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G # H # � G���� L � G # H J � G���� L_& G J � H # � G��2� L � � G  # H J � G L1,

`clqn+\_l3�@x
� *YH # � � � � *YH J � � & � J � H # � � � G *YH J � G 7 � L & 6 ,@&�	gL 6  8'8 ��,@& � G  # H J � G L1.

�Gj#iur�\c¤�|;e�[]�v`c|qr#bd\=[]e�i~l=jae�[]emrtjdja\��v`��=es`�¢;\_pylqn ¤¬\_[ � # H # � �@\=l �@x.`clqn ja�7i~r¤¬\cw²w~\�°orWi~bdb#e�n7i¦`�jae{wk¥�¤¬[]\=b ja�qe%ja[�i¦`:ly^:w~eJiulyemz(pv`-wki²jG¥ `crW°We{wkwGx³^ci²�(i~lq^#\_l3�
� # H # � � � � ,�& � G  # H J � G L1.

�J¢yrae�[��_e%ja�v`-j¡ja�ye%¢�\=pqlqnqr­¤¬\=[ � # H # � �7\_l ��`clqn � *ZH # � �7\=l���`:[]e%e�¯y|7wkiu}{ikj�`clqnr�`-j]i~r]¤¦¥�}�\_lqnBi²j]i~\_lyr 6G��8W`clqn 6G��8.\c¤
ja�qe�\=[]emb®�y´²�!6¨°��qe�[]eW6 � i~rWj�`c·:e�l ja\�¢�e1# � 8a´

� � �¸) �%&W���o�#" � � �d) �I"����

�Jr#`+»v[]r]j#e{¯³`cb#|7wue:xY°We }�\_lqrtiunqe�[±ja�qe�¤¬pqly}Tj]i~\=l #g6�$�8SX ��6�$ � & ��8`\�6�$ � & � $'& f�8ax
°o�7iu}����v`cr�¢;e�eml r]japyn7iue�n 6 pqrtiulq^diul7¤¬\=[]b�`�j]i~\=l \=l ja�qe/°o�q\cwue�}Ti~[]}{wue%8Üiul : �Bx
�m�7x!��f =Í´
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\=pqrar]i~lI|;\cw²¥7lq\=bNi¨`-wur�x@`clqn�`s}{w¦`:rªr]iu}�`-wÜÇoe��v`c[�i
e�¯Bjae�lqr]i~\_là\c¤�J � iur�|;e�[�¤¬\_[]b#e�n \=l ja�qe r�`cb#e+»v^_py[]e _ ja�qe e�[][]\=[Tx�°o�7i~}��ài~r�e�z(pv`-wja\+ja�qe�� L 620 8�n7i~r]j�`:ly}meN¤¬[]\=b J � ja\ JML/x,�v`cr%�:`�w~pqe7;7´1;c�³�-�=��`clqn�i~r/}{i~[]}mpBw¨`c[TxY`:r
e�¯y|�e�}{jae�n i~l ja�7iur�}�`crae:´.h­�qes[]e�rapBw²j^# � \c¤oja�qe }m\=lqr]ja[a`-i~lqe�n e�¯Bjae�lqr]i~\_l `:|q|y[]\B`c}��nqe{�=eTw~\=|q|�e�n¸iul�rae�}Tj]i~\=l¹��iur�ra�q\�°ol�i~l�»v^=pq[]e���°��qe�[]e�ja�qe�^(`cpq^_e�¤¬pqlq}{j]i~\_l.,º�³`:r
¢;e�eml }��q\_rªeml ja\�¢;e%ja�qe�bd\7nyp7wupyr�\c¤@ja�ye/n7i �µe�[]e�lq}�e * H # \_l-�Yx³°��7i~}��+i~r¡ja�yed`c|7«
|q[]\=|q[�i¦`�jae�}��q\ci~}me�iul+\_[]nyem[­ja\�[]e�}�\��_e�[W#�\=l � _ i~lqnqe�e�nµx³ja�qe � L 6���8­`:|y|q[]\m¯Biub�`-j]iu\=l
e�[][]\=[Tx 	gL X G J �IH # � G��2� L§xyi~r¡e�z(pv`-wDja\ ;7´ ;4;�;4;3QB�m�(fy´

