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¡Fk�cedfYDjOdfYDcD¦ Ê m
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YPc3mnzWzWw�k�gDm�dsk�h=jCc�YPcvd�wlm+g�hniCgoUWY5\�®§Z |Wi cedsmuj{|Wmuqo|
¨ª©¥©r©~«n�=�W¦�­=­n£?Y
d}YDj+zCmnqedsk�g�iWw�k�YDqD£¸w�� mu°CcfY�jCg�Y3|WY3X��Pg�mujCk�cfX�Y�|WY��±YDYD|b³´°Cm=go�¯w�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�zWqshn°Ww"��X�Y=¦$#]mujCc§g
Y�qomuzWz�hnqfd§|FY�qsYDgoUCY�qogoUWYn£FjWh=iCc%��dfiC|Wk�h=jCc1w�YDc§gDmuqomng
d���qsklcvdsk"�OiWYPc�|WY}·Chudoc§|FY
|WhnjWj&�DYDc¸dfqomujCcfX�k�c¸m�¢=YDg.w�YrX�hF|FY¥X�iWw¤dsk�z�hnk�jOd�|���¾CjWk=zCmuq�w�Y¥cedsmnjC|Wmnqs|�¨ª©r©¥©¹«n�O�F¦�­n­.Y
d.mujCmnw�aFcfhnjCc�cfYDc
|&�
�½muiWdscµzWqfk�jCg�k�zCmniF¡�¦�p¥iWk�c�jWh=iCc�mujCmnw�aFcfhnjCcKw�YDcµz�Y�qf�±hnqsX�mnjCg
YPcr|Fi�X��Pg�mnjWk�cfX�Y ! °{mncfY§|FY]w�YPmn|FYDq¥Y
d
w�YDc�g
h=X�zCmuqshnjCcµm�¢nYPg1w�Y�csgoU&��X�m�X�iWw�dfk�z{h=k�jOd1cvdomujC|Wmnqs|¸¦ Ê � mnjCmuw�aFceY§YDcedµ�½m('�dsY YDjÂiFdfk�w�k�csmujOd-iWj7�=qsmnjC|
jChnX�°CqfY�|WY�X�YDcfiWqsYDc§Y��?YDg�dsi&��YPc�ceiWq]jWhndfqsY�zWwlm�dsY
�±hnqsX�Y�Y�¡bz)��qsk�X3YDjOdsmuw�Y � kl��kM¦*# Y�dsY�w�w�YPc X�YPceiWqsYDc
cfhnjOd.iWj�g
h=X3zCw+�DX3YDjOd.k�jC|Fklcfz{YDjCcfmn°Ww�Y-mniF¡�zWq��Dg��D|FYDj=dsYDc��
dsiC|FYPc�£,�=iCkWceY-°Cm=ceYDj=dKcfiWqr|FYDcKcfk�X�iWwlm�dsk�h=jCc�£
Y�d.mnk�|WY�jOd ! g
hnj{g
Y�¢=hnk�q¸w�YµX�Y�k�w�w�YDiWq�X��Pg�mujCk�cfX�Y¥z�hniWq.qsY�X�zWwlmng
YDqHw�YµcsgoU&��X�m§X�iWw�dfk�z{h=k�jOd.Y
¡FklcvdomujOd��OiWk
YPcvdK|����±YDg�dsiWY�iW¡?¦.ËyhndfqsY-��dfiC|FY-g
h=jF¾CqsX�Y$�Oi.� iWj�X��Pg�mujCk�cfX�Y ! °CmncfYµ|FY�w�YDmn|WY�q�hn°Fdsk�YDj=dK|FYµX3YDk�w�w�Y�iWqsYDc
z�Y�qf�±hnqsX�mujCg�YDc��OiWY-w�Y-cfgoU/��X�m§X�iWw�dfk�z{h=k�jOdrcvdomujC|Cmuqo|}dfh=iFdKY�j��
domujOd�zCw�iCc��0�OiWk¤domu°Ww�Y-Y�jb¢nYDqsc�w�YµdsqsmuÁÂg
g�hnjCg�iWqsqfYDj=d-z�hnk�j=df³ ! ³;z�hnk�jOdD¦
1 È �P� Æ �32 
 � � Zµhnqsq���wlm�dfk�hnj |FY+z{YDqedsYDc�|FY¹zCm4�OiWY
doc�£yx �PceYPmuiF¡(w�hbgDmuiF¡(cfmnjCc�¾{w ¨ª©r©¥©�«n�O�F¦�­n­=£
\�YDcfiWqfYPc-cfmnjCc�¾Cw;£{_bhnj{|FYDc1csmujCc�¾{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�µh=qf�Fc�g
h=jOdfk�jOiCY�dsh¯�nqsh�� m�d�mnj�Y
¡FzWw�h=cfk�¢=Y�qom�dsYn£¸dsUWY�X�iCw¤³
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¨ª©r©r© «n�O�F¦�­n­Â\�®§Z zWqfhndfhFg
h=wM£rmnjC| k�j@z{muqfdfklg
iWwlmuqP£.dfUWY
mn°CcfY�jCg�Y�hn�{�±YDYD|F°{mngo��X�YPgoUCmujWklcfX²�1UWY�j�X�iWw¤dsk�gDmncedrk�criCceYP|�¦Kx1YDg�Y�jOdfw�an£Om]w�YPmn|FYDqe³´°CmncfYD|�X�YDgoUCmnjWklceX
U{mnc}°�Y�YDj zWqshnz�h=cfYD|+dfh�h�¢=Y�qog
h=X3Y3dsUWk�c�zWqshn°Ww�Y�X�¦�¨ªj�dfUWklc�zCmuz�Y�qP£���YÂX�YDm=ceiCqfY�dsUWY�goUCmnqsm=g�dsY�qsk�ce³
dsk�gDcyhn��dsUWY�w�Y��Omng
a7X�iWw�dfklg�m=cvdydsqsmnjCcfX3klcscek�hnj5X�YDgoUCmnjWk�cfX!mujC|�muj{muw�aO¶DY}k¤doc1·{m��ycD¦-T-UWY�j¸£{�µY�cvdsiC|Fa
dsUWY�z�Y�qf�±hnqsX�mujCg�Y�hu�.dfUCY�w�YDmn|WY�qf³;°Cm=ceYP|�mnzWzWqsh=m=goU5mnjC|¯g
h=X3z{muqsY}k¤doc§z�Y�qf�±hnqsX�mujCg�Y}�1k¤dsU¯dfUWY3cvdomujF³
|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-dfYPcvds°{YP|�¦§_biCgoU�X�YPmncfiWqfYDX�Y�jOdscymnqfY�mnj¯k�X�z�hnqfdsmnj=d§g�hnX�zWw�Y�X�Y�jOdydsh7zWqsY�¢bk�hniCc§cek�X�iWwlm�dsk�h=j
cedfi{|Fk�YPcymuj{|7UWYDw�z�k�j5dfUWY�|FYPcek��nj5hu��dfUCY}°{YPcvdyX�YDgoU{mujWklceX¼dfh�qsY�zWwlmng�Y dsUWY��½muiCw¤dva�w�YD�=mng�a�X�iWw�dfklg�m=cvd
X�YPgoUCmujWklcfX5¦r[ iWqrcedfiC|Wa3g�hnjF¾CqsX�c.dfU{m�dKdfUCYyw�YPmn|FYDqe³´°Cm=ceYP|�X�YDgoU{mujWklceX¿hniFdsz{YDqe�±h=qfX�c�dsUWY§cedsmuj{|Wmuqo|
h=z{YDjF³´w�hbhnz5X�iCw¤dsk�gDmnced-X�YPgoUCmujWklcfXÀ�1UWk�w�Y}�=Y�Y�zCk�jW���½muk�qsjWYDcsc1muX�hnjC��hndfUWYDq-dfqom�ÁÂgu¦

