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` ¡E~�Z�p�qXZ}e=gi�t�hZ=�tbdp ?;_Xf {iZ=cK�r�%qXZ}oibdflp=m�| � �zm�| � ��_XgibdY.¢ Jw_tgi�Xp©c?{Kgi_Xp��X_[`acK�X�lZ9cK��mNpugifl`�c��
`agK`acK�$�r�+`kcK�X�lZ9cK�E�T¢�«�V�c��E�tZ"`kc��X�hZ=cK��e���cKpupdZ+~�gi�tb¨ekV�c�e=�X_¯qXZ�p¤�ED�gi�ExuZ�`ap¨�hZ=p+�?�%gi�ExuZ�`dpzqXZ
��c5��c�pdZ�~�cKb(gKbdqXbuZ�q��³c�~X~�cKbufhZ=Y%Z=_N`=¢�v7cKb(Zª�rZ=Y%~X�hZ�mX�hZ¤`acK�X�hZ=cK� ��fh_tqXfh���XZ��lZ=p(e=fl_X�n~tbdZ=Y%fhZ�bdp
gi�ExuZ�`ap5�lZ=p+Y[flZ=�r�­cK~t~�cKbdfls=p�m7cKfl_Xpdf§���XZ
�lZ=�Xb+e=�hcKpdpuZ=Y%Z=_N`9m�~�gK�Xb"ekVXcKe=�X_®qtZ=p��ED�gi�ExuZ�`ap5qXZ
� �D{EfhgK�hZ�`u`kc2� �/q�cK_tp(�hZ�e9c�p(qXZ=p�_Xf {iZ9c��r��qXZ�oibufhp(c9{KZ=e�Y[gEqXW��hZ¤qXZ�Y%s=�hcK_XoiZ¨�t`afl�hflpacK_N`��lZ�e=bufl`aW�bdZ
��^�«z¢
²w��Zª�t~t�hgif `kc�`dfhgi_ �DgK_Xe�`dfhgi_X_tZ=�h�lZ�qXZ�e�Z=p��r�(`kcK�t�hZ9c��r��{�c�£�`dbdZ �;cKe�fh�hf `as©Z=_ qXs7�X_XfhpupacK_N`©�X_ fh_XqXfle=Z
oi�hgK��cK�§qXZ�~QZ=b(�DgKbdY[cK_Xe=Z�¢7�}gi�Xp�~Xbugi~Qgipdgi_tp5e=giY%Y%Znfh_tqXfhe�Zn�hZ%`kcK�E� qXZn��gi_�c�~X~�cKbufhZ=Y%Z=_N`
xu�Xpd������cK��bacK_XoMNEm���L�NGS�?BN*CEDGF&HIHIH&F&D ��J�¢t^ ��Z=p�`zqXgK_X_Xs�~�cKb(�lZ�bacK~X~Qgib�`�pd�Xf {Kc�_�` ;
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«�Z�`�fh_XqXfle=Z�Z=p�`�e�giY[~tbdfhp�Z=_N`dbdZ¤�+Z�`z�i¢E²�c+Y[s�`aVXgEqXZ}Z=p�`�q���cK�t`acK_N`�Y%Z=fl�h�hZ��XbdZ(���XZ¨pdgi_nfh_XqXfle=Z
p=��cK~X~XbugrekVtZ"qXZ �i¢
�¨gi�tpzbds�pd�XY%gi_Xp¨��c ~�Z�b(�DgibuYnc�_Xe=Z+qXZ+ekV�cK���XZ5Y%s�`dVXgrqtZ"~�c�bz��c Y%g�¡KZ=_X_tZ�qXZ+��LUN�S(pd�Xb¨�¦��Z=_rj
pdZ�Y5�X�hZ qXZ�p[�9�.bdcK_Xoip+q�cK_Xp��lZ `acK�X�lZ9cK�­\t¢�«�Z `kcK�X�lZ9cK�¬qXgK_X_XZ%s=oNcK�lZ=Y%Z=_N`+�¦��Z=e=cKbu`�jÊ` ¡E~�Z qXZ
�¦��fh_Xqtfhe=Z�¢ �w_Ce=giY%~X�hs�Y[Z�_N`�qXZ e=Z�p"p�`kc�`dfhpu`dfh���XZ�p+pu�Xb��¦��fh_Xqtfhe=Z�mT�lZ5`kcK�X�lZ9cK� � qXgi_t_XZ ��cn`kc�fh�h�lZ
Y[g?¡KZ=_X_XZ%Z�`+�´��s�e9cKb�`ujÊ` ¡E~QZ qXZ �¦��fh_XqXZª��¢�«�Z�`d`dZ%`acKfh�l�hZ"e=gibubdZ=pu~�gK_Xq cK�C_XgiY��XbdZ�qXZ%qXZ�oibds�p"qXZ
�hfl��Z�bu`as�qXZ¨�¦��VXfhp�`agioKbacKY%Y[Z(gK�
qX�
Y%s=�hcK_XoiZ�oNcK�tpdpdflZ=_�mEZ=_
�DgK_Xe�`dfhgi_%qXZ¤�hc+Y%s�`dVXgrqtZze=gK_XpdflqXs�j
bds�ZK¢
^ �/bdZ�pdpdgKbu`}qXZ�e=Z�p¨qXZ��r��qXZ�bd_XflZ=bup�`acK�X�lZ9cK�r���E�tZ0;

� �¤�XZ�e�Z pdgKfl`nc?{KZ=e �lZ�e�bdf `aW=buZ ��^�«�gi� ^�«�²§m���cCY[s�`aVXgEqXZ�oNcK�XpupdfhZ�_X_XZ�bds=pufhp�`kcK_N`�c��
ekV�cK_toiZ=Y%Z=_N`�qXZ¯�l�XY[fl_Xgipufl`as ?;oicK�Xpdp�¢
9�gK� J
cKY%s=�hflgibdZ�`agK�Mxugi�Xbup
�hZ�p
bds�pd�X� `kc�`dp�qXZ¯��c
Y%s�`aVtgrqXZ�oicK�XpdpufhZ�_X_XZ�qXZ���cKpuZ�?DoNcK�Xpup=¢ J�¢

� �w_$�;cKfl�X�hZ�qtfhY%Z=_Xpufhgi_ ?;_tfl{iZ=cK�r��qXZ+oibdflp#Jªm��hZ�e=bufl`aW�bdZ ��^�« qXgi_t_XZ"qtZ"Y%Z=fl�h�hZ��Xbdp(bus=pu�X� j
`kcM`ap����XZ �hZ�e=bufl`dW=bdZ ^�«�² ~Qgi�Xb��lZ=p�Y[s�`aVXgEqXZ�p�oNcK�Xpup=¢�Z�`+oNcK�tpdp=¢ 9Xgi��¢�v7c�b+e�gi_N`abuZ[Z�_
qXflY[Z�_Xpdflgi_®pd�X~Qs=bufhZ��XbdZ ?´| ����Z�`[| � ��_XgibuY�¢ J"�hZ�e�bdf `aW=buZ�^�«�² Z=p�`[~tbds �Ds�bacK�t�hZK¢2²�Z
e=gKY[~Qgibu`dZ=Y%Z=_N`�Y%Z=fh�l�hZ��XbzqXZ ^�«�²SZ�_­~X�l�Xp�oibac�_XqXZ qXfhY%Z=_tpdfhgK_¯s�`kc�fl`��X_ �;cKfl`¤e=gi_X_���¢
�¨gK�Xp�_XZ�e=gi_XpufhqXs�bdZ�bdgi_Xp�~X�l�Xp����XZ��hZ=p�bus=pd�t�l`kcM`ap(gi�t`dZ=_��Xp¨c9{iZ=e+^�«�²�q�c�_Xp���c�pd�Xf `aZ�¢

� ²/Zz_XgKY5�XbdZzqXZ¤e=�hcKpdpuZ=p�qXcK_Xp��´��VXflpu`dgioibac�Y[Y%Z�c��X_XZzoibacK_tqXZ¤fh_ 9��XZ=_te=Z¤pu�Xb��hZ�p�~QZ=b��Dgib�j
Y[cK_Xe=Z�p=¢X^ �/buZ=pupdgib�`¨���XZ��´��VXflpu`dgioibac�Y[Y%Zzc9{KZ=e+VE�tfl`�e=�hcKpdpuZ=pr?;Vtfhpu`dgX¢ K�J�~XcKb�cM�rZ�qXgi_X_XZ
oi�lgi��cK�lZ=Y%Z=_N`��hZ=p©Y[Z�fh�l�hZ=�tbdp§bds�pd�X� `kc�`dp=mEe=Z¤~Qgi�Xb©�hZ=p�`abugifhp§` ¡E~�Z�p(qXZ¤e=gK�X�hZ��Xbdp�¢t�}gi�Xp�_XZ
e=gK_XpdflqXs=buZ=bdgK_Xp�~X�h�Xp����XZ�e=Z�`}VXfhp�`agioibdcKY%Y[Z¤qXcK_Xp���c5pu�Xfl`dZK¢

� ²/Z=p"bds=pu�X�l`ac�`ap"qXZ
VXflpu`dgX¢ K�pdZ[qXs=oibdcKqXZ�_�`5�Xf� =cKbdbuZ=Y%Z=_N`�Z�_N`abdZ
| ��� Z�`�| ��� _XgibdY.¢
`kc�_XqXfhp[������fl�hp%p=��cKY%s=�hflgibdZ�_N`
c9{iZ�e ^�«�²w¢(«�Z���c�Z�pu`�qX� ¥C_XgK`dbdZ �;c�W�gi_SZ�Y[~Xflbdfl�E�tZ�qXZ
ekVXgiflpdflb��hZ�pu�X~X~Qgibu`}qXZ��¦��VXflpu`agKoibacKY%Y%Zzq�cK_tp}�lZ�e9cKp}| � �°_XgibuY�¢

� ²�c
Y[s�`aVXgEqXZ5oicK�Xpdp�¢/c9{iZ�e�^�«�² Z=p�`�Y[gKfh_Xp¨��gi_t_XZ����XZ�VXfhp�`agX¢ K
Z=_¯_Xf {iZ=cK�r�¯qtZ�oibdflp=¢
«z��Z=pu`¨�hZze=gi_N`abdcKfhbuZ�Z=_�| ���°Z�`z| ���°_XgibuY�¢

� ²�c�Y%s�`aVtgrqXZ[oNcK�Xpup=¢ 9�gi�®c9{iZ�e�^�«�² Z�pu`�Y%Z=fl�h�lZ=�XbuZ%���XZnVXfhp�`agX¢�Ktm�e=Z
~Qgi�Xb"�hZ=p+`abugifhp
` ¡E~�Z�p¨qtZ+e�gi�X�lZ=�Xb�¢

×H]>©/×H^
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� �¤�XZ=�l���XZ pdgif `���c�Y[s�`aVXgEqXZ�m/��c�~�Z�b(�DgibuYnc�_Xe=Z Z=_C_Xf {iZ9c��­qXZ%oibufhp�Z=p�`"`dgi�Mxugi�tbdp�pd�X~Qs�j
bdflZ=�XbuZ%¥.e�Z=�h�lZ�Z=_�| ��� _XgibuY�¢f?;gi�CZ=_�| ���¥J�¢�«�Z=�hc.Z�pu`"s�`dgi_X_�cK_N`"~X�Xflpd���XZ%�¦��fh_ �DgibÀj
Y[c�`aflgi_�Z�_C| ��� _XgibdY.¢QZ=pu`�~t�h�Xp¨fhY%~�gib�`kcK_N`dZ"������Z=_¬_Xf {iZ9c��r�¯qXZ�oibdflpzZ�`¤qXgifl`zqXgi_Xe
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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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