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D�EGFIHKJMLONQPSRTH'UGVXWZY[R]\_^�JY`\8abY[R]HKR]cdWZYdRT\8^
e J�c[fScgY[FIHKJIc�h\8HKaGVTJjibJIc

k1l[\_mnJYporq_s
tuWvaGa5\_l[Y e J�l[J3hwEGJjlwhwEGJx^'y_q8z_{G|�N |I}8}_{~N��_}'a�Wv�_J3c

�����I�j�Z�G�_�_��� J��8Jj^GJIldW_VTR]�jJ�Y[EGJ���lwW e Y[EGJI\_ldf�Y[\�a5\_V]f8WvY[\8H�RXh��8W_c[JIc���RTY[E�WKh\8^8YdRT^SUG\8U�c�R]^8YdJjld^�WvV
JI^GJjld�_f8��D�\�YdEGR]c.Jj^ e�� �.Juhj\_^�c[R e Jjl�Y[EGJ��_JI^GJjlwWvV]RT�IJ eK� \_ld�_^�W_�S�_J���,W_ldc[Jj^�H�\ e JIV � W_^ e WvVXc[\�W�HK\ e JjV
e JjldRT 8J e \v¡�W>H�\8^G\8WvY[\8H�RXh��¢W_c`R]^ e R]HKJj^�c[R]\_^rEGR]�_E�Jjl`YdE�Wv^rY[EGldJjJ8� � J��_R] _J'Wv^rJjiSa�VTRXhRTYu¡£\8UGlgYdJjJI^
HK\8H�JI^¢Ydc�c[fbcnYdJjH � h\_HKaGUGY[J e ¡£\_l�W e R]WvY[\_HKRXh��8W8c�Wv^ e Wr¤uW_l e PSa�EGJjldJ>a5\vY[JI^¢Y[RXWvV<�¦¥�R]^�WvV]V]f � �.J
c[EG\Z�§E�\Z�¨RTYuhjWv^¦©5J�l[J e U�hJ e Y[\�cnYwWv^ e Wvl e s�Wª ¢R]Jjl[�nP¢Y[\8�_JIc.JI«¢U�WvY[R]\_^�cI�
¬�¢®:¯d°�± �Z²��_� ��ldW e�³ c�H�JjY[EG\ e�� Y[lwWv^�c[R´YdRT\8^ � suWª SR]Jjl[��PSY[\_�8JIc � a5\_V]f8WvY[\8H�RXh��8W8cgJ3cj�
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 � su\_U�c	���j^��IldW_VTRXc[\_^�c�V]W�H��YdEG\ e J e Ju��lwW e W_U�hIW_c e J3c	�8W_�.a5\_V]f8WvY[HKR]«¢UGJ3c	Wª _JIh��j^�Jjld�_R]J
R]^¢Y[JIl[^GJKh\8^¢Y[R]^¢U�J_����Wv^�c�hjJ'©GUGY�^�\_U�c�UbYdRTV]R]c[\_^�c�VTJ�HK\ e FjV]J e J � \_ld�_^�Wv�S�_Jj�º��WvlwcgJI^�JjY��I�8W_VTJIH�JI^¢Y
U�^>HK\ e FjV]J`l��3hJI^8Y �¢e � e UGRTY eÆ³ UG^�H�\ e FIVTJuH�\8^G\8WvY[\8H�RX«¢UGJ�Jj^ e RTHKJI^�cgR]\_^>c[UGa��jldRTJIUGldJ���Y[ld\_RXcI��su\_U�c
a�l[\8a�\¢cg\8^�c�UG^ÝHK\ e FjV]J>JibaGV]R]hjR´YdJ>WvUbi «¢U�WZYd\_ld�jJ�HK\_HKJj^¢Ywc � hjWvVXhU�V���a5\_UGl�UG^Ý�8W_� e R]WvY[\8H�RX«¢UGJ�JY
a5\_U�l�V]J�a5\vY[JI^¢Y[R]JjV e JIc�PSaGEGFIl[J3c���UGldJIcI� ¥�RT^�W_VTJIHKJj^¢Y � ^G\8U�c�HK\8^8Ydl[\8^�c�«¢UGJ�hJ�c[fbcnYdFjHKJ�a5JjUbYKcgJ
