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Unité de recherche INRIA Rhône-Alpes
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� cMwZcMu } oEuEp ¥ c	k��c	�Eo � } ao�mjoluxo�prk � c } c	z } sEuxu��c�c	z ¥ m�� c	zrpyijdDoqpyi|sEu } c	z7wxo � o�d ac	p � c	z } c³m|o } ijzyp � ij�xknpritsBu
} c*�¨c	i|�xkxmtmXz�� o§� ac � c } it©-��i|mtc*�Es�i � c�ijdDw � o�pyij��oE�nmtcE¡ �³sEkxz!�c�prk } itsBuxz�mjo�wZc ��  s � dDo�uZ��c } c	z�cMzypri|dDo�pyi|sEuxz
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_*` c�zycMd!ijuxo�mni } cMo°s   p ` ijz]wxoEwZc � i|z]p ` o�p]itp�ijz } it©-��knm|p�pys } c � it�Ec � c�m|ijo��nm|c�c	zrpyijd�o�pycMz�s   p ` c*��c�ij�xknm|m
} i|zrp � i|�Zknpyi|sEu�wxo � o�d�c	pyc � z�i|u�zrkZ� ` o���sBuEprc��np�o�u } p ` c � cJijz�p ` c*unc	c }   s � o�mtprc � uxoqprit�Ec7d�s } c�m|ijun�³c	��cMu
i   p ` c���c�ij�xknm|m } i|zrp � ij�xknpyi|sEu5i|zJp ` c���s �{� cM��p d�s } c�mVkxu } c � mt~Uijun�lp ` c } o�dDoq�Ei|un�!w � sn��c	z{z�¡ ¾ � sEd p ` i|z
wQs�ijuBp�s   �Ui|c�¤ ¥ i|p]zyc	c	dDz�uxoqp{k � oqmUpys } cMoqmU¤*itp ` o � sEi|z{zysBu�w � sn��c	z{z�i|u!p ` ijz } sBkx�nm|~���cMuxzys � c } zrc�prpyijun�Z¡
_*` i|z³d!s } c	m���sEuxzrijzyp{z*s   oEzrz{kxd�i|ux� p ` o�p�p ` clm|c   p³��c	uxzrs � c }�} o�pro-�Qc�p´¤7c�cMu�p´¤Js2��sEuBp � sEm pyijd�c	z�o � c
p ` c � c	o�mti /	o�pyi|sEuxz]s   o � sEi|z{zrsEu } ijzyp � ij�xknpritsBub¡ _*` i|z7� ` sEi|��c�i|z7z{kxwxwQs � pyc } �B~Dp ` c   o���pJp ` oqp7dDoqpyc � ijoqm
} o�dDoq�Ei|un�µi|zDo � o � c-c	��c	uBp	¡���uªp ` ijzD��sBuEprc��np ¥ o���ijun�µ�	o�uª�Qcvc��xw � c	z{zyc } �E~¦oEzrz{kxd�ijun�µp ` oqp�p ` c
� sEi|z{zrsEuµw � sn��cMzrz°ijz�iju ` sBd!sE��cMunc�sBkxz ¥ uxo�d�c	mt~¨p ` o�p�p ` c5wZo � o�d�c�prc � s   p ` c � s�ijzrzrsEu } ijzyp � ij�xknpritsBu
} c	wQc	u } z7sBu p ` c°wQc � its } s   ��sBuEp � sEm ¡ _*` kxz ¥ o���ijun��c�ÃVc	��pJijz�o�z{zycMzrzrc } iju-o�zyijdDwnm|c³o�u } � c	mtijo��xmtc³¤7o§~
�UijoDo!�Ec	unc � o�mti /�c } m|i|uxc	o � d�s } c	m } c � i|��c }  ¬� sEd p ` c � s�ijzrzrsEu5w � sn��c	z{z�¡
_*` ijz�o � pyij��m|c�i|z } c	��sEpyc } pysvp ` c-��sEdDwxo � ijzysBu#s   �ZsEp ` d!s } c	m|z ¥ ��c�ij�xknm|m } ijzyp � ij�xknpritsBuµoEu } ijuUÀ

