�.� �Z�¥�Z�=�.���E§��X�V�Z�"�l�d�Z�V�H�N�Z�=�hêQßcá¥�
���"�4�f�
��§X�,��� �V���H�
�$�Z�V�$���"�¥«H�,�"¢=�h�,�_�4�,§�� �ìá��,�L���l�"� ���h�X¦ Þ «,�X�Z
�h�$Ô �
�4§��l���V�X²]�4�,§����ìáë�
�4�V�V�d�
�¨�Z�=�ÈêaßcáÜ�Z�V�¯�£¢�¤e�T�X���,�Q�Z�4¡A¢=�4�
�Z�d�Z�V�H�d� �d���,���Z�4§��4� «,�4���"�
�Z���H�c�*�X�#� �A�&¦�Ù.�4�V§��,²&�Z�=��êQßcá®§X�,�¨¤¥�E�V� ��q�Z�=�¥���"�È«H�,�"¢=�W�AÈ�Z¢V�V�
���,§��Z�"�=��×����Z�l¤ �Z�=�¥�4�
�Z��¤��H�
�4�
�"�l�,�®�N�4� �l�£�#Ø.�Z�=���,§��Z¢V�,�L�£¢V¤��T�X�Q�,�L�Z�4¡A¢=�4�
�Z�c�Z���H�7�V�4«,�¥�T�X�4���
�X�Z«,�4�����ª�Z�V���"�,�
�c�$�$Ôë�����
�X�Z«H�,��¦
Ía�V�,� �,�,�l¢��Z� d�
��êhÍ.ÔL²��H�C�Z�=�7�H�Z���"«��,�*�,�u�,�¯�,�V�=�Z�4�Z�:�Z�4¡A¢=�4�
�X²=�Z�V�7êaßcá�§��V�£�l�
�4�h�Z�=�Q�ìáÕ�h� �Z���Z�=�
�"�@�:�4�
�h����� «H�,�"¢=�,¦�P�Ê�S�Ê�9È�� Ç�ÅÆï%��¨�È8�/¦+�À�6�6¨µË��µÇ���Í�¡ �h�V�"�/�,� �,�,���"�Z�V¤ �"�f�7«��H�����H�Z� �l�¥�,�&ê$ÍaÔ¯�Z���H�N§��l¤����"�=�4�f�V�l¤��,�"�
�.� �Z�ª�Z�X�Z«,�X�c�"�=���,��¤��H�Z� �l�_¦.Í.�V�,�"�,�,�l¢V�a�
���Z�V���V���X«A� �l¢��h�,� �,�,���"�Z�V¤q² ç Ó.ÔÜ�
���,§Z©E�Q�Z�=�W�V�"�V�=�4�¯� �l�,�
�:�4� �l�£���,�C�4�,§#�jÔ��`¦ Ö �Ý�,�V�V�"�Z� �l�_²o�Z�V��êQßcá¨¤��,�����Z�,�"���e�,��¼�Ä�Ä?³(øl´VÌd¶�´�¸c¸0¼�ÅX÷ ¶`§��l�£�Z�,�"�V���=�ª�,�"�L�Z�=�
�,���Z� �l�V¤¥�4�£�Z�a�,�V�¯�Z�V�4� �h�Z�"¤��4�h�,�f�E§X§X¢=�Z���4�V§��,¦hÔ&�X��� ´ �"�h�Z�=�W�4«,�X���H�,���
�4���Z� �l�¯�"�4�=�,�Z�¯�,�f��§X�"� �4�£�h�,�`e¶ ´ ¦ Íh���
�X���q�T�X���"�A�È�,�C�$�$Ô ��� ´ ²u�Z�=����òT�4§��e�,�:�Z�=�d�,�Z�Z�"�l�V¤¥�4�£�7�"�c���E�*�4§��
�4�°�
�¾���E��� �Z�,²o�0¦O�,¦d�=�
¤��,�Z�Q�Z�4¡£¢V�4�
�Z�:�h�"�"�=�T�Q�
�4�£�:�
�r`e¶ ´ �V¢=�.�
�`�Z���"�]�,�Z�Z� �l�V¤��4���X¦/�$�=�a�4�£�
�Zd���,�]�Z�V�H�C�,�Z�Z� �l�V¤��4���]§X�,�
�V�4�V§��e�T�e�=�4�"�X�
�4�¯���Z�l¤â�Z�V���,�Z�Z�"�l�V¤¥�4�£�$�Z�H��� �,¦$Í]�a�Z�=���H����� «H�,�_�,�f�,�¯�,�V�V�Z�4�Z�$���4�
�l�"¢=�Z� �l�¯�Z�4¡A¢=�4�
�X²
�Z�V�QêQßcá �X«��,��¢V�H�
�4�]�Z�=�Q���A�T�4§��
�4�q�A¢V¤��*�X�:�,�o���4�Z�"�V¢V�,�[�Z�4¡A¢=�4�
�Z�:�Z�V�H�]�4�,§��¾�ìá �h���"�V�Z�4§��4�"«,�a�[�,�
�4�
�l���Z�=�ª�V�Z�X«E� �l¢V�d�,���Z� �l�V¤¥�4�£�Z�X²C�,�V�Û§��=�A�l�
�4���Z�=�ª�ìáë�h� �Z�j�Z�V�ª¤��"���"¤�¢�¤ �£¢V¤��T�X�d�,�c�Z�4���"�V¢V�,�
���4¡£¢=�4�Z�Z�X¦/Ùh�X�Z�.�N�.�,�Z�Z¢V¤¥�h�Z�=�h�Z¢=�[�
�4¡£¢V�4���/�Z�4¡A¢=�4�
�Z�N�
�V�Z�4�,���X«,�4�V� W�,§��Z�l�Z�N�Z�=�$�T�X��� �E�W�,�_�$�$Ô!�"� ´
�.�=�4�Õ�Z�=�c�V�,¤¥��½0�
�H½1�,�V�V�Z�4�Z�$¤��H�����"�=�W�"�C�"����òT�4§��X¦NÙ.�4�V§��,²V�H�$�Z�=�Q�Z�"¤¥�Ó÷$#&%$'N²A�Z�V�7êaßcáÕ§��l¤¥�[¢=�
�4�Xÿ

¤��"�cxw \ ¸)()()( ¸ � * u´,+.- v0/�132547698 u Þ s;: ´ ×Ê÷ ´ ×�Whn�<VØ=�?Û�Û©`>�?� ´A@ ÷B#9%$'RØDC y YE×=Û�Û©`E�F� ´ Ø�G
�.�=�X�Z�H: ´ �"�h�Z�=�W�V�"�V�=�4�¯� �l�,�¯�:�4� �l�£�.�,�,`e¶ ´ ²T�,�V�×÷ ´ ×�Whn�<VØ.�"�$�Z�=�`�Z�"¤¥���,�f�Z�=�`�,�Z�Z� �l�V¤��4���.�,�f�Z�=�< @ �Z�È�,���=�Z�4�Z�a�Z�4�
�l��¢=�Z� �l�ª�Z�4¡£¢V�4�
�c§��l¤��"�=���5���l¤2`e¶ ´ �
�Î¹Pº�cN�"�ª�Z�=�W¤��H�V�����=�d�Z�H���"�,¦7�$�=�q×�zTØ C
�V�,�Z�H�Z� �l�W�=�4�=�,�
�4�u�Z�V�H�]×�z_Ø C dHz¥� �~zJIÎýa�,�V��×�zTØ C d�ýa� �~zJKÎýE²l�0¦O�,¦o�Z�V�H�R�l�V� c�Z�=�N�T�l�Z� �Z� «,�f�
�X�#¤��
�H���Q§��l���Z�"�=�X�Z�4� �"� �Z�=�a�����
�X�����,�[�Z¢�¤q¦/Í.�]¤¥�4�£�Z� �l�=�4�Õ�H�T�@«,�,²V���Z�4¡A¢=�4�
�:�4���
�Z �"�L���4¤¥�@«,�4�Õ���Z�l¤ �Z�=�
�,���Z� �l�V¤¥�4�£�$�Z�H���"�c�h�=�4�q�Z�=��§��,�Z�Z�4�
�T�l�V�V���=���
�X�#¤ ×�÷ ´ ×�Whn�<VØ���Û�Û©`>�L� ´M@ ÷$#9%B'/Ø]�"�C�=�X�
�4§��
�4�ª�
�d�T�

�4Á



N Û%à�á�ÚÏéPíæDÝ�ã�çDÜ�ÚÍæDé O7è ëGæDÝ�ÚÏÜ`ðsã Ù!à�PYémÚÏÜ�ÚÍæDé
S7_bc�ehTV[ QHQ z*_{t^[mXs·\z*_{®^T�[QHQSR z*_{t^[mXs·\z*_{®^T�[��Ê·�giTVq%aT ¯HU S7s[mehcfTkj%eh�V�V ¶ j(jt^c�t^�VehgiqPX¥¼<_{e{X
��n¥�V_{ebX U�VXW ¼<q(ebopg'v*gdT��VT�u(q(X�¦'_OXOqU�V ¼<_D£�qPo�g*v*gdT��VT�uPeDgdT�_{[U�YMYMV ¼<_D£�qPo�g*ehcf_b[m�fr>e{o�g*eh[9X¥rYaiqPopq([Gg�v'giTV��TVu(ehgiTV_b[moZ ×J[ Ò]\�^�ÓsÒ ~��^q�oiq(j%_b[mX3cfT�[mT�c�t^c Tko*j��^_{oiq%[
S7_bc�ehTV[�eh[mX3��n3��_GebX T ¯HU ZD_ Õ S ¶ ¼�£*�^q%adq�®^TV[¥Tko'oiqg�gi_fgd_bUT ¯HU Z ¯`W S ¶ ¼�£*�^q%adq�®^TV[¥Tko'oiqg�gi_fgd�^q�ebjgitmeb�È[st^c}®Rq%a*_b]�adq(ÄGt^qPo�g�oabQ U ��TV[^TVc}t^c z*q(oiTkXOtmeh�:¼/_{e{X
��n�eh�kehadc Z Õdc ³9e nsTV[^�{��q�eb�VebaicÎgd�^aiqPop�m_b�kX Øgf0hgi0jlkmfon$pZ Õdc ³ R S7_bt^®m��q�eb�VebaicÎgd�^aiqPop�m_b�kX Ø�fohqi0jsr>fon$pZ Õdc ³ Õ ~:q%cfUR_ba�eh�Kgi�maiqPop�^_{�VX Øqfohgi0j À`tOgdT��VTVu(eDgdT�_{[9Á�l fon$p À`giTVcfqPÁ

�R�H��� �Q�Hÿ S½¦7n!odj��^q(XOtm��TV[^��eh�V�b_badT�gi�^c�o�j�kebodopTutmq(X}_b[}gi�^q�®me{opTko�_h]mgd�^q*ebXO_{UOgiqPX}oiOo�gdq%c TV[O]`_badc�eDgiTV_b[¥Àvtma�opg>j%_b�Vt^cf[9Á�W
~��^q ò3ï¸çDèVçDÝ�ã UR_b�VTkjTVq(o*ehadq�eh�V£¾eÊOo¾j_{c}®^TV[^q(X¥£*T�gi��_b[mq½_b]<gd�^q�U^adq%wsT�_{tmo*eh�V�b_{aiT�gi�mcfo(W

�V�X�l�H�Z� «,�����"�V§����=�¯¤��,�Z�d�Z�4���"�V¢V�,�/� �l�,�°�"�7���E�T�4§��
�4�¨�
�¯���4¤��,�"�����Z�l¤ �Z���"�7�,�Z�Z�"�l�V¤¥�4�£�X¦ �����=�,�
�
�Z���H�e�Z�"�V§��¥�Z�V�d�4«,�X���H�,�Õ�
�4�Z��� �l�¨� �4�=�,�Z���"� ´ �H���d�=�,�7�Z�4�,���"� ª�@«��,���"�H��� ���H�7�Z�V�dêQßQáÈ�[¢=�c�Z�=�X�§X�,�
�T� �4�
�Z�"¤��H�
�4�Ý�H���Z�V�d���X�j�
�X�Z«,�X���Õ×��,¦O�=¦ª¢��Z�"�=�q�Z�=��§��£�,©E� �Õ¤¥�4§����,�V�"�Z¤ �
�ª�
���,§�©°¢V�
�X�`�
�4�Z�Z�"�l�V�#Ø#²
�Z�V�e�"¤¥���"�4¤¥�4���Z�H�Z�"�l�Õ�,� ç ÓhÔ¬�"�q�¥�Z�4�,�T�4�£«A�"�Z�l�V¤¥�4�£�C�N�l¢��"�Õ�Z�4¡A¢V� �Z�Q�T�X��� �E�V�"§a¤¥�4�Z�Z�H�,�4�h�5���l¤ �Z�=�
�Z�X�Z«,�X���$�
�d�Z�=�eêQßQáT¦[à:�X�Z�Z�,�"�V�",²=�N�7���E�T�4§��d� ´ �
�d�T�Q���H�Z�=�X�.�Z�Z�H��� �c�@«,�X�a�Z�"¤¥�7�Z�¥�Z�=�7���Z�4¡£¢V�4�V§� �,�
���=§����,�=�,�4�c�Z�=�l¢V���q�T�e¡£¢�� �
�e� ���7¦$�$�V�"�.�"�h���¾§��l���
�#�,�
�Q�
�d�Z�=�`� �l�,�ª���=�5�,�#¤��H�Z� �l�q�,�/�Z�=���ìá¾�h�V��§��
���4¡£¢V�"�Z�4�c���Z�4¡£¢V�4���e¢V�T���H�
�4�X¦ ç ÓhÔÛ§X�,�°�,�"�Z�¾�T�d§��l¤e�[�"�=�4���h�"�Z�¨�,�
E�V§��=���l�=�l¢V�7�,�"�H�#¤ ¤¥�4�Z���H�,�4�X¦
�����h�"�"�*�Z�X���X�$�
���Z���"�C�"�,�
�C�T�l�"�"§���,� ç ÓhÔ&½1�$�=�4¦

