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hnw;¦{mnjC|²k�j�zCmnqedsk�g�iWw�mnqD¦CdfUWY
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VPc�k�jCg
h=jOdfYDcedsmn³Ww�Y7zCmnq�w�Y7�=qsmnjC|
zCiW³Ww�k�gn¦Ww�YPcymuzCzWw�klg�mudfk�hnjCc1|WY�|Fk��?iCcfk�h=j£¥Okl|��Dh�cfiWqªg�Y X��P|Fk�iWX%cfhnjOd1Y�j{g
hnqsY��OiCmncfk�k�jCY
¤Fk�cedfYDjOdfYDcD© Î m
zCqfk�jCg
k�zCmnw�Y�w�k�X�k§dom�dfk�hnj(mui |���zWw�hnk�Y�X�YDj=d�|FY£g
YPc3mnzWzWw�k�gDm�dsk�h=jCc�YPcvd�wlm+g�hniCgoUWY5\�±ªZ |Wi cedsmuj{|Wmuqo|
«¬¨¬r¬~®n�=�W©�°=°n¦?Y
d}YDj+zCmnqedsk�g�iWw�k�YDqD¦¼w�� mu³CcfY�jCg�Y3|WY3X��Pg�mujCk�cfX�Y�|WY��´YDYD|b¶·³Cm=go�²w�h=qsc��OiWY�w�Y�X�iWw�dfk�z{h=k�jOd
YPcvd iFdsk�w�k�c��n©3x �Dg�Y�X�X�Y�jOdD¦�iCj+X��DgDmujWklcfX3Y��OiWkKiFdsk�w�k�cfY3iWj+w�YDm=|FY�q}m��
d���zWqshnz�h=c���g�hnX�X�Y�ceh=w�iFdsk�h=j
! g�Y�zWqshn³Ww"��X�Y=©$#]mujCcªg
Y�qomuzWz�hnqfdª|FY�qsYDgoUCY�qogoUWYn¦FjWh=iCc%��dfiC|Wk�h=jCc1w�YDcªgDmuqomng
d���qsklcvdsk"�OiWYPc�|WY}ºChudocª|FY
|WhnjWj&�DYDc¼dfqomujCcfX�k�c¼m»¥=YDg.w�YrX�hF|FY¨X�iWw§dsk�z�hnk�jOd�|���ÂCjWk=zCmuq�w�Y¨cedsmnjC|Wmnqs| «¬r¬¨¬½®n�O�F©�°n°.Y
d.mujCmnw�aFcfhnjCc�cfYDc
|&�
�ÁmuiWdsc¸zWqfk�jCg�k�zCmniF¤�©�p¨iWk�c�jWh=iCc�mujCmnw�aFcfhnjCcKw�YDc¸z�Y�qf�´hnqsX�mnjCg
YPcr|Fi�X��Pg�mnjWk�cfX�Y ! ³{mncfYª|FY]w�YPmn|FYDq¨Y
d
w�YDc�g
h=X�zCmuqshnjCc¸m»¥nYPg1w�Y csgoU&��X�m�X�iWw�dfk�z{h=k�jOd1cvdomujC|Wmnqs|¼© Î � mnjCmuw�aFceYªYDced¸�Ám('�dsY¢YDjÆiFdfk�w�k�csmujOd-iWj7�=qsmnjC|
jChnX�³CqfY�|WY�X�YDcfiWqsYDcªY��?YDg�dsi&��YPc ceiWq]jWhndfqsY�zWwlm�dsY
�´hnqsX�Y�Y�¤bz)��qsk�X3YDjOdsmuw�Y � kl��kM©*#¢Y�dsY�w�w�YPc¢X�YPceiWqsYDc
cfhnjOd.iWj�g
h=X3zCw+�DX3YDjOd.k�jC|Fklcfz{YDjCcfmn³Ww�Y-mniF¤�zWq��Dg��D|FYDj=dsYDc��
dsiC|FYPc�¦,�=iCkWceY-³Cm=ceYDj=dKcfiWqr|FYDcKcfk�X�iWwlm�dsk�h=jCc�¦
Y�d.mnk�|WY�jOd ! g
hnj{g
Y�¥=hnk�q¼w�Y¸X�Y�k�w�w�YDiWq�X��Pg�mujCk�cfX�Y¨z�hniWq.qsY�X�zWwlmng
YDqHw�Y¸csgoU&��X�mªX�iWw�dfk�z{h=k�jOd.Y
¤FklcvdomujOd��OiWk
YPcvdK|����´YDg�dsiWY�iW¤?©.ÏyhndfqsY-��dfiC|FY-g
h=jFÂCqsX�Y$�Oi.� iWj�X��Pg�mujCk�cfX�Y ! ³CmncfY¸|FY�w�YDmn|WY�q�hn³Fdsk�YDj=dK|FY¸X3YDk�w�w�Y�iWqsYDc
z�Y�qf�´hnqsX�mujCg�YDc��OiWY-w�Y-cfgoU/��X�mªX�iWw�dfk�z{h=k�jOdrcvdomujC|Cmuqo|}dfh=iFdKY�j��
domujOd�zCw�iCc��0�OiWk§domu³Ww�Y-Y�jb¥nYDqsc�w�Y¸dsqsmuÅÆg
g�hnjCg�iWqsqfYDj=d-z�hnk�j=df¶ ! ¶;z�hnk�jOdD©
1 Ì �P� Ê �32  � � Z¸hnqsq���wlm�dfk�hnj |FY+z{YDqedsYDc�|FY½zCm4�OiWY
doc�¦yx �PceYPmuiF¤(w�hbgDmuiF¤(cfmnjCc�Â{w¢«¬r¬¨¬�®n�O�F©�°n°=¦
\�YDcfiWqfYPc-cfmnjCc�ÂCw;¦{_bhnj{|FYDc1csmujCc�Â{wM¦CT�qomujCcfX�k�cscek�hnj�X�iWw�dfk�z�hnk�j=d
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UWk�w�Y�dfUWY7|WY�zWw�h�abX3YDjOd hn� � kl��k¨jWY�dv�¸h=qf�Fc g
h=jOdfk�jOiCY�dsh²�nqsh�� m�d�mnj�Y
¤FzWw�h=cfk�¥=Y�qom�dsYn¦¼dsUWY�X�iCw§¶
dsk�gDmnced3X�iWw�dfk�X3YP|Fklm+|FYDw�k�¥nYDqfa cfY�qs¥bk�g�Y7h=j � kl��kyg�hnX�zWw�k�mnjOd�|FYD¥bk�g�YDc3k�c�cedfk�w�w-k�j k�dsc3YPmuqsw�a cedsmn�nY7hn�
|WY�¥nYDw�h=zWX�Y�jOdD© T-UWY5qsYDmuw-g
iCw�zWqsk�d3klc�dfUWY5«¬r¬r¬ ®n�O�F©�°n°Æ\�±ªZ zWqfhndfhFg
h=wM¦rmnjC| k�j@z{muqfdfklg
iWwlmuqP¦.dfUWY
mn³CcfY�jCg�Y�hn�{�´YDYD|F³{mngo��X�YPgoUCmujWklcfXµ�1UWY�j�X�iWw§dsk�gDmncedrk�criCceYP|�©Kx1YDg�Y�jOdfw�an¦Om]w�YPmn|FYDqe¶·³CmncfYD|�X�YDgoUCmnjWklceX
U{mnc}³�Y�YDj zWqshnz�h=cfYD|+dfh�h�¥=Y�qog
h=X3Y3dsUWk�c�zWqshn³Ww�Y�X£©£«j�dfUWklc�zCmuz�Y�qP¦���YÆX�YDm=ceiCqfY�dsUWY�goUCmnqsm=g�dsY�qsk�ce¶
dsk�gDcyhn��dsUWY�w�Y��Omng
a7X�iWw�dfklg�m=cvdydsqsmnjCcfX3klcscek�hnj5X�YDgoUCmnjWk�cfX!mujC|£muj{muw�aO¹DY}k§doc1º{m»�ycD©-T-UWY�j¼¦{�¸Y�cvdsiC|Fa
dsUWY�z�Y�qf�´hnqsX�mujCg�Y�hu�.dfUCY�w�YDmn|WY�qf¶;³Cm=ceYP|�mnzWzWqsh=m=goU5mnjC|²g
h=X3z{muqsY}k§docªz�Y�qf�´hnqsX�mujCg�Y}�1k§dsU²dfUWY3cvdomujF¶
|Cmuqo|7X�iWw§dsk�gDmncedyceYDqf¥bklg
Yn©rT-UCY mnjCmuw�aFceklc-klc1|FhnjWY}h=j5m�wlmuqs�nY cfY
dyhu��X�YDmncfiWqsY�X�Y�jOdoc-X�m=|FY}�1k�dfU£hniWq
�1k�qsY�w�YDcsc-dfYPcvds³{YP|�©ª_biCgoU�X�YPmncfiWqfYDX�Y�jOdscymnqfY�mnj²k�X�z�hnqfdsmnj=dªg�hnX�zWw�Y�X�Y�jOdydsh7zWqsY�¥bk�hniCcªcek�X�iWwlm�dsk�h=j
cedfi{|Fk�YPcymuj{|7UWYDw�z£k�j5dfUWY�|FYPcek��nj5hu��dfUCY}³{YPcvdyX�YDgoU{mujWklceXÀdfh�qsY�zWwlmng�Y¢dsUWY �ÁmuiCw§dva�w�YD�=mng�a�X�iWw�dfklg�m=cvd
X�YPgoUCmujWklcfX5©r[¢iWqrcedfiC|Wa3g�hnjFÂCqsX�c.dfU{m�dKdfUCYyw�YPmn|FYDqe¶·³Cm=ceYP|�X�YDgoU{mujWklceXÃhniFdsz{YDqe�´h=qfX�c�dsUWYªcedsmuj{|Wmuqo|
h=z{YDjF¶·w�hbhnz5X�iCw§dsk�gDmnced-X�YPgoUCmujWklcfXÄ�1UWk�w�Y}�=Y�Y�zCk�jW���Ámuk�qsjWYDcsc1muX�hnjC��hndfUWYDq-dfqom�ÅÆgu©
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dv��hnqs� dfYPgoUWjWh=w�h=�nk�YDc.k�j
dsUWY1�1k�qfYDw�YPcfcrg�hnX�X�iCjWk�gDm�dsk�h=j�ÂCYDw�|¼©.T�hF|Wm»an¦nX3hOcvdrhn��h=iWqrz�Y�qoceh=jCmuwW|Wk��=k§domuwCm=cfcfk�cedsmnjOdscew´p #y±ªc�xKmuj{|
wlmuzWdfhnz{c1k�j{g
w�iC|FY�³ba£|FY
�ÁmniWw�d¢m � kl��k�k�j=dsY�qf�Ámng�Yn©1±�dªdsUWY�csmuX�Y}dfk�X�Yn¦��¸Y�UCm»¥nY}³�Y�YDj²h�¥nY�qsqsiWj��1k�dfU
mnw�w��bk�jC|Ccyhu�rX�iWw�dfk�X3YP|FklmÆmuzWzCw�klg�mudfk�hnjCcD©ª_bk�jCg
Y�X�h=qfY�mnjC|£X�hnqsY�zWwlmng�YDcymnqfY�g�h�¥nYDqfYP|7³ba5UWhudocez�hudoc�¦
dsUWklcr�1k�w�w�muw�w�h�� dfqom»¥nYDw�YDqsc.m�d�muk�qfz�hnqfdsc.h=q¨m�d¨qomuk�wCcedsmudfk�hnjCc.dsh�iCcfY-dfUWYDk�q¸p-#y±¢c¸mnjC|3��mudsgoU3dfYDw�YD¥Oklcfk�h=j
³CqfhOmn|WgDmncedsc-hnq¢jWY��yceº{m=ceUWYPc�©1\²iCw§dsk�gDmncedfk�jW�Æ¥bk�|WY�hÆk�jCcedfYDm=|£hu�rcedfqsYDmuX�k�jW�Æk�jC|Fk�¥bk�|Fi{muw�w�a5YDm=goU5¥bkl|FY�h
º{h��¯qsYDcfiWw�dscyk�j½m�X�iCgoU²X�hnqsY�Y
ÅÆg
k�Y�jOdªi{ceY�hn�.dfUWY3ceUCmnqfYP|5�1k�qsY�w�YDcsc1X�YD|Fk�iWX£© � UWYDqfYPmncymnw�wHdfUWYPceY
jCY�� mnzWzWw�k�gDm�dfk�hnj{c¸mnqfY]¥nYDqfa�w�k��=Y�w�a�dsh3mnzWz�YDmuq1cfhbhnjÆ�1k�dfU5iWz?g
hnX�k�jW� � k�\�±$y$hnq #ez){¸¶}| YDjCmu³Cw�YP|
|WY�¥bk�g�YDcD¦?dfUWY�«¬r¬¨¬$®=�=�W©�°=°�cedsmuj{|Wmuqo|�|FhbYDc jChud}g
hnX�zWw�a��1k�dfU¾X�iWw�dfklg�m=cvd�|Wmudsm�qfY0�OiWk�qsY�X�YDj=doc�©�«j
z{muqfdfklg
iWwlmuqP¦�dsUWY-g
iWqsqfYDjOd�\�±ªZ¾wlm»anYDq�cfY�jC|CcHX�iWw§dsk�gDmnced�zCm=go�nY�dsc�k�j�hnz�Y�jF¶·w�hbh=z�mnc�³WqfhOmn|WgDmncedHzCm=go�nY
doc�¦
k;© Yn©�¦W�1k§dsUWhniWdªmujba�z{hOcfcfk�³Ww�Y}m=go�OjCh��1w�YP|F�nYDX3YDjOdscD©

