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°n±³² |<jJ<&® jc´=µ ±Y¶· k�0�¨C=hGI=M´Oµ ±Y¶¸ }¹²º6¼»Ry~½ ± ¯Yjg»�¾�aYkIy~½ ± k4e�AC��¿ :EH·eoGmeFAR�Cj`zAgkRz «[=hGÀ®°GJj`zÁÀ�b\¯-Â�Â�Â�¯ªy ± Ã aJÄl0�:²Km¨dkCAC:E®°jFGIz �C:EHJKIGI:<«RkRKm:Ej`ApÅ�±�S
�ö®¹KI¨C=BGme�KI=B®°kCAR;hKm:Ej`A³jû=>|EHI=�0�¨C=>GJ=eF|<HJj§;ceF|E|<=>�*��Q¤eFGlKm:EKI:<j`AÛ®°kCAC;hKI:<j`AR�Cj`G���®°GJ=>=8=>AR=>G3<�LÆ��6Ç¢8��NPi�£|¤8�W\¹NC9@N´Z a;9ek

È jcÉJkY}¹² Ã aÊ¾ |E:<z±YËxÌ Ã aÍ |Ej|<|ÎP� T&±=6¯=ª©RQ�jÏÉJ°O±|k�9P² |<:<z±�ËxÌ
Ã aÍ |<j|<JÎ

Î1ÐÑ¸	ÒÆÓ ® je´=µ ±�¶¸ k�Ô jlaXk
=�©�:<HlKmH*e�AC�]:<HB�C:[:¹=hGI=>AtKI:­eF«C|E=8j`A]� 98NPKm¨C=hA eÛHJ:<zdQC|<=4eFQCQC|E:<;>e�Km:Ej`A jF®�Km¨R=�¢.ÕeFGJKIAC=>G0u0T�|<|E:<H.KI¨C=>j`GJ=>zj`Ao¦7e�G3<`=@O*=hDg:<e�Km:Ej`ACH�6¯T�|<|°NP9x9âHI¨CjY0�H�KI¨¤e�KYKI¨C=8�Cj`kC«C|E=,|<:EzÛ:²K

Ö5× jcØvk.}¹²ú|<:EzÙ Ë�Ú |E:<z±YËxÌ aÍ |<jJ< Î y ± Å"±�Û�Ø�jc´=µ ±Y¶· k�ÜVjwØ Ã�Ý ¯SØ$¾ Ý k1Þ j~y|k
0�:EKm¨ Ø�jc´=µ ±Y¶· kX}�² Ã aÍ |<j|<Wy °O±z² |Ej|< ® je´ µ

±Y¶· k
|Ej|<lß ´ µ ±Y¶· ß Â

=�©�:<HlKmH>NPe�AC�âN¤zdj`GI=hj¥DF=>G
Ö5× jwØ�k&² ÖYà jwØ�k.}�² ÈOá jwØ�kX}�² :<AR®ÔIâ-ã ä�å ÉJØ Ã È jcÉJk¡æOÂ jí^çk

nY¨C=·®°kCAC;�Km:Ej`A Ö5× ;>eFQRKIkCGI=hH, gkCeFAtKm:EKme�Km:²D`=h|EL Km¨R= �C=hDg:<e�Km:Ej`A]jF®�KI¨C=·HJj�uM;>eF|<|E=>�èQS@-HJF	iYK�éWê@C>[LEK�F.KIë|dNO@CBRK�BO`�Ø�jÏ´Oµ ±Y¶· k@®°GJj`z�:²KmH§=ª©RQ´=>;�Km=h��D�eF|EkC=FS �öKô¨¤eFH§«´=>=hA KI=>GJzÛ=h��QS@-HJF	iYK�DJFIHJbeBíìî]�^E>a`wb f FIHEQ�`gHJ> ïi1NOKSQ�`wF{^E]§S*O*kC=@Kmjä:²KmH�:EzÛQ´j`GlK±eFAC;h=@KI¨C= ¦�=;<`=>AC�RGI= KmGIeFACHl®°j`GIz jF® È jcÉJk�N¹¨R=>GI=·�C=>ACj�Km=>� «tL ÖXà N[:<HjF®�Km=hAoGJ=h®°=hGIGI=h�fKIjÛe�H�ð"KgDEK�BPLJF	K.ìî]�^E>a`wb f FIHEQ�`gHJ> ïti1NOKSQ�`cF�^E]§S
nY¨C=·=h gkCe�Km:Ej`Añjû^çkX:<HBkCHIk¤e�|<|ELäGI=h®°=hGIGJ=>� KIjäeFH�Km¨C=M]�^_>a`cb f FIHEQ�`îHJ> f @CF{].HJ>abAi�]§SYV.jFACHI:E�C=>GIeF«C|<=�0Wj`G32¨¤eFHB«[=h=>A]�C=h�C:<;>e�Km=h� KmjdKm¨C=@K±eFHI2 jF®�=hHJK±e�«C|<:EHI¨C:EA=<Û:²KBkCAC�C=hG*eFH�0.=>eJ2oeFHIHJkCzÛQ�Km:<jFACH�e�H�Q´j`HIHJ:<«C|E=FS�ö®â:EKÀ¨CjF|<�CHhNgKI¨C=�HJj`zd=;0�¨¤e�KW:<AtDFj`|EDF=>�{«RkRK.GJ:<;±¨ Ö5× zÛecLô«[=B=>HlKm:Ez{e�KI=>�ôKm¨CGJj`k=<`¨ôKm¨R=�zdj`GI=�GIjF«CkCHJKeFAC�2HI:EzÛQC|E=>G ÖYà S
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nY¨C=>GJ=ôeFGI= ;hj`AtDg:<AC;h:<A=< =ª©Ce�zÛQC|E=>H�0�¨R=>GI= ÖC× :<H*ARjFK,;>jFAC;cecD`=�N�¨C=>AR;>=ô�C:o:[=>GJ=>AtK*®°GJj`z ÖYà Nâ«RkRK,:<AeF|<|Æ<`=>AC=hGmeF|E:EKMLäe�0W=ce52ä®°j`GIz�j�®�jû^çk.:<HXKIGIkC=M6¯9x9í}

