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C&DFE+GHD�IHD�J#K@LMJONQPRPQJ+D,ISIUTWV8D2LXKHY[Z]\�V+D�P_^�\�G`ISKba8V8c�NRJ+d�KHY+DFNRJ+e�NRV+D�J+e,D-LMJ+V[KbY8D
E8GHD�fXLMPQD,J+e�Dg\M^ ? PRh�Y+D,NQZ]D�G,ijIkV+NRISD2LMISDl\MGkV+D,ZmD,J�KbNRL8n�C&D@LXGHd�a+D.KHY�LXKoKbY8D NRPRPQJ+D,ISIUT
V8D2LXKHY�Zm\4V+D�P:NRIqprD�KHKHD,GsKbY+LMJ-LoIHa+GUf�NQfXLMP$Z]\�V+D�Pt^�\�GsKbY+NQI�E8a+GHEr\�IHDXnvuWJlKbY+NQI_Zm\�V+D,P
KHY+D>prD,IUKve7Y8\�NRe�D�^�\�GwKbY8D>p�LMISNReqKbNQZ]D�TWIHe,LMPRDsNQIvLXd�DMnyxsY8D,J.z{D>E+GSD,IHD�J�KsD6|�KbD�J+IHNQ\�J+I{\M^
KHY+NRI�Z]\�V+D�P#^�\MG}NRJ8e,\�GSE/\�GHLXKbNQJ+d_e,\�fXLMGHNRLXKbD�IyLMJ+V~K7LM�#NRJ8d�LMe,e�\�a+J�Kw\M^�L>E/\MIHIHNQp+PRD{D��/D,e6K
\X^se2LMPQD,J+V+LMG�KHNRZmDMnl��LMPQD,J+V+LMG�KHNRZmDoNRI�NRJ�KbGS\4V+a8e,D,V&f4NRL@L@E+GH\�Er\�GUKbNR\MJ�LMPyNQJ#KHD,J+ISNQKWc
Zm\�V+D,P%n.C�D]d�NQfMDmKHY+D`PQNR�MD�PRNQY+\4\�VF^�\�G~L@ZmN)|4D,V&V+NRISe,GHD6KbD�TWe,\MJ#KHNRJ#a+\�a8I�\�p+ISD,GUfML�KbNR\MJ
E+LXKHKHD,GHJ�^�GS\�Z�KHY+NRIkZm\4V8D,P��me,PQNRJ+NQe2LMP�ISKbLXKba8ImNQIk\�p+ISD,GSfMD,V�LXKkV+NQIHe,GSD�KHDgf�NQIHNQKUT�KHNRZmD,I
zqY8NRPRD�KbY+D�V�L�KbD�\M^�V+D2L�KbYgNRI�\Mp+IHD�GSf�D�V�D�|+LXe�KbP)c \�G�GSNRd�Y�KUTWe,D�J+IH\MGHD,Vtn�xsY8D�E/D�J�LMPRNQh,D�V
PQNR�XD,PRNQY+\�\4V�LME+E+GS\�LMe7Y9LMPRPQ\0zqI~Kb\�J+\�J4T�E�LMGHLMZ]D6KbGSNRe2LXPRPQc�D�ISKHNRZ]LXKbNQJ+d-KbY+D.KHGbLMJ8IHNQKHNR\�J
NQJ�KbD,J8IHNQKHNRD�I,n ? E+E+PQNRe2L�KbNR\MJ-\�JFKbY+DoV�L�K7L.\M^�KbY+Dm��LM�#a+NRV�ISKHa+V8c�LXPRPR\�zqI>KH\gE+GH\�V+a+e�D
D�ISKHNRZ]LXKbD�I~\M^vKbY+D]LMd�D�TWIHErD,e�NQ��e]NRJ+e�NRV+D�J+e,Dm\M^sV8D,ZmD,J�KbNRLlKb\Md�D�KHY+D,G�zqNQKHY�Zm\�GSKbLMPRN)KWc
GHLXKbD�Iw\M^rp/\XKbYoV+D,ZmD,J�KHD,VmLMJ+VoJ+\�J�TWV+D�Z]D�J#KHD,VoIHa8p��SD,e6KbI,n�xsY+D�JmKHY+DsD��/D,e6K�\M^/e2LMPQD,J4T
V+LMG>KbNQZ]D~LMJ+VFD�V+a+e,LXKbNQ\�J�LMP�PRD�fMD,P}LMGHD*IUKba+V8NRD,Vtn~�:\�z�D,V+a+e,LXKbNQ\�J�LMP
PRD6f�D�PyNRJ+e�GHD,LMIHD�I
KHY+DsGHNQIH��\M^rV+D,ZmD,J�KHN�L8n�xsY+DsGHNQIH��\X^�V+D,ZmD,J�KbNRL�NRJ+e�GHD,LMIHD�I�zqN)KbYke,LMPRD�J+V�LMG}KHNRZmD{zqY+NQPRD
KHY+D�Zm\�GSKbLMPRN)KWco\M^$V+D,ZmD,J�KHD,VlV+D,e�GHD2LXIHD,I�n{xsY8D�Z]\�IUKsPRNQ�MD�PQcmD6|4E+PRLMJ�LXKHNR\�J.\X^
KHY+NRIvGHD6T
ISa+PQK{IHD�D,ZmI{KH\�prD>NRJ]L~ISY+NQ^�K{NRJoKbY8D>V+NRLMd�J+\�ISNRI�\M^:V8D,ZmD,J�KbNRL�Kb\�zvLMGHV8IvD2LXGHPRNQD,G�ISKbLMd�D�I
\X^yKbY+D�V+NRISD2LMISD�E+GS\�Z]E4KbD,V�p#c�L`e7Y�LXJ+d�D*NQJ@KbY8D�ErD,GHe�D,E8KHNR\�J�\M^�V+D,ZmD,J�KHN�L`LXJ+V�KbY8D
LXGHGHN)fXLMPt\M^�J+D6z�V+GHa8d�I,n

�����`�v ��6¡~¢v��£S¤�¥ � ? PRh,Y8D,NRZmD,G�i¦IwV8NRIHD,LMIHDX§#V+D,ZmD,J�KbNRL8§�NQJ+e,NQV+D,J+e�DM§#NRJ�KHD,GSfXLMP¨TWe�D,J+IS\�GHD�V
V+LXK7L8§ = LMGH�X\�fgZ]\�V+D,PQI,§+Z�a+PQKHN)TWIUK7LXKHD>Zm\4V8D,PRI�n
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��\�GwKHY+D�E8a+GHEr\�IHD_\M^tD,ISKHNRZ]LXKbNQJ+d�KbY8D�NQJ+e,NQV+D,J+e�D�\X^ ? PQh,Y+D�NRZmD,G�i¦I�V+NQIHD2LXIHD_\�G�V+D,ZmD,J4T
KHN�LkLMJ8V \M^}a8J+V+D,GSISKbLMJ+V+NQJ+dkKbY+D�GSD,P�L�KbNR\MJ+IHY+NQE.prD�KWz{D,D,J@NRJ+e�NRV+D�J+e,D�LXJ+VgE+GHD6fMLXPRD,J8e,DM§
V8NRIHD,LMIHD@\�J+ISD�K`LMJ+V[V+D,LXKbY9IHY+\Ma+PRV9p/D*�S\�NRJ�KHPQc�Zm\4V8D,PRPQD,V a+ISNRJ+d�LMJ�NQPRPRJ8D,IHI TWV+D,LXKbY
Zm\�V+D,P%n>xsY+DkLXNRZ \M^wKbY8NRI>E+LME/D�G�NRI_Kb\.V8D,IHe�GHNQp/D*ISa+e7Y L.Z]\�V+D�P�§�Kb\ V+D6f�D�PR\�EFIS\�Z]D
LXE+E+GH\�LMe7Y+D,I ^�\�G`ISK7L�KbNRIUKbNQe2LMP�NRJ8^�D�GHD,J8e,D�LMJ+VOKH\�d�NQfMDFIH\�ZmD-V+D�IHe,GSNRE8KHNQfMD D�E+NRV8D,ZmN)T
\MPR\�d�NQe2LMPsGSD,ISa+PQKHI,n xsY+DFLME8E+GH\�LXe7Y[K7LM�XD,I NRJ�KH\�LMe,e�\�a+J�K KbY8D-V+NRISe,GSD�KbD�E�LXKHKHD,GSJO\M^
\Mp+IHD�GSfXLXKbNQ\�J+Iy^�\�GyKHY+Dqe,PQNRJ+NQe2LMP�ISKbLXKba+I�LMJ8VmNQJ�f�D,IUKbNQd�LXKbD�IwKbY+DsEr\�IHISNRp+PQD�KbGSD,J+Vm\M^/NRJ+e�N)T
V8D,J+e�D�LMJ8V@Zm\�GSKbLMPRN)KWcmGbLXKHD,IszqNQKHYle,LMPRD�J+V�LMG�KHNRZmDMnyxsY8NRIqE�LMErD,GqGHD�PRNQD,Is\�JgE+GSD�f�NR\�a8I
z{\�GS��\�J�NRJ�KHD,GSfXLMP�e,D�J+IH\�GSNRJ+d NQJFIHa+GUf�NQfXLMPyV�L�K7L LMJ�LXPQc�IHNQI�� � T����}LMJ+V�\�JFZ*a8PQKbNQISKbLXKbD
Zm\�V+D,PQI����0T����%nvxsY+D~LMJ�LMP)c�IHNRIq\M^}NRJ�KbD�GSfXLMP¨TWe,D�J+IH\MGHD,V@\�p+ISD,GSfXLXKHNR\�J8Iq^�GS\�Z Z*a8PQKbNQISKbLXKbD
Zm\�V+D,PQI~zvLMIkISKHa+V+NRD�V�NRJ�IS\�ZmD.GHD�e,D,J�Koz{\�GH��� � � T �"! �$#�zvD Y+L�fMD d�NQfMD,J�GSD�f�NRD6zqIk\M^
KHY+D,ISD�z{\�GS��I%� � ��T � �&��n
uWJ IHD,e6KbNQ\�J © §�Z]\�V+D,PQI.zqNQKHY NQJ+e,GSD2LMISNRJ+d IH\ME+Y+NRIUKbNQe2LXKHNR\�J LMGSD E8GHD,ISD,J�KbD�V��[z{D

