
�>���G �A�/�, �?���H�@�y�R�j�R�N�N�3�e

�?�i�i�T�b�,�f�f�?���H�X�B�M�`�B���X�7�`�f�?���H�@�y�R�j�R�N�N�3�e

�a�m�#�K�B�i�i�2�/ �Q�M �k�j �J���v �k�y�R�e

�>���G �B�b �� �K�m�H�i�B�@�/�B�b�+�B�T�H�B�M���`�v �Q�T�2�M ���+�+�2�b�b
���`�+�?�B�p�2 �7�Q�` �i�?�2 �/�2�T�Q�b�B�i ���M�/ �/�B�b�b�2�K�B�M���i�B�Q�M �Q�7 �b�+�B�@
�2�M�i�B�}�+ �`�2�b�2���`�+�? �/�Q�+�m�K�2�M�i�b�- �r�?�2�i�?�2�` �i�?�2�v ���`�2 �T�m�#�@
�H�B�b�?�2�/ �Q�` �M�Q�i�X �h�?�2 �/�Q�+�m�K�2�M�i�b �K���v �+�Q�K�2 �7�`�Q�K
�i�2���+�?�B�M�; ���M�/ �`�2�b�2���`�+�? �B�M�b�i�B�i�m�i�B�Q�M�b �B�M �6�`���M�+�2 �Q�`
���#�`�Q���/�- �Q�` �7�`�Q�K �T�m�#�H�B�+ �Q�` �T�`�B�p���i�2 �`�2�b�2���`�+�? �+�2�M�i�2�`�b�X

�G�ö���`�+�?�B�p�2 �Q�m�p�2�`�i�2 �T�H�m�`�B�/�B�b�+�B�T�H�B�M���B�`�2�>���G�- �2�b�i
�/�2�b�i�B�M�û�2 ���m �/�û�T�¬�i �2�i �¨ �H�� �/�B�z�m�b�B�Q�M �/�2 �/�Q�+�m�K�2�M�i�b
�b�+�B�2�M�i�B�}�[�m�2�b �/�2 �M�B�p�2���m �`�2�+�?�2�`�+�?�2�- �T�m�#�H�B�û�b �Q�m �M�Q�M�-
�û�K���M���M�i �/�2�b �û�i���#�H�B�b�b�2�K�2�M�i�b �/�ö�2�M�b�2�B�;�M�2�K�2�M�i �2�i �/�2
�`�2�+�?�2�`�+�?�2 �7�`���M�Ï���B�b �Q�m �û�i�`���M�;�2�`�b�- �/�2�b �H���#�Q�`���i�Q�B�`�2�b
�T�m�#�H�B�+�b �Q�m �T�`�B�p�û�b�X

���M �1�p���H�m���i�B�Q�M �Q�7 �i�?�2 �.�B���a�m�B�i�2 �h�Q�Q�H�b�2�i �#�v �S�`�Q�7�2�b�b�B�Q�M���H
�.�2�p�2�H�Q�T�2�`�b

�J�B�H���M �E���#�€�Í�- �L�B�+ �o�Q�H���M�b�+�?�B�- �*�?���`�H�2�b �*�Q�M�b�2�H

�h�Q �+�B�i�2 �i�?�B�b �p�2�`�b�B�Q�M�,

�J�B�H���M �E���#�€�Í�- �L�B�+ �o�Q�H���M�b�+�?�B�- �*�?���`�H�2�b �*�Q�M�b�2�H�X ���M �1�p���H�m���i�B�Q�M �Q�7 �i�?�2 �.�B���a�m�B�i�2 �h�Q�Q�H�b�2�i �#�v �S�`�Q�7�2�b�@
�b�B�Q�M���H �.�2�p�2�H�Q�T�2�`�b�X ���*�J �a�A�:�S�G���L �+�Q�M�7�2�`�2�M�+�2 �Q�M �a�v�b�i�2�K�b�- �S�`�Q�;�`���K�K�B�M�;�- �G���M�;�m���;�2�b ���M�/ ���T�T�H�B�@
�+���i�B�Q�M�b�, �a�Q�7�i�r���`�2 �7�Q�` �>�m�K���M�B�i�v �U�a�S�G���a�>�V�- �P�+�i �k�y�R�8�- �S�B�i�i�b�#�m�`�;�?�- �S�2�M�M�b�v�H�p���M�B���- �l�M�B�i�2�/ �a�i���i�2�b�X
�I�?�i�i�T�,�f�f�k�y�R�8�X�b�T�H���b�?�+�Q�M�X�Q�`�;�=�X �I�?���H�@�y�R�j�R�N�N�3�e�=

https://hal.inria.fr/hal-01319986
https://hal.archives-ouvertes.fr


FF 00 �� AA�� ..@@�� ==++2200 22%%==)) "" �� ++�� �� @@++=="" �� 2222..99"" ==
�� DD�� 8822%%"" 9999++2200�� .. �� "" AA"" ..2244"" 8899

�� ++..�� 00 		 �� �� �� GG
�� )) 22"" 00++CC�� "" 99"" �� 88�� )) �� 8822@@44

��0088++�� �� 2288!! "" �� @@CC

�� )) �� 88.."" 99 �� 220099"" ..
�� )) 22"" 00++CC�� "" 99"" �� 88�� )) �� 8822@@44

��0088++�� �� 2288!! "" �� @@CC

� A� .@� =" =) " ." � 80+0( � 29=� 0! @9� � +.+=D2%=) " � +� � @+=" =22.*� � 9" !
� 4482� � ) ! " ! +� � =" ! =2 ! " A" .24+0( 9" 0928<� � =@� =28� 44.+� � =+2097

� 2� .

