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|�kLnh��mc�Z��n.mcn.��|�vJ|~���P� ©B�P��|�kLnh�y��²�n.��vyu�u~���P�Lmcn.�·|w´(j�kLn4�P��vJ���y©��~nN|~��m����L��vy�L���~n.u~}Z��|�kLn.u���u3� �s�"�(�o�4�eo=£�¶¦vyu�|��
�~�y����|~��}��P�Z|~��m���¸.n��@vJ|���kp���Pu~��|~���P�Lu(vy�L�c�.�Pm)§Z���RvJ|~���P�RvJ�����P�y���PÀ·§LxZ|*|�kLn��P�Z|~��m���¸wvJ|~���P�p���y|�n.��|~�@vJ�L¶¦vyu(|��6�4����m���|�n.�
§·}µ|�kLn���Z��|~�@vJ�Iu~|�vJ|�nvyu�u~���P�Lmcn.�·|w´
û�û Õ]±=²�ñ�ôdõ
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r/n.mc�w²PvJ�(�y©��~n.�LxL�L�Rvy��|X�@vJ|���kLn.ukRvyu4§�n.n.� �L�P�Ln�xL§Z��ÁexZ��|��PxLu~��}�´Xj�kLn!|�n.�~m��É�~n.�LxL�L�Rvy�·|��@vJ|���kLn.u
	!��|�u�nN��©(��u
xLu�n.�{xL§Z��ÁexZ��|��PxLu~��}µ¶���|�k_v)²yvy�"��nN|Ç}µ�y© mcnwvy�Z���L�Pu��*�@vJ|���kLn.u8|�kRvJ|8�L�c�L�y|�©Ðvy�L�PxZ|�|��«v��L�"��m«vy�"}µ�PxZ|��LxZ|wÀR�@vJ|���kLn.u
|�kRvJ|(vy�~n¦�.�P�Lu~|�vy��| ���|�kLn¦n.��|~���~n�u~|�vJ|�n¦u��Rvy�.nPÀy�@vJ|���kLn.u |�kRvJ| vy�~n¦�.�P�Lu~|�vy��| ���)|�kLn �~nwvy��kRvy§Z��n�u~|�vJ|�n u��Rvy�.nPÀy�@vJ|���kLn.u
|�kRvJ| vy�~n(n.Á6xZ��²PvJ��n.��|<|��8�y|�kLn.�I�@vJ|���kLn.uwÀPvy�L��y|�kLn.��mc�P�~n�u��P�LkZ��u~|~���wvJ|�n.�)�LnN³R�Z��|~���P�Luw´�« n��L�8�L�y|<�.�P�Lu~���Ln.�Åu~��mc�Z��n
�~n.�LxL�L�Rvy�·|8�@vJ|���k �~n.mc��²yvJ�ÅkLn.�~n��®�@vJ|���kLn.u8|�kRvJ|��L�c�L�y|�©®vy�L�PxZ|wÀZ�@vJ|���kLn.u�|�kRvJ|�vy�~n4�.�P�Lu~|�vy��|0��vyu�|�kLn��~n.u�xZ��|�u8vy�~n
u~|���vJ���Pk·|~©B�P�"¶�vy�~��´��(ÁexZ��²yvJ��n.�·|/u~|�vJ|�nX²yvy�"�@vy§Z��n����Ln.�·|~��³R�wvJ|~���P� vy�L� �~n.mc�w²PvJ��kRvyu/§�n.n.� �L�P�Ln!vyu8�Rvy�"|/�y© u�nN²�n.��vJ�
¶¦�P�
�6u��ÐnP´ �L´�Àj� �B�Z��� ���eÀ�²e� ���+ ZÀ�������*�+ 5£��d´}«���|�k]�.xL�~�~n.��|E�x�3� vy�L�_u�}em)§��y�����)|���v.²�n.�~u�vJ� |�n.��kL�Z��Á6xLn.uwÀ�|�kZ��u
