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réseaux et systèmes distribués





���������
	����������������������������
�������� !��"$#&%'��������� ��)(*�,+-�/.0���1#
��24365��87

9�:<;�=?>A@0BDCFE$>HGI;�JKGML�LONQPR:<GKS�:UTWV,:XS�JKY�:[ZI\IT]B^L�L�L�NQ_FJK=�:XGa`b>HcAZIB^L�L�LdL

egf�hXi<f�jUk-k-l�m�npo�f�qdrKsutdl0q?t�v]f�l0wyxzjUf�jO{|{~}l?{�l0w��I�zjXw�l0w��KlF�Kh<�]���l�l0w��]f]�l0w�l0jUvK�
l�tMw��]w�t0}l�k-l0w��<s�w�t�f�s��]v��l0w

e�f�hX��l�t�o!e��

��j�x]xzhXf�t��Kl�f�l0qdr]l�f�qdr]l��F�K�X�X�X�,n���jO��m0�<�U�,n m0��xzj�iXl0w

�'�����0 O¡z¢U�X£4�¤�¥t�rKsHw�jUf�t�s�qd{�lX�K¦�lM�Kl�k-hX�zw�t�f�jUt�l�jFtdf�jU�zw§{HjUt�s�hX�¨k-l�t�r]h]�KhU{�hXiX�-¦�rKsHqdr't�f�jU�zwª©«hXfdk¬wgj
rKs�iXrD{ul�<l?{®jO{�iXhXf�s�t�r]k¯s�q,w�xzl0qds|°±q�jUt�suh<�²¦yf�s�t�t�l��¥s���t�r]l�³�´Xµ]¶I·¸{HjU�]iXvzj�iXl�t�h-jU�¥s�k-xzl�f?jUt�s�Xl��]j�t�j
xzjUf?jO{|{ul?{�{HjU�]iXvzj�iXlX¹a³�´Xµ]¶z·ºsHw�jD©Av]�zq?t�s�hX�zjO{�{HjU�]iXvzjUi<l¬¦�rKsHqdrW¦�jXw,�Kl0w§s�iX�]l0�»tdh'©¤jXqds|{¼s�t�j�t�l't�r]l
½ s��z�]w�hU©¾w�t�j�t�sHqFjU�zjO{��]w�l0w��]l�l0�Kl0�D©AhXfM�KhUs��]i-f�l�i<vK{�j�f!jUfdf�jO�¬w��K�[t�r]l0wªs�w¿¹¾À¸lFw�r]hÁ¦�t�rzjUt�t�r]lFwdjUk-l
k-l�tdr]hÂ�]w�¦�rKsHq�r�jUfdl�vzw�l0��©AhXf�w�hU{�Xs��]i�f�l�iXvK{HjUf�jUf�f�jO��w��[�Kt�r]l0w§sHwÃx]f�hX�K{�l�k¬w�q�jU�-�Il!j�x]xK{¼s�l0�¥t�h,t�r]l
q?hXk¨xKs¼{HjUt�suh<�²h�©¾³�´Xµ]¶z·»jXw�j,©Av]�zq?t�s�hX�zjO{�{HjU�]i<vzjUiXlX¹

À¸l-s��K©AhXf�k¬jÁ{¼{���s��Kt�f�h]�Kvzq?l't�r]l4³�´<µ]¶z·º{�j��]iXvzjUiXl¥¦�s�t�rat�r]lÄjÁs��ÅhU©Ml?�zjUk-xK{�l0w�jU�z�Ål?�ÂxK{HjOs��
r]hU¦Æs�t�sHw�jX�]jUx]t�l0�Dt�h-�KhUs��]iÄw�t?jUt�sHq�jU�zjO{��]w§sHwMjU�z�Dt�f�jU�zwª©«hXfdk¬jUt�s�hX��¹�À¸l�°zf�w�tMw�r]hU¦Ær]hÁ¦ÇjU��³�´ÁÈ
µ]¶z·Åx]f�hXiXf�j�kÉq�j����zl��zjÁsu<l?{u�¥s�k-xK{�l�k-l��Kt�l0�4�K�¬<s�l�¦�s��]i¥sut�jXw�j-w�l�t�hU©gk-hX�]h�{¼s�t�rKsHq�jUf�f?j0�]w�jU�z�
t�r]l?s�f1°]{¼{|s��]i�©Av]�zq?t�s�hX�zw��Êsuk¨xK{ul�k¨l��[t�l0�avzwªsu�]i�jUx]xK{|sHq�jUt�s�Xl'q�jXq�rKs��]iz¹¨À¸l-t�r]l��aw�r]hU¦br]hÁ¦�w�t�jUt�sHq
jU�zjÁ{u�]w§sHwFq�j��¸�zl�vzw�l0��tdh¥suk¨x]f�hUXl�t�r]l�l?ËÄqds�l��zq?�¸hU©�tdrKs�w1�zjOs�Xl,s�k-xK{�l�k-l��[t?jUt�s�hX�a�[�4hXf��Kl�f�w�hU©
k¬j�iX�Ks�t�vz�KlX¹�À¸l�x]f�l0w�l��Kt�j'q?hXk-xKs|{HjUt�s�hX�¸k-l�tdr]hÂ�4¦�rKsHqdr²k¥j ½ l0wÌsu�zq?fdl�k-l��[t?jO{¾t�f�jU�zwª©«hXfdk¬jUt�s�hX�zw
hX�¥t�r]l�jU�zw�t�f?jXq?t�w��K�Kt�jO�-t�f�l�l�hU©®jU�4³�´Xµ]¶z·�x]f�hXi<f�jUkbs��'hXf?�Kl�f�tdhFk¬j ½ l�xzl�f�©AhXf�k¥jU�zq?l�s�k-x]f�hUXl�Í
k-l��Kt�w�jU�z�4hXx]t�suk¯suÎ�l¨s�t�©«h<fFj-iUs�Xl��ajUf�qdrKsutdl0q?t�v]f�lX¹�Ï�r]l¬q?hXk-xKs|{HjUt�s�hX�aw�t�l�xzw��Kl0w�q?f�s��Il0��s��zqd{�vz�Kl
w�qdr]l0�KvK{|s��]iz��jO{|s�iX�]k-l��Kt0�]xzjUf�t�sut�suh<�Ksu�]iI�±jO{|{�h]q�jUt�s�hX���R{uhKhXx4�]l0w�t�iXl��]l�f�j�t�s�hX���zjU�z�'q?h]�KlFiXl��]l�f?jUt�s�hX�
jU�z�4t�r]l���jUf�l,s|{|{uvzw�t�f�jUt�l0�Ð¦�s�t�r¸j¥f�v]�]�Ks��]i�l?�zjUk-xK{�lX¹�À¸l-�<sHw�q?vzw�w,w�hXk-l�hU©¾t�r]l-w�t?jUt�sHq�jU�zjO{��Âwªs�w
sHw�w�v]l0wÌ¦�rKsHq�r�q?hXk¨lMv]x�jUtÃl0jXqdr'hU©�t�r]l0w�lFw�t�l�xzw�jU�z�¨�]f�s�l?Ñz�'�Kl0w�q?f�s��zl,¦�rzjUt�w�t�jUt�s�q�jU�zjO{��]w§sHw�t�hKhU{Hw
jUfdl�vzw�l0�$¹
ÒDÓ[Ô�Õ�Ö�×± UØ��X£ÆxzjUf?jO{|{ul?{|s�Î?s��ziWq?h<k-xKs|{ul�f?w��^jOË¥�]l-f�l0q?v]f�f�l��zq?l¨l0ÙXvzjUt�suh<�zw���xIhU{��[r]l0�Kf�jR�${|s��]l0jUf�x]f�hXÍ
iXf?jUk-k�s��]iz�zjÁË¬�]l��Kl�xIl��z�Kl��zqdsul0w¿�®�Kl�xIl��z�Kl��zq?�¸jU�zjO{��Âwªs�w¿�±w�t?jUt�sHqFq?hX�Kt�f�h�{^x]f�hXiXf?jUk¬w��Kk-hX�]h�{¼s�t�rKsHq
jUfdf�jO�Âw��]jUx]xK{|sHq�jUt�s�Xl�q�jXqdrKsu�]iI¹
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��ÓÂ�������ÓW£ �¾l-xzjUxKs�l�f,x]fÂ�l0w�l��Kt�l,v]�]l-k»�l�tdr]hÂ�KhU{�hXi�sul-�Kl-tdf�jU�zw§©AhXf�k¬j�t�s�hX�²��� v]�]l¥w�x��l0qds|°±q�jUt�s�hX�
jO{�iXhXf�sutdr]k�sHÙXv]l¸�Kl�rzjUv]t-�Ks�Xl0jUv*q?h]�¾�l�l4l�� ³�´Xµ]¶I· l��Æv]�»{HjU�]iKjUiXl's�k-x��l�f�jUt�s|©Ä}j�xzj�f�jO{|{ �l?{|sHw�k-l
�Kl-�KhX�]���l�l0w¿¹�³�´<µ]¶z·»l0w�t�v]��{HjU�]i[jUiXl,©AhX�zq?t�s�hX�]�]l?{��Ã�l0�<s �l�jUvK��t��[xIl0w���� jU�zjO{��]w�l-w�t�jUt�sHÙ<v]l�f�l0ÙXvKsHw
xzh<v]f�{Hj¥w��[�Kt�r�}l0w�lF�KlFf]�l0w�l0jUvK�'f]�l�i<vK{¼s�l�f�w¿¹��yhXvzwyk-hX�Kt�f�hX�zw�Ù<v]lF{�l0wyk»�l�tdr]hÂ�Kl0w��Kl�f]�l0w�hU{�v]t�s�hX���Kl0w
x]f�hX�K{¤}l�k-l0wÃ{|s �l0wF}j,{Hj-w��[�Kt�r�}l0w�l!�Kl�f]�l0w�l0jUvK�¬f]�l�iXvK{|s�l�f�w�xIl�v]Xl��[t��l�tdf�l!j�x]xK{¼sHÙ<v��l�l0wF}j�{�j¨q?hXk-xKs|{HjUt�s�hX�
�Kl-³�´Xµ]¶I·¸l���t�j��[t�Ù<v]l�{HjU�]i[jUi<l�©«hX�zq?t�suh<�]�]l?{~¹