�R�H��� ���7§��l�£�Z�,�"�V�h�,§��Z�l��E¤��.�,�V�¾�=��õ[��� �Z� �l�V�:�,�r�,�"�_�V�Z�4�Z�4���
�4�¾�,�"�,�,��� �Z�V¤��4¦

w "���0>��� �* ��'0>	#����46� �* ����¿4�	 �}� �';����(2��½ ��%���

Ö ���Z�V�"�N�
�4§��Z� �l� �N�a�V�Z�4�Z�4���N�Z�=�h���H�#�,¤¥�X�
�X���N�h� �Z���Z�V�4� �L���,�Z�h«H�,�"¢=�4�L�,��� �V���
�
��� ��¢V�Z� �l�V�R�Z�V�H�N§#�V�H���,§��
�X���"ÐX�
�Z�=�c�4�£�Z� �Z�e�ZA�
�
�4¤Ï�,�V�q�Z�=�7êQßcáq�Z§#�=�4�V¢V�"���=�`�,�"�,�,��� �Z�V¤��4¦f�$�=�c�V�"�
�
�#� ��¢=�
�4�����X�=½1�
�X��«,�X�.�
E�
�
�4¤Ï���C§��l¤W½
�T�l�
�4���,��< �
�X�Z«,�X���]�.� �Z���Z�=�c�Z�,¤¥�c§X�H���,§X� ��,¦N�$�=�c�@«,�X���H�,��� �l�,���,�R�Z�=�Q�4���Z�"�Z�c�
A�Z�
�4¤ �"�]¤��,�"�£�Z�,�"�=�4�Õ�H�
ýE¦�å,ålè7�Z�V�H�L�"�X²AÁlûHÀc�,�T�Z�=�h�
E�
�
�4¤ä§X�H���,§X� �1,¦]áE�"�V§��C�Z�=�.�
�X�Z«,�X���N�H�Z�h¤�� ���Z�,�Z�4�_²,�Z�=�h���H�,�h�Z�4¡A¢=�4�
�Z�f�5�Z�l¤é�Z�=�
§X�"� �4�£�Z�h§X�,�ª�T�e�
�X�Z«E�"§��4�ª�H�a�,�£q�ìáT¦��$�=�e�A¢V¤��T�X�h�,�/���H�,���Z�4¡£¢V�4�
�Z�h�T�X�h�Z�4�Z�Z� �l�ª�,�V�¾�Z�=�`�"�£�
�X�
½0�Z�4¡A¢=�4�
�
�Z�"¤¥�a�H�Z�a���A�T�l�=�4�£�Z�"�,�"� ¥�V���
�
��� ��¢V�
�4�¯¿OÁ�Â0¦Nà]¢V�V��� ¶X¸f¼H÷vxN�V�4«,�c¤¥�4�,�Z¢V�Z�4�d���l¢=�l�V� ¥�
�X«,�4�Õ�V�(òT�X�Z�4�£�:��� �Z�f�T�X�
���H�,�Õ¿(�,�XÂ0¦ ç �,�Z�e�Z�4§��4�£�Q�,�V�,� E�
�4�h�"���V�"§X�H�
�7�Z�V�H�.�Z�V�"�.¤¥�4�,�ª�A¢V¤��T�X�h�"�h���V§��Z�4�,�Z�"�V�=¦:�$�V�X�Z�X�5�,���,²[�:���V�@«,�
¤¥�E�=�4� �4�¥�Z�V�.�A¢V¤e�T�X�f�,�&��� �Z�/�T�X�f���H�,�Q�,�f�,�V�Z�,���=�4�����Z�l¤é��¢V�V� ���,��¤ �V���
�
��� ��¢V�Z� �l�W�"�¥�Z�=�a�"���
�X��«��,�o¿Oþ%�[�4þ�Â0¦
�$�=�7�Z�X�Z«A��§��c�Z�"¤¥�c���,�$�4�,§��È�V� �C�"�$�,���Z¢V¤¥�4�Õ�
���T�c���E�T�l�=�4���Z���,�"�  ���"�
�
��� �[¢=�
�4�d�.� �Z�q��¤¥�4�,�q�,�rü=¦�þ¥¤d�
�4§H¦

�$�V�:�=�X���N�,��©�§��l�V�Z���
�Z�o�,�[�a�Z�X�u�,�*�"���
�X�#¤¥�4�V�"�H�
�:�V�,¤¥�]�
�X�Z«,�X���$× Ö ßQá�Ø_�Z�V�H�r§X�,§��V�C�Z�=�:���,¤¥��½0�
�H½1�,�V�=�Z�4���
¤��H�V�[�"�=�d���,�7�q�$�$ÔÜ�T�X���"�A�_¦c�$�V�W¤��4�,���£¢V¤��T�X�.�,� Ö ßQáE�a�Z�V�H�7�,���,���=�Z�4�Z�a�Z�4�
�l��¢=�Z� �l�ª�Z�4¡£¢V�4�
�c�V�,�Q�
�
§��Z�l�Z�u���Z�l¤ � �Z�uÔ��ë�
�.�Z�V�NêQßQáe�"�&§#�=�l�
�4�`�4¡A¢V�,�l�
�a�Z�=�N¤��4�,�e�A¢V¤e�T�X�u�,�V�=�,���o���=�@�h���"�d¿ ü,Â0¦r�$�V���_��¢��V§��Z� �l�

�4À



y çDÜ\àMë{æhÝ�â ì*çDÝdçDã�àÜ\àÝ zRçDèîßmàÛ"{\á{àÍíçhßOèîÜu|} Ó ° Z ± Ó ³�~ Ó ³3±��/±(² Ó × ¦'t^c�®9q(a'_h]�opq(aiw{q%a�o �h|s«�À��bÁ
¶ w{q%a�eh�bq½tOgdT��VT�uPeDgdT�_{[ ©mW ªÊ|s©mW ¬¥ÀÍ©mW �����&�bÁU!� ¦'t^c�®9q(a §P©Ê|K§(©b©3ÀB�b©{Á
 ���TVq%[Gg�XOTkopgiadT�®^t^giTV_b[�ehcf_b[^��¼q� �KT�UO]*À`Umt^aiq��KT�UO]�Á

�{q%_{c!q%giadTVjfÀ�� k ©�� �GÁ
~*~*¼ ÀÍoiq(j_{[mX^o�Á ©D|9���b©¥ÀB���G©{Á��� \BÓGÑ ² ¦'t^c�®9q(a §Êªh©{©D·�ªh©b©{©¿À�§Êªh©{©{Á
�¹q(®�Umeh�{q½adq(ÄGt^qPo�g�o¾U9q(a�opqPoioiTV_b[ q%ËOU9_{[^q%[GgiTkeh��À`cfq(eb[��b©{Á
¤'T�gdo*URq%a*�¸q%®�U9eh�bq tm[^Tx]`_{aic�� ªÊ|R§Êª��
¤'T�g�opq(aiwsTkjq½giTVcfq¿À`cfTV���VTVoiq(j%_b[mXmodÁ q%ËOU9_{[^q%[GgiTkeh��À`cfq(eb[`�9W ª{Á
Z\[Ggiq%ai·MaiqPÄ{tmq(opg�gdT�cfq¿ÀÍoiq(j%_b[mXmodÁ q%ËOU9_{[^q%[GgiTkeh��À`cfq(eb[¹§ÊªbÁ

�R�H��� �eÁAÿ r>ebadebcfqgiq(ado�_h]�gi�mq�opOopgiq%c�W

�"�:�Z�"¤����"�H�f�
�¥���V�l¢=��� �$�T�4�"���Q�,¢V�Z���"�,� ���"�
�
��� �[¢=�Z� �l�W�h� �Z� �T�4�H©A�]�H�Z�l¢��V� Á`�,�V�È�4å`§��,�Z�Z�4�
�T�l�V�V���=�c�
�Õ÷(º4¹#¼H÷
�,�V��»Z¶�Ì�º,¸1¶$�Z�4¡A¢=�4�
�Z�X²��Z�4�
�T�4§��Z� «,�4� ,¦

�$�V�a§X�"�"�4���Z�:�H�Z�Q�1A���"§X�,�"�"`�[�H�Z�Z� �Z� �l�=�4���,¤¥�l�=�W�Z�=�Q�=�l¤��,���V�f���,�Z�4� �l�Õ����¢=�Z�ÐUT� �V����:�V�"�Z�
��� ��¢=�Z�"�l�_²l�,�
�V�"��§X¢V�Z�
�4����� áA�4§��Z� �l�ÕÁA¦�ÀA¦LÙ.�@�:�X«,�X�4²E�N�Q�,�"�
�`§X�H�Z��� �4�d�l¢=�L�,�Z�=�X�:���E�*�X�#�"¤¥�4�£�Z�/�
���X«H�,�"¢V�H�
�.�Z�=�.�Z�4�V�Z� �Z� «E� ��
�,�L�Z�V�WêQßcáÈ�Z§��V�4�V¢V�"�"�V���T�l�"�"§X� �4�.�
�Õ�,�Z�=�X�7�V�"�
�
�#� ��¢=�Z� �l���X²��,�V�®�:�¥�,�"�
��«��H���"�4�ª�Z�V�`�T�X��§��4�£�Z�H�,�¥�,�N���"�=�l� �
¢V�
�X�`�=�l¤��,�"���X²R�0¦O�,¦�Ä#³�´£ø,÷"¶X¸0º,´®�V�l¤��,�"�V�X¦q�R�H��� �ÕÁ¯�Z¢�¤�¤��H��� ÐX�4�e�Z�=� �ZA�
�
�4¤ �,�V�¬�N�,��©A� �l�,�¬���H���,¤��X�
�X���
�Z�V�H�/�:�$¢V�
�4�¥�"�W�l¢V�f�Z�"¤`¢V�"�H�Z� �l�V�4¦u�$�=�C�,� �,�,�#� �Z�V¤��/¢V���"�=�a�ìá`� �l�,�d�"�=���,��¤��H�Z� �l�`�X«H�,�"¢V�H�
�C�Z�=�$¢=�Z���"� Ð4�H�Z� �l�
�,�r�4�,§��È�
�X�Z«,�X�.�X«,�X�Z��4þ��
�4§��l�V���$�,�V�q�
���,���Z¤�� �C�Z�V���]«��,�"¢V�7�
���Z�=�eêQßcáÕ�h�"�Z�Õ�Z�=�e�Z�,¤¥�e�5�Z�4¡A¢=�4�V§�,¦N�$�=�
�,� �,�,���"�Z�V¤��r¢V�Z�"�V�h�Ñáe�,���H��¤��R�X«��,��¢V�H�
�]�Z�=�C¢=�Z�"�"� Ð4�H�Z�"�l�e�,�[�4�,§��¥�
�X�Z«,�X�/�X«,�X��¼�a�
�4§��l�V���R�,���`�Z�4�V�W�a��� �l�V�,�
�
���Z�=��êQßcáq�l�V�"Õ�"�R�Z�V�`�,�"�H�#¤â�Z�=�Z�4���=�l�"�¯���h§��Z�l�Z�Z�4�_¦ Ö �ª���H�Z�Z��§X¢V�"�H�4²��h�=�@�H²[�h�=���Ñ�,�V�Èê$ÍaÔ_½�áE� ¢V�
�`�,�
�=�X���,¢V� �ÓÛ�������déý~oièHþA²r�h���"� �¥�$�=�#Á�¢V�Z�4�ÓÛ��=���§d ý~o �Hýª�,�V��Û�����däý~oiè�ýE¦�Òa�V� �4���Q�,�Z�=�X�Z�h�"�Z���
�T�4§X�(õ��4�_²
�Z�=�cõ[�l¢=�Z�4�]�,�r�Z�=�c���E�*�X�#�"¤¥�4�£�Z�,�T�Z�4�Z¢V� �Z�$�Z�X�5�X�h�
���Z�=�7�=�X���,¢V� �C«H�,�"¢=�4�X¦