l�� e UGRTldJ�WvUbi��I«¢U�WZYdRT\8^�c e J�suWª SR]Jjl[��PSY[\_�8JIcI�
�M± �3� ¯ ��� 
 � o �YdEG\ e¦e J���ldW e�� Y[lwWv^�cgRTY[R]\_^ � s�Wª ¢R]Jjl[�nP¢Y[\8�_JIc � �8W_��a5\_V]f8WvY[\_HKRX«¢UGJIcI�
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*�^ÝH�W_^¢f e \8HKW_RT^Ý\_¡�aGESfSc[RXhjc � V]RT�8J�+�UGR e HKJIhwE�W_^GRXhjc � c[JjHKRT�ºhj\_^ e U�h%Yd\_lwc�\_l�aGVXW_c[H�W_c � YdEGJ��SR]^GJYdR]h
YdEGJj\8l[f�E�W_c�V]JIW e Yd\KY[EGJ�R]^¢Y[JjldaGldJYwWZY[R]\_^�\v¡ hVXW_cdc[R]hIWvV:H�W_hld\8cdh\8aGRXhuHK\ e JjVXcI�1¥G\_l�JjiGWvHKaGV]J � R]^�+�UGR e
HKJ3hwE�Wv^GRXhjc � suWª SR]Jjl[��P¢Yd\_�8JIc1J3«¢U�WZYdRT\8^�c�HKWªf�©5J e JjldR] _J e ¡£l[\8H � \_VTY[�jH�W_^G^�J3«8U�WZY[R]\_^�U�c[RT^G�'Y[E�J�c[\v�
hIWvV]VTJ e-, E�W_aGH�Wv^b�/.1^�c[�_\8�rYdEGJj\8l[f10 q�2 � 0 {%2 � 0 L�2 �  ZWvV]R e ¡£\_lKHK\_^G\¢WZYd\_HKR]h e Jj^�cgJ��8W8cgJ3c���RTY[EÃcgH�W_VTV
�8ldW e R]Jj^¢YdcI�3*�^$a�Wvl[Y[RXhU�V]W_l � YdEGJ�hVXW_cdcgRXhjW_V1P¢Y[\8�_JIc�VXWª�547698;:=<?>#@�A#B�C � Wva�a�J3WvlwcuYd\¦©�J� ZWvV]R e�� ¡£ld\_H
YdEGJ��SR]^GJYdR]h�a5\_R]^¢Yu\v¡  SR]Jj� � \8^GVTf�¡£\_luH�\8^G\8WvY[\8H�RXh��8W8cgJ3cj��¥GUGl[Y[E�JjldH�\8l[J � Y[E�J�suWª SR]Jjl[��P¢Yd\_�8JIc�V]Wª�`c
W_^ e Y[EGJ�¥�\_UGldRTJIl�V]Wª�¨E�Wª _J�W��SRT^GJjY[RXh�RT^¢YdJjldaGl[JjYdWvY[R]\_^Æ�
��R�D:JjldJj^¢YK\vY[E�Jjlwc�Y[E�Jj\_ldR]JIc'E�Wª _J>©5JjJI^ e JI _JIVT\8aGa�J e Y[\ e JjY[JjldHKRT^�J�HK\_ldJ��8Jj^GJIldW_V�H�W_hjl[\¢c[hj\_aGRXh

c[fbcnYdJjH�c \_¡5J3«8U�WZY[R]\_^�c �  ªW_VTR e ¡£\_l.H�\8l[J��8Jj^GJIldW_VE+�\Z�`c � JIc[a�J3hRXWvV]VTf�¡£\_lF+�\Z�`c RT^�YdldW_^�cgRTY[R]\_^�WvVGldJj�8RTHKJ_�
� JähIWv^æHKJj^¢YdRT\8^§EGJjldJ�YdEGJ$��lwW e HK\_HKJI^8Ywc>HKJYdEG\ e 0Ðz%2º�Mo�\_ldJrldJIhjJj^¢Y[V]f �,Jj 8JjldH�\8l[JG0 H�2�E�W_c
a�l[\8a�\¢cgJ e W�^GJj��Y[EGJI\_ldf�f¢R]JjV e R]^G��H�W_hld\8cdh\8aGRXh1cgfbcgY[JIHKc	\_¡�J3«8U�WZY[R]\_^�c,E�Wª SR]^G���_\S\ e H�WZYdEGJjH�WZYdR]hIWvV