LXGHd�a+D KHY�LXK]L ISa+GSf�N)fMLXPsZ]\�V+D,PvNRIoJ+\MK]LMV�LXE8KbD�V KH\ KHY+DgISKba8V8c \M^>V8D,ZmD,J�KbNRL&LMJ8V
KHY�LXK>L`IbL�KbNRIU^�LMe�KH\�GSc ^�GHLMZmD�z{\�GH�gNRIqKbY+LXK>\X^�LMJ-NQPRPRJ8D,IHI TWV+D,LXKbYlZm\4V+D�P�n�C&D�E+GSD,ISD,J�K
pr\MKHY L-ISK7L�KbNR\MJ�LMGSc Zm\4V8D,PvNQJ�zqY+NQe7Y9LXd�D.NRI�KbY+D p+LMIHNQe`KbNQZ]D�TWIHe,LMPRD]LMJ+V L�Zm\�V+D,P
NQJlzqY8NRe7Y�KHY+D~KHGbLMJ+ISNQKHNR\�JlNRJ�KbD�J+IHN)KbNQD,IqZ`L2cgV+D�E/D�J+VF\�J@e2LMPQD,J+V�LXG_KHNRZmDMn�uWJ-ISD,e6KbNR\MJ
' KbY+DlE+GS\�p+PRD�Z \M^�D�ISKbNQZ`L�KbNR\MJ \X^�KbY+DlZm\4V+D�PqNRIkKbGSD2LXKHD,V�n�uWJ�ISD,e6KbNR\MJ�(�GSD,ISa+PQKHI
a8IHNRJ8d V+NQ�/D,GSD,J�K�Z]\�V+D�PRI�LME8E+PRNQD,V-Kb\.KHY+DoV�LXKbL.\M^�KbY+Dm�}LX��a8NRV�ISKHa+V8c�§
L.e�\�Y+\�GUK�\M^
' �)� © ISa+p��SD�e�KbI*zqN)KbY � � c�D,LMGHI�\M^s^�\�PRPQ\�z�TWa+E�§�LMGSD`E+GSD,IHD�J�KbD,Vtn A D�IHa+P)KbI*a8IHNRJ8d@KbY8D
IUK7LXKHNR\�J+LMGScmZm\4V+D�P�d�NQfMD�LMJ.NQV+D2L~\M^:KbY+D>LMd�D�TWIHErD,e�NQ��e>NRJ+e�NRV+D�J+e,D>LMJ+V.KbY8D>Zm\�GSKbLMPRN)KWc
GHLXKbD�I`\M^�p/\MKHY[V+D�Z]D�J#KHD,VOLXJ+V[J+\�J�TWV+D�Z]D�J#KHD,V[ISa+p��SD�e�KbI�n xsY+D�JOE/\�ISIHNQp+PRDlD��/D,e6K
\X^{e,LMPRD�J+V�LMG_KbNQZ]D~NRI�NQJ#fMD,IUKbNRd�LXKbD�V�n ; D,E�LXGbLXKHDoLMJ�LMP)c4ISD,I�^�\�G�Z]D�J�LMJ+V-z{\�ZmD,J LMGHD
E8GHD,ISD,J�KbD�VFLMJ+V KHY+D�D��/D,e�K�\M^�D,V+a8e2LXKHNR\�J�LXP�PRD6f�D,P:NQIqISKba8V+NRD�V�n
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=?>A@ B C4DFEHGAIKJ/LNM�OPMQOSR/TVUWI�U�MXG�Y/TZC\[FG�EH]
uWJ]KbD,GSZ \M^:GbLXJ+V+\�Z fXLMGSN�LMp+PQDM§�KbY8D�V+NQISKHGHNRp8a8KbNQ\�J]\X^$LMd�D_\M^:\�J8IHD�K_^�\M^ ? PRh,Y8D,NRZmD,G�i¦I
V8NRIHD,LMIHD`\�G~V8D,ZmD,J�KbNRL�e2LMJ�p/D.Zm\�V+D,PQPRD,V`#}KbY+D]Y�LMh,LMGHV�^�a8J+e�KHNR\�J�NQI�e�\�J+IHNQV+D,GSD,V LMI
KHY+D&LMd�D6T�IHErD,e�NQ��e�NRJ8e,NRV8D,J+e�D&\M^~KbY+D V+NQIHD2LXIHDMn uWJ KHY+D ^�\MPRPR\�zqNQJ+d�z{D&zqNRPQP>^�\�e,a+ISI
\MJ9V+D�Z]D�J�KbN�LFGHLXKbY+D�G*KbY�LXJ ? PRh,Y8D,NRZmD,G�i¦IkV8NRIHD,LMIHDlprD,e2LXa+IHDgKbGSD2LXKHNRJ+d ? PRh,Y8D,NRZmD,G�i¦I
V8NRIHD,LMIHD>GbLMNQIHD,I{KbY+D�LXV+V+NQKHNR\�J+LMP�E+GH\Mp+PRD�Z \M^:zqY+LXK�Kb\�V+\�zqNQKHY.IHa8p��SD,e6KbIqV+D�fMD,PQ\�E+NRJ8d
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\XKbY+D�GqKWc�ErD,I_\M^�V+D,ZmD,J�KbNRL8n
= \�V+D�PRNRJ8dk\M^
\�J+IHD6K_\M^}V8D,ZmD,J�KbNRL*e2LMJlp/D�E8a8KqNRJ.KHD,GHZmIs\M^�ISKH\4e7Y�LXISKbNQe�E+GH\�e,D�IHI�n