` sEd�s��Ec	unc	sEkxz � s�ijzrzrsEuµw � sn��c	z{z ¥b  s � o�z{zycMzrzri|ux�vo���ijun�2¤ ` c	u¨p ` cDsEuxmt~µo§��o�itmjo��nm|c } oqp{ovo � c�m|c   p�s �
� i|� ` p���c	uZzys � c }l} o�prox¡��´p�ijz�s � �EoEuni0/	c } o�z   s�m|m|s�¤�z�¡�7�o�proqÀ?p´~nwQc7¤7c*o � c*��sEuZ��c � unc } ¤*i|p ` ijz } c	z{� � ij�Zc }
gUc	��pritsBu#�n¡ ²¨o��ni|d!kxdÂm|ij¯qc�m|i ` sUs } oEu } unsEuviju   s � dDoqprit�Ec ± o§~Ec	zri|oEu5iju   c � c	uZ��c   s � p ` clwZo � o�d�c�prc � z
s   oD��c�ij�xknm|m } i|zrp � ij�xknpyi|sEuviju�p ` ijz���sEuBpyc��np�o � c�w � cMzycMuBpyc } ijuµgBc	��pyi|sEu��x¡ _*` c�d�s } c�m|ijun�-s   oq�Ei|ux�
¤*i|p ` o0��c	uxc � oqm|i0/	c } mtijunc	o � d�s } c�m } c � i|��c }  ¬� sEd o � s�ijzrzrsEu�w � sn��c	z{z�ijzlw � c	zrc	uBprc } i|uªgUc	��pritsBu£eZ¡
gUc	��pritsBu2�li|z } c���sEpyc } pysDuUkxd�c � i|�	oqmVc��xwQc � i|d�cMuEp{z���sEdDwxo � ijun���ZsEp ` o�wxw � sEoE� ` c	zJo�u } o } i|z{��kZzrzritsBu
zrc	��pyi|sEu2c	u } z*p ` c�o � pri|��mtcE¡
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_*` c�mti   c�pri|d�c } oqp{o�p ` oqp ¤7c���sEuxzri } c � c } o � c�o�z   s�m|mts�¤�z	¡��¶i } c	uBpyij��o�mQdDoqprc � i|o�m|zJo � c�o§�§o�itmjo��xmtc ¥ o�u }
cMo�� ` dDoqprc � i|o�m i|z³��sBd�wQsEzrc } s  �� i } c	uBpri|�	oqm�oEu } iju } c	wQc	u } c	uBp³kZunitp{z�¤7s � ¯Bi|un�Diju#zyc � i|c	z	¡��¨c!o � c
��sEux��c � unc } ¤*i|p ` pri|d�c	z�pys   o�itmjk � c�s   p ` clkxuni|prz +¬s � ��sEdDwQsEuncMuBprz 17s   o dDoqprc � i|o�m ¡J�´p�ijz*i|dDwQs � proEuEp
prs uns�pri|��c2p ` oqpDp ` c   oqi|m|k � cvs   o£��sEdDwZsBunc	uBp } sUc	z unsEpDi|dDwnm|~¦p ` c   o�itmjk � c�s   p ` c0dDoqpyc � ijoqm?¡ª�´p
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¾ s � p ` c � s�ijzrzrsEuUÀ - �1² prc	zrp�s   o���ijun� ¥ ¤Jc!��i|��c�p ` c!wQc � ��cMuBproq�Ec�s   pri|d�c	z°o���ijun� i|z�o��	��cMwnpyc } oqp�o
zrproEu } o � } ���Âm|c��Ec�m�s���c � p ` cv�	�E� zyijdlkxm|o�pyi|sEuxz	¡ ± c   s � c!��sEdDd�c	uBpri|un�2p ` ijz�proE�nmtc ¥ itp³i|z³i|dDwQs � proEuEp
prs-uns�pri|��c°p ` o�p�p ` c�d�m1d�c	p ` s } o�wxwQc	o � z�prs-�Zc5#Ukni|pyc�zrc	uZzyi|pyi|��c�prs p ` c } sBkx�nm|~2��c	uxzrs � c } ��sEuBprc��np�.
p ` c �³c�¤*pysBuUÀ � o�w ` zysBu/o�mt�Es � itp ` d } i } unsEp-��sEuB�Ec � ��cvi|u �B��� s   ��o�zrc	z   s � d�s } c�mK��+r���reE���E� 1 ¥
�q���   s � � +y��� � �	�M����� 1 ¥ �U���   s � � +F� �r�E��� 1�o�u } ��e��   s � � + � � �q�E� 1 ¡�+ ��zyijun�!s�p ` c � sBwnpyijd�i0/MoqpritsBu
o�mt�Es � itp ` dDzDo�z ��sBu§�ykn�Boqpyc�� � o } itcMuBp } i } uns�pDm|c	o } prs �Zc	pypyc �-� c	z{knmtp{z�¡ 1 � u/p ` c#��sBuEp � o � ~ ¥ �Qs�p `