È jcÉJk&²�:<AR®ó jÏÉJØ Ã ÖC× jwØ�kIk{Â j ò k
�MAfjFKI¨C=>G�0Wj`GJ�CH>N ÖXà :EH�eF|o0.ecL�HYKI¨C=8;>j`AC;>ecD`=·¨¡kC|E|âjF® Ö5× SÀV.j`ARHI=> ¡kC=hAtKm|ELFN

ÖXà jwØvk�ô ÖC× jwØ�k�Â j~s|k
¢WL Km¨R=�0.ecL`NXARjFKm= Km¨Ce�K Ö5× jcØvk eFAC� ÖXà jwØ�k eFGI=oeF|[0XecLgHôQ[j`HJ:EKI:ED`=2:EA KI¨C=2HI=�KIKm:EA=<èjF®tj~y|k HI:EAC;>=y ± Å�±=6öõ�9�:<HYHI:EzÛQR|ELdKm¨C=8A¡kCz «´=>G�jF®�:<AtKm=;<`=>GJH�:<A�õ·SUnY¨C=,KMLgQC:<;>eF|�HI¨CeFQ[=8jF® ÖXà :EH�e�÷XS
� ;>|<eFHIH*j�®UzÛ=>eFHIkCGJ=>Hl0�¨C:E;±¨ Hme�KI:<Hl®�LfKI¨C=ô¦�O,�øjíy|k�eFGJ=·Km¨R=§¢.:<ARj`zÛ:<eF|��C:EHJKmGJ:<«Ck�Km:<jFACH�0�¨C:E;±¨èeFGI=<`=>AC=hGme�KI= «tL(e ¢.=>GJACj`kC|E|<:�KIGI:<eF|~S ��:²© K10Wj�Q´j`HJ:EKm:²D`= A¡kCz «´=>GJH�ù?ÚwN�ù Ó 0�:EKI¨úù?Ú�¾ûù Ó ² aeFAC��GJ=>QCGJ=>HI=hAtKfQ´j`:EA¡KIHMüýÜþ6¯b\¯ca-9�«tL KI¨C=>:EG{�RL`eF�C:<; =�©�Q¤eFACHJ:<j`ATüø² jûb\ÂÇÿ Ó ÿ Î Â-Â�Â�k Î S nY¨C=è¢W:²uACj`zd:­eF|À�C:<HlKmGJ:<«CkRKI:<j`ARH·:<H KI¨C=>A��C=�u¤AC=>��«tL�QC:E;S2g:EA=<*ü�GIeFAC�CjFzÛ|²L�HJkC;±¨�KI¨¤e�K.ÅM6öÿ ¸ ²��c9l² ù��j���²#b\¯caXkô:<AC�C=hQ[=hAC�C=hA¡KI|EL jF®
»[Sú�MA�Km¨C:EH{HI:EzÛQR|<=2;ceFHJ=FN�® jc´=µ ±Y¶· kG² ù����
	 Â�Â�Â�	=ù�� Ð N�0�¨C=>AC;h=Ø�jc´=µ ±Y¶· k�² Ã Ó±
� ± � ÒÆÓ |<jJ< Î ù����öN 0�¨C=>GJ=§Km¨C=§HJ=> ¡kC=>AR;>=.ÿ � :<H�kCAC:< ¡kC=h|EL �C=hKI=>GIzd:<AR=>�è«tL*¿ D�:<e{Km¨C=
;>j`AC�R:EKm:Ej`A b\ÂÇÿ Ó ÿ Î Â�Â�ÂIÿ=±¥ÜV´=µ ±�¶· S4nY¨C=d¦7¦�� :EzÛQC|E:<=hHBKI¨¤e�K
Ø�jÏ´=µ ±�¶· k
� Ø�Ú·}�² � T��_6 Ã |<j|< Î ù����19v²Ã ÓÎ |<j|< Î ù?ÚSù Ó j Í � �8kXeF|EzÛj`HlKXHJkCGI=h|EL`SU¢W=>HI:E�C=>H�Ø"ÚwNCjFKI¨C=>GY;hjteFGIHJ=8itÕj`|E�C=>G.=�©�Q[jFAC=>AtKmH�Ø�jÏ´ µ ±�¶¸ k0�:<|<|�«[=Ûj`«CHI=hGJDF=>� HJkC;±¨ eFHzØ������M² |Ej|<&ù?Ú��
|<j|<nj0a��`y|k,eFAR��Ø���� �M² |<jJ<Zù Ó �
|Ej|<Oj0a��`y|k Ó N7KI¨Cj`k=<F¨zÛj`GJ=8eFAC�2zdj`GI=,GIeFGI=h|EL e�H Í � �úSÀZfj`GJ=@QRGI=>;h:<HJ=>|ELFN¤j`AC=�u¤AC�RH