a�l[\8a�JIlgYdRTJ3cj�
D�ESU�c � Y[E�Wv^G�bc Yd\�Y[E�J`�SRT^GJjY[RXh�YdEGJj\8l[f'�.JuhIWv^KR]^8YdJjldaGldJY�JjiSRXcgY[R]^G��H�W_hld\8cdh\8aGRXh�c[fbcnYdJjH�c1\_¡�JI«¢U�WZ�

YdRT\8^�c�\_l e JIl[R] _J�^GJj� \_^GJ3cj� D�EGJ e R�D:JjldJj^¢YKHKJY[E�\ e cK�.J�E�Wª _J'mnU�cgY�l[J3hjWvV]V]J e ©5J¡£\8l[J�E�Wª 8J�©5JjJI^
J3cnYwWv©GV]RXcgEGJ e ¡£\_l>HK\_^�\8WZYd\_HKRXh¦�8W_c[JIcI�JI ^�WZYdUGldW_V`JiSYdJj^¢Y[R]\_^§hj\_^�c[R]cgYdc>RT^ÃYdEGJrR]^8YdJjldaGldJYdWvY[R]\_^Ã\_l
e JjldRT ZWZYdRT\8^ \v¡�H�W_hld\8cdh\8aGRXh�c[fbcnYdJjH�c�\_¡�J3«¢U�WZYdRT\8^�c�¡£\_l'HK\_ldJ>h\_HKaGV]Ji$�8W8cgJ3c�RT^�hV]U e R]^G�rR]^8YdJjld^�WvV
JI^GJjld�_R]JIcI�
� J�hjW_^LK�^ e WMK�ldcgYuWv^�c[��Jjl`R]^�Y[E�J�©�\S\8��\_¡ , E�WvaGH�Wv^G� , \Z��V]RT^��N0 LO2º�`D�EGJ�hj\_V]VTRXc[RT\8^�a�l[\bhJ3c[c`R]c

e JIcdhldRT©5J e R]^¦Y[EGJ�hj\_^¢Y[JjiSY`\v¡1¤uW_H�R]VTY[\_^¦HKJIhwE�Wv^GRXhjc � ��EGRXhwErWvV]VT\Z��J e Y[\�R]^�hjVTU e J�RT^¢YdJjld^�WvVÆJI^GJjld�_R]JIc
��RTY[E�hj\_^¢Y[R]^SUG\_U�c c[a5JIh%Ydl[U�H Y[\ e J3c[hjl[R]©5J.YdEGJ`�¢W_cI��D�EGJ�H�W_hjl[\¢c[hj\_aGRXh�a�l[\8a�JIlgYdRTJ3c � V]R]�_J�cnYdl[J3c[c�YdJj^�c[\_l
W_^ e EGJ3WZYP+�Ubi � WvldJ e JIl[R] _J e ¡£\_V]VT\Z��R]^G��Y[EGJ , E�Wva�HKW_^b�/.1^�c[�_\_��W_l[�8UGHKJj^¢Ydc1¡£\_l�W�HK\8^G\8WvY[\_HKRXh��8W8cj�
IMcgR]HKRTVXWvluW_aGaGld\8W8hwE�RXcuh\8^�c[R e JIl[J e R]^¦Y[E�J�©�\S\8��\_¡ � ldUG^Q0 q�2,¡£\_luRT^¢Y[JIl[^�WvVÆJI^GJjld�_R]JIc���RTY[E e RXcdhldJY[J
c[a5JIh%Ydl[U�H�� ��RRD5JIl[JI^8Y�cgRTY[U�WvY[R]\_^�c�WvldJ�cnYdU e R]J e�e JIa�JI^ e R]^G��\8^¦Y[EGJ�l[JIV]WvibWvY[R]\_^�Y[R]HKJ�\v¡ J3W_hwE�HK\ e J_�
Iu^ÝW_c[f¢HKabYd\vYdR]h�Jiba�W_^�c[RT\8^ \v¡�Y[E�J e R]cgY[ldR]©GUbY[R]\_^ä¡£UG^�hY[R]\_^ RXc���l[RTYgYdJj^ W_hIh\_l e R]^G��Y[\¦Y[E�JKc[H�WvV]VTJ3cnY
