
���������	��
������
����������������
���  "!#�%$'&�(*)+!#, -./.102.43 )+56!�7 . ! 3 !8�:9	;�7<)=$>$?�%7@! .

ACBEDGFEHIBKJIFMLNHPO6QSRUTWVXF�Y[Z\J�L^]#Y_O`Q_ObacRed"f[Lhg�OiHjZPLhJ_kO?Q[Yml BML^f_O
n`oqp rts6p>uWvMv�wix

y+z|{}�~X}���� {}t�[� z��
�"�������#�W�"�	���	�
� �G�I��� z|{}t�_� z��

�������������"�#�%�	���������

x��B�g8HjL^a� E�M�� 



� ��� ��� � �	� 
 �����������	�

� ������������ "!#��$%��� �
&(')& *,+.-0/21436587:9<;>=@?(9<A>/B'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &
&('GF HJILK>/�MN=O9QP%;R'D'E'D'D'E'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' F

S TE�VUWLX�W �0��YZ��$[���\��]^UW �_�`$ba6 W cFZ')& dfe/2gh+:9Q=O9Q?(+ 'E'D'D'E'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i
FZ')&('Q& jk58l#-m-mA>?ZMn7:/D3:/Eo,l#pq9rl#;s'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i
FZ')&('tF uv/�-:ALe/�;>/�+w=nl`=O9<?#+x9Q+y=Ze/�z(A@l#{</|'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' }

FZ'GF ~kA@?(-mA>9Ne/N=Ze/�;	'E'D'D'E'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' �
FZ'GFZ'Q& ~kA>?(-mA@9Ne/2=Ze/�;v3m9<A>/�MN=O/�; 'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' �
FZ'GFZ'tF �,1:=OA>/�;v-mA>?(-mA@9Ne/2=Ze/�;�'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' �

c ������� $b!(Y:��$[����Yh �����Yh$%� WZ��W ���R�� X $[����Y � �i:')& j�/�;vALe/2;@1m{)=nl�=@;�9Qp�-�?(A�=nl#+w=O;�'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' �
i:')&('Q& o�?#=nl`=O9<?#+m;�'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' �
i:')&('tF u�l#-m-�/�{Q;�;@1mAv{Q/�;�=OA@l#+m;>P%?#A@p�l�=O9Q?(+m;�9Q+w=Ze/�z#AOl#{Q/�; 'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &��
i:')&('Gi ��3:/�+w=O9)=Ze/C3m/D~Vl#A>;@/N�#l�{�'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &(&
i:')&('8} uv/�{<l�=O9Q?(+�/2+y=@A@/D{</2;�3m9Q��e/�A>/�+w=O/2;�=@AOl#+m;�P%?(A@p�e/�/2; 'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &�F

i:'GF ��p�-:{Ne/�pq/�+w=Ol�=O9Q?(+�3m/C{�58l#{Qz(?(A@9)=O7mpq/�'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &�}
i:'GFZ'Q& ~kA>?(Im{��/2p�/2;�3m/C+m?(A>p l#{Q9<;@l�=O9Q?(+ 3m/2;,1:+m9Q=Ze/�; 'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &�}
i:'GFZ'tF ~kA>/�pq9��/�A>/�p�e/N=O7m?L3m/ 'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &��
i:'GFZ'Gi dJ/21Z¡Z9��/2p�/�p�e/2=@7m?Z3:/¢'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &�£

i:'8i ¤�/2;>=@;,3m/2;�l#{<z(?#A@9Q=@7mpq/�;.'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &�¥
i:'8i:'Q& ¦�l�{<9<3ml�=O9Q?(+B'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &�¥
i:'8i:'tF ¤"/�;�=�;@1mA�{</2;�;@9<z#+hl#1Z¡41:;@1m/2{<;§'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &�¥
i:'8i:'Gi ¨�?#p�-m{Q/N¡Z9Q=Ze/J/2=�M2?(p�-ml#AOl#9Q;@?(+©3:/�;,l#{<z(?#A@9Q=@7mpq/�; 'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &�ª

i:'«} �¬-m-:{<9<M�l�=O9Q?(+m;�'D'D'E'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &�ª
i:'«}m'Q& �9<{Q=@AOl#z#/¬3hl#+:;�{Q/�3m?(p�l#9<+:/¬P%AOl#MN=O9Q?(+m+hl#9QA@/ 'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &�ª
i:'«}m'tF �,+hl#{)®Z;>/C3m/�;v;@9Q+y1m;,z#{<9<;>;Ol#+w=@;�'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' FZ&

i:'G� ¯V¡Z=@/�+m;>9<?(+��l°{rl^=OA@l#+m;�P%?(A@p�e/�/�/2+§e/2Mn7m/�{Q{</DhAOl#MN=O9<?#+m+hl#9QA@/ 'D'E'D'C'E'D'E'D'D'E'D'E'D'D' F#£
i:'G�Z'Q& ~kALe/�;@/2+w=nl�=@9<?(+.3m/C{rl^=OA@l#+m;�P%?(A@p�e/�/�/2+§e/2Mn7m/�{Q{</§'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' F#£
i:'G�Z'tF ~kA>?(-0?#;@9Q=@9<?(+©-�?(1mA�{<l±=OA@l#+m;>P%?#A@p�e/�/C/�+x¯kMn7m/�{Q{</ChAOl#MN=O9Q?(+m+hl#9QA@/²'D'D'E'D'E'D'D' F(¥

³ �  ���� WLX ��� � Yh$b� WLX �µ´¶Y �"�V� $b!(YZ��$[��� X S �}m')& ¤�A@l#9Q=@/�pq/�+w=v3m1.;@9Qz(+hl#{·'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' F#�
}m'GF dJ/�{�5GHJ-:=O9Q¸L1:/ �lR{b58�,M�?(1:;>=O9Q¸y1m/ 'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' F#�
}m'8i �¬1:=@A@/2;�3:?(p l�9<+m/2; 'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i(�



� �E�0�"! �  X $%��� c �
� � ��Yh� X�� �_� � UWyWZX � WZXqX $%���"Yh ��  X  WL�bX c_c

�±')&| uV¤ 3m/�;vP%?(+mMN=O9Q?(+m;�-mA>?(-mA@/2;��
	������������� 'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i(i
�±'GF� uV¤ 3m1.;@9<+y1m;v/N=,3:1xM2?(;@9Q+L1:; 'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i(i
�±'8i  uV¤ 365«1m+x;>9<+y1m;vz({Q9<;@;@l#+w= 'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' iw�
�±'«}  uV¤ 365«1m+m/D-0?(A�=O/ 'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' iw�

� � � WL� ���[W � W � UWZX � �  ���$[��� Yh�"Y ��� ��$ba6 W �µ´) �� W UW a6 �Y:��$%��� ��$���UW � W �0��$ WL�[�[W4� Ym���! � c�"
� # $ X ��$[��� � WLXq� �����_��Y ����WZX c_�¨¬'Q&s�¬{Qz(?(A@9)=O7mpq/�; /2=vP%?(+mMN=O9Q?(+m; 'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i(�

¨¬'tF ~kA@?(z(A@l#pqp�/2; ¤�/2;>=@;,;>1mAv{rlR uV¤ 'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' }y¥



� ��� ��� � �	� � ��� ���	�

FZ')& j�lqVuV¤ �L1m/DM�?#p�pq/J1m+m/DA@?�=nl�=@9<?(+©3hl�+m;v{</�-m{<l#+©¤�/2p�-:;¬hALe/2¸y1m/�+mM2/ 'D'D'E'D'E'D'D' }
i:')& ¯ � /N=,3:/D{<l^¤�A@l#+m;�P%?(A@p�e/�/C3m/Du�l#3m?(+43hl#+:;�{Q/�-m{rl�+.¤"/�pq-m;�� P%ALe/2¸y1m/�+mM2/s'D'D'E'D'E'D'D' &(&
i:'GF ~kA@9<+:M�9<-�/�3m/�=O?#p�?(z#AOl#-m7:9</¬3:1x;>M�l#+m+:/�A�/2=�3m1.-m{rl#+�=@/�pq-m;���P%ALe/2¸L1:/�+mM2/ 'D'D'E'D'E'D'D' &�i
i:'8i  uV¤ 365«1m+m/D-0?(A�=O/�M2/�+w=OALe/�/D;@1mAv{�5«?(A>9<z(9Q+m/¬-�?(1mAv3m/2;�?#A@3mA>/�;���l#A@9<l#+w=v3m/D� �l4&�'D'E'D'D' &�ª
i:'«} ¨�?(pq-hl#AOl�9<;@?#+x3m/2;¬M2?(p�-:{</N¡Z9)=Ze/�; � /2+��h?(-:; � -�?(1mA�{</2;,3:/�1Z¡ l#{<z#?(A@9)=O7mpq/�;�/2+fP%?(+mMN=O9<?#+3m1.+m?(p^ImA>/Co 365 e/2Mn7hl#+w=O9Q{<{Q?(+m; 'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' &��
i:'G� ¨�?(pq-hl#AOl�9<;@?#+�3m/�;�=O/2p�-:;�-0?(1:A�{</�;�3:/�1Z¡Dl�{<z(?(A>9Q=@7mp�/2; ;>1m9Q��l#+w=�{</k+:?(p^ImA>/k365 e/2Mn7hl#+w=O9Q{<{Q?(+m;�&��
i:'8£ ¯V¡:/2p�-:{</�;�3:/q3:9<;>=@A@9QIm1:=O9Q?(+m;�=O/�pq-m;�� P%ALe/2¸y1m/�+mM2/#'"l � /N=CI � gh{Q=@AOl#z#/^9<pq-0?#;@;@9QIm{</�'0M � gh{	�=OA@l#z(/�-�?(;@;>9<Im{Q/#'�'D'E'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' F#�
i:'G¥ dJ9<;�=OA@9QIm1:=@9<?(+�¤"/�pq-m;�P%ALe/2¸y1m/�+mM2/E3:1x;>9<z(+hl�{6/2=,l#{Q{<1mA>/¬=O/2p�-�?(A@/2{<{Q/�l��#l�+y=�gm{Q=OA@l#z(/�'D'D' F#�
i:'8ª �¬{Q{<1mA>/J3m/�;v=OA@l#+m;�P%?(A@p�e/�/2; P%AOl#MN=O9<?#+m+hl#9QA@/�;vl�1Z¡4?(A>3mA@/2;�
�·���Gª°/N=�
�·���t¥ 'E'D'E'D'D' FZ&
i:'8� u�/2M�?(+:;>=OA>1mM2=@9<?(+.3m14;@9Qz(+hl#{6l#-mA��/2;�gm{Q=OA@l#z(/J3ml#+m;v{</2;�3:?(p l�9<+m/2;�
�·���8ªq/N=�
��·���G¥ ' F(F
i:')&�� dJ9<;�=OA@9QIm1:=@9<?(+�¤"/�pq-m;�P%ALe/2¸y1m/�+mM2/E3:1x;>9<z(+hl�{6?(I:=@/�+y1 l#-:A��/�;�gh{)=OA@l#z(/ 'D'E'D'D'E'D'E'D'D' F(F
i:')&(&�u�/2-mALe/2;@/2+y=Ol�=O9Q?(+.¤�/2p�-m;�� hALe/2¸y1m/�+mM2/E3 581m+xMn7m9<A>- 'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' F#i
i:')&�F�¯ � /N=,3:/D{<l^-0?#;@9Q=@9<?(+�=@/�pq-0?#A@/�{Q{</J3 581m+:/D-�?(A�=O/C;@1mAv;@lR¤v 'E'D'C'E'D'E'D'D'E'D'E'D'D' F�}
i:')&�i dJ9<;�=OA@9QIm1:=@9<?(+^¤"/�pq-m;kP%ALe/2¸y1m/�+mM2/,pq/2=>=nl#+w=�/�+�e/2�L9Q3m/�+mM2/,{<lJ-mALe/2;@/2+mM�/,3m/�iC;>9<+y1m;�z({<9Q;@;@l#+w=O;�F(�
i:')&�}§dfe/2=@/�M2=@9<?(+43m/2;v;@9<+y1m;�z({Q9<;@;@l#+w=O;�-hl�A�Ihl#{rl�®(l#z(/Cl#+mz#1m{rl#9QA@/J;>1mAv{rlR uV¤ 'D'D'E'D'E'D'D' F(�
i:')&���dfe/2=@/�M2=@9<?(+x3m/�;�;>9<+y1m;,z({<9Q;@;Ol�+y=@;¬+m?�®ke/�;�3ml#+m;J{Q/EImA>1m9Q=¬-hl#A,Ihl#{rl�®(l#z(/^l�+mz(1m{<l#9<A>/D;>1mAJ{<l

 uV¤ 'D'E'D'E'D'D'E'C'D'E'D'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' F#£
�±')&| uV¤ 3m/ ��� ��� F������ � � 	�� � ! 'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i(i
�±'GF� uV¤ 3m/ ��" � � F������ � � 	�� � ! 'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i#}
�±'8i  uV¤ 3m/ �$#
��� F������ � � 	�� � ! 'E'D'D'E'D'E'D'C'E'D'D'E'D'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i#}
�±'«}  uV¤ 365«1m+x;>9<+y1m;v-�?(1mAv3m/�;�l#+:z({</2; �#l�A@9rl�+y=v3:/E�f�l � � 'E'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i#}
�±'G�� uV¤ 365«1m+xM2?(;@9Q+y1m;,-�?(1mA�3:/�;�l#+mz({Q/�;���l#A@9<l#+w=�3m/D� �l%��'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' iw�
�±'8£  uV¤ 365«1m+x;>9<+y1m;vz({Q9<;@;@l#+w=v-0?#1mA�3m/�;,l#+mz#{</�; ��l#A>9rl#+w=v3m/D�f�l&� 'C'E'D'E'D'D'E'D'E'D'D' iw�
�±'G¥� uV¤ 365«1m+m/D-0?(A�=O/�-�?(1mA�3m/2;¬l�+mz({</2; ��l#A@9<l#+w=v3m/D� �l&� 'D'D'E'D'C'E'D'E'D'D'E'D'E'D'D' i(£



� -. &_56, -. �
��{ /2;>=°P%ALe/2¸y1m/�+w=R3m/��#?(9<A^{Q/�;^/2;@-hl�M�/�;°=@/�pq-m;°/2=°P%ALe/�¸y1m/�+:M�/4M�?(pqpq/ 3m/21Z¡�/�;>-hl#M2/�;R?(A>=@7m?(z(?#+hl#1Z¡��V{Q/
-hl#;>;Ol#z#/�3m/q{�5«1m+��l4{�58l#1:=OA>/R;�5«/2�0/�M2=@1hl#+w=^-ml#AC{rl�=OA@l#+m;>P%?#A@p�e/�/R3m/�_?#1mA@9Q/�A�'6j�/2;E3:9<;>=@A@9QIm1:=O9Q?(+m;¬=@/�pq-m;
P%ALe/2¸y1m/�+mM2/,1Z=O9<{Q9<;>/�+w= /2+q/N� /N=�M�/2=>=O/�?(A�=O7m?#z(?(+hl#{Q9Q=Ze/�M�?#p�pq/ -mA>9<+mM29<-�/�-�?(1mAk{</21mA@;kA>/�-mALe/�;>/�+w=nl�=@9<?(+:;�3ml#+m;
{</V-m{rl#+�3:9Q=����	��
�	�������������	�����N'2~�?(1mA�=nl#+w=���M�/N=@=O/µ?(A�=O7m?#z(?(+hl#{Q9Q=Ze/"=@A@?(1:�#/µ1m+m/0K>1m;�=O9QgmM�l�=@9<?(+�p�l�=O7 e/�p�l�=O9Q¸L1:/
/2=�9<{�/2;>=�p l�9<+w=O/2+hl#+w=q-0?(;>;@9QIm{</4-hl#Aq{�5«9<+w=@/�A@p�e/�3:9rl#9QA@/ 3:/f{rl =@AOl#+m;�P%?(A@p�e/�/.3m/xh?(1mA@9Q/�A^P%A@l#M2=@9<?(+m+ml#9<A>/
� VuV¤ � 3m/EA@/2-mALe/2;@/�+w=@/�AC{</D;@9Qz(+hl#{"3hl#+m;¬3m/�;J3:?(p l�9<+m/2;,9Q+y=@/�A>p�e/23m9rl#9QA@/2;vP%?#A@p�l#+w=J1m+ l�+mz({</D+m?(+ 3:A@?(9)=-hl#A�A@l#-m-�?(A>=��l©{b58/2;@-hl#M2/°=O/�pq-m;2'"¨�/q3:?ZM21mp�/2+w=E-:ALe/�;>/�+w=O/q{rl =@AOl#+:;>P%?(A>p�e/2/°3m/q_?#1mA@9Q/�A¬P%A@l#M2=@9<?(+m+ml#9<A>/
� VuV¤ � /2=�¸y1m/�{Q¸L1:/�;q1m+m/�;q3m/.;@/2; l#-:-m{<9QM�l�=@9<?(+m;��V+m?�=nl#pqp�/2+w=R-0?(1:A°{</�=OA@l#9Q=@/�pq/�+w=R3m1\;@9<z#+hl#{ /N=�{Q/M�l�{<M�1:{�l#+hl#{)®y=O9<¸y1m/�'k*,+\l#{Qz(?(A@9)=O7mpq/q3m/. uV¤¢Ihl#;Le/4;>1mAR{rl  V¤ ®�/2;>=q-mA@?#-0?(;Le/©/2=q/�;�=�l#-m-m{Q9<¸y1 e/ �l
{�58l#+hl�{Q®L;@/R3m/�;@9<z#+hl#1Z¡ �l.Ihl#;@/�3m/q;@9<+y1m;Ez({<9Q;@;@l#+w=O;D-0?(1:AE{Q/�;@¸y1m/2{<;D{rl. uV¤ ;>/�p^I:{</q-hl#A>=@9<M21m{<9��/�A@/2p�/2+w=
Im9Q/�+ l�3hl#-:=Ze/�/#'�¯k+:gh+��0{<lqA>/�{rl`=O9<?#+./2+w=OA@/E{rl°¤"AOl#+m;�P%?(A@p�e/�/D3m/±_?#1mA@9Q/�A�/2=,{rlR¤"AOl#+m;�P%?(A@p�e/�/D/�+f¯kMn7m/�{Q{</
/�;�=�1:=@9<{<9Q;Le/2/D-�?(1mA.e/2=@/�+m3mA>/^{</D-mA>9<+mM29<-�/E365«?(- e/2AOl�=@/�1mA�P%AOl#MN=O9Q?(+m+hl#9QA@/C/2=¬9<+w=OA>?Z3:1m9<A>/E{<lR=@AOl#+m;�P%?(A@p�e/�/E/�+
e/�Mn7:/�{<{Q/�P%AOl#MN=O9<?#+m+hl#9QA@/#'
� )|;8&��! _-. & �

❧
h?(1:A@9</2A�P%AOl�M2=O9Q?(+m+hl�9<A@/"�

❧
�,+hl#{)®Z;>/�=O/�pq-m;�P%ALe/2¸y1m/�+mM2/#�

❧
�,{<z(?#A@9Q=@7mpq/¬3m/D uV¤$�

❧
�9<{Q=@AOl#z#/¬?(-:=@9<p�l#{%�

❧
dxe/N=O/2M2=O9Q?(+43m/C;@9Q+L1:;�z#{<9<;>;Ol#+w=@; �'& ����(*)+�,
.-0/*�1�	�2-#�*/#34-#)5� � '

687 !t-.:9 7 ��;[7<)=$'& 5t;[7� @7<&'-./. &

❧
¤<;>=h¤"AOl#9)=O/�pq/�+w=v3m1?;Z9Qz(+hl#{

❧
¤v@=m¤"AOl#+:;>P%?(A>p�e/2/D3:/Eh?(1:A@9</2A

❧
VuV¤A=h¤"AOl�+m;>P%?(A>p�e/2/C3m/D_?#1mA@9Q/�A�hAOl�M�9<?#+m+hl#9QA@/

❧
¤v¯B=h¤�A@l#+m;>P%?#A@p�e/�/C/�+x¯kMn7m/�{Q{</

❧
¤v¯µ@=m¤"AOl#+m;�P%?(A@p�e/�/C/2+f¯kMn7m/2{<{</DhAOl�M2=O9Q?(+m+hl�9<A@/

❧ C ¦JdD=_dJ9Q;>=@A@9<I:1:=O9Q?(+�3m/ C 9<z#+m/�A ¦¬9<{<{Q/
❧
¤vuE=:¤�A@l#+m;>P%?#A@p�e/�/C3m/Du,l�3m?(+

❧
¤v"¨�¤E=:¤�A@l#+m;>P%?#A@p�e/�/C3m/Dh?(1mA@9Q/�AE�l�¨�?(1mA�=�¤�/2A@pq/

❧
VV¤A=h¤"AOl�+m;>P%?(A>p�e/2/C3m/D_?#1mA@9Q/�A�u�l#-m9Q3m/



� � ��� �� ��� �

��� � �	��� � 
 ���� �

���� ��� ����� ������� ��!#"$�&%'�

¯k+ &�ª(�w¥ � l#{Q?(A@;�¸L1 589Q{¬/�;�=4~kALe/NP%/2=©3m/f{�5«��;��/�A>/#�)(#?#;@/�-:7§_?#1mA@9Q/�A � &�¥#£(ª �n&�ª(i#� � 3 e/2gm+m9Q=©{<l ;µe/2A@9Q/ 3m/h?(1mA>9</�AR365«1m+m/.P%?(+mMN=O9<?#+\- e/2A@9Q?Z3m9Q¸y1m/x/N=�l+*�A>p�/./�+ =O?(1Z=O/.zVe/�+ e/2AOl#{Q9Q=Ze/.¸y1m/xM�/2{<{</ ��M29�3:?(9Q=qM�?#+y�#/�A>z(/�A
�(/2A@;D{rl P%?(+:M2=O9Q?(+ /�+w�L9<;@l#z�e/2/#��;Ol�+m;C;@/R-0?#;@/�A�3ml���l#+w=Ol#z(/R3m/°¸y1m/�;�=O9Q?(+m;�'���{VP[l�{<{<1Z=JM�/2-0/2+m3hl#+w=E-mA@/2;@¸y1m/
{rl =@?#=nl�{<9Q=Ze/E3:1 ;>9��/2M�{</±-0?(1:A�p�/2;@1mA>/�AJ=O?#1:=O/2;�{</�;�{<l#M�1:+m/�;�ALe/�;@1:{Q=nl�+y=C3 581m+:/R=@/�{Q{</±z�e/�+ e/2AOl#{Q9Q=Ze/�'�HJ+ 3m?(9)=
/�+�/2�0/2=4�lxj�/2I0/2;@z(1m/"�"�#/�A>; &�ª(ª(� �6{rl©3 e/2p�?#+m;>=@AOl�=@9<?(+ {rl©-m{Q1m;CzVe/�+ e/2AOl#{Q/R¸L1ml#+w=x�l4{rl©M�?(+w�#/�A@z#/�+mM2/�/�+
pq?�®#/�+m+:/E¸y1hl#3:AOl�=@9<¸y1m/C{<?(A>;@¸y1m/-,�.�/ � � � u � 'jk5Gl#+ml#{Q®L;@/�3m/ h?(1mA@9Q/�A�;�5«9<pq-�?(;@/�l#{Q?(A@;�M�?#p�pq/k1m+±?#1:=O9Q{yl#1Z¡El#-m-:{<9<M�l�=O9Q?(+m;6=Ol#+w=�-:AOl�=@9<¸y1m/�;�¸y1m/�P%?#+ �
3hl#pq/�+w=Ol#{</2;�'LdJ/�;�p l�ALe/�/2;�l#1Z¡�p�?#1:�(/2p�/2+y=@; 3:/�;�-:{rl#+6�/N=O/2; 3hl�+m; {Q/v;>®L;>=��/�pq/J;@?({<l#9<A>/#�#=@?(1:=@/�;�{</�;µP%?(+mM �
=O9Q?(+m; M2?(+w=O9Q+L1:/�;µ- e/�A>9<?L3m9<¸y1m/2; ;@?#+y=µ3 e/�M�?#p�-�?(;Le/2/�;µ/�+R;Le/�A@9Q/�;k3m/vh?(1:A@9</2A l#1RM2?(1mA@;k3:1q;>9��/2M�{</�-mALe/2M�e/�3:/�+w=�'

¯k+ &��#}(ª.� z(A10l#M�/��l�j�l#1:A@/�+w= ;ZMn732�l#A>=54 /2=q;Ol =O7 e/2?(A@9Q/©3m/�;�3m9<;�=OA>9<Im1:=@9<?(+:;��V{b5Gl�+hl#{Q®L;>/.3:/fh?(1mA>9</2A
M�?#+m+hl#9)=°1m+�;@/2M�?(+m3\;@?(176�/4/N=R-0/21:=R;�58l#-m-m{Q9<¸y1m/2A°3�e/�;>?(A@p�l#9<;.�l 3:/�;R-mA@?#Im{��/2p�/2;^3m9<;>M�A>/2=O;2'µd°�/�;°{Q?(A@;��
l��(/2M^{�58l#A@A>9Q�ke/�/D3m/2;¬M�l�{<M�1:{rl�=@/�1mA>;¬/�{Q{</C3m/N�Z9Q/�+w=�{Q/E-mA>9<+mM29<-hl�{�?(1:=O9Q{�/�+f=@AOl#9)=O/�pq/�+w=,3m1 ;>9<z(+hl�{�'�¨�/�M29V/2;>=
3801 �lE{rlCp�9Q;@/�/�+©-m{<l#M�/�3m/J{b5Gl#{Qz(?(A>9Q=O7:p�/ 3:/,=OA@l#+m;�P%?(A@p�e/�/,3m/Jh?(1mA>9</2A A@l#-m9<3:/ �  V¤ � -ml#A9((l�p�/2;�¨�?L? �
{</N®4/2=:(#?(7m+ ¤"1<;�/2®x/�+ &��(£w� �_3658l#-mA��/�;¬1:+m/E9Q3 e/�/E?(A@9Qz(9<+ml#{</J3:/>=Cl#1m;>;¬/�+�&�ª(�w�*�0l�{<?(A>;�¸y165«9<{�Mn7m/2A@Mn7hl�9Q=
�l4M�l#{QM�1m{Q/�A�3m/2;E?(A>Im9Q=@/�;C3658l#;>=Ze/�A>?�? @<3m/2;4�l4-hl#A�=O9QA�36581:+ -�/2=O9)=C+m?(p^I:A@/R365«?(Im;@/2A>��l�=@9<?(+m; =BADCFE G5HJI�KGML�NOGQPSR&G
GMPUTVGMNXW3PSGQLMYZYU[+H\[<]ON_^`N_TMY7]aG1[bL5TdcU[eGfR&G�]5]aGdghKG1]OiSj7kUGlLmKG&kn[JNo]pW3LQYbPSk<GQgqGQPS]p^rGMT:RVY+^OR1[b^_T sut

dJ/2��l#+w= {b589Qp�-:1m9<;>;Ol#+mM2/v3m/¬{<lD=OA@l#+m;�P%?(A@p�e/�/�3m/Jh?(1:A@9</2AC�l e/2=Ol#Im{<9QAµ1m+ �µe/�A>9Q=nl�Im{</�3m9<MN=O9Q?(+m+hl#9QA@/�/2+y=@A@/
{</2;�-mA@?#-mA@9Ne/2=Ze/2;6=O/2p�-�?(A@/2{<{Q/�; /N=�P%ALe/2¸L1:/�+w=O9Q/�{<{Q/�;63 581m+D;@9Qz(+hl#{#dJ/�+m+:9<;m=Cl#I�?(A6-mA>?(-0?#;@/ �(/2A@;µ&��#}(� {�58l#+hl#{)®Z;>/
3m/2;,;>9<z(+hl�1Z¡©-hl�A P%/�+v0/N=OA@/2;¬l`gh+x3:/D-ml#{<{Q9</�A M�/C-mA>?(Im{��/2p�/�p�l#9Q; 3m/�P[lSwM�?#+x-hl�A>=O9Q/�{Q{</#'

¯k+ &��(ª(� � ¦J9<MN=O?(Aqo,l#p�9<l#;yx &&z�-mA@?(-�?(;>/x1m+:/f-mA>/�pq9��/�A>/4zVe/�+ e/2AOl#{Q9<;@l�=O9Q?(+�3m/x{<l ¤v�;@?(1:; {</4+m?#p
3m/�=OA@l#+m;�P%?(A@p�e/�/�3:/\h?(1:A@9</2AfP%AOl�M2=O9Q?(+m+hl�9<A@/ �  u�¤ � �J/2+�A>/�-hl�A>=nl�+y= 3m/�;@l 3�e/2gh+:9Q=O9Q?(+ ;@?#1m; P%?(A@pq/
365«?(- e/2AOl�=@/�1mA���¸y1m9J;25Gl��0�/�A>/{0/2=OA>/ 1m+ ?(1Z=O9<{,l#+hl�{Q®y=O9Q¸L1:/f9<+w=Ze/�A@/2;@;@l#+w=4p l#9Q;�¸y1m9,+m/ A>/�+mM2?(+w=OA@/ -ml#;�1m+
P%AOl�+mMJ;@1:M�M#�/2;,/2+©=OAOl�9Q=O/2p�/2+w= 3m14;@9Qz(+hl#{ �Z;@l#+m;�3m?#1:=O/�/2+.A@l#9<;>?(+©3m/J{b5Gl�A@A@9)�µe/�/J/2+ &��(ªw�E3m/�{b5Gl�+hl#{Q®L;>/J/�+
?(+m3:/�{</N=@=@/�;�-hl#A��,{</ ¡\=�A@?(;>;@p�l#+m+ /2=:|¬�(/2;>}x/N®(/2AD¸y1m9k?�� A>/°1m+ +m?(1:�#/�{±e/�M2{rl#9QAOl#z#/±;@1:AD{Q/�;J;>9<z(+ml#1Z¡0'
j�lD=@7�e/�?(A>9</�M�?(+:M�/�A>+hl#+w=�{<lC=@AOl#+m;�P%?(A@p�e/�/,3m/Jh?(1:A@9</2AkP%AOl#MN=O9<?#+m+hl#9QA@/vl e/N=Ze/¬A>/�+m3:1m/¬A>9<z(?(1:A@/�1:;@/¬-ml#A9}.M �
~ A>9<3m/C/2=d��/�A>A-x8F+z�/2+ &��#ªw¥Z'h¯k{<{Q/�;@/D3 e/2�#/�{Q?(-m-�/±l#1�K>?(1mA@3 587y1m9�/�+.?(-:=@9<¸y1m/ ��?��14/2{<{</�-�/�1Z=�0/N=OA@/CALe/�l#{Q9<;Le/2/
3m/©p�l#+m9��/�A@/ /N¡Z- e/�A>9<pq/�+w=nl�{</�-hl�A°1m+fK>/�1Z¡�3m/©{</2+y=@9<{Q{</�;��J/N=R/�+�=OA@l#9Q=@/�pq/�+w=°3m1�;>9<z(+hl�{�3m/2-m1m9<;°¸y165«/�+
&��(��} j�1�e@Q;��,{<pq/�9Q3hlyx«ibz"/N=:�,l#{<3m1:+ H:4�lJ;w=Ol#;>x }Jz"?(+w=,-mA@?(-�?(;Le/E1m+fl#{<z#?(A@9)=O7mpq/JAOl�-m9<3m/D3m/E uV¤ l�9<+m;>9
¸y165«1m+m/D9<+w=O/2A@-mALe/2=nl`=O9<?#+.3:/D{<l° uV¤ 3hl#+m;v{Q/�-m{rl#+©=@/�pq-m;���P%ALe/�¸y1m/2+mM�/�'



S ���0���`�6�� "!#��$%�0�

���� ����� ���)!p�
	3�
¨�/©AOl#-:-0?(A�=Rl -�?(1mA^Im1Z=°365«/N¡Z-0?#;@/�AR{Q/�;^ALe/�;@1:{Q=nl`=O;^M2?(+mM�/2A@+hl�+y=q{<l  uV¤$��/2=°365«/�+�-mA>?(-�?(;@/2A°1m+m/

+m?(1Z�(/�{Q{</ l#-m-m{Q9<M�l`=O9<?#+ /2+ =OA@l#9Q=@/�pq/�+w=E3m1�;@9Qz(+hl#{ ��-0?(1:AE{b5Gl#+ml#{Q®L;@/�/2=±{</Rgh{Q=@AOl#z(/q3m/�;@9<z#+hl#1Z¡§�lfIhl�;@/
3m/°;>9<+y1m;Cz({<9Q;@;@l#+w=O;�'6¨�/°;@?(+w=D3m/2;�;@9<z#+hl#1Z¡ ¸L1:/q{b58?#+ A@/�+:M�?(+w=OA>/^P%ALe/2¸L1:/�pqp�/2+y=D3hl�+m;�{rl +ml�=O1mA>/#��;>?(1m;
P%?(A>p�/ 3:/�;>?(+m;^e/�pq9<;k-ml#Ak{</2;k3hl#1m-m7:9<+m;k?(1R3m/v;>9<z(+hl�{hdJ?(-m-m{Q/�A��#/2=µ3:?(+w= {b5Gl�+hl#{Q®L;>/�-mALe/2;@/�+w=@/,1m+R9Q+y=Ze/�A&0/2=
M�/2A>=Ol#9<+6'mj"lR u�¤·-mA>?(-�?(;@/C3m/�z�e/2+ e/�A@l#{<9Q;@/2A�{rl±=OA@l#+m;�P%?(A@p�e/�/�3m/Dh?(1mA>9</2A /�+.-0/2A@pq/2=>=nl#+w=v3m/��L9<;>1hl#{<9Q;@/2A
{�5�e/2�#?({<1Z=O9<?#+@��� �� )+�� �D3 581m+ ;@9<z#+hl#{µ=O/�pq-�?(A@/2{6K>1:;@¸y165 �l ;OlxP%?(A>p�/RP%ALe/2¸y1m/�+w=O9Q/�{Q{</#'�¯k{<{Q/�9Q+y=@A@?L3m1m9)=±l�9<+m;>9
/�+w=@A@/^{Q/D=@/�pq-m;¬/N=J{rl°P%ALe/2¸y1m/�+mM2/°3m/±+:?(1:�(/�l#1Z¡ /�;@-ml#M�/2;¬=O/2p�-m; � ?(1xP%ALe/�¸y1m/2+mM�/ � P%AOl�M2=O9Q?(+m+hl�9<A@/2;,3ml#+m;{</2;@¸y1m/2{<;v{�5«9<+:P%?#A@p�l�=O9Q?(+ -�?(A>=Ze/�/�-hl�A�{Q/�;@9Qz(+hl#{6-�/�1Z=,;25Gl��ke/�A>/�A�p�9Q/�1Z¡�;>=@A@1mMN=O1mALe/�/#'

j�lJ;@/�M2?(+m3m/v-hl�A>=O9Q/�3m/�M2/�AOl#-:-0?(A�= -mALe/�;>/�+w=O/�{</2;VP%?(+m3m/2p�/2+w=O; =O7 e/�?(A>9<¸y1m/�;k3:/ {rlJVuV¤$�#;@lJ3�e/2gh+:9Q=O9Q?(+
l#9Q+m;@9�¸y1m/ {</2;�-mA@?#-mA@9Ne/2=Ze/2;�¸y1m9J/2+ 3�e/�M2?(1m{</2+w=49<pqp�e/23m9rl�=@/�pq/�+w=�'µj�l =@A@?(9Q;@9��/2p�/.-hl#A�=O9Q/fM�?#+mM�/2A@+m/ {</2;
l#{Qz(?(A@9)=O7mpq/�;�-mA@?#-0?(;Le/�;4-hl#Ay=Cl#A>M(e@rl x«�+zC/N=xH�4�lJ;w=nl#; x }Jzb'v¯µ{Q{</ 3 e/2=nl�9<{<{Q/f{Q/�1mA>;.9Qp�-:{Ne/�pq/�+w=Ol�=O9Q?(+m;q/2=
M�?#p�-hl�A@/^{Q/�1mA>;J-0/2A>P%?(A>p l�+mM�/2;J/2=�-:ALe/�;>/�+w=O/q{</2;�l#-m-:{<9<M�l�=O9Q?(+m;�3m/^{<l� uV¤�l#1 gh{)=OA@l#z(/±?#1 �l�{�58l#+hl#{)®Z;>/
3m/q;@9Qz(+hl#1Z¡0'�j�l4¸L1ml�=OA>9��/�pq/°-hl#A�=O9Q/°-mALe/2;@/�+w=@/�3m/°P[lSwM�?#+�z�e/2+ e/�A>9<¸y1m/q{</2;El�-m-m{<9QM�l�=@9<?(+:;J-0?#;@;@9QIm{</2;C3m/�{<l
 uV¤ 3hl#+:;�3:9Q�(/2A@;�3m?(p�l#9<+:/�;�'



� � ��� �� ��� �

� � ��	� � � � ������ � � � �� � � �� � �

� �� � ����\��� !8� "$�
	�
��
� A�� ������� �������������q��� ���[�

~�?(1:A z�e/�+ e/�A@/2A {rlE uV¤$�Zo¬l#pq9rl�;:x &&z03m1:= A>/2�#/�+m9QAE�l±{rlD3 e/2gm+m9Q=@9<?(+q=O7 e/2?(A@9Q¸L1:/¬3m/J{<lD=@AOl#+m;�P%?(A@p�e/�/,3m/
h?(1mA>9</�A�M�?(pqp�/�?#-�e/�A@l�=O/21mAv3m9Q��e/�A>/�+w=O9Q/�{6/N=,{Q9<+ e/�l#9<A>/Jl#-:-m{<9Q¸L1 e/ �lq1m+:/CP%?#+mM2=@9<?(+43m/CM�l�A@ALe/C9Q+y=Ze/�z(A@l#Im{Q/1=

� =3/ � � � u ����� / � � � u �
,>=�������

&
� F �

 "!#
	 !

, ����� �%$'&)(+* � � � FZ')& �

~�?(1:A�M�/2= ?(- e/�A@l�=O/21mA��Z3m?(+w=�{Q/�;�P%?(+:M2=O9Q?(+m; -mA@?(-:A@/�;�;@?(+w=v{</2;�-�?({Q®L+�0?#p�/2;�365 �,/2A@pq9Q=O/ ��� ?��1-,\.f� o
/�;�=�{</�3m/2z(ALe/C3m1.-0?#{Q®L+�0?(pq/#�m{<l^;@?({Q1:=O9Q?(+©3m1.-mA@?#Im{��/2p�/Cl#1L¡©��l#{</21mA@;�-mA>?(-mA>/�;�;�5 e/�M�A>9Q= =

� x � 	 �  ��������� z �/. � � �%$ �10  � 	32  �����/. �54 � FZ'GF �
ALe/2;@1m{)=nl�=v¸y1m9��L9</2+w=v3m/C{�5«/N¡Z-mA@/2;@;>9<?(+x3m/�;v-�?({Q®L+�0?(pq/�;�3 5 ��/�A@pq9Q=@/�;@?(1:;�{<l^P%?(A@pq/1=

� � ����� � �6� & � � � (  * �* � �
� 	 (  �����54 � FZ'8i �

p�l#9<;�l#1:;@;@9L3m1±P[l�9Q=�¸y1m/!� (  /�;�= 9Q+y��l#A>9rl#+w=�-hl�A�{<l�¤v � -�?(1mA�{rlvM�?(+w�#/�+w=O9Q?(+^-m1m{Q;Ol�=@9<?(+ � '�j�l�-:A@?(-�?(;@9)=O9Q?(+3m/Eo¬l#pq9rl�; P%1:=,l#{<?(A>;v3m/EA>/2=@A@?(1:�#/�A,{�5«?(- e/�A@l�=O/21mA�l#;@;>?ZM29Ne/��l�3:/�;v�#l�{</�1:A@;v-mA@?#-mA@/2; � $ �%7 M�?(A>A@/2;@-�?(+m3hl#+w=�l 3m/2;Jl#+:z({</2;¬3m9)��e/2A@/�+w=@;J3m/ � � ' ¯k+ /N� /N= �0/�+ +m?�=nl#+w=J3 e/�;@?#A@p�l#9<; � � � 0  /2+ AOl#-m-�?(A�=q�lq;@/�;J��l#{Q/�1mA>;-mA>?(-mA@/2; �18:9 0 ��{</�-:A@?(Im{��/�pq/�/2;>=µp�l#9<+w=O/2+hl#+w= 3:/�A@/�M2?(+m;�=OA@1:9<A@/�{�5«?(- e/�A@l�=O/21mA ;@l�=O9Q;>P[l#9Q;Ol#+w= {b5 e/2¸y1hl�=O9Q?(+°l#1L¡��l#{</21mA@;�-:A@?(-mA>/�; =
� 7 x � 	 �  ��� ����� z �/. � � � $ �%7 � 	 2  �����/. � � � FZ'«} �~�?(1:AJM�/2{rl.��/2=�-�?(1mA,Im9</2+ M�?#p�-mA>/�+m3:A@/^{b589Q+y= 0/�A>/2=,3m1 -mA@?#Im{��/2p�/"��9Q{�M2?(+w�L9</�+w=�3:/^ALe/�e/�M�A>9<A>/ � 7 ;>?(1m;{rl±P%?#A@pq/J365«1m+4?(- e/�A@l�=O/21mA�3m/CA@?�=nl�=@9<?(+�� $ 75; '_¨�/�Mn7hl�+mz(/�pq/�+w=�-�/�1:=v;>/CP[l�9<A@/,/�+4=O?(1Z=O/�z�e/2+�e/�A@l#{<9)=Ze/¬M�l#A{rl^A>?#=nl`=O9<?#+©/�;>=�1m+:/El�-m-m{<9QM�l�=@9<?(+�Im9 K>/2M2=@9Q�(/�p�l#9Q; 9<{�l�-m-0?#A>=O/�¸y1m/2{<¸y1m/2;,9Q+:P%?(A@p�l�=@9<?(+m;�;@1:A�{b58?#-�e/�A@l�=O/21mA

e/2=Ol#+w=�3m?(+m+ e/2/E{<l^;>®Lp�e/2=OA>9</�3m/C{b5 e/2¸L1ml�=O9Q?(+ � FZ'«} � ¸y1m9�3m/N�Z9Q/�+w= =

� $ 75; � 	 �  � � ����� � � $ �<7 � 	 �  � � ����� ?��1>= � � &F � * �* � � � � ��? & �54 � FZ'G� �



³ TD� UWLX�W �0��Y:��$%�0����]^UW �_�`$[a6 W

= e/N=nl#+w=,?(I:=@/�+y1 �lR{�58l#9<3:/�3m/E{<l°A@/�{<l�=O9Q?(+43m/DALe/�M21mA@A>/�+mM2/±;>1mA,{Q/�;v-�?({Q®L+�0?(pq/�;v365 �,/2A@pq9Q=@/El�-m-m{<9Q¸y1�e/�/��l
{rl^3 e/�A@9)�µe/�/D3m/ � FZ'G� � =

� � �� ����� � F � � �� ����� ? F , � � ����� � ��� � FZ'8£ ��¬9Q+m;@9 � ��� /�;�= {b58?(- e/�AOl`=O/�1:AV9<3:/�+w=O9)=Ze/�/N= � � {b58?#-�e/�A@l�=O/21mA�-ml#A@9)=Ze/�¸y1m9ZM�?(A>A@/2;@-�?(+m3x�l¬1:+°A@/2=@?(1mA>+m/�pq/�+w=3m1·;@9<z#+hl#{�' j"l�=OA@l#+m;�P%?(A@p�e/�/ 3m/�h?(1mA@9Q/�A©/N=f;>?(+·9Q+w�(/�A>;@/�;@?(+w=x?(I:=O/2+y1m/�;x-0?(1:A�� � � � � /2=x-m{Q1m;
z�e/2+�e/�A@l#{</2p�/2+y=v{b589Q+w�(/�A>;@/D365«1m+m/�=OA@l#+m;>P%?#A@p�e/�/��l°1m+fl�+mz({</¬¸L1:/�{<M2?(+m¸y1m/ � 7 /�;>= � 	 7�� p�?L3m1m{Q?qF�� � '¨�/�;©ALe/�;@1:{Q=nl`=O; -�/�A>p�/N=@=@/�+w=©3m/x3m?(+m+m/2A�1m+m/f9<+w=O/2A@-mALe/2=nl`=O9<?#+ 3m/ {<l  u�¤ M�?(pqp�/.1m+m/fA@?#=Ol�=O9Q?(+
3hl#+:;.{Q/ -m{<l#+ ¤�/2p�-:;�� hALe/�¸y1m/�+:M�/#'�¯k+ M�?(+m;>9<3 e/2AOl#+w=4/2+·/N� /N=4¸L1:/ {Q/ =O/2p�-m;©/N=4{rl P%ALe/�¸y1m/�+:M�/ ;@?(+w=
?(A�=O7m?(z#?(+hl#1Z¡�/2=q¸y1m/ ��� 0  -0/2A@pq/2=R3m/4-hl#;>;@/2A�3m/4{b581m+ �l {�58l#1:=@A@/"� +m?(1m;R-�?(1:�#?(+m;R36�/�;q{<?#A@;^-�/�+m;>/�A
¸y165«1m+m/ =OAOl�+m;>P%?(A>p l`=O9<?#+ � 7 -m{rl#M2/�A@l {Q/ ;@9<z#+hl#{J;>1m9Q��l#+w=.1m+m/ 3m9QA@/�MN=O9Q?(+ P%?(A@p�l#+w=41m+·l#+mz({Q/�� -ml#A
AOl�-m-0?#A>=^�l°{�58l`¡Z/C3m/�;�=O/2p�-:;�'�¨�/CALe/2;@1m{)=nl�=�/�+:M�?(A>/D9Q+w=O1m9)=O9QP�;>/�A@lq3 e/2p�?#+y=@ALe/C3hl#+:;�{<l°;@/�MN=O9Q?(+.i:'tFL'

� 7
=�

P

� 0 
� 7

	�
��� FZ')&��©j�lq uV¤§�L1m/CM�?(pqp�/�1:+m/CA@?#=Ol�=O9Q?(+©3hl#+m;v{Q/�-m{rl#+4¤"/�pq-m;�hALe/�¸y1m/2+mM�/

	�
��
 	 � �#������#�i�#�����������	� ���������� � �����
j�l�P%?(A@p±1m{rl�=@9<?(+ -mALe/�M�e/23m/�+w=@/#��Im9Q/�+�¸y165«9<+w=Ze/2A@/2;@;Ol�+y=@/ -0?(1:A 3m/2;�M�?(+:;@9<3 e/�AOl`=O9<?#+m;�=@7�e/�?(A>9<¸y1m/2;�� /2;>=

365«1m+©1m;@l#z(/�-�/�1©M�?#p�pq?Z3:/,/N=�9<{�/�;�=�-m{<1:; M�?(1:AOl#+w=�-�?(1mA M�l#{<M21m{</2A {<lE=OA@l#+m;�P%?(A@p�e/�/,36581:+m/JP%?(+mMN=O9<?#+�3m/
-hl#;>;@/2A^-hl#AD{rl©P%?(A@p±1m{rl�=@9<?(+ 9Q+y=Ze/�z(A@l#{</R3m/�{�5«?(- e/2AOl�=@/�1mA2'V~"?(1mA^l�I0?(1Z=O9<A��l.M�/�{Q{</ ��M�9 ��9<{kP[l#1:=EM�?#+m;@9Q3�e/�A>/�A
{rl4Ihl#;>/�?(A�=O7m?(z#?(+hl#{Q/�� � 	 �  ��� ������� � � � o 3m/2;±P%?(+mMN=O9Q?(+m;D-mA@?(-:A@/�;E3m/�+m?�=OA@/q?(- e/2AOl�=@/�1mAE3m?(+m+ e/�/�;°-ml#A
{�5�e/�¸y1hl`=O9<?#+ � FZ'GF � 'md�l#+m;vM�/N=@=O/CIhl�;@/#�h?#+.-�/�1Z=,3 e/2�(/2{<?(-:-0/2Av=@?(1:=@/CP%?#+mM2=@9<?(+y,�.�/ � � � u � ;@?(1m;v{<l±P%?(A@pq/

, ����� �
!!
�#" �%$ �

� 	 �  ��������� ?��1 $ � � &
F � ,�& � �

 "!#
	 !

� 	 �  ��������� , ����� * � 4 � FZ'G¥ �
3658l#-mA��/�; � FZ'GF � �:/�+4=OAOl�+m;>P%?(A>p l�+y=�P�-hl#A � 7 9Q{0�L9</2+y=

� 7 , ����� �
!!
�#" �%$ �

� $ �<7 � 	 �  ��������� � � FZ'8ª �
~�?(1:AJl#I�?(1:=@9<A±�lR1m+m/EP%?#A@p^1m{<l�=O9Q?(+©9<+w=Ze/�z(A@l#{</�3m/E{rlR uV¤$�_9Q{6P[l#1:=�1:=O9Q{<9Q;@/�A�{<lE� � �	� �*35� & �(' �	3 (�	�

Ihl#;Le/�/D;@1mAv{<l^A@/�-:ALe/�;>/�+w=nl`=O9<?#+f9<+w=Ze/�z(A@l#{</J3:/�;v-0?#{Q®L+�0?(pq/�;�365 �,/2A@pq9Q=@/
!!
�#" �

� $ �<7
F � ,�& � � ��� ��������� ��� � � �

&
� � � & � � � $ 7 �  � �*),+ 8.-0/ +  8.-21 � *3 �*) 546 / +  8.- � � FZ'8� �

¯k+±A@/2-0?#A>=nl�+y=�l#{Q?(A@;�M2/2=>=O/ P%?#A@p^1m{Q/ /2=�{�5«/N¡Z-mA>/�;>;@9<?#+±3m/2; $ � 3hl#+:; � FZ'Gª � ��o¬l�p�9<l#;6?(I:=@9<+w="{rl�-mA>/�pq9��/�A>/�(/2A@;>9<?(+�3:/�;±P%?(A>p^1m{Q/�;D3m/�=@AOl#+m;�P%?(A@p�e/�/q3m/ _?#1mA@9Q/�ACP%AOl#MN=O9<?#+m+hl#9QA@/°3m9QA@/�MN=O/ � 7 -�?(1mA±�879�:7 � /2=



S � S � TE��� � �`$(UW �VUWLX �

9<+w�#/�A@;>/ � 	 7 -0?#1mA � �97 � � 7 �Z'�¨�/2-0/2+m3hl#+w=���{</©P[l#9)=q3m/x3:9Q��e/�A@/2+mM�9Q/�A°=OA@l#+m;�P%?(A@p�e/�/.3m9<A>/�MN=O/./2=
9<+w�#/�A@;>/ +65«/�;�=±-ml#;C/�+ -ml#A>P[l#9)=O/Rl#3 e/�¸y1hl�=@9<?(+�l��(/�Mq{rl©{Q?(z(9<¸y1m/°3 58?(- e/�AOl`=O/�1:AE3m/qA@?�=nl�=@9<?(+ /2;@- e/2ALe/�/"��M�l#A
9<{µ;>1m-m-�?(;@/�-�?(1mAD{rl4{<?#9�3:/ M�?#p�-�?(;@9)=O9Q?(+ ¸L1:/�{�5«?(+ M�?(pq-0?#;@/�=@?(1`K>?(1:A@;D3m/�1Z¡ A@?�=nl�=@9<?(+m;C3658l#+mz#{</�;E3m/
p 0/�pq/�;^;>9<z(+m/2;�' �,1m;@;>9�-0?#1mA°-hl#{Q{<9</2AEM2/©-mA@?#Im{��/2p�/q}.M ~ A>9<3m/\x«F+z�l A>/�-mA>9<;^{b5 e/N=O1m3m/©A>9<z(?#1mA@/21m;@/©3m/©{<l
 uV¤§/N=�l^-mA@?(-�?(;Le/�-0?(1:A +m/�-m{Q1m;vl��(?(9QA 3m/�-mA>?(Im{��/2p�/,3m/�;@9Qz(+m/�1m+:/JP%?(A@p^1:{rl�=@9<?(+q9<+w=Ze/2z(AOl�{</Jpq?Z3:9Qg�e/2/
P[l#9Q;Ol#+w=v9<+w=@/�A>�#/�+m9QA ��� , � ;@9Q+�� � =~�?#1mA�� 7�� ��� 7 ���

�	��
����������� ������� �"!�#�%$'&)( 
+*-, .0/2134*
5  687 ZPL^f�9�7

/;:

� : � ���<�%=
3 /?> 3 *A@CBED<
 �

3'F�G
HJI K 1 * ���MLN�PO�LRQ �  ?S wi� �

~�?(1:A��xgZ¡�e/"�h{</J-:A@/�pq9</2A =O/2A@pq/�3m14p�/2p^ImA@/�3:/�3mA@?(9)=O/�3m/�M2/2=>=O/ e/�¸y1hl�=@9<?(+©/2;>=�M�?(+:;>=nl�+y=�/N=v9<{6/2;>=
P%ALe/2¸y1m/�+w=,3m/C{</�+m?#=@/�A =

T 7 � �
	 $VUXW<Y � U)ZV[]\ 7�^60 _  -  ^` � ;>9<+��;� � � FZ'Q&#& �
j�l ��l#{Q9<3m9)=Ze/ 3:/x{b5 e/2¸L1ml�=O9Q?(+ �,�l ;Ol��#?(9<Aq� 7a� �;��7 ���k;>/^K>?#1m/.l#1\+:9Q�(/�l#1 3m/xM2/©=O/�A>p�/4/N=�M�58/2;>=

M�/�p 0/2p�/°=@/�A@pq/q¸L1:9�l���l#9Q=D-�?(;Le/�3m/�;E-mA@?#Im{��/2p�/2;4�lxo¬l#pq9rl#;2'�~�?(1:A e/2=@/�+m3:A@/ {<l4��l#{Q9<3m9)=Ze/°3m/�{rl. uV¤b ��. � u$�h9<{0P[l#1:=v{�5�e/�M2A@9QA@/ =
T 7 � � 	 $VUcWAY � U)ZV[]\ 7d^ 0 _  6 U � � � 	 7d^%^` � ;@9<+ ��� ?��1 ,�.fee /�;�=v=O/�{�¸y1m/ � F , � & � ��7:��7 � F), ? & � � � � FZ'Q&�F �

� �� g %8"Z��%'����F! ����
	�
 	�
� h � �	���K� �� ������ �:��� �3�%�����

i 1m/�{Q¸L1:/�;±-:A@?(-mA>9Ne/N=Ze/�;C3 e/2M�?(1:{</�+w=E+hl�=@1mA@/2{<{</2p�/2+w=C3m/�{<l©3�e/2gh+:9Q=O9Q?(+ 3m/q{rl4 uV¤$��+m?�=nl#pq/�+w=D/�+�M�/
¸y1m9�M�?#+mM�/2A@+m/D{rl°M�?#p�-�?(;@9)=O9Q?(+�3m/C{�5«?(- e/2AOl�=@/�1mA

❶
HJ- e/2AOl�=@/�1mAv9Q3m/�+w=O9)=Ze/ = ��� � � � � �kj �

❷
¨�?#7�e/�A>/�+mM2/±l��(/2ME{<l°¤v@= � 0  � � �

❸
¨�?#p�-�?(;@9)=O9Q?(+�3m/D uV¤A= � � �ml � � �  l �

❹
;L9 , 3 e/�+m?#=@/C{</�M�?#p�-m{Q/N¡Z/CM�?(+�K>1mz(1 e/"�_l#{<?(A>; � 	 7 , ����� � � 7 , ����� '

	�
 	�
 	 T ����� ��� ��� �	���K� �� ������
¯k+·/N� /2M2=O1ml#+w=x{<l� uV¤ 365«1m+m/ P%?(+mMN=O9<?#+ ;@1`K>/N=@=O/��l�3m/2;.?#-�e/�A@l�=O9Q?(+m;�=O/2{<{Q/�;�¸y1m/ p^1m{)=O9Q-m{<9QM�l�=@9<?(+

-hl#A.1m+·-0?({)®L+�0?(pq/#��3 e/2A@9Q��l�=@9<?(+���'�'�'4��9<{�/�;�= -�?(;@;>9<Im{Q/�3:/�;>/ AOl�p�/2+m/�A��l\{<l\ u�¤ 3m/ {rl�P%?(+mM2=@9<?(+ '
j�/�;^ALe/�;>1m{Q=Ol�=O;��V-mALe/�;@/2+w=Ze/�;R9QM�9�3m/�p�l#+m9��/2A@/q=OA��/2;^z�e/2+�e/�A@l#{</�;Ol#+m;°{Q/�1mAE3 e/�pq?(+m;�=OA@l�=O9Q?(+ � �(?(9QA x«F+z /N=yx«i1z
-�?(1mAq{</�;�3 e/�pq?(+m;�=OA@l�=O9Q?(+m; � �µ;@?(+w=�-ml#A>=@9<M�1:{<9��/2A@/2p�/2+y=q9Q+y=Ze/�A>/�;@;@l#+w=O;�-�?(1mAq{rl ALe/2;@?({Q1:=O9Q?(+\3 5 e/2¸L1ml�=O9Q?(+m;3m9)��e/2A@/�+w=@9</�{Q{</2;�'

*,+ /N¡Z/2p�-m{Q/°3m/°ALe/2;@?({Q1:=O9Q?(+ 365 e/�¸y1hl�=@9<?(+ -hl�A¬=OA@l#+m;>P%?#A@p�e/�/°3m/Rh?(1mA>9</2A�hAOl#MN=O9<?#+m+hl#9QA@/D/�;>=D3m?#+m+ e/
/�+fl#+m+m/ ¡Z/ ~ '0¨�/2=,/N¡Z/2p�-m{Q/E1Z=O9<{Q9<;>/�{</�;vALe/�;@1:{Q=nl`=O;�;@1m9)�#l�+y=@;,-�?(1mA�=@AOl#+m;�P%?(A@pq/�Av{b5 e/2¸L1ml�=O9Q?(+x3 58?(A>9<z(9Q+m/#'



� TD� UWLX�W �0��Y:��$%�0����]^UW �_�`$[a6 W

dJ/�p�l#+m9��/�A@/�z�e/�+ e/�AOl�{</©{rlf uV¤ -0/21:=q0/2=@A@/�1Z=O9<{Q9<;Le/�/ -�?(1mA±ALe/�;>?(1m3mA>/43m/�; e/2¸L1ml�=O9Q?(+m;°3m9)��e/2A@/�+w=@9</�{Q{</2;.�l
M�?L/ *qM29</�+w=@;E+m?#+�M2?(+m;>=Ol#+w=O;���M�l#AC{rl©-0?#;@;@9QIm9<{Q9Q=Ze/^3m/RMn7m?(9¶¡ 3m/q{�58l#+mz({Q/°l�K>?(1:=@/�+w=E1m+ 3m/2z(ALe/R3m/q{<9QI0/2A>=Ze/
�l {b5 e/2¸L1ml�=O9Q?(+f/N=J-�/�A@pq/2=¬3m/^;>1m-m-mA>9<pq/�A¬3:/�;JM2?Z/V*�M29</2+y=@;J3m9X*�M29<{Q/�pq/�+w=,=@AOl#9)=nl#I:{</�;v-hl�A¬{</2;¬p�e/2=@7m?Z3:/�;
l#+hl�{Q®y=O9Q¸L1:/�;�7hl#Im9)=O1m/2{<{</2;�'w��{_/�;�= /2+:gh+�-�?(;@;>9<Im{Q/,3:/¬;@/�ALe/NP%/�A>A@/�AC�lE{b5Gl#A�=O9QM�{</�3:/,¦J9QM2=@?(A�o¬l#pq9rl#;dx & z0-0?#1mA
�(?#9<A�365Gl�1:=OA>/¬l#-:-m{<9QM�l�=@9<?(+m;k3:/¬{rlD uV¤ ;@1mA�{</2;qe/�¸y1hl`=O9<?#+m; 3:9Q��e/�A@/2+w=O9</2{<{Q/�;µ3m/�{rlCp�e/2M�l#+m9Q¸y1m/,¸y1hl�+y=@9<¸y1m/
+m?#=Ol#pq/�+w=�'� UW ��$��mYZ��$[���

~�?(1:AF,�.�/ � � � u �54 � .f� u /2=�� . � o �
� 7

� *��9,* . � �/. �
	 ����� � �6��� � ;@9Q+�� ? M�?#; � *��* � � � x � 7 , z ����� � � FZ'Q&�i �
j�l�3 e/�pq?(+m;�=OA@l�=O9Q?(+ ;@/EP[l#9Q=,=OA@9)�L9rl#{Q/�pq/�+w=q�l�{�5«?(A@3mA>/�&°/�+ 9Q+w=Ze/�z#AOl#+w=�-hl�AJ-hl#A�=O9</2;�, 365«1m+m/°-ml#A>=�/N=����
�3658l#1:=@A@/C-hl#A�=�'hj�l^z�e/2+�e/�A@l#{<9Q;Ol�=@9<?(+��l°{b58?(A>3mA@/�� /�;�=�9<pqp�e/23m9rl�=@/,-ml#A�ALe/2M�1mA>A@/�+:M�/±/2+4-mA@/2+hl#+w=v=O?(1:=@/2P%?(9Q;
zwl#A>3m/C¸y1m/ � /2= ���� ( +m/CM�?(pqp^1:=@/�+w=�-hl#;�'
�2�0�VUW �_�`YZ��$[���

¯k+x-hl�A>=nl�+y=�3m/ � FZ'Q&�i � l#14-mA@/2p�9Q/�A�?(A>3mA@/C-m1:9<;�/�+./2�0/�MN=O1hl�+y=,{</�Mn7ml#+mz(/2p�/2+y=,3m/���l#A@9<l#Im{Q/����
� � � �/. � �2{rl�ALe/2;@?({Q1:=O9Q?(+C3m/µ{�5 e/�¸y1hl�=@9<?(+D3m9Q�ve/�A>/�+w=O9Q/�{Q{</ 3m1D-mA>/�pq9</�A�?#A@3mA>/ 3m?#+m+m/µ{rl�A��/2z({</µ365«9<+w=Ze/�z(A@l�=O9Q?(+3m/C{rl°VuV¤ =h~"?(1mAd,�.�/ � � � u � 4 � . � u·/2=�� . � o �

� 7��� (# � � �/. � * .��� ����� �
� 	 8 � ���� \ 7M2?(; �

(# � � 8�� �� � \ 7 � � 7 , �/. � � �"! � * ! � � FZ'Q&�} �#  � ��$ �V� $[!(Y:��$%�0�
~�?(1:AF,�.�/ � � � u �54 � .f� u /2=�� . � o �

� 7 x . � , � .�� z ����� � ��� M�?(; � �$� � � , � *��* � � � x � 7 , z ����� � � FZ'Q&�� �
j��lf/�+:M�?(A>/©M�/�{<lf-�/�1:=°;>/©3 e/�pq?(+w=OA>/�A^/2+�9<+w=Ze/2z(AOl�+y=±-hl#A^-ml#A>=@9</ p�l#9Q;E1m+:/©;@?({Q1:=O9Q?(+ -m{Q1m;vK>1:3m9<M29</�1:;@/
M�?#+m;@9Q;>=O/ �l^A>/�pq-m{rl�M�/�A9,f-hl#A ;@l^3 e/�M2?(pq-0?(;>9Q=@9<?(+�/2+4;Le/�A>9</J3:?(+m+ e/2/�-hl#A � FZ't¥ � 'mj�/JM�l#{<M21m{ 3:/2�L9</2+y=vM2/�{Q1m9� 7 x � � 	 �  ��������� zv¸y1m9�;@/.ALe/2;@?(1:=q;>9<pq-m{</2p�/2+y=^M�?(pq-:=O/©=@/�+y1\3:/.{<l A@/�{<l�=O9Q?(+�3m/4ALe/2M�1mA>A@/2+mM�/.;@1mAq{</2;-�?({Q®L+�0?(pq/�;�3 5 ��/�A@pq9Q=@/�/2=�{</21mA@;�3 e/�A@9)�µe/�/�; � �� ����� � F , ��� 	&% �����
TD�`�6�� "$%� � $��6� W�'V�  � ��$ ��� $b!(Y:��$[����(E�^UW �`$��mY:��$[���

~�?(1:AF,�.�/ � � � u �54 � . � o�/N=���.f� u
� 7 x �/. ** . �

� , � .�� z ����� ��
� � ;@9Q+ � ? � � � M2?(; � � ;>9<+ � ? � M�?#;�F �

** � �)� ;@9Q+��¬M2?(; � * �* � � 	 �
� � 7 , � ����� � � FZ'Q&�£ �

¨�/CALe/2;@1m{)=nl�=�3 e/2M�?(1m{Q/�3m9<A>/�MN=O/�pq/�+w=�3m/ � FL'Q&�� � /2= � FZ')&�i � '



S � S � TE��� � �`$(UW �VUWLX "

� ��Yh� X�� Y:��$%�0�
~�?(1:A�, .�/ � � � u � /2= � 4 � .\� u$��;>9�����/�;>=D{b58?(- e/�AOl`=O/�1:AJ3m/°=OA@l#+m;@{<l�=O9Q?(+ 365«1m+m/R{Q?(+mz(1m/21mA � �63 e/Ngh+m9

-hl#Afx���� , z ����� � , ��� ? � � �_l#{Q?(A@;�=
� 7 x���� , z ����� � � 	 $ � ZV[]\ 7 U'(  ��	��
� - ^ � � 7 , ����� ? � M�?(; � � � � FZ'Q&�¥ �

j�l =OA@l#+m;@{<l�=O9Q?(+ l�3:?(+mM°-�?(1mAJ/N� /N=C3m/°p^1m{)=O9<-:{<9</2A�{rl�=@AOl#+:;@{rl`=Ze/�/°3:/^{rl�=@AOl#+:;>P%?(A>p�e/2/^-hl#A�1m+ P[l�M2=O/21mA
3m/D-m7hl#;>/±3 e/2-0/2+m3hl#+w=¬{<1m9 ��p 0/�pq/¬3m1.P[l#M2=@/�1mA�3m/C=OAOl�+m;@{<l�=O9Q?(+6'hj�lR3�e/�pq?(+m;�=OAOl`=O9<?#+x;>/DP[l#9)=^�l�-hl�A>=O9QA�3m/
� FL'Q&�� � /�+./2�0/�M2=@1hl#+w=,;@9<pq-m{Q/�pq/�+w=�{</�Mn7ml#+mz(/2p�/2+y=�3m/���l#A>9rl#Im{Q/ . � � . ? � '#  � ��$ �V� $[!(Y:��$%�0� � Ym�© "� WfW � � �0� W �0��$ WL�b�%W

~�?(1:AF,�.�/ � � � u � /2=�� 4 � . � u$�
� 7 x � � � , � .�� z ����� � � $ ����� Z 7 U:(  ������ � - ^ � � 7 , � ��� ? � ;@9<+ � � � � FZ'Q&�ª �� � � �h��]^UW ��$ W

j�lqP%?(A>p^1m{</CM2?(+mM�/2A@+hl�+y=J{rlq uV¤ 3m/>, � $ ��� /�;>=¬A@/2{rl�=@9Q�(/2p�/2+w=,P[l#;�=O9Q3m9</21m;@/�'0¯k{Q{</C-mA@?L3m1m9)=¬/2+ -m{Q1m;3m1�Mn7hl#+mz(/2p�/2+w=�365«1m+m9)=Ze/ � M2?(pq-hl#AOl�Im{</±�lCM�/2{<1m9_3m/�{rl�¤v � 1m+�Mn7hl#+mz(/2p�/2+w=�3m/�{�58l#+mz#{</�3m/v{rlD uV¤\¸y1m93m/N�Z9Q/�+w=�� �·l#A@MN=nl#+ � $ � =Ol#+ � � ' = e/�?(p�e/2=@A@9Q¸L1:/�pq/�+w= �ZM�/�M29 �L9</2+y= +hl�=O1:A@/�{Q{</2p�/2+y=�M�?(pq-:=@/¬=O/2+L14¸y165«1m+m/3m9Q{rl�=Ol�=O9Q?(+ 3m/C{b5Gl`¡Z/�=O/2p�-�?(A>/�{6M2?(p�-:A@9<pq/J{b5Gl`¡Z/JP%ALe/�¸y1m/�+w=@9</�{b'h�¬{Q?(A@;��

���� �����
�  "!

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

%)+ .% !  

� 7 x , � $ . � z ����� �
& �)� M2?#= �
$ � �)� M�?�= � � $ �  ��� � 70/ % 	 �1
� 32�1
�  -54 � l � , ��� ;>9<+6�

$ ;>9<+�� �
	 � � FZ'Q&�� �
;Z/21m{�{</�M�l#;d, �6� ��� 3m?(+m+m/D1m+.ALe/2;@1m{)=nl�=v;>9<pq-m{</"�:M�l�A7� � �

x � 7 , �6� .�� z ����� � x � 7 , z �6� ��� � x � 7 	�� , � .�� z ����� � � FZ'tF�� �





� � ��� �� ��� �

� � � �k 
 ������ � � � � ��� ���� 
 � � � � � �  � � �²�

�q�� �	��� % ����p��� !��-!8� �	� ��"Z%p!
��� !8�
i 1m/�{Q¸L1:/�;µALe/2;@1m{)=nl�=@;�?#+y=kP[l��#?(A@9Q;Le/�{</�3 e/2�(/2{<?(-:-0/2p�/2+y=�3m/�{<l� uV¤ /�+°=OA@l#9Q=@/�pq/�+w=µ3m1R;@9Qz(+hl#{b'���{mP[l�1:=

=O?#1:=O/NP%?(9<;µAOl�-m-0/2{</2A ¸y1m/2{<¸y1m/�;�3�e/2gh+:9Q=O9Q?(+m;µ3m/�=OAOl�+m;>P%?(A>p�e/2/�;�9<+w=Ze/2z(AOl�{</�;µ9Qp�-�?(A>=Ol#+w=O/2;�-�?(1mA�1m+m/,I0?#+m+m/
M�?#p�-mALe/�7m/2+m;@9Q?(+f3:/E{b589Q+y=@/�A>-mALe/N=nl�=@9<?(+43m/E{rlR uV¤ M2?(pqp�/�A>?#=nl�=@9<?(+.3hl#+:;,{Q/D-:{rl#+.¤�/2p�-:;JhALe/2¸L1:/�+mM2/#'
¨�/�;^=@AOl#+:;>P%?(A>p�e/2/�;°/2=^1m+m/©-hl#A�=O9Q/ 3m/2;°3m9<;�=OA@9QIm1:=@9<?(+m;±l#-m-hl�A>=O/2+hl#+w= �lf{<lfM�{<l#;@;>/©3m/4¨�?(7m/2+�-0/21:�(/2+y=
0/2=@A@/CA@/2{<9Ne/�/�;�3:/Dp�l#+m9��/�A>/�;@9<pq-m{Q/��l°{rlR uV¤�'

��{wM�?(+w�L9</2+w= l#1:;@;@9y3m/µA>/�3 e/Ngh+m9<A�{Q/�;�+m?#=Ol�=O9Q?(+m;�1:=@9<{<9Q;Le/2/�;�/�+D¤<;DM�l#A�/�{Q{</�;�;>?(+w="1m+E-�/�1E3m9Q�ve/�A>/�+w=O/2;�3m/�;
+m?#=Ol�=O9Q?(+m;�3m?(+m+ e/2/�;�l#1°Mn7hl�-m9Q=@A@/vF¬¸y1m9Z?(+w=µ1m+^P%?(A>= M�l#A@l#M2=��/�A@/�p l�=@7 e/�p�l�=@9<¸y1m/#'�j�/�¤<;±1:=O9Q{<9Q;@/�+hl�=O1:A@/�{ �
{</2p�/2+w=v{rl^M�?#+y�#/�+w=O9Q?(+ ��� �������	������-�?(1mA�{<l°¤v�/N=�3m?(+mMC-�?(1mA�{rlR u�¤ l#{Q?(A@;�¸L1:/E{Q/�;�p�l�=O7 e/2p l`=O9<¸y1m/2;
/�pq-m{Q?(9</2+y= 1m+m/CM�?(+w�#/�+w=O9Q?(+ 
 �*3 ��-#� ) � �q-m{Q1m;v-mA@?(-:9<M�/Cl�1xM�l#{<M21m{�l#+hl�{Q®y=O9Q¸L1:/#'

� 
��
� �q� ���������	���
*,+.;@9Qz(+hl#{ =@/�pq-0?#A@/�{ /�;>=,+m?#=Ze/�/�+4=O?(1Z=O/Cz�e/�+ e/�AOl�{<9Q=Ze/� � � � /2=�;@lR¤v�/�;�=,l#{<?(A>;�3 e/2gm+m9</C-hl#A$=

x � 0  �#z � , � �
 "!#
	 !

� � � � � 	 $ � � � � * � � � i:')& �

¯k+ M�/f¸y1m9,M�?(+:M�/�A>+m/ {<l  uV¤$��9<{v/2;>= P%ALe/�¸y1m/2+y=43:/fMn7hl#+:z(/�A�¸y1m/2{<¸y1m/ -�/�1 ;Ol +m?�=nl�=@9<?(+ �µ/2+�+m/
M�?#+m;@9Q3�e/�A@l#+w=f+m?#+·-m{Q1m;4{�58l#+mz({Q/�� 3m/ A@?#=Ol�=O9Q?(+§p l#9Q;�1m+ � � & � � ��� -*�	� ) � �� -#)+� �\e/2¸L1:9Q��l#{</2+w=.=@/�{�¸y1m/��� 
 � � /2=�{�5«?(- e/2AOl�=@/�1mA�/2;>=�+m?#=Ze/

� 7 � � � � 4 ?��1 � � 
 �
F 4 l��(/2M±� 7 � 
 � 7 F � � i:'GF �

d�l#+m;EM�/N=@=O/©{Q?(z(9Q¸L1:/#��{�5«1m+m9)=Ze/ M2?(A@A>/�;>-0?(+:3hl#+w=Rl#1 ���	��
����� -*�	� ) � �� -#)+� �C/�;�=°+m?#=Ze/�/ ��� /2=±{rl VuV¤�3m/� � � � 3m/N�L9</�+w=���� � ��� � 'h¯k+:gh+ �_/2+x3 e/Ngh+m9Q;@;Ol�+y=,{rl±P%?#+mM2=@9<?(+4+m?�®wl�1x3m/C{<l°=@AOl#+:;>P%?(A>p�e/2/�-hl#A

� � � ��� 4 � � � ���
��
T 7 � $ � U%U � !  �  ^���� � 7 	 �� ! �� � � - ^ ;@9 ���� , � 4 , .fee 4� � � � ��� � ;@9 � /2;>=�p^1m{)=O9<-:{</¬3:/±F ���� � � ? ��� � ;@9 � ? � /2;>=�p^1m{)=O9Q-m{</,3m/ � 4

� i:'8i �



��� ���"��� $[!(Y:��$%��� Yh ���`Ym$%� WL� W �0�°�� X $%���"Y �

{rl°VuV¤ /N=v;@?(+.9<+w�(/2A@;>/E;25 e/2M�A@9)�(/2+y= =

��� � ��� � �
 "!#
	 !

� � � ��� 4 � � � � � � * � /N= � � � � �
 "!#
	 !

� 	 � � ��� 4 � � ��� � ��� � * ��� � � i:'«} �
j�/�;°P%?(+mMN=O9<?#+m;^+m?�®wl�1Z¡ � � �µe/2A@9)gh/�+w=R1m+�M�/2A>=Ol#9<+�+m?#p^ImA@/©3:/©-mA@?(-:A@9Ne/N=Ze/2;°9<pq-0?(A�=nl#+w=@/�;±-�?(1mA°{<l

;@1:9Q=O/ =
¨�?(+w=O9<+y1m9)=Ze/�/2+ 
 {Q9<p��� � � � � � � 4 � i:'G� �
¨�?(p�p±1:=nl�=@9Q�L9Q=Ze/ � � � � 4 ��� � � � � � ��� 4 � �54 � i:'8£ �¨�?(+`K>1mzwl�9<;@?#+ � 	 � � � 4 ��� � � � � � � 4 ��� �54 � i:'G¥ �
¨�?(p�-�?(;>9Q=O9Q?(+

 "!#
	 !

� � � � 4 � � � � l � � � 4 ��� � � � �  l � � 4 ��� �54 � i:'8ª �

H�A�=O7m?#z(?(+hl#{Q9Q=Ze/
 "!#
	 !

� � � � 4 ��� � � � � � 4 � � � � * � � � � ��� � � � � � � � i:'8� �
¯k+:gh+ �"-0?#1mAEA>/�+m3:A@/ -:{<1m;C{<9Q;@9QIm{</2;�{</�;DALe/2;@1m{)=nl�=@;E3:/�{<l.;>/�M2=@9<?(+ i:')&('8}.�"{b58?#-�e/�A@l�=O/21mAC-0?(1:AE1m+:/�A>? �

=nl`=O9<?#+�36581:+ l#+:z({</���l�1:=O?(1:A°3m/4{�5«?(A@9Qz(9<+m/�3hl#+m;R{Q/�-m{rl�+ ¤"/�pq-m;�� P%ALe/2¸y1m/�+mM2/ � ?(A@9Q/�+w=Ze/©3ml#+m;R{</©;>/�+m;=OA>9<z(?#+m?(p�e/2=OA>9<¸y1m/ � /�;�=,+:?#=Ze/�� 7 '
� 
��
 	 � �����%�#��� ����� ����� ��� ������� �	� � ��� ���	��������������	� �������
� $[��� W �
	.$ �b�%W

j�lq3m9Q;>=@A@9<I:1:=O9Q?(+�3m/ C 9<z#+m/�A ¦¬9<{<{Q/J/�;�=�+m?#=Ze/2/��� � � 4 � � /N=�/�{<{Q/J/�;�=�3�e/2gh+:9</C-hl#A
�� � � 4 � � �

 "!#
	 !

� � � ?�� F � � � � � � F � � 	 $:&�� * � � � i:'Q&�� �
j�lx3m9Q;>=@A@9<I:1:=O9Q?(+ 3m/ C 9Qz(+m/�AC¦J9Q{<{Q/°36581:+�;@9Qz(+hl#{µALe/2-hl#A�=O9Q=D{b58/2+m/�A>z(9</q3m1�;>9<z(+hl�{k3hl#+m;E{</q-m{rl#+ =O/2p�-m;��
P%ALe/2¸y1m/�+mM2/E;>1m9Q��l#+w=v{b58?LM�M21mA@/2+mM�/�3m/CMn7hl�¸L1:/DM2?(pq-0?(;@l#+w=O/JP%ALe/�¸y1m/�+w=@9</�{Q{</�3hl�+m;�{</¬=@/�pq-m;�'_¯k{Q{</¬/2;>=�-hl#A��
=O9QM�1m{Q9Ne/2A@/�pq/�+w=k/V*qM�l#M2/�-�?(1mAk{Q/�;k;>9<z(+hl�1Z¡Rpq?(+m?LM�?(pq-0?#;Ol#+w=O/2; /2=�-�?(1mAk{Q/�;k;@9Qz(+hl#1L¡°3m?(+w=µ{<l¬P%ALe/�¸y1m/2+mM�/
��l#A@9Q/�{<9Q+�e/�l#9QA@/2p�/2+y=�'
 �Yh�����

j�lC=@AOl#+m;�P%?(A@p�e/�/�3:/,u�l#3m?#+ x £bzh-�/�A>p�/N= � �l�-hl#A�=O9QA 3m/v3m9<;�=OA>9<Im1:=@9<?(+^=@/�pq-m;���P%ALe/2¸L1:/�+mM2/,3m/v;>9<z(+hl�1Z¡ �l
M�?#p�-�?(;Ol�+y=@/�;�p^1m{Q=@9<-m{Q/�;���3m/�M�?(+mM2/�+w=OA>/�A {Q/�; 4�?(+:/�;VM2?(A@A>/�;>-0?(+:3hl#+w=O/2;��l,Mn7ml#¸y1m/ ;@9Qz(+hl#{w/N=V3 58/2+±P[l#M�9Q{<9)=O/�A
l#9Q+m;@9m{b589Q+w=O/�A>-mALe/N=nl�=@9<?(+ '(¯k{<{Q/ M�?(+:;@9<;�=O/^�l�ALe/29<+w=Ze/2z(A@/2Ak{rl�3m9<;�=OA>9<Im1:=@9<?(+^l#-mA��/2;�l��#?(9<Ak/N� /2M2=@1�e/,1:+m/vA@?#=Ol�=O9Q?(+
3hl#+:;�{Q/C-m{rl#+©=@/�pq-m;���P%ALe/�¸y1m/2+mM�/�'S}fl�=O7 e/�p�l�=O9Q¸L1:/�pq/�+w= �h/2{<{</�/N� /2M2=@1m/E{<l^-mA@?�K>/�M2=@9<?(+.365«1m+.;@9<z#+hl#{6/2+ F
3m9Qp�/2+m;@9Q?(+m;k;@1:9Q��l#+w=�1m+�M2/�A�=nl#9Q+�l�+mz({</ � �(?(9)P ghz#1mA@/�i:')& � 'wH�+q+m?#=@/v{�5«?(- e/�A@l�=O/21mA�� 7 /N= {<lJ=OAOl�+m;>P%?(A>p�e/2/3m/ � � � 4 � � ���/2=�/2{<{</¬/�;>=,3 e/Ngh+m9</C-hl�A$=

� 7 x � � � 4 � � z ���� ��� 4 � � �
 "!#
	 !

� ��� M�?(; � ��� ;@9<+ � 4�� ;@9<+ � ? � M2?(; � � * � 4 � i:'Q&#& �



c � � � # WLX � UWLX  � ��Y:� X $ � � �_����Yh�0� X �_�

?��1 � � �ZM�?(; � ? � ;>9<+ � /2= � � � �:;>9<+�� ? ��M�?#; �"'

�
�

-

������� � �	�
 � ����������� � � 
�
�

&

������� $ �����! #"�%$'&#� ( ( �*)
	�
��� i:'Q&���¯ � /N=�3m/C{rl°¤�A@l#+m;�P%?(A@p�e/�/C3m/Du�l#3m?(+43hl#+:;�{Q/�-m{rl�+.¤"/�pq-m;�� P%ALe/2¸y1m/�+mM2/

¯k{<{Q/¬�µe/�A@9)gh/C¸y1m/�{Q¸L1:/�;¬-:A@?(-mA>9Ne/N=Ze/�;�9Qp�-�?(A�=nl#+w=O/2;$=
❶
j�9Q+�e/�l#A>9Q=Ze/1= � U �  Y ^ ��� � ? � Y �

❷
��+w��l#A>9rl#+mM2/E-ml#A,A>?#=nl`=O9<?#+ =_1m+m/EA@?#=Ol�=O9Q?(+.36581:+ l#+mz({Q/ 
 3m/>, � � 4 � � /2+w=OAOl�9<+m/2AOl�{<lqA>?#=nl`=O9<?#+x3m1p 0/�pq/Cl#+mz({Q/J3m/C;Ol°=OA@l#+m;�P%?(A@p�e/�/C3m/Du�l#3m?(+ �

❸
dxe/2M�l#{<l#z(/1= � 7 x � � � � � � 4 � � � � � z ���� ��� � � � M�?(; � � � � ;@9Q+ � 4 � � �

¨�/2=>=O/C=OAOl�+m;>P%?(A>p�e/2/C/�;>=,9<+w=Ze/�A@/2;@;@l#+w=O/±3ml#+m;v{rl°pq/�;@1:A@/D?��1./2{<{Q/J-0/21:=�0/2=OA>/CAOl#-m-:A@?LMn7�e/�/D3m/D{rlR uV¤
3hl#+:;V;@?#+°9<+w=O/2A@-mALe/2=nl`=O9<?#+E3hl�+m; {</�-m{<l#+E=@/�pq-m;���P%ALe/�¸y1m/2+mM�/�'w¯k{<{Q/�/2;>=k1Z=O9<{Q9<;Le/�/µ-0?#1mA�P[l#9QA@/µ3m/ {<l�3 e/2=O/2M2=@9<?(+
3m/q;@9Q+L1:;Ez({Q9<;>;Ol#+w=O;C;>1mAE3:/�;D;@9<z#+hl#1Z¡ �l4p^1m{)=O9<M2?(pq-0?(;@l#+w=O/2;�/2=D/�;�=^A@?#Im1m;>=@/ l�1�ImA>1m9Q=�'�dJ/R-m{<1m;���1m+m/
A@/2{rl�=@9<?(+ l��(/2M�{rl4¤v l.-0/2A@pq9<;©�l,+ /2/2�-+6l#{Q/2�L;5;w® x8¥1z�3m/q-mA>?(-0?#;@/�AE1m+ pq?L3��/�{Q/q3:/�=OA@l#+m;�P%?(A@p�e/�/q3m/
u�l#3m?(+ P%A@l#M2=@9<?(+:+hl#9<A>/#'Z¨�/�M29 +65«/�;�=v-hl#; {</¬-:A@?(-�?(; 3m/,M�/JA@l#-m-�?(A>=�p l�9<;�+m?(1m; A>/2=@9</�+:3mA@?(+:;�=O?(1Z=O/2P%?#9<;�{<l
3 e/2p l#A>Mn7m/C3m//. ��� -*�	� ) � �� -#3 )5��-#� ) � �10°3m/C{rl±=@AOl#+:;>P%?(A>p�e/2/#'

� 
��
 � 2 ���#�����*���� ��� h �[� ���43[���
j�l4A>/�{<l�=O9Q?(+ 3m/R~�l#A@;>/2��l#{k;@/°3 e/�3m1m9)=C3m9<A>/�MN=O/�pq/�+w=C3m/2;C-mA@?(-:A@9Ne/N=Ze/2; � i:'8� � � � i:'G¥ � ;>1mA�{</2; � �./N=C3m/

{�5�e/�¸y1hl`=O9<?#+ � i:'«} � =
 "!#
	 ! ��� � � . � � � * � �

 "!#
	 ! ��  "!#

	 !
5 � � ��� � � 	 � � � 4 ��� � * ���

 "!#
	 !

6 � � � � � � � 	 � � � 4 � � � � * � � � �� * � � i:'Q&�F �

�
 "!#
	 !

5 � � ��� � 6 � � ��� � � � � � ��� � * ��� � i:'Q&�i �

�
 "!#
	 !

5 � � ��� � 6 � � ��� � * ��� � � i:'Q&�} �

*,+:/^M�?(+:;Le/�¸y1m/2+mM�/q3m/^M2/2=>=O/°A@/2{rl�=@9<?(+x/�;�=�{rl -:A@?(-mA>9Ne/N=Ze/±3:/^M�?(+:;@/�A���l�=O9Q?(+ 3m/^{b5 e/2+m/�A>z(9</E?(I:=O/2+y1m/°-0?#1mA
. � � � � ��� � � '�¨�/N=@=O/C-mA>?(-mA>9Ne/2=Ze/�/�;�=v/�+./2�0/2=v/�;>;@/2+y=@9</2{<{</�-�?(1mA P[l�9<A@/¬3m/�{�58l#+hl#{)®L;@/ � ;>®L+w=O76�/2;@/D3m/C;@9Qz(+hl#1Z¡



�LS ���"��� $[!(Y:��$%��� Yh ���`Ym$%� WL� W �0�°�� X $%���"Y �

M�l�A�/2{<{Q/J9<+m3:9<¸y1m/�¸y165«1m+f;>9<z(+hl�{6-0/21:=-0/2=@A@/CA@/2M�?(+m;�=OA>1m9Q=^�lR-hl#A�=O9<A�3m/C;Ol°=OAOl�+m;>P%?(A>p�e/2/#'
/;:

� :
7 � � � � 7�� O � �

/;:

� :
7���� � � � � 7�� O � � ��� S
	�� �

� 
��
� ������� ������� � ����� ������� � �"! �� � � ��� ��� ��� � � � �#��� � ������
$&%('*)�+-,*.0/ �1,�23/�%(4 	 ,�'5'*% (76 $98
:<;>=@?0=BADCFEHGI;JCKE�;LANMHGO;�PO=BQR=B;SC7T�=RUIGOVXWYGOZ�[\=]THGI;�^9[YG_V�=@[YGIC�W\`a;cb�d�egfihSjkT�l=@m�;�W\^X^FGO;SCK[YGon�prqtsJE�W^Bu"l=BA@V�WvCkGI[\`aVX^

�� b*w 4 � j<xzyO{i|*} &�~
 "!#
� !

� b
�
j � b5y�w � � jX{ � | $'& � * � 4 b�d�egfi�Sj

=@C�A@`aQR��CF=�C�=B;JE�T�=�[\G���V�`O��V�WDl=@C�l=rb�y�evf-�aj�sJE�WH�3=BVXQ�=DC<T�u�=D����V�WgQ�=@V � b�y�w � � j�=B;��*`a;�ADCFW\`O;RT�= ��� b � w � ?y�AB`a^ � jD��Wg[�U(W\=@;JC9�

�� b�w 4 � j<x�yO{i| $'&�~
 "!#
� !

� 7 b � w � ? y�AB`a^ � j { � | $�~v� ZV[]\ 7 ��� Z 7  | $�~���~MZ []\ 7 ��  "!#� ! � b
�
jX{i|*} & � � � b

� 4 w � j * � �� * w ���
b�d�egf��ajq]u�GO��VB�=@^�[\G7��V�`a��VXWDl=DC�l=Kb�y�evf��Sj<T�=�Q]E�[vCFW\��[\W\ABGICFWg`a;���GOV�E�;�=k=#���3`a;�=@;SCFW\=@[\[g=O�(   "!� ! � b

�
jX{ |*} & � � � b

� 4 w � j * �^�=9ABGO[\A@E�[\=rGIW\^(l=@Q�=@;SCieH¡¢=rAiGI[\ABE�[�=B^�C£QR=B;�l=o�G�C�=BVXQ�=r=@;¤=D?�=@A@CFE�GO;SC£��V�=BQRW��=@V�=@Q�=@;JC�[\=rANMHGO;�Pa=BQR=B;SC�T�=UIGOV�W\GOZ�[g=¥b5d�evf��Sj§¦7x¨w � ? y � ^XW\; � ��E�Wg^©^�E�V�[\=rQR=BQ]Z�V�=9T�=7T�V�`aWvCF=r[g=B^©ANMHGO;�PO=BQR=B;SCF^�AB`aVXV�=@^��3`a;�THGO;SC�G�E�;�=7V�`OCFGICFWg`a;&T�EªCF=@Q���^�=DC�T�=9[YG��*V(l=@sJE�=B;�A@=Oe0«�W\;�GO[\=@Q�=@;JC��

��
¬

� x�w�A@`a^ � ? � ^XW\; �
 x � w�^�Wg; � ? � AB`a^ �-

&
� x�w�A@`a^ � ? � ^�Wg; �
 x � w�^�Wg; � ? � AB`a^ ��� b�d�egfi�Sj

�� b*w 4 � j<xzyO{ | $�®#¯
 "!#
� !

� 7 b*¦Oj ��� b�y � � ¦OjX{ � | $�®#°"* ¦ � b�d�egfi±Sj

² =@CXCF=�l=@s(E�GICFWg`a;>QR`a;SCFVX=�sJE�=&[g=B^9n�prq³T�= � =@CKT�= ��� AB`�´ µg;�ABWgT�=B;SC¤�G¶E�;�=�V�`OCFGICFWg`a;·T�u¸GO;�Pa[\= ���VB�=B^Be¹:<;º=@?0=@CB�¹^XE�WgC�=ªGOE��ºANM�GO;�Pa=@Q�=@;JC�^�T�=ªUIGOVXWYGOZ�[\=B^_b5d�evf��Sj#��[\=@^�T�=BE��cQR=BQ�Z�V�=@^�^�`a;SCR=D����VXW\Qºl=B^THGO;�^§T�=@^§^X»(^�Ci�=BQR=B^§T�u¸G-��=@^§T�Wv?�l=@V�=@;JC�^B�([�u�E�;o=@;¼b*w 4 � jD�S[�u�GOE�C�V�=�=B;½b � 4  jDe(¾£`OE�^�VX=@C�W\=B;�T�V�`a;�^§T�`a;�A£sJE�=[YG�n�p�q¿T�= � =@C�[YG�n�p�q¿T�= ��� ^�=9T�l=BT�E�W\^X=B;SCk[5u�E�;�=rT�=9[�u�GOE�C�V�=r�HGOV©E�;�=7VX`OCNG�CFW\`O;_T�u¸GI;�Pa[\= ��� e
�� � b�w 4 � j�x �� b*w�AB`a^ � � � ^XW\; � 4 w�^�Wg; � ? � A@`a^ � j 4 ^X`aWgC b�d�e�yIhSj

�� � b*w 4 � j<x � 7ÁÀ �� b*w 4 � j"Â � b�d�e�y(f-j



� ������ %��¥4��%��	��'�+�)�+
�¥,���<. 4-+i)H/0+
� � �

� ��� ��� ��� ��� �� �� ��� �� �
��������

����������������������������������������������������

 � � � � �  � � � � �  � � � � �  � � � � � 

!�!�!�!�!�!!�!�!�!�!�!!�!�!�!�!�!!�!�!�!�!�!!�!�!�!�!�!

"�"�"�"�""�"�"�"�""�"�"�"�""�"�"�"�""�"�"�"�"

#�#�#�##�#�#�##�#�#�##�#�#�##�#�#�#

$�$�$$�$�$$�$�$$�$�$$�$�$

%�%%�%
%�%%�%
%�%

&&
&&
&

�(')+*+)�,.-/) � �10
��2 �3254  76 �98
: �*�;2�&  =< �?> ( 6 ( ( �  �@2��32A4  76 �
8
: � �;2�&  B< � � <C6 (ED �����9> �1F  #"�%$'&#� ( ( �

-
G.HJILKNM7O

PRQ
� M�SUTLK 0�VG.T � � *+)XWN) P
YZ PR[ PR\

P � P;]

^`_badc�d�e¸yfehg<V�Wg;�ABWg�0=rT�=rC�`aQ�`OPaVFGO��M�W\=£T�E¤^XAiGO;�;�=BV�=@C�T�E¶��[YGI;ªC�=BQR��^ji��*V(l=@s(E�=B;�A@=
² =@CXCF=LV�=B[\GICFWg`a; =@^XC¶;�`OCFGOQ�=@;SCªE�CFWg[\W\^(l=B=½�3`aE�V&��GIW\V�= T�=¼[YG>CF`OQ�`aPOVFGO��M�W\=½THGI;�^_[\= ��[\GO;�CF=@Q���^Ui�*V(l=@sJE�=B;�A@=£=DC¹V�=BA@`a;�^�CFV�E�W\V�=Á[\Gkn�prq¨T�ER^�W\PO;HGO[��Gr�HGIVXCFWgV�T�u�E�;R;�`aQ]Z�VX=�mH;�WHT�=�«�kmlreS¡�GkCF`aQR`aPaV�GO��M�Wg=b�sJE�W<UO=BE�C�T�W\VX=�[gWgC�C�l=BV�GO[\=@Q�=@;JCon;p5qRr5s5t9u;v�wxn9y{z�r|v�s(u;y~}��Xr�q�=B^�C�[\G¶Qºl=@C�M�`�T�=�E�C�W\[gW\^(l=@=��0`OE�V9`aZ�CF=@;�W\V7[\=@^W\Q�GOPa=@^KT�=&^�ABGO;�;�=@V�s(E�W�;�=&^X`a;SC¥GOE�C�V�=B^�s(E�=_T�=B^]WgQoGIPa=B^KT�=oCFV�GO;�ANM�=@^�T�E AB`OV�� MJE�Q�GOW\;�e�:<[\[g=o=@^XCGOE�^X^�W�E�C�W\[\Wg^(l=@=�=B;¤P�l=B`a��MJ»(^XW\sJE�=7�0`aE�V�VX=BANM�=@ANM�=BVk[\=B^ÁA@`aE�ANM�=@^kT�=7��l=DCFV�`O[\=B^©THGI;�^©[�u�l=BAB`OV�AB=rC�=BV�VX=B^�CFV�=K`aEl=@C�E�T�Wg=BV<[YG£AB`aQR�0`O^�WgC�W\`a;�T�=B^<^X`a[\^@eS:<[\[\=§AB`a;�^XW\^�CF=��Gr=B;SUa`�»O=BV¹T�=B^�`a;�T�=B^£b5GOA@`aE�^�CFW\sJE�=@^B�aV�Gi»a`a;�^�����egeve¸j�=@C�G9W\;SCF=@V��3`a[\=@V<[YGr^XC�V�E�ADCFE�VX=kT�ERQ�Wg[\Wg=BE]=@;��*`a;�ADCFWg`a;¥T�=B^�AB`(=A�RABWg=B;SCF^¹T�u�GIC�C�l=B;JEHGIC�W\`a;�^�T�=@^§`a;�T�=B^¹V�=��ABE�=@^BeqrGO;�^¥[g=_AiGO^RT�=ª[YG¼«�k�lr�<[\G n�prq =B^XC�V�=@AB`a;�^XCFVXE�WgC�= �GL�HGIVXCFWgV�T�=B^R«�kml³=@?0=BADCFE�l=@=B^¼�GLT�=@^oGI;�Pa[\=@^V(l=@PaE�[gW\=BVX^B��ANM�GOABE�;�=KA@`a;�^XC�WgC�EHGO;SC�E�;�=rCFV�GO;�ANM�=7T�=9[YG�n�p�q³b�Ua`aWgV�mHPaE�VX=Kd�e�yaj#e

$&%('*)�+-,*.0/c$&)X��.3/�� 6 $98
¡¢=�V(l=@^�E�[vCNGIC���V(l=BA3l=BT�=@;JC�b�d�e¸yOhSj��0=@E�C��=DCFVX=KVX=BQ�GO;�WDl=9=@;½E�CFWg[\Wg^FGO;SC©[YG¥T�l=DmH;�WgC�W\`a;¶T�=K[YG�CFVFGI;�^X�*`aVXQºl=@=T�=�k�GOT�`a;·b5d�egfaf�jDe��"[�U(W\=@;SCkGI[\`aVX^B���3`aE�VÁE�;¶Q��=BQR=9GO;�Pa[g=�T�=�l�k�=@C�T�=7«�k�l �

� À �� b�w��.�§j�Â
b*w � j¹x���� � b�w � j
� | b�d�e�yOyaj
² =@CXCF=KV�=B[\GICFWg`a;ªCFVFGIT�E�WgC£T�Wv?�l=@V�=BQRQR=B;SC�[\=9��GOWgC�sJE�=][\G¥n�p�q�T�=�� � =B^XC�`aZ�CF=@;JE�=��HGIVkV�`ICNGIC�W\`a;¶T�=�[\Gn�prq T�=����0VX`OCNG�CFW\`O;¤=D?�=@A@CFE�l=B=]�HGIVk[YG�l�k9e�:<[\[g=7QR`a;SCFVX=]GOE�^�^�W�sJE�=][\G���VX`9�X=BADCFW\`O; T�=][\G¥n�p�q T�=�c^XE�WgUIGO;SC�[YG]T�W\V�=@A@C�W\`a;�� =B^�C�[\=rQR`�T�E�[\=rGOE¶AiGIV�V(l=9T�=9[\G�«�k�l T�=���^�E�WvUIGO;SC©[�u�GO;�Pa[g=���e
$&%('*)�+-,*.0/�8 63� 8 � 6 $98 ��¡¢�<%�£O+�4-. 2 4�)��¤�>%

¥ `aWvC©E�;�=r�*=B;¢�=DCFVX=KT�=r�*`aVXQ�= � b�wXjDe�¡�G|l©« ² l§¦¨T�=f�c=@^XC£GO[g`aV�^ÁT�l=DmH;�Wg=7��GOVr�:<;¶C�=BQR�0`OV�=B[5�
¦�b*w��j�§j¹x f¨ y9©

ªX«¬
� «

�©b
�
j � b�w�

�
jX{ �¯®±° �³²

�
� b�d�e�yIdSj

:<;¶�*V(l=BsJE�=@;JC�W\=@[��
¦rb�w��.�§j�x f¨ y
© { �¯®´° ~

ªX«¬
� «

�dµ � b·¶�j � µ � b¸�¤¹¶�jX{ ® ~»º ² ¶ � b�d�e�y9¼Jj
¡�G�T�l=@Q�`a;�^XCFV�GICFWg`a;o=@^XC©^X=BQ]Z�[\GOZ�[g=¥�G�A@=B[g[\=kE�CFW\[gW\^(l=B=��0`aE�Vol=@CFGOZ�[\WgV�[YGKVX=B[\GICFWg`a;&GiUa=@Ar[YG9n�prq]e�:�;_VX=BQ�i��[\G½�AiGO;SCÁT�GO;�^Kb5d�e¸yOdSjd�c�HGOV§^FG¥«�k�l W\;SUa=@V�^X=ob�d�e¾¼Jj���E�Wg^Á=B;¤GO����[gW\sJEHGO;SCÁ[\G���VX`a��V�WDl=@C�l=B^ÁT�u�M�`aQR`OCFM�l=@CFWg=



� � � �³� '5,�£a)�+-,*.3/c)X� +i4�)�,*+�%��>%(/0+��m� �i,*23/�)�'
b�y(egf�±ajD�<W\[���GOE�C�GO[\`OV�^�=@?0=BADCFE�=@V�[g=ªQ��=@Q�=_ANMHGI;�Pa=BQR=B;SCoT�=_UOGIV�WYGIZ�[\=@^¶b5d�evf��Sj]AB`OV�V�=@^��3`a;�THGI;JC¼�G¼E�;�=V�`ICNGIC�W\`a;_THGI;�^©[\=r��[\GO;_CF=BQR��^Ui
�*V(l=@sJE�=B;�A@=K�3`aE�V�m�;HGO[\=@Q�=@;SCkGIZ0`aE�CFW\V7�Gª�

¦rb�w��.�§j�x f¨ y
© { ®�����
ªX«¬
� «

� � b��aj � � b
	 ��Sj�{ ® ¯�� ² � � b�d�e�y�aj

² =¹V(l=B^XE�[gCFGIC�=B^�C�T�`a;�A¹C�VB�=B^���VX`�ANM�=¹T�=¹AB=@[\E�WJ`aZ�C�=B;JE��3`aE�V�[YG�n�p�q]���G£^FGiUO`aW\V�sJE�=§[g=B^Bl©« ² l T�=d�¤=@C T�=� � T�Wg? �=BVX=B;SC©T�u�E�;�=9V�`ICNGIC�W\`a;&T�u¸GO;�Pa[\=��¤=DC©^�`a;SC�T�l=@��MHGO^(l=B=B^��HGOVÁ[g=k��GOADCF=BE�V©{ ® ���� eH¡¢=r^��3=BADCFVX`aPaVFGIQ�QR=U�l=BVXWgmH=K[YG�Q��=BQR=7V�=B[\GICFWg`a;¶T�E ��GOWvC£sJE�u�W\[�;�u�=B^�CrGOE�C�V�=Ks(E�=][\=7Q�`(T�E�[g=7GOE½AiGIV�V(l=KT�=�[\Gol ² «�l��0AOu�=B^XCjiB�GT�WgV�=ksJE�=r[g=k^X�0=@A@CFVX`aPaV�GOQ�QR=kT�=��>�*=B;¢�=DCFV(l=r��GOV�� ^�=�T�l=@T�E�WvCÁT�E_^��3=BADCFVX`aPaVFGIQ�QR=kT�=�� � �*=B;¢�=DCFV(l=r��GOV
� � �HGOV©E�;�=7VX`OCNG�CFW\`O;_T�u¸GI;�Pa[\=����e
����+i%�/³�i,*.3/ )X��� ��,·�D+�4�,��m��+�,�.3/³��)��³� )�4�+�%(/�)H/0+��)>'*) £S'�)X� �B% ��% � .���%(/

¥ `aWvC�� �ªE�;�=]T�Wg^XCFVXW\Z�E�CFW\`O;½GO����GOVXC�=B;HGO;SCR�G&[YG�A@[YGO^X^�=]T�= ² `aM�=@;�e¢:<[\[g=K�3=BE�C��=@C�V�=]T�l=DmH;�Wg=¤�Go�HGOV�CFWgVT�=9[YG�n�p�q¿T�=��ºAB`aQRQ�=r^XE�WgC9�
� � b*w��.�§j<x ¬

~"!
¬
# !

