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E4F�GIH�J%KMLONQPRHMS�TRUWV,PYX[Z�J\V�X^]�V,PRH�PY_�UWV,PYX[Z
` J%_bac_,VbGIH�J\_4d\XcH�]�TYJ\ecJ\_

fhgiXWj,J\V4k%U[HlHlU
m UW]�])XcgnV ` JognJ\d�F�JIgid�F�J�Zop<qWKQr[stL uIvM_,J\]�V,JIHMw)giJ�uIr[r[vxLyq[zM])UW{^J\_

|t}�~�����}����4J%g,UW]�]*XcgiV�])giX[]*X[_,J�S�Z�J%H��\V,F�X ` J ` J%giJ ` ���)Z�PYV,PYX[Z�� �������W���7�[d[��J\_,Vn����� ` PRgiJ�U���UWZQVhVbX[S�V,J4d\X[Z�_,V�gnS�d��
VbP�X^Z ` ��S�Z�JoV�giPRUWZ�{^S�T�U&V,PYX[Z;� ` ��S�Z�d�F)U[H�] ` Jld\X[ZQV�g,UWPYZQV,J\_�w�P ` PRH�J\Z�_,PYX[Z�Z�J\T>d\X[Z�_,V,PYV,S�� ` ��U[gi�\V,J\_��)U��)Z ` ��UW_,_bS)giJIg
� S;��PYT�UW]�])U[g,UW�Y_,_bJ ` UWZ�_�VbX[S�V,J%V�giPRUWZ�{^S�T�U&V,PYX[Z ` Jl �J\T�U&S�Z)UIa ` JoT���J\ZQ�[J\TYX[]�]*J!d\X^Zc�[J\eQJ ` S¡ZcS)U&{[J ` J�])X[PYZQV,_1U&SQ�
� S�J\T
d\J%d�F)U^H�]<_bJog,UW]�])XQgiV,J[¢c£ Z�J�d\T�U&_,_,P¤�)dIUWV,PYX[Z�{[�\XQH��\V�giP � S�J ` J\_�U^gi�\V,J\_hd\X^Z�_,V,PYV,S�V,PY�[J\_ ` J%TRU�d\X[ZQV�g,UWPYZQV,J�J\_,V
])gn�\_,J\ZcVb�\J[�c])gn�IUWTRUWw�TYJIH�J\ZcV���TRU ` �IH¥X[Z�_,V�g,U&V,PYX[Z ` ��S�Z�J%d\X[Z ` PYV,PYX[Z�Z��\d\J\_b_�UWPRgiJ%J\V�_,SQ¦§_�UWZQV,J ` ��J\ecPY_,V,J\Z�d\J ` ��S�Z�J
U^gi�\V,J ` UWZ�_�V,X^S�V,JlV�giPRUWZ�{^S�T�U&V,PYX[Z ` J� �J\TRUWS�Z)U�a ` J§T���J\Zc�[J\TYX[]�]*J�d\X[ZQ�[J\ecJ ` ��S�Z�J\Z�_,JIHMw�TYJ ` X[Z�Z�� ` J§])X^P�ZQV,_I¢
¨#��FcaQ])X^V,F�G\_,J!gnJ\_,V�giPYd\V,PY�[J ` JlTRU�]*X[_,PYV,PYX[Z�{^�\Z��Ig,UWTYJ�Z;��J\_,V%])UW_�©ªUWPYV,J[¢;«�Z�_bS�P�VbJ[� ` J\S�e¬U&T�{^XcgiPYV,F)H�J\_ ` Jl_,S�w ` P��QP¤�
_bP�X^Z ` J\_%U[gi�\V,J\_�_bX[ZcV ])giX[])X^_,�\_I�QJ\V�TYJ\S)g d\X[ZQ�[JIgi{[J\Z�d\J%J\_,V��\V�UWw�TYPYJ[¢
£�Z�j,J\S¡giJ\])gi�\_,J\ZQV�UWV,P¤© ` ��J\eQJIH�]�TYJ\_�PYTYTYS�_,V�giJ
T���U&]�])giXcd�F�J�d�F�X[PY_,PYJ[¢
¯®)°I~�±,²W³7}´�µE�giPRUWZ�{[S�TRUWV,PYX[Z;�
V�gnP�U&Z�{[S�TRUWV,PYX[Z ` J< �J\TRUWS�Z)U�a[�
V�gnP�U&Z�{[S�TRUWV,PYX[Z�d\X[ZQV�g,U&P�ZQV,J[�*V�giPRUWZ�{[S�TRUWVbP�X^Z�_,S)g¶©ªU��
d\P � S�J[¢
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�)²W°W��E4F�PY_ogiJ\]*XcgiV�])giJ\_,J\ZQV,_%U<H�J\VbF�X ` _,S�PYV�UWw�TYJlV,X�giJ ` J��)Z�J �M�������W���7��������Â����PYV,F�X[S�V�])giJ\TYPRH�PYZ)U[gia V�giP¤�
U&Z�{[S�TRUWV,PYX[Z�d\XcH�]�S�V�UWV,PYX[Z;�QXW©hU�w�P ` P�H¥J\Z�_,PYX[Z)UWT��)J\T ` XW©�d\X[Z�_,V�g,UWPYZcVb_h©�Xcg,H¥J ` XW© J ` {^J\_I��_,S�d�F�UW_ V,F�J!giJ\_bS�T�VbP�Z�{
d\X^Z�_,V�g,UWPYZQV�UW]�]*JIU[gi_�P�Z�UWZca¡ �J\TRUWS�Z)U�a[�ªV�gnP�U&Z�{[S�TRUWV,PYX[Z�XW©4V,F�J�d\X[Zc�^J\e�FcS�TYT�XW©4V,F�JlgiJ\TRUWV,J ` _bJ\V%XW©h�[JIgiV,PYd\J\_I¢��
{^J\XcH�J\V�giPYdIUWT
d\TRUW_,_bP��)dIU&V,PYX[Z XW©�V,F�JMJ ` {[J\_�X&© V,F�JMd\X[Z�_,V�gbUWPYZcV4PY_�])gnJ\_,J\ZcVbJ ` ��])giPYXcg V,XlV,F�JM])giXcX&© XW©hU�Z�J\d\J\_,_�U[gia
U&Z ` _,SQ¦<d\PYJ\ZQV d\X^Z ` P�VbP�X^Z<V,X ` J\d\P ` J%V,F�J�J\eQP�_bV,J\Z�d\J�X&©�U&ZlJ ` {[J�P�Z�UWZQal �J\T�U&S�Z)UIa^�ªV�giPRUWZ�{^S�T�U&V,PYX[Z�XW©;V,F�J�d\X[ZQ�[J\e
FQS�TYTcX&©�U�{[PY�[J\ZM_,J\V�XW©)])X[PYZQV,_I¢�E4F�J giJ\_bV�giPYd\V,PY�[J�FQac]*X[V,F�J\_,PY_�XW©){[J\Z�JIg,UWT^])X[_,PYV,PYX[Z�dIgiPYV,JIgnP�X^ZoPY_�Z�X^V UW_b_,S)H�J ` ¢�E��4X
U&T�{^XcgiPYV,F)H�_4w)UW_,J ` X^Z�J ` {[J\_�_,S�w ` P��QPY_,PYX[Z�_oU[giJ%])gnX[])X[_bJ ` � U&Z ` V,F�J\PRg4d\X[ZQ�[JIgi{^J\Z�d\J�])giXW�[J ` ¢�� giJ\])gnJ\_,J\ZcV�UWV,PY�[J
_bJ\V X&© J\e�U[H�]�TYJ\_�PYTYTYS�_,V�g,UWVbJ\_�V,F�J%H�J\V,F�X ` ¢
�����
±���®�
 ��~���E�gnP�U&Z�{[S�TRUWV,PYX[Z;�� �J\TRUWS�Z)U�a[�ªV�gnP�U&Z�{[S�TRUWV,PYX[Z;�Wd\X[Z�_,V�g,UWPYZ�J ` V�giPRUWZ�{^S�T�U&V,PYX[Z;�Q_,S)g¶©ªUWd\J�V�giPRUWZ�{^S�T�U&V,PYX[Z;¢
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s�¢Âu ¨���PYZ ` PYdIUWV�giPYd\J ` J%d\T�U&_,_,P¤�)dIUWV,PYX[Z ¢M¢%¢%¢o¢%¢%¢%¢o¢%¢%¢M¢%¢%¢%¢o¢%¢%¢M¢%¢%¢%¢o¢%¢%¢o¢%¢%¢%¢M¢%¢%¢ r
s�¢¤s £�Z�JMd\X[Z ` PYV,PYX[Z�_,SQ¦<_�UWZcVbJ ` Jo �J\TRUWS�Z)U�a^��U ` H�PY_,_,PYw�PYTYP�Vb� ¢%¢%¢o¢%¢%¢M¢%¢%¢%¢o¢%¢%¢o¢%¢%¢%¢M¢%¢%¢ u[u
s�¢¤q  �J\TRUWS�Z)U�a[��U ` H¥P�_b_,PYw�P�TYPYV,�x©�XcgnV,J ¢%¢M¢%¢%¢o¢%¢%¢%¢o¢%¢%¢M¢%¢%¢%¢o¢%¢%¢M¢%¢%¢%¢o¢%¢%¢o¢%¢%¢%¢M¢%¢%¢ uIs
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 %U&Z�_�T�J�d\X[ZQV,J\eQV,Jh{[�\Z��IgbUWT ` J�TRUoH��\VbF�X ` J ` J\_h�\TY�IH�J\ZQV,_#�)Z�P�_��[TRU%])giX ` S�d\V,PYX[Z ` ��S�Z�J�V�giPRUWZ�{[S�TRUWV,PYX[Z;�WJ\V�])U[g
_bS�P�VbJ ` ��S�Z¬HtUWPYT�TRUW{^J[�;J\_,V%S�Z�J��\V�UW]*J�J\_,_,J\ZQV,PYJ\T�TYJ[��d\X[Z ` PYV,PYX[Z�Z)UWZQV%J\Z�])U[giV,PYd\S�TYPYJIg%TRU � S)UWTYP�Vb� ` J\_ogi�\_,S�TYV�UWVb_ ` J
TRUt_,PRHMS�T�U&V,PYX[Z;¢)f�U[g,H¥P�TYJ\_ ` P	���IgnJ\ZcV,J\_%UW]�])giXQd�F�J\_I��TRU<H¥�\V,F�X ` J ` PYV,J ` J� �J\T�U&S�Z)UIa�])gn�\_,J\ZcVbJ%T��¤UI�WUWZQV�UW{[J ` JoTRU
gbUW]�P ` P�Vb�[�IUWPYZ�_,P � S;��S�Z�dIU ` giJ�V,F��\XcgnP � S�J�])giX[]�PYd\Jh� ` J�Z�XQHow)gnJ\S�e ` �\�[J\TYX[]�]*JIH�J\ZQV,_I¢\�4J\])J\Z ` U&ZcVI��Z�J>d\X[Z�_,P ` �Ig,UWZQV
� S;��S�Z�ZQS)UW{[J ` J�]*X[PYZcV,_���J\TYT�J¡Z�J ])J\S�VlPYZQV�giPYZ�_,� � S�JIH�J\ZcVt])UW_lV,J\Z�PRgtd\XcH�]�V,J ` J d\X[ZQV�g,U&P�ZQV,J\_�V,X[]*X[TYX[{[P � S�J\_I�
J\eQPY{[�\J\_§])U[glTRU ]�TYS�])U[giV ` J\_ UW]�]�TYPYdIUWV,PYX[Z�_�
hd\X^ZcV�gbUWPYZcV,J\_ ` J¡w)XQg ` X[S ` ��PYZcVbJIg¶© U&d\J\_lPYZcV,JIgnZ�J\_I��])U[gtJ\ecJIH¥]�T�J[¢
f�U^g�_,S�PYV,J[� ` J\S�eDU&]�])giXcd�F�J\_o]*J\S��[J\ZQVo�\V�giJtJ\Zc�QPY_�UW{[�\J\_M])X[S)g ` � ` S�P�gnJ ` J\_oV�giPRUWZ�{^S�T�U&V,PYX[Z�_ ` J� �J\TRUWS�Z)U�a ` J\_
HtUWPYT�TRUW{^J\_�S�V,PYTYP�_�UWw�TYJ\_�


 gi�\d\S�])JIg,U&V,PYX[Z¬�1�Ç� ��� �\�����&��� ` J\_4J\eQPY{[J\Z�d\J\_�V,X[]*X[TYX[{[P � S�J\_ ` J%TRUMd\X[ZQV�g,UWPYZQV,J[�[_bP)TRU�])gi�\_,JIgn��UWV,PYX[Z ` J�T���P�ZQV,���{cgiPYV,� ` J%d\J\TYTYJ��ªd\P�J\_,V�giJ � S�PY_,J��

 giJ ` ���)Z�PYV,PYX[Z � �������W��� ` J T�U�d\X^ZcV�gbUWPYZcV,J[�#_,P�S�Z � � S�PY�WUWTYJ\ZcV�V,X^])X[TYX[{[P � S�J J\V§{[�\XcH��\V�giP � S�J ` J d\J\TYTYJ��ªd\P
_�UWV,PY_i©ªUWPYV�T���S�V,PYTYP�_�UWV,J\S)g\� ` J¡V,J\TYTYJD_bXcgiV,J � S;��J\TYTYJDUW]�])U^g,UWPY_,_,J Z)UWV,S)giJ\TYTYJIH�J\ZQV ` UWZ�_�TRU�V�giPRUWZ�{^S�T�U&V,PYX[Z ` J
 �J\T�U&S�Z)UIa ` J%T���J\ZQ�[J\TYX[]�])J%d\X[ZQ�[J\eQJ ` S�ZcS)U&{[J ` J\_ _,XcHlH�J\Vb_���¢

«#Z ` PRH�J\Z�_bP�X^Z q�� ` J\_�H��\V,F�X ` J\_ ` J�gi�\d\S�]*�Ig,UWV,PYX[Zµ�¬�Ç����� � �����W���8� ` X[ZQV T���J\eQP�_bV,J\Z�d\J�J\Z {^�\Z��Ig,UWT%Z;��J\_,V
` �¤UWPYT�TYJ\S)gi_�])UW_4d\TRUWPRgiJ��¤m4S�]�])JIgiV���NQJ\P ` J\T���u�r[r[s���X[ZQV��\V,�%])giX^])X[_,�\J\_4])U[g ]�T�S�_bP�J\S)gn_1UWS�VbJ\S)gi_���k�J\Xcgi{[J ���4��� �;u�r[r[s��
����JIU&V,F�JIgiPYTYT��	��UW_b_�UWZQ��uIr[r&K���¢) �J%H��IH�J[��Z�X[S�_�U��[X[Z�_4])gi�\_bJ\ZcV,����	�� ���¤f��\w)UIa^��uIr[r^v��� 4S�Z UWTY{[XcgnP�VbF)H�J�F�J\S)gnP�_bV,P � S�J
` J�giJ ` ���)Z�PYV,PYX[ZD� �������W��� ` ��S�Z�J�d\X^ZcV�gbUWPYZcV,J4V�gnP ` PRH�J\Z�_bP�X^Z�Z�J\T�TYJMd\X[Z�_,V,PYV,S��\J ` J ©ªUWd\J\_hV�gnP�U&Z�{[S�TRUWPRgiJ\_I�[UW])giG\_4U��[X[PRg
�\V�UWw�TYP S�Z�J§d\X[Z ` PYV,PYX[Z�Z��\d\J\_,_�UWPRgiJ<J\V�_,SQ¦§_�UWZQV,J ` ��J\eQPY_,V,J\Z�d\J ` ��S�Z�J§V,J\TYTYJ§© UWd\J ` UWZ�_�V,X[S�VbJ<V�gnP�U&Z�{[S�TRUWV,PYX[Z ` J
 �J\TRUWS�Z)U�a ` J%T���J\ZQ�[J\TYX[]�]*Jod\X[ZQ�[J\eQJ ` S�ZQS)UW{[J ` J%]*X[PYZcV,_�UWS � S�J\T
J\TYTYJo_,JogbUW]�])XcgnV,J[¢

«#Z ` PRH�J\Z�_,PYX[Z�s��ÇT�J\_%H��\V,F�X ` J\_ ` J�gi�\d\S�])�Ig,U&V,PYX[Z �1�Ç����� �\�����W���
])J\S��^J\ZcV��\V�giJ%d\X[Z�_bP ` �Ign�\J\_�d\XcHtH�JoUWw)X^SQ�
VbP�J\_!�#">XcgiX[S�d�F)U%$^P¤��uIr[rWK���¢;£ Z�J<UW]�])gnXcd�F�J �M�������&����U��\Vb�!])gnX[])X[_b�\Jl])U[g&��k�J\Xcgn{[J[�#">XcgiX[S�d�F)U%$^P¤��uIrWr�3����;HlUWPY_%_�U
d\X^Zc�[JIgn{[J\Z�d\J�Z;��J\_,V4d\TRUWPRgiJ � S�J%_,P
TRU�d\X[ZQV�g,U&P�ZQV,J�J\_bV�S�Z�J%TYP�{^Z�J%])X[TYaQ{[X[Z)UWTYJ%_,PRH�]�TYJo_�UWZ�_�UWZ�{[TYJoUWPY{[S;¢�«�Z�])U[gnV,P¤�
d\S�TYPYJIg\��S�Z�d\X^ZcV�gnJ��ªJ\ecJIH�]�TYJ�J\_,V�H�PY_�J\Z��\�QP ` J\Z�d\J ` UWZ�_4d\Jog,UW]�]*XcgiVI¢Q �J%]�T�S�_���TYJ%dIUW_ ` J%_,XcHlH�J\Vb_ � S�P;Z�J%_,X[ZQV
])U&_�J\Zl])X[_bP�VbP�X^Zl{[�\Z��Ig,UWTYJ�Z;��J\_,V�])UW_��\V,S ` PY�[�[d\J � S�P*P�H¥]�T�P � S�J�S�Zt])X[_,Vn�ªV�g,UWPYV,JIH�J\ZQV�])X[S)g�V�gbUWPYV,JIg�TYJ\_h])giX[w�TYGIH�J\_
` JMd\Xcd\aQd\TYPYd\P�Vb�[¢�£ Z�J!H��\VbF�X ` J ` J�giJ ` ���)Z�PYV,PYX[Z �x�������W���
d\X^Zc�[JIgn{[JIUWZQVhJ\Z {^�\Z��Ig,UWT���dIUW])UWw�TYJ%J\Z ])U[giV,PYd\S�TYPYJIg ` J
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f�U[g�U&P�TYTYJ\S)gi_I��w�PYJ\Z � S;��P�T
U&P�V��\V,�%�\V�U&w�T�P � S�J0' �c°\°\® � �
.���Z�Jo_bX[PYV�])UW_�Z��\d\J\_,_�U&P�gnJo])X^S)g�TYJ\_�Z�XcJ\S ` _�X[S��[JIgiVb_I�QX[Z �[X^P�V�PYd\P � S�JoTRU§_,PRH�]�TYJ
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�����'Y
s  NQV�UWV,PY_,V,P � S�J\_�giJ\TRUWV,PY�[J\_�UWS�e� �J\TRUWS�Z)U�a[�ªV�giPRUWZ�{[S�TRUWV,PYX[Z�_ ` J\_�J\Z�_,JIHMw�TYJ\_ ` Jo]*X[PYZcV,_�¢

PYZQV,JIg ` PYd\V,PYX[Z ` J�_bX[ZlJIH�]�TYX[P
UWS�elZ�XQJ\S ` _ ` J%H�X[PYZ�_ ` J�V�gnX[PY_ U[gi�\VbJ\_h])J\S�V4])U[g�©�X[PY_>d\X[Z ` S�PRgiJ1� ` J1H¥J\P�TYTYJ\S)gi_�gn���
_bS�T�V�UWV,_ � S�J�d\J\S�e ` J�T�� ��TY{[XcgnP�VbF)H�J�q�¢�sÇ�WJ\ZlV,JIg,H�J\_ ` J�Z�XcHMw)giJ ` J ])X[PYZQV,_4dIgi�\�\_ ��E�UWw�TYJIUWS u  \¢[«�Z<gnJ\��UWZ�d�F�J[�[_,P
T���X^Zld\X[Z�_,P ` GIgiJ�TRU � S)UWTYP�Vb� ` J\_4V�giPRUWZ�{[S�TRUWV,PYX[Z�_�d\X^Z�_,V�giS�PYV,J\_I��©�Xcgid\J4J\_,V ` J�d\X^Z�_,V�UWV,JIg � S�J�d\J ` JIgnZ�P�JIg4UWTY{[XQgiPYV,F)H�J
d\X^Z ` S�P�V�� ` J¡V�giJ\_§HlUWS���U&P�_§gi�\_,S�TYV�UWV,_ ��E�U&w�T�JIU&S s% \¢��4J\VbV,J ` JIgiZ�PYGIgiJ�giJIHlU[g � S�J�H��IgiPYV,J d\J\])J\Z ` UWZQV ` ���\V�giJ
ZQS)UWZ�d\�\J[� ` UWZ�_hTRU�H�J\_,S)giJ X��lTYJ�d�F�X[PYe ` J�TRU ` PY_,V�UWZ�d\J;j ` S ¨ JIHlH�J�q�¢�KoZ;��Ux])UW_h�\V,� ` P�_bd\S�V,�[�Q_�U%�WUWTYJ\S)g U�acU&ZcV
�\Vb�!U[giw�PYV�gbUWPRgiJIH�J\ZQV4�)ec�\Jl�tTRU�H�X[V,PY� ` J�j :�¢
f�U[g4d\X^Z�_,� � S�J\ZQVI� ` ��PYZ��\�cPYV�U&w�T�J\_%d�F�XQd\_ ` JoV�UWPYTYTYJl_,J�])giX ` S�PY_,J\ZcV��
S�Z�J ` �\V,JIg,H�PYZ)UWV,PYX[ZM]�TYS�_h�)Z�J ` J�jMU[H��\TYPYXcgiJIg,U&P�V���g,UWPY_,JIHMw�TRUWw�TYJIH�JIHMV�T�J\_4gi�\_,S�TYV�UWVb_I¢H( T)J\_,V�J\ZQ�)Z§�%giJIHlU[g � S�JIg\�
U�PY{[S)giJ<s^z�� � S�JlTYXcgi_ � S;��S�Z¡{cgbUWZ ` Z�XcHMw)giJ ` ��U^gi�\V,J\_�d\X[Zc�^JIgi{[J\ZQV�J\Z�S�ZDH��IH¥J!d\J\ZQV�giJ ` JlZ�XQJ\S ` X[S��[JIgiV��)TYJ\_
PYV,�IgbUWV,PYX[Z�_4_,S�d\d\J\_,_,PY�[J\_ ` J , 
�®�� � ²W°�(7®7'�V,J\Z ` J\ZQV���giJ\])giX ` S�PRgiJ%TYJ!H�X[VbP�©�X[w�V,J\ZQS<J\Z S�Z�J%_,J\S�TYJ!UW]�]�TYPYdIUWV,PYX[Z ` J
' �Q°\°\® ���
.��
�Qd\J � S�P�J\ec]�TYP � S�JM])X[S)g � S�X[P
T�� ��TY{[XcgiPYV,F)H�J%q�¢Ru^�[J\_,V ` U&Z�_�d\J%dIUW_�TYJ%]�TYS�_1gbUW]�P ` J[¢

¨�Uod\X^ZcV�gbUWPYZcV,J<9 
 � U;PY{[S)giJ%s[v% #J\_,V4X[w�V,J\ZQS�J�])U[g ` PY_,dIgi�\V,PY_�U&V,PYX[Z ` ��S�Z U[gnd�_,PRH�]�TYJ%d\X[Z�_,V,PYV,S)U&ZcV�TRUM©ªgiX[ZQV,PYGIgiJ
` ��S�Z�J%])U[giV,PYJo� ` J\S�e�d\XcH¥])X[_�U&ZcV,J\_4d\X[Z�Z�J\eQJ\_ ` J&5 7 8 ¢)¨;U¥V�giPRUWZ�{[S�TRUWV,PYX[Z ` JMT���J\Zc�^J\T�X^]�])Jod\X^Zc�[J\eQJ ` J\_�]*X[PYZcV,_
` J 3�
�Z;��J\_,V4])UW_>©�XcgiV,JIH�J\ZQV  �J\TRUWS�Z)U�a^��U ` H�PY_,_,PYw�TYJ[¢�¨���U[gnd ` PY_,dIgi�\VbP�_b�%�\V�UWZQVh_,PRH�]�TYJ[��TRU�d\X[ZQV�g,U&P�ZQV,J�Z�J�d\X[ZQV,PYJ\ZcV
` X^Z�dh])UW_ ` J4Z�XcJ\S ` J\V�T�J\_ ` J\S�e�UWTY{[XcgiPYV,F)H¥J\_�UWw)X^S�V,PY_,_,J\ZQV�])U[g�_,S�PYV,J4UWSlH��IH�J gn�\_,S�TYV�UWVI�I� _�U��[X[PRg
S�Z�J4Z�X[S��^J\T�TYJ
d\X^ZcV�gbUWPYZcV,J ©�XcgnV,JIH�J\ZQV  �J\TRUWS�Z)U�a[��U ` H�PY_,_,PYw�TYJ[¢

¨ J ` JIgiZ�PYJIg�J\ecJIH¥]�T�J ])giX[])X^_,�hJ\_,V�d\X^Z�_,V,PYV,S��4])U[g�T�U�d\X^ZcV�gbUWPYZcV,J 9��W��U�P�{^S)giJ�s[r�� � S�Pcd\XcH¥])XcgiVbJ ` J\S�eoZ�XQJ\S ` _
©�JIg,H��\_�¢c£ Z�J%d\X[ZcV�g,UWPYZcVbJ 9�. � �^©�XQgiV,JIH�J\ZQV  �J\TRUWS�Z)U�a^��U ` H�PY_,_,PYw�TYJ[�QJ\_,V4V�giX[S��[�\J�])U[g>T�� ��T�{^XcgiPYV,F)H�J%q�¢�s��QUWTYXcgi_ � S�J
T�� ��TY{[XcgiPYV,F)H¥J1q�¢Âu[�[Z;��J\_bV�])UW_�gi�\]�S�V,�%d\X[ZQ�[JIgi{^J\ZcV>])X[S)g ` J%VbJ\T�_ dIUW_I¢
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V'W/XAY*s[z  «#ecJIH�]�TYJ ` JogiJ ` ���)Z�PYV,PYX[Z �1�������W��� ` ��S�Z�d�F)U^H�] ` JMd\X[ZQV�g,UWPYZQV,J\_I¢0��P� ;
QT�U¥d\X[ZcV�g,UWPYZcVbJ 9 8 U&_,_,XQd\P��\Jo�3 8 ����P�PB \�'�7PYPYPB �J\V&�7PY�  ;
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V'W/XAY*s�3  «#ecJIH�]�TYJ ` JogiJ ` ���)Z�PYV,PYX[Z �1�������W��� ` ��S�Z�d�F)U^H�] ` JMd\X[ZQV�g,UWPYZQV,J\_I¢0��P� ;
QT�U¥d\X[ZcV�g,UWPYZcVbJ 9 � U&_,_,XQd\P��\Jo�
3 � ����P�PB \�'�7PYPYPB �J\V&�7PY�  ;
cV�giPRUWZ�{[S�TRUWV,PYX[Z�_ ` Jo �J\TRUWS�Z)U�a<giJ\_,]*J\d\V,PY�[J\_ ` Jo�4X^Zc� < 3 � @ �)�4X[ZQ� < 3 .� @4J\V��4X[ZQ� < 3 .2.� @\¢
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V'W/XAY>s[v  «�eQJIH�]�TYJ ` J giJ ` ���)Z�PYV,PYX[Z �t�������W��� ` ��S�Z�J§d\X[ZQV�g,UWPYZQV,J ` J§©ªgiX[ZQV,PYGIgiJ[¢ �7PB ;
 U�gnX[ZcVbP�GIgnJ ` J\�WUWZcV��\V�gnJgnJ\])J\d\V,�\J[�'�7PYPB �J\V �7PYPYPB '
�V�giPRUWZ�{[S�TRUWV,PYX[Z�_ ` J! �J\TRUWS�Z)U�a ` Jo� X[Zc� < 3 � @4J\V��4X[ZQ� < 3 .� @\¢
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V'W/XAY*s[r  «#ecJIH�]�TYJ ` JogiJ ` ���)Z�PYV,PYX[ZD�x�������W��� ` ��S�Z�JMd\X[ZQV�g,UWPYZQV,J ` J�©ªgiX[ZQV,PYGIgiJ[¢'�7PB '
QTRU�d\X[ZQV�g,UWPYZQV,J 9��MUW_,_,XQd\PY�\J� 3��W�'�7PYPB  J\V ��P�PYPB '
ÇV�giPRUWZ�{[S�TRUWV,PYX[Z�_ ` J� �J\T�U&S�Z)UIa ` Jo�4X[ZQ� < 3 �L@4J\V��4X[ZQ� < 3�.� @\¢
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 %U&Z�_;d\Jhg,UW]�]*XcgiV;U4�\V,�>w)giPYG\�[JIH�J\ZQV gbUW]�])J\TY�hT���J\_b_,J\ZcVbP�J\T ` J\_�])giX^])giPY�\V,�\_ ` J\_�V�gnP�U&Z�{[S�TRUWV,PYX[Z�_ ` J  �J\TRUWS�Z)U�a�J\Z
` PRH�J\Z�_bP�X^Z¥sÇ¢If�X[S)g
S�Z�d�F)U[H�] ` J4d\X[ZQV�g,UWPYZQV,J\_ ` X[Z�Z�� �i� ����Â�\S�Z�J4T�PY_,VbJ ` ��U[gn�\V,J\_  9§giJ\TRUWV,P¤©�� S�Z!J\Z�_bJIHow�TYJ#�)Z�P ` J
]*X[PYZcVb_�35� 5 7 8 ��S�Z�J4d\TRUW_,_,P¤�)dIUWV,PYX[Z�{[�\XQH��\V�giP � S�J ` J\_hU[gi�\V,J\_�U��\Vb�hPYZcV�giX ` S�PYV,J[¢W�4J\TYTYJ��ªd\P�])JIg,H¥J\V ` J ` �\V,JIg,H¥P�Z�JIg
S�Z�J%d\X^Z ` P�VbP�X^Z�Z��\d\J\_,_�UWPRgiJ�J\V4_,SQ¦<_�UWZQV,J ` ��J\ecPY_,V,J\Z�d\J<�1�������&�����n������Â�[_�U&Z�_ d\X^Z�_,V�giS�d\V,PYX[Z ` ��S�Z�J�V�giPRUWZ�{[S�TRUWVbP�X^Z� \�
` ��S�Z�JoU[gi�\V,J � S�J\TYd\X[Z � S�J ` J�9 ` UWZ�_�V,X[S�VbJ�V�gnP�U&Z�{[S�TRUWV,PYX[Z ` Jo �J\T�U&S�Z)UIa ` JoT���J\ZQ�[J\TYX[]�])J%d\X[ZQ�[J\eQJ ` J�3�¢

«#Zld\XcgiX^T�TRUWPRgiJ[�WS�Z�UWTY{[XcgnP�VbF)H�Jhd\X[ZQ�[JIgi{^J\ZcV ` J1gnJ ` ���)Z�P�VbP�X^Z�� �������W��� ` ��S�Z�J�V,J\TYTYJ�d\X^ZcV�gbUWPYZcV,J>w�P¤� ` P�H¥J\Z�_,PYX[ZQ�
Z�J\TYTYJ-9<U �\V,��])giX^])X[_,�[� w)UW_,�h_bS)g � S�J\T � S�J\_�])gnX[])giPY�\V,�\_;{[�\XQH��\V�giP � S�J\_ ` J\_�d\JIgnd\T�J\_�J\V ` J\_ ` PY_ � S�J\_I��])U[g
PYZ�_,JIgiV,PYX[Z�_
` J>])X[PYZQV,_;_,S)g T�J\_�U[gi�\VbJ\_;TYP�VbP�{^P�J\S�_bJ\_I¢�¨ Jhd�F)U[H�] ` Jhd\X^ZcV�gbUWPYZcV,J\_ 9 . UWPYZ�_,P[X[w�V,J\ZQS;�IUW_b_,Xcd\PY�h� S�ZoZ�X[S��^J\T�J\Z�_bJIHow�TYJ
` JM])X[PYZQV,_ 3 . d\X[ZQV,J\Z)UWZQV.3 J\_,V�©�XcgiVbJIH�J\ZcV4 �J\TRUWS�Z)U�a[��U ` H¥P�_b_,PYw�T�J��)J\Z ` ��UWS�V�giJ\_ V,JIg,H�J\_I�QV,X^S�V,J\_�TYJ\_1U^gi�\V,J\_ ` J
9 .;_,JIgiX[ZQV�d\X[Z�_bV�giS�PYV,J\_�])U[g V,X[S�VbJ%V�giPRUWZ�{[S�TRUWV,PYX[Z ` Jl �J\T�U&S�Z)UIa ` J�T���J\Zc�^J\T�X^]�])J�d\X[Z)HM�[J\eQJ ` J 3�.�¢
¨
J�Z�XcHMw)giJ
` J Z�X[S��[JIUWS�eM])X[PYZQV,_hUIjbX[S�V,�\_���3�U��\V,�4©�XcgiV,JIH¥J\ZcV ` PRH�PYZQS���J\Z¥© UWPY_�U&ZcVhUW]�])U^g,UW�YV�giJ>S�Z<gi�\_,S�TYV�UWV�_bS)g�T�J\_�UWZ�{^T�J\_
U&P�{^S�_���P�T
Z;��J\_bV�V,X[S�V,J�©�X[PY_�])U&_ H�PYZ�PRHlUWT*J\Zl{[�\Z��Ig,UWT��W]�S�PY_ � S�J � S�J�TRUoH¥�\V,F�X ` J4PYV,�Ig,U&V,PY�[J ` ��PYZ�_,JIgiV,PYX[Zl_���UW]�]�TYP � S�J
TYXQdIUWTYJIH�J\ZQVI��U[gi�\V,J�])U[g�U[gn�\V,J[¢

 ��¤UWS�V�giJ\_ ` �\�[J\TYX[]�])JIH�J\ZQV,_�]*X[V,J\ZQV,PYJ\TY_�])J\S��[J\ZQV��\V�gnJ1H�J\ZQV,PYX[Z�Z��\_�


 giJ\d�F�JIgnd�F�J ` S�Z�XcHMw)giJ%H�PYZ�PRHlUWT ` J%]*X[PYZcVb_��MP�Z�_b�IgiJIg4])X^S)g4S�Z�J%d\X[ZQV�g,UWPYZQV,J ` X^Z�Z��\J �

 �\V�UWw�TYPY_,_,JIH�J\ZQV ` ��S�Z UWTY{[XQgiPYV,F)H�J ` �\V,JIg,H�PYZ)UWZQV4T�U¥])X[_,PYV,PYX[Z ` J%VbJ\T�_�])X^P�ZQV,_I�QJ\V�TYJ\_�PYZ�_,�IgbUWZcV��

 UW]�]�TYP�dIU&V,PYX[Z���TRUlgnJ\d�F�JIgid�F�J ` S�_ � S�J\TYJ\V,VbJ���UWeQJ1H�� ` PRUWZ� ` ��S�Z�])X[TYaQ{[X[Z�J �

 UW]�]�TYP�dIU&V,PYX[Z���TRU ` �\VbJIg,H�PYZ)UWV,PYX[Z ` ��S�Z UWTY{[XcgnP�VbF)H�J�d\X^Zc�[JIgn{[J\ZcV>J\Z ` PRH�J\Z�_,PYX[Z�qÇ¢
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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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