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æ!xlj�pqêb~nò»æ*}�xm$2èWèD~�h_èDpqh¢æ*}�x�æ*t'~nhóxlh_ñ ðgfiv'hip�}�xlÿit'v't�æ³úý~nò%æ!ïip
èD~n}!pnøn'�ïip§ù»ñiïi~�èý{åfivwæ*t�è�xnê æK*�~�f�æ*t'hijo,�}*~næ*~�èD~�vp(¬ù»{åk
*�~nf�æ!pq1�ë blînt'ê�xlv�ê ~Ex»ê ï_xn}*p�ñgk�æ*}!p�p¤çi}!~læ*~�è�~nvlö�ïit�è�ï`xlv'v'~�öEê�ñ�ú¢k
h_xlybt�èÄèD~�}*pKybt'jn}�x�æ!tw~�h;ÿÊxnê*pqñW~nhåj�}*~�fiçWybp�yÄÿÁp�}�ê*ïitwç|xnh_ñ
hipDæ³öS~n}!÷;è�~nh�õÊjnfi}�x�æ!tw~�hQø0'�ïipÃù%ñåïi~�è`{åfivwæ*t�è�x�ê³æ�*�~nfiæ*t'hij
çi}*~næ*~�èD~�vQf�æ!twv'tr%qtwh_j2û�h_èD}!pqx�ê t'hijRt�ñgk�h¢f_yÄÿÁp�}�e\(¬ù»{-*�û e�1`ë Ag��î
ÿifit'v'ñiêWx ê ï_xn}*p�ñgk�æ*}!p�påæ!~óñ�pqvwt'ðnpq}LyÃfiv�æ!t'èqxnê æWñ_x�æ!x_øts7xnè�ï
hi~�ñ�pWtwh æ*ïipWyÃfiv�æ!t'èqxnê æbê*pqê!ê*tw~�h§t�êéx�ê*ê*t'jnhip�ñ§xlh ûu�0hgfiyék
ÿÊpq}ÃxlhÊñdtwæÃx�ñixlç�æ�ê�æ*~|è�~nhih_pqè�æ!twðgtwæ³údè�ï_xnhijnp�êKÿgú f�æ!twv't&%�t'hij
æ*ïipéûu� h¢f_yÄÿÁp�}�ê�ø�ù yÃfiv�æ!t'èqxnê æ%p
�¢æ!p�h_ê*t'~nh|~nò�ù»ñ-"»~�è�3%h
�»pqybxnh_ñp�%t'ê æ!xnh_èDpF)�pqèDæ*~n}�(¬ù�3��0)�1�}!~nf�æ!twh_jKçi}*~næ*~�èD~�v_ï_x�ê
ÿÊpqp�h§ç_}*~�çÊ~¢ê p�ñ twhPë íJdlî�ø û�æ!êÃfihit�þ�f_p�hip�ê*êÃê³æ!p�yRê`òÈ}!~ny æ!ïip
f_ê p�~nò¡x�ñ�p�ê³æ!twhÊx�æ*t'~nhbê*pqþ¢fip�hÊèDp�hgfiyÄÿÁp�}¤òÈ~�}�pqx�è�ïÃyÃfiv�æ!t'èqxnê æ
p�h¢æ*}!únøp'�ïipRê*pqþ¢fipqh_èDpbhgfiyÄÿÁp�}Kt�êKj�p�hipq}!xlæ*pqñ ÿgúåæ*ïipRyÃfivwk
æ*t�è�xnê æKjn}!~nfiç_ïipqx�ñ;æ*~Wçi}!p�ðnpqh¢æ%v'~¢~�ç_ê�xlh_ñ|æ*~Wñ�t�ê*èqxl}�ñ|ê³æ�xlv'p
}*~�f�æ*p�ê�ø e�twybt'v'xn}2æ*~v3��%{-*.,¤ü�æ!ïip\;7~�}*p�k�ù%ê*ê*t�ê³æ!pqñ {åpqê*ï
,�}!~læ*~�è�~nvF(h;Sù»{#,?1;ë�ì�Alî�f_ê p�êÃx ybpqê*ïQø5"E~�öSp�ð�p�}�ü#xTèD~�h�k
ðnp�h¢æ!tw~�h_xlvi}!~nfiæ*t'hij`t'h�òÈ}!x�ê³æ!}*fÊè�æ*f_}*p�ÿ_x�ê p�ñb~nhbp�h_ï_xlh_è�pqñRñ�t�ê k
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æ�xlh_è�pÐð�pqè�æ!~n}éxlv'jn~n}!twæ*ïiyx(Èp�ø jÊøwü7sutw}!p�v'pqê!ê�*�~nf�æ!twh_j7,�}*~næ*~lk
è�~nv:(Èso*.,?1�ë íg��îC1�~�}�vwt'hi÷Lê æ!xlæ*pKxlv'jn~�}*twæ*ïiyy(¬pnø j_ø'üiù»ñixnç�æ*t'ðnp
o,twhi÷¢k³e¢æ!xlæ*p9,�}*~næ*~�èD~�v�(¬ù%o!,21�ë�ìqb�î�~�}�eg~�fi}!è�p9'�}*pqp�ù»ñixnç�æ*t'ðnp
*�~�f�æ*t'hija(�e8'#ù�*F1�ë�ìBI�îC1Qt�ê¤}!pqþ¢fit'}*p�ñKòÈ~n}2;Sù%{#,dæ*~�~nçÁp�}�x�æ!pnø
;7~�}*pÃhi~�ñ�pqê�xl}!péf_ê p�ñåæ!~Ðv'twybtwæKæ*ïipéæ!}!x�$RèÄ}*p�þ¢fitw}!pqñ ö�ïip�h
xéhi~�ñ�p?D³~nt'h_êExéyÃfiv�æ!t'èqxnê æEjn}!~nfiç,ø
'�ïipb}!p�yRxlt'h_ñ�pq}%~nò�æ*ï_péçÊxlçÁp�}�t'ê�~�}*j¢xlhit&%�p�ñ|xnê%òÈ~nv'v'~�öEê�ø

