
���������	��
���
���������
������������������! #"%$&�	�('����*)+���	$,��
����.-!��"%�/�����!01���	��2����	�+3/-!-+�1��2�����
54	�
687(9;:57�<>=@?�A5BDCE<;F>GHA

?�BDI�JKF#CE<MLON�<;JPA�JQI�7(F;7(A@N�CMF>:57(A
R%7M=TS�UWV�X(X�Y

Z [5\^]&_8`+acbedf]8g>`h\

i :DCejlkOk�knm�XHV�oPS(SqphJQ<>CMrQCMF>F^st?huwv5<>G(x#G�9yGHrzv5<>CMF>9y<�JQ{�CMFhx>:5Cc|5F#CeG(}~7�v�G�p�CE<�F;7MI�JPAD����G�BDC�JPA�p�:5JP9�:�x>:DC
ADCEx�p�G(<>�@JPA�x#CE<>}�7(9yC�9E7�<;B,��uhj>����G(}f7q��G({�JPrQC^:DGHF#x�JKF�x>|D<;ADCMB�G���v�CE<;JQG�B5JP9E7(rPrP=�x#G.F>7MI(C+CMA5CE<>�(=(o i :5C^�cG({�JPrQC
:DGHF#xcA5CE�(G(x>JP7�x#CMFcx>:5JKFev&CE<�JQG�B�p�JPx>:�x>:5C@p�JQ<>CMrQCMF;F�7(9E9yCMF;Fqv�GHJPA�xEUOF#G�x>:57�xqx>:DC���G({�JPrPC�:DGHF>xc9E7(A�:57MI(C�JQx>F
ADCEx�p�G(<>�cJKA�x#CE<>}�7(9yC�GHA.x#G�<;CM9yCMJQI(C�{�CM7(9yGHA5FEo�?�{�CM7(9yGHA�9yGHA�x>7(JPA�F�JPA5}�G(<;�q7�x>JQGHAc7�{�GH|Dx�x>:DChB57�x>7�{W|��&CE<;CMB�{�=
x>:DC�7(9E9yCMF>F�v&GHJKA�x�}�G(<�x>:5C/��G({�JKrQC+:DGHF#xhp�:5JPrQC!x>:5C/��G({�JKrQC+:DGHF#xE��F�ADCEx�p~G(<>��JPA�x#CE<>}�7(9yC/JPF�G��fo�j�}�x>:DC/�cG({�JPrQC
:DGHF#x���A5B5F�x>:57�x�x>:DC�7(9E9yCMF>Fhv�GHJPA�x�:57(FhB57�x>7�{�|D�&CE<>CMB�}�G(<hJPxEU5JQx�9E7(A�7�<><�7(AD�(C+}�G(<�x>:DC!{�|D�&CE<>CMB�B57�x>7�x#Gq{�C
F#CMA�xEo

jlA�v5<;7(9yx>JP9yC(Utx>:DC�{�CM7(9yGHA�v�CE<;JQG�B�JPF�x�=�v�JP9E7(rPrQ=�F#CEx+x#GTSEX(X(�cFMoc DG(< i ��¡¢9yGHA5ADCM9yx>JQGHA�FEU£x>:5JPF!9�:DGHJP9yCcG(}
{�CM7(9yGHA�v&CE<�JQG�B¤9E7(A�9E7(|�F#C.G({WF#CE<>I(CMB�<>GH|5A5B¤x#<;JQv¤x>JK��CMF�x#G�{�Cc<>GH|�A5BDCMB¤|5v�x#G�x>:DC�ADCM7�<>CMF#xe�/|�rQx>JQv�rQC�G(}
SEX(X(�cFEo i :5JPF~<>GH|�A5B5JPAD��Cy��CM9yxh9E7(A�:�|D<>x�v�CE<>}�G(<;�c7(A�9yC^B5<;7(�c7�x>JP9E7(rPrP=�¥�¦�§�o

¨ i�i ¡©x#<;7(A5F>7(9yx>JQGHA�F�F>|59�:n7(F%rQGH7(B5JPAD�*x>:DC¤}�<>GHA�x�v�7��(C�G(}�7ªv�G(v�|5rP7�<@p~CE{nF>JQx#C¤x�=�v�JP9E7(rPrQ=«JPA�I(GHrQI(C
x>:DC¬x#<;7(A5F>�cJKF>F>JQGHA­G(}�F#CEI(CE<�7(r¤G({�®#CM9yx>F¯|5A5BDCE<¬SEX(X(°+±�L�JP�q7��(CMFEUªx#Cy²�xEU³9yG�G(��JQCMFEUª´�7(F;:µ7(A5JP�q7�x>JQGHA5FEU
7(BDI(CE<>x>JKF#CM��CMA�x>FEUWCEx>9�oQoh DG(<��q7(A�=@p~CE{�F>JQx#CMF�I�JKF>JQx#CMB i ��¡¶��|5F#x�F>rQG·p¸F#x>7�<>x^F#CEI(CE<;7(rf9yGHA5ADCM9yx>JQGHA�FEo�¹�|5<;JPAD�
F>rQG�pºF#x>7�<>xEU5F#CEI(CE<;7(r�» i�i F�9E7(A�CMrP7�vWF#C�B�|D<;JPAD��p�:5JP9�:qx>:DC!��G({WJPrQCh:5GHF#x�JPF�7·p~7��(C�{�|DxO<;CM9yCMJQI(CMF�ADG�v�7(9>�(CEx>FMo
j�}+x>:DC�m�XHV�oPS(S�¡~NDR¼JKF.|5F>CMB8U�CM7(9;:º» i�i p�JKrPr�{�C%JPA5´�7�x#CMB¶x#GºSEX(X(�cF@9E7(|�F>JPAD��7�B5<;7(�c7�x>JP9�BDCM9ErPJPA5C�JPA
v�CE<>}�G(<;�c7(A59yC(o

 �JQ�H|D<;C�S�F>:DG�p�Fe7%9E|5��|5rP7�x>JPI(C.}�<>CM½�|DCMA59y=TB5JPF>x#<;JQ{�|Dx>JPGHA�G(}�x>:DC�F>JQ¾ECMF�G(}�G({�®#CM9yx>Fe<>CEx#<;JPCEI(CMB¤G�I(CE<cx>:DC
9yGH|D<;F>C.G(}�B5G·p�A5rPGH7(B5JPAD��7(rPrOx#G(vªrQCEI(CMr�G({�®#CM9yx>Fe}�<;GH�¿x>:5C.p~CE{ªF>JQx#CMF�rPJPF#x#CMB�7�xex>:DC�?�rQCy²D7 i G(vºSEX(X�À�CE{
N�JQx#CMF�v�7��(C�¥ÁSy§�o i :DC�7MI(CE<;7��(C!G({D®lCM9yx�F>JQ¾EC�p~7(F�V(m�°+±�oD?�v�v5<>GM²DJP�c7�x#CMrP=qÂ�X�v�CE<;9yCMA�x�G(}8G({D®lCM9yx>F~p~CE<>ChG(}tF>JQ¾EC
}�CEp�CE<�x>:57(A�Y�Â�°�±hoWÃ!JQI(CMA�x>:DC!F>�c7(rPr�F>JP¾EC�G(}tx>:DC^G({�®#CM9yx>FEUDx>JP��C!F#v�CMA�x�JKA i ��¡ªF>rQG·p¢F>x>7�<>x�JPF�7eF>JQ�HA5JQ�W9E7(A�x
v�7�<>x�G(}z7(rPr�x#<�7(A5F#}�CE<;FEo

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  50000  100000  150000  200000

%
 o

f o
bj

ec
ts

size(bytes)

Cumulative Frequency Distribution of Object Size

 fJP�H|D<>C�S�L���|��/|5rK7�x>JQI(C^}�<>CM½�|DCMA59y=�B5JPF>x#<;JQ{�|Dx>JPGHAqG(}fG({�®#CM9yx�F>JQ¾ECMFEo

j�x�JKF�JK��v�G(<>x>7(A�x.x#Gª:57MI(C�F#GH��C���CM9�:57(A5JPF;�Ä}�G(<�v&G�p�CE<@F>7·I�JKAD�DU�G(x>:DCE<;p�JPF#C%x>:DC�A5CEx�p~G(<>�³JPA�x#CE<>}�7(9yC
9E7(A�½�|5JP9>��rQ=�B5<;7(JPA�7�BDCEI�JK9yC(��F^{�7�x#x#CE<>=(o i p�G@B5JQ�&CE<>CMA�x^x#CM9;:5A�JP½�|5CMF�:�7MI(Cc{�CECMA�JPA�I(CMF#x>JQ�H7�x#CMB�x>:57�x^x#<>=%x#G
F>7·I(C+v�G·p~CE<�p�JQx>:DGH|Dx�:�|D<>x>JPAD�/v�CE<>}�G(<��c7(A59yC(o i :DC^±~GH|5A5BDCMB�NDrQG·p�B5G·p�A�7(rQ�(G(<;JPx>:5�Å¥�¦·§,7�x#x#CM��v5x>F�x#G�7MI(GHJKB
rPJPF>x#CMA5JPAD�!x#Ge|5F#CMrQCMF;F�{�CM7(9yGHA5F�{�=crPJKF#x#CMA5JPAD�!x#G�{�CM7(9yGHA5F�p�JQx>:qB5CM9y<>CM7(F>JPAD�/}�<;CM½�|DCMA�9y=c7�}�x#CE<�x>:DC���G({�JPrQCh:DGHF#x
:57(F�F#CMA�x�7(A�=�B57�x>7�o^kOADCE<>�(=�JKF�ADG(x^F>7MI(CMB�:DCE<;C/B5|D<�JPAD�cF>rQG�p¸F>x>7�<>xEU�{�|Dx�x>:5JKF�7�v5v5<;GH7(9;:�:57(Fh{&CECMA�F>:DG�p�A

