
�>���G �A�/�, �/�m�K���b�@�y�R�N�R�R�R�d�N

�?�i�i�T�b�,�f�f�/�m�K���b�X�+�+�b�/�X�+�M�`�b�X�7�`�f�/�m�K���b�@�y�R�N�R�R�R�d�N

�a�m�#�K�B�i�i�2�/ �Q�M �k �L�Q�p �k�y�R�3

�>���G �B�b �� �K�m�H�i�B�@�/�B�b�+�B�T�H�B�M���`�v �Q�T�2�M ���+�+�2�b�b
���`�+�?�B�p�2 �7�Q�` �i�?�2 �/�2�T�Q�b�B�i ���M�/ �/�B�b�b�2�K�B�M���i�B�Q�M �Q�7 �b�+�B�@
�2�M�i�B�}�+ �`�2�b�2���`�+�? �/�Q�+�m�K�2�M�i�b�- �r�?�2�i�?�2�` �i�?�2�v ���`�2 �T�m�#�@
�H�B�b�?�2�/ �Q�` �M�Q�i�X �h�?�2 �/�Q�+�m�K�2�M�i�b �K���v �+�Q�K�2 �7�`�Q�K
�i�2���+�?�B�M�; ���M�/ �`�2�b�2���`�+�? �B�M�b�i�B�i�m�i�B�Q�M�b �B�M �6�`���M�+�2 �Q�`
���#�`�Q���/�- �Q�` �7�`�Q�K �T�m�#�H�B�+ �Q�` �T�`�B�p���i�2 �`�2�b�2���`�+�? �+�2�M�i�2�`�b�X

�G�ö���`�+�?�B�p�2 �Q�m�p�2�`�i�2 �T�H�m�`�B�/�B�b�+�B�T�H�B�M���B�`�2�>���G�- �2�b�i
�/�2�b�i�B�M�û�2 ���m �/�û�T�¬�i �2�i �¨ �H�� �/�B�z�m�b�B�Q�M �/�2 �/�Q�+�m�K�2�M�i�b
�b�+�B�2�M�i�B�}�[�m�2�b �/�2 �M�B�p�2���m �`�2�+�?�2�`�+�?�2�- �T�m�#�H�B�û�b �Q�m �M�Q�M�-
�û�K���M���M�i �/�2�b �û�i���#�H�B�b�b�2�K�2�M�i�b �/�ö�2�M�b�2�B�;�M�2�K�2�M�i �2�i �/�2
�`�2�+�?�2�`�+�?�2 �7�`���M�Ï���B�b �Q�m �û�i�`���M�;�2�`�b�- �/�2�b �H���#�Q�`���i�Q�B�`�2�b
�T�m�#�H�B�+�b �Q�m �T�`�B�p�û�b�X

�.�2�b�+�`�B�T�i�B�Q�M �;�û�M�û�`���H�2 �2�i �û�p���H�m���i�B�Q�M �/�2 �H�ö���i�i�2�B�M�i�2
�?�û�T���i�B�[�m�2 �/�2�b �T���i�B�2�M�i�b �o�A�> �K�m�H�i�B�@�B�M�7�2�+�i�û�b �T���` �H�2�b �p�B�`�m�b
�/�2 �?�û�T���i�B�i�2�b �/���M�b �H�� �+�Q�?�Q�`�i�2 ���[�m�B�i���B�M�2 ���L�_�a �*�P�j�- �/�2

�D���M�p�B�2�` �R�N�N�e �¨ �/�û�+�2�K�#�`�2 �k�y�R�d
�A�M�;�`�B�/ �:���#�`�B�2�H

�h�Q �+�B�i�2 �i�?�B�b �p�2�`�b�B�Q�M�,

�A�M�;�`�B�/ �:���#�`�B�2�H�X �.�2�b�+�`�B�T�i�B�Q�M �;�û�M�û�`���H�2 �2�i �û�p���H�m���i�B�Q�M �/�2 �H�ö���i�i�2�B�M�i�2 �?�û�T���i�B�[�m�2 �/�2�b �T���i�B�2�M�i�b �o�A�> �K�m�H�i�B�@
�B�M�7�2�+�i�û�b �T���` �H�2�b �p�B�`�m�b �/�2 �?�û�T���i�B�i�2�b �/���M�b �H�� �+�Q�?�Q�`�i�2 ���[�m�B�i���B�M�2 ���L�_�a �*�P�j�- �/�2 �D���M�p�B�2�` �R�N�N�e �¨ �/�û�+�2�K�#�`�2
�k�y�R�d�X �J�û�/�2�+�B�M�2 �?�m�K���B�M�2 �2�i �T���i�?�Q�H�Q�;�B�2�X �k�y�R�3�X ���/�m�K���b�@�y�R�N�R�R�R�d�N��

https://dumas.ccsd.cnrs.fr/dumas-01911179
https://hal.archives-ouvertes.fr


�>���G �A�/�, �/�m�K���b�@�y�R�N�R�R�R�d�N

�?�i�i�T�b�,�f�f�/�m�K���b�X�+�+�b�/�X�+�M�`�b�X�7�`�f�/�m�K���b�@�y�R�N�R�R�R�d�N

�a�m�#�K�B�i�i�2�/ �Q�M �k �L�Q�p �k�y�R�3

�>���G �B�b �� �K�m�H�i�B�@�/�B�b�+�B�T�H�B�M���`�v �Q�T�2�M ���+�+�2�b�b
���`�+�?�B�p�2 �7�Q�` �i�?�2 �/�2�T�Q�b�B�i ���M�/ �/�B�b�b�2�K�B�M���i�B�Q�M �Q�7 �b�+�B�@
�2�M�i�B�}�+ �`�2�b�2���`�+�? �/�Q�+�m�K�2�M�i�b�- �r�?�2�i�?�2�` �i�?�2�v ���`�2 �T�m�#�@
�H�B�b�?�2�/ �Q�` �M�Q�i�X �h�?�2 �/�Q�+�m�K�2�M�i�b �K���v �+�Q�K�2 �7�`�Q�K
�i�2���+�?�B�M�; ���M�/ �`�2�b�2���`�+�? �B�M�b�i�B�i�m�i�B�Q�M�b �B�M �6�`���M�+�2 �Q�`
���#�`�Q���/�- �Q�` �7�`�Q�K �T�m�#�H�B�+ �Q�` �T�`�B�p���i�2 �`�2�b�2���`�+�? �+�2�M�i�2�`�b�X

�G�ö���`�+�?�B�p�2 �Q�m�p�2�`�i�2 �T�H�m�`�B�/�B�b�+�B�T�H�B�M���B�`�2�>���G�- �2�b�i
�/�2�b�i�B�M�û�2 ���m �/�û�T�¬�i �2�i �¨ �H�� �/�B�z�m�b�B�Q�M �/�2 �/�Q�+�m�K�2�M�i�b
�b�+�B�2�M�i�B�}�[�m�2�b �/�2 �M�B�p�2���m �`�2�+�?�2�`�+�?�2�- �T�m�#�H�B�û�b �Q�m �M�Q�M�-
�û�K���M���M�i �/�2�b �û�i���#�H�B�b�b�2�K�2�M�i�b �/�ö�2�M�b�2�B�;�M�2�K�2�M�i �2�i �/�2
�`�2�+�?�2�`�+�?�2 �7�`���M�Ï���B�b �Q�m �û�i�`���M�;�2�`�b�- �/�2�b �H���#�Q�`���i�Q�B�`�2�b
�T�m�#�H�B�+�b �Q�m �T�`�B�p�û�b�X

�.�2�b�+�`�B�T�i�B�Q�M �;�û�M�û�`���H�2 �2�i �û�p���H�m���i�B�Q�M �/�2 �H�ö���i�i�2�B�M�i�2
�?�û�T���i�B�[�m�2 �/�2�b �T���i�B�2�M�i�b �o�A�> �K�m�H�i�B�@�B�M�7�2�+�i�û�b �T���` �H�2�b �p�B�`�m�b
�/�2 �?�û�T���i�B�i�2�b �/���M�b �H�� �+�Q�?�Q�`�i�2 ���[�m�B�i���B�M�2 ���L�_�a �*�P�j�- �/�2

�C���M�p�B�2�` �R�N�N�e �¨ �.�û�+�2�K�#�`�2 �k�y�R�d
�A�M�;�`�B�/ �:���#�`�B�2�H

�h�Q �+�B�i�2 �i�?�B�b �p�2�`�b�B�Q�M�,

�A�M�;�`�B�/ �:���#�`�B�2�H�X �.�2�b�+�`�B�T�i�B�Q�M �;�û�M�û�`���H�2 �2�i �û�p���H�m���i�B�Q�M �/�2 �H�ö���i�i�2�B�M�i�2 �?�û�T���i�B�[�m�2 �/�2�b �T���i�B�2�M�i�b �o�A�> �K�m�H�i�B�@
�B�M�7�2�+�i�û�b �T���` �H�2�b �p�B�`�m�b �/�2 �?�û�T���i�B�i�2�b �/���M�b �H�� �+�Q�?�Q�`�i�2 ���[�m�B�i���B�M�2 ���L�_�a �*�P�j�- �/�2 �C���M�p�B�2�` �R�N�N�e �¨ �.�û�+�2�K�#�`�2
�k�y�R�d�X �J�û�/�2�+�B�M�2 �?�m�K���B�M�2 �2�i �T���i�?�Q�H�Q�;�B�2�X �k�y�R�3�X �I�/�m�K���b�@�y�R�N�R�R�R�d�N�=

https://dumas.ccsd.cnrs.fr/dumas-01911179
https://hal.archives-ouvertes.fr


!
!
!

!

!"#"$"%&'(%()*'+)'(%,'&*)-.'( %
!

"##$%!&'() ! ! ! ! ! ! ! !*+,-%!#. !(/& !

!

*0121! 3456! 7849*1:*;4:!<5 !!
!

&*/.0,'%&1'2-2%34%&0)2'!$%'+%,'&')*+' %
%

3=$-%#>$%!%>!-?@>%#@%!A@BCDE@%F%#>!
!

3G=!;#H=DI!J"96;17!!

:$%!C%!K!<$L%FB=%!(M)M!N!2@=%-#%-!OM&P!

7%!&Q!4L>?B=%!&'()!

!

&456789:8;<%=><>7?@4%4:%>A?@B?:8;<%34%@1?::48<:4%C>9?:8DB4%345%
9?:84<:5%E*F%GB@:8H8<I46:>5%9?7%@45%A87B5%34%C>9?:8:45%3?<5%@?%
6;C;7:4%-DB8:?8<4%-+$(%)0JK%34%L?<A847%MNNO%P%&>64GQ74%

RSMT"%%
!
!

2?@-!CG!ID=%L>D?#!I@!R!3=?S%--%@=!<DID%=!:1"5!
!

!
!
!
T%FB=%-!I@!U@=V!R!
!
T?#-D%@=!C%!3=?S%--%@=!WGB=DL%!94::1*! ! ! ! ! 3=$-DI%#>!
TGIGF%!C%!<?L>%@=!3G-LGC%!*6;T4571*! ! ! !! ! 6GAA?=>%@=!
T?#-D%@=!C%!3=?S%--%@=!X+G=C%-!!X"Y":"Z1 ! ! ! ! ! 1[GFD#G>%@=!
TGIGF%!C%!3=?S%--%@=!TG=D%\1ID>+!7"W4: ! ! ! ! ! 1[GFD#G>%@=! ! !
TGIGF%!C%!<?L>%@=!XG=D#%!X456*"57*! ! ! ! ! 1[GFD#G>%@=!
T?#-D%@=!C%!3=?S%--%@=!<DID%=!:1"5! ! ! ! ! ! 1[GFD#G>%@=!
! !



!

!

!

!

!

!

!

!

!

!

!

" !#$%!&'$()*+!)%!),-'.//.%*!0.!1.''23')!,4521.0)+!%64*.2*!&./!/)70),)%*!5)!8.2')!
067/.9)!567%!/*4*:$/1$&);!!

<.!=$0$%*4!56)%9.9),)%*+!06:7,.%2/,)!)%!.1*)+!*$7/!1)/!254.7>!4*.2)%*!&$7'!
,$2!.7!&'2%12&)!5)!06.1*2=2*4!,?/*4'2)7/)!5$%*!()!/72/!*4,$2%!5)&72/!06)%8.%1)!)*!
@76$%!.&&)00)!0.!,45)12%)A!B!

! ! ! ! ! ! ! ! !
! ! ! ! ! "#$%&'()*+,-.(#!/0123 !
! ! ! ! ! C%!04$&.'5!/7'!0)!9.''$*!

!

! !



!

"#$#%&'#$#()*!
!
!
+,!-%.*'/#()!/,!0,%12!!
!
3#!4%56#**#,%!789%'&#!:;<<=>2!!
!
?#%&'!/#!(5,*!68'%#!@AB5((#,%!/#!-%.*'/#%!&#!0,%1C!?#%&'!/#!$A8D5'%!-#%$'*!/#!$5()#%!&#!-%50#)!8,!
*#'(!/,!E=FG+2!@A#(*#$9@#!/#!@A.H,'-#!$A8!.).!/A,(#!8'/#!-%.&'#,*#C!IA8'!-,!8**'*)#%!J!D5*!&5,%*!
@5%*!/#!$8!-8%)'&'-8)'5(!8,!KL!*,%!@#!MNO!#)!@#*!B.-8)')#*2!&#@8!$A8D8')!-8**'5((.C!G51#P!8**,%.!/#!
$5(!-@,*!-%565(/!%#*-#&)C!
!
!
!
+,Q!$#$9%#*!/,!0,%12!!
!
3#!4%56#**#,%!FB8%@#*!F+R+<+M=2!!
!
?#%&'2!FB8%@#*2!/A8D5'%!8&&#-).!/#!-8%)'&'-#%!J!&#!0,%1C!IA8'!#,!@AB5((#,%!/A8D5'%!-,!9.(.6'&'#%!/#!)#*!
&5((8'**8(&#*!&@'('H,#!#)!)B.5%'H,#!#(!)8()!H,A'()#%(#!$8'*!8,**'!/#!)8!95((#!B,$#,%!#)!/#!)8!
*1$-8)B'#!#(!/#B5%*!/#!@SBT-')8@C!G5'*!8**,%.!/#!$8!-@,*!U%8(/#!U%8)'),/#C!
!
!
3#!4%56#**#,%!?8%'#V=/')B!3+7;<2!!
?#%&'! /#! (5,*! 68'%#! @AB5((#,%! /#! D5)%#! -%.*#(&#! #)! /#! 0,U#%! (5)%#! )%8D8'@! #(! 8--5%)8()! D5)%#!
#Q-#%)'*#!/#!D'%5@5U,#C!M#,'@@#P!)%5,D#%!'&'!@A#Q-%#**'5(!/#!$#*!*'(&W%#*!%#$#%&'#$#()*!#)!/#!$5(!
-%565(/!%#*-#&)C!!!!
!
!
!
3#!K5&)#,%!F8%'(#!F;L">+L3>2!!
!
?#%&'2!F8%'(#2!/#!*'.U#%!-8%$'!@#*!$#$9%#*!/#!&#!0,%1C!?5(!-8**8U#!/8(*!D5)%#!*#%D'&#2!#(!)8()!
H,#!0#,(#!'()#%(#2!%#*)#%8!,(!$5$#()!'$-5%)8()!/#!$8!65%$8)'5(C!IA8'!8--%'*!8,**'!9'#(!*,%!@#!-@8(!
&@'('H,#!H,#!*,%!@#!-@8(!B,$8'(C!M5,*!$A8D#P!#(&5,%8U.!J!$S'().%#**#%!J!@A'(6#&)'5(!MNO2!*8(*!H,5'!
0#!(A8,%8'*!*,%#$#()!-8*!68')!&#!)%8D8'@C!!
!
!
!
!
+,!%8--5%)#,%2!!
!
3#!K5&)#,%!48*&8@#!>"N?;L3=>2!!
?#%&'!/A8D5'%!8&&#-).!/#!0,U#%!&#!)%8D8'@!#)!/,!%#U8%/!#Q-#%)!H,#!D5,*!8D#P!8--5%).!#(!)8()!H,#!
%8--5%)#,%C!G51#P!8**,%.!/#!$5(!-@,*!-%565(/!%#*-#&)C!
!



!

!
+!$5(!/'%#&)#,%2!!
!
3#!4%56#**#,%!K'/'#%!<=+L2!!
!
?#%&'!/A8D5'%!/'%'U.!&#))#!)BW*#C!45,%!D5)%#!/'*-5('9'@').2!D5)%#!-8)'#(&#!#)!D5*!$,@)'-@#*!%#@#&),%#*C!
?5(! -8**8U#! /8(*! D5)%#! *#%D'&#! $A8! #(*#'U(.! @8! %'U,#,%! /'8U(5*)'H,#! 8'(*'! H,#! @8! %#$'*#! #(!
H,#*)'5(C!?#%&'!/#!$A8D5'%!68')!&5(6'8(&#!-5,%!&#!)%8D8'@2!0S#*-W%#!H,A'@!*#%8!J!@8!B8,)#,%!/#!D5*!
#*-.%8(&#*C!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!



!

+!$8!78$'@@#!X!!
!
+!$#* !-8%#()*X!$5( !-W%#2!H,'!$A8!)%8(*$'*!@A#(D'#!/SY)%#!$./#&'( !#)!-5,%!*8!65%&#!#)!*5( !
5-)'$'*$# !/8(* !@#*!.-%#,D#*!/# !@8!D'#C!?8 !$8$8(2 !H,'!)'#() !,(# !-@8&#!&#()%8@#!/8(* !(5)%#!
68$'@@#!-8%!*5( !8$5,%!#)!*5( !*5,)'#( !'(/.6#&)'9@#!(5)8$$#() !/,%8()!&#*!Z[ !8((.#*2 !&#!(A#*)!
-8*!6'('\!45,%!@#*!D518U#*2!@#!F8-VM#%)2!@#!]')#\ !

!
+!$5 ( !6%W%#X!>B#!:=G>\!!

!
+,Q!F5,PX!E%#U!̂ #)!+((#_2!&5,*'( !#)!6%W%#\!&@8%8!#)!B,U5!-5,%!(5* !D8&8(&#*!J!F8((#* C!3#5!-5,%!
@#*!*5'%.#*!J!*)!%8-B!#)!<'('2!*,/ V#*)!%#-%.*#()#\!

!
+!$#* !U%8(/V-8%#()*!#)!&8)B!H,'!9%'@@#()!-8%!@S'$-5%)8(&#!H,A'@*!5() !#,C!!

!
+,Q!O#(%'5)AGX!M.%5('H,#!#)!G).-B8(#! -5,%!@#,%!8&&,#'@! /8(* !@#,%!68$'@@#C!+! I, ! ^:: !8,**'_!
$#'@@#,%!9#8,V6%W%#!#)!8,Q!U%8(/*!-8%#()*!9%#)5(*C!

!
+,Q!"N:AX!35,@5,2!0,$#8,Q!#)!&5$-8U(5( !/# !U8@W%#!0,*H,A8,!95,)2!I5#!@#!FB#VB'--'# 2!?8$8 !@8!
:#@U#C!+!35@52!$8%%8'(#`$./#&'( !#)!J!+@8'(C!

!
!
+!$#*!+$'*!H,'!5()!&5()%'9,.*!/#!-%W*!5,!/#!@5'(!J!&#))#!8D#(),%#!X!!
!

+,Q!&5-8'(*!/# !<=L<=L2!8, !&8$-*!a.$#2!8, !6%8)2!J!@8!)#8$!(5'%$5,)X!>,),%2!38!D'@8'(#2!3,&8*2!
b,#()'(2 !<8/##$C!?8%)'(#!*8(*!H,'!0#!(A8,%8'*!08$8'*!#, !$8 !4Z2!:#%)%8(/2!:#(0'2!F8(/5,cC !=)!
)5,* !@#*!8,)%#*C!
3,@,! $8! -@,*!U%8(/#! @#&)%'&#! #)! %#@#&)%'&#2!.)#%(#@@#! D8U895(/#2! $#%&'! -5,%! )#*! B'*)5'%#*! J!
%8@@5(U#!\!