È jcÉJk ² Ã |Ej|<|Î å ù ÔÚ ¾ ù Ô Ó æ ¯ jí_çk
0�¨C:<;±¨{Lg:E=>|<�RH.e�÷�uöHI¨¤eFQ´=>�{HIQ´=>;hKIGIkCz ÖXà 0�:EKI¨{zÛe�©�:<z kCz ÖYà jcØ�Ú{k ² aFNReFAR��0�¨C:<;±¨{:<HÀQ[j`HJ:EKI:ED`=B:<A9�Ø������J¯	Ø���� �J6ÎNCD�eFAC:<HJ¨C=>H�:EA Ø������8eFAR�³Ø���� �8eFAR�o:EHXKmGJ:EDg:­eF|íN�:íS�=�S Ã � j`kRKIHI:E�C=,Km¨C:EHY:<AtKm=hGJD�eF|~S
nY¨C=ÛQCeFGmeFzd=hKI=>G
Ø  ¡k¤eFAtKm:[u¤=>H@Km¨C=d�C=-<FGI=>=djF®.GI=-<FkC|­eFGJ:EKML :EA�e2Q´j`:<AtK�ü�}4|Ej�jFHI=>|²L HIQ´=ce52g:EA=<CN�Km¨C=zÛ=>eFHIkCGJ=Wj�®PeFA·:EAtKm=>GlD�eF|P6 ü"¯Iü�¾"!tüO9$# :EA·e�QCQC|<:E;ce�KI:<j`ARH�kCHIk¤e�|<|EL�Km¨C=WAgkRz «[=hG�j�®¤=hDF=>AtKmH
jg;>;hkCGIGJ:<A=<:<A�KI¨C:<H :EAtKm=>GlD�eF|�# «[=h¨¤ecD`=>HÛeFH�j�!tüÆk ó S V.j`ACHJ=> ¡kC=>AtKI|EL`N�Ø&% a :EAC�C:<;>e�Km=hH e]«CkRGIHJKôj�®�=�D`=hA¡KIHeFGIj`kRAC�*üè��j`A eF|<|�|<=�D`=>|EH-� j°«CkCGJHJKmH8jF®W«CkCGJHJKIHSk�N�0�¨C:E|<=�Ø('	a§:<H*®°j`kCAR� :EA GI=;<`:<j`ARHl0�¨C=>GJ=d=�D`=hA¡KIHj�;h;>kCGÛHIQ¤eFGJHI=h|EL`S ��|<|YKm¨R:<H{:EAR®°j`GJz{e�KI:<j`A :EH{;ce�QRKmkCGJ=>�(:<A Ö5× N�eFAR�âN�QCGIjwDg:<�C=h� :EKÛ=�©�:<HlKmH e�AC� :<H�C:o:[=>GJ=>AtKm:<eF«C|<=�NCeF|EHIjô:<A KI¨C=8Gme�KI=*®°kCAC;hKI:<j`A È jcÉJk�S
��H�eFA]:<zdQ´j`GJKmeFAtKx<`=>AC=hGmeF|E:*)>e�Km:Ej`A2|<=hKBkCH�:<AtKmGJj��RkC;>=8Km¨C=4GmeFAR�Cj`z�«C:EACj`zd:­eF|âzd=ce�HIkCGJ=>H>SB��:Ø©2Km¨C=�C:<HlKmGI:E«CkRKI:<j`ACH�j�®´yBGIeFAC�Cj`z D�eFGJ:­eF«R|<=>H,+ Ú�eFAC�-+ Ó HIkR;±¨ Km¨¤e�K7� T/. 60+WÚX¾"+ Ó 9P² aFS�nY¨C=hAâN`�C=�u¤AC=.eGmeFAC�Rj`z �C:EHJKmGJ:<«Ck�Km:<jFA�®o«tLôQC:E;S2¡:<A=<�ü�² Â¼ÿ Ó ÿ Î Â�Â�Â\ÜV6¬b_¯ca-9P:<Adet���Cj`kC«C|²L§Gme�AC�Cj`z 0.ecLP�ENg:~S¬=FStHJkC;±¨Km¨¤e�KU®°j`GÀe
<`:EDF=>A{GJ=ceF|E:*)>e�Km:Ej`A�® j21�k�KI¨C=tjÏ®[u¡k0QCGIjF«¤eF«C:E|<:EKML@®°j`G ÿ ¸ ²(�7=> ¡k¤eF|EH3+4���65�5�5 �87:9 � �~NRe�AC�{HJkC;±¨Km¨¤e�K;+<���65�5�5 �87:9 � Ú4eFGI=ô:íS�:íS��âS j=1�u¡klGIeFAC�CjFz%D�eFGI:<eF«C|E=>H�0�:²Km¨ |­e�0>+WÚwN7eFAR� HJ:<zd:<|­e�G�®°j`G?