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VXWZdhr»¹�gj{uº,der�nkc&nom�m�\�[]�qm�m�gw�Z\Onofx¹�dÝm�WÓm�WZ\¦rum�{�pZl�m�pZ{u\¦gk��l�gj[,�qfh\�¤,V¡tB�¥\¦VXWq\�gj{udh\�r�²
I2dhr�m�gj{udhl�nkfhfÝtj£kgkcZl�\¦a�de{�nk{u�]WZnk�,m�{�nkcZru�¥gkr�\��,m�WZ\KJ�pZ{�nofhdÝ¨MLNgj{um�dU�Nno{�nk�ZgO¤�m�g�m©tB�¥\�m�WZ\ ¨
gj{utk£4Å nk{�m�dhcB¨½Çsgk�±{�\��Zfhde\���vJtLr�pZ�q�Z{�\�r�r�decZi,m�WZ\�ijpZdefem©tÓV»tB�x\ON|V¡tB�¥\#{�pZfe\�nkcZ��{�\�[,\ ¨
�Zd8nom�\���m�g]m�WZ\#{�\�r�pZfÝm�dhcqi,fegjr�r�gk��\ ¤U�Z{�\�r�r�dÝ�j\�cZ\�rur#vJt³dhcJm�{�gB�ZpZl�decZi,n]cZ\�¹%l�gjcql�\��Um¦gk�
rum�{�nom�dÝ´N\�� &'�.	QP���� �!�-�7R �!SUTE²6V±gU�Zn�t#m�Wqdhr6cqgkm�degjc`l�nkc�v¥\»�GgjpZcZ�Î£jdhcw�qdWV¥\�{�\�cJm6�Ggj{u[,r6nkcZ�
�kno{�d8noc m�r�£xdhcÆ[]gjr�m¦V¡tU�x\wVXWZ\�gj{�de\�r�£/\�ru�¥\�l�d8nofhfetLm�WZ\wgjcq\�r�¹�dÝm�W �GgjpqcZ�Nnom�dhgjcNnof
no[wvZdÝ¨
m�dhgkcZr�²)LNgj{#\�¤qnk[]�Zfh\o£
dÝmwno�Z�¥\�nk{�r#dhc�m�WZ\]m�WZ\�gj{�de\�r#pZr�\�� dhc nkl�m�pNnkfefet-de[,�Zfe\�[]\�cJm�\��
�Z{�gBgk�8¨©l:Wq\�l:ºk\�{�r2XE��pNz¡�2Ç|£x~�gByx£4Çs\�ijgZ²�²�²-Y ²

VXWq\µ[,nkdhc de�Z\On-dhr�m�WNnom,nkfhfÈm©tU�x\�r,nk{u\³cqg fegjcZij\�{�\�y pNnkfE² Á¡nkl:WÄgkcZ\�dhcZWNnovZdem�r
nQl�\�{um�nkdhc &Z�.	QP����-�!� X®Åµnk{um�dhcU¨©Ç�go�-Y,gk{ �!���
� XEz|pZ{u\ V¡tB�¥\ ¢BtBrum�\�[]r-Y ² ¿©c ik\�cZ\�{�nkfE£
pZcZde�k\�{ur�\�r]nk{u\L\�[wvx\��q�Z\��Qdhc \�nkl:WSgom�WZ\�{w�Ggjfhfeg°¹�decZiÆn-[]gjcZgkm�gjcZ\&Wqdh\�{�nk{�l:WJtk²@VXWZ\
ºk\�t,�xgjdhcJmÈdhr¡m�WNnom�y pNnkcJm�dÝ´NlOnom�dhgjc,dhcZrudh�Z\2n�ikde�j\�cÓm©tB�¥\�dhr»{�\�r�m�{udhl�m�\��&m�g�m©tB�¥\�r�gk�/m�WZ\
r�nk[]\�XCgj{Xru[Ónofhfh\�{-YÈpqcZde�k\�{�ru\�r
[�²