T-UWklc�hnz�Y�jF¶·w�hbh=z dsqsmnjCcfX3klcscek�hnj(X�YDgoUCmnjWklceX0g�mniCceYPc�dfUCqfYDY½X�muk�j zWqshn³Ww�Y�X�cD©$��k�qscedD¦ª�1k§dsUWhniFd
�´YDYD|F³{mngo��X�YDgoUCmnjWk�cfX£¦rk�d�klc3jWhud�z�h=cscek�³Ww�Y7dsh¾m=|WmuzFd3dfUCY5g�hnjOdfYDj=dsk�h=j@�1k�jC|Fh��Äm=g�g
h=qs|Wk�jW�½dfh+dfUWY
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±¢c�Y
¤Fz�YDg�dsYD|�¦���Y²hn³CcfY�qs¥nY5m�UWk��=UWY�q��=hOhF|FzCiFdÆ¥�muqsk�mn³Wk�w�k�dva��´hnq�³�hudfU(iWjCk�gDmnced7mujC| X�iWw�dfklg�m=cvd
º{h��yc�© {�iFd�dfUCk�c�dsk�X�Y=¦¨dsUWY�|Fk+��YDqfYDjCg
Y²hn�]z�Y�qf�´hnqsX�mujCg�Y�h=³Fdsmnk�jWYP|@³�Y
dv��Y�YDj dfUWYPceY5dv��h+º{h��yc�k�c
wlmuqs�nYDqydsUCmuj+³{Y��´hnqsYn©�T-UWY�m»¥nYDqsmn�nY}�=hOhF|FzCiFd¢�´h=qªdsUWY�X�iWw�dfklg�m=cvd]ºCh��~klc mu³�hniFd]dfUWY�csmuX�Y�dsUCmuj¾k�j
dsUWY zWqsY�¥bk�h=iCc�Y
¤Fz�Y�qsk�X�Y�jOd w´k;© Yn©K�1k�dfUWh=iFd1³Cmngo�b�nqshniCjC|�dfqom�ÅÆgSx�¦F�1UWYDqfYPmnc¸�´hnq�dfUCY]iCjWk�gDmnced-ºCh��}¦bdfUWY
X�YPmuj£�nhbhF|FzWiFd]|Fqfh=zCc-�´h=qªmu³�hniFd]�u��� hu�Kk§docyh=qfk��nk�jCmuw�¥�mnw�iWY=©¸«j{|FY�YP|�¦WdsUWY �OiCmuw�k�dva7hu�.dsUWY�iWjWklg�m=cvd
cedfqsYDmnXÀcfY�¥nYDqfYDw�a�|FYPg
qsYDm=ceYPc¸�1UCY�qsYDmnc-k�dyqsY�X�muk�jCc�qfh=iW�nUCw�a�dsUWY�cfmnX�Y¢�´h=q-dfUWY}X�iWw�dfklg�mncedªcedfqsYDmuX£©
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T-UCY3qsY�X�mnk�jC|WY�q]hu�¨dsUWY�zCmnz{YDq¢�´hFg�iCc hnj½dfUWYÆg�hnX�zCmuqsklceh=j�³{Y�dv�¸YDY�j+dfUWY�®=�=�F©�°n°�w�YD�=mng�a²X�iWw�dfklg�m=cvd
mnjC|²dsUWY�w�YDmn|WY�qf¶;³Cm=ceYP|²muzWzCqfhOmngoU¼© � Y�g
h=jCcekl|FYDq m�¥bk�|WY�h£cvdsqfYPmuX�k�jC�5mnzWzWw�k�gDm�dfk�hnj+k�j¾�1UWklgoU¾m�¥bw�g
¥bkl|FY�h£cfhniWqog
Y w´w�hFg�m�dsYD|¾k�j½dsUWYÆcfmnX�Y Î ±ªÏ dfU{muj+dfUWYÆ±ªpix ceYDjC|Wc}m+z){-xÃ¥bk�|FYDh5dfh²m5�nqshniWz+hu�-�
qsYDg�Y�k�¥nYDqsciwM_FT�±�°�¶_FT�±¢��x�©�«j�h=qs|WY�q�dfh mujCmnw�ab¹�Y�muw�wOdvaOz�YDc�hn�{zCm=go�nY
d�w�hOcfcD¦���Y¸UCm»¥=Y¨qsiWj�Y�¤Fz{YDqfk�X�Y�jOdsc
�´h=q¸� |Fk+��YDqfYDjOd¨jWY
dv��hnqs��g�hnjC|Fk�dfk�hnj{c ���1k§dsUWhniFd¸³Cmngo�b�nqshniCjC|�dsqsmuÅÆg1mujC|3k�j�zWqfYPceYDjCg
Y1hn�?g�hnjW�=YDcedfk�hnj¼©
T-UCY�qsY
�´hnqsYn¦u�´hniWq¸Y
¤Fz{YDqfk�X�Y�jOdscD¦=m=cr|FY�dsmuk�w�YD|�k�jÆT�mn³Ww�Y]�b¦=U{m»¥nY1³�Y�Y�j�qsiWj�dsh��nYDjWY�qom�dsY-mnw�wCdfUWYyÂC�niWqsYDc
cfUWh��1j5k�j�dfUCY}qfYPcvd1hu��dfUCY}zCmuz�Y�qP©