e�h<v]fÊq?l?{Hj]�UjUx]f0}l0w$j0<hUs�f$s��[t�fdhÂ�KvKs�t¾�Klgk¬jU�Ks¤}l�f�l�s��K©«hXfdk-l?{|{ulÌ{ul�{HjU�]i[jUiXl�³�´Xµ]¶I·¾�Áw�hX�FjX�]jUx]t�j�t�s�hX�
}j¥{�� j��zjO{��Âw�l'w�t�j�t�sHÙXv]l-l�t-jUvK�¸t�f?jU�zw§©AhXf�k¬jUt�suh<�zw��Kl¬x]f�h<iXf�jUk-k¨l0w�l0w�tFl?�]xK{|s�qds�t]�l�lX¹��g�zw�vKsutdlX���]hXvzw
x]f]�l0w�l��[tdhX�zw�v]�]l,s�k-xK{ �l�k-l��Kt�jUt�s�hX�4�zj����Xl-��� v]��x]f�hXiXf?jUk-k-l�³�´Xµ]¶z·»w�hXvzwÌ©AhXf�k-l���� v]��l��zw�l�k��K{�l
�KlFt?jU�K{�l0jUvK�²k-h<�]hU{|sutdrKs�Ù<v]l0wF�Kh<�[t�{�l0wy©AhX�zq?t�s�hX�zw��Kl,f�l�k-xK{|sHw�w�jUiXl,©AhX�KtMjUx]xzl?{!}j�{�j¥tdl0q�r]�KsHÙ<v]l¯�Kl
q�jXqdr]l�jUx]xK{|sHq�jUt�s�XlX¹! Mf"�jXq?lÐ}j²{#� jU�zjO{��Âw�l²w�t�j�t�sHÙXv]lX��{�� l?ËÄq�jXqds�t]�l��Kl²q?l�t�tdl¬x]f�l�k¯s~}l�f�l¥s�k-xK{ �l�k-l��Kt�jUÍ
t�s�hX�¸l0w�t�jUk»�l?{|suh<fÂ�l�l��Kl-xK{�vzw§s�l�v]f�w�hXf��Kfdl0wF�Kl-iXf?jU�z�Kl�v]f0¹$�g�K°z�����]hXvzw�x]f]�l0w�l��Kt�hX�zw�v]�]l-k»�l�t�r]h]�Kl
�Kl-q?hXk-xKs|{HjUt�s�hX�WÙ<vKs¾v]t�s|{|sHw�l¬�Kl0w�tdf�jU�zw§©AhXf�k¬j�t�s�hX�zw�w�vzq�q?l0w�wªsu<l0wFw�v]fy{�� jUf��]f�l-w��K�Kt�jO�Ks�Ù<v]l-jU�zw�t�f?jOs�t
�Kv�x]fdhXiXf�jUk¨k-l�³�´Xµ]¶z·¸l��4[v]l���� l��²jUk»�l?{|s�hXf�l�f�{�l0w�xzl�f�©«hXfdk¬jU�zq?l0w�l�t��Kl�{�� hXx]t�suk¯s�w�l�fMxIhXv]fMv]�]l
jUf�qdrKs�t�l0q?t�v]f�l'qds��K{�l²�KhX�]���l�lX¹�%$l0wÅ�l�t?jUxzl0w��Kl'q?l�t�t�l'q?hXk-xKs|{HjUt�s�hX� w�hX�Kt�q?h<�zw�t�s�t�v��l�l0w,xzjUf1{�� hXf��KhX�]Í
�zjU�zq?l�k-l��Kt0�<{�� jO{|s�iX�]l�k-l��Kt0�<{�lMxzjUfdt�s�t�s�hX�]�]l�k-l��Kt0�<{#� jO{|{uh]q�jUt�s�hX���Â{�j,ig�l����l�f�j�t�s�hX���Kl��KsH�]w��KlM�IhXvzqd{�l0w
l�tÃ{Hj�ig�l����l�f�jUt�s�hX�-�KlFq?h]�KlX¹&��{|{�l0w�w�h<�[tÃs|{|{uvzw�t�f]�l�l0w,}jFtdf�jOXl�f�w�{�lF�Ã�l�f�hXvK{�l�k-l��KtÌ��� v]�'l?�Âl�k-xK{�lX¹ze�h<v]f
qdrzjXÙXv]la�l�t�jUxzlX�R{�l0w�x]f�h<�K{~}l�k-l0w�xzhKw[�l0wyxzjUfy{#� jU�zjO{��Âw�l¬w�t�jUt�s�Ù<v]l-w�hX�Kt!�<sHw�q?v]t]�l0w�l�t0�$v]�]l��]f0}l�XlFx]f]�l�Í
w�l��Kt�jUt�s�hX���Kl0wÌhXv]t�s|{Hw�v]t�s|{|sHwK�l0w�xIhXv]f�{�l0w�w�hU{�v]t�s�hX�]���l0wÌl0w�tM�KhX�]���l�lX¹
'Ç×z�0�¿Õ�¢)(*�Ób£ xzjUf�jÁ{¼{��l?{¼sHw�j�t�s�hX�6�Kl�q?hXk¨xKs¼{HjUtdl�v]f�w����l0ÙXvzjUt�suh<�zwFf]�l0q?v]f�f�l��Kt�l0w�jOË¬�]l0w¿�gxzhU{��KrÊ}l0�Kf�l0w¿�
�Ã�l�xIl��z�]jU�zq?l0w�jOË¥�]l0w��]jU�zjO{��Âw�lF�Kl0w��Ã�l�xzl��z�]jU�zq?l0w¿�]x]f�hXiXf?jUk-k-l0wÃ�KlFq?hX�[tdf)�hU{�l!w�t�jUt�sHÙ<v]lX�[t?jU�K{�l0jUvK�
k-hX�]h�{¼s�t�rKsHÙ<v]lX��q�jXqdr]lFjUx]xK{|s�q�j�t�s�Xl
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�§t-rzjXw,{�hX�]ia�zl�l�� ½ �]hU¦��»t�rzj�tF©Av]�zq?t�s�hX�zjO{�x]f�hXi<f�jUk-k�s��]i4{HjU�]iXvzjUi<l0w¬jUfdl-s��]r]l�f�l��Kt�{�� xzjUf?jO{|{ul?{
9 7�:[�*7<;§¹�=yhÁ¦�l�Xl�fÃt�r]l�t�f�jU�zw§{HjUt�suh<�'hU©^j�©Av]�zq?t�s�hX�zjO{�x]f�hXiXf�j�k�t�h�jU�¬l?Ë'qdsul��Kt�xzjUf?jO{|{ul?{�suk¨xzl�f�jUt�su<l
x]f�h<iXf�jUk/rzjXw�x]f�hUXl���t�h¥�zl¬j¨Xl�f����<s|ËÄq?vK{�t�x]fdhX�K{�l�k 9 7U�<;¤¹$�¤��t�rKsHw1xzjUxzl�f0�$¦�l-�Kl�k-hX�zw�t�f�jUt�l�j
t�f?jU�zw§{HjUt�s�hX�¸k¨l�t�r]hÂ�Kh�{uh<iX�¸¦�rKsHqdrWt�f?jU�zw§©AhXf�k¬w�jDrKsui<r¸{�l�Xl?{MjO{�iXhXf�sutdr]k�sHq¬w�xIl0qds|°±q�jUt�s�hX� ¦yf�s�t�t�l��
s��¸³�´Xµ]¶I·¾�zj,©Av]�zq?t�s�hX�zjO{�{HjU�]iXvzjUiXlX�Rt�h-jU�¥s�k-xzl�f�j�t�s�XlFxzjUf?jO{|{ul?{�{HjU�]iXvzjUi<lX¹

³�´<µ]¶z·�sHw�j�w§s��]iU{�l�jXwdw§s�iX�]k-l��Kt0�Kl0ÙXvzjUt�suh<�zjO{${�j��]iXvzjUiXl��zjXw�l0�¥hX�'t�r]ly©«hXfdk¬jO{|sHw�k�hU©®w��Âw�tdl�k¬w
hU©�jÁË¬�]l�f�l0q?v]f�f�l��zq?l�l0Ù<vzjUt�s�hX�zw¥¦�rKsHqdr6rzjOXl4x]f�hUXl0�»vzw�l?©«vK{�s��Æt�r]l¸�Kl0w§s�iX�ÆhU©Ff�l�iXvK{HjUf�j�f�f�jO�
jUf?q�rKs�t�l0q?t�v]fdl0w�¹?>¾l?s��]iWjD©Av]�zq?t�s�hX�zjO{�{HjU�]iXvzjUi<lX�¾³�´Xµ]¶I· s�k-xK{|sHqds�t�{H�Æw�v]x]xzhXfdt�w�q?hX�zq?v]f�f�l��zq?�»jU�z�
q?hXk¨k�v]�KsHq�jUt�suh<��¹]o�{�iXh<f�s�t�r]k¬w�q�jU�'�zl,f�l�x]f�l0w�l��Kt�l0�'jUtMj,Xl�fd�¬rKs�iXrD{ul�<l?{�s��¸³�´Xµ]¶z·¾�IjXw�j�w�l�t�hU©
xzjUf?jO{|{ul?{zk�v]t�vzjÁ{¼{��,f�l0q?v]f�w§s�Xl�l0Ù<vzjUt�s�hX�zw��Uqd{�h[w�l�t�h�r]hÁ¦ahX�]lÃk�s�iXr[tgw�xIl0qds¼©A��t�r]l�kÇk¬jUt�r]l�k¬j�t�sHq�jO{|{u�X¹
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obw��]w�t�l�k�k¬jO�¬jÁ{�w�h-rzjOXl�{�h]q�jO{^UjUf�sHjU�K{�l0w��I¦�rKsHq�r�jUf�lF�Kl0qd{HjUf�l0�4jO©«tdl�f�tdr]lFw��Âw�t�l�k�r]l0jX�Kl�f�vzwªsu�]i
t�r]l ½ l��[¦�hXf?�DC�E�B±¹KÏ�r]lMw��]w�t�l�kbhU©�l0Ù<vzjUt�s�hX�zw�t�rzjUt¾�Kl?°z�]l�t�r]lMUjUf�sHjU�K{�l0w�©«h�{¼{�hU¦ tdr]lM�Kl0qd{HjUf�jUt�s�hX�zw
jU�z��jUf�l¸�Kl?{|suk¯sutdl0�Ç�[�ºt�r]l¸xzjOs�f�h�© ½ l��K¦�hXf��]w)F2���6jU�z�G���4Fz¹�ÏÌr]l�{HjU�]iXvzjUiXl4sHw'l0Ù<vzjUt�s�hX�zjÁ{~�
jU�z�¥l0j<q�r¥l0ÙXvzj�t�s�hX�;C�E�BH!4E I+F+�KJ5LNM23
��O-P2B��5�Q�2!�=�@4R LNM �zjUk-l0w�j,ÁjUf�sHjU�K{�l,hX�¬tdr]l % =TS¬j��z�¥rzjXw
jU��l?�]x]f�l0w�w§s�hX�ahX��t�r]l-�)=USz¹^Ï�r]l¥�Kl��]hXt�jUt�s�hX�zjÁ{�w�l�k¬jU�Kt�sHq�w�hU©M³�´Xµ]¶I· 9 �]m';¤��w�xzl0qds|©«��t�rzj�t0�I{|s ½ l
UjUf�sHjU�K{�l0w���l�<l�f��a³�´<µ]¶z· l?�]x]f�l0w�w§s�hX�ajO{Hw�h��Kl��]hXt�l0w,j¨©«v]�zq?t�s�hX�Ð©«f�h<k/su�z�<sHq?l0w,t�h'UjO{�v]l0w�¹^Ï�r]l0w�l
w�l�k¥jU�[t�s�q�wyjUf�l�©AvK{¼{���q?hXk-xzhKw§s�t�s�hX�zjO{¤�±j��z�¨©«hXfdk�t�r]l��zjXw§sHwyhU©®j�tdf�jU�zw§©AhXf�k¬j�t�s�hX�zjO{Êw��Âw�tdl�k�¹