_ oE�nm|c°�#.��Jzrpyijd�o�pycMz*kxzyijun� d�m ¥Z± o§~Ec	z7iju   c � c	ux��c�o�u } &�(*) o���ijun�Dpyc	zrp
d!m ± o§~Ec	z - �1²

d�c	oEu +?zyp } 1 d�c	o�u + zrp } 1 wZc � ��c	uBpro���c°s   o�����c	wnpri|ux�Do���ijun�� �­� ��¡|�M� + �Z¡ �E� 1 ��¡ �q�4+ �Z¡t�M� 1 ���� � eE�E��� ���E���	eZ¡ � + �B�E� � �x¡ � 1 �E��e � ¡ � +?�B�§eQ¡ e�1� �­��� � ��¡ e �4+ �Z¡ eB� 1 ��¡ �q�4+ �Z¡ �B� 1 ��e��� ���M����� ���E� �x¡ � +?� �x�M�x¡ � 1 �����B�n¡ � + � �q�Z¡ � 1� �S� �n¡|�M� + �Z¡ eU� 1 �n¡ � �4+ �Z¡ en�91 �qe���/� �E��� ��� �Z¡ �4+ ��eE�Z¡ � 1 �M�E�x��¡ � +¬eB�x�E¡ � 1� � � �x¡ �q�4+ �Z¡ �n� 1 �x¡|� � + �Z¡ �q� 1 �	������/�S����� e � �Z¡ �4+y�M�E�x¡ � 1 �qeE�Z¡ �4+y�	eZ��¡ � 1
p ` c!uxsEu�iju   s � dDoqpyi|��c ± o§~Ec	zri|oEu�o�wxw � sEoE� ` oEu } p ` c � sEi|z{zysBuUÀ - �1² d!s } c	mtijun� } s-p ` c���sE� ¡�� ` c	u
��sEuB��c � �Ei|ux� ¥ p ` c*d�mnc	zrpyijdDoqpyi|sEuli|z � c	oEzysBuxo��nm|c c	��cMu�i   p ` c�z{��o�mtc7wxo � o�d�c	pyc � ���	o�ul�Qc } � o�dDoqpri|�	oqm|mt~
s��Ec � c	zrpyijdDoqpyc } ¤ ` cMuµp ` c-z ` o�wQc�wxo � oEd�c�pyc � �/ijz�unc	o � ��¡ ± kxp�p ` c ± o§~�c	zrijo�u0d�c�p ` s } s�m|s��E~0��oEu
�Qc!w � c   c �{� c } zyijux��c!itp�w � s��Bi } cMz�o-d�s � clw � c	��i|zrc�ijuxzrit� ` p³sEu#p ` clm|i   c�pyijd�c } i|zrp � i|�Zknpyi|sEub¡³¢�s�¤7c��Ec �	¥
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¾ it�Bk � c�� . _*` c ` o /Mo � }   kxux��pyi|sEuvs   p ` c�oqm|pyc � uxo�pyi|��c°d!s } c	m

