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@BA?CD�E�DGFIH JLKD�MND�OQP9R�D�STMVU9MVS CD�EWD�M
X%YNZ0[ D�S]\ Z5^ D�_

JTOQ`a` ZbY S ^ D Y D�c A D Y c A Ded�fbghFjibklH mon Yqp _rFtsbsvuwH k0x�`yO0zbD�M

{�|~}��t�j�y�Q�v��� D�OQdyO0_�U5��D#S A DBS Y OQdaM p D�dvSr��D A O�n p�ZbY
ZQ� MqS Z c A OQMqS p cB�yP p�^ � Zt� E Z9^ D�_�M p d ��Ahp c A S A D p da`aP9S
OQd ^WZ PhSN`aPhS Y O�S�D�M�O Y DTc Z dvS YqZ _�_�D ^ �vUWO��yd p SND AhZ E Z zbD�dhD Z PaMB\lO Yq�QZ n�` YNZ c�D�MNM����9Pac A E Z5^ D�_�M�O Y DTPaMND ^
p d�O0MqU5dac AaYqZ d Z PaM�S Y OQdaM � D Y E Z9^ D��8m @ \��wS Z D�n0O0_�PaO0S�DLS A DL`�D Yq��ZbY EGO0dac�D ZQ�T� OQMVS�`yOQc � D�SGM ��p S�c Ahp daz
OQd ^�p d EWOQd¡P � O0c�S�P Yqp daz¢MVU5MqS�D�E�M ��ZbY S A D�`�D Yq��ZbY EWOQdac�D ZQ� ` YqZ9^ Phc�D Y M�O0d ^ c Z daMqPaE�D Y M�c Z Pa`h_�D ^ �¡U�O
�aPh£�D Y � @BA D�S Y OQdaM p D�dvSBOQdyO0_�U5M p M ZQ� MNPac A E Z9^ D�_�M A O�nbDoO0_ Y D�O ^ U���D�D�dGc Z dhM p�^ D Y D ^Gp d¤D�O Y _ p D Y%�#ZQYN� MBOQd ^
M Z _�PhS p�Z daM A O�nbD���D�D�d Z �hS�O p daD ^ �vU�S A D�PaMND ZQ��¥ OQ`h_�OQc�DwS Y O0daM ��ZbY E!� � D ^ D Yqp nbD p d+S Ahp M]`aOQ`�D Y O¤dhD �
S Y OQdaM p D�d¡S�M Z _�PhS p�Z d Z dh_�U.�yOQMND ^¤Z d Y D�c�P YNY D�dac�D Y D�_¦O�S p�Z daM�� � D�M AhZj� S A O0S%S Ahp M�M Z _�PhS p�Z d p Mr`yO Y S p c�Ph_�O Y _�U
p d¡SND Y D�MqS p dhz ��ZbY�p S�M%d¡PaE�D Yqp c�O0_�` YqZ `�D Y S p D�M�� @BA DB_ p E p S p dazw��D A O�n p�ZbYrZQ� S A DTM Z _�PhS p�Z d p M�O0_�M Z c Z daM p�^ D Y D ^ �
� D�D�E�` p�Yqp c�O0_�_�U�M AaZt� S A O0SS A D�O0_�z ZbYqp S A E ��ZbY c Z EW`hPhS p dazLS A D�S Y OQdaM p D�dvS�M Z _�PhS p�Z d�c�OQd§��D�MqS Z `a`�D ^
��A D�dlM Z EWD�MVS¨O0S p�Z daO Y UL��D A Otn p�ZbY�p M ^ D�S�D�c�S�D ^ �
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�� �ª �� d OQdyO�_�U5MND�_�D§c Z E�` ZQY S�D�E�D�dvSlS Y OQdaM p S ZQp�Y D ^ D�E Z9^?CD�_�D�MlMVS Z c A OQMqS p�� PaD�M¢�yP p�^ D�M ^hZ dvS
_�D�M¤S�OQP9R ^�� D�dvS Y KD�D�D�S ^ DlM ZbY S p DlM Z dvS�c Z dvS Y��Z _�KD�ML`yO Y Pad ` YqZ c�D�MNMqPaM ^ D+\lO YN�0Z n��yd p D�S AaZ E Z z CD�daDQ�
� D+S�D�_�M�E Z9^?CD�_�D�M!M Z dvS¢PhS p _ p M5KD�M ^ OQdaML_ � m @ \ �8E Z5^ D ^ D�S Y O0daM � D Y S¢OQMqU5dac AhYNZ daDj��` Z P Y KD�nQO�_�PaD Y _�D�M
`�D Yq��ZQY EWOQdac�D�M ^ D�M Y KD�MqD�OQP9R A OQPhS ^ KD�� p S�D�SLD�d ` YNZ5^ Pac�S p�� PaD�` Z P Y _�D�ML`�D YV��ZbY EWOQdhc�D�M ^ D�MVU5MqS CD�E�D�M
` YqZ9^ Phc�S�D�P Y MwD�Swc Z daM Z EWEWO0SND�P Y M�c Z Pa`h_ÕKD�Mw`yO Y Phd§S�OQE�` Z d;� ¥�� OQdyO�_�U5MND�S Y OQdaM p S ZQp�Y D ^ D�S�D�_�M�E Z9^?CD�_�D�M
O ^ KD [�CO KD�S9KD�c Z daM p�^ KD Y KD�D�_ ZbY M ^ D�` Y KD�c�KD ^ D�d¡SNMS Y O�n0OQP9RlD�S ^ D�MM Z _�P9S p�Z daM Z dvSlKD�S9KD Z �hSND�d¡PaD�MD�d�PhS p _ p MNOQdvS
_�O�S Y OQdaM ��ZbY E KD�D ^ D ¥ OQ`h_�OQc�D0� � OQdaM�c�D�S]O Y S p c�_�D0° Z d Z �hS p D�dvS]PadhD�d Z PhnbD�_�_�D.M Z _�PhS p�Z d¢S Y OQdaM p S ZQp�Y D��aOQM5KD�D
Pad p�� PaD�E�D�d¡SoMNP YB^ D�M Y D�_�O0S p�Z daM ^ D Y KD�c�P YNY D�dac�DQ�  dLE Z d¡S Y D � PaDc�D�SNSNDM Z _�PhS p�Z d!D�MqS�`yO Y S p c�P9_ pÍCD Y D�E�D�dvS
p d¡S9KD Y D�MNMNOQdvS�D�` Z P Y MND�M�` YqZ ` Yqp KD�S9KD�M
d¡PaE KD Yqp�� PhD�M��  d.c Z daM p�^?CD Y D�O0PaMNM p _�D�c Z E�` ZQY S�D�E�D�dvS
_ p E p S�D ^ D#c�D�SNSND
M Z _�PhS p�Z d?�  d�E Z dvS Y D ^ D%EWOQd pÍCD Y DrD�E�` p�Yqp�� PaD � PaD%_ � O�_�z ZQYqp S A E�Drc�O0_�c�P9_¦OQdvS _�O�M Z _�PhS p�Z d�S Y O0daM p S ZQp�Y D%`�D�P9S
�D�S Y DwO YqY��D�S9KD � PaOQd ^ Pad¢c�D Y S¨O p d¢c Z E�` ZQY S�D�E�D�dvS]MVS¨O0S p�Z dadyO p�Y D�D�MVS ^ KD�S�D�c�S9KDQ�
� ® �j} ¬ ��� �ª � m @ \ °yE Z5^ CD�_�D�M��yP p�^ D�M�°±` YNZ c�D�MNMNPhM ^ D�\lO Yq�QZ n�°�OQdyO0_�U5MNDS Y OQdaM p S Z0p�Y DQ�
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meMqS Z c A O0MqS p c��yP p�^ � Zt� E Z5^ D�_ ^ D�Mqc Yqp ��D�M�S A D���D A O�n p�ZbYwZQ� O��yP p�^ _�D�nbD�_ p d OLMqS ZQY OQzbD ^ D�n p c�DQ� @BA D
p da`aPhSWOQd ^�Z PhS�`aP9S Y O0SND�M�O Y DLMNPa`a` Z MqD ^ S Z ��DLc Z dvS YqZ _�_�D ^ �vU Ol�yd p SND AaZ E Z zbD�daD Z PhM¤\¢O YN�0Z n ` YNZ43
c�D�MNM��#�5Pac A E Z9^ D�_�M#O Y DoPaMND ^�p d�OQMqU5dac AaYqZ d Z PhM#S Y OQdaM � D Y E Z5^ D.�¿m @ \��%S Z D�n0O0_�PyO0SNDoS A D]`�D Yq��ZQY EWOQdac�D
ZQ��� OQMqSw`yOQc � D�S�M ��p S�c Ahp daz�OQd ^§p d EWOQd¡P � O0c�S�P Yqp dazlMVU9MVS�D�EWM ��ZbY S A DW`�D Yq��ZQY EWOQdac�D ZQ� ` YqZ9^ Phc�D Y M.OQd ^
c Z daMNPaE�D Y M.c Z Pa`h_�D ^ �vU O¢�aP9£;D Y � @BA D Y D p M.O!_¦O Y zbDWd5PhE���D Y.ZQ� `yOQ`�D Y M ^ D�O0_ p daz ��p S A S A DGOQdyO0_�U5M p M
ZQ� MVS Z c A OQMqS p cG�yP p�^ � Zt� E Z5^ D�_�M���\ Z MqS ZQ� S A D�MND�`aOQ`�D Y M.c Z daM p�^ D Y MNPhc A E Z5^ D�_�M p d MqS�O0S p�Z dyO Y U Y D 3
z p E�DQ�Bmod p c � D�SIO0_8�65ÏF/7~OQd ^98Z MqSND�d:5Êk#7$OQdyO�_�U5��D ^ S A Dw�yP p�^ E Z5^ D�_ ��ZbY MqD�nbD Y O0_ Z d 3=Z £ p da`aPhSoM Z P Y c�D�M
c Z d¡S YNZ _�_�D ^ �vU�O]S �#Z#3 MqS�O0S�D AhZ E Z zbD�dhD Z PaM�\¢O YN�0Z n.` YNZ c�D�MNM���\ p S Y O;5 g47yOQd ^ 5 x�7hzbD�daD Y O0_ p ��D�M%S Ahp M%E Z5^ D�_
�vU c Z daM p�^ D Yqp daz�E�P9_�S p `h_�D Z d 3¸Z £ p da`aPhSNM.OQd ^ Z PhS�`hPhS�M��=<¸d>5Êi#7B�5S�D Y d OQd ^@? _ � O0_ p�^ c Z daM p�^ D Y D ^ MqPac A
E Z9^ D�_�M ��ZbY MND�`yO Y OQ�h_�DT\lO YN�0Z n�E Z9^ P9_¦O0SND ^�Y O0S�DB` YNZ c�D�MqM ��Ahp c A _�D�O ^ S Z OIM Z _�PhS p�Z d ZQ� S A D�D � P p _ p � YVp PaE
D � PyO�S p�Z daM�D�R9` Y D�MqMND ^ OQM�O�MNPaE ZQ� S�D Y E�M p d 8YNZ daD�c � D Y ` YNZ5^ Pac�S ��ZbY E!�A<¸dB5 C#7D<¸zbD�_�d p�� D�SBO0_8� ^ D YVp nQD�O
daD � OQ`a` YqZ OQc A °5�yOQMqD ^�Z dWS A DoPaMND ZQ�;p dvS�D Y ` Z _¦O�S p daz.` Z _�U5d Z E p O0_�M�° ��ZbY S A Doc Z E�`aPhS�O0S p�Z d ZQ� S A Do�aP9£;D Y
Z nbD Y � Zt� ` YqZ �yOQ� p _ p S¸UQ��mod¢DÕR5S�D�dhM p nbD�_ p MqS ZQ�~Y D � D Y D�dac�D�M]c�O0d¢��D ��Z Pad ^Lp dE5Êu#7$OQd ^ 5 F478�
GyZbYI��A O0Swc Z dac�D Y daMwS A D�S Y OQdaM p D�dvS�OQdyO0_�U5M p M�MVS Z c A OQMVS p cW�yP p�^ � Zt� E Z9^ D�_�M�c Z dvS YNZ _�_�D ^ �¡U�O!�yd p SND

\lO Yq�QZ n!` YqZ c�D�MNM��IH]O Y OtUbOQdyOQd¢OQd ^J8 Ph_ � O Y d p 5Ês47 ^ D Yqp nbD�DÕRh`9_ p c p S]DÕR9` Y D�MNM p�Z daM ��ZbY S A D ¥ O0`h_¦O0c�DS Y OQdaM 3
��ZbY E ZQ� S A D [ ZQp d¡S ^9p MVS Yqp �aPhS p�Z d ZQ� S A D.� Y MVSS p E�D.S A D��aP9£;D Y ��D�c Z E�D�M�D�EW`9S¸U�OQd ^ S A D�MqS¨O�S�D ZQ� S A D
\lO Yq�QZ nW` YNZ c�D�MNM�O0SrS A O�S�S p E�D0�IK�P p _�_�D�E p d¤D�S�O0_Í��c Z daM p�^ D Y S A D�Pad¡�aPh£�D Y D ^ E Z5^ D�_ p d.5ÏF�L#7�OQd ^¤Z �hS�O p d
O�E�D�S AaZ5^ S Z c Z E�`aPhSND]S Y OQdaM p D�d¡SBc A O Y O0c�S�D Yqp MqS p c�M�°aMqPac A OQM�S A DIc Z dazbD�MqS p�Z d�`�D YVp�Z5^ ° ��p S A OQd¤Phd5� Z Pad 3
^ D ^ d5PhE���D YZQ� DÕRh` Z daD�dvS p O0_ Z d 3¸Z £ M Z P Y c�D�M�� @BA D�MND Y D�MNP9_�SNM A O�nbD���D�D�d�DÕR5S�D�d ^ D ^ �vU � Ph`aP p MID�S�O�_Í�
p dE5ÏFbFM7 S Z S A D�c�O0MND ��A D Y DwS A D Z £�`�D Yqp�Z5^ MTO Y D` A OQMND 3 S¸U5`�D0�
@BA D ¥ O0`h_¦O0c�DIS Y OQdaM ��ZbY E A OQM���D�D�dL_�O Y zQD�_�U�PaMqD ^ S Z D�n0O0_�PyO0SNDIS A DIS Y OQdhM p D�dvS���D A O�n p�ZbY�ZQ� �yP p�^ � Zt�

E Z9^ D�_�M��I<¸dE5ÏFjk#7$J�D�d¢OQd ^98Z �yO�UvOQM Ahp MqSNP ^hp D ^ S A DS Y OQdaM p D�dvS ^hp MqS YVp �hPhS p�Z d Z0� S A Dw�hPh£;D Y c Z dvS�D�dvS ��ZbY
D�R9` Z daD�d¡S p O�_ Z d 3¸Z £ M Z P Y c�D�M ZQ� O!M p dazQ_�DGS¸U5`�DQ� @BA DGMNOQE�D¤OQP9S AaZbY M ^ D�O0_ ��p S A S A DWc�OQMqD ZQ� E�Ph_�S p `h_�D
S¸U5`�D�M ZQ�~p dh`aPhS�M p dE5ÒF�g#7 @BA D�MqD.MqSNP ^hp D�M A O�nbD���D�D�dlDÕR9SND�d ^ D ^ S Z S A D.\lO YN�QZ n�E Z9^ Ph_¦O�S�D ^¢p da`hPhS Y O0S�D
E Z9^ D�_ �vU @ OQdyO � O�D�SoO0_8� p d@5ÒF�x478�
<¸dGS Ahp MB`yOQ`�D Y ° � DIc Z daM p�^ D Y O�zbD�dhD Y O�_?MqS Z c A OQMqS p c]�aP p�^ � Zj� E Z5^ D�_ p d ��A9p c A S A D]�aPh£�D Y�p M p dh�yd p SND

OQd ^ S A D p da`aPhS�OQd ^ Z PhS�`hPhS Y O0SND�M.O Y D�c Z dvS YNZ _�_�D ^ �vU§O��yd p SND AaZ E Z zbD�daD Z PaM.\lO YN�0Z n ` YNZ c�D�MqM�� GyZbY
S A9p ME Z5^ D�_ � D ^ D Yqp nbDWO�daD � S Y OQdaM p D�d¡S�M Z _�PhS p�Z d ��ZbY S A D ^hp MqS Yqp �aPhS p�Z d ZQ� S A D��aPh£�D Y c Z d¡SND�dvS�� @BAhp M
M Z _�PhS p�Z d ^aZ d Z S�EWO � DlPaMND Z0� OQdvU�S Y OQdhM ��ZbY E�° p S p M Z d9_�U��yOQMqD ^ Z d M p EW`9_�D Y D�c�P YNY D�dac�D Y D�_�O0S p�Z dhM
��Ahp c A O Y Dw`yO Y S p c�Ph_�O Y _�U p d¡SND Y D�MqS p dhz ��ZbY S A D p�Y d¡PaE�D Yqp c�O�_
` YqZ `�D Y S p D�M�� @BA D.O�_�z ZQYqp S A E p E�`h_�D�E�D�dvS p daz
S A9p M�M Z _�PhS p�Z d p M�nQD Y U OQc�c�P Y O0S�DGM p dac�D p S�PaMND�M.D�MqMND�d¡S p O�_�_�U d Z d daD�zvO0S p nbD¤d5PhE���D Y M�� Z Phd ^ D ^ �¡U Z dhD
OQd ^¢p Soz p nbD�M Y D�MqPh_�S�M ��p S A O0dlD YqYNZbY S Z _�D Y OQdac�D�S A O0SIc�OQdl��D�Mq`�D�c p �yD ^+p d�O ^ nQO0dac�D0� G P Y S A D Y E ZbY DQ°;�vU
c Z daM p�^ D YVp dhz!S A D._ p E p S p dazL��D A O�n p�ZbYZ0� S A D�M Z _�P9S p�Z d?° � D�D�E�` p�Yqp c�O0_�_�U�M AaZt� S A O�S]S A D�O0_�z ZbYqp S A E c�OQd
��DwMVS Z `h`�D ^���A D�dlM Z E�DwMVS¨O0S p�Z dyO Y U���D A O�n p�ZbY�p M ^ D�S�D�c�S�D ^ �
@BA D Y D�EWO p d ^ D Y�ZQ� S A D`yOQ`�D YBp M ZbY zvOQd p ��D ^ O0M ��Z _�_ Zt� M�� � D ^ D�Mqc Yqp ��D p dLS A D ��Z _�_ Zj��p daz�MND�c�S p�Z d!S A D

E Z9^ D�_�OQd ^¢� D.` Y D�MqD�dvS Z P Y daD � S Y OQdhM p D�dvSM Z _�PhS p�Z d ��p S A M Z EWD ZQ�
p S�Mo` YNZ `�D Y S p D�M��N<¸d��5D�c�S p�Z d�g � D
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d¡PaE�D YVp c�O0_?DÕRaO0EW`9_�D�M�°aS A O0S�S A D]c Z E�`aPhS�O0S p�Z d¤S p E�D ZQ� S A DoM Z _�PhS p�Z d�c�OQd���D]c Z daM p�^ D Y OQ�h_�U Y D ^ Phc�D ^ �vU
c Z daM p�^ D YVp dhzGS A D�_ p E p S p dazW��D A O�n p�ZbY�ZQ� S A D�M Z _�P9S p�Z d?���9D�c�S p�Z dli p M ^ D�n Z S�D ^ S Z M Z E�Dwc Z dac�_�PaM p�Z daM��
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� D ^ D�MNc Yqp ��D p dWS Ahp M�MqD�c�S p�Z d�OwzbD�daD Y O0_±�yP p�^ E Z5^ D�_ ��p S A OQd p dh�ad p SND]�aP9£;D Y���ZbY%��Ahp c A S A D p da`aP9SBOQd ^
Z PhSN`aPhS Y O0S�D�MO Y D�c Z dvS YqZ _�_�D ^ �vU�O AaZ E Z zbD�daD Z PaMw\lO YN�QZ n�` YNZ c�D�MqM��
	����������� L�� Z d+S A D.�yd p SND
MqS�O0S�DTMN`aOQc�D�� ��p S A�p dh�ad p SND�M p EWO0_�zbD�dhD Y O�S ZbY�� OQd ^�p d p S p O0_±` YqZ �yOQ� p _ p S¸U ^9p MVS Yqp �aPhS p�Z d���� @BA Dod¡PaE���D Y
ZQ� MVS¨O0SND�M p M ^ D�d Z S�D ^ �¡U���� �Ï� @BA D]OQE Z PadvS Z0� �yP p�^¤p dGS A D]�aPh£�D Y O0S�S p EWD"! p M ^ D�d Z S�D ^ �vU$#�% O0d ^¤� D
MNPh`a` Z MND�S A O0S�#'&"	 Lh� @BA D�`yO p�Y �(�)%*��#+%=� ��ZbY E�M]O¤\lO YN�0Z nl` YqZ c�D�MqM A O�n p dhzLOG`yO p�YTZQ�%^hp MNc Y D�S�D�OQd ^
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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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