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

N◦

-�.0/21�3
46587$9#58:$; &<"$= 9?> &A@ 9CB8D & D &

EF��G6������	
&<"

HI�KJL��	��?MN����O����

4$9 %'PI&<" ; %'&)& ; P 587$; &<" 7 & 4$7$:$> =�Q 7 &<RS&<" ;�4
BT9
UWVIX?Y[Z]\]^`_ba�c
> &�d$egf �N��	�����	 (+*+*+,

hji k�lnmporqsk�t$uvi wWx y
q ozx|{A}~tNorqsk�t$u i x|i
orq�w�t$u�kF��l�oSq�}bt$x ��q�}~}�upo�k wb� ozx|��q�y
q�m�x

w�lg�Ku�or� q��by$x w���t
� q�m�x|{

4$9 % 4
BT9 %'& BT7 PI&<=�" DN7�>�BT:6589CBT;I5 = 9 & ��HI�)H��P 587 P >�BrD = 9 &'� ; = 5 " D &� & 9 @�&2�g=�@ 7 & ; & ;?�AB�� = D � BT9�9�7$;

�r�F�¡ F� 1�¢'-)¢ �S£¥¤0¦¨§�¦0©jª

�s« ¬®­$= > = 4$4 &F¯°=�"�Q 7 =�" ± BT4$46589�; & 7$9�² ¬ 9 %'P�= D &<" ; ³�´Kµ·¶�¸�¹»º·º¼¹C½�µ�¾�s« ¿ 9 %�@ 5 = 9 &)� BT>�B " D�B =�" ± BT4$46589�; & 7$9 ³�ÀÂÁÃµ·¹»Ä�Å·¹C½�µÂÆ+¹?Ç®¹»ÄÉÈ�¹»µ·ÄÉÈ�¹ËÊÍÌÂÇ®ÊÍÎÏ¾�s« Ð�& B "g± 587 PIPC& BT7 ÑÓÒ$B Rr=�" BT; & 7$9 ³�ÔSÕ<Ö×Å¼µ·¹ØÆ+¹�Ù�¶
Ú�¸�ÛCµ¼¹»ÚLÄI¹�º�Ü�´�Ý?ÞßÝ°À°ÇÂ¾�s« ¿ 9 &�@ 589Ià ¯á« � ­ BT9�4 ÑÓÒ$B Rr=�" BT; & 7$9 ³�ÎÂº·ºâÁ×ºâÅ·Õ
ÚãÅ�Ç�¹»º¼¹»Õ�µÉÄÉÈ)´�ÈTä+ºâÁ×ÄIÁ×ºâÅ»ÞLÔæåËÝ#ÞLç�¶ãºâÅ¼¶ãÚß¾�s« � & 9 @�&)��=�@ 7 & ; � = 9 &'� ; & 7$9�D & ; ­�è'PI& ³�´Kµ·¶�¸�¹»º·º¼¹C½�µ�¾�s« �AB�� = D � BT9�9�7$; ¯ 5Téâ� = 9 &<� ; & 7$9áD & ; ­�è'PI& ³�ÔSÕ<Ö×Å¼µ·¹ØÆ+¹?ÄI¶ãÚ+¸�ÛCµ·¹CÚLÄC¹�¾

ê " � = ; %'P2ë�s« ì 9CB "�� 5 =�P � 4$9 =�& ; ³�´�ÀËå�í�îï¹»ðãÅÉÕAñ�Îpò�µÉÕ�ÚLÄC¹�¾�gRS&+« ¯°­ B " ;CBT> ¿á=�"�&'P ; & ; ³�Ç®¹»º¼óô¶
Úßº¼Õ
õ�îï¹Ë½�Ú�ÁïÅ¼Û?Æ�¹Ëó�È8ä+ºâÁ×öT½�¹ÏÜ�Ù�÷øç®¾�s« ¯°­ 9 =�P ; = B "n¯ BT9�9 =�& ³ùÙ�È�¹I¸�Æ�ÛCóLÕ
µâÅ·¹Cúj¹CÚãÅ�µÉÕ
Æ+ÁÃ¶�Å·È�ÛCµÉÕ�ó�ÁÃ¹ÂÜÓÙ�÷
ç®¾



é =�= é



����� �����	�
��� ���
���

Ð�� B8DN9 &'PIPC& 7 "0@ 9CB " D RS& 9 �<=�� ;I587$; &'P > &'P 4 & 9 P 5 "$"�&'P#Q 7 =�R
� 5 " ;Ø9 &<" DN7�4$>�B =�P B " ; &2�'& ;�; & 4
BT9�; =�&
;�9 è'P?&<" 9 =��C­$=�PIP B " ; & D &AR 5 " 4 % 9 = 4$> & ; & 9�9 &'P ;�9 &Së
!b� « �AB�� = D � BT9�9�7�;�² Q 7 =�R
� B��ÍB = ; � 5 "�� B "��'& D�B "�P > � B�� &<" ;�7$9 &rQ 7 � = >�B � 5 RrRS&<"��'%'& B�� &'�z�'&

: & BT7`4$9I5�� & ;ËD & 9 &'�C­�& 9 �C­�& B�� &'� > &A¯Ï&<" ;�9 &��K% 5 "��Ë% 9CBT9ID�²ß46587$9Ï> &�P 7$4�46589�; PC��=�&<" ; =��øQ 7 &á& ; R 589CBT>Q 7 � = > R
� B0BT4$46589�; % 4 &<" D�B " ;A;I587$; & >�B DN7$9 %'& D & >�B`; ­�è'PI& ²646587$9 P B @�%<"�% 9I5 P�= ; % ²KD =�P 465 "$= : = > = ; %S& ;
> � &<"�� B8DN9 &<RS&<" ;áD &jR 5 " ;�9CB��+B = > «
!�� « � & 9 @�&æ��=�@ 7 & ; Q 7 = B % ; % ;I587��É587$9 P 4$9 %<PC&<" ;�BT7 R 5 RS&<" ; P�� > %'P 46587$9)D = 9 =�@�& 9 RS&'P 4
B P

4 &<" D�B " ; �'&'P B "$"�%'&'P D & ; ­�è'PI&+«
! 7NÒ RS% D &'�<=�"�P�& ;)4 ­ à PI=��<=�&<"�P2RS% D =�� BT7NÒ�DN7 D % 4
BT9�; &<RS&<" ;�9CB8D = 58; ­�% 9CBT4 =�& DN7 ¯Ï&<" ;�9 &��K% 5 "

�Ï% 9CBT9ID Q 7 =°" 587 P 5 " ;FB �'� 7 &�= >�> =�P BT7 PI&<=�" D & > & 7$9 � 58>�> &'� ; = � & ;)4$9 =�"��<= 4
BT> &<RS&'" ; ���s«�¯°­ 9 =�P ; = B "¯ BT9�9 =�&2P B "�P > &'Q 7 & >K> &���" B "��'&<RS&<" ;áD &2�'& ;�; & ; ­�è'PI&A" � BT7$9CB = ;#4 & 7�;Éé"!<;�9 & 4
B P?& Ò =�P ; %+«
!]� «ßì 9CB "�� 5 =�P � 4$9 =�& ;Ï46587$9Ï>�B R B "$=�è 9 & D�B "�P >�B Q 7 & >�> &jP#� &'P ;ÏD % 9I587$> %'& >�B � 58>�>�BT:6589CBT; = 5 " 4 &<" é

D�B " ;Ë;I587$; & >�BzDN7$9 %'& D & >�B); ­�è'PC& ²ô46587$9Ë> &áP 7$4�46589�; ��" B "��<=�& 9?D &'P D % 4$>�B �'&<RS&<" ; P BT7NÒ`D =%$�% 9 &<" ; &'P� 5 " � % 9 &<"��'&'P�«
! �s«L¬®­$= > = 4$4 &2¯°=�"�Q 7 =�" ² �s«ô¿ 9 &<@ 5 = 9 &á� BT>�B " D�B =�" ² �s«LÐ�& B " ± 587 PCPI& BT7K² �s«ô¿ 9 &<@ 589�à � ­ BT9I4Q 7 = 5 " ;#B �'�'& 4$; % D � !<;�9 &ARS&<R :$9 &'P DN7&�·7$9�à D &A�'& ;�; & ; ­�è'PI&+«
! RS&'P 4
BT9 &<" ; P#Q 7 = 5 " ; % ; %	�FRS&'P?�(' ; %'P 4 &<" D�B " ;#;I587$; R 5 " 4
BT9 � 587$9 P 7 "$= � & 9 P�= ;CB = 9 &AR ! RS&P�=*)#++*+*�,ßR�" 587 P?PI% 4
BT9 &<" ; «



é = � é



��� ��� � �

¬ 9 &<" DN9 &`&<" � 5 R 4$; & > &'P)R 587$� &<RS&<" ; Pz& ;)> &'P D % � 589 R BT; = 5 "�P D &'P 589 @ B "�&'Pz&<" 9CB8D = 58; ­�% 9CBT4 =�&
46587$9?> & ;�9CB = ; &<RS&<" ;�D &2� B "��'& 9#D & 46587 R 5 "�P�&'P ;?7 " D % ��R B
� & 7$9 � BT9 �'& >�BF4 & 9 RS& ;�D � BT7 @+RS&<" ; & 9
>�BFD$5 PI& D % > = �ß9 %'&�� >�BF;�7 RS& 7$9?;I587$; &<"�% 4
BT9 @+" B " ; Rr=�& 7NÒ0> &'P ; =�PIP 7 P?P B =�"�P?&<" � = 9I5 "$" B " ; P�«
� 587 P?" 587 P�=�" ; % 9 &'PIP 5 "�P BT7NÒ RS% ; ­ 5ßD &'Pá=�� 5 "�=�Q 7 &'P D & 9 &'� BT>�B @�&�" 5 " éÍ9 =�@+= D &�� 587gD % � 589 R BT:$> &��

BT4$4$> =�Q 7 %'&'P BT7NÒ�B �'Q 7 =�PI= ; = 5 "�P ;I5 R 5ßD &<"�P�= 5 RS% ;�9 =�Q 7 &'P
	 � ��� � �
	 � � DN7�; ­ 589CBãÒ « �K& :$7$; &'P ;
D � & Òô;�9CB = 9 & > � =�" � 589 R BT; = 5 "�R 587$� &<RS&<" ; & ;AD % �ù589 R BT; = 5 " D &'P 46587 R 5 "�P2& ;AD &'P ;�7 RS& 7$9 P�« ��7�9CB " ;�'& ;�; & ; ­�è'PI&0" 587 P B��L5 "�P D % � & >�584$4 % 7 "�& 4$>�BT; & � 589 RS& D & 9 &'� BT>�B @�& D % � 589 R BT:$> & B�� &'� 4$>�7 P�=�& 7$9 PRS% ; ­ 5ßD &'P D & 9 %<@ 7$>�BT9 =�P BT; = 5 " D &Ø�C­ B R 4 P D & � &'� ; & 7$9 P�«�� 9I5 =�P�% ;�7�D &'P 4$9 =�"��<= 4
BT> &'P 5 " ; % ; %ËRS&<"�%'&'P
«
�AB "�P 7 "�& 4$9 &<Rr=�è 9 &á% ;�7�D & ²ô> & 9 &'� BT>�B @�& D % � 589 R BT:$> & B)4 & 9 Rr=�P D &�� 5 " ;�9 ' > & 9Ë>�B29 & 4$9I5ßDN7 � ; = : = é

> = ; % DN7`:$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &+« � 587 P B��L5 "�PÏR 5 " ;�9 %AP 7$9Ë7 "�& D =�� B =�"�& D & 4
BT; =�&<" ; PØQ 7 &á�'& :$>�5 � B @�&&'P ; &��æ� B �'&)P BT7���46587$9?;I9I5 =�P 4
BT; =�&<" ; P B�� &'� D &'P B " 5 R BT> =�&'P �ù5 "
� ; = 5 "�"�& >×> &'P
«
�AB "�P 7 "�& D & 7NÒ =�è<RS&?% ;�7�D &Ë" 587 P B " BT>�à P 5 "�P D &'P B �'Q 7 =�P�= ; = 5 "�P�� � ��� � �ù&<"�PI&<R :$> & D � =�R B @�&'P

� � ��	 �bB �'Q 7 =�PI&'P�� D &'P#=�"�P ;CB " ; P D =%$�% 9 &<" ; P DN7 � à � > & 9 &'P 4 = 9CBT;I5 = 9 &)" 589 R BT> ��« �K& :$7$; &'P ;�D � & Òßé
;�9CB = 9 &2& ; P 7 = �ô9 & > &'PØR 587$� &<RS&<" ; P#& ;?D % � 589 R BT; = 5 "�P DN70; ­ 589CBãÒ046587$9 &<" ; &<"$= 9 � 5 R 4$; & >�589 P D � 7 "
;�9CB = ; &<RS&<" ; &<" 9 &'P 4 = 9CBT; = 5 " > = :$9 &2& ;?D � & $�&'� ;�7 & 9�D &'P?% ;�7�D &'P D$5 PI=×RS% ;�9 =�Q 7 &'P DNà " B Rr=�Q 7 &'P�� � «
� 587 P B��L5 "�P)� 5 "�P ;�9�7 = ;)7 " 4$9 &<Rr=�& 9 R 5ßD è > & D � =�R B @�&�� � ��� � � 4
BT9�; = 9�D &'P D & 7NÒ =�R B @�&'P

� � ��	 ��B �'Q 7 =�PI&'P#&<" :$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &)&<" ��" D � & Òô4 = 9CBT; = 5 "g& ; &<" ��" D � =�"�P 4 = 9CBT; = 5 "K«
�*� 58:�� &'� ; = � � >�5 "$@ ; & 9 RS&r&<P ;jD & 46587$��5 = 9 �ù587$9 "$= 9A7 "�&zR 5ßD % > =�P BT; = 5 " D % ;CB = >�> %'& DN7 46587 R 5 " ²

4 & 9 RS& ;�;CB " ;�> &|P 7 = � = D & >�Bs;�7 RS& 7$9 & ;0> � = 9�9CB8D = BT; = 5 " P à "��C­ 9I5 "$=�PC%'& B�� &'� >�Bs9 &'P 4 = 9CBT; = 5 " ²�B ��"
D � 584$; =�Rr=�PI& 9#> & ;�9CB = ; &<RS&<" ; � 7$9CBT; = �Ó4
BT9?9CB8D = 58; ­�% 9CBT4 =�& DN7 � B "��'& 9#DN7�46587 R 5 "K«



é�� = é



�������
��� �	� � �&� �
	�� � �

¢���
��
��������
������ �

� � ����
��! �
��#"%$&�'���!(*) +
)+« ) ê " ;�9I5ßDN7 � ; = 5 "s«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« �
)+« ( ± B8D = 58; ­�% 9CBT4 =�&2@ 7 = D %'& 4
BT9?> � =�R B @�& «2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« �
)+« 	 ¬ >�B " D & ;�9CB = ; &<RS&<" ; «2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,
)+« � ¬ 9I58:$> %<R BT; =�Q 7 & DN7 R 587$� &<RS&<" ;�D &'P 589 @ B "�&'P#&<" 9CB8D = 58; ­�% 9CBT4 =�& «2«A«2«2«A«2«2«A« -

)+« ��« ) �K& 46587 R 5 " é�4 ­ à P�= 58>�5 @+=�&�«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -
)+« ��« ( ¬ 9 =�PI&2&<"�� 5 R 4$; & DN7 R 587$� &<RS&<" ; «A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -
)+« ��« 	 ! �É587$;?D &AR BT9 @�&'P D &2PI%'� 7$9 = ; %2& ;#D$5 P�=�RS% ;�9 =�& B8D�BT4$; %'& «2«2«A«2«2«A«2«2«A« )�*
)+« ��« � � >�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 & ²
9 & 4$9I5ßDN7 � ; = : = > = ; % ²øBT4$4
BT9 &<= > !��Ø¯ «2«A«2«2«A«2«2«A« ) )
)+« ��«/. � à "��C­ 9I5 "$=�P BT; = 5 " 9 &'P 4 = 9CBT; = 5 " > = :$9 & «2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�(

)+«/. �j5 "$"�%'&'P 7$; = > =�PI%'&'P D�B "�P#�'& ;�; & ; ­�è'PI&�«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ) 	
)+«/.N« ) ¬ 9I58;I5 � 58> &10¼±#&'P 4 =�(+*+*+*
2 «2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ) 	

)+«/.N« )+« ) ¬ 9 =�"��<= 4 &æ«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ) 	
)+«/.N« )+« ( �á5 "�"�%'&<P)«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ) �

)+«/.N« ( ¬ 9I58;I5 � 58> &1043 4$; =�R52 «A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�,
)+«/.N« (N« ) ¬ 9 =�"��<= 4 &æ«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�,
)+«/.N« (N« ( �á5 "�"�%'&<P)«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )#+

)+«/.N« 	 ¬ 9I58;I5 � 58> & � � � � � � 5 P ;C5 " «2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�-
)+«/.N« 	N« ) ¬ 9 =�"��<= 4 &æ«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�-
)+«/.N« 	N« ( �á5 "�"�%'&<P)«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« (+(

)+« , ¯ 5 "�� >�7 P�= 5 "�«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« (+(

6   )7(8
��&9:���;"<�=)��?>����@���A)B)7�=�C�D�;�@�@(*)7(E>��=�'$@9F�?�G"%(EH�)��I�KJL�B"%(E>��@M 6?N
(N« ) ê " ;�9I5ßDN7 � ; = 5 "s«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« (+,
(N« ( ±#&'� BT>�B @�& D % � 589 R BT:$> &¨«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« (+,

(N« (N« ) Ñ "�& 9 @+=�& D &2P�=�Rr= >�BT9 = ; %~«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« (+,
(N« (N« ( Ñ "�& 9 @+=�& D & 9 %<@ 7$>�BT9 =�P BT; = 5 "|«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ( +
(N« (N« 	 ¬ BT9CB RS% ;�9 =�P BT; = 5 " D � 7 "��C­ B R 4�D & D % �ù589 R BT; = 5 " «2«2«2«A«2«2«A«2«2«A«2«2«A« (�-
(N« (N« � ¬ 9I5 �'% DN7$9 &'P D � 584$; =�Rr=�P BT; = 5 "�«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« (�-

(N« (N« ��« ) �g% ; ­ 5ßD & D & � &�O ;I5 "�«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« 	+*
(N« (N« ��« ( �g% ; ­ 5ßD & D & D &'PI�'&<" ; & D &j@ 9CB8D =�&<" ; «A«2«2«2«A«2«2«A«2«2«A«2«2«A« 	+*
(N« (N« ��« 	 �g% ; ­ 5ßD & D &j@ 9CB8D =�&<" ; � 5 " �É7 @ 7 % «2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« 	+*

(N« 	 � 5ßD è > &ARS%'� B "$=�Q 7 & D &'PØRr= > =�& 7NÒ � 5 " ; =�" 7 P «2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« 	�)

é�� =�= é



���������
	��
���������������
�

(N« � ì >�7NÒ0584$; =�Q 7 &2& ;?D %<R 5 "�P «A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	�	
(N« ��« ) ì >�7NÒ0584$; =�Q 7 & «2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	�	
(N« ��« ( ��&'P 0 � %<R 5 "�P42�«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	 �

(N«/. � BT> = D�BT; = 5 " D &'P D % � 589 R BT; = 5 "�PW«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	�.
(N« , ±�&'� BT>�B @�& D % �ù589 R BT:$> & � D � =�R B @�&'P D & ; ­ 589CBãÒ �b«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	+,

(N« ,N« ) Ñ�;�7�D &'PS«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	+,
(N« , ê R 4$> %<RS&<" ;CBT; = 5 "~«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	 +

(N« ,ô« ) ê " ;�9I5ßDN7 � ; = 5 "�«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	 +
(N« ,ô« ( ¬ 9 % ;�9CB = ; &<RS&<" ; P D &'PØ=�R B @�&'P�«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	�-

(N« ,ô« (N« ) � &<@+RS&<" ;CBT; = 5 "]«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« �L*
(N« ,ô« (N« ( ±�&'� BT>�B @�& 9 =�@+= D &�«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« �L(

(N« ,ô« 	 � �C­�%<R B P D � =�R 4$> %<RS&<" ;CBT; = 5 "�«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« � 	
(N« ,ô« 	N« ) ��=�PCP B @�&A@ BT7 PIP�=�&<" «2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« � 	
(N« ,ô« 	N« ( ±�%<@ 7$>�BT9 =�P BT; = 5 "�% >�B P ; =�Q 7 & «2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ���
(N« ,ô« 	N« 	 ±�%<@ 7$>�BT9 =�P BT; = 5 " D & ;¼àô4 & � B @�& >×éâÑ "�� ,L& > R B "�«2«A«2«2«A«2«2«2«A«2« �@.
(N« ,ô« 	N« � ì�= >�;�9CB @�&A@ BT7 PIP�=�&<" 9 %'� 7$9 P�= � «A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« �L,
(N« ,ô« 	N«/. � =%$�% 9 &<"��'&'P ��"$=�&'P «2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« � +

(N« ,ô« � ¯ BT> � 7$>�D &'PØ=�R B @�&'P D % �ù589 RS%'&'P�«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« .�)
(N« + ¯ 5 "�� >�7 PI= 5 "0«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« .+(

+ © ���C�;���'�C��
���H���)B�7
�$I��� H�)7���!(E>��D�;�@M��'���;(8
������
� N +
	N« ) ê " ;�9I5ßDN7 � ; = 5 "�«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« . �
	N« ( � BT; % 9 =�& > & ; RS% ; ­ 5ßD &'P�«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« . �

	N« (N« ) !?�'Q 7 =�P�= ; = 5 "�P D &'P D$5 "$"�%'&'PS«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« . �
	N« (N« ( ¯ 5 R 4
BT9CB =�P 5 " D &'P �L58>�7 RS&'P 4$7$> R 5 " B = 9 &'P�«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« .!,
	N« (N« 	 Ñ P ; =�R BT; = 5 " D &AR 587$� &<RS&<" ;áB�� &'� 9 &'� BT>�B @�& D & � 589 R BT:$> &A«A«2«2«A«2«2«2«A«2« . +

	N« 	 ±�%'P 7$>�;CBT; P «2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,�	
	N« 	N« ) � 58>�7 RS& 4$7$> R 5 " B = 9 &0«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,�	
	N« 	N« ( � % � 589 R BT; = 5 " D &'P 46587 R 5 "�P�«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,�.

	N« � � =�PI� 7 PCP�= 5 " «2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« , +
	N« ��« ) !�" BT>�à PI& DN70�L58>�7 RS& «2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« , +
	N« ��« ( � % � 589 R BT; = 5 " D &'P 46587 R 5 "�P�«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,�-

	N«/. ¯ 5 "�� >�7 PI= 5 "0«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,8*

� � ��"��C(E�;(*��M���� �'�@M $A���&�
>��7�&M �'�D�
$&>��')�(E�;��M�(8
������ ���
��« ) ê " ;�9I5ßDN7 � ; = 5 "�«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,8(
��« ( �n% ; ­ 5ßD &'P¥«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,8(

��« (N« ) � �C­�%<R B P D & 9 &'� BT>�B @�& «2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,8(
��« (N« ( ¯ 5 R 4
BT9CB =�P 5 " D &'P?�C­ B R 4 P D & � &'� ; & 7$9 P «2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« , 	

��« (N« (N« ) � à RS% ;�9 =�&2& ;?;�9CB "�P�= ; = � = ; % «2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« , 	
��« (N« (N« ( Ð B � 58: =�&<"n& ;?D = >�BT;CBT; = 5 " �L58>�7 Rr=�Q 7 & «2«2«A«2«2«A«2«2«A«2«2«2«A«2« , 	

��« 	 Ñ®Òô4 % 9 =�RS&<" ;CBT; = 5 "�Pn«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« , �
��« 	N« ) � BT; % 9 =�& > «2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« , �

é�� =�=�= é



��������� 	��
��� ����� ��� �
�

��« 	N« ( ¬ BT9CB RSè ;�9 &'P D$709 &'� BT>�B @�& D % � 589 R BT:$> & «2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,G.
��« 	N« 	 ±#%'P 7$>�;CBT; P «2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,G.

��« � � =�PI� 7 PIP�= 5 "W«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ++*
��«/. ¯ 5 "�� >�7 P�= 5 "�«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« +�)

N 3 
��C�C�=�C�&M "<��� � �A"%�A��
�M �'(*��M �C�C�D(E��� �'�7M
� 
�������- ¤0� � ¤ � +
.N« ) ê " ;�9I5ßDN7 � ; = 5 "s«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« + �
.N« ( � BT; % 9 =�& > & ; RS% ; ­ 5ßD &'Pg«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« + �

.N« (N« ) � BT; % 9 =�& > «A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« + �
.N« (N« ( Ñ P ; =�R BT; = 5 " D &'P D % � 589 R BT; = 5 "�P#P 4
BT; = 5TéÍ; &<R 46589 & >�> &'P «2«A«2«2«A«2«2«A«2«2«A« + �

.N« (N« (N« ) �g% ; ­ 5ßD & «A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« + �
.N« (N« (N« ( ¯ 5 "�P�=�P ;CB "��'& D &'P?�C­ B R 4 P D & D % �ù589 R BT; = 5 "�P «2«2«A«2«2«A«2«2«A« +�.

.N« (N« 	 ¯ 5 " ;I587$9 P D & >�BF;�7 RS& 7$9 «2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ++,
.N« (N« 	N« ) ¯ BT> � 7$>�D &'P ��58>�7 RS&'Pá¿ ��� «2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ++,
.N« (N« 	N« ( ¯ 9 = ; è 9 &'P D � % �+BT>�7
BT; = 5 "p«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ++,

.N« (N« � � 9CB
� &'� ;I5 = 9 &'P D &'P ��5�Ò & > Pv«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« +!,
.N« (N« ��« ) �g% ; ­ 5ßD & «A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« +!,
.N« (N« ��« ( � �8BT>�7
BT; = 5 " D &'P ;�9CB
� &'� ;I5 = 9 &'P «A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« + +

.N« 	 ÑÓÒN4 % 9 =�RS&<" ;CBT; = 5 "n& ;?9 %'P 7$>�;CBT; P�«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« + +
.N« 	N« ) ¯ 5 "�P�=�P ;CB "��'& «2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« +�-
.N« 	N« ( Ñ®�+BT>�7
BT; = 5 "�Pj¿ ��� «2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« +�-
.N« 	N« 	 � 9CB
� &'� ;I5 = 9 &'P «2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -+(

.N« � � =�PI� 7 PIP�= 5 "W«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -+(
.N«/. ¯ 5 "�� >�7 P�= 5 "�«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« - �

� 1 �B"#�C)�(8
������ � JL�C�C��- ¤�� � ¤�� �'(E�

��7� �'�D�C�A�  �- ¤0� + ¤ 	 N
,N« ) ê " ;�9I5ßDN7 � ; = 5 "s«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -+,
,N« ( �*� =�" ; % 9 !<;�D � 7 "�R 5ßD è > & � � «A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -+,
,N« 	 � ;�7�D &'P 4$9 %'�'% D &<" ; &'Pv«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -!,
,N« � � BT; % 9 =�& > «2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -!,

,N« ��« ) �n% ; ­ 5ßD & «A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -!,
,N« ��« ( � ;CBT4 & ê ë$¬ 9 % ;�9CB = ; &<RS&<" ; P D � =�R B @�&'P?«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -!,
,N« ��« 	 � ;CBT4 & ê�ê ëø¯°­ B "$@�&<RS&<" ;áBF4$9 = 589 = D &'P D &<"�P�= ; %'P 4$7$> R 5 " B = 9 &'P �Í¯Ï!á¬ � ¬ �0« - +
,N« ��« � � ;CBT4 & ê�êIê ë � �C­�%<R B P 9 &'� BT>�B @�& D % � 589 R BT:$> &]«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -�-
,N« ��«/. � ;CBT4 & ê ��ëø¿j%<"�% 9CBT; = 5 " D &'PØ=�R B @�&'P#=�" ; & 9 RS% D = B = 9 &'P «A«2«2«A«2«2«A«2«2«A« -�-

,N« ��«/.N« ) ¯°­ B R 4 P D & D % �ù589 R BT; = 5 "�P#=�" ; & 9 RS% D = B = 9 &�P «A«2«2«A«2«2«A«2«2«A« -�-
,N« ��«/.N« ( ¿j%<"�% 9CBT; = 5 " D &'PØ=�" ; &<"�PI= ; %'P :
B PI%'&2P 7$9Ø> & ��B � 58: =�&<" �Í¿ ê �ËÐ �n«2«A« )�*+*
,N« ��«/.N« 	 ¯ 589�9 % >�BT; = 5 " ; &<R 46589 & >�> &�«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�*�)

,N«/. ÑÓÒN4 % 9 =�RS&<" ;CBT; = 5 "�Pn«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�*�)
,N«/.N« ) ¬ BT9CB RSè ;�9 &'P «2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�*�)
,N«/.N« ( � BT> = D
BT; = 5 " B�� &'� D &'P 465 =�" ; P D &A� 5 " ;I9 ' > & «2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�*+(

,N«/.N« (N« ) � BT; % 9 =�& > & ; RS% ; ­ 5ßD & «2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�*+(
,N«/.N« (N« ( ±#%'P 7$>�;CBT; P 465 =�" ; P D &A� 5 " ;�9 ' > &`«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�*+(

é = Ò é



���������
	��
���������������
�

,N«/.N« (N« 	 Ð B � 58: =�&<" DN7 �C­ B R 4gD & D % � 589 R BT; = 5 "�«2«A«2«2«A«2«2«A«2«2«2«A«2« )�*+(
,N«/.N« (N« � ¯ 5 "�� >�7 P�= 5 " «2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�*+(

,N«/.N« 	 ê R B @�&'P?=�" ; & 9 RS% D = B = 9 &'P#@�%<"�% 9 %'&'P BT9�; =%�
�<=�& >�> &<RS&<" ; «A«2«2«A«2«2«A«2«2«2«A«2« )�* �
,N«/.N« 	N« ) � BT; % 9 =�& > & ; RS% ; ­ 5ßD &'P «2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�* �

,N«/.N« 	N« )+« ) ¯°­ B R 4 P D & D % � 589 R BT; = 5 "�=�" ; & 9 RS% D = B = 9 &'P2«A«2«2«2«A«2« )�*�.
,N«/.N« 	N« )+« ( ê R B @�&'P D % � 589 RS%'&'P «2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�*+,

,N«/.N« 	N« ( ±�%'P 7$>�;CBT; P~«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�*!,
,N«/.N« 	N« 	 ¯ 5 "�� >�7 P�= 5 " «2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�*!,

,N« , � =�PI� 7 PCP�= 5 " «2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�*!,
,N« , ¯ 5 "�� >�7 PI= 5 "0«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�*�-

� �����@)B�CM������ >?$A��$&�
(*)�� ���?�

� ¢ ���'�! �'�@M (*��
��&�C�
M �&� 
�$&M � 6 �

é�Ò é



�������
� � �	����� � �*�	�

)+« ) !?�<�'% > % 9CBT; & 7$9�> =�"�% B = 9 & B�� &'�A� 58>�> =�R BT; & 7$9 R 7$>�; = éÍ>�B RS&'P�« «2«2«2«A«2«2«A«2«2«A«2«2«A« .
)+« ( ê R B @�&'P#=�PIP 7 &'P D & D =%$�% 9 &<" ; &'P�R 5ßD�BT> = ; %'P D � B �'Q 7 =�P ; = 5 "�P 7$; = > =�PC%<&'Pá&<" 9CB8D = 58; ­�% 9CBãé

4 =�&gë�� B �2± B8D = 5 @ 9»BT4 ­$=�&`� >�B PIPI=�Q 7 & D &'P 46587 R 5 "�P ² � : � ê R B @�& 46589�;CBT> & �ù9I5 " ;CBT> & ²
�ù��� � ±#± ² � D �á¯ 587$4 & BãÒ = BT> & D � 7 "�& B �'Q 7 =�P�= ; = 5 " � � � ² �ù&��#� 587$4 & BãÒ = BT> & D � 7 "�&=�R B @�& � Ñ ¬ ² � � �Ï� 587$4 & BãÒ = BT> & D � 7 "�&A=�R B @�& ê ±#�s«¡«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,

)+« 	 �#"
& R ! RS&�� 587$4 & BãÒ = BT> &0& Òô;�9CB = ; & D � 7 "�& =�R B @�&
� � � B�� &'� > &'PF=�" �ù589 R BT; = 5 "�PP 7 = �+B " ; &'P|ëË� 5 " ;I587$9 P �L58>�7 RS&'Pg¿ ��� ² ¯ ��� ² ¬ ��� ² �ÍB =�PI�'& BT7NÒ D � = 9�9CB8D = BT; = 5 "
P ²� 587$9�: &'P D � =�P 5ßD$5 PC&<P
«s«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« +
)+« � � 58>�7 RS&'P 4$7$> R 5 " B = 9 &'P2& ; � BT4
B �<= ; %'P 4$7$> R 5 " B = 9 &'PjRS&'P 7�9 %'P >�589 P D � 7 "�&z& ÒN4$>�589CBãé

; = 5 " �ù5 "�� ; = 5 "$"�& >�> & 9 &'P 4 = 9CBT;I5 = 9 &+«A«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�*
)+«/. ¬ BT; =�&<" ;Ë;�9CB = ; %á&<" 9CB8D = 58; ­�% 9CBT4 =�&	� > � B = D & D & > � BT4$4
BT9 &<= >�> � BT4$4
BT9 &<= > !��Ø¯ � � � ; = � &

� 9 & BT; ­$=�"$@ � 5ß589ID =�" BT;I589��	� ��«|«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�(
)+« , ¯ 587$9�: &j!��?¯ D � 7 " 4
BT; =�&<" ;Ë>�589 P D � 7 "�&jPI% B "��'& D & ;�9CB = ; &<RS&<" ; «�3�" D =�P ; =�"$@ 7 & > &'PQ 7
BT;I9 & :$>�5 � B @�&'P 9 &'P 4 = 9CBT;I5 = 9 &'P � �Ë± ) ² �Ï±á( ² �Ë± 	2& ; �Ï± � �*� 7 "`PI& 7 = >ø4$9 % BT>�BT:$> & éRS&<" ; � Ò % �ù&<" � = 9I5 " ,G.�
 D & >�B � BT4øB ��= ; % � = ;CBT> &ÂR BãÒ =�R BT> &���«
��&'P � B = :$> &'P �+BT9 = BT; = 5 "�PQ 7 � 5 " 58: PI& 9�� & BT7$;I587$9jDN7 PC& 7 = >�D & :$>�5 � B @�& 4$9 % D % ��"$= � > =�@+"�&�­ 589 =�� 5 " ;CBT> &FP 7$9�> &@ 9CBT4 ­$=�Q 7 &��#P 5 " ;áDN7 &'P � > � =�"�& 9�; =�& D & 9 % 465 "�PI& DN7 P 4 = 9I5 RSè ;�9 & ²�D & >�BS�+BT>�� &)& ;á>�B

� = ; &'PCPI& D � =�"�P 4 = 9CBT; = 5 " DN7�4
BT; =�&<" ;
� (!, �â« «2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ) 	
)+« , ! 4�4
BT9 &<= > PI� B "$"�& 9�D % D =�%�� >�BË9CB8D = 58; ­�% 9CBT4 =�& 7$; = > =�PI% 46587$9K> � B �'Q 7 =�P�= ; = 5 " D &'P�=�R B @�&'P

� � ��	 � « «A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ) �
)+« + ¯ 587$4 &'P°� 589I5 " BT> &'P �ù! � ²LBãÒ = BT> &'P � ��� ² P B @+= ;�;CBT> &'P �Í¯ � D � 7 "�& B �'Q 7 =�P�= ; = 5 " � � � 	 �&<" :$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 & � ��@ BT7 �C­�&��Ï& ; &<" 9 &'P 4 = 9CBT; = 5 " > = :$9 & � � DN9I5 = ; &�� D � 7 " 4
Bãé

; =�&<" ;°DN7æ4$9I58;I5 � 58> & 0¼±#&'P 4 =�(+*+*+*
2C« � & 7NÒ � &<" !<;�9CB @�&'PÏP 5 " ;Â7$; = > =�PI%'&'P B ��" D &?RS& ;�;�9 &&<"�% � = D &<"��'& D =%$�% 9 &<" ; &'P�P ;�9�7 � ;�7$9 &'P D�B "�P > &'P?=�R B @�&'P)ë > &'P ; =�PCP 7 PØR 587 P#& ;Ø> &'P 5 P
D � 7 "�& 4
BT9�; ��=�R B @�&'P D &æ@ BT7 �C­�&��)& ;z> &'PFP ;�9�7 � ;�7$9 &'P&� > � =�" ; % 9 =�& 7$9rD &'P 46587 R 5 "�P
D � BT7$;�9 & 4
BT9�; ��=�R B @�&'P D & DN9I5 = ; &���« ��&'P BT9�; & �ÍB � ; P D � B �'Q 7 =�P�= ; = 5 "�&<" 9 &'P 4 = 9CBT; = 5 "
> = :$9 & P 5 " ;z� =�P�= :$> &'PFP 7$9F> &'PF� 587$4 &'Pr� 589I5 " BT> &'P BT7 "$= � & BT7pD & >�Bg;�9CB �C­�%'& & ;rD &'P
:$9I5 "��C­�&'PFP 587 �C­�&'P DN9I5 = ; &`& ; @ BT7 �C­�& �ù&<" ;I587$9 %'&'PF&<" 9I587 @�&��)& ;zDN7sD = BT4 ­ 9CB @+RS&
�ù&<" ��BT7 "�&�� ² P 7$9#>�B � 587$4 &�P B @+= ;�;CBT> & BT7 "$= � & BT7nD & >�BS;�9CB �C­�%'& �ù&<" 9I587 @�&��?& ;áD &'P
D & 7NÒ 9 %<@+= 5 "�P 4$7�> R 5 " B = 9 &<P �ù&<" :$> & 7 ��« � 7$9Ï> &'PË� 587$4 &'P BãÒ = BT> &'P 5 " 4 & 7$;Ø58: PI& 9�� & 9
7 " �ÍB = :$> &á�C­ B "$@�&<RS&<" ;?D & D &<"�P�= ; %'P 4$7$> R 5 " B = 9 & � 9 %<@+= 5 "�PË&<" ;C587$9 %'&'PØ&<" � & 9�; � D��
� 7 "�&#Q 7
B " ; = ; % D � B = 9°D =%$�% 9 &<" ; & D�B "�P > &'P 46587 R 5 "�P 4 &<" D�B " ;Â>�Bj9 &'P 4 = 9CBT; = 5 " > = :$9 &
4
BT9?9CBT4$46589�;�BT7�:$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &+«�«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�,

)+«/- �#=�P ;I5 @ 9CB RrRS& D &'P D &<"�P�= ; %'P�� 587 "�P �
& >�DzD &'PÓQ 7
BT;�9 & B �'Q 7 =�P�= ; = 5 "�P �ù!��Ø¯ ) ² !��?¯Ë( ²! �?¯�	 ² ��= :$9 &�� D � 7 " 4
BT; =�&<" ; � 7 " R ! RS&á"$= � & BT7 D & :$>�5 � B @�& � ��&<" � = 9I5 "I,G.�
 D &
>�B � BT4
B �<= ; % � = ;CBT> &°R BãÒ =�R BT> &���& ; &<" 9 &'P 4 = 9CBT; = 5 " > = :$9 &+«��*� B @ 9CB " D =�PCPI&<RS&<" ; &'P ;��ÍB = ;P 7$9�> &'P 9 &<@+= 5 "�P D &'P�­$=�P ;I5 @ 9CB RrRS&'PÏ� 589I9 &'P 465 " D�B " ;ËBT7NÒF46587 R 5 "�P
«A3�" 9 &<R BT9 Q 7 &
D &'P D =�P ;�9 = :$7$; = 5 "]P�=�Rr= >�B = 9 &'P D &'P`=�" ; &<"�P�= ; %'P D�B "�P > &'P ;�9C5 =�P
� � � B �'Q 7 =�PC&'P &�"
:$>�5 � B @�&+«v«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�,

é®Ò = é



���������
	��
��� ������� �
�

)+« )�* ¯ 5 "�� BT; %<" BT; = 5 " D &'P ;�9I5 =�P 4
BT9�; =�&'P D &?� 587$9�: &'P°!��?¯ D & ;�9I5 =�P :$>�5 � B @�&'P D =%$�% 9 &<" ; P
«¯°­ B Q 7 & 4
BT9�; =�&°&'P ;�D % > =�Rr= ; %'& 4
BT9�7 " ;�9CB = ;�� & 9�; =�� BT> «8¯°­ B Q 7 & 4
BT9�; =�&Â&'P ; � 5 R 465 PI%'&
D � 7 "�& 4 % 9 = 5ßD & D & 9 &'P 4 = 9CBT; = 5 "�" 589 R BT> & ² P 7 = � =�& 4
BT9S7 " :$>�5 � B @�& D � &<" � = 9I5 " (+*PC&'� 5 " D &'P�« �K& 4$9 &<Rr=�& 9Ï:$>�5 � B @�& � � ��)���&'P ; P�= ;�7 %��)&<" � = 9I5 " é *N« ( > P 587 P > & �L58>�7 RS&� 587$9CB " ; « �K& D & 7NÒ =�è<RS& :$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &z&'P ; & $�&'� ;�7 % �æ&<" � = 9I5 "��j*N« ( >ÓBT7Né
D &'PCP 7 P DN7��L58>�7 RS&�� 587$9CB " ; & ;�> & ;�9I5 =�P�=�è<RS& :$>�5 � B @�&z&'P ; �ÍB = ; �S&<" � = 9I5 " 75% D &>�B � BT4
B �<= ; % � = ;CBT> &+«á«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )#+

