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THÈME 1





���������	�
����
���
�����������������
��	
�������� �!�"�	�!#$�����
�&%'�����)(*�+(*,���� �-�.%/,�0�12�����

3�46587:9<;>=�?@4A5CB DFE2G

HJI2KMLONQPSRUTWVCX!NZYF[:\]NM^WX�_:X�^!KMLONCX
`�a!bFc�NM^ed"feT

TeYFg"g	bha�^�i"N�a!NCjkI2NMa!j!I2N-lnmom:PZpqRsr$VCjCNML@t"a!NQPZuouwv-Rsxomyg�YFzwNCX

{&|~}�����|O���ebh[2X�jkI2NMa!j!I2bhl2X+�Ja!NMl2i:a!N���NCX�X�_:X�^!KMLONCX�i"N+g�YFa�^kYFzwN�i�� ��l:��bha�LQYF^���bhl2X�g	NMa!X���X!^kYFl~^!NCX�����Y���bh��X�X���L�g"��NCXZ�
N��QjZYhjCNCX�NM^�X��"a!XZ�o`�bh["a�_yYFa�a����wNMaZ�~���"��YF["^+jCbhL�g"a!NMl2i:a!NejCbhL�LONMl~^JX!N�jCbhL�g bha�^!NMl~^���NCX�YFg"g"����jZYF^���bhl2XJ�~["�2NMl�X!bhl~^
g bh^!NMl~^���NM����NMLONMl>^�["^�������XkYF^�a���jCNCX��w�Wlyg"a!NML���KMa!N�VM^kYFg N�i2YFl2X���Y$jCbhL�g"a!VMI2NMl2X���bhl�i:[OjCbhL�g	bha�^!NMLONMl>^�NCX�^���Y�LONCX�["a!N
i"NCX�g"a!bhg"a���VM^!VCX�X�^kYF^����~[2NCX�NM^�i:_�l�YFL����~[2NCX�i:[�zoakYFg"I2N�i"NCX�bht:c�NM^!XZ�~��N�akYFg"g bha�^�g"a!bhg	boX!N�["l2NJa!NM��[2NJi"NCX�^�akYC�oYF[:\
N�\:��X�^kYFl~^!X�i2YFl2Xq��NQi"bhLQYF��l2No��YF��l2X����~[2NOi"NCX@a!VCX�["��^kYF^!X@i"NQLONCX�["a!NCXZ�¡ �NCXqLONCX�["a!NCX�g	bha�^!NMl>^�X�["a@��Y]i"NMl2X���^!VQNM^
��Y¢��bhl"zo[2NM["a�i"NCX@a!V��<VMa!NMl2jCNCX�YF��l2X����>[2NQX!["aq��Y]g"a!bhg bha�^���bhl£i"N�jM_�jM��NCX�NM^@��NM["a���bhl"zo[2NM["aZ����l¤jCbhL�g�YFakYF^��¥��i"NCX
a!VCX�["��^kYF^!X�bht"^!NMl~[2XeYC�wNCj@i:�¥¦�VMa!NMl~^!NCXWg	bh����^����>[2NCXWi��§YF����b�jZYF^���bhl¢LOVMLObh��a!N�NCX�^�VMz~YF��NMLONMl~^�g"a!bhg	boX!Vo�
¨S©2ªZ}M«k¬>­A|®�¯jCbhL�g	bha�^!NMLONMl>^Z��jM_:jM��Nqi��°bht:c�NM^!XZ�:LOVMLObh��a!No�2LONCX�["a!NCX��"g	NMa!X!��X�^kYFl2jCNo�:akYFLQYhX!X!N�±/L���NM^�^!NCX

