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Antenne de Metz, technopôle de Metz 2000, 4 rue Marconi, 55070 METZ
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PZ^_GHWaC\O�~7ÂAR�WACF^_O*e4u\k�qAO*T_T_^ � Y	o4[4Y\dFO*Lë��� ,�. /

£	qACFO*O"p4^	�?O*C\Ore7UXO*Y�EM��� � ,�. /AbAJMY,UXEIL�c7J�C\O�p%d\E�� � JMCFOHÂ>}6��CFO��7OXªA^_�4^_d�[�� ��È �9>á�	^_Y.WaeAT_^g�IO����{È �6>V�	E��
� � ^_Y�C\O*YFd\CF^�U»d\O�p�dFE��HJMCF^VJM]AT_O*Y6b�PI��dFCKJMeaY\^_d\^_�4^_d�[��E@,ÉMË�Æ?Í6��^gY�C\OrcATVJHUXO�pN]4[��=<?> ��@,ÉMË4Æ?Í6�*ÎAxI��CFWAT_O*YvJ�C\O
J�cAcAT_^_O�pN^geNEHCXp4O*C\O6p�L
J�eAeAO*C��¡OH¢ G;¢gb;�E<J> ��@,ÉMË4Æ?Í��meAO*�HOrC{JMcacAT_^gOrY.^��.����È��6>V��^_YvJ�cAcAT_^VU*JM]AT_O��r¢
�%ä%	$�a��� � �mEHdFO�d\q7J�d�d\qAO ^ge4�IO*C\YF^gEIeÁcACF^_e7UX^_cAT_O�d\C\^_�4^VJMT_T_[+qaEHTVp4Y
�¡EIC�d\qAO$�E<{ÉMÉMÌ�����JMe7pà�=<?>�>V�
E��
� � ,�. /AÂ�J¾UXEHe;UXT_WAY\^_EHe EM��O�JHUFqÁCFWAT_O�^gY
cACFEM�HJM]AT_O « P Y\E$JMCFO
dFqAO�cAC\OrL�^_Y\O*Y6¢õB�C\E4EM�¡Y�^_e�� � ,�. /+J�C\O
p4^_CFO�UXd�b;�	^_d\qaEHWAd�C\EIWAe7pAJ�]7EIWAd	�vJ6[4Y6¢
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l�Y{JMeN^_L�L�O6p4^VJMd\O	UXEIeAY\O�`IWAOre7UXO���O{q;J6�HO,dFqAO��¡EIT_TgEM�	^_eAG

"�ä 	 	$� + � ��¤ � ©�� ä4�H����è © � � � © � ��� #�ä �\è7��� � ¦ @ ­ � � �

� « � Ï Ð Õ Ó ��Õ Û ÔÄÒ Ó ��Ò Û «_¬��;ºK® �°²I¸*³_± & ¯ED�±r­ Ï ÐsÒ Ó Ô�Õ Ó ²M­7¶ Ï ÐsÕ Û Ô�Ò Û ²�ºK±
²M³ ¬r®
�7ºX®��M²H¸r³g± ,

� « � Ï Ð �áÞ2Ø Ô�Õ Ó>ß Õ Û � Ô �VÞ2Ø ÔÑÒ ÓDß Ò Û � «�¬!�;ºK® �°²I¸*³_± & ¯ED�±r­ Ï Ð Ò Ó ÔÑÕ Ó ²�­7¶
Ï�×AØâÔ Ò Ó Ð Õ Û Ô Ò Û ²MºX±"²�³ ¬�® �7ºX®��M²H¸r³g± ! I

� �Mè?è�� � ;mY\^_eAG�O�`IWA^_�HJ�TgOre7UXO�EM��� � J�e7p�� � ,�. /A¢;�?O*d,Ï ÐsÕ Ó ��Õ7Û ÔSÒ6Ó �ÙÒ*Û�];O{caC\EM�HJM]aTgO�^_e
���.¢4£	qAOre
^_d�^_Y.cACFEM�HJM]AT_O	^_e
����,�. /A¢A��WAd�d\qAO�EIeAT_[��vJ6[
d\E�cACFEM�HO�^gd�^_e
���-,�. /(U»EHeAYF^gYFd\Y	^_e�caC\EM�4^_eAG
Ï Ð Ò°Ó�Ô§Õ?Ó�JMe7p�Ï Ð Õ7Û�Ô Ò*Û�^_eÁ� � ,�. / �¡YF^ge;UXO�^ge4�IO*C\YF^gEIeÁcACF^_e7UX^_cAT_O�qAEITVp4Y
�¡EHC�� � ,�. /H�*¢
�mO*e7UXOX��EHC\dFq>b?]4[�O6`HWa^g�HJ�T_O*e7UXOHb?ÏÝÐ§Ò°Ó,Ô Õ Ó{J�e7p�ÏÑÐ½Õ7Û-Ô Ò*Û
JMC\O�cAC\EM�HJ�]AT_O{^_e�� � ¢A£	qaO�cAC\E4E��
E���dFqAO�Y\O�U»EHe7p�U»T�J�^_Ls^_Y	OXª7JHUXdFTg[Nd\qAO�YXJML�OI¢ I
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� �Mè?è�� ���X}��r¢Hn�Y�EH]4�4^_EHWAY6¢M£DE�cAC\EM�IO���PI�DY\WAcac7EIY\OHbaEHe�d\qaO{UXEIe�dFCKJ�C\[4bMd\q7J�dvJ�hXW7p4GIL�O*e4dDEM�>dFqAO	�¡EIC\L
��PH��^_Y	cAC\EM�HJ�]AT_O,^_e�����ba^�¢ OI¢gbId\qaO*C\O�O»ª�^_YFd\Y{J�cACFE�E��KbA^�¢ OHb4J
Y\O�`IWAOre7UXO
EM��h»W7p4GHLNO*e4d\Y