)+« ) ) � �C­�%<R BgDN7�4$9I58;I5 � 58> & � > =�"$=�Q 7 & 043 4$; =�R52C«�¬ 587$9 �C­ B Q 7 & 4
BT; =�&<" ;�;�9CB = ; % &�" :$>�5Té� B @�& 9 &'P 4 = 9CBT;I5 = 9 & ² Q 7
BT;�9 & 4$>�B "�P D & ;�9CB = ; &<RS&<" ; P 5 " ; % ;CBT:$> =�P�� 4
BT9�; = 9ÏD &'P°Q 7
BT;�9 &
B �'Q 7 =�P�= ; = 5 "�P�� � �s« �K& ;�9CB = ; &<RS&<" ;áB�� &'� : %<"�% �
�'&2R BãÒ =�R BT>K46587$9Ø> & 4
BT; =�&<" ; &'P ;�C­ 5 =�PI=Í«]«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�-

)+« )�( ¯ 587$4 &'PA� 589I5 " BT> &'P �ù! � ²�BãÒ = BT> &'P � ��� ² P B @+= ;�;CBT> &'P �Í¯ � D & ;I9I5 =�Pá=�R B @�&'P � � � 	 �
B �'Q 7 =�PI&'PË&<" :$>�5 � B @�& � ;�9I5 =�PÏ=�"�P ;CB " ;ËD =%$�% 9 &<" ; P DN7 � à � > & 9 &'P 4 = 9CBT;I5 = 9 & � é *N« ( >�BT7Né
D &'PCP 587 P D & >�B�9 &'P 4 = 9CBT; = 5 "S" 589 R BT> & ² �j*N« ( >�BT7NéâD &'PIP 7 P D & >�Bá9 &'P 4 = 9CBT; = 5 "S" 589 R BT> && ; � &<" � = 9I5 "%,G.�
 D & >�B � BT4
B �<= ; % � = ;CBT> &�� D � 7 " 4
BT; =�&<" ;ADN7n4$9I58;I5 � 58> & 043 4$; =�R52C«
� 587 P B���5 "�P 7$; = > =�PI% 7 " � &<" !<;�9CB @�&rRS& ;�;CB " ; &<"�% � = D &<"��'& > &'P2P ;�9�7 � ;�7$9 &'P 4$7$> R 5Té" B = 9 &'P 46587$9S7 "�& RS&<= >�> & 7$9 & � =�P 7øBT> =�P BT; = 5 " D & >�B D =%$�% 9 &<"��'& D &'P D = >�BT;CBT; = 5 " D &'P
46587 R 5 "�P�&<" ;�9 & > &'P ;�9I5 =�P B �'Q 7 =�P�= ; = 5 "�P�«�«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« (+*

)+« ) 	 ��=�P ;I5 @ 9CB RrRS& D &'P D &<"�P�= ; %'P�� 587 "�P �
& >�DzD &'P�Q 7
BT;�9 & B �'Q 7 =�PI= ; = 5 "
P �ù! �?¯�) ² ! �?¯Ë( ²!��?¯�	 ² ��= :$9 &�� D � 7 " 4
BT; =�&<" ; � ;�9I5 =�P�"$= � & BT7NÒ�D & :�>�5 � B @�& D =%$�& 9 &<" ; P�� é *N« ( >Í² �j*N« ( >& ; ,G.�
 D & >�B � BT4
B �<= ; % � = ;CBT> & ��& ; &<" 9 &'P 4 = 9CBT; = 5 " > = :$9 &+«��*� B @ 9CB " D =�PIPC&<RS&<" ; &'P ;�� B = ;P 7$9®> &'P 9 &<@+= 5 "�P D &'P�­$=�P ;I5 @ 9CB RrRS&'PÏ� 589�9 &'P 465 " D�B " ;ËBT7NÒr46587 R 5 "�P�«A3�" 9 &<R BT9 Q 7 &
> &'P D =%$�% 9 &<"��'&'P D &'P D =�P ;�9 = :$7$; = 5 "�P D &'PA=�" ; &<"�P�= ; %'P 4$7$> R 5 " B = 9 &'P)&<" ;�9 & > &'PAQ 7
BT;�9 &=�R B @�&'P D$7 &'P BT7NÒ0D =%$�% 9 &<" ; &'P#Q 7
B " ; = ; %'P D � B = 9#D�B "�P > &'P 46587 R 5 "�P�« «2«A«2«2«2«A«2« (�)

)+« ) � � �C­�%<R B�D � B �'Q 7 =�P�= ; = 5 " D � 7 "�&r=�R B @�&�� � � � � � 5 R 465 PI%'& D &
)�* =�R B @�&'P � � �
	 � � 587$�ô9CB " ;á> &z� à � > & 9 &'P 4 = 9CBT;I5 = 9 &z" 589 R BT> «�!��C­ B Q 7 & 465 P�= ; = 5 " D & >�Bæ;CBT:$> & 5 "
B �'Q 7 =�è 9 &A&<" ;�9 &&)�* é )�.F&<"�PI&<R :$> &'P D &AQ 7
BT;I9 &j� 587$4 &'P?PI� B "$"�& 9 «ø¯°­ B Q 7 &A&<"�PI&<R :$> &&'P ; B PIP 5 �<=�% � 7 "�=�"�P ;CB " ; DN7 � à � > & 9 &'P 4 = 9CBT;I5 = 9 &�@ 9	� �'& BT7 PI=�@+" BT>#9 &'P 4 = 9CBT;I5 = 9 &� BT4$; % 4
BT9?> � BT4$4
BT9 &<= > ±#¬��s«$!¡�C­ B Q 7 &A=�"�P ;CB " ;?4$9 % D % ��"�= DN7 � à � > & 9 &'P 4 = 9CBT;I5 = 9 & ²
7 "�&�=�R B @�& � � � 	 � &'P ; � 5 "�P ;�9�7 = ; & BT4$9 è'P > & ;�9 = D &'P�� 587$4 &'P�PI� B "$"�& 9 « �*� &<"�PI&<R :�> &
D &'P?=�R B @�&'P � � ��	 � D$5 "$"�& > � =�R B @�& � � � � � « «2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« (+(

)+« )�. � à "��C­ 9I5 "$=�P BT; = 5 " D & > � = 9�9CB8D = BT; = 5 " B�� &'� >�B 9 &'P 4 = 9CBT; = 5 "�@ 9	� �'& � 7 "pR 5ßD è > & D &
9 &'P 4 = 9CBT; = 5 " � � ��=�R B @�&'P � � �
�~R 5ßD è > & D & D % � 589 R BT; = 5 " � � �áQ 7 = 4 & 9 RS& ;2> &P 7 = � = D & >�Bz;�7 RS& 7$9?4 &<" D�B " ;?> &'PØPI% B "��'&'P D & ;�9CB = ; &<RS&<" ;#D$7 � B "��'& 9#DN7046587 R 5 "&<" 9CB8D = 58; ­�% 9CBT4 =�&+« «A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« (�	

(N« ) � % � 589 R BT; = 5 " D � 7 "v% > %<RS&<" ;`D & ��58>�7 RS&�P B "�P D % 4$>�B �'&<RS&<" ; � @ BT7 �C­�&g& ;`B�� &'�
D % 4$>�B �'&<RS&<" ; � D$9I5 = ; &+«6«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	�)

(N« ( Ñ�> %<RS&<" ; P 4$9 %'PI&<" ; P D�B "�P 7 "�& B �'Q 7 =�P�= ; = 5 " � � � 589 =�@+=�" BT> &)Q 7 = 4 & 7$� &<" ;#4 & 9�;�7$9Éé
: & 9A> & 9 &'� BT>�B @�&+« �#" � &<" !<;�9CB @�& B8D %'Q 7
BT;)B % ; % 7$; = > =�PI% 46587$9 �'& ;�; &S� 587$4 & BãÒ = BT> &
B ��" D &0RS& ;�;�9 &�&<"�% � = D &<"��'& > &'P D =%$�% 9 &<" ; Pæ% > %<RS&<" ; P Q 7 � 5 " 4 & 7$; % > =�Rr=�"�& 9 D &
> � =�R B @�& 589 =�@+=�" BT> & 4
BT9 PI&<@+RS&<" ;CBT; = 5 "K«�«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« 	�-

(N« 	 ê >�>�7 P ;�9CBT; = 5 " D � 7 " D %<� BT>�B @�&0&<" ;�9 & D & 7NÒ =�R B @�&'P � � � �g� BT7 PI& D � 7 " 465 =�" ;rD &
D % 4
BT9�;®D =%$�% 9 &<" ;�BT7 "$= � & BT7rD &'PÓ% 4
BT7$> &'P�«���&'PÓ� >�B�� =�� 7$> &'P®P 5 " ; &<" ;I587$9 %'&'P®&<" 9I587 @�&P 7$9Ø> &'PØ=�R B @�&'P 46587$9?7 "�&ARS&<= >�> & 7$9 & � =�P 7
BT> =�P BT; = 5 " DN7�D %'� BT>�B @�&+«W«2«2«A«2«2«2«A«2« �L*

(N« � Ñ®Ò &<R 4$> & D � 7 "�&�% 9I5 P�= 5 "g&<"n( �bB�� &'� 7 "g% > %<RS&<" ; P ;�9�7 � ;�7$9CB " ;�7$; = > =�P B " ;�7 " ��5 = éPI=�" B @�&	+ é � 5 "$"�& Ò = ; % 46587$9 �C­ B Q 7 & 4 = Ò & > «®«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ��)
(N«/. � �C­�%<R B�D &°PI&<@+RS&<" ;CBT; = 5 " D &'P�=�R B @�&'P � � � 46587$9�58:$; &<"$= 9�> &<P�R B PIQ 7 &'P D &'P D & 7NÒ

46587 R 5 "�P�& ;?D & >�BF;�9CB �C­�%'&+« «2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ��)

é®Ò =�= é



���������
	��
��� ������� �
�

(N« , � & 7NÒ � 587�4 &<P � BãÒ = BT> & �S@ BT7 �C­�&�& ; � 589I5 " BT> & � DN9I5 = ; &�� D � 7 "�& � � �¥PI&<@+RS&<" ; %'&+«
� B0;�9CB �C­�%'& ²�> &'P 46587 R 5 "�P DN9I5 = ; & ; @ BT7 �C­�&æP 5 " ;zB �æ�C­�%'P B�� &'� D &'P)"$= � & BT7NÒ�D &@ 9 =�P D =%$�% 9 &<" ; P�«���&A� 5 " ;I587$9�DN7�4
BT; =�&<" ; &<P ;#B �æ�C­�%2&<" :$>�B "��+«�«A«2«2«A«2«2«A«2«2«A« �L(

(N« , ê >�>�7 P ;�9CBT; = 5 " D & >�B09 &'�C­�& 9 �C­�& D � 7 "�Rr=�"$=�R B�D � 7 "�& � 5 "�� ; = 5 " f 4
BT9)>�B RS% ; ­ 5ßD &) �¡D & � 9 &<" ; «���& 465 =�" ; xb &'P ; &'P ; =×RS%	� 4
BT9�; = 9?D & >�B�4
BT9CBT:658> &A@�%<"�% 9 %'& B�� &'� > &'P;�9I5 =�P 465 =�" ; P x1 ² x2 ² x3 «�«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« � 	

	N« ) � 587�> & D &2� 5 " ; &<" ; = 5 " D & ;¼àô4 & α é � 9CB8DN> &+«b«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« .�.
	N« ( � %'� 5 R 465 P�= ; = 5 " D &'P 46587 R 5 "�P2&<"�, 9 %<@+= 5 "
P 46587$9A> � % �8BT>�7
BT; = 5 " D &'PA�C­ B R 4 P D &

D % �ù589 R BT; = 5 "K« � B ­ BT7$; & 7$92D &F�C­ B Q 7 & 9 %<@+= 5 "|&'P ; & Òô4$9 =�RS%'&r&<" 46587$9 �'&<" ;CB @�& D &
>�B ­ BT7$; & 7$9 R BãÒ =�R BT> & Hp

D &'P 46587 R 5 "�P � D =�P ;CB "��'&z&<" ;�9 & > & 465 =�" ;�> & 4$>�7 P�­ BT7$;& ;Ø> & 4$>�7 P :
B P D�B "�P >�BFD = 9 &'� ; = 5 " ; !<; & éÍ4 =�& D P���«�«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« .�-
	N« 	 ê >�>�7 P ;�9CBT; = 5 "]( � D &n� BT> � 7$>A� ��! &<" ;�9 & > &'P � 5 " ;I587$9 P D &'P 46587 R 5 "�P D &'P D & 7NÒ=�R B @�&'P A & ; B « �K& � ��! &'P ;Ë>�B R 5
à &<"$"�& D &'P �8BT> & 7$9 P D &'P D =�P ;CB "��'&'P �ù� BT> � 7$> %'&'PP 7$9Ø> � =�R B @�& A �ÏP 7$4 & 9�465 PI%'&)P 7$9Ø> &2� 5 " ;I587$9#D &'P 46587 R 5 "�P D & > � =�R B @�& B « «2«2«A« ,+*
	N« � ÑÓÒ &<R 4$> & D & 4$9I5�� &'� ; = 5 "S( � DN7 �C­ B R 4SD & � &'� ; & 7$9 P 7$9Ó7 "�&Ë� 587$4 & BãÒ = BT> & �ù%'�C­ B " é

; = >�>�5 "$" B @�& D & �nRrR 46587$9F7 "�& RS&�= >�> & 7$9 & � =�P 7
BT> =�P BT; = 5 " ��« �K& D % 4$>�B �'&<RS&<" ; D &�C­ B Q 7 & 465 =�" ; &'P ;29 & 4$9 &'PC&<" ; % 4
BT9)7 " � &'� ; & 7$9)9I587 @�& B�� &'� 7 "�&��
è'�C­�& � & 9�; & BT7
:6587$; «�«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,�)

	N«/. � % 4$>�B �'&<RS&<" ; � 9CB "$= 5Té � BT7�D�B8> P 7$9j7 "�&F� 587�4 & ;�9CB "�P � & 9 P BT> &+« �K& � & 9�; � 589�9 &'P 465 " D
� 7 " D % 4$>�B �'&<RS&<" ;�� & 9 P >�BF; !<; & DN704
BT; =�&<" ; & ;?> & :$> & 7�� & 9 P > &'P 4 =�& D P�«]«2«A«2«2«A« ,+(

	N« , � 589 RS&<P D & � &'� ; & 7$9 P 	 �WD & D % 4$>�B �'&<RS&<" ; P 7$9Ø7 "�&)� 587$4 & BãÒ = BT> &+«�¬ >�7 P > & 9I587 @�&&'P ;�� 5 "��'% ² R 5 =�"�P > & D % 4$>�B �'&<RS&<" ; &'P ; =�R 46589�;CB " ; «�«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,+(
	N« , � 58>�7 RS&'P 4$7$> R 5 " B = 9 &'Pj� BT> � 7$> %'P 46587$9áD =%$�% 9 &<" ; &'P �8BT> & 7$9 P D &�PI& 7 = > P D &�PI&<@+RS&<" é

;CBT; = 5 " 46587$9á> &'P ;�9I5 =�P B �'Q 7 =�P�= ; = 5 "�P � � � �ù! ² � ² ¯�� DN7g4
BT; =�&<" ; )+«�3�" 58: PI& 9�� &
7 "�& �8BT9 = BT; = 5 " > =�"�% B = 9 & DN70�L58>�7 RS&2&<" � 5 "�� ; = 5 " DN7 PI& 7 = > «Ø«2«2«A«2«2«A«2«2«A«2«2«A« ,�	

	N« + � % 4$>�B �'&<RS&<" ; R 5ãà &<" D &'P 465 =�" ; P �ù&<"vRrR � 46587$9 �C­ B Q 7 & 4
BT; =�&<" ; P 7 = �+B " ;æ> &'P
;�9I5 =�P D = 9 &'� ; = 5 "�P2ë�� é�B " ; % 9 = 5TéÍ465 P ; % 9 =�& 7$9�²��]é RS% D = 5TéÍ>�BT; % 9CBT>Í²��0é � 9CB "$= 5Té � BT7�D�BT>& ;Ø>�B " 589 RS& 	 �WD &'P � &'� ; & 7$9 P D & D % 4$>�B �'&<RS&<" ; «�«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,+,

��« ) � �C­�%<R B)D &#� BT> � 7$>6DN7 �C­ B R 4 D & D % � 589 R BT; = 5 "nëL�C­ B Q 7 & B �'Q 7 =�PI= ; = 5 " �ù! ² ��& ; ¯ �&'P ;#BT>�; & 9 " BT; = � &<RS&<" ; =�R B @�& 9 % � % 9 &<"��'&2& ; =�R B @�& 58:�� & ; « «2«2«A«2«2«A«2«2«A«2«2«A« , �
��« ( � �C­�%<R B @�%<"�% 9CBT>ÏD & >�B04$9I5 �'& DN7$9 & D % � & >�584$4 %'& 46587$9)>�B � 5 R 4
BT9CB =�P 5 " D &'P ;�9C5 =�PRS% ; ­ 5ßD &'P D & 9 %<@ 7$>�BT9 =�P BT; = 5 " � M1

²M1
& ; M3

� B�� &'� D &'P 584 % 9CBT; & 7$9 P D &��C­ B R 4 P
D & � &'� ; & 7$9 P�« «2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,G.

��« 	 � 5ãà &<"$"�& D &'P D =%$�% 9 &<"��'&'P BT: P 58>�7 &'P D &'Pæ=�" ; &<"�P�= ; %'P`&<" �ù5 "�� ; = 5 " D & > � = ; % 9CBT; = 5 "
46587$9?> &'P ;�9I5 =�P?RS% ; ­ 5ßD &'P D & 9 %<@ 7$>�BT9 =�P BT; = 5 "K«¨«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,8,

��« � !#@ 9»B " D =�PIPI&<RS&<" ;rD � 7 "�& 9 %<@+= 5 " D � 7 "p�C­ B R 4pD & D % � 589 R BT; = 5 " 4$9I5�� & ; %`P 7$9z7 "�&� 587$4 & ;�9CB "�P � & 9 P BT> &+« �K&'PË�C­ B R 4 P D & � &'� ; & 7$9 P 5 " ; % ; %áP 587 P é %'�C­ B " ; = >�>�5 "$"�%'P?&<"0(RrR 46587$9?7 "�&ARS&<= >�> & 7$9 & � =�P 7
BT> =�P BT; = 5 "K«�«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,�,

.N« ) ê >�>�7 P ;�9CBT; = 5 "0� 5 " ;I587$9 P�« � 9I5 =�P � &<" !<;�9CB @�&'P D =%$�% 9 &<" ; P 5 " ; % ; % 7$; = > =�PC%<P 46587$9 RS& ;�;�9 &&<"g% � = D &<"��'&�P 7$9#7 "�&)� 587$4 & ;�9CB "�P � & 9 P BT> &æë � B � > &'P?=�" ; &<"�P�= ; %'P D &'P 465 =�" ; P�� > � =�" é
; % 9 =�& 7$92D &'P 46587 R 5 "�P ² � : � > &F� 5 " ;I587$9 ¿ ��� D & >�B`;�7 RS& 7$9 �ù��� 7 "�&rPI&'� ; = 5 " DN7
��58>�7 RS& ;�7 R 589CBT> « «2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ++,

.N« ( ÑÓÒ &<R 4$> & D � =�" ; & 9 PC&'� ; = 5 " D & ��58>�7 RS&'P ;�7 R 589CBT7NÒ ¿ ��� 58:$; &<" 7 &A&<" P 7�4 & 9I465 P B " ;
> &'P �L58>�7 RS&'P VX & ; VY D &<P D & 7NÒ =�R B @�&'P � � ��	 �F² IX & ; IY «�«2«2«A«2«2«A«2«2«A« +!,

é�Ò =�=�= é



���������
	��
��� ������� �
�

.N« 	 Ñ®Ò &<R 4$> & D & ;�9CB
� &'� ;I5 = 9 & D � 7 " �L5�Ò & >ND�B "
P 7 "�& B �'Q 7 =�P�= ; = 5 " � � � � � BT7 � 587$9 P D &
> � =�"�P 4 = 9»BT; = 5 "�" 589 R BT> &+« Ñ " 9I587 @�& ²$>�BF;�9CB
� &'� ;I5 = 9 & 9 &'� ; = > =�@+"�& 58:$; &<" 7�4
BT9 � 5 R 465TéPI= ; = 5 " D &'PØ�C­ B R 4 P D &'P D % �ù589 R BT; = 5 "�P#&<" ;�9 & > &'PË=�R B @�&'P?P 7 �'�'&'PIPI= � &'P�« Ñ " � & 9�;�²ô>�B
;�9CB
� &'� ;I5 = 9 & 9 &'� ; = > =�@+"�& 58:$; &<" 7 &A&<" ;�9 & II & ; IE «ôì ê � &'P ;Ï> � 589 =�@+=�"�& DN7 ��5�Ò & >�D�B "�P> � =�R B @�& II & ; ì Ñ � >�B�D &'P ; =�" BT; = 5 " DN7 ��5�Ò & >°D�B "�P > � =�R B @�& IE « δd1 ² δd2 ² δd3 ²
δd4
P 5 " ;Â> &'P D =�P ;CB "��'&'PÏ&<" ;�9 & >�BA;�9»B
� &'� ;I5 = 9 & 9 &'� ; = > =�@+"�&á& ;°>�BA;�9CB
� &'� ;I5 = 9 & D % ;CB = >�> %'&

�F�C­ B Q 7 & 465 P�= ; = 5 "�=�" ; & 9 RS% D = B = 9 &+« δd &'P ;Ø>�BFD =�P ;»B "��'&A&<" ;�9 & > &'P 465 PI= ; = 5 "�P?&<" ��"D � & ÒN4 = 9CBT; = 5 "K«6«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« + +
.N« � ê >�>�7 P ;�9CBT; = 5 " D &'P BT9�; % � B � ; P 4$9 %'PI&<" ; P D
B "�P > � =�R B @�& I9 D & >�BS4 ­ B PI& D � =�"�P 4 = 9CBT; = 5 "D�� � >�B`;I58> % 9CB "��'& D & > � BT> @ 589 = ; ­$RS& D & ;�9 = D &F� 587$4 &'P BãÒ = BT> &'P�«�3#" 9 &<R BT9 Q 7 & >�B

465 PI= ; = 5 " D & >�B`;�7 RS& 7$9 &<" ;�9 &r�'&'P D & 7NÒ =�R B @�&'P é?> & D % 4$>�B �'&<RS&<" ; &�" D = 9 &'� ; = 5 "
; !<; & éÍ4 =�& D P�&'P ; Q 7
B P�=�" 7$> « «A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« -�	

,N« ) � 7$4 & 9�465 PI= ; = 5 " D &'P D & 7NÒ2� & 9�; è :$9 &'P D � 7 "�&°� 587$4 & BãÒ = BT> & B��+B " ; ��=�R B @�&'P �Ø@ BT7 �C­�&��& ;�BT4$9 è'P 9 &'� BT>�B @�& 9 =�@+= D & ��=�R B @�&'P�� DN9C5 = ; & �<«�� � =�" ; & 9 PI&'� ; = 5 " D &'P D & 7NÒ � & 9�; è :$9 &'P&'P ;Ø9 & 4$9 %'PI&<" ; %'&)&<"0@ 9 =�P#� >�B = 9 «s«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« - +
,N« ( ¯ 589�9 &'P 465 " D�B "��'&'P D &'P�� 587$4 &'P BãÒ = BT> &'P�&<" ;�9 & > &'P D & 7NÒ =�R B @�&'P � 9 &'� BT> & 9 � I1 & ;

I2
� 46587$9?> &2�C­ B "$@�&<RS&<" ; � 4$9 = 589 = D &'P D &<"�PI= ; %'P 4$7$> R 5 " B = 9 &'P �Í¯Ï!�¬ � ¬ ��« «2«A«2« -�-

,N« 	 ¯ 587$4 &'P BãÒ = BT> &'P D & > � =�R B @�& B �'Q 7 =�PC&��
� � 	 ��=�"�P 4 = 9CBT; = 5 " � �0@ BT7 �C­�& & ; � � � )
�ù& ÒN4 = 9CBT; = 5 " ��« ��&'P 465 =�" ; P D &Ë� 5 " ;�9 ' > &?PI% > &'� ; = 5 "$"�%'P 4
BT9®> &'P®& ÒN4 & 9�; P�P 5 " ; = >�>�7 P ;�9 %'P
B�� &'� 7 "�&S� 9I5 = Ò 9I587 @�&+«��K&'P 465 PI= ; = 5 "�P � & 9�; &'P2P 5 " ;258:$; &<" 7 &'P 5 " BT4$4$> =�Q 7
B " ;2> &'P
� &'� ; & 7$9 P D % 4$>�B �'&<RS&<" ;jBT7NÒ`465 PI= ; = 5 "�P 9I587 @�&'P D &'PØ=�R B @�&'P �F@ BT7 �C­�&+«A«A«2«2«2«A«2« )�* �

,N« � ¯ 5 R 4
BT9CB =�P 5 "]&<" ;�9 & > � =�R B @�& 9 % � % 9 &<"��'& � � 	�& ; > � =�R B @�& � � ) D % �ù589 RS%'& B�� &'�
;�9CB "�P �ù589 R BT; = 5 "�� BT> � 7$> %'& B�� &'�z& ; P B "�P2¯Ï!á¬ � ¬�« �K&'P �
è'�C­�&'Pj=�" D =�Q 7 &<" ;AD &<P 9 % é@+= 5 "�P B�� &'� 7 "�& D =%$�% 9 &<"��'&'P � =�P�= :$> &+«n«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�*�.

,N«/. ¯°­ B R 4�D & D % � 589 R BT; = 5 "�P 7$4 & 9�465 PI%jP 7$9Ï7 "�&á� 587$4 & BãÒ = BT> &+«��K&j�C­ B R 4�D & D % � 589ÉéR BT; = 5 "�&'P ; � BT> � 7$> %`&<" ;�9 & > � =�R B @�& B �'Q 7 =�PC& �
� � )æ& ;�> � =�R B @�& B �'Q 7 =�PI& �
� � 	N«
��&A�C­ B R 4 �z@ BT7 �C­�&)&<P ; � BT> � 7$> %)P B "�P�¯Ï!�¬ � ¬v& ; �'& >�7 = � DN9I5 = ; & B�� &'�)¯Ï!á¬ � ¬�«¬ 587$9?7 "�&ARS&<= >�> & 7$9 & � =�P 7
BT> =�P BT; = 5 " > &A�C­ B R 4nB % ; %2%'�C­ B " ; = >�>�5 "$"�%�&<"g,zRrR�«Ó«A«2« )�*+,

,N« ,
pE
² p1 & ; pI P 5 " ;Â> &'P 465 P�= ; = 5 "�P DN7 465 =�" ;ÏD &�� 5 " ;�9 ' > & p « l &'P ;Â>�B)D =�P ;CB "��'&�&<" ;�9 &

p1
> &�PI&<@+RS&<" ;`D & DN9I5 = ; & D � & ÒN;�9 &<Rr= ; %'P pI & ; pE « k &'P ;S>�B|9CBT4$46589�; &<" ;�9 & >�B>�5 "$@ 7 & 7$9�D$7 PC&<@+RS&�" ; � b =√(pE − pI)2 �Ë& ;?>�BFD =�P ;CB "��'& a D & pI BT7�465 =�" ;#D &4$9I5�� &'� ; = 5 " p′1 D

&
p1
P 7$9Ø> &APC&�@+RS&<" ; [pIpE ] « «2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�*+,

,N« , ¯ 5 R 4
BT9CB =�P 5 "S&<" ;�9 & > � =�R B @�& D & 9 % � % 9 &<"��'& � I1 ��& ;Ó7 "�&Ë=�R B @�& BT9�; =%�
�<=�& >�> & 58:$; &<" 7 &&<" D % �ù589 R B " ;�> � =�R B @�&Ø=�"$= ; = BT> & � IE � B�� &'� >�B RS% ; ­ 5ßD &á¿ ê �ÏÐ
« �K&'P�R ! RS&<P°� 587$4 &'PBãÒ = BT> &'P°P 5 " ;Â4$9 %'PI&<" ; %'&'P B�� &'� D & 7NÒ&� &<" !<;�9CB @�&'P D =%$�% 9 &<" ; P 46587$9 Rr=�& 7NÒS� =�P 7
BT> =�PI& 9
> &'P#P ;�9�7 � ;�7$9 &'P � > � =�" ; % 9 =�& 7�9�D &'P 46587 R 5 "�P
«b«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« )�* +

é�Ò = � é



� � � ��� � � � � �����
�5� ���

(N« ) � àô4 &<P D & 465 =�" ; P D &á� 5 " ;�9 ' > & 7$; = > =�PC%'P 46587$9Ï> & 9 &'� BT>�B @�& D � =�R B @�&'P � � � DN7`; ­ 5Té
9CBãÒ ��� � � é �Ë±�� � � � &<" :$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &�� � � � � 7 = � =�� � � � D &ËP 7 = � =
D & > � % �L58>�7$; = 5 " DN7�;�9CB = ; &<RS&<" ;áB �'Q 7 =�PI&'P 46587$9?7 "�R ! RS& 4
BT; =�&<" ; � 7 "�=�" ; & 9��+BT>�> &
D &?Q 7 & > Q 7 &'P�PC&<R B =�"�&'P��ß¯
�	�]¯ BT4
B �<= ; % � = ;CBT> &�� ê ¬Â¬ � � BT> @ 589 = ; ­$RS&#= ; % 9CBT; = ��DN7
465 =�" ;2> & 4$>�7 P2P�=�Rr= >�B = 9 &�� � 3á�
� BT> @ 589 = ; ­$RS&æP ;I5 �C­ B P ; =�Q 7 & D &r� >�B PIPI&<RS&<" ;)D &'P
D$5 "$"�%'&'P � ; & 9 RS& B "$@ >�B =�P)ë � & >%��é 3 9 @ B "$=��'=�"$@`� BT4 ��« «2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« 	!,

(N« ( ¯ BT9CB � ; % 9 =�P ; =�Q 7 & D &'P)RS% ; ­ 5ßD &'P 7$; = > =�PI%'&'P 46587$9�> & 9 &'� BT>�B @�& D &<"�PI& D � =�R B @�&'P DN7
; ­ 589CBãÒ � � ¯ � �áP 5 RrRS& D &<P D =%$�% 9 &<"��'&2� BT9�9 % D &'PØ=�" ; &<"�P�= ; %'P�« � � ê � � 5 RrRS& D &'P
D =%$�% 9 &<"��'&'P D &'P�=�" ; &<"�P�= ; %'P�«+¯Ø¯���� 5 &��æ��=�&<" ;�D &°� 589�9 % >�BT; = 5 "K«�¯Ïì'3��v¯ 5 " ;�9CB =�" ; &
� 7NÒn584$; =�Q 7 &+« ê �
� ê " � 589 R BT; = 5 "|R 7$;�7 & >�> &+« � ¬Â�
� � 4$> =×"
&<P�� 4$>�B Q 7 &zRr=�"��'&��8«
� � � é �Ë± ê�� Ñ � � � � &<" :$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &|&<" =�"�P 4 = 9CBT; = 5 " � & Òô4 = 9CB8; = 5 "K«
ê ±���� ê R B @�& 9 =�& 4
BT9?9 %'P 5 " B "��'&AR B @+"�% ; =�Q 7 &���«�«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« 	 +

	N« ) � à " ; ­�è'PI& D &'P 9 %'P 7$>�;CBT; P 58:$; &<" 7 P 4
BT9?> &'P#% ;�7�D &'P 46589�; %'&'P#P 7$9?D &'P?=�R B @�&'P�( � 587
	 �bD & >�BS9 & 4$9I5ßDN7 � ; = : = > = ; %F=�" ; & 9Éé ��9CB � ; = 5 " DN7n:$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &+« �K&'P �8BT> & 7$9 P
D & >�BSD =%$�% 9 &<"��'&)=�" ; & 9 ��9CB � ; = 5 "nP 5 " ; & Òô4$9 =�RS%'&'Pá&�"�RrR ² &<" 46587$9 �'&<" ;CB @�& DN7��L5Té
>�7 RS& 9 % � % 9 &<"��'& 587gD &'P D =�RS&<"�P�= 5 "�P D &'P�=�R B @�&'P 587 � > RSP 9CB8D = 5 @ 9CBT4 ­$=�Q 7 &'P�« �K&'P
BT:$9 % � = BT; = 5 "�PËP 7 = �8B " ; &'P°P 5 " ;Â7$; = > =�PI%'&'P�ëL± Ò � ± B8D = 5 @ 9»BT4 ­$=�&��ßì � Ò � ì >�7�589I5 PI� 5Té
4 =�&�� � � ��� B �'Q 7 =�P�= ; = 5 " ;I5 R 5ßD &<"�P�= ;I5 RS% ;�9 =�Q 7 &��L¯Ø¯�� ¯ 9CB "$= 5Té ¯ BT7�D�BT> ��!�¬��!#" ; % 9 = 5Té ¬ 5 P ; % 9 =�& 7$9 ��� ���b�n& D = 5Té � BT; % 9CBT> �K!��?¯��b!?� ; = � & � 9 & BT; ­�¯ 5 " ;�9I58> �
� ��� � >�5 � B @�& ��58>�5 " ;CB = 9 &�� � ê � ��� � >�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &2&<"0=�"�P 4 = 9CBT; = 5 " 4$9I5Té
�ù5 " D &��NR � ê � ��� � ê � � R 5
à &<"�� � Ñ � 4$9I5 �C­�& D & >�B �
" D & > � & ÒN4 = 9CBT; = 5 "�" 589ÉéR BT> &�� �áê � 4$9I5 �C­�& D & >�B ��" D & > � =�"�P 4 = 9CBT; = 5 "�" 589 R BT> &�� �áÑ � & Òô4 = 9»BT; = 5 " 4$9I5Té
�ù5 " D &�� Ñ ¬ ê � � ê R B @�& 7$9Ï46589�;CBT> &�" 7 RS% 9 =�Q 7 &�� � ��! � ; & 9 RS& B "$@ >�B =�Pjë � =�P ;CB "��'&
;I5 !�@ 9 &'&<RS&<" ; ��� � =�P ;»B "��'& BT70465 =�" ;?> & 4$>�7 P 4$9I5 �C­�&+«]«2«2«2«A«2«2«A«2«2«A«2«2«A« .�.

	N« ( � =%$�% 9 &<"��'& D &'P �L58>�7 RS& 4$7$> R 5 " B = 9 &'P � � �j¬ � 46587$9�> &'P ;�9I5 =�P B �'Q 7 =�P�= ; = 5 "�P � � �
��" 58; %'&'P A ² B & ; C � D &j�C­ B � 7 " D &'P + 4
BT; =�&<" ; P�«��K&'P �8BT> & 7$9 P?P 5 " ; & ÒN4$9 =�RS%'&'P?&<"
cm3 & ; &<" % 4
BT9Ø9»BT4$46589�;�BT7��L58>×7 RS&j=�"$= ; = BT> « «A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« , �

	N« 	 � =%$�% 9 &<"��'& DN7 �L58>�7 RS& 4$7$> R 5 " B = 9 &�� � �á¬ � 46587$9Ë> &'P 46587 R 5 "�P DN9I5 = ; & ; @ BT7 �C­�& ²
�ù& Òô4$9 =×RS%'&)&<" cm3 & ; &<" % � 46587$9?> &'P D & 7NÒ 4
BT; =�&<" ; P B�� &'� 7 "0@ 9CB " D�� �á¬�« «2«A« , �

	N« � � BT> & 7$9 PÏR 5
à &<"$"�&'P D &'P D &<"�P�= ; %'P 4$7�> R 5 " B = 9 &<P D &'P�+ 4
BT; =�&<" ; PÏRS&'P 7$9 %'&'P � 4
BT9�; = 9
D &'P�� � � &<" 9 &'P 4 = 9CBT; = 5 " > = :$9 &�& ; &<" :$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &+«°! ; = ;�9 & D &�� 5 R é
4
BT9CB =�P 5 " ²�> &'P D & 7NÒsD & 9 "$=�è 9 &'P > =�@+"�&'P 4�9 %'PI&<" ; &<" ;F> &'P 9 %'P 7$>�;CBT; P D � � B " > & à & ;rBT> «
� �&, �â«�«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« , �

	N«/. � 5ãà &<"$"�& ² RS% D = B "�& ² %'� BT9�;ÉéÍ;¼àô4 & D &'P0" 589 RS&'P D & D % 4$>�B �'&<RS&<" ;�46587$9�;I587 P > &'P
465 =�" ; P � > � =�" ; % 9 =�& 7$9ØD &'P 46587 R 5 "�P �ù&<" �ù5 "
� ; = 5 " D &'P 4
BT; =�&<" ; P ² = >øàæB 870 000 � 2Rr= >�> = 5 " D & 465 =�" ; P ��« � B Q 7
BT;�9 =�è<RS&�� 58>�5 "$"�&�� 5 " ; =�&<" ;�> &'P#R 5
à &<"$"�&'P D &'P .�
 D &'P
465 =�" ; P B�àßB " ;?> &'P 4$>�7 P?@ 9CB " D P D % 4$>�B �'&�RS&<" ; P�«�¯°­ B Q 7 &)� BT> � 7$>�4�9 &<" D &<"g� 5 R 4�; &P�= Ò �C­ B R 4 P D & � &'� ; & 7$9 P�«¥«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« ,�.

