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Unité de recherche INRIA Sophia-Antipolis

2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex (France)

Téléphone : (33) 93 65 77 77 – Télécopie : (33) 93 65 77 65



� 	 � � � ����	
��� ��� �>�%� ��� � ��	���� ������!"� � �#	 ���
� �����s� � 	
� � �

��� | ¶
	
� ¸ ¶ �
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]HMki7VXh��XMU������� TJi�M2^�M�K>MkhliwIL`7VX^JK>^©ILCEM�h\�_DG^JMkf��_D7DGd�DG`-M\�
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¬�V�TJi-DGY7T�CEM\�� ZV_`-F%DG`sTJi-M'h\� IU^J^ÅV_h(I8�²«�M\¬QTJDG`sV�TJMkCJI8TEV�]GM'^Jhli�M2K>M4¬bi�V_hji �XM8ILf-^2[¦VX` TJi-M
RSMk^ET�h8IL^JMU[GTJD�DH`��� 'DG`-Mb^�DU�XY7TEVXDH`¦���c`�^JDGK>Mbh(IL^JMk^#¬�M©ILCEM©ILR7�XMQTJD�Mk^ETlIUR���VX^Ji�I�RSDGY-`-f
DG`�TJi�M�K'I8¢�VXK�Y-K `ZY-K�ReMkC�DU�
CEM8I8�+^JDL�_Y7TEVXDG`-^�TJD4TJi7VX^bd�CEDHR7�XMkK��
� {��¦·�� ´�	�� |U� r%h8B#i-MkCE^JDG`'^ETJCEY7T2[�^JY�^JdeMk`-^ÅV_DG`'K>M2hjiwIL`7V_^�K$^k[��GVX`-MkK�I8TEVXh2^�K$D7f�M���VX`-F



����������	��

�� ��� �������������� � ������������ !��� �  "

# $ � ��� ��� � ����	 ���

%'&(% ) *,+.-/102/4365/ *'7 5/98�:<;>=@?A/B/C8 7 5/C8!D *,+ /1E + /B:F5/1E * 02?G8!; *'H
� Mk^�K:�Mkh8IL`7VX^JK>Mk^�f-M@^JY-^JdSMk`-^EVXDH`�ILY7TJDGK>DHR7V��XM©^�DH`GTQf-Mk^�K��Mkh(IU`�V_^JK>Mk^�Mk`�hjiwI(� �_`-Mk^��MkCEK:�MkM2^��I�Y-` f�M2FGCZ�M4f-M4��VXReMkCcT7�M>f-DG`GT@�_M4K>D7f¦�M\�_M>F��M2DGK:�M\TJCcV_WZY-M4Mk^ET�dwILCc��DUVX^@f7VJI�h\V��_M

