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Y�ZE[�\�]�^`_ aLbc\�dfehgIijbckmln]�iokmpfiqbh\CbcrsgIiqbhktl
u ]*rqvLrqij[	\�]	rxw	km\�pfec]-yz]	r
{}|qkt~�]�i������o�/�

�xgtpfp�km|�i u ]*|j]�w�ZE]	|qw�ZE]�l��?�I���t��_ aL]	pfij]	\��J]	|
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�������=�G�E�t��� Y�Zfbhrxp gtpJ]	| u ]=gIecrx¡�b¢isZ£��]�rqi¤|jgIijbckml gGe�gtpEpE|qkDyLbc\¥gIijbckml¦kt§¨pE|j]�rjw	|�bh�J] u
��wD�nb¢e¢e©gtl u ]	�m|q]	]niskT\ªgGis|qb«y?¬®­IgIecdE] u §¯dElEw�iqbhktlErªbcl°ijZE]�|q]=gIex±xgt| u v.rqp gtw	]�kt§�ijZE]
w	km\�pfec]	\�]	l�i�kt§LisZE]}dElfb¢i u bcrj²/]	l u kD¡³] u ¡�b¢isZ*isZE]N´ |jkm�J]	lzbhdEr�µ}¶q¬�lfkm|j\�·¹¸º] u ]�rjw�|qbc��]
isZE]�isktp�kteckm�tbcw=gGe:rqis|qdEw�ijdE|j]okt§�isZE]orj]-i³kt§#gtpEpE|qk=yzbc\¥gtl�isrNbhl�is]�|j\�r»kI§AbclElE]	|�¼LdElEr�i�gt�zeh]
§Rgtw�ijkm|qbc½=gIiqbhktlEr	·¾Y�Zzbhr³gIececkD¡"r³dEr}isk
]	r�i�gt�zecbcrjZ�g/i�¡³kQ¼Lrqb u ] u isgtlE�m]�l�ijbhgIe:bhl�is]�|jpJktehgIijbckml
]	¿?d gIiqbhkml�§¯km|�isZE]�w	|qb¢ijbcw=gGe�pJktbcl?ijrxkI§¨isZE]�w	|�bcij]	|qbckml#À�gtl u iskªpE|jkD­m]
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isZE]�]�|j|qkm|CÁÃÂOÄ bcrCgIiC\�kmr�i¥Å ÂÇÆÈ¡"ZE]	l.ÁÉbhr`|jgIijbckml gGe�kt§ u ]��m|j]�]nÅ�gtl u Ä bcr
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���������", ��( 
/������� ��
/�����������"����� ( 
/�+���	���-�"�	���
�n

����$'&���� ����5
��� � � 4 

���:4 ���	�	

� 1 ,	��

�����	�C���'�³���-���
��� �"��������
�� 5 � � ������������� ��6

��� ����� � � Ö³]`|jgtpEpJkm|qixis|sgGbcij] u ]�e��úgtpEpE|qkDyLbc\¥gIijbckml�|sgGijbckmlElE]-ecec]`\¥gIis|�bhw-bh]-ecec]�� u ]�¬
�m|�� u ] �£gIw-¬���bce¢e©gIlO×fy � u gtlfr�e�� ]	rjpEgtw	] u ]T±�gt| u vÇ|!�	]�e u dËw�km\�pfe"��\�]	l�i�gIbc|j] u d