T�mu³Cw�Y�� �(T�mu³Ww�Y hu��¬r¤bz�Y�qsk�X3YDjOdsc
¬K¤Fz¼© {-mngo�?©�dfqom�ÅÆg p | µX3hF|FY T¼¤7X�Y�dfUWhF|
° Ïyh °]dfh£°n°P\²³WzCc \²iWw�dfklg�m=cvd
� rYPc °}\²³CzCc \²iWw�dfklg�m=cvd
� Ïyh °]dfh£°n°P\²³WzCc Î YPmn|FYDqe¶·³CmncfYD|
� rYPc °}\²³CzCc Î YPmn|FYDqe¶·³CmncfYD|

� Y�i{ceY5m½cedsmuj{|Wmuqo| |F¥F| X�h�¥bk�YÆdfh¾�nY�jCY�qom�dfY7qfYPmuw�k�cedfklg�¥bk�|WY�h�dsqsmuÅÆgu©+T-UCY�¥bkl|FY�h¾cvdsqfYPmuX k�c
YDjCg
hF|FYP|�³ba�¥Owlg¢�1k§dsU7X�z{YD�O�u¥�mnjC|�k�d�klc-g
h=jFÂC�niCqfYP|3dfh�cfY�j{|7m zG{-x¿¥bk�|WY�h�º{h�� �1k§dsU�x.T-p � � #ªp
YDjCg�mnzCcfiWw�mudfk�hnj¼©�Ïyhudsk�g�YKdfU{m�d�mnw§dsUWhniC�nU ¥bw�gKU{mnc¼³�Y�YDj�g
h=jFÂC�=iWqfYP|¢dfhªcfY�jC|}myX3YPmuj}qom�dsYrhu�C�F°»���b³WzCc���¦
dsUWY�m=g�dfi{muw�m»¥=Y�qomu�=Y cfY�j{|Fk�jC��qsmudfY�klcyqshniW�=UWw�aÆdfUCY�|Fh=iW³Ww�Yn©yT-UWY�³{mngo�b�nqshniWj{|ÆdsqsmuÅ�g�k�cª�nY�jCY�qom�dfYP|
�1k�dfU�k�z�Y�qf� ��°P����m=cK�´hnw�w�h��yc�©.�Wh=qKdfUWYªÂCqocvd¨Y�¤Fz{YDqfk�X�Y�jOdD¦{°D� � #ªp iCjWk�gDmncedrºCh��ycr|Wk�qsYDg
dfYD|3dsh�dsUWYª±yp
mnqfY�cedsmnqedsYD|£z�Y�q]cvdom�dfk�hnjH¦C�1k�dfU½m�qsY��OiWYPcvdsYD|£³CmnjC|F�1kl|bdfU²hn�y°D�=\²³WzCcD©1T-UWk�cªY�jCcfiWqsYDc-dsUCm�d¢dfUWYDqfY�k�c
mnw��-m»aFc¨m�zCmngo�=Y
d���mnk§dsk�jW��dfh3³�Y]cfY�jOd-k�j�dfUWY}|Fqsk�¥nY�q �OiWY�iCYn©K�Wh=q¸dsUWY ceYPg
hnj{|ÆY
¤Fz�Y�qsk�X�YDj=dP¦?°D��TªZ¸p
iCjWk�gDmncedyºCh��ycy|Wk�qsYDg
dfYD|�dsh�dfUWY3±yp¿mnqfY�cedsmnqedsYD|£z�Y�q¢cedsmudfk�hnj¼¦{�1UWklgoU²qfYPceiWw�dscyk�j�m�w�h���Y�q1³WiFd]X�hnqsY
qsYDmnw�klcedfklgªw�h=m=|ÆdsUCmuj5dfUCY �´hnqsX3YDq-Y
¤Fz{YDqfk�X�Y�jOdD©
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��k��niWqsY}� �r\²iCw§dsk�gDmncedyp.m=go�nY�d-w�h=csc1g
h=qfqsY�wlm�dsk�h=j � �yjCg�hnqsqfYDw�mudfYD|�zCm=go�nY
d1w�h=csceYPc%w´k�jC|FY�z�Y�j{|FY�jOd�x
¦�Z¸h=w§¶
w�klcek�hnjCc%wMcfmnX3Y zCm=go�nY�dsc¸w�hOcvd1³ba7muw�w�dfUWY�cedsmudfk�hnjCc�x¸mujC| � iWY�iCY Î h=csceYPc)wM±yp(zCm=go�nY
d1|FqshnzCc�xr�´hnq1YDm=goU
hn�HdsUWY}��Y
¤Fz{YDqfk�X�Y�jOdscD©

��������� � �W�	� È � 2 Ì �D�3� Ì �»� È 2M�F��
 Ì� � È � Ë�ÈbÈ�� ���P�F��
 Ì� �
«j dfUWY�w�YPmn|FYDqe¶·³CmncfYD|�mnzWzWqsh=mngoUH¦HhnjCYÆhu�1dsUWY7qsYDg�Y�k�¥nY�qoc wMg�muw�w�YD|�dsUWY7w�YDm=|FY�q�x UCm=c}dfh½�nY�jCY�qom�dfY�mng�¶
�bjWh��1w�YD|W�nY�X�YDj=d��´qomuX�YDc�dfh dsUWY-X�iWw�dfklg�m=cvdrcfhniWqog
Y=©�T-UWY1z�Y�qf�´hnqsX�mujCg�Y¸hn��cfiCgoU�muj�muzWzWqsh=m=goU�UWk��nUWw�a
|WY�z�Y�jC|Wc�h=j}dfUWY1mnw��=hnqsk§dsUWX¯i{ceYP|}dfh cfY�w�YDg�d�dfUWY�w�YDmn|WY�q.mujC|�hnj}dsUWY-zCmngo�=Y
dHw�h=csc�g�hnqsqfYDw�mudfk�hnj}³�Y
dv��Y�YDj
dsUWY�cedsm�dsk�h=jCcD©K_FhC¦Fk�dyk�cyg�qfi{g
klmuw�dfhÆcedfiC|WaÆdfUCY]z{mngo�nY�d1w�hOcfc1g�hnqsqfYDw�mudfk�hnjÆ³�Y
dv��Y�YDj£mnw�w?dsUWY}qsYDg
YDk�¥=Y�qoc�©