��\�GoD,LMe7Y�ISa+p��SD,e6K���zvD@Z`L2c�V8D���J+D�L&E+GS\4e�D,ISI�����LMI������
	���
 � N)^�IHa8p��SD,e6K.NRI
J8\�J4TWV8D,ZmD,J�KbD�V�LXK�	�§�������	���
 � NQ^�IHa+p#�SD,e�K�V+D�Z]D�J#KHD,V@LXK�	�n
xsY+D�Y�LMh,LMGHVg^�a+J+e6KbNQ\�J ^�\�GsIHa+p#�SD,e�K���NRI
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'va4K�zqY�LXK�NRI�KbY+DkGS\�PRD*\X^{V8D2LMV�IHa8p��SD,e6KbI�( ? GHD�KHY+D�cFGSNRd�Y�KUTWe,D�J+IH\MGHD,V)(OxsY+NRI
E8GH\�p+PQD,Z e2LMJgJ+\MK�p/D�J+D�d�PRD�e�KHD,Vlp/D�e2LMa+ISD ? PRh�Y+D,NQZ]D�G,ijI�V+NQIHD2LXIHD�D,ISIHD,J�KHN�LMPQPQc]\4e�e,a+GSI
NQJgE/D�GHIH\MJ+Iq\�PRV+D�G�KbY�LXJ � ! IS\mKHY�LXKsKbY8D�Zm\�GUK7LMPQNQKWcmGbLXKHD,I_LMGSD�Y8NRd�Y #4NRJ ^�LMe6K2§�LMIse,LMJ
prD�ISD,D,J ^�GS\�Z �+d�a+GHD�I © LMJ+V ' KHY+D�c.LMGHD>Y+NRd�Y8D,G{KHY�LMJ.KHY+D�NRJ+e�NRV+D�J+e,D>\M^$V+D,ZmD,J�KHN�L8n
*_D,GSDvzvD�LMGHD{J+\MKyV8D2LMPQNRJ+dqzqNQKHY*E�LXKSKbD,GSJ+Iy\M^�\Mp+IHD�GSfXLXKbNQ\�J+I�p+a8K}zqN)KbY*Zm\�V+D,PQI
^�\�G$KbY8D
e�PRNQJ+NRe,LMPtIUK7LXKHa+I>\M^�KbY+D�IHa8p��SD,e6K2��e�D,J+IS\�GHNQJ+d]ErD,GUK7LMNQJ+IsKb\oKbY+D�\�p+ISD,GUfML�KbNR\MJ@E�L�KHKbD�GHJ�§
zqY8NRPRD V8D2LXKHY9NQI]L�e,PQNRJ+NQe2LMP{ISKbLXKba+IoJ+\XK]GSD,E+GSD,ISD,J�KbD�VONRJ�KbY+NQIoZ]\�V+D,P%n�u�^�V+D,LXKbY NRI
KHGHD,LXKbD�V9LXIoL�e�D,J+IS\�GHNQJ+dFfXLMGHNRLMp+PRDX§}KbY8NRI*ZmD2LMJ8I*KbY�LXKkz{Dg\�p+ISD,GSfMD)��^�\�GoL-ISa+p��SD,e6K
V4c4NQJ+d@zqN)KbY+\Ma8K�V8D,ZmD,J�KbNRL+�>KbY�LXK�KbY8D]KbNQZ]Do\M^�\�J+IHD6K�\X^sV+D,ZmD,J�KHN�L@NQI~PRLMGHdMD,G�KbY�LXJ
KHY+D.KbNQZ]D]\M^_V+D2L�KbY�n,'va8KkKbY8NRI*Y�LXIkGHD2LXPRPQc&J+\FZmD2LMJ8NRJ+dFISNRJ+e�DgL-IHa+p��SD�e�KozqY+\�NRI
V8D2LMV�e,LMJ�J+\MKkV8D�f�D�PR\�E V+D�Z]D�J�KbN�L4n-xsY+D Y�LMh,LMGHV�^�a8J+e�KHNR\�J�z{\�a+PQV�GHD�E+GHD�IHD,J�KoKbY8D
GSNRIS�@\M^�V+D6f�D�PR\�E+NQJ+dgV+D,ZmD,J�KHN�L.Z]LMGHd�NQJ�LMPQPQc GSD,P�L�KbNQfMD,P)clKH\.KbY+D*f�N)K7LMP�ISK7L�Kba+I�§$LMJ+V�NQK
NQI�J+\MK�e�PRD2LXG>zvD6KbY+D�G�KHY+NRI�e,LMJ�p/DkNQJ�KbD,GSE+GHD6KbD�V�LMI�KHY+DkNRJ+e�NRV+D�J+e,Dk\X^vV+D�Z]D�J�KbN�L4n*u�^
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J8\�J4TWGSD,IUKbGHNQe�KHD,V J+\�J4T�E�LMGbLXZ]D6KbGHNQekNRJ8^�D�GHD�J+e,Dmp�c ��GUc�V+Z`LXJ�� � � T � ' �%§:zqY+\@E8GH\�Er\�IHD�V
LXJ 7 = LMPRdMGHNQKHY+Zln ? J@L�KHKbGHLMe�KHNQfMD�LME+E+GS\�LMe7YgNRI�KH\ma8IHD�L*IHZm\4\XKbY J+\�J�TWE�LMGHLMZmD�KbGSNRe
LXE+E+GH\�LMe7Y9ISa+e7Y9KHY�LXKmLMe7Y8NRD�fMD,V9p#c�E/D�J�LMPRNQh,D�V PQNR�XD,PRNQY+\�\4VP� � (�T �"! �%n�uWJ KbY8DlISD,ZmN)T
E+LMGbLMZmD�KHGHNQe�e,LMIHD>zqY8D,GHD>\�J+D>p+LMIHD�PRNRJ8D�^�a+J+e6KbNQ\�J.NRI�D,IUKbNQZ`LXKHD,V`^�\MG{D,LMe7Y.KbGHLMJ+IHN)KbNQ\�J�§
KHY+D�E/D�J�LMPQNRh,D�VgPRNR�XD,PQNRY+\�\4V]NRI��

��� ��� � & � � � ����� 
 � ��� � & � � � ����� � �� � ������� �
� ���� � � � ��
� � ������� � � � �
zqY8D,GHD � NQI�KbY8D*PR\�dMPRNR�XD,PQNRY+\�\4Vt§ � � & �qNRI_KbY+D*Z]LXKHGHN)|l\X^wp�LMISD,PRNQJ+D�Y+LMh2LMGSV-^�a+J+e6KbNR\MJ+I,§� NQI�KHY+D�LMGSGbL2co\M^:fMD,e�KH\�GHIv\M^:GHD�d�GHD�IHISNR\�J.E+LMGbLMZmD�KHD,GSI � �
� §�� GSD,E+GSD,ISD,J�KbI�KHY+D>V�L�K7L8n
xsY8D�ErD,J�LMP)KWc�KbD�GHZ D6|4e�PRa+V+D�I]KHY�LXKmV+NRISe,GSD�KbD@\�Goa+J+ISZ]\�\MKbY ^�a+J+e6KbNQ\�J+ImZ`L�|4NQZ]NQh,D
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� � ��� � & ��� � � ���6n
xsY+DqIH\MPRa8KHNR\�J*\X^rKHY+DsErD,J�LMPQNRh�D,VkPRNQ�MD�PRNRY8\4\�V�NQIwLME+E+GS\2|8NQZ`L�KbD,Vka8IHNRJ8dL~p�LMIHNQIv\M^$ISE+PRNQJ+D,IvLMJ+V.e,LMJgLMPQIH\�prD�e�\�Z]E8a8KbD�V.a+IHNQJ+dkL�GS\�p+a+IUK�	�D6zsKb\�J�T A LME+Y+IS\�J
LXPRd�\�GSNQKHY+Z@n xsY8D.e,\�ZmE+a8KbLXKbNQ\�J&LMGHD]IHNRZmE+PQD,G�zqY+D,J�KHY+D,GSD.NRI~J+\�KbNQZ]D�TWV+D�E/D�J+V+D�J#K
fXLMGSN�LMp8PRD,IkprD,e,LMa+ISD@N)KoNRIkEr\�IHISNRp+PQDgKH\�GHD,E8GHD,ISD,J�K`KHY+D KbGHLMJ+IHN)KbNQ\�J NRJ�KbD�J+IHN)KbNRD�Ik\�J9L
p+LMIHNQI�\M^ '�T�IHE+PQNRJ+D�I�LMJ+V-KHY+Dke,a8Z*a+P�L�KbNQfMD�NQJ#KHD,J+ISNQKHNRD,I�\�J�L.p�LMISD*\M^�u�TWISE+PRNQJ+D,I_zqNQKHY
KHY+D�IbLMZmD�e,\�D��me�NRD,J�KHI,§�KbY#a+I�L2f�\�NQV+NRJ+dkIS\�ZmD�J#a+ZmD,GSNRe,LMP�NRJ�KHD,d�GHLMPRI � ! �%n
? e,\�ZmZ]\MJ`E+GS\�p+PRD�Z \M^
LMPQP�KHY+D>ISZ]\�\MKHY+NRJ+d�ZmD�KbY8\4V+I{NRI�Kb\*e7Y8\4\�ISD>KbY8D>V+D�d�GHD�D