u bhrq¿?dE]CdElfb¢i#��\�dElfb u ]�ehg3lEkm|q\�] u ]C´ |qkm��]�lfbcdEr¤µ}¶=·%$+g3r�is|qdEw�ijdE|j]�ijkmpJktehkt�tbh¿?dE] u ]
e&� ]	lErq]	\��feh] u ]	rogtpfpE|jk=yLbh\¥gtl�ijrx]�rqi u �	w�|qb¢is]
]	l�is]�|j\�]	r u ]/§Rgtw-iskm|�bhrjgIijbckml bhl�i��	|qbc]	df|j]�¼
bhlEr�i�gt�zeh]I·�Ö³]�ehg�p�]�|j\�]�i u �'��i�gI�fecbc|"dElE](�	¿?d gIiqbhktl u � bhl�ij]	|jpJktehgIijbckml�i�gtlf�m]	l�ijbc]�e¢ec]��fb¢ehgG¬
i#�	|jgIec]`rsgIiqbhr�§RgIb¢is]`p gI|xec]	r/pJktbhl�ijr¤w	|�bciqbh¿?dE]�r u d�w	|�bcij[	|j]IÀ¹]�i u ]CpE|jktdf­m]�|¤¿?dE]Crqb¨Á ]�rqi
|sgIiqbhkmlflE]�e¢eh] u ] u ]��m|���Å�]�i¾Ä�dElCp�kIbhl�i¨w�|qb¢ijbc¿?dE] u ] u ]��m|��³Æ�gIeckm|jr�eh]»|sgtlE� u ]³e��ú]�|j|j]�dE|
Á�Â�Ä']�rqi�gtd�pfecdEr��	��gIe)�xÅ�Â�Æ�·¨�®eLr*� ]	lErqdfb¢i¾¿?dE]»eckm|jrq¿?dE]�Å¥ÊËÆ�ÀtÄ Ê ÁÈ]	r�i�e��údElzbh¿?dE]
p�ktbcl�iow	|qb¢ijbc¿?dE]t·��®e�]�l u ��w	kmdfec]�dfl£|���rjdfe¢i�gGi u � dElfbcw�b¢i#�
ehkLw=gGeh]
p�ktdE|�e&�úgtpEpE|qk=yzbc\¥gIijbckml
u ]/§¯kmlEw�iqbhktlEr"pE|jkLw�ZE]	r u �'+�ij|j]*|sgIiqbhktlElE]�e¢ec]	r	·
, Ó �Q� Ñ ��- � � ��pfpE|jk=yLbh\¥gIiqbhktl�|sgIiqbhkmlflE]�e¢eh]�\¥gIis|�bhw-bh]-ecec] u gtlfr/Ä�¶	À#a?is|jdfw�isdf|j]�ijkmp�kG¬
ehkm�Ibh¿?dE] u ]	rª\¥gIis|�bhw�]	r3|jgIijbckmlElf]�e¢eh]�r	À/.¨isd u ] u ]�r3pJktbcl?ijrªw�|qb¢ijbc¿?dE]	r�À"{�ktec]	rª]�iª½	]	|qkmr
u �údflE]*\ªgGis|qbcw	]*|jgIijbckmlElE]-ecec]tÀ:� u ]�l�ijb¢× w=gIiqbhktl u ]*rqvLr�is[	\�]�r u vLl gt\Cbc¿?dE]	roecbcl0�=gGbh|q]	r	·
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Y�Zfbhr�p gIp�]�| u ]=gIecrn¡�b¢isZO�J]	rqin|jgIijbckml gIe/gtpEpE|qkDyLbc\¥gIijbckmlOkt§�pf|j]	rqw	|�bh�J] u �nwD�nb¢ecehgtl
u ]	�m|q]	]`ijk \ªgGis|qb«y?¬®­IgIecdE] u §¯dElfw�ijbckmlEr/bcl�isZE]C|q]=gIe¨±�gt| u v¦rqp gtw	]"!Ä$#&%&'¶ kt§}isZE]Cw�km\`¬
pfeh]�\�]	l�iNkt§:isZE]�dElzbci u bcrj²�]	l u kQ¡»] u ¡�bcijZCisZE]"´ |jkt��]�lfbhdfr¾µ}¶q¬�lEkm|q\�·���l�ktisZf]	|¨¡»km| u r�À