� UWYDj�X�hnqsY}dfU{muj²hnjCY�cvdom�dsk�h=j£dfqomujCcfX�k§docªm�dªdfUWY3cfmnX3Y�dfk�X3Y=¦CdsUWY�qsY�klc¢mÆUWk��=U²zWqshn³Cmn³Wk�w�k�dvaÆdfh
h=³CcfY�qs¥nYÆm�z{mngo�nY�d�w�h=csc�k�j muw�wrdsUWY£cvdom�dfk�hnj{cQw´k;© Yn©�¦rUWk��nU zCm=go�nY�d�w�hOcfc�g
h=qfqsY�wlm�dsk�h=j5x�© � Y�m=cfcfhFg
klm�dsY
dsUWklcªYD¥nY�jOdydsh�mÆg�hnw�w�klcfk�h=j¼© � UWYDj½m7g�hnw�w�klcek�hnj£klcªzCqfYPceYDj=dP¦CdsUWY�z{mngo�nY�dªklcª|FY�ÂCjWk�dfY�w�a²w�h=cscy�1UWYDj²dfUWY
w�Y��Omng�a¢X�iWw§dsk�gDmnced�X�YPgoUCmujWklcfX¡klc�iCceYP|�© |yh���Y�¥nYDqD¦DdfUCY¸w�YDm=|FY�qf¶;³{mncfYD|}cfhnw�iFdfk�hnj�cfUWh=iWw�|�hn³Fdomuk�j�³�Y
dedsY�q
z�Y�qf�´hnqsX�mujCg�Yn¦u³�YDgDmuiCcfYªmnw�wCdfUWYªcedsmudfk�hnjCcr�1k�w�wC³�Y�jWY�ÂWd¨�´qshnXÃdfUCYyzCmngo�=Y
drqsY
dsqsmnjCceX�klcfcfk�hnj¼©�T-UWYyhudsUWY�q
iCjCg
h=qfqsY�wlm�dsYD|�w�hOcfcfYDc1gDmuj£³{Y�mncscek��njWYP|ÆdshÆ³Cm=go�O�=qfh=iWjC|7jWhnklceY}h=q1k�jOdsY�qf�´Y�qsY�jCg�Yn¦Wz�h=cscek�³Ww�aÆdsUWY�qsYDcfiWw§d
hn��iWj{mn|WmnzFdfYP|�pi|� cfY�jC|Fk�jW��qom�dsYª�´h=qyceh=X3Y hn��dsUWY}qfYPg
YDk�¥=Y�qoc�©

��k��niWqsY½�@cfUWh��yc�dsUWY½z{mngo�nY�d7w�h=cscÆzWqshuÂCw�Y²�´h=q7³�hudfU¿dfUWY+w�YD�=mng�a@X�iWw§dsk�gDmnced5mnjC| dfUWY+w�YPmn|FYDqe¶
³{mncfYD|²muzCzWqfhOmngoU¼¦{�1k§dsU½muj{|²�1k§dsUWhniWd¢³Cm=go�O�=qfh=iWjC|�dfqom�ÅÆgn©¢T-UWklcyÂ{�niWqsY�klc¢g�hnX�z{hOceYP|£hu�r�7cfY
docªhn�
cedsmudfklcvdsk�gDcªg�hnqsqfYPcez�hnjC|Wk�jW�3dsh�dfUWY��ÆY
¤Fz�Y�qsk�X�Y�jOdocª|FY�dsmuk�w�YD|£k�j�T�mn³Ww�Y3�b©y�Wh=qªYDm=goU£Y
¤Fz{YDqfk�X�Y�jOdD¦{�¸Y
zCw�hnd]�7g�hnw�iWX�jCc]g
hnqsqsYDcfz{h=jC|Fk�jW��dfh7dfUWY�|Fk+��YDqfYDj=d¢dvabz{YPcªhn�rzCmngo�=Y
d¢w�h=csc ��iCjCg
h=qfqsY�wlm�dsYD|£w�h=csceYPcª|FiWY
dsh}k�jOdsY�qf�´Y�qsY�jCg�Y�h=qKjWhnklcfYn¦ng�hnw�w�klcek�hnj{c�¦nmnjC|3zCmngo�=Y
doc.w�hOcvdrm�dKdsUWYª±ªp�cfY�j{|Fk�jC�*�=iCY�iWY=©���k�¥nY-dfYPcvdocK��Y�qsY
|WhnjWY iWjC|WY�q-dfUCY�cfmnX3Y}g�hnjC|Fk�dfk�hnj{c��´hnq1YDm=goU�Y�¤Fz{YDqfk�X�Y�jOdD©rT-UWY]ÂCqocedªg
hnw�iWX�j£g
hnX�zWqsklceYPc¨dsUWY}X�YDmnj
¥�mnw�iWY1hn��iCjCg
h=qfqsY�wlm�dsYD|�z{mngo�nY�drw�hOcfcfYDc.³�Y
dv��Y�YDj�cvdom�dfk�hnj{c�¦�dsUWYycfYDg
h=jC|�g
h=w�iWX�j�qsY�zWqsYDcfY�jOdsc�dsUWY1X�YDmnj
jbiWX�³{YDq1hu�Kg
h=w�w�k�cfk�hnjCcD¦FmujC|7dfUWY dsUWk�qs|£g
h=w�iCX3j²cfUWh��yc¸dfUWY}X�YPmuj5jOiCX�³�Y�qyhn���OiWY�iCY}zCmngo�=Y
d1|Fqfh=zCcD©

T-UWY�ÂCqsced�g�hnw�iWX�jCc�wÁk�j �1UWk�dfY�x��´h=qÆdfUCYDcfY�� Y
¤Fz�Y�qsk�X�Y�jOdoc7g
h=qfqsYDcfz�hnjC|@dfh dsUWY½iCjCg
h=qfqsY�wlm�dsYD|
z{mngo�nY�dyw�hOcfcªcvdom�dfklcedfklg�cD¦Ck�jCg
w�iC|Fk�jW�7g�hnqsqfYDw�mudfYD|�zCm=go�nY
dyw�h=cscfYDc��´hnq �F¦C�7mujC|£�Æcedsmudfk�hnjCcD© Î Y
dªi{c1ÂCqocvd
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g�hnjCcfkl|FY�q�dfUWY²gDmncfY7�1UWYDj dfUCY5jCY
dv��hnqs�¾klc3iWjWw�h=m=|FYD|�© � Y²g�mnj@jWhndfY�dfUCmud3�1k�dfUWh=iFd�³Cmngo�b�=qfh=iWjC|
dsqsmuÅÆgu¦�X�h=ced}hu�rdsUWY�Y��?YDg�dsk�¥=Y�w�a²dfqomuj{ceX�k�dedfYP|½z{mngo�nY�dsc¢qfYPmngoU²dsUWYÆ|FYPcvdsk�jCmudfk�hnj �ªdfUWY�iWj{g
hnqsqsY�wlm�dfYP|
z{mngo�nY�d¸w�h=csc¨klc-�W© �n� �~�´h=q¨dsUWY w�YPmn|FYDqe¶·³Cm=ceYP|�muzWzWqsh=m=goUÆmujC|7qfYPmngoUWYPc¨mn³{h=iFd-�C© � �µ�´hnq�dfUWY cedsmuj{|Wmuqo|
X�iWw�dfklg�mnced¢X�YPgoUCmujWklcfX5© T-UWklc ceUWh��ycydfUCmud]X�hOcvd]hu�rdsUWY�iCjCg
h=qfqsY�wlm�dsYD|£w�h=csceYPcyk�j�dfUCY�w�YDm=|FY�qf¶;³{mncfYD|
mnzWzWqsh=m=goU¢g�m=ceYrmnqfYKqsYDg�h�¥nYDqfYP|y³baªqsY
dsqsmnjCceX�klcfcfk�hnjCcD©�T-UWYrw�YDmn|WY�qHg�hnqsqfYPcez�hnjC|CcCdsh-dfUWY¨�¸h=qsced¼qfYPg
YDk�¥=Y�qP¦
mnjC|5g
hnj{ceY0�=iCY�jOdfw�aÆY
¤Fz�Y�qsk�YDjCg
YPc�X3hOcvdyhn�HdsUWY}w�hOcfcfYDcD©KT-UWklc1g�muj£³�Y}hn³CcfY�qs¥nYP|Æh=j5��k��niWqsY�°D�

T-UWY¾ceYPg
h=jC| g
h=w�iWX�jCc w´k�j¿�=qfYDa�x�hu����k��=iWqsY½� cedsmuj{|(�´hnq7dfUWY+jOiCX�³�Y�q7hn��g
h=qfqsY�wlm�dsYD| w�hOcfcfYDc
³�Y
dv��Y�YDj@muw�wrdsUWY�cedsmudfk�hnjCc��1UWklgoU muqsY7mncscfhbg�k�mudfYP|¾dfh½g�hnw�w�klcek�hnj{c�©½T-UCY�qsY7muqsY7muw�X�h=ced�jWh¾g
hnw�w�k�cfk�h=j
�´h=q�mnw�w�dsUWY¢Y�¤Fz{YDqfk�X�Y�jOdsc�X�mn|FY¢�1k§dsUWhniWd-³{mngo�b�nqshniWj{|�dsqsmuÅÆgu©-|yh���Y�¥=Y�qP¦=k�j7zWqsYDcfY�j{g
Yªhn�HUWk��nUÆw�Y�¥=Y�w
hn��³{mngo�b�nqshniWj{|ÆdsqsmuÅ�gn¦FdfUCY�g
h=w�w�k�cfk�hnjCc1mnqfY}mu³�hniWd�°D��dfk�X�YDcªX3h=qfY k�X�z{h=qedomujOdyk�j£dsUWY�w�YDm=|FY�qf¶;³{mncfYD|
mnzWzWqsh=m=goU�dfU{muj��´hnq�dfUWYÆw�Y��Omng�a½X�iCw§dsk�gDmncedD©£T-UWYÆ|Fk+��YDqfYDjCg
YÆklc�|FiCY�dfh²dsUWY��Ám=g�d}dfU{m�d�dsUWYÆw�Y��=m=g
a
X�iWw�dfklg�mnced¸�=Y
doc¸m�UWk��nUWYDq¨zWqsk�h=qfk�dva3dfUCmnj�dfUCY¢³Cm=go�b�nqshniWjC|3dsqsmuÅÆgu¦bmnc¸k§d-k�c-|Fklcsg
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Multicast