�$�V�d·V¶�»���ºH»?Ì�¼H´[¹?¶¯Ä?¸0¼�ÅX³5÷\³�¸�Ëq�"�`�Z�=�¾¤d�,�"�Ü§��l�V§��X���Ü���,�¥�Z�=�¾�V�"�
�
�#� ��¢=�
�4�°���X�=½1�
�X�Z«,�X���
A�Z�
�4¤ó�Z�V�H���"�
�Z¢=�@�U�4§��a�
�q�=�l�E½1¢V�V�"�5�,��¤Ï��¢=���Z�Z�$�,�N�H����� «H�,�"�$�,�N�h�V�"§#�¾�l�V� ª� �Z¤d�,�"�o�T�X��§��4�£�Z�H�,���"�a�V� �Z�4§��Z�"¾§��l���
�Z�l���"�H��� �
�A��Z�V�eêQßQá*¦[�$�=�X�Z�X���,�Z�,²V�:���H�Z��¤¥�,�Z�e�"�£�
�X�Z�4�
�
�4�ª�"�q�"�£«,�4�
�Z� �l�H�Z�"�V���Z�=�e�"¤����,§��$�,�r�Z�=�eêQßcáq�,� �,�,���"�Z�V¤��
�l�q�4«,�l���V�"�=�W�@«,�X�#� �l�,�¾�H�$�,�£ �,�u�Z�=�c�
�X�Z«,�X���C�Z���,�Õ�l�Õ�4¡£¢V�,��� Ð4�"�=���Z�=�7�
E�
�
�4¤ �N�,��©A� �l�,�&¦f�$�=�Q�Z�4�,�
�l�Õ���,�
�=�,�:�,�=�,�V�Z�"�=���
���,�V� �Z�"�l�V�,��¤¥�X�
�#�"§X�X²£��¢V§����,�:�Z�=�.�
�Z�,���V�H���d�V�X«A�"�H�Z�"�l�d�,�&§X¢V¤`¢V�"�H�Z�"«,�.¢=�Z�"��� Ð4�H�Z� �l�V�/�.�V�"§�� �"�
�1A���"§X�,�*�,�R� �l�,�Õ���,�"�,�V§X���=���
�Z¢��V� �4�X²E�"�:�Z�V�H�]�N�c�,�V�,�"£ÐX�Q�Z�=�Q�T�X�Z���,��¤��,�V§��a�,�u�`�
���,�V���,§��Z� �l�V�,�_�V�"�Z�
��� ��¢=�
�4�
�
E�
�
�4¤ �.� �Z�¥�"�V�=�X�T�4�V�V�4���r�=�E�=�4�X²��,�V� �=�,�f�7§��l¤¥�[¢=�Z�"�=�c�����H�
�5�,��¤ �h� �Z�¥�"�£�
�X�
½0�Z�4�"�H�
�4� �V�"�
�
�#� ��¢=�
�4���Z�,�
©E�X¦

Í �,�A�E�ª�"���=���¾�
��¤��4�,�Z¢=�Z���Z�=�`�"�l�,�ª� �X«,�4�r�,�V�ª�@«,�X�#� �l�,�=�4�®�"�V�
�Z�,��§��4�.�"�.�Z�=��Æ=¸�³5÷\³êé@¼,¸�³�ºH´q�,�/�Z�=�`���X�
�
�X�Z«,�X�#�X¦ Ö �����H���Z�"§X¢V�"�H�4²A� �A�,©A�"�V���H�]�Z�=�Q¤¥�l�
�C¢=�Z�"�"�"ÐX�4���Ñád�,¤��l�=�`�,���[�ÑáE�X²A�:�Q§X�,�Õ�=�4��¢V§��.�.�=�X�Z�=�X�]�Z�=�
���X�=½1�
�X��«,�X�a�
E�
�
�4¤â���]�@«,�X��� �l�,�V�4�¾�,�.�V�,�X¦fÙh�4�V§��,²[�Z�=�c�T�X�Z���,��¤��,�V§��c�,�R�Z�=�7«H�H��� �l¢V�C��§��=�4�V¢��"�"�=�`�T�l�"�"§X� �4�
�"�`�X«H�,�"¢V�H�
�4�Ü�A°���A§X¢V���"�=�¯�l�Ü�Z�V�Õ¤d���E�"¤`¢V¤ �ÑáÝ¢=�Z�"�"� Ð4�H�Z�"�l�V�e�,�[�
�X�Z«,�4�j�V¢=�#�"�=�¾�Z�=�q�Z��¤�¢V���H�Z� �l�°�#¢V�V�X¦
�$�V�H�$���]�
�d�Z�4,²[�N�c���E§X¢V�C�l�q�Z�=�7¢V�Z�"�"� Ð4�H�Z� �l�Õ� �X«,�4�&�,�u�Z�=���
�X�Z«,�X�$�h�"�Z�Õ�Z�=�7¤����=�"¤�¢�¤ ¢=�Z�"�"� Ð4�H�Z�"�l���,¤��l�=�
�,�"�f�Z�X�Z«,�X���e�H�e�4�,§��¬�Z�"¤¥�d�"���
�Z�,���X¦ �$�=�d�
�X��«,�X�e�h� �Z�®�Z�V�d¤����=�"¤�¢�¤ ¢=�Z�"�"�"Ð4�H�Z� �l��§��V�,�V�,�4�e��«,�X���Z�"¤��,¦ Ö �
�Z�=�¥¤����=�"¤`¢V¤ ¢V�Z�"�"� Ð4�H�Z� �l�ª�H�c�,�È���V�
�Z�,�£�a�"�Q� ���7²_� �Q¤¥�4�,�V�a�Z�V�H�c�=�Õ�
�X�Z«,�X�c�"�a�@«,�X���"�l�,�=�4���H�Q�Z�V�H�Q�Z�"¤¥�,¦
æ Õ�
���,§Z©E�"�=� �Z�=�7�T�X��� �E�Õ�,�/�Z�"¤¥�c�Z�=�`¤����=�"¤�¢�¤â¢=�Z�"�"�"Ð4�H�Z� �l�q�"�$�H�T�@«,���,�.�T�4� ��� ��§��X�Z�Z�,���¾�Z�=�Z�4���=�l�"�_²=�:�
§X�,�¬�,�X���,�Ý�"�V�V�"§X�H�Z�"�l�®�,�]�V�@� �N�4�"�f�Z�=� �V���
�
��� ��¢V�
�4�È�ZA�
�
�4¤ �"�c�#¢V�V�V�"�V�=¦d±=�,�W���E�,¤���� �,²r�,�Z�Z¢V¤¥�d�Z�=�Z�X�

��ü



�
�X�Z«,�X�#�X¦ Ö �C�Z�=�4� �W¢=�Z�"��� Ð4�H�Z� �l�V���H�Z�ÕåHý(TÕ²NèHþFT �,�V�Ýå,ÀFTÕ²/�Z�4�
�T�4§��Z� «,�4� ,²f�H�`�Z�"¤¥��÷ \ �,�V�|�Hý(T�²Lå,åFT �,�V�
ü�ÁFT�²&���4�
�T�4§��Z� «,�4� ,²o�H�c�Z�"¤��t÷±ÑH²_�Z�=��¤����=�"¤`¢V¤ ¢=�Z�"�"�"Ð4�H�Z� �l�®�H�Ð÷ \ �"�7èHþFT �,�V�®�Z���H�7�H�k÷îÑ`�"�k�Hý(T�¦`��� �Z�
��¤����=�"¤`¢V¤ó¢=�Z�"�"� Ð4�H�Z�"�l�¬�,�Ó�Hý(T�²:�Z�=�¾�V�"�
�
�#� ��¢=�
�4�¬�
A�Z�
�4¤Ú�V�,�¥��� �l�,�Ü���,���,�V§X�"�=�È�V�Z�,���"�4¤ �H�r÷ Ñ ¦ æ 
���=�,¤��"�V�"�V���Z�V���V�"�
�
�,�,���,¤ �,�e§X¢V¤`¢V�"�H�Z� «,�W���Z�4¡£¢V�4�V§�ª�,�:�Z�=��¤����=�"¤`¢V¤ ¢=�Z�"��� Ð4�H�Z� �l�_²_�:��§X�,�°�=�X�
�X�#¤��"�=�
�Z�=�7�T�X��§��4�£�Z�H�,�e�,�R�Z�"¤¥�e�5�,�$�.�V�"§��q�H�.� �4�,�
�$�l�=�e�,�u�Z�=���
�X�Z«,�X���.�"�C§���� �Z�"§X�,���  � �l�,�V�4�°×��Z�4q���=§��X�4�V�"�V�V�Hý(T
¢=�Z�"��� ÐX�4�[Ø#¦

Ù.�4�V§����:��¢V�
�W�Z�=�¯¹4ÆAÌWÆE÷ ¼,¸�³5Ê,¶a�?»Z¶h�XÆ�¶X´[¹XËW�,�:�Z�=��¤����=�"¤�¢�¤ ¢V�Z�"�"� Ð4�H�Z� �l�®�,¤¥�l�V�¾�,�"�r���X�°�
�X�Z«,�X�#�7�,�
�Z�=�C�T�X�Z���,��¤��,�V§��C§����"�
�X���"�E¦ ç �,�Z�$�Z�*�4§X� õ[§X�,�"� ,²l�H�/�Z�=�C�E§X§X¢=�Z���4�V§��C�,�*�,�W�,�[�
�X�Z«H�H�Z� �l�¥�,�f�Z�,¤¥�[�"�"�=�Q�"�V�
�Z�,�£�X²
�:�e§��l¤¥��¢=�
�c�Z�V�e¢=�Z�"�"�"Ð4�H�Z� �l���5�,�$�4�,§#�¾���X�È�
�X�Z«,�X�h�"�Õ�Z�V�7�V�Z�X«E� �l¢V�:�,���
�X��«��H�Z� �l�¯�"���
�X��«��,��¦f�h�=�4�Õ�N���
�,�Z�
�Z�=�¾�"���
�W�,�a�
�X��«,�X�d¢=�Z�"�"�"Ð4�H�Z� �l�V�`�"���
�¨�V�4§��Z�4�,�Z�"�=���,�#�=�X���,�V�Ü�
���,§�©j�Z�=�¾§X¢V¤`¢V�"�H�Z� «,�Õ���Z�4¡£¢V�4�V§X� �4�W���,���Z�=�
¤����=�"¤`¢V¤q²R�Z�=���Z�4§��l�V�¬¤d���E�"¤`¢V¤ �,�V�°�Z�V�d�Z�V� �#�°¤����=�"¤`¢V¤ ¢=�Z���"� Ð4�H�Z� �l�V�4¦Õß.�,�
�Õ�Z�V�H�W¢V�Z¢V�,�"�"È�,�"�L�Z�=�
�
�X�Z«,�X�#�X²£�X«,�4��� �*�h� �Z� �V�(òT�X�Z�4���L�V�Z�,�T�,�Z�Z� �l�V�4²l§��l���
���"��¢=�
�$�
�`�Z�V�"�f¤d���E�"¤`¢V¤ä¢=�Z�"�"� Ð4�H�Z�"�l�¥�V¢=���"�V�a�Z�V�h�4�£�Z� �Z�
�Z�"¤`¢V�"�H�Z�"�l�_²L��¦O�,¦ë�4�,§#���Z�X�Z«,�X�d§X�,�Î�,���ë�"�V�=�X�4�j���,�¥�T�4§��l¤¥�¾�Z�=�¯¤d���E�"¤d�,�"� °¢=�Z���"� ÐX�4�j�
�X�Z«,�X�d�5�,���
�l¤¥�
�T�X��� �E�¾�,�N�Z�"¤¥�W�V¢=���"�V���Z�=�¥�Z�"¤`¢V�"�H�Z� �l�&¦Q±r�"���,�"� ,²*�N�W��� �,�a�Z�=�W§X¢V¤`¢V�"�H�Z� «,�W���Z�4¡£¢V�4�V§�¾�,�f�Z�=�¥¤����=�"¤`¢V¤
¢=�Z�"��� Ð4�H�Z� �l�V�u�,���
�X�Z«,�4�d�H�5�
�X�f�Z�V�C�
���,�V�Z� �4�£�/�
�Z�H�
�$�,�[�Z�=�$�Z�"¤`¢V�"�H�
�,�4¦RÍ.�L�Z�=�@�.�¥�"�W�=�X�Z�,�"�=�"��áA�4§��Z� �l��þA²��h� �Z�
¤¥�l�
�u�V�Z�l¤����Z�"�=�C�Z§#�=�4�V¢V�"���=�]�*�l���"§X� �4�L×�Ó.Ó.ÁA²,ê$ÍaÔf² ç ÓhÔrØ_¢V��¢V�,�"� a�H�R¤¥�l�Z�o�l�=�L�Z�X�Z«,�X�R���&�@«,�X�#� �l�,�=�4���h�V�"� �
�Z�=�W�
�4§��l�V�È�V� �l�=�4�Z�.¢=�Z�"��� Ð4�H�Z� �l�q���H���4� q�,�£�4�a�T�X,�l�V�ÈýE¦ �®×��,�a���=�@�h�È�"�ª±R�"�l¢=�Z� �,�@Øh�,�V�ª�Z�=�`�Z�V� ���ª�=�X«,�X�
���=§��X�4�V��ýE¦ �¬×��,�����=�@�h�¬�"�¨±r� �l¢=���¾�4ÁlØ��f�Z�£¢��X²o�Z�=��§X¢V¤`¢V�"�H�Z� «,�����Z�4¡A¢=�4�V§�È�,�C�Z�=�d¤����=�"¤`¢V¤ ¢=�Z���"� Ð4�H�Z� �l�
�l� «,�4�c�Õ�V���4§X�"�
�`�4�
�Z�"¤��H�
�¥�,�N�Z�=�¥�H���"�"� ��¾�,�N�Õ�Z§#�=�4�V¢V���"�=�d�T�l�"��§�¾�
�q¤��"�V�"¤d� ÐX�e��«,�X��� �l�,�¨�Z�"�Z¢V�H�Z� �l�V�X¦7±V�,�
���=�,¤¥��� �,²/§��l�V�Z���=�X�e�Z�=���T�l�"�£� ×�ý~oiè	�ònZý~o �lØW�l�¬�Z�=� Ó.Ó�×�Òa�V� ���,��¤ Ø7§X¢=�Z«,� ���¬±r� �l¢=��� ÀA¦ Ö �����V�V�"§X�H�
�4�e�Z�V�H�
�h� �Z�Õ���Z�,���H���"��� �1dýE¦ �¥�Z�=�e¢=�Z�"��� Ð4�H�Z� �l���,�r�Z�=�c��¢V�Z�"�4�
�]���X�È�
�X��«,�X�h�"�C�T�4� ���ÑýE¦iè	�A¦