¢BdhcZl�\k£Îm�WZdhr2\��Zder�gB�Z\wWNnkr�gk� m�\�c-v¥\�\�c �Z{�\�r�\�c m�\�� nkr¦�Nno{um¦go��n,fhgjcZi"¨©ijgjdecZi]�Z{�\��U¨
dhlOn"m�de�k\,�Br�²-cqgjcU¨©�q{�\��qdhlOn"m�de�k\Ó�Z\�vNnom�\k²-¿Òm�WZg�¹È\��k\�{�WNnk� nocZgkm�Wq\�{wl�gjcZr�\�y pZ\�cZl�\L�Ggj{
m©tU�x\�m�WZ\�gk{�dh\�r2�Bdh\�¹�\�� nkr��q{�nkl�m�dhl�nkf±nkcZ�-nol�m�pZnkfhfÝtLpZr�novZfh\�fhgjijdelOnkf¥�Ggj{�[,nkfhder�[]r�N»VXWZ\
�Cnkl�m�m�WNnom¡nofhf m©tU�x\�r»nk{u\XcZg�fhgkcZij\�{
\�y pNnkfq�ZpZÃ�Ã�fh\�r¡m�WZ\XcZ\�¹�l�gj[,\�{¡nkcZ��[,nkºk\�r|dem|[]gj{u\
�ZdW\]l�pqfem±m�g�ik{�nkru�`m�WZ\ÈpZcZ�Z\�{�fÝtUdecZi¦dec m�pZdem�dhgjcqr±go�Zm�WZ\»�Ggj{�[,nkfedhr�[]r�²sVXWqdhr6[,nOt#v¥\�l�gj[]\
�Nnk{um�dhl�pZf8nk{ufet�nol�pqm�\`¹�WZ\�c-m©tB�x\�r�nk{u\`pZru\���nkr¦�Z{ugj�xgjr�dÝm�dhgkcZr�N��Ggj{2r�gj[]\��Ggk{�[,nkfhder�[]r�£
�Z\��x\�cZ�qdhcZi�pZ�xgjc�dhcL¹�WZdel:WµpZcqde�j\�{�ru\#dÝm�dhr��qgjcZ\k£N�q{�g��BdhcZi`¼©m�WZ\�{u\�\�¤Udhr�m�r�nkc�\�fe\�[]\�cJm
] gk�
m©tU�x\�^�¾¦¹�defhf/cqgkm�WNnO�j\�m�WZ\#r�nk[]\�[]\OnkcZdecZiZ£ZdE² \o²»¹È\#[ÓnOt&gk{�[,nOtLcZgkm�\ ¤qWqdhvZdÝm
n�l�gjcZr�m�{�pql�m�dÝ�j\�¹�dem�cZ\�rur�²

Å³gj{�\Èij\�cZ\�{�nkfefetk£ofegkm�r�gk�Z�k\�{�t�m�\�l:WZcZdelOnkfBl:WZgjdel�\�r6WNnO�j\Èm�g�vx\»[Ónk�q\�_jdec`�Nnk{�m�del�pZfhnk{�N

` ~�gjcZl�\�{�cqdhcZi]m�WZ\�m�WZ\�gj{ut³dÝm�r�\�fe�#NÈnkr�[,\�c m�dhgjcq\��µnkv¥g��k\k£¥nkcZ�µ¹ÈgjpZfe� dÝm2vx\#gjcZfet
�Ggj{��q{�nkij[,nom�dhl�{u\OnkrugjcZr�£Z[,gkrumXpZ�B¨Òm�g"¨©�Nnom�\2m©tB�x\¦m�WZ\�gj{�de\�r�nk{u\¦vZpZdefh�&gjc&m�gj�Lgk�
n³[]gj{u\]gk{�fe\�r�r#l�gk[,�Zfe\�¤ r�m�{upZl�m�pZ{�\,�Z\�´NcqdhcZi�m�WZ\,dhcJm�\�{�nkl�m�degjcZr�v¥\�m©¹�\�\�c m�WZ\
�ZdWV¥\�{u\�cJm&º decZ�ZrÓgo�¦m©tB�¥\�r�²�VXWZ\µl�gj{u{�\�r��xgjcZ�ZdecZi@{�pqfh\�rÓnk{�\³WZg�¹È\��j\�{³nkfh[]gjrum
nkfe¹�nOtBr�£�de��r�fedhijWJm�fetj£2�ZdWV¥\�{u\�cJm��G{�gj[ gjcZ\ m�WZ\�gj{ut!m�gÄnkcqgkm�WZ\�{�² �2gÄl�pZ{�{u\�cJm
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[Ón"m�WZ\�[Ónom�dhl�nkfxm�gUgkfhr��Z\�nkf/¹�dem�WLm�WZ\�rum�pZ�qtLgo�
m�WZ\�ru\�r�m�{�pql�m�pq{�\�r2nkcZ�³nk{u\�m�W pZr
fhdeºk\�fÝt,m�g��Z{�g��Bdh�Z\�gjv }u\�l�m�de�k\#l�gj[]�Nnk{�der�gjc�l�{�dem�\�{udhgjcZr�²