Multicast with TCP bg traffic
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Multicast
Multicast with TCP bg traffic

��k��niWqsY�°n° �.\�iWw§dsk�gDmncedyzCmngo�=Y
d-w�hOcfc1g�hnqsqfYDw�mudfk�hnj��´h=qyYDm=goU7�=qfh=iWz�hn��cedsmudfk�hnjCc

��������� � È ��� Ì �(� � � � È � � �&2 É ��
M���F����� È ������2 
Á�=�F��
 Ì� 2 È���È 2
«j�dsUWklc¨cfYDg�dsk�h=j��¸Y¢g
hnX�zCmnqfY�dsUWYªz�Y�qf�´hnqsX�mujCg�Y1hn³Fdomuk�jWYD|�m�d¨dfUWY]muzWzWw�klg�m�dsk�h=j�w�YD¥nY�wW�´hnq¨³�hudsU�X�YDgoUF¶
mnjWklceX�cD©

T�h�cedfiC|Wa5¥bkl|FY�h�cvdsqfYPmuX�k�jC�Æz{YDqe�´h=qfX�mnjCg
Y=¦CdsUWY�X�h=ced¢k�X�z{h=qedomujOdªzCmnqsmnX�Y
dfYDqsc1dfh�g�hnjCcfkl|FY�q]muqsY
z{mngo�nY�d�w�h=csc1muj{|7�=hOhF|FzCiFd
	n©

pKmngo�=Y
d w�hOcfc]�´h=q]dfUWY�w�Y��=m=g
a²X�iWw§dsk�gDmnced�mujC|½dfUWY�w�YDm=|FY�qf¶;³{mncfYD|²X�YDgoU{mujWklceX�c}gDmuj½³�Y�hn³{ceYDqf¥=YD|
k�j7��k��niWqsYª� � k§d�UCmnc�muw�qfYPmn|Fa�³{YDY�j7mnjCmuw�ab¹�YP|�k�j�_FYDg�dsk�h=j��F©Ó�F©�°y³WiWd¨�´hnq-m�|Fk+�?Y�qsY�jOd¸zWiCqfz�h=cfYn©.Ïyh��}¦��Y�cedfiC|Wa£dfUWY�k�X�zCm=g�d¢hn�rzCmngo�=Y
dªw�h=cscyh=j²dfUCY�¥bk�|WY�h7qsYDg�Y�k�¥nYDqscD© � UWY�j½dfUWY�jWY
dv��hnqs�7klc¢iWjWw�h=mn|WYD|�¦
dsUWY�h�¥=Y�qomuw�w�z{mngo�nY�d1w�hOcfc-�´h=q1dfUCY�w�YD�=m=g
aÆX�iWw§dsk�gDmncedªklc1X�hnqsY dfUCmnj£� � �1UCk�w�Y}k§d¢k�cª¥nY�qsaÆw�h�� wMmu³�hniFd
�C© �n� �%³�Y
�´h=qfY�z�h=cscfk�³Ww�Y�qsY
dfqomuj{ceX�klcfcfk�h=j5xy�´hnq}dsUWYÆw�YDmn|WY�qf¶;³Cm=ceYP|½mnzWzWqsh=mngoUH©�«j zWqfYPceYDjCg
Y�h=j¾UCk��=U
w�Y�¥=Y�w�g
hnjC�nYDcedfk�hnjH¦nzCm=go�nY
d¸w�hOcfc¨k�c¸UWk��nUWYDqrdfU{muj��n���µ�´hnq¨dfUWY¢w�YD�=mng�a�X�iWw�dfklg�mnced�mnjC|�k�d¸klc¸mn³{h=iFd¸�O���
�´h=q-dfUWY}w�YDm=|FY�qf¶·³CmncfYD|ÆmnzWzWqsh=m=goU¼©

Ïªh��}¦�w�Y
d3iCc3g
hnX�zCmnqfYÆdfUWY5g
hnqsqsYDcfz{h=jC|Fk�jW�£�nhbhF|FzWiFd3z{YDqe�´h=qfX�muj{g
Y��´hnq3³�hudfU@X3YPgoUCmujCk�cfX�c�k�j
��k��niWqsY�°P�b©

� k�dfUWh=iFd}dfUCY�zWqfYPceYDjCg
Y3hu��³Cmngo�b�=qfh=iWjC|£dsqsmuÅ�gn¦¼��Y3h=³CcfY�qs¥nY�dsUCm�d dsUWY�w�YPmn|FYDqe¶·³Cm=ceYP|²�nhbhF|FzWiFd
qsY
º{YDg�doc}dsUWYQzG{�xÀgoUCmuqomng
dfY�qsklcvdsk�gDc}hu�-dfUCY�¥bkl|FY�h½cfY�jOd3³Oa¾¥bw�gn©¾[¢j dsUWY7hndfUWYDq�UCmnjC|�¦.dfUCY7w�Y��=m=g
a
X�iWw�dfklg�mncedD¦�i{cek�jW�¢dfUWY1|FY��ÁmuiWw�dKp |�(dfqomuj{ceX�klcfcfk�h=j�X�hF|FYn¦uklc�jWhudKmu³Cw�Y¸dfh ceYDjC|3mnc�X�iCgoU�dfUWqshniW�=UWzWiFd
mnjC|��nY
doc1m�g
hnj{cvdomujOd1�nhbhF|FzWiFdyhn��mu³�hniWdª®n�n�n�b³WzCc
�»©

«jÆzCqfYPceYDjCg
Y1hn�?UCk��=U�w�YD¥nY�wChu�¼g
h=jW�nYPcvdsk�h=j¼¦udsUWYy�nhbhF|FzWiWd¸m�drdsUWY¢mnzWzWw�k�gDm�dsk�h=j3w�Y�¥=Y�w{k�c¸mu³�hniFd¨�O���
w�YDcsc �´h=q}dfUWY�w�YPmn|FYDqe¶·³Cm=ceYP|½muzCzWqfhOmngoU�mujC|�U{muw��-w�YDcsc �´h=q}dfUWY�w�YD�=m=g
a�X�iWw§dsk�gDmnced�cfhnw�iFdfk�hnj � k�j�dfUWYcsmuX�Y zWqshnz�hnqfdfk�hnj7dfUCmnj5�1U{m�d1�¸Y UCm»¥=Y hn³CcfY�qs¥nYP|��´hnq-dsUWY}zCm=go�nY
d-w�h=csc-zCmuqomuX�Y
dsY�qP©

� ðFßsäMÒvÚ»ñ % ßoÚPÐ-ØMÑ äÁäMÒeáHÝ�ßoáMß&"1Òä;ÒváÁÜ�Þ�ßvÙ
Ò "1Õ�áÁÒ.Ñ "1Ý�ßoñä¼â�Õ�áHÑÓÚ
äMÒeáMßoñä;Ñ Ù
Ò¸ßoÝ»Ý å ÑÓñeßsäMÑÓÕ�Ú»Ü�ÜM×»ñ·Þ]ßoÜ�{Õ�è ã Õ�á¼ÙDÑÓÐ»ÒvÕDñvÕ�Ú��â�ÒváÁÒeÚPñeÑÓÚPÔ»Ö� èìÚªä;Þ»ÑÓÜ¼ñeßoÜ;Ò�ç»äMÞ»Ò "�× å ä;ÑÓñeßoÜMä¼ÜMÕ�×»áÁñeÒrÑÓÜ¼Ü·ßsäM×»áMßsä;ÒvÐOÖ

ê�ê%Ú<~:� ó ï'�



�n� �M�������S�u0��
	1��2�� 0'� ���

0 100 200 300 400 500 600
0

200

400

600

800

1000

1200

1400

1600

Time [Seconds]

G
oo

dp
ut

 [K
bp

s]