áE���V§��$�Z�=�Q�4«,�X���H�,�c�
E�
�
�4¤ ¢=�Z�"��� Ð4�H�Z� �l���"�N�
�X�:�
��ýE¦�å,ålè£²V�Z�=�a�V�"�
�
�#� ��¢=�Z� �l�`�,�&�Z�V�.¤����=�"¤`¢V¤é¢=�Z���"� Ð4�H�Z� �l�
�,�o�7·=¶�»��4¶Z¹4¸[�T�l�"�"§�¾×��,� �]�4E�C¤��,�"�£�Z�,�"�V�"�V�7��¢=�Z���"� Ð4�H�Z� �l�d�,�oýE¦�å,ålè��H�:�4�,§#���ìáVØL�Z�=�l¢��"���T�.�`�
�
�X����¢��V§��Z� �l�
�h�V��§��¨�,�A�4���5�Z�l¤ ý¾�
�Ü�d�H�W�¯¢=�Z���"� Ð4�H�Z� �l���,�$ýE¦�å,ålè£¦�áE�"�V§��¥�Z���"�7�Z�4��¢V� �e�"��¢V�=�Z�4�,���"�
�Z�"§H²o���ÝáA�4§��Z� �l�Ýþq�:�
§��l�V�Z���=�X�¥�,�Õ³�µ�¶�¼H÷/�,� �,�,��� �Z��¤q²/�Z�=����� � �?ÆE÷5÷$¹#ºH´�¸�»
ºH÷r�*�l���"§�,²f��¦O�,¦°�Z�V�ÕÓ.Ó ���,�¥�Z�=�q§X�,�
�¾�h� �Z�Ý�$�$Ô�dQýE¦
Ía� �Z�=�l¢=�l� �Z�V�"�N�,� �,�,��� �Z�V¤ä�V�,�:�N�,�#�
�.�T�X�Z���,��¤��,��§��$�Z�V�,�Õ�7�T�X�Z���4§��N�T�l�"��§�,²£� �:§X�,� �T�h§��l���Z�"�=�X�Z�4���,���"�=�4�,�
�Z�H�Z�,�X�Õ�T�4§X�,¢V�
�,²h¢��V�=�X� �¬�Z�4�,�"���
�Z�"§¾�Z§��4���H��� �Ý�,�7�=�l�E½1¢V�V�"�5�,��¤ §X�"� �4�£���V���
�
��� ��¢V�Z� �l�V�W�,�V�Û�$�$Ô!� ýE²h�=�
�Z§#�=�4�V¢V�"���=�`�,�"�,�,��� �Z�V¤â§X�,�¯�,§��V� �X«,���Z�=�X��� � �?ÆE÷5÷o¹#ºH´�¸�»
ºH÷=�T�X�Z�5�,�#¤��,�V§��,¦

���=�4�q�:�7�X«H�,�"¢V�H�
�7�Z�=���
�4�V�Z� �Z�"«A� ��d�,�R�Z�=�e�Z§#�=�4�V¢V���"�=�W�,� �,�,��� �Z�V¤â�*�X���5�,��¤d�,�V§��Q�
�d�,�Z�=�X�h�ZA�
�
�4¤Ï����½
���,¤¥�X�
�X�#�u�Z¢�§��e�,�R�$�$Ô��,�V�e�*�X�#§��4���Z�H�,�:�,�V�Z�"�=�l�"�X�
�l�7�=�l¤��,�"���X²��:�N�,�V�,�V�o�h���(ò*�X���4���R¤¥�X�
���"§H¦ Ö �V�V�X�4�_²��"�o�"�
�V�Z�X���X���H���"�R�
�.�Z�=�@�°�Z�=�+�,å�½0�Z�7�T�X��§��4�£�Z�"� �r�,�E�Z�=�f¤����=�"¤`¢V¤ì¢=�Z�"��� Ð4�H�Z� �l�Q�Z�V�H�&�"�4²@�Z�=���5�9�.�H×����Æz� ©÷îW¡��W¡¢£�Æ÷îW¡�&¤E¥
ý~o �,ålØ#²*�h�V�"§#�Õ�N�e¢��
�7�,�$�V���,���H���"�"�"�1d�"���V�"§X�H�
�,�$�Z�V�H�.�=���
�X�Z«,�X�.�,�R�Z�V�7���X�=½1�
�X�Z«,�X�Q�
E�
�
�4¤â�"�$�@«,�X��� �l�,�V�4�
×����=§��X�4�V�"�=���,åFTâ¢=�Z�"�"�"ÐX�4�[Ø#¦

�$�V���Z��¤�¢V���H�
�,���X²/���,�
�4�Ý�l�Ý�Z�=� Ö �V�=�X�T�4�V�=�4�£��Óh�X���"�"§X�H�Z� �l� ç �X�Z�=�A�&²f�N�X���Õ��¤¥��� �4¤¥�4�£�
�4�Ý¢V�Z�"�=�ª�Z�=�
à$á ÖUç ���,§�©��H�,��¿OÁ,Á�Â0¦ Þ �,§���«��,��¢=�h�"�N�Z�=�h���4�Z¢V� �f�,�&õ�«,�.�Z��¤�¢V���H�Z� �l����¢��V�/�h� �Z� �V�(òT�X�Z�4�£�N�
�X�4�V�4²£�h�V�X�Z�h�4�,§#�
��¢V�Õ�"�]���,�h�Z� ���=�l¢=�#�N�,�R�Z�=�c���X�=½1�Z�X�Z«,�X�.�
E�
�
�4¤â�,§��Z�"«A� ��,¦N±=�,�.�,�"�_�Z�"¤`¢V�"�H�Z� �l���Z�4��¢V� �Z�]�Z�=���h�q�"�Õ�Z�=�7�=���E�
�
�4§��Z� �l�&²*§��l�Eõ*�=�4�V§��������
�X�Z«H�,�"�.�N�X���e�4�
�Z�"¤d�H�
�4�_²_�,�V�¾�Z�=�r�,þFT §��l�Eõ[�=�4��§����"�£�
�X�Z«H�,�&�]�,�.�4�Z�Z�"¤��H�
�4�È�
� �T�
�h� �Z���"��üÆT �,�r�Z�=�7¤¥�4�,�_¦

�4þ



0

0.2

0.4

0.6

0.8

1

0.5 0.6 0.7 0.8 0.9 1

C
um

ul
at

iv
e 

F
re

qu
en

cy¦

Max Utilization

DNS full control
RR (Uniform)

RR (Zipf)
RR (Geometric)
Random (Zipf)

±R�"�l¢=�Z�eÀAÿ¨§ ����J�F0�îÿGþ�J0��>#�Q>#I=K$GZy@��K7þ�K°����F0<���FYþ@J0�����ª©
GZJ0��>#��ÿXg�«�«¾� õ ���
	{þ�������^]M,>?��� õ ���U��ü

¬ ¯® �¸�'01�(� ���! ����J°#��	�2��� �	

±=�,�ª�Z�=�®�*�X���5�,��¤d�,�V§����X«��,��¢V�H�Z� �l���,�`�Z�=���V�Z�,�T�l�
�4���Z§#�=�4�V¢V�"���=�Ý�,�"�,�,��� �Z�V¤��4².�:�¨§X�H�Z��� �4���l¢V�¾�j�"�H�Z�,�
�A¢V¤e�T�X�C�,�r���E�*�X�#�"¤¥�4�£�Z�X¦fêQ¢=�7�
�d�
�[�,§��e�"�"¤��"�Z�H�Z� �l�V�X²E�l�V� ��¥�����,§��Z� �l�¾�"�$�V�Z�4�
�4�£�
�4�¯�=�X���,¦L�$�=�c�,�l�,�u�"�]�
�
¤¥�4�,�Z¢V�Z�7�=�@� ��ò*�4§��Z�"«,�4� Õ�Z�=�7êQßQá¾�Z§��=�4��¢V�"�"�=�W�,� �,�,���"�Z�V¤��X²E�Z�V�H�h§��l�£�
�Z�l�o�l�V�  ��«,�X�Zq�Z¤��,�"�T�T�X��§��4�£�Z�H�,�
�,�h�Z�V�Õ�,���=�Z�4�Z���Z�4�
�l�"¢V�Z� �l�°���4¡£¢=�4�Z�Z�X²L§X�,�j¤��"���"¤�� ÐX����«,�X��� �l�,�ë��� �Z¢V�H�Z� �l�V���,�.�®�V���
�
��� ��¢V�
�4�¨���X�=½1�
�X��«,�X�
�
E�
�
�4¤q¦

±���� «9IQ¬8BD&(!$F®+;H#C*+#K!�R,¬m.,B8;H�¯!�RP!�R,°±BD&(;H��$F!QB8R
Ö �¯�Z�=��õ����Z�.�
�X�a�,�/���A�T�X����¤¥�4���Z�.�:�����A§X¢��h�l�®êQßQá¯�,� �,�,���"�Z�V¤��.�Z�V�H�a¢��
���"�V�5�,��¤d�H�Z� �l�¯�H�T�l¢=�a�Z�=�e�,�#� �l�"�
�,�r�Z�=�7§X�"� �4�£�C�Z�4¡A¢=�4�
�Z�$�,�h�Z�=�7���,���"�]�5�,�.¤��H©A���=���Z§��V�4�V¢V�"�"�V�`�=�4§X���Z� �l�V�X¦

