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_#`=ab�cdbBe�fhg9ib�jkb�lnmpo<b!q�jkrpjsq ab�cdbtj
u)v�wYx b�qzy wn{}|}~pw�v

g'ln��� wnv q ~ b v bt� ` b v � ` b��V����eneI��f
��ib�� v�| b v e��n����fh�n�B��lY��b�j

�&�7���������n�n� � v�w cUq ` b�jkb��!m vk| qsr�� wn| �Zq wY� � | b��.� w ��b�� ` l { { b����nb �¡wnv q wp~ lIr*¢ j ~p| jsq vk|}£ mpq�b ~ l v¥¤
� `�| q�b��]q�m v b�j | j.q w j¥m���� w�v q | �Zqkb vkw ��b v lYq |}w � £ b!qs�¦b�b��-ln��� {}| ��l�q | w ��j v b { r | ��� w � ~p|¨§ b v b��ZqV� w j�j | £�{ r
| ��� w ��j | j¥qkb��Zqzjkb���m v�| qsr<� wn{}| � | b�j�©
_#`�| j���lY�Qb v � vkw � w j¥btj�l�� v ln�]q | ��l { ln��� v�w l�� `��¡w�v�~ btl {}| ����� | q ` q ` b&� w b!o | j¥qkb����!b wY�'~p| § b v b���q

jkb���m v�| qsrª� w�{ | � | b�j | � ~p| jsq vk|}£ mpq�b ~ l v � `�| q�b��]q�m v b�j�©�«3b | �Zq v�w�~ m��!bVl&c w�~ b {7�¡wnv j¥�Qb�� |¨� r | ���9jkb���m v�| qsr
� wn{}| � | b�j | ��q�b v cdj wY� jkb��!m vk| qsr ~�w c¬l | ��j�ln� ~ ln���!btjkj'� w �Zq v�wn{6v m { b�j�© _#` b��=�*�­b |®~ b���q |¨� rªq ` bVjkb!q wn�
w ��b v lYq w�v j �¡wnv � w c £�| � | ���Bq ` b.jk��bt� | ¯ ��lYq |}w ��j wn� jkm £p¤ � w�{ | � | b�j#ln� ~ �¦b.l ~�~�v btjkj­q ` b°��l { |®~p| qsr wY� q ` b
v b�jkm { q | ���d� w�{ | �!r9ln��� wnv�~p| ���Vq w q ` b�jkb���m v�| qsr¬� v�w �Qb v q | b�j wn� q ` b�j¥m £p¤ � wn{}| � | b�j�©
±�²Z³*´�µV¶ ��·7�n� ¸ ���!b�j�jª� w �Zq vkw�{ � wn{}| ��rn� | � �¡w�v c¬l�q | w �º¹ w �»� wn{}| ��rn��cVm { q | ¤ � wn{}| � | b�j���� w �p¹ | �]q | ���
� wn{}| � | b�j�©
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��² ��
�� �² � � mS� w�| �Zq ~ b���m�b ~ b { l-jpib���m v�| q�ib | � �¡wnv cdlYq |�� m�bn� { b�jªl v � `�| qkbt�]qkm v btj ~p| jsq vk|}£ m#ib�b�j
l��]q�m�b {}{ btj ~pw�| ��b��Zq)� w m�� w�| v j¥m���� w�v q�b v){ ¢ | �Zqkb vkw �¦ib v l�q | w �Vb���q v b�lY��� {}| ��l�q | w ��j v b { b���lY�Zq ~ b�� w�{ | q |�� m�b�j
~ b j�ibt�!m v�| q�ib ~p|¨§ ib v b���q�b�j�� ib���b��Zqkm�b { { b�cdb���qz� w �Zq v l ~p| �]q wn|}v btj�©

