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v ��� � �Yi(f���v%^�
�^UvEdÏ{�	
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d �¦d&z���� �Cp§p �R��bnf(\ �}kwdwb �Y^Rd ��� ��
�dZz��:v �gkwd��Òi(fovEdwb �]f��	� �]f�dZz���� �}^]kµb 
jp ��k �%d��
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-u�
 �]u��	
&dw¥���zjbxvZz � ��v%^qp«p�d&z��
k �}v �Ufoh � 
�h �	
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 �R��d&z-v �]fohUbndwb �]fYv%^Rf �}^]kmb«pn¥ 
�� �E�Ïd �%foh �}h:d ��u�
 � 
jp �	�#k	��bnd&z��Ui(d¶v �]fokrd 
�^qbnfjd
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 �c�"d&z�v �UfohUbedrb �Uf�bxk�bnfokwd 
&i�� �%fjd�^qp9bnf ��
(d�^cbefjbnf(\ �Y^Rfj¥�b ��u�� 
&d�^Rfjd 
 �}kwijpnd�k �R� k �%fokmbndwb �]bndw¥
^Rfo^cpe¥(kmbxk2� �] Ì\o  �}kwdwb �Y^Rd �}k
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�hUb 
 �}vEdwb �]fo^qp¢h �	
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kwdE^�
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�^]vEd �	
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�R��d&zjbxk-uo^Ru �	
-bxkJd ��kwz��R��d&zo^Rd:^Rd�p �}^]kwd*� � 
 �]f��Jb �¦u���
&dE^Rfgd:vZpx^]kZk �R��u�
 ��
jp �	�Yk � fo^�� �Epn¥
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 � 
jp �	�#k �R�¶k � � �]dZz�v �]f ���E�Yu�
 �]\�
�^�� ��bnf(\ � ^�kmb ��ujp �:k �}v �]foh � 
�h �	
�v&zo^�
E^]vEd �	
wbn¡}^Rdwb �]f �R�
d&z���\�
 �R��dZzYv �]fohUbndwb �]f�v%^Rf 
��-\Rb ���%f	 (a�zjbxk�vZzo^�
�^]vEd �	
rbe¡}^Cdwb �]f�k �	�	�Yk/d ��
���f��%� ^Cfoh �R�¿^Rf
bnfjd �	
 �}kwd} 


 d-bxk-� �Ep«p �jf��c�"f��Òi�
&d&z��	
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 ��d&zo^Rd-d ��\��%d ´ bnuok&vZzjbedZ¡�kwd�^�
jb«p«bndµ¥ �R��k �Rpni(dwb �]fok �R��d&z��
u �	
&d&i�
 
 �}h#u�
 ��
jp �	� ^:kwd 
 �%f(\]d&z��%fjbnf(\ �R�	d&z���kwd�^Rfoh(^�
Eh�k �}v �]foh ��
�h �	
�kwi���vZb �%fgd�v �]fohUbndwb �]f
bxkJf��	�}h �}h�bnf�d&z�� 
 �%\]ijpx^�
�v%^Uk �7�µsUio^qp«b����}h�v �]fokwd 
�^cbefjd�k�8�^Rf�bxk �Rpx^Rd �}h�k �Cpei(drb �Uf��9.Õ_ � � _�/Ü 

 d���^]k�kwz��R��f bnf:. �}� /-d&zo^Rd�d&zjbxk�krd 
 �%f(\]d&z��%f��}h k �}v �]foh ��
Eh �	
�v �]fohUbndwb �]f v%^Cf�^qpxk � 
��
�E�(u�
 �}k&k �}h¦bnf�d �	
 �Yk �R�¢^7;%kwd 
 �]f(\=<-k �}v �Ufoh ��
Eh �	
ª\ 
 �R��d&z�v �]fohUbndwb �]f�dZzo^Rdªv%^Rf 
��"p«b>���%��bxk �
�E�(d �%foh �}h�d ��f��]f�1ÏsUio^qp«b����}h�u�
 ��
jp �	�Yk��©bedZz�f��]f�1Ubtk �Rpx^Rd �}h�k �Rpni(dwb �]fokÝ ¢¨ ��kwz��R� �Gi�
&dZz��	

bnf�bnf d&zjbxk�uo^Ru �	
YdZzo^RdJbef k � � �]d&z�v �]f ���E� u�
 ��
jp �	�Yk7�m��bnd&z ^�
 
jbnd 
�^ 
&¥ � f��]d�f��}v �}k&k&^ 
wb«pe¥
v �]f ���E� � h �%u �%foh �%fov � �]f#d&z���uo^�
�^�� �%d �	
?�¢^:kmb ��ujp �:k �}v �Ufoh ��
�h �	
ªvZzo^�
�^UvEd �	
wbn¡}^Rdwb �]f �E�gbxkwdEk
^qpxk �¦� ��
�d&z��:kwd 
 �Uf(\�\�
 �R��d&z�v �]fohUbndwb �]f	 