vJ��u��«��u�v�u~��mc�Z��n�P��n.��vJ|~���P��´I®¨mc�P�~nX�~�P§LxLu~|hvJ���P�P�"��|�kLm ©®�P��u~���L�y��n��@vJ|���k_�~n.mc�w²PvJ�I¶¦vyu/�LxL§Z����u�kLn.�{���°� ��� �eo�£±´
�Ç|(��u(�Z���~n.�N|~��}c�~nN��nN²Pvy��|�|��X�PxL�(u~���L�y��n��@vJ|���kp�~n.mc�w²PvJ��vJ���P�P�"��|�kLm��Ln.u��.�"��§�n.�c���&�en.�N|~���P���Z´Ío/vy�L�«��u(|��~nwvJ|�n.�«mc�P�~n
|�kL�P�~�PxL�PkZ��} ��� |�kRvJ|u�n.�N|~���P��´p�É|4��undzRvy�N|L�Ð�L�~n.�N��u�nN��} ©B�P���~n.�Z�@vy�N���L�]v�u~���L�y��nc�@vJ|���k ¶���|�k ���P�y���V�dÀ<vy�L� ©Ðvy�4|��6�
ndzL��n.�Lu���²�n4¶8kLn.��|�kLn��·xLmX§�n.�8�y©��@vJ|���kLn.u�ndzL�.n.n.�Lu�|�kLn�m����Z��m)xLm ����������� ��!�"$#&%'")(*� !�+-,�.
"�./!0,<��� nN²�n.��©B�P��u�m«vJ���
�N���~�.xZ��|�uw´*�á�p�1������*�+ <£±À·vhmc�P�~n8�Pn.�Ln.��vJ�R|�n.��kL�Z��Á6xLn8©B�P�*�~nd°Én.�L�.�e�Z���L��³R�Z��|�n8u~|�vJ|�n�m«vy��kZ���Ln.u(¶�vyu(�y��²�n.��´|« kZ����n
u��Pmcnc�y© |�kLn!¶ �P�
�]|�kLn.�~n���u��~nN��nN²yvy�·|�|��{�PxL�~ub�ÐnP´ �L´�ÀÅ�.�P��|��~�y�������L�{|�kLncu���¸.n!�y© |�kLncn.�L�.�6�Z���L�·¬J�Ln.�.�e�Z���L�{���P�y���V�dÀ
|�kLn�|�vy�~�PnN|/¶¦vyu/Á6xZ��|�n�Z��=n.�~n.��|w´¦j�kLnX�P��vJ���y©�|�kRvJ|h�~nd°Én.�L�.�6�Z���L�p¶¦vyu8|��«|��"}µ|��pm«vJ|���k |�kLnXn.�L�.�6�Z���L�Pu/�y©�|Ç¶ �
�Z��=n.�~n.��|h§LxZ|�u~��m����@vy�8m«vy��kZ���Ln.u8��� �P�~�Ln.��|��cu���n.n.�{xL� u�}em)§��y������|���vw²�n.�~u�vJ�±´
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®��.�Pmc�Z��nN|�n4ndzL�Z���P��vJ|~���P�{�y©�|�kLnh�@vJ|���k;¬D���P�y���4|���vy�Ln.�y_��u¦�.n.�"|�vJ���Z��}��L�y|¦©®nwvyu~��§Z��n4�P� �Ln.�.n.u�u�vy�"}�´ � �P�LnN|�kLnN��n.u�u�ÀZv
u�xZª«�N��n.�·|~��} �"����k]��kL�y���.n!�y©<u��y��xZ|~���P�Lu/u�kL�PxZ���_§�nv.²PvJ���@vy§Z��nPÀ�n.u���n.�N�@vJ����}�¶���|�k{|�kLn²yvy�"��nN|Ç} �y©���mc�Z��n.mcn.�·|�vJ|~���P�Lu
©®�PxL�L�{����|��e�Rv.} � u8|�n.��kL�L�y���P�y}�´]ªR�P�8ndzRvymc�Z��n��

; �P�LnXm«v.}�|�vy�~�PnN|/vy�{��mc�Z��n.mcn.�·|�vJ|~���P�_���{kRvy�~�Z¶�vy�~n)�P��u��y©B|É¶�vy�~n

; v kRvy�~�Z¶�vy�~n{��mc�Z��n.mcn.��|�vJ|~���P� m«v.} §�nµ|�vy�~�PnN|�n.�F|�� v]³R�RvJ�8�.xLu~|��Pm �Ln.u~���P�F�P�cvy��ª �]3® §���vy�~� ©B�P�
n.m)xZ�@vJ|~���P�

; |�kLn!�.xL�~�~n.��|�u���n.�N��³R�wvJ|~���P� m«v.}_§�n)vp�L�~nN����m����Rvy�"}_�P�Lnf�Ð�L�y|h����|�n.�L�Ln.� ©®�P�8��mc�Z��n.mcn.�·|�vJ|~���P�d�4vy�L�]xLu�n.�
�P�Z��}�©®�P��²�n.�"��³R�wvJ|~���P�_�y©<©BxL�L�N|~���P�RvJ���L�~�P��n.�"|~��n.uw´

�á��|�kLnXvy§��w²�n�|�kL�~n.n�wvyu�n.uwÀZ|�kLn�P�Z|~��m���¸wvJ|~���P�_�.�"��|�n.�"�@v�vy�~n�Á6xZ��|�nX�Z���n.�~n.�·|w´
« n�©B�e�.xLu��P��nNª«�N��n.��|�ndzZ�Z���P��vJ|~���P�µ�y©=|�kLn8�@vJ|���k;¬D���P�y���/|���vy�Ln.�y{©®�P� v�Ln.u~���P�p�Pn.�Ln.��vJ|�n.��©B�~�Pm�v�kZ���Pke°±��nN²�nN�

u���n.�N��³R�wvJ|~���P��´`�á� �Rvy�"|~���.xZ�@vy�.À�¶¦nµ§�n.�y��� ¶���|�kF�Ln.u~���P�Luc�Pn.�Ln.��vJ|�n.� ©®�~�Pm ��u~|�n.�~nN���Ln.u��.�"���Z|~���P�Luw´`j�kLnµ���Z��|~�@vJ�
n.�L�.�e�Z���L�_�Ð�Pn.�Ln.��vJ|�n.�]§�}�|�kLn�(u~|�n.�~nN�<�.�Pmc�Z����n.�^�dÀR¶8kZ����nXv«�RvJ|�xL��vJ���P�Ln�¶���|�k �~n.u���n.�N|8|��«|�kLn§�n.kRvw²6���P���y©<|�kLn
�Ln.u~���P��À��.�P�·|�vJ���Lum«vy��} �~n.�LxL�L�Rvy��|�~n.�y��u~|�n.�~u�´3« n)�LnN²�nN���P� vJ���P�P�"��|�kLmcu4©®�P�/�~n.mc��²6���L�{�~n.�LxL�L�Rvy�·|�~n.�y��u~|�n.�~uw´
« n4|�vy�~�PnN|�|�kLn�vJ���P�P�"��|�kLmcu8|��!¶¦�P�
�p¶¦nN���Å�P���@vy�~�Pnh�Ln.u����P�LuwÀRvy�L��|����~n.mc�w²�n�~n.�y��u~|�n.�~u8vyu���kLnwvy�Z��}�vyu����Pu�u~��§Z��n
�®�±´ nP´�ÀP|��hnwvyu~����}X�Z��u��.�w²�n.� �~n.�LxL�L�Rvy��|(�~n.�y��u~|�n.�~u�Ày|��/§�n¦vy§Z��n¦|��hnwvyu~����}X�~n.�Z�@vy�.n¦|�kLn.m¨¶���|�k!vhm����Z��m)xLm:vymc�PxL��|*�y©
vy�L�Z��|~���P�RvJ�Å���P�y���V�d´l« nh�Pn.�Ln.��vJ|�n��P�Z|~��m«vJ�Åu��y��xZ|~���P�Lu8�.�P�Lu~���Ln.�"���L��³R�RvJ�=��mc�Z��n.mcn.��|�vJ|~���P�]�.�Pu~|8vy�L�;¬J�P��nNª«�wvy�N}
�y©<|�kLn�����|�n.�~mcn.�Z�@vJ|�n!�~n.�L�~n.u�n.�·|�vJ|~���P�Luw´