oM�]hXtdr]l�fFs�k-xIhXf�t�j��[t¬q?h<�zq?l�x]t-vzw�l0�as��Æ³�´Xµ]¶z·�sHw�t�r]l'�]hXt�suh<�»hU©!j .�� ( ����.������#�U��¦�rKsHqdras�w
jU�ajOË¬�]l,©«v]�zq?t�suh<�¸hU©¾s��z�<sHq?l0w�f�l?{HjUt�su�]i4t�r]l�s��z�Kl?�W�KhXk¬jOs��¸h�©�t�r]l %�=TS�UjUf�sHjU�K{�l¥t�h't�r]l,s��z�Kl?�
�KhXk¥jOs���hU©®j¨�)=TS¥ÁjUf�s�j��K{ulX¹VSX�K�Kt�jXq?t�sHq�jO{|{��X�±j¨�Kl�xzl��z�Kl��zq?�'©Av]�zq?t�s�hX�Ds�wy¦�f�s�t�tdl���jXw�y

W !@�X+��O0"�!@�X2��O0"GY5Y5Y�Z ![@�X2��O�\5��O4P2B]"�![@+X+��O�\5��O-P2B]"�YQY5Y_^

¦�r]l�fdlFl0jXqdr`![@+X+��O�\5��O-P2B-sHw�jU�²jOË¥�]lFl?�]x]f�l0w�w§s�hX��hU©gt�r]l�s��z�<sHq?l0w�tdh-t�r]l�{�l?©At�hU©gt�r]l�jUfdf�hU¦ jU�z�
hU©¾w��]w�t�l�k�xzj�f�jUk-l�t�l�f?w�¹ ���zjUk-xK{�l0w�hU©¾jOË¬�]lF�Kl�xIl��z�Kl��zq?��©Av]�zq?t�s�hX�zw�jUf�l W !-\Qa2!-\cb�^ jU�z�
Wed "!f"hg�\Qa d \+i�"jb d \�g�\+i�"kg�\�i4^O¹KoM�¥l?�Rj�k-xK{�l�hU©®jU�¥l0ÙXvzj�t�s�hX�'¦�rKsHq�r'vzw�l0w�jOË¬�]ly©«v]�zq?t�suh<�zw�t�h�f�l�Í
{HjUt�l��KhXk¬jOs��zw�hX��t�r]lM� =TSFtdh�t�r]l��KhXk¬jOs��-hX��t�r]l % =US�sHwg¦yf�s�t�t�l���l?�ÂxK{|sHqds�t�{��X�]vzw§s��]i��Kl�xIl��z�Kl��zq?l
©Av]�zq?t�s�hX�zwgjXw�y lm3<n�Y W !4\5a2!Q^<\oINY W !-\Qa2!#"!-\+i-^#/$hXf�l0Ù<vKs�ÁjO{�l��Kt�{��X�<sut¾q?h<vK{���jO{Hw�h��Il�¦�f�s�t�t�l��1suk¨Í
xK{|sHqds�t�{��X��vzw§s��]i¥t�r]lFw�h�pÂq�jÁ{¼{�l0� � ! +�� ���������� ���-hU©�³�´Xµ]¶z·gy2l�qe!Kr:3�n�q_! r�\sINq_!f"	!-\�ir0/

Ï�r]lFw��K�[t�jÁ�¬©AhXf�³�´Xµ]¶z·»jU�'l?�Âx]fdl0w�w§s�hX�'sHwyx]f�l0w�l��Kt�l0�¥�zl?{�hU¦ut<¹

vxw î�ìAí�����õ��]ðÁõdì����^õ�öFõ�� íAî�ìAöÁõdíAî��+�zy�éUõ�ìAîÃð0ì¤õ
�|{?îªí����^õdö�ë�êOí�� ë�öUõ�� ��ë?ö��AíAìAé,�ªígõdö0ï�í��0î¾õ
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q%��O4P2B��Q�5�,!�=c@,r�=�P ��O-P,B��Q�5�2!�=c@ =�P¥sHwMj��Ks��zjUfd�¬hXfyv]�zjUf��¥hXxzl�f�j�t�hXf
��O-P,B9Y1X+� P jU�'l?�Âx]fdl0w�w§s�hX�²q?h<k-xzh[w�l0�¥¦�s�t�r²jU��jÁË¬�]lF�Kl�xzl��z�Kl��zq?�4©Av]�zq?t�s�hX�
XQ= �#E2![@ 8 ��O-P,B jU�'l?�Âx]fdl0w�w§s�hX��fdl0w�t�f�sHq?t�l0�Dt�h¬j,xzjUf�t�sHq?vK{HjUfKzªw�v]� {ª�Kh<k¬jOs��
¢U¡z��Ó���O-P,B��»ÓÂ�¿¡z¢ j�v]�Ks�hX�4hU©®l?�]x]f�l0w�wªsuh<�zwM�Kl?°z�]l0�DhÁ<l�fM�<sHwÜ�ªh�su�KtMw�v]�$�KhXk¬jOs��zw
Ï�r]l�f�l�sHw�jÁ{�w�h¯j�w�tdf�sHq?t�����h<xzl�f�jUtdhXf¾¦�rKsHqdr'sHw�w§s�k-xK{��'q?hX�zw§sH�Kl�f�l0�4jXw�j 7�Í¤jUf�� =cPÄjU�z�'j,f�l0�Kvzq?t�s�hX�
hXxIl�f�jUt�hXf,¦�rKsHq�r»jUx]xK{|s�l0w-jU�»jXw�w�h]qdsHjUt�s�Xl'jU�z�¸q?hXk¨k�v]t?jUt�s�Xl-�Ks��zjUf��ÅhXxzl�f�j�t�hXf�j��z�WjDk¬jU�K�²tdh
hX�]l�s��z�Kl?�²k¥jUx]xKs��]i-©Av]�zq?t�s�hX��tdh¯j¯ÁjUf�sHjU�K{�l 9 m	��;¤¹

o�w�k¨l��[t�s�hX�]l0�ÅjU�zhUXlX��³�´<µ]¶z· f�l0w�t�f�sHq?t�w�tdr]l ½ s��z�]w,hU©�x]f�hXi<f�jUk¬w�¦�rKsHqdr q�j��¸�zl¥f�l�x]f�l0w�l��]Í
t�l0�Åt�h�tdr]h[w�l-¦�r]l�fdl¬t�r]l¨s��z�Kl?� �Kh<k¬jOs��zw�hU©�ÁjUf�sHjU�K{�l0w-j�f�l-v]�Ks�hX�zw�hU©Mq?hX�KXl?�¸xzh�{u�Kr]l0�Kf�j]�gjU�z�
�]jUt�j,�Kl�xzl��z�Kl��zqds�l0w�jUf�lMjOË¥�]l�s��z�Kl?�-©Av]�zq?t�s�hX�zw�¹]Ï�r]l0w�l�f�l0w�tdf�sHq?t�s�hX�zw�{¼s�k�s�t�t�r]l�l?�Âx]fdl0w�w§s�Xl�xzhU¦�l�f
hU©�³�´Xµ]¶z·¾��t�r]hXv]i<r»�]hXt-t�h�t�r]l'xIhUs��[t¥hU©Mf�l��z�Kl�f�su�]iÅs�t-t�f�s�<sHjO{¤¹¾o/x]f�hXxIl�f¬w�v]�zw�l�t-h�©!t�r]l¥{HjU�]Í
iXvzjUi<l+z§v]�Ks¼©AhXf�k�³�´Xµ]¶z· {�s�w�Ï�v]f�s��]i�q?hXk¨xK{ul�tdlX�[jU�z��tdr]l�f�lMjUf�l�jU�zjO{��Âwªs�w®sHw�w�v]l0w�jU�zh<v]t¾jU�'³�´Xµ]¶z·
x]f�hXi<f�jUk tdrzjUt-jUf�l¥v]�z�Kl0qds��]j��K{ul 9 7Rm!;§¹^o�iXf�l0jUt��Kv]k��Il�f-hU©�{|s��]l0jUf¬jÁ{ui<l��]f�j¸jU�z�a�<s�iUs�t�jO{!w§s�iX�zjÁ{
x]f�h]q?l0w�w§s��]i¸jO{�iXhXf�s�t�r]k¥w�©¤jO{|{¾¦�s�t�rKs��»t�r]l0w�l�{|s�k�s�t�jUt�s�hX�zw¿¹^�§�¸f�l�t�v]fd��©«h<f�t�rKsHwFfdl0�Kvzq?l0�¸l?�]x]f�l0w�w§s�Xl
xzhU¦�l�f0�K¦�l!q�j��¬k¬j ½ lMvzw�l�hU©®j�w�l�t�hU©^xIhÁ¦�l�f�©AvK{^w�t�jUt�s�q�jU�zjO{��]w§sHw�t�hKhU{Hw�t�rzjUtÃl��zjU�K{�lFvzw�tdh��Kl0�Kvzq?l
hXx]t�s�k�s�Î0jUt�suh<�zw�t�h¥�Kf�jUk¬jUt�s�q�jÁ{¼{��¥s�k-x]f�hUXl�tdr]l�xzl�f�©AhXf�k¬j��zq?l�hU©�j¯x]f�hXiXf�j�k�¹
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9�©¾jO{|{®t�r]l�tdf�jU�zw§©AhXf�k¬j�t�s�hX�zwÃ¦�rKsHq�r�q�jU�'�zl��KhX�]lFhX��j���³�´<µ]¶z·Wx]fdhXiXf�jUk4�[tdr]l ������ ���%�+/1: <��� �
sHw�t�r]l�k-h[w�t�q?hXk-k¨hX��¹z�§t�sHw�w§s�k�s|{�j�fFt�h¥t�r]l�f�l?s��z�Kl?�[s��]i�hU©g{�hKhXx�ÁjUf�sHjU�K{�l0w 9 �<;�;¾jU�z�4hXt�r]l�fy{�h[hXx
t�f�j��zw§©«h<f�k¬jUt�s�hX�zw��KhX�]l¥s��ºXl0q?t�hXf�s�Î?s��]iWjU�z�axzj�f�jO{|{�l?{¼s�Î?s��zi q?h<k-xKs|{ul�f?w�¹  ys�Xl��6j4ÁjÁ{¼sH�ºx]f�hXi<f�jUk
jU�z�4j¬qdrzjU�]iXl,hU©®�zj<w§sHw�hU©�j¨Áj�f�sHjU�K{�lX��j��]l�¦F�Ix]f�hUÁjU�K{���l0Ù<vKs�ÁjO{�l��Kt�x]f�hXiXf?jUk sHw��Kl�f�s�Xl0�4¦�rKsHq�r
�]hXt�hX�K{��'s��zqd{�vz�Kl0w,t�r]l�qdrzjU�]iXl,hU©¾�zjXw§sHw�hU©¾t�r]l�UjUf�sHjU�K{�lX�$�]v]tFjO{Hw�h¥t�r]lFf�l?s��z�Kl?�Ks��]i²h�©�jO{|{�jUfdf�jO�
f�l?©Al�f�l��zq?l0wyt�h�t�rzjUt�UjUf�sHjU�K{�lX¹