²¥³�´¶µ/·�¸�¹Mº¶·A»w¼h·�½¶¾

¿�À2Á�ÂÄÃ§Å�Æ8Ç�Ã§ÈÊÉ�ÅËÂkÌÊÍ Î�Ã§ÈÐÏ8Ñ¶ÒÐÓ�Ã§Ô8Ò/ÃËÂ�Í ÕÖÒ
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i"VM^!NMa�L���l2VCNyg bh["a$�/� ��l2X�^kYFl~^Z�	LQYF��X$��N�^�akYC�oYF����i"NyX�^kYFzwN�i"NM��akY�cÊ[2X�^!NMLONMl~^�g NMa�LONM^�^�a!Nyi��§YC�oYFl2jCNMaqX�["a$jCN@g bh��l~^Z�
 ¡NCX ��bhg VCNCX�X!bhl>^�VCjkI�YFl"zwVCNCX&NMl ["l2NnX!NM["��N¢�<bh��X��+jCNn�>["�WX���zol"� ��N �~[2No��g"��[2XQ��NCX�bht:cÊNM^!X.� �/� ��l~^!VMa���NM["a]i�� ["l2N
��bhg VCNqX!NMa!bhl>^W["^�������X!VCX�NMl2XkNML@t"��No��NM^WLObh��l2X����¡_]YF["akY�i"N���bhg VCNCXW��VCjkI�YFl"zwNMaZ�� ¡N@akYFLQYhX!X!N�±/L���NM^�^!NCXWbhg KMa!NqX�["a
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i"VMLObhl�T � 26akYFLQYhX!X!N�±/L���NM^�^!NCXZ��i"bhl>^$�/� I2NM["a���X�^����~[2N�i"Nyi"VCjM��NMl2jkI2NMLONMl~^@l¡�°NCX!^eg�YhX$NMl2jCbha!N�i"V �2l"��N54�� g�YFa!jCbh["a�^
^!bh["^!NCX���NCX ��bhg VCNCX�g"a!VCXkNMl~^!NCX�i2YFl2X¡��N�jZYhjkI2No�� ¡NCX�a!V���VMa!NMl2jCNCX�NMl>^�a!N�X���^!NCX�X!bhl~^�^�akYF��^!VCNCX�g�YFa�����X�^kYFzwN�i"N�a!V���VMa!NMl2jCNCXZ�
jCN��~["��YF["^!bha���XkN�["l���bhl2jM^���bhl"l2NMLONMl~^��]zoakYFl2i"N�VCj!I2NM����NQNMl®����L���^kYFl~^���NCXqVCj!I�YFl"zwNCXyNMl>^�a!NO��NCX@i:�¥¦�VMa!NMl~^!X�X���^!NCX
NM^@NMl¤g	NMa�LONM^�^kYFl>^y�.jkI�Yh�~[2NQakYFLQYhX!X!N�±/L���NM^�^!NCX���b>jZYF��i"NQXZ�°N�\:VCjM["^!NMa@��l2i"VMg	NMl2i2YFL�LONMl>^Z� � l�a!NM�hYFl2jkI2No��jCNM^�^!N
YFg"g"a!b�j!I2Nyl2N�g NMa�LONM^eg�YhX�i"N�akYFLQYhX!XkNMae��NCX$jM_:jM��NCX�i"N�L���NM^�^!NCX$a!VMg�YFa�^���X�NMl~^�a!Nyg"��[2X���NM["a!X�X���^!NCX�����N�g"a!bht"��KMLON
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 �N�g"a!NML���NMa�YhX�g NCjM^@�.VM^�[2i:��NMa@g bh["a�l2bh^�a!N�LOVMLObh��a!NOjCbhl2jCNMa�l2N���NCXqg"a!bhg"a���VM^!VCX@i:[�zoakYFg"I2NOi"NCX@bht:cÊNM^!XqNMl

