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[�\%]^`_a^cb�d egf^Qhi^`jUk)lm^Qn-h'oMhin ]^`_
^Qh

p3q�r?s ^Qn7t�uwv
e�j?vXv rMq n�uX^ q ^Qx \ ^ q x \ ^zy8{)|U}U~U��d*�)^`v)n'^`_
� q ^mb`}?}U�+d b`|;vXjT�U^Qh

���W�Q�`���w�T�U���c� x`jUk)h�jT� rMq uX^ q�� y)� � haj�x r _;_
kXy � x`jTn ��r y�jU�)hin q jTxQn ��r y�uX^Qh � �My)^Qu�� r)q u � h'n q�� �Xk)n'^Qu�j?vXv)� � x`jTn ��r y)h
� \)r h'^c_a^Qh'h�jT�U^Qh;� ����\ j`�?^ n r �X^
uX^Q� � �U^ q ^Qu jTxQx r)q u � y)��n r x`j?k)h�jT� rMq uX^ q�� y)�¡jUy)u�� ���¢�8\ j��U^
j;� � _ � n'^Qu�� � �F^Qn � _
^
j£�An'^ q � \)� x \ n \ ^ ��q uwjTn�jgx`j?y�y r � r y)�U^ q �¤^¥k)hi^Qu �Uo¦n \ ^gjUvXv)� � x`j§n ��r y%¨�©�lXjU_;v)��^ r ��h�k)x \ jUvXv)� � x`jTn ��r y)h;j q ^Uª
«
¬)­�®F¯°«
±.²U¯°³µ´�±�³U­·¶�®F¯°«
±;¸.¹U­Y­�³)º'¹U´�³U®F¯Y»`±H³.¼U¼/­�¯Y¸�³U®F¯Y¹U½¤¾�jUy)u¦¿M´�¹U¬À¼/Á�³U´�±m´�±.³U­·¶Â®F¯Y«
±;³.¼U¼/­�¯Y¸�³?®F¯°¹U½¤¾�¨�Ã rMq h.k)x \ jUvXv)� �·�
x`j§n ��r y)h`Ä)n \ ^8� q�r jTuXx`jThin � y)� r � � y?� rMq _;j§n ��r y � h r �Åv q�� _;j q o � _Hv rMq n.jUy)xQ^U¨3ÆÇygn \)� h�vXjUv¤^ q Ä)�7^Èv q�r v r h'^8jÉh � _;v)��^
j?y)uÊ^.Ëgx � ^`y?n �c� x`jUk)h�jT� rMq uX^ q�� y)�¦v q�r n r x r � � y�n \ ^
x r yUni^QlMn r �Ì� qÍr jTuXx`jTh'n8x r _;_
kXy � x`j§n ��r y%¨cÎÏoµn�jUÐ � y)� � yUn r
j§xQx r kXyUn8n q jUy)h � n � �U^
uX^`vX^`y)uX^`y)x � ^�h r y¦_
^Qh'h�j§�U^
h'^`y)uXh`Ä�n \)� h
jT��� rMq�� n \ _��?^Qn'h jgh � �My �·Ñ x`jUy?n q ^Quwk)xQn ��r y � y¦n \ ^
x r yUn qÍr � � y?� rMq _HjTn ��r y�v � �U�UoX�XjTxQÐT^Qu r y¡j?vXv)� � x`jTn ��r y¡_
^Qh'h.jT�U^Qh`ÄXx r _;vXj q ^Qu�n r v q ^Q� ��r k)h�jT��� rMq�� n \ _
h�¨
Ò�ÓMÔ�ÕÂÖ
×%�£ØW�U� u � h'n q�� �Xk)n'^Qu¦x r _;vXk)n � y)��ÄXx`jUk)h�jT� rMq uX^ q�� y)�wÄw_
k)��n � _
^Qu � jXÄ q ^`jT� � n � _
^Éx r _;_
kXy � x`jTn ��r y%¨
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Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
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���Ó#��� jÊy r n ��r y¦uX^ �É� x`jUk)h�jT� � nXf^mj#f^Qn f^ � y?n q�r uwk � n'^�v r k q �ÇjTx � � � n'^ q ��jµx r y)xQ^`v)n ��r yþu�� jUvXv)� � x`jTn ��r y)h q f^ �
vXj q n � ^Qh�uwj?y)h���^Qh��Xk)^Q����^Qh���b � ��^Qh8_
^Qh'h�j§�U^Qh r y?nÈkXy)^Éuwk q f^Q^8uX^
� � ^¥� �;� jUv qQ]^Qh-�¢j�� k)^Q����^;��^`k q x r yUn'^`y)k¡y��·j;v)��k)h
u��·k)n � � � nXf^;v r k q ��^cuX^Qhin � yXjTn�j ��q ^
^Qn;�F| � ��^`k q h8� � � q j � h r y)h8u r?� �?^`yUn q ^Qh.vX^QxQn'^ q ��� rMq u q ^ x`jUk)h.jT�F¨�� j?y)h�xQ^Qn8j q n � xQ��^UÄ
y r k)h�v q�r v r h r y)h�kXyµv q�r n r x r ��^8h � _;v)��^
uX^8u ��� k)h ��r y��Xk � q ^Qh.vX^QxQn'^ÉxQ^Qh�uX^`k)l�x r y?n q j � y?n'^Qh`¨
� ×��`�QÕ'�����Ó�� tÈvXv)� � x`jTn ��r y)h _
k)��n � _
^Qu � jXÄ�x`jT��x`k)��h q f^`vXj q n � h`Ä)x r _;_
kXy � x`jTn ��r y�ni^`_;v)h �Âq f^Q^Q�AÄ rMq u q ^8x`jUk)h�jT�
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[-\ ^�y r n ��r y r � � ¶�¸�³?¬U¾Q³U­8¹U´�²U±�´�¯Y½U¿���jTh � y?n q�r uwk)xQ^Qu � y�
��3j`�X}U|��ÂÄ8jUy)u ��jTn'^ q¦q ^ Ñ y)^Qu�jUy)u�� rMq _HjT� ��� ^Qu � y