Multicast

Multicast with TCP bg traffic

Leader−Based

Leader−Based with TCP bg traffic

��k��=iWqsY3°»� � zªkl|FYDh��nhbhF|FzWiFd-�´hnq1w�Y��Omng�aÆX�iWw�dfklg�m=cvdymnjC|7w�YDm=|FY�qf¶·³CmncfYD|7X3YPgoUCmujCk�cfX�c

«·dªklcyk�X�z{h=qedomujOd1dfh7jWhudsk�g�Y dfUCmudydfUWY�³WiWw���hn�.z{mngo�nY�d1w�hOcfcymnzWz�YDmuqocymud1dfUWY�±ªp cfY�jC|Fk�jW� �OiWYDiWYn©
_FhC¦�dfUWY7\½±ªZµqsY
dsqsmnjCcfX3klcscek�hnj+X3YPgoUCmujCk�cfX"i{ceYP|½�´h=q}dfUCY7w�YDmn|WY�qf¶;³Cm=ceYP|½mnzWzWqsh=mngoU¾�1k�w�w¸jWhud�UCY�w�z
X�iCgoU�k�j k�X�zWqsh�¥Ok�jW�£dsUWYÆ¥bk�|WY�h �OiCmuw�k�dvan© � k§dsU ceiCgoU UCk��=U¾w�Y�¥=Y�w�g
hnjC�nYDcedfk�hnjH¦Hk�d�k�c�zWqfY��´Y�qomu³Ww�Y�dfh
cedfh=z5cedfqomuk��nUOd�dfqomujCcfX�k§dfdfk�jW��¥bk�|WY�h�cvdsqfYPmuX�cD©

� YÆg�mnj+k�X�mu�nk�jWY�ceYD¥nYDqsmnw��-m»aFcªdsh£zWqfYD¥nYDj=d}cfiCgoU¾m£cfk§dsiCm�dsk�h=j¼©�T-UWY�¥bk�|FYDh5cfY�j{|FY�q�cfUWhniCw�|+³{Y
qsYDm=g�dsk�¥=Y}dfh�zCmngo�=Y
dªw�h=cscyh=³CceYDqf¥=YD|XwMm�dªdsUWY�x�T-p¯w�YD¥nYDw xªmujC|�cfUWh=iWw�|�k�X�zWw�Y�X�Y�jOd}m�X�YDgoUCmnjWklceX%dfh
m=|WmuzWd¸k�dsc¸dfqomujCcfX�k�cscfk�h=jÆmng�g�hnqo|Fk�jW�nw�an©.T-UWY ceYDjC|Fk�jW���OiWYDiWY]mud¨dsUWY]±ªp g�hniWwl|Æ³�Y]X3h=jWk�dfhnqsYD|7mujC|Æm
cfk��njCmnw{cfUWhniWwl|�³�Y¢cfY�jOd¸³�Y
�´h=qfYªmnjÆh�¥nYDqeº{h��@hFg�g�iWqscD¦nh=q¨k�d�g�hniWwl|�dfqomuj{ceX�k�d¸m�w�h=m=|�k�jC|Wk�gDm�dfh=q¨k�jÆYDm=goU
³�YDm=g
h=j£�´qsmnX3Y=©¢±ªjWhudsUWY�q¢��m»a�dfh�YDcedfk�X�mudfY3goUCmujWjCY�wHw�h=m=|£k�cªdfh�X�hnjWk�dfh=qydfUCY3m»¥=Y�qomu�nY}g�hnjOdfYDj=dsk�h=j
�1k�jC|Fh��¯�1UWklgoU�klcym3�nhbhF|7k�jC|Fklg�mudfh=q�hn�.goU{mujWjWYDw�w�hOmn|�©

� � ���5	¸�
�5H����������4����Æ���7,.*"� �},��
� Y¢cfUWh�� �1k�dfU�X3YPmncfiWqsY�X�Y�jOdscrdfUCmud¨dsUWY¢w�Y��Omng�a�X�iWw§dsk�gDmnced¨dsqsmnjCceX�klcfcfk�hnjÆcsgoUWY�X�Yªklc¸iWjbiCcfmn³Ww�Y¢|FiWY
dsh²k§doc}hnz�Y�jW¶;w�hbhnz cvdsqfi{g�dfiCqfY�muj{|¾gDmuj cfk��=jWk§Â�g�mujOdsw�a½|WY��nqomn|WYDc z�Y�qf�´hnqsX�mnjCg
Y�hn��hndfUWYDq�g
hnj{g
iWqsqfYDjOd
º{h��yc�©.T-UWY�jH¦F�¸Y¢Y�¥�muw�iCm�dsYªdsUWY]z{YDqe�´h=qfX�muj{g
Yªhn�¼dfUCY¢qsYDg�Y�jOdfw�a�zWqshnz�h=cfYD|�w�YDmn|WY�qf¶;³Cm=ceYP|�X�YDgoUCmnjWklceX
mnjC|Æg�hnX�zCmuqsYyk�d��1k�dfU7dfUWY cedsmuj{|Wmuqo|�X�iWw�dfklg�m=cvd-ceh=w�iWdfk�hnj¼©¨[¢iWq�qfYPceiCw§doc¸g�w�YPmuqsw�a�ceUCh�� dsUCm�d�dfUCY¢jWYD�
mnzWzWqsh=m=goU²hniFdsz{YDqe�´h=qfX�c1dsUWY�w�YD�=m=g
a5X�iWw�dfklg�m=cvd X�YDgoUCmnjWk�cfX!�1UWk�w�Y3zWqsY�¥nYDjOdfk�jW�7X�iWw§dsk�gDmncedªºCh��ycªdfh
cf�-muz£muw�w�dfUWY}qsYDcfhniCqsg�YDc�hu��dfUWY �¿Î ±ªÏ�©�_biCgoU²m�X�YDm=ceiCqfYDX3YDjOd1cedfi{|Fa7klcyg
qsiCg�k�mnw�w�aÆX�k�cscfk�jW��k�j£dfUWY
w�k�dfY�qom�dsiWqsY�dshb|Cm»an©��Wh=q]Y�¤WmuX�zWw�Yn¦�dsUWYÆmujCmnw�aFcfk�c]hn�¸zCm=go�nY
d w�h=csc}g
hnqsqsY�wlm�dfk�hnj½k�c ¥=Y�qsa²k�X�z�hnqfdsmujOd dfh
g�hnjCcfkl|FY�q-�1UWk�w�Y�cfY�w�YDg
dfk�jW�3dfUWY}w�YDm=|FY�qycedsmudfk�hnj¼©

T-UWYDqfY}klcyg�Y�qfdsmuk�jWw�a7X�hnqsY �¸h=qf�Ædfh�³�Y�|FhnjCY dfh�dsUWhnqshniW�=UWw�a�Y�¥�muw�iCm�dsY dfUWY�w�YPmn|FYDqe¶·³CmncfYD|7X�YDgoUF¶
mnjWklceX£©y«j½�´iFdfiWqsY���hnqs�?¦C��Y��1k�w�w.cfY�Y���dfh�Y
¤bdfYDjC|£dsUWY�cedfiC|Wa5k�j½zCqfYPceYDjCg
Y�hn�rX�hn³Wk�w�Y�cvdom�dfk�hnj{c�©¢«j
z{muqfdfklg
iWwlmuqP¦PdfUWY1muw��nh=qfk�dfUCX¯dsh]cfY�w�YDg
d�dsUWY-w�YPmn|FYDq�cfUWh=iWw�|�³{Y1mn³Ww�Y¨dfh}|FabjCmnX3klg�mnw�w�a]dfqomngo�]dfUCY�qsYDg�Y�k�¥nYDq

è´é�ê¼èìë



���������
	����������������������� �"!$#%'&(!)�+*-,/.10'2���340/�5�6���875���:9<; �W°

dsUCm�d�Y
¤Fz�Y�qsk�YDjCg
YPcKdfUCY¢��hnqocvd�goUCmujWjCY�w{g�hnjC|Wk§dsk�h=jCc�© � Yª�1k�w�w?muwlcfh�g
h=jCcekl|FYDqrdfUCY]gDmncfYy�1UWY�qsY¢cfhnX�Yyhn�
dsUWY}cvdom�dsk�h=jCc�iCceY¢dfUCY]z�h���Y�q1cfmu�´Y¢X�hF|FY=¦F�1UWk�goU£g�mnj7X�hF|Fk��´a�dfUWY}goUCmnqsm=g�dsY�qsk�cedfklg�c¨hu�HdsUWY X�iWw�dfklg�m=cvd
dsqsmnjCcfX3klcscek�hnj¼©