S�^SU e cgJI^�^SUGH'©�JIl ¡£\_V]V]\Z��RT^G� , E�W_aGH�Wv^b�/.1^�c[�_\8� � ©GUGY1Y[EGJ�cg\8VTUbYdRT\8^'RXc1ldJIcgY[ldRXh%Y[J e Yd\�Y[EGJu�jJjld\�\_l e Jjl
hIW_c[J_�T*�^§YdEGJIc[J WvaGaGld\8W8hwEGJIc � Y[EGJ �SR]^GJYdR]häHK\ e JjV]RT�3WZY[R]\_^¨RT^¢Y[ld\ e U�hjJIc�W�^GJI�  ZWvldR]W_©GV]J�¡£\_l¦JIW8hwE
R]^¢Y[JIl[^�W_V�HK\ e J � R]^�hjl[J3W_c[RT^G� e R�U>hU�V´YnfÝWZY�VTJ3W_cgY'WZY'Y[EGJ�HKR]hjl[\¢c[hj\_aGRXh�V]Jj _JIVA�$��Jj^GJIldW_VTV]f$c[a5JIWv�SR]^G� �
YdEGJ�H�JjY[EG\ e h\_^�cgRXcnYwc`R]^ �8Jj^GJIldW_VTR]�jR]^G��YdEGJ�YdJIhwEG^�R]«¢UGJ'U�cgJ e ¡£\8l�W�H�\8^G\8WvY[\8H�RXh��¢W_c e RTldJIhY[V]f�Y[\�W
a5\_V]f8WvY[\8H�RXh��8W_cI�
*�^�Y[EGRXc�a�Wva5Jjl � ��J�aGld\_a5\8c[J�W'^�Jj�¨HKJjY[EG\ e �1D�EGJ�H�WvR]^�R e J3W'¡£\_V]VT\Z�`c�¡£l[\8HOY[E�J�R]^¢Y[ld\ e U�h%YdRT\8^�\_¡

W�^GJI� � \_VTY[�IH�Wv^G^�a�\8VTf¢WZYd\_HKR]h.HK\ e JjV e JIcdhldRT©5J e RT^ � \_U�l[�¢WZY�W_^ e WvV<�V0Ð�%2º��D�E�R]c HK\ e JIVb^GJjJ e c	\_^GV]f
\8^GJ�W eGe RTY[R]\_^�W_V� ZWvldR]W_©GV]JKY[\ e J3c[hjl[R]©5J�W�VXWvld�_J>hVXW_cdc�\_¡��8W_c[JIc���R´YdE�h\8^8YdRT^SUG\8U�c�R]^¢Y[Jjld^�W_V�Jj^�Jjld�_f_�
¥�UbY[E�JjldH�\8l[J � RTY,H�Wªfu©5J e J e U�hjJ e ¡£ld\_HpW�H�\8^G\8WvY[\8H�RXh�HK\ e JjV_��ldRTYgY[JI^���R´YdE�HKR]hjl[\¢c[hj\_aGRXh� _JIVT\bhRTY[R]JIc
R]^ e R]HKJj^�c[RT\8^WA=XZY � ��EGJIl[J�Y�RXc�Y[E�J�^SUGH�©5Jjl'\v¡�R]^8YdJjld^�WvV e Jj�8l[JIJIc�\_¡�¡£ldJjJ e \_H¦��D�EGJI^Ý�.J>H�Wªf
W_aGaGV]f � ¡£\8l�JiGW_H�a�VTJ � Y[EGJ���lwW e HKJYdEG\ e Yd\¦Y[EGJ�HK\8^G\8WvY[\_HKRXh�HK\ e JIV1RT^ EGR]�_E�Jjl e R]HKJj^�c[RT\8^$W_^ e��
��RTY[E¦c[\_HKJ�W_aGaGld\_aGldRXWZY[J�W_cdcgU�H�aGY[R]\_^�c.\_^�Y[EGJ�+�\Z� � ldJIhj\Z _Jjl�W'hj\_^�c[RXcnYdJj^¢Y�c[fbcnYdJjH \_¡,H�W_hjl[\¢c[hj\_aGRXh
J3«¢U�WZYdRT\8^�c.¡£\_l`WKa5\_V]f8WZYd\_HKRXhu�¢W_cI�
*�^�cgJ3h%YdRT\8^�| � ��J�a�l[J3cgJI^8Y	Yn��\�a�\8VTf¢WZY[\8HKR]h�HK\ e JjVXc � Y[EGJ�\8^GJ�HKJj^¢Y[R]\_^�J e Wv©5\Z _J �8e J e U�hJ e ¡£ld\_HMW