egp�è�æ!tw~�h+��twv'v'f_ê³æ!}!xlæ*p�ê¡æ*ïip7çi}!~læ*~�è�~nvlt'hÄñ�p�æ!xlt'v�øz,�}!~læ!~�èD~nvnçÊpq} k
òÈ~�}*yRxlhÊèDpWtwybçi}!~�ðnpqybp�h¢æ!êRfÊê t'hijýyb~nÿit'v't�æ³úóçi}!pqñ�t�è�æ!tw~�h xn}*p
t'h¢æ*}!~gñif_èDp�ñÃt'hLegp�è�æ*t'~nhRí_ø�'�ï_p�hQü�ÿ¢úép��gæ!p�h_ê*twð�pEê t'yÄf_v'xlæ*t'~nhQü
öSp`p�ð�xnvwf_xlæ*péxlh_ñ|è�~nybç_xn}*p�æ!ïipÃçÁp�}*òÈ~n}!yRxlh_è�pK~lò?3���{#*.,
ö�twæ*ïéê ~�yép7~lòiæ!ïip�xlÿÁ~�ðnp�ybpqh�æ!tw~�hipqñÄxnñ`ï_~gè7yÄf_v�æ!t'èqxnê æ�çi}!~lk
æ!~gè�~nv�ê�øóegpqèDæ*t'~nhkAýñ�p�ê*è�}*t'ÿÁpqêÃæ*ïipåê*twyÃfiv�x�æ*t'~nh yb~gñip�v�xlh_ñ
ybpDæ!ïi~�ñ�~nv'~nj�úEòÈ~�vwv'~�ö7p�ñ�ÿ¢ú�ê t'yÄf_v'xlæ*t'~nhK}!pqê*fiv�æ�ê,xnh_ñKxlh_xnvwú�ê*t'ê
t'hdegp�è�æ*t'~nh\I�ø{;7~nh_è�vwfÊñ�twh_jL}!p�yRxl}!÷�ê»xl}!p`yRxnñipÄt'hTegp�è�æ*t'~nh
b_ø

|QÛ:}2Ý�~j�6�e�5�_Ý�á�� â��ÈÞqä�ãJ���qÞa�LàÁâ,Þ�ä¬Ý��7��ß�àÊÞqàQã�à��

�e�`�J�����8�V�>���j�B�����F�m�8�G�+���S�a�-�����¡ �¢��j�m�>���m�

û�h63���{#*.,¤ülj�}*~�fiçbyépqyÄÿÁp�}�ê ï_twçRxlhÊñbyÄfivwæ*t�è�x�ê³æ�}!~nf�æ!pqê
xn}*pópqê æ!xnÿivwt�ê*ïipqñ xlhÊñ f_çÁñixlæ*p�ñ ÿgú æ*ïipôê*~nfi}�èDpt� ~�h ñipDk
yRxlhÊñ�ø 	 e�twybt'v'xn}Ãæ!~ ~nh�k�ñ�p�yRxnh_ñ fih_t'èqxnê æb}!~nfiæ*t'hij çi}!~læ!~lk
è�~nv�ê�ü�xd}!pqþ¢fipqê æbçiï_xnê*påxlh_ñ xT}*pqçivwúýç_ï_xnê*p;è�~nybçi}!t'ê*pÐæ*ïip
çi}!~læ!~�èD~nv.(�ê pqpp4#twj�fi}*pWìB1�øLsuï_twv'pLxWyÄf_v�æ!t'èqxnê æÄê ~�fi}!è�pbï_xnê
ç_x�è�÷np�æ!ê�æ!~Lê pqh_ñ�üÁt�æF£_~g~�ñiê%x2yépqyÄÿÁp�}�xnñ�ð�p�}*æ*t�ê t'hijRç_x�è�÷npDæ
ö�twæ*ï ñix�æ�xóç_x�úgvw~¢xnñôç_twj�jnúgÿ_xnè�÷�pqñ�ø¤'�ïit�êWç_xnè�÷�pDæqüKèqxlv'vwp�ñ
¥S¦!§`¨�©«ª!¬�­¯® üQt�ê%çÁp�}!t'~gñit'èqxlv'vwúWÿi}!~�x�ñiè�x�ê³æ!pqñWæ!~Læ!ïipbp�h¢æ*t'}*p
hip�æ³ö7~�}*÷�æ!~�}*p�òÈ}*p�ê ïÄæ*ïip�ybp�yÃÿÊpq}!ê*ïit'çÃt'h�òÈ~�}*yRx�æ!tw~�héxnh_ñÃfiç�k
ñixlæ*p�æ!ïipE}!~nf�æ!pqê�xnê�òÈ~nv'vw~�öEêqø,suïipqh2x�hi~�ñ�pE}!pqè�p�t'ðnpqê�x�h_~nh�k
ñ�f_çivwt�è�xlæ*p ¥�¦z§`¨�©«ª�¬�­¯® ü_t�æ�ê³æ!~n}!pqê7æ*ï_p%fiçÊê³æ!}*p�xlyJhi~�ñ�p�ûu�
(¬t�ø pnø'üÊÿÊxnè�÷göSxn}!ñÐv'pqxl}!hit'hijg1St'h¢æ*~Ræ!ïipÄ}!~nfiæ*t'hijbæ!xnÿivwpÃxlh_ñW}!pDk
ÿi}!~�x�ñiè�x�ê³æ�ê�æ*ï_pÃç_x�è�÷np�æqø�suïip�hdæ*ïip ¥�¦z§`¨°©«ª�¬�­¯® ç_x�è�÷npDæ
}!pqx�è�ïipqêRxýyÃfivwæ*t�è�xnê æL}!pqè�p�t'ðnp�}�üSæ*ïipd}*p�èDpqtwð�p�}2èD}!pqxlæ*p�ê2xlh_ñ
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Forwarding Group Nodes
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ÿi}*~¢xnñièqxnê æ!ê2x ¥�¦z§`¨²±{¬�³�´�® æ!~§twæ!êÐhip�t'jnïgÿÁ~n}�ê�ø suïipqhPx
hi~�ñ�p�}*p�èDp�t'ðnp�ê�x ¥S¦!§`¨k±{¬�³�´�® ü_twæEè�ïipqè�÷�êSt�ò�æ*ïipKh_p��gæ�hi~�ñ�p
ûu� ~nò¤~�hip`~nò#æ!ïipÄpqh¢æ*}!twp�ê�yRx�æ!è�ï_pqêEtwæ!ê»~�ö�hWûu�ÄøÁû�ò�t�æ�ñ�~gpqêqü
æ*ïip�hi~�ñ�p�}!pqxlv't&%�pqê,æ*ïÊx�æ�t�æ�t�ê#~nh`æ!ïip�ç_x�æ!ïÄæ!~»æ!ïip�ê ~�fi}�èDp7xnh_ñ
æ*ïgf_ê`t�êKç_xn} æ`~nò7æ!ïipRòÈ~�}*ö�xl}�ñ�t'hijÐj�}*~�fiçQø2û�æÄæ*ïipqh ê p�æ!ê�æ!ïip
µe¶ µ8·g¸8¶ (�4_~n}!öSxn}!ñ�t'hijý��}*~�fiçv4#v'xnjg1éxlh_ñóÿi}!~�x�ñiè�x�ê³æ�êét�æ�ê
~�ö�h ¥�¦z§`¨�±{¬�³�´�® ÿifit'v�æ¤fiçÁ~nhÃybxlæ!è�ïip�ñ`pqh�æ!}*t'pqêqø!'�ïip ¥�¦z§`¨
±{¬�³�´�® t'êLæ*ïgf_ê;çi}!~nç_xnj�xlæ*pqñ ÿgú pqx�è�ïuòÈ~n}!ö�xl}�ñ�twh_jýjn}!~nfiç
yépqyÄÿÁp�};fih¢æ*t'v%twæL}!pqx�è�ïipqêbæ!ïip yÃfivwæ*t�è�xnê æ;ê*~nf_}!è�påð¢t�x æ!ïip
ê ïi~�} æ!pqê æ�ç_xlæ*ïQø:'�ïit�ê�ç_}*~�èDp�ê*ê�èD~nhÊê³æ!}*f_èDæ!êF(È~n}7fiç¡ñix�æ!pqêj1�æ!ïip
}*~�f�æ*p�êKòÈ}!~ny ê ~�fi}�èDpqêKæ*~ }!pqè�p�t'ðnpq}!ê`xnh_ñýÿif_twv�ñiêéxåybpqê*ï ~lò
hi~�ñ�pqêqü�æ*ï_p��³òÈ~n}!ö�xl}�ñ�twh_jÄjn}!~nf_çQø 	

