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émanant des établissements d’enseignement et de
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T�UWVJXZY([L\^]�_J`aYcbedgfhYJij`akl`mimV�XZYJ`
n�oapcqrYJij]sYct�bun

]jbwvgvxpyomi�zWY{oaYJ|rUgYJoa|}UWY�~"�9�w�9�u�h\�qrdW������Yri"[c�u�y��\��9�/v6be�uYJ`

���?���c�e�x�e�u����n?���P��`�b(zg��`miaom���gdgiaYJz��RXhp9zWdg� beo¡v6beorbe����YJ�R¢6��Y"`akl`mimY�X£zgYJ`a���y~gYJz>imph�6Y/dg`mYJz>py~P~gYJi1¤¡pyom¥l`�pe¦?¤¡pyoa¥y§
`mirbeia��pu~g`c¨L©1i���`j`mvxYJ|J�ª¢6Y�z%be`{b4`mYJi�pw¦«be|Jia��¬yY"|JpuXZvxpy~gY�~9ia`c�W¦­dg~W|Jim��py~W`jdgia������®JYJzP�9k�iaUgY¯|�pyXZvxpy~WYJ~lim`c�Rbw~gz�vgoapyimpl|Jpu��`
¦­puo�|JpyXhX�dg~g��|cbeia��pe~��6YJi1¤¡YJYJ~PimUgY"|�pyXZvxpy~WYJ~lim`c¨�T�UgY�|JpyXhv6pu~gYJ~lim`�|#be~��xY"��XZvg��YJX�Y�~9iaYJz���~�X<be~lk�zg�ª°RYJomY�~9iL¤«b#kl`#�
zgYJvxYJ~gzW��~W�±pu~²imUgYhU6beoazg¤«bwomYZbw~gz²`mpw¦­i1¤«bwomYh`mdgvgvxpyoai¯`akl`mimY�XZ`¯b#¬ybw��� bw�g��Yy�RimUWY�v6YJo³¦­pyoaX<bw~g|JYZzWYJ`m��omY�z���YJim|u¨±´µ¥yYJk
��zgYcb/��`?imp(�6Y"bw�g��Y�imp(YJflv6YJoa��XZYJ~li¡¤���iaU�zg�ª°¶Y�omYJ~li���XZvg��YJXhYJ~li}bwim��py~g`�be~gzh|Jpy~·¢6�ydgorbeia��pu~g`¡dg~gzgYJo¡zg�ª°RYJomYJ~li�puv6YJorbeia��~W�
|Jpu~gzg��im��py~W`"imp±bw|rUg��YJ¬yY�b�|JpyXhvg��YJimY���kP�yYJ~gY�o}be�1�¹¸6Y�f9���g��Yh`mkl`miaYJXºimUxbei"��`�be��`mp�|#bev6bw�g��Y�pe¦jzgYJ����¬yY�om��~g���up9plz²vxYJo1¦Dpyo1§
X<bw~g|JYy¨¹©1~�v6beoaim��|Jdg� bwoc�g��i¡`mUgpudg��z��6Y"vxpy`a`m���g��Y�imp���XZvW��Y�X�YJ~li?imUg��`�`ak9`aimYJX»py~�¼a|JpyXhXZplzg��i1ky�epw°6§1imUWYr§½`aUgYJ�ª¦m¾�¿­À�ÁLTj�gÂ
U6bwomzg¤�beoaY�bw~gzZ`ape¦­i1¤�beoaYy¨�Ãjpe¤¡YJ¬uYJoc�W��i¡`mUWpydg��z�be��`mp(�xY{vxpy`a`m���g��Y�imp(��XZvg��YJXhYJ~li
`av6Y�|J� be����®JYJz�¬uYJom`a��pu~g`�pe¦�`mpuXZYjpuo«bw���
|JpuXZvxpy~gYJ~lia`Hiap�i}be¥uY"bezg¬ybw~9irbe�uYjpe¦�dg~g��ÄldgY�U6beoazg¤�beomY�puo�`mpe¦Di1¤«bwomYL¦­YcbwimdgoaYJ`c¨