� b.��ln� | b v � v�w � w jkb m���b.lY��� vkw � ` b � v l�q |�� m�b � w m v q v l | q�b vz{ l¬� w b!o | jsq�b�����b ~ b ~p|¨§ ib v b���q�b�j¦� wn{}|¨¤
q |�� m�btj ~ b¦j�ibt�!m v�| q�ib ~ ln��j7m���b#l v � `�| q�b��!qkm v b ~p| jsq vk|}£ m#ib�bn©�� w m�j | �Zq v�wp~ m | j w ��j m��Vc wp~ ab { b­��b v cdb!qkq�ln��q
~ b)j¥�#ib�� | ¯ b v { btj � w�{ | q |�� m�b�j ~ b jpib���m v�| q�ib b��°qkb v cdb�j ~ b ~pw c¬l | ��btj ~ b)jpib���m v�| q�ib b�q ~ b vtab�� { b�j ~ b)� w �Zq v��wn{ b
~ ¢ l���� ab�j�©�� w m�j |}~ b��Zq | ¯�w ��j7l { w�v j7m��Bb���j¥b�c £�{ b ~ ¢ w �#ib v lYqkb�m v j6� w m v � w c £�| ��b v�{ b�j�jk�¦ib�� |¨¯ ��l�q | w ��j ~ b�j
j w m�j ¤ � w�{ | q |�� m�b�j���b!qz� w m�j#� w m�j | �Zq�ib v btjkj w ��j al { lB��l {}|®~p| q�ib ~ b { l�� w�{ | q |�� m�b v ib�jkm { q�lY�Zq�b�� | j ¤!al ¤ � | j ~ b�j
� vkw � vk| ib�q�ibtj ~ b�jpib���m v�| q�ib ~ btjzj w m�j ¤ � wn{}| q |�� m�btj�©
� ¶ �t� ´ ��� �² � u�w�{ | q |�� m�b ~ bd� w �Zq v��wn{ b ~ ¢ l���� ab�j�� � w�{ | q |�� m�b ~ b¬� w �Zq v��w�{ b ~ bB¹�mpo �6c�m { q |¨¤ � wn{}| q |�� m�btj��
� w �p¹ | qzb��Zq v b.� wn{}| q |�� m�btj�©
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< £�x b��]q ¤F£ lnjkb ~&~�| j¥q v�| £ mpqkb ~ � w cd��mpq | ���dl v � `�| q�b��]q�m v b�j(= {}|?> b ��< gA@ ¸CB � w cdc w � < £px bt�]q'gzb � m�btjsq
@ v�wD> b v ¸ v � `�| q�b��]q�m v bFE ~ b ¯ ��b ~�£ r�q ` b < £px bt�]qHG\ln��lY��b�cdb��ZqHI vkw m�� B < GJIKE�L �Z�NMF� lY� ~ q ` b _ b ¤
{ b�� w cdcVm�� | ��l�q | w �PO �Zqkb { {}| �nb��Zq ��b!qs� wnvQ> ¸ v � `�| q�b��!qkm v b¬� v�w � w jkb ~�£ r�q ` b _ O � ¸ � w ��j wnv q | m�cRL �n�8M
l v bV� vkw c | j | ���&lY��� vkw ln� ` btj#q w j¥m���� w�v q { l v ��b w �Qb�� ~�| j¥q v�| £ mpqkb ~ j¥rpj¥qkb�cdj�©SI w l { j wn� q ` btj¥bBl v � `�|¨¤
q�b��!qkm v b�j | ��� { m ~ b | �Zq�b v�w �Qb v l £�|}{ | qsr £ b�qs�­b�b��9j wY� qs�#l v b�� w cd� w ��b���q�j | � ` b!qkb vkw �nb���b w m�j ~�| j¥q v�| £ mpqkb ~
b���� |}v�w ��cdb��Zq�j��=� ` b v bd� w cd� w ��b���q�j c¬lIr�lY���Qb�l v lY� ~3~p| jkln���Qb�l v�~ rZ��lYc | ��l {}{ r��6lnj°q ` b v b�jkm { q wn�
| � ~p| � |}~ m�l { ln� ~ lYm�q w � w c w m�j.l��]q | w ��j�©9� v�w c q ` b&jkb���m vk| qsr�� wn| �Zq wY� � | b��.�=q ` b | ��q�b v�w �Qb v l £�|}{}| qsr
� vkw c w qkb ~¬£ r¬q ` b.l £�w ��b�l v � `�| qkbt�]qkm v btj­j¥q v b�j�j¥btj)q ` b.� w cB� { b�o | qsr wY� j¥bt�!m v�| qsr¬� wn{}| � | b�j¦� `�| � `&` lI��b
q w�£ b | cd� { b�cdb��Zq�b ~ L¨e8T��*e��8MÆ�plnj¦�­b { { lnj­q ` b���b��!btjkj | qsr�q w � w �Qb�� | q ` q ` b°� w b�o | j¥qkb����!b wY� c�m { q | � { b
jkb���m v�| qsrd� wn{}| � | btj�© _#`�| j#� w b!o | jsq�b�����b v b�jkm { q�j �¡v�w c q ` b | �Zqkb vkw ��b v lYq |}w � £ b!qs�¦b�b��9jkrpjsq�b�c¬j B wnv j wn� q ¤
�#l v b¬� w cB� w ��b��Zq�j�E ` lI� | ��� ~�|¨§ b v b��ZqVjkb��!m vk| qsr v b � m |}v b�cBb��Zq�j��=� w jkj |}£�{ r3l�q ~p| § b v b��Zq�� v lY��m { l v�| qsr
{ b���b { j�©
� wnv b��Il { m�l�q | ���dq ` b�jkb���m vk| qsr wn��w ��b�� ~p| jsq vk|}£ mpq�b ~ jkr�j¥qkb�c¬j�� 2&���&��'(�
��!U�WVX���&'�2 j `�w m {®~9£ bVl £�{ b