o qdrzjU�]iXl�hU©F�zj<w§sHw¥hU©FÁjUf�s�j��K{ul 7 vzw§s��]i»t�r]l¸jOË¬�]l4t�f�jU�zwª©«hXfdk¬jUt�s�hX� ©«v]�zq?t�s�hX�>= q�jU�Æ�zl
xzl�f�©«hXfdk-l0�¥s|©�tdr]l�f�lFl?�KsHw�t�w�jU�]hXtdr]l�fMjOË¬�]l1©«v]�zq?t�s�hX�@?¨�±w�vzqdr�tdrzjUtBADC,E �GF y z�=IHJ?
{9zKE {!L>EI�
jU�z�¨sHw��KhX�]lF�K�Äw��[�Kt�jXq?t�sHq�jO{|{��'f�l�¦�f�sut�su�]i'jU��³�´Xµ]¶z·Åx]f�hXiXf�j�kÉj<wÃ©«h�{¼{�hU¦Mw�y
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o���s�k-k-l0�<sHjUt�l¬q?h<�zw�l0ÙXv]l��zq?l¥hU©�f�l?©«l�fdl��[t�sHjO{¾tdf�jU�zw�xzjUfdl��zq?�'s�t�t�rzjUt�l0Ù<vzjO{|s�tª�4sHwFw�v]�zw�t�s�t�v]t�s�Xl�n
l0Ù<vzjO{Ml?�]x]f�l0w�w§s�hX�zw¥jUf�l'jO{�¦�j0�]w-jU�z�al�<l�f��[¦yr]l�f�l¥s��[t�l�f?q�rzjU�]i<l0jU�K{�lX¹¾o��»l0ÙXvzj�t�s�hX�6w�xIl0qds|°zl0w'jU�
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� ö�í�� � ö�í��0îgï0ë���õ�� ö�ë�g,i0~
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Ï�r]l�fdl'sHw¬jÁ{�w�h jU�Æ³�´Xµ]¶I· t�f?jU�zw§©AhXf�k¬jUt�suh<�»t�rzjUt��?�]h<f�k¬jO{|s�Î�l0w��ajU�[�º³�´Xµ]¶z·Çx]f�hXiXf?jUk su�Kt�h»j
x]f�l0�Kl?°z�]l0�aw��K�[t?jXq?t�sHq,©AhXf�k ¦�rKsHqdr¸°]�]l0w�t�r]l��]l0w�t�su�]i�hXf?�Kl�f�hU©M³�´Xµ]¶z·Æq?hX�zw�t�fdvzq?t�w�t�h[y z§iXhUs��]i
©Af�hXk hXv]tdl�f�k-h[w�t�tdh¥su�]�]l�fdk-h[w�t�{�q�jXw�l¬w�t�jUt�l�k-l��Kt�w��$fdl0w�t�f�sHq?t�s�hX�¸h<xzl�f�jUt�suh<�zw����Ks��zjUf��ajU�z��v]�zjUf��
hXxIl�f�jUt�s�hX�zw¿�^jU�z�Ð°z�zjO{|{�� �Kl�xIl��z�Kl��zq?�a©«v]�zq?t�s�hX�zw¿�^UjUf�sHjU�K{�l0w�jU�z�aq?hX�zw�t�jU�Kt�w�¹�ÏÌrKs�w,t�f?jU�zw§©AhXf�k¬jUÍ
t�s�hX�'q?hX�zw§sHw�t?w�hU©^jU�zh<v]t 7�:Ffdl�¦�f�s�t�l�f�vK{�l0w�¦�rKsHq�r�j�k-hX�]iFh<t�r]l�f�t�rKs��]i[w�q�rzjU�]i<lMt�r]l��]l0w�t�s��]i-h<f��Kl�f
hU©Ãs��zq?hXf�f�l0q?t�{��¸�]l0w�t�l0��hXxIl�f�jUt�s�hX�zw��ÊÑ±jUt�t�l����]l0w�tdl0�¸q�jXw�l0w���j��z�¸q?hXk��Ks��]l¬f�l0w�t�f�sHq?t�s�hX�WjU�z�ÅjOË¬�]l
©Av]�zq?t�s�hX�zw�¦�r]l�f�l,xzh[wdw§s��K{ulX¹�ÏÌr]lFf�l�¦�f�sutdlFf�vK{�l0w�jUf�l�q?h<�KÑzv]l��[t�jU�z�'i<vzjUf�jU�Kt�l�l0�¥t�h¥t�l�f�k�s��zjUtdlFjUt
j-w�t�jU�K{�l�°]�QpKxzhUs��Kt 9 �Rm!;§¹ÂÏÌrKs�wyt�f�j��zw§©«h<f�k¬jUt�s�hX�¨sHw�h�©«t�l��¥vzw�l0�4jXw�j,©AhU{|{�hÁ¦�v]x�t�h�hXt�r]l�fyt�f�jU�zw§©AhXf�Í
k¬j�t�s�hX�zw
zªw�vzq�r¸jXw1t�r]l-q�rzjU�]i<l-hU©��zj<w§sHw�j��z�²w�v]�zw�t�s�t�v]t�s�hX�at�f�jU�zwª©«hXfdk¬jUt�s�hX�zwyx]f�l0w�l��Kt�l0�¸jU�IhUXl{
jU�z�¨sHwy¦�r]l�f�l,t�r]lFq?hXk-x]v]t�j�t�s�hX�'hU©g�]l�¦ �KhXk¬jOs��zw�jU�z�'�Kl�xzl��z�Kl��zq?�4©Av]�zq?t�s�hX�zwÌs�wy�KhX�]lX¹
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Ï�r]lD³�´<µ]¶z·»{HjU�]iXvzj�iXlÄj��z��t�f�jU�zwª©«hXfdk¬jUt�s�hX��w��Âw�t�l�k rzjXw�x]fdhÁ<l0��Xl�f��4vzw�l?©«vK{Ã©«h<fFt�r]l¬w��[�Kt�r]l�Í
w§sHw,hU©Mw��]w�t�hU{|sHq¥jUf�f�jO�]w�¹$�¤�ahXf��Kl�f,t�h�l��zjU�K{�l�jDvzw�l�fFt�h��Kl��]v]i�t�r]l-s��Ks�t�sHjO{Mw�xIl0qds¼°±q�j�t�s�hX�6jU�z�Ðt�h
k¬j ½ l�t�r]lMw��Âw�tdl�k�k-hXfdl�vzw�l?©«vK{¤�K¦�l�s��[Xl0w�t�s�i[jUt�l0��k¥j ½ s��]i¥³�´Xµ]¶z·4l?�Âl0q?v]t�j��K{ulX�]jU�z�¨jUf�l�¦�hXf ½ s��]i
hX�aj�q?hXk-xKs|{�l�f0¹�À¸l-rzjOXl-l��zq?hXv]�Kt�l�f�l0�Ðk¬jU�K��sHw�w�v]l0wFtdrzjUtFjO{Hw�h²j�f�sHw�l�s��¸iXl��]l�f�jÁ{Ìq?hXk-xKs|{HjUt�s�hX���
xzjUfdt�sHq?vK{�j�f�{���s��¸tdr]lFl?ËÄqds�l��Kt�s�k-xK{�l�k-l��Kt�jUt�s�hX�¸h�©�jUf�f�jO�]wÃs���©«v]�zq?t�suh<�zjO{^{HjU�]i<vzjUiXl0w�¹ >Ãl0q�jUvzw�l�hU©
t�r]l�wªsuk¨xK{¼sHqds�t��ÆhU©!tdr]l¥{�j��]iXvzjUiXlX�gk¥jU�[�ahU©Mtdr]l0w�l'sHw�w�v]l0w¥q�jU�»�Il²w�hU{�Xl0� l?{�l�i[jU�Kt�{��X�¾vzw§s��]iat�r]l
xIhU{��[r]l0�Kf�jÁ{^{|s��]f�jUf�� 9 7X��;^jU�z�¨{|s��]l0jUf�x]f�hXiXf?jUk-k�s��]iz¹
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�§�a©«v]�zq?t�suh<�zjO{�{�j��]iXvzjUiXl0w��ÃjUf�f�jO�]wFjUf�l¥t�f�l0j�t�l0�Wj<wFl?s�t�r]l�f �����# +��& ��������$h<f &%��� ��� � �?� � � 9 7<�#;§¹
egfdhXiXf�jUk¨k-l�f�wgk¥j0��<s�l�¦Æs��zq?f�l�k-l��Kt�jO{^jUf�f�jO�]w¾jXw�j,q?hX�[<l��[t�s�hX�zjÁ{pz�jU�z�-r]l��zq?lX�Rxzl�f�w§sHw�tdl��[t�{¾�]jUt?j
w�t�fdvzq?t�v]f�lX�gk¬j��Ksux]vK{HjUtdl0� l?�]xK{|sHqdsut�{u�Æ¦�s�t�rÆjU���5P�X2E����4hXxzl�f�j�t�s�hX���¾¦yr]h[w�l�w�l�k¬j��[t�sHq�w¥�Kl��]hXt�l�j
©Av]�zq?t�s�hX�¬tdrzjUtgf�l�t�v]f��zwÃj��]l�¦6jUfdf�jO�X�Ut�r]l�f�l��K��fdl�t�jOs��Ks��]iFf�l?©Al�f�l��Kt�sHjO{±t�f?jU�zw�xzjUf�l��zq?�X¹U�~©�s�k-xK{�l�k-l��]Í
t�l0���zjÁsu<l?{u�X��s��zq?f�l�k-l��Kt�jO{�jUf�f�jO�]w�fdl0ÙXvKs�f�l¥v]�zjXq�q?l�x]t�jU�K{��¸rKs�iXr»jUk-h<v]�[t�hU©�q?hXxK�Xs��]iz��jU�z�¸tdr]l�f�l
rzjXw1�zl�l��»j'�zh]�K�¸hU©�¦�hXf ½ t�h�jUk-l?{|s�hXf�j�t�l¬tdrKs�w 9 m��]� 7�7]� 7X�<;¤¹ 9��at�r]l-h<t�r]l�fFrzjU�z�$��k-hX�]hU{|s�t�rKsHq
jUf�f?j0�]w 9 7X��;Ìq?h<�zw§sH�Kl�fÄjU�»jUf�f?j0�Åt�h��zl�w§s�k-xK{�� j4k¬jUxÅ©«fdhXk su�z�<sHq?l0w¥t�h�UjO{�v]l0w�¹¾Ï�rKsHw,{�l0jX�]w�tdh
jU�¸l?{�l�i[j��[t�x]f�hXi<f�jUk-k�s��]i�w�t��<{�l¬¦�rKsHqdrWfdl�k¬jOs��zw��Kl0qd{�j�f�jUt�s�Xl'jU�z�4sHw,l0jXw��¸tdh'vzw�lX¹  �s�Xl��¸t�rzj�t
l�Xl�f��'l?�]x]f�l0w�wªsuh<��s��Å³�´<µ]¶z· �Kl��]hXt�l0w�j�©Av]�zq?t�s�hX�D©«f�h<k j�xIhU{��[r]l0�Kf?jO{��KhXk¬jOs��4t�h¬j¨ÁjO{�v]lX�Is�t�sHw
�zjUt�v]f?jO{^t�h'q?hX�zw§sH�Kl�fFj¨x]f�hXiXf�j�k jXw�j¥q?hU{|{ul0q?t�suh<�¸hU©¾k-hX�]h�{¼s�t�rKsHq�jUf�f?j0�]w��zj��z�'s�t�wyk¬jOs����zh]�K�²j<w
j-w�xIl0qds|°±q�jUt�s�hX��hU©gt�r]l �d°]{|{|su�]i��¨©«v]�zq?t�s�hX��¹

