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i�j_kl1m(l(n*oqp�rl1stl1uMvxw-l!y'stz{s|y kl1m(lhs}:~t��� l1y����

p*u��G� ��~ y��{l ~ l1� j l ~ � j l��#���M�����7o��MuM�M�x��l ~ n1�M���#oq������u���l1s

�5�)�1�!� ��¡���¢�£ �7y j ��se��uM�Gl ~!¤_¥ l#¦ � �1v�s � �7y j l ~ l1���§s|ytl ~ u�¨�¨ � �!u�y|� � �7� j u�stl � ¦:s � ¦©y ¥ u ~ l��{���Ol!¨��§�{�����Gª« l¬u ~ l�����y|l ~ lhs|ytl1�\��� � ��y|�§m(u�¨ ~ l1���§s|ytl ~ u�¨�¨ � �1u�yt� � �_ª i�j �§s#m(l1uM��s.y j u�y
y j l-�xv�m�­Gl ~.� ¦ ~ l1���§s|ytl ~ s
vGs|lh�7m®v�sty�­Ol®lh¯xv�u�¨)y � y j l(m(u�w{��m�v�m
��vGm®­Ol ~�� ¦Ust��m�v{¨°y±u��{l � v�st¨�z�u�¨°����l#� u ~ �§u�­{¨�l1s � ¦Wy j l®¨ �x� �_ª² stvGu�¨�¨°z³y ¥:� �{�µ´¶l ~ l1��y�m�lhu���s u ~ l\v�stl1�·y � u�� j �°l1��l�y j ��s ¤ ��uMm�l1¨°z ~ l!�M��sty|l ~-~ lh��u�m(�§�{� ��~ ¨ �x� �
vG� ~|� ¨°¨��§�{�Gª¸�*s*y j lhs|l®m(l1y j{� ��s j uR��l#­ � y j � ~ u ¥ ­Gu��º¹xs ¤{¥ l#�§��y ~t� �Gv���l j l ~ l�u¬s � ¨�v{yt� � � ¥'j �§� j ��s'u
y ~ uM�{l�» � ´7­Ol!y ¥ l!lh� �§��stl ~ y|�§�{�;¼�½�¾R¿ � �Ol ~ u�y|� � �Gs�u�����v�� ~t� ¨�¨°�§�{��y j l
¨ �x� �Aª« l'� ~ l1stl1��y�u.��l ¥ u�¨�� �M~ ��y j m(�§�W¦ ~ u�m(l ¥��M~ ¹ � ¦ � �{yt��m�u�¨ ~ l1���§s|ytl ~ u�¨�¨ � �1u�yt� � �
¦ �M~ m � ��v{¨ � s±� j l1�x»
v�¨°lh�7¨ ��� ��s1ª i�j l¬� ~|� � � s|lh�7u�¨�� ��~ ��y j m ¤ �1u�¨�¨°lh� ²�ÀeÁZ¤ �§ses|�§m��{¨�l(uM���7l!Â¬�!�°lh��y!ª « l j uR��l���m��{¨�l�»
m(lh�Mytl1� �°y��§� ÁÄÃ
ÅxiÇÆÈÁ7� ��v{¨ �5Å � j lh��v{¨����{� iÉ�x� ¨§s|l1y�Ê�ªW���5l!w��Gl ~ �§m(l1��ytu�¨As|y±v��{z � ¦ � v ~ u�¨�� �M~ ��y j m� �=m �M~ l5y j u��Kn1Ë�ËMË�¨ ��� ��s j u�s(­Gl1l1�³�Gl ~ ¦ ��~ m(lh�=u���� ¥ l ~ lh� ��~ y(u\s±v�m�m�u ~ z � ¦*y j l�m�u��§� ~ l�»
s±v{¨�yts1ª i�j ��s��{l ¥ u�¨�� ��~ ��y j m ¤ y j u�y®� � m®­{�§�{lhs
¨ �x� �ÄvG� ~|� ¨°¨��§�{�7u���� ~ l!�M��sty|l ~
~ lh��u�m(�§�{� ¤ �Ol ~ ¦ �M~ m(s
� � ��st�§s|ytl1��y|¨�z5­Ol!y|ytl ~ y j u���stl!��l ~ u�¨ � y j l ~ l�w{�§s|yt������m(l1y j{� ��s1ª
Ì;Í�Î¶Ï±Ð®Ñ � Ò)��¢ ~ l!�M��sty|l ~ u�¨�¨ � �1u�y|� � � ¤ m � ��v{¨ � s±� j l1��v�¨°�§�{� ¤ ¨ �x� ��v�� ~t� ¨�¨°�§�{�

ÓÕÔ(Ö×tØIÙhÚ Ö×�Û)Ü�ØNÝNÞ�ß

à_áRâäãxå_æºçIèÉåAé�ã�ê é�çCëCâìé�íäí î�ãIïhêRê�æºçCëCð|ñUò�îUé)ó�âäãCðõôÕöeð|â ëC÷RðõçGø!ëCâäê�ð|÷hñRâäïRù7ú�çCæºù;ëIáRð_ûÉïRãCëCçIâìé�÷:ø1üõâäðõ÷RüõðAýRïR÷Rñ¸þÕýRæº÷RñRã
ÿ ïhçÉý��æºçCñRðõçIïR÷ � ñRðõç�å�âäãIãCðõ÷RãIüNáRé±ú°ëCíäâäüNáRðõ÷
ýRæºçCãIüNá!ïR÷ �����

�	� ÷hãCëCâ ëIïhëÉú
�ïhç��¶æºù�êRïhëCðõçIãCêRçNé�üNáhð|÷�
�àxð|üIáR÷RâäãIüIáRð���÷Râ ��ðõçIãIâ ë��é±ë���âäðõ÷�
�ûÉç � ðõ÷!ëCâä÷RâäðõçIãÈëIçIé��ºð���
 ûÉô��������	� âäðõ÷�
�û)ïhãCôëIçCâìé�
! Gô§ù'é�âäí#"GãCî1í �ºé�âä÷%$)üõæºù�êRíìé�÷ �&� ëCï�åÉâäðõ÷ � é�ü � é±ë'�( ðõê é�çCëCù�ðõ÷!ëAæ�ú) Oíäðõü ëIçCâäüté�í�é�÷Rñ*�_æºù�êhïhëIðõç+ G÷ � âä÷RðõðõçIâä÷ � 
��É÷Râ ��ðõçCãIâ ëÕî'æ�ú ( ðõíìéõåAé�çIð,
-�.���� /��é�÷Rã+0)é�íäí1
�2Éð åAé�çCè-
(  3��4�56��7�
-�/ø1û�
! Gô§ù'é�âäí#" �,� é�æ�$)ð|ðõüõâäã � ïhñRðõí � ð|ñhï8 �_áhçIâäãCëCâä÷Rð �  OâäãCðõ÷1ò�ðõâäã
$)âä÷RçCâìé � ú�ç
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 	Í ¢�� u��Gs���l#��uM�{�°l ~!¤ � � v�s�� � v�s�� � ����lh��y ~t� ��s¸s±v ~ ¨�u�� j u�stle��� u�¨°¨ � �!u�yt� � � ��l ~ l1���§s|y ~ lhs��Gv
�����Ol!¨�����l'¨ � ���§����l!¨Iª�� � v�s:� � vGs�����y{rl ~ l1s±s � ��s kue¨�� u�¨°¨ � �!u�yt� � ���{l ~ l!���§sty ~ l1s � �{y|�§m�u�¨�l�ª��:l!¨§u
s|���M�{���Gl*¯xv{l
¨�l
� � m�­ ~ l.�{l ~ l!�M��sty ~ l1s�� � �°y��l1y ~ l7rl1�Mu�¨¶uMv5� � m®­ ~ l
m�u w{��m�u�¨¶��l
�Ru ~ �§u�­�¨°lhs:lh�5�x��l
s|�§m®v{¨�ytuM��rlhm�lh��y
�Gu���s�¨§u
­ � v��!¨°lMª��.u�­{��ytv{l1¨°¨�l1m(lh�My:�{l1vxw¬m � z�lh��s�s � ��y�l1m��{¨ � zUrl1s/� � v ~ u�y|y|l1���G� ~ l'�!l*­�v{y ¤ ¨�l ~ l1� � m®»
m�u���l
�{l ~ l!�M��sty ~ l1s � v�¨�l#��rl ~|� v{¨�u���le�{l#­ � v��!¨°lhs!ª r� ytuM��y¸� � ����rl#¯�v�l#��l1s*m=rl!y j�� ��l1s � ��y�y � v{ytl1s�¨�l1s
��l1vxw\�{lhs
��rlhstuR� u���y±u���lhs ¤ � � vGs��§��y ~t� ��v{�§s � ��sev��{l¬s � ¨�v�y|� � �\¯xv{��lhs|y
v�� � � m(� ~|� m��§s.l1��y ~ l(����s�rl ~ l ~
��l1s � ��rl ~ u�yt� � ��s:��l#� � ���°l
�{l ~ l!�M��sty ~ l1s�l!y���rl ~t� v{¨�l ~ ¨§u(­ � vG��¨�l�ª