�tbc­t]	l�g)($*,+ª¼?­IgIehdf] u §¯dElEw-ijbckml�Á.-0/�1N¡�b¢isZ |q]=gIe#´ kmdE|qbc]	|»w	kL]�2¥w�bc]	l�ijro�J]�eckmlE�IbhlE��isk
isZE]o±�gI| u v�w-e©gtrqr»kI§A]�yfpJkmlE]�l�i"�/kt§�ijZE]ow	km\�pfec]	\�]	l�i³kt§�ijZE] u bhrq²:ÀL¡»]�gI|j]"w	kmlfw	]	|qlE] u
¡�bcijZ�\Cbclfbh\Cbc½�bclE�

3 Á Â Ä 3 ¶¶ Ê 4&�57698;:=< ¶�>? @ ÁËÂ ÄBAC-0DFEHG01 @ ÁËÂ ÄBAJIK-�DFEHG01ML�NPO Q��SR
gtr�Ä |sgIlE�m]	rxkD­m]	|T(U*U+Ì|sgIiqbhkmlEgIe�\ªgGis|qbcw	]�r�kt§¾��wD��bce¢e©gIl u ]	�t|j]	]�gIix\¥ktrqixÆT¡�b¢isZ
|j]=gGexw�kz]V2¥w�bc]	l�isr3ijZ gIi3gt|j]�gtl gGecv?ijbcw�§¯kt|XW=Y /�Y;Z 4�[ bclEw�ecd u bclE� gGiªbclf× lfb¢i�vm·O±o]	|j]IÀisZE]Cr�vz\���kIe9\ � r�i�gtl u r*§¯kt|¤isZE]`ij|sgtw�]ªgIl u isZE]�rjdfp�]�|jrjw�|qbcpfi I u ]	lEktij]	r/is|jgtlErqp�kmrq]�¼
w	kmlt~�df��gIis]I·�¸º] \¥g=vºbcl�§Rgtw�i u bhrqp�]�lErj]�¡�b¢isZ�isZf]�gtl gIe¢v?ijbcw�b¢i�v |j]�¿Ldzbh|q]	\�]	l�i¥kml Ä
§¯km|ob¢i�bcr¤gIl£]�ec]	\�]�l?isgt|qv£|j]�\ªgI|j²]QVrq]	]`�J]�eckD¡^RoisZ gGi¤gtl�vn\Cbhlzbh\Cbc½	]	|/kI§;Qq�SR"gtw-isd gIe¢e¢v
��]-ehkmlf�mr�isk !Ä #&%&'¶ ¡"ZE]�l¦Á u kz]�r	·
Ö³Z gtlE�tbclE�_/¤bcl?ijk 4S` /�v?bh]-e u r»gIlC]	¿?dfb¢­tgGeh]�l?i}§¯km|q\�dfehgIiqbhkml`bclCisZE]�±�gt| u v`rqp gtw	]"Ä.#�%&'¶kt§}isZE] u bcrj²:À�gtl u kmdE|/w�Zfktbhw�]�kt§»¡»km|q²?bclE��¡�bcijZ�§¯dElEw�iqbhktlEr
gtl gIe¢v?ijbcw¥ktdfisr�b u ]�|jgIisZE]�|
isZ gtl�bhlEr�b u ]�isZE]�dElfb¢i¤w�bc|jw-eh]`bcr�\�]�|j]�e¢v�gª¿Ldf]	rqiqbhktl�kt§}w	kml�­t]	l�ijbckmlba¹isZf]�kmlE]�¡³]`dfrj]
rjkm\�]�iqbh\�]�r�rqbc\�pfecb¢× ]�r�isZE]x\ªgGijis]�|³�J]	w	gtdErj]xbci³g=­mktb u r�w�kmlErqb u ]�|qbclE�Cp�kIeh]�r�gIiNbhlz× lfb¢i�vm·
Ö³km\�p gt|j] u iskxµdc2\�]	|qkm\�km|jpEZzbhw³gtpEpE|qkDyLbc\¥gIijbckml�¡"Zfbcw�Z`Z gIr��J]	]	l�]-yLis|q]	\�]�e¢v�p�kmpfdz¬
e©gt|}]-­m]	|³rqbclEw	]obcijr»w�kmlElE]�w�ijbckml3ijk�kmpJ]	|jgIiskt|}ijZE]	kt|qvC¡³gtr»× |qrqi»]	r�i�gt�fe¢bcrjZE] u bhlUe«�FfVÀzgtl u