S



x#G�{�C�Cy��CM9yx>JQI(C�JPAcF>JP��|5rP7�x>JPGHA�p�JQx>:crK7�<>�(C�» i�i G(<�p�JQx>:crK7�<>�(C�|5F#CE<�x>:5JPAD��JPAD�^x>JP�cC(o i :DC�F#CM9yGHA5B�7�v5v5<>GH7(9�:
JPA�I(GHrQI(CMF��H|DCMF>F>JKAD�%vW7(9>�(CExc7�<><;JPI�7(r�x>JP��C�B5|D<;JKAD��F>rQG�p F#x>7�<>x�¥ÁS � §�o�N�x>7�x#C�JPA5}�G(<;�q7�x>JQGHA¤7�{�GH|Dx�CM7(9;: i ��¡
9yGHA5ADCM9yx>JPGHA@JPFO�(CEv�x�7(rQGHAD��p�JQx>:�7(A�CMF#x>JP�c7�x#C!G(}£x>:5C^» i�i o i :DC�uhj>�¶JKF�vW|Dx~JKA�x#Ge7erQG·pºv�G·p~CE<�F#x>7�x#C+7�}�x#CE<
F#CMA5B�JPAD��x>:DC�7(9>��ADG·p�rPCMBD�H��CMA�xh}�G(<hx>:5C/rP7(F#x�v�7(9>�(CEx!JPA�7qp�JPA5B5G·p+U�7(A�B�p~G(�(CMA�|5v�p�:DCMA�x>:DC��5<�F#x�v�7(9;�(CEx
JPA�x>:DC�ADCy²�x^p�JPA5BDG�p JPF�v5<>CMB5JP9yx#CMB�x#G@7�<><;JPI(C(o/¨hG·p~CEI(CE<MUtJQ}�» i�i I�7�<;JP7(A�9yCeJKF�rK7�<>�(C(U£x>:DCMA�v�7(9;�(CEx�7�<><;JQI�7(r
p�JPrKr&A5G(x�{&C!v�<>CMB5JP9yx#CMB@9yG(<><;CM9yx>rQ=(UW7(A5B�v�7(9>�(CEx>Fhp�JPrPrW{�C+�cJPF>F>CMB8U�x>:DCE<>CE{�=�:�|D<>x>JKAD�ev&CE<;}�G(<;�q7(A59yC(o

? x>:5JQ<�B�7�v5v5<>GH7(9�:8Utv�<>G(v�GHF#CMBT:DCE<>C(U�JPF!x#G�F>|Dv5v�GHF#Cex>:57�x/x>:DC.m�XHV�oPS(S�¡~N5RÄ7(rPrPG·p~CMBT{�CM7(9yGHATv�CE<;JQG�B5F
F>�c7(rKrQCE<!x>:57(AªSEX(X(�cFEU�7(A5B�x#G�9�:DG�GHF#Ccx>:DCc{�CM7(9yGHA�v�CE<;JPG�B�v�CE< i ��¡¢9yGHA�ADCM9yx>JQGHA�{�7(F>CMB�GHAT7(A�CMF#x>JK�c7�x#C
G(}�x>:DC�» i�i x#G�x>:5Cq<>CM��G(x#C�:DGHF#xEo i :�JPF+7�v5v5<;GH7(9;:�p�JPrPrfCy²�v&GHF>C.7�x#<�7(BDC���G��¶{�CEx�p~CECMA¤CMA5CE<>�(=�C��q9EJQCMA59y=
7(A5B�<>CMF>v&GHA�F#Chx>JK��C(o��^|D<��(GH7(r£JKF�x#Gc�cJPA5JP�qJQ¾EC�<>CMF>v&GHA�F#Chx>JK��C!p�JQx>:�CMADCE<>�(=�|5F>7��(C+F;JP�cJPrP7�<~x#G�x>:57�x�G(}fx>:DC
m�XHV�oPS(S�¡~NDR¤o

jlA¯x>:5JPF�v�7�v�CE<�p�CªJPA�I(CMF#x>JQ�H7�x#Cªx>:5CªCy�&CM9yx>F�G(}�I�7�<>=�JKAD�³{�CM7(9yGHA¯v�CE<;JQG�B GHA i ��¡Å9yGHA5ADCM9yx>JPGHA5F�JPA
F>JP��|5rP7�x>JPGHA.7(A5B�GHA�<;CM7(rWp~G(<;rPB i ��¡*x#<;7��q9^x>:D<>GH|5�H:�|�F#C^G(}t7(A�jl¡ªx#<;7��q9!F>:�7�v&CE<·U�7(A57(rP=�¾EC!x>:DC^G({�F>CE<>I(CMB
» i�i {�CEx�p�CECMA�7�rK7�<>�(ChA�|5�/{&CE<�G(}8<>CM��G(x#C�p�CE{�F#CE<>I(CE<�F�7(A5B.7
	(R�{5v�F~9E7�{�rQC�9yGHA�ADCM9yx>JQGHA8U�7(A5B�JPA�I(CMF>x>JQ�H7�x#C
x>:DC�rQGH7(BeGHAep�JP<>CMrQCMF>F�7(9E9yCMF>Fzv�GHJPA�x>F�JPAe|5F#C�JPA�x>:DC�<>CM7(r�p~G(<;rPB8otÀ�C�F>:DG�pªx>:57�x�9;:5G�GHF>JKAD�^x>:DC�{&CM7(9yGHAev�CE<;JPG�B
{�7(F#CMB�GHA�x>:DC!» i�i <>CMF;|5rQx>F�JPA.CMADCE<>�(=.9yGHA�F>|5��v5x>JPGHA�9yGH�cv�7�<;7�{�rQC�p�JQx>:�x>:DC+m�XHV�oPS(S+¡�NDRÅ{W|Dx~7�x�<;CMB5|59yCMB
<>CMF#v�GHA5F>Chx>JP�cC(o� 5|D<>x>:DCE<���G(<>C(U�x>:D<>GH|D�H:�x>:DC!7(A57(rP=�F>JKFOG(}f» i�i 7(A5B�rQGH7(B�GHA@7(9E9yCMF>F�v�GHJPA�x>FEU�p~C+F>:DG�p«x>:57�x
x>:DC+x#CM9�:5A5JP½�|DC+JPF�}�CM7(F>JQ{WrQC!7(A5B@�(CMADCE<;7(rKrQ=�7�v�v�rPJP9E7�{�rPC(o

i :5C�<>CMF#xtG(}�x>:5COv�7�v�CE<,JPF,G(<>�H7(A5JQ¾ECMB/7(F,}�GHrPrQG�p�FEozN�CM9yx>JQGHA/V�BDCMF>9y<;JP{&CMF�p~G(<>�!<>CMrK7�x#CMB+x#G�CMA5CE<>�(=!C��q9EJQCMA59y=
G(}zx>:DC�p�JQ<>CMrPCMF>F�ADCEx�p�G(<>�%F#x>7(9>�&o!N�CM9yx>JQGHA�	qBDCMF>9y<;JP{&CMFh��G(x>JQI�7�x>JPAD��F>JP��|5rP7�x>JQGHA5FMo�N�CM9yx>JQGHA�Y�BDCMF>9y<;JP{&CMF�x>:DC
7(rQ�(G(<;JPx>:5� JPAªBDCEx>7(JPr�o³N�CM9yx>JQGHA
��B5JKF>9E|5F>F#CMF�F>GH��C�v5<;7(9yx>JK9E7(r�9yGHA5F>JPB5CE<;7�x>JQGHA5F�JPA�x>:DC%JP��v�rQCM�cCMA�x>7�x>JQGHA*G(}
x>:DCc7(rQ�(G(<�JQx>:5�@o.N�CM9yx>JPGHA � BDCMF>9y<;JP{&CMF^x>:5C�Cy�&CM9yx>F/G(}�x>:5Cc7(rQ�(G(<;JQx>:5�­GHA¤<>CM7(r�jlA�x#CE<;A5CEx+x#<;7��q9�o�N�CM9yx>JQGHA�¦
F>|5�q�c7�<;JQ¾ECMF�7(A5B�B5JPF>9E|5F;F#CMF�v�GHF>F>JQ{�JKrPJQx>JQCMFO}�G(<�}�|Dx>|D<;C�p~G(<>�&o

