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_�`baLc�dfehgjiWkLlmdLnSoqp�dArWlmsVl/rmaLc�dLl

tvu/w$xydAr�z{dL| xyd
i}n$~�~�wJu/r�r/dK��`b�V|��qoVd-�-�beK�be}g��%�qum|��;eL�$�S��g��$��~bn��SdLl

���%�L�L���b�$�$��� dW VdKlm�Lu/|�¡=dWn�l/dLr;w�¢£c�wV bob��nSuDd)pVr/dK�bl/|�wS��lDr/w�wSo�uQ�}oVrmwq¤S¥humnS~b`!�SdLum|§¦6�An�rm|¨wJ�-rmwJwS��lmdAr
¢©wJuv�VdLr«ªYwJum¬ql;w$¢��)wJc�c�ob�V|��An$r/|��V��~bumwV�)dKlmlmdLlL­%_�`VdKl/dhl/w$¢©r«ª®nSu/dWnS b V|�r/|�wS�blvwS~=dLu¯n�rmd�¢?u/wJc°n!�)wJcfc�wJ�
¦=�¨d�d)pb��`bn$�b�$d�¢©wJumcfn�r}¢©wSuhn$oVrmwScfn�r¯n�n$�� ±�VdAr«ª®wSu¯¬qlA²:�An$�¨��dL ±³J´:µ6­�_�wqw$�%¢?ob�b�Ar/|�wS�bn$�¨|�r/|�dLlh�)wJcf~bu/|�lmd
�JumnS~b`V|��An$�� VdL~b|��Ar/|�wS�fw�¢£wJ¡qxydL�ArmlL²S�S�¨wJ¡bn���c�wV VdL�6�AwS�blmrmu¯ob�)rm|¨wJ��¢?u/wJc¶`V|�dLu¯n$u¯��`V|��An$�� VdLl¯�Aum|�~Vr/|�wS�blL²$�OnSuy·
|�wSo�lWr«sV~�dKlWw$¢;c�wV VdL�%umdL bob�Ar/|�wS�bl¸n$�b ¹w$¢;�$dLum|¨¦=�An$r/|�wS�Cw�¢Qlm|�cf~V��d!c�wV bn��'~bu/wJ~�dKu/rm|¨dKlW¡Js�wJ¡blmdLum�$dLu¯lL²
�AwSob�JrmdLumd)pbn$cf~V��dW~bumwq �ob�)rm|¨wJ��n$�b ��J|�l¯obn���|�l¯n�rm|¨wJ�£­ � d}|�����oblmrmu¯n�rmd}r«sV~V|��An$���$dKu/|¨¦=�Ln�r/|�wS��lmdLl¯lm|¨wJ�blv�AwS�q·
 �ob�)rmdL ¹wS�{o�lmobn$��n$�Ln$ VdKc�|��ºdApVnScf~V�¨dKlA»Y V|��b|��V��~b`V|��¨wJl/wJ~b`VdLu¯lL²�c!oVr¯obn��%d)pb�)��oblm|¨wJ�¹n����$wSum|�rm`bcfl�n$�� 
umwSo��b q¼«u/wJ¡V|���lm��`bdL boV��dLu¯lL­

½�n$lmdL -wS��~bumdA�q|�wSobl�d)pb~�dKu/|�dL���)dvw$¢� bu¯n$lmr/|��Ql/r¯n�rmdvd)pb~V��wSlm|�wS��~bumwS¡V��dLcfl%ªYd®n�|�c¾`bdLumdYn�r%d)¿��)|�dL���)s
|��¹|�c�~b�¨dKc�dK�Jrmn�rm|¨wJ�£­ � d�obl/d�¡�wSrm`{dApV~b�¨|��)|�r}umdL~bumdLlmdL�Jrmn$r/|�wS��r/dK��`b�V|��JobdLl}nS�b ¹|�c�~b�¨|��)|�rWr/dK��`b�V|��qoVdLl
l¯ob��`Cn$lWÀºÁfÁ�lA²Vª�|�rm`�¢?ob�b�Ar/|�wS�bn$�ÂwO�$dKu/��n$~�n�rW~V��n$�AdLlL­