+<���65�5�5 �87@9 � Ó S�MA]jFKm¨R=>G�0Wj`GJ�CH>N¹KI¨C=t®[uözÛ=>eFHIkRGI=@jF®ÀeMuR©�=>� :EAtKm=>GlD�eF|�´=µ ±Y¶¸ :<H�eA1�uMGIeFAC�CjFz�DFe�GI:­e�«C|<=4eFAC�]=h ¡k¤eF|<H® jc´ µ ±Y¶¸ k�²B+<� � 	C+<� � �8DE	~Â�Â-ÂF	C+<� � 5�5�5 � Ð 0�¨C=>GJ=�ÂÇÿ Ó Â�Â�Â3ÿ=±Û:<HYKI¨C=4��LteF�C:E;4GJ=>QCGJ=>HJ=>AtK±e�KI:<j`A jF® »Cy ½ ± SnY¨C:<H�0.ecL jF®BGJ=>�C:EHJKmGJ:<«Ck�Km:<A\<]z{e�HIH «tL :²Km=hGme�KI:ED`=Û«C:<HJ=>;�Km:<jFA�:<AC�C=hQ[=hAC�C=hA¡KI|EL eFAC��:<�R=>AtKm:E;ceF|E|ELè:<A=ceF;±¨oHJKI=>Q j�®�KI¨C=8;>j`ACHlKmGJkC;hKI:<j`A2;>jFkC|<� ®ûeF:EGI|ELÛ«´=@;>eF|<|E=>�*]�^E>a`wb f FIHEQ�`gHJ>Ri�`îHJ`cbg@CBPHJF{be`wh�SU��HBe§HIkCz�j�®GIH�JLKNM�OQPRK,STOQU UVO8WYX�Z:[\Z:]I^8STJ0K`_badc/efa Ghg ^�Ui^�U U�P\jkZml$n
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:~S¬:~S¬�âS¡GmeFAC�Rj`z D�eFGJ:­eF«R|<=>HhN�|Ej|< ® jc´=µ ±Y¶¸ kW:EHXeFQCQRGIjc©�:<zÛe�Km=h|EL�¢@e�kCHIHJ:­eFAâN�:E®�QCGJj`Q´=>GI|²LdACj`GIzÛeF|E:*)>=h�äeFAR�QCGIjwDg:<�C=h�fKI¨¤e�KBKm¨C=@|<j|<o+4��¨¤ecD`=
u¤AC:²Km=@HI=>;hj`AC�]zdj`zd=>AtKmHhSX�ý�£z kR|EKm:²®°GmeF;�K±eF|[QCGIjg;>=hHIH;�[¨¤e�H>NPKm¨¡kCH>NeFQCQCGJjw©�:Ez{e�KI=>|²L{|Ej|<�uMARj`GIzÛeF|´z{eFGI<`:<ACeF|<HhS
�PjFGBKI¨C=>HJ=$FIHJBPLE@C]þ]�^E>a`wb f FIHEQ�`gHJ>¹i�N´KI¨C=§¦�O,� ¨Cj`|E�CH�0�:²Km¨ QRGIj`«¤e�«C:<|E:EKML HJQ¤eF;>=$À�b_¯�Â�Â�Â�¯ªy ± ½ Ó Äqp4reFAC� È jcÉJk ² Ã |<jJ< Î � Ts.R6L+ ÔÚ ¾t+ ÔÓ 9wÂ7(¨C:<|E= ÖYà jwØ�kB:EH*eF|[0XecLgH*Q´j`HI:²Km:EDF=·:EA Km¨C=4�C=hKI=>GJzÛ:EAC:<HlKm:<;@;ce�HI= �CkR= Kmj¦jís|k�N´AC=-<`e�Km:²D`=·D�eF|EkC=>H�z{ecLj�;h;>kCG�0�:²Km¨ Gme�AC�Cj`z zÛ=>eFHIkCGJ=>HhSÀ�ö®7HJjCNRKm¨R=,QCGIj`«CeF«C:<|E:EKMLdjF®7j`«CHJ=>GlD�:EA=<.Ø��C=h;>GI=>eFHI=hHBKIj�j ®ûe�HJK�eFAR�Km¨C=d®ûeF;hKIj`G y ±�u kCHI=h��:<ATj~y|k,:<A j`GI�C=hG4KIj]eF;h;>j`kCAtK4®°j`G4KI¨C={A¡kCz «´=>G4jF®Y:EA¡KI=>GlDFe�|<H@ecDFe�:<|­e�«C|<=de�KGI=>HJj`|<k�Km:<jFA Í u :EHôACjFKÛ:<AC;hGI=ce�HI:<A\< HJk\4d;>:<=hAtKm|EL�®ûe�HJKcS nY¨R=f;hj`GIGJ=>HIQ´j`AC�R:<A=<�itÕj`|E�C=>Gô=�©�Q´j`AC=hA¡KIHeFGI=�NCKm¨¡kCH>NPj`AR|ELäjF«CHI=hGJD`=h�³0�¨C=hA jwD`=hGIHme�zÛQC|E:<A=< KI¨C=8QCGIjg;>=hHIH�e�KB|<=>eFHJK�y~½ ±wvIx µ ó ¶ KI:<zd=>H