� �������~]��Oa�� `h_��

? �(<>CM7�xeBDCM7(r�G(}�p�G(<>�T:�7(F�{�CECMA¤B5GHADCqGHA�x>:DCqCMA5CE<>�(=�C��q9EJQCMA59y=�G(}�7(rKr�v�7�<>x>F/G(}�x>:DC.p�JQ<>CMrQCMF;F+ADCEx�p~G(<>�
F#x>7(9;�Wo i :DCqv�:�=�F>JP9E7(rzrK7M=(CE<e9yGHA5F>JPF#x>F+G(}�x>:DCq»�7(B�JQG� D<>CM½�|DCMA59y=8��»� ���9EJQ<;9E|5JQx>FMU,��G�B5|5rP7�x>JQGHA�7(A�BT9;:57(A�ADCMr
9yG�B5JPAD�!F#=�F#x#CM�cF�¥ � §�o�?�xzx>:�JPFzrP7M=(CE<�<>CMF#CM7�<;9�:cF>|D�(�(CMF>x>F�x>:57�xEU�B5|DC�x#G+x>:DC�rP7(9;�/G(}�9yGH��v�7�<�7�{�rQC�7(BDI�7(A59yCM��CMA�x
JPA�{�7�x#x#CE<>=�x#CM9;:�ADGHrQG(�(=(U�Cy��G(<>x>F�{�C!B5JQ<;CM9yx#CMB�7�x�<;CMB5|59EJPAD��x>:DC!v�G·p~CE<�|5F>CMB.{�=�x>:DC!u�j>�¯¥ Â�§�o�R%7(A�=�CMADCE<>�(=
F>7·I�JPA5�c��CEx>:DG�B5F�7�x�x>:DC�v�:�=�F>JP9E7(r8rK7M=(CE<h7�<;C+9yGHA5F>JPBDCE<;CMB�JPAT¥���§�o

j�xcp�7(Fq7(rPF#G¤}�GH|5A�BªJPA ¥ V�§�x>:�7�xcCMADCE<>�(=ª9yGHA5F>|���v5x>JQGHAª7(A5B¶{�7�x#x#CE<.rKJQ}�C@7�<>C%:DCM7MI�JPrQ=*BDCEv�CMA5BDCMA�x�GHA
x>:DC.I(CE<;F>JQGHA¤G(}�m�XHV�oPS(S�U�x>:DC.JK��v�rQCM��CMA�x>7�x>JQGHA¤G(}�x>:57�x�I(CE<;F;JQGHA8U�7(A5BTx>:DC�:DGHF#x���¡��/o,j�x�p�7(F�}�GH|5A5BTx>:57�x
m�XHV�oPS(SE7@7(A5B�m�XHV�oPS(Sy��9yGHA5F>|5�cC/��|59;:�rQCMF>F�CMADCE<>�(=�}�G(<�7q�HJQI(CMA�p�G(<;��rQGH7(B�x>:57(A�m�XHV�oPS(Sy{£o i :DC/:5JP�H:���<;7�x#C
A57�x>|D<;C�G(}~x>:5Cqm�XHV�oPS(SE7%7(A5BT��v5<>G(x#G�9yGHrPF+7(rPrPG·p�F!x>:5CM�Åx#G�x#<;7(A5F;�cJQx+7(A5B�<>CM9yCMJPI(Cq}�G(<�F>:DG(<>x#CE<�v&CE<�JQG�B�FhG(}
x>JP��C(Ut9yGHA5F>|5�cJKAD�@rQCMF>F^CMADCE<>�(=(o.?hrPF>GDU,B5JÁ��CE<>CMA�x+:57�<;BDp�7�<>Cc7(A5B�F#G(}�x�p�7�<>C�BDCMF>JQ�HA5F!:�7MI(CqB5JQ�&CE<>CMA�x!CMADCE<>�(=
v5<>G(v�CE<>x>JPCMFEo i :DC/N�GHA�= �f?hj��¯¡~��Ã¬6�S!��?�¡�S+rP7�v�x#G(v�|5F>JPA5��x>:DC�¡fCMA�x>JK|5�©R¿v5<>G�9yCMF>F#G(<�7(A�B@x>:DC�?�x>:DCE<;GHF
��|5rQx>J"����G�BDChR%JPA5JK¡~�~j�m�XHV�oPS(Sy{�uhj#�¶p�7(F~}�GH|5A�Bqx#G�{�Chx�p�JP9yC^7(F�CMADCE<>�(=cC��q9EJPCMA�x�7(F�j�A�x#CMr ��F��~CMA�x#<;JPADGe7(A5B
x>:DC/R%JPA5JK¡~�~j�m�XHV�oPS(Sy{�uhj#�^oDj�x�p�7(F�7(rKF#G�}�GH|�A5B@x>:57�x�v�G�p�CE<hC��q9EJQCMA�x���¡���F�F>|�9;:�7(F�j�A�x#CMr ��F�¡fCMA�x>JP|5�©R
7(A5B i <;7(A5F>�cCEx>7���FO�~<;|5F#G�C�JPA59E|D<zF>�c7(rKrQCE<�v&CMA�7(rQx>JQCMFt}�G(<zp�JP<>CMrQCMF>F�s,?�u�G(v�CE<;7�x>JPGHAex>:57(A�rQCMF>Ffv�G·p~CE<zC��q9EJQCMA�x
��¡��hF�F;|59;:�7(F�j�A�x#CMr ��F�¡fCMA�x>JP|5� YDo

i :5CE<>C�7�<>C%7(rKF#G¤7�}�CEp©B5JÁ��CE<>CMA�x.R�CMB5JP7�?�9E9yCMF>F���GHA�x#<>GHr�� R�?�����v5<>G(x#G�9yGHrPFq7(F;JPBDC@}�<>GH� x>:DC%m�XHV�oPS(S
v5<>G(x#G�9yGHrzp�JPx>:�B5JÁ��CE<>CMA�x^CMADCE<;�(=�v�<>G(v�CE<>x>JQCMFEo�j�ATG(<;BDCE<!x#G�{�C�CMADCE<>�(=�C��q9EJQCMA�x�7�R%?��¯v5<;G(x#G�9yGHr�F;:DGH|5rPB
�cJPA�JP�cJQ¾EC+x>:5C�A�|5�/{&CE<�G(}O9yGHrPrKJPF>JQGHA5FMo i :5JKF�JPA%x>|D<;A%<>CMB5|59yCMF�x>:DCeA�|5��{�CE<�G(}�<>CEx#<;7(A�F>�cJPF>F;JQGHA5FEo i :DC/k����
R%?�� v5<>G(x#G�9yGHr ¥ÁS#	�§�7MI(GHJKB5F�9yGHrPrPJPF;JQGHA5F�B5|D<;JPA5�%<>CMF>CE<>I�7�x>JPGHAª7(A5BªB57�x>7�v�7(9;�(CExcx#<;7(A5F>�qJPF>F>JQGHA£o¤?hA5G(x>:DCE<
7�v5v5<;GH7(9;:�JPA ¥ÁS#	�§�F>|D�(�(CMF#x>F/x>:57�x/x>:DCc{�7(F#C�F#x>7�x>JQGHA¤v�|D{�rPJKF>:�7�x#<;7(A5F;�cJPF>F>JPGHA�F>9;:DCMB�|5rQCcF#G%x>:57�x�p�JP<>CMrQCMF>F
BDCEI�JP9yCMF�BDG+A5G(xOADCECMB�x#G��cGHA5JQx#G(<zx>:DC�9�:57(A5ADCMrD7�x�7(rPr�x>JP��CMFEo�À«:5JPrQC�ADG(x���GHA5JQx#G(<;JKAD�hx>:5C�9;:57(A�ADCMr UHp�JP<>CMrQCMF>F

V



BDCEI�JP9yCMF^9E7(A�BD<>G(v�{W7(9>�%JKA�x#G�7.rPG·p¸v&G�p�CE<!F#x>7(A�BD{�=��cG�BDC(o i :DC�¡fG·p~CE<+?�p�7�<>CcR�|�rQx>J"��?�9E9yCMF>F·��¡�?�R%?!N5�
v5<>G(x#G�9yGHr!F>|D�(�(CMF>x>F@x>:DC�|5F#C�G(}eF#CEv�7�<;7�x#CT9�:57(A5ADCMrPF�}�G(<�»�CM½�|DCMF#x@x#G³N�CMA�B,��» i N5���(��rQCM7�<�x#G³N�CMA�B,��� i N5�
9yGHA�x#<>GHr�v�7(9;�(CEx>Fe7(A5B¤B57�x>7�v�7(9>�(CEx>F@¥ÁSMV�§�o�À�:�JPrQCcB57�x>7�JKF!{�CMJPAD�@x#<;7(A5F;�cJQx#x#CMB�G�I(CE<�x>:5CqB57�x>7�9�:57(A5ADCMr U�7
� {�|5F>=�F>JP�HA57(r��cJPF�x#<;7(A5F>�cJPx#x#CMB@G·I(CE<^x>:DC�9yGHA�x#<>GHrt9;:57(A5A5CMr o~¹�CEI�JP9yCMF�9E7(A�CMA�x#CE<�7crPG·pnv�G�p�CE<�F#x>7�x#C�JP}tx>:DCE=
BDCEx#CM9yxhx>:57�x�x>:DCE=�7�<>C�|5A�7�{�rQC^x#GqF#CMA5B�G(<�<>CM9yCMJQI(C+vW7(9>�(CEx>FEo