�«n��
�h��`?��~limYJ~WzgYJz�imp"`adgvgvxpyoaijb�¤���zgYjorbe~g�uYjpe¦�vxpy`a`m���g��Y{bwvgvg����|cbeia��py~g`#�y��~g|J��dgzW��~W�{oaYcbe�ª§1im��XZY�¬l��zgYJp/py~ZzWYJX<bw~gz��
XZY�zg��|cbe��be~gz�`rbeiaYJ������iaY"��X<be�uYjvgoapl|JYJ`m`a��~g�6�Rpudgi1§1pe¦Å§½|JpuomY�beoao}b#kZX�be~g��vgdW�Æbwim��py~W`c�gbe~Wz��yYJ~WYJo}bw�
vxbeo}bw����Y���|JpuXZvgdgirbeia��pu~g`
imUxbei�~gYJYJz%b4Ug���yU>v6Y�o1¦­puomX<bw~g|JY�¢x��Y(`mkl`aimYJX>¨"T�UgY(v6beorbe����YJ�¹¢6��Y¯`akl`mimY�X£��`���~liaYJ~gzgYJz²iapZ�xY"¼}bw��¤«b#kl`jb#¬ybe��� be�W��YÇ¾j¦­puo
`m��X�dg��irbe~gYJpudg`?dg`aY��9kZbw~lk�~9dWX��6YJo¡pe¦�zg�ª°¶Y�omYJ~lijbevWvg����|#beim��pu~g`c¨¹©1iH��`jbw��`ap"|cbwv6be�g��Y�pe¦�YrÈZ|J��YJ~lim��k�U6bw~gzg����~g�"Uldg�uYj¢x��Y�`
|Jpu~9irbe��~g��~g�(X<bw~9k(imY�o}be�lklimY�`jpe¦�z6beirbg¨

T�Ug��`HoaYJvxpyomi¡zgYJ`a|Jom���xYJ`jiaUgY{bwom|rUg��imY�|JimdgoaY�pe¦���n?���Z��~�iaYJomXh`?pe¦�iaUgYj`aYJiHpw¦�|JpyXhv6pu~gYJ~lim`#�yiaUgYJ��o¡pyom�lbe~g��®cbwim��py~¹�eimUgY
¦­dg~W|Jim��py~W`�imUgYJkhdgim������®JYy�gbw~gz�imUgY�vgoapyimpl|Jpu��`av6YJ|��É¢x|cbeia��pu~g`�¦Dpyo�|JpuXZX�dg~g�ª|cbeia��py~(�6YJi1¤¡YJYJ~PimUgYJX>¨
ÊhËlÌxÍ}Î"Ïx�yÐ��e��n�beo}bw����Y��
�¹����Y"�lkl`aimYJXh`c¨jÑL��`miaom���gdgiaYJz±�¹����Y"�lkl`aimYJXh`c¨��¹����Y¯�·k9`aimYJXh`c¨��lkl`miaYJX�´joa|rUg��imYJ|JiadgomYu¨"n�ompuimpe§
|Jpu��`#¨

Ò�Ó¹Ô1Õ1Ö#×«Ô�Ø�Ù�Õ1ÚDÛJÜ

Ý�Þ¹ß¡àâámãräJáxåeæeç­èâßeéRêDëeá�ìmíJícî}ïÆí�ðRãJñmãJåeáaò�èâñlóJámãJçlãJôWãJß?õ�ôDôDöcñaèâãJê­áaå?÷xç­örø�ámôDô­ö�çyãJêgêDëeáxù9ã�úyöJçDãJêDöJèâç­álåeáRà�û ü ß#ø�öJçDò�ãJê­èâý�æeá9åeæ�÷gãJçDãJàâàâþmàâèâôDò�áJÿ
� ñmöJàâá�ßeöJçDò�ãJàâá�ôDæ��yþaç­èâáaæeç­áRåeá�ù9ó�öJß��6÷gáaç­ò�ã�ßeámß#ê6ãJåeåeçDámôDô����
á��eãJçDê­ò�áaßcêgöÇø
	xöJò��eæeêDámç
�#ñmèâámßeñaáJÿ���èâßeéJôDúeæeç­ó���ã�àâà�ÿ��¹ßeèâäJámçDôDèâê ó�örø���á��
��ã�ò��eô­ëeèâçDáJÿ���æeç­ëeãJò�ÿ��������Jð����rï�� �ríeì�ÿ!�"�#õ#��$xò�ãJèâà%�'&�(�&�)�*�+�,.-�/�(�*

