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THÈME 1





����������� �	��
����������� ��� ����������������������� ���
���!��" ���$#&%('��)�$�����$* �+���� �����+,.-/�0� �1" 2����
'3���#��!�������$� ����
4����5 ��� ��2�� �02����6�����7�

8�
9��
�� ��� ��" � ���+��5���* ,.- �0��,:��;����5 ����5����

<>=@?BAC?BD@DFEHGJILKNM�OPENQSRFTU?BVW?BQXIZY\[LES]@E_^P`aVbIdc�I
egfJhiaj.i.k6lnmpoiaqriasNtduUiwvxqryzq{v hiaj.iaq|~}{�_� iwv�������i }r�w� j

m�s_��� �S} vg�zi } i ��f i }r��f i����_�S�N����l l��_����s_�_iaq

�0� �a�w�����_�_  egf ixs_tzv fz�N} q�¡F�¢�S£_i¤q{vr�¥�Ss¦vri~s§qryzq{vriaj6¨g�¢v f�© q{i } £Ni } qªsN���.¨g�¥v f�© q � t }r� iaq �«� ���zi � v{i¤�
¨g�¢v f v f i¬qri } £_i } qaª®¯q � t }r� iaq � s_�±°bix���Uq{v²s¦vriU³ � ��´ �N} ³ �¦µ ´�@¶·�±qrvrs_v{iU³ � ��´>v f i�q � t }²� ig�Nia�zi } s_v{iaq
v f i |P� �¢q²q � �¬¸ � ¨ �¦¹ ��s ��º iavrq �_¹�} s_v{iF»¼ egf iFqri } £d� � i½v{��j.i �¦¹ s���s ��º iwvW��qª���¢qrv } �¢°�tzv{i¤��i«u�� � �zi¤�Sv{��s¦¾¢¾¥y
¨g�¢v f j.iasN� � �ziNP¿¬� � �\�¥v²qxs }²} �¥£�s¦¾�s���s ��º iwv���qx�z� } i � vria�7v � v f i�q{i } £Ni } ¨g�¥v f v f i�q fz�N} v{i¤q{vgÀdtzi¤tziaq�_¹ v f i ¹Á� ¾¢¾ � ¨g���z�\vÂ¨ � qri } £_i } qaÃ�v f i�qri } £_i } ¨ f i } i�v f iU��s ��º iwv f sNqÄ°biwi¤�Z�_ia��i } s¦v{i¤�(sN����sN� � v f i }} s_��� � j.¾¢yUq{ia¾¥i � v{i¤�pq{i } £Ni }  egf i§Àdtzi¤tzi§¾¥i¤�z�_v f � }{� °�s_°��¥¾¢�¥vÂyUsNq ©�Å�Æ ��q��¢�S£_i¤q{vr�¥�Ss¦vria��
ÇpÈSÉJÊ²ËÍÌ ��Î �_  � �bÏ �_µ q � t }²� iaqaÐz�ziwvÂ¨ �N}²º Ð }{� tzv{���z�bÐ�qrt�°bi«u�� � �zi¤�Sv{��s¦¾�vrs_�¥¾�qaÐ�qrt��bi } i«u�� � �zi¤�Sv{��s¦¾�vrs_�¥¾
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GIHÈ �AJ8K HÈ  ML � t�q �«� ��q{���~oi }{� ��qgt��Hqryzq{v hiaj.i �«� ��qrv{�¢vrt~oi��zi © qri } £_i¤t } q �«� ���zi � vzoi¤q hs © q � t }²� i¤qw
¿Ä�zi�q � t }r� iÍi¤q{v>s¦¾¢v{i } ��s_v{�¢£_i¤j�i¤�Sv�ia��oiwv²s¦v\³ � ��´±iwv>ia��oiwv²s¦v\³ �¦µ ´� h®�¾ON·oiavrs_v7³ � ��´±¾�s\q � t }r� i �a} oiai
t��Z¸ � vÍ� � ��q²q � �z�¥i¤� �zi7��sNÀdtziwv²q��ziUv²s_tdu:»3��s } t����¥vzoiU�ziUvriaj���qa�P¼iUvriaj���qÍ��i0q{i } £d� � iUq²t } t��
��s_ÀdtziwvPi¤q{vF�z�¢qrv } ��°�t~oixq²tz�¢£XsN�Sv½t��zix¾ � �bi«u�� � �zia�Svr�¥ia¾¥¾¢ix�zi�j � y_i¤���zixt��W8P �N} qrÀdtQN t��.��s_Àdtziav½iaqrv �a} oi�oi
�¢¾�iaqrv��z� } �¢�Poi¬£_i } q~¾¢s.�z¾�t�q �«� t } v{i>�ziaqFR�¾¢i§�QN s_v{vria�Sv{i§�zi¤q~��iatdu7qri } £_i¤t } qFq²tz�¢£XsN�SvrqaÃ ¾¢i§q{i } £Niat }F�Wht0¾¥i
��s_Àdtziwvgs ovzoi �a} oi�oi¬iwvxt��ps_t�v } i>qri } £_i¤t }���fz� ��qr�W�zi§j.sN�z� hi } iÄs_¾«oias¦v � � } iN
S�Ì �¤� Ê �UT HÈ  �V � t }²� i¤q � �bÏ �_µ Ð } oiaqriasNtdu�Ð }r� tzv²s¦�Ni_Ð��z��q{v } ��°�tzvr� � ��qªq � t�qXWÜi«u�� � �zi¤�Nvr�¥ia¾¥¾¢iaqaÐ��z��q{v } ��°�tzvr� � �
q²t��bi } WBiwu�� � �zia�Sv{�¢iw¾¢¾¢iaq
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¶·�\v f �¢q¬��s_�bi } ¨Fi>���N£Niaqrv{�¢�Ns_v{i>v f i���i }·¹Á�S} j�s_� � i �¦¹ s_�\���Nvri }²�«� ���zi � v{� � �p�ziavÂ¨ �S}rº ¨ f i } iÄv } s�* � �¢q
�Nia�zi } s_v{i¤�§°Ny\³ � �bÏ �_µ ´xq � t }²� iaqa¼®¬�	³ � �bÏ �_µ ´�q � t }r� i½��qªsxq � t }r� i½¨ f � ��f s¦¾¢v{i } ��s_v{i¤q¼°biwvÂ¨~iwia�Íq{v²s¦v{i
³ � ��´§sN���±qrvrs¦vri0³ �¦µ ´� ¶·�Uqrvrs¦vriU³ � ��´>v f i¬q � t }²� ix�Nia�zi } s_v{i¤q½��s ��º iwv²q½s �a�«�N} �z���z�§v � s |P� ��qrq � � } s¦vri
»¼ ¶·��qrvrs_v{i.³ �¦µ ´¬v f i�q � t }²� i~� � iaq@� � v@�Nia�zi } s_v{iFsN�Sy>��s ��º iavw ®���³ � �LÏ �¦µ ´¬q � t }r� ií��q@s �w� �S£_i¤�z�¥i¤�Sv
j � �zia¾ �¦¹ v f i�°�i f sX£d� �S}��¦¹ s±t�q{i } �¢�ps±��s_vrs±�ziavÂ¨ �S}rº P¶·����iwia�WÐí³ � ��´���i } � � ��qgs } i§¨ f i¤�7v f iÍt�qri }
t��z¾ � s_��q �N} � � ¨x�z¾ � s_��q/R�¾¥i¤q �_¹ ��s¦v²s�Ðds_��� ³ �¦µ ´��bi } � � ��q~s } ig¨ f ia�Uv f iÄt�q{i } ��q½����s � v{�¢£_i } iw�Ss } �z���z�
��iwvÂ¨ �N}²º s � vr�¥£d�¢vÂyJÃ ��+��,+ �¢qxv f ��� º �¢��� �N} ¾ �z� s¦¾¢¾¥y0� }{�z� i¤qrqr���z���¢vrq���s¦v²s�

- i�j � �ziw¾ v f iÍ���Nvri }²�«� ���zi � v{� � �	�ziavÂ¨ �S}rº/.�0 °NypsUqriwv �¦¹½© � � �zi¤qw21Ä�pi¤s ��f � � �zi�v f i } iÍ�¢q
s±t�q{i } Ð�s±Àdtzi¤tzi�s_���\s±qri } £_i } í¶·�	s_°�qria� � i �¦¹½}{� tzv{���z��v f iÍt�qri } �z� } i � v²qg�¢vrqx��s ��º iavgv � v f iÍÀdtziatzi�_¹ �¢vrqx� � ��i_P¶·�\v f ��qx��sN��i } ¨Fi>¨g�¢¾¥¾¼�¢�S£_i¤q{vr�¥�Ss¦vri¬v f i§i µ i � v �¦¹ v f i ¹Á� ¾¥¾ � ¨g�¢��� }r� tzvr�¢����� }{� v �z�«� ¾CÃ
k_�¨ f ia�ps�t�qri } �Nia�zi } s_v{iaq�s±��s ��º iavwÐd�¥v } s_��� � j.¾¢y0q{ia¾¥i � v²qgs } iaj � v{i§� � �zi,3
4 �� ¹ v f i§Àdtzi¤tzi§s¦v~v f i } iaj � vriÄ� � �zi>��q�q fz�S} vri } v f s_�Uv f i>¾ �z� s¦¾�ÀdtziatziNÐzv f i§��s ��º iavF��q��z� } i � v{i¤�
v � v f iÍÀdtzi¤tzi �¦¹ v f i } i¤j � v{i�� � �ziNÐ�� ¹ v f i } iaj � v{i�Àdtziat�i§�¢q�� } ias¦vri } v f s_�pv f i�¾ �z� s¦¾¼Àdtzi¤tzi_Ð
v f i���s ��º iav��¢qg�z� } i � vria�\v � v f i§¾ �z� s¦¾WÀdtziat�i,3