� 
����H,���45��	¥�������
¨ª©¥©r© «n�O�F¦�­n­��1k�qsY�w�YDcsc Ê ® Ë§c$w �»Ê ® Ë§c�xKmuqsY-hnjWY1hn�{dsUWY-�½mncedfYPcvdr�=qfh��1k�jW��jWY
dv��hnqs��dfYPgoUWjWh=w�h=�nk�YDc.k�j
dsUWY1�1k�qfYDw�YPcfcrg�hnX�X�iCjWk�gDm�dsk�h=j�¾CYDw�|¸¦.T�hF|Wm�an£nX3hOcvdrhn��h=iWqrz�Y�qoceh=jCmuwW|Wk��=k¤domuwCm=cfcfk�cedsmnjOdscew±p #y®§c�xKmuj{|
wlmuzWdfhnz{c1k�j{g
w�iC|FY�°ba�|FY
�½mniWw�d m � kl��k�k�j=dsY�qf�½mng�Yn¦1®�d§dsUWY�csmuX�Y}dfk�X�Yn£��µY�UCm�¢nY}°�Y�YDj¯h�¢nY�qsqsiWj��1k�dfU
mnw�w��bk�jC|Ccyhu�rX�iWw�dfk�X3YP|FklmÂmuzWzCw�klg�mudfk�hnjCcD¦§_bk�jCg
Y�X�h=qfY�mnjC|�X�hnqsY�zWwlmng�YDcymnqfY�g�h�¢nYDqfYP|7°ba5UWhudocez�hudoc�£
dsUWklcr�1k�w�w�muw�w�h�� dfqom�¢nYDw�YDqsc.m�d�muk�qfz�hnqfdsc.h=q¥m�d¥qomuk�wCcedsmudfk�hnjCc.dsh�iCcfY-dfUWYDk�qµp-#y® cµmnjC|3��mudsgoU3dfYDw�YD¢Oklcfk�h=j
°CqfhOmn|WgDmncedsc-hnq jWY��yce·{m=ceUWYPc�¦1\¯iCw¤dsk�gDmncedfk�jW�Â¢bk�|WY�hÂk�jCcedfYDm=|�hu�rcedfqsYDmuX�k�jW�Âk�jC|Fk�¢bk�|Fi{muw�w�a5YDm=goU5¢bkl|FY�h
·{h��¬qsYDcfiWw�dscyk�j¹m�X�iCgoU¯X�hnqsY�Y
ÁÂg
k�Y�jOd§i{ceY�hn�.dfUWY3ceUCmnqfYP|5�1k�qsY�w�YDcsc1X�YD|Fk�iWX�¦ � UWYDqfYPmncymnw�wHdfUWYPceY
jCY�� mnzWzWw�k�gDm�dfk�hnj{cµmnqfY]¢nYDqfa�w�k��=Y�w�a�dsh3mnzWz�YDmuq1cfhbhnjÂ�1k�dfU5iWz?g
hnX�k�jW� � k�\�®$y$hnq #ez){µ³}| YDjCmu°Cw�YP|
|WY�¢bk�g�YDcD£?dfUWY�¨ª©r©¥©$«=�=�W¦�­=­�cedsmuj{|Wmuqo|�|FhbYDc�jChud}g
hnX�zWw�a��1k�dfUºX�iWw�dfklg�m=cvd�|Wmudsm�qfY0�OiWk�qsY�X�YDj=doc�¦�¨ªj
z{muqfdfklg
iWwlmuqP£�dsUWY-g
iWqsqfYDjOd�\�®§Zºwlm�anYDq�cfY�jC|CcHX�iWw¤dsk�gDmnced�zCm=go�nY�dsc�k�j�hnz�Y�jF³´w�hbh=z�mnc�°WqfhOmn|WgDmncedHzCm=go�nY
doc�£
k;¦ Yn¦�£W�1k¤dsUWhniWd§mujba�z{hOcfcfk�°Ww�Y}m=go�OjCh��1w�YP|F�nYDX3YDjOdscD¦