@ k/bnfA. ��/�� �:krd�^�
&d���bnd&z�d&z��-u�
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jp �	� �R� � befjb ��bn¡Ebnf(\�d&z��*�Gi(fovEdwb �]f
�B�C���D��E �Y^q�
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 �9�7L7M N�O@  ´ �%d-� h �%f��]d �:^7P&QSRUTIVWP�X	k �%d �R� ��bnfjb ��i�� u �RbnfgdEk �R� �Y���[Z ^ 
&\���bnfU�
 
¨ ��^Uk&kwi�� ��d&zo^Cd��]\E_^l^Cfoh h �%f��]d � 
j¥-`�d&z�� ��bnfjb �Y^qp �R^qpni�� �R�5�
 ¿¨ ��k&^q¥ d&zo^CdY�
k&^Cdwbxka���}k�dZz��6b�c�VWdWe�VWXgfhP5iWe�QWj�XhklP'QWmndSfJXgfhQWm��]f ��b§�

oWp * � �5�B�C��� �q`�r p hUbxkwd?�C�B$%�s� � $t()� bnfl^Jf��Ebn\]z 
 ��
&z�� �Ïh �R�
�vu �Cw5xJ�y�
z �:v �]i�
�k � � b«�9�Cw{x:�|��z��Rpxh(k � d&z��%f � ^RdJp �}^]kwd p �(v%^qp«pn¥ � ��v �RbnfovZbxh �}k���bnd&z d&z���k �%d��R�

��bnfjb �Y^ �R���¢ 
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a©z�� �#^qbnf 
 �}kwijpndD�µa©z��	��
 �	� � �@\Cb � �}k¿^�v ���¦ujp �%d �©vZzo^�
�^UvEd �	
wbn¡}^Rdwb �]f �R�%�Cw5xJ�y��bnf v%^Uk �
��z��%f�^qp«p9�Gi(fovEdwb �]fok�^�
 �-v �]f ���E��^Rfoh�dw��bxv �:v �]fjdwbnfji��]iokmpn¥�hUb�� �	
 �%fgdwbx^�
jp �] 9a�z��-d&z��	��
 �	��bxk
kwdE^Rd �}hJbnf����:^Rfoh¦u�
 �����}h*bnf	��_(  
 f�� � � ��v �]fokµbth �	
�u�
 � 
jp �	�#kªh �%u �%fohUbnf(\ �]f#^-uo^�
�^ � �%d �	

^Rfoh¦u�
 �����-a�z��	��
 �	�7��v �]fgdE^qbnfjbef(\�^�vZzo^�
�^]vEd �	
rbe¡}^Cdwb �]f�� ��
/d&z��£krd 
 �]f(\-\�
 �c�"d&zYv �]fohUbndwb �]f	 


 f
� � � �]f d&z�����^q¥�d ��d&z���u�
 � �R� �R��a�z��	��
 �	� � � � ���}kwd�^�
jp«bxkwz ^Rf �}krdwb �Y^Rd ��d ��d&z��
k �%d �R�£k �Rpni(dwb �]f �C�£^ kw¥(kwd �	� �R��p«bnf��}^�
¦bnf��}s]io^qp«bndwb �}k�� H �C� � #�
�� � bnf v%^]k �#��z��%f
� H �����^�
 �:\�
�^UhUb �%fjd�k �C� v �]f ���E�l� F �Gi(fovEdwb �]fokÝ oa�zjbxk 
 �}kwijpnd � � ��
�dZzjbtk�kwu �}vZb �@v¦v%^]k � � �E�(d �%foh(k"d&z��
� �Ep«p �jf��R��fl| ��
jbnfok �]f��Õk �}kwdrb �#^Rd �-� ��
�dZz���hUbxkwd�^Rfov ��d �#^�uo^�
E^�� �%d 
wbxv%^qp«pn¥lh �%u �%foh �%fgd:k �%d
�R�ªk �Rpni(dwb �]fok �C�¢p«bnf��}^�
�bnf��}s]io^cp§bndwb �}k . �}� /9bnf�d&z���k �%fok �:d&zo^Rd"f�� 
 �%\]ijpx^�
wbndw¥,����^Rf(\g^Uk&^�
wbx^Rf �
� 
 ��� ���UbedZ¡ � ��
��Rpt^Cd �	
?��^]k&kwi���u(drb �Uf ^Cd�d&z�� 
 �E� �	
 �%fov ��u��Rbnfjd�btk �#^]h �] ���bnfo^qp«pn¥�bnf k �}vEdwb �]f
� � ��v �]fokmbxh �	
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Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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