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Michèle Basseville

N ˚ 2890

Mai 1996
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aqW j WFLMK`Y�K j b�� p K`b�S d UqWCVIK`�;WZVXUqWZY�S\[^]2S\bgY�e a@S\f�WCV\V\e WF]@b���K j WF¡@V\K£Y�[�b/YAWCY�S\b�Y�S\f�WCVILMK`Y H [ d b��&� H S\f H W j K ¡qWCb/Scf�WZVcV\e
WZSXLPK d WCY d K`f`S d ST]@~�S·�8W j K`b/S d UqWZV d S\b�f j K�aqWF]@f`e£� j [^L,¯`K j [MS\b�b�S\~^]@S·¦�f�WF]mY��@?�[C��K`�FK j d K`Y�K j LMST]@Scb/Y�S\f-WFaqa j [@WCf H K`b
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S\b�Y H K�SX]m��[ j L WCY�S\[^]�f`[^]mYAWCST]@K d ST]MY H K�ST]@S\Y�STWCV d WCYAWq� GIH KF$CK`e j K�WCb�[^])�4[ j U@b�ST]@~�Y H S\b �qUqWF]mY�S\Y�e�S\b�Y H WCY�bAU�<£f`ScK�]mY
b/YAWCY�S\b�Y�S\f`b��C� H Scf H W j K�Y H KI¡qWCb�S\b�[C��b/YAWCY�S\b�Y�S\f�WCV d K`Y/K`f`Y�S\[^]MLMK`Y H [ d b��^a j K`b/K j �FK`b
��Scb H K j ST]m�4[ j LgWCY�S\[^]��C� H Scf H WCV\b�[
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W dqd ScY/Sc�mK%� WFU@V\Y d K`Y/K`f`Y�S\[^]£ST]�W d e ]qWmLMS\f�b�YAWZY�K���bAaqWCf`K%b�e@b�Y�K�L Y�[gW dqd S\Y�S\�FK���WFU@V\Y d K`Y�K`f`Y�S\[^]ªSX]_W�b�Y�WCY�S\f j K`~ j K`b¨�
b/Sc[@]$LP[ d K`V��¬Wm] d j K`f�WCV\VkW£b�YAWm] d W j d�d K`Y�K j LMST]@S\b�Y�S\f j K`b�S d UqWCV�~FK�]@K j WCY�S\[^]�LMK`Y H [ d �-� ]�b�K`f`Y�S\[^] }q����K j K`�^S\b�S\Y
b/Y�[^f H WCb�Y/Scf_Y/[^[FV\bM��[ j ������ST] Y H K�¡qWCb�S\f_f�WCb�K_[Z�!Wz¥�WFU@b�b�STWF]2�mK`f`Y�[ j ��K�L a H WCb�S\¯`ST]@~ Y j WF]@b���[ j L WCY�S\[^]¤��[ j LMb
Wm] d ST]m�4[ j LgWCY�S\[^]¤a j [^a�K j Y�S\K`b��.� ]¤b�K`f`Y�S\[^]¤N��q��K-W dqd j K`b�b%Y H KMf�WCb�K�[Z�&¥�WFU@b�b�STWF] j K`~ j K`b�b/Sc[@]$LP[ d K`V\b���WF] d ��K
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Y/Scf£WF] d b/Y�[^f H WCb�Y/Scf£WFaqa j [^WCf H K`b��
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Wm] d$d K`Y/K j LMST]@S\b�Y�S\f Wmaqa j [^WCf H K`b�¡qWCb�S\f�WCV\V\e j K`V\ezUqaq[^] a j [Fl�K`f`Y�S\[^]�WF] d j K�l�K`f`Y�S\[^]¤[^a�K j WCY�[ j b���WF] d ��K d S\b�f�U@b/b
f`[@]q]@K`f`Y�S\[^]@bß¡�K`Yn��K`K�]MY H K�L_����]Mb�K`f`Y/Sc[@]& q�C��K��4[ j LgWCV\V\e-b/YAWCY�K�b�K`�FK j WCV LMU@V\Y�STa@V\K%� WmU@VcY�f�WZb�K`b��F��ScY H [ j �IS\Y H [^U@Y
f�WmU@bAWCV\S\YnegWCb/bAUqLga@Y�S\[^]@b��qWF] d WF]M[@a@Y�STLgWCV\S\Yne f j S\Y�K j S\[^]P�4[ j Y H K.LM[mb�Yk~FK�]@K j WCVq[^]@KF� GIH K%LMK`Y H [ d bß[Z��b/K`f`Y�S\[^]�}
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Y H K`b�K�a j [^a�K j Y�S\K`b��q��K d K d U@f`K-ST]£b�K`f`Y/Sc[@]�|M]@K`� ST]m�4[ j LgWCY�S\[^]£f j ScY/K j STWM��[ j [^a@Y�STLMS\¯`ST]@~�Y H K j K`b�S d UqWCV\b���WF] d ��K
d S\b�f�U@b/b�Y H K j K`bAU@V\Y�ST]@~¤[^a@Y�STLMS\¯�WCY�S\[^]�a j [^¡@V\K�LMb+�-Q@K`f`Y�S\[^]��gS\b d K`�m[FY�K d Y�[£f`[^]@f`VTU@b�S\[^]@b-WF] d �qU@K`b�Y�S\[^]@b�[^aqK�]
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� H K j KkY H K�b�YAWCY/K ` �+Y H K�f`[^]FY j [FV\V\K d ST]qaqU@Y6K-�FWF] d Y H Kk[@¡@b�K j �;WZY�S\[^]�I H W+�FK d STLMK�]@b/Sc[@]@bCB
�(D��FE@� j K`bAa�K`f`Y�S\�FK`V\eF�
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��ScY H � WFU@V\Y%ST]@f`S d K�]@f`KgWF] d j K`b�S d UqWCV�f`[C�CW j STWF]@f`K-L WCY j S\f`K`b

m ] W Y ��
 ] d ] n	� ] W]Y ��
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« K.]@[C� d Scb/f�U@b�b�Y H K j K`b�S d UqWCV�[^a@Y/SXLPSc¯�WZY�S\[^]�a j [^¡@V\K�L_�^]qWFLPK`Vce Y H K.a j [^¡@V\K�L [C��b�K`V\K`f`Y�ST]@~gY H KI�IST] d [C����b�S\¯`KoZZ�
Y H K j K`b�S d UqWCV d SXLPK�]@b�S\[^] �$Wm] d Y H K�V\ST]@K�W j Y j Wm]@b��4[ j L Y ��
 ] � H S\f H W j K_[^a@Y�STLgWCVI��ScY H j K`bAa�K`f`Y�Y/[�W�~FS\�FK�]f j ScY/K j S\[^]��

x K���[ j KMST]FY j [ d U@f`ST]@~¤f j S\Y�K j STW£��[ j Y H S\b�aqU j aq[Fb/KF��VcK`YMU@b�f`[^LgLMK�]mY�� U j Y H K j [^]_Y H KgWF¡�[C�FKga j [^¡@V\K�L b�YAWCY/K��
LPK�]FY��
��S j b�Y+�^[@]@K.f`[^U@V d W j ~^U@K.Y H WCY�SX]_a j WCf`Y�S\f`K�f`[C�;W j STWF]@f`K�L WCY j S\h h ] f`[^LgaqU@Y�K d WCb�ST]z��{�}F�&S\b.]@[FYF$^]@[C�.]��K`b�aqK`f`STWCV\V\e�¡qK`f�WFU@b/K�Y H KMb�Y�WCY�K-Wm] d [@¡@b�K j �;WZY�S\[^]z]@[FS\b�Kgf`[C�CW j STWF]@f`K�LgWZY j S\f`K`b$H�J_WF] d H�LgST] �4N^�IY H K�LMb�K`V\�FK`b
W j K�Uq]B$^]@[C�.]��&«zK j WCY H K j Y H ST]B$£Y H WCYIS\YIS\b�a j WCf`Y�S\f�WCV\V\e�b�STLga@V\K j WF] d LP[ j K%K�<�f`S\K�]FY%Y�[gYAUq]@K�bAU@f H Uq]B$^]@[C�.]
¡qU@Y%LMK�WF]@ST]@~C��U@V¬aqW j WFLPK`Y�K j b H�JMWF] d H�L@�^Y H WF]£Y�[MYAUq]@K�[FY H K j �;WCVTU@K`bIbAU@f H WZb'LMU@V\Y�STa@V\KMY Hqj K`b H [FV d b���[ j Y�K`b�Y
��Uq]@f`Y�S\[^]@b�� H [Fb/K d S\b�Y j ST¡qU@Y�S\[^]@b.W j K.Uq]B$@]@[;�%]��kQ@K`f`[^] d �@ST]g[ j d K j Y/[�[^U@Y�V\ST]@K�Y H K.STLga�[ j YAWm]@f`K.[C��Y H K j K`b�S d UqWCV
f`[ j�j K`VTWCY�S\[^]¤S\b�bAU@KF���ßK�ST]@b�S\b�Y-WC~@WCST]�[@]�Y H WCY���K`�FK�]¤� H K�]�Y H K�b�YAWCY�KMWF] d [^¡@b/K j �;WCY/Sc[@]$]@[mScb/K-f`[C�CW j STWF]@f`K�LgW;�
Y j S\f`K`b)W j K-WCb�b�UqLMK d Y�[�¡qK d STWC~F[@]qWCV���f`[;�CW j STWF]@f`KgLgWCY j S\h h ] Scb�]@[mY)¡@V\[@f�$Z� d STWC~F[^]qWCV���� H K�]@K`�mK j Y H K��IST] d [C�b/Sc¯`KrZßS\bk~ j K�WCY�K j Y H WF]�[ j K � UqWCVqY/[�}q����U j Y H K j LM[ j KF� j K`b�S d UqWCV�f`[;�CW j STWF]@f`K.L WCY j S\h � ] S\bk]@[FY d STWC~F[@]qWCV�]@K`S\Y H K j �� H WCY�K`�FK j Y H KMY j WF]@b¨�4[ j LgWCY�S\[^]_LgWZY j S\h Y � 
 ] S\b&)IS\Y�S\b���K`V\V�$^]@[C�.]¤Y H WCY%Y H KM[^]@V\e�[@¡@b�K j �FK j � H S\f H a j [C�^S d K`bU@b��IS\Y H£j K`b�S d UqWCV\b H W��@ST]@~gW d STWC~F[^]qWZV�f`[C�;W j SXWm]@f`K)LgWZY j S\hMScbF=�WCVTLgWm]M¦�V\Y�K j � ��SX]qWZVcV\eF�q��K.WZVcb/[ j K`f�WCV\V�Y H WCY��Z�4[ j
¡�[FY H d K`Y�K j LMST]@S\b�Y�S\fMWF] d b/Y�[^f H WCb�Y/Scf�WFaqa j [@WCf H K`b�Y�[ j K`b�S d UqWCV�~mK�]@K j WCY�S\[^]��@Y j Wm]@b��4[ j LgWCY�S\[^] Y ��
 ] S\bßb�Uq¡@lnK`f`Y�Y�[Y H K�VcST]@K�W j f`[^]@b�Y j WCST]FYM��{ �F��WF] d Y H WZYIY H K�W dqd S\Y�S\[^]qWCV
f`[^]@b�Y j WCST]FYM��{�uF� H [FV d b%SX]ªY H K d K`Y�K j LPSX]@S\b�Y/ScfMf�WCb/KF�
« K-]@[C� ST]FY j [ d U@f`KMb�K`�mK j WCV�f j S\Y�K j SXWP��[ jIj K`b�S d UqWCV
[^a@Y�STLMS\¯�WCY/Sc[@]��Io%bIK`h a@VTWCST]@K d ST]¤Y H K�ST]mY j [ d U@f`Y�S\[^]�����K

¡qWZb�K�[^U j f j S\Y�K j SXW [^]£��S\b H K j ST]m��[ j LgWZY�S\[^]
}�~ W m s] �C� >] m ]

W d�s] Yks � 
 ] � Y ��
 ] h ] Yks ��
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 � > Y � 
 ] d ] ��uZN^�
G�H Scb��qUqWF]mY�S\Yne Scb%Uq]@f H WF]@~mK d � H K�]£Y j WF]@b¨�4[ j LgWCY�S\[^]gL WCY j S\h Y S\b.a j K��nLMU@V\Y�STa@V\S\K d ¡me�WF]megST]m�FK j Y�ST¡@V\K-LgWZY j S\h(�
��S\b H K j SX]m��[ j L WCY�S\[^]_LgWCY j S\h�S\bR$@]@[C�.]£Y�[ga@VTW�e_W&$CK`e j [FV\K�ST]£b�YAWZY�S\b�Y�S\f�WCV�ST]m��K j K�]@f`KF�(¡�K`f�WFU@b�K�[C� � j WmLMK j � p WC[
V\[C��K j ¡�[^Uq] d ST]gaqW j WFLMK`Y�K j K`b�Y/SXL WCY�S\[^]���Q@K`�FK j WCV@b�f�WCVTW j ��Uq]@f`Y�S\[^]@b�[C�(Y H S\bkLgWZY j S\h H W+�FKI¡qK`K�]P�IS d K`VcegU@b�K d �4[ j
WZb�e L a@Y�[FY�S\fgaqK j ��[ j L WF]@f`K�WF]qWCV\e@b�S\b�[C��S d K�]FY�S·¦�f�WCY/Sc[@] �Í}mv�"IWF] d�d S j K`f`Y�S\[^]�¦(] d SX]@~9�T{ ��"ßWZVc~m[ j S\Y H LMb���[^a@Y�STLgWCV
d K`b/Sc~@]�[Z�kK`h a�K j STLMK�]FY/b��Í}0"kWF] d [^a@Y�STLgWCV
b�K�]@b�[ j V\[^f�WZY�S\[^]9� N% 0"�ST]@f`VXU d ST]@~¤��[ j ��WFU@V\Y d K`Y�K`f`Y�S\[^]e�T{+w�"��Ix�[Fb�Y%[C�
Y H K`b�K�f j S\Y�K j STW H W��mK�Y H K%�4[ j L\�Í}q�qN^|0"
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� ]£Y H S\b.b/K`f`Y�S\[^]�����K%b H [C� Y H WCY�Y H K`b�K�WF] d [FY H K j f j S\Y�K j STW£W j K�WCV\b�[�U@b/K�� U@V j K`b�S d UqWCV¬[@a@Y�STLMS\¯�WCY�S\[^]_f j ScY/K j STWq�
G �ß[£f`[^LgLPK�]FY�b%W j K�ST]¤[ j d K j f`[^]@f`K j ]@ST]@~¤�������q��S j b�Y+�(WCb�]@[FY�S\f`K d ST]¤b�K`f`Y�S\[^]�tq��K`h^S\b�Y�ST]@~�aqW j ScY�e_f H K`f�$mb

~mK�]@K j WCV\V\e d [M]@[FY�$CK`K�aM��S\b H K j ST]m�4[ j LgWCY�S\[^]MWF¡�[^U@YkY H K���WFU@V\Ykf`[^]mYAWCST]@K d ST] Y H K�[ j S\~FST]qWCV d WCYAWBwFWC~@WCST]Mf`[^LgaqW j K
� tF���IS\Y H ��}m�`� GIH K j K�S\b.Y H U@b.W ]@K`K d ��[ j f`[^]mY j [FV\V\ST]@~�Y H Scb�SX]m��[ j L WCY�S\[^]_ST]ªb�[^LMK��IW+eF��Q@K`f`[^] d ��Y H K�aq[C��K j [C�
Y/K`b�Y���}FwF��S\b)Wm]£SX]@f j K�WCb�ST]@~£� Uq]@f`Y/Sc[@]_[C�8]@[@]@f`K�]FY j WCV\ScY�e�aqW j WFLMK`Y�K j ��}q{+�`�@� H S\f H � j S\Y�K`b

° � f � Wpf s m s] � � >] m ] fpWpf s }9f ��um|F�
ST]�Y/K j LMb�[C�kY H K£aq[Fb�b/SX¡@V\K � WmU@VcY��mK`f`Y�[ j�f >�> � x K`f�WFU@b�Kg[C����uF|F�6�(W d STWC~F[@]qWCVkLgWCY j Sch } ��[^U@V d ST] d S\f�WCY�K£Y H WCY
Y H KgY�[FYAWZV 0 ST]@K j Y/SXW � d U@K Y�[�Y H KP� WFU@V\Y f S\b�K`hqa@VTWCST]@K d ¡Fe�Y H K£bAUqL [C�ßY H K£f`[^]mY j ST¡qU@Y�S\[^]@b�[C�IY H KgST] d S\�^S d UqWCV
f`[@Lgaq[^]@K�]mY�b f

.
�
�IS\Y H [^U@Y-Wm]Fe¤f j [Fb�b���Y/K j L_�go%f`YAUqWCV\V\eF��[^]@K [C�IY H Kg[^a@Y�STLgWZV�Scb/[FVTWCY�S\[^] f j S\Y�K j STW¤SX]q�' CN("kS\bM[C�

Y H Scb���[ j L_��WCb/e Lga@Y/[FY�S\f�WCV\V\e��4[ j b�LgWCV\V���WFU@V\Y�b f
.
��WCbMb H [C�.] ST] � uF}F�`�_x�[ j K`[;�mK j � j K�WZV d WCYAW�a j [@f`K`b�b�ST]@~ �·u�"

b H [;� Y H WZYIS\b�[FVTWCY�S\[^]ªScb d S5<�f�U@V\YI��[ j ]@[@]m��¯`K j [�[Z¢(� d STWC~m[^]qWCV�Y�K j LMb�ST] } �
«zK�Y H U@bIb�U@~F~FK`b�Y�Y H WCY%LMST]@SXLPSc¯`ST]@~
W d S\b�YAWF]@f`K�¡�K`Yn��K`K�]£��S\b H K j ST]m�4[ j LgWCY�S\[^]£LgWCY j S\h } WF] d W d STWC~F[@]qWCV(LgWZY j S\hgS\bIY H U@bIWF]�Wmaqa j [^a j STWCY�K%[^a@Y�STLMS·�
¯�WZY�S\[^]gf j ScY/K j S\[^]��qST]g[ j d K j Y�[g¡qWCVTWF]@f`K�Y H K%b�K�]@b�S\Y�S\�^S\Y�S\K`b%[C�¬Y H K j K`b�S d UqWCV�f`[^L aq[^]@K�]mY�b U

.
�IS\Y H_j K`bAa�K`f`YßY/[�Y H K

ST] d S\�@S d UqWZV
� WFU@V\YIf`[@Lgaq[^]@K�]mY�b f
.
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« K�]@[C� a j [^aq[mb�KMY Hqj K`KgbAU@f H f j S\Y�K j SXW¤LMST]@STLMS\¯`SX]@~2W d Scb/YAWF]@f`K�¡�K`Yn��K`K�]���S\b H K j ST]m�4[ j LgWCY�S\[^]zL WCY j S\h }
Wm] d W d STWC~F[@]qWCV(LgWZY j S\h(� GIH K`e£W j K.¡qWCb/K d [^] W�aqW j Y/Scf�U@VTW j d S\b�YAWm]@f`K�¡qK`Y���K`K�]gLgWCY j Scf`K`b+� Wm] d b H [C� Uqa b�[^Uq] d
Y j W d K`[C¢�bk¡qK`Y���K`K�]MY H K�b�STLga@V\K`b�YIb�f�WCVTW j LMK�WCbAU j K`bk[C�¬LMU@V\Y�S\�;W j STWF¡@V\K�b�f�WZY�Y�K j �F]qWFLPK`Vce Y j WCf`K.Wm] dgd K`Y�K j LMST]qWF]mY
f j ScY/K j STWq�
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« K d K�¦(]@K W d S\b�Y�WF]@f`K ¡�K`Y��ßK`K�]�Yn��[ P6� d SXLPK�]@b�S\[^]qWCV�b�eqLgLMK`Y j S\f�a�[Fb�S\Y�S\�FK d K�¦(]@S\Y�K L WCY j S\f`K`b h > WF] d h u WCb=�U@V\VT¡qWCf�$ d S\b�YAWm]@f`K�¡�K`Y��ßK`K�] Y���[z¥�WFU@b�b/SXWm] �FK`f`Y�[ j b�� H W+�^ST]@~2Y H K�b�WFLMK$LPK�WF]��§Wm] d Y H [Fb/K$LgWCY j S\f`K`b WCb
f`[C�CW j STWF]@f`K`b�> u � GIH S\b d S\b�YAWF]@f`K

° � h > n�h u � W
{
t
� Y j � h > h � >u q i�� 
 q�VT] 444 h > h � >u 444 
 W®° � h � >u h > n i���� ��u �F�

d [@K`b.]@[FY d K�aqK�] d [^]£Y H K�LMK�Wm]£�;WCVTU@K�����WCbIb�Y j WCS\~FY H ��[ j �IW j d f`[^LgaqU@YAWCY/Sc[@]@bIb H [C���
��S\b�Y�WF]@f`K�� u �F��ScbMY�S\~ H Y�V\e�f`[^]q]@K`f`Y�K d Y�[�LgWCh@STLMUqL V\S;$CK`V\S H [@[ d K`b�Y�STLgWZY�S\[^] �è{� 0"R)�Y H K Vc[m~C��V\S $ZK`VcS H [@[ d [C�

W bAWFL a@VcKM[C��ST] d K�aqK�] d K�]mY-¯`K j [C�nLMK�WF]�¥�WmU@b�b�STWF]¤�FK`f`Y�[ j b.�IS\Y H Uq]B$@]@[C�.]¤f`[;�CW j STWF]@f`KgLgWCY j S\h h Scb�K � UqWZV¬Y�[
=�U@V\VT¡qWCf�$ d S\b�YAWF]@f`K_¡qK`Y���K`K�]¤Y H KgK�Lga@S j S\f�WCV�f`[C�;W j STWF]@f`K�LgWCY j S\h	�h Wm] d h ��Uqa�Y�[�Wªf`[^]@b�YAWm]FY%ST] h �g� Y H WCb
¡�K`K�]�U@b�K d �4[ j W j�j W+egf�WCV\ST¡ j WCY�S\[^]e�Ít ��"��

=�U@V\VT¡qWCf�$ d S\b�YAWm]@f`K�S\b.ST]m�;W j SXWm]FY�Uq] d K j W�f H WF]@~FK�[C�8¡qWCb�S\b���]qWFLMK`V\e
° ��2 h > 2 s n 2 h u 2 s � W ° � h > n	h u �

� H WCY�K`�FK j SX]m�FK j Y/SX¡@V\KMLgWCY j S\h�2®S\b��k� ]_aqW j Y�S\f�U@VTW j �qY H Scb d Scb/YAWF]@f`K�S\bIST]F�CW j STWF]mY.Uq] d K j [ j Y H [F~F[^]qWZVqY j WF]@b���[ j LPb��
Wm] d ScY%S\bIb�f�WCV\K���ST]m�;W j STWF]mY

° ��& h > n & h u � W®° � h > n�h u �
��� � Ê+ËÍÌ2��Þ;Å/Ò�Ç<ËÍÇ��%ËÍÌ�Ò;È�Ç<Ê�Ë Ò�����ÞCÇ �
Þ�Û Û �CÅAÐ`��Ñ`ËÍÌ�Ç�Å/Ò;Ð�Ï��FÏ�Ç��(Ï�Ï Ò�Ç���È �
Å/Þ;Ì�Ì<ËÍÅ/Ò{��Ï�Ð�Ç�È�Æ�Ì!��ËÍÇ<Ê)Ñ6Ë �ZÏ Æ�Ï Ò�Ç���Ï�Å�ÒCÌ #;£�Å�ÒCÑ�
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« H K�]ªY H K�b�K`f`[^] d LgWCY j S\h£S\b d STWC~F[^]qWCV���=�U@V\VX¡qWZf�$ d Scb/YAWF]@f`K�f�Wm]_¡qK�� j S\Y�Y�K�]_WCb
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 qzVT] 0 h 0 q d STL h � ��umuF�

� H K j K � W d STWC~���& 
 �`�qWF] d � 
 
 W j K.Y H K d STWC~F[^]qWCV�K`VcK�LPK�]FY�b�[C� h �
« H K�]¤LgWCY j S\h h S\bIf`V\[Fb�K�Y�[gS d K�]FY/ScY�eF��Y H K%��[FV\Vc[C�IST]@~_WFaqa j [Ch@SXL WCY�S\[^]@b H [FV d Uqa£Y�[M¦ j b�Y�[ j d K j

° � h n i@� � �0h q;i � u+ � ��h � > q"i � u+
ST]ªY�K j LMb�[C��� j [@¡qK�]@STU@b)]@[ j L ��{�vm�`�
��ST]qWCV\V\eF��]@[FY�K�Y H WCYIWgLM[ j K�~mK`[^LMK`Y j S\f d S\b�YAWm]@f`K�Y�[gY H K�S d K�]mY�S\Y�e_f`[^U@V d ¡�K d K�¦(]@K d ¡Fe
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WZb�SX]C� N^}�"n��?�[C�ßK`�mK j �FY H S\b�LgWCY j S\hMf`[^Lga@V\K`h@S\Yne£LMK�WCbAU j K�Scb�ST]m�;W j STWF]mYIUq] d K j [ j Y H [F~F[^]qWZVqY j WF]@b���[ j LPb��F¡qU@Yß]@[FY
b/f�WCV\K���SX]m�;W j STWF]FY+�
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l k min ä�� � ��»'�«r�ò¾¿«»�³�r���rE#�&0��&0�\ä�À"Ù�q�³�� (+*-,($���&0��.� �ñ�Àø3E4!6W8+8+9A:$­áÔ�?ARAK�=Gz�I�=N,�?A@y{�*-RA?!DEKT(GHJ*+KE�¬=-*
zÑ(GHM@J{�DE?�,�?AKL?ARAKLHM=N*ßÜQKxw-?yKTw�DE?AOxw-=+@M,>OL?A@M?ARAKL=NDA:
ÝLÞQÞ$Þ É � a � Ç!��^ ��¹ [N]_^+`�a+]_b�c �$^ � ] � ^+�Md PW=+@_:¤©1�QS m+m d *-=/4!k d
C�C�:J4+4 º foSx4+4+4!h�:

l kGe n Ë�: <Ó: ê ��»��
À|3E4!6W6 º 9A: ê (+{-@MKy,�HJ(G�N*-=WOLHMOyHJ*§,���*�(+I�HMR�O��NOLK�?!I�Oy{-OLHJ*-�§(+*�(G@M�NK�HVR!(�@$(+*-,'é-*-=o°�@V?A,��W?���(GOL?A,
DE?A,Z{�*-,Z(+*-RA�)·�© Ox{�D5P+?A��(W*-,/*-?A°|DE?AOx{-@MKLO!:�¹ [-]_^+`�a+]_b�cxa+d P+=+@_:gk+f d C�C�:¤e-h+6iS�eN7Ge�:

l k+h n ô ��&0�)�u��»���À 3E4!6+6~4!9A:Z­Q*�w�(+*-RA?!I�?!*WKy=Gz�DE=N��{-OLKx*-?AO�O1HJ*>=N�-O�?!DEP+?!D²Sj��(GO�?A,>zÑ(W{-@VK¨,�?AK�?ARAKLHM=N*�:"��� ^!cG�®æBa � �AÊ
Å � ^!cT�AÇTÇ~ç â
*Gd ë�(G,�?!*WSjë�(G,�?!* d�ê t ì : d C�C�:gk+7+hoSjk+8+7�:

l k+f n ô ��&0�+�u��»���À (+*-,-,U�+��r���Ú 3E4!6+6�eN9A: ê DE?.��{-?!*-RA�¥,�=NI�(GHJ*¬(WC�C�DE=N(GRAwßKL=§=NC-K�H�I�(G@M@V�¸DE=N��{-OLK)DE?AOLHM,Z{�(G@
�+?!*-?!DL(GKLHM=N*U(W*-,/?APo(�@�{�(�KLHM=N*)z_=ND�I�=-,�?A@YSj��(GOL?A,�zÑ(+{-@MK«,�HJ(G�N*-=+OLHMO!:�¹ [N]_^W`�aW]_bscTa+d P+=+@_: m+º d *-=�h d C�C�:Y7+8+6iSj8 º eZ:

l k+7 n %ó��%ó�/�uí�ñ�Ù��>3E4!6+6 m 9A:BÍ�w�(WC�?)R!(G@MH���D�(GKLHM=N*Ïz£=NDv(/*-=NI�H�*�(�@V@M�ß@MH�*-?!(WDy?.��{-HMOxC�(GRA?A,¬(+D�DL(i�+:���� ^ico� Ý cxaGÇTÇ²Å�ç â0�+d
P+=+@_:¤e d C�C�: m+ºWº S m+º+m :

l k+8 n ÕZ:¤ÕZ: ì ³��WqóµW³��|3E4!6W8+8+9A:�Í�{�DEP+?A�§=�z�I�=-,�?A@YSj��(GOL?A,ßz�(GHM@�{�D5?�,�?AKL?ARAK�HV=-*'(+*-,�HVO�=+@J(GKLHM=N*�H�*�RA=NI�C-@M?AF'C-@J(+*WKLO!:
ÝLÞ$ÞQÞ �$^ � ] � ^+��æB�iÇA]_�!`vÇ ö a Æ a�1¾b � �id P+=+@_:g8 d *-=�f d C�C�: m Sx4+4+:

l k+6 n %ó��%ó�Qå�³��+q�µ+³��ß(+*-,ß×���ÿ�í
 Â3E4!6+8+6W9A:�t�=N��{-OLK«HMOL=+@J(+�-@M?�I�=-,�?A@MO�z_=ND�zÑ(GHM@J{�DE?�,�HJ(G�N*-=+O�HVOi:B¹\Ý � �+Þ d P+=+@_: m h d
C�C�:J4!8+h+foSx4!8+f+8�:

lYm+ºin %ó��%ó�«å�³��WqóµW³��Â(+*-,2����$Zr���Ú"³�� 3E4!6+6 º 9A:�© *-?A° OLKTDL{-RAKx{�DL(G@Qz�DL(+I�?A°�=ND�é)z_=ND�C�(+DEHMKE�§?.�}{�(�KLHM=N*¥��(GOL?A,
zÑ(GHM@J{�DE?v,�?AKL?ARAKLHM=N*/(W*-,/HMOL=+@J(GKLHM=N*�:�¹ [N]_^W`�aW]_bscTa+d P+=+@_:gk+f d C�C�: m 8�4TS m 8+8~:

lYm 4 n %ó��%ó�®å�³��Wq�µ+³��ß(+*-,§%��u&' "��»'3T³4��õ 3E4i6+6+h+9A: ì ?!*-?!DL(GKLHJ*-�),�H�D5?ARAKLHM=N*�(G@uDE?AOLHM,Z{�(G@MO¨°�HMKxwU,���*�(+I�HMR�C�(+DEHMKE�
DE?A@J(GKLHM=N*-O!:Z¹ [N]_^+`�a+]_b�cTa+d PW=+@_: m 4 d *-=�e d C�C�:gfWk+7iSjf m h~:

lYm k n ���MäU� å���»�õ ��rsµ+µ 3E4i6+8 m 9A:¦ö a+] � bscT�AÇ �ub�] � ¹ Å+ÅB�Mb�cxa+]_b�^ � Ç b � æ�]_a+]_b�Ç¾]_b�cAÇ : ¯ (G,�OL°�=ND5Kxw Í-Kx(GK�HVO5S
KLHMRAO65+Ë$D5=N��(+�-HJ�-@MHVKE�>Í-?!DEHM?AO d k+*-, ?A,�:

lYm+min &0� ü  "íÂ(+*-, ô ��p���&87í�µWµ+³�� 354!6+6GeN9;: ê (+{-@MK),�?AKL?ARAKLHM=N*¥(+*-, HVO�=+@J(GKLHM=N*ß=N�-OL?!D5P+?!DEO!:�ÝT� ]�����a+�¨�$^ � ] � ^+�Md
P+=+@_:gf º d *-=�h d C�C�:g8+k+7oSj8GeNf�:

lYm e n .��«½E�!³�����»"��� 3E4!6+8Ge-9A:�Ë$DE=-RA?AOLOvz�(+{-@MK�,�?AK�?ARAKLHM=N*'��(�OL?A,¥=N*§I�=-,�?A@MHJ*-�Ó(+*-,ß?AOLKLHJI�(�KLHM=N*'I�?AKxw-=N,�Ov·>©
Ox{�DEP+?A�+:Z¹ [N]_^+`�a+]_b�cTa+d P+=+@_:gk º d C�C�: m 8+7iS�e º eZ: 9;:

�
9;<



ÝT�A� ^ � `�a+]_b�^ � c � b�]_� � bsa � ^ � � Ã«Ý m 7

lYm h n &0� "yrs�
��»�³��Wq 3E4!6W6+f+9A:Q¶¨?AOLHM�N* =Gz�DE?A,Z{�*-,Z(+*-RA� DE?A@J(GKLHM=N*-O z£=-D)z�(GHM@�{�D5?',�?AKL?ARAK�HV=-* (+*-,ÂHMOL=+@J(GKLHM=N* �W�
RA=N*-OLKxDL(�H�*-?A, =NC-KLHJI�H��!(GKLHM=N*�:
Ýx� ]�����a+�u�$^ � ] � ^+�Md P+=+@_:gf m d *-= m d C�C�:gf º 6oSjf+k+k�:

lYm f n � ��p�� "vµ+³4��»¸(+*-,'äU��%ó��ÿ�»�í �¸3E4!6W8 º 9A:ZÐ�w-?�OLHJ*-�N{-@J(+DvPo(G@J{-?),�?ARA=NI�C~=+OLHMKLHM=N* Ü¨HMKLOyRA=NI�C�{-Kx(GKLHM=N*>(+*-,
OL=NI�?y(+C�C-@MHMR!(GKLHM=N*-Oi:�ÝLÞQÞ$Þ É � a � Ç!��^ �U¹ [-]_^+`�a+]_b�cU�$^ � ] � ^+�Md PW=+@_:¤©1�QSjk+h d *-=)k d C�C�:J4!fGeGSx4i7+f�:

lYm 7 n Ö���p���ÿ ï³-´�õ�#Qä���Ö1³���´�³���r��Aq�³>(+*-,¥.���¿���¿¨r�À� �í
À�Ù�»"Ù03E4i6+6+f+9A:�Ì�HM�NwWS�@M?AP+?A@�C�DEHJI�HMKLHMP+?AO¨z_=ND«DE?AR!{�DEOLHMP+?
I�(GF-H�I�{�IÛ@MHJéG?A@MH�w-=-=-,¼?AO�KLHJI�(GKLHM=N*�:�ÝLÞQÞ$Þ É � a � Ç!��^ ��¹ [N]_^+`�a+]_b�c)�$^ � ] � ^W�Vd PW=+@_:¤©1�QS�eZ4 d *-=�8 d K�=�(WC�C�?!(+DA:

lYm 8 n å��"ÿ"³ � ³-õ¬3E4!6W8+8+9A:+¹¨� a+�M�iÇ¾� ö ^ ¡ a+�M�¨�i]uæB[ � �!�!b����Va � cT� ��b ÄA� a+]_^+b � � ¡ �AÇ ö aWc � b � �;Ç�É�^+[ �T� a � ]_�AÇ :+Ð�w-?AOLHMO d
t�?!*�*-?AOy±  «*-HMP+?!DEOLHMKE�+:á3Ñ±�* ê D5?!*-R¾w�9A:

lYm 6 n �u:$� 3Tí���Úø3E4i6+8+7+9A: æB�iÇA]_�!` Ýx¡ � � ]_b ��cTa+]_bs^ � È0É � �x^ � � � ^ � ] � ���
Ç¾� �x:uË$D5?!*+KLHMRA?/Ì«(G@M@1±�*Wz_=NDLI�(GKLHM=N*¥(+*-,
Í-�NOLK�?!IøÍ-RAHM?!*-RA?AOyÍ-?!DEHM?�3_Ð¨:YÒ¨(GHM@�(�Kxw d ?A,�:g9 d ­$*-�+@M?A°�=N=-,¼��@VHYÔ�O d �v:¤ÕZ:

l e ºin ��: Sj�\:��� �í d ©�:gÍ�: ¯ r�µ+µ+�iÀ�õ¸(+*-, ì :g�¨:��¨³��ZÚ"Ù�³��!³¸3E4!6+8Wf+9A:Zª¨C-KLHJI�(�@V@M�'D5=N��{-OLKyDE?A,Z{�*-,Z(+*-RA�ßDE?A@J(GKLHM=N*-O
z£=ND�zÑ(GHM@J{�DE?v,�?AKL?ARAKLHM=N*UHJ* {�*-RA?!DEKx(GHJ*UO��NOLK�?!I�O!:�¹ [-]_^+`�a+]_bscTa+d P+=+@_:gk+k d *-= m d C�C�: m+m+m S m e+eZ:

l eZ4 n %ó�����Q&§»�Ú��
r$(+*-, ô �Q&' �íóõ� ��Â354!6+6GeN9;:Zª¨*>DE?AOLHM,Z{�(G@u�+?!*-?!DL(�KLHM=N*§�W�/=N�-OL?!D5P+?!D1(W*-,ÏC�(WDEHMKj� OxC�(GRA?�(+CWS
C�DE=N(GRAw-?AO!:�ÝLÞQÞ$Þ É � a � Ç!��^ �/¹ [-]_^+`�a+]_b�c)�$^ � ] � ^+�Md P+=+@_:¤©«�QS m 6 d *-=�k d C�C�:¤e+eZ4TS�eWeN7�:

l eNk n %ó��.��á&§»�Ú���í
�¨(+*-, ü �u¿¨³�í�î�³�À"³��¬3E4!6W6GeN9A:-ö a+] � b�� Ã b 	1� � � � ]_b�a+�"�$a+�Mc![-�M[+Ç¨�ub�] ��¹ Å+ÅB�Mb�cxa+]_b�^ � Çðb � æ�]_aGÊ
]_bJÇA]_bsc;Çya �Z¡�Þ cT^ � ^+`��!] � bsc;Ç : ¯ HM@V?A�/Í-?!D5HV?AO«HJ*/ËQDE=N��(�:�<§(GKTw�:}Í-KT(GK!:

l e min &0��$��~&§»�À�µ�»�îU(+*-, � ��¿¨rsñ�Ù� "µ+�¨3E4!6W8 º 9A:T©¬*-?A°¬(+C�C�DE=-(GR¾w\KL=¨I�=N,�?A@-OLKxD�{-RAKx{�DE?$,�HMOLR!D5H�I�H�*�(�KLHM=N*�:�ÝLÞ$ÞQÞ
É � a � Ç!��^ � æ��!ÇA]_�!`vÇTà ö a � a �Z¡ �$� Ä � �T� �!]_b�cAÇAd PW=+@_:gÍ-<§�QSx4 º d *-=�k d C�C�:g7W8iSj8GeZ:

l e+e n å��}&§»�qóÙ
rs��3E4i6+6GeN9A:�
 [N]_b��YÇ ¡ � ÃÓú�!]_�Tc!]_b�^ ��¡ �
��[;ÅB]_[ � �AÇ��i] ¡ � Ã b�a ÆN� ^GÇA]_bsc þ�¹ Å+ÅB�Mb�cxaW]_bs^ � ûa¨�Ma«æB[ � �!�!b����Va � cT�
¡ �/É�[ �¾Ä b � �AÇ ûa���a�1 :ZÐ�w-?AO�HVO d t�?!*�*-?AOy±  «*-HMP+?!DEOLHMKE�+:u3_±�* ê DE?!*-R¾w�9;:

l eNh n .���"��á&'³�Ù���»03E4!6+7Wf+9A:Nª¨C-K�H�I�H �!(�KLHM=N*U=GzuI�?!(GOx{�DE?!I�?!*+K�OLRAw-?A,Z{-@M?AOy(+*-,�O�?!*-OL=ND�,�?AOLHM�N*�z_=NDQ@MHJ*-?!(+D�,���*�(iS
I�HMRyOL�-OLKL?!I�Oi:ZÝ�Þ$Þ$Þ É � a � Ç;��^ ��¹ [N]_^+`�a+]_b�cU�$^ � ] � ^+�Md P+=+@_:¤©1�QSjk~4 d *-=/4 d C�C�:gh+hiSjf�eZ:

l eNf n ô ��p���& 7í�µWµ+³��/(+*-, ü ��½A� � ³ �Z³��'354!6+7+k+9;:!©¨*�(G@M�NO�HVO«(+*-,�=NC-KLHJI�H��!(GK�HV=-*�=Gz�RA?!DEKT(GHJ*��}{�(�@VHMKLHM?AO�=�zóRA=-*+KxD5=+@YS
@�(W�-HV@MHMKE�¼(+*-, =N�-OL?!DEPG(+�-HM@MHVKE�)z_=ND�@MHJ*-?!(+D�,��}*�(+I�HVR!(�@�OL�-OLKL?!I�O!:�¹ [N]_^W`�aW]_bscTa+d P+=W@£:Y8 d C�C�:gk m 7iSjkGeNf�:

l eN7 n p���¿��v¿ð³-q�q$#�p��MäU�\%N»�ñ� ���! "�Â(+*-,0äU� � �«&'r�µ+µ+³�� 3E4!6+8+8W9A:"©ð* H�*WKL?A�ND�(GKL?A,¬(+C�C�DE=-(GR¾w KL=§RA=N*WKxDE=W@VO
(+*-,',�HJ(G�-*-=+OLKLHMRAO�ÜvKxw-?)eGSjC�(+DL(WI�?AKL?!D«RA=N*WKxDE=+@M@M?!DA:®��� ^!cG� ¹ `�� � bscTa � �$^ � ] � ^W���$^ �A� ��d ©�KL@J(+*WKx( d�ì ?A=NDE�+HJ( d
C�C�:g8+kGeGSj8 m h�:

l eN8 n ½¾� � ��¿¨r�À�r�Á+ "�Z �´|3E4i6+6+h+9A:~© �+?!*-?!DL(�@VH��A?A,ßR¾w�(W*-�+?�,�?AKL?ARAKLHM=N*�C�DE=N�-@M?!IU:"ÝLÞQÞ$Þ É � a � Ç!�"^ �§ÝT�A� ^ � `�a+]_b�^ �
É � �T^ � �Gd PW=+@_:g±�ÐQS�e�4 d *-=/4 d C�C�:J4i7�4TSx4!8+7~:

l eN6 n ½¾� � �¨¿¨rsÀ"r�Á+ ��� �´�#ð&0��$�q-»��Z "�A2)rs³�ñ�À"r�(W*-,¬Ö�� �  "ý+³�µ¥3E4!6+6+fW9A:�¶y{�(G@MHMKj�ß=Gz1(+*�(G@M�-KLHMR!(G@�DE?A,Z{�*-,Z(+*-RA�
(+*-,§OLKx(�KLHMOLKLHMR!(G@�(WC�C�DE=N(GRAw>HJ*>z�(+{-@MKy,�HJ(G�-*-=+OLHMO!:uÝ � ¹ ��ç â+ã � ^ � � ¡ �$^ �WÆN� �AÇTÇAd Í�(+* ê D�(+*-RAHMOLRA= d ��© d ÕN{�*-?m+º S�ÕN{-@M�Ue d 4i6+6+f�:

l h ºin .���¿���¿¨rsÀ
 �í�À"Ù�»�Ù>3E4!6W6GeN9A:A±�*�*-=GPG(GKLHM=N*-O$�W?!*-?!DL(GKLHM=N*vHJ*vKxw-?�C�DE?AOL?!*-RA?�=GzB{�*�é-*-=G°1*vHJ*�C�{-KLO1Ü"(+C�C-@MHVR!(�KLHM=N*
KL=�DE=N��{-O�K$z�(GHM@J{�DE?�,�?AKL?ARAKLHM=N*�:Z¹ [N]_^+`�a+]_b�cTa+d PW=+@_: m+º d *-=/4!k d C�C�:�4!8+h�4TSx4i8+f+8�:

l h�4 n t¨:¤ÕZ:�Ëu»�q�q� �� d Ë": ê ��»���À (+*-,¸t¨:���µG»���À d ?A,�Oi:13E4!6+8W6+9A: ��a+[N�M] Ã bsa ÆN� ^�Ç¾b�Ç/b � Ã � � a+`�b�c/æ��iÇ¾]_�i`yÇUÈ
É � �T^ � �)a ��¡�¹ Å+Å��Vb�cTa+]_bs^ � d ±²*+KL?!D�*�(GKLHM=N*�(G@uÍ-?!DEHM?AO¨HJ*/Í-�-OLKL?!I�O¨(+*-,¼��=N*+KTDE=+@�­Q*-�+HJ*-?A?!DEHJ*-� d Ë$DE?!*WKLHMRA?�Ì«(G@M@
±�*WKL?!DL*�(GKLHM=N*�(�@ d ��=N*-,�=-* d  1Ò�:

l h+k n .���%ó� ô »�qBq� "�Â3E4!6+6�eN9A:Zt�=-��{-OLKyI�=-,�?A@gSj��(�OL?A,§z�(+{-@MK¨,�HJ(G�N*-=+O�HVO)Ü�Kxw-?�OLKx(GKL?v=Gz�KTw-?�(WDEK!:
��� ^!cG�"æBa � �5Å � ^GÊ
cx�;ÇxÇZç â;è�d Ì�?A@MOLHJ*�éWH d�ê HJ*-@J(+*-,�:

�������
	���
��



m 8 ö b�c ��û�i�V�v��aGÇTÇ¾�i�!b��s�M�

l h min ä��Q. ï³���õ�r�3E4!6+h+6W9A:Nª¨* I�?!(GOx{�DE?AO�=Gzá,�?!C~?!*-,�?!*-RA?+:�¹ c!]_a ö a+] � �i`�a+]_bscTa+d PW=+@_:J4 º d C�C�:¤e+e�4TS�eNh�4+:
l hGe n � �)$ %43��
q�´ó "µ+µ§3E4i6+7+k+9A:�ª¨*>KTw-?y=NC-KLHJI�(�@VHMKE�/=�z$OL=NI�?�I�{-@MKLHJC-@V?�RA=NI�C�(+DEHMOL=-*¼C�D5=NRA?A,Z{�DE?AOi:�¹¨�Z� a+�YÇ1æ�]_aGÊ

]_bJÇA]_bsc;Ç¾d P+=W@£:Yk�4 d *-= m d C�C�:�4AeN8+fiSx4ih+k�4+:
l h+h n &0��$�q-»��Z "�A2)rs³�ñ�À"rj#�%�� ô �«p�»��!�;»��¥(+*-, � �«p1 "ñ���í�³4� %� 
q 3E4!6W6 m 9A:�©ø�W?!*-?!DL(G@�(WC�C�DE=N(GRAw>z_=NDvI�{-@YS

KLHMR!DEHMKL?!DEHJ(U=NC-K�H�I�H �!(�KLHM=N*§=�z$OLKxDL{-RAKx{�D5?A,'DE?AOLHM,Z{�(G@MO!:®��� ^!cG�1É�^i^+� ¡ b�a Æ ç â��+d ±�*WK!:���=N*WzL:�=N* ê (W{-@VKv¶¨HJ(G�N*-=+OLHMO d
Ð�=N{-@M=N{-O�? dZê : d ©¨C�DEHM@$4!6+6 m d C�C�:g8 º+º Sj8 º 7�:

l h+f n ä��MäU�+$�q� " ��G´� "Ú�³�µß(+*-, %ó� ü � � »"� $Zñ�Ù�í %4%�³�� 3E4!6W6+h+9A:uÍ-�-OLKL?!I HV,�?!*WKLHYXZR!(GKLHM=N* °�HMKxw HJ*Wz£=ND�I�(GKLHM=N*
Kxw-?A=NDE?AKLHMRvR!DEHMKL?!DEHJ(�: � �)Ý ���5Å}^ � ]u��æ�Ê �ðâ�� *�� :

l h+7 n Í�:ZÐ�»���»"À�»0354!6+8+6+9;:+¶¨HJ(G�N*-=+OT(+�-HM@VHMKE�U=Gz�O��NOLK�?!I�O1(+*-, =NC-KLHJI�(G@�OL?!*-OL=-D�@M=NR!(GK�HV=-*�:B±²* l h�4 n :
l h+8 n Í�: ì :"Ð�ýG»�Á-³��Aq-»�� d <¥: ì :�Í�r���Ú�Ù¸(+*-, ì :"Í�ñ�Ù �1r�î�q d ?A,�O!:�3E4i6+8+7+9A: æ��iÇ¾]_�i` ��a+[-�V] Ã bsa Æ-� ^GÇAb�Çxà ���i�Vb�a Ä bJÊ
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Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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