é®ÒN�æé



��� � ��� 	�� � ����������� ���

	N« , � 5
à &<"$"�& �ù%'� BT9�;ÉéÍ;¼àô4 &�� ²��+BT> & 7$9 PrR BãÒ =�R BT> &'P D &'Pr" 589 RS&'P D & D % 4$>�B �'&<RS&<" ; �ù&<"RrR � 46587$9`;I587 P > &'P 465 =�" ; P`PI= ;�7 %'P�� > � =�" ; % 9 =�& 7$90D & > � & >�> = 4 P 5��ÍD &n�'&<" ;�9 %nP 7$9 > &¿ ��� �ù&<" �ù5 "�� ; = 5 " D$7�4
BT; =�&<" ; = >ßà)B &<" ;�9 & 1 000 & ; 40 000 465 =�" ; P���«��K&Ï�C­ B R 4FD &D % � 589 R BT; = 5 " 7$; = > =�PI% D�B "�P > � % �+BT>�7
BT; = 5 "�&'P ; =�" D =�Q 7 % D�B "�P >�B`D & 7NÒ =�è<RS&r� 58>�5 "$"�&
�
UAB

P�=�@+"$=%�
& 9 &'� BT>�B @�&�&<" ;�9 & > � B �<Q 7 =�P�= ; = 5 " � � � A
& ; B ² A % ;CB " ;0> � =�R B @�&9 % � % 9 &<"��'&���« � B . eme

� 58>�5 "$"�&r� 5 " ; =�&�" ;A>�B D =�RS&<"�P�= 5 " D & > � & >�> = 4 P 5��ÍD &S&<"$@ >�58:
B " ;
> &�¿ ��� �ù&<" cm3 �Ï& ;?>�BFD & 9 "$=�è 9 &)� 58>�5 "$"�& >�BF>�5 � BT> =�P BT; = 5 " D & >�BF;�7 RS& 7$9 «¥«2«A«2« ,+,

	N« , ��&'P 46587 R 5 "�P DN9C5 = ; & ; @ BT7 �C­�&FP 5 " ;AD = � =�PI%'Pj&<"|P�= Ò�9 %<@+= 5 "�PA� 5 "�PI%'� 7$; = � &'Prë 7 "�&P 7$4 % 9 =�& 7$9 & ;z7 "�& =�" � % 9 =�& 7$9 & �C­ B � 7 "�& %<@ BT> &'P&� )�*�
 D & >�B ­ BT7$; & 7$9 R BãÒ =�R BT> &
D &'P 46587 R 5 "�P & ; ��=�" ; & 9 RS% D = B = 9 &�P D &�(+*�
`«Â¬ 587$9 �C­ B Q 7 & 9 %<@+= 5 " ²Â> & ;CBT:$> & BT7
4$9 %'PC&<" ; & >�B R 5
à &<"$"�& D &'P D % 4$>�B �'&<RS&<" ; P D &'P 465 =�" ; P DN7 46587 R 5 " ²°> &'P 465 =�" ; P" � BT4$4
BT9�; &<" B " ; Q 7 � � >�B P 7$9 �ÍB �'& D &'P 46587 R 5 "�PÓ& ;�> &'P �8BT> & 7$9 P�R 5
à &<"$"�&'P D &'P � ��!�«
��&'P �+BT> & 7$9 P D &'P � ��!¡P 5 " ; � 5 R 4
BT9 %'&'P BT7NÒ 9 %'P 7$>�;CBT; P 58:$; &<" 7 P 4
BT9 � -+* �â«�«2«2«A«2« ,!,

��« ) � 5
à &<"$"�&2& ; %'� BT9�;�;¼àß4 & �ù&<"�RrR � D &'P � &'� ; & 7$9 P D & D % 4$>�B �'&<RS&<" ;á46587$9#> &'P ;�9I5 =�PRS% ; ­ 5ßD &'Pj& ;#> &'P D & 7NÒ�4
BT; =�&<" ; P�« � BS4$9 &<Rr=�è 9 & > =�@+"�&�� 589�9 &'P 465 " D BT7NÒ0465 =�" ; P DN7
�L58>�7 RS& D &'P 46587 R 5 "�P�& ;?>�BFD & 7NÒ =�è<RS& D & >�B P 7$9 � B �'&+«K«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,8,

��« ( Ñ�9�9 & 7$9°D & >�B P à RS% ;�9 =�&#&<" ; & 9 RS&'P D &ØR 5
à &<"$"�&�& ; %'� BT9�;°;¼àß4 & �ù&<"æRrR � ²�46587$9Â> &'P
;�9I5 =�P�RS% ; ­ 5ßD &'Pz& ;)> &'P D & 7NÒ�4
BT; =�&<" ; P�« ê D % BT> &<RS&<" ;�²�> &'P �+BT> & 7$9 P D & �ô9CB =�&<" ; !<;�9 &" 7$>�> &'P
«�«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,G-

��« 	 Ñ�9�9 & 7$9ØD & >�B);�9CB "�PI= ; = � = ; %j&<" ; & 9 RS&'P D &�R 5
à &<"$"�&j& ; %'� BT9�;Ë;¼àß4 & �ù&<" RrR � ²ô46587$9
> &'P ;�9I5 =�P®RS% ; ­ 5ßD &'P�& ;Ó> &'P D & 7NÒz4
BT; =�&<" ; P�« ê D % BT> &<RS&<" ;�²8> &'P �+BT> & 7$9 P D & �ô9CB =�&<" ;*!<;�9 &" 7$>�> &'P
«�«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« ,G-

��« � ¬ 587$9 �'&<" ;CB @�& D & 465 =�" ; P B�� &'� ��B � 58: =�&<"n"�%<@ BT; = � � BT> � 7$> % 46587$9 �C­ B Q 7 &z�C­ B R 4 D &
D % � 589 R BT; = 5 " D &'P ;�9I5 =�P?RS% ; ­ 5ßD &'P�& ;Ø46587$9 �C­ B Q 7 & 4
BT; =�&<" ; «$«2«2«A«2«2«A«2«2«2«A«2« ,G-

��«/. � = >�BT;CBT; = 5 " ��58>�7 Rr=�Q 7 & �ù& Òô4$9 =�RS%'& &<" 
 � D &'P 46587 R 5 "�P 46587$9 �C­ B Q 7 &n� 587$4$> &
D � =�R B @�&+«�¬ 587$9 �C­ B Q 7 & 4
BT; =�&<" ; ë 4$9 &<Rr=�è 9 & � 58>�5 "$"�& é �C­ B "$@�&<RS&<" ;rD & �L58>�7 RS&� BT> � 7$> %
� 4
BT9�; = 9rD &'P 46587 R 5 "�PrPI&<@+RS&<" ; %'P ²�> &'P ;�9I5 =�P BT7$;�9 &'Pr� 58>�5 "$"�&'P é � BT> � 7$>
B�� &'� > � 584 % 9CBT; & 7$9�> =�"�% B = 9 &)P 7$9Ø> &'P?�C­ B R 4 P 58:$; &<" 7 P B�� &'� > &'P ;�9I5 =�P?RS% ; ­ 5ßD &'P�«�«2« ++*

��« , ��&'P ;AD & � ;�7�D &<" ; &<" ;�9 & > &'PARS% ; ­ 5ßD &'P 46587$9 �C­ B Q 7 & 584 % 9CBT; & 7$9�D &r�C­ B R 4 «�0�� 2
D =%$�% 9 &<"��'&)" 5 "gPI=�@+"$=%�
� BT; = � & ² 0 � 2�P�=�@+"$=%�
� BT; = � &<RS&<" ;jD =%$�% 9 &<" ; & ² 0 � � 2 D =%$�% 9 &<"��'&
;�9 è'P#P�=�@+"$=%�
� BT; = � &2& ; 0 � � � 2 D =%$�% 9 &<"��'& ;I9 è'P � 589�; &<RS&<" ; P�=�@+"$=%�
� BT; = � &+« «2«2«2«A«2« ++*

.N« ) ¯ 5 "�PI=�P ;CB "��'& D &'PF�C­ B R 4 P D & D % � 589 R BT; = 5 "�PS&<P ; =�RS%'P 4
BT9F> &'PzRS% ; ­ 5ßD &'P M1
& ;

M2
« ��&'P��C­ B R 4 Pz� BT> � 7$> %'P B�� &'� M1

PC& 9�� &<" ;�D & 9 % � % 9 &<"��'&'P 46587$9 �'&'P)RS&'P 7$9 &'P�«
NC

&'P ;`> &g" 5 R :$9 & D &n� 5 R 465 P�= ; = 5 "�P D &n�C­ B R 4 P0& $�&'� ;�7 %'&'P 46587$9 % �8BT>�7 & 9 >�B� 5 "�PI=�P ;CB "��'&+« «A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« +�-
.N« ( ¯ 5 "�PI=�P ;CB "��'& D &'PF�C­ B R 4 P D & D % � 589 R BT; = 5 "�PS&<P ; =�RS%'P 4
BT9F> &'PzRS% ; ­ 5ßD &'P M2

& ;
M1
« ��&'PS�C­ B R 4 Pæ� BT> � 7$> %'P B�� &'� M1

PI& 9�� &<" ;rD & 9 % � % 9 &<"��'& 46587$9 �'&'PrRS&'P 7$9 &'P�«
NC

&'P ;`> &g" 5 R :$9 & D &n� 5 R 465 P�= ; = 5 "�P D &n�C­ B R 4 P0& $�&'� ;�7 %'&'P 46587$9 % �8BT>�7 & 9 >�B� 5 "�PI=�P ;CB "��'&+« «A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« -+*
.N« 	 � 5
à &<"$"�&'P®& ; %'� BT9�;ÉéÍ;¼àô4 &'P D &'P D =�P ;CB "��'&'P�� BT> � 7$> %'&'PÂ&<" ;�9 & > &'P 465 =�" ; P D &'P®� 5 " ;I587$9 P¿ ��� B��+B " ; & ;�BT4$9 è'P 9 &'� BT>�B @�&+« �K&'P �+BT> & 7$9 P?P 5 " ; � BT> � 7$> %'&'P�&<" ;�9 & > &2� 5 " ;I587$9�D &

9 % � % 9 &<"��'& C6 & ;Ø> &'P BT7$;�9 &'P#� 5 " ;I587$9 P�«s«A«2«2«2«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2« -+*
.N« � � 5
à &<"$"�&'P®& ; %'� BT9�;ÉéÍ;¼àô4 &'P D &'P D =�P ;CB "��'&'P�� BT> � 7$> %'&'PÂ&<" ;�9 & > &'P 465 =�" ; P D &'P®� 5 " ;I587$9 P¿ ��� B��8B " ; & ;)BT4$9 è'P 9 &'� BT>�B @�&+«��K&'P �+BT> & 7$9 P2P 5 " ; � BT> � 7$> %'&'P)&<" ;�9 & > &'P2� 5 " ;I587$9 P

9 % � % 9 &<"��'&'P CX
² X ∈ {1, 2, 3, 4, 5, 8, 9, 10} & ;Ø> &2� 5 " ;I587$9 C6 «[«A«2«2«A«2«2«2«A«2« -+*

é�Òô� = é



��� � ��� 	��
� ��������� � ���

.N«/. Ñ®�+BT>�7
BT; = 5 " D &'P �L58>�7 RS&'P2¿ ��� B��+B " ; & ;2BT4$9 è'P 9 &'� BT>�B @�&+« � 7$9 �C­ B Q 7 & > =�@+"�& DN7
;CBT:$> & BT7K²K> &'P �8BT> & 7$9 P)P 5 " ; & Òô4$9 =�RS%'&'P)&<" 46587$9 �'&<" ;CB @�& 4
BT929CBT4$46589�;zBT7���58>�7 RS&
9 % � % 9 &<"��'& VY ² Y ∈ {1, 2, 3, 4, 5, 8, 9, 10} « V ′

6\VY éË�L58>�7 RS&FQ 7 =�"�& D & �ß9»B = ;A4
B P� B = 9 & 4
BT9�; =�& DN7 ¿ ��� PI& >�5 " > &ØRS% D &'�<=�"K« VY\V ′
6
�L58>�7 RS& 4$9 % �ô7S46587$9�> � = 9�9CB8D = BT; = 5 "

4
BT9?> &jRS% D &'�<=�"�R B =�P#& Ò � >�7�DN7 ¿ ��� 58:$; &<" 7gBT4$9 è'P 9 &'� BT>�B @�&+« «2«2«A«2«2«A«2«2«A« -�)
.N« , Ñ®�+BT>�7
BT; = 5 " D &'P �L58>�7 RS&'P2¿ ��� B��+B " ; & ;2BT4$9 è'P 9 &'� BT>�B @�&+« � 7$9 �C­ B Q 7 & > =�@+"�& DN7

;CBT:$> & BT7K²K> &'P �8BT> & 7$9 P)P 5 " ; & Òô4$9 =�RS%'&'P)&<" 46587$9 �'&<" ;CB @�& 4
BT929CBT4$46589�;zBT7���58>�7 RS&
9 % � % 9 &<"��'& V6 « V ′

X\V6 é��L58>�7
RS&�Q 7 =
"�& D & �ß9CB = ;°4
B P � B = 9 & 4
BT9I; =�& DN7 ¿ � � PI& >�5 " > &RS% D &'�<=�"K« V6\V ′

X
�L58>�7 RS& 4$9 % �ô7n46587$9�> � = 9�9CB8D = BT; = 5 " 4
BT9�> &�RS% D &'�<=�"nR B =�Pj& Ò � >�7

DN7 ¿ ��� 58:$; &�" 7gBT4$9 è'P 9 &'� BT>�B @�&+« «A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« -�)
.N« , � =�P ;CB "��'&'P R 5
à &<"$"�&'P �ù& ; %'� BT9�; P ;¼àß4 &'P���& ;|D =�P ;CB "��'&'P R BãÒ =�R BT> &'P �ù& ; %'� BT9�; P

;¼àô4 &<P��Ï&<" ;�9 & > &'P ;�9»B
� &'� ;I5 = 9 &'P D % ;CB = >�> %'&<P�& ;?> &'P ;�9CB
� &'� ;I5 = 9 &'P 9 &'� ; = > =�@+"�&'P
« «A«2«2«A« -+(
,N« ) ± BT4$46589�; &<" ;�9 & > � ­ à P ; % 9 %'P�=�P�& ;�> & D % 4$>�B �'&<RS&<" ; �ù&<"�RrR ��� BT> � 7$> %Ë� 5 RrRS& 4$9I58465 PI%

D�B "�P � )�*+( �â«Ó«A«2«2«A«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�*+*
,N« ( � 5ãà &<"$"�& �ù� �A& ; %'� BT9�;ÉéÍ;¼àô4 & � Ñ � � D &'P D =�P ;CB "��'&'P�&<" ;�9 & > &'P 465 P�= ; = 5 "�P D & 9 % � % é

9 &<"��'&'P�& ;)> &'P 465 P�= ; = 5 "�P�&'P ; =�RS%<&'P D &<P 465 =�" ; P D &æ� 5 " ;�9 ' > & 46587$9 �C­ B Q 7 &æ� 587$4$> &
D � =�R B @�&'P B��+B " ;Ï9 &'� BT>�B @�& �ù� 58>�5 "$"�& � � =�P ;CB "��'&'PË=�"$= ; = BT> &'P � �Ï& ;Ï46587$9 �C­ B Q 7 & ;¼àô4 &
D & 9 &'� BT>�B @�& D % �ù589 R BT:$> & ²�B�� &'�F& ; P B "�Pj�C­ B "$@�&<RS&<" ;�B 4$9 = 589 = D &'P D &<"�P�= ; %'P 4$7$>×éR 5 " B = 9 &'P �Í¯Ï!á¬ � ¬ � ²ßB�� &'� 9 %<@ 7$>�BT9 =�P BT; = 5 " @ BT7 PCP�=�&<"$"�& �Í¿ � 587S> =�"�% B = 9 &�% >�B P ; =�Q 7 &
� � Ñ ��« �AB "�P > & ;CBT:$> & BT7 �?@ BT7 �C­�& > &'P D =�P ;CB "��'&'PÓP 5 " ; & ÒN4$9 =�RS%'&'PÓ&<"z=�"�Rr= >�> =�RSè ;�9 &'P& ;?D�B "�P > & ;CBT:$> & BT7 � DN9I5 = ; &2&<" ��5�Ò & > P2«�«2«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�*�	

,N« 	 ¬ 587$9 �'&<" ;CB @�&nR 5
à &<" D &'P 465 =�" ; P B�� &'� 7 " �IB � 58: =�&<" "�%<@ BT; = � « � B R 5
à &<"$"�&n&'P ;� BT> � 7$> %'& 46587$9æ;I587 P > &'P �C­ B R 4 P & ;S;I587 P > &'P 4
BT; =�&<" ; P
« 3�"v� 5 R 4
BT9 & BT7 PCP�= > &'PRS% ; ­ 5ßD &'P B�� &'�n& ; P B "�P0¯Ï!á¬ � ¬ & ; > &'P D & 7NÒ�9 %<@ 7$>�BT9 =�P BT; = 5 "�P0@ BT7 PIP�=�&<"$"�& & ;
> =�"�% B = 9 &)% >�B P ; =�Q 7 &+«�� BrD & 9 "$=�è 9 &)� 58>�5 "$"�&2=�" D =�Q 7 &2P�= > &'P D =%$�% 9 &<"��'&'P#P 5 " ;?587 " 5 "P�=�@+"$=%�
� BT; = � &'P#P ;CBT; =�P ; =�Q 7 &<RS&<" ; � ;ÉéÍ; &'P ; P ��«�«A«2«2«A«2«2«A«2«2«2«A«2«2«A«2«2«A«2«2«A« )�*�	

,N« � �K&'P D & 7NÒ�4$9 &<Rr=�è 9 &'P > =�@+"�&'P � 5 " ; =�&<"$"�&<" ;0> &'P R 5
à &<"$"�&'P �ù& ;`> &'P`%'� BT9�; P ;¼àô4 &'P �
D &'P D =�P ;CB "��'&'PA&<" ;�9 & > &'P 465 =�" ; P D &F� 5 " ;�9 ' > & D & > � =�R B @�& II & ;j> &'P 465 PI= ; = 5 "�P D &'P465 =�" ; P D &A� 5 " ;�9 ' > & D�B "�P > &'PØ=�R B @�&'P IE ² I1 & ; I2 ²
B��8B " ; & ;#BT4$9 è'P 9 &'� BT>�B @�&+« �K&'P�8BT> & 7$9 PáP 5 " ; & ÒN4$9 =�RS%'&'Pá&<"gRr= >�> =�RSè ;�9 &'P
« �K&'P D & 7$Ò�D & 9 "�=�è 9 &'P > =�@+"�&'Pá� 5 " ; =�&<"$"�& ;
> &'P �+BT> & 7$9 PØR 5
à &<"$"�&'P D &'P D =�P ;CB "��'&'P l & ;?D &'P � B � ; & 7$9 P k « «A«2«2«A«2«2«2«A«2«2«A« )�*!,,N«/. � BT> & 7$9 P � ! � � BT> � 7$> %'&'PÂ&<" ;�9 & Ii ��OØ= ; ­ i = 1, 2 � B " D IE B��8B " ;®9 &'� BT>�B @�&?& ;ÂBT4$9 è'P9 &'� BT>�B @�&g&<" ;�9 & Ii & ;S> &'PS=�R B @�&'P`P à " ; ­�% ; =�Q 7 &'P I∗i

� BT> � 7$> %'&'P`P B "�P`¿ ê �ËÐ ²ÂB�� &'�¿ ê �ÏÐæ& ;Ø4
BT9 =�" ; & 9�4658>�BT; = 5 " > =�"�% B = 9 &+« �K& � ! � &'P ; & ÒN4$9 =�RS%2&<" 7 "$= ; %'P � 587 "�P �
& >�D « )�*!,

é®ÒN� =�= é



��� � ��� 	�� � ����������� ���

é�Òô� =�=�= é



� � � ���%� � � � ��� �

� Bz9CB8D = 58; ­�% 9CBT4 =�&2&'P ;Ë> � 7 "�& D &'P ;�9I5 =�P 4$9 =�"��<= 4
BT> &'P?R 5ßD�BT> = ; %'P D & ;�9»B = ; &�RS&<" ;?DN7 � B "��'& 9#B�� &'�
>�B �C­$= 9�7$9 @+=�&)& ;?>�B �C­$=�Rr= 58; ­�% 9CBT4 =�& ²6B�� &'� > &'PIQ 7 & >×> &'P#& >�> &2&'P ;?D & 4$>�7 P#&<" 4$>�7 P B PIP 5 �<=�%'&+«

�*� 58:�� &'� ; = �Ë4$9 =�"��<= 4
BT> &<" 9CB8D = 58; ­�% 9CBT4 =�&æ&'P ;AD & D % > = �ô9 & 9A> &zR BãÒ =�R 7 R D & D$5 PI& � >�B ;�7 RS& 7$9
;I587$; &<" 4$9 %'PI& 9��+B " ;�> &'P ; =�PIP 7 P�P B =�"�Pz&<" � = 9I5 "$" B " ; P
«Ó¯Ï& ;�; & ;	� �C­�& P � B�� è 9 & ;�9 è'P D = �æ�<= > &`P�=Â" 587 PP 5 RrRS&'Pæ� 5 " �ù9I5 " ; %'P � D &'PSR 587$� &<RS&<" ; P & ;æD % �ù589 R BT; = 5 "�P D &'P 589 @ B "�&'P & ;æD & >�B ;�7 RS& 7$9�² &<"
4
BT9�; =�� 7$> =�& 9Ï46587�9°> &�� B "��'& 9ËDN7 46587 R 5 "K« ��&'P ;�9CB��+BT7NÒæD &��'& ;�; & ; ­�è'PI&�P#� =�"�PC� 9 = � &<" ;ÏD�B "�P > &�� B8DN9 &
D � 7 " 4$9I5�� & ; &<" % ;�9I5 = ; &á� 58>�>�BT:6589CBT; = 5 "�&<" ;�9 &á�C­�& 9 �C­�& 7$9 P DN7`>�BT:6589CBT;I5 = 9 & � ê ± ê � ²L> & D % 4
BT9�; &<RS&<" ;
9CB8D = 58; ­�% 9CBT4 =�& DN7 ¯Ï&<" ;�9 &á±�%<@+= 5 " BT>6D &�� 7$;�; &A¯ 5 " ;I9 & > &j¯ B "��'& 9 ��% 5 "��Ë% 9CBT9ID & ;°7 " 4øBT9�; &<" B = 9 &=�" DN7 P ;�9 =�& > ë Ñ�> & , ;CB � ! ² ì 9CB "��'&+«#��&'P 4$9I58;I5 � 58> &'P�� > =�"$=�Q 7 &'P D�B "�P > &<PCQ 7 & > PK" 587 P�P 5 RrRS&'PK=�R 4$> =�Q 7 %'P
;�9CB = ; &<" ;°4
BT9Â9CB8D = 58; ­�% 9CBT4 =�& D &'P°� B "��'& 9 P D & 46587 R 5 "�P ��" 5 "�� 4 & ; = ; &'P°�'& >�>�7$> &'P �#&<" �ÍB =�P B " ;°BT4�4 & >
� > � BT4$4
BT9 &<= > !��?¯ �ù!?� ; = � & � 9 & BT; ­ ¯ 5ß589ID =�" BT;I589 � �ÍBT:$9 =�Q 7 % 4
BT9?>�B P 5 �<=�% ; % Ñ®> & , ;CB «

�*� 58:�� &'� ; = ��D &'P ;�9»B��8BT7NÒæD & 9 &'�C­�& 9 �C­�& D &��'& ;�; & ; ­�è'PI&�&'P ;Â> � B RS% > = 589CBT; = 5 " D & >�B29CB8D = 58; ­�% 9CBT4 =�&
DN7 � B "��'& 9A4$7$> R 5 " B = 9 & 4
BT9j7 "�& D$5 P�=�RS% ;�9 =�&rRr=�& 7$Ò �<= :$> %'& ��= 9�9CB8D = BT; = 5 " 4$>�7 PA&��æ� B �'&�� ² &<" 4
BT9Éé
; =�� 7$> =�& 9A; &<" B " ; � 5 R 4$; & D &'PjR 587$� &<RS&�" ; P DN7 P � >�B 9 &'P 4 = 9CBT; = 5 "K«�¬ 587$9 �'& >�BN² " 587 PA�C­�& 9 �C­ 5 "�P �
4$9 % ��5 = 9�² � 5 " ;�9 ' > & 9 & ; % ;�7�D =�& 9Â> &'P D % 4$>�B �'&<RS&<" ; PÏ& ;Â> &<P D % �ù589 R BT; = 5 "�P D & >�Bj;�7 RS& 7$9 & ;ÂD &'P ; =�PIP 7 P
4$7$> R 5 " B = 9 &'PÂ@ 9	� �'& � D &<P�RS& ; ­ 5ßD &'P D & 9 &'� BT>�B @�& D % �ù589 R BT:$> & D � =�R B @�&'P�« �*� =�" � 589 R BT; = 5 " D &ØR 587Né
� &<RS&<" ; & ÒN;�9CB = ; &SPI& 9CB`7$; = > =�PI%'& 4
BT92>�B P 7 = ; & 46587$927 "�&rR 5ßD % > =�P BT; = 5 " D & D % � 589 R BT; = 5 " D % ;CB = >�> %'&
DN7|46587 R 5 " ²KDN7�D % 4$>�B �'&<RS&<" ; & ;2D % � 589 R BT; = 5 " D & >�B`;�7 RS& 7$9 & ;2D�B "�P D &'P2% ;�7�D &'P D & D$5 PI=�RS% é
;�9 =�& DNà " B Rr=�Q 7 & 4 & 9 RS& ;�;CB " ;AB =�"�P�= D � B8D�BT4$; & 9á> &'P 4
BT9CB RSè ;�9 &'P D & :
BT> =�P ; =�Q 7 & ²
> &'P�� 5 " D = ; = 5 "�P D &
;�9CB = ; &<RS&<" ; «

\����?X	��

�øX���

�	� Y�� VIX����������

�K&ÏR B " 7 PI� 9 = ; PI& D = � =�PI&Ï&<" ;�9I5 =�P�@ 9CB " D &'P 4
BT9�; =�&'PËë > & 4$9 &<Rr=�& 9 �C­ BT4 = ;�9 &Ï=�" ;�9C5LD$7 = ;Ó> &Ï� 5 " ; & Òô; &RS% D =�� BT>Í²�> & D & 7NÒ =�è<RS&�&<P ;SD % D =�% BT7NÒp587$; = > Pæ=�" �ù589 R BT; =�Q 7 &'PæRr=�Pæ&<"�� 7$�ß9 & D�B "�P > &'PSQ 7
BT;�9 &'P% ;�7�D &'P?RS&<"�%'&'P#Q 7 =KP 5 " ;Ø4$9 %<PC&<" ; %'&'P D�B "�P > &'P?�C­ BT4 = ;�9 &'P D & 9 "$=�& 9 P�«

��� � ����
��@ �
��#"%$&�'���!(*)

¯Ï&��C­ BT4 = ;�9 &�=×" ;�9I5ßDN7 = ;ËD &'PÂ" 58; = 5 "�P D & ; & 9 Rr=�" 58>�5 @+=�&j& ;°D & 4$9I5 �'% DN7$9 &áP 4 %'�<=%�
Q 7 &'P BT7æ;�9CB = ; & éRS&<" ;Ï4
BT9Ï9CB8D = 58; ­�% 9CBT4 =�& DN7 � B "��'& 9ËD & 46587 R 5 "K« � 587 PÏ& ÒN465 P 5 "�P >�B)4$9I58:$> %<R BT; =�Q 7 & DN7 R 587$� & éRS&<" ; &<" 9CB8D = 58; ­�% 9CBT4 =�&+« � 587 P 4$9 %'PI&<" ;I5 "�P > &'P 4$9I58;I5 � 58> &<PÓ� > =�"$=�Q 7 &'P BT7$;I587$9 P D &'PIQ 7 & > P > &'P ;�9CB��+BT7NÒ
D &A�'& ;�; & ; ­�è'PC& 5 " ; % ; %2� 5 "��'&<" ;�9 %'P�«

6 �   )�(8
��@9F�?�;"<�=)��?>����@���&)B)��D�C�=�
�&�!(*)�(E>?� �C$&9:�?�G"%(EH�)��I� JL��"<(E>?�&M

! 4$9 è'P B
��5 = 9 =�" ;�9I5ßDN7 = ;0> &n� 5 " ; & Òô; &nRS% D =�� BT> & ;0D %'� 9 = ; > &<P D$5 "$"�%'&'P0� > =�"$=�Q 7 &'P D$5 " ; " 587 P
D =�P 465 P 5 "�P ² " 587 P 4$9 %'PC&�" ;I5 "�P D�B "�P �'& �C­ BT4 = ;�9 & > &'P 587$; = > P R BT; ­�%<R BT; =�Q 7 &<P�& ; =�" � 589 R BT; =�Q 7 &'P
�ù5 " D�B RS&<" ;CBT7NÒ Rr=�P?&<"�� 7$�ß9 & 46587$9?> &'P D =%$�% 9 &<" ; P#% ;�7�D &'P#RS&<"�%'&<P DN7$9CB " ; �'& ;�; & ; ­�è'PI&+«

é ) é



���������	��

���������

+ � © � �'�
��������
���H��B)��7
�$I��� H�)����@(E>?�=�
�&M ���7�;(8
������;�
�*� 58:�� &'� ; = �rD & �'& ;�; & 4�9 &<Rr=�è 9 &�% ;�7�D & B % ; % D � % �+BT>�7 & 9046587$9 �C­ B Q 7 & 4
BT; =�&<" ; =�"�� >�7 P D�B "�P

> & 4$9I58;I5 � 58> &�0¼±#&'P 4 =�(+*+*+*
2 >�B�9 & 4$9C5LD$7 � ; = : = > = ; % DN7�:$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &+« �K& D % 4$>�B �'&<RS&<" ;æD &'P
465 =�" ; PæP�=�Rr= >�B = 9 &'Pæ&<" ;�9 & D & 7NÒ =�R B @�&'P B �'Q 7 =�PI&'P�� 7 "�R ! RS&�=×"
P ;CB " ;SD & :$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 &@ 9	� �'& � > � BT4$4
BT9 &�= > !��Ø¯ �ù!?� ; = � &�� 9 & BT; ­�¯ 5ß589ID =�" BT;C589 �)&'P ; � BT> � 7$> % 4
BT9�9 &'� BT>�B @�& D % �ù589 R BT:$> &
D � =�R B @�&'P ²�B ��" D &rQ 7
B " ; =%�
& 92> & D % 4�>�B �'&<RS&<" ;29 %'PI= DN7 & >�D & >�B`;�7 RS& 7$9 & ;�² � ; & 9 RS& ²KD & 4 & 9 P 5 " é" BT> =�PI& 9#> &'PØR BT9 @�&'P#=�" ; & 9 "�&'P DN7�4$>�B " D & ;�9CB = ; &<RS&<" ; «�3�" 58:$; =�&<" ;áB =�"�P�= > &AR 587$� &<RS&<" ;#9 %'P�= DN7 & >
D &'P 46587 R 5 "�P�«N¬ 587$9Ï> � =�"�P ;CB " ; " 587 P �ÍB =�P 5 "�P >�B P 7$4$465 P�= ; = 5 " D � 7 "`Rr= > =�& 7 ­ 5 R 5 @�è<"�&j& ; =�P 58;�9I584 &+«

� � � ��"��C(E�;(*��M���� �C�&M $&�C�@�;>����@M �'�D�;$@>��')�(E�;��M�(8
��7���

�jB "�P#�'&A�C­ BT4 = ;�9 &2" 587 P B��L5 "�P?� 5 R 4
BT9 % ;�9I5 =�P BT4$4$9I5 �C­�&'P D =%$�% 9 &<" ; P D & 9 %<@ 7$>�BT9 =�P BT; = 5 " ëN­ 5TéR 5 @�è<"�& � > =�PIP B @�&A@ BT7 PIP�=�&<" � ² ­ 5 R 5 @�è<"�&)Q 7 = 4$9 &<" D &<"�� 5 R 4$; & > &'P#& $�& ; P D &A�<=�P B = >�> &�RS&<" ; � 9 %<@ 7Né
>�BT9 =�P BT; = 5 " > =�"�% B = 9 & é % >�B P ; =�Q 7 &��Ï& ; " 5 "`­ 5 R 5 @�è<"�& B "$=�P 58;�9I584 =�Q 7 & � 9 %<@ 7$>�BT9 =�P BT; = 5 " D & ;¼àô4 & � B @�& >×é
Ñ "�� ,L& > R B "$" �#Q 7 = 4$9 &<" D &<"g� 5 R 4$; & >�B " BT;�7$9 &)" 5 "�­ 5 R 5 @�è<"�&�& ;#> � B "$=�P 58;�9I584 =�& D &'P 46587 R 5 "�P�«
� 587 P B��L5 "�P®% ;�7�D =�% D &'P 584 % 9CBT; & 7$9 P D &Ø�C­ B R 4 P D & � &'� ; & 7$9 P �ùP à RS% ;�9 =�&Ø& ;®;�9CB "�P�= ; = � = ; % ² �IB � 58: =�&<" ²
D = >�BT;CBT; = 5 " �L58>�7 Rr=�Q 7 &�� 46587$9?> � % �8BT>�7
BT; = 5 "n& ;Ø>�B � 5 R 4
BT9CB =�P 5 " D &'PØRS% ; ­ 5ßD &'P
«

N ��� 
����'�D�'�="<��� � �&"<�&��
 �'(*�CM �'���D(E��� �'��M��7
������v- ¤0� � ¤
�*� 58:�� &'� ; = �?D &r�'&r�C­ BT4 = ;�9 &S&'P ;2D � % ;�7�D =�& 9)> &'P ;�9CB
� &'� ;I5 = 9 &'P D &'P �L5�Ò & > P D�B "�P 7 "�& B �'Q 7 =�P�= ; = 5 "

� � � � � « ê > P#� B @+= ;�BT7 PCP�= D � 7 "�&2% ;�7�D & 4$9 % BT>�BT:$> & BT7 �C­ BT4 = ;�9 &)P 7 = �+B " ; « Ñ�>×> & 4 & 9 RS& ;�D & � % 9 =%�
& 9P�= > � ­ àô4658; ­�è'PI& D & ;�9CB
� &'� ;I5 = 9 & 9 &'� ; = > =�@+"�& D %'� 9 = ; & 4
BT9Ï> &'P 465 =�" ; P DN7 ; ­ 589»B
Ò " � &'P ;Ï4
B P BT: & 9�9CB " ; &+«¯Ï& >�BF4 & 9 RS& ;�D � &<" � =�P B @�& 9?>�B � 5 "�P ;�9�7 � ; = 5 " D � 7 " 4$9 &<Rr=�è 9 &2R 5ßD è > & � � D &jR 587$� &<RS&<" ; «

� �F1 ��"#�')�(8
������ � J �'�C��- ¤0� � ¤�� �'(E��
���� �C�=�C�A�  �- ¤0� + ¤
�jB "�P > &2� B8DN9 & DN7�D & 7NÒ =�è<RS& 4$9I58;I5 � 58> &)� > =�"$=�Q 7 & 043 4$; =�R52 ² " 5 P ;�9CB��+BT7NÒ PI&A� 5 "��'&<" ;�9 &<" ; P 7$9

> � % ;�7�D & D &'P D % �ù589 R BT; = 5 "�P D &'P ; =�PIP 7 P 4$7$> R 5 " B = 9 &'P BT7 � 587$9 P D & >�BØ9 &'P 4 = 9CBT; = 5 "z& ;�>�B � 9 % BT; = 5 " D � 7 "R 5ßD è > & � � � 4
BT9�; = 9AD &'P B �'Q 7 =�PI= ; = 5 "�PjPC� B "�"�& 9 P B �'Q 7 =�PI&'Pj&<" BT4 "�%'&&� ;�9I5 =�Pá=�"�P ;CB " ; P D =�$�% 9 &<" ; P
DN7 � à � > & 9 &'P 4 = 9CBT;I5 = 9 &+« �#" ; & > R 5ßD è > &`" 587 P 4 & 9 RS& ;rD � B��L5 = 9z7 "�& =�R B @�&�� � � 	 � �g�C­ B Q 7 &=�"�P ;CB " ;áDN7 � à � > & 9 &'P 4 = 9CBT;I5 = 9 & ²øD$5 "
� 7 "gP 7 = � = D & >�Br;�7 RS& 7$9jBT7 � 587$9 P D & >�Br9 &'P 4 = 9»BT; = 5 "nQ 7 =�PI&
;�9CB8DN7 = ;á4
BT9á7 "�& B RS% > = 589CBT; = 5 " DN7g4$>�B " D & ;�9CB = ; &<RS&<" ;á4
BT9á7 "n� BT> � 7$>ÓDNà " B Rr=�Q 7 & 4$9 %'�<=�P D & >�B
D$5 PI& D % > = �ô9 %+« �K&'P�RS% ; ­ 5ßD &'P D & 9 &'� BT>�B @�& D % � & >�584$4 %'P 4$9 %'�'% D &<RrRS&<" ;Ï5 " ;ÂDN7 !<;�9 & B8D�BT4$; %'&'P B ��"
D & 4 & 9 RS& ;�;�9 & > &2� BT> � 7$>�D &'PØ@ 9CB " D &'P D % �ù589 R BT; = 5 "�P 4$9 %'PI&<" ; &'P#&<" ;�9 & > &'PØ=�R B @�&'P�«

� B � 5 "�� >�7 PI= 5 "�@�%<"�% 9CBT> & B�� &'� > &'P 9 %'P 7 RS%'PF& ;F4 & 9 P 4 &'� ; = � &'P 465 PIPI= :$> &'P 46587$9 �C­ B Q 7 & % ;�7�D && $�&'� ;�7 %'&�&'P ; P 7 = � =�& 4
BT9Â>�B2: = :$> = 5 @ 9CBT4 ­$=�& � 4
B @�& ) )�, �®& ;°7 "æ=�" D & ÒæD &'P BT7$; & 7$9 PÏ�<= ; %'P � 4
B @�& )�(!, �&<" ��" DN7�D$5 � 7 RS&<" ; «

� �	� ��� 
���� ��

�	�

¯°­ B Q 7 &r% ;�7�D & ² &<"|&<" ; =�& 92587 &<" 4
BT9�; =�& ²KB�� B = ;j> � 58:�� & ;AD � 7 "
& 4$7$:$> =�� BT; = 5 " D
B "�P D &'PA� 5 " � % é
9 &<"��'&'P 587�9 & �ß7 &<P?=�" ; & 9 " BT; = 5 " BT> &�P�ë � ) ) ² -�- ² )�* ² )�*+* ² )�( ² )�*�) �â«

é ( é



1
� � �
��� � � � � � � ��� ���

���������
	���


����� �������������! "�$#%�&� �'�'�(�'�'�(�'�(�'�'�(�'�'�(�'�'�(�'�(�'�'�(�'�'�(�'�(�'�'� )
���+* ,.-/��#��/�$0�12��-435#%687&��#���196:3!-4�<;>=?#%@A-/7�6B�'�(�'�'�(�'�(�'�'�(�'�'�(�'�(�'�'� )
���DC EF;%-/�G��68����-�#%�H69@I69�J�K�'�'�(�'�(�'�'�(�'�'�(�'�'�(�'�(�'�'�(�'�'�(�'�(�'�'� L
���M) EN���/O5;%19@P-4�H#%Q��!6:�!�R@P����S&69@T69�J�'��69UV����7�-��!69UV69�W��-��!#%���H0!12��-43!#�6 � X

Y[Z \�Z?Y ÷�¹Øóô¶
½�új¶
Ú�Ü�ó�ÈTä+º¼Áï¶ãîï¶[]
ÁÃ¹ ZNZFZNZFZNZFZNZNZFZNZFZNZFZNZFZNZFZNZFZNZFZNZ ^
Y[Z \�Z _ ´Kµ·ÁÃº¼¹Ë¹»ÚFÄI¶ãújó+Å¼¹?Æ+½zúj¶ã½�`
¹Cúj¹CÚTÅ ZNZFZNZNZFZNZFZNZFZNZFZNZFZNZFZNZFZNZ ^
Y[Z \�Z a Î
bÍ¶ã½+ÅÂÆ+¹ØúAÕ�µc]
¹»ºÓÆ+¹?º¼Û»ÄC½�µ¼ÁïÅ¼ÛË¹CÅ�Æ�¶ãº¼ÁïújÛIÅ·µ¼ÁÃ¹ØÕ
Æ�Õ
ó+Å¼Û»¹ ZNZFZNZFZNZFZNZ YHd
Y[Z \�Z \ ç�îï¶�ÄCÕ"]ã¹°µ·¹»º¼ó�ÁïµÉÕ'Å·¶
ÁÃµ¼¹
Þ8µ¼¹»ó�µ·¶+Æ+½LÄ�Å·ÁÃõ�ÁïîÃÁïÅ¼Û
ÞLÕ�ó�óLÕ
µ¼¹»Áïî�ÎÂç�Ù ZFZNZFZNZFZNZ YeY
Y[Z \�Z f ñ8ä8ÚLÄÉÈ�µ¼¶ãÚ�Á×º¼Õ�Å¼ÁÃ¶
Ú�µ¼¹�ºâó�ÁÃµÉÕ'Å¼ÁÃ¶ãÚ)îïÁÃõ�µ·¹ ZFZNZNZFZNZFZNZFZNZFZNZFZNZFZNZFZNZ Y$_

���+g hi���!��1969UV�j�$#%;�#%U$1269U(�!-���Uk [62���H68�$0�l9U$6m�(�'�'�(�'�(�'�'�(�'�'�(�'�(�'�'� �4C
Y[Z f�Z?Y ´Kµ·¶�Å·¶+ÄI¶ãîï¹on¼Ç®¹»º¼ó�Á _"ded[dqprZFZNZFZNZFZNZFZNZNZFZNZFZNZFZNZFZNZFZNZFZNZFZNZ YHa
Y[Z f�Z _ ´Kµ·¶�Å·¶+ÄI¶ãîï¹onts°ó+Å¼ÁÃú puZFZNZFZNZFZNZFZNZFZNZNZFZNZFZNZFZNZFZNZFZNZFZNZFZNZ YHv
Y[Z f�Z a ´Kµ·¶�Å·¶+ÄI¶ãîï¹Nw®ÀÏÔ \ À�ç�¶ãºâÅ¼¶
Ú ZNZFZNZFZNZNZFZNZFZNZFZNZFZNZFZNZFZNZFZNZ YH^

���Dx y(���! e;���U$#���� �(�'�'�(�'�'�(�'�(�'�'�(�'�'�(�'�'�(�'�(�'�'�(�'�'�(�'�(�'�'� *&*

é 	 é



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

����� � � �����AY �	� � 

�	�

�*� BT9�; =�� > &���� �"!$#%!'&(!*)�+�,.-�/0�21",3+�465879!'� : 4$7$:$> =�% 4
BT9<; = > ­�& > R ¯ 5 " 9CB8D ±>=8" ; @�&<" ? &<" D % é�'&<R :$9 & )#+�-�. ²NBT>�>�B = ;�� B = 9 & > & ;I587$9ËD & > � Ñ�7$9I584 & ;�9 è'P 9CBT4 = D &<RS&<" ; �ù� 5 R 4$; & ; &<" 7 D & > � =�R 46589�;CB "���&
D & >�BFD %'� 587$� & 9�; &�� BT4$9 è'PØP 5 " BT4$4
BT9 = ; = 5 " ² R ! RS&AP�= D � ­ BT: = ;�7�D & > &'P 9CBT4$46589�; P D & >�B P 5 �<=�% ; % 4 ­ àßéP�=�� 5 RS% D =�� BT> & D & ;A@$9 � :$7$9 @ B��+B =�&<" ;�;I587��É587$9 P 7 "S� BT9CB � ; è 9 & ;�9 è'P�� 5 "�� D &<" ; =�& > « ê > P#� B @+=�PIP B = ;�D � 7 "" 587$� & BT70;¼àß4 & D & 9CB�àL5 "$"�&<RS&<" ;Øé®:
BT4$; =�PI% � 9CB�àL5 "�P � � ² � � 5 RrRS& 7 "�&á=�"�� 5 "$" 7 &2&<" R BT; ­�%<R Bãé
; =�Q 7 &+«Ó! 4
BT9�; = 9rD & �'&`R 5 RS&<" ;�²Ó> &'P 9CB�àL5 "�P � &<" ;�9 & 9I5 " ;æD�B "�P > � ­$=�P ;I5 = 9 & D & >�B RS% D &'�<=�"�& DN7" 587$� & BT7 P�=�è'� > & 7$; = > =�PI%'&'P 46587$9#> & D = B @+" 5 P ; =��)& ; &<"�P 7 = ; & 46587$9#> & 7$9 & $�& ;#; ­�% 9CBT4 & 7$; =�Q 7 & 46587$9#> &
;�9CB = ; &<RS&<" ;�D &A� B "��'& 9 «
!Ø� ;�7 & >�> &<RS&<" ;�²�>�B 9CB8D = 58; ­�% 9CBT4 =�& &'P ;A> � 7 "�& D &'P ;�9I5 =�P 4$9 =�"��<= 4
BT> &'P)R 5ßD�BT> = ; %'P D & ;�9CB = ; &<RS&<" ;