¯hxL�<�PnN}��~n.u�xZ��|�u����L�N��xL�Ln�|�kLn�©®�y�����w¶����L�B�

; ¯hxL�/vJ���P�P�"��|�kLmcu/vy�~nnNª«�N��n.�·|/n.�L�PxL�Pk{|��«�L�~��²6���Ln)v�u~���P�Z��³R�wvy��|h��kL�y���.nX�y©<��mc�Z��n.mcn.��|�vJ|~���P�Luh�~n.��vy�~�Z���L�
|�kLn �@vJ|���k;¬D���P�y��� |���vy�Ln.�y¨©B�P�µ²�n.�"}��@vy�~�Pn �N���~�.xZ��|�uw´ � � �y|�kLn.� �~n.u�xZ��|�u���� |�kZ��u �Z���~n.�N|~���P� kRvw²�n §�n.n.�
�LxL§Z����u�kLn.� |�k·xLu�©®vy��|�kRvJ|�¶ nXvy�~nvw¶¦vy�~nX�y©"´

; �¦} vy�L�Z��}6���L�©$0�#�/�8:'&�Ðnwvyu�}`|�� �.�Pmc�LxZ|�nV�!kLn.xL�"��u~|~���.u�©®�P�X�@vJ|���kF�~n.�LxL�N|~���P��À�¶¦nµ�PnN|�²�n.�"} �N���Pu�nµ|��]|�kLn
���#�J�#�@ "�:�·xLm)§�n.�h�y©*�@vJ|���kLn.u4���Pu�u~��§Z��n)�P�]v«�y��²�n.� �~nwvy��kRvy§Z��n!u~|�vJ|�n!u�nN|w´��á�_vJ��mc�Pu~|�vJ�����PxL�hndzLvymc�Z��n.u
¶¦n��P§Z|�vJ���Ln.�Fv ³R�RvJ�¦�6xLmX§�n.�)�y©��@vJ|���kLn.u)��n.u�uX|�kRvy� �P�Xn.ÁexRvJ� |��5����� ��= >?=A@CB À<¶8kLn.�~n�r���u)|�kLnpu�nN|!�y©
�~nwvy��kRvy§Z��n)u�|�vJ|�n.uw´

; ��n.�wvyxLu�n/¶ nh¶¦�P�
�c���L�.�~n.mcn.��|�vJ����}µ©B�~�Pm1vy�����Z��|~�@vJ����mc�Z��n.mcn.�·|�vJ|~���P�{|�v��Pn.�µ©B�~�Pm1vkZ���Pke°±��nN²�nN�=�@vy�L�PxRvy�PnPÀ
vy�L� ¶ n�u~|��"��²�np|��]�L�~n.u�n.�"²�n�|�kLn��y��²�n.� u~|��~xL�N|�xL�~nPÀ |�kLn�u���¸.n��y©�|�kLnµ�~n.u�xZ��|~���L�]���P�y�����~n.m«vJ���Lu�|���vy�N|�vy§Z��n
nN²�n.�]vyu�¶ nXvy�L�L�~��vy��k_|�kLn�m����Z��m)xLm �6xLmX§�n.���y©<�@vJ|���kLn.uw´
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; ¯hxL���~n.u�xZ��|�u!©®�P�)m«vDzZ��mXxLm �@vJ|���k �~n.mc��²yvJ�±À(��� |�n.�~mcu��y©/vy�~nwv]�y©8|�kLnµ�~n.u�xZ��|~���L� ���P�y���PÀ(�.�Pmc�Rvy�~nµ²�n.�"}
©Ðv.²��P��vy§Z��})|���|�kL�Pu�n �P§Z|�vJ���Ln.��§�}X|�kLn�|���vy�Z��|~���P�RvJ�$�É�~�P§LxLu~|
	(|�n.��kL�Z��Á6xLn��y©RndzZ|���vy�N|~���L�h|�kLn u~|�vJ|�n |���vy�Lu~��|~���P�
�P��vy�Lk�À¦�~xL�L�Z���L� vy�FndzL�Z�����N��|«u~|�vJ|�n�n.�L�.�6�Z���L� �L�~�P�P��vym{À�vy�L� ��n.�"©®�P�~m����L� ���P�y���{�P�Z|~��m���¸wvJ|~���P� �P� |�kLn
�~n.u�xZ��|�� ¶ nhxLu�xRvJ����}p�P§Z|�vJ����vXu�m«vJ����n.� ��mc�Z��n.mcn.��|�vJ|~���P� ����m)xL��kµ��n.u�u |~��mcnP´jªRxL�"|�kLn.�~mc�P�~nPÀL¶ nh�P§Lu�n.�"²�n.�
v!§Z����¶�°ÉxL�����p|�kLn�vy�~nwv!�y©Å|�kLnh���Z��|~�@vJ�=��mc�Z��n.mcn.��|�vJ|~���P�_vJ©B|�n.��u~|�vJ|�nhvyu�u~���P�Lmcn.��|a�Ð�~n.u�xZ��|~���L�!���µ²�n.�"}«���P�L�
���P�y���!�P�Z|~��m���¸wvJ|~���P� �~xL�e°±|~��mcn.u0�8¶8kZ����k ¶ n!�L�µ�L�y|hndzL��n.�"��n.�L�.n)¶���|�k �PxL�����L�.�~n.mcn.�·|�vJ�*|�n.��kL�Z��ÁexLn.uw´}« n
�.�PxZ��� �P�Z��}`m«v��Pn�|�kZ��u��.�Pmc�Rvy�"��u��P� �P� �~nN�@vJ|~��²�nN��} u�m«vJ����ndzLvymc�Z��n.uwÀ vyuX|�kLnµndzZ�Z�����N��|cu~|�vJ|�n�|���vy�Lu~��|~���P�
�P��vy�Lk ��u8ndzZ��n.�Lu~��²�n�|��c�.�Pmc�LxZ|�nP´

