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gaU)P�R�g«ewU?�=cdU)r_`w^xR�g�]_^¡ep`KNQMw^aU?e¬N9�«R�g¢g5`K]dU�RQ\)\bU?eKepU?e)m_`K]dU0UbtdU?\bcd`w^aNQrB^xe¥N=r_gluB\)R9c;eKR�g¢gauª\bN=r;e�^xew`KU)r_`
­ gaU)P�Rhgi^a`wu�SVU?R9r;e§`K];R9`$R#MOU?RQq�q_N�U?e§rdNQ`0PQU)`$R�r�Nh©=U)MK�0Mw^a`K`KU)rB©hRhglcdU9®b 
¯"]_^xe"f;R9f;U)M0ew`Oc;q=^lU?e�ewu�r;\O]dMKNQr_^a°?R9`p^lN=r¦\bNQr;ew`KM�Rh^lr_`�e�`K];R9`?m_�0]dU)rBNQo;U)u=U?qBo�uVN=f;U)M�R9`p^lN=r;e

N9��R�P9^a©QU)r±\)R9c;eOR�g¢glu&\bNQr;e�^xew`KU)r_`�UbtvU?\bcd`w^aNQr�m�S�R9²=U�^a`$ewU?�=cdU)r�`p^¡Rhgigau�\bNQr;e�^xew`OU)r�`? "�³NQMKU7fdMKU)´
\O^xewUbgauQm%`K]dU#f;R9f;U)M�^ar_`KMKNdq_c;\bU?e�`K]dU#�µ�d¶·ewu�r;\O]dMKNQr_^a°?R9`p^lN=r ­ S#^¢tdU?q±epu�r;\O]dMKNQr_^a°?R9`w^aNQr�\bNQrd´
ew`OM�R�^ar�`n®5�0]_^x\O]VPQU)rdU)M�Rhgi^a°)U?e ­ W9®�`K]dU"²�rdN9�0rV¸�{0¹ ­ qdR9`bR0M�R=\bU'�ºMKU)U9®«R9r;qT¶¥»	¹ ­ \bN=r;\bcdMKMKU)r_`
�0Mp^l`OU#�¼MOU)U9®$ewu�r;\O]dMKNQr_^a°?R9`p^lN=r;e R9r;q ­ ~_®$RTrdU)�½N=rdU�\)RhgigaU?q�¶�{0¹ ­ \bNQr;\bcdMOMKU)r�`�MOU?RQq³�ºMKU)U9®� 
¯"]dU����d¶�epu�r;\O]dMKNQr_^a°?R9`w^aNQrBR�g¢glN9�$e¾�¼N=M¥\bNQr;\bcdMKMKU)r_`¥\bNQr_¿d^x\b`w^ardP#NQf;U)M�R�`w^aNQr;e%NQr�R�eKR�SVU"NQod´
ywU?\b`?m_�0]_^¢gaU U)r;ewcdMw^ardP�epU?�QcdU)r_`w^xR�g¾\bNQr;ez^¡ep`KU)r;\bu5¨À`K]_^xe'^xe"f;R�MK`w^x\bc_gxR9MwgauB^ar�`KU)MOU?ew`w^ardP7^lr³`K]dU�`K]dU
\bNQr_`KUbtd`$N���q=^xew`KMp^lodcd`OU?q±epuvew`OU)S�e ­ �0]dU)MKU N=odyzU?\b`be0R9MKU�f�N�eKe�^ao_gau&MKU)f_g¢^¡\)R�`KU?q�®0`KN�\bNQf�U#�"^a`K]
f;R9MO`w^a`w^aNQrV�kR�^¢gacdMKU?e)Á¥\bN=r_¿d^¡\b`p^lrdP#NQf�U)M�R9`w^aNQr;e�^arB`z�"N q=^xew`w^ar;\b`"f;R9MK`p^l`p^lN=r;e�q_N7rdNQ`'rdU?\bU?eKeKR�Mw^¢glu
o_gaNd\K²�fdMKNd\bU?eKewU?e�`K];R9`¬^xeKewcdU#`K]dU)S ­ RQe�^a`0^xe"`K]dU#\)RQewU�N9�¥�=cdNQMKcdSÂo;RQepU?qBfdMKNQ`KNd\bN9gxeb®� 
ÃÅÄ�Æ�ÇwÈ#É5�9Ê%�Q�3¶"R9c;eKR�g¥\bNQr;e�^xew`KU)r;\buQm�epU?�QcdU)r_`w^xR�g¥\bNQr;e�^xew`KU)r;\buQm%ew];R9MKU?qÅSVU)SVNQMKuQm�ewu_r;\K]dMONQ´
r_^a°?R9`w^aNQr�\bNQr;ep`KM�R�^ar_`? 