DN7 � B "��'& 9�B�� &<� >�B �C­$= 9�7$9 @+=�&S& ;A>�B �C­$=�Rr= 58; ­�% 9CBT4 =�& ²�B�� &'� > &'PIQ 7 & >�> &'P2& >�> &r&'P ; P 587$� &<" ;)B PIP 5 �<=�%'&+«
�K& 9CBT4$46589�;°4
BT9�7 &<" �IB " � =�& 9 (+*+*�	 D & >�B$B /DC	CE�GFHF'�3/0�JILK /0+��M!'�N,M4D,3�O/0�*F'&P+�7Q! B 4D� B !'+ � ) � 9 &<Rr=�P BT7NÒRr=�"$=�P ;�9 &'P D & >�B P B " ; %S& ;2D & >�B`9 &'�C­�& 9 �C­�& ² R 5 " ;�9 & > � =�R 46589�;CB "��'& D & >�B`9CB8D = 58; ­�% 9CBT4 =�& D�B "�P > &
;�9CB = ; &<RS&<" ;�DN7 � B "
�<& 9 « Ñ " � = 9I5 " D & 7NÒn; =�& 9 P D &'PAR BT>�B8D &'P2� B "��'% 9 & 7NÒ|: %<"�% �
�<=�&<" ;)D � 7 "�& 9CB8D = 5Té
; ­�% 9CBT4 =�&��ùP 7$9 (!,�+N« *+*+*æ" 587$� & BT7NÒ � B "��'& 9 Pá� 5 " ;�9 & )�,+* *+*+* &<" )�- ++* � �øP 7$9 )�*+*SR BT>�B8D &'Pá@ 7 % 9 =�P ²
	+*�� �L* > &2P 5 " ; @ 9	� �'&�� >�BF9CB8D = 58; ­�% 9CBT4 =�& � ��) �â«�! 7 "$= � & BT7�9 %<@+= 5 " BT>Í² = > & Ò =�P ; & 	+( B �'�'% > % 9CBT; & 7$9 P
> =�"�% B = 9 &'P � ��=�" B �'P �°&<" ±?­�'8"�& é ! >�4 &'P ²ß7$; = > =�PI%'P 46587$9Ï;�9CB = ; & 9Ë4$>�7 P D & )�.N« *+*+*�R BT>�B8D &'P 4
BT9ØB " � ��) �â«
� = Ò �'&<" ;�9 &'P 465 PCPIè D &<" ;AD &'Pj�C­ B R :$9 &'PA� 7$9 =�& ; ­�% 9CBT4 =�& � )�*`�C­ B R :$9 &'P BT7 ¯ � ����« � B 9CB8D = 58; ­�% 9CBãé
4 =�& �É587 &)%<@ BT> &<RS&<" ;á7 " 9 ' > &)=�R 46589�;CB " ;jD�B "�P > & ;�9CB = ; &<RS&<" ;jD & >�BSD$587$> & 7$9 « Ñ®>�> &)"�& 9 & 4$9 %'PC&<" ; &Q 7 � &<" � = 9I5 " �@.+*�Rr= >�> = 5 "�P D � & 7$9I5 P`P 7$9 ,ô« ,|Rr= >�> = BT9ID P D � & 7$9I5 P D % 4 &<"�PI%'P 46587$9 > &'Pæ� B "��'& 9 P 4
BT9
> � B PIP 7�9CB "��'& R BT>�B8D =�& �ù�C­$=%$ 9 &'Pr(+*+*�)���« �K& ;CBT7NÒ D � % �L58>�7$; = 5 " DN7 " 5 R :$9 & D & PC% B "��'&'P D & 9CB8D = 5Té
; ­�% 9CBT4 =�&2P 7$9Ë> &'PØQ 7
BT;�9 & D & 9 "$=�è 9 &'P B "$"�%'&'P?&'P ;ØD & �j( +�
 � )+« (�-�.N«/-+* �æPI% B "��'&'P?&<"0% ;CBT:$> =�PIPC&<RS&<" ; PP 587 P D$58;CBT; = 5 "�@ >�58:
BT> &)& ; )+« 	+(+*N« *�)#+S&<"�% ;CBT:$> =�PIPC&<RS&<" ; P#& ; �'&<" ;�9 &'P 4$9 = � %'P ��«

���SR T X?Y�

��� �%U ��XWV�
 � � ��
IY	U��XVzX �¡VZY 
H[ X �	�

� Bj9CB8D = 58; ­�% 9CBT4 =�&�&'P ;�7 "�& ; &'�C­$"$=�Q 7 & ; ­�% 9CBT4 & 7$; =�Q 7 &�� 5 "�P�=�P ;»B " ; �A& ÒN465 PI& 9�7 "�& ;�7 RS& 7$9 � �L5Té
>�7 RS&Ë�<= :$> &�� � D &'P 9CB8D = BT; = 5 "�P®= 5 "$=�P B " ; &'P�� 4
BT9 & Ò &<R 4$> & 9CB�àL5 "�P � 587F9CB�àL5 "�P�@ B RrR B ��« �*� 58:�� &'� ; = �&'P ;#D & D % > = �ß9 & 9#>�BrD$5 PI& \ 4$9 &'PC� 9 = ; & 4
BT9#> &ARS% D &'�<=�" BT7�:65 "�&<" DN9I5 = ; � �L58>�7 RS&2�<= :$> &���« ��&'�C­$"$=�Q 7 &� 5 R 4$> & Ò & D & ;�9CB = ; &<RS&<" ;�²ø>�BS9CB8D = 58; ­�% 9CBT4 =�&F&'P ; &<"n% �L58>�7$; = 5 " & ;jB RS% > = 589CBT; = 5 "|� 5 " ; =�" 7 &'Pá@ 9	� �'&
BT7NÒ BT4$46589�; P ; &'�C­$" 58>�5 @+=�Q 7 &'P D�B "�P > &'P D$5 R B =�"�&'P D & > � =�R B @�& 9 =�& RS% D =�� BT> & ²ØD & >�B D$5 PI=�RS% ;I9 =�&
;�9 = D =�RS&<"�P�= 5 "$"�& >�> &�& ;#DN7 R BT; % 9 =�& > & ;?587$; = > P?=�" � 589 R BT; =�Q 7 &'P
«

� B�9»B8D = 58; ­�% 9CBT4 =�& � >�B PIPI=�Q 7 & B % �L58>�7 % � & 9 P 7 "�& 9CB8D = 58; ­�% 9CBT4 =�&0� 5 " �ù589 R BT; = 5 "$"�& >�> & �ù± ��¯ � ²RS% ; ­ 5ßD & D & ;�9CB = ; &<RS&<" ;rD & ­ BT7$; & 4$9 %'�<=�P�= 5 " :
BT> =�P ; =�Q 7 &`Q 7 =ÏP � B8D�BT4$; &�� >�B � 589 RS& DN7s��58>�7 RS&�<= :$> &+« � B ± �#¯]&<P ;#7 "�& ; &'�C­$"$=�Q 7 & D & ;�9CB = ; &<RS&<" ;jDN7 � B "��'& 9 Q 7 =�� 5 "�P�=�P ; & �S&<" � & >�584$4 & 9á>�Br;I7NéRS& 7$9)B�� &'� >�B`D$5 PC& 4$9 &'PI� 9 = ; &r&<"�% 4
BT9 @+" B " ;�BT7 R BãÒ =�R 7 R > &'P ; =�PCP 7 PjP B =�"�PA&<" � = 9I5 "$" B " ; P�«K¬ BT9
9CBT4$46589�; � >�B 9CB8D = 58; ­�% 9CBT4 =�&`� 5 " � &<" ; = 5 "$"�& >�> & ² �'& ;�; & ; &'�C­$"$=�Q 7 & 4
B PIPI& 4
BT92> � 7$; = > =�P BT; = 5 " D � B �'�'% é
> % 9CBT; & 7$9 P > =�"�% B = 9 &'PáR 7 "$=�P D &)� 58>�> =�R BT; & 7$9 R 7$>�; = éÍ>�B RS&'P � 4 & 9 RS& ;�;CB " ;AD &�� 58>�> =�R BT; & 9á> & � B =�PC�'& BT7
D � = 9�9CB8D = BT; = 5 " BT7 � 5 " ;I587$9z4$9I5�� &'� ; = ��D & >�B�;�7 RS& 7$9�²��L5 = 9 ��@ 7$9 & )+« ) �2& ;�> � 7$; = > =�P BT; = 5 " D � 7 "sP à P é
; è<RS& D & 4$>�B "$=�RS% ;�9 =�&jP�=�R 7$>�B " ; &<"�	 �]> � = 9�9CB8D = BT; = 5 "K«��K&á� 58>�> =�R BT; & 7$9 &'P ;ÏB PIPC& 9�� = � >�B � 5 "�P 58> & D &
D$5 P�=�RS% ;�9 =�&A& ;Ë4 & 9 RS& ;�² &<" �+BT9 = B " ;Ë>�BzD =�P 465 P�= ; = 5 " D &'P >�B RS&'P ²N> � B8D�BT4$;CBT; = 5 " 584$; =�R BT> & DN7 �C­ B R 4
D � = 9�9CB8D = BT; = 5 " � >�B&� 589 RS& D & >�BS;�7 RS& 7$9�²ø; & >�> &zQ 7 � & >�> &�&'P ;#�ô7 &�P 587 P > &'P D =%$�% 9 &<" ; P B "$@ > &'P D & ; = 9
D %'�<= D %'P >�589 P DN7n4�>�B " D & ;�9CB = ; &<RS&<" ; «�¯Ï&zP à P ; è<RS& 4 & 9 RS& ;2D & D % ��"$= 9A4$9 %'�<=�PI%<RS&<" ;A> &�" 5 R :�9 & ²
>�BF465 P�= ; = 5 " ²$> � %<"�& 9 @+=�&)& ;?>�Bz465 " D % 9CBT; = 5 " D &'P D =%$�% 9 &<" ; P �ÍB =�PI�'& BT7NÒ "�%'�'&'PIP B = 9 &'P�«
ê R B @�& 9z> & 4
BT; =�&<" ;SB�� &'� D =%$�% 9 &<" ; &'PzR 5ßD�BT> = ; %'P D � B �'Q 7 =�P�= ; = 5 " D � =�R B @�& &'P ; � >�B�:
B PI& D � 7 "

]3^G_a`�`�b'c�d�e�f�c�g'eS`ZhMeji�eahkfSlmb�`6n3oMp
qsrutwvwx6eSvwy{z"b'`Zhkf'i}|L~'`m�Mg'e�`	�3���H�m���M���'����������hMt�����b'�DeSv8�Db'cZhLv�f���x�lZnOt��mc6e�e�`%���'���'p
���ac0fH`m�Mt��M��i8� �S`�e�hMg�t�eLiZe�hkfSlmb'`�`6eSyWe�`m�NiZ�Svwtwd�hM��e��6fHhNc6`6t��M��i�e�y�fHnOnOe�i�e��MtwnOnOc6nSp��N� c6`�t��M�LiZe�yWeSnOcZhMe�eSn3��vwe� �hkfSl

�3�¡ �l}¢£�"¤3b'c�v�e¥�0f�hL¦�gWiZe¥y�f��Mtw§�hMe�twhOhkf�i�tw�Se��sp

é � é



��
��(
 � � � ��� � � ��� ��� �3����
 ���(�m� ��� � ��� �Q� � �(�

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

���	�����	���
�� �
���	�����	���
�� �

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

- �.� �- �/�#�
�'01032�	�2��/���4������,05062�	�2��/���4�����

f �8759 )+« )�: !?�'�'% > % 9CBT; & 7$9#> =�"�% B = 9 & B�� &'�2� 58>�> =�R BT; & 7$9 R 7$>�; = éÍ>�B RS&'P�«

;�9CB = ; &<RS&<" ; &��æ� B �'& &<" 9CB8D = 58; ­�% 9CBT4 =�& ²Ó4 & 9 RS& ;�;CB " ;F7 "�&`RS&�= >�> & 7$9 & >�5 � BT> =�P BT; = 5 " D & >�B�;�7 RS& 7$9& ;æ4$>�7 P D & 4$9 %'�<=�P�= 5 " D�B "�P >�B�D$5 PI& D % > = �ô9 %'&+«°¬�&<" D�B " ; >�B�DN7�9 %'& DN7�;�9CB = ; &<RS&<" ;�²°>�B|465 PI= ; = 5 "& ;A>�B �ù589 RS& D & >�B`;�7 RS& 7$924 & 7$� &<" ;A�+BT9 =�& 9 � � BT7 PI& D &'P � B � ; & 7$9 P 4 ­ à P�= 58>�5 @+=�Q 7 &'P�� 9 &'P 4 = 9CBT; = 5 " ²� 5 " ;�9CB � ; = 5 "�R 7 PI� 7$>�B = 9 &'P ²$4 % 9 =�P ;CBT>�; =�P�RS& D =�@�&'P ; = � � ²$DN7 465 PI= ; = 5 "$"�&<RS&<" ;#DN704
BT; =�&<" ; P 7$9Ë>�Bz;CBT:$> &
D & ;�9CB = ; &<RS&<" ;�²ÏDN7 �C­ B "$@�&<RS&<" ; D & > � B " BT;I5 Rr=�& DN7�4
BT; =�&<" ; �ùP 587$� &<" ;æ4 & 9�; & D & 465 = D P � ²°D � 5<;
> � =�" ; % 9 !<;gD � 7 "�& 9CB8D = 58; ­�% 9CBT4 =�&�@ 7 = D %'& 4
BT9�> � =�R B @�& � ê ¿j± � = � B��8B " ; & ;�4 &<" D�B " ;�> &'P�PI% B "��'&'P
D & ;�9CB = ; &<RS&<" ; « � &'P2=�R B @�&'P)=�PIP 7 &'P D &rR 7$>�; = 4$> &SR 5ßD�BT> = ; %'P D � B �'Q 7 =�P�= ; = 5 "�P�P 5 " ;27$; = > =�PI%'&'P 46587$9
BT4$46589�; & 9�D &'P2=�" � 589 R BT; = 5 "�P�� 5 R 4$> %<RS&<" ;CB = 9 &'P DN7�4
BT; =�&<" ; «���&'P 9CB8D = 5 @ 9CBT4 ­$=�&'PF( �F²�> &'P2=�R B @�&'P
46589�;CBT> &'P B �'Q 7 =�PI&'P >�589 P D &'PKPC% B "��'&'P D & ;I9CB = ; &<RS&�" ;�46587$9 � 5 " ;�9 ' > & 9�> & 465 P�= ; = 5 "$"�&<RS&<" ;�DN724
BT; =�&<" ;�²
> &'P B �'Q 7 =�P�= ; = 5 "�P ;I5 R 5ßD &<"�P�= ;I5 RS% ;�9 =�Q 7 &'P 	 � ��� � � 	 � �S& ;`;I587$;`9 %'�'&<RrRS&<" ; � �L5 = 9 &nPI&'� ; = 5 "
)+« ��«/. � > &'P B �'Q 7 =�P�= ; = 5 "�P � � � � � � 	 � � ; &<R 4 P ��& ;Ó> � =�R B @�& 9 =�& 4
BT9Ó9 %'P 5 " B "��'&ËR B @+"�% ; =�Q 7 & � ê ±�� �
�ù587$9 "$=�PIPC&<" ;?D &'P?=�" �ù589 R BT; = 5 "�P B " BT;I5 Rr=�Q 7 &'P D$704
BT; =�&<" ; «

�K&'P ;I5 R 5 @ 9CBT4 ­$=�&'P 4
BT9 %<Rr=�PIP�= 5 " D & 465 P�= ;I5 "�P ��� Ñ ¬ � ²+BT4$46589�; &<" ;®D &'P�=�" �ù589 R BT; = 5 "�P �ù5 "�� ; = 5 " é"�& >�> &'P�« � B ��@ 7$9 &r= >�>�7 P ;�9 & )+« ( 7 "�& 9CB8D = 5 @ 9CBT4 ­$=�& �ù9I5 " ;CBT> &æ( � � B � ²�7 "�&F=�R B @�& 46589�;CBT> & �ù9I5 " ;CBT> &
58:$; &<" 7�4
BT9�D$587$:$> &)& Òô465 PI= ; = 5 " � 4$9 &<Rr=�è 9 &�& Òô465 P�= ; = 5 " B�� &'� > &'P >�B RS&'P 587$� & 9�; &'P�& ;?>�BSD & 7NÒ =�è<RS&& Òô465 P�= ; = 5 " B�� &'� > &'P >�B RS&'P�&<" 465 P�= ; = 5 " D & ;�9CB = ; &<RS&<" ; � B ��" D & � % 9 =%�
& 9�D � 7 "�& 4
BT9�;#>�BF465 PI= ; = 5 "
DN7 4
BT; =�&<" ; P 7$9á>�B`;CBT:$> & D & ;�9CB = ; &<RS&<" ; & ;AD � BT7$;�9 & 4
BT9�;j>�B`465 P�= ; = 5 " DN7 �ÍB =�PI�'& BT7 =�"��<= D &<" ;24
BT9
9CBT4$46589�;?BT7NÒ P ;�9I7 � ;�7$9 &'P B " BT;I5 Rr=�Q 7 &'P DN7 4
BT; =�&<" ; � : � ²ô7 "�& 9CB8D = 5 @ 9CBT4 ­$=�& 9 &'� 5 "�P ;�9�7 = ; &j" 7 RS% 9 = éQ 7 &<RS&<" ; � 4
BT9�; = 9?DN70�L58>�7 RS& � � ��� � ±#± > � �ù��� ²ô7 "�& �ô7 & BãÒ = BT> & D � 7 "�& B �'Q 7 =�PI= ; = 5 " � � � 	 �
� D � ²øD � 7 "�& B �'Q 7 =�P�= ; = 5 " � Ñ ¬ �ù&��#& ;áD � 7 "�& B �'Q 7 =�P�= ;I5 " ê ±#��	 � � � � DN7g; ­ 589CBãÒ « ��&'P � ±#±¡P 5 " ;@�%<"�% 9 %'&'P 4
BT9A7 " BT> @ 589 = ; ­$RS&æP 4 %'�<=%�
Q 7 & D & 9 &<" DN7���58>�7 Rr=�Q 7 & BT4$4$> =�Q 7 %SP 7$9A7 "�&F=�R B @�& � � �
	 � � ��� ² )�*+, ² ,�) ² , �â«!3�"SP�=�R 7$> & >�Bá4 ­ à P�=�Q 7 & D &'P 9CB�àL5 "�P � D & � B � 5 "�� 9 & 4$9I5ßDN7 = 9 & � = 9�;�7 & >�> &<RS&<" ;�²
� 4
BT9�; = 9jD &)" � =�R 46589�; &FQ 7 & >ÓB "$@ > & D & � =�PI%'& ²
7 "�& 9CB8D = 5 @ 9CBT4 ­$=�&+« �K&'P � ±#±¡P 5 " ;áD &'P�=�R B @�&'P D &
9 % � % 9 &<"��'&'P BT7NÒ Q 7 & >�> &'P 5 " � 5 R 4
BT9 & > &'P�=�R B @�&'P 46589�;CBT> &'P 4�9 =�PI&'P B��+B " ;Â> &'PÂPC% B "��'&'P D & ;�9CB = ; &<RS&<" ;
46587$9?� % 9 =%�
& 9?> & 465 P�= ; = 5 "$"�&<RS&<" ;áDN7�4
BT; =�&<" ; P 7$9?>�Bz;CBT:$> & D & ;�9CB = ; &<RS&<" ; «
?A@ e�hMyWe¥fH`6g'v�f�twnCB<Dky�f�g'eFE>c6t�iZe�iHG�f�i�twbJISx�e�hkf��ml�p
K @ e�hMyWe¥fH`6g'v�f�twnCB<L>t�g�t��kf�vwv�l'GWeAMSb�`6n3�OhMcNM��Me�iHG�f'iZtwb'g�hkfH�6x�nSp

é . é



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

����� ����� �	�
�

�	��� �	

� �����

�����������������! �#"$
&%(')%*%*+,
&%-�.
/�0'214365*
6798*
&%  ;: �,�#<='=8*3&%>�4?��@�6A9+.')%B8B' : 7,%C+.8B'=<=')%*3&
&%C
67D5E�@�0' : 8BF,365E�#G.')
IH
�����KJC�@�0' : "�5E�#G.F.')
L�6<M�@%E%B')A�+,
N�.
&%-G : +  ;: 7,%POQ����� �! �#"$
/G : 5B8E�#<)
/�	5 : 798E�#<)
�OQ�	�
��RSJ-JLOT�	���CU : +.G�

�
V0'M�#<)
��4? +.7,
;�@�&A�+.')%B'=8B' : 7XWKR>YZO[�	

�-� : +.G�
\�
V0'M�#<)
��4? +.7,
]'  �#"$
]WK^`_QO`�����(� : +.G�
;�
Va'M�#<)
]�4? +.7,

'  �#"$
 � J-Y �

^b7 : +.8B5*
�O�"�5Ec@�&
]�#+0VD�,3�d�
6< : G.G�
  
6798*%S5*3&�&
6798*%S�.
N<M�;5E�@�0' : �.' : < : "�')
�Oe<f? '=5B5E�@�0'M�#8B' : 7g
&%B8S�#+,%*%B'
: G.8B'  ')%*3&
N%B+.5(�.
&%(�h�@%*
&%KG.F9i0%B')A9+,
&%(
68K�.' : < : "�')A9+,
&% �

RS�#7,%L<M�j5E�@�0' : 8BF,365E�#G.')
�� : 79d$
6798B' : 7.7,
6<=<)
g�	%E�#7,%L'  �#"$
65B')
�k@RN� : 7Z%*
;8B5 : +,d$
l�,�#7,%L<f? '  G : %nm
%B'=�.'=<='=8*3��4?��od : '=5�+.7,
p�#7h�#8 :@ ')
�
�V,�@�68*
I�.
l<M�q8B+  
6+.5]d9+rA9+,
s<f?t36d��#<=+h�#8B' : 7u%*
;�f�#'=8]%B+.'=d��#798�+.7
G.<M�#7j%*'  G.<)
;��8B5E�#7,%Bd�
65*%E�#<T
68(�6
67a8B5E�#<��vO,�4? :@w <M��7,3&�&
&%*%B'=8*3x�4?��#G.G.5 : V0'  
65(<M��y : 7,
x�o�#7,�&365*
6+,%*
xGh�#5
+.7qd : <=+  
L
67."�< : �h�#798>G : +.5><M�;� : %B'  368B5B')
 � _[�#5>� : 798B5E
@O��&
6<M�s
  G�z&�EF,
�<f?��@�  '=7.')%B8B5E�#8B' : 7g�4? +.7,

� : %*
{36<=
6d�3&
|�#+}d : <=+  
q�6'=�.<)
�O�
67}5E�#')% : 7~�.
D<M�X8 : <)365E�#7,�&
|�.
&%l8B')%E%B+,%l%v�#'=7,%l�0+�G : +  ;: 7~A9+.'
'=798*
65Bda')
67.7,
6798C�,�#7,%(<)
x�EFh�  Gq�.
S<f? '=5B5E�@�0'M�#8B' : 7 �

� �x8 : V0')��'=8*3-G.+.<  ;: 7h�#'=5*
C5E�@�0')A�+,
(5E
�G,5*3&%*
6798*
-<M�S8 : V0')�6'=8*3(<='  '=8E�#798*
>
�8�G : 8*
6798B')
6<=<)
  
6798�<)368E�#<)

�.
�<f? '=5B5E�@�0'M�#8B' : 7s8BF : 5E�@�6')A9+,
 �$� ?t
�V0G�365B'  
6798E�#8B' : 7I�#7.'  �#<)
(
68b<)
&%`368B+,�.
&%`�6<='=7.')A9+,
&%`�EF,
6yK<f? F :@ \ 

: 798S�6<M�#'=5*
  
6798  ;: 798B5*3]A9+,
L<f?t
�VaG.5*
&%E%B' : 7|�6<='=7.')A9+,
�O�5E�@�0' : < : "�')A�+,
\
68C� : 7,�68B' : 7.7,
6<=<=
\�0+|G : +  ;: 7
5E�@�0')A9+,
I368E�#'=8�"�5 : %*%*')�65*
  
6798]G.5 : G : 5B8B' : 7.7,
6<=<)
j�#+0V�� : %*
&%oO  �#')%]�#+h%*%B'��j<M�D8E�#'=<=<)
I�,
6%]�EFh�  G,%
�4? '=5B5E�@�0'M�#8B' : 7 � Rx�#7,%N<)
s�o�@%NGh�#5B8B')�6+.<=')
65]�0+��o�#7,�&
65L�.5 : 7,�EF.')A9+,
�O�<f? +.8B'=<=')%E�#8B' : 7r�.
;<f? �*� J[W�<M�#')%*%*


&%BG�365*
65�+.7,
>�0'  '=79+.8B' : 7j�.
C<M�N8 : Va')�6'=8*3S�.
&%�G : +  ;: 7,%K%E�#'=7,%��oi9�#798�G : +.5K� : 7,%*3&A�+,
67,�&
&%�<M�NG.7,
6+0m
 ;: Gh�#8BF.')
N
68(<M�L�,�.5 : %E
x5E�@�0')A�+,
 �

� �L5E�@�0' : 8BF,365E�#G.')
x36d : <=+,
S
68��.
>7 : +.d�
6<=<)
&%�8*
&�EF.7 : < : "�')
&%-�#G.Gh�#5E�#')%*%*
6798KG : +.5K�.
&%�8B5E�#'=8*
  
6798*%
G.<=+,%�
��s�o�@�&
&% � _[�#5  'e<)
&%�36d : <=+.8B' : 7,%(�@�68B+,
6<=<)
&%oO0
67p� : +.5*%��.
S�.36d$
6< : G.G�
  
6798oO : 7IG�
6+.8K�6'=8*
65xH9<M�
�B�$���	�����,�v�B�v�����l�$�$�v���f�$�	���@� �	� : 7,%B')%B8E�#798��j�@�,�#G.8*
65N<)
\8B5E�#'=8*
  
6798���<M�p%B+.'=8*
;�.
;�EFh�@A9+,
;%*3o�#7,�&
�O
%B+.'=d��#798�<)
&%  ;: �0'2�h�o�#8B' : 7h% : �,%E
65Bd$3&
&%��vO�� �\�B�$�@�������.�v�B�����f�/�@�@�B�/�;�P�@� � �$�	�	�@�{��� ���h�!�v�,�v�	�!� � � Y{J[W � �

68]� � �a���@�B�@�h���.���B�v����� � ^b7|Fh�@�05 : 798*F,365E�#G.')
\<f? '=5B5E�@�0'M�#8B' : 7�%*
L���#'=8/�od$
&�]�.
&%S' : 7,%x�o�#5B� : 7,
 : +X�od�
&�
�.
&%`G.5 : 8 : 7,% �a� 5Ec@�&
-�S<f? � YqJbWxO@<f? '=798*
67,%B'=8*3C�.
&%b���#')%*�&
o�#+0V\G�
6+.8 z68B5*
  ;: �0+.<)3&
C%B+.'=d��#798`<M�Sy : 7,
-�.

¡B¢9£¥¤f¦K£b§v¨#©vª«§v¬�­�®
¯�¨&°f£n¨
­�¬t°�±o²�³>´PµP¶#ª«§*°f£Bµ-·Q§vµ
¬«§E°f¬�´�¨x¢e¸
£¥¤�§v¹&±6º

m »Lm



��
��P
�� �G� � �(� ��� � � �����������

;�9CB = ; &<RS&<" ; «ø¯Ï& >�BF4 & 9 RS& ;#D &A� 9 %'& 9?D &'PØ=�P 5TéâD$5 PI&'P?PI&j� 5 " � 589 R B " ;?4$9 %'�<=�PI%<RS&<" ; � >�Bz;�7 RS& 7$9 �ù&<"
4
BT9�; =�� 7$> =�& 9 = > &'P ;jB � ;�7 & >�> &<RS&<" ; =�R 465 PIP�= :$> &zP B "�P ê �n± � D &)@�%<"�% 9 & 9jD &'P#=�P 5TéâD$5 PI&'P 0¼� 5 "�� B�� &'P42 ��«¯Ï& ;�; & ; &'�C­$"$=�Q 7 & ;�9 è'P 4$9I5 RS& ;�; & 7 PI& 9 &'Q 7 =�& 9I; �'& 4 &<" D�B " ;r7 "�& 4$9 %'�<=�P�= 5 "p& ;F7 "p� 5 " ;�9 ' > & B �'� 9�7Q 7
B " ;�BT7�465 P�= ; = 5 "$"�&<RS&<" ; & ;#BT7 P 7 = � = D & >�BrD$5 PI&A& $�&'� ; = � &<RS&<" ;?9 &'� 7 & 4
BT9Ø> & 4
BT; =�&<" ; «

����� � VIX	� Y�� ����X	
 ���j[ ��� �

¬ 587$9 �C­ B Q 7 & 4øBT; =�&�" ;�²?BT4$9 è'P 7 "�&|% ;CBT4 & D & D % ; &'� ; = 5 " D & >�B R BT>�B8D =�&�� 5 "�P�=�P ;CB " ; &<" 7 "
D = B @+" 5 P ; =�� :
B PI%�P 7$9S7 "�& Ò�B RS&<" : = 58>�5 @+=�Q 7 & � 4$9 =�PI& D &�P B "$@ ²®: = 584 P�=�&�� ² � > =�"$=�Q 7 & ��­$=�P ;I5 = 9 & D &
>�B R BT>�B8D =�& ²®B " ; %'�'% D &<" ; P DN7s4
BT; =�&<" ;�²�465 = D P ²�;CB = >�> & ² & Ò�B RS&<" 4 ­ à P�=�Q 7 &�� ²�7 " : = >�B " D � =�R B @�& 9 =�&
� B �'Q 7 =�P�= ; = 5 " D � =�R B @�&'P D & D =%$�% 9 &�" ; &'PæR 5ßD�BT> = ; %'P�� 7 "�& D %'�<=�PI= 5 " ; ­�% 9CBT4 & 7$; =�Q 7 &n&'P ;æ4$9 =�PI&+«��K&
;�9CB = ; &<RS&<" ;Ø> & 4$>�7 P B8D %<Q 7
BT; &<" ;�9 & >�B �C­$=�Rr= 58; ­�% 9CB84 =�& ² �C­$= 9�7$9 @+=�&2& ;Ë9CB8D = 58; ­�% 9CBT4 =�& 587 7 "�&A� 5 R é
: =�" B =�P 5 " D & D & 7NÒ � 4
BT9 & Ò &<R 4$> & 7 "�&z�C­$=�Rr= 58; ­�% 9CBT4 =�&r� 587$4$> %&� 7 "�& 9CB8D = 58; ­�% 9CBT4 =�&�� ²���5 = 9 & D &'P
;�9I5 =�P ² &'P ; �C­ 5 =�P�= 46587$9 �C­ B Q 7 & 4
BT; =�&<" ;�BT;�; &<=�" ;�D � 7 "�� B "��'& 9#DN7�46587 R 5 "K«

� 589 P D � 7 " ;�9CB = ; &<RS&<" ;j4
BT9á9CB8D = 58; ­�% 9CBT4 =�& ²�>�Bæ4$9 &'PI� 9 = 4$; = 5 " DN7n;�9CB = ; &<RS&<" ; &'P ; � B = ; & 4
BT9á7 "RS% D &'�<=�" 9CB8D = 58; ­�% 9CBT4 & 7$; &A&<" � 5 "�� ; = 5 " D &'P �L58>�7 RS&'P ;�7 R 589CBT7NÒ � ;�9CB = ; & 9 « ��&'P 9CBT4$46589�; P ê ¯Ï± � �
.+*)& ; ,+( � .�	 ² . � � 4$9 %'�<=�PI&<" ;Ï> &'P D =%$�% 9 &<" ; P°R BT9 @�&'P D &�PI%'� 7$9 = ; %áQ 7 = D$5 = � &<" ; !<;�9 & D % �
"$=�&<P BT7$;I587$9
D & >�BF;�7 RS& 7$9#>�589 P D � 7 " ;�9CB = ; &<RS&<" ;#4
BT9?9CB8D = 58; ­�% 9CBT4 =�&+«

�K& � ��)B�'"%� 
��'"%�?�;(*) "<(E�!�;�?M��!� �'� � �C� �	� -�
 � �S&'P ; � 5 " ;I587$9 % 4
BT9`> &gRS% D &'�<=�" BT4$9 è'P
D &'PF& Ò�B RS&<"�Pr� > =�"$=�Q 7 &'PS& ;z� =�P 7
BT> =�P BT; = 5 " D &<PF=�R B @�&'P D & D = B @+" 5 P ; =�� D & D =%$�% 9 &<" ; &'PFR 5ßD�BT> = ; %'P
�ù&'PIPI&<" ; =�& >�> &<RS&<" ; � � �¨& ; � Ñ ¬ ��«

�K& � ��)B�C"%� �@��H�)7�5(*��(8
���"%���@)B�B�C� � �C� � � -

 � ��&'P ;Ó58:$; &<" 7SBT4$9 è'P B���5 = 9®B
��587$; % D &'P�R BT9 @�&'P
BT7 ¿ ��� B ��" D & 4�9 &<" DN9 &#&<"æ� 5 R 4$; & > &'P�% � &<" ;�7 & >�> &'P 4$9I58> = � % 9CBT; = 5 "�P ;�7 R 589CBT> &'PÂRr=�� 9I5 PI� 584 =�Q 7 &'P ²=�" � =�P�= :$> &'PØP 7$9Ï> &'PË=�R B @�&'P�«�� B R BT9 @�& BT7$;I587$9ØDN7 ¿ ��� &'P ; � Ò & 587 �8BT9 = BT:$> & � 4
BT9 & Ò &<R 4$> &)¯ ���
� ¿ ��� � )#�<R � ²L4
BT9 �ù5 =�P°R ! RS& > &á¯ ���]&'P ; � 5 R 465 PI% D & 4$>�7 P�=�& 7$9 P ��58>�7 RS&'P°" 5 "`� 5 " ; =�" 7 P 587K²
BT7 PIP�= : =�&<" ²�> &�¯ ��� 4 & 7$; !<;�9 &2= D &<" ; =�Q 7 & BT7 ¿ ��� � 4
BT9 & Ò &<R 4$> & D�B "�P > &2� B P 5<; = >Kà0B & 7�7 "�&�C­$= 9�7$9 @+=�&���«
! ��" D & 4$9 &<" DN9 &�&<"p� 5 R 4$; & > &'PFR 587$� &<RS&<" ; P ²Ó> &'P D % � 589 R BT; = 5 "�P D & >�Bg;�7 RS& 7�9r4 &<" D�B " ;

> � = 9�9CB8D = BT; = 5 " > & � ��)B�C"<� �&�7H�)�� �B��
��&�;�C� � ¢<-�
 :�� �®&'P ;°D % ��"$=ø&<" B
�É587$;CB " ;ÏD &'P�R BT9 @�&'P BT7 ¯ ��� ²
; & > Q 7 � = > &<P ;Ø4$9 &'�<=�PI% D�B "�P ê ¯Ï± �¡,+( � . � � � 4
BT9 & Ò &<R 4$> & ê �����W¯ ��� � )2�<R ��«

�K& ��58>�7 RS& ��" BT>jBT7 Q 7 & >á5 " BT4$4$> =�Q 7 & > & 4$>�B " D & ;�9CB = ; &<RS&<" ;�BT4$4$9I584$9 =�% &'P ;æ> & � ��)B�'"%�
�@��H')�� �'�;$ � ��M������'���A) �ù¬���� :�: ��«*3�"�P 587 ­ B = ; & D % > = �ô9 & 9 -�.�
 D & >�BzD$5 PC& 4$9 &'PI� 9 = ; &+« ê > &'P ;Ø58:$; &<" 7&<" B
�É587$;CB " ;rD &'P�R BT9 @�&<P � > � ê ��� � 4
BT9 & Ò &<R 4$> & ¬������ ê ��� � )`�<R � B ��" D & 4$9 &<" DN9 & &<"� 5 R 4$; & > &'PË% � &<" ;�7 & >�> &'PØ& 9�9 & 7$9 P D & 465 P�= ; = 5 "$"�&<RS&<" ;#DN7`4
BT; =�&<" ; P 7$9Ï>�B);»BT:$> & D & ;�9CB = ; &<RS&<" ;�²N> &'P& 9�9 & 7$9 P?RS%'� B "$=�Q 7 &'P > =�%'&'P � > � B �'�'% > % 9CBT; & 7$9 & ;?> &'P?& 9�9 & 7$9 P D$5 P�=�RS% ;�9 =�Q 7 &'P�«
ê > � BT7$;j4$9 &<" DN9 &r&<"|� 5 R 4$; & BT7 PCP�= > &'P 589 @ B "�&'P ;�9 è'PAPC&<"�P�= :$> &'P � > � = 9�9CB8D = BT; = 5 " 46587$9A> &'PIQ 7 & > P

>�BnD$5 PI& D % > = �ô9 %'& 4 &<" D�B " ;r> &'PrPI% B "��'&'Pr"�& D$5 = ;F4
B P D % 4
B PCPI& 9F> & 7$9r;I58> % 9CB "��'&+« 3�" > &'P BT4$4 & >�> &
589 @ B "�&'P � 9 =�PIQ 7 &�� � � © ��«��*� = 9�9CB8D = BT; = 5 "n&'P ;#D % > =�� BT; &)Q 7
B " D07 " 589 @ B "�&�� 9 =�PIQ 7 &API& ;�9I587$� & BT7
��5 =�P�=�" B @�& 4$9I5 �C­�& D & >�Br;�7 RS& 7$9 « �AB "�P > &)� B P DN7 � B "
�<& 9áDN7�46587 R 5 " ²ø>�B R 5 & >�> &�% 4 =�"$=�è 9 &�& ;#> &
46587 R 5 "�P B =�"�P 5 " ;#D &'P 589 @ B "�&'P � 9 =�PIQ 7 &+«
Ñ " � 5 "�� ; = 5 " D &'P �L58>�7 RS&'PA�<= :$> &'P ²�5 "�� 9 %'& >�B :
BT> =�P ; =�Q 7 & D � = 9�9CB8D = BT; = 5 "�ë6" 5 R :$9 & ²�465 P�= ; = 5 " ²

D = 9 &'� ; = 5 " D & �ÍB =�PI�'& BT7NÒæD � = 9�9CB8D = BT; = 5 "K«N! 4
BT9�; = 9ËD &'P �L58>�7 RS&'P D % ��"$=�PÏ& ;°D & > � =�R B @�& � � � ² @ 9 � �<&
� >�B P�=�R 7$>�BT; = 5 " � = 9�;�7 & >�> & 5 " 4 & 7$;FD % ��"�= 9r> &'P �ÍB =�PI�'& BT7NÒsD � = 9�9CB8D = BT; = 5 "�& ; &<"�P 7 = ; & � BT> � 7$> & 9F>�B
D =�P ;�9 = :$7$; = 5 " D & >�BæD$5 PI& 	 � « � B P�=�R 7$>�BT; = 5 " � = 9�;�7 & >�> &�&'P ;#465 PIPI= :�> &)@ 9	� �'& � 7 "gR 5ßDN7$> &zP 4 %'�<= BT>

�	� `m�Me�hM`6fH�Mtwb'`6f�v z"b'yWyWtwnOnOt�b�`}b'`}|af�i�t�fH�Mtwb'` _�`6t��Mn���xm�O�M�,B ���������jp t M�hMcPp b�hMg�p
� @ e�hMyWe¥fH`6g'v�f�twnCB E�hMb�n��jfHhMg'es���}b�vwc6yWe'p
� @ e�hMyWe¥fH`6g'v�f�twnCB��jv�tw`�t MSf�v��jf�hMg'e����}b'vwc�yWe'p
]! @ e�hMyWe¥fH`6g'v�f�twnCB<Dk`m�Me�hM`0fHv"�jfHhMg�e����}b'vwc�y�e�p
]O] @ e�hMyWe¥fH`6g'v�f�twnCB$#�v�f�`�`6tw`�g%�jfHhMg�e�����b'vwc6yWe'p

é , é



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

D =�P 465 "$= :$> & D�B "�P > &'P >�5 @+=��<=�& > P D & 4$>�B "$=%�
� BT; = 5 " D & ;�9»B = ; &�RS&<" ; « ��&0RS% D &'�<=�" 9CB8D = 58; ­�% 9CBT4 & 7$; &
�+BT> = D & > & 4$>�B " D & ;�9CB = ; &<RS&<" ; P 7$9?> &'P�� 587$4 &'P BãÒ = BT> &'P ² P B @+= ;I;CBT> &<Pá& ; � 589I5 " BT> &'P 5<;nBT4$4
BT9CB =�PCPI&<" ;
> &'P#� 587$9�: &'P D � =�P 5ßD$5 PC&'P 9 & > = B " ;#> &'P 465 =�" ; P#Q 7 = 9 &'� 5 = � &<" ;?>�B R ! RS& D$5 PI&+«ø¿ 9	� �'& � >�B PI=�R 7$>�BT; = 5 "
� = 9�;�7 & >�> & 5 " 4 & 7$;�B
�·7 P ; & 9Ø> &'P 4
BT9CB RSè ;�9 &<P D & �ÍB =�PI�'& BT7NÒ0D � = 9�9CB8D = BT; = 5 "K«
�jB "�P > � =�R B @�& )+« 	 &<"�­ BT7$; �Ø@ BT7 �C­�& 5 " 4 & 7$;��L5 = 9 P 7$9�7 "�&Â� 587$4 &ÏPI� B "$"�& 9ÓBãÒ = BT> & > &'P�� 5 " ;I587$9 P

