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×Ùp�v�ren-uSv¨h �-uJp¬�gd(y�h*�cr!re`�®����Jp|��b$ve`cf;h¨p��creh*b�h*^av��TÄ
vod'rap�va°¿�-p|�SbWrenSh�m7`c�S�Jp¬rap�`��Sv*º
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�LFN Ä NQP
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?LFN Ä NQP � e g ��� gÄ � � � � gÄ � L p|v@f#d'�qp�f�uSf¶ ÊY��?qÐ

Þ�nSh#wS^a`c~Jy|h*f.`O°?®����Jp|��b=ren�h7vÀh#�qu�f�~©h7^avWm+dg� ~�h#ho��wS^ah*veveh*�¸dgv�dO��p��creh*b�h*^�y¬p��Sh+dg^
wS^a`cbc^edgf;fWp|��b�wS^a`�~qy|h*f `O°�ren�h¨²-��dOwSvodOmo²�rY�Jw�hgºOy�htr	�  Ä ÛÙÃ�ÄDÌ
�TÄ'}OrenSh*�WrenSh@dg~©`+��h
m*`c�S�Jp¬rap|`c�Sv¨m+dO�~©h�^ahtªk^�p¬rareh*��dOv

F$Ñ��  Ä ÑÝÃ�Ä ÊY�-��Ð
�LFN Ä NQP

�  Ä =7Ä0W H=�Ì 9 ÊY�%(qÐ
�LFN Ä NQP
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�  Ä y|`cbxÊ��xÄ � � ? �xÄ � L ÐeØ ÊY��FqÐ
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m*`c�Svap��Sh*^�renSh�h �quqps�gd'y|h*�cr¨wS^a`c~Jy�h*f p|��^ah+d'yQ�qu�f�~©h7^av*ºJy�htr�� ~©h1renSh1�qu�f�~©h7^��Sht®��Sh*�
~c�

y�`cbxÊ��Ð Û y|`cbSÊYÉ$Ð G �LFN Ä NQP
Ï�Ä©y|`cbSÊ���Ä � � ? ��Ä � L Ð(c ÊY��iOÐ

ª@nSh*^ah2renSh2Ï�Ä>dg^ah2^ah+d'y6�-uSf�~�h*^avv�d(rap�va°¿�-p|��b F Ñ9Ï�ÄÂÑ.Ã�Äg} J Ä Ï�Äa=*ÄÚÑ H=¾Ì
9+}
dO�S�#veuSm�n#ren�d'r J Ä ÏxÄ©y|`cbxÊ��xÄ � � ? �xÄ � L Ð p|v!f#d+�qp|f�uSf¶ � h*m+dOuSveh�renSh1�qu�f�~©h7^av �# Ä n�d*��hre`Fvod(rap�va°¿� vare^a`c�Sb�h*^�m*`��S�qpsrap�`���v2ren�dg� ren�hÆÏxÄc}¨ª?hÆnxd*��h¸mty|h+dO^�ys� × Ñ ��}@ren-uSv
�Âht��wËÊ{Í Î ÏDÐ�p�v#d(y�ve`>dg��uSw�w�h*^W~�`cuS�S��`O°6Ò$Ó�È Ô�ÏQÕ�}_d(y¬renS`cuSb�n¸w©`�vev«p|~Jy¬���S`Or#dgv
rap�b�ncr�dOv�×Åho�SwDÊ{Í Î ÏDÐe¶DÞ�nSh�b-d(p���p|�2m*`c�Svap��Sh*^�p|�Sb
renSh�m*`Jht½#m�p�h*�cr���p��Svareh+dO�Å`O°?× p�v
ren�d'r?renSh�m7`cf;wSuJrod'rap|`c��d'yËm*`cf;wJy|ho�qp¬rH��p�v¨f�uSmonTy�`+ª?h*^�º�dOveveu�f
h@ren�d'r?renSh�m�y¿dOveveh*v?dg^ah
ve`c^�reh*�Wp|�;�Sh*m*^ah+dgvap��Sb1`c^a�Sh*^_`O°�y�`�bSÊ���Ä � � ? �xÄ � L Ð�?D=*Ä�Ê³renSh�ve`c^�rap|�Sb�^ah �-uJp�^ah*v �WÊY¼ y�`�b?¼�Ðm*`cf
w�uJrod(rap�`c�Sv�Ðe}'renSh*�WrenSh?�-uSf�~�h*^av�Ï�Ä¨dO^ah?bOps�ch*�$~c��ren�h?°±`Oysy�`+ª¨p��Sb1vare^ed'p|bcncra°±`�^�ª¨dO^a�
d'y|bc`c^�psrenSf}x`O°óm*`�f;wJy�ho�qpsrY� �WÊY¼�Ðe¶ ¦ �Jp¬rap¿d(yówxdg^edOf;h�reh*^av@dg^ah��!`Oy|u�f
h�Û H=�Ì 9'}��?d'y|u�h
ÛÂy�`�bSÊYÉ$Ðe}©Ï � Û F�°±`c^¨d(y¬y �À}©dO�S�2Á¾Û FJ¶