·Î���e�}�����¨ [-\)� hHx r _;_
kXy � x`jTn ��r y�_ r uX^ \ jThg�X^Q^`y�uX^ Ñ y)^Qu � y rMq uX^ q n r�q ^Quwk)xQ^µn \ ^�³T¾��T½w¸��)´Â¹?½�� r �Èx r _ �
_
kXy � x`jTn ��r y�x \ jUyXy)^Q��h � y u � h'n q�� �Xk)n'^Qu h'oMhin'^`_
h
� � n \ n \ ^g� r ��� r � � y)��x \ j q jTxQn'^ qÍ� hin � xQh`ª�� ��� _
^Qh'h�j§�U^Qh
x`jUy��X^
� r hinmjUy)u � ����� _a^Qh'h�jT�U^Qh \ j`�?^¡j�­�¯ �Q±`®F¯Y«
±`Ä � ÄÌj£�An'^ q � \)� x \ n \ ^ ��q uwjTn�j¦x`j?y�y r � r y)�U^ q �X^Êk)hi^Qu�¨�Æÿy r n \ ^ q
� rMq uXh`Ä _
^Qhih�jT�U^QhÉ� \)r h'^;n q jUy)h�_ � h'h ��r y�uX^Q��j�oMh;j q ^;� q ^`jTni^ q n \ jUy � j q ^;x r y)h � uX^ q ^Qu�n r �X^g� r h'n`¨ �É� x`jUk)h�jT�r)q uX^ q hin q�� �U^Qh�n r uX^Q� � �U^ q jTh8_;jUy?o¡_
^Qh'h.jT�U^Qh�jTh8v r h'h � �)��^m�X^.� rMq ^
n \ ^ ��q uX^`jTuX� � y)^Qh � yµh�k)x \ jH��j�omn \ j§n�n \ ^Qh'^
uX^Q� � �U^ q�� ^Qh q ^Qh.vX^QxQn�x`jUk)h�jT� r)q uX^ q ¨���jUk)h�jT� rMq uX^ q�� y)��_
^`jUy)h�n \ j§n � �3nÂ� r _
^Qh'h.jT�U^8h'^`y)uXh8j q ^8x`jUk)h.jT����o q ^Q��jTn'^Qu

 � jU_;~����wjUy)u \ j��U^7n \ ^7h�jU_
^ÏuX^Qh'n � yXjTn ��r y%Ä?n \ ^`y
n \ ^7x rMq'q ^Qh�v r y)u � y)� _
^Qhih�jT�U^Qh3j q ^3uX^Q� � �U^ q ^Qu � yan \ ^ ��q h'^`y)u � y)�
r)q uX^ q ¨�Æÿy)uX^Q^Qu�Ä�� \ ^`yµ�7^ x r y)h � uX^ q j q ^Q� � jU�)��^gu � hin q�� �Xk)n'^Qu�h'o)h'n'^`_�jUy)u¦_
^Qh'h�jT�?^Qh�� \)r h'^
x r yUni^`yUn'h \ j��U^cy r
uX^Q� � �U^ q o¦x r y)hin q j � y?n'h`Ä �É� x`jUk)h.jT� r)q uX^ q�� y)�Ê� rU� ��hÉu r ��yµn r n \ ^ r)q�� � � yXjT�3uX^ Ñ y � n ��r y r �Ìx`jUk)h�j§� rMq uX^ q�� y)��� � �U^`y
�?o�Î ��q _HjUy�jUy)u� r h'^`v \�� y!
 Î" #�U~��Â¨
Æÿy�n \ ^8x r yUn'^Ql)n r �3� q�r jTuXx`jThinÌx r _;_
kXy � x`j§n ��r y%Äwn \ ^ �É� x`jUk)h�jT� rMq uX^ q�� y)�mjU�)h'n q jTxQn ��r y�_;jTnix \ ^Qh7n \ ^ q ^ � k �·�q ^`_
^`yUnih r ��jUy � _Hv rMq n.jUyUnÉxQ��jTh'h r �K_
k)��n � _
^Qu � jÊj?vXv)� � x`jTn ��r y)h`Ä3yXjU_
^Q��oUÄWu � h'n q�� �Xk)n'^Qu�_
k)��n � _
^Qu � j q ^`jT� � n � _
^