� � v�s�� ~ rlhs|lh�My � ��s:v���� � v{�Ml1uMv-�!uM� ~ leu�¨�� ��~ ��y j m��§¯xv{l�� � v ~ ¨�� u�¨�¨ � �!u�y|� � � � �{yt��m�u�¨�le�{l ~ l1���§s|y ~ lhs
��l\­ � v���¨�l1s �M~ � � �G��u����¶rl!lhs�m � ��v�¨ � ª�� � u�¨°� �M~ �°y j m(l7� ~|� � � s{rl ¤ u����Ol!¨�rl ²�ÀeÁZ¤ l1sty5st��m��{¨�l7l1y-l�¦Õ»
�E�!u��!l�ª!� � v�s ¨"� uR� � ��s¬�§m��{¨�rl1m(l1��y{rl7��u���s ÁÄÃ
Åxi ÆÈÁ\� �Gv{¨ � Å � j lh��v{¨����{� i��x� ¨�stl!yºÊ�ª ² �{l rl1ytv��{l
l!w��:rl ~ �§m�lh��ytu�¨�l/�{lU� � y ~ l/u�¨°� �M~ �°y j m(lWstv ~ �{¨�vGs��{l�nhË�Ë�Ë¸­ � v��!¨°lhsAu rl1y{rl ~ rl1u�¨��§s{rl1lÉl1yA� � vGs_l1�
� ~ rlhs|lh�My � ��s
¨�l1s ~ rlhstv�¨°y±u�yts
� ~ �§�����§��uMvxw_ª#�:l-� � v{��l1¨Uu�¨�� ��~ ��y j m(l ¤ ¯xv{�U� � m®­����{l¬¨�l5��rl ~t� v{¨§u��Ml��{l5­ � vG��¨�l1s
l1y#¨°l~ l1� � m�m�u���le�{l ~ l!���§sty ~ l1s ¤ � � ���{l#��l#m�l1�°¨�¨�l1v ~ s ~ rl1s±v{¨°y±u�y±s�¯xv{l
�{¨§v�st�°lhv ~ s�m=rl!y j�� ��l1s¸l�w{�§s|y±u���y|lhs!ª
$�Ñ �h� Ï ¡&% 	Í ¢ u�¨°¨ � �!u�y|� � ���{l ~ l1���§s|y ~ lhs ¤x�M~ � � ����u��G��l1m(lh�My¸m � ��v{¨ �G¤ ��rl ~t� v{¨§u��Ml��{l#­ � v��!¨°lhs
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p*l!���§sty|l ~ u�¨�¨ � �1u�y|� � �=��s(��l ~ zÄ�§m(� �M~ ytuM��y#¦ �M~ m � ��v{¨ � ¨ �x� �=s±� j l1�Gv{¨°�§�{� Æ s � ¦©y ¥ u ~ l5�{�§�Gl1¨°�§�{�§�{�xÊ®�§�j �°� j »N�Ol ~ ¦ �M~ m�u����!l¬u ~ � j �°ytl1�!ytv ~ l1selhst�Ol1�!