D &'P ��58>�7 RS&'P�¿ ��� �ù&<" 9I587 @�&�� ² ¯ ��� �ù&<" � & 9�; � ² ¬���� �ù&<" 589CB "$@�&���« �AB "�P > � =�R B @�&S&<"|­ BT7$; �
DN9I5 = ; &`P 5 " ;)4$9 %<PC&<" ; P > &'P�� 5 " ;I587$9 PF& ;�> &'P �ÍB =�PI�'& BT7NÒ�D � = 9�9CB8D = BT; = 5 "K«�¿ 9	� �'& BT7NÒ�>�B RS&'P DN7 � 58> = éR BT; & 7$9 R 7$>�; = éÍ>�B RS&'P 5 " 4 & 7$; �C­ B "$@�& 9F>�B
� 589 RS& D &`�C­ B Q 7 & � B =�PI�'& BT7 « � 7$9z> � =�R B @�& > &'P >�B RS&'P
BT4$4
BT9CB =�PIPC&<" ; @ 9 =�PI%'&'P�« �jB "
P > � =�R B @�&�&<" :
B P � @ BT7 �C­�& ²°5 " �L5 = ;S> &'Pæ� 5 " ;I587$9 P & ;æ> &'Pæ� 587$9�: &'P
D � =�P 5ßD$5 PC&<P2� BT> � 7$> %'&'P 4
BT9 P�=�R 7$>�BT; = 5 " � = 9�;�7 & >�> &+« � � =�R B @�&r&<" :
B P	� DN9I5 = ; & 9 &<@ 9I587$4 & ;I587$; &'P2�'&'P=�" � 589 R BT; = 5 "�PÂP 7$9Ó>�B R ! RS&Ø� 587$4 & BãÒ = BT> &+« � B � 587$4 & BãÒ = BT> & B�� &'�Ë�'&'P®=�" �ù589 R BT; = 5 "�P B % ; %Ë& ÒN;�9CB = ; &
D � 7 "�&A=�R B @�& � � � 	 � 7$; = > =�PC%'& 46587$9Ø> � % ;CBT:$> =�PIPC&<RS&<" ;#DN704$>�B " D & ;�9CB = ; &<RS&<" ;#D � 7 " 4
BT; =�&<" ;�BT;Éé
; &<=�" ;#D &2� B "��'& 9#D & 46587 R 5 "K«

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

������ "!�#�$&%'$(�
)*��$(#
$

f �8759 )+« 	�: ��"�&FR ! RS&r� 587$4 & BãÒ = BT> &S& Òô;�9CB = ; & D � 7 "�&F=�R B @�& � � � B�� &'� > &'PA=�" � 589 R BT; = 5 "�P)P 7 = é
�+B " ; &'P2ë�� 5 " ;I587$9 P �L58>�7 RS&'P�¿ ��� ² ¯ ��� ² ¬���� ²�� B =�PI�'& BT7NÒ0D � = 9�9CB8D = BT; = 5 "
P ² � 587$9�: &'P D � =�P 5ßD$5 PC&'P�«

� BFDN7$9 %'& ;I58;CBT> & D$70;�9CB = ; &<RS&<" ;�²�> � % ;CBT> &<RS&<" ;�² &'P ;ØD % ��"$=�&)&<" � 5 "�� ; = 5 " D & >�BFD$5 PI& 4�9 &'PI� 9 = ; &+«
ê >6B % ; % D %<R 5 " ;�9 %áQ 7 & > &'P ; =�PCP 7 P°P B =�"�P 5 " ;°7 " 46587$�L5 = 9ÏD & 9 %<@�%<"�% 9CBT; = 5 "�P 7$4 % 9 =�& 7$9ØBT7NÒ �'& >�>�7$> &'P
;�7 R 589CBT> &'P ²�D � 5<;|>�B " 58; = 5 " D � & $�& ;)D =%$�% 9 &<" ; =�& > &<" ;�9 & ; =�PIP 7 PAP B =×"�& ;A; =�PIP 7 P ;�7 R 589CBT> P 7$9A> &'Q 7 & >PI& :
B PI& > � &��æ� B �<= ; % D & >�B 9CB8D = 58; ­�% 9CBT4 =�&+« ê >®B % ; % D &<R 5 " ;�9 % BT7 PIPI=ÓQ 7 & >�B P 7�9�� =�&F�'& >�>�7$>�B = 9 &S&'P ;=�" � % 9 =�& 7$9 & >�589 PIQ 7 � 5 " D % > = �ß9 & 7 "�& D$5 PC&?&<" 7 "�&#PI& 7$> &?PC% B "��'& D � = 9�9CB8D = BT; = 5 " Q 7 & >�589 PIQ 7 � 5 " D % > = �ß9 &
>�B R ! RS& D$5 PC&�&<" 4$>�7 P�=�& 7$9 PËPC% B "��'&'P D � = 9I9CB8D = BT; = 5 "�P�« �j5 "�� ²$B ��" D & 4$9 %<PC& 9�� & 9Ï> &'P ; =�PIP 7 PÏP B =�"�P >�B
D$5 PI&#&'P ;°B8D Rr=�"$=�P ;I9 %'&#&<" 4$>�7 P�=�& 7$9 P°PC% B "��'&'P � �ù9CB � ; = 5 "�P ��« ��"æ& Ò &<R 4$> & D & 4$9 &'PI� 9 = 4$; = 5 " D & ;�9CB = ; & éRS&<" ;�46587$9Ó7 "z� B "��'& 9®D & 46587 R 5 "F&'P ;�> &ÏP 7 = �8B " ; ë �j5 PI& 4$9 %'PI� 9 = ; & � ,8*á¿ à�²#�ù9CB � ; = 5 "$"�&<RS&<" ; � 	�.PI% B "��'&'P ² % ;CBT> &<RS&<" ; �1,SPI&<R B =�"�&'P ²
B�� &'� .rPI% B "��'&'P � PI&<R B =�"�&)& ;#D$5 PI& � �ù9CB � ; = 5 " �j( ¿ à ��«

é + é



��
�� 
�� ����� � ��� � ����� 
 � ��
<� � 
��0����� � � �(�	� ���A� � ���	�.��� � � � ��� � � ��� ��� �3�

����
 � ��� �zVHUj[ X���

� ��� Y�� [ � ��� �j[ ��� � Y���� � ���?X	����� ��� ��X?Y�
 �����	U��
��XWV�
 �

��������� � 
�� ��� ����� �!�#"�$�%9	���&��(' 	�

¬ 9I5 �'&'PIP 7 P D � %'�C­ B "$@�& D � 5�ÒNà @�è<"�&A& ;?D & D = 5�ÒôàND & D &A� BT9�:65 "�&A&<" ;�9 & > � 589 @ B "$=�PIRS&A& ;Ø> &áRr= > =�& 7& Òô; % 9 =�& 7$9�²�>�B 9 &'P 4 = 9CBT; = 5 "�&'P ;j7 " RS%'� B "$=�P�RS&S� 5 R 4$> & Ò &+« �K&'P 46587 R 5 "�P2P 5 " ;j> &'P 589 @ B "�&'P 4$9 =�" é�<= 4
BT7NÒsD & >�Bg9 &'P 4 = 9CBT; = 5 "K« � Bg� &<" ; = >�BT; = 5 " 4�7$> R 5 " B = 9 &0&'P ; � 5 R 465 PI%'& D & � à � > &'P 9 &'P 4 = 9CBT;I5 = 9 &'P

D � =�"�P 4 = 9CBT; = 5 "v& ;æD � & Òô4 = 9CBT; = 5 " Q 7 = 4 & 9 RS& ;�; &<" ;
² @ 9	� �'& BT7NÒ R 7 PC� > &<P 9 &'P 4 = 9CBT;I5 = 9 &'P ²�> & R 587$� & éRS&<" ;ØD & > � B = 9ØD & > � & Òô; % 9 =�& 7$9Ø� & 9 P > � =�" ; % 9 =�& 7$9?D &'P 46587 R 5 "�P?& ; =�" � & 9 PI&<RS&<" ; « �K&'P 46587 R 5 "�PØP 5 " ;� 587$� & 9�; P 4
BT9r7 "�&`RS&<R :$9CB "�& ²°BT4$4 & > %'& >�Bn4$> è �ß9 &+« � Bn4$> è �ô9 & &'P ; � 5 R 465 PC%'& D & D & 7NÒ � & 7 = >�> &'P
��"�&'Prë 4
BT9 =�% ;CBT> & �ù� 587$�ß9 & > &'P 4
BT9I5 =�PA=�" ; & 9 "�&'P DN7|; ­ 589CBãÒ �á& ;j� =�PI�'% 9CBT> & �ù� 587$�ß9 & > &<P 46587 R 5 "�P ��«
Ñ " ;�9 &��'&'P D & 7NÒ&� & 7 = >�> &'PÏPI& ;�9I587$� & >�B � B�� = ; % 4$> & 7$9CBT> & 9 &<R 4$> = D & > =�Q 7 = D & 4$> & 7$9CBT> «ô!#=�"�P�= ²L> &'P 46587NéR 5 "�P°P 5 " ;ÏBT;�;CB �C­�%'P°&<" 4 & 9 R B "�&<"��'& � >�B � B @�& ; ­ 589CB �<=�Q 7 &+« � 589 P D � 7 "�&#=�"�P 4 = 9CBT; = 5 " " 589 R BT> & ²L>�B� B @�& ; ­ 589CB �<=�Q 7 & BT7 @+RS&<" ; & D & �L58>�7 RS&F�'&zQ 7 =Ó� 9 %'& 7 "�& D % 4$9 &'PIP�= 5 " D�B "�P >�B � B�� = ; %z=�" ;�9CBT4$> & 7Né
9CBT> &+«�¯Ï& >�B =�" DN7 = ;A7 "�&r& Òô4
B "�PI= 5 " 4$7$> R 5 " B = 9 & DN7 &&� 7 "�& D =×Rr=�" 7$; = 5 " D & >�B �ù589 �'&r& Ò & 9 �'%'&rP 7$9
>�B P 7$9 � B �'&'P D &'P 46587 R 5 "�P�« �K& 9CBT4$46589�; &<" ;�9 & > &z�C­ B "$@�&<RS&<" ;2D & �L58>�7 RS&z& ;á> &z�C­ B "$@�&<RS&<" ;2D &
4$9 &'PIP�= 5 "�&'P ;Ø>�B � 5 R 4$> = B "��'& 4$7$> R 5 " B = 9 & CP

ë
CP =

∆V
∆P

«
�K&'P 46587 R 5 "�P 465 PIPIè D &<" ; Q 7
BT;�9 & �L58>�7 RS&'P 4$9 =�"��<= 4
BT7NÒgD$5 " ;�>�B P 5 RrRS&�&'P ;#> & �L58>�7 RS& ;I58;CBT>Q 7 & 4 & 7$;�BT;�; &<=�" DN9 & 7 "�&r& ÒN4
B "�P�= 5 " 4$7$> R 5 " B = 9 & � ��5 = 9 ��@ 7$9 & )+« � ��« �K& �L58>�7 RS&r� 587$9CB " ; � 
 - �&'P ;?> & ��58>�7 RS& D � B = 9 =�"�P 4 = 9 %)& ; & ÒN4 = 9 % 4 &<" D�B " ;�>�Br9 &'P 4 = 9CBT; = 5 "g" 589 R BT> &+« �K& �L58>�7 RS& D & 9 %'PI& 9�� &=�"�P 4 = 9CBT;I5 = 9 & � 
 © ¢ �Ë&'P ;?> & �L58>�7 RS& D � B = 9 Q 7 = 4 & 7$;Éé"!<;�9 &)=�"�P 4 = 9 % BT7NéâD &'PIP 7 P DN7��L58>�7 RS&)� 587$9CB " ; «

�K& ��58>�7 RS& D & 9 %'PC& 9�� &Ï& Òô4 = 9CBT;I5 = 9 & � 
 © 3 ��&'P ;�>�B Q 7
B " ; = ; % D � B = 9 Q 7 = 4 & 7$;Éé"!<;�9 &Ë& ÒN4 = 9 % >�589 P D � 7 "�&& Òô4 = 9CBT; = 5 " �ù589 �<%'& ²�BT4�9 è'P > � & ÒN4 = 9CBT; = 5 " DN7 ��58>�7 RS& � 587$9CB " ; « �K& �L58>�7 RS& 9 %'P�= DN7 & > � 
 © �2&'P ;)>�BQ 7
B " ; = ; % D � B = 9 Q 7 = 9 &'P ; & D�B "�P > &'P 46587 R 5 "�P�R ! RS& BT4$9 è'P 7 "�&2& ÒN4 = 9CBT; = 5 " �ù589 �'%'&+«6¯Ï&'P �L58>�7 RS&'P
4$7$> R 5 " B = 9 &'PzP 5 " ; RS&'P 7$9 %'P >�589 P D � 7 "
&æ& ÒN4$>�589CBT; = 5 " � 5 "�� ; = 5 "$"�& >�> & 9 &'P 4 = 9CBT;I5 = 9 &+« �K&'P�� BT4
B �<= ; %'P
4$7$> R 5 " B = 9 &'P �Í¯Ï±#ì ² ¯
� �ÏP 5 " ;Ø>�B P 5 RrRS& D & D & 7NÒ0587�4$>�7 P�=�& 7$9 P �L58>�7 RS&'P 4$7$> R 5 " B = 9 &'P�«
¬ 587$9#4$>�7 P D & D % ;CB = > P#P 7$9Ø>�BF4 ­ à P�= 58>�5 @+=�& 4$7$> R 5 " B = 9 & 5 " 4 & 7$; � 5 "�P 7$>�; & 9
� ,8, �â«

�������*) + �/	,%[
 
-�/.J���0��14
�23� ������4�
j��
-��1

Ñ " 9CB8D = 58; ­�% 9CBT4 =�& ²$> &�R 587$� &<RS&<" ;ØD &'P 589 @ B "�&'P D�� � >�B�9 &'P 4 = 9CBT; = 5 "0&'P ;°7 "�&áP 587$9 �'& D � =�"��'& 9Éé
; = ;�7�D & D�B "�P > & ;�9CB = ; &<RS&<" ;#D &'PØ� B "��'& 9 P DN7046587 R 5 "�P � � 	 �â« � � 7 "�&API% B "��'&	� > � BT7$;�9 & 58704 &<" D�B " ;
7 "�&SR ! RS& PI% B "��'& D & ;�9CB = ; &<RS&<" ;�²�>�B0465 P�= ; = 5 "s& ;)> � B " BT;I5 Rr=�& DN7�4
BT; =�&<" ;z4 & 7$� &<" ;��+BT9 =�& 9)4
BT9
9CBT4$46589�; � >�Bz465 P�= ; = 5 " D & 9 % � % 9 &<"��'&2P 7$9Ø>�B Q 7 & >�> & > & 4$>�B " D & ;�9CB = ; &<RS&<" ;�B % ; %A% ;CBT:$> =Í«��K&'P?R 587Né
� &<RS&<" ; P?=�" ; & 9Éé �ù9CB � ; = 5 "�P �ù&<" ;�9 & D & 7NÒ PI% B "��'&'P D & ;�9CB = ; &<RS&<" ; �?P 5 " ;?DN7 P BT7NÒ % �L58>�7$; = 5 "�P B " BT;I5TéRr=�Q 7 &'PØ& ; � 587 R 5ßD =%�
� BT; = 5 "�P 4 ­ à P�= 58>�5 @+=�Q 7 &'P � 4
BT9 & Ò &<R 4$> & 9 % ;�9 %'�<=�PIPI&<RS&<" ;?D & >�B�;�7 RS& 7$9 P 7 = ; &
� > � = 9�9CB8D = BT; = 5 " ²�4 & 9�; & D & 465 = D P DN7�4
BT; =�&<" ;�²�9 &<R 4$> =�PIPI&<RS&<" ;FD &'P2=�" ; &'P ; =�"�P ²�D & >�B0� &'PIPI=�&�� ²�BT7NÒR 5ßD =%�
� BT; = 5 "�P DN7S465 P�= ; = 5 "$"�&<RS&<" ; P 7$9�>�Bá;CBT:�> & D & ;�9CB = ; &<RS&<" ; « ��&<P�R 587$� &<RS&<" ; PÂ=�" ;�9CBãé ��9CB � ; = 5 "
� 4 &<" D�B " ;S7 "�&0R ! RS&�PI% B "��'& D & ;�9CB = ; &<RS&<" ; �rP 5 " ;SDN7 P 4$9 =�"��<= 4
BT> &<RS&'" ; � >�Bn9 &'P 4 = 9CBT; = 5 "vQ 7 ==�" DN7 = ;AD &'PáR 587$� &<RS&<" ; PA& ;jD % � 589 R BT; = 5 "�P D &'P 589 @ B "�&'Pj=�" ; & 9 "�&'P ²�BT7NÒ�:
BT;�; &<RS&<" ; P DN7 � � 7$9�² �
D &'P?� 5 " ;�9CB � ; = 5 "�P 587�9 & > � �C­�&<RS&<" ; P�R 7 PI� 7$>�B = 9 &'P�«
¬ 9 &<" DN9 &`&<" � 5 R 4$; & > &'P)R 587$� &<RS&<" ; Pz& ;)> &'P D % � 589 R BT; = 5 "�P D &'P 589 @ B "�&'Pz&<" 9CB8D = 58; ­�% 9CBT4 =�&

46587$9`> & ;�9CB = ; &<RS&<" ;�D &n� B "��'& 90D & 46587 R 5 "�P0&'P ;`7 " D % ��«?¯Ï& >�B 4 & 9 RS& ;0D & 4658; &<" ; =�& >�> &<Ræ&<" ;
BT7 @+RS&<" ; & 9`>�B D$5 PI& D % > = �ß9 %'& � >�B�;�7 RS& 7$9`;C587$; &<" % 4
BT9 @+" B " ; Rr=�& 7NÒ�> &'P ; =�PIP 7 P`P B =�"�P`&<" � = é
9I5 "$" B " ; P�« �K& R 587$� &<RS&<" ; 	 � D &'P ;�7 RS& 7$9 P D & 46587 R 5 "�P B
� B = ;z> � 58:�� & ;FD & 4$>�7 P�=�& 7$9 Pr% ;�7�D &'P
� ) ) ) ² ) )�* ² )�* + ² + � ² )�*+( ² 	�. ² ) )�. ² �L( ² )�*�- �
Q 7 = 5 " ; Rr=�P®&<"S% � = D &<"��'& >�B � 5 R 4$> & Ò = ; % DN7r4$9I58:$> è<RS&+«
�K& D % ��R B
� & 7$9 &<" 9CB8D = 58; ­�% 9CBT4 =�& D &S� B "��'& 9�DN7|46587 R 5 "�" 5 " � 4 & ; = ; &'P)�'& >�>�7$> &'P �Í¯Ï¬ � !á¬°¯ �&'P ;°D � % 4
BT9 @+"�& 9?BT7 R BãÒ =�R 7 R > &'P ; =�PIP 7 P°P B =�"�P ;I587$; &<" D % > = �ß9CB " ;Ï>�B)D$5 PI& 4$9 &'PI� 9 = ; & � >�B2;�7 RS& 7$9 «
!?� ;�7 & >�> &<RS&<" ;�²
> &'P�P ;�9CBT; %<@+=�&'P D & 4$9 =�PI&)&<"g� 5 R 4$; & D &)�'&'P#R 587$� &<RS&<" ; P D�B "�P > & ;�9CB = ; &<RS&<" ;

é - é



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

������� �	�
���
���������������
�

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

���0/ (1*2,"-�-�!.�
�3� ���� "!#�4%"�5��6��7�8�:9"�;��<��8�=�>�?�������
��&

���0@ (1*�,�-"-�!A�
�3� ���� "!#�4%"�5��6��7�8�:9"�A��B��$���=�
�?���8�=�>�"&

�DCE�3� ���� �!	�4�F�� ����8BG�H&)(I,�-8-8!.�

J �LKNME���IOP���0/
� JQ�8������� ��6	RS6��G� %� ������ �UTV�8B��W�S� ��B"B����X� ��&

Y �8 �!	�"BU9��'%"64%[Z �����

Y �" �!;��B	���8!A���X�
%[Z ���=�\�8 4!	��<��=!5 �!

]�^$_�`Wa

bc
d

b e

J �fMP���0/gOQ�0ChOi���0@
� JQ�8������� ��6Ujk� ���8�'��&

f �8759 )+« ��: � 58>�7 RS&'P 4$7$> R 5 " B = 9 &'P2& ; � BT4
B �<= ; %'P 4$7$> R 5 " B = 9 &'PARS&'P 7$9 %<P >�589 P D � 7 "�&r& Òô4$>�589CBT; = 5 "
� 5 "�� ; = 5 "$"�& >�> & 9 &'P 4 = 9CBT;I5 = 9 &+«

4 & 7$� &<" ; !<;�9 & 9 &<@ 9I587$4 %'&'P�&<"��<=×"
Q`� >�B PCPI&'P2ë
• ! ��587$;?D &2R BT9 @�&'P D &2PC%'� 7$9 = ; %�� 4
B P �ù589 �'%<RS&<" ; P BT; =�P � B =�P B " ; P 7$9?> & 4$>�B " D & >�B � 5 " �ù589 Rr= ; %BT70�L58>�7 RS&2�<= :$> &AR B =�P#P�=�R 4$> & �zRS& ;�;�9 &)&<" 4$>�B �'&��
• �á5 PI=�RS% ;�9 =�& B8D�BT4$; %'&F&<" �ù5 "�� ; = 5 " D � 7 "�& 4�9I58:
BT: = > = ; % D & 4$9 %'PI&<"��'& D & ;�7 RS& 7$9 �ù� BT> � 7$>�DN7D % 4 ' ;�D & D$5 PI& 465 " D % 9 % 4
BT9�>�Bs4$9I58:
BT: = > = ; % D & 4$9 %'PI&<"��'&�� 9 & 465 PI&|P 7$907 " R 5ßD è > & D &R 587$� &<RS&<" ; P 4 % 9 = 5ßD =�Q 7 &'P��
• � >�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 & � 9 & >�BT; = � &<RS&<" ; PI=�R 4$> &��`RS& ;�;�9 &æ&<" � 7��ß9 & ² R 5ßD & B � ; = �Ø587�4
B PIP�= �É²
> =�Rr= ; & > &'PØR 587$� &<RS&<" ; P ²�465 PI& D &'P 4$9I58:$> è<RS&'P D & 9 & 4$9I5ßDN7 � ; = : = > = ; %�& ;?D & ;I58> % 9CB "��'&��

• � à "��C­ 9I5 "$=�P BT; = 5 " � B PIPC& 9I� =�PIPI&<RS&<" ;FD & > � = 9�9CB8D = BT; = 5 " BT7NÒ R 587$� &<RS&�" ; P 9 &'P 4 = 9CBT;I5 = 9 &'P éj> &; & 9 RS& B "$@ >�5Té P BãÒ$5 " D�B "�P >�Bz> = ;�; % 9CBT;�7�9 &)&'P ; 0â@ BT; =�"$@G2 �
• � 7 = � =�&<" ; &<R 4 P éÍ9 %'& > � > & ; & 9 RS& B "$@ >�5Té P BãÒ$5 "æ&<R 4$>�5
à % D�B "�P >�Bá> = ;�; % 9CBT;�7$9 &#&'P ; 0 ;�9CB � ,ô=×"�@G2 �Ëë; &'�C­$"$=�Q 7 & >�Bj4$>�7 P B R : = ; =�& 7 PI& ²LD &<R B " D & D � =�R 46589�;CB " ; P D % � & >�584$4 &<RS&<" ; P ; &'�C­$" 58>�5 @+=�Q 7 &'P�«

��� ���:l m4n ��� 1 2 
 ���5� ' 
 % 2 
 %
o-.�� �/	 1$o 
�1 2 ��%9	>�1o�14�/	�
 � 2 � ��1$o�

!Ø� ;�7 & >�> &<RS&<" ;�²�7 " 4$>�B " D & ;�9CB = ; &<RS&<" ; P#� BT4$4$7 =�&2P 7$9Ë7 "�& B �'Q 7 =�P�= ; = 5 " � � � 	 � � B = ; & B��+B " ;

D & D %<R BT9�9 & 9`> &'P PC% B "��'&<P D � = 9�9CB8D = BT; = 5 "�« ��"�& B �'Q 7 =�P�= ; = 5 " 4�9 =�PI& � 7 "�=�"�P ;CB " ; t " � &'P ;æ4
B P > &9 & �
& ;zD &S�'&æQ 7 =ÂPI& 4
B PIPC& DN7$9CB " ;)> & ;�9CB = ; &<RS&<" ; &�" ; & 9 RS& D & D % 4$>�B �'&�RS&<" ; Pz& ;�D % �ù589 R BT; = 5 "�P
D � 589 @ B "�&'P�«�¯Ï&'PjR 587$� &<RS&<" ; P2P 5 " ;AD$5 "��FP 587$9 �'&'P D � =�"��'& 9�; = ;�7�D &�P D�B "�P >�B`D =�P ;�9 = :$7$; = 5 " D & D$5 PI&
DN7$9CB " ;r> & ;�9CB = ; &<RS&<" ; « ê D % BT> &<RS&<" ; = > � BT7�DN9CB = ;r4$9I5ßDN7 = 9 & BT7$;CB " ;SD & D$5 P�=�RS% ;�9 =�&'PSQ 7 & D &'Pr� B P
465 PIPI= :$> &<P D & D % 4$>�B �'&<RS&<" ; & ;°B8D�BT4$; & 9Â> & ;�9CB = ; &<RS&<" ; &<" � 5 "�� ; = 5 " D & >�BAD % � 589 R BT; = 5 "K«ô¯Ï& >�B " � &'P ;
4
B PÓ&<"�� 589 & 9 % BT> =�P BT:$> &ÏR B =�P 9 &'P ; & ;I587$; � � B = ;�465 PIPI= :$> & D�B "�P 7 " �ù7$;�7$9�4$9I5 �C­�&Ï@ 9	� �'& BT7NÒFB��8B "��'%'&'P
; &'�C­$" 58>�5 @+=�Q 7 &'P�«Ó! ��" D & 4
BT>�> =�& 9 �'& 4$9I58:$> è<RS& ²�> � ê ¯Ï± � .+* � .�	 �ÏRr=�PI&�� ��587$9�4
BT9z>�B P 7 = ; & 4
BT9
> � ê ¯Ï± �b,+( � . � � 4$9 %'� 5 "$=�PI& >�B D % ��"$= ; = 5 " D &�R BT9 @�&'P D &zPC%'� 7$9 = ; % BT7$;I587$92DN7n�L58>�7 RS& ;�7 R 589CBT> �= 9�9CB8D =�& 9 «L! 7 ��" BT>ø5 " 58:$; =�&<" ;Â7 " �L58>�7 RS&?�<= :$> & 4$9 % � =�PI= 5 "�& > � �L5 = 9�>�B PC&'� ; = 5 " )+« 	 4
B @�& , � � 4
BT9�; = 9
DN7 Q 7 & >K> & 4$>�B " D & ;�9CB = ; &<RS&<" ; &'P ; % ;CBT:$> =Í«

é )�* é



��
�� 
�� ����� � ��� � ����� 
 � ��
<� � 
��0����� � � �(�	� ���A� � ���	�.��� � � � ��� � � ��� ��� �3�

��������� � &�� .J� ' 
 ��
-% � 	���� 14��	��/
�� ��
 �K��� 23� . 1�	��K	,&�	 1Fo�� � �3�K�5��
j	�& m����
��=�Rr= ; & 9�> &ËR 587$� &<RS&<" ;ÂD &'P 589 @ B "�&'P 4 & 7$;Éé"!<;�9 & B �'� 5 R 4$> = 4
BT9®7 " :$>�5 � B @�& 9 &'P 4 = 9CBT;I5 = 9 & 4
B PIPI= �

� :$>�5 � B @�& ��58>�5 " ;CB = 9 & D & >�BF4
BT9�;#DN7�4
BT; =�&<" ; � 587�B � ; = � � � > � B = D & D � 7 " BT4$4
BT9 &<= > ��«

¤ ¢ � .

�AB "�P > &j� B P D � 7 " :$>�5 � B @�& ��58>�5 " ;CB = 9 & ²N> & 4
BT; =�&<" ;Ø4
B PIPI&á&<" BT4 "�%'& 9 &'P 4 = 9CBT;I5 = 9 &	� 7 "0�'& 9�;CB =�"R 5 RS&<" ;FD & >�B�9 &'P 4 = 9CBT; = 5 "K« �K& 4$>�7 PFP 587$� &�" ;�²�> � =�"�P ;CB " ; �C­ 5 =�PI=Ï&'P ; � >�B ��" D � 7 "�& =�"�P 4 = 9CBT; = 5 "
4$9I5��ù5 " D & � � ê � � :k? � 4$7 =�PIQ 7 &
� �'& ; =�"�P ;CB " ;r> � BT7 @+RS&<" ;CBT; = 5 " DN7p�L58>�7 RS& 4$7$> R 5 " B = 9 &�=�" DN7 = ;
7 "�& D =�Rr=�" 7$; = 5 " D & D &<"�P�= ; % D &'P ; =�PIP 7 P 4$7$> R 5 " B = 9 &S& ;2D$5 "�� 7 "�& D =�Rr=�" 7$; = 5 " DN7|46587$9 �'&<" ;CB @�&
D & ; =�PIP 7 PSP B =�"�Pr= 9�9CB8D =�%'P�« � &'P 9 & 4 è 9 &'Pæ& Òô; & 9 "�&'P 4 & 7$� &<" ;�!<;�9 & 7$; = > =�PI%'P 46587$9 B RS% > = 589 & 9æ>�Bn9 & é
4$9I5ßDN7 � ; = : = > = ; % DN70:$>�5 � B @�& �L58>�5 " ;CB = 9 &+«$¬ BT9 & Ò &<R 4$> & ²N7 "�P 4 = 9I5 RSè ;�9 & ��RS&'P 7$9 &j&<" ; &<R 4 P 9 %'& >�>�BQ 7
B " ; = ; % D � B = 9 =�"�P 4 = 9 %'&)& ; & ÒN4 = 9 %'&�� 4 & 9 RS& ;áBT7�4
BT; =�&<" ;�D &2P 7 = �ô9 &2P 5 "�� à � > & 9 &'P 4 = 9CBT;I5 = 9 &�& ;#D &
:$>�5 Q 7 & 9 P Bz9 &'P 4 = 9CBT; = 5 " D &jR B "$=�è 9 & 4$>�7 P 4$9 %'�<=�PI&+«

� � �
��"�& BT7$;�9 & ; &<�C­�"$=�Q 7 & D � B PIPC& 9�� =�PIPC&<RS&<" ;g9 &'P 4 = 9CBT;I5 = 9 & � B = ; BT4$4 & > � 7 "¡P à P ; è<RS& & ÒN; & 9 "�&

4 & 9 RS& ;�;CB " ; D & :$>�5 Q 7 & 9`>�B|9 &'P 4 = 9CBT; = 5 " DN7�4
BT; =�&<" ; � D &'Pæ=�"�P ;CB " ; P 4$9 %'�<=�P DN7 � à � > & 9 &'P 4 = 9CBãé
;I5 = 9 & ² Q 7 &g�'&gP 5 = ; &<"v=�"�P 4 = 9CBT; = 5 " 587 &<" & Òô4 = 9CBT; = 5 "K«Ë! 7 ¯Ï&<" ;�9 & �K% 5 " �Ë% 9CBT9ID " 587 P D =�P 465TéP 5 "�P D & > � BT4$4
BT9 &<= > !��?¯ � � � ; = � & � 9 & BT; ­$=�"$@ � 5ß589ID =�" BT;I589 � � � � BT:�9 =�Q 7 % 4
BT9#>�B P 5 �<=�% ; % Ñ®> & , ;CB
��­ ;�;�4 ë � � O O O2« & > &(, ;CB « � 5 R ��«��K&rP à P ; è<RS&F!��Ø¯ B % ; % D % � & >�584$4 % 4
BT9 Ð 5 ­$" ;�5 "$@ � )�( + � � > � ­�' é
4 = ;CBT>�; = >�> = B R �Ë& BT7 R 5 " ;�² �g=��C­$=�@ B " ² � � !z«�¯�� &'P ;j7 " BT4$4
BT9 &<= >�D % 9 = � % D � 7 "|PC& 9���5TéÍ� &<" ; = >�BT; & 7$9� =�&<RS&<"�P�« � B ��@ 7$9 & )+«/. 4$9 %'PI&<" ; & 7 " 4
BT; =�&<" ;Ï;�9CB = ; %�� > � B = D & D & > � ! �?¯á« �K& 4
BT; =�&<" ;Ï9 &'P 4 = 9 & D�B "�P
> � &<R :6587$;2:$7 �'� BT>�9 & > =�% BT7 P 4 = 9I5 RSè ;�9 &+« ��" 4 =�"��'&r"�& � 4 & 9 RS& ;)D � % � = ; & 9�BT7|4
BT; =�&<" ;)D & 9 &'P 4 = 9 & 9
4
BT9®> &Ï"�& ��« ��&'P®RS&<P 7$9 &'P D &'P � 7NÒ P 5 " ;®D % ; &'� ; %'&'P 4
BT9®> &ËP 4 = 9I5 RSè ;�9 &?& ; P 5 " ; &<"�P 7 = ; &Ø&<" �L5
à %'&'P BT7P à P ; è<RS& D &)@�&'P ; = 5 " D & > � BT4$4
BT9 &<= > ë > &�PI& 9���5TéÍ� &<" ; = >�BT; & 7$9 «�¯Ï& >�7 = é �<=Ó& $�&'� ;�7 & D &'Pá� 589�9 &'� ; = 5 "�P DN7P�=�@+" BT> & ;AB �æ�C­�& >�B � 587$9�: & D & >�BS9 &'P 4 = 9CBT; = 5 "|P 7$9�7 "n%'� 9CB " B ��" Q 7 � & >�> & 4$7 =�PCPI& !<;�9 & � =�P 7
BT> =�PI%'&
4
BT9Ó> & 4
BT; =�&<" ; «+¬ 587$9*!<;�9 & > & 4$>�7 P 4$9 %<�<=�P 465 PIP�= :$> & ²T> &ËP à P ; è<RS& B�: &'P 5 =�" D &Ë� à � > &'P 9 %<@ 7$> =�& 9 P B
�8B " ;�C­ B Q 7 & :$>�5 � B @�&+« � BA� = ; &'PIPI& D &ØR 5 " ; %'&�&<"S=�"�P 4 = 9CBT; = 5 " � 587 D & D &'PI�'&<" ; &#P#� = > P#� B @+= ;°D � 7 " :$>�5 � B @�&& $�&'� ;�7 %?&<"æ& ÒN4 = 9CBT; = 5 " � D$5 = ; %<@ BT> &<RS&<" ;�!<;�9 &?� 5 "�P ;CB " ; &#& ;®4 & 7 % > & � %'&+«�! > � B = D & DN7 Rr= 9I5 = 9Â4$>�B �<%
BT7sD &'PIP 7 P D & >�B�; !<; & ²�> & 4
BT; =�&<" ; &'P ; � BT4
BT:$> & D & P 7 = �ô9 & >�B � 587$9�: & D & P 5 " � à � > & 9 &'P 4 = 9CBT;I5 = 9 &
B �æ�C­�%?P 7$9®7 "æ%'� 9CB "K«���"�& � 5 =�P�Q 7 & >�Bá9 &'P 4 = 9CBT; = 5 " &'P ;®9 %<@ 7$> =�è 9 & ²�> & 4
BT; =�&<" ;°B � ; = � & > &ØP à P ; è<RS&Ø&<"
BT4$4$7$àLB " ; P 7$9Ø>�Br465 =�@+"�%'& 4$9 % �ô7 & �r�'& ; & $�& ; & ;?4
B PIPI&2&<" 7 "�& 4 ­ B PI& D � =�"�P 4 = 9CBT; = 5 " �ù589 �'%'&+« � è'PQ 7 � 5 " BT;�; &�=�" ;#7 "��'& 9�;CB =�"gPI& 7 = > � 4
BT9 & Ò &<R 4$> & ,G.�
 D & >�B � BT4
B �<= ; % � = ;CBT> &�� ²
5 " :$>�5 Q 7 & >�BF9 &'P 4 = é
9CBT; = 5 " & ;Ï5 " D %'� > &<"��C­�& > � = 9�9CB8D = BT; = 5 "K« �K& 4$9I5 �'&'PIP 7 PÏ&'P ;°9 % 4 % ; % �)�C­ B Q 7 & � B =�PI�'& BT7 D � = 9�9CB8D = BT; = 5 "
4 &<" D�B " ;�7 "�&æR ! RS& PI% B "��'& D & ;�9CB = ; &<RS&<" ; «�¬ 587$9 �C­ B Q 7 & 4
BT; =�&<" ;�²�7 "
& 4 % 9 = 5ßD & D � BT4�4$9 &<" ; =�P éP B @�&n& ; D � B8D�BT4$;CBT; = 5 " 4$9 % BT>�BT:$> &'P0P 5 " ; "
%<�'&'PCP B = 9 &'P 46587$9 % � = ; & 9 ;I587$; & B "$@ 5 =�PIPC& 587 9 % B � ; = 5 "" 5 "g� 5 " ;�9 ' > %'& 4 &<" D�B " ;�>�Br4 % 9 = 5ßD & D & :$>�5 � B @�& DN7�9 &<P 4 = 9CBT; & 7$9 « � Br4 % 9 = 5ßD & D � BT4 "�%'&z� 5 R 4$> è ; &
�ù� 589�9 &'P 465 " D�B " ; � 7 " ��58>�7 RS& B % 9 =�Q 7 & 4$7$> R 5 " B = 9 & 4$9 % BT>�BT:$> &<RS&<" ;jD % ��"�= �#&'P ; � 5 " ;�9 ' >�BT:$> & 4
BT9
> � 589ID =�" BT; & 7$9 & ;á7 "�& �8BT>�� &�P 7$9�> & 9 &'P 4 = 9CBT; & 7$9 «K¯Ï& ;�; & 4 % 9 = 5ßD & D � BT4 "�%'&F� 5 " ;�9 ' >�BT:$> & �8BT9 =�& D & +
2
�r(�.
2AP 7 = �+B " ;Ø> &'P 4
BT; =�&<" ; P�«
! ��" D � % > =�Rr=�"�& 92D &'P D % 9 = � &'P > =�%'&'P D � 7 "�& 4
BT9�; � >�B " 5 " > =�"�% BT9 = ; % D & >�Bæ9 % 465 "�PI& D & > � BT4$4
Bãé

9 &<= >°BT7NÒ �+BT9 = BT; = 5 "�P D & D % : = ; & Òô4 = 9CBT;C5 = 9 &æ& ; =×"
P 4 = 9CBT;I5 = 9 & ² & ;)D � BT7$;�9 & 4
BT9�;zBT7NÒ|D =%$�% 9 &<"��'&'P D &� BT> = :$9CBT; = 5 " D &'P D % : = ; P D�B "�P > &'P � 7NÒ & ÒN4 = 9CBT;I5 = 9 &'Pá& ; =�"�P 4 = 9CBT;I5 = 9 &'P ²
>�Br> =�@+"�& D & 9 % � % 9 &<"��'& 46587$9�C­ B Q 7 &Ë� à � > & 9 &'P 4 = 9CBT;I5 = 9 &Ø&'P ;�9 & 4$9 %'PI&<" ; %'& 4
BT9®>�B � BT4
B �<= ; % 9 %<PI= DN7 & >�> & �ù5 "�� ; = 5 "$"�& >�> & �Í¯Ï±#ì é���5 = 9
��@ 7$9 & )+« � ��« � B ¯Ï±#ì 9 & 4$9 %'PI&<" ; & > & �L58>�7 RS& 4$7$> R 5 " B = 9 & � >�B ��" D � 7 "�&Ø& Òô4 = 9CBT; = 5 "S" 589 R BT> &+« Ñ®>�> &&'P ; @�%<"�% 9CBT> &<RS&<" ; � 5 "�P�= D % 9 %'&)� 5 RrRS& > & �L58>�7 RS& 4$7$> R 5 " B = 9 & > & 4$>�7 P?P ;CBT:$> &+«

]Gq @ e�hMyWe¥fH`6g'v�f�twnCB<L>eSeS�HDk`6nO�6t�hkf��Mt�b�`	�jhMe�fH�MxZ��
�b'v�i8p

é ) ) é



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

f �8759 )+«/. :�¬ BT; =�&<" ;S;�9CB = ; %0&<" 9CB8D = 58; ­�% 9CBT4 =�& � > � B = D & D & > � BT4$4
BT9 &<= >?> � BT4$4
BT9 &<= > !��?¯ � � � ; = � &
� 9 & BT; ­$=�"$@ � 5ß589ID =�" BT;I589��	� ��«

�*� ! �?¯s&<" 9 &<@+=�P ;�9 & > &'P®� 587$9�: &'P D & � 7NÒ�9 &<P 4 = 9CBT;I5 = 9 & B�� &'� 7 "�& D =�PI� 9 % ; =�P BT; = 5 " D &'P 465 =�" ; P ;I587 P
> &'P	) � .+*Fè<RS& D &API&'� 5 " D &+« �#"�& Ò &<R 4$> & D &A� 587$9�: &A!��?¯ D � 7 " 4
BT; =�&<" ;?4 &<" D�B " ;?7 "�&APC% B "
�<& D &
;�9CB = ; &<RS&<" ; &'P ; = >�>�7 P ;�9 % D�B "�P >�B ��@ 7$9 & )+« , « �K&�PI& 7 = >6D & :$>�5 � B @�&á&'P ; � Ò % 4$9 % BT>�BT:$> &<RS&<" ; ��=��<= ² )+« .
> ��« �K&�P 4 = 9I5 RSè ;�9 &�& ;°>�BA�+BT>�� &#Q 7 = 4 & 9 RS& ;�; &<" ;Ï> & 4
B PIP B @�& D & � 7NÒæD � B = 9Ï5 " ;Â7 "�&��'& 9�;CB =�"�&�=�"�& 9�; =�&
D & 9 % 465 "�PI& >�589 P D � 7 "�&áR 5ßD =%�
� BT; = 5 " D & >�B�� = ; &'PIPC& D & > � =�"�P 4 = 9CBT; = 5 " 5870D � & ÒN4 = 9CBT; = 5 "K«ø¯Ï& >�B�4 & 7$;& ÒN4$> =�Q 7 & 9A> &'P � B = :$> &'P �8BT9 = BT; = 5 "�P D &z"$= � & BT7�D & :$>�5 � B @�&rQ 7 � 5 " 58: PI& 9�� &FP 7$9j> � =�R B @�& BT7$;I587�92DN7PI& 7 = >�D & :$>�5 � B @�& 4$9 % D % ��"$= � (!, �â«

