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HbBAK�BMLOYVf�<?BAYVK=�úYVZd@ t4ZOS�<�S�<?B�fAZd@C@�N?gW��SV��BAK�ZO�2c{LOY�L6����BT��fAZd@Cc?NWSV��g?|ELOg?eRZO�2fAZd@�tW��g{L6S�ZdY\�øL6��ZdcWSV��@z���ML6SV��Zdg¦<{LAroB
ZdtWS�L6��g?BAe!L�gkN?@�t4BAYbZO��YVBAK�NW��S�KbZdgpS�<?B�fAZd@CcW��B¤PW��S»UpZO�±S�<?B�c?YVZdtW��BA@CKGLOg?e¦ZdcWSV��@�L6�2K�ZO��NWSV��Zdg?Ks��;=<?B�YVBMLOe?BAY���K
YVBT�úBAYVYVBAeRS�ZCS�<?B,t4ZQZd�kK�2ôDo�{j43´�úZdY-S�<?B,YVBAfABAg�S�e?BTroBT��Zdc?@CBAgoSG��gRS�<?B�¥{BT��e��

^�g§S�<W��K�c{LOc$BAYA�.��B�LOYVB���goS�BAYVBAKVS�BAe���g�L�K�f�<?BAe?NW����g?|Rc?YVZdtW��BA@���g§@�NW��SV��c?YVZkfABAK�K�ZdY,KVUWKVS�BA@CKG�=��S�<§��e?BAgoSV��fML6�
c{LOY�L6����BT�Æc?YVZQfABAK�K�ZdYVKs��;=<?BCg�N?@�t$BAY�ZO�-LMrOL6���øLOtW��BCc?YVZQfABAK�K�ZdYVK�fMLOg!rdLOY\U'��g!SV��@CBd�´K�ZuS�<{L6S���B�<{LAroB�L654��"7�.�98%�$�
)+"���:'�$�T� X±LOY�L6����BT��c?YVZd|dY�LO@CKRYVN?g?gW��g?|���g S�<?B¦K�UQKVS�BA@ LOYVB¦fAZd@Cc4ZdK�BAe ZO��K�BTS�K�ZO�<;ÂK�B �QN?BAgoSV�øL6�>=uS�LOK��QKM� ;=<?B
KVS�YVN?fTS�N?YVB�ZO�.L�c{LOY�L6����BT�4c?YVZd|dY�LO@ ��K%YVBAc?YVBAK�BAg�S�BAeEtoUCL?,-�4/7@ �4"��%)A�CBEDGFIH(JLK<M�����<?BAYVB=roBAY\SV��fABAKÆ��gNH YVBAc?YVBAK�BAgoS
S�LOK��QKM��LOg?e8LOYVfAK,��gOK S�<?B�c?YVBAfABAe?BAg?fABEfAZdg?KVS�Y�L6��g�S�K�t4BTS»��BABAg"S�LOK��QKM�C;=<?B�K�f�<?BAe?NW����g?|'c?YVZdtW��BA@ ��K�S�Z'LOK�KV��|dg
S�LOK��QK%S�Z�c{LOY�L6����BT�.c?YVZkfABAK�K�ZdYVK%��gEK�N?f�<�L���LMU�S�<{L6SÆS�<?BP�<�4@��7/Q)�����;ÂZdYR/S
������#���$�C�$������,��#=%ZO�´L,c{LOY�L6����BT��c?YVZd|dY�LO@R�
�¡� Bd��S�<?BzfAZd@CcW��BTSV��Zdg�SV��@CBzZO��L6���±S�<?B�S�LOK��QK�ZO�%S�<?BCc?YVZd|dY�LO@R�.��K�@z��gW��@z���ABAe���`-S,LOgoU¦SV��@CBd�´L�c?YVZkfABAK�K�ZdYbfMLOg
B¤P?BAfANWS�B�L6S�@CZdKVS�Zdg?B,S�LOK���LOg?e¦L�S�LOK��ufMLOg't$B�YVN?gRZdg'L6S�@CZdK�S�Zdg?B,c?YVZQfABAK�K�ZdYA�

]¦N?f�<�����S�BAY�L6S�N?YVB�B¤PW��KVS�K-ZdguK�f�<?BAe?NW����g?|CZO��c{LOY�L6����BT�´c?YVZd|dY�LO@CK-�=��S�<��Qg?ZM��g�e?BTS�BAYV@z��gW��KVSV��f�KVS�YVN?fTS�N?YVBd��;=<?B
��g�S�BAYVBAKVS�BAe YVBMLOe?BAY���K�YVBT�úBAYVYVBAe�S�ZT2 v�3�LOg?eU2 j43��úZdY�K�N?Y\roBTUQKM�'^�g8c{LOY\SV��fANW�øLOYA��S�<?BuYVBAK�NW��S�K�Zdg8K�f�<?BAe?NW����g?|§�=��S�<
rdLOY\�øLOtW��B,c?YVZO¥?��B�LOg?eRc?YVBAfABAe?BAg?fAB�fAZdg?KVS�Y�L6��goS�KGfMLOgpt4B��ÖZdN?g?e���gV2ôDslW��DdDS3�LOg?eRS�<?B,YVBT�úBAYVBAg?fABAK�S�<?BAYVBT��g��

WGZM��BTroBAYA�O��g,@�LOgoU�LOc?cW����fML6SV��Zdg?K2K�N?f�<�LOK�t?Y�LOg?f�<Q �LOg?eQ »t$ZdN?g?eCL6��|dZdY\��S�<?@CKM�OKVS�YVN?fTS�N?YVBAK�ZO�?c?YVZd|dY�LO@CK�fMLOg?g?ZOS
t4B,ZdtWS�L6��g?BAe¦��g'LOeWrOLOg?fABd�-;=<kN?KM� �»ZO£$ ¡����g?B ��ZdY�KVS�L6SV��f�K�f�<?BAe?NW����g?|�L6��|dZdY\��S�<?@CK�g?ZC��Zdg?|dBAYGLOc?cW��Uo�-^�g?KVS�BMLOe��{Zdg?B
<{LOK�S�Z�N?K�B �»ZdgQ ¡����g?B �zZdYGeWUWg{LO@z��fzK�f�<?BAe?NW����g?|¦L6��|dZdY\��S�<?@CK�S�Z�e?BML6�2�=��S�<!S�<?BzeWUWg{LO@z��fzKVS�YVN?fTS�N?YVBCZO��c{LOY�L6����BT�
c?YVZd|dY�LO@CKM��K�BABX2ZY[3ÆLOg?e\2 n43±�ÖZdY�eW��K�fAN?K�KV��Zdg?K,LOg?e�YVBT�ÖBAYVBAg?fABAK,S�<?BAYVBT��g���`�S�<?BAZdYVBTSV��fML6�%��ZdYV�¦��LOK�c?YVBAK�BAgoS�BAe���g
2æx432�úZdY�S�<?BzK�f�<?BAe?NW����g?|RZO�ÆeWUQg{LO@z��fztW��g{LOY\U¦S�YVBABAKGZdg�LuY\��g?|�ZO�Æc?YVZkfABAK�K�ZdYVKM��`bK�UQ@CcWS�ZOSV��fzZdcWSV��@�L6����S»U!YVBAK�NW��S�K
��BAYVB�ZdtWS�L6��g?BAeR��<?BAgRS�<?B�g�N?@�t4BAY�ZO�2S�LOK��QK�|dZQBAK-S�ZC��gW¥{gW��S»Uo�

^�guS�<W��K�c{LOc4BAYA�k��B�LOg{L6��UQ�ABbS�<?BGfMLOK�B���<?BAYVBGS�<?BGeWUQg{LO@z��fGKVS�YVN?fTS�N?YVB�ZO��c{LOY�L6����BT��c?YVZd|dY�LO@CK���K=LOguZdNWS\ ¡S�YVBABd�
`�c{LOY�L6����BT��c?YVZd|dY�LO@�KVS�LOY\S�KG�=��S�<!LEKV��g?|O��B�S�LOK��4���¢<?BAg!L�S�LOK���¥{gW��K�<?BAKGB¤P?BAfANWSV��Zdg��4��SGfAYVBML6S�BAK�K�BTroBAY�L6�2ZOS�<?BAY
S�LOK��QKM�?YVBT�úBAYVYVBAe�S�ZELOK=ZO£.K�c?Y\��g?|?�%;=<?B�g�N?@�t$BAYVKGZO��ZO£.K�c?Y\��g?|�ZO��S�LOK��QKM�W��<W��f�<'LOYVB�c4ZdK�KV��tW��U��ABAYVZ?�{LOYVB,Y�LOg?e?Zd@
rdLOY\�øLOtW��BAKM��;=<?B�YVN?g?gW��g?|�SV��@CBAKbZO��S�<?B�S�LOK��QKbLOYVB�fAZdg?KVS�LOgoS��=��S�<§N?gW��SGB¤P?BAfANWSV��Zdg¦SV��@CB];.^*_%;`=¤�4;=<?B�c{LOY�L6����BT�
c?YVZd|dY�LO@ ��K�fAZd@CcW��BTS�BAep����L6������S�K=S�LOK��QK�<{LAroB,¥{gW��K�<?BAepB¤P?BAfANWSV��Zdg��

;=<?B�fAZd@Cc?NWS�L6SV��Zdg{L6��@CZke?BT�2fMLOg't4B�fAZdg?KV��e?BAYVBAe!LOK�LOg'B¤PWS�BAg?KV��Zdg'ZO��S�<{L6SGZO�!2æx�3¡�!WbZs��BTroBAYA�4��B�K�<{L6����g?ZOS
S�LO�dBE��goS�Z¦LOfAfAZdN?g�S�S�<?BE��goS�BAYVc?YVZQfABAK�K�ZdY�fAZd@C@�N?gW��fML6SV��Zdg SV��@CBAK,��<?BAg���B�LOg{L6��UQ�ABuK�f�<?BAe?NW����g?|§K�ZO��NWSV��Zdg?KM��`
KV��@z���øLOY=fAZd@Cc?NWS�L6SV��Zdg{L6��@CZke?BT�.��LOK=fAZdg?K���e?BAYVBAe���ga2ôDsj434��g�S�<?BG�úY�LO@CBT��ZdYV��ZO����ZoLOe�t{L6�øLOg?fT��g?|z��<?BAYVB�[\Zdt?K�LOYVB
YVBAc?YVBAK�BAg�S�BAeRtoUEY�LOg?e?Zd@ ZdNWS\ ¡S�YVBABAK�LOg?e�LOYVBGS�Z�t4BbLOK�K���|dg?BAeuS�Z�eW��£.BAYVBAgoS=c?YVZkfABAK�K�ZdYVKM�%_QN?f�<RL�@CZke?BT�.��LOK=L6��K�Z
N?K�BAep��g�S�<?B��ÖY�LO@CBT��ZdYV��ZO�2c4BAY\�ÖZdYV@�LOg?fAB�BTrOL6��N{L6SV��Zdg'ZO�2c{LOY�L6����BT��fAZd@Cc?NWS�L6SV��Zdg?KGK�BAB,Bd� |?�R2Zb?�.D[Y[3¡�
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Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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