Ã¹ÄJÅ:Æ¯Ç!È ��É'�$� Ê dLum|§¦=�Ln�rm|¨wJ�4rmwJwS��lL²��VdAr«ª®wSu¯¬ql�w�¢��)wScfc�ob�V|��An�rm|��b�Ë~�u/wV�)dKlmlmdLlL²�n$oVrmwScfn�r¯nb²Yn$�¨�Sw�·
um|�rm`bcflL²b bn�r¯n�lmrmu¯ob�ArmobumdLlL²V½�Ì¸ÌºlA²=�)wScfc�wS��¢©wSu¯cfn�rW³S´:µ
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 	 � � �Ë VkK�Aum|¨r-ob�ËdK�blmdLc!¡b�¨d� �� d)pVrmdL�blm|¨wJ�bl-c�wV boV��n�|�u/dKl��{�VwSl!l/sVlmr/aLc�dKl-�}oVrmwq¤S¥humnS~b`
 bd-�$kKu/|¨¦=�An$r/|�wS�¹ VdKl}umkLlmdLn$oVp� Vd�~�u/wV�)dKlml¯oblW�AwScfc!o��V|��Ln$�JrmlL­��YdLl}�bwSoV�SdLn$oVp���w$�$|��)|�dA��l�wJ~�aKu/dK�SrWl¯obu
��n�¡bnSl/d- �� ob�¹¢©wJumcfn$rW�)wScfc�ob�{ �� kL��`bnS�V�$d�~=wSobu}�¨dKlWn$oVrmwScfn�rmdLl�dLrW��dLl}umkLlmdLnSoqp£²�n$~�~�dL�¨k�³J´:µ6­��%dLl
¢©wJ�b�)rm|¨wJ�b�bn$�¨|�r/kKl� Vd-�)dKl�wSoVrm|¨��lW�)wJcf~bu/dK�b�VdK�Sr���nf VdLl¯�Aum|�~br/|�wS���Su¯n$~b`V|��qoVd� �� wS¡qxydLrmlL²V��n��AwS�blmrmu¯ob�)rm|¨wJ�
 bd c�wV VaA��d �$��wS¡bn$�h VdK~boV|�l¹ VdLl¹ VdKlm�Lu/|�~Vr/|�wS�¾`V|�kLu¯n$u¯��`V|��qoVdKlA²¸~V��o�l/|�dLobu¯l�r«sq~=dLl¹ VdËumkL bob�Ar/|�wS�bl¹ Vd
c�wV VaL�¨d�dArº Vd��$kLum|¨¦=�An$r/|�wS�± Vdf~bumwS~bum|�kAr/kKl¸c�wV bn$�¨dKl¸lm|�cf~V��dLlº~bnSu}wJ¡blmdLum��n$r/dKobumlL²6��nC~bumwq �ob�)rm|¨wJ�±dAr
��n±�q|�lmo�n���|�l¯n�rm|¨wJ�
 VdC�AwS�Jrmumd)¼Ód)pVdKc�~b�¨dKlA­ � �
|¨����obl/r¯u/dC VdLl�lmdLl¯l/|�wS�bl� Vd��$kLum|¨¦=�An$r/|�wS�
�)wJ�b boV|�r/dKl�l¯obu
 bdLlQdApVdLcf~V��dLlvnS�AnS VkLc�|��JobdLlQ�A��nSlmlm|��qoVdKlA»��¨dh~bu/wJ¡V��aLc�dW bo� ��©�VdKuv VdKlv~b`V|���wSlmwS~b`VdKlA²J VdLlYn����$wJu/|�rm`bc�dKl
 �� dApV�A��o�l/|�wS�Cc!oVr¯oVdA��l�dAr���dLl}lm��`VdK boV��dLu¯l��/umwSob�� q¼ÓumwS¡b|�����­

½�n$lmk!l¯obuW��dLl}d)pb~=kLum|¨dK�b�)dKl}~bumkL�AkL VdK�SrmdLlWlmd!`VdKobumrmn$�Jr}nSo{~bumwS¡V��aLc�d! Vd���� d)pb~V��wSlm|�wS�¹ Vd!��� dLl¯~bn$�Ad
 �� kLrmn�r¯lA²'�VwSo�l-n��$wJ�blº~�wJobu-¡boVr!|��A|vob�Vd�|�cf~V��nS�Jrmn�rm|¨wJ� d)¿��AnS�)d$­