· nJp¬y|h$Ê��!`Oy|u�f
h$Ô F-Ð
�S`
Ï�Ä6ÛFfWp��ËÊYÃ�ÄEc��!`gy�uSf;hD?D=*Ä'Ð
�4`Oy�uSf;h�Û	�!`gy�uSf;h;ÌkÏxÄ =*Ä
��d'y�uSh�Û
�?d'y|uSh0G1ÏxÄ©y|`cbxÊ��xÄ � � ? ��Ä � L ÐÁ¾ÛÙÁ�GFi
�S`���h

Þ�nShm*`c�S�Jp¬rap|`c� F�W H=;Ì 9 W J Ä Ã�Ä =*ÄTh7��veuS^ah*vWrenShm*`c^a^ah7mtr;reh*^afWp|��d'rap�`���`O°krenSh
d'y|bc`c^�psrenSf}qdg�S�
y|`cbxÊ��TÐÇp�v?bOps�ch*�#~��;renSh1w�dO^edOf
htreh*^��?d(y�uSh@d(r�renSh1ho�qpsr?`O°DrenSh@ªknJp¬y|h
y�`J`�wD¶OÞ¨nSh@�-uSf;h7^�p�m+d(yxm7`cf;w�dO^�p|ve`c�Sv p|�;veh*mtrap�`��;��ven�`+ª�ren�d(r�renSh��Jp¬¯Ëh*^ah*�Sm*h¨~©htrHª?h*h*�
renSh�rHª?`#~©`cuS�S�Sv�y|`cbSÊ�×�Ð?dO�S�Ty|`cbSÊ��Ð!p�v@^ah�y¿d'raps�ch�y¬�=vÀf¾d'y¬yY}�ª@nJp|m�n2veuSbcb�h*varev!renxd(r7}xp��
f;`cvar6m+dOveh*v7}�renSh�p|f;wS^a`7��h*f;h7�cr�`O°_rap�b�ncre�Sh*vev@°±^a`cf�`c�Sh�~©`cuS�S��re`#renShW`gren�h7^�p�v6��`gr
ª?`c^�renren�h�ho�Jre^ed;m*`cf;wSuJrod'rap|`c��d'y§m*`cvar7¶
·Æh��S`7ªÖvÀuSf;f¾dO^�pO97h�`�uS^�^ah*veuJy¬rev7º�ª?h�n�d*�ch��Sht®���h7�2dW°±uS�Smtrap�`�� ��Ê{Í-Ð¨dO�S��n�d*��h