?�x x>:DC©ADCEx�p�G(<;�ÄrP7M=(CE<·U¢CMADCE<>�(= ��7Mp�7�<>C­<>GH|Dx>JPA5�Åv5<>G(x#G�9yGHrPF¬:�7MI(C©{�CECMA BDCEI(CMrQG(v�CMB8o R�CEx#<�JP9EF
x�=�v�JP9E7(rKrQ=%|5F>CMB�x#G�7(A57(rQ=�¾ECq7(B���:DG�9e<>GH|Dx>JKAD�@7(rQ�(G(<;JQx>:5�qF!7�<>CqF>:DG(<;x#CMF#x ��:DG(v£U,F;:DG(<>x#CMF#x ��BDCMrK7M=(U�7(A5BTrQG�9E7(rPJQx�=
F#x>7�{�JKrPJQx�=�¥ÁS#��§�o�¨hG·p~CEI(CE<MU,x>:DCMF>Ce�cCEx#<;JP9EF!9E7(A�<>CMF>|�rQx�JKA�x>:DCeG�I(CE<;|5F#C�G(}�x>:DCeCMADCE<>�(=�<;CMF#GH|D<;9yCMF^G(}~7�F;�c7(rPr
F#CEx�G(}���G({�JPrPCqBDCEI�JP9yCMFEo@jlA ¥ÁS#��§�U�CMADCE<>�(=¤7·p~7�<>C�<>GH|Dx>JKAD��7(rQ�(G(<;JPx>:5�cF�7�<;C�BDCEI(CMrPG(v&CMB¤x>:57�xe|5F#CMB¤7(�cGHAD�
G(x>:DCE<���CEx#<;JP9EFELzCMA5CE<>�(=@9yGHA5F>|5��CMB�v�CE<�vW7(9>�(CExEUW7(A�B@I�7�<�JP7(A59yC+JPA�v�G·p~CE<hrPCEI(CMrPF�7(9y<>GHF>Fh��G({�JPrPC^B5CEI�JP9yCMFMo

À�G(<>�³7�x.x>:DC%x#<;7(A5F#v�G(<>x.rP7M=(CE<@:57(F�9yGHA59yCMA�x#<;7�x#CMB«GHA³JK��v5<>G�I�JPA5��x>:DC�v�CE<>}�G(<;�c7(A59yC%G(} i ��¡fo i ��¡
p�7(F�B5CMF>JQ�HADCMB¤x#G�JPA�I(G(�(C@9yGHAD�(CMF#x>JQGHA*9yGHA�x#<>GHr���CM9;:�7(A5JPF>�cF/p�:DCMA¤}�7(9yCMB�p�JPx>:Tv�7(9;�(CExcrQGHF>F#CMFEo�¨�G�p�CEI(CE<·U
JPA�I(G(��JKAD��9yGHAD�(CMF#x>JPGHA.9yGHA�x#<>GHr�B�|DC�x#G/7/rQGHF>F�9E7(|5F#CMBc{�=ex>:DC�v�<>G(v�CE<>x>JQCMF�G(}8x>:DChp�JQ<>CMrQCMF;FzrPJPAD��9E7(A.JPA�x#<>G�B5|59yC
BDCMrP7·=�FO7(A5Be<>CMB5|59yC�x>:5<>GH|D�H:Dv�|5x�¥ YH§�o i :DCE<>C�:57MI(Ch{�CECMA�7^}�CEp¶B�JÁ�&CE<;CMA�x�7�v5v�<>GH7(9;:DCMF�x#G+x>:5JPF�v5<;G({�rQCM�@o �^ADC
Cy²D7(��v�rQC~JPF£x>:DC�N�ADG�G(v�R�G�B�|5rQCh¥�	�§�U(p�:�JP9;:+|�F#CMFt7hF#v�rPJPx£9yGHA5ADCM9yx>JQGHA�v5<>G(x#G�9yGHr o�?ªF#v�rPJPx£9yGHA5ADCM9yx>JQGHA/v5<>G(x#G�9yGHr
:5JPB5CMFhx>:5C�p�JQ<>CMrQCMF;F�rKJPAD��}�<>GH�­x>:DC�p�JP<>CMB�ADCEx�p~G(<>��{�=�:57·I�JPA5��F>CEv�7�<;7�x#C i ��¡¢9yGHA5ADCM9yx>JQGHA�F^{&CEx�p�CECMA¤x>:DC
{�7(F#C�F#x>7�x>JQGHA.7(A5Bcx>:DCh<>CM��G(x#C�:DGHF#xEU�7(A5Bcx>:DC�{�7(F#ChF>x>7�x>JQGHAq7(A5Bqx>:DCh�cG({�JPrQC�BDCEI�JP9yC(oz 5|D<;x>:DCE<;��G(<>C(U�CMADCE<>�(=
v5<>G(v�CE<>x>JPCMF�G(}fB5JQ�&CE<>CMA�x�´�7·I(G(<;F�G(} i ��¡¶7�<>C�7(A57(rQ=�¾ECMB�JPAT¥ÁS·¦�§�o
�^|5<Op~G(<>�qJPF�F>JP�cJPrK7�<�x#G/G(x>:5CE<�p~G(<>�q7(JP�cCMBq7�x~<>CMB5|59EJPA5�+CMADCE<>�(=q9yGHA�F>|5��v5x>JPGHAc7�x�x>:5Chx#<;7(A�F#v�G(<>xOrP7·=(CE<

JPA�x>:57�x�p~C@p�JPF>:�x#GTx>7(JPrPG(<�x>:5C@CMADCE<>�(=�F;7MI�JPAD�T7(rQ�(G(<;JPx>:5� x#G i ��¡fo�j�xcJPFeB5JQ�&CE<>CMA�xe}�<;GH� x>:DC���CEx>:DG�B5F
��CMA�x>JQGHADCMBª7�{�G·I(C%JPA*x>:57�x�x>:5JPFe�(GH7(rhJPF�<>CM7(9;:5CMB�{�=�CMA�x#CE<;JPAD��7TrPG·p v�G·p~CE<qF#x>7�x#C�B�|D<;JPAD��JPA�x#CE< ��v�7(9;�(CEx
7�<><;JPI�7(rWx>JP��CMF�x>:57�x�7�<>C�GHA.x>:5ChG(<;B5CE<~G(}t7/» i�i o �^|D<�7(rQ�(G(<;JPx>:5�¬:�7(F~F>GH��C�7(B5I�7(A�x>7��(CMF�G·I(CE<�7�v5<;CMB5JP9yx>JQI(C
7�v5v5<;GH7(9;:@}�GH|5A5B@JPAT¥ÁS � §tJPA�x>:57�x�v�7(9;�(CEx>Fh�q7M=�{�C�{W|��&CE<;CMB@7�x�x>:DC�7(9E9yCMF>F�v�GHJPA�x�JQ}tx>:DCE=@7�<><;JQI(C!ph:5JPrQC�x>:DC
��G({�JKrQC�BDCEI�JP9yC/JKF�7(F>rQCECEv,ohN�|59;:%v�7(9;�(CEx>F^p�GH|5rKB�{�C�BD<>G(v�v&CMB�{�=�7.v5<>CMB5JK9yx>JQI(C�7�v5v5<;GH7(9;:8o �!|D<h7(rQ�(G(<�JQx>:5�
:57(F�x>:DC�B5JPF;7(BDI�7(A�x>7��(C�x>:�7�xhJP��vWrQCM��CMA�x>JPAD��JQx�GHA�<;CM7(r,:57�<;B5p~7�<>C�p�GH|5rKB@<>CM½�|5JQ<>C+��G�B5JQ}�=�JPAD�e7(9E9yCMF>F�v&GHJKA�x
�5<;�/p�7�<>C(o�?�rPF#GDU�x>:5C�7�v5v5<>GH7(9�:*v5<>CMF#CMA�x#CMBª:DCE<>C@JPF�G(<>x>:DG(�(GHA�7(r�x#G�x>:DC@±~GH|5A5BDCMB¶N�rPG·p�BDG�p�A*7�v5v5<>GH7(9�:
}�<>GH� ¥�¦�§�o i :5C�x�p~G/7�v5v5<;GH7(9;:DCMF�9yGH|5rPB�{�C�|5F#CMBcx#G(�(CEx>:DCE<~7(F�±~GH|5A5BDCMB.NDrQG·p�B5G·p�AcJKFzv5<;JP�q7�<;JPrQ=+9yGHA59yCE<�ADCMB
p�JQx>:�7·I(GHJPB5JPAD��{�CMJPAD��7Mp�7��(Cqx#G�rKJPF#x#CMA�x#G@{�CM7(9yGHA5F!p�:DCMA�ADG�9yGHA�ADCM9yx>JQGHA5F!7�<>Cc7(9yx>JPI(C(o �!|D<!7�v5v5<>GH7(9�:TJPF
v5<;JK�c7�<;JPrQ=+9yGHA�9yCE<;ADCMBcGHA�rQ=/phJQx>:eG(v�CMAc9yGHA5ADCM9yx>JQGHA�FEo i :DC�p~G(<>��v5<>CMF#CMA�x#CMBq:DCE<;C�JPFzJPA5B5CEv&CMA�BDCMA�x�G(}�CMADCE<>�(=
F>7·I�JPA5��p�G(<>�@7�x�G(x>:5CE<�rP7M=(CE<�F�G(}�x>:DC!p�JQ<;CMrQCMF>F�ADCEx�p�G(<>�@F#x>7(9;�Wo