±r� �l¢=���WÀ �Z�=���h�a�Z�=�W�*�X���5�,��¤d�,�V§��e�,�N�Z�=�`Ó.Ó �,� �,�,��� �Z��¤ �"�È�,�È�4��«E� �Z�l��¤¥�4���a�h�=�X�����Z�=�W§X�"� �4�£�Z�Q�H�Z�
¢V�V�"�5�,��¤d� ��V�"�
�
���"��¢=�
�4�°�,¤��l�=���Z�=�q�=�l¤��,�"���`�,�¥§��l¤����H�Z�4�Ü�
���Z�V�H�W�,�h�Z�V�¾ÓhÓ �h�=�X�����Z�V�Õ�A¢V¤��T�X�`�,�
§X�"� �4�£�Z�¥�T�4�V�"���°�4�,§#���=�l¤d�,�"�j�"�¥¤¥�E�=�4� �4�Ü�AÝ�¨��¢=�Z�ÎUT� ������¥�V�"�
�
���"��¢=�Z� �l�_¦¬���¯�,�Z�Z¢�¤¥�¾�¨�V�"�Z�
��� ��¢=�
�4�
�
E�
�
�4¤ �h� �Z�ÜÁHý®�=�l¤��,�"�V���,�V�Ü�$�$Ô��
�X�`�
�¨Á�ülýÈ�Z�4§��l�V�V�X¦®�$�V�"�7õ��l¢=�Z���V�Z��«A���=�4�e�l�V� �,�$�Z�V� �V�#�"�V§X� ���,�
¤¥�,�Z� «H�H�Z�"�=�Q���,§��
�,���f���,�f�Z�V���R�Z�Z¢V�=,¦r�Û���"� �:�Z�=�$ÓhÓÎ�*�l���"§�e¢V�V�V�X�r¢��V� ���,��¤ �V�"�
�
���"��¢=�Z� �l�e�*�X���5�,��¤d�R§X�"�l�
�C�
�
�Z�=�Q³�µ�¶Z¼H÷��T�l�"�"§�c�Z�V�H�r�l� «,�4�r��¢V�"�£§��l���
�Z�l�E�
�Q�Z�=�CêQßcá7���,�r�Z�4¡A¢=�4�
�Z�r�Z�4�,§#�V�"�=�a�Z�=�]���X�=½1�
�X�Z«,�X�N�
A�Z�
�4¤ ×²��� ��?ÆA÷�÷&¹�ºH´[¸�»UºH÷=�"�:�,�V�Z�,���=�4�Õ�5�,�C�¥�$�hÔ�dQý�Ø#²=¢V�V�V�X�N�Z�=�c¤¥�,���a���4�,�"�"�
�Z�"§a§X�,�
�c�,�R�rU_� �V����]�V�"�
�
�#� ��¢=�Z� �l�&²l±R�"�l¢=�Z�
ÀÈ�Z�=���h�`�Z�V�H�³�"�.�.��×����Æz� ²÷�WB�=WB¢£�(÷îW¡�&¤´¥âý~o �,ålØq� ý~o�ÀHýE¦¬�$���"��¤��4�,�V�W�Z�V�H�¥ÓhÓ �H�V�[�"� �4�¬�
�®�®�Z§��4���H��� �
�h� �Z�ª� �Z©,�X�N�4�®§X�"� �4�£�.���"�
�
��� �[¢=�Z� �l�q§X�,¢V�
�4�Q�H�Q� �4�,�
�a�l�=�e�Ñá¯�
� �T�`�V� �l�V� ��@«,�X�#� �l�,�=�4�j×�ýE¦ �,åÕ¢=�Z�"�"�"ÐX�4�q�,�
�H�T�@«,��Ø$�5�,�a�,�"¤¥�l�
�cè�ý(T �,�/�Z�V�e�Z�"¤¥�,¦C�$�V�7�T�X�Z�5�,�#¤��,�V§��e�"�$�X«,�4�ª�:�,���
�e�h�=�4�¯§X��� �4���Z�.�H�Z�e�,�X�l¤��X�
���"§X�,�"� 
�V�"�Z�
��� ��¢=�
�4�&¦&Í.�"�Z�Q���=�@�h�W�"���Z�V�"�uõ��l¢V�Z�:���o�Z�=�Q»
¼H´[µlº,Ìì�*�l���"§�,²H�5�,�/�kUT� �V����R�V�"�Z�
��� ��¢=�Z�"�l�c�,�[§X�"�"�4���Z�R�T�4�V�"�V�
��Ô��`²*�h�=�X�Z�`�����X�¨�
�X��«,�X�a�"�.���,�V�V�l¤�� q§��=�l�Z�4�ª���,�a�4�,§����,�Z�Z�"�l�V¤¥�4�£�X¦.ß.�,�a�Z¢V�Z�V���"���"�=�l� ,²E�Z�V�"�a�V�,�.�Z�=�
�:�,���
�$�T�X�Z���,��¤��,�V§��,¦

±r� �l¢=����ü¯§��l¤¥���H���4�7�Z�=� �*�4���4«E� �,�7�,�]�Z�=���Z�=���X�d�,� �,�,��� �Z��¤��c�Z�V�H���l�V� ®¢V�
��Ô��â�"�=���,��¤��H�Z� �l�&¦ æ �,�Z�
ê$ÍaÔ®�,�V�dÓ.Ó.Ác���=�V� �[� �/¤�¢V§#�d�T�X�
�
�X�N�*�X���5�,��¤d�,�V§��$�Z�V�,� ÓhÓ7²£�h�V�"�"�:�Z�V�.ê$ÍaÔÈ�*�l���"§���T�X�Z���,��¤��r�Z�V�h�T�4�
�X¦

�4å



Í.�l�,�"�¾���
E�
�
�4¤ �.� �Z�¾ÁHýd�=�l¤d�,�"�V�C�,�V�¾�h�$Ô¨�
�X�$�
��Á�ülýd�
�4§��l�V���$�"�C�,�Z�Z¢�¤¥�4�_¦
�$�V�d�T�X�Z���,��¤��,�V§��d��¤¥�V�Z��«,�4¤¥�4���W�,§���� �X«,�4�Ý�£¨ê$ÍaÔì�,�V�ÝÓhÓaÁq�h� �Z�°�Z�4�
�T�4§��e�
�®ÓhÓ$½1êQßQá¬�"���H�l�,�"�

�Z�=���h�Û�£�±R�"�l¢=�Z��þ°���,�q�Ü�Z§��4�V�H��� �Ü�"���h�V�"§#�Î�Z�V�È�$�hÔ �*�X�#� �A��§��=�l�Z�4���£ÎêQßcá��"���Z�4�V¢V§��4�Û�
�ì�4þHý
�
�4§��l�V���X¦°Òa�V�=�X�W�Z�V�"�`¤¥�,�Z�q§��l�£�
�Z�l�"� �4�Ü�4�£«A�"�Z�l�V¤¥�4�£�X²/�h�=�X�Z�q�®�V� �l�V�X�`�A¢V¤��*�X�W�,�h�,���=�Z�4�Z�`�Z�4�
�l��¢=�Z� �l�
�Z�4¡A¢=�4�
�Z�.�Z�4�,§��V�4�.�Z�V��êQßQáT²��T�,�Z�ªêhÍ.ÔÜ�,�V�ÈÓhÓaÁ¥���=�V� ��� �C�T�X�Z���,��¤��,��§��7�h� �Z�ª�d§��l�£«,���È�Z�V�H�T�7�.�V�"§��ª�"�
�Z�"¤d�"�"�H�$�
���Z�=�����=�4�,�o§X¢=��«,�,¦.�$�=���Z�4�"�H�Z� «,���,���=�X�Q�,¤¥�l�=���Z�=�W�
�
���H�
�X�l� �4�Q§����,�=�,�4�Q� �"�"�
�Z� �,²[�,�V�ªÓhÓaÁd�=���
�T�X�Z���,��¤��f�c�[� �/�T�X�
�
�X�L�Z�V�,� ê$Í.ÔL¦£�$�V�h¤��,�"�¥���4�Z¢V� �f�Z�V�@�h������±r� �l¢=�Z�.þ7�"�/�Z�V�H�X²A�h�=�4�¥�Z�V�hêQßQád§��l���
���l�"�
�X«,�4�Ý�¾�Z�"� �l�£�Z� ®�V� �l�=�X�c�T�X��§��4�£�Z�H�,���,�:���4¡£¢=�4�Z�Z� ×�å%�Eè'T �,��§��l¤¥�[�H�Z�4�¨�
�®Á%�AÀFT �,�C±r� �l¢=�Z�dü£Ø#²u�X«,�4�¬�Z�=�
�
�
���H�
�X�l�"�4�$�Z�V�H�$¢V�Z�c�l�V�  �V�l¤��,�"�Õ�"�=���,��¤��H�Z� �l�Õ�,§#�V� �X«,�e�¥�Z�"�l�V�(õ[§X�,�£�C�"¤¥�V�Z��«,�4¤¥�4�£�$�,�$§��l¤¥���H�Z�4�¾�
���Z�=�
ÓhÓé�T�l�"�"§�,¦��$�=�¥���Z�,���H���"��� �1ª�Z�V�H�e�=�q�Ñá��"�Q��«,�X��� �l�,�=�4�Ý�"�c¤¥�,�����Z�V�,�à�Hý(T �5�,�`ê$Í.ÔÛ�,�V�¨Ó.Ó.ÁA²r�,�V�
� �4�Z�]�Z���,�¯åHý(T ���,�hÓhÓe¦VÙh���N�X«,�X�@²*�"���Z�=��¤¥�,�Z�c�Z�4�,�"���
�Z�"§Q�Z§��4�V�H���"���Z�=�@�.�q�"�q±r� �l¢=�Z�cü¥�h�V�X�Z�7�$�$Ô¨���C�
�X�
�
��Á�ülý¥�
�4§��l�V�V�4²A�Z�V�.�V���,���H���"�"�"�1W�,�u�V�@«A���=�`�,�Õ¢V�£���,�"�,��§��4���Z�X�Z«,�X�C�"�]�
�Z�"�"�[�V� �l� �5�,�C�,�£d�T�l�"�"§�¥�Z�V�H�]�l�V�"
¢V�
�4�h�"�=���,��¤��H�Z� �l�Õ�l�q�Z�V�c�,��� �l�"�Õ�,�r�Z�=�7§X�"�"�4���C�Z�4¡A¢=�4�
�Z�4²��,�V�¾�=�A�4�$�=�,�$¢��
�7�
�X�Z«,�X�a� �l�,�¾�"�=���,��¤��H�Z�"�l�_¦

0

0.2

0.4

0.6

0.8

1

0.5 0.6 0.7 0.8 0.9 1

C
um

ul
at

iv
e 

F
re

qu
en

cy¦

Max Utilization

DNS full control
DAL (Zipf)
RR2 (Zipf)

RR (Zipf)
Random

±r� �l¢=�Z��ü=ÿ ýE��F�I\>#F0K$G�� õ �L>#I�� õ ���
	bþ�������^$M,>?��� õ ���U�RS&�OJ0�7	�>�}
K$G#���.���@I(>�F0K$G�J0��>?�Sµ"�_�_v¶/��s?|�·iü

0

0.2

0.4

0.6

0.8

1

0.5 0.6 0.7 0.8 0.9 1

C
um

ul
at

iv
e 

F
re

qu
en

cy¦

Max Utilization

DNS full control
DAL (Zipf)
RR2 (Zipf)

RR (Zipf)
Random

±r� �l¢V�Z�`þAÿ ýE��F�I(>�F0K$G#� õ �N>�I�� õ ���
	{þ�������^CM,>?��� õ ���U�RS&�OJ0�e	�>#}
K$G#���a����I\>#F0K$GZJ0��>#�Sµ"�_�_v0¶7÷
t#|¸·iü

±��=� «9IQ¬8BD&(!$F®+;H#C*+#K!�R,¬m#K-3&'78-3&9I�BD�¯.µ!�R,°±BD&(;H��$F!QB8R
���Q�=�@���X«H�,�"¢V�H�
�h�Z�V�.�T�X�Z���,��¤��,�V§��h�,�&�Z�=�.�,�"�,�,��� �Z�V¤��L�Z�V�H�]§X�,�d���,�Z�.�Z�=�4�"�N�Z§#�=�4�V¢V�"���=�7�=�4§X�"�Z�"�l�V�f�l� �Z�=�
�,§��Z¢V�,�&�"�l�,� �,�R�Z�=�Q�ÑáE�X¦f±r� �l¢=�Z�7å`�Z�=���h�]�Z�=�c�T�X�Z���,��¤��,�V§��a�,�u�,���[�Z�V�c�*�l���"§X� �4�:�V�"�Z§X¢V���
�4� ���qáE�4§��Z� �l�¾ÀA¦�Á
�"�®�,���V�X�7�
�ª�"�£«,�4�
�Z� �l�H�
� �h�V�"§#���"�=���,��¤��H�Z� �l���H�T�l¢=�7�Z�X�Z«,�X��� �l�,�°�"�7¤¥�l�
��¢V�
�X��¢V��¦��$�=�¥���4�Z¢V� �Z�c�"���V�"§X�H�
�4�
�Z�V�H�h�"�$�"�]�V�Z�X���X���H��� �c�
� ¤��H©,�e�Z§#�=�4�V¢V�"���=�`�V�4§X�"�Z� �l�V�]�[�,�
�4�q�l�¾�Z�V�7¤¥�l�
�$�Z�4§��4�£�h� �l�,�¯�"�=���,��¤��H�Z� �l�Õ�l�V�",¦

�$�V� ÔoÒ �T�l�"��§�,²u�h���"§��¬¢V�
�4�`¤¥�,�Z�����,�
��×��,�¥�V���
�
�,���"§X�,�5Øc�"�=���,��¤��H�Z� �l�_²R�V�,�`«,�X�Z��T�£�,�`�T�X�Z���,��¤��,�V§��
×��X«,�4�j�:�,���
���Z�V�,�Ü�Z�=�����,�V�=�l¤ �T�l�"�"§�VØ#²/�h�V��� ���Z�=�qÔoãNãLÒ �T�l�"��§�,²/�Z�V�H�W�l� «,�4�¥�ª¤d�"�=�,�`�N�4� �l�£�W�
���Z�=�
� �4�Z�Q���4§��4���7�"�V�5�,��¤d�H�Z� �l�_²&�"�Q¤`¢V§����T�X�
�
�X�c�Z�V�,�°ÔoÒ�¦TÙ.�@�:�X«,�X�4²R�Z�=�¥�T�4�
�Q�T�l�"�"§�¯�"�QÔuÒ.ßä�Z�V�H�7§��l�V�Z���=�X���
�l�V�  �Z�=�e�"�,�Z�
�4�
�h� �l�,�¾���=�5�,�#¤��H�Z� �l�_¦ Ö �Õ���H�Z�Z�"§X¢V���H�4²=ÔoÒaß$½1�V�,�"«,�e�"�C�T�X�
�
�X�$�Z�V�,�¯ÔoãLãNÒ$½1���,� «,�,²��,�V�¾ÔuÒ.ßh½
¤¥�E�V�(õ��4�Ý�"�`�T�X�
�
�X�¥�Z�V�,�jÔoãNãLÒh½1¤¥�E�V�(õ��4�_¦�ß.�,���Z¢=�Z�����"�Z�"�V�l� ,²u�Z�V�Õ¤��A�V� õ��4�°«,�X�#�Z� �l�V�`�,�h�Z�V�¾�"�,�
�W�1�:�
�T�l�"�"§X� �4�4²£�h���"§��q¢V�Z�7�"�=���,��¤��H�Z� �l�Õ�l�q�Z�V�7�
�4§��l�V�¯¤d�"�V�"¤`¢V¤q²A�V�4«,���*�X�
�
�X�h�*�X���5�,��¤d�,�V§��c�Z�V�,�q�Z�=�4�"�$�V�,� «,�

�@è



0

0.2

0.4

0.6

0.8

1

0.5 0.6 0.7 0.8 0.9 1

C
um

ul
at

iv
e 

F
re

qu
en

cy¦

Max Utilization

DNS full control
LU

LUN (naive)
LUN (modified)

LPPU (naive)
LPPU (modified)

Random

±r� �l¢=�Z�¥åAÿ ýE��F�I(>#F0K$G�� õ �L>#I*� õ ���
	{þ�������^$M,>?��� õ ���U�rS&�OJ0�`G õ }
õ þ@F1G�J0�/��>�G#	a����I(>�F0K$G�J0��>?�.I\F0>?Kë����F0<?��F�ü

0

0.2

0.4

0.6

0.8

1

0.5 0.6 0.7 0.8 0.9 1

C
um

ul
at

iv
e 

F
re

qu
en

cy¦

Max Utilization

DNS full control
DAL

DAL-Thr1
LUN (modified)

Random

±r� �l¢V�Z��è£ÿ k*>?KCM�G�F0����>?�a>#I=� õ ���
	bþ�������^]M,>#��� õ �����uS&�OJ0�Q��g@��}
õ �@F0>?��>(þ��&G��H	QG���g�� õ �@F0>?��>Pþ��_����F0<���Fo����I(>�F0K$G�J0��>?�mü

§��l¢V�£�
�X�Z���H�Z�Z�4¦
�$�V�e�Z�4�,�
�l�ª���,�a�Z�V���"�=��òT�4§��Z� «,�4�=�4���h�,�f�T�l�"��§X� �4�C���,�
�4�ª�l�È¤¥�,�Z�W�V�"�
�
�,����§X�,�&� �l�,�È�"�=���,��¤��H�Z� �l�ª§X�,�ª�T�

�H�
�
��� �[¢=�
�4�®�
�¾�Z�=�d�VA�V�,¤d�"§X�a�,�:�Z�V���V�"�
�
���"��¢=�
�4�ª���X�=½1�
�X�Z«,�X�W�
E�
�
�4¤q¦�êQ¢=�¥�
�¾�Z�=� �"�H�Z�,�¥«H�H���"�H���"��� �1¾�,�
�Z�=�WÔ��Q�a�,�c§X�"� �4�£�Z�a�,�Z�Z� �l�=�4�ª�
�q�d�Ñá*²*�Z�=�W�
�X�Z«,�X�c� �l�,�È�"�=���,��¤��H�Z� �l�ª�T�4§��l¤¥�4�a�,���
�l� �X�
�W¡£¢��"§Z©E� ¾�,�V�È�"�
�T�£�,�#�  §��,�Z���4�"�H�
�4�q�h� �Z�Õ��¢=�Z¢=���c�ìáÕ�"�l�,�_¦

Ía�`��¢=���Z�=�X��§��l�Eõ[��¤��H�Z� �l�¬�,�$�Z�V�"���Z�4�Z¢�� �X²u�:���,���
�X�Z«,�4�ì×��=�,�W�Z�=���h�Ü�=�X�Z��ØQ�Z���H�`�Z�V��ÔuÒ.ßh½1¤¥�E�V�(õ��4�
�T�l�"�"§�È�V�,�7�"�V§����4�,�Z�"�=�l� ª�T�X�
�
�X�e�T�X�Z���,��¤��,�V§��¥�h�"�Z���¾�V� �l�=�X�c���Z�4¡A¢=�4�V§�È�,�C�
�4�V�V�"�V���Ñá��"�l�,�¨�"�=���,��¤���½
�Z� �l�Ý�
�®�Z�=�qêQßQá*¦/Ù.�@�:�X«,�X�4²:�Z�V�"�`�"¤¥�V�Z��«,�4¤¥�4�£�W�����,§#�V� �X«,�4�ë�H�W�Z�=�Õ�V����§��d�,�h���E�
���®§��l¤¥��¢V�Z�H�Z� �l�j�,�V�
§��l¤�¤`¢V�V�"§X�H�Z�"�l�V�:�@«,�X���=�4�,���C�V¢=�h�
�W�Z�=�c�V�"�l�=�X�:�A¢V¤��T�X�N�,�o¤��4�Z�Z�H�,�4�]���=§��V�,�=�,�4�Õ�T�X���N�X�4�Õ�Z�=�Q�ÑáE�]�,�V�
êQßQáT¦ Ö �¥�
�#�,�V� �Z� �l�V�,�A���H�#�,�"� �4�5û��V���
�
��� ��¢V�
�4�e�
E�
�
�4¤��X²��Z�V�"�/§��l�
�L���r�,�5�
�4�¥�:�,�Z�Z�£�h�V�"�"�:�T�4§X�,¢V�Z�$�c§��4���
���,��� ÐX�4�
�Z§#�=�4�V¢V� �X�C�Z���H�C�
���,§Z©E�$�Z�=�7�,§��Z¢��,�&� �l�,�Õ�,�r�,�"�T�Z�=�7�
�X�Z«,�X�#�C¢V�Z¢V�,�"�"d� �4�,�V�]�
���Z�V�c�*�4�Z�:�T�X�Z���,��¤��,��§��,¦f�$�V�"�
�"�a�=�,�a�Z�=�¥§X�,�
�W�5�,�a�Z�=�¥�V�"�
�
�#� ��¢=�
�4�q���X�V½1�
�X�Z«,�X�7�
E�
�
�4¤ ¢V�V�=�X�Q§��l�V�Z���=�X���H�Z� �l�_²*�T�4§X�,¢V�
�`�,�Z�=�X�Q�T�l�"�"§X� �4�X²
�Z¢V§#�¨�,�7ê$ÍaÔf²R�,§��V�"�X«,���X«,�4�¨�T�X�
�
�X�e���4�Z¢V� �Z�Q�Z�V�,�°ÔoÒaß$½1¤¥�E�V�(õ[�4�ª�.� �Z��� �@�:�X��§��l¤d¤�¢V���"§X�H�Z� �l�V�c§��l�
�`�,�
�Z�=���h�¨�"�°±R�"�l¢=�Z��è£¦Õ�$�=���T�X�Z���,��¤��,��§����"�c�X«,�4�¬�*�X�
�
�X�@²R� �]ê$ÍaÔ��"�7§��l¤����"�=�4���.� �Z�¨�,�°�,���H��¤ ¤¥�4���Z�H�,�
×�ê$ÍaÔ_½1�$�V�@�@Ø/�Z���H�:�=�A�4�L�V�,�N�"¤¥�T�l�
�.�e�"�H�Z�,�.�@«,�X���V�4�,�_²V�,�N���"�Z§X¢V�Z�Z�4���"��¤¥�,���.�=�X�Z�,�"�*�"�¥�Z�V�.�=���E�:�Z�4§��Z� �l�_¦
�$�=�X���X�5�,�Z�,²L�N�q§X�,�j§��l�V§X�"¢��=�Õ�Z�V�H�¥�"�Ý�Z�=�q�V�"�
�
���"��¢=�
�4�¨���X�V½1�
�X�Z«,�X�d�
E�
�
�4¤q²N�,�¥�"�ì¿(��ü,Â0²f�Z�=�q�Z�=���4�Z�=�l�"�
�T�l�"�"§�®¢V�Z�"�V�Õ�ª�Z¤��,�"�L�,¤¥�l¢V�£�e�,�C�
�Z�H�
�Õ�"�=���,��¤��H�Z� �l�ë×��"�V���A�T�4�V�Z�"«,�¥�*�,�Z�¨�5�Z�l¤ �Z�=� §��l¤���¢=�Z�H�Z� �l�V�,�N�,�V�
�Z�=�e§��l¤d¤�¢V���"§X�H�Z� �l�V�C�T�l�"�£�C�,�r«A�"�X�aØ:�V�Z��«A���=�4�C�Z�=�e¤��l�
�h�Z¢=�[�
�Z�,���Z���,�_�T�X�Z�5�,�#¤��,�V§��7�"¤¥���Z�@«,�4¤¥�4�£�X¦]�$�V�"�
¤¥�,�Z� «H�H�
�4�$�Z�V�7�Z�4�
�4�H��§#�¾���,�$�T�l�"�"§X� �4�:�Z�V�H�.§��l¤e�����=�7§X�"� �4�£�$�,�V�¾�
�X��«,�X�h�"�=���,��¤��H�Z� �l�&¦
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Ö �7�Z�V�"�u�
�4§��Z� �l���N�N�X«��,��¢V�H�
�L�Z�=�N�T�X�Z�5�,�#¤��,�V§��f�,�=�T�l�"�"§X�"�4�_�Z�V�H�u§��l¤����"�V�L�=�l¤��,�"�e�h� �Z�7�Z�X�Z«,�X�R���=�5�,�#¤��H�Z� �l�_²
�h� �Z�V�l¢=�.���4¡£¢V�"���"�=� �Z�=�W�5�Z�4¡A¢=�4�£�Q���E§#�V�,�=�,���,�:¤¥�4�Z�Z�H�,�4���,�c�"�È�Z�=�¥ÔoÒaßé�T�l�"�"§�,¦WáA�T�4§X�(õ[§X�,�"� ,²*�:�`���E§X¢V�
�l�Ý�T�l�"�"§X� �4�`¢V�Z�"�V�¯�Z�=�Õ�@«,�X�#� �l�,�j�,�"�H��¤q²N�,�V�Ý�Z�=� ç Ó.Ô��*�l���"§���Z�V�H�¥�,�"�
�®�Z�4¡A¢V� �Z�4�`�,�Ü�4�
�Z�"¤d�H�
���,�.�Z�=�
¤¥�4�,���Z��¤¥�¥�,�:�¯§X�"� �4�£�Q�Z�4�Z�Z� �l�_¦¥�$���"�Q�"�=���,��¤��H�Z� �l�®�Z�4¡A¢V� ���4�a�"�@�é§��l¤�¤`¢V�V��§X�H�Z� �l�V�Q�@«,�X�#�=�4�,�V�X²R�T�4§X�,¢V�
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Max Utilization

DNS full control
DAL

DAL-Thr1 [0.9]
DAL-Thr2 [0.9,0.8]

DAL-ThrT [0.9]
Random
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Max Utilization

DNS full control
RR2

RR2-Thr1 [0.75]
RR2-Thr2 [0.85,0.8]

RR2-ThrT [0.9]
Random
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�Z�=�q���,��¤¥�X�d�����"¤¥���"�4¤¥�4���
�4�Ý�Z�=���l¢=�l�ë�,�
E�V§��V�Z�l�=�l¢V��¤��4�Z�Z�H�,�4�X²]�h�V��� � �Z�V�¾�"�H�
�
�X� �"�¥�ZA�V§#�=�Z�l�=�l¢��¥��¢=�
�Z�=�W�T�X��� �E�ª§X�,�®�T�W�"�H�Z�,�¾×���¦O�,¦7�,�N�Z�=�W�,���=�X�c�,�:¤��"�A¢=�
�4�h�,�c�
�4���Q�,�N¤��"�A¢=�
�4�#Ø#²&���"�V§��`�Z�=�¥�"�=���,��¤��H�Z� �l�È�"�
�1A���"§X�,���  �
�Z�H�[� �,¦

����§��l¤¥���H�Z�¥�Z�=�d�Z�4�Z¢V� �Z�Q�,�:�Z�=���Z�V�Z�X�¥�5�X�4�V���,§Z©��
�
���H�
�X�l�"�4��×��$�V�@�H²o�$�=�?Á �,���¨�$�=���aØh�V�4�Z§���� �T�4�®�"�
áA�4§��Z� �l�¾ÀA¦�ÀA¦"�7�Z�V�H�$§��l¤e�[�"�=�c�,�
E�V§��=���l�=�l¢V�]�Ñá��,�"�H��¤��]�h�"�Z� �Z�V�7ê$Í.Ô¬�,�V�qÓhÓaÁ`�,� �,�,��� �Z�V¤d�X¦f±=�,�$�4�,§#�
�Z�=�Z�4���=�l�"�¨�T�l�"��§�,²u�Z�=���Z�4�Z¢�� �Z�e�Z�V�@�h�Ý�"�°±r� �l¢V�Z�4�t�ª�,�V�|�¾���X�5�X�`�
�ª�Z�V� �T�4�
�`�
�X���,�C�[�H���,¤¥�X�
�X���`���l¢V�V�
�Z�=�Z�l¢V�l�°�¾«,�X��¨�"�H�Z�,�d�
�X���,�C���A�T�X����¤¥�4���Z�4¦�Ía�Z�Z¢V¤d�"�=�¾�¯ýE¦�ýlþª�V�(òT�X�Z�4�V§�� �"��Û ����� �,�V�"Û ��� ²r�Z�=���T�4�
�Û������°�,�V�CÛ����ì«H�,�"¢=�4�$�5�,�$�Z���"�C�Z§��4�V�H���"���H�Z�7�T�X�1�:�X�4�¯�Z¡A¢V�H�Z�c�����,§Z©,�X�Z�X¦