� YªUWh=z{YydfUCmud¨hniWq¸�¸h=qf���1k�w�w{zCqfh�¥bkl|FY1k�j{g
Y�jOdsk�¥=YDc.dsh�k�X�zWw�Y�X�YDj=d�Y
ÅÆg
k�Y�jOd¨X�iWw�dfklg�mncedrdsqsmnjCceX�klcv¶
cfk�hnj�X�YDgoUCmnjWklceX�crh=j��´iFdsiWqfY¢«¬r¬r¬(®n�O�F©�°n°yg�mnqs|Cc�¦OmujC|�z�h=cscfk�³Ww�a3zCm�dogoUWYDc¨�´hnq¸hniWq�g
iWqsqfYDjOd¸|FY�¥bklg
YPc�©

� 	(��� ���Ä�
*14���*y/0*1����
T-UCk�c1��hnqs��UCm=c-³{YDY�j£zCmuqfdfklmuw�w�a7ceiCzWz{h=qedsYD|5³ba�dfUCY��WqsY�jCgoU²\²k�jWklcvdsqfaÆhn�.xyYDcfYDmuqogoU�xªÏªx.T p¨qfhntvYDg�d
� #ª«}z¢«vÏy¬ � mujC|3�1k�dfUWk�j�dfUWYy�´qsmnX3YD�¸h=qf�}hn�?dfUWY � _Fmuk�jOdr¬K¤FiWz{YDqfa � �nqomujOdD¦n\�k�jWklcedfY�qsk�h�|FY1¬¨|FiCgDmng�k�h=j
|WY¸wlm¢xyY�zWiW³Cw�klg�m]±yqs�nYDj=dsk�j{mW©�T-UCY�mniFdfUWh=qsc��1klceU�dfh¢dfUCmnjW��±yqsjCmniC| Î Y��nh=iFd��´hnq.zWqsh�¥Okl|Fk�jW�y¥�muw�iCmn³Ww�Y
g�hnX�X�Y�jOdsc-k�j²m3zWqfYDw�k�X�k�j{muqsa�¥nY�qocfk�h=j7hu��dfUCY}zCmuz�Y�qP©

�%*���*-,.*1��	�*1
��° ��Ï�©�Z¸UWh=kM¦��C©�x1abi¼¦ �©�_bY�h=��¦��©¼Z¸UWhnk;¦?mujC|²T © �ª��hnj¼¦
	 �ªjWklg�mncede¶�Wqsk�Y�jC|Fw�a�\�iWw§dsk�gDmnced¢k�j²«¬r¬r¬

®=�=�F©�°n° � k�qsY�w�YDcsc Î ±¢Ïªc��o¦F«¬¨¬r¬¡Z1Z�Ï]Z¢¦�Omuj²�u�=�n�C©
�Ó����_?© �]hnzCmnwM¦�#�©Hxªm»abgoU{muiC|FUbiWqsk;¦�	v¬r¤bz�Y�qsk�X3YDjOdsmuwK¬¨¥»mnw�i{m�dfk�hnj�hn�¸dsUWYÆTªZ¸pµ_bk�X�iWw�dsmujCY�hni{c�_bY�j{|

prqshn³Cw�YDX¡k�j�®=�=�W©�°=° � k�qsY�w�YDcsc Î hFg�muwb±yqsYDmªÏyY
dv��hnqs�Fc���¦»±ªZ�\�_b« ��Z1[]\�\Ä¬K¶ � «vÏ #(�¸h=qf�FcfUWhnzH¦
±ªiW�niCced¢�u�=�=�W©

� ����_?©���©y_?© �]iWzWdsmW¦Gz�©y_bU{mujW��muqP¦¢mnjC|¯_�© Î muw���mnjWk;¦¢x1YDw�klmu³Ww�Y�\²iWw�dfklg�mnced²\�±ªZ%prqshudshbg�hnw¢�´hnq
� k�qfYDw�YPcfc Î ±ªÏ¢c�¦{�1«¬r¬r¬¿«jOdfYDqfj{m�dfk�hnj{muw�Z¸hnjW�´Y�qsY�jCg�Y]h=j½Z¸hnX�X�iWjCk�gDm�dfk�hnj{c�¦1zKh=wM©H°n¦{�n�n�n�C¦FzWz¼©
�=��¶�O�b©

� ����\ ©k|yYDiCcfcfYn¦K��©�xyhniCcsceYPmui¼¦��3© {¸YDqf�=Y�qf¶_Wmu³W³CmudfYDwM¦HmnjC| ±�©�#ªi{|WmW¦�	ep.Y�qf�´hnqsX�mnjCg
Y�mnjWhnX�muw�a½hn�
®=�=�F©�°n°D³
��¦=«¬r¬¨¬ «jF�´hFg
hnX£¦C±ªzWqsk�wH�n�n�n�C©

�Ó����Z¢©k|yh �?X�mujWjH¦.\ © |�©�\�mnjCcfUCmuYDkM¦.mujC| T ©�THiCqfw�Y
dfdfk;¦�	oZ Î ±¢xy± �rZ¸w�h=cfYD|b¶ Î hbhnz�±1|WmnzFdfk�¥nY7xªm�dfY
±ªw�w�hFg�m�dsk�h=j£�´hnq¢«¬r¬r¬¯®=�=�W©�°=° �¿Î ±ªÏ¢c���¦�«¬r¬r¬ � k�qsY�w�YDcscoZ¸h=X � �=�W¦:|ªm»�-muk;¦ �]_F±�¦��=iWjWYÆ°P��¶o°D�C¦
�n�n�=�W©

� ����±�© �}muX�Y�qsX�muj¾mujC| Î ©¼\�hnjOdfYD³Cmuj¼¦�	 � m»¥nY Î ±¢ÏÃ«f« �H± UWk��nUF¶·z�Y�qf�´hnqsX�mnjCg
Y3�1k�qfYDw�YPcfc Î ±¢Ï �´hnq
dsUWY}iWjWw�k�g�Y�jCcfYD|�³CmnjC|���¦:{�Y�w�w Î mu³{c�dfYDgoUCjWk�gDmuw��=hniWqsjCmnwM¦FT�YDgoU¼©CxyY�z¼©�¦{_biWX�X�Y�q}°P�n�b�b©

�à� �*#�© �¢hudf¹=¦-Z¢©rÏªY��1z�hnqfdD¦-x}©¸_?© �]qom»an¦��C© Î k�i¼¦ �© riCmuj¼¦-muj{|(Z¸UWk�z(¬rw�w�k�hudfdD¦�	v¬K¤Fz�Y�qsk�X�YDj=domuw
YD¥»mnw�i{m�dfk�hnj5hu���1k�qsY�w�YDcsc1cfk�X�iWw�mudfk�hnj£mncsceiCX3zWdfk�hnjCc��o¦F±ªZ�\ \½_ � kl\ ¦�[]g
dfh=³{YDqª�u�n�n�C©

� ®����{©�� iWqsk¸mnjC| _?© ��©��}m=ceYDqsmC¦�	fx1Y�w�k�mn³Ww�YÆX�iWw�dfklg�m=cvd�k�j X�iWw§dsk§¶mngDg
YPcfc}�1k�qsY�w�YDcsc Î ±¢Ïªc��o¦ � k�qfYDw�YPcfc
ÏªY
dv��hnqs�bcD¦ zKhnw;©��b¦WÏªhC©F�{¦FzWz¼©C�O�u��¶�n�=�W¦
�niCw�a��n�n�C°n©

� �����{© Î mngDmuj7mnjC|7T ©bp.Y�qsY�jCjWhni¼¦�	e¬r¥�muw�iCm�dsk�h=j7hn�H¬rqsqfh=q1Z¸h=j=dsqfh=w�\�YDgoUCmnjWk�cfX�cr�´h=q1®n�=�W©�°=°�³Æ\²iCw§dsk§¶
gDmnced1T�qomujCcfX�k�cscek�hnj{c � ¦ � k�jC\²YDY3� �n�W¦W±ªzWqsk�w��n�n�=�W©

ê�ê%Ú<~:� ó ï'�



�=� �M�������S�u0��
	1��2�� 0'� ���

��°D��� � © Î muiCzWz{Y=¦ 	f\²iWw�dfklg�mncedezªkl|FY�h�h�¥=Y�q � k�qfYDw�YPcfc Î ±¢Ïªc��o¦C«j=dsY�qsjCcfUWk�z5qsY�z�hnqfdD¦
� ¬¨g
h=w�Y p.hnw�aOdfYPgoUWjWk �=iCY]p¨qfh=X3hndfk�hnj²�u�=�=�F¦ �=iWw�a��u�=�=�F©