q w.v btlnj w �Bl £Qw mpq)q ` b ����9Y/0��2(�
��� ��	VwY� q ` b | �Zq�b v�w �Qb v l�q | ���.jkr�j¥qkb�c¬j�¢Yjkb���m vk| qsrV� wn{}| � | b�j�© «3b |}~ b��Zq | � r
qs� w&~p| § b v b��Zq ln��� v�w l�� ` b�j �¡w�v q ` bB� w cd� w j | q | w � wY� jkb���m vk| qsrª� w�{ | � | b�jNZ /0����� �&!��
	[�5�&'\��/0�&'\����� ��	 lY� ~
/]���^� �"!_����9`4&�
	7����� ��	 ©Xa�j | ���3� w�{ | �!r | �Zqkb vkw ��b v lYq |}w �=��q ` b�� w cB� w jkb ~ � w�{ | �!r�j `�w m {®~ � w qd� |}wn{ l�q�b
q ` b&jkb���m vk| qsr wn� q ` b&jkm £p¤ � wn{}| � | btj���lY� ~ j `�w m {}~ ��m�l v lY�Zq�b�bBq ` b | v lYmpq w � w cVr_L e&bDMF© < �3q ` b w q ` b v
` lY� ~ ��� | q ` � w�{ | �!r � w c £�| ��lYq |}w �=�7q ` bª� w cd� w j¥b ~ � w�{ | �!r c¬lIr £ b | ��� w ��j | jsq�b��ZqV� | q `�£�w q ` jkm £p¤
� wn{}| � | b�j�� £ mpqBc�m�j¥q £ b9jkb��!m v b | � q ` b&� | ��b��-� w �Zqkb!o�qt©Pc'b����!b��)j¥bt�!m v�| qsr3� w c £�| ��lYq |}w �-l { {}w �'j q w
� w cd� w jkb�� w �p¹ | �]q | ���ª� wn{}| � | btj | ��lªjkb��!m v bBlY� ~ � w �Zq vkw�{ { b ~ c¬ln����b v L ��MÆ©KO �\q ` bd� w �Zqkb�o�q wY�­{ l v ��b
w ��b�� ~p| j¥q v�| £ m�qkb ~ l v � `�| qkbt�]qkm v btj��I�¦b¦l�jkjkb v q6q ` l�q�� w�{ | �!r�� w c £�| ��l�q |}w � | j £ b!qkqkb v jkm | qkb ~ q ` lY�V� wn{}| �!r
| �Zqkb vkw ��b v lYq |}w �=©dO ��q `�| j���lY�Qb v �=�¦b | �Zq v�wp~ m��!b¬l9c w�~ b { q ` l�q �¡wnv c¬j°q ` b £ lnj | j �¡wnv�~ b�l {}| ���9� | q `
jkb���m v�| qsr | � ` b�qkb v�w ��b���b w m�j ~p| jsq vk|}£ mpq�b ~ l v � `�| q�b��]q�m v b�j��)l {}{ w � | ����q w jk��bt� | � r-lY� ~ q w � w c £�| ��b9l
� |®~ bz��l v�| b!qsr wY� ln���!btjkj�� w �Zq v�wn{ � wn{}| � | btj�©eO �d��l v q | �!m { l v �Iq ` bz� vkw � w j¥b ~ c wp~ b {�| j�m�j¥b � m { q w jkb���m v�| qsr
wDf �!b v j £ r9jkm���� { r | ���¬lB� v ln�!q | ��l { jkb!q wn� � w c £�| ��lYq |}w � w �Qb v l�q wnv j�©
_#`�| j¦��lY�Qb v¦| j¦j¥q v m��!qkm v b ~ l�j �¡w�{ {}w �'jNZ6q ` b���b!o�q#jkb��!q |}w �<� v btj¥b���q�j v b { l�q�b ~ � wnvQ> lY� ~ � | ��b�j w m v

