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\^]`_�a*b2cedgf�hjikbjlnmpoTb�qrikspikqt_Na>bji
uwvtxRyzb�q|{|}~uV��f����K�

f|ln�`�CxRvtq|�pb
v�bN��]`bNv���]`b����
���pcj�Pd��?m`�����n�?�?�
d�cN����lR�RbNi

�-�+�N�����`�n�? 0¡ �¢q�]-qt]�bK��m`vtv�b���qw�£����vtbjlRitb|����lR�B¤¥]`xp��a*xR¦���§£br�`b�qz¨�x?vt©piw���-��m`¦`§£�£�K�pxRa2lR����iKª«b?¬ ��¬�lR��v��CxRvtq�iN­
��lRvt©piN­nizq�l�qt�£xR��i�­nb�q��R¬ ®�­?ln����q�]`b�¨��¯�pbNit�`v�bNlR��m�itb�xn°�}~�w�V�w±R���p¬£cRc^¨��£vtbN§�bjiti+²´³eµ�­Rqt]`bNvtb^�¯iGl0�Rv�x�¨����`�e�`b�bj�
qtxT]�ln���`§�b�lR���¶a2ln��lR�RbK°·lRikqra*xR¦`�£§£�¢qzs?¬��GoBq�b����p�£�`�2q�]`b���x�¸Rb�v�ln�?bKlRvtbjl>xn°GlR�B¤¥]`xp�0�`b�qz¨3xRv�©pi�ln����q�ln©B�£�`�
�£�?q�x�lR�N��x?m`��qV°·lRikqwa*xR¦`�£§£�¢qzs>���Tvtx?mpqt�£�`���`v�xnq�xp��xR§¯iG��x?m`§¯�2xn¹�b�v3l���x?a>��§�bNa>bN��q�lnv�s�itxR§£mpq���x?�*qtx
q�]`beºe�I\|»
°«xRv>q�]`bT°«x?m`vtqt]¼�Rb���b�v�l�qt�£xR�½ª·��¾
®�a*xR¦`�£§£b.�`b�qz¨�x?vt©piN¬¿}~�Àq�]`�£i>��lR��bNv*¨�b��`v�bNitb���q*lR�Àb�o�q�b���it�£xR�ÁxR°rqt]�b
�e�pq���a*�£Â�bN�P²Ã�£�`©I»�q�lnqtb>f�xRmpq������T�`v�xnq�xB��xR§3ª;�K²
»`fr®Ä­��pbN�`xnq�bN�IÅ�lRikqk¤k�K²
»pf
¬�Å�l?izqt¤z�K²�»pfÆ�¯ie�pbjik�£�R��bN�¶q�x
a*b�b�q3q�]`bK�`b�bj�2°«xRv3°·l?izq^a*xR¦`�£§���qzs2�£����x?¦`�£§�b0³��B¤¥]`xp�eµr�w\´¨3xRv�©pieªE�I³rµr�w\�i�®�¬Vu+b�vt°«xRv�a*lR����beb�¸�ln§£m�lnqt�£xR�
xn°+Å�l?izqt¤z�K²�»pf½�¯i^�pxR�`b0¦Bs-it��a�m`§£lnqt�£xR�Ã¬V»B�£a�m�§£lnqt�£xR�Tv�bNitm`§�q�i^it]`x�¨Yqt]�l�q^qt]`b0§£x?i�i3v�lnqtb0��ln�.¦�b0a*�£�`��a*�£Â�bj�
¨�]`�£§�b
a2lR����q�lR�������`�2l>v�bNlRitxR��ln¦`§£brx�¸?b�v�]`bNl?�2qtv�l�Ç-�R¬
È�É�Ê�ËtÌ�Í ��Î
�?  a*xR¦`�£§£b�lR�B¤¥]`xp�r��b�qz¨3xRv�©BiN­B¨���v�b�§£bNi�i^�`b�qz¨�x?vt©piN­R°·l?izq|a*xR¦���§£�¢qzs?­pvtx?mpqt�£�`�*�`v�xnq�xB��xR§;­��K²
»pf
¬
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¸RbN��§�b>�ph���§�x?��bNa>bN��qK�pbjiev�hNitbNlRmpo¶a>x?¦`�£§�bjiel?�B¤;]�xB���`ln��ie§£bNie§��£b�mpoI��m`¦`§£�£�Ni�ª·��lnvKb�opb�a*�`§£bR­
lnhNvtx?��x?vkq�i�­���lnv���iN­Ã�?lRvtbji�­V¬£¬£¬ ®�­´b�q�§�
 mpqt�£§��¯i�l�qt�£xR� �pb2��§�m�i�b��¿�`§£m�i
v�h���lR���pm`b2�pbji0vthjikbjlnmpo §£xp��lRmpoPi�ln��i���§
}~�V�V��±R�?�`¬�c?cR­p�£§
�pbN¸B��bN�?q|��hN��bjiti�ln�£v�bK��
 xn¹�v���vrlRmpoTm�i�ln�?b�v�i^m`�`b
a*xR¦���§£�¢q�h
v�lR�`�¯�pbR¬wºr���`§£m�i�§¯lnv��Rb
�ph���§�x?��b�¤
a*b���q��pbjiVv�hNitbNlRmpo>l?�B¤;]�xB�|b�qw§¯l
�`v��£itb|bN�-��xRa*�pq�br�pb|§¯l
a*xR¦���§£�¢q�hrv�ln�`�¯�pb|�`lR��iV§£bNiw�`v�xnqtxp��xR§£bNiG�pbevtx?mpq�lR�Rb
�Cb�v�a>b�qkq�v�lR��bN�?q>��
 hN§£lR¦�x?vtbNv�m`�`b.ikx?§�mpq���x?�Á��x?a>��§�hNa>bN��q�ln�£v�b���§�
 ºr� \|»¿b�� ¸Bm`bT��
 m`��bT�£�?q�h��?v�lnqt�£xR� �`ln��i
§¯l.���
�?h��`hNv�lnqt�£xR�P�`bNi0v�hNitbNlnm`oIa>x?¦`�£§�bji�¬��elR��i
��b�q�lnvtqt�¯��§£bR­��`x?m�i0�`v�xR�Cx?itxR��iKm`��b>b�oBqtb���ik�£xR�¿�pm �`vtxRqtxR¤
��x?§�b��K²�»pf ª;�e�pq���a*�£Â�bN��²´����©�»�q�l�qtb�f|xRmpq����`�B®Ä­�lR�`�Cb�§£h�b�Å�l?izqt¤z�K²�»pf
¬���b�qkqtb
b�oBqtb���ik�£xR��Å�l?izqt¤z�K²�»pf6bNikq
��x?����m�bw�`ln��iÃ§�
 x?¦pyzbN��qt��°��pbw�?h�v�b�vÃ§¯l�a*xR¦`�£§£�¢q�hVv�lR�`�¯�pbw�`lR��iÃ§£bNi
vthjikbjlnmpo0lR�B¤¥]`xp�Ga*xR¦���§£bNi�ª·�I³eµ|�w\�i�®�¬�µrxRm�i
h�¸�lR§�m`x?��i+§£bNiG�Cb�vt°«xRv�a2ln����bNi+�pb|Å�l?izqt¤z�K²�»pf(��lnvVit��a�m`§¯l�qt�£xR�´¬�²´bNi+v�hNitm`§¢q�l�q�iG�pb|ik�£a�m�§£lnqt�£xR�>a>x?��qtv�b���q��?m�b
§£b�q�lnmpo��`b3�Cb�vtqtb^�Cb�mpq���qtv�b3v�hN�`m`�¢qGlnm>a*������a�m`a�qtx?mpqGb��>a2ln�£�?q�b���lR��q�m`��qtv�l �C���pb���xR��qtv"!R§£bwv�ln�¯ikx?�`��lR¦`§�b?¬
# Í �N� Ë �%$ � �À  vthjikbjlnmpo¿a*xR¦`�£§�bji*lR�B¤¥]`xp�n­Gv�hNitbNlRmpoÁitlR��i&��§E­Va*x?¦`��§£��qth�v�lR�`�£�`bR­G�`v�xnq�xB��xR§£b.�pb�v�xRmpq�ln�Rb?­
�K²
»`f
¬
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}~� vtbjik�CxR��ikb.qtx qt]�b�������vtbjlRit�����P�CxR�`m�§£lRvt��qzsÁxn°Ka*xR¦`�£§�b���xRa*�`mpq�b�v�i�­^��xR¦���§£b¶}~u43£c�5r¨^lRi*�pbN¸RbN§�x?��bj�Áq�x
b���ln¦`§£b>��xRa*�`mpq�b�v�ieqtx¶a2ln�£�?q�ln�£� }~��qtbNvt��b�q
��xR���`bN��qt�£¸���qzs�¨�]`�£§�b*a*x�¸B�����T°«v�xRa x?�`b�}~��q�b�v��`b�q�l�qtq�l?��]`a*b���q
�CxR�£�?q�qtx*ln�`xRqt]`bNvN¬V�e�2q�]`brxRqt]`bNv�]�lR����­B¨���qt]Tv�bN��b���qVq�bN��]`�`x?§�x?�R�¯��lR§�lR�`¸ïlR����bjiV�£�T§¯ln�pq�xR�T��xRa*�`mpq�b�v�iwlR���
¨��£vtbN§�bjiti|��l�q�lT��xRa*a�m`�`�¯��l�q���x?���pb�¸B�¯��bNiN­�¨��£v�b�§£bNi�i|��x?a>a�m`�`�¯��lnqt�£xR��i�v�b���vtbjikbN�?q|x?�`b�xR°�q�]`b
°·l?izq�bNikqr�Rv�x�¨^¤
�£�`�2ikbN�Ra*b���q�i3xR°´qt]�b0��xRa*a�m��`�£�Nl�q���x?��i3�����`m�izq�vts-qtxp�`lïsR¬ ¡ �£vtbN§�bjiti3�`b�qz¨�x?vt©pi�¦`v����`�2l��`b�¨ �p�£a>bN��it��x?�Tq�x
a*xR¦`�£§£�¢qzs76p�£���pb�bj�.qt]`bNsTb���ln¦`§£b
l�m�ikbNv^qtx2lR�N��bNi�i3qt]�b
}~�?q�b�v��`b�q|lR��sB¨�]`bNvtb0ln���.lnqrln�Bs2qt�£a*bR¬V³3q|�`v�bNitb���qj­
a*xR¦`�£§£be¨��£vtbN§�bjiti3�`b�qz¨�x?vt©pi���ln�.¦�b
��§£l?itit� ��bN�Tl?����xRv��p�����
qtx�qz¨�x>a2ln�£�-qzsB�CbNi98G���p°«v�lRikqtv�m���qtm`v�belR���-�£�p°«v�lRik¤
qtv�m���qtm`v�b�§£bNi�i^a*xR¦`�£§�b0�`b�qz¨�x?vt©pi96�qt]`�¯i�§¯lRikq3qzsB�Cb
xn°��`b�qz¨3xRv�©2�£ir��ln§£§£bN��ln�¶lR�B¤¥]`xp�K�`b�qz¨3xRv�©:3 �`­"1p­`�-5;¬

