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 ��� k>cq`�_�eacqsg� krwX`���� krjasgkrwXwXb>wXu�Z:Y�Z:wre
sgZ"`afg`heaW<Y�Z<`�`aeaj�cXu�eacXja_<`�s�� _<�@cXbTeh��k>wX`�ja_<u<cXjajaZ<wreaZ<`<�
n²pXjaW<`!cXw�j�bTpXp/Z��®sXc7��k>j�Y�bT� ��`�Y�Z]sgZ<`#_<�@cXbTeh��k>wX`!ja_<u�cqjajaZ<wrehZ:`B`aeaj�cXu�e�cXjh_<Z<`<�gwgk>cX`#Z�dXpg�����rcXk>wX`!u�krY��
Y�Z:w>e�Y�Z:wgZ<j����g� Z:w¡��� ��Y�pX� _:Y�Z:wreab�ea� krw¡s�� cqw¡k>cgea� �!s�� krjasXk>wXwXb>wXu�Z:Y�Z<wre�pqkrcXjtsgZ:`t`hfg`aehW:Y�Z:`twgkrw
`aeaj�cXu�eacXja_<`�s�� _<�@cXbTeh��k>wX`�ja_<u�u<cXjaZ<wrehZ:`�� i	cg��`©wgk>cX`���wreajakgsXcg��`hkrwX`���b wgk>eh��k>w's�� krjasgkrwXwXb>wXu�Z:Y�Z:wre
`aeaj�cXu�eacXja_tZ�e]wgk>cq`-pXjak>p/k>`ak>wX`-sgZ<`]u�ja� eaW<jaZ<`"p/Z<j�Y�Z�eaeabTwre]sgZ�sg_<ehZ:jaY���wgZ<j²`h��cXwR`afg`heaW<Y�Z�`aeaj�cXu�e�cXja_
s�� _:�rcqb�eh��k>wq`-ja_<u�cqjajaZ<wrehZ:`�bTsXY�Z<e²cXw©krjasXk>wXwXb>wXu�Z:Y�Z<wre�`he�jacXu�eacXja_t����wX_<b���jaZtZ�e]wgk>cX`²pXjak>p/k>`ak>wX`"cqw
bT� �>k>ja� e�VXY�Z!p/k>cqj���Z"u�bT��u<cg��Z<j<���	w@�2w�wXk>cX`�pXjak>p/k>`ak>wq`�cXw�b����Tkrjh��eaVqY�ZOp/k>cXj�u<b���u�cg��Z<j�cXw�k>j�sgkrwXwXbTwg�
u�Z<Y�Z<wre)Y�cg��eh��sg��Y�Z<wX`a� krwXwgZ<��`aeaj�cXu�eacXja_�p/k>cqj²��Z<`)`afg`heaW<Y�Z<`]w�� bTsXY�Z�eaeab>w>e�pXb>`²s�� krjasgkrwXwXb>wXu�Z:Y�Z:wre
����wg_<bT��jaZT���]j��Tu�Z��7u�Z<eheaZ�Y�_�e�VgkgsgZ�wgkrcX`-u<b���u�cg��k>wq`-cXw©krjasXk>wXwXb>wXu�Z:Y�Z<wre"`he�jacqu�eacqjh_�p/k>cqj-cXwR`afg`m�
eaW<Y�Z�Z! ®Z<u�eacXb>wre!��b�sg_:u�k>Y�p/k>`a� ea� krw�Z:w�¥�bT� Z:cXja`�`a��wg�>cg����W<jaZ<`Os�� cXwgZtY�b�e�jh��u�Z>�
"x° �:� ­ �$# 
 � krjasXk>wXwXb>wXu�Z:Y�Z<wre-u�fgu�� ���@cgZT�§_:�rcqb�eh��k>wq`²ja_<u<cXjajaZ<wreaZ<`]`he�jacXu�eacXja_�Z:`��§pXb>jabT� ��Z�����`aY�Z�ja_��
�rcg��� Z:j��Xwg��sX`�sgZ%�/k>cqu���Z<`<�XY�_<eaVgkgsgk>� k>�T��Z�sgZt`hfgwreaVXW<`aZ]b>cgehkrY�bTeh���@cgZT�g¥@��`h�
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yq� { omwre�jhkgsXcXu�ehkrjhf�Z�dgb>Y�pg� Z �)���)�����]���)���)�����)���)���]���)�����)���)���)�����]��� [>[
yq� y omwqpXcgea`-bTwXs�k>cXeapXcge�`R�)���)���)�����]���)���)�����)���)���]���)�����)���)���)�����]��� [N{
yq� } �²��¥@��wX��¥NbT��cXZ<`Oehk�e�VgZt`ac �X`hfg`aehZ:Y � `�`a�CB<Z)pqbTj�bTY�Z�eaZ<j�` ���]���)�����)���)���)�����]��� [:y
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}/� y �Bdgb>Y�pg� Z�kT�WVqZ�dg� �g��Zt`�uvVgZ<sXcX� ��wg�����]���)���)�����)���)���]���)�����)���)���)�����]��� [/D

S32 ��� �
���
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>X� y �Bdgb>Y�pg� Z�kT�
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?q� [a`#krY�pXcgeh��wg�7Y�cg� ea� ��sg��Y�Z<wX`a� krwXb��G`�uvVgZ:sXcg��Z<` �����)���)���]���)�����)���)���)�����]��� {\D
?q� { omwreaZ<j�pXjhZ<eabTeh��k>w�k��
Y�cg��eh� �Esg��Y�Z<wX`a��k>wXbT�G`auvVgZ:sXcg����wX����krjcbPd�Y	e)�)�����)���)���)�����]��� yfI
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^-Z<u�cqjajaZ<wXu�Z�Z<�@cXbTeh��k>wX`	�"VgZ<jaZ"��w>e�jhkgsXcqu�Z<s�b>`	b)��krjaY�bT� ��`aYx��k>j#sgZ<`�u�ja� �X��wg��u�k>Y�pXcXeab�ea� krw �rf��tb>jap§�
gK� ��� Z:j)bTwXs � ��wXkT�>j�bTs�� [��9��U�Vg��`-��krjaY�bT� ��`aY VqbT` �qZ<Z<w¤����sgZ���fR`he�cXsg��Z<s£��w¤e�VgZ��qZ���sKkT�#pXb>jabT� ��Z���� �
B:b�ea� krw�� {@��yg�
}X� >��!b>wXs `af@wre�VgZ<`a��`tk��-jaZ��>cX��b>j�bTj�jabNfg`�� ?g� @@�
|g�;D
�E� � krj
T@`�k>w¡eaVXZ7��k>j�Y�b�����`�Y kT�
jaZ<u<cXj�jhZ:wXu�Z�Z:�rcqb�eh��k>wq`B��Z<bTs�eak�¥�bTja��k>cX`���bTwX�>cXbT�TZ<`B� � T�Z��
cXu���s�� [OI
�E����cX`aeajaZ�� [T[ �E��Ar� �rwXb��!� [:{��E��`!jafg`m�
e�b��"� [<y
�E�Gi�Z���� [�}#�	b>wXs¤n"��pXVXb$� [L>��E� � k>j Tr`]krwReaVXZ�`�uvVgZ:sXcg����wg��k��OjhZ:u�cXj�jaZ<wXu�Z�Z<�@cXbTeh��k>wX`]��Z<b>sRehk
��Y�pqkrjhe�bTwreOjhZ:`acg��ea`%� [O?g�§[�@r�X|X�XyX�§[<|
�E��omw�e�Vg��`�pXbTp/Z<j<�@�#Z�`aeacXsgf�`hfg`aehZ<Y�`!k���jhZ:u�cXj�jaZ<wXu�Z-Z<�@cXbTeh��k>wX`
& A@n"^��	`
'���� e�V@d�eaVXZ���k>j�Y�bT� ��`�Y%k��]eaVgZRn-��pXVqb¡��b>wg�>cXbT�TZ>��^"Z:u�Z<wrea� f>�!n-��pXVqb¡�!b>`�Z�dgehZ<wqsgZ<s�ehk