�I �M\TlILR7��V_C��LK�M�K>D7f/�M\�XM�hkDH`�^EV_^ÅTJM��Isf��M\TJMkCEK4V_`�M2C4� IsdSDH^ETJY�CEM�f-Y"hkDHCEd�^ TJMkCEK4VX`wI
��f-Y
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�XhkY7���M2Mk^
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TEVXDH`4f-Mk^��MkWZYwI8�
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Tª 7deMk^�f-MQK��Mkh(IU`�V_^JK>M��I�Y�`$f�M2FGCZ�M�f-M���VXRSM2CcT7�M�Y7TEV���VX^lILR7�_Mk^#deDGY-C#Y-`-M�^�Y-^JdSM2`�^EV_DG`>IUY7TJDL�
K>DGR7V��XMU���ª� IgCEMk^ETJCEM\V_`GT�^JDG`:�M�TJY�f-M@IUY�¢$K:�Mkh8IL`7VX^JK>Mk^²`�M©hkDGK>deDGCcTlIU`GT�WZY-M�f-Mk^�IUCcTEVXhkY7�
� I
TEVXDG`-^�f-M�Tª 7deM�CEDLTJD�� �_f�M�MªP,OJ[�d-CcVX^JK'I
TEVXWZY-MFMªB OJ[�h� Z��V_`�f-CcV_WZY-MSM K OJ[LaEDLV_`GT�f-M�K�IUCEfwIL`
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M\T�CEDUTJY��_M M���OJ�-P�ILd-deM\�XDH`�^�WZY-M��ª�§ILCcTEV_hkY7� I
TEVXDG`$h\ Z��V_`-f�CcV_WZY-M�dSM2CEK>M\T�Y-`-M�TJCJIU`�^E��I8�
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� �5� � I�F��M2DGK:�M\TJCcV_M�f�Y$hkDGCEd-^
TJM2CEK4VX`wI8�wdeMkY7T��M\TJCEMQf��M\¡w`7VXMQd�IUC
�_Mk^
]HMkh\TJMkY-CE^ " � " � � MÃY-`VX`-f7VXhkM � f��M\¡w`7V�TQY-`�]HMkh\TJM2Y�C�f-DG`HT��_Mk^�hkDGK$dSDG^lIU`GTJMk^�^JDG`GT�M\¢�d-CcVXK:�MkM2^�fwIL`-^��XM©CEMkd/�MkCEMK>DGR7V��XMPOJ�
� I>dSDH^EV�TEVXDH`¤f-Y%hkDHCEd-^�TJMkCEK4V_`�I
��Mk^ET�f��M\¡w`7VXM4dwIUC��XM2^�hkD7DHCEf�DH`-`��M2Mk^�f-Y%deDLVX`HT����
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D+�Y � Mk^ET���I�K�I8TJCcVXh2M>f-M4CEDLTlI
TEVXDH`sdSMkCEK>M�TETlIL`GT�f¦�¨Ml¢-d�CcV_K>MkC@�XM2^@hkDGK>deDG^lIL`HTJMk^�f¦�¨Y-`
]GM2h\TJMkY-C�fwIL`-^��XM�CEMkd¦�MkCEM�f-M@CZ�M\�8�MkCEM2`�h2M��I d�IUCcTEVXCQf-M@hkMk^QhkDGK>deDG^lIL`HTJMk^�f�IU`-^��_M@CEMkd/�MkCEM
K>DGR7V��XMU� ] `�dSMkY7T©I8�XDHCE^��M2hkCcVXCEM Z
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TEVXDH`�^@MªnHt O
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��`�f-M�hkMk^�IL`-FU�XMk^/M2^ÅT hli-DLV_^ÅV�hkDGK$K>M#dwILCJIUK��M\TJCEM#¡�¢�M�M�T+�XMk^ ^EVX`ZY-^+M\T�hkDH^EVX`ZY-^+f-Mk^+f-MkY�¢
VX`-hkDH`�`�Y�M2^�CEMk^ETlIL`HTJMk^�^JDG`HT�TJCJIU`�^E��DHCEK��Mk^Qd�IUC�Y-`%hliwIL`-FGM2K>Mk`GTbf-M©]UIUCcV IUR��_M�^ÅV_K4V���I8V_CEM
�I�h2M\�XY7Vbd�C��M2^�M2`GT7�M%Mk` M�pG[§n OJ� ] `�DGR7TEVXM2`GT�I8�_DGCE^'f-MkY�¢ �M2WZYwI8TEVXDH`-^�I8�XF��MkR-CcVXWZY-Mk^'f-DH`GT
DG`'h(I
�XhkY7�_M��XMbCZ�Mk^JY���TlIL`GT�deDGY-C�DGR7TJMk`7V_C�Y�`'deDL�� 7` �DGK>M�K$DG`-DL�¥]UILCcV�ILR7�XMU� � I@CZ�Mk^JDL�XY7TEV_DG``ZY-K��MkCcV_WZY-M>f-M�hkM�dSDU�� 7` �DHK>M�`-DHY�^bdSMkCEK$M\TETJCJI�f¦��DGR7TJMk`7VXC��ª�¨Mk`-^JMkK�R7�XM�f�M2^�^JDL�XY7TEV_DG`-^
f-Y�K>D7f/�M\�_M>F��MkDHK��M\TJCcV_WZY-MU� �ª��`-M'`-DGY-^ I¤hkMkdeMk`-fwIL`GT�dwIL^s�M\T��M'deDG^J^EVXR7�XM'f¦�c�M�TlILR7��V_Cgh2M
CZ�Mk^JY7��TlIL`HT�dSDGY-C�Y-`-M�]UI8�_MkY-C�^Å �K�ReDL��V_WZY-M�f-Y�d�IUCJILK��M�TJCEM�¡�¢�M Z�DH`�Mk^ET�f-DG`-h�DGR7��VXF��Mbf-M
h(I8�_hkY7�XMkC��XM@C��M2^�Y7��TlIL`GT �I>hjiwIUWZY-M%�M\TlILdeMU�
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�XDHCE^�deDG^J^EVXR7�XM
f-M@h(I8�_hkY7�XMkC��_Mk^�h\VX`-W>�XDH`-FGY-MkY-CE^ � �+f-Mk^�^JMkFGK>M2`GTJ^2� ] `�DHR7TEVXMk`GTbI
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K��Mkh(IU`7VX^JK>M��XMk^�hZ�DLT��Mk^�f-Y4TJCcV IU`�FU�XM�� � � DG`GT²Y�`-M��XDH`�FHY-MkY-C
¡�¢²�MkMQM\T�dwIUC#hkDH`�^��MkW�Y�M2`GT
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dwILC � +���M\TQf-DG`GT��_M@CJI� HDG`�deMkY7T@�M�TJCEM�h(I8�_hkY7���M>�I�dwILCcTEVXC�f-Mk^��XDH`-FGY-MkY-CE^�f-Mk^�hZ�DLT��Mk^�f-Y
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ILY�hli�IU^J^ÅV_^ d�IUC+Y-`�M�IUCcTEVXhkY7��I8TEVXDH`�CEDLTJD�� �_f�MG�2B DGY-C+�XMk^ K��M2K>Mk^�CJI8VX^JDH`�^/�_M#TJCcV IU`-FL�XM � � �
dSMkY7T©�M\TJCEM@CEM2K>d7� ILhe�M�dwILC�Y-`�^JMkFGK>M2`GT � ! � � � Mk^�^JDU�XY7TEVXDH`�^�f-Y�K>D7f/�M\�_M�F��MkDHK��M\TJCcV_WZY-M
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«�DHY-^�I8���_DG`-^�K'I
VX`GTJMk`wIU`GT�hkDGY-deMkC��XM�K:�Mkh(IL`7V_^�K$M@ILY'deDLVX`HT�� � ] `'DGR7TEVXM2`GTbI8�XDHCE^