$&%�b*wm w�'b�.�  �('�j��)�3b�w��.�§j ² w�' ² �('
`��E $�%�b�w��.�§j�=B^XC�[g=r;�`�»SGOE¶T�=9[YG]CFV�GO;�^��*`aV�Qºl=B=

b�d�e�yI�Sj

¡¢=B^�V(l=B^XE�[gCFGICF^���V(l=@A3l=@T�=B;SCF^©�3=BE�UO=B;SCÁ^@u�l=DCF=B;�T�V�=9GOE(�oT�W\^XC�V�WgZ�E�CFWg`a;�^¹GO����GOVXC�=B;HGO;SC7�G�[YG9AB[\GO^�^X=kT�= ² `OM�=B;T�`a;SCÁ[\G7�*`a;�A@CFWg`a;o;�`-»aGOE_U�l=BV�WvmH=k[\GK��VX`a��VXWDl=@C�l=�T�u�W\;SUIGOV�W\GO;�A@=£�HGIV§V�`ICNGIC�W\`a;oGOE�CF`OE�V§T�=k[�u�`aV�WgPaW\;�=Ie+*k[g`aV�^@�
� � � b�w��.�§j<x �-, À � �3b*w��/.�j�Â � b�d�e�yO�aj

02143 576 8:9�;< 6 <>=@?BA�?DCFEG= HI< 9KJ A 9FL EGMNCO?DP 6 <
¡<u¸GO[gPa`aVXWgCFM�Q�=�G&l=DC�l=<WgQ���[Dl=BQR=B;SC�l=�T�=<T�=BE(�7QoGO;�W��=BVX=B^�T�Wg?�l=BV�=@;SCF=B^�^XE�WgC�=�GOE��9[g=BA@C�E�V�=@^�T�=B^�GOV�CFW\A@[\=@^�T�=

QkGI[\T�E�;SRUTiG�VSCFGO^ À ¼OÂJ=DC�T�=XWaGiU(W\=BVZY9GOV�AOlµYG À �Â�e�¡�G�[ s�rO\�w^]r5sNrN\`_r5v+�Xn z�r0V(l=iGO[gW\^�=�[5u¸GO[gPa`aVXWgCFM�Q�= T�=�QoGO;�W��=BVX=Z�VXE�CF=I��^FGI;�^�GOE�A@E�;�=&`O��CFWgQ�Wg^FGIC�W\`a;���=B; T�Wg^�ABV(l=@C�W\^FGI;JC�^�WgQ���[g=BQR=B;SCK[�u�`a��l=BV�GICF=@E�VBe ² =@CXCF=&Q l=@C�M�`(T�=o=@^XCAB=@�0=@;�THGO;SC W\;SCF=@V�=@^�^FGI;JC�=�AiGOV�=B[g[\=��3=BVXQ�=DC�T�=<Z�Wg=B;9AB`aQR��VX=B;�T�VX=�[\=B^¢��V�`aZ�[��=BQR=B^¢T�u�E�;�WvC�l=@^¢s(E�WS^�E�VXPaW\^X^�=B;SC[\`OV�^�T�E]�HGI^�^FGIPa=§A@`a;SCFW\;JEKT�EKC�=BQR��^��G©[YGÁ�*V(l=@s(E�=B;�A@=OeS¡�G qRr�}�n9y z�rX\a_r5vb�Xn z�r�=@^XC�ZHGO^(l=@=§^XE�V�[\G�V(l=iGO[gW\^FG�CFW\`O;`a��C�W\sJE�=�T�=&[YG «�k�l =@C�AB`a;�^�W\^�CF=&=@; T�=BE(�º«�«�l ^XE�ABA@=B^X^�WgUO=B^R^�E�V�[\=o^XW\Pa;�GO[�Q�`(T�E�[Dl=Oe :�[g[\=�GOQºl=B[\Wg`aV�=PaV�GO;�T�=@Q�=@;JC�[\G]VFGO��WgT�WgC�l=�T�=9[�u�GO[gPa`aV�WvCFM�QR=Oeg `aE�VR[g=B^]T�=BE��cGI[\Pa`aVXWgC�M�Q�=@^B��[\=o^�W\PO;HGO[§=@^XCR^�E����0`O^(l= �G½ZHGO;�T�=B^�CF=@Q��3`aV�=@[\[g=o=@C��*V(l=BsJE�=@;JC�W\=@[\[\=o[\W»iQRWgC�l=@=B^@��^�GO;�^�sJE�`aW3^�`O; l=BANMHGO;SC�W\[\[g`a;�;HGIPa=©;�=��3=BE�C§V�=BQR��[gW\V�[\=@^§AB`O;�T�WgC�W\`a;�^�WgQ��3`a^(l=@=B^��HGOV§[g=�C�M�l=B`OVB�=BQR=T�= ¥ MHGO;�;�`a;�eb*kWg;�^�W5�3;�`aE�^�T�W\VX`a;�^�s(E�u�E�; ^�W\PO;HGO[�=B^�C�AB`O;JC�=B;JE½THGI;�^k[g=K�HGiU<l= À dc�~| �ec�~| ÂZf À dc�º| �+c�º| Â5�[\`OV�sJE�=9[YG¥sJEHGO^�W i
C�`OCNGO[gWgC�l=�T�=7^�`a;zl=@;�=BVXPaW\=9=@^XC£AB`a;SCF=@;JE�=]THGO;�^£A@=B^kWg;SCF=BV�UIGO[\[g=B^Be ² =BABW�=B^�C�=@; =@?0=@C�CF`OE@i�X`aE�VX^©V(l=iGI[\W\^�GOZ�[g=k=B;¶��VX=B;HGO;SChg_w�=@C>g�¶½^�E �R^X=BQRQ�=@;JC�PaV�GO;�T�^@e
ikj�l�j�m nporqts>uFvwyxzw7{)|>w~} qto xz� u�� {��Z� ��q }�|>w7{)�>} � �>�w7{
¡�G�C�M�l=B`OV�W\=9��V(l=B^X=B;SC�l=@=�GOE¶ANMHGO��WgCFVX=r��V(l=@A3l=@T�=B;SC�^X=9^�`aE�A@W\=9�3=BE¶T�=B^©��VX`aZ�[��=@Q�=@^ÁT�u�E�;�WgC�l=B^©W\;�M§l=BVX=B;SCF^�G&[YG���MS»�^XW\sJE�=�T�u�E�;¼^�WgPa;HGO[5e3:�;¼=D?�=DCrTHGO;�^r[5u�l=@sJEHGICFWg`a;ºb5y�egfihSj�T�=�[\Go�HGOV�CFWg=KCFM�l=B`aVXW\sJE�=]^X`a;SC7G
�X`aE�C�l=B^Q�GICFM�l=@QoG�CFW\sJE�=@Q�=@;SC&� |(���(| ^�GO;�^r^�=���V(l=@`�A@ABE��3=BVrT�=�[YG�V(l=iGO[gWgC�l=K��MS»(^�WgsJE�=�T�=]A@=B^rT�=@E�� PaV�GO;�T�=@E�V�^@e



� � � ��� �� ' �%@�·%�/3+�)�+-,*.3/���%½'�� )H'�2 . 4�,*+ �m�>% ���
q�=kQ��=BQR=�THGO;�^�[�u�l=BsJEHGIC�W\`a;½b5d�e�dSj<s(E�W0T�l=DmH;�WvC�[\=�;�`�»SGIE_T�=k[\G7CFV�GO;�^��*`aV�Qºl=B=I�(AIu�=@^XCÁA@=@CXCF=k�*`aWg^ji
ABWHw | � w |�sJE�W��3`a^�=o��V�`aZ�[��=BQR=oABGOV]^X=B^�sJEHGO;SCFWvC�l=@^]`a;SC ]ud[ s5wxn9s�w�T�=@^�E�;�WgC�l=B^]T�Wg?�l=BV�=@;SCF=B^@e ² =B^�Wg;�M�`aQR`aP l=@;�l=BWvC�l=@^;�u�GO���HGIVFGOWg^�^�=@;SC ��GO^ [g`aV�^XsJE�u�Wg[a^Bu�GOPaWvC¢T�=¹[YG3l©«ªAiGOV�[g=<��V�`(T�E�WvC¢w f ¶�=B^�C�Z�W\=@;K^�GO;�^�T�W\QR=B;�^�W\`O;�e�¡�G��*`aV�QR=sJEHGOT�V�GICFWgsJE�=oT�=o[YG «�k�l���GOWvC�Wg;JC�=BV�Ua=B;�W\V�T�=B^�C�=BV�QR=B^KT�u�W\;SCF=@VX�il=BVX=B;�A@=_=B;SCFVX=&[\=@^KT�=BE�� =B^���GOAB=@^�s(E�u�Wg[��GOE�C©T�`a;�A7W\;SCF=@V���V �=@CF=@VBe	��;�=KWg;SCF=BVX��V(l=DCNGIC�W\`a;_=@^XC£T�=rUa`aWgVÁ[�u�E�;�WvC�l=�w � A@`aQRQ�=�E�; Qºl=B[YGI;�Pa=�T�l=@�0=@;�THGO;SCT�=K[�u�GO;�Pa[g=rT�=�[\G�«�kml�=B;SCFVX=�[g=7C�=BQR��^£=DC�[\G¥�*V(l=BsJE�=B;�AB=Oe�qrGO;�^�AB=DC�CF=K[\`aPOW\sJE�=9T�=�VX`OCNG�CFW\`O;���w � ��VX=B;�T[YG�UIGO[g=BE�V w � x w�
��� � � ¶������ � � b�d�e�yI�Sj
² =@CXCF=kWg;SCF=BVX��V(l=DCNGIC�W\`a;R;�`aE�^�V�GOQ¤�=@;�=©CF`aE�C�=@�*`aWg^¹GOEoQ��=BQR=©��V�`aZ�[��=BQR=©sJE�=k��V(l=BA3l=BT�=@Q�QR=B;SC��3`aE�V¹[\=@^�*`aVXQ]E�[\=@^ T�=§CFV�GO;�^X�*`OV�Qºl=B=B^ =@C�[YG£^X`a[\E�CFW\`O;KsJE�W�^Bu�W\QR�0`a^X=�T�`a;�A§=@^XC<E�;�=�;�`aVXQoGI[\W\^�GICFWg`a;r^FGI;�^�T�WgQ�=@;�^�Wg`a;T�=@^¶UIGOVXWYGOZ�[g=B^ow&=@C ¶�s(E�W7�3=BE�C¤^@u�l=DCF=@;�T�V�=>GOE��¨T�`aQoGIW\;�=@^&�*VFGOADCFW\`O;�;HGOWgV�=B^@eÁ:�CNGO;SC¶T�`a;�;§l=·sJE�=L[\=@^UIGOV�W\GOZ�[g=B^r^�`O;JCKT�=RT�W\QR=B;�^�W\`O;�^rW\;SUa=@V�^X=B^B��W\[<A@`a;SU(W\=B;SCKT�u�W\;SCFVX`�T�E�W\V�=�E�;·��GOADCF=BE�V7T�=�;�`OV�Q�GO[\Wg^FGIC�W\`a;��M�`aQR`aP��=@;�=o�G¥E�;_CF=BQR��^©AB`OQ�QR=r^�E�WvC9�

�ªx w�
� x§¶�� � b�d�e�yI±Sj

qrGO;�^�AB=B^<A@`�`OV�T�`a;�;§l=B=@^B�a[g=�^�E����0`aV�C<T�E�^XW\Pa;HGI[�T�=DU�Wg=B;SC À  c�~|�� � c�~|�� Â^f À  c�º �| � c�º �| Â�e �"[���GOE�C�GO[\`aVX^�ANM�`OW\^�WgV^ÁCF=@[¢s(E�=7A@=K^XE����3`aVXC�^X`aWgCÁE�;¤�HGiU<l=�£a)�4-4��%�T�=�� k | ��=@C�T�`a;�A
g_w
� x g�¶�� ��� �kx g_w

g�¶ � b�d�e¸dOhSj
² =@CXCF=]A@`a;�T�WvCFW\`O;¤T�u�E�;½^XE����3`aVXCkAiGOVXV(l=K^FGO;�^£T�W\QR=B;�^�W\`O;¤=@^XCr;�l=@AB=@^�^FGIW\V�=��0`aE�V£[g=K�HGI^�^FGIPa=�A@`a;SCFW\;JET�E C�=BQR��^·�GL[YGL�*V(l=BsJE�=@;�AB= ABGOVo[\G·T�Wg^XCFVXW\Z�E�CFW\`O;�T�E ^�W\PO;HGO[�=B^XC&GO[\`OV�^RAB`a;�m�;§l=B= THGI;�^oE�;�A@=BVXAB[\=¤T�=VFGi»O`a;Ig-�_x g�¶��kx g_w����Rb�[g=£CF=@Q���^Á=@CÁ[\GK�*V(l=@s(E�=B;�A@=7`O;JC�[YG�Q��=BQR=k[g`a;�PaE�=@E�V&g-�0j#e�¡<u�G���=�w � V�=B^�CF=^FGI;�^]T�WgQ�=@;�^�Wg`a;>sJE�=@[§sJE�=&^X`aWgCf�z=DC][\=@^���VX`aZ�[��=BQR=B^�T�u�M�`OQ�`OC�M�l=@C�W\=@^�T�=�[YG�l©«zT�W\^X�HGOVFGIW\^�^X=B;SC¶b*E�;�=AB`O;JC�VFGOADCFWg`a;ªT�E¶C�=BQR��^©=B;¶^�=@AB`a;�T�=K=@;JC�VFGOWg;�=9E�;�=9T�Wg[YGICFGICFWg`a;oT�=@^��*V(l=BsJE�=@;�AB=@^k=B; Q£=@VXC T�jDe:<; T�l=@m�;�W\^X^FGO;SC�[g=���VX`�T�E�WgC9CF=@Q���^ji"[\GOV�PO=BE�V9T�=�ZHGO;�T�=o�HGOV��  g_w/g�¶ �¢`¢�E!� " f&T�u�GO��VB�=B^�[g=��VXW\;�A@W\�3=�T�u�W\;�AB=BV�CFWvCFE�T�=I��W\[<U(W\=B;SC#� x g-� | ��AB=�sJE�W§VX=@U(W\=@;JC��0`OE�VKE�; ^�WgPa;HGO[�T�Wg^�ABVX=@C¶�G¤AB`O;�^�WgT§l=BVX=BV¾ l=@ANMHGO;SCFWg[\[\`O;�^Ll=@s(E�W\T�Wg^XCNGI;JC�^]T�= $c&% e�¡�G �*V(l=@sJE�=B;�A@=ªT�u�l=@ANMHGO;SCFWg[\[g`a;�;HGOPO=oTHGO;�^]AB=DC�CF=_;�`aV�Q�GO[\Wg^FGIC�W\`a;;�=]T�l=B�3=B;�T¼��[gE�^�sJE�=]T�E ;�`aQ]Z�VX=]T�u�l=BANMHGIC�W\[g[\`a;�^£=@CkT�=@U(W\=@;SC ¨ �>e ² =BA@W�^Bu�=D����[gW\sJE�=¥GOE�^X^�W �HGOV�[g=K��GOWvCsJE�=k[\G7�*V(l=BsJE�=B;�AB=�Wg;�^XCFGO;SCNGO;�;�l=B=kT�=B^§�*`a;�A@CFWg`a;�^¹;�`�»SGOE(�&T�=�[YGK«�k�l UIGOVXW\=©[\Wg;�l=iGIW\V�=@Q�=@;SCie ² =@CXCF=��*`aV�QR=sJEHGOT�V�GICFWgsJE�=£T�=B^(' � ;�l=@AB=B^X^�WvCF=kE�;�=��*V(l=BsJE�=@;�AB=£T�u�l=@ANMHGO;SCFWg[\[g`a;�;HGOPO=Á��V�`a�3`aV�CFW\`O;�;�=B[g[\=9�G ¨ � ^�GO;�^¹s(E�`aW[YG�C�VFGO;��*`OV�Qºl=B=Á;�=©^�=@VFGOWvC��HGO^<UIGO[\WgT�=ÁGOE(��U(E�=B^�T�E�A@V�WvCi�=BVX=ÁT�= ¥ MHGO;�;�`a;��3`aE�V<T�=B^¹^�W\PO;HGOE���C�V�`a�¥[g`a;�Pa^@e

ikj�l�j�l npo w x �Fvw o w x �w �*) q |>w
g `aE�VkZ�Wg=B; UO`aW\V�[�u�`aV�T�V�=7THGO;�^£[\=BsJE�=@[ [5u¸GI[\Pa`aVXWgC�M�Q�=k^�=���V�`aPaV�GOQRQ�=9=@Ck[YG���G½�AB`O;½T�`a;SC�[5u�`O�§l=BV�GICF=@E�V^�=9T�Wg^�A@V(l=@C�W\^X=O�HW\[0��GOE�C©V(l=3l=BA@V�W\VX=�� � ��THGO;�^Kb�d�e¸daj§=@C�b5d�e¾¼Jj#��=B;¶V�=@PaV�`aE��HGO;SC�[\=B^ÁC�=BV�QR=B^©^XW\QRW\[YGIW\V�=@^B�J^�`OWgC

� � b*w � j<x,+&,r{ ®.- ~ ��0/21 ~ , ªX«¬
� «

3 { ®.- ~ � /21 ~ , �©b*wXj54<{ � �76 � 68.9 :�; ² w � b�d�e¸d�f-j
*£UO=BA�[\G�;�`aVXQoGI[\W\^�GICFWg`a;ª��V�`O�0`a^(l=B=¤�G&[\G�^X=BA@C�W\`a; ��V(l=BA3l=BA@=BT�=@;JC�=O�¢[\GoT�W\^XABV(l=@CFVXW\^�GICFWg`a; =@^XC9GO[g`aV�^£��V�=@^�sJE�=W\QRQºl=BT�W\GICF=Ie0¡�G��*`O;�A@C�W\`a; =@^XCrQ]E�[gCFWg��[\WDl=B=7�HGOV�E�; ANM�W\VX�cb*Ua`OW\V�T�l=DmH;�WvCFW\`O;½^�=@A@CFWg`a;¼d�e¾¼�e¸yaj£THGO;�^�[\=]T�` iQ�GOW\;�=�CF=BQR�3`aV�=@[���E�Wg^<W\;SC�l=@PaV(l=@=Á�0`OE�V<�HGO^X^�=BV�THGI;�^<[\=�T�`aQoGIW\;�=§�*V�GOA@C�W\`a;�;HGOW\VX=§=DC�V�=BQ�E�[gC�W\[\��[\WDl=@=��HGOV<E�;



� � � �³� '5,�£a)�+-,*.3/c)X� +i4�)�,*+�%��>%(/0+��m� �i,*23/�)�'
ANM�WgV��½THGI;�^�[\=KT�`aQ�GOW\;�=7�*V�GOA@C�W\`a;�;�GOW\VX=Oe3¡¢=]��V�`OZ�[��=@Q�=9U(W\=B;SCrT�=][YGRQ]E�[gC�W\��[gW\ABGICFWg`a;_�HGOV£E�; ANM�W\VX� sJE�W
_r��»u;s��;wbv�[\=�^XE����3`aVXC7T�EL^�WgPa;HGO[�^�E�WvUOGI;JC9[5u¸G-��=¥T�=@^r�*V(l=BsJE�=@;�AB=@^B��AiGOV9=@[\[\=·l=BsJE�WgUIGOE�Cª�G_E�;�=RA@`a;SUa`a[gE�CFWg`a;�HGOV�� À �  A@`OC��b�HÂ�T�GO;�^©[\=rT�`OQoGOWg;�=k�*V(l=BsJE�=B;SC�W\=B[5e ¡¢=7^XE����3`aVXC�T�=DU(W\=B;SC>g-� À f � Q�G�� � b���A@`OC��?� j�Â² =�T�l=B��GO^�^X=BQR=B;SC7T�=][YGR�*V(l=BsJE�=@;�AB=¥T�= ¥ MHGO;�;�`a;¼W\QR�0`a^X=�E�;�=][\WgQ�WvCF=9^�E�Vr[\G T@`a;�=�T�=�UIGO[gW\T�WvC�l=7T�=[�u�GO;�PO[\=��3`aE�V¢[5u¸GI[\Pa`aVXWgC�M�Q�=Ie#¾£`aE�^¢�0`a^X`a;�^¢WgABW ��� À h � @�if � �ÂaGImH;9T�u�G�UO`aW\V�GOE9QoG���WgQ]E�Q �GÁ^�E�V(l=BANMHGO;SC�W\[\[g`a;�;�=@V[\=9^XW\Pa;HGI[¢T�u�E�;¤��GOADCF=BE�V�y�� ^XE�V(l=@ANMHGO;SCFWg[\[\`O;�;HGOPa=9sJE�W�^�=@VFGo=D?�=@A@C�E§l=�^�»�^�C�l=@QoGIC�W\sJE�=@Q�=@;JCB�3GOE T�l=DCFVXW\QR=B;SCT�=9[YG]A@`aQR��[\=#��WvC�l=rT�=9[5u¸GO[gPa`aVXWgCFM�Q�=IeqrGO;�^ÁA@=B^�AB`a;�T�WgC�W\`a;�^@��[YG��*`OV�QR=rT�W\^XABV(l=DCFVXW\^(l=@=9^Bu�l=BABVXWgC7�
� �
	��y+g-�� x +�,

yeg-� { ® -�� * T - , � * 0 * ,�� �������� � � ����� � �
{ ®.-�� * T - , � * 0 * ,�� � ���! ����� � �#" { ®.-�� * T - , � * 0 * ,$� �% ����� � � �©b �

y+g-� j'& �
b�d�e¸dayaj¡¢=&��VX`aPaVFGIQ�QR=oV(l=iGO[gW\^(l=�^�`aE�^)( GIC�[YGOZ =@^XC�T�`O;�;�l=_=B;ºGI;�;�=D��= ² ��=DC�^�`O;c=5�RAiGOA@WgC�l=o=B^XC¥T�W\^�A@E�C�l=@=_=B;^�=@A@C�W\`a;¤d�e�d�egf

ikj�l�j i * w �,+ �Fvw xzw x �w � ) q |>w
g `aE�V�^�WgQ���[gWgmH=@V�[YG©V(l=iGI[\W\^�GICFWg`a;7T�=§[5u¸GO[gPa`aVXWgCFM�Q�=I�iW\[S��GOE�C�GOE���V(l=iGI[YGOZ�[g=�QR`(T�WgmH=@V [\G���GOVXC�W\=§Wg;SC�l=BPOVFGO[g=T�=9[�u"l=BsJEHG�CFW\`O;¶T�=7Z�GO^�=9T�=9[YG�«�k�lre g `aE�V�A@=B[\G���`a;¶�HGOV�C©T�E¤V(l=B^XE�[gCFGIC©^�E�WvUIGO;SCK�

AB`OC �_x f
^XW\; �  CFGO; � y � b�d�e¸dOdSj

:<;¤=D?�=DCi�
AB`OC �_x AB`a^��^�W\; �

b�f � A@`a^ ��j
b�f � A@`a^ ��j x

f` ^XW\; | � � AB`a^��
^�Wg; ��b�f � AB`a^��0j x

f
^XW\; �  ^�Wg;��

b�f � AB`O^ �0j x
f
^XW\;&� >CNGI; � y �

:<;¤VX=B�3`aVXCFGO;SC�AB=9V(l=@^�E�[vCNGIC©THGI;�^©[�u�W\;SC�l=@PaVFGO[g=O��[YG�«�k�lz^Bu�l=BA@V�WgC�GI[\`aVX^Á^�`aE�^©[\G��*`OV�QR=�^�E�WvUIGO;SCF=¥�
� � b*w � j<x,+&,�{ ®.- ~ �� - M7K ; �

ªX«¬
� «
{ ®.-�- 6 � � 6/. �8 9 :�; 3 �©b�wXjX{ ®.- ~ � - M7K ; � 40 1$2 3 ² w �0 1$2 30 1$2 3

b�d�e¸d ¼Jj

¡�G]�*`aV�Q]E�[\=9GOWg;�^�W�=#����V�WgQºl=@=rT�`a;�;�=9T�WgV�=@A@CF=@Q�=@;SC£[g=B^&l=@CFGO�3=B^©T�=9[�u�GO[\PO`aV�WvCFM�QR=K�
❶

(¶E�[gC�W\��[gW\AiG�CFW\`O;o�HGOVÁE�;¤^XW\;JE�^©Pa[\Wg^�^�GO;SC
❷
² `O;JUO`a[\E�CFW\`O;¶��GOV©{ ® µ8.9 :�; ~v�

❸
(¶E�[gC�W\��[gW\AiG�CFW\`O;o�HGOVÁE�;¤^XW\;JE�^©Pa[\Wg^�^�GO;SC©=@C�E�;�=9AB`O;�^XCFGO;SCF=

q�=§��[\E�^@�O[YG£AB`a;SUa`O[\E�C�W\`a;]�3=BE�C��=@C�V�=�V(l=iGO[gW\^(l=@=§A@`aQ�QR=§E�;�^�W\QR��[g=���VX`�T�E�WgC�=B;��HGO^X^FGO;SC<T�GO;�^<[\=�T�`aQ�GOW\;�=T�=¥«H`aE�VXW\=@V�=@Cr[g=]AB`=�E�CrT�=@U(Wg=B;SC7AB=B[gE�W�T�=oy l©«�=DCrT�u�E�;·��V�`(T�E�WgCBe�:<;LT�W\^XABV(l=@CFWg^FGO;SC�C�`aE9�X`aE�V�^9GiUa=@AR[g=Q��=BQR=r��V�Wg;�ABWg�0=I��[�u�GO[\PO`aV�WvCFM�QR=£^@u�WgQ���[Dl=BQR=B;SC�=�;JE�Qºl=@V�Wgs(E�=BQR=B;SC�T�=9[YG���G½�A@`a;¤^XE�WgUIGO;SC�=R�
❶

(¶E�[gC�W\��[gW\AiG�CFW\`O;o�HGOVÁE�;¶��GOADCF=@E�V©T�=9��MHGO^X=7sJEHGIT�VFGIC�W\sJE�=
{ �¯® µ4 - M7K ; ��5 � b�d�e¸d aj

❷
«�«�lz�3`aE�VÁ��V(l=B��GOV�=@V£[g=r��V�`(T�E�WvC��*V(l=@s(E�=B;SCFWg=B[



� � � � 8§%��@+
����%��¥)H'*23. 4�,�+ �m�·%@� � �

❸
(¶E�[gC�W\��[gW\AiG�CFW\`O;o�HGOVÁE�;¶��GOADCF=@E�V©T�=9��MHGO^X=7sJEHGIT�VFGIC�W\sJE�=

{ �¯® µ4 0 HJK , 5 ! � b�d�e¸dO�Sj

❹
«�«�lzWg;SUa=BVX^�=7sJE�W¢;�`aE�^���[\GOAB=rTHGI;�^©T�`aQ�GOW\;�=£�*VFGOADCFW\`O;�;HGOWgV�=

❺
(¶E�[gC�W\��[gW\AiG�CFW\`O;o�HGOVÁE�;¶��GOADCF=@E�V©T�=9��MHGO^X=7sJEHGIT�VFGIC�W\sJE�=

{ �¯® µ4 0 HJK , � � b�d�e¸da�aj

❻
(¶E�[gC�W\��[gW\AiG�CFW\`O;o�HGOVÁ[\G]AB`a;�^XCNGI;JC�=�+&,

² =@CXCF=rQºl=@CFM�`�T�=kT�u�WgQ���[Dl=BQR=B;SCFGICFWg`a;¥T�=r[�u�GO[\PO`aV�WvCFM�QR=ÁT�l=BA@`aE�[g=�T�W\VX=BADCF=BQR=B;SCÁT�=�[YG�V(l=iGO[gW\^�GICFWg`a;�`O�@iCFWgsJE�=ÁT�=©[YGr«�kmlreS:<;�=D?�=DCi�a�HGI^�^�=@V�E�;¥��GIW\^�A@=iGOE¥[gE�Q�Wg;�=BE(��GOE�C�VFGiUa=@V�^¹T�u�E�;�=©[\=B;SC�W\[\[g=§QRW\;�A@=&l=BsJE�WvUOGIE�C�GK[g=£Q�E�[gC�W\��[gW\=BV��HGOV¹E�;o��GOADCF=BE�V§T�=£��MHGO^X=ksJEHGOT�V�GICFWgsJE�=kT�l=@�0=@;�THGO;SC§T�=k[\GK[YGIV�Pa=@E�V�T�=k[\G7[g=B;SCFWg[\[\=7b�Ua`aWgV
À �IÂ�j#e�¡¢=B^ l=DCNGO�3=B^�f]=@C �A@`aV�VX=B^X�0`a;�T�=B;SC7T�`a;�A]GOE �HGO^X^FGOPa=�T�E½��GOW\^XAB=BGOE �GoCFV�G�UO=BVX^r[\=B^kT�=BE��½[\=@;JC�W\[g[\=B^=@C£[YG¥AB`O;JUO`a[\E�CFW\`O; ;�u�=B^�CrGOE�C�V�=Ks(E�=�[YG�CFV�GOT�E�ADCFWg`a;¤T�=�[YG¥��VX`a�HGOPSG�CFW\`O;¶T�GO;�^k[5u�=@^��HGIAB=�Wg;SCF=BVUi"[g=B;SCFWg[\[\=@^B�AiGIVFGOADC�l=BVXW\^(l=7��GOVÁ[\=r^X=BAB`O;�T¤��GOADCF=@E�V©T�=9��MHGO^X=Oe

021 0 � <��y?�� HI<�� A 9 L EGM(C ?BP 6 <��
ikj ikj�m � � u�� |>�Z� ��q }
ikj ikj�l � w7{K��{ � o)u w7{){ ��� }U�(�,+ �U{ �Uw u {

g `aE�V©U<l=@V�Wgm�=BVÁ^�`O;¤Z3`a;_�*`a;�ADCFW\`O;�;�=BQR=B;SCB��[\=@^©GO[\Pa`OV�WgC�M�QR=B^¹`a;SCªl=DC�l=�C�=B^XC�l=9^�E�V©[\=@^Á��V�=@Q�W��=BVX=B^��*`a;�A�i
CFWg`a;�^£��V�`a��V�=B^rT�=][�u�`a��l=@VFGIC�=BE�V@��{ � � ��
	 � b �0j£T�`a;SCr[g=B^kQR`(T�E�[\=@^kT�`OWgUa=@;SCrV�=@^XCF=@VrAB`a;�^XCNGI;JC�^r�0`OE�VkCF`OE�C`aVXT�V�=�T�=Á«�k�lreI¡¢=B^�GO[g[\E�VX=B^�T�=B^�C�VFGO;�^��*`aV�Q l=B=@^�`aZ�C�=B;JE�=@^<^�`a;SC�^�WgQ�Wg[YGOWgV�=@^¢=@C<[5u�Wg;JUIGOVXWYGO;�AB=¹T�=B^�QR`(T�E�[\=@^=B^�C�Z�Wg=B;¶U�l=@V�Wvm�l=B=Ie�¡¢=B^��HGOV�CFWg=B^�V(l=B=@[\[g=B^�=@C£W\Q�GOPaW\;�GOW\VX=B^�^X`a;SC�QR`�T�E�[Dl=B=@^©V�=B^X�0=@A@C�WgUa=@Q�=@;SCr�HGOV�E�; A@`a^�W i;JE�^�=@C£E�;¤^XW\;JE�^@�3A@=KsJE�W¢U(W\=@;SC£T�=B^©UOGI[\=BE�V�^©��V�`O��V�=@^k{ � ® , T�=7[�u�`a��l=@VFGIC�=BE�VKb*UO`aW\VÁ=@sJEHGICFWg`a;>b�y�e¾¼Jj�j#e ¡¢=B^AB`OE�V�Z3=B^�A@`a;�A@=BV�;�GO;SC<[\=@^ �*`a;�ADCFWg`a;�^���V�`a��V�=B^ 	 | b ¨ y9©�wXj�{ � - ~ � � 	�� b ¨ y9©�wXj�{ � - ~ � =DC 	� b ¨ y9©�wXjX{ � - ~ � b�[\=@^T�=@E��¥��VX=BQRW��=BVX=B^<�*`a;�ADCFWg`a;�^�^X`a;SC£f©=DC�y �&=DC�;�u�`O;JC¹T�`O;�A©�HGO^�l=@C�l=©V�=@C�=B;JE�=@^Nj<^�`a;SC¹T�`a;�;�l=B=B^¹=@C�T�W\^�A@E�C�l=@=B^=B;¤GO;�;�=D��= *KegfOe¡¢=k��VXW\;�A@W\�3=£T�u�GO;HGI[g»(^�=£�HGOV�«�k�l AB`O;�^�Wg^XCF=k=B;&E�;oZHGO[YGi»aGOPa=�T�=�[YGhTB`O;�=rGO;�POE�[YGOWgV�=Á=@;JC�V�=�[g=�C�=BQR��^=@C�[g=9�*V(l=BsJE�=@;�AB=I�0AIu�=@^XC.i@�G9i"T�W\V�=9�3`aE�V©T�=@^£`aVXT�V�=@^E�>UIGOVXWYGO;SC�T�=7h½�G¶fob�`aE¶��[gE�^Nj#e ² =KZHGI[YGi»SGOPO=7�3=BVXQ�=DCUa`OW\V]E�;º^XW\Pa;HGI[�=@UO`a[\E�=@V�T�=B��E�W\^�^X`a;cGO[\[gE�V�=RCF=BQR�3`aV�=@[\[\=��XE�^�sJE�u��G¼^�`a;cGO[g[\E�VX=��*V(l=@sJE�=B;SCFWg=B[g[\=_=@C¥A@=_T�=Q�GO;�W��=@V�=�A@`a;SCFWg;(E�=O�SAiGIV¹[g=B^��*`a;�A@CFWg`a;�^<;�`�»aGOE��RT�=©[YGkC�VFGO;�^X�*`aVXQºl=@=Á^�`a;SC¹AB`a;SC�W\;JE�=B^¹=B;o�½T�u�GO��V(l=B^£b5d�e aj#eq�=@UIGO;SCrA@=B^rV(l=@^�E�[vCNGIC�^�=B;�AB`aE�V�GOPa=BGO;SCF^B��[�u�GO[\Pa`OV�WgC�M�QR=9G&=B;�^XE�WgC�=>l=@C�l=�GO����[gW\sJE�l=�GOE�� ^�W\PO;HGOE�� T�`a;SC[\=@^El©« ^X`a;SC�AB`OE�VFGOQR=B;SCrE�CFW\[gW\^(l=B=B^�b�^XW\;JE�^@�0�*=B;¢�=@CFVX=B^@��T�W\V�GOAO�3Z�VXE�WgC£Z�[YGI;�AO�vegeve¸j©CF`OE9�X`aE�VX^rGiUa=BA�[\=�^X`aE�A@W\^T�=7Ua`aWgV�[5u�l=DUa`a[gE�CFWg`a;¶T�u�E�; ^�WgPa;HGO[�T�=7^FGR�*`aV�QR=rCF=BQR�3`aV�=@[\[\= �XE�^�sJE�u��Go^FG¥�*`aV�QR=r�*V(l=BsJE�=@;SCFW\=@[\[g=K=DCkQ��=BQR=��[gE�^Á[\`aWg;_=B;�A@`aV�=obC�XE�^�sJE�u�GOE¤VX=@C�`aE�V�;�=BQR=B;SCkT�=7[\G]^(l=@s(E�=B;�A@=��3`aE�V`�¼x�yaj#e¡�G�mHPaE�VX=�b�d�e¸dajªQR`a;SCFVX=·[5u�=#��=@Q���[\=LT�E��HGO^X^FGOPO= T�=>[\G��3`aVXC�=LC�=BQR�0`OV�=B[g[\=LGOE�^XW\;JE�^¤AiGOVXT�W\;HGI[�*V(l=@sJE�=B;SCFWg=B[5e§¡�GLm�PaE�V�= l=@CFGO;SC&^X»(Qºl=@C�V�W\sJE�=I��;�`aE�^&;�=¤V�=@��V�=@^�=B;SC�`a;�^_W\A@W©s(E�=½[YG¼Q�`OWgCFWDl=_T�= [\G·�3`aVXC�=�3`aE�VÁ��[gE�^©T�=9[\W\^XW\Z�Wg[\WvC�l=Oe

� E�=ª[�u�`a; V�=@PSGOV�T�=¶[5u�l=DUa`a[gE�CFWg`a; THGO;�^R[g=&^�=@;�^¥CF=BQR��^�� �*V(l=BsJE�=@;�AB=¶`aEºTHGO;�^R[g=_^�=@;�^��*V(l=BsJE�=@;�AB=
� CF=@Q���^@��`a;LG&[�u�W\QR��VX=B^�^XW\`a; s(E�=R[g=]^�WgPa;HGO[?qRr�[ sNn [ u���r£^�E�WvUIGO;SC�� GiUa=BA�C�`aE9�X`aE�VX^rAB=DC�CF=�;�`OCFWg`a; T�=Qºl=BQR`aW\VX=�T�E¶^�W\PO;HGO[�T�u�`aVXW\PaWg;�=�sJE�W�=B^�C�W\;�T�E�WgCÁ�HGIV�[\G]AB`a;SUO`a[\E�C�W\`a;�e¡¢=B^�GOE�C�V�=@^©m�PaE�V�=@^£^X`a;SC�T�`a;�;�l=@=B^�=@C�T�Wg^�ABE�C�l=B=@^£=@; GI;�;�=D��=@^Be



� � � �³� '5,�£a)�+-,*.3/c)X� +i4�)�,*+�%��>%(/0+��m� �i,*23/�)�'

0

0.2

0.4

0.6

0.8

1

0
1

2
3

4
5

0

0.2

0.4

0.6

0.8

1

1.2

1.4

temps normalisé

Domaine fréquentiel

α

Am
pli

tud
e

Domaine temporel 

^`_badc�d�e�dfe&«�kml T�u�E�;�=9�3`aVXC�=7A@=B;SCFV(l=B=7^�E�V©[5u�`aVXW\PaWg;�=k�3`aE�VÁT�=B^�`aV�T�VX=B^ÁUIGOV�W\GO;SC©T�=7h �Gªf
ikj ikj i � q x�� u w + � �U�w w ��� q x��U� o � � { q }�|>w7{ � u��Nqtob� �*)>x w7{