���� ¹ ° � v f\} i¤j � v{i>s_���U¾ �d� s¦¾�Àdtziat�iaq�s } i�i¤ÀSt�s¦¾Jv f i¤�0v f i§��s ��º iwvF�¢q } s_��� � j.¾¥y±�z� } i � vria�0v � v f i
¾ �z� s¦¾WÀdtziat�i§¨g�¥v f � }{� °�s_°z�¢¾¢�¥vÂyHk�5 4 �N} v � v f i } iaj � vri>Àdtzi¤tzi>¨g�¥v f � }r� °�sN°z�¥¾¢�¢vÂy	k65 4 

egf ��q }{� tzv{���z�.� }{� v �z�«� ¾ f s_q~°�iaia�0� }{� � � q{i¤�Us_���0s_��s_¾¥y87wi¤�±���:9 ��;�<CqriwiÄs¦¾�q � 9 �6;BÐ=9 >�;ÜÐ?9 �6;ÜÐ?9 @�;BÐ
9 A6;$B�¨ f i } i.t�q{i } v } s�* � j � �ziw¾@��q |P� ��qrq � � �_¹F} s¦v{i±»DC§»FE;k,CWs_���Hv f i�qri } £d� � iÍ��qÄi«u�� � �zia�Svr�¢s_¾ �_¹} s¦vri0kN¬¿Ä���zi } v f �¢q>j � �ziw¾ �¢v¬¨�s_qÄ� }r� £_ia�pv f s¦v>s_q ©�Å&Æ v f i��z��q{v } ��°�tzvr� � � �¦¹ v f i�Àdtziatzi.q{�G7wi
HJI �¦¹ s_�Sy } s_��� � j � � �zi f sNqgqrt���i } WÜi«u�� � �zi¤�Nvr�¢s_¾�vrs_�¥¾BÃ

|F}�K HLINMPO#QSRUT <B» V�W�B
egf ��q } i¤qrtz¾¢vÍq � t�����q�£Ni } y(���Nvri } iaqrv{���z��Ð@qr�¢� � iU¨g�¢v fz� tzv }r� tzvr�¢���Hv f i\Àdtziatzi¤qÍs } i±�����zi¤��i¤���zia�Sv

sN���7v f i��z��qrv } �¢°�t�v{� � � �¦¹ v f ia� } qr�G7wi HYX f sX£_i � ��¾¥yUiwu�� � �zia�Sv{��s¦¾�v²s¦�¢¾¢qaÃ
|F}�K H X MZO[Q2R\T <B»[]�B +