o w�t�jU�z�]j�f��¸jUx]x]f�hKjXq�r�t�h4l?ËÄqds�l��[t1s�k-xK{�l�k-l��[t?jUt�s�hX�ahU©�f�l0q?v]f�w§s�Xl-x]fdhXiXf�jUk¥wys�w1t�jU�]vK{HjUt�s�hX�
9 �]�zm<m�;¤�XjO{Hw�h-q�jO{|{�l0�'jUx]xK{|sHq�jUt�s�XlFq�jXqdrKs��]i 9 m0��;¤¹�=�l�fdlX�Xf�l0q?hXk¨x]v]t�jUt�s�hX�¨sHw�jOXh�s��Kl0�¯�[�-k¥jOs��[t�jÁsu�Ks��]i
j¥t�jU�K{�l&z§hXfFq�jXqdr]l{�hU©�x]f�l�<s�hXvzw§{��Wq?hXk¨x]v]t�l0��ÁjÁ{uv]l0w¿¹^Ï�rKsHw,k¬j ½ l0w�tdr]l�v]�z�Kl�f�{u�<s��]i�s�k-xK{�l�k-l��]Í
t�jUt�suh<�-s�k-xIl�f�jUt�s�XlX�I�]v]t�x]f�l0w�l�fdXl0w�j�x]v]f�l?{���jUx]xK{|sHq�jUt�s�Xl�s��Kt�l�f�©¤jXq?l�t�h�t�r]l�vzw�l�f zAs¤¹ lX¹��Kf�l?©Al�f�l��[t�s�jÁ{
t�f�j��zw�xzjUf�l��zq?�Ds�w1f�l�t�jOs��]l0� {�¹�ÏÌrKs�w1t�l0qdr]�Ks�Ù<v]l¨s�w1xzjUf�t�sHq?vK{HjUf�{��¸jUt�tdf�jXq?t�s�Xl,¦�r]l��WjO{|{¾t�r]l-xIh[w�w§s��K{�l
jUf�i<v]k-l��[t?w�t�h-t�r]l1©«v]�zq?t�suh<���±jUfdl ½ �]hU¦���w�t�jUt�sHq�jO{|{��X¹I�¤tys�wyt�rKvzw��zjU�4hX�KXs�hXvzwyk-l�t�r]h]�¥©AhXf�s�k-xK{�l�Í
k-l��Kt�s��]i�k-h<�]hU{|sutdrKs�q'j�f�f�jO�Âw�yzhX�]l¥w§s�k-xK{��WjO{|{�hÂq�jUtdl0w�j��¸l�k-x]t���t�j��K{ul¥hU©�t�r]l¬jUx]x]f�h<x]f�sHjUt�l¬w§s�Î�lX�
jU�z�D°]{|{HwysutFj<w��]l�l0�Kl0�$¹�Ï�rKsHw�l��zjU�K{�l0w1t�r]l�q?hXk¨xKs¼{�l�f,t�h¬i<l��]l�f�jUt�l�q?hÂ�Kl�zªjO{��Il?sut��zjÁsu<l{�¦�r]l����]h
w�t�j�t�sHq�jU�zjO{��]w§sHwgs��K©AhXf�k¬j�t�s�hX�-sHw�jOÁjOs|{HjU�K{�l
z¤hXfg¦yr]l��¬t�r]l�jU�zjO{��]w§sHwÃ�Xs�l?{H�]w�j��]l�iKjUt�s�Xl�f�l0w�vK{ut�{�¹[Ï�r]l
q?h]�Kl�°zf�w�t�jO{|{�h]q�jUt�l0w�w�t�hXf�j�iXl�z�jUf�f�jO�]wghXf�t?jU�K{�l0w�{g©AhXf�t�r]l �#� ���  +�M�Kh<k¬jOs��zw�hU©¾jO{|{�°z�Ks�t�lFUjUf�sHjU�K{�l0w��
jU�z�4t�r]l���°]{|{Hw,v]x¸t�rKsHw�w�t�h<f�jUiXl,�[�¸q?hXk-x]v]t�su�]i'tdr]l-ÁjO{�v]l0w���vzw§s��]i²�Kl�k¬j��z�KÍ¤�Kf�s�Xl��Wl�UjO{�vzjUt�s�hX��¹
Ï�rKsHwÌsu�KXhU{�Xl0wÌt�r]l�©AhU{|{�hÁ¦Ìsu�]i'w�t�l�xzw�y

��� sHw§s�t�l0jXqdr¥s��[tdl�iXl�f�xzhUs��Kt�s���t�r]l��KhXk¬jOs��'hU©�l0jXq�r'h<v]t�x]v]t�ÁjUf�sHjU�K{�lX¹$Ï�rKsHwÃsHw�j�qd{HjXw�w§sHq�x]fdhXÍ
�K{ul�k/q�jO{|{ul0� ���'���� � � ��j,xzhU{��Kr]l0�Kf�hX��¹]oÆ{�hKhXx'x]f�hXi<f�jUkbt�rzjUt��KhKl0wÃt�rKsHw�q�jU�¥�zl�iXl��]l�f�j�t�l0�
vzw§s��]i-t�r]l�¦�l?{|{ ½ �]hÁ¦y�:xRhXv]f�s�l�f�Í¤�4hXt�Î ½ s��'l?{¼s�k�s��zjUt�suh<�²jU�z�¨rzjXwÃ�zl�l��Dsuk¨xK{ul�k¨l��[t�l0�Äs��'t�r]l
xzhU{��Kr]l0�Kf�jO{�{¼s��]f�j�f�� hU©�t�r]lÅ³�´<µ]¶z· w��Âw�tdl�k 9 mU�MmO�#;Kz¤t�r]l'h<f��Kl�f¬h�©1w�q�j��]�Ksu�]i»�Il?s��]i»t�r]l
{ul?�KsHq?hXiXf�j�x]rKs�q¯hXf��Kl�f�{�¹Ro�tMl0j<q�r4xzhUs��Kt0�ztdr]lFÁjÁ{uv]l¨hU©®tdr]l�UjUf�sHjU�K{�l-jUt�t�rzjUt�s��z�Kl?�²xIhUs��[t�sHw
q?hXk-x]v]t�l0�¥vzw§s��]i'�Kl�k¬jU�z�4�Kf�s�Xl���l�UjO{�vzjUt�s�hX� y
�  Ml�tFtdr]lÄjUfdiXv]k-l��Kt�w�yIs¤¹ lX¹���f�l0jX�Åt�r]l¬UjO{�v]l0w,s��Wtdr]lÄq?hXfdf�l0w�xzh<�z�<su�]iÅt�jU�K{�l0w�¹��~©Mt�r]l0w�l
ÁjO{�v]l0w�jUf�l��]hXt¾�<l�t ½ �]hÁ¦y� zAs��z�<sHq�jUt�l0�¥�K�-j,t�jUi��Ks�t�{g¦�l!w�vzw�xzl��z�'jU�z�,°zf?w�t�l�ÁjO{�vzjUt�l
t�r]lFjUf�iXv]k¨l��[t0¹

� oMx]xK{���t�r]lÃ°]{|{¼s��]i�©Av]�zq?t�s�hX���Os¤¹ lX¹��Utdr]lÌ� =TSFh�©±t�r]l�³�´Xµ]¶z·4l0ÙXvzjUt�suh<��¹5SXt�hXf�l�t�r]l�f�l0w�vK{�t
su�4t�r]l�t�jU�K{�ljz¤¦�s�t�r't�jUi-w�l�t�{�jU�z�'jO{Hw�h-fdl�t�v]f��'t�r]l,ÁjO{�v]lX¹

