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JLK�M&NPOPQ�RTS�UWVXOWY[Z]\^O`_aVXb]Vc_dM&NPOWV
egfXh[icO`_jS�h]k]O&h

SaYmlnlHh[fX_jk]OofXOGp"KnO&f"p"KnO2qHr$sutmv[wARyxmZ�z{b|QG}[}I}oR~vm�Cl�Ym�[OGV

���1�W�&���n�[�[��� hIq�VX��k]OWfdY[�nz�O|O`�<h[fX_dV�K�Y:�[O���h]p`Z�VXOWk�h[q�p&h[qn�IOWV�_X��h[q�p&h[qE_Xfdh[z�lnfdhm_Xh]p&h[z�V4��h[f�z�Ymfd�[O&�
Vdp&Y[z{O�N�Znz{_X��p&YIVc_3Ymlnlnz���p&Y�_d�{hIq�VW�H��Z]_���q|NPhIV�_�pWY[VXOWVW��_dKnOWVXO�p&h[q�VX��k]O&f�h[qnz�b�V���qn�Iz{Of"Y�_dO�VXOWVdV���h[q�V&� �¡q
K�O`_XOWfXhI�[OWqnO&hIZ�V�O&qu�u�{fdh[qnNPOWqI_"V&�(�{_���V3�{qE_dO&fdOWV�_X��qn� _Xh�hm�<O&foOGY[p"K¢fXOGp`OW�{�IO&f3�£_"VoN4Y�\]��N�ZnN¤�=Y[�{f�fdYm_XO[�
fdO&�EYmf"k]z�OWVdV3hm��_XK�O^lnfdOWVXO&q�p&O¥hm�aVXz�h�¦'OWffXOGp`OW�{�IO&f"V3�{q§_dKnO �[fdh[Znl¨���¡q©_XKn��V�l�YmlHO&fG�$¦5O^l�fXhIl�hEV�O¥Y[q
Y[z£_dO&fdq�Y�_d�{�IOj_dhCz�Y:b[OWfXOGk4O&q�p`h]k]��qn�uª:_Xf"Ymq�VXNP��VdV���h[q¥Vdp"KnOWNCOGV&�?«C¬a5�]h[Znf�J$Ym�[�®��YIV�OGk¥¬a¯�e*N�Znz{_X��p&YIVc_
$z�h�¦�p&h[qE_Xfdh[z�l�fXh[_Xh]p`hIz°�LZ�VXOWV4�IO&fdb±VX�{NPlnz�O|fdh[Z]_dO&f4²�z{_XOWfdVW�5_XK�Ym_W�jYIV¥Sj³g¯�h[f^k]�{�(V�OWfX�<��YmfdO�qnhm_
Y:¦LYmfdO�hm�?_XKnO3_dfdY[q�VXl�hIf�_jz�Y:b[OWfW�nk]h4q�hm_aY[k�k ´�h�¦µV�_dYm_XOI�nqnh[fa�{qE_XOWq�VX�{�IOp`h[NPlnZn_dY�_d�{hIq¨�'$��z£_dO&fd�{q��4��V
knh[qnO3��YIV�OGk^hIq l�Y[p"¶[O&_¸·¡_"Ym�IVc¹º�up&h[NPlnZ]_dOWk�Y�_L_dKnOV�hIZnf"p`O[�nY[q�k lnfdh��E��k]OGV¸�=Y[�{f���Ymq�k]¦���ku_dK�VXK�Y[fX��qn���
»¢Oo�HO&z��{OW�[O3_XK�Y�_j_dKn��VaVXp"KnOWNPOp&Ymq�p`huO&\u��V�_j¦��£_dK|J � e1��Ymq�k�p&Y[q���OZ�V�O&��Znz(��h[fafXOWz{��Ym�nz�O3N�Znz{_X��p&YIVc_
Y[lnlnz���pWY�_d�{hIq�V&�
¼�½E¾<¿dÀ�Á ��Â$�[�ÄÃ Znz{_X��p&YIVc_G�up&h[qn�IOWV�_X��h[q4p`hIqE_Xfdh[z®�[KnO&_XO&fdh[�IO&qnOW�£_cbI�[N4Y�\u�ÅNP�{qP�=Y[�{fdqnOWVdVW�Ifdh[Z]_dO&fÆ²�z£_dO&f"V&�
N�Znz{_X�{�®f"Y�_dO3VXOWVdVX�{hIq�V&�u�¡qE_XOWfXq�O`_W�n¬ ¯ e$�HJ1Y[�IV
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 ��� OWVa_Xf"Y:��YmZ]\|VXZnf�z{OPp`hIqI_df��Iz{O�k]OCp&h[qn�IOWV�_X��h[q�lHh[Znf3z�OWV O&qu�u�{fdh[q�qnO&NPO&qE_"VaN�Znz£_d�{lHh[��qE_dV
U&_XZ�kn�{OWqI_4lnfd��q�p`��l�Ymz�O&NPOWqI_4z�O�p&Y[VPk]OGV4V�OGVXVX��h[q�VCNPh[qnh[�ÅknU&�n�{_W��� fW�5knYmq�V�Z�q p&h[qE_XO&\u_XO���h[fX_XO&NPOWqI_
K�U`_XUWfXhI�[MWqnO[�Ih[q�VXh[Z�K�Ym�{_XOWfdY[�£_¸lHh[Z��[h[��f¸l�fXhIl�hEV�OWf���p"K�Y��EZnOafdUWp&O&l]_dO&Znf5Znq k]U&�n�{_�Y[knY[l]_XU���VdY�p&Y[l�Y��
p&�£_dU[�n��q�k]UWl�OWq�knY[NCNPOWqI_aknOoz�YClnfdUWVXO&q�p&Ook�� Y[Z]_XfdOWVLNPOWN��nfdOWV�knY[q�VLz�Oo�[fdh[ZnlHO[���jhIZ�VLlnfdh[lHhIVXh[q�V5��p`�
Z�qnO Y[z£_dO&fdq�Y�_d�{�IOaYmZ]\PNPUWpWYmqn��V�NPOGV'k]Oa_Xf"Ymq�VXNP��VdVX�{hIqCOWq^p`hIZ�p"KnOGV&�$«�¬ '�EZnq�lnfXh[_Xh]p`hIz{OjknO p`hIqE_Xf��[z�O
knO�p&h[qn�IOWV�_X��h[q*��Y[VXU�V�Z�f4z�� Z]_X��z���VdY�_d�{hIq*k]O�z�Ym�HO&z�VW�'qnUGp`OGVXVX�£_dO�z�� Y�ichIZ]_¥k]O�²�z{_XfdOWV¥VX�{NPlnz�OWV4k�Ymq�VPz�OWV
fdh[Zn_XO&Z�fdVW� � h[NPNPO l�hIZnf4Sj³g¯¤hIZ k]�{�<VXO&fd�<�'p&OWV�²�z{_XfdOWVCq�� �{qE_XOWfX�u��O&qnq�O&qE_4l�Y[VPYmZ qn���[OWY[Z©_dfdY[q�Vc�
lHh[fX_W�Eq�� Y�ichIZ]_XOWqI_Ll�YIV¸k�� U`_"Y�_Ll�Ymf'´�hm_LknYmq�V¸z�OWV'fXhIZ]_XOWZnf"V&�EO`_Lq�� O`�<OWpº_dZnO&qE_��EZnO k]OGV¸hIl�UWfdYm_X��h[q�Vg_XfdMWV
VX��NCl�z{OGV&� � O�²�z£_dfdY[�[O[����Y[VXU4V�Znfoz�Y ��Ymz�O&Znfk�� ZnqnO4U&_X� �EZnO`_X_XO¥p`hIqE_XO&quZnO4knY[q�Voz�OPl�Y��EZnO&_O`_p&Y[z�p&Znz{U
l�Ymf3z�Y�VXh[Znf"p`OI�(l�OWfXNPO&_oknOCl�YmfX_dYm�IO&f�U!�EZn�{_dY[�nz{OWNPO&qE_oz�Y ��Y[q�k]OPl�Y[VdVdYmqE_XOI�"�jhIZ�V�l�OWq�VXh[q�V#�EZnO4p`O
l�fXh[_Xh]p`hIz{O�l�OWZ]_ap`hIK�Ym���£_dO&fjY:�[OGp J � e$�nO&_%$`_dfXO3Z]_d�{z���VXUolHh[Znf�z�OoN�Znz{_X��lHh[��qI_�²HYm�nz�O[�
&.Á �G� ¿ ��' 
 �3��Ã Znz{_X��l�hI�{qE_W�mp&h]knYm�IOgKn��O&f"Ymf"p"Kn�(�EZnOI�Gp&h[qE_Xf��[z�O¸k]O5p`hIqn�[OGVc_d�{hIq¨�WK�U`_XUWfXhI�[UWqnU&�{_XUI�GU��EZn�£_dU[�
²�z£_dfXOGV&�]lnfdhm_dh]p`h[z�OWVW�u�¡qE_XO&fdqnO&_W�nN�Znz£_d��knU&�n�{_W��¬ ¯ e
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» �{_XK©_XKnO�Y[k]�IO&qE_�h[�Lq�O&¦�N�Z�z£_d��pWY[V�_CVXO&fd�E��p`OGV&�?VXZ�p"K±Y[V�YmZ�kn�{h[�Åp&h[q]��OWfXOWq�p`��qn��h[f�V�h[� _c¦5Y[fXO¥k]��V�_Xfd�£�
��Z]_X��h[q¨�$p`hIqI_dfXhIz{z���qn�^_dKnO4�[fdO&OGk|h[�'N�Z�z£_d��pWY[V�_�Ymlnlnz���p&Y�_d�{hIq�V�K�Y[V3�HOWp&h[NPO¥p`fd�{_X��p&Ymz®�4JLKnOPN�Znz{_X��p&YIVc_
OWqu�E��fdh[qnNPO&qE_?fdY[��VXOWV?q�O&¦*��VdV�Z�OWV?��q�_dKnOjk]OW�[O&z�h[l�NCOWqE_?h[�<p&h[qn�IOWV�_X��h[qCp`h[qE_dfXhIzEl�fXh[_Xh]p`hIz�VW���¡qPZnqn��p&YIVc_
OWq�k�_dh^O&q�k|p`hIqn�[OGVc_d�{hIq|p`h[qE_dfXhIz�lnfdhm_dhup&h[z�V&�HY¥VXh[Znf"p`O�YIknYmln_dV �£_"Vaf"Y�_dO�{q�fXOGV�lHh[q�VXOo_dh�p`hIqn�[OGVc_d�{hIq
VX���[q�Y[z�V�V�OWqI_C��Y[p"¶¢�ub¢_XKnO fXOGp`OW�{�IO&fG���¡q±z�Ymfd�[O¥N�Znz£_d��pWY[V�_�OWqE�u��fXhIqnNPO&qE_dVW�?V�hIZnfdp&OWV�NPY:b��HO^h��IO&fX�
¦�K�O&z�NCOGkC�Eb���O&OGk]��Y[p"¶���fXhIN Y[z{z]_dKnOjNPO&N���OWfdVghm�H_XKnOj�IfXhIZnl¨�10jO`_dO&fdh[�IO&qnOW�£_cb�Y[NPh[qn��_XK�OjfXOGp`OW�{�IO&f"V
��V�Ymz�VXhCYCN4Y�ichIf5��VdV�ZnOoY[q�k^¦���z�z(_XOWq�k�_Xh4YmlnlHOWY[fLNChIfXO ��fdO!�EZnO&qE_dz{b¥��q _XKnO3��Zn_XZnfdO[�]¦��{_XK _XK�OoO`\u_XOWqI_
h[�¨_XK�O��¡qE_dO&fdqnO`_�Ymq�k¥_XKnOoY[fXfd�{��Y[z�hm�$qnO&¦�_cbElHOWV5h[��z{��qn¶]V�Ymq�k^k]OW�E��p`OGV&�?�¡q Y�p&h[qE_XO&\E_Lhm�1Kn�{�IK^��Y[q�ku�
¦���ku_dK¨��k]OWz�Y:bI�nYmq�k�ic�£_X_XOWfj��Ymfd��Y[�n�{z��{_cb[�]�{_j��Vjkn�32¥p`Z�z£_�_dh¥V�OWq�k¥_dh4O&�IO&fdb4fXOGp`O&���[OWfL�£_"V#45�'�6+7
�8��'+��&��Ymq�k
_dh4Y:�[h[��k¥�HO&��qn�4z��{NP�{_XOGk��ub4_dKnOo¦5h[f"Vc_�fdOWp`OW�{�IO&fL��q^_dKnOo�[fdh[Znl��
¯ O`²�q��{qn�|_XKn��V ·�45�-�6+9
�8:�-+��Å¹¥��q©Y�KnO`_dO&fdh[�IO&qnOWh[Z�V3N�Znz£_d��pWY[V�_�O&qu�u��fXhIqnNPO&qE_��Vqnhm_�V�_Xf"Ym���[KE_X��h[fX�

¦LYmf"k(��J�hAY[k]hIl]_�Y|p`hINPNChIq§�u�{OW¦�l�hI�{qE_�hIqA�=Y[�{fdqnOGVXVW�1¦5O¥N�Z�Vc_�²�fdV�_�k]O&²�qnO^Y�V�O&_�hm��Z�VXO&f"VYmq�k
fdOWVXh[Z�fdp&OWVW��Y[V3¦5O&z�z¸Y[V�Y�VXYm_X��Vc�=YIpº_X��h[q¢NPO`_dfX��pm���¡q�_XKnO¥q�O`_c¦5h[fd¶E��qn��p`hIqI_dO`\u_W�1_XK���VoNPO&_Xfd��p¥pWYmqA��h[f
O&\nYmNPlnz�O4��O¥fdOWVXlHh[q�VXOC_X��NCOI�?l�h�¦5O&f5;G�1_XKnfdh[Zn�IKnlnZ]_G��_dKnfdh[Zn�IKI_dlnZ]_lHO&f�knh�¦�q�Vc_dfXOGYmN�fdOWp&O&���[OWf=<{Q�>®�
»¢Ojp&Y[q�_dKnO&qPOW�£_dKnO&fgk]O&²�qnOjY�·c�=Ym��fXqnOGVXV?��q�k]O&\E¹�< v?>®�I¦�Kn��p"K �EZ�Y[qE_X�{_dY�_d�{�IO&z�boNPOWY[VXZnfdOWV1_XK�O¸·cO��IZ�Ymz��£_cbI¹
h[�gfXOGV�hIZnf"p`O�Y[z{z�h]p&Y�_d�{hIq¨�Hh[f3k]O`²�q�O �EZ�Y[z{�{_dYm_X���[O�l�fXhIl�OWf�_d�{OGVaVXZ�p"K�Y[V N4Y�\u�ÅNC��q��=Y[�{fdqnOWVdV@< s->$hIf lnfdhm�
lHh[fX_X��h[q�Ymz<�=Ym��fdqnOWVdVA< ����B�>Å�¸»¢OVdY:b4_XK�Ym_ YPfdOWVXh[Znf"p`O3Ymz�z{h]pWY�_X��h[q ��V ���C ¿ �D,EGFÅ�HD � �£�?�{_a��V���OWY[VX���nz{O
Y[q�k4�{���{_5��V¸q�hm_Ll�hEVXVX�{��z{Oa_Xh���q�p&fXOGY[VXO�_XKnO3VdY�_X��V��=Y[pº_d�{hIq¥hm��Y�Z�VXO&f5¦��£_dKnh[Z]_�VX�{N�Znz£_"YmqnOWh[Z�VXz�bCpWYmZ�VX�{q��
YPk]OGp`fdOWYIV�O��{q _dKnOVXYm_X��Vc�=YIpº_d�{hIq^hm�ÆYCNPh[fdO3p&h[q�V�_Xf"Ym��qnOGk¥Z�VXO&fG�
¯ ��Vdp`Z�VXVX�{hIq�V h[q��=Ym��fXqnOGVXV^��h[f�Znq���pWY[V�_�p&h[NPl�YmfdO|´�h�¦jV¥_dKnfXhIZn�[K�lnZ]_�h��[OWf�Y l�Y�_dK�h[f�h��IO&f�Y

p&h[NPNPh[q��Hhm_�_dz{OWqnOWp"¶¢z��{qn¶<�JI Vh[Zn_Xz��{qnOGk§��qG< K->®�?�{_���V�k]�L24p&Znz{_�_Xh�K�Y:�[OP_dKnO�VdYmNPO¥p`hIq�VXO&q�VXZ�VohIq
�=Y[�{fdqnOGVXV��h[fCN�Znz{_X��p&YIVc_G��I N�Z�z£_d��pWY[V�_CVXOWVdV���h[q±pWYmq©K�Y:�[O¥��q�k]OWl�OWq�k]O&qE_4�Hhm_�_dz{OWqnOWp"¶�z��{q�¶uV�_dK�Y�_P�£_
VXK�Y[fXOGVa¦��{_XK�k]�{�HOWfXOWqI_oZnq���pWY[V�_�hIf�N�Znz{_X��p&Y[V�_3´�h�¦jVW��¯aO&²�qn��qn��Y¥�=Y[�{fY[z{z�h]p&Ym_X��h[q|lHh[z���p&b[�(_dKuZ�V�_XKnO
·XVdY�_X��V��=Y[pº_d�{hIqu¹4hm�aY�N�Znz£_d��pWY[V�_�´�h�¦o�?��V�q�hm_���qE_XZn�{_X���[OI�A¯ huOWVCY|N�Z�z£_d��pWY[V�_�V�OGVXVX��h[q©k]OGV�OWfX�IO¥NPh[fdO
��Ymq�k]¦���ku_dKA_dK�Ymq©Y�VX�{q��[z�O¥J � e2p`h[q�qnOWp`_X��h[q¢�£���{_�V�OWfX�IOWV3N�Z�z£_d�{lnz�O¥fdOWp&O&���[O&f"V�M Ã hIV�_�YmfX_X��p`z�OWV3hIq
N�Znz{_X��p&Y[V�_3�=Ym��fXq�OWVdV p&h[q�VX��knO&f�_XKnO4pWY[VXO�h[�5VX�{qn�Iz{O&�®f"Y�_dO�VXOWVdV���h[q�V�VXK�Y[fX��qn�^��Ymq�k]¦���ku_dK¢¦��{_XK¢Znqn��p&YIVc_
VXOWVdVX�{hIq�V&�nY[q�k ��h]p`Z�Vah[q _XK�O9�6*N�O�5+!��PQ$-&R45�'�6+!*S�!
�
º����Y[VXOWk h[q�_dKnO�knYm_dYPl�Ym_XK�_XhP_dKnO¦5h[f"Vc_jfdOWp&O&���[OWf
��q¥_dKnO3�[fdh[Znl�< Kn��t]�uw'>®�gJLKnOWb¥k]hCqnhm_�p`hIq�V���k]OWf¸_dKnO@�6*��T��+!�O+������5�6U'��+V45�-�6+!*W�5
�
"�nY[NPh[qn��fXOGp`O&���[OWfdV¸hm�1Y
VdYmNPOoVXOWVdV���h[q¨�
�Å_jVXO&O&N4V5Knh�¦5O&�IO&f¸NPhIfXO q�Y�_dZnfdY[zH_XhPV�OWOa�=Y[�{fdqnOWVdV¸��fXhIN)Y�fdOWp&O&���[O&f5Vc_"Ymq�knl�hI�{qE_W�gJLK�O fdOWp&O&���[O&f�� V

VdY�_d��V��=Y[p`_X��h[qCp&YmqCV���NPlnz�b��O�k]O&²�qnOGkCYIV1_XKnOL��Y[q�k]¦���ku_XKPfdOWp`OW�{�IOWk(���Å_¸k]huOWV$qnhm_gk]OWl�OWq�kCh[q�¦�KnO`_dKnO&f
�{_1fdOWp&O&���[OGV<�{q]��hIfXN4Ym_X��h[q3��fdh[N�Y�Znqn��p&YIVc_�hIf1Y�N�Znz{_X��p&Y[V�_¨´�h�¦o�1�¡q=< }->®�G_dKnO¸qnh[_X��h[qoh[�u�Iz{hI��Ymz[NPYm\u�®NP��q
�=Y[�{fdqnOGVXV���Vjk]O&²�qnOGk ��fXhIN _dKn��Val�OWfdVXlHOWpº_d�{�IO=XY�:
���+�
LY[fXO3fdOWp`OW�{�IO&f"V�Ymq�k�q�hm_�´�h�¦jVW�5JLK���V k]O`²�q��£_d�{hIq
Y[lnlnz��{OGVo_dh|Znqn��p&YIVc_�VXOWVdVX�{hIq�V�YIVo¦'OWz{zLY[VN�Znz{_X��p&YIVc_PV�OGVXVX�{hIq�VW�$Y[q�k�O&�IO&q�_Xh�N�Znz{_X�{�®f"Y�_dO^VXOWVdV���h[q�V	Z��
»¢OWY[¶[OWf��=Y[�{fdqnOWVdVClnfdh[lHO&fX_X��OWV���fXhIN Y|´�h�¦ Vc_"Ymq�knl�hI�{qE_4p&Ymq±_XKnOWq �HO��{qn��O&fdfXOGk(�'VXZ�p"K YIV �G�  ½I¿
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I ��Ymq�k]¦���ku_dKPY[z{z�h]p&Ym_X��h[qCl�hIz{��p`b���h[fgN�Znz£_d�£�Åf"Y�_XOLN�Znz£_d��pWY[V�_¸V�OGVXVX��h[q�V$N�Z�Vc_¸fdO&z�bhIqCNPOGp"K�Ymqn��VXNPV
��q�_XKnO¸qnO`_c¦5h[fd¶<� � Y:b[OWfXOGkj_dfdY[q�VXNC��VdV���h[q3VXp"K�O&NPOWV<Z�VXOgN�Znz£_d��pWY[V�_¨fXhIZ]_X��qn�5��Znq�p`_X��h[q�Y[z{�{_X��OWV¨_Xh�lnfdh��u��knO
kn�£�<O&fdO&qE_jf"Y�_XOGVL_Xh4NPOWN��HO&f"V�hm�$_XKnO��[fdh[Znl¨���uOWp`_X��h[q�vCO`\]lnz�Ym��q�VL_dKnOk]f"Y:¦���Y[p"¶^hm�$_XKn��VaY[lnlnfdhIY[p"K��
0ah�¦'OW�[OWfW�]Y[k�k]�{q��Pp&h[NPlnz�O`\¥´�h�¦�N4Ymq�Y[�[OWNCOWqE_L��q _XKnOofdh[Zn_XO&f"V�VXO&O&N4VLZnq�fXOGYmz���V�_X��p��{q _XK�Oo�¡qI_dO&fdqnO`_
_dh]knY:b[�	�uOGpº_X��h[q s¢lnfdOWVXO&qE_dVP«�¬a5�¸Y�J1Y[�m�Å��Y[VXOWk ¬a¯�e�$z{h�¦�p`h[qE_dfXhIz5l�fXh[_Xh]p`hIz���Y[VXOWk h[q*�[OWfXb
VX��NCl�z{OPl�YIp"¶[O`_�²�z{_XOWfdV3��q¢_XKnOPfdh[Z]_dO&f"Va_dK�Y�_Y[fXOPqnh[_oY:¦LYmfdO�h[�¸_dKnOP_Xf"Ymq�VXlHh[fX_�z�Y:b[OWfdVW�(k]h�qnhm_Y[k�k
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�]OWpº_d�{hIq^�4p`hINPNCOWqE_dV5h[q�_XKnO3Z�VXO3hm�$«�¬a§¦��{_XK�fdO&z���Y[�nz�O
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VXh[Z�fdp&O�� VPfdYm_XO���q�Y§VXpWYmz�Ym�nz�O|Ymq�k J � e?�°��fd��O&q�k]z�b*NPY[qnqnOWf4_Xh§_dKnO�VXz{h�¦5OWV�_4fXOGp`OW�{�IO&fG�µJLKnO|J � e
��fd��O&q�k]z���qnOWVdV4��V¥Y[p"Kn��O&�IOWk Z�VX�{qn��OW�£_dKnO&f¥¦���q�k]h�¦L�Å��YIV�OGk Y[z{�Ih[fd�£_dKnN4V < K]�Ltu�jQ:v?>®�Lf"Y�_dO`�Å��Y[VXOWk*Ymz��[h[�
fd�{_XKnN4Vg��Y[VXOWkPh[q�J � e§NPhuknO&z�V < wn�HQWs]��Q&�n�HQ?Bu�HQ K'>®�Eh[f5Y[knk]�{_X���[Oa�{q�p&fXOGY[VXO[�IN�Znz{_X��lnz���pWY�_X���[O k]OWp&fXOGY[VXO
Vdp"KnOWNCOGV <�Q:tu�]QWw]�]QG}�>®���uOWp`_X��h[qC��VXKnh�¦jV1Knh�¦5O&�[OWf¨_dK�Y�_ÆfdO&z���Y[�nz{O'N�Znz{_X��p&YIVc_gY[lnlnz���pWY�_X��h[q�V1pWYmq��HO&q�O`²n_
��fdh[N N�Znz{_X�{�®f"Y�_dOoknY�_"YCkn��V�_Xfd�{��Z]_X��h[q¨�
JLKnOoN4Y[�{q lnfdh[lHhIVdYmz<��h[f�N�Znz{_X�{�®f"Y�_dO�N�Znz{_X��p&Y[V�_jV�OGVXVX��h[q�V'_Xh]knY:b�p`h[q�V���Vc_"VL�{q�O&\ul�z{hI�£_d�{qn�Pfdh[Z]_d�{q��

��Z�q�pº_d�{hIq�Ymz��£_d�{OGV¸��q4_dKnO q�O`_c¦5h[fd¶_XK�fXhIZn�[K¥z�Y:b[OWfX��qn�����¡q^Yoz�Y:b[OWfXOGkPO&q�p&h]k]�{q��uªG_dfdY[q�VXNC��VdV���h[qPVXp"K�O&NPO[�
_dKnO'VXh[Z�fdp&OÆKn�{OWfdY[fdp"K���pWYmz�z{b O&q�p&huknOWV(_dKnOLknY�_"Y��{q�Y�quZnN��HO&f$hm�nz�Y:b[OWfdVH_dK�Y�_$�{q�p&fXOWNPO&qE_dY[z{z�b�p&h[N��n�{q�OWk(�
l�fXh��u��k]OCY[q���q�p`fdOWYIV���qn� �EZ�Ymz��£_cb�_dh _XKnO4Z�VXO&fG��³¸Y[p"K¢z�Y:bIO&f3��V�_dKnO&q�VXO&qE_oh[q�Y�VXO&l�Y[fdYm_XOCN�Znz{_X��p&YIVc_
�IfXhIZnl¨��SjOWp`OW�{�IO&f"V _dYm¶IO�_dKnOP�{q��£_d��Ym_X���[OPhm�1ich[��qn�{q�� Y[q�k�z�OWY:�u��qn��_XKnOGV�OC�[fdh[Znl�Va_dh�NPYm\]�{NP���&O�_XKnOW�{f
VdY�_d��V��=Y[p`_X��h[q¨�G¦�Kn��z{O5z��{NP�{_X��qn�aqnO&_c¦'hIfX¶�p`hIqn�[OGVc_d�{hIq¨�¨�¡q�SjOWp`OW�{�IO&fX�ÅknfX���[OWq � Y:b[O&fdOWk Ã Z�z£_d��pWY[V�_��=S �1Ã��
< v��'>®�m·�lnfXhI�n��qn��¹jO`\]lHO&fd�{NPOWqI_"VLYmfdOaZ�VXOWkP_dhCknOWp`��k]O�¦�KnO&q^_Xh ich[��q�YIknk]�{_X��h[q�Y[z�z�Y:b[OWfdVW�IY[q�k¥z�Y:b[OWfdV'YmfdO
knfXhIlnl�OGk^¦�K�O&q�p`hIqn�[OGVc_d�{hIq���Vjk]O&_XOWp`_XOGk(� � huh[f"k]��q�Y�_d�{hIq^�HO`_c¦5O&O&q�fdOWp&O&���[O&f"V5��VjqnOWp&OWVdVXY[fXbP_dhPY:�Ih[��k
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_dfXOWO[�$JLKnO'Y[�[�[fdOWVdVX�{�IO&qnOGVXV<h[�n_XKnO¸´�h�¦§N�Z�Vc_?��OLY[k�icZ�Vc_dOWkp&h[q�VXO!�EZnOWqE_Xz�b[�G_Xh _XKnO5k]O`_dfX��NPO&qE_?hm��p`z�hIVXO&f
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Ã hIfXOWh��[OWfW�E�{q�p`fdOWY[VX��qn��_dKnOoquZnN��HO&f�h[�$z�Y:b[OWfdV'Z�VXOWk���h[fL_dKnOof"Y�_XOop&h[qE_Xfdh[z<K�YIV�YCp&hIV�_7X
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� nfdO!�EZnOWqI_ÆichI�{q�Ymq�k�z�OWY:�IO NPOGVXVdYm�IOWV5�[OWqnO&f"Y�_dO�Y[q���� Ã e _dfdY-24p3h��IO&fdKnOWYIk
Iaq|Ymlnl�z{��p&Ym_X��h[q ¦��{z�z¨_dKnO&fdO`��hIfXO3Z�VXO�Y4VXNPY[z{z�qEZ�N��HO&fjh[�$z�Y:b[OWfdVW�nYmq�k�_dKnO�[f"YmquZnz�Ymfd�{_cb4�{q�Y:��Ym��z�Y[�nz�O
f"Y�_dOWV5N4Y:b¥�HOo�[O&fdb¥��NPl�hIf�_"YmqE_W�ÆJLKn��V�K�YIV�Ymq �{NPl�YIpº_�h[q �=Ym��fdqnOWVdVLYmq�k O52¥p&�{OWq�p`bI�

$��q�Ymz�z{bI�¨��YIV���qn��p&h[qn�IOWV�_X��h[q¢p`h[qE_dfXhIz���Znq�pº_X��h[q�V hIqAl�YmfX_X��p`Znz�Ymfd�£_d�{OGVah[�¸N�Z�z£_d��pWY[V�_�fdh[Z]_d�{q���lnfdhm�
_dh]p`h[z�V�VXKnh[Znz�k���OY:�Ih[��k]OWk(�?JLKnOGV�Ooz�Y:b[OWfXOGk¥VXp"K�O&NPOWVL��NPlnz{��p`�{_Xz�b�VXZnlnlHhIVXO3_XK�Y�_7X

� JLKnOLk]�£�<O&fdO&qE_$z�Y:bIO&f"V¨YmfdOgfdh[Z]_dOWkY[z{hIqn��_XK�O5VdYmNPOgN�Znz£_d��pWY[V�_1_dfXOWO[�$nZ]_dZnfXO'l�hEVXVX���nz{O'N�Znz{_X��p&YIVc_
fXhIZ]_X��qn� VXp"KnOWNPOWV _XK�Ym_ _dfXb���hIf O&\nYmNPlnz�O_Xh�k]h z{hEY[k|VXK�Y[fX��qn���<hIfa��fdO!�EZnOWqI_3fdO`�ÅfXhIZ]_X��qn���H¦���z{z
p&Y[Z�V�O�_dKnOWVXOoz�Y:bIO&fdOWk¥Vdp"KnOWNCOGV5_XhP�=Y[�{z®�

� S�OWYIpº_d�{hIq�_d�{NPO�_Xh¥p`hIqn�[OGVc_d�{hIq�Ymq�k�ich[��q|Ymq�k�z�OWY:�IOoz�Ym_XOWq�p`��OWVjVXKnhIZnz�k �HO�h[�1_dKnO�VdYmNPOoh[f"k]O&f
hm�LN4Ym�[q��£_dZ�k]O[�4JLKnOP�=YIpº_3_XK�Y�_�ich[��q�Ymq�k¢z�OWY:�[OCz�Y�_XOWq�p`��OWVoY[fXOPp`fd�{_X��p&Ymz?_dh _XKnO4lHO&fX��h[fdN4Ymq�p&O
hm�aS �$Ã ��V�fdO&�IOWYmz���qn����JLKn��V�N4Y:b¢��O lnfdh[�nz�O&N4Ym_X��pP��h[f�O`\nYmNPlnz�O[�?¦�KnOWq±Y[pWp`OWVdV�p&h[qE_Xfdh[z¸��V
l�OWf���hIfXNPOGk �HO`��hIfXO _dKnO|fd�{�IKI_4��V4�[f"YmqE_dOWk±_Xh ich[��q�Y¢�[fdh[Znl¨��JLK���V4K��{�IKAichI�{q z�Y�_dO&q�p&b±¦���z{z
�{NPl�YIpº_�_dKnOol�OWf���hIfXN4Y[q�p`O�hm�Æp`hIqn�[OGVc_d�{hIq�p`hIqE_Xfdh[z®�

�¡q < v[s�>Å���5fd��Y[q � OW�E��qnO���k]O&qE_X�{²�OGV^_dKnO¢�=Y[p`_�_dK�Y�_|Y*V�hIZnfdp&OApWYmq�VXO&q�k�l�YIp"¶[O`_"V^hIqnz�b _Xh*_XKnO
OWqE_X��fXO��[fdh[Znl|YIV Y^¦'OGYm¶uqnOWVdV�h[�g_Xh]knY:b � Vj�ce?�ÅN�Znz{_X��p&YIVc_oYmf"p"Kn�{_XOGpº_XZ�fXOI� JLKnO I�knk]fdOWVdVXY[�nz{O��¡qI_dO&fdqnO`_
Ã Znz£_d��pWY[V�_�Ymf"p"Kn�{_XOGpº_XZ�fXO � Ia� Ã�� l�fXhIl�hEV�OGkAYIknknV3_dKnO�Y[�n�{z��{_cb|_Xh|knO&z��{�IO&fl�YIp"¶[O&_dV3_dh|V�Zn��V�O&_dVh[�LY
N�Znz{_X��p&Y[V�_��[fdh[Znl h[q�YCl�OWf��Ål�YIp"¶[O`_L��YIV���V&�
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¦�KnOWfXO [\ : ��V5_XK�Ooz�YIVc_L_Xf"Ymq�V�NP��VXVX�{hIq¥_d�{NPOo��q z�Y:b[OWf � �¯�Y�_"Ym�[f"YmN4VjY[fXO3_"Ym�I�[OWk���q�k]OWl�OWq�k]OWqI_dz{b���q�_XK�O�k]�{�HOWfXOWqI_�z�Y:bIO&f"V&�5�Å�Æ_XK�O�Yml�lnz{��p&Ym_X��h[q�VaO`\np`OWOWknV
_dKnO�fdOWVXO&fd�[OWk���Ymq�k]¦���k]_XKP�{qPhIqnO�hm�H_XKnO�z�Y:b[OWfdVW�:_XK�OjknY�_"Ym�[f"YmN2��VgVXO&qE_g¦��{_XKC_XKnO�z�h�¦5OWV�_?l�fX��h[fd�£_cb �=�{q
z�Y:b[OWf�C ) - � ��¯�Y�_dY[�[f"YmN4V5��fdh[N)_dKnOKn���[K�O&fjz�Y:b[OWfdVLK�Y:�IO3_XKnO�Kn�{�IKnOWV�_j_"Ym�IVW��Y[q�k�¦��{z�z��HO�k]fdh[l�l�OGk
²�fdV�_W�?¯aOWl�OWq�k]��qn�Ch[q4�{_dV¸�=Ym��f'VXK�YmfdO[�uYofdOWp`OW�{�IO&fg¦���z�z�fdOWp&O&���[Ojz�Y:b[OWf!-)( &J( � � �*( � , -jYmq�k4l�YmfX_¸hm�¨z�Y:b[OWf
� �
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�5b p"KnhuhIVX��qn� Y±_XKnfdOWVXKnhIz�k hIq�hIqnO�h[���£_"V��{qE_dO&fX�=Y[p`OGV&� Y±«�¬ �fdh[Z]_dO&f�k]O`_dO&fdNC��qnOGV¥_dKnO�fdYm_XO�h[�
OGY[p"K§p`hIq�V�_Xf"Ym��qnOWkA´�h�¦ h[q¢_dK�Y�_C�{qE_XOWf��=YIp`OI�1�®� OI� � � �  ��I�²�f"Vc_�h[�]icOGpº_X���[O4��Vo_dh�_XfdbA_Xh�²�q�k�_XKnO
K��{�IKnOWV�_L_XKnfdOWVXKnh[z�k^_XK�Ym_j¦��{z�z(��Znz�z{b Z]_d�{z����WO3_XKnOoz���qn¶ � VjpWYml�YIp`�{_cb[�ÆJLKnOVXOWp&h[q�k�h[�]icOGpº_d�{�IO[�]��VL_XhPK�Y:�IO
Y�_dKnfXOGV�K�h[z�k�k]buq�Y[NP��pWV5_XK�Ym_j��V5��fd�{OWq�k]z�b^¦��{_XK�hm_dKnO&fL_cbulHOWVLh[�1´�h�¦jVW�nVXZ�p"K YIV�J � e p`h[q�qnOWp`_X��h[q�VW�
JLKn��VJ � e?�®��fd�{OWq�k]z�b|fdYm_XOPp`hIqI_dfXhIz?lnfXhI�nz�O&N�K�YIV3��OWO&q¢O`\u_XOWq�VX�{�IO&z�b�Vc_dZ�k]��OWk¢��q�_dKnO4z{�{_XOWfdYm_XZnfdO[�

�¡q��IO&qnOWfdY[z°�E_XK�OofdYm_XO3��VaY[knY[l]_XOGk^_dhC_XKnOp&h[qn�IOWV�_X��h[q�Vc_"Y�_XOoh[��_dKnOoz{��qn¶<��OGVc_d�{N4Ym_XOWk�Z�VX�{q��4z{hEVXVLf"Y�_dO
NPOGY[VXZnfXOWNPO&qE_W�]Ymq�k�ª:hIf5fdh[Z�q�k¥_dfX��l _X��NPO[�
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Sent=45
Recv=42

Time=84
Sent=281

Time=81
Sent=236

Time=84

Time=90
Sent=353

Sent=72
Recv=67
Time=90

Router A Router B

Time=87
Sent=311

81
84

82
83

85
86

87
88

89
90

91
92RTT=2.3

Loss=8/118 93
94=6.8%

RTT=2.2

$���[ZnfdOov�XgS�hIZ]_XOWf I�lnfXhI�n��qn��z���qn¶¥_dh�¦5Y[fdknV5fdh[Z]_dO&f �

JLKnOGV�O�l�Y[fdY[NPO`_XOWfdVPY[fXO NPOWY[VXZnfdOWk±l�OWfX��h]k]��pWYmz�z{b§�ub©O&\np"K�Ymqn�I�{q��¢p&h[qE_Xfdh[zLNPOWVdVXY[�[OGV��HO`_c¦5O&OWq
q�O&���[Ku��hIf1fdh[Zn_XO&f"VW�cIaV$O`\]lnz�Ym��qnOGko�{q <�Q?B?>Å���£_?��V1l�fXO&��O&f"Ym�nz�Og_dh K�Y:�IO'Yj²n\]OWkfdO`�¡p`hINPlnZ]_dYm_X��h[q��qE_XOWfX��Ymz
f"Y�_dKnO&f¸_XK�Y[q�Y�N�Znz{_X��lnz�O h[�¨_XK�O fdh[Znq�kP_Xfd�{l^_X��NPO[�nVX�{q�p&Oj_dKn��V5z�Y�_X_XO&fL��q�p`fdOWYIV�OGV¸VX�{�Iqn�{²�p&Y[qI_dz{bP��q�pWY[VXO
h[� p`hIqn�[OGVc_d�{hIq¨�§JLKnO�p`h[qE_dfXhIz'NPOWVdVdYm�[OGV�Y[qnqnhIZnq�p`O^_XKnO�quZnN���OWfCh[�al�YIp"¶[O`_"V�VXO&qE_4V�h��=YmfPh[q±_XKnO
��qE_XOWf��=YIp`O[��JLKnO�hm_XK�O&fCfXhIZ]_XOWf�fdO&lnz��{OGV��ub���q]��h[fdNP�{qn��_XKnO lnfdh[�n��qn�|fdh[Zn_XO&fChm��_dKnO�p`h[fdfdOWVXl�hIq�k]��qn�
quZnN���OWfPhm�afdOWp&O&���[OWk©l�Y[p"¶IO`_dVW�¸YIVCknOWVdp`fd�{�HOWk±�{q*1���[Z�fXO�v]� � q�p`O�Y�«�¬ 2fdh[Z]_dO&fCK�Y[VPp`hIz{z�OWp`_XOGk
Y�VX���[qn�{²�p&Y[qE_oY[NPh[ZnqE_hm�LfdO&lHh[fX_dVW���{_�p&Y[q�p&h[NPlnZ]_dOP_XKnO^z{hEVXV3f"Y�_dO¥Ymq�k¢fdh[Znq�k�_Xfd��l�_X��NCOI��JLKnOGV�O
OGVc_d�{N4Ym_X��h[q�VÆpWYmq��HOjVXNChuh[_XKnOGk�Z�VX��qn�oYmqCO`\]l�hIqnO&qE_d��Y[znV�z���kn�{qn�3¦���q�k]h�¦*Y[V1��h[f?_dKnOjS?J�J©OWV�_X��N4Y�_d�{hIq
��q�J � e �t< vIt�> � �?J1hPk]OWY[zH¦��{_XK�O`\u_XfdO&NPO�p`h[q��[OWV�_X��h[q�p`h[q�k]�£_d�{hIq�VW�I_dKnO3V�OWq�k]��qn��f"Y�_dOa��VLk]�{�u��k]OWk^�ub4v
¦�K�O&q�_XKnOolnfdh[���{qn�Pfdh[Z]_dO&fLfdOWp`OW�{�IOWVLqnh4Y[q�V�¦5O&f�Ym� _XO&fjYPp&O&fX_dYm��q�_X��NCOolHO&fd��huk¨�

0aO&fdOYmfdO lHhIVdV����nz�OoVc_dfdYm_XO&�I�{OGV'��h[f�O&��Y[z{Z�Ym_X��qn�C_XKnOo��qE_XOWf��=YIp`O�� V5_XK�fXOGV�KnhIz�k X
Q[� � ��qnOWY[f��{q�p`fdOWY[VXO � Ã Znz{_X��lnz���pWY�_X���[Ook]OGp`fdOWYIV�OI�$�Å�$_XK�Ooz{hEVXVLf"Y�_dO���V �WO&fdh�� � : 	 � : @ =*)�� �nO&z�V�O� : 	�� � � : @ = ��¦��£_dK�� . -[�ÆJLKnOkn�32¥p`Z�z£_cb���V5_dhP²�q�k�Ymlnl�fXhIlnfX��Y�_dO�p&h[q�V�_dY[qE_dV � Y[q�k��1�
v]��J � e?�®��fX��O&q�knz{b���Y[VXOWk^��h[fdN�Znz�YmOI�Ænh[f�O&\nYmNPlnz�O[�]Z�VX�{q���_dKnOJ � e*NPhuknO&z¨lnfdOWVXO&qE_dOWk��{q <{Q�B?>Å�
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sn� �a_XKnOWf�fdYm_XOoY[k�Yml]_"Y�_X��h[q�Vdp"KnO&NPOWVW�u��h[f�O&\nYmNPlnz�O X
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JLKnO _dKnfXOGV�K�h[z�k±Y[k�Yml]_"Y�_X��h[q*Ymz��[hIfX�{_XKnN _dfX��OWVC_dhAOGVc_d�{N4Y�_dO _XKnO�Y:��Ym��z�Y[�nz�O^��Y[q�k]¦���ku_XK*h[q _XKnO
z���qn¶<�C�Å�L¦5OCK�Y:�[OPh[qnz�b�¬ ¯ e2p&h[qE_Xfdh[z�z{OGk�_dfdY-24pChIq�_dKnO4z{��qn¶<�¨_dKnOPZnqn� �EZnO4h[�]icOGpº_d�{�IOC��V�_Xh ²�q�k¢Y
�IhuhukPY[q�kPVc_"Ym�nz�OjOWV�_X��N4Y�_d�{hIqCh[�<_XKn��VÆ²n\]OGkP��Ymq�kn¦���ku_dK¨� �E_Xf"Y�_dO&�Ib�s���¦��{_XK.( � 	�-)� &0PA(/(�@ 	'&$� 0MN �
VXO&OWN4Va_dh�l�fXh��u��k]OCY��[huh]k�Y:�IO&f"Ym�IOo��Ymq�kn¦���ku_dKAZn_X��z{���WYm_X��h[q¨� 0jh�¦5O&�[OWfW�H��fd�{OWq�k]z��{q�OWVdV �HOWp&h[NPOWV3Y[q
��VdV�ZnO�¦�KnO&q|h[_XKnOWfj´�h�¦jVW��VXZ�p"K�YIVaJ � e�p&h[qnq�OWpº_d�{hIq�VW��Z�VXO_dKnO�z��{q�¶H�a»AO�K�Y:�[Op"KnhEV�OWq|Vc_dfdYm_XOW�[b v
_dh�OWV�_X��NPYm_XOP_dKnOP_XKnfdOWVXKnhIz�kA�{q§Y�J � e?�®��fX��O&q�k]z{bAN4YmqnqnOWfW�4�Z]_XZnfdO4¦5h[fd¶|V�KnhIZnz�kA�HO¥k]hIqnOPh[q¢_XKnO
OW��Ymz�Z�Y�_d�{hIq Y[q�k�p&h[NPl�Y[fX��V�hIq^h[�1hm_dKnO&fjJ � eÆ�°��fd�{OWq�k]z�b^f"Y�_dO3p&h[qE_Xfdh[z(Y[z{�Ih[fd�£_dKnN4V&�
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� hIqn�[OGVc_d�{hIq�p`hIqI_dfXhIz ��V�_Xf"Y[k]�{_X��h[q�Ymz�z{b Y p&h[q�p&O&fdq ��h[f fdO&z���Y[�nz{OAN�Znz{_X��p&YIVc_�lnfdhm_dhup&h[z�V^VX�{q�p`O¢O&fdfXhIf
fdOWp&h��[OWfXbY[q�k4p`hIqn�[OGVc_d�{hIqCp&h[qE_Xfdh[znY[fXO�h[� _XO&q4NP�{\]OWk(�ÆJLKnOjl�ZnfXlHhIVXO�hm�<_dKn��V'V�OGpº_d�{hIqC��VÆ_dh�VXKnh�¦±_dK�Y�_
fdO&z���Ym�nz�OÆN�Znz{_X��p&YIVc_$p&YmqY[z�VXhj�HO&qnO&²n_���fdh[N�_XK�OgZ�VXO¸hm�]«�¬ �Ymq�k3N�Znz£_d�£�Åf"Y�_XO'V�OGVXVX�{hIq�VW�Wk]O&�Åp&h[fdfXOWz�Ym_X��qn�
p&h[qn�IOWV�_X��h[q p`h[qE_dfXhIz<Y[q�k O&fdfXhIf'fdOWp&h��[OWfXbI�
» KnOWqCp&h[q�VX��k]O&fd�{q��jfXOWz{��Ym��z{O'N�Znz{_X��p&YIVc_?knY�_"Y�_Xf"Ymq�Vc��OWfdVW�:¦'OLV�K�h[Znz�koN4Ym¶IO'Yakn��V�_X��q�pº_d�{hIq��HO`_c¦5O&OWq

²�qn�£_dO�Y[q�k�_XK�O^��q]²�qn�{_XO�knY�_"Y�_dfdY[q�Vc��OWfdVW���¡q§_dKnO^²�fdV�_�p&YIV�OI�?lnfXh��u��k]��qn��k]�{�HOWfXOWqE_���Y[q�k]¦���ku_XK�V�_Xh
_dKnO¥fdOWp&O&���[O&f"V3��q�p`fdOWYIV�OGV�_XKnOW�{fCVXYm_X��Vc�=YIpº_X��h[q��$VX�{q�p`O¥�{_���V��qE�IO&f"V�OWz{b�lnfXhIl�hIf�_d�{hIq�Ymz?_dh�_XK�O�k]Znf"Y�_d�{hIq
q�O&OWknOWk�_XhPfdO`_Xfd��O&�[O�_dKnOknY�_"Yn�Æ�¡q _XK�OV�OGp`h[q�k pWY[VXO��=p`hIqE_X��qEZ�h[Z�V�knYm_dYPV�_XfdOWYmN4V � �nY[lnlnz���pWY�_X��h[q�V�YmfdO
��qE_Xfd�{q�V���p&Y[z{z�b|V���qn�Iz{O&�®f"Y�_dO�hIfX��O&qE_XOGk(��Y[q�kA_XKnO4��q]��h[fdN4Y�_d�{hIqAf"Y�_dOC��V3z��{NP�{_XOWk��ub�_dKnO4¦5h[f"Vc_op"K�Ymq�qnO&z
pWYml�YIp`�{_cb54��Æ»AOpWYmq Knh�¦5O&�[OWf5Y[z�VXhP��OWqnO`²�_���fXhIN�_XKnOoZ�V�Ooh[�1«�¬ '�
�h[fd¦5Y[fdk¢³ÆfdfXhIf � h[fdfXOGpº_X��h[q �=?³ � � ��V�l�YmfX_X��p`Znz�Ymfdz�b|¦'OWz{z'Y[knY[l]_XOGk�_dh�_XKnO^N�Znz{_X��p&YIVc_�p&h[qE_XO&\E_

Y[q�k|pWYmq��HOPp`h[N��n��qnOWk�¦��£_dK IaS76 �=fXO&_Xf"Ymq�VXNP��VdVX�{hIq�fXO��IZ�OWV�_dV � _Xh�Y[p"K��{OW�[OfdO&z���Y[�nz�O_Xf"Ymq�V�NP��VXVX�{hIq
< vmw'>®�eÆfdh]p`OGVXVX�{q��^lHh�¦'OWf ��V�qnhm_oV�Z�p"KAYmqA�{NPlHh[fX_dY[qI_3��VXVXZnO��hIfonh[fd¦LYmf"k�³ÆfXfdh[f � h[fdfdOWpº_d�{hIq¨�<V���q�p`O
lHh�¦5O&fX��Znz¨?³ � l�Y[p"¶IO`_�O&q�p`h]k]O&f"V�Ymq�k�k]OWp&huknO&f"V�YmfdO�q�h�¦�lnfdh[lHhIVXOWk¨�n��Y[VXOWk hIq�J1Znfd��h¥p&h]k]OWV7< vm}'>®�
hIf98gY[q�k]OWfXNPh[q�k]O'N4Ym_Xfd��p&OWVh< s ��>Å�$JLKnO�Vdp"KnO&NPOGV�lnfdh[lHhIVXOWk���OWz{h�¦©_XKnOWfXO&��h[fdO'fdO&z�b3h[qPnh[fd¦LYmf"ko³ÆfXfdh[f
� hIfXfdOWp`_X��h[q^��h[f�O&fdfdh[f5fXOGp`h��[OWfXbI�
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� Y:b[OWfXOGk©O&q�p`h]k]��qn�§VXp"KnOWNPOWV4K�Y:�IO��HO&OWq lnfdh[lHhIVXOWk�< v�K]�¸snQ5>j��h[f4_dKnO�h[fd�IY[qn���WY�_d�{hIq±h[�3knYm_dY�Ymq�k
fdOWknZnq�knY[q�p`b��=?³ � � l�Y[p"¶[O&_dVW��JLKnOGV�O5h[fd�IY[qn���GY�_d�{hIqVXp"KnOWNPOWV$O&q�Y[�nz�O'fdOWp&O&���[O&f"V(_dh fdO`_dfX��O&�IOg_dKnO5k�Y�_dY
��q©Ymq§Y[z{NPhIV�_h[ln_X��NPY[zg_d�{NPO[�?fdO&�EYmf"k]z{OGVXV�h[�5_dKnO&��ffdOWp&O&���E��qn��f"Y�_dO[�$�°� O[� hm�L_XK�O¥quZnN��HO&fh[��z�Y:bIO&f"V
ichI�{q�OWk(��¬ V���qn��_XKnOC_"Ym�[�I�{q��^Ymz��[hIfX�{_XKnN¤l�fXhIl�hEV�OGk��{q �uOWp`_X��h[q¢sn��Q[� v]�H_XKn��V3Kn��O&f"Ymf"p"Kn��p&Ymz�z�b�OWq�p`h]k]OGk
k�Y�_dY¢p&Y[q �HO|VXO&qE_4h[q Y�VX�{q��[z�O N�Znz{_X��p&Y[V�_4�[fdh[Znl�� � h[q��[OWV�_X��h[q ��V4Y[Z]_XhIN4Y�_X��p&Y[z{z�b©p`hIqE_Xfdh[z�z{OGk©��q
_dKnO4qnO&_c¦'hIfX¶|�ub�_XKnO4«�¬ �fdh[Zn_XO&f"VW�¥S�OWp&O&���[O&f"V3z���V�_XOWqA_dh�_XKnO^N�Znz{_X��p&YIVc_o�[fdh[Z�lAZnqE_d�{z¸_XKnOWb�K�Y:�IO
OWqnh[Z��[K©��q]��h[fdN4Y�_d�{hIq ��hIfX���[��q�Y[z'knYm_dY�� fdOWknZnq�knY[q�p`b�l�YIp"¶[O`_"V � _Xh¢fXOW�nZn��z�k©_XKnO�hIfX���[��q�Ymz¸²�z�O[�±JLKnO
hIqnz�b���OWOWk]��YIp"¶Aq�O&OWknOWk§��V�Ym_�_dKnO^OWq�k§hm��_dKnO¥_dfdY[q�V���O&fG��_dh���q]��h[fdN _XKnO V�hIZnfdp&OP_XK�Ym_C�{_CpWYmq©V�_XhIl
_dfdY[q�VXNC�{_�_d�{q����gJLKnOknYm_dYCh[fd�IY[qn���WY�_d�{hIq^lnfdh[lHhIVXOWk���q < v-K'>1p`hIN��n��qnOWk�¦��{_XK�_XK�O3_dYm�I�[��qn�PYmz��[h[fd�{_XKnN
�°sn��Q[� v � �ÆO&q�Y[�nz{OGVCZ�V�_Xh¢K�Y:�[O Y|²�q�O��IfdY[qEZ�z�Y[fX�{_cbAhIq©_dKnO�fdOWp&O&l]_d�{hIq±f"Y�_dO[�¸Y[q�k§_dKEZ�VCYIp&p&h[NPlnz���VXK
q�OWYmfX�®_Xhm�Åh[ln_X��NPY[z�fdOWp&O&l]_d�{hIq^_d�{NPOI�
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�]�{q�p&O4¦'O4K�Y:�[OC²�qn�{_XO¥��Z]�HOWfdV�{q§hIZnfKnhEVc_"V&�$Ymq�k�VX�{q�p&O4¦'OP_dh[z�O&f"Y�_dOCq�h|z{hEVXVW�¨_dKnO4f"Y�_XO¥Ym_¦�Kn��p"K
��q]��hIfXN4Y�_d�{hIq���VCV�OWqE_��fXhIN�_dKnO^VXh[Znf"p`O4��V�z{��NP�£_dOWk§�ubA_XKnO¥¦5h[f"V�_�p"K�Ymqnq�O&z'pWYml�YIp`�{_cb��HO`_c¦5O&OWq§_XKnO
VXh[Z�fdp&OgYmq�k�_dKnO¸NPO&N���OWfdV�hm�u_XK�O¸�[fdh[Z�l¨�¨³Æ�[OWqo_XK�h[Zn�IK3_XKn��V¨NPOWY[q�V(_dK�Y�_1_XKnO5V�OGVXVX��h[q3��V��{qE_dfX��q�VX��pWYmz�z{b
VX��qn�[z�O`�ÅfdYm_XO�hIfX��O&qE_XOGk(�I��fXhIN Y[q¥��q]��h[fdN4Y�_X��h[q�Ymz<Vc_"Ymq�k]lHh[��qE_W�I_XKn��VLk]huOWV'qnhm_5NPOWYmq¥_XK�Ym_LY[z{zHfXOGp`OW�{�IO&f"V
N�Z�V�_LfdOWp&O&���[O�_XK�OVXY[NCOoY[NChIZnqE_�hm�1fdOWknZnq�knY[q�p`bI�

�uZ�lnl�hEV���qn��_XK�Ym_Y�VXh[Znf"p`OCp&Y[q�OWV�_X��N4Y�_dO�_dKnOP¦'hIfdV�_�p"K�Y[qnqnOWz?pWYml�YIp`�{_cb[�<�{_opWYmq¢V�OWq�k�_dKnOCk�Y�_dY
��q _c¦'hCz�Y:b[O&f"V�X

� JLKnO�h[fd���[��q�YmznknYm_dY�z�Y:b[O&fG��_dK�Y�_gK�YIV$_XKnOaKn�{�IKnOWV�_Ælnfd�{hIfX�{_cb[�?JLKnO���Y[q�k]¦���ku_XKPfdOWVXO&fd�[OWk��h[fÆ_dK�Y�_
z�Y:bIO&fL��VjV�z����[KE_Xz�b¥�HO&z�h�¦�_XK�Oo¦'hIfdV�_Lp"K�YmqnqnOWz¨p&Y[l�Y[p&�£_cbI�

� I�fXOGk]Znq�knY[q�p`b�z�Y:b[OWfW�?¦�Kn��p"K±¦���z{zLOWq�Ym�nz�O¥�=YIVc_PfdOWp`OW�{�IO&f"Vo_dh¢k]OGYmz5¦��£_dK K��{�IKnO&fCz{hEVXV�f"Y�_XOGV&�
fXOGk]Z�p&�{qn�PfdO`_dfdY[q�V�NP��VXVX��h[q^fdO!�EZnOGVc_"V&�

» �{_XK�_dKn��V VXp"K�O&NPO[�]KnO&_XOWfXhI�[O&q�O&h[Z�VLfXOGp`O&���[OWfdV'_dK�Y�_jK�Y:�IO�_XKnOVdYmNPOp&Y[l�Y[p&�£_cbI�nV�hINPO�¦��{_XK�K��{�IK
z�hIVdVf"Y�_dOWV��nZ]_�K��{�IK©��Ymq�k]¦���k]_XK¨�gh[_XKnOWfdV�¦��£_dK©z�h�¦'OWf��Ymq�k]¦���k]_XK±��Z]_�z�h�¦'OWf�z�hIVdVf"Y�_dOWVW�?pWYmq©Y[z{z
YIp"Kn��O&�[O _XK�O&��fjp&Yml�Y[p`�{_cb4_dK�Ymqn¶]V5_dhP_XKnO3N�Z�z£_d�£�ÅfdYm_XOoVXOWVdV���h[q¨�
�O&OWkn��Y[p"¶¢��V�qnOGp`OWVdVdYmfdb��HOWp&Y[Z�VXO¥hm�jz��{NP�{_XOGk©�nZ]�<O&fPVX���WO^Y�_�_XKnO V�hIZnfdp&O[�J0ah�¦'OW�[O&fG�$�£_C��V�qnhm_

fdO&z�Y�_dOWk©_Xh�p`h[q��[OWV�_X��h[q p`h[qE_dfXhIz°�gY[q�k±YIp"¶Eq�h�¦�z{OGk]�[NPO&qE_"V�hIf�qnOW�IYm_X���[O`�¡Y[p"¶uqnh�¦�z�OWkn�[NPO&qE_dV�p&Ymq ��O
VXO&qE_hIq©Y�N�Z�p"K§z�Ymfd�[OWf3_X��NCO&�ÅVdp&Y[z{OI� Ã hIfXOWh��[OWfW�(_dKnO¥Z�VXO¥h[�LO&\]l�hIqnO&qE_X��Ymzg_X��NCOWfdV�p&Ymq§N4Y[¶[OP_XK���V
��OWOWk]��Y[p"¶^Vdp&Y[z�Y[�nz{O < sIv?>Å�
�O&OWkn��Y[p"¶P��V'Y[z�VXh�Z�VXOWk¥�Eb4VXh[NPOafdOWp&O&���[OWfdVg_Xh���q]��hIfXN _XK�O�VXh[Znf"p`Oahm�¨_dKnO&��f'fdOWp&O&���u�{qn��fdYm_XO[�ÆJLKnO

VXh[Z�fdp&O^��VPl�YmfX_X��p`Znz�Ymfdz�b¢��qE_XOWfXOGVc_dOWk©��q _XKnO ¦'hIfdV�_PfXOGp`O&���u�{q��Ap&Y[l�Y[p&�£_cbI�Æ��h[fC_dKnO�k]O`_dO&fdNC��q�Ym_X��h[q±h[�
_dKnO�z�h�¦5OWV�_az�Y:bIO&f�� VL��Ymq�k]¦���ku_dK¨�(Ymq�k�_dKnO��HOWV�_ fdOWp&O&���u�{qn�^fdYm_XO[��_Xh Y:�[h[��k �[OWqnO&f"Y�_d�{qn�4Z�V�OWz{OGVXV $³ �
l�Y[p"¶[O&_dV �=Y[q�k fXOGk]Z�p&O�fdOWknZnq�knY[q�p`b¥��q�_XKnOoqnO&_c¦'hIfX¶P�5V�OWO �]OWpº_d�{hIqJB]��Q � �
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Rate =2.5
2

Rate =2.5
1

R1

Rate =2.5
1

Rate =2
2

S1

S2 Capacity=5

R2

Capacity=3

Capacity=2

Max-min fair
rate = 3 > 2.5

rate=2
Max-min fair

Redundancy 
for session 2 = 1.25

$�{�IZnfXOosNXÆ�¡qnO52¥p`��O&qE_��Hhm_�_dz{OWqnOWp"¶�z{��qn¶�Z]_X��z{���WYm_X��h[q
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JLK�OC��Y[VX��pClnfd�{q�p`��lnz{O4h[�5«�¬a ²�z£_dO&f"V3��V3_dK�Y�_o_dKnO&bAlnfdh��E��k]O�_Xh|Y�´�h�¦ O&�{_XKnOWfYmz�zÆ_XKnO4��Ymq�k]¦���ku_dK
fdOWp&O&���[OGk���fXhIN Znl�V�_XfdOWY[N ���®� OI�±l�YIp"¶[O&_dV���fXhIN _XKn��V�´�h�¦ Y[fXO�Ymz�z5_dYm�I�[OGk©�HO&z�h�¦�_XKnO _dKnfXOGV�K�h[z�k � �
hIf�_XKnOPN4Y�\]��N�ZnN���Ymq�k]¦���ku_dK¢Y[z{z�h]p&Y�_dOWk|_Xh�Ymz�z?´�h�¦jV�h[qA_XKn��V3z��{qn¶ ���®� OI� � � �  ��¦�KnO&fdO � ��V�_XKnO
_dKnfdOWVXKnh[z�k � �?JLKn��VÆz�OWY[k�V$_Xho��qI_dO&fdOWV�_X��qn���=Ym��fXq�OWVdV?lnfXhIl�OWf�_d�{OGV&�mYIVgk]O&²�qnOWkC��q < }�>Å�uV�Z�p"KPY[VÆVdYmNPO&�®l�Ym_XK]�
fdOWp&O&���[OWf��®�=Ym��fXq�OWVdV&�3S�OWp&O&���[OWfdV�YmfdO�qnh[_p`h[q�Vc_dfdY[�{qnOGk��ub�hm_dKnO&f3NPO&N���OWfdV�hm�¸_XKnOP�[fdh[Z�l¨� 0jh�¦5O&�IO&fG�
¦5Ook]hPqnhm_aY[z{¦LY:b]V¸K�Y:�[O3�[z�h[��Y[z<NPYm\u�®NP��q^�=Y[�{fdqnOWVdV�Y[V�VXKnh�¦�q h[q�$�{�IZnfXOos��
¬aq�k]O&f�V�hINCO�p`��f"p`ZnN4V�_dYmq�p`OWVW�¸¦�K�O&fdO N�Znz{_X��lnz{O�z���qn¶]V4YmfdO p&h[qn�IOWV�_XOWk±h[q Y�VXY[NCO�knYm_dY¢l�Ym_XK¨�

fdOWVXh[Z�fdp&OWVghIq�YCz��{qn¶4N4Y:b4�HO3Z�V�OGk^��qnO�24p&�{OWqE_Xz�b[���LYmq�k]¦���ku_dK���V5¦5YIVc_dOWk4_dhC_Xf"Ymq�VXNP�£_�knY�_"Y�Z�qEZ�V�OGk
�ub3k]h�¦�q�V�_XfdOWY[N�fdOWp`OW�{�IO&f"V&�GYmq�kop&h[Znz�koK�Y:�IOÆ��OWO&qZ�V�OGk3�EboY[qnhm_dKnO&f(´�h�¦o�1JLKn��V¨��V�k]Z�Og_Xhj_XKnO?·cz�h]p&Ymz£¹
q�Y�_XZ�fXOChm�5h[Znfop`hIqn�[OGVc_d�{hIq�p`hIqE_Xfdh[z?VXp"KnOWNPO[��Y[q�k�_dKnO4Ym��VXO&q�p&O�h[�¸´�h�¦ Vc_"Y�_XOC��q�_dKnOPfXhIZ]_XOWfdVW� �jh
´�h�¦���q]��h[fdN4Y�_d�{hIq�p&h[q�p&O&fdqn��qn�4k]h�¦�q�V�_XfdOWYmN fXOGp`O&���[OWfdVL��Vjp&h[z�z{OGpº_XOGk�Y�_�_dKnOz��{qn¶<�LJLKn��Vj��qnO52¥p`��O&q�p`b
��V3NPOWYIV�ZnfdOWk��ub�_XKnO � ½ Â��1E�Â$�NE1� ¾ k]O`²�qnOWk¢��q < }�>'YIV _XKnO4f"Y�_d�{h ��O&_c¦'OWO&q¢_XK�OC��Ymq�k]¦���ku_dK¢Z�V�OGk
�ub�Y^´�h�¦2h[q¢Y¥z��{qn¶|Y[q�k�_dKnOCNPYm\]�{N�ZnN¤��Ymq�k]¦���k]_XK�fdOWp&O&���[OGk��ub�knh�¦�q�Vc_dfXOGYmNÄfdOWp`OW�{�IO&f"Vjh[�g_XKnO
´�h�¦o� IÄz��{q�¶©��VPO�2¥p`��O&qE_Xz�b©Z�VXOWk*�{�a_XK�O�fXOGk]Znq�knY[q�p`��OWVCh[��Ymz�zL_XK�O�´�h�¦jVCO!�EZ�YmzoQI� ³?\nYmNPlnz�O h[�
�Iz{hI��Ymz�z�b�O52¥p`��O&qE_oqnO`_c¦5h[fd¶�p`hIq]²��[Z�fdYm_X��h[q�V�YmfdOC_XKnhEV�OC¦�KnO&fdOPfXOGp`OW�{�IO&f"V Y[fXOClnfdOWVXO&qE_3Ym_Ymz�zÆqnh]k]OWV
h[�¸_dKnO¥N�Z�z£_d��pWY[V�_�_dfXOWO[�¥S�Z���OWq�Vc_dO&��q©V�K�h�¦jV ��q < }->Æ_XK�Ym_fXOGk]Znq�k�Ymq�p&b|K�Y[V�Y�q�O&�IYm_X���[OC�{NPl�YIpº_hIq
N4Ym\E�ÅNP�{q|�=Ym��f ��Y[q�k]¦���ku_XK¢Ymz�z{h]pWY�_X��h[q�V&��S�OWk]Z�q�knYmq�p`b|Ymz�VXh¥O`\]��Vc_"Va��q�z�Y:b[OWfXOGk�p`h[q��[OWV�_X��h[q|p&h[qE_Xfdh[z
l�fXh[_Xh]p`hIz�V�k]Z�O3_XhP_XK�O�k]�L24p&Znz{_cb^hm�gp&hEhIfdkn�{q�Ym_X��qn� ich[��q|Ymq�k z�OWY:�[OGV&�g�Z]_XZ�fXO¦5h[fd¶^VXKnh[Z�z�k �HOk]h[qnO
hIq�hIZnfjVdp"KnO&NPO�_XhPO&��Y[z{Z�Ym_XOoYmq�k�z���NC�{_�_XK�OoO`�<OWpº_"V�hm�$fXOGk]Znq�k�Ymq�p&b[�
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I�p"K��{OW�E��qn����qI_dfdYm�®l�fXh[_Xh]p`hIz'N4Y�\u�ÅNP�{q*�=Ym��fdqnOWVdV4Ymq�k �HO&��qn���=Ym��f¥¦��{_XK J � e$�¸O&�IO&q*�£�o¦5O�p`h[q�V���k]O&f
hIqnz�b�VXY[NPO`�Ål�Y�_dK]�®fdOWp&O&���[OWf¨�=Ym��fdqnOWVdV&�IYmfdO'��q�p`hINPl�Y�_d�{�nz�O[�EV���q�p&OLJ � e�k]huOGV?qnhm_glnfdh��u��knO5VXZ�p"K��=Ym��fXqnOGVXV
l�fXhIl�OWf�_d�{OGV1¦��{_XK4�{_dVXO&z{�c�?J � eAK�Y[V?�n��Y[VXOWVÆY[�IYm��q�V�_gp`h[q�qnOWp`_X��h[q�V$¦��{_XK4N�Z�z£_d�{lnz�Ojp`hIqn�[OGVc_dOWk��IY�_dO&¦LY:b]V
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hIfL¦��£_dK z�h[q��[O&f�fdh[Z�q�k¥_dfX��l�_X��NCOGV7< s[s�>Å��� Znf�h[�nicOWpº_d�{�IO3��V5_dKnO&fdO`��hIfXO�_Xh4YIp"Kn�{OW�[O���hIZnq�k]OGk��=Ym��fXqnOGVXV
��qE_Xfdh]k]Z�p`OGk^��q�< K'> X
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JLKn��Vg�IZ�Ymf"YmqE_dO&OWV$_dK�Y�_'��h[f'O&�[OWfXb�fXOGp`O&���[OWfW�Iqnh[fg_XKnO�J � e§p`h[q�qnOWp`_X��h[q¨�Eqnh[fg_XKnO�¬a¯�e§N�Znz{_X��p&YIVc_

p&h[qnq�OWpº_d�{hIqop`h[z�z�Yml�VXOWVW�cIjl�l�OWq�k]�{\ ��VXZn�I�[OWV�_dV(_XKnOÆ��hIz{z�h�¦���qn����Ymz�ZnOWV<��hIf � Ymq�k���X � 	 
�����

���� #�� # � = �Y[q�k�� 	 
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����� ��¦�KnOWfXO&	 � : # Ymq�k 	 ��� � Y[fXOC�Hh[Znq�k�Voh[qA_XKnO4fdh[Z�q�k|_dfX��lA_X��NCOI� 	 �� "! ��V3_XKnONP��qn��N�ZnN fdh[Znq�kC_dfX��lP_X��NPO p&h[q�VX��knO&fdOWkC��h[f¸_XKnO p`h[NPlnZn_dY�_d�{hIq4hm�(_dKnOj_dKnfXOGV�K�h[z�k � �uOGpº_X��h[q¥s�� v � Ymq�k
CA��V�_XKnOoN4Y�\]��N�ZnN qEZ�N��HO&f�hm�Æp`hIqn�[OGVc_dOWk^z{��qn¶]V&�
»¢O3KnO&fdO�p&z{OGYmfdz{b¥VXO&O _XK�O�����YIV'h[�$J � e*Ym�EYm��q¥z{hIqn�CfXhIZnq�k4_dfX��l�_X��NCOGVLYmq�k�N�Znz{_X��lnz�Oop`h[q��[OWV�_XOGk

�EY�_dO&¦LY:buVW�uV���q�p`O�_dKnOoz{h�¦���hIZnq�k � f"Ymln��k]z�b^k]OGp`fdOWY[VXOWVLYIV 	 ��� � Ymq�kmCA�{q�p`fdOWY[VXO[�
�Å�L¦'O4p&h[q�VX��knO&f 	 � : # 	 N � � �9	 ��� � 	 N$&)& � � �1¦��£_dK�h[qnz�b|h[q�OC�Hhm_X_Xz�O&qnOGp"¶�hIqAOGY[p"K¢l�Y�_dK

� C 	�- � �nYmq�k-	 �� "! 	'N)& � � �]¦5Op&Ymq �[���[O _XK�O3��h[z�z{h�¦���qn�P��hIZnq�knVLhIq �=Ym��fXqnOGVXV�X

� 	 - ��&)&�(�� 	 -`&
�Å�<_XK�OWVXO���hIZnq�knVgY[fXO�q�hm_¸VdY�_X��V��=Y[pº_dh[fdb[�mY[qnhm_dKnO&fÆ¦LY:bhm�<O&qn��h[f"p`��qn�3�=Ym��fXq�OWVdV?¦��£_dKPJ � e���V?_dhoZ�V�O

p&z�YIVXVj��Y[VXOWk �EZnOWZn�{q��¥��O&_c¦'OWO&q|J � e$�<¬a¯�e�p`hIqE_Xfdh[z�z{OGk^_dfdY-2¥pm��Y[q�k�¬a¯�e?�Åqnh[qn�Åp&h[qE_Xfdh[z�z{OGk�_Xf"Y'2¥pm�
«�¬a fXhIZ]_XOWfdV�¦��{z�z[OGVc_d�{N4Ym_XOg_dKnO'Y:��Y[�{z�Ym�nz�OÆ��Y[q�k]¦���ku_XK���h[f1¬ ¯ eÆ�Åp&h[qE_Xfdh[z�z{OGk�_Xf"Y'2¥pm���¡qI_dfdYm�®l�fXh[_Xh]p`hIz
�=Y[�{fdqnOGVXV5��VjY[p"Kn��O&�IOWk^¦��£_dK�_dKnO3_dY[�[�I�{qn�CNPOWp"K�Y[qn��V�N��

� � #?2 � �`
3!?#`+�/��

»¢O3V���N�Znz�Y�_dOWk^«�¬a§¦��{_XK^_XKnO#� �¥VX�{N�Znz�Ym_XhIfq< sm�'>Å�Æ�¡q¥_dKnO3p"KnhIVXO&q4_dh[lHh[z�h[�Ib[�E_XKnOWfXO�YmfdOa��_cbul�OGV'h[�
fdOWp&O&���[OWfdV�� Ij�dQI��I��cv]� �'�"Q[� �'�cv]�$S�OWp&O&���[O&f"VVI��cv�Ymq�k��'�¡v V�K�YmfdOLY3p&h[NPNPh[q�Y[q�kCZnqn� �EZnOL��h[_�_Xz�O&q�OWp"¶
h[� fdOWVXl�OGpº_d�{�IO&z�b�Q Ã �jª�V4Ymq�k B � � s ��ªmV&� �¡q h[Z�fPVX��N�Znz�Y�_d�{hIq�V&�'_XK�O&fdO ��V4Ymq O��IZ�Ymz�quZnN��HO&f4h[�
q�huknOWV ��h[foOGY[p"K|_cbulHO[�PS�OWp&O&���[OWfdV�I��"Q4Ymq�k �'�dQCfXOWlnfdOWVXO&qE_a_dKnO4V�z�h�¦ fdOWp`OW�{�IO&f"V&�<�HO&Kn��q�k�Y�V�OGp`hIq�k
p&h[qn�IOWV�_XOGk�z��{q�¶H�?Y[VoVXKnh�¦�q�h[q§$���[ZnfdOP���^JLKn��V3_dh[lHh[z�h[�[b�O&q�Y[�nz{OGVoZ�V3_dh�O&��Ymz�Z�Ym_XOP_XK�O4NPYm\u�®NP��q
�=Y[�{fdqnOGVXV5�HO`_c¦5O&O&q�X

� fXOGp`OW�{�IO&f"V'�HO&K��{q�k�YPVdYmNPO3��h[_�_Xz�O&q�OWp"¶<�
� fXOGp`OW�{�IO&f"V'�HO&K��{q�k�k]�{�<O&fdO&qE_j��h[_�_dz{OWqnOWp"¶]VW�

� Ymq�k fdOWp&O&���[O&f"V'��OWKn�{q�k�N�Znz{_X��lnz�Op`h[q��[OWV�_XOGk¥z��{q�¶uVW�
«C¬a�²�z£_dO&f"V�Y[fXO4��q�V�_dYmz�z�OWk�h[q§OGY[p"K�h[Zn_X�[hI�{q����{qE_XOWf��=YIp`O4h[�5_dKnO�VXh[Z�fdp&O4qnh]k]O^Ymq�k�fXhIZ]_XOWfdV I

Y[q�k ����JLKnO�Hhm_X_Xz�O&qnOGp"¶^��Y[q�k]¦���ku_XK�Vjhm�?_dKnO I��"QYmq�k��¸�"QofdOWp`OW�{�IO&f"V5�:Y[fXb���O&_c¦'OWO&q�� �)s �jª�VLYmq�k
�:B�� s �jªmV&�VIjz�z<qnh]k]OWVLVXZn��Vdp`fd�{�HOj_dhCY[z{zHN�Znz{_X��p&YIVc_5´�h�¦jVW�I¦�K���p"K�h[fd�{�I�{q�Ym_XO���fdh[N _dKnO3VXY[NCO�V�hIZnf"p`O[�
�]�{N�Znz�Ym_X��h[q�V5YmfdOafdZnq^��h[f�Q � � �VXOWp`hIq�knVW�ÆJ � e±Ymq�k^¬a¯�e l�Y[p"¶IO`_dV5YmfdOa�Hhm_dK�Q�� � ��EbE_dOWV5z{hIqn���VIjz�z
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1���[Z�fXO3�NX �u��N�Z�z�Ym_X��h[q�J�hIl�hIz{hI�[b

�¡q _XK�Oo²�f"Vc_jVXO&fd�{OGVLhm�ÆV���N�Znz�Y�_d�{hIq¨�n¦5O3O&��Ymz�Z�Y�_dO3_XKnOo��qE_Xf"Y��Ålnfdhm_Xh]p&h[z��=Ym��fXqnOGVXVLh[�$«C¬a5� �uhIZnf"p`OWV
Y[fXO �[fdO&OGk]bCY[q�k¥�IO&qnOWfdYm_XO � �5S�_Xf"Y'2¥paYm_�Q�� Ã �jªmV&�$»AOop&h[NPl�YmfdO�_dKnO�_XKnfdh[Zn�IKnlnZ]_LY�_�Y�fdOWp&O&���[OWf
¦��{_XK^�£_"VgN4Y�\u�ÅNC��qP�=Ym��f'VXK�Y[fXOL��hIf'Yo��Ymfdbu�{q��oqEZ�N��HO&f¸h[�(N�Znz{_X��p&YIVc_5�[fdh[Znl�VÆY[q�k4NPO&N���OWfdVW�?nh[f'h[Znf
_dh[lHh[z�h[�Ib[�:_XK�O5N4Ym\E�ÅNP�{q��=Ym��fgV�K�YmfdO'h[�HY fXOGp`O&���[OWf1��V?O!�EZ�Y[zE_Xh�_XKnO���Ymq�k]¦���ku_dK�h[���{_dV?�Hhm_�_dz{OWqnOWp"¶�z{��qn¶
kn�{�u��k]OWk3�ub _XKnO'qEZ�N��HO&f�h[�]´�h�¦jVW��$�{�IZnfXO BjYmq�k K�VXKnh�¦¢_XK�O'Y:�[OWfdY[�[O$��Ymq�k]¦���k]_XKHª:�=Ym��f��¡V�K�YmfdO$f"Y�_d�{hEV&�
Y[q�k�_XKnOo�IO&fX_X��p&Y[z(z{��qnOWVaV�Knh�¦jV5_dKnONP��qn�{N�ZnNÄYmq�k�N4Y�\]�{N�ZnN ��Y[z{ZnOGVL��h[fj_XKn��V�f"Y�_X��h��'JLKnOY:�[OWfdY[�[O
f"Y�_d�{hC��Vj} B�� Ymq�k��{_dV�¦5h[f"Vc_L��Ymz�ZnOo��V�w ��� � ��h[fjY4VX��N�Znz�Y�_d�{hIq�¦��{_XK�t'K�fdOWp`OW�{�IO&f"V � �1«C¬a©_XKnOWfXO&��h[fdO
NPOWO`_dVh[ZnfN4Ym\E�ÅNP�{q¢�=Y[�{fdqnOWVdV3h[�nicOWpº_d�{�IO[�^JLK�O4_XKnfdOWVXKnhIz�k¢Y[knY[l]_dYm_X��h[q�NPOWp"K�Y[qn��V�N � �E_dfdYm_XO&�Ib�s �
fdOWVXZnz{_dVo��q©Y�VXz{���[KE_qnO&_c¦'hIfX¶|Z�q�k]O&fdZ]_d�{z����GY�_d�{hIq	�=Yml�lnfXh:\]��N4Y�_XOWz{b B�_Xh§Q ��� � �$¦�Kn��p"K§O&\]lnz�Y[�{q�V3_XKnO
��Y[z{ZnO3h[�$} B��^�E��Z]_�_XKn��V���NPl�Y[p`_dVLO!�EZ�Y[z{z�b4h[q�Ymz�z<_XK�O�fdOWp&O&���[OWfdV'¦�KnhP�[O&_�Y[lnlnfdh:\]�{N4Y�_dO&z�bC_XKnOW�{fL�=Y[�{f
VXK�Y[fXOI�
�¡q _dKnO�VXOWp`hIq�k*V���N�Znz�Y�_d�{hIq¨�L¦'O|VXKnh�¦ _XK�Ym_^«�¬a Ymz�VXh¢�I�{�IOWVP�{_dV¥�=Ym��f¥V�K�Y[fXO�_dh§fXOGp`OW�{�IO&f"V�h[�

q�h[q��[fdO&OGk]b¥V�hIZnf"p`OWVW�Æ�¡q _XKn��VaVX��N�Znz�Y�_d�{hIq¨�(Q?B�N�Z�z£_d��pWY[V�_aV�OGVXVX�{hIq�VL¦5O&fdO3V�_dY[f�_dOWk(���[O&q�O&f"Y�_X��qn� � �LS
_dfdY-2¥pY�_af"Y�_dOWVa�:Y[fXbu��qn�4�HO`_c¦5O&O&q§Q�Bks �jª�VjY[q�k|v�B �ks �jª�VW�j1���[Z�fXO�tPVXKnh�¦jVj_XKnO�fdYm_XOWVjfXOGp`O&���[OGk
��hIf�fXOGp`OW�{�IO&f"V'¦��{_XK���Ymfd��h[Z�V�k]OWN4Ymq�knVW�gS�OGp`O&���[OWfdVLh[�$q�h[q �[fdO&OWknb^V�hIZnf"p`OWVW�u�°� O[�g_XK�Ym_aY[VX¶¥z{OGVXV�_XK�Y[q
_dKnO&��f5�=Ym��f�V�K�Y[fXOI�]YmfdOa�[���[OWq�Y[z{zH_XK�O�fdO!�EZnOGVc_dOWk^��Ymq�kn¦���ku_dK¨�nYmq�k¥²�z{_XOWfX��qn�Pp`hIq�p`OWfXq�V'h[q�z{bP_dKnO3NChEVc_
�IfXOWOWk]bP´�h�¦jV&�?»¢Ooqnhm_dO _dK�Y�_�_dKnOVXZnN h[�1fdOWp`OW�{�IOWk�fdYm_XOGV'��VjY[lnlnfdh:\u��N4Y�_dO&z�b�Q Ã ��ªmV&�
JLKnO5_dKn�{f"kCV���N�Znz�Y�_d�{hIq�lnfdOWVXO&qE_"V¨_dKnOL��OWK�Y:�u�{hIf1h[��_XK�O5«�¬a�_"Ym�[�I�{q�� Ymq�k²�z{_XOWfX��qn��NPOWp"K�Y[qn��VXN4V&�

e?YIp"¶[O`_?_"Ym�IV¸YmfdO'_dfdYIp`OGk�h��IO&f$_XK�OQ Ã �±z{��qn¶<�IY[q�kP$�{�IZnfXOjw3l�fXOGV�OWqI_"V$_XKnOW�{f5k]��Vc_dfX���nZ]_d�{hIq¨�$$��fdV�_W�I¦'O
q�hm_X��p`O�_XK�Ym_a_dKnO�_"Ym�I�[��qn�^Ymz��[hIfX�{_XK�N�p"KnhuhEV�OGVL_dY[�IV Znqn�{��h[fdNCz�b��{q|_XKnOC�{qE_dO&fd�:Y[z / &�( &$&)&A� ��Lb®� �u��q�p`O
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&)&)&�l�Y[p"¶IO`_dVºª�VXOWp&h[q�k�V¸p`hIfXfdOWVXlHh[q�knVg_XhC_XK�O���Ymq�k]¦���ku_dK Y[z{z�h]p&Y�_dOWk^l�OWf'´�h�¦�h[q�_XKnOCQ Ã � z{��qn¶���_XKnO
VX��N�Znz�Y�_d�{hIq*¦LY[VPfdZnq ¦��{_XK B¢�[fdh[Z�l�V � �5Y[z{za_dY[�IVP�HO&z�h�¦ _dKnO�_XK�fXOGV�KnhIz�k Y[fXO�Z�VXOWk(� � ZnfP_"Ym�[�I�{q��
Y[z{�Ih[fd�£_dKnN _XKuZ�VjlnfXh��u��k]OWVLp&h[fdfXOGpº_W�uZnq��£��hIfXN Y[q�k O52¥p`��O&qE_�_"Ym�[�I�{q����
$���[ZnfdOjwoYmz�V�hoVXKnh�¦jV?_dK�Y�_gl�YIp"¶[O&_Æ��h[fd¦5Y[fdk]��qn��fdY[ln��k]z{bCk]OWp&fXOGY[VXOWV?Y[VÆ_dYm�EVÆfdOWY[p"K�_XK�OL_XKnfdOWVXKnh[z�k(�

JLK���V lnfdh��[OWV5_dK�Y�_ _XKnOC��Y[q�k]¦���ku_XK|OGVc_d�{N4Ym_X��h[q|Ymz��[hIfX�{_XK�N ��V �EZn�{_XOCVc_"Ym�nz�O[� JLKnO�z�hIVdVjlnfdh[��Ym�n��z{�{_cb[�
knZnO3_XhC_XK�O3_XKnfdOWVXKnh[z�k Y[knY[l]_dYm_X��h[q NCOGp"K�Ymq���VXN��]��V�Y[lnlnfdh:\u��N4Y�_dO&z�b^v_dh4s �¥�
$��q�Ymz�z{bI�IhIZnfgz�Y[V�_¸V�O&_ghm�¨VX�{N�Znz�Ym_X��h[q�V¸V�Knh�¦jV$_dK�Y�_'¦'OjYIp"Kn�{OW�[O��Hh[Znq�k]OWkC�=Y[�{fdqnOWVdV?�HO`_c¦5O&O&q¥¬ ¯ e

p&h[qE_Xfdh[z�z�OWk�_dfdY-24p�Ymq�k J � e p&h[qnq�OWpº_d�{hIq�VW�§�¡q OGY[p"K±VX�{N�Znz�Y�_X��h[q��g¦'O K�YIk±Ymq O!�EZ�Y[z5Y[NChIZnqE_Ch[�
¬ ¯ e2´�h�¦jV�Y[q�k§J � e p`hIqnqnOGpº_X��h[q�V&��0aY[z£��h[��_XKnO^J � e.p`h[q�qnOWp`_X��h[q�V�O&q�k���q I��_XKnO�hm_dKnO&f�K�Ymz{�
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Forwarded packets
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� hIqn�[OGVc_d�{hIqp`hIqI_dfXhIzm��hIf$N�Znz{_X�{�®f"Y�_dO¸N�Z�z£_d��pWY[V�_$VXOWVdV���h[q�V�N�Z�V�_?fXOWz{b3h[q�NPOWp"K�Y[qn��VXN4V¨��q_dKnO'q�O`_c¦5h[fd¶H�
JLK�O�lnfdhm_dh]p`h[z$«�¬  lnfdh[lHhIVXOWk�KnOWfXOC��V�Y VX�{NPlnz�OCY[z£_dO&fdq�Y�_d�{�IO_dh�z�Y:b[OWfXOGk�O&q�p&hukn�{qn�]ªG_dfdY[q�V�NP��VXVX��h[q
Vdp"KnOWNCOGV&�:_dK�Y�_ÆfdO!�EZn��fXOGV?Y[knk]��qn�3V���NPlnz�O5fdh[Zn_XO&f$²�z{_XOWfdV$��q�_dKnOLqnO`_c¦5h[fd¶<��»¢O5_XKn��qn¶�{_g��V$l�Y[f�_d��p&Znz�Ymfdz{b
Y[lnlnfdh[lnfd��Y�_XO5��hIf¸p`hIqn�[OGVc_d�{hIqPp&h[qE_Xfdh[z��{q4KnO&_XOWfXhI�[O&q�O&h[Z�V?N�Znz{_X��p&YIVc_¸OWqu�E��fdh[qnNPO&qE_"V&�EYmz{_XKnhIZn�[KP�{_'p&Y[q
Y[z�VXhC��OoZ�VXOWk���hIf�Znqn��p&Y[V�_L´�h�¦jVW�
»¢O�YmfdOop`ZnfdfdO&qE_Xz�b¥¦5h[fd¶E��qn�Ch[q�YPfdOWYmz(��NPlnz�O&NPO&qE_dYm_X��h[q¨�'JLKnOJ � �^²�O&z�k���OW�{q��P_Xhuh4V�N4Ymz�z®�n¦'O

l�fXhIl�hEV�O5_Xh�lnZ]_¸_dKnO�_"Ym�o��q¥Yo�m�Å�ubI_dOWV?�ce§hIl]_X��h[q��[¦��{_XKP_XK�O ��$ �W� �	�´�Y[��V�O&_W�[_Xh�p&h[lub_dKnOjh[ln_X��h[q4��q
OGY[p"K4�ce���f"Ym�INPO&qE_W�?e?Y[p"¶[O&_g_dY[�[�I�{qn����V'k]h[qnO �{q¥_XKnO�V�hIZnfdp&O�� V¸VXb]Vc_dO&N��[_dKuZ�V¸¦5h[fd¶u�{q��o¦��£_dK¥O`\]��Vc_d�{qn�
Y[lnlnz���pWY�_d�{hIq�V&��0j��O&f"Ymf"p"Kn��p&Ymz1Ymlnlnz���p&Y�_d�{hIq�V�_dK�Y�_3¦���V�K�_dh�k]O&²�qnOPk]fdh[l|lnfdOWp&OWk]OWq�p`O�YmNPh[qn�^l�Y[p"¶IO`_dV
pWYmq �{qn��h[fdN�_XKnOVXb]Vc_dO&N hm��_dKnOoz�Y:b[O&f5_dhCZ�V�OohIq YClHO&fX�®l�YIp"¶[O&_5��YIV���VW�
J1h YIp&p&h[ZnqE_���h[f3p"KnOWYm_XO&f"V�Ymq�k�qnh[q]�¡p`hIqE_Xfdh[z�z{OGk|¬a¯�e�´�h�¦jV&�¨¬ ¯ e�l�Y[p"¶IO`_"V pWYmq��HOC_dY[�[�[OGk�h[f

fdO`�®_dY[�[�IOWk h[q�Y¥l�OWf��®´�h�¦���Y[VX��V Ym_a_XK�O��Hh[Znq�k�Ymfd�{OGVah[�¸Y¥qnO&_c¦'hIfX¶<�aJLKnO�fdYm_XOh[�¸¬a¯�e�_dfdY-2¥pp&Y[q
Y[z�VXho�HOap`hIqI_dfXhIz{z�OWkChIqnz{bCh��[OWf¸VXh[NPO�z{��qn¶]Vgh[�<_XKnO �¡qI_dO&fdqnO`_G�EY[z{z�h�¦���qn����h[f¸��q�p&fXOWNCOWqE_dYmz�k]O&lnz�h�buNPO&qE_W�
� Z�f3Y[lnlnfdhIYIp"K|fXO��EZn�{fdOWV�NPh]k]�{²�p&Ym_X��h[q�V���q�_dKnO4fXhIZ]_XOWfdVW�¨Ymq�k�Y[k�knVoV�hINPO �=z{��NP�£_dOWk � h��IO&fdKnOWYIk ��h[f
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<{Q�>7I�� � O&�Ih[Z]_G�¨xn���jhIqnqnOWqnN4Y[p"KnOWfW�<Ymq�k�³��(»2� �'��O&f"VdY[p"¶<�5·��LYmq�k]¦���ku_dKAYmz�z�hupWY�_d�{hIq�l�hIz{��p`��OWVa��h[f
Z�qn��pWY[V�_aYmq�k�N�Z�z£_d��pWY[V�_W� ¹��{qR�h+	$ ������'�6* �-
@$t4����������!* 45$?��$��	� 
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[� Ã Y[fdp"K¢QW}I}[}n�

< v'>oSaY�icO&q�k]fdY sP�uxIYm��q¨�u¯ Y[K]� Ã �{q���»2� � Kn��Z¨�]Ymq�k^» �{z�z{��YmN�So��0 Y:¦'OI��·aI �EZ�YmqE_X�{_dYm_X���[O NCOGY[VXZnfdO
h[���=Y[�{fdqnOGVXV?Ymq�k�k]��Vdp`fd�{NP��q�Y�_d�{hIq���hIfÆfXOGV�hIZnfdp&O'Y[z{z�h]p&Y�_d�{hIq���qPV�K�Y[fXOGk�p&h[NPlnZ]_dO&fgVXb]Vc_dO&N�� ¹J1OWp"K¨�
SjO&l¨��J�S��Ås �nQ[�]¯�³ � � � �£_X_Xz�O`_dh[q¨� Ã I��� �uO&ln_XO&N���OWfQW}Iwm���

< s->o¯ ��NC�{_Xfd� �5O&fX_dVXO&¶�Y[VAYmq�k S�h[�HO&fX_ �3Y[z{z�Ym�IO&fG� � �'�O�� ���,& $-+ � 
º�Pp"K�Yml]_dO&f�Kn�Clnl¨� B[vm���HB[vm}��
egfXOWqI_d��p&O`�O0aY[z{z®�(QW}IwEtu�

< ��>o�fdY[qn¶�s3O&z�z{bI�?· � K�Ymfd�[��qn�4Ymq�k�f"Y�_dOp`hIqI_dfXhIz(��h[faO&z�Y[V�_X��p3_Xf"Y'2¥pm� ¹��h��+�$ �����'* �H+��'*N
5� �5��� $'*N
 $'*
�����L���	$���� ��*N� ���-�,� $-*H
º���Ih[z®�uw��nlnl¨��s[s��]sEt]��QG}[}Et]�

< B'>o5� e$�Hs3O&z�z{bI�HI� sP� Ã YmZ�z{z�huh��nYmq�k�¯�� sP� 0��J1Y[q¨�<·XSjYm_XOop`hIqI_dfXhIzH��h[f�p`hINCN�Znqn��p&Ym_X��h[q qnO`_c¦5h[fd¶]V
X�VXK�Y[k]h�¦�lnfd��p&OWVW�LlnfXhIl�hIf�_d�{hIqnq�Y[zL�=Ym��fXqnOGVXV^Ymq�k V�_dY[�n�{z��{_cb[� ¹��H$'��+!*S�'�q$a4��,8:��� �H��+��'��� $'*�*W�'�
�q�!
����'+	�!8��S$?�5� ���������[h[z®�]�I}��]lnl¨��v[sEt��]v�BIv]��QW}[}Iwn�

< K->70aZ�Y:bIY[q IaN�b�»�Ymq���Y[q�k Ã ��Vdp"K�Y �]p"Ku¦5Y[f�_ �[�·�I�p"Kn�{OW�u�{qn� �Hh[Znq�knOWkA�=Ym��fXq�OWVdVa��hIfoN�Znz{_X��p&YIVc_
Y[q�k�_dp&l�_dfdY-2¥p ��q _XKnOo��qE_XOWfXqnO&_W� ¹���qJ� +�$ ������'�6*:�'
 $t4 �@(����W�3� ��$����	� 
��m� �uO&ln_XO&N���OWfQW}I}[w��

< t�>3�¡qmich[qn�|S�K�O&O[� �aY[z{z�Y�_dK�YmN��n���LYmz�z�Ym�[Z�fXZ¨�1Ymq�k ��O&hIfX�IO ���1S�hIZ�VX¶:YIV&�P· Ã _dp`l X �np&Ymz�Ym��z{OP_"p`l]�
z���¶[O�p`hIqn�[OGVc_d�{hIq±p`hIqI_dfXhIz¸��hIfPfXOWz{��Ym�nz�O N�Znz{_X��p&YIVc_G� ¹ J1OWp"K��?SjO&l¨�gJ�SL�¡}[wm� ��Q[�Æ¯ O&l�Y[f�_dNCOWqE_Ph[�
� hINPlnZ]_XOWf �]p&�{OWq�p`OI� �jh[fX_XK � Ymfdh[z���q�Y �u_dY�_dO¬jqn���[OWfdVX�{_cb[��xIYmquZ�Ymfdb�QW}I}[wn�

< w->��]Znlnf"Y�_X��¶ �5K�Y�_X_dY[p"K�YmfdbEbEYn�$¯ahIq J1h�¦jV�z�O&bI�$Y[q�k±x[�{N s3ZnfdhIVXO[��·�JLK�O^z�hIVdVl�Ym_XK±N�Znz{_X��lnz{��p`�{_cb
l�fXhI�nz{OWN ��q N�Znz{_X��p&YIVc_^p&h[qn�IOWV�_X��h[q p&h[qE_Xfdh[z®� ¹ ��q �h+�$?���	��-�6* �-
J$a4 �!���"�#�!*?45$ ��$��	� 
�
[� �jOW¦
$ghIfX¶<� Ã Y[fdp"K¢QW}I}[}��

< }->o¯�Ymq|SjZn��OWq�V�_XO&��q¨�(xm��N s3ZnfXhEV�OI�nYmq�k�¯ h[q|J1h�¦jVXz{OWb[�$·XJLKnOo��NPl�Y[p`_ahm�ÆN�Z�z£_d��pWY[V�_az�Y:bIO&fd�{q���hIq
q�O`_c¦5h[fd¶P�=Ym��fXqnOGVXVW� ¹��{qR�h+	$ ������'�6* �-
 $t4 �@(1���%��&A('�h� �(� 
�
[�1QG}[}[}��

<�Q �->3JL��Ymqmic�ox[��Ymqn���j³Æz{z�O&q�»2�*)<O&�[Z�fdY��jYmq�k Ã hIV�_dY��=Y IjNPN4YmfG�.·c�¡qE_XOWf��ÅfdOWp`OW�{�IO&fP�=Y[�{f N�Znz{_X��p&YIVc_
p&h[NPN�Z�qn��pWY�_d�{hIq�h��IO&f5_XKnOo��qE_XOWfXqnO&_W� ¹���qJ� +�$ ������'�6*:�'
 $t4+�,�'�-��� �/.+� 
�
[�<QW}[}I}n�

<�Q[Q�>3JL��Ymqmic�ux[��Y[qn��� Ã hEVc_"Y��=YQ0��IjNPN4YmfG��Ymq�ko³gz{z�O&q»2��)HOW�[Znf"Yn�W·��¡qE_XOWf��ÅfXOGp`OW�{�IO&fH�=Ym��fXq�OWVdV#XxI©q�h��[O&z
lHO&fX��h[fdN4Ymq�p&O�NPOWY[VXZnfdO5��h[fgN�Znz£_d��pWY[V�_¸Ym�nfgVXOWVdVX�{hIq�V&� ¹�{q � +�$ ������'�6*:�'
q$a4��@(1�0���3��� ����+!� �!
1� 
��[�
Ã Y[k]��V�hIq¨�]» ��VXp&h[q�VX�{q���xmZnq�O4QW}[}Iwn�

<�QGv'> �(��x[Y[N4Ymz�huk�k]�{q ��h[z�OWV�_dY[qn�¨Ymq�k�s3fd��VXK�Ymq�sP� �]Ym�nq�Ymqn�®�¨·��Znq�knY[NCOWqE_dYmz(hI��VXO&fd�:Ym_X��h[q�V'h[q N�Z�z£�
_d��pWY[V�_p`h[q��[OWV�_X��h[q¢p`hIqI_dfXhIz?�{qA_XKnO4��qE_XOWfXqnO&_W� ¹��{q �h+	$ ������'�6* �-
9$t42�!�"���3�!*?45$ ��$���� 
4
m� Ã Ymf"p"K
QG}[}I}n�

<�QWs->3J1h]knk Ã h[qE_X�Ih[NPO&fdb[�m· � hEVXV�_XhIz{OWfdY[qI_$fdYm_XOLp`hIqI_dfXhIz{z�O&f���z{_Xf"p � � ¹J�OGp"K¨��S�O&l�� �YI �HI��Å�A8C8j�¡}Et:� ��Q[QI�
�qI ��I���IaZn�[Z�V�_QW}I}Et]�

<�Q&��> Ã Ymfd¶ 0 Ymq�knz{OWb Y[q�k �]Y[z{z�b $z{h�b]k(� · �E_dfdY:¦�N4Ymq�VXlHOWp`�{²�pWY�_X��h[q���h[f�_dp`l���fX��O&q�k]z{b �=fXOWz{��Ym�nz�O �
N�Znz{_X��p&Y[V�_gp`hIqn�[OGVc_d�{hIq�p`hIqI_dfXhIz � _���N4pWp � � ¹�lnfXhIl�hEV�OGko_dha_dKnO�S Ã N4Y[�{z��{q�� z���V�_W� �jh��IO&N��HO&f5QW}I}[w��

`�`�o'�N�5���!�



v � ���{(V�L��+,� ���

<�Q?B'>ox[�{_XO&q�k]fdY�e$YIk]Kub[OI��8 ��p`_Xh[f5$�{fdh[��Z¨�I¯ h[q�J�h�¦jVXz{OWb[�EYmq�k^x[��N s3ZnfdhIVXO[�n· Ã h]k]O&z���qn�o_dp&l4_XK�fXhIZn�[K]�
l�Z]_ X I V���NPlnz�O§NCh]k]OWz�Ymq�k��{_dV�O&NPln��fX��p&Y[zo��Ymz���knYm_X��h[q¨� ¹ ��q �h+�$?���	��-�6* �-
 $a4 �@(1� � ��& �
( �h� �(� 
��m�$QW}I}[w��

<�Q K->3¯ h[fd�[K�YmN �u��VXY[z{OWN Ymq�k 0aO&qnq��{qn� �]p"KuZnz��&fd�{q�qnO[��·�JLKnO�z{hEVXV��¡k]O&z�Y:bA��Y[VXOWk©YIk:icZ�V�_XNPO&qE_¥Ymz��[h[�
fd�{_XKnN X#Iµ_dp&l]�®��fX��O&q�knz{b Y[knY[l]_dYm_X��h[q¨� ¹^�{qR�h+	$ ������'�6* �-
@$t4�� �'�-�:� �2. � 
��[�]x[Znz�b�QG}[}[w��

<�Q:t�>3¯ h[fd�[K�YmN �u��VXY[z{OWN �(�fdY[qn¶�³ÆN4YmquZnO&z®�¨Ymq�kJ0jOWqnqn��qn� �np"KEZ�z��WfX��qnqnOI�a·�JLKnOCk]��fXOGpº_oY[k:icZ�V�_XNPOWqI_
Y[z{�Ih[fd�£_dKnN XuIµ_dp`ln�°��fd�{OWq�k]z�b^Y[k�Yml]_"Y�_X��h[q�Vdp"KnO&NPO[� ¹ J1OWp"K¨�nSjO&l¨��� � Ã ¯ �h[¶uZ�VW�NIjZ��[Z�V�_oQW}[}utu�

<�QWw->+$gZ�Ymq �3Ymh4Ymq�k�x[O&q�qn�£��OWf � �N0jhIZ¨��·XSjY[p&hEhIN XVI�f"Y�_dO`�Å��Y[VXOWk�p`hIqn�[OGVc_d�{hIq p&h[qE_Xfdh[z(Vdp"KnO&NPO���h[f
N�Znz{_X��p&Y[V�_dVW� ¹µJ�OGp"K¨�¨S�OWl¨�{�$JLKnO � Kn��h �u_dY�_dO4¬jqn���[OWfdVX�£_cbI�¨¯aOWl]_W��hm��³Æz{OGpº_dfX��p&Y[zg³Æqn�[��qnOWO&fd�{qn���{�
QG}[}I}n�

<�QW}->3SjO �WY§SjOci�Ym��O[� Ã Y[fX¶ 0aY[q�k]z�O&b[��Y[q�k ¯aOW��hIfdY[K*³gV�_Xfd��q¨��·�SaYmlxXRIaq O&q�k]�°_dhm�ÅO&q�k*f"Y�_XO&�®��Y[VXOWk
p&h[qn�IOWV�_X��h[q�p&h[qE_Xfdh[z1NPOWp"K�Y[qn��VXN���h[f3fdOWYmz{_X��NPO�V�_XfdOWY[NPV ��q|_XK�O���qE_XO&fdqnO&_W� ¹*��q��h+�$?�����	-�6* �-
 $a4
���������!* 45$?��$��	� 
�
[� Ã Y[fdp"KAQW}I}[}n�

< v��-> �u_XO&�IO&q Ã p � Y[qnqnO[��8gY[qAx[YIp`hI��V�hIq¨��Y[q�k Ã YmfX_X��q 8ÆO`_X_XO&fdz��°�j·XS�OWp&O&���[O&fX�¡k]fX���[OWq�z�Y:bIO&fdOWk�N�Z�z£_d�£�
pWY[V�_W� ¹���qJ� +�$ ������'�6*:�'
 $t4 �@(���� ��&A( �{� �(� 
 � �1QG}[} Kn�

< v]Q�> � h[fdO&q �Wh 8a��p`��VXY[qnh�� � Zn���[� S���� �&h��5Y[q�k xmhIq � fdh�¦Lp`fdhm� _W� ·�J$p`ln�®z��{¶IO�p`h[q��[OWV�_X��h[q p`hIqE_Xfdh[z5��h[f
z�Y:b[OWfXOGk¥N�Znz£_d��pWY[V�_aknY�_"Y�_Xf"Ymq�V���O&fG� ¹^��qR�h+�$?���	��-�6* �-
 $a4 �!�"��� �!*?45$ ��$���� 
4�m�$QW}[}Iwn�

< v[v'>3JLK��{OWfXfdb§J�Znfdz�O`_�_d�°� �]Y[p"K�Y�nhEVXVXO�e$Y[fX��VX��VW�gYmq�k*xmOGYmq �5hIz{h[_W�¢·X³?\]lHO&fd�{NPO&qE_"V�¦��{_XK YAz�Y:bIO&fdOWk
_dfdY[q�VXNC��VdV���h[q�Vdp"KnO&NPOoh��[OWf5_XKnO��qE_XOWfXqnO&_W� ¹AJ�OGp"K¨��S�OWl¨��SaSL�ÅsEvm} Kn�u� �aS��tI�� �ah��[OWN��HO&foQW}I}Et]�
KE_X_XlxX ª[ª�¦�¦�¦o� ��qnfd��Y�� ��f`ª�SjSaS$JaªmSjSL�¡sIv[}�Kn� KE_XNPz®�

< vms-> ��� ��� � O&�u��qnO3Ymq�k xn� xn� �3Y[fdp&��Ym� � Znq�Y��OI�p`OW�[OGV&��·��¡NPlnfXh��u��qn���qE_XO&fdqnO&_LN�Znz{_X��p&Y[V�_L¦��£_dK�fdh[Z]_d�{q��
z�Ym�HO&z�VW� ¹§�{q � +�$ ��� �!����� �!*��T��+!*W�-�,� $-*W�-�{(#$'*?45�5+	�5*S�	�=$-* � ���,& $-+ � � +�$'�O$ ��$-�g
º����p`_XhI��OWf�QW}I}Et]�
l�l¨��v���Q �HB��n�

< v���> Ã ��p"K�Y[O&z � Z��EbY[q�k � h[fdO&q �WhC8 ��p&��VdYmqnh��[·a0aO`_dO&fdh[�[OWqnO&hIZ�V¨N�Znz{_X��p&Y[V�_Æp`h[q��[OWV�_X��h[q�p`h[qE_dfXhIzI��YIV�OGk
hIq�fXhIZ]_XOWf5l�Y[p"¶[O&_L²�z£_dO&fd�{q���� ¹�¯ah]p&ZnNPO&qE_ VXO&qE_L_XhC_XKnOS Ã N4Y[�{z��{q��Cz���Vc_G��xmZ�qnO4QW}I}[}n�

< v�B'> �]KEZ � ��Z¨��· Ã Z�z£_d��pWY[V�_�p`hIqn�[OGVc_d�{hIq|p`hIqI_dfXhIz°� ¹�¯ah]p&ZnNPO&qE_�VXO&qE_a_dh¥_dKnOCS Ã N4Ym��z{��qn�^z���Vc_G�(x[ZnqnO
QG}[}I}n�

< v-K->AIaqE_Xh[��qnO � z�O&fd�[O`_3Ymq�kA»�Ymz���kA¯ Y[�n��hIZ�VW�3· � fX�EYmqn���&��qn�^k�Y�_dY^_Xf"Ymq�V�NP��VXVX�{hIq���h[f3fdO&z���Y[�nz�O�N�Z�z£�
_d��pWY[V�_�h��[OWf�VdY�_XOWz{z��{_XO¥z��{q�¶uVW� ¹ ��q �h+�$?���	��-�6* �-
 $t4 �#4�+!� ��$�� ( (x�9( � 
����+�!*��T��+!*W�����-*W�&h�%$ �	�'�
�@�5��& $'+ ���6* �[��J1Znqn��VW� ��pº_XhI��OWfoQW}I}[wn�ulnl��HtuQ �uw ���

< vIt�>�»2��S���p"K�Ymf"k �E_dO&�IO&q�VW� �#(c��� ��� �!�6���:
!��+��'�O����n�Ih[z®�<Q[�nlnl���vm}[}��us �nQ[�1I�knk]��V�hIq�»¢OWVXz�O&b[��QW}[}[���
< vmw->ox[h[fd� �jhIqnqnO&q�NPYIp"KnO&fG�L³ÆfXq�Vc_ �5��O&f"VXYIp"¶<�'Ymq�k*¯ h[q J1h�¦jV�z�O&bI��·�e?Ymfd�{_cbI�Å��YIV�OGk©z�hIVdV4fXOGp`h��IO&fdb

��hIf3fXOWz{��Ym�nz�O�N�Znz{_X��p&Y[V�_a_dfdY[q�VXNC��VdV���h[q¨� ¹±��q��h+�$?�����	-�6* �-
=$a4 �@(1� �%��&A( �h� � � 
��&�'QW}[}utu�Hlnl¨�
v[w[}��us � �n�
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< vm}->ox[h[K�q±»2���5b[O&f"VW� Ã ��p"K�Y[O&z � Zn�ubI� Ã ��p"K�YmOWz Ã �{_ �WO&qnN4YIp"KnO&fG�gYmq�k IaVXKuZ]_XhEV�K±SjO&�[OI�A·�I k]���m�
�{_dY[zg��hIZnqE_dYm��q©Yml�lnfXhEY[p"KA_Xh|fdO&z���Ym�nz�O¥k]��Vc_dfX���nZ]_d�{hIq§hm���nZnz�¶§knY�_"Yn� ¹ �{q �h+�$?�	����'�6*:�'
 $a4 �@(1�
� ��&A( �h� �(� 
4�m� �uO&l]_dO&N���OWfQW}I}[wn�

< s �-> � Zn���[�?S���� �&h���·X³?�<OWp`_X���[O�OWfdYIV�Z�fXO�p&h]k]OWVa��h[f�fXOWz{��Ym��z{O�p&h[NPlnZ]_dO&f3p`hINCN�Znqn��p&Ym_X��h[q|lnfdhm_dh]p`h[z�VW� ¹
(#$�� �W���T��+=(#$����@��*�� �	�-�,� $-* �q�5U?� ��&Æ�NIjlnfd��zgQW}I}Etu�

< snQ�> � h[fdO&q �Wh 8 ��p&��VdYmq�h�� · �ahm_dOWV h[q Y p`ZnN�Znz�Ym_X���[O z�Y:bIO&fdOWk hIfX�EYmqn���WYm_X��h[q h[�
k�Y�_dY l�Y[p"¶IO`_dV YIp`fdhIVdV N�Znz{_X��lnz�O V�_XfdOWYmN4V ¦��{_XK kn�£�<O&fdO&qE_ f"Y�_dOWVW� ¹ ¬aqn���[O&f"VX�£_cb
� hIz{z�O&�IO � h[q�knh[q¨� � hINPlnZ]_XOWf �]p`��O&q�p&O[� SjOWVXOWYmf"p"K �ahm_XO S%�3ª�}IwEªmv B]� QW}I}[w��
KE_X_XlxX ª[ª�¦�¦�¦o� pWV&� Z�p`z®� Y[pm� Zn¶�ª:O&\u_XO&fdq�Y[z ª � � 8a��p`��VXY[qnhuª�lnZn�n�Hª�z�Y:bIO&f"V`� l�VW� � �[�

< sIv'>ox[h[fd� �jhIqnqnO&q�NPYIp"KnO&fY[q�k�³Æfdq�Vc_ �5��O&f"VXYIp"¶<��· �np&Ymz�Ym��z{OC��O&OGk]��YIp"¶|��h[fVdY�_dO&z�z{�{_XO4��fXhEY[knpWY[V�_dVW� ¹
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