� � `�]8g�� �~]�g;`h\

jlAex>:5JPF�F#CM9yx>JPGHAcJQx�JPFzF>:5G·p�A�x>:5<>GH|D�H:�F>JP��|5rP7�x>JPGHA/x>:�7�x�x>:DC�BDCE}�7(|5rQx�SEX(X(�cFO{�CM7(9yGHAcv�CE<;JQG�B�}�G(<�m�XHV�oPS(Sh¡~NDR
JPFzF>|5{&G(v�x>JP�c7(r otj�x�JPF�v�GHF>F;JQ{�rQC~x#G+<>CMB5|�9yC�<>CMF#v�GHA5F#C�x>JP�cC(UH{�|Dxz9yGHA5F>|���C�7(Aq7(��GH|�A�xzG(}�CMADCE<>�(=e9yGH��v�7�<�7�{�rQC
x#G.m�XHV�oPS(S�¡~NDR¿JQ}tG(x>:DCE<�{�CM7(9yGHA@v�CE<;JQG�B5F�7�<>C�|�F#CMB8o

N�JK�/|5rK7�x>JQGHA5F�p~CE<>C¯v�CE<>}�G(<;��CMB |5F>JPAD�¬x>:DC	��

�­¥ÁSyYH§�ADCEx�p�G(<>�­F>JP��|5rP7�x#G(<·o i :5C���
�� F>JP��|5rP7�x#G(<
JP��vWrQCM��CMA�x>F�7(9E9E|D<;7�x#Cª��G�BDCMrPF@G(}qp�JQ<>CMrQCMF;F@x#<;7(A5F>�qJPF>F>JQGHAº7(A�Bnx>:DC*m�XHV�oPS(SªR�?��µv5<>G(x#G�9yGHr�7(A�B F#G�JPF
7�v5v5<;G(v5<;JP7�x#C%}�G(<�x>:DCMF#C�F>JP��|5rP7�x>JQGHA�FEo i :DC�JP��v�rPCM��CMA�x>7�x>JPGHA�G(}!x>:DC�m�XHV�oPS(S�¡~NDR¼}�<>GH� ¥�¦�§�p�7(F�|5F#CMB
JPA�x>:DCMF>C�F>JP��|5rP7�x>JQGHA�FEU�7(rPGHAD�cp�JQx>:@7(A�¨ i�i ¡�x#<;7��q9+�(CMADCE<;7�x#G(<�{W7(F#CMB@GHA�CM�cv�JQ<;JP9E7(r�B57�x>7qB5|DC!x#G¿¥ÁSEX�§�o

 �JQ�H|D<;C!V�F>:5G·p�F�x>:DC+A5CEx�p~G(<>�.x#G(v�GHrQG(�(=.x>:57�x�p�7(F�|5F#CMB@JPA�F>JP��|5rP7�x>JPGHA8o i :DC^p�JQ<>CMrQCMF;F�rPJKAD�cJPF~{�CEx�p~CECMA
x>:DCqA5G�BDCMF/rP7�{�CMrQCMB�����7(A�B����&U,7(A5B¤:57(F+{�7(A�BDp�JPBDx>:�G(}�V(R�{5v�F/7(A5BT7�B5CMrP7M=�G(}!SE�cFEo i :DCqA5G�BDC����%JPF
9yGHA5ADCM9yx#CMB�x#G����c{�=�7�rPJPAD��p�JQx>:�{�7(A5BDphJPBDx>:TSEXHR�{5v�F^7(A5B%7.BDCMrK7M=�G(}�SE�cFMo�k�7(9;:������cJPF�9yGHA5ADCM9yx#CMB�x#G
����{�=%7�SEXHR�{�v�F+rPJPA5�@p�JQx>:�V��cF!BDCMrP7·=(o ����JPF^9yGHA5A5CM9yx#CMBTx#G���!c{�=�7�SEX(XHR�{�v�F+rPJPA5�@p�JQx>:�V�X(�cF!BDCMrP7·=(o
kO7(9�:"�#��JKFc9yGHA5ADCM9yx#CMB¶x#G$�%!�{�=�7¶SEXHR�{5vWFqrPJPA5�Tp�JQx>:�V��cF.BDCMrP7·=(o«�~<>GHF;F�x#<;7��q9�JKFev5<>G·I�JPBDCMBªJKAªx>:DC
}�G(<;�ÅG(}'&)(�(�*%9yGHA5A5CM9yx>JQGHA5F!{�CEx�p~CECMA+���#!�x>:D<>GH|5�H:$������7(A�B,��!qx>:D<>GH|D�H:,���8oeuhG�BDC��)�%9yGHA5B5|�9yx>F'&�(�(�*
x#<;7(A5F;7(9yx>JQGHA5F�p�JPx>:��-��.#!�o

	



WLBSR2R1

CC1CC2CCnW1

W2

Wn+1

2Mbps10Mbps100Mbps
10Mbps

10Mbps

 fJP�H|D<>C�V�L~N�JK�/|5rK7�x>JQGHA�ADCEx�p~G(<>��x#G(v�GHrQG(�(=

R�CM7(F>|D<>CM�cCMA�x>F�p�CE<;C�x>7��(CMA.G(}&x>:5Ch9yGHA5ADCM9yx>JPGHA5F�{�CEx�p~CECMA ���e7(A5B�����.#!�o i :DC�CMADCE<>�(=���G�BDCMr5|�F#CMBcp�7(F
{�7(F#CMB�GHA*x>:DC�v�G·p~CE<c9yGHA5F>|���v5x>JQGHA�v5<>G(v�CE<>x>JQCMF�v�|5{�rPJPF>:5CMB�{�=�¹hCMrKr~7�{�GH|Dxex>:DCMJP<�R%JPA5JK¡~�~j i <;|DC·R�G({�JPrQC
À«JQ<>CMrQCMF>F;s,?�u¸S(S#��X�uhj#��o i :5JPFOu�j>�ª9yGHA5F;|5��CMF�Â(Â���À JPAqF;rQCECEv.��G�BDC(UD¦��(Â���À JPA.rPJPF#x#CMAc�cG�BDC(U � � X(��À
p�:5JKrQC�JKB5rQC(UD7(A5BTSEXHm(Â���À¼ph:5JPrQC^x#<;7(A5F;�cJQx#x>JPAD�Do

i :5C.��CEx#<;JK9EF�|�F#CMB¤x#G�CEI�7(rP|57�x#C�v�CE<>}�G(<��c7(A59yCqp~CE<>C�x>:DC�7(��GH|5A�x/G(}�x>JP��C.|�F#CMB�GHA�7·I(CE<;7��(C�x#G�rQGH7(B
7(A�CMA�x>JQ<>C�p�CE{%v�7��(C�}�<>GH� x>:5C+<>CM��G(x#C�:DGHF#xEUW7(A�B@x>:DC�7(��GH|�A�xhG(}fCMA5CE<>�(=@<>CM½�|5JQ<>CMB�GHA%7MI(CE<;7��(Cex#GqBDG.F#GDo
i :DCMF>Ch7�<>C��(G�G�B���CEx#<;JP9EF�{�CM9E7(|5F#C�x>:5CMF#C�7�<;Chx>:DC�}�7(9yx#G(<;F~x>:57�x�x>:5Ch|5F#CE<~G(},7/p�JQ<>CMrPCMF>F�BDCEI�JP9yChJKF�9yGHA59yCE<�ADCMB
7�{�GH|DxEo�¡�7��(CMFhF;:DGH|5rPB@rQGH7(B�½�|5JK9>��rQ=.7(A5B�7�F>�c7(rPr87(��GH|�A�x�G(}�CMADCE<;�(=�F>:5GH|5rPB�{�C!|5F#CMB�JPA�x>:5C!v5<>G�9yCMF>FEo

