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jl�]��Hultiorj�±]«¯_�jltr��[]�Ãor_h��ork�tr_hgh¸,Z,[]�©g¼g·_L��oi�©ul�O��_�orjl�¯«¹g4or[�_��©^`��«©_9^`_9�@orj�oi�©ul�½ul�or[�_²��[´j�����_h«©g¼j��]�ul
or[�_�±�tru*»�g·_ht�jAgigi�¹gqo�j��@oh¸

���� � ����� � �"� � ��#�� ��� � � �� 
Î�[´j�����_h«©g³jlti_²^`jl�¯�]«¯pO�9ul^`�´u@g·_L�Oul'oq»�u��]jlt·o�g(M1oi[�_F±]jl��¾A_9�]��j��]�Ooi[�_F®trul�@oi_h�]�$¸�Z,[]_²±]jA��¾l_h�]�
�¹g1oi[�_`g·_hti¬A_9t¼�]j�tio¼ulQj(��[]jl����_9«S¸ Ì oc^8jl�]j��A_hg�^`_h^�±H_9t³g·k�±´gi�9ti�©�noi�©ul�Àº´or[�_`j�����ulorj�oi�©ul�O��j�orj�±´jlgi_
jl�]�¶jA���n�¯oi�©ul�]jl«4��j*o�j�gik]��[ jlg²oi[�_�or[�_hgrj�k�trk]gFu�¼¾l_9p�»�ult���gh¸ Z,[�_±]jl��¾A_9�]�¶��tiun�9_hgrg·�©��� �@k�_hti�©_hg
®trul^/®trul�@oi_h�]��gh¸ Ì oFk]g·_Lg�±´j*or��[¶��tiun�9_hgrg�oiu���tr_�Â���ul^`��k�oi_(��j�orjªk]g·_L�°«¹j*oi_ht
oru���trun�nk]�9_Íti_L��uA^²Â
^`_h�]��j*or�¯uA�]gh¸ Ì �oi[�_²��[]j����]_9«C�¹g4tr_9��«©�©�hj*or_h�$º�_Ljl��[±]jA��¾l_9�´�(_9mn��[´j����A_hg,k�� ��j*or_hg4»4�¯oi[½�¯org1�´_h_9t�g,oiu
^8jl�¯�@orjl�¯�Oj8�9ul�]gi�¹gqor_9�@o1tr_9��«©�©�hj8j*o1_Ljl��[½±]jA��¾l_h�]�$¸ Ì Yoi[�_���[´j�����_h«À[]jAg4µ�_9±ªjA�9��_Lgighº�or[�_
±]jA��¾l_h�]�
�]tiu*¬��¹�n_hg3R1Z4� 	 �¯�@oi_ht·UjA��_coiu �@k�_htipÍuAt,��k�±�«©�©gi[½j����]u�orj�oi�©ul�]gh¸

Z,[�_�®tiuA�@oi_9�´��©g�oi[�_��9«¯�©_9�@oc�]j�tio1u�'jÍ��[´j�����_h«=¸ Ì o³��ul�@o�j��©�]g,oi[]_²��[]jl����_9« ��F Ì [�u@gqor_h��©�½oi[�_
±]tiu*»�gi_9t`jlgrg·�¹g·orj��@oL¸ Ì oÍj�«©«¯u*»�g²oi[]_�k´g·_ht²oru°jl���$º��n�¹g·��«¹j#p j��´� �@k�_htip jl����u�o�j*or�¯uA�]g9º'oiu�_h�n�¯o8oi[�_
or[�_hgrj�k]tik]g,jl�]�"oiu8��k]g·oiuA^`�¯Áh_c[]�©g4�]tiul¿]«¯_A¸

¨ tiuA�Aor_9�]� �`±]jA��¾l_h�]�O��uA^`^�k����¹�9j�oi�©ul�Otr_9«©�©_hg¼ul�ªd�� Ì ; �l�
>Ö¸
d�� Ì N d4_9^`u�or_F�O_�oi[]u�� Ì ��¬lun�9j�Â
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�]tiuA�]j��@j*oi_L�F®tiuA^ oi[�_c±]jA��¾l_9�´�`oiu²®tiuA�@oi_9�´��g�oi[]jl��¾ngQoruFj�«©jlÁ9p8��uloi�¯¿´�9j�oi�©ul�Í^`_L��[]j����¹gi^2�n_�o�j��©«¯_L�
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Z�ucUjl��orultr�¯Áh_��9_9tiorj��©�]g�tr_hgiulk�t���_���ul�´g·k�^`�nor�¯uA� N _l¸ �]¸���_�oq»�ultr¾��´uAt·oLº�µ�_9±`jl�9�9_hgrg9º�Ä��¼����º���un�n_
O�º
±´jl��¾l_h�]��g,[�u@gqor_h�"ul��oi[]_�gijl^`_c^8jA��[��¯�]_
�9j��±H_
j��A�ltr_9�Aj�oi_L�Í�©�j@���������
	�7v�(�#�
�(��¸ Ì o1[]jlg,�¯org1u*»4�
d1� Ì jl�h��_hgrg4»4[��¹��[½�¹g1k]gi_h�±�p"oi[�_²±�tru*»�g·_ht1jlgrg·�¹g·orj��@o4oruÍ«¯�¹g·ocj#¬*j��©«©jl±�«©_
��[]j����]_9«¹g�ul�OjÍ^`jA��[��©��_l¸
Z,[]�©g�[�_9«©�]g�k]gi_9t�g'oruF���©gr��u*¬A_9tQjl�]�(��[�u�u@g·_4or[�_���[]j��]��_9«¹gYor[�_9p8»,j��@oQoruFgik�±]gr��tr�©±´_1oiu]¸ ¨ �©�]j�«©«¯pAº�oi[�_
sQ[]j�truAg�w�_9tr¬l_ht¼[´jlg
jµ�_9±°jl�h��_Lgig³»4[��¹��[ �l�©¬l_Lg³«¯�©��¾ng³oiu½±´jl��¾l_h�]��gcor[]j*o
[]j#¬A_`ti_h�l�¹gqor_9tr_h��j"µ�_9±
jA�9�9_hgrg9¸

�� � ��� ��� �����  � � ��  �  ������ �
sQ[]j�truAg�[]jlg�±´_h_9� ��_hgi�¯�A��_h��oru�j��]��u�o�j*oi_"µ�_h±¶�nun��k]^F_h�@orgh¸ ¨ tiuA�Aor_9�]�]g
^�k´gqoF±´_j#»�jlti_8ul4oi[�_
F¼d 	 or[�_�k´g·_ht¼�¹g�±�tru*»�gi�¯���´¸1Z�u8oi[��¹g¼_9�]��g·_h¬l_9t�j�«Coi_h��[]�����@k�_Lg�_9m��¹g·ohº$g·k´��[Ojlg/R1Z4Z,sy��tru#mnp ;©a)�
>Sº
±]tiu*»�gi_9t,�]jltrjAg·�¯oi_ ;©ah�
>Öº´�9k]g·oiul^`�©Á9_L�"±]tiu*»�gi_9tLº�j����]«¯_9org4uAt�±�tru*»�g·_ht��]«¯k��lÂS�©�]gh¸�Z,[]_���tiu#mnp�g·uA«¯knor�¯uA�
[´jlg�±´_h_9��k]gi_h�Í�©��s'[]j�truAg�±H_h�hj�k]gi_¼�¯o4»�uAti¾ngQ»4�Ãor[�jl�@p8±]tiu*»�gi_9t,j��]�(��tru*¬@�¹�n_Lg'or[�_�jlgrg·�¹gqo�j��@o�»4�¯oi[
jÍ[��¯�A[ª�n_h�ltr_9_
ulQ��ul�@ortiuA«Coiu"ul±]gi_9tr¬l_³or[�_²oit�j�IÍ�
j��´�oiu"_9��tr�©��[or[�_`��ul�@or_9�@o1u�'tr_�ork�tr��_h�½�´j��l_Lg9¸
Z,[]_�±]tiu*»�gi_9tYjlgrgi�©g·orjl�Ao�tr_9«©�¯_Lg�uA� �3��%
	 �C; �!>ÖºAj��F_�m�or_9�]gi�¯±]«¯__R1Z4Z,s ��tru#mnpl¸�s'«¯k�m�pF�9jl�F�np��]jl^`�©�hj�«©«¯p
jl�l�Ati_h�Aj*or_Fj�g·_9o�u���]tiu#mnp��9ul^`�Hul��_h�Ao�g9º�oi[]_ �1�U%
	����'	�¸YEQjl��[°�]«¯knmn�©�¶�9jl�°ul±]gi_9tr¬l_8tr_��@k�_Lgqo�g
j��´�
tr_hgi�Hul�]gi_hghº�^Fun�n�¯®pÍor[�_9^º�uAt4��tru*¬@�¹�n_³jFti_Lg·�Hul�]gi_l¸

Z,[�_F±�tru*»�g·_ht¼jAgigi�©g·orjl�@o1�©gc^8jl��_�u��jÍ��«©knmn�¯��»4[��¹��[ N ��O¼ul±]gi_9tr¬l_Lg4ti_ �@k�_hg·o/F¼d 	 gc�©�ªult��n_ht�oiu
®_9or��[½jlgrgiu��9�©j�oi_L�(j��]��u�o�j*oi�©ul�´g4j��]� N �©��O�_�m�oit�jl��org�oi[]_�R1Z4� 	 or�Ãor«¯_�ul�or[�_��]jl�l_ N �¯'j���p�O'®trul^ oi[�_
tr_hgi�Hul�]gi_hg²oiu�¿]«©«4or[�_oi�¯oi«©_¿]_9«¹� �¯� or[�_Oj����]u�orj�oi�©ul� _h�n�¯oiuAth¸ Ì � j�� k�� ��ul^`�©��� ¬l_htrgi�¯uA�CºQ�¯oÍ»4�©«¯«
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��u��9k�^`_9�@orgh¸

µ [�_h� or[�_(k]gi_9t²ti_ �@k�_hg·org
oi[�_�j�����ulorj�oi�©ul� ��j�orj�±´jlgi_lº�oi[�_"®tiuA�@oi_9�´� ±�k��©«©��gFj�� R1Z4� 	 �]j��A_
�9ul�@orjl�¯�]�¯���Ooi[�_"ti_Lg·k�«¯orgFj��´� �n�¹g·��«¹j#png
�¯o²�©� or[�_(±�tru*»�gi_9t N g·_h_ ¨ �¯�Ak�tr_���O�¸ R1u*»�_h¬l_9tLº�oi[�_"��tiu#mnp
^`un�n_h«c�nu�_LgÍ��ulo�j�«©«©u*» or[�_���tiu#mnp¶oiu gi_9�´� ti_ �@k�_hg·orgÍoiu or[�_��9«¯�©_9�@oL¸ Z,[�_ª®tiuA�Aor_9�]� oi[�_hti_9®ultr_
k´g·_Lg�j`^`_h��[]jl���©gi^ oru8oi_h«¯«$or[�_
±�tru*»�gi_9t,oiu`®_9or��[Oj8gi�´_L���¹j�«`F¼d 	 ¸]µ [�_9�or[�_
��tru#mnpÍti_L��_h�¯¬A_hg�oi[]�©g
gi�H_h���¹j�« F¼d 	 ºn�¯o��9j�«©«¹gQor[�_corjlti�A_�oi_L�8®trul�@oi_h�]�Í»4[]�©��[(oi[�_h�"tr_�ork�ti�´gQor[�_GR1Z4� 	 tr_hgik�«¯o��]jl�l_A¸�Z,[]�©g
�]u�oi�¯¿´�hj*oi�©ul�`^`_h��[´j����¹g·^ �©gQ±�tru*»�g·_ht·ÂÀjl�]�Íx³w@ÂÖ��_9�H_9�]�n_h�@oh¸*F��]��_9t F1���¯m � ��aAalº6?1_�o�gi�hj��H_4��tiu*¬��¹�n_hg
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j`ÐcÐWE�
��uA^F^²k����¹�9j�oi�©ul��[]j��]��«¯_hth¸
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�9ul^`�Hul��_h�Ao�g²jl�]�°�@j*oi[]_9t²oi[�_Lg·_��uA^F�Hul�]_9�@org²�¯�@oru�j���ul�@o�j��©��_9tL¸ A ÄAs'«¯k]���9ul^`�´uA��_9�@oF�©g`jªgi_�o
ul�ti_Lg·uAk�t���_hg�g·k]��[ jAg²�9un�n_ N ÄAj#¬*jO�9«©jAgigi_hg�O�ºY��uA�n¿]�Ak�trj�oi�©ul��¿]«©_hgFj��]� �©�9ul�]g
®ult²oi[�_ ��F Ì ¸YÄlsQ«¯k��
jl«¯«©u*»�g�jl�@p½�9ul^`�´uA��_9�@o�oru(±H_F��p@�´j�^`�©�hj�«©«¯p��©�]gqo�j�«©«¯_L�$ºH«¯u@jl�n_L�$ºHg·orjlt·or_h�$º g·oiul�]�´_L�ªj��´�k���«©uAjl��_h�$¸
Ì �´gqo�j�«©«¯�©����j¼�9ul^`�Hul��_h�AoY^`_hjl�]g�®_�o���[��©�����Ão'jl�]���©�]g·orjl«¯«©�¯�]�c�¯o'ul�`jc«¯un�hj�«��n�¹g·¾
oiu³±´_4«©uAjA�n_h�C¸ 	 u@jl��Â
�©���
j
�9ul^`�Hul��_h�Ao'^`_Lj��]g���tr_hj*or�¯�]�³jl�8�¯�´gqo�j��]�9_�u�Hoi[��¹g���ul^`�Hul��_h�@oQj��]�`�©���¯oi�¹j�«©�¯Áh�¯�����¯oh¸'w@o�j�tio�j��´�
g·oiuA�½_9¬A_9�@org¼��ul�@ortiuA«C�Ão�g¼jA��or�¯¬��¯oqpl¸ ¨ �¯�´j�«©«¯pAº´k��]«¯u@jl�tr_9^`u*¬l_Lg,oi[�_F��uA^F�Hul�]_9�@o�®trul^ �Ão�g1�9ul�@orjl�¯��_hth¸
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�9ul^`�Hul��_h�Ao�»4�Ãor[�ulkno
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»4[�uA«¯_
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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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