egf i�� } iaqria�Svª��s_�bi } �¢qª���Nvria����ia��v � sN��s¦¾¢y87wiFv f i�qrsNj.i }r� tzvr�¢�z�Ä� }r� v �z�w� ¾dt����zi } v f i~sNqrq²t�j��zvr� � �
v f s¦vÄt�qri } v } s�* � j � ��iw¾�q¬s } i������zi¤��i¤���zi¤�Nv\³ � �bÏ �_µ ´±q � t }r� iaqxsN���	v f i�qri } £d� � i��¢q¬i«u�� � �zi¤�Sv{��s¦¾ �_¹} s¦vri�k_ - i§¨g�¢¾¢¾¼� }r� £_iÄv f s_vxs_q ©$Å/Æ Àdtziat�i�q{�G7wi H I f s_qgqrv{�¢¾¥¾ªqrt��bi } WÜi«u�� � �zia�Svr�¢s_¾Lv²s¦�¢¾Cegf ��q } i¤qrt�¾¥v>s¦¾�q � q � t�����qÄ���Sv{i } iaqrv{���z�\°�i � s_t�q{i�s0¾�s } �_i��St�jÍ°bi }Ä�¦¹ v f i ³ � �bÏ �_µ ´7q � t }²� iaq � sN�
q � j.iav{��j�i¤q �w} ias¦vri§s � t�jÍtz¾�s¦vria�7v } s�* � ¨g�¥v f ¾ � ���.vri } j �zi¤��i¤���zia� � �¢iaq^9 k_k�;�<Bq{iai>s_¾¢q � 9 k 4 ; WS9ùk¤�6;$Bêegf iaqri±¾ � �z�	v{i } j9�zia�bia����ia� � �¥i¤qÍs } i º � � ¨x�Zv � � }r� ��t � iUÀdtzi¤tziw���z�	¨g�¢v f f i¤sX£dy(vrs_�¥¾�qa0¶·� � v f i }
¨ �N} ��q |F}�K HYX_MZO#Q2R`T < O#a b B
¹Á�S} q � j.i2c M ��egf i�q{yzqrv{iaj�j � �ziw¾ �¦¹ 9 ��; �¢q�sUj � ��iw¾ �_¹ s0ÀSt�iatzia�¢�z�Uqryzq{vriaj�qg¨g�¢v f ���Sv{i } s � v{���z�±qri } £_i } qgs_���
¨g�¢v f ��yd��s_j.� �Í}{� tzv{���z� �¦¹ v f iÍ��s ��º iwv²qwed(s¦v f iaj�s¦vr� � s¦¾ª�¢�S£_i¤q{vr�¥�Ss¦vr� � � �_¹ q²t ��f qrydqrv{i¤j�qg�¢q¬s�£_i } y
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��� * � t�¾¥vx� }r� °�¾¥i¤j7 - i�s } i§� � vg���Sv{i } i¤q{vria�7�¢�pq²��i � � R � �¢�Svri }²�«� ���zi � v{� � �\�ziwvÂ¨ �N}²º °�iavÂ¨Fiaia�p� � �zi¤q	3
¨~i � t�qrv½s_q²qrt�j�igv f s¦vPia£_i } yÍ� � ��ixs } i~i¤Àdt�s¦¾¢¾¥y�£d�¢qr�¥v²s_°z¾¢i_ÐNs_qP�¢v �«� tz¾¢��°bix���.s �	���������
��� �ziavÂ¨ �S}rº ª¶·�
v f ��q � s_qri��¥vÄj�sXy\°bi�s_v{v } s � v{�¢£_i§v � ���N£Niaqrv{�¢�Ns_v{i§v f i.qryzq{vriaj�qx¨g�¢v f £Ni } y7¾�s } �_i��dt�j�°�i }x�_¹ q{i } £Ni } q
t�q{���z� v f i(j.ias_� R�ia¾¢��sN��� }r� uz�¢j�s¦vr� � � �_¹ qrvrs_v{��q{vr� � s¦¾�� f yzqr� � qw egf ��q0s_��� }{� s ��f ¨~sNqUt�qria� ��� s
�dt�j�°�i }Ä�¦¹ ��sN��i } qY<Bq{iai_Ð ¹Á�N} iwuzsNj��z¾¥iNÐU9 k�;ÜÐ'9 �6;�� 9 A�;PsN���Hv f i } i ¹ i } ia� � iaq¬�¢� 9 � ;Ü B ¶Âv¬¨�s_q>q fz� ¨x�
< 9 �6;BÐ 9 � ;ÜÐ 9 A6;ÜÐ 9 @�; BÍv f s¦v�t�q{���z�Zv f i\�¢� ¹Á�N} j.s_v{� � �:sN° � tzv�s�qrj�s_¾¥¾g�dt�jÍ°bi }��¦¹Ä} sN��� � j.¾¢yZqriw¾¢i � v{i¤�
Àdtzi¤tziaqgsN���\�z� } i � v{���z��v f i���s ��º iav�v � s�q{i } £Ni } v f s_vg�¢q�¾¢iaq²q�¾ � s_��ia�\j.sXy �«� ��q{���zi } s_°�¾¥y } ia��t � i>v f i
j.i¤s_�7¾¥i¤�z�_v f q �¦¹ v f i�Àdtzi¤tziaqa

¶·��v f iUsN° � £Ni�j.ia�Svr� � �zia�Z��s_�bi } qÄv f i�������tzv>¸ � ¨�¨~sNq>qrt���� � q{i¤�(v � °bi |P� ��qrq � � �¦¹~�w� ��qrvrsN�Sv} s¦vri_Ð~s_����ÐF�¢� j � qrv � s_qriaqaÐ½¨g�¢v f s_� i«u�� � �zi¤�Sv{��s¦¾¢¾¥y:�z��qrv } �¢°�t�v{ia� ��s ��º iav.qri } £d� � i7vr�¢j.i_ - iHs } i
���Sv{i } i¤q{vria�7�¢� � sNq{i>¨ f i } i>v f i§�¢����tzv�¸ � ¨)�¢q |P� �¢q²q � �U¨g�¢v f £�s } yd�¢�z� } s¦vriaqa
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Unit é de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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