j?vXv)� � x`jTn ��r y)h`Ä)� \ ^ q ^�vXj q n � x � vXj?yUn'h�j q ^ q ^ � k ��q ^Qugn r ^Ql)x \ jUy)�?^ q ^`jT� � n � _
^
³U¬)²U¯°¹8jUy)uµ»`¯Y²U±�¹ � y?� rMq _;jTn ��r y r �U^ q j
x r _;_
kXy � x`j§n ��r y¡y)^Qn�� rMq Ð�¨ [-\)� h%$ r � r � � y?� rMq _;jTn ��r y¡_
k)h'n�v q ^Qhi^ q �U^ n \ ^ x`jUk)h�j§��uX^`vX^`y)uX^`y)xQo¦^Q�U^`yµn \)r k)� \
vXj q n r �/n \ ^ � y?� rMq _;j§n ��r yÉx`jUy;�X^-� r h'n rMq x`jUy
�X^-u � hix`j q uX^Qug� \ ^`y � n�� ��r ��jTni^Qh3n \ ^7n � _ � y)�
x r y)h'n q j � yUn'h � _;v r h'^Qu
�?o�j q ^`jT� � n � _
^ � y?n'^ q j§xQn ��r y%¨
�)^Q�?^ q jT�Mv q�r n r x r ��h � _Hv)��^`_a^`yUn � y)� vXk q ^Ïx`jUk)h�jT� rMq uX^ q�� y)�&
 Î" #�?~MÄ�e�� [ }Xb'�XjUy)u �É� x`jUk)h�j§� rMq uX^ q�� y)�(
·Î���e�}��XÄ

t8�X}�����jUvXvX^`j q ^Qu � y�n \ ^�� � n'^ q j§n�k q ^�) \)r �7^Q�U^ q Ä�n \ ^Qo�h.k � ^ q � q�r _ n \ ^mn�oXv � x`jT��v � nÍ� jT��� r ��n \ ^mn � _
^Qhin�jU_;v � y)�
�A� r � � x`jT� rMq v \ o)h � x`jT� � n'^Qx \ y � �Xk)^Uª7n r ^`y)h�k q ^ x`jUk)h�j§� rMq uX^ q Ä � y�n \ ^ x r yUn'^Ql)n r �3� q�r j§uXx`jTh'n � y)�wÄw_a^Qh'h�jT�U^Qh \ j`�?^
n r x`j q'q o�j
�U^QxQn rMqÏr � � yUni^Q�U^ q h�� \)r h'^8u � _
^`y)h ��r y � h�� � �U^`yµ�Uogn \ ^ y)kX_
�X^ q-r �Åv q�r xQ^Qh'h'^Qh*
+��jTn,�U}-�Â¨
Æÿy¦n \)� h;vXjUvX^ q �7^ � y?n q�r uwk)xQ^¥j�y)^Q� jUy)u¦^.Ëmx � ^`yUn �É� x`j?k)h�jT� rMq uX^ qÍ� y)�¦v q�r n r x r �FÄ q ^Quwk)x � y)�¦n \ ^;jU_ r kXyUn

r � � y?� rMq _;j§n ��r y�x`j q'q�� ^Qu��?o _
^Qh'h.jT�U^Qh`¨/.8y)��o � y�n \ ^m� rMq hin x`jTh'^UÄ n \)� h � y?� rMq _;jTn ��r y \ jTh
n \ ^�h�jU_a^mh �0� ^¡jTh
v q ^Q� ��r k)h�jT��� rMqÍ� n \ _
h`¨ [�\)� h q ^Quwk)xQn ��r y � h r �)n�j � y)^Qu��Uo
n�jUÐ � y)� � y?n r jTxQx r kXy?nÌn q jUy)h � n � �U^�uX^`v¤^`y)uX^`y)x � ^`h r y
n \ ^
_a^Qh'h�jT�U^�h'^`y)uXh`¨
[-\ ^¡vXjUvX^ q
� h;hin q k)xQn�k q ^Qu � yUn r n�� r _;j � y�h'^QxQn ��r y)h�¨ �)^QxQn ��r y�|¦v r?� y?n'h r k)ncn \ ^¡v q�r �)��^`_ r �È_a^Qh'h�jT�U^Qh