���a�
�X�C�Z�V�H�L�Z��¤¥��� 7�
�#�,§Z©E�"�=�c�Z�=�h�V�4�4«E�"� ��"�l�,�=�4���
�X�Z«,�X�#�f�"¤¥�V���@«,�4�/�Z�=�h�*�X���5�,��¤d�,�V§��,¦ Ö �W���H�Z�Z��§X¢V�"�H�4²
�$�=�#� �=�£�4���=�,�e�"¤��V�Z�@«,�d�Z�=���T�X�Z���,��¤��,�V§���¤`¢V§��¬�,�e§��l¤¥�[�H�Z�4�¨�
�¾�Z�V�d�,� �,�,��� �Z��¤��c�h� �Z�V�l¢=�c�5�X�4�V���,§Z©*²
�h�V��� �e¤¥�,�Z�¥§��l�V���"�
�
�4�£�Q��¤¥�V�Z��«,�4¤¥�4���Z�c§X�,�È�T�W�,§��V� �X«,�4�¨�£¯¢��Z�"�=� �4� �Z�=�X�c�$�=�@���,�c�$�=�#ÁA¦c�$���"�.�V�4¤¥�l�E½
�
�
���H�
�4���Z�V�H�e�¾�
�4¤¥�T�,���,�f�Z�=���4�Z�=�l�"�_²&��¢V§��¬�,�e�$�=�#�c²&�"�7�=�,�e�V�Z�X���X���H��� �W�
�ª�¯¡£¢V�,�£�Z� �Z�H�Z� «,� �Z�=�Z�4�Z�V�l�"���"�
�=�4§X�"���"�=�W�h�=�4�q�¥�ÑáÕ�Z�V�l¢V�"���Z��½0�4�£�
�X�.�Z�=�7�Z�X�$�,�/�,§��Z� «,�e�
�X�Z«,�X�#�X¦

�$�V�f�V�(òT�X�Z�4�V§��4�_�T�X�1�:�X�4�e�h�=�@�r�,�V�7�$�V�#Á]�H�Z�L�=�,�&§��l���Z�"�
�
�4�£�X¦ Ö �c���H���Z�"§X¢V�"�H�4²�ê$Í.Ô��,�V�7Ó.Ó.Á:�h�"�Z�c�1�:�
�Z�=�Z�4���=�l�"�V�/�=�7�V�,�/�*�X���5�,��¤ �T�X�
�
�X�N�Z�V�,�¥�Z�=�$§��,�Z���4�
�T�l�V�V�"�=�c�,� �,�,�#� �Z�V¤��r�h�"�Z�W�l�=�$�Z�=�Z�4���=�l�"�_¦R�$�=�X�Z�X���,�Z�,²
�l¢=�W�V�Z�X���X�Z�4�V§��Õ�"���5�,�W�Z�=�q�
�
�#�H�
�X�l� �4�W�h� �Z�Ý�®�Z�"�=�l� � �Z�=�Z�4�Z�V�l�"�9Û������f¦��$�V�"���"�`�5�,�W���N��¤��,�"�Ý�Z�4�,�Z�l�V�Xÿ
�Z�=���
�
���H�
�X�l� �4�`�h� �Z�¬�ª���"�=�l� ���Z�V�Z�4�Z�=�l�"�°�,§��V� �X«,�q�¯�*�X���5�,��¤d�,�V§��d�h���"§��¬�"�e§��l¤¥�[�H���H��� � �
�ª�Z�=� �T�l�"�"§X� �4�
�h� �Z���1�:�e�Z�=�Z�4���=�l�"�V����Z�=�X¥�V�4«,�.�l�=�.� �4���/���H���,¤¥�X�
�X�@²£�Z�=�X���X�£¥�Z�"¤����"� ��A���=�h�Z�=�h�Z¢V�V�"�=�Q�,�_�Z�=�.�Z§��=�4��¢V�"�"�=�
�,� �,�,���"�Z�V¤ �"�q���=E�V�,¤���§a��§��4�V�H��� �=¦

�$���"�L�
�4§��Z�"�l�����=�@�h�:�Z�V�H�]�,�"�[�Z�=�Q�,� �,�,��� �Z�V¤d�f�h� �Z���,�£d�,�"�H��¤ä�5�X�4�V���,§Z© �5�Z�l¤ä�ÑáE�L�
�W�Z�=�QêQßQá �V�@«,�
�T�X�
�
�X�W�*�X���5�,��¤d�,�V§�� �Z���,�¬�Z�V�4� �`�V�l�E½0�5�X�4�V���,§Z©Ý§��l¢V���
�X�����H�Z�Z�X¦¨�$���"�7�Z�4��¢V� �������"¤��*�,���Z�,���`�T�4§X�,¢V�
���Z�V�"�
�T�X�Z���,��¤��,�V§��7�"¤��V�Z�@«,�4¤��4���$�"�h�,§��V� �X«,�4�ª�H�h�"� �
�Z�"�Q���V§��Z�4�,�
�c�,�r�Z�=�e§��l¤d¤�¢V���"§X�H�Z� �l�V�]��«,�X���=�4�,�_¦

�u�e¢V�V�V�X���
�Z�,�V�¥¢V�Z�X��¢V���=�4�Z�r�,�_�V�(òT�X�Z�4�£�/��� �4§��4�f�,�_�"�V�5�,��¤d�H�Z� �l�_²l±r� �l¢=�Z�7�Xý�§��l¤¥���H�Z�4�L«��H�#� �l¢V�/«,�X����� �l�V�
�,�/�Z�=�Wê$ÍaÔÜ�*�l���"§���H�l�,���V�
�a�Z�=� ç ÓhÔÜ�,� �,�,���"�Z�V¤q¦$±r� ���
�X²*�:��§X�,�È�,���
�X�Z«,���Z�V�H�a�Z�=���[¢=�Z�eê$ÍaÔj�"�.¤�¢V§#�
�T�X�
�
�X�]�Z�V�,�Õê$Í.Ô&½1Í.ß�¦Vê$ÍaÔ_½�áE�7²A�=�,�]�Z�=���h���5�,�]�Z�=�Q§X�"�H���"�1¥�,�o���E�T�l�Z� �Z� �l�&²£�V�,�:�T�X�Z���,��¤��,�V§��a�Z�"¤��"���H�f�
�
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Max Utilization

DNS full control
DAL

DAL-Thr1
DAL-AN

MRL
MRL-Thr1

Random
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ê$ÍaÔ_½1Íaße¦Tê$ÍaÔ¬���C�X«,�4�¾�T�X�
�
�X�h�Z���,� ç ÓhÔf²��h�V�"� �Qê$ÍaÔ_½1�$�V�@�7�"�C�Z�V�7�T�4�
�$ê$ÍaÔ¬�T�l�"��§�,¦LÙh�4��§��,²V�N�`§X�,�
§��l�V§X�"¢��=�N�Z���H�X²£�,¤¥�l�=�Q«H�H��� �l¢V�/�Z�X�Z«,�X�f�"�=���,��¤��H�Z� �l�&²��Z�V�]�,���H��¤ �Z� �l�V�,�A���Z�l¤ �=�4�4«E�"� `� �l�,�=�4�W�
�X�Z«,�X�#�f�"�R�Z�=�
¤¥�l�
�h��ò*�4§��Z� «,�,¦:±V¢=�Z�Z�V�X��¤¥�,�Z�,²��"�o�:�e§��l¤¥���H�Z� ç ÓhÔ&½1�$�=�@�c�,���¾ê$ÍaÔ_½1�$�=���H²�� �$�"�]�Z�=� ç Ó.Ô_½1�$�=���Q�*�l���"§�
�Z�V�H�$�,§#�V� �X«,�4�C�Z�=�c�T�4�
�]�T�X�Z���,��¤��,�V§��,¦/�$���"�]�
�:�H�¾��� �,�#�=�X�C�h� �Z� �Z�=�c�V�Z�4�Z�4�V§��Q�,�R�,�
E�V§#�=�Z�l�=�l¢V�]�,�"�H�#¤��X²
�,�W§��l¤¥���H�Z�4�¬�h� �Z� ç ÓhÔ��,�V�Ýê$Í.ÔL²/§X�,�Ý�,���
�¯�T�d�,�[�
�X�Z«,�4�Ý�h�=�4�°�N�Õ§��l¤¥���H�Z���Z�=���Z�4�Z¢V�"�Z�e�"�¬±R�"�l¢=�Z����,�V�9�A¦7��� �Z�=�l¢=�Q�,�"�H��¤ �Z� �l���,�"�X²Tê$Í.Ô��"�.�*�X�
�
�X�c�Z���,�ÈÓ.Ó.ÁA²_�h���"� �7�h�"�Z�È�,���H��¤ �5�X�4�=�[�,§Z©*²&ÓhÓ.Á�½1�h�=�@�
�T�X�Z���,��¤��]�T�X�
�
�X�$�Z�V�,�¾êhÍ.Ô&½1�$�=�@�H¦

Ía�=�,�Z�=�X�h�����
�X�Z�4�Z�Z�"�=�W�Z�4�Z¢V�"�:�"�]�Z�V�c�5�l�"�"�@�h�"�V�=¦rÍa� �Z�=�l¢V�l�q�=�W�*�l���"§���l¢V�H���,�£�
�X�4�$�Z���H�$�Z�=�c���X�=½1�
�X��«,�X�
�
E�
�
�4¤ �"�a�=�X«,�X�c�@«,�X�#� �l�,�=�4�_²&±r� �l¢=���4�`�,�W�,�V�Ü�4Á��"�V���"§X�H�
���Z���H�X²_�5�,�Q�Z�=�W�V�Z�,�T�l�
�4�ª�T�l�"�"§X� �4�h�Z�=�4�
�W�@«,�X�Z½
� �l�,�V���=�.�X«,�4�£�Z�f�E§X§X¢=�/«,�X�Z`���H�Z�4�"e�"�W¤¥�,�Z�C�Z�V�,�W�l�V�$�
�X�Z«,�X�4¦LáA�T�4§X�(õ[§X�,��� ,²�±r� �l¢V�Z�c�,�C�,�V�¥±r� �l¢=�Z�c�4ÁQ�Z�=���
�Z�=�W¤����=�"¤�¢�¤ ¢=�Z���"� Ð4�H�Z� �l�¯�,�f�Z�=�W�
�4§��l�V�®�,�V�ª�Z�V� ���ª�V� �l�=�4�
�a¢=�Z�"�"�"ÐX�4�¾���X���
�X�Z«,�X�4²T�Z�4�Z�*�4§��Z�"«,�4� ,¦a�h�=�4�
�
õ��l¢=���4�$�V�Z��«A���=�7�"�V�V��§X�H�Z� �l�q�,�r�h�=�X�Z�=�X�a¤¥�,�Z���Z�V�,�¾�l�=���
�X�Z«,�X�Q�"�$��«,�X��� �l�,�=�4�ª�5�,�aÓhÓe²[ê$ÍaÔf²*ÓhÓ.Á�½1�h�=�@�
�,�V�®ê$ÍaÔ_½1�$�V�@�H¦tíQ¢V�"�
�`�,�V�,�"�,�,�l¢V�Q�Z�4�Z¢V�"�Z�a�H���`�,���Z�,�"�=�4�È�5�,�c�,�"�R�,�Z�=�X�c���Z�,�T�l�
�4�¯�T�l�"��§X� �4�X¦ Ö ���=�X�4�_²T�Z�=�
�
�4§��l�V�È�V� �l�V�4�
�$¢=�Z�"�"�"Ð4�H�Z� �l�V�e×�±r� �l¢=���d�,�@ØC�,�r�Z�=���V�Z�,�T�l�
�4�¾��§��=�4¤¥�4�Q�H�Z���,� �:�@A�a¢V�V�V�X�hýE¦ �,þ �Z�V�H�.�"�4²V�Z�=�
�
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Max Utilization (RR2-Thr1)

DNS full control
Zipf (x=0.0) - pure Zipf

Zipf (x=0.2)
Zipf (x=0.5)

Zipf (x=1.0) - Uniform
Geometric (p=0.3)

Random
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Max Utilization (DAL-Thr1)

DNS full control
Zipf (x=0.0) - pure Zipf

Zipf (x=0.2)
Zipf (x=0.5)

Zipf (x=1.0) - Uniform
Geometric (p=0.3)

Random
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Max Utilization (MRL-Thr1)

DNS full control
Zipf (x=0.0) - pure Zipf

Zipf (x=0.2)
Zipf (x=0.5)

Zipf (x=1.0) - Uniform
Geometric (p=0.3)

