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	�� � �� PRHOPRUX`F¤YH�TVTSH|G~N�\dCFU�r�H�]X`�\dUYGI]^\dQ_hi`FH|r�H�Z�UYkdklH[Z�\dQVUXP�r�H�T�� H��gH�\Dr�� UYklr�klH
`RP¢r�HsaOH�klkdH[`FklaOr�� ]^klkdUYPRr�Q�QSPi\lkdU�r�`FQS\dHsaOqR]^k�T�� ]XkdQS\dCFGIN�\dQ_hY`RH��RUX\�\t]^Pi\dH~H[a�\�qFkdNsa�H[Pi\dN�HY�
 P \lH�klGIH�Z�UXklkdHsZ�\dQS�6H�\�`FP#QVPY\lH�kl¤�]^TVTSH9r�H9Z�UXPF��]^PRZ�H�adUXPi\�Z�]XTVZ�`FTSNsa�q�]^k�r�QS�gN[kdH[PY\lQV]^�
\lQSUYPy]X`�\dUYGI]^\dQ_hi`FHX�bZ[]^T_Z�`FTÞr�Hsa|H[kdklH�`RklaOr�� ]^klkdUYPRr�Q�N�TVN�GIH�Pi\l]XQSklH[a|H�\�]^P�]^TVceadH£rFH£\nceqgH
�������������������! "� �$#bH[a�]XTSWYUXklQ�\lCFGIH[a<rFUXPi\OT_]�qRkdNsZ�Q_a�QVUXP¡rF`¡klN[ad`FT�\t]�\OP�� Hsan\�qR]Ya|]^�gHsZ�\dN[H
q�]^k�r�H[a~\lH�klGIH[a�r�� UXktr�klH�ad`FqgN�klQSH[`Fk�a�UYPY\�Q_r�H�Pi\lQ��RNsa��%#�]�Z�UXklkdHsZ�\dQVUXP H[a�\�]XqFqFTVQVhi`FN[H
]X`�kdNsa�`FTS\l]^\��RPR]XT�UX`'&>r�Hsa�klN[ad`FTS\l]�\ta�QVPY\lH�klGIN[r�Q_]^QVkdHsa�a�H[PRadQSfFTVH[a[��#�H[a�qFkdUYqFklQSN�\dN[a�H�\
T�� H�¥�Z�]YZ�QS\dN�r�H�T_]£GIN�\dCFU�r�H�adUXPi\�QSTVTV`Ran\lkdN[H[aDqR]Xk�`FP9H�¦�H�GIqFTVH�Pe`FGIN�klQVhi`FH�]XrFN[hi`R]�\s�
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� UYkd�D]^ktryH�klkdUYk���Q�\lC klH[adq�HsZ�\�\lU>\dCFH&H�TVH�GIH�Pi\t]^klc¡klUX`FPRrFQSPFW>H[kdklUXkta[��BDCFHsa�H � � ? � �!� �2������0@� �1�BA� C���
`�a�H�]X`�\dUYG�]�\dQ_Z�r�QS�gH[kdH[Pi\dQ_]�\dQVUXP�\lH[ZtCFPFQ_hi`FH[a6\dCR]^\<qFklU�¤eQVr�H�]�WXH�PRH�kt]^Tb]^qRqFTSQ_Z�]^\dQVUXP>]^P�r>]^P>H�¥�Z�QSH[PY\
QVGIqFTVH�GIH�Pi\l]^\dQVUXPD#S}C��%³��z<QS��H�klH�Pi\dQ_]^TÞGIH�\lCFU�rFa�]XkdHIWXH[PFH�kt]^TVTVc>`Ra�Hsry\dU>Z�UYG~qR`�\dH�]�fgUX`FPRry� UYk�\dCFH
WYTSUYfR]^T�� UYkd�D]^ktryH�klkdUYk[�FE<U��3H[¤XH�ks��]Ya�r�H[alZ�klQVf�Hsr�QSP=.eHsZ�\dQVUXP wR�ad`RZtC Z�UYGIqF`�\dHsr¢f�UY`FPRrFa�GI]�cyf�H