sdp`ïÊx�ðnpKðgt'ê*f_xnvwt&%�p�ñ;æ*ïipKòÈ~�}*ö�xl}�ñ�t'hijbjn}!~nfiçåè�~nh_è�p�ç�æ»t'h
4�t'jnf_}*p¹��ø:'�ïip%òÈ~n}!öSxn}!ñitwhijÃjn}!~nfiçLt'ê�xéê p�æS~nò,hi~�ñ�pqêSö�ïit�è�ï
t'ê#t'hÃè�ï_xn}*j�p�~lòiòÈ~�}*ö�xl}�ñ�t'hijEyÃfiv�æ!t'èqxnê æ#çÊxnè�÷np�æ!êqøQû�æ�ê fiç_çÊ~�} æ�ê
ê ïi~�} æ!pqê æéçÊx�æ*ïÊêÃÿÁpDæ³öSp�pqh xnh¢úýybpqyÄÿÁp�}bç_xlt'}�ê�ø ù»vwv�hi~�ñ�p�ê
twh_ê*t�ñ�pLæ!ïip�� ÿifiÿ_ÿivwpq	5(ÈyÃfivwæ*t�è�xnê æbyépqyÄÿÁp�}�êÃxnh_ñ òÈ~�}*ö�xl}�ñgk
twhijbj�}*~�fiçÐh_~gñipqêj1�òÈ~�}*ö�xl}�ñRyÃfiv�æ!t'èqxnê æ»ñix�æ�xÄçÊxnè�÷np�æ!êqø � ~læ!p
æ*ï_xlæ�x%yÃfivwæ*t�è�xnê æ�}*p�èDpqtwð�p�}¤xlv�ê ~Kè�xnhÄÿÁpEx%òÈ~n}!öSxn}!ñ�t'hij%jn}!~nfiç
hi~�ñ�p twò`t�æ;t'êL~nh æ!ïip ç_xlæ*ïuÿÁpDæ³öSp�pqhPxýyÄf_v�æ!t'èqxnê æÐê ~�fi}�èDp
xlh_ñbxlh_~læ*ï_p�}�}!pqè�p�t'ðnp�}�ø!'�ïip»yép�ê ïbçi}!~�ðgt'ñipqê¤}!t'è�ïipq}�èD~�hihipqèDk
æ*t'ð¢twæ³ú xnyé~�hij;yÄfivwæ*t�è�x�ê³æKybp�yÃÿÊpq}!ê�èD~�ybç_xl}!pqñ ö�t�æ!ïdæ!}*pqpqêqø
*�~nf�æ!p%}!pqñifih_ñixnh_èDúRxlyb~�hijKòÈ~n}!ö�xl}�ñ�twh_j`jn}!~nfiçLïip�v'ç_ê7~�ðnp�}*k
èD~nybpÐhi~�ñ�p;ñit'ê*çiv�xnèDpqybp�h¢æ!êÃxlh_ñ è�ïÊxlhihipqv�ò¬x�ñ�t'hij_ø\"Epqh_èDp�ü
fihiv'tw÷�p»æ!}*pqpqêqünòÈ}!pqþ¢fipqh�æ�}!pqèD~�h�õ_j�fi}!xlæ*t'~nh_ê�xl}!pEhi~læ�}!pqþ¢fit'}*p�ñ�ø
4�t'jnf_}*pTíýt'ê;xlhPp��ixlybçiv'p|æ!~ ê*ïi~�özæ*ïipT}*~�ÿif_ê æ*hip�ê*êL~lò

