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���7wO�® �4�-¶'�® ��·¸´u°'	o·¸®�3 ��,),V�� ��°*	+�'���+,q°¼¶'u®\¯^°'±u¯ �8�

`�a dI¥Zs�rqrqsT¦�p¡n7t�rqd�efe5x�w|pqd�z�w a d�v�sun\v�d��7wIsT¥�s�}\z£d � ��x�w|pqs�nBxTrc��xTrqpq�\pqw9{�w|s-pqn\pqw|p¸xTrBe�s?�\dorM©
	³Í � �O������� � °;¯ � �u®\´VF �'°�¯%O³�¯Z°'	+( �8�) �7°@®/`

l 5 . AFC($ ��.xF�
 u ��
���l �@5. ADC($ �+./F
�¢�TÑcÑ�� 

l 5 .'AFC($ �I.YF�
 � .�8�� ADC($3��l 5 .�1 ?0v . » ��½7. . » F£½�� ��d'Ä�n\pqw|pqsun ��© ���

 u���
��7l4��5. . » �T½7. . » F£½�� ��d'ÄBn\pqw|pqs�nfsT¥�x�n�p¡n7�\y\v�w£p¡�ud¢w a d�s � d�e��

 ����� !����7<�� ��u���
��7l4�@5. . » ��½�� . . » F£½��

 u���
��7l4��5. ADC($ �+.xF4� ��d'Ä�n\pqw|pqsun �B© � � �

	³Í � �O�����54  �\° 	|°-, ��¯Z·¸u®. ADC($ · �4��¶'�®�3�	�µ?°;®\¶'°-�® �4��
4�
�¢�TÑcÑ��  `�a d � d�r¸xTw£p¡sun . ADC($ pqz s�}?�?p¡suy\z|rq{ xTn d�~?y\pq��xTrqd�n\v�d � d�r¸xTw|pqsun�s�n �4��
4�o© 	 d�w
�2)3�-+,+-+���� ? �7F,) �,+,+-+���F ? 8��4��
4�o«\xTn\��2ÇÊ ��)��R+,+,+��_� ? J �u©�Ë?y\�7��suz|d+� 1M. ADC($�F71#¥^s � x�rqrN\-8 » � + + <7½|«
x�n\�¹rqd�w¢y\zIz a sT¦�w a xTw�2 ���2) �,+ + ��� ? ��. ADC($D2 ��F,) �,+-+,+���F ? ��©�¿Od�¦�pqrqrVz a sT¦�w a x�w�¥^s � xTrqr y8 » � + + <7½|«?pÓ¥
� 1 . ADC($:FZ1¤«Bw a d�n 29���2) �-+,+,+ ��� i �7	 i�� ) �,+-+,+���	 ? ��. ADC($D2 ��F,)3�-+,+-+��7F i ��	 i�� )��,+-+,+���	 ? �4� }�{�pqn\�\y7v�w|pqs�n�suny���© `�a d�nV«c}?{Çx�n¹pqn\�\y\vow|pqs�nOx � t�y\efd�n?w@«\¦2d�v�s�n\vor¡y7�\d¼w a xTw¢pÓ¥&� 1 . ADC($ F 1 ¥Zs � x�rqr \ 8 » �w+ + <7½Ú«?w a d�n
29��� ) �,+-+,+���� ? �	. AFC($ 2 ��F ) �-+,+-+��7F ? ��©

�#y . �u«¢¦Xd a x;�ud �2)/. ADC($XF,)T© 	 d�w�. » "�$Ú½�8 � ADC($ «¢w a d�n . » 29�S"�$��3�7	��3�,+,+-+��7	 ? �Z½�8-� AFC($O©
Ë?s�«�l 5 .�1 ?0v . » 29���2) �7	��3�-+,+,+��7	 ? �Z½+. . » 29�%F ) �7	��4�,+-+,+���	 ? �Z½|© `�a y\z@«D2 ��� )3�7	��3�,+,+-+��7	 ? �. AFC($
2 ��F,) �7	��4�,+-+,+���	 ? ��©