»�CMF>|5rQx>FzG(}�x>:DC�Cy²�v�CE<;JP�cCMA�x>Fz7�<>C�v5<>CMF#CMA�x#CMBqJPA� �JQ�H|5<>C 	!7(A5B i 7�{�rPC+S�ozj�xO9E7(Ac{&ChF#CECMA�}�<>GH�1x>:DC��(<�7�v�:
x>:57�x~{�G(x>:qx>:DC�CMADCE<>�(=.|5F#Ch7(A�Bqx>JP�cChv�CE<OvW7��(C^rPGH7(Bq<>CM7(9�:�7/rQG�9E7(r&�cJPA5JP��|5� ph:DCMAqx>:5Ch{�CM7(9yGHA�v�CE<;JQG�BcJPF
F#CEx�7c}�CEp¸�cJPrPrPJKF#CM9yGHA5B5F~rP7�<>�(CE<�x>:�7(A�x>:DC+<;GH|5A5B�x#<;JQv�rKJPAD�.B5CMrP7M=(o�À�:DCMA�½�|DCM|�JPAD��BDCMrP7·=�JKF�7(9E9yGH|5A�x#CMB�}�G(<MU
x>:5JPF�I�7(rP|5C�JPF�F#CECMAqx#G�{�C�x>:DC�» i�i G({�F#CE<>I(CMBq{�=ex>:DC�p�JQ<>CMrQCMF;F�BDCEI�JP9yC�p�:DCMAqADG+v�G·p~CE<�F>7·I�JKAD��JPF�|�F#CMB8o i :DC
�cJPA�JP�/|�� }�7(rKrPFO:DCE<;Ch{�CM9E7(|5F#C^» i�i F~B5|D<;JKAD�!p�:5JP9�:qx>:5CE<>C�JKFOADG�x#<;7��q9�B5|D<;JKAD� i ��¡*F>rPG·p«F#x>7�<>x�7�<>C�F>v&CMA�x
7(F>rQCECEv,o�À«:DCMA%x>:DC���G({�JPrPC�BDCEI�JP9yC/p�7��(CMF!|Dv�7��H7(JPA�x#G�<>CM9yCMJQI(C�7�{&CM7(9yGHA£U&vW7(9>�(CEx>F!p�JKrPr�®>|5F#x�{�Ce7�<><;JQI�JPAD�
}�<>GH� x>:DC^<>CM��G(x#C�:5GHF#xEU�G(<�p�JPrPrW:57MI(C�{&CECMA�{W|��&CE<;CMB.}�G(<�7�F>:DG(<;x~v�CE<;JPG�B.G(},x>JP�cC�x#G�x>:5CMA�{&C!BDCMrKJQI(CE<>CMB�{�=
x>:DC�7(9E9yCMF;F�v�GHJPA�xEo

jlA@F>JP��|5rP7�x>JQGHA£U�|5F;JPAD�e7�SEX(X(�qF�{�CM7(9yGHA�v�CE<;JQG�B.JPA�9E|D<;F�7�v&CMA�7(rQx�=.G(}tY 	�X(�cF�v&CE<�v�7��(C+rPGH7(B8UD{�|Dx�F>7MI(CMF
SMV�X(����v�CE<�v�7��(C�rQGH7(B8o ��F>JPAD��7�{&CM7(9yGHA�v�CE<;JQG�B�A5CM7�<!x>:DC�» i�i � �(V��cF��hJPA59E|D<�Fh7�v�CMA57(rQx�=@G(}hSMV�X(�cF^v�CE<
v�7��(C�rPGH7(B8UD{�|Dx�F>7·I(CMF/S(SEX(���cv�CE<�v�7��(C�rPGH7(B8o

 1.55

 1.6

 1.65

 1.7

 1.75

 1.8

 1.85

 1.9

 1.95

 46  48  50  52  54  56  58  60
 0.4

 0.42

 0.44

 0.46

 0.48

 0.5

 0.52

 0.54

 0.56

 0.58

 0.6

T
im

e/
P

ag
e(

s)

E
ne

rg
y/

P
ag

e(
J)

Beacon Period(ms)

Energy and Time per Page Load vs. Beacon Period

Energy
Time

 fJP�H|D<>C 	�LOk�ADCE<>�(=�v&CE<�vW7��(C/rQGH7(B8U57(A�B@x>JP��C!v�CE<�v�7��(C�rPGH7(B@I�FMo�{�CM7(9yGHA@v�CE<;JQG�B

À�Chp�GH|5rKBcrPJQ�(C�x#G/Cy²�v�rPGHJQxzx>:5JPFzG({WF#CE<>I�7�x>JQGHAc{�=�7(rPrQG·phJPAD�!CM7(9;:���G({�JKrQC�:DGHF#xOx#G/9;:DG�GHF#ChJPx>F�G·phAc{�CM7(9yGHA
v�CE<;JQG�B8o i :�JPFt9�:DGHJP9yC�F>:5GH|5rPB/{&C��c7(BDC�JPA�BDCEv�CMA5BDCMA�x>rQ=^G(}�G(x>:DCE<���G({WJPrQC�:DGHF#x>F�v�G(v�|5rP7�x>JKAD��x>:DC�F>7(��C�7(9E9yCMF;F
v�GHJPA�xEo

Y



R�CEx>:DG�B ?hI(CE<;7��(C i JP��C ��¡�7��(C/s,GH7(B,��F�� ?hI(CE<;7��(C/k�ADCE<>�(=���¡�7��(C�s,GH7(B,�������
u�Gq¡�NDR S�o Y(Y m � X
�(V��cF�±~CM7(9yGHA�¡tCE<�JQG�B S�o � � Y�¦�X
SEX(X(�cF�±~CM7(9yGHA�¡tCE<�JQG�B S�o mH¦ Y � X

i 7�{�rQCcS�L~kOADCE<>�(=�7(A5B�x>JP�cC�F#x>7�x>JPF#x>JK9EF

� � ���h`�_£gl]����

jlA�x>:5JPF�F>CM9yx>JQGHAqx>:5C�7(rQ�(G(<;JQx>:��1JPF�BDCMF;9y<;JQ{�CMB�JPAcBDCEx>7(JKr o i :DC�7(rQ�(G(<;JPx>:5� v5<>CMF>CMA�x#CMB.:DCE<>C�JPFOADCM7�<;rQ=eJPBDCMA�x>JP9E7(r
p�JQx>:�x>:DC+m�XHV�oPS(S/¡~NDR p�JQx>:�x>:DC!Cy²D9yCEv5x>JQGHA�x>:57�x�x>:DC^p�JP<>CMrQCMF>F�BDCEI�JP9yC!�c7M=�9;:5G�GHF#C!x>:5C!{&CM7(9yGHA�v�CE<;JPG�B.x#G
{�C�7(A�=�A�|���{�CE<^G(}~�qJPrPrPJPF>CM9yGHA5B5FEo+k�²�v�rPGHJQx>JPAD�.x>:DC�<>CMF>|5rPx>FhG(}~x>:DCc7�{�G·I(CcF;JP�/|�rP7�x>JQGHA5FEU�p~C�p�GH|�rPB�rPJQ�(Cex#G
9;:5G�GHF#C/7�{�CM7(9yGHA�v�CE<;JQG�B�v&CE<�9yGHA�ADCM9yx>JQGHA�{W7(F#CMB@GHA@x>:DC/» i�i G(}fx>:5C�9yGHA5ADCM9yx>JQGHA£o

» i�i F�9E7(A«9E7(rP9E|5rP7�x#CMB³{�=�x>:DC�phJQ<>CMrQCMF>F.BDCEI�JP9yC�}�G(<�v�7(9>�(CEx>F�x>:57�x�:57·I(C�A5G(xq{�CECMA¶{W|��&CE<;CMB³7�x�x>:DC
7(9E9yCMF>F�v�GHJPA�xEo i :DC+{�CM7(9yGHA%v&CE<�JQG�B�JPF�{�7(F>CMB�GHA�7q��G�I�JPA5�.7MI(CE<�7��(C�G(}�» i�i F�F#G.x>:57�x�x>:5C���G({WJPrQC+BDCEI�JP9yC
�c7·=*7(B�7�v5x�x#G¤9;:�7(AD�HJPAD�TADCEx�p�G(<;�*9yGHA�B5JQx>JQGHA5FMo i :DC@» i�i CMF#x>JP�c7�x#C%JPF��c7(JPA�x>7(JPADCMBªJPA*x>:5C�F>7(��C�p�7M=
x>:57�x��c7(A�=¢JK��v�rQCM��CMA�x>7�x>JQGHA5F�G(} i ��¡ �c7(JPA�x>7(JPA¢JQx	�c7(F%7(AnCy²�v�GHADCMA�x>JK7(r+p~CMJQ�H:�x#CMB¸��G�I�JPA5�¶7MI(CE<;7��(C(L