ven�`+ªk�¸ren�d'r;renSh=ho��w©`��Sh*�crap¿d(y@�Sh*m'd�� ^ed'rehÍ Î p|v;renSh�uS�Jp��-uSh�w�`cvap¬raps�ch=ve`Oy�uJrap|`c��`g°
renSh>h �-u�d'rap|`c� ��Ê{Í-Ð2Û.ÍB9'¶_·Æh2n�d*�ch�renSh*�Úp���re^a`J��uSm*h7� renS^ah*h>m7`Jht½#mtp|h*�crevÉ;}k×W}
dO�S��� �Sh*w�h*�S�qp|�Sb2`c��Í Î dO�S��vod'rap�va°¿�-p|�Sb2É Ñ × Ñ�=¶ É n�dOv�dO��ho��wJysp�mtpsr�°±`�^af
ÊYdOveveuSfWp��Sb@Í Î p�vÇ²-�S`+ª@��ÐQdO�S��p�vÇh+dgv«psy¬��m'd'y�m7uqy³d'reh*�Ë}*y�`cbxÊ�×�Ð©p|vËrenSh��gd(y�uSh!`O°Sdg��p|�creh*b�h*^
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ª@nSh*^ah1renSh�veh*^��-p|m*h�^ed'reh09?p�v¨veu�mon#ren�d'r?renSh�`c�Jy¬��varod'reh&i6`g° b�ª�psren¾p|�Sw�uJrk^ed'reh,=qÊFi(Ð
y¿dg^abch*^¨renxdg�M91p�vkren�h�varod'rehMHig}xª@nSh*^ah$d'ysyÇvÀ`�uS^am*h*v1dg^ah�`c�Ë¶©Þ�nJp�v6m*`c�S�Jp¬rap|`c�Tp|v@re^auSh�ps°
ª?h;n�d*�ch H=�Ì�fWp|��Ä�=7Ä W 9VW H=q¶ ¦ ��renJp�v�m+dgvehg}�psr�p�v�h+dgv«psy¬�ÅvÀh7h*�>renxd(r$× Û�É
} dO�S�
ren-uSv7}�renShWy�`+ª?h*^�dO�S��u�wSw�h*^�~©`�u��S�Sv�dO^ah$h �-u�d'y¹dO�S�>bgp¬��hWrenSh;ho�xdgmtr �-uSh*uShWy|h*�SbOren
�Jp�vare^�p�~SuJrap�`��DºóÒWÓ*È ÔÜÏ§ÕTÛ É¸ho�SwDÊÀÌkÍ Î ÏËÐe¶§Þ¨nSh;~©`�u��S�Sv�dO^ahWrenSh*��`�~c�-p�`�uSv«ys�>renSh
~©h*var�w�`cvevap�~Jy�hc¶�lky¬renS`cuSbcn2renSh$v«reuS�J�>`g°8renJp�v�w�dO^�rap|m*uJy¿dg^1m+dOveh�p�v��S`Or���h7m*h*vevodO^�p¬ys�2`g°
bc^ah+d(r¨w�^edgmtrap�m'd'yDp|f;w©`�^�rodO�Sm*hg}�psr@veuSbcb�h*varev�renxd(r�renSh�rap�b�ncre�Sh*vev�`g°Çren�h�m*`Jh�½#mtp�h7�crev@É
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renShTho��dOmtr��gd'y|u�h`O°?renShw�^a`�~�dO~Jp¬ysp¬rY� Ò$Ó�È Ô Ï§Õc¶3��`�^�h��ch*^��Æva�Jvareh*f.m*`c�Svap��Sh*^ah7�D}
renSh�~©`�uS���SvWª?h7^ah�`c~Jrod(p��Sh*��~c�Æ°±`Oysy�`+ª�p|�SbÅrenShvareh*wSv#��h7vÀm7^�p�~©h7�¸p���veh*mtrap|`c����º ª?h
ve`Oy¬��h*�Ú�-uSf;h*^�p|m+d'ysy¬��renSh>h �quxd(rap�`�� ��Ê{ÍqÐ2Û.ÍB9'}¹m+d(y�m*uJy¿d(reh*��y�`�bSÊYÉ$Ðe}�dO�S�Ú�Sh*^�p¬��h*�
y�`�bSÊ�×�Ð6renS^a`cuSbcnÂd0J@���xdgfWp�m]8^a`�bc^edgf;fWp��Sb�d'y|bc`�^�p¬renSf¶ Þ¨n�hho�xdgmtr;~�dgm�²cy|`cb>�Jp�vaµ
re^�p�~SuJrap�`��2ª¨dOv@m7`cf;wSuJreh*�T�qp¿d;renSh�wS^a`Jm*h*�SuS^ah��Sh*vem*^�p�~�h*�2~c� æ y¬ª¨d(y¬p|�>dO�S�2��psre^ed;p��
:@?A<»} ~c��ve`Oys�-p��Sb>dTysp��Sh+dg^�va�Jvareh*f.`O°¨�Jp¬¯Ëh*^ah*�crap³d'y?h �quxd(rap�`���v7¶§Þ¨nSh��qps½#m*uJy¬r
w�dO^�r�p��
renJp�v;wS^a`Jm*h*�SuS^ah�p�vWre`2®��S�Úd'ysy!ren�hhtp|bch*�c�gd(y�uSh*v#dg�S��htp�b�h*�c��h*mtre`�^avW`O°�d2f#d're^�p¬� `g°
�Jp�f;h*�Svap�`��  Ä ÊÀiTG Ã�Ä'Ðe¶óÞ¨nJp�v;vew�h*mtre^ed'ykdg�xd(y¬�Jvap|vWdg���Æren�h^ah*ve`Oy|uJrap�`c�Æ`O°�d�y¬p��Sh+dg^
va�Jvareh*f ª?h7^ah6p|f;wJy�h*f
h*�creh*�>~c�=uSvap��Sb#ve`cf;h1°±uS�Smtrap�`��Sv@`O°órenSh�ysp�~S^edO^��Å�2h*vemonxdgm�nË}xd
°±^ah*htª¨dg^ah�w�dgm�²(dgbch�p�� �Ây¿dg��b�u�dObch1°±`�^4ysp��Sh+dg^@d(y�bch7~�^edTÊ{vÀh7h�^ah�°±h*^ah*�Sm*h�f#dO�quxd(y : i'�G<{Ðe¶
¦ ��renSh*`c^���}DrenSh;ho�xdgmtr��Jp�vare^�p�~SuJrap�`�� m+dg�>~©h;`�~Jrod'p��Sh*�>°±`�^�dO�c���-uSf�~�h*^�`O°?ve`cuS^am*h*v7}
~Suqr�p��ÆwS^edOmtrap|m*hg} `c�Jys�>�ch*^��Ævef#d'ysy!va�Jvareh*f;v�m+dO��~©h�vareuS�Jp�h*�Æ~©h*m+dguSvÀh
`O°?renSh¾nJp|bcn
m*`cf
w�uJrod(rap�`c�rap�f;hc¶
�Qp�b�u�^ah7v
ic}§��}§dO�S���TvenS`+ª d�°±htª ho�xdOf
wqy|h*v�`O°!renSh;renSh#f;`J�Shty�v1ren�d(r�ª?h#n�d*��h

