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� b7£RrtT�` h T k�T pg^sd~dIb7p�`¸T�f�` h T ����c���pg^%]�Y_faT�p;^s\ k8^%f h�� \~cRT cRb7pjS	T
 E¢ dAb7c h ��p���T k�T�p�`�^%Y[c~f�p���fj\n][`g^%`gfxb7£R`gT�c>\~f�dIb7\~p�] � ^sd~d~pab8mnY[S�^%`jY[b7c pj^%`jY[b7c~cRT�]�]_T T+`
] � ^sd~d~pab8mnY[S�^%`jY[b7c ^sc�^�][i>`jY[«>\~TqT�c�c~b7paS	T   ¢ ¬��<T�f
p���fj\n][`g^%`gf
f � ^sd~dn][Y[«>\~T�c�`��<] � Y h T�c�`jY�¥�k8^�`jY[b7c
h T�f¸�Mb7c~k+`jY[b7c~f h T¡`jpg^sc~f��MT�p�` h T faiZfa`jQ�S	T�f ][Y[c���^%Y_paT�f §3f�`�^%`aY_b7cRc�^%Y[pjT�f¸T+`;k8^s\~fj^s\nm~ª
fa`�^%£R]_T�f�¶��ed�^sp�`jY[p h T h b7c~c���T�f�fj\~p�\~cRT�£�^%c h T h T��Mp���«Z\RT�c~k�Ts¬
� ´ �9� ± ��� � � Y h T�c>`aY[¥~k8^%`aY_b7c �Mp���«>\~T�c�`jY[T�]�]_T%¶�T�fjd�^%k�T�f h T · ^sp h i dAbsc h ��p���f�¶&d~pjb%º
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XZ`�^s£nY[]�Y[`zi�d~pab7dIT�pa`aY_T�fvbs�"][Y[c~T8^%plf�`�^%`aY_b7c~^spai�k8^%\~fg^%]�f�inf�`gT�S�f�^%pjT pjT�]_^%`jT h `jb�`jO~T��5^sk+`
`gO�^%`v`gO~T+Y_p `jpg^sc~f��MT�pv�M\Rc~k�`aY_b7cRf�£AT+]_b7cR��`jb fjb7S	T · ^sp h i¯fjd�^%k�T�f�¬#"�b7p h Y_fak�paT�`gTe`aY_S	T
faY[c~�s][T©¨>Y[c~d~\R`%$WfaY[c~�s][T©¨>b7\R`gdR\R`�fa`gp�Y_k+`j]�i�k8^s\Rfg^%]
f�inf�`gT�S�f�¶�`gO~T�fjT · ^sp h i fjd~^sk�T ^spaT `gb
£AT h T+¥�c~T h Y_c `jO~T��Mpg^sS	T��*b7pa� bs�1`jO~T h Y[fj��^sf&�Mbs]�]_bJ��f�¬*NPORT fad�^sk�T'&�)(* Y[f�`jO~T�fjd�^%k�Tbs�l�M\Rc~k�`aY_b7cRf�^%c�^%]�iZ`aY_k�b7\n`gfaY h T `gORT�k+]_bsfjT h \~cRY�` h Y[fj�/¶*�%^scRY[fjOnY_c~� ^%`eY[cR¥�cRY�`zi7¶<^sc h
fg^%`aY_f�� iZY[c~�	`gO~T��7pabJ�&`gO�k�b7c h Y[`aY_b7c,+
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NPO~TP�%^%]_\RTPbs� X Y[f"][Y[c~�%T h `gbv`jO~TPfa`g^s£RY�][Y�`ziWdRpjb7dIT�p�`jY[T�f fg^�`jY[fa¥�T h £�i�`gO~TPf�iZfa`gT�S \~c h T�p