LOVMLObh��a!NJg NMa!X���X�^kYFl>^!No�o��NM��YejCbhL�g"a!NMl2i���Y�LONCX�["a!N�i"NCX���bhl"zo[2NM["a!X�i"N�a!V���VMa!NMl2jCNJNMl~^�a!NJbht:cÊNM^!X�����Ye�>[�YFl~^�� ��jZYF^���bhl
i:[�l2bhL@t"a!Nei"NWjM_:jM��NCX+g�YFa�L���X���NCX�bht:c�NM^!X+�����hYFl>^�NM^�i2YFl2X���NCX+L���NM^�^!NCXZ�~��Y�LONCX�["a!NWi"N���Y���bhl"zo[2NM["a�i"NWjCNCX�jM_�jM��NCX
YF��l2X����~[¡� ["l2N@YFl�YF��_:X!N�X�g VCjM� ���>[2N�i"N���Y���bhl"zo[2NM["a�i"NCX�jM_:jM��NCX�i"N�L���NM^�^!NCX��

�Ð� N�\���X�^!Ne�>[2NM���~[2NCXJVM^�[2i"NCX�jCbhl2jCNMa�l�YFl~^�jCNeg"a!bht"��KMLONo�: +� ["l2N$i��°NMl~^�a!N�NM����NCX���VM^!V�a!VZYF����X!VCN��q�/� ["l"���wNMa!X���^!V�i:[
��bh��bhakYhi"byg�YFa��/�°VC�>["��g	N$i"N%$$� V	bha�l � �WV'&$uomo�'�:��l2NeYF["^�a!NqY�VM^!V���YF��^!Neg�YFaW��VCi:a���j7��iFc¶��I ����iFc!u�3o���q�/�°b�jCjZYhX���bhl
i"N X!bhl X�^kYFzwN i2YFl2X.l2bh^�a!N VC�>["��g	No�J ¡NCX.a!VCX�["��^kYF^!X]�>[¡� ���qY£bht"^!NMl~[2XnjCbhl2jCNMa�l2NMl>^¢��Y®LONCX�["a!N i��§YFg"g"����jZYF^���bhl2X
jCNMl>^�akYF����X!VCNCX�["^�������XkYFl~^���Y�g	bh����^����>[2N�i��§YF����b�jZYF^���bhl�X�^kYFl2i2YFa!i�i"N+��YW����t"akYF��a���N��¤YF[:±'i"NCX!X�[2X�i"N���Yh�>[2NM����N���Y�g bh����^����~[2N
���  �� �  7���@�.+)( �+*¢NCX�^�L���X!N NMl  $["��a!No���ebh^�a!Nnbht:c�NCjM^��¥��NCX�^&i"N jCbhL�g"��VM^!NMa]jCNCX�^�akYC�oYF[:\ g�YFa�["l2N YFl�YF��_:X!N i"N
�/� ��L�g�YhjM^�i"N���Y�g bh����^����~[2Nyi��§YF����b�jZYF^���bhl LOVMLObh��a!N�X!["a���NCX���bhl"zo[2NM["a!X�i"N@a!V���VMa!NMl2jCNyNM^���NCXe��bhl"zo[2NM["a!X�i"N�jM_�jM��No�
��NCX$a!VCX�["��^kYF^!X$l2bh[2X$g NMa�LONM^�^�a!bhl~^qi"NyjkI2bh��X���a@YF[ L���NM[:\ ��Y�g	bh����^����>[2Nyi��§YF����b>jZYF^���bhl¤�QLONM^�^�a!N�NMl  $["�>a!Nyi2YFl2X
`�NMa!re�Ad	�
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r�YFl2X�["l2NOLOVMLObh��a!N�g	NMa!X!��X�^kYFl~^!No� ��NCXqbht:c�NM^!Xqbhl>^@i"NCX�i:["a!VCNCX@i"Ny����Ny^�a!KCX$�hYFa���YFt"��NCX��¡��bh[2XqYZ�wbhl2XZ�¡i�� ["l2N