�#y�� �u«�rqd�w . » "�$£½ 8M� ADC($�© Ë=y\�\�Bs�z|dl 5 .:1 ?�v . » 29���2)3�-+,+-+���� 1 � " 1 � ) �7	21 � � �-+,+-+��7	 ? � .
. » 2 ��F,)3�-+,+-+��7F71 � "*1 � )3��	21 � �3�,+-+,+ �7	 ? �M½Ú© `�a d�nV«�z|pqn\v�d � 1 � ) . ADC($ F71 � )Ô«�¦Xd a x;��d/l 5 .�1 ?0v. » 2 ���2) �,+-+,+���� 1 ��� 1 � ) ��	21 � �3�,+-+,+���	 ? � . . » 29�%F,)3�-+,+,+��7F71 �7F71 � ) �7	 1 � �3�,+,+-+��7	 ? �Z½
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� d�n\v�d�«�¥Zs � xTrqr. 8M� ADC($m«�pÓ¥+� 1.'AFC($RFZ1¢¥^s � xTrqr:\N8 » � + + <7½|«³w a d�nxl 5 .�1 ?0v . » 29���2)3�-+,+-+���� ? �M½ .
. » 29�%F,)3�,+-+,+���F ? �M½Ú© `�a y\z;«\pÓ¥O� 1	.'AFC($�FZ1�¥^s � x�rqr]\�8 » �?+-+,+ <7½Ú«?w a d�n�29���2) �-+,+,+���� ? � . AFC($�2 ��F,) �-+,+,+ �7F ? ��©�

� y � x�p¡e�pqz�w|sit�d�n\d � xTrqp21�d2pqe��\rqpqv�pqwcpqn\�\y\v�w£pqs�n�� � s?sT¥Zz@«Tw£sx�n¼su}\z|d � ��xTw£pqs�n�x�r�¥ � xTefd�¦2s � ºc©cª9n�w a p¡z
¦�x;{�«Tx�r¡rupqn\�\y\v�w£pq��d�w a d�s � d�e�z#¦�pqr¡ru}�d�xTrqz£sIs�}7z|d � ��xTw|pqsun�xTruw a d�s � d�efz@©#ª9n���x � w|pqv�y7r x � «;pÓ¥ � ADC($ . �X«u¦2d
� d�v�sT��d � w a di� � s?sT¥ZzIpqn¹w a d¼pqn\pqw|p¸x�rce�s?�\d�r9© � sT¦2d���d � «Bw a pqz�t�d�n\d � xTrqp21@x�w|pqs�n¹pqz�n\suwIz£w � x�pqt a w9¥^s � ¦�x � �
z£p¡n7v�d¼¦2d��\d;xTrV¦�pqw a vos�n\�\pqw£p¡sun�xTr#z|�Bd�v�pÓÄ�v@x�w|pqs�n7z@Ê 	 d�wz��. ��xTn7�R� j�. ��j�w9¦2s-t � s�y\n\��d�~?y�x�w|pqs�n7z@«
x�n\�Oz|y\�7��suz|d�w a xTw�l �5 . 1 ?�v � .L�Çx�n\�#l �5 . 1 ?0v � j .L��j9©-¿Od�e5x;{ a x;��d l 5 . AFC($ �2j . ��j�xTn7�
l �5 . ADC($ � . �\©�ª9n�w a pqz�v@xTz£d�«
l 5 .�1 ?0v �2j7. � j H �N. �-}7y\w:lk�5 . AFC($�� j7. ��j H �. �7©

�7s � w a pqz � d@x�z|sunV«�¦Xd-y7z|d5xfz£d�e5x�n�w£pqv¼v�rqsuz|d-w|s1w a dfs�n\d-pqn » � x�� ��� ½|© `�a dfe�s?�\d�rqzD*�¦Xd�x � d
v�sun\v�d � n\d��m¦�pqw a pqnfs�y � s�}\z£d � ��x�w|pqs�nBxTrBz|d�e�xTn?w|pqv�z�x � d�w£d � e�¨Mtud�n\d � xTw£d��V© Ã d�z|pq�\d�z;«Bw a d�{�x � d �;· ��·)�-, �
·¸®7·¸¯^· ��, » � x�� ��� ½|Ê#¥^s � x�r¡rcsu}\z|d � ��xT}7r¡d¢d�~?y�x�w|pqs�n�Eu«"* 5 . Eipqe��\rqpqd�z�l 5 .�1 ?�v E�©
����Í?ÑB�TÍ�� �����,� °@¯-* �'°�� �@· �¾· �+,$�-·¸®\·¸¯Z·)��, ��, 3u°'�*	�� p=��®\´I# � #3jX¯�O�43�	£�µ?®\´f¯^°*	+( �?�

* 5 ./#�. # j \���T F%\�E-�Gl 5 . ADC($O# .:# j
�¢�TÑcÑ��  ¿Od a x;��d)* 5 . #&. #3jZ«Bw a d�n1¥^s � xTrqr$. 8=� ADC($ « * 5 . . » #9½M. . » #3jö½Ú© Ã {��?pqz|pq}\rqd¢p¡n7p¡w£p¸xTrqpqw9{¼s�¥
*�«?¥^s � x�r¡r .D8(� ADC($ « l 5 . 1 ?0v . » #9½�. . » #3jö½Ú© `�a d � d'¥^s � d�«�l 5 . ADC($ #O. #3j9©
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Z��
^Ñ���������£Ñ����oÍ?��;��7��
ZÑ2��� �����^���;�&�  �7°¼�� ��°*	+�'�u¯^· �® ��,�¶-, ��� ��� F*�����(��AFC($'��· ��¯2�\°-¶-, ��� �� 7
¯Z°'	-(�C 3u°@®7°'	 ��¯Z°¤´ ��®\´ �@· �¾· �+,$�¼·¸®7·¸¯^· ��, ��, 3�°*�*	�� ��* �¾µ?¶&�¹¯2� �u¯ � E 8 lH� * 5 . AFC($ E��

`�a d�¥^surqr¡¦�pqn\t�w a d�s � d�em«Tz|pqe�pqr¸x � w£s¢r¡doe�e5x ��© �7©¡��pqn »é� x�� ��� ½|«;z|w'xTw£d�zXw a xTw�w a d�v�r¸xTz£z�� F*�����(� AFC($ �
a x�zIxiÄ�n�x�rVxTrqt�d�} � x\©
����Í?ÑB�TÍ�� ���54 X�µ-%�%=��¾°¢¯2� �u¯ ��, ,�¯ �7° % 	|°'¶'�®\´u·¸¯^· �® �I 7Kl ��	|°������°'	+�*���-,¡° ��®\´ ,¡°;¯"�4��
 ��l4�,´�°;®\�¯Z°
¯2�\° B@µ?u¯^·¸°;®\¯/��, 3u°'�*	��- 7��4��
4� O	�)	8� ¯S� . ADC($&�  �7°@® p �4��
��7l4��· ����5�® ��, ��, 3�°*�'	 �-·¸®���F �����L�BAFC($'�<�
�¢�TÑcÑ��  �4��
���l �¢pqz��?p¡z£pq}\rq{¹pqn\pqw|p¸xTr9Ê¢z|y7�\��suz|dfw a x�w+�4��
���l � 5 .&� .K�7«�z|y\v a w a x�w � xTn\�=�¹x � d
su}\z|d � ��xT}\rqd�© `�a donV«7¥^s � x�r¡rct � suy\n\�¹z£y\}\z|w£pqw|y\w£p¡sun���«7�4��
��7l4�@5.x�7��. � ��©�Ë?s�« l 5 .'AFC($��7�%. � ��©
Ë?pqn\vodV��xTn\����x � d¢s�}7z|d � ��xT}\rqd�«7¦Xd a x;�ud�l 5 .�1 ?0v � �. � ��© `�a d�nV«
l 5 .�1 ?0v � . �\©

	 d�w E�� C ?1"DE) �21M. �,1 H �D.9#�}�d¢xIvos�n\�\pqw£p¡sun�xTr?d�~?y�x�w|pqs�n-pqn l-©�Ë?y\�\�Bs�z£dIw a xTw�¥^s � xTrqr\t � s�y\n7�
z£y\}\z|w£pqw|y\w£p¡sun\z���« �4��
��7l4��5. ADC($�� 1 � . �,1���«B¥^s � x�r¡rN\&8 » � +r+ <7½|©�Ë?pqn\v�dV�21����,1�¥Zs � x�rqrL\ 8 » �w+ + <7½ x � d
su}\z|d � ��xT}\rqd�«Bw a d�n(�4��
��7l4�)5. �21�� . �,1 ��© Ã {¹vos�n\z£w � y7v�w|pqs�nmsT¥ �4��
���l ��«\¦2d a x;��dV�21��(. ADC($@�,1 ��©
� n�w a dfs�w a d �-a x�n\�V«�l 5 .�1 ?�v E�«³}�{O�7d'Ä�n\pqw|pqsun sT¥Iw a d�pqn\pqw|p¸xTr�efs?�\d�r9© `�a donV«�}?{O�\d'ÄBn\pqw|pqs�nOs�¥
. ADC($�«��4� .'AFC($H#���© Ë?sB«	�4��
��7l4��5.G� � . #���«�v�sun\z|d�~?y\don�w£rq{=�4��
 ��l4��5. AFC($^�4� .1#���© `�a y7z@«
�4��
���l � 8	� F*�����(��AFC($+��©