j¥q�ln� ~ � wn| �Zq�� w ����b v � | ����� wn{}| �!rV� w cd� w j | q |}w �6©7y�bt�]q |}w �d�°� v b�jkb��Zq�j w m v c wp~ b {��¡wnv q ` bzj¥�Qb�� |¨¯ ��l�q | w �
wn� j¥q v�| �!q ln���!b�j�j�� w ��q vkw�{ � w�{ | � | b�j B � | q `�w m�q­� w ��j |®~ b vk| ��� | � �¡w�v c¬lYq |}w ��¹ w �YE]©eO �d��l v q | �!m { l v � | q)� | �nb�j
q ` bV� w q |}w � wY�g����9Y/7�?�&�h� ln� ~i2&����	%6 � w c £�| ��l�q |}w �6©�y�b��!q |}w �Pb<b!o�qkb�� ~ j�q `�| j°c w�~ b { j w lnjzq w9~ btl {
� | q ` � w c £�| ��lYq |}w � wn� | � �¡wnv c¬l�q |}w �<¹ w � � wn{}| � | btj�©�� | ��l {}{ r��p�­b ~pv lI� j w cdb�� w ��� { m�j | w ��j | �ªj¥bt�]q | w �
TBln� ~ � v btj¥b���q'��m vkv b��Zq'j¥q�l�q�m�jzlY� ~&� m�qkm v b.� w�v\> ©

j k �B1��! z5mlY�V(»�������! #"on ��> 8���	��°���!��	

p l vk|}w m�j'c wp~ b { j ` lI�nb £ b�b���� v�w � w jkb ~�| � w�v�~ b v q w9v b�l�j w �\l £Qw mpq j¥bt�!m v�| qsrª� wn{}| � | b�j B bn© ��©}� j¥b�b�ln�
w ��b v � | b�� wY� jkb���m v�| qsr�c wp~ b { j £ r�q lY� ~ �­b `�v L �Y�8MÆ�nq ` bg@¦b { { ¤ q l u l ~ m { l�c wp~ b { L b�MÆ��q ` b | � �¡w�v c¬l�q | w �
¹ w � c wp~ b {��¡vkw cr@ | b £ b v L �NMF�¦q ` b � { l vQ>�¤ « |}{ j w � c w�~ b {z�¡w�v � w cBcdb v � | l { j¥bt�!m v�| qsr�� w ��jsq v l | �Zq�j
L �8MÆ� ln� ~ q ` b�G\�Nq=b�ln��c wp~ b { L �n�8M
E!© _#` b�jkbdc wp~ b { j.l v b | �Zq v�w�~ m��!b ~ q w � ` b�� > � ` b�q ` b v l9� wn{}| �!r

sut�v�w(xzy�{8|%}�|u~W�Fv�� y
����w(���&y0w��F�F��|h���(����w(�F� |u~uy �
����}�|u���8��} y�v����8�Fy�|W��~uw(x��8�Fy����8�e��v�~5{8� y�|u~hy��8v�|���}��F��|h��|u����}�x��8� y����8��|
���&y�|uv�~uw(�8�8|u~hy�|u�K} �F} y�|ux�}�� �(�Q�
�

�,� ���N�F�(�W�



b ����� � 6-��	���� �
	 2�2&��'(	[!

��b v�|¨¯ b�j�� | ��b��¬j¥bt�!m v�| qsrV� v�w �Qb v q | b�j { | > b#q ` b 	%��	76-��6��]�&� 4"�
���
��!Y/7'\��/0�&'(��! L �n�8M w�v q ` b 	7��	]�
	]�h�&'��"�"'\�&	7���
/%'\�Q/]�&'(��! L¨et�8MÆ©�c w �¦b��nb v �Zq ` b�jkb.c w�~ b { j ~pw � w q ~ btl { � | q ` q ` b�� w cB� w j | q |}w � wY� � wn{}| � | b�j�©

� w ���!b v � | ����q ` b ~ b ¯ � | q |}w � wY� lBj¥bt�!m v�| qsr¬� w�{ | �!r v b�jkm { q | ��� �¡v�w c q ` b.� w cB� w j | q |}w � wn� � wn{}| � | btj��
�¦b |}~ b��Zq | � r<qs� w¬~p|¨§ b v b��Zq�ln��� v�w ln� ` b�jNZ


 /0����� �&!1�
	]�h�&'\�Q/]�"'Q����� ��	 � `�| � `�| � � b v j7q ` b'� w cB� w jkb ~ � w�{ | �!r £ lnjkb ~�w ��q ` b'jkb���m v�| qsr.� v�w �Qb v q | b�j
wY� q ` b�jkm £p¤ � wn{}| � | btj���ln� ~


 /0����� �&!�����9`4"�
	%����� ��	 � `�| � ` jk��bt� | ¯ b�jzq ` bV� w cd� w jkb ~ � w�{ | �!r £ lnjkb ~ªw �9q ` b�jk��bt� | ¯ ��lYq |}w ��j wn�
q ` b�jkm £p¤ � wn{}| � | btj�©

_#` b �¡w�v cdb v ln��� v�w ln� `&v b { | b�j w �9q ` b°� vk| ��� | � { b�j wn� �����h��	%��9�! ln� ~&wn��2&���"��'(�
��!�wn� jkm £p¤ � w�{ | � | b�j
L e&b�M�Z ~ m vk| ���9q ` b | ��q�b v�w �Qb v l�q | w � wY� qs� w9~p| § b v b��Zq jkb���m v�| qsr�� wn{}| � | btj��=ln�Zr�l����!btjkj�lYmpq `�wnv�|�� b ~ � |¨¤
q `�| ��lY� | � ~�| � |®~ m�l { � wn{}| ��rªc�m�j¥q°l { j w<£ bdlYm�q `�w�vk|�� b ~ � | q `�| ��q ` bd� w cd� w j¥b ~ � w�{ | �!r�� lY� ~\~ m�l { { rn�
ln��r ln���!b�j�j ~ b�� | b ~ � | q `�| � ln� | � ~p| � |}~ m�l { � wn{}| ��r-cVm�jsq&l { j w £ b ~ b�� | b ~ � | q `�| ��q ` b�� w cd� w j¥b ~
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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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