
� �������	�
��� ��� � ��
����������� � �
����� ����� �"! # �$��%'&�('�*) �*�+�
# �,� �������-�.�0/013254 1����
) ��67%825�
��� 9 �$���:� ���+� � �;� � < = >

< ��('�+&�/+��?�&��

@BADCFEHGJILK;AMEHCONQPSRDCFGJTUADC�TUEHC�R;GWVXRZY�[JR;\HE]G

^`_Xa�b�cedgfhb
iOjZkmlUnolqpsrtlquZrskvuwlqxMy{zvpsy{|}j'~]lUnUl�p�r���u�zm��psx�l�xZk�|�z����}���wlo|�j�ps���q�
� lo�����gp � �M����|�lqxw��k�p�x�����xZ��kJ��|}ps��x�����x�|��}��r]����|��}k�l � p�xw�Xl��Z�Zrsp ���lq|}ps��xw�J�{¡¢�¤£�n�kJ�}p�¥M�Jlo|}ps��x����}k���n�k�����kJr�k��¦|}ps��x���l�xwy��on�kJ�}rtlU§�xwk�|��z����}�{�J¨.© kQy{kJ������p�uDkQlqx�kJxwy¤�H|}�q��k�xMy � k�|}jZ�{y{��r�����§��U��l�r�rskJyg£¤kJr �ª�«.��l�y{psxZ�¬Fk���ps�¤yZps�e£�|��}k�l � �Q~]£Z«.��¬h£Z�¦���®��� � kJl���¯w�}psxZ�vlUnolqpsr ��u¤zg¨iOjZkWuMl��}ps��pty{k�l°p�x8£{«.��¬�£ pt�±|�jwlo|�|}jZk²��xZk��HzOlU§'y{kJrslU§{�±���l�MkJ�}ps�{y{pt�¢�Ml�����k�|O��|}��kJl � �}jZ�oz,lqx³psxw����kJl���psxZ�±|��}kJxwy²zvjZk�x³|}jwk��|��}k�l �X´ �e��lq|}kpt�ejZps��jwk��Q|�jwlqx�|�jZkmlUnolqpsr��Hu¤zg¨�© kp � �Zr�k � k�x�|}k�y£{«.��¬�£³psx'l�|�����r��Jlqrsr�k�y³µZ¶q·ª¸{¹�º�¶�»o¨¼iOjZk�l�����¯Z��l���§²�q�F|}jZk�|}�¤��rjwl���uMkJk�x�kJnUl�r�¯Mlo|}k�y�zvp |�j�uD�q|}j��}p � ¯Zrtlo|�p���xw�QlqxMy�k�½{�MkJ�}p � k�x�|���on�kJ�g�}k�lqr��Hzh����rsy'¾¿x�|}k���xZk�|±�wlo|�jw��¨XÀv¶o·®¸¤¹�º�¶�»�ps�±xZ��x{��psx�|��}¯M��psn�k��
� kJlqxwp�xZ��|�jwlo|p�|¢y{�¤k��vxZ�q|m�Jlq¯w�}kg��ps��xwp ¥M�Jlqx�|psxw����kJl���k���psxX|}jwkxZk�|�zh�����8¯{|}psr�psÁJlq|}ps��x.�yZk�rtlU§¤�J�v���Wr����}�}kJ�J¨$©Âk'¯w��k�y8µw¶o·®¸¤¹�º�¶�»|}�Xk�nol�r�¯wlq|}kS|}jwk�nUl��}ptlquwp�rsp |�§�~�Ã yZ§�xMl � ps�J� ´ �¢�q��|}jZk�lUnolqpsr��Hu¤z*psxp�x�|�k���xZk�|��wlq|}jw�J¨ÄiOjZk°lUnolqpsr��Hu¤z
uDkJ��� � kJ����ps��xwp ¥M�Jlqx�|}rs§ � ����knolq��psl�uZr�k�p�x°jZk�lUn¤p�rs§W¯{|�p�rspsÁ�kJy	�wlo|�jw���;l��z�kJr�r�l��psx°�wlq|}jw�mzvp |�jr�p � p |�kJy���l��wl���p |�§�~Å�Z�}��uwlquwr�§±y{¯wk�|��¼l¢rs�oz�kJ��y{kJ����k�kh�q�M��|�lq|}pt��|�p ���l�r � ¯wr |�p��Zrsk�½{psxZ����¨F©Âkv¥Mxwlqrsr�§Sk�½Zl � psxZkv|�jZk��k�rtlo|�p���xSuDk�|�zhk�kJxlUnolqpsr ��u¤zBlqxMy³imÆh¬Ä|�jZ�}��¯Z��jw�Z¯{|J¨�ÇL�MkJ���}ps��|}kJx�|mimÆh¬È����xwxZkJ���|}ps��x���l�x�uDkh¯M��k�y±|��¢����¯Z��jZrs§ � k�l��}¯Z��kQ|}jwkOlUnol�p�r��Hu¤z�psx�lm�wlq|}j.�uZ¯{|�imÆh¬ �}lq|}¯Z��lo|�kJ��|}jZkO�wlq|}j.��lqxwy�p�xw���}k�l��}kJ����ps��xwp ¥M�Jlqx�|}rs§�|}jwk�wlo|�j°y{k�rtlU§{�vlqxwy���p |}|}kJ�J¨É²Ê�Ë¤ÌmÍoÎqÏ¤Ð�Ñ3Ò¢Ó�Ô�Õ�Ö�×�Ø�Ù¦ÚqÛ¤ÚqÙ�ÜÝÔ�Þoß�àwÖoÔ�Ô¦áÝÓUâ�ÓJÙ�Ø�à¤Ú�â¤ã¤ÕÜ�ã�Ô�äMß{àZå{á ØÔ�×�Ú�â¤æ�çªÓ�×vÙ¦ÚqÛ¤ÚqÙ�ÜÝÔ�ÞoßZÛ¤ÚqÙ�ØoÓ�ÔvÛ¤Ú�Ü ×vãZÜ�æ�ÛwÓJ×�æ}Ü Ö�âMßZÚqÙ�Ô¦ÜÝè�Ó¼Û{×�Ö�àZÜsâ�é{ê
ë ì.í bFceî�ï	ðXfhbFñ�î í
iOjZk�����xw��kJ�{|g�q��¶qòU¶qóª¹�¶�ô�¹�õXô�¶oö;»o÷eóÅ»o·®¸¤������¶qòU¶qóª¹Ýø�ô�÷Ä�®���±�}jZ����|��jwl���uDk�kJx��q�h��k�x�|}��lqrep � �M����|�lqxw��k�|�jZ����¯Z��jZ��¯{|�|�jZk�jZpt��|�����§°�q��wl�����k�|exZk�|�z����}�{�J��psx�uM��|}j���kJ�}kJlq����j�l�xwy��w��l��¦|}pt��k�¨�¾¿xS|}jwk����xZ�|}k�½�|¼�q�F|}��lqxM���D���}|�Z���q|}�{����rt���{|�jZk±����uZ¯M��|¢l�xwyXk�ù���p�kJx�|¢¯w��k��q�lUnolqpsr ��u¤z:jwl��±lqrszhlU§{�¼uDk�k�xúl � lo�����gps���}¯Zk���p�xw��r�¯My{p�xw�	û�l�����uZ�����x ´ �imÆh¬Lü ýqþH¨�iOjwk�lUnolqpsr ��u¤z7ps�mlqrt����l�����¯w��psl�r��wlq��l � k�|�k��vpsx��l��wl���p |�§��Z���on¤ps�}p���xZpsxZ�w�q����¯Z|}psxZ��l�xwy�|}��loù��mk�xZ��p�xZkJk���p�xw�w�Z¡¢��£
� lqxwl���k � kJx�|��Z��|��}k�l � psxZ�Sl��Z�Zrsps�Jlo|�p���xw���{�}k���n�kJ�h�}k�rskJ��|}ps��x.�Zl�xwyp�x°�}k�n�k���lqr;�q|�jZk��l��}k�l��J¨ÿkJ�}kJlq����jZkJ���hjwlUn�k¼uDk�kJxX|}��§¤p�xZ��|�������kJlq|}k�k�xwy{�]|��q��k�xwy � kJlq���¯w�}k � kJx�|²lqrs�����}p�|}j � ���®���WlUnolqpsr ��u¤z �on�k���|�jZk'rtl���| ��� §�kJl����J¨�Z��� ��� kJ�}jwlUn ´ ��µw¶��
	�õ�·mµZ¶qó��	ü �� þm|��ÄÆhlq�}|}kJ�Wlqxwy7Æ����on�kJr�rtl ´ ���µ��}º�ô�õ�ü �Uþ��;|}jZk���u{��kJ��|}psn�k�zOl��m|}� � kJl���¯Z��k�kJxwy¤�H|}���HkJxwy'lUnolqpsr��u¤z0¶��
������¶o·¿õ�¹��o�����{ó���	q¹��o��lqxwyXzvp�|}jw��¯{|�l��;kJ�¦|�p�xw��|}jZk�|}��loù��gpsx
�����! �"�#��%$'&�() �&*��+-, #.�/#.���102$'3 3 �54'�1$76�08$�9�:�"�#., ;%4=<�>?�5$'&�4',  A@B;�(�#., #."�#���$'6���5CD��;%$'3 $�47E�<�F8#�3  �;
#� G>?FIH7J
H'H�K=L8MN �&�#�(8$'6�#���, (8:% ':�5&O+8�5&*�?:%"�P%3 , (*�%�5Q� 7#2#����F�0�RTS�@�>U02VURARWK'J'J
K!C5$�;�6X�5&*�5;�C5�GY Z�Z\[XL�����, (�+8$�&*]^+8 '(?(*"%:�:$�&�#��5Q_P
E_#����` S�C5, �5;
#�, a�Ccb?, (*C5$5d
�5&�Ee#���&*$�"�4��fF�Q�d7 �;�C5�5Qg02$'9�:%"�#�, ;%4=h�iXS�C5, b-F�02jG:%&*$�4'&* �9$76ObUV?klim 5+8 �&*QA;="�9nP�5&DoOb?kOprq�08J
KsprJ=Zsk�t�K'u'v�w�x�j.L

|�jZk��wlo|�j.��pH¨ k�¨s�QöDºqöwø¿óªöw·D�=�Oy¦óªòUõ�¹��o¨�©Èjwlq| � l���kJ�¢|�jZk � kJl��}¯Z��k��� kJx�|g����lUnolqpsr ��u¤z*jwlq��y	pt�J�;¥w����|J�.|}jwlq|¼|�jZk���kSps��xZ�X����xw�}k�xw�}¯w���x�jZ�oz
|��'�Z��kJ��ps�}k�rs§úy{k�¥MxZk²p�|J����k�����xMy��e|}jMlo|�p |�nolq��p�k���zvp�|}j|�p � k��Dl�xwyX|}jwp���y��M|}jwlq|¢p�|¢k�½{jZpsuZp�|��mjZp���j	nolq��psl�uZpsr�p�|�§Wpsx'l�zvpty{k��lqxw��k¼�q��|}p � k��}�JlqrskJ�J¨
z!{7z |~}?���/�5�8�s�1�/�
© k�xwk�½¤|�y{k�¥wxZk�|}jZkhlUnUl�p�r���u�z psx�lqx±psx�|}¯Zp�|}psn�k�uZ¯{|��Z�}k���pt��k � l�x{�xwk���¨FiOjwk¼y{k�¥wxZp�|}ps��x³y{�¤kJ��xZ�q|vy{k��Dk�xMy���x²jZps��jZkJ����r�kJn�kJrwpt�}�}¯ZkJ�J��}¯w��j³l���|}jZk¼|}��lqxM���D���}|��Z���q|��{����rD����|}jwk¼x¤¯ � uMkJ�O�q�U�w�oz��|}jMlo|�JlqxX��l��{|}¯Z��k¼|}jZk±lUnol�p�r��Hu¤z7psx°lS�wlo|�j.¨ÇLxZk�|�z����}���wlq|}j�� pt�vl���k���¯wk�xw��k¼���G����|}����k��¿lqxMy¤�]�®���}zOlq��yrspsxZ�{�.|�jwlo|�|}��lqxw���®k����wl�����k�|����®��� � l¼��kJxwy{k��)�)�T�B|}��l��kJ��kJp�n�k���I�U�m¨�© kvl�����¯ � k�|}jMlo|e|}jwkh�Mlo|}jSpt��¥Z½{kJySlqxwy�¯ZxZpB��¯Zk��qpH¨ k�¨s��xZ�����¯Z|}psxZ����jwlqxw��kJ�O��� � ¯wr |�p��wlq|}jX�®���}zOlq��y{psxZ���¤�J��¯Z�¢y{¯Z��p�xZ��|�jZk� k�l��}¯Z�}k � k�x�|��J¨���l���j°rsp�xw���O�Jlqx°|���l�xw� � p�|gyZlo|�l�zvp�|}jÂlW��lq|}k�^� uZ�w�J�U|}jMlo|Fps����k��®k�����kJy¼|}��l���¹Ýóªö�	g��¶�µw¶���óª·.�o¨QiOzh�|�jZ����¯Z��jZ�Z¯{|
� k�|}��ps�J��|�jwlo|vlq��k¢��� ��� ��xZrs§�l����}�¤��pslq|}k�y�zvp |�jl� l��}km|}jZk¼k�xMy¤�|��q��k�xwy���¶�µw¶���óª·.� � lqxwyX¶oòo¶oóª¹s¶�ô�¹�õ±ô�¶oö;»o÷eóÅ»o·®¸e��¨FiOjwkO�Jlq�wl���p�|�§pt�vy{k�¥wxZkJyXl��

��� � p�x�r� Z
����� � � � ~ � �
l�xwyXp�|¢pt�±·®¸Zõ���¶% �ó������¡�}¶q·�õ�·®¸Z¶o·v·®¸Zõµw¶o·®¸¢��¶qö�µ��}ºoò�óÅ»�õ�·�º³¶£ ºq÷G¤Q÷�¸Zõ�öÂ·®¸Zõ��}õgóBy±ö;º�ºo·®¸Zõ��±·D�}¶s¥W��óªöI��¨£¤¯Z�w�M����kv|�jwlo|�r�psxZ�¦��|���l�xw� � p�|�|�kJy �^�.§-� ~*¨ J�© ¨ J«ª�¬ �FuZp�|��hy{¯Z�}�psxZ��lÂ|}p � k°p�x�|�k���nUl�r�~*¨ J© ¨ Jgª®¬ �¦¨,iOjwkX|}k�� � §�� ~�¨ J© ¨ Jeª®¬ ��������p � �Zrs§ §�¯� ~*¨ J �¦�Mps�O|�jZk�lUn�k���lq��k��{·]óª¹ óX°J¶q·]óÅºqö��q�Frsp�xZ�±��yZ¯Z�}psxZ�~�¨ J�© ¨ JAª²¬ ����zvp |�j´³�µ §�¯� ~*¨ J ��µ � ¨¢¾¿x�|}¯wp |�p�n�k�rs§��D|}jZk�lUnolqpsr ��u¤z� ¯� ~�¨ J �e����r�psxZ�¶��psx'~*¨ J © ¨ J ª�¬ ����l�x�uMkmyZk�¥wxZk�y�l��e|}jZkm�®��l��¦|}ps��x���w|�jZkOr�psxZ� ´ �e�Jlq�wl���p�|�§�|}jwlq|ejwl��FxZ��|euMkJk�xS¯{|}psr�psÁ�k�y�y{¯Z��p�xZ�¢|}jMlo|psx�|}kJ�}nolqrH�{pH¨ k�¨��

� ¯� ~�¨ J � �®� � ü �A· § ¯� ~�¨ J ��þ ~D¸��
�Q½¤|}k�xMy{p�xw��|}jZpt������xw��kJ�{||}�W|}jZk�k�x�|}ps��k��wlq|}j.�D|}jwk�k�xMy¤�]|��q��k�xwylUnol�p�r��Hu¤zT� ¯ ~�¨ J �eyZ¯Z�}psxZ��~�¨ J © ¨ J ª�¬ �Fpt�F|}jZk � psxZp � ¯ � lUnolqpsr ��u¤zl � ��xZ��lqrsr.rsp�xZ�{�Opsx±���

� ¯ ~�¨ J � � � psx�X� Z
����� �´¹ � � ü �A· § ¯� ~*¨ J ��þDº ~.»��
iOj¤¯w�J�Q·®¸Zõ²õ�ö;»oø¿·¿ºoø�õ�öD»	¶qòU¶qóª¹Ýø�ô�÷:óBy�»�õ�¼�öDõ�»	¶y�·®¸Zõ½��¶% �ó��¶�����¶o·¿õ�·®¸Z¶o·¢·ª¸wõ¼µw¶o·®¸¾��¶oöXµ��}ºoò�óÅ»�õ²·¿º	¶ £ ºo÷G¤¢÷eóª·ª¸wº��{·¿��õ�»À�2��óªöOÁ·®¸ZõÂ�}¶q·�õ�ºsÃg·®¸ZõÂ�}õ�y�·OºsÃg·®¸Zõ�·D�}¶s¥W�góªöl��¨i��²lUn���psy³|�jZk�|}k�� � ô�ºo·H·]¹sõ�ö;õ��
	²¹Ýóªö�	o�;|�jwlo|�jwl��¢uDk�k�xÂzvpsyZk�rs§¯M��k�y	psx'|�jZk�����x�|�k�½¤|¼����uD�q|}j���l��wl���p |�§°l�xwy'lUnolqpsr��Hu¤zg�;z�kSpsx{�|��}�{y{¯M��kS|�z��³xZkJz*|}kJ� � �J¨SiOjwk³ö;¶��=�}ºq÷$¹ÝóªöO	�pt�¼|}jwk�r�psxZ�	zvp�|}j|�jZk � psxZp � ¯ � ��lq�Ml���p�|�§��FlqxMyÂp�|�y{k�|}kJ� � psxZkJ�±|}jZkW�Jlq�wl���p�|�§	�q�|�jZkO�wlo|�j.¨FiOjZkg·]ómÁU¸¤·�¹ÝóªöO	q����x�|�jZkv�q|�jZk��Fjwl�xwy��qpt��|}jwkvr�psxZ�±zvp�|}j

�



|}jZk � psxZp � ¯ � lUnolqpsr ��u¤zg��l�xwy p |�yZk�|}kJ� � psxZkJ�g|}jZkWlUnol�p�r��Hu¤z �q�|}jZkg�Mlo|}j�¨iOjwkQ�wlq��l � k�|}k�� ¬ psx�~�»��Dps�;|�jZk�lUnolqpsr��Hu¤z8¶qòUõ��}¶%ÁqóªöOÁ�·]ó���õ�y���¶q¹�õ�¨¾��z�k�����xw�}pty{k��Â� ¯ ~*¨���l��±l°��|�lq|}ps��xwl��}§Â��l�xwy{� � �Z���¤��kJ������|}jwknolq��psl�xw��k��Qlq� ¹ � ¯ º�q�D|}jwkv�Z�}�{��kJ���ey{kJ���}k�l��}kJ�el���|�jZkmlUn�k���lq��psxZ�|}p � kJ����lqrsk ¬ p�xw���}k�l��}kJ�J¨'© k²xw�q|}kW|}jwlq|Sp��¿� ¯ pt���}k�r��ª���}p � psrtlq���|}jZkXnolq��ptlqxw��k��Qlq� ¹ � ¯ º�»�õ����}õ�¶y�õ�yly¦¹�ºq÷h¹m�o��psx�|}jwk³�}k�xw�}k²|}jwlq||}jZk�y{k�����kJl���k��q���Ql�� ¹ � ¯ º�l�� ¬ psxw����kJl���k��mpt����rs�ozhk��|�jwlqxÂ|}jwk�}k���ps�Z���¤�Jlqr;�q� ¬ ü � ýUþH¨
z�{�� �����7�
	��1�c���2����A�8�7�1�¿�
¾¿x�|}jZpt�±�Mlq�Dk�����zhk��Z��kJ�}k�x�|�lqx�����ps��psxwlqrekJxwy¤�H|}�q��k�xMy lUnol�p�r��Hu¤z
� kJl��}¯Z��k � k�x�| � k�|�jZ�{y{��rs����§�����lqrsrskJy��;õ�¹ Ã�ø���ºJ¶�»oóªöNÁ¢Àvõ��¦óÅº�»oó����M·D�}õ�¶���y��������º�À��M¨�iOjZkuwl���pt�vpty{kJl�psx²£{«���¬h£�pt�e|�jwlo|�|}jZk��xZk���zOlU§�y{k��rslU§{�¢�q��lW�MkJ�}ps�{y{ps���wl�����k�|���|��}k�l � ��jZ�oz*l�x	psxw����kJl���psxZ��|��}kJxwyzvjZk�x�|}jZk���|��}k�l �X´ �Q��lo|}kmps��jZps��jZkJ�Q|}jMlqx�|�jZk¢lUnolqpsr��Hu¤zg¨e£{«.��¬�£jwl��.uMkJk�xgp � �wr�k � kJx�|}kJy�psx±l � kJl���¯Z��k � kJx�|;|�����r���l�r�rskJymµw¶o·®¸¤¹�º�¶�»q¨iOjZk³|}�¤��rOjwl��SuMkJk�x8n�k���p�¥wkJyúk�½{�MkJ�}p � k�x�|�l�r�rs§��Qu¤§���� � �wlq��psxZ�p |��Q��kJ�}¯Zr�|��ezvp�|}j��	ÿFi��B¯{|}psrsp�Á�lo|}ps��x�����l��Zjw���®���Q|}jZk�Mlo|}j�rsp�xw�¤�ü ¸ � þ�¨±© kSjMlUn�k�l�rs�}�WkJnolqrs¯wlo|�kJyXµw¶o·®¸¤¹sºJ¶�»Sp�x�l²����x�|}����rsrskJy	l�xwy�}kJ�Z���¤yZ¯w��psuZrskgk�x¤n¤p�����x � kJx�|¯M��psxZ���¼£X��p � ¯Zrtlo|�p���xw�J¨�iOjZk��}p � �¯Zrtlo|}ps��xM�g��jZ�oz:|}jwlq|¼µZ¶q·ª¸{¹�ºJ¶�»���k��D���}|��gl²��l�xZ��k�|}jwlq|±p�xM��rs¯wy{kJ�|}jZk¢lUn�k���lq��k�lUnolqpsr��Hu¤z�psx�l�zvpsy{kv��lqxw��kO�q�Dr���l�y�����xwy{p�|}ps��xw�el�xwy�wlo|�j�����xZ¥w��¯Z��lo|�p���xw�J¨�iOjZkO|}�¤��r{¯Zxwy{kJ�}k���|�p � lo|�kJ��|�jZklUnolqpsr ��u¤zg�jZ�ozhk�n�kJ�J��zvjwk�x |}jZk��Mlo|}j�psxw��rs¯wy{k��±�}k�n�kJ��l�r�|�p���j�|±r�psxZ�{��¨�iOjwkµZ¶q·ª¸{¹�º�¶�» � k�l��}¯Z��k � k�x�|���l��}kFxZ��x{��p�x�|}��¯w�}p�n�k�� � k�lqxZpsxZ�O|�jwlo|.|�jZk�§y{�mxw�q|��Jlq¯w�}k��}p���xZp ¥D��lqx�|�psxw���}k�l��}kJ��psxg|}jwk�xZk�|�z����}�¢¯{|}psr�psÁJlq|}ps��x.�y{k�rtlU§{�������grs������k���¨XÀv¶o·®¸¤¹�º�¶�»�ps��y{kJ������psuMk�yÂpsxúy{k�|�lqpsrQpsx�l°y{p �ª��®k���k�x�|g�Z¯ZuZrspt��lo|�p���x8ü � ¸Uþ���jZk���kSz�k�y{k��}���}psuMkS|�jZkS|}�¤��r ´ ����lqrsp�kJx�|�®kJlq|}¯Z��kJ��lqxwyú�}jZ�oz
lX�®k�z�k�½¤�Dk���p � kJx�|�lqrhlqxwyú�}p � ¯Zrtlo|�p���xú�}k����¯wr |��O|}��kJnUl�r�¯Mlo|}k¼|�jZk�|}�¤��r ´ �vl�����¯Z��l���§�¨Çmx�p � �D���}|�lqx�|¼�®kJlq|}¯Z��k����Qµw¶o·®¸¤¹�º�¶�»�ps�¢|}jMlo|J��p�xM��|�kJl�y'�q�h�}k���M����|�p�xw�'l	�}p�xZ��r�k�¥w��¯Z��k��®����|}jZk²lUn�k���lq��kSlUnol�p�r��Hu¤z�p�xÄl³|}p � kp�x�|�k���nUl�r�~�¨ J�© ¨ Jgª � ���góª·�õ�y¦·]ó���¶o·¿õ=y°·®¸Zõ´�}¶oöOÁ�õÂóªöB÷�¸¤ó���¸7·®¸Zõ¶oòo¶oóª¹Ýø�ô�÷Xµ��}º%��õ�y
yG� ¯ ~*¨��òU¶À�¦óÅõ=yOóªöW~*¨ J© ¨ J8ª�� �
¤�÷�¸Zõ�ö�óª·�óBy^��õ�¶oøy=���}õ�»X÷eóª·ª¸�¶oöÄ¶qòUõ��}¶�Á�óªöNÁ'·Hó���õ�y���¶q¹�õ ¬"!#� ¨�iOjZkS|}p � kJ����l�r�k��¬ l�xwy � l��}k²�}kJrslq|}kJyú|}�Â|�z��'|}�¤��rO�wl���l � k�|}kJ���J�Fxwl � k�rs§�|}jwkÃ ��|}��kJl � y{¯Z��lo|�p���x ´ lqxMyW|�jZk�Ã �wk�k�|my{¯Z��lo|}ps��x ´ ¨© khjwlUn�kQ¯M��k�y�µw¶o·®¸¤¹�º�¶�»�|}�¢kJ��|}p � lo|}k�|}jZkhnolq��psl�uZpsr�p�|�§S~Å����Ã yZ§��xwl � pt��� ´ �h����|�jZk±lUnolqpsr ��u¤z7psxXyZpm�;k���k�x�|�wlq|}jw�l�xwy²r���l�y³����xMy{p �|}ps��xw�J¨XÇxúp � �D���}|�l�x�|���uw�}k���nolo|�p���xÂpt�g|�jwlo|±|�jZkWlUnolqpsr��Hu¤z:uDk����� � k�� � ����k�nUl��}ptlquwr�kgl��v|}jZk±¯Z|}psr�psÁJlq|}ps��xX�q��|}jZk�|�p���j�|mr�psxZ�²p�x{�����kJl���k���~®pH¨ k�¨��Ql��g|�jZkWlUnolqpsr ��u¤z
y{kJ���}k�l��}kJ���¦¨	£¤p � psrtlq����uw�}k���nUlq�|}ps��xw��l��}k � l�y{kW�®�����wlo|�jw�S�q�¢yZpm�;k���k�x�|���lq�Ml���p�|�§ |}jwlq|����Dk��}�lo|�kWlo|�l�uM��¯{|±|�jZk²��l � k�¯{|�p�rsp�Á�lo|�p���x.¨'£¤�DkJ��p�¥M�Jlqrsr�§���|�jZkWlUnolqpsr��u¤z7��jZ�oz��jZps��jZkJ��nolq��psl�uZpsr�p�|�§�psx��wlq|}jw��zvp |�jW� � l�r�rsk��h��l��wl���p |�§���Z����uwl�uZr�§²y{¯Zk�|}��lSrs�oz�kJ�OyZk�����k�k�������|�lo|�ps��|}pt��l�r � ¯wr |�p��Zrsk�½{psxZ�w¨��psxwlqrsrs§��.zhk�k�½Zl � p�xwkJy°|�jZkS�}kJrslq|}ps��x	uDk�|�zhk�kJx'|�jZkSlUnol�p�r��Hu¤zlqxwyÂ|�jZk�|}jw�}��¯Z��jZ�w¯{|±�q�vlÂÃ ���}kJkJy{§ ´ imÆh¬$����xZxZk��¦|}ps��x���pH¨ k�¨���l�MkJ���}pt��|�k�x�|�uZ¯Zrs�ú|}��lqxM���®kJ��zvp |�j �}¯{ù���psk�x�|�r�§�rtlq����kXl�yZn�k��}|}pt�}kJyzvp�xMy{�ozg¨%$¢¯Z��k�½{�MkJ�}p � k�x�|��g�}jZ�oz |}jwlq|���¯M��j�lX���}kJkJy{§ÂimÆh¬����xZxZkJ��|}ps��xW�Jlqx�uDk¼¯w��k�y�|�������¯Z��jZr�§ � kJl���¯Z��k|�jZkmkJxwy¤�H|}���HkJxwylUnolqpsr ��u¤zg�muZ¯{|	imÆh¬ �}lq|}¯Z��lo|�kJ�W|}jZk��wlq|}j.�¼p�xM����kJl��}kJ�³�}p���xZp ¥w���l�x�|�r�§	|}jZk�y{kJrslU§{�gl�xwy���p�|�|�k�����l�xwyÂ�M��|}k�x�|�psl�r�rs§Â�Jlq¯w�}kJ�¼rs������k��|}�ú��|}jZkJ��imÆh¬ �M�oz��¨7iOjZkXpsxw����kJl���k�yÄyZk�rtlU§¤��l�xwyÄr����}�}kJ��psx|}jZk'�wlo|�j7��lq¯M��k°��|}jZkJ�WimÆh¬ �w�oz�S|}�Ä��rs�oz yZ�ozvx.�hl�r�rs�ozvpsxZ�|}jZk�����k�kJyZ§WimÆh¬ ����xwxZkJ��|}ps��x³|}������lqu � ����k�uwlqxwyZzvpsy¤|�jX|}jwl�x