 ��(�(�� 
� 
 �)(�(����� � �)(�(WU�p�:5CE<>C 
 ��(�(�JPF.x>:DC�» i�i CMF>x>JP�c7�x#C(Uh7(A�B ����(�(�JPF�7(A«» i�i F;7(��v�rQC(o i :DC
��G({�JKrQChBDCEI�JP9yC��c7M=.v&CE<�JQG�B�JP9E7(rPrQ=�JPAD}�G(<;�wx>:5C�7(9E9yCMF>F�v�GHJPA�xOG(},x>:DC�» i�i CMF#x>JK�c7�x#C!F#G/x>:�7�x�7/�(G�G�B�{�CM7(9yGHA
v�CE<;JQG�B�9E7(A�{�C!|5F#CMB@}�G(<�CM7(9;:�9yGHA5ADCM9yx>JPGHA8o

 5|5<>x>:DCE<;��G(<;C�x>:DC���G({WJPrQC�BDCEI�JP9yC��c7·=��(CECEv.7+9E7(9�:DChG(}8» i�i CMF>x>JP�c7�x#CMF~F#G�7(F�x#G�7MI(GHJPB.9E7(rP9E|5rP7�x>JKAD�+7(A
CMF#x>JP�q7�x#ChGHA.x>:DC�´�=(ofjlAcx>:5Ch7�{�F#CMA�9yChG(}£7(A.CMA�x#<;=cJPAcx>:DC�9E7(9;:DC�}�G(<~7�v�7�<>x>JP9E|5rK7�<�<>CM��G(x#C^:DGHF#xEU�x>:DCh�cG({�JPrQC
BDCEI�JP9yC��c7M=�rPCM7MI(C�JQx>Ffu�j>�¤JPA�x>:5C~:5JP�H:DCE<tv�G�p�CE<zF#x>7�x#C�F#G�x>:57�x�7(A�» i�i CMF#x>JK�c7�x#C~9E7(Ae{�C~9E7(rP9E|5rP7�x#CMB���{W7(F#CMB
GHA�x>:DCqx>JP��Cc{�CEx�p~CECMA¤F>CMA5B5JPAD�@7%N��^u¬v�7(9>�(CExe7(A5B�<;CM9yCMJQI�JKAD�@7(A5BT?���°©v�7(9>�(CEx���{�CE}�G(<>C�JKAD}�G(<��cJPAD��x>:DC
7(9E9yCMF>Fhv�GHJPA�x�G(}�x>:DC+BDCMF;JQ<>CMB�{�CM7(9yGHA�v�CE<;JQG�B8o

i :5C�7(9E9yCMF>F�v&GHJKA�x~p�JPrPrWADCECMB�x#G��c7(JPA�x>7(JPA�F#x>7�x#C!v�CE<�9yGHA5ADCM9yx>JQGHA8UD7(A5B�phJPrPr�7(B�B5JQx>JQGHA57(rKrQ=�ADCECMB�x#GcF#CMA5B
{�CM7(9yGHA5F~}�G(<�CM7(9�:�9yGHA5ADCM9yx>JQGHA£o i :DChJKA59y<>CM7(F#CMB�x#<;7��q9^9E7(|5F>CMB.{�=q7(B5B�JQx>JQGHA57(r�{&CM7(9yGHA�F~JKF~B�JPF>9E|5F>F>CMBqJPA.x>:DC
ADCy²�x�F#CM9yx>JQGHA£o

¹�CMF#v�JPx#Ccx>:DC�}�7(9yx+x>:57�x+x>:5JKF!JPF+7�9yGHA59yCEv�x>|57(rPrQ=�F>JP��v�rPCe�cG�B5JP��9E7�x>JQGHA�x#G�x>:DCqF>x>7(A5B57�<;BTm�XHV�oPS(S�¡~NDR¤U
x>:DCE<>C�7�<>C�7�9yGH|DvWrQCqG(}�9yGH�cv�rPJP9E7�x>JQGHA�FEo��^|DCMF>x>JQGHA5F�F>x>JPrPrz<>CM�q7(JPA�7�{�GH|Dx/x>:DC�I�7�<;JK7(A59yCqG(}�» i�i Ut7(A5B�x>:DC
Cy��CM9yx>F�G(}tJKA59y<>CM7(F#CMB@9yGH�c��|5A5JK9E7�x>JQGHA@7(A5B�9yGH��v�|Dx>7�x>JPGHA�rQGH7(B�GHA�7(9E9yCMF>F�v�GHJPA�x>FEo i :DCMF>C+9yGHA59yCE<;A5F�p�JKrPr�{�C
7(B5BD<;CMF>F#CMB@JPA�x>:DC�}�GHrPrPG·p�JPA5�eF>CM9yx>JQGHA8o

� �³_���df]�g;d � ���«`h\���g>a ��_��~]8g>`h\��

i :5JKFzF#CM9yx>JQGHA�p�JKrPr�7(B5BD<>CMF>F�x>:5C�9yGHA59yCE<;A5FO��CMA�x>JPGHADCMBcJPAex>:DC�v5<>CEI�JQGH|5F�F#CM9yx>JQGHA8o� �JQ<�F#x�x>:DCE<>C�JPF�x>:5C�½�|5CMF#x>JQGHA
G(}8p�:DCEx>:5CE<�G(<�ADG(x�JPx�JPFO}�CM7(F>JP{�rQC�x#G�CMF#x>JP�c7�x#Chx>:DC^» i�i {�7(F#CMB.GHA.x>:DC�I�7(rP|DCMF~9yGHA�x>7(JKADCMB.JKAcx>:DC i ��¡�x>JP��C
F#x>7(��v@G(v�x>JQGHA8o�N�CM9yGHA5B@JKF�x>:DC!½�|DCMF>x>JQGHA�G(},p�:5CEx>:DCE<�G(<�ADG(x�x>:DC+JPA�9y<>CM7(F#CMB@rQGH7(B�GHA@7(9E9yCMF>F�v�GHJPA�x>F~p�JKrPr�{�C
7�v5<;G({�rQCM�

�! #" $&%�%('*),+.-0/213),'4),5763-
i :DCe7(rQ�(G(<;JPx>:5� B5CMF>9y<;JQ{�CMB�JKA�x>:DC�v5<>CEI�JQGH|5F�F#CM9yx>JQGHA�<>CMrKJQCMF�GHA��c7(JKA�x>7(JPA�JPAD�q7(A�7(9E9E|D<;7�x#Cc» i�i CMF#x>JK�c7�x#C(o
i :5JKF�CMF#x>JK�c7�x#CcJPF��(CEv5x^{�=�9E7(rP9E|5rP7�x>JKAD��7(A�Cy²�v�GHADCMA�x>JP7(rfp�CMJQ�H:�x#CMB���G�I�JPA5��7·I(CE<;7��(C.7(F!B5CMF>9y<;JQ{�CMB�7�{�G�I(C(o
i :DCE<;CE}�G(<>C(Utp�Cqp�GH|5rKBTrPJQ�(C�x#G�I(CE<�JQ}�=�x>:57�x�CEI(CMATp�JQx>:¤7�rQG·pw{�7(A5BDp�JKBDx>:�9E7�{�rQCq9yGHA5A5CM9yx>JQGHA8UfI�7�<;JK7(A59yCcJPA
» i�i JPF��q7(A57��(CM7�{�rQC(o

�



»�GH|5A5B�x#<;JQv@x>JK��CMF�p~CE<>C���CM7(F>|5<>CMB�7�x�x>:DC/9ErPJQCMA�x�F>JPBDC^{�=�F>|5{5x#<;7(9yx>JPAD��x>:5C!CM9;:DG�CMB i ��¡�x>JP��C+F>x>7(��v
}�<>GH�1x>:DC^9E|D<><;CMA�x�x>JK��C(oOR�CM7(F;|D<>CM��CMA�x>FOp~CE<>C^9E7�<><;JQCMBqGH|DxO{�CEx�p�CECMA�7e��GH�c9E7(F#x�B5JQ�HJQx>7(r59E7�{WrQCh9yGHA5A5CM9yx>JQGHA
JPAT¡�JQx#x>F#{�|5<>�H:8Ut¡�? p�JPx>:�{�7(A5BDphJPBDx>: 	(R�{5v�FEU�7(A5B¶SEX(X%v�G(v�|5rP7�</7(A5B¤7(9E7(BDCM�qJP9cp~CE{�F>JQx#CMFMo�» i�i F+p~CE<>C
��CM7(F>|5<>CMB�G�I(CE<�x>:5C/9yGH|D<;F>C+G(}�F#CEI(CE<;7(r &�(�(�*�9yGHA5A5CM9yx>JQGHA5Fhp�:5JPrQC+rPGH7(B5JPAD��x>:DC/}�<;GHA�x�vW7��(C/G(}�x>:DC/p�CE{�F;JQx#CMF
7(A5B�7(rPr�x#G(v*rQCEI(CMr�G({D®lCM9yx>FEo%? x�=�v�JP9E7(rO9E|��/|5rK7�x>JQI(Cq}�<>CM½�|DCMA59y=�B5JPF#x#<�JQ{�|Dx>JQGHA�JPF/F>:DG�p�A¤JPA¤�5�H|D<>CqYDo i :DC
7MI(CE<�7��(C�» i�i p�7(F �H¦��qF�7(A5B�x>:DC/F#x>7(A5B57�<;B@B5CEI�JP7�x>JPGHA@p~7(F 	H¦��cFEo