!
+,Q!F;3;FAG2!U%8&#!J!H,'!@A#Q)#%(8)!8!.). !,(# !8D#(),%#X!"5%5!&5$-8U(5( !/# !@8!-%#$'W%#!B#,%#2!
35@5!-5,%!)5( !$.)'&,@#,QVU'U8()'**'$# V95%/.@'*$#2!F8$'@@5,!@#*!95(* !-@8(*!#)!E%#U!-5,%!)#*!
$5()8U#*!#)!&B5'Q!/# !6'@$*!*'!-5'(),*cC !45,%!&#*!d!8((.#* !-8**. #*!#(*#$9@#\!

!
F@5!#)!7@52!&5@5&!-5,%!@8!D'#\!7@5!-5,%!)8!$8'( !D#%)#!#)!)#*!95((#* !'/.#* c !F@5!-5,%!)8!-%.*#(&#!
/8(* !@#*!/#%('W%#*!@'U(#*!/%5')#!#)!*,%)5,)!-5, %!)5( !.)#%(#@@#!$5/#*)'#\ !

!
+,Q!R5,P#))#*!4;*'#((#* 2!-5,%!(5* !e= !-5,@8'@@#%X!F@5!Nf=+2!;%'8(#2!g5,15,2!?8%'#2!?8%'5(2!
G']#))#2!F@52!35@5cC!

!
?5()5'* !/# !)5,) !95%/X!F.&.2!FB8%@'(5,!#)!<8)B2!@#*!&5@5&*!/# !@A#(6#%!/# !$5()h !^8@'P.#!#)!6@5%#_!
#)!@#*!8,)%#*!9#@@#*!%#(&5()%#*C!
+,Q!-@,*!5, !$5'(* !:5%/#@8'*X!?'@5,2!?I !#)!@8!98(/# !/# !@8!F,#D8!X!G8(/%8!#)!45--1 2!G56'8(#2!
)')5,8( !#)!8,%.@'#C!
+,Q!&5V'()#%(#*!9'#(D#'@@8()*X!$8%)'(2!98%98%82!%')5(2!@'*82!$8Qc!!

!
+!+,/%#12!*5#,%!/# !&5#,%!#)!/A#*-%')C!
!



!

!
+!)5,* !@#*!$./#&'(* !9'#(D#'@@8()*!H,'!5() !&5()%'9,.!J!$8 !65%$8)'5(X!!
4%!O+<G3NFf2!+,%.@'#(2!@8!%.8! /# !75&B2!@#! *#%D'&#! /# !&B'%,%U'#! /'U#*)'D#! /# !?'U(5) !#)! *#*!
,%U#(&#*!)%8,$8)5`8-.%5C!3#!*#%D'&#!;"3 !/# !G)!E#%$8'(2!@#*!K%!4=F+G>+N<E!#)!@#!K%!=>FO=>;C!!

3#!$#'@@#,%!-5,%!@8!6'(!X!I#%#$1!-5,%!)8!-8)'#(&#2!)5(!.&5,)#!#)!)5(!8$5,%C!45,%!(5*!6,),%*!
-%50#)*!#)!D518U#*2!(5)%#!-8**'5(!-5,%!@A;&.8( !#)!(5*!-%5&B8'(*!$5'*!J!>+ON>N!\!

! !



!

>89@#!/#*!$8)'W%#*!

"#$%&'()'*+,!----------------------------------------------------------------------------------------------------------------------------!. !

/(#01!21,!'003,)$()'*+,!-------------------------------------------------------------------------------------------------------------!4!

5+)$*236)'*+!----------------------------------------------------------------------------------------------------------------------------!7!

.-. ! 8(!6*9'+:16)'*+!;5<!9!;<=!1)!;<> !----------------------------------------------------------------------------------!?!
"- ! @A'2%B'*0*C'1!---------------------------------------------------------------------------------------------------------------------------!?!
=-! <',)*'$1!21!0DE%A()')1!6E$*+'F31!=!1)!210)(!--------------------------------------------------------------------------------!G!

$4! 56(7.$,*,#!8()-%*9:#!;!44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!<!
=4!56(7.$,*,#!8()-%*9:#!>#?,$!444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!@!

H-! 81,!A($)'630($')%,!21,!6*9'+:16)'*+,!(&16!01,!&'$3,!21,!E%A()')1,!----------------------------------------------!.I !
$4! 5$!8-&*%A#8,*-%!B2C&BC;!4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!DE!
=4! 5$!8-&*%A#8,*-%!B2C&BC;&BCF!4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!DD!

>-! J$',1!1+!6E($C1!)E%$(A13)'F31!------------------------------------------------------------------------------------------------!.K!
$4! '- &*%A#8,*-%!B2C&BC;!44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!DG!
=4! '- &*%A#8,*-%!B2C&BC;&BCF!44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!DH!

.-K! 8(!6*9'+:16)'*+!;5<!L!;<H !-------------------------------------------------------------------------------------------!.M!
"- ! @A'2%B'*0*C'1!-------------------------------------------------------------------------------------------------------------------------!.M!
=-! <',)*'$1!21!0DE%A()')1!6E$*+'F31!H!NO'C3$1!KP!---------------------------------------------------------------------------!.? !
H-! 81,!A($)'630($')%,!21!0(!6*9'+:16)'*+!;5<!9;<H !--------------------------------------------------------------------------!.Q!
>-! J$',1!1+!6E($C1!)E%$(A13)'F31!------------------------------------------------------------------------------------------------!.R!

.-4 ! 8(!B30)'9'+:16)'*+!;5<9;<= 9;<H!ST9!;<> !--------------------------------------------------------------------!KK!
"- ! @A'2%B'*0*C'1!-------------------------------------------------------------------------------------------------------------------------!KK!
=-! 81,!'+)1$(6)'*+,!&'$*0*C'F31,!---------------------------------------------------------------------------------------------------!KK!

$4! 56*%,#)$8,*-%!#%,)#!?#!BC;!#,!?#!BC'!444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!GG!
=4! 5#+!*%,#)$8,*-%+!#%,)#!?#!BC;I!?#!BC'!#,!?6(7.$,*,#!>#?,$!44444444444444444444444444444444444444444444444444444444444!GG!
84! JK-?:,*-%!>#+!*%,#)$8,*-%+!$:!8-:)+!>#+!,)$*,#L#%,+!44444444444444444444444444444444444444444444444444444444444444444!GH!

H-! 8D())1'+)1!E%A()'F31!----------------------------------------------------------------------------------------------------------------!K7!
$4! 5-)+!>#!?$!L:?,*&*%A#8,*-%!44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!GM!
=4!5#+!A$8,#:)+!*%A?:#%N$%,!?6$,,#*%,#!(7.$,*9:#!8(#O!?#+!PPB2C!#%!>#(-)+!!!! !!>#+!K*):+!4444444444444444!GM!

.-7!81,!B%)E*21,!2D%&(03()'*+!21!0(!:'#$*,1!E%A()'F31!---------------------------------------------------------!K?!
"-!8(!A*+6)'*+!#'*A,'1!E%A()'F31!NJ=<P!-------------------------------------------------------------------------------------------!K?!
=-!81,!B%)E*21,!+*+!'+&(,'&1,!N/(#01(3!.P!--------------------------------------------------------------------------------------!KG!
H-! 81,!,13'0,!2%6','*++10,!1)!(,,*6'()'*+,!21!)1,),!------------------------------------------------------------------------!4. !

$4! 5#!+8-)#!QJRSB2/!4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!HD!
=4! 5#+!>*AA7)#%,+!+#:*?+!44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!HD!
84!S++-8*$,*-%!>#!,#+,+!%-%!*%K$+*A+!4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!HT!

K-!!!U#V16)':,!21!0D%)321!----------------------------------------------------------------------------------------------------------!4G!

4-!!!!W()%$'10!1)!W%)E*21,!-----------------------------------------------------------------------------------------------------!4Q!
4-.!/XA1!2D%)321!-----------------------------------------------------------------------------------------------------------------------------!4Q!
4-K!Y*3$61!21,!2*++%1,!-------------------------------------------------------------------------------------------------------------------!4Q!

S4! S+.#8,!7,(*9:#!444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!HU!
;4!/#8:#*?!>#+!>-%%7#+!44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!H@!

4-4!H$')Z$1,!2D'+603,'*+!1)!2D1[603,'*+!----------------------------------------------------------------------------------------------!4R!
S4! ')*,V)#+!>6*%8?:+*-%!44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!H@!
;4! ')*,V)#+!>6#W8?:+*-%!44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!ME!

4-7!;($'(#01,!60'+'F31,!1)!#'*0*C'F31,!----------------------------------------------------------------------------------------------!7I !



!

4-M!W1,3$1!21!0(!:'#$*,1!E%A()'F31!-------------------------------------------------------------------------------------------------!7K!
4-?!W%)E*21,!2D(+(0X,1!,)()',)'F31!-------------------------------------------------------------------------------------------------!74!

7-!\%,30)(),!---------------------------------------------------------------------------------------------------------------------------!77!
7-.!J*A30()'*+!%)32'%1!--------------------------------------------------------------------------------------------------------------------!77!
7-K!H($(6)%$',)'F31,!21,!A()'1+),!B30)'9'+:16)%,!------------------------------------------------------------------------------!7M!
7-4!81,!:(6)13$,!(,,*6'%,!]!0(!6'$$E*,1!----------------------------------------------------------------------------------------------!MI!
7-7!H*BA($(',*+!21,!A()'1+), !1+!:*+6)'*+!21!013$!,)()3)!;<>!N;<>ST;<>9P!------------------------------------!M7!

M-!>',63,,'*+!-------------------------------------------------------------------------------------------------------------------------!M?!
M-.!8(!&(0'2')%!1[)1$+1!21!0D%)321!-----------------------------------------------------------------------------------------------------!MG!
M-K!81,!6E*'[!B%)E*2*0*C'F31,!--------------------------------------------------------------------------------------------------------!MQ!

S4! '(-*W!>#+!-:,*?+!>67K$?:$,*-%!>#!?$!A*=)-+#!44444444444444444444444444444444444444444444444444444444444444444444444444444444!TU!
;4! '(-*W!>#+!8:,&-AA!.-:)!>7A*%*)!?$!8*))(-+#!44444444444444444444444444444444444444444444444444444444444444444444444444444444444!TU!
'4! '(-*W!>:!+8-)#!QJRSB2/!.-:) !8?$++#)!?#+!.$,*#%,+!>$%+!?#!X)-:.#!8*))(-+#!444444444444444444444444444444!T@!

M-4!81,!$%,30)(),!------------------------------------------------------------------------------------------------------------------------------!?I !
S4! 2%8*>#%8#!>#!?$!8*))(-+#!4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!YE!
;4! 1$8,#:)+!$++-8*7+!Z!?$!8*))(-+#!444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!YE!
'4! 2%,#)$8,*-%+!K*)-?-X*9:#+!44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!YD!
F4! 5$!.)*+#!#%!8($)X#!>#+!.$,*#%,+!44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!YD!

M-7!81,!0'B')1,!21!0D%)321!-----------------------------------------------------------------------------------------------------------------!?4!
S4! 5#+!*%A-)L$,*-%+!?*7#+!$:W!(7.$,*,#+!444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!YH!
;4! 5#+!8-L-)=*>*,7+!444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444!YH!
'4!5#+!-:,*?+!>67K$?:$,*-%!>#!?6$,,#*%,#!(7.$,*9:#!444444444444444444444444444444444444444444444444444444444444444444444444444444!YH!

M-M!81,!A1$,A16)'&1,!------------------------------------------------------------------------------------------------------------------------!?7!

H*+603,'*+!-----------------------------------------------------------------------------------------------------------------------------!?M!

='#0'*C$(AE'1!-------------------------------------------------------------------------------------------------------------------------!??!

"++1[1, !--------------------------------------------------------------------------------------------------------------------------------!G.!

Y@\W@^/!>D<5JJUH\"/@!------------------------------------------------------------------------------------------------------!G4!
!

!
!



!

! D!

+9%.D'8)'5(*!
SSF![!SX#%,+!S%,*K*)$:W!F*)#8,+!

S8![!S%,*8-).+!

SF3![!S8*>#!F7+-W\)*=-3:8?7*9:#!

SX![!S%,*XV%#!

S2F]![!]\%>)-L#!>#!?6*LL:%->7A*8*#%8#!$89:*+#!

S5SR![!S?$%*%#!$L*%-,)$%+A7)$+#!

SQQ![!S:,-)*+$,*-%!>#!L*+#!+:)!?#!L$)8(7!

S/12![!!S8-:+,*8!/$>*$,*-%!1-)8#!2L.:?+#!

S/B![!S%,*)7,)-K*)$:W!

S]SR![!S+.$),$,#!$L*%-,)$%+A7)$+#!

'C'![!'$)8*%-L#!(7.$,-8#??:?$*)#!

F1^![!F7=*,!>#!1*?,)$,*-%!X?-L7):?$*)#!

1R'![!JQR/2'2RS;23J!

CSS/R![!C*X(?\!S8,*K#!S%,*)#,)-K*)$?!R(#)$.\!

C]C![!C-LL#!$\$%,!>#+!)#?$,*-%+!+#W:#??#+!$K#8!>#+!(-LL#+!

CRS![!C\.#),#%+*-%!$),7)*#??#!

2'@T![!2%,#)K$??#!>#!8-%A*$%8#!Z!@T_!

2XQ![!2LL:%-X?-=:?*%#!>#!,\.#!Q!

2X^![!2LL:%-X?-=:?*%#!>#!,\.#!^ !

2Q'![!2%>*8#!>#!Q$++#!'-).-)#??#!

2`/![!2%,#)9:$),*?#!)$%X#!

aP$![!b*?-!P$+8$?!

QFC![!Q7>*$%#!>#+!L#+:)#+!(7.$,*9:#+!

3S]C![!],7$,-(7.$,*,#!>6-)*X*%#!%-%!$?8--?*9:#!

P)JP![!P)-.(\?$W*#!.)7&#W.-+*,*-%!

PJ^&213![!2%,#)A#)-%!.7X\?7!

PBB2C![!P#)+-%%#!K*K$%,!$K#8!?#+!B*):+!>#!?62LL:%->7A*8*#%8#!C:L$*%#!

`D![!D#)!9:$),*?#!&!̀ H![!H7L#!9:$),*?#!

//![!/*+9:#!)#?$,*A!

/B]![!/7.-%+#!K*)-?-X*9:#!+-:,#%:#!

]' ![!]-:+!8:,$%7!

]5SQ![!5#!A$*,!>6$K-*)!>#+!)$..-),+!+#W:#?+!+-:+!?6#L.)*+#!>#!.+\8(-,)-.#+!

RS1![!R7%-A-K*+!$?$A7%$L*>#!A:L$)$,#!

RF1![!R7%-A-K*+!>*+.)-W*?!A:L$)$,#!

0F2![!0+$X#)+!>#!>)-X:#+!*%,)$!K#*%#:+#+!

BC;![!B*):+!>#!?6(7.$,*,#!;!

BC'![!B*):+!>#!?6(7.$,*,#!'!

BCF![!B*):+!>#!?6(7.$,*,#!>#?,$!



!

! G!

B2C![!B*):+!>#!?62LL:%->7A*8*#%8#!C:L$*%#!

HR'![!5$L*K:>*%#!



!

! H!

>89@#!/#*!'@@,*)%8)'5(*!
1*X:)#!D!&!C*+,-*)#!%$,:)#??#!>#!?6(7.$,*,#!;!

1*X:)#!G!&!/#.)7+#%,$,*-%!+8(7L$,*9:#!>#!?6(*+,-*)#!%$,:)#??#!>#!?6*%A#8,*-%!.$)!?#!BC'!

1*X:)#!H!&!Q78$%*+L#+!>6(7.$,-,-W*8*,7!.-:K$%,!#W.?*9:#)!?$!+7K7)*,7!>#!?6$,,#*%,#!(7.$,*9:#!

8(#O!?#+!PBB2C!

1*X:)#!M!&!J8(#??#!>#+!K$?#:)+!>67?$+,*8*,7!(7.$,*9:#!#%!aP$!+#?-%!?#!+,$>#!>#!A*=)-+#!c1d!#,!+$!

8-))#+.-%>$%8#!#%!+8-)#!>#!QJRSB2/!8(#O!?#+!.$,*#%,+!B2C&BC'4!

1*X:)#!T!&!J8(#??#!>#+!K$?#:)+!>67?$+,*8*,7!(7.$,*9:#!#%!aP$!+#?-%!?#!+,$>#!>#!A*=)-+#!c1d!#,!+$!

8-))#+.-%>$%8#!#%!+8-)#!>#!QJRSB2/!8(#O!?#+!.$,*#%,+!B2C&BC;4!

1*X:)#!Y!&!F*$X)$LL#!>#!A?:W!

!

!

R$=?#$:!D!&!1$8,#:)+!?*L*,$%,!?6*%,#).)7,$,*-%!>#+!>*AA7)#%,#+!L7,(->#+!>67K$?:$,*-%!>#!?$!A*=)-+#!

+#?-%!S8,:$?*+$,*-%!GEDM!>:!/$..-),!Q-)?$,!

R$=?#$:!G!&!5#!+8-)#!QJRSB2/!

R$=?#$:!H!&!'-L.$)$*+-%!>#+!,#+,+!%-%!*%K$+*K#+!8(#O!?#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC;!#,!B2C&

BC'![!+#:?#+I!S0/e'I!2'4!

R$=?#$:!M!&!'$)$8,7)*+,*9:#+!X7%7)$?#+I!>#!?6$,,#*%,#!(7.$,*9:#!#,!>#!?6*%A#8,*-%!.$)!?#!B2C!>#+!

.$,*#%,+!L:?,*&*%A#8,7+!

R$=?#$:!T!&!'$)$8,7)*+,*9:#+!>#!?6(7.$,*,#!;I!'!#,!>#?,$!>#+!.$,*#%,+!L:?,*&*%A#8,7+!

R$=?#$:!Y!&!'-L.$)$*+-%!>#+!X)-:.#+!8*))(-+#!#,!%-%!8*))(-+#!#%!A-%8,*-%!>#+!8$)$8,7)*+,*9:#+!

X7%7)$?#+!

R$=?#$:!<!&!'-L.$)$*+-%!>#+!X)-:.#+!8*))(-+#!#,!%-%!8*))(-+#!#%!A-%8,*-%!>#+!8$)$8,7)*+,*9:#+!>#!

?6*%A#8,*-%!B2C!

R$=?#$:!U!&! '-L.$)$*+-%! >#+! X)-:.#+! 8*))(-+#! #,! %-%! 8*))(-+#! +#?-%! ?#+! 8$)$8,7)*+,*9:#+! >#+!

*%A#8,*-%+!.$)!?6(7.$,*,#!;!#,!?6(7.$,*,#!'4!!

R$=?#$:!@!&!'-L.$)$*+-%!#%!+-:+&X)-:.# !+#?-%!?#!+,$,:,!BCF!

!
!

S%%#W#!D!&!1-)L:?#! .-:)!?67K$?:$,*-%!%-%!*%K$+*K#!>#!?$!A*=)-+#!(7.$,*9:#!.$)!?#+!L7,(->#!12;&M!

S%%#W#!G!&!1-)L:?#!.-:)!?67K$?:$,*-%!%-%!*%K$+*K#!>#!?$!A*=)-+#!(7.$,*9:#!.$)!?$!L7,(->#!1-)%+!

S%%#W#!H!&!1-)L:?#!.-:)!?67K$?:$,*-%!%-%!*%K$+*K#!>#!?$!A*=)-+#!(7.$,*9:#!.$)!?$!L7,(->#!SP/2!

S%%#W#!M!&!R$=?#$:!>#!8?$++*A*8$,*-%!'F'!>#!?6*%A#8,*-%!B2C!

!



!

! M!

N()%5/,&)'5(!
!
5$!.)7K$?#%8#!>#!?6*%A#8,*-%!.$) !?#+!K*):+!>#+!(7.$,*,#+!; !cBC;dI!' !cBC'd!#,!>#?,$!cBCFd!#+,!.?:+!