` � WZ\�c �Ggj{�[,nkfhdeÃ�decZiLnµ�qdh\�l�\,go�X[Ón"m�WZ\�[Ónom�dhl�r#dec rupZl:W n³m�WZ\�gk{utj£
gjcZ\,WNnkr�m�g
�Z\�l�dh�Z\&nomw¹�WZdel:WQfe\��k\�f�m�WZ\LgjvB}u\�l�m�r�£È{u\�ru�¥\�l�m�dÝ�j\�fet m�WZ\L�Z{ugj�¥gkr�dem�dhgjcqr�£�gk�Xm�WZ\
¹�gk{�ºÆm�g³vx\��Ggk{�[,nkfhdeÃ�\��-WZn��k\]m�gµvx\]�ZpqmO²]VXWZ\�{�\Óder�£s�Ggj{�cZg�¹�£±cZgµl�nkcZgjcqdhlOnof
¹�nOt�gk�U�Z\�l�dh�qdhcZi�m�WZder�£"nkcZ��m�Wqdhr�l:WZgjdel�\¡¹�dhfhfo�Z\��x\�cq�`pZ�xgjc�m�WZ\¡¹�nOt�m�WZ\ÈgkvB}u\�l�m�r
nk{�\�ijgjdecZi]m�g&vx\`pZru\��/²¦¢Ul:WZ\�[,nom�dhÃ�decZiZ£4¹�\`[,deijWJm2r�nOtµm�WNnom¦dÝ��\��j\�{�tÆ�Zde\�l�\`gk�
º cZg�¹�c,[,nom�Wq\�[,nom�del�r�ru\�\�[]r|m�g�vx\k£ [,gk{�\Xgj{|fe\�r�r�£j�Ggj{�[,nkfedhÃOnovZfh\»dhc]n��¥g�¹È\�{��GpZf
m©tB�¥\³m�WZ\�gj{utk£�m�WZ\�{u\Ædhr]cZg@pqcZde�Ggj{u[ nkcZ� l�nkcZgjcqdhlOnof�¹�nOtÄgk�¦�Zgjdhcqi r�g r�dhcql�\
dem�{u\�y pZdh{u\�r]cZgjcU¨®m�{ude�Bd8nkf�l:WZgjdhl�\�r�m�g v¥\�[,nk�Z\�l�gjcql�\�{ucZdhcqi m�Wq\µr�m:nom�pZr,go�¦dem�r
gjvB}u\�l�m�r�²hLN{�gk[ m�WZ\�gjpUm�r�de�Z\�{�¶ r#�xgjdhcJm�gk�È�Ude\�¹�£sm�Wq\�r�\,l:WZgjdel�\�r#gk� m�\�c�WNnO�j\�m�g
v¥\�[,nk�Z\�vx\#n�V»tB�x\�VXWZ\�gj{utL¹�deÃOnk{u�/²