³�a*xR¦���§£b�lR�p¤;]`xp�
��b�qz¨3xRv�©Pª·� ³rµ|��\|®;3Õ�/5+�£iel-��x?§�§£bN��qt�£xR��xn°Ga*xR¦���§£b��`xp�pbji�qt]�l�qK��xRa*a�m��`�£�Nl�q�b
m�iz¤
�£�`� l ¨��£vtbN§�bjiti>a*bN�`��m`a¶­�°«xRv�a*���`�¿ln� lnm`qtxR��xRa*xRm�i>�`b�qz¨�x?vt©�¬À\^]�b�v�b��¯i*�`x¿��bN�?q�v�lR§��£Â�bj�Àl?����bjiti>�CxR�£��q
xRv3�`v�b�¤¥b�op�¯izq����`�����p°«v�lRikqtv�m���qtm`v�bR¬V»Bm���]T�`b�qz¨3xRv�©piV]�lï¸?be�psB��lRa>�¯�n­Bv�ln���`xRa¶­�itxRa*b�qt�£a>bjiwv�ln���£�p§£s-��]�lR�`�R�£�`�
qtx?��x?§�x?�R�£bNiN­ï§��£a*�¢q�bN��¦�ln���`¨��£�Bq�]Ã­�¸�lnv��£lR¦`§£bVqt]�vtx?m`�R]`��mpq�§£�£�`©pi�­nlR����§£��a*��qtbj���Cx�¨�bNv3ª·bR¬ ��¬´¦�l�qkq�b�v�s
xR�Cb�v�l�q�bN�
�pbN¸��¯��bji�®�¬ ¡ ]`bN� l-�`xp�pb��`b�bj�`i�q�x.��xRa*a�m`���£�Nl�qtb�¨��¢q�] ln�`xRqt]`bNvr�`xp�pb?­���qem�ikbjirbN�¢q�]`b�vKlT�p�£vtbj�Äqr¨��£v�b�§£bNi�i
§£���`©�xRvwl0a�m`§�qt��¤;]`x?�*vtx?mpqtb3qtx�vtbjlR��]�qt]`b|�pbjizq�����l�qt�£xR�´¬�\^]`�¯iVa*bjln��i�q�]�l�q�lR§�§`qt]`b��`xp�pbjiGa�m�izqw�£����xRv���x?v�lnqtb
v�xRmpq����`���Nln��lR¦`��§£��qzs�qtx�bN��ikm�vtb>qt]�l�q���l?��©Rb�q�i
lnv�b2�pb�§£��¸?b�v�bN� qtx¶q�]`b-�pbNit�£�R��lnqtbN� �pbjizq�����lnqt�£xR�Ã¬.��xRv�b�x�¸?b�v
lR�p¤;]`xp�evtx?mpqt�£�`�*�`v�xnq�xB��xR§¯i3a�m�ikq�a>�£�`�£a*��ÂNb0qt]`b0�£���pm���bN�¶��x?�?q�vtx?§Cqtv�l�Ç-�n¬V»BbN¸Rb�v�ln§�v�xRmpq��������`v�xnq�xp��xR§¯i^lnv�b
�`v�xR�Cx?itbN�T���.qt]`b�� ³rµ|��\ ¨3xRv�©B���`���Rv�xRm`�.xn°�}~�w\�Å ª·}~�?q�b�v��`b�q��V���R�£�`b�bNvt�£�`�*\
l?ik©TÅ�xRv���bK}~��qtb�v��`b�q�®Ä¬V³r§�§
qt]�bNitb
�`vtxRqtxp��x?§£i3�?b��`bNv�lR§�§£s-�pbNlR§�¨��¢q�]¶§�x�¨6a>x?¦`�£§���qzs-b��B¸B�£vtx?�`a*b���q|��xR���p�¢q���x?��iN¬

¡ ��qt]Pqt]`b2�£����v�bNl?ik�£�`�¶ln�`�CbNlRv�lR����b�xn°^lR�B¤¥]`xp��a*x?¦`��§£b*�`b�qz¨3xRv�©piK��� �`m`¦`§£�¯�2�pxRa2ln�£��i*ª«b?¬ ��¬>lR��v��CxRvtq�iN­
��lRvt©piN­Ãizq�l�qt�£xR��i�­�b�q��n¬Õ®Ä­Ãqt]`bNvtb*�¯i
ln� �£����vtbjlRit���`���`bNbN� qtx�]�ln���`§�b2ln��� a2ln��ln�Rb�°·lRikq
a>x?¦`�£§���qzsR¬*²Ãx�¨ a*xR¤
¦`�£§���qzs¿��ln�¿¦CbT��x?��it�£�pbNvtbj�PqtxI¦Cb2qt]�bTik�Cb�bj� l�q�¨�]`�¯��]Ál¶�CbN�pbjizq�vt�¯ln� ¨^ln§£©pi�¬��e�¿qt]`b-xRqt]`bNv�]�lR����­
°·lRikq
a*xR¦`�£§£�¢qzs¶v�ln�`�?bNi^°«v�xRa qt]�b�it��bNbN��xR°wl-��sp��§£�¯izqKm`��qtxTqt]�lnqexR°wlT��lRv|q�v�lï¸?b�§£§��£�`�2xR��]����?]�¨^lïsR¬r�GoBqtb����p�����
qt]�b*��x�¸RbNv�lR�Rb�lRvtbjl-xn°3lR�B¤¥]`xp����b�qz¨3xRv�©BiKln���Iq�ln©B�����.�£��qtx¶lR����xRm`��qK°·lRikqKa*x?¦`��§£��qzsI��� v�xRmpq����`���`v�xnq�xB��xR§¯i
��x?m`§¯�PxR¹CbNv�l���x?a>��§�bNa>bN��q�lnv�s itxR§£mpqt�£xR�Pqtx¶q�]`b-ºr� \|» ��� °«xRm�vkq�] �?b��`bNv�lnqt�£xR� ª«�B¾
®Ka>x?¦`�£§�b2�`b�qz¨�x?vt©piN¬
\^]`b2�pbjik�£�R�Pxn°3l.°·l?izq�ln��� b�Ç2����bN��q0v�xRm`qt�£�`�.��vtxRqtxp��x?§
�¯i0�`bN��bNi�itlRvts�q�x.q�]`b2�Cb�vt°«xRv�a*lR����b�xn°^ln�¿lR�B¤¥]`xp�
�`b�qz¨�x?vt©*�£�T��lRvkq��£��m`§£lRv��£�.qt]`b0��l?ikbKxn°´§¯lnv��RbKln���.�pb���ikbK�`b�qz¨3xRv�©piV¨���qt].°·lRikq3a*x�¸B�£�`���`xp�pbji�¬G\^]`�¯i^��lR��bNv
°«xp��m�itbNi^x?�.]�x�¨½qtx-�`bNln§�¨���qt]�°·l?izq|a*x�¸B�������`xp�pbji��£�Tq�]`b��K²
»pf v�xRmpq��������`v�xnq�xp��xR§;¬