T-UWklc�hnz�Y�jF³´w�hbh=z dsqsmnjCcfX3klcscek�hnj(X�YDgoUCmnjWklceX0g�mniCceYPc�dfUCqfYDY¹X�muk�j zWqshn°Ww�Y�X�cD¦$��k�qscedD£§�1k¤dsUWhniFd
�±YDYD|F°{mngo��X�YDgoUCmnjWk�cfX�£rk�d�klc3jWhud�z�h=cscek�°Ww�Y7dshºm=|WmuzFd3dfUCY5g�hnjOdfYDj=dsk�h=j@�1k�jC|Fh��Àm=g�g
h=qs|Wk�jW�¹dfh+dfUWY
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® c�Y
¡Fz�YDg�dsYD|�£���Y¯hn°CcfY�qs¢nY5m�UWk��=UWY�q��=hOhF|FzCiFdÂ¢�muqsk�mn°Wk�w�k�dva��±hnq�°�hudfU(iWjCk�gDmnced7mujC| X�iWw�dfklg�m=cvd
·{h��yc�¦ {�iFd�dfUCk�c�dsk�X�Y=£¥dsUWY�|Fk+��YDqfYDjCg
Y¯hn�]z�Y�qf�±hnqsX�mujCg�Y�h=°Fdsmnk�jWYP|@°�Y
dv��Y�YDj dfUWYPceY5dv��h+·{h��yc�k�c
wlmuqs�nYDqydsUCmuj+°{Y��±hnqsYn¦�T-UWY�m�¢nYDqsmn�nY}�=hOhF|FzCiFd �±h=q§dsUWY�X�iWw�dfklg�m=cvd]·Ch��~klc�mu°�hniFd]dfUWY�csmuX�Y�dsUCmujºk�j
dsUWY�zWqsY�¢bk�h=iCc�Y
¡Fz�Y�qsk�X�Y�jOd w±k;¦ Yn¦K�1k�dfUWh=iFd1°Cmngo�b�nqshniCjC|�dfqom�ÁÂgSx�£F�1UWYDqfYPmncµ�±hnq�dfUCY]iCjWk�gDmnced-·Ch��}£bdfUWY
X�YPmuj��nhbhF|FzWiFd]|Fqfh=zCc-�±h=q§mu°�hniFd �u��� hu�Kk¤docyh=qfk��nk�jCmuw�¢�mnw�iWY=¦µ¨ªj{|FY�YP|�£WdsUWY �OiCmuw�k�dva7hu�.dsUWY�iWjWklg�m=cvd
cedfqsYDmnX¼cfY�¢nYDqfYDw�a�|FYPg
qsYDm=ceYPcµ�1UCY�qsYDmnc-k�dyqsY�X�muk�jCc�qfh=iW�nUCw�a�dsUWY�cfmnX�Y �±h=q-dfUWY}X�iWw�dfklg�mnced§cedfqsYDmuX�¦
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T-UCY3qsY�X�mnk�jC|WY�q]hu�¥dsUWY�zCmnz{YDq �±hFg�iCc�hnj¹dfUWYÂg�hnX�zCmuqsklceh=j�°{Y�dv�µYDY�j+dfUWY�«=�=�F¦�­n­�w�YD�=mng�a¯X�iWw�dfklg�m=cvd
mnjC|¯dsUWY�w�YDmn|WY�qf³;°Cm=ceYP|¯muzWzCqfhOmngoU¸¦ � Y�g
h=jCcekl|FYDq�m�¢bk�|WY�h�cvdsqfYPmuX�k�jC�5mnzWzWw�k�gDm�dfk�hnj+k�jº�1UWklgoUºm�¢bw�g
¢bkl|FY�h�cfhniWqog
Y w±w�hFg�m�dsYD|ºk�j¹dsUWYÂcfmnX�Y Ê ®§Ë dfU{muj+dfUWYÂ®§pix�ceYDjC|Wc}m+z){-x¿¢bk�|FYDh5dfh¯m5�nqshniWz+hu� �
qsYDg�Y�k�¢nYDqsciwM_FT�®�­�³ª_FT�®���x�¦�¨ªj�h=qs|WY�q�dfh�mujCmnw�ab¶�Y�muw�wOdvaOz�YDc�hn�{zCm=go�nY
d�w�hOcfcD£���YµUCm�¢=Y¥qsiWj�Y�¡Fz{YDqfk�X�Y�jOdsc
�±h=qµ��|Fk+��YDqfYDjOd¥jWY
dv��hnqs��g�hnjC|Fk�dfk�hnj{c 	��1k¤dsUWhniFdµ°Cmngo�b�nqshniCjC|�dsqsmuÁÂg1mujC|3k�j�zWqfYPceYDjCg
Y1hn�?g�hnjW�=YDcedfk�hnj¸¦
T-UCY�qsY
�±hnqsYn£u�±hniWqµY
¡Fz{YDqfk�X�Y�jOdscD£=m=cr|FY�dsmuk�w�YD|�k�jÂT�mn°Ww�Y]�b£=U{m�¢nY1°�Y�Y�j�qsiWj�dsh��nYDjWY�qom�dsY-mnw�wCdfUWYy¾C�niWqsYDc
cfUWh��1j5k�j�dfUCY}qfYPcvd1hu��dfUCY}zCmuz�Y�qP¦