���I× � Ó × ß6ß�ß × �"OX× ß�ß6ß × � À �#Ï Ð Õ�ÔÚØ�× � �H�
�	qAOrC\O
O�JHUFq �"O�^gY�O*^_d\qAOrC{JMe����?u\J6ªA^_EHL¾bMEHC�^gY	EI]AdKJ�^_eAO�p%�¡C\EIL YFEHLNO �� �J�e7p � . �"!$# Å�JMe;p�>%#ÚÅ��^_e�dFqAO�YFO�`IWAO*e7UXO�]�[�JMcAcaTg^VU*J�d\^_EHe�E��õEIeAO,E��õd\qaO-���?u�C\WaTgOrY�Â?�E<{ÉMÉMÌ����*b;�=<?>�>V�rbAEHC��=@,ÉMË4Æ?Í6�*¢a��^_d\qAEIWAd
T_EHYFY�EM�>GIO*eAO*CXJMT_^_d�["��O,U*J�e�Y\WAcAc;EHYFO�d\q7J�d � À ^_Y�d\qaO��7C\YFdvJ�cAc7O6JMCKJ�e7UXO�EM�>d\qaOõhXW7p�GHL�Ore�dZEM�>dFqAO	�¡EIC\L��PH��^_e�d\qAO�cACFE�E��	� �H�rÎ4EHdFqAO*C\�	^_YFOHbA��O"U*J�e
LNEM�HO	T_OX�¡d	dFE"YFO*T_O�UXd�d\qaO,�;C\Y\dDhXW7p4GIL�O*e4d�E��õdFqA^_Y��¡EHCFL+¢
n�d	CFO*L
J�^geaY.dFE�eAEHdF^�U»O{dFq7JMd � À UrJMeAeAEId	]7O�J�e�J°ªA^gEIL+bMYF^_e7UXO�d\qAOrC\O�JMC\O�eAE����;u\J6ªA^_EHL�Y�EM�õdFqAO��¡EIC\L��PH�*¢ �	O»ª�d6bHeaO*^_d\qAO*Cm�=<{ÉMÉMÌ����*bIeAEHCm�=<J> >V��U*J�e�cAC\EAp4W7U»O{J�hXW;p4GHLNO*e4d>EM�?d\qaO	�¡EIC\Ls��PH����]7EId\q�cACFEAp4W7UXO
d�[4c;O*Y"E��vdFqAO�YKJ�L�O�YFd\CFW7UXd\WaC\O��r¢D£	qAO*C\O»�¡EHCFOHb���PI�,^_Y�EI]AdKJ�^_eAO�p ]�[â�=@,ÉMË4Æ?Í��r¢>��WAd�d\E¾p4O*C\^_�IO���PH��]4[
�E@,ÉMË�Æ?Í6��EHeAO�eAO*O�p4Y�O*^_dFqAO*C �  � ÏÑÐ½Õ$Ô Ò JMe7p � . � ÏÝÐÝÒ�Ô Øà��ÒNeAEIe4u��HJ�C\^VJM]aTgO�d�[4c;O��*b;EHC
�  � Ï�Ð�ÕâÔ (�JMe7p � . � ÏÙÐ (�Ô ØÚ� (Á^_Y�J�d�[4c7O
�HJMCF^VJM]AT_O��r¢A£	qAO*CFOX�¡EIC\OHb �  q7JMY�d\qaO��¡EIC\L
��PH�	JMe;p
J�cAc;O�JMCFY,^_e����H��];OX�¡EHCFO � À ¢7��WAd	dFqA^_Y,UXEHe4d\CXJHp4^VUXdFY,dFE"dFqAO"UFqAEH^VUXO�E�� � À ¢ I
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� O*d(J�Y\WA]Ad�[4cA^_eAG�hXW7p�GHL�Ore�d ���ëÏ Ð Õ#Ô Ò¾];O�caC\EM�HJM]aTgO�^_eÁ� � ¢>£	qaO*e>bD]4[+O6`HWa^g�HJ�T_O*e7UXO�E��
��� J�e7p+���-,�. /����?O*LNL
J
�,¢_}6�*bA^_d�^gY�cACFEM�HJM]AT_O�^_e+����,�. /A¢?R�EHeAYF^Vp4O*C�d\qAO����-,�. /6u�^_e4�¡OrC\O*e7U»O�d\C\OrO"E��
��¢Zn��,d\qA^_Y�dFC\O*O�p4E4O*Y"eaEHd"UXEIe4dKJM^_eÁJ�cAcAT_^VU*JMdF^gEIeAY�EM�,dFqAO�CFWAT_O��=<J> ��@,ÉMË4Æ?Í��
UXEIC\C\OrY\c;EHe7p4^_eAG¾d\E d\qAO
� G-Ë4Éru�<J>�>�u W�È
	*Å=(4È6��C\WAT_OHbId\qaO*e�dFqA^_Y.dFC\O*O�^_Y.JMT_YFE�d\qAO���� ¿IÀ�¿ u�^_e4�¡OrC\O*e7U»O,d\CFO*O�EM� �+J�e7p
�.O�JMCFO{p4EIeAOH¢
o4WacAc7EIY\O�eaEM��d\q7J�d	d\qAO�� � ,�. /6u�^_e4�¡O*CFO*e7UXO�dFC\O*O�- EM� � ¶I®�±»¬"·K®�­4¯\²M«V­ JMcacAT_^�UrJMd\^_EIeAY.E��.�E<J> ��@,ÉMË�Æ?Í6�
UXEIC\CFO*Y\c;EHe7p�^geaG"dFE�d\qAO�� G�Ë4Éru=<J>�>guEW�È 	*ÅE(4È���C\WaTgOI¢H£DCKJ�eAY���EHC\L d\qA^_Y�dFC\O*O.- J�YD�¡EHT_T_EM�	Y�¢Mo4dXJMCFd\^_eAG��¡CFEHL
dFqAO+CFE4EHd �#�¡EIT_TgEM� O�JHUFq�]ACXJMe7UFq#d\^_T_T,dFqAO��7CFY\d�JMcAcaTg^VU*J�d\^_EHe�E��(�E<J> ��@,ÉMË4Æ?Í�� �¡^��"JMe4[A�*b�JMe7pàUXWAd
^_d�EIeÁd\qa^gY
JMcAcAT_^VU*J�d\^_EHe¾Y\E$JMY�dFqAO
U»EHe7UXT_WAYF^_EHeÁE����=<?> ��@,ÉMË4Æ?Í6��CFO*L