��u�¨°¨�z ¥'j lh� u��Ä���G� ~ l1u�st�§�{�;¨°l1��l!¨ � ¦¸����sty ~ v��!y|� � �x»N¨°l1��l1¨U��u »~ u�¨�¨�l!¨���s±m �§s�l�w��{¨ � ��y|lh�_ª Å�� ¦©y ¥ u ~ l��{���Ol!¨��§�{�����#��s � ¦©y|lh���Gl ~ ¦ ��~ m(l1�(�§��y ¥:� � j u�stl1s+4 Æ n Ê�� ~ s|yW��l ~ �°�Ml¸u
s±� j lh��v{¨�l ¥ �°y j u
m�u�wx�§m®vGmÇ� � m���v{ytu�y|� � �(y jG~|� v{� j �Gv{y � ¦_u.¨ �x� � Æ �Cª l�ª�m��§�{�§m(�651l�y j l'�§�{��y|�§u�yt� � ���§�x»
ytl ~ � u�¨©Ê�vG���{l ~ u��M�°�Ml1� ~ lhs � v ~ ��l¸� � �Gs|y ~ u�����y ¤GÆ �MÊÉy j l1��u�¨°¨ � �!u�ytl ~ l1���§s|ytl ~ s�¦ ��~ y j l'��l ~ �°�Ml1�(st� j lh��v{¨�l�ª£ ��� ~|� ��v��!y|� � �;� � m��{�°¨�l ~ s ¤ y j l ~ l1���§s|ytl ~ u�¨°¨ � �!u�yt� � � � j u�stl#�§s'v�s±v�u�¨�¨°z;�Ol ~ ¦ �M~ m�lh�;v�s|�§�{� j lhv ~ ��sty|�§�!s¥'j ��� j u�yty|l1m��{y*y � m(���{�§m(�651l
y j l#� � sty � ¦�st�{��¨�¨°�§�{�¬v����{l ~ u(������lh� �xv�m�­Gl ~¸� ¦ ~ l1���§s|ytl ~ s!ªÃ v ~/� ­ � l1�!y|����lhs/����y j �§sW��uM�Gl ~ u ~ l�s � m�l ¥'j u�y/�{�°´El ~ lh��y�4 ¥ l�u ~ l�����y|l ~ lhs|ytl1����� � �{y|�§m�u�¨ ~ l!���§sty|l ~
u�¨°¨ � �!u�y|� � � ¤ �Iª lMªRm(�§�{�§m��75!l¸y j l��xv�m�­Gl ~)� ¦ ~ l!�M��sty|l ~ s ~ lh¯�v�� ~ l1�_ª « l¸u ~ �Mv�lUy j u�y)y j �§s/��s/uM�
��m�� �M~ ytuM�My
� ~|� ­{¨°lhm ¦ �M~ s|��ytv�u�y|� � ��s ¥'j l ~ l����x¦ ��~ m�u�y|� � � � ¦¶y j l's±m�u�¨�¨°lhs|yW�xv�m�­Gl ~/� ¦ ~ l1���§s|ytl ~ sÉ�§s ~ l1¯xv{� ~ lh�_ª�8 �M~
l!w�u�m��{¨�l ¤