g�YFa�^Z��i"NCXnbht:cÊNM^!Xn�£����N ^�a!KCX¢jCbh["a�^!N��>["��l2N i"NM��akYF��NMl~^ni:["a!NMan�>[2N �>[2NM���~[2NCX]L���jMa!bF±'XkNCjCbhl2i"NCX NM^Z��i��§YF["^�a!N
g�YFa�^Z�:i"NCXJbht:cÊNM^!X�jCbhl>^!NMl�YFl~^���NCX�i"bhl"l2VCNCX�g NMa�LQYFl2NMl~^!NCX��>["�/�:NM[:\ �>�>���wNMl>^�c¶[2X!�>[¡�§�@g"��[2X���NM["a!X�YFl"l2VCNCXZ��r$YFl2XJ["l
NMl>�>��a!bhl"l2NMLONMl>^@jM��YhX!X����>[2No����NCX$i"bhl"l2VCNCXeg NMa!X���X�^kYFl~^!NCX$X!bhl>^�X�^!b>jl(wVCNCX$i2YFl2Xei"NCX ��j!I"��NMa!X�� ��NCX�i:�¥¦�VMa!NMl2jCNCX�NMl~^�a!N
��NCXOi:["a!VCNCX�i"N.�>��N]i"NCX�bht:c�NM^!XONMl LOVMLObh��a!N X!bhl~^Oi"bhl2jnYhXkX!N�5&��YF��t"��NCXZ�,���wNCj.��NCXyLOVMLObh��a!NCXQg	NMa!X���X!^kYFl~^!NCXZ����N
g"a!bhzoakYFL�LONM["a�g	NM["^@YF����bh[2NMa�i"N���Y&L :MLON��/Y76Cbhl ��NCXqi"bhl"l2VCNCX�["^�����NCXq�>[2NM���~[2NCX�cÊbh["a!XqNM^qjCNM����NCX��~["��a!NCX�^!NMa!bhl~^
g"��[2X���NM["a!X�YFl"l2VCNCXZ��r�YFl2XqjCN�jCbhl~^!N�\:^!No�¡���+NCX!^qjZYFg"��^kYF��i"N�XkYC�wbh��a��~[2NM��XqXkbhl~^���NCXqbht:c�NM^!Xqi"bhl~^@��Y.i:["a!VCNOi"Ny�>��N
NCX�^eg"a!b�j!I2NOY��2l¡�	g�YFaeN�\"NML�g"��No��i"N���NCX�a!NMzoa!bh["g NMaqi2YFl2Xe��YOL :MLON���bhg VCNo�	�Wl�YF["^�a!N�g	bh��l>^$��L�g	bha�^kYFl>^qNCX�^ei"N
i"VM^!NMa�L���l2NMa$X���l2bh[2X�g bh["�wbhl2X��/YF��a!N�["l¢a!NMzoa!bh["g NMLONMl~^�YF["^!bhLQYF^����>[2N@bh[nX�����N�g"a!bhzoakYFL�LONM["a�i"bh��^���l~^!NMa��wNMl"��aZ�
jCbhL�LON�l2bh[2Xq�/�°NMl>�>��XkYFzwNCbhl2X�g bh["a@�/� ��l2X�^kYFl>^Z�� ¡NCX�VM^�[2i"NCX�YFl>^!VMa���NM["a!NCXZ��g bha�^kYFl~^yX�["a@i"NCX�bht:cÊNM^!X�NMl¤LOVMLObh��a!N
