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Buffer capcacity = L packets

   ONxOFF
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K packets/unit time
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��� ������� �"!$#�%'&�%'()#+*,*�-/.0#+132$%4#5.6(4!$7)-82$�8!$-820(9(4!$#;:$<8:�#+7+�=�"!$#>1 #+?@��(4!@%-8A�(4!@#>BDC <�?@.EBD�F�G:H#+7)� -/.$%I!@<5JK#;!$#5<5J/&/LM()<8� 1 #5.N.�� %'(474� O02$(4� -�?@%P�

fhgAu_tO��lmuw����g�s�sc����lmn���úh}clm��pLk~���LuG{hn�p´p�o~oqp�n�lmfh����x�u�k|ú¼g6oqp�}~k~s
��kÎ ¶ _�."È�r�±kTp�}~n����c��l�g�z�l�fhgO*
�Òuwk~sf*��n�y{¼g�nm��pcsh�Y��lmn���x)lm���
uw��l�g�n�k�uvl�gL�%uwk~sÒsh}hn���kh�ÛpLkhg�lm��z�gy}hk~�¶lÚg�u�x�f¬*
����pL}hnmx�g
��g�k~sh�6pLkhg!{~uLx�ø�g	lA�´÷�fh����gY*��n�E��p�}hn�x	gA�6uwnmg���sc��g��
e6fhgê��k~x	pLz|��kh� lmnmuwùTxãx�uwk ú¼g�uw{~{hn�p.;c��zTuvl�gAs ú´�=u+�p����m��pLkc��Q8g	lmu-{~n�pcx	gA���ñ �."È��÷�fhg�nmg<lmfhg-k´}hz¸ú¼g�n|pwo@ú~}hnm��lm�

��g�khg�n�uvlmg�såuvlygAu�x�f l���z|gÐ}~kh�¶lØf~u���uó+�p����m��pLk sc����lmn���úh}c�
l���p�k*�âr@����p lmfhg-��g�kh�wlmf×p�o�gAu�x�fEú~}hnm��l�f~u��TuRQ¼g	l�u×û+Q¼��{co
p�n�sc���mx	nmg	lmg[++uwnmg	lmp���sc����lmn���úh}clm��pLkB�~÷���l�f {hn�pLú~uwú~�����¶l��(zTu��m�
oq}hk~x	l���p�kEû3+Q-Î�,�%����t�g�k�ú´�TSÃûNÿ7�i¹VUuÿ Û ¾ ��WYX ¿ ÷�f~g�nmgZU ¹ .Ì ò\[² ô � ÿ Û ¾ ��WYX ¿ �!�Èl�f~u��@ú�g�g�k ��fhpv÷�kÚl�f~uwl@lmfhg���}h{¼g�nm{�p�����¶lm��pLk pwojz�u�k´��pwo�lmfhg���g���k~scg�{�g�k~scg�kLlY*
�A;�*��n�Ò��p�}hn�x	gA�
��g�khg�n�uvlmg��#uwk|u����Oz�{clmpwlm��x�uw��������g���oà�È����z|����uwn#{hn�pcx�g��m�k � %(�"R�~�±k
l�f~g�+�p�������p�kh��Q¼g�lmu(z�p´shg���lmfhg�nmg<����khp�nmg���l�nm��x)l���p�kõoqpLn�l�f~g
��g�kh��l�fyp�o+l�fhg�*��c�×{¼g�nm��pcsysc����l�nm��úh}hl���p�kB�8úh}cl
��k p�}hn
���c���
l�g�z ÷jg�}~��g%l�fhg]Q¼g	l�u�sc����lmn���úh}clm��pLkToqp�nj��g�kh�wlmf<pwoÏlmfhgO*��n�
{¼g�nm��pcsh���
e6fh���Tl�n�uvù<xÚ���T��g�kOlTl�pÐuÜ��÷��¶l�x�fâ÷���l�fÒuÜ����kh�L��g-��kh{h}cl

úh}cö8g�n|lmf~uvl<��g�nmt�g��_^C{~u�x�øLg	lm�|uvl�g�uLx�fÐl���z�g-}hkh��l��×e6f~g
zTu�;c��z¸}hz=úh}cö8g�n
��g�kh�wlmf����a`%�%r@����pToqp�n
x	pLkOtLg�kh��g�k�x	gGl�f~g
{hnmpcx	g��m����kh�@l���z�g�pwo¼u����c{�u�x�ø�g�lm�Ã���+uL����}hz�g�s¸l�p
ú¼g%x	p�k���l�uwkOl
uwk�s g?>L}�uw��l�pÐ �Ì�` l���z�gT}hkh��lm���<r úh��pcx�ø sh��u���n�uwz pwo�l�f~g
pvt�g�nmu����8���´��l�g�z ������f~pv÷�k(��kB�Ã���~�Ï L�

ë	ë	ë_ìZb���ôàír�dcZegfGh2���~�%�hñÓ�=i7�Oô�î8î8ôàí~�kj<ô�îDl�6�7�Fm3h#�¼ô��@ô��5�*ïkn!ï
�;m�m´ôqó�±kÛl�f~���T��g�x	l���p�kE÷�g4@~nm��l���p´p�øÐuwl�lmfhg-n�gAu���p�kÛ÷�f´�Ül�f~g
p�nm������k~uw���)�_� ��lmnmuwl�g��L�?oqpLn���+Y� scp´g��%k~pwl�÷�p�nmøÚ÷��¶lmfyl�f~g
���´��l�g�z5z�p´shg�����f~pv÷�kE��k0�#������ ��£$õgÚl�fhg�k×��kOl�nmp´sh}~x	gÚu
khg�÷ã�|�_�×uL�%u<��p���}cl���p�kB�i�%g�n�g�l�fhg�k~g	l�÷�p�nmø?{~u�nmu�z|g�l�g�n�pwo
��kLlmg�nmg���l¸���!l�f~g?{hnmp�ú~u�úh������l�� zTu��m�!oq}~k~x)lm��pLkÛpwo6l�f~g?úh}cö8g�n
��g�kh��l�fB��±kE�´+j�6�Èú~u���g�sÐ��{h���¶l�l���kh� ��kEpLnmscg�n!l�pØ��g�l¸fh����fE��{�g�g�s´�
}h{ t_u���}~g��(�¶l-���Ú��z�{�pLn�l�uwkOl?lmp×x�fhp´pL��gØuâ�)�_����l�f~uwlÚ÷������
��k~x	nmg�uL��g�l�fhg!k´}hz�ú�g�n�pwo�pcx�x	}~n�nmg�k~x�g���pwoÃl�fhg!g�t�g�kLl��6pwo#��kc�
l�g�n�gA��l?ûÔ��kÜlmfh���¸x�uL��gL�*��uwnm��g�úh}cö8g�n���g�kh�wlmf~���)�ñ�±kõ{~n�g�tO��p�}��
��l�}~sc��g��#÷���l�f�-yuwnmø�pvt´��uwkGl�n�uvù<xju�x�x�}hn�uvl�gYg���l���z�uwl�gA�Ãp�ohl�f~g
úh}cö8g�nG��g�kh��l�f sh����l�nm��ú~}cl���p�kØ÷jg�n�g¸uLx�fh��g�t�gAs-÷�fhg�k l�fhgT�)�_�
÷6u��|uw����põx�fhpL��g�kEl�põú�gÚl�f~g(úh}hö¼g�nT��g�kh�wlmfE��lm��g���o� »�?"È�] ��"R��%pv÷�g�tLg�nA�w÷�fhg�kTl�fh���6�)�_�Ü��lmnmuwl�g��L�¸���Y}���gAs|oqp�n�lmfhg����c��lmg�z
��fhpv÷�k ��kw�#���~�� |l�fhgT��+Y� z�g	l�f~p´sØ����t�gA�@��k~uLx�x	}~nmuwl�g|n�g��
��}h�¶l����8u��@��fhpv÷�k-��kÁ�#�����¼�h�6e6f~���@÷�uL��khpwl
uwk-}hkhg�;´{¼g�x	l�gAs
nmg���}h�¶l�u����¶l|����ø´khpv÷�kÐlmf~uvl�l�fhg-�´+j� z�g	lmfhpcsEscp´g���khp�l