��wXu���cXsXZtpXjhk>�>j�bTY `aeaj�cXu�e�cXjh��wg�(� [OD
�E�BU�Vg��`"b���� k��!Z<s�ehk��"ja� eaZtbTwXs�Y�bTwg��pXcg��b�eaZ �X� ��A@n-^��	`"`�p/Z<u�� �X�
u<b�ea� krwX`
��w�b)`he�jacqu�eacqjhZ:st��krjaY��$�XcXeBjabT��`aZ<s�`hZ<¥TZ<j�b��g�@cgZ:`hea� krwX`���¨qkrj���wX`aeab>wXu�Z>���T��¥TZ:w�bUA@n-^��¡�"Vg��uvV
��`�cX`aZ<s¤��w¤sX�  ®Z<jaZ<wretu�krwrehZ�dge�`��G�"VX��uvV¡`�uvVgZ<sXcX� Z�`�Vgk>cg��s¤�#Z��>� ¥>Z�eak�eaVg��`t`af@`aehZ:Y*) n `he�jacqu�eacqjhZ:s
`�uvVgZ:sXcg����wg�£`aVgkrcg��s�pXjhk�¥@��sgZ7bR`a��wX�T��Z�`auvVXZ<sXcg����wg�©��k>j�b����#e�VgZ�sg�  2Z:jhZ:wre�cX`aZ<`<��eaVg��`t��`�wXkTe�bT� �ObNfg`
p/k>`�`a� �g��Z�bTwXs¤`auvVXZ<sXcg����wg��`aeaj�cXu�eacXjaZ<s A@n"^�� u<bTwXwXkTe �qZ7sg��jaZ<u�ea� fRsXZ<sXcXu�Z<s£��k>j�Y¦eaVXZ7`auvVgZ:sXcg����wX�
eaZ<uvVXwX���@cgZ:`OZ�dg��`aeh��wg����k>j�cqwX`he�jacqu�eacqjhZ:s A@n-^��	`<�
U�Vg��`�pXb>pqZ:j²��`�u�krwXu�Z:jawXZ<s �rf©eaVXZ�`�uvVgZ:sXcg����wg��k��O`he�jacqu�eacqjhZ:s A@n-^��	`<�z�!Z��/j�`ae]pXjaZ<`aZ<wre)pXj�bTuv�

ea��u<b��
jhZ:`acg��ea`"k>w�eaVgZ�`auvVXZ<sXcg����wg��k��BcXwX`aeaj�cXu�eacXjaZ<s A@n-^��	`<�/e�VgZ<w��!Z�pXjak>p/k>`aZ�b7Y�Z�e�VgkgsgkT��kT�>f���k>j
`�uvVgZ:sXcg����wg�£`he�jacXu�eacXjaZ<sjAgn"^��	`<�Kn-� �!k>cXj�Z�dXbTY�pg��Z7����� � �/Z�`�pqZ:u�� �qZ<s¡��w n"��pXVXbq�BVgZ<wqu�Z7�!Z��/j�`he
Z�dXpg��bT��w���w�sgZ<pXeaV�eaVgZ)n"��pXVXb���k>j�Y�b�����`�Y ��w�`aZ<u�ea� krw�{g��U�VgZ:w��!Z)sgZ�e�b����2e�VgZ)`he�jacXu�eacXja��wg��kT��n"��pXVXb
��w¡`hZ:u�ea� krw¤yq�z��w¡pXbTjaeh��u�cg��bTj<�G�!Z���wre�jhkgsXcXu�Z�eaVgZ�wXkTeh��k>w£k���`aeaj�cXu�e�cXjhZ:s¡sgZ<p/Z<wXsXZ<wXu�Z��>j�bTpXV¤bT`�b>w
Z�dgehZ<wq`h��k>w�k���e�VgZtu���bT`�`a��u<b��§sgZ<p/Z<wqsgZ<wXu�Z)�>j�bTpXV & k>j�jaZ<sqcXu�Z:s�sgZ:pqZ:wXsgZ<wqu�Z��>j�bTpqV+'Bcq`hZ:s���w�`hfg`aehkT����u
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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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