\X^�IHZm\�\MKbY+J8D,IHI�\M^�KHY+DmD,ISKHNRZ]LXKb\MGHI,n.�vGH\�ISIUT�fMLXPRNRV+LXKbNQ\�JFY�LMI�p/D�D,J KbY+D]Z]\�IUK�\M^�KbD�J
a8IHD,V�ZmD�KHY+\4Vtn uWJ�LMJ[NQPRPRJ8D,IHI TWV+D,LXKbY9Z]\�V+D�P�§s\�J+D�Y�LMI`KH\�Z`L0|8NQZ]NQh,D KbY8D-e,GS\�IHI T
fXLMPQNRV�L�KbNR\MJ�e,GSNQKbD�GHNQ\�J ����� �

�
��� �

�
��� �

�
��� �*\�J KbY+DgKbY+GSD,DlIHZm\4\XKbY+NQJ+d�E�LMGbLXZ]D6KbD,GSI�#

KHY+NRIsNQIsV+N �me�a+PQKqp+a4K�Z]L2c.prD�V+\�J+D�LME+E8GH\2|4NRZ]LXKbD�PQc]p#cgdMGHNRV ZmD�KHY+\�V+I,n
xsY+D�GHD�Y�LMIsprD,D�J@GSD,P�L�KbNQfMD,P)c]^�D6z z{\�GH�#I_\�J KbY+D�LXISc�Z]E4Kb\MKHNRe�E+GS\�E/D�GSKHNRD,Is\X^
KHY+NRI

LXE+E+GH\�LMe7Y��*IS\�Z]DmGHD�IHa+P)KbI~\�J&KHY+D.LMIUc�Z]E8KH\MKbNQeoE+GH\�ErD,GUKbNQD,I�\M^�KbY8D]ErD,J�LXPRNRh�D,V&PRNR�XD6T
PQNRY+\�\�V�Y�L2f�DkprD,D�J�d�NQfMD,JFp�c���a � � ���yp+a4K�Kb\ \�a8G��#J+\�zqPRD,V8d�DM§:J+\XKbY+NQJ+d.Y�LMI�prD,D�J
E8a+p+PRNQIHY+D�V-\�J-KHY+D*E+GS\�E/D�GSKHNRD,I�\M^wKbY8DkLME+E+GS\�LMe7YFe�\�Z*p+NQJ+NRJ+dmErD,J�LMPQNRh�D,V-PQNR�MD�PRNQY+\4\�V
LXJ+V@e�GH\�ISIUT�fMLXPRNRV+LXKbNQ\�J�n�*_\0z{D�fMD,G�IHD�fMD,GHLMP�ISNRZ*a8P�LXKHNR\�J.IUKba+V8NRD,I%� ! § � (+§ � ! § © � �:Y+L�fMD
ISY+\�zqJ�d�\�\�V D,ZmE+NRGSNRe2LXPtE+GS\�E/D�GSKHNRD,Is\X^}KbY8D,IHD�D�ISKbNQZ`L�Kb\�GSI,n
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xsY8D�LME+E+PQNRe2L�KbNR\MJ`NRIvp�LMIHD�V@\MJ.KbY+D���LM�#a+NRVgGHD�IHD,LMGHe7YlE+GH\Md�GbLMZmZmD � ©R� �%§+L*E+GS\�IHErD,e�T
KHNQfMDle�\�Y+\�GUKoISKHa+V8c \M^>Z]D�J#KbLMPsLMJ8V9E+Y�c�IHNQe2LMP_LMdMNRJ+d-KHY�LXKoD�fXLMPQa�LXKHD,IoIH\�e,NRLMP�D,J�f�N)T
GS\�J+ZmD,J�K>LMJ+V�Y8D2LMP)KbYlISK7L�Kba+I�nsxsY+D~KbLMGHd�D6K_E/\�E8a+P�LXKHNR\�Jge�\�J+IHNQISKHI�\M^yIHa+p��SD�e�KHI�LMd�D�V
� ! c�D2LXGHIlLMJ+V�\�PQV+D,G PQNQf�NRJ+d�LXKgY+\�ZmD-NQJOIH\�a8KHY�zvD�ISKbD�GHJ ��GHLMJ+e,DXn xsY+D�p�LXIHD,PQNRJ+D
fXLMGSN�LMp8PRD,I{GHD�d�NRIUKbD,GSD,VgNRJ8e,PRa8V+D,VgIH\�e,NQ\XTWV8D,Zm\�d�GbLXE+Y+NReq^�LMe6Kb\�GSI,§+ZmD,V+NQe2LMP/Y+NRIUKb\�GUc LMJ8V
E8ISc�e7Y+\�ZmD�KHGHNRe-KHD,IUKbI,n���NRLMd�J+\MIHNRI]\M^�V+D,ZmD,J�KHN�L�z�LXI Z`LMV8D�LMe,e�\�GHV+NQJ+d�Kb\ L�KWz{\
IUK7LMdMDkE+GH\�e,D�V+a+GHDX��KbY+DkE8ISc�e7Y+\�PQ\�d�NRIUK�zqY+\ ��PRPQD,V-KHY+Do��a8D,ISKHNR\�J8J�LMNRGSD*IHe�GHD�D,J+D�V&KbY8D
ISa+p��SD�e�KbI_LMI{E/\MIHIHNQp+PQcmV+D�Z]D�J�KbD,VlLMe�e,\�GSV+NRJ8d~Kb\�� ;8= TWuSuHu�T A \�G{J+\MK�#8IHa8p��SD,e6KbIqe,PRLMIUT
ISNQ��D�V[LMImEr\�IHN)KbNQfMD zvD�GHD�PRLXKbD�GoIHD,D�JOp�c L&J+D�a+GH\�PQ\�d�NQISKkzqY+\&e,\�J8�+GHZmD,V ��\�GoJ+\MK �
KHY+DmV+N�LMdMJ+\�IHNQI�\M^�V+D�Z]D�J�KbN�L@LMJ+V&Z`LMV8D]LlZ]\MGHDoIHErD,e�NQ��emV+N�LXd�J+\�ISNRI,§�LMISIHD,ISIHNQJ+d-NRJ
E+LMGSKHNRe,a8P�LMG�KbY+D�	�u 	���� ; T ? � A � ? e�GHNQKHD,GSN�Ll^�\MG ? PQh,Y+D�NRZmD,G�i¦I~V+NRISD2LMISDMn ; a+p#�SD,e�KHI
z{D,GSD�GHD6T�D�fXLMPQa�LXKbD�V � § ' § ! LMJ+V � LMJ+V � � c�D,LMGHI_LX^�KHD,GvKHY+D�NRJ8NQKbNRLMP�f�NRIHN)K2nw�wGSD�fXLMPRD�J�K
e,LMIHD�I�z{D,GSD�GHD�Z]\�fMD,V�^�GS\�Z KbY+D�IbLXZ]E+PQD�p/D�e2LMa+ISD�N)K_zvLMI_Z]\MGHD�V+N �me,a8PQKsKb\]Y�L2f�D�L
GSD,E+GSD,ISD,J�K7LXKHNQfMD�IHLMZ]E8PRD�\M^/L�Er\�E+a+PRLXKbNQ\�J�NQJ+e,PQa+V+NRJ8d�V+D,ZmD,J�KHD,VmE/D�\�E+PRDXnyxsY+D�GHD�^�\MGHDM§