�}wSo�l-oVr/|���|�lmwS�bl! VdLoqpËc�wq bdLl- Vd
umdL~�u/kKl/dK�Sr¯n�rm|¨wJ�£²Od)pb~V��|��A|¨rmd�dArQ|�cf~V��|��A|¨rmd}~bn$uD½�ÌhÌhlL²$dK��n�sSnS�SrDob�Vd¸u/dK VwS�b �n$�b�Ad® VdKlD¢©wS���)r/|�wS���bn���|¨rmkLl
 �n$�bl���`bnS�qoVd�c�wV VdS­
 �È �K� Æ �"! 	 �#� oVr/|���l! Vdf�$kLum|¨¦=�An$r/|�wS�£²ÂumkLlmdLnSoqpH Vd�~bumwV�)dLl¯l¯oblº�)wScfc�ob�V|��An$�Jr¯lA²�nSoVr/wJcfn�r/dKlA²Ân$�¨�Sw�·
um|�rm`bc�dLlL²blmrmu¯ob�)r¯obu/dKl� Vd- VwJ�b�VkAdKlA²V½�ÌhÌhlL²V¢©wJumcfn�r��AwScfc!ob�¹³S´:µ
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�qsqlmr/dKcflDw�¢£�)wScfc�ob�V|��An�rm|��b�ºnS�b �l/sV�b��`bumwS�b|�lm|��b�¸dK�Srm|¨rm|¨dKlQn$umd�oblmo�n����¨s�`bn$u¯ !rmw�lm~=dL�A|§¢©s�|��fnº�)wJumumdL�Ar
¢?nSlm`b|¨wJ�£²S bobdWr/w!~�u/wJ¡V�¨dKcfl;w�¢Â V|�l/r¯u/|�¡boVrmdL ��AwS�Jrmumw$�bnS�b �~bnSumn$�¨��dA��|�l¯cC­+*y�fr¯`VdW��n$lmrv VdK�An$ bd}n��qobc!¡=dLu
w$¢£�$dLum|¨¦=�An$r/|�wS�fl/w$¢©r«ª®nSu/dKl;ª®dLumdW|�cf~V��dLc�dK�SrmdL �rmw!~bumwO�q|� Vd¸�)wScf~bobr/dLuYn$l¯l/|�lmrmn$���)d�|���rm`Vdh VdLlm|��S��n$�� 
�AwSu¯u/dK�)r¯�VdLl¯lY��`bdL��¬J|��b��w$¢'l¯ob��`�lmsVl/rmdLc  bdLl¯�Aum|�~Vrm|¨wJ�blL²bn$�b CoblmdL �r/w�l/r¯ob VsC V|�lmrmum|�¡boVr/dK �n$�¨�SwSum|¨r¯`bcflA²
~�u/wSr/wV�)wS��lhn$�b ]dLc�¡�dK b VdK ]lmsVl/rmdLcflA­�z{wSlmr��)wScfc�wS�b�¨s{r¯`VdLlmdfr/wqw$��l/dLrmlºn$umd�¡�n$lmdL ±wJ�±¦6�V|¨rmd�l/r¯n�r/d
c�wV VdL�¨|��V�fw�¢;ob�b VdKu/��sq|��b���S�¨wJ¡bn��£�AwS�q¦��Jobu¯n�r/|�wS��lA²Vn$�� ��JumnS~b`q¼Órm`VdLwSumdAr/|��hn����$wSum|�rm`bcflL­

� obu�~V|�wS�bdAdLum|��V�-,/.10�2�3547698�:�;¹r/wqw$��lmdAr®ª®nSlvdApV~b�¨wJu/|��V�-r¯`Vd�~�wOª®dLuvw�¢%lmw�¼«�An$�¨��dL  �m~bumwqw�¢Ï¼«¡SsJ¼«u/dA¼
 �ob�)rm|¨wJ����r/dK��`b�V|��qoVdLlL²£ªW`VdLumdfc�dLrm`VwV blh¢©wJuº�)wScf~=wSlm|¨rm|¨wJ�bn��DumdL bob�Ar/|�wS�blhw$¢Q¦=�V|�r/d�lmrmn$r/dfl/r¯umob�ArmobumdLl