9 « j l1��u�¨�¨ � �1u�yt���{� ~ l1���§s|ytl ~ sW�§�Mytl ~ � ~t� �!l1��v ~ u�¨°¨�z���y���s¸­Ol1�{l �O���§u�¨Ey � u�¨�¨ � �1u�y|l.u®m(�§�{��m�u�¨¶�xv�m�»
­Gl ~*� ¦ ~ l1���§s|ytl ~ s'y � l1uM� j � ~t� �!l1��v ~ l®vGs|�§�{� s±v�� j u s � ¨�v{yt� � �_ª i�j ��s ~ lh��v��!l1s'y j l�uMm � v���y � ¦~ l1���§s|ytl ~ s±uR�x����� ~ lh¯�v�� ~ l1��u�y*� ~t� �!l1��v ~ l®�1u�¨�¨�yt��m(l ¤ uM�����!uM��u�¨§s � �§m�� ~t� ��l
�§�Mytl ~ � ~t� �!l1��v ~ u�¨~ l1���§s|ytl ~ u�¨�¨ � �1u�yt� � �': ��Ë<;Nª

9 « j l1� �Ol ~ ¦ �M~ m��§�{�%��¨ � ­�u�¨ ~ l!���§sty|l ~ u�¨�¨ � �1u�yt� � � ¤ ��y �§s � ¦©y|lh� v�stl�¦Èv�¨.y � � � y j lÄu�¨°¨ � �!u�yt� � �j ��l ~ u ~ � j ���1u�¨�¨°z ¤ �Iª lMª��°y���s�vGs|l!¦Èv{¨ey � ¹�� � ¥ y j l m(�§�{��m�v�m ~ l!�M��sty|l ~ ­�vG�{��l1y��{l1l1�{lh� ¦ ��~ u
��u ~ y|�§�!v�¨�u ~ � � �{l�s|lh��yt� � � Æ �Iª lMª1¨ �x� ��sºÊ_uMs�u��#�����Gv{y�y � y j l � ��l ~ u�¨°¨ ~ l1���§s|ytl ~ u�¨°¨ � �!u�y|� � �e�{l1�!��st� � �_ª

Ã �{yt��m�u�¨ ~ l1���§s|ytl ~ u�¨�¨ � �1u�y|� � �7¦ �M~ m � ��v{¨ � st� j lh��v{¨�l1� ¨ �x� ��s.��s
¹x� � ¥ � y � ­Ol j u ~ �_ª « l j uR�Ml
� ~ lhs|lh�Mytl1�%u����%u���u�¨°z=5!lh�=y j l��{�µÂ-�1v{¨°y zZ��� Å l1�!y|� � �·� ¥ ��y j y j l��{�§s±�!v�s±s|� � � � ¦es|l1��l ~ u�¨:l�w{�§s|yt���{�
m(l1y j{� ��s ¤ lMª �Oª
�ÉuMm�� s Á7� ��v�¨ �?> u ~ �§u�­{¨�l � w���u��Gs|� � �@:ìnR�$; ¤ � ��stl1�x­Ol!�§s �Wm(l1y j{� �³����� � ¨����§�{�Ä¨ �x� �
vG� ~|� ¨°¨��§�{�A: �+; Æ"� � �/ÊÉu����®y j l'm(l1l!y|�§�{�.� ~ u�� j�j l1v ~ �§s|yt���B: �<; ÆÈÁ iDC Ê�ª��·s j{�M~ y)����s±�!v�s±st� � � � � ~ l!¨§u�y|lh�¥��M~ ¹¬�§s'u�¨§s � �§���!¨�v���l1��u�y�y j l#lh��� � ¦/y j l���u��Ol ~ uM����y j l ~ lhu��{l ~ s��1u�� �O���;m �M~ l
���{¦ �M~ m(u�y|� � ���§�
y j l
����ytu�y|� � ��s¸�§�5y j l1stl
s|lh��yt� � ��s!ª £ �;s j{�M~ y ¤ y j l � �{yt��m�u�¨_s � ¨§v{y|� � � y � y j ��s�� ~|� ­{¨°lhm � ¦©ytl1� ~ lh¯xv{� ~ l1s
y j l��§��s|l ~ yt� � � � ¦FE ~ l1���§s|ytl ~ m � ��l1sHG �M~ ¨ ��� ��vG� ~|� ¨°¨��§�{�Gª�I ~ v{ytl¸¦ �M~ ��l�s|lhu ~ � j �§�{� � ¦Oy j l'­Glhs|yWs � ¨§v{yt� � �j u�s � ¦©ytl1� u�� ~t�Mj �§­{��y|����l¬� � s|y ¤�¥'j ��¨�l¬l�w{��sty|�§�{�;¦ÈuMs|y j lhv ~ ��sty|�§�!s
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¦ÈuMs|ytl ~ uM��� m �M~ l-l�Â-�!�°lh�My
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~t� v�y|�§�{l ¥ l;v�s|lh� � �=y j l�l!w��Gl ~ �§m(l1��ytu�¨¸stz{s|ytl1m�ª Ã �{¨�z y j l yt��m(l ~ lh¯xv{� ~ l1� ¦ �M~ � � m(�Gv{y|�§�{� y j l
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I¸l1�G� j m�u ~ ¹ � ~ l!lh�{z � �&� Á\iDC I�lh��� j m�u ~ ¹ � ~ l!l1��z � � � Á\iDC
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Unit é de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
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