i|pvi|zvijd�wQs � proEuBp5pys unsEpyij��c�p ` o�p2p ` i|z43 � zrp2c��nwQc � ijd!cMuBp   o§�Es � z-d�s } c�m|i|un� oq�Ei|ux�ª¤*i|p ` ��c�ij�xknm|m
} i|zrp � i|�Zknpyi|sEub¡l��uµp ` c zycM��sEu } c��xwQc � i|d�cMuEp ¥ ¤JcDo�uZoqm|~ /	c } oqpro   s � ¤ ` ij� ` o���ijun�5ijz�unsEp�oEzrzrsn��ijoqpyc }
prs o!��c�ij�xknm|m } i|zrp � i|�Zknpyi|sEub¡

� ��� � 4 ��) 'G# " 4 � '$ (� # � 0�21#&)
��c���sBuxzri } c � o�u�oqm|pyc � uxo�pyi|��c°oq�Ei|un�Dd�s } c�m } c 3Qunc } ¤*itp ` p ` c   s�m|m|s�¤*i|un� ` o9/	o � }   kxux��pritsBu


 + * 1K� �� � 	 �� B 
�� C *��� B � � � a
B�
����
��� � ��� + * 1[�

¤ ` c � c
���
+-� 1 } c	uxs�pycMz�p ` c�i|u } i|�	oqpys ��  kZux��pritsBu0s   p ` cDzyc	p��l¡��´prz ` o�z{o � }   kxux��pyi|sEuµi|z } cMwni|��pyc } iju

¾ i|�Ek � cµ�E¡ _*` i|z�d�s } c�m�i|z!c	oEzyi|m|~£zrijdlknmjoqprc } zri|uZ��c5i|pD��o�uª�Zc�z ` s�¤�u p ` o�p�oµmti   c�pri|d�c�� } � o§¤�u
oE����s � } i|ux��p ` ijz�d�s } c�m��	o�u��Qc�¤ � i|pyprc	u#oEz��_�\d!iju�+ � ��! 17¤ ` c � c"� ijz�o�uvc��nwQsEuxc	uBpyijoqm � o�u } sEd
��o � ijo��nm|c�¤*itp ` z{��oqm|c0wxo � oEd!c	pyc � � � o�u } ! ijz5o£p `x� c	cµwxo � oEd!c	pyc � �¨c	i|�xkxmtm } ijzyp � ij�xknpritsBu/¤*i|p `
z ` oEwZc0wxo � oEd�c�pyc � � ¥ z{��oqm|c#wxo � o�d�c	pyc � � B o�u } wQsEzri|pyi|sEu wxo � o�d�c	pyc � * � ¡\��u ¤ ` oqp   s�m|m|s�¤�z ¥ ¤Jc
} c	unsEpyc � � + * � �.	 1J¤*itp ` 	 � +������ � �.� B 1Jp ` ijz } ijzyp � ij�xknpritsBub¡
��c5zri|d!knm|o�pyc } } oqp{o#zyc	prz  ¬� sEd�p ` ijz } i|zrp � i|�Zknpyi|sEu£¤*i|p ` * � � �	�E� ¥ 	+� +y��� � �r�E��� �	�M����� 1'¡ ��z

w � c	�Bi|sEkZzym|~ ¥ ¤Jc ��sEuxzri } c � � ���	�*dDoqprc � i|o�m|zboEu } c	oE� ` dDo�pyc � ijoqmqijz1��sEdDwZsBzyc } s   � ���	�E�Ji } cMuEpri|�	oqm
oEu } iju } cMwZcMu } c	uBp�kxuni|prz	¡��¨c°��sBuxzyi } c � p´¤7s } itÃXc � cMuEp���sBuBp � s�mxpri|d�c	z�� B ���	�E��o�u } � ) � �����Z¡ _*` c
prs�p{oqm z{o�dDwnm|c5zri0/	c-i|z�� E � E � � �����E�voEu } c	oE� ` ��sEuZzyi } c � c } zritp{kxoqpritsBu£¤7oEz � c	wnm|i|�	oqprc } �	�E�
pri|d�cMz�¡
_*` c � c	z{knmtp{z�o � c } ijzrwxm|o§~Ec } iju _ o��nm|c�eZ¡ � cM��oqm|m°p ` o�p2p ` c£d!m�oEu } ± o§~Ec	z-cMzypri|dDo�pys � zvo � c