6¬Z]yRN¤¦�9�9~SnY¨C=>AâNWe�Kô|E=ceFHlK§:<A KI¨C=2ecD`=>GIeJ<`=�NWj`AR=oj�®BKI¨C=oy ± µ Ó ½ vIx µ ó ¶o¶ :EAtKm=>GlD�eF|<H j�®�HJ:*)>=oyç½ ± ACjY0�ecD�eF:E|­eF«C|E=HI¨Cj`kR|<�2HI¨CjY0 KI¨C=@itÕj`|E�C=>GY=ª©�Q[j`AR=>AtKlØÀS
¨ 3 ¨ ª + «C5M����«¤50+oy
¢.=h®°j`GJ=�<`j`:<A\< ®°kCGJKI¨C=>G�:<AtKIjôKI¨C=8�C=hKmeF:<|EHYjF®7Km¨C=@eFA¤e�|ELgHI:EHYQ[=hGJ®°j`GJzÛ=h��0W=�0.j`kR|<�o|<:A2�=*KmjôzdjFKm:²DFe�Km=Km¨C=8z kC|²Km:²®°GmeF;�K±eF|[eFQCQCGJjteF;±¨o:<A Km¨R=@HlKmkC��L jF®
�Ce�K±e KmGIe54d;FS
nY¨C=�u¤GIHlK·e�G3<`kCzd=>AtK8:EH8e Dg:EHIk¤eF|�jFAC=FS§�MA ��:A<RS�ade³iYK�> f dgi�be]�be>[HJFtFIHJBPLE@C] ]�K3HCi�^EFSK*eFH8eF«´jwD`=d:<H;>j`zdQ¤eFGJ=>��0�:EKm¨fedKIGmeF;h=8jF®
GJ=ceF|��¤e�KmeôKIGme54d;�SXnY¨C=@HJKmGJ:A2¡:<A\<ÛGJ=>HI=hz «C|<eFAC;>=@zÛeJ2F=hH�z kR|EKm:²®°GmeF;�K±eF|EHeôACe�KmkCGIeF|â;>eFAC�C:E�¤e�Km=,®°j`GY�Ce�K±e KmGIe54d;8zÛjg�C=>|E:<A=<RS
\�=>;hj`AC�âN¡Km¨C=�:EAC;>GJ=>zd=>AtKmHUjF®[HI=h|E®­uMHJ:<zd:<|<eFG�QRGIjg;>=>HJHI=hH�jûkRHI=>�ÛHIj8®ûeFGUeFH�®°Gme�;hK±e�|¤zÛjg�C=>|EH
jF®¹�¤e�K±e*KIGme�®­uu¤;Yk�eFGJ=BAR=>;>=hHIHIeFGI:E|ELôjF®V)>=>GJj4zd=ce�A.0�¨C:E|<=Yz kR|EKm:²®°GmeF;�K±eF|EH>N�«[=h:<A=<8zd=ceFHJkCGI=hH>NgQ[j`HJHI=hHIH.jFAC|EL§Q´j`HJ:EKm:²D`=:<AC;hGI=>zd=>AtKIH>S
�MAdeF�C�R:EKm:Ej`AâNFKI¨C=�:<AC;hGI=hzÛ=hA¡KIH�jF®[z kC|EKI:<QC|E:<;>e�Km:²D`=ÀzÛ=>eFHIkCGJ=>HÀeFGJ=�eFQCQCGJjw©�:Ez{e�KI=>|²L·|Ej|<�uACj`GIzÛeF|z# e�AC�ÛARjFKÊ¢@e�kCHIHJ:­eFAÛeFH�Km¨C=�:EAC;>GJ=>zd=>AtKmHUjF®â�
¢YZ{# :<AdeJ<`GJ=>=>zd=>AtK 0�:EKI¨ôj`«CHI=hGJD�e�KI:<j`ACHj`A2GI=ce�|��¤e�K±e KIGmeF;h=>Hz6¬�&9íS
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Berkeley, centered: Bytes per packets
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Berkeley, centered: Time per packets
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CNET, bytes per packet