r¯u/sfrmw�l¯ob~b~bumdLl¯lYnSlvc�ob��`�n$l®~=wSl¯l/|�¡V��d}rm`bdh�AwSc!¡b|��bn$r/wJu/|�n��bdApb~V�¨wJl/|�wS��~�u/wJ¡V�¨dKcC­<�6ob�b�Ar/|�wS�bl�l¯ob��`�n$l
lmrmn$r/d��qoVw$rm|¨dK�Sr>=?ª�|�rm`fumdLl¯~�dK�)r'r/wº¡�dK`bn��q|¨wJobu¯n��JdL�qoV|���n$�¨dK�b�)dKl�?�²�¡�dK`bn��q|¨wJobu¯n��qn$¡blmrmu¯n$�Ar/|�wS��wJu%�AwS�Jr/dApqr
¦=�¨rmdLum|��V��ª®dLumdWn�r;r¯`Vd}`VdKn$umr;w�¢£rm`bd}l/sVlmr/dKc�²S|���nS b V|�r/|�wS�frmw��Su¯n$~b`V|��An$�VwSu;rmd)pVrmo�n���@A�B DC��E���F�"� GH��IJ�B�"�!C
`b|¨dKumnSum��`V|��An$�6 bdLl¯�Aum|�~Vrm|¨wJ��¢?nS�)|��¨|�r/|�dLlL²�nS�b �wSrm`VdKu�~bu¯n$�)rm|��Ln��ÂnSoqpV|¨��|�nSu/sf¢?o��b�)rm|¨wJ�blA­

_�`VdC~bumdLlmdL�JrK	��
�
�7�����������Â VdKlm�Lu/|�¡�dKl!¡bnSl/|��An$�¨��sHr¯`Vd �m�VdApqr!�$dL�bdLu¯n�r/|�wS� �L,/.�012�3547698+:5; |�c�·
~b�¨dKc�dK�Jrmn�rm|¨wJ�£­�ÌhdL�A|�lm|�wS�]¢©wSu�r¯`V|�l!umdA|�c�~b�¨dKc�dK�Jrmn�rm|¨wJ� ª®nSl�¡bn$lmdL  wS�Ën{�qobc�¡�dKu�w�¢�¢?n$�ArmlL­M�D|�umlmrA²
nSlW¢?o��b�)rm|¨wJ�bn���|¨rm|¨dKlhªYdKu/d!~�u/wS�SumdLl¯l/|��$dL�¨sCn$ b VdK {rm`bd�wS�� H|�cf~V��dLc�dL�Jr¯n�r/|�wS�±�SumdAª ��n$um�$dLu¸n$�b H`bn$u¯ VdLu
rmw±cfn�|��Sr¯n�|��1NDrm`Vd��bdAª°wS�Vd�`bnS Ër/w±¡=d�c�wq �oV��nSuA²'�)wJ�bl/|�lmr/|��V�{|��Ën{lmdAr�w$¢��Ln$umd)¢?oV����sH��`VwSlmdL�]¢?ob����·
rm|¨wJ�bl�ªW`V|���` �)wJoV��  ¡�d¹�)wJc!¡V|��VdK ^r/wS�$dLrm`VdKu-¢©wJu!dA¿��A|¨dK�Jr��SdLum|§¦=�Ln�rm|¨wJ�£­O�qdL�)wJ�b £²  boVdCr/wË�bn�rm|¨wJ�bn��
nS�b �|��Jr/dKum��n�r/|�wS��n��Â�)wS�¨��n$¡=wSu¯n�rm|¨�Sd¸~bumw�xydK�)r¯l�ªYd�ª�n$�Jr/dK �r¯`Vd-�VdLª¾rmwJwS��lmdAr�rmw�¡�d�wJ~�dK��¢©wJu'xyw$|��JrWobl/d
ª�|�rm`Hw$r¯`VdLu �«¢©wJu/dL|¨�J���-�$dLum|¨¦=�An$r/|�wS�¹r/wqwS��lL²:ªW`V|���`H�)wSob�� ±�b|��AdA��s±�)wScf~V��dLc�dK�Sr¸|¨r¯lW¢?o��b�)rm|¨wJ�bn���|¨rm|¨dKl
NÂn
�/��wOª�¼F��dA�SdA� �D¦=�¨d�dApV��`�n$�V�SdQ¢©wSu¯cfn�r>=T�AwO�$dLum|��V�hnSoVr/wJcfn�rmn¸n$�b �`V|�dLu¯n$u¯��`V|��An��q�VdLr«ªYwJum¬ql%w�¢6l¯ob��`�?%�Ln����¨dK 