T�mu°Cw�Y�� 	(T�mu°Ww�Y�hu��©r¡bz�Y�qsk�X3YDjOdsc
©K¡Fz¸¦ {-mngo�?¦�dfqom�ÁÂg p | �²X3hF|FY T¸¡7X�Y�dfUWhF|
­ Ëyh ­]dfh�­n­P\¯°WzCc \¯iWw�dfklg�m=cvd
� �rYPc ­}\¯°CzCc \¯iWw�dfklg�m=cvd
� Ëyh ­]dfh�­n­P\¯°WzCc Ê YPmn|FYDqe³´°CmncfYD|
� �rYPc ­}\¯°CzCc Ê YPmn|FYDqe³´°CmncfYD|

� Y�i{ceY5m¹cedsmuj{|Wmuqo| |F¢F| X�h�¢bk�YÂdfhº�nY�jCY�qom�dfY7qfYPmuw�k�cedfklg�¢bk�|WY�h�dsqsmuÁÂgu¦+T-UCY�¢bkl|FY�hºcvdsqfYPmuX k�c
YDjCg
hF|FYP|�°ba�¢Owlg �1k¤dsU7X�z{YD�O�u¢�mnjC|�k�d�klc-g
h=jF¾C�niCqfYP|3dfh�cfY�j{|7m zG{-x»¢bk�|WY�h�·{h�� �1k¤dsU�x.T-p � � #§p
YDjCg�mnzCcfiWw�mudfk�hnj¸¦�Ëyhudsk�g�YKdfU{m�d�mnw¤dsUWhniC�nU�¢bw�gKU{mnc¸°�Y�YDj�g
h=jF¾C�=iWqfYP| dfh§cfY�jC|}myX3YPmuj}qom�dsYrhu�
�F­����b°WzCc���£
dsUWY�m=g�dfi{muw�m�¢=Y�qomu�=Y�cfY�j{|Fk�jC��qsmudfY�klcyqshniW�=UWw�aÂdfUCY�|Fh=iW°Ww�Yn¦yT-UWY�°{mngo�b�nqshniWj{|ÂdsqsmuÁ�g�k�c§�nY�jCY�qom�dfYP|
�1k�dfU�k�z�Y�qf� ��­ � ��m=cK�±hnw�w�h��yc�¦.�Wh=qKdfUWY§¾Cqocvd¥Y�¡Fz{YDqfk�X�Y�jOdD£{­D� � #§p iCjWk�gDmncedr·Ch��ycr|Wk�qsYDg
dfYD|3dsh�dsUWY§®yp
mnqfY�cedsmnqedsYD|�z�Y�q]cvdom�dfk�hnjH£C�1k�dfU¹m�qsY��OiWYPcvdsYD|�°CmnjC|F�1kl|bdfU¯hn�y­D�=\¯°WzCcD¦1T-UWk�c§Y�jCcfiWqsYDc-dsUCm�d dfUWYDqfY�k�c
mnw��-m�aFc¥m�zCmngo�=Y
d���mnk¤dsk�jW��dfh3°�Y]cfY�jOd-k�j�dfUWY}|Fqsk�¢nY�q �OiWY�iCYn¦K�Wh=qµdsUWY�ceYPg
hnj{|ÂY
¡Fz�Y�qsk�X�YDj=dP£?­D��T§Zµp
iCjWk�gDmncedy·Ch��ycy|Wk�qsYDg
dfYD|�dsh�dfUWY3®yp»mnqfY�cedsmnqedsYD|�z�Y�q cedsmudfk�hnj¸£{�1UWklgoU¯qfYPceiWw�dscyk�j�m�w�h���Y�q1°WiFd]X�hnqsY
qsYDmnw�klcedfklg§w�h=m=|ÂdsUCmuj5dfUCY��±hnqsX3YDq-Y
¡Fz{YDqfk�X�Y�jOdD¦
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��k��niWqsY � 	r\¯iCw¤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
£�Zµh=w¤³
w�klcek�hnjCc%wMcfmnX3Y�zCm=go�nY�dscµw�hOcvd1°ba7muw�w�dfUWY�cedsmudfk�hnjCc�xµmujC| � iWY�iCY Ê h=csceYPc)wM®yp(zCm=go�nY
d1|FqshnzCc�xr�±hnq1YDm=goU
hn�HdsUWY � Y
¡Fz{YDqfk�X�Y�jOdscD¦