xWyép�ê ïýè�~nh�õ_j�fi}�x�æ*t'~nh,øa'�ï_}*pqp2ê ~�fi}!è�pqêa(/ºz»�ü�º½¼lü¤xlh_ñ¡º½¾q1
ê pqh_ñ;yÄfivwæ*t�è�x�ê³æEñixlæ!xbç_x�è�÷npDæ�ê7æ*~éæ*ïi}!p�pK}!pqè�p�t'ðnpq}!ê�(�¿¹»�ü�¿F¼nü
xlh_ñ7¿F¾q1�ðgt'xLæ*ïi}!p�péòÈ~�}*ö�xl}�ñ�t'hijLj�}*~�fiç hi~�ñ�p�êa(�À`ü�Á2ü,xnh_ñ
Â¹1�ø�egfiç_çÊ~¢ê p�æ!ïip»}!~nfiæ*p�òÈ}!~ny²º!»7æ*~«¿F¼»t'ê�Ã�º!»!kGÀ�kGÁKkG¿F¼�ÄKø
û�h x§æ*}!p�p èD~�h�õ_jnf_}!xlæ*t'~nhQü%t�òÃæ*ïipTvwt'hi÷ôÿÁpDæ³öSp�pqhPhi~�ñ�p�ê�À
xlh_ñ�Á ÿ_}*p�xl÷�êÄ~�}éò¬xlt'v'êqü2¿ ¼ èqxlhih_~læb}*p�èDp�t'ðnpWxlhgú ç_x�è�÷npDæ�ê
òÈ}*~�yÅº » fih¢æ*t'v¡æ*ïip�æ!}*pqp%t�ê�}*p�èD~�h�õ_jnf_}*p�ñ�ø:3���{#*.,¤üg~�hLæ!ïip
~læ*ï_p�}ÄïÊxlh_ñ�ü¤xlv'}!pqxnñiú|ï_xnêÃxW}*p�ñ�fih_ñ_xlh¢æ`}*~�f�æ*pLtwhvÃ�º » khÀEk
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Multicast Routes

Sources: S , S , S
Receivers: R , R , R
Forwarding Nodes: A, B, C
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Â%kGÁKkG¿F¼JÄ æ*~bñ�p�v't'ðnp�}�ç_x�è�÷np�æ!ê7ö�t�æ!ïi~nf�æ�jn~�twh_j`æ*ï_}*~�fijnïLæ*ïip
ÿi}!~n÷�p�hÐvwt'hi÷LÿÁpDæ³öSp�pqhÐh_~gñipqê.À xnh_ñ6ÁLø