f-MkY�¢ºK��Mkh(IU`7VX^JK>Mk^[Z#�XM%^JMkFHK>Mk`GT�� � �'I8TETlILhli��M%dwILC>Y-`-M%CEDUTJY��_MsILY�deDLV_`GT �<M\T'�_M
K��Mkh(IU`7VX^JK>M � ��� � ! � � ! � (#`�CJI8V_^�DH`'f-M�� I�K>DGR7V���V�T��M�f-M�hliwILhkY-`�f-M�hkM2^�K:�Mkh(IL`7V_^�K$Mk^�XMk^QdSDUVX`GTJ^ � �+]HDG`GTbf��MkhkCcVXCEM�f-Mk^Q^JY�Cc�¥IUhkMk^QM\TQY-`�M�^JDL�_Y7TEVXDG`�f-Y¤K>D7f¦�M\�_M@F��MkDHK��M\TJCcV_WZY-M
^JMkCJI�DHR�TJM2`ZY-M��XDGCE^JWZY-M#�_Mk^ dSDUVX`GTJ^ � � +�� ! hkD�� �_`-h\VXf-MkCEDH`GT2� � �+^JM#TJCEDGY7]HM�^JY�C+Y-`-M�^Jd-i/�M2CEMI8�_DGCE^�WZY-M@�XM@K:�Mkh8IL`7VX^JK>M � � � � ! � � ! Mk^ETQR7VXMk`�hkDG`-`ZY�^JDGY-^��XM@`-DGK f-M � �#� � ���ª� I�M\T7�M�d-CEDGY7]��M�WZY-M�� ! ^JM�TJCEDHY�]HM�^�Y-C�Y-`-Mg^JY-Cc�¥ILh2M�I8�XF��MkR-CcVXWZY-M@f-M�f-MkFGC��M>p8u � o��¥[ � t �ª� (#`Y7TEV���V_^lIL`GT@�_M4TJi��MkDGC��MkK$M4f-M���M��kDHY�TgDG` dSMkY7T@f-DH`�h$f��MÅa(�I�IPI'CEK>MkC@WZY-M��¥�­V_`GTJMkCE^JMkh\TEV_DG`
f-M4hkMk^@f-MkY�¢s^�Y-Cc�¥IUhkMk^@I�Y-`sf�M2FGCZ�M>IUY%d7�XY-^ " n M�p8u(¢�n OJ� �GV��¥�¨DH`%¡�¢�M���I$]UI
�XMkY-C�f¦�¨Y-`dwILCJILK��M\TJCEM¤DH`"hji-MkCEhli-M%I
�XDGCE^��¥� VX`GTJMkCE^JMkh�TEVXDG`�f-M�hkM\TETJM�hkDGY-CERSM�Ik]GMkh�Y-`�d7� IL`®M\T>V��
Ml¢�V_^ÅTJM2CJI'ILY�d��_Y-^ " n4^JDL�XY7TEV_DG`-^2� (#`��¥I8V�TbhkM\TETJM�IU`wI8�� �^�M@deMkY7T��M�TJCEMgCJIPI'`��MkM@h(IUC²V�� Mk^ETdSDH^�^EV_R��_M�f-M@d-CEDGY7]GM2C�W�Y�M@dwIUCEK4V+hkMk^ " n�dSDUVX`GTJ^�V�� Mk`�M\¢�VX^ETJM>p(u�WZY7V ^JDG`GT�h2DGK>d7�XM\¢�Mk^M\T�^JM�TJCEDHY�]HM�^�Y-CQ�¥�¨DHK�R7V���VXh���Mk`¤hkDH`-^7�M2WZY-Mk`-hkM@V�� Ml¢�V_^ETJM4IUY�d7�XY-^4p8u4^JDL�_Y�TEV_DG`-^QCZ�MkM\���_Mk^
M\TbhkM�`�DHK�R-CEM�dSM2Y�T��M\TJCEM�I8TETJM�VX`GT �Áp2N �ª�
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