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¤
awqOV¦W�hfhOicac_tW5b�acUAqÀ m»#¯9¤yÇ®È9�fZtÉ5ÊASsË�¿ÍÌyÌ�UAq�b
`OY¡ ±q9b�YtT�qOY;bt�� Î»\¯9¤yÇ3È��fZtÉjÊAS�Ës¿Ï_;UAqOg�acg�b�g�U5�
b��(U�X�UAqOU5¤±�OacpfY;U5¤±g�_;`OYtX�Y�gedfoOg/vAg�b/YtX�g\ Î»\¯9¤yÇ3È��fZ W�qOp¡ m»#¯9¤±ÊAS�Ës¿-�?acbe`¡W�VOW5b�Y;�?W%v� Î»\¯9¤
¯fËsÐP».�
Ñ¾ÒAÓ'Ô�Õ�Ö��5×����¼�AacpfY;UO_;UAq9��YtT	YtqO_;a�qOVRnP�AacpfY;U½g�_�`OYtX�Y�nf_;UAqOV�Y;g�b/akUOq�_;UAq9beT�U�imnf ±q9b�YtT�qOY;b%�

Ø�Ù�ÚÛ�Ü�ÝtÞ ÚÛ!ß!à�Üyáãâtä

å±æ¢çDè(é/êìëwíjî	ï�ðyñ/ò�óãêìôOõtöm÷¢ø�ñ/òjù
úûêìümê¨ómétý þcü
å±åyÿ����\íjÿ�����ÿ��	�'ê�
%æyñ;ð�ñ/ôtþwæ¢ü±æ¢ô�ð¢êìô
�����;ó��mæyè3ý

CENTRE NATIONAL 
DE LA RECHERCHE
SCIENTIFIQUE

Centre National de la Recherche Scientifique Institut National de Recherche en Informatique
(URA 227) Université de Rennes 1 – Insa de Rennes et en Automatique – unité de recherche de Rennes



*�,�,������!0�������"������N
��/������ �!�#"�$���!&'�("��!���0 �Ï���	������$t��&���0(�P��
�������s�®�

���Ò �	��
��Ò¦��
PY;g#W�hfhOicac_tW5b�acUAqOg3pfY#bfrY;i
rY;_;UAq9��rYtT�YtqO_;Y3beT�W�qOgeX�Y;b�b�Ytq9b�pfY;g?awX�W5V9Y;g?Y;b?pfY;g?g�UOqOg
qOdfX=rYtT	ak­fdOY;g�YtqºdOb�acicakg
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PY;g¡TOrY;g/YtW�dOu�awq9��UAT/X�W5b�ac­fdOY;g¡W5_
¤
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T�Y#icY;g®g�b
W5b�acUAqOg(pfY;g®hfW�T�b/ak_;awhfW�q9b�g
lW�dfqOY�X��YtX�Y?bfrY;ierY;_;UAq9�5rYtT	YtqO_;Y®hfYtdO��Ytq9b®W�X�YtqOYtT�lW�dOb�acikacg�YtT�g�awX�dOicbeW�qsrYtX�Ytq�b?hOiwdOg�acYtdfT�g#b�Y;_;`9¤
qOac­fdOY;g.pfY�_;UOpzW5V�Y��P��W�qOg#_;Y½hfW�hOacYtT;n'qOUAdOg�rY;bedOpfacUAqOg#icY;g.W�hfhOicac_tW5b�acUAqOg�pfY�bfrY;ierY;_;UAq9��rYtT�YtqO_;Y
X�dOicb�a«¤m��UOT�X�W5b�g%n'_��ìY;g�b	¤�lW%¤±pfawT�Y¡dOb�acicakg
W�q�bKpfY;g��mUAT�XKW5b�g��OacpÆrY;U�g�X�dOikb/a�hOicY;gt���(Y;g�W�hfhOicak_tWjb�acUAqOg
UAdO�fT�Ytq9b�g�awX.dOicbeW9q�rYtX�Ytq9b�hOi�dOg/akYtdfT	g�g�Y;g�g�acUAqOg�pfY½beT�W9qOgehfUAT	b�h�UAdfT�beT/W�qOgeX�Y;b�b
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Ësq�Y
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�±dOgfrY;g gedfT pfa«§\rYtT�Ytq9b�g�W�T�ofT�Y½pfY½pfa¨§IdOg�acUAq=W%Ã�q¼p��ìawq�b/YtT�_;UAqfqOY;_;b�YtT�W�d=X�acYtdOu�icY;g�pfa«§\rYtT�Ytq9b�g
g�UOdOg�¤yTOrY;g/YtW�dOu�����UAdOg(hfTArY;g�Ytq9b�UAqOg�WjikUOT�g�i��¨W�T	_�`Oacb�Y;_;bedfT	Y®­fdOY\qOUOdOgÆhfT�UAh�U�g�UAqOg(hfUAdfT pfY®b/Y;ikicY;g
W�hfhOicac_tW5b�acUAqOg(pzW�qOg(dfq Ytq��OawT�UAqfqOYtX�Ytq9bÆ`srY;b rYtT�U9V�lYtqOY��;Ë!icicY3Y;g�b�ofW5gfrY;Y�gedfT pfY;g!g�UAdOg�¤±g�vOg�btlYtX�Y;g
X�UOqOU5¤m��UOT�X�W5b�g�awq�b/YtT�_;UAqfqOY;_;bfrY;g�VAT��Wj_;Y�lW3pfY;g(hfW5g�g�YtT	Y;ikicY;gsgeh�rY;_;a«Ãz­fdOY;gt���(Y;g(hfW5g�g�YtT	Y;ikicY;gtnOhfYtT¢¤
X�Y;b/b�Ytq�b�i���rY;_�`fW9qOV�Y¡pfY;g�pfUAqfqsrY;Y;g�Y;b�pfY;g�_;UAX�X�W9qOpfY;g�Ytq�beT	Y¬icY;g{g�UAdOg�¤±g�vOg�btlYtX�Y;g£X�UOqOU5¤
�mUAT�X�Wjb�g�YtqÀbeT�W�qOg	��UAT/X�W�q9b.icYtdfT°��UAT/X�W5b�g�Y;b½YtqÀawq�b�YtT/hfTArY;beW9q�b�icYtdfT�gfrYtX�W�q9b�ac­ dOY�icUAT	g�­ dOY
_;Y;iwW�g �¨W%��lYtT�Y.qsrY;_;Y;g�geW5awT�Y��P�#YtdOu�X=rY;be`OUApfY;g3pfY�beT/W5pzdO_;b�acUAq�pfY;g3�mUAT�X�Wjb�g®�OacpÆrY;U�g#g/UAq�b�hfT	U5¤
h�U�gfrY;Y;g�¥(dfqOY¬b
T�W5pzdO_;b�acUAqÀpfawT�Y;_;b�Y�n(Y;b�dfqOY�beT�W5pzdO_;b�acUAqÀawqOpfawT�Y;_;b�Y¦dOb/akicacgeW�q9b¡iwW�X=rYtX�U�awT�Y
�OacpÆrY;Uz�OÅ!awqfW5icYtX�Ytq9b®qOUAdOg®hfTOrY;g�Ytq9b�UAqOgÆqOU9beT�Y#W�hfhOicak_tWjb�acUAq�pfY#bfrY;ierY;_;UAq9��rYtT�YtqO_;Y3X.dOicb�a«¤m�mUAT�X�Wjb
 Î»\¯9¤yÇ3È��fZtÉjÊAS�Ës¿��
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T��U�icY#pfY�_;UAqOV9Y;g�b�acUAqPnz ¢q�b�YtT/qOY;bt�
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`fW5g#ofY;_;UOX�Y�W���YtT�v½awX�hfUAT	beW�q9b\W5g
hfY;_;b3a�q¾be`OY.W9T�YtW�U5��_;UAXKhfdOb�YtT?_;UOX�X�dfqOak_tWjb�acUAqOgt�P�?`OY
�OacpfY;UA_;UAq9�mYtT�YtqO_;awqOV¡W�hfhOicac_tW5b�acUAq{W5_;­ dOawT�Y;g%nAb
T�W�qOgeX�acb�g(W�qOp¡hfT�Y;g�Ytq9b�g?T�YtW5iRb�awX�Y#_;UAq9b�awqAdOUOdOg
X�Y;pfawW pzW5beW�awqO_;i�dOpfawqOV��OacpfY;U�W9qOp£W�dOpfacU�pzW5beWf�O mbÆWjikicU5�?g?hfY;UOhOikY�Wjb�pfa«§'YtT�Ytq�bsicUA_tW5b/akUOqOg?b�U
beW9�5Y�hfW�T�b(awq¡W��OacpfY;UA_;UOq9��YtT�YtqO_;Y�be`fT	UAdOVA`½pzW5beWKqOY;by�(UAT/��gt�O�?`Oacg®��akici!ofT�awqOV£VOT�YtW5bs�ÎWj_;akicacb�v
b�U½dOgt�
»®acpfY;UO_;UAq9��YtT	YtqO_;Y;g?_tW�q�o�Y®pfac�OakpfY;p�awq9b�U�awq9b�YtT�W5_;b/ak�9Y?_;UAq9�mYtT�YtqO_;Y;g?W�qOp£qOUAq9¤±awq9b�YtT�W5_;b�ac��Y

