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Télécopie : 03 83 27 83 19 - International : +33 3 83 27 83 19
Antenne de Metz, technopôle de Metz 2000, 4 rue Marconi, 55070 METZ
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¯Yilx{f=kNr � �]R ´�g �1i�� k ajp�f�¢�\st[h�ilx�p�n�flts\R´eh�WNcYp � g �1i�� k VWg �1i�� k ¤��{k±h�WY\Silh�WY\[x�W�f=k q

��g �1i�Z k ��
 � � g �1i�Z k � V
��g �1i \.k ��
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��i �n®/�'k ��® � ] �
p�i§fltstsilx q abke�§h�i�� �B����).��� 	����n�j��"%�5) ¨b�v«ñilx{h�i|h�WY\ q ilce�edj\®¢�agf=�eabdbabhµrmtsilk q abh�ajilkL¨Ýªl«µ´b¨��¬«
f=k q abkC¢�aj\58ãi=�
h�WY\�x�\[dgf=h�ajilkYp � � ��� � ] �v´ea��¶h�WY\���\[d q]a�� �*� i�Kcr%N P'k p+f=h�ajp���\sp�h�WY\~�Pildbdji�8�abke�§tsilk q abh�ajilkYp

� a i�� k�¨­¬ i�� k V �n® ¯ � �]R
a i�Z k V a i \Uk V�i �n®/�'k � ª �

h�WY\[k R ajpo�Rdjil��f=dbdbr abk�¢Rf=x�agf=k�h§��r h�WY\mflp�p�i�t[agf=h�\ q h�x+f=kYp��Pilx�Z|f=h�ajilk g�dji alk ¤ V$WY\ \vu�h�\[x�ajilx��4ilcek q f=x�r
Q[V���K�ajpUf=djp�i�abkN¢lf=x�agf=kNhU��r�h�WY\�h�x+f=kYp��Pilx�Z|f=h�ajilkUg d i alk ´�p�abkYts\$h�WY\�p�cenen#ilx�h)i=�#h�WY\!��\[d q�a ajp)abkYt[dbc q \ q
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abk.Km¤ñ_�ie´�h�WY\$�4ilcek q f=x�r'i=��T VbKxY R ´ 
±����� ��T VbQ�� R ´Rajpñ�Rdjil��f=dbdbr�abkN¢lf=x�agf=kNhU�Nr®h�WY\$h�x+f=kYp��Pilx�Z|f=h�ajilk
g�d�i alk ¤1;µk%tsilkYp�\�@NcY\[kYts\�Ted������V g$dji alk imT k VbTS¤	�{\[kYts\

q�_�imT<r alk V � � � �
�Pilx�f=kNr%¢�\st[h�ilx{��\[d q 8�Weajt+W�pAf=h�ajp���\sp � ª �v¤0;Çh�ajp{kYilh q a�
|t[cedbh�h�i|p+\s\®h�W�f=h~abh�ajp{n4iRp+p�ab�edj\®h�i�\vu�h�\[k q h�WY\
kYilh�ajilk�i=�)h+f=ke��\[k�h�f=k q kYilx�Z|f=d¶¢�\st[h�ilx�p{h�i|h�WY\®n4ilabkNh�p²Z f=k q[\ i=� T�¤ � \�t�f=kC��ilx�Z�cedgf=h�\of=��f=abkCh�WY\
tsilk q abh�ajilkYp � ª �$flp$�Pildbdji�8�p

� a i�� k�¨­¬ i�� k V �n® ¯ � � R
i a1¨>©�k i�Z k V i a:¨>©�k i \.k V �n¨ � � �

_�ie´98 \oW�f�¢�\7\sp�h+f=�edbajp�WY\ q h�W�f=h��Pilx��Rab¢�\[k a � �l� i�K ® N P'k 8�Weajt�WLp+f=h�ajp���\sp�tsilk q abh�ajilkYp � � �v´2abh���ildbdjiB8�p
h�W�f=h q�_�imT<r alk V � ¤��~\[kYts\R´Iabh�ajp�k�f=h�cex+f=d¸h�i|tsilkYp�a q \[x�h�WY\~�Pildbdji�8�abke��p+\[h


HimT k V�� a�� � � i�K ® N P k���a:¨­¬ V � ilk R0® i a:¨>©�k i�Z k V i a:¨>©�k i \Uk V ���#¨ � = �
^�tstsilx q abke��h�i h�WY\7W�r�n#ilh�WY\sp�ajp�h�W�f=h�h�WY\|Z|f=neneabke� a � �$� q�_:imT r a*k ajp®dbabkY\�f=xof=k q tsilk�h�abk�cYilcYpo�:x�ilZ
�l� i�K ® N P'k abk�N�´4h�WY\�p�\[h�
HimT kUq \v�YkY\ q ��r � = �)ajp!abkYt[dbc q \ q abk�abh�p!£�\[x�kY\[dÁ¤ D ilkYp+\�@�cY\[kNh�dbr�´n8 \~W�fs¢�\~h�WY\
�Pildbdji�8�abke��dj\[ZoZ|fI¤
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N³CV$WY\CdbabkY\�f=x�Z|f=neneabke� ��� � a������� ¢ a1¨­¬1® i a:¨>©�k i�Z k�® i a1¨>©�k i \.k ¥¡ajpH8 \[dbd q \v�YkY\ q p�abkYts\R´$a��
a � �xa P � 
HimT k h�WY\[k

i a � �xa P k�¨­¬ V � ilk R0® ¢ i a � �xa P k�¨>© ¥ i�Z k V ¢ i a � �xa P k�¨>© ¥ i \.k V �n¨
·¸\[h�� a��*� �*� i�K ® N P�k�� 
HimT k �#\�p�cYt�WCh�W�f=h � i � a���k V � ´ 
m�����

a:¨­¬ V � ilk R0® i a:¨>©�k i�Z k V i a:¨>©�k i \.k V �n®
8�Weajt+WCZ7\�f=kYp�h�W�f=h a�� 
�imT k f=k q h�WY\[k!� a�� V�� ��� ¤ D ilkYp�\�@�cY\[kNh�dbr � ajp�ilkY\ Â h�i Â ilkY\R¤
z~i�8S´ñdj\[h�cYp�p�WYi�8 h�W�f=h � ajp�ilk�h�ie¤ ·¸\[h�i� ®  � ®  P kU� ¡ � i RGk"� N � N�¤ � \.8$f=k�h'h�i%�Yk q{a �

�l� i�K ® N P'k p�cYt�Wmh�W�f=h � i � a#��k V+i� ®  � ®  P k ¤�¯Yilx�f=k�r  � ¡ � i RGk V ¡ � i�$ �n® �&%�k ´#��r q \v�Ykeabh�ajilk¡i=�)h�WY\p�n�flts\ ¡ � i�$ �n® �&%�k ´�h�WY\[x�\S\vuIajp�h�p(' � ¡ � i�N k p�cYt+W±h�W�f=h�' *) + ,�- .0/$V  4¤ _�iU8!\ q \v�YkY\"1 a P �Nr
1 a P i�� � ® � P k V2' �i���� k�® ¯ ��� ® � P � N ¨ � � �

V$WY\[kLabhSajp®\[¢�a q \[k�h�h�W�f=h 1 a P � ¡
� i�N P'k ¤±·¸\[h(3 � � i�K ® N k V ¡54- i�K ® N k �4\7p�cYt�WLh�W�f=h6387 � abkLf
p�c9
|t[aj\[kNh�dbr%p�Z|f=dbd@kY\[ab�RW��#ilcex�WYi�i q i=� R ¤!��\[kYilh�\

a P i�� � ® � P k V:3�i�� � ® � P k 1 a P i�� � ® � P k�® ¯ � � ® � P � N ¨ � ��� �
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·¸\[h�cYp q \v�YkY\�h�WY\���cekYt[h�ajilk��¡��r
��i�� � k V i � � � � k  � ª � �  P ¨ � �R���

V$WY\[k�� � ¡
� i�N k � \vu�h�\[kYp�ajilk±�Nr±tsilk�¢�\vu%tsilZ®�eabk�f=h�ajilk �v¤
;Çk±h�WY\Sp+f=Z7\<8!f�r�´�8!\�abk�h�x�i q cYts\

1 a �Bi���� ® � P k V���i���� k�® ¯ ��� ® � P � N ® � ��� �
WY\[kYts\"1 a � � ¡ � i�N:P k ¤)V$WY\[k¸´�8!\ q \v�YkY\ a � ��r§h�WY\���ilx�Z�cedgf

a � i�� � ® � P k V 3�i�� � ® � P k 1 a � i�� � ® � P k�¨ � ��� �
·¸\[h a �4\Sh�WY\®¢�\st[h�ilx{��\[d q 8�WYiRp�\�tsilZon#ilkY\[k�h�p�f=x�\ a � f=k q-a P ¢ a � f=k q[a P �#\[abke�§p�cYtsts\sp+p�ab¢�\[dbr±�Rab¢�\[k��r � � �v´ � ��� �v´ � �R���v´ � ��� �v´ � ��� � ¥ ´ep�i

a V i a � ®�a P k�� � � i�K ® N P k�®
Z7ilx�\si�¢�\[x

a � i�� � ® � P k V 3�i�� � ® � P k 1 a � i�� � ® � P k V 1 a � i�� � ® � P k ilk R
V ��i�� � k V i � � � � k  � ª � �  P ¨

;Çk|tsilkYp�\�@NcY\[kYts\*i a:¨>©�k i�Z k V���i �'k V  �!f=k q i a1¨>©�k i \.k V���i �Bk V  P ´�f=k q abh
�Pildbdji�8�p h�W�f=h �Nr'tsilkYp�h�x�cYt Âh�ajilk¸´
a P i���� ® � P k V 3�i���� ® � P k 1 a P i���� ® � P k V 1 a P i���� ® � P k ilk R

V ' $i�� � k V  $i�� � k�®
aÁ¤ \R¤ a1¨­¬ V  Lilk R ¤ � \%W�fs¢�\ q \v�YkY\ q a � �l� i�K ® N P'k p�cYt+W h�W�f=h � ¢ � a�� ¥ V i� ®  � ®  P k ¤­V$WeajptsilZonedj\[h�\sp�h�WY\Snex�iNi=�
i=�¶dj\[ZoZ|f%�R¤��
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q�_�imT<r alk V �.¢ a1¨­¬1® i a:¨>©�k i�Z k�® i a1¨>©�k i \.k ¥ ¨

	 � ¾@¾�
N³ � \ q \v�YkY\ � ��r²h�WY\��Pildbdji�8�abke�o�Pilx�Z®cedgf
� i � a���k VXq�_�imT<r alk�¨ � �[] �

;Çk q \s\ q ´@a���� a
£ � V � a�� ´ 
±����� a`£:� � a�� ´?8 \oW�f�¢�\ a
£�� a � 
�imT k ´¸p�abkYts\�
HimT k ajp�abkYt[dbc q \ q abk¡h�WY\
£�\[x�kY\[d2i=�1q�_�imT<r
	 k ´�abh$��ildbdjiB8�p�h�W�f=h

q�_�imT<r a �xa £ k V �n¨
V$WY\
p
cedj\[x�agf=kmp�\[Zoa q \[x�ab¢Rf=h�ab¢�\
q�_�imT<r
	 k ajp�dbabkY\�f=x���r±ilcex�flp�p�ceZoneh�ajilk¸´eh�WY\[x�\v��ilx�\

q�_�imT<r aUk VXq�_:imT r a £ k�¨ � ��ª �
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V$WY\ox�\[dgf=h�ajilk � ��ª ��\[k�f=�edj\sp�cYp�h�i q \v�YkY\ � ¤��{p�abke�Cdj\[ZoZ|f¡�|f=k q h�WY\ox�\[dgf=h�ajilk �*� i�K ® N P�k�� 
HimT k��
¡ � i RGk�� N � N�´¸abh$�Pildbdji�8�p�h�W�f=h

� a�� V ¢ a1¨­¬1® i a:¨>©�k i�Z k�® i a1¨>©�k i \.k ¥ � � � �
h�WNcYp

q�_�imT<r alk V � ¢ � a��!¥ V � ¢�a:¨­¬1® i a:¨>©�k i�Z k�® i a:¨>©�k i \.k�¥n¨ � �¥� �
¯ecex�h�WY\[x�Z7ilx�\R´$q�_�imT<r
	 k ajp�dbabkY\�f=x{f=k q tsilkNh�abk�cYilcYp08�Weajt�W abZonedbaj\sp�h�W�f=h � ajp�dbabkY\�f=x~f=k q tsilk�h�abkNcYilcYp�¤
z~i�8S´ 8 \�t�f=k tsilZonedj\[h�\ h�WY\ nex�i�i=��i=�Sh�WY\�p�h�x�cYt[h�cex�\Ch�WY\silx�\[Z%¤ ;Çk q \s\ q ´�h�WY\[x�\�\vuIajp�h�p§f dbabkY\�f=x

Z|f=neneabke� � ´n8�Weajt�W ajp�tsilk�h�abk�cYilcYp{��x�ilZ ¡ � i RGk � N � N�abk3N�´¸p�cYt+W%h�W�f=h
¯?a°� � � i�K ® N P k�® q�_�imT<r alk V �U¢ a:¨­¬1® i a1¨>©�k i�Z k�® i a1¨>©�k i \.k ¥

8�abh�W
� � ¢�¡ � i RGk�� N � N ¥ £ V ¢E¡ � i RGk ¥ £ � N � N ¨

_�i|h�WY\[x�\�\vuIajp�h�h¤8 i�x�\�f=d2k�ceZ��4\[x�p � � f=k q � � ´�f=k q f'dbabkY\�f=x��Pilx�Z � 8�Weajt+W ajp~tsilk�h�abkNcYilcYp�ilk ¡ � i RGk
p�cYt+W%h�W�f=h

q�_�imT<r alk V � i a:¨­¬§k«ª �§� i a:¨>©�k i�Z k�ª ��� i a1¨>©�k i \.k�® ¯?a�� � � i�K ® N P k � ��= �
8�Weajt+W tsilZonedj\[h�\sp�h�WY\Snex�iNi=�
i=�ñp�h�x�cYt[h�cex�\�h�WY\silx�\[Z%¤ �
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��"ã��"4��&'���)(*	
� \ nex�\sp�\[k�h¶h�8!i�f=nenedbajt�f=h�ajilkYp
i=�Ih�WY\!p�h�x�cYt[h�cex�\ h�WY\silx�\[Zã��ilx¶p�W�f=n4\)�:cekYt[h�ajilk�f=djp q \v�YkY\ q abk®h�WY\ q ilZ|f=abkYp
8�abh�W%t[x+flt+£�p�¤ � \{x�\v�P\[x�h�WY\�x�\�f q \[x�h�i²¨b���=«µ´b¨b�[]l«@�Pilx!h�WY\�x�\sp�cedbh�p�ilk§h�WY\���x�a�
7h�W²��ilx�Z�cedgf'abk²h�WY\�t�flp�\�i=�
cekeabdgf=h�\[x+f=d¶tsilk q abh�ajilkYp�nex�\sp�t[x�ab�#\ q ilk±h�WY\St[x+flt+£§�Pflts\sp�¤
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	�� 
������������������������� ��!�#"%$��&���'�)(��*�+�����-,
� \Sf=nenedbr§h�WY\Sp�h�x�cYt[h�cex�\�h�WY\silx�\[Z abk±h�WY\�t�flp+\�i=�ñ\[kY\[x��Rr��:cekYt[h�ajilk�f=d¸��ilx�f�kYilkedbabkY\�f=x��#ilcek q f=x�r�¢Rf=dbcY\
nex�il�edj\[Z%¤±_NabkYts\7h�WY\7p�abke�Rcedgf=x®n�f=x�h®i=��h�WY\7p�ildbceh�ajilk ajpSceke£�kYi�8�k abk h�Weajp®t�flp�\ � p�\s\C¨b���=«��v´«8!\|t�f=kekYilh
a q \[kNh�a��:r²h�WY\Stsi�\&
|t[aj\[k�h�p �9� ® �§� abk%h�WY\�x�\[nex�\sp�\[k�h+f=h�ajilk �Pilx�Z®cedgfI¤
·2\[h<K L N:P|�#\�f=k�iln4\[km�#ilcek q \ q p�\[h²8�abh�W f7p�Z7i�ilh�W �#ilcek q f=x�rcQ ¤�·¸\[h R/. �4\®h�WY\�p�\[h q \v�YkY\ q

�Nr � i10 � ® 0 P k �;� � 0 � �32E® 0 P V � � ´�Z f=k q�\
q \[kYilh�\®abh�p�h�abnYp�¤ � \�flp�p�ceZ7\�h�W�f=h�h�Weajp{p�\[h��#\[djilke��p�h�ih�WY\ q ilZ|f=abk]K �Pilx 254(� p�Z|f=dbd2\[kYilce�RW¸¤UV$WY\ q ilZ|f=abk�8�abh�W%h�WY\St[x+flt+£²ajp q \[kYilh�\ q �Nr�T VbK~Y R�. ¤
·¸\[h�cYp�tsilkYp�a q \[x�h�WY\���cekYt[h�ajilk�f=d

6�i87 k V:9<; 
 ¢�= 7 i10 k�¥ q*0 ® � ��� �
8�WY\[x�\�
 � N:P ��� N°pAf=h�ajp���\sp�flp�p�ceZoneh�ajilkYp{p�n#\st[a���\ q �4\[djiB8S¤
·¸\[h?> �#\�h�WY\�p�ce�Yp�n�flts\Si=�5@ � imT k i=����cekYt[h�ajilkYpG8�WYiRp+\�h�x+flts\�¢lf=keajp�WCilk�QU³

> V
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¯¶ab�Rcex�\�]Y³ �~ilZ|f=abk[TX8�abh�WCt[x+flt�£ R/.
� \%t�f=k p�WYi�8 h�WY\±\vuIajp�h�\[kYts\Cf=k q h�WY\%cekea(@�cY\[kY\sp�p|i=�~h�WY\%p+ildbceh�ajilk h�i¡h�WY\§�Pildbdji�8�abke� ZoabkeabZoabÀ¥f=h�ajilk
nex�il�edj\[Z%³

¯¶abk q��]� > p�cYt+W±h�W�f=h?6�i �?k V $')�*
�����

6�i� k�¨ � �R� �
·¸\[h 3 � ® 3 P � ¡�4- i�K k V � i�K k�¨ V$WY\[k�8!\StsilkYp�a q \[x�h�WY\�h�x+f=kYp���ilx�Z|f=h�ajilk � p�\s\o¨b�[]R«�� q \v�YkY\ q �Nr� 0 � V � � ��� 3 � i�� � ® � P k0 P V � P ��� 3 P i�� � ® � P k i � 4(�'k�¨ � �I���
V$WY\�tsiNilx q abk�f=h�\sp�i=� f|�Rab¢�\[k�n4ilabkNh{abk�iln4\[k�p�\[h�p T�´�T
	Sf=x�\ q \[kYilh�\ q �Nrxi10 � ® 0 P k0� T ® i�� � ® � P k0� T
	
x�\sp�n#\st[h�ab¢�\[dbr�¤
·¸\[h a©q \[kYilh�\�h�WY\{¢�\st[h�ilx$��\[d q 8�WYiRp+\~tsilZon#ilkY\[k�h�p{f=x�\ 3 � ® 3 P ® a�� i � i�K k%k PR¤
V$WY\~�Nfltsil�eagf=k%i=� � �I���\�@Nc�f=djp�h�ie³

� 	 V �G��� i 3 �
� : . ª 3 P � :�� k«ª�� P i 3 �
� : . 3 P � :�� � 3 �
� :�� 3 P � : . k
V �G����� $���aXª�� P ����� i�K alk�¨
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Hi �'k �!ª " �  � ´Iabh���ildbdjiB8�p�h�W�f=h � � 	�i� k � � � i � � ª � P �  �­k ´�f=k q� � 	�i� k � P � � P i � � ª � P �  �­k P � � � P i � P � ª � PP �  � P k�®
h�WY\[x�\v�Pilx�\R´e�Pilx4 lV = � 	=´ � � 	�i =!� 	 k � P � � � P i � P � ª � PP � =!� 	 � P k�¨
;Çk�h�\[�Rx+f=h�abke��h�Weajp�abkY\�@Nc�f=dbabhµr±i�¢�\[x²TS´

9A; � � 	�i =!� 	 k � P � � � P�� � P � � K ��ª � PP 9<; � = � 	 � P�� � � � P�� � P � � K ��ª � PP �#� 	 � P� �
x�\sp�cedbh�p�abk±h�WY\S\sp�h�abZ|f=h�\ ��� 	�i =!� 	 k � � � � � ;�� � � � � � ��ilx ��� i �n® � k ¤
V$WY\[x�\v�Pilx�\R´

� �#��� � 	 � P� � � � �#�f� � 	 � � �Pilx �l� i �n® � k�®
f=k q 8!\�n�flp�p�h�i7h�WY\�dbabZoabh �#��� � 	 � � � � � �*��� � flp �l��� ����®
8�Weajt+W tsilZonedj\[h�\sp�h�WY\Snex�iNi=�
i=�¶h�WY\®tsilk�h�abk�ceabhÇr�8�abh�W%x�\sp�n#\st[h�h�i � ´

� 	 ��� � abk > flp �l��� ����¨
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y#� º%$�� � n�flp�p+f=��\�h�ioh�WY\�dbabZoabh�abk � �R� �v¤
·¸\[h�cYp�abk�h�x�i q cYts\Sh�WY\~�Pildbdji�8�abke�|kYilh+f=h�ajilkYp

� imT<r 7 k V 9<; 
Hi = 7 k q*0 ® � 	�imT<r 7 k V 9<; �
� 	


Hi�Z 	 	 = 7 k q#0 ® � imT
	!r 7 k V 9<;
�

Hi = 7 k q � ®

� imT<r ��k V & $%)
� ���

� imT r 7 k f=k q � imT
	!r � 	 k V & $')
� ��� �

� imT$	Br 7 k�¨
�!r�h�WY\®t�W�f=ke��\Si=�ñ¢lf=x�agf=�edj\sp¥´�8 \�W�f�¢�\

& $')
� ���

� 	�imT r 7 k V & $')
� �����

� imT$	Br 7 k
� \ q \[kYilh�\

_�imT k V � imT<r �?k�® _�imT
	 k V � imT
	!r � 	 k�¨
� \�W�f�¢�\

_�imT
	 k�� _�imT k
� V � imT$	Br � 	 kF� � imT<r ��k

� V � 	!imT r � 	 k�� � imT<r �?k
� � � 	�imT<r �?kF� � imT<r �?k� ¨

wñflp�p+f=��\�h�ioh�WY\�dbabZoabh�abk%h�WY\��#ilh�W%p�a q \sp�dj\�f q p�h�i

"'$%& �����	#" ,�- . _�imT
	 k�� _:imT k
� � "'$'& $')�*	#" ,�- . � 	�imT r ��kF� � imT r ��k� � "%$'& �����	#" ,�- . � 	�imT<r �?kF� � imT<r �?k� ¨

�!r�h�WY\ q \v�Ykeabh�ajilkCi=�¶h�WY\®\[kY\[x��Rr���cekYt[h�ajilk�f=djp�´
� 	�imT r ��kF� � imT r ��k

� V 9 ; 
Hi�Z 	 	 =!�?k �
� � � 
Hi = ��k
� q*0

V 9 ; 
Hi�Z 	 	 =!�?kF� 
Hi = ��k
� � 	

q#0 ª 9<; � � � 	
� � 	


�i =!��k q*0
V 9 ; 
Hi =!�.ª��B\ 	 = ��k�� 
Hi = ��k

� � 	
q#0 ª 9 ; � � � 	

� � 	

�i =!��k q*0 ¨

�{k q \[x�ilcex�flp�p�ceZoneh�ajilkYp�h�WY\[x�\S\vu�ajp�h�p�f��:cekYt[h�ajilk�� ® � � ��i10 k � ��® p�cYt�W%h�W�f=h

Hi =!�.ª��B\ 	 = ��kF� 
�i =!��k

� V 	 K 
Hi =!�.ª � \ 	 = ��k�®j\ 	 =!� ��¨
D ilkYp�\�@NcY\[k�h�dbr

� 	!imT<r �?kF� � imT<r �?k
� V 9<; �

� 	
	�K 
Hi =!�.ª � \ 	 =!��k�®j\ 	 =!� ��q*0 ª 9<; �G� � 	

� � 	

Hi =!�?k q#0 ®

f=k q h�WY\®n�flp+p+f=��\®h�i§h�WY\�dbabZoabhSflp ����� � � abk�h�WY\®x�ab�RWNh Â W�f=k q p�a q \®ajp~n#\[x���ilx�Z7\ q �Nr f=k f=nenedbajt�f=h�ajilk
i=�ñh�WY\ q ilZoabk�f=h�\ q tsilkN¢�\[x���\[kYts\Sh�WY\silx�\[Z%´�p�abkYts\ 
�f=k q K 
 f=x�\S·@abnYp�t+Weabh�À�tsilkNh�abk�cYilcYp�´

9<; �
� 	
	 K 
Hi =!�Uª � \ 	 =!��k�®j\ 	 =!��� q*0 ��� 9<;
	 K 
Hi =!�?k�®j\ 	 =!� � q#0 ®

9A; � � � 	
� � 	


�i =!��k q*0 �$� 9A; � $���a 
Hi =!��k q*0 ®
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8�Weajt+Wmf=dbdji�8�p�cYp�h�i7il�eh+f=abk%h�WY\���ildbdjiB8�abke�7dbabZoabh

"'$'& � ���
	�" ,�-/. � 	�imT r ��kF� � imT r ��k� V "'$%&	�" ,�-/. � 	!imT<r �?kF� � imT<r �?k�

V 9 ; 	�K 
Hi =!�?k�®j\ 	 =!� ��q#0 ª 9 ; � $���a 
Hi =!�?k q#0 ¨
;Çkmilx q \[x~h�i§tsilZonedj\[h�\�h�WY\�nex�i�i=�Ui=� q a��#\[x�\[kNh�agf=�eabdbabhµr[8 \ q \[x�ab¢�\®h�WY\�\sp�h�abZ|f=h�\®�:x�ilZ �#\[dji�8 ��ilx "'$'&($%)�*
cYp�abke�|h�WY\���ildbdjiB8�abke�7abkY\�@Nc�f=dbabhµr

_�imT
	 k1� _�imT k
� V � imT
	!r � 	 k�� � imT<r �?k

� V � 	�imT<r � 	 k1� � imT<r ��k
� 	 � 	�imT<r � 	 k�� � imT<r � 	 k

� ¨

V¶f=£Nabke��h�WY\�dbabZoabh�abk%h�WY\��#ilh�W%p�a q \sp�dj\�f q p�h�i

"'$%&($')�*	�" , - . _:imT$	 kF� _:imT k
� 	 "'$'&($%)�*	#" ,�- . � 	!imT<r � 	 k�� � imT<r � 	 k

� ¨

^{��f=abk¸´e��r²h�WY\ q \v�Ykeabh�ajilkmi=�ñ\[kY\[x��Rr§��cekYt[h�ajilk�f=djp�´

� 	�imT<r � 	 kF� � imT<r � 	 k
� V 9 ; 
Hi�Z 	 	 =!� 	 k �

� � � 
Hi = � 	 k
� q#0

V 9 ; 
Hi�Z 	 	 =!� 	 kF� 
Hi = � 	 k
� � 	

q#0 ª 9 ; �G� � 	
� � 	


Hi =!� 	 k q*0 ¨
�~p�abke�oh�WY\SV¶fsr�djilx��Pilx�Z®cedgfl8!\Sil�eh+f=abk


Hi�Z 	 	 =!� 	 k�� 
Hi =!� 	 k
� V 
Hi =!� 	 ª��!\ 	 =!� 	 k�� 
�i =!� 	 k

� V 	 K 
�i =!� 	 ª � \ 	 =!� 	 k�®j\ 	 =!� 	 �
�Pilx�f���cekYt[h�ajilk � ®7� � ��i10 k � 0?® 8�Weajt+W%dj\�f q p�h�i

� 	�imT<r � 	 kF� � imT<r � 	 k
� V 9 ; �

� 	
	 K 
Hi =!� 	 ª � \ 	 =!� 	 k�®j\ 	 =!� 	 � q#0 ª 9 ; �G� � 	

� � 	

Hi = � 	 k q#0 ¨

� \�W�f�¢�\�h�WY\��Pildbdji�8�abke�§\sp�h�abZ|f=h�\

�
�
�
9 ; � � � 	

� � 	

�i =!� 	 k q#0 ��9 ; �G� � 	

� � 	

Hi = ��k q#0 �

�
�
V �

�
�
9 ; �G� � 	

� � 	
¢ 
Hi = � 	 kF� 
Hi =!�?k ¥ q*0 �

�
�� 9 ; �

�
�

�G� � 	
� � 	

�
�
�

� � = � 	 � =!�!� q#0 ¨
V¶f=£Nabke��abk�h�i|fltstsilcekNh�h�WY\�abkY\�@Nc�f=dbabhµr

�
�
�

�G� � 	
� � 	

�
�
�
� � ¢ ��� $���a��
��� � ;�� ª � ������� i�K a*k �
��� � ;�� ¥ ��ilx �*� i �n® � k�®

h�WY\��Pildbdji�8�abke��abkY\�@�c�f=dbabhÇr²ajp�il�eh+f=abkY\ q ´

�
�
�
9 ; � � � 	

� � 	

�i =!� 	 k q#0 � 9 ; � � � 	

� � 	

�i =!��k q*0 �

�
�
� � � ¢ ��� $���a � ����� ;�� ª � ������� i�K a*k � ��� � ;�� ¥ 9 ; � =!� 	 � =!� � q*0 ¨
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¯ex�ilZ h�WY\Snex�iln4\[x�hÇr "'$'&	�" , - . �#�f� � 	 � � V �
a��¶��ildbdjiB8�p�h�W�f=h 9A; �G� � 	

� � 	

Hi = � 	 k q#0 ��� 9A; ��$���a 
Hi =!�?k q#0 �Pilx ���$� � � ¨

¯ecex�h�WY\[x�Z7ilx�\

9 ; �
� 	
	 K 
Hi =!� 	 ª � \ 	 =!� 	 k�®j\ 	 =!� 	 � q#0.V 9 ; �

� 	
	 K 
Hi =!� 	 ª � \ 	 = � 	 k�®j\ 	 = � 	 � q*0

� 9 ; �
� 	
	 K 
Hi =!�Uª � \ 	 =!� 	 k�®j\ 	 =!� 	 � q*0 ª 9 ; �

� 	
	 K 
Hi =!�.ª � \ 	 = � 	 k�®j\ 	 = � 	 � q*0

� 9 ; �
� 	
	 K 
�i =!�Uª � \ 	 =!�?k�®j\ 	 =!� 	 � q*0 ª39 ; �

� 	
	 K 
Hi =!�.ª � \ 	 = ��k�®j\ 	 =!� 	 � q#0

� 9<; �
� 	
	 K 
Hi =!�Uª � \ 	 =!��k�®j\ 	 =!��� q*0 ª39<; �

� 	
	 K 
Hi =!�.ª � \ 	 = ��k�®j\ 	 =!� � q#0

VbZ 	 ª 9<; �
� 	
	 K 
Hi =!�.ª � \ 	 =!��k�®j\ 	 =!��� q*0 ®

8�WY\[x�\��Pilx�h�WY\�dgflp�h�h�\[x�Z
9 ; �

� 	
	�K 
Hi =!�lª � \ 	 =!�?k�®j\ 	 =!� ��q#0 ��� 9 ; 	�K 
Hi =!��k�®j\ 	 = � �5q#0 ��ilx �*��� � � ¨

�milx�\si�¢�\[x²K 
 ajp�·¸abnYp�t�Weabh�À�tsilk�h�abk�cYilcYp¥´Yh�WY\[x�\v�Pilx�\R´Yh�WY\[x�\S\vuIajp�h�p�fotsilkYp�h+f=kNh�� 	 � p�cYt+W%h�W�f=h
¯ �*� i �n® � k�® � Z 	 � � � �#��� � 	 � �

8�Weajt�W Z7\�f=kYp�h�W�f=h Z 	 ��� � �Pilx ���$� � � ´�f=k q 8 \�W�f�¢�\®il�eh+f=abkY\ q h�WY\®tsilk�¢�\[x���\[kYts\
9 ; �

� 	
	 K 
Hi = � 	 ª � \ 	 = � 	 k�®j\ 	 =!� 	 � q*0 ��� 9 ;
	 K 
Hi =!�?k�®j\ 	 =!� � q#0 �Pilx ���$� � � ®

8�Weajt�W abZonedbaj\sp�h�W�f=h

"%$'&($')�*	�" ,�- . � 	�imT<r � 	 k�� � imT r � 	 k
� V "'$'&	�" , - . � 	�imT<r � 	 kF� � imT r � 	 k

�
V 9 ; 	�K 
�i =!��k�®j\ 	 =!� ��q*0 ª 9 ; � $���a 
�i =!��k q*0 ¨

¯¶abk�f=dbdbr�´�8 \SW�fs¢�\

"'$'&	�" , - . _�imT
	 k�� _:imT k
� V 9 ; 	 K 
�i =!��k�®j\ 	 =!��� q*0 ª39 ; � $���a 
�i =!��k q*0.V q�_�imT<r aUk�¨

� \~W�fs¢�\�p�WYiB8�k±h�W�f=h�h�WY\�p�W�f=n4\{��cekYt[h�ajilk�f=dF_�imT k ajp q a��@\[x�\[k�h�agf=�edj\R´�h�WY\~Z|f=neneabke� a � ��� q�_�imT<r alk ajp
dbabkY\�f=x�f=k q tsilkNh�abk�cYilcYp�´2f=k q 8 \�t�f=k¡f=nenedbr%h�WY\�p�h�x�cYt[h�cex�\�h�WY\silx�\[Z*abk h�Weajp~t�flp+\R´�8�Weajt+Wmdj\�f q p~h�i�h�WY\
�Pildbdji�8�abke�7�Pilx�Z®cedgf

q�_�imT<r alk V �§� i a:¨>©�k i�Z k§ª ��� i a1¨>©�k i \.k§ª � i a:¨­¬§k�®v¯«a�� � � i�K]r%N P k
8�WY\[x�\ � � i ¡ � i R/.�k%k¤£ ´ �§� ® �§� � N f=k q £����R¤ �
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¯¶ab�Rcex�\®ªI³���ilZ|f=abk]T
·2\[h²K L N P �#\Sf'�#ilcek q \ qCq ilZ|f=abk]8�abh�W p�Z7i�ilh�W%�#ilcek q f=x�r�QAVbQ�
!��Q
� ��Q
�¸´�f=k q]R �#\�h�WY\

p�\[h���i���� ® � P k � � � ��� � ��® � P V ��� ¤ � \|flp�p�ceZ7\7h�W�f=hSh�Weajp®p�\[h��#\[djilke��pSh�i%h�WY\ q ilZ|f=abkxKm¤7V$WY\
q ilZ|f=abk]8�abh�WCt[x+flt�£ R ajp q \[kYilh�\ q ��r3T VXK Y R ¤
;Çk h�WY\ q ilZ|f=abkXT�´�8!\ tsilkYp�a q \[x§h�WY\±�Pildbdji�8�abke�L�#ilcek q f=x�r ¢lf=dbcY\Cnex�il�edj\[Z1�Pilx�f¡�:cekYt[h�ajilk � 8�Weajt+W
p+f=h�ajp���\sp

�������������� �������������

���!� V � abk T ®
� V � ilk Q

 ®� �� ¬ V � ilk Q
� ®
� �� ¬ V � ilk R�� ®

� 	 �n® � �� ¬ 	 �n® � � �� ¬ V � ilk Q�� ¨

� �=] �

�~\[x�\�� � ¡ � i K k ´ � � @ P imT k f=x�\��Rab¢�\[k±��cekYt[h�ajilkYp�¤
V$WY\~flp�p�i�t[agf=h�\ q ¢Rf=x�agf=h�ajilk�f=de��ilx�Z�cedgf=h�ajilk§i=�#h�Weajp)kYilkedbabkY\�f=x nex�il�edj\[Z%´�flp�8 \[dbd#flp
h�WY\�\vuIajp�h�\[kYts\�f=k q

cekea(@NcY\[kY\sp�poi=�~f p�ildbceh�ajilk¸´Uf=x�\f8 \[dbd$£�kYi�8�k¸¤¡·¸\[h'cYp��ex�aj\��Yr x�\st�f=dbd$h¤8 i¡\�@Nceab¢lf=dj\[kNh��Pilx�Z®cedgf=h�ajilkYp|i=�
nex�il�edj\[Z � �=] �

� �-���
� i �9®  � ��k 	 "²i� � ��k�® ¯  ��� � �Rª �

ilx � �-���6�i �?k � 6$i� k�®v¯  ���]® � � � �
8�WY\[x�\ � ajp�h�WY\®t[djiRp�\ q tsilk�¢�\vu%p�\[h�i=�5@ � imT k$q \v�YkY\ q ��r

� V��  � @ � imT k��  .V � ilk�Q

 f=k q  	 � ilkcQ�� �#¨
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�~\[x�\�h�WY\���ildbdjiB8�abke�|kYilh+f=h�ajilkYp~f=x�\�cYp�\ q ´��Pilx � f=k q  §abk @ � imT k ´
� i �9®  k V 9<;�� =!�§® =  �� ® "²i� k V 9A;��3 ª 9 D�� �  ® 6$i� k V �

� � i� ®  k:� "²i� k�¨
V$WY\S\[kY\[x��Rr§��cekYt[h�ajilk�f=d@��ilx�h�WY\Snex�il�edj\[Z � �=] �!ajp q \v�YkY\ q ��r§h�WY\���ilx�Z�cedgf

_:imT k V �
� 9<; � =!�!� P ��9<; � �H�)9 D�� � �9® � ��� �

8�WY\[x�\�c±ajp�h�WY\S¢lf=x�agf=h�ajilk�f=d¶p�ildbceh�ajilk%h�i � �=] �v¤
·¸\[h 3 � ® 3 P � ¡�4- i�K k ¤ � \�cYp�\�h�WY\�p+f=Z7\�kYilh+f=h�ajilkmflp�abkCp�\st[h�ajilk �I¤b�R¤¯Yilx � 4(� ´Yh�WY\�ZoabkeabZoabÀ¥f=h�ajilk nex�il�edj\[Z ajp q \v�YkY\ q abkcT
	=´n8�abh�W%h�WY\S\[kY\[x��Rr��:cekYt[h�ajilk�f=d

_�imT
	 k V �
� 9<; � � =!� 	 � P � 9A;

�
� � 	 � 9 D � � � 	 ¨ � ��= �

� \ q \[x�ab¢�\�h�WY\���ilx�Z i=�ñh�WY\Sp�W�f=n#\ q \[x�ab¢lf=h�ab¢�\
q�_�imT
	 k
q � � 	  - V "'$'&	#" ,�-/. _:imT$	 k�� _�imT k

� VXq�_�imT<r alk � �R� �
abk�ilx q \[x~h�i²f=nenedbrCh�WY\�p�h�x�cYt[h�cex�\�h�WY\silx�\[Z%¤�·¸\[h � 	 i�� k �#\®h�WY\�p�ildbceh�ajilk¡i=�UZoabkeabZoabÀ¥f=h�ajilk¡nex�il�edj\[Z*abk
T
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¯�� 	 ��® � � V � � 0 � ¨ � =�� �

D ilZ��eabkeabke� � = � �v´ � =�� ��dj\�f q p�h�i
� i� k V �

� � ��� � � � 0 P� � � ��� � 0 P� ¨
�milx�\si�¢�\[x�´4fltstsilx q abke�|h�i'h�WY\silx�\[Z ]Y´n8!\SW�f�¢�\

¯������ T ® � � 	 � � ®
f=k q tsilkYp+\�@�cY\[kNh�dbr

� i� k 	 � �
� � ��� � 0 P� � � ��� � 0 P�
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Unit é de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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