uX^Q� � �U^ q�� ^Qh � y _
k)��n � _
^Qu � j q ^`jT� � n � _
^mj?vXv)� � x`jTn ��r y)h`Ä3v q ^Qh'^`y?n'h8n \ ^g_ r uX^Q� r �-j§h'o y)x \Xq�r y r k)h8u � hin q�� �Xk)n'^Qu�^QlM^ �
x`k)n ��r y)h`ÄwjUy)u q ^Qx`jT����h8n \ ^�� r)q _;jT�%uX^ Ñ y � n ��r y r � �É� x`jUk)h.jT� rMq uX^ q ¨7�)^QxQn ��r y�
Hv q ^Qh'^`y?n'h�n \ ^ �É� x`jUk)h�jT� rMq uX^ q�� y)�
v qÍr n r x r �%� � n \g� n'hÈv qÍrMr � r � x r)q'q ^QxQn�y)^Qh'h�¨

1 243 !#��$ �%��&/5����
�����.�(6

798;: <�=?>A@CB�=;D�EF@�G�HJILK�>A@�G�M
t�u � h'n q�� �Xk)n'^Qu v q�r � q jU_ � h j Ñ y � n'^;h'^QnON r �QPþh'^ � k)^`y?n � jT�3v q�r xQ^Qh'h'^Qh*RSNUTWV'NLXAVWYAYWYZV,N\[Z]
n \ jTn�x r _;_
kXy � x`jTn'^
j?y)u;h'oXy)x \Xq�r y ��� ^ r y)��om�UoÉ^QlMx \ jUy)� � y)�;_
^Qh'h.jT�U^Qh`¨ [�\ ^�kXy)uX^ q ��o � y)�Hh'oMhin'^`_�Ä r y
� \)� x \ u � h'n qÍ� �Xk)ni^Qu¡v q�r � q j?_
h
^Ql)^Qx`k)n'^UÄ � hÉx r _;v r h'^Qu r �^P v qÍr xQ^Qh'h rMq h¥�°� rMq h � _;v)� � x � nÂoUÄ �Ì^;jThih�kX_
^ r y)^;v q�r xQ^Qh'h
vX^ q v qÍr xQ^Qh'h rMq'� n \ jTn�x`jUy
^Ql)x \ jUy)�U^ _
^Qh'h.jT�U^Qh`¨9_ \ ^`y¡j;_a^Qh'h�jT�U^8j q'qÍ� �?^Qh r y�j
x \ jUyXy)^Q�FÄ � n�x`j?y¡�X^8uX^Q� � �U^ q ^Qu�jTh-h rMr y�jTh�n \ ^8uX^Q� � �U^ q o
x r y)u � n ��r y��X^Qx r _
^Qhmn q k)^�) � y�j?y�jTh'oXy)x \Xq�r y r k)h;hioMh'ni^`_ � � n \ y r h�vX^Qx � jT��x r y)h'n q j � yUn'h r y�uX^Q� � �U^ q�� ^Qh T n \)� h
x r y)u � n ��r y � hmjT����j�oMh
n q k)^U¨!_�^�jTh'h�kX_
^�n \ jTn
^`jTx \ vXj �¢qar �Èv q�r xQ^Qh'h'^Qh � h;x r yXy)^QxQn'^Qu��?o jUy�jThio y)x \Xq�r y r k)h
j?y)u¡kXy q ^Q� � j?�)��^
� r � � x`jT��x \ jUyXy)^Q�7�F_
^Qh'h�j§�U^Qh7x`jUy��X^8� r h'n�jUy)u�n q jUy)h._ � h'h ��r yguX^Q��j�oMh r �Åy r yg� r h'n�_a^Qh'h�jT�U^Qh�j q ^
kXyXv q ^Qu � xQn.jU�)��^ � ¨ pÏq�r xQ^Qhih rMq h�u r y r n \ j��U^
j
h \ j q ^QuÊ_
^`_ r)q oUÄXn \ ^ q ^ � hÈy r � r kXy)u r ygn \ ^ �¢q8q ^Q�¢j§n � �U^ h�v¤^Q^QuXh`Ä
j?y)u�n \ ^ q ^ j q ^ y rg\)� uXuX^`yµx \ jUyXy)^Q��h`¨
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��>
t-n n \ ^7jUvXv)� � x`jTn ��r y
��^Q�U^Q�FÄU^Ql)^Qx`k)n ��r y r �/j�v q�r xQ^Qh'h�v q�r uwk)xQ^QhÌj-h'^ � k)^`y)xQ^ r �w^Q�?^`yUn'hW� \)� x \ x`jUy �¤^7xQ�¢j§h'h �·Ñ ^QumjTh`ª
¾Q±`½�²8^Q�U^`y?n'h`ÄW²U±`­�¯Y»`±�´,�8^Q�?^`yUn'h�Ä/jUy)u�¯°½�®F±`´.½w³U­)^Q�U^`y?n'h`¨-tÈy � y?n'^ q yXjT�W^Q�U^`y?nÈ_;j�ogx \ j?y)�U^ r y)��oµ� r x`jT���Tj q�� jU�)��^QhW)
hi^`y)u rMq uX^Q� � �U^ q o
^Q�U^`y?n'h � y?� r ���U^Ïx r _;_
kXy � x`jTn ��r y%¨ [�\ ^Ïx`jUk)h�jT� rMq uX^ q�� y)� r � ^Q�?^`yUn'h � y
j7u � h'n q�� �Xk)n'^Qu
^Ql)^Qx`k)n ��r y
� h��XjTh'^Qu r y � jU_;v rMq n � h^�M³.¼?¼ ±`½�±�²§¶Íºi±��Q¹U´�± q ^Q��jTn ��r y/
 � jU_;~����%uX^`y r n'^Qu¡�?o��#¨�ÆY���HjUy)u���j q ^-nÂ� r ^Q�U^`yUnih3n \ ^`y
� �!� ����r y)^ r ��n \ ^Qh'^ x r y)u � n ��r y)h � h�n q k)^Uª
"$# ��jUy)u%� r xQx`k q jTn�n \ ^8h.jU_
^ v q�r xQ^Qh'h�� � n \ �m�¤^.� r)q ^&�
"'"$# �)(+*-,WP/.%�10 ��� h n \ ^Hh'^`y)u�^Q�U^`y?n r �Kjµ_
^Qh'h�j§�U^20 j?y)u3��(4.5,7618�9 ,-:	;/�<0 ��� h n \ ^cuX^Q� � �U^ q oþ^Q�U^`yUn r �Ìn \ ^

h�jU_
^ _
^Qhih�jT�U^
"'"'"�# n \ ^ q ^ ^Ql � h'n'h�jUyg^Q�?^`yUn>=�h.k)x \ n \ jTn?�5�@=�j?y)uA=B�!�T¨
�Xk)x \ j q ^Q��jTn ��r y�jT��� r ��hmk)hgn r�q ^`v q ^Qh'^`y?n¥jµu � h'n qÍ� �Xk)ni^Qu�^Ql)^Qx`k)n ��r y)h�jThmj�vXj q n � jT� rMq uX^ q
r �È^Q�U^`y?n'h`ÄÏx`jT����^QuCD (2� D VE� � � \ ^ q ^ D � h�n \ ^8hi^Qn r �ÅjT����^Q�?^`yUn'h�¨GF�^ q ^`j��Ani^ q Ä)�Ì^8x`j§���IH CJ n \ ^8hi^Qn r �ÅjT��� _a^Qh'h�jT�U^Qh-^QlMx \ jUy)�U^Qu� y CD jUy)u��7^8u r y r n-x r y)h � uX^ q�� y?n'^ q yXjT��^Q�U^`yUnih�h � y)xQ^
n \ ^Qomu r y r n�j � ^QxQn7n \ ^ x`j?k)h�jT� rMq uX^ q�� y)� r ��^Q�U^`yUnih`¨
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[-\ ^c� � �F^Qn � _
^UÄ � Ä r �Kj�_a^Qh'h�jT�U^ � h8n \ ^mv \ o)h � x`jT��n � _
^;uwk q j§n ��r y%Ä�j��Fn'^ q�� n'h8h'^`y)u � y)�¦n � _
^UÄ%uwk q�� y)�¡� \)� x \¦� n'h
x r yUn'^`y?n � hc_
^`j?y � y)�§� k)�7jUy)u�x r y)h'^ �Xk)^`y?n'��o�x`jUy��¤^¥k)h'^Qu��Uo � n'h uX^Qhin � yXjTn ��r y�v q�r xQ^Qhih£�Y^Qh � ¨
t _
^Qhih�jT�U^
n \ jTn
j q'q�� �U^Qh8jTn � n'h8uX^Qhin � yXjTn ��r y¦j��Fn'^ q�� n'h�� � �A^Qn � _
^ � h k)h'^Q��^Qh'h jUy)u�_
k)h'n8�X^
u � h'x`j q uX^Qu )WjTh��Çj q jTh�n \ ^
uX^Qh'n � yXjTn ��r y
v qÍr xQ^Qh'h � h�x r y)xQ^ q y)^Qu�Ä�n \ ^ _
^Qhih�jT�U^ � h�� r h'n`¨Wt2_
^Qh'h�j§�U^�n \ jTn�j q'qÍ� �?^Qh�jTn � n'h�uX^Qhin � yXjTn ��r y�� � n \)� y � n'h�� � �F^Qn � _
^
_
k)h'n7�X^�uX^Q� � �?^ q ^QuÊjTnÏn \ ^�n�j q �U^QnÌv qÍr xQ^Qh'h7� � n \)� ygn \ ^�^QlXv �¢q jTn ��r y r � � nihÌ� � �F^Qn � _
^U¨3Ã rMq h � _Hv)� � x � n�oUÄw�7^8jTh'h�kX_a^
j?y � uX^`y?n � x`jT��� � �A^Qn � _
^+� r)q j§���%n \ ^ _a^Qh'h�jT�U^Qh8� � ygx`jTh'^ r ��u � h'n � y)xQn�n�o v¤^Qh r �Å_
^Qh'h�j§�U^Qh7� � n \ u ��� ^ q ^`yUn7� � �A^Qn � _
^Qh�Ä
�7^;x`j?y�jTh'h�kX_a^;n \ ^m_ � y � _
kX_ jU_ r y)�µn \ ^`_ jThÉn \ ^;� � �A^Qn � _a^�n r �X^ q ^Qh�v¤^QxQn'^Qu��?o�jT���3n \ ^�_
^Qh'h.jT�U^Qh � ¨Ht�h� y)u � x`jTn'^Qu � yµn \ ^ � yUn q�r uwk)xQn ��r y%Ä�� rMq j;_
^Qh'h�j§�U^&0�n \ ^ � y)h'n�jUy?n2WE*7,WP/.58?PYX�Z[8�0),]\	^_0a` �]bH� h8n \ ^8uX^`jTuX� � y)^
j£�An'^ q � \)� x \ n \)� h8_
^Qh'h�j§�U^ � h�k)h'^Q��^Qh'h-� rMq n \ ^8uX^Qh'n � yXjTn ��r yµv q�r xQ^Qh'h`¨
Æÿy�_
k)��n � _a^Qu � jah'oMhin'^`_
h`Ä?n \ ^�� � �F^Qn � _
^ r � j
_
^Qh'h�jT�?^ � hÌn \ ^È_;j§l � _
kX_�uX^Q��j�oUÄwj��Fn'^ q�� n'h7h'^`y)u � y)�wÄ)n \ j§n3x`jUy

�¤^8n r ��^ q jTni^Qu¥�¤^.� rMq ^�uX^Q� � �U^ q�� y)� � n-� � n \)r k)n7uX^Q� q jTu � y)�;n \ ^��XkXjT� � nÂo r � n \ ^�h'^ q � � xQ^U¨ [�\)� h�uX^Q��j`o � h-uX^`vX^`y)uX^`y?n
r y�n \ ^
n�o v¤^ r �K_
k)��n � _
^Qu � j¡jUvXv)� � x`jTn ��r y)h�¨ Ã rMq ^Ql j?_;v)��^UÄ � y�n'^Q��^Qx r y?�A^ q ^`y)x � y)��Ä n \ ^a_HjTl � _
kX_�� � �A^Qn � _
^a� rMq
j?k)u ��r j?y)u¡� � uX^ r _a^Qh'h�jT�U^Qh � h |��dc;_ah'^QxU¨ 
+ M�X�X} � �-� jUy¡jTxQxQ^`v)n.jU�)��^ r y)^ � h;b-cdcg_
h'^QxU¨ 
 e�Î7}�
A� � ÄX� � uX^ r v \)r y)^Qh
hioMh'ni^`_
hÈ_Hj`oµn r ��^ q jTni^ajg� � �F^Qn � _
^ r � 
��dcg_
h'^QxU¨ Ä y r y �Ç� y?n'^ q jTxQn � �U^H� � uX^ r hioMh'ni^`_
h \ j��U^;jg� � �F^Qn � _
^ r �Èb
h'^QxU¨
j?y)u�x`jTn�jT� r �m� qÍr �-h � y)�;h'^ q � � xQ^Qh \ j��U^8j
� � �A^Qn � _
^ r �3|
h'^QxU¨%
 e�Î7}�
XÄXÃ�^ q }dc��Â¨
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Æÿy rMq uX^ q n r ^`y?� rMq xQ^�n \ ^ q ^`jT� � n � _
^�uX^Q� � �?^ q o#x r y)h'n q j � y?n'h`Ä8v q�r xQ^Qh'h'^Qh¦j q ^¦^`y)u r �7^Qu�� � n \ j��U� r �Xj§�8xQ� r xQÐ
�TjT��k)^�� \)r hi^Êu qÍ� �Fn�� � n \�q ^Qh�vX^QxQn�n r v \ o)h � x`jT�8n � _
^ � hÊ� r kXy)uX^Qu�Ä jUy)u#� \)r h'^¦� q jUyMk)��j qÍ� n�o#jUy)u�v q ^Qx � h ��r y

ml .O�U~)Äon�^ q } � �Åj q ^8h�k)x \ n \ jTn�jT����n \ ^8x`j?k)h�jT����o¡uX^`vX^`y)uX^`y?n�^Q�U^`yUnih�j q ^ v q�r uwk)xQ^Qu�jTn7u ��� ^ q ^`yUn�n � _
^Qh`¨U��jUy?o
xQ� r x�Ðghio y)x \Xq�r y �0� jTn ��r y¦v q�r n r x r ��h \ j��U^ �X^Q^`yµuX^Qh'x qÍ� �¤^Qu � y�n \ ^É� � ni^ q jTn�k q ^U¨�� r _
^ x`k q'q ^`yUn'��o¡k)h'^Qu�v q�r n r x r ��h
v qÍr � � uX^ jÉ�U� r �XjT�%xQ� r xQÐ;hio y)x \Xq�r y �0� jTn ��r ygn \ jTn�� r kXy)uXh�n \ ^8xQ� r xQÐ;u q�� �Fn��£j§�¢k)^UÄ�pQÄX� � n \)� y��rq b7cc_ � ��� � h'^Qx r y)uXh

ms�t �U}-�Â¨9_ � n \)r k)n7� r h'h r ���U^`y)^ q j§� � n�oUÄX�7^8jTh'h�kX_
^�n \ jTnup � h � y)x rMq v rMq jTn'^Qu � ygn \ ^8� � �A^Qn � _
^ � r �Wn \ ^È_a^Qh'h�jT�U^U¨
[-\ ^ q ^Q��jTn ��r y��¤^Qn��Ì^Q^`yþn \ ^;�TjT��k)^ � jUy)u�n \ ^H� q jUy)k)��j q�� n�o�j?y)u v q ^Qx � h ��r y r ��j��U� r �XjT��xQ� r x�Ð � h
n \)r)q�r k)� \ ��o
u � h'x`k)hih'^Qu � y�
·Î���e�}��A�Â¨
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[-\ ^¥y r n ��r y r � �É� x`jUk)h.jT� rMq uX^ q�� y)����jTh � yUn q�r uwk)xQ^Qu � y 
+�3j�� }U|�� )7jUy)u���jThÉ�¢j§n'^ q � rMq _;jT� �0� ^Qu � y 
 Î"��e�}����Â¨[-\)� h�y r n ��r y � hÌ�?^ q o
�U^`y)^ q jT�%jTh � n�jTh'h�kX_a^QhÌjUy;kXy q ^Q� � jU�)��^Éx r _;_
kXy � x`jTn ��r yHh'oMhin'^`_�� \ ^ q ^È_
^Qhih�jT�U^Qh�x r y?n�j � y
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Ã � �Mk q ^;bUª
�8^Q� � �U^ q�� ^Qh r �3� q�r jTuXx`j§h'n�x r _;_
kXy � x`jTn ��r y)h q ^Qh�vX^QxQn � y)� �c� x`jUk)h�jT� rMq uX^ qÍ� y)�

q ^`jT� � n � _
^�uwj§n�jX¨ [�\ jTn � h�Ä _a^Qh'h�jT�U^QhÏx`jUyg�X^�u � hix`j q uX^Qu � � n \ ^Qomj q'q�� �U^�jTnÏn \ ^ ��q uX^Qh'n � yXjTn ��r y)h�� \ ^`y;n \ ^ ��q uwjTn�j
j q ^ r �)h r ��^Qn'^m� j��Ani^ q n \ ^8^Ql v ��q jTn ��r y r ��n \ ^ ��q uX^`j§uX� � y)^Qh � ¨
�gÓ���� " � " ×������
Õ	� ��
��Q� ��
;�£Ø�ÓX� " �
��� ª�� ²U¯ ¾�®F´.¯AºÀ¬M®F±.²�¸.¹U«-¼/¬M®F³?®F¯°¹U½ CD ´�±À¾Ç¼X±�¸�®Y¾ � ¶�¸�³?¬U¾Q³U­�¹U´�²U±�´�¯Y½U¿�¯ ���
¯ � �8­°­-«c±À¾�¾Q³Q¿)±Q¾�¯°½!H � CD�� ®��M³U®
³U´.´�¯Y»`±þÁ�¯°®��M¯Y½ � ³?´Â±¦²U±�­�¯°»�±`´�±�²�Á�¯Y®��M¯°½ � �
³U­Y­�®��M±¦¹U®��M±�´'¾¦³U´�±Ê½�±`»�±`´
²U±`­�¯Y»`±`´�±.²��ÿ®��M±A�;³U´�±
­�¹§¾�®Ï¹U´ ²U¯ ¾Q¸�³U´�²U±.² ���

¯Y¯ � �8­°­�²U±`­�¯Y»`±`´'�;±�»`±`½�®Y¾È´�±À¾Ç¼X±�¸�®�¸�³U¬?¾Q³U­�¹U´�²U±�´�¯Y½U¿
�3¯ � ± � �
� ¹?´Ì³?½��8®FÁ�¹ «
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�,Ø 0¦b	� 0�|	�)³U»`±
®��M±
¾Q³U«
±
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 -r n'^7n \ j§n �É� x`jUk)h�jT� r)q uX^ q�� y)�c_
^Q^Qnih3n \ ^ rMq�� � � yXjT��x`jUk)h�jT� r)q uX^ q�� y)� uX^ Ñ y � n ��r y 
 Î" #�U~A�w� \ ^`y
x \ j?yXy)^Q��h�j q ^q ^Q� � jU�)��^m�Fj§���Xn \ ^�_
^Qh'h�j§�U^Qh3� � ���/�¤^�^Q�?^`yUn�kXj§����o;uX^Q� � �U^ q ^Qu � jUy)u ��� h3� q ^`jTn'^ q n \ jUyHjUyUo;_
^Qhih�jT�U^7n q j?y)h�_ � h'h ��r y
uX^Q��j�o r �U^ q n \ ^µu � hin q�� �Xk)n'^Qu�h'o)h'n'^`_ � � y#n \)� h�x`jThi^¡n \ ^¦x r y?n'^`y?n r �c_a^Qh'h�jT�U^Qh \ jTh¡jTxQn.kXjT����o#y r�q ^`jT� � n � _
^
x \ j q j§xQn'^ q�� h'n � xQh � ¨ ÆÇy n \ ^µx r yUni^QlMn r � � q�r jTuXx`jThinmx r _H_ckXy � x`jTn ��r y)h`Ä�jUy ^Ql j?_;v)��^ r � uX^Q� � �U^ qÍ� ^Qh q ^Qh�v¤^QxQn � y)�
�c� x`jUk)h�jT� rMq uX^ qÍ� y)� � h�h \)r ��y � y�Ã � �Mk q ^mbU¨
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�¦¬M­�®F¯Y«
±�²U¯Y³�´�±�³?­ ¶�®F¯°«
±g¸�¹?­°­�³Mºi¹U´�³U®F¯Y»`±;³.¼?¼/­�¯°¸.³U®F¯Y¹U½X¾ rMq ¿M´�¹U¬À¼/Á�³U´�±�´�±.³U­·¶Â®F¯Y«c±H³.¼U¼/­�¯Y¸�³U®F¯Y¹U½¤¾�h�k)x \ jTh�n'^Q��^Qx r y?�F^ �
q ^`y)x � y)��Ä3h \ j q ^Qu�� � y)u r � h'o)h'n'^`_
h`ÄÏ� q�r kXv�� rMq u � v qÍr xQ^Qh'h rMq h`Ä�� � uX^ r v \)r y)^Qhgh'o)h'n'^`_
h`Ä q ^ � k ��q ^¦vXj q n � x � vXjUy?n'h
n r ^QlMx \ jUy)�U^ q ^`jT� � n � _
^�³U¬)²U¯Y¹�j?y)u2»`¯Y²U±.¹ � y?� r)q _;jTn ��r y r �U^ q j x r _;_
kXy � x`jTn ��r y�y)^Qn�� rMq Ð�¨ Ã rMq ^QlXjU_;v)��^
� y j�n'^Q��^Qx r y?�F^ q ^`y)x � y)��n \ ^¦jUk)u ��r jUy)u � � uX^ r h � �MyXj§� r �8^`jTx \ vXj q n � x � vXjUy?nmh \)r k)��u �¤^ q ^QxQ^ � �U^Qu��?o�jT����n \ ^r n \ ^ q h`¨ [�r v q ^Qh'^ q �U^;n \ ^ q ^`jT� � n � _
^ � yUn'^ q jTxQn ��r y r ��h�k)x \ jUvXv)� � x`jTn ��r y)h`Ä n \ ^¥j?k)u ��r jUy)uþ� � uX^ r¦� y?� rMq _;jTn ��r y
\ j��U^�j¦_;jTl � _ckX_ n q jUy)h�_ � hih ��r y�uX^Q��j�oU¨�ÆÇy?� rMq _;j§n ��r y j q'q�� � � y)��jTn n \ ^�uX^Qh'n � yXjTn ��r y�h � n'^�� � n \ � q ^`jTn'^ q uX^ �
��j�o)hÈ_
k)h'n8�X^
u � h'x`j q uX^Quþh � y)xQ^;n \ ^ ��q k)h'^;_;j�o�h'^ q���r k)h'��oµuX^Q� q jTuX^
n \ ^ �XkXjT� � n�o r �3n \ ^ q ^`jT� � n � _
^ � yUni^ q jTxQn ��r y

�_ jUÐ)}�
UÄXÃ�^ q }dcXÄoF�Î7} � �Â¨
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^`y?n�jTn ��r y r � �c� x`jUk)h�jT� r)q uX^ q�� y)�mx r y)h � h'n'h r � � _;v)��^`_
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��o � y)��h'o)h'n'^`_�Ä`h�k)x \ n \ jTn�^Q�U^`y?n'h r �Xu � h'n q�� �Xk)n'^Qu
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^QlXv ��q ^��°� rMq ^QlXjU_;v)��^UÄ7n \ ^�uX^Q� � �U^ q o r � _
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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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