�K²
»`f<3Õ�/5w�¯i0xR�`b*xR°wqt]�b2�`vtxRqtxp��x?§£i0�p�¯i���m�i�ikbj� �£�Pqt]`b-�I³eµ|�w\ ¨3xRv�©��£�`���Rv�xRm`�´¬>\^]`b*�`v�xnq�xp��xR§;­´l?i
�pbjit��vt�£¦�bj�¶���Iqt]`�¯ir��ln�Cb�vj­��£�`]`bNvt��q�i|qt]`b>izq�ln¦`�£§���qzs�xn°wl2§£����©?¤~ikq�l�q�b�v�xRmpq����`�T�`vtxRqtxp��x?§´ln����qt]`b>lï¸ïlR��§¯ln¦���§£�¢qzs
xn°|v�xRm`qtbNi�¨�]`bN�Á�`b�bj�pbN�À�pm`b.qtx ��q�i��`v�x?l?�Äqt�£¸RbT��l�q�m`vtb?¬P{rx�¨�bN¸Rb�vj­+¨�]`b��(lI�`xp�pb.�£i�a*x�¸��£�`� °·lRikqN­+qt]�b
§£���`©piK¨���qt] �¢q�i0�`b��£�R]B¦CxRv�ielRvtb>¸�ln§£�£� xR�`§£s �pm`v��£�`��l�it]`xRvtqeq���a*b*�£�?q�b�v�¸�ln§;¬�}¥°���l?��©Rb�q�iKlnv�b�°«x?vt¨^lnv��pbN�¶x?�
ln���£�B¸�ln§£�£��§£�£�`©�­��`xRqrsRb�qK�pb�qtbj�Äqtbj�IlRi|¦`vtx?©RbN�Ã­`q�]`b�s�lnv�b
§£x?ikqN¬r{rb�����b
qtx.a>�£�`�£a*��ÂNb���l?��©Rb�q|§£x?i�iN­�¦`v�xR©?b��
§£���`©pi3¦Cb�qz¨3b�b��Tqt]`bK�`xp�pb
ln���-��q�i3�`b��£�R]B¦CxRv�iwa�m�ikq3¦Cb���m`�¯��©B§�s-�`b�qtbj�Äq�bN��¬+}~�.qt]`�¯i3��ln�Cb�vj­B¨�bK�`v�xR�Cx?itb|qt]�b
Å�l?izqt¤z�K²�»pfÆb�oBq�b���it��x?��qtx�lR�N��xRm��?qr°«xRve°·lRikqe�`xp�pbjir�£� v�xRmpq������-¨�]`�£§�b�©Rb�bN�`�£�`�-q�]`b�v�xRmpq������Tx�¸RbNvt]�bNlR�¶l?i
§£x�¨Æl?i��Cx?i�ik�£¦`§£bR¬�\^]`�¯irb�o�q�b���it�£xR�¶�£ir¦�lRitbN�¶x?�¶qt]`b������¢q��£lR§
ikqtm��ps=3 >�5¥¬|³Æqtv�lR�pbNxn¹ �£i|°«xRm`���I¦�b�qz¨�bNb��¶qt]�b
v�xRmpq����`��x�¸RbNvt]`bjlR�*ln���2qt]�be§£x?i�iwv�l�q�bR¬+³ri^l�v�bNitm`§�qN­�qt]�bKl?�B¤;]�xB�r�`b�qz¨3xRv�©>�`xp�pbNi3��lR�Ta*x�¸Rbrl?iV°·l?izq�lRiwqt]�b
��bN§�§£m`§¯lnv��`b�qz¨�x?vt©2��xB�`bNi�ln���Tq�]`b
x�¸RbNvt]�bNlR�-vtbNa*lR���¶lR�N��bN�pq�lR¦`§�b?¬

\^]`bKvtbNa2ln�£���pb�v^xR°Ãqt]`�¯i^��lR��bNv��£i3xRv��?lR�`�£Â�bN�TlRi�°«xR§£§�x�¨|i98�����»BbN��qt�£xR���p­p¨3bK�`bNi���v���¦Cbrq�]`bKqz¨�x�°·lna*�£§��£bNi
xn°
v�xRmpq������ ��vtxRqtxp��x?§£i�ª·�E¬ bR¬Æv�bNlR��qt�£¸Rb�ln���(��vtx�lR�Äq���¸?b¶�`vtxRqtxp��x?§£i�®>�p�¯it��m�ititbN�¼�£� qt]`bP�I³rµr�w\ ¨�x?vt©B�£�`�
�Rv�xRm��Ã¬�}~� »BbN��qt�£xR� 1�­�¨�b*¦`v��£b�?�s��`v�bNitb���q��K²
»pf�­�l.�`v�x?l?�Äqt�£¸Rb��`v�xnqtxp��xR§;¬�}~�¿»pbN�Äq���x?�P��­�¨�b*it]`x�¨ ]`x�¨
qt]��£i
��vtxRqtxp��x?§V��ln�¿¦Cb-b�oBq�b����pbj�Pqtx¶q�lR©Rb2�£��qtxIlR�N��x?m`��qK°·l?izq�a*x?¦`��§£��qzsR¬T}~�Á»Bbj�Äq���x?� �`­´¨3b2b�¸�ln§£m�lnqtb*qt]�b
�Cb�vt°«xRv�a*lR����bexn°�q�]`bKÅ�lRikqk¤k�K²
»pf½b�oBqtbN��ik�£xR�T���Tqtb�v�a2i3xn°Ãa*bNi�itlR�Rbe§�x�iti3ln���-�����`m���bj�-x�¸RbNvt]�bNlR�Ã¬ ¡ b ��v�ikq
xRm`qt§£���`b
x?m`v�ik�£a�m�§£lnqt�£xR��a>xp�pbN§´ln���-q�]`b��IlR��ln§£spikbeqt]`b�it�£a�m`§¯l�q���x?�.v�bNitm`§�q�i^xn°+Å�l?izqt¤z�K²�»pf
¬
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�e�¢¹�b�v�b���qVv�xRmpq����`�0�`v�xnq�xp��xR§¯iGlnv�b3�`vtx?��x�ikbj���£�>qt]`b|� ³rµ|��\(¨3xRv�©B�����e�?vtx?m`��xR°�q�]`b�}~�w\�Å3¬?\^]�b�s�l?�`�pv�bNi�i
qt]�b
�`vtx?¦`§£b�a&xR°
m`�`�¯��l?izq�v�xRmpq�������­p¨�]`�£§�bKq�ln©B�����>�£��qtx2lR�N��x?m`��q�q�]`b0°«bNlnqtm`v�bNi^xR°
¨��£vtbN§�bjitiN­Ba�m`§�qt��¤;]�xR�Ã­`a*xR¤
¦`�£§�b>lR�B¤¥]`xp�
�`b�qz¨�x?vt©piN¬|»Bm���]I�`v�xnq�xp��xR§¯i|�Nln�I¦Cb��p�£¸B�£�`bN���£��qtx2qz¨3xT��lnqtbN�RxRv��£bNi98w�`v�x?l?�Äqt�£¸Rb�lR���¶v�bNlR��qt�£¸Rb?­
�pbN��bN���p�£�`�2xR�.qt]`b
v�xRm`qtb
�p�¯it��x�¸Rb�v�s*a*bN��]�lR�`�£ita q�]�l�q|�¯i�m�itbN��¬