0 50 100 150 200 250 300
10

−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

Buffer Length

P
ro

ba
bi

lit
y 

M
as

s 
F

un
ct

io
n

o�p q�r/s/rutMv�w)x0p y�z@q�{$|)}~w)x$}I�+{$|4��}I�8wFw)x$}�w)�8��|)}+�$|)}5y4}+v/w)y3w4x$}"�5��|4|�}5�+wF���Eo
� x0p � }9w4x@}=�H�8w4w)�8���+{0|4��}=p yIw4x$}"|)}5y'{$� wI�/��{$y'p v$q>w4x$}=�${0��}+|�� }+v@q�w4x��8y~w4x$}� t�o~r

���3�K�R���$�M���4�3���8�����K�0���T�N M�8¡d�_�$�T�3�K�3¢¤£¥�T���8�¦���$�8 §�3¨"�
 ��8�8¨~�� ����8¡"©��]�K¡~���0�K�K�3�� �����©«ª~ M�4�$���Z©3�¬©¦­~ §©��] §ª®�8¡~�¯�$��°
�8 §��©��K�$±³²�´³µd­~¨��G�3ª~�] §�T¶"������©«ªF�a¶=�3 §ªF�u�K�¯ª~�3�8�¬ ��u�8¡I©«�· ²�¸¹±~�F�@�;ªI�«�»º3 §¼3��©3ª��g�� §ªI±]�3�~��©3�8ªI Mª~ºg©«ªI±¬©«�����a ½�»º3 §¼3�@�
�K�$©3�8�3ª"©«­~�§�E�K�$�8¨~�½���0¢»¾6¡~�g��©« §ª��8�@©3�8�3ª��N¡��T�8¡I §�6¿�À�µR±����$�
ª~�3�������8�k ���­=�$Á$©«¨I�8�¦�«�g�8¡~���K�0�K�T MªI©«�8 §�3ª¤¶=�3�§ §Á0�¹�«�g�8¡I�
�8¨~­�°P�8��©�Â��$Á��8���8 §�$�$¢Ã¾6¡I�¯��¨I­�°��K�K©«Â��$Á��8�3�K §�$��©«�K���� §�M�§�$±®�N¡~�$ª
�8¡I�0�Ä©«���K�0�T¶����8���$ªF�8�0�]©¦�8¨~­I�8����¼�©«�§¨~���N¡~ �Á�¡® §���8��©«�§�M�$�
�8¡"©«ª, ½���G�8 �Á��3�0�G¼�©3�M¨~�T�K�0ºF©«��±��M�@�8�u�«���8¡~���8�3¨~��Á��T���K©��K�$��©��
±� ��8Á0¨I�K���@±Å §ª\¿��$Á��8 §�3ª¤À�À/¢Æ¾6¡~ ���¶~�K��Á0�$�K�_¨~ª~ §ª��K�0ªF�8 §�3ª"©«�§�M�
�8�K¨~ªIÁ$©��K�$�a�8¡~�¯ÇgÈÉ����©��K�$�g�«�Ê�K¡~������¨~��Á��$�$Ë9�N¡~ �Á�¡Ì�0¼��0ªF�8¨~°
©«�§�§�³Á�¡I©«ª~º��$�E�8¡~��±� ����K�8 §­~¨��K M��ªÌ�3�Ê�8¡~��ÇgÈÍ¶"�$�8 §��±~�0¢]£a�G©
�K�$�8¨~�½���8¡I��¶I�8��­I©«­~ §�§ ½���G��©3�K�>�4¨~ªIÁ/�K M��ªZ�3�I�K¡~��­I¨�Î=�$���M�$ª~º«�K¡
Á�¡I©3ª~º3�@�0¢
µ~�K�3�Ï�K¡~��©«­=��¼3�g��Ð~©«�T¶~�§�a�������$�u�K¡I©��E�$¼3�$ª¯ M�>�K¡~��������°