�e�&�g�!Ð:Ñe��Ò.ÓÔ�r�

oQp�æ2f_ê2è�~nh_ê*t'ñip�}Õ4#twj�fi}*piA x�êRxlhóp��ixlybçiv'pW~lòKx ¥S¦!§`¨
±{¬Ö³�´�® òÈ~n}!ö�xl}�ñ�twh_j2çi}!~gè�pqê!ê�ø � ~gñipqê¹º!»Äxlh_ñ7º½¼Ãxn}*pÃyÄfivwk
æ!t'èqxnê æ�ê*~nf_}!è�pqêqü¢xnh_ñLh_~gñipqê0¿¹»�ü�¿�¼lü_xnh_ñ×¿F¾�xl}!p�yÄfivwæ*t�è�x�ê³æ
}!pqè�p�t'ðnp�}�êqø � ~�ñ�p�ê{¿�¼Rxlh_ñ7¿F¾Rê*p�hÊñ|æ!ïip�t'} ¥�¦z§`¨Ø±+¬�³�´g§`¬ÖÙ
æ!~dÿÁ~læ!ï�º » xlhÊñHº ¼ ðgt'x7Ú ¼ øH¿ » ê*p�h_ñiêétwæ!ê ¥�¦z§`¨Û±{¬Ö³�´�®
æ!~kº » ðgt�x¡Ú » xnh_ñóæ*~kº ¼ ðgt'x¡Ú ¼ ø suïip�hu}!pqè�p�t'ðnpq}!êRê*p�h_ñ
æ!ïip�t'} ¥S¦!§`¨Ü±{¬�³Ö´¯§`¬ÖÙ æ*~ hip��gæÃï_~nçýhi~�ñ�p�ê�ü�xlhýt'h¢æ*pq}*ybpqñit�k
xlæ*pbhi~�ñ�p=Ú » ê p�æ!ê�æ*ï_p µ8¶ µe·g¸8¶ xlhÊñdÿ_fitwv�ñiêKtwæ!êÄ~�ö�h ¥S¦!§`¨
±{¬Ö³�´�® ê t'h_èDp�æ!ïip�}!pKt�êExéhip��gæ»hi~�ñ�pKûu� p�h¢æ*}!ú2t'hWæ*ïip ¥S¦!§`¨
±{¬Ö³�´�® }!pqè�p�t'ðnp�ñ`òÈ}!~nyt¿�»7æ!ï_x�æ�yRxlæ!è�ïip�ê�t�æ�ê�ûu�Ãø � ~næ*p�æ!ï_x�æ
æ!ïip ¥�¦z§`¨k±{¬�³Ö´�® ÿif_twvwæEÿgú=Ú�»%ï_x�ê�xlh;p�h¢æ*}!úRòÈ~n}�ê*p�h_ñip�}�º!»
ÿifiæ�hi~næ»òÈ~�}�º½¼ÃÿÁpqè�xnf_ê*p`æ*ï_pÃhip
�gæ�hi~�ñ�péûu� òÈ~n}¹º½¼Ãtwh æ*ïip
}!pqè�p�t'ðnpqñ ¥�¦z§`¨H±+¬�³�´�® t'ê�h_~læ�Ú�»�ø�û�h;æ*ïipKybpqxnh¢æ*t'yép�üihi~�ñ�p
Ú�¼Tê*pDæ!êLæ*ï_p µ8¶ µ8·¯¸8¶ ü�è�~nh_ê æ*}!f_è�æ�êLtwæ!êÐ~�ö�h ¥S¦!§`¨²±{¬Ö³�´�®
xnh_ñýê pqh_ñiêÃt�æÃæ*~|twæ!êÃhipqtwj�ï¢ÿÁ~n}�êqø � ~læ!p2æ!ï_x�æép�ðnpqh æ*ïi~�fijnï
Ú ¼ }!pqè�p�t'ðnpqêÄæ*ï_}*pqp ¥S¦!§`¨Û±+¬�³�´g§`¬ÖÙ òÈ}*~�y æ*ïipW}!pqè�p�t'ðnp�}�êqü�t�æ
ÿi}!~�x�ñiè�x�ê³æ�ê�æ!ïip ¥�¦z§`¨k±+¬�³�´�® ~nhiv'ú2~nhÊèDp�ÿÊp�è�xnf_ê p�æ!ïip`ê p�è�k
~�h_ñWxlh_ñÐæ*ï_tw}�ñ;æ!xnÿivwpÃxl}!}*t'ð�xlv�ê�è�xl}!}!ú2hi~Rhipqö ê*~nfi}�èDpKt'h�òÈ~�} k
yRx�æ!tw~�hQøE;7ï_xlhih_p�v�~�ðnpq}*ï_pqxnñ`t'ê¤æ!ïgf_ê¤}*p�ñ�f_è�pqñbñ�}�xlyRx�æ!t'èqxlv'vwú
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twh èqxnê*pqê�ö�ïip�}!pRhgfiybp�}!~nf_ê�yÃfivwæ*t�è�xnê æ`}!pqèDpqtwð�p�}�ê�ê ï_xn}*péæ!ïip
ê*xnyép�v'twh_÷gê�æ*~éæ*ïip`ê*~nf_}!è�pnø
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'�ïipK}*pqvwt�xlÿ_vwp�æ*}�xlhÊê ybt�ê*ê*tw~�hÐ~nò ¥�¦z§`¨H±{¬Ö³�´¯§`¬�Ù çiv�x�ú�ê�xlh
twybçÁ~n}*æ!xlh¢æ�}*~�vwpKt'h|pqê æ!xnÿiv't'ê*ïit'hijLxlhÊñW}*p�òÈ}*p�ê ïit'hijRyÃfiv�æ!t'èqxnê æ
}*~�f�æ*p�êSxnh_ñLòÈ~n}!öSxn}!ñ�t'hijÃjn}!~nfiç_êqø�"Ep�hÊèDpnü�twò ¥�¦z§`¨5±{¬�³Ö´¯§`¬ÖÙ
xl}!pÐhi~næéç_}*~�çÊpq}*v'úýñ�p�v'twð�p�}!pqñ�ü�p�l¡pqè�æ!twð�pÐyÃfivwæ*t�è�xnê æb}*~�f�æ*t'hij