¡ ��qt]�vtbjlR�Äq���¸?br�`v�xnq�xp��xR§¯iN­Bl��`xp�pb0�p�¯it��x�¸Rb�v�i�vtx?mpqtbji�x?�p¤~�pb�a2ln���-ln���.a2ln�£��q�ln�£��i3xR��§�s-l?�Äqt�£¸RbKv�xRmpq�bNiN¬
\^]Bm�iN­?l0v�xRmpq�b��£i��p�£i���x�¸?b�v�bN��¨�]`b��`bN¸RbNvwl
ikx?m`v���b^�`xp�pb|�`bNbN�`iGqtx���xRa*a�m`���£�Nl�qtb�¨���qt]-l
�`bNikqt�£��l�q���x?�>��xB�`b
°«xRv�¨�]`�£��]Ál¶v�xRm`qtb2�¯i��`xRq�lï¸ïlR��§¯ln¦�§�b?¬.\^]`�¯i��p�¯i���x�¸RbNvts��¯i�¦�lRitbN� xR�¿�`m`v�b ?�xBxp�p�£�`� 3� /5��£� qt]`b.�`b�qz¨3xRv�©�¬
\^]`b2itxRm`v���b��`xp�pb�¦�vtx�lR�`�NlRikq�iKl ���"!)��� ���$#%!"�����|a*bNi�itlR�Rb�q�x�ln§£§���q�iK�`bN���?]B¦�x?v�iN¬�\^]`b>�`b��£�R]B¦CxRv�ir�£�Pqtm`v��
v�b�¦`v�x?l?�`��l?izqKqt]`b ���&!)� � ���$#'!"�����Kqtx¶q�]`b��£v��`bN���?]B¦�x?v�i0��°^qt]`bNsP�px��`xRq�]�lï¸?b*l¶v�xRm`qtb>qtx�q�]`b-�pbjizq�����lnqt�£xR�Ã¬
¡ ]`bN�Àq�]`b � �&!)� � ���$#%!"������vtbjlR��]`bji�bN�¢q�]`b�v>q�]`b��`bNikqt�£��l�q���x?�ÀxRv*lP�`xp�pbTq�]�l�q2]�l?i�lP¸�ln§£�£�Àvtx?mpqtb.qtxPqt]�b
�pbjizq�����lnqt�£xR�Ã­�l ���&!)� � � ��*7��� a*bNi�i�ln�Rb>�¯i
�RbN�`b�v�l�q�bN� ln���Pqtv�ln��ika*��qkqtbj� ¦�lR��© qtx¶qt]�b-ikx?m`v���bR¬-\^]`�¯i�� �&!)� �
��� *,���P°«xR§£§£x�¨|i0qt]`b.vtbN¸RbNv�itb*��l�q�] qtx�q�]`b.itxRm�v���b	6G�£�?q�b�v�a*bN�p�¯l�q�b-�`xp�pbNiN­+¨�]`�¯��] vtbj��b��£¸Rb*q�]`b � �&!)� � � ��*7����­
itb�q2m`� lPv�xRm`qtb.qtx qt]`bI�`bNikqt�£��l�q���x?�Ã¬(\^]`bNvtb�°«xRv�b�l?i*ikxBxR� lRi�q�]`b�ikx?m`v���b.v�bN��b��£¸Rbji�q�]`b ���&!)� � ��� *,� ��­^l
v�xRmpq�b|�£i3��v�bNlnqtbj�>°«vtx?a q�]`beitxRm�v���b�qtx
q�]`b0�pbNikqt�£��l�q���x?�Ã¬+\^]`bel?�p¸�ln��q�lR�Rb|xR°ÃvtbjlR�Äq���¸?b��`v�xnqtxp��xR§¯iG�£iwqt]�l�q���x
��x?��qtv�xR§�a>bjiti�ln�?b��¯iK�`b�bj�pbN� °«xRv0�`x?�p¤¥l?�Äq���¸?b�v�xRmpq�bNiN¬�\^]`b2�pv�lï¨�¦�lR��©��£ieqt]�b>§¯l�q�b�����s�¨�]`b�� bNikq�lR¦`§£�£it]`�£�`�
l.vtx?mpqtb?¬>Å�m`vkq�]`b�v�a*xRv�bR­Cqt]�b2v�lR�`�£�`§�sI��]�lR�`�R�£�`�TqtxR�CxR§£xR�?s�a2lïs�¦`vtbjln©IlR�PlR��qt�£¸Rb>vtx?mpqtb2lR��� �Nlnm�itb>itm`¦p¤
itb ��m`b���q�v�xRmpq�b��p�£i���x�¸?b�v�s>qtx2bNikq�lR¦`§£�£it]�l*��b�¨ v�xRm`qtb0qtx2l2�pbjizq�����l�qt�£xR�´¬G�Go`lna*�`§£bNi^xn°+v�bNlR��qt�£¸Rb0�`v�xnq�xB��xR§¯i
�£����§£m��pb-³r���)( 3£c�53ln��� �K»`f 3 ±�5¥¬-}~� ³r���)(�­Ã¦�lRitbN�PxR�+* �r�¯ikq�ln����b�(GbN��qtxRv�vtx?mpqt�£�`�&,Ä­�q�]`b:���&!)� � � ��*7���
��x?��q�ln�£��iKq�]`b2�Bm`a�¦Cb�v
xR°3]`x?��iKqtx�v�bNl?��]Iq�]`b-�pbNikqt�£��lnqt�£xR�Ã¬2}~� �0»pf
­Ã¦�l?ikbj� x?�+*t»Bx?m`v���b*f�xRmpq������&,Ä­Ãqt]�b
��l?��©Rb�q�]`bjlR�pbNv���lnv�v���bjiwq�]`b�itb ��m`b�����b0xn°�]`xR��i�qt]�lnq3q�]`b
��l?��©Rb�q�]�l?i3qtx>°«xR§£§£x�¨½qtx2v�bNl?��].l*�pbjizq�����lnqt�£xR�Ã¬

¡ ��qt]¿�`v�x?lR��qt�£¸Rb>�`v�xnqtxp��xR§¯i�­�bjlR��] �`xp�pb2��xR��q����Bm`x?m�ik§£sIa2ln�£��q�lR����ieq�]`b2vtx?mpqtbjiKqtx�ln§£§VxRqt]`bNv
�`xp�pbNi0�£�
qt]�b|�`b�qz¨3xRv�©
¦Bs��Cb�v���xp�p�¯��b�op��]�ln�`�?b�xR°���xR��qtv�xR§Ba*bNi�i�ln�Rbji�¬ ¡ ]`b��-l0��xB�`b��`b�bj�`i+qtx�itb����2le��lR��©Rb�qGqtx�lR��s
xnq�]`b�vK�`xp�pb�����q�]`b>�`b�qz¨3xRv�©�­`qt]�b�v�xRmpq�b��¯ir�£a*a>bj�p�¯l�qtbN§�s�lï¸�ln�£§¯ln¦`§£bR¬K\^]`b�a2ln�£� l?�p¸�ln��q�lR�Rb�xR°V�`vtx�lR��qt�£¸Rb
�`v�xnq�xB��xR§¯i
�¯i�q�]�l�q�qt]`bNsÁ�pxI�`xRq��£�?q�vtxp�pm���b.l �pb�§¯lïsP¦Cb�°«x?vtb�ikbN���p�£�`� �`lnq�l�¬PÅ`m�vkq�]`b�v�a*xRv�bR­
qt]`bjikbTqzs��CbNi
xn°^�`v�xnq�xB��xR§¯i
lnv�b*m�ikb�°«m`§G°«x?v
qtv�l�Ç-�>��l�qtqtbNvt��i�¨�]`b�v�b2l¶§£lRvt�?b*itm`¦�itb�q�xR°3��xB�`bNi0�¯i���x?a>a�m`�`�¯��lnqt�£�`��¨��¢q�]
ln��xnqt]�b�v0§£lRvt�?b�itm`¦�itb�q
xn°3�`xp�pbNiN­´lR���I¨�]`bNvtb>q�]`b 3 itxRm`v���b?­Ã�pbNikqt�£��lnqt�£xR�)5G��lR��v�i0lnv�b>��]�lR�`�R�£�`�.x�¸Rb�vKq���a*bR¬
³riK°«x?v �`opbN� �`b�qz¨�x?vt©piN­�qz¨3x¶a2ln�£� lR�`�`v�x?lR��]�bNiKlnv�b>m�ikbj�I°«x?v
�`vtx�lR��qt�£¸Rb�l?�B¤¥]`xp����vtxRqtxp��x?§£i98-* �e�£ikq�lR����b�¤
(GbN��qtx?v|vtx?mpqt�£�`�",
lR���.*k²´���`©¶»�q�lnqtb�v�xRm`qt�£�`�&,Ä¬w�Go`lRa>��§�bji�xn°G�`v�x?l?�Äqt�£¸Rb0�`v�xnq�xp��xR§¯i^�£����§£m��pb �0» �)( 3 /�53ª·lR�
lR��ln�pq�l�qt�£xR�>xn°Ãf�x?mpqt�£�`�
}~��qtbNvt��b�qVuVv�xnq�xB��xR§ 3£cN��5«®Ä­`�K²
»`f ªEln�*xR�`qt�£a>�£ÂNlnqt�£xR�*xn°Cqt]�br²Ã�£�`©>»Bq�l�q�b|ln§£�Rx?vt��qt]`a
�0»BuwÅ+3�c?c�5«®^ln����\)0^f�uwÅ 3�cï�/5;¬
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�K²
»`f 3Õ�/5V�£iKl.�`vtx�lR��qt�£¸Rb�v�xRm`qt�£�`�T�`v�xnq�xp��xR§;­C�`vtx�¸B�¯�p�£�`�-q�]`b>l?�p¸�ln��q�lR�Rb�xn°w]�lï¸B�£�`�Tv�xRm`qtbNie�£a>a*bj�p�£lnqtbN§�s
lï¸�ln�£§£lR¦`§£b����2bjlR��]2�`xp�pb�°«x?v�lR§�§C�pbNikqt�£��l�q���x?��iG�£�2qt]�b|�`b�qz¨3xRv�©�¬
}¥q��£i�ln�2xR�`qt�£a>�£ÂNlnqt�£xR�2xR°�l��`m`v�b|§��£�`©*izq�l�q�b
v�xRmpq����`�P�`v�xnqtxp��xR§;¬P\^]`�¯i�x?�pqt�£a*��Âjl�q���x?�Á�£i�¦�l?ikbj� xR� q�]`b¶��xR����b��`q�xn° �:!)����
 *"��
��"� � ��� 
-��� ª;�4� ( �j® 3�c/1�5;¬
Å���v�ikqN­Ãm�it�£�`� �<!)����
 * �-
��"� � ��� 
-���2vtbj�pm���bji|q�]`b2ik�£Â�b*xR°Vqt]`b2��xR��qtv�xR§+a*bNi�itlR�Rbji 8|v�l�q�]`b�veqt]�ln�¿�pbN��§£lRvt�£�`�.lR§�§
§£���`©piN­`l���xB�`b0�`bN��§¯lnv�bNi�xR��§�s2q�]`b
ikb�q�xn°
§£�£�`©pi�¨���qt]���q�i^�`bN���?]�¦CxRv�i�qt]�lnq|lnv�be��q�i=*��<!)����
 * �-
��"� ��� � 
-���>,�¬V\^]�b
m�itb¶xn°?�@� ( �¶lR§£itxPa*�£�`�£a>�£Â�bji ?�xBxp�p����� xR°K��xR��qtv�xR§3qtv�l�Ç-�R¬(}~���`b�bN�(xR��§�s �<!)����
 * �-
��"�;� ��� 
-���¶°«xRv�¨3lRv��
��x?��qtv�xR§�a*bjiti�ln�?bNiN¬
\^]`�¯iVq�bN��]`��� ��m`brit�£�R�`� ����lR��qt§£s�v�bN�pm���bNiwqt]�br�Bm`a�¦Cb�v�xn°Ãv�b�q�v�lR��ika*�¯itit�£xR��iGxR°Ã¦`v�x?lR����lRikq
��x?��qtv�xR§�a*bNi�itlR�RbNi 3£c��`­´cj�/5¥¬

�K²
»`f&�¯i2��]�lnv�lR��qtb�v��£Â�bN�¿¦Bs qz¨3xPqzs��CbNi*xR°K��xR��qtv�xR§3a*bNi�itlR�RbNi98T��b��£�R]B¦�x?vt]�x�xp�ÁlR���ÀqtxR�CxR§£xR�?s a*bNik¤
i�ln�Rbji�­+��lR§�§£bN�¿v�bNit�CbN�Äq���¸?b�§£sBA ����� ��a>bjiti�ln�?bNi�lR���DC�� *"��� � �-�FE ����� ���-��ªGCHE ®�a*bNi�itlR�RbNiN¬¶}~���pbNbN�(�K²�»pf
�`v�x�¸B�£�pbji^qz¨3x2a*lR���I°«m`���Äq���x?��ln§£��qt�£bNi98wq�]`b&��v�ikqr�£ir���Pµ|b��£�R]B¦CxRv �e�¯it��x�¸Rb�v�sR­�ln����q�]`b�itbN��xR�����¯ie\
xR�CxR§£xR�?s
�e�£i�ikbNa*����lnqt�£�`��¬V\^]�bNitbK¨��£§£§Ã¦�b��`b�q�lR��§£bN�.�£�.q�]`b0°«xR§£§£x�¨����`��¬
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�wl?��]Á�`xp�pbTa�m�ikq>�pb�qtbN��q�q�]`bT��b��£�R]B¦�x?v��`xp�pbji�¨���qt](¨�]`�¯��]Á�¢q>]�lRi>lI�p�£v�bN�Äq>§��£�`©�¬ �rm`bTqtx qt]`b�m`����b�vt¤
q�lR����q���bji
���¿v�lR�p�£x��`vtx?��ln��l�q���x?�Ã­Ãl¶§��£�`©P¦�b�qz¨�bNb��¿�`b��£�R]B¦CxRv������.�`xp�pbji
a2lïsIb���ln¦`§£b>qt]`b2q�v�lR��ita>�¯i�ik�£xR�Pxn°
�`lnq�l¶�£� b���qt]`bNv�xR�`b2x?v�¦Cxnqt]Á�`��v�bN��qt�£xR��i
x�¸?b�v0q�]`b-§£���`©�¬¶Å`x?v
qt]`�¯iN­
bjlR��]¿�`xp�pb2�Cb�v���xp�p�¯��lR§�§£s ¦`v�x?l?�`��l?izq�i
A � ��� �Ka*bNi�i�ln�Rbji�­���x?�?q�ln�£�`�£�`�
qt]�be§£�£ikq�xR°Ã�`b��£�R]B¦CxRv�iG©B�`x�¨��2q�x�qt]�br�`xp�pbKln���*q�]`b��£v3§��£�`©2izq�l�q�m�i�¬G\^]`be§��£�`©
ikq�l�q�m�iK��ln��¦Cb>b���qt]`bNv ����� ��� � ��
 ..ª«��°���xRa*a�m`���£�Nl�qt�£xR���¯ie��x�itit��¦�§�b����I¦Cxnq�] �p�£vtbj�Äq���x?��i�®�­ 
������ � � � ��
 ..ª«��°
��x?a*a�m`�`�¯��lnqt�£xR�>�£iVxR�`§£s��Cx?i�ik�£¦`§£b����*x?�`b|�p�£vtbj�Äqt�£xR�C®Ä­"�<!)����
 * �-
��"�'��� � 
��Tª·�¢°�q�]`b|§£���`©��£iwiksBa*a*b�qtv��¯��ln����qt]�b
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�£� �����������	� ��
�
�®�¬�\^]��£i0a*xp�pb�§V�Nln� ¦�b2lR�`�`§£��bj� ¨���qt] �
����������� ��
�
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xn°´°·l?izq|§£�£�`©pi
ª«�;¬ b?¬�­ � 
����/! ! � ��� �'! 
��"� � �$#�
-�·®Ä­�itbN��xR���`§�s2q�]`b
¸RbN§�xp���¢qzs2xR°-D �£��©��£§£xRa*b�q�b�v�i^��bNv�]`xRm`vj¬

IKJ'@�IML



���������	��
���
�������
�����������
���
�����
�� ��!"��#%$'&)(+*,���-���/.0��� /

��� � ���
�
	 � ��
 ����	 � �	� 	 � 
 �
Å����?m`v�bNi%1�ln���-��]`�£�R]`§£�£�R]�qwq�]`be�Cb�vt°«xRv�a2ln����b|xn°´Å�lRikqk¤k�K²
»pf½���2q�b�v�a2iwxR°Ã§�x�iti�v�lnqtbrlR���2x�¸?b�v�]`bNl?��­R¨�]`bN�
�`xp�pb 
 ikbN���`ir� 0^f qtv�l�Ç-�eqtx2a*xR¦`�£§£bOD ¬V��x?¦`��§£��qzs-v�lR�`�Rbji�°«vtx?a��n�>©Ba �ï].qtx�cj�R��©Ba �ï]´¬

Å����?m`v�b�1��pbN�`�£��q�iwqt]`be��lR��©?b�qw§£x?i�iGv�l�q�b|¸RbNv�itm�iGq�]`bra*x?¦`��§£��qzsR¬V»Bb�¸?b�v�ln§���m`v�¸RbNiwlnv�br�pv�lï¨��2¨��¢q�]-vtbN�?lRv��
qtx>q�]`b
¸�ln§£m`b
xn°
qt]`b � 
����/! !"����� �'! 
��"� ���$#�
���ª«°«vtx?a cN�?��a2i^q�x�1?�R��a2i�®�¬V³ri|Å��£�Rm`v�b 1>it]`x�¨|iN­�qt]`b
�?vtbjl�qtbNv
qt]�b �A
���� ! ! � ��� �"! 
������ �$#�
��^�£iN­
qt]`b-�?vtbjl�q�b�vKqt]`bT§�x�iti
v�l�q�b*�£iN­�lR����­�xn°���x?m`v�itbR­´qt]`bT��lR��©?b�q
§�x�iti�¦�bj��xRa*bji
�Rv�bNlnqtbNv^l?i3qt]`b�it�Cb�bN�.�£����v�bNl?ikbji�¬

0

5

10

15

20

25

30

35

40

45

50

55

20 40 60 80 100 120 140 160

Lo
ss

 ra
te

 (%
)

Mobility Km/h

Fast_hello_interval

100ms
140ms
200ms
240ms
300ms

Å����?m`vtb 1"8+²´x?i�i^v�lnqtb0¸RbNv�itm�i3a*xR¦`�£§£�¢qzs?¬

�em`vGit��a�m`§£lnqt�£xR�>vtbjikm�§¢q�iGik]`x�¨Àqt]�lnq+qt]`b���l?��©Rb�q+§£x?i�i�v�lnqtb���lR��¦Cb�a2ln�£��q�ln�£�`bj��ita2ln§£§�bNv+qt]�lR�.cj�`¬ >��6°«x?v
l�¸Rb�§£xp����qzs2m`��qtx�/R��©Ba ��]Ã¬Vf�bj��ln§£§Cqt]�lnq^qt]`bjikb0v�bNitm`§¢q�i^lnv�bex?¦pq�lR���`bj�T�£�¶l�¨3xRv�izqt¤¥�NlRitbr¨�]`bNvtbK�¯i^�`x�x�¸?b�vt¤
§¯ln�`�`�£�`�*v�lR�p�£x>��x�¸RbNv�lR�RbrlRvtbjl�xR°
qz¨3x>l?�ïyklR��b���q��`xp�pbNi�D��t­ D��%$&�Rª·itb�b
Å����?m`vtb��?®�lR���.�`x*¦`mp¹�b�v����`�*x?v�vtb�¤
qtv�ln��ika*�¯itit��x?�-lnv�be��xR��it�£�`b�v�bN��¬+\^]`bKvtx?mpqt�£�`��x�¸?b�v�]`bNl?�>�`vtxp�pm���bN�2°«xRv�qt]`b0ika2lR§�§£bNikq�� 
����/! ! � ��� �'! 
��"� � �$#�
-�
ª«�;¬ bR¬Àcj�R�Ra*i�®K�¯i�©?b��pq>¦�bN§�x�¨  B¬� �©B¦`��q �ni�¬ \
xIbjizq�ln¦`§£�£it]ÀlI��xRa*��lRvt�¯ikx?�Ã­
qt]`�¯i��£��qtbNvt¸�ln§��£i�b ��m`�£¸�ln§£b���q�q�x
qt]�b cj�R�¶a2i &�� ��� � �0���/. 
 
�� � � E ����� � ��� E�A 
��"�7����ª & �:E-E�AI®0�£�(¾
»p� v�lR�`��x��£��qtb�vt°·lR��bR¬I\^]`b & �:E-E�A
��]�lR�`�`b�§��¯i^m�itbN�.qtx*v�b��CxRvtq�vtbj��b��£¸Rbj�.it�£�R��lR§�ikqtv�b����nqt]¶ln���Tq�]Bm�i3qtv����?�RbNv�i�qt]�b
]�ln���`xn¹I¦Cb�qz¨3b�b�����b�§£§£iN¬

Å`x?vKlT�R�£¸RbN�Ia2l�op��a�m`a lR�N��bN�pq�lR¦`§�b�§�x�itiev�l�qtb>ln���Iqt]`b>a2l�op�£a�m`a v�bNl?��]�ln¦`§£b�it��bNbN��­�¨3b��Nln� �pb�q�b�vt¤
a*����b|qt]�be§¯lnv��Rbjizq � 
����/! !"����� �'! 
��"� ���$#�
��´qt]�lnq��`v�xp�pm���bNiGq�]`bK§�bjlRikqwvtx?mpqt�£�`��x�¸?b�v�]`bNl?��¬
Å��£v�ikq�¨3be�`v�lï¨¼qt]�b
¸RbNvkq��£�Nln§+§£���`b2�£���p�¯��lnqt�£�`�¶qt]�b2a*lnop��a�m`a it��bNbN��­�ln���Pqt]�b2]`xRv���ÂNxR��q�lR§+§��£�`b2v�b��`v�bNitb���qt�£�`�.qt]`b-l?����b��pq�ln¦`§£b
§£x?i�i
v�lnqtb?¬T\^]`bTl?����bN�pq�lR¦`§£b>v�b��?��x?�P�¯i
q�]`b��Á�`b�§£��a*��qtbN�¿¦Bs qt]`b���¤¥lnop�£iN­Ãq�]`b���¤¥lnop�£iN­�qt]�bTik�Cb�bj�¿§��£�`b-lR���
qt]�b�§�x�iti^v�l�q�b
§��£�`b?¬�\^]`b
a*x?ikqrln���`vtx?�`v��£lnqtb �A
���� ! ! � ��� �"! 
������ �$#�
��+�£i�qt]`b�x?�`b
�R�£¸RbN�.¦BsTqt]`b��£��qtbNv�itbN��qt�£xR�
xn°�qt]`b*]`�£�R]�bNikq
��m`v�¸Rb>��� qt]�b*l?����b��pq�ln¦`§£b�v�b��?��x?� ¨���qt] qt]�b*it�Cb�bN�P§£���`b?¬2Å`xRv0b�oplRa*�`§�b?­�°«xRv�l.a2l�op�£a�m`a
it��bNbN�.xn°wcï�R�
©Ba �ï]�ln���.l�§£x?i�i3v�lnqtbKxn°wcï���T­�qt]`b0x?�`§�s2�Cx?i�it��¦`§£b �A
��0�/! ! � ��� �'! 
������ �$#�
-�´�¯iKcN�R��a2i�¬V{rx�¨^¤
b�¸?b�vj­´°«x?v�lIit�Cb�bN�¿§£�£a>��qtbj� q�xI�?�¶©Ba �ï] ¨���qt]ÀlI§�x�iti�v�lnqtb-xR°0cj���T­
qt]`bNvtbTlRvtb.ikbN¸Rb�v�ln§G�Cx?i�it��¦`�£§£�¢q���bji�°«x?v
qt]�b � 
���� ! !"����� �"! 
��"� ���$#�
�� 80cN�?�*a2i�­�c����*a*iN­��n�R�>a2iN¬ ¡ b�ikbN§�bj�Äq|q�]`b�]`�£�R]�bNikqe��m`v�¸Rb?­�¨�]`�¯��]��R�£¸Rbji�m�iel
� 
���� ! !"����� �"! 
��"� ���$#�
��VxR°��n�?�2a2i�¬e}~���pb�bj�¶qt]��£iK¸�ln§£m`b��£����m`v�i|qt]`b*ita*lR§�§£bNikqrx�¸?b�v�]`bNl?�.�£��q�]`b>l?����b��pq�ln¦`§£b
v�b��R�£xR�´¬

@A@4B-C)D�E/FHG



cN� ������� ���/
-
��
	��
��� 
��7���
����������� �/!"


Å����?m`v�b�� �pbN�`�¯�Äq�i2qt]`bIv�xRm`qt�£�`�¿x�¸Rb�v�]`bjlR� �£���pm���bN� ¦BsÀÅ�lRikqk¤k�K²
»pf�¸RbNv�itm�i>qt]�b�a>x?¦`�£§���qzsR¬6»pb�¸RbNv�lR§
��m�vt¸?bNiKlnv�b��pv�lï¨��I¨���qt] v�b���lnv��¶qtx.qt]�b�¸�ln§£m`b>xn°Vq�]`b �A
��0�/! ! � ��� �'! 
������ �$#�
-�eª«°«vtx?a cN�R�Ta2irq�x 1?�R�Ta*i�®Ä¬
³ri�Å����?m`vtb*�Iit]`x�¨|iN­Ãqt]�bTika2lR§�§£b�v
q�]`b � 
���� ! !"����� �"! 
��"� ���$#�
����¯i�­
qt]�b-�Rv�bNlnqtb�vKq�]`b-v�xRmpq����`��x�¸?b�v�]`bNl?�I�¯i�¬
\^]`b
v�xRmpq�������x�¸?b�v�]`bNl?�-¦CbN��x?a*bNi�it§��£�R]�qt§£s-�?vtbjl�qtbNv�lRi3qt]�b0it�Cb�bN���£����v�bNl?ikbji�¬

200

400

600

800

1000

1200

20 40 60 80 100 120 140 160

O
ve

rh
ea

d 
tra

ffi
c 

by
te

/s
ec

Mobility Km/h

Fast_hello_interval
100ms
140ms
200ms
240ms
300ms

Å��£�Rm`v�b0�"8w�e¸RbNvt]`bjlR�-qtv�l�Ç-�K¸Rb�v�itm�i3a>x?¦`�£§���qzsR¬

Å����?m`v�b��|lR§£itx�ik]�x�¨|i�qt]`bVl?�`�p��qt�£xR��lR§nx�¸RbNvt]�bNlR�rvtbjikm�§¢q����`�^°«v�xRa l��pbN��vtbjlRitb+���Kqt]�b �A
���� ! ! � ��� �"! 
������ �$#�
��ê¬
\^]`b ��]`x?�£��b xR°>l ita*lR§�§£b�v � 
����/! ! � ��� �'! 
��"� � �$#�
-���¯i>yzm�ikqt� ��bN�Æx?�`§�s ¨�]`b��6qt]`b v�bNitm`§�qt�£�`� �?lR���6���Æ§£x?i�i
v�l�qtb¶�¯i2ik�£�R��� ���Nln��qN¬YÅ�xRv2b�o`lRa>��§�b?­V°«xRv-l a2l�op�£a�m`a ik�Cb�bj�(xR°0�R�P©Ba �ï] ln���(l §£x?i�i*v�lnqtb¶xn°>cN���T­3l
� 
���� ! !"����� �"! 
��"� ���$#�
��|xR°�c����¶a*i��¯i���]`x�ikbN�Ã¬I³ � 
����/! ! � ��� �'! 
��"� � �$#�
-�|xn°�cj�R�¶a2i�¨3xRm�§£�¿�£a*�`vtx�¸?b2qt]�b
§£x?i�i|v�l�qtb�ª«��qe¨3xRm`§¯��¦Cb. ��>®�¦`mpq
l�qeqt]`b>��x�izqKxn°wln�PlR�`�p��qt�£xR��ln§´x�¸?b�v�]`bNl?��xn°|c�© 03s�qtb"��iN¬K�e��qt]�b�xRqt]`bNv
]�lR����­`°«x?v|l*a2l�op��a�m`a ik�Cb�bj�.xR° /?�*©Ba ��]�ln���¶l*§£x?i�i�v�lnqtb0xn°V�R���T­�l �A
���� ! ! � ��� �"! 
������ �$#�
��Gxn°V�����>a*i
�¯i
��]`x?itb��Ã¬�}¥q
��a*�`v�x�¸Rbji|q�]`b2§�x�itiKv�l�q�b�ª·�¢q�¨3xRm`§¯�I¦Cb 1R� � ¨��¢q�] l � 
����/! !"����� �'! 
��"� ���$#�
��3xn°�1R�R�.a2i�®Klnq
qt]�b���x?ikq�xn°Gln�¶lR�`�`�¢q���x?��ln§�x�¸?b�v�]`bNl?�2xn°+xR�`§£s 1?�<03s�qtb"��iN¬
f�bjikm`§�q�i�xn°|x?m`v*ik�£a�m`§¯l�q���x?��i�lRvtb.ikm`a*a2lnv��£Â�bN�Á���À\�ln¦�§�bPcR¬¿Å`xRm�v���§¯lRi�itbNi�xR°ra*xR¦`�£§£bT�`xp�pb�lnv�bT�pb�¤

���`bj��¬ �wlR��]Æ��§¯lRi�i¶�¯i��pb�����bN� ¦Bs½�¢q�i¶a2l�op��a�m`a it��bNbN��¬ Å�xRv�bNl?��] ��§£l?itiN­K¨�b �pb�qtb�v�a*����bPq�]`b ¦CbNikq
� 
���� ! !"����� �"! 
��"� ���$#�
���ln���-l?ititxp���¯l�q�bN�*a2l�op�£a�m`a v�xRmpq����`��x�¸RbNvt]`bjlR�>�£�-qtbNvta2i�xn°Ã©B¦`��q3�Cb�v^itbN��x?����­p��x?a>¤
�`§£�£lR��q^¨���qt]¶q�]`b
lR�N��b��`q�ln¦�§�b0§£x?i�i^v�lnqtbR¬

\�ln¦�§�b*cR¬V�IxR¦`�£§���qzsT��§£l?ititbNi^ln����l?ititxp���¯l�q�bN�-v�bNitm`§�q�iN¬

��������� 	�

����� ���������������������� !�"� $#%�&�����'���(�������()� !(*� $#%�&�����+���(�����-,��. 

/ ���0��1324���5�5� 687.�9��24����� / ���0��1:2;���5�5� 687.�9��2;����� / ���0��132;���5��� 687.�9��2;�����
<�= 

�>�?2;��@A� = � <�B 
;� = � <�B 
4� = � <�B 
4�

�DCAE��5F��0� G�"��IHJ#LKM* �9N.� )MO N ,�N�� PAO Q R'P���� ,�O Q
S � B ��T KM*U�IHJ#WV�" ����� QMO Q ��N�� )�O Q ��N�� )�O Q
X �.��� V�"U�IHY#Z!(G�" [ [ ����� Q�O \ ��N�� ]AO ,

^ F5_�2M`+��C !�G�"��IHJ#Z!(*�" [ [ [ [ ����� \AO5�

IKJ'@�IML



���������	��
���
�������
�����������
���
�����
�� ��!"��#%$'&)(+*,���-���/.0��� c?c

� � ���.13��,��´�����

¡ ��qt] qt]`b-�`b��`§£x�sBa>bN��q0xR°3a*x?¦`��§£b2lR�B¤¥]`xp�>�`b�qz¨3xRv�©pir�£�¿�`m`¦`§£�¯�2�pxRa2ln�£��i2ª·bR¬ ��¬*]`�£�R]B¨3lïspiN­Ã����qt�£bNiN­´b�q��n¬Õ®Ä­
v�xRmpq����`�.�`v�xnqtxp��xR§¯i|a�m�izq
ikm��`��x?vkqe°·lRikqKa*x?¦`��§£��qzsR¬K}~�Iqt]��£iK��lR��bNvN­�¨3b�]�lï¸?b��`v�xR�Cx?itbN��l�Å�l?izqt¤z�K²�»pf
­�lR�
b�oBq�b���it��x?��xR°��K²
»`fÀ�pbjln§£���`�K¨���qt]�°·lRikq�a*xR¦���§£�¢qzs?¬�Å�lRikqk¤k�K²
»pfÀa2ln�£�?q�ln�£��i+��x?�`�`bN��qt�£¸B�¢qzs
¨���qt]�°·lRikq�a*x�¸B�£�`�
�`xp�pbji�­�¨�]`�£§£b�a2ln�£��q�lR���`�£�`�¶lTv�bNl?ikx?��ln¦�§�b�x�¸?b�v�]`bNl?��¬0\^]`b*��bNvk°«x?vta2ln����bNiexn°3Å�lRikqk¤k�K²
»`f lnv�b�bN¸ïlR§�m�l�qtbj�
¦Bs ik�£a�m`§¯l�q���x?�Á�£�Á¨�x?v�ikqk¤~��l?ikb-��xR���`�¢q���x?��i.ª·�`x ¦�mp¹CbNvt�£�`��­G�`x v�b�q�v�lR��ika*�¯itit�£xR�Ã­��`x x�¸?b�v�§£lR� ���(��x�¸RbNv�lR�Rb
lnv�bNl?i�ln���¿�`xI§£���`©¿§¯lïsRbNv��`xnq�� �C��l�q���x?��®Ä¬ »B��a�m`§¯l�qt�£xR� v�bNitm`§�q�i�ik]`x�¨ ]`x�¨ q�x�qtm`��b-qt]�bT¸�ln§£m`b-xR°�qt]`b.vtb�¤
°«v�bNit]`�����-��bNvt�£xp�Áª�� 
����/! ! � ��� �'! 
��"� � �$#�
-�·®�°«x?vK�p��¹�b�v�b���qe��§¯lRi�itbNi|xR°Va*xR¦`�£§�b�ln���I�`�¢¹�b�v�b���qKl?����b��pq�ln¦`§£b�§£x?i�i
v�l�qtbji�¬+\^]Bm�iN­?lR�p¤;]`xp����b�qz¨3xRv�©��`xp�pbjiw��lR�*a>x�¸?b|lRiV°·lRikq�lRi���b�§£§£m`§£lRvV�`b�qz¨�x?vt©��`xp�pbNiw¨��¢q�]Tl
¸RbN§�xp���¢qzs�qt]�lnq
��lR�.v�bNl?��]Pcï�n��©Ba ��]�ln���.qt]�b
§�x�iti^v�l�q�bK�¯i�a2ln�£��q�lR���`bj�T¦Cb�§£x�¨ cj��� ¨��¢q�]¶lR��lR����b��pq�ln¦`§£b0x�¸RbNvt]`bjlR�Iª«qt]`b
v�b�°«v�bNit]`�������Cb�v���xp��¦Cb��£�`�*b ��m�ln§�q�x�cN�?��a2i�®Ä¬

³riw°«m`vtqt]`bNv�¨3xRv�©�­R¨3br¨��£§�§�ikqtm��`s>]�x�¨ qtx��`s���lna*�£�Nln§£§�s*lR��yzm�izq3qt]�be¸�ln§£m`bexn°�qt]�bev�b�°«v�bNit]`�£�`���Cb�v���xp�-l?i
l�°«m`����qt�£xR�¶xn°�qt]`b
a*x?¦`��§£b
ik�Cb�bj�¶ln���Tqt]`b�l?����b��pq�ln¦`§£b0§�x�iti^v�l�q�bR¬

) �����^	�����1����

3£c�5��e¬�u+b�v�©��£��iN­
*j}~uÀa>x?¦`�£§���qzs2ikm`����x?vkq�°«xRv3}~uV¸B��­ ,ef|Å�� 1��R�n��­R}~�w\�Å�8B\^]`bK}~�?q�b�v��`b�q��V�`�R�£�`bNb�v����`�>\
l?ik©
Å�xRv���bR­B]�qkq�� 8 ���ï¨�¨�¨
¬ �£b�qk°z¬ xRv���­`��ln�Bm�lRvts-�R�R�?�`¬

3Õ��5
u+¬p�?l?� ��m`b�qN­Bu+¬B�Im`]`§£b�qt]�ln§£b�vj­B³�¬��Klïs�sBm`a¶­B³�¬`²
lnxRm��¢q��E­B²V¬�(r�£b����`xnqj­`\0¬`��§¯lnm�ikbN�Ã­
*��e�pq���a*�£Â�bN�T§��£�`©
ikq�lnqtb¶vtx?mpqt�£�`� �`v�xnqtxp��xR§;­ ,I�pv�l�° qk¤¥�£b�qk° ¤¥a2ln�`b�qk¤¥xR§¯ikvt¤~�n��¬ qkoBqj­G}~�w\�Å�8V\^]`b�}~��qtb�v��`b�q>�V���R�£�`b�bNvt�£�`� \
l?ik©
Å�xRv���bR­B]�qkq�� 8 ���ï¨�¨�¨
¬ �£b�qk°z¬ xRv���­`� lnv���]��n�?�`c?¬

3 1�5���¬ 03vtxp��]Ã­ ��¬B�IlR§¢q�ÂR­%��¬B�Rx?]`��itxR�Ã­��>¬�{rmÃ­B��¬��Rb�q���]`bN¸ïl�­ *t³Y��bNvk°«x?vta2lR����b|��xRa*��lnv��¯ikx?��xR°�a�m`§�qt��¤;]`x?�
¨��£vtbN§�bjiti�lR�À]`xp�T�`b�qz¨�x?vt© v�xRmpq����`�P�`v�xnqtxp��xR§¯i�­ ,.�£� �:E � � �	� 
 .0����� � �R­0ª��elR§�§¯lRiN­Vºe»`³e®Ä­��K��qtx?¦�bNv
cG/ /R±�¬

3 �-5��e¬pu+b�v�©B����i�­ � �?A �9.O% � � �%�-�
	�
�� �n¬V³����p�£itxR� ¡ bNit§�bNsR­��R�R�R��¬
3Õ��5���x?¦`�£§�b*³��B¤¥]`xp�>µrb�qz¨3xRv�©pi�ªE�I³rµr�w\|®Ä­ *za2ln��b�qk¤~��]�lRvkq�b�vj­ ,�q�bN��]Ã¬�v�b��´¬�­Ã}~��\�Å 8Ã\^]�b>}~��q�b�v��`b�q
�V�`�?�¢¤
�`bNb�v������>\�lRit©TÅ`x?v���bR­p]�qkq�� 8 ���ï¨�¨�¨
¬ �£b�qk°z¬ xRv�� ��]�qta*§E¬ ��]�lRvkq�b�v�i ��a*lR�`b�qt¤¥��]�lnvtqtb�vj¬ ]?q�a*§E­R�R�R�?�`¬

3 >�5
u+¬|��lR� ��m`b�qN­0u+¬|��m`]`§£b�q�]�ln§£b�vj­0u+¬r���£�`b�qj­0³�¬��KlïsBsBm`a¶­e³�¬e²´lnx?m`��qt�;­K²w¬)(r�£b��`�`xRqN­
\0¬K��§¯lnm�itb��´­
*n�K²�»pfÆb�oBqtbN��it��x?��i�­ ,��pv�l�° qk¤¥�£b�qk° ¤¥a2ln�`b�qk¤¥xR§¯ikvt¤¥b�oBqtbN��ik�£xR��iz¤~�R��¬ qto�qj­B}~�w\�Å�8�\^]�b�}~��qtb�v��`b�qe�V�`�?����b�b�v��£�`�
\�lRit©-Å`x?v���bR­p]�qkq�� 8 � �ï¨�¨�¨
¬ ��b�qk°z¬ xRv���­p³|m��Rm�ikqe�n�?�`cR¬

3� /5�³�¬�»�¬`\�ln�`bN��¦�lnm`a¶­�E ����* !)� ��� % ��� �%���
	��Ä¬GuVv�b���qt�¯��b�{eln§£§E­ÃcG/ /�>`¬
3 ±�5���¬�03vtxp��]Ã­ ��¬��Rx?]`��itxR�Ã­���¬��IlR§¢q�ÂR­?*t\^]`bY�psB��lna*�¯� ikx?m`v���b(v�xRm`qt�£�`�Æ�`vtxRqtxp��x?§>°«xRv a*xR¦`�£§£b l?�
]`xp�¼�`b�qz¨�x?vt©piN­ , �`v�ln° qk¤¥��b�qk° ¤¥a*lR�`b�qt¤¥��ikvt¤¥��cR¬ qkoBqN­>}~�w\�Å�8�\^]`bY}~��q�b�v��`b�q �V�`�?����b�b�v��£�`��\
l?ik© Å�xRv���b?­
]�qkq�� 8 ���ï¨�¨�¨
¬ �£b�qk°z¬ xRv���­ �ebN��b�a�¦Cb�v
cG/ /?±`¬

3 /�5��e¬
u+b�v�©B����i�­2u+¬?03]�lR�R¨^l�qN­�*t{|�£�R]`§£s �psB��lRa*�£� �pbjizq�����lnqt�£xR�p¤~itb ��m`b�����bN� �p�¯izq�ln����b�¤¥¸Rbj�Äqtx?vPv�xRm`qt�£�`�
ª��K» �
(K®3°«x?v�a>x?¦`�£§�b
��x?a*�`mpqtbNv�iN­ ,K�£�+�:E � & �
� E�# � ��� ����­
ª·²´xR���`xR�Ã­�º���®Ä­`³rm`�Rm�ikq�c / /n��¬

3£cN��5���¬��Iln§£©B���Ã­ *kf�x?mpqt�£�`�¶�£�p°«xRv�a2l�qt�£xR�P�`v�xnqtxp��xR§�ª·f�}~u3®K¸Rb�v�it��x?�P�p­ ,*f|Å+� c/1R±R±�­�}~�w\�Å�8Ã\^]`b*}~��qtb�v��`b�q
�V���R�£�`b�bNvt�£�`�2\
l?ik©-Å�xRv���b?­p]?qtqt� 8 ����¨�¨�¨
¬ �£b�qt°z¬ x?vt��­p�?lR��m�lnv�s�c / /�1`¬

3£cRc�5���¬C�Ix�sC­ *��e��bN� it]`xRvtqtbjizqK��l�q�] ��v�izq*ª;�0»Bu�Å+®e¸?b�v�ik�£xR� �`­ ,�f|Å+���-1��n±�­�}~�w\�Å�8�\^]`b>}~��qtb�v��`b�qe�V�`�?�¢¤
�`bNb�v������>\�lRit©TÅ`x?v���bR­p]�qkq�� 8 ���ï¨�¨�¨
¬ �£b�qk°z¬ xRv���­p��ln�Bm�lRvts�cG/ /R±�¬

3£cj��5�f
¬Ã¾>¬´�e�R�£b�vj­�Å�¬�²w¬�\
b�a*�`§£�£�Ã­�0K¬ 03bN§�§£m`vj­��Á¬�¾>¬�²´b�¨��¯i�­ *t\´x?��x?§�x?�Rs�¦`vtx�lR�`�NlRikqr¦�l?ikbj��xR�Iv�b�¸?b�v�ikb�¤
��lnqt] °«x?vt¨^lnv��p�£�`�Áª·\)0^f�u�Å+®�­ ,¶�pv�ln° qk¤¥��b�qk° ¤¥a2ln�`b�qk¤;qt¦`v��p° ¤~�?�p¬ qkoBqj­�}~��\�Å 8G\^]`b.}~��qtb�v��`b�q��V�`�?����b�b�v��£�`�
\�lRit©-Å`x?v���bR­p]�qkq�� 8 � �ï¨�¨�¨
¬ ��b�qk°z¬ xRv���­p�IlRv���]��n�?�?�p¬

@A@4B-C)D�E/FHG



cj� ������� ���/
-
��
	��
��� 
��7���
����������� �/!"


3£c91�5�³�¬ �KlïsBsBm`a¶­j²w¬'(r�£b����`xnqj­ï³�¬N²
lnxRm��¢q��E­>*k�Im`§¢q����CxR�£��q
v�b�§¯lïsB���`��8C³r��b�Ç-����bN�?q´qtbN��]��`� ��m`bV°«xRv ?�xBxp�p�£�`�|�£�
a*xR¦���§£be¨��£v�b�§£bNi�i���b�qz¨3xRv�©BiN­ ,ef�bNitbNlRv���]Tf|b��CxRvtq^f|f�¤�1?± /R±�­?}zµef�}z³�­�]?qtqt� 8 ����¨�¨�¨
¬ �£�`v��£l�¬ °«vj­BÅ`b�¦�vtm�lRvts
�R�R�R��¬

3£c��-5
u+¬��?l?� ��m`b�qj­�u+¬���m`]`§£b�q�ln§£b�vj­�³�¬ �KlïsBsBm`a¶­�³�¬C²´lRxRm`��qt�;­C\0¬���§£lRm�itb��Ã­C²V¬ (r�£b��`�`xRqN­ *��e�`qt�£a>�£Â�bj�¶§��£�`©
ikq�lnqtb0vtx?mpqt�£�`�*�`v�xnq�xB��xR§;­ ,K��� �
����� ��% � �&E+­´ª«uGlR©��¯ikq�ln�C®Ä­��ebN��b�a�¦Cb�vr�R�R��cR¬

3£cj��5�³�¬ �KlïsBsBm`a¶­G³�¬G²´lRxRm`��qt�;­V²V¬ (r�£b��`��xnqN­ *k��m�§¢q����CxR�£��q�v�b�§¯lïs��£�`��q�bN��]`��� ��m`bT°«xRv ?�xBxB�`���`�P¦`v�x?lR����lRikq
a*bNi�i�ln�RbjiK��� a*xR¦���§£b2¨���v�b�§£bNi�i0�`b�qz¨�x?vt©piN­ ,*��� A �&E'&"& � A ��� � �H� ��%@C � ( % ��C,��#�% � $ E #�% � � ( �
�8% E � #�% &��A&�C � � &�E �
��%.E � &�­
ª·{rlï¨^ln�;­`ºe»`³e®Ä­��?lR��m�lnv�sT�n�R���p¬

IKJ'@�IML



Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay 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 - 38330 Montbonnot-St-Martin (France)

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

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


���������� ��� ���

ISSN 0249-6399