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�ÈPI\lCFQVa�qR]^qgH�ks�X�µH�qFklH[adH�Pi\�\dCFH �'�HG � � �1�BA� C� \dCR]^\�qFklU�¤iQ_r�HsaÞ]^P�]^`�\lUXG�]�\lQVZDTVQVPFH[]Xk�Z�UYkdklH[Z�\dQVUXP
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�QP � ���! �5� � �X\dCR]^\�GIHs]^PRaHI3UXklklH[Z�\lQSPRW
K6`RG~H[kdQ_Z�]XT�p�UX`FP�r�QSPRW
!�klklUXkta���BDCRQVa�PFH[� r�QS�gH[kdH[Pi\dQ_]^TeGIH�\dCRUer
rFUiHsa�PRU^\~]^\�\lH�GIq�\~\dUyZ�UXGIqF`�\lH&]¡f�UY`FPRr�� UYk�\lCFH&WYTSUYfR]^T�� UXkl�µ]Xklr¢H[kdklUXks�¡BDCFHRIJ!:K<o GIH�\dCRUer
]YZ�\l`R]^TVTSc �  ���!���1��� \dCFH£Z�UXGIqF`F\dH[r9klH[ad`FTS\6��Q�\lC>\dCRH��Rktan\d�0UYklr�H[kD\dH[kdG�a�UX��\lCFH�WYTSUYfR]^T�� UYkd�D]^ktr&H�klkdUYk
��QS\dC9klH[adq�HsZ�\D\dUI\lCFH�H�TVH�GIH[PY\t]^klc�kdUY`FPRr�QVPFWIH�klklUXkta��

.e`�ZtC¢]�TVQSPFHs]^k�Z�UXklkdHsZ�\dQVUXP¡QVa�ad`FQS\l]^fRTSHI��CFH[P¡\lCFH�WXTVUXfR]XT�� UXkl�µ]Xklr>H[kdklUXk�Q_a�r�UXGIQVPR]�\lH[ryfec>\dCFH
��kla�\��³UXktr�H�kb\dH�klG�a���� UYkH�¦F]^GIqFTVH�QVP�\dCRH 0 ��� ��� �S��0 �  ���B�TAU��� �µH3r�H��RPFH3QSP�.eH[Z�\dQVUXP£wR�Q!�¤YH�P�QS��Z�UXGIqFTVH�¦
]XTSWYUXklQ�\lCFG�a�]^klH~PRU^\�TVQSPFHs]^ks��\dCRH�]XZ[Z�`Fkt]XZ�c>U^��Z�UXGIqF`F\dH[r�adUXTV`�\dQVUXP�a�GI]�c¡kdH[TSc:UYP�TSQVPFH[]Xk�qR]^kd\la�UX�
\lCFH�]^TVWXUYkdQS\dCRGIa[��BDCe`Ra���\dCFHVIJ!JK<o GIH�\lCFU�r�Z�]^P�fgH�`RadH[ry\dU>Z�UYkdklH[Z�\��RPR]^TÞklH[ad`FTS\la�UYk�a�H[PRadQ�\lQS¤YH
QVPi\dH[kdGIH[rFQV]^\dH¢¤�]XkdQ_]^fRTSHsa�]^P�rAQVG~qRkdU�¤YH:\dCRH�]YZ�Z�`Fkl]YZ�c#U^�£\dCFH¢kdHsa�`RT�\ta�]XPRr)\lCFH�an\t]^fFQVTSQS\nc)U^�£\dCFH
]XTSWYUXklQ�\lCFG9�
BDCFHIZ�UYGIqF`�\dHsr:TVQSPRH[]^k�Z�UYkdklH[Z�\dQVUXP9\lH�klG GI]�c>]XTVadU&ad`���H�k|� kdUYG�]^P¡]XqFqFklU�¦eQVG�]�\lQSUYP>H�klkdUYk|]^P�r