combined

outgoing

incoming

f_L(alpha)

alpha
-0.70

-0.60

-0.50

-0.40

-0.30

-0.20

-0.10

-0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

0.60 0.70 0.80 0.90 1.00 1.10

CNET_0416: Bytes per packet
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CNET outgoing, bytes per packet, centered
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CNET outgoing, bytes per packet

q=4

q=3.5

q=3

q=2.5

q=2

q=1.5

q=1

q=0.5

q=0

q=-0.5

q=-1

q=-1.5

q=-2

q=-2.5

q=-3

q=-3.5

q=-4

tau(Z,m,q)

log m-5.50

-5.00

-4.50

-4.00

-3.50

-3.00

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

2.50

3.00

5.00 10.00 15.00��:A<`kRGI=,vR}UnY¨C=@HIkRQ[=hGI:<jFGYHI;ce�|<:<A\<dj�®�ACjFA�uM;h=>AtKm=hGI=>� �¤e�K±e§:EHYzÛj`HlKBj`«tD�:Ej`kCH�0�¨C=hA |<jgj|2¡:<A\<§e�K�Km¨C=eFHIQ´=>;�KbÝ j°«¡L¡KI=>HXQ´=>GWQ¤eF;S2F=�K{kÀ®°jFGÀKI¨C=�j`k�K	<`j`:EA=<8KmGmeC4Û;�e�KYVX��T�n,NR«Ck�K.Km¨R=�Hme�zÛ=B«[=h¨¤ecDg:<j`G 0Xe�H®°j`kCAC� Km¨RGIj`k=<F¨Cj`kRK�Km¨R=@=hAtKm:<GJ=@eFA¤eF|²L�HJ:<H�j°HI=h=FNP=FSÇ<CSÀ��:A<RS ò kªS
��:<GJHJKcN ¡ ¢� jcÉJk�² j ¡ ¢� j0aXk3k Ô :<zdQC|<:E=>H È ¢� jÏÉ|kd�ÁÉ�N�0�¨C:E|<= ¡ ¾� jÏÉ|k�²	bG² ;hj`ACHJK8Lg:<=h|<�CHÑÀ ¢� jcÉJk�� bRSnY¨C:<H·®°jFGI;>=hH§Km¨C=äHJ;ceF|E:<A=<]KIj «CGI=>eJ2��RjX0�A�eFH�ù �   S �öKô:EH ;>|E=ceFG·KI¨¤e�K KI¨C= =;:[=>;�Kôj`A�À ¾£ :<HHJKmGJj`A=<`=hG*HI:EAC;>=·«[jFKI¨âN È eFAC�¥À :<AC;hGI=>eFHI=�0�:²Km¨¥É³jûHJ=>=ô��:o<CS ò eFAC�èv|k�S*�MA]KI¨C= |<:EzÛ:²Kxù � a`N¹jFAKm¨C=8jFKI¨C=>GY¨¤e�AC�âN¤:<zdQCGJ=>;>:EHI:Ej`A jF®7Km¨C=8zd=ceFHJkCGI=hzÛ=hA¡Kx0�:E|<|âeC:¹=h;hK�Km¨C=8HJ;ceF|E:<A=<§«´=>¨¤ecDg:<jFG>S
\�=>;hj`AC�âN
«´=>:EA=<fefGme�Km=ô®°kCAC;hKI:<j`A È jÏÉ|k,:<H@;>j`AtDF=�©[S]\g:<AC;h= È jûbçk
² Ã a{eFAC� È jlaXk
²�bRN�0.=Ûz kCHJK¨¤ecD`= È j~y|k � a`SÀ³*A{KI¨C=*jFKI¨C=>GX¨CeFAC�âNzÀvjíy|k � a�®°j`|E|<jY0�HÀ®°GJj`z � � a`S�nY¨¡kCH>NRKI¨C=�KI=>GIz jF®�j`GJ�C=>Gù Ó 0�:E|<|¹ARjFKB«[=,=hHIHI=hAtKm:­e�|�®°jFG�ùÏ� a`S
��|<|*KI¨C:<HozÛeJ2F=hH ;>|E=ceFG2Km¨Ce�K HJ;ceF|E:<A=<�HI¨Rj`kC|<��«[= =�©�Q´=>;�Km=>� GIe�Km¨R=>G :EA�KI¨C=�z·kC|EKI:E®°Gme�;hK±e�|*|<:EzÛ:²Kù~��  � bRS��ö®�HI;>eF|<:EA=<§:<HYQCGJ=>HJ=>AtK�KI¨C=>GJ=FN�jla ò k.HIk=<J<`=>HlKmH