zvjMlo|vzhl��O�Z��k�n¤p���¯w�}r�§�lUnolqpsrtlquZrsk�¨
z!{�& ')(1}*��( �s},+
- ¸8��¯ ��� lq��psÁ�kJ�³�Z��k�n¤ps��¯w�Xzh�����È��x uwl�xwy{zvpty¤|}j$k���|�p � lo|�p���x.¨
- »�k�½¤�wrsl�p�xw�m|}jwk�£Z«.��¬h£ � kJl���¯Z��k � kJx�| � k�|}jw�¤yZ��rs����§�¨ -/. yZk��������psuMk��g|}jwk�µw¶o·®¸¤¹�º�¶�»²p � �Zr�k � k�x�|�lq|}ps��x.¨ - � �w�}k���kJx�|����}p � ¯Zrtlo�|�p���x�lqxwy�k�½{�MkJ�}p � k�x�|�l�rZn�kJ�}p�¥M��lq|}ps��x���kJ�}¯Zr |���¨ - �±k�nolqrs¯wlo|�kJ�F|�jZkyZ§�xMl � ps�J���q�OlUnUl�p�r���u�z:¯w��psxZ�²µw¶o·®¸¤¹�º�¶�»q¨ -10 k�½Zl � psxZk��m|�jZk���k��rtlo|�p���x uDk�|�zhk�kJxÄlUnolqpsr ��u¤z
lqxwyÄimÆh¬*|�jZ�}��¯Z��jw�Z¯{|J¨ -32 �}jZ�oz�|�jwlo|QµZ¶q·ª¸{¹�ºJ¶�»pt�ö;ºo·MxZk�|�zh�����±psx�|��}¯M��psn�kl�xwy - ý±����xw��r�¯My{kJ�F|�jZk�Mlq�Dk���¨
4 57698 d¼b 6 ï;:�î�c=<
Çmr |�jZ��¯w��j$|�jZk���k lq��k �}k�n�k���lqrguwl�xwy{zvpty¤|}j*k���|�p � lq|}ps��x$|�����rs�J�� ����|.����|�jZk � � kJl��}¯Z��kQ��l��wl���p |�§��lo|�jZk��;|�jwlqx±lUnol�p�r��Hu¤zg¨�£¤�DkJ��p �ª�pt��l�r�rs§���µw¶o·®¸8��¸Z¶��¼ü � ³Uþ��?��¹Ýóªö�	�ü 2 þ���µ8��¸Z¶À�¢ü ¸À³Uþ��{lqxwy�|�jZk�·¿¶oóª¹ Á�¶q·]óªöOÁ|�kJ��jZxwpr��¯Zk³�q��ü � 0 þ � k�l��}¯Z��k�µwõ��¦ø]¸wº�µ ��¶�µw¶���óª·D�o¨ÄÇrt�}�w�¢ô¿µ-�}º�ô�õü �Uþ���ö;õ�·H·Hó���õ��gü � �UþH�wµw¶o·®¸O�}¶q·�õ�ü 0 þH�;lqxMy³|}jZk�À?>�@ � k�|�jZ�{y{��rs����§ü ¸ 2 þ � kJl��}¯Z��k�õ�öD»qø¿·�ºqø�õ�ö;»l��¶�µw¶���óª·D�o¨Çrsr � l�xWlqxMy�¬elo½Z�}��xSxZ�q|�kJy�|�jwlo|OlqxWlUnolqpsr��Hu¤z8kJ��|}p � lq|}k¼��lqx��p�n�kl � ����klq�Z�Z�����w�}ptlo|�k�nolqrs¯Zkv�®���e|}jwkfy
y�·®¸O��õ=y}¸¼nolq��ptlquZrsk��qp � ��w�}�on¤psxZ�±|�jZkg��rs�ozO����|�l���|��Zjwl��}k¼�q��imÆh¬ ü ¸Uþ�¨FiOjwk�§���kJ������xwp�ÁJkJy��jw�oz�kJn�k����e|�jZk'��� � �Zr�k�½{p |�§���� � k�l��}¯Z�}psxZ�úlUnolqpsr ��u¤z
�®��� � |�jZk|�p � psxZ� �q�¼imÆh¬ �wl�����k�|����Ql�xwyú|�jZk�§��®�¤��¯w�}kJy�psxw��|}k�l�y���xÄ�Jlo��Ml���p�|�§�k���|�p � lo|�kJ�J¨iOjZk�¥M����|±|}�¤��rQ|}jMlo|Slq|�|�k � �{|}k�y�|}� � k�l��}¯Z��k�lUnUl�p�r���u�z�zOl���¿µ-��º�ô�õúü �oþ�¨ �¿µ-��º�ô�õXkJ��|}p � lo|�kJyB|}jZkúlUnolqpsr��Hu¤z uwl���k�y,��x,|�jZkyZps�}�MkJ���}ps��x ���¢rs��xZ� �wl�����k�|S|}��lqpsxw��lo|S|}jwk°�}k���k�psn�kJ�J¨�Ç+�}p � p��rtlq�Slq�Z�w�}��l���j�zhl��g|�lq��kJx�psx�µDó µwõ
��¸w¶��²ü � . þH¨�iOjZkW¯wxwy{k���rs§�psxZ�l��}�}¯ � �{|�p���x psx |�jZkJ�}kXz����}�{��ps��|}jMlo|�|}jZk°y{pt�}�MkJ���}p���x ���¢rs��xZ��Ml�����k�|Q|}��lqpsxw��ps��psx�n�k�����kJr�§S�Z�����D���}|}ps��xwl�r{|}��|}jZk�lUnolqpsr ��u¤zg¨�ÿk����k�x�|}rs§��;jZ�ozhk�n�k�����ü 0 þQ�}jZ�oz�k�yX|}jMlo|¼|}jZpt�¼ps�¼xZ��|¢|�jZkS�Jl��}k�¨�iOjZkyZps�}�MkJ���}ps��xS�q�Mrs��xw�¼�Ml�����k�|�|���l�p�xM�ey{�¤kJ�FxZ��| � k�l��}¯Z�}kh|�jZklUnolqpsr �u¤z*psx�l²�Mlo|}j*�.p�xM��|�kJl�y.�.p | � kJl���¯w�}k��¢lXy{pX�DkJ�}kJx�|¼|�jZ����¯Z��jZ�Z¯{|� k�|}��ps�W|}jwlq|Spt���}k��®k����}k�y�|}��l���A�y=���mµD·¿ºo·Hó���B±óByHµwõ��
y¦óÅºqö"Cm¶o·¿õ~]Ç9D¼ÿm�¦¨ÇLy{pX�DkJ�}kJx�|lUnolqpsr��Hu¤z � kJl���¯Z��k � kJx�|h|}k���jZxZpB��¯Zk��Z�Jlqrsr�k�yEBSõ�¹Ýøµw¸¤óª�Mzhl����w�}���M����k�y�psx�ü ¸qýoþH¨QiOjZk � l�p�x³psyZkJlSp�xFD¢k�rs�ZjZp.pt�h|}jMlo||�jZk¢�}�wl���psxZ�±�q��|�zh�±�Z����uwp�xZ���wl�����k�|���lo|Q|�jZk¼�}k���k�psn�kJ����l�x��Z���q�n¤pty{kvlqx�kJ��|}p � lq|}kO�q�M|}jZkl � ��¯Zx�|F�q�w|���lqù��hlq|Qlmrsp�xw�D���Z�}�on¤pty{kJy|�jwlo|�|}jZk¿��¯ZkJ¯Zk���D|�jwlo|�r�psxZ��y{�¤kJ�exZ��|�k � �{|�§SuDk�|�zhk�k�xS|�jZk¢l������psnUl�rO|}p � kJ���q�¢|}jZkX|�zh���wl�����k�|���¨GB�õ�¹ µZ¸{óvl�����¯ � k���|�jwlo|�|�jZk�Mlo|}jú�Jlqx uMk�zhk�rsr � �¤yZk�rskJy u¤§'lX��psxZ��rskI��¯Zk�¯Zk�¨�iOjZpt� � �{y{kJrpt�¢xZ�q|glq�Z�wr�pt��l�uZr�k�zvjZk�x	|}jZk�|}ps��j�|glqxwy°xMlq���}�oz r�psxZ�{��lq��k�y{p��ª��®kJ�}kJx�|J�Flqxwy�p�|�psx�|�k����Z��k�|��Â��¯wk�¯ZkJp�xZ�Ây{k�rtlU§{�glqx¤§¤zvjZk���k�p�x�|�jZk�Mlo|}j°l��^��¯ZkJ¯ZpsxZ��y{k�rtlU§{�Olo|v|}jwk�|}ps��j�|vr�psxZ�;¨Çxw�q|}jwk���|}k���jZxZpB��¯wk��q��l�r�rskJyIH�JQÀ�Àh�U�®��� � kJl��}¯Z��p�xw�¢lUnolqpsr ��u¤zzOl��F�w�}���M����k�y�psx°ü ¸�»UþH¨ei9$¼¬�¬'¯w�}kJ����k���¯wk�xw��kJ�F�q�;�wl�����k�|e�wl�p�����}k�x�|O|}�S|�jZk��wlo|�j³lq|Opsxw���}k�l��}p�xZ�S��lo|}k���¨G�Z��� � |}jZk���k�rtlo|}ps��x²uMk��|�zhk�kJx�|�jZk�p�xZ�w¯{|mlqxwyW��¯{|��Z¯{|v��lo|}k��h�q��yZpm�;k���k�x�|v�wl�����k�|h�wlqps���J���xZk��l�x�kJ��|}p � lo|}k|}jZkmlUnol�p�r��Hu¤z8lqxwyS|�jZkm��l��wl���p |�§��q�;|}jwkv|}ps��j�|rspsxZ��p�x�|�jZkm�Mlo|}j�¨�¾¿x²��k��}|�l�p�xW�wlo|�j�����xZ¥w��¯Z��lo|�p���xw�J��p�|�pt���D������p��uwr�kh|}�±l�rs�}� � k�l��}¯Z��k�|�jZklUnolqpsr ��u¤z lqxwyS��l��wl���p |�§g���D��|}jZkJ�Fr�psxZ�{�psx |}jZkW�wlo|�j.¨EKh�q|�júi9$¼¬�¬Llqxwy ��¯Z��|}k���jZxZpB��¯wk��e£{«.��¬�£;�.l��}kuMl��}kJyX��x	|}jZk���uw�}k���nolo|}ps��xX|�jwlo|¢|}jZk¶��¯Zk�¯ZkJp�xw�²y{kJrslU§{�������¯M�¦���kJ����psn�kv�Dk���ps�¤yZps�O�Z����uwp�xZ�g�Ml�����k�|��epsxw���}k�l��}kvzvjZk�x�|�jZk�Z����uZpsxZ�

¸



��lq|}kpt��jZp���jZk���|}jwl�x�|}jwk¢lUnolqpsr ��u¤zÄpsx�|�jZkm�wlq|}j.¨eiOjZk|�z��g|�kJ��j{�xZpB��¯wkJ�J��jZ�ozhk�n�k�����lq��k ��¯Zp�|}kmy{pX�;k���k�x�|�psx�|}jZk¢l��¦|�¯wlqrDlqrs�����}p�|}j �|}jZkJ§°¯w�}k�|��WkJ��|}p � lo|�k�|�jZkSlUnol�p�r��Hu¤zg¨�Ç yZk�|�l�p�rskJyÂ��� � �Mlq��ps�}��x�q�g|�jZk	|�zh�úkJ��|}p � lo|}ps��x � k�|}jZ�{yZ�²ps�²lqxÈp � �M����|�lqx�|W|�l��}���®����®¯Z�}|}jZkJ��}k���k�lq����j.¨¬elq½Z����x³y{k�¥wxZk�y°lqxwy � kJl���¯Z��kJyXl��}õ�¹�¶q·]óªòoõ�¶oòo¶oóª¹Ýø�ô�÷���õ�·.�¦ó��
� ü ¸ 2 þ�¨��pt� � k�|}��ps�mps��uwl��}kJy���x�|}jZk¢��xZk��HzOlU§�yZk�rtlU§�nolq��ptlo|}ps��xM��q�Ml �w�oz ´ ���wl�����k�|��J¨ � � kJl���¯w�}k��.|�jZk��w�}���M����|�p���xg�q�w�wl�����k�|�y{k��rslU§{��|�jwlo|�l��}kvy{¯wkO|}��|}jwk_�w�oz ´ �F�ozvx�rs��l�y�¨�¾���kJl���j��Ml�����k�|ezhl����xZrs§Â��¯ZkJ¯ZkJySuDk�jZpsxwySp |��e�Z��kJy{k���k��}�}��������|�jZkv�wlo|�j�ps�e����xw�}psyZk���kJyk � �{|�§°lqxMy ��� � ¨ $¢xX|}jwk��q|�jZk��¢jwlqxMy��Mp��e|}jwk���uM��kJ�}n�kJyXy{k��rslU§ nolq��pslq|}ps��xw��lq��k � ����|�r�§�y{¯ZkW|}�'���}���}�¼|���lqù��q��|}jZk²�wlo|�júps�����xw��pty{kJ�}k�y���lo|�¯Z��lq|}k�ySl�xwy ��� ³Z¨��xZ�®���}|}¯Zxwlq|}kJr�§��q|}jwk���kvps�exw�y{ps�}k��¦|O�}kJrslq|}ps��xw�}jZps�WuDk�|�zhk�k�x � l�xwy�|�jZkglUnUl�p�r���u�zÈpsx�|�jZk��wlo|�j���O|�jZkg¯{|}psrsp�Á�lo|}ps��xX����|}jwk�|}ps��j�|r�psxZ�;¨ÇmxXps����¯wk¢��� � lo�����hp � �M����|�lqxw��k¢pt�h|}jwkmµ��}õ�»oó���·�¶�ô�óª¹ óª·.�g����|}jwklUnolqpsr ��u¤zg¨O¬elq½Z����x ´ � � k�|��}pt� � pt�v�Ål�p���rs§²�Z��kJyZps��|�lquwr�k	����x	lUn�k��}�lq��k��;l � kJl���¯Z��k � kJx�|¢�q� � lq|¼l���p�n�k�x°�wlq|}j°�Ål�r�rt�mzvp�|}jwp�x � ³�
�q�mrtlo|�k�� � � k�l��}¯Z��k � k�x�|����®���S�Dk���p��{yZ��|}jMlo|�rsl���|S�®�����}k�n�kJ��l�rjZ��¯w����ü ¸ 2 þ�¨�KOlqrtlq�¤��ps�}jZxwl�x	k�|�¨ l�r]¨�k�½Zl � psxZk�y	|�jZk�|}jZ����¯w��jZ�Z¯Z|��|�lo|�p���xwlq��p |�§X������¯M����k��}�}psn�k±© k�uÂ|}��lqxw���®k����m|}�XlW�}k�|��q����r�psk�x�|��ü . þH¨eiOjZk|}jZ����¯Z��jZ�Z¯{|�|}��l���p�n�k�x���rspsk�x�|�lq�w�Mk�lq��kJy�|}�±uDkOµ;óÅõ���õ�ø÷eóBy�õ½y¦·¿¶o·HóÅºoö;¶��=��p�x�|�p � k��}�JlqrskJ�¼|}jMlo|�k�½�|�k�xwyÂ�®���±j¤¯Zxwy{��kJyZ�±�q�� p�x¤¯{|�kJ�J¨QÇmyZy{p�|}ps��xMlqrsr�§��{|}jZk¼|�jZ�}��¯Z��jw�Z¯{|v�q�F��¯w�J��k��}�}p�n�km|���l�xw����®k����v|���l���psn�kJx³��r�psk�x�|mnolq��pskJy³u¤§²rskJ���O|}jMlqx	lS�Ål���|}����q�!¸��on�kJ�|}jZ��k�kÂjZ��¯w���J¨*Ç � ����k	kJrsl�uM����lq|}k°psx�n�kJ��|}ps��lq|}ps��x �q�g|�jZkÂ��|�lq�|}ps��xwl��}p�|�§��q��lUnUl�p�r���u�z zOl��h��kJ��kJx�|}rs§S�w¯ZuZrsps�}jZkJy²psxÂü »�³Uþ�¨�Djwl�xZ�k�|�¨ l�r]¨ � kJl���¯w�}k�y�|}jZkgimÆh¬ |}jZ����¯w��jZ�Z¯Z|h��� � � K8|���l�xw���®k�����kJn��k���§ � p�x¤¯{|�kW�®����¥Mn�k³jZ��¯Z���J¨�iOjZk�ps�Sywlo|�l���k�|Spsxw��r�¯wyZkJ� . ýw� ³³�³����xZxZkJ��|}ps��xw��p�x � . � y{pt��|�p�xw��|W�wlq|}jw�J¨,iOjZkJ§ �®��¯Zxwy8��¯{|W|}jwlq||}jZkm|}jZ����¯w��jZ�Z¯Z|��.¸w¶oöOÁ�õ��U�}õ�õ Cmõ\ÁqóÅºqö8y¦��p]¨ k�¨s��|�jZkv|�p � k�Dk���p��{yZ�p�x�zvjZpt��jÂ|}jZkS|}jw�}��¯Z��jZ�w¯{|�|}p � k��}k���pskJ����l�x'uDk � �{y{kJr�k�yÂl���l��|�lo|�p���xwlq��§��w�}�{��k��}�J���q�ª|}kJxWrtl���|��®��� � ����k|�jwlqx²lqxWjw��¯Z��¨�Çmrs�}�w�|}jZk�|�jZ����¯Z��jZ�Z¯{|±��|�lU§{�¼p�x�l³��l�xZ��k�zvp |�j �DkJl����]|��q���Mk�lq�Xnolq��pslq�|}ps��x��q�wlO�Ål��¦|}��������»O�®���F�}k�n�kJ��l�rqjZ��¯Z���J¨�Çmx�p � �D���}|�l�x�|��D��psx�|�ps�|}jwlq||}jwkJ�}k±�Z��k�n¤p���¯w�vzh�����{�vy{psyXxw�q|¢�������}kJrslq|}k¼|}jZk�nUl��}ptlquwp�rsp |�§�q�.lUnolqpsr ��u¤z�zvp�|}j�|}jwk���Dk���lo|�p�xZ�g����xwy{p�|}ps��xM�Fp�x�|�jZkv¯Zxwy{kJ�}rs§¤p�xw��wlo|�jw�J¨e©Âk±lq|�|}k � �{|m��¯M��jXl�x³l��Z�Z����l���jWpsx - �Z¨i�� ��jwl���l��¦|�k���p�ÁJk²|�jZk'l�uZp�rsp�|�§Ä���gl��Mlo|}j |��ú|}��lqxM���®kJ��rsl��}��k¥wrskJ�h¯w�}p�xZ��imÆh¬F��|}jZk¼¾s��iA����kJ��� ��� k�xwyw�Q|�jZk >A�{¹ 	qø H8�}¶oö2y�Ã�õ��¦ø
�Q¶�µw¶���óª·.��� > H���� � k�|}��pt�8ü ¸�¸UþH¨+iOjZk)KOimÆ-���Sl8�wlo|�jBpsxLl��kJ��|�lqpsxú|}p � k²�Dk���p��{y ps��|}jZk²|}jw�}��¯Z��jZ�w¯{|S���ml	�Dk�����pt��|}k�x�|°~®���Ã uw¯Zr�� ´ ��imÆh¬�|}��lqxw���®k���|}jw�}��¯Z��j�|�jwlo|h�wlo|�j.�¤zvjZk�xW|}jZk¢|}��lqxM���®kJ�ps����xwr�§�rsp � p�|}kJyWu¤§�|�jZkmxwk�|�zh��������kJ�}��¯Z����k��QlqxMy�xZ�q|hu¤§Suw¯��DkJ�J����v��|}jZkJ�J�¤rsp � p�|�lo|�p���xw�lq|h|�jZk�k�xwy{���}§{��|�k � ��¨eiOjZk KOimÆ7��lqx³uDk� kJl��}¯Z��kJyÄzvp |�j H��}õ�öDº�ü ¸ � þm���´��¶�µBü � þ�¨È¾�|�pt��p � �D���}|�l�x�|�|��y{pt��|�p�xZ��¯Zpt��j uMk�|�z�kJk�xÂ|}jZk�lUnolqpsr��Hu¤z*lqxMy	|�jZk�KhimÆ$�q��l³�wlq|}j.¨iOjZkO�®��� � k��F��psn�k���|}jZkO|��q|�l�rZ���Mlq��kh�Jlq�wl���p�|�§gp�xS|}jwkh�Mlo|}j���psxwy{k���MkJxwy{kJx�|S�q�OzvjZpt��j�|}��lqxw�}�M����|±�w�}��|}�{����rQlo|�|�k � �{|��g|}�	�Jlq�{|�¯Z��kp |�¨miOjZk±rtlo|}|}kJ�J�M��xX|}jwk��q|�jZk��¢jwlqxMy��My{kJ�MkJxwyZ�¢��x	imÆh¬ ´ �¢����xZ���k���|�p���x8����x�|}����rH��lqxMy�p�|�ps�S|�jZk � lq½{p � ¯ � |}jw�}��¯Z��jZ�w¯{|�|}jwlq|l¢y¦óªöNÁ�¹�õX¶oöD»�µZõ��
y¦óBy¦·�õ�öw·himÆh¬ ����xZxwkJ�¦|�p���xú��lqx���k�|J¨³¬elq��lqrsr�kJr�MkJ���}pt��|�k�x�|³����xZxZk��¦|�p���xw���v���²lúrtlq����k°x¤¯ � uMkJ�²���±��jZ����|³imÆh¬����xZxZkJ��|}ps��xw��~�Ã � pt��k ´ �¦����l�x'��uZ|�lqpsxÂl�xÂl�������k���lo|�kg|}jZ����¯w��jZ�Z¯Z||}jwlq|�pt�gjZps��jZkJ�g|}jwl�x�|}jZkEKhimÆ¢¨�iOjZk��}kJrslq|}ps��x�uDk�|�zhk�k�x)KOimÆlqxwyXlUnolqpsr��Hu¤z7pt�vpsx�n�kJ��|}ps��lq|}kJyWp�x - 0 ¨��psxwlqrsrs§���}k�n�kJ��l�rm����xZ��k���|�p���xÈ����x�|��}��rlqrs������p�|}j � �J�O�}¯w��j7l��|}jZ����k �Z�}���M����k�y,psx3ü ¸ . � � »{� � �/»qþH�±psx{�®kJ�°|}jwlq|	|}jwk��wlo|�j$ps�

����xZ��kJ��|}k�yÄ~Å����|}jMlo|±|�jZk���k�ps�±xZ�	lUnolqpsr ��u¤zm�zvjZkJx�|}jZk�����¯wxwy¤�|��}ps�7y{kJrslU§{��psxÈ|}jwk	�wlo|�j,��|�lq�}|�psxw����kJl���psxZ�w¨$iOjZpt��pt�W�}p � psrtlq�|���|}jwk±uwl��}pt��psy{k�l��q�e��¯Z�kJ��|}p � lo|�p���x � k�|}jZ�{y{��r�����§��Q|�jZk±��xwk��zOlU§ y{k�rtlU§{�W����l��Dk���p��{y{pt�Â�wl�����k�|³��|}��kJl � lq��k	k�½{�DkJ�¦|�kJy7|}��}jZ�ozLlqxXpsxw����kJl���psxZ��|}��k�xMy²zvjwk�xX|}jwk���|��}k�l �X´ �v��lq|}kgpt�jZps��jwk��|�jwlqx�|}jZkXlUnolqpsr ��u¤zg¨'iOjZk � lq�����Sy{pm�;k���k�xM��kWuDk�|�zhk�kJxÄ£{«���¬�£l�xwyÄ|}jZ����kX�Z�����D����lqrt��pt��|}jwlq|�z�k°¯M��kX|�jZk°�}kJrslq|}ps��x8uMk�|�z�kJk�x|�jZk��Z����uZpsxZ�W��lo|�kSl�xwy°|�jZk���uw�}k���n�k�y	y{kJrslU§°nolq��ptlo|}ps��xM�|��XyZk��n�k�rs����l�x�kJrsl�uM����lq|}k�lUnolqpsr��Hu¤z � kJl���¯Z��k � kJx�|Flqrs�����}p�|}j � �U��lo|}jwk��|�jwlqx²l�����xZ��k���|�p���x�����x�|��}��rMl�r�������p |�j � ¨�Çmrs�}�w�Z£{«���¬�£�ps��uwl��}kJy��x��Dk���p��{y{pt����lo|}k�������x�|}����rsrskJy���|��}k�l � �J����lo|�jZk���|}jwl�x�zvpsxwy{�ozO�����x�|}����rsrskJyW|}��lqxw� � ps����ps��xM���Zl�r�rs�ozvp�xw��¯w�v|}����� � �wlq��kgl���k��}|�l�p�x��lo|�k�zvp |�j²|�jZk±lUnolqpsr ��u¤z � ����k��}kJr�ptlquZrs§�¨

� ��698������ î�dgï	ñ í �"! 6 cQñ�î�ï	ñ�f � b�c 6 d�# a
¾¿x¼|�jZps����k��¦|�p���x.�JzhkQy{k��}���}psuMkF|�jZk�£¤kJr �ª�¿«.��l�y{psxZ�v¬Fk���ps�¤yZps�e£�|��}k�l � �~ ����ºJÀ��{� � kJl��}¯Z��k � k�x�| � k�|�jZ�{y{��rs����§�¨QÇL�Dk���p��{y{pt�g��|}��kJl � p�x£Z«.��¬h£W����xw�}pt��|�������$��wl�����k�|��h�q�F��psÁ�k&%�Z�}k�x�|v|���|�jZkg�wlq|}jXlo|lW����xM��|�lqx�|��lq|}k�'S¨�(*Ã±·ª¸wõ�y�·D�}õ�¶�� �}¶q·�õ)' óBy�¸{ómÁ�¸wõ��S·ª¸w¶oö ·ª¸wõ¶qòU¶qóª¹Ýø�ô�÷ �g¤e·ª¸wõ�ºoö;õ�ø¿÷�¶À��»�õ�¹s¶��y�ºsÃ¿y=�2����õ�y
y�óªòoõhµw¶��
	�õ�·.y�¶q·Q·ª¸wõ��õ���õ�óªòUõ��¦y}¸Zºq÷:¶oö�óªö����}õ�¶�y�óªöOÁ	·D�}õ�öD»q¨�©Âk�¥w����|�psrsr�¯w��|}��lo|�kS|}jZpt��®¯wxwyZl � kJx�|�lqr�k��Dk��¦|vp�x³p�|��v�}p � �ZrskJ��|O�®��� � |}jZ����¯w��j²l�x²l�xwlqrs§�|��pt��l�r � �{y{kJrOzvp |�j8��|�lq|}ps��xwl��}§úlqxMy¾�w¯Zpty8���������±|���lqù���¨ iOjZkJx.�zhkg��jw�oz7jZ�ozÈ|��S¯M��k¼|}jwps��Ã psxw����kJl���psxZ��yZk�rtlU§¤� ´ �Z�����Dk��}|�§�p�x°lqxp�|}kJ��lq|}psn�k¼lqrs������p�|}j � |}jwlq| � k�l��}¯Z��kJ�QkJxwy¤�H|}���HkJxwy�lUnolqpsr ��u¤zg¨n��p��xMlqrsr�§��oz�kOy{k��Mlq�}|��®��� � |�jZk��w�}kJn�ps��¯M�U�w¯wpsy � �¤yZk�rH��lqxwy���uw�}k���n�k|�jwlo|h|}jwk¼lUnolqpsr��Hu¤z � lU§�nUl��}§�y{¯w�}psxZ��l���|}��kJl � ¨eiOjZpt�h�}k���¯wp���kJ�¯M�¼|}�X�}k�¥wxZk�£{«���¬�£	p�x��}k�n�kJ��l�rFzhlU§{�J�M|�jwlo|±pt�¼|}jwk��}¯Zu{��k��¦|g�q�|�jZkgxZk�½�|m�}kJ��|}ps��x.¨
&A{7z *,+g�.-/* +²�5�1032 �/�547	 �8�1�O� �����76 	
Æ���xw�}psy{kJ�Wl��wlq|}j �®��� � �n�T��|}�¾�I�U�3|}jwlq|²����xw��pt��|������f�rspsxZ�{�����98 � ©;:<:<:�© �ú¨giOjZkS��lq�Ml���p�|�§X�q�Qrsp�xw���hpt� � � ¨�©Âk�����x{��}pty{k��vlS��|�lo|}ps��xMlq��§X~Åp]¨ k�¨s�{|�p � k�p�x¤nolq��ptlqx�|���lqxwyl�w¯Zpty � �{y{kJr;�®���|�jZkW���}���}�¢|}��loù���psx�|}jZk��Mlo|}j�¨³£¤�M��p��O|}jZk�lUnolqpsr��Hu¤z lq|±r�psxZ�¢�pt�¶� � �F|�jZkW¯Z|}psr�psÁJlq|}ps��x�pt� § � 8�~ � � · � � �>= � � lqxwy�|�jZk���kWl��}k§����^� ¬ u¤§�|}k��±�q����}���}�¼|���lqù��Wy{k��wl���|�p�xw�X�®�}� � �FlqxMyúlq���}psn¤p�xZ�lq|J�ersp�xw�¾�gp�x8lqx¤§Âpsx�|}kJ�}nolqrh�q�¢r�kJxZ�q|�j ¬ ¨�Çrt�}�w�Ql����}¯ � k�|}jMlo||�jZkgrsp�xZ�{�O�®��r�rs�oz7|�jZkg��p�����|���Æ�� � kg��p�����|}�¿£{k���n�kJy���¯Zk�¯ZkJp�xw��y{ps�����p��wr�psxZk Z �vlqxwyÄ|}jMlo|�|�jZk�§8lq��kXl�y{k%��¯wlq|}kJr�§�uw¯��DkJ�}k�y8|}��lUn���ptyrs�����}kJ�J¨³© kWps��xw����k�lqx¤§Â�w�}���wlq��lo|}ps��x����g¥Z½{kJy�yZk�rtlU§¤�±p�xú|�jZk�Mlo|}j��ml��W|}jZkJ§7y{� xw�q|³lÀ�Dk��¦|²|}jZk�y{k�rtlU§8nUl��}ptlo|�p���xÈuMk�|�z�kJk�x�Ml�����k�|��J¨hiOjwk�lUnolqpsr ��u¤z��$psxX|}jwk��wlq|}j°pt�my{k�|}k�� � p�xwkJyXu¤§W|�jZk|�p���j�|OrspsxZ�l¨@? ¹ � ©;:<:;:=© � ºgzvp�|}j K