m*`c�Svap��Sh*^ah7�D}Çh+dOmon n�dgv6rHª?`2�Jp¬¯Ëh*^ah*�cr$mty¿dgvevÀh7v�`O°?re^ed'½#m=ÊY¼ Û �-Ð�dO�S��d�^ahty³d'raps�chtys�
vef#d'ysyJ�-uSf�~�h*^8`g°�vÀ`�uS^am*h*vó`O°�h+dOmon�mty¿dgvÀv¹ÊYÃ�Ä�ÑLi'�-Ðe¶'Þ¨nSh!f;h+dO�$�Su�^ed(rap�`���vó`O°�`g¯�dO�S�
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�2~��'v7¶ ¦ �#h+dgm�nW®�b�u�^ahc}gy|`cb L � ÊYÒWÓ*È ÔFÏ§ÕOÐ§p|v�wJy�`grareh*��dOv¹dk°±uS�Smtrap|`c�#`O°�renSh �-uSh*uShtp|��b�Shty¿d*�Wp|�;renSh@f�uqysrap�wJy�ht��h*^�}�ªknJp�mon;p�v�h �-u�d'y�re`�Ï"?�9'}-dO�S�#m*`cf
wxdg^ah*�Wre`�renSh�y|`7ª?h7^!dO�S�
re`�renSh;rYª?`2uSwSw©h7^�~�`cuS�S�Sv*¶Ql@y¬y¹ren�^ah7h¾~�`cuS�S�Sv�dg^ah;^ah*wS^ah*veh*�creh7�¸~c��vare^ed'p|bcncr�ysp��Sh*v
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wS^a`c~�dO~Jp¬ysp¬rH�>Ê³y|`cbxÊYÉWÐ!ª?`cuJy��~©h�dg~©`�uqr?µ (�p|�k�Qp�b�u�^ah���°±`c^?ÏÛ F;dg����µoi"(�p��M�Qp�b�uS^ah
�-Ðe}(dO�S�1ª¨dOvQy�h�°¿rQ`cuJrÇ`O°qren�h!wJp|mtreuS^ahg¶7Þ¨nJp�vQp�vQ�S`Oród?veuS^aw�^�p|vehgº'dgvQf;h*�crap|`c�Sh*��p���veh*mtrap|`c�
�S}crenSh@�Jp¬¯Ëh*^ah*�Sm*h1~�htrYª?h*h7�;y�`cbxÊ��Ð�dO�S�;y�`�bSÊYÉ$Ð8bc^a`+ª@v�ysp��Sh+dg^�y¬�Wª¨p¬ren#renSh@vap 9*h@`g°DrenSh
va�Jvareh*f dO�S��ren-uSv*}©d(r?y�h+dgv«r¨`���h6`O°ÇrenSh1rYª?`#~©`�uS���Sv!p�v¨ho��w�h*mtreh*�re`;fWp|vÀv!renSh�ho�xdgmtr
�gd'y|u�h!~��Wd?y¿dg^abch�f#dg^abOp|�6ªknSh*��ren�h!�qu�f�~©h7^ `g°SvÀ`�uS^am*h*vQp��Sm*^ah+dgveh*v7¶o· nSh*�W¼ ÛÖig}*ª?h
n�d���h�veh*h*�Tren�d(r�y|`cbSÊ��Ð�p�v?renSh�y³dO^abch��Sht�qp¿d'rap|`c�=dOwSwS^a`7�qp�f#d(rap�`���`O°Çy|`cbSÊYÒ$Ó*È Ô FJÕgÐ
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y�`cbxÊ � ÊYÃ>ÐaÐ�Û Ì��ËÊ 9 L Ð Ì i� y|`cbSÊYÃ�ÐóÌÆÃ��xÊ 9 L ÐeØ