} c � it�Ec } oEzrz{kxd�i|ux�!o���c�ij�xknm|m o�z{z{kxdDwnpyi|sEu ¥ unsEpJp ` c�p � knc � � } ijzyp � ij�xknpritsBub¡ ¾ i � zyp ¥ uns�pri|��c�p ` oqp�p ` cd�mXw � sn��c } k � c   oqi|mtc } pysl��sEuB��c � �Ec	z�i|u �B��� s  V� c	wxmtij��o�pyi|sEuxz	¡ _*` c�d!mXo�u } ± o§~�cMzyijo�u!c	zrpyijdDoqprs � z�o � c
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��mtcMo � mt~vkxuxoE�nmtc!pys } c�prc	��p�oq�Ei|un�Q¡�²0s � c	s���c � p ` c!d�m�c	zrpyijdDoqpyc!s   p ` c!z{��o�mtclwZo � o�d�c�prc � ��ijz #Ukni|pyc
kZuxzyp{o��nm|c�¡ � u�p ` c³��sEuBp � o � ~ ¥q_*` c � s�ijz{zysBuUÀ - ��² d�s } c�m|ijun� } c�prc	��prz oEuDoq��ijun�°c�ÃVc	��p]iju�o�dDoq��s � itp´~
s  �� c	wnm|ij��oqpritsBuxz	¡

_ o��nm|c�e#.��JzrpyijdDoqprc	z*kxzri|ux�Dd�m ¥x± o§~�cMzJiju   c � cMux��c�oEu } &�(*) oq��ijun�DpycMzyp   s � p ` c�� � } ijzyp � ij�xknpritsBu
d!m ± o§~Ec	z - �1²

d�c	oEu +?zyp } 1 d�c	o�u +?zyp } 1 wZc � ��c	uBpro���c°s   o�����c	wnpri|ux�Do���ijun�� �x¡ � � + �Z¡ ��� 1 ��¡ �qe + �Z¡t�§� 1 � ���� �M� � �E��¡ � +?�E��e �qeZ¡ � 1 �����E�x¡|� + � ���x¡ � 1
� �8� � 4 #�
 � � � ).#��  �'$/ ��4 ��) 'G# " 4 � '$ (� #!#�� #&%('
��c#��sBuxzyi } c � o�zrijd�wxmtc�c��xoEd�wxmtc�¤*i|p ` uns oq�Ei|un��c�ÃVc	��p-�xknp ¤*i|p ` o��rdDoqprc � i|o�m��¨c�ÃVc	��p�¡ ���Boqiju
��c!��sEuxzri } c � � � �M�-dDoqprc � i|o�m|z�oEu } cMo�� ` dDoqprc � i|o�m1ijz�ijz���sEdDwZsBzyc } s   � � �	�E�Di } cMuBpyij��oqm�o�u }
iju } cMwZcMu } cMuEp*kxuxitp{z�¡���c���sEuZzyi } c � p´¤7s } itÃVc � c	uBp*��sEuBp � sEmQpri|d�c	z
� B �­�M���loEu } � ) � �����x¡ ± knp�3Z��c
dDo�pyc � ijoqmjz ` o§��c�oJ��+r��� �q���E� 1 } i|zrp � ij�xknpyi|sEu�oEu } 3Q��c�dDoqpyc � ijoqmjz ` o§�Ec�oJ� +y���yeE�E��� 1 } ijzrp � i|�xkxpyi|sEub¡
_*` c � c	z{knm|pyijun� } oqp{o zyc	p�i|z } i|z{wnmjo§~�c } i|u _ o��nm|c��n¡

