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`rQUTWPa¸E`cZk[WeEQRSUQRZrNW�



���������
	����������	����������������������! "�$#&%(')�+*,���- ���� ¡

. / �����-��� �103�
�	���
B�C_H irTX^EP_s�QUPEV5HGirikTWiu`�QRP�ZkirT�s�^_Y?HGs¯edb � TX[\ZrQUPEV5q�TXQRP�Z�[WirQRZrC_FIH?ZrQ]Y Y	TXP�ZrikQReE^EZrH�ZkT5ZrCEH®QRP�[WY?Y?^Eiu[WY	b
TW�jY	TWF�qE^EZrHGs8ikHG`r^ESRZk`�[\P_s�ZkT�ZrCEH�QRP_`cZk[WeEQUSRQRZmb®TW�j`cTXFIH+Pd^EF�HGirQ]Y?[WS
[\SUVWTXirQRZrC_F�`G��2¢P8ZrCEQ]`oq_[Wq�HGiG¸���H
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[WP_s�Zkir^_P_Y?[\ZrQUTWP�H?ikirTXik`�[\ikH�PETWZoY	TWP�`cQ]s�H?ikHGs CEH?ikHW��n�s�H	Zu[\QUSRHts®[WP_[\SUb�`cQ]`�T\�
ikTW^_P_s�QUPEV�HGirikTWiu`�QRP®ZrCEH
QUF�qESUH?F�H?P�Zk[\ZrQUTWP_`�TW�(S][\ikVWH�[\SUVWTXirQRZrC_F�`OQ]`�Y	TXF�qESRH?¨[\P�s:ZkHGs�QUTW^�`?�$3dT5[W^�ZrTXF�[\ZrQ]Y�[\qEqEikTX[XYuCEHG`<K
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ZkCEH+ikHG`r^ES�Z OW@`��jB�CEH+VXSRTXe_[\Sf�ÛTXir��[\ius HGirikTWi�`k[�ZrQ]`c�_HG`
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Q]`�ZkCEH��_iu`mZr�/TXiks�HGi�[\qEqEikTÍ�QRF�[\ZrHOT\��ZrCEH�VXSRTXe_[\S´ikTW^EP�s�QRP_V�H?ikirTXi(��QRZrC8ikHG`rq�HtY}Z�ZkT�ZrCEH�[We_`cTXSR^EZrH�H?SUH	�
F�HGPXZu[\ikb�ikTW^_P_s�QUPEV�H?ikikTWiu` q SVU q \<^_X Z�[�[�[�Z q ` ]�VWHGPEH?iu[�ZkHGs�edbIZrCEHOY	TXFIq_^�Zk[\ZrQUTWP TW��Y	TWikikHG`rq�TXP_s�QUPEV
QUP�ZrHGirF�HGsEQU[\ZrH� Í[WirQ][\e_SRHt`?��B�C_H®S][W`cZ�ZkH?ikF j háQRP ZrCEH�ZkCEH8VWSUTWe_[WS3�ÛTXir��[\ius�H?ikikTWi�ikH?S][�ZkQRTXP�Q]`IZrCEH
5s�-�@�������7tu���������v�����C��� [W`k`cT�Y?QU[\ZrHGs���Q�ZkCwf h �
B�CEH:irHGSU[\ZrQU WH5H?SUH?F�HGPXZu[\ikb�ikTW^EP�s�QRP_V�H?ikirTXik` q nFx"y OW n?y [\ikH5e�TX^EP_s�Hts ��Q�ZkC ZrCEH � TX[\ZrQUPEV�qfTWQUPXZ

q_irHtY	Q]`cQUTWPa�lzoHGP_Y	HX¸�s�Q��´H?ikH?P�ZkQU[WS�F�H	ZkCET�sE`�[\ikHoVWHGPEH?iu[\SUSUb�^_`rHGs�ZrT�Y	TWF�qE^EZrH�[��_iu`mZr�/TXiks�HGi3efTW^EP�s��ÛTWi
ZkCEH�VWSUTWe_[WS´�ÛTWik�([Wiks H?ikirTXi){U¥?x�|�¸&{U¥G¡b|�¸&{ ~b|��(zoT��(H? WHGi(`r^_YuC8Y	TXFIq_^�ZrHts®efTW^_P_sE`�F�[Íb efH�ZkTdTIS][\ikVWH�ZrT
efH ^_`rH	�Û^_S}{ ¡<|/�~N�QRiu`mZr�/TXiksEH?i+`mZu[�ZkQU`cZrQ]Y?[WSjHG`cZrQUF�[�ZrHt`+T\�(ZrC_H VWSUTWe_[WS-�ÛTWik�([Wiks¨H?ikikTWi+[\ikH [\S]`cT5s�HGirQU WHts
�ÛikTWF [I`mZu[�ZkQU`cZrQ]Y?[WS�F�T�s�H?SUQUPEV�TW��ZrCEH�HGSRHGFIHGP�Zk[\ikbIirTX^EP_s�QUPEV�HGirikTWiu`}{ÏJ\y�|/¸K{U¥tJu|�¸Y{R¥t¡b|�¸@{ ~�|����(T\ZrC�ZrCEHt`cH
efTW^_P_s�QUPEV�[\P�s `mZu[�ZkQU`cZrQ]Y?[WS�[\q_qEirT�[WYuCEHt`-PEH?VXSRHtY}ZjZkCEHoZkH?ikF�`jT\�aTXiksEH?ijCEQUVWC_H?ijZkC_[\P�TXPEHo��QRZrC ikHG`rqfHGY}Z
ZkT�ZrCEH�H?SUH?F�HGPXZu[\ikb¬ikTW^EP_sEQRPEV�H?ikikTWiu`<QUP:ZkCEH�VWSUTWe�[\S��ÛTWik�([Wiks¬H?ikirTXiG¸ ���-�u� ¸�ZkCEH�SRQUPEHG[WirQD�G[\ZrQUTWP¨H?ikirTXi
j h-�

2¢P5qEiu[WY	ZrQ]Y	HX¸_[\^�ZkTWF�[�ZkQUY�TXi<[\SUVWTXirQRZrC_FIQ]Y�s�QR�fHGirHGPXZkQU[\ZrQUTWP�ZrHtYuCEPEQ]g�^EHG`<qEirT� dQ]s�H+[�VWHGPEH?iu[\Sa[WqEqESUQ��
YG[\eEQUSUQ�Zmb�[WP_s�[\P8H6� Y	QUH?P�Z�QUFIq_SRHGFIHGP�Zk[�ZkQRTXP8T\��ZkCEHG`rH�s�QR�fHGirHGP�ZrQ][\S�F�H	ZkCET�sE`�{ �b|/�
©ªH+qEikHG`rH?P�ZoCEH?ikH+[IPEH?��s�QR�fHGirHGPXZkQU[WSaF�H	ZkCET�s®��C_H?ikH�ZkCEH+H?SUH?F�HGPXZu[\ikb ikTW^EP_sEQRPEV�HGirikTWiu` q n [\ikH

P_H?QRZrCEHGi�e�TX^EP_s�Hts�PETWijs�Ht`rY?irQUefHGs�e�bI[�`mZkTdYuC�[W`cZrQ]Y�F�T�s�HGS0¸XeE^�Z)� ��8��@>?����� �lzoH?P�Y	HW¸X��HoY?TWF�qE^�ZkH�ZrCEH
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Unit é 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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