�����wNOl2N�X!bhl~^�g�YhX�i:��a!NCjM^!NMLONMl>^�^�akYFl2X!g	boXkYFt"��NCX�YF[¤g"a!bht"��KMLON&i"NCX�bht:c�NM^!Xqg NMa!X���X�^kYFl>^!XZ����l2N�YF["^�a!NQg�YFa�^���N�i:[
^�akYZ�hYF����jCbhl2X���X�^!NMakYyi"bhl2j@�yLONCX!["a!NMa���Yyi:["a!VCNqi"N�����N�i"NCX�bht:c�NM^!X98F�
: Í+;�<�eoÉ$^/Ï/=¶Ì�Ñ h	> ]FÔ8Ñ�Õ�ÂkÃd_FÅ§Ñ+ÈÊÉ�Ô8È-]8Ò�Ò/ÑÊÔ8ÈÊÑ�ÑÊÔ3^�Ò/Ñ&^�Ò'ÂkÔFÌ/ÂÄÈn^/ÃËÉÄÔFÌÊÍ6ZÍ+?�ÔFÑ�ÂkÈa^/ÃA@ZÃd^CBDh�Ñ t ��D ÈÊÉCÉ\e�B¶Ò'Â)^/ÃA@MÑ�Ò/Ñ-jÄÒ/É$]oeoÑLh8Ñ�ÔFÉ�ÁB_8Ò/Ñ-]8Ì�ÑÊÌ�ÑÊÔ3^�Ò/Ñ-e�Ò/ÃËÌ�Ñ¶Ì�Âl].EWÈÊÉÄÁke�Ba^/ÑÊÔFÈ¶ÑÊÌ+h8ÃA@MÑ¶Ò/Ì�Ñ¶ÌÊÍ
F Í	GIH J µ/·LKÐ¸ h8ÂÄÔFÌ@^/É$]FÌ¡Å§ÑÊÌ�ÂkÒ ^/Ã§ÈÊÅ§ÑÊÌ�ÑÊÔ�ÂkÔoj�ÅËÂkÃËÌ�ÈÊÉÄÔFÈÊÑ¶Ò/ÔFÂÄÔ3^2M:Ñ¶ÒCN�ÃPOwÍ:CÍRQ�JTS º�U hFÂkÔFÌ6^/É\]8Ì�Å§ÑÊÌ�Â!Ò ^/ÃËÈ¶ÅËÑ¶Ì�ÑÊÔeÂÄÔ�j�ÅËÂÄÃ§Ì�È¶É�ÔFÈ¶Ñ¶Ò/ÔhÂkÔm^�M:ÑÐÒCN�ÃPOwÍ
V Í+?�ÔFÑ&_�ÒC=�@MÑ h�ÑÊÌ�È¶Ò/Ãde�^/Ã§ÉÄÔ h8ÑÊÌ+eoÉÄÅËÃU^/Ã f3]FÑÊÌKh�> ÂkÅ§ÅËÉCÈÊÂl^/Ã§É�ÔqÁWBÊÁ�ÉÄÃ§Ò/Ñ�Ì�Ñ&^�Ò/É\].@MÑ hFÂkÔFÌ q Î�Ã§ÈYX[Zlx�Í
ZCÍ+?�ÔFÑ�ÂkÔhÂkÅA<�Ì�ÑDh�Ñ�ÅÖÂ h�]8ÒCB¶Ñ h8Ñ\@ZÃ§Ñ h8Ñ¶Ì�]FÈÐÏ8Ã§Ñ¶Ò/Ì�Ì�Ñ¶Ò'ÂÄÃU^2B-jMÂkÅ§ÑÊÁ�ÑÊÔ3^�ÃËÔ3^CB¶Ò/Ñ¶Ì�Ì/ÂÄÔ3^/Ñ�Í
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i:� l2bh[2XW����L���^!NMaZ�	YF[nLObh��l2Xei2YFl2X�["lng"a!NML���NMae^!NML�g2XZ���O�/� ["^�������XkYF^���bhl i"N�g"a!bhzoakYFL�LONCX$i��°VM�hYF��[�YF^���bhl i"Nqt�YhX!N
i"Nqi"bhl"l2VCNCX�bht:cÊNM^Z�2LOb>i:� ��VCX�g bh["aWjCbhl2X�^�a�["��a!N@i"NCX�zoakYFg"I2NCXWi��°bht:c�NM^!X�g NMa!X���X�^kYFl>^!X�NMl¢LOVMLObh��a!No�
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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)��������� �	��
�
�
�
����	��� ��
 ���

ISSN 0249-6399