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  0.02  0.04  0.06  0.08  0.1  0.12  0.14  0.16  0.18

RTT(s)

cdf of RTTs for www.nature.com.tcpdump.cdf

%RTTs

 �JQ�H|5<>C!YDL~��|5��|5rP7�x>JPI(C�}�<>CM½�|DCMA59y=�B5JPF#x#<�JQ{�|Dx>JQGHA.G(}�» i�i F�x#Gcp�p�p+o�A57�x>|D<>C(o�9yGH��o

kOI(CMA.phJQx>:q7�9yGHA5ADCM9yx>JQGHA�p�:5CE<>ChrP7�<;�(CE<~» i�i I�7�<;JP7(A59yC�JPFOCy²�v�CM9yx#CMB8UDÂ�X/v�CE<;9yCMA�x~G(}£» i�i F�7�<;C�F>�q7(rPrQCE<
x>:57(A%SEX(X(�cF�F>|59;:qx>:57�x�F>x>7(A5B57�<;B�m�XHV�oPS(S�¡�NDR p�JPrPr�{�C�F;|D{�G(v5x>JP�c7(r of?hrKF#G+I�7�<;JP7(A59yC�JKFOF>�c7(rKrDCMADGH|D�H:qx>:57�x
JQx+JPF+<>CM7(F#GHA57�{�rPCcx#G�Cy²�v&CM9yx�x>:57�x�p~Cq9E7(A¤9�:DG�GHF#C.7@{�CM7(9yGHA¤v&CE<�JQG�B�x>:57�x��HJQI(CMF+v�CE<>}�G(<;�c7(A59yC��H7(JKA5F+G�I(CE<
F#x>7(A5B�7�<;B�m�XHV�oPS(S�¡�NDR¤o i :5JPF~Cy²�v�CM9yx>7�x>JQGHA�p�JKrPr&{&C!I(CE<�JQ�5CMB@JPA@F#CM9yx>JPGHA � o

�! �� ����� ),-0-��	��
 5 6��	��
 /��#+ 6�
�� 5
?�B5B5JQx>JQGHA�7(rPrQ=(U�x>:DC�7(rP�(G(<;JQx>:5� B5CMF>9y<;JQ{�CMBªJPA*x>:DC�v5<>CEI�JQGH|5F�F#CM9yx>JQGHA�<>CMrPJQCMF�GHA�x>:DC�7(9E9yCMF>F.v�GHJPA�xcF>CMA5B5JPAD�
{�CM7(9yGHA5F�}�G(<�CM7(9�:�GH|Dx>F#x>7(A5B5JKAD�c9yGHA5ADCM9yx>JQGHA£o�jlA�G(<;B5CE<�x#G.B5CEx#CE<;�cJPADC!x>:5C+}�CM7(F;JQ{�JPrPJPx�=qG(}zx>:�JPF�<>CM½�|5JQ<>CM�cCMA�x
p~C+v5<>CMF#CMA�x�7(A�7(A�7(rQ=�F;JPF~G(}�7(9E9yCMF;F�v�G(v�|5rK7�x>JQGHA�JPA@7�<>CM7(r8p~G(<;rPB@B5CEv�rQG·=���CMA�xEo

¡fG(v�|5rK7�x>JQGHA­B57�x>7 p~7(F«�H7�x>:DCE<;CMB­}�<>GH� 7(9E9yCMF>F«v�GHJPA�x>F«JPA x>:DC Ã^<;7(B5|57�x#CwN�9�:DG�GHr�G(}�j�A5B�|5F#x#<;JP7(r
?�B5�cJPA5JKF#x#<;7�x>JQGHA@{W|5JPrPB5JKAD��GHA�x>:DC���7�<;ADCE�HJQC�R�CMrKrQGHA�9E7(��v�|5FEo i :5C/B57�x>7�p�7(F^�H7�x>:DCE<>CMB�G·I(CE<!x>:5Ce9yGH|5<;F#C
G(}£7/p�G(<>��p~CECE�c}�<>GH� SMm�7(9E9yCMF>F�v�GHJPA�x>FEo� �JQ�H|D<>C �+F>:DG�p�F~7/9E|5��|5rP7�x>JPI(C�}�<>CM½�|5CMA59y=cB5JPF#x#<�JQ{�|Dx>JQGHA�G(},7(9E9yCMF;F
v�GHJPA�x�v�G(v�|�rP7�x>JQGHA8o�»�GH|D�H:5rP=%:57(rQ}OG(}~x>:5C�x>JP��Cex>:DCc7(9E9yCMF>F�v&GHJKA�x^p�7(F+v�G(v�|5rP7�x#CMB�7�x+7(rPr�x>:5C�v&G(vW|5rP7�x>JQGHA
p�7(F@GHA5rQ=�GHADC(o �^Aº7·I(CE<;7��(C(U�Â�X*v�CE<;9yCMA�x�G(}�x>:DC�x>JP��CT7(A¢7(9E9yCMF;F�v�GHJPA�x�p�7(F�v�G(v�|�rP7�x#CMB«7�x�7(rPr U�x>:DC
v�G(v�|5rP7�x>JPGHA/p�7(F�}�CEp~CE<Ox>:57(A�SEX�ozj�xOF>:5GH|5rPB�{�C�ADG(x#CMBcx>:57�xOv&G(vW|5rP7�x>JQGHA�v5<>G�I�JKBDCMF�7(Ac|Dv�v&CE<�{�GH|5A5BeGHAqrQGH7(B
GHA�x>:5C/7(9E9yCMF>Fhv�GHJPA�x	��x>:DC�7(9yx>|57(rfA�|���{�CE<�G(}z9yGHA59E|D<;<>CMA�x�9yGHA5ADCM9yx>JQGHA�F�p�JPrKr�{&C+rPCMF>F�x>:57(A�G(<�CM½�|57(r£x#G.x>:DC
v�G(v�|5rP7�x>JPGHA8o

i :5C~JPA�9y<>CM7(F#CMB�x#<;7��q9�9E7(|5F#CMBe{�=/7(B�B5JQx>JQGHA57(r�{�CM7(9yGHA5FzJPFf7(9E9yCEv5x>7�{�rQC�{�CM9E7(|5F#C�7(9E9yCMF>F�v&GHJKA�xtv&G(vW|5rP7�x>JQGHA
JPFzx�=�vWJP9E7(rPrQ=eF>�c7(rPr�UH7(A5B�x>:DC�v�CE<O9yGHA�ADCM9yx>JQGHAc{�CM7(9yGHA5F��c7M=c9yGHA�F>JPF#xzG(}�GHA5rQ=e7!}�CEp¶{�=�x#CMFMo�?hrPF>GDU�JPA�x>:DC�<;7�<>C
9E7(F#Ccx>:�7�x+7(9E9yCMF>F�v�GHJPA�x�v&G(vW|5rP7�x>JQGHA�JPF!rP7�<;�(C(U£x>:DCc7(9E9yCMF>F�v&GHJKA�x!9yGH|5rPB�{�C�9yGHAD�5�H|5<>CMB�x#G�<>CEI(CE<>x�{�7(9>��x#G
|5F>JKAD�+x>:DC!F>7(��C�{�CM7(9yGHA�v&CE<�JQG�Bq}�G(<~CM7(9;:@9ErKJQCMA�xEo i :5JPF�{�CM7(9yGHA�v�CE<;JQG�BqADCECMB�ADG(x~{�Chx>:DC^F#x>7(A5B�7�<;B%SEX(X(�qFEU
{�|Dxz9yGH|5rKB/{�C�7^I�7(rP|DC~{�7(F#CMBeGHA�x>:DC�{�CM7(9yGHA�v�CE<;JQG�B5Ft{�CMJPAD��<>CM½�|5CMF#x#CMBe{�=/x>:DC�9ErPJQCMA�x>FEo�?hrKF#GDUH7(9E9yCMF>F�v�GHJPA�x>F
9yGH|5rPB%CMAD}�G(<;9yC�7��cJPA5JP��|5� {�CM7(9yGHA�v�CE<;JQG�B�JKA�G(<;B5CE<�x#G��(CECEv�x>:DC�p�JQ<;CMrQCMF>F�9;:57(A5A5CMr,}�<>GH� {�CMJPAD�q´�G�G�BDCMB
p�JQx>:�{�CM7(9yGHA5FMo

�



 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  5  10  15  20  25  30
%

 T
im

e
Population

Cell population in GSIA(Monday-Friday)
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