Random
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Max Utilization

RR2-Thr1 / Zipf (x=0.5)
RR2-Thr1 / Geom. (p=0.3)

DAL-Thr1 / Zipf (x=0.5)
DAL-Thr1 / Geom. (p=0.3)

MRL-Thr1 / Zipf (x=0.5)
MRL-Thr1 / Geom. (p=0.3)
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q(ai_{�bq([^q%_{tmo��¸q%® opq(aiw{q%a�oBÕml ì¾Ýdæ(ê¸Ö�æ�íS×,îhÜ`ðsÙ�é9ÜBèïÖ y æDéPí�Ö½æhéÇÙ�ÚkÛ�Ü�Ý�ÚÍÞßOÜ\à�á y æhã¨ÛKßOÜBÚÏésë¸ï9âÊÛ�Ü\àã�Û l ¶ c�opgiq%a�X^ebc¥l
¦�qgd�^q%ad�Veb[mXÈl^�ºeÊI§(«b«{¬^W

Á,å



��§(©,�f�ÇWR �ai_Dw{q%�V�Veml ¶ W9�¾qPo�g�eÊwGad_{o(lgÔdnsq(�x]Ï·\oiT�cfTV�VebaiT�g�¿TV[¥�¸_bad�kX3��TkXOq��¸q%®�gdadehÉ�j Ø Ì1wsTkXOq%[mj%q�eh[mX¥UR_{odopTV®^�Vq�j%ebtmopqPoBÕmlÙ$â�â�â]ð£O yqÞ ëOÝiçhé^Û�Ö>æDéSä}à%Ü�æYæhÝBçDÚÏésë l9wb_{�BW^ª![^_9W£�^lOU^U/W9¬��{ªD·M¬����mlGS7q(jbW/§(«{«&�sW��§b§��¿ 7WK �t^[^�meml ¶ W9��qPo�g�eÊwsai_Go%lO�»WÈ �ai_Dw{q%�V�VemlqÔ� ��meha�ebjgiq(aiTko�gdTVj(o¾_h]������ j%��TVq%[Ggi·�®me{opqPX3gia�ebjqPoBÕml^~<qPj��/Wmz*q(U/Wm��v*·
 �ns·M«GªÊ·\©^§(©mlG�¾_Go�gd_b[3v�[^TVwbq%a�oiTxg�{l9 �_bcfU^tOgdq%a�nOj%T�q([mjq�S7q%UOgPW�l ¶ U^adT��Y§(«b«GªOW��§P���fz�WsS½eh[mT�q(�BlO�»WO��qPeh�V��TV[^�mlqÔiz'q(oi_b�VtOgiTV_b[¿_b]:v'[mTx]`_{aic z*qPop_{t^adj%q�Z�XOq([GgiTutmq%a�oYt9opTV[^��gd�^q�S�_{cfebT�[¥¦�ebc!q�nsOo�gdq%c"Õ^l
Z\[Ggdq%ad[^qg'S7adeh]Ïg�XOadeh]Ïgp·MT�q%gp]Ï·Mt^ad[O·�[9ehUOgdap·\©{ª^W giËGgPlO�ºeÊº§(«{«&�¿ÀÍoiq%q�eh�koi_ Ø �GgpgiU Ø Å{ÅÊ£*£*£�W ebj��W �Veb[^�BW �b_DwmÅhv�z'¦�ÅhÁ�W��§Î�,�fS�W �»W9S7TVe{o%lm� W�ã�TVoi�/lmz�W9��t^¢s�^q(aÍ��q(qblmz�Wm~<q(£¾ebaiT�l�Ô ¶ odj%eb�Veb®^�Vq�eb[mX¥�^TV�b�^�V3eÊwDehTV�keh®^�Vq7�¸q%®ºoiq%adwbq(a$Õml ì¾ÝiæPêÎÖ1æpíñ ×ÊÛ�Ü]Ù$â�â�â y æDã�ÛRßOÜ\àÝ7ïKæPêÚÍà%Ü�âíÙémÜÚÖ y æDéPí�Ö À� ¾Ó½�Ir¾ ¾Ó½¦AÜ «��GÁ�lG~<qPj��^[^_b�V_b�{T�qPo>]`_{a1gi�mq7Z\[O]`_{aic�ehgiTV_b[
nst^URq%ad�^TV�b�O·
£�eÊblsU^U<Wm¬{ªÊ|s«{�^l.Ý^q%®<W/§(«{«��^W��§����fS�W ¼1WsÌYeh�{q%aPlbÌ'W S�W{¼<ebu%_D£'oi¢De^lb�9W9�Keb�^_baB�peh[<l�Ô ¶ X^ehU^giTVwbq'�V_{e{X!oi�mebaiTV[^��TV[¿�^_bcf_{�bq%[mq%_bt9o>XOTVopgiadTV®^tOgiqPX¿oisopgiq(c�oBÕmlÙ$â�â�âòëOÝiçhé^Û�Ö:ïKæpí�Ü�æYçhÝiàíâ¾éGëbÚÏéRà�à%Ý�ÚÏéGë l^wb_{�BWmnOÌ1·d§Ê�Ols[^_9W9ªOlOU^U<W����G�P|9�9�hª^l{�ºeÊº§P«b¬��^W��§Pª��fr�W.ã�adt^q%�{q%aPlG¦}W£�!Wmns�^TVwÊebadehgiadTBlqÔ ¶ X^ehU^giTVwbq½��_Oj%ehgiTV_b[3U9_{��TkjTVq(o�]`_ba¾�b�V_b®9eh�Èoij��mq(XOt^�VTV[^��Õml Ù$â�â�âéë^ÝiçDémÛ�Ö<ïÈæ�í�Ü�æYçDÝiàâ�éGëbÚÏéRà�àÝ�ÚÏésë lmwb_b��Wm�h©mlO[^_mW£�ml^U^U/W����{�Ê|&�����mlG�btm[^qf§(«b«��mW��§Î�,�f~�W ~�Wgã�£¾eb[/l�z�W��ºj¸�½adehgi�/l>S�W ¶ W�z'q%q(X/lMÔi¦½ �n ¶ Ü o��¸_bad�VX»��TkXOq3�¹q(®�opq(aiw{q%a Ø S7q(oiT��{[Çeh[mXÇU9q(ap]`_{aic�eh[9jqÎÕmlÙ$â�â�â y æhã¨ÛKßOÜMà%Ý l^w{_b��Wm�h¬^ls[^_9W/§b§{lsU^U/W��{¬Ê|£���mlO¦'_DwKWÈ§P«b«{ª^W��§�����¡!W ·\¤�WG¼/TVt/l{r�W{S7eb[{gdu%TV�mlO 7W Ì�Wh�¹t<l{�9Ws ��meb���Vq%[^�{q%aPlh¼1W �»W{¦�TBlqÔ ¶ X^TVopgiadT�®mtOgiqPX��¸q%®¿oiq%adwbq(a1eh[mX!T�gdo>URq%ai]`_badc�eh[mj%q
eb[meh�VOopTkoK_b[�c�t^��giTVU^��qYU^�Vehgp]`_{aic�o$Õ^l ì¾ÝiæPêÎÖ9æ�í ×�áÊÜ`ðåÙ�é9Ü�Ö y æhé(í�ÖRæDé�Ù}ÚkÛ�Ü�Ý�ÚÍÞ%ßOÜMà�á y æhã¨ÛKßOÜBÚÏésë7ï9âÊÛ�Ü\àã�Û ÀÍZi ¾S� �noÜ «��{Á�l
¤�_b[^�"ã�_{[^�mlsU^U/W����{ªÊ|9�9�h�Ols�ºeÊº§P«b«��^W��§(¬,�fz�W¹�ºj¸�½adehgi�/lóÔp���9eDg £¾q¨XO_�eh[9X XO_b[ÊÜ g ¢s[^_D£ eh®R_btOg gi�^q¨�V_{e{X._b[.gi�^q ¦½ �n ¶ ����� oiq%adwbq(a$Õml
�GgigiU Ø ÅbÅD£*£*£�W [mj(oiemW tmT�tmjbW qPXOtRÅDZ\[O]`_badc�eDgiTV_b[Rnsq%adwbq(ado�Åb �_{���V_OÄ{tmTVesÅh�h¬^W nsq(U/W «,�^lbnsq(UOg(W<§(«b«��mW��§(«,�f�9WKr1T�gi¢b_D£�l!ÔpZ\[¹opqPeha�j���_h]Yadq%�VTVeb®^�Vq}tmodeh�{q}X^eDg�e¿_{[�gi�^q!�����mÕ^l ì�Ýiæ(ê¸Ö¾æ�í"áÊÜ`ðSÙ�émÜÚÖ�ò�æDÝ�èVá ò3ÚÍá{à�ò�à(Þ y æhémñ
íà%Ýià%éRê�à l9nOeh[Gg�e� ��keha�e^lm  ¶ l ¶ U^aPW/§P«b«&�OW� �h©,��ãfW/z�ehc�ehcfadTxgd�mehc�l:�9W ¶ W:nGg�eh[^¢{_DwsTVjbl/� Wq�R�meb_ml¨ÔdS�TkopgiadT�®^t^giq(X�odj��^q(X^t^��TV[^��_b]Ygde{op¢Oo�£*T�gi�ÇXOqPebXO�VTV[^q(o�eb[mX¸aiq%·
oi_btmadj%q7adq(ÄGt^TVaiq(cfq%[Ggdo$Õ^l ÙBâ�â�âìë^ÝiçDémÛ�Ö>æDé y æhã¨ÛKßOÜMà%Ý�Û l^wb_{�BW9 Y·Ú�b¬mlG[m_mWm¬mlOU^U/W/§{§b§(©D|R§{§P�,�ml ¶ tm�mW/§P«b¬b«mW� �O§��f¤}W9nOj��st^�Vu%adT�[m[^qbl�Ôi�¹_{ai�kX3��TVXOq��¸q%® Ø ���^q%[9jqbl9���^T�gi�^q(a(l^���9eDg�[^q%Ësg3ô¸Õ^l Ù$â�â�â¯ä}à%Ü�æYæhÝBç l^UmU/W/§(©D|R§��slO�ºehaPW ·
¶ U^aPW/§(«{«��^W� �b���f¤}W9nOj��s£¾qgic�eb[/l y ï9Ù Þ ×£õ�ö N Û%àÝ£ß ÛH÷�ßOÚÍá{à lm�º_{odÄ{tmTxgdq�nO_h]Ïg�£�ehadq½Z\[9jhWVlÈ§(«b«��mW� �,�,��ãfW£�!Wmns�mT�[�eh[mX¿¡�W ·� 7Wm ��meb[^�mlgÔd¼/_{e{X
ns�mebaiTV[^�!T�[�XOTko�gdaiTV®^tOgdq(X
aiqPeh��·BgdT�cfq�opOopgiq%c�o¾£*T�gi��o�g�eDgiq%·Mj��9eh[^�{q�®^ad_{e{Xs·
j(ebopgdo$Õ^l ÙBâ�â�âìë^ÝiçDémÛ�Ö y æhã¨ÛKßOÜMà%Ý�Û l^wb_{�BW£�{¬^lO[^_9W^¬^lOU^U<W/§b§Ê���h·�§b§Î�G�^l ¶ tm�mWÈ§(«{¬b«mW� �����f�9W ¶ W�nsgdeh[m¢b_DwsTVjblÁÔ�nsTVc}t^�keDgdT�_{[mo�_b]¾gd�^adq%q
e{X^ehUOgdT�w{qbl�XOq(j%q%[Ggia�eh�VTVu%q(X»j%_b[Ggiad_b�V�Vq(XÈl9��_b®Çodj��^q(X^t^��TV[^�Ieb���{_badTxgd�^c�oBÕmly æhã¨ÛKßOÜMà%Ý�ä}à%Ü�æYæhÝBçÊÛ l^w{_b��W^¬^lO[^_9W£�^l^UmU/W/§(«{«Ê|^�O§��Ol{�{t^[^qf§(«{¬,�9W� �bª���¡!W ~�W:�¸eb[^�ml>z�W �9W ~�W���_badaiTko(l�Ôi¼<_{e{X¸oi�mebaiTV[^��TV[ÇXOTVopgiadTV®^tOgiqPXÇoisopgiq(c�oBÕml Ù$â�â�â�ëOÝiçhé^Û�Ö'æhé y æDã�ÛRßOÜ\àÝ�Û l>w{_b��W
 Y·Ú�,�9ls[^_mW��mlOU^U/W9�b©,�h|O�O§��slG�ºehaPWÈ§(«{¬{ªOW� �,�,�"�!W ãfW!�RTVUO]�l¨ø ßOã�çDé�ù7à�ð^çDóPÚÍæDßOÝ¸çDéRáÇÜÏðmà3ì¾Ý�ÚÏéKêÚ ÛKè�àÛ¹æ�í
å:àdçDÛ�Üíâ0ú�æhÝ�Ü l ¶ X^XOTkop_{[O·��¸q(oi�Vq%bl' ¾ehc�®^adTVXO�{qbl�� ¶ l
§P«,�G«^W
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