��� ����� ��$�� . " �/��� 	,%[� 1�	>��� ��
-% � 	���� 1�	���� & 	�� �/

�#" ;�9CB = ; &<RS&<" ; &<" 9 &'P 4 = 9CBT; = 5 " > = :$9 &2&'P ;Ø4$>�7 P?� 5 " � 589�;CBT:$> & 46587$9?> &'P 4
BT; =�&<" ; P�« ê > P#� B @+= ;#BT>�589 P

D &`� 589�9 % > & 9F>�B�9 &'P 4 = 9CBT; = 5 " B�� &'� > � = 9�9CB8D = BT; = 5 "K« ��& ;�9CB = ; &<RS&<" ; &'P ; & $�&'� ;�7 % &<" B PIPI& 9�� =�PIPI&<RS&<" ;
9 &'P 4 = 9CBT;I5 = 9 &+«Â¬�&<" D�B " ; Q 7 & > & 4
BT; =�&<" ;S9 &'P 4 = 9 & > = :$9 &<RS&<" ;�²®> � = 9�9CB8D = BT; = 5 "v&'P ;rD %'� > &<"��C­�%'& � D &'P=�"�P ;CB " ; P 4$9 %'�<=�Pj& ;�4 &<" D�B " ;j7 "�& DN7$9 %'& 4$9 % D % ; & 9 Rr=�"�%'& DN7 � à � > & 9 &'P 4 = 9CBT;I5 = 9 & � )�*�. ² , + ² + � ² 	�- ²
)�( � ² 	�	 ² )�*�- �â« �AB "�P >�B�> = ;�; % 9CBT;�7$9 & B "$@ >�5Té P BãÒ$5 "�& > & ; & 9 RS&`&<R 4$>�5
à % 46587$9zD &'P�=�@+"�& 9z7 "�& ; & >�> &
; &'�C­$"$=�Q 7 &j&'P ;°> & 0â@ BT; =�"$@G2 :k\ « � B�9 &'P 4 = 9CBT; = 5 " DN7`4
BT; =�&<" ; &'P ; P 7 = � =�&�� > � B = D & D � 7 " P�=�@+" BT> & Òô; & 9 "�&
587�D &'PØR BT9 Q 7 & 7$9 P?=�R 4$>�B " ; %'P�� > � =�" ; % 9 =�& 7$9áDN704
BT; =�&<" ; «

�#" D % �rR B
� & 7$9 &<" 9CB8D = 58; ­�% 9CBT4 =�&Ø&'P ;ÓD � B���5 = 9Ó7 "rP 7 = � =N&<" ; &<R 4 P 9 %'& >$D & >�B�;�7 RS& 7$9Ó4 &<" D�B " ;
> &'PAPI% B "��'&'P D � = 9�9CB8D = BT; = 5 "�& ;2D � B8D�BT4$; & 9 &<" 4 & 9 R B "�&<"��'& > & �ÍB =�PI�'& BT7|D � = 9�9»B8D = BT; = 5 "�&<" � 5 "�� ; = 5 "
DN7 �C­ B "$@�&<RS&<" ;�D & 465 P�= ; = 5 " D & >�B`;�7 RS& 7$9 « �#"�& ; & >�> & ; &'�C­$"$=�Q 7 &F"�%'�'&'PIP�= ; & 7 "�&r� 5 "$" B =�PIP B "��'&
4
BT9 �ÍB = ; & D & >�B#>�5 � BT> =�P BT; = 5 " D & >�B�;�7 RS& 7$9 �á�C­ B Q 7 &Ï=�"�P ;CB " ;®D & >�B�9 &'P 4 = 9CBT; = 5 " ²+D & >�BáD % �ù589 R BT; = 5 "
D & 46587 R 5 "�P?& ;?D & >�Bz465 P�= ; = 5 " D &'P 589 @ B "�&'P#& ; P ;�9�7 � ;�7$9 &'P � 9 =�PIQ 7 & BT7 � 587$9 P D & >�B�9 &'P 4 = 9CBT; = 5 "K«

] � @ e�hMyWe¥f�`6g�vwb�� nMfH�Zb'`#B�g�fH�Me�¢a�Db�hO�Me ��b'c6d'e�hO�Mc�hMe�p

é )�( é



��
��P
 	 ��� ���m�	� 
 ��� � �����m�	� � � � � �m��� ��� � ��� ���

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

��� �

��� �

���������������

 "!$#&%��'�)(+*-,.�&#/�

���	� ���0�

�0� �

�0� �
13254 13276 13298 132�:

f<; 759 )+«>= :s¯<?$@�A0BDCFE��?¯HG � @�IKJML�N0OPC�IQNSRP?$A�TUG � @�IVCWT	XYL�I��ZCWG�CWN0A	L�O&N�C�[UC�IQN�« 3\IKG]OPT0N0O&I�^+@VCWRPCZT
_ @ML�N0A�C�B�RP?ß�YL�^`C�T)A�CZT0J�O&A	L�N�?$O&A�CZT � �Ë± ) ² �Ë±\a ² �Ë± 	SC�N �Ë±�� � �S@�IbT�C�@�O&RcJ�A�XYL�RdL�B�RPC�[UC�IQN � Ò X �/C�I é
� O&A�?$I ,G.�
eG�CfRdL��YL�JML8��O&N�X � O&N	L�RPCf[gL Ò O&[gL�RPC���«��cCZT � L�O&B�RPCZT � L�A0OdL�N0OP?$IVT _ @ �h?$Ii?$BVT	C�A � CbL�@�N�?$@�A
G]@jT�C�@�O&R5G�CSB�RP?ß�YL�^`CUJ�A�XZG�X �VI�O ��R&O&^+IVCS­V?$A0O��Y?$IQN	L�RPCkT0@�AlRPCS^+A	L�J$­�O _ @VC��lT�?$IQN�G]@VCZT��WR � O&IVC�A0N0OPCgG�C
A�X�JD?$IVT�ClG]@mT0J�O&A�?$[Sè�N0A�C ² G�CnRdL � L�R � CoC�N�RdL � O&N�CZT�T�CoG � O&IVT0J�O&A	L�N0OP?$IpG]@FJML�N0OPC�IQN � a!, �Í«

�3CoT0@�O � O�C�IFN�C�[SJVTqA�XZC�R3G�CnRdLrN0@�[UC�@�AsT à I��C­�A�?$I�OPT�XlL � C'�)RdLrA�CZT0J�O&A	L�N0OP?$IfJDC�A0[UC�N0N0A	L�O&N\G�CnA�XZG]@�O&A�C
RPCZTq[gL�A0^`CZTsG�ClT�X'��@�A0O&N�X�L � ?$@�N�XZCZT\L�@�N�?$@�AsG�CoRdLrN0@V[UC�@VA ² N�?$@�NsC�ImG�X�R&O � A�L�IQN�RdLtBD?$I�IVClG�?+T�C+«

���vu _ �	���	U���� � ��
�w 

�NU����yxrz	��� � � � ��� ���������

�3CZTqN0A	L � L�@ Ò J�A�XZT�C�IQN�XZT�GVL�IVT?�ZC�N0N�CnN�­�èZT�CnT � O&IVTI��A0O � C�IQN�GVL�IVT.RPCA�YL$G]A�CoG � @�IFJ�A�? � C�N�C�IFX�N0A�?$O&N�C�Z?$R&RdL�BD?$A	L�N0OP?$I{L � C'�lRPCz¯<C�IQN0A�Cz±sX�^+OP?$IML�R9G�C ��@�N0N�Cr¯<?$IQN0A�C�RPCz¯.L�I��ZC�A��cXZ?$I �.X�A�L�A�G�« �3CZTsJ�A�?$N�? é�Z?$RPCZT2��R&O&I�O _ @VCZT�T0@�AnRPCZT _ @VC�RPToIV?$@VT�L � ?$IVToN0A	L � L�O&R&RPXtN0A	L�O&N�C�IQNlJML�AoA	L$G]OP?$N�­MX�A�L�J�OPCgG�CZTA�YL�I��ZC�A�T�G]@
JD?$@�[U?$I���IV?$I
�'JDC�N0O&N�CZT?�ZC�R&R&@�RPCZT � ��R �>L�OPG�CoG�C)R �hE��Ø¯j« � L�IVT.RPCj�YL$G]A�CoG � @�IVCj�Z?$R&RdL�BD?$A	L�N0OP?+IbL � C'�
R �hX _ @�O&JDCrG�C�A�C'�C­VC�AI�C­VCtC�IbJ$­ à T0O _ @VCl[UXZG]O��YL�RPCtG]@pG�X�JML�A0N�C�[UC�IQNl?$I��Z?$RP?$^+OPCrG�C�R � ­�'$J�O&N	L�R®�|L$T�T	L é�C­Q@VT�C�N0N�Tj¿nC�IVC�A	L�R �)?+T0J�O&N	L�R �ù� ¿ � � ² �.?+T0N�?$I ² � � ² IV?$@VT\L � ?$IVTsG]OPT0JD?+T	XlG�CZT\L8� _ @�OPT0O&N0OP?$IVT � � �
� � «
¬"L�A�RdLFT0@VO-N	CSIV?$@VT�G�C'��A0O � ?$IVTlB�A0O�è � C�[UC�IQN'RPC�T�J�A�?$N�?ß�Z?$RPCZT���R&O&I�O _ @VCZT�C�N�RPC�T'G�?$I�IVXZCZT�O&[gL�^`CZT

G�?$IQN�IV?$@VT�G�O&T�JD?+T�?$IVTqJD?$@�AsR&CZTsG]O%$�X�A�C�I}N�CZTsX�N0@VG�CZT�[UC�IVXZCZT�«

����� ��� + ����14� .J��&�
f~+�R
-% �K	 )��3�3�M�
�M� N �B�M�B�   �;�B�C�@� � �

�*�hX�N0@VG�C\LnJD?$@�A�B�@�N5G�C � L�O&A�CqBDX�IVX �
��OPC�A ² L�@ Ò JML�N0OPC�IQN�T�T�?$@�$DA	L�IQN5G � O&IVT0@ �gT�L�I��ZCqA�CZT�J�O&A	L�N�?$O&A�C ²
G � @�IVC�A	L$G]OP?$N�­VX�A	L�J�OPCá�Z?$I � ?$A0[gL�N0OP?$I�IVC�R&RPC � � OPT�XZC?��@�A	L�N0O � CsC�IgN0A	L � L�O&R&RdL�IQN<T0@VA5G�C�@ Ò JML�A	L�[Sè�N0A�CZTáë

é ) 	 é



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

R � O&[S[U?$B�O&R&OPT	L�N0OP?+IFG�C\RdL�N0@�[UC�@�A<JDC�IVGVL�IQN.@�IVC\J$­ML$T�C)G]@ � à ��RPC\A�CZT0J�O&A	L�N�?$O&A�C)J�A�XZG�X�N�C�A0[SO&IMXZC ��O&IVT é
J�O&A	L�N0OP?$IKB�RP? _ @VXZC��rC�NtR �hC Ò JML�IVT0OP?$I G]@ JML�A�C�I��C­ à [UCWJ�@�R&[U?$IML�O&A�CmL
�VIKG �hX'�YL�A0N�C�AkL�@ [gL Ò O&['@�[
RPCFJD?$@�[U?$I T	L�O&I G�CWRdL �Y?$IVCFO&A0A	L$G]OPXZC �pJ�RPC�O&IVCfGV?+T�C+« �3CFJ�A0O&I���O&JDCmCZT0NUG�CFB�RP? _ @VC�AURPCFJML�N0OPC�IQN
C�ImO&IVT0J�O&A	L�N0OP?$IbJDC�IVGVL�IQN\G�C)�Z?$@�A0N�CZTsJDX�A0OP?QG�CZT\G�C�)�.ST�C'�Z?$IVG�CZT �/C�Im[U? à C�I�IVC��qC�NsGVCoIVClG�X�R&O � A�C�A
R � O&A0A	L$G]OdL�N0OP?$I _ @VC\JDC�IVGML�IQN?�ZCZT<JDX�A0OP?QG�CZT �Í¿lL�N0O&I�^ ��« Ñ IQN0A�CA�C­ML _ @VCnN0O&A.@�IVC)JDX�A0OP?QG�CoG�C ) �ta�[SO é
IQ@�N�CZT5C�IUA�CZT�J�O&A	L�N0OP?$IgR&O&B�A�C�CZT0N�[UX�IML�^`XZC+« �cCZTÂ�Z?$IVT�X _ @VC�I��ZCZT�T�?$IQN5G�?$@�B�RPCZT�ë$RdLnN0@�[UC�@�A�T�CqN0A�?$@ � C
N�?$@ � ?$@�A�TrGVL�IVTrR �>L Ò C G�CgN0O&AtG�CgR �>L8�'�ZX�RPX�A	L�N�C�@�A����Z?$IVG]O&N0OP?$I _ @VCgRPCZTtL8� _ @�OPT0O&N0OP?$IVTSL�IML�N�?$[SO _ @VCZT
L�OPC�IQN�X�N�X � L�O&N�CZT.JDC�IVGVL�IQN?�ZC)N�C�[SJVT.O&IVT�J�O&A	L�N�?$O&A�CoC�N.@�IF[gL Ò O&['@�[ G�C)JD?$@�[U?$ImT	L�O&IFT�C\A�C�N0A�?$@ � C
C�ImG�C<­V?$A�TsG�CoRdL �Y?$IVClG � O&A0A	L$G]OdL�N0OP?$IK«

� � N �B�M� 6 ¤ ���'��$&�@M
¬9?$@�A0�C­ML _ @VCpJML�N0OPC�IQNWIV?$@VTWG]OPT�JD?+T�?$IVTWG�C _ @ML�N0A�C|L8� _ @�OPT0O&N0OP?$IVT
� � � ë�N0A�?$OPTFL8� _ @�OPT�CZT �

_ @VC�R _ @VCZT � ?$@�A�TrG � O&IQN�C�A � L�R&RPC �m@�I [ ! [UC O&IVT0N	L�IQNtG�@ B�RP?ß�ZL�^`CWJ�A�XZG�X �VI�O.JD?$@�Ar�C­ML _ @VC JML�N0OPC�IQN
�/C�I � O&A�?$II,G.�
 G�C\RPL��YL�JML8��O&N�X � O&N	L�RPC��5C�N<@�IVCnL8� _ @�OPT�C)C�I A�CZT0J�O&A	L�N0OP?$IWR&O&B�A�C _ @�O�T�C�A0N<G�C\A�X � X�A�C�I��ZC
JD?$@�A�RPCoJ�RdL�ImG�CoN0A	L�O&N�C�[UC�IQN�«
�7?$@�N�CZTlRPCZT � � � ?$IQN�X�N�XkL8� _ @�OPT�CZT'L � C<�U@�I�¬ O�� , C�A�¬ � a������ �ù¬ O�� ,`C�A ê IQN�C�A0IML�N0OP?$IML�R ê I��+« ²

�9L�[SJML ² ì � � � � ?$O&A �V^+@�A�C )+« , ��«

f.; 759 )+« ,$:mEsJ�JML�A�C�O&R�TI�YL�I�IVC�AoG�XZG]OPX �gRdLkA	L$G]OP?$N�­VX�A	L�J�OPCS@�N0O&R&OPT�XrJD?$@�AnR �>L8� _ @�OPT0O&N0OP?$I G�CZT)O&[gL�^`CZT
� � ��	 � «

�3CZT � � � C�ImA�CZT0J�O&A	L�N0OP?$ImR&O&B�A�C�?$IQNsX�N�X'L8� _ @�OPT�CZTsC�If[U?QG�C'L Ò OdL�R7L � C'�o@�IfN�C�[SJVTs[U? à C�IbG�C
A�?$N	L�N0OP?$I G�C �FT � )��!, � JD?$@�AA�C­ML _ @VCF�Z?$@�JDCUL Ò OdL�RPCSL
�VI G �>L � ?$O&Ao@�IVCrO&[gL�^`C �M?$@VCSG�CrRdLkN0@�[UC�@�A
_ @�O5CZT0N'T0@�J�JD?+T�XZCæ�Z?$@ � A0O&A�N�?$@�N�R � O&IQN�C�A � L�R&RPCkG�CS[U?$@ � C�[UC�IQNrG�CURdLFN0@�[UC�@�A � a�� �â«��3CZT � � � C�I
B�RP?ß�YL�^`CWA	C�T�J�O&A	L�N�?$O&A�CFT	?$IQNUL8� _ @�OPT�CZTSC�IK[U?QG�CFT0J�O&A	L�RPXWC�IKJ�R&@VT0OPC�@�A�TUX�N	L�JDCZTSG�CWB�RP?ß�YL�^`C ��JD?$@�A

é ) � é



��
��P
 	 ��� ���m�	� 
 ��� � �����m�	� � � � � �m��� ��� � ��� ���

�C­ML _ @VC)L8� _ @�OPT0O&N0OP?$IkIV?$@VT.L � ?$IVT�C�@kBDCZT�?$O&I G�CsT�C�J�N<?$@ ­Q@�O&N�B�RP?ß�YL�^`CZT<G]O%$�X�A�C�IQN�T<C�I � ?$I���N0OP?$I G�CZT�YL�JML8��O&N�XZTlG]@|JML�N0OPC�IQN � � a�) �â«�Eb�C­ML _ @VCtB�RP?L�YL�^`CSA�CZT0J�O&A	L�N�?$O&A�CSC�I � O&A�?$I )��`�Z?$@�JDCZTlT�?$IQNlL8� _ @�OPT�CZT�«
�cLkT0@�JDC�A0JD?+T0O&N0OP?$I{G�Cz�C­ML _ @VCrC�IVT�C�['B�RPCtG�C )�� �Z?$@�JDCZT � L�@pN�?$N	L�R"C�I � O-A	?$I{=�� é , �UJML�A)JML�N0OPC�IQN �
� ?$A0[UCnR � O&[gL�^`C � � � 	 � «��cLtG]OPT0N	L�I��ZClC�I}N0A�CoG�C�@ Ò �Z?$@�JDCZTsL Ò OdL�RPCZT�CZT0NqG�C1.r[S[�« �cLF�Z?8­VX�A�C�I��ZC
C�IQN0A�C�G�C�@ Ò C�IVT�C�['B�RPCZT5G�C?�Z?$@�JDCZT5T0@��'�ZCZT�T�O � T ��JML$T�G �>L�A0N�C � L8��N5G�C�T0@�JDC�A0JD?+T�O&N0OP?$IgG�C?�Z?$@�JDC�?$@U@�IVC
G]OPT0N	L�I��ZC)J�R&@VT.^+A	L�IVG�C _ @VC1.�[S[ �<LrX�N�X � X�A0O%�MXZC)JML�A.O&IVT�JDC<��N0OP?$I � OPT0@VC�R&RPC+« � L�IVTË�ZCZTØ�Z?$IVG]O&N0OP?$IVT ²
@�IVC�L8� _ @�OPT0O&N0OP?$I 	 � C�ImB�RP?ß�YL�^`C�A�CZT0J�O&A	L�N�?$O&A�C�IVX'�ZCZT�T0O&N�C�C�I � O&A�?$I �@.S[SO&IK« �3CZTsO&[gL�^`CZT � � ��	 �
L8� _ @�OPT�CZT\?$IQN�@�IVClA�XZT�?$R&@�N0OP?$IpG�C .�)Ya Ò .�)Ya Ò � =�� é , � �\L � C'�lRdLtN	L�O&R&RPC�G�C � ? Ò C�RcG�C �N«/-�	!,G. Ò �N«/-�	!,G. Ò .
[S[ 3 «
¯°­ML _ @VC � ? Ò C�R�G � @�IVCfO&[gL�^`C � � � 	 � CZT0Næ�YL�A	L8��N�X�A0OPT�XmJML�AU@�IVC � L�RPC�@�A ��I�O � CYL�@iG�CF^+A0OPT �

C Ò J�A0O&[UXbC�I @�I�O&N�X �\?$@�IVT �MC�RPG : = � � � �z�Z?$A0A�CZT�JD?$IVGVL�IQN��{RdL{G�C�IVT�O&N�XfA	L$G]OP?$RP?$^+O _ @VCpG�C��C­ML _ @VC
JD?$O&IQNkG]@ � ?$R&@�[UC+«Â¬"?$@�AgRPC��Z?$A0JVTæ­Q@�[gL�O&I ² RPCZT � L�RPC�@�A�TkT#�hX�N�C�IVG�C�IQN T0@�AU@�IMCFRdL�A0^`CbX<�C­MC�R&RPCbG�C
é )��+a � � � � � 	��!, ) � � ��R �>L�O&A ë é )������ ² ^+A	L�OPT�T	C�ë�.�� ² R �hCYL�@vë � ² N0OPT	T0@VTo[U?$@MTæë � � ² ?+Tæë*)������ ��«
�sI X'��A	L�IjG �h?$A�G�O-I L�N�C�@�A�IVCSJD?$@ � L�IQN'L �æ�C­VC�A _ @VCUa�.+=WI�O � CYL�@ Ò G�CS^+A0OPTlG]O%$�X�A�C�IQN�T ² O&R�CZT�NlG�?$I��
O&[SJD?+T�T0O&B�RPCgG �>L �æ�C­VC�A'C�I [ ! [UCSN�C�[SJVT�N�?$@�N�CZTlRPCZT�G�C�IVT0O&N�XZT�G]OPT0N0O&I���N�CZT'G�CSN0OPT�T0@VT�« Ñ I � ?$I���N0OP?$I
G�C\N à JDC)G�CZT<N0OPT�T0@MT.L�@ Ò�_ @VC�RPT.?$IFT#� O&IQN�X�A�CZT�T�C ² ?$I IVC)J�A�?ß�'èZG�C ��@�I � C�I ! N0A�L�^`CnG�C\R �hX'�C­VC�R&RPCoG�C\^+A0OPT
N�?$N	L�RPC+«��7L � C�I ! N0A	ClG�CoRdLtJ�RdL�^`ClG�ClG�C�IVT0O&N�XZTsX�N0@MG]OPX�C�CZT�N?�YL�A	L8��N�X�A0OPT�XZC�JML�AsG�C�@ Ò JML�A	L�[Sè�N0A�CZTzë]RPC�ZC�IQN0A�ClC�N�RdLtRdL�A0^`C�@�A�«
¬"L�A\C Ò C�[SJ�RPC ² @�IVC � C�I ! N0A�C2�ZC�IQN0A�XZC�C�I é .����SC�NsG � @�IVClRdL�A0^`C�@�A\G�C )������ ² �ZC
_ @�OK�Z?$A0A�CZT�JD?$IVG �rR �hX'�C­VC�R&RPC�G�Cn^+A0OPT � é )������ ² � � ² [UC�NsC�IbL � L�IQN�RPCZTqN0OPT	T0@VTqJ�@�R&[U?$IML�O&A�CZT�«

�\IVC�O&[gL�^`C�� � � 	 � CZT0N � OPT0@ML�R&OPT�XZCÏ­ML�B�O&N0@VC�R&RPC�[UC�IQN�JML�A G�CZTÓ�Z?$@�JDCZT5a � T0@�O � L�IQN9N0A�?$OPT�L Ò CZTËë
N ! N�C é J�OPCZG�T �ù�Z?$@�JDCUL Ò OdL�RPCS?$@|N0A	L�IMT � C�A�T�L�RPC � ² L�IQN�X�A�? é JD?+T0N�X�A0OPC�@�A	C �ù�Z?$@�JDCS�Z?$A�?$IML�RPCU?$@ � A�?$IQN	L�RPC��
C�NoG]A�?$O&N�C é ^ L�@��C­VC �ù�Z?$@�JDCST	L�^+O&N0N	L�RPCS?$@|RdL�N�X�A	L�RPC���« � L�IVTnRdL��V^+@�A�C )+« + IV?$@VTlL � ?$IVT)O&R&R&@VT0N0A�XtN0A�?$OPT�Z?$@�JDCZT�� L Ò OdL�RPC ² �Z?$A�?$IML�RPC C�N'T	L�^+O&N0N	L�RPC���G � @�IVC L8� _ @VO&T�O&N0OP?$I � � � 	 � L8� _ @�OPT�CgC�I B�RP?ß�YL�^`CgA�CZT é
J�O&A	L�N�?$O&A�CrC�N)C�IbA�CZT0J�O&A	L�N0OP?$IpR&O&B�A�CrG � @�IbJML�N0OPC�IQNnG]@pJ�A�?$N�?ß�Z?$RPC 0¼±sCZT�J�Oda������
2C« � ?$@VT)L � ?$IVT\@�N0O&R&OPT�X
G�C�@ Ò X'�C­VC�R&RPCZTtG�Ck^+A0OPTrG]O%$�X�A�C�IQN�CZTSL
�VI G�Cg[UC�N0N0A�CWC�I X � OPG�C�I��ZC G � @�I JML�A0NrRPCZT'N0OPT	T0@VT�[U?$@MTrC�N
RPCZT\?+T ��O&[gL�^`CZT �S^ L�@��C­VC��sC�N\G �>L�@�N0A�C'JML�A0NsRPCZT)T0N0A0@���N0@�A�CZT\J�@�R&[U?$IML�O&A�CZT ��O&[gL�^`CZT �UG]A�?$O&N�C���« � @�A
RPCZTr�Z?$@�JDCZTS�Z?$A�?$IML�RPCZTgC�NST�L�^+O&N0N	L�RPCZTSIV?$@VTUL � ?$IVTt[SOPTUC�I X � OPG�C�I��ZCWRPCZTgL�A0N�X � L8��N�TUG �>L8� _ @�OPT0O&N0OP?$I
L�@KI�O � CYL�@ G�CFRdLpN0A	L8�C­MX�CmC�NgG�CZTUG�C�@ Ò B�A�?$I��C­VCZTUJ�A0O&I���O&JML�RPCZTkG�A�?$O&N�CfC�NU^ L�@��C­VC ��A�X�^+OP?$I [SOPT�C
C�I X � OPG�C�I��ZCkC�I A�?$@�^`CkT0@�A�RPCZT��Z?$@�JDCZT�� ² L�@jI�O � CYL�@ G]@ G]OdL�J$­�A	L�^+[UC �/C�I � L�@�IVC��lC�NtL�@jI�O � CYL�@
G�CZT'G�C�@ Ò A�X�^+OP?$IVT'J�@�R&[U?$IML�O&A�CZT �/C�I B�RPC�@ �lGVL�IVT'RPCZT'O&[gL�^`CZTrC�I A�CZT0J�O&A	L�N�O&?$I R&O&B�A�CkJML�A'A	L�J�JD?$A0N
� �ZC�R&RPCZTgC�I B�RP?ß�YL�^`CfA�CZT0J�O&A	L�N�?$O&A�C+«5E �YL�@VT�CFG]@ [U?$@ � C�[UC�IQNkC�NUG]@ N�C�[SJVTgG �>L8� _ @�OPT0O&N0OP?$I RP?$I�^
�/C�I � O&A�?$I
�tT � �Z?$@�JDC���G�CZT.O&[gL�^`CZTqC�IWA�CZT0J�O&A	L�N0OP?$IFR&O&B�A�C ² RdL'N0A	L8�C­VXZCoC�N<RPCZTqG�C�@ Ò B�A�?$I
�C­VCZT.J�A0O&I���O é
JML�RPCZTnI �h?$IQNoJ�R&@VTn@�IVC � ?$A0[UCrN0@�B�@�RdL�O&A�C ² G�CZT � ?$A0N�CZToT0N0A0OdL�N0OP?$IVT�L�J�JML�A	L�OPT�T�C�I}NlL�@{I�O � CYL�@ G�CrRPC�@�A
JML�A�?$OÍ«��3CS[ ! [UCUJ$­VX�IV?$[Sè�IVCkCZT0N�?$BVT�C�A � XgL�@ I�O � CYL�@jG�CZT�G�C�@ Ò A�X�^+OP?$IVT�J�@�R&[U?$IML�O&A�CZT�« � @�AlRPCZT�Z?$@�JDCZTrL Ò OdL�RPCZT'?$I I �h?$BVT�C�A � CUJML$T�G �>L�A0N�X � L8��NrG]@ �WRdLFA�CZT0J�O&A	L�N0OP?$IK« �*�hE��Ø¯ JDC�A0[UC�NrG �hX�R-O&[SO&IVC�A
�ZCZT�L�A�N�X � L8��N�T<G �>L8� _ @�OPT0O&N0OP?$IWG]@VT<L�@ Ò [U?$@ � C�[UC�IQN�T�«ß¬9C�IVGVL�IQN<RPC�N0A	L�O&N�C�[UC�IQN<A	L$G]OP?$N�­VX�A	L�JDC�@�N0O _ @VC
RPCq[U?$@ � C�[UC�IQN�O&IVG]@�O&N<G�CqRdLoN0@�[UC�@�A<G]@ �nRdLoA�CZT0J�O&A	L�N0OP?$I CZT0N5A�XZG]@�O&N�G � @�IVCs[gL�I�O�è�A�CsT�O&^+I�O%�
�YL�N0O � C
JDC�A0[UC�N0N	L�IQNS@�I [UC�O&R&RPC�@�AS��O&B�RdL�^`C � =�- �â«��sI � L�O&B�RPC �C­ML�I�^`C�[UC�IQNUG�CZTtG�C�IVT�O&N�XZTrJ�@�R&[U?$IML�O&A�CZTUCZT�N
� OPT0O&B�RPClGVL�IVT�RPCoJD?$@�[U?$IbG]A�?$O&N ��RdLtA�X�^+OP?$IbCZT0N�C�IQN�?$@�A�XZC�C�I � C�A0N �.C�I}N0A�CoRPCZTsG�C�@ Ò N à JDC�TsG �>L8� _ @�O é
T0O&N0OP?$IVT�« �7L�GVC�IMT0O&N�X\J�@�R&[U?$IML�O&A�C � L�A0OPC\C�I � ?$I���N0OP?$IFG�CsRdL _ @ML�IQN0O&N�X)G �>L�O&A.GVL�IVT<RPCZT�JD?$@�[U?$IVT�«��3CZT
O&[gL�^`CZT � � � 	 � C�I B�RP?ß�YL�^`C A�CZT0J�O&A	L�N�?$O&A�CWT�?$IQNSL8� _ @�OPT	CZT �m@�I IVO � CYL�@ B�OPC�IKL�@ é G�CZT	T0@VTrGVCgRdL
A�CZT0J�O&A	L�N0OP?$I R&O&B�A�C �/C�I � O&A�?$II,G.�
 G�CsRdL)�YL�JML8��O&N�X � O&N	L�RPC���«}E �ZC�N0N�C\JD?+T0O&N0OP?$IWG]@`� à ��RPCsA�CZT�J�O&A	L�N�?$O&A�C ²
RPCZT5JD?$@�[U?$IVTË�Z?$IQN0OPC�I�IVC�IQN<@�IVC _ @ML�IQN0O&N�XsJ�R&@VT�O&[SJD?$A0N	L�IQN�C)G �>L�O&A ² G �h? ; @�IVC\G]O&[SO&IQ@�N0OP?$IWG�CZT<G�C�I é
T0O&N�XZT J�@�R&[U?$IML�O&A�CZT�« � L�IVT�RdL �V^+@�A�C )+«/- IV?$@VT5L � ?$IVT5L �æ�C­VX�RPCZT�G]OPT0N0A�O-BV@�N0OP?$IVT5G�CZT�I�O � CYL�@ Ò G�C.^+A0OPT
G�CZT�O&[gL�^`CZT � � � L8� _ @�OPT�CZT �F@�I [ ! [UCgO&IVT�N	L�IQN'G�CUB�RP?ß�YL�^`CkA�CZT0J�O&A	L�N�?$O&A�CkC�Nz�ZC�R-RPC L8� _ @�OPT�CgC�I
A�CZT0J�O&A	L�N0OP?$IbR&O&B�A�C'G � @�IbJML�N0OPC�IQN\N0A�L�O-N	X'GVL�IVTsRPC)�YL$G]A�C'G]@bJ�A�?$N�?ß�Z?$RPC 0¼±sCZT0J�Oda������
2C«�3\IbA�C�[gL�A _ @VC
RPCZT�G]OPT0N0A0O&B�@�N0OP?$IVT\T0O&[SO&RdL�O&A�CZTsG�CZTqO&IQN�C�IVT0O&N�XZTsGVL�IVT�RPCZTsL8� _ @�OPT0O&N0OP?$IVTsC�IFB�RP?ß�YL�^`ClA�CZT0J�O&A	L�N�?$O&A�C�C�NqRdL
G]O%$�X�A�C�I��ZC�JML�A A	L�J�JD?$A0N �)R �>L8� _ @�OPT0O&N0OP?$IgC�IUA�CZT0J�O&A	L�N0OP?$IgR&O&B�A�C+«�¬9?$@�AÂ�ZCqJML�N0OPC�IQN ² RPCZT [U? à C�I�IVCZT5G�CZT
O&IQN�C�IVT0O&N�XZT"J�@�R&[U?$IML�O&A�CZT®�YL�R���@�RPXZCZT JD?$@�A9RPCZT L8� _ @�OPT0O&N0OP?$IVT C�IrB�RP?ß�YL�^`C.T�?$IQNËë é + � 	N«>= ²ãé + � =N«>= ²ãé + � +N« �

] ?  abZi � hMe�l��ab'c�`6n��6eSv�i���tw`6g��S`�t�e�c�h¡fH`6g�v fHtwn�� ��hMt�� ��b'�DeSv�i�e yW��i�e�MStw`6e eS` ���
	����Db'cZh¥vweWiZ�Sd�eSvwb��6�DeSyWeS`m��iZe�v�f
�Me�Msx�`6t��mc6e�i�ea�Mb'yWb�g�hkf���x6twejf���t�fHv�eW�Qn M�f�`�`6e�hs�sp

é )�. é



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

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

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

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

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

""

##

$$

%�&(')&+*-,�.�/0&1*32�4�4�56487�5�9�:1;<'3.!2=,�&
4%(&(')&+*�,�.�/0&1*32=4�4�5
4>7�5�9�:?;<'�.!2=,�&@4%�&(')&+*-,�.�/0&A*-2�4�4�5648:?;<5�BC&�*D;04%(&(')&�*-,�.�/0&A*-2=4�4�5
4>:1;<5�BE&�*D;04

F ; 759 )+« +':`¯<?$@�JDCZTØ�Z?$A�?$IML�RPCZT �/E � ² L Ò OdL�RPCZT � ��� ² T	L�^+O&N0N	L�RPCZT �Í¯ ��G � @�IVCoL8� _ @�OPT0O&N0OP?$I � � � 	 � C�I
B�RP?ß�YL�^`CoA	C�T�J�O&A	L�N�?$O&A�C�� �t^ L�@��C­VC��.C�N�C�IfA�CZT0J�O&A	L�N0OP?$IfR&O&B�A�C�� �tG]A	?$O-N	C �qG � @�IFJML�N�O&C�I}NsG]@FJ�A�?$N�?ß�Z?$RPC
0¼±\C�T�J�Oda������
2C« � C�@ Ò � C�I ! N0A	L�^`CZT�T�?$IQN"@�N0O&R&OPT�XZCZT5L
�VIUG�C<[UC�N0N0A�CqC�ISX � OPG�C�I��ZCqG]O%$�X�A�C�IQN�CZT�T0N0A0@���N0@�A�CZT
GVL�IVT<RPCZT�O&[gL�^`CZTjë RPCZT�N0OPT�T�@VT5[U?$@VT.C�N�RPCZT.?+T<G � @�IVC\JML�A0N ��O&[gL�^`CZT.G�Cs^ L�@��C­VC���C�N�RPCZT.T0N0A0@���N0@�A�CZT �
R � O&IQN�X�A0OPC�@�AsG�CZT<JD?$@�[U?$IVT�G �>L�@�N0A�CnJML�A0N ��O&[gL�^`C�T�G�CnG]A�?$O&N�C���« �3CZT�L�A0N�C � L8��N�TqG �>L8� _ @�OPT0O&N0OP?$IfC�IWA�CZT é
J�O&A	L�N0OP?$IWR&O&B�A�CnT�?$IQN � OPT0O&B�RPCZT.T0@�A�RPCZTË�Z?$@�JDCZTË�Z?$A�?$IML�RPCZT�L�@ I�O � CYL�@WG�C\RdLlN0A	L8�C­VXZCnC�N.G�CZT<B�A�?$I��C­VCZT
T�?$@��C­VCZToG]A�?$O&N�CSC�N)^ L�@��C­MC
�/C�IQN�?$@�A�XZCZTlC�I|A�?$@�^`C��)C�NnG]@{G]OdL�J$­�A	L�^+[UC �/C�I � L�@VIVC�� ² T0@�A)RdL`�Z?$@�JDC
T	L�^+O&N0N	L�RPCfL�@ I�O � CYL�@KG�C RdLbN0A	L8�C­VXZC �/C�I A�?$@�^`C��rC�NSG�CZTSG�C�@ Ò A�X�^+OP?$IVTSJ�@�R&[U?$IML�O&A�CZT �/C�I B�RPC�@ ��«
� @�A\RPCZT��Z?$@�JDCZTnL Ò OPL�RPCZT)?$ImJDC�@�N)?$BVT	C�A � C�A\@�I � L�O&B�RPC)�C­ML�I�^`C�[UC�IQNoG�C�G�C�IVT0O&N�XZT\J�@�R&[U?$IML�O&A�C���A�X é
^+OP?$IVT'C�IQN�?$@�A�XZCZTrC�I � C�A0N �nG � �W@�IVC _ @ML�IQN0O&N�XkG �>L�O&A'G]O%$�X�A�C�IQN�CkGVL�IVTlRPCZTlJD?$@�[U?$IMT�JDC�IVGVL�IQN'RdL
A�CZT0J�O&A	L�N0OP?$ImR&O&B�A�CoJML�A�A	L�J�JD?$A0N)L�@fB�RP?L�YL�^`ClA�CZT�J�O&A	L�N�?$O&A�C+«

C�NqRPCZT�X'�YL�A0N�T�N à JDCoG�CZTqO&IQN�C�IVT0O&N�XZT)ë )����N« 	 ² - +N« + ² - +N«>aN«��cLt[U? à C�I�IVClG�CZTqO&IQN�C�IVT0O&N�XZT�J�@�R&[U?$IML�O&A�CZT
JD?$@�A�R �>L8� _ @�OPT0O&N0OP?$IbC�IFA�CZT0J�O&A	L�N�O&?$ImR&O&B�A�ClCZT�N�G�C é ,�++a �/X'�YL�A0NsN à JDCrë ) �@.N« ,���«

��� � �*) + �/��14� .J��&�
f~�G �31�	>� �

� � N � 6 �B�   �G���C�@� � �
�*�h?$B � C'��N0O � J�A0O&I���O&JML�RDG�C��ZC�J�A�?$N�?ß�Z?$RPCá��R&O&I�O _ @VC\CZT0N�G �>L$GVL�J�N�C�A<RdLoJ�RdL�I�O&[UX�N0A0OPC)C�N�R � O-A�A	L$G]OdL�N0OP?$I

L�@�[UC�O&R&RPC�@VAcO&IVT�N	L�IQNcG]@�� à ��RPC A�CZT0J�O&A	L�N�?$O&A�C�T�?$O&N7C�I � C�IQN0O&RdL�N0OP?$I�R&O&B�A�C ² T	?$O&NcC�I)�Z?$IQN0A '$RPC5A�CZT0J�O&A	L�N�?$O&A�C
IV?$IFO&I � L$T0O � « � C�@ Ò ^+A�?$@�JDCZT�G�C)JML�N0OPC�IQN�TsT�?$IQNqG�X �VI�OPT�« �3CZTqJML�N0OPC�IQN�T _ @�O � ?$I}N.JML�A0N0OPCoG]@WJVA�C�[SO&C�A
^+A�?$@�JDC�T�?$I}N?�ZC�@ Òf_ @�O3?$I}N�@�ImG�X�J�RdL8�ZC�[UC�IQN\N0@�[U?$A	L�R7R&O&[SO&N�X ² JDC�A0[UC�N0N	L�IQN\@�IVC2± �#¯ G�C _ @ML�R&O&N�X
L � C'�<@�IVC.[gL�A0^`C�G�C.T�X'��@�A0O&N�XqA	L�OPT�?$I�IML�B�RPC�C�N"O&A0A	L$G]OdL�N0OP?$IkC�I � C�IQN0O&RdL�N0OP?$IUR&O&B�A�C+« � L�IVT RPC.G�C�@ Ò O�è�[UC
^+A�?$@�JDCfT�?$IQNtO&I���R&@VTSRPCZTtJ L�N0OPC�I}N�TgL à L�I}NSG�CZTS[U?$@ � C�[UC�IQN�TUN0@�[U?$A	L�@ Ò N�C�RPT _ @VC RPCZTt[gL�A�^`C�TgG�C
T�X'��@�A0O&N�X�IVX'�ZCZT�T	L�O&A�CZT7T�?$IQN3O&I��Z?$[SJML�N0O&B�RPCZT"L � C'� @�IVC A	L$G]OP?$N�­VX�A	L�J�OPC�� � OPT�XZC���@�A	L�N0O � C+«T¯<CZTcG�C�A0I�OPC�A�T ²
T0@�O&N�C � @�I B�O&RdL�I]��R&O&I�O _ @VC ��­�OPT0N�?$O&A�C{G�C|RdL [gL�RdL$G]OPC ² L�IQN�X'�ZXZG�C�IQN�TmG�@ JML�N0OPC�IQN ² JD?$OPG�T ² N	L�O&R&RPC ²
C Ò L�[UC�IUJ$­ à T0O _ @VC��9C�N��n@�IVC�C Ò J�RP?$A	L�N0OP?$I � ?$I���N0OP?$I�IVC�R&RPCsA�CZT0J�O&A	L�N�?$O&A�C#�Z?$[SJ�R�è�N�C �/C Ò J�RP?$A	L�N0OP?$I G�CZT
� ?$R&@�[UCZT7J�@�R&[U?$IML�O&A�CZT L � C'��[UCZT0@VA�C�G�C�RdLá¯
� C�I'JD?+T0O&N0OP?$Iz�Z?$@��C­VXZC : > C�N"L � C'�5RPCZTcB�A	L$T7A�C�RPC � XZT9L�@ é