è�xlh_hi~læ#ÿÊp�xnè�ïit'p�ð�pqñ�ÿgú+3��%{#*�,¤øq'�ïip7ûus9s2s#dJfg��ø'ìnì�{|ù�;
(¬{åp�ñ�twf_y ù»èqèDpqê!ê�;7~nh¢æ*}!~nv`1bçi}!~læ!~gè�~nvéë�ìqd�î�üEö�ïit�è�ïôt'êÐæ!ïip
p�ybp�}!jnt'hij ê æ!xlhÊñixl}�ñ twhuö�t'}!p�v'pqê!êRhipDæ³öS~n}!÷�ê�üSçÁp�}*òÈ~n}!ybêL}*p�k
vwt�xlÿiv'pÐæ*}�xlh_ê*ybt'ê!ê t'~nh§ÿ¢ú }!pDæ!}!xnh_ê ybtwæ æ!twhij æ*ïip;ç_x�è�÷npDæét�ò%hi~
xnè�÷ghi~�ö�v'pqñ�j�yépqh¢æ;t�êå}!pqèDpqtwð�pqñ�øà"»~�ö7pqðnpq}qü%t�òbæ*ï_pýç_xnè�÷�pDæ
t'ê�ÿi}!~�x�ñiè�x�ê³æ!pqñ�ü¢hi~Rxnè�÷ghi~�ö�v'pqñijnybp�h¢æ!ê�~n}�}!pDæ*}�xlhÊê ybt�ê*ê*tw~�h_ê
xl}!pLê pqh¢æqøåû�h�3���{#*.,¤ü�æ*ïip2æ*}�xlh_ê*ybt'ê!ê t'~nhÊêK~lò ¥S¦!§`¨á±+¬eâ
³�´�® xl}!pÄ~nò�æ*pqh ÿi}!~�x�ñiè�x�ê³æ!pqñ;æ*~;yb~n}!p`æ!ï_xlhd~nhipéfiç_ê æ*}!pqxny
hip�t'jnïgÿÁ~n}�ê%ê*twhÊèDpÄöSpÃxn}*pÃï_xlhÊñ�vwt'hijÐyÄfivwæ*t'çiv'péê*~nfi}�èDp�ê+(¬pnø j_ø'ü
ê pqpåæ*ïip ¥�¦z§`¨ã±{¬�³�´�® òÈ}!~ny]hi~�ñ�p-¿¹»Wt'ho4�t'jnf_}*p#Ae1�ø û�h
ê f_è�ï|èqxnê*pqêqü�æ*ï_p`ïi~nçik�ÿgú¢k�ï_~nç;ðnp�}!twõÊè�xlæ*t'~nh;~lò ¥S¦!§`¨�±{¬�³�´�®
ñ�p�v'twð�p�}!údxnh_ñdæ*ïipR}!pDæ!}!xnh_ê ybt�ê*ê*t'~nh è�xlh_hi~læKÿÁp2ï_xlhÊñ�vwp�ñTÿ¢ú
æ*ïip»{ ù�;ýv�x�únpq}qøQû�æ7yÄf_ê æ�ÿÊpEñi~nhip�t'h_ñ�t'}*p�è�æ!vwú`ÿgúÕ3��%{#*�,¤ø
ùEhi~næ*ïipq}E~nç�æ!tw~�h;òÈ~n}E}!p�v't'xnÿiv'p`ñ�p�v'twð�p�}!ú2t�ê�æ*~2ê*fiÿ¡ñ�twðgt�ñ�pKæ!ïip
¥�¦z§`¨H±{¬Ö³�´�® t'h¢æ*~2ê*p�ç_xn}!xlæ*p�ê f_ÿ�k�æ�xlÿiv'pqêqü�~nh_p%òÈ~�}�pqx�è�ï;ñ�t�ê k
æ*t'h_è�æåhip
�¢æ;hi~�ñ�pnø û�h�4�t'jnf_}*pKA òÈ~n};p��ixnyéç_vwp�ü�æ*ïip ¥�¦z§`¨
±{¬�³�´�® x�æ�hi~�ñ�p{¿ » t'ê»ê çiv'twæEtwh¢æ*~éæ³öS~ ¥�¦z§`¨k±{¬�³Ö´¯§`¬ÖÙ üi~�hip
òÈ~n}bhip�t'jnïgÿÁ~n}�Ú�»Ðxlh_ñ§~nhipLòÈ~n}éhip�t'jnïgÿÁ~n}aÚ�¼nø5'�ï_pqê*p ¥�¦z§`¨
±{¬�³�´g§`¬ÖÙ xl}!pEê pqç_xl}�x�æ!p�v'úÄfih_t'èqxnê æ*pqñbfÊê t'hijÄxK}!p�v't�xlÿiv'p»{|ù�;
çi}*~næ*~�èD~�v�ê f_è�ïóxnêbûus2s9säd¯f¯�iøwì�ì2~n}R{|ù�;Sù�s ë I�î�øóe�twh_è�p
æ*ïipKhgfiyÃÿÊpq}E~lò¤hip�t'jnïgÿÁ~n}�êSt'ê�j�p�hipq}!xnvwv'úRv'twybtwæ*pqñ\(Èæ³ú¢ç_t'èqxlv'vwú�ü
xlÿÁ~nf�æ%ê*tr�;hipqtwj�ïgÿÊ~�}!ê�t�ê�æ!ïipÄ~�ç�æ*t'yÄfiyzt'h|xRyÄfivwæ*t'ïi~�çåhipDæ*k
ö7~�}*÷Të �ní�îC1�ü�æ!ïipÄê!è�ïip�ybp`ê æ*t'vwv#ê*èqxlv'pqê�öSp�v'vQæ*~Rv�xl}!jnp�hgfiyÃÿÊpq}
~lòÊê*~nfi}�èDp�ê�ø�'�ï_t'ê#~nçiæ*t'~nh`è�xnhÄxnèDæ*f_xnvwv'ú�ÿÊp7f_ê*pqñ`x�ê�x»ÿ_xnè�÷gfiç
æ*~Ræ!ïip`ç_x�ê*ê*twð�p`xnè�÷ghi~�ö�v'pqñ�j�ybp�h¢æ�~nç�æ!tw~�hWx�ê»ñ�t�ê!èDf_ê!ê p�ñ;ÿÊp�k
vw~�öKø