�"[�=B^XCK�*V(l=@s(E�=B;SC]T�u"l=@CFGOZ�[gW\V9[YGªAB`aQR��[g=D��WgC�l=RT�u�E�;>GO[\PO`aV�WvCFM�QR=]=B;·V�=@PSGOV�T�GO;SC][\=¥;�`OQ]Z�V�=RT�=RQ]E�[vCFW»i��[gW\AiG�CFW\`O;�^k=DCrT�u�GOT�T�WvCFW\`O;½W\QR��[\WgsJE§l=B=@^�THGOQR^�[YGR�*`aV�Q]E�[\=]T�u�W\QR��[Dl=BQR=B;SCNGIC�W\`a;�e0qrGI;�^�;�`OC�V�=�ABGO^B��Wg[�=@^XCABVXE�ABW\GO[�T�=9^X=K�3=B;�ANM�=BV�^�E�V©AB=@^£��V�`aZ�[��=BQR=B^ÁT�=9A@`aQ���[\=D��WvC�l=rAiGIVÁ[YG�VFGO��W\T�WvC�l=�=@^XC�^FGO;�^£T�`OE�CF=9[\=rA@V�WvCi�=BVX=[\=r��[\E�^ÁWgQ��3`aVXCFGO;SCÁT�u�E�;¤GO[\Pa`OV�WgC�M�QR=Oe¡<u¸GO[gPa`aVXWgCFM�Q�= ��V(l=B^X=B;SC�l= �G [\G�^X=BA@C�W\`a;�d�e�y(e�yº��V(l=@^�=B;SC�= E�;�= A@`aQ���[\=D��WvC�l=¼T�= [5u�`aVXT�V�=LT�=��&b � | j`a��l=@VFGIC�W\`a;�^�A@`a;SCFV�=��&b �z[\`aP(�½j��0`OE�V§A@=B[\E�W0��V(l=B^X=B;SC�l=o�G�[\G7^X=BADCFW\`O;ªd�e�y(e¸d�e ( G�CF[YGIZo�3=BV�QR=@C§T�=£U<l=@V�Wgm�=BVAB=@^�V(l=@^�E�[vCNGIC�^k=@;½AB`aQR��CFGO;SC�[\=7;�`aQ�Z�V�=KT�u�`O�§l=BV�GICFWg`a;�^k=D?�=@A@C�E§l=B=@^r�HGOV�E�;�=��*`a;�A@CFWg`a;�e3¾£`OE�^£C�V�`aE�UO`a;�^=@?0=BADCFWvUa=BQR=B;SC�[\=@^�AB`OQ���[g=D��WgC�l=B^ÁGI;�;�`a;�A3l=B=@^��G]E�;�=9AB`a;�^�CNGO;SC�=rQ]E�[gC�W\��[gW\ABGICFWvUa=©��VB�=@^©AB=rsJE�W�=@^XC©;�`aVXQoGI[AiGIV�;�`aE�^©;�u�G�UO`a;�^�T�`a;�;�l=7sJE�=7T�=@^�`OV�T�VX=B^©T�=9AB`aQR��[g=D��WgC�l=Oe¡¢=B^�mHPaE�VX=B^§b5d�e¾¼£=DC d�e Oj¢Wg[\[gE�^XC�V�=B;SC¢[g=B^�V(l=@^�E�[vCNGIC�^¢CFV�`OE�U�l=B^�^X`aE�^ ( GIC�[YGOZ9=@C�T�`O;�;�=B;SC�GOE�^X^�WJ[\=@^�C�=BQR��^;�l=@AB=B^X^FGOWgV�=@^��G�ANMHGIs(E�=]GO[gPa`aV�WvCFM�QR=r�3`aE�V�=@?0=BA@C�E�=BV£[YGR«�k�l�=@;¤�*`a;�A@CFWg`a;¶T�E½;�`aQ�Z�V�=7T�u�l=BANMHGO;SC�W\[\[g`a;�^@e¾£`OE�^7G�UO`a;�^K=B;�mH;¼CF=@^XC�l=��3`aE�V9[�u�GO[gPa`aV�WvCFM�QR=_�G¶ZHGI^�=RT�=R«�«�l�[5u�=D?�=DC9T�u�E�;>;�`OQ]Z�V�=¥T�u"l=BABGOMSCFWg[\[\`O;�^r¾l=BPaGO[0`OEo;�`a;L�G�E�;�=£��E�W\^X^FGO;�AB=9y�e ² =@[YG���VX=B;�To=B;SU(W\V�`O;_dK�*`aWg^���[gE�^¹T�=kCF=@Q���^§sJEHGO;�T&¾z;�u�=B^�CÁ�HGO^�E�;�=��E�Wg^�^�GO;�AB=�T�=¥yosJE�=]sJEHGO;�T W\[�=B; =B^�CrE�;�=Ie~�"[ ;�u�» Go�HGIV�GOWg[\[\=@E�V�^��HGO^£T�=]A@`aQ�Q�E�;�=B^kQ�=@^�E�VX=B^�=@;JC�V�=[\=@^�T�=@E�� Qºl=@C�M�`�T�=B^�T��=@^�sJE�=�[\=@^kCNGIW\[\[g=B^©T�=@^r^(l=BsJE�=@;�AB=@^KT�=@U(W\=@;�;�=B;SC9A@`a;�^(l=@sJE�=B;SCF=@^_b*�0`aE�VkE�; ^XW\Pa;HGI[T�=]yOh;¼S�ºl=BANMHGO;SC�W\[\[g`a;�^�[YGR«�k�l ��VX=B;�T½doQ�Wg;JE�CF=@^£�3`aE�V�[�u�GO[\PO`aV�WvCFM�QR=o�G�ZHGI^�=�T�=]AB`a;SUO`a[\E�C�W\`a;¤AB`a;SC�V�=h�e�d�^�=BA@`a;�T�=@^k�3`aE�VÁ[5u¸GO[gPa`aVXWgCFM�Q�=��G�ZHGO^�=7T�=7«�«�l�j#e¡¢=B^�C�VFGO;�^��*`aV�Q l=B=@^ `OZ�CF=@;(E�=B^�l=@CFGO;SC�WgT�=B;SCFWgsJE�=B^@�I;�`OE�^�;�=�V�=DCFW\=@;�T�VX`a;�^�T�l=B^�`OV�Q�GOW\^�sJE�=§[5u¸GO[gPa`aVXWgCFM�Q�=ZHGO^(l=9^�E�V©T�=@E��¤«�«�l ^�E�A@AB=@^�^�WvUa=@^Be
021
	 � 8:8:9 C� A ?BCFEG= �
ikj��&j�m �2��u � o � � w~|>�(}U{ u w | q xz� � }Uw�� o ��� � ��q }>}U� ��o w
¡¢=¤��VXW\;�A@W\�3=_T�EºmH[gC�VFGOPa=&�*V�GOA@C�W\`a;�;HGOW\VX=&U(W\=B;SCRT�=@^�VX=B[YG�CFW\`O;�^�T�=�g�GOVX^�=DUOGI[]b�d�egf aj�=@CRT�=�k£GIT�`a;b5d�e�yayOjDe3¡�G�V�=@[YGIC�W\`a;ª=@;JC�V�=K[YGR«�k�l�=DC�[YG�CFV�GO;�^��*`aV�Qºl=B=7T�=�k�GOT�`O; b5d�e�yayOjÁ�3=BVXQ�=DCkT�=�AB`OQ���VX=B;�T�V�=�[\G;�`OC�W\`a;·T�u�GO;�Pa[g=�`a��CFW\Q�GO[<�3`aE�V7[\=@s(E�=B[§[g=B^7^�WgPa;HGOE��·��V(l=B^X=B;SCF^��3=BE�UO=B;SC¥^�=oT§l=BA@`aV�V(l=B[\=@VBe ¡<u�WgT�=B;SCFWvC�l=RT�=



� � � � � �m� ��� £���� ���
	 � ���

0 500 1000 1500 2000 2500 3000 3500 4000 4500
0

2

4

6

8

10

12
x 10

8  Complexité de l’algo avec convolution

N points

flo
ps

a 

b 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000
0

1

2

3

4

5

6

7

8

9
x 10

6

N points

flo
ps

 Complexité de l’algo avec FFT

c 

d 

e 

6���B< 452��·: D 8���� 6�� �����j2 ( � 2 <�� D :±2 (� ��B<±<�� ���! "� <C6 �U2 � � ���$#�%'&)(
� ��B< 452��·: D 8���� 6�� ����*+*+,.-0/21 � � < �j2 ( 1 � � *
 ��B< 452'�x: D 8���� 6�� ���3*+*+,.-0&5476'8 *
 ��B<±<�� ���! "� <C6 �U2 � � � �!6'69& < 254
&

^�_ba3c;:�<¾¼|e ²>=�? �A@CB�@CDFE =�GIH+J ELK =�?NM+OFJ9P D0QSRJ EUT JVGXWA=CM EZY M[=�\ B OFJ E H�JV\SP @ OF]C= B�D0Q�^ ?NJ E J�GX_�=�G K'Q�D =CGXH+\
G+=�?a` B J ¾ Hcb RJ KZ^A@ G Q�D OdOF=�G E

g3@eB�E J'f @ O T�:�<0g �Y G�=�\ Eh@ �NB ?NJji�\�JkOdJ E�D ]�G @ O Q JV?NM[= B JVOlM[J�\ Qf�J Q�B J B J K =�G EmQ�B \ DdQh@ M BVnJ Epo O Q�B�@ ]CJ <
¡q@ro ]�\ B J Ts:�<�tuY ?N=�G Q�B JvH�J E J'PSJ�?wM+OdJ E H+JvH DdExQ�B�D `�\ Q�D =�G EwQ JV?NM Eji _ B�RJ�i�\�JVG K JyH+J ExD ]�G @ \SPzH @ G E

OFJ E i{\+J�O E OFJ o O Q�B�@ ]CJ|J ExQ�D ?NM[= E�E�D `+OFJ$H @ G E OFJ E H+=C? @CD G+J E;Q JV?NM[= B JVO E J Q _ B�RJVi{\+J�G Q�D J�O E J Q H+J�f D J�G Q M
= E�ExD `+OdJ
H @ G E \+GyH+=�? @CD G�JU_ B�@CK'Q�D =CG+G @CDdB J < ²>J KVD f D J�G Q H+\}_ @CDdQ i{\+JNO @¶«�k�l M B = ��nJ Q JNO @ H DFEmQ�BxD `+\ Q�D =�G Q JV?NM E
_ B�RJ�i{\+JVG K JaH+\ E�D ]�G @ O E \ B O�b @ P�Jj~���J Q O�b @ f @ G Q�@ ]�J)H+J K J QxQ J�? RJ Q�^ =�H+J)H+J o O Q�B�@ ]�J B�RJ ExD H+JkH @ G E OFJ K = �\ Q
H+J�O�b�=�M RJ B�@�Q�D =CGXi{\ D J ExQ G+J Q�Q J�?wJ�G Q ?w= D G+H B Jai{\+J�M
=�\ B \+G�J Q�B�@ G E _�= B ? RJ�JUH+J k�@ H+=CGv=�\v? �J�?wJa\+G+J
B J K =�G ExQ�B \ K�Q�D =�G�M @CB��5D ]�G+J BN��D OdOFJ <��j@ G E OdJ E H+JV\�P�M B JV? D J B�ENK�@CE H+J o ]C\ B J EV� \+G o O Q�B�@ ]�J7M B =�M B J
E�RJ�M @CB�@ G Q OdJ E H+JV\�P ExD ]�G @ \SP7J ExQhB JVG�H+\ D ?wM
= E�ExD `+OdJLM @CB OFJ B J K =�\�f B J�?wJ�G Q�T ? �JV?NJj_ @CD `+OdJLH @ G E OdJ KV@CEpm�VY J�G Q�B J�OdJ EUExD ]�G @ \SP <�¡ J Q�B = DFExD�nJV?NJ K�@CE�� i{\ D�B J�M B J�G+H�O @ H DFExQ�B�D `+\ Q�D =�G u'� ? @CDFE JVGrJ'�lJ K�Q \ @ G Q O @«�k�l�n@ \+G @ G+]�OFJ�H D � RJ B JVG Q ?w=�G Q�B J�i�\�JLOFJ E�ExD ]�G @ \SP E =�G Q H RJ K = B�B�RJ�O RJ E J Q OFJ o O Q�B�@ ]CJhH+J'f D JVG Q M[= ExE�D `+OFJ <
¾ =�\ E�@ OFOd=�G E ? @eD G Q J�G @ G Q ?N=�G Q�B J B \�GrJ'PSJV?NM+OFJ�= n\.OFJ o O Q�B�@ ]CJ�M @CB�«�k�l J EmQUQ�BVnJ E J �NK�@CK J <<¡ J

E�D ]�G @ O K =�G E�DFEmQ JLJ�G7H+JV\SP�` @ G+H+J E H+Jj` B \ DdQ Hcb�\�G+J)M @CBxQ J Q H+J�\SP ExD G{\ E _�JVG �J Q�B J RJ E M @CB \+G+Jj] @ \ E�ExD J�G+G+J

0 500 1000 1500 2000 2500 3000 3500 4000 4500
0

10

20

30

40

50

60

70

80
 Temps mis par l’algo avec convolution

N points

se
co

nd
es

0 500 1000 1500 2000 2500 3000 3500 4000 4500
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1
 Temps mis  par l’algo avec FFT

N points

se
co

nd
es

^�_ba3c+:�<  e ²>=�?NM @CB�@eDFE =CGwH+J E|Q JV?NM E M[=�\ B OdJ E H+JV\�P @ OF]�= BxDdQ�^ ?wJ E$E \ D f @ G Q OdJ�G+=�?U` B JhHlb RJ KZ^A@ G Q�D OFOF=CG E



��� � �³� ��� £���� ���
	 �X������� � ������� 	 ���m� � ���
	 � �

	�

	 


	�


  

�;�x�j2 ��� ���m��� ( D
6 * � * � *
� � �

^�_ba3cc:�<�t�e�� PSJV?NM+OFJ E H+JkH DdExQ�BxD `+\ Q�D =CG E�Q J�?wM EUi _ B�RJVi{\+JVG K J <l@uY J Q ` Y�o O Q�B�@ ]CJ D ?NM[= ExE�D `+OFJ <+K"Y>o O Q�B�@ ]�J
M
= E�ExD `+OdJ <

0
5

10
15

20
25

30
35

40
45

0

5

10

15

20

25

−200

0

200

temps Sec

representation temps frequence

frequence Hz

A
m

pl
itu

de
 d

B

−20 −15 −10 −5 0 5 10 15 20
−50

−40

−30

−20

−10

0

10

20

30

40

50
Allure temporelle

temps normalisé

^�_ba3cl:�<���e7�LDdExQ�B�D `�\ Q�D =�G l JV?NM E _ B�RJVi{\+J�G K JkH+\ E�D ]�G @ OcJ Qh@ OFOd\ B J Q JV?NM[= B JVOdOFJ @ f @ G Qpo O Q�B�@ ]�J
Hcb @ \ Q�B J)M @CBmQ�TsE�D ]�G @ Ol\ Q�D OFJ Y9<�¡q@ M B J�? D�nJ B Jj` @ G+H+J)H+J)` B \ DdQ J ExQ \+GI` B \ DdQ `+O @ G K OF= K�@ O DFE�RJ Q JV?NM[= B JVOdOFJ i
?NJVG Q3Q�@ G+H DdE i{\+JpO @�E J K =�G+H�JpJ ExQ \+GU` B \ DdQ `+O @ G K�o O Q�B�RJ @eo GUH�J�Gcb =�` Q J�G DFB i{\cb�\�G+Jp` @ G+H�J>_ B�RJ�i�\�JVG Q�D JVOFOdJ
K =C\�f B�@ G Q OFJ E ` @CExE J E _ B�RJVi{\+JVG K J E�<(¡ J E H+JV\SP E�D G�\ E = KVK \+M
JVG Q H @ G E OdJ�M+O @ G Q J�?wM E _ B�RJVi{\+J�G K J�\+G+J T =�G+J
H DdExQ�D G K�Q JhH�J E H�JV\SP�` @ G+H�J E H�J�` B \ DdQV< l J�?wM
= B J�OFOdJV?NJVG Q J Q _ B�RJVi{\+J�G Q�D J�OFOFJ�?wJ�G Q�� O @ H DFEmQ�D G K�Q�D =�G�H+J E>E�D i
G{\ E J ExQpD ?wM
= E�ExD `+OdJ KV@CB OdJ B�@ M+M
= BxQ�E�D ]�G @ O E \ B ` B \ D0Q J ExQ�Q�BVnJ E _ @CD `+OdJ Tbi���� H�� Y9<�¡q@�o ]C\ B J :S<�� ?N=�G Q�B J
O @ H DFExQ�B�D `+\ Q�D =�G�H+\ E�D ]�G @ OcH @ G E OFJjM+O @ G Q J�?wM E _ B�RJVi{\+JVG K J @CD G ExD i{\+J E =�G @ OFOd\ B J Q JV?NM
= B J�OFOFJ <

� G�J��[J K'Q \ @ G Q H+J Eo«�k�l n@ H D � RJ B JVG Q�E�@ G+]�OdJ E��|D OpJ EmQ M
= E�ExD `+OdJ H�J E�RJVM @CB J B OFJ7` B \ DdQ H+J EwE�D G{\ E��
K =CG�_�= B ? RJV?NJVG Q�@ \�M B�D G KVD M[J|H+J o O Q�B�@ ]�J�JVG+G+=CG K
RJpM B�RJ K
RJVH+J�?w?NJVG Q�< ²>J K�D M[J B ?NJ Q H�J�` D J�G K =C?wM B JVG+H B J
i{\+J�OFJ o O Q�B�@ ]CJpGcb�J ExQ M[= ExE�D `+OFJpi{\+J�M[=C\ B�K J BmQZ@CD G+J E f @ OFJ�\ B�E H+J�O�b @ G+]COFJp=�\N` B \ DdQ J Q|E�D ]�G @ OAH�J�f D J�G+G+JVG Q
i{\ @CExD ?NJVG Q H RJ K = BxB�RJ�O RJ E�<H¡q@�o ]�\ B J :�<�� ?N=�G Q�B J�OFJ E�«�kml M[=�\ B OFJ E = B H B J E ����� � @���!�"� ��� J Q����"� ���S<¡ J ExD ]�G @ O qRr�qD_r�[ u;s�r H+\ ` B \ D0Q M[=�\ B H�J E f @ OdJV\ BxE H+J �rK =�?wM B�DFE J E JVG Q�B J �#��� J Q$� ��± ? @CDFE \+G o O Q�B�@ ]�J
M B =�M B J Gcb J ExQ f B�@CD ?wJ�G Q M
= E�ExD `+OdJ i{\+J M
=�\ Bo�%�&� ����<¹¡q@yo ]�\ B J :S<¸± ?N=�G Q�B J OdJ ExD ]�G @ O Q JV?NM
= B J�O
B J K =�G ExQ�B \ DdQU@ M BVnJ Eao O Q�B�@ ]�J�H @ G E OFJ E H+=�? @CD G�J E _ B�@CK'Q�D =CG+G @CDdB J E����'�#��� J Q����(� ����< ¡ J�` B \ D0Q J ExQ
JVG K = B JLM B�RJ E J�G Q H @ G E OFJ�M B JV? D J B�K�@CE���K JLi{\ DhRJ Q�@CDdQ M B�RJ�f DFExD `+OdJ K =C?wM Q J Q JVG{\�H+JLO�b @ OdOF\ B J�H+JLO @�«�k�l n@
O�b = B H B J � ���S� ? @CDdE Gcb @ M+M @CB�@CDdQ M�OF\ E i{\ @ G�H ����� ����<

� G o G � O @ho ]�\ B J :�<0g�� H+=�G+G�JpO @ G+=�\Sf�JVOdOFJ�H DFExQ�B�D `+\ Q�D =�G Q JV?NM E _ B�RJ�i�\�JVG K J�H�\ ExD ]�G @ O @ M BVnJ E�o O Q�B�@ ]�J <²>JVOdOFJ i KVD M B�RJ E J�G Q J O�b D G QSRJ B �J Q H�J�?w=�G Q�B J B \�G @eBxQ J'_ @CK�Q H�\ o O Q�B�@ ]�J�H @ G E OFJ�H�=�? @eD G+JN_ B�@CK'Q�D =CG+G @CDdB J <¾ =C\ E�@ fC=�G E JVG7J'�lJ Q�o O Q�B�RJLH+J)? @ G D�nJ B JL` B \ Q JkJ�G7M B J�G+G @ G Q \+G+Jj_�= B ?wJLH�J o O Q�B J B J K�Q�@ G+]�\+O @CDFB J < ¥S\ B
O @ H DdExQ�B�D `�\ Q�D =�G Q J�?wM E _ B�RJVi{\+JVG K J�H+\ ExD ]�G @ O @ M+M @eB�@
� µ0Q!@ OF= B�E O�b J��[J Q H+J�`
= B HNH �\ @ \ o O Q�B J �uK b J ExQjiVn@9i H DFB J



� � � � � �m� ��� £���� ���
	 � � �

−25 −20 −15 −10 −5 0 5 10 15 20 25
0

5

10

15
FRT pour α = 0.8

−25 −20 −15 −10 −5 0 5 10 15 20 25
0

5

10

15
FRT pour α = 0.7

−25 −20 −15 −10 −5 0 5 10 15 20 25
0

5

10

15
FRT pour α = 0.5

Filtre 

^�_ba3cl:�<��fe@* OFOd\ B JLH�J E�Q�B�@ G E _�= B ? RJ�J E _ B�@eK�Q�D =�G+G @eDFB J Ep@ \SP�= B H B J E`����� ��� J Q ����� ���

H+J�\SP�` @ G+H+J E _�= B ? @ G Q \+G @ G+]COFJ � M @CB|B�@ M+M[= BxQ�n@ O�b @ PSJ�H+J E _ B�RJ�i{\+JVG K J E�< ²>J K�D M
J B ?NJ Q�@ \ ExE�D O @ ? DFE J
JVG RJ�f D H+JVG K JjH+J E M B =�`+O nJV?NJ E H+J B JVM+O D JV?NJVG Q H�\ o O Q�B J�_ B�@eK�Q�D =�G+G @eDFB J <�¡q@ ` @ G�H+J E \+M RJ B�D JV\ B J E J B J�M+O D J
i{\ @ G+H7J�OFOFJ @eQ�Q J D G Q P �� J Q O @ M @CBmQ�D J�H+\ E�D ]�G @ O T H�\I` B \ D0Q H @ G E G+= Q�B J K�@eEZY>E�D0Q \ RJ�J @ \ i H+J ExE \ E H+J K J QxQ Jp�u;y z�r�sNr�[ � w _rRr Gcb J ExQ M+OF\ E�o O Q�B�RJ�J < ²�b�J ExQ�n@wKV@ \ E J�H+J K JUM ^�RJ�G+=�? nJVG+JUi{\cb D O E \�` E�DdExQ Ja\+G M
JV\vH+J�` B \ D0Q
@ M BVnJ E OFJ o O Q�B�@ ]�J <� OuJ EmQ�@ \ E�E�D M
= ExE�D `�OFJ ��Q =�\ � =C\ B�E H @ G E OdJ$H+=�? @CD G�J�_ B�@CK'Q�D =CG+G @CDdB J � � � ��� H+J E�RJ�M @CB J B OFJ E H�JV\SP ExD G{\ E
O�b \+G�H�J�O�b @ \ Q�B J <@� O _ @ \ Q M[=�\ B>K J�O @)o O Q�B J B H @ G E O @ko ]�\ B J :�<�� \+G E JV\+O[H+J E H�JV\SP�OF=�`
J E|K = BxB J E M
=�G+H @ G Q
@ \SPrH+JV\SP ExD G{\ E�< � OpG�J B J EmQ J @ OF= BxE i{\cb�\�G E�D G{\ E ?N=�H+\+O RJ E M @CB \+G�J ] @ \ E�ExD JVG�G+J <¹¡ J o O Q�B�@ ]�J�H @ G E
OFJ E H�=�? @eD G+J E _ B�@CK�Q�D =�G+G @CDFB J EN@ JVG K = B JXHcb @ \ Q�B J E�@ M+M+O DFKV@eQ�D =�G EV� i{\ D G+J E =�G Q M @CEwQ�B�@CD0QSRJVJ E�DdKVD�< � G
B J�M @CBmQZ@ G Q M @eB J'PSJV?NM+OdJ�H+JLO @]«�k�l n@ O�b�= B H B J � ������D O
J ExQ M
= ExE�D `�OFJ�H�JLG+J o O Q�B J B i{\cb \+G E J�\+OcH+J E H+J�\SP
E�D G{\ E M�\ DFE H+J�OdJ�H RJV?N=SH�\+OFJ B H�JhO @ ] @ \ E�ExD J�G+G+J�J�G B�RJVJ��[J K'Q \ @ G Q \+G+J «�k�l T \+G�J9P�J�?wM�OFJ E�D ? D O @CDFB J>J ExQ
H+=�G�G RJ)H @ G E À ¼OÂ Y9<

ikj��&j�l � }U� u�� { w |>w7{�{ � } �U{ �tu�� {�{ �(}X� {
¡ J ExD G{\ E ]�O DdE�E�@ G Q J ExQ \+G ExD ]�G @ O;H+=�G Q O @ _ B�RJVi{\+J�G K J�f @eB�D J)O D G RJ @CDFB JV?NJVG Q�@ \ K =�\ BxE H�\ Q J�?wM EV< ¥ @

B J�M B�RJ E J�G Q�@eQ�D =�G Q JV?NM
= B J�OFOFJ @ M
=�\ B�RJ�i�\ @eQ�D =�G��

� T ~ Y �	� ® �´°�
� ª - M7K , ��� � Ts:�< : �uY



�	� � �³� ��� £���� ���
	 �X������� � ������� 	 ���m� � ���
	 � �

−25 −20 −15 −10 −5 0 5 10 15 20 25
−1

−0.5

0

0.5

1

1.5
Reconstruction apres filtrage dans le domaine 0.8

Signal débruité (2 sinus)

−25 −20 −15 −10 −5 0 5 10 15 20 25
−2

−1

0

1

2
Reconstruction apres filtrage dans le domaine 0.7

^�_ba3cl:�<�±�e k J K =�G EmQ�B \ K�Q�D =�GIH+\ ExD ]�G @ O @ M BVnJ Epo O Q�B�@ ]�JjH @ G E OdJ E H+=�? @CD G�J E � �"�#��� J Q � �"�#���

0
5

10
15

20
25

30
35

40
45

0

5

10

15

20

25

−200

0

200

temps Sec

fréquence Hz

Zone non filtrée

A
m

pl
itu

de
 d

B

Bords du filtre 

Repliement du filtre 

^�_ba3cc:�<0g���e��LDFExQ�B�D `+\ Q�D =�G l JV?NM E _ B�RJ�i�\�JVG K JaH+\ E�D ]�G @ Ol=�` Q J�G{\ @ M BVnJ Epo O Q�B�@ ]�J



� � � � � �m� ��� £���� ���
	 � � �

�j@ G E OFJ M+O @ G l JV?NM EUi�«AB�RJ�i�\�JVG K J E�@
B J�M B�RJ E J�G Q�@eQ�D =�G Glb�J ExQ @ \ Q�B J i�\lb�\+G�J H B = DdQ J
H+=�G Q O @ _ B�RJ�i�\�JVG K J D G ExQ�@ G QZ@ G RJVJ�J EmQ�� � n@ O�b�= B�D»i
] D G+J�H+J EaQ J�?wM E J Q i{\ D _�= B ?NJ�\�G @ G+]�OdJ � M @CB
B�@ M+M[= BxQ n@ O�b @ PSJ Q J�?wM
= B J�O <R¡ b D H RJVJ J ExQz@ OF= BxE
Hcb J��[J K'Q \+J B O @ Q�B�@ G E _�= B ? RJVJ n@ O�b @ G+]�OdJ � � - �T = B H B J � � g�Y3@eo GwH+J�G+J B�RJ K \�M RJ B J B i�\lb�\+GwM[= D G Q
OF= B�E H+J)O @ M B = � J K�Q�D =�G <

� 


F ��� 	��
�

D

^�_ba3cA:�<0g�g�e�k J�M B�RJ E JVG Q�@eQ�D =�G l JV?NM Eji"« B�RJVi{\+J�G K J
Hcb \+G KZ^+DFB M

� � � £ � � � ���� � � �	� � �
¾ =�\ E>@ OdOF=�G E f RJ B�D0o J B|DFK�D O @ M B =CM[= ExDdQ�D =�G�H+\wM @CB�@ ] B�@ M ^ J�M B�RJ K
RJVH�JVG Q��qn@kE�@ fC= DFB i{\+J�O @jQ�B�@ G E _�= B ? RJ�J

Hcb \+G E�D G{\ E ]�O DFExE�@ G Q�E \ D f @ G Q O�b @ G+]�OdJ � � - � J ExQ \+G �LDFB�@eKC<�¡q@¥«�k�l H+\ KZ^+DFB M E b RJ KVBxDdQ �

��� ª $ T ~�� ª $ Y �,+&, ª µ
�
� ® - * T - � , ª µ � � � �
�
 ] ªX«¬

� «
� ® -��¾°�
� ª - M7K , � � � � ®.-�� ��� * T - � , ª µ � � � � 6 
�
 ] 68.9 : - ; 
 µ � . � ² ~ Ts:�< :O±uY

* Od= B�E��[K =�?N?wJ ExD G T � � - � Y � K = E�� J QjK = Q�T � � - � Y �  ~� ��� � OFJ E H+JV\SP Q J B ?NJ E i{\ @ H B�@eQ�D i{\+J EjE =�\ E
O�b D G QSRJV] B�@ OFJ E b @ G+G{\+OFJ�G Q J Q

��� ª $ T ~�� ª $ Y � +&, ª µ
�
� ®.- - M7K , � �
�
 ] ªX«¬

� «
� � ® -��	� 
� � 6 
�
 ]��� 8�; � � ² ~ � Ts:�<´¼ �uY

� GzJ��[J K'Q \ @ G Q J�G E \ D0Q J OdJ KZ^A@ G�]�JV?NJVG Q H+J f @eB�D @ `+OFJ7~ ' � �* T 0 , � K = E�� ² ~ ' � ~�=�G Q�B =�\�fCJv\+G+J
Q�B�@ G E _�= B ? RJVJjH+J « =�\ BxD J BpK O @eE�E�D i{\+J �

��� ª $ T ~�� ª $ Y � +&, ª µ
�
K = E�� � �¯®.- - M7K , � �
�
 ] ªX«¬

� «
� � � ®.-�� 
 ��� 8�; 6 !�

� � � ® - � 
�
 ] � ! ² ~ '
0 1$2 3

� Ts:�<´¼�g�Y

¡q@ M @CBxQ�D J�H @ G E O�b D G QSRJ�] B�@ OFJUGcb J EmQ�@ \ Q�B JNi{\+JNO @ l©« H+J � � � ®.- � 
 ��� 8�; 6 !�
i{\ D f @ \ Q ��T ~�� ª $  °�
 * T 0 ,� Y J Q

O�b RJVi{\ @�Q�D =CG Ts:�<¾¼+g�Y H+J)O @R«�k�l Hlb�\+G E�D G{\ E ]CO DFExE�@ G Q H�J�f D J�G Q �

��� ª $ T ~�� ª $ Y � +�, ª µ
�
K = E � � �¯®.- - M7K , � �
�
 ] �ST ~�� ª $  � � K = E��

�
Y � Ts:�<´¼ ��Y

¡q@7«�k�l Hcb�\�G ExD G{\ E ]�O DFE�E�@ G Q H @ G E OFJ KV@CE$Q�^�RJ�= B�D i�\�JpJ ExQ H�=�G K \+G+Jp_�=�G K�Q�D =�G�i{\ D G+JpM B JVG�Hwi{\cb \+G+J
E J�\+OFJ�f @ OdJV\ B G�=�GyG{\+OdOFJUJ�G}~�� ª $ � °�
 * T 0 ,�

< ²>J Q�Q JNM B =�M BxD'RJ QSRJ�M
J B ?NJ Q Od= B�E H+J�O�b @ G @ O »SE J�H+J E�D ]�G @ \SP
K =C?wM
= E�RJ E H+J E�D G�\ E ]CO DFExE�@ G Q�E H+J�H RJ Q J K'Q J B Hcb \+G+J7M @CBmQ O @ M
JVG Q J7H+J K J E�E�D G�\ E J Q Hcb @ \ Q�B J7M @CBxQ O @
f @ OFJ�\ B H+J)OFJ�\ B _ B�RJVi{\+J�G K J D G EmQZ@ G Q�@ G+G RJ�J n@ O�b = B�D ] D G�J Tb� � Y i{\ D J EmQ H+=CG+G RJVJkM @CB O @ M
= ExDdQ�D =�G�H+\ �LDFB�@eKE \ B O�b @ P�JL_ B�@CK�Q�D =�G�G @CDFB J <

¡ � �
	 � ��� � 	���u������
¡ JkM B =�`+O nJV?NJji{\ D;E J)M
= E J @ Od= B�E J ExQ H+Jjf RJ B�D0o J B i{\+J)O @ M B =�M BxD'RJ QSRJ T�:�<¾¼ ��Y H�JkH RJ Q J K�Q�D =�G7H+J EhExD G{\ E

]�O DFE�E�@ G Q�E H+J>Od=�G+]�\�JV\ B D G o G DFE B J ExQ J�f @ O @ `+OdJ!OF= BxE i{\+J>OdJ E E�D ]�G @ \SP E =�G Q _�JVG �J Q�B�RJ E�K =�?N?wJ K b J EmQ OFJ K�@CE JVG



� � � �³� ��� £���� ���
	 �X������� � ������� 	 ���m� � ���
	 � �

��� 6�� 
 6��
�

8.9 : � µ��
	
�
µ�	� � ��� � µ�	��

	
��� 	 ] ���

��� ���

� �
�

	 ] 	
�

8.9 : � µ���	
�
µ�	

�

^�_ba3c[:�<dg���e � �[J Q H+J)O @ M
= E�D0Q�D =CG Q J�?wM
= B J�OFOdJLHcb \+G+JkM[= BmQ J E \ B�E�@�l©«
Q�B�@CDdQ JV?NJVG Q H+\ ExD ]�G @ O <�¡ b J��[J Q Hlb�\+G�J)_�J�G �J Q�B J�� T ~ Y Glb D G Q J B f D JVG Q M @CE M
=�\ B O�b @ G+G{\+O @eQ�D =�GwH+J E _�= B ?wJ E
i{\ @ H B�@eQ�D i{\+J E H @ G E O @R«�k�l J Q O�b RJVi{\ @eQ�D =�G Ts:�<´¼ �uY J ExQhD G KZ^A@ G+] RJ�J T �yJ ExQ \+G D i�\�JV?NJVG Q ?a\+O Q�D M+O D'RJ�M @CB
� Y'<Xg�@CBpK =CG Q�B J)OFJ KZ^A@ G+]�J�?wJ�G Q H�JLf @eB�D @ `+OFJh?w=�H Ddo JLO @ _�J�G �J Q�B J)JVG7O @ H D O @�QZ@ G Q�<#� G o G � H�Jj? @ G D�nJ B J
E�D ? D O @CDdB J n@�T�:�<¾¼+g�Y9� O @ M @CBmQ�D J D G QSRJV] B�@ OFJ�J EmQ O @�l©« H+J � � � ® - � 
 ��� 85; 6 !�

� � T ~ Y'�SK b J EmQ.iVn@
i H DdB J�i�\�JjOFJ E M
J K�Q�B J
H+J)O @ _�J�G �J Q�B J E J Q�B =�\�fCJ Q�B�@ G E O @eQSRJjH+J °�
 * T 0 ,�

JVG B�@CDdE =�G7H+J)O @UK =�Guf�=�Od\ Q�D =�G7M @CB OdJ �LDFB�@eKC<¡ J K�@ O K \+O�J EmQ M B�RJ E J�G QSRJ DFKVD H @ G E OFJ KV@CE Hcb \+G+JU_�J�G �J Q�B J B J K'QZ@ G+]C\+O @CDdB J T M
= BxQ J Q J�?wM
= B JVOFOdJ Y9� ? @CDdE
OFJ E>B�RJ E \�O QZ@�Q�E =�` Q JVG{\ E>E b RJ Q J�G+H+J�G Q _ @CK�D OdJV?NJVG Q�@ \SP @ \ Q�B J E _�= B ?wJ E H+Jh_�JVG �J Q�B J EV<�¡ b D GS_�= B ? @eQ�D =�G E \ B O @
M
= E�D0Q�D =CG Q J�?wM
= B J�OFOdJhH+JjO @ M
= BxQ J E J B J Q�B =�\�fCJ E \ B O @ M ^A@CE JjH+JjO @fl©«�< ²>JVOdOFJ i KVD[E \+` D0Q \+G�H RJ�M ^A@CE�@ ]�J
O D G RJ @eDFB J�M B =�M
= BxQ�D =�G+G�JVO n@ O @ M
= E�D0Q�D =CG�H+\ K JVG Q�B JLH+JLO @ M
= BxQ J <(¡q@�o ]�\ B J :S<dg �kD OFOd\ ExQ�B J K J�M ^�RJVG�=�? nJ�G+J
J Q H+=CG+G+J)OFJ E G+= QZ@�Q�D =CG E \ Q�D O DdE�RJVJ E M[=C\ B H RJ o G DFB O @ M
= BmQ J <