*L.-),$%,# !8(#O!?#+!PBB2C!cP#)+-%%#!K*K$%,!$K#8!?#+!B*):+!>#!?62LL:%-> 7A*8*#%8#!C:L$*%#d!

8-L.,# !,#%:!>#!?#:)+!L->#+ !>#!,)$%+L*++*-%!+*L*?$*)#+4!!

F#.:*+!?6$KV%#L#%,!>#+!CSS/R!cC*X(?\!S8,*K#!S%,*)#,)-K*)$?!R(#)$.\ d!#%,)$f%$%,!:%#!>*L*%:,*-%!

>#+!>78V+!>:+!$: !B2C!cB*):+!>#!?62LL:%-> 7A*8*#%8#!C:L$*%#dI!?6$,,#*%,#!(7.$,*9:# !#+,!?$!.)#L*V)#!

8$:+#!>#!L-),$?*,7!8(#O!?#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC;!#,!B2C&BC'4!!

F$%+!?#!8$+!>#!L:?,*&*%A#8,*-%I!*?!#W*+,#!.#:, &g,)#!>#+!*%,#)$8,*-%+!K*)-?-X*9:#+!#,!?$!.)*+#!#%!8($)X#!

,(7)$.#:,*9:# !8-L=*%7#!>#!8#+!>*AA7)#%,+!K*):+!#+,!.$)A-*+!>*AA*8*?#4!!

!

SA*%! >#! >78)*)#! ?#+! 8$)$8,7)*+,*9:#+! X7%7)$?#+! >#! 8#+! .$,*#%,+! #,! >67K$?:#)! ?6*L.-),$%8#! >: !

)#,#%,*++#L#%,!(7.$,*9:# !>$%+!?#!8$>)#!+.78*A*9:#!>#!?$!L:?,*&*%A#8,*-%!B2C&BC;&BC' !hi&!BCFI!

%-:+!$K-%+!L#%7!:%#!7,:> #!)7,)-+.#8,*K#!Z!.$),*) !>#!?$!8-(-),# !S3/] !S9:*,$*%#!'eH4!

!

F$%+!:%!.)#L*#) !,#L.+I !%-:+!>7,$*??#)-%+!?#+!>*AA7)#%,#+!+.78*A*8*,7+!>#+!8-&*%A#8,*-%!B2C&BC;!hi&

BCF! #,! B2C&BC' ! $*%+*! 9:# ! ?$! L:?,*&*%A#8,*-%! B2C&BC;&BC' ! hi&! BCF! .:*+ ! %-:+! #W$L*%#)-%+!

?6$,,#*%,#!( 7.$,*9:# !9:*!#%!>78-:?#4!!

 

 

 

 

 

 

 

 

 

 



!

! T!

 

 

 

 

 
 
 

J,$,!$8,:#?!>#+!8-%%$*++$%8#+! !



!

! Y!

ZCZ!38!&5V'(6#&)'5(!MNO!V!MO:!#)!MOK!
!

S4! J.*>7L*-?-X*#!
!
5#!B2C!#,!?#!BC;!.$),$X#%,!>#+!K-*#+!>#!,)$%+L*++*-%!+*L*?$*)#+![!,)$%+L*++*-%!+#W:#??#!%-,$LL#%,!

8(#O!?#+!(-LL#+ !$\$%,!>#+!)#?$,*-%+!+#W:#??#+!$K#8!?#+!(-LL#+ !cC]Cd!-: !,)$%+L*++*-%!+$%X:*%#I!

%-,$LL#%,! 8(#O! ?#+! :+$X#)+! >#! >)-X:#+! *%,)$&K#*%#:+#+! c0F2d! #,! 7X$?#L#%,! ?-)+! >6:%#!

,)$%+L*++*-%!K#),*8$?#!cL$,#)%-&A-#,$?#d4!'#8*!#W.?*9:#!9:# !?#+!PBB2C!.)7+#%,#%,!>#+!L$)9:#:)+ !

+7)-?-X*9:#+!L#,,$ %,!#%!7K*>#%8#!:%!8-%,$8,!$K#8!?#!BC;!c*%A#8,*-%!$8,*K#!-: !8-%,$8,!$%8*#%d4!

F6$.)V+!:%#!7,:># !)7$?*+7#!#%!GEEM!8(#O!DUM@!.$,*#%,+!)7.$),*+!>$%+!DY<!+#)K*8#+!+:)!?6#%+#L=?#!

>: !,#))*,-*)#!A)$%N$*+I!?$!8-&*%A#8,*-%!B2C&BC;!c>7A*%*#!.$) !:%!$%,*XV%#!C;+!-: !:%!SF3!BC;!.-+*,*Ad!

7,$*,!>#!<!_ !c2'!cTI@&UIDdd!N.P4!S!?678(#??#!L-%>*$?#I!?$!8-&*%A#8,*-%!B2C&BC;!#+,!.?:+!A)79:#%,#!>$%+!

?#+!O-%#+!>#!A-),#!#%>7L*#!B2C!#,!BC;I!Z!+$K-*)!?6SA)*9:#!+:=+$($)*#%%#I!?#!+-:+&8-%,*%#%,!2%>*#%!

#,!?6S+*#!>: ! ]:> &J+,!NKP4!S*%+*I!?$!.)7 K$?#%8#!>#!?$!8-&*%A#8,*-%!#+,!#+,*L7#!Z!DT_!#%!SA)*9:#!

+:=+$($)*#%%#4!!

!

5$!8-&*%A#8,*-%!.$) !?#!K*):+!>#?,$!%#!.-:K$%,!#W*+,#)!9:6#%!8$+!>6*%A#8,*-%!8-%j-*%,#!.$) !?#!BC;I!

8#??#&8*! 7,$*,! )#,)-:K7# ! 8(#O! DGIM_! >#+! .$,*#%,+! B2C&BC;! ?-)+! >6:%#! #%9:g,#! L:?,*8#%,)*9:#!

)7$?*+7#!#%!1)$%8#!#%!GEEU!N4P4!P$)!$*??#:)+I!D@_!>#!8#+!LgL#+ !.$,*#%,+!8-&*%A#8,7+!B2C!&!BC;!

%6$K$*#%,!.$+!=7%7A*8*7!>: !>7.*+,$X#!>#!?6(7.$,*,#!>#?,$4!!

!

!

! ! !



!

! <!

;4! C*+,-*)#!>#!?6(7.$,*,#!8()-%*9:#!;!#,!>#?,$!
!

$4! 56(7.$,*,#!8()-%*9:#!;!!
 

5#!BC;!#+,!:%!D)&.5%.=2'25.)I!K*):+!Z!SF3!.$),*#??#L#%,!=*8$,7%$*)#4!5$!.)*L- &*%A#8,*-%!.$) !?#!

BC;!#+,!Z!?6-)*X*%#!>6:%#!(7.$,*,# !$*X:k!>-%,!?$!+\L.,-L$,-?-X*# !+#)$!>*AA7)#%,#!+#?-%!?#!,#))$*%!

#,!?6lX#4!P?:+!?6*%A#8,*-%!*%*,*$?#!#+,!.)78-8#I!.?:+!?#!)*+9:#!>67K-?:,*-%!K#)+!:%#!*%A#8,*-%!8()-%*9:#!

#+,!*L.-),$%,#I !8#!9:*!#W.?*9:#!:%#!.)7K$?#%8#!.?:+!*L.-),$%,# !>$%+!?#+!)7X*-%+!>: !L-%>#!-m!?$!

,)$%+L*++*-%!K#),*8$?#!cL$,#)%-&An,$?#d!#+,!.)7.-%>7)$%,#4!!

5-)+!>6:%#!*%A#8,*-%!$*X:k!.$) !?#!BC;I!?#!.$++$X#!Z!?$!8()-%*8*,7!+#!A$*,!>$%+!T_!>#+!8$+I!8(#O!

?6$>:?,#!(-)+ !*LL:%->7.)#++*-%!c1*X:)#!Dd4!

!

1*X:)#!D![!C*+,-*)#!%$,:)#??#!>#!?6(7.$,*,#!; !N7P!

 

 

!

!



!

! U!

56(7.$,*,#!; !8()-%*9:#!#+,!>7A*%*#!.$) !?$!.#)+*+,$%8#!>#!?6SX!C;+!>$%+!?#!+$%X!.#%>$%,!.?:+!>#!Y!

L-*+!$.)V+!?$!8-%,$L*%$,*-%!*%*,*$?#4!56(7.$,*,#!; !7K-?:#!#%!.?:+*#:)+!.($+#+!%-%!A*W#+!>$%+!?#!

,#L.+ ! #,! 8-))#+.-%>$%,! Z! >#+! +,$>#+! >*AA7)#%,+! >6$8,*K*,7! >: ! K*):+! L7>*7+! +:) ! ?#! .?$%!

*LL:%-?-X*9:#I!#%,)$f%$%,!:%#!$,,#*%,#!(7.$,*9:# !.?:+!-: !L-*%+!*L.-),$%,#4!!

!

567K-?:,*-%! %$,:)#??#! >#! ?6(7.$,*,#! 8()-%*9:#! ; ! #+,! L$)9:7# ! .$) ! ?6#W*+,#%8#! >#! .($+#+! >#!

)7$8,*K$,*-%! 8$)$8,7)*+7#+! .$) ! :%#! L$j-) $,*-%! >#! ?6SF3! BC;! 8*)8:?$%,! #,! >#+! ,)$%+$L*%$+#+I!

%-,$LL#%,!?#+!S5SRI!$*%+*!9:6:%!)*+9:#!>6$XX)$K$,*-%!>#!?$!A*=)-+#!(7.$,*9:#4!!

!

0%#! +7)-8-%K#)+*-%! C;#! c>*+.$)*,*-%! >#! ?6$%,*XV%#! C;#! $: ! .)-A*,! >#! ?6$%,*8-).+! $%,*&C;#d!

,7L-*X%#!>: !.-),$X# !*%$8,*A!>: !BC;!?-)+9:6#??#!#+,!$++-8*7#!Z!:%!,$:W!>6SF3!BC;!*%>7,#8,$=?#!-: !

A$*=?#!#,!Z!>#+!K$?#:)+!>6S5SR!%-)L$?#+4!J??#!.#:, !g,)#!-=,#%:#!+.-%,$%7L#%,!-: !+-:+!,)$*,#L#%,4!

S!8#!+,$>#I!?#+!?7+*-%+!(*+,-?-X*9:#+!(7.$,*9:#+ !)7X)#++#%,!N7P4!'#,,# !+7)-8-%K#)+*-%!.#:, !.?:+!

)$)#L#%,!g,)#!$++-8*7#!Z!?67L#)X#%8#!>6:%!K*):+!L:,$%, !>*,!o!.)7 &8-)#!p!.-),#:) !>#!+:=+,*,:,*-%+!

%:8?7-,*>*9:#+!#L.g8($%,!?$!+\%,(V+#!>#!?$!.)-,7*%#!.)78:)+#:) !>#!?$!.)-,7*%#!C;#4!56(7.$,*,#!

8()-%*9:#!; !Z!L:,$%, !o!.)7 &8-)#!p!#+,!$++-8*7#!Z!:%#!A$*=?#!)7L*++*-%!+.-%,$%7#!#,!Z!:%!.)-%-+,*8!

Z!?-%X!,#)L# !.?:+!.7j-)$,*A!$: !%*K#$:!(*+,-?-X*9:#4!!

!

!

!

!

! ! ! !



!

! @!

! ! =4!56(7.$,*,#!8()-%*9:#!>#?,$!
!
5#!K*):+!>#!?6(7.$,*,#!>#?,$!cBCFd!#+,!:%!K*):+!Z!S/3 !>-%,!?6#%K#?-..#!8-%,*#%,!?6$%,*XV%#!>#!

+:)A$8#!>: !BC;!cSX!C;+d4!2?!.#:, !#W*+,#)!9:6#%!.)7+#%8#!>: !K*):+!>#!?6(7.$,*,#!; !>-%,!*?!#L.):%,# !

?$!8$.+*>#!L$*+!#+,!$:,-%-L# !.-:) !+$!)7.?*8$,*-%4!5#+!L$)9:#:)+ !>6:%#!8-&*%A#8,*-%!.$) !?#!BCF!

+-%,!?$!.)7+#%8#!>6$%,*8-).+!$%,*&BCF!c2XQ!#,i-: !2X !̂,-,$:Wd!#,!>6:%!S/3 !BCF!.-+*,*A4!!

5#+!L78$%*+L#+!>#!8?$*)$%8#!+.-%,$%7#!-: !>#!.$++$X#!Z!?$!8()-%*8*,7!+-%,!#%8-)#!.#: !8?$*)+4!F#+!

7,:>#+!>#!8-(-),# !-%,!L*+!#%!7K*>#%8#!?$!.)7+#%8#!>6*%,#)A7)#%8#+!K*)$?#+!$K#8!: %#!*%(*=*,*-%!>#!

?$!)7.?*8$,*-%!>: !BC;!?-)+!>#!?$!.)7+#%8#!>6:%#!(7.$,*,# !>#?,$!$8,*K#!NMP4!!

5$!8-&*%A#8,*-%!BC;&BCF!#+,!$++-8*7#!Z!:%#!$,,#*%,#!(7.$,*9:# !.?:+!+7KV)#!$K#8!:%#!7K-?:,*-%!

.?:+!)$.*>#!K#)+!?$!8*))(-+#!#,!:%!)*+9:#!>#!>78-L.#%+$,*-%!(7.$,*9:# !.?:+!*L.-),$%, !9:6#%!8$+!

>6*%A#8,*-%!#W8?:+*K#!.$) !?#!BC;4!F$%+!:%#!7,:># !*,$?*#%%#I!HE_!>#+!.$,*#%,+!8-&*%A#8,7+!BC;&BCFI!

+:*K*+!+:)!:%#!.7)*-># !>#!GU!$%+I!7K-?:$*#%,!K#)+!?$!8*))(-+#!N?P4!!

!

!

! ! !



!

! DE!

'4! 5#+!.$),*8:?$)*,7+!>#+!8-&*%A#8,*-%+!$K#8!?#+!K*):+!>#+!(7.$,*,#+!
 

$4! 5$!8-&*%A#8,*-%!B2C&BC;!
!
5#+!#AA#,+!>#!?6*%A#8,*-%!.$) !?#!B2C!+:)!?6(*+,-*)#!>#!?6(7.$,*,#!; !8()-%*9:#!+-%,!L:?,*.?#+I!L-%,)$%,!

:%#!$XX)$K$,*-%!X?-=$?#!>: !.)-%-+,*84!!

¥! 0%!)*+9:#!>#!.$++$X#!Z!?$!8()-%*8*,7!L:?,*.?*7!.$) !T!#%!8-L.$)$*+-%!$K#8!?#+!.$,*#%,+!L-%- &

*%A#8,7+!BC;I!-=j#8,*K7!.$) !:%#!>*L*%:,*-%!>#!?$!+7)-8-%K#)+*-%!C;#!#,!C;+4!!

¥! 0%! )*+9:#! >#! 8*))(-+#! $:XL#%,7I! -=j#8,*K7! ?-)+! >6:%#! 7,:># ! L#%7#! #%! GEETI! 8-L.$)$%,!

?6(*+,-?-X*#!(7.$,*9:# !>#!.$,*#%,+!8-&*%A#8,7+!Z!>#+!.$,*#%,+!L-%- &*%A#8,7+!.$) !?#!BC;![!GU_!

>#+!8-&*%A#8,7+!.)7+#%,$*#%,!:%#!8*))(-+#!8-%,)#!DH_!>#+!L-%- &*%A#8,7+!c.!q!EIEMd!#%!?6$=+#%8#!

>#!,)$*,#L#%,!+.78*A*9:#!$%,*!BC;!NGP4!

¥! 0%!)*+9:#!>#!8$)8*%-L#!(7.$,-8#??:?$*)#!c'C'd !$:XL#%,74!

¥! 0%#!L-),$?*,7!?*7#!Z!:%#!.$,(-?-X*#!(7.$,*9:# !.?:+!A)79:#%,#4!F$%+!:%#!7,:># !>#!8-(-),# !>#!

.$,*#%,+!C]C!L#%7#!.$) !R(*-!#,!$?!j:+9:6#%!GEEGI!?$!L-),$?*,7!>6-)*X*%#!(7.$,*9:# !7,$*,!.?:+!

7?#K7#!8(#O!?#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC;!9:# !8(#O!?#+!L-%- !*%A#8,7+!B2C!c)#+.#8,*K#L#%,!

DMIG! K#)+:+! DI<! .-:) ! DEE! .$,*#%,+i$%%7#+I! .r ! EIEEDdI! %-,$LL#%,! 9:$%>! ?#! %$>*)! >#!

?\L.(-8\,#+ !R!'FM!7,$*,!=$+4!F$%+!8#,,#!LgL# !7,:>#I!7,$*,!L-%,)7!:%!)*+9:#!>#!L-),$?*,7!

>6-)*X*%#! (7.$,*9:# ! L:?,*.?*7! .$) ! G! $: ! >7=:, ! >#+! CSS/R! #%! D@@Y4! '#+! )7+:?,$,+! 7,$*#%,!

#W.?*9:7+!.$) !?#!A$*,!9:# !8#+!,)$*,#L#%,+!7,$*#%,!>*)*X7+!+#:?#L#%,!8-%,)#!?#!B2C!+$%+!.)#%>)#!

#%!8-L.,# !?6*%A#8,*-%!.$) !?#!BC;!NQP4!!

!

J%!)#K$%8(#I!?#!,)$*,#L#%,!>#!?6*%A#8,*-%!.$) !?#!BC;!8(#O!?#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC;!L->*A*#!

?#!.)-%-+,*8!(7.$,*9:#4!F$%+!:%#!7,:># !L#%7#!.$) !P*)-,( !#,!$?!#%!GEDTI!8-L.$)$%,!>#+!.$,*#%,+!

.)7+#%,$%,!:%#!(7.$,*,# !; !8()-%*9:#!$K#8!-: !+$%+!8-&*%A#8,*-%!B2CI!*?!%67,$*,!.$+!)#,)-:K7 !>#!?*#%!

+,$,*+,*9:#!#%,)#!?#!)*+9:#!>#!8*))(-+#!#,i-: !>#!'C' !#,!?6*%A#8,*-%!.$) !?#!B2C4!S!%-,#)!9:# !?#+!

.$,*#%,+!8-&*%A#8,7+!)#8#K$*#%,!.-:) !.?:+!>#!@T_!>6#%,)#!#:W!:%!,)$*,#L#%,!$8,*A!$:++*!=*#%!+:)!?#!

B2C!9:# !+:)!?#!BC;!NRP4!!

!

S!?6*%K#)+#I!*?!%6#W*+,#!.$+!>#!8-%+79:#%8#!7K*>#%,#!>#!?6*%A#8,*-%!.$) !?#!BC;!+:)!?67K-?:,*-%!>#!

?6*%A#8,*-%!.$) !?#!B2C!N.IP4!0%#!7,:># !L#%7#!.$) !b-%-.%*8a*!#,!$?!#%!GEETI!.-),$%, !+:)!?$!8-(-),# !

J0/e]2FSI !L-%,)$*,!9:# !?6*%8*>#%8#!>#+!7K7%#L#%,+!8?$++$%,!]2FS!7,$*,!+*L*?$*)#!#%,)#!?#!X)-:.# !



!

! DD!

>#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC;!#,!L-%- &*%A#8,7+!B2C!c)#+.#8,*K#L#%,!HIH!.-:) !DEE!.$,*#%,+&

$%%7#+!#,!HIM!.-:) !DEE!.$,*#%,+!$%%7#+!$K#8!. !q!EIYDd!N..P4!!

!

Q$?(#:)#:+#L#%,I! ?6$,,#*%,#! (7.$,*9:# ! )#+,#! :%#! >#+! .)*%8*.$?#+! 8$:+#+! >#! >78V+! 8(#O! ?#+!

.$,*#%,+!*%A#8,7+!.$) !?#!B2CI!LgL# !+*!#??#!+#L=?#!g,)#!+,$=*?*+7#I!K-*)#!#%!?7XV)#!>78)-*++$%8#!

#%,)#!GEET!#,!GEDE!c)#+.#8,*K#L#%,!DYI<_!>#+!>78V+!#%!GEET!8-%,)#!DH!_ !#%!GEDEd!N.KP4!

F$%+!?67,:>#!Q-),$K*8!L#%7#!#%,)#!D@@T!Z!GEDE!#%!1)$%8#I!+:)!GHE!.$,*#%,+!*%A#8,7+!.$) !?#!B2C!

>787>7+I!DEU!cM<_d!7,$*#%,!.-),# :)+!>6$:!L-*%+!:%!L$)9:#:) !>6:%#!(7.$,*,# !8()-%*9:#4!]:) !?#+!

HE!.$,*#%,+!>787>7+!>6:%#!8$:+#!(7.$,*9:#I !Y<_!7,$*#%,!.-),#:)+ !>6:%#!(7.$,*,# !8()-%*9:#!'I !

DH_!.-),#:)+ !>6:%#!(7.$,*,# !8()-%*9:#!; !#,!DH_!8-&*%A#8,7+!BC;&BC'4!!

!

!

=4! 5$!8-&*%A#8,*-%!B2C&BC;&BCF!
 

F6$.)V+!:%#!7,:># !+:)!?$!8-(-),# !J0/e]2FS !#%!GEDDI!?$!.)7K$?#%8#!#%!J:)-.# !>#!?6*%A#8,*-%!BCF!

8(#O!?#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC;!#+,!>#!DMIT_!$K#8!:%!X)$>*#%,!3-)> &]:> !>#!@!Z!GT_!N.4P4!

'#,,# !,)*.?#!*%A#8,*-%!#%,)$f%#!:%#!$:XL#%,$,*-%!>#!?$!L-)=* &L-),$?*,7!>:# !Z!?6$,,#*%,#!(7.$,*9:#4!

2?!%6$!.$+!7,7!L*+!#%!7K*>#%8#!>6*L.$8,!>: !BCF!+:)!?67K-?:,*-%!*LL:%-K*)-?-X*9:#!>#!?6*%A#8,*-%!

.$) !?#!B2C4!!

J%!)#K$%8(#I!*?!+#L=?#!#W*+,#)!:%#!$8,*-%!*%(*=*,)*8#!>#!?6*%A#8,*-%!8()-%*9:#!.$) !?#!BCF!+:)!?$!

)7.?*8$,*-%!>: !BC;I!8-LL# !?#!L-%,)#!:%#!7,:># !L#%7#!.$) !;-\> !#,!$?4!S.)V+!$j:+,#L#%,!$K#8!

?#+!$:,)#+!A$8,#:)+!*%A?:#%N$%,!?$!)7.?*8$,*-%!K*)$?#I!?$!)7.?*8$,*-%!>: !BC;!7,$*,!+*X%*A*8$,*K#L#%,!

>*L*%:7#!>$%+!?#!X)-:.# !>#!.$,*#%,!B2C&BC;&BCF!8-L.$)$,*K#L#%,!$: !X)-:.# !>#!.$,*#%,!B2C&

BC;!EFGHIAJK+!LMNKOP!QAQIRQIAQS+!&HSASIT!N.7P4! !F$%+!8#,,#!LgL# !7,:>#I! *?!7,$*,!L-%,)7!?$!

.)7+#%8#!>#!K$)*$,*-%+!>$%+!?#!,#L.+ !>#+!*%,#)$8,*-%+!K*)$?#+!$K#8!>#+!$:XL#%,$,*-%+!.-%8,:#??#+!

>#!?$!8($)X#!BC;!.?$+L$,*9:#4!!

!

!

! ! !



!

! DG!

F4! P)*+#!#%!8($)X#!,(7)$.#:,*9:#!
 

$4! '- &*%A#8,*-%!B2C&BC;!
 

5#+!-=j#8,*A+!>: !,)$*,#L#%,!8-%,)#!?#!BC;!+-%,!?6*%>7,#8,$=*?*,7!>:)$=?#!>#!?6SF3!BC;!#,!?$!+7)-&

8-%K#)+*-%!C;#!8(#O!?#+!.$,*#%,+!.-),#:)+ !>6:%!K*):+!+$:K$X#4!56$,,#*%,#!>#!8#+!-=j#8,*A+!.#)L#, !

>#!>*L*%:#)!?$!.)-X)#++*-%I!K-*)#!:%#!)7X)#++*-%!>#!?$!A*=)-+#!(7.$,*9:#4!

!

F#.:*+!GEDTI!?#+!)#8-LL$%>$,*-%+!L-%>*$?#+!#,!A)$%N$*+#+!N.M_.?P!+6$88-)>#%,!+:)!?$!%78#++*,7!

>6*%+,$:)#)!:%!,)$*,#L#%,!$\$%,!:%#!>-:=?#!$8,*K*,7!$%,*&B2C!#,!$%,*&BC;!>V+!9:# !.-++*=?#!8(#O!

?6#%+#L=?#!>#+!PBB2CI! *%>7.#%>$LL#%,!>: ! ,$:W!>#!?\L.(-8\,#+ !R! 'FM! -: ! >#+! .$)$LV,)#+!

)#?$,*A+!$: !BC;4!!

!

5#+!L-?78:?#+!$8,*K#+!+:)!?#+!>#:W!K*):+!+-%,![!

¥! R7%-A-K*)!>*+-.)-W\?!A:L$)$,#!cRF1d4!2?!+6$X*,!>6:%!$%$?-X:#!%:8?7-,*>*9:#!9:*!$!:%#!=$))*V)#!

X7%7,*9:#! >#! )7+*+,$%8#! 7?#K7#4! 2?! .)7+#%,#! :%#! %7.()-,-W*8*,74! 2?! .#:, ! g,)#! 8-L=*%7! Z!

?6#L,)*8*,$=*%#!+-:+!?$!A-)L#!>6:%!8-L.)*L7 !:%*9:#!cR/0BSFSsd4!

¥! 5$L*K:>*%#!cHR'd!#,!#L,)*8*,$=*%#!c1R'd4!2?!+6$X*,!>6$%$?-X:#+!%:8?7-+*>*9:#+4!5#:)!.)*%8*.$?!

*%8-%K7%*#%,!#+,!?6$..$)*,*-%!*%7K*,$=?#!>#!L:,$,*-%+!>: !BC;!?-)+!>#!?#:)! :,*?*+$,*-%!#%!

L-%-,(7)$.*#4 !!

¥! R7%-A-K*)!$?$A7%$L*>#!A:L$)$,#!cRS1d4!S..$)#%,7!$: !RF1I!*?!+6$X*,!>: !.?:+!)78#%,!$%$?-X:#!

%:8?7-,*>*9:#!9:*!.)7+#%,#!?6$K$%,$X#!>#!%#!.$+!g,)#!%7.()-,-W*9:#4!2?!.#:, !?:*!$:++*!g,)#!

8-L=*%7!$: !1R'!+#:?!+-:+!?#!%-L!>#!FJ]'eBt !c%-%!8-LL#)8*$?*+7!#%!1)$%8#!Z!8#!j-:)d !-: !

#%! $++-8*$,*-%! $K#8! >*AA7)#%,#+! L-?78:?#+! $\$%,! :%#! $8,*K*,7! $%,*&B2C! ceFJ1]Jts ! -: !

^J3BetSsd4!

!

F6$:,)#+! L-?78:?#+! #W*+,#%,! >$%+! ?#! ,)$*,#L#%,! >: ! BC;! L$*+! -%,! .#: ! -: ! .$+! >6$8,*K*,7!

+*X%*A*8$,*K#!+:)!?#!B2C4!!

¥! S>7A-K*)!cSFBd4!!2?!+6$X*,!>6:%!$%$?-X:#!%:8?7-,*>*9:#I!+-%!:,*?*+$,*-%!#+,!$8,:#??#L#%,!,)V+!

)$)#4!!



!

! DH!

¥! J%,78$K*)4!2?!+6$X*,!>6:%!$%$?-X:#!%:8?7-+*>*9:#4!F#+!L:,$,*-%+!+:)!?#!BC;!#,!+:)!?#!B2C!

.#:K#%,!$..$)$f,)# !+-:+!,)$*,#L#%,!#%!L-%-,(7)$.*#4 ! !F#!.?:+I!*?!#W*+,#!>#+!)7+*+,$%8#+!

8)-*+7#+!$K#8!?$!?$L*K:>*%#4!!

¥! 2%,#)A7)-%!.7X\?7!$?A$!cPJ &̂213d4!2?!+6$X*,!>: !.?:+!$%8*#%!,)$*,#L#%,!$%,*&BC;I!9:*!.)7+#%,#!

8-LL# !*%8-%K7%*#%,!.)*%8*.$?I!+-%!L-># !>6$>L*%*+,)$,*-%!+-:+&8:,$%7!c]'d!:%#!A-*+!.$) !

+#L$*%#!#,!>#+!#AA#,+!+#8-%>$*)#+4!!

!

!

<)/ !/*'.*492)/ !*:4'.&)7*2@7)/!

5#!,7%-A-K*)!cRF1!-: !RS1d!#+,!?$!L-?78:?#!>#!8(-*W!>$%+!?$!8-&*%A#8,*-%!B2C&BC;!.-:) !+$!=$))*V)#!

X7%7,*9:#!7?#K7#!#,!?6$=+#%8#!>#!L:,$,*-% !>: !BC;!$: !RF14!5#+!)#8-LL$%>$,*-%+!+6$88-)>#%,!Z!

.)-.-+#)I !8-LL# !,)$*,#L#%,!>#!.)#L*V)#!*%,#%,*-%I!?#!RF1!-: !?#!RS1!#%!$++-8*$,*-%!$K#8!?#!HR'!

-: ! ?#! 1R'! N.M_.?P4! J%! 8$+! >#! 8-%,)#&*%>*8$,*-%! %7.()-?-X*9:#! Z! >7=:,#)! -: ! . -:)+:*K)#! :%!

,)$*,#L#%,!.$) !RF1I!?$!L-?78:?#!>#!+:=+,*,:,*-%!.)-.-+7# !#+,!?6#%,78$K*)!$++-8*7#!Z!>#+!L-?78:?#+!

$8,*K#+!+:)!?#!B2C!.-:) !7K*,#)!?67L#)X#%8#!>#!L:,$,*-%+4!]$!.-+-?-X*#!>#K)$!g,)#!>-:=?7#!#%!8$+!

>6$%,787>#%,!>6#W.-+*,*-%!Z!?$!?$L*K:>*%#!#%!)$*+-%!>6:%!)*+9:#!>#!L:,$,*-%+!8)-*+7#+I!#,!>-%8!

>678(#8!K*)-?-X*9:#4!!

!

!

=4! '- &*%A#8,*-%!B2C&BC;&BCF!
 

56-=j#8,*A! )#8(#)8(7! >: ! ,)$*,#L#%,! #+,! :%#! %7X$,*K$,*-%! >#! ?6S/3! BCF! c.? d4! !5#! ,)$*,#L#%,!

$%,*)7,)-K*)$?!>-*,!g,)#!>7=:,7!>6#L=?7#!8(#O!?#+!.$,*#%,+!B2C&BC;&BCF!#,!>-*,!8-L.)#%>)#!:%#!

L-?78:?#!$8,*K#!+:)!?#!B2C!#,!?#!BC;I!$*%+*!9:6:%!,)$*,#L#%,!$%,*&BCF!?-)+9:#!?6S/3!>: !BCF!#+,!

.-+*,*A!#,!9:6*?!#W*+,#!:%#!A*=)-+#!+*X%*A*8$,*K#!c1!u!Gd4!

5#!,)$*,#L#%,!$8,:#??#L#%,!)#8-LL$%>7!#+,!?6213!. #%>$%,!:%#!>:)7#!>#!MU!+#L$*%#+I!=*#%!9:# !

?6#AA*8$8*,7!>#!8#!,)$*,#L#%,!%6$*,!j$L$*+!7,7!.)-:K7# !8(#O!?#+!.$,*#%,+!B2Ch!#,!9:# !+-%!#AA*8$8*,7!

+-*,!-=+#)K7#!8(#O!L-*%+!>#!HE_!>#+!.$,*#%,+!,)$*,7+!(-)+ !*%A#8,*-%!.$) !?#!B2C4!!

2?!+#L=?#)$*,!9:# !?#+! *%(*=*,#:)+!%:8?7-+c,d*>*9:#+! :,*?*+7+!>$%+!?#! ,)$*,#L#%,!>#!?6(7.$,*,#! ;I !

8-LL# !?#!,7%-A-K*)!cRF1!-: !RS1dI!.:*++#%,!$K-*)!:%#!#AA*8$8*,7!*%>*)#8,#!+:)!?$!>78)-*++$%8#!K-*)#!



!

! DM!

?6*%>7,#8,$=*?*,7!>#!?6S/3!BCF!X)l8#!Z!?#:)+!$8,*-%!$%,*&BC;4!F$%+!:%#!7,:># !L#%7#!8(#O!DU!

.$,*#%,+!.)7+#%,$%,!:%#!8-&*%A#8,*-%!B2C&BC;&BCFI!DE!.$,*#%,+!-%,!.)7+#%,7!:%#!>*L*%:,*-%!>#!

?6S/3!BCF!#,!>: !,$:W!>6$?$%*%#!$L*%-,)$%+A7)$+#!cS5SRd!$: !8-:)+ !>6:%!,)$*,#L#%,!$%,*&BC;4!F#!

.?:+I!H!.$,*#%,+!-%,!.)7+#%,7!:%!S/3 !BCF!*%>7,#8,$=?#!#,!:%!%*K#$:!S5SR!%-)L$?!$: !8-:)+ !>6:%!

,)$*,#L#%,!$%,*&BC;4!0%!?*#%!+,$,*+,*9:#L#%,!+*X%*A*8$,*A!$!7,7!L*+!#%!7K*>#%8#!#%,)#!?$!>*L*%:,*-%!

>#!?6S/3!BCF!#,!:%#!>78)-*++$%8#!>#!?6SF3!BC;!#,!>: !,$:W!>6S5SR!N.GP4!

!

!

!

!

!

!

!

! !



!

! DT!

ZCh!38!&5V'(6#&)'5(!MNO!i !MOF!
!

S4! J.*>7L*-?-X*#!
 

5#!K*):+!>#!?6(7.$,*,#!'I !?-%X,#L.+!>7+*X%7#!o!(7.$,*,# !%-%!S!%-%!; !pI!$!7,7!+79:#%87!#%!D@U@4!

'6#+,!:%!K*):+!Z!S/3 !>#!?$!A$L*??#!>#+!U0.=2=2'25.)A!2?!+#!>78?*%#!+-:+!A-)L#!>#!+#.,!X7%-,\.#+!

L$j#:)+ !#,!>#!%-L=)#:W!+-:+&,\.#+4!5#+!X7%-,\.#+!+#!>*+,*%X:#%,!.$) !?#:)!7K-?:,*-%!+7.$)7#!>$%+!

>*AA7)#%,#+!)7X*-%+!X7-X)$.(*9:#+!$K#8!:%#!.)7>-L*%$%8#!>#+!X7%-,\.#+!D!#,!M!#%!1)$%8#!cT<_ !

#,!DU_!)#+.#8,*K#L#%,d!N.QP4!!!

F6$.)V+!:%#!L7,$ &$%$?\+#!)#X)-:.$%,!?6#%+#L=?#!>#+!7,:>#+!.-),$%, !+:)!?$!8- &*%A#8,*-%!B2C&BC'I !

L#%7#+!#%,)#!GEEM!#,!GEDG!#%!1)$%8#!c2%B]I!P)-+.#8,(I !BJ]PS!D!#,!GI!CJPSB2CdI!?$!.)7K$?#%8#!>#!

?$!8-&*%A#8,*-%!B2C&BC' !#+,!#+,*L7#!Z!DY!&!DU!_ !#%!GEDG!$K#8!:%!,$:W!>#!.)7K$?#%8#!>#!?6*%A#8,*-%!

8()-%*9:#!Z!DE!_ !L$)9:$%,!:%#!>*L*%:,*-%!.$) !)$..-), !$:W!.)#L*V)#+!7,:>#+!L#%7#+!#%!GEEM!

9:*!-=j#8,*K$*,!:%#!.)7K$?#%8#!Z!GG_!N.QP4!!

2?!#W*+,#!:%#!L->*A*8$,*-%!>#+!L->#+ !>#!,)$%+L*++*-%!>#.:*+!?$!>78-:K#),#!>: !K*):+4!SK$%,!?#+!

$%%7#+!D@@EI!?6:+$X#!>#!>)-X:#+!*%,)$K#*%#:+#+!c0F2d!#,!?#+!,)$%+A:+*-%+!>#!.)->:*,+ !>7)*K7+!>: !

+$%X! 7,$*#%,! ?#+! >#:W! .)*%8*.$?#+! K-*#+! >#! ,)$%+L*++*-%! #%! J:)-.#4 ! 5#+! ,)$%+L*++*-%+! .$) !

,)$%+A:+*-%+!+-%,!)$.*>#L#%,!>#K#%:#+!$%#8>-,*9:#+!#,!?#+!8-%,$L*%$,*-%+!.$) !0F2!-%,!>*L*%:7!

.)-X)#++*K#L#%,4!J??#+!)#.)7+#%,#%,!#%K*)-%!YY_!>#+!8-&*%A#8,7+!B2C&BC'4!F#.:*+!?#+!$%%7#+!

GEEEI!#+,!>78)*,#!:%#!$:XL#%,$,*-%!>#+!,)$%+L*++*-%+!.$) !K-*#!+#W:#??#!>$%+!?$!.-.:?$,*-% !C]CI!

)#A?#,!>#!?67L#)X#%8#!>#!%-:K#??#+!.)$ ,*9:#+!>6*%j#8,*-%+!>#!>)-X:#+!#%!8-%,#W,#!+#W:#?!>*,!Z!

o! ($:, ! )*+9:#!p!%-LL7#+!o! ]5SQ!p4!F$%+!8#!8-%,#W,#I!#+,!>78)*,#! :%#!$:XL#%,$,*-%!>#!?$!

.)7K$?#%8#!>#!?$!8-&*%A#8,*-%!B2C&BC' !8(#O!?#+!C]CI!L-*%+!>#!M_!#%!GEEM!c2%B]d!8-%,)#!Y_!#%!

GEDD!cB#+.$Gd4!F#!.?: +I!#+,!8-%+,$,7#!:%#!7K-?:,*-%!>#+!8$)$8,7)*+,*9:#+!>#!?$!.-.:?$,*-% !B2C&

BC'I !:%#!$:XL#%,$,*-%!>#!?$!.)-.-),*-% !>#!C]C!.$++$%,!>#!L-*%+!>#!T_!#%!GEEM!Z!.?:+!>#!GE_!

#%!GEDGI!$K#8!:%#!>*AA7)#%8#!#%,)#!?#+!C]C!0F2!#,!?#+!C]C!%-%!0F2!cDM!_ !#,!<!_ !)#+.#8,*K#L#%,!

cB#+.$Gdd4!!

!

!

!

!

!



!

! DY!

;4! C*+,-*)#!>#!?6(7.$,*,#!8()-%*9:#!'!c1*X:)#!Gd!
 

56(7.$,*,#!' !#+,!:%#!*%A#8,*-%!9:*!#%,)$f%#!+\+,7L$,*9:#L#%,!:%#!.($+#!$*X:kI!?#!.?:+!+-:K#%,!

+\L.,-L$,*9:#I !9:*!.#:, !+#!8()-%*8*+#)!>$%+!YE!Z!@E!_ !>#+!8$+!N.RP4!56*%A#8,*-%!8()-%*9:#!.$) !?#!

BC' !#+,!>7A*%*#!.$) !:%!$%,*8-).+!$%,*&BC' !.-+*,*A!$++-8*7!Z!?$!.#)+*+,$%8#!>#!?6S/3!>: !BC' !Y!L-*+!

$.)V+!?6*%A#8,*-%!*%*,*$?#4!567K-?:,*-%!>#!?$!L$?$>*#!8()-%*9:#!#+,!K$)*$=?#!+#?-%!?#+!.$,*#%,+4!e%!