��������� � �W�	� Ä � 2 È �D�3� È ��� Ä 2M�F��
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� � Ä � Ç�ÄbÄ�� ���P�F��
 È
� �
¨ªj dfUWY�w�YPmn|FYDqe³´°CmncfYD|�mnzWzWqsh=mngoUH£HhnjCYÂhu�1dsUWY7qsYDg�Y�k�¢nY�qoc wMg�muw�w�YD|�dsUWY7w�YDm=|FY�q�x�UCm=c}dfh¹�nY�jCY�qom�dfY�mng�³
�bjWh��1w�YD|W�nY�X�YDj=d��±qomuX�YDc�dfh�dsUWY-X�iWw�dfklg�m=cvdrcfhniWqog
Y=¦�T-UWY1z�Y�qf�±hnqsX�mujCg�Yµhn��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}°�Y
dv��Y�YDj
dsUWY�cedsm�dsk�h=jCcD¦K_FhC£Fk�dyk�cyg�qfi{g
klmuw�dfhÂcedfiC|WaÂdfUCY]z{mngo�nY�d1w�hOcfc1g�hnqsqfYDw�mudfk�hnjÂ°�Y
dv��Y�YDj�mnw�w?dsUWY}qsYDg
YDk�¢=Y�qoc�¦

� UWYDj�X�hnqsY}dfU{muj¯hnjCY�cvdom�dsk�h=j�dfqomujCcfX�k¤doc§m�d§dfUWY3cfmnX3Y�dfk�X3Y=£CdsUWY�qsY�klc mÂUWk��=U¯zWqshn°Cmn°Wk�w�k�dvaÂdfh
h=°CcfY�qs¢nYÂm�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
dsUWklc§YD¢nY�jOdydsh�mÂg�hnw�w�klcfk�h=j¸¦ � UWYDj¹m7g�hnw�w�klcek�hnj�klc§zCqfYPceYDj=dP£CdsUWY�z{mngo�nY�d§klc§|FY�¾CjWk�dfY�w�a¯w�h=cscy�1UWYDj¯dfUWY
w�Y��Omng�a X�iWw¤dsk�gDmnced�X�YPgoUCmujWklcfX�klc�iCceYP|�¦ |yh���Y�¢nYDqD£DdfUCYµw�YDm=|FY�qf³;°{mncfYD|}cfhnw�iFdfk�hnj�cfUWh=iWw�|�hn°Fdomuk�j�°�Y
dedsY�q
z�Y�qf�±hnqsX�mujCg�Yn£u°�YDgDmuiCcfY§mnw�wCdfUWY§cedsmudfk�hnjCcr�1k�w�wC°�Y�jWY�¾Wd¥�±qshnX¿dfUCYyzCmngo�=Y
drqsY
dsqsmnjCceX�klcfcfk�hnj¸¦�T-UWYyhudsUWY�q
iCjCg
h=qfqsY�wlm�dsYD|�w�hOcfcfYDc1gDmuj�°{Y�mncscek��njWYP|ÂdshÂ°Cm=go�O�=qfh=iWjC|7jWhnklceY}h=q1k�jOdsY�qf�±Y�qsY�jCg�Yn£Wz�h=cscek�°Ww�aÂdsUWY�qsYDcfiWw¤d
hn��iWj{mn|WmnzFdfYP|�pi|�� cfY�jC|Fk�jW��qom�dsY§�±h=qyceh=X3Y�hn��dsUWY}qfYPg
YDk�¢=Y�qoc�¦

��k��niWqsY � cfUWh��yc�dsUWY¹z{mngo�nY�d7w�h=cscÂzWqshu¾Cw�Y¯�±h=q7°�hudfU»dfUWY+w�YD�=mng�a@X�iWw¤dsk�gDmnced5mnjC| dfUWY+w�YPmn|FYDqe³
°{mncfYD|¯muzCzWqfhOmngoU¸£{�1k¤dsU¹muj{|¯�1k¤dsUWhniWd °Cm=go�O�=qfh=iWjC|�dfqom�ÁÂgn¦ T-UWklcy¾{�niWqsY�klc g�hnX�z{hOceYP|�hu� � cfY
doc§hn�
cedsmudfklcvdsk�gDc§g�hnqsqfYPcez�hnjC|Wk�jW�3dsh�dfUWY � Y
¡Fz�Y�qsk�X�Y�jOdoc§|FY�dsmuk�w�YD|�k�j�T�mn°Ww�Y3�b¦y�Wh=q§YDm=goU�Y
¡Fz{YDqfk�X�Y�jOdD£{�µY
zCw�hnd]�7g�hnw�iWX�jCc]g
hnqsqsYDcfz{h=jC|Fk�jW��dfh7dfUWY�|Fk+��YDqfYDj=d dvabz{YPc§hn�rzCmngo�=Y
d w�h=csc 	�iCjCg
h=qfqsY�wlm�dsYD|�w�h=csceYPc§|FiWY
dsh}k�jOdsY�qf�±Y�qsY�jCg�Y�h=qKjWhnklcfYn£ng�hnw�w�klcek�hnj{c�£nmnjC|3zCmngo�=Y
doc.w�hOcvdrm�dKdsUWY§®§p�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]¾Cqoced§g
hnw�iWX�j�g
hnX�zWqsklceYPc¥dsUWY}X�YDmnj
¢�mnw�iWY1hn��iCjCg
h=qfqsY�wlm�dsYD|�z{mngo�nY�drw�hOcfcfYDc.°�Y
dv��Y�YDj�cvdom�dfk�hnj{c�£�dsUWYycfYDg
h=jC|�g
h=w�iWX�j�qsY�zWqsYDcfY�jOdsc�dsUWY1X�YDmnj
jbiWX�°{YDq1hu�Kg
h=w�w�k�cfk�hnjCcD£FmujC|7dfUWY�dsUWk�qs|�g
h=w�iCX3j¯cfUWh��ycµdfUWY}X�YPmuj5jOiCX�°�Y�qyhn���OiWY�iCY}zCmngo�=Y
d1|Fqfh=zCcD¦