�@�

H
A

L author m
anuscript    inserm

-00262112, version 1



KHY+NRIqE+GS\4V8a+e,D�VFLmPQD�^�KUT�KbGSa+J+e,LXKbNQ\�JgE+GH\�p8PRD,ZlnvxsY8D~IHLMZ]E8PRD�e,\�J8IHNRIUKbD�V�\M^ ' �)� ! IHa+p�T
�SD�e�KHI,n ��a+GSNRJ+doKbY+D � � c�D,LMGHI�\M^y^�\�PQPR\�z�TWa+Et§V( ' �kNRJ+e�NRV+D�J�K>e,LMIHD�I>\M^}V+D,ZmD,J�KbNRLoz{D,GSD
\Mp+IHD�GSf�D�V \M^tzqY8\�Z � � � V+NRD�V # �0© �2��IHa8p��SD,e6KbIvz{D,GSD>\�p+ISD,GUf�D,V NQJkKbY+D_Y+D2LXPQKbY�coIUK7LXKHD
L�K�KHY+D>PRLMISK�f�NRISNQK�prD�^�\�GSD�V8D2LXKHY ��V8a+D�KH\�KHY+D�NQJ�KbD,GUfXLMP�e,D,J8IH\�GSNRJ+d~E�LMGSK�\M^/KbY+D�Z Z`L2c
Y+L�fMDgV+D�fMD,PR\ME/D�V9V+D�Z]D�J�KbN�LFprD�^�\�GSD V+D2L�KbY�zqNQKHY+\�a8KkprD,NQJ+d�\�p+ISD,GSfMD,V9V+D,ZmD,J�KbD�V �6n
? J-LMJ+LMPQc�IHNQIqY�LMVlp/D�D,J�Z]LMV+D�a+ISNRJ+d`LoKHY+GHD�D6T�ISK7L�KbD�E+GH\�dMGHD,ISIHN)f�D�Zm\�V+D,Pt^�\MGqKHGSc�NRJ8d
KH\.D,IUKbNQZ`LXKHD~KHY+D*Zm\�GSKbLMPRN)KWcgGbLXKHD�NRJ�V+D,ZmD,J�KbD�V�IHa+p��SD�e�KHI � ©�© �%n9*_D,GHD*z{D*a+ISD,VFKbY8D
Zm\�GSD�LXV�LME8KHD,V`NQPRPQJ+D,ISIUTWV8D2LXKHYmZm\�V+D,P%§���GHIUKva+ISNRJ+d�KbY8D�IUK7LXKHNR\�J�LXGSc*fMD,GHISNR\�Jt§�KHY+D,J]NRJ4T
e�PRa+V8NRJ+d]e2LMPQD,J+V�LXG>KbNQZ]DXn�C&D*a+IHD�VFKbY+D*ErD,J+LMPRNQh,D,V�PRNR�XD,PQNRY+\�\4V@LME+E8GH\�LMe7YFV8D,E+NQe�KbD�V
NQJ@ISD,e6KbNR\MJ (+n © LXJ+V@a8IHNRJ8d`e,a8p+NRe�IHE8PRNRJ8D,IqzqNQKbY �k��J8\MKbI_^�\�GsKbY+D~LME+E+GS\2|8NQZ`L�KbNR\MJ \M^
D,LMe7YkNRJ�KHD,J+ISNQKWc�^�a+J+e�KHNR\�J`#MKbY+D{E�LMGHLMZ]D6KbD�GHI}z{D,GSD�D,IUKbNRZ]LXKHD,V*a+ISNRJ+d�L>GH\�p8a+ISK�f�D,GSIHNQ\�J
\X^�KHY+D 	�D�zsKH\�J4T A LME8Y+IH\�J@LMPQd�\�GHN)KbY+Zln
�?> = � J ��I�DFEHJ � E E�O�3ZIA]NM43VI�C\J M�OSOSRF] IAJ/L O�3VM43VI�C\J/M�T I�3%$
��NRd�a+GSD,I © LMJ+V ' IHY8\0z KHY+DgKbY+GSD,DgKbGbLXJ+IHN)KbNR\MJ NQJ�KbD,J8IHNQKHNRD�Io^�\MGoz{\�ZmD,J9LMJ+V9Z]D�J
GSD,ISE/D�e�KbN)f�D�PQc�n ? PRP+KHY+D,ISD>e,a8GSf�D�I�GHNQIHD_ISKHD2LMV+NQPQc*zqN)KbY`LMd�D_D6|4e,D�E8KvKHY+D�Zm\�GUK7LMPQNQKWc*GHLXKbD
^�\MG*V+D,ZmD,J�KHD,V�zv\MZ]D�J�zqY+NRe7Y NRI�ISK7LXp+PRD.a8J#KHNRP �)! n�xsY+D Zm\�GSKbLMPRN)KWc�\M^_V+D,ZmD,J�KbD�V
NQI�Z*a+e7Y&Y+NRd�Y8D,G�KbY+LMJ KHY�LXK�\M^�KbY+DoJ+\MJ4TWV+D�Z]D�J�KbD,V&IHa+p#�SD,e�KHI~zqN)KbY LlE+LXKHKHD,GHJ J+\MK
^�LXGv^�GH\�Z LMJgLMV8V+NQKHNQf�D�GHNQIH�mZ]\�V+D,P%§�KHY+D�LMV+V8NQKbNQ\�J�LMP�GSNRIH�mprD,NRJ8doLMp/\Ma8K � n © ^�\�G�pr\MKHY
ZmD,J-LMJ+V�z{\�ZmD,J�§:Lmf�D,GUc-PRLMGHd�D�NRJ8e,GHD,LMIHD�NRJ+V+D�D,V�n ? PRIS\`N)K�e2LXJ-p/D�IHD,D�J-KbY�L�K>KbY8D
Zm\�GUK7LMPQNQKWc]GbLXKHD�LMJ8V@KbY8D~GSNRIH� \X^yV+D�Z]D�J#KHN�LmLMGHD~LMpr\�a8KqKbY8D~IHLMZ]D�NRJgz{\�Z]D�J@zqY+NQPRD
KHY+D�Z]\MGSK7LXPRNQKWcmGHLXKbD�NRIsY8NRd�Y+D�G�KbY�LXJgKHY+D�GHNQIH�.\M^�V+D�Z]D�J#KHN�LkNRJgZmD,J�n

�?>� ��3VR/D�$ C 
 365/E E��%E ��3PC 
 � MXG�EHJ/DFM�T 3VIA]NE
xsY8D�Zm\�GUK7LMPQNQKWcmGbLXKHD�\M^
J+\�J4T�V+D,ZmD,J�KbD�V�ISa+p��SD,e6KbI_Z`L2c`V+D,e�GHD2LXIHD�NRJge2LMPQD,J+V+LMG�KbNQZ]D
��V+a+DsKb\�ZmN)|�Kba8GHDs\M^re,\MJ+V+NQKHNR\�J8I�LXK ��LMJ+Vme,\MJ+V+NQKHNR\�J8IyD6|4ErD,GHNQD,J+e�D,V]p/D6^�\�GHD � � ##Zm\�GUT
KbLMPRN)KWc�GHLXKbD�\M^�V+D�Z]D�J�KbD,V�IHa+p��SD�e�KHIyZ`L2c�V8D,e,GSD2LMISD�V+a+D�Kb\_p/D6KHKHD,G
Z]D�V+NRe,LMP�e2LMGSDv\�G:KH\
D,LMGHPQNRD�G�V+D�KHD,e6KbNR\MJ@\M^�V+D�Z]D�J#KHN�L8n�uWJ+e�NRV+D�J+e,D�\M^�V+D,ZmD,J�KHN�Loe,\�a+PQVgV+D,ErD,J+V@\�Jle2LMPQD,J4T
V+LMG{KHNRZmDq^�\MG{ISD�f�D�GbLMPtGHD2LXIH\�J+I��wN��yGHNQIH�k^�LMe6Kb\�GSIv\M^:V8D,ZmD,J�KbNRL~Z]L�cmY�L2fMD�e7Y�LMJ+dMD,V NRJ
KHNRZmDM�$^�\�G�NRJ+IUK7LMJ8e,DqNRJ+e�GHD,LMIHNQJ+d~D�V+a+e,LXKbNQ\�J]PQD�fMD,P�IHY+\Ma+PRVmPRD,LMVkKb\~L�V+D�e,GSD2LMISD>\M^3� ��� #
J8D�z GHNQIH�-^�LMe6Kb\�GSI�Z]L2c LME+ErD2LMG�§�^�\�G�NRJ+IUK7LMJ8e,DmE+GHNQ\�J�V+NQIHD,LMIHD]Z`L2c�NRJ�KHD,GS^�D�GHDozqNQKHY
V8D,ZmD,J�KbNRLS#4NQN��}V+D�e,GSD2LMISD>\M^:Zm\�GUK7LMPQNQKWc~GbLXKHD,IvZ]L2coPRD,LMVmKH\�PQD,IHI�IHD�PRD�e�KbD�V.IHa8p��SD,e6KbIsLXK
dMNQf�D�JFLMd�DX§tKbY#a+I>Z]\�GSD~^�GHLMNRP:^�\�G�V+D,ZmD,J�KbNRLS#tNQNRN �vE/D�GHe,D�E8KbNQ\�JF\M^wKHY+D*V+NQIHD2LXIHD*NQJ@KbY8D
Er\�E+a8P�LXKHNR\�J LMJ8V p�c ZmD,V+NQe2LMPvV+\4e6Kb\�GSI ��d�D�J+D,GHLMPsE+GbLXe�KbN)KbNQ\�J+D,GSIoLMJ+V J+D,a8GH\�PQ\�d�NRIUKbI
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LXI*zvD�PRP���Y�LMIke7Y�LMJ8d�D,V�zqY+NQPRD LME8E+PRNQe2LXKHNR\�J&\M^ � ;8= TWuSuHu�T A e,GSNQKHD,GHNRL@^�\�G*V8D,ZmD,J�KbNRL
GSD,Z]LMNRJ8IsIHa+p��SD�e�KHNQf�D ��z{D�IHY�LMPQP�GHD6Kba+GSJlKH\kKbY+NQIsNRJ KbY+D�V+NQIHe�a+IHISNR\�J ��n
C&DsY�L2f�DsZ]LMV+DsLXJkLMJ�LMP)c�IHNRI}NRJ+e�PRa+V+NQJ+d>e,LMPRD�J+V�LMG�KbNRZmD�NRJ�KHY+D�KbGHLMJ+IHN)KbNQ\�J�NQJ#KHD,J4T

ISNQKHNRD,IvLMe,e�\�GHV8NRJ+d�Kb\kL�E8GH\�Er\�GSKHNR\�J+LMP�NRJ�KbD�J+IHN)KWc`Zm\4V8D,PrLMI�V+D�E+NRe6KbD�V NRJ`ISD,e6KbNR\MJ © n�(8nQ§
LXJ+V�LXPRIH\ NQJ+e,PQa+V+NQJ+d D,V+a8e2LXKHNR\�J�LXPyPRD6f�D,P�LMI�Lgp+NQJ�LMGSc@fXLMGHNRLMp+PRD�GHD��+D,e�KHNRJ+d zqY+D6KbY+D�G
KHY+D>ISa+p��SD�e�KbIvY�LMV`\Mp8K7LMNQJ+D,V`L~E+GSNRZ]LMGSc*IHe7Y+\�\�PrV+NRE+PQ\�Z]L8§MKbY8D��b�vD�GSKHNQ��e,LXKvVti 7yKba8V+D
�wGSNRZ]LMNRGSD � �%� 7�� � ��e�\4V+D�V � �wzqN)KbY+\�a4K�� 7���# � �wzqNQKHY�� 7�� �6n�x�LMp+PQD � IHY8\0zqIqKbY8D
D�ISKHNRZ]LXKbD�V&e�\4D �]e�NRD�J#KHI~KH\�d�D�KHY+D,G�zqNQKHY KHY+D,NQG�ISK7LXJ+V�LMGSV�V+D6f4NRLXKbNQ\�J+I�^�\�G�KbY8DmKHY+GHD�D
KHGbLMJ8IHNQKHNR\�J8IvLMJ8V.KbY+D>KWz{\oD6|4E+PRLMJ�LXKH\�GScofXLMGHNRLMp+PQD,I9��KbY+D>D6|4E/\MJ+D,J�KbNRLMPt\X^:KbY+D�IHD�e,\�D�^�T
�+e,NRD�J�KbI�c4NQD,PQV]D�ISKbNQZ`L�KbD,VmGHD�P�LXKHNQfMD_GSNRIS��I �6n ; D�E�LMGHLXKbD�LMJ�LMP)c�IHD,I�Y�L2f�D>p/D�D,J`Z]LMV+Ds^�\�G
z{\�ZmD,J�LMJ8VFZ]D�J�n>C&D���J+V LMI>zvLMI�LXPRGHD,LMV8cl�#J+\�zqJ1� ©R� �}KbY+LXK�ISa+p��SD,e6KbI�zqNQKHY+\�a8K
� 7�� Y�LXV�LgY+NRdMY+D,G�GHNQIH�-\X^vV+D6f�D�PR\�E+NQJ+dlV+D,ZmD,J�KbNRLS#$KbY+DmGHD�P�LXKHNQf�DkGSNRIS��z�LXI�LMpr\�a8K
© ^�\�G_p/\XKbYlZ]D�J-LMJ+Vgz{\�Z]D�J-LMJ8V@zvLMI>Y+NQd�Y+P)c.IHNQd�J+N)��e2LMJ�K,n�xsY+D,GSD~zvLMI_J+\`Z]L0�S\�G
D6�tD�e�K�\M^�D,V+a+e,LXKbNQ\�Jl\�J@Zm\�GUK7LMPQNQKWcmGbLXKHD,I_D6|4e,D�E8K_^�\�GsV+D,ZmD,J�KHD,V�ZmD,JgzqY+D�GHD~LmISNRdXT
J8NQ��e,LMJ�K�GSD,P�L�KbNQfMD]GSNRIS�F\M^ � n ' zvLMI�\Mp+IHD�GSf�D�V�n ? I~^�\�G�e2LXPRD,J8V�LMG�KbNRZmDkzvD]\�p+ISD,GSfMD
IUKbGS\�J+dgD��/D,e6KbI�\�J�pr\MKbYFNQJ+e,NQV+D,J+e�Dk\M^�V+D,ZmD,J�KHN�L LMJ+V�Zm\�GSKbLMPRN)KWcg\M^�V+D,ZmD,J�KHD,V�§$NRJ
pr\MKHY ZmD,J9LMJ+V z{\�Z]D�J�� KbY+DgD�ISKbNQZ`L�KbD,V GHD�P�LXKHNQfMD GHNRIS��\M^>V+D�fMD,PQ\�E+NRJ8d V8D,ZmD,J�KbNRL
LXGHD ' n �"! LMJ+V © n © ��^�\�G � � cMD2LMGSIm^�\�G~zv\�ZmD,J9LMJ+V ZmD,J GHD�IHErD,e6KbNQfMD,P)c�n�C�D Y+L�fMD
Z]LMV+DmLMJ�LMV+V+N)KbNQ\�J�LMP}LMJ�LMP)c4ISNRI�GHD�E+GHD�IHD�J#KHD,V�d�GHLME+Y+NQe2LMPQPQc�\�J ��NRd�a+GSD�(+n]C&D]Y+L�fMD
D�ISKHNRZ]LXKbD�V \�J.KbY+D�dMPR\�p�LXP/IHLMZ]E8PRD�NQJ+e,NQV+D,J+e�D�\M^
V+D�Z]D�J#KHN�LkLMJ8VlZm\�GUK7LMPQNQKWcoGbL�KbD>^�\�G
J8\�J4TWV8D,ZmD,J�KbD�V9p�LXIHD,V \�J � T�c�D2LXG*^�\�PRPQ\0z�T�a+E�LMJ8V9\�J � � T�c�D,LMG*^�\�PQPR\�z�TWa+Etn C�Y+NQPRD
KHY+D�D,ISKHNRZ]LXKbD�Iq\M^}KHY+D~Zm\�GUK7LMPQNQKWc]GbLXKHD�LMGSD�NRJ+V+NQISKHNRJ+d�a8NRIHY+LMp+PRDX§4KHY+D~D�ISKHNRZ]LXKbD�\M^}NRJ4T
e�NRV+D�J+e,Dgp�LXIHD,V \�J KbY+D � � T�cMD2LMGk^�\�PQPR\�z�TWa+E�NRIke,PQD2LMGSPQc�LMpr\0fMDlKHY�LXKop�LXIHD,V \�J�KbY8D
� T�c�D,LMG�^�\�PRPQ\�z�TWa+E�noxsY#a+I~NRJ�KbY+Dm�}LX��a8NRV�V+LXK7L KbY+D�GHDmNRI�LMJ NRJ+e�GHD,LMIHDm\M^vKHY+DmNRJ+e�N)T
V8D,J+e�D�\X^�V8D,ZmD,J�KbNRL�zqNQKbY e,LMPRD�J+V�LMG{KbNRZmDMn���J KHY+D�\MKbY8D,G�Y�LXJ+VgZ]\�GUK7LMPQNQKWcoGHLXKbD�Is\M^
V8D,ZmD,J�KbD�V V8D,e,GSD2LMISD*zqNQKHYFe2LMPQD,J+V�LXG�KbNQZ]DX��KbY+DkGSD,PRLXKbN)f�D�GSNRIS�lNQI>\M^�KHY+D*\�GSV+D,G�\X^ ©
^�\MGsp/\MKHYgZ]D�J�LMJ8Vgz{\�ZmD,J�n

� � � 8;
 ��8 8;�����

uWJ.KHY+NRIvE�LMErD,Gvz{D�Y�L2f�D�ISY+\�zqJgKHY�LXK�KHY+D�NQPRPRJ8D,IHI TWV+D,LXKbY`Z]\�V+D,P�zvLMIqL�d�\�\4V]^�GbLMZmD6T
z{\�GS� KH\�Zm\4V+D�PqV+D,ZmD,J�KbNRL8§�D�IHErD,e,NRLMPRP)c�zqY+D,J9KbY+D@e,PRNQJ+NRe,LMPsISKbLXKba8IHD,I`\M^�IHa+p#�SD,e�KHI
LXGHD*\�p8IHD,GUf�D�V&L�K�V+NRISe,GSD�KbD~f4NQIHN)K>KbNQZ]D�I ��zqY+NRe7YFNQI>NRJ@^�LMe�K�LMPQzvL2c4I�KHY+D*e,LMIHD �6n�xsY+NRI
NQI>D�IHErD,e,NRLMPRP)clGHD,PQD�fXLMJ�K�zqY+D�JFKbY+D*^�\�e,a+I>NRI�V+D�IHe�GHNRE4KbNQfMD #�KHY+D*p+NRLMI�NRJ8e,a+GSGHD,VFNQJ�KbY8D
GSD,PRLXKbN)f�D�GHNQIH�#IqD,ISKHNRZ]LXKb\MGHIqp�c KbGHD,LXKbNQJ+doKbY+D�E+GH\Mp+PRD�Z LMI_L]ISa+GSf�NQfXLMP:Zm\�V+D,P:ISY+\�a+PQV
prDoPR\�z ��LMPQKHY+\�a+dMY N)K�Y�LMI�J+D6f�D,G~p/D�D,J&ISKba8V+NRD�V �6noC�DmY�L2f�Dmd�N)f�D,J�KbY8D]PQNR�MD�PRNQY+\4\�V
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LXJ+V�IHY+\�z{D,V�KbY�LXK�KHY+DkErD,J�LMPQNRh�D,VFPRNQ�MD�PRNRY8\4\�V-LMPQPR\�z{D,V�KH\l\Mp8K7LMNQJ-J+\�J�TWE�LMGHLMZmD�KbGSNRe
D�ISKHNRZ]LXKb\�GSI�\M^�KbY+Dk^�a+J+e6KbNQ\�J+I�\M^vNRJ�KbD�GHD,IUK2§:KbY+LXK�NRI�Kb\gIHL�cM§}LXd�D6T�IHErD,e,N)��eoNRJ+e�NRV+D�J+e,D
\X^}V+D�Z]D�J�KbN�LoLMJ8V@Zm\�GSKbLMPRN)KWcmGbLXKHD,I,n
��a+G�D6|�KbD�J+V+D�V�Z]\�V+D,P�LXPRPR\�z{D,V a+I�Kb\�IUKba+V4c KHY+DmD��/D,e�K�\M^�e,LMPRD�J+V�LMG�KHNRZmDm\MJ

KHY+D,ISD�KbGHLMJ+ISNQKbNQ\�JlNRJ�KbD�J+IHN)KbNRD�I,n_xsY+DkLMJ+LMPQc�IHNQI_zvLMI�LXV��Sa+ISKHD,VF\�J@D,V+a8e2LXKHNR\�J�LXP�PQD�f�D�P�§
LXJ[NRZmE/\MGSK7LXJ#KoGSNRIS� ^�LXe�Kb\MGmKHY�LXK.e,LMJ�fXLMGUc zqN)KbY9e,\�Y+\MGSKbI`LMJ+V�KHY#a+I.e,\Ma+PRV9p/D�L
e�\�J8^�\�a8J+V+D,G�^�\�G�e2LMPQD,J+V+LMG�KbNRZmDoD��/D,e6K2n ? Er\ 7 IUK7LXKHa+I~zqY8NRe7Y�NQI�LXPRIH\lLMJ&NRZmE/\MGUT
KbLMJ�K�GSNRIS�-^�LMe�KH\�G�zvLMI~J+\MK~NRJ+e�PRa+V+D�V�NQJ KHY+D.LMJ+LMPQc�IHNQI�^�\�G�KWz{\-GSD2LMIS\�J+I,�kN ��NQK�z�LXI
L2fXLMNQP�LMp+PQDs\�J`\MJ+PQcmL�IHZ]LMPRP�E+GS\�Er\�GSKHNR\�Jo\M^�fM\�PR\MJ#KHD,D�GHIvNQJ]KHY+D���LM�#a+NRV]ISKba8V8c #+NRN �}NQKbI
V8NRISKHGHNQp+a8KbNQ\�J@LXK�d�N)f�D�JFLMd�D~NRI>J8\MK�PQNR�MD�PQc KH\.e7Y�LMJ+dMD�f�D�GSc-Z�a+e7Y�^�GH\MZ \MJ+D*e,\MY+\�GSK
KH\gLMJ+\MKHY+D,G�LXJ+VFY+D,J8e,DoIHY+\Ma+PRVFJ+\XK�p/DkL.e�\�J8^�\�a8J+V+D,G�^�\MG�ISKHa+V8c�NRJ+d KHY+DkD��/D,e6K�\M^
e,LMPRD�J+V�LMG�KHNRZmDMn�C&DoY�L2f�Dk^�\�a+J8V�L IHa8GHE+GSNRIHNQJ+d�P)c�IUKbGH\MJ+d@D6�tD�e�K�\M^{e2LMPQD,J+V+LMG�KbNQZ]D
\MJ�pr\MKbY�LMd�D6T�IHErD,e�NQ��e]NRJ+e�NRV+D�J+e,Dm\M^sV+D�Z]D�J�KbN�LlLMJ+V�Z]\�GUK7LMPQNQKWc�GbLXKHD]\M^�V+D,ZmD,J�KbD�V
ISa+p��SD�e�KbI�ngxsY+NRI�D��/D,e6K*IHD�D,ZmI�E�LXGSKbNQe,a+PRLMGHP)c�IUKbGS\�J+d�prD�KWz{D,D�J�KbY+D � T�c�D2LXG�LMJ8V&KbY8D
� � T�cMD2LMG�^�\�PQPR\�z�TWa8E�§�LMJ8V-KbY+NQI�NRI�Zm\�GHD�NRJ-^�L2f�\�a8G�\X^vL.e,LMPRD�J+V�LMG�KHNRZmD�D6�tD�e�K�KbY�LXJ
L~e,\�Y+\MGSK{D��/D,e�K ��zqY+NQe7Y LMGHD�ISKbLXKbNQISKbNQe2LMPQPQckNQJ+V+NQISKbNQJ+d�a+NQIHY�LXp+PRDsNQJ.L�E+GS\�Er\�GSKHNR\�J�LXP�NRJ4T
KHD,J+ISNQKWcgZm\4V8D,P�§4IHD�D�IHD�e�KHNR\�J © n (��6n�xsY+NQI_GSD,ISa+PQK_e,\Ma+PRVlp/D�V+a8D~NQJlE+LMGSKqKb\]LMJlD��/D,e6K
\X^{J8\�J4TWZmNRISIHNQJ+d.LXK�GbLMJ+V8\�Z V+LXK7L8�_V+D�Z]D�J#KHD,V IHa+p#�SD,e�KHI�Z`L2c@Y�L2f�DkGHD6^�a+IHD�V KH\ p/D
ISD,D�J`LXK�E8GHD�f�NQ\�a+Iyf�NRISNQKbI�LXJ+VmLMe,e�D,E8K�PRLXKbD�GyE+GH\�fM\��#NRJ+d�LMJmLME+E+LMGHD�J#K�NQJ+e,GSD2LMISDsNRJ*KbY8D
GSNRIS��\M^{V+D,ZmD,J�KHN�L8nkxsY+DoISD,PRD�e�KHNR\�J�\M^�KbY+DkNQJ+NQKHN�LMP��}LX��a8NRV IbLMZmE+PRD�Z`L2cFD�|8E8P�LMNQJ�L
dMGbLMV+a+LMP8LXE+E�LMGSD,J�KwNRJ8e,GHD,LMIHDv\M^�KbY+D�NQJ+e,NQV+D,J8e,DM�
IHa8p��SD,e6KbIyz{D,GHDsISD,PQD,e�KHD,VmLMIyPQNQf�NRJ8d>LXK
Y8\�Z]D�LXK{KbY+D�NRJ+N)KbN�LXP8f�NRIHN)K #�IHNQJ+e,D�IHa+p��SD�e�KHIsPRNQf�NQJ+d�L�KvY+\MZ]D�Y�L2f�D�E+GS\�p�LMp8PQcmL�PQ\0z{D,G
GSNRIS�k\M^�V+D6f�D�PR\�E+NQJ+d�V8D,ZmD,J�KbNRL�KHY�LMJ`ISa+p��SD�e�KbIvPRNQf�NQJ+d�NRJmNRJ+IUKbNQKHa8KbNQ\�J�§�KHY+NRI�IHD�PRD�e�KbNQ\�J�§
J8\MK�KbLM�MD�JFNRJ�Kb\`LMe,e�\�a+J�K2§/Z`L2cgPQD2LMVlKb\.L]p+N�LMI�nqxsY+D = LXGH�M\�f�LMIHISa+ZmE8KbNQ\�J�NQJ�\�a+G
Zm\�V+D,PrLMPQIH\�Z`L2coPRD,LMV]KH\�IS\�Z]D_p+NRLMI,��NRJ+V+D�D,V.N)K�NRI�PRNR�XD,P)ckKbY�LXK�KbY8D�Zm\�GSKbLMPRN)KWc*GHLXKbD�I
\X^}V+D�Z]D�J�KbD,V@IHa+p#�SD,e�KHI�V8D,ErD,J+V@\�JlKHY+D�KbNQZ]D�ISNRJ+e�D�\�J+IHD6K_\M^�KHY+D�V+NRISD2LMISDMn
? Z]\�J8dgKHY+DmIHD�fMD,GHLMP{\XKbY+D�G�D�|4E+P�LMJ+LXKbNQ\�J+I�KbY+LXK�Y�L2f�D.LXPRGHD,LMV8c�p/D�D,J�E8GH\�Er\�IHD�V

