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Téléphone : (33) 87 20 35 00 – Télécopie : (33) 87 76 39 77
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pWr©hXyz_1_�ºL�;k¡rsimh;_��ÅyLw'q \ _�§ rspNq,q \ r©q,q \ _�p�lL_&%�p�im_�hLq�u � � n ~ lsÍ kmiu'o_ > � Ç')>L��ÀÌ©³/Í \ imp \Å\ lokj�Fu�§Hl ~
� m ó�ôsó�
sê�ïHó^õ4ñ$ð58$ïÏæsó�õsç�
síNëHñ�ð¸ê?8�í�ëÏç¸ïÏæ � �

øvø 
~���C�&���
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`Kl�uxq���r©qÀr uxq ~ t;p�q�t ~ _�u \ r Ø ijhFnÃrsh rskmno_�y ~ r©imp�n�_Nh;_ ~ r©qximh;n'§HtFh;p�qximlohXkmi('�_ Ø r ~ iml�tFu 'Limh;�;u1l©§bq ~ _�_�u4³
r©h;�Ãq \ _ ~ _?§Hl ~ _�q \ _1`�im�;�;km_�qx_ ~ `�u�imh q \ _1p�l�h Ø l�kmt;qximloh;ubr ~ _1ux`�rskmkm_ ~ q \ rsh'q \ _1lot;qx_ ~ q�_ ~ `KubyLwÃr
§ r©p�qxl ~ l©§�r©y�lot;q)Ç>L��?Ìs½�¾#hFl�q \ _ ~ pNl�h;p�kmt;u�iml�hÅimu,q \ rsq,imhXrskmk�q \;~ _N_�pWr©ux_�u�q \ _�rsp�pNt ~ r©p�wÅimu,y�_Nqxqx_ ~
q \ rshKq \ _�Í�l ~ u�qD¼DpWrsu�_�ls§ � $ a©kmn|Ç�noi Ø _�h1yLw }*~ lo��louximqximloh¨�;½¸aF½ [$\ _�kmijhF_Wr ~�~ _�p�t ~�~ _�hFp�_1_ Ø _Nh�n�i Ø _�u¯r
{Lt�r©uxi­¼ kmimh;_Wr ~ yz_ \ r Ø iml�t ~ ½
��-�Ñ;�"+Ï� � ��� � � ��0�[$\ _�§HlokmkjlsÍ$imh;n�q?rsy;km_#imh;�Fijp4rsqx_Nu�q \ _�� ~ lo��l ~ qximloh�ls§ ~ r©h;�;l�` no_�h;_ ~ rsqximloh;u$Í \ imp \~ _�{Lt;i ~ _�� pWrskmkmu,qxl �L�z_�p�i¡r©k ÆÏË�§Ïl ~ ux_ Ø _ ~ r©k�_Nº|�z_ ~ ij`K_�hLqxu�Í$imq \ q \ _�rskmn�l ~ imq \ `�tFuximh;nK»�l|r©qximh;n©¼ �zl�imhLq
imhLqx_ ~�Ø rskmuW³Fuxq�ijkmk×§Hl ~ P l�q�ª�'Lijh�q ~ _�_�u4½,²;l ~ uximª�_��Ch � §Hl ~ imh;u�qÀr©h;p�_�³^loh;kmw¨� ~ rsh;�;lo` no_�h;_ ~ rsq�ijloh;u�l Ø _ ~
��hGL�pWrskmkm_���q \ _��P��_�pNi r©kDÆHË�§Ït;h;p�q�ijloh/½

Ç �L�z_�p�i¡rskDÆÏË�pWrskmkmu
��h � �/8;�Ch�h�h�h�� h54 h�h�h;�
��h'� �18;��h�h�h�� h54 h�ho�
aC�o�Ch�� �W�18o°�h�h�� h54 h��©�
°C�o�Ch�� �s��8�a�h�h�� h54¸��a
��h � ��°%8;��h�h�� h54¸��°

$ q)r©�;�z_Wr ~ u,§ ~ l�`2q \ imu,q?rsy;km_1q \ rsq,q \ _�yzl�t;hF�Åls§#�1)�Ç � L Í \ ijp \ §HlokmkjlsÍ$u�§ ~ lo` }*~ l��/½v��½¸aKimu Ø _ ~ w
�z_�uxu�im`�imuxq�ijpo½ [$\ _,rsp�q�t�rsk×§ rsimkmt ~ _�� ~ loy�rsyFijkmimqDw�ux_�_�`Ku$qxl1yz_ \ r Ø _b{Lt�r©� ~ r©qximpWr©kjkmw1Í$imq \ Ç*½
��� �"+ÏÑ &��©Ò&0 [$\ _*§Ïl�kmkmlsÍ$ijhFn�qÀr©y;km_�pNl�`��zr ~ _Nu^q \ _�¾�¿�¶�`�_�q \ lL�bÍ$imq \ q \ _ P r©�;km_*ij`K�;km_�`�_Nh|q?rsq�ijloh
l©§#q \ _KuxqÀr©h;��r ~ � r©kmn�l ~ imq \ `�imhÅq \ _¨µ�l�`1yFuxq ~ t;p�q,�zrsp&'�rsno_ ®j�4�N±x³^§Hl ~ q \ _�n�_Nh;_ ~ r©qximl�hÅl©§ P l�q�ª�'Limh
q ~ _�_�u4½ [$\ _,p�lokjtF`�hjQxpNl�t;hLq
b1noi Ø _�u�q \ _
qxim`�_�Æ¡imh�u�_�p�l�hF�;u�l�h¨r©h � kmq ~ r1�L��r ~ p�`¨rsp \ imh;_4Ë ~ _�{Lt;i ~ _��
§Hl ~ q \ _#� ~ _�� ~ lLp�_�uxu�imh;n�³FÍ \ imkj_$q \ _�p�l�kmt;`Kh#Q�� ~ r4Í�b
q \ _�r Ø _ ~ rsn�_$q�im`�_�§Hl ~ l�h;_ ~ r©h;�;l�` no_�h;_ ~ rsqximloh
Æ l Ø _ ~ ��h�h
n�_�h;_ ~ rsq�iml�h;u?Ë�½ [$\ _b_Nh|q ~ wK«#¾ uxq?rsh;�Fu�§Hl ~ r,pNl�`��Ft;qximh;n,q�im`�_#n ~ _Wr©qx_ ~ q \ rsh�qDÍ�l \ l�t ~ uW½

Ç P rs�Fkj_ ��µ�l�`1yFuxq ~ t;p�q ¾b¿�¶ `�_�q \ lL�
p�l�tFh|q � ~ r4Í p�l�t;hLq � ~ r4Í

�Ch�h h 4 �%8�h 4 h©� h54 h�· h54 h��%8�h54 h�h h54 h�hoa
a�h�h �54¸�18�h54m� h54m�W· h54 h�·%8�h54 hF� h54 h�ho°
°�h�h �;� 8�h54 �|° h54¸��° h54¸°�°%8�h54 hF� h54 h;�4a
�Ch�h�h �;�W�%8�a 4 h a54¸��� a54¸�%8�h54 hoa h54 h�ao·
a�h�h�h ���|�o· 8�° 4 � �54¸� �54¸·%8�h54 h©� h54 h�°o�
°�h�h�h «#¾ 8o��° 4 ·�a �o�18�h54 h�· h54m�W�o�
��h�h�h�h «#¾ 8;�4��a °�·o� a�·oa18�h54m�W· h54 ���o�
²vimq Ç L�� � 8�Ç Ì�� L Ç L�� Ì Ç Ì�� , 8oÇ È	� Ì Ç È
�¸È

$ h�q \ _?QxpNl�t;hLq
b�p�lokjtF`�h/³oq \ _�q�ij`K_�u�loh�q \ _bkm_?§Ïq�Í�_ ~ _�loy;qÀr©ijhF_���Í$imq \ q \ _��;_ § rst;kmq�Ä�ÆHÇ^Ì4Ë�`K_�q \ lL�/³
r©h;��q \ loux_�l�h�q \ _ ~ imn \ q$Í$imq \ q \ _�kmijhF_Wr ~$~ _�p�t ~�~ _�h;pN_)p�lo`��;tFqx_���yLw1q \ _,e�§Ït;h���r©p&'�rsn�_1®m�W�N±x³;r §Hqx_ ~
qDwL�;imh;n�� ����
 �	�"�����G�"�����	�������$���������������$��imh P rs�;km_�½

þ
	vø/þ¡ü
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� � ����"$-40�(��N�1����������%Ã��� �K0���(/�*������(
$ h'q \ imu���rs�z_ ~ ³×Í�_ \ r Ø _
_�ºLqx_�h;�F_��Åqxl�p�_ ~ qxiND�_��'»zl|rsq�imh;ns¼D��loimh|q�p�lo`��;t;q?rsq�ijloh;u#q \ _��x�?�W�L�?���¡ 4��¢)� �
£m¤;¥4¦�§Hl ~ q \ _ ~ rshF�;l�` n�_�hF_ ~ r©qximl�h l©§��;_�p�lo`��zl�uÀr©y;km_�uxq ~ t;p�q�t ~ _�u4½ [$\ imu#_�ºLq�_�h;uximloh _�h�r©y;km_�u#loh;_,qxl
no_�h;_ ~ rsqx_�r©h l�y�� _�p�q�ls§�u�imª�_�Ç'imh {Lt�r©uxi­¼Dkjimh;_4r ~ _�ºL�z_�p�qx_N�Xqxim`K_�r©h;� u���rsp�_o³/r4§Hq�_ ~ r1� ~ _�� ~ l|pN_�uxu�ijhFn
l©§bqxim`K_¨Ä1ÆÏÇ^ÌÀÉ � ËN³¯r©h;� Ä�ÆHÇvÈxÉ � Ë�imhXq \ _�p�l�hLqx_Nº|q¹¼H§ ~ _�_ p4rsux_o½ [$\ imu1`�_�q \ lL�Ål�h;kmwÅim`�� ~ l Ø _�u
q \ _
r Ø _ ~ r©n�_?¼Dp�l�`K�;km_�ºLimqDw|½ [$\ _�Í�l ~ uxq¹¼ p4rsux_�p�l�`K�;km_�ºLimqDw ~ _�`¨r©imh;u*q \ _�uÀrs`K_¯r©u�q \ _#uxq?rsh;�zr ~ ��rskmn�l ~ imq \ `
Í$imq \ imhLqx_�no_ ~ r ~ imq \ `�_�q�imp�³;yzl�q \ imh'qxim`�_,rshF� ux��r©p�_�³*rsu�q \ _)u�qÀrshF��r ~ � r©kjnol ~ ijq \ ` iju�pWr©kmkj_N� Í \ _�h
q \ _,l�hF_bÍ$imq \ »zl|rsq�imh;ns¼D��loimh|q�r ~ imq \ `�_�q�imp$§ r©ijkmu4½$ hXr©�;�;imqximlohÃq�lÃq \ _�h;imp�_Kq \ _Nl ~ _NqximpWrsk$yzl�tFh;�;uW³*q \ _�hF_�Í�`�_Nq \ lL�Xrskmu�l¨yz_ \ r Ø _�u Ø _ ~ wÅÍ�_�kmk�imh
� ~ rsp�q�imp�_�³^rsu$u \ lsÍ$h�y|w1q \ _,_�ºL�z_ ~ im`K_�hLqÀrsk>Dzn�t ~ _�u$§ ~ l�` �P_�p�qximloh °F½
«�_ Ø _ ~ q \ _�km_�uxu4³$uxlo`�_1l��z_�h8{Lt;_�u�qximl�h;u�r©h;�X�Fk r©p�_�u�§Hl ~ im`K� ~ l Ø _�`�_�hLq�u ~ _�`¨r©imh/½ $ q1Í�lot;km�Åy�_

imhLqx_ ~ _�uxq�imh;n1qxl1rsh�r©kmw|ªN_#_�º;rspNqxkmw�q \ _#y;imq¹¼ p�lo`��;km_�ºLimqDw,l©§�q \ _bu�qÀr©h;��r ~ �¨r©kjnol ~ ijq \ `Ã½*Æ $ q$Í$ijkmkz�;_��z_�h;�
lohÃq \ _1ux�z_�p�iND�pWr©qximl�hv½ Ë ¾#h;loq \ _ ~ � ~ loy;km_�`�imu�q \ r©qbq \ _1uxq?rsh;�zr ~ �'»zl|rsq�imh;ns¼D��loimh|q$hLt;`1yz_ ~ ublohÃ�s�
y;imq�u�pWr©h;h;l�q1yz_�t;ux_N�8§Hl ~ k¡r ~ n�_�u�ijªN_�uW³$yz_�pWr©t;ux_'q \ _¨pNl|_�%�p�im_�hLqxu�y�_Np�l�`K_¨q�lLlÅy;imn�½ ¾��zl�uxu�imy;km_
u�l�kmt;qximloh¨q \ rsq$Í�l�tFkj��yz_�ijhLq�_ ~ _�u�qximh;nKqxl1uxq�t;�;w�imu$q \ _�§Hl�kmkmlsÍ$imh;n�½ $ h;uxq�_Wrs� ls§�pNl�`��Ft;qximh;n
»�l|r©qximh;n©¼
�zl�imhLq�rs�F� ~ lsºLim`¨r©qximl�h;uz§Ïl ~ q \ _#p�lL_&%�pNij_Nh|q�u�0.243 �^³suxq�l ~ _#q \ _ Ø rskmt;_NuJ0.2K3 �58�� �2 Í \ _ ~ _��42bimu�q \ _ ~ rs�;imt;u
l©§¯p�loh Ø _ ~ n�_�h;pN_�§ ~ lo`�q \ _)no_�h;_ ~ rsqximh;nK§HtFh;p�qximloh r©uxuxlLp�i¡r©qx_��Åq�l¨q \ _:?Lq \ h;l�hLq�_ ~ `KijhzrskD½ $ h'uxtFp \ r
Í$r4w|³Lloh;kmw1q \ _��zl�kmwLh;l�`Ki¡rsk;��r ~ q�cÂÍ \ imp \ imu$`1t;p \ ux`¨r©kmkj_ ~ cÂÍ�l�t;km�Ky�_,u�qxl ~ _��/½
«�lsÍ�q \ _ im`��zl ~ q?rshLq,�zl�imhLqxu�ÆHr©q1kj_4rsuxq�§Ïl ~ t;u?Ë�Beg#lsÍ qxl'�;_�u�imn�h rsh8l�hP¼ kmimh;_ Ø _ ~ u�iml�h8ls§�q \ _

r©kjnol ~ ijq \ `�t;u�ijhFn1»�lLrsqximh;n©¼ �zl�imhLqbr ~ imq \ `�_�q�ijpNu�� $ hÃq \ _)pNl�hLqx_�ºLq¹¼H§ ~ _�_�p4rsux_o³ \ lsÍ q�l�p�l�`K�;t;qx_
q \ _
Æ uxim`��;km_�u�qÀË ~ _Np�t ~x~ _�h;p�_Nu$§Hl ~ q \ _$pNl|_�%�p�im_�hLqxu�_&%�p�im_�hLqxkmw�§ ~ l�` q \ _�n ~ r©`�`�r ~ � $ h)q \ _$n�_Nh;_ ~ r©k�p4rsux_o³
�;lL_�u�r ~ _�p�t ~�~ _�hFp�_1kmiu'o_#q \ rsq�§Hlot;h;��yLw��*t;km_ ~ §Hl ~ ��r ~ qximqximloh�hLt;`1yz_ ~ u�_�ºLimuxq�§Hl ~ rskmk��F_�p�l�`K��louÀr©y;km_
u�q ~ tFp�qxt ~ _�u��eg�lsÍ qxl1not;_�u�ubrshF�¨� ~ l Ø _�u�t;p \ r ~ _�p�t ~�~ _�hFp�_��
�K�
	Z&�ÕFÔ �ÏÑ;Ö 
zÑ �ÅÑB&/��0 ¬Å_ q \ r©h�' � r©t ~ _Nh|q ¾#kml�h;u�l §Hl ~ n�i Ø ijhFnXt;u�q \ _Ål ~ imnoijhzrsk#im�;_4rXq�l8t;ux_
»�lLrsq�ijhFns¼D��loijhLq�r ~ imq \ `�_�q�imp�³ }*\ imkmij�F��_)²vk¡r��?lokm_�qbr©h;���o_WrshP¼¹e�tFw } _�h�rstF� §Hl ~ q \ _�i ~ rspNqxi Ø _�uxt;�F��l ~ q
�;t ~ imh;n1q \ _ ~ _���r©p�qximl�h ls§�q \ imu$��rs�z_ ~ ½


������$	�����"$��(

®j� ±�
3/ 4��=8�4������ � h;i­§Hl ~ `!n�_�hF_ ~ r©qximl�h ls§�r P loqxª�'LimhXÍ�l ~ �/½ S^¤;�?¥o�x�4£H�¡�&������¥o¢�
^�|£\aR���4�ya �����
Æx�W�o�s�LË�³L°�a����P°o���;½

® a ±�
3/ 4��=8�4������������105����! "� #$������,��&%('<2�)=4 9.9��*�+�s¾ kmijhF_Wr ~ ¼ q�ij`K_/rskmn�l ~ imq \ `8§Hl ~ q \ _�no_�h;_ ~ rsqximloh
ls§�q ~ _�_NuW½��R� � ¥���� £j¤F¢)�¡�&� �!, Æx�W�o���oË�³^�W�oa
�^�W·�aF½

® � ±�
3:��=4 /-%���./�10���� ,��&%2'�/�1�1�-3� *4�1�+� � h;i­§Hl ~ ` ~ r©h;�;l�` n�_Nh;_ ~ r©qximl�h ls§�y�rsk¡r©h;p�_��'��r ~ _�hL¼
q \ _�u�imu$uxq ~ imh;n�u4½V���65 Sz�Y� � ��a � ��¥ � �
�o¢ a'�=� ��� a~�<[4��£\a87|³/�1Æ9�|r©h/½^�W�o·�h�ËN³^�Waoa
� �4a�·F½

® �©± �:).,.:��80��&;<�9� �31!%6%{1<8=�">?�8@?�9� � 4����.1�9�� �?�3A/���3�=1<4��6B��C0��8�����{*j4��.,&B{,�����*4�D0����
,��&%4; , 9.9��"'3� *4�E5E�&
>�j�GF6HD�`� ��� � � � �3�������4�x� � �?��5#� � � �G�m½��L� ~ imh;n�_ ~ ¼ ´Î_ ~ k¡rsnz³^�W�o�;��½

øvø 
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® ° ± .7,<;.5R,=8 � * ���H,��&% *#;./�/�1�:��  "� #)*4� � � ���j�¡£ ��Å¦��N� �&���j�4���­�Ã���L�'¥��x¦o� � �o£H�4�L��a(F;�4�?�Ã¦��N�
�����¡£m¤;¢ ��4£H� �4�L���`
<�m���~c~�����m����� P rsu�uxloh/³/�4�����F½

® � ± .^1����\8�13�*
?�oe'g_�h$g_ ~ r©qximl�h,rsk4g_Wr©qxloi ~ _*_�q/t;hFi §Ïl ~ `K_^�;_�`Kl�qxuz�;_�k¡r©h;n|r©n�_�u ~ rsqximloh;h;_�kmuW½.S^¤F�À¥o�x�4£H� �W���
��¥�¢�
 �L£H�4�R���4�¡� � �À� ���	�o³/��Æx�W�o���oË�³L�|���P�o�;½

® � ±�
~/�,��C4 /�1�9���
 ������� 575710:.57,�������
 ����,��&% �7;.9=8�105+�10���� �$¾ pWrskmp�tFkjtFubl©§ ~ rshF�;l�` n�_�hF_?¼~ rsq�iml�h=B � h;k¡r©y�_�kmkm_���uxq ~ t;pNqxt ~ _�uW½ $ h�� ~ _N��r ~ rsqximloh/½
® · ±�
~/�,��C4 /�1�9���
 �9�����y575R1�:.57,�������
 ���0,��&% �7;.9=8)1�5+�D0����?�z¾8pWr©kmp�t;kmt;u*§Hl ~ q \ _ ~ rshF�;l�` n�_?¼
h;_ ~ r©qximl�h1l©§ k¡r©y�_�kmkm_���p�l�`1yFijhzrsqxl ~ i¡rskouxq ~ t;p�q�t ~ _NuW½3S^¤;�?¥o�x�4£H�¡�&���6��¥�¢�
 �L£\a>���W� a �
� 7|³^� ¼¹a�Æx�4���©�|Ë�³
� �P�o°;½

® � ± � 4./-%��U;.:.5 �{*4� � rshF�;l�` no_�h;_ ~ rsqximloh1ls§^Í�l ~ �;u�imh1rsh1rskmn�_Ny ~ r©ijp�k¡rsh;not�rsno_�imh�kmijhF_Wr ~ y;imh�r ~ w
ux��r©p�_�½ �&� ��a � ��¥W�?�N�À��aD�v�4£H£\a�� � Æ��W�o��°�ËN³|aoa����Pa��o�;½

®m�Ch ± A���2��{1=�����+��� ,��&% �^4&).1����1 3� � h;i­§Hl ~ ` ~ rshF�;l�` n�_�hF_ ~ r©qximl�h l©§�uxq ~ imh;n�u�ijh r�p�lohLqx_�ºLqD¼Ï§ ~ _�_
k r©h;n�tzrsn�_o½~� � �:5�� aE��¥�¢�
 �L£�a �
7|³F� Æ¡«�l Ø ½^�4��·o��Ë�³L�s�L°
�;��°�°F½

®m��� ± $ �����8u�qÀrshF��r ~ ��§Hl ~ y;imh�r ~ w1»�lLrsq�ijhFns¼D��loijhLq$r ~ ijq \ `�_Nqximp�½ [ _�p \ ½ � _��/½F¾#«�� $ ¼ $ �Î���<�PqÀrshF��r ~ �
��°s�©¼ �4��·o°;³�«�_�Í���l ~ '^³L�W�o·�°F½|r©�;� ~ l Ø _�� P r ~ p \ a;�o³L�W��·o°�B $ �����Å�PqÀrshF��r ~ �;u�K�lLr ~ �v³�rs�;� ~ l Ø _N�
��t;kmw�a��F³^�W�o·�°�Bv¾#`K_ ~ impWr©h�«�rsqximloh�rsk/�Lq?rsh;�zr ~ �Fu $ h;uxq�ijq�t;qx_o³/�W·��zrsn�_NuW½

®m�Wa ± >3,����.,�����'3�9�1' �U1�1!%������������{,��&% *#,&).,��.1 ����'3��µ�l�tFh|q�imh;n�r©h;� ~ r©h;�;l�` n�_Nh;_ ~ r©qximl�h�l©§
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Unit é de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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