_ o��xmtc�� . ¾ i|��c�dDoqprc � i|o�m|z  ¬� sEd � +r���yeB���E� 1�oEu } 3Z��c�dDoqprc � i|o�m|z  ¬� sEd3��+r��� �q���E� 1'¡� +y���reE�E��� 1 ��+r��� �q���E� 1
��c   p���cMuxzrs � c } �1c   p���cMuxzys � c }

� cMuxzrs � i|un��pyijd�c ��sEdDwQsEuncMuBprz ��sEdDwQsEuncMuEp{z
�	�E� � �
�	�E� � �
�	�E� � �
�	�E� e �
�	�E� � �
�q�E� � �
�q�E� � �	�
�q�E� � �
�q�E� � �	�
�q�E� � �

_ o��nm|c � w � s��Bi } cMz d�mXoEu } ± o§~�cMzyijo�u���c�ij�xknm|mbwxo � o�d�c�prc � c	zrpyijd�o�pycMz   s � �Qs�p ` � � sEkxwZz�s   dDoqprc�À
� ijoqmjz�¡ ��sEuxc7s   p ` c*d!c	p ` s } z�ijz�o��xmtc�pys } c	pycM��p�p ` o�p�p ` c*dDoqprc � i|o�mU� � sEkxwxz�o � c7c	z{zycMuBpyijoqm|mt~ } itÃVc � c	uBp�¡
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_ o��xmtc � .�d�m1oEu } ± o§~Ec	zri|oEu ��c�ij�xknm|m�wxo � oEd!c	pyc � cMzypri|dDo�pyc	z   s � �ZsEp ` � � sEkZwxz�s   d�o�pyc � ijoqmjz�¡
²0c�p ` s } ²0s } c	m � o � oEd!c	pyc � �Jzrpyijd�o�pyi|sEu
d!m � +y���reE�E��� 1 � �Z¡ ��� � �� � �§� �x¡ �� +y��� �q�E��� 1 � �Z¡ � ��� �� � �n�E��¡ �

± o§~�c	zrijo�u � +y���reE�E��� 1 � �E¡ �x� �E�� � � �B�U¡ �� +y��� �q�E��� 1 � �Z¡ � � �U�� �E�q�Z��¡ �

_ o��xmtcl��.�&�(*) � cMzrknm|prz   s � p ` c�p´¤7sD� � sEkxw } o�proDzyc	p�¡

²0s } c�m � o � o�d�c�prc � �JzrpyijdDoqpritsBu +?zyp } 1 7�c��Uijo�ux��c }  
²0s } c�m1� � �x¡ ���E��� +?�x¡ �E�E� � 1 � � ¡ ��e � �
²0s } c�m]� � eZ¡ eE�E��� +?�x¡ � � ��� 1 �qeZ¡ �E� �	�� À´�x¡ �����E� +?�x¡ ���qeU� 1
²0s } c�m�� � �n¡ e � � � +?�x¡ eE�B��� 1 �E��¡ ��� �	�� �n¡ � � � � +?�x¡ �U�E�	� 1
²0s } c�m1� � �n¡ � �U��� +?�x¡ � ���n� 1 �M�x¡ � � �§�� À´�x¡ �����B� +?�x¡ ���B� � 1� �n¡ � �B� � +?�x¡ ���E��� 1
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_ o��nm|c-� } ijz{wnm|o§~nz³p ` c � c	z{knm|prz�s   p ` c � s�ijzrzrsEunÀ - ��² d!s } c	mtijun�Q¡ _*` c   s�m|mts�¤*ijun�2d�s } c	m|z�¤7c � c
��sEuxzri } c � c } .

0 ²0s } c�m��). ��s 3x�nc } c�ÃXcM��p�.�� ¡
0 ²0s } c�m � .�	 ����
 ��� � ��� ��������� c�ÃVc	��p�.�� 	�� ¡
0 ²0s } c�m�� .�� ������������� c�ÃVc	��p�.�� 	 �]¡
0 ²0s } c�m��).�	 ����
 ��� � ��� ��������� o�u } � ���+��������� c�ÃXcM��p{z�.�� 	 � 	 �]¡

��c]c	�§o�m|kZoqpyc p ` c } iÁÃVc � c	uBp c�ÃXcM��p�kZzyijun� ` ~nwZsEp ` cMzycMzbpycMzyp�oqp1o � �S��� oEzy~ndDwnpysEpyij��mtc	��c	m ¡97³cMuns�pri|un�
� . p ` c } c	�Ui|oEux��c0s   d!s } c	m # ¥ # � � ����� � �{� ¥ ¤Jc ` o§�Ec � � C�� B � ��� � � ¥�� � C�� ) � ��e � ��e
oEu } � ) C	��
 � ���|��eQ¡ _*` sEzrc �§o�m|kxc	z ` o§��c pys¨�Zc5��sEdDwxo � c } prs0p ` c �nÀF��oqmjknc"'�) BMa * +y� 1�� � � �qeZ¡
� sBuxzrc�#Uknc	uBprmt~ ¥ ¤7c���sEux��m|k } c³wQsEzritprit�Ec�m|~   s � d�s } c�m � +?d�o�pyc � ijoqmXc�ÃVc	��p 1 ¤ ` ij� ` ijz p ` c � i|� ` pJd�s } c	m ¡

� � ����(�$������� !�

�³zrzrc	z{zri|un� o���ijun�¨c��x��mjkxzyi|��c	mt~  ¬� sBd m|c   p5oEu } � i|� ` p-��cMuxzys � c }ª} o�pro£ijz-o } it© �	knm|p-proEzr¯X¡«��u p ` i|z
o � pri|��mtc ¥ ¤Jc ` o§��c���sBuxzyi } c � c } p ` ijz°w � sE�nm|c	d  ¬� sEd } itÃXc � cMuBp°wQs�ijuBprz³s   �Bi|c�¤�¡5� ��mjo�z{zri|�	oqm�¤7o§~   s �
oEzrzrc	z{zri|un��o���ijun��ijz1prs�o�z{z{kxd�c p ` oqp1p ` c   o�itmjk � c pri|d�c	z�o � ijzyc  ¬� sEd o*��c�ij�xknm|m } ijzyp � ij�xknpritsBub¡���ulzrkx� ` o} sEkx�nm|~!��c	uxzrs � c } ��sEuBpyc��Up ¥ sBk � c��xwQc � i|d�c	uBp{z z ` s�¤ªp ` oqp uxsEuDiju   s � dDoqpyi|��c ± o§~�cMzyijo�u!iju   c � c	ux��c���oEu
�Qc�w � c   c �r� c } pys p ` c�dDo��ni|d!kxdÂm|ij¯qc�m|i ` sUs } d�c�p ` s } s�m|s��E~-¤ ` ij� ` �	o�uvs   prc	uvc	uZ��sEkZuEprc � uUkxd�c � ij��oqm
p � sBkx�nm|c	z�oEu } w � s��Ui } c°m|c	z{z�zrproE�nmtc�cMzypri|dDo�pys � z	¡ ± knp�p ` cldDoqiju#wQs�ijuEp�s   sEk � ��sEuBp � ij�xknpritsBu2ijz�p ` oqp
ijz�d�s � c³uxo�prk � oqmbo�u } d�s � c³zrc	uxzrij�nmtc�pys��Uitc	¤Soq�Ei|ux�!o�z�o - �1² 3x�nc } c�ÃXcM��p�s   o � sEi|z{zysBu w � sU��c	z{z�¡
��kxd�c � i|�	oqm�c��nwQc � ijd!cMuBprz�z ` s�¤�p ` oqp�p ` i|z°¤�o§~#s   d�s } c�m|i|un�#o���ijun�voEwxwQc	o � z�pys#�Qc-d!s � c � c�m|i|oE�nm|c
oEu } d!s � c�zrc	�	k � cE¡
��c mtijd�itplsEk � uUkxd�c � ij��oqm�ijuB��cMzyprit�Boqpyi|sEuZz³prs#d�o�pyc � ijoqmjz���sBuxzyi } c � c } o�z°�EsUs } o�z�uxc�¤�¡-��u�p ` i|z
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Unit é de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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