J�^geaY�^_e$d\qAONd\C\OrOH¢���O*eAEHdFO�]4[
- �V� �AÓ°× ß6ß�ß × � À �	d\qaO�C\O*YFWAT_d\^_eAGNd\C\OrOHb;�	qAO*C\O �AÓM× ß6ß6ß × � À JMC\O
JMT_T>T_O�J6�IO*Y�u\UXEHe;UXT_WAY\^_EHeaY,EM�	�E<J> ��@,ÉMË�Æ?Í6�CFO*L
J�^gea^geaG"J6�¡dFO*C�d\qAO�JM];EM�HO�cAC\WaeA^_eAG7¢ �mEHd\O�dFq7JMd/- ��� � Ó × ß�ß6ß × � À ��^_Y.OXª7JIUXd\T_[�dFqAO{��� ¿IÀ4¿ u�^_e4�¡O*CFO*e7UXOdFC\O*OHb;JMe7p � Ó × ß6ß6ß × � À J�C\O	cACFO�UX^_Y\O*T_[���� ¿IÀ�¿ u�eAEHCFL
JMTI�¡EIC\LNY�¢6n�eAY\dFO�JHpNE�� J�cAcAT_[4^geaG"�E<J> ��@,ÉMË4Æ?Í��rb4d\qAO��� ¿IÀ�¿ u\p4O�UX^_Y\^_EIe+cACFEAUXO�p4WACFO�d\CKJ�eAY���EHC\LNY � Ó × ß�ß6ß × � À ^_e4d\E ¨?©.¨ u��¡EHCFL"WaT�J�Y,JMe7p¾p4O�U»^�p�O*Y"dFqAO*L¾¢>o4E7bdFE
�7eA^_Y\q�EHWaC	cAC\E4EM�D�.O�q7J6�HO�d\E�cACFEM�HO�d\q7J�d � Ó × ß6ß�ß × � À JMCFO�^_e4d\O*CFcAC\O*dFO�p�J�Y	d\C\WaO ¨?©.¨ u��¡EHCFL"WaT�J�Y�¢
£DE�p4E�dFqA^_Y�b?eaEHd\^VUXOIb?d\q7J�d�]�[ O�`IWA^_�HJMT_O*e7UXO
EM�	����JMe;p+���-,�. /Ab>JMT_TZd\qAO,hXW;p4GHLNO*e4d\Y � Ó × ß�ß6ß × � À J�C\OcACFEM�HJM]AT_O�^_e+� � ¢?��Wad{]4[�£	qAO*EIC\O*L �a¢ ~�JM];EM�HO�O*�IO*C\[4dFqA^_eAG�cAC\EM�HJ�]AT_O{^_e+� � ^_Y�d\C\WaO"�	^_d\q C\O*YFc7O�U»d
dFE�JMe4[ ¨?©�¨ u�^_e4d\O*CFcAC\OrdKJMdF^_EHe>¢
£	qAO
Y\dFC\^VUXdFeAO*Y\Y
EM��^_e7UXT_WAYF^_EHe�^_Y,YF^_L�cAT_OHÂ4YF^ge;UXO(� � ¿IÀ4¿ ^_Y{p�O�UX^VpAJM]aTgO�JMe;p�� � ^_Y,eAEId�bAdFqAO*CFO�Y\qAEIWATVp
UXOrC\dKJ�^_eAT_[�OXªA^_Y\d�� � ¿IÀ�¿ u�cAC\EM�HJ�]AT_O{JMe;p�eaEHd	� � u�cACFEM�HJM]AT_O�Y\WA]Ad�[4cA^_eAG,h»W7p4GHLNO*e4d\Y6¢ I
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l�G�JM^_e�JMcAcAT_[4^_eAG�£	qAO*EIC\O*L �A¢ ~"J�]7EM�IOHbAJMT_T7� � ¿IÀ�¿ u�^ge��¡O*C\Ore7UXO�C\WAT_O*Y	caC\O*YFO*C\�IO��HJMT_^Vp4^_d�[��	^_d\qNC\O*YFc7O�U»d
dFE"JMe4[ ¨?©.¨ u�^_e�dFO*C\caC\O*dXJMd\^_EIe>¢6l,Y�eAEIC\L�JMTM��EHC\LNY>E�� � � ¿IÀ�¿ J�C\O	p4O�UX^Vp4O6p�]4[�d\qaO	YKJMLNO ¨?©�¨ u\p4O�U»^gYF^_EHe
cACFEAUXO�p4WACFOHbId\qAO*[
JMC\O�Y\^_L�WAT_dKJ�eAO*EHWaY\T_[	d\CFWAO.�	^_dFq�C\O*YFc7O6UXd�d\E�JMe ¨?©�¨ u�^_e4d\OrC\cACFO*dKJ�d\^_EHe ¨?©�¨ � � � ��� �7× � �
J�e7p�� � ¿IÀ�¿ � �7× � �r¢°��[�p4OX�;eA^_d\^_EHe>bI� � � �7× � �Dp4E4O*Y�eAEHd�Y\WA]Ad�[4c;O{p4^	�?O*C\Ore�dFT_["YFd\C\W;UXd\WACFO�pNd�[4c7O*Y6b4�	qAOXu
CFO�JMY ¨?©�¨ u�^_e4d\O*CFcAC\OrdKJMdF^_EHeAY�p4E;b>OH¢ G;¢gb#Ð 0 � 0 Ô Þ2Ø ß 0 ^_Y�dFC\WAO�^_eÁJMe4[ ¨?©.¨ u�^_e�dFO*C\caC\O*dXJMd\^_EIe>¢
I
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��[�^ge;p4W7UXdF^gEIe�EIe�U»EHL�caTgO»ª�^_d�[
EM�DY\WA]Ad�[4cA^_eAG�^_e4��O*C\O*e;UXOH¢
o4WacAc7EIY\O�dFqAO�cACFO*L�^_YFO*Y	EM�Dd\qAO�d\qaO*EHCFO*LëqAEHTVp?b4^�¢ OH¢_b
Ï Ð Õ Ô Ò�J�e7p�Ï ÐsÒNÔ :
JMCFO�� � ¿HÀ4¿ u�cAC\EM�HJ�]AT_OH¢
�$O�L�WAYFd.YFqAEM� dFq7JMd	YFE"^_Y,Ï Ð Õ�Ô :;¢
�$O�q7J6�IO{dFE(U»EHeAYF^�p�O*C,YFO*�HO*CXJMT�U*J�Y\O*Y6Â