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gaU)SVU)r_`0\bNQ]�sU)MKU)r_`KU ­ cdrdU$Ubt�sU?\bcd`w^aNQrTU?ew`�e_sU?�QcdU)r_`w^aUbg¢gaU)SVU)r�`�\bNQ]�sU)MKU)r_`KU$ez^;`KNQc;e%gaU?e¬fdMKNd\bU?eKewc;e
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g¡RBS�sU)SVN9^aMKU9®b ��0rdU#\bNQr_`KM�R�^ar_`KU
q_UVewu_r;\K]dMONQ´
r_^xeKR9`p^lN=r�U?ew`7f;R9MK`w^x\bc_g¢^ jU)MKU)STU)r�`�sU)`Oc;q=^ sU)UQ¨«ewN=r&^ar�`dsU)M��U)`�f;N=cdM
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qdR9r;e§gaU
\bNQr_`KUbtd`KU�q_U?e$ewudew`?jU)SVU?e¬MdsU)f;R�MK`w^xe¬U?ew`0S#^xe�U)r�©hR�gaU)cdM? 
��É��?�)ÇK� ���Äª�7\bNQr�`OM�R�^ar�`OU¥q_U�ewu_r;\K]dMONQr_^xeKR9`w^aNQr�m9\bNQ]"sU)MOU)r;\bU¥\)R9c;eKR�gaUQm9\bNQ]�sU)MKU)r;\bU"e_sU?�=cdU)r_`w^aUbgigaUQm
S�sU)SVN9^aMKU�f;R9MO`�R9P'sU)UQ 
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R�rdU)`w�"NQMK²&R9r;q�^lr_`KU)M�R=\b`w^ardP¦`K]dMKN=cdPQ]�ew];R9MOU?q�NQoÀyzU?\b`�e ­ NQodywU?\b`�e q=^xew`KMp^l´
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\bNQr;ez^¡ep`KU)r;\buª\bMp^l`OU)Mw^xRdÁ;R \bN=r;e�^xew`KU)r;\bu�\bMw^a`KU)Mw^aNQr¦q_Ub�;rdU?e"`K]dU�©hRhglcdU7MKU)`KcdMKrdU?qTo_uVU)©QU)MKuVMOU?RQq
NQf�U)M�R9`w^aNQr�^lr_©QNQ²=U?q¦o_u�RBfdMKNd\bU?eKe�NQr�ewN=SVU#NQodywU?\b` ­ N=M ewNQSVU#©hR�Mw^xR9o_gaU9®� +*�`�^¡eY^aSVf;NQMO`�R9r_`
`KN&ew`KMKU?eOe�`K];R9` `O]dU�q_Ub�;r_^a`w^aNQr�N���R³\bNQr;e�^xew`KU)r;\bu�\bMw^a`KU)Mw^aNQr�S
c;ep`�o;UT^lr;q_U)f�U)r;q_U)r�`TN9�0`K]dU
f�N�eKe�^ao_gaU�Ubt_^xew`KU)r;\bUVN��¥S
c_ga`w^af_gaU?e#\bNQf_^aU?e�N9��N=odyzU?\b`be)m;R9r;q³S#c;ew`�rdNQ`�MKUbgau¦NQr�RTf;R9MK`w^x\bc_gxR9M
fdMKN=`KNv\bN�g�^aSVf_gaU)SVU)r_`w^ardP�`K]dU�\bMw^a`KU)Mw^aNQr�¨%^a`VS#c;ew`#o�U¦o;RQewU?q�N=r¤R³�ºNQMKSBR�g�SVNdq_Ubg$R9r;q�o;U
RQe�PQU)rdU)M�Rhg�RQe§f;N�eKez^lo_gaUV`ON�S�R�²QU q_U?e�^aPQrdU)M�e�\)R9f;R�o_glU#`KNBew`Kc;q_u¦fdMONQf;U)MK`p^lU?e�N9��\bNQr;ez^¡ep`KU)r;\bu
\bMw^a`KU)Mp^¡RÀm�R9r;q7`KN�fdMKNdq_c;\bU0MKU?epc_gl`be%rdNQ`'o;NQcdr;q�`KN$f;R�MK`w^x\bc_gxR9M'^aSVf_gaU)SVU)r_`�R9`w^aNQr;en QZ�e��¼NQM¥R�o;ew´
`KMbRQ\b`¾qdR�`�R�`wu�f�U?e)mhepc;\K]VR�\OgxRQeKe�^x\)R�g5R�fdfdMKN�RQ\O]Vq=^¡ep`w^ardPQc_^xew]dU?e"\OglU?R�Mwgau
`O]dU§epU)S�R9r_`w^x\)e%N-,�U)MKU?q