��°n°�� ±�©�Ïª�C¦�#�© �C© Î YDk§dsU¼¦.mujC|�#�© � ©.\�muw�hnjCYn¦�	e¬K¤Fz�Y�qsk�X�Y�jOdomuwr¬r¥�mnw�iCmudfk�hnj�hu�yTªZ¸p$p.Y�qf�´hnqsX�mujCg�Y
mnjC| �Cmnk�qsjWYDcsc�k�j¿muj¿®=�=�F©�°n°DY²THYPcvdf¶;³�YD|���¦1±ªZ�\ _b« ��Z1[]\�\`¬r¶ � «vÏ #���hnqs�FceUWh=z¼¦-±yiW�=iCcvd
�n�n�=�W©

��°P��� ±�©W\�m�tviCX�|CmuqP¦ #�© �3©C_FmngoUCcD¦O«}z�© �¢hn¹�k�jOdscfY�¹=¦ ��©FxymnX�goU{mujC|FqomujH¦OmnjC|7\ © rYDiWjW�{¦ 	f\²iWw�dfklg�m=cvd
mnjC|�iWjCk�gDmnced�qsYDmnw§¶;dfk�X�Y¨¥bk�|WY�h cvdsqfYPmuX�k�jC�ªh�¥nYDqH�1k�qfYDw�YPcfc Î ±ªÏªc�¦u«¬¨¬r¬¾T�qomujCcsmng
dfk�hnjCc�hnj�Z-_ z¢T ¦
zKh=wM©¼°»�F¦FÏyh{©C�W¦�=iWjWY��n�n�=�W©

��°D���%|�©?_WgoUOiCw�¹Dqfk�jWjWY}Y�d¢muw;©�¦
	ex.T-p ��±µT�qsmnjCcez�hnqfdyprqshudshbg�hnw��´h=qªx1YPmuw�¶·T-k�X�Y�±yzWzCw�klg�mudfk�hnjCc��o¦{xy��Z¨¶
�O�n�u�C¦ �niWw�a��n�n�n�C©

��°�� � �{©�zªk�Y�qshnjH¦bT ©FT�iWqsw�Y�dedfk;¦ ��©W_FmuwlmuX�mudfklmuj¼¦Fmuj{|5Z¢© �]iWk�w�w�Y�X�hndD¦ 	s_bhniWqog
Y]mujC|�goUCmujCjWY�w�mn|CmuzFdsk�¥=Y
qom�dsYªg
h=j=dsqfh=wb�´hnq¸X�iWw�dfklg�m=cvd�w�m»a=Y�qsYD|�¥Okl|FYDh}dfqomujCcfX�k�cscfk�h=j3³{mncfYD|�hnjÆm�g
w�iCcvdsY�qsk�jC��muw��nhnqsk�dfUWX ��¦nk�j
¬ �¢xy±¢_F«p �=hniCqfjCmnwbhnj�±ªzWzWw�k�YP|3_Fk��=jCmuwFprqshFg
YPcfcfk�jC�C¦�zKhnw;©n�u�=�u�C¦�ÏªhC©n�F¦�zCz¼©F°P�n®�¶o°»�u�W¦P�CY�³WqsiCmnqfa
�n�n�u�{©

��°P��� �{© rY�h{¦u\ © rhniCcsceY��v¦u±�©�±y�=qsm»�-muwlmW¦ 	oZ¸UCmuqomng
dfY�qsk�¹�k�jW�-dfUWY�«¬r¬r¬ ®=�=�F©�°n°rT�qom�ÅÆg �HT-UCY � k�qfYDw�YPcfc
_bkl|FY �o¦{Z-_O¶T1x-¶·�O�O���W¦F\�mnqsgoU£�u�=�u�C©

��°D��� � ��Y�³£zCmu�=Y ��¬KdsUWY�qsYDmnwM¦FdsY
dsUWY�qsYDmnw �.UOdedsz � � � �1�1�}© Y
dsUWY�qsYDmnwM© g
h=X � ±1gDg
YDcscfYD|+°P�3\�m»a7�u�=�n���
��°»���]¬rdfUWYDqfYPmuw �¢ceYDqsc Î klced � ��Y�³ zCmu�=Y � � U=dfdfz � � � �1�1�}© Y�dfUWYDqfYPmuw;© g�hnX � w�klcvdoc � Y
dfUCY�qsYDmuw�¶

iCcfY�qoc � �u�=�u�O�=� � X�ce�O�n�u�=�n�F© UOdfX�w�� ±1gDg
YPcfcfYD|+°P��\�m»a��n�n�n���
��°D®��]¬rdfUWYDqfYPmuw¨cfiWzWz�hnqfdfYP|�ÂCw�dfYDqsc$� �¸YD³½zCmn�nY � � UOdedfz � � � �1�1�}© Y
dfUCY�qsYDmuw;© g
hnX � |FhFg�c � |b�´qsY
� � � ±1g�g�YDcsceYP|

°»��\½m»a7�u�n�=���
��°D���]k�z�Y�qf� � �¸YD³£zCmu�=Y � ��UOdfdfz � � � |WmncedD© jWwlmujWqP© jCY
d � prqshutvYDg
dsc � «z�Y�qf� � � ±1g�g
YPcfcfYD|+°P�3\�m»a7�n�n�=���
�Ó�u��� � klcfX3Y�dªcejCk��?Y�q � �¸YD³£zCmu�=Y � ��UOdfdfz � � � �1�1�}© �bklceX�Y
dv�1k�qsY�w�YDcsc�© jWY
d � ±1gDg
YPcfcfYD|+°P�3\�m»a��n�n�=���
�Ó�F°��]w�k�³Wz�gDmuz � �¸YD³5z{mu�nY�� �.UOdedsz � � � �1�1�}© dsg�z�|WiWX�z¼© h=qf� � ±1g�g
YPcfcfYD|+°P�3\�m»a5�u�n�=���
�Ó�n��� \½mn|F�1k�Â�|Fqfk�¥nYDq � ��Y�³5zCmu�=Y � �.U=dfdfz � � � �1�1�}© X�m=|F�1k§Â�© h=qf� � � ±1g�g�YDcsceYP|�°P�3\�m»a5�u�n�=���
�Ó�u���¢dog
z?|FiWX�z�� �¸YD³5z{mu�nY�� �.UOdedsz � � � �1�1�}© dsg�z�|WiWX�z¼© h=qf� � ±1g�g
YPcfcfYD|+°P�3\�m»a5�u�n�=���
�Ó��� �¢dog
zFº{h�� � ��Y�³�z{mu�nY�� �1UOdfdfz � � � �1�1�}© g�k�qog
w�Y�X�iC|�© hnqs� � tvY�wlceh=j � cfhu�ìdv�-muqsY � dsg�zFºCh�� � � ±1gDg
YDcscfYD| °»�

\�m»a5�u�n�=���
�Ó�n���¢dog
zFdsqsm=g
Y � ��Y�³$zCmu�=Y � � UOdedsz � � � temnqfh=�?© gDc�© hnUWk�hniH© YP|Fi � cfhu�ìdv�-muqsY � dsg�zFdfqomng�Y � dog
zFdsqsmng
Yn© UOdfX�w � ±1g�¶

g�YDcsceYP|½°»��\�m»a5�u�n�=���
�Ó�u���¢docvdom�d�� ��Y�³+zCmu�=Y � �yTªZ¸p¡cedsmudfklcvdsk�g�mujC|+mujCmnw�aFcfk�cydfhbhnw �yUOdedsz � � � docvdom�dP© dsw�gn© z�hnw�k§dshC© k§d � � ±1g�g�YDcsceYP|

°»��\½m»a7�u�n�=���

è´é�ê¼èìë



���������
	����������������������� �"!$#%'&(!)�+*-,/.10'2���340/�5�6���875���:9<; �n�

�Ó�=���Gz¢k�|WY�h Î muj@Z¸w�k�YDj=dQw
z Î Z(x � ��Y�³�zCmn�nY � �}UOdedsz � � � �1�1�}© ¥bk�|FYDhnwlmuj¼© hnqs� � ¥bw�g � � ±1gDg
YPcfcfYD| °P�5\�m»a
�n�n�n���

�Ó�u®�� � klcs\²hnj � ��Y�³�zCmu�=Y � ��UOdedsz � � � �1�1�-¶cfhnz¼© k�jCqfklmW© �´q � zWwlmujWY�dfY � cehn�ìdv��mnqfY � � klcf\�hnj � � ±1gDg
YDcscfYD|²°»�
\�m»a5�u�n�=���

ê�ê%Ú<~:� ó ï'�



Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


	Introduction 
	Related Works
	Wireless Measurement Tools
	WisMon

	Experimental Setup
	Hardware and Software
	Physical Setup
	Leader-based implementation issues

	Experiments and Results
	Why legacy multicast does not work
	Comparison between legacy multicast and the leader-based mechanisms
	Packet loss correlation between stations
	How to select the leader
	Performance analysis at the application level


	Conclusion and Future Work