HK\8^G\8WvY[\_HKRXh1HK\ e JjVSR]^�EGR]�_E�Jjl e RTHKJI^�cgR]\_^ � Wv^ e Y[EGJ�c[JIh\8^ e \8^GJ.��E�R]hwE'R]c�Wu\8l[R]�_R]^�W_V_H�WZYdEGJjH�WZYdR]hIWvV
¡£\8l[H'UGVXWZY[R]\_^ \_¡�Y[EGJ�cg\_�ºhIWvV]VTJ e$� \8l[�8^�Wv�S�_Jj�º��WvlwcgJI^rHK\ e JjV<�rD�EGJ��8Jj^GJIldW_VTR]�IWvY[R]\_^$\v¡���lwW e YdEGJj\8l[f
RXc e JYdW_RTV]J e RT^rc[JIhY[R]\_^ä� � fSRTJIV e RT^G��Wv^rJjiSa�VTRXhRTY�c[fScgY[JIH�\v¡ HK\_HKJj^¢Ydc`Y[\ e JIcdhldRT©5J�W e R]WvY[\_HKRXh��8W8cj�

Å�Å�ÏF[]\%â�^3à
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D�E�J�hj\_ldl[J3cga5\_^ e RT^G�ähjWvVXhU�V]WvY[R]\_^�c�WvldJ e JI _JIVT\8aGa�J e R]^ W_^G^GJji:�Q*�^�Y[EGJ�¡£\8VTV]\Z��RT^��äc[JIh%YdRT\8^ � W8c'W_^
W_aGaGV]R]hIWZYdRT\8^ � ��J e JIl[R] _J`Y[EGJ�l[J3cgUGVTY[R]^G��s�Wª SRTJIlg�nP¢Y[\8�_J3c	JI«¢U�WZYdRT\8^�c ¡£\8l.W e R]WvY[\_HKRXh`�¢W_cI� � Ju��R]VTV5Jj^ e
YdEGRXc�a�Wva5Jjl�©Sf�c[\_HKJ�ldJjH�Wvld�bcj�
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¥�\_l�W�HK\_^G\¢WZY[\8HKR]h'�8W8c � W�a�Wvl[Y[RXhV]JKR]c�hwE�WvlwW_h%YdJjldRT�IJ e ©Sf�RTYdc�a5\8c[RTY[R]\_^�
 W_^ e R´Ywc� _JjV]\bhRTYnf��WvY�W
YdRTHKJ��%�W*�^�\8l e Jjl'Y[\ e JIcdhldRT©5J¦Wra5\_V]f8WZYd\_HKRXh>�8W8c���J�E�Wª _J�Y[\äYdWv�8J�R]^¢Y[\ W_hjhj\_UG^¢Y'Y[EGJ¦R]^8YdJjld^�WvV
JI^GJjld�_f$\v¡�J3W_hwE �¢W_c�a�W_lgYdR]hjVTJ8�äD�\�Y[E�R]c�Jj^ e�� cgU�aGa�\¢cgR]^G��YdE�WZY�JIW8hwEÝRT^¢Y[JIl[^�WvV e Jj�8l[JIJ>\v¡�¡£ldJjJ e \_H
E�W_c�W�h\8^¢Y[R]^¢U�\_U�c�cga5JIhY[ldUGH � �.J�RT^¢Ydl[\ e U�hjJ`YdEGJ� ªW_l[RXWv©�VTJ����1D�EGRXc� ªW_l[RXWv©�VTJ`RXc�^G\_^�^GJj�¢WZY[R] _J�Wv^ e R]c
ldJjVXWZYdJ e Y[\KYdEGJ�R]^¢Y[Jjld^�W_VÆJj^GJIl[�8f���������W8hjh\8l e RT^G��Yd\�Y[EGJ�l[JIV]WvY[R]\_^���� 8��������%��D�EGJ�cnYwWZYdJ�\v¡�Y[EGJ��8W_c
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Unit é de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
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