T-UWY�¾Cqsced�g�hnw�iWX�jCc�w½k�j �1UWk�dfY�x��±h=qÂdfUCYDcfY � Y
¡Fz�Y�qsk�X�Y�jOdoc7g
h=qfqsYDcfz�hnjC|@dfh dsUWY¹iCjCg
h=qfqsY�wlm�dsYD|
z{mngo�nY�dyw�hOcfc§cvdom�dfklcedfklg�cD£Ck�jCg
w�iC|Fk�jW�7g�hnqsqfYDw�mudfYD|�zCm=go�nY
dyw�h=cscfYDc��±hnq��F£C�7mujC| � cedsmudfk�hnjCcD¦ Ê Y
d§i{c1¾Cqocvd
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g�hnjCcfkl|FY�q�dfUWY¯gDmncfY7�1UWYDj dfUCY5jCY
dv��hnqs�ºklc3iWjWw�h=m=|FYD|�¦ � Y¯g�mnj@jWhndfY�dfUCmud3�1k�dfUWh=iFd�°Cmngo�b�=qfh=iWjC|
dsqsmuÁÂgu£�X�h=ced}hu�rdsUWY�Y��?YDg�dsk�¢=Y�w�a¯dfqomuj{ceX�k�dedfYP|¹z{mngo�nY�dsc qfYPmngoU¯dsUWYÂ|FYPcvdsk�jCmudfk�hnj 	§dfUWY�iWj{g
hnqsqsY�wlm�dfYP|
z{mngo�nY�dµw�h=csc¥klc-�W¦ �n� �~�±h=q¥dsUWY�w�YPmn|FYDqe³´°Cm=ceYP|�muzWzWqsh=m=goUÂmujC|7qfYPmngoUWYPc¥mn°{h=iFd-�C¦ � �²�±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�qf³;°{mncfYD|
mnzWzWqsh=m=goU g�m=ceYrmnqfYKqsYDg�h�¢nYDqfYP|y°ba§qsY
dsqsmnjCceX�klcfcfk�hnjCcD¦�T-UWYrw�YDmn|WY�qHg�hnqsqfYPcez�hnjC|CcCdsh-dfUWY¥�µh=qsced¸qfYPg
YDk�¢=Y�qP£
mnjC|5g
hnj{ceY0�=iCY�jOdfw�aÂY
¡Fz�Y�qsk�YDjCg
YPc�X3hOcvdyhn�HdsUWY}w�hOcfcfYDcD¦KT-UWklc1g�muj�°�Y}hn°CcfY�qs¢nYP|Âh=j5��k��niWqsY�­D�

T-UWYºceYPg
h=jC| g
h=w�iWX�jCc w±k�j»�=qfYDa�x�hu����k��=iWqsY � cedsmuj{|(�±hnq7dfUWY+jOiCX�°�Y�q7hn��g
h=qfqsY�wlm�dsYD| w�hOcfcfYDc
°�Y
dv��Y�YDj@muw�wrdsUWY�cedsmudfk�hnjCc��1UWklgoU muqsY7mncscfhbg�k�mudfYP|ºdfh¹g�hnw�w�klcek�hnj{c�¦¹T-UCY�qsY7muqsY7muw�X�h=ced�jWhºg
hnw�w�k�cfk�h=j
�±h=q�mnw�w�dsUWY Y�¡Fz{YDqfk�X�Y�jOdsc�X�mn|FY �1k¤dsUWhniWd-°{mngo�b�nqshniWj{|�dsqsmuÁÂgu¦-|yh���Y�¢=Y�qP£=k�j7zWqsYDcfY�j{g
Y§hn�HUWk��nUÂw�Y�¢=Y�w
hn��°{mngo�b�nqshniWj{|ÂdsqsmuÁ�gn£FdfUCY�g
h=w�w�k�cfk�hnjCc1mnqfY}mu°�hniWd�­D��dfk�X�YDc§X3h=qfY�k�X�z{h=qedomujOdyk�j�dsUWY�w�YDm=|FY�qf³;°{mncfYD|
mnzWzWqsh=m=goU�dfU{muj��±hnq�dfUWYÂw�Y��Omng�a¹X�iCw¤dsk�gDmncedD¦�T-UWYÂ|Fk+��YDqfYDjCg
YÂklc�|FiCY�dfh¯dsUWY��½m=g�d}dfU{m�d�dsUWYÂw�Y��=m=g
a
X�iWw�dfklg�mncedµ�=Y
docµm�UWk��nUWYDq¥zWqsk�h=qfk�dva3dfUCmnj�dfUCY °Cm=go�b�nqshniWjC|3dsqsmuÁÂgu£bmncµk¤d-k�c-|Fklcsg
iCcsceYPcrk�j5_bYPg�dsk�h=j �F¦�­u¦