rjdE�Erq]	¿?dE]�l?iqecvnw	gt|j|�bh] u kD­t]	|�isk`ijZE]*\ªgGis|qb«y w	gtrj]/lfkti�gt�zecvªbhlge ��føÀhei��jSføÀ�e ��jKføÀ�eijm��f¹gtl ue ^E�VføÀL|sgGijbckml gIe�Ä�¶�gtpEpf|jk=yLbh\¥gIiqbhkml¥bhr³gtl3dfl u ]	| u ]�­t]�eckmpJ] u rjdE�z~�]	w�i	·}��l3isZE]orjkG¬�w=gGecec] ukKl ���m��� l � kKn ÀAisZEgIi/bhr/¡"ZE]�lX(ÍÊ"+ Ê 4 À#ijZE]¥Ä�¶*pf|jkm�fec]	\%bhr/w-e©gtrqrqbcw=gIe¾bcl gtpEpE|qkDyLb«¬\ªgGijbckml ijZE]	km|�vTgtl u ¡�gtr�w	kmlfrqb u ]	|q] u bcloe ^��&fVÀ7e �z��fVÀ7ep���KføÀqeú�t��føÀ9e«�D��føÀ9e ^rj�fVÀ7eijSfVÀ7e �D�&fVÀ
gtl u e«�P��fVÀf§¯km|�bclErqisgtlEw	]I·»az]�­t]	|sgGe+�m]	lE]�|sgIe¢bc½=gIiqbhkmlfr"ijkCisZE]/\¥gIij|qb«y w=gIrj]
gt|j]/kI§�w�kmdE|qrj]
p�kmrqrqbc�fec]�a�ijZE]¦kmlE]�w	kmlfrqb u ]	|q] u ZE]�|j]£bcr�l gIijdE|sgGece¢v°gt²�bhl2ijk aLvLrqij]	\ Y�ZE]	kt|qv°rqbclEw	]
isZE]���wD��bce¢e©gIl u ]	�t|j]	]obhr}isZf]xr�i�gIij]�¼ u bc\�]	lEr�bhktl�kt§#ijZE]oe¢bclE]=gt|Nw	ktl?ij|jkteJr�vzr�is]�\ ¡"ZEktrj]
is|sgIlf§¯]	|�¼?§¯dElEw-ijbckml�bhr`Äº·Í��l�isZfbcrCw	kmlflE]	w-ijbckml#À}\�]	\��J]	|qr�kt§ !Ä$#&%&'¶ \¥g=v��J] w	ktlErqb«¬
u ]	|q] u gtr³ij|sgtlfrq§¯]	|�¬®§¯dElfw�ijbckmlEr³kt§ u bcrjw	|q]�ij]-¬®iqbh\�]*rqvLr�is]	\�r�¡"ZEkmrq]�bc\¥pfdfehrq]/|j]�rjpJkmlErj]¤bcr
rj¿?d gt|q]
rqdE\�\¥gt�fec]t·N��ln­?bc]�¡)kt§�isZf] u ]	�m|q]	]
pE|j]�rj]	|�­?bhlE�¥bhrqkm\�]�ij|qv
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��]-i�¡³]�]	l !Ä #&%&'¶ gtl u bcijrx|�bh�tZ?ixZ gIe¢§h¼LpfehgtlE]�gtl gIeckm�BQVrq]	]�]I·ú�f· e ���&fVÀ eijSf R-À:isZzbhr�gtpEpE|qkDyLb«¬
\ªgGijbckml pf|jkm�fec]	\Ì\ªg=vÍ]�¿Ldzbc­IgIec]	l�ije¢vT��]�r�i�gIij] u kmlTijZE]�bh\¥gt�tbcl gt|�v¦e¢bhlE]IÀ�gIrjrjdf\�bclE�
isZfbcr`ijbc\�]3isZ gGi�Á bcr`isZE]�$�gIpfe©gIw	]�is|jgtlEr�§¯km|j\ kt§orjkm\�] \�]	\���]�|Ckt§xµ}¶S-�
����o1 #&%&' ·