	 d�w�* 8
��F*�����(� ADC($ �o«\xTn\��<�� #X}Bd¼x a s�efs�e�s � � a pqz|e ¥ � sue �4��
 ��pqn�4��
��7l4��«?¦ a pqv a xTz£z|pqt�n\z
w£s�#�8��4��
4�o«?w a d�z|d�w�s�¥M#3j�8��4��
4�³z|y7v a w a xTw�# . AFC($ #3j9© 	 d�w&E4� �GF , }�d�w a d¢d���x�rqy�xTw£p¡sun-e�s � � a pqz£e
s�¥&*�©¼¿Od��\d'ÄBn\d��F*� , sT¥ *�pqn��4��
��7l4��}?{ ��F*� ,
� E �G� F , . <�� #@© `�a x�n\º?z�w|s `�a d�s � d�e ��©q��«
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��F*� , pqz2¦Xd�rqrB�\d'Ä�n7d��V© 	 d�w2y\z�z a sT¦ w a x�w&��F*� ,Opqz§x a s�efs�efs � � a pqz|e¹Ê\rqd�w��H8A*�©�Ë?pqn\v�d@*�pqz�w£d � e
tud�n\d � xTw|do�V«Bw a d � d�d�Â?pqz|w£z�x�t � s�y\n7��w|d � e1#Xz£y\v a w a x�w@E �G�GF , �$#�� . �B©�¿OdIs�}7w¤xTpqnVÊ

��F*� , ��24,���
� � . ��F*� , � 24, � E4� �GF$,�$#��
. ��F*� , � E4� �GF$,��2 �'#����
. <�� #'��2 �'#����
. 2�������� �
	 � <�� #'�$#��
. 2�������� �
	 � ��F*� , � E4� �GF$,�'#��
. 2�������� �
	 � ��F*� , ���
�

Ë=p¡n7v�d¢d���d � { a sue�sue�s � � a pqz|e;U�¥ � s�e *�w£s+�4��
��7l4��e-y7z|w�¥^y7rÅÄBr¡r�U � E �G�GF , . <�� #@«�w a d�n ��F*� ,
pqz�y\n\pq~?y\d�©
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����Í?ÑB�TÍ�� ���]\ X�µ-%�%=��¾°-¯2� �u¯/��,),V¯2�\° % 	|°'¶'�®\´u·¸¯Z·¸�® �� 7:l ��	|°������°'	+�*���-,¡°��/ �7°@®�p(u ��
 ��l4�i· �4��®
·¸®7·¸¯^· ��, ��, 3�°*�*	���· ®���F*�����(� ADC($ �<�
�¢�TÑcÑ��  u ��
��7l4�#p¡z�x�n¼pqn\pqw|p¸x�r�xTrqtud�} � x�pqn t������
��7l4��© `�a d�nV«up¡w�pqz�z|y"��vop¡don�w�w£s�z a sT¦�w a x�wKu ��
 ��l4�
pqzIxTn¹x�r¡tud�} � x�pqn ��F*�����(� ADC($ �o©

�Xu ��
���l �2p¡z��?pqz|pq}\rq{-pqn\pqw|p¸x�rMÊ }�{-�7d'Ä�n\pqw|pqsun5s�¥�x�n5pqn\�7y\v�w|pq�ud�w a d�s � d�em©
�Xu ��
���l �Ipqz�xTnms�}7z|d � ��xTw|pqsun�xTr�e�s?�\dor�s�¥ l-Ê 	 d�w�E � C ?1MDE) �21&. �,1 H � . #�x�vos�n\�\pqw£p¡sun�xTr
d�~?y�xTw£pqs�nmsT¥ l-© 	 d�w�� }�d-xft � suy\n\�mz|y\}7z|w|pqw£y\w|pqs�n �Oz£y\v a w a xTw�u���
��7l4�+5. AFC($ � 1 � . � 1 ��«
w a don'u ��
 ��l4��5. � 1 � . � 1 �Oz£p¡n7v�dS� 1 xTn7� � 1 x � d�s�}\z£d � ��x�}\rqd�© `�a don'u ��
 ��l4��5.e� � . #���«
z|pqn\v�d u ��
 ��l4�2pqzIx�n�� �2« � �M¨Mefs��7d�r9© � d � v�sun\z|do~�y7d�n?w@«�u ��
���l �@5. ADC($ � ��. #���©

`�a y\z;«
u ��
��7l4� 8 ��F*�����(� ADC($ �o©
�

����Í?ÑB�TÍ�� ��� � X�µ-%�%=��¾°O¯2� �u¯4��, ,I¯ �7° % 	|°'¶'�®\´u·¸¯^· �® �¹�7 l ��	|°¹�� ��°*	+�*���-,¡°��  �\°;® �4��
���l � 5 .
d · gh` 7��	 ��,), 3�	£�µ?®\´ ��µ
� ��¯Z·¸¯Zµ�¯Z·¸u® � �Ep · 7`m�2 �3! � F F \ �7l 5 . AFC($ � 1 � . F71 �2s ¯ �7°@®
m'#�U E !3E E,	
\���#�� y �7l 5 .'AFC($ � ji �N.YFZji �2s
�¢�TÑcÑ��  © `�a d�v�r¸xTy\z£dSd pqzI��xTrqpq��pqn��4��
��7l4�,p a�Ê2¥^s � x�r¡r���x�r¡yBxTw|pqsunAJ?«��4��
���l ��5.6� 1 J .eF 1 J?«B¥^s �
x�r¡r�\)8 » � +r+ <7½|«cw a d � d�d�Â?pqz|w£z�y 8 » �w+ + ��½|«��4��
��7l4�5.1�wji J�. FZji J?© Ã {Ov�s�n7z|w � y\v�w£p¡sun s�¥@�4��
��7l4��«
¦2d��\d��\y\vod5w a xTwi¥^s � x�r¡r2t � s�y\n7� z|y7}\z|w£p¡w£y\w|pqsun/��«�pÓ¥ �4��
���l �A5.K� 1 � .IF 1 ��«#¥^s � x�r¡r�\�8 » � + + <7½|«
w a d�n w a d � d5doÂ�pqz£w|z y 8 » �w+ + ��½�z|y7v a w a x�w+�4��
��7l4� 5 . � ji �:. F7ji ��©¹Ë?pqn\v�d�x�rqr�w a dfd�~?y�xTw£pqs�n\z¼x � d
t � s�y7n\�V«?pqwXpqz2d�~?y\pq��xTrqd�n?w2w|s�z¤x;{-w a xTw@Ê�pÓ¥/�q¥^s � x�r¡r�\£« �w1 �. AFC($�F71 � �³w a d�n �¸w a d � d�doÂ�pqz£w|z y¼z£y\v a w a xTw
� ji ��. ADC($ F7ji � ��© `�a y\z;«?p¡w2pqzXdo~�y7p¡��x�rqd�n?w�w|s�z¤x;{-w a xTw;Ê�pÅ¥�� ¥^s � xTrqr�\|« l 5 . ADC($ � 1 ��.xF71�� �2w a d�n�� w a d � d
d�Â?pqz|w£z�y¼z£y\v a w a xTw:l 5 .'AFC($�� ji ��.xF7ji � ��©
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¿Od�¦�pqr¡rVx�rqz|s��\d�n\suw|d��4��
���l �&5.5d }?{Sl 5 . ADC($ d-«?¦ a d � dVd pqz§x�vor x�y\z|du©

QBR98MQBS



���

�  #��/10�&2���o�-� ��&����¢" �I�

� y � �\y � ��suz|d¢pqn¼w a pqzXz£d�v�w|pqsun�pqz�w|sip¡n?w � s?�\y\v�d�w a d�pqn\t � d��\pqd�n?w|z�xTrqrqsT¦�pqn\tIy\z³w|s�� � sT��d¢xTn\�-�\pqz£� � sT�ud
}Bd a x;�?pqs�y � xTrB� � su��d � w|pqd�z;© `�a pqz�w¤x�z|º�xTefs�y\n?w£z�pqn-t�d�n\d � xTrcw£s¼v a dov¤º�xTnfp¡n=Ä�n\pqw|d�n?y\e-}Bd � sT¥Vt � s�y\n7�
¥^s � e-y\r¸x�zB¥^s � ��xTrqpq�\pqw9{?«'z|pqn\v�dIx�n¼pqn?Ä�n7p¡w£dXn?y\e-}Bd � sT¥cp¡n7z|w¤x�n\v�d�z2xTn\�-xTn�pqn?ÄBn\pqw|d2n�y7e-}�d � sT¥cv�s�n?w£d�Â?w|z
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Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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