sdpÄx�ñ�~nçiæ%xRê*è�ï_p�ybp�æ*ï_xlæ»ö�xnê�f_ê*pqñWt'h ë �iìDî�ø24#t'jnfi}!p+I
t'êRê*ïi~�ö�h æ!~ twv'vwfÊê³æ!}!xlæ*pÐæ*ïipåybpqè�ïÊxlhit�ê yWø suïip�hóhi~�ñ�p�Á
æ*}�xlh_ê*ybt�æ�ê`xWç_xnè�÷�pDæ�æ*~åh_~gñip6Â xlò�æ*pq}`}*p�èDpqtwðgt'hijåxWç_xnè�÷�pDæ
òÈ}*~�y hi~�ñ�pFÀ`ü¢hi~�ñ�p�Àôèqxlhbïipqxn}�æ*ï_pEæ*}�xlhÊê ybt�ê*ê*tw~�hÃ~nò�hi~�ñ�p
ÁHtwò�twæÃt�ê`ö�twæ*ï_twhkÁ=å êÄ}!x�ñ�t'~åçi}*~�ç_xlj¢x�æ!tw~�hd}�xlhij�pnøi"Epqh_èDp�ü
æ*ïipEçÊxnè�÷np�æ�æ*}�xlh_ê*ybt'ê!ê*tw~�hÃÿgúÄh_~gñip�Á æ*~`h_~gñip�ÂPt�ê�f_ê*pqñRx�ê
xK�*ç_xnê!ê*twð�p%xnè�÷ghi~�ö�v'pqñijnybp�h¢ææ	Kæ*~bhi~�ñ�p¹À`ø�sTpKè�xlh;f�æ!twv'tr%qp
æ*ïit�êEç_x�ê*ê*t'ðnp�xnè�÷ghi~�ö�v'pqñ�j�yépqh¢æ7æ!~Rðnp�}!twòÈúRæ*ïipÃñ�p�v'twð�p�}!ú2~lò¤x
¥�¦z§`¨�±+¬�³�´�® ø � ~næ*pKæ!ï_x�æEæ!ïipÃê*~nf_}!è�p�twæ!ê*p�vwò�yÄfÊê³æ%ê*p�hÊñåxlh
xnè�æ!twð�pSx�è�÷ghi~�ö�vwp�ñ�jnybpqh�æ,æ*~%æ*ïipSçi}!p�ðgtw~�f_ê�ïi~nçéê t'h_èDpStwæ¤ñ�~gp�ê
hi~læ�ï_x�ð�p%xlhgúbhip
�¢æ�ïi~�ç2æ!~éê*p�h_ñÐx ¥S¦!§`¨k±{¬�³�´�® æ*~éfihiv'pqê!ê
t�æEt�êExlv�ê*~éxéòÈ~�}*ö�xl}�ñ�t'hijÄj�}*~�fiçÐh_~gñip%òÈ~�}�~læ!ïip�}Eê*~nfi}�èDp�ê�ø
;7~nh_ê*t'ñip�}!twhijÄæ*ïip�è�x�ê p%twh×4#twj�fi}*p�AÃxnj�xntwhQü¢öSp%hi~næ*p%æ*ï_xlæ
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w_��¶�µ���	Eç�¹_É_������� ÂD	������q��� �,��	 ��¶�°�	 �D
��*¹
~�h_èDp%æ*ïipKh_~gñipqê0Ú�»�xnh_ñ6Ú
¼�}*p�èDp�t'ðnp»æ*ïip ¥S¦!§`¨H±{¬�³�´�® òÈ}!~ny
hi~�ñ�p¡¿¹»�ü�æ!ïip�úôö�t'v'vÄèD~�h_ê³æ!}*fÊè�æ|xlh_ñPòÈ~n}!ö�xl}�ñ æ*ïipqtw} ~�ö�h
¥S¦!§`¨y±{¬Ö³�´�® æ*~ hip��gæTïi~nç_êH(Èt'h æ!ïit'êTè�x�ê p�üÄê*~nfi}�èDp�êKº!»
xnh_ñ7º�¼q1Dø2û�hTæ*}�xlh_ê*ybt�æ*æ*t'hijWæ*ïipqtw} ¥�¦z§`¨°±{¬Ö³�´�® ü¤hi~�ñ�p�ê¹Ú�»
xnh_ñ\Ú�¼RyRx�ú ~�ð�p�}!v'xnçdö�twæ*ïýp�xnè�ï ~læ!ïip�}�øLû�ò.Ú�»bxnh_ñ¡Ú�¼2xn}*p
ö�twæ*ïit'h;}*p�èDp�t'ðgtwh_jÄ}�xlhij�pnü¢æ*ïipqúRö�twv'v�}!pqèD~�ð�p�}7ÿÊp�è�xlfÊê p�~lò�æ*ïip
èqxl}!}*t'p�}Eê*p�h_ê*p`òÈp�x�æ!fi}*pÄtwh7;�ei{|ùÅ(h;Sxl}!}*t'p�}�egp�h_ê*pÄ{åf_v�æ!twçiv'p
ù%è�èDp�ê*êj12ë �mAnî�ø¡"»~�ö7pqðnp�}�ü¤t�ò%æ*ïipqú xl}!pL~�f�æÃ~nò»}!xnhijnp�ü¤æ*ïipqú
ö�t'vwv�ÿÁpRfih_x�ö�xl}!pé~lò�æ!ïip¡� ï_t'ñiñip�hdæ*p�}!ybtwhÊxlv�	;è�~nh_ñit�æ!tw~�hd~nò
hi~�ñ�pi¿ » ü�ö�ï_t'è�ï è�xnhihi~læbïip�xl}Ãæ*ïip¡(È~�ð�p�}!v'xnçiçÁpqñÖ1`ç_xnê!ê t'ðnp
x�è�÷¢h_~�ö�vwp�ñ�jnybp�h¢æ�ê�ø�'�ï¢fÊê�üixéhi~�ñ�pKyRx�úRhi~næEïipqxn}7æ!ïipKç_x�ê³k
ê*twð�pExnè�÷ghi~�ö�v'pqñ�j�ybp�h¢æ!ê¤~nò¡twæ!ê�fiç_ê æ*}!pqxny hipqtwj�ïgÿÊ~�}�ÿÊp�è�xnf_ê p
~nò�èD~�h8£_t�è�æ!ê�ñifip�æ*~éæ*ïip�ïit�ñiñ�pqh;æ*p�}!ybtwhÊxlv�çi}!~nÿiv'p�yWø¤û�æ�ö�twv'v
xnv'ê*~ hi~næ;ïip�xl}Ðæ*ïip ç_x�ê*ê*t'ðnp x�è�÷¢h_~�ö�vwp�ñ�jnybp�h¢æLtwòÄæ!ïipTfiç�k
ê æ*}!pqxny hip�t'jnïgÿÁ~n}EïÊxnê�yb~�ðnp�ñÐx�ö�x�únø�û�håp�twæ*ïipq}»è�x�ê p�üiö�ïip�h
hi~|x�è�÷ghi~�ö�vwp�ñ�jnybpqh�æ`t�êK}!pqè�p�t'ðnpqñTö�twæ*ïit'hýæ!ïip2æ!twybp�~�f�æÄt'h�k