�j@ G E O�b RJ�i�\ @eQ�D =�G T�:S<´¼+g"Y'� J�G D G Q�B =SH+\ DFE�@ G Q�K J Q�Q JU_�= DFEji KVD O @ _�J�G �J Q�B J�J Q OdJU? �JV?NJ KZ^A@ G+]CJV?NJVG Q H+J
f @CB�DF@ `+OdJ � O @�l©« H�J�f D J�G Q �

ªX«¬
� «

� � � ®.- � 
 ��� 8�; 6 !�
�0g��
� ! ]! � ! �#" T ~ ' Y � � � � ®.- � 
�
 ] � ! ² ~ ' � " � 	 ~�� ª $  � � K = E��

� %$ 	 E�D G �9© � ' ~�� ª $
�9© ~�� ª $ � � �¯® � -'& ! � 
�
 ]  & �

Ts:�<´¼�:uY
R7n\7~ ' $ � � ]* T 0 , � ~ ' � � � �* T 0 , � � ' � %* T 0 , � ( ' � &* T 0 , �¥S= D0Q���o G @ OFJ�?wJ�G Q
) � ª $ À � T ~ Y � � T ~ Y"Â T ~�� ª $ Y � +�, ª µ

�
��K = E�� � E�D G �9© � ' T ~�� ª $  °�
 * T 0 ,� Y

�9©|T ~�� ª $  °�
 * T 0 ,� Y0 1$2 3* T W�+ O )
� �¯®.-�� ���
�
 ] - M7K , ª � � 
�
 ] � � 
 ��� 85;�

� � & ! �0 1$2 3,�- M 0 )
Ts:�<´¼;¼{Y

��� ���� � � � � � 	 � �/. � � � � � ��	 �³� �
��� �	�V� 	 �
�
0 b RJ�i�\ @eQ�D =�G T�:�<¾¼ ¼{Y H�=�G+G+JjOdJ B�RJ E \+O QZ@eQ H+Jj` @CE J)M
=�\ B O�b @ G @ O21 E J�H+J E�E�D G{\ E ]�O DdE�E�@ G Q�E M @CB43�k�lj<�0q@

H RJ Q J K'Q�D =�G�H+J ExD G{\ E ]�O DFE�E�@ G Q�E ? @CDdE�@ \ E�E�D OFJV\ B OF= K�@ O DFE�@eQ�D =�G E =�G Q H+=CG K M
= E�ExD `+OdJ E Od= B�E H+J�O�b @ G @ O21 E J�M @CB
3�k�lj<50 b @ G @ O21 E J K =�G E�DdExQ JLJVG�\�G�` @ O @ 1 @ ]�J @ G+]�\�O @CDdB J�M[=C\ B H RJ Q J K�Q J B O @ M B�RJ E J�G K JjH�J E�D G{\ E ]�O DFE�E�@ G Q�E�<
0 J E�E�D G{\ E�K�@CB H D G @ \SP�=�` Q JVG{\ E M
JV\�fCJVG Q H�=�G+G+J B H�JV\SP D G�_�= B ? @eQ�D =�G E�E \ B OdJ E�D ]�G @ O <60q@ M B J�? D�nJ B J E \ B
O @ M
JVG Q JhH+\ ExD G{\ E ]�O DdE�E�@ G Q J ExQ H RJ�H+\ D0Q J�H+J�O�b @ G+]�OdJ @ \�i�\�JVO J EmQ J'�lJ K�Q \ RJVJ�O @�Q�B�@ G E _�= B ? RJVJ <70q@)E J K =�G+H+J
E \ B O @ Od=�G+]�\+J�\ B3Q JV?NM[= B JVOdOFJ>J ExQ H RJ�H+\ D0Q J�H+JpO�b RJ QZ@ OdJV?NJVG Q H�J E OF=�`
J E H+\ E�D G�\ E|KV@CB H D G @ O�i{\ D+E b @ G�G�\�OFJVG Q
JVG Q�^�RJV= BxD J Q =C\ Q OFJ E * T 0 ,% <



� � � � � �m� ��� £���� ���
	 � � �

0
5

10
15

20
25

30
35

40

0

5

10

15

20

25

−200

−100

0

100

temps Sec

Distribution temps frequence du signal non bruité

fréquence Hz

A
m

pl
itu

de
 d

B

Pente 0.4 

Pente 0.05 

pente −0.65 

^�_ba3cA:�<0g": e��LDFEmQ�B�D `+\ Q�D =�G l JV?NM E _ B�RJVi{\+J�G K JL?NJ QxQZ@ G Q JVG RJ'f D H+J�G K JhO @ M B�RJ E JVG K JLH+J :�ExD G{\ E ]�O DdE�E�@ G Q�E

�������	��
������� �
�������

���� g ����: �Vg ��� �� � �� g � :���g � �� ���� � ������ � �¾¼e��

^�_ba3c[:�<dg ¼�e�� RJ Q J K'Q�D =�G7H+J E�E�D G�\ E ]CO DFExE�@ G Q�E M @CB ` @ O @ 1 @ ]�J @ G�]�\+O @eDFB J E \ B O @ 3�k�l



� � � ��� ��� £���� ���
	 ��������� � ������� 	 ������� ���
	 � �

�������	�

���� g ����: �Vg ��� �� ���� g ��: ��g � �� ���� � ������ � �¾¼e��

	 ��
 � 

�
������� �
�������

^�_ba3cS:S<dg �eU� RJ Q J K'Q�D =�G�H+J E$ExD G{\ E ]�O DFExE�@ G Q�E G�= 1 RJ E H @ G E OFJ>` B \ D0Q M @CB ` @ O @ 1 @ ]�J @ G�]�\+O @eDFB J E \ B O @ 3�k�l
� G o G ��D O�J ExQ M
= ExE�D `�OFJ�Hlb�=�` Q JVG DFB O @ OF= K�@ O DFE�@eQ�D =�G Q J�?wM
= B JVOFOdJwH�\ E�D G{\ E ]�O DdE�E�@ G QIn@ M @CBmQ�DdB H+J�O @

M ^A@eE J7H+J�O @XQ�B�@ G E _�= B ? RJ�J < (X@eDFE�D O|_ @ \ Q M
=�\ B�K JVO @ H RJ B =�\+OFJ B O @ M ^+@CE J K J�i{\ D J ExQ \+G+J�J�G Q�B J�M B�DdE J
M RJ B�D OdOFJ�\ E JwH nJ E i{\+J7OFJ E�D ]�G @ O�J ExQ ` B \ D0QSRJ < 0q@ M ^A@CE J @eQ�Q JVG+H+\�J�J ExQ \+G+J�M @CB�@ `
=�OFJwH+=�G Q OFJ E =�?N?wJ Q
E�D0Q \ RJ�J�Gy~�� ª $ �  � &* T 0 , $

� - M7K , �  &0 HJK , M
J B ?wJ Q H+J�H RJVH+\ DFB J ( i�\ D|D G+H D i�\�JNO @ M[= ExDdQ�D =�GvH+\ K J�G Q�B J
H+J O @ _�J�G �J Q�B J < 0 J E�D ]�G @ O @ G @ O21 E�RJ K =�G ExDFEmQ J J�G Q�B = DFEwE�D G{\ E ]�O DdE�E�@ G Q�E H�J M[J�G Q J E J Q H+JXOF=�G+]C\+JV\ BxE
H D � RJ B JVG Q J EV< ¥ @�B J�M B�RJ E JVG Q�@eQ�D =�G Q JV?NM E _ B�RJVi{\+J�G K J�J EmQ H+=�G�G RJVJ n@ O @wo ]�\ B J :�<0g":�< 0q@�o ]�\ B J E \ D f @ G Q J
:�<0g	¼ ?NJ Q J�G RJ'f D H+JVG K JjO @ M B�RJ E JVG K J�H�J EpE�D G{\ E�K�@CB H D G @ \SP�H @ G E OFJ E�T =�G�J E�@ G+]�\�O @CDdB J E�K = BxB J E M
=�G+H @ G Q
@ \SP�M[J�G Q J E�B J E M
J K�Q�D fCJ E H�J E�E�D G�\ E ]CO DFExE�@ G Q�E JVGXO�b @ ` E J�G K J)H+J)` B \ DdQV<¥S\ B O @ko ]C\ B J :S<dg	¼�� G+=C\ E M
=�\�f�=CG E f RJ B�D0o J B OFJ E�B�RJ E \+O QZ@eQ�E�Q�^�RJV= BxD i{\+J EpK =�G K J B G @ G Q O @ M
= ExDdQ�D =�GNH+J E
E�D G{\ E!K�@CB H D G @ \SP�J Q�@ \ E�E�D OdJ�_ @CDdQ i{\+J�O @ Od=�G+]�\�JV\ B H+\ E�D G�\ E ]CO DFExE�@ G Q!D G�WA\+J E \ B O�b @ ?wM+O DdQ \+H+J>H�\ ExD G{\ E
K�@eB H D G @ O <50 J E�KZ^+DdB M E Gcb D G Q J B _ nJ B J�G Qh@ \ K \+G+J�?wJ�G Q J�G Q�B J)J�\SP K =�?w?NJ K b�J ExQ OFJ KV@CE�@ f�J K O @a�z�j� J Q�D O
J EmQ M[= ExE�D `+OFJpHcb DFE =�OFJ B$KZ^A@ i{\+J E�D G�\ E ]CO DFExE�@ G Q�E JVGNOFJ o O Q�B�@ G Q H @ G E OFJpH+=C? @CD G+Jp= BmQ�^ =�]C=�G @ O n@kE�@ M
JVG Q J <

� =�\ E @ fC=�G E JVG o G Q J ExQSRJ2O @ B�RJ E�DdExQZ@ G K J @ \5` B \ DdQ H+J K J QxQ J2? RJ Q�^ =�H+JvH+JvH RJ Q J K�Q�D =�G H+J E7ExD G{\ E
]�O DFE�E�@ G Q�E JVG @R� =�\ QZ@ G Q \+G ` B \ D0Q `�O @ G K ] @ \ E�E�D JVG K JVG Q�B�RJ E \ BhQ =�\ Q J�O @ OF=�G�]�\+JV\ B H+J�O @�E�RJ�i�\�JVG K J < 0q@
? RJ Q�^ =SH+J B J EmQ J�J �NK�@CK JhM
=�\ B H�J E|B�@ M+M
= BmQ!E�D ]CG @ O E \ B ` B \ D0Q|@CE�E J T _ @CD `�OFJ < 0q@�o ]�\ B J :�<dg  J ExQ|E�D ? D O @CDdB J
n@ O @Io ]�\ B J :�<dg ¼ ? @CDdEaK J Q�Q J�_�= DFEUi K�D OdJ k ¥#� J ExQ H�J iZg�� H � T OFJ�` B \ D0Q J EmQ�¼ _�= DFE M+OF\ E _�= BxQ i{\+J�OdJ
E�D ]�G @ O Y'<�0 J ExD G{\ E ]�O DdE�E�@ G Q OFJpM+Od\ E!K =�\ BmQ!K =�?N?NJVG K J n@��J Q�B JpG+=
1 RJ�H @ G E OFJp` B \ D0Q ? @CDdE OFJ E H+JV\SP @ \ Q�B J E
E J)H DdExQ�D G+]�\�JVG Q JVG K = B J Q�BVnJ E G+J Q�Q J�?wJ�G Q�<

021� ��� ?Z<>= �BCFEG= �A 9 A ?DMDAS= ��� EGM 6 ;<U< <U= ;< �XPI< 9F9 < �2M(A � ?BCFEG=:=IA C MD<
¥S\ D0Q J n@ O @ H RJV? @CB�KZ^ J|H+J ��@ ? D @eE J Q3@ \kH RJ�fCJVOF=CM+M[J�?wJ�G Q H+J!O @ 3�k�lyE =�G Q3@ M+M @eB \+J E \+G�J�?U\�O Q�D0Q \+H�J

H+J Q�B�@ G E _�= B ? RJ�J E _ B�@CK'Q�D =�G+G @CDdB J E E =�\�fCJVG Q ` @CE�RJVJ E3E \ B \+G+J B J�O @eQ�D =�G)JVG Q�B J>O @�Q�B�@ G E _�= B ? RJ�J|J Q O @`l 3>< 0q@
H RJ�? @CBxKZ^ J K =CG E�DdExQ J @ OF= BxEwn@ RJ Q JVG+H B J K J Q�Q J B JVO @eQ�D =�GXJ�G Q�B J�O @ l 3 J Q O @wQ�B�@ G E _�= B ? RJVJ @ \SPXH+=�? @CD G+J E
_ B�@eK�Q�D =�G+G @eDFB J EV<�*hD G ExD���D OLJ9P DdExQ Jy? @CD G Q JVG @ G Q H+J E�Q�B�@ G E _�= B ? RJ�J E _ B�@eK�Q�D =�G+G @eDFB J E kh@ H+=�G �� � J Q H+J
Y)@ `[= B ������ \�G+J Q�B�@ G E _�= B ? RJ�J�JVG2M @ i{\+J Q�E Hcb =�G+H+J�OFJ QxQ J E _ B�@CK�Q�D =�G�G @CDFB J E  g�� ��� H+J Ejo O Q�B J E H�J �5D JVG�J B
_ B�@eK�Q�D =�G+G @eDFB J E  g�g � J Q H�J E _�=�G K�Q�D =�G E H+J K = BxB JVO @eQ�D =�G E _ B�@CK�Q�D =�G�G @CDFB J E  g ����<

ikj���j�m npo �w7{�wy}X� �Z� ��q } |>w u � � o �(}U{ � qNo x �w w~w } �w � )Uw u�u w
0q@IQ�B�@ G E _�= B ? RJVJNJVG RJ KZ^ J�OFOFJ T�l �|Y9��n@ G+JwM @CE�K =�G�_�=�G�H B J @ fCJ K OFJ E)Q�B�@ G E _�= B ? RJVJ E�Q J�?wM EjiCRJ KZ^ JVOdOFJ �

J EmQ \+G+J Q�B�@ G E _�= B ? RJVJ E�D ? D O @CDFB J n@ O @ l 3 K O @CExE�D i�\�J�? @eDFE i{\ D H D O @eQ JwO�b @ PSJ�H+J E�Q JV?NM E H+J�? @ G D�nJ B J



� � � � ���c��� 	 � �s�
	 �� � �v����� 	 � � � � ���� � � 	 ��@£ � � �s� � � ���X£C� ���
	�	 � � � � � �

J'PSM
=�G+J�G Q�D J�OFOFJ < 0q@2Q�B�@ G E _�= B ? RJVJ7J�G RJ KZ^ JVOFOdJ7J ExQ H+=�G KX@ \�P�H D O @eQZ@�Q�D =CG EUK JIi{\+JIO @ Q�B�@ G E _�= B ? RJVJ7H+J
3 =�\ BxD J B J EmQk@ \SP Q�B�@ G E O @eQ�D =�G E�< 0 b =�M RJ B�@eQ JV\ BXRJ KZ^ JVOdOFJaJ ExQ G�= QSRJ�� J Q O @wQ�B�@ G E _�= B ? RJVJ�JVG RJ KZ^ JVOdOFJUHcb \+G
E�D ]�G @ O � J EmQ G�= QSRJ�J�� �+< 0 b�=�M RJ B�@�Q JV\ B J Q�E =�G D GufCJ B�E J�M B JVG�G+JVG Qj@ OF= BxE O @ _�= B ?wJ D G QSRJV] B�@ OdJ �

� �
T 
VY � g¨ �9©
ªX«¬
�

� �¯® / OJK �¨ ~ ��T ~ Y ² ~ J Q ��T ~ Y � g¨ �
©
ªX«¬
�

� ® / OJK �¨ ~ � � T 
�Y ² 
 Ts:�<´¼+�Y

0q@ _�=�G K'Q�D =�G G�= 1 @ \ H+J�O @�l �p� $
� � - � �	��
 : 6� �

J ExQ O @ ? �J�?wJ)i{\+J K JVOdOFJkH+J�O @|l 3 @ M BVnJ EL@ fC= DFB J��[J K'Q \ RJ
OFJ KZ^A@ G+]�JV?NJVG Q H+Jkf @CBxD @ `�OFJL~ ' �� � ~ <
� J K J QxQ J K =�G EmQZ@eQ�D =�G E JkH RJ�H+\ DdQ O @�B J�O @eQ�D =�G7O D @ G Q O @�l 3 J Q O @l �p�3n@NE�@ f�= DdB i�\�J �
0q@ Q�B�@ G E _�= B ? RJ�J H+J 3 =�\ BxD J B H+J ��T � � Y � 6� J ExQ O @ Q�B�@ G E _�= B ? RJ�J J�G RJ KZ^ JVOFOdJ H+J ��T ~ Y9� J Q
B�RJ K�D M B =Si{\+J�?wJ�G Q O @�Q�B�@ G E _�= B ? RJ�JjJVG RJ KZ^ J�OFOFJ)H+J � � OJK � �� �

J ExQ O @aQ�B�@ G E _�= B ? RJVJ)H+J 3 =�\ BxD J B H+J ��T ~ Y'<
�>J B�RJ E \+O QZ@eQ M
J B ?wJ Q M B JV? D�nJ B JV?NJVG Q Hcb RJ Q�@ `+O DFB \�G+J�O DdExQ JwH+J EUQ�B�@ G E _�= B ? RJ�J E JVG RJ KZ^ JVOdOFJ ExD ?NM+OFJ E

=�` Q JVG{\+J E�n@ M @CBmQ�DFB H+J E`l 3 H+J E�D ]CG @ \SP7\ E \+J�O E M @CBpExD ?NM+OFJ KZ^+@ G+]�J�?wJ�G Q H+Jjf @CB�DF@ `+OdJ <

��T ~ Y � � T 
VY
$� � - � �	� 
 
 : 6� �

��T 
d 
 � Y
� 0 HJK � / 
 OJK � �� � - � � OJK � g �

� / 
�� / 
 "g �
� ] � � � " $� � - � � � � ��� 
 
 : 6 � � � � ] � �	� 
 
 : 6 ]]

� �¯® /�ST ~  ~ � Y $� � -
3 � �	� 
 
 : 6 
� � 


4
ikj���j�l nporq � q { � � ��q } � q � o u � � o �(}U{ � qto x �w7w w }�� � )Uw u�u w �Uo ��� � ��q }>}U� ��o w

g =�\ B ] RJVG RJ B J B O @wQ�B�@ G E _�= B ? RJ�JUJVG RJ KZ^ JVOdOFJa_ B�@CK�Q�D =�G+G @CDFB J�G+=C\ E \ Q�D O DdE =�G E OdJ B�RJ E \+O QZ@eQ O D @ G Q O @ol �
n@ O @�l 3><K* \ K \+G+JLH RJV?N=�G ExQ�B�@eQ�D =�GwGcb J ExQ _ @CDdQ J DdKVD J Q O @ M B =�M
= E�D0Q�D =CGwG+J B JVM
= E J�i{\+J E \ B O @kK =�G Q�D G{\ DdQSRJ
H+J�O�b =�M RJ B�@eQ JV\ B H+J�O @ 3�kml i{\ D B J � = D G E O @�l 3 M
=�\ B O @ f @ OdJV\ B - � < � =�\ E M B =�M[= E =�G E H+=�G K O @ H RJ o G DdQ�D =�GE \ D f @ G Q J)M
=�\ B O @UQ�B�@ G E _�= B ? RJVJjJ�G RJ KZ^ JVOdOFJj_ B�@eK�Q�D =�G+G @eDFB J �

0q@jQ�B�@ G E _�= B ? RJVJ�JVG RJ KZ^ J�OFOFJp_ B�@CK�Q�D =�G+G @CDFB JpH+J ��T ~ Y J ExQ O @LQ�B�@ G E _�= B ? RJVJ�H+J 3 =�\ BxD J B _ B�@CK�Q�D =�G+G @CDFB J
H�J ��T � � Y � 6� <
� G G�= QZ@ G Q �+��O�b�=�M RJ B�@�Q JV\ B�RJ KZ^ JVOdOFJL_ B�@CK�Q�D =�G+G @CDFB J ��D Olf D J�G Q �

��� ¾��T ~ Y � T ~�� Y � +&,
ªX«¬

� «
' � T ~�� � ~ Y(��T � � Y � 6� ² ~ Ts:�<´¼�tuY

�>J QxQ J B J�O @eQ�D =�G�M[J�\ Q7E J E�D ?wM�O Ddo J B J�G5J��[J K�Q \ @ G Q OFJ KZ^A@ G+]�JV?NJVG Q H+J f @CBxD @ `+OdJ � ' � � � J Q H�=�G K² ~ ��� % !% ! �

��� ´��T ~ Y � T ~�� Y �,+&, � �� ���
 * T - ,
ªX«¬
�

��T � ' Y � 
 : � !� � �� OJK � % ! * T - , � � 6 
 
 : � !8.9 : ; � ² � '
� ' Ts:�<´¼ ��Y



� � � ��� ��� £���� ���
	 ��������� � ������� 	 ������� ���
	 � �

¥S= D0Qpo G @ OdJV?NJVG Q �
�+� ¾��T ~ Y � T ~�� Y � +�, � �� � �
 * T - ,

ªX«¬
�

��T � ' Y¨ � ' � �� OJK � % ! * T - , � � � !8.9 :�; � ² � ' � Ts:�<´¼ �uY
� O)J EmQ JVG o G M[= E�E�D `+OFJ2H+J B�RJ RJ KVBxDFB J K J Q�Q Jy_�= B ?U\+OFJ2J�G \ Q�D O DdE�@ G Q O @ _�= B ?U\+OFJ Ts:�< :C:uY i�\ Da@ E J B f DIn@
H RJ'f�JVOd=�M+M
J B O�b D ?NM+O RJV?NJVG QZ@eQ�D =�G B�@ M D H+JjH+J)O�b @ Od]�= BxDdQ�^ ?wJ <K* OF= BxEV�

�+� ¾��T ~ Y � T ~�� Y � +�, � � �� � �
 - M7K ; �
ªX«¬
�

��T
�r' Y � � � �� � OJK % ! � � - M7K ; �¨ � '0 1$2 3 � �� 8.9 :�; � % ! � OJK % ! � � ² �r'�� Ts:�<´¼ �uY
�j@ G EkK J Q�Q J�H+J B G D�nJ B J B J�O @eQ�D =�G � OdJ E�D ]CG @ O!J EmQ ?U\+O Q�D M+O D'RJUM @CB \+G+JN_�=�G K�Q�D =�G}H @ G E OFJNH+=�? @CD G+J z;w �»u;vr_r
T M @CBxQ�D J E =�\+O D ]�G RJVJ Y9� M+\ DFEhK =�GufC=�OF\ RJ T M @CBmQ�D J K =�Guf�=�Od\ RJVJ Y J Q JVG o G B JV?U\�O Q M�O D'RJ�J)M @CB \�G E�D G�\ E ]�O DFE�E�@ G Q
H+i{G E OFJpH+=�? @CD G+J�_ B�@CK'Q�D =�G+G @CDdB J < 0q@ H RJ�? @eB�KZ^ J�J EmQ H+=CG KpQ�BVnJ E M B = KZ^ JhH�J K JVOFOdJ�\ Q�D O DFE�RJVJ�M
=�\ B O @ 3�kmlj<



� � ��� ���	��
 �

 � �	��
�� � ��� ����� 
�� � ����� � ����������� �!� �

	I1#" � M(ASC ?B< 6 <>=@? H%$ �BC L =IA 9
0q@�3�kml Q�B =�\�fCJhJ�G Q�B�@CD0Q J�?wJ�G Q H�\ ExD ]�G @ O+\+G+Jp_�=�\+OdJpHcb @ M+M�O DFKV@eQ�D =�G E$@ \ Q�B J E i{\+JhOdJ o O Q�B�@ ]CJp=�\wO @

H RJ Q J K'Q�D =�G H�J ExD G{\ E ]�O DdE�E�@ G Q�EV< � OdOFJLJ ExQ `[J @ \ K =C\+M \ Q�D O DFE�RJVJjJVG Q�B�@CDdQ JV?NJVG Q Hcb D ? @ ]�J  g":�� = n\7J�OFOFJjM
J BUi
?NJ Q Hcb =�` Q JVG DdB H+J E�Q�@ \SPrH�J K =�?NM B J E�E�D =�G E�@CExE J TzRJ�OFJ'f RJ E n@ ?N= D G+H B J K = �\ Q7TsK J KVD J ExQ ] RJVG RJ B�@ O DFE�@ `+OdJ
n@ Hlb @ \ Q�B J E Q 1�M
J E H+JyH+=�G+G RJVJ E K =�?N?NJyO @ M @eB =�OdJ}M @CB J9PSJV?NM+OFJ Y'<`� O)_ @ \ Q M
=�\ BIK J�O @ \ Q�D O DFE J B OFJ E
B J�M B�RJ E J�G Q�@eQ�D =�G EkK =�G � = D G Q J E H�J 3�k�l i{\ D Gcb =�G Q M @CE H+\ Q =�\ Q2RJ QSRJ @ `[= B H RJVJ E H @ G EkK J B�@ M+M
= BmQ�< � OFOdJ
E J BxQ J�G o O Q�B�@ ]CJ n@ H RJ o G DdB H+Ja? @ G D�nJ B J ExD ?NM+OFJkH+J E�o O Q�B J E Hcb @ G @ O 1 E Jaf @CBxD @ G Q H @ G E OdJ Q JV?NM E = n\ H+J E
o O Q�B J E�n@ _ B�RJ�i{\+JVG K J E f @CB�DF@ `+OFJ E  g	¼��lg ��A: ��< � G o G7H+J EpB J KZ^ J B�KZ^ J EhE =�G Q JVG K =�\ B�E JVG�f�\+JjHcb @ M+M�O D i{\+J B
O @�3�k�l @ \SP�M B =�`�O nJV?NJ E H+JjH RJ Q J K'Q�D =CGIH�J E�D ]CG @ \SP�H D fCJ BxEV� Hcb J'P Q�B�@CK�Q�D =�G�H�JjM ^A@CE J � Hcb @ G Q J�G+G+J B�@ H @CB
J Q H+J Q =�?w=C] B�@ M ^+D J <

	I143 & < 9KJ(' 8 ?BC*)+$I< �A 9KJ � � E,$ �y?BC*)+$I<
�>=�?N?wJ D O @�RJ QSRJaJ'PSM+O D i{\ RJ @ \XM @CB�@ ] B�@ M ^ J :�<��S<�:�� O @ 3�k�l J ExQhB�RJ @ O DdE�@ `�OFJj=�M Q�D i{\+J�?wJ�G Q M @CB M B = i

M @ ] @eQ�D =�GwJ�G Q�B JhH+JV\�P�OdJVG Q�D OFOdJ EV<;� O RJ QZ@CD0Q H RJ ��n@ M
= ExE�D `�OFJ�Hcb =�` E J B fCJ B O @�l 3 Hcb�\�G�_ @CDFExK J @ \�Od\+? D G+JV\�P�JVG
OFJ�M @CE�E�@ G Q H @ G E \+G7M BxDFE ?wJ � J Q ` D JVG D Ol? @CD G Q JVG @ G Q M
= ExE�D `�OFJLHcb =�` E J B f�J B�E�@ 3�kml J�G7OFJLM B =�M @ ]CJ @ G Q
JVG Q�B J�H+J�\SP�OdJVG Q�D OFOdJ EV< 0 b @ G+]�OdJ>H RJ�M[J�G+H�H+J�O�b�J E M @eK J D G Q J BUi OFJ�G Q�D OdOFJ E J Q H+J>O @ O @CB ]CJV\ B H+J KZ^A@ i�\�JpOFJVG Q�D OFOdJ <

0q@ 3�k�l M
J B ?wJ QL@ \ E�ExD H @ G E OFJkH+=�? @CD G+J�=CM Q�D i�\�J�H+JaH RJ K�B�DFB J�OdJ E M ^�RJVG�=�? nJ�G+J E H+JaM B =�M @ ] @eQ�D =�G
H @ G E \+G+J K O @CE�E J @CExE J T ] RJVG RJ B�@ OFJ>H�J E 1 EmQ�nJ�?wJ E =�M Q�D i{\+J E�< 0 J EaRJVi{\ @eQ�D =�G E H+J�M B =CM @ ] @eQ�D =�G E =CG Q3E =�\Sf�JVG Q
K =C?wM+O D i{\ RJ�J E i{\ @ G+H JVOdOFJ E>E =�G Q J'PSM B�D ? RJ�J E JVG Q J B ?NJ E Hcb D G QSRJ�] B�@ OFJ E H�JkH D � B�@CK'Q�D =CG�H+J 3 B J E G+JVO <�� OFOFJ E
E J Q�B =�\�fCJVG Q ] B�@ G+H�JV?NJVG Q|E�D ?NM+O Ddo>RJ�J E M @CB O @ 3�k�l�K J�i{\ D M
J B ?wJ Q H�J�? D J�\SP KV@CB�@CK'QSRJ B�DFE J B OFJ E ? D O D J�\SP
H+J�M B =�M @ ] @�Q�D =CG H+J EkE 1 EmQ�nJV?NJ E =�M Q�D i{\+J EV� ? @CDFEL@ \ E�ExD Hcb =�` Q J�G DFB H�J EkE�D ?a\+O @eQ�D =�G E G{\+? RJ BxD i{\+J E M+Od\ E
J �NKV@CK J EV< 0 J E�B�RJ'_ RJ B JVG K J E OFJ E M+OF\ E>K =�?NM+O nJ Q J E�E \ B O�b @ G @ O21 E JLH+J E M B =�`+O nJV?NJ E =CM Q�D i�\�J E M @CB 3�k�l5E =�G Q
H+=�G�G RJVJ E H @ G E O�b @CBxQ�DFK OdJ�H+J (y<bQh@ OFH+\�G RUTV@�VuQZ@CE  g  � i{\ DcQ�B�@ f @CD OdOFJ�Od\ D»i ? �J�?wJ E \ B OdJ E \ � J Q�<

�>=�?NM Q J Q JVG{\�H+J EpE�D ? D O @CB�D0QSRJ E JVG Q�B JLOFJ E M B =CM @ ] @eQ�D =�G E =�M Q�D i{\+J E J Qp@CK =�\ ExQ�D i{\+J E���D O
J EmQ M B =�` @ `+OdJ
i{\+J�O @ 3�k�l M[J B ?NJ QxQ JUH+J KV@CB�@eK�QSRJ B�DdE J B OdJ E M ^>RJVG+=C? nJ�G+J E H+J�M B =�M @ ] @eQ�D =�G H+Ja? @ G D�nJ B JaM+Od\ Efq5w \�[ �/r
i{\+JpOFJ E _�=�G K�Q�D =�G E H+J Y)B JVJ�G < 0q@�B�RJ E =COF\ Q�D =�GUH�J K J BxQZ@eD G+J EaRJVi{\ @eQ�D =�G E H+J�O�b @CK =�\ EmQ�D i{\+J�G+=�G�O D G RJ @CDFB J�J ExQ
JVOdOFJ @ \ E�E�D J�Guf DdE�@ ]CJ @ `+OdJ n@ O�b @eD H+JpH+J�O @ 3�k�lj� J Q H�J E|E�D ?a\+O @eQ�D =�G E H+J�M B =CM @ ] @eQ�D =�G�H @ G E OFJ E H+=�? @CD G+J E
_ B�@eK�Q�D =�G+G @eDFB J E M[=C\ B�B�@CD J�G Q)E�@ G E H+=�\ Q J RJ K O @CDFB J B i{\+J�OFi{\+J E M B =�`+O nJ�?wJ E JVG K = B J�=�` ExK \ BxEV< � G o G �;Q =C\ Q
K =C?w?NJhO @�l 3 H DFExKVBVnJ Q J�Hcb�\�G+J�=�G�H+J @CK =�\ EmQ�D i{\+JhJ EmQ�B�RJ @ O DdE�@ `�OFJ�H+J�? @ G D�nJ B J�? RJ KV@ G D i�\�J�JVG�JVGuf�=
1 @ G Q
O�b =�G+H�J E \ B \+G B�RJ E J @ \.H+J o O E H�Jw_ B�RJ�i{\+JVG K J E _�=CG+H @ ?NJVG QZ@ OFJ E H D � RJ B JVG Q J EV� G+=�\ E M[=C\�f�=�G EaD ? @ ] D G+J B
i{\cb D O E J B�@ H+J2? �JV?NJvM[= ExE�D `+OFJvHcb J��[J K'Q \+J B O @ 3�k�l H+J2O�b =�G+H+J n@ O�b @CD H+J Hcb \+G B�RJ E J @ \ ?w=�H D0o�RJ T OdJ



��� � �q��� ����� � �y� ��	 �����(� � ��� �s� £���� ���[	 �
_ @CD0Q Hcb @
� =�\ Q J B H+J E ? @CExE JVOd= Q�Q J EhE \ B OdJ E�o O E M[=�\ B�B�@eDdQ�D G+H�\ DFB JaO�b J��[J Q _ B�@eK�Q�D =�G+G @eDFB J � O @ M
= ExDdQ�D =�GIH+J E
? @CE�E JVOF= Q�Q J E�o P @ G Q O�b�= B H B JjH+J)O @ 3�k�l�Y9<
	I1 0 � $ ?DMD<�� HIE 6 A CF=I<��

� OAJ'P DFEmQ J�JVG K = B Jh` D JVG�Hcb @ \ Q�B J E H+=�? @CD G+J E H+J B J KZ^ J B�KZ^ Jh= n\�O @ 3�k�l @vRJ QSRJ @ M+M�O D i{\ RJ�J @ f�J K�E \ KVKCnJ EV<
0q@ M B JV? D�nJ B J @ M+M+O DdK�@eQ�D =�G)H+J�O @ 3�k�l _�\ Q3K J�OFOFJ|M B =�M[= E�RJVJ�M @CB���@ ? D @CE  g � JVG B J KZ^ J B�KZ^ J�_�=�G�H @ ?NJVG QZ@ OdJ
M
=�\ B O @�B�RJ E =�OF\ Q�D =�G�H+J K J BmQZ@CD G+J E�RJ�i{\ @eQ�D =�G E H D � RJ B JVG Q�D JVOdOFJ E G+=�GaO D G RJ @CDdB J E H+J�O @ ? RJ K�@ G D i{\+J�i{\ @ G Q�D i{\+J
TsK J�i{\ DqB J � = D G Q Hlb @CD OFOdJV\ BxE O�b =�M Q�D i{\+Jji{\ @ G Q�D i�\�J Y'<�( �J�?wJ E�D J�OFOFJ E JV?U`�OFJ)M+OF\ E�E J�H RJ�f�J�OF=�M�M[J B H @ G E OdJ
H+=�? @CD G+J>H+\ Q�B�@CD0Q JV?NJVG Q H+\ E�D ]CG @ O ��D O�G+J�_ @ \ Q M @CE M
J B H B JpH+J�fS\�J�i{\cb JVOdOFJ�M B�RJ E JVG Q J�\+G�] B�@ G+H�M
=�\ B OdJ
K�@ O K \�O @ G @ O21 Q�D i{\+J KV@CB>ExD OdJ E�K�@ O K \+O E G+J E =�G Q M @CE�Q =�\ � =�\ BxE�Q�B�D f DF@ \SP �{D O J EmQ M @CB�K =�G Q�B Jh_ @CK�D OdJhHcb @ f�= DdB
B J K =�\ B�Eh@ \ E�D ?a\+O @eQ�D =�G E G{\+? RJ B�D i{\+J)H+J E 3�k�lj<