>*+,*%X:#!.?:+*#:)+!A-)L#+!+#?-%!?67?7K$,*-%!>#+!,)$%+$L*%$+#+!#,!?#!%*K#$:!>6$,,#*%,#!(7.$,*9:#4!!

5$!A*=)-+#!(7.$,*9:# !#+,!?$!.)*%8*.$?#!8-L.?*8$,*-%!>#!?6(7.$,*,#!' !8()-%*9:#!#,!%78#++*,#!:%#!

7K$?:$,*-%!#,!:%#!8?$++*A*8$,*-%!.)78*+#4!F$%+!GE!Z!HE_!>#+!8$+I!+#!>7K#?-..#!:%#!8*))(-+#!>: !A-*#!

9:*!.#:, !#??#&LgL# !+#!8-L.?*9:#) !>6:%!8$)8*%-L#!(7.$,-8#??:?$*)#!c'C'd !>$%+!G!Z!T_!>#+!8$+!.$) !

$%!NKIP4!5$!.)-X)#++*-%!>#!?$!A*=)-+#!#+,!K$)*$=?#!+#?-%!?#+!.$,*#%,+4!J??#!>7.#%>!>#!A$8,#:)+!?*7+!$: !

.$,*#%,! clX#I! +#W#I! +,7$,-+#! (7.$,*9:#I ! *LL:%->7 .)#++*-%d! #,! Z! +-%! #%K*)-%%#L#%,!

c8-%+-LL$,*-%!>6$?8--?!#,!8#),$*%#+!,(7)$.#:,*9:#+ !(7.$,-,-W*9:#+d4!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!

! D<!

1*X:)#!G![!/#.)7+#%,$,*-%!+8(7L$,*9:#!>#!?6(*+,-*)#!%$,:)#??#!>#!?6*%A#8,*-%!.$) !?#!BC' !N.RP!
 

! !



!

! DU!

'4! 5#+!.$),*8:?$)*,7+!>#!?$!8-&*%A#8,*-%!B2C!&BC'!!
 

5#+! .$,*#%,+! 8-&*%A#8,7+! B2C&BC' ! -%,! $8,:#??#L#%,! >#:W! .)-A*?+! >*+,*%8,+! [! ?6:%! $K#8! :%#! 8-&

*%A#8,*-%! $%8*#%%#! #,! .-:) ! 8-%+79:#%8#! :%#! A*=)-+#! +7KV)#! K-*)#! :%#! 8*))(-+#! v! ?6$:,)#I!

8-))#+.-%>$%,!Z!:%#!8-&*%A#8,*-%!.?:+!)78#%,#!$K#8!:%#!.)*+#!#%!8($)X#!.)78-8#!>#!?6*%A#8,*-%!

B2CI!?6:,*?*+$,*-%!>#!CSS/R!L-*%+!(7.$,-,-W*9:#+!#,!9:*!.)7+#%,#!:%#!7K-?:,*-%!>#!?6(7.$,*,#!' !

8()-%*9:#!9:*!+#!)$..)-8(# !>#+!.$,*#%,+!L-%- &*%A#8,7+!.$) !?#!BC' !NK.P4!!

37$%L-*%+I!*?!.#)+*+,#!:%!+:)&)*+9:#!>#!.)-X)#++*-%!>#!?$!A*=)-+#!8(#O!?#+!.$,*#%,+!8-&*%A#8,7+!

8-L.,# ! ,#%: !>#!?6*%A?$LL$,*-%!8()-%*9:#!>:# !$: !B2C!LgL# !8-%,)w?7!#,!>#+!A)79:#%,#+!8-&

L-)=*>*,7+!+:)!8#!,#))$*%4!5-)+!>6:%#!7,:># !+:)!?$!.)7K$?#%8#!>#!?$!A*=)-+#!(7.$,*9:# !1Hi1M!$: !+#*%!

>#!?$!8-(-),# !CJPSB2C!#%!GEDD!+:)!TGU!.$,*#%,+I!G@E!cTT_d!$K$*#%,!:%#!A*=)-+#!$K$%87#!1Hi1M!

7K$?:7#!.$) !>*AA7)#%,#+!L7,(->#+ !cP;CI!1*=)-]8$%sI!1*=)-,#+,sd!NKKP4!F$%+!8#,,#!LgL# !8-(-),#I !

MH_!>#+!>78V+!7,$*#%,!>67,*-?-X*#!(7.$,*9:#I !8#!9:*!#%!A$*,!?$!.)#L*V)#!8$:+#!>#!L-),$?*,7!8(#O!

?#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC'4!5#!+:)&)*+9:#!(7.$,*9:# !#,!?#!)*+9:#!>#!,)$%+L*++*-%!j:+,*A*#%,!

>-%8!>6:%#!.)*+#!#%!8($)X#!,(7)$.#:,*9:# !$>$.,7#4!

P$)!$*??#:)+I!*?!%#!+#L=?#!.$+!#W*+,#)!>6*L.$8,!+*X%*A*8$,*A!>: !BC' !+:)!?67K-?:,*-%!>#!?6*%A#8,*-%!.$) !

?#!B2C4!

!

!

!

!

!

!

!

!

!

!

!



!

! D@!

KC! 4%'*#!#(!&B8%U#!)B.%8-#,)'H,#!
 

56-=j#8,*A! .)*%8*.$?! >: ! ,)$*,#L#%,! >#! ?6(7.$,*,#! ' ! 8()-%*9:#! #+,! ?6-=,#%,*-%! >6:%#! )7.-%+#!

K*)-?-X*9:#!+-:,#%:#!c/B]d!>7A*%*#!.$) !:%!S/3 !BC' !*%>7,#8,$=?#!>#!L$%*V)#!.7)#%%#!,7L-*%!

>6:%#!X:7)*+-%!>7A*%*,*K#4!!

F#.:*+!L$*!GEDYI!?#+!%-:K#$:W!$X#%,+!$%,*K*)$:W!>*)#8,+!cSSFd!+-%,!$88#++*=?#+!Z!?6#%+#L=?#!>#+!

.$,*#%,+!.)7+#%,$%,!:%#!(7.$,*,# !' !8()-%*9:#4!'#,,# !>$,#!8-))#+.-%>!Z!?6$%%-%8#!>#!?$!Q*%*+,)#!

>#+!SAA$*)#+!]-8*$?#+I!>#!?$!]$%,7!#,!>#+!F)-*,+!>#+!1#LL#+!>#!?6$88V+!:%*K#)+#?!$:W!%-:K#$:W!

,)$*,#L#%,+4!'#,,# !)#8-LL$%>$,*-%!#+,!*%,7X)7#!>$%+!:%!.)-j#, !>#!]$%,7!P:=?*9:#!L-,*K7!.$) !

?6$KV%#L#%,!>#+!%-:K#??#+!L-?78:?#+!.$%X7%-,\.*9:#+!9:*!=-:?#K#)+#%,!?$!.)*+#!#%!8($)X#!>#!8#+!

.$,*#%,+I!.#)L#,,$%, !>6$887>#)!Z!:%#!X:7)*+-%!>7A*%*,*K#!>: !BC' !#,!>6#%K*+$X#)!:%#!.)*+#!#%!

8($)X#!,(7)$.#:,*9:# !>#!?6#%+#L=?#!>#+!.$,*#%,+!*%A#8,7+!>6*8*!GEGT4!

!

5$!.)*+#!#%!8($)X#!,(7)$.#:,*9:# !>#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC' !*L.?*9:#!?6$%,*8*.$,*-%!>#+!

*%,#)$8,*-%+!#%,)#!?#+!,)$*,#L#%,+!S/B!.-:) !?#!B2C!#,!?#+!SSF4!5#+!>#)%*V)#+!)#8-LL$%>$,*-%+!>#!

?6S1J1!cL$)+!GEDUdI!>$%+! :%#!>\%$L*9:#!>#!+*L.?*A*8$,*-%!>#+!+,)$,7X*#+! ,(7)$.#:,*9:#+I !%#!

>*AA7)#%8*#%,!.?:+!?$!.)*+#!#%!8($)X#!,(7)$.#:,*9:# !>: !.$,*#%,!8-&*%A#8,7!B2C&BC' !>#!8#??#!>: !

L-%- &*%A#8,7!BC'4!5#+!8-%>*,*-%+!.#)L#,,$%, !>#!>*AA7)#%8*#)!:%#!.)*+#!#%!8($)X#!>#+!.$,*#%,+!

>$%+!?#!8$>)#!>6:%!.$)8-:)+ !+*L.?*A*7!-: !+.78*$?*+7!+-%,![!?$!8-&*%A#8,*-%!$K#8!?#!BC;!#,i-: !?#!B2CI!

?6$%,7)*-)*,7!>#+!,)$*,#L#%,+!$%,*&BC' !#,!78(#8+!7K#%,:#?+I!?#!>#X)7!>6$,,#*%,#!(7.$,*9:# !#,!?$!

.)7+#%8#!>6:%#!*%+:AA*+$%8#!)7%$?#!+7KV)#!cF1 !̂r !HEL?iL*%iDI<HLGd4!F$%+!8#+!8$+I!?#!,\.# !>#!

+,)$,7X*#! ,(7)$.#:,*9:# ! )#?VK#! >6:%#! >78*+*-%! .)*+#! $: ! 8-:)+ ! >6:%#! )7:%*-%! >#! 8-%8#),$,*-%!

.?:)*>*+8*.?*%$*)#!c/'Pd!NK4P4!!

!

!

!

!

!

!

!



!

! GE!

! ! 5#+!%-:K#??#+!,(7)$.#:,*9:#+ !!

5#+!SSF!.)7+#%,#%,! :%#!#AA*8$8*,7!+#L=?$=?#!#%,)#!?#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC' !#,!?#+!

L-%- &*%A#8,7+!BC'4!5#:)!:,*?*+$,*-%!#%!$++-8*$,*-%!$!8-%>:*,!Z!?6$L7?*-)$,*-%!8-%+*>7)$=?#!>#+!

8($%8#+!>#!X:7)*+-%!>$%+!.?:+!>#!@T!_ !>#+!8$+!NK7P4!F#!.?:+I!8#),$*%#+!$++-8*$,*-%+!.)7+#%,#%,!

:%#!$8,*K*,7!.$%X7%-,\.*9:#4!2?+!+#!>78?*%#%,!#%!>*AA7)#%,#+!+-:+!8?$++#+![!!

-! 2%(*=*,#:)+!>#!.)-,7$+# !3]H&MS!8-L.)#%$%,!?#!X?#8$.)#K*)!#,!̂ )$O-.)#K*)!

-! 2%(*=*,#:)+!>: !8-L.?#W#!3]TS!8-L.)#%$%,!?#!K#?.$,$+K*)I!.*=)#%,$+K*)I!?#>*.$+K*)!#,!#?=$+K*)!

-! 2%(*=*,#:)+!%:8?7-+*>*9:#+! -: !%:8?7-,*>*9:#+!>#!?$! .-?\L7)$+# !3]T; ! )#.)7+#%,7+! .$) !?#!

+-A-+=:K*)4!

-! 2%(*=*,#:)+!%-%!%:8?7-+*>*9:#+!>#!?$!.-?\L7)$ +#!3]T; !L-*%+!:,*?*+7+4!!

!

5#+! >#:W! +,)$,7X*#+! ,(7)$.#:,*9:#+! )#8-LL$%>7#+! )7.-%>#%,! Z! >#+! 8)*,V)#+! >6#AA*8$8*,7!

K*)-?-X*9:#!$K#8!:%#!/B]!x!@T_I!>#!A$8*?*,7!>6:,*?*+$,*-%!#,!>#!,-?7)$%8#4!!

¥! 5#+!+,)$,7X*#+!.$%X7%-,\.*9:#+!.#:K#%,!g,)#!:,*?*+7#+!9:#?+!9:# !+-*#%,!?#!X7%-,\.#!>: !

BC' !#,!?#!.$)8-:)+ !>#!+-*%+!c+*L.?*A*7i+.78*$?*+7d![!!

! ! ]-A-+=:K*)!h!B#?.$,$+K*)!cJ.8?:+$sd!.#%>$%,!DG!+#L$*%#+!

! ! ^?#8$.)#K*)!h!P*=)#%,$+K*)!cQ$K*)#,sd!.#%>$%,!U!Z!DG!+#L$*%#+!

¥! 5#+!+,)$,7X*#+!+#?-%!?#!X7%-,\.#!+-%,!>#!>#:W!,\.#+ !#,!+6$>)#++#%,!$:W!.$,*#%,+!*%A#8,7+!

.$) !:%!BC' !>#!X7%-,\.#!D!-: !M4!!

! ! ]-A-+=:K*)!h!5#>*.$+K*)!.#%>$%,!U!+#L$*%#+!

! ! ^)$O-.)#K*)!h!J?=$+K*)!DG!+#L$*%#+!

!

! ! 5#+!$%8*#%+!,)$*,#L#%,+!!

2?+!8-L.)#%$*#%,!+:88#++*K#L#%,I!?6*%,#)A7)-%!$?.($!+#:?!.:*+ !?$!=*,(7)$.*#!*%,#)A7)-%!$?.($!

.7X\?7!#,!?$!)*=$K*)*%#!cPJ &̂213i/;Bd4!!

¥! 5#+!*%,#)A7)-%+![!. )#L*#)+!,)$*,#L#%,+!:,*?*+7+!>$%+!?6*%A#8,*-%!.$) !?#!BC'4!56*%,#)A7)-%!

$?.($!$!7,7!)#L.?$87!.$) !?#!PJ^&213I!$\$%,!:%#!>#L*#&K*#!.?:+!?-%X:#!#,!.#)L#,,$%, !>#!

)7>:*)#!?$!A)79:#%8#!>#+!*%j#8,*-%+4!;*#%!9:# !>#!L-*%+!#%!L-*%+!:,*?*+7!#%!L-%-,(7)$.*# !

-: !=*,(7)$.*#!$K#8!?$!)*=$K*)*%#I!*?!)#+,#!:,*?*+7!>$%+!8#),$*%#+!$++-8*$,*-%+!>6$%,*K*)$:W4!!



!

! GD!

¥! /*=$K*)*%#![!$%$?-X:#!%:8?7-+*>*9:#!>#!+\%,(V+#!>#!?$!X:$%-+*%#4!J??#!$!:%!#AA#,!+\%#)X*9:#!

?-)+!>#!+-%!:,*?*+$,*-%!#%!=*,(7)$.*#!$K#8!?#!PJ^&2134!J??#!#+,!.$)A-*+!:,*?*+7#!#%!$++-8*$,*-%!

$K#8!?#+!FSS4!

!

!

J%!.?:+!>#!?6-=,#%,*-%!>6:%#!X:7)*+-%!K*)-?-X*9:#!$: !>78-:)+!>#!?6$))g,!>: !,)$*,#L#%,I!?6$:,)#!

-=j#8,*A!L$j#:) !#+,!?6$L7?*-)$,*-%!>: !.)-%-+,*8!(7.$,*9:#4!0%#!7,:># !L#%7#!>$%+!?$!8-(-),# !

S3/] !'eDH!CJPSB2C!#%!GEDTI!7K$?:$*,!?6*L.$8,!(7.$,*9:# !>6:%#!)7.-%+#!K*)-?-X*9:#!+-:,#%:#!

c/B]d!8(#O!?#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC'4!]:) !@U!.$,*#%,+!,)$*,7+I!TH!.)7+#%,$*#%,!:%#!/B]I !>-%,!

TD_!$K$*#%,! :%#!>*L*%:,*-%!>6$:!L-*%+!HE_!>: !+8-)#!>#!1*=)-+8$%s!$: !8-%,)w?#!Z!D!$%!>: !

,)$*,#L#%,!c2'!@T_[!DD&HYd4!F#!.?:+I!-%!)#,)-: K$*,!8#,,#!LgL# !>*L*%:,*-%!>: !+8-)#!>#!1*=)-+8$%s!

8(#O!GD_!>#+!.$,*#%,+!,)$*,7+!L$*+!%6$\$%,!.$+!:%#!/B] !NKMP4!

! !



!

! GG!

ZCd!38!$,@)'V'(6#&)'5(!MNOVMO:VMOF!jV̀!MOK!
!

2?!#W*+,#!.#: !>67,:>#+!.-),$%, !+:)!?$!L:?,*&*%A#8,*-%!.$) !?#+!K*):+!>#+!(7.$,*,#+!8(#O!?#+!.$,*#%,+!

*%A#8,7+!.$) !?#!B2C4!!

!

S4! J.*>7L*-?-X*#!
 

F$%+!:%#!7,:># !7.*>7L*-?-X*9:#!A)$%N$*+#!)7$?*+7#!#%!GEEMI!?$!.)7K$?#%8#!>#+!8-&*%A#8,*-%+!BC;&

BC' !8(#O!?#+!.#)+-%%#+!*%A#8,7#+!.$) !?#!B2C!+67?#K$*,!Z!EIU!_ !c2'@TcEIT&DIHdd!N.P4!2?!#W*+,#!.#: !

>67,:>#+!7K$?:$%,!?$!.)7K$?#%8#!>#!?$!9:$>)*&*%A#8,*-%!B2C&BC;&BC' &BCF4!5$!9:$>)*&*%A#8,*-%!

7,$*,!)#,)-:K7# !8(#O!#%K*)-%!H_!>#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC;!>$%+!:%#!7,:># !A)$%N$*+#!.$):# !

#%!GEEY!NK?P4!

!

;4! 5#+!*%,#)$8,*-%+!K*)-?-X*9:#+!
!

$4! 56*%,#)$8,*-%!#%,)#!?#!BC;!#,!?#!BC'!
 

F$%+!?67,:>#!?-%X*,:>*%$?#!L#%7#!.$) !;etF !#,!$?!#%!GEDE!7K$?:$%,!?#+!>*AA7)#%,#+!*%,#)$8,*-%+!

K*)$?#+!8(#O!GYT!.$,*#%,+!B2C&BC;!#,!D@!.$,*#%,+!B2C&BC;&BC'I !*?!7,$*,!- =+#)K7!9:# !?$!)7.?*8$,*-%!

>: !BC;!7,$*,!+*X%*A*8$,*K#L#%,!.?:+!A$*=?#!>$%+!?#!X)-:.# !B2C&BC;&BC' !8-L.$)$,*K#L#%,!$:W!

.$,*#%,+!B2C&BC;!E.FGHVAWK+!NKOML!PQASI!R!WAJQ+!&HSASXT!N.7PA!F#+!K$)*$,*-%+!>#!)7.?*8$,*-%+!>: !

BC;!7,$*#%,!8-%+,$,7#+!$: !8-:)+ !>: !,#L.+I !,7L-*X%$%,!>#!?6*%+,$=*?*,7!>#+!*%,#)$8,*-%+!>$%+!?#!

,#L.+4!!

! !

=4! 5#+!*%,#)$8,*-%+!#%,)#!?#!BC;I!?#!BC'!#,!?6(7.$,*,#!>#?,$!
 

0%#!7,:># !L#%7#!#%!GEEE!.$) !QSRC0/23!#,!$?!7K$?:$*,!?#+!+,$,:,+!K*)-?-X*9:#+!#,!?6$,,#*%,#!

(7.$,*9:# !8(#O!TE!.$,*#%,+!L:?,*&*%A#8,7+I!>-%,!HM!.$,*#%,+!BC;&BC' !#,!DY!.$,*#%,+!BC;&BC' &

BCF!8-L.$)7 !Z!:%!X)-:.# !$..$)*7+!BC' !+#:?4!2?!$!7,7!-=+#)K7!9:# I!8(#O!?#+!.$,*#%,+!,)*&*%A#8,7+I!

?$!8($)X#!BC' !.?$+L$,*9:#!7,$*,!+*X%*A*8$,*K#L#%,!.?:+!=$++#!8-L.$)$,*K#L#%,!$:W!X)-:.#+ !BC;&

BC' !#,!BC' !+#:?4!F#!.?:+I!?#+!L$)9:#:)+ !>#!)7.?*8$,*-%!>: !BC;!cSX!C;#!#,!SF3!BC;d!7,$*#%,!

%7X$,*A+!>$%+!UE_4!56#%+#L=?#!>#!8#+!)7+:?,$,+!+:XXV)#!:%#!.)7>-L*%$%8#!>: !K*):+!>#!?6(7.$,*,#!

>#?,$!+:)!?#!BC' !#,!?#!BC;4!F#! .?:+I! :%#!$%$?\+#!>#!?6$,,#*%,#!(7.$,*9:# !>$%+!8#+!>*AA7)#%,+!



!

! GH!

X)-:.#+ !L-%,)#!:%#!$++-8*$,*-%!+*X%*A*8$,*K#!#%,)#!8*))(-+#!#,!L:?,*&*%A#8,*-%!#,!>:)7#!>#!?$!L:?,*&

*%A#8,*-%!NKGP4!

!

'#,,# !.)7>-L*%$%8#!>#!?6(7.$,*,#!>#?,$!+:)!?#!BC;!#,!?#!BC' !#+,!)#,)-:K7# !$:++*!?-)+!>#+!7,:>#+!

L#%7#+!>$%+!?$!.-.:?$,*-% !B2CI!$K#8!%7$%L-*%+!9:#?9:#+!.$),*8:?$)*,7+!N.7_!KQP-!2?!%#!.$)$f, !.$+!

\ !$K-*)!>6$8,*-%!*%(*=*,)*8#!8:L:? 7#!>: !BC' !#,!>: !BCF!+:)!?$!)7.?*8$,*-%!>: !BC;4!5$!.)-.-),*-% !>#!

.$,*#%,+!.)7+#%,$%,!:%#!8($)X#!BC;!*%>7,#8,$=?#!7,$*,!?7XV)#L#%,!>*L*%:7#!?-)+!>#!?$!9:$>)*&

*%A#8,*-%! B2C&BC;&BC' &BCF! E.FGHV+IV+! NKOML! PS+NXRK+YX+! &HS+SYT! 8-L.$)$,*K#L#%,! Z! ?$! 8-&

*%A#8,*-%!B2C&BC;&BC' !c.FGHVAWK+!NKOML!PQASI!R!WAJQ+!&HS+SXT!#,!?$!8-&*%A#8,*-%!B2C&BC;&BCF!

cFGHIAJK+!LMNKO!P!QAQIRQIAQS+!&HSASITA!

5$!.)-.-),*-% !>#!.$,*#%,+!.)7+#%,$%,!:%!S/3 !BC' !*%>7,#8,$=?#!7,$*,!T!A-*+!.?:+!*L.-),$%, #!>$%+!

?#! X)-:.# ! B2C&BC;&BC' &BCF! 8-L.$)$,*K#L#%,! $: ! X)-:.# ! B2C&BC;&BC' ! ENKOML! PS+WKRXJ+JW+!

&HS+QTA!!

2%K#)+#L#%,I!?6*%>7,#8,$=*?*,7!>#!?6S/3!BCF!7,$*,!)#,)-:K7# !#%!L-*%+!X)$%>#!.)-.-),*-% !>$%+!?#!

X)-:.# !B2C&BC;&BC' &BCF!8-L.$)$,*K#L#%,!$: !X)-:.# !B2C&BC;&BCF!E.FGHS+IS+!NKOML!PS+SXR

V+VX+!&HS+VT4!!

R-:, !8-LL# !?-)+!>#!?6*%A#8,*-%!B2C&BC;&BCFI!*?!$!7,7!L*+!#%!7K*>#%8#!?$!.)7 +#%8#!>#!=?*.+!?-)+!>#!

?$!9:$>)*&*%A#8,*-%I!8-))#+.-%>$%,!Z!:%#!$+8#%+*-%!>#!?$!8($)X#!BC;4!!

'#+!>#)%*#)+!)7+:?,$,+!)#.-+# %,!+:)!:%!A$*=?#!%-L=)#!>#!.$,*#%,+!9:$>)*&*%A#8,7+!#,!L-%,)#%,!

+#:?#L#%,!:%#!,#%>$%8#!>#+!*%,#)$8,*-%+!K*)$?#+!+,$,*+,*9:#L#%,!%-%!+*X%*A*8$,*K#4!!

! ! !

! ! !
84! JK-?:,*-%!>#+!*%,#)$8,*-%+!$:!8-:)+!>#+!,)$*,#L#%,+!

 
S!?6V)#!>#+!%-:K#??#+!,(7)$.#:,*9:#+ !$%,*&BC'I !?$!8-&*%A#8,*-%!BC' &BC;!)#9:*#),!:%#!$,,#%,*-%!

.$),*8:?*V)#4! 0%! 7,:># ! 8(*%-*+#I! )7$?*+7#! #%! GED<I! $! 7,:>*7! ?6*%8*>#%8#! >#! ?$! )7$8,*K$,*-%! >#!

?6(7.$,*,#!; !8(#O!>#+!.$,*#%,+!8-&*%A#8,7+!BC;&BC' !#%!8-:)+ !>#!,)$*,#L#%,!.$) !SSF!.-:) !?#!BC'I !

#%! >#(-)+! >#! ,-:,# ! *%A#8,*-%! .$) ! ?#! B2C4! '(#O! HG<! .$,*#%,+! 8-&*%A#8,7+! ,)$*,7+! .$) ! SSFI! DE!

.)7+#%,$*#%,! :%!SX!C;+! .-+*,*A!$K#8! :%!SF3!BC;! *%>7,#8,$=?#4!R)-*+!>#!8#+!DE! .$,*#%,+! -%,!

>7K#?-..7!:%#!(7.$,*,# !$*X:k!*L.:,$=?#!Z!:%#!)7$8,*K$,*-%!>: !K*):+!>#!?6(7.$,*,#!; !cC$O$)>!)$,*-!

q!DT4EI!.rE4EEDd!NKRP4!'# !.(7%-LV%#I!8-L.,# !,#%:!>#!+$!X)$K*,7!(7.$,*9:# !.-,#%,*#??#I!>-*,!$:++*!

g,)#!8-%+*>7)7!8(#O!?#+!.$,*#%,+!B2C!8-&*%A#8,7+!BC;&BC' !#%!8-:)+ !>#!,)$*,#L#%,4!



!

! GM!

!

'4! 56$,,#*%,#!(7.$,*9:#!
 

$4! 5-)+!>#!?$!L:?,*&*%A#8,*-%!
 

J%!GEEEI!:%#!7,:># !>#!]S5Qe3 !#,!$?!7K$?:$*,!?#+!8$:+#+!>#!>78V+!8(#O!?#+!.$, *#%,+!B2C!*%A#8,7+!

.$) !?#!BC;!-: !BC' !+#:?+!#,!?#+!L:?,*&*%A#8,7+!B2C&BC;&BC'4!2?!7,$*,!L-%,)7!9:# !?#+!>78V+!>#!8$:+#!

(7.$,*9:# !7,$*#%,!.?:+!A)79:#%,+!#,!?$!.)#L*V)#!8$:+#!>#!>78V+!8(#O!?#+!. $,*#%,+!B2C&BC' !#,!B2C&

BC;&BC' !cHD_!#,!MM_!)#+.#8,*K#L#%,d!N4IP4!!

F#!.?:+I!>$%+!:%#!7,:># !L #%7#!.$) !S//2;S] !#,!$?I!>78)*K$%,!?#+!8$)$8,7)*+,*9:#+!#,!*%,#)$8,*-%+!

K*)-?-X*9:#+! >$%+! ?#+! X)-:.#+ ! B2C&BC;&BC' ! #,! B2C&BC;&BC' &BCFI! *?! 7,$*,! L-%,)7! 9:# ! ?$!

.)7K$?#%8#!>#!?$!8*))(-+#!7,$*,!>#!GT_!8(#O!?#+!.$,*#%,+!B2C&BC;&BC' !#,!>#!UE_!>$%+!?#!X)-:.# !

B2C&BC; &BC' &BCF4!Q$?(#:)#:+#L#%,I!?#!%-L=)#!>#!.$,*#%,+!7,$*,!*%+:AA*+$%,!.-:) !)#%>)#!8#+!

)7+:?,$,+!+,$,*+,*9:#L#%,!+*X%*A*8$,*A+!NKQP4!0%#!$:,)# !7,:># !>#!5S'eQ;J !#,!$?!7K$?:$*,!?6*L.$8,!

>#!?6(7.$,*,#!' !#,i-: !>#!?6(7.$,*,#!>#?,$!+:)!?#!>#X)7!>#!A*=)-+#!(7.$,*9:# !8(#O!?#+!.$,*#%,+!8-&

*%A#8,7+!B2C&BC;4!]:) !DHM!.$,*#%,+!B2C&BC;I!DE!7,$*#%,!B2C&BC;&BC' !#,!<!B2C&BC;&BC' &BCF4!2?!

7,$*,!L-%,)7#!: %#!$++-8*$,*-%!+,$,*+,*9:#L#%,!+*X%*A*8$,*K#!#%,)#!?$!8-&*%A#8,*-%!.$) !?6(7.$,*,#!

>#?,$! #,! :%! +8-)#! QJRSB2/! >#! A*=)-+#! 1H&1M! >$%+! ?#! X)-:.# ! B2C&BC;&BC' &BCF! EFGHQS+SV+!

LMNKOHS+KSRW+QY!Z!&HS+SIT!N4.PA!!

!

! ! =4!5#+!A$8,#:)+!*%A?:#%N$%,!?6$,,#*%,#!(7.$,*9:#!8(#O!?#+!PPB2C!#%!>#(-)+!!!!
! ! >#+!K*):+!
!
5#+!PBB2C!+-%,!+-:L*+ !Z!>6$:,)#+!A$8,#:)+!9:*!>-*K#%,!g,)#!.)*+!#%!8-L.,# !#,!.#:K#%,!#W.?*9:#) !

:%#!.?:+!X)$%>#!+7K7)*,7!>#!?6$,,#*%,#!(7.$,*9:# !c1*X:)#!Hd!N4KP![!!

-! 0%#!(7.$,*,# !*%>:*,#!.$) !?$!)#+,$:)$,*-%!*LL:%*,$*)#!A$K-)*+7#!.$) !?#+!CSS/R!N44P4!

-! 0%#!(7.$,-,-W*8*,7!L7>*8$L#%,#:+#!?*7#!$:W!S/B!c$%,*)7,)-K*)$:Wd!#,!$:,)#+!,(7)$.#:,*9:#+ !

N44_!47P-!

-! 56(7.$,-,-W*8*,7!?*7#!$:W!*%A#8,*-%+!-..-),:%*+,#+4!

-! 0%#!(7.$,-,-W*8*,7!?*7#!Z!?$!8-%+-LL$,*-%!>6$?8--?!#,!8$%%$=*+4!!

-! 0%#!+,7$,-+#!(7.$,*9:# !#+,!>7A*%*#!.$) !?6$88:L:?$,*-%!>#!,)*X?\87)*>#+!>$%+!?#!,*++:!(7.$,*9:# !

#,!.#:, !g,)#!>6-)*X*%#!L7,$=-?*9:#I!#,!>-%8!>7.#%>$%,#!>#+!A$8,#:)+!?*7+!Z!?6(w,#!,#?+!9:# !

?6-=7+*,7I!?6(\.#)?*.*>7L*#I!?#!>*$=V,#!>#!,\.# !G!#,!?$!8-%+-LL$,*-%!#W8#++*K#!>6$?8--?4!J??#!



!

! GT!

.#:, !7X$?#L#%,!g,)#!>6-)*X*%#!L7>*8$L#%,#:+#I!%-,$LL#%,!?#+!23R2!#,!?#+!2P4!J%A*%I!?#+!K*):+!

#:W&LgL#+ !+-%,!:%!>#+!A$8,#:)+!>#!+,7$,-+#!(7.$,*9:# !$K#8!:%#!$++-8*$,*-%!.?:+!L$)9:7# !#%!

8$+!>6(7.$,*,#!' !>#!X7%-,\.#!H!N4M_!4?P4!

!

!

1*X:)#!H[!Q78$%*+L#+!>6(7.$,-,-W*8*,7! .-:K$%,!#W.?*9:#)!?$!+7K7)*,7!>#!?6$,,#*%,#!(7.$,*9:# !8(#O les 
PBB2C!N4KP4!
!

!
!
!
!
!
! !



!

! GY!

ZCk!3#*!$.)B5/#*!/A.D8@,8)'5(!/#!@8!6'9%5*#!B.-8)'H,#! !
!
567K$?:$,*-%!>#!?6$,,#*%,#!(7.$,*9:# !#+,!A-%>7#!+:)!>#+!L7,(->#+ !*%K$+*K#+!8-LL# !?$!.-%8,*-%!

=*-.+*#!(7.$,*9:# !#,i-: !>#+!,#8(%*9:#+!%-%!*%K$+*K#+!8-LL# !?#!1*=)-]8$%s!#,!?#!1*=)-,#+,s!9:*!

+-%,!?#+!.?:+!:,*?*+7#+!L$*+!$:++*!?#!1*=)-LV,)#sI!?678(-X)$.(*#!S/12I!?#!+8-)#!SP/2!#,!?#!+8-)#!12;&

M4!5#+!)7+:?,$,+!>#!8#+!>*AA7)#%,#+!L7,(->#+ !+-%,!8-%K#),*+!#%!+8-)#!)#A?7,$%,!?#!X)$>#!>6$8,*K*,7!

cSd!$??$%,!>#!E!Z!H!#,!?#!>#X)7!>#!A*=)-+#!c1d!(7 .$,*9:# !+678(#?-%%$%,!>#!E!Z!M!c.$)!$%$?-X*#!$K#8!

?#!+8-)#!QJRSB2/d4!! !

!
+C!38!-5(&)'5(!9'5-*'#!B.-8)'H,#!^4:O_!

 
5$! P;C! )#+,#! ?6#W$L#%! >#! )7A7)#%8#! .-:) ! 7K$?:#)! ?$! A*=)-+#! (7.$,*9:#4! J??#! $! :%! *%,7)g,!

>*$X%-+,*9:#! .$) ! ?$! )#8(#)8(#!>6$:,)#+!8-L-)=*>*,7+I! ,#??#!9:# !?$!+,7$,-+#!$\$%,! :%#!K$?#:)!

.)-%-+,*9:# !+:)!?67K-?:,*-%!>#!?$!A*=)-+#4!J??#!#+,!:,*?*+7#!#%!8$+!>#!>*+8-)>$%8#!#%,)#!?#+!)7+:?,$,+!

>#+! ,#+,+! %-%! *%K$+*A+4! 56$8,*K*,7! #,! ?$! A*=)-+#! +-%,! >78)*,#+! .$) ! ?6:,*?*+$,*-%! >6:%! +8-)#! +#L*&

9:$%,*,$,*A!$.)V+!$%$?\+#!>#+!8-:.#+ !(*+,-?-X*9:#+![!?#!+8-)#!QJRSB2/!N4GP4!5$!?*L*,#!.)*%8*.$?#!>#!

8#!,#+,!#+,!+-%!8$)$8,V)#!*%K$+*A!#,!>#+!)*+9:#+!>#!L-)=*>*,7!#,!L-),$?*,7!#+,*L7+!)#+.#8,*K#L#%,!

Z!EIH&EIY_!#,!EIET_I!8#!9:*!?#! .?$8#!$8,:#??#L#%,!#%!+#8-%>#!*%,#%,*-%!.-:) !?67K$?:$,*-%!>#!

?6$,,#*%,#!(7.$,*9:# !N4QP4!!

!

!
!
!
!
!
!
!
!
!
!
!
!

!

!



!

! G<!

:C!3#*!$.)B5/#*!(5(!'(D8*'D#*!̂>89@#8,!Z_!
!

! ! <640./*$,4*'2)!70*'./$%$')!2,&70/2$%%)00)!!

P?:+!8-:)$LL#%, !$..#?7#!1*=)-] 8$%sI!+-%!.)*%8*.#!#+,!>67K$?:#)!?67?$+,*8*,7!>: !A-*#!Z!.$),*) !

>6:%#!-%>#!+-%-)#!Z!=$++#!A)79:#%8#!.)->:*,# !.$) !:%#!+-%>#!.?$87#!Z!?$!+:)A$8#!>#!?$!.#$: !

#%!)#X$)>!>#!?$!?-X#!(7.$,*9:# !N4RP4!5$!K*,#++#!>#!.)-.$X$,*-%!>#!?6-%>#!>$%+!?#!A-*#I!L#+:)7# !

.$) !?6:,*?*+$,*-%!>#+!:?,)$+-%+I!.#)L#, !>6#+,*L#)!?67?$+,*8*,7!(7.$,*9:#4!P?:+!?#!A-*#!#+,!o!>:) !p!

-: !o!)*X*>#!pI!.?:+!?6-%>#!+#!.)-.$X# !)$.*>#L#%,4!5#!)7+:?,$,!#+,!#W.)*L7!#%!b*?-!P$+8$?!caP$d!

$K#8!>#+!K$?#:)+!8-L.)*+#+!#%,)#!GIT!#,!<T!aP$4!2?!.-:))$ !g,)#!8-%K#),*!#%!+8-)#!QJRSB2/!X)l8#!

Z!?6#W*+,#%8#!>6:%#!,$=?#!>679:*K$?#%8#!+.78*A*9:#!#%!A-%8,*-%!>#!?67,*-?-X*#!>#!?$!.$,(-?-X*#!

(7.$,*9:# !7,:>*7#4!!

'#,,# !L7,(-># !#+,!K$?*>7#!#,!)#L=-:)+7# !8(#O!?#+!.$,*#%,+!B2C&BC' !$K#8!:%#!.#)A-)L$%8#!

>*$X%-+,*9:#!8-L.)*+# !#%,)#!UE!#,!@<_! .-:) !>7A*%*)!?$!A*=)-+#!#,! .#)L#, !$:++*!>#!+:*K)#!

?67K-?:,*-%!>#!?6$,,#*%,#!(7.$,*9:# !N7I_!7.P4!

F$%+!?#!8$+!>#!?$!8-&*%A#8,*-%!B2C&BC;I!8#!,#+,!.)7+#%,#!:%#!.#)A-)L$%8#!>*$X%-+,*9:#!$K#8!

>#+!$*)#+!+-:+!?$!8-:)=# !8-L.)*+ !#%,)#!UT!#,!@Y_!.-:) !>7A*%*)!?#+!>*AA7)#%,+!+,$>#+!>#!A*=)-+#I!

L$*+!$K#8!?6:,*?*+$,*-%!>#!8:, &-AA!*%A7)*#:)+!Z!8#?:*!>#!?$!8-&*%A#8,*-%!B2C&BC' !N7KP4!!

!5#+!?*L*,#+!>#!8#,,#!,#8(%*9:#!+-%,!+-%!8$)$8,V)#!-.7)$,#:) &>7.#%>$%,!#,i-: !?-)+9:#!?#+!

)7+:?,$,+! .)7+#%,#%,! :%#! K$)*$=*?*,7! #W8#++*K#! c2`/iQFC ! x! EIHd4! 5#+! A$8,#:)+! ?*L*,$%,!

?6*%,#).)7,$,*-%!+-%,!?#+!2Q' !#W,)gL#+!cr!Z!D@!-: !x!GU!aXiLGdI!?6(7.$,*,#!$*X:k!-: !?$!X)-++#++#4!!

!

2?! #W*+,#! $8,:#??#L#%,! >#:W! $:,)#+! L7,(->#+ ! >67?$+,-X)$.(*#! :?,)$+-%-)#! 8-:.?7#+! Z! >#+!

78(-X)$.(#+ !.#)L#,,$%, !>#!>*)*X#)!?$!L#+:)# !+:)!:%#!O-%#!+.78*A*9:#!#,!>#!+6$AA)$%8(*)!>#!

?6*L.:?+*-%!L78$%*9:#!>: !1*=)-]8$%s4!2?!+6$X*,!>#!?678(-X)$.(*#!S/12!cS8-:+,*8!/$>*$,*-%!1-)8#!

2L.:?+#d!#,!?$!,#8(%*9:#!>#!]:.#)+-%*8!2L$X*%#!%-LL7# !]yJs !c](#$)y$K#s!J?$+,-X)$.(\d4!

'#+! >#:W! L7,(->#+ ! -%,! >#+! .#)A-)L$%8#+! >*$X%-+,*9:#+! .)-8(#+ ! >: ! 1*=)-]8$%s! L$*+!

%6$..$)$*++#%,!.$+!#%8-)#!>$%+!?#+!)#8-LL$%>$,*-%+!%$,*-%$?#+4!!

P-:) !?678(-X)$.(*#!S/12I!?6S0/e'!#+,!>#!EIU<!.-:) !?#!>*$X%-+,*8!>#!A*=)-+#!u!G!#,!>#!EI@H!.-:) !

?#!>*$X%-+,*8!>#!8*))(-+#!c1Md!N74P4!!

P-:) !?$!,#8(%*9:#!]:.#)+-%*8!](#$)y$K#s !J?$+,-X)$.(\I!?6S0/e'!#+,!>#!EIU@!.-:) !:%#!A*=)-+#!

L->7) 7#!u!G!#,!>#!EI@H!.-:) !?#!>*$X%-+,*8!>#!8*))(-+#!c1Md!N77P4!!

!



!

! GU!

! ! <)/ !*)/*/ !/.%972%/!

"! <)!U2-'$*)/*[!)*!06\1*2*)/*[!

R#+,+!=*-8(*L*9:#+!%-%!*%K$+*A+!?#+!.?:+!:,*?*+7+!#%!$++-8*$,*-%!$K#8!?#!1*=)-] 8$%sI!*?+!-%,!L-%,)7!

?#:)!.#)A-)L$%8#!>*$X%-+,*9:#!#%!8$+!>#!8-&*%A#8,*-%!B2C&BC' !N7MPI!#,!$:++*!?-)+!>#!?$!8-&*%A#8,*-%!

B2C&BC;!N7?P!$K#8!>#+!+#:*?+!>6*%,#).)7,$,*-%!>*AA7)#%,+4!5#!1*=)-,#+,s!8-L=*%#!8*%9!L$)9:#:)+ !

c$?.($&G&L$8)-X?-=:?*%#I! ($.,-X?-=*%#I! $.-?*.-.)-,7*%# ! SDI! =*?*):=*%7L*#! ,-,$?#I! X$LL$&

X?:,$L\?!,)$%+.#.,*>$+#d!$K#8!:%!$j:+,#L#%,!+:)!?#!+#W#!#,!?6lX#4!56S8,*,#+,s!:,*?*+#!?#!>-+$X#!>#+!

S5SR!#%! .?:+4!5#+!>#:W!)7+:?,$,+! -=,#%:+!+-%,!8-L.)*+ !#%,)#!E!#,!D! .:*+ !8-%K#),*+!#%!+8-)#!

QJRSB2/4!

!

5#+!$:,)#+!,#+,+!+$%X:*%+I!L-*%+!:,*?*+7+I!L$*+!9:*!-%,!$:++*!L-%,)7!:%#!L#*??#:)#!.#)A-)L$%8#!

>*$X%-+,*9:#!.-:) !?#+!8-&*%A#8,*-%+!B2C&BC' !#,!B2C&BC;I!+-%,!?#!1*=)-LV,)#s!#,!?6C7.$+8-)#!N7M_!

7GP4!

!

5$!K$?*>*,7!>#!8#+!,#+,+!=*-8(*L*9:#+!#+,!$?,7)7#!?-)+9:#!?6:%!>#+!L$)9:#:)+ !:,*?*+7+!.)7+#%,#!:%#!

X)$%>#! >7K*$,*-%! c(\.#)=*?*):=*%7L*#! 8-%+,*,:,*-%%#??#! -: ! ?*7#! Z! ?6$,$O$%$K*)I! (7L-?\+#I !

+\%>)-L#!*%A?$LL$,-*)#d!#,!.#:, !8-%>:*)#!Z!:%#!*%,#).)7,$,*-%!#))-%7#!>#+!)7+:?,$,+4!'#+!,#+,+!

%#! .#:K#%,! .$+! g,)#! :,*?*+7+! #%! 8$+! >6(7.$,*,#! $*X:kI! >#! 8\,-?\+#! L7>*8$L#%,#:+#! -: !

>6$:XL#%,$,*-%!*L.-),$%,#!>#+!̂ ^R!?*7#!$:W!,)$*,#L#%,+4!!

!

!

!

!

!

!

!

!

!



!

! G@!

R$=?#$:!D![!1$8,#:)+!?*L*,$%,!?6*%,#).)7,$,*-%!>#+!>*AA7)#%,#+!L7,(->#+ !>67K$?:$,*-%!>#!?$!A*=)-+# selon 
$8,:$?*+$,*-%!GEDM!>: !/$..-), !Q-)?$,!N.?P4#
#

#
#
#
F$%+! ?#+! >*AA7)#%,#+! 7,:>#+! .-),$%, ! +:)! ?#+! +8-)#+! =*-8(*L*9:#+I! ?#+! ,)-*+! +8-)#+! A$8*?#L#%,!

)7$?*+$=?#+!#,!.)7+#%,$%,!?$!L#*??#:)#!#AA*8$8*,7!>*$X%-+,*9:#!+-%,!?#!12;&MI!5#!1-)%+!#,!?#!+8-)#!

SP/24!5#:)+!8$)$8,7)*+,*9:#+!+#)-%,!>78)*,#+!>$%+!?$!+:*,#!>#!%-,)#!#W.-+7!#,!)7+:L7#+!>$%+!?#!

,$=?#$:!H4! 

!

-! <)!/1$') !UL]RX!cK-*)!$%%#W#!Dd!

2?!+6$X*,!>6:%!+8-)#!=*-8(*L*9:# !:,*?*+$%,!>#+!L$)9:#:)+ !A$8*?#L#%,!$88#++*=?#+![!lX#I!S]SRI!S5SRI!

.?$9:#,,#+4!5-)+!>6:%#!7,:># !)7$?*+7#!#%!GEEY!+:)!?6:,*?*+$,*-%!>: !12;&M!.-:) !?67K$?:$,*-%!>#!?$!

A*=)-+#!(7.$,*9:# !8(#O!?#+!.$,*#%,+!B2C&BC'I !?6S0/e'!7,$*,!>#!EI<YT!.-:) !>*AA7)#%8*#)!?$!A*=)-+#!

L->7)7# !Z!?$!A*=)-+#!+7KV)#!K-*)#!?$!8*))(-+#!#%!:,*?*+$%,!8-LL# !K$?#:)!+#:*?!DIMT!cBP3!@E_d!#,!

8-LL# !K$?#:)!+#:*?!($:,# !HIGT!c+.78*A*8*,7!@<_I!BPP!YT_d!N7GP4!

'# !+8-)#!$!$:++*!7,7!7,:>*7!>$%+!?#!8$>)#!>#!?$!8-&*%A#8,*-%!B2C&BC;!N7?P4!56S0/e' !.-:) !>*+,*%X:#)!

:%#!8*))(-+#!>6:%#!A*=)-+#!(7.$,*9:# !L-*%+!+7KV)#!7,$*,!Z!E4UE!c2'!EIY<&EI@Md!$K#8!?#+!LgL#+ !

K$?#:)+!+#:*?!9:# !8#??#+!:,*?*+7#+!>$%+!?$!8-&*%A#8,*-%!B2C&BC' !c8A!,$=?#$:!Hd4!

!



!

! HE!

-! <)!/1$') !UFG^_!cK-*)!$%%#W#!Gd!

'# !+8-)#!=*-8(*L*9:# !:,*?*+#!?#+!K$)*$=?#+!+:*K$%,#+![!lX#I!^^RI!.?$9:#,,#+!#,!8(-?#+,7)-?!,-,$?4!

')77 !*%*,*$?#L#%,! .-:) !?67K$?:$,*-%!>#!?$!A*=)-+#!8(#O!?#+!.$,*#%,+!.)7+#%,$%,! :%#!(7.$,*,# ! ' !

8()-%*9:#!N7QPI!*?!.)7+#%,#!$:++*!:%!*%,7)g,!>$%+!?67K$?:$,*-%!>#!?$!A*=)-+#!8(#O!?#+!.$,*#%,+!8-&

*%A#8,7+!B2C&BC' !#,!B2C&BC;!$K#8!:%#!L#*??#:)#!#AA*8$8*,7!>*$X%-+,*9:#!?-)+!>#!?$!8-&*%A#8,*-%!

B2C&BC;!N7K_!7?P!c8A!,$=?#$:!Hd4!

!

!&!<)!/1$') !\`GL!cK-*)!$%%#W#!Hd!

'# !+8-)#!:,*?*+#!8-LL# !L$)9:#:)+ !?#+!,)$%+$L*%$+#+!cS]SRd!#,!?#+!.?$9:#,,#+!N7RP4!5#+!K$?#:)+!

:,*?*+7#+!+-%,!EITT!cu!1Gd!#,!DIT!c1Md!>$%+!?6#%+#L=?#!>#+!7,:>#+!#,!>$%+!?#!8$>)#!>#!?$!8-&*%A#8,*-%!

B2C&BC;!#,!B2C&BC'I !$K#8!:%#!#AA*8$8*,7!>*$X%-+,*9:#!9:*!+#)$*,!+:.7)*#:)# !#%!8$+!>#!8-&*%A#8,*-%!

B2C&BC;!N7K_!7?P!c8A!,$=?#$:!Hd4!

!

!



!

! HD!

FC! 3#*!*#,'@*!/.&'*'5((#@*!#)!8**5&'8)'5(*!/#!)#*)*!
 

8C! 3#!*&5%#!?=>+MN"!
 

]8-)# !.)-.-+7 !#%!D@@Y!.$) !:%#!79:*.# !>6(7.$,-?-X*+,#+!A)$%N$*+#I!.#)L#, !>6#+,*L#)!>#!L$%*V)#!

+#L*&9:$%,*,$,*K#!?#!X)$>#!>#!A*=)-+#!c1d!#,!>6$8,*K*,7!cSd4!'# !+8-)#!.#)L#, !>6(-L-X7%7*+#)!?#+!

)7+:?,$,+!>#!?$!.?:.$), !>#+!L7,(->#+ !>67K$?:$,*-%!(7.$,*9:#4!]#+!8$)$8,7)*+,*9:#+!.)*%8*.$?#+!+-%,!

>78)*,#+!>$%+!?#!,$=?#$:!G4!!

!

a.-0).7 !VP!<)!/1$') !#ba\cLG!!"#$ 

!
!
! !

9C! 3#*!/'66.%#()*!*#,'@*!
 

5$! 8-%K#)+*-%! >#+! +8-)#+! 9:$%,*,$,*A+! -=,#%:+! .$) ! ?#+! L7,(->#+ ! %-%! *%K$+*K#+! >67K$?:$,*-%!

(7.$,*9:# !+#!A$*,!#%!A-%8,*-%!>: !8-%,#W,#!>67K$?:$,*-%!c,\.# !>#!8-&*%A#8,*-%d!$K#8!>#+!+#:*?+!9:*!

.#:K#%,!g,)#+!>*AA7)#%,+4!2?!#+,!*L.-),$%, !>#!%-,#)!9:z*?!%6#W*+,#!.$+!>#!+#:*?+!>7A*%*+!#,!K$?*>7+!?-)+!

>#!?$!L:?,*&*%A#8,*-%!B2C&BC;&BC' !hi&!BCF4!

!

56#%+#L=?#!>#+!,#+,+!)#,#%:+!8-LL# !7,$%,!?#+!.?:+!#AA*8$8#+!#%!L$,*V)#!>#!>*$X%-+,*8!>#!?$!A*=)-+#!

$K#8!?#+!+#:*?+!#%!A-%8,*-%!>: !,\.# !>#!8-&*%A#8,*-%!cB2C&BC;!-: !B2C&BC'd!+-%,!>78)*,+!#,!8-L.$)7+ !

>$%+!?#!,$=?#$:!H4!!



!

! HG!

F#!.?:+I!%-:+!$K-%+!.)7+#%,7I!>$%+!?#+!A*X:)#+!M!#,!TI!?$!8-%K#)+*-%!>: !+8-)#!>: !1*=)-]8$%s!+#?-%!

?678(#??#!QJRSB2/!#%!A-%8,*-%!>: !,\.# !>#!8-&*%A#8,*-%!cB2C&BC;!-: !B2C&BC'd!$A*%!>#!L-%,)#) !>#!

L$%*V)#!.?:+!K*+:#??#!8#+!>*AA7)#%8#+4!!

!

F$%+!?$!L$j-)*,7 !>#!8#+!,#+,+!%-%!*%K$+*A+I!?#+!>*AA7)#%,+!+,$>#+!>#!A*=)-+#!+-%,!+-:K#%,!)#,)-:K7+!

Z!>#+!+8-)#+!9:$%,*,$,*A+!.?:+!=$+!?-)+!>#!?$!8-&*%A#8,*-%!B2C&BC;!9:# !?$!8-&*%A#8,*-%!B2C&BC'I !

>*AA7)#%8#!>6$:,$%,!.?:+!L$)9:7# !>$%+!?67K$?:$,*-%!.$) !1*=)-]8$%s!cA*X:)#+!M!#,!Td4!!

!

!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



!

! HH!

R$=?#$:!H![!'-L.$)$*+-% !>#+!,#+,+!%-%!*%K$+*A+!8(#O!?#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC;!#,!B2C&BC' ![!+#:*?+I!
S0/e'I !2'!c7K_!7M_!7?_!7G_!7Qd 

Tests  non  
invasifs  

Seuils  dans  la co-
infection  VIH-VHC 

AUROC                 Seuils  dans  la co-
infection  VIH-VHB 

AUROC              

Fibrotest¨      

!  F2 0.49 0.64 (IC 0.58-
0.70) 

0.43 0.77 (IC 0.68-
0.86) 

F4 0.75 0.81 (IC 0.76-
0.85) 

0.74 0.87 (IC 0.79-
0.94) 

Fibrom•tre¨      

!  F2 0.5 0.70 (IC 0.64-
0.76) 

0.46 0.74 (IC 0.65-
0.84) 

F4 0.9 0.84 (IC 0.78-
0.88) 

0.83 0.89 (IC0.82-
0.96) 

HŽpascore      

!  F2 0.5 0.69 (IC 0.63-
0.74) 

0.48 0.74 (IC 0.64-
0.83) 

F4 0.84 0.83 (IC 0.78-
0.88) 

0.9 0.92 (IC 0.86-
0.97) 

FibroScan¨,  
kPa 

    

!  F2 7.0 kPa 0.93 (IC 0.85-
1.00) 

5.9 kPa 0.85 (IC 0.75-
0.95) 

F4 14.5 kPa 0.97 (IC 0.94-
1.00) 

9.4 kPa 0.96 (IC 0.92-
1.00) 

FIB-4     

!  F2 1.45 0.65 (IC 0.59-
0.71) 

1.45 0.74 (IC 0.64-
0.83) 

F4 3.25 0.72 (IC 0.67-
0.78) 

3.25 0.80 (IC 0.67-
0.93) 

Forns      

!  F2 4.2 0.59 (IC 0.53-
0.65) 

4.2 0.72 (IC 0.62-
0.82) 

F4 6.9 0.79 (IC 0.74-
0.84) 

6.9 0.81 (IC 0.67-
0.94) 

APRI     

!  F2 0.55 0.65 (IC 0.59-
0.71) 

0.55 0.73 (IC 0.63-
0.82) 

F4 1.5 0.70 (IC 0.64-
0.75) 

1.5 0.76 (IC 0.64-
0.89) 

!



!

! HM!

1*X:)#! M! [! J8(#??#! >#+! K$?#:)+! >67?$+,*8*,7! (7.$,*9:# ! #%! aP$! +#?-%! ?#! +,$>#! >#! A*=)-+#! c1d! #,! +$!
8-))#+.-%>$%8#!#%!+8-)#!>#!QJRSB2/ !8(#O!?#+!.$,*#%,+!B2C&BC' !N4R_!7IP!
 

 
 
 
1*X:)#! T : J8(#??# des! K$?#:)+! >67?$+,*8*,7! (7.$,*9:# ! #%! aP$! +#?-%! ?#! +,$>#! >#! A*=)-+#! c1d! #,! +$!
8-))#+.-%>$%8#!#%!+8-)#!>#!QJRSB2/!8(#O!?#+!.$,*#%,+!B2C&BC;!N7KP 
! ! # !



!

! HT!

# # &C!+**5&'8)'5(!/#!)#*)*!(5(!'(D8*'6*!
!
J%!.)$,*9:#I!?#+!)#8-LL$%>$,*-%+!A)$%N$*+#+!.)78-%*+#%,!?6$++-8*$,*-%!>#!>#:W!,#+,+!%-%!*%K$+*A+!

.-:)!?67K$?:$,*-%!>#!?$!A*=)-+#!8(#O!?#+!.$,*#%,+!8-&*%A#8,7+!B2C&BC'!N.?P4!'#,,#!$++-8*$,*-%!>-*,!

8-L.)#%>)#! ?#! 1*=)-]8$%s! $++-8*7! Z! ?6:%! >#+! ,)-*+! ,#+,+!+:*K$%,+! [! 1*=)-,#+,sI! 1*=)-LV,)#sI!

C7.$+8-)#4!5$!P;C!>#K)$!g,)#!)7$?*+7#!#%!8$+!>#!>*+8-)>$%8#!#%,)#!8#+!>#:W!,#+,+I!>7A*%*#!.$)!:%!

78$),!+:.7)*#:)!Z!D!#%,)#!?#+!>#:W!#+,*L$,*-%+4!

F$%+! ?#! 8$+! >#! 8-&*%A#8,*-%! B2C&BC;I! *?! %6#W*+,#! $8,:#??#L#%,! $:8:%#! )#8-LL $%>$,*-%! >$%+!

?6$++-8*$,*-%!>#+!,#+,+!%-%!*%K$+*A+!.-:) !?67K$?:$,*-%!>#!?6$,,#*%,#!(7.$,*9:#4!!

!
! !



!

! HY!

 

 

 

 

#

#

#

#

P)7+#%,$,*-%!>#!%-,)#!7,:>#!
#  



!

! H<!

hC!!!;90#&)'6*!/#!@A.),/#!
!
3-,)# !-=j#8,*A!.)*%8*.$?!7,$*,!>#!>78)*)#!?#+!8$)$8,7)*+,*9:#+!>#+!.$,*#%,+!L:?,*&*%A#8,7+!B2C&BC;&

BC' !chi&!BCFd!*%8?:+!>$%+!?$!8-(-),# !S9:*,$*%#4!

!!!!!

!!!!!3-+!-=j#8,*A+!+#8-%>$*)#+!7,$*#%,![!!

$! !J+,*L#)!?$!.)7K$?#%8#!>#+!(7.$,*,#+!L:?,*.?#+!cBC;&BC'I !BC;&BC' &BCFd!8(#O!?#+!.$ ,*#%,+!

*%A#8,7+!.$) !?#!B2C!>#!?$!8-(-),# !S9:*,$*%#4!

$! F7,#)L*%#)!?#+!A$8,#:)+!$++-8*7+!Z!?$!8*))(-+#4!

 

 

# !



!

! HU!

dC!!!!?8).%'#@!#)!?.)B5/#*!
!

dCZ!>1-#!/A.),/#!
!
2?! +6$X*,! >6:%#! 7,:># ! )7,)-+.#8,*K#! %*8(7#! >$%+! ?$! '-(-),# ! S9:*,$*%#! S3/] ! 'eH4! 5$! 8-(-),# !

S9:*,$*%#!#+,!:%#!8-(-),# !-:K#),# !.)-+.#8,*K#!>#!.$,*#%,+!*%A#8,7+!.$) !?#!B2C!#,!+:*K*+!>$%+!?#+!

8#%,)#+!S9:*,$*%+!.$),*8*.$%,4!!

5$!.7)*-># !>6*%8?:+*-%!+67,#%>!>#! j$%K*#)!D@@Y!Z!>78#L=)#!GED<!#,!)#X)-:.# !?6#%+#L=?#!>#+!

.$,*#%,+! +:*K*+! .-:) ! :%#! L:?,*&*%A#8,*-%! .$) ! ?#+! K*):+! (7.$,*,#+! +:)! 8#+! GD! $%%7#+I!

*%>7.#%>$LL#%,!>#!?$!>$,#!>#!8-%,$L*%$,*-%4!

!!!!!!

!dCh!G5,%&#!/#*!/5((.#*!
!

+C! +*-#&)!.)B'H,#!
 

R-:+! ?#+! .$,*#%,+! *%8?:+! >$%+! ?$! '-(-),# ! S9:*,$*%#! S3/] ! 'eH ! -%,! +*X%7! Z! ?#:)! *%8?:+*-%! :%!

8-%+#%,#L#%,!78?$*)7!$:,-)*+$%,!9:# !?#+!>-%%7#+!)#8:#*??*#+!?#+!8-%8#)%$%,!+-*#%,!:,*?*+7#+!.-:) !

>#+!)#8(#)8(#+!7.*>7L*-?-X*9:#+!.$) !?#!^)-:.# !>6{.*>7L*-?-X*#!'?*%*9:#!>: !]2FS!#%!S9:*,$*%#!

c^J']Sd4!

5-)+9:#! >#+! >-%%7#+! 7,$*#%,! L$%9:$%,#+! #,! 9:# ! ?#! )#,-:) ! $: ! >-++*#)! >#+! .$,*#%,+! 7,$*,!

%78#++$*)#I!?$!?#K7#!>#!?6$%-%\L$,!7,$*,!$:,-) *+7#!.$) !?#!L7>#8*%!#%!8($)X#!>: !.$,*#%,!#,!)7$?*+7#!

+-*,! .$) ! :%! ,#8(%*8*#%! >67,:>#! 8?*%*9:#I! +-*,! .$) ! L-* &LgL#I ! >$%+! ?#! +,)*8,! )#+.#8,! >#! ?$!

8-%A*>#%,*$?*,7!>#+!>-%%7#+4!!

! !

! ! ! !



!

! H@!

! ! :C!"#&,#'@!/#*!/5((.#*!
!
! ! $4!!S: !+#*%!>#!?$!=$+#!>#!>-%%7#+!>#!?$!'-(-),# !S9:*,$*%#!

5#+!>-%%7#+!-%,!7,7!+7?#8,*-%%7#+!$: !+#*%!>#!?$!=$+#!>#!>-%%7#+!>: !^J']S !.$) !QL# !S>7?$|>#!

PJ//2J/ !c>$,$!L$%$X#)!Z!?62]PJFd!#%!A-%8,*-%!>#+!K$)*$=?#+!>6*%,7)g,!9:# !%-:+!$K*-%+!>7A*%*#+!$: !

.)7$?$=?#4!!

!

! ! !=4!S: !+#*%!>#+!>-++*#)+!L7>*8$:W!

5#+!>-%%7#+!8-L.?7L#%,$*)#+!>#+!.$,*#%,+!L:?,*&*%A#8,7+!-%,!7,7!#W,)$*,#+!>#!?$!=$+#!>#!>-%%7#+I!

$*%+*! 9:# ! >#+! >-++*#)+! L7>*8$:W! *%A-)L$,*+7+! #,i-: ! >#+! >-++*#)+! L7>*8$:W! .$.*#)+! .-:) ! ?#+!

.$,*#%,+!?#+!.?:+!$%8*#%+4!QL# !;#??$%8*??#!0ySQS52tSI!QL# !Q$>#?#*%#!FJ'e23 !c$,,$8(7#+!>#!

)#8(#)8(#!8?*%*9:#d!#,!L-* &LgL# I!$*%+*!9:# !.?:+*#:)+!$,,$8(7+!>#!)#8(#)8(#!>6$:,)#+!8#%,)#+!

>6S9:*,$*%#!$K-%+!)7$?*+7!8#!)#8:#*?4!

!

dCd!F%')W%#*!/A'(&@,*'5(!#)!/A#Q&@,*'5(!
!

+C! F%')W%#*!/A'(&@,*'5(!
!
R-:+! ?#+! .$,*#%,+! *%A#8,7+! .$) ! ?#! B2C&D! +-%,! *%8?:+! >$%+! ?$! '-(-),# ! S3/] ! 'eH ! S9:*,$*%#! Z!

8-%>*,*-%![!

$! `:# !?6*%A#8,*-%!.$) !?#!B2C&D!+-*,!8-%A*)L7#I!9:#?!9:# !+-*,!?#!+,$>#!8?*%*9:#4!!

$! `:6*?!\ !$*,!>#:W!8-%,$8,+!$: !L-*%+!c#%!8-%+:?,$,*-%!-: !#%!(-+.*,$?*+$,*-%d!$K#8!?#+!+#)K*8#+!

.$),*8*.$%,!-: !:%!8-%,$8,!?-)+!>#!?6*%8?:+*-%I!+:*K*!>6:%#!>$,#!>#!>78V+!>-8:L#%,7#4!

$! 0%!lX#!+:.7)*#:) !-: !7X$?!Z!DH!$%+4!

$! 0%!8-%+#%,#L#%,!78?$*)7!+*X%7!.$) !?#!.$,*#%,4!!

!

5#+!.$,*#%,+!*%8?:+!>$%+!?67,:>#!)#L.?*++$*#%,!?#+!8)*,V)#+!+:*K$%,+![!

$! 0%#!8-&*%A#8,*-%!.$) !?#!K*):+!>#!?6(7.$,*,#!;I !>7A*%*#!.$) !?$!.-+*,*K*,7!>#!?6SX!C;+!+:.7)*#:)# !Z!

Y!L-*+I!$++-8*7#!-: !%-%!Z!:%#!8-&*%A#8,*-%!.$) !?6(7.$,*,#!>#?,$I!>7A*%*#!.$) !:%#!+7)-?-X*#!

.-+*,*K#4!!



!

! ME!

$! 0%#!8-&*%A#8,*-%!.$) !?6(7.$,*,#!'I !>7A*%*#!.$) !:%#!+7)-?-X*#!.-+*,*K#!$++-8*7#!Z!:%!>-+$X#!>#!

?6S/3!BC' !.-+ *,*A!+:.7)*#:) !Z!Y!L-*+4!!

!

:C! F%')W%#*!/A#Q&@,*'5(!
 

e%,!7,7!#W8?:+!?#+!.$,*#%,+!%#!.)7+#%,$%,!.$+!$K#8!8#),*,:>#!:%#!L:?,*&*%A#8,*-%!.$) !?#!BC;!#,i-: !

?#!BC' !-: !+*!?$!>:)7#!>#!?6(7.$,*,#!7,$*,!*%A7)*#:)#!Z!Y!L-*+I!8-))#+.-%>$%,!$?-)+!Z!>#+!(7.$,*,#+!

$*X:k+4!!

!

dCk!M8%'89@#*!&@'('H,#*!#)!9'5@5U'H,#*!
!
5#+!>*AA7)#%,#+!K$)*$=?#+!>6*%,7)g,! -%,! .-:) !?$! .?:.$), !7,7! )78:.7)7#+!Z! .$),*) !>#!?$!=$+#!>#!

>-%%7#+!X)l8#!Z!?6:,*?*+$,*-%!>6:%!,(7+$:):+ !+.78*A*9:#!$: !̂ J']S !-: !Z!.$),*) !>#+!>-++*#)+!L7>*8$:W!

c*%A-)L$,*+7+!-: !.$.*#) +d4!

!

! ! F$,#+!#,!>:)7#+!8-%+*>7)7#+!

$! F$,#!>#!+7)-.-+*,*K*,7!.-:) !?#!B2C![!>$,#!>#!.)#L*V)#!+7)-?-X*#!B2C!.-+*,*K#I!

$! F$,#!>#!?$!L:?,*&*%A#8,*-%![!>$,#!Z!?$9:#??#!%-:+!$K-%+!8-%%$*++$%8#!>#!?6*%A#8,*-%!8-%j-*%,#!

.$) !?#!B2CI!?6(7.$,*,#!; !#,!?6(7.$,*,#!' !

$! F$,#!>#!+7)-8-%K#)+*-%!>#!?6SX!C;+!

$! F$,#!>#!X:7)*+-%!>#!?6(7.$,*,#!'I !>7A*%*#!.$) !:%!S/3 !BC' !%7X$,*A!

$! F$,#!>#!>78V+!

$! P$,*#%,+!.#)>:+ !>#!K:#!9:$%>!?#!>7?$*!#%,)#!?$!>$,#!>#!>#)%*V)#!K*+*,#!#,!>#!?$!>$,#!>#!.-*%,!

#+,!+:.7)*#:)# !-: !7X$?#!Z!G!$%+!

$! 5$!>:)7# !>#!+:*K*!7,$*,!>7A*%*#!.$) !?#!>7?$*!#%,)#!?$!>78-:K#),#!>#!?$!L:?,*&*%A#8,*-%!#,!?$!>$,#!

>#!8#%+:)#!-: !>#!.-*%,4!

!

56#%+#L=?#!>#+!>-%%7#+!>#+!.$,*#%,+!*%8?:+!#,!?#!)#8:#*?!-%,!7,7!L*+!Z!j-:) !j:+9:6Z!?$!A*%!>#!?6$%%7#!

GED<4!

!



!

! MD!

! ! '#),$*%#+!K$)*$=?#+!+-%,!A*W#+!#,!-%,!7,7!L#+:)7#+!Z!?$!>$,#!>6*%8?:+*-%![!!

-! F$,#!>#!%$*++$%8#I!+#W#I!-)*X*%#!X7-X)$.(*9:# !>: !.$,*#%,!

-! R$=$X*+L#!$: !L-L#%, !>#!?$!L:?,*&*%A#8,*-%!

-! '-%+-LL$,*-% !>6$?8--?!$: !L-L#%, !>#!?$!L:?,*&*%A#8,*-%!

-! !Q-># !>#! ,)$%+L*++*-%!>: !B2CI!>$,#!>#!?$! .)#L*V)#!+7)-?-X*#!B2C! .-+*,*K#I!+,$>#! 'F' !>#!

?6*%A#8,*-%!.$) !?#!B2C!cS%%#W#!MdI!%$>*)!>#!'FM!#,!%-L=)#!>#!'FM!Z!?$!>78-:K#),#!>#!?$!L:?,*&

*%A#8,*-%!

-! !F$,#!>#!?$!>78-:K#),#!>#!?$!L:?,*&*%A#8,*-%I!8-&*%A#8,*-%!.$) !?6(7.$,*,#!>#?,$!>7A*%*#!.$) !>#+!S8!

$%,*&BCF!c2XQd!-: !S8!$%,*&BCF!,-,$:W!c2XQ!h!2X^d!.-+*,*A+!>:)$%,!?#!+:*K*I!X7%-,\.#!>: !BC'4!

!

! ! B$)*$=?#+!>7.#%>$%,#+!#,!8($%X#$%,#+!$K#8!?#!,#L.+ !

-! R$:W!>#!?\L.(-8\,#+ !R! 'FM!x!TEEi!LLHI !8($)X#!K*)$?#!B2C!*%>7,#8,$=?#!>7A*%*#! .$ )! r !TE!

8-.*#+iL?I!>7?$*+!#%,)#!+7)-.-+*,*K*,7!B2C!#,!.)*+#!#%!8($)X#!,(7)$.#:,*9:#I !>:)7#!>#!?$!L:?,*!&

*%A#8,*-%4!

-! R)$*,#L#%,+!>: !B2C![!!!

! R)$*,#L#%,!>#!,\.# !CSS/R!

! P$+!>#!,)$*,#L#%,!,\.# !CSS/R!

-! SF3!BC;!*%>7,#8,$=?#I!+,$,:, !C;#!cS8!$%,*!C;#hI!SX!C;#hI!8-%K#)+*-%!SX!C;#!#%!S8!$%,*!C;#dI!

+7)-8-%K#)+*-%!SX!C;+!cX:7)*+-%d!

-! R)$*,#L#%,+!>: !BC;![!!

! P$+!>#!,)$*,#L#%,!

! R7%-A-K*)!+#:?!-: !$K#8!?6#L,)*8*,$=*%#!

-! S/3 !BC' !*%>7,#8,$=?#!!

-! R)$*,#L#%,+!>: !BC' ![!!

! P$+!>#!,)$*,#L#%,!

! 2%,#)A7)-%!h!)*=$K*)*%#!

! SSF!c$X#%,+!$%,*K*)$:W!>*)#8,+d!



!

! MG!

dCa!?#*,%#!/#!@8!6'9%5*#!B.-8)'H,#!
!
! ! F*AA7)#%,#+!L7,(->#+ !>6$%$?\+#!>#!?$!A*=)-+#!

-! P;C!

-! 1*=)-]8$%sI!78(-X)$.(*# !S/12!

-! 1*=)-,#+,sI!S8,*,#+,s!

-! 12;&MI!SP/2!#,!1-)%+!

!

! ! 5#+!+,$>#+!>#!1*=)-+#!c1d!#,!>6S8,*K*,7!cSd!#,!?#+!K$?#:)+!%:L7)*9:#+!

-! 1*=)-+#!>#!1E!Z!1M!

-! S8,*K*,7!>#!SE!Z!SH!

-! B$?#:)+!>: !1*=)-]8$%s!#%!aP$!

-! B$?#:)+!>#+!+8-)#+!=*-8(*L*9:#+!>#!,\.# ![!SP/2I!12;&M!#,!1-)%+!

!

R-:,#+!?#+!K$?#:)+!%:L7)*9:#+!-%,!7,7!,)$%+.-+7#+!#%!+8-)#!+#L*&9:$%,*,$,*A!QJRSB2/!cR$=?#$:!

Gd4!

!

! ! 5#+!8:, &-AA+!

'-L.,# !,#%:!>#!?6$=+#%8#!>67,:>#!K$?*>7#!.-),$%, !+:)!?6:,*?*+$,*-%!>#+!,#+,+!%-%!*%K$+*A+!8(#O!?#+!

.$,*#%,+! L:?,*&*%A#8,7+I! ?#+! K$?#:)+! +#:*?+! :,*?*+7#+! -%,! 7,7! ?#+! K$?#:)+! ?#+! .?:+!

+7KV)#+I!8-))#+.-%>$%,!?#!.?:+!+-:K#%,!Z!8#??#+!K$?*>7#+!>$%+!?$!8-&*%A#8,*-%!B2C&BC;!cR$=?#$:!H!

#,!1*X:)#!Td!$A*%!>#!%#!.$+!)*+9:#)!>#!+-:+&#+,*L#)!?#!+,$>#!>#!8*))(-+#4!5$!8*))(-+#I!8-))#+.-%>$%,!

$: !+,$>#!1MI!#+,!>7A*%*#!.$) !:%!+8-)#!$: !1*=)-]8$%s!u!@IM!aP$4!!!

!
! !



!

! MH!

dCl!?.)B5/#*!/A8(8@1*#!*)8)'*)'H,#!
!
56$%$?\+#!+,$,*+,*9:#!>#+!>-%%7#+!$!7,7!)#%>:#!.-++*=?#!X)l8#!Z!?6$*>#!.)78*#:+#!>#!Q)!1$=*#%!5J!

QS/J' !c+,$,*+,*8*#%!Z!?62]PJFdI!#??#!8-L.)#%>![!!

!

$! 5#!>*$X)$LL#!>#!A?:W!!

'#?:*&8*! .#)L#, ! >#! >78)*)#! ?#+! >*AA7)#%,+! 8)*,V)#+! >6*%8?:+*-%! #,! >6#W8?:+*-%! :,*?*+7+! $A*%! >#!

>7,#)L*%#)!?$!.-.:?$,*-% !A*%$?#!>#!?67,:>#4!

$! F#+8)*.,*-%!X7%7)$?#!>#+!8$)$8,7)*+,*9:#+!>#+!.$,*#%,+!L:?,*&*%A#8,7+4!
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      F0F1 7 (13,7) 

      F2 11 (21,6) 

      F3 5 (9,8) 

      F4 28 (54,9) 

CaractŽristiques liŽes au VIH  

Classification CDC, n (%) 

      A 19 (37,3) 

      B 16 (31,4) 

      C 16 (31,4) 

Nadir CD4, mŽdiane (Q1;Q3) 196 (117; 304) 

Traitement par HAART, n (%) 47 (92,2) 

 
 
! !



!

! M<!

¥! d)/1'2&*2$%!5)!06.**)2%*)!:4&.*2@7)!Ea.-0).7!XT!

S: !,-,$?I!D<!cHH_d!>#+!TD!.$,*#%,+!L:?,*&*%A#8,7+!-%,!=7%7A*8*7!>6:%#!P;C!$: !8-:) +!>#!?#:)!+:*K*!

>-%,!>#:W!>#+!+*W!.$,*#%,+!+:)*%A#8,7+!.$) !?#!K*):+!>#!?6(7.$,*,#!>#?,$4!]#., !.$,*#%,+!%6-%,!=7%7A*8*7!

>6$:8:%#!7K$?:$,*-%!(7.$,*9:#4!!

S: !,-,$?I!?#!>*$X%-+,*8!>#!8*))(-+#!$!7,7!.-+7 !8(#O!GU!.$,*#%,+!cTT_d4!!

!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

! !



!

! MU!

R$=?#$:!T![!'$)$8,7)*+,*9:#+!>#!?6(7.$,*,#!;I !' !#,!>#?,$!>#+!.$,*#%,+!L:?,*&*%A#8,7+!
 

)?7?6:>785:8DB45% 2;:?@%%UVW%

CaractŽristiques de lÕhŽpatite B    

ADN VHB indŽtectable, n (%) 35 (81,4) 

Conversion Ag HBs, n (%) 6 (11,8) 

Ag HBe+, n (%) 9 (23,4) 

Conversion Ag Hbe, n (%) 5 (13,5) 

Ac anti HBe+, n (%) 
23 (62,2) 

Traitement par tŽnofovir, n (%) 
40 (80,0) 

CaractŽristiques de lÕhŽpatite C    

GŽnotypes, n (%)  

      1 17 (65,4) 

      4 7 (26,9) 

ARN VHC indŽtectable, n (%) 32 (68,1) 

GuŽrison spontanŽe, n (%) 10 (21) 

Traitements, n (%)  

    InterfŽron + ribavirine  23 (46) 

    AAD 11 (22) 

CaractŽristiques de l'hŽpatite delta  

VHD -, n (%)                                                                    23 (45,1) 
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Z0<!#?#!SGD>]!#!O`P! &&!OQ^](P!
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SERMENT D!HIPPOCRATE  

Au moment d!"tre admise # exercer la m$decine, je promets et je jure d!"tre fid%le aux lois de l!honneur et 

de la probit$.  

Mon premier souci sera de r$tablir, de pr$server ou de promouvoir la sant$ dans tous ses $l$ments, 

physiques et mentaux, individuels et sociaux.  

Je respecterai toutes les personnes, leur autonomie et leur volont$, sans aucune discrimination selon leur 

$tat ou leurs convictions. J!interviendrai pour les prot$ger si elles sont affaiblies, vuln$rables ou menac$es 

dans leur int$grit$ ou leur dignit$. M"me sous la contrainte, je ne ferai pas usage de mes connaissances 

contre les lois de l!humanit$.  

J!informerai les patients des d$cisions envisag$es, de leurs raisons et de leurs cons$quences. Je ne 

tromperai jamais leur confiance et n!exploiterai pas le pouvoir h$rit $ des circonstances pour forcer les 

consciences.  

Je donnerai mes soins # l!indigent et # quiconque me les demandera.  

Je ne me laisserai pas influencer par la soif du gain ou la recherche de la gloire.  

Admise dans l!intimit$ des personnes, je tairai les secrets qui me seront confi$s. Re&ue # l!int$rieur des 

maisons, je respecterai les secrets des foyers et ma conduite ne servira pas # corrompre les moeurs.  

Je ferai tout pour soulager les souffrances. Je ne prolongerai pas abusivement les agonies. Je ne 

provoquerai jamais la mort d$lib$r$ment.  

Je pr$serverai l!ind$pendance n$cessaire # l!accomplissement de ma mission. Je n!entreprendrai rien qui 

d$passe mes comp$tences. Je les entretiendrai et les perfectionnerai pour assurer au mieux les services qui 

me seront demand$s.  

J!apporterai mon aide # mes confr%res ainsi qu!# leurs familles dans l!adversit$.  

Que les hommes et mes confr%res m!accordent leur estime si je suis fid%le # mes promesses ; que je sois 

d$shonor$e et m$pris$e si j!y manque.  
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