æ!p�}!ð�xnv�üSæ!ïip hi~�ñ�p }*p�æ*}�xlh_ê*ybt�æ�êbæ*ïip yép�ê*ê!xlj�pnø � ~næ*påæ!ï_x�æ
æ!ïipEhi~�ñ�p%ybx�úéjnp�æ7xnè�÷ghi~�ö�v'pqñijnybp�h¢æ!ê#òÈ}!~ny ê*~nybpnü¢ÿif�æShi~læ
xnvwv¤fiç_ê æ*}!pqxny hip�t'jnïgÿÁ~n}�ê�ø`ù%êKxlhd~nç�æ!tw~�hQü¡æ*ïipb}!pDæ!}!xnh_ê ybt�ê³k
ê*tw~�hTè�~nfiv�ñTÿÊp2èqxl}!}*t'pqñ ~nf�æ`t'h fihit�è�x�ê³æ`yb~�ñ�pnü�æ*~åê*p�v'pqèDæ*pqñ
hipqtwj�ïgÿÊ~�}!êqüQö�twæ*ï }*p�ñ�f_è�pqñ ê f_ÿ�k�æ�xlÿiv'pqêqøRû�ò�ç_xnè�÷�pDæ`ñ�p�v't'ðnp�}!ú
èqxlhihi~næÃÿÁpLð�p�}!t�õ_p�ñ x�ò�æ!p�}bxlhóxlçiçi}!~nç_}*t�x�æ!pRh¢f_yÄÿÁp�}b~lòE}!pDk
æ!}!xnh_ê ybt�ê*ê*t'~nh_êqülæ!ïip%h_~gñip%èD~�h_ê*t'ñ�pq}!ê�æ*ïip�}!~nf�æ!pEæ*~ÃÿÊp�t'h¢ð�xnv�k
t�ñix�æ!pqñ�øôùSæRæ!ïit�êRçÊ~�twh¢æ�ü�æ!ïipåyb~�ê æ2vwt'÷npqvwú§èqxlf_ê*pW~lò�}*~�f�æ*p
ò¬xntwv'fi}!p2t'ê`æ*ïipLò¬xnèDæÄæ*ïÊx�æéx|hi~�ñ�pL~�h æ*ïipÐ}*~�f�æ*p2ïÊxnêKò¬xntwv'pqñ
~�}Ãï_x�êéyé~�ð�pqñ§~nf�æR~lò%}!xnhijnp�ø§ùEh xlvwæ*pq}*h_xlæ*p;}*~�f�æ*p;yÄfÊê³æ
ÿÁp2òÈ~�fih_ñÛ�*~nh æ!ïip;ê*çÁ~læqø 	à'�ïipÐhi~�ñ�p2æ!ïgf_êÄÿ_}*~¢xnñièqxnê æ!êÄx
ybpqê!ê!xljnpéæ!~|t�æ�êÄh_p�t'jnïgÿÊ~�}!êÄê çÁpqè�t�òÈúgt'hijåæ*ïÊx�æ`æ!ïipLhip
�gæÄïi~nç
æ!~;x;ê p�æK~lò7ê*~nfi}�èDp�ê�è�xlh_hi~læ�ÿÊpb}!pqx�è�ïipqñ�ø{è»çÊ~�hd}!pqè�p�t'ðgtwhij
æ!ïit'ê�ç_xnè�÷�pDæ�ünpqx�è�ïRhip�t'jnïgÿÁ~n}�ÿ_fitwv�ñiêSxlh_ñbf_hit'èqxnê æ!ê�æ*ïip ¥S¦!§`¨
±{¬Ö³�´�® æ*~dt�æ�êéhip��gæÃï_~nç twò»twæéï_x�êÃx }*~�f�æ*pLæ*~ æ*ïip;yÄfivwæ*twk
èqxnê æSê*~nfi}�èDp�ê�ø#û�ò,hi~Ã}*~�f�æ*p%t'êS÷ghi~�ö�hQü¢t�æ�ê*twybçiv'úRÿi}!~�xnñ_è�xnê æ!ê
æ!ïipÄç_x�è�÷np�æ�ê*çÊp�èDtwòÈú¢t'hijLæ*ïipéhip��gæ�ïi~nç t'ê%hi~læKx�ð�xlt'v'xnÿiv'pnø»û�h
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ÿÊ~næ*ï è�xnê*pqêqüÁæ*ïipbhi~�ñ�pbê*pDæ!ê�twæ!ê µ8¶ µ8·¯¸8¶ øÁû�hdçi}�xnèDæ*t�è�xnv�t'yék
çivwpqybp�h¢æ!xlæ*t'~nh_êqülæ!ïit'ê�}*p�ñ�fih_ñ_xlh_è�úÄt�ê�ê f�$Rè�twpqh¢æ�æ*~Kp�ê³æ�xlÿiv't'ê*ï
xlvwæ*p�}!h_xlæ*p�ç_xlæ*ï_ê�fih¢æ*t'vgxEyb~n}!p�p�$2è�twpqh�æ�}*~�f�æ*p7t'ê,pqê æ!xlÿ_vwt�ê ï_pqñ
ñ�fi}!twhijÐæ*ï_pÃhip
�gæ�}!pDòÈ}!pqê*ï|çiïÊxnê*pnø{'�ïip µ8¶ µ8·g¸8¶ ê p�æ æ*t'hij;~lò
p�ðnpq}*ú hip�t'jnïgÿÁ~n}RyRx�ú§è�}*p�x�æ*påp
�ièDpqê!ê*twð�p;}!pqñifih_ñixnh_èDú�ü7ÿifiæ
yé~¢ê³æb~lò»æ*ïip�ê pWê p�æ æ!twhij¢êÄö�t'v'v�p���çit'}*pÐÿÊp�è�xlfÊê pÐ~nhiv'úýhipqè�pqê k
ê*xn}*ú§òÈ~n}!öSxn}!ñ�t'hijýj�}*~�fiç hi~�ñ�pqêLö�twv'v%ÿÁp|}!pDòÈ}!pqê*ïipqñ t'huæ!ïip
hip��gæ ¥�¦z§`¨k±+¬�³�´�® çi}!~nç_xnj�x�æ!tw~�h2çiï_x�ê p�ø

�g� é��zê«���h��ë!��¢�ì9�m¢����`�gí

ù�ò�æ*pq}Ræ*ï_p|jn}!~nfiç pqê æ!xnÿivwt�ê*ïiybp�h¢æLxlh_ñó}!~nf�æ!påèD~nhÊê³æ!}*f_èDk
æ*t'~nhRçi}!~�èDpqê!êqünxKê ~�fi}�èDp�è�xnhéyÃfivwæ*t�è�xnê æ�ç_x�è�÷npDæ�ê#æ*~K}!pqè�p�t'ðnp�}�ê
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Link with delay(i, j) i  and
link expiration time j

Path S-A-B-R S-A-C-R

Delay 7

RET 2 4

Route 1 Route 2
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