� � � � 
 � �

� +� � @+=" � 22.*� � 9" ! � " =) 2! 2.2( D

� " � ) 02.2( D� � .+! � =+20

� " 9+( 0" 89 � " 9=" 89 � " A" .24" 89

� 2/ 4+." 8

�/ 4." / " 0=� =+20 9@4428=

F44.+� � =+20
! " 9+( 0 � C" � @=+20 4.� =%28/ � � � - *" 0!

� 82( 8� / / +0( %8� / " B28-

� +/ @.� =+20 F44.+� � =+20

� C4" 8+/ " 0=� . � " 9@.=9

� 20=" C=

� 20� .@9+20 � " %" 8" 0� " 9
�3� � 7� " 8=8� 0 � 7� 8@0" � @ � 7� � 992@ � 7
 28+� 0= 
� 7� � ..� 0!  � 7� 209" .7� +� � @+=" � � � 22. � @+=" � 2
� " A" .24 � " 09" <� 2/ 4@=" <� 20=82. F44.+� � =+2097
� � +" 0� " 2%� 2/ 4@=" 8� 82( 8� / / +0(  ?E3?7

�?� � ) 2" 0+C=" � / 7
 � ," � =9 � 28.! 482," � =7
 0.+0"  
� � � " 99" ! 3E<&<?E3& ) ==4�<<4) 2" 0+C7+08+� 7%8<
8" 9" � 8� ) *482," � =9<2� ," � =9*B28.! 7

�>� � +( %2C� " =B28- 
 4" 8� =287
 0.+0"  � � � " 99" !
3' <#<?E3& ) ==4�<<9+( %2C7� 2/ <" 0<1$<� 200" � =" ! *
B28.! <9+( %2C*0" =B28- *24" 8� =287

� C4" 8+/ " 0=� . � A� .@� =+20

� C4" 8+/ " 0=� . � " =@4

� � " A2.A" 9 � 82@0! =) " � " 09" <� 2/ 4@=" <� 20=82. 5� � � 6� 8� ) +=" � =@8� . 4� ==" 80

� � �

�� ++�� �� 22..�� 0099�� )) ++
�� )) 22"" 00++CC�� "" 99"" �� 88�� )) �� 8822@@44

��0088++�� �� 2288!! "" �� @@CC

� � � � �� � � �

� � � � 
 � 	 �
� �� � 


� 
 � � � � 
 � �� �
� 
 � � � � � �

� � �� � � �

�� � � � � � �
2%� � �� � �

� F� � �� �� F� � �� 
 
 
 �
� 
 � � � F� �

� � � �� � � � �� � � F� 	

� � ) " " C4" 8+/ " 0= +0A2.A" ! %2@8 482%" 99+20� . 92%=B� 8" ! " A" .24" 89 B+=)
� � � - ( 82@0! +0 ! " A" .24/ " 0=2%�2� � 44.+� � =+209

� � ) " 
 � ," � =9 � 28.! 482," � = � +/ 9 � = � @+.! +0( � 9@9=� +0� � ." " � 29D9=" / 2%
�0=" 80" =*2%*� ) +0( 9 9=� - " ) 2.! " 89 � � 9" ! @420 =) " � +( %2C8� ! +2 0" =B28- �>�7

� � � � F� � �

� � � � 
 � 
 
 
 � �
� � � � � � � F� �
 �

� F� � � *
 �
� � � 
 � �F


� � � � 
 
 � � � � �
F� � �� � � � � �

� � � � � �
 � � F�� � � �� � � � � �� � �

� � � � � � � � � �� � � � ��

� � � � 
 
 � � � � � � F� 	
� � � � � � � � F� �
 �� � � � F
 �

� � � � � �
 � � F�� �


 	

� 
 
 �

; > : &

� � 8" .+/ +0� 8D" A+! " 0� " =) � =� +� � @+="
� � 0 � " =8� 09%" 88" ! =2 =) " �2� ! 2/ � +0

� � " " ! %28%@8=) " 8" C4" 8+/ " 0=9 20 �
9=� =+9=+� � ..D.� 8( " 8424@.� =+20

� � +� � @+=" +9 � � � 0! +! � =" %28
� 20=+0@2@9 +/ 482A" / " 0=

� � +/ 4." � 20=" C=9 ) " .4 B+=) =) "
+/ 4." / " 0=� =+20 � @=/ � D� 2/ 4.+� � ="
=" 9=+0(

�� � � � � � �

� � F� �
 �� �
� � � � � �� � � �

� � 
 � 
 � � � �
F� � 
 �� F� �
 �

� � � � 
 
 � � � � �

� � � � �� � � � � � � � � � � � 
 
 
 � �

� F
 �� F� �
 �




