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DFEHGJIKEML�N�NPO.QSRUTVEMWHX7Y[Z\O�WMZ\]>EHO�^`_aLbEcLbd[dfeO�dgO�^ihkjaL�^\O�^ml;O�l;GKn>nSoOpO�^�hAE>oOp^HO�Lb]kqrO�ZS^Hsk^HZ�eO�N�Op^mlkYg^HZ\EHYgj>]SoOp^
DFE\G�tMO�Z`u"G>lkO�d

vVL�_7_aGJEHZVlkO`EHOiWHX7O�EcW\X>Own#x�yKz>Qp{.R}|SG�~JO�N2j>EHO1Q��J�K��R�yKz#_aL�IJO�^

����>���F� ��1�>� LS^K�]>EHOpZ>oOSlkOF��GJnaWMZHYgGJn>n>O�NPO�nkZ5O�^HZ�]>n>OS�K]AL�dgYgZ>oOFO�^H^\O�nkZHYgO�dgdgO�EHOi�K]7Y[^\O�_AGK]7E�]>n.^\sk^HZ�eOpN�O�E>oO�_aL�EML�j>dgOK�i|SGJ]>^
l�oO�~KOpd[GJ_>_AGKn>^FY�WMY>]>n1N�G>l5eOpd[OF^\ZHEH]AWMZH]>E\O�d5N�LbEH�JG�~�YgO�n`l�oO�lkYioOVLb]kq.^Hsk^HZ�eO�N�O�^�d[GJIKY�WMYgO�dg^��p�fdk_aO�E\N�O�ZFdgOSW�L�d�WM]>d���OMqaLKW�Zc�FlkO
lkYg~KO�E\^HO�^�N�oO�ZHE\Y��K]7O�^�lkO�^K�]>EHOpZ>oOml;O���GJnaWMZ\Y[GJn>n>O�NPO�nkZ�O�n1ZHOpnaL�nkZ�WMGJN�_>Z\O�lkO�^2oO�~KO�nkZ\]>O�dg^�ZHOpN�_>^FlkOSEHO�W�GK]>~kEHOpN�O�nkZ�lkO
l�oOM��LbY[dgd�L�nAWMO�^��>��Op^SY[nAlkY�WMO�^S^HGJnkZSGKj>Z\O�nk]>^V^\GK]>^S]>n7OV��GKEHNPOVL�naLbdgs�Z\Y��K]7OVO�n"]>Z\Y[dgYg^cLbnkZ�dgO�^S_>E\GK_>E\Y�oO�Z>oO�^`lkO�^'_>EHG>WMO�^\^H]>^
N�L�E\�KG�~kYgO�n>^iha_7]>Yg^%n>GJ]>^2lkGKn>n7GKn>^.dgO�^1N�G�sJO�n>^%l;O�N�OpZHZHE\O2O�n��`]>~kE\O�dgO�]7E�oO�~KL�dg]aLbZHYgGKn nk]>N�oO�EHY��J]>OK� � O�NPG>l¡eO�dgO
l�oO�WME\Y[ZSOp^HZ�^H]k¢�^ML�N�NPO�nkZFI�oO�nSoOpEcL�d5_AGK]7E�YgnaWMdg]>E\OVd�L`N"L�tMGKE\YgZ>oOVlkO�^�N�G>l5eOpd[Op^�^\ZHEH]AWMZH]>E\O�dg^SN�LbEH�KG�~kYgO�n>^�WMGKn>nk]>^�O�Z�O�n
_aL�E\ZHY�WM]>dgYgO�ESWMO�dg]>Y�l;O � YgZHZHdgO�£�GkG>l5��¤'Yg~KOpEH^HOp^V�K]7O�^HZ\Y[GJn>^S^HGJnkZ�oO�I�Lbd[OpN�O�nkZ�LbjaGJEcl�oO�Op^¥eL#_aL�E\ZHYgE¦l�§ O�q;OpN�_>dgO�^�^HYgN�_7d[Op^V¨
d�§\oO�~KLbdg]aL�Z\Y[GJn��fL"_>E\Y[GJEHY��1lkO�df§ YgN�_aLJWMZ`^H]>E1d�L"^K�]>E\O�Z>oO/lkO2��GJnaWMZ\Y[GJn>n>O�NPO�nkZ%lk]©d[GJIKY�WMYgO�d�l;O�NPG>lkY«ª¡W�L�Z\YgGKn>^`dgG>W�L�dgO�^
l5§¬L�EcW\X>YgZ\O�WMZH]7EHO2lk]"^Hsk^HZ�eO�N�O.OpZml5§¬LKW�ZHYgGKn>^Vl;O.N�LbY[nkZ\O�naL�nAWMOmlkO1WMGKNP_aGJ^cL�nkZ\^V�fLKWMZ\Y��^VGK]rlkO#EHO�WMGJ]>~kEHO�NPO�nkZc�p�a��O�WMY
Y[nAWMdg]>Z�hkO�n"_aLbEHZ\Y®W�]>dgY[OpE�hkd�L`_>E\Y[^\O.O�nrWMGJN�_>Z\OVlkO`d®L1WME\GKYg^H^ML�naWMO1lkO'ª¡L�j>YgdgYgZ>oOVlkO.WMOpEHZcLbYgn>^mWMGJN�_AGK^ML�nkZH^i��¯Fn;ªan�h>n7GK]>^
lkGKn>n7GKn>^V�J]>O�d��J]>O�^'_>EHGJ_>EHYioO�Z>oO�^mLb^HskN�_7ZHGKZ\Y��K]7O�^¦l;]�_7EHG>WMO�^\^H]>^.lkO.l�oOM�fL�Ygdgd®LbnaWMOK�
°²±a³ ��´Mµ�¶ ��/�¸· �]7EHO�Z>oO%lkO`��GJnaWMZ\Y[GJn>n>O�NPO�nkZ�h>u"G>l5eOpd[O.lkO � YgZHZ\d[Op£�GkG>l5h>DFE\G;W�O�^H^\]>^.u"TmDFhADFEHG>WMO�^\^H]>^1lkO.WMGKNP_>ZcLbIKOKh
¹Sn>Y«��GJEHN�Yg^ML�ZHYgGJn�hK��EHGJYg^H^cLbnaWMO.lkO`ª5L�j>YgdgYgZ>oOKhJTV_>_7EHGiq>YgN�L�Z\YgGKn1_aGJY[^\^HGJn>n>YgO�n>n>O
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�� � ³���� µ ³ ��� X>O.lkO�_AO�nal>Lbj>YgdgY[ZfsPO�~KL�dg]aLbZHYgGKn2Yg^SL.jAL�^HY�W`WMGJN�_AGKn>O�nkZ�G��FZHX>O.�J]aL�dgYgZfs1G��ÌL1E\O�_aLbY[EML�j>dgO'^Hsk^HZ\O�N,��� O
l;O�~KO�dgGJ_2X>O�EHO.L`NPG>lkO�d>£SX>Y�W\X�Yg^�j7]>Ygd[ZÌ��EHGJN L#urL�E\�KG�~kY�L�n2lkO�^cW�EHYg_>ZHYgGJn�G���Z\X>OVjAO�XaLi~kYgGKE�G���L#^HG���Zf£¦LbEHOK���fZ¦Lbdgd[G�£S^
Z\X>O1��OMqaLJWMZc�SWMGJN�_>]7ZcL�Z\YgGKn1G���~KLbEHYgGK]7^�lkO�_AO�nal>Lbj>YgdgY[Zfs2NPO�ZHE\Y�WM^�ZML��kYgn>I.YgnkZHG2LKW�W�GK]>nkZSZHX7OVEHOiWMG�~KO�E\srlkO�d�Lisk^�� � X>O�^HO
NPO�L�^\]>EHOp^ÌLbEHO�IKYg~KOpn.jaGJZHX1Ygn¥Lbn%L�naLbdgs�Z\Y�W�L�nal1L�dgIJGKEHYgZ\X>N�YgW5��GKEHN/���V]7O�^HZ\Y[GJn>^�Gb�aYgn�Z\O�EHOp^HZ�LbEHOSL�dg^HG`lkYg^cWM]>^\^HO�l#��EHGKN
^\YgN�_>dgO�OMqaL�N�_7d[Op^�¨5X>G�£ N�Ygn>GKE�N�G>lkY«ª¡W�LbZHYgGKn7^�Gb��L�EMWHX7Y[Z\O�WMZ\]>EHO`GKE�N�LbYgn�Z\O�naLbnaWMOSLKWMZ\Y[GJn>^�GKn"��LJWMZHYg~JOVGKE�EHO�WMG�~JO�EHs>�
W�GKN�_AGKn7O�nkZH^%L��¡O�W�Z%Z\X>O2IKdgGKjAL�d�lkO�_AO�nal>Lbj>YgdgY[Zfs/G��SZHX7O�^Hsk^\ZHO�N/� � XaLbZ.YgnaWMdg]alkOp^.Ygn _aL�E\ZHY�WM]>d�L�Eih�Z\G,W�Lb_>ZH]>E\O�Z\X>O
E\O�dgY�L�j>YgdgYgZfs2IKEHG�£SZ\XrG���ZHX>O1^Hsk^HZ\O�N ��EHGKN Z\X>O%WMGJN�_AGKn>Opn�Z\^VGJn>OK����YgnaL�dgdgs�h>Lb^HskN�_7ZHGKZ\Y�WmLbnaL�dgsk^HYg^SGb��ZHX>O2WMGJ]>nkZHYgn>I
_7EHG>WMO�^\^mYg^SL�dg^HG�LJl>lkE\O�^H^\O�l5�
� ���5´�� ± �"! �b� ¤'O�_AO�nal>Lbj>YgdgY[Zfskh � YgZHZHOpd[£�GkG>l5§ ^SN�G>lkO�dfh>u"T`D9_>EHG>WMOp^H^�hF��GK]7n�Z\Ygn>I2_>EHG>WMOp^H^�h�¹Sn>Y«��GJEHN�Y$#�LbZHYgGKn�h�v!O&%
dgY�L�j7Y[dgYgZfs.IJEHG�£SZHX�h>D�GJYg^H^HGJnrL�_>_>E\Giq>Y[N"L�Z\Y[GJn��
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� L%W�GKN�_7d[O�q;YgZ>oOVlkO�^V^\sk^HZ�eOpN�O�^SYgnk��GJEHN"L�ZHY��J]>O�^�LJWMZH]>Opd[^Sn7Om_AO�E\N�O�Z�_aL�^Vl�§ Op^H_SoO�E\O�EV]7n�WMGJn�Z\EÄ�GJd[O`^ML�ZHYg^×��L�Yg^cLbnkZ�lkO
d[Op]>E`^b�]>E\O�Z>oO�lkO���GKnaW�ZHYgGKn>n7O�N�O�nkZ2eL2_aLbEHZHYgE`lkO%d�L1^\O�]>dgO%E\O�_>E>oO�^HO�nkZML�ZHYgGJn jaG�� 8[Z\O&%fn>GKYgEHO2lkO.dgO�]7E�W�GKN�_AGKE\ZHO�NPO�nkZ��:9'n
_aO�]7ZmWMGJn>^HZML�ZHOpE¥eL1ZHEMLi~KO�E\^mWMOpEHZcLbYgn>O�^roOpZH]alkOp^m_7]>j>dgY�oO�O�^V�J]>O.d�L#N�L�tMOp]>EHO'_aL�E\ZHYgO%lkO�^SNPG>l¡eO�dgO�^VlkO`Zfsk_aO#jaG�� 8[Z\O&%fn>GKYgEHO
��_AGK]>E']>n>O%lkOp^cWME\Y[_7ZHYgGKn WMGKNP_>d�eO�ZHO`~JGKYgES_aL�E'OMq>O�N�_7d[O+;=<�>Hh�; yJ��>Hh�;gQKQ?>Hh�; {ky�>Æ��n7O%lkGKn7n>O._aLb^VZHGJ]�tMGJ]>EH^']>n>O oO�~KLbdg]aL�Z\Y[GJn
ZHE�eOp^._>E>oOiWMYg^HO�l;O�^.N�Op^H]>E\O�^`^HZcLbnal>LbEclk^%l;O2^b�]>E\O�Z>oO�lkO1��GKnaWMZ\YgGKn>n>OpN�O�nkZ�� � O�^`E>oO�^\]>dgZcL�Z\^.GKj7ZHO�nk]>^._AO�]>~JO�nkZ.ZHGJ]>Z.lkO
N,�O�NPOm�O�Z\EHO`^H];¢�^cL�nkZ\^S^HY5GKnP^HGJ]>XaL�YgZ\OV^HYgNP_>dgO�N�O�nkZFL�_>_>E>oO�X>O�nAlkO�EV]7n>O,oO�~KGJd[]7ZHYgGKn�lkO`WMO�^SYgnalkY�WMOp^VlkOSª¡Lbj>YgdgY[Z>oOS^cLbn>^
n¦oO�WMO�^\^cLbY[E\O�N�Opn�Z'O�n"EHO�W\X>OpEcW\X>O�E.]7n>O`O�^HZ\Y[N"L�Z\Y[GJn�Z\E�eO�^'_>E>oO�W�Y[^\OK�A�fd5^�§¬L�IJYgZ¦l5§ ]>n7Om^\YgZH]aLbZHYgGKnP]>^H]>Opd[dgO`dgGKE\^VlkO�^V_7XaL�^\O�^
_>E>oO�dgYgN�YgnaLbYgEHO�^`lkO%d�LP~kYgO¥l5§ ]>n/dgGKIJY®W�Y[Opd�� � L�E>oO�]>^\^HYgZHO�lkOp^�oO�Z\]alkO�^1lkO2^K�]>E\O�Z>oO"lkO1��GJnaWMZHYgGJn>n>O�NPO�nkZml5§ ]>n/dgGKIKY�WMYgO�dVeL
d�§¬LbY®l;O¦lkO'N�G>l5eO�dgO�^�lkOVZfsk_AOSjaG�� 8[Z\O&%fn>GKYgEHO'_>EHG�~kYgO�nkZ�I�oO�nSoO�EML�dgO�N�Opn�Z�lkOVd�L`WMGKN2j7Y[nAL�Yg^HGJn%lkO�^VlkOp]kq oOpZcL�_AO�^S^\]>Yg~KL�nkZHO�^i�
9Vn(O&�¡OiWMZH]>O1]>nrZ\EcLbY[Z\O�N�Opn�Z�_>E>oO�L�d�L�j7d[O1lkO�^ml;GKn>nSoOpO�^mlkO1l�oOM��LbY[dgd�L�nAWMO�^S_AGK]>E'Y®l;O�nkZHY«ªaO�E`lkO�^V_7d®LbIKO�^Vl;O%WMEHGJYg^H^cLbnaWMOKh
lkO�l�oO�WME\GKYg^H^ML�naW�O�OpZA@�GJ]�lkO�^\ZcLbj>Ygd[YgZ>oO¥lkO2d�L�ª¡Lbj>Ygd[YgZ>oOB;gQ�C�>H��DÌ]>Yg^.GKn ^>oO�dgO�WMZHYgGJn>n>O�dgO2NPG;l5eO�dgO¥WMGJn>nk] _aGJ]>E��O�Z\EHOPd[O
_>dg]>^�O�¢�W�LKWMO`_AGK]>E�EHOp_>EHG>lk]>YgE\Omdf§¬L�NP_>dgO�]>E�lkO'd®L#ZHOpnal>L�nAWMO`N�Yg^HOSO�n�oO�~kY�lkO�naWMO`_aLbE�dgO�^Vl;GKn>nSoOpO�^SdgO�^�_7d[]7^�E>oO�WMO�nkZHOp^��
�fd5O�^HZ'Y[NP_aGJEHZML�nkZ�lkO.n7GKZHOpEV�K]7OmZ\GK]>Z\O�^mW�O�^mLbnaL�dgsk^HO�^SGJnkZ�oO�Z>oO.E>oO�L�dgYg^>oOpO�^V_AGK^\Z %fN�GKE\ZHO�N/�

DFLbE¦LbY[dgdgO�]>E\^�hkGJn2^HGK]7XaL�YgZHO'��E>oO��J]>O�NPN�O�nkZFGKj>Z\O�n>YgE�]>n>O`Ygnk��GKE\N�LbZHYgGKn.N"LKWME\GK^MWMGK_>Y��J]>O'^H]>ES^\GKn�^\sk^HZ�eOpN�O¥eL#_aLbE %
ZHYgEVlkO.WMGKn7naL�Yg^H^ML�naW�O�^VNPY®W�EHGK^MWMGK_7Y®�J]>Op^V�fW��¬L>�¬l5�>L�]Pn>Yg~KO�Lb]�lk]rWMGJN�_AGK^ML�nkZc�p��¯Fn"_aLbEHZ\Y®W�]>dgY[OpE�hkGKnrl�oOp^HYgEHO.WMGJn>naL�� 8gZ\EHO
d�§ YgN�_ALKWMZ'^H]>E1dgO2^Hsk^HZ�eO�N�O2IJd[GJjaL�d�l5§HoO�~KO�nkZ\]>O�dgdgO�^¥LJWMZHYgGJn>^%lkO2N"L�YgnkZHO�naLbnaWMO2GJ]�lkO2N�Yg^HOreL.tMGJ]>E%lkO"WMGKNP_aGJ^cLbn�Z\^��
��O2Zfs�_AO�l5§¬L�Z\ZHO�nkZ\O2O�^HZ.dioO�IJYgZHYgN�O.dgGJEH^c�J]>O2dgO1dgGKIKY�WMYgO�dFO�^\Z%Opn,_>XAL�^HOPGK_SoOpEcL�Z\YgGKn>n>Opd[dgOK�5DFL�E#OMq>O�N�_>dgOKhAGJn ^HGK]7XaL�YgZHO
~KL�dgY�lkO�E1]>n>O�NPG>lkY«ª¡W�L�Z\YgGKn dgG>W�L�dgO�lkO"^HZ\EH]aW�ZH]>E\O�lkOp^2GK_SoO�EML�Z\Y[GJn>^2lkO"EHO�WMGJ]>~kEHO�NPO�nkZ�l5§¬LKWMZ\Yg~�YgZ>oO�lk]©^Hsk^HZ�eO�N�O"GK]
l�oO�ZHOpEHN�Ygn>OpE.dgO2n>Yg~KO�Lb]�lkO2_AO�E×��GKE\N�L�nAWMO2nSoO�WMOp^H^cLbYgEHO�eLP]>n�WMGKNP_aGJ^cLbn�Z`_AGK]>E1L�N�oOpd[YgGJEHO�E'^HO�n>^\Ygj>dgO�N�O�nkZ.d�LP^K�]7EHO�Z>oO
lkO`��GJnaWMZHYgGJn>n>O�NPO�nkZSIKdgGKjaLbdgO%��O�ZV_AL�EVdHeL�%�N,�O�N�OS^>oO�dgO�WMZHYgGJn>n>O�E.dgO�^'_aL�E\ZHYgO�^`lk]rdgGKIJY®W�Y[Opd��K]7YÌl;GKYg~KO�nkZ.�O�Z\EHO1_>EHYgGJEHYgZcLbY %
EHO�NPO�nkZmE\O�~k]>O�^M��� � O2_>dg]>^`YgN�_AGKE\ZcL�nkZih>O�n/_aL�E\ZHY�WM]>dgYgO�E._AGK]7E�l;O�^._>E\GKj>dfeO�NPO�^.lkO¥W�G��]>Zih5O�^HZ1lkO2_aGJ]>~KGJYgEVO&�5O�WMZ\]>O�E
WMO�^"oO�~KLbd[]AL�ZHYgGJn>^�L#_>EHYgGKE\Yfh�W�§ O�^\Z%eL%l;Y[E\OV_>E>oO�L�d�Lbj>dgO�N�O�nkZmeL#ZHGJ]>ZHO'N�G>lkY«ª¡W�LbZHYgGKn1O&�5O�WMZ\Y[~JO%lk]P^Hsk^HZ�eO�N�OK�>¤'O'_>dg]>^�hJdgO�^
WMGKNP_aGJ^cL�nkZ\^�l;O�^%IJEcLbnalk^.^\s�^\Z�eO�NPO�^1d[GJIKY�WMYgO�dg^`E>oO�~5eO�dgO�nkZ1I�oO�nSoO�EcLbd[OpN�O�nkZ.lkO�^2WMGKNP_aGJEHZ\O�N�O�nkZ\^�l;O�l�oOM��LbY[dgd�L�nAWMO2ZHE�eO�^
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eL1GJj>^HOpEH~KOpEVdgO`_>EHG>WMO�^\^H]>^#_aO�nAl>L�nkZm�J]>O.WMOpd[]7Y %HWMY�^>oO�tMGJ]>EHn7O%l>L�n7^V]>n²oO�ZML�Zml;GKn>nSoOJh>d�L%l;]>E>oO�O2lk]"^>oO�tMGK]>E`�J]>O`d�§ GJn�~KL
NPO�^H]7EHO�E`O�^\Z.^HZ\G;W\XaLb^HZ\Y®�J]>OpN�O�nkZVY�lkOpn�Z\Y��K]7O�eLPWMO�dgdgO��K]7O%df§ GKnrL�]7EcL�YgZ'GKj>^\O�EH~�oO�OP^HYFd�L�l>LbZHO1Y[n7Y[Z\Y�L�dgO.l5§ GKj>^\O�EH~KLbZHYgGKn
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G>W�W�]>_SoOK�A¯Fn�Z\O�EHNPO�^VlkOV^K�]>EHOpZ>oO%lkO!��GKnAWMZHYgGKn7n>O�N�Opn�Z�]>n>O.WMGKn7^>oO��J]>O�nAWMO.��GKnal>LbN�O�nkZML�dgO�Op^HZV�J]>OV^\Y5]>n�W\XaLbn>IKOpN�O�nkZ
l�§HoOpZcL�Z`_AO�]>Z��O�ZHE\O�dgY�oO�eL"df§ G>W�WM]>E\EHO�naW�O�l5§ ]>n>O�l�oOM��L�Ygdgd�L�naW�OKhAd[O1ZcLb]kq�l5§ G;WpWM]>EHE\O�naWMO"lkO�WMO�dgdgO&%HWMY�O�^HZ.nSoO�WMO�^\^cL�YgE\O�N�O�nkZ
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n>GK]>^S_AGK]7~KGKn7^�oO�I�Lbd[OpN�O�nkZ�O�n"ZHYgEHO�E`l5§¬L�]>Z\EHO�^VW�GKnaWMdg]>^\YgGKn>^i�
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G>W�WM]7_¦oOKhAO�ZSO�dgdgO�^S^HGJnkZSY[nAl�oO�_AO�nal>Lbn�Z\O�^.lkO�^SZ\O�N�_>^Vl;Om^>oO�tMGJ]>Eml>Lbn>^S]>nrL�]7ZHEHO/oO�ZML�Zi�

· Yan7GK]>^�EHO�_7EHO�n>GJn>^VWMGJN�N�O�OMq>O�N�_>dgOVlkO'N�G>l5eO�dgOSN"L�EH�JG�~kY[Opn�h�dgOV_7EHG>WMO�^\^H]>^`l5§ OMq¦oO�WM]>Z\Y[GJn�l5§ ]>n2dgGJIKY�WMYgO�d>NPG;l;]>d�L�YgEHO
l�oOMªan>Y�_aL�E � YgZHZHdgO�£�GkG>l5hkYgd5_aGJ^H^�eOilkO%L�dgGJEH^SdgO�^VlkO�];q�W�LbEcLKW�Z>oO�E\Y[^\ZHY��J]>O�^`^H]7Y[~KLbnkZHO�^i�
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NPG;l;]>dgO�^¦LiskL�nkZ�oO�~KO�nkZ\]>O�dgdgO�N�O�nkZ�_>EHG�~JG>�K]SoOmdf§ OMqSoO�WM]7ZHYgGKnrlk]"N�G>lk]7d[OVLJWMZHY«�c�

T'Ygn>^HYfh>df§ X>GJN�GKI�oO�nSoO�YgZ>oOmlkO.d�L2W\XaLi� 8[n7O%lkO2urL�E\�KG�~�^\]>IKIaeO�EHO1]>n>O#^HZcLbj>YgdgY[Z>oO`ZHO�NP_aGJEHO�dgdgO.lkO%Z\GK]>^'dgO�^V_aLbEcLbN,eO�Z\EHO�^
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D�GJ]>EV]>n7O%�Sur|GF#h>^\Y#�VO�^\ZVd�L2l>L�Z\O%WMGJ]>EcLbn�Z\O%l5§ GKj7^HO�E\~KL�ZHYgGJn�hkdf§ Ygnk��GKEHN"L�Z\YGKn2nSoO�WMO�^\^cL�YgE\O�eL1d�L2l�oO�Z\O�EHNPYgnaL�Z\Y[GJn

lk]9��]>Z\]>E�l;]�_>EHG>WMOp^H^H]7^�l�oOp_aO�nAl lkO(d�§ Y�lkO�nkZ\Y[Z>oO,lkOrdf§\oO�ZML�Z�LJWMZH]7O�dgd[OpN�O�nkZ2G>W�WM]>_SoO,O�Zrlk] ZHO�NP_>^�oO�W�GK]>dioO,lkOp_>]>Yg^
d�§ Ygn>YgZHY�Lbd[Yg^ML�ZHYgG�nVlk]`_>E\G>WMO�^H^\]>^S��eL�^cLi~KGJYgE�lkOL�c���p�fd�^�§¬L�IJYgZ�lkGKnaW�lkOFN�G>l5eO�dgO�^�lkGJnkZ5d[Op^�_aLbEcL�N,eO�ZHE\O�^�Lb^H^\G;W�Y�oOp^�L�];qmZHOpN�_>^
lkO�^>oO�tMGK]>EFO�ZFL�]kq.Z\EcL�n7^HYgZHYgGKn7^5O�nkZHEHOPoO�ZML�ZH^F_AO�]>~JO�nkZÌl�oO�_aOpnalkEHOVl;]mZ\O�N�_7^.oO�WMGJ]>d�oO�lkO�_7]>Yg^�df§\oO�ZML�Z5Ygn>YgZHY�L�dgO�NPO�nkZ>G>W�WM]>_SoO
_aL�E2dgO"_>EHG>WMOp^H^H]7^,��Yf� O*�	�i�����fdg^2ZHEcLJlk]>Yg^HOpn�Z2]7n>Orn>GJn�%�X7GKN�GJI�oO�nSoO�YgZ>oO�lkO�^P_aL�EML�N,eO�ZHE\O�^2E>oO�IJYg^H^cLbnkZ2d®L/lksknaLbN�Y��J]>O
lk]�NPG;l5eO�dgOK����Opd®L(_aLbEcL�� 8gZ1ZHGJ]>Z�eL���LbY[Z2L�Z\ZHEMLKWMZ\Y�.lk]�_AGKYgnkZ2lkO"~�]7O�lkO"d�L"N�G>l�oOpd[Yg^ML�ZHYgGJn,_AGK]>E2E\O�_>E>oO�^HO�nkZ\O�E"]>n>O
n>GKn�%f^HZML�j>YgdgYgZ>oOKh�_aL�E1OMq>O�N�_7d[OJh�lkOp^%_aLbEcLbN,eO�Z\EHO�^2lkO�l�oOM��L�Ygdgd�L�naW�O"��WME\GKYg^H^ML�naWMOJh�l�oO�WME\GKYg^H^ML�naWMO/lkO2ª¡Lbj>YgdgY[Z>oO��`GJ] ]>n>O
n>GKn�%fX>GJN�GKI�oO�nSoO�YgZ>oO¥lkOPdf§ Opn�~kYgEHGJn>n>O�NPO�nkZ.l>L�n>^1dgO��J]>O�d�oO�~KGJdg]>O2dgO2^Hsk^HZ�eO�N�OK����Op_aO�nAl>L�nkZ�hFGJn O�^HZ1ZHE�eO�^2~kYgZHO2dgYgN�YgZ>oO
_aGJ]>EVOMq>_>dgGJY[Z\O�EVL�nAL�dgskZHY��J]>O�N�Opn�Z�O�Z'n�]7N�oO�E\Y®�J]>OpN�O�nkZ�]>nrZHOpd�N�G>l5eOpd[O.l>Lbn>^SZHGJ]>ZHO#^cL2I�oO�nSoO�EML�dgYgZ>oOK�AD�GK]>E`�K]7O�d��K]7O�^
��L�NPY[dgdgO�^%l;O�W\XaLi� 8[n7O�^�h�GKn9_AO�]>Z"ZHGJ]>Z�l;OrN,�O�NPO�GJj>ZHO�n7Y[EP]>n>O lkO�^MWMEHYg_>Z\Y[GJn L�^\^HO # WMGJN�_>dfeO�Z\O,lkO�^PIKEcLbnalkO�]7EH^rlkO
^b�]>E\O�Z>oO,l;O"��GKnAWMZHYgGKn7n>O�N�Opn�Zi� · YSn>GK]>^2E\O�_>E\O�n>GKn7^�df§ OMq>O�N�_>dgO�lk]�WMGJN�_>Z\O�]>E�lkOrl�oO���L�Ygdgd�L�naWMOp^¥WMGJN�NPO2_>EHG>WMO�^\^H]>^
N�L��JG�~kY[Opn�hFd�L/_>dg]>_aL�E\ZrlkO�^"N�G>l5eO�dgO�^PjaG�� 8gZHO&%fn>GKYgE\O�^"]>ZHYgdgYg^>oO�^P^HGKnkZrlkO�^"_>E\G>WMO�^H^\]>^ lkO,D�GKYg^H^\GKn²n>GKn %�X>GJN�GJIaeO�n>Op^
��|GF'D�D��P�K]7YSO�nkZHEHOpn�Zrl>Lbn>^2d�L,W�d®Lb^H^\O,lkO�^"�Sur|GF ; {�y�>H��DFL�E�W�GKnkZHE\OKh�Z\GK]>Z2E\O�^HZ\O¸eL���L�YgE\O�_AGK]7E2d�§ OMq>O�NP_>dgO�lk]
_>EHG>WMO�^\^H]>^"l5§ OMq¦oO�WM]>Z\YgGKn�l5§ ]>n>O2^\ZHE\]aWMZH]7EHOrNPG;l;]>d�L�YgEHOK�ADFL�E2WMGKn>^>oO��J]>O�nkZ�h�l7L�n>^.dgO�WMGJnkZHOMq>ZHOrl5§ ]>n7O2N�G>l�oO�dgYg^cLbZHYgGKn
N�L�E\�KG�~kYgO�n>n>OVl;O.Zfsk_aO`jAGÄ� 8gZHO&%fj>d�L�nAWHX7OKh>dgO�^S_>E\G>WMO�^H^\]>^`^HGJn�ZV�J]aLb^HY %f^Hsk^HZ>oO�N�LbZHY��J]>O�N�Opn�Z�^H]>_>_AGK^>oO�^`X>GKNPGKIaeO�n>O�^i�$9'n
_aO�]7Z.ZHGJ]>Z.lkO%N,�O�N�O`YgnkZHE\G;l;]>YgEHO2WMO�EHZML�Ygn>O�^���GKE\N�O�^`lkO2n>GKn %�X>GJN�GJI�oO�nSoOpY[Z>oO`ZHGK]7ZmOpn�WMGJn>^HOpEH~KL�nkZ.df§ O�^\^HO�nkZHYgO�d�lkO2d�L
_>]>Yg^H^ML�naWMO1l5§¬L�naLbd[sk^\OmlkO�^`�Su2F ¨

� ]>n7O�n>GJn�%�X7GKN�GJI�oO�nSoO�YgZ>oO2lkO�^1Y[nAlkY�WMO�^2lkO�^K�]>EHO�Z>oO,lkO���GKnaW�ZHYgGKn>n7O�N�O�nkZ.Li~KOiW�h�_AL�E1OMq>O�N�_>dgOKh�d®L�N�oO�Z\X>G>lkO�lkOZ\EcL�n7^f��GJEHN�LbZHYgGKn ;¬yKy�>Sl5§ ]>n>O2WHXAL�� 8gn>O2lkO�urL�E\�KG�~"X>GJN�GKIaeO�n>O.E\O�_>E>oO�^HO�nkZML�nkZ%dgO�WMGJN�_AGKE\ZHO�NPO�nkZVlk] ^Hsk^HZ�eO�N�O
O�n"E>oO�IKYgN�O`lkO'ª¡L�j7Y[dgYgZ>oO'^HZML�j>YgdgYg^>oO�O.�

� ¹!n>O`n>GKn�%fX>GJN�GKI�oO�nSoO�YgZ>oOml>Lbn>^Sdf§ Opn�~kYgEHGJn>n>O�NPO�nkZ�_AGK]>EVlkOp^V^Hsk^\Z�eO�NPO�^VLKWMZ\Y«��^S^H]>EVl;O�^VYgnkZHO�E\~KL�dgdgO�^SlkO.N�Yg^\^HYgGKn
; { ��>Hh�;=5�{�>Hh�;gQiz�>H�
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LbYgn>^HYF]>n>O1WHXAL�� 8gn>O1^HO�NPY %fN�LbEH�JG�~�Y«O�n>n>OJ�>��O�ZHZ\O¥WMd�Lb^H^HO�l;O._>EHG>WMOp^H^H]7^%O�^\Z`]>ZHYgdgYg^>oO�O1_aL�E � YgZHZ\dgO�£�GkG>lrl>Lbn>^+;¬y'<�>�_AGK]7E
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Y[nAWMY�lkO�nkZH^Sn�§ GJn�ZVLb]aWM]>n7OmE>oO�_AO�EcWM]7ZHYgGKn/^H]>ESdgO`_>E\G;W�O�^H^\]>^.l5§ OMq¦oO�WM]>Z\Y[GJn�h>Yf� OK�"� � 
 � h>Ygd5^H];¢�ZVlkO`N�O�Z\ZHEHO�eL��#ZHGJ]>^
d[Op^�_AL�EcLbN,eO�Z\EHO�^�L�^H^\G>WMY�oO�^�L�];q oO�~�oO�n>O�NPO�nkZH^�^ML�n>^FYgnkZ>oO�E��O�Z�_AGK]>E�d®L!_aL�E\ZHYgOSlk]%^\sk^HZ�eOpN�OS~kYg^>oO�OK�JD�LbEFOMq>O�N�_>dgOKhi^\Y>GKn1n>O
^�§ Ygn�Z>oO�EHOp^H^HO.�J]�§¬L�];q%YgnaWMY�lkO�nkZH^�^H]>E\~KO�nk]>^Sl>L�n7^�dgOVWMGKNP_aGJ^cL�nkZ �5GK]��J]>Y7^HGKnkZ�Yg^\^H]>^Sl5§ ]>n>OSZ\EcL�n7^HN�Yg^\^HYgGKn%l;OmWMGJn�Z\EÄ�GJd[O
L�^H^\]>E>oOpO%_aLbEVWMO`N,�O�NPOVWMGKNP_aGJ^cLbn�Zih>L�dgGKE\^�GJnrL�n>nk]>dgOVZ\GK]>^SdgO�^'_aL�EML�N,eO�ZHE\O�^
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	a�  �J]>O
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l;GKn>nSoO.l>Lbn>^Sd�L._AL�EHZ\YgO�l;EHGKYgZ\O�l;O.d�L���YgIK]>E\O.y>�
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 ����^ ^�^��A5J���
� LrlkO�^MWMEHYg_>Z\YgGKn�WMGJN�_>dfeO�Z\O�lkO2d�L�dgGJY�lkO �:�`n>GK]7^._aOpEHN�OpZ%l5§HoO�~KL�dg]>OpE.]>n n>GJN2j>EHO1ZHE�eO�^%YgNP_aGJEHZcLbnkZml5§ YgnalkY�WMO�^1lkO
^K�]>EHOpZ>oO lkOP��GKnaW�ZHYgGKn>n7O�N�O�nkZi��D�GJ]>E �8
 �>hFn7GK]>^�Li~JGKn>^2d�L/W�L�EMLKWMZ>oO�EHYg^HZ\Y��K]7OA��%���L�]7ZHOrlk]9^Hsk^HZ�eO�N�OJhmeL(^cLi~KGJYgE2^cL
��GKnaWMZ\YgGKn`ª¡Lbj>YgdgY[Z>oOK�49'n%_AO�]>ZFE>oO�_aGJnalkE\O�oO�I�Lbd[OpN�O�nkZ�eLS]7n>O¦�J]>Op^HZHYgGJn%Z\O�dgd[O��K]7O&`gtM]>^c�J]�§�eLS�J]>O�dgdgO�l>LbZHO0��d�LS_>E\GKjaLbj>Ygd[YgZ>oO
l�§ GJj>^HOpEH~KOpEÌLb]%_7d[]7^�lkO�];q¥l�oOM��LbYgd[d�LbnaWMO�^�O�^HZ�_7d[]7^�IKEML�nal;O¦�J]>O(��^¬�K����aS¯Fn1]>ZHYgdgYg^cLbn�Z�df§ LbdgIKGKE\YgZHX>N2OFlk] � XSoO�GKE�eO�N�O.57�gQKh
GJn"GKj>Z\Y[Opn�Z0�(Y < < � �

� OmNPG>l¡eO�dgOS^HZ\EH]aWMZ\]>EHOpdÌl�oO�~KO�dgGJ_>_SoO`O�^HZS]7n�GJ]>ZHYgd5l5§¬L�naLbdgs�^\OmlkO`d�L`^\O�n>^HYgj>YgdgYgZ>oO`lkO`d®L#^K�]7EHO�Z>oO%lkO'��GKnAWMZHYgGKn7n>O�N�Opn�Z
l;] ^\sk^HZ�eOpN�O"IKdgGKjAL�dSL�]kq�~KLbEHY�L�Z\Y[GJn>^%lkO/W�L�EMLKWMZ>oO�EHYg^HZ\Y��K]7O�^�lkO"^\O�^�WMGJN�_AGK^ML�nkZH^i� · ]>_>_AGK^\GKn>^��J]>O"df§ GKn�^\GK]>XAL�YgZHO
GJj>ZHOpn>YgE¥lkO"NPO�Ygd[dgO�]7EH^.YgnalkY�W�LbZHO�]7EH^2lkOPª¡L�j>YgdgYgZ>oO2_AGK]>E1dgO�NPG;l5eO�dgO"� �	A�  ��DFL�E1OMq>O�NP_>dgOKh�GJn l�oOp^HYgEHO"]>n>O"_>E\GKjaL�%
j7Y[dgYgZ>oO�l�§ GJj>^HOpEH~KOpE�L�] _>dg]>^2lkO�]kq l�oOM��L�Ygdgd�L�naW�O�^%_7d[]7^%IJEcL�nAlkO��J]>O7��^¬�K�"^\]>E1]>n>O�_SoO�EHYgG>lkOrl5§¬L�] NPGKYgn>^.lkY«q�tMGK]7EH^
��Yf� OJ�a^\]>EE>���� � ��� ��>¦Li~KOiW$� ��� �2
 y�{ � � �p� · O�]>dg^`dgO�^.WMGKNP_aGJ^cL�nkZ\^ � � O�Z��  _>EHG>lk]>Yg^\O�nkZ%lkO�^%l�oOM��L�Ygdgd�L�naW�O�^V^\O�dgGKn/d[Op^
_AL�EcLbN,eO�Z\EHO�^ � � O�Z��  ��9'nr_AO�]>Z.L�dgGJEH^S^HO2lkO�N"L�nal;O�ES^H]>E.�J]>O�d�WMGJN�_AGK^ML�nkZ�Ygd�O�^HZ`_>dg]>^'Y[nkZ>oO�EHO�^\^cLbn�Z.lkO#ZHEcLi~KLbYgd[dgO�E
_AGK]7EV_aLbEH~KOpn>YgE�Lb]rn>GJ]>~KO�dFGJjKtMO�WMZ\Y��ª>q¦oO%lkO1^b�]>E\O�Z>oO�lkO#��GJnaWMZHYgGJn>n>O�NPO�nkZSO�Z.l>L�n>^`�J]>O�dgdgO._>EHGJ_aGJEHZ\Y[GJn�� � § OMq>O�NP_>dgO
Z\EcLbY[Z>oOVY�WMYVoO�ZcLbnkZS_aL�E\ZHY�WM]>dgY�eO�EHOpN�O�nkZ�^\Y[NP_>dgOKh�GJn�EHOpN�L�EM�J]>OVlkYgEHO�W�ZHO�NPO�nkZV�K]7O � � Op^HZSdgOmWMGJN�_AGK^ML�nkZF_aO�E\ZHYgn>O�nkZi� � Op^
WpL�d�WM]>dg^2WMGKnkªAEHN�Opn�Z1WMO�W\X>GJYq�W�LbE%]>n7O�lkYgN�Ygnk]>Z\Y[GJnrlk]�ZML�]kq�lkO�l�oOM��L�Ygdgd�L�naW�O2E>oO�^\Y®l;]>O�d �  l>Lbn>^%]7n EcL�_7_aGJEHZ2lkO
Q��2n�§¬Lb]>ZHGJEHYg^HO2�J]�§ ]>nrI�LbYgn,lkO2lkO�]kq,X7O�]>EHOp^.^H]>E#d®L�jaGJEHn>O1Ygnk�KoO�E\YgO�]>EHO1Ygn>YgZHY�L�dgO2��Yf� OJ��� ��� ��� � � � ���AD�LbE.WMGKnkZHE\OKh5d�L
^\YgN�_>dgO.lkYg~kY[^\YgGKn"_aL�E`Z\EHGKYg^`lk],ZML�]kq � � lkGKn7n>O%]7n>O%jAGKE\n>O2lkO5� ��� ��� yJ�Kz � �J]>Y�L�^\^H]>E\O2df§ GJjKtMO�WMZ\Y«��ª7q¦oOJ� � §¬L�dgdg]>E\O
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Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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