_;UAq9�mYtT�YtqO_;Y;gt�(�?`OY½�mUAT�X�YtT�W5icicU5� W�q9v hfW9T�b�ac_;awhfW�q�b/g£b�U�g�YtqOp�pzWjbeWfn!W�qOpÁb
`OY�i�Wjb�b�YtT UAqOicv
W5icicU5�+be`OY¼gehfYtW��jYtT½U5�.be`OY�_;UAq9�mYtT�YtqO_;Y=b�U�pfU�g�Uz�( ±q9b�YtT�Wj_;b�ac��Y�_;UAq9�mYtT�YtqO_;Y;g¬`fW%��Y�X�UOT�Y
g�b
T�ac_;b�­ dfWjikacb�v=U5�\g/YtT��Aac_;Y¦³��3UO¯f¹�T�Y;­fdOa�T	YtX�Ytq�b/g�be`fW�q�qOUAq9¤±awq9b�YtT�W5_;b/ak�9Y�_;UAq9��YtT	YtqO_;Y;gt��ÅRUAT
Y;ufW�X�hOicY�nfawq9b�YtT�W5_;b�ac��Y3_;UAq9�mYtT�YtqO_;Y;g®qOY;Y;p�b�U ica�X�akb�beT�W�qOgeh�UAT�bspfY;i�W%v�b/U�hfT	Y;��Ytq�bsbe`OY#hfY;UAhOicY
�±T�UAX-�mY;Y;icawqOV¡dfqO_;UAX �mUAT�beW�oOicY��

.�Y;_tW9dOg�Y£T�YtW5i�b�awX�Y��OacpfY;U¬`fW%��Y�`OdOV�Y�pzW5beW�T�W5b/Y°³mdfqO_;UAXKhfT�Y;g�g�Y;p��OacpfY;U¡pzW5b
W£T�Wjb�Y�a�q
�? ÎÅ��mUAT�X�WjbÆacg0/����¨È��21�oOakb/geÉ5g03wZ%��4�¹;nOacb®_tW9q�UAqOicv¡ofY beT�W�qOg
X�acb�b�Y;p¡awq¾be`OY.qOY;b��(UAT��9g®W%�mb�YtT
o�Y;a�qOV½_;UAX�hfT	Y;g�g�Y;p'�z�?`OYtT	Y�W�T�Y#qAdfX�YtT	UAdOg?�OakpfY;UK_;UAX�hfT�Y;g�g/akUOq½b�Y;_�`fqOac­fdOY;gt�R]\X�UOqOV.b
`OYtX
�(Y½_tW�q¼Ã�qOp�awq�beT/W%�ÎT/W�X�Y�_;UAXKhfT�Y;g�g�acUAq=_;UOpfawqOV�g�_;`OYtX�Y;g£W5pfUAhOb/Y;p o9v�_;UOpfa�qOV¼g�beW�qOpzW�T	pfg
gedO_;`ºW5g½ÊAS�Ës¿53«��4yn!UAT�a�q9b�YtT¢�±T�W�X�Y¡_;UAX�hfT	Y;g�g�acUAqÀ_;UApfawqOV�g�_;`OYtX�Y;g¡W5pfUOhOb�Y;p´o9v�_;UApfawqOV
g�b
W�qOpzW�T�pfg?g
dO_�`�W5g?Ç3È��fZ63¨��4'W�qOp71�S�Ës¿83¨~�4y�O ±q9b�YtT¢�±T�W�X�Y3_;UAX�hfT�Y;g/g�acUAq¡W5_;`OacY;��Y;g?VAT	YtW5b�YtT
_;UAXKhfT�Y;g�g.T/W5b�acU�be`fW�q�awq9beT�W%�±T�W�X�Y._;UOX�hfT�Y;g�g�acUAq¼ofY;_tW�dOg�Y½awq�b/YtT¢�ÎT/W�X�Y�_;UAX�hfT�Y;g/g�acUAq�b
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