�BA.8 � p�x�r� Z
����� � � � 8 � p�x�r� Z
����� � � � ~ �¿· § � �.8 � ~ . �
£¤¯Z�w�M����k�|}jwlq|G�)�T�*��kJxwyZ�Flm�Dk���ps�¤yZps�h��|��}k�l � �q��$0�Ml�����k�|��|��f�I�U�Älq|�lg��lo|�k�' J �¤��|�lq�}|}psxZ��lo|hlqxWl��}uZp�|}��lq��§g|�p � kmpsxw��|�l�x�|�¨iOjwkW�wl�����k�|S��psÁ�k²ps�C%$u¤§�|}kJ�J�QlqxMy����'�wl�����k�|���lq��kW�}k�x�|�zvp�|}jlÂ�Dk���p��{yÄ�q��DE8E%9=F' J |�p � kX¯ZxZp�|��J¨ iOjZkF$¢xwk���© lU§ D¢k�rtlU§
G @B;A3 , ;�]=(�+�, #��A:�5&�pIH�$s+l$'&�:�5&�prC53  �(*(KJ="%�5"��5, ;�4�<�S�LÀ$�M8S_C5 �;A9�$';%, #.$'&-#��%�(��MJ="��5;�C5�?$'6NJ="��5"��5(2#��� '#-#����U:%&*$�P�, ;�4�:% 'CD]'�\#.(24�$�#���&�$'"%4'��L
O @r6À#��%�5&*�� '&��?9�$'&*��#.�� �;1$�;��?3 , ;�]=(�+-, #.�1 5d7 �, 3 pXP
+QP«<�#�����#�, 4��
#23 , ;�]�, (�#��%�a&*(�#�$'6#��%�59c<�+�, #��%$'"�#-3 $�(*(�$76O4'�5;%�5&* �3 , #BE�L

»



~�$© D¼�����g�®��� � �)�T��|}�¦�I�U� �q�F�wl�����k�|��²ps�
� � 8

�� �X� Z
~ %� � ª��

��� � �.8
�� �X� Z
~ %� � ª	� �� � ~ � �

zvjZk���k
�
�� pt��|�jZk ��¯ZkJ¯Zk'�}p�ÁJk	lo|Wrsp�xw�T�S¯Z�D��x |�jZk'lq����p�nolqrm�q��wl�����k�|
�Ä~
�
�� y{�¤kJ��xZ��|gp�xw��r�¯My{k��wl�����k�|��Z�¦��lqxwy � �� 8 �

�� = � �ps�W|}jwk ��¯Zk�¯wk�psxZ� y{kJrslU§8�q�g�wl�����k�|�� lo|Wrsp�xw�T��¨*iOjZk)$v© Dy{pX�DkJ�}kJxw��kguDk�|�zhk�kJx²|�zh����¯w�J��k��}�}p�n�k��wl�����k�|���²lqxwy�� ª � pt�
� � � � � ��� Z · � � 8 �� �r� Z

�
�
��� � 8

�� �r� Z
� � �� ~����

zvjZk���k �
�
�� � � ��� Z� ·

�
�� �Zlqxwy � � �� � �

�
�� = � � ¨© k��Jlqx°xZ�ozL�}jZ�oz |}jwlq|J�Dp �.' J�� �$|}jZkC$ �wl�����k�|���q�e|}jwk�MkJ�}ps�{y{pt�m��|}��kJl � zvpsr�r;lq���}psn�klq|!�I�U� zvp�|}jWp�xw���}k�l��}p�xw��$v© D¼���zvjZpsr�k²p ��' J µ �
|�jZk²��|}��kJl � �Ml�����k�|��gzvpsrsr�kJxw����¯Zx�|}k���k%��¯wlqr

$v© D¼�J¨XiOjwps���Z�}���MkJ��|�§'ps����|�lo|}k�y�xZk�½¤|��Fl�xwy �Z���on�kJy psx�Ç�{��MkJxwy{p�½XÇ�¨
�������������! "�#�%$'&�(�¾�� ' J � �±��|}jZkJx � ��� � ³ �®���)� 8� ©;:<:<: $ · � ¨n��rs�}k���p �7' J µW�±� � ���&8 ³±�®���*�Q8 � ©;:<:<: $ · � ¨
$¢xwk � lU§ |}jZpsxZ� |}jwlq|�|}jZk	lUnol�p�r��Hu¤z �+��lqx uDk'��� � �Z¯{|}k�yy{ps�}k��¦|}rs§S�®�}� � |}jZk¢��lq|}kmlq|�zvjZpt��j�|}jwk¢��|}��kJl � l��}��p�n�kJ�elq|1�I�U�m¨iOjZpt�Wpt��|�jZk'lq�w�Z�}��l���jÄ�®��rsr��ozhkJy8psx7�wl�����k�|�|���l�p�x7yZps�}�MkJ���}ps��x|}k���jZxZpB��¯wkJ�J¨�iOjwk��®��r�rs�ozvpsxZ�²��kJ�}¯Zr�|J�.jw�oz�kJn�k�������jw�oz�m|�jwlo|���psxl±��k�xZkJ��l�rZ�wlo|�jW����x{¥w��¯Z��lq|}ps��x.��|}jZpt��z���¯Zrsy�uDk¼�M���}�}p�uwr�k��xZrs§�p��|}jZkS��l��wl���p |�§³lqxwy°lUnolqpsr��Hu¤z �q�Qlqrsr.rsp�xZ�{��~®k�½Z��k��{|¢|}jZk�lUnol�p�r��Hu¤z�q��|}jZk�|�p���j�|r�psxZ�Z�Olq��k�¶�µ-�¦óÅºÀ�¦ó���xw�ozvx.¨

�������������! "�#�%$,+-(
iOjZkú��lq|}k ' � �q�S|}jZkú�Ml�����k�|	��|��}k�l � lq|�I�U�:pt��l	�®¯Zxw��|}ps��x.�epsxú|}jwk²��k�xZkJ��l�r���l���k��e�q� �^� l�xwy¾� � �®���lqrsrU�78 � ©;:<:<:�© �ú¨
iOjZpt����kJ�}¯Zr�|±�®��rsr��oz�g�®�}� � |�jZkW�Z���¤�q�Op�xÄÇ�Z�Dk�xwyZp ½�Ç`~]lq�Z�wr�§�}k���¯Z���}p�n�k�rs§½�1��¯wlo|�p���x � ý�¯wx�|�p�r«��8 �'�¦¨
&_{�� . �¡�5��} ���n�8� (c} �0/21!�?���5�1043 ����3 }*�G� �9�8}65
KOl��}kJy	��x ¬��}���M����p�|}ps��x � ��zhkS�JlqxÂ����xw��|}��¯w��|�l�xÂp�|}kJ��lq|}psn�k�lqr�������}p�|}j � �®����|�jZk°k�xwy{�]|��q��k�xwy � kJl��}¯Z��k � k�x�|��q�e�±¨B£{¯Z�Z�D���}k|}jwlq|A�)�T�0�}k�xwyZ�vlS�Dk���p��{y{pt����|��}k�l �87 zvp |�jX��lq|}k&'�~ 7 �¦¨QiOjwk�}k���kJp�n�k���l�xwlqrs§¤Á�kJ�e|}jZk $v© DBnolq��pslq|}ps��xw�e���;|}jZk¼��|��}k�l � ��uwl���k�y��x'¬��}���M����p�|}ps��x � �w|��²y{k�|}k�� � p�xwk±zvjZk�|�jZk��)'�~ 7 � � �:���mxw�q|J¨iOjZk�x����I�U�úxZ��|}p�¥wkJ�n�n�T� lquD��¯{|e|�jZkv��k�rtlo|}ps��x�uDk�|�zhk�kJx '�~ 7 �lqxwy±�±¨e¾���'�~ 7 � � �±�O�)�T�3�}k�xwyw�h|}jZkgxZk�½¤|O�Dk���ps�¤yZps����|}��kJl �
7 ª � zvp�|}j ��lq|}k 'S~ 7 ª � � ! '�~ 7 �¦¨�$m|}jwk���zvps�}k��;|�jZk���lq|}kS�q���|��}k�l �87 ª � ps�,'�~ 7 ª � � � 'S~ 7 �¦¨£{�Mk���p�¥M��l�r�rs§�� '�~ 7 ª � �O�Jlqx³uMk±��� � �Z¯{|�kJyXl��h�®��r�rs�oz���

¾���'�~ 7 � � � © ':9;�< 8 '�~ 7 �1�¾���'�~ 7 �_µT� © ' 9 �>= 8 '�~ 7 �1�
'�~ 7 ª � �.8*~ ':9;�< ª '�9 �?= �>=À¸�� ~ 0 �

' 9 �>= lqxwy ' 9@;A< l��}k¼r��ozhk��vl�xwyW¯w�Z�MkJ�vuM��¯ZxwyZ�h�®���O|}jZkglUnolqpsr��u¤z�lq�ª|}k��	��|}��kJl �B7 ���}k����DkJ��|}psn�kJr�§�¨ ¾¿xwp |�psl�r�rs§���' 9 �?= 8�³ l�xwy
' 9@;A< ��lqx�uDk���k�|±|}�	lX�}¯{ù���psk�x�|}rs§ jZp���j�nUl�r�¯wk ' 9;�<J � ��¨ HiOjZkOlqrs������p�|}j � |}kJ� � psxwlo|�kJ��zvjZk�xC' 9;�< · ' 9 �?= µDC��zvjwk���kEC
F F½P�\#*#��5&2+8 5Ec#.$�, ;%, #�,  '3 , G5�-HJILKNM^, (�Q��5(�C5&*, P��5Q1, ;�Y Z7Ks[XL

pt�¢|}jZkS¯w�}k��}���}�DkJ��p�¥wk�y õ=y¦·Hó���¶q·]óÅºqö¾�}õ�y�ºq¹��{·HóÅºoöw¨g¾���|}jZk�lUnolqpsr ��u¤z��y{�¤kJ�²xZ��|²nolq��§ zvp |�j7|}p � k��m|}jZk �Z��k�n¤p���¯w�Wl�r�������p |�j � zvp�rsr����x¤n�kJ�}��k°|}�Èl8��lqxZ��kÄü ' 9 �>= © ' 9;�< þg|�jwlo|°psxw��rs¯wy{k�����lo�ª|�k��O r���� K ~ ' 9;�<J =PC��RQ±��|��}k�l � �J¨

0 10 20 30 40 50 60 70 80 90 100
Packet #

0

1

2

3

4

5

R
el

at
iv

e 
O

W
D

 (
m

se
c)

Stream rate R > Avail-bw A

��ps��¯Z��k � �?$© D,nolq��ptlo|}ps��xM���®����l±�MkJ�}ps�{y{ps�m��|��}k�l � zvjZk�x ' ���¨

0 10 20 30 40 50 60 70 80 90 100
Packet #

0

1

2

3

4

5

R
el

at
iv

e 
O

W
D

 (
m

se
c)

Stream rate R < Avail-bw A

��ps��¯Z��k¿¸ �?$© D,nolq��ptlo|}ps��xM���®����l±�MkJ�}ps�{y{ps�m��|��}k�l � zvjZk�x ' !��¨

0 10 20 30 40 50 60 70 80 90 100
Packet #

0

0.5

1

1.5

2

2.5

3

R
el

at
iv

e 
O

W
D

 (
m

se
c)

Stream rate R Avail-bw A

��ps��¯Z��k »1�=$v© D,nolq��pslq|}ps��xw�F�®����l��Dk���p��{y{pt���|}��kJl � zvjZk�x '6S#T��¨

&A{�& *,+g�.-/* +²�5�10 �8} �0/ 	 �8�1�O�¾�����76 	
© k�l��}�}¯ � kJy°�}���Ålq�v|�jwlo|¢|}jZk�lUnUl�p�r���u�z��*pt�m����xw��|�l�x�|myZ¯Z�}psxZ�|�jZk � kJl��}¯Z��k � k�x�|��Z�}�{��kJ����¨�¾¿x���kJl�r�p�|�§���|}jwkOlUnol�p�r��Hu¤z � lU§gnolq��§uDkJ�Jlq¯w�}k��q��|�z��³�}k�l��}��xw�J¨���ps����|J�.|}jZk�lUnolqpsr ��u¤z*�Z���{��kJ���e� ¯ ~*¨��
.



�q��~�»�� � lU§ÄuDk	xZ��x{�¿��|�lo|}ps��xMlq��§��Olqxwy �}��p |���k�½¤�DkJ��|}k�y nUl�r�¯wk� lU§Sl�rs�}�guMk¢l��®¯Zxw��|}ps��x��q�;|�p � k�¨���n�k�x�p��U� ¯ ~*¨��Fpt����|�lq|}ps��xwl��}§��jZ�ozhk�n�kJ�J�.|}jZk��Z���{��k��}�f� ¯ ��lqx�jwlUn�k�l°��ps��xZp�¥M�Jlqx�|±��|�lo|}pt��|}pt��lqrnolq��psl�uZp�rsp�|�§Sl��}��¯Zxwy�p�|��¼~Å����xw��|�lqx�|¦� � kJl�x���ü � ¯ þ��¤lqxwy�|�� � lq��k|}jZpsxZ���Qzh������k��o|}jZpt�enolq��ptlquZpsr�p�|�§ � lU§±k�½¤|}k�xMy��on�k��Ql�zvpty{kv��lqxZ��k�q�.|�p � k��}�JlqrskJ� ¬ ¨.�m�oz7��l�x�z�k¢�}k�¥wxZk�£{«.��¬�£S|���y{k�lqrDzvp |�j�|}jwky{§¤xwl � pt��xwlo|�¯Z��k¼����|�jZkglUnolqpsr ��u¤z,�Z���{��kJ�����i��'��lqpsx �}� � k�psxw��ps��j�|Sp�x�|}�'|}jZpt�Sps���}¯Zk�����p���¯Z��kJ� � �!¸{�Ql�xwy»��}jZ�oz |�jZk $v© D nolq��pslq|}ps��xw��psx�|}jw�}kJk¢�Dk���p��{y{pt�¼��|��}k�l � ��|}jwlq|����������k�y�l � ¸U��jZ���¼�Mlo|}j��®��� � �xwp�n���$¢�}kJ����x¢|}� �xZpsn�� D¢k�rtlUzhl��}k�¨Çrsr¤|}jZ��k�kO��|}��kJl � ��jwlUn�k$ 8 � ³�³v�Ml�����k�|���zvp |�j D)8 � ³�³��.��¨.iOjwk� � � p�x¤¯{|�kWlUn�kJ��l���k�lUnolqpsr ��u¤z psxú|}jwkW�wlq|}j�y{¯Z��psxZ�°|}jwkJ�}k � kJlq���¯w�}k � kJx�|��FzOl��FlquD��¯{| 0 . �°uZ�M���ql���������yZp�xZ�¢|}�¼|�jZk��	ÿFi��7¯{|�p �r�psÁJlq|}ps��xÄ����lq�Zjú���|}jZk²|}ps��j�|�r�psxZ�;¨�¾¿x²��ps��¯Z��k � �e|}jZkX��|}��kJl ���lq|}k�ps��'�8¼ý�� �°uZ�w�J�JpH¨ k�¨s�ojZp���jZk���|}jMlqx±|�jZkhr���xZ�q�H|}kJ� � lUnolqpsr ��u¤zg¨
���|}pt��k�|}jMlo|v|}jwk $© D¼�vuMk�|�z�kJk�xX��¯M����k��}�}psn�k¼�wl�����k�|��Ol��}k�xZ��|��|��}pt�¦|�r�§Âp�xM����kJl��}psxZ�w��l��g��xwk�z���¯ZrsyÂk�½{�DkJ��|±�®�}� � ¬��}���M����p�|}ps��x� �MuZ¯{|SºqòUõ��}¶o¹ª¹�¤O·®¸ZõÂy¦·D�}õ�¶�� J���Bfy¢¸Z¶qòUõ�¶±��¹�õ�¶��¦¹��²óªö-���}õ�¶y¦óªöNÁ·.��õ�ö;»o¨XiOjZps��ps����jZ�ozvx�uD�q|�júu�§Â|}jwk��Ål���|±|}jwlq| � ����|±�wl�����k�|��jwlUn�kSlWjwp���jZk�� $v© D�|�jwlqx'|}jZkJp����Z��kJyZkJ��k��}�}�����J�MlqxMy	uDkJ��l�¯w�}k|}jZk�$© D��q�Q|�jZk�rtl���|¢�Ml�����k�|¢pt��lquD��¯{| . � �¢rsl��}��k��|�jwlqxÂ|}jwk
$v© D,�q�D|}jZk¥w����|��wl�����k�|J¨ $¢xS|�jZk�q|�jZk���jwlqxwy.�q|}jwkm��|��}k�l � �q���p���¯Z�}kI¸Wjwl��¼lW��lo|�kC'�8�» 0 �°uZ�M���Dp]¨ k�¨s�.rs�oz�kJ�|�jwlqx'|}jZk�rs��xZ���|}kJ� � lUnol�p�r��Hu¤zg¨��Qn�k�xW|}jZ��¯Z��j²|}jZkJ�}kgl��}k���jw���}|��H|}k�� � psx�|�k���nolqrt�p�xXzvjZpt��jXz�k���uw��kJ�}n�k¢psxw���}k�l��}p�xZ��$© D¢�J�.·®¸Zõ��}õ±óByÂ��¹�õ�¶��¦¹��WöDºo·¶oö7óªö�����õ�¶�y¦óªöNÁú·D�}õ�öD»�óªöÈ·®¸Zõ�y¦·.�}õ�¶À��¨ÈiOjZk³|}jwp���y ��|��}k�l � ��psx��p���¯Z�}k¢»Z�¢jwl��³l���lo|�k '�8 2 ¸ �	uZ�w�J¨ iOjZk���|��}k�l � y{�¤kJ�²xZ��|��jw�oz lqx psxw����kJl���psxZ��|��}kJxwyÂp�x |}jwk�¥M����|gjwlqr�����psxwy{pt��lq|}psxZ�³|}jwlq||}jZk	lUnol�p�r��Hu¤z3y{¯w�}psxZ�Â|}jwlq|�psx�|}kJ�}nolqrvpt�SjZps��jZkJ��|}jwl�x 'S¨ÄiOjwk��p�|}¯Mlo|}ps��x°��jwl�xZ��k��vy{��l � lo|�ps�Jlqrsr�§��{jZ�oz�kJn�kJ�J�{lo�ª|�k������¯w��jZrs§�|}jwk��³q�]|�j	�wl�����k�|�¨¢¾¿x°|�jwlo|g�}kJ����xwy°jwl�r ���q�e|}jwkS��|}��kJl � |�jZk���k�pt�¼l��rskJl���psxw����kJl���psxZ�g|��}kJxwy��¤��jZ�ozvpsxZ�g|�jwlo|�|}jZk¼lUnolqpsr ��u¤z yZkJ����kJl���k��|}��rskJ���h|}jwl�x '�¨iOjwk²�Z��k�n¤ps��¯w��k�½Zl � �wr�k � ��|}psnolo|}k���|�z��Âp � �D���}|�lqx�|��}k�¥wxZk��� k�x�|���p�x�|�jZk¢£{«���¬�£ � k�|�jZ�{y{��rs����§�¨G��p�����|���psxw��|}kJl�y��q��lqxwl�r�§¤Á��p�xw��|}jZk $v© D nolq��pslq|}ps��xw�O���elW��|��}k�l � �Zk�½{�DkJ��|}psxZ����xwk±�q�F|}jwk|�z��S��l���k��e�q��¬��}���M����p�|}ps��x � |���uDk¢��|}��ps��|}rs§S|}��¯Zk�®����k�n�k���§��Mlqps��q�F�wl�����k�|����{zhkg��jZ��¯ZrtyWpsxw��|}kJl�y³zhlq|���j²�®���O|}jwkg�Z�}k���kJxw��k����v¶qöºoòoõ���¶o¹ª¹Qóªö����}õ�¶�y�óªöOÁX·D�}õ�ö;»X»����¦óªöNÁ°·ª¸wõ�õ�öM·]ó��}õ¦y�·D�}õ�¶��S¨g£¤kJ����xwy��z�k'jwlUn�k³|}��l�����k��{|�|�jZk	�D������psuZpsr�p�|�§�|�jwlo|W|}jZk'lUnol�p�r��Hu¤z � lU§nolq��§�lq����¯Zxwy���lq|}k '$yZ¯Z�}psxZ�Sl��Z����uwp�xZ�S��|��}k�l � ¨�¾¿x�|}jMlo|��l���k��|}jZkJ�}k²ps��xZ�'��|}��pt�¦|�����yZk���p�xZ�°uDk�|�zhk�kJx '-lqxwy �±�QlqxMy |}j¤¯w�Sl|}jZps��y��M���}�}psuZp�rsp�|�§S��� � kJ��¯Z�.��|}jwlq|�zhk�}k��®k���|}��l��vÃ ����k�§��H��k���p���x ´~Åy{kJxZ�q|�kJy8l��Q' S#T �¢��¨8iOjwk³xwk�½¤|���k��¦|}ps��xÄ��psn�k���l�����xw����k�|�k���DkJ��p ¥D��lo|�p���xú�q�O|}jwkJ�}k�|�z��°��k�¥MxZk � k�x�|����el��±p � �Zrsk � k�x�|�kJyúpsxµZ¶q·ª¸{¹�º�¶�»o¨

� 	 6 dgaFðXc 6 # 6mí b bFî�î 8�
� d¼b�� 8 î�dgï
©Âkhp � �wr�k � kJx�|}kJyS£{«.��¬�£¼psx�l|}�¤��r���lqrsrskJy¼µw¶o·®¸¤¹�º�¶�»q¨�Àv¶o·®¸¤¹sºJ¶�»o�|}����k�|�jZk��mzvp |�j	p |��k�½¤�Dk���p � kJx�|�lqr�n�k���p�¥M��lq|}ps��x.�Zpt�myZkJ������p�uDkJyXpsxy{k�|�lqpsrep�x ü � ¸�þ�¨�¾¿xÂ|}jZpt�g�}kJ�¦|�p���x.��zhk��Z���on¤psyZkSl³y{kJ������ps�{|}ps��xÂ�q�|}jZk�|��¤��r ´ ���lqrspsk�x�|O�®kJlo|�¯Z��kJ�J¨À¶o·®¸¤¹�º�¶�»�����xw��pt��|������¤lO�Z���{��k��}�-�)�T�B�}¯ZxwxZp�xw�lo|�|}jwk���kJxwy{kJ�J�lqxwy l°�Z���¤��kJ���f�I�U� �}¯ZxwxZp�xw�'lo|�|}jZk²�}k���k�psn�kJ�J¨	iOjwk²��|}��kJl ��wl�����k�|��W¯w�}k��9D¼¬F�hzvjwp�rsk l8imÆh¬0����xZxwkJ�¦|�p���x,uDk�|�zhk�kJx7|}jwk|�z���kJxwy¤���M��p�x�|��m����x�|��}��rs��|}jwk � k�l��}¯Z��k � k�x�|��J¨

��� ������� $��� "���	� $��
� ������� �� �)�T�7|�p � k���|�l � �w�.k�l���j¼�wl�����k�|¯w�M��xÂp�|���|���l�xw� � pt����ps��x.¨�£¤�w�«�I�U�$��lqx � kJl��}¯Z��kS|}jZk��}õ�¹�¶o·Hóªòoõ
J�� B ���¢���M�wl�����k�|E�;�o|�jwlo|�yZpm�;k������®�}� � |}jwkl��¦|�¯wlqr $© DÈu¤§lS��kJ��|�lqpsxW���;�}k�|�¨FiOjwps�O���;�}k�|Ops�Oy{¯wk¢|���|�jZk�xZ��xZ���}§¤xw��jZ����xZpsÁ�k�y��r��{���{���q�¼|}jwk	k�xwy{�HjZ����|���¨ £¤p�xM��k	zhk	lq��kX��xZrs§ psx�|}k���kJ��|}k�y8p�x
$© DÈy{pX�DkJ�}kJxw��k���|}jZ��¯Z��j���l�����xM��|�lqx�|����;�}k�|epsxS|}jZk � kJl���¯Z��kJy
$© D¼�gy{�¤kJ��xZ��|glÀ�Dk��¦|�|}jwk�lqxwl�r�§{�}ps�J¨�Æ�rs�{���	����k�z:�Jlqx uMk�l�D�q|�k�x�|}ptlqr{�w�}��uZr�k � � v uw¯{|QxZ�q|Qpsx�µZ¶q·ª¸{¹�º�¶�»o¨QiOjwkv�}k�l��}��x�pt��|}jMlo|k�l���j ��|��}k�l � rsl���|��¢�®���g��xwr�§	lW�®k�z � psrsr�pt��k�����xwyZ��~ -/. �¦��lqxwyÂ���|�jZkW�}��kJz y{¯Z��psxZ�	l°��|��}k�l � pt�gpsx�|}jZkW����y{k��g���hxwl�xZ���}kJ����xwyw���� ¯w��j³r�k��}�h|�jwlqx³|}jwk�$v© D$nol��}ptlo|�p���xw�Oy{¯Zk�|}�I��¯ZkJ¯Zk�psxZ�w¨
!  �"�#�$� ��� �%�&�'�  (� ���� �Ç,��|}��kJl � ����xw�}ps��|��Q�q� $-�wl�����k�|��e�q��}psÁ�k %m�Q��kJx�|Slo|�l'����xw��|�l�x�|���lq|}k 'S¨ ' pt�Sl�yU��¯w��|}k�y lq|���¯Zx{�|�p � k¢�®���hkJl���j���|��}k�l � ��l���yZkJ������p�uDkJy�psx -/. ¨FiOjZk¼�wl�����k�|�psx�|}k��}��}�wl���psxZ� D�pt��xZ��� � lqrsr�§'�}k�|�|�� D 9 �>= ��zvjZpt��j�ps��uwl���k�y'��x'|�jZk� psxZp � ¯ � �M���}�}psuZr�k��Dk���ps�¤yÂ|�jwlo|g|�jZk�k�xMy¤�Hjw����|��±�Jlqxúl���jZpsk�n�k�¨iOjwk±�}k���kJp�n�k�� � kJl���¯w�}k��O|}jZk�p�x�|�k��}���}�wl���p�xw�CD$zvp�|}j'zvjZps��jX|�jZk�Ml�����k�|��²r�k��ª|X|}jZk���kJxwy{kJ�J�¢¯w��psxZ�Ä|}jZk �)�T��|}p � kJ��|�l � �M���m|}�yZk�|}k��¦|m����x�|}k�½�|�}zvp |���jZkJ�vl�xwy³�q|�jZk��v��lo|�k�yZk�n¤pslq|}ps��xw��ü � ¸�þ�¨
�¼psn�k�x ' lqxMy D±�q|�jZk�wl�����k�|h��psÁ�kvpt����� � �Z¯{|�kJy�l��.% 8 ' D±¨

%m�ojZ�ozhk�n�kJ�J��jwl��.|��¢uDkh� � lqrsr�kJ��|�jwlqx�|}jZkO�wlq|}j �	i,� % 9;�< ~®|}�lUn���ptyS�®��l�� � k�x�|�lo|}ps��xD�¦�¤lqxwy�rtlq����kJ�e|}jMlqx²l � p�xZp � ¯ � �M���}�}p�uwr�k�}psÁ�k�% 9 �>= 8e¸À³³ K¼¨ZiOjZk±��kJl�����xW�®���|}jwk % 9 �>= ����xw��|}��lqpsx�|ps�v|}���kJyZ¯w��kh|}jwkvk��;kJ�¦|Q���;«�lU§�kJ���s¸vjZk�l�y{kJ������x�|�jZk��|}��kJl � ��lo|�kg~Å�}k�kü ¸À�oþª��¨�¾�� ' ! % 9 �>= =�D 9 �?= ��|}jwkQp�x�|�k��}���}�wl���p�xw�,D pt�.psxw���}k�l��}kJym|}�% 9 �?= = '�¨²iOjZk � lo½{p � ¯ � ��lo|�kS|}jwlq|gµZ¶q·ª¸{¹�º�¶�»��Jlqx���kJxZk���lo|�k��l�xwy |}j¤¯w��|�jZk � lo½{p � ¯ � lUnol�p�r��Hu¤z
|�jwlo|�p�|W��l�x � k�l��}¯Z�}k���pt�
% 9;�< =�D 9 �>= ¨iOjZk��|}��kJl � r�kJxZ�q|�j $ pt�Q��jZ����kJx�uwl���k�y���x�|�zh�g����xw��|���l�p�x�|���¨��ps����|J��l²��|}��kJl � ��jZ��¯Zrty'uDk��}kJrslq|}psn�k�rs§°��jw���}|J�.�}�W|�jwlo|gp�|�y{�¤kJ�xw�q|��Jlq¯w�}k�rsl��}��kI��¯wk�¯Zk��±lqxwy��D�q|�k�x�|}ptlqrsrs§Ârs������k���p�x�|�jZk��wlq|}j����¯Z|}k����J¨F£¤k�����xwy�� $ ����x�|}����rt�Q|�jZk¦y¦·.�}õ�¶À� »�����¶o·HóÅºoö�)�8 $ D±�zvjwps��jÈpt����k�rtlo|�kJyÄ|}�ú|�jZk8¶qòUõ��}¶%ÁqóªöOÁ8·]ó���õ=y���¶o¹sõ ¬ ~]��kJk - �w¨ »��¦¨Ç�rtlq����kJ� $ ~®rs��xZ��k��g��|}��kJl � �mp�xM����kJl��}kJ� ¬ ��l�xwy°|�j¤¯w���}k�y{¯w��kJ�|�jZk�nolq��psl�uZp�rsp�|�§³psxÂ|}jZk � kJl���¯Z��kJyÂlUnolqpsr ��u¤zg¨g¾¿x	µw¶o·®¸¤¹�º�¶�»q��|�jZkyZk��Ålq¯wr |nolqrs¯Zk¼�®���B$ pt� � ³³��Ml�����k�|��J¨
*+�  (�#�  �� $��'� $6� $�� �"�#� �"�#$��-,/.0*  "�"� $��1 �£¤¯Z�Z�D���}kg|}jMlo||�jZkm~Å�}kJrslq|}psn�k��,$© D¢���q�{lO�wlq�}|}pt��¯wrsl��.��|��}k�l � l��}k0� Z © � K ©<:;:<:�© �32S¨Ç¢��l��Z��k����Z�}�{��kJ����psxZ�±��|}k�����zhkm�Mlq�}|}p�|}ps��x�|�jZkJ�}k � kJl���¯w�}k � kJx�|��psx�|}�54 876 $�������¯w�w�g�q�847����xw�}kJ��¯{|}psn�kE$© D¼��¨°iOjZkJx.�Fz�k��� � �Z¯{|�kX|}jZk � kJyZpsl�x $© D 9� � �q��kJl���jÄ���}��¯Z�.¨7Àv¶o·®¸¤¹sºJ¶�»l�xwlqrs§¤Á�k��v|}jwkS�}k�| ¹ 9��� © � 8 � ©;:<:;:�© 4!º��DzvjZps��jÂps� � ����k�����uZ¯M��||�����¯{|�r�psk����vlqxwy³kJ�}��������¨© k�¯w�}k�|�z��¼��� � �Zrsk � kJx�|�lq��§g��|�lo|}pt��|}pt����|}����jZkJ����p��Dlm��|}��kJl ��}jZ�oz��lqx�psxw����kJl���psxZ�g|��}kJxwy�¨eiOjZkgÀv¶oó��¦÷eóBy�õ �eºÀ�µw¶��¦óBy�ºqö Hwõ�y¦·~]¬hÆhi� � k�|��}pt�¼�q�el���|��}k�l � pt�

:�;�<>= 8@?BA � � K>C ~�9��� � 9����D Z �
4 ·²� ~ 2 �

zvjwk���k C ~�EÂ�gpt����xZk�p��FE jZ��rsyw���elqxMyúÁ�kJ�}�	��|}jZkJ�}zvpt�}k�¨'¬OÆhi� k�l��}¯Z�}k��¢|}jZk��®��l���|}ps��x'���O����xw�}kJ��¯{|}psn�k�$© D��wlqps���¼|�jwlo|±l��}kpsxw���}k�l��}p�xZ�M�Dl�xwy	�}��³±µ : ;�<>= µ � ¨�¾��Q|�jZk $© D¢��l��}k±psxwy{k���Dk�xMy{k�x�|J��|}jwk�k�½{�Mk��¦|�kJy nolqrs¯Zk��q� : ;�<>= pt�f³Z¨ � ¨�¾��h|}jwk���kSpt�±l��|}����xw��psxw����kJl���psxZ��|}��k�xwy.� : ;�<�= lq�Z�Z����l���jZkJ����xwk�¨
G F�;�Q^#��%�5&*�U �&*�« �3 4'$�&*, #��%9�(8#�$!&��59�$5d��«, #.(��IH��5C\#�()Y K'x7[XL

�



iOjwk�Àv¶oó��¦÷eóBy�õ B�ó �mõ���õ�ö���õ%HMõ=y¦·Q~Å¬�D¢i� � k�|}��ps������l���|}��kJl �ps�
: ;�� = 8 9� A · 9� Z

? A � � K�� 9� � · 9� ��D Z �
~Åý��

¬�D¼i ��¯wlqx�|}p�¥wk��jZ�oz$��|}����xZ��pt�v|�jZk���|�l���|}�]|��q��k�xwy $© D:nolq��p��lo|�p���x.�w��k�rtlo|�p�n�k�|}��|}jwk $v© D lquw�}��rs¯{|�kgnUl��}ptlo|�p���xw�vy{¯Z��psxZ��|}jwk��|��}k�l � ¨ ���|}k³|}jMlo| ·f� µ : ;�� = µ � ¨ ¾��¼|}jZk $© D¼��lq��kp�xMy{k��Dk�xwyZk�x�|J�D|}jwk�k�½{�DkJ��|}kJy	nUl�r�¯wk��q� : ;�� = pt�mÁJk����w¨O¾��e|}jwk���kps�mlS��|}����xw��psxw����kJl���psxZ�S|}��k�xMy�� : ;�� = l��Z�Z����l���jZkJ�h��xwk�¨iOjwk���kmlq��km��l���k��epsx�zvjZpt��j���xZk����|}jZk|�z�� � k�|}��ps�J�Qpt��uDk�|}|}k��|}jwl�x	|�jZk���|}jZkJ�¢psxÂy{k�|}k��¦|}psxZ�³lqx	psxw����kJl���psxZ��|��}kJxwy�~]��kJk²ü � ¸�þ®�¦¨Æ���xw�}k%��¯ZkJx�|}rs§��mp���kJp |�jZk��³|}jwk ¬OÆhi+���X¬�D¼i � k�|��}pt���³��jw�oz�lqx�Ã p�xM����kJl��}psxZ��|}��k�xwy ´ �wµZ¶q·ª¸{¹�º�¶�»���jwlq��l���|}k���psÁ�kJ�h|�jZk���|}��kJl � l��·.��µwõ�ø (¦��pH¨ k�¨s�vp�xw���}k�l��}p�xw�w¨ $m|}jZkJ�}zvpt��k��h|}jZk'��|}��kJl � pt�W����xw�}psy{�k���kJy'�q�m·D��µZõ�ø��g�;pH¨ k�¨���xw��x{��p�xM����kJl��}psxZ�w¨¼¾¿x	|�jZkS��¯Z���}kJx�|¼�}kJr�k�l��}k�q�hµw¶o·®¸¤¹�º�¶�»q��|�jZkW¬OÆhi � k�|��}pt���}jZ�oz�glqx�psxw����kJl���psxZ�³|}��k�xwy p��: ;�<�= � ³ : ��� �OzvjZpsrsk'|�jZkÂ¬�D¢i+�}jZ�oz��psxw���}k�l��}p�xZ��|��}kJxwyÈp��: ;�� = � ³ : . ¨ iOjwk'k��;kJ��|³���g|}jZk�¬hÆhi-l�xwy7¬�D¼i |}jw�}k���j{���rtyZ��~�³w¨ �� l�xwy´³w¨ . ���}k����DkJ��|}psn�k�rs§Z�v��x	|}jwk�µw¶o·®¸¤¹sºJ¶�»�l��J��¯Z��l���§ps�m��jZ�ozvx³psx²|�jZkgxZk�½�|�}kJ��|}ps��x.¨
� � �#�  "�@�
	J�  "�%�#�$�	�� �Àv¶q·ª¸{¹�º�¶�»QyZ��k��eöDºq·�y{k�|}k�� � p�xwkQzvjZk�|�jZk��
' � �Èuwl���k�y���x�l±��psxZ��r�k��|}��kJl � ¨�¾¿xw��|}k�l�y���p |��}k�xMyZ�Ql £ õ�õ�·w�q��-��|��}k�l � ��������|�jwlo|Qp�|���l � �ZrskJ�FzvjZk�|}jZkJ��' � ���-��¯w�J��k��}�}p�n�k|}p � kJ�J¨�ÇrsrQ��|��}k�l � �¢p�x l½�wkJk�|�jwlUn�k�|}jZk���l � k���lo|�kC'S¨g��l���j��|��}k�l � pt�O��kJx�|O��xwr�§�zvjZkJxW|�jZk¢�w�}kJn�ps��¯M����|}��kJl � jwl���uMkJk�xXl�����¤xZ�ozvr�k�y{��k�y���|}��lUn���ptySl�uwl����¤rs���g������|}��kJl � �Qpsx�|}jZk¢�wlo|�j.¨Q£¤�w�|}jZkJ�}khpt�elqrszhlU§{��l�x�pty{rsk�psx�|}k���nolqr � uDk�|�zhk�k�xS��|��}k�l � �J�ozvjZps��j�ps�rsl��}��k��h|}jMlqx²|}jZk±ÿv��¯Zxwy¤�¿i��}ps�³iOp � k�~ÅÿFivi�h�q��|}jZkg�wlq|}j.¨QiOjwky{¯Z��lo|�p���x��q��le�wkJk�|Ops���8���~ ) ª � � 8���~ $ D ª � �¦¨=�¼psn�k�x+)lqxwy � ��� yZk�|}kJ� � psxZkJ�g|}jZk¦�wkJk�|�yZ¯Z��lq|}ps��x.��zvjZpt��j pt�g��k�rtlo|�kJy|}�¼|}jwkhµZ¶q·ª¸{¹�ºJ¶�» � kJl���¯Z��k � kJx�|ertlo|�k�xw��§�¨�iOjwky{k��Ål�¯Zr |enolqrs¯Zkh�®�����ps� � ¸���|}��kJl � ��¨eiOjZkgk��Dk��¦|�q����ps�vy{pt����¯w����k�yWpsx - �w¨ . ¨iOjwk±lUn�k���lq��kvµw¶o·®¸¤¹�º�¶�»g��lq|}kgy{¯Z��p�xw��l¶�Mk�k�|������lo|�k)'*ps�

� $ %
��~ ) ª � � 8 '

�
� ª���

¾¿x�����y{k��F|��±rsp � p�|Q|}jZk¢lUn�k���lq��keµw¶o·®¸¤¹�º�¶�»m��lo|}kO|��gr�k��}�e|}jwl�x � ³�
�q�'S�M|}jZk���¯w�}��k�x�|mn�k�����ps��x°���FµZ¶q·ª¸{¹�ºJ¶�»S��k�|��m|}jZk�p�x�|}kJ���¿��|}��kJl �rslq|}kJxw��§W|}� � 8 � lo½ ¹ ' DBD © ý )gº�¨¾��wlv��|}��kJl � kJxw����¯Zx�|}k�����k�½{��kJ����psn�kFrs������k��Q~ � � ³�
S�¦������p�� � ����k|}jwl�x±lOx¤¯ � uDk��.���Z��|��}k�l � �;zvp |�jZpsx±l^�wk�k�|�k�xw����¯Zx�|�k�� � �{y{k���lo|�kr����}�}kJ�m~ � »�
S����|�jZkk�x�|�p���kA�wkJk�|�pt��l�uM����|�kJy�lqxwyS|�jZk��lo|�k�q�;|}jwkxZk�½¤|A�wkJk�|pt�y{k�����kJl��}kJy.¨n�w��� � ����kgy{k�|�lqpsrs�J�Z��kJk�ü � ¸�þ�¨
� �"����� �"� ��� ��$1 �¾���l±rtlq����kv�®��l���|}ps��x��³����|}jZk�� ��|}��kJl � ��p�x²l�wk�k�|Qlq��k����Z|�§¤�Mk��H¾¦��|}jwkhkJx�|}ps�}kc�wk�k�|Q��jZ�oz��lqx�p�xM����kJl��}psxZ�|��}kJxwylqxwyXzhkgpsx{�®k��v|�jwlo|m|}jZke�wkJk�|m��lo|�kgps�rsl��}��k��h|}jwl�xX|}jZk±lUnol�p�r��Hu¤z~ ' � �¼�¦¨°£¤p � psrsl��}rs§���p��vl³�®��l���|}ps��x�� �q�O|}jZk�� ��|}��kJl � �±lq��k�q��|�§��Dk�� �±�Z|}jZk��wkJk�|y{�¤kJ�OxZ��|��jZ�ozBlqx³p�xw���}k�l��}p�xw�±|}��k�xMy²l�xwyz�kÂp�xZ�®k���|�jwlo|²|}jZk´�wk�k�|W��lo|}k'ps�²� � lqrsrsk���|�jwlqx7|}jZk'lUnol�p�r��Hu¤z~ ' ! �¢��¨ ¾�|���l�x jwl��Z�Dk�x.��|}jZ��¯Z��j.�Q|}jwlq|�rskJ����|}jwl�x��������|��}k�l � �Flq��k����Z|�§¤�Mk��H¾¦�ql�xwy�l�rs�}�¢|}jwlq|FrskJ����|}jwl�x ��������|}��kJl � �lq��kX�q�¼|�§��Dk�� �±¨�¾¿x8|}jwlq|W��l��}k��O�}� � k	��|��}k�l � �³Ã �}l � �wr�k�y ´ |}jwk�wlo|�j�zvjZk�x�|�jZkmlUnolqpsr��Hu¤z zOl��Qr�k��}�F|�jwlqx ' ~ª|�§¤�Dk���¾��¦��l�xwy���� � k�q|�jZk����gzvjZkJx p�|�zOl�� � ����kS|}jwl�x '`~ª|�§¤�Dk�� �¢��¨�© kW�}lU§���|}jwk�x.�|}jwlq|O|}jZk��wkJk�|O��lq|}k)'Lps�hpsxW|�jZkSÃ ���}kJ§�����k���ps��x ´ �q��|}jZk�lUnolqpsr ��u¤zg�

l�xwy	zv��p�|}k ' S#TI��¨±iOjZkSp�x�|}kJ�}�w�}k�|�lo|�p���x°|}jMlo|�z�k���psn�k±|��W|�jZk���}kJ§��H��k���p���x±ps�e|}jwlq|m÷�¸Zõ�öC' S#Tf�g¤�·®¸Zõ�¶oòo¶oóª¹Ýø�ô�÷°µ��}º���õ�y
y1� ¯ ~*¨��»À���¦óªöNÁ ·ª¸w¶o· £ õ�õ�·�òo¶��¦óÅõ�» ¶�ô�ºqòUõ�¶oö;» ô�õ�¹�ºo÷ ��¶o·¿õ '�¤¦��¶À�Oy�óªöOÁy�ºÀ��õ/y¦·D�}õ�¶���ym·�º�ô�õgºsÃ¢·D��µZõ�ø (�¶oöD»Ây�º���õ±ºq·ª¸wõ��
ym·¿º�ô�õgºsÃ¢·.��µwõ�ø
�±¨qiOjZkvlUn�kJ��l���psxZ�v|}p � kJ����l�r�k ¬ ��jZkJ�}k��qpt�F�}kJrslq|}kJy±|}�¼|}jwkO��|}��kJl �yZ¯Z��lq|}ps��x )�¨$© k'y{pt����¯w����|�jZk	k��;kJ��|²���!�B��x |}jZkXµw¶o·®¸¤¹sºJ¶�»��¯{|���� � k�p�x³|�jZkgxZk�½¤|m�}kJ��|}ps��x.¨
" �  (� �$�$#�� �" (� � $  -� � ���%�P�  &%��  Ç�ª|}kJ�³l �Mk�k�| 7 �q�g��lq|}k
'�~ 7 �Dps���on�k�����µw¶o·®¸¤¹�º�¶�»�y{k�|�k�� � p�xZk��.zvjZk�|}jZkJ� '�~ 7 � � �±��'�~ 7 � !���;��� '�~ 7 � S T¦�±¨¼iOjZk�p�|}kJ��lq|}psn�k�l�r�������p |�j � |�jwlo|gy{k�|}k�� � p�xwkJ�|�jZk���lo|}kQ'�~ 7 ª � �¼����|}jwk�xZk�½¤|f�wkJk�|±pt�f��¯wp |�k���p � p�rtlq��|��²|�jZkuwp�xwl��}§��¿��k�lq����j�lq�Z�w�}��l���jú�q�S~ 0 ��¨ÄiOjZkJ�}kXlq��k�|�zh� p � �D���}|�lqx�|yZpm�;k���k�xw��kJ�h|�jZ��¯Z��j.¨��p�����|J�¤|}����k�|}jZkJ�hzvp�|}j³|�jZk�¯Z�Z�Dk��lqxMyWrs�oz�kJ��uD��¯wxwyZ�h�®���O|�jZklUnol�p�r��Hu¤z3' 9;�< lqxMy ' 9 �>= ��µw¶o·®¸¤¹sºJ¶�»°lqrt��� � lqpsx�|�l�p�xw��¯w�Z�MkJ�l�xwyúrs�oz�kJ��uD��¯ZxMyZ���®����|}jZk³����k�§����}kJ��ps��x.��xwl � kJr�§�' 9;�< lqxwy' 9 �>= ¨W©Èjwk�x/'�~ 7 ��S T��±�F��xZk�����|�jZkJ�}k�uD��¯ZxMyZ�gpt�±¯Z�;yZlo|�kJyyZk��Dk�xwy{psxZ�È��x zvjwk�|}jwk��(' 9;�< ! '�~ 7 � ! ' 9;�< ~®¯Z�;yZlq|}k' 9;�< �¦�����)' 9 �>= � '�~ 7 � � ' 9 �?= ~Å¯Z�Dywlo|}k�' 9 �?= ��¨e¾���lg����k�§����k���p���xgjwl���xZ��|�uDk�k�xSy{k�|�kJ��|}kJy�¯Z�±|��m|�jwlo|��M��p�x�|��U|}jZkhxZk�½¤|F��lq|}k
'�~ 7 ª � �vpt�¼��jZ���}k�x.�;l��mp�x8~ 0 �¦�;jwlqr��ª��zhlU§³uMk�|�z�kJk�x ' 9 �>= lqxwy
' 9;�< ¨¼¾���l����}kJ§��H��k���p���x³jMl��uDk�kJxÂy{k�|}k��¦|}k�y��K'�~ 7 ª � �ps�¼�}k�|jMlqr��ª�HzOlU§�uDk�|�zhk�k�x*' 9;�< l�xwy ' 9;�< zvjwk�x '�~ 7 ��8+' 9;�< �w���jMlqr��ª�HzOlU§¢uDk�|�zhk�kJx,' 9 �?= lqxwy ' 9 �>= zvjZkJx '�~ 7 �.8-' 9 �?= ¨�iOjZk��� � �Zrsk�|�k±��lq|}k�l�yU��¯w��| � k�x�|�lqrs������p�|}j � �Zpsxw��rs¯wy{psxZ�W|}jZk±psxZp�|}ptlqr��psÁJlq|}ps��x°��|}k��M���Mps�m��psn�k�xXpsx�ü � ¸�þ�¨h¾�|¢ps�mp � �D���}|�lqx�||���xZ�q|�kg|}jMlo||�jZpt�muZpsxwl��}§��¿��k�lq����jXl��Z�Z����l���jX�}¯w�J��k�k�yZ�¢p�x'����x¤n�kJ�}��p�xw��|}��|�jZklUnol�p�r��Hu¤zg�{l��hrs��xZ��l��h|�jZkglUnolqpsr ��u¤z7nolq��pslq|}ps��xW��lqxw��k¼ps�v��|}��ps��|}rs§psxw��r�¯wyZkJy�psx�|}jZk�ü ' 9 �?= © ' 9@;A< þM��lqxw��k�¨�iOjZkk�½¤�Dk���p � kJx�|�lqrDlqxwy�}p � ¯Zrtlo|�p���xW��kJ�}¯Zr |��O�q��|}jZk�xZk�½�|m�}kJ��|}ps��x³��jZ�oz7|}jwlq|v|}jZpt�Ops�h|�jZk�Jl��}k	��kJxZk���lqrsrs§��vzvp�|}jÈ|�jZkÂk�½Z��k��Z|}ps��x7���±�wlo|�jw��|�jwlo|³p�xM��rs¯wy{k�}k�n�k���lqrD|}ps��j�|vrsp�xZ�{�J¨iOjZkú�}kJ����xwy,yZpm�;k���k�xw��k�ps�³|�jwlo|³µw¶o·®¸¤¹�º�¶�» |�k�� � p�xwlq|}k��²xw�q|��xZrs§ÂzvjZkJx�|}jZk²lUnUl�p�r���u�z�jwl��±uDk�k�xúk���|�p � lq|}kJy�zvp |�jZp�xÄl°��k��}�|�lqpsx	��kJ�}��rs¯{|}ps��x�C:~Åp]¨ k�¨s� ' 9;�< · ' 9 �?= µ,C�����uZ¯{|glqrt���WzvjZk�x
' 9;�< · ' 9;�< µ/.�l�xwy*' 9 �?= · ' 9 �>= µ/.��Mp]¨ k�¨s�wzvjZkJx°uM��|}jlUnol�p�r��Hu¤z uM��¯ZxwyZl��}pskJ�gl��}k�zvp�|}jZpsx0. �®��� � |�jZkW�������}k����D��xwyZp�xZ����}kJ§��H��k���p���xWuD��¯Zxwywlq��p�k���¨�iOjwk±�wlq��l � k�|}k��1. ps�v��k��®kJ�}��kJy²|���l��Á��}õ��oø5�}õ\ÁqóÅºqö´�}õ�y�ºo¹��{·HóÅºoöM¨iOjZk�|�����r�k�n�k�x�|}¯wl�r�rs§���k��D���}|���|}jwkg��l�xZ��k�ü ' 9 �>= © ' 9;�< þ�¨
2 � ���(� �"� � � $  � �  �� $��3�& �£¤psxw��k�µw¶o·®¸¤¹�º�¶�»°ps�Suwl���k�y���x lqxp�|}kJ��lq|}psn�k³lqrs������p�|}j � �ep�|�pt��jwlq��yú|��Â�Z��kJyZps��|SjZ�oz
rs��xw�'zvpsr�rl� k�l��}¯Z�}k � k�x�|±|�l���k�¨ �Z����|}jwk²y{k��Ålq¯Zr�|�|�����r��Mlq��l � k�|�k������Flqxwy�®���elm�wlq|}jSzvp |�j¶� � � ³³ �°uw�w�Flqxwy � 8 � ³�³ � �J��|}jZkh|�����r¤xZk�k�yZ�rskJ���e|�jwlqx �� �}kJ����xwyZ�F|����Z���{y{¯w��kml¼¥wxwl�rMk���|�p � lo|�k�¨eiOjZk � k�lo��}¯Z��k � k�x�|�rtlo|}kJxw��§úpsxw���}k�l��}kJ��l���|}jwk	lquw�}��rs¯{|}k � lq��xZp |�¯wy{kX�q�|�jZk�lUnolqpsr��Hu¤zBl�xwy54o���O|}jwk±zvpsy{|}j°�q�F|�jZk±����k�§����}kJ��ps��x²p�xw���}k�l��}k��l�xwy�p�|lqrt���Sy{k��Dk�xMyZ�O��xW|}jZk���kJ�}��rs¯{|}ps��x��Mlq��l � k�|�k����ECÄl�xwy6.�¨

7 8 6 cQñ:9	fvd¼bFñ�î í
iOjwk¢��u{��kJ��|}psn�k¼�q��|�jZpt�v��k��¦|}ps��x²ps��|��SkJnolqrs¯wlo|�km|�jZkgl�����¯Z��l���§S�q�µw¶o·®¸¤¹sºJ¶�»�zvp |�jÂuD�q|�j �¼£ ��p � ¯Zrtlo|�p���xw�J�.lqxwyÂk�½{�Dk���p � k�x�|��¢�on�k����kJl�r�¾¿x�|}k���xZk�|O�Mlo|}jM��¨

�



�_{7z *_� 3 �4/��n���7�1� �2}«� �4/5�8�
iOjZk��®��rsr��ozvpsxZ�¢�}p � ¯Zrtlo|�p���xw�.kJnUl�r�¯Mlo|}k�|}jwkhl�����¯w��l���§m���{µw¶o·®¸¤¹�º�¶�»p�x�l'����x�|��}��r�rskJy lqxwy���k��w�}�{y{¯w��p�uwr�k�kJx�n¤ps�}��x � k�x�|g¯Zxwy{kJ��nolq��p����¯w�±r���l�y'����xwyZp |�p���xw�±lqxMy'�wlq|}jú����x{¥w��¯Z��lq|}ps��xw�J¨�£¤�Mk���p�¥M��l�r�rs§��z�k�p � �Zrsk � k�x�|}k�y |}jZkSµw¶o·®¸¤¹sºJ¶�»��}k�xwy{kJ�W~��n�T���gl�xwy �}k���k�psn�kJ�~��I�U�O�±psx lq�w�Zr�pt��lq|}ps��x{��rtlU§�k����¢£ � �{y{¯ZrskJ�J¨ iOjwk��®¯Zxw��|}ps��xwl�r �p |�§����.|}jZk���k � �¤yZ¯Zr�k���pt��psy{kJx�|}pt��lqr;l���p�xW|}jZk¢����p���p�xMlqr{µw¶o·®¸¤¹sºJ¶�»o�zvp |�j'|�jZkSk�½Z��kJ�{|}ps��x	�����}� � k±�®k�lo|}¯w�}k��|�jwlo|glq��k�xZ��|¼��k%��¯Zps��kJyp�x°l��}p � ¯Zrslq|}���±~Å�}¯w��j³l��h|}jZk±yZk�|}k��¦|�p���x³���F����x�|}k�½¤|v�}zvp�|���jZk�����¨

Traffic Sources

SND RCV

(non−tight link)(tight link)
Link HLink 1 Link (H+1)/2

Traffic Sources

(non−tight link)

CntC tCnt

SinkSink Sink

Traffic Sources

��p���¯Z�}k . ��£¤p � ¯Zrtlo|}ps��x²|}���M��r�����§�¨
¾¿x�|�jZkv�®��r�rs�ozvp�xw�w�qzhkm�}p � ¯Zrslq|}kO|�jZk¿�X��jZ���S|����D��rs����§��q�?��ps�q�¯Z��k . ¨�iOjZkeµw¶o·®¸¤¹�º�¶�»��wl�����k�|���k�x�|�k��.|�jZk��Mlo|}j�p�xgjZ��� � l�xwy�k�½{p�|lo|¼jZ���´��¨¢iOjZkSjZ���°psx	|�jZk � ptyZy{rsk����e|}jZk��wlo|�j	pt�|�jZk�|�p���j�|r�psxZ�;�QlqxMy�p |Sjwl�����lq�Ml���p�|�§ � A �elUnolqpsr ��u¤z � A �Qlqxwy�¯{|�p�rspsÁJlo|�p���x§ A ¨Q© k±��k��®kJ�O|}��|}jwkg�}k���|v�q��|}jwk±r�psxZ�{�l���öDºoöMø¿·]ómÁU¸¤·H�wl�xwyX����xZ���pty{kJ�m|�jZkS�Jl��}k�zvjZkJ�}k±|}jZkJ§	lqrsr�jwlUn�kg|}jwkS��l � k��Jlq�wl���p�|�§ � = A¦�lUnolqpsr ��u¤z � = A���l�xwy�¯{|}psr�psÁJlq|}ps��x § = A�¨QÆ����������H|}��loù��ept�F��kJxZk���lo|�kJylo|hkJl���j�rsp�xw���®��� � |}kJx���lqxwy{� � �}��¯Z����k��F|}jMlo|J��¯ZxZrskJ���h���DkJ��p ¥wk�y�q|�jZk���zvps�}k�����k�xwk���lo|}k�¬elq��k�|��²psx�|}kJ��l��}��p�nol�rs�¢zvp |�j���8 � ¨ ýw¨�iOjwk�����������H|}��loù����wl�����k�|��}psÁ�kJ�Fl��}khy{ps��|}��psuZ¯{|}k�y�l����®��rsr��oz�;� . ³N
 lq��k
. ³ K¢� � ³�
+lq��k ��� ³ K¼�.lqxwy � ³N
-lq��k ��� ³�³ K¢¨�iOjZk�kJxwy¤�H|}���HkJxwy�Z�����wl���lo|�p���x�y{k�rtlU§�psx�|}jwkm�wlq|}j�pt� � ³ � �}kJ����l�xwy�|�jZkmrsp�xw�¤��lq��k��¯Zù���p�kJx�|}rs§�uZ¯��;k���kJy�|}�glUn���pty±�wl�����k�|Frs������k���¨�ÇxZ��|}jZkJ��p � �M�����|�l�x�|O�Ål��¦|}����pt�h|}jwk¢��k�rtlo|�p�n�k � lq��xZp�|}¯wy{k¼�q��|}jZkglUnolqpsr ��u¤zÈp�x²|}jwkxZ��xZ�]|�p���j�|grsp�xw�¤�f� = A l�xwy'psxÂ|}jZk�|�p���j�|grsp�xw�´� A ¨�i�����¯wlqx�|�p �®§|}jZpt�J�Zz�k±yZk�¥wxZk¼|�jZk¼µZ¶q·ª¸	·HómÁ�¸{·]ö;õ=y
y�Ã�¶���·�ºÀ�Ol��

� 8 � = A
� A�� � ~ � ³��

�xZrskJ�������DkJ��p ¥MkJy���|}jZkJ�}zvpt�}k���|}jZkXy{k��Ålq¯Zr�|S�Mlq��l � k�|�k����±psx�|}jwk�®��rsr��ozvpsxZ� ��p � ¯wrslq|}ps��xw�³lq��k¢� 8 � jZ���w��� � A 8 � ³ �	uZ�w�J� � 8 � �§ A58 § = A58���³N
�� � 8�³Z¨ 0 ��zvjZpsr�k¼|�jZkg¬hÆhi |�jZ�}k���jw��rty�pt�^³w¨ �� l�xwy|}jZk±¬�D¢i,|}jw�}k���jZ��rsy²pt� ³Z¨ . ¨��ps��¯Z��k � k�½Zl � p�xwkJ��|}jZkgl�����¯w��l���§��q��µw¶o·®¸¤¹sºJ¶�»�p�x²�®��¯w��|�p���j�|r�psxZ�ú¯{|�p�rspsÁJlo|�p���x�nolqrs¯ZkJ�J�F��l�xZ��psxZ�°�®��� � rsp���j�|�r���l�y7~ § A58�»³�
S�|}�gjZk�lUn¤§±r���l�yX~ § A58¼ý�³N
���¨�© kmlqrt�}������xw�}pty{k��F|�zh�g�����������H|}��loù��
� �¤yZk�rt�<�gk�½¤�D��xwk�x�|}ptlqrepsx�|}k���lq����p�nolqrt�¼lqxwy ¬elq��k�|��Wpsx�|�k���lq���}psnolqrt�zvp |�j7psx{¥wxZp�|}k	nol��}ptlqxw��k�~���8 � ¨ � ��¨®�Z����kJl���j ¯{|}psr�psÁJlq|}ps��x7l�xwy|}��loù�� � �¤yZk�rH�¢zhkÂ��¯Zx,µZ¶q·ª¸{¹�º�¶�» � ³ú|}p � kJ�³|�� � k�l��}¯Z�}kÂ|}jwklUnolqpsr ��u¤z`psxB|�jZkú�wlq|}j.¨`Ç�ª|}kJ�	kJl���jB��¯Zx.��|�jZk�|}�¤��r��}kJ�M����|��l���l�xZ��k�ü ' 9 �>= © ' 9;�< þ¢p�x zvjZpt��j |�jZk	lUnolqpsr ��u¤z0nolq��pskJ�J¨ iOjwkµZ¶q·ª¸{¹�º�¶�»���lqxZ��k|�jwlo|Oz�k��}jZ�oz7psx±��ps��¯Z��k � �}k���¯wr |����®��� � lUn�k��}�lq��p�xZ��|}jwk � ³Sr��ozhk��huD��¯Zxwyw�B' 9 �>= l�xwyW|}jZk � ³�¯Z�w�MkJ�uM��¯ZxwyZ�
' 9@;A< ¨�iOjZkX���¤k�ù���p�kJx�|S�q�mnol��}ptlo|�p���xú�®����|}jZk � ³'��l � �ZrskJ���q�
' 9 �>= lqxwy ' 9;�< p�xX|�jZk��®��rsrs�ozvp�xZ���}p � ¯Zrtlo|}ps��xM�Ozhl��O|�§¤�Zps�Jlqrsr�§uMk�|�z�kJk�x�³Z¨ � ³SlqxMy±³w¨ »³Z¨iOjwk � lqpsx	��uw��kJ�}nolq|}ps��x°psx´��p���¯Z�}k � pt�|�jwlo|¼�wlo|�jZrs��l�y	µ-��ºoø»��2��õ�yO¶/�}¶oöOÁ�õv·ª¸w¶o·�óªö-��¹��w»�õ=yh·ª¸wõv¶oòoõ��}¶%Á�õ¢¶oòo¶oóª¹Ýø�ô�÷�óªö�·ª¸wõ�µZ¶q·ª¸O¤