LNgj{�m�Wq\�r�\�{u\OnkrugjcZr�£Îm�WZ\#¹�gk{�fh� gk�¡V»tB�x\wVXWZ\�gj{�de\�r¦[]dhijWJm�£¥n"m�´N{urum�ijfhnkcZl�\k£xv¥\�nk{
r�gj[]\�rudh[]dhfedem�pq�Z\¦¹�dem�Wµm�Wq\`f8n"m�\�z|m�gjfh\�[,\�dhl#nkr�m�{�gkcZgj[`tk² � \`WZgk�¥\�m�g&�q\�[]gjcZrum�{�nom�\
m�WNnomX¹�WZnom�r�\�\�[,rXm�g,vx\�l:WNnkgkm�dhl�nkl�m�pNnofhfet,tBdh\�fe�ZrXr�gk[,\�gj{u�Z\�{�nkcq�³r�m�{upZl�m�pZ{�\��"²
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¿©c m�Wq\Ó�Z{ugUl�\�r�r�gk�Xr�m�pZ�qtBdecZiµm�WZ\,r�m�{upZl�m�pZ{�\&go��m©tB�¥\]m�WZ\�gj{�de\�r�£�n³´Z{�rum�l�fhnk{�dÝ´NlOn"m�dhgkc
nom�m�\�[]�qm¡WNnkr¡vx\�\�c�m�Wq\2dec m�{�gB�ZpZl�m�dhgkc�gk� ��&Z� �O(=*
,.��/1*!���M���2� XCz¡V�¢Br-Y�²|VXWq\2l�gjcZl�\��qm
dhrX�ZpZ\�m�g]V±\�{ufhgjpJ¹�nkcZ��J�\�{�nk{��Zd�nocZ��f8nk{uij\�fÝtÓg�¹È\�r�dem�r��Cno[,\¦m�gOI�\�cZº)J�nk{�\�cZ�Z{�\�ikmO²

� \w{u\��G\�{�m�gÓm�WZ\`vqdhvZfedhgjij{�nk�ZWJt R ^jT|nocZ� m�g,m�WZ\��Z\�´Ncqdem�degjcZr2v¥\�fhg�¹ �Ggj{�[,gj{u\`�Z\ ¨
m:nkdefhr�²
VXWZ\¦�Ggj{u[Ónkfedhru[,r¡gk�±z|V�¢Ur�nkfefhg�¹�rÈm�gw�Z\�rul�{udhvx\�n`¹�dh�Z\¦{�nkcZij\�gk�"!Z¨ÒlOnkfel�pZfed¥fedhºo\
r�dh[]�Zfe\�m©tB�x\�r�£$#]£%#�&¥£ m�WZ\�~�nkfhl�pZfhpZr»gk�
~�gjcqrum�{upZl�m�dhgjcqr�£qvqpqmXnkfer�g�cZgjcU¨ÒcZgj{�[,nkfedhÃOnovZfh\
rutBrum�\�[]r�£N\�ru�¥\�l�dhnkfhfÝt&a�dh{�nk{��Î¶ rÈrutBrum�\�[(' gk{�Å nk{�m�dhcB¨½Çsgk��¶ rÈV»tB�x\�N·V»tB�x\k² ��cJm�dhf¥cZg�¹�£
¹�dem�W�m�Wq\#cqgkm:nkvqfh\�\�¤Ul�\��qm�degjc go��V±\�{�fegjpJ¹�¶ r�¹Ègj{�º R �°^�TE£Nm�WZ\�gjcZfÝtL�Z{ugj�¥\�{um�dh\�r��Z{ug��j\��
gjc*f8nk{uij\ l�f8nkrur�\�r�gk�`z|V�¢UrL¹�\�{�\ gk�#l�gk[wvZdhcZnom�gj{ud8nkf�cNnom�pZ{�\ XGl�gjc%)NpZ\�cql�\k£�r�pZvB}u\�l�m
{�\��qpZl�m�dhgjc1Y�nkcq�S�Zde� cZgkm]�Z\Onof�¹�dem�WQcZgj{u[ÓnofhdhÃ�nom�degjc@nocZ�SdÝm�r�l�gkpZcJm�\�{u�Nnk{�mO£�fegjijdelOnkf
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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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