]8KS� f z@HJeSn3��yWeSnOc�hM��e�i6f�`�n"v�f¡y�ISyWe��Db'nOt��Mtwb'`}�mc�e*MSeSvwvwe�i6f�`�n"v�f'�mc6e�v�vweanOe � f�t���v9� f�M��mc6twnOt��Mt�b�` iZeSn"twy�f�g�eSn @(J-K
e��Lvwe��Ohkf�t��MeSyWe�`m� �NM�f�h�twv�l}f��6fHh � b'twnaiZeSn�d�fHhMt�f��Mt�b�`6nLtwyW�Db�hO�kfH`��Me�n�e�`m�OhMe¥v�f��Db'nOt��Mtwb'`HMSb'cNMkx6�Se¥es��i�e���b�c���p

é )Y= é



��
��P
 	 ��� ���m�	� 
 ��� � �����m�	� � � � � �m��� ��� � ��� ���

0

50000

100000

150000

200000

250000

300000

-1000 -500 0 500 1000 1500 2000 2500 3000

N
om

br
e 

vo
xe

ls

Unite Hounsfield (HU)

ABC1 - Acquisition TDM 1
ABC2 - Acquisition TDM 2
ABC3 - Acquisition TDM 3

Libre - Acquisition respiration libre

0

50000

100000

150000

200000

250000

300000

-1000 -500 0 500 1000 1500 2000 2500 3000

N
om

br
e 

vo
xe

ls

Unite Hounsfield (HU)

ABC1 - Acquisition TDM 1
ABC2 - Acquisition TDM 2
ABC3 - Acquisition TDM 3

Libre - Acquisition respiration libre

0

20000

40000

60000

80000

100000

120000

140000

160000

-1200-1100-1000 -900 -800 -700 -600 -500 -400

N
om

br
e 

vo
xe

ls

Unite Hounsfield (HU)

ABC1
ABC2
ABC3
Libre

F ; 759 )+«/- : �\OPT0N�?$^+A	L�[S[UCWG�CZTrG�C�IVT�O-N	X�T �)?$@�IVT �MC�RPG G�CZT _ @ML�N0A�CWL8� _ @�OPT0O&N0OP?$IVT �/E �?¯�) ² E �?¯.a ²
E �?¯�	 ² ��O&B�A�C�� G � @�I JML�N0OPC�IQN �j@�I [ ! [UCpI�O � CYL�@ G�CpB�RP?ß�YL�^`C � � C�I � O&A�?$I ,G.�
 G�CpRdL �YL�JML é��O&N�X � O&N	L�RPC'[gL Ò O&[gL�RPC��\C�NnC�IbA�CZT�J�O&A	L�N0OP?$IpR&O&B�A�C+« �*�>L�^+A	L�IVG]OPT�T�C�[UC�I}NoCZT0N � L�O&N)T�@�A\RPCZT\A�C�^+OP?$IVTnG�CZT­�OPT0N�?$^+A	L�[S[UCZTS�Z?$A0A�CZT0JD?$IVGVL�IQNkL�@ Ò JD?$@�[U?$IVT�«K3\I A�C�[gL�A _ @VCFG�CZTSG]OPT0N0A0O&B�@�N0OP?$I T0O&[SO&RdL�O&A�CZTSG�CZT
O&IQN�C�IVT0O&N�XZTsGVL�IVT�RPCZTqN0A�?$OPT � � � L8� _ @�OPT�CZTsC�IFB�RP?ß�YL�^`C+«

G�CZT�T0@VT<G�C)RPL'N ! N�C��5G�C � A�?$IQNqL�RP?$A�T ! N0A�C\N0A	L�O&N�XZTqT�?$@VTqL$T�T�C�A � OPT�T�C�[UC�IQN<A�CZT0J�O&A	L�N�?$O&A�C)JML�A.RPC)T à T0NIè�[UC
E �?¯á«
¬9?$@�A��C­ML _ @VC�JML�N0OPC�IQN7N0A	L�O&N�X5C�I�B�RP?ß�YL�^`C5A�CZT�J�O&A	L�N�?$O&A�C ² _ @ML�N0A�C�O&[gL�^`CZT � � � 	 � T�?$IQN9L8� _ @�OPT�CZT

L � L�IQN<RPC\N0A	L�O&N�C�[UC�IQNAëQ@�IVC � � � C�IkA�CZT�J�O&A	L�N0OP?$IWR&O&B�A�C)C�N<N0A�?$OPT�� � � ��N0A�?$OPT<O&IVT0N	L�IQN�T.G]O%$�X�A�C�IQN�T
G]@ � à ��RPCUA	C�T�J�O&A	L�N�?$O&A�C+« � �>L8� _ @�OPT0O&N0OP?$I � � � C�IjA�CZT0J�O&A	L�N0OP?$I R&O&B�A�C �Z?$A0A�CZT0JD?$IVG �0�ZC _ @�O°�ZC � L�O&N
L8��N0@VC�R&RPC�[UC�IQNlL�@ _ @V?$N0OPG]OPC�I|GVL�IVT)RdLU[gL � ?$A0O&N�XrG�CZTá�ZC�IQN0A�CZT _ @�O7N0A	L�O&N�C�IQN)RPC��YL�I��ZC�AoG�C�JD?$@�[U?$IK«
Ñ R&RPCoCZT0N.O&IVG]OPT0JDC�IVT	L�B�RPC2�YL�AqC�R&RPCA�Z?$IVT0N0O&N0@VCnRdLrA�X � X�A�C�I��ZC	�rRdL _ @VC�R&RPCo?$I0�Z?$[SJML�A�CoRPCZT�L�@�N0A�CZTqJ�RdL�IVT
G�CnN0A	L�O&N�C�[UC�IQNá�YL�R���@�RPXZTsT0@�AqRPCZT\L8� _ @�OPT�O&N0OP?$IVTsC�IFB�RP?ß�YL�^`C+«

�3CZT�N0A�?$OPT5O&[gL�^`CZT � � � 	 � L8� _ @�OPT	CZT<L � C'�sR �hE��?¯ JDC�A0[UC�N0N�C�IQN.GVCsT	L � ?$O&A�T0OMRPC�N0A	L�O&N�C�[UC�IQN.C�I
B�RP?ß�YL�^`CoA�CZT0J�O&A	L�N�?$O&A�C�CZT0Nq[SOPC�@ ÒF_ @ �hC�IFA�CZT�J�O&A	L�N0OP?$IfR&O&B�A�ClC�N ² T�O��ZCoJ�A�C�[SOPC�A�JD?$O&IQNsCZT0NqA�XYL�R&OPT�X ² G�C
G�X�N�C�A0[SO&IVC�A	� _ @MC�R9[U?$[UC�IQNnG]@ � à ��RPC�A�CZT�J�O&A	L�N�?$O&A�C'RPC'BDX�IVX �
�ZCrCZT0N)?$J�N0O&[gL�R"JD?$@�A)RPC�JML�N0OPC�IQNnC�N
L�@VT�T0O5G �>L � ?$O&A'G�CZTlO&I � ?$A0[gL�N�O&?$IMT _ @ML�IQN0O&N	L�N0O � CZT'C�N�T0JDX'��O%� _ @VCZT��0�C­ML _ @VCUJML�N0OPC�IQN�«��cLFJ�A�C�[SO�è�A�C
O&[gL�^`C � � � �/E��Ø¯ )���CZT0N)L8� _ @�OPT	C��S@�ImI�O � CYL�@bG�C�B�RP?ß�YL�^`C�A�CZT0J�O&A	L�N�?$O&A�C�� � ��)��qT�O&N0@VX�� é �N«>aSR
T�?$@VT�RPC � ?$R&@�[UCá�Z?$@�A	L�IQN�«�¯<C�RdL��Z?$A0A�CZT0JD?$IVGFL�@ N�?$@�N.G�X�B�@�NqG � @�IVC\J$­ML$T�C)G �hC Ò JVO-A�L�N0OP?$IWJ�A�? � ?$IVG�C+«
� ?$@VTFT�?$[S[UCZTFG�?$I
�pJ�A�?ß�C­VC{G�CpRdL �Y?$IVC{G�CpA�CZT0J�O&A	L�N0OP?$I R&O&B�A�C+«#¯<C�N0N�C L8� _ @�OPT0O&N0OP?$I � � � CZT�N
O&IQN�X�A�CZT�T	L�IQN�CsJD?$@�A<X � L�R&@VC�A�RPC�BDX�IVX �
�ZC\G�C�R � O&[S[U?$B�O&R&OPT	L�N0OP?$IFG�C�RdLoN0@�[UC�@�A�O&IVG�X�JDC�IVGVL�[S[UCZIQN.G]@
^ L�O&IFR&OPX	�rR �>L�@�^+[UC�IQN	L�N0OP?+IbG]@ � ?$R&@�[UCnJ�@�R&[U?$IML�O&A�ClN�?$N	L�RÍ«��cLtG�C�@ Ò O�è�[UCoO&[gL�^`C � � ���/E��Ø¯ a �
CZT0N\L8� _ @�OPT�C��S@�ImI�O � CYL�@bG�ClB�RP?ß�YL�^`C�A�CZT�J�O&A	L�N�?$O&A�C � � �)a �qT0O&N0@VX � � �N«>aUR9L�@ é G�CZT�T0@VT\G]@ � ?$R&@�[UC�Z?$@�A	L�IQN�«�¯<C�RdLá�Z?$A0A�CZT0JD?$IVGSL�@tG�X�B�@�N G�C�RdL\J$­ML$T�C<G � O&IVT0J�O&A	L�N0OP?$ISJ�A�? � ?$IMG�C+«�¯<C�N0N�C�JD?+T�O&N0OP?$IrJML�A	L��PN
O&IQN�X�A�CZT�T	L�IQN�CFJD?$@�AURPCWJML�N0OPC�IQNgC�N � L8��O&RPC
�p[gL�O&IQN�C�I�O&A�« �cL|N0A�?$OPT0O�è�[UCmL8� _ @�OPT0O&N0OP?$I �/E �?¯ 	 �rCZT�N
C $�C'��N0@VXZC �f@�IjI�O � CYL�@ G�CgB�RP?ß�YL�^`C � � � 	 �lL�@�N�?$@�ArG�C�,G.�
 G�CgRdL��YL�JML8��O&N�X � O&N	L�RPC �Í¯
� ��«Ó¯<C�RdL�Z?$A0A�CZT0JD?$IVG
�r@�IVC �Y?$IVCnJ�A�?ß�C­VCoG]@F[gL Ò O&['@�[ G�C)R � O&IVT0J�O&A	L�N0OP?$IfJ�A�? � ?$IVG�C+«�E J�A0OP?$A0O ² RPC)BDX�IVX �
�ZC
[gL Ò O&[gL�R�CZT0N.T0@�J�JD?+T�X ! N0A�C ���ZC�N<O&IVT0N	L�IQN.J�@�OPT _ @ �h?$IWX�JML�A0^+IVCoL�@ [gL Ò O&['@�[ RPCZT<N0OPT�T0@VT.T	L�O&IVT�« �3C

é )�, é



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

�����

���	��

����� ���	��

����� ���	��

�����

�����

�����

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

! ��" #

��" �

��" #

��" �

��" #

�$" �

%&�	'�(*),+-)/.

021	3546'7���	���,+839.

:<;-=<>@?BA8?DCFEHG,IKJMLDNPO�QRJSNPO�TUIKJWV�XZY�O�[�IKTUY�\SNP[�O�TUXZY]V�X^LZIK_�[�`&XZY]acb�GdV�X^O�[�IKTUY�`�eUIfLDNPghXZYiV*T�j�QR[�XRJfO�YDA
GlkSNKmf_MX,\SNP[�O�TUX<XZY�OnV�QRe8T8opT8O�QZX<\SNP[q_�J�O�[$NPT8OnrsXR[�O�TULDNPe
AsGlkSNKms_MXt\SNP[�O�TUX<XZY�OnLZIKop\&IBY�QZX<V�u _�JMXt\&QR[�TUIsVMX
V�Xv[�XZY�\�T8[$NPO�TUIKJwJMIK[�oFNPeUXBx2Y�_�T8r6TUXp\SNP[i_�Jw`�eUIfLDNPghXFV�uyXRJfr6T8[�IKJ{zBC|Y�XZLZIKJMV�XZY}A�~�Xv\�[�XRopTUXR[7`�eUIfLDNPghX
� b<��?	�<XZY�O�Y�T8O�_MQ��vXRJfr6T8[�IKJ���C*A�zveqY�IK_MY�eUX]rhIKe8_�ovX�LZIK_�[$NPJfODA&~�X7V�XR_*�*TU�RovX]`�eUIfLDNPghX7[�XZY�\�T8[$NPO�IKT8[�X
XZY�O<X/j�XZLRO�_MQ��7XRJfrfT8[�IKJ���C*A�z7e�NP_*� V�XZY�Y�_MY�V*_�rsIKe8_�ovX�LZIK_�[$NPJfO�XROteUXcO�[�IKTUY�TU�RovX�`�eUIfLDNPghX�XZY�O,�
NPT8O��
XRJfr6T8[�IKJ

75%
V�X�e9NpLDNP\SNKLRT8O�QirfT8O$NPeUXBA

J�T8rsXDNP_�V�X�`�eUIfLDNPghX]��?DCBCs��V�X�e9NFGl��J�u�N7\SNKY�QRO�Q�[�XRO�XRJf_|\&IK_�[�V�XR_*��[$NPTUY�IKJMY�\�[�T8JMLRT8\SNPeUXZYDAMa�LZX
J�T8rsXDNP_�eUX�[�TUY�mf_MX�V�X�`�NP[�IKO�[$NP_�oFNPO�TUY�ovX � � J�uyXRY�O�\SNKY�X/�*LRe8_�A��^u�NP_�O�[�X^\SNP[�ODx�T8enJ�uyXZY�O�\SNKY�LZXR[�O$NPT8J
mf_MX�eUX�\SNPO�TUXRJfO<Y�IKT8OtLDNP\SNP`�eUX�V�u�NPO�O�XRT8JMV*[�X^?DCBCs��V�XcY$N^Gl��O�IK_�O�NP_�eUIKJ�g^V*_�O�[$NPT8O�XRovXRJfO�ms_�T&V*_�[�X
�cY�XRoFNPT8JMXZY � e9N�oFN	��IK[�T8O�Q�V�XZY@\SNPO�TUXRJfO�Y,NDrsXZL<_�JvLDNPJMLZXR[,V�X<\&IK_�ovIKJF\�[�QZY�XRJfO�XRJfOlV�XZY�T8JMY�_*�FY$NPJMLZXZY
[�XZY�\�T8[$NPO�IKT8[�XZYR��A

��NPJMY�eUNv�MgB_�[�X ?BA8?DC JMIK_MY�NDrsIKJMY�LZIKJMLDNPO�QRJMQ�O�[�IKTUYc\SNP[�O�TUXZY�V�XZY�LZIK_�[�`&XZY�[�XZY�\�T8[$NPO�IKT8[�XZY�TUY�Y�_MXZY
V�X^e
uyacb�G N	�MJ¡V�u T8e8e8_MY�O�[�XR[ieUXZY�O�[�IKTUY�J�T8rsXDNP_*��V�X^`�eUIfLDNPghX � b<�7?Bx�bt��z*x�b<��¢s��\SNP[�[$NP\�\&IK[�O7��e9N
[�XZY�\�T8[$NPO�TUIKJ�JMIK[�oFNPeUXBAMGlkSNKms_MX�\SNP[�O�TUXcV�X�e9NiLZIK_�[�`&X�XRY�O,LZIKop\&IBY�QZXcV�u _�JMX�\&QR[�TUIfV�X�V�X�[�XZY�\�T8[$NPO�TUIKJ
e8T8`�[�X�Y�_�T8rfTUXn\SNP[�_�Ji`�eUIfLDNPghX�[�XZY�\�T8[$NPO�IKT8[�X � VMNPJMY�e
uyIK[�V*[�XBx}b<�7?BxDbt��z*xZb<��¢s��V�uyXRJfr6T8[�IKJ7zBC�Y�XZLZIKJMV�XZY
XRO�V�X�JMIK_�rsXDNP_�_�JMX�\&QR[�TUIfV�X]V�X�[$XRY�\�T8[$NPO�TUIKJ�e8T�`M[�XBA

£qIK_�[�L$kSNKmf_MX�\SNPO�TUXRJfO�O�[$NPT8O�Q�XRJ¤`�eUIfLDNPghX�[�XZY�\�T8[$NPO�IKT8[�XBx<ms_SNPO�[�X�\�e9NPJMY�V�X�O�[$NPT8O�XRovXRJfO|Y�IKJfO
QRO$NP`�e8TUY���\SNP[�O�T8[<V�XZYtmf_SNPO�[�X�NKLZms_�TUY�T8O�TUIKJMYt¥���¦WAf~�XcO�[$NPT8O�XRovXRJfO�NDrsXZL�`&QRJMQ/�SLZXcoFN	�*T8oFNPe�\&IK_�[teUX
\SNPO�TUXRJfOcXZY�O�V�Q/�MJ�T§\SNP[�eUX�ovQZV�XZLRT8J�A�G,XRO�O�XiQRO�_MV�X]L/e8T8J�TUmf_MXiXZY�O�[�QZY�_�ovQiVMNPJMY�eUX�Y�L$kMQRoFN ?BA8?B? A

¨�©9ª�©-«&©-« ¬|­�®q®§¯f°s±

G,IKopovXiVMNPJMY�eUXiLDNKV*[�X]V*_�\�[�IKO�IfLZIKeUXi\�[�QZLZQZV�XRJfO �9²�³ XZY�\�T9zBCBCBC	´���xMeUXZY�¥���¦µIKJfO�QRO�Q]NKLZmf_�TUY�XZY
NDrsXZL�eUXi£@TUL$¶sXR[�£t·¸zBCBCBC � £@TUL$¶sXR[�¹�JfO�XR[�JSNPO�TUIKJSNPe2¹�JMLBA8x�¥qNPop\SN*xSºn~q� � rsIKT�[��MgB_�[�X ?BA»� ��A

��NPJMY�e
u T8oFNPghX ?BA8?Dz JMIK_MYiNDrsIKJMY�T8e8e8_MY�O�[�Q^V�XZY�LZIK_�\&XZYiV�u _�JMXvNKLZmf_�TUY�T8O�TUIKJ¡¥���¦¼¢K��Y�_�T8rBNPJfO�Y
eUXZYtO�[�IKTUYtr6_MXZY � LZIK[�IKJSNPeUXBxMN	�*T9NPeUX�XRO<Y$NPgBT8O�O$NPeUX	�,V�XZYtO�[�IKTUY�NKLZmf_�TUY�T8O�TUIKJMY�¥���¦½¢K� NKLZmf_�TUY�XZY��7O�[�IKTUY

¾9¿�À�Á�Á�ÂÄÃ}Å�ÆZÇ
È�É�Â�Ê�È2Ë�Ì}ÍcÃ	Ê�ÈÎÊ�ÏZÌ	ÂÄÉ�Â�Ð	Ñ
ÅÒÈ§Å�ÆZÇÎÑ
ÅnÉÄËtÓ	Ñ
Å�ÈÎÈÎÂ�Ô/Æ�Ã}Å@É8Õ Ë�ÂyÑqÃPË$ÆPÈ�É�Å�È�ÓBÔ/ÌPÖ�Ô�ÆPÈ�ÅÒÇ§ÉÄËtÓ	Ñ
Å�ÈÎÈÎÂ�Ô�ÆiË$ÖtÐ	Â»Ë$ÆZÇ
Å/×

��?DØ7�



��
��������	����

�	��������������

�	������� ���
����������� � ���

 "!$#&%('$)*!+ (,- (!.#
/10 243�5�6�7�893:2<;�8 =�>�5<;

2@?1A�0 =�B�2�C�5�2<D@5�B�09E F&G�H
I-#&JK,L#&MONP%('RQ&SUTPVW YX

Z1[ 5\>13:5�6]7@893�2<;^8 =�>_0989A@3:5
Z�` 5\>�2�7@>�a�5�/409E 2�8 b�5�b@5c0dE FeG\H/�;�3:=�8 6f89>�6g;�2�>];h6+b"8 iji:a\3�5\><;h6+b\?_B
k�Bl0 5

Q('fmnQ&VWm_Ipoqm�'f!WXrJR 1#e%"'sS�#& ",- (!$#

Q.NP,-o\'K%�'sSjX�NP!tJK YX
IpJuNvXqS�,- n#&%$S� YX

'$we's!.#�'Wxf zy&mlNsQ('Rxs {O|.} ~ { ~

#&%�'KS�#& (,- (!.#��
%�#�Q��Y�"�(��'fy�Q

#e%('fSd#& (,- �!q#��
%(#qQ��������(�@���j�����������

� �j�����

F ;��R�q�<���<�������*�VX�[gLkG]@mJ�A�?$N�?��Z?$RPC_��R&O&I�O _ @VC��¡ \J�N0O&[1¢*�(£9?$@�Av�*�ML _ @VClJML�N0OPC�IQN)N0A	L�O&N�X'C�ImB�RP?��YL�^`C
A�CZT0J�O&A	L�N�?$O&A�C<¤ _ @ML�N0A�C\J�RdL�IVT<G�C\N0A	L�O&N�C�[UC�IQNqT	?$IQN<X�N	L�B�R&OPT+¥�JML�A0N0O&A.G�CZT _ @ML�N0A�CnL]� _ @�OPT0O&N0OP?$IVTR¦+§P¨©�
ª CoN0A	L�O&N�C�[UC�IQN)L	« C
�nBDX�IVX­¬Y�ZCl[gL�®]O&[gL�R3JD?$@�A�RPCoJML�N0OPC�IQNsCZT0Ns�*�V?$OPT0O¯�

I�O�«`CYL�@@®bGVC�B�RP?��YL�^`CtG]O�°�X�A�C�IQN�T4±j² �@�>a�R L�@@² GVC�T	T�?$@VTnG�C�RdLgA�CZT0J�O&A	L�N0OP?$I|IV?$A0[gL�RPC<¤�³ �@�>a�R�L�@@² G�CZT�T0@VT
G�CqRdLoA�CZT0J�O&A	L�N0OP?$IgIV?$A0[gL�RPC\C�NO¥lC�I�«QO&A�?$Iz´]µl¶ G�C�RdL��YL�JML]��O&N�Xs«QO&N	L�RPC�· G�¸ @�IgJML�N0OPC�IQN5N�A	L�O&N�XsGVL�IVT�RPC
�YL$G]A�C�G]@fJ�A�?$N�?��Z?$RPC���R&O&I�O _ @VCP�¡ \J�N0O&[1¢*�"¹\?$@VT\L	« ?$IVT�@�N0O&R&OPT�Xl@�I�º/C�I\»�N0A	L�^`C�[UC�N0N	L�IQN\C�IbX�«QOPG�C�I\�ZC
RPCZT<T�N0A0@\��N0@�A�CZT<J�@�R&[U?$IML�O&A�CZTsL�¬VIWG�C\[SOPC�@@®-«}O&T�@ML�R&OPT�C�A<RPCZT<G]O�°�X�A�C�I\�ZCZTqG�C)G]O&RdL�N	L�N0OP?$IWJ�@�R&[U?$IML�O&A�C
C�IQN0A�CoRPCZTsL]� _ @�OPT0O&N0OP?$IVT	�

ª Lv¬V^+@�A�C �<���	¼ J�A�XZT�C�IQN�CqRPCZT�G]OPT0N0A�O-BV@�N0OP?$IVT5G�CZT I�O�« CYL�@@®SG�C.^+A0OPT5G�CZT N0A�?$OPT5L]� _ @�OPT0O&N0OP?$IVTO¥)N0A�?$OPT
O&IVT0N	L�IQN�T'G]O�°�X�A�C�IQN�T'G�CUB�RP?��YL�^`CgA�CZT0J�O&A	L�N�?$O&A�CkC�N��ZC�R&RPCkC�I A	C�T�J�O&A	L�N0OP?$I R&O&B�A�CgG�¸ @�I JML�N0OPC�IQN�N0A	L�O&N�X
GVL�IVT\RPC��YL$G]A�CrG]@pJ�A�?$N�?��Z?$RPC½�¡ \J�N0O&[1¢*�� \IbA�C�[gL�A _ @VC'RPCZTf«+L�A0OdL�N0OP?$IVTnG�CZT)G�C�IVT0O&N�XZT\JV@�R&[U?$IML�O&A�CZT
C�IQN0A�CtRPCZToN0A	?$O&TlO&IVT0N	L�IQN�TlG]O�°�X�A�C�IQN�T�G�CtB�RP?��YL�^`CgC�N'L�@VT�T0O JML�AoA	L�J�JD?$A0N_¥ R¯¸>L]� _ @�OPT0O&N0OP?$I C�I{A�CZT0J�O�²
A	L�N0OP?$I R&O&B�A�C<�.£"?$@�A1�ZCkJML�N0OPC�IQN	¤7RPCZTr[U?�¾`C�I�IMC�TSG�CZT'O&IQN�C�IVT0O&N�XZTrJ�@�R&[U?$IML�O&A�CZTc�YL�RU��@�RPXZCZTrJD?$@�ArRPCZT
L]� _ @�OPT0O&N0OP?$IVTgC�I B�RP?��YL�^`CmT�?$IQN�¿.²�´]µl´��d¼À±:¥�² �@�>a|Rj·­¤$²hÁ+al´��dÁÂ±:¥Ã³ �@�>a|Rj·­¤$²hÁ<¼<µ@�>aÂ±:¥Ä´]µl¶4·tC�NSRPCZT
X
�YL�A0N�TSNh¾}JDCFG�CZTSO-I}N�C�IVT0O&N�XZT�¿+���+a@� �Â±:¥�² �@�>apRj·­¤eÅl´�� Æt±:¥Ã³ �@�>a|Rj·­¤eÅ<Å@� ÆÀ±:¥Ã´]µl¶4·­� ª L|[U?�¾`C�I�IVC
G�CZT�O&IQN�C�IVT0O&N�XZT<J�@�R&[U?$IML�O&A�CZT.JD?$@�A�R¯¸>L]� _ @�OPT0O&N0OP?$IWC�I A�CZT0J�O&A	L�N0OP?$I R&O&B�A�C)CZT0N<G�Cs²�´]µ��@�>aÇ±/X
�YL�A0N<Nh¾QJDC�¿
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ä IjJ�R&@VT'G�CSR¯¸>L]� _ @�OPT0O&N0OP?$I G�¸ O&[gL�^`CZT'C�IjB�RP?��YL�^`CUA�CZT�J�O&A	L�N�?$O&A�C<¤c@�IVCgL�@�N�A�CgT�?$R&@�N0OP?$IjJ�A�?$[UC�N¡²
N�C�@VT�C _ @�OsJDC�A0[UC�NWG�¸>L	« ?$O&A G�CZTgO&[gL�^`CZTz¦+§v¨ G�C _ @ML�R&O&N�XbC�I J�A�XZT	C�I\�ZCbG�CmRdL{A�CZT�J�O&A	L�N0OP?$I CZT�N
R¯¸>L]� _ @�OPT0O&N0OP?$It¦+§P¨åÆl§1�&æ\IVCfL]� _ @�OPT0O&N0OP?$IÀ¦+§P¨åÆl§ CZT0Nc�Z?$[SJD?+T	XZCfG�¸ @�I C�IVT�C�['B�RPCfG�¸ O&[gL�^`CZT
¼]§ç¦+§v¨ L]� _ @�OPT�CZT�¥kG�CZT)O&IVT�N	L�IQN�TnG]O�°�X�A�C�IQN�ToG]@p��¾@��RPC'A�CZT0J�O&A	L�N�?$O&A�C<��è<C�N0N�CrN�C
�*��I�O _ @VCtCZT0N)N0A^éZT
T�C�IVT0O&B�RPC�L�@@®Ç«+L�A0OdL�N0OP?$IVTsG�Co[U?$@�«`C�[UC�IQNsJDC�IVGVL�IQNsR¯¸>L]� _ @�OPT0O&N0OP?$I��\£"?$@�A _ @�¸ @�IVCoO&[gL�^`C½¦+§P¨êÆl§
T�?$O&N\G�¸ @�IVC _ @ML�R&O&N�X�T�@@ëgT	L�IQN�C<¤MO&R�º L�@VG]A	L�O&N _ @VClR¯¸>L]� _ @�OPT0O&N0OP?$IpG�C��*�ML _ @MCcì�í�î­ï¯ð<íYï+¼]§ T�C�º L$T�T�ClC�I
[U?$O&IVT�G�C �@�dµtT�C
�Z?$IVG�C<¤@« ?$O&A�C½µ��'[UTqJD?$@�AqI�¸>L	« ?$O&AsL�@\��@�ImL�A0N	Xgº L]��N½ñ �	Å òó� ª CZTsL�J�JML�A�C�O&RPTsT^�YL�I�IVC�A�T
L]��N0@VC�RPTSIVC JDC�A0[UC�N0N�C�IQNUJML$TUC�I\�Z?$A�CFG�¸>L�N0N�C�O&IVG]A�CfG�CZTtN�C�R&RPCZTSJDC�A¡º ?$A0[gL�I\�ZCZT	��EK¬VIKG�CWJML�R&R&OPC�Ac�ZC
J�A�?$B�RUé�[UC<¤}RPC�T.T�?$R&@�N0OP?$IVT.L�J�JD?$A�N�XZC�T.JDC�@�« C�IQNW»�N0A�C)G]O�«}OPT�XZCZT<C�I G�C�@@®g^+A	L�IVG�CZTR��RdL$T�T�CZTv¿ [UX�N��V?QG�CZT
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F'A �R�K�<���CB���èEDGF4H?IKJÌ�KDGLMDGN�OQPRIKJ ±�S�·­¤TO�®VU7OQPRIKJ ±�WK·­¤XJYOQZ�U\[�[YOQPRIKJ ±¯è+·�]4I^[�LMDGURJ_U\`aOQZbIKJc¦+§P¨ ¼]§
O]�KcdF4URJMIKJaIeNgf4PRD��COQZbI�¥h[�LMDGURJiU\N�J�[jOQNd[a];U�°�k�LMI�Nd[MJa];FÀ��¾@��P\IlLMIKJ�H4U\LYOQ[MDGU\LMI©±j²nm@�oBpP
OQF@²0]4IKJMJYDGF�Ja]4I
P7OaLMIKJ�H4U\LYOQ[�URDGNhN�DGL�`aOQPRI<¤�³6m@�oBaP%OQF@²0]4IKJMJMF�J#]4IqP7OaLMIKJ�H4U\LYOQ[�URDGNpN�DGL�`aOQPRI�I�[�¥aI�N�«VU\LMDGNr´]µl¶r]4IsP7O
�COQH�O]��U\[MkR«dU\[YOQPRI�·
]�¸ F4NtH�OQ[�URI�Nd[T];F�H4LMDG[MD��KDGPRIO�¡ 
H4[�U\`1¢*�<¹
DGF�JXO	«uDGN�J�F4[�U\P\URJMkEF4N_º�I�N\»�[�LYOQZbIE`iI�[�[YOQNV[
I�N�k�«VUR]4I�N\�KI:PRIKJ&J�[�L�F\��[�F�LMIKJ�H4F4P\`iDGN�OQU\LMIKJEH?DGF4L�F4N�I:`iI�U\P\PRI�F4LMIf«dURJMF�OQP\URJYOQ[�URDGN�]4I:P7Ov];U�°�k�LMI�N\�KI
]4IKJ
];U\P7OQ[YOQ[�URDGNw]4IKJ:H?DGF4`iDGN�JxI�Nd[�LYIyPRIKJ�[�LMDGURJ
O]�KcuF4URJ�U\[�URDGN�J��

�KDGN�«uI�Nd[�URDGN4N�I�P\PRIKJ
I�[:`ik�[���Dd]4Iq]4I6[�¾dH?I½�KDGN�I­²,f?IKOQ`��
æxN�I�O]�KcuF4URJMU\[�URDGN��KDGN�I­²,f?ICOQ`zIKJ�[
F4NhI�N�JMI�`sf4PRI�]4IqH4LMDQ{�I
��[�URDGN�J6B]§|H4L�URJMIKJ#JMkKcdF�I�Nd[�URI�P\PRI�`iI�Nd[

[MDGF4[#OQF4[MDGF4L
];FlH�OQ[�URI�Nd[v¥tP¯¸oOQUR]4Iq]�¸ F4N�IqJMDGF4L^�KIyH?DGN\��[�F�I�P\PRIs]4IyLYO	¾uDGN�J:}~I�[x]�¸ F4N��COQH4[MI�F4LxH4P7OQN��
æ
N�Ixk�[YOQH?I
]4I:[ML�U)IKJ�[�N�k
�KIKJMJYOQU\LMI#O�¬�N�]4IxZ�LMDGF4H?I�L&PRIKJ�H4LMDG{�I
��[�URDGN�JEI�NÌº�DGN\��[�URDGN(]�I:P7OyH?D�JMU\[�URDGN(];F
��¾@��PRIsLMIKJ�H4U\LYOQ[MDGU\LMI4¥aP7OGcdF�I�P\PRItI�P\PRIKJP�KDGL�LMIKJ�H?DGN�]4I�Nd[	� ª ¸oOQP\ZbDGL�U\[��4`aI_]4Is[�L�U%JYIqf�OGJMI�J�F4L#F4NpJ�U\Z�N�OQP
LMIKJ�H4U\LYOQ[MDGU\LMIicdF4U$�KDGL�L*éePRIc�*��OGcuF�ItH4LMDQ{�I
��[�URDGN�O	«uI
��F4NpU\N�J�[YOQNd[v];FÃ�­¾@��PRI<� ª ItJMU\Z�N�OQP%LMIKJ�H4U\LYOQ[MDGU\LMI
IKJ�[
DGf4[MI�NdFwZ�LY�]�KI_¥_F4N�LMk�H?k�LMIsI­®;[MI�L�N�IÇ± [���I�L�`iDG`cé�[�LMIsH?D�J�U\[�URDGN4N�k_¥_P7OiJMDGL�[�URIq];FwN�I��-ñ B<Á ò�·­� ª I
J�U\Z�N�OQP�LMIKJMH4U\LYOQ[MDGU\LMIyH?I�F4[¡²ó»�[�LMIvI­®;[�LYOQU\[:];U\LMI
��[MI�`iI�Nd[v¥�H�OQL�[�U\L:]4Iy]4DGN4N�kKIKJ:U\`aOQZbIKJ�ñ �	¼@� ¤ �<��Æ ¤ ÅßÆ òó�
S
F1¬�N�OQP¯¤bDGNiDGf4[�URI�Nd[&]4DGN\��F4NiI�N�JYI�`sf4PRI:]4IO�0H�OGcdF�I�[MJ¡¢�]4I:]4DGN4N�kKIKJ	�bS�H�OQL�[�U\L&]4I+�*��OGcdF�I�H�OGcuF�I�[	¤
F4N�IyU\`aOQZbI½¦+§P¨ ¼]§~IKJM[�LMI
�KDGN�J�[�L�F4U\[MIÌñ ¼<Á òó�

ª IKJ%`ik�[���Dd]4IKJu�KDGN�«uI�Nd[�URDGN4N�I�P\PRIKJ�]�¸oO]�KcdF4URJ�U\[�URDGNi]�¸ F4N�I'U\`aOQZbIK¦+§P¨ Æl§�F4[�U\P\URJYI�Nd[XF4NiOQH4H�OQLMI�U\P
J^�COQN4N�I�L	� ª Isf4F�[6IKJ�[6]�¸oO	«uDGU\L6F4N�ItO]�KcdF4URJ�U\[�URDGNr¦+§P¨ �KDGLMk�PRkKI4¥aP7O�LMIKJ�H4U\LYOQ[�URDGN���£�I�N�]�OQNd[vcdF�IsPRI
H�OQ[�URI�Nd[qLMIKJ�H4U\LMI_N�DGLM`aOQP\I�`iI�NV[	¤
DGN�O]�KcuF4UUé�LMIaJ�U\`sF4P\[YOQN�k�`iI�Nd[sPRIKJv]4DGN4N�kKIKJsI�[vPRIiJ�U\Z�N�OQPTLMIKJ�H4U\LYO�²
[MDGU\LMI<�5SxU\N�JMU¯¤(¥-�*��OGcdF�I_�KDGF4H?I_O�®VU7OQPRIsH?I�F4[¡²ó»�[�LMIiOGJMJMD���URkKIsF4NhU\N�J�[YOQNV[6];Fp��¾���PRIsLMIKJMH4U\LYOQ[MDGU\LMI<� ª I
J�U\Z�N�OQPTLMIKJMH4U\LYOQ[MDGU\LMIaIKJ�[vI�N4LMI�Z�URJM[�LMkiZ�LY�]�KIÌ¥^F4N�OQH4H�OQLMI�U\P&I­®V[MI�L�N�I ¿�J�H4U\LMDG`cé�[�LYI�ñ �<µ ò&DGFÄ�COQ`ik�LYO
U\N@º�LYOQLMDGF4ZbIq`iIKJ�F4LYOQNd[xP7O_H?D�J�U\[�URDGNh]4Iy`aOQLMcdF�I�F4LMJxH?D�JMU\[�URDGN4N�kKJ
J�F4LxPRIy[���DGLYO�®Äñ �CB�m ¤ µl´ ¤ Á<µ òó�\æ
N�I
º9DGURJ�P¯¸oO]�KcdF4URJ�U\[�URDGN^[MI�L�`_U\N�kKI<¤VPRIKJW�KDGF4H?IKJ�O�®VU7OQPRIKJ'JMDGNd[&[�L�URkKIKJ'I�N-º�DGN\��[�URDGN^]4I
P7OvH?D�J�U\[�URDGN�];FÇ��¾@��PRI
¥pP7OGcuF�I�P\PRI�I�P\PRIKJÌ�KDGL�LMIKJ�H?DGN�]4I�Nd[�¿XH?DGF4LÌ�*��OGcdF�I�U\N�J�[YOQNd[Ì�KDGN�JMUR]4k�LMk<¤TF4N�I�U\`aOQZbI�¦+§P¨ ¼]§zIKJ�[
DGf4[MI�NdF�I<�

ª IXH4LMDG[MD��KDGPRI�]�¸oO]�KcuF�U\JMU\[�URDGNq]4IKJ"U\`aOQZbIKJ�¦+§P¨çÆl§ ñ Á<µ ¤ Å<¼ òbH4LMDGH?D�JMkTH�OQL"P¯¸�k�cdF4U\H?IT]4IXLMI
�*��I�L^�*��I
I�N�H���¾;J�URcdF�I:`ikK];UU�COQPRI#];F(]4k�H�OQL�[MI�`iI�Nd[�DGN\�KDGPRDGZ�URI6]4I:P¯¸ ��DGH4U\[YOQP�¨hOGJMJjO]�*�dF�JMI�[�[MJ'�yI�N�I�LYOQP?�#D�J�H4U�²

²&B�m�²
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Unite Hounsfield (HU)

ABC1 - Acquisition à -0.2l
ABC2 - Acquisition à +0.2l
ABC3 - Acquisition à 75%

Libre - Acquisition respiration libre
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�EA �R�&�<���	¼c���xURJ�[YDGZ�LYOQ`_`iIt]4IKJy]4I�N�J�U\[MkKJy�#DGF4N�J¡¬�I�PR]p]4IKJycuF�OQ[�LMI_O]�KcdF4URJ�U\[�URDGN�Jc±9S
WKèv�<¤5S
WKè'B@¤
S
WKèR¼@¤ ª U\f4LMI�·i]�¸ F4N�H�OQ[�URI�Nd[ ¥ [�LMDGURJaN4U�«uICOQF@®�]4Ilf4PRD��COQZbIh];U�°5I�LMI�Nd[MJp±j²nm@�oB P¯¤W³6m@�oB P
I�[ ´]µl¶
]4IsP7O-�COQH�O]��U\[Mk_«VU\[YOQPRI�·xI�[6I�NhLMIKJ�H4U\LYOQ[�URDGNpP\U\f4LMI<� ª ¸oOQZ�LYOQN�];URJYJMI�`iI�Nd[vIKJ�[fº9OQU\[6J�F4L#PRIKJ#LMI�Z�URDGN�J6]4IKJ
�4URJ�[MDGZ�LYOQ`_`iIKJ��KDGL�LMIKJ�H?DGN�]�OQNd[qOQF@®�H?DGF4`iDGN�J	�� 
NhLMI�`aOQLMcuF�I�PRIKJ#];U�°�k�LMI�N\�KIKJ6]4IKJ6];URJ�[�L�U\f4F4[�URDGN�J
]4IKJXU\Nd[MI�N�JMU\[MkKJTH4F4P\`iDGN�OQU\LMIKJ&I�Nd[�LMI:PRIKJTcdF�OQ[�LMI�U\`aOQZbIKJ&];F�IKJ�OQF@®i];U�°5k�LMI�Nd[MIKJ&cuF�OQNd[�U\[MkKJ&]�¸oOQU\L�]�OQN�J
PRIKJ�H?DGF4`iDGN�J	�

[YOQP.±�¨p�6��·­¤bW'D�J�[MDGN�¤næ��tIKJ�[�F4N�I:`ik�[���Dd]4If�KDGN�«uI�Nd[�URDGN4N�I�P\PRI<¤dF4[�U\P\URJYOQNd[�F4N(OQH4H�OQLMI�U\P?J^�COQN4N�I�L�� ä
ª U\Z<�d[g�dH?IKIK]��
}
	 UY�KDGF4H4PRkf¥6P¯¸oOQH4H�OQLMI�U\P��s£e¨ ±9OQf4LMk�«VU7OQ[�URDGN�];Fa[MI�L�`iI
OQN4Z�P7OQU\Jf¿
�xICOQP�²ó¦'U\`iIs£%D�J�U�²
[�URDGNÌ¨hOQN�OQZbI�`iI�Nd[g·$º9OQf4L�URcdF�k�H�OQLTP:¸�I�Nd[MLMI�H4L�URJMI���OQL�U7OQNÌ¨hIK];UU�COQP(��¾;J�[MI�`iJ	�nèEI�[&OQH4H�OQLMI�U\P"�KDG`_H?D�JMk
]�¸ F4N ��F4f?I#LYOG];URDß²,[�LjOQN�J�H�OQLMI�Nd[xkKcdF4U\H?k6]4IyBsLMk���I
�e[YIeF�LMJ:IKJ�[EH4P7O]�KkyJ�F4L'PRI
[���DGLYO�®^];F^H�OQ[�URI�Nd[�± f�OGJ
];FlJM[MI�L�NdF4`-·­�"èEIKJ:LMk���I
��[MI�F4LMJxLMI�N�«bDGURI�Nd[xP7OtP\F4`_UUéeLYIv]�¸ F4NlU\P\P\F4`_U\N�OQ[MI�F4L
U\N@º�LYOQLMDGF4ZbIqJ�F4L�F4N�I½�CO�²
`ik�LYO½è+èW§ LMI�P\URkKIs¥#F4NiDGLM];U\N�OQ[MI�F4L	� ª I:J�¾VJM[^é�`iIEH?I�L�`iI�[�]�¸oO]�KcdF�k�L�U\LTP7O#H?D�J�U\[�URDGNi]4I'P7OyJ�F4L¡º9O]�KI�]4I
P¯¸oOQf?]4DG`iI�NhOQF��KDGF4LMJx]4I6P7O�LMIKJMH4U\LYOQ[�URDGN�� ä N º9DGN\��[�URDGN�]4I6P¯¸oOQ`_H4P\U\[�F�]4Iq]4F�`iDGF�«uI�`iI�Nd[:`iIKJ�F4LMkKI<¤
DGN�OGJYJMD���URItF4N�I_H���OGJYI_LMIKJ�H4U\LYOQ[MDGU\LMI-¥z�*��OGcdF�I_U\N�J�[YOQNd[q]4FÃ��¾@��PRI_LMIKJ�H4U\LYOQ[MDGU\LMI<� ª IKJvH���OGJMIKJqJMDGNd[
I­®VH4L�U\`ikKIKJ�I�N^H?DGF4L^�KI�Nd[YOQZbI<��SxU\N�JMU¯¤dP7OqH���OGJMI6]4I6ml¶ç�KDGL�LMIKJ�H?DGN�]�¥sPRO�¬�N�]�¸ U\N�J�H4U\LYOQ[�URDGN�N�DGL�`aOQPRI
I�['P7OsH���OGJMIy]4I�µ�ml¶ ¥sP7O�¬�Nl]4I#P¯¸�I­®;H4U\LYOQ[�URDGN�N�DGL�`aOQPRI<� ª IyJ^�COQN4N�I�L'H?I�L�`iI�[:H4P\F�J�URI�F4LMJ'`iDd]4IKJ:]4I
º�DGN\��[�URDGN4N�I�`iI�Nd[��q§yOQN�JqP\IÌ�COG];LMIa]4IÌ�KIiH4LMDG[MD��KDGPRI-¦+§v¨ Æl§1¤"PRIiJ^�COQN4N�I�L�º�DGN\��[�URDGN4N�I�I�N `iDd]4I
O�®VU7OQP+��U\N�k<�%S �*��OGcdF�I(H?D�J�U\[�URDGN ]4I(P7Ow[YOQf4PRI^DGNgO]�KcdF4URI�L�[ �Cm�²*�	µpI�N�JMI�`sf4PRIKJ_]4I^cdF�OQ[�LMIz�KDGF4H?IKJ
J^�COQN4N�I�L1±�«uDGU\Ls¬�Z�F4LMI �<����Æ ·­�?SxFw[MDG[YOQP�DGN O]��cdF4URI�L�[1�Cm�m�m�²*�	µ�m�m-�KDGF4H?IKJ�� ª Iq[MI�`_H�J#]�¸oO]�KcdF4URJ�U\[�URDGN
]�¸ F4N(I�N�JMI�`sf4PRI
]4I
cuF�OQ[�LMIf�KDGF4H?IKJEIKJM[&]4I
m@�dÁqJ	��èO��OGcdF�If�KDGF4H?I
J^�COQN4N�I�L'OvF4N�IxLMkKJMDGP\F4[�URDGN^O�®;U7OQPRI
]4I�B@�dµ#`_`��n 
N_N�¸oO]�KcdF4URI�L�[TH�OGJX]�¸ U\`aOQZbIKJTH?I�N�]�OQNd[TPRI']4k�H4P7O]�KI�`iI�Nd[&]4I'P7O
[YOQf4PRI�]�¸ F4N�I'H?D�J�U\[�URDGNÌ¥
P¯¸oOQF4[�LMI<�\èO��OGcdF�IP�KDGF4H?IyO�®VU7OQPRI6IKJ�[�OGJMJYD���URk�I�¥qF4N^U\N�J�[YOQNd[�];Fz��¾@��PRI
LMIKJ�H�U LjOQ[MDGU\LMI#Z�LY�]�KIyOQF�J�U\Z�N�OQP
�s£e¨��.£�DGF4LtF4N U\N�J�[YOQNd[tLMIKJ�H4U\LYOQ[MDGU\LMI<¤%F4N�I�U\`aOQZbI ¦+§v¨ ¼]§ IKJ�[1�KDGN�J�[�L�F4U\[MIlOQH4L^éKJ�F4N [�L�U']4IKJ
�KDGF4H?IKJ&J^�COQN4N�I�L'O]�KcuF4URJYIKJ	�l§yOQN�J�PRIs�COGJ�D���]4IKJO�KDGF4H?IKJ&`aOQN�cuF�I�Nd[&H?DGF4L&LMI
�KDGN�J�[�L�F4U\LMIxF4NÌ«uDGP\F4`iI
¼]§ �KDG`_H4PRI�[	¤�P¯¸oOQP\ZbDGL�U\[��4`iI�]4Iy[�L�U"H?I�L�`iI�[#]�¸oO	«bDGU\LxF4N�I��KI�L�[YOQU\N�Iv[MDGPRk�LYOQN\�KIqH4P\F�JxDGF�`iDGU\N�JxP7OQL�ZbI
H?DGF4Ls�*��DGURJ�U\L:PRIKJK�KDGF4H?IKJ:PRIKJ:H4P\F�J�H4LMD��*��IKJ
]4I6P7OtH���OGJMIvJMDGF���OQU\[MkKI<�

ª DGLMJ�];Fg[�LYOQU\[MI�`iI�Nd[	¤�P¯¸ U\L�LYOG];U7OQ[�URDGN�N�¸oOQF4LYO P\URI�F�cdF�I�H?I�N�]�OQNd[aF4NgU\N�J�[YOQNV[a];FÀ��¾@��PRI�LMIKJ�H4U�²
LYOQ[MDGU\LMI<¤�]4DGN\�(I�N H4F4PRJMIKJ�JMF\�
�KI�JYJ�U�º�J�]�¸ U\L�LYOG];U7OQ[�URDGN ± ZuOQ[�U\N4Z�·­�%S�«uI
�Ì�KI�H4LMD��KkK]4k<¤%DGN�N�I(J�F4U\[sH�OGJ
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�'A �R�v�<����ÆÃ�Â���*��k�`aO�]�¸oO]�KcuF4URJMU [MU\DGN ]�¸ F4N�I�U\`aOQZbI�¦K§v¨ Æl§ �KDG`_H?D�JMkKIh]4IÄ�Cm U\`aOQZbIKJÇ¦+§v¨
¼]§ �KDGF�«dLYOQNd[#PRI���¾@��PRIqLMIKJ�H4U\LYOQ[MDGU\LMIsN�DGL�`aOQP¯�?S �*��OGcuF�IsH?D�J�U\[�URDGNh]4IqP7Oi[YOQf4PRIsDGNpO]�KcdF4UUé�LMIsI�Nd[�LMI
�Cm�²*�	µlIeN�JMI�`sf4PRIKJq]4IicuF�OQ[�LMIc�KDGF4H?IKJsJ^�COQN4N�I�L	�qèO��OGcdF�IiI�N�JMI�`sf4PRIaIKJ�[qOGJMJYDn��URkÌ¥^F4N U\N�J�[YOQNV[q];F
��¾@��PRIyLMIKJ�H4U\LYOQ[MDGU\LMIqZ�LY�]�KIsOQFwJ�U\Z�N�OQP"LYI�JMH4U\LYOQ[MDGU\LMI��COQH4[YkvH�OQL:P¯¸oOQH4H�OQLMI�U\P �f£e¨©��S �*��OGcuF�IvU\N�J�[YOQNd[
H4LMkK]4k­¬�N4UT];Fr��¾@��PRI�LMIKJ�H4U\LYOQ[MDGU\LMI<¤5F4N�I�U\`aOQZbI1¦+§P¨ ¼]§ IKJ�[P�KDGN�JM[�L�F4U\[MI_OQH4L*é�JyPRIs[�L�UX]4IKJ��KDGF4H?IKJ
J^�COQN4N�I�L	� ª ¸�I�N�JMI�`sf4PRIq]4IKJ:U\`aOQZbIKJs¦+§P¨ ¼]§ ]4DGN4N�IyP¯¸ U\`aOQZbI�¦+§P¨ Æl§1�

];U\LMI
��[MI�`iI�Nd[EP7O6[�F4`iI�F4L&`aOQURJ&DGN�OGJMJMU\`_U\PRI�PRIKJEOQ`_H4P\U\[�F�]4IKJ&[���DGLYO]��URcuF�IKJ'OQF@®_`iDGF�«bI�`iI�Nd[MJ&[�F4`iDß²
LYOQF@®�� ª ¸ U\N\�KDGN�«uk�N4URI�Nd[q`aO {�I�F4Lq]4I4�KI�[�[MI_[MI
�*�4N4URcuF�IiIKJ�[vcdF�I�P7O(LMI�P7OQ[�URDGN P\U7OQNd[vP7O(H?D�J�U\[�URDGN�]4ItP7O
[�F4`iI�F4Lv¥�P¯¸oOQ`_H4P\U\[�F�]4Is]4k�[MI
��[MkKIvN�¸�IKJ�[�H�OGJ+º�DGL^�Kk�`iI�Nd[xP\U\N�kCOQU\LMI<�

ØBX Ù X Û XZY [&\"à.à^]�ã`_
§6OQN�J'PRIv�COG];LMIy]4Iv�KI#H4LMDG[MD��KDGPRI���P\U\N4URcdF�I<¤VN�DGF�J�];URJ�H?D�JMDGN�J�]4IKJ'U\`aOQZbI�JK¦+§P¨ Æl§ �KDG`_H?D�JMkKIKJ

]4Iy];U�®(U\`aOQZbIKJs¦+§P¨ ¼]§~]4Iy];U�®(U\N�J�[YOQNd[MJ:];U�°�k�LMI�Nd[MJ:];F���¾@��PRI6LMIKJ�H4U\LYOQ[MDGU\LMIyN�DGLM`aOQP:�YæxN�I6U\`aOQZbI
¦+§P¨ ¼]§ �KDGL�LMIKJ�H?DGN�] ¥ P7O©¬�N ]�¸ U\N�J�H4U\LYOQ[�URDGN N�DGL�`aOQPRI<¤�F4N�I OQF4[�LMIÄ¥ P7O©¬�N ]4IpP¯¸�I­®VH4U\LYOQ[�URDGN
N�DGL�`aOQPRI<� ä Nd[�LMI4�KIKJ6]4I�F@®wH���OGJMIKJ6DGN O�cdF�OQ[�LMIsU\`aOQZbIKJ�¦+§P¨ ¼]§ H?DGF4L6P¯¸�I­®VH4U\LYOQ[�URDGN I�[ycuF�OQ[�LMI
U\`aOQZbIKJu¦+§P¨ ¼]§ H?DGF4L�P¯¸ U\N�J�H4U\LYOQ[�URDGN�� ª O6LYk�JYDGP\F4[�URDGNa]4IKJTU\`aOQZbIKJu¦+§P¨ ¼]§ IKJ�[�]4IKµ@�CB�®\µ@�CB�®�±:Á�m�²
�	¼�ml·�O	«uI
�6F4N�Iy[YOQU\P\PRIv]4I�«uD	®;I�P"]4Iqm@�dÅl´<´�®�m@� Ål´<´�®�B@�dµ�`_`1al�

bdcfe gihdjlknmporq�sphdj

§6OQN�J_�KI-�*��OQH4U\[�LMI<¤
N�DGF�JtO	«uDGN�JsU\Nd[�LMDd];F4U\[t]4IKJsN�DG[�URDGN�J�]4Ia[MI�L�`_U\N�DGPRDGZ�URI^I�[�]4IaH4LMD��KkK];F4LMIKJ
J�H?k
��U�¬�cdF�IKJqOQF [�LYOQU\[MI�`iI�Nd[vH�OQLvLYOG];URDG[���k�LYOQH4URIa];FÄ�KOQNY��I�Ls];F H?DGF4`iDGN���¹#DGF�JqO	«bDGN�JvI­®;H?D�JMktP7O
H4LMDGf4PRk�`aOQ[�URcdF�Iq];Fl`iDGF�«uI�`iI�Nd[xI�NlLYOG];URDG[���k�LYOQH4URIl�

¹
DGF�J�O	«bDGN�J%H4LMIKJMI�Nd[Yk'PRIKJT]4I�F@®tH4LMDG[MD��KDGPRIKJ�];F-èEI�Nd[�LYI ª kKDGNaWEk�LYOQLM]_F4[�U\P\URJYOQNd[TP¯¸�S#WKè��KDG`_`iI
OQH4H�OQLMI�U\PE]�¸oOGJMJMI�L�«VURJMJMI�`iI�Nd[vLYI�JMH4U\LYOQ[MDGU\LMI�OQF�JYJ�U�cuF�I_PRIiH4LMDG[MD��KDGPRIÌ��P\U\N4URcdF�IÌ¦+§P¨ Æl§ ]4IiP¯¸ ��DGH4U�²
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[YOQP&¨ �6�_¤?W'D�J�[MDGN�¤�æ��VS���èEIKJyH4LMDG[MD��KDGPRI�JqJMI�L�«uI�Nd[½¥^]4IKJyk�[�F�]4IKJ½��P\U\N4URcdF�IKJ	��¹
DGF�J6F4[�U\P\URJYDGN�J6PRIKJ
]4DGN4N�kKIKJ_U\`aOQZbIKJ_URJMJMF�IKJt]4I �KIKJ_H4LMDG[MD��KDGPRI�JÌ��P\U\N4URcdF�IKJ_H?DGF4Li]4IKJik�[�F�]4IKJ_H4P\F�JtH�LMD�J�H?I
��[�U�«bIKJ	� ª I
�*��OQH4U\[�LMI ¼ H�OQZbI µßÆ H4LMkKJMI�Nd[MIaN�DG[�LMI�ke[MF�]4IaJ�F�LvP7O�LMI�H4LMDd];F\��[�U\f4URP\U\[Mk(];F�f4PRD��COQZbI�LMIKJ�H4U\LYOQ[MDGU\LMIÇ¥
H�OQL�[�U\L�]4IKJq[�LMDGURJ�O]�KcdF4URJ�U\[�URDGN�J_¦+§P¨ ]4IKJqH�OQ[�URI�Nd[MJ�I�N�F4[�U\P\URJYOQNd[sF4N�Ia`ik�[���Dd]4I�]4IiLMI
�COQP7OQZbI(]4I­²
º�DGL�`aOQf4PRIq]�¸ U\`aOQZbIKJ�� ª IKJ
]4DGN4N�kKIKJf¦+§P¨êÆl§~N�DGF�J
DGNd[:H?I�L�`_URJ
]4I�º9OQU\LMIvF4N�IyH4LMI�`_UUé�LMIsk�[�F�]4Iq]4I
`iDGF�«bI�`iI�Nd['OQFÌ�KDGF4LMJ�]4I�P7O6LMIKJMH4U\LYOQ[�URDGNaP\U\f4LMI�±�«bDGU\Lu�*��OQH4U\[�LMI µ H�OQZbI ÁßÆ ·­�n§yOQN�JTPRIK�COG];LMIx];FiH4LMDß²
[MD��KDGPRIf��P\U\N4URcdF�IK�¡ 
H4[�U\`1¢*¤dN�DG[�LMI#DGf;{�I
��[�U�º
IKJ�[E]�¸�ke[MF�];URI�LEPRIKJE]4k­º�DGL�`aOQ[�URDGN�J']�I�J&[�URJMJMF�JEOQFÇ�KDGF4LMJE]4I
P7OiLMIKJ�H4U\LYOQ[�URDGN��?P¯¸ U\N@º9DGL�`aOQ[�URDGN ]4Iq`iDGF�«uI�`iI�Nd[yI­®V[�LYOQU\[MIsH?DGF4LMLYO-»�[�LMIsF4[�U\P\URJMkKIsH�OQL#P7OaJ�F4U\[MIsH?DGF4L
F4N�I(`iDd]4k�P\URJYOQ[�URDGN�]�ke[jOQU P\PRkKIl];F H?DGF4`iDGN�¤X];Fg]4k�H4P7O]�KI�`iI�Nd[aI�[i]4k­º�DGL�`aOQ[�URDGN�]4I(P7Oh[�F4`iI�F4LiI�[
]�OQN�J:]4IKJxk�[�F�]4IKJx]4Iy]4D�JMU\`ik�[�L�URIv]@¾VN�OQ`_URcdF�I<�\æxNlH4LMI�`_URIeLx`iDd]�é�PRIq]4IyJMU\`sF4P7OQ[�URDGN�]�¸oO]�KcdF4URJ�U\[�URDGN
Æl§ IKJ�[
H4LMDGH?D�JYk�]�OQN�J#PRI��*��OQH4U\[�LMI � H�OQZbI Å�� � ª ¸�DGf;{�I
��[�U�ºR¥aPRDGN4Z([MI�L�`iI�IKJ�[6]4IqH?DGF�«uDGU\Lfº9DGF4L�N4U\L
F4N�Is`iDd]4k�P\URJjOQ[�URDGN ]4k�[YOQU\P\PRkKI�± H?I�L�`iI�[�[YOQNd[yPRItJ�F4U�«dU%]4I�P7Oa[�F4`iI�F4LvI�[#P¯¸ U\L�LYOG];U7OQ[�URDGN�J�¾VN\�*�4LMDGN4URJMkKI
O	«bI
��P7OwLMIKJ�H4U\LYOQ[�URDGN"·�];F H?DGF4`iDGNgO�¬�N ]�¸�DGH4[�U\`_URJMI�LiI�[t]�¸ U\N�];U�«VUR];F�OQP\URJMI�L_PRI�[�LYOQU\[MI�`iI�Nd[c��F4LYOQ[�U�º
H�OQL:LYOG];URDG[���k�LYOQH4URIq]4F��COQN\�KI�L
];F�H?DGF4`iDGN�� ª O�¬�Z�F4LMI �<���	µ U\P\P\F�J�[�LMI½�KI�[xDGf;{�I���[�U�º��
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687:9 ;,<8=?>A@�BDCFEG=IHJ@K< 7L7L7M7L7L7M7L7M7L7L7M7L7L7M7L7L7M7L7M7L7L7M7L7L7M7L7M7L7L7 6ON
687P6 QSR�E�T�UJT�VKR�BFW�XY@Z>A[$T�\FU:R 7M7L7M7L7L7M7L7L7M7L7L7M7L7M7L7L7M7L7L7M7L7M7L7L7 6ON

]�^ ]�^`_ acb�dfehg�i`dkjldnmhi`o
iqpqr�ehi`sht)^u^k^u^k^u^k^u^k^u^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^ ]Gv
]�^ ]�^ ] acb�dfehg�i`dkjldkewt?g�xZpqr�ehiymhrAswi`z�b ^k^u^k^u^k^u^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^ ]G{
]�^ ]�^ | }~r�ewr�o
t,shewiymhrGshiqz�b!j8� x�b����ZrGo
��jldnjlt?�Pz�eho�rGshiqz�b#^u^k^u^k^u^k^u^k^u^k^u^ ]G�
]�^ ]�^ � }cewzl�,tIjlx�ewdfm�j8� z���shiqo
iqmwrAswi`z�b�^k^u^k^u^k^u^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^ ]G�

687y� ��@�BF��U:R�[$W�E�T�<FHJ�8CFR�BDR��
[$H:U�HJR�C���E�@K<�=IHJ<8CF�$7M7L7M7L7L7M7L7L7M7L7M7L7L7 ��9
687q� ��UJCD��@O�D=IHJ�8CFR�R�=
BFW�[$@K<D�n7L7M7L7L7M7L7L7M7L7L7M7L7M7L7L7M7L7L7M7L7M7L7L7 �K�

]�^ �O^`_ �Fp`x��!z��lswiq��x�d�^u^k^u^k^u^k^u^k^u^k^u^k^u^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^ |�|
]�^ �O^ ] ��dImc�h�'t?o
z�bZm¡ ¢^u^k^u^k^u^k^u^k^u^k^u^k^u^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^ |G�

687P£ ¤kT�UJH:BDT�=fHJ@K<¥BFR��
BDW�XY@O>¦[�Tl=fHJ@K<F�§7L7M7L7L7M7L7L7M7L7M7L7L7M7L7L7M7L7M7L7L7 ��£
687yN QSR�E�T�UJT�VKR�BFW�XY@Z>A[$T�\FU:R�¨©B0ªqHJ[$T�VKR��MBFR�=f«F@Z>ATl�D¬­7M7L7L7M7L7L7M7L7M7L7L7 �KN

]�^ vZ^`_ a5swxZjldfm®^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^ |�v
687P¯ ;,[°�~UJW�[°R�<8=fTl=fH:@O< 7M7L7L7M7L7M7L7L7M7L7L7M7L7L7M7L7M7L7L7M7L7L7M7L7M7L7L7 �K±

]�^³²l^`_ ´¡b�swehz�jlxZ�µswi`z�b ^u^k^u^k^u^k^u^k^u^k^u^k^u^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^ |�{
]�^³²l^ ] }cewt,swewr�i¶swd?o
d?b�swm�j�dfm�iqo�rGg�dfm�^k^u^k^u^k^u^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^ |��
]�^³²l^ | ·l����t?o�r�m j8� iqo
��pqt?o
d?b�swrAswiqz�b ^u^k^u^k^u^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^ ��|
]�^³²l^ � ¸¹rGpy�,xZp�jldfm�iqo
r�g�dfm�jlt,º�z�eho
tfdfm¹^u^k^u^k^u^u^k^u^k^u^k^u^k^u^k^u^k^u^k^u^ »l_
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§#I�N�DG`sf4LMI�F�JMIKJ_OQH�H4P\U��COQ[�URDGN�JiI�N�U\`aOQZbI�L�URI(`ikK];UU�COQPRI^DGNd[�f?IKJMDGU\N ]4IÇ�COQPU��F4PRI�L_]4IKJsLMIKJYJMI�`1²
f4P7OQN\�KIKJ(I�Nd[�LMIw]4IKJ�U\`aOQZbIKJ�H4LMD�«bI�N�OQNd[^]4Il`iDd]�OQP\U\[MkKJ^]�¸oO]�KcuF4URJ�U\[�URDGN ];U�°�k�LMI�Nd[MIKJp±�¦+§��©¤�� ���©¤
LYOG];URDGZ�LYOQH��4URIKJ�NdF4`ik�L�URcuF�IKJ­·­���EI�L�[YOQU\N�IKJ^[MI
�*�4N4URcuF�IKJ �KDG`_`iI�N\�KI�Nd[^H�OQL^JMI�Z�`iI�Nd[MI�L^PRIKJ�U\`aOQZbIKJ
I�[6LYOQ`cé�N�I�Nd[vPRI�H4LMDGf4PUé�`iIc¥�F4N�I�`_URJMItI�Nr�KDGL�LMIKJ�H?DGN�]�OQN\�KIa]4I1�COQLYO]��[Mk�L�URJ�[�URcuF�IKJvZbkKDG`ik�[�L�URcuF�IKJ	�
�EI�H?I�N�]�OQNd[	¤"P¯¸�k�[YOQH?I_]4I_JMI�Z�`iI�Nd[YOQ[�URDGN�N�¸�IKJ�[yH�OGJ6[MDGFG{�DGF4LMJyLMkCOQP\URJYOQf4PRIiI�[yIKJM[yJMDGF4L^�KI_]�¸ U\`_H4LMk
��U�²
J�URDGN�J���§1¸oOQF4[�LMIKJs[MI
�*�4N4URcdF�IKJsH4LMD��
éK]4I�Nd[tJYOQN�JsJMI�Z�`iI�Nd[YOQ[�URDGN I�[��*��I�L^�*��I�Nd[�F4N�Ii[�LYOQN�J�º�DGL�`aOQ[�URDGN
L�U\Z�UR]4I�]4I(P¯¸ F4N�I^]4IKJtU\`aOQZbIKJ�± [�LYOQN�JMP7OQ[�URDGN�JiI�[�LMDG[YOQ[�URDGN�J­·qH?I�L�`iI�[�[YOQNV[i]4I(`aO�®;U\`_URJMI�LtF4N�I(`iI­²
J�F4LMI^]4I(JMU\`_U\P7OQL�U\[Mk^J�[YOQ[�URJM[�URcuF�Ir± U\N@º�DGL�`aOQ[�URDGNg`sF4[�F�I�P\PRI<¤%LYOQH4H?DGL�[_]4Iz�KDGL�LMk�P7OQ[�URDGN"·_O	«bI
�(P¯¸oOQF4[�LMI
U\`aOQZbI<���
DGF�J&N�DGF�J&H4LMDGH?D�JMDGN�JE]�¸�k�[�F�];URI�L']�OQN�JO�KI�[�[MI
[��\éKJMIxF4NÇ�COG];LMIxH4P\F�J&Zbk�N�k�LYOQP?U\Nd[Mk�Z�LYOQNd[']4IKJ
[�LYOQN�J¡º9DGL�`aOQ[�URDGN�Jak�P7OGJ�[�URcdF�IKJ�± N�DGN@²,L�U\Z�UR]4IKJg·tH?I�L�`iI�[�[YOQNd[a]4I^H4LMI�N�];LMIlI�N��KDG`_H4[MIl]4IKJ_]4k­º9DGL�`aO�²
[�URDGN�J�U\L�LMk�Z�F4P\UUé�LMIKJxI�Nd[�LYI6PRIKJ'U\`aOQZbIKJ	���EI��COG];LMI6`iI�[:I�Nt{�I�F�]4IKJ�[MI
�*�4N4URcuF�IKJx]�¸oOQN�OQP�¾VJMIv]�¸ U\`aOQZbI�J�¤
]4Iy[�LYOQN�J¡º9DGL�`aOQ[�URDGN�J:ZbkKDG`ik�[�L�URcdF�IKJ	¤�]4Iy`iIKJ�F4LMIKJxJ�[YOQ[�URJ�[�URcdF�IKJ:I�[x]�¸�DGH4[�U\`_URJYOQ[�URDGN�º9DGN\��[�URDGN4N�I�P\PRI<�
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ª IxLMI
�COQP7OQZbI#IKJM[�F4N�H4LYDn�KIKJYJ�F�J&U\`_H?DGL�[YOQNd[�]�OQN�J&PRIx[�LYOQU\[MI�`iI�Nd[�]�¸ U\`aOQZbIKJEF4[�U\P\URJMkxH?DGF4LE`iI�[�[�LMI
I�N �KDGL�LMIKJ�H?DGN�]�OQN\�KI ]4I�F@® DGF H4P\F�J�URI�F4LMJ(U\`aOQZbIKJ^H4L�URJMIKJ ¥�]4IKJ�U\N�J�[YOQNd[YJ^];U�°5k�LMI�Nd[MJ	�Ræ
N�Z�LYOQN�]
N�DG`sf4LMIa]4I_[MI
�*�4N4URcuF�IKJ�O^k�[Mki]4k�«bI�PRDGH4H?k�OQFÄ�KDGF4LMJq];F [MI�`_H�JqI�Nrº9DGN\��[�URDGN�]4IKJq]4DGN4N�kKIKJqcdF�¸�DGN
O	«�OQU\[v¥iLMI�H4LMkKJMI�Nd[MI�L6I�[
I�N º9DGN\��[�URDGNh]4IKJxH4LMDGf4PUé�`iIKJyOQH4H�OQL�F�J	�,�EIKJx[MI
�*�4N4URcdF�IKJ#DGNd[#k�[Mksk�[�F�];URkKIKJ
U\N�]4k�H?I�N�]�OQ`_`aI�Nd[�H?DGF4L�]4IKJ�OQH4H4P\UU�COQ[�URDGN�J&];U�°5k�LMI�Nd[MIKJ	¤l�KI�cdF4U�O#]4DGN4N�k�N�OQURJMJjOQN\�KIK¥#F4N_[�L^éKJXP7OQL�ZbI
]4DG`aOQU\N�Ix]4I�LMI
�*��I�L^�*��I<�n§yOQN�JTP¯¸ U\`aOQZbI�L�URI:`ikK];UU�COQPRI:`sF4P\[�U\H4PRIxk�[�F�]4IKJv±�«bDGU\LTH�OQL�I­®4I�`_H4PRI�PRIKJ�ke[jOQ[MJ
]4IEP¯¸oOQL�[Kñ ´�� ¤ �<¼ ò�·�JYIW�KDGN\�KI�Nd[�LMI�Nd[�J�F4L%PRIKJTOQP\ZbDGL�U\[��4`iIKJT]4IELMI
�COQP7OQZbI:]4k­º�DGL�`aOQf4PRI:O�¬�Ni]�¸�IKJ�[�U\`iI�LXPRIKJ
]4k­º9DGL�`aOQ[�URDGN�J
]4IKJ:DGL�ZuOQN�IKJ	¤�P:¸�k�«uDGP\F4[�URDGNw]4IKJ�PRkKJMU\DGN�J:DGF�]4IKJ�[�LYOQU\[MI�`iI�Nd[MJ#OQF@® �KDGF4LMJx];Fl[MI�`_H�J	�

ä [YOQNd[q]4DGN4N�kKIKJs]4I�F@®pU\`aOQZbIKJ
I

I�[
J
±
I,J :Ω⊂Zn→R, n∈{2, 3} ·
PRItLMI
�COQP7OQZbIa]4k­º9DGL�`aOQf4PRI

H?I�F4[¡²ó»�[�LMIvº9DGL�`sF4PRkP�KDG`_`iI6k�[YOQNd['PRI#H4LMD��KIKJMJ�F�JEH?I�L�`iI�[�[YOQNd[x]4Iv�COQPU��F4PRI�L�F4NÇ«uI
��[MI�F4L�]4I#]4k�H4P7O]�KI­²
`iI�Nd[

U(x) ∈ Rn
H?DGF4LR�*��OGcdF�IxH?DGU\Nd[

x
]4I
P¯¸ U\`aOQZbI

I
�dS �*��OGcdF�IxH?DGU\Nd[

x
±
x ∈ Zn

·­¤dDGL�U\Z�U\N�I6];F
«uI
��[MI�F4L	¤�]4I6P¯¸ U\`aOQZbIvLMk­º�k�LMI�N\�KI

I
¤;PRI�«bI
��[MI�F4Lx]4Iy]4k�H4P7O]�KI�`iI�Nd[v�COQPU��F4PRkyH�OQL:LMI
�COQP7OQZbIq]4k­º�DGL�`aOQf4PRI

OGJMJYD��eURI6F4N^H?DGU\Nd[
x′ ± x′ ∈ Rn

·­¤;I­®V[�LMk�`_U\[Mky];F «bI
��[MI�F4L	¤4]�OQN�J'P¯¸ U\`aOQZbIyDGf4{�I�[
J
¤
x′ = x+U(x)

�
ª ¸�I�N�JYI�`sf4PRIx]4IKJe«uI
��[MI�F4LMJ�]4I:]4k�H4P7O]�KI�`iI�Nd[Oº�DGL�`iI�Nd[�PRIK�*��OQ`_H�]4I:]4k­º9DGL�`aOQ[�URDGN

U
±�DGF-�*��OQ`_H�]4I

]4k�H4P7O]�KI�`iI�Nd[g·�� ª IR�*��OQ`_Hi]4IE]4k­º9DGL�`aOQ[�URDGNiDGH4[�U\`aOQP
Ũ

IKJ�[%DGf4[MI�NdFaOQH4L^éKJ%F4N�H4LMD��KIKJMJMF�J%]�¸�DGH4[�U\`_U�²
JYOQ[�URDGNp± PRI:H4P\F�JEJMDGF�«bI�Nd[&U\P)J	¸oOQZ�U\[&]�¸ F4N�Ix`_U\N4U\`_URJjOQ[�URDGN"·�]�¸ F4NÇ��L�U\[^é�LMIxZ�PRDGf�OQP

E
�KDG`_H?D�JMk
]4Ix]4I�F@®

H�OQL�[�URIKJvOQH4H?I�PRkKIKJy]�OQN�J#P7OaP\U\[�[Mk�LYOQ[�F4LMI_k�N�I�L�Z�URIKJ4¿)F4N�I�k�N�I�L�Z�URI�U\Nd[MI�L�N�I<¤�]�¸oOQ[�[YO]�*��I_OQF@®h]4DGN4N�kKIKJ	¤
E1

I�[:F4N�Iqk�N�I�L�Z�URIqI­®;[MI�L�N�IyU\`_H?D�JjOQNd[
]4IKJs�KDGNd[�LYOQU\Nd[MIKJ#J�F4L:PRI½�*��OQ`_H
E2
� ª IKJ
kKcuF�OQ[�URDGN�J B@��� I�[

B@�oB LMkKJ�F4`iI�Nd[+�KI�[�[MIfº9DGL�`sF4P7OQ[�URDGN�Zbk�N�k�L�URcuF�I<¤
β
±
0 ≤ β ≤ 1 ·�k�[YOQNd['PRIv�KDdI­ëÌ��URI�Nd[:H?I�L�`iI�[�[YOQNd[:]4I

LMk�Z�PRI�L:PRI½�KDG`_H4LMDG`_URJ
I�Nd[�LMIyPRIKJx]4I�F@®�k�N�I�L�Z�URIKJ	�

Ũ = arg min
U
(E(U))

±9B@����·

O	«bI
�
E(U) = (1− β)E1(U) + βE2(U)

±9B@�oBl·

/$É0/$ÉóÈ 14×eÑ\Ë3204¯Ñ54eÑ�Ö�4©/14óÐ¡2�ËZ4:Î76
ª ¸�k�N�I�L�Z�URI

E1
OQH4H?I�PRkKI(k�N�I�L�Z�URI^]4I�JMU\`_U\P7OQL�U\[Mk(IKJ�[sF4N�I�`iIKJ�F4LMI(cdF4UEcuF�OQNV[�U�¬�I�P7O�cdF�OQP\U\[Mk(]4I

`_URJMI:I�Nc�KDGL�LMIKJ�H?DGN�]�OQN\�KI
]4IKJXU\`aOQZbIKJ	� ä P\PRI�H?I�F4[TH4LMI�N�];LMI:P\I:JMI�N�JT]�¸ F4N�I�`iIKJ�F4LMI:]4I�J�U\`_U\P7OQL�U\[MkxDGF
]4I6];URJYJ�U\`_U\P7OQL�U\[Mk<��§#U\`_U\NdF�I�L�P7Ot];URJ�H�OQL�U\[MkyI�Nd[�LMI6PRIKJ'U\`aOQZbIKJ�JYI
[�LYOG];F4U\[�H)OQL'F4N�I#`_U\N4U\`_URJjOQ[�URDGN�]4I
P7O4«�OQPRI�F4L
]4Iq];URJYJ�U\`_U\P7OQL�U\[MksDGF�F4N�Iv`aO�®;U\`_URJYOQ[�URDGNp]4IvP7O_`iIKJ�F4LMIs]4IqJ�U\`_U\P7OQL�U\[Mk-¿�H4P\F�JxP7O_`iIKJ�F4LMI
]4IvJ�U\`_U\P7OQL�U\[MkqI�JM[�Z�LYOQN�]4I<¤�H4P\F�J�PRIKJ:U\`aOQZbI�J
JMDGNd[�f4URI�NwOQH4H�OQL�URkKIKJ��

²&B���²
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ä N�º9DGN\��[�URDGNp]4IqP7O�J�F4H4H?D�J�U\[�URDGN�º,OQU\[MIsJ�F4L
PRIsP\URI�NpcuF4U�I­®;URJ�[MIsI�Nd[�LMIsPRIKJ
U\`aOQZbIKJ�¥aLMI
�COQP\I�L	¤5DGN
�*��DGURJ�U\[�F4N_�KI�L�[YOQU\N4��L�U\[^é�LMIR¥#OQH4H4P\URcuF�I�L	�]£XP\F�J�URI�F4LMJXk�N�I�L�Z�URIKJ%]4IEJ�U\`_U\P7OQL�U\[MkEDGNd[%k�[Mk&H4LMDGH?D�JMkKIKJ%]�OQN�J
P7OaP\U\[�[Mk�LYOQ[MF4LMI<� ª O�`aO {�DGL�U\[Mk_]4IKJ6`iIKJ�F4LMIKJy]4ItJ�U\`_U\P7OQL�U\[MktF4[�U\P\URJMkKIKJy]�OQN�J6PRI�LMI
�COQP7OQZbI_]4k­º9DGL�`aOQf4PRI
Oik�[MkvU\Nd[�LMDd];F4U\[MI�]�OQN�JxPRI��COG];LMIs]4IvLMI
�COQP7OQZbIqL�U\Z�UR]4Is]�¸ U\`aOQZbIKJ	�"§yOQN�JxPRI��COG];LMIs]4IKJx`ik�[���Dd]4IKJ#]4I
LMI
�COQP7OQZbItUU�KDGN4URcuF�It`iDGN�DG`iDd]�OQP\U\[Mk ± PRIKJ#U\`aOQZbIKJ½¦+§ � O	«uI
��F4Nhf4L�F4U\[v]�¸oO]�KcuF4URJ�U\[�URDGNpº,OQU\f4PRI�·xF4N�I
J�U\`_H4PRI �KDG`_H�OQLYOQURJMDGN�]4IKJtU\Nd[MI�N�J�U\[MkKJ_H?I�F4[iJ�F@ëiLMI<� ª OpJMDG`_`iI�]4IKJ4�COQL�LMkKJi]4IKJi];U�°5k�LMI�N\�KIKJi]4IKJ
U\Nd[MI�N�J�U\[MkKJ�±¯���W§½·'IKJ�[�F4N ��L�U\[^é�LMIqJ�[YOQN�]�OQLM]l]4Iv];URJMJ�U\`_U\P7OQL�U\[MkqI�Nd[�LMIyPRIKJ�U\`aOQZbIKJ	�

ESCD(I, J) =
∑

x∈Ω

(I(x)− J(x+ U(x)))2
±9B@�d¼l·

Ω
]4kKJ�U\Z�N�ItP¯¸�I�N�JMI�`sf4PRIi]4ItH?DGU\Nd[MJÌ±�«uDGU\LMIt[MDGF�JyPRIKJ6H?DGU\Nd[MJq]4I�P¯¸ U\`aOQZbI�·#H?DGF4LvPRIKJMcuF�I�PRJvDGN IKJ�[�U\`iI

]4IKJ+«uI
��[MI�F4LMJx]4Iy]4k�H4P7O]�KI�`iI�Nd[	�
�EI�L�[YOQU\N�IKJE`iIKJMF4LMIKJE]4I
JMU\`_U\PROQLMU [Yk�J'F4[�U\P\URJMI�Nd[EPRIKJ&U\Nd[MI�N�J�U\[MkKJ'I�[&PRI�F4LEH4LMDGf�OQf4U\P\U\[Mk6]�¸oOQH4H�OQL�U\[�URDGN��

§6OQN�J+�KIP�KDGNd[MI­®V[MI6U\Nd[MI�L�«dURI�N4N�I�Nd[x]4IKJEN�DG[�URDGN�JK�KDG`_`iI#P7Os`iD�¾bI�N4N�Iy]4IKJEU\Nd[MI�N�JMU\[MkKJ	¤VP¯¸�k
�COQL�[�[h¾dH?I<¤
P7O_«�OQL�U7OQN\�KI<�

�hD�¾bI�N4N�IKJ�¿

mI =
∑

i

ipi mJ =
∑

j

jpj

ìe²�U\Nd[MI�N�J�U\[Mkv]�¸ F4N�«uD	®;I�P�]�OQN�J�P¯¸ U\`aOQZbI

pi
²tH4LMDGf�OQf4U\P\U\[Mk ]�¸oOQH4H�OQL�U\[�URDGN ]4I�P¯¸ U\Nd[MI�N�JMU\[Mk�ì�±

pi
H?I�F4[	¤EH�OQL^I­®4I�`_H4PRI<¤W»�[�LMIpIKJ�[�U\`ikwH�OQL

º LMkKcdF�I�N\�KI
pi =

Ni

N

¤&O	«uI
�
Ni

PRIlN�DG`sf4LMIw]4I�«uD	®;I�PRJa]�¸ U\Nd[MI�N�JMU\[MkÄì�I�[�� PRIