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 �,·���4ºe·�� vzd¡_mNPWci�rmR,g:bera_8���óR�n,bhQSg4]ermRSiaR,±hR,rj]`[&Ãðb��¿t{�R,lXd�be[ k i'QSb k R,[Yi�� bhr�]�iaZ�g|R�rmiabhdPWYn�� ]§_
gP[c]`_jR���b���� bhr���NPWYn~N¤R	p\g:R,raWYQSR�d�_~]`[fraR�imZ\[Y_mi��óR�raR�imR,_SZPg¤��l¤�C]e�:R	l £¥�¸¦¯¨�� R��ÂW¢[¢[Âg�rmR,imR,d6_!_jNPR
k W¢¬�R,rmR,d6_�QSb k W¢4n8]`_aWcbed�i���NPWYn~NLN4]8±hR �|R�R,d¾WcQSg|bhimR k k Z�raWYd��½_jN\Wci�i}_jZ k l�WYd bhr k R�r�_mb½_~]��`R�WYd6_mb
]en,n�bhZ�d�_Â_mN�R��4b� n,bhQSg�rmR,imiaWY�PW¢[YW¢_zl�]ed k _mb�]`n�n�R	[cR,rj]`_mR@_jN�R�iag:R,R k b��1_jN�R�n,bhd�±hR�ra�hR�dPn�R�_jb��]`r k iÂ_jNPR
ia_j]`_mWYbhd4]`ral i}_~]`_mRe¨'M�N�R!]`WcQ b�� _jNPWYi��&ber��CWYi�_jb�n~N�bXbhiaRS_mN�RHQSb k R,[ ]`[¢[Yb��ÂWYd���_jNPRH�:R,ia_�d6Z�QSR�raWYn8]§[
] k ±`]ed�_j]e�hR�i,¨
 "!$#�¹&%�µ��('1�e� M/Z�rm��Z\[cR,d�n�R�¿HM1Z�ra��ZP[YR�d�_jR*)1[cb� ¿HÃðb��¿t{�R,lXd�b`[ k i���b k R	[o¿�Á&bhZ�d k ]eral Ã/]8lhR�r!¿
²&bhQSg�raR�imi}Wc�\[cR+)G[cb�
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1 2�3 ·�¸µ�'G�1ºe·54 µ 3 1

6 ´¶µ�'87X» !X��' !�·¸� � 
 �1» ! 3 º !:9)µ|� ��' !\�!ºhµ|�Gº�; !\�!»�4¯�<4Î·!X��ºhµ|�=9 �(!X�8��4 
 » !X� 6
�\¨¢� À)n�raW¢_jZPrmR k Z�ialXia_mO�QSR'iabhZ�i � bhrmQSR�n�bed�imR,ra±`]`_mW¢±hR ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �
�\¨Ú� �Cb k O,[YR��SN�]eZP_o{fR	lXd�be[ k i ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ >
�\¨°� �Cb k O,[YR�if�S�4]eif{fR	lXd�be[ k i ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �

�\¨°�P¨Y� ��b k O	[cR k R�Ã/]eQ�¿tÁórmR�QSN�bermia_�?}���h�P�5@�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �
�\¨°�P¨ë� ��b k O	[cR k R�wo]e��]ed�b§¿tM1]e��] ��]A?}���h�CB�@�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �
�\¨°�P¨Ú� ��b k O	[cR k R�V\g|R�D	W^]§[cR.¿FEu�\W k ¿GEud k R�rmiabhdH?}���h�CBC@ ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �

�\¨¥T �Cb k O,[YR��PWcn,bhZ�n~N�R k R�²&N�R,d\¿tqG]`_jR	[�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �
�\¨I> �Cb k WY�n8]`_aWcbhdPio]`g�g:bera_j ,R�if]eZ\p�Q!b k O	[cR,iobhr}Wc�`Wcd4]`Z\p>¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �JB

K L µ 3 '84 ·54 µ 3 �����NM 
 µ �('1� 1O6
�P¨¢� �uR�ian�r}WcgP_aWcbed k Z�n8]eiÂ_mR�ia_ k R���]`�:R	l ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �¸�
�P¨Ú� q)rmbe�[Yi k ®¥R�d�_jra �R ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �8T
�P¨°� ²&bhd k W¢_mWYbhd�if��[c]!g4]`rmbeWðR	_fR�d�imbhr}_mWYR ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �PB

Q R �4»S4 ' �P·54 µ 3 ' !\�!��µ�'N7\» !X�+! 3 4 3 ºhµ|�=9 ��!X�8�T4 
 » ! 6�1

U ���X�8�1» ·�\·¸� 3 �G��� ��4SV�� !X� 6WU
>\¨¢� VX_~]`�PWY[¢W¢_j �R,_�n,bhd�±hR�ra�hR�dPn�R�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �C>
>\¨Ú� vzd k  ,g:R,d k ]ed�n,R k ZCQ!]`W¢[Y[c]e�hR ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �h�
>\¨°� ²&bhQSg4]erm]`Wciabhd�i k R,ioQSb k O,[YR�i¾¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �P�
>\¨¥T ²&bhQSg4]erm]`WciabhdC]�±eR�n�[cR��¡bhr��6iaN�bhgCÀ M��XE ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ �h�
>\¨I> Eud4]§[YlXimR k R�[¯®° ,n�bhZP[YR�QSR,d6_ ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ T�B

>\¨I>\¨Y� ÃðbeW�[cbh�h]eraW¢_jN�QHWY�6Z�R�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ T�B
>\¨I>\¨ë� À)�6ZPW¢[YWY��raR�g�rab k Z�n,_aWcbhdX¿ k WYimi}Wcg4]§_mWYbhd¶¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨ T��

Y L µ 3 º�»¼�G�T4 µ 3 QWQ

Z ��!X� ! �§º�4 !X� ! 3 ·�� Q[U

\N\ ã^]`_�acb�d
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�@]ed�i�n�R!rj]`g�g:bera_8��bhd¡i,®¥WYd�_j ,rmR�iaimR���[c]�i}WcQ�ZP[^]§_mWYbhd d6Z�QS �r}Wc�6Z�R k ®¥Z�d�R!n�bhZ�n~NPR![¢WcQHW¢_jR!g:beZ�r�Z�d
 �n,bhZP[YR�QSR�d�_ k R�gP[c]e�6Z�R�gP[c]ed�R��H�hrm]ed k d�bhQ���rmR k R��C]en~N�¨ ª d�ZP_mW¢[¢WciaR�n,bhQSQSR�rm  �  ,rmR,d�n�R`��[cR,ifra �iaZP[¢³
_~]§_ji)R	p\g| �r}WcQSR�d�_j]eZ\p! ,_j]e�P[¢Wci)g�]er ��]e�|R,l�£°�§¦¯¨�ÃðRÂialXi}_jO�QSRfrm ,�eWciaij]ed�_ [¯®° 	±hbe[YZP_mWYbhd k RÂn�R	_  �n,bhZP[YR�QSR�d�_
R�i}_�n,bhQSg:bhia  k R,i& ,�XZ�]`_mWYbhd�i k R@wo]�±6WYR�rt¿zia_mb �eR,iÂR,_ k ®¥Z�d�QSb k O,[YR@� k R�Z\p� ��6Z4]§_mWYbhd�i k ®° 	±hbe[YZP_mWYbhd k R,i
�hrm]ed k R,Z�rmi�n�]erj]en	_j ,raWYia_mWY�6Z�R�i k R�[c]�_mZ�rm��Z\[cR,d�n�R!��ij]8±ebeWcr@[¯®¥ �d�R,rm�eWYR�_jZ�ra��ZP[YR�d�_jRX?��O@oR,_@imbhd _j]eZ\p k R
k WYimi}Wcg4]§_mWYbhd>_jZ�ra��ZP[YR�d�_jRX?��/@	¨ðÃðR�QSb k O,[YR������ k RH�4]eimRHZ\_mW¢[YWYim Hg|bhZ�r@n,R,_a_jRH ,_mZ k RHR,ia_�n�R	[cZ\W  ,_~]`�P[YW
g|bhZ�r k R,i� ,n�bhZP[YR�QSR,d6_mi���N4]eZP_�{�R,lXd�be[ k i�g4]er�Ã/]eZ�d k R�rt¿}V\g4]§[ k WYd�� £ �J>§¦©¨ Ef4d k RSg:R,rmQSR,_a_jrmRS[c]�i}W¢³
Q'Z\[^]`_aWcbed�stZ�ia�XZ�®Ú��[^]�g4]ermb`W©��bhdSWYd6_mrmb k ZPW¢_ k WY±eR�rmiaR�i � bed�n,_aWcbhdPi k Rfn�bed6_mr
	e[YRe¨\²&R,i � bhd�n	_mWYbhd�i bhd�_ g:bhZPr
��ZP_ k ®°]eQSbhra_aWcr�[cR,i k W¢¬� ,rmR,d6_mi@n�beQ!g|bhim]ed�_ji k ZC_jR�raQSR'imbeZ�rmn,R k ]ed�if[©®¥ ��6Z4]§_mWYbhd k R��oR,_ k R'n�bermraWY�hR,r
[c]H±6WYimn,bhiaW¢_j �_jZ�ra��ZP[YR�d�_jR`¨:M/rmb`Wci�QSb k O,[YR�if�4]ei}¿z{fR	lXd�be[ k i�bhd�_o 	_j �n�bed�iaW k  �ra �i�

� ´¶µ�'N7X» !"' !�� �4� ¹����(!X�<;/µ �§�,·�� 1����[1����+1 Q��

� ´¶µ�'N7X» !"' !�� ����� 3 µ4¹� �����$%��!� 1�����"#�$�+1 Y��

� ´¶µ�'N7X» !"' !&%�9 !(' 4 ��» !h¹ 	�
 4 'ð¹ 	 3 ' ! �§��µ 3 � 1�����"�$�
6W6)�

xod ]eZP_jraR¡QSb k O,[YRe�Â_mbhZP_C� �¼]`W¢_ k W¢¬� ,rmR�d�_ k R�iCg�rm ,n�  k R�d�_ji,�@]< ,_m ¡_jR,ia_m e¨�vÉ[�rmR�g|bhiaR¡iaZ�rCZPd�R
k  ,n�bhQSg|bhiaW¢_mWYbhd k Z k bhQ!]`WcdPR k R�n8]`[Yn�ZP[GR�d k R�Z\p D�bed�R�i k Wci}_mWYd�n,_mR�i+*�Z�d�R'gPrmR�QHWYO�raR D�bhdPR�[YbeWcd k R�[c]
g4]erabeW k ]ed�i [c]e�6Z�R,[¢[cR�[YR�i  ,�XZ�]`_mWYbhd�i,�-���)imbed6_ ra �iabe[cZPR�i)R,_ ZPd�R�]eZP_mrmR�g�raO�i k R�[c]@g4]erabeW�b/.�[cR�_j]eZ\p k R
k WYimi}Wcg4]§_mWYbhd�_jZ�ra��ZP[YR�d�_jR�R�i}_ k  ,_mR�raQSWYd� �R�d�� bed�n,_aWcbhd k Ro[©®¥ �d�R,rm�eWYR�n,WYd� ,_aWc�6Z�R ?��O@óR,_ k ®°ZPd�R�[cbhdP�hZ�R�ZPr
imn�]`[c]`WcraR ?�0�@	¨|²&R�QSb k O,[YRe�|]eg�g|R,[Y %�� &���!W&�(#		�P]! 	_j �Wcd�_mrmb k ZPW¢_og�]erf²&N�R�dX¿tqè]§_jR,[1R,d¡���e�h��£ >�¦©¨

�@]ed�i�n,R k bhQ!]`WYd�Re� k R�d�bhQ'�PrmR�ZPimR�if ,_mZ k R,ifbed6_� 	_j �ra 8]`[¢Wcia �R,i stZ�ia�6Z�®Ú�Hg�ra �iaR�d�_ ?m£ �J>¸¦¯�/£ �8�§¦¯�/£°�e�§¦©�
£¥�PB`¦¯�ð£ò�8Te¦213131 @.¨ ª d�n,W¢_jR`��n�bhQSQSR�rm  �  �rmR,d�n�R���n,R�n8]ei�_mR�i}_8�P[YR�iÂra �imZ\[Y_j]`_jiÂd6Z�QS �r}Wc�6Z�R,iogPrmb�±hR,d4]ed�_ k Z
�¡bhr��6imNPbhg«À M�� E ���h��>X¨:ÃðR,i@g:R,rmiabhd�d�R,i�]�lh]ed�_�g4]er}_mWYn,WYg� �R,i���[c]�iaWYQ'ZP[c]`_mWYbhd k R�[^]�g\[^]e�6Z�R'gP[^]`d�R
imbed6_�54 Z k Wc]ed4]HR,_fÁ&Z\¬�]`_ k R@[©®°À)n�be[YR�²&R�d�_jrm]`[YR k R�Ãðlebhd £°�e�¸¦©��6fWYrmimn~N�R,_oVXN4]ed�� k R@[¯®°ZPdPWY±eR�raiaW¢_j  k R
Á&raZ\p\R,[¢[cR,i�£î�`¦/R,_76fZ��hN�R,i��98h]ed�iaR�dCR,_76u]eZ �eR k R�[©®¥Z�dPW¢±hR,rmi}WY_m  k R�VX_j]ed � bhr k £ò�JB§¦¯¨

²&R,_a_jR  ,_jZ k R¡gPrmbe[Ybhd��hR>[YR _mrj]8±`]`W¢[ k R¡Áu¨;:�b\bh�PZ�i¡£ �¸�¸¦�£ ���¸¦�R,_Cimbhd ��ZP_�R,ia_ k R>±e]§[YW k R�r�n�R,i
k W¢¬� ,rmR,d6_mi@QSb k O,[YR�i@iaZ�r@Z�d�R�n�bhZPn~N�R'[¢WcQHW¢_jR�n,bhQSg�rmR,imiaWY�P[YR�_jbhZ\_@R�d�g�rm ,imR�r}±`]ed�_�Z�d�R��|bhd�dPR�±6WY_mR�iaimR
k R�[c]½n�bed6±eR�ra�hR�d�n,R W¢_j ,rj]`_aWY±eRe¨Âq1bhZ�r�n,R,[c]P� k R,i�QSb k W¢4n�]`_mWYbhd�i�bed6_� ,_j «]`g�g:bera_j ,R�i�]`Z\p QSb k O,[YR�i,¨
�@]edPi�Z�d�RS]eZP_mrmR� 	_jZ k R���bhd>n~N�R,rmn~N�R,rj]���rm ,imbhZ k rmR�[¯®°R,d�imR,Q'�P[YR k R�i� ,�XZ�]`_mWYbhd�i�g4]eruZ�d�R�QS ,_mN�b k R
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Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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