�Jpy[�rae�}�\=lqn§e�¯³`cbd|BwueW}�\=lqr]i~r]jarYiul#[]e�`�wqn³`�j�`Jb#e�`:rªpq[]e�n§\=l�`J�_¥7|;e�[�¤¬[]emz(pqe�lq}{i~e�r�»yw²jae�[
\c¤Wja�qe 	WÇJ¾ � 6¨ja�qe �q[]e�lq}�� ÇJ`-j]iu\=lv`-w 	Üeml=jae�[�¤¬\_[ �(|v`c}Ti¦`-w­�­e�rae�`:[]}���8a´,h¡�qe�¢v`:lyn7«
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°­iun7ja���±i~rÜly\�°ànqe{»vlqe�n�¢=¥ ��X ��\c��`clqnN°We�`c[]e¡^cik�_e�l��4;y�Wlq\ciur]¥#|;\:i~l=jH°­iurae��:`�w~pqe�r
6����%8axyra\�ja�v`-j  X ��;�;y´   e­»v[]r]j¡}�\=bd|Bwue{jaeoja�qe�raeJnv`-j�`�\=p7jar]i~nqeoja�qe%¢v`clqn7°¡i~n7ja��¢=¥
`#[]\=pq^=�se�r]j]i~b�`�jae *�� `clqn °We�}�\_lyr]ja[]pq}{j�ja�ye%ja[�iu^=\=lq\_b#e{ja[�i~}/|;\:wk¥7lq\_bNi¦`�w;J � `cr¡i~lja�qeN»v[]rtj�e{¯³`cb#|7wue:´µ�Di~^_pq[]e���ra�q\�°orJja�qe#[]emrªp7w²j%\c¤.ja�qe#}Tw¦`crar]i~}-`-w�Çoe��v`c[�i�e�¯Bjaemlyr]iu\=l
ja\'J � x_°��7i~}���^:ik�_e�r�[�i~raeoja\d`cl�e�[][]\_[�\c¤3�:`�w~pqe ;
. ;=�_��Roiul �

L 620�8a´   e­ja�qe�l�}�\_b#|qp7jae
ja�qe­ra\cwup7j]i~\=l # � ja\%ja�ye¡}�\_lyr]ja[a`�i~lqe�n#`:|q|y[]\m¯Biub�`-j]iu\=l#|q[]\_¢Bwue�b `crara\7}{i¦`�jae�n%ja\YJ � ¤¬\_[n7i �3em[]e�l=j.^B`cpq^=e�¤¬pylq}{j]iu\=lqr�, 6G`cr@°WeW}�`clqlq\cj@}�\_b#|qpBjae�ja�qeW¢;e�r]j@\=lqe%8Dpql=j]ikwv`:l#`:}�}�e�|7«
j�`c¢7w~e¡ja[a`cnqeo\ ��i~r!¤¬\_pylqn�¢�e{jG°We�eml 	`L `clqn , _ ja�qe�rae�^(`cpq^_eÜ¤¬pqlq}{j]iu\=lqr�`c[]e�|7w~\cj]jaemn#i~l
»v^=pq[]e%�q´B�H¤@ly\dr�`�j]i~r]¤Í`c}Tja\=[�¥�}�\_b#|q[]\=bNiurae%}�`cl�¢;eJ¤¬\_pqlynµxy\_lqe%}�`cl�}��³`:lq^=eJja�qe%[]e{¤¬e{«
[]e�lq}�e%¢;em�³`��(iu\=pq[ * � \_l �Yxypqr]i~lq^�ja�qe%|y[]eT�(i~\_pyr¡}�\_b#|qpBj�`�j]i~\_lyr.iul \_[]nqe�[�ja\Nb�`:·ce%`b#\=[]e�`c}m}�pq[a`-jae¡}��q\ciu}�e:´±h¡�qe­}m\=[][]e�ra|;\_lqnBiulq^%[]e�rapBw²jar�`c[]e¡ra�q\m°�lNiulN»v^=pq[]e�r�fyx�R7x(`clqn
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� � �����J"����!�����

��l%ja�7i~r
|v`c|�e�[Tx�°We�i~l=ja[]\7nqpq}�e�n/`�¤¬[a`cb#e{°W\_[]·­¤¬\_[3[]\=¢qpqr]j
¢³`:lqnB«ÍwkiubNikjaemn�iunqe�l=j]ik»v}�`�j]i~\_l3x
°o�7iu}��¹e�¯Bjae�lqnqr�ja�qe�e�¯Biurtj]iulq^ ¤¬[a`cb#e{°W\_[]·�¤¬\=[�[]\=¢qpqr]j�iunyeml=j]ik»v}�`�j]i~\=l¹\=l�ja�qed°��q\cwue
`�¯Biure6 \=[�}{i~[]}{wue%8�ja�v`-j�°¡`croiul=ja[]\7nqpy}me�n i~l : � ; =Í´   e§`-wura\�nqe{�_e{wu\=|;emn�`�}�\=lqr]ja[]pq}{j]ik�_e
`-wu^=\=[�i²ja�qb ja\�|;e�[�¤¬\_[]b�rapq}��à`�¢v`clqn7« w²i~bNi²jae�n i~nqe�l_j]ik»v}�`-j]iu\=lµx!°o�7i~}�� []e�}�\��_e�[]r�ja�qe
ja[a`clqr]¤¬e�[�«Í¤¬pylq}{j]iu\=lI\=lIja�ye�¢v`:lyn7°¡i~n7ja��iul `+[]\_¢qpyr]j/¤Í`cra�7i~\_l °��7ikwue�bde�e{j]i~lq^ ^B`cpq^=e
}�\=lqr]ja[a`-iul=jar�`-jWja�qe%[]e�b�`-iul7i~lq^N¤¬[]e�z(pqe�lq}{iue�rm´yh¡�ye%|q[]\7}�emnypq[]eJiur��_e�[�¥ºr]i~bNi²w¦`c[�iul ra|7ik«
[�ikj�ja\ ja�qeNjH°W\c«Hr]j�`c^=emr%`-wu^=\=[�i²ja�qb#r%|q[]\=|;\_rae�n i~l : �Bx��<;(x.���yx���f =ÍxD¢qpBj§`:|y|�e�`-wurJja\+`
¢;\_pylqnqe�nse�¯Bja[]e�b�`�w
|q[]\=¢7w~e�b�°��7i~}��+b�`�¥º¢;e%rae�eml+`:ro`N^_e�lqe�[a`-w²i~½�`�j]i~\_l�\:¤
ja�ye�}{w¨`cr]«
r]i~}�`�woÇ�e��v`c[�iW|q[]\=¢7w~embº´   es`-w~ra\�nqe�[�i²�=e�n em[][]\=[N¢�\=pqlqnqrNi~l `�r]j�`clqnv`c[]n }�`craeº`clqn
|q[]e�rae�l=jae�nse�¯³`cbd|Bwue�ro\_l []e-`-w
nv`-j�`y´
h­�qe�[]e�`c[]e�`�jJw~e�`:r]jJjG°W\º¤¬py[�ja�qe�[�z(pqe�r]j]iu\=lqrJ°o�7iu}��µxµiul¸\_pq[J\=|7i~l7iu\=lµxµnqe�rae�[��_e#ra\=b#e
b#\=[]edrtjapqn7¥_´Dh­�qe�»v[]r]j/`c[�iurae�rJ¤¬[]\=b ja�qe#\_¢qrªem[��:`-j]i~\_l ja�v`-j%ja�qeNi~nqe�l_j]ik»v}�`-j]iu\=l�|q[]\c«
}�e�nqpq[]eN}�`:l�¢;ed`c|q|7wki~emn ja\+`:l=¥ rae�z(pqe�lq}�e§\c¤Ün³`�j�` � � ,-�	! . . . _ ja�qeNzBpyemrtj]iu\=l iur�C;°��³`�ji~r%ja�qeNwkiubNikj�¢�e��v`��(i~\_py[%\:¤ 6 � 6��
!�,4. . . � � 8­ik¤.ja�qe#nv`�j�`�nq\+lq\:j%}�\=l_�=e�[]^_e�6 |;\:i~l=jH°­iurae
i~l � L98Nja\�ra\=bde i~l_jae�[]|;\:w¦`-j]iu\=l rae�z(pqe�lq}�e #g6�� � 8 , # 6��	!*8 ,4. . .�°­i²ja� # \ Ne6QP 8���h¡�qe
rae�}�\=lqn zBpyemrtj]iu\=l�r]jae�b#r�¤¬[]\=b®ja�qe/¤Í`c}{j�ja�³`�j%\=pq[oiunqe�l=j]ik»v}�`�j]i~\_l�rª}��qe�b#e/}�\=l_�=e�[]^_e�r
pqlBi²¤¬\=[]bNw²¥ ja\ #¸\=l$�º¢qpBj�\_l7wk¥+°We-`c·����/ja\ #¸\_l8�Y´3h¡�BiurJi~r%e�lq\_py^_�+ja\º[]e�}�\��=em[1#
pqlBi²¤¬\=[]bNw²¥�\=l�}�\_b#|v`c}{jWrapq¢qrae{jar�\c¤Dja�qeJ�v`-w²¤¦«G|7w¨`clqe96 \_[�\c¤3ja�qe%n7i~ra· 8!¢=¥�ja�qe%Z
\ciurarª\_l
¤¬\=[]b/p7w¦`7x3¢qp7j�ly\:jJja\º[]e�}�\��=em[[# i²jarªeTwk¤t´DÇo\�°�x3r]j]ikwkwÜ`crarapqbNi~lq^ 6G��8ax;°��³`�j�`cnqn7ikj]iu\=lv`-w
�=¥7|�\cja�qe�rae�rJ°W\=p7wun¸¢�eNlqe�e�nqe�n�\_l #¸i~l�\_[]nyem[oja\ nqe�r]iu^=l�`cl�`�w~^_\=[�ikja�qb |y[]\7nqpq}{iuly^
ra\=b#eJr]ja[]\_ly^_e�[.jG¥y|;e%\c¤
}m\=l=�_e�[]^=emly}me��   eoja�7iuly·�¢�\cja��z(pqe�r]j]i~\_lqro`:[]eoi~b#|�\=[�j�`:l=jWi~l
}�\=lqlqe�}{j]iu\=l�°­i²ja� ja�qe�|q[a`c}{j]iu}�`-wD�:`�w~pqe�\c¤@rapy}��+ra}��qe�b#e�rm´

� �%'B�%&����¸�����
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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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