ÏÌrKs�w¨�zjOs�Xl¸q?h]�Kl²w�v���l�f�w¯©«fdhXk t�¦�hW�Kf�jO¦��zjXq ½ w¿�^�zj�k-l?{�� t�r]l4hÁ<l�f�r]l0jX�»h�©1q?hX�Kt�l?�]t¬w�¦�s�t�Í
qdrKsu�]iÐ©«hXf�t�r]l��Kl�k¥jU�z�»�Kf�s�Xl�� l�UjO{�vzjUt�s�hX���¾j��z�ak-l�k-hXf��Ðsu�]l?Ë'qdsul��zq?�X¹�oy{Hw�hz��s|©�t�r]l'x]f�hXi<f�jUk
rzjXw�s��K°z�Ks�t�l��KhXk¥jOs��zw��X¦�l�¦�s|{¼{��]l�l0�¬�K�K�zjUk�sHq�k-l�k-h<f���k¬jU�zjUiXl�k¨l��[t0�KjU�z�¨k¬jO���]h<t��IlFjU�K{�lMtdh
q?hXk-xK{�l�t�l?{��¬jOXh�s��,f�l�l�UjO{�vzjUt�s�hX��¹]Ï�r]lMq?h<k-xKs|{�j�t�s�hX�Äq�j��-�zl�<s�l�¦�l0�-jXw¾j�tdf�jU�zw§©AhXf�k¬j�t�s�hX�Fx]f�h]q?l0w�w
t�h�s��zq?f�l�k¨l��[t�jÁ{¼{��Dsuk¨x]f�hUXl�t�rKsHw��zjOs�Xl�q?hÂ�KlX¹zÏÌr]l�©AhU{|{uhU¦�s��]i'jU�zjO{��]w§sHwMÙ<v]l0w�t�s�hX�zw�j�f�l�xzh[w�l0� y
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� ��jU�Wj �������'.M��� �,�zl �������� �'������-�Kl�tdl�f�k�s��]l0���¬�~©!w�hz��t�r]lÄ�Kh<k¬jOs��zwFq�jU�a�zl'w�q�jU�]�]l0�Ðs�� jU�
hXf��Kl�fMq?h<�zw§sHw�t�l��Kt�¦�s�t�r�tdrKs�wyw�q�r]l0�KvK{�lX�$¦�s�t�r]h<v]tMjU�K�Äq?hX�Kt�l?�]tMw�¦�s�t�qdrKs��]iz¹zÏ�rKsHwyx]f�hX�K{�l�k�s�w
j-i<l��]l�f�jO{|s�Î0jUt�s�hX�ahU©�t�r]l-w�qdr]l0�KvK{|s��]i²x]fdhX�K{�l�k s��¸w��Âw�t�hU{|sHq-w��K�[t�r]l0wªs�w 9 �X�K�$� �#;gt�h¥k�vK{ut�s��<s�Í
k-l��zw§s�hX�zjO{�w�q�r]l0�KvK{�l0w 9 �K��m8;�;¤�gjU�z�»q�jU�»�Il�q�jXw�t,s�� t�l�fdk¬w,hU©M{|s��]l0jUf-x]fdhXiXf�jUk¨k�s��]iWjU�z�
xzhU{��Kr]l0�Kf�jO{gx]f�hX�K{�l�k¬w�¹

� oM�¨s�k-k-l0�<sHjUt�lFq?h<�zw�l0ÙXv]l��zq?l�h�©®w�qdr]l0�KvK{¼s��]i¬j��zjO{��Âw§sHwÃsHw�tdrzjUtgs|©®j�w�qdr]l0�KvK{�l�l?�[sHw�t�w¿�[¦�l�q�jU�
s�k-k-l0�<sHjUt�l?{��'�Kl�t�l0q?t�jU�[��xzjUf?jO{|{ul?{|sHw�k�z§t�r]l!�<s�k-l��zwªsuh<�'hU©�t�r]l!wdq�r]l0�KvK{�l�sHw�w�t�f�sHq?t�{��¬w�k¥jO{|{ul�f
t�rzjU�¥t�r]lF�<s�k-l��zw§s�hX�4hU©®tdr]l!w��]w�t�l�k {�¹K�¤��w�vzqdr�j-q�jXw�lX�K¦�l�k¬jO�-xzjUf�t�s�t�s�hX�'tdr]lF�KhXk¬jOs��zw�hU©
�<s �Êl�fdl��[tgUjUf�sHjU�K{�l0w¾jU�z�¨jXw�w§s�iX��l0jXqdr�xzjUf�t�s�t�s�hX��t�hFj��<s �Êl�fdl��[tÃx]f�hÂq?l0wdw�hXf0¹Oo6w�t?jUt�sHq�jU�zjO{��Âwªs�w
hU©zt�r]lMq?h<k-k�v]�Ks�q�j�t�s�hX�,s�w��]l�l0�Kl0�-tdh!qdr]h[hKw�l�t�r]l��zl0w�tÃxzjUf�t�s�t�s�hX�Ks��]iz¹XÏ�rKsHwÃq�jU�-jO{Hw�h��zlMq�j<w�t
s��[t�h¨t�r]l�©«f?jUk-l�¦�hXf ½ h�©^{|s��]l0jUf�x]f�hXiXf�j�k-k�s��]i¬jU�z�¥xIhU{��[r]l0�Kf�j 9 �X��;¤¹

� ��l�i[jUf?�<{ul0wdw�hU©�¦�r]l�t�r]l�f,xzjUf�jO{|{�l?{|sHw�k sHw�xIh[w�w§s��K{�l'hXf��]hXt0�$tdr]l¬q?hÂ�Kl¥t�rzjUt�sHw1iXl��]l�f�jUt�l0�Åw�h
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�v��� 	 � ) ���!& ���z(\������
@)��	(��!�.��	 ��� $�� ��(�) $��
Ï�r]l-jO{|s�iX�]k-l��Kt�x]f�hX�K{�l�k/sHw�tdh-°z�z��j¨k¬jUx]xKs��]i¥©«fdhXk)tdr]l��KhXk¬jÁsu��hU©¾l0j<q�r4ÁjUf�sHjU�K{�l¬j��z�²q?h<k-Í
x]v]t�jUt�suh<�Wt�h¸j�q?hXk-k¨hX�W<s�f�t�vzjO{M�KhXk¥jOs��a©«hXf�t�r]l¥l��Kt�s�f�l�w��]w�t�l�k 9 ��;¤¹gÏ�rKvzwFtdr]l¬UjUf�sHjU�K{�l0w¬j�f�l
jO{|s�iX�]l0��¦�s�t�r�f�l0w�xzl0q?t�t�h¥l0jXqdr�hXt�r]l�f�jU�z��jUf�l,xK{HjXq?l0��hX��j¬q?hXk¨k-hX��i<f�sH�$¹$o�{|s�iX�]k-l��KtFjO{Hw�h�jO©AÍ
©Al0q?t�w¾q?hXk¨k�v]�KsHq�jUt�suh<�ÄjU�z�¯t�r[vzw¿�[q�jU�-�Il!�Kh<�]lM¦�s�t�r¥j�iXh[jÁ{zhU©�f�l0�Kvzqds��]i¬q?hXk-k�v]�KsHq�jUt�s�hX��¹<À6r]l��
j'q?hXk-x]v]t?jUt�s�hX�4sHw�k¬jUx]xzl0�Ðt�h't�r]l-w�jUk-l�xIhUs��[tFjXw�tdr]l�UjUf�sHjU�K{�l¥hX��t�r]l,{ul?©Atkp[rzj��z�¸w§sH�Kl-hU©�t�r]l
l0Ù<vzjUt�s�hX���$s�t1s�w,q�jO{|{�l0�avzw§s��]i�t�r]l ��?���# ��!��& (7� �����  ;� � ��©AhXfFjO{|s�iX�Ks��]i¸q?hXk-x]v]t�jUt�suh<��¹ � jUf�sHjU�K{�l0w
jU�z�¸q?h<k-x]v]t�jUt�s�hX�aq�jU�WjO{Hw�h4�zl'w�l�xzjUf�jUtdl?{u��k¬j�x]xzl0�Åt�h't�r]l'q?hXk-k-hX��iXf�s��Å�K�²vzwªsu�]i��<s �Êl�fdl��[t
k¬jUx]xKs��]i¨©«v]�zq?t�suh<�zw�©AhXf�q?hXk-x]v]t�j�t�s�hX�²jU�z�¨©AhXf�UjUf�sHjU�K{�l0w�¹

xRhXf¾tdr]l�©AhXf�¦�jUf���w�v]�zw�t�s�t�v]t�s�hX��jO{�iXhXf�sutdr]k z
���zjUk-xK{�l!�R�5x�s�iXv]f�l�m{��<t�r]lMUjUf�sHjU�K{�l�6¨sHw�jFh<�]lep
�<s�k-l��zw§s�hX�zjO{�Áj�f�sHjU�K{�l²jU�z�<��sHw¥j�t�¦�h�pÂ�<s�k-l��zwªsuh<�zjO{MÁj�f�sHjU�K{�lX¹ ��v]f�s��]iWjÁ{¼s�iX�]k¨l��[t0�Ãt�r]l0w�l't�¦�h
Áj�f�sHjU�K{�l0w�jUf�l�xK{HjXq?l0�¥hX�'jFq?hXk-k¨hX�¬t�¦�hF�<s�k-l��zw§s�hX�zjO{�iXf�sH�$¹]Ï�rKsHwÃsHwgs|{|{�vzw�t�f�j�t�l0�¨s��¥°ziXv]f�l�7]¹KÀ¸l
k¬jUx ��tdh�t�r]l�Xs�f�t�vzjÁ{±iXf�sH��vzwªsu�]i,t�r]l�sH�Kl��Kt�s�tª�,©Av]�zq?t�s�hX�(z������DZ ���� {�¹OÀ¸l�xK{HjXq?l 6-hX��t�r]lyXs�f�t�vzjÁ{
iXf�sH�a¦�s�t�r��U¹gÏ�r]l��Kl�xzl��z�Kl��zq?l36 9 � ��
 ;uZ � 9 � R m ��
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xzh�su�Kt�w�h<�¬t�r]l�<sufdt�vzjO{�iXf�sH�¥¦�s�t�r'¦�rKsHqdr¥s�tÌq?h<k-k�v]�Ks�q�j�t�l0w]zªw�l�ly°ziXv]f�l 7 {�¹Xoy©«tdl�fÌjÁ{¼s�iX�]k¨l��[t0�Rt�r]l
f�l0w�vK{�t�s��]i4³�´Xµ]¶z·ax]f�hXiXf�j�k�sHw�y

øAò�Êø �



���������
	��������������������������������� !��"#�%$'&)(*�# +�����"#��,-�#.��0/� +��&1�3254-6)� m#7

� � � �


 
 
� � �


 
� �


�

�

�

�

�

� � � �


 
 
� � �


 
� �


�













ü � ò$ú§ü

�?ò$ú��
�?ò$ú��

�

�

ü
ý

í

�

� ngý

� nÃü

� ngò$ú��

� ngò$ú§ü

ü � òÊú¤ü

��òÊú �
��òÊú �

�

�

ü
ý

í

�

� ngý

� nÃü

� ngò$ú��

� ngò$ú§ü

ý

@
ð ð ð ð

@

@

@

@

ð ð ð

ð ð

ð

ð
@

@

@

@

@

ððð

ð ð ð

ð ð

ð

x�s�iXv]f�l 7 y[oy{|s�iX�]k-l��KtMhU©gÁj�f�sHjU�K{�l0wysu� x]hXfd¦Ìj�f��;SXv]�zw�t�s�t�v]t�s�hX�

/���/�(�; �c!�)
-�9�0
-�7BZ�%�#+/<(.&<(
%�(,&�)
' % 6+0
-+0 �+;�(�;
-\)]*�^g,_^BA�.c2�4
` )>* &5a�5-,�.�0 &;0�^@4�.�0�1�5�0,&
2 )�4 &�'�(�;�3�;
-74
b )>* & ,�.�0�1.&;0�^c2 )�4 &�'�(�;�3�;
-&'