; r/xL�e°±|~��mcn.u(©®�P�<|�kLn��@vJ|���k«�~n.mc��²yvJ��vJ���P�P�"��|�kLmcu vy�~n����Lu~���P�Z��³R�wvy�·|w´(j�kLn��~nwvy��kRvy§Z��n/u~|�vJ|�n�u�nN|*��u*�.�Pmc�LxZ|�n.�
���Z��|~�@vJ����}�ÀLvy�L�pvJ����u�xL§Lu�n.ÁexLn.��| �@vJ|���kp�~n.�LxL�L�Rvy�L�N��n.u�vy�~n8�LnN|�n.�~m����Ln.������v�.�Pmc�Rvy��vJ|~��²�nN��}«|��"��²6�@vJ��vymc�PxL��|
�y©<|~��mcn�©®�~�Pm¯|�kZ��u8u�nN|w´
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« nµvy�L�Z��} kLn.xL�"��u�|~���c|�n.��kL�Z��ÁexLn.uX|��_u�xL�.�.n.u�u~��²�nN��} �~n.mc�w²�nµ�~n.�LxL�L�Rvy��|!�@vJ|���kLn.uX¶8kZ����np�.�P�·|��~�y�������L�_|�kLn«u���¸.n«�y©
|�kLn!�.�PmX§Z���RvJ|~���P�RvJ�(���P�y���P´K®'�.�Pmc�Z��nN|�n!�@vJ|���k �~n.mc�w²PvJ� |�n.��kL�Z��ÁexLn!�.�PxZ��� §�n��mc�Z��n.mcn.��|�n.� §·}_ndzZ|���vy�N|~���L��vy�
ndzL�Z�����N��|u~|�vJ|�n!|���vy�Lu~��|~���P� �P��vy�Lk�ÀÅ��n.�"©B�P�~m����L��ndzRvy�N|4u�|�vJ|�n!m����Z��m���¸wvJ|~���P��À<vy�L� �~xL�L�Z���L� v�u�|�vJ|�n�vyu�u~���P�Lmcn.��|
�L�~�P�P��vym |�� �Pn.�Ln.��vJ|�n v_m����Z��m)xLm!°±�@vJ|���k n.�L�.�e�Z���L�L´ j�kZ��u���u)©®vy�)|��6� ndzL��n.�Lu~��²�n{vy�L� }6��nN���Lu��L� ���Lu~���Pk·|!|��
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Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)

ISSN 0249-6399