`KN7c;ewU)M�e��ºMKNQS�^a`�e¬f;R9MK`w^x\bc_gxR9M¬^aSVf_gaU)SVU)r_`�R9`w^aNQr;e) ��QU)©QU)MbR�g�R9cd`O]dNQM�e'];R�©QU�\bNQMKMKU?\b`wgauV\OgxR�^aSVU?q
`K];R�`$RVSTU)SVNQMKu�\bNQr;e�^xew`KU)r;\bu¦\bMp^l`OU)Mw^aNQr³^¡e�RV\bNQr_`KM�R=\b`0o;U)`w�"U)U)r¦`K]dU�STU)SVNQMKu¦ewudew`KU)S R9r;q
R9fdf_g¢^x\)R9`w^aNQr&fdMKN=PQM�R9S�e/.é~ÀW10� 
¯"]dMKU)U¦SBR�^ar \bN=r;e�^xew`KU)r;\bu \bMp^l`OU)Mw^xR�];R�©QU³o;U)U)r3fdMKNQf�N�ewU?q�^ar `O]dU�g¢^a`KU)M�R9`KcdMOUQÁ�R9`ONQS#^x\

\bNQr;ez^¡ep`KU)r;\bu�.¡W?�#0 ­ R�gxewN
\)RhgigaU?qTg¢^ardU?R9Mw^a°?R9o_^¢g¢^x`wu2.aW�3-0º®�mQepU?�QcdU)r_`w^xR�g�\bN=r;e�^xew`KU)r;\bu4.aW��$0�R9r;qB\)R9cd´
eKRhg�\bNQr;e�^xew`OU)r;\bu�.5&#0k �*kr�R�g¢g5`K]dMOU)UY\)RQepU?e¥R�MOU?RQqVN=f;U)M�R9`p^lN=r�MKU)`OcdMKr;e'`K]dU�67�-��
d©hR�gacdU�RQeKe�^aPQrdU?q
`KN#`K]dU�©9R9Mw^xR9o_gaU ­ NQM"�0Mw^a`K`KU)rT^ar�`KNT`K]dU$N=odyzU?\b`n®� d¯"]dU�`K]dMKU)U�\bNQr;e�^xew`KU)r;\bu¦\bMp^l`OU)Mw^xRVq=^7,�U)M�]dNQ´
�"U)©QU)M�^ar�`K]dUVq_Ub�;r_^a`w^aNQr�N9��`O]dU867�-��
%�0Mw^a`KU#NQf�U)M�R9`w^aNQr� �Z0`ONQS#^x\#\bNQr;e�^xew`KU)r;\bu³^xe�`K]dU#SVN=MKU
MKU?ep`KMw^x\b`w^a©QUVN9�0`K]dU#`K]dMOU)U�\bNQr;e�^xew`KU)r;\bu�\bMw^a`KU)Mw^xRdÁ�^a`7MKU?�Qc_^aMKU?e�`K];R9` R�g¢g¥`K]dUTfdMKNv\bU?eOewU?e R9P=MKU)U
NQr�RT`KNQ`�Rhg�N=M�q_U)M0^ar;\Ogac;q=^ardP�R�g¢g¥`K]dU MKU?R=q�9?�0Mw^a`KU7NQf;U)M�R�`w^aNQr;e�`K];R9`0`O]dU)u¦];R�©QU�^xeKepcdU?q�m�R9r;q
`K]_^xe�`KNQ`�R�g'NQM�q_U)M�];R=e�`KN�MOU?ewf;U?\b`7MKU?R�g¥`w^aSVU ­ ^k èUQ �^¢�;:�< ) fdMKU?\bU?q_U?e=:�<�>�^ar�MKU?R�g'`w^aSVUQm�`K]dU)rR�g¢g"`K]dU#fdMKNv\bU?eOewU?e�];R�©QU#`KN¦R9P=MKU)U#`K];R9`=:�< ) ];RQe�Nd\)\bcdMKMKU?q�o;Ub�ºNQMKU?:�< > ®� �» ^a`K]�ewU?�=cdU)r�`p^¡Rhg\bNQr;ez^¡ep`KU)r;\buQm¥`O]dU�fdMKNv\bU?eOewU?e#];R�©QU¦R�gxewN�`ON�R�PQMKU)U�NQr£R³`KNQ`bR�g�NQMbq_U)MVN9��`K]dUb^aMVMKU?RQq�9?��Mw^a`KU
NQf�U)M�R9`w^aNQr;enm�odcd`�`K]_^xe¥`ONQ`�R�g�NQM�q_U)M0q_N�U?e¬rdNQ`"];R�©QU�`KN#MKU?ewf�U?\b`�`O]dUb^lM�MKU?R�g�`w^aSVU�NQM�q_U)M? _» ^a`K]
\)R9c;eOR�g¾\bNQr;e�^xew`OU)r;\buQm�fdMKNv\bU?eOewU?e0\)R9r&q=^¡eOR9PQMKU)U7NQr�`K]dU �0R�uB`K]dU)u�`ONQ`�R�g¢gau�NQM�q_U)M$\bN=r;\bcdMKMKU)r_`
�0Mp^l`OU NQf�U)M�R9`w^aNQr;e) 
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Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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