-+;�(�%1-1'+/(%]de)>* & ,�.�0�1.&;0�^c2 )�4 &�'�(�;�3�;
-&'54
f 0
-
� )]* ��a�(@a�&�, <���11(@4 (�1&<,&54 .�0�1.&;0�1�^BCD>2 )�4 &�'�(�;�3�;
-74
# )]* ��a�(@a�&�, <���11(BCYDM4�D90�11(B0�1B<,&;CD4�.�0�1.&;0�1�^BCD>2 )�4 &�'�(�;�3�;
-74

:1;�(d@6�&98"1 � 6�&5a|<,&5a�&98@4#76���a�(@a�&98�1&$101/1;*���a�(@a�&�,���1 .�2() ` 6�&5a���8ci � 6���a�(BCDMa�� 8@4*���a�(@a�&�,���A;.�2()_#76���CDMa�(BC�<�a &98�E ` 6�&5a���8"i � 6���a�(BCDMa���8 4
;1/10�$�4

� 6���a�(@a�&98�1&$101/1;*���a�(@a�&�,���1 .�2() b 6���8@4*���a�(@a�&�,���A;.�2() b 6���8cCj#76���CDMa�(BCDa�&�8@4
;1/10�$�4

(�;1:�4

�v� � �r���	(�).(�) $��p) � � �������9���! 	) � �.� 	 ���$�� ��(�)�$��
egjUfdt�s�t�s�hX�Ks��]iFsHw�tdr]lMx]f�h<�K{ul�k hU©�k¬jUx]xKs��]i�ÁjUf�sHjU�K{�l0w�jU�z�¥q?hXk-x]v]t�jUt�suh<�zw¾tdhFx]rK�Âw§sHq�jO{�x]f�h]q?l0w�w�h<f�w
9 :�;¤¹KÏ�r]l�Xs�f�t�vzjÁ{±iXf�sH�,sHwÃxzjUf�t�sut�suh<�]l0�-hXfÃt�s|{�l0�¨su�Kt�h,iXf�hXv]xzw�¦�rKsHq�r�jUfdl�t�h��zl�k¥jUx]xzl0�¨t�h�x]rK�Âw§sHq�jO{
x]f�h]q?l0w�w�h<f�w�¹[ÏÌrKs�wÌxzjUf�t�s�t�s�hX�Ks��]i-rzjXwÃj,x]f�hU©AhXv]�z�-l ��l0q?tÃhX�Äq?h<k-k�v]�Ks�q�j�t�s�hX��¹K�¤tÃsHw�t�r]l�f�l?©AhXf�lM�Kh<�]l
w�h¥jXw�t�h�k�s��Ks�k�s�Î�l¬q?hXk-k�v]�KsHq�jUt�s�hX�4¦�rKs|{�lFk¬jO�Ks�k�s�Î?s��]i'xzjUf�jO{|{�l?{|s�w�k�¹

x]hXf�t�r]l,©«h<f�¦�jUf���w�v]�zw�t�s�t�v]t�s�hX�WjÁ{ui<hXf�s�t�r]k z �®�RjUk¨xK{ul-�]� x�s�iXv]f�l'm{��It�r]l,©AhU{|{uhU¦�s��]i4�]l�¦��Kl�Í
xIl��z�Kl��zq?l�t?jU�K{�l�sHw�i<l��]l�f�jUt�l0� y
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qdr]h[h[w�lMjU�¬jO{|{�h]q�jUt�s�hX�¥©Av]�zq?t�s�hX�-©AhXfgt�r]l�<sufdt�vzjO{±jUf�f?j0�X¹ ��l�xIl��z�Kl��zq?�²myf�l�x]f�l0w�l��Kt�w�t�r]l�¦�f�s�t�s��]i�hU©
t�r]l�f�l0w�vK{�t'�»¹X�¤t�¦�hXvK{H�¥f�l�x]f�l0w�l��[t�jFq?h<k-k�v]�Ks�q�j�t�s�hX�'¦�s�t�r¥t�r]lMr]hKw�t0�Xh<f��
	�9*w��Âw�t�l�k�¹ %±s ½ l�¦�sHw�lX�
�Kl�xzl��z�Kl��zqds�l0wÃ�]� :]�P�K��jU�z�,��f�l�x]f�l0w�l��Kt�t�r]l�s��]x]v]t�w�t�h�tdr]l¾w��Âw�t�l�k*¦�rKsHqdr�jUf�l¾jÁ{�w�hMq?hXk-k�v]�KsHq�jUt�s�hX�zw
¦�s�t�r,t�r]l�r]h[w�t0��h<f���	�9 w��]w�t�l�k4¹0Ï�rzjUt�{�l0j0<l0w^�Kl�xIl��z�Kl��zqdsul0w 7]� �z� �]��jU�z�,�MjXw�xzhKw�w§s��K{�l�x]fdhÂq?l0w�w�hXf^tdh
x]f�h]q?l0w�w�hXf¾q?h<k-k�v]�Ks�q�j�t�s�hX�zw�¹X�~©±t�r]lyx]f�hÂq?l0wdw�hXf¾jO{|{�hÂq�j�t�s�hX�-©Av]�zq?t�s�hX��sHwÃq�r]h[w�l���tdh��zl � z � � 
:�G��{�L �
t�r]l��-�Kl�xzl��z�Kl��zqds�lUw��!j��z�-�Mj�f�l��zl�t�¦�l�l���x]fdhÂq?l0w�w�hXf���jU�z�1s�t�w�l?{|©��[jU�z�,r]l��zq?l�rzjOXl��]hFq?h[w�tO¹ÁÏ�rzj�t
{�l0jOXl0w^q?h<k-k�v]�Ks�q�j�t�s�hX�zw?7Mj��z�F�y¦�rKsHq�r-jUf�l¾j�w�l�t�hU© # hX�]l¾tdhMk¬j��[���]f�h[jX�]q�j<w�t�w�y8; -�L:�2- # y
zg©Af�hXk 6 9 � � 
 R m��[� ;$t�h �4�2- ��-�L�# R m�yQ� 9 � � 
:�G��;z�M{?¹XÏ�r[vzwyt�r]l,x]f�hX��l0q?t�s�hX� � z%� � 
:�:� {�L2��sHw
qdr]h[w�l���¹XÏ�r]l�t�f�j��zw§©«h<f�k-l0��s��z�Kl?��sHw�f�l��zjUk-l0� � t�h�f�l�x]f�l0w�l��[tgt�r]l�x]rK�Âwªs�q�jÁ{zx]f�hÂq?l0wdw�hXfg�<suk¨l��zw§s�hX��¹
Ï�r]l�f�l0w�vK{ut�su�]iD³�´<µ]¶z·Wq?h]�Kl�s�wyw§s�k�s|{�j�f�t�h�t�r]ly{�j<w�t�f�l0w�vK{�t0�Kl?�zq?l�x]t�t�r]l �AÍÜs��z�Kl?�'sHw�f�l�xK{HjXq?l0�¥¦�s�t�r
� s���tdr]l�l0ÙXvzjUt�suh<�zw�©AhXf 6�jU�z�;�U¹

�v�� ��$v$�� � �� 8( � �!��(�� �� 	)  
Ï�rKsHw1sHw�t�r]l-x]fdhX�K{�l�k h�©yq?h<�[Xl�fdt�s��]i'f�l0q?v]f�f�l��zq?l¥l0ÙXvzj�t�s�hX�zw,¦�rKsHq�rarzjOXl��zl�l��ak¬jUx]xzl0�Åt�h4t�r]l
w�jUk¨l¾x]f�h]q?l0w�w�hXfgtdh�{�hKhXx��]l0w�t�w��OhXfgw�l0ÙXv]l��zq?l0w�hU©]{�h[h<x-�]l0w�t�w�¹UÏ�r]l�f�l0w�vK{�t�sHwgq?h]�Kl�¦yrKs�qdr-f�l0w�l�k��K{�l0w
w�l0Ù<v]l��[t�s�jÁ{]suk¨xzl�f�jUt�su<lÌq?h]�Kl�l��zq?h]�Kl0�1su�D³�´<µ]¶z·¾¹XÏ�rKsHwgw�t�l�x1sHw�{�v]k-xzl0��su��¦�s�t�r-q?h]�Kl�iXl��]l�f�jUt�s�hX�
k�vzq�r¥hU©^tdr]l�t�s�k-lX¹*=�hU¦�l�Xl�f0�<¦�l�w�l�xzjUf?jUt�l�t�r]l!w�t�l�xzwÃhU©�{�h[h<x'xK{�j<q?l�k-l��[tO�zq?hXk-x]v]t�j�t�s�hX�¬h�©�{�h[hXx
�zh<v]�z�]w��^jU�z�4t�r]l�hXf?�Kl�f�s��]i'hU©Ìq?h]�Kl,©«f�h<k q?hÂ�Kl�iXl��]l�f�j�t�s�hX�¸w§s��zq?l¬t�r]l0w�l¯w�t�l�xzw�q�jU���zl¬�Kh<�]l¯j<w
t�f�j��zw§©«h<f�k¬jUt�s�hX�zwÃhU©¾jU��³�´Xµ]¶z·Åx]f�hXiXf�j�k�¹

xRhXf¾tdr]l�©AhXf�¦�jUf��¨w�v]�zw�t�s�t�v]t�s�hX��jÁ{ui<hXf�s�t�r]k z ���zjUk-xK{�l��]��x�s�iXv]f�l�m{��Xtdr]l�{�hKhXx'hUXl�f¾x]f�h]q?l0w�w�h<f
w�xzjXq?lysHw�©~jXq?tdhXf�l0��hXv]t�t�h,�zl�t�r]l�hXv]t�l�f�k-hKw�tg{�hKhXxÄj��z�-t�r]lys��]�]l�f�t�l�k-xzh<f�jO{z{�hKhXxzw�jUf�l�w�l�xzjUf�j�t�l0�
jU�z�¥hXf?�Kl�f�l0�$¹zÏ�r]l,f�l0w�vK{�t�s��]i�³�´Xµ]¶I·Wx]f�h<iXf�jUk sHw�y
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(�;1:�4
�v��� � $�� ���
��� ������(�) $z�
�¾h]�Kl�iXl��]l�f�jUt�suh<���±jXwyx]f�l0w�l��Kt�l0�4r]l�f�lX�IsHw�t�f�j��zw§{HjUt�s��]iÄq?h]�Kl-w�t�f�vzq?tdv]f�l0w�s��Wj��¸³�´Xµ]¶z·»x]f�h<iXf�jUk
¦�s�t�ral0Ù<vKsuUjO{�l��[t'q?h]�KlÄw�tdf�vzq?t�v]f�l0w1s��»t�r]l¥t�jUf�iXl�t�{HjU�]i<vzjUiXl¥s��Wh<f��Kl�f�t�h²q?f�l0j�t�lÄjDÁjO{|sH�»t?jUf�iXl�t
{HjU�]iXvzj�iXlFx]f�h<iXf�jUk�¹