-

-

-

-

-

-

-
-

1 2 3 4
Experiment #

0

1

2

3

4

5

6

7

8

9

10

A
ve

ra
ge

 p
at

hl
oa

d 
ra

ng
e 

(M
bp

s)

u
t
 = 90%

u
t
 = 75%

u
t
 = 30%

u
t
 = 60%

Pareto interarrivals (α = 1.5 )
Actual avail-bw
Exponential interarrivals

Effect of utilization at tight link on pathload accuracy

��ps��¯Z��k � �O£¤p � ¯wrslq|}ps��x°��kJ�}¯Zr |��v�®���¢y{pX�DkJ�}kJx�|m|}��loù���|�§¤�DkJ�¼lqxwy|�p���j�|OrspsxZ�Wrs��l�yZ��¨

-
- - - - - - -

1 2 3 4
Experiment #

0

1

2

3

4

5

6

7

8

9

10

A
ve

ra
ge

 p
at

hl
oa

d 
ra

ng
e 

(M
bp

s)

u
nt

= 30% u
nt

= 60% u
nt

= 90%u
nt

= 75%

H = 3 hops
Actual avail-bw
H = 7 hops

Effect of utilization at non-tight links on pathload accuracy

��ps��¯Z��k �1�È£¤p � ¯Zrtlo|}ps��xB�}k���¯wr |��W�®���°y{pm�;k���k�x�|°xZ��x{�]|�p���j�|³rsp�xw�rs��l�yZ�J¨

-

- -

-

-
-

- -

1 2 3 4
Experiment #

0

1

2

3

4

5

6

7

8

9

10

A
ve

ra
ge

 p
at

hl
oa

d 
ra

ng
e 

(M
bp

s)

β = 1 β = 1.5 β = 10β = 2

H = 3 hops
Actual avail-bw
H = 7 hops

Effect of path tightness factor on pathload accuracy

��ps��¯Z��k 0 ��£¤p � ¯wrslq|}ps��xÈ��kJ�}¯Zr |����®���²y{pX�DkJ�}kJx�|²�wlq|}jÈ|�p���j�|�xZkJ����Ål��¦|������ � ¨

óªöLô�ºo·®¸È¹ÝómÁU¸¤·�¶qöD»�¸Zõ�¶oò���¹�º�¶�»W��ºoö;»oóª·HóÅºoö8yÂ¶q·�·ª¸wõ	·HómÁ�¸{·�¹ÝóªöO	q¨iOjwps�mps�O|��}¯wk±zvp |�j	uD�q|}jX|�jZk�� � ����|}j°psx�|}k���lq����p�nolqrt�O�q�e¬F��pt������x|���lqù��q��l�xwy�zvp�|}jÄ|}jZk³psx{¥wxZp�|}k��Hnolq��ptlqxw��k³¬el��}k�|}� � �{y{k�rH¨ �w���psxw��|�l�xw��k���zvjZkJx�|�jZkmlUnolqpsr��Hu¤z�pt� . �°uZ�w�J�o|}jwkmlUn�kJ��l���keµw¶o·®¸¤¹sºJ¶�»��lqxw��kgpsx°|}jZkS��l���k±����¬elq��k�|���p�x�|}kJ��l��}��psnUl�rs�Opt�m�®�}� � ¸Z¨ . |}� � ¨ �
�	uZ�w�J¨S¾�|gpt�glqrt���³p � �D���}|�l�x�|¼|��XxZ�q|�k�|�jwlo|�·®¸Zõ���õ�öM·�õ���º7Ã�·ª¸wõ�Mlo|}jwr���l�yW�}¶qöNÁ�õ�óByI�}õ�¹�¶o·HóªòUõ�¹�� ��¹�º�y�õ�·¿º°·®¸Zõ²¶oòoõ��}¶%Á�õX¶qòU¶qóª¹Ýø�ô�÷e¨¾¿x¢��p���¯Z�}k � �D|}jwk � lo½{p � ¯ � yZk�n¤pslq|}ps��x	uDk�|�zhk�kJx	|�jZkSlUn�k���lq��klUnol�p�r��Hu¤z$lqxMy°|}jwkS��k�x�|}kJ�¢���Q|}jZk�µw¶o·®¸¤¹�º�¶�»S��lqxZ��k±pt�¢zvjwk�x	|�jZk
0



�®��� � k��vpt� � �°uw�w�vlqxwyW|}jwkgrslq|�|}kJ�pt� � ¨ � �°uZ�M��¨iOjwk�xZk�½¤|�pt����¯Zk�pt�±zvjwk�|}jwk��g|�jZkWl��J��¯Z��l���§	�q�hµw¶o·®¸¤¹�º�¶�»Wy{k���MkJxwyZ�v��xW|�jZk�x¤¯ � uDk��l�xwyWrs��l�yW����|�jZk�xZ��x{�H|}ps��j�|vrsp�xZ�{�J¨���ps�q�¯Z��k/���}jZ�oz�J��l���psx�|}jwk¢�Z��k�n¤ps��¯w�Q�wlq��lq����l��Zj.� � ³o�¿�}l � �Zr�klUn�k��}�lq��kµw¶o·®¸¤¹�º�¶�»¼��lqxw��kJ���®�����®��¯w�OyZpm�;k���k�x�|v¯{|}psrsp�Á�lo|}ps��x²�M��p�x�|�� § = Alo|±|�jZkWxw��x{�H|}ps��j�|±rsp�xZ�{�J�elqxwyÂ�®����|�z��	yZpm�;k���k�x�|��wlq|}júrsk�xZ��|}jw��ú¨S£{p�xw��k � A 8 � ³ �°uZ�M�¢l�xwy § A58���³�
W�D|}jwkSkJxwy¤�H|}���HkJxwy'lUnolqpsr��u¤zBpsx³|}jZk���k±�}p � ¯Zrtlo|}ps��xM�Ops� . �°uZ�w�J¨QiOjZkg�wlq|}j³|}ps��j�|}xwkJ���h�Ål��¦�|}���Spt� � 8 � ��lqxwyÄ���Â|}jwk³lUnolqpsr��Hu¤z
psx |�jZkXxZ��x{�H|}ps��j�|�r�psxZ�{�Sps�� = A 8e¸�³ �°uw�w��¨m£{�w�Dk�n�kJx°zvjZk�xX|�jZk���k�pt�m�}ps��xZp�¥M��l�x�|mr���l�y°l�xwy��¯Zk�¯ZkJp�xw� lo|�|�jZk	xZ��x{�]|�p���j�|�r�psxZ�{�	~®zvjwps��jÈpt��|}jwk'��l���k°zvjZkJx§ = A 8¼ý³�
S�¦��|�jZk�k�xwy¤�H|}���HkJxwyWlUnol�p�r��Hu¤z pt�A��¯wp |�k¢rs�oz�kJ��|�jwlqx²|}jwklUnolqpsr ��u¤z,psxW|�jZkg� ·²� xZ��x{�H|}ps��j�|vr�psxZ�{��¨iOjwk � lqpsx���uw��kJ�}nolq|}ps��x�p�xT��p���¯Z�}k��	pt�±|�jwlo|S�wlo|�jZr���l�y õ=y¦ø·]ó���¶o·¿õ�y�¶~�}¶oöOÁ�õ�·ª¸w¶o·³óªö-��¹��w»�õ�yú·ª¸wõ ¶��·D�w¶o¹�¶qòU¶qóª¹Ýø�ô�÷ óªö�¶q¹ª¹��¶y�õ=y
¤góªöD»�õ�µwõ�öD»�õ�öw·±º7Ã�·®¸Zõ²ö2����ô�õ��Wº7Ã�öDºqöwø¿·HómÁ�¸{·¢¹ óªöO	�y³º��²º7Ã·ª¸wõ�ó��g¹sºJ¶�»o¨QÇrt�}�w��·®¸Zõg��õ�öw·¿õ��±ºsÃ¼·®¸Zõ�wlo|�jZr���l�y �}¶oöOÁ�õ±óBy¼÷eóª·®¸¤óªö
����� ºsÃ�·®¸Zõ�¶qòUõ��}¶�Á�õW¶qòU¶qóª¹Ýø�ô�÷~� A ¨�£¤�w�;zvjZkJx	|�jZk�kJxwy¤�H|}���HkJxwylUnolqpsr ��u¤z7ps� � ����|�r�§�rsp � p�|}k�yWu¤§Wl��}p�xw��rsk¢rsp�xw�D��µw¶o·®¸¤¹sºJ¶�»�ps�vl�uZrsk|}�ÄkJ��|}p � lq|}k l�����¯Z��lo|}kJr�§ |}jZk lUnolqpsr ��u¤z psx,l � ¯Zr |�p ��jZ���7�wlo|�jk�n�k�x8zvjZk�x |}jZkJ�}k°lq��kX��kJn�k���lqr��q|�jZk��½��¯ZkJ¯Zk�psxZ� �M��p�x�|��J¨ÄiOjwkxZ��xZ�]|�p���j�|�rsp�xw�¤�Spsx�|}���¤yZ¯w��kXxZ��ps�}k²psxÄ|}jZk $© D¢�����µw¶o·®¸¤¹�º�¶�»��|��}k�l � �J�huw¯{|W|�jZk�§ y{��xZ��|²l��;kJ��|�|}jwkI$© D+|}��k�xMy8|}jwlq|Wps��®��� � kJy³zvjZk�x²|}jwk±��|��}k�l � ����k��h|}jZ����¯w��j²|}jZk�|�p���j�|vrsp�xw�D¨«�k�|�¯w��xZ�oz3k�½Zl � psxZkXzvjZk�|}jZkJ��|}jZk	l�����¯Z��l���§��q�¢µw¶o·®¸¤¹�º�¶�»y{k��Dk�xMyZ����x |}jZkX�wlq|}jÄ|}ps��j�|}xZk��}���Ål��¦|}��� � ¨²��p���¯Z��k 0 ��jw�oz�� ³q����l � �Zrsk¼lUn�k���lq��kOµZ¶q·ª¸{¹�º�¶�»���lqxZ��kJ���®���O�®��¯Z�vy{pm�;k���k�x�|vnolqrs¯ZkJ��q� � �;lqxwy³�®���v|�zh��y{pm�;k���k�x�|m�Mlo|}j°rsk�xw�q|}jM�¿�ú¨vÇm�m�Z��k�n¤p���¯w�}r�§��� A 8 � ³ �	uZ�w�J� § A 8��³�
W��lqxMyS�}��|}jwkmlUn�kJ��l���k�lUnol�p�r��Hu¤zÄps�!� A 8 .
�°uZ�w�J¨=���|}kh|}jwlq|ezvjZk�x�|}jZkv�Mlo|}j�|}ps��j�|�xZkJ�����Ål��¦|����ept� � 8 � ��l�r�r�`rspsxZ�{��jMlUn�k|�jZkg�}l � k¼lUnolqpsr��Hu¤z~� = A 8�� A 8 . �°uZ�M��� � kJl�xZp�xw�|}jwlq|v|}jZkJ§²l��}k�lqrsr;|}ps��j�|vr�psxZ�{�J¨QiOjZk � lqpsx²��uw��kJ�}nolq|}ps��xWpsx���ps�q�¯Z��k 0 pt�m|}jwlq|¢�wlq|}jZrs��l�y¾y=�2�
��õ�õ�»y�óªöúõ�y¦·]ó���¶o·HóªöNÁ°¶±��¶oöNÁ�õS·®¸Z¶o·óªö-��¹��w»�õ�yX·ª¸wõ'¶���·D�w¶o¹¶oòo¶oóª¹Ýø�ô�÷
÷�¸Zõ�ö7·®¸Zõ��}õ°óBy°ºoöM¹���ºoöDõ	·]ómÁU¸¤·¹ÝóªöO	�óªöÈ·ª¸wõ�µZ¶q·ª¸O¤Sô��{·�óª·g�{ö;»�õ��}õ�y�·Hó���¶o·¿õ=yW·®¸Zõ°¶qòU¶qóª¹Ýø�ô�÷�÷�¸wõ�ö·ª¸wõ���õ�¶À�}õg�¶�{¹Ý·Hó µD¹�õ�·HómÁ�¸{·�¹ óªöO	�y��i���¯ZxMy{k�����|�lqxwy²|�jZk±xwlq|}¯Z��kg�q�F|}jwps�m�Z�}��uZrsk � �wxZ��|}k�|�jwlo|¢l�x¯Zxwy{kJ�}k���|�p � lq|}ps��x8�¤�J��¯Z����zvjZkJx ' 9;�< ps���}k�|�|��úl´�Mk�k�|���lo|�k
'S��kJn�kJx�|}jw��¯Z��j 'Lps�hrskJ���Q|�jwlqxW|}jZk�lUnolqpsr ��u¤z �BA¦¨eÿvkJ�JlqrsrD|}jwlq|µZ¶q·ª¸{¹�º�¶�»h��k�|��.|}jZkh��|�lo|}k�nUl��}ptlquwr�k.' 9;�< |��mlv��lo|}k' zvjZkJx � ����k|}jwl�x � 8 0 ³�
0�q�hl½�wkJk�| ´ ����|}��kJl � �¼jwlUn�k�lqxÂp�xM����kJl��}psxZ�²y{kJrslU§|}��k�xwy.¨�Ç$��|}��kJl � �q�e��lq|}k&'S�ZjZ�ozhk�n�k����¤�JlqxX��k�|mlqx³p�xM����kJl��}psxZ�y{k�rtlU§ |}��k�xMy,lo|°lqx¤§ rsp�xZ�È���±|}jwkÂ�wlq|}jBp�x zvjZpt��j7|}jwk lUnolqpsr��u¤z0»����¦óªöNÁ³·®¸Zõ�y¦·D�}õ�¶���ps�mr�k��}�m|}jMlqx 'S¨mÇ¢yZy{p�|}ps��xwl�r�rs§���lo�ª|�k��¼l��|��}k�l � ��k�|��ml�x³psxw���}k�l��}p�xZ��y{kJrslU§W|}��k�xwyXp�|mpt�¯Zxwr�ps��kJr�§W|}jwlq|mp |zvp�rsrvrs������kW|}jwlq|�|}��k�xwy rslq|}k���psx |�jZk³�wlo|�j.¨ Æ���xw��pty{kJ�SlÂ�wlo|�jzvp |�j��CAF|}ps��j�|hr�psxZ�{���{l�r�rD�q��|�jZk � jwlUn¤psxZ��l�xÂ¶oòoõ���¶�Á�õ�lUnol�p�r��Hu¤z�BA¦¨Q£¤¯Z�w�M����km|}jwlq|��Wpt��|}jZk¼�Z����uwl�uZp�rsp�|�§�|�jwlo|Ol±��|��}k�l � �q�.��lo|�k
'3zvpsr�r���k�|�lqx p�xw���}k�l��}p�xw�XyZk�rtlU§	|}��k�xMy lq|�l²|}ps��j�|�rsp�xZ�;��k�n�kJx|}jZ��¯Z��j ' ! ��A¦¨,Çm����¯ � psxZ��|�jwlo|�|�jZk'lUnolqpsr��Hu¤z3nolq��ptlo|}ps��xM�lo|y{pX�DkJ�}kJx�|hrsp�xw�¤�Ol��}k¼p�xMy{k��Dk�xwyZk�x�|J�¤|�jZk��Z�}��uwlquwp�rsp |�§S|�jwlo|O|}jwk��|��}k�l � zvp�rsr�jwlUn�k�lqx�p�xM����kJl��}psxZ�°y{k�rtlU§	|��}kJxwy�lo�ª|}kJ�Â�CAm|�p���j�|r�psxZ�{�vpt� �_· ~ �^· �D� �
	 �¤|}jMlo|psxw����kJl���k���n�k���§½��¯Zps���¤rs§�zvp�|}j��CA�¨iOjZpt��k�½{�Zrsl�p�xM��zvj¤§ |}jZk³¯ZxwyZk���kJ��|}p � lq|}ps��x�kJ�}������p�x²��ps��¯w�}k 0lq�Z�DkJl�����zvjZkJx � pt����r�����k|}����xZk�~Åp]¨ k�¨s�8� A � � ����l�xwy�zvj¤§�p |Ops�
� ����k��}ps��xZp�¥M��l�x�|Ozvp�|}j�� A 8 0 ��lq|}jZkJ�O|}jwl�x²zvp�|}j�»�jZ���w��¨��psxwlqrsrs§���zhkOk�½Zl � psxZkh|}jZkvk��Dk��¦|Q��� �WlqxwyS�q�M|}jZk¬OÆhi 4o¬�D¢i|}jZ��kJ�}jZ��rsyZ�O��x³|}jZk¼µw¶o·®¸¤¹�º�¶�»g�}k���¯Zr�|��J¨

0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
Fraction f

0

5

10

15

20

25

30

35

40

45

50

Pa
th

lo
ad

 r
an

ge
 (

M
bp

s)

Avail-bw

��ps��¯Z��k 2 �Q£¤p � ¯Zrtlo|}ps��x²�}k���¯wr |����®���vy{pm�;k���k�x�|Onolqrs¯ZkJ�h�q���®��l��¦|}ps��x��¨

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
PDT threshold

0

5

10

15

20

25

30

35

Pa
th

lo
ad

 r
an

ge
 (

M
bp

s)

Avail-bw

��ps��¯Z��k�ý ��£¤p � ¯wrslq|}ps��x���kJ�}¯Zr�|����®���Fy{pX�DkJ�}kJx�|Fnol�r�¯Zk����q�Z|�jZkh¬�D¢i|�jZ��kJ�}jZ��rty�¨

��p���¯Z��k 2 �}jZ�oz��|}jZk¼k��;kJ��|v�q� �³��x�|}jwkµw¶o·®¸¤¹�º�¶�»¼k���|�p � lq|}kJ�J¨iOjwkW��k��D���}|}kJyÂµw¶o·®¸¤¹sºJ¶�»W��lqxw��k��FjZkJ�}k��eps�Sl°��kJ�}¯Zr�|��q�mlÂ��psxZ��r�kµw¶o·®¸¤¹sºJ¶�»e��¯Zx.¨�¾¿x¼|�jZkJ�}k��}p � ¯Zrslq|}ps��xw�J� � A 8 � ³ �°uZ�M��� § A 8 § = A 8��³�
W�l�xwy ����|}jZk'lUn�k���lq��k³lUnolqpsr��Hu¤z0psx |}jwk	�wlo|�jÈps��� A 8e¸�³ �°uZ�M��¨
�m�q|�km|�jwlo|�¶y � óªö-���}õ�¶y�õ=y
¤Q·®¸Zõ±÷eóÅ»o·®¸	ºsÃ¼·®¸Zõ/ÁÀ�}õ��¦�}õ\ÁqóÅºqö8¤�¶qöD»¸wõ�ö���õO·ª¸wõA�}¶qöNÁ�õºsÃh·®¸Zõ¢õ=y¦·Hó���¶q·�õ�»g¶oòo¶oóª¹ ø�ô�÷G¤�óªö-���}õ�¶y�õ=y¶yh÷�õ�¹ª¹ ¨iOjwk¼��kJl�����x�pt��|�jwlo|��{�®���vl���psn�kJx '$lqxMy����Zl�jZps��jwk�� � � kJl�xw�|�jwlo|�l°rtlq����k��±�®��l��¦|}ps��xú���m��|��}k�l � � � ¯w��|�uDkW�q�v|�§¤�Dk���¾�zvjZk�x
' � �`~®�����q�h|�§��Dk�� �
zvjZkJx/' ! �¢��psxú����y{kJ��|}�'�������}k��¦|}rs§��jMlq��l��¦|�k���p�ÁJkF|}jZkhk�x�|�p���k!�wkJk�|Fl���p�xw���}k�l��}p�xw��~®����xZ��x{�Hpsxw���}k�l��}p�xZ�zvjwk�x ' ! �¢�¦¨��p���¯Z��k�ý°�}jZ�oz�¼|�jZk�k��;kJ��|��q�h|}jZk²¬�D¼i*|�jZ�}k���jw��rty'��xÂ|�jZkµw¶o·®¸¤¹sºJ¶�»³kJ��|}p � lq|}k���¨�iOjZkX�}p � ¯Zrslq|}ps��x��Mlq��l � k�|�k�����l��}k³l���p�x��ps��¯Z��k 2 ��uZ¯{|gjZkJ�}kSzhk�¯w�}k���xZrs§X|}jwk�¬�D¢i � k�|}��ps��|}�°y{k�|}k��¦|psxw���}k�l��}p�xZ��y{kJrslU§W|}��k�xwy�¨���q|�k�|}jwlq|OµZ¶q·ª¸{¹�º�¶�»g¯wxwy{k���kJ��|}p � lo|�kJ�|�jZk�lUnolqpsr ��u¤z$zvjZk�x |}jwk�¬�D¢i*|}jZ��kJ�}jZ��rsy'ps�¼|����X� � l�r�r~ � ³����l�xwy�p�|h�on�k���kJ��|}p � lq|}k���|}jZk�lUnolqpsr ��u¤zÄzvjZkJx�|}jwk¢¬�D¼i8|}jw�}k���jZ��rsypt�F|����grtlq����kg~ � � �¦¨Fi��g¯ZxMy{k�����|�lqxwySzvj¤§����}k���l�r�r{|�jwlo|�lg��|}��kJl �pt�¼��jwlq��l���|}k���psÁ�kJyXl��v|�§¤�Mk��H¾vp�� : ;�� = pt�mrtlq����kJ�|�jwlqx°|�jZk�¬�D¢i|�jZ��kJ�}jZ��rty�¨�Ç � � lqrsrv¬�D¼i�|}jw�}k���jZ��rsy � k�lqxw��|�jwlo|�lÂ��|}��kJl ��Jlqx	uDk � l��}��kJy	l��v|�§¤�Mk��H¾vkJn�kJx	p �@' ! ��¨�£¤p � p�rtlq��rs§��;zvp |�jÂlrtlq����k�¬�D¢i |}jw�}k���jZ��rsy.��l°��|}��kJl � �Jlqx�uMk � l��}��kJy�l��g|�§��Dk�� �kJn�kJx³p��.' � ��¨�iOjZk�¬OÆhiÈ|�jZ�}k���jw��rty²jMl��l��}p � psrsl��k��;kJ��|m��x|�jZkWl�����¯w��l���§	����µw¶o·®¸¤¹sºJ¶�» ��zhk�y{�	xw�q|±psxw��rs¯wy{k�|�jZ���}k���kJ�}¯Zr�|��yZ¯Zk�|}���}�wl���k�����xw��|}��lqpsx�|��J¨
2



�_{�� �����f} �2�N3 }«�c���0/ �8})� � /5�8�
©Âk²jwlUn�k�l�rs�}�°n�kJ�}p�¥wkJy'µw¶o·®¸¤¹�º�¶�»Wk�½{�Dk���p � kJx�|�lqrsr�§������ � �wlq��psxZ�p |�����¯{|��Z¯{|Fzvp |�jg|}jZkOlUnolqpsr ��u¤zú��jZ�ozvxgpsxg|�jZk �'ÿ�i��*ü ¸ � þ�����l��Zj�q��|�jZkÄ�Mlo|}j ´ �	|}ps��j�|Ârsp�xw�D¨ �Qn�k�xL|}jw��¯Z��j$|}jZpt�Ân�k���p�¥M��lq|}ps��x
� k�|}jw�¤yZ��rs����§�pt��xw�q|�|��¤�Âl��J��¯Z��lo|�k��ep�|�zOl���|}jZk³��xwr�§�zOlU§ÂpsxzvjZpt��jBzhkú����¯wrsyBk�nolqrs¯wlq|}k'µZ¶q·ª¸{¹�ºJ¶�»�psx ��kJl�rglqxwyBzvpsyZk��¿lq��kJl¾¿x�|}k���xZk�|��Mlo|}jM��¨T�Z����l�yZy{p�|}ps��xwl�rhk�½{�MkJ�}p � k�x�|�l�rv�}k���¯Zr�|��J��l�xwyp�xZ�®��� � lq|}ps��x'l�uM��¯{|m|�jZkS¯w��k��q���	ÿFi���psx	|�jZk�n�k���p ¥M�Jlo|�p���x°�q�µZ¶q·ª¸{¹�º�¶�»o�;�}k�k�ü � ¸�þ�¨

0 1 2 3 4 5 6 7 8 9 10 11 12 13
Measurement #

50

60

70

80

90

100

A
va

ila
bl

e 
ba

nd
w

id
th

 (
M

bp
s)

U−Oregon to U−Delaware

MRTG measurement
Pathload measurement

��p���¯Z�}k � ³1�eÇLn�kJ�}p�¥M��lq|}ps��x²k�½{�MkJ�}p � k�x�|J¨
¾¿xX|�jZkgk�½{�Dk���p � kJx�|��v�q����p���¯Z��k � ³Z�¤|�jZkg��kJ�}��rs¯{|}ps��x³�wlq��l � k��|}kJ���ezhk���k C@8 � �°uZ�M�elqxwy .�8 � ¨ � �°uZ�w�J�qzvjZpsr�k �Wlqxwy�|}jwk¬hÆhilqxwyX¬�D¢i7|}jZ��kJ�}jZ��rtyZ�Ozhk���kf³Z¨ 0 �8³Z¨ �Slqxwy�³Z¨ � �{��kJ�}�DkJ�¦|�p�n�k�rs§�¨Çmx �	ÿFi��Ä�}k�l�y{psxZ�Ops��l � � � p�x¤¯{|�kQlUn�k���lq��k�lUnolqpsr��Hu¤zg¨�Àv¶q·ª¸{¹�ºJ¶�»o�jZ�ozhk�n�kJ�J��|�l���kJ��lquD��¯{| � ³o�5»�³O�}kJ����xwyZ�.|}��w�}�{y{¯w��k�lqxgk���|�p � lq|}k�¨i��	��� � �wl��}kS|}jwkJ�}kW��jw���}|��H|}k�� � µw¶o·®¸¤¹�º�¶�»�kJ��|}p � lo|}k��gzvp�|}j�|}jwk
�	ÿFi�� lUn�k���lq��k��;zhkS��¯Zx'µZ¶q·ª¸{¹�º�¶�»�����xw�}kJ��¯{|}psn�kJr�§X�®��� � � p�x{�¯{|}k���¨:£{¯Z�Z�D���}k°|}jwlq|Wpsx7l � � � p�x$~�»³�³���k��J�Spsx�|�k���nolqrzhk	��¯ZxµZ¶q·ª¸{¹�º�¶�»��"|}p � kJ�J�ZlqxwyW|}jwlq|v�}¯Zx±�Qrtl���|}k�y��®��� � � ��k�����xwyZ�J�{�}k���M����|�p�xw�¢lqxSlUnolqpsr ��u¤z ��lqxw��kmü ' 9 �>=� © ' 9;�<� þ;~���8 � ©<:;:<: �$��¨�iOjwk� � � p�x°lUn�kJ��l���k¼lUnUl�p�r���u�z 9'$|�jwlo|mzhk��}kJ�M����|jwk���k¢�®���Oµw¶o·®¸¤¹�º�¶�»ps�v|}jZk��®��r�rs�ozvp�xw��zhk�ps��j�|}k�y²lUn�k���lq��km�q�v~ ' 9 �>=� ª ' 9;�<� � =�¸ �

9' 8 ��
�r� Z �

�
»³�³
' 9 �?=� ª ' 9@;A<�

¸ ~ ��� �

��ps��¯Z��k � ³W�}jZ�oz�m|}jZk��	ÿFi��
l�xwyXµw¶o·®¸¤¹sºJ¶�»��}k���¯wr |���®��� � ¸p�xMy{k��Dk�xwyZk�x�|¢��¯Zxw�mp�x	l��wlq|}jX�®��� � lQ�xZpsn�� $¢��k�����x³jZ����||���l
�xZpsn�� D¢k�rtlUzOlq��khjw����|J¨ u Çx�psx�|}kJ�}k���|�p�xZ���D��psx�|�lquD��¯{|e|�jZps���wlo|�jps��|}jMlo|h|}jZkm|}ps��j�|�rsp�xw�Spt�hy{pm�;k���k�x�|�|}jwl�x�|}jZk¼xwl��}���ozÄrspsxZ�;¨FiOjwk�®��� � k��mpt�¼l ���� �°uZ�M�m¬ $�£ $gÆ��5»�rsp�xw�D�DzvjZpsr�k�|}jZk�rslq|�|�k��¼ps�¢l� ³³ �°uZ�M�n�Ml���|1�e|�jZk���xZk�|epsx�|}k��}�Ål���k�¨�iOjZk��	ÿFi��7��kJl�y{p�xw���Flq��k��psn�kJx�l��1� �°uZ�w�e��lqxw��kJ�J��y{¯wkv|}�g|�jZkrsp � p�|}k�y��}k�����r�¯Z|}ps��x��q�;|}jwk����lq�ZjM��¨)���|}k²|}jwlq|�|}jZkWµZ¶q·ª¸{¹�º�¶�»³kJ��|}p � lo|�kW�Ål�r�rt�Szvp |�jZp�xÄ|}jwk
�	ÿFi�� ��l�xZ��kvpsx � ³���¯{|����;|}jZk � ¸¼�}¯wxw����zvjZpsr�k|}jZk¼y{k�n¤ptlo|}ps��xM�lq��k � l��}��p�xMlqr;p�x³|�jZk�|�z�����|}jZkJ�v�}¯ZxM��¨
� R_$'&��«, ;�6m$�&*9� '#�, $';^ �P�$�"�#�#��%�«3 $=C5 '#�, $';_$'6N#.���«9��5 �(*"%&*�59��5;
#�(2�%$'(*#�(� ';%Q#����)"�;%Q��5&*3 E�, ;�4n&*$�"�#��5(-, (�4�, d��5;_, ;�Y Z7K7[mL

	 ^�
gd±ñ 8 d±_ 8 6 _Xd í ï%:-ñ�ï³b�� ï� í d�#5ñ�fva
¾¿x	|}jZpt�¢�}kJ��|}ps��x.�Dzhk±¯w�}kgµw¶o·®¸¤¹�º�¶�»±|}�²k�nolqrs¯wlo|�kg|}jwk�nolq��psl�uZpsr�p�|�§����|�jZkWlUnolqpsr��Hu¤z*psx�y{pX�DkJ�}kJx�|g|�p � k��}�JlqrskJ�±l�xwy ���Dk���lo|}psxZ�°����x{�yZp |�p���xw��¨ �¼p�n�k�x |}jwlq|±��¯Z��k�½{�MkJ�}p � k�x�|��gl��}k�rsp � p�|}k�yÂ|}�	l³�®k�z�Mlo|}jM���¤zhk¢y{��xZ�q|Olo|�|�k � �{|h|}� � l���k���¯Mlqx�|}p�|�lq|}psn�k¢��|�lq|}k � kJx�|��l�uM��¯{|�|�jZk�lUnUl�p�r���u�z8nolq��psl�uZpsr�p�|�§�p�x�|�jZk¼¾¿x�|�k���xZk�|�¨F¾¿xw��|�kJl�y�����¯Z���u{��kJ��|}psn�kQpt��|}�¼��jZ�oz�|�jZk¿��õ�¹�¶q·]óªòoõmõ �mõ
��·����w��kJ��|�lqpsx±���Dk���lo|�p���xwlqr�Ål��¦|���������x³|}jZkgnolq��ptlquZpsr�p�|�§��q��|}jwk±lUnUl�p�r���u�zg¨¾¿x¼|}jZkQ�®��rsr��ozvpsxZ�Ok�½{�Dk���p � k�x�|����"C@8 � �°uw�w�.lqxMy .�8 � ¨ � �°uw�w��¨
�m�q|�kO|}jwlq|�uMk���l�¯w��k�C ! .��oµw¶o·®¸¤¹sºJ¶�»v|�k�� � psxwlq|}kJ��y{¯Zkv|��g|}jZk�C����xw��|}��lqpsx�|���xZrs§gp �M|}jZkJ�}kOpt�FxZ�¢���}kJ§��H��k���p���x �U�q|}jwk���zvps�}k��op�|ek�½{p |��yZ¯Zk�|��W|�jZk .8����xw��|}��lqpsx�|J¨±£¤�M�;|}jZkS¥wxwl�rF��l�xZ��k³ü ' 9 �?= © ' 9@;A< þ|�jwlo|�µZ¶q·ª¸{¹�º�¶�»m�}kJ�M����|��eps��k�p�|}jwk���lq| � ����| � �	uZ�w�m~!C��ezvpty{k���psx{�yZps�Jlo|}psxZ�v|�jwlo|�|}jZkJ�}k�ps��xZ�m���}kJ§��H��k���p���x.������p |��on�kJ�}k���|�p � lo|�kJ�;|�jZkzvpty¤|�jg�q��|}jZkQ���}kJ§��H��k���p���xu¤§¼lq| � ����|)¸ .�¨�iOj¤¯w�J�¤ü ' 9 �?= © ' 9;�< þóBy�÷eóª·®¸¤óªö��&. �¿ºÀ�*C���ºsÃ¼·®¸Zõe��¶oöNÁ�õgóªö°÷�¸{ó���¸°·ª¸wõ�¶qòU¶qóª¹Ýø�ô�÷Èòo¶��¦øóÅõ�»Â»����¦óªöNÁ'·®¸Z¶o·��wlo|�jZrs��l�yW�=�{öM¨�i��°��� � �wlq��k�|�jZk�nolq��psl�uZpsr�p�|�§���¢|�jZk	lUnolqpsr ��u¤z0l����}���}��y{pX�;k���k�x�|����Dk���lo|�p�xZ�ú����xwy{p�|}ps��xM��lqxwy�Mlo|}jM���{zhk±y{k�¥MxZk¼|}jZk��®��r�rs�ozvp�xw�±��õ�¹�¶q·]óªòoõ�òU¶À�¦óÅ¶o·HóÅºoö � k�|}��ps� �

� 8
' 9;�< · ' 9 �>=~ ' 9;�< ª ' 9 �>= � =�¸ ~ � ¸��

¾¿x |�jZk	�®��r�rs�ozvpsxZ������lq�wjw���Ozhk	�Zrs�q|�|�jZk ¹ � � ��� � :;:<: ý � º	�Dk��}���k�x�|}psrskJ���q� � uwl���k�yú��x ��� ³XµZ¶q·ª¸{¹�ºJ¶�»³�}¯wxw���®���SkJl���j k�½{�MkJ�}p��
� kJx�|�¨

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Relative variation

0
5

15

25

35

45

55

65

75

85

95

%
 o

f 
pa

th
lo

ad
 r

un
s u=20-30%

u=40-50%
u=75-85%

U-Delaware to U-Crete, N=10, K=100

��ps��¯Z��k ��� � �Qlq��psl�uZp�rsp�|�§	�q�vlUnolqpsr ��u¤z:psx�yZpm�;k���k�x�|�rs��l�yÂ����xwy{p��|�p���xw�J¨

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Relative variation

0
5

15

25

35

45

55

65

75

85

95

%
 o

f 
pa

th
lo

ad
 r

un
s

UDel-UOregon(A)
UDel-UoC (B)
UDel-UNIPI (C)

N=10, K=100, u=60-70%

��ps��¯Z��k � ¸ � �Ql��}ptlquZpsrsp |�§�����lUnolqpsr��Hu¤z,psxXy{pm�;k���k�x�|�wlq|}jw�J¨

ý



�_{7z � � �2��� ��N/'�5��� ����4 /s����4
	��1� 4¿�s���7�1�¿�
��p���¯Z�}k ��� ��jw�oz�.|�jZkvÆ D��°��� � �®���elm�Mlo|}j�zvp |�j � 8 � ¸{¨ . �°uZ�M�p�x�|�jZ��k�kvy{pX�DkJ�}kJx�|�¯{|}psr�psÁJlq|}ps��x���lqxZ��kJ���q�D|}jZkO|�p���j�|Qr�psxZ��� § 8e¸À³q�»�³N
�� . ³o� � ³�
W��lqxwy 0 � � 2 � 
�¨%���|}pt��kW|}jwlq|²·®¸Zõ²òU¶À�¦óÅ¶�ô�óª¹Ýóª·D�úº7Ã·ª¸wõ°¶oòo¶oóª¹Ýø�ô�÷�óªö-���}õ�¶y�õ�y½y¦ómÁqöMó ¼c��¶oöM·]¹��ú¶y²·ª¸wõ±�{·]óª¹ÝóX°�¶q·]óÅºqö § º7Ã·ª¸wõ�·HómÁ�¸{·v¹ÝóªöO	²óªö����}õ�¶�y�õ�y ��ó �ªõ �X¤¢¶y�·®¸Zõ�¶qòU¶qóª¹Ýø�ô�÷ �+»�õ
���}õ�¶y�õ�y �o¨iOjZpt�g��uw�}k���nolo|�p���xÂpt�gxZ��|�l°��¯Z���Z��ps�}k�¨�¾¿x)�	l��}���on¤psl�x´��¯Zk�¯Zk�����}lU§ p�x�� � � � � ��|}jZk°nol��}ptlqxw��kX�q�m|�jZk ��¯Zk�¯wk�psxZ�úy{k�rtlU§�pt��p�x{�n�kJ���}k�rs§ �Z�����D���}|}ps��xMlqrO|}��|}jZk'����¯wlq��k°�q��|�jZk'lUnolqpsr ��u¤zg¨ iOjwk�Ål���|v|}jwlq|Opsxw���}k�l��}p�xZ�Srs��l�y³��l�¯w�}kJ�hjZps��jZkJ�vnUl��}ptlquwp�rsp |�§�zOl��Ol�rs�}���uw�}k���n�k�y	�®�����}k�r��ª���}p � psrsl���|}��loù��Sp�x7ü � ýoþH¨Wÿk�|}¯w�}xZpsxZ�X|�� ��ps�q�¯Z��k �� ��|�jZk 0 � �H�Dk�����kJx�|�p�rsk���jZ�oz�¢|�jwlo|gzvjZkJxÂ|�jZk�lUnolqpsr ��u¤z*ps�lq����¯ZxMyl� 8¼ý �°uZ�w�¼~ § 8e¸À³q�\»³�
S�¦��|}jZ��k�ke��¯wlq�}|}kJ�����q��|}jZk � kJlq���¯w�}k � kJx�|��²jwlUn�k'l �}kJrslq|}psn�k	nol��}ptlo|�p���x � µ ³w¨ ¸ � ¨*¾¿x7jwkJlUn¤§��r���l�y�����xMy{p |�p���xw�h~ § 8 0 � � 2 � 
S�D��x±|�jZkh�q|}jwk��FjwlqxMy��ozvjZk�x¶� 8e¸o�» �°uw�w����|}jZk��l � kh�®��l��¦|�p���x��q� � k�l��}¯Z�}k � k�x�|��F��p�n�kOl�r � ����|F¥wn�k|}p � kJ�vjZps��jwk��v��k�rtlo|}psn�k�nolq��ptlo|}ps��x ~ � µ � ¨ »��¦¨© k���uw�}k���n�k�y�lS��p � p�rtlq�h|}��k�xMy�psx³l�r�rD|}jwk¼�Mlo|}jM��|�jwlo|Ozhk¢k�½���MkJ�}p � k�x�|}k�y zvp |�j.¨®�w����¯M��kJ���J��|�jZpt����¯w����k���|��S|}jwlq|Wl�r�ps��j�|�r�§r���l�y{k�y�xZk�|�z����}� zvpsr�rOxZ��|S��xZr�§ú�w�}�on¤pty{k � ����k²lUnol�p�r��Hu¤zg�FuZ¯{|lqrt����l � ����k¢�w�}k�y{ps��|�l�uZr�kgl�xwy²� � �¤�q|}j²|}jw�}��¯Z��jZ�w¯{|J¨QiOjZpt�Ortlo|��|}kJ��lo|}|}��p�uZ¯Z|}kpt�ek�n�k�x � ����kOp � �D���}|�lqx�|e�®������� � klq�Z�Zrspt��lo|�p���xw�J���¯M��jXl��v��|��}k�l � psxZ�Sl�¯wy{ps�$4on�pty{kJ�w¨
�_{�� � � �2��� ��N/'�5���"��� 4®����n���'���� 	 �0/03 �4/s��� � /7} � �7��1
¾¿x±|�jZps��k�½{�Dk���p � kJx�|��oz�k��}¯ZxgµZ¶q·ª¸{¹�ºJ¶�»�p�x�|}jZ��k�khy{pm�;k���k�x�|��wlo|�jw���~ÅÇ¼�¦�¤~ Kv�¦��lqxwy�~HÆO����zvjZkJx¼|}jZke|�p���j�|�r�psxZ�¢¯{|}psr�psÁJlq|}ps��xgzOl��;����¯Z��jZrs§|}jZk���l � kX~Ål��}��¯Zxwy¢� � 
S�¢psx l�r�re�wlq|}jw�J¨�iOjZk���lq�Ml���p�|�§°�q�h|}jwk|}ps��j�|Fr�psxZ�gpt� ���� �	uZ�w�h~ÅÇ¢��� � ¸{¨ . �	uZ�w�h~ Kv�¦�olqxMyg�Z¨ � �°uw�w��~�ÆO�¦¨iOjZk¼|}ps��j�|Or�psxZ��psxÂ~ÅÇ¼�h����xwxZkJ��|���|}jZk $¢��k�����x��¼ps��l�¬F��¬�|}��|}jwkÇuZpsrsk�xZk¢xZk�|�zh�����;�o|}jZk|}ps��j�|Qr�psxZ�Sp�x	~�Kv�e����xZxZkJ��|��Ql±rsl��}��kh¯wxZp �n�kJ���}p |�§Spsx �¼��k�kJ��k�~ �xZpsn���Æ���k�|�k��Q|}��l�xwlo|�p���xwlqrDxZk�|�z����}�X~���ÿO�xZk�|¦�¦�Zzvjwp�rsk¼|}jZk¼|}ps��j�|vrsp�xZ�Wp�x�~HÆO�h����xZxZk��¦|��vlS� � l�r�rsk��O¯Zxwp�n�k��}���p�|�§Ä~ �xZpsn���¬�p���kJl�¯w���|��X|}jZk���l � k�xwlq|}ps��xwl�rexZk�|�zh�����;¨�KOl��}kJy��x8|}jwkJ�}k	y{pm�;k���k�xM��kJ�J�Op |�pt����kJl�����xwlquZrsk²|}�,¶y
y=����õS|}jwlq|�|}jwky{k����}kJk¢������|�lq|}pt��|�ps�Jlqr � ¯Zr�|}ps�Zrsk�½{psxZ�w��ó �ªõ �X¤�·®¸Zõgö�����ô�õ��±ºsÃ £ ºo÷Gy·ª¸w¶o·�y¦ó����{¹Ý·¿¶oö;õ�º��Oy¦¹��¾�Oy�õ°·®¸Zõ'·]ómÁU¸¤·�¹ÝóªöO	q�vpt��jZps��jZk���|�psxÈ�wlo|�j~ÅÇ¼�¦�elqxwy�jwp���jZk���p�x,~�Kv��|}jMlqx�psx,~HÆO��¨n��ps��¯Z��k � ¸°��jw�oz�g|}jwkÆ D/� �q� � p�x³kJl���jW�wlq|}j.¨e¾�����¯Z�vl����}¯ � �{|}ps��xXlquD��¯{|O|�jZk�x�¯ � �uMkJ�����O�}p � ¯Zr�|�lqxwk���¯M�e�w�oz��psx�|}jZk�|�p���j�|�r�psxZ�'���O|}jZk���k��wlq|}jw�ps���������}k��¦|J�FzhkW��uw��kJ�}n�k�|}jMlo|X·ª¸wõ³òU¶À�¦óÅ¶�ô�óª¹Ýóª·.� º7ÃW·®¸Zõ°¶qòU¶qóª¹Ýø�ô�÷»�õ
���}õ�¶y�õ=y/y¦ómÁqöMó ¼c��¶oöM·]¹���¶ym·®¸Zõg»�õ\ÁÀ�}õ�õgº7ÃAy¦·�¶q·]óBy¦·Hó���¶o¹-���{¹Ý·Hó µD¹sõ' �øóªöNÁ�óªö-���}õ�¶y�õ�y¦¨�£¤�Mk���p�¥M��l�r�rs§���r��¤����psxZ�glo|e|�jZk 0 � ���MkJ����k�x�|}psr�k��o|}jwk�}kJrslq|}psn�kgnolq��ptlo|}ps��xXpt� � µ ³Z¨ . psx°�wlq|}j�~ÅÇ¼�¦�Dp |¢p�xw���}k�l��}kJ�Ou¤§Xlqr��� ����|ml±�Ål��¦|}���v�q��|�z��°~ � µ ³Z¨ 0 . ��psx²�wlq|}jú~ Kv���Zlqxwy³u¤§Wlqr � ����|lg�Ål��¦|}�������D|�jZ��k�k�~ � µ � ¨ � 2 ��p�xW�wlo|�j'~HÆO��¨�¾�|O��jZ��¯Zrty�uMk¢xZ�q|�kJy��jZ�ozhk�n�kJ�J�M|}jMlo|¼|}jZkJ�}k � lU§³uDkS�q|}jwk���y{pm�;k���k�xM��kJ�¼uDk�|�zhk�kJx	|}jwk|}jZ��k�k¼�wlq|}jw�h|�jwlo|v��l�¯w��k¢|}jwk¢��uw��kJ�}n�kJy�nol��}ptlquZpsrsp |�§�y{pX�DkJ�}kJxw��k�� �|}jZkhy{k����}kJkQ�q�Z��|�lq|}pt��|�ps�Jlqr � ¯Zr�|}ps�Zr�k�½{p�xZ�¢ps����p � �Zrs§¼��xZkQ�Zrtlq¯M��psuZrskk�½{�Zrtlqxwlq|}ps��x.¨�w���.¯M��kJ���J��|�jZke�Z��k�n¤ps��¯w� � k�l��}¯Z�}k � k�x�|����}¯Z����kJ��|;|}jwlq|�p �¤|�jZk�§��l�x ��jw������k³uDk�|�zhk�k�xÄ|�zh� xwk�|�zh�����¤��|�jwlo|����MkJ��lq|}k°lo|�lquD��¯Z||}jZkú��l � k ¯{|}psr�psÁJlq|}ps��x.�m|}jZk�xZk�|�z����}� zvp�|}j,|}jZk�zvpty{k��X�Zps�Mk����lqxwy |�j¤¯w�gzvp�|}j�lXjZps��jZkJ��y{kJ����k�k��q���|�lo|�ps��|}pt��l�r � ¯wr |�p��Zrsk�½{psxZ�w�zvp�rsr��À�;k��.|�jZk � l � ���}kQ�w�}k�y{ps��|�l�uZr�kQ|}jZ����¯Z��jZ�Z¯{|�¨)�w���.xZk�|�z����}��Z���on�pty{kJ���J����x�|}jZk��q|}jwk���jMlqxwy��Up�|�pt�.uDk�|�|�k���|}�ml������}kJ��lo|�k�|���lqù��p�xÂl�jZps��jZkJ���¿��l��wl���p |�§�|}��¯ZxZ�³|}jwl�x°|}�³���wr�p�|m|���lqù��±p�x � ¯Zr�|}ps�Zr�k

�Mlq��lqrsr�kJr.r�psxZ�{����er��ozhk��m�Jlq�wl���p�|�§��Mp �e|�jZk�§³zhl�x�||}����kJyZ¯w��kg|�jZklUnol�p�r��Hu¤z7nol��}ptlquZpsrsp |�§�¨

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Relative variation

0
5

15

25

35

45

55

65

75

85

95

%
 o

f 
pa

th
lo

ad
 r

un
s K=50

K=100
K=500

U-Delaware to U-Crete, N=10, u=60-70%

��ps��¯Z��k � »1�viOjZk�k��;kJ�¦|��q�@$���x°|�jZkSnUl��}ptlquwp�rsp |�§X���e|}jZk�lUnolqpsr �u¤zg¨

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Relative variation

0
5

15

25

35

45

55

65

75

85

95

%
 o

f 
pa

th
lo

ad
 r

un
s N=10

N=50
N=300

U-Oregon to U-Delaware, K=100, u=60-70%

��ps��¯Z��k � . �viOjZkSk��;kJ��|¼��� ����x°|�jZkSnUl��}ptlquwp�rsp |�§³�q��|}jZk�lUnolqpsr �u¤zg¨

�A{�& � 0 } }��g} 	-� �
	½�10¿}�����8} �03 /7}«��1��10
£{p�xw��kF) 8 $ D±�U|}jZk��|}��kJl � y{¯Z��lo|�p���x ) psxw���}k�l��}kJ���Z�����D���}|}ps��x{�l�r�rs§S|}��|}jZkg��|}��kJl � rsk�xw�q|}j $�¨F©Èp�|}jXl�rs��xZ��k��O��|��}k�l � ��z�k¼k�½¤�l � p�xZk�zvjZk�|�jZk���' � �Ä�on�k���zvpsyZk���|}p � k��}�JlqrskJ�J¨�Ç¢� � k�x�|�p���xZkJypsx�|}jZkvpsx�|}���¤yZ¯w�¦|�p���x.�qjZ�ozhk�n�k����J|�jZkOnolq��psl�uZp�rsp�|�§g�q�w|�jZklUnolqpsr ��u¤z�
yZkJ����kJl���k��¢l��¼|}jZk�lUn�k���lq��p�xZ��|}p � k��}�Jlqrsk�p�xM����kJl��}kJ�J¨S£{�w�.|�jZknol��}ptlquZpsrsp |�§³p�x	|}jZkS�}kJrslq|}ps��x°uDk�|�zhk�kJx '�lqxwy ����lqxwyX|�j¤¯w�|�jZknol��}ptlquZpsrsp |�§8�q�g|�jZk	µw¶o·®¸¤¹sºJ¶�» � k�l��}¯Z�}k � k�x�|��J�vps�²k�½{�DkJ��|}kJyÈ|}�yZkJ����kJl���k�l��h|�jZk±��|}��kJl � y{¯Z��lo|}ps��x³psxw����kJl���k���¨��p���¯Z��k � »��}jZ�oz�O|�jZkSÆ D��Ä��� � �®���v|}jZ��k�k�y{pm�;k���k�x�|¼nUl�r�¯wkJ����B$ psx�l	�wlq|}júzvp�|}j � 8 � ¸{¨ . �°uw�w��¨FD¢¯Z��p�xZ�'|}jZk � kJl��}¯Z��k��� kJx�|����)��zhl��¼l��Z�Z���U½{p � lo|�k�rs§ . ¨ � �°uw�w��¨�iOjZk���|}��kJl � y{¯Z��lo�|�p���x ) �®��� ' 8 �±��%98e¸À³³ K¼��lqxMy D 8�» � � �.��pt� � 2 � ���®���
$�8 � ³w�O»� � �h�®���B$�8 � ³³Z�{lqxwy � 2 ³ � �h�®���B$�8 � ³³Z¨FiOjZk � lo������g��uw�}k���nolo|�p���x'jZkJ�}kSps�g|}jwlq|�·®¸Zõ�òU¶À�¦óÅ¶�ô�óª¹Ýóª·D� ºsÃ�·®¸Zõ²¶oòo¶oóª¹Ýø�ô�÷»�õ
���}õ�¶�y�õ�yfy¦ómÁqöMó ¼c��¶oöM·]¹m�²¶yg·®¸ZõÂy¦·.�}õ�¶À� »�����¶o·HóÅºoö óªö-���}õ�¶y�õ=y¦�Dl��k�½{�Mk��¦|}k�y�¨'£¤�DkJ��p ¥M�Jlqrsr�§��ezvjZk�x )C8 � 2 ³ � ��� 0 � 
+���h|�jZk � k�lo��}¯Z��k � k�x�|����w�}�{y{¯w��kJySl¼��l�xZ��k�|}jwlq|eps�FrskJ����|}jwl�x¦¸Z¨ ³ �°uZ�w��zvpty{k~ � µ ³w¨ . � �¦¨¼©ÈjZkJx )C8 � 2 � �J�M��x	|�jZk��q|}jwk��¼jwlqxwy.�;|}jZk������}��k���}�D��xwy{psxZ� � lo½{p � ¯ � lUnUl�p�r���u�z ��l�xZ��kXpsxw����kJl���k���|}� . ¨ 0 �	uZ�w�

� ³



~ � µ � ¨ ³ � ��¨
�_{�� � 0 }�}��g}*	-�²� 	I�10 } 2/}U}U�D/s}«�41��10
£¤¯Z�Z�D���}kg|�jwlo|¼z�k � kJl���¯w�}k�|�jZk�lUnolqpsr ��u¤z�� ¯ ~*¨��p�x	l�|}p � k�p�x{�|}kJ�}nolqr�~�¨ J © ¨ J ª#� �¦�mzvp�|}j l ��k��}|�lqpsx,lUn�k���lq��psxZ��|�p � kJ����l�r�k ¬~ ¬ ! � �¦¨:iOjwkJ�}k � kJl���¯Z��k � kJx�|���zvpsr�r¼�Z���{y{¯w��kÂlú��l�xZ��k'�q�lUnolqpsr ��u¤zÈnUl�r�¯wkJ�J�¤��lU§S�®�}� � l � psxZp � ¯ � � ¯9 �>= |��Sl � lo½{p � ¯ �� ¯9� �� ¨ ¾��mzhk²��k�kJ� ¬ ¥w½¤k�yÄl�xwy�psxw���}k�l��}k�|}jwk � k�l��}¯Z�}k � k�x�|�MkJ�}ps�{y � �.|�jZk���lqxZ��kXü � ¯9 �>= © � ¯9� �� þ�uDkJ��� � kJ�±zvpsy{kJ�±uDkJ��l�¯w�}kp |�|}��l����{��|�jZk�uD��¯Zxwywlq��p�k��±�q�O|�jZk²lUnolqpsr��Hu¤z:�w�}�{��k��}��y{¯Z��p�xw�	lr���xZ��kJ�¼|}p � k��Dk���ps�¤y.¨�Çmx l�yZy{p�|}ps��xwl�rek��;kJ��|±ps�¼|�jwlo|���l�� � p�x{�����kJl���k�����|}jZk¼nolq��pslq|}ps��x����.|}jwk¢zvpty¤|}j±� ¯9� �� · � ¯9 �?= y{kJ���}k�l��}kJ�J¨iOjZk��}k�l��}��x²ps�h|�jwlo|O|}jwk¼uD��¯wxwyZlq��pskJ�_� ¯9 �>= l�xwy�� ¯9� �� |}k�xMy�|��|}jZkJp���k�½{�DkJ�¦|�kJy�nolqrs¯Zk���~Ål��}�}¯ � p�xw�	l°��|�lo|}ps��xMlq��§°�Z�}�{��kJ��������l��|}jZk±yZ¯Z��lq|}ps��x³�q��|}jZk � k�l��}¯Z�}k � k�x�|vp�xw���}k�l��}kJ�J¨iOjwk � k�l��}¯Z��k � k�x�|°�MkJ�}ps�{y � pt�°�}kJrslq|}k�y7|��Ä|�jZkúx¤¯ � uDk���q����|}��kJl � � �"psx,l¾�Mk�k�|��mlqxMy |}� |}jZk �wk�k�|³y{¯w��lq|}ps��x  8
��~ ) ª � �¦¨QÇ¢�Oz�k¼psxw����kJl���k��ú�¤��k�kJ�ZpsxZ� )*¥Z½{kJy.�{z�k¼k�½{�wl�xwy|}jZkO|�p � kvzvpsxwy{�ozÄp�x�zvjZpt��j�zhkvk�½Zl � psxZkh|}jwkh��k�rtlo|�p���x�uDk�|�zhk�kJx
'$lqxwyl�±�{lqxwy�|}j¤¯w�hz�k¢p�xM����kJl��}kv|�jZk¢rsps��k�rspsjZ�¤�¤y�|}jwlq|�|�jZk¢��lo|�k
'�zvp�rsrFuMk�p�x°|�jZkS����k�§��H��k���p���x²���e|}jZk�lUnolqpsr ��u¤z�~ ' S T��¼�¦¨g£¤�w�|}jZkO���}kJ§�����k���ps��xglq|�|�jZkhk�xwy��q�Z|�jZk�µZ¶q·ª¸{¹�º�¶�»h��¯Zx�zvpsr�r{uDkhzvpsy{kJ�J���l�¯w��psxZ�gl¼rsl��}��k����}kJrslq|}psn�khnolq��pslq|}ps��x � ¨FiOjZps�Fk��Dk��¦|Qpt�e��jw�ozvx�psx��p���¯Z�}k � . �®���|�jZ�}kJk�nolqrs¯Zk���q� ��¨ $¢uw�}k���n�k�|�jwlo|�¶y�·®¸Zõ £ õ�õ�·»����}¶q·]óÅºqöXóªö-���}õ�¶y�õ=y
¤F·ª¸wõ¼òU¶À�¦óÅ¶�ô�óª¹Ýóª·D�SóªöX·®¸Zõ���õ�¶y=���}õ�»�¶qòU¶qóª¹Ýø�ô�÷óªö-���}õ�¶y�õ�y�¨�Çrt�}�w�m¶y²·ª¸wõ £ õ�õ�·±»����}¶q·]óÅºqö8óªö�����õ�¶�y�õ=y
¤g·ª¸wõ³òU¶À�¦óªø¶o·HóÅºoöB¶����ºy
y°»qó �mõ��}õ�öM·�wlq|}jZrs��l�y �=�{ö2y³»�õ
���}õ�¶y�õ=y¦�O��l�¯w��psxZ� l��|�k�kJ�MkJ�¼Æ D/�h¨
� ��� ! d í ï d�
gd±ñ 8 d±_ 8 6 _Xd í ï%:-ñ�ï³b��
©Âkgxwk�½¤|v�®�{��¯w�v��xW|�jZkg��k�rtlo|}ps��xM��jZps�WuDk�|�zhk�kJx³|}jZk±lUnolqpsr��Hu¤z7psxl��Mlo|}jXlqxMy�|}jwkm|�jZ�}��¯Z��jw�Z¯{|O�q��l��MkJ���}pt��|�k�x�|�~Å���¼Ã uZ¯Zrs� ´ ��imÆh¬����xZxZkJ��|}ps��x±zvp�|}j�lq��uZp |���l��}psrs§mrtlq����k�l�y{n�kJ��|�ps�}kJy�zvpsxwy{�ozg¨�iOjwk���klq��km|�zh�¦��¯wkJ��|}ps��xw��|}jMlo|Oz�kglo|}|}k � �Z|h|���k�½{�Zr����}k�¨���ps����|��¤�Jlqx³luZ¯Zrs�²imÆh¬8����xZxZkJ��|}ps��x � kJl��}¯Z��km|�jZk±lUnolqpsr ��u¤zÈp�x°lS�wlq|}j.�Zl�xwyjZ�oz ¶�������}¶q·�õ¢pt�g��¯w��jÂlqxÂlUnol�p�r��Hu¤z � kJl���¯w�}k � kJx�|�l��Z�Z����l���j �£¤kJ����xwy.�{zvjwlo|Ojwlq�w�MkJxw�h|}jZkJxW|���|�jZk��}k���|O�q��|}jZk¼|}��loù��¢p�x²|}jwk�wlo|�j.�{pH¨ k�¨��¤jZ�oz$óªöM·.�=�Oy¦óªòoõQpt�Ol�imÆh¬e��uwl���k�y�lUnUl�p�r���u�z � kJl���¯w�}k��� k�x�|��¾�|�pt�mzhk�rsr ���¤xZ�ozvx³|}jwlq|¢|�jZk±|�jZ����¯Z��jZ�Z¯{|¼�q��l�imÆh¬B����xwxZkJ���|}ps��xS��lqxguDkhr�p � p |�kJygu¤§glx¤¯ � uMkJ�����{�Ål��¦|���������psxw��rs¯wy{psxZ�|�jZkh�}k����kJp�n�k�� ´ �Ql�y{n�kJ��|�ps�}kJySzvpsxwy{�ozg��|}�q|�lqr{|���l�xw���®k����}p�ÁJk��¤ÿFivi���uZ¯��;k����psÁ�k±lq|v|}jZkg�Mlo|}jX����¯{|�k������¤�Z����uMlquZpsr�p�|�§�������lqxwyZ� � rs������k����Zl�xwylUnolqpsr ��u¤z:psxÂ|�jZk��®����zOlq��y'lqxMy'��k�n�k�����kS�wlo|�jw�J¨�¾¿xÂ|�jZk��®��rsrs�ozO�p�xw�w��zhk�¯w�}k�|�jZk�|}kJ� � >A�{¹ 	 H8�}¶oö2y�Ã�õ�� �Q¶�µw¶���óª·.� � > H�� � ��ºqöwøöDõ
��·]óÅºqöÂ~®psx'��k�rtlo|�p���xX|}� ü ¸¸�þª�v|}�²p�xwyZps�Jlo|}kSlWimÆh¬7����xZxwkJ�¦|�p���x|}jwlq|±ps�±��xZrs§	rsp � p�|}kJy�u¤§°|�jZk�xZk�|�z����}�;��l�xwy'xw�q|±u¤§	k�xMy¤�Hjw����|����xw��|���l�p�x�|���¨«�k�|�¯w��¥w����|�y{k��}���}psuMk²|}jwk³��kJ�}¯Zr�|��S�q�¼lqx k�½{�MkJ�}p � k�x�|�|}jwlq|� kJl��}¯Z��kJ��|}jZk¼|�jZ�}��¯Z��jw�Z¯{|O�q��l KOimÆ8����xwxZkJ��|}ps��x��®��� � �mxZpsn��¾¿��l�xZxZpsxwl�~��¼��k�kJ��k���|}���mxZpsn�� D¢k�rtlUzhl��}k�¨�iOjZkimÆh¬���kJxwy{kJ�ezhl��lg£¤¯Zx $�£ � ¨ 0 uM�U½��qzvjZpsrskO|}jZkimÆh¬Â�}k���kJp�n�k��F�}¯wx¶�w�}kJk Kv£�D . ¨ »w¨iOjZkv|�p���j�|�r�psxZ�Sp�x�|�jZk�wlq|}j�jwl��Qlg��l��wl���p |�§��q� 2 ¨�¸ �°uw�w��¨QÆ���xZ���pty{kJ�Ol¦¸ � � � psx¤¯{|}kS~ � p�xD� � k�l��}¯Z�}k � k�x�|�psx�|}k���nolqrH�¤�wlq�}|}p�|}ps��xZk�yp�x	¥wn�k�����xw�}kJ��¯{|}psn�k � � � psx°p�x�|�k���nUl�rs��~ÅÇ¼�¦�F~ Kv�¦�F~HÆO����~�D¼���Dl�xwy~��h�¦¨=Dm¯w�}psxZ�Ä~�Kv�±lqxMy7~ D��±zhkW�Dk��}�®��� � l KOimÆ�����xZxZkJ��|}ps��x.�

0 300 600 900 1200 1500
Time (sec)

0

1

2

3

4

5

6

7

8

9

T
C

P
 th

ro
ug

hp
ut

 &
 a

va
il−

bw
 (

M
bp

s)

UoI (Ioannina) to UDel (Newark)

MRTG avail−bw (5−min avg)
TCP throughput (5−min avg)
TCP throughput (1−sec avg)

(A) (B) (C) (D) (E)

��p���¯Z�}k �� �eÇnolqpsrtlquZrsk�uwlqxwyZzvpsy¤|�j°lqxwy%KOimÆ8|�jZ�}��¯Z��jw�Z¯{|J¨

0 300 600 900 1200 1500
Time (sec)

100

150

200

250

300

350

400

R
T

T
 m

ea
su

re
m

en
t (

m
se

c)

UoI (Ioannina) to UDel (Newark)

(A) (B) (C) (D) (E)

��ps��¯Z��k � �1��ÿFivi � kJl��}¯Z��k � k�x�|���y{¯Z��psxZ�	|�jZkWk�½¤�Dk���p � kJx�|��q���ps��¯Z��k ��� ¨

l�xwy � kJl���¯Z��k�p |��v|�jZ�}��¯Z��jw�Z¯{|mpsx°uM��|}j � ���}kJ�¼psx�|}k���nolqrt�lqxMyXp�x|�jZk�k�x�|}ps��k � � � psxWpsx�|�k���nolqrH¨ D¢¯Z��p�xw�³~]Ç¢�¦��~HÆO�¦�Zl�xwy ~������¤z�kgy{�xw�q|��Dk��}�®��� � l KOimÆ�����xZxZk��¦|�p���x.¨úiOjZ�}��¯Z��jw��¯{|±|�jZk�¸ � � � p�xpsx�|}kJ�}nolqrH�hz�k°lqrt�}� � ��xwp |�����|}jwk'lUnolqpsr ��u¤z3p�x8|�jZk°�wlo|�j ¯w��psxZ�
�'ÿ�i��Lywlo|�l¼�®����k�l���j��q�;|�jZk � � � psxSpsx�|}kJ�}nolqrt�J¨�¾¿x��Mlq��lqrsr�kJr]��z�k¯M��k¢µDóªöOÁ�|�� � k�l��}¯Z�}k¢|}jwk±ÿ�iviBpsx²|�jZkg�wlq|}jXlo|k�n�k���§���k�����xwy�¨��ps��¯Z��k ��� �}jZ�oz�¢|}jZk�|�jZ�}��¯Z��jw�Z¯{|g�q�h|}jZk�|�zh�FKOimÆ$����xZxZk��¦�|�p���xw�J�Ql���z�kJr�rOl���|}jZk � � � p�x8lUn�kJ��l���k�lUnolqpsr ��u¤z�psx�|�jZk³�wlo|�j.�zvjwp�rsk´��p���¯Z��k � �ú�}jZ�oz��|�jZk'�����}��kJ�}�D��xwy{psxZ�úÿFivi � kJl��}¯Z��k��� kJx�|���¨© k � l���k²|}jZ��k�kXp � �D���}|�l�x�|S��uw��kJ�}nolq|}ps��xw���®��� � |}jwkJ�}k²¥M�q�¯w�}k���¨±��ps����|���|�jZk²lUnolqpsr��Hu¤z yZ¯Z�}psxZ��~�KO�±lqxwyÈ~�D¼��pt�±rskJ����|�jwlqx³w¨ � �°uZ�w�J��l�xwy��}�AÃ�º�� ��ºy¦·wµ-�}¶��·Hó���¶o¹�µ-���Hµwºy�õ�y�¤�·ª¸wõ > H�� ��ºoöwøö;õ
��·HóÅºoö ��¶qöD¶�Á�õ�y±·�ºIy�¶q·.����¶o·¿õ±·®¸Zõµw¶o·®¸¤¨�Çmrs�}��xZ��|}k��wjZ�oz�kJn�kJ�J�|�jwlo|�|}jZk KhimÆ	|�jZ�}��¯Z��jw�Z¯{|��}jZ�oz��jZps��jgnol��}ptlquZpsrsp |�§¼zvjZk�x � k�lo��}¯Z��kJyÂp�x � ���}kJ�Spsx�|}k���nolqrt�����q�ª|}kJxúuMkJp�xw�	l��grs�oz l��gl³�®k�z�j¤¯Zx{�yZ�}k�yZ�W���±�¤uZ�w�J¨
Æ���xw��k���¯Zk�x�|}rs§��mk�n�kJxÈ|}jw��¯Z��j,l�uZ¯wr��7imÆh¬����xZxwkJ�¦|�p���x�|�jwlo|Orsl���|����®���v��kJn�kJ��l�r � p�x¤¯{|�kJ�v�}jZ��¯wrsyWuMk�lquZrsk¢|}���lo|�¯Z��lo|}k�l�wlq|}j±zvjZkJx�xZ��|�rsp � p�|}k�y±u¤§¼|}jZk�k�xwy¤��jZ����|�� w �Oy�¸wº��¦·¿õ��
H���À ��ºoöMöDõ
��·HóÅºoö2yÂy}¸ZºÀ�{¹�»'õ� �µZõ
��·m¶±y¦ómÁqöMó ¼c��¶oöM·òo¶��¦óÅ¶�ô�óª¹Ýóª·D�	óªö·®¸Zõ�ó��g·®¸O�}ºÀ��Á�¸�µ-�{·H¨£¤k�����xMy��F·ª¸wõ��}õSóBy�¶�y�ómÁ�öwó ¼^��¶oöw·vóªö�����õ�¶�y�õ�óªö�·ª¸wõ C H HW��õ�¶oø
	 ����, (n+�, 3 38;�$'#nP��#.���1C5 �(*�c��$5+8�\d
�5&), ;e"�;%Q��5&�prP�" H�5&��5Q 3 , ;%]=(D<O$�&G:� '#���(+-, #��_&* ';%Q�$�9 3 $'(�(*�5(nY Z�
7[mL

���



y=���}õ���õ�öw·.yÂ»����¦óªöNÁ � >�� ¶qöD» � B,�¤^Ã
��º�� ¶�� ���{óÅõ=y���õ�öM·¼µZºqóªöw·��ºsÃ � ��� �Ây	·¿º ¶�¸¤ómÁU¸Èòo¶��¦óÅ¶�ô�óª¹ óª·.�T�}¶oöOÁ�õ ô�õ�·H÷�õ�õ�ö � � � ��yÂ¶oöD»
��� � ��y�¨FiOjZkQpsxw���}k�l��}kJy¼ÿ�ivi � kJl���¯w�}k � kJx�|�����l�x�uMkQk�½{�Zrsl�p�xwkJyl��W�®��rsr��oz�;�Â|}jZk KhimÆ ����xZxwkJ�¦|�p���xÈp�xM����kJl��}kJ��p |��²����xZ��kJ��|}ps��xzvp�xMy{�oz,¯Zx�|�p�r�lSrs�����O�{����¯w���J¨eÇLr����}�OjZ�ozhk�n�k��Oy{�¤kJ�OxZ��|�{����¯w�¯Zx�|}psr�|�jZk1��¯ZkJ¯ZkQ�q�¤|�jZke|}ps��j�|�rspsxZ�¢�on�k��'�w�oz� x ¨�iOj¤¯w����|�jZk1��¯Zk�¯wk��psÁ�kvlq|�|�jZkO|}ps��j�|ersp�xZ��p�xw���}k�l��}kJ�F�}p���xZp ¥D��lqx�|�r�§±y{¯w�}psxZ�¼|}jZk�KOimÆ����xZxZkJ��|}ps��x.�e�Jlq¯w�}p�xw�°|}jZk²rsl��}��k�ÿFivi � k�l��}¯Z�}k � k�x�|�����jZ�ozvx�¨i�� ��¯wlqx�|�p �®§ |}jwk±��¯ZkJ¯Zk²�}p�ÁJkWpsxw����kJl���k��exZ�q|�k�|�jwlo|S|}jZk � lo½{p��� ¯ � ÿFiviv�m��r�p � u°¯w�X|}�l» 0 ³ � �J�w��� � 0 ³ � � � ����kg|}jwl�xX|}jZkJp����¯Zp�k��}��k�x�|v�M��p�x�|�¨QiOjZk¼|}ps��j�|r�psxZ��jMl��vlS��lq�Ml���p�|�§��q� 2 ¨�¸ �	uZ�w�J�lqxwyX�}��p |�� ��¯Zk�¯Zk±�}psÁ�k�uMk���� � k��O�{����l���ps��xMlqrsr�§�lq|r�k�l���| � 0 ³ � Krsl��}��k��y{¯w�}psxZ�S|}jZk KOimÆ,����xZxZkJ��|}ps��x.¨ HD¸wõ C H H��¦óª·H·�õ��góBy�¶o¹�y�ºy¦ómÁqöMó ¼c��¶oöM·]¹��m¸{ómÁ�¸wõ��m»À���¦óªöNÁQ� >��g¶qöD» � BB�o��l��.|�jZk^��¯ZkJ¯ZkO��psÁ�k��q�|}jZk�|}ps��j�|¢rspsxZ�XnUl��}pskJ�uMk�|�z�kJk�x	jZps��j	l�xwy°rs�ozL�¤�J��¯Z�Mlqxw��§³y{¯wk|}��|}jZk�Ã ��lUzO|}�¤�q|�j ´ uDk�jMlUn�ps�����q��|}jwk�KOimÆ8����xZ��k���|�p���xSzvpsxwy{�ozg¨iOjwp���y��M|}jZk KOimÆB����xZxZk��¦|}ps��xX��k�|��mlqx	lUn�kJ��l���k¢|}jZ����¯w��jZ�Z¯Z|y{¯Z��p�xw��~�Kv��lqxwy8~ D��¦��|}jwlq|±ps�gl�uM��¯{|Â¸À³o�5»�³N
 � ���}kS|�jwlqx |}jwklUnolqpsr ��u¤z psx |}jZk ��¯w�}����¯ZxMy{p�xw�úp�x�|}kJ�}nol�rs�	~]Ç¢���¼~�ÆO�¦�Olqxwy$~.���¦¨iOjZpt�psxwy{pt��lo|�kJ�|}jwlq|S¶�>�H��®��ºoöMöDõ
��·]óÅºqö ��¶oö�Á�õ�·^��ºÀ�}õ�ô�¶oö;»oø÷eóÅ»o·®¸X·®¸Z¶qö°÷�¸Z¶o·h÷�¶y�µ-�}õ�ò�óÅº��Oy¦¹��W¶oòo¶oóª¹s¶�ô�¹�õSóªö°·ª¸wõhµw¶o·®¸N¤)Á��}¶�ô�øô�óªöOÁ�µZ¶À�¦·mºsÃ�·ª¸wõ�·ª¸��}º���ÁU¸Jµ��{·mºsÃ�ºq·ª¸wõ�� H���À ��ºoöMöDõ
��·]óÅºqö8y¦¨mi����kJk�jw�oz$|}jZpt�¼jwlq�w�MkJxw����xw�q|}k�|}jMlo|�|}jZkS�Z��kJ�}k�xw��k����Q|}jwk KOimÆ����xZxZkJ��|}ps��xÈy{¯Z��psxZ�È~ Kv��lqxwy ~ D���psxw����kJl���k���|}jZk	ÿFivi �q�¼l�r�r�q|�jZk��imÆh¬8����xZxZkJ��|}ps��xw��|�jwlo|v����|}jw�}��¯Z��jW|}jZk�|�p���j�|vrsp�xw�D�{uDk����l�¯w��k �q��lÄrs��xZ��k�����¯ZkJ¯Zk�lo|³|}jwlq|³rsp�xw�D¨3Ç¢yZy{p�|}ps��xwl�r�rs§��¢|}jwk
KOimÆ*����xZxZk��¦|�p���x��Jlq¯w�}kJ��uw¯��DkJ���on�k��'�w�oz���.l�xwyÂ|}j¤¯w�g�D�q|�k�x{�|}ptlqrFrs������k��|��²��|}jZkJ��imÆh¬~�w�oz� 
 ¨±iOjZkSp�xM����kJl��}kJy'ÿ�iviv��l�xwyr����}�}kJ�h��kJy{¯M��k¼|}jZk�|�jZ����¯Z��jZ�Z¯{|v�q���q|�jZk��vimÆh¬²�w�oz�J�¤l�r�rs�ozvpsxZ�|}jZk�KhimÆB����xZxZk��¦|�p���x²|�����k�|ml�rsl��}��k���}jwlq��k��q��|}jZkg|�p���j�|mr�psxZ�|}jwl�xXzvjwlo|zOl��h�Z��k�n¤ps��¯w�}r�§²lUnUl�p�rtlquwr�k�¨i��'�}¯ ��� lq��p�ÁJk��FlFKhimÆ ����xZxZk��¦|�p���x � k�l��}¯Z�}k�� � ����k�|}jwl�x|}jZk�lUnolqpsr ��u¤z psx7|�jZk'�Mlo|}j��uMk���l�¯w��kÂp |X��jMlq��kJ�W�}� � kÂ�q�g|}jwk�Z��k�n¤p���¯w�}r�§ ¯{|}psrsp�ÁJkJy�uMlqxwy{zvpty¤|�j��q���|}jZkJ��imÆh¬:����xZxwkJ�¦|�p���xw�J�lqxwyÂp�|g�Jlq¯w�}kJ���}p���xZp�¥M��l�x�|¼p�xM����kJl��}kJ�¼psx	|�jZk�y{k�rtlU§{�¼l�xwy���p�|�|�k��lo|v|�jZk�|}ps��j�|vr�psxZ�²�q�Fp |��O�wlo|�j.¨QiOjZpt�vrslq|�|�k��vpt�}�}¯Zk�ps�m����¯w��ptlqrD�®����}k�lqr��]|�p � k°lqxMyÄ��|}��kJl � psxZ��lq�Z�wr�pt��lq|}ps��xw�S|�jwlo| � lU§�uDk	l��¦|�p�n�ky{¯Z��p�xw��|}jZk KOimÆÈ����xZxwkJ�¦|�p���x.¨
	 ì a � d¼b � 8 î�dgï ñ í b�cQðXaFñ 
 6�

ÇxSp � �D���}|�l�x�|���¯ZkJ��|}ps��x�ps��zvjZk�|}jZkJ��µZ¶q·ª¸{¹�ºJ¶�»hjwl��Fl�xWóªöw·D�=�Oy¦óªòUõô�õ�¸w¶oò�óÅº��¦�ZpH¨ k�¨��¤zvjZk�|}jZkJ��p�|h�Jlq¯w�}kJ�h�}p���xZp ¥D��lqx�|�yZkJ����kJl���k��epsx�|}jwklUnolqpsr ��u¤zg�Zlqxwy²p�xM����kJl��}kJy³y{kJrslU§{�h���vrs������k���¨��ps��¯Z��kJ� � 0 l�xwy � 2 ��jw�oz$|}jZk���kJ�}¯Zr�|������hl�¸ � � � psxÂk�½¤�Dk���p��� k�x�|J�U�Dk��}�®��� � k�y���p � p�rtlq��r�§mzvp |�j�|}jZkQk�½{�MkJ�}p � k�x�|.�q� -10 ¨�£¤�DkJ��p �ª�ps�Jlqrsr�§��JµZ¶q·ª¸{¹�ºJ¶�»��}¯ZxM��y{¯Z��psxZ�v|}jwk � � � p�xgpsx�|}kJ�}nolqrt��~�Kv�.lqxMy�~ D��¦¨©Âk � ��xwp |����¢|}jZk � � � p�x lUn�k���lq��k±lUnolqpsr ��u¤z psx	|�jZkS�wlo|�j'¯w�}p�xw�
�	ÿFi��-~���ps��¯Z��k � 0 �¦�Dlqxwy	l�rs�}���Dk��}�®��� � ÿFivi � kJl��}¯Z��k � k�x�|��p�x�kJn�k���§ � ³³ � �O~���ps��¯Z��k � 2 ��¨�iOjwkOÿFivi � k�l��}¯Z��k � k�x�|e�MkJ�}ps�{yjZk���k�pt��|}kJxú|}p � kJ��� � lqrsrsk���|}jMlqxúpsx -10 ��uDkJ��l�¯w�}k�z�k�zOlqx�|g|��k�½Zl � psxZkzvjZk�|}jZkJ�Qµw¶o·®¸¤¹sºJ¶�»m�Jlq¯w�}kJ��p�xw���}k�l��}kJy�y{kJrslU§{�Q���Qrs������k��k�n�k�xXp�xX� � l�r�rsk��O|�p � k��}�JlqrskJ�h|}jMlqxX��xZkg�}kJ����xwy�¨iOjwkh��kJ�}¯Zr�|����q�M|}jZkOk�½¤�Dk���p � kJx�|el��}kO�}¯ ��� l��}psÁ�k�y�l����®��r�rs�oz�J¨��p�����|��h|}jZk	lUnolqpsr��Hu¤z0y{¯w�}psxZ�È~ Kv��lqxMy ~�D¼��y{�¤kJ��xZ��|W��jZ�oz l
� F�(*(*"�9�, ;%4nb?&�$':�pX�� �, 3 J="��5"%�5, ;�4�<=+-��, CD�^, (-#��%�UC5$'9�9�$�;^:�&* �C\#�, C5��#�$=Q� sE�L
�� �UQ%, Qc;%$7#?$�P�(*�5&�d
�U�%$5+8�\d��5&-3 $'(�(*�5(�$76��������n:� �C.]��\#�(DL

0 300 600 900 1200 1500
Time (sec)

0

1

2

3

4

5

6

A
va

ila
bl

e 
ba

nd
w

id
th

 (
M

bp
s)

UoI (Ioannina) to AUTH (Thessaloniki)

MRTG avail−bw (5−min avg)

(A) (B) (C) (D) (E)

��ps��¯w�}k � 0 �eÇnolqpsrsl�uZrsk¼uMlqxwy{zvpty¤|�j � k�l��}¯Z�}k � k�x�|��J¨

0 300 600 900 1200 1500
Time (sec)

0

25

50

75

100

125

150

175

R
T

T
 m

ea
su

re
m

en
t (

m
se

c)

UoI (Ioannina) to AUTH (Thessaloniki)

(A) (B) (C) (D) (E)

��ps��¯Z��k � 2 ��ÿFivi � kJl��}¯Z��k � k�x�|���y{¯Z��psxZ�	|�jZkWk�½¤�Dk���p � kJx�|��q���ps��¯Z��k � 0 ¨

� k�l��}¯Z��l�uZrsk³y{k�����kJl���k³��� � �wl��}k�yú|���|}jZkXpsx�|�k���nolqrt�³~]Ç¢���¢~HÆO���l�xwy'~.����¨w£¤kJ����xwy��¤|�jZkgÿFivi � kJl���¯Z��k � kJx�|���yZ�Sxw�q|v��jZ�ozBlqx¤§� k�l��}¯Z��l�uZrskp�xM����kJl��}kvzvjZkJx�µw¶o·®¸¤¹�º�¶�»¢��¯Zxw�J¨F£¤�M��µZ¶q·ª¸{¹�ºJ¶�»¼y{�¤kJ�xw�q|m�}k�k � |}����l�¯w�}k�lS�Dk�����pt��|}k�x�| ��¯Zk�¯wk±��psÁ�kgpsxw����kJl���k��{y{kJ�}�Zp�|}k|�jZk¢�Ål��¦|�|}jwlq|hp�|����ª|}kJx²�}k�xwyZ�h��|}��kJl � ���q�.jZps��jZkJ����lo|�k|�jwlqx�|�jZklUnol�p�r��Hu¤zg¨³iOjZk���kJl��}��x pt�g|}jMlo|�k�l���jú��|��}k�l � ps����xZrs§ $�8 � ³³�Ml�����k�|��J��l�xwy�l±��|}��kJl � pt�QxZkJn�k�����kJx�|huMk��®����kv|}jwkm�Z��k�n¤ps��¯w�ejMl��uDk�kJxSl����¤xZ�ozvr�k�y{��k�y�¨.© klqrt���¼xZ��|}kh|}jwlq|exZ��xZkO���w|}jwk�µw¶o·®¸¤¹sºJ¶�»��|}��kJl � ��k�xw����¯Zx�|}kJ�}k�yÂl�x¤§	r����}�}kJ��psx |}jZpt�gk�½¤�Dk���p � kJx�|J¨����xZk����|�jZk¼µDóªöOÁg�wl�����k�|��hzhl��Or�����|vk�p�|}jwk���¨
� � î í f 8 ðXaFñ�î í a
© k²yZkJ������p�uDkJyúl�xú����p���p�xwl�rQk�xMy¤�]|��q��k�xwyúlUnol�p�rtlquZrsk�uwl�xwy{zvpty¤|}j
� k�l��}¯Z�}k � k�x�| � k�|}jZ�{y{��r�����§��Z��lqrsrskJyX£{«.��¬�£;¨ZiOjZkg��k�§²psy{k�lSp�x£Z«.��¬h£�pt�.|�jwlo|�|}jZkh��xwk���zhlU§�y{k�rtlU§{�����wlm�Dk���ps�¤yZps����|��}k�l � ��jw�ozpsxw���}k�l��}p�xZ�m|}��k�xwy�p��w|}jwk��|��}k�l � ��lo|}khpt�����}k�lo|�k���|}jwl�x�|�jZklUnolqpsr �u¤zg¨¢£{¯w��j'lqx'k�xwy¤�H|}���HkJxwy°lUnolqpsr ��u¤z � k�l��}¯Z��k � k�x�| � k�|�jZ�{y{��r������§��Jlqx�jwlUn�khx¤¯ � kJ�}��¯w�elq�Z�wr�pt��lq|}ps��xw�J���}¯w��j�l���|�¯ZxZpsxZ��imÆh¬ ´ �y
y¦·®¸O�}õ�y}¸g�wl���l � k�|}kJ�J���on�kJ�}rtlU§�xwk�|�zh�����¤��lqxwy�k�xwy¤�¿�}§¤��|}k �
� ¯Zr��|�ps�Jl���|J�F��lo|}k²l�yZl��{|�lq|}ps��xúpsx ��|��}k�l � psxZ�'lq�w�Zr�pt��lq|}ps��xw�J�Fk�xwy{�]|��q�kJxwySl�y � pt�}�}p���x�����x�|}����rH�q��kJ�}n�k��F��kJr�k��¦|}ps��xSlqxwy�lqx¤§{��l���|�p�xZ�M�qlqxwyn�k���p ¥D��lo|�p���x��q�w£{«�Ç¢��¨�©Âk�jwlUn�kep � �Zrsk � k�x�|}k�y�£{«���¬�£¼psx�lO|��¤��r�Jlqrsr�k�ygµw¶o·®¸¤¹sºJ¶�»o�{lqxwyS�}jZ�oz�k�y±|�jZ����¯Z��jS�}p � ¯Zrtlo|}ps��xM�elqxwy�¾¿x�|}k��}�

� ¸



xZk�|�k�½{�Dk���p � kJx�|��|�jwlo|mµZ¶q·ª¸{¹�º�¶�»�ps�¢xZ��x{�Hpsx�|}��¯w�}p�n�k±lqxwyX|�jwlo|¼p |� kJl��}¯Z��kJ��lUnolqpsr ��u¤z�l�����¯Z��lo|}kJr�§¼¯ZxwyZk��Fnolq��p���¯w��rs��l�y±����xwy{p�|}ps��xw�lqxwy'|�§¤�Zpt��lqrF�wlq|}j ����xZ¥w��¯Z��lo|�p���xw�J¨¼© kS¥wxwl�r�rs§°k�½Zl � psxZkJy'|}jwknolq��psl�uZp�rsp�|�§��q�glUnolqpsr ��u¤z0psx yZpm�;k���k�x�|��wlq|}jw��l�xwyÄr���l�y8����xMy{p �|}ps��xw�J�{l���z�kJr�r;l���|}jZk¢�}kJrslq|}ps��xw�}jZps��uMk�|�z�kJk�xWimÆh¬�|}jZ����¯w��jZ�Z¯Z|lqxwyXlUnolqpsr��Hu¤zg¨
^ f?< í î9: 8 6 ï � # 6mí bFa
iOjZkOlq¯{|�jZ������l��}k�����lo|}k��®¯Zr�|}�|�jZk��®��rsr��ozvpsxZ�m����rsr�k�lq��¯wkJ���®�����w�}���n¤psy{psxZ�¯M��zvp |�j±��� � �w¯{|}kJ��l��J����¯wx�|���lo|�|�jZk�ps���}p |�kJ�;��Æ¢¨ D¢��¯wr�ps��kJ�}pt�~ �mxZp�n��¿¬Qps�}k�lq¯w���¦�{«�¨ �¼kJ������ptl�y{pt�¢~]Ç,�mi,�¼�¦�2�m¨ �	l��}�olq|}���¼~ �mxZpsn��Æ��}k�|}kU�¦� D�¨ �	k�§�kJ��~ �mxZp�n���$¢�}kJ����xM�¦� �ú¨ ¬elo|�k���lq�¤ps��~]i�k���jZxZpt��lqr
�xZpsn���Æ���k�|�k����{¾¦¨ £�|�lUn¤��l��Ul��¤ps�~ �xZpsn���Çh|�jZk�xM�����wlqxwyW«Q¨ i�l��}�}p�¯wrsl��~ �mxZp�n���¾¿��l�xZxZpsxwl���¨±©Âk�zh��¯Zrty	l�rs�}�²rsps��k±|��³|}jwl�xZ�X|}jZk�lqxw��x¤§��
� ��¯w�²�}k��®k���k�k����®���W|}jZkJp�� � lqx¤§ ����xM��|��}¯w��|}psn�k'��� ��� k�x�|��J�ml��z�kJr�r.l����	k�rsps���}l�£¤k�lUn�k����®���OjZkJ�v��¯Z����k���|�p���xw����x�|�jZk¼|}k�� � p�xw��r������§�¨
ë�� ! ceî�î � î � ! ceî � î�a�ñ¦bFñ�î í ë
�   &%���� ���" � � $��� Æhl��}k � �.' J � � Z ¨£¤¯Z�Z�D���}kh|}jwlq|�¨N�pt��|}jZkvlq����p�nolqr�|}p � kO�q�M�Ml�����k�| ��p�x�|}jwk_��¯ZkJ¯Zk�¨
$¢n�kJ�m|�jZk�p�x�|}kJ�}nol�rhü ¨N� © ¨N� ª D¢�¦��zvp�|}j�D 8 %9=F' J �;|}jwkSrspsxZ�°ps�����xw��|�lqx�|}rs§'uMl����¤r�������kJy	uDkJ�Jlq¯w�}k�|�jZkWlq����p�n¤psxZ�²��lo|�k�ps��jZps��jZkJ�|}jwl�x�|�jZk²�Jlq�wl���p�|�§8~ ' J ª § Z � Z 8 � Z ª ~ ' J · � Z � � � Z �
$¢n�kJ��|�jZk¼��l � k¢p�x�|}kJ�}nol�r]��|}jZk¼rsp�xZ����kJ��k�psn�k���% ª § Z � Z D7u¤§�|}kJ�lqxwyX�}k���n¤ps��kJ� � Z D,u¤§�|}k���¨QiOj¤¯w�J�

�
�
�Z 8:~ % ª § Z � Z D¼� · � Z D 8$~ ' J · � Z �ND � ³ ~ � »��

lqxwyX�}�w�
� � � Z 8 ' J · � Z� Z D � ³ ~ � . �

¬el�����k�|�� ª � y{k��Mlq�}|���|}jwkv¥w����|Qrsp�xw����|�p � k¯Zxwp |���lo�ª|�k��Q�Ml�����k�|�;�ZzvjZkJ�}k
� 8*~�¨ ��� Z ª	� �A� ZZ � · ~�¨ � ª � � Z �.8 D ª ' J · � Z� Z D ~ ��� �

|}jwlq|²pt�Wpsxwy{kJ�MkJxwy{kJx�|³�q�
�;¨ £{�w�g·®¸Zõ�µZ¶��	�õ�·�yÂº7Ã°·ª¸wõ´y�·D�}õ�¶��»�õ¿µZ¶À�¦·O·ª¸wõ1¼1�
y�·�¹ÝóªöO	�÷eóª·®¸	¶±��ºqö8y¦·¿¶oöw·1�}¶o·¿õ�' Z �wzvjZk���k
' Z 8 %� 8 ' J � Z� Z!ª ~ ' J · � Z � ~ � ���

©Âk���k��®kJ��|�����lo|}k)' � D Z l��Q|�jZk�õ�öw·D�=�oø5�}¶q·�õ�psxWrsp�xZ�I���{lqxMy�|}� ' �l��|}jZk²õ� �óª·]ø5��¶o·¿õh�®�}� � rspsxZ����¨��¼p�n�k�x³|}jMlo| ' J
� � Z lqxMy³|}jwlq|� Z � � Z ��p |gpt�¢k�l��}§³|}�X��jZ�ozL|�jwlo|�·®¸Zõ�õ� �óª·]ø5��¶o·¿õ_Ã
�}º�� ¹ÝóªöO	 �óBy±¹�¶��DÁ�õ���º���õ
���w¶o¹.·®¸Z¶qö�� Z�� ¶qöD»�¹�ºo÷�õ��g·ª¸w¶oöÂ·ª¸wõ�õ�öw·D�=�oø5�}¶o·¿õ��
� Z µ ' Z ! ' J ~ � 0 �

Æhl��}kg¸ �.' J µT� Z ¨¾¿x�|}jZpt����l��}k���|}jZkhlq���}psnolqro��lo|�kQlo|.|�jZkQrsp�xZ�¼psxgp�x�|}kJ�}nol�rwü ¨N� © ¨N� ª D¢�ps��' JAª § Z � Z µ � Z ¨h£{�w�Z�wl�����k�|��²pt��}k���n�pt��k�yWuDk��®���}kg�Ml�����k�|� ª � l��}��p�n�kJ�hlo|v|�jZkg��¯Zk�¯Zk�¨QiOj¤¯w���
�
�
�Z 8 ³ © � � � Z 8~³ © l�xwyE' Z 8 ' J ~ � 2 �	 H G � P G +��%�5;9P G � < G L


 $������  "�#�%$	 "� ����� ���� ��� $  � � $��-�� iOjZk¼�}k���¯wr |��Q|�jwlo|hz�kJ�}k�w�}kJn�ps��¯M��rs§'y{kJ�}psn�k�y'�®���±|�jZk�¥w����|±rspsxZ� �JlqxúuDk��Z���on�k�y'psxwy{¯w���|�p�n�k�rs§W�®���kJl���j°r�psxZ�³p�xX|�jZk��Mlo|}j�¨m£¤�w�Mz�k±jMlUn�k�|}jwkg�®��rsr��ozvpsxZ���k�rtlo|�p���xw�}jZp��³uDk�|�zhk�k�x²|}jwkgk�x�|}��§WlqxMy²k�½{p |v��lo|}k��O�q��r�psxZ�l� �
' � 8�� ' � D Z <��<�� � i?H ��� G D P � j p���' � D Z � � �

' � D Z ��|}jZkJ�}zvpt�}k ~ � ý��
zvp�|}j � � µ ' � ! ' � D Z zvjZkJx ' � D Z � � � ~.¸�³��
Æ���xw�}k%��¯Zk�x�|�r�§��¤|}jZkgk�½¤p�|�����lo|}k¢�®��� � rspsxZ�½��pt�

' � � � psx ¹ ' � D Z © � � º ~.¸ � �
Çmrs�}�w�J|}jwk1��¯Zk�¯ZkJp�xw�y{k�rtlU§my{pX�DkJ�}kJxw��keuDk�|�zhk�kJx±��¯M����k��}�}psn�kF�wl������k�|��vlq|r�psxZ�l��ps�

� � �� 8 � H ��� G D P �<�� D � ³ p���' � D Z:� � �
³ ��|}jZkJ�}zvpt�}k ~.¸¸��

,�.0*��$� �P� �  "�#�%$ �� �¾���' J � ���Mzhk��Jlqx	l��Z�Zrs§�~D¸À³��v��kJ��¯w����}psn�k�rs§ú�®���I� 8 � ©<:<:;: ~*¨ · � ��|}���}jZ�oz3|�jwlo|�|�jZk	��|}��kJl � zvp�rsrl��}��psn�kXlo|�|}jZkX|�p���j�|�r�psxZ��zvp�|}j7l ��lo|}k ' A D Z � � A D Z � � A ¨iOj¤¯w�J�¤uwl��}kJyW��x'~D¸�¸��¦� � � �A � ³Z�{lqxwy²����|}jwk $© DLy{pm�;k���k�xM��kuDk�|�zhk�kJx³�}¯w�J��kJ���}p�n�k¼�Ml�����k�|��hzvpsr�r.uDkg�D���}p |�p�n�k�� � � � � ³Z¨
$¢x	|�jZk��q|�jZk���jwl�xwy���p��@' J µ �±��|�jZk�x�' J µ � � �®����kJn�k���§rspsxZ���±~ª�®��� � |}jZk�y{k�¥wxZp�|}ps��x'���1�¢��¨�£¤�w��lq�w�Zr�§¤psxZ�'~D¸ � �m��kJ��¯w����}psn�k�rs§³�®�}� � |}jZkS¥w����|¼rsp�xw�°|}�²|}jZk�rtl���|J��zhkS�}k�k�|}jMlo|&' � ! � ��®���c��8 � ©<:;:<: �ú¨eiOj¤¯w�J��~.¸�¸����}jZ�oz��|}jwlq|�|�jZk�y{k�rtlU§�y{pm�;k���k�xM��kpsxXkJl���j²rsp�xw���Qpt� � � �� 8 ³w�wlqxMy³�}�S|}jZk�$© D:yZpm�;k���k�xw��kJ�vl��}k

� � �&8~³w¨
576�� 6 c 6mí f 6 a
ü � þ ��¨±Çrsr � lqx�¨ �°kJl���¯Z��psxZ�®��xwy¤�H|}�q�5�QxMy Kh¯Zr��*i���lqxw���®k��Æhl��wl���p |�§�¨�¾¿x À^�}º���õ�õ�»qóªöNÁÀy²ºsÃ A � @ �N(��)��J @%@ (¦öw·¿õ��¦øö;õ�· @'õ�¶y=���}õ���õ�öw·+�°º��'	�y�¸wº�µ;�e�wlq��kJ� � »�ý�� � . »Z�*�m�on�k � �uDk���¸À³�³ � ¨ü ¸oþ ��¨�Çrsr � l�x8l�xwy"��¨Q¬elo½Z�}��x.¨ $¢xW����|}p � lo|}psxZ� �Qxwy{�]|��q���xwy �k�|�zh�����±¬elo|�j�¬��}���MkJ��|�p�k���¨¤¾¿x�À^�}º���õ�õ�»oóªöOÁ�ymº7Ã�A � @
� (��)��J @ @°�M�wlq��kJ� ¸À�»��8¸ 0 . ��£¤kJ�{|}k � uDk�� � ý�ý�ýZ¨ü »qþgÇ�¨�Ç�¨�ÇzOl�yZl�r�rtlqj lqxwy�Æ¢¨�ÿmlqpH¨�imÆh¬Q� K_�{Ç � K�¯8�DkJ�Â��p�rsrÇmn���psyZl�xw��k�¨�¾¿x	À^�}º���õ�õ�»qóªöNÁÀy�ºsÃB( �7(�À��gómÁU¸WÀvõ��*Ã�º��=��¶oö���õ
��õ�·H÷�º��'	qóªöNÁ �Qºqö%Ã�õ��}õ�ö���õ��°�wl���k�� � 0 � � � ý . �W£¤k��Z|}k � uMkJ�� ý�ý 2 ¨ü . þ&��¨�Khl�rsl��¤�}pt��jwxwlqx.�m£�¨v£{kJ�}jwlqx.���ú¨£�|}k �S� �¼lqxwy7ÿ±¨9��¨� lq|}Á�¨;Çmxwlqrs§¤Á�psxZ��£�|�lquZpsr�p�|�§Sp�x�©Èpty{k��¿Ç��kJl �mk�|�zh������¬FkJ����®��� � l�xw��k�¨ ¾¿x�À^��º%��õ�õ�»oóªöNÁÀy º7ÃIA � @ � (�� @ � H CB(F� �D��Mlq��k�� ¸!� � ¸{�{û�¯ZxZk � ý�ý 0 ¨ü � þg«�¨�£;¨?Kh��lq� � �w��£;¨e©$¨�$ ´ �	l�r�rsk�§���l�xwyÄ«�¨Q«Q¨Q¬Fk�|}k����}��x.¨imÆh¬ �ekJ��l��;�E�mk�z0i�kJ��jwxZpr��¯Zk��S�®���WÆ���xw��kJ��|}ps��x Dmk�|}kJ���|�p���x$lqxwyLÇn���ptyZlqxM��k�¨ ¾¿x:À^�}º���õ�õ�»qóªöNÁÀyúº7Ã A � @ �N("�Oø
��J @%@°�w�wl���kJ� ¸ . ��» � �¤Ç¯w��¯w��| � ý�ý . ¨ü �qþgÿ±¨�«Q¨�Æhl���|�k��±l�xwyI�ú¨«�¨�Æ����on�kJr�rtlZ¨ �°k�l��}¯Z�}psxZ�FKh�q|}|}rsk��xwkJ���Â«�p�xw�Â£¤�Dk�kJy�psxú¬el�����k�|���£¤zvp�|���jZk�y �k�|�z����}�{�J¨WÀvõ��¦øÃ�ºÀ�=��¶qö-��õ#�hòo¶o¹��w¶q·]óÅºqöw�-¸ 0 ��¸ 2 � ¸�ý 0 ��» � 2 � � ý�ý��w¨ü 0 þ�Æ¢¨ D¢�on�����rspt����¬F¨�ÿl � l�xwlo|�jwlqx���lqxMy�D�¨ �°�¤����k�¨;©Èjwlq|hy{�¬el�����k�| D¢ps�}�Dk�����ps��x�i�k���jZxZpB��¯ZkJ� �°k�l��}¯Z��k���¾¿x À^�}º���õ�õ�»oøóªöOÁ�y�º7Ã�($�%�&� ( � ��J)��J @X�{�Mlq��k��vý�³ � �¤ý � . ��Ç�w�}psr)¸À³³ � ¨

� »



ü 2 þ±Ç±¨ K¼¨=Dm�ozvxZkJ§�¨/�¢��psxZ��¬elo|}jM��jwlq��|}� ����|}p � lq|}k³¾¿x�|}k���xZk�|«.psxZ�BÆ�jwl���l��¦|�k���ps��|}pt���J¨�¾¿xLÀ^�}º���õ�õ�»qóªöNÁÀy�º7ÃFA � @ � (��Oø
��J @ @°�M�wlq��kJ�A¸�¸¸!��¸¸À»w�¤£¤kJ�{|}k � uDk�� � ý�ý�ýw¨ü ýoþ ��¨Sû�l�����uw����x.¨ Æ���xw��kJ��|}ps��x�Çn���ptyZlqxM��k7lqxMy
Æ���x�|}����rH¨¾¿xBÀ^�}º���õ�õ�»qóªöNÁÀyÂºsÃ%A � @ � (��)��J�@%@°�h�wlq��kJ�½» � . ��»¸�ýZ�£¤kJ�{|}k � uDk�� � ý 2 2 ¨ü � ³oþ ��¨�û�l�����uw�}��x.¨¬elq|}jw��jMlq� �OÇ i��¤��r�|��W¾¿x{�®kJ�gÆ�jwl���l��¦|�k���ps���|}pt���m�q�e¾¿x�|}kJ�}xZk�|m¬elo|�jw��¨��ª|}� � 4�4��ª|}��¨ kJk�¨ r�uZrH¨ ���on 4U�wlq|}jw��jMlq�:4¤�Ç�w�}psr � ý�ý 0 ¨ü �� þ �ú¨�û�lqpsx�lqxwy�Æ¢¨ D¢�on�����rspt��¨8��xwy¤�H|}�q�5�QxMy�Çnol�p�rtlquZrsk�KOlqxwy{�zvpty¤|}j � �°k�l��}¯Z�}k � k�x�| �°k�|}jZ�{y{��r�����§���D¢§�xMl � ps�J����l�xwyÿvkJrslq|}ps��x7zvp�|}j imÆh¬3iOjZ����¯Z��jZ�Z¯{|�¨:¾¿xLÀ_�}º%��õ�õ�»oóªöOÁ�y º7Ã
A � @��N("� ��J @%@°�wn���r�¯ � kf»N¸{�{�wl���kJ� ¸�ý � �O»�³ 2 �¤Ç¯Z��¯w��|¸À³³¸Z¨ü � ¸Uþ �ú¨�û�lqpsx�lqxwy3Æ¢¨ D¢�on¤�}��r�pt��¨ ¬elo|�jZrs��l�y ��Ç � kJl���¯w�}k��� k�x�|Q|�����r{�®����k�xwy¤�H|}���HkJxwy�lUnolqpsrsl�uZr�kOuwl�xwy{zvpty¤|}j�¨M¾¿x²À^��ºoø��õ�õ�»qóªöNÁÀy�º7Ã¼Àv¶�y�y¦óªòoõW¶qöD»�A¿��·HóªòUõ�@'õ�¶y=���}õ���õ�öw·.y �ÅÀ,A @ �
�°º��'	�y�¸wº�µ;�M�wl���k�� � . �8¸ � � �	l�����j�¸À³³¸{¨ü � »oþ±ÿg¨�û�l�p�x.¨DÇÈy{k�rtlU§��HuMl��}kJySlq�Z�Z����l���j±�®��������xZ��k���|�p���xSlUn���pty¤�lqxM��kXp�x psx�|}k�������xZxZk��¦|}k�y jwk�|}kJ�}����kJxZk���¯w����� � �Z¯Z|}k���xwk�|��zh�����¤�J¨ A � @ �eºÀ�µ��{·�õ�� �Qº��¶���{öMó���¶o·HóÅºoö8y Cmõ�ò�óÅõ�÷e�� ýM~ � � � � ��� 0 � ��$¼��|}��uDk�� � ý 2 ýw¨ü � . þ �S¨�û�psx.� �S¨���lqxZ�M� K¼¨FÆ����ozvr�kJ§���l�xwyID�¨�Ç��lq��zhl�r]¨��mk�|��zh�����XÆ�jwl���l��¦|}kJ�}psÁJlq|}ps��xX£¤k���n¤ps��kW~ ��ÆO£Z�¦¨v¾¿xÂÀ^��º%��õ�õ�»oóªöNÁÀyºsÃ � � ·®¸ ( �%�%�#�-���µwºy¦ó�����ºqö �±ómÁ�¸	Àõ��*Ã�ºÀ�=��¶qö-��õ B±óBy¦ø·D�¦óÅô��{·¿õ�» �Qº��mµ-�{·HóªöNÁ��wÇ¯w��¯w��|/¸À³³ � ¨ü �� þ�£;¨ � kJ�}jwlUn;¨*Ç�Æ���x�|��}��r �¿iOjZkJ����k�|}pt�XÇ�Z�w�}��l���j |}�²��rs�ozÆ���x�|��}��r]¨Ä¾¿xÈÀ^��º%��õ�õ�»oóªöNÁÀy	ºsÃ�A � @ � (��)��J�@%@°�Q�wl���k��»�� ��� �{£{k��{|�k � uDk�� � ý�ý � ¨ü � �oþ � ¨M«�lqp�lqxwy ��¨ KOlq��k���¨��°kJl���¯Z��psxZ��KOlqxwy{zvpty¤|�j.¨¾¿x À^��ºoø��õ�õ�»qóªöNÁÀy�º7Ã ( �%�%� ( � ��J)��J�@°�O�wl���kJ��¸À» � �8¸ . � �vÇ�Z��p�r� ý�ý�ýw¨ü � 0 þ � ¨�«�lqpwl�xwy��ú¨ Khl���kJ�J¨ �	kJl��}¯Z��p�xw��«�p�xw� KOlqxMy{zvpsy{|}jw�.�¢���psxZ�¢l�Dmk�|}k�� � p�xwps��|}pt���	�¤yZk�r��q�w¬el�����k�| D¢k�rtlU§�¨�¾¿x�À^��º%��õ�õ�»oøóªöNÁÀy�ºsÃ A � @ �N(��)��J @%@X���wlq��kJ�g¸ 2 »��8¸qý . �;£{k��{|�k � uDk��¸À³³�³w¨ü � 2 þ±i�¨*��¨�«�lq�{��j � l�x l�xwy �±¨ �	l�yZjZ�ozg¨WiOjZk��Dk��}�®��� � lqxw��k�q�OimÆh¬)4o¾�¬7�®���¼xwk�|�zh�����¤�¼zvp�|}j jZps��j uwlqxwyZzvpsy¤|�j{�¢y{kJrslU§�Z���{y{¯w�¦|��²l�xwyÈ��lqxwyZ� � r����}�}kJ�J¨ ($�&�%����A � @ H��}¶qö8y�¶���ø·HóÅºoö8y�ºqö ��õ�·H÷�º��'	qóªöNÁ�� � ~.»�� � »�»����» � ³w��û�¯ZxZk � ý�ý 0 ¨ü � ýoþg©$¨��¨w«�k�rtlqxwy�� �ú¨�£;¨Mi�l��O��¯.�w©$¨M©Èp�rsrsp�xZ��k����Ml�xwyFD�¨ ��¨©Èpsrs�}��x.¨�$¢x²|}jwk�£¤k�r��ª�¿£{p � psrsl��9�mlq|}¯Z��k��q�n�Q|}jZkJ�}xwk�|mi���lq�ª�¥M�²~��e½¤|�k�xwy{k�yF�ek����}p���xM�¦¨ ( �%�%����A � @ H8�}¶oö2y�¶��·HóÅºoö2y�ºqö
��õ�·H÷�º��'	qóªöNÁ���¸Z~ � � � � � ��� �O�wk�uZ��¯wl��}§ � ý�ý . ¨ü ¸�³oþ K¼¨ Ç�¨ �	l�j.¨ �;��jwl��;� l i��¤��r"�®��� �°kJlq��}¯Z�}psxZ� ¾¿x�|�k���xZk�| ¬elq|}j Æ�jwl���l��¦|�k���ps��|}pt���J¨j�|�|�� � 4�4Uzvzvzg¨ k � �Zrs�o§�kJkJ�J¨ ���}� 4��¢u � lqj�4q£¤���ª|�zhl��}k 4��D��jMlq�:4���ZkJuZ��¯wlq��§ � ý�ý�ýw¨ü ¸ � þ �ú¨ �	lo|�jZps�J¨�H C¢õ�ö;º > �{¹ 	IH8�}¶oö2y�Ã�õ�� �Q¶�µZ¶��óª·D�o�?�Zk�uw�}¯wl��}§� ý�ý�ýw¨¼¾s��iA� ¾¿x�|}k���xZk�| D¢��lq�ª|�yZ��lq�ª|���p�k�|��ª��p��Z� � �H|}��k�xw�q��u{|����³�»w¨ |}½¤|g~Åz����}����p�xZ�H�Z�������}k��}���¦¨ü ¸¸Uþ �ú¨ �	lo|�jZps��lqxwy �ú¨�Çmr�r � lqx.¨*A �?�}¶À��õ�÷�º��'	^Ã�ºÀ��BSõ�¼�öwóªöNÁ�^�mµDó��¦ó���¶o¹,>A�{¹ 	 H8�}¶oö2y�Ã�õ�� �Q¶�µw¶���óª·.� @'õ�·.�¦ó���y¦�wû�¯wr�§l¸�³�³ � ¨ÿ �FÆ~» � . 2 ¨ü ¸�»oþ K¼¨*�°kJrsl�xwy{k����*�ú¨ K������}� � lqx.��lqxwy ¬F¨ �¼¯ZxZxwp�xZ��uMkJ�}�M¨�Ç
�kJz �QxMy¤�]|��q�5�Qxwy,¬Q����uZpsxZ�Äl�xwy7Çmxwlqrs§{��pt�%�°k�|�jZ�{yÈ�®�������|}p � lo|�p�xZ� Khl�xwy{zvpty¤|}j K���|�|�r�kJxZkJ���{�J¨³¾¿x ( �%�%� �O¹�º�ô�¶o¹
(¦öM·�õ��¦öDõ�·?�-���µwºy¦ó����S��¸À³³�³w¨

ü ¸ . þ D�¨��°p�|}��l�l�xwy�ûM¨ K¼¨Z£¤kJk���§�¨*D¢§¤xwl � pt�ml�ywlq�{|�p�n�kmzvpsxwy{�oz��®���QjZps��j{�¿�}�MkJkJy�yZlo|�l¼xZk�|�zh�����{�<��|�jZk����}§�lqxwy��}p � ¯Zrslq|}ps��xw�J¨¾¿x°À^�}º���õ�õ�»qóªöNÁÀy�ºsÃ�A � @ � (��)��J @ @°�¤�wl���kJ�^»�³�� . ³Z��Çm¯{���¯w��| � ý�ý³Z¨ü ¸ � þ�i�¨ $¢k�|}ps��kJ�J¨ �	ÿFi��C� �	¯Zr |�pÿ��¯{|�k�� i���loù�� �¼��l��ZjZkJ�J¨ j�|�|�� � 4�4UkJk����|�lÀ��¨ k�|�jZÁ�¨ ��j
4��¢��k�|}ps��kJ� 4oz�kJu{|}�¤��rt� 4 � ��|��$4 � �}|}�M¨ j�| � rH¨ü ¸À�qþ�Ç�¨�¬el��}Á�|�����lqxwy D�¨=�ek�p�|���j.¨ÈiOjZk°¬el�����k�|�£¤p�ÁJkFDmkJ�MkJx{�yZk�xw��kv�q�M¬el�����k�|e¬elqps�F«.ps��k��°k�|�jZ�{yZ��¨w¾¿x ( �%�%��� ( �7(}À (¦öMø·¿õ��¦öD¶o·HóÅºoö;¶o¹1�XºÀ�'	y}¸Zº�µ	ºqö��_�w¶o¹ óª·.��º7Ã �;õ��¦òJó���õ � ( �	�vº � �o�¸�³�³N¸{¨ü ¸ 0 þ ��¨�¬elq½Z����x.¨ $¢x Æhlqrsp�uw��lq|}psxZ� �°kJl���¯w�}k � kJx�|��g���O¬el�����k�|i���lqxw�}p |�iOp � kJ�J¨q¾¿x�À^��º%��õ�õ�»oóªöNÁÀyOº7Ã A � @ � (�� @ � H CB(F� �D��Mlq��k�� ��� ��¸ � ��û�¯ZxZk � ý�ý 2 ¨ü ¸ 2 þ ��¨v¬elo½Z����x.¨ �Qxwy{�]|��q�5�Qxwy ¾¿x�|}kJ�}xwk�|²¬el�����k�|�D¢§¤xwl � pt���J¨
( �%�%����A � @ H8�}¶qö8y�¶���·]óÅºqö`ºoö ��õ�·H÷�º��'	qóªöNÁ�� 0 ~�»���� ¸ 0 0 �¸�ý¸Z�Zû�¯Zxwk � ý�ý�ýZ¨ü ¸qýqþ ��¨	ÿvpsuMkJp����w�"��¨ÂÆ���lo|�kJ�J��ÿg¨	ÿvpskJy{pH�Ä£;¨'£Zlq��n��q|�jwl � �
K¼¨��kJxwy{��ps���{�J�Qlqxwy ÿg¨=Khl���l�xZps¯Z�;¨ �°¯wr |�p �®��l���|�lqrÆ����������i���loù��!����|}p � lo|�p���x.¨q¾¿xSÀ^��º%��õ�õ�»oóªöNÁÀy�( H�� �qµwõ
��óÅ¶q¹ÝóBy¦·,�;õ��Søóªö;¶��±ºoö (�À H��}¶7¥T� @'õ�¶�y=���}õ���õ�öw·.¤ @'º�»�õ�¹ÝóªöNÁÀ¤h¶oö;»�@'¶oöwø¶%Á�õ���õ�öM·]�M£{k��{|�k � uDk���¸À³�³³Z¨ü »�³qþ
�S¨N�DjMlqxZ�M� �±¨ Dm¯Zù�kJrsy.� ��¨�¬elo½Z�}��x.�ql�xwy�£;¨�£{jZk�xZ��k���¨,$¢x|�jZk'Æ���xw��|�l�xw��§����m¾¿x�|}k���xZk�|�¬elq|}jÄ¬��}���MkJ��|�p�k���¨�¾¿xÈÀ^�}ºoø��õ�õ�»oóªöOÁ�y º7Ã A � @ �N("�)� J @%@ (�öw·¿õ��¦ö;õ�·�@'õ�¶�y=���}õ���õ�öw·
�°º��'	�y}¸Zº�µD�D�wlq��kJ� � ý 0 �8¸ ��� � �m�on�k � uMkJ� ¸À³�³ � ¨

�	Ú�â{Ü�æ}ä��Ú�Üsâ
����������� ���������! !�#" $%�!&('*)+�-,/. 021+343+.
&+�!34�*�#�/"516 #74869�:�'��!�-�!1+34"51��#�!�*"51+3�;���748���<=�?>A@���B
>A1+&�74���4B(>A1+&�"DC�B/"51��#E4E4E�B(CF1+&G'�)+�H�I. ��.J&+�!34���!�
"51= !74869+:�'*�!�LK� !"5�!1+ !�M;N�*748O'�)��-P�1�" $%�#�*K�" 'AQ/7F;+R/�!SDC!T�CF���
"51OU4�4�4U�.WV��X"5K !:+�*���!1Y'*S QZT[74��\Y"51+3I'*7�T�CF�*&+K
C
] )^. R�.�&+�!34���!�C_'='�)��`�[74S5S5�!34�a7F;��-74869+:?'�"51+3`7F;
</�!74��34"DCb@c�! d)^.OV�"5K����!K��#CF�� �)G"51%'��!�*�#Ke'�K6"51� #S5:�&+�
fgCF1�&�T�"5&�'�)h�!K*'*"58C_'�"5741H86�i'�)+74S57434"5�!KjCF1+&ICF9+9+S5" k
 #C_'*"5741+K�B_@/� ] "51()�"534)lf+CF1+&�T�"5&�'*)l1��!'AT-74��\YK�B%CF1+&
1+�i'AT[74�*\mCF9+9�S5"5 �C_'*"5741+KnCF1+&mK��!�e$�"5 !�!K�.bV�"5K��!8CF"5S
CF&+&����!K�K�"5K�oqp*CF"51qr/ ! 4. 3%C_'��! d)^. �!&+:�.

s Ö�â¤æ¿Ô�Ú�âoÔ¦Ü�â�Ö�æatmÖ�è¤×�Ö�ásÜ æn�u�v� E4wxn���[�v� E4y%�
"5K^CF1l��K�K*"5K*'�CF1Y' ] ��7F;��!K�K*74�^C_'L'*)+�-�[74S5S5�!34�z7F;g�-748ak
9+:?'�"51+3n7F;L'�)��l</�#74�*34"DC�>A1+Ke'�" '*:�'*�j7F;M@c�# �)+1+74S5743FQ%.
V��(���! !�!" $%�#&'*)+�l�-74869+:�'*�#�[021+34"51+�!�!��"51+3�&+�!34���!�
;���748O'*)+�2@c�# �)+1+"5 #CFS�P�1+" $%�!��K*" 'AQ/7F;g�[�*�i'����A</�*�!�# !���
"51{�#E4E4|�BM'�)+��I. �q.^&+�!34�*�#�6;���748}'*)+�P�1+" $%�!�*K�" 'AQ
7F;n~�7Y d)+�!Ke'��!��"51��#E4E4y�B=CF1+&�'*)+� ] )^. Rl.[&+�!34���!�
;���748�'�)��
P�1+" $%�!��K*" 'AQb7F;��G"5K� !741+K*"51�k��XCF&+"5K*741h"51
U4�4�4��.hV�"5Kl���!K*��CF�* d)m"51%'��!�*�#Ke'�K�"51+ !S5:+&+�86�i'�)�7?&�k
74S57434"5�!KaCF1�&{CF9+9+S5"5 #C_'�"5741�Ka7F;�1+�i'AT[74��\h86��CFK*:+���ik
86�!1%'�K#B2f+CF1+&�T�"5&�'*)��#Ke'�"58C_'*"5741mCFS53474�*" '�)�86KnCF1+&

'�7Y74S5K�BqK*�#�e$�"5 !�j&+" ���!���!1%'�"DC_'*"5741^B�CF1+&X�*74:�'��!��CF�� d)�" '��! i'�:����!K�.�V�"5K��!8CF"5SLCF&�k
&+���!K�K�"5K#o2&�7�$?��74S5"5Kir/ ! 4. 3%C_'*�# �)^. �!&+:^.

� .


