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�"xXx ncm vA��y���g n7n b m `c_#_#b�W�tAg#� n y�_ � b �
_ Yt��Y � `�±~Yy��Y � { |-±9` m V���yAv�Vht0VXy�v�VXy~g�x n tA��VX_ nP�

_ n WYV�rP` m ��`u�As�VX_ � � b�� � � �?ncm `cy~i¬c
Q�l�d�F�£ � V|_ T `cs�s0_jg#bAvei n y�s�i�g T V1t�` m g#��xXb�s ` m xa`c_�V1� T VXy
� � b�� � � p G	� � � b�� � � G
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S�T V�W n v�VXs�� V1g m Va`ug T V m V �
`c_���y=g m�n v�b�xXVXv4�-i¬�&deVXs m `cv0±-0 V m y�` m v0±21 n gjg m VXs�sI`cy�v43 � m `cb�v�ÐZ5�
`c_�`¤_#��W�tAs�VYW n v�VXs � ncm g T V7xXV m Vh�0VXs�s�` m x ncm g#VOd�£ z y s���y�V�����g T g T ��_�W n vAVXs�� T VXyAVhr�V m
Z b _ Y�`aG�|-±-�wV&xa`cs�sªY�`�W n W�VXy=g nP� § m ��y�� nP� g T V�c¹g T y�VXb m�n yI±~`cy�vYg T V m V � ncm V
g T V&_jg�`ug#V Z b _ Y
`
xa`cy4�0V���y~g#V m t m Vhg#VXv4`c_wg T V�g#��WYV76¡��y~g#V m rP`cs���Vhg°� VXVXyfW n WYVXy=geYw`cy�v7g T V"yAVOd-gw§ m ��y�� nP� g T V
c¡g T y�VXb m�n yR��y4g T V1`u�A_#VXyAxXV nP� g T V1`98�V m VXy=g���W�tAb�s�_#VX_X£

S&T ��_+W n v�VXsk�
`c_�_jg#b�v���VXv���y ncm v�V m g n ��y~r�VX_jg#����`ug#V&g T V m�n s�V nP� g T V
��y T ���A��g ncm i�_jikyA`utA_�VX_
��y�g T V � ncm W�`ug#� n y nP� v��:8�V m VXy=g m VX�P��WYVX_ nP� g T V1y�VXb m�n yA`cs0`cxhg#��r-��g¡iP£ S�T V m ��� ncm�n b�_&`cy�`cs�i-_���_
nP� g T ��_wW n v�VXs�����g T `�§Ay���g#V�y-b�W|�0V mwnP� y�VXb m�n y�_
`cy�vfx n y�_jg�`cy~g&��W�t�b�s�_#VX_ _ � T ��x T ` m V g T V
rP` m ��`u��s�VX_ � b �

�?ncm c<;G l ��y n b m _#Vhgjg#��y��°`|�
`c_�t m VX_#VXy~g#VXv ��y t�`ut0V m �-i�1 n gjg m VXs�s=� ��� _ _�VXV
`cs�_ n g T V m V � V m VXy�xXVX_�g T V m VX��y �?ncm W n g#��rP`ug#� n y nP� g T V�W n vAVXs�`�£ S&T V¨_#��W¨b�s `ug#� n y m VX_#b�s�g#_ nP�1 n gjg m VXs�s+� �9��_ T n �GxXs�Va` m s�i|g T V&`u�A��s���g¡i nP� g T ��_%W n vAVXskg n t m�n v�b�xXVwv��:8�V m VXy~g+_#g�`u�As�Vwt�`ugjg#V m yA_
nP� `cxhg#��r�V¨y�VXb m�n y�_w�-i4WYVa`cy�_ nP� g T V1��y T ���A��g ncm iYx n y�y�VXxhg#� n yA_ n y�s�iP£> ` m t0VXs�Vhrk��x T ±-q(`cs�ik_ T VhrY`cy�v�\&i-� ¢�n � }9��t m�n r-��vAVXv�`1v�Vhg�`c��s�VXv�`cyA`cs�ik_#��_ nP� g T V��PVXy�V m ` 6
s��@?XVXv�r�V m _#� n y nP� g T V W n v�VXsA� �9� � ncm g T V�xa`c_#V � T VXy�g T V W�`ug m ��d nP� g T V VOdkt�VXxhg#VXv4rP`cs�b�VX_ nP�
g T V�x n yAy�VXxhg#� n y�_ _ � b � `"v�Vh§Ay�VX_�`7_#VXs � 6°`cv o#n ��y=g n t0V m `ug ncm £ � V�VX_#_�VXy=g#��`cs�s�iRb�_#V¨g T V m VX_#bAs�g#_
`cyAv¤WYVhg T n v�_ nP� g T VX� m t�`ut0V m £BDC m�n W g T VR_jg#b�v�i ��yE� F�� ��g�`ut�t0Va` m VXv g T `ug7g T VRW�`ug T VXW�`ug#��xa`cs v�VX_#x m ��t�g#� n y nP� g T V
_�VX¦~b�VXyAxXVX_ nP� g T V�_#tA� ¢ VX_ _ g T V�W n WYVXy~g#_ nP� § m ��y��°` nP� g T V�y�VXb m�n yA_���y(g T V�`u� n r�VYW n v�VXs_ � T ��x T ��_&`cs�_ n xa`cs�s�VXvf`cy T n b m �Ps�`c_#_wW n v�VXs�`���_
VX¦~bA��rc`cs�VXy=gwg n g T V n y�V�v�V m ��r�VXv ��m�n W `cy n 6
g T V m _#g n x T `c_jg#��x4y�VXb m�n yA`cs*W n v�VXsw��y~g m�n v�b�xXVXv¥�~i >�m ikb ¢�n r�� � �²£ S&T V7s�`c_jg�W n vAVXs�g�` ¢ VX_
��y=g n `cxXx n b�y~g&g T V ��`c_#��x�t T i-_#� n s n �P��xa`cs � `cxhg#_�`u� n beg&y�VXb m�n y�`cs�`cxhg#��r-��g°iP±�`cy�vf��g
`cs�s n ��_ n yAV
g n _#��W�b�s�`ug#V¤`cy�v _ n WYV T n � VOdktAs�`c��yGg T V¤yA`ug#b m V nP� _#b�x T ��W�t ncm g�`cy~g _ `cy�vG�wVXs�sG6 ¢ y n ��y
� m�n W g T V�VOd-t0V m ��WYVXy=g�`cs�_jg#b�vA��VX_ nP� � m `c��y*` m VX�P��WYVX_�`c_�WYVhg�`c_#g�`u�A��s���g°i(`cy�v t T `c_�V|g m `cyA_#�G6
g#� n y�_ _ _#VXVH� �9�*`cy�v¥g T V��A����s�� n � m `ut T iRg T V m VX��y �?ncm g T VY�A� n s n �P��xa`cs o b�_#g#��§Axa`ug#� n y+`�£JI"VXyAxXVc±
`cy T n b m �Ps�`c_#_�W n v�VXsA�0VXx n WYVX_wy n ��`cy7`cvAVX¦~bA`ug#V W�`ug T VXW�`ug#��xa`cs�W n vAVXs �?ncm _jg#bAvei-��y��1y-b'6
W�V m�n b�_*t T VXy n WYVXy�`1��y��A� n s n �P��xa`cs�y�VXb m `cs�y�Vhg¡� ncm#¢ _
`c_*_ n-n yf`c_�g T V"v���_jg m ���Ab�g#� n y�_ � b � `

m V
x T n _#VXyRg n §�g
g T V1v�`ug�`-£

� VYy n g#��xXV�`cs�_ n ±Ig T `ug1g T V m VX_#b�s�g#_ nP� n b m t�`ut�V m ` m V�rc`cs���v � ncm g T V�W n vA��§AVXv W n v�VXs²±
� T V m V���g"��_�`c_#_�b�WYVXv0±�g T `ug g T V m V���_ y n ��y=g#V m `cxhg#� n y ��Vhg°� VXVXy g T V¨_#��W¨b�s�g�`cy�V n b�_#s�if§ m ��y��
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yAVXb m�n y�_X£ S&T V|s�`ug#V m WYVa`cy�_"g T `ug _ � `�v�Vh§AyAVX_�g T V¨_jg�`ug#VX_ nP� g T VXl�g T y�VXb m�n y�_�����g T l ;d��
n yAs�iP±e� T ��s�V �?ncm `cy~imc�df�

Z [ Aª]b _ Y~� Yj�3��|�`3G � bÆb
_ Y���Y��,`�R

S�T V|s�`ug#V m W n v���§Axa`ug#� n y¤g�` ¢ VX_���y~g n `cxXx n b�y~g g T V m V ��m `cxhg ncm ��`cs�t�V m � n vI±A�²£ÒVc£�g T V1t0V m � n v nP�
g#��WYV � n s�s n ����y���g T V�§ m ��y�� nP� `�yAVXb m�n y0±k����g T ��y7� T ��x T g T ��_
y�VXb m�n yfv n VX_�y n g m VX_#t n yAv4g n
`cy~i4��y�x n WY��yA����W�tAb�s�_�Vc£

� T VXy n y�V s n-nc¢ _w`ug�`�W�`cx m�n _#x n tA��x�t�` m g nP� g T V"� m `c��y n y�V xa`cyf_#VXV � vA` m#¢ V m � m VX�P� n yA_
� T V m V�`Rs n g nP� y�VXb m�n y�_�§ m V�`cy�v `cs�_ n � � T ��g#V m � m VX�P� n yA_1� T V m V n y�s�i _#W�`cs�s�y~b�W¨�0V m¨nP�
yAVXb m�n y�_�§ m Vc£ � V
� n b�s�v�s�� ¢ V*g n|� ncm W�`cs��@?XV g T ��_+�-i¨v�Vh§�y���y���W�`cx m�n ��W�`c�PVX_�x ncm#m VX_#t n yAv���y��
g n g T V"_jg�`ug#V nP� `|y�VXb m `csAy�Vhg°� ncm�¢ £ � y�`¨WY��x m�n _#x n t���x&_#xa`cs�V"�wV"_#VXV ` m `cy�v n W���W�`c�PV&��beg
n y `�s�` m �PV m _#xa`cs�V��wV¨_#VXV�`�W�`cx m�n ��W�`c�PV¨� T ��x T ��_�`�v�Vhg#V m WY��y���_jg#��x n y�V m VX_#b�s�g#��yA� ��m�n W
g T V h `X� nP�;h ` m �PV � b�W¨�0V m _X£
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h Vhg _�
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 AyQ���AtQ��yA�`���V7g T VRb�y�v�V m s�i-��yA�¤t m�n ��`u�A��s���g°i _jt�`cxXV nP��n b m t m�n xXVX_�_X£h Vhg���G�� A �0V�g T V���y���g#� `cs%v���_jg m ���Abeg#� n y n y¥g T V�_jg�`ug#V4_jt�`cxXV¥C AE £ C ncm `cy=i��£�NF�s�Vhg
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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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