NQJ]ISD,e6KbNR\MJ ! §4L�ISY+NQ^�K�NQJ]KbY8D>LME8E+PRNQe2LXKHNR\�Jk\M^tKbY+D � ;+= T�uHuHu�T A e,GSNQKbD�GHNRL�^�\MG�V8D,ZmD,J�KbNRL
ISD,D�Z]I>KHY+D�Zm\�IUK�PRNQ�MD�PQc Kb\`Y�L2f�DkL`IUKbGS\�J+d.D6�tD�e�K2n>u�K�NRI_KbGSa+D~KHY�LXK>KHY+D*ErD,GSe,D,E4KbNR\MJ
\X^:KbY+D�V+NRISD2LMISD�Y�LMI{e7Y�LMJ+d�D�VgLMZm\�J+d�pr\MKHY.d�D,J8D,GbLXP/E+GHLMe�KHNR\�J8D,GHIvLMJ+V J+D�a+GH\MPR\�d�NQISKHI,n
x�z{D,J�KWcgc�D,LMGHI�LMd�\ ? PRh,Y8D,NRZmD,G�i¦IsV8NRIHD,LMIHD�zvLMI_J+\MK_GHD,LMPRP)c`GSD,e,\Md�J+NRh�D,V@LMI_LkV+NRISD2LMISD
NQJ&\MPRV IHa+p��SD�e�KHI,nlxsY+D,GSD`z�LXI~��GSISK�L@E+GS\�d�GHD�IHISNQf�D]GHD�e,\�d�J8NQKbNQ\�J \M^�V+D�Z]D�J�KbN�L@LMI~L
V8NRIHD,LMIHD�LMJ+V[\X^�KbY+D@^�LMe�KmKbY�L�K.Zm\�ISK]V+D,ZmD,J�KHN�L zvLMI.\X^ ? PQh,Y+D�NRZmD,GoKWc4ErDMn xsY+NRI
e7Y+LMJ+d�D]Y�LMI�GSD,e�D,J�KbP)c�prD,D�J�LMe,e�D,PQD,GbL�KbD,V�p#c KbY8D.LME+ErD2LXGbLMJ+e�D.LMJ8V�KbY+D]IHE+GSD2LMV�\M^
e7Y8\�PRNQJ+D,IUKbD,GHLMIHD�NQJ+Y+NQp+NQKH\�GHI�§#KHY+D>��GSISKqD6�tD�e�KbN)f�D�V+GSa+d�I�NQJ.KbY+NQIvV+NQIHD,LMIHDXn�u�K�NRIvKHD,ZmE8KST
NQJ+d�KH\�d�N)f�DvKHY+D,ISD�V+GHa8d�IyIHNQJ+e,D{KbY+D{D2LMGSPRNRD�ISK}ISK7LXd�D,Iy\X^�KbY+D{V+NRISD2LMISDsLMJ+V*KHY+NRI�PRD2LXV+I�KH\
Z]LM�XD>KbY+D>V+N�LMdMJ+\�IHNQIvD,LMGHPQNRD,G�KbY+LMJ p/D6^�\�GHDXnwxsY+NRIv\4e�e,a+GSI�D�fMD,JgNRJ LXJ D,E+NQV+D,ZmNR\�PQ\�d�N¨T
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e,LMP�IUKba+V8cgprD,e,LMa+ISD�KHY+D�z�L2c.KHY+D�J+D,a+GS\�PR\Md�NRIUKbIsLME8E+PQc]KbY+D � ;+= T�uHuSu�T A e�GHN)KbD,GSN�L�^�\�G
V8D,ZmD,J�KbNRL]Y�LMI_e7Y�LMJ8d�D,VF\�f�D�G�KHNRZmDM§�NRJlE�LMGUKbNRe�a+P�LXG_prD,e,LMa+ISD�KbY+D�GHD~NRIqJ+\.\�p#�SD,e�KHNQfMD
\ME/D�GbLXKHNR\�J�LXP+e,GSNQKbD�GHNQ\�J*Kb\�V+\�e,a+ZmD,J�K�KbY�L�K{e�\�d�J+N)KbN)f�DqNRZmE�LMNQGHZmD,J�KyISNRd�J+N)��e2LXJ#KHPQc�NRJ4T
KHD,GU^�D,GHD�IvzqNQKHY`a+ISa�LMP/IH\�e,N�LXP/LXe�KbN)f�NQKbNQD,I�\�G{GHD,PRLXKbNQ\�J+ISY+NREozqNQKHY`\MKHY+D,GSI,nwxsY+D�V8D,e,GSD2LMISD
\X^wKbY+D*Zm\�GUK7LMPQNQKWcgGbL�KbD,I>\M^�V+D,ZmD,J�KHD,V�IHa+p#�SD,e�KHI�NRI>NQJFLMd�GSD,D�Z]D�J#K>zqNQKbY@KbY+NQI>NRJ�KHD,GUT
E8GHD�KbLXKbNQ\�Jl\M^}KHY+D~GSD,ISa+PQKHI,§rIHNRJ8e,D�NQ^}L]IHa8p��SD,e6K�NRIqV+NRLMd�J+\MIHD,Vl^�\�GqNRJ+IUK7LMJ8e,D�\�J+D�c�D2LXG
D,LMPRNQD,G�KHY�LMJ�prD�^�\MGHD�Y+D�IHY+\�a8PRV�PQNQfMD�\�J+D�Z]\�GSD�c�D2LXG�NQJlKHY+D~V8D,ZmD,J�KbD�V-ISKbLXKbDXn�xsY+NRI
D6�tD�e�K}Z]NQd�Y�K}LXPRIH\�e,\�ZmD�^�GH\�Z L�dMD,J#a+NRJ8DvD��/D,e6Ky\M^8KbY+D{J+D�z V+GSa+d�I}\MG�\MKHY+D,G�Z]D�V+NRe,LMP
e,LMGHDXn
= \MGHDmV�LXK7L@LMJ+V�LMJ�LMP)c4ISD,I~LMGHDmJ+D�e,D,ISIbLMGUc&KH\@e�\�J8��GSZ KbY+D�IHD`D6�tD�e�KHI,n u�^vKHY+D,ISD

D6�tD�e�KHI�LMGSD~f�NRISNRp+PQD�NQJlKHY+D*��LM�#a+NRV@ISKHa+V8c�§rKbY+D6clZ`L2clLMPQIH\mp/D�f4NQIHNQp+PRD�NQJ�\MKHY+D,G_e,\XT
Y8\�GSKHI,nyu�^rKbY+NQIyz�LXI�e�\�J8��GSZ]D�VmKHY+NRIyz{\�a+PQVoGbLMNQIHDsZ]L0�S\�GyZmD�KHY+\4V8\�PR\�dMNRe2LXP�E8GH\�p+PQD,ZmI,n
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