oM�Dsuk¨xzhXf�t?jU�[tyx]f�hX�K{�l�k�s��¸�KhUs��]i'q?hÂ�Kl,iXl��]l�f�jUt�s�hX�DsHw�t�r]l,iXl��]l�f�jUt�suh<��hU©gÁjUf�s�j��K{ul-�Kl0qd{HjUf�j�Í
t�s�hX�zwys���t�r]l,t�jUf�iXl�tÌ{�j��]iXvzjUiXl�t�h-fdl�xK{�j<q?l�tdr]l�xIhU{��[r]l0�KfdhX���zjXw�l0�4ÁjUf�s�j��K{ul¥�Kl0qd{�j�f�jUt�s�hX�zwys���t�r]l
³�´Xµ]¶z· {�j��]iXvzjUiXlX¹ �¾l�f�t?jOs��WhXx]t�suk¯suÎ0j�t�s�hX�zw�k¬jO���zl��KhX�]l'h<� jU�º³�´Xµ]¶z·Æx]f�hXi<f�jUk tdh²fdl0�Kvzq?l
t�r]l-jUk¨hXv]�[t�hU©¾k-l�k¨hXf��'f�l0Ù<vKs�f�l0��t�h¥f�l�x]f�l0w�l��KtFj¨ÁjUf�sHjU�K{�lX¹ x]hXfys��zw�t�jU�zq?lX�Ês¼©Ãs�tFq�jU���zl-w�r]hU¦��
t�rzj�t�©«hXf¾j,q?l�f�t�jOs��¬�<s�k-l��zwªsuh<�'hU©±t�r]lyÁjUf�sHjU�K{�l�t�rzjUtÃt�r]l�Áj�f�sHjU�K{�lMl?{�l�k-l��Ktg{|s|©«l�t�suk¨l0w�jUf�l��<sHwÜ��hUs��[t0�
t�r]l��ºt�rzjUt-�<s�k-l��zw§s�hX�*q�jU�»�Il�x]f�h<�ªl0q?t�l0�ah<v]t-¦�r]l�� jO{|{�hÂq�j�t�s��]iWk-l�k¨hXf��X¹�xRhXf�t�r]l�f�l�k¥jOs��Ksu�]i
�<s�k-l��zw§s�hX�zw¿�®j4q�rzj��]iXl-hU©��zjXw§sHw,k¬jO���zl¯©«hXv]�z�Å¦�rKsHqdr¸f�l0�Kvzq?l0w,t�r]l-f�l0q?t�s¼{|s��]l0jUf-l�k��Il0�]�<su�]i�hU©
t�r]l�UjUf�sHjU�K{�l 9 7X��;¤¹

x]hXf�t�r]l¥©AhXf�¦�jUf��Åw�v]�zw�t�s�t�v]t�s�hX� jÁ{ui<hXf�s�t�r]k z �®�Rj�k-xK{�l��]� x�sui<v]f�l¸m{���f�l0q?t�s|{|s��]l0jUf¥�zhXv]�z�<s��]i
�Ih0�]l0wg¦yr]l�f�l�©AhXv]�z��©AhXfgl0jXqdr-hU©�t�r]l��KhXk¬jOs��zw�¹ >¾��vzw§s��]i,{|s|©«l�t�s�k-lFj��zjO{��Âw§sHw���{�hÂq�jO{$ÁjUf�s�j��K{ul�I-¦�jXw
f�l0�Kvzq?l0�Ð©Af�hXk j¥Xl0q?t�h<f�t�h�j�w�q�jÁ{�j�f�su�al0jXqdr¸x]f�h]q?l0w�w�hXfO¹�Ï�r]l�°z�zjO{¾f�l0w�vK{ut�su�]i4s�k-xIl�f�jUt�s�Xl¬�]j�t�j
xzjUf?jO{|{ul?{¾q?h]�Kl�sHw�y
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Ï�r]l�³�´Xµ]¶z·¥l��[<s�f�hX�]k-l��Kt�sHwgj�tdh[hU{Hqdr]l0w�t�©«f�h<k ¦�rKsHqdr-�<s ��l�f�l��Ktgt�f�j��zw§©«h<f�k¬jUt�s�hX�zw�q�jU�F�Il�vzw�l0�Ftdh
t�f�j��zw§©«h<f�k�j�x]f�hXiXf?jUk ©«f�h<k s�t�w�q?v]f�f�l��KtMw�t?jUt�l�t�hU¦�jUf��-w�hXk-l�t�jUfdiXl�t�w�t�jUt�lX¹K�~©�j�t�f�jU�zwª©«hXfdk¬jUt�s�hX�
sHw,�]l�l0�Kl0�¸¦�rKsHqdr �KhKl0w��]h<tFl?�Ks�w�t0�$s�t�q�j��¸�zl¥¦�f�s�t�t�l��ajU�z��l0jXw§s|{���s��Kt�l�iXf�jUtdl0�4s��[t�h4t�r]l¬w��]w�t�l�k4¹
Ï�r]l�³�´Xµ]¶z·Ål��[<s�f�hX�]k-l��Kt�sHw��]vKs|{H�'h<�'t�hXx'hU©®j¨w��[k��IhU{|s�q,jO{�iXl��]f�j�w��]w�t�l�k�¦yr]l�f�l�t�r]lFjU�zw�tdf�jXq?t
w��K�[t?jO�Ätdf�l�lFhU©¾jU�Å³�´<µ]¶z·»x]f�hXiXf?jUk�q�jU���zl�w��[k��zh�{¼sHq�jO{|{���k¬jU�Ks�x]vK{HjUt�l0�$¹ xRhXfMtdrKs�w¿�z¦�l�l�k-xK{�hU�
�¸·���¶�����·����
	I· 9 �zm';g¦�rKsHq�r¸w�v]x]xIhXf�t�wys�k-xIl�f�jUt�s�XlX�Ê©«v]�zq?t�s�hX�zjÁ{~��jU�z�4f�vK{�l�ÍA�zjXw�l0��x]fdhXiXf�jUk¨k�s��]i
xzjUf�j<�<sui<k¬w��]vKs|{�tMhX�'tdhXx'hU©®j-w��[k��zh�{¼sHq,q�jO{Hq?vK{�j�t�hXf0¹zÏ�f�jU�zwª©«hXfdk¬jUt�s�hX�zw�jO{Hw�h-fdl?{u�'r]l0jO<s|{u�'h<�'t�r]l
xzh�{u�Kr]l0�Kf�jO{�{¼s��]f�j�f�� 9 7X��;±¦yrKs�qdr'x]f�hU<s��Kl0wÌt�r]l!q�j�xzjU�Ks|{¼s�t��¥©AhXf��KhUs��]i�©«v]�z�]j�k-l��[t?jO{±hXxIl�f�jUt�s�hX�zwÌhX�
xzh�{u�Kr]l0�Kf�j]¹]Ï�rKsHw�sHw�j�{|s��]f�jUf��-h�©±©Av]�zq?t�s�hX�zw�w�vzqdrÄj<wg�¤k¥jUiXlX�X�§�[tdl�f�w�l0q?t�s�hX��� �ys ��l�f�l��zq?l�jU�z�����Ks�hX�
¦�rKsHqdr�hXxIl�f�jUt�l�hX�'v]�Ks�hX�zwyhU©¾q?hX�KXl?�ÄxIhU{��[r]l0�Kf?j]¹

 �����$� ���$�����1�&���+ (*���������������1���

�¤�¨t�rKsHw�xzjUxzl�f0�U¦�l�rzjOXlgs|{|{�vzw�t�f�j�t�l0�-h<v]f®jUx]x]fdh[jXqdrF©AhXf�t�r]l�q?hXk-xKs|{HjUt�s�hX�¥hU©�³�´Xµ]¶z·¾�Xjy©Av]�zq?t�s�hX�zjO{¤�
�]jUt�j�ÍAxzjUf�jO{|{�l?{�{HjU�]iXvzjUiXlÅ¦�rKsHq�r*¦�jXw¨hXf�s�iUs��zjO{|{�� �Kl�Xl?{�hXxIl0�Æ©AhXf'w��]w�t�hU{|sHq¸jUf�f?j0� w��[�Kt�r]l0w§sHw�¹yÀ¸l
rzjOXl'�]vKs|{�t'hX� t�r]lDsH�Kl0jXw-h�©1jUx]xK{|sHq�jUt�s�Xlaq�jXq�rKs��]i»jU�z�»k¨hX�]hU{|s�t�rKsHq²j�f�f�jO�Âw¿�®j��z� w�r]hU¦�l0�ar]hU¦
w�t�j�t�sHq-jU�zjO{��]w§sHw�q�j��W�Il¬vzw�l0�Åt�h¥s�k-x]f�hUXl¥t�r]l-l?Ë'qdsul��zq?�ahU©MjUx]xK{|sHq�jUt�s�Xl�q�jXqdrKs��]i��[��hXf��Kl�f?w�hU©
k¬jUi<�Ksutdvz�KlX¹�Ï�rKsHwFjU�zjO{��]w§sHw�sHwF�<s�f�l0q?t�{u�Ål?�Ât�l��zwªsu�K{�l¥t�h'xzjUf�jÁ{¼{�l?{|s�Î0jUt�s�hX�a©AhXf�w�rzjUf�l0��k¨l�k-hXf���jU�z�
�<sHw�t�f�s��]v]t�l0�¯k-l�k-hXf��Fq?h<k-x]v]t�l�f�w�¹OÀ¸l�jU�Kt�sHqds�xzjUt�l�t�rzjUt�s�t¾q�jU��l��zjU�K{�l�t�r]l�q?hXk-xKs|{�l�f¾t�h��Kl�t�l�f�k¯su�]l
t�r]l�iXf�jÁsu�¸w§s�Î�lX��jU�z�4k¬j ½ l��Kl0qdsHw§s�hX�zw�w�vzqdr¸jXw�tdr]l�tdr]f�hXt�t�{|s��]i'hU©¾xzjUf?jO{|{ul?{|sHw�k ¦�r]l��4s�tF�Kh[l0w��]h<t
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�<s�l?{��¥jU�K�FxIl�f�©«h<f�k¬jU�zq?l�iKjOs���¹U�¤�-l ��l0q?t0�O¦�lMjOs�kbt�h��zl�jU�K{�l�t�h�iXl��]l�f�j�t�l�q?hÂ�Kl�tdrzjUt�sHwÃjXw�l?ËÄqds�l��[t
jXwÌxzjUf�jO{|{�l?{^s�k-xIl�f�jUt�s�Xl�q?hÂ�KlX¹

��l0q?l��[t�¦�hXf ½ hX�'{�hKhXx�xzj�f�jO{|{�l?{¼s�Î0jUt�suh<�WrzjXw�©«h]q?vzw�l0�4hX��l?�]t�f�j<q?t�s��]i¬t�r]l�l?�zjXq?t��]jUt�j,ÑzhU¦�s��]Í
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