Y�ZE]	|q]�§¯km|q]tÀzijZEkmdE�tZ3¡³]xrjZ gGece���]o¡³kt|j²�bhlf�C]	l�ijbc|j]-ecvªkmlªijZE]�w-bh|qw�ec]tÀE]-­m]�|qv?isZfbclE�`ij|sgtlEr�¬
e©gIij]	r�iskÍisZE]�Z gGec§h¼Lpze©gtlf]�rq]�ijiqbhlf��gtl u iskÍis|jgtlEr�§¯]	|�¼�§¯dElEw�iqbhktlErªkI§¤w	ktl?iqbhl?dEktdErªiqbh\�]
rqvLrqij]	\�r¨¡"ZEkmrq]³bh\�pEdzehrq]�|j]	rqp�ktlErj]³bcr�rq¿?d gt|j]³rjdE\�\¥gt�fec]t·}Y�ZE]³pE|j]�rj]	l�i¨bcl�is|qk u dfw�ijbckml
\ªg=vÍisZ?dEr���]¥dEl u ]	|jr�iskLk u bhl ]�b¢isZE]�|�rj]-ijiqbhlE�£|j]	pze©gtw-bhlf�¦´ kmdE|�bh]�|�rq]	|qbc]	r��?v ´ kmdE|�bh]�|
bhl�is]��m|sgGehr�·
��lEw	]�l?iqbc­t]	r�ijk�r�isd u v�isZfbcr�pf|jkm�fec]	\ e¢bc]ª\�kmr�ije¢v�¡�bcijZ�gtpEpf|jk=yLbh\¥gIij]ª\�k u ]�e¢ecbclE�£gtl u
b u ]�l�ijb¢× w=gIiqbhktl kt§Ne¢bhlE]	gt| u vLl gt\Cbcw=gIeNr�vzr�is]�\¥r�·C¸ÕZfbcec]�|sgIiqbhktl gIe}gtpfpE|jk=yLbh\¥gIiqbhktlEr/isk
is|sgIlErq§¯]�|�§¯dElfw�ijbckmlEr�gt|j]N�m]�lE]	|jgIece¢v
rj]�]	²t] u ��]�w=gtdfrj]»×Elfbcij]-¬ u bh\�]�lErqbckml gIezecbclE]	gt|�\�k u ]�ecr
u ¡³]-ece�¡�bcijZfbcl�g�|qbcw�Z�gtl u ]���]	w�iqbc­t]¤isZE]�km|qvtÀfrqp�]�w�b¢× w¤w	ktlElE]	w-ijbckmlEr��J]�i�¡»]	]�l�ijZE]�]�|j|qkm|
bhlÇisZf]£ijbc\�] gIl u §¯|j]�¿Ldf]	lEw-v u km\¥gIbclÇ|j]	rqp�]�w�iqbc­t]�e¢v gI|j]£bcl u dEw�] u ��vÕµ}¶ l ����� n �����t·
Y�k b¢ececdErqij|sgIij]¥ijZfbcr	À�km�Erj]�|q­t]¥§¯|qkm\ {�gt|jrq]�­IgIe��úr
b u ]�l�ijb¢i�v�isZ gIi
gIl?vÍ\Cbclfbc\�bc½	]�|�kI§ Q��SR
gIehrqkC\Cbhlfbc\Cbh½�]	r�ijZE]*µ}¶�]	|j|qkm|��J]�i�¡»]	]�lnbc\�pEdfecrj]/|j]�p�ktlErj]�rFaEisZzbhr�¿?d gIl?iqbci�vªbhr�bcl�isdf|jl
]	¿?dfb¢­tgGeh]�l?i QV]�¿?d gIe¹bcl�ijZE]*rjw	gIe©gI|ow	gtrj]PR���ktijZ iskCisZE]*kmpJ]	|jgIiskt|�lEkm|q\Éµ ' � s µ # ¶ gtl u
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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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