Unité de recherche INRIA Rhône-Alpes
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���g��������� ��n?���²YJ`ai�dg~%`ak9`aimVJXhYZzgY4¢6|rUg��YJom`�vxbeo}bw����V���Yu��Xhp9zWdg� be��omY(YJi(zg��`mimoa���gdg_y��zgY�`mim��~g_�����imomY�dgia������`a_�`mdgo
��YJ`joa_J`mY#bedgf�zWY"v6pu`miaYJ`"zgY"iao}b#¬ybw���1¨l©1�¹YJ`mi�`mvx_J|J�ª¢6_(|JpuXZXZY�dW~�YJ~g`aYJX��g��Y"zgY"|�pyXZvxpy`rbe~lim`jbw|Jim�ª¦­`#�xzgY�¦­pu~g|Jim��pu~g`�dgim�����ª§
`m_�YJ`jv6bwoH|�YJ`�|JpyXhv6pu`}bw~9ia`HY�i�zgYjvgoapyiap9|�py��YJ`�vxpydgo�� b�|JpuXZX�dg~W��|#beim��pe~(��~9iaYJo1§1|JpuXZvxpy`}bw~lim`c¨��RY�`�|JpyXhv6pu`}be~lia`?v6Y�dg¬yYJ~li
�JiaomY"��XZvW��_�XZYJ~lim_�`?zgYL¦½b���py~g`�zg��¬uYJom`aYJ`j`aYJ��py~���YjX�beia_Jom��YJ�RYJi���Y���py�u��|���Y��Rzg��`mvxpy~g���g��Yy�l� b/v6YJo³¦­pyoaX<bw~g|JYj`apydgUxbe��im_JYu�gYJia|y¨
�j~WY<��zg_�Y<|���_�YJ~�YJ`ai�� b�vxpy`a`m���g������ia_Zz � YJflvx_Jom��XhYJ~limYJoZb#¬uYJ|ZzgY�`Z��XZvg��_JX�Y�~9irbeia��pu~g`�YJi�zgYJ`�|�py~l¢6�udgo}bwim��py~W`�zg��¬yYJoa`mYJ`
z6bw~g`HzWYJ`H|�py~gzg��ia��pu~g`?z � dgia������`rbeim��pu~"zg�ª°¶Y�omYJ~limY�`c�6b ¢6~�zgYLom_cbw����`aYJoHdW~�`mkl`miaVJXZY�|JpuXZvg��VJiaYJXZY�~9i��u_J~g_Jorbe�RYJi�¸6YJfl���g��Yy�uÄ9dW�
YJ`ai�bwdg`m`a��|cbwv6be�W��Y/z �âbeimiaYJ��~gzgoaY"�6pu~g~gYJ`Lv6Y�o1¦­puomX<bw~g|JYJ`#¨"!�~�v6bwomim��|JdW����YJo#�g����zWYJ¬lo}be��i#�JiaomY(v6pu`m`a���W��Y/z � ��Xhvg��_JX�YJ~limY�oH|JY
`mkl`aimVJXhY�b#¬uYJ|"zgd�X�beim_�om��YJ�RYJi�zgdP��pu�y��|J��YJ�l¼m|�pyXZXhplzg��i1ky�epe°x§1imUgYr§1`mUWYJ�ª¦m¾Z¿­À�ÁLTj�gÂ�¨6À¡YJvxYJ~gz6bw~lic�xzgYJ`L¬yYJoa`m��py~g`�`av6_�|J� b#§
����`m_JYJ`LzgY"|JY�omi}bw��~g`¯¿Å¬ypy��oaY{zWY{iapydg`rÂ�|JpuXZvxpy`rbe~lim`�vxYJdg¬uYJ~li$�JiaomY"��XZvW��_�XZYJ~lim_�YJ`«b ¢6~�z � YJflvg��py��imY�o���Y�`�|cbeorbe|Jia_Jom��`mia��Ä9dWYJ`
v6bwomim��|JdW����VJoaYJ`jzWY{|�YJomirbe��~g`jX�beia_Jom��YJ��`¡pydZ��pu�y��|J��YJ��`c¨