}H¢ :�^_Y?0"Î
PA¢ :�^_Y,J
d�[�c;O��HJMCF^�J�]AT_OHÎ
xA¢ :�^_Y,JMe�JMCFC\EM�#EHC	J
WAeA^_�HO*CFYKJ�T>d�[4c7OIbA];EHd\q�Õ¾JMe7pNÒ�JMC\O�d�[4c;O��HJMCF^�J�]AT_O*Y�Î
~7¢	Ò�JMe7p :�JMCFO�]7EId\q�JMCFC\EM�#d�[�c;O*Y�JMe7pNÕ�^_Y,J
d�[4c7O��HJ�C\^VJM]AT_OHÎ
�A¢	Ò�JMe7p :�JMCFO�]7EId\q�WAeA^_�HOrC\YKJ�T>d�[4c;O*Y{J�e7p�Õ ^_Y,J
d�[�c;O��HJMCF^�J�]AT_OHÎ
�A¢	ÕDb7Ò?bAJ�e7p :�JMCFO-J�T_T>JMC\CFEM� d�[4c;O*Y�Î
�A¢	ÕDb7Ò?bAJ�e7p :�JMCFO-J�T_T?WAeA^_�HO*CFYKJ�T>d�[4c7OrY�¢

���7�rä � � �.JHUXWaEHWAY6ÂAÏ Ð Õ�Ô20"bAJMT_�	J6[4Y�¢

���7�rä � ��n�� :�^_Y�JNd�[4c7O��HJ�C\^VJM]AT_O�dFqAO*eÁÕ JMe7p¾Ò�YFqAEHWaT�p¾JMT_YFE
];O�d�[4c7O��HJ�C\^VJM]aTgOrY�Î;EHdFqAO*C\�	^_YFO�d\qAO
CFWAT_O��=@5G{Ë4Éru �mu�PH����EHWATVpNp4^_Y\cACFEM�HO�EHeAO�E���dFqAO�cAC\OrL�^_Y\O*Y	E��õdFqAO�d\qaO*EHCFO*L+¢
o4E���O�Y\qAEIWATVp�p4O*L�EIeAY\dFCKJ�d\O�d\q7J�d,��� ¿IÀ4¿ u�cAC\EM�HJ�]A^_T_^gd�[�EM�KÂ

Ï Ð Ø Ô (�× � �H�
Ï Ð ( Ô * � �H�

^_L�caTg[
d\qaO-��� ¿IÀ4¿ u�cAC\EM�HJ�]A^_T_^gd�[�EM�

�-� ���Vú



� ¯�º*µA·»¯�µ4ºK²�³>¶H±X·r«¡¶H²I¸*³_±"±���¯\±r­4¬*«¡®M­4¬ë®��"¸X®Mµ4­7¶I±X¶��rµA²M­4¯�« �.·X²°¯�«¡®�­ PHz

Ï ÐsØ�Ô * � �H�

�¡EIC	d�[4c7O��HJMCF^VJM]AT_O*Y	Ø�b9(�b9*Z¢
�mEHd\O�d\q7J�d	d\qAO"��� ¿IÀ�¿ u�caC\E4EM�¡Y	E��.���H�	JMe;p����H�	J�C\O.hXWaY\d��7eA^_dFO{YFO�`IWAO*e7U»O*Y�EM���=@5G�Ë4Éru �muK}6��u\JMcAcAT_^VU*J°u
dF^gEIeAYD�7ea^gYFqA^_eAG�]4[�JMe�JMcacAT_^�UrJMd\^_EIe"E���� ��È��6>V�r¢4£	qAO*Y\O�d��.E�Y\O�`IWAO*e;UXO*Y{U»EHWATVp
];O,O�J�Y\^_T_["LNO*C\GIO�p
^_e�dFE
hXWaY\d
EHeAONY\W7UFq�Y\O�`IWAOre7UXO�cAC\EM�4^_eAG$���H�r¢>n�e7p�O*O�p?b�Y\dKJ�C\dF^geaG��¡C\EILÝd\qAO�hXW7p�GHL�Ore�d
���H��]�[¾]7JIU\�4�	JMCXp
J�cAcAT_^VU*JMdF^gEIeAY�EM�	�=@5G{Ë4Éru �muK}�����O�JMC\O�GHW7J�CKJMe4dFO*O�p �¡]4[�caC\EM�HJM]a^gT_^_d�[
EM�.���H�F��d\E�C\O6JHUFq%($EHe�d\qAO�T_OX�¡d
E��vÔ�b4^�¢ OH¢_b4�.O�CFO�JHUFq¾� �I�*bA�	qa^�UFq�^_Y.caC\EM�HJM]aTgO�]4[�q4[4c7EId\qAO*YF^_Y�¢

���7�rä � �.o4WAcAc;EHYFO�d\q7J�d : ^gY�O*^_dFqAO*C"J�e �âu,EHC�J%ÞAu�d�[4c7OHbZÕ J�e7p¾Ò+J�C\O�d�[4c7O��HJ�C\^VJM]aTgOrY{Ø�J�e7p (
CFO*Y\c;O�UXdF^g�IO*T_[�¢
�$O�d\CXJMeAYw�¡EHCFL dFqAO�cAC\E4E��¡Y	EM�

Ï Ð Ø Ô (�× ��zH�
Ï Ð ( Ô : �X}�yH�

^_e4d\E�dFqAO�cAC\E4EM��E��

Ï ÐsØÙÔ : �X}H}��

J�Y��¡EIT_TgEM�	Y6¢Mo4dKJ�C\d\^_eAG��¡CFEHL d\qaO>hXW7p4GIL�O*e4d��K}I}��D��O��7C\YFd.CFO*c;O�JMd���]7JHUF�4�vJ�CKp4YX�DOXª7JHU»d\T_["dFqAO,YXJMLNO.YFOXu
`IWAO*e;UXO,E��2YFd\O*cAY	JMYD^_e
d\qAO	cACFE4EM�?EM�D��zH�rbM�	qA^VUFq"T_O�JIp4Y�dFE-Ï Ð (+ÔB(¾�¡]AWad.JMcAcaTg[4^_eAG�� G{Ë4Éru�<{ÉMÉMÌ��,�
EIC"� G-Ë4Éru�<J>�>gu»}6�,^_eAYFd\O�JIp�E��{�E@5G{Ë4Éru �mu*}��F�*¢;£	qA^_Y�GH^_�HO*Y�dFqAO�^_e4�¡O*CFO*e7UXO�E��{�X}H}��m�¡CFEHLÝ�X}�yH��WAYFO�p$JMY
J°ª�^_EIL+¢4�$O�dFqAO*e¾C\O*c;O�JMd�d\qAO
cAC\E4E��.EM�.dFqAO
T�J�d\dFO*C�hXW7p4GIL�O*e4d�ba�	qA^VUFq�OXªA^_Y\d\Y�]4[+J�Y\Y\WaL�cAdF^gEIe>¢4£	qAO
CFO*Y\WAT_d�^gY	dFqAO�p4O*YF^gCFO�p�cACFE4EM�K¢

���7�rä � �>o4WAcAc;EHYFO

Ï ÐsØ Ô Ò6Ó �ÙÒ*ÛM× �X}�PH�
Ï Ð Ò Ó ��Ò Û Ô : Ó � : Û �X}�xH�

J�C\O"��� ¿IÀ�¿ u�cACFEM�HJM]AT_OH¢I�$O�L�WAY\d�cACFEM�HO�d\q7J�d	Y\E�^_Y

Ï Ð ØÙÔ : Ó � : Û �X}*~��

£	qAO�caC\E4EM�	EM�,�X}�PI�,^_Y�J%�7eA^_d\O���c7EIY\YF^g]aTg[ O*L�cAd�[A�mY\O�`IWAO*e;UXO�E��{� G-Ë4Éru=<�ÉMÉMÌ��,�m�¡EHT_T_EM��O�p�O*^_d\qaO*C"JH�
]4[�����È��6>V�	EIC	]4[��=<�ÉMÉMÌ��,�r¢

� � ��V!���XW %�YRZ!�



xIy � ±rº�SH±r«��7®MºX®H¸r´H®��

n�eNd\qAO�R	JMY\O�~7¢ J��.O�UXEHeaY\d\CFW7UXd	dFqAO,cACFE4EM�>EM�D�K}r~��m�¡^_e�J�]7JIUF���	JMCXp
L
J�eAeAO*CX�Z�7C\YFdvJ�cAcAT_[4^_eAG�d\E��X}*~��
OXª7JIUXd\T_[
d\qAO�YKJMLNO.YFO�`IWAO*e7U»O{E��õ� G{Ë4Éru <�ÉMÉMÌ��,��J�cAcAT_^VU*JMdF^_EHeAYDWAe4d\^_T?����È��6>V�*b4JMY�^ge�dFqAO	cACFE�E��2E����K}6PH�*¢
£	qA^_Y�GH^_�HO*Y�J
Y\WA]a^ge��¡O*C\Ore7UXO�EM�	�X}*~��v�¡C\EIL§�X}�xI��WAY\O�p¾JMY�JMe�J6ªA^_EHL¾¢H�$O�d\qAO*e¾UXEHLNcAT_O*d\O�d\qaO"TVJMdFd\O*C
YFWA]A^_e4�¡O*CFO*e7UXO
]4[�^_e7UXT_W7p�^geaG"dFqAO�cAC\E4EM��E��.�K}6xH�����	qA^VU\qN^_Y,��� ¿HÀ4¿ u�cAC\EM�HJ�]AT_O,]4[
J�Y\Y\WaL�cAdF^gEIe7�*¢
n�e�dFqAO�R	JMY\O�~7¢ ]��.O"U»EHeAYFd\C\W;UXd�d\qaO�cAC\E4E��.EM�	�K}r~���JMY	��EHT_T_EM�	Y�¢AR�EHeaY\^Vp4O*CF^geaG�d\qAO��7e7J�T>c7J�C\d,E���d\qAO
^_e4�¡OrC\O*e7U»O"E��.�K}6PH��dF^gT_T;d\qAO-�7C\YFd,JMcAcAT_^VU*J�d\^_EHeNEM�.�E<{ÉMÉMÌ����*Â

Ï Ð Õ Ó ��Õ Û ÔSÒ Ó ��Ò Û ���"�
Ï Ð Ø � ÔSÒ Ó ��Ò Û

¢¢¢
ØÙÔSÒ6Ó �ÙÒ*Û

�X} �H�

��O�Y\O*O�d\q;JMd��K}�PI��^_Y�cAC\EM�HJ�]AT_O,^	�$���
��^_Y.cACFEM�HJM]AT_OH¢4��[�d\qAO�^_e4�HO*CFY\^_EHeNcAC\EIc7O*CFd�[��¡EIC.� � ¿IÀ�¿ �¡£	qaO*EMu
CFO*L�}�ya¢g}6�Dd\qa^gY	^_LNcAT_^gOrY�cAC\EM�HJ�]A^_T_^gd�[
EM�

Ï ÐsÒ6Ó Ô Õ?ÓM× �X} �H�
Ï Ð Õ Û Ô Ò Û �X} �H�

o4^_LN^gTVJ�C\T_[�b6cACFEM�HJM]A^_T_^_d�["E��.�X}�xH��^_LNcAT_^gOrYõcaC\EM�HJM]a^gT_^_d�[
EM�

Ï Ð : Ó Ô Ò Ó × �X} �H�
Ï Ð Ò*Û Ô :�Û �X}�zH�

l�cAcAT_[4^geaG{dFqAO	^_e7p4W7U»d\^_�HO�q4[�c;EHdFqAO*YF^gY�d\E
�X} �H�DJ�e7p��X} �I�*bMdFqAO*e�d\E%�K} �I�DJMe7p%�K}6zH�Z�.O	GIO*d�dFqAO,��� ¿IÀ�¿ u
cACFEM�HJM]A^_T_^_d�["E���Ï Ð : Ó ÔÜÕ Ó JMe;p
Ï ÐsÕ Û Ô : Û ¢
��WAdDd\qA^_YZL�O�J�eAY?d\q7J�dõÕ Ó ��Õ Û Ô : Ó � : Û ^_YõJMT_YFE,��� ¿HÀ4¿ u�cACFEM�HJM]AT_OH¢X£	qA^_YDJMT_T_EM�	Y?WAY>dFE,d\CXJMeAYw�¡EHCFL
dFqAO�cACFE�E��.�X} �H��^_e4d\E
d\qaO�cAC\E4E��õEM���K}r~���]4[�YF^gLNcAT_O	C\O*caT�JIUXO*LNO*e4d	EM��Ò Ó ��Ò Û ]4[ : Ó � : Û ¢

���7�rä � �>o4WAcAc;EHYFO

Ï ÐsØ Ô �VÞF(âÔÚÒ6Ó ß Ò*Û*�r× ��PHyH�
Ï Ð �VÞF(¾Ô�Ò6Ó ß Ò*Û*� Ô �VÞF(âÔ :aÓ ß :�Û*� ��PA}��

J�C\O"��� ¿IÀ�¿ u�cACFEM�HJM]AT_OH¢
�$O�q7J6�IO{dFE"caC\EM�HO�dFq7JMd

Ï ÐsØÙÔÄ�áÞF(¾Ô : Óõß : Û � ��PHPH�

�-� ���Vú



� ¯�º*µA·»¯�µ4ºK²�³>¶H±X·r«¡¶H²I¸*³_±"±���¯\±r­4¬*«¡®M­4¬ë®��"¸X®Mµ4­7¶I±X¶��rµA²M­4¯�« �.·X²°¯�«¡®�­ xA}

£	qAO�cAC\E4EM��E��.��PIyH��^_Y,J��7eA^_dFO��¡c;EHYFY\^_]AT_[�O*LNcAd�[A��YFO�`IWAO*e7U»O"E��v� G{Ë4Éru <?>�>�u*}����¡EIT_TgEM��O�p%O*^_d\qAO*C�JH��]4[
���{È �6>V��EHC	]7��]4[�� G�Ë4Éru=<J> >�uEW�È 	rÅ=(4È6�*¢
n�e�d\qaO�R	J�Y\O"�A¢ J���O�UXEHeaY\d\CFW7UXdNd\qAO�cACFE�E��{E��"��PIPH�-�7C\YFd�JMcAcaTg[4^_eAG�dFE+^_d
d\qAO�YXJML�ONY\O�`IWAOre7UXO�E��
� G-Ë4Éru�<J>�>�u*}��
JMY�^_e d\qAO�cACFE�E��{E��"��PIyH�rbDWAe4d\^_T,����È��6>V�*¢�£	qA^_Y
GH^_�HOrY(J Y\WA]a^ge��¡O*C\Ore7UXO¾EM����PIPH���¡CFEHL
��PA}���WAYFO�p�JMY	J6ªA^_EHL+¢r�$O,dFqAO*e
U»EHL�caTgOrd\O,dFqAO,TVJ�d\d\OrC.YFWA]A^_e4�¡O*CFO*e7UXO�]�[
^_e7UXT_W7p4^_eAG�d\qAO�cAC\E4EM�DEM����PA}��
���	qA^VU\q�^_Y,��� ¿IÀ�¿ u�cACFEM�HJM]AT_O,]4[�JMY\YFWAL�cad\^_EHe7�r¢
n�e�d\qaO
R	JMYFO"�A¢ ]$�.O�UXEIeAY\dFC\W7U»d�d\qAO�cACFE�E��{E�����PHPI�"J�Y
�¡EHT_T_EM�	Y�¢ZR�EHeAYF^�p�O*C"dFqAON�7e7J�T.c7J�C\d�E��,d\qAO
^_e4�¡OrC\O*e7U»O"E��.��PIyH��dF^gT_T;d\qAO
JMcAcAT_^VU*J�d\^_EHe�E��.� G�Ë4Éru <?>�>�u W�È 	rÅ=(4È6�*Â

Ï Ð W������"W��(��Ï§Ð Ø � Ô ÞF(>Ò6Ó ß Ò*Û*�»�����
Ï ÐsØ � ÔÄ�VÞ7(+Ô�Ò6Ó ß Ò*Ûr�

¢¢¢
ØÙÔÄ�VÞF(¾Ô�Ò6Ó ß Ò*Û*�

��PHxH�

�$O
Y\O*O�dFq7JMd���PIyH��^_Y,cACFEM�HJM]AT_O�^	�Ád\qaO(��� ¿IÀ�¿ u�eAEIC\L�JMT?��EHC\Lë^_e$�����	^_Y��HJMT_^VpN^ge¾J
UFqAEIY\O*e¾d\qaO*EHCF[
¨?©�¨ � ���6��� �7× � �r¢
l�YõO6JHUFq ¨?©�¨ � � � ��� �7× � �A^_Y>LNEHCFO�c7EM��O*Cw�¡WAT4d\q7J�e�d\qaOvUXEIC\CFO*Y\c;EHe7p�^geaG-� � ¿IÀ4¿ � �7× � � �¡£	qAOrEHC\OrL }�Pa¢_}��*b
dFqAO"� � ¿IÀ�¿ � �7× � ��u�caC\EM�HJM]a^gT_^�d�[�EM����PHyI��^_L�cAT_^_O*Y�dFq7JMd6Â

� �HÏ � � � � � Z ¨2©�¨ Þ Ó � � < � ���;���2� �*Þ7($Ô Ò6Ó ß Ò*Û � � � � ���;��� ��PM~��

o4^_LN^gTVJ�C\T_[�b6dFqAO���� ¿HÀ4¿ � �7× � ��u�caC\EM�HJM]a^gT�^_d�[�EM����PA}6��^_L�cAT_^_O*Y

� �HÏ � � � � � Z ¨?©�¨ Þ Ó � �4� �rÞF(¾Ô�Ò Óõß Ò Û � � � � ���;���

�%� �6Þ7(+ÔB:AÓ ß :4Û � � � � ���;�E� ��P��H�

�mO*e7UXOX��EHC\dFq>b;]4[�Y\[4T_T_EHGI^gYFd\^VUXY6bA��PM~��	J�e7p ��P��H��^gLNcAT_[

� �IÏ,� � � � � Z ¨?©�¨ Þ Ó � � < � ���;���%� �6ÞF(¾ÔB: ÓDß : Û � � � � ���;�E� ��P��H�

�mEM��bDd\EÁUXEIeAY\dFC\W7UXdNd\qAO�^_e4�¡OrC\O*e7U»O�EM�
��PHPI����O�Y\dXJMC\d�]4[$dFqAO�Y\O6`HWaO*e7UXO�E��{dFqAO�YKJMLNO�� G-Ë4Éru=<?>�>V�
J�cAcAT_^VU*JMdF^gEIeAY	JMY,^_e ��PHxI��d\^_T_T>Ï Ð Ø �¾ÔÄ�VÞF(âÔ :aÓ ß :�Û6�*¢4l	��d\O*C�d\q7J�d	�.O�Y\qaEHWATVp�JMcAcaTg[�Or^gdFqAO*C�d\qAO
CFWAT_O��=@5G{Ë4ÉM����^ge
d\qa^gY�U*J�Y\O	��O,JMCFOvp4EIeAO��rbHEICõdFqAO	C\WaTgO�� G�Ë4Éru=<J> >�uEW�È 	rÅ=(4È6�DGHO*dFd\^_eAG�W������	W��
��Ï½Ð
Ø �¾ÔÄ�VÞ7($Ô :aÓ ß :�Û*�F�*¢;��WAd	^_e�d\qaO{TVJ�d\d\OrC{U*J�Y\O�W������	W��sYFqAEHWATVp%eAO�UXO*YFYKJ�C\^_T_[
CFO*d\WaC\e¾d\qAO�C\OrY\WAT_d
@ ��� � ��]�[ ��P��H�\�rbAJMe7pNdFqAO�p4O*Y\^_CFO�p�� � ¿IÀ�¿ � �7× � ��u�cAC\E4E��2^_Y,UXEIL�cAT_O*dFO�p?¢

� � ��V!���XW %�YRZ!�



xIP � ±rº�SH±r«��7®MºX®H¸r´H®��

���7�rä � �>�?O*d

Ï Ð �áÞF($Ô Õ Ó ß Õ;ÛK� Ô �áÞF(¾ÔÚÒ6Ó ß ÒrÛ*�*× ��P��H�
Ï Ð �VÞF(âÔÚÒ6Ó ß Ò*Û*� Ô �áÞF(¾Ô :aÓ ß :�Û6� ��P��H�

�$O�q7J6�IO{dFE"YFqAEM�

Ï Ð �áÞF($Ô Õ Óõß Õ Û �àÔÄ�áÞF(¾Ô : Óõß : Û � ��PHzH�

��[�n�e��IO*C\YF^_EHe�caC\^_e7UX^_cAT_O
��� O*L�L�J�}�ya¢g}6�Z�¡CFEHLë��P��H�	J�e7p ��P��H���.O�GIO*d�Â

Ï Ð Ò Ó Ô Õ Ó ��xHyH�
Ï�× (¾Ô�Ò Ó ÐsÕ Û Ô Ò Û ��xA}��

Ï Ð : Ó Ô Ò Ó ��xHPH�
Ï�× ( Ô : Ó Ð Ò Û Ô : Û ��xHxH�

PaC\EILë��xIPH�	JMe;p���xHyI��]4[�^_e7p�W7UXd\^_EIe
q4[4c;EHd\qaO*Y\^_Y	��O{GIO*d

Ï Ð�: Ó ÔÖÕ Ó ��xM~��

PaC\EILë��xa}��*b ��xIPH��JMe7p ��xIxH��]4[�^_e7p4W7U»d\^_EHe�q4[4c7EId\qAO*YF^_Y	�.O�GHOrd

Ï�×	Ø¾ÔB: Ó ÐsÕ Û Ô : Û ��x��H�

��O�JHUFq�dF^gLNO	^_eAY\dFO�JHp�E��õWAYF^_eAG�d\qAO�q4[4c7EId\qAOrY\^_Y (¾Ô�Ò6Ó	�.O�WAYFO�d\qAO�q�[4c;EHdFqAO*Y\^_Y�(¾ÔB:AÓ{J�e7p ��xHPI�\�r¢
��WAd���xM~4�.J�e7p ��x��I��^_L�cAT_[���PHzH�r¢

���7�rä � ^_Y,UXEHLNcAT_O*d\OrTg[�J�e7JMT_EIGHEHWaY�d\E�dFqAO�cACFO�UXO�p4^_eAGNEHeAOI¢ I

�-� ���Vú



Unité 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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