klUX`RPRr�QVPFW£H[kdklUXkta[�Q�ÈP&\dCFQ_a�Z�]Ya�HY�Y\lCFH�kdH[G�]^QVPFQSPRW~r�QS��H�klH�PRZ�H|fgH�\n�µH�H[P�\lCFH�Z�UXklklH[Z�\lH[r�kdHsa�`FTS\�]^PRr�\dCFH
H�¦F]XZ�\�klH[ad`FTS\6QVaDGIH[]Ya�`RkdHsr�fec&] �!������ �2�&0�� ���! � ��BDCRH�IJ!:K<o�GIH�\dCFU�r>Z�UYGIqF`�\dHsa�]If�UY`FPRr�U^��\dCRQVa
klH[adQ_r�`R]^T�H[kdklUXkµ\dC�]�\6qFklU�¤eQVr�HsaD]~Z�UXP��gr�H�PRZ�HO\dCFklH[adCFUXT_r�]Xala�U�Z�Q_]�\lH[r���Q�\lC&\lCFH�Z�UYkdklH[Z�\dHsr�klH[ad`FTS\[�
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BDCFH IJ!:K<o GIH�\dCRUer�kdH[TSQVH[a�UXPI\dCRH|Z�UYGIqF`�\l]^\dQVUXP�UX��\dCFH|H�TVH�GIH�Pi\l]Xkdc£kdUY`FPRr�QVPFW�H[kdklUXktaÞ]^P�rI\dCFH
q�]^kd\dQ_]^T�r�H�klQS¤�]^\dQV¤XH[a3U^��\lCFH�Z�UYG~qR`�\dHsr�klH[ad`FT�\µ��Q�\lC&klH[adqgH[Z�\µ\dU�\dCFHsa�HOH�TVH�GIH[PY\t]^klcIkdUY`FPRr�QVPFW�H[kdklUXkta[�
BDCRH[adH|\n�µU�Z�UYG~qR`�\l]^\dQVUXPRa�]XkdHOkdHsa�qgH[Z�\dQV¤XH[TSc�qRkdHsa�H[PY\lH[r&QSP .eHsZ�\lQSUYPRa ��]^PRr/(��

#]^PFWYTSUYQVa�]XPRr K<]^\dQV¤XH�T<CR]�¤XH>WYQS¤YH�P)]^P QVPY\lkdU�r�`�Z�\dUYkdc r�H[alZ�klQSqF\dQVUXP U^��\dCRQVa&]^qFqFklUY]YZtC QVP #V}[x %
� QSP LRkdH[PRZtC�~]^PRr #V}[� %³� !Þ¦F]^GIqFTVH[aIUX�|��PR]^T�klH[ad`FTS\�Z�UXklkdHsZ�\lQSUYP ]^klH9qFklUXqgUYadH[r QVP K<]^\dQV¤XH�T�� aIj�CRz
rFQVala�H[k�\t]�\lQSUYP�#ÁJ�� %0�|BDCFH£]XQSG�U^�Þ\lCFQ_a<qR]Xq�H[k<Q_a6\lU�qFklH[adH�Pi\|]�Z�UXGIqFTVH�\lH£]XPRr:r�H��RPFQS\dQV¤XH£rFH[alZ�klQSq�\lQSUYP
UX�\lCFH IJ!:K|o�GIH�\lCFU�r��  a�QVPFWF,)QVT "eQVPRadUXP�� aDkd`RPFPFQVPFW�H�klkdUYk6]^PR]XTSc�adQVa[���µH�]^T_a�U�r�H[kdQV¤XH�CFH[kdH�]IPFH[�
rFciP�]^GIQVZ�f�UY`FPRr�� UYk�\dCRH�kdHsa�Q_r�`R]XT�H[kdklUXk�\lCR]�\~QSGIqFklU�¤XHsa�\dCFH�qFkdH[¤eQSUY`Ra ��� ���  "��� kdHsa�`FTS\�WYQS¤YH�P QVP
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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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