� G o G � \�G+J @ M+M�O DFKV@eQ�D =�G D G QSRJ B J ExE�@ G Q J�H�JUO @ 3�k�l @ \SP B�RJ E J @ \SPvH+J�G�JV\ B =�G+J E J ExQ J�G Q�B�@eD GvHcb �J Q�B J
H RJ'f�JVOd=�M+M RJ�J�M @CB 0 J�J�J Q ¥ T \  g�t � M
=�\ B O @ B J K =�G+G @CDdE�E�@ G K J @ H @ M Q�D f�JwH+J�M @eQ J B G�J E JVG f�\+J�H�J�OFJ�\ B
@ M+M B JVG Q�DFE�E�@ ]�J @ \ B�RJ E J @ \ <



� � ��� ���	��
 �

� ��� � � � � � �!�

l =C\ Q�@ \rOd=�G+] H+J K J B�@ M+M
= BxQV� G+=�\ E�@ f�=�G E ?N=�G Q�B�RJ�O�b�J �wKV@CKVD0QSRJ�H�J�O @ Q�B�@ G E _�= B ? RJ�J�H+J 3 =�\ BxD J B
_ B�@eK�Q�D =�G+G @eDFB JL_ @eK J n@ H+J E M B =�`+O nJV?NJ E�@ \ ExE�D H D fCJ B�E i{\+JaO @�B�RJ E =�OF\ Q�D =CG Hcb RJVi{\ @�Q�D =CG E H D � RJ B J�G Q�D J�OFOdJ E =�\
O�b @ G @ O21 E J�J Q OdJ o O Q�B�@ ]CJaJVG Q�B�@CD0Q J�?wJ�G Q H+\ E�D ]�G @ O < 0q@�K =�?NM+OFJ9P D0QSRJ�H+JUO�b @ Od]�= B�D0Q�^ ?NJ)JVG ��T � Od=�] � Y
J Q OFJ E M
= E�ExD ` D O D0QSRJ E H+J B J K =�G EmQ�B \ K�Q�D =�G H�J�O @��z�j� M @CB�Q =�?N=�] B�@ M ^+D J�J�G._�=�G Q \�G.=�\ Q�D O!Hcb @ G @ O 1 E J
Q J�?wM Eji _ B�RJVi{\+J�G K J B�@ M D H+JjJ Q M�\ DFExE�@ G Q�<

0 J E J'PSJV?NM+OFJ E�Q�B�@eDdQSRJ E G+J7M[= BxQ J�G Q M
=�\ B O�b D G ExQ�@ G Q i{\+J E \ B H+J EwExD ]�G @ \SP�H+J E�D ?U\+O @eQ�D =�G E ? @CDdE
OFJ E ? RJ Q�^ =�H+J E J Qa@ OF]�= B�DdQ�^ ?NJ E H RJ'f�JVOd=�M+M RJ E M
=�\ B O @ H RJ Q J K�Q�D =�G.H+J ExD G{\ E ]�O DdE�E�@ G Q�E�E =�G QaQ =�\ Q7n@ _ @CD0Q
@ M+M�O D i{\ @ `+OFJ E2n@ H+J E�E�D ]�G @ \�P�J9P�M RJ B�D ?wJ�G QZ@ \SP <3� O E J B�@CD0Q M @CB J'PSJV?NM+OdJ D G QSRJ B J E�E�@ G Q Hlb @ G @ O21 E J B OFJ E
E�D ]�G @ \�P � =�M+M+OdJ B JVGNfS\�J�H+JhH RJ Q J K�Q J B O @ M @CBxQ�D J @CExE�D ? D O @ `+OdJ n@ \�G E�D G�\ E ]�O DFExE�@ G Q M[=C\ B J�G�H RJ�H+\ DdB J�O @
f DdQ J E�E J�H+JpO�b =�` � J Q JVG�?N=�\�f�J�?wJ�G Q�<u�j@ G E OFJ E$@ OF]C= B�D0Q�^ ?NJ E H+JpH RJ Q J K'Q�D =�G�M B =�M
= E�RJ EV�CD O�? @ G+i{\+JpJ�G K = B J
Q =C\ Q JUO @ M @CBmQ�D JaM
= BxQ�@ G QLE \ B O�b @ G @ O 1 E JaM B =�M B JUH+JUO @ M ^A@CE J < �>J KVD$@ J�GvJ��[J QXRJ QSRJ RJ�` @ \ KZ^�RJ�? @CDdE OFJ E
M B =�`+O nJ�?wJ E H+JwH RJ B =C\+OFJ�?wJ�G Q H+JNM ^A@eE JNG+=�\ E =�G Q)Q�BVnJ E f D0Q J�_ B J D G RJ�H @ G E O @ Od= KV@ O DdE�@eQ�D =�G Q J�?wM
= B J�OFOdJ
H+\ E�D G�\ E ]CO DFExE�@ G QV<

0 J�M B�D G KVD M
J�H+J o O Q�B�@ ]�J�H�J E!E�D ]�G @ \SPU=C� B JpOF\ D+@ \ ExE�D H+J E M[J B�E M
J K'Q�D f�J E G+=�\Sf�JVOdOFJ E JVG K =�?NM @CB�@CDFE =�G
@ \ o O Q�B�@ ]�JUH @ G E OdJ E H+=C? @CD G+J EhQ JV?NM
= B J�O E J Q _ B�RJVi{\+J�G Q�D J�O E�<=l =�\ Q J�_�= DFEV� M[=�\ B OFJ o O Q�B�@ ]�JUJ Q M
=�\ B O @
H RJ Q J K'Q�D =�GXH+J E�D G�\ E ]�O DFE�E�@ G Q�E��
D O E J B�@CD0QIRJ�O RJV] @ G Q H�Ja?NJ Q�Q�B J @ \XM
= D G Q \+G�Ja? RJ Q�^ =SH+JkH+J Q�B�@ G E _�= B ? RJ�J
H+J 3 =�\ B�D J B _ B�@eK�Q�D =�G+G @eDFB J n@�K =C\ BxQ�Q J B ?NJ T#3�k�l � l�Y M[=�\ B M
=�\�fC= DFBh@ G @ O21 E J B H�JaOF=CG+]�\+J E�E�RJVi{\+J�G K J E
Q J�?wM
= B JVOFOdJ E�<�l =C\ � =�\ BxE�E \ B O�b�J9P�J�?wM�OFJ)H+\ ExD ]�G @ O � =�M+M+OdJ BV� \�G+J @ G @ O21 E J�M @eB _�J�G �J Q�B Ja]CO DFExE�@ G Q JkM
J BUi
?NJ Q�Q�B�@CD0Q H+J E J K�@ OdJ B \�G D i{\+J�?wJ�G Q>E \ B O @ M @CBxQ�D J � wby _r u;wbsNr J Q Hcb JVG Q�B =�\Sf�J B O @ M
JVG Q J n@ ?N= D G+H B J K = �\ QV<
0q@ H D1�NK \�O QSRJjM
=�\ B O @ ? DdE JjJ�G M+O @CK JjH�J K J QxQ J�� 3�k�l � l���B�RJ E�D H+J)H @ G E O @ G+= B ? @ O DFE�@�Q�D =CG�H+J E \�G DdQSRJ E
H+J)O @ _�J�G �J Q�B JkHcb @ G @ O 1 E J)M @CBpB�@ M+M[= BxQ�@ \ E�D ]�G @ Oc]COF=�` @ O <

� G o G � JVG K J)i{\ DqK =CG K J B G+JkO @aQ�B�@ G E _�= B ? RJVJ)J�G RJ KZ^ JVOdOFJj_ B�@CK'Q�D =�G+G @CDdB J ��E J�\+OFJ)\+G�JkM B =�M
= E�D0Q�D =�G�H+J
H RJ o G DdQ�D =�GXJ ExQ H�=�G+G RJ�J <¢� O�J ExQjK JVM
JVG+H @ G Q M
= ExE�D `�OFJUHcb D ?NM+O RJV?NJVG Q J B \+G @ Od]�= BxDdQ�^ ?wJ)H+J l � 3�K�@ OFi{\ RJ
E \ B K JVOF\ D H+JyO @ 3�k�l ? @CDdE�D OL_ @ \ QIQ JVG DdB�K =�?NM Q J}M
=�\ B H DdE�K�B�RJ Q�DFE J B O�b =�M RJ B�@eQ J�\ B Hcb \+G Q�^�RJV= BVnJV?NJ
Hcb RJ KZ^A@ G Q�D OdOF=�G+G @ ]�J ExQ�D M+\�O @ G Q i{\+J�OFJ EvRJ KZ^A@ G Q�D OFOd=�G E H+J�O @ l � H�= D fCJVG Q �J Q�B JNJ E M @eK
RJ E J'PSM
=�G+J�G Q�D J�OFOFJ i
?NJVG Q��AK Jki{\ D;K =�?NM+O D i�\�Jj] B�@ G�H+JV?NJVG Q O @ G+= B ? @ O DdE�@eQ�D =�GwH+J E \+G D0QSRJ EV<





 � � 
 � 
 

� ����� ��� � � � �
 
�� � 
 � �	����� � � � � � � 
 ���

� 1#" ��� � HI< � � EG= �k?DCFEG= � 8 MDE 8 MD<��
	 �� 66� �������
0 J E�o ]�\ B J E�*�<dg�n@ *a<�:ND OFOF\ ExQ�B JVG Q O�b D Guf @CBxD @ G K JjH+\X?N=�H+\+OFJjH�J E 3�k�l H�J E _�=CG K�Q�D =�G E M B =�M B J E�< 0q@

T =CG+J @ G+]�\�O @CDdB J @ G @ O21 E�RJVJpJ EmQt� �� �@� - � ��< 0q@ f DFE \ @ O DdE�@eQ�D =�G�H+JpO @ M @CBxQ�D J B�RJVJVOdOFJ�H+J E 3�k�l M
J B ?wJ Q!@ \ ExE�D
H+JL?NJ QxQ�B J�JVG RJ'f D H+J�G K JjO @ ?N=SH+\�O @eQ�D =�G D G�H+\ DdQ J�M @eB OFJ E f @ OdJV\ BxE M B =�M B J E � ® � , < �L\ @ G+H�OdJhH+J�] B�RJ � H+J
O @ _�=�G K'Q�D =�G M B =�M B J @ \�]�?wJ�G Q J � D O J�GXH RJ K =�\�OFJai{\+J�O @ M @CBmQ�D J B�RJVJVOdOFJkH+J E�@wQ�B�@ G E _�= B ? RJVJkJ EmQ ?N=SH�\+O RJ�J
M @CB \�G+J�M RJ B�D =SH�JjH+J E�D G{\ E�E \+M+O RJ�?wJ�G QZ@CDdB J T0$� H+J)M RJ BxD =�H+JjJVGIM+Od\ E�E \ B O @ T =�G+J)Hcb =�` E J B f @eQ�D =�G Y'<

� 143 ��� � H%$ �BC = $ � <�? H%$ � E��ZC = $ �
0 J E�o ]�\ B J E�*a<¾¼ J Q�*�< )B JVM B�RJ E JVG Q JjOdJ E ?w=�H+\+OdJ E J Q M @CBxQ�D J E�B�RJVJVOdOFJ E H+J E43�kml H+J E _�=�G K�Q�D =�G E�ExD G{\ E

J Q)K = E�D G{\ EV< 0q@ _�=�G K'Q�D =CG E�D G{\ E J ExQkB J�M B�RJ E JVG QSRJVJ E \ B O @dT =�G+J � �  � � - � � H+J E = BmQ J�i{\+J�O @ _�= B ? @�Q�D =CGH+J E H DdB�@CK�E!E = D0Q G+J QxQ JV?NJVG Q�B J�M B�RJ E JVG QSRJVJ <@� O J ExQ)n@ G+= Q J B i�\�JhOdJ�_ @eK�Q J�\ B +�,LD G+H+\ D0Q!E \ B O @ M @eBxQ�D J B�RJ�JVOFOdJ
\+G�H RJ�M ^A@CE�@ ]�J)H+J © i{\ DlD Guf�J B�E J)H+=CG K OFJ E _�= B ?NJ E J E M RJ B�RJVJ E�� K Jji{\ D G+J Q�B�@ G E M @eB�@CD0Qp@ \ K JVG+J�?wJ�G QhE \ B
OFJ�?w=�H+\+OdJ <60q@ 3�k�l H+\ K = E�D G{\ E J ExQ J��[J K'Q \ RJ�J E \ B O @ T =�G+J � �� � ��g ��� f - � � M[=C\ B f�= DdB OFJ K = E�D G{\ E�E JB J'_�= B ?NJ B�@ M BVnJ E��J Q�B JkM @CE�E�RJ�M @eB \+G H DFB�@eK JVG � � - � <

0

0.2

0.4

0.6

0.8

1 −2
−1

0
1

2

0

0.5

1

1.5

tα

Module

α

0

0.2

0.4

0.6

0.8

1 −2
−1

0
1

2

−2

−1

0

1

2

tα

Partie réelle

α

^`_badc *a<0g�e 3�kml H+J 	 � T ¨ �9© ~�� Y � � - � �




� � � ��� 	 � � � � ���� ����� ��� � ���[	 ����� ��� � � � �

0

0.2

0.4

0.6

0.8

1 −2
−1

0
1

2

0

0.5

1

1.5

2

2.5

tα

Module

α

0

0.2

0.4

0.6

0.8

1 −2
−1

0
1

2

−4

−2

0

2

4

tα

Partie réelle

α

^`_badc *a<��fe 3�kml H+J 	�� T ¨ �9© ~�� Y � � - ���


0

0.2

0.4

0.6

0.8

1 −2
−1

0
1

2

0

2

4

6

8

tα

Module

α

0

0.2

0.4

0.6

0.8

1 −2
−1

0
1

2

−10

−5

0

5

10

tα

Partie réelle

α

^`_badc *a<�:�e 3�kml H+J 	�� T ¨ �9© ~�� Y � � - ���


0

0.2

0.4

0.6

0.8

1 −4

−3

−2

−1

0

1

2

3

0

0.5

1

1.5

2

tα

Module

α

0

0.2

0.4

0.6

0.8

1

−4

−3

−2

−1

0

1

2

3

−1.5

−1

−0.5

0

0.5

1

1.5

α

Partie réelle

tα

^`_badc *a<¾¼�e 3�kml Hcb \+G E�D G�\ E M
=�\ B H+J E�@ G+]�OdJ E f @CB�DF@ G Q H+J �vn@ - �



� � � � � � � � � � 	 � �s	 ��� �
�s� � ��� 	 � � �

0

0.2

0.4

0.6

0.8

1 −4

−3

−2

−1

0

1

2

30

0.5

1

1.5

2

tα

Module

α

0

0.2

0.4

0.6

0.8

1
−4

−3
−2

−1
0

1
2

3

−1.5

−1

−0.5

0

0.5

1

tα

Partie réelle

α

^�_ba3c�*a< �e 3�k�l Hcb \+G K = ExD G{\ E M[=�\ B H+J Eh@ G+]�OdJ E f @CBxD @ G Q H+J � n@�©

0

0.5

1

1.5

2 −4

−3

−2

−1

0

1

2

30

0.5

1

1.5

2

2.5

tα

Module

α

0

0.5

1

1.5

2 −4
−3

−2
−1

0
1

2
3

−2

−1.5

−1

−0.5

0

0.5

1

tα

Partie réelle

α

^�_ba3c *�< t�e 3�k�l Hcb \+G ExD G{\ E ]�O DFE�E�@ G Q M[=C\ B H+J Eh@ G+]COFJ E f @CBxD @ G Q H+J �Xn@�©
� 1 0 ��� � H J $:= �BC = $ � L 9 C � �ZAS=-?

0q@ 3�k�l H+\ ExD G{\ E ]CO DFExE�@ G QV� H+=CG+G RJVJ n@ O @�o ]�\ B J *a<�t�� ?N=�G Q�B J�O�b RJ'f�=�Od\ Q�D =�G�H+\ KZ^+DFB M�H @ G E O @ T =�G+J
� �  � �.©
��< 0 JkM @CExE�@ ]�JkM @CB OdJ �LDdB�@CK J ExQ =�` Q JVG{\ i{\ @ G+H O�b @ G+]�OdJLH+JkO @ 3�k�l K =�� �dG KVD H+J @ f�J K O @ M
JVG Q J
H+J)]�O DFE�E JV?NJVG Q H+\ E�D G�\ E M�OF\ E - � <
� 1
	 ��� � H J $:=I< 8 EGMB?B<

0q@ 3�k�l H+J�O @ M[= BmQ J � M B�RJ E JVG QSRJ�J n@ O @NE J K'Q�D =�G :�<�:�<0g J EmQ ?N=�G Q�B�RJ�J n@ O @No ]C\ B J *�<��NE \ B \+G+J T =�G+J
M+Od\ E f @eExQ J � �  �@�(©
�|@eo G}H+JNf�= DdB O @ M[= BmQ J E J B J'_�= B ?NJ B H @ G E OdJNH�=�? @eD G+J � � ©$< 0>n@ JVG K = B J � OdJ
H RJ�M ^A@CE�@ ]�J D G+H+\ DdQ M @eB +�,�@ M�M @CB�@R� � Q�<



� � � ��� 	 � � � � ���� ����� ��� � ���[	 ����� ��� � � � �

0

0.5

1

1.5

2
−4

−3
−2

−1
0

1
2

3

0

0.5

1

1.5

2

tα

Module

α

0

0.5

1

1.5

2
−4

−3
−2

−1
0

1
2

3

−2

−1

0

1

tα

Partie réelle

α

^�_ba3c *�<���e 3�k�l Hcb�\�G+J)M[= BmQ J)M
=�\ B H+J E�@ G�]�OFJ E f @eB�D @ G Q H+J �Xn@�©



 � � 
 � 
 �

� � 
 � � � 
 � 
 � �
�� ��� � ��� ��� � � � ��� ����� � 


� � � � 
 �
�� � ����� ��� � ��� �
 ��
 ����� 
 ��� 
 � ��� 	 
 �

0 Ja_ @CDdQ H+J Q�B�@ G E _�= B ?wJ B \+G�J RJVi{\ @eQ�D =�GXM @CB 3��� @�� =�\ Q JU\+G H�JV] B�RJUH+JUO D `
J BxQSRJ n@wK J QxQ J RJ�i{\ @eQ�D =�G
JVG O @eDFE�E�@ G Q OFJ KZ^ = D P5H+J2O�b @ G�]�OFJ H�J Q�B�@ G E _�= B ? RJVJ < �>J K�D =C� B J E =�\�fCJVG Q O @ M[= E�E�D ` D O DdQSRJXH+J B�RJ�H+\ DdB J
Hcb @ \ ?N= D G E \+GXOFJkH+JV] B�RJUO�b RJVi{\ @�Q�D =CG < � =�\ E G+=�\ E M B =�M
= E =�G E Hlb D OFOF\ ExQ�B J B�DFK�D K JUM ^�RJ�G+=�? nJVG+J E \ B \+G+J
RJVi{\ @�Q�D =CG K =�?NM+OFJ9P�J)Hcb = ExKVD OdO @eQ JV\ B �

��� � T �[Y ��� � � � � T
�[Y ����� ��� �#� T � <0g�Y

� Oq_ @ \ Q�@ OF= BxE \ Q�D O DFE J B OFJ EhB JVO @eQ�D =�G E�T �S<0g���Y J QUT ��<dg":�Y H+J�O @�E J K�Q�D =�G �S<�� M
=�\ B�Q�B�@ G E _�= B ?NJ BaT � <0g�Y i{\ D
H+J'f D JVG Q�� J�G G+= QZ@ G Q�� � )�� � �

TsK = E � �"! � � E�D G �#� Y$� � � T&%�Y !(' %lTmg�) � � Y�ExD G � � � � T*%+Y+) ,% � T � � K = E � �"! E�D G � � Y !-' Tmg�) � � Y�E�D G � K = E � �.�lT&%�Y �"� �
T � <���Y

0 b @ G+]�OFJ � Gcb�J ExQ M @CE J�G K = B J o P RJ J Q M
=�\ BNE \+M+M B�D ?NJ B OFJ Q J B ?NJXJVG � � � D O�_ @ \ Q M
= E J B � � K = Q0/1�<
0 b�J�i{\ @eQ�D =�G T � <���Y�E J ExD ?NM+O D0o J @ Od= B�E ] B�@ G+H�JV?NJVG Q J Q H+J�f D JVG Q �

� ' � %2� � T*%+Y � ,% � T � � ! g�Y !3' � �.�lT&%�Y4� T � <�:uY

�>J QxQ J RJVi{\ @eQ�D =�G E J B�RJ E =�\ Q M+OF\ E654798;:<:4=&>@?�A4BCA4D�E J Q H+=�G+G+J

�cT*%+Y � FG H IJH � � �LK �+M,N �+OQP.RS N � = n\ F J EmQ \�G+J K =�G EmQZ@ G Q J T � <LT{Y

� =C\ E�@ f�=CG E�@CD G E�D O @�E =�OF\ Q�D =�G @ G @ O21 Q�D i�\�J|H�J>O�b RJVi{\ @�Q�D =CG T � <dg"Y'� ? @eDFE H @ G E OFJ!H+=�? @CD G+J$_ B�@CK'Q�D =CG+G @CDdB J <
� Oj_ @ \ Q J�G K = B J.J'�lJ K�Q \�J B O @ Q�B�@ G E _�= B ? RJVJ D Guf�J B�E J.M
=�\ B =�` Q JVG DdB OdJ E7E =COF\ Q�D =�G E H @ G E OFJ2H+=�? @CD G�J
Q J�?wM
= B JVO < ��b�J ExQ|K J Q�Q J�M @CBxQ�D Jpi{\ D M
= E J�OFJ>M+OF\ E H�J�M B =�`+O nJV?NJ E$KV@CB OFJ KV@ O K \+O D G QSRJV] B�@ O�J ExQ|E =�\Sf�JVG Q OF= D G
Hcb �J Q�B J Q�B�D f DF@ O <60 @�Q�B�@ G E _�= B ? @eQ�D =�G7H+J �lT&%�Y J EmQLDdKVD M[= E�E�D `+OFJ)J Q OFJ EhE =�OF\ Q�D =CG EpQ JV?NM
= B J�OFOFJ E M B J�G+G+JVG Q



��� ��� ��� � � � � � � ���� �
� �q� �s�
	 � 	 � � . � � � � � ��� � 	 � �� � �q��� ���[	 � ��� �� � � 	 � � � ��� � � � � � � �

O @ _�= B ?NJ �

� T I Y � F � ��
1
	
�
���

� � G H % H � ��� 	�� � / � 1 � � � N����� � � N����S � � N���S N�� % �
� F � ��

1
	
�
���
�

G H % H K = E  I %� g ) � � � ) � � � � M P 
 N � RS N � % �
� F � ��

1
	
�
���
�

K = E"T I�� � Y � ��� SS N�� � �
� F G H IJH��

� /��! #" � I ��%$ � F'& ()+*
,.-�/ �10

2436587:9<;8=!>7:9?7@=�;BADC7:EF9G3FH�7�7JI?ALK1M8A<7:;�NO7QPO3F9RH
3TSUK19<VWN8HX7Y5OK1;8;ZC7:7@P3F9L[R9<3F5OI?\�A<7J]^;`_ba 8Bc@7 Aedgfih D�E$A!jFk+8Q7 :�lm Ank = A<: 8QDporqskGd:oQ? 54E :�l�5�dtkuk A<54E$A<o 8QDpo A4D�798Fk�j A<o A<oQ= E&=!d;DvOwyxz3F5O7JV@=�xR{|9<7:I?I?}�~��� � x:K1I ,.� ��� 0�� ���z� S � �%��� Ty� H � H��� �O������ ���G��
� � � /��! " � ��1� $ � � ��� * ,.-�/�� 0
2�7�x�\8K1=��e5O7RH!��3F;OE1H�7 3YP¡7J9<V�=XI¢5���K1MDAG7:;8=X9£NO;O7#S.3FV�=XH�HX7¤5O7#SUK1;OxnAG=�K1;OI¢I?K1HXN8A<=XK1;T587�H��gC7J¥�N3�AG=�K1;T7JA¤H�7x�\OK1=¦�T5§��NO;63FN8A<9<7R3F;8E1HX7 xJK1;O5ON8=X9G3�=�AL>3WN8;O7�3FN8AG9?7 S.3FV�=XHXH�7¤5O7#I<K1H�N8AG=�K1;OIJv8P3FI¢A<K1N;�?K1N89<I¢=�;O5sC7:Pp7:;853F;BAG75O76H
3¨PO9<7JV@=!>7:9?7 / wy©;ª5O7�E«C7:;sC7J9<7:9@H
3¬I<KFHXN8A<=XK1;E«C7:;sC7:9G3�HX765O7®H��gC7J¥�N3�AG=�K1;§v|=�H¢S.3FN8A@5O7:ND�S.3FV�=XH�HX7JIW5O7I<KFHXN8A<=XK1;OIy=X;O5sC7:Pp7:;O53�;�A<7:I / 243Q5O7:N^�8=!>7:V�7iS.3FV�=XH�HX7R7:I�A#K1M8A<7:;�NO7Y5O7WV@3F;O=!>7:9?7iI<=�V@=�H
3F=�9<7Q>3QHX3QPO9?7:V�=!>7:9?77:;¯PO9<7J;3F;BATH!��3F;OEFHX7°x:K1V�POHnC7:V�7:;BA�3F=�9<7±>3 �³² C7:9?=�©�3F;BAQHXNO=´3FNOI?I<=yH
3¨9^C7:58NOxJA<=XK1;³5���K19?5O9<7 / 243µI?7:xJK1;O5O7S.3FV�=XH�HX7´7:I?A

� � , I 0 � F G H IJHB� /��! R" � I �� $ I?E1; , I 0 � F¶& ()«* ,.-�/¸· 0w�=�;OI<=�vzH!��=X;85ZC7:Pp7:;O5O3F;Ox:7�7JI?A+3FI<I?NO9^C7J7ZP3F9�H�7:I�SUK1;OxnAG=�K1;OI45O7 - 7:I?I<7JH � � /��! 7JA � /��! v¹7nA«HX3£I<K1H�N8AG=�K1;RE+C7:;sC7J9G3FH�75O7RH!�ºC7:¥�N3tAG=XKF;6IJ�gC7Jx:9?=�AR~
� , I 0 �%» G H IJH�� � /��! " � I �� $ )ª¼ G H IJHB� /��! " � I �� $ I?E1; , I 0 � » ��¼ & ()+* ,.-�/ � 0



� � � ����� �

� �
	��� � � � � 	 � ��� � ���� � � 	

����� ��� �"!$#&%('*),+ -/.0-1'324!$5,67'
% !$5,.

w�H�E1K19?=�AG\8V@7yM3FI^C7RI?NO9yHX398
8�
:4;=<?>A@CB4DA<E:=F=@HG4IKJL:KFL@&MNI&OQPSR
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU=U
T WKX :=FVPS>A@CB4DA<K<SPSBAFVYZM XL[=W R]\VY_^4PE`aYLba;SYa<C>aY�I
T
Tdc P4FVPfegYa@KFVYH`h\&iQPkj=jSYV^ml
T :=FL@SG4IKJL:=F=@&MNI&OnPoR
T
T I `KBApL<SPV^dPdPa<SPV^kqo`4Y4F
T P r4F=\KFVYd\VY_^LP XL[=W MQYk<V@KFVY sdYa@utLR
T s U=v s t U=v j?B4w4x
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU=U
TdW YH`A@_\VYH`yjSP4FVPkeoYa@KFVYS`z\&inYk<K@VFVY=Y
BA:{<SP4F=pCB|<~}fJdx

\gBL`Aj�MKi�eoPa;K�HPSBL`z<gD�eK�VFHY{\_Yk<K@KFHY=Y
i�R
Yk<V\
`KBA�_J�`KBA�VY�MnIgR��
� JH^LYk<VpL@L��MNIgR�� T @HPSB4^K^4Yd\VY_^LP_`aYLb4;SYk<C>aYd@SYfeKjgDkFHYV^=^4Y
T�� <VpS^4Y{\VY�^4P{:=FL@
j=�?BkJKPH��j?BLw4x
�
:VGk<CDkFae�J�`kb=FL@&M � R��
T�� IVYH`]\VYz@HYfeKjC`
@�J�M U � w4x&l � wLx U t4RL�Stkwk:VGk<CDkFae�� T @HYfeKjC`�<gDaFaeoPV^
l �



��� �����	�
���� �� �����
�����
����� � �

T DA<�`�iQPH`=`�;VFHY_ba;SY{I�YH`A@d;=<_�HYH>A@SYk;VF�^VBAp4<oY
BA:�`KBA�*M|t O(t4R v `KBA�*M t OnxSR

IKJLI&iK�
Yk<V\
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
T tyY4FVY�Ya@HPkjoY
T�� ;g^f@CB�jg^VBL>aP4@CB4DA<EjoP4Fz;K<�>��?BfF4j�MN:VPH>A@SYk;VF_\VYhj=�SPH`aYoR
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
TVU=UKU=U=U=U=UKU \VY4:gB|< B�@CB4DA<�\L;�:VPH>f@HYk;VF�\VY]j=�SPH`4Y U=U=U=UKU=U=U=U=UKU=U
Y=GgtyJ_Y4I4j�M U�� ��M j?BKRL�A@HPk<�M j=�?B4wLxSRL�A@�� �kxSR��
IVGSB�<K@ t�JzI!� �aY=Ggt �
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
T xdYfeoY�Ya@HPkjoY
T�� ;g^f@CB�jg^VBL>aP4@CB4DA<EjoP4Fz;K<�:VPH>f@HYk;VF�\VY]j=�SPH`4Y{\HPk<C` X DA;VFgBaY4F
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
@K:=IHGSB|<K@ t�Jd:=:L@&MnIVGSB|<K@ t4R��
TVU=UKU=U=U=U=UKU \VY4:gB|< B�@CB4DA<�\L;�:VPH>f@HYk;VF�\VY]j=�SPH`4Y U=U=U=UKU=U=U=U=UKU=U
Y=G=xdJ_Y4I4j�M U�� ��M j?BKRL�=`KB|<�M j=�?B=R=�A@��"�fxoR��
TVU=UKU$# YS>aPV^4P4pHY�\4; >A�?BAF4j�jSP4F�FVPkj=jCDkFL@�P_^�i DkFgBApCB|<SY U=U=U
Y=G4\HYH>zJ&% Y=G=x�M � w4x('Ct�l � R{Y=G=x�M|t�l � w4xoR
)&�
T \VY s{P � w4x U t U � wLx�P U t
@K:=IHGSB|<K@Hx�J{@K:=IVGoB|<K@ t*�Q�zY=G4\VYS>��
IVGSB�<K@Hx�JEBA:K:L@&M @K:KIVGSB|<K@SxSR��
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
T + YfeoY�Ya@HPkjoY
T � DA;K�HYH^=^4YheK;g^f@?B|jg^VBL>4Pa@CB4DA<�jSP4F�Y=Ggt
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
IVG=PdJdIVGSB|<K@Sx,�Q�aY=GCt �
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
T � DkFaeoPH^VBL`aPa@?B4DA<�\4;_FVYH`�;C^f@HPa@
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
:VPH>f@_J_Y4I4j�M U-� ��j?BLw/.o�=`KBfp4<�M�`KB�<�M j=�?BKRKR U-� �Aj=�?BLwLx U j BLw/.gR �
:=FL@SG4I�JzIVG=PS�f:VPH>A@��



���������	� ����� � ��
� � � � �� ����� �
������ � �

wyHXE1K19?=�A<\OV@7yM3FI^C7�I?NO9¤H
3Yx:KF; ² K1HXNDAG=XKF;
:4;=<?>A@CB4DA<E:=F=@HG4IKJL:KFL@Hx�MNI�O :VY
O @�OnPV^Aj=�oPoR
T�U=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU=U=U
T WKX :=FVPS>A@CB4DA<K<SPSBAFVYZM XL[=W R]\VY_^4PE`aYLba;SYa<C>aY�I
T
Tdc P4FVPfegYa@KFVYH`h\&iQPkj=jSYV^ml
T :=F=@HG4IKJL:KFL@Hx�MNI�O :VY
O @�OnPV^Aj=�oPoR
T
T I `KBApL<SPV^dPdPa<SPV^kqo`4Y4F
T X Y :=FVY=bd\�inYH>��SPa<K@CB4^=^KDA<=<SP4pHY
T @ �HYH>f@HYk;VF�@HYfeVjgDkFVYV^ ;K@CB4^VB=`aYzjgDA;VF_I
T PV^fj=�SP r4F=\KFVYd\VY_^LP XL[=W MQYa<K@KFVY sdYa@utLR
T s U=v s t U=v j?B4w4x
T�U=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU=U=U
TdW YH`A@_\VYH`yjSP4FVPkeoYa@KFVYS`z\&inYk<K@VFVY=Y
BA:{<SP4F=pCB|<~}fJ .

\gBL`Aj�MKi�eoPa;K�HPSBL`z<gD�eK�VFHY{\_Yk<K@KFHY=Y
i�R
Yk<V\
`KBA�_J�`KBA�VY�MnIgR��
� JkegP4I*M�`KBf�gR�� T @SPSB4^=^4Y�\HY�^4PE`aYLba;oYk<C>aYd@HYkeKjgDkFVYH^=^4Y
j=�?BkJKPV^Aj=�oPH��j?B4wLx
� T Pk<VpS^LY{\HY�^4P{:=FL@
T DA<�`�iQPH`=`�;VFHY_ba;SY{I�YH`A@d;=<_�HYH>A@SYk;VF�^VBAp4<oY
BA:�`KBA�*M|t O(t4R v `KBA�*M t OnxSR

IKJLI&iK�
Yk<V\
T�U=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU=U
T tyY4FVY�Ya@HPkjoY
T B|<K@SY4F4jgD=^LPa@CB4DA< \4; `VBAp4<SPV^�M ^HB|<SY=PSBfFVYSR
T�U=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU=U
Td[ YH>LDA<?`A@CB�@L;V@CB4DA<�\�i ;=<SY]eoPa@KFCBL>aYd\VYz@HPSB4^=^LY�x � U t
IVG=xdJ % I*M t4R )&�
@HG=xdJ %�@&M t4R )&�
:SDkF��VJKx�l �

IVG=xdJ % IVG=x M=MNI&M��CR U I&M�� U t4RKR4w4xSR I*M��CR )&�
T �HYH>f@ <CDA;K�HY=Pa;_@SY4FaeoY Pk<?>KBkYk<

@HG=xdJ % @HG=x M=M @�M��CR U @�M�� U t4RKR4w4xSR @&M��CR )&�
Yk<V\



��� �����	�
���� �� �����
�����
����� � �

TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
T xdYfeoY�Ya@HPkjoY
T � D�eKeoYd\gBL`=>fFHYa@HY
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
T�X PH>A@HYa;VFo`_>LDA<C`f@HPk<K@g`

�SYa@HPdJ tkwK`KB|<�M j=�?B=R��
� Gkj=� B�J_Y4I4j�M U BL��M j BL�=`KBApL<�M�`KB|<�M j=�?B=RKRLw/. U jK�?B4wLxoR=R4wH`kbLFL@�MQPk�C` M�`KB|<�M j=�?BVR=R=R �

T�X PH>A@HYa;VF B|<K@HY4F4eoY4\gBkPoBAFVY
:VGSB�<K@EJdY4I4j�M BL��j?B=��MQPV^AjK�SP U �SY4@HPSRL�A@SGKx,�"�kxoR��
:=FL@SG4IVx�J&% )��
:SDkF��VJCt�l xH� � U t

:=FL@SG4IVx�J % :=FL@HGLIVx MN:VGSB|<V@&M��CRL�K`�;Le�MQYLI4j�M BL�Aj?BL���SYL@HPH��Mn@HG=x�M �CR U @oG=xSR �"�fxSR �Q�f:VGgB|<K@�� �fIVGKxoR=R
)��
Yk<V\
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
T \VYH>VB eoPa@CBLDA<�\4; `KBAp4<SPH^
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU
:=FL@SG4I�Jz:=FL@SG4IVx�M t�l x&l xH� � U t4R��



���������	� ����� � ��
� � � � �� ����� �
������ ���

�y;®3FHXE1KF9<=�A<\OV�7�5O7�� 9G3F;OI�SUK19<V C7:7R5O7 8K1NO9?=X7J9L>3�xJK1NO9�A£AG7:9?V@7
:4;=<?>A@CB4DA< %�@=jSG4:=FVY=b()KJ4@K:g>A@&MNI&ON:VY
O��&ON:4e B|<�ON:aeoPLI�O FVYS>=DA;K� R
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU=U
T X Df<C>A@CB4Df<�FVYkjVFVYS`aYk<K@HP4@CB4DA<�@SYfeKjC`]:=FVYLb4;SYk<C>aY
T
Tdc P4FVPfegYa@KFVYH`h\&iQPkj=jSYV^ml
T %�@=jSG4:=FVY=b()KJ4@K:g>A@&MNI&ON:VY
O��&ON:4e B|<�ON:aeoPLI�O FVYS>=DA;K� R
T I `KBApL<SPV^dPdPa<SPV^kqo`4Y4F
T X Y :=FVY=bd\�inYH>��SPa<K@CB4^=^KDA<=<SP4pHY
T � ^=DA<Hp4;SYk;VF�\HY�^4P{:VYk<SY4@KFVYd\&inPk<oPV^kqo`aY
Tdc P4FVPfegYa@KFVYH`�DAjV@CB4DA<=<oYV^K`3l
T X e B|<�O X egP4I jg^4PLpVYd\VYz:KFVYLba;SYa<C>aYH`z\&i DA�C`aY4F=�HPa@CB4Df<
T �HPV^LYk;VFo`�jSP4F�\VY4:HPk;K@ % s
� X YVw4x )
T [ YS>LDA;K� c DA;?>aYk<K@HPLpVY�\VY{FVYH>LDA;V�KFVYfeoYa<K@E\VYH`h:VYk<oYa@KFVYH`
T �HPV^LYk;VFdjSP4F�\VY4:VPa;K@��=s T
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU=U=U=UVU=U
TdW YH`A@_\VYH`yjSP4FVPkeoYa@KFVYS`z\&inYk<K@VFVY=Y
BA:{<SP4F=pCB|<~}fJ
	

FVYH>=DA;K�EJ��Ks
�
BA:{<SP4F=pCB|<~}fJ��

:aeoPLI_J{:VYVw4x*�
Yk<V\
BA:{<SP4F=pCB|<~}fJ�.

:ae B�<EJ�s
�
Yk<V\

Yk<V\

`KBA�_J�`KBA�VY�MnIgR��
� JkegP4I*M�`KBf�gR�� T @SPSB4^=^4Y�\HY�^4PE`aYLba;oYk<C>aYd@HYkeKjgDkFVYH^=^4Y
FVYH>=DA;K�EJ�t U FVYH>LDA;V�owStAs=s*�
�_Jdx�� <oY4IL@LjgD�Hx�M��gR��
T DA<�`�iQPH`=`�;VFHY_ba;SY{I�YH`A@d;=<_�HYH>A@SYk;VF�^VBAp4<oY
BA:�`KBA�*M|t O(t4R v `KBA�*M t OnxSR

IKJLI&iK�
Yk<V\

TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=U=T
T � <oPV^kqo`aY{joP4Fd:HYk<SYa@KFHY{po^VBL`=`aPa<K@HY T
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=U=T



��� �����	�
���� �� �����
�����
����� � �

TVU=UKU=U=U=U=UKU=U \VY4:gB�<?B�@CB4Df<�\VY_^LPh:VYk<oYa@KFVY U=UKU=U=U=U=UKU=U=U=U=UKU=U=U4T
T�U=U=U :SDkFaeoY U=U=U{T
T :VYk<SYa@VFVYd\VY � Pke=e B|<Vp
:VYk<EJ_s,���H��M|t U >LDK`�MQxH��j?B=��MQs&l � U t4R4w�M � U t4RKRKR��
T <gD�eK�VFHYz\VY{:VYk<oYa@KFVYH`h@SYfeKjgDkFHYV^=^4YH`
<SG4:HYk<HJ�:S^=D=DaF*M=M � U �gR4w�MNFHYH>LDA;K�C� �gR=R��
T�U=U=U >LDA<C`A@VF4;C>A@CBLDA<�\VYH`]:=:L@ U=U=U{T
T FVYkjSY4FHP4pVY�B|<V\gB=>KBkYV^z\VPk<?`d^LPyeoPa@VFgBL>aY
B|<V\HGfe B|<�Jd:S^=D=DkF&MN:ae B|<Cwk:VY�� �gR 'Ct �
B|<V\HGfeoP4I�Jd:S^=D=DkF&MN:aeoP4Iowk:VY�� �gR 'Ct �

T �HYH>A@HYa;VF_\&i�B|<V\CBL>aYd\VY�^4Pz�oDA<SY{:=FVYLba;oYk<K@CBkYH^=^4Y�DA�?`aY4FL�HYKY
:VGVDf�C`zJEB|<V\HGfe B|< l B|<V\VGfegP4I&�
T DA<�FVYS>aPV^K>�;C^4Y�\VYH`]:=FVYLb4;SYk<C>aY
T jVFVYH`aYa<K@HYH`h\VPk<?`d^LPyeoPa@VFgBL>aYd\VY{:=:L@
:ae B�<HJoB|<V\HGfe B|<C�k:VYVw�&�
:aeoPLIKJoB|<V\HGfeoP4Io�k:VYVw�&�

TVU=UKU=U=U=U=UKU=U=U=U=U @KFSDA<Hb4;SPa@L;VFHY�\4; `VBAp4<SPV^ U=UKU=U=U=U=UKU=U=U=U=UKU=U=U4T
@LjSGL:=FVYLb_J % )&�
:SDkF��VJKs�l <SG4:VYa< U t O

T `KBAp4<SPH^]@VFSDA<Hba;oY{\HY�^=DA<Hp4;SYk;VF �

B|<V\_J
�Sw4x(' �C�f:S^=D=DaF*MNFVYH>=DA;K�g� �CR��
IL@�JzI*M(B|<V\ U �ow4x('Ct�l B|<V\�' �ow4xSR��Q�k:HYk<��
@K:=I=@_J_x=sH�L^KDkp?tAs�M Pk�C`�MN:K:L@&MNIL@�O��gR=R=R��
@LjSGL:=FVYLb_J % @LjSGL:=FVYLb3M @K:KIL@&MN:VGHDA�C`KR=R�i )&�

Yk<V\
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU4T
T �CB=`�;SPV^VB=`aPa@CB4Df<�\VY�^4P�egPa@KFgBL>4Yz@SYfeKjC`]:=FVYLb4;SYk<C>aY T
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U=UVU4T
T�U=U=U=U=UKU=U=U=U=UKU=U \VY4:gB�<?B�@CB4Df<�\VYH`zP4IVYH` U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U�T
T�U=U=U=U=UKU=U=U=U4� IVY�\VYH`�@HYfeKj?`]\HY�^4P]eoPa@KFCBL>aY U=U=U=UKU=U=U=U=UKU=U=U_T



���������	� ����� � ��
� � � � �� ����� �
������ ���

@HGfegPa@VJ
M��ow4x&l :S^KD=DkF*MNFHYH>LDA;K�C� �CR l4M <oG4:HYa< U tLR=�fFVYS>=DA;K�C���' �gw4xSRL� M tkwk:SYSR��

T :gBfp4;VFVY�M|t4R
T jg^KDf@&M @�ONIgR��
T @CBA@o^4Y�MKiQPV^=^A;VFHY�@HYfeKjCDkFVYV^=^LY
i�R
:gBApL;VFVY�MQxoR
`�;VFK:*M @HGfegPa@�OLMN:4e B|< l :HYVw��l :4eoPLIgR�O @=jSGL:KFVYLbgR��
�CBkY �&M U x �*O�� �SR
@CB�@g^4Y�MKi FHYkjVFVYH`4Yk<K@HPa@?B4DA< @HYfeKjC`]:=FVY=ba;SYk<C>4Y
i�R
qS^4Pa�SYV^�MKiN:=FVYLba;oYk<C>aY � �&i�R
IS^4Pa�SYV^�MKi @HYfeKjC` � YH>�i�R
�S^4Pa�SYV^�MKi � eKjg^VBA@L;V\VYE\��&i�R



��� �����	�
���� �� �����
�����
����� � �

8K1;OxJA<=XK1;T7���7JxJA<N3F;BA�H�7#M3FHX3¹]13FE17R3F;8E1NOH
3�=X9<7�I<NO9 8�� �
:4;=<?>A@CB4DA<E:=F=@KI�J]�SPV^LPSB MNI&ON\VYk�=;K@�O :gB|<�O jSPH`KR
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=U
T�� j=jSYV^�jSP4F�:=FL@=�EJh�SPV^4PoB MNI&O \HYk��O :gB�<�O jSPH`VR
T�X DA<C>A@?B4DA<E\VYh�SPV^4P4qHP4pVY_Pk<Vp4;C^4PSBAFVY{joP4F X=[=W
T \VY�^4P{:SDA<?>A@CB4DA<�I_Yk<K@KFHY�^LYH`{DaF=\=FVYH`h\VYa�EYa@�:gB|<
T FVYk<K�oDHBz^4P]eoPa@VFgBL>aY�>LDA<V@HYk<SPk<V@�@oDA;K@HYE^4YS` XL[KW
T Pa@=@HYk<V@CB4DA<�P�^4Ph@SPSB4^=^4Y0M :VPSBAFVY_Yk<djg^A;C`VBkYk;VFo`
T :SDVBL`�`KB <SYH>aYH`K`aPSBAFVYoR
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=U
� JH^LYk<VpL@L��MNIgR��
:VYdJ�`kb=FL@&M � R��
@VJ
M U � w4x&l � w4x U tLRL�Htkwk:HY
�
IVG=PH^Aj=�SP�J % )&�
PV^AjK�SP�Jz\VYk�K;K@�l jSPS`�l :gB|<��
:SDkF���J�t�ln^LYk<VpL@L��MQPV^Aj=�oPSR

:=FL@VIKJL:=FL@�MNI&OnPV^fj=�SP�M��?R=R��
IVG=PH^Aj=�SP�J % IVG=PV^fj=�SP MQPk�C`�MN:=FL@KICR=R�i )&�

Yk<V\
`KBA�HY�MQPV^AjK�SPSR
`KBA�HY�M @CR
`KBA�HY�MNIVG=PH^Aj=�SPSR
:gBApL;VFVY
eoYH`A��MQPV^AjK�SP
O @�OQPk�C`�M=MnIVG=PV^AjK�SPoR=RKR��
p=FgBf\
�CBkY �&M �Ks
O 	=sSR
@CB�@g^4Y�MKi FHYkjVFVYH`4Yk<K@HPa@?B4DA< @HYfeKjC`]:=FVPS>A@CB4DA<K<SPSBAFVY*i�R
IS^4Pa�SYV^�MKiQPV^Aj=�SP*i�R
qS^4Pa�SYV^�MKi @HYfeKjC`z<gDkFaeoPH^VBL`�i�R
�S^4Pa�SYV^�MKi � eKjg^VBA@L;V\VY
i R
`aYa@�MNpo>aP
OKi��o^VB e i=O %�@&M|t4R{@�M � R
)gR



��� � � � �
����� � ��� � ��� � �	�
����� � � �����	� ��


���� � #*!"�$#�� + + -/.�� -/. '
.0.��,#Z��� �����

8+=�H�AG9<3FE17y5O7:I´5O7:N^�°M3F;O587:I´5O7RMO9<NO=�AGI¤7JA¤9?7:xJK1;OI?A<9<NOxnAG=�K1;®58N®I?=XE1;3�H
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U
T � B eK;g^LPa@CB4DA<E\&i ;=<u`KBAp4<SPH^{P�`�jSYH>f@KFVYd\VYH>LDaF=FVYV^4Pa�g^4Y
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U=U
� JKx=s .��&�
:VYdJ�`kb=FL@&M � R��
T P4IVY{\VYH`�@HYfeKjC`�>aYk<V@KFVY_Yk<��VY4FSD
@�J�M U � w4x&l � wLx U t4RL��M tkwk:VYoR��
T�� Pk;C`=`VBkYk<=<SY
:VsdJ�t �*�
`hJ
�H��M�`KB|<�M x,���H��j BL�f:VsH�f@CR 'S`KB�<�M xH�Aj BL�f:HsS�A@CRKR �Q�aYLILj�M U j?BL�ZM=M @ U �SR4w �oR��"�fxSR��

T �=F4;?B�@�^=DK>4PV^VBL`aY*O,:gB4^f@KFHYE`A;VFz;K<SY]jC^4P4pVY{\VY{:=FVYLba;oYk<C>aY

e tyJ�t �
�HP4F t J_x=s
�
� tyJ�e t '{�HP4F?tz��FHPk<V\4<�M|t O � R��
@K:4� t Jd:=:L@&M � t4R��
T�� <V\gBL>4YH`h\VYh\VYa�=;K@�Ya@�^=DA<Vp4;oYk;VF_\4;�:gB4^f@KFHY
\VYk�H:gB4^f@ t�J 	 .&�
�VG4:CB4^f@ t�J_x �=s
�
@K:4� t J % �VYLFSDK`�M t O \VYk�V:CB4^f@ t4R{@K:4� t M t O \VYa�V:gB4^f@ t 'Ct�l \HYk�V:gB4^a@ t ' �SG4:gB4^a@ t4R

�HY4FSDK`�M|t O � w4x U \VYk�V:CB4^f@ t U �VG4:gB4^k@ t4R
)��
@K:4� t J % @K:L� ty:S^VB|jg^aF*M @K:4� t4R$)&�
� tyJzFVYKPV^�M BA:K:L@&M @K:L� t4R=R��
B|<V\HG4:gB|< t�J_x=s=s=s*�
� tyJ&% � t M t�l B|<V\VGL:gB|< t4R{�VY4FSDK`�M t O � U B|<V\VG4:CB|< t4R
)��
T �=F4;?B�@�^=DK>4PV^VBL`aY*O,:gB4^f@KFHYE`A;VFz;K<SY]jC^4P4pVY{\VY{:=FVYLba;oYk<C>aY

eoxdJ�t �
�HP4FHx{J_x=s
�
�SxdJ�eox '{�HP4FVxE��FHPk<V\4<�M|t O � R��
@K:4�ox{Jd:=:L@&M �SxSR��



�¡� �����	�
���� �� �����
�����
����� � �

T�� <V\gBL>4YH`h\VYh\VYa�=;K@�Ya@�^=DA<Vp4;oYk;VF_\4;�:gB4^f@KFHY
\VYk�H:gB4^f@Hx�J 	 .&�
�VG4:CB4^f@Hx�J �Ks=s
�
@K:4�ox{J % �VYLFSDK`�M t O \VYk�V:CB4^f@HxSR{@K:4�Sx
M t O \VYa�V:gB4^f@Sx('Ct�l \HYk�V:gB4^a@Hx(' �SG4:gB4^a@HxSR

�VY4FoDK`�M t O � w4x U \HYk�V:gB4^k@Hx U �VGL:CB4^f@SxoR
)&�
@K:4�ox{J % @K:L�Sxd:S^VB|jg^aF*M @K:4�oxSR$)&�
�SxdJzFVYKPV^�M BA:K:L@&M @K:L�SxSR=R��
B|<V\HG4:gB|<Sx�J_x � 	
�
�SxdJ&% �Sx�M t�l B|<V\VGL:gB|<SxSR{�VY4FSDK`�M t O � U B|<V\VG4:CB|<SxSR
)��
T�� \=\gB�@?B4DA<E\VYH`�`KBAp4<oPk;VI
I_J�`$']� t ']�Sx*�
:L@KI_J{@K:o>A@&MnI&O :VY
OQx � 	
Ons*O :VYVw4x*O�� �SR��
:gBApL;VFVY�M + R
jg^=Dk@&M @�O ICR
@CB�@g^4Y�MKinPH^=^A;VFVY_@HYfeKjgDaFVYV^=^4Y*i�R
T�� <SPV^kqg`aYzjSP4F XL[=W
PV^AjK�SPgt�Jds,� �*�
:=FL@VI?t�Jz:=FL@�MNI&OnPV^fj=�SPgt4R��
PV^AjK�SP=x�Jds,� �*�
:=FL@VIVx�Jz:=FL@�MNI&OnPV^fj=�SP=xSR��
PV^AjK�SP + Jds,���
�
:=FL@VI + Jz:=FL@�MNI&OnPV^fj=�SP + R��
:gBApL;VFVY�M .CR
`�;=�Kjg^=Df@&M + O(t O(tLR
jg^=Dk@&MQPk�C`�MN:=FL@KI t4R=R
T @CBA@o^4Y�M %Li XL[=W P�^ i=inPa<VpS^4Y3i <=;LeoxH`f@KF*MQPV^fj=�SPgt4R�)gR
`�;=�Kjg^=Df@&M + O(t OnxoR
jg^=Dk@&MQPk�C`�MN:=FL@KIHxSR=R
T @CBA@o^4Y�M %Li XL[=W P�^ i=inPa<VpS^4Y3i <=;LeoxH`f@KF*MQPV^fj=�SP=xSR�)gR
`�;=�Kjg^=Df@&M + O(t O + R
jg^=Dk@&MQPk�C`�MN:=FL@KI + R=R
T @CBA@o^4Y�M %Li XL[=W P�^ i=inPa<VpS^4Y3i <=;LeoxH`f@KF*MQPV^fj=�SP + R�)gR
:gBApL;VFVY�M �oR
T :gBL^f@KFVP4pHY�\VPk<C`d^4Y{\SD�eoPSB�<SY_s,� �
\VYk�oG4:?t�J�t 	 �=s
�
:gB|<oG4:?t�Jdx=sKs=s
�
:=FL@V:?t�J&% �VY4FSDK`�M t O \VYa�SG4:?t U t4Rz:=FL@VI?t MN\VYa�SG4:?t�l :gB|<SG4: t4Rd�HY4FSDK`�M|t O � U :CB|<SG4:?tLR
)&�



��� � � � �
����� � ��� � ��� � �	�
����� � � �����	� ���

BA:=F=@K:?t�Jz:=F=@&MN:=FL@V:?t O U s�� �oR��
`�;=�Kjg^=Df@&M x
O(t O(tLR
jg^=Dk@&M @�O FHY=PV^�M Bf:=FL@K:?tLR=R
@CB�@g^4Y�M %4i [ YH>LDA<?`A@KF4;C>f@CB4DA< PkjVFVYS`]:CB4^f@KFVPLpVYd\VPk<C`d^4Y{\SD�eoPSB�<SY3i <=;=eoxH`A@KF&MQPV^Aj=�oPgt4R )gR
T :gBL^f@KFVP4pHY�\VPk<C`d^4Y{\SD�eoPSB�<SY_s,� �
\VYk�oG4:Vx�J�t � �=s
�
:gB|<oG4:Vx�J�t����Ks
�
:=FL@V:Vx�J&% �VY4FSDK`�M t O \VYa�SG4:Vx U t4Rz:=FL@VIVx�MN\VYa�SG4:Vx&l :gB|<SG4:HxSRd�HY4FSDK`�M|t O � U :CB|<SG4:VxoR
)&�
BA:=F=@K:Vx�Jz:=F=@&MN:=FL@V:Vx
O U s�� �oR��
`�;=�Kjg^=Df@&M x
O(t OnxoR
jg^=Dk@&M @�O FHY=PV^�M Bf:=FL@K:VxoR=R
@CB�@g^4Y�M %4i [ YH>LDA<?`A@KF4;C>f@CB4DA< PkjVFVYS`]:CB4^f@KFVPLpVYd\VPk<C`d^4Y{\SD�eoPSB�<SY3i <=;=eoxH`A@KF&MQPV^Aj=�oP=xSR )gR



��� �����	�
���� �� �����
�����
����� � �

�®C7nAG7:xnAG=�K1;°5O7:I´I<=�;^N8I´EFHX=XI?IG3F;BA<I
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U
T c FSDap=FVPfe=egY�`KB eK;g^LPk<K@�jg^A;C`VBkYk;VFo`�>A�?BAF4jC` �
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU=UKU=UKUKU=U=UKUKU=U=UKUKU=U=UKUKU=U=UVU=U
� Jdx=s . �*�
:VYdJ�`kb=FL@&M � R��
T P4IVY{\VYH`�@HYfeKjC`�>aYk<V@KFVY_Yk<��VY4FSD
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
@�J�M U � w4x&l � wLx U t4RL��M tkwk:VYoR��
T jVFVYfeK< BkY4F >��?BAFLj
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
B|<V\HYk� t�Jdx=s*�
B|<V:CB|< t�J�tAxKs=s
�
Dk:=: t J + s
�
j tyJds,� .&�
j=�?BHt Jzj ta��j B4w4x
�
I?tyJ&% �HY4FSDK`�M|t OB|<V\VYa� t U t4R MQY4I4j�M(BL��j?BL��M Dk:=:?t4�A@&M B|<H\VYk� t�l�B|<V:gBA< t4R '=@HPk<�MNj=�?BSt4R

�A@&M(B|<V\VYk� t�l B|<V:CB|< t4R�� �fx~RKR=Ry�HY4FSDK`�M|t O � U B�<V:gB|< tLR
)&�
T � YH>LDA<H\�>�� BAF4j
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
B|<V\HYk�Sx�J�t �
B|<V:CB|<Sx�Jdx=s(.��*�
Dk:=:Hx{J �*�
jSxdJds,�Ns �
�
j=�?Bax{JzjSxH��j B4w4x
�
IVxdJ&% �HY4FSDK`�M|t OB|<V\VYa�Sx U t4R MQY4I4j�M(BL��j?BL��M Dk:=:VxS�A@&M B|<H\VYk�Sx&l�B|<V:gBA<SxSR '=@HPk<�MNj=�?B4xSR

�A@&M(B|<V\VYk�ox&l B|<V:CB|<SxSR�� �fx~RKR=Ry�HY4FSDK`�M|t O � U B�<V:gB|<SxoR
)&�

TdW FSDVBL`VBkYfeoY�>��?BfF4j
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
B|<V\HYk� + J
	=sKs
�
B|<V:CB|< + Jdx=s(.��*�
Dk:=: + J t �
�
j + J U s���	 �
�
j=�?B + Jzj + ��j B4w4x
�
I + J&% �HY4FSDK`�M|t OB|<V\VYa� +�U t4R MQY4I4j�M(BL��j?BL��M Dk:=: + �A@&M B|<H\VYk� + l�B|<V:gBA< + R '=@HPk<�MNj=�?B + R

�A@&M(B|<V\VYk� + l B|<V:CB|< + R�� �fx~RKR=Ry�HY4FSDK`�M|t O � U B�<V:gB|< + R
)&�

TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU



��� � � � �
����� � ��� � ��� � �	�
����� � � �����	� � �

T�� � DA;K@_\&i ;K<d�VFL;?B�@
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
e�J�t �
�HP4F_J .&�
�EJ�e 'h�HP4F��]FVPk<V\4<�M t O � R��
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
T � BAp4<SPH^
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
`hJzI?t 'LIVx 'zI + 'z���

@LjV:_J{@K:o>A@&M `�O :VY
OQx � 	
O(t O :VYVw4x*O�� �SR��
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
T Pk<SPV^kqg`aYzjSP4F XL[=W
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
T �SDA<SY�s,� s + s,� s�� M jg^A;C`Et4R
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
:=FL@=� t�J]�SPV^LPSB M�`�O t� s + Ot � s �&O,s�� s=s �SR��
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
T �SDA<SY�s,� .�s,���
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
:=FL@=�Sx�J]�SPV^LPSB M�`�O t� + O(t ���
Ons,� sCt4R��
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
T �SDf<SY U s,��	 U s,� �
TVU=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=U=U=U=UKU=UKU=UKU
:=FL@=� + J]�SPV^LPSB M�`�OQs,� x �
OQs,� . �
OQs,� sgt4R��



� � �����	�
���� �� �����
�����
����� � �



� ��� �*� � � �� � � � �

_��:}�� =�xJAGKF9�	�3FV�=
3FI / �£\O7�SU9<3FxJA<=XK1;O3FH K19?5O7:9#SUK1NO9?=X7J9 AG9G3�;OI?SUK19?V 3F;O5 =�A:��I�3FPOP8HX=Xx:3�AG=�K1;�A<K®¥�N3F;BA<NOVV@7Jx�\3F;O=�x:I /�
� h������ ����� �������������� "!#�nv , �%$ 0�~ � T��& � � $ v'13F;�N3F9?](�*) � � /_ � }�w /,+�/�- x - 9<=�5O7Y3F;85,8 //.�/,0 7J9<9 /21 ;¬;O3FV@=X3FI:��I¤SU9G3FxnAG=XKF;3FH�SUK1NO9?=X7:9´AG9<3F;OI?SUKF9<V / h � � 
 d43Dk�� � �dgf5�6������ "7<o � �8���97�: � �; "!#�nv ,=< )B0�~>� $ )*&�� · $ vDw�NOEFNOI?A?�*) � ·D/_ < }L2�N�C@ I -�/ w�HXV�7:=�53 / �£\O7@SU9G3FxnAG=XKF;3FH|SUK1NO9?=X7:9RAG9<3F;OI�SUK19<V 3F;O5 AG=XV�7�A!SU9<7J¥^N87:;Oxn] 9?7:PO9?7:I?7:;BA�3�A<=XK1;8I /h#BCBCB aOk � ��� � !��; !d4� d4�D�� �jE� � �F�pkGd*!#7#�#�� ��^jFv�G � , �%�¹0�~ < � � G4& < � )��1vF	yK ² 7JVWM¡7J9H�I)%)EG /_JGF} 1�K 3ELBA�3�I:v�w�9?=MLt3F;§v 0 N8AG3¹]Fv83�;O5 - K K 5ON3FE / � =XE1=�A�3FHDx:K1V�PON8AG3�AG=�K1;rKFS§A<\O7´SU9<3FxJA<=XK1;O3FHOSUK1NO9?=X7:9|A<9G3F;OIPASUK19<V / hQBRBCB a8k � ��� � !��; !d4� d4�S�� �jE� � �T�pk�d*!#7#�#�� ��^jFvFG%G , )B0�~ � �IG��& � � $ � vUD7:P8A<7:VWMp7:9��*)E)EG /_ $ }V' / [�3�9<xFC@ 38v � /W- 3FIJv 3F;O5 � / [ / � KF9<I<x�\ / 89G3FxnAG=XKF;3FH>A!SUK1NO9?=X7:9PAbA<9G3F;OI�SUK19<V x:3FHXxJNOH
3tAG=XKF;¨A<\O9<KFNOE1\AG\O7yS.3FI?AXAbSUK1NO9?=X7J9XAbA<9G3F;8I?SUK19?V�3FHXEFK19<=�AG\OV / �6������ "7<oSYZ���; "!#�nv < $ ,=< $ 0¤~ · � � < & · � � � v � 7Jx:7:ViM¡7J9��*)%) �D/_ � }V' /�+�/�[ K^KD5¨3�;O5 � / � /§- 3F9<9�] / �´3F5OK1;�A<9G3F;8I?SUK19?VQ3�A<=XK1;®KFS�AG=�V@7�AbSU9<7J¥�NO7:;Oxn]�58=XI?A<9<=�MON8AG=�K1;OI´SUK193F;3FH�]^I<=XI£K�S VWNOH�AG=�x:K1PpK1;O7J;�A¤I?=XE1;O3FHXI / hQBCBRB a8k � ��� � !��; !d4� d4�D�� �jE� � �F�pkGd*!#7#�#�� ��^jFvG � , �%�¹0#~ < � �F� &
< � ·1· v	yK ² 7:VWMp7:9?�*)%)EG /_ · }V\�7:7 ² \§3FH�7 ² I]LB]±3F;O5 �#3 ² =X5 - 7J;O5OH�K ² =�x / 89G3FxnAG=XKF;3FH�9G3F5OKF;µAG9<3F;OI?SUKF9<V ~+5O7n©;O=�A<=XK1; / �������� "7<o
YZ���= "!#�nv < $ , � < 0y~^G � �F� &_G �%< �1vDw�NOEFNOI?A?�*)%) �8/_ � }i[R7J9<V@3F=X; + \3F9?A<=X7J9 /6�`� �93a7�� oWbcYZ���; ;de3a7 /C. 7:9?V@7JI:v��*)%)fG /_g)�}2hs3F;`\�\O3F;OEOv - 7J;FA"h�NO3F;¨[#N§v - =>AP\�\O7:; � K1;OEOvp3F;85¬[#NOKfAX\�\87:;ihs3�;OE / 89G3FxnAG=�K1;3FH§E13FM¡KF9´A<9G3F;OIPASUK19<V / YZ���; "!#��jO7��=�k7nkQ�nv �1� , � � 0�~>� $F� < &a� $F��$ v^;OK ² �*)%) ·D/_�� � }2h#=�;OE . N3F;OE¬3�;O5 - 9?NOx:7lU^N8AG7J9 / 89<3FxJA<=XK1;3�HCmZ3 ² 7ePO3Fx#LF7nAYAG9G3�;OI?SUK19?V / h#BCBCBon� �jE �� � � m  �jE� � �qsk�d*!#7#�#�� ��^jqp dtkQr*�#�d#�pvOPO3FE17:IsG� < &TG� $ v,�*)%) �8/_��%�:}V\�7:7 ² \§3FHX7 ² ItLB] 3F;O5 �#3 ² =�5 - 7:;O5OH�K ² =�x / 89G3FxnAG=XKF;3FHum¤=�7:;O7J9 ©H�AG7J9 / �������� "7<ovYZ���; "!#�nv
< $ , � � 0y~ < ) < � & < ) <1� v9'FNOH�](�*)%) �8/_�� � } �#3 ² =�5 - 7:;O58HXK ² =XxFv . 3FHX58NO; 12K 3ELBA�3FIJvp3F;O56w�5OK1H�S [ / 2�K1\8VQ3F;8; / 8�9<3FxJA<=XK1;O3FH§x:KF9<9<7JH
3�A<=XK1; / ����w
���� "7<oDYZ���; "!#�nv < G , � 0y~ < � < & < � )8va'13F;�N3�9?]`�*)E) $ /_�� < }L2 /x- /4- 7:9<;O3F9<5OK63F;85 1W/ � / � / U^KB3F9<7JI / 89G3FxnAG=�K1;3FH SUK1NO9<=�7:9 A<9G3F;OI�SUK19<V�IR3F;O5 =XV@3FE1=�;OE /y
�� YZ��� �m d*! � �8:z7nk � �#v��%�r~ � � �1� & � � � � v,�I)%)EG /_��IGF} 0 N8A�3z]1v 1�K 3ELBAG3FI:v¢wy9<={L�3�;§v�3F;O5 1 ;�NO9G3FH /|1 P8A<=XV@3FH£©H�A<7:9<=�;OEµ=�;¯SU9G3�xJAG=�K1;3FH£SUK1N89<=X7J9Q5OKFVQ3F=�;OI /h#BCBCB aOk � ��� � !��; !d4� d4�D�� �jE� � �F�pkGd*!#7#�#�� ��^jFv�G $ , $ 0�~>�%� � )}&��%�IG < v - 3z]`�I)%) ·D/_�� $ } .L/4- /41�K 3ELBA�3FI 3F;O5 1 9<\3�;Lw´]^AE~NO9 / 89<3FxJA<=XK1;3�H�SUK1NO9?=X7J9�5OK1V@3F=X;OI / m  �jE� � �FqskGd*!#7#�#�� ��^jFv , G � 0+~{�E�*)}&
� � GOv - 3z]��*)%) $ /_�� � }VU / h / 2�7:7´3F;O5 .L/%.L/ U K N / 89G3�xJAG=�K1;3FH^SUK1NO9?=X7:9 A<9G3F;8I?SUK19?V@IJvEm¢3 ² 7:HX7nAsA<9G3F;8I?SUK19?V@I�3F;85Q3F5O3FP8A�3tAG= ² 7;O7:N89G3FH�;O7nAkmZKF9]L�I / YZ��� � B��^j � v <E< ~ � < � � & � <%< � v,�*)E)EG /_�� · }L2 /4-�/ w�HXV�7:=�53 / {|9<K^5ONOxnAW3F;85µx:KF; ² K1HXNDAG=XKF; A<\O7:K19?7:V�I#SUK19#AG\O7rSU9G3FxnAG=�K1;3FH SUK1N89<=X7J9 AG9<3F;OI?SUKF9<V /h#BCBCB m  �jE� � �¡qskGd*!#7#�#�� ��^jyjO7��=�k7nkQ�nv9G , � 0�~>� $ &a� · va'13F;�N3�9?]`�*)E) ·D/



� � ����� � ����� � � �	�
���

_�� � }L{+3�A<9<=�x#L 8+H
3�;O5O9<=�; / a�7�:8�9���k��7ede397��,!#7 / . 7:9?V@7JI:v��*)%) � /_��*)�}�w�\OV�7:5�� / \§3z]17J5 / w'xJK1; ² K1H�N8AG=�K1; 3�;O5¬PO9<K^5ONOxnA�SUK19´AG\O7�SU9G3FxnAG=�K1;3FH�SUK1NO9?=X7J9´A<9G3F;OI�SUK19<V / hQBCBRBm  �jE� � �pqskGd*!#7#�#�� ��^jyjO7��=�k7nkQ�nv $ , GB0�~{� � ��&�� � < v8w�P89<=XH��*)%) � /_ � � }VUDK^KfA + \3�;OE { 7:=3F;85 - =X;TA . N8;OE h�7:\ / �ºV@PO9?K ² 7:5Y58=XI<xJ9<7nAG7ZSU9<3FxJA<=XK1;3�H^SUK1N89<=X7J9 A<9G3F;8I?SUK19?V / YZ���= "!#�
jO7��=�k7nkQ�nv �1� , �eG�0y~>� � G · &a� � G�)8v'FNOH�]D�*)%) ·^/_ � �:}V'F=
3F;�ms7:; . N38v«24=�9<7J; 2�=XN§v 3F;O5[#NOK^¥�=
3F;OE®2�= /�� �^A<7:;O5O7J5 SU9G3FxnAG=XKF;3FH|SUK1NO9?=X7:9�AG9<3F;OI?SUKF9<V�I /�
�
YZ��� � m d*! � �8: � �Rv��eG , � � 0y~ <E< � � & <E< �1� v � 7:x:7JVWMp7:9��*)%) ·^/_ �1� }L2 / wyHX=X7 ² 3 /�1 ;�A<\O7WI?7:H�S A!SU9G3FxnAG=�K1;3FH§SUK1N89<=X7J9´SUN8;OxJA<=XK1;OI /V
�� qC���*� � � � �`� ��� ��� 7�� � v , � )B0#~�2 <1·1· &2 <B· )8v - 3z]��*)%) �8/_ � < }i[ / U / w�EB3F9Xm¢3�H¢3F;O5 � / U^=XV�K1; / w I?=XV�POHX7@9<7:3FHX= K 3�A<=XK1; KFS¤SU9G3FxnAG=�K1;3FH|SUK1NO9?=X7J9LAG9<3F;OI�SUK19<V 3F;O59<7JH
3�A<=XK1;µA<K¨\3F9<V�K1;O=�xeK1I?x:=XH�H
3�A<K19iEF9<7:7J;§��I�SUNO;8xJAG=�K1; / YZ���; "!#���sd4: : 3T�9 "! � �= !d4�v , �%� � 0@~ � < & � � vw�NOEFNOI?A?�*)%)fG /


