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THÈME 1





� ��������� 	
����������������� ��� � � ����� �!�"�#�$� 	
������

%�&('�)�*,+.-/&(0213*547698:6;)=<>%�&('�)�*�?@'BAC)ED
FHGJI�K"LNM@O PQ#RSL(TVUXWYL�Z[RS\/RSZ]I�K"L#R

^`_]aVbcL�Z@dea/fJL�g
P!TihJh5aV_]ZfJLj_kL�lkGmL�_]lkGmLon�pqpqrqs"O t[avuwL�KyxX_kLNM{zqz3|$O Mv}�h;Tw~wL#R

�:�=���(�i�J�w�3��� L l�awnmRS��fJL�_!Ty�JUJ��fe�3UmL�UmL�_kL#l�L���u/��nm~���Z]R���nJhJUXZ[��_]awK�ZSGmL$awUJZ]hXUJZaw�`TNd�Ti_]�qai�
u/��TVn��3UmL�UJL�����Z]G��JnX��ZkL�aw_���nJ�XnJ��Z]L"�HTV��ZS��nm~�_]a�aVK���FHGmL���nXhJUJZy_kTVZkL:aV�!ZSGmL:�JUJ��f���UJL�UmL���R
lkG;TV_�TVl�ZkL�_]�� #L#f¡x�\�T�d�TV_S�qa{uYK�a/fXUJg�TVZkL�fe_�TiZkL hX_ka/l#L#RSR#� � LyfJL�_]��uqL�T"nJL��¢TVhJhJ_]a3TwlkG¡�£aV_@Z]GJL
l#awKNhJUJZkTVZ]��awnCaw�¤Z]GJL�RSZkTVZ]��awn;TV_S\�xJUJ¥¦L�_"l#awn�Z]L�n�Z(�§FHGJ��R�TVhJhJ_]a3TwlkG¨g�L(TVfJRNZ]a9T©n/UXK�L�_]��l#TVg�g�\
RSZ�TixJg�L�TVg�~qaw_S��Z]GXK
�£aV_���GJ��lkGYZ]GmLjhJ_]L#l���RS��awnYaw��Z]GmLj_kL�RSUJg�Z[l(TVnYx5Lj~V��uqL�ne��neTwfXuVTVnml�Lw�
ª�«3¬5S®y¯ �i°��w�²± g�UJ��f��3UmL�UmLV³¦d�TV_]�wa{u/��TVne��UJL�UmLV³5deTV_]�wavu�hX_ka/l#L#RSR#�

´¶µ�·¹¸¹º{»�·½¼�¾¿¸¹À7Á�Â

ÃÅÄSÆ.ÇÉÈvÊ{ËiÌÎÍ#Ï]Ç2ÐÒÑÓË�ÔÖÕv×�Ø�ÐÒÇ2ÐÒÙ7ÕiÌ Ú¿ÇÛ�Ü ÊvÙ7Ý2ÐÖÝ7È{Ý�Þ$Õ�Ý7ß{à]á�ÕâÝ2ÐÒã(È{Ïjä{ÏjåBÏ]ÊvÊ{ÏSÙSæ5ç�Ê{ÐÖè�Ï]Ç7Ù7ÐéÝ7àjä{Ï¤åBÏSÊvÊvÏSÙjê�æìë5Õ�á�ívÈiÙÈvÊ{ÐÖè�Ï]Ç7Ù7ÐéÝÉÕâÐÒÇ2Ï@ä{ÏjÆìÏSÕ�È{ÔéÐÖÏSÈ�æ
î#ïâð�ñ#ò å�ÏSÊvÊ{Ï]Ù�ë¦ÏSä{Ïcó3ævôVÇÉÕ�ÊvÑcÏ�æqÄ]ÆìÇÉÈvÊ{ËVÌ õXÈ(öÊq×âØ=áHÕ�Ý7ßvÙSÌ ÈvÊ{ÐÖè�÷�Ç7ÏSÊvÊ{Ï]Ùcê�Ì Ú¿Ç
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. n¨h¦L�_S�£aw_]K�TVnml�LYL�uVTVg�U;TiZ]��aVn�aw�@Z]L�g�L�l#awKNKyUJnX��l(TiZ]��aVn�TVnmfCl#awKNhJUJZ]L�_NRS\/RcZkL�K"R#³��XUJ��f��3UmL�UJL#R
K�a/fJL�g�RÅ����Z]G�d�TV_S�qa{u:K"a�fXUXg�TVZ]L#f���nJhJUJZ�_kTVZkL�R�G;T(uqLjx5L�L�nY����fJL�g�\"UmR]L�fY��n�K:TVn�\"h;TVh¦L�_kR�³JR]L�L
TVK�aVnm~@awZSGmL�_]R0/ pX³ws�³wzX³/Mq³�1'27�`FHGmLHZS_�T43Nl�Ti_]_]��u���nm~[ZkajT!nJL�Z¹�Åaw_]����UJL�UmL�G;TVR`TVg�_]L(Twf�\jZ]_�T(uwL�_kRSL#f
h;TV_]Z]R@aw�=Z]GmL$nmL�Z¹�Åaw_]��TVnmfeG;TwR!x¦L#L�n K�a/fX���mL#feTVg�aVnm~N��ZkRZ]_kT{uwL�_]RkTVgÉ�5. n RcUmlkG©l(TVR]L#R�³5��Z[��RZ]GJL
awUJZ]hXUJZ���_kawK T��3UmL�UmL���GJ��lkGY�£aw_]K"R�Z]GJL���nJhJUJZ�Z]a�Z]GmLjnmLâW�ZnmL�Z¹�HaV_]�YL�g�L�K"L�n�Z(�

. n�Z]GmL�K�awRSZ[��KNh5aw_SZ�TVn�Zh;TV_SZ@aV�=Z]GJL g���Z]Z]L�_�TiZ]UJ_]L$aVn�Z]GX��R[RSUJxXbcL�l�Z#³ìR]L�L �£aw_[��nmRcZ�TVnJl#L6/épX³¦s'2
TVnmf ZSGmL"_]L��£L�_kL�nJl#L#R Z]GmL�_kL���n.³�ZSGmL�RcZ�TVZ]L"Rch;Twl�L:aw�HZSGmL�deTV_]�wavu�hJ_]a�l�L#R]R$Z]G;TiZ K"a�f�UJg�TVZ]L#RjZ]GJL
��nJhJUXZH_�TiZkL!��n�ZSGmL@�JUJ��f:�3UmL�UJL¤��R½RSUJhJh¦aqRSL#f�Zka�x¦L@�JnX��ZkLV�`FHGmL¤l#TwR]L!��GmL�_]L¤Z]GJ��RHRSZkTVZkL@RSh;Twl�L@��R
��nJ�JnX��ZkLG;TwRÅx5L�L�nYTVn;Tig�\/R]L�f:��n7/ z425TVnmf7/ M825�£aV_HZ]GJL:9<;=9<;�>¤�3UmL�UmL�Tinmf���n�/?142 �£aw_�T�xJ��_SZ]G�Tinmf
fJL(TVZSGehX_ka/l#L#RSR#�

. nCZ]GX��Ryh;TVh¦L�_#³½�ÅL�~qL�nJL�_�Tig��� �L:Z]GmL�hJ_]awxJg�L�K Z]a�T �XUJ��f��3UmL�UJLefX_S��uwL�nCx/\�T deTV_]�wavu���TVn
��UJL�UmLV��FHGmLyawnJg�\�_kL���UX��_kL�K�L�n�Z¤nmL#L�fJL#f aVn¡Z]GmL�d�TV_]�wa{uehJ_]a�l�L#RSR¤Z]G;TVZ!K�a/fXUJg�TVZkL�R�Z]GmL���nJhJUJZ
_�TVZ]L"hJ_]a�l�L#R]Ry��R ZSG;TVZy��Z�G;TwRyT�RS��nm~wg�L"RSZkTVZkL:RcUmlkG�Z]G;TiZ�Z]GJL:��nJhJUXZ�_�TiZkL"��RyRSK�TVg�g�L�_�ZSG;TVn�Z]GJL
awUJZ]hXUJZH_kTVZkL¤aV�.Z]GmL@�XUJ��f:�3UmL�UmL�TVnmf:ZSG;TVZ���ZÅGmTwR�T UJnX���£aw_SK
��nJ�JnJ��ZkL�RS��K�TVg;~qL�nmL�_kTVZkaV_(³�ZSG;TVZ���R#³
Z]GmL�RcUJhJhJ_]L�KyUJK�aw� Z]GmL�aVUJZ]hJUXZ¤_�TVZ]L#Rjaw� ZSGmL�RSZkTVZkL�R¤��R@x¦awUJnmfXL#fì��FHGmL#RSL�deTV_]�wavuehJ_ka/l#L�R]RSL#R
��nml�g�UmfJL�nmawZ�awnJg�\�ZSGmL"�ÅL�g�g��É�/nJav��n@9A;=9<;B>q³C9<;=9<;4D9³E9<;�F�G�;B>:TVnmfH9<;4FIGJ;�D �3UmL�UJL#R
����Z]G��JnX��ZkL�aw_���nJ�JnJ��ZkL:�HTV��ZS��nm~¡_]a�awK xJUJZ�TVg�RSa Z]GmL�RSUXh5L�_]h¦aqRS��Z]��aVn¨aV�@awn��¹aw¥ RSawUJ_]l#L#RN����ZSG
L�W/h5aVnmL�n�Z]��TVgBaw¥¡h¦L�_S��a/fJRTVnmf�hJGmTwR]Lâ� Z¹\�h5L$awnYh5L�_]��a�fJR��
FHGJL K"L�Z]GJa�f�UmR]L�f�GmL�_kL Z]a"aVxJZ�TV��neZSGmL$fX��RcZ]_]��xJUJZS��awnYaw��Z]GmL$RSZkTVZ]��awn;TV_S\�xJUJ¥¦L�_!l#awn�ZkL�n�Z@��R

nmL���Z]GmL�_@x;TwRSL#f¡aVn RSh¦L#l�Z]_�Tig`TVn;Tig�\/RS��R[nmaV_@awn�Z]GmL$UmR]LyaV�EKHL#RSR]L�g ��UJnml�Z]��aVnmR¤TwR!fJawnmL$��nL/éz427³M/¿M�2
TVnmf@/?1427³BxJUJZ TefX��_kL�l�Z TVhJhJ_]a3TwlkG���RjUmRSL#f ��GJ��lkG g�L(TwfXR�Z]aeRc��KNhJg�Ly_]L#l�UJ_kRc��awnmR���FHGJ��R�K"L�ZSGma/f
��R�h;TV_SZ]��l�UJg�Ti_]g�\"��n�ZkL�_kL�RSZ]��nm~"x�\�Z]GJL �2Twl�Z!ZSG;TVZ[��ZUmR]L�R@awnXg�\YTwfJf���Z]��awnmR[TVnmfYKyUJg�Z]��hXg���l#TVZ]��awnmRÅaw�
h5aqRc��ZS��uqL�n�UJKyx¦L�_]R@x5aVUJnmfJL�f¡x/\eawnmLV�¤FHG�UmR¤�ÅLyawxJZkTV��n¡T�RSZkTVxJg�LyTVg�~qaw_]��Z]GJK ��GJ��lkG K"aw_]L#a{uqL�_
~w��uwL#R�Z]GmLj_]L#RSUXg�Z�����ZSGeT�hJ_]L#l���RS��awn�Z]GmTVZ[l(TVnYx5LjRch5L�l����mL#fY��nYTwfXuVTVnJl#Lw�
FHGJL�_kL�RSZyaV��Z]GmL"h;TVh¦L�_$��R�aV_k~3TVnX�� #L�f9TwR$�£awg�g�a{�R#�N. n9ZSGmL�nmLâW�Z�R]L�l�Z]��awn.³=�ÅL�hJ_]L#RSL�n�ZyZ]GJL

K�a/fJL�g�TVnmf��HLYawxJZkTV��n�ZSGmL�R]awg�UJZ]��awn���n�Z]L�_]K"R�aw�[_kL�l�UJ_S_kL�nJl#Le_]L�g�TVZ]��awnmR���GmawR]L�x5L�G;T(u/��aw_���R
RSZ]UJfX��L�fì�. n7O/L#l�ZS��awn�pN�ÅL�hJ_kL�R]L�n�Z¤ZSGmL TVg�~qaV_]��ZSGJK�TVnmfen�UJK"L�_S��l#TVg.��g�g�UmRcZ]_�TiZ]��aVnmR�TV_]L$~V��uqL�n���n
O�L#l�Z]��aVnQPX�
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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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