�RY(�gdgi�zgY(�«n��
�>Y�`mi�zgY(`mpydWimYJ~g��o"iapydgiaY¯dW~gY¯�lbeXhXZYjz%� bwvgvg����|cbeia��py~g`#�lk�|JpyXhvgom��`�� b�¬l��zg_Jp�YJ~>imY�XZvg`Lom_JYJ��`mdgo
zgYJX�be~gzWYy�x��Y�iao}bw��iaYJXZY�~9i�z � ��X<bw�yYJ`�Xh_Jzg��|cbw��Y�`{pud±z%� ��X�be�yY�`jvgoa��`aYJ`"v6bwo"`}bwimYJ������imYy� ��Y�`"X<bw~g��vgdg� beia��pu~g`¡zgY�X<bwimom��|JY�`
YJ~²zgY�Ugpyoa`"zgY�� bhXZ_JXhpy��omY�YJi"��YJ`/|cbe��|Jdg��`�v6bwo}be����VJ��YJ`��y_�~g_Jo}bwdgf>Ä9dW�?~g_J|JY�`m`m��iaYJ~li�dg~²`mkl`miaVJXZY(zgY(¢6|rUg��YJoa`¯zWY�U6bedgiaY
vxYJo1¦­puomX�be~g|JYu¨ �RYh`mkl`miaVJXZY�zgY4¢6|rUg��YJom`(v6bwo}be����VJ��Y(YJ`mi(|Jpy~&�Jd%zgY4¦½b���py~����JimoaY¯¼aimpudcqrpydWom`"zg��`av6pu~g���g��Yr¾ vxpydWo¯�'� dg`}bw�yY
`m��X�dg��irbe~g_�v6bwo
dW~¯�uo}be~Wz¯~gpuX��gomY�z �âbevgvg����|cbwim��py~g`RzW��¬uYJom`aYJ`c¨u©1�lYJ`mi¡bedg`a`m�g|cbwv6be�W��Y¡zgY�iao}be��iaYJo�YrÈZ|cbe|�YJXZYJ~li�zgYJ`B¢6|rUg��YJom`
_J~gpuomXhYJ`�|Jpy~W`mim��iadg_J`jz%� dW~Z�yorbe~gz�~gpuX��gomYLzgY�imYJorbe�lklimYJ`LzgY"zgpu~g~g_JY�`c¨

À¡Y�o}bevWv6puomijzW_J|Jom��i��'�âbeoa|}UW��iaYJ|JiadgomY"zWY{��n?����YJ~�iaYJomXhYJ`�zgY��'� Y�~g`mYJX��W��YLzgYJ`�|JpuXZvxpy`rbe~lim`#�l��Y�dgo�pyoa�9be~W��`rbeia��pu~��u��Y�`
¦­pu~g|Jim��pu~g`�Äld � ����`?dWim������`aYJ~li�YJi���YJ`�`mvx_J|J�ª¢6|#beim��pu~g`jzgY/vgompuimpl|Jpy��YJ`�zWY{|�pyXZX�dW~g��|cbeia��pu~�¨
( Ïx� �ÇÍÇ�*)+���²�lkl`mimV�XZYjzWY�¢6|rUg��YJoa`�v6beorbe����VJ��Yy¨y�lkl`miaVJXZYLzgY�¢x|}UW��Y�om`�zg��`miaom���gdg_u¨9�lkl`aimVJXhYjzgYs¢6|rUg��YJom`#¨g´joa|rUg��imYJ|JiadgomY�zgY
`mkl`aimVJXhYy¨6n�oapyiap9|�py��YJ`c¨
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T�Ug��`"oaYJv6puomi(zgYJ`a|Jom���xYJ`�imUgY�beoa|}UW��iaYJ|JiadgomYhpe¦j��n?���>\ b���be`a��|Zn
bwo}bw����YJ�¡������YZ�lkl`miaYJX±¨h©1i"��`"zgY�`m���y~gY�z²imp��xYZpu~gY
|JpuXZvxpy~gYJ~li"pw¦{b�XhpyoaY��yYJ~gY�o}be��`akl`mimY�Xº¦­puo"X�dg��im�ª§1X�YJzg� b�vxbeo}bw����Y��H|JpuXZvgdWi}beia��py~>py~²�yoapydgvW`�pe¦j¤¡pyom¥l`ai}beia��py~g`(��~l§
imY�om|Jpu~g~gYJ|JiaYJz²�lkZUg���uUl§½`av6Y�YJz±|�pyXZX�dW~g��|cbeia�Épy~�~WYJi1¤Hpuom¥l`¯¿Å�1¨ Yu¨����LYJi1¤¡pyom¥l`Lpe¦��²pyoa¥9`ai}bwim��py~g`"¿��{Á��²`}Âjbw~gz�À¡��dg`miaYJom`
pe¦��²pyoa¥l`mi}bwim��py~W` ¿DÀ�Á��²`rÂmÂJ¨4T�UgY��yplbe�?pw¦«��n?���>��`"imp��xYZb��yYJ~WYJo}bw�É§1vgdgoav6pu`mY�zg��`aimom���gdWimYJz �g��p9|r¥�`aimpuo}be�uY�`mYJoa¬yYJo#¨
T�UgYJoaYr¦­puomYy�x��iHzWp9Y�`j~gpui�vgompe¬l��zgYjpuo�dgim������®JY"be~lk�XZY�|}Uxbe~g��`mXh`c�e`adg|rU±be`�`akl~g|rUgompu~g��®cbeia��pu~��l��pl|}¥l`#�g�6bwomom��YJoa`c�WYJim|y¨��WimU6bwi
|Jpudg��z¯oaYcbe`apy~6bw�g��k¯�xY�YJflv6Y�|JimYJz�iap{�xYjvWompe¬l��zgYJz(�9k(pyiaUgYJo?|�pyXZvxpy~WYJ~lim`�pe¦�b�v6bwo}be����YJ�l|JpuXZvgdgirbeia��pu~"`mkl`aimYJX�be~Wz�imU6bwi
X<b#k(�xY{~WYJ|JYJ`a`}beoak±bei�iaUgY"bevgvW����|cbwim��py~h��YJ¬yYJ�Riap�vgompuv6Y�om��kZ|Jplpuomzg��~6bwimY"iaUgY�v6beorbe����YJ��be|J|�YJ`m`Limp�v6bwo}be����YJ�x¢6��YJ`#¨