·¸h#m'dO��veh*h#`c�>renSh�m*uS^��ch*v�ren�d'r�renJp�v$h*varap�f#d(rehWp�v��ch7^�� m�y�`cvehWre`=ren�h�ho��dOmtr��gd'y|uSh
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�qps¯Dh*^ah7��m7h
~©htrHª?h*h*�Úy�`�bSÊYÒ$Ó�È Ô F�ÕOÐ#dO�S��renSh�u�wSw�h*^�~©`cuS�S�Úy�`cbxÊ��Ð�p|v�^a`cuSbcnJy¬�Úbgp¬��h*�Ý~c�
�DÊ 9 L Ð�G L� y�`�bSÊYÃ>Ðe¶
� � �	�51&(���8%+�	

Þ�nShkf�uJy¬rap|wJy�ho�qp|�SbW`O°§�>dO^a²g`+�-p¿dg�;`c�JµH`O¯ve`cuS^am*h*v�n�dgv�^ah*m*htps�ch7��d6y|`Or�`g°Çd'rareh7�crap�`��;p��
renSh�^ah7m*h*�crkw�dOvar7}qª¨p¬ren�f
`cvar¨`O°ÇrenSh�^ah7vÀuJysrev@m*`���m7h*^a�Jp��SbWva�Jf;f
htre^�p�m+d(yÇva�Jvareh*f;v7¶�·¸h
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Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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