T-UWY�dfUCk�qo|�g
h=w�iCX3j{c w½k�j�°Cw�m=go��xyhu�¥��k��niWqsY � qfY�·CYDg
dsc1dsUWY3jOiCX�°�Y�q]hu�rzCm=go�nY
docyw�h=ced m�d]dfUCY�®yp
cfY�j{|Fk�jC���OiWYDiWYn¦ ¨ªj dsUWY¯iWjWw�h=m=|FYD| g�m=ceY=£rdfUCY¯w�YD�=mng�a X�iWw�dfklg�m=cvd�·{h��¼Y
¡Fz�Y�qsk�YDjCg
YPc�mºUWk��=U w�Y�¢=Y�w
hn� zCm=go�nY�d3w�h=csc w½mu°�hniWd � �Ox�£¥�1UCk�w�Y�jWh�zCmngo�=Y
dsc�mnqfY�|FqshnzWz�YD| �1k¤dsU@dsUWY�w�YPmn|FYDqe³´°Cm=ceYP| ceh=w�iWdfk�hnj¸¦
T-UCk�c�|Fk+�?Y�qsY�jCg�Y5klc�|FiWY5dsh+dsUWY�|Fk+��YDqfYDjOd�pi|���qom�dfYPc3iCceYP| dsh ceYDjC|@z{mngo�nY�dsc3k�j °�hudsU(csgoUWYDX3YPc�¦
� k�dfU�w�Y��Omng
a�X�iWw�dfklg�mncedD£bdsUWY�p |��~dsqsmnjCcfX3klcscek�hnj�X3hF|FY=£b¾W¡FYD|�m�d�­D\�°WzCcD£Fk�c-jWhndymu°Ww�Y]dfh�ceiCzWz{h=qed
dsUWYhz){-x¿¢Okl|FYDh5cedfqsYDmnX5¦�[ j¹dsUWY�hudsUWY�q�UCmnjC|�£�dsUWY�w�YPmn|FYDqe³´°Cm=ceYP|�ceh=w�iWdfk�hnj+mnw�w�h��yc§dfh¯mn|WmnzFd�dfUWY
pi|��²ceYDjC|Fk�jW��qom�dsYydsh�dsUWY]goU{mujWjWYDw�g�hnjC|Wk¤dsk�h=jCc�hu��dfUCY]w�YDm=|FY�qP£O�1UWk�goU7k�c�iCcfiCmuw�w�a�dsUWY�qfYPg
YDk�¢=Y�qrdsUCm�d
Y�¡Fz{YDqfk�Y�jCg�YDcµdfUCY}�µh=qsced-goU{mujWjWYDw�g
hnj{|Fk¤dsk�h=jCcD¦ � UCY�j¯m3UWk��=UWY�q�dsqsmnjCceX�klcfcfk�hnj7qom�dsY klc-iCcfYD|�£WdfUWY}®yp
�OiWYDiWY�w�YDjW�udsU |WYDg
qsYDm=ceYPc�¦ {�YDgDmuiCcfY�k�d�k�c��½mncedfY�q3dsh+dsqsmnjCcfX3k�d�zCmngo�=Y
doc�£µjWh�X3h=qfY5zCm=go�nY
d�w�h=csc3k�c
h=°CcfY�qs¢nYD|�m�d-dfUCY�®yp.¦ � Y�g�mnj�h=°CceYDqf¢=Y§dsUCm�d-dsUWY}qsmudfk�h�hu��z{mngo�nY�dsc-w�h=cedym�d-dfUWY�®§p»ceYDjC|Fk�jW� �OiWY�iWY
klc}mu°�hniWd�­P���%w�YDcsc�k�j¹dsUWY�w�YPmn|FYDqe³´°Cm=ceYP|�muzWzCqfhOmngoU�dsUCmuj+�±hnq�dsUWY�w�YD�=m=g
a¯X�iCw¤dsk�gDmnced�cfgoUWYDX�Yn¦Â[ j
°�hudsU¯g�mncfYDc�dsUWY}X�muk�j5�½mng�dshnq1�1UWklgoU5k�jF·{iWY�jCg�YDc%�OiWYDiWY}�nqsh��-dfU�k�c1dfUWY�dsqsmnjCceX�klcfcfk�hnj5X3hF|FY=¦ � UWY�j
w�Y��Omng�a�X�iWw¤dsk�gDmnced§klc§iCcfYD|¸£{dsUWY�®yp �OiWYDiWY��=qfh��yc1°�YDgDmuiCcfY�dsUWY�pi|�� dfqomujCcfX�k�cscfk�h=j5X�hF|FY�k�c hnjWw�a
­P\¯°WzCcD¦ � UWY�jºdfUCY�w�YPmn|FYDqe³´°CmncfYD|¹ceh=w�iFdsk�h=j+klc�iCcfYD|�£µ­n­P\¯°WzCc dfqomuj{ceX�klcfcfk�h=j¹X�hF|FY��1k¤dsU ®§xy� k�c
i{ceYP|�¦rT-UWklc1muw�w�h��ycµ�±hnqym�cfUWhnqfdfYDq-dfqomujCcfX�k�cscfk�h=jÂdfk�X�Y}�1UWklgoU�w�YDm=|Wc�dfh �OiWYDiWY}cek�¶�Y}qsYD|Fi{g�dfk�hnjH¦