�HY�|cbedg`aY�pe¦���im`?`av6Y�|J�ª¢6|cbeia��py~Z��~(imYJoaXZ`?pw¦�pyvxYJ~�vgoapyimpl|Jpu��`?�6Y�i1¤HYJY�~<~WYJi1¤Hpuom¥(~gplzgYJ`#�limUgYLzgYJ`m���u~Zbevgvgoap9bw|}U�irbe¥uYJ~
¤���imU>�«n��
�P��`�dg~g����¥yY"iaU6bei�i}bw¥yYJ~P¦­puo{puimUgY�o{vxbeo}bw����Y���¢x��Y(`mkl`aimYJXh`{oaYJvxpyomiaYJz%��~�iaUgY�����imYJorbeimdWomYy¨/T�Ug��`�bwvgvgoap9be|rU>��`
¬yY�omk���pe¤%��YJ¬uYJ�¶bw~gz���`?|J��Ycbwom��k¯��~limY�~gzgYJz4¦­pyo���Á��²`Hbw~gzZÀ�Á��²`B\ ��i?X<bw¥yYJ`�~gp"`aYJ~g`aY{¤�Uxbeim`aplYJ¬yYJo¡¦DpyoR¼miao}bwzg��im��py~6bw�ª¾
v6bwo}be����YJ�lX<bw|rUg��~gYJ`�`adg|rU bw`�imUgY�©1~limY��6n�beo}bw�ypu~���¦­pyo�YJfgbeXhvg��Yy¨xT�UgY���~limYJ~lim��pu~"��`
iap�YJ~g|Jpudgo}bw�yY¡YJflv6YJoa��XZYJ~li}bwim��py~/¤���iaU
be~Wz�YJ¬ypu��dgim��py~hpe¦?imUWYJ`mY�vgoapyiap9|�py��`c�xbe~gz�iap�`miaomYJ`a`"imUgY�¼a�y��dgYr¾��6YJi1¤¡YJYJ~>|JpuXZvxpy~gYJ~lia`jo}bwimUgY�ojimUxbe~�iaUgY"|JpuXZvxpy~gYJ~lia`
imUWYJXZ`aYJ��¬yYJ`#�y`ap"imU6bwi«bw`?~gYJ¤¡YJo¡imYJ|rUg~Wpy��py�uk9�e`adg|rU<bw`H~gY�i1¤Hpuom¥�beimirbe|rUgYJzhzg��`m¥l`c�u�xYJ|JpyXhYJ`Hb#¬ybw��� bw�g��Y?��i?|cbe~��xYjdWim������®�YJz
¤���imUg��~himUgY"Y�f9��`aim��~g�/¦­o}bwXZYJ¤¡pyoa¥¯orbeimUWYJojiaU6be~�omY�Ä9dW��oa��~g�Zb"oaYJzgYJ`a���y~�¨

T�UgY�dg`mY�pw¦�imUgY�¤¡pyomz(¼m�xbe`m��|r¾j��~himUgY�im��ia��YL��`H��~limYJ~WzgYJzZiap¯��Xhvg��kj¼1¦Ddg~gz6bwXZYJ~li}bw�ª¾Ç�r¼a~gp"¦Dom������`³¾Ç�lbe~Wz¯¼a��pe¤���YJ¬uYJ�ª¾Ç¨¹©1~
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