È j~yJkZ²(zÛ:EA�j0a|¯mÀ�j~y|kIk&²ÄÀ�j~yJk&² yJ� Ã a|Â j0a¥s|k
TU ¡k¤e�Km:<jFAñjlaws|kX:<|<|EkCHJKIGme�KI=>HhN=u¤GIHlK*jF®Ue�|<|~N�Km¨C=
0XecLo:<AG0�¨C:<;±¨]z·kC|EKI:E®°Gme�;hK±e�|âeFA¤e�|ELgHI:EH�<`jg=>HB«´=hL`jFAC�Km¨C=?��zÛj`ARj�uö®°GIeF;hKmeF|g�´HJKme�Km:EHJKm:E;ceF|7Km=hHJKmH@«¤eFHJ=>� j`A eFA =hHJKI:<zÛe�Km:Ej`A]jF®���Sô��H@eFAè=>HlKm:Ez{e�KIj`G*jF®���N¨CjY0.=�D`=>GhNÊj È jíy|k�¾úaXkm�`yd:<H�;h=>GlK±eF:EAC|ELojF®U|E:<zd:EKm=h�fkRHI=FS,n7j :<|E|<kCHlKmGIe�Km=,Km¨R:<H*Q´j`:<AtK�:<A]HJj`zd= �C=hKmeF:<|íNeFAC�o:<A2j`GI�R=>GYKmjdHI¨CjY0í0�¨Ce�KB�C:o:[=>GJ=>AtKB;>j`AC;h|<kCHJ:<j`ARH�eôHJKme�Km:EHJKI:<;ce�|�eFAC�fe§z kC|EKI:E®°GIeF;hKmeF|âeFQRQCGIjte�;±¨eF|<|EjX08N´HIjFzÛ= =hHJKI:<zÛe�Km:Ej`ACH�j�®Z��Km¨CGJj`k=<`¨ ½�%$,}�²Áj`À�j~y|k�¾ aXkm�Fy{eFAC� ½� £ }�²Áj È jíy|k�¾úaYkm�`y{¨¤ecDF=«[=h=>A�;ce�|<;>kR|­e�KI=>�âS ��H§«[=h;>j`zd=>H§e�QCQ¤eFGJ=>AtKcN ½� £ :EH·;>jFACHI:E�C=>GIeF«C|EL |­e�G3<`=hG4Km¨CeFA ½�%$8KI¨CGIj`k\<`¨Cj`kRKKm¨C=@�¤e�KmeRSYn�e�«C|<=da·:E|<|<kRHJKmGIe�Km=hH>NCKI¨Cj`k=<`¨¹NPKI¨¤e�K�j`AC=4¨¤eFH�KmjÛKmeJ2F=@Km¨C=�0�¨Cj`|E=4HJQ[=h;hKIGIkCz È jÏÉ|kY:<AtKmj;>j`ACHJ:<�C=hGme�KI:<j`A¹NRACjFKBj`AR|ELäjFAC=,DFe�|<kC=,HJkC;±¨]eFH È j~y|kªS
7(:EKm¨oKm¨C=4HJKme�Km:EHJKm:E;ceF|�zd=hKI¨Cj��fjF®�zdj`zd=>AtKmHhNPu¤ACeF|<|²L`NO0.=·=>AC;hj`kCAtKm=hG,eFH*e�A =>HJHI=hA¡KI:­eF|�QCGIjF«C|<=hz e<`=>AC=hGmeF|¡HJ;ceF|E:<A=<�«´=>¨¤ecDg:<j`G7jF®CeB|E=>HIHJ=>G� gkCeF|<:²KML`N�eFAC�4zÛj`GJ=U:<zdQ[j`GlK±eFAtKI|EL`N¥eBHI:o<`AC:ouC;ceFAtK7�C=>Q´=>AR�C=>AC;h=
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½� £ Ù'&�«R¨ªÙ�­�¦,¨ ­�¦hêFÙ�ø ­�¦�¨ êFÙ�ø)(h­�¦,§+*ã §éè�ëª§æ÷`§ ä�, � Â£xFvRa Â�x`_`v Â£x`vF^ã §zè�ëª§z÷�§ ä�, Ý Â£x`s`q Â�xRaw_ Â£xtsFy
- Ø/.Ñú , � Â£xFvtq Â�x`x`v Â£x`xFv
- Ø0.Ñú , Ý Â£xF_`v Â�x`^tq Â£x`_ ò
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jF®�Km¨C=·=>HJKI:<zÛe�KmjFG�j`AfKm¨C= ;±¨Rj`:<;h= jF®�Km¨R= HI;>eF|<:EA=<äGI=;<`:<jFAñjûHJ=>=§n�eF«C|E=§y|kªS*�öK,¨¤eFH�Kmjä«´=§eF�C�R=>� :<A�C=h®°=hACHI={KIjoKI¨C:<H4eFQCQRGIjteF;±¨ Km¨¤e�K4�C=hHIQC:²Km=djF®YQ´j�j`G8HJ;ceF|E:<A=<2Km¨C=ÛQ¤eFGlKm:EKI:<j`A ®°kCAR;hKm:Ej`ACHïÀ21 jcÉJk@eFAR�À � jÏÉ|k�j�®WKI¨C=ô;>=>AtKI=>GI=h��eFHJQ[=h;hKmH?Ý�eFAC� � eFGJ=d:EAC�C=h=>�è®ûeF:<GJ|ELf|<:<AR=ceFG�®°jFG�É³ô Ã aÛkRQ KIj2D�eF|EkC=>HjF®�É2eFH@|­e�G3<`=ôeFH·yFbRSd�MA�j�Km¨C=hG
0Wj`GI�RH>N�KI¨C=d;>j`GJGI=>HJQ[jFAC�C:<A\< ¦�=-<F=>AC�CGJ=ÛKIGmeFACHl®°j`GIzdHÑÀ á jwØ�k*®°jFGIzeFA ��=>�=<F=J�We�KÛKI¨C=>:EGÛzÛe�©�:<z·kCz jí��:A<CSÀs|kªS(nY¨C:<HÛ|<:<AR=ceFGJ:EKML�®°jFGIzdHdKI¨C= «¤e�HI:<HdjF®*KI¨C= HlK±e�KI:<HlKm:<;>eF|=>HJKI:<zÛe�KmjFGXjF®�� e�AC�fHJkCQCQ´j`GJKIHYKm¨C=8;>jFA��J=>;�KmkCGJ=4jF®�HJKme�Km:EHJKI:<;ce�|¹HI=h|E®­uöHI:<zd:<|<eFGI:²KML`S
�MA�HIkCzdzÛeFGJLFN�0�:EKI¨ Km¨R= KmGIeF;>=hH{jF®,KI¨C:<HdHJKIkC�RL�Km¨C=fz kC|EKI:E®°GIeF;hKmeF|�eFA¤eF|²LgHI:<Hd:<HdHIkRQ[=hGI:<jFGdKIj�Km¨C=HJK±e�Km:<HlKm:E;ceF|[zÛ=�Km¨Cjg�2jF®�zdj`zd=>AtKmHX®°jFGXKm¨C=,®°j`|E|<jY0�:<A=<·GI=ce�HIj`ACHh}

� nY¨CGIjFk=<`¨Cj`k�K e�|<|��Ce�K±e ;>j`ARHI:<�R=>GI=h��:EA Km¨C:EH�0Wj`GI2´N�Km¨C=èz kC|²Km:²®°GmeF;�K±eF|�HI;ce�|<:<A\<�0XeFHozdj`GI=;>j`AtDg:<AR;>:<A\<CS
� nY¨C= AC=h;>=hHIHme�GJL]QRGIjg;>=>�RkCGI=§jF®
;>=>AtKI=>GI:EA=<äKm¨R= �¤e�KmeÛ:<AtKIGIjg�CkC;>=hH*:<ACeF;>;hkCGmeF;�L :EAfKI¨C= HJKme�Km:EHluKm:E;ceF|[zÛ=�Km¨Cjg�2jF®�zdj`zd=>AtKmHhN=0�¨C=>AR;>=8Km¨C=8HI;>eF|<:EA=<§:<HYkRA¤eF;>;h=>QRKmeF«C|E=@®°j`GYAR=-<te�KI:EDF=
ÉgS
� T�HIHI=hAtKm:­e�|�QCGJj`Q[=hGJKI:<=>H�;>j`AR;>=>GJAC:<A\< GI=-<FkC|­eFGJ:EKMLoeFAR�]«CkCGJHJKm:EAC=>HJHl0.=hGI=·®°jFkCAC�¥0�¨C=hA |<jgj|2¡:<A=<e�KYKm¨R=�0�¨Rj`|<=,HJQ[=h;hKmGJkCz eFAC�oACjFK�jFAC|ELäe�KBj`AC=,Q¤eFGIeFzd=hKm=hG>S
� 7(:EKI¨ Km¨C=�:<AtKI=>GluMeFGIGJ:ED�eF|gKm:<zd=>Hh�í�PKm¨R=BQRGIj`Q´=>GlKm:<=hH[�JkCHJKÀzd=>AtKm:Ej`AC=h�dzÛeFAC:²®°=>HlK
Km¨C=hzÛHJ=>|²D`=>HÀ:<AKm¨C=4GmeFA\<`=·;hj`GIGJ=>HIQ´j`AC�R:<A=<{KIjäAC=;<te�Km:²D`=zÉ{eFAR�³0.=hGI=�N¹Km¨¡kCHhNâ=hDF=>A |<=hHIH,e�;>;>=hHIHJ:<«C|E=4Km¨RGIj`k=<F¨Km¨C=8HlK±e�KI:<HJKI:<;>eF|¹zd=hKI¨Cj��2jF®�zdj`zÛ=hAtKmH>S
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nY¨C=.�¤e�K±eBKIGme54d;.e�K
¢W=>G32�=>|E=hL·eFAC�§e�K
VX��T�n |­e�«CH�«´jFKI¨·HI¨RjX0 :EAC�C:EHIQCkRKmeF«C|E=Wz kR|EKm:²®°GmeF;�K±eF|F«[=h¨¤ecD¡u:<j`GhS�Zfj`GJ=>jwD`=hG>N¤Km¨R=*HI;>eF|<:EA=< :<H.=�©gKmGIeFj`GI�R:<A¤eFGlLd:<A «´jFKm¨âN� ¡k¤eF|<:²KMLÛeFAC�2HI:�)>=*jF®�KI¨C=*HI;>eF|<:EA=< GJ=-<`:Ej`AâS
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½�%$ Ù'&�«R¨ªÙ�­�¦,¨ ­�¦hêFÙ�ø ­�¦�¨ êFÙ�ø)(h­�¦,§+*ã §éè�ëª§æ÷`§ ä�, � Â£v`yFv Â£qFxts Â£v`^`yã §éè\ëª§z÷`§ ä�, � Â£vF^ts Â�vty ò Â£v ò ^ã §zè�ëª§z÷�§ ä�, Ý Â£vFb`b Â£qF_tq Â q`qFsã §éè�ëª§z÷�§ ä�, Å Â q�x`b Â�vRa¥s Â qFxFb
- Ø/.Ñú , � Â£vFx`_ Â�vtqF_ Â£xty�v
- Ø0.�ú , � Â£v`q ò Â£q`q�a Â£x`bFb
- Ø/.Ñú , � Â£x�a¥s Â�xRa¥q Â£xty ò
- Ø0.�ú , � Â£x`yF_ Â�x`b ò Â£xty�_
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jû;hj`zÛQCeFGI=8��:o<CSCv|k�S
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