��k��niWqsY1­D�-qsY
·CYPg�doc?dfUWYµk�j{|Fk�¢bkl|FiCmnwuzCmngo�=Y
d¸w�h=csc?�±hnqHYDmngoU}cedsmudfk�hnj��1UWY�j�dsUWYrjWY�dv�µh=qf� k�c¸iWjWw�h=mn|WYD|�¦
p.Y�qf³ªcvdom�dfk�hnj3zCm=go�nY
d.w�h=csc.k�crmnjCmuw�ab¶�YP|�°�YDg�mniCcfY�k�drklcrmuj3k�X�z�hnqfdsmnj=drg�qfk�dfYDqfklm dfh}ceYDw�YPg�dKdsUWY1w�YPmn|FYDqD¦

T-UCY�cedsm�dsk�h=j¯�1k¤dsU�dsUWY�wlmuqs�nYPcvdyzCm=go�nY�d§w�hOcfc§k�c w�k��=Y�w�a�dshÂ°�Y�dsUWY�°�YDced]gDmujC|Fkl|WmudfYn£�cfk�j{g
Y�k�d]�1k�w�w�m=ce�
�±h=q�dsUWY5UWk��=UWYDced�jOiCX�°�Y�q�hu�yqsY
dsqsmnjCceX�klcfcfk�hnjCcD¦ � Y�g�muj muwlceh+hn°CcfY�qs¢nY�dsUCm�d�zCm=go�nY
d3w�hOcfc3g
qsk�dfY�qsklm
klc�m7°�Y
dfdfYDq�g
qsk¤dsY�qsk�h=j¯dfh¯cfY�w�YDg�d]dfUCY3w�YDm=|FY�q dfU{muj+dfUWY�x§_W_F¨§X�YDmnj¹¢�muw�iWYn¦�T-UWk�c�klc]qfY�·CYDg
dfYP|¯�±qshnX
dsUWY�g
h=X�zCmuqsk�cfhnj °�Y
dv��Y�Y�j T�mu°Ww�Y ­�muj{|@dsUWY¯k�jC|Fk�¢Okl|FiCmnw§zCm=go�nY�d�w�h=csc3�±qshnX ��k��niWqsY�­D�F¦¬¨ªj hniWq
Y�¡Fz{YDqfk�X�Y�jOdscD£H_FT�®��7hn°Fdomuk�jCc dfUWY3UWk��nUWYPcvds¢�mnw�iCY�hn�µzCm=go�nY
d]w�hOcfcD¦ �§cfk�jW�7dsUWY�x§_W_b¨ ¢�muw�iWY3g�qfk�dfYDqfklmW£
dsUWY�cfY�w�YDg�dsYD|5cvdom�dsk�h=j���hniWwl|�UCm�¢nY�°�Y�Y�j�_FT�®§�C£Fk�j{cvdsYDmn|5hn�._FT�®��W¦

��������� � ÈbÇ � È � Ä 2 Ä �u�3��� Ä 2 Ä �WÉ Ä �
T-UCY-goUChnklg
Y-hu�{dfUWY1w�YDm=|FY�q.UCm=cKm UCk��=U3k�X�zCmng
dKhnj�|FY
dsY�qsX3k�jWY-dsUWY-z{YDqe�±h=qfX�muj{g
Y-hu�{dfUWY1w�YDm=|FY�qf³;°{mncfYD|
X�YPgoUCmujWklcfX5¦.¨ªj�hniWq-Y
¡Fz�Y�qsk�X�YDj=doc�£b��Y U{m�¢nY�|FYDg�k�|FYP|�dsh3cfY�w�YDg
d�dsUWY�qfYPg
YDk�¢=Y�qrdsUCm�d1Y�¡bz�Y�qsk�Y�jCg�YDcµdfUWY
��hnqoced-goUCmnjWjWYDw¸g
hnj{|Fk¤dsk�h=jCcD£FkM¦ Yn¦�£C_FT�®��F¦ {�iFd1�±h=q1m�wlmuqs�nYDq-�nqshniWz�hu��qsYDg�Y�k�¢nYDqscD£=��Y}g�mnj�k�X�mu�nk�jWY]dfh
cfY�w�YDg
dKdfUWY§w�YPmn|FYDq¥|Fk+��YDqfYDj=dsw�a=£nk�j�hnqo|FY�qKjChudrdsh}z{YDjCmuw�k�¶DY§muw�wFdsUWYyhudsUWY�q¥qfYPg
Y�k�¢nYDqscD¦¸¨ªjÂgDmncfY-dfUWYycfY
d¥hn�
qsYDg�Y�k�¢nYDqscKklcr¢=Y�qsa�UCY
dfYDqfh=�nYDjWhniCcD£nk�dµX�m�a�muwlceh�°{Y z{hOcfcfk�°Cw�Y§dfh�g�w�i{cvdsY�qrdsUWY§qsYDg�Y�k�¢nYDqscKk�jÂ�=qfh=iWzCcKdsUCm�d

æ�æ%Ö<~CêS�eé ð ë/���/��� ï



­P« � �������S�u0	��
1��2�� 0'� ���

STA1 STA2 STA3 STA4 STA5
0.0001

0.001

0.01

0.1

1

10

100

1000

Station Number

P
ac

ke
t L

os
s 

[%
] −

 L
og

 S
ca

le

Multicast

Multicast with TCP bg traffic
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Multicast
Multicast with TCP bg traffic
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