�8�$�Ñ ��N©T´³©«�K�3��¼� �©«ª¯�8�����K�0�¦Ë · ²�¸Æ�T©H�T�)©3 M�;­"�@Á0©«¨"���g�8¡I�
©«�§º3���8 M�8¡I�Ò��©H�\Á�¡I©3ª~º3�,�����T�Ä�3�]�8¡~�ÄÓ9Ô8Õ�Ö3Õ�×ÊØ=Õ�Ö¤Ö�Ù�Ú/ÛPÔ/Ù'ÜÝ0Þ Û�Ù)ß«Ø~ÚZ�3�a�K¡~�Ì�8�����K�0�¦¢áà��RÓ9Ô8Õ�Ö3Õ�×ÊØ=Õ�ÖkÖ«Ù�Ú/Û�Ô/Ù Ý0Þ Û�Ù)ß«Øk���
�T�$©3ªk�8¡I�¦±~ §���8�K M­I¨��8 §�3ªI�Z�K¡I©���©«�K� ©Ä¶I©«�8�T�«�E�K¡~�Ã�8�����K�0�
±��@�8Á0�8 §¶��8 §�3ª;¢6¾6¡�¨I�$Ë9Á0©«�K���¬¨"���u­=�¬�0Ð��0��Á� ����@± ¨"�� §ª~º · ²�¸6°
­I©����@±d�8¶~�§ ½�8�8 §ª~ºk�N¡~�$ª\©R�������8�$�
¼�©«�K �©«­~�§�¦¡I©3� ©R±��0¶=�0ª�°
±��$ªIÁ��]���8�K¨IÁ/�K¨~�K�gº� M¼��0ª ­F��Ë
â�ã)äTå0æ äTå+çDè0éÊê\â�ã)äTå/æ äTå+ç=ë@éÊêVì$ì0ìFê\â�ã4äTå�æ äTå+ç=í+é/îNï�ðòñ
�N¡~�$�8� ä  ��T©Ì��©«ªI±~�3�ó¼�©«�K §©3­~�M� �N ½�K¡d©Ä¶~�K�$±��0ôIª~�@±¹±� ���°
�8�K §­~¨��8 §�3ª;¢³Çu�EÁ0�3¨~�����_�4���Z�8�T©3�M� ïg· ²�¸õ��©H�Ì���3�K�³���0�§��Ë
­~¨��]�N¡I�0ª ï º3�0�K�G��©«�Kº3�_ ½�]��©H�Ì©3�½�K�0�G�K¡~��¶~�K�$±��0ôIª~�$±,±� ���°
�8�K §­~¨��8 §�3ª;¢Ã¾6¡~ ��¬±~�0¶=�0ªI±��$ªIÁ��¯�¬¨I���]­"� Á��3ª"�� �±��0�K�$±,�N¡~�$ª
Á�¡~�����8 §ª~º¬�K¡~�¬¿�À�µ�¢
¾;�³Á0 M��Á�¨~�Z¼3�$ª��G�K¡~ §�]¶~�8��­~�§�0�ö����¨I�8��©¦ª~�0�Ï¿�À�µá�8¡I©«�

�3�$�0¶I���K¡~�u�8¨~­�°P�8��©�Â��@Á/�8���8 §�$�»©3�M §¼3�6¨~ªF�8 §�I©3�M���K¡~�gÇgÈ÷�8�3¨~��Á��@�
ã ©«���K¡~�g�8¶~�§ ½�8�8 §ª~º_¶"�� MªF� é Á0©3ª¯Á�¡I©3ª~º3�N�K�]�K¡~��Çgµ»µ®���K©��K�a©«�
�§�$©3���Z��ªIÁ���¢R¾;�,©3Á�¡~ §�0¼����8¡I §�$ËÊ���¯ª~�$�$±R�K�,±~��ôIª~�¦©³ªI�0�
¼�©«�K §©3­~�§�ZøNù ã�ú¦êõñ�îKû~î0ì§ìMìýüVé Ë=�N¡~�0�K� ü  ��u�8¡~�ZªF¨I�¬­=�0�g�«�



��p�}hn�x	gA���Te6fhgTtvuwnm��uwúh��gfÑ!²<nmg�{hnmg���g�kOl��
l�fhgT��g�kh��l�fÜpwo�l�f~g*
� {¼g�nm��pcs(÷�fhg�k���p�}hn�x	g/ÿ(��p´g��joqnmp�z *��c�Ûl�p�*
����e6fh���
tvuw��}hgGscp´g��jkhpwl�x�f~uwk~��g%}hkOlm���8lmfhg
��p�}~nmx�g�l�n�uwk~����l���p�k~�jú~u�x�ø
l�pyl�fhgB*��c�å��lmuvlmg��+uwk�sÜú�gAx	p�z�gA�/<�g�n�pysh}hn���kh��lmfhgp*��n�
{¼g�nm��pcsÏ��e6fhg�kÚl�fhg!khg�÷å�)�_�E���%����t�g�k(ú´���

·Yû3°IþW�b¹¥ÿ ò��­:ô � Ñ ­� � è�  ¦�� ¹ã  ¦ � ¦%¨:¨=¨ ûq¡)�
÷�fhg�n�gòÿ�� � oq}hk~x	l���p�kÒl�uwø�gA�Tlmfhg ��kOl�g��Lg�n<{�uwn�l?pwo!lmfhg nmg�u��k´}hz¸ú¼g�nA�Ür@��Ñ ² x�u�kÐlmu�ø�gñ>L}~�¶lmg(��uwnm��g<tvu���}hgA�¸÷�g?}���gÚu
khpLn�zTuw���=<�uvlm��pLk!x	p�k���l�uwkOl�� � �v÷�f~��x�f!{hnmg�tLg�kOlm�Ïl�fhg���fhpLn�l,*
�
{¼g�nm��pcsh�Goqnmp�z�x�f~uwk~����kh�Úl�fhg<��}hú~��g	lA�(e6fh���¸x�p�k~��lmu�kLl�u�����p
��l@scg�x�n�gAu���g���l�f~g!kO}~z¸ú¼g�n%p�o���}hú~��g	l���}~��g�sÚú´�(uwkÚp�n�scg�n�pwo
� �|e6fh���Goq}hk�x)l���p�kõø�g�g�{~�
lmfhgT��}~úc�]lmnmu�}�g�x	l�p�nm��g��
uw����tLg|}~kLlm���
l�f~gG��p�}~nmx�g����Lg�t�g�k?÷��¶lmf(��p�kh��úh}hn���l6��g�kh��l�f~���´l�n�uwk~����l���p�kTlmp
l�f~gY*��c�×��l�uvlmg���%pv÷�g�t�g�n���u��@��g�g�k�oqnmp�z ûq¡���l�fhg�khg�÷��|�_�×���%nmg���uvlmg�sÚlmp
l�f~gj{~u�nmu�z�g	l�g�n*p�oh��kOl�g�n�gA��l#��k�u%t�g�n��!x�p�z�{h����x�uvl�gAs!zTuwkhk~g�nA�
�´pG÷�g%x�uwk|g#;c{¼g�x	l+l�f~uwl+l�fhg%��lmuwl�����lm��x�uw�c{hnmp�{¼g�n�l���g��#pwo¼l�f~g���g
l�÷�p�t_u�n���uwú~��gA�Bx�u�k!ú�gQ>O}h��l�g�sc��ö¼g�n�g�kLlA�vu��8lmfhgY��+Y�Ðz�g	lmfhpcs
uw��l�g�nm�+l�fhg%x�f~u�nmuLx)lmg�nm����l���x���p�o�lmfhg@����z�}h��uwl���p�kT�����Lkh��@¼x�uwkOlm���L�

ë��-ì	�|òE�´�hïÏôqó��r�¦f/����òE�	îE��±k�lmfh��� ��g�x	l���p�k�÷�g9{hn�gA��g�kOl ����z�}h��uvl���p�k�n�gA��}h��lm� lmp
scg�z|pLk~��l�n�uvl�gÜlmfhgÛg�ùTx�u�x�� p�o|lmfhgÛkhg�÷ �)�_� ��kOl�nmpcsc}~x	gAs
uwú¼pvt�gL� �±kål�fhgA��gÛ����z�}h��uvl���p�k��Úl�fhg�+»-Î��p�o�lmfhgÐúh}cö8g�n
��g�kh��l�fÚpwoBlmfhg!���c��l�g�z���fhpv÷�k(��kp�#�����8 ����6p�ú~��g�nmt�gAsÏ��r@�6��l
����t�g�n��|sc��ùTx�}h��lYl�p¸p�úcl�uw��k�lmfhg�pLn�g�l���x�u��~nmg���}h�¶l���oqp�nYl�fhg����c���
l�g�z�{�uwn�uwz�g	lmg�n6÷jg�u�n�gG��kOl�g�nmg���l�gAsÚ��kÐûqú~}cö¼g�n@��g�kh��l�f��	�h÷�g
}~��g]-Øiâ����z�}h��uvl���p�k��+l�p|x	pLz|{�uwnmg�p�}hnjn�gA��}h��lm����e*p�ú¼g�u�úh��g
l�p!scp�l�f~����÷�g6}~��g�{~u�nmu�z|g�l�g�n#tvu���}hgA�Ãl�f~uwl�÷�p�}~��s¸����t�g�fh���Lf
{hnmp�ú~u�úh������l���g���ûqz���k~��z�}hz {hn�pLú~uwú~�����¶l���tvuw��}hg��Yp�kTlmfhg%p�n�scg�n
pwo( %� Û�
 �(��pEl�f~uwlÚnm}hkhkh��kh�El�fhg¡-Øi ����z�}h��uvl���p�k��?÷�p�}h��s
khp�l|l�uwøLgÚuØ{hnmp�fh��úh��l���t�g�uwz�p�}~kLl�pwo�l���z�g�� r@�T��fhpv÷�kE��k
uwkÚg#;hu�z|{~��g
ú�g���pv÷!�c��l%x�u�k(ú¼gGg#;c{�gAx)lmg�s(l�f~uwl%�´+j�6�Rú�u���g�s
��{h����l�lm��k~��zTu_���L��tLg�g�t�g�k�fh���Lfhg�n���{¼g�gAs´�È}h{�oqp�nj��pv÷�g�n+{hnmp�úh�
uwú~�����¶l��?g���l���z�uwl�gA���
e*p4@~k~syl�fhg�g���l���zTuvlmg���÷jg|nmu�k
�-��k~scg�{¼g�k�scg�kOl�����z¸}~��uw�

l���p�k��Gg�u�x�fØf~u_t´��k~�Ø ?���|ûqkhp�l!��k~x���}�sc��k~�(lmfhg�÷�u�n�z|�È}h{ {¼g	�
nm��pcs��Ãp�ú���g�n�tvuvlm��pLk~���v÷�fh��x�f|����t�gA��u@lmpwl�uw�´��g�kh�wlmf�pwo��u�� ?������±k�lmfhg¸����z�}h��uwl���p�k~�@÷jg¸}~��g�uTt�g�n��(��pLkh� û� ?���Glm��z�g�}~kh�¶l����
÷6uwnmz��È}h{({�g�n���pcs?lmp�g�����z���k~uvlmg�uw���*��l�uwn�l��È}h{?g�ö¼gAx)l�����±kTl�fhgG����z�}h��uwl���p�k~�j÷�g%}~��g�s?u�z�u�;c��z�}hz úh}cö8g�n���g�kh�wlmf
pwo�` ¹ �	�5�¸{�u�x�ø�g�lm�)��uwk~s u ����khøåx�u�{~u�x��¶l���ûql�fhgEkO}~z��
ú¼g�n<p�o
{~uLx�ø�g�lm�|l�f�uvl(x�uwk ú�gØ��g�n�tLg�s×��kÒuÜ}hkh��l<lm��z�g?�Tpwo
^ ¹ ¡�{~uLx�ø�g	l����v}hkh��l6l���z|gL�êe6fhgyk´}hz�ú�g�n?pwoY*
�A;�*��n�
��p�}hn�x	gA��÷�g�nmg-��g�l|lmp�� ¹  A�	� u�k~sÛlmfhg���g�kh��l�f~��p�o@l�f~g*
��u�k~s�*��n� {¼g�nm��pcsh��f~u_t�g Q¼��{co%sc����lmn���úh}clm��pLkÐ÷��¶lmfÛ{~uw�
n�uwz�g	lmg�n������W©�¹ã  ¨ � ¦ �����Î¹   ¨  L�+�@����kh�¸l�fhgA��g�tvuw��}hg��j����t�gA���g���oà�È����z�����u�n�l�n�uvù<x!÷���l�fõuf�%}~nm��l@{~u�nmu�z|g�l�g�n��6éÐ��p�ob� ¨ �´�$õg�}~��g�s��f¹å���h��uwk~s-}~��g�sÚlmfhnmg�g�sc��ö¼g�n�g�kOl���t_u���}~g������ ¦ �uwk�sY�~�vú�p�l�f�oqp�n,-ØiÐu�k~s|�´+j�E����z�}h��uwl���p�k~���c$Øg�u��m��}hz�g�s
l�f~g<��pLkh��gA��l[-õiê����z�}h��uvl���p�kÜnmg���}h��l¸u��Glmfhg?x	pLn�nmg�x	l/+Q-Î�
uwk�sØx�p�z�{~uwnmg�syl�fhg<��+Y�9nmg���}h��lm�
÷��¶lmfõl�fh���!p�k~g����hpLnGu����

0 100 200 300 400 500 600 700 800
10

−8

10
−6

10
−4

10
−2

10
0

Buffer Length

P
ro

ba
bi

lit
y 

M
as

s 
F

un
ct

io
n

0 100 200 300 400 500 600 700 800
10

−8

10
−6

10
−4

10
−2

10
0

Buffer Length

P
ro

ba
bi

lit
y 

M
as

s 
F

un
ct

io
n

o�p q�r �/r÷��|)�8�$�8�0p � p w��G���Ky4y"!ý{$v$�+w4p �8vg�#!Iw4x@}��0{$��}+|;� }+v$q8w4xap y»y'x$� � vGp vw4x@}5y4}6z$q8{0|)}5y+r%$Ix@}Ey4�8� p &T�+{0|4��}5y��8|)}'! �8|�w4x$})(;��*®��}+w4x$�+&Z��v,&_w4x$}&0�Ky'x@}-&¬�8v$}5y��8|)}�! �8|�w4x@}N�/.Äy'p ��{$� �8w4p ��v@yPr0$"x$}6w)�8w)�8�=� }+v$q8w4xT�1!;w4x$}y'p �»{0� ��w4p �8v$y9��|�}32+4658714+9���v,&)2+4:58714<;0r

0 100 200 300 400 500 600 700 800
10

−2

10
0

10
2

10
4

S
pe

ed
−

up

0 100 200 300 400 500 600 700 800
10

−2

10
0

10
2

S
pe

ed
−

up

0 100 200 300 400 500 600 700 800
10

−2

10
0

10
2

Buffer Length

S
pe

ed
−

up

o�p q�r>=�r¤t§vaw)x0p yYz$q8{0|�}�w4x$}�}5y'w4p ����w�}-&uy'��}5}-&<?M{0�a����� {$}5y��8|)}Êy'x@� � v�! �8|w4x$|)}5}@&0p ��}+|)}+v/w�y'p �»{0� ��w4p �8v]� }+v@q�w)x$yPrA$Ix@}��$� �8w)y��8|)}6! ��|'714 9CB 714 ; ��v,&714+DE!ý|����,w)�8��w�������w4w����6r

�8 M�Z¨~�§©«�8 §�3ªÅ�8¨~ªd�§�0ª~º3�8¡I�T���Ã�8�0�Ã�K¡I©��T�8¡I� · ²�¸Ñ�T���K¡~��±
º3 §¼3�@�g�8¡~� �8©3�_��²�´³µá©��g�8¡~� ´GFÍ�� §�¬¨~��©��K M��ªI�g�8¡�¨I�¬¼�©«�M°
 �±~©��K Mª~º,�K¡~� · ²�¸Ñ�T���K¡~��±¹�N M�8¡d�K¡~�¦ª~�0� ¿�À�µ ���8��©��8�$º3��¢
F��3�T¶I©3�8 ��8�3ªI��­"�0�����$�0ª��K¡~� · ²�¸\�T���K¡~��±¯©3ªI±¯´GF\�� §�¬¨~°
��©��8 §�3ª]©3�8����¡~���NªG §ª¬µ� Mº"¢IHI¢>£u�>��Ð�¶=�$Á��8�$±g�4���>�8��©«�§���K©«�T¶~�§�
�8 KJ$�$�u´LF\�K�$�8¨~�M�K�a©«�K�]ª~�3 ��8�3¢)M����8 §��©��K�$±��8¶"�$�$±�°+¨~¶�¼�©«�§¨~�$�
©«�K�6¶~�K�$�8�0ªF�8�@±¬ §ª�µ> §ºI¢ON"¢�µI�8���V�8¡I�6ôIº3¨~�K�6���NÁ$©«ª����$���8¡I©«�
�8¡I���8¶"�$�$±�°+¨~¶Z¼H©3�M¨I�$�»±��$Á0�8�@©3�8�Ê�N M�8¡¬ §ªIÁ0�8�@©3�8 Mª~ºg�� §�¬¨I�§©«�8 §�3ª
�§�0ª~º3�8¡Y¢�¾6¡~ ��� ����T©3 MªI�M��­=�$Á$©«¨I�8�N�8¡I�a��­I���$�8¼��$±T¶I©3�K©3�T���8�$�
 ��u±� MÎ=�$�8�$ªF�u�8¡"©«ª¦�8¡I�Z�8¨~­I�8���a §ªI±� �Á0©«�8���N�4¨~ªIÁ��8 §�3ªYËD�8���0¼��0ª
 M�>�K¡~��¼�©«�K §©3ªIÁ��g�«�>�8¡~�]�8¨~­I�8�����N±��$Á0�8�@©3�8�$��¶~�K�3¶=�3�8�8 §�3ªI©3�I�K�
ñQP�R �K¡~�N¼�©«�K §©3ªIÁ��6�3�"�K¡~�N­~¨�Î9�0���M�$ª~º«�K¡I��±��$Á0�8�@©3�8�$�» §ª�©�±� ½�'°
�4�0�K�0ªF�G��©«ª~ª~�$�$¢]¾6¡I�Z¼�©«�K �©«ªIÁ0�¬¼3�$�K�8¨I�a­~¨�Î9�0�G�§�0ª~º3�8¡Ì¶I�M�3�



0 100 200 300 400 500 600 700 800

10
−14

10
−12

10
−10

10
−8

10
−6

10
−4

Buffer Length

V
ar

ia
nc

e

106

 
107 

108 

��� ���>S��UT�%'()� *�<8()#�-8A~(4!@#»J�<�7)� <8?IV5#Ê-8A~(4!@#�O02CW�#+7Y1 #+?$�8(4!g<8%><�Aý2$?IV+(4� -8?-8A X�2@#+2$#D1 #+?$�8(4!«��Y§(=� %9%4#5#+?6(4!$<8(D#+JK#+?6(4!@#>%4� *»201 <8(4� -8?E1 #+?$�8(4!6� ?,V+7)#5<K%4#5%()#+?�A -�1 .QZH(4!$#YJ�<�7)� <8?IV5#�.0-/#5%I?$-8(=.$#-V+7)#5<8%)#D� ?6(4!@#;%4<8*�#Y-87).$#+7+�

0 500 1000 1500
10

−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

Buffer Length

P
ro

ba
bi

lit
y 

M
as

s 
F

un
ct

io
n

��� ����[��]\�^E�¬A -87YO$2CW�#+7D1 #+?@��()!`_=!$#+?EO$2CW�#+7Y%'� a5#»� %bZ�cedUf1g+h+h0���"!$#.0<K%'!@#5.6V+2$74J�#D� %=A -87�^�i_<�?@.6(4!$#Y%)-�1 � .'V+2$74J�#Y� %IA -87kjl\�m�%'� *»201 <�(4� -8?��

���Y��fhpv÷�k���kf�#���~�L�h�#r��Y��g�g�k�oqnmp�z�l�fhgA@~��}hnmg6l�f~g�scgAx	nmg�u���g
pwoÏlmfhg
t_u�n���uwk�x	g@÷���l�f?l�fhg
��k~x	nmg�uL����kh�¸����z�}h��uvl���p�k?��g�kh�wlmf<���
��g��m��l�f�uwk-l�f~g¸g#;c{¼g�x	l�g�s-tvu���}hgL���R� g�����÷�fhg�k-l�fhg|����z¸}~��uwl���p�k
��g�kh��l�fõ���
��k~x	nmg�uL��gAsyú´�yuwkõp�n�scg�n
pwo�zTuw��k~�¶lm}~scg��Bl�fhg�n�g|���
p�k~���Ðu �������LfLlTscgAx	nmg�u���g<��kÛlmfhg(tvu�n���uwk~x�g��õr@�|z�g�kOl���p�khgAs
ú¼g	oqp�nmg�lmfh���jf~u�{h{�g�k~��sc}hg�lmp�l�f~g%oÔu�x	l�l�f�uvlYlmfhg���+Y�âlmg�x�fc�
kh�v>O}hg�u��¶lmg�n���l�f~g¸g�tLp���}cl���p�k�p�o+l�fhg|���c��l�g�zÚ� r @~n���l
��p´p�ø
uvln�#�����A¡�zTu_�
�L��tLg+l�f~gj��z�{hn�gA������p�kGl�f�uvl#l�fhg6�´+j�Ûz�g	lmfhpcs
��pOpO��gA�6�¶l���g	ù<x�u�x	�?÷�fhg�k(l�fhg�����z¸}h��uvlm��pLk(��g�k~�wl�f-���6p�kÚl�f~g
p�n�scg�njp�oj %��nv�b�%pv÷�g�tLg�nA����l����6��z�{�pLn�l�uwkOljlmp�k~pwl�g
lmf~uvl6l�f~g+Q-Á�Òû��#�����7(5�Yf~u��6u�z���kh��z¸}~z�tvuw��}hg��Ln�gAuvlmg�n�lmf~uwkõ %� Û�
 �÷�fh��x�f�zTuwø�gA��l�fhg�����z¸}h��uvlm��pLkÚl���z|g���pLkh��g�khpL}h��f-lmpT��g�l@u
��p´pcsTnmg���}h��lYoqp�njg�tLg�k?uY-Øi ����z�}h��uwl���p�kB�c$õg
x�uwk?��g�g@l�f~uwl
g�tLg�k|÷�fhg�k�÷�g�scn�pL{¸lmfhg�{hnmp�ú~u�úh������l���g�����������fOl������wl�fhg%��{�g�g�s´�
}h{Ú÷������Buw�Ouw��k?�L��tLg@fh����fÚtvuw��}hg����+e*pTscg�z|pLk~��l�n�uvl�g@l�fh���6÷�g

0 500 1000 1500
10

−2

10
−1

10
0

10
1

Buffer Length

S
pe

ed
−

up

�#���~�¼�c� T�%'(4� *�<8()#5.6%':�#5#5.�LM20:�J�<�1 2$#5%"A -87 `�¹ã A�	�	� �

0 500 1000 1500
0

50

100

150

200

250

300

350

Buffer Length

N
or

m
al

iz
ed

 h
al

f c
on

f. 
in

t. 
le

ng
th

 (
95

%
) 

(%
)

o�p q�r+o/r`p�y'w4p ����w�}-&>x@��� !Hy'p q5}"�5��v$zI&$}+v$�5}�p v/w)}+|4���8� ysrt! ��|vu+w<x�y�v@��|)����� p q5}-&w)��w)x$}>��}5��vE}5y4w4p ����w)}5ys! �8|"z|{}71w+4+40rl$Ix@};y4�8� p &E� p v$}�p y�! �8|l(Y��* ��v,&w4x@}l&0�Ky'x$}-&�� p v@};p ys! ��|D�/.Z��}+w)x$�+&Hr

Á�¡I©3ª~º3�G�K¡~�¬­~¨~Î=�$�a�8 KJ$�3Ës~uËI�K� ñ,����� ¢�¾6¡~�¬ª~�0�V²�´ÌµÅ©3ªI±
�8¶"�$�$±�°+¨~¶,¼H©3�M¨I�$�a�4�3� û����kñI��� ��­I���$�8¼�©«�8 §�3ªI�gÁ0©3ªÌ­=�T�8�0�$ª
 §ª¦µ� §ºI¢v��©3ªI± µ� §ºI¢s��¢
À5ª,©3�M�Ê�8 M�Z¨~��©��8 §�3ª"�a�N¡I�0ª,���TÁ����_¶"©«�K�¬�K¡~�T¶~�8��­I©«­I M�§ ½���

��©3�K�6�4¨~ªIÁ��8 §�3ªI�u�8¡"©��u���]º3�0�u¨I�8 MªIº¯´GFò©«ªI± · ²�¸ �_�0�8¡�°
��±~�$ËI M�u §�u���$�0ª¦�8¡"©��N�8¡I�¬´GFá�T���8¡I��±¦º� M¼��$�N�Z¨IÁ�¡¦ª~�3 ��8 M�$�
�K�$�8¨~�½���0¢E�u�����$¼3�0�@Ë3�$¼3�$ª� ½�Y�K¡~� · ²�¸\�T���K¡~��±�º3 §¼3�@��­=���8�8�0�
�K�$�8¨~�½�����8¡~�]�8¶=�0�$±�°P¨~¶¦Á�¨I�8¼��$�6±��Tª~�«�N�4¨I�M�§�¯�K�<�I�@Á/�6�8¡I §�$¢�À5ª
�3��±��$�G�8�¦�3­I�8�0�K¼3�Z�8¡I���<��Á� §�0ª"Á��³�3���K¡~� · ²�¸É�_�0�8¡~��±® §ª
µ� Mº"¢�� ã �4�3�@~ ê ñ,������é ©«ª"± Ë µ� Mº"¢�� ã �4�3�@~ ê � ���Fé �8¡~�aÁ��3ª~°
ô"±��$ªIÁ��¬ MªF�8�$�8¼�©3�§�E�4�3�N�K¡~�¬�@���K M��©��K�$�E©3�8�¬¶~�M�3���K�$±D¢N£u�a M�u §�
�8�0�0ª��4�8���õ�8¡~�aôIº3¨I�8��Ë3�K¡~� · ²�¸á�T���8¡I��±¯º3 §¼3�@�Ê�¬¨"Á�¡¯­=����°
�8�$���$���8 §��©��8�@�g�8¡I©3ªÌ�K¡~��´GFV�8 §�¬¨~��©��K M��ªÄ�N M�8¡® §ªIÁ��K�$©��� §ª~º
­~¨�Î9�0�u�M�$ª~º«�K¡Y¢



0 100 200 300 400 500 600 700 800
0

50

100

150

200

250

300

350

400

450

500

Buffer Length

N
or

m
al

iz
ed

 h
al

f c
on

f. 
in

t. 
le

ng
th

 (
95

%
) 

(%
)

��� ���+�/�`T�%'(4� *�<�(�#5.>!@<�1 AH%'� a5#sV5-�?I�$.$#+?IV5#�� ?/()#+74J�<81 %s�½A -�7v�+g<����?@-�7)*�<�1 � a5#5.
()-�(4!$#»*�#5<�?g#5%'(4� *�<�(�#5%9A -�7�c%d]�+h+h0�Ê�"!$#�%4-81 � .g1 � ?$#Ê� %;A -�7�jl\�m¦<�?@.(4!@#Ê.0<K%'!$#5.g1 � ?@#Ê� %�A -�7E^/i *�#+()!$-/.u#5<�V�!g!@<5J/� ?$�E<N%'� *»201 <�()� -8?�1 #+?@��()!� h:��f1h<���

�-ì��
ðÃí*ó6�Lò~��ôqðÃí�±k lmfh���y{~uw{¼g�n�÷�gÜ��k´t�gA��lm���Ouvlmg�sÒlmfhgÛ��fhp�n�lmx�p�z���k~�L�(pwo
��+Y�6�Èú~u���g�s|��{h����l�lm��k~�
pLk|���c��lmg�zT��÷���l�fT��g��¶oà�±����z�����u�n�l�n�uvù<x
uwk�s ��kOl�nmp´sh}~x	gAs uÚkhg�÷9��}~ú~��g�l!��k~sh��x�uvl�pLn
oq}hk~x)lm��pLkØ��kõp�n��
scg�n@lmpÚu�{h{h���(lmfhgT�´+j�6�Èú~u���g�sy��{h���¶l�l���kh�(l�p<lmfhg���g|øO��k~s pwo
���´��l�g�zT���f$õg<scg�z|pLk~��l�n�uvl�gAsØl�fhgTg�ö¼gAx)l¸p�ojlmfh���¸khg�÷ �)�_�
÷���l�f×uØ����z�{h��g(úh}hö¼g�n|z�pcscg��jlmf~uvl����¸oqgAsÛú´�Ð��g��¶oà�±����z�����u�n
l�n�uvù<x��~�±k<pLnmshg�n�l�p���g�g�l�fhg�g	ù<x	��g�k�x	�|pwo8l�fhg@khg�÷Òz�g	lmfhpcs
÷�g@}~��g�sTú¼pwlmf<lmfhg%lmnmuLsc�¶lm��pLk~uw�8��{�g�g�s´�È}h{?x�uw��x	}h��uvlm��pLk~�Yu�k~s
uw����pÜl�fhgõx	p�k7@�scg�k�x	gy��kOl�g�nmtvuw�����ãe6fhgØ����z¸}h��uvlm��pLkÒn�gA��}~�¶l��
��fhpv÷jgAs×l�f~uwl<l�fhgØ�´+j� z|g�l�fhpcsÒ�L��tLg��Tz�}~x�fÒú¼g	l�lmg�n(n�g��
��}h�¶l���l�f�uwkTuGn�g���}h��uwn,-ØiE����z�}h��uwl���p�kB�Lg���{�gAx	��uw�����¸÷��¶lmfT��pv÷
{hnmp�ú~u�úh������l���g����

f/�~m)�hïK�hí*ó6���
� f-���ñF � ��¡rsl¢)U£�zP�^.V�l@¤OR.LNP�VÁo	srC7P¦¥I¥�R�l��YP¦� T3UWL§�4F � �HFH^.j�U_L2lnP�^.V¨nP�^.FHU£�k©ksv�4F �HGNJ�^�s«ªc^�TND.U´GNU£� `�h�GNFHg!F �zP�Lb^�P�T3R.LNU´J�`�¡�TND?UWL3^.U�TTNLNP�¬!e�s%­�^�¨cU_U_S.FH^.V?UWL)®7sKo�FHV.D%R5lKU_V.F TNJ�LWl"¯6° ±	²Q³¦´E°lµ�±§±/lS�P�j�U_G:f1�+¶#·�f1�+¶?l5o?P�^/¸�L�P�^.e_FHG3eWJ.l�\EP¦�HF `:J�LN^?FzP?l�f1�+�+¶?s� � ��©6U_L3^/®�P�¹%GNJ�^´P�^.Vuo?P¦� � Z�¸º�HJWZ?V5s��ñFHV.UnP�LNUWPQT3L�P�¬!e+»7T3D.Un`vP�F �HR?LNUJ�`O®7J�FHGNG3J�^,g!J%V.U£�HFH^.j.s<³�¼s¼�¼v½,¯6° ±¿¾OÀ�Á+ÂOÃ-Á<Ä1ÅÇÆ � ÂOÃ � Â:ÈEÉ#ÅÇÊ � ÀbË+ÌÆKÂIÍ�lO¶,ÎÏ¶<Ð-» �+�+Ñ · �¦Ò+Ò lvf1�+�+g?s� ¶��	¤uP�LNM@��s,ÓnP�LNL3U�T3TrP�^.V'�YP¦� T3UWL��4F � �HFH^.j�U_L2s	a~^�P¦� Z?G3FHG2l�g!J�V.U£�HFH^.jP�^.Vfj�U_^.U_L�P�T3FHJ�^4J�`,G3U£� `:h�G3FHg!F �zP�L�©EÔkÕ¯d?FHV.U_J/TNLNP�¬!e�s|­�^%²Q³+´kÌ°lµ�±§±/l.S.P�j�UWG �+Ñ �#· � �+h?l�f1�+� Ò s� Ò � C7P¦¥I¥�RÖ¤�s o	s§Ô
UWLNP�^Ø×.sHl4o%D.U_LNgAP�^ÙÕbsOP�^.VÙ�4F � �HFH^.j�U_L
�Ás¢)J�^.j�h�LNP�^.j�U�¨cU_S�U_^.V.U_^.e_UbFH^`©6P�LNFzP�XQ�HU�hÚÔ
F TkÕ~P�T3U�©nFHV.U_J»C|L�P�¬!e�s³�¼s¼�¼Û¾OÀÜÁ+ÂOÃ-Á<Ä#ÅÇÆ � ÂOÃ � Â«° �+Ý:Ý6Þ ÂOÆKÄßÁ+ÅÇÆ � ÂOÃ�l Ò ¶,Î �<à ¶ à�Ò Ð�l�¸�U_X.L3R?hP�L3Z à ¤uP�LNe�D à acS.L3F �sf1�+�+g?s� g���á
P�^?D.U§¸�P�^4P�^.VñmrFHe_J+�zP�G`ÓcUWJ�L3j#P�^�P�G2s%®7UWL�`=J�L3gAP�^.e_U�P�^.P¦� Z?G3FHGJ�`Qa�C"¤ÊG�IrF TNe�D?UWG]IrF TND4GNU£� `:hvGNFHg!F �zP�LkFH^?S.R?T]TNLNP�¬!e�s]³ßÂOÅâÉ#À-Â�Á+ÌÅÇÆ � Â�Á+ã�ä �+Þ À-Â�Á<ã ��å ° �<Ý3æ�Þ ÅâÉ1À3²�ç+ÃßÅâÉ Ý Ã�²�Ä#ÆKÉ#Â�ÄßÉ�Á+Â�è�¼kÂIÍ<ÆtÂ�ÉßÉ#À-ÌÆKÂIÍ�l>f � Î � Ð-» �+g#·�f1h � lvf1�+�<é%s� Ñ �	¤uP�LNM4\
LNJWd#U1� �zP�P�^.Ve¢)U_G3T3U_L�¢)FHS?GNM#Z�sL¢)J�^.j�hâ�zP�G�TNFH^?j�TNLNP�^.GNFHU_^#Te_J�^.V.F T3FHJ�^.G!FH^�GNFHg»RQ�zP�T3FHJ�^.G»IrF T3D�D.UWPWd�Z%hvTNP�F �HU_V�IKJ�LNMC�HJ#P�V.G2s�­�^ê�ÆKÂOÅâÉ1À�²�Æ Ý:Þ ã Á<ÅÏÆ � Â�° � Â å É#ÀÜÉ#Â�ÄbÉ2l�S�P�j�U_G�f1h+h+g#·�f1h,f � lvf1�+�<é%s� é#�ìë7s�ícP�LNP�Gbî�TNF%P�^.V:×.s¦ïks2C|J2Ir^.G3UW^?V�s�CrD?U
CED.U_J�L3Z,J�`�¨~FHLNU_e�T�®6L3J�X?hP�X.F �HF T�Z�ÕEU_V.FHG3T3LNFHX?R?TNFHJ�^ÁP�^.VÎF T3GOacS?SQ�HFHeWP�TNFHJ�^BT3J0ÕrP�LNU�¡�d#U_^#T

o%FHgkR,�zP�TNFHJ�^�s�¯6° ±ð¾�ÀÜÁ+ÂOÃ-Á<Ä#ÅÏÆ � ÂOÃ � Â)± � èCÉ1ã ÆtÂIÍ)Á+Â�è�° �+Ý�æ�Þ ÅâÉ#À²�Æ Ý:Þ ã Á<ÅÏÆ � Â�l��,Î � Ð�l�a~S.LNF � � h+h+h?s� ���ìë7s�ícP�LNP�Gbî�TNF%P�^.V:×.s¦ïks2C|J2Ir^.G3UW^?V�s�CrD?U
CED.U_J�L3Z,J�`�¨~FHLNU_e�T�®6L3J�X?hP�X.F �HF T�Z�ÕEU_V.FHG3T3LNFHX?R?TNFHJ�^ÁP�^.VÎF T3GOacS?SQ�HFHeWP�TNFHJ�^BT3J0ÕrP�LNU�¡�d#U_^#To%FHgkR,�zP�TNFHJ�^�s"­�^òñkÀ � Ä�ós³Ü¼�¼s¼ô³-ÂOÅÚó"° � Â å ó�° �<Ý:Ý6Þ Â�ó õ�³¦°l°Ûö ÷<ø�lS�P�j�U_G:f Ò+Ò ¶#·�f Ò g+h?l�aKT��zP�^�TNP?l�×�R.^.U�f1�+�+�?s� ���ù®�s�írU_FHV.U£�HX	U_L3j�UWLWsl¸�P�G3Tno%FHgkR,�zP�TNFHJ�^´J�`�ÕrP�LNU�¡�d#U_^#TNGcFH^AúcR.U_R.U�hFH^.j´P�^.VòÕrU£�HFzP�X.F �HF T�Z§¤OJ%V?U1�HGWs@¯6° ±û¾OÀÜÁ+ÂOÃ£ó � Â8± � è<É#ã ÆtÂIÍAÁ<Â�è° �<Ý3æ óv²�Æ Ý ózlQg,Î�f#Ðß» Ò ¶#·I�+g?l�×#P�^%R�P�L�Zòf1�+�+g?s� f1h���ª»sia~M%FH^0P�^.Vü×.s)ïks»C|J2Ir^.G3U_^.V�sý¡s¬!e_FHU_^#TBo%FHg»RQ�zP�T3FHJ�^�J�`C~\k® à ­â®¡mrU_T�I
J�LNM�Gi\
D�P�LNP�e_T3U_LNF î_U_V�X�ZYmrJ�^?hÚÕrP�LNU'¡�d#U_^#TNGkq~G�hFH^.j3¨�®�ÕKhÚÔKP�GNU_Vko%SQ�HF T�TNFH^?j.sI­�^:ñkÀ � ÄßÉßÉbè<ÆtÂIÍ<Ã ��å ÅKþ,Ék³Ü¼�¼�¼�´kã �Cÿ Á+ã¾�É#ã ÉbÄ �+Ý ó"° � Â å ó õ�´��"µ���¼�°lµ�±ûö ����l�mrJ2d	s � h+h,f�s� f+f-��ª»s.a~M%FH^´P�^.VA×.sOïks?C|J2Ir^.G3UW^?V�sº¡s¬!e_FHU_^�Tno%FHg»RQ�zP�TNFHJ�^AJ�`s¨cU£�zPWZFH^!C~\k® à ­â®fm~U�T�IKJ�L3M%G�q~G3FH^.j@¨�®�ÕKhÚÔKP�G3UWV]o�SQ�HF T3T3FH^.j.s>­�^�ñkÀ � Ä�ó³�¼s¼�¼�³ßÂOÅÚó"° � Â å ól° �+Ý6Ý:Þ Â�ó õ�³+°l°]ö ���#l � h+h � s� f � �)�YP¦� TNU_L��4F � �HFH^.j�U_L2ls¤OR.L�P�V�o�s7C7P¦¥I¥�R�lkÕEJ�X�U_L3T]o%D?UWL3gAP�^�l�P�^.V¨nP�^.FHU£��©ks>�ñF �HG3J�^�s/o%U£� `�h�GNFHg!F �zP�L3F T�Z�T3D.LNJ�R?j�D�D.FHj�D?hvd�P�LNFzP�X.F �HF T�Z�»G3TNP�TNFHG�TNFHeWP¦�QP�^�P¦� Z%GNFHG]J�`@¡�T3D.U_LN^.U�T§¢�anmÓT3L�P�¬ieYP�T]T3D.U/GNJ�R.L3eWU�HU�d#U1�vs�³Ü¼�¼s¼v½,¯6° ±�¾OÀÜÁ<ÂOÃßÁCÄ1ÅÇÆ � ÂOÃ � Â)ÈEÉ#ÅÇÊ � ÀbË+ÆtÂIÍ#lCg,ÎÜf#Ð-» éIfß·I� Ñ lf1�+�<é%s� f1¶��´mQsk¢�FHM%D�P�^?J2d	l�ÔcsKCEG3Z%X�P�M�J2d	l,P�^?VÎmQs"ÓcU_J�LNj#P�^.P�G2s�ac^�P¦� Z%GNFHGJ�`,P�^fP�T3g X.R	�	U_LkIrF TND�G3U1� `�h�G3FHg!F �zP�Ln`=LNP�e_TNP¦�EFH^.S.R?TkTNLNP�¬!e�s�­�^ñlÀ � ÄßÉßÉßè+ÆtÂIÍ<Ã �bå ³Ü¼�¼�¼L³bÈ�
"µE°lµ�± ö ÷���õ
� � ÃßÅ � Â,õ�±/¯:óHl|S�P�j�U_G�+�+g#·I�+� � l�f1�+�+g?s