k�b7c~f�Y h T�pg^�`jY[b7c¦¶~`gORT k�ORbsY_k�T�f Xgd 
 ^%c h X)deO £IT�Y[c~��b%�"d�^%pa`jY[k�\n]»^sp&Y[c�`gT�paT�f�`8¬h T�^spjT�k�b7cRk�T�pac~T h ORT�pjT��&Y[`jO `gORT · Y[][£AT�pa`,k8^sfaT���O~T�pjT Xid 
 �Mb7p���ORY[k�O `gO~Tj&� ¢*c~b7pjS bs��`gORT�`gpg^%c~fa�MT�pW�M\~c~k�`aY_bsc Y[feT�«>\�^�]P`gb�`jO~T�Y_cRd~\R`�¨>b7\R`gdR\R`	��^%Y[c¡T�Y�`gO~T�pW�Mpjb7Sk5¢ @mlnI Y[c�`gb kCo @ml\I b7p �Mpjb7S k 3 @mlnI Y_c�`gb k5¢ @Cl4Iqp b7c `gO~T�f�`gbZk�O�^sf�`jY[k�O�^sc h ¨ZfaY h Ts¶¹Y�`,Y[f^%]_fab	T�«>\�^%]
`gbe`jO~T�b7\R`gdR\R`��s^%paY_^sc~k�T��Mb7p�^W��ORY�`gT�c~b%Y_faT Y[c~d~\R`�§5fjT�T�T%¬ �~¬=r �7s�t»ª+¬
NPO~T�^sd~d~pabJmZY[S�^%`jY[b7c¸Y_fafj\~T�f,^%d~d~pjb7^sk�O~T h Y[c `jORY[f�d�^sdIT�p�^spaTeS�^�Y_cR]�i¸S	bs`aY[�%^%`jT h £�i
`gO~T	�Mbs]�]_bJ�&Y[c~�x`ziZdRY[k8^%]q�MpaT�«>\~T�cRk�i h b7S�^%Y[c Y h T�c�`jY�¥�k�^%`jY[b7c dRpjb7£R][T�S �Mb7p�f�inf�`gT�S�fW^sf
^s£AbJ�sTs¬"/bsp�^sc�\~c~�>c~bJ��cu&� ¢* `gpj^sc~fa�MT�p&�M\~c~k�`aY_bsc¦¶/^sfjfa\~S	T `jO�^%`��*T,^spaT�b7cR]�i �sY��7T�cxfjb7S	T�bs�Y[`jf	§3dIb7fjf�Y_£R]�i¸c~b%Y_f�i~ª dIbsY[c>`z�&Y[fjT	�%^%][\~T�f ^%` �MpaT�«>\~T�c~k�Y[T�f�£AT+]_b7cR�sY_cR��`jb�^ faiZS	S�T+`gp�Y_k
fj\~£~faT�`wv bs��x
¶Zk�b7pjpaT�fadAb7c h Y_cR� `jb `jO~Tl£~^sc h �&Y h `gO�bs�I`gO~Tl^sfjfabnk+Y»^�`gT h faiZfa`jT�S�¬*Xn\~k�O
S�T�^sfj\RpjT�S	T�c>`jf�S�^8i�£ITeb7£R`g^%Y[c~T h \~f�Y_c~��O�^spaS	b7cRY[kWY h T�c�`jY�¥�k8^%`aY_bsc d~pabnk�T h \RpjT�f�¬,wzc
b7p h T�pP`gbWY h T�c�`aY[� i `jO~T�\~c~�>c~bJ��c¯f�iZfa`gT�S�¶/�*T��P^%c>`&`jbe¥�c h ^epg^%`aY_b7c~^%]y&� ¢* �M\~cRk�`jY[b7cbs�"£Ib7\~c h T h u¯^sk�¨Ru�Y�][]_^sc h T��7paT�T�^sk�k�b7\~c�`jY[c~�	�<T+][]�T�c~b7\~�7O��Mb7pP`jO~T�faT h ^�`�^R¬

y dRpjT�]�Y[S	Y[c�^sp�i Y_c�`jT�pjdIbs]_^%`jY[b7c�fa`jT�d�S,\~f�`v£IT�dAT�pa�Mb7paS�T h ��OnY_k�Oxk�b7c~f�Y_f�`gf�Y_c��7T�`a`jY[c~�
^sc Y[c�`gT�padAb%]»^sc�`�zZ{  q¢ @ v I �Mb7p�`gO~T��sY[�sT�c T©mndAT�paY[S�T�c�`�^%]&dIbsY[c�`z�&Y_faT h ^%`g^R¬ w �&�M\~p�º`gO~T�p Y[cR�Mb7paS�^�`jY[b7c;Y[f�^J�%^%Y�]_^s£R][T�k�b7c~k�T�pjcRY[c~��`gO~T�£AT�O�^8�>Y_b7\Rp,bs�*`gO~T	faiZf�`gT�S b7\R`jfaY h T
`gO~T £�^%c h �&Y h `gO¦¶EY[`	S�\~fa`�^%][fjb £IT �sY��7T�c £�i ^¯�M\~c~k+`jY[b7c}|~{  q¢ @���I ¶ � d x���v
§5Y��<c~b%`gORY[c~��Y_f��>c~bJ��c¦¶�b7c~T	k8^sc `�^%�sT�| dj� ª+¬	NPORT�c¦¶�b7\~p Y h T�c�`aY[¥�k�^%`jY[b7c d~pjb7£n]_T�S
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bs��`gORT \Rc~�sbJ��c¯f�iZfa`gT�S�¬

@ �O� I y pg^%`aY_bsc�^%] ^%d~d~pjb8mZY[S�^�`jY[b7c d~pjb7£n]_T�S�§3S	b h T�] bsp h T�p�pjT h \~k�`aY_b7c f�`�^s�7T8ªvpjT+]»^%`jT h
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 T�£IT�fj�s\~T�S�T�^sfj\RpjTs¶�`jO~T�faT Y[fjfa\~T�flO�^8�7T
^%]_paT8^ h i!£IT�T�c h T�T�dR][i fa`g\ h Y_T h ^sc h ^%][�7b7p�Y[`jO~S	f ^spaT¸^8�s^�Y[]_^s£R][T¯Y[c b7p h T�p `gb £~\RY�] h
`gO~T+Y_p&fabs]_\n`jY[b7c~f�¶�faT�T�r ��t ¶ r ��t²�Mb7p @ � I ^sc h r UWt ¶ r s�t²�Mb7p @ ��� I ¬E{�\Rp�^%Y_S O~T�paT�Y_fP`jb�f�`g\ h i^sc�^%][b7�7b7\RfE�*T�Y[�7O�`gT h d~pjb7£n]_T�S�fP^sc h S�^%Y[cR]�i�`jb,�7T�c~T�pj^%]�Y_��Tv`gO~Tlk�b7papjT�fjdIb7c h Y[c~�WpaT�fjb�º
]_\R`aY_bsc ^%][�7b7p�Y[`jO~S	f�¬�wzc bs`jO~T�p�`jT�pjS	f�¶��*T��<^sc�` `gb�fjT�`�\~d ^�f�Y_SeY�]»^%p�Y h T�c>`aY[¥~k8^%`aY_b7c
d~pjbZk�T h \~pjTW`jO�^%`�k�^sc £AT,\~fjT h ��O~T�c¸`gO~Te\~cnY[`�k+Y_pak�][TeY_f�T�c h bJ�<T h �&Y�`gO fab7S	TW¥�cRY�`gT
dAb7f�Y[`aY[�sTWS	T8^sfa\~pjT=_¹¬vNPOnY_f�S�^s�%T�f faT�c~faTW�Mb7plS	T�^sfj\~paT�fB_ fj\~k�O¸`gO~^%`l`jO~TWfad�^sk�T�f bs�
fj«>\�^spaT©¨Zfa\~S	S�^%£R]_T��M\~c~k+`jY[b7c~fW�&Y�`gO pjT�fjdIT�k�`e`jb`_G^sc h `gb¸`jO~T 
 T�£IT�fj�s\~T�S�T�^sfj\RpjT
k�bsY[c~k�Y h T%¶Efad�^sk�T T�«>\�^%]�Y[`zi �Mb7p���OnY_k�O¡�*T��&Y[]�]&d~pab9�>Y h T ^�c~T�k�T�fjfg^%pai ^sc h fj\6a�k�Y[T�c�`
k�b7c h Y[`aY_b7c¸Y[c fjT�k+`jY[b7c;�R¶$£IT��Mb7paTWfjbs]��>Y_cR���Mbsp @ � I ^sc h @ ��� I Y[c¸fjT�k+`jY[b7c~f U�^sc h �n¶¦paT�ftºdAT�k�`jY��7T+][is¬

wzc�`jO~T�k�]_^sfjf�Y_k�^%]/fa`jbnk�O�^%fa`jY[k��Mpg^sS	T��*b7pa�I¶>`gOnY_f `ziZdAT�bs�I�*T�Y[�7O�`gT h ^sd~d~pabJmZY[S�^%`jY[b7c�d~pjb%º
£R]_T�S	f&k�b7S	T�\~d���O~T�cxSeY[cRY[S	Y[��Y[c~�e`gORT �s^%paY_^sc~k�Tvbs�
`gO~T bs\R`gd~\n`&T�papjb7pP£IT�`z�*T�T�c�`jO~T
fjT8^%pjk�O~T h S�b h T+]¹^sc h `gO~TBbz`jpj\~T�faiZfa`jT�Sdc�¶I`gO~T�«Z\~^sc�`jY�`zi K _Ve K[f £IT�Y[c~� `gORT,fjdIT�k+`gpj^%]
h T�c~f�Y[`zi;bs�*`gO~T�c~bsY[fai¸Y[c~d~\n`�§M��O~T�c;`gORY[f Y[c~d~\n`�Y[f,^ ��ORY�`gT�c~bsY[fjT%¶1`gORT�cg_ dhf ¶1^sf
^%]_paT8^ h i�S	T�c�`jY[b7c~cRT h ª©¬PXn\Rk�O¯^W�*T�Y[�7O�`jY[c~��_ S�^8i�^%][fjb	£IT�d~pjT�fjT�c�`�Y_c `jO~T�k�p�Y[`jT�paY[b7c
��O~T�c�b7c~T�d~\~pafj\~T�fv^%c�Y h T�c�`aY[¥�k�^%`jY[b7cxd~pjbZk�T h \~pjT��&Y�`gO�`gO~T�d~\RpjdIb7fjT�bs� h T�f�Y_�7cnY_c~��^
k�b7c�`gpabs]�]_T�p�¶$Y_c¸��ORY[k�O k�^sfjTH_ pjT�d~pjT�fjT�c>`jf�`jO~T	k�b7c�`gpabs] dIT�p��Mb7pjS�^sc~k�T	k�paY�`gT�paY[b7c¦¬�uxb�º
pjT�bJ�sT�p�¶¹`jO~T�faT��<T+Y_�sO>`jT h  q¢ k�p�Y[`jT�paY_^�S�^8i ^sp�Y_faT Y[c¡k�b7c�`gpabs]*d~pjb7£n]_T�S�f�¶ ��O~T�c¡k�b7SWº
d~\R`jY[c~�ef�`�^s£R][T b7dn`jY[S�^�]¦k�bsc>`jpjbs]�][T�pjf<\~c h T�p&fjb7S	T d�^%pg^sS	T�`jpaY[�8^%`aY_bsc¦¶n�Mb7p*T+mR^sS	dR][Ts¬Ew `
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Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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