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pIq±k3xIWYX[noq±k�XQh
fiXQh�WY�}^	kiwytvhj^{pjX[h}k�WY^��jW�z^	k¤^
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\Qx�\��jq�z^vw}fiW�z^
^�W°hjp>pjX[hj�v^	\	h4r¥f��jn ^�W��}XQhjW�ZQX[hj�v^�WYp�^�W°e ^3]>\�n eoe ^�hjW�^�q°Wm^�qYX[hjWYp�^�W
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W�hjp�^�f|XQ]!]>\	p}xI^vwvn e8no]C�jWYn ]�^{hjp�f�\�W±\Qfiq
¬^�WY^ x8®Û\	�j�}^�e � �^
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	Ûª
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pIq«eÁ®¯^�p}k¤^
]��je ^>xI^	k«�jWYX[ZQW-\	]!]!^	k�^�q>xy^	k
xIXQp�p{z^�^	k�xIh>eoX[ZQngf|no^�eu¦{§©¨Q�(ª��ûeu^	k¤q{p�XQq�z^('BR"T�_jW�^�q�fiXQpyqYn ^�pyq°^�p�¡³\	noq{�je h}k¤n ^�hjW±k{k¤XQh�k �
W�z^��}^�WmqYX[noWY^�k��

� 'BR"T�_�W*)dc �v�jWYX[ZQW±\�]!]!^�k.kOXQhjW±fi^	k|w
� 'BR"T�_�W*)X��� ���d���"� � ��� ���d������+3U@Tqk@r�U�w@r�k*,*-.-�w�fOR�VØw c0/�i8w^FhFhF�� �¥�jWmXQZ[W-\�]C]!^	k
^hKdz^	fihjq±\��je ^	k��¥X[hjW!hjp�^�]>\Qf-�jnop�^>fino��eo^*��\�WYqmngfih�eon³¬^
WY^ � WY^	kO�¥^�fiqYn �v^�]!^�pyq(�{J°c
y�e �j�}\Iw��`V,kyz^
WYno^�N	�Q�ywg�O¦|z �{�y_Q�[�Q�yw%�vhjp ajw F�FhF��-w
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x8® ^
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¨Iª�y3fiqmno�v^�Wdeo^(�jWYX[ZQW-\	]!]!^{R�Tqk!Y!\�kdY!l � f�¡mªuk¤^	f|qYnoX[p�¨yªÛ� �±ª8§8^�k�xIX[pjp¼z^�^�k3k¤X[pIqJ�>^�q
- � �vXQn W°e ^0xIng\	eoX[ZQhj^0f|n �³xI^	kYkOXQh}k �-ª}§8^3��WYXQZ[W-\	]!]!^�eonoqdeo^{ruf-�jno^�W���� -K��k�^�qCz^	f|WYnoq
eo^�k{xI^�h!K�r¥f��jn ^�W-k�nopjn qYn£\�h!K
�L� -K��M«^�qL��� -K� rNM �PO�QFRJS �Qª ��� �

� §8^�ruf-�jno^
W���� -K��M � xIXQp�p{z^�^	k°Z/z^�XQ]ºz^
qYWYn£t²h�^	k�^�q{�j����k¤ngtvhj^	k ��xdz^�fiWYn q.h�p*xyX �
]>\�n pj^�xIX[pIqdeg\�¡­WYX[pIqmnÁ¬^�Wm^�^	kOq�WY^��jW�z^	k¤^
pIq�z^�^{�}\�W��(k¤�je nopj^�kiªv§8^	kdk¤�je nopj^�k � � �
^�q � � ��k¤X[pIq�xy^	k°kO^�ZQ]!^
pIq±k�xI^0xIWmXQn qY^	kdxI^�e XQpjZ[hj^�hjW0�[ªy§8^	k{k¤�je nopj^�k � ¨ �/^�q
� a ��k¤X[pIq0xy^	k3k¤^
ZQ]!^�pyq-k{xy^�xIWmXQnoqm^	k3xI^�e XQpjZ[hj^�hjW �IªÛ�yª8§©\>kO�jeon pj^ � * �{^	kOq
x°z^ir}p�no^°��\�W�e ^	k �}X[nopyq-k�xI^�f|XQpyqYW �X[eo^¼�Iw[_Iw@N»wv�Iw[�3xj\	p}k�eo^°��hjq�x8®Ó\��j�jWmXyf���^�W
hjp�tvh}\	WYq0xI^bfi^�W±fieo^vª�§8^��}XQnopyq�a!^	k¤q`hjp*�}XQn pIq`no]!�}Xvkyz^C¬\�eÁ®¯nopyqjz^�Wmno^�hjW¼xIh
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k¤X[hj�}\�n q�z^�^»ª©� ^
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^vª
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�j���jkOngtvhj^	k��±w Kuª n³ªÛf � ]4\�noe eg\	ZQ^KxI^�fiX[hjWY�}^	k ��^
q K8ª¯nÁª¯]>k � ]>\�n eoeg\	ZQ^KxI^�xIX[]>\�n pj^	k �-ª �ûe
^hKyqYW-\	noq�hjpj^��}\	WYqYn ^�xI^`fi^	k�xIXQp�p{z^�^	k��}XQhjW¼fiW�z^
^�W�hjp�r¥f��jn ^�W/\�h�¡­X[WY]>\	q�y{z��3¦|y�w»t²hjn
^	k¤q�hjqmnoeon£kyz^��}\�W��je h}k¤n ^�hjW-k{f|XyxI^	k�xI^(f�\�e£fihje8��\�WKz^�e
z^�]C^�pvq-k�r}pjn£k � f�¡mª}kO^	fiqmnoXQp *Iªo� �-ª
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xIh,qm^�WY]Cnop}\	e°xy^*kOXQWmqYno^>Z[W-\����jngtvhj^ � _yw��}\�WmqYno^ * �Áª�§�® h�qYnoe ngkm\�qY^
hjW�^	kOq«fiXQp�k¤q-\	]!]!^�pyq
ZQhjn£x°z^0�}\�W`xI^	k°]C^�pIh�kiªj§8^0]!^
pIh«�jWYn p}fin �}\�e©^	kOq{eo^0kOhjno�[\	pIq �
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§8^�]C^�pIh��^f�]qrgf�\jY"c��¥^
WY]!^�qKxI^ f��jX[ngkOnoW*h�p X[h��jeoh}kOno^�h�W-k4r¥f��jn ^�W-k�¬\,qmW-\Qf|^�W

� f�¡mªI¡­X[WY]>\	q-k{xdz^|r}pjngk{\	hKf��}\	�jnoqmWY^�* � �
� M���xIXQp�p{z^�^	k{Z/z^�X[]�z^�qmWYngtvhj^	k�^�q{������k¤n£t²hj^�k.nop�noqYn£\�e ^	k � ruf���no^�W�� �±w
� rNM��jf
\�WYqm^�� n pjnoqmng\	eo^ � ruf-�jno^
W|�����-w
� chVgl�l�e�r��»k¤�je nopj^	k{f|Wjz^Øz^�^�k.�}\	W�e ^���WYXQZ[W-\	]!]!^�R"Tdc V^l�l�e�r8w
� ]�X[h V^] �j]4\�noe eg\	ZQ^`xI^(fiXQhjWm�}^	k�f|Wjz^Øz^3��\�W�eo^3�jWmXQZ[W-\�]C]!^{R�TOV^]jw
� r�] �jf
\�WYqm^�� f|Wjz^Øz^�^`�}\�W{e ^���WYXQZ[W-\	]!]!^�R"TBVg]�w
� c�X[h Voc �j]4\�noe eg\	ZQ^`xI^(xIXQ]>\	nopj^�k°fiW�z^©z^0�}\�W{e ^���WYXQZ[W-\	]!]!^�R"TBV cyw
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§8^0]!^�pyh��./�e!Y!\dc3�¥^
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� R��I¡­X[p}fiqmnoXQp�k�xI^(�}\QkO^ � ^��Ø\[fi^�W{eÁ®mz^	fiW±\�p©w}f-�}\�p�ZQ^�W�eg\��}\�h�qY^�hjW`xI^	k�f�\	W-\Qf|q�¬^�Wm^	kXQh>e³®Yz^��}\	ngkmk¤^�hjW�xy^	k°qYW±\�noq±kiw}\+�>f-�j^�Wdhjp*qm^hKIqm^vw²¡³\	noWm^3hjp%�
XvXQ]�w^FhFhF��±w
� e��yqY^	kOq-k�xIno�v^
W-kiw
��� ��t²h�noqYqm^�W{eo^`�jWYX[ZQW-\	]!]!^�R"TjW�YXUqZ8ª
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p�q-\���\�pyq M ^�q!^�p�W�z^��}XQp}x�\�pyq*\	h!K�]!^�pyh}k�tvhjn0\	�j�}\�W±\�n£kYk¤^
pIq

k¤h}f
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w�XQp>XQ��qYno^
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� V¼� � X[]���WY^`xI^0�¥X[nopyq-k{WY^	kOq-\	pIq±k � pjn©n ]!�}Xvkyz^�k.pjn©^hKyqYW�z^�]!n qjz^	k �-ª
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V�\	W�x°z^ir}p�noqYn XQp©wyhjp*�}X[nopyq{^	k¤q�xIn q �
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§©\«fiXQ]«�jn p}\�n£k¤XQp �mno]!�}Xvkyz^ �.�ØªÛfQªy^hKIqm^�WYp�^ ��^	k¤q�hjqmnoeo^ xj\�p}k�eg\«x°z^ir}pjn qYn XQpKxI^(fi^�W �
q-\	nopj^	k�k¤��eonop�^	kiª

§©\>fiX[]��jn p}\�n£k¤X[p �Yn ]!�}Xvkyz^ �{�©ªÛfQª}nopyqY^
WYpj^ �«�¥^
WY]!^�q`xI^«x8®¯no]!�}X»k¤^�W�hjp��¥X[nopyq0\�h
]>\�n eoe ^�hjWdxI^(fiXQh�WY�}^	k�kY\�p�k�xIn �In£k¤^�W¼\�WmqYnsr¥fino^�e eo^�]«^�pyq�hjpj^(kO�jeon pj^vª

§©\�fiX[]���nop}\	ngk¤X[p��m^hKyqYW�z^
]!noq�z^ ���©ªÓfQªv^hKyqY^�Wmpj^ �3^	k¤qdhjqYn eo^`xj\�p�k°eo^0f�\[k°xI^�k°fiX[hjWY�}^	k
�jWY^�kYtvhj^3¡­^�WY]ºz^
^	kiª

§©\�fiX[]���nop}\	ngk¤X[p �Y^�KIqmWjz^�]!n q�z^ ���©ªÓfQªIn pIqm^�WYpj^ ��^	kOq{nopyqY^�W±xInoqm^3f�\	W�xI^�h!K4k¤�je nopj^	k�pj^
�}^�hj�v^�pyq �^�qYWm^0\Qx	~m\Qfi^�pyqY^�k{t²hj^(kOn©^�eoe ^	k.X[pIq�xI^�k ^hKyqYW�z^�]!n qyz^�k.f|XQ]!]«hjpj^	k|ª

§©\3f|XQ]«�jnop}\	ngkOXQp��Y�©ªÓfQª	^hKIqm^�WYp�^ �}�©ªÓfQª	nopyqY^�Wmpj^ �°^	kOq�hjqmnoe ^{xj\	p}k�eo^df�\[k�xI^	klfiX[hjWY�}^	k
¡­^�WY]ºz^�^	kiª

§©\�f|XQ]«�jnop}\	ngkOXQp �m�©ªÛfQª�nopyqY^
WYpj^ �(\��v^	f!]�z^�qYWmngtvhj^ �>�¥^
WY]!^�q«xy^*f|XQpyqYW �X[eo^�W«�je h}k
r}pj^�]C^�pIqdeo^3]4\�noe eo^�h�W°xy^�f|XQhjWm�¥^�kiª

�3\	p}k{eg\�xI^	kmfiWYn �jqYn XQpKx8®¯hjp>�¥X[nopyq�w}x8®¯hjpj^0kO�jeon pj^0XQhKx8®¯hjp�kOXQh}k��ÁxIX[]>\�n pj^vwyXQp�\	� �
�}^�eoe ^�W�z^i¡[z^�Wm^�p}fi^��j���jkOngtvhj^ � � h�p@p�XQ]«�jWY^3^
pIqmno^�W�tvhjn©^	kOq{hjqYn eongkyz^0fiX[]!]!^�nop}xI^�K!�v^�W-k
eo^	k��jWYX[�jWYn
z^�q�z^�k.�j���jkOngtvhj^	kdxI^0fi^�qmqY^�^�pyqYnoq�z^vªyV�\�W�f|XQpy�v^�pIqmnoX[p©w � � + ��n p}xIngtvhj^`t²hØ®Û\�h��
fihjpj^0�jWmXQ�jWmn
z^�q�z^0�j����k¤n£t²h�^3pj^(xIXQn q �^�qYWm^(\QkYkOXyfin
z^
^!¬\�eÁ®¯^�pyqYnoq�z^vª
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Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1
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