³J´:µCª®nSlWr¯`VdL�± bdLlm|¨�J�VdL £²:n$�� ±oblmdL {|��±~bnSu/rm|��LoV��nSuW|��±¡=dAr«ª®dAdL�±��nSu/|�wSo�lWl/w$¢©r«ª®nSu/d-c�wV boV��dLlL­ �'n$lmrA²
�bdAªP��Q�RLIS "�T�!CWr/dK��`b�V|��JobdLl�¢©wJu�|�cf~V��|��A|¨r¸u/dK~bu/dKl/dK�Jrmn�rm|¨wJ��w$¢%¦=�b|¨rmd-l/r¯n�r/d-cfnS��`V|��bdLl�¡Js�lmw�¼«�An$�¨��dL VU��'W
�9���JQYX7��CE�Z�J�! "�KX[�!�
G��B��R-�!`bnS 
n$~b~=dLnSu/dK £²%nS�b 
ª®dLumd�¡�dK�)wSc�|��V�H~bumwSc�|��VdL�Jr�|��
rm`bd��VdA|��S`q¡=wSum|��b�
 bwScfn�|��Hw$¢��JQ��9CJ�H�B ��9 ��\�]�B����C
^_�'`��L��Q��J^a�ER-�-=Fu/dKn��¨¼Frm|�c�d�lmsqlmr/dKcfl�n$�b Ëlmsq����`bu/wJ�VwSo�lh`�n$u¯ Vª®nSu/d!¢©wSu
|��blmrmnS�b�)d�?ç­ � dºn$ �n$~VrmdL fwSo�uv�SdLum|§¦=�Ln�rm|¨wJ�fr/dL��`��V|��qoVdKlvrmw!r¯`V|�l®r«sV~=d}w�¢%|�cf~V��dLc�dL�Jr¯n�r/|�wS��l/r¯umob�ArmobumdLl
nS�b ]rm`Vd�umdA��dA�On$�Jr�n����$wJu/|�rm`bc�|���lmr«sq�¨dS²Â|��Hr¯`Vd�lm�AwS~=d�w$¢�nSl/sV�b��`�u/wJ�VwSobl¸~bumwq�AdLl¯l/dKlº�)wScfc�ob�V|��An�rm|��b�
¡Js�umdL�� Vd
bA¼F�SwSobl�lmsq����`bu/wJ�V|�lmn$r/|�wS�£­

_�`Vd-umdLl¯oV��r�|�l�n��bdAª¾lmdAr�w$¢D�AwS�blmrmu¯ob�Ar/|�wS�=¤�u/dK bob�)rm|¨wJ�=¤OnS�bn���sVl/|�l�¤O V|�n��J�VwSlmr/|��Al'¢?ob���)r/|�wS��lA²��AwSu¯u/dKly·
~=wS�� V|��b�CrmwCn¹�qobc�¡�dKu¸w$¢dc7e�fZg��AwScfcfn$�b �l¸ª®wSu¯¬J|��b��¢?umwSc n$�� Hrmw{³J´:µ¹¦���dLlL­�_�`bd�r¯`bumdAd�cfn�|��
lmw�¢©r«ª�n$umd�c�wq �oV�¨dKlQn$umd$»�,/.10�2<h�698�:�;D²�¢©wJu;�Su¯n$~b`b|��Ln��VdL b|¨rm|¨wJ��n$�b f V|�lm~b��n�s9NJ³J´:µ�i�g�:5jHf©´AfZ0'²$¢©wJuQcfnO·
�b|�~bob��n$r/|�wS�¹w�¢DdL�qobc�dKumn$r/dL �¦=�b|¨rmd�lmrmn�rmd-cfn$��`V|��VdLlDN6³J´:µ�flk�:5jHf©´AfZ0'²b¢©wSu}c�nS�V|�~boV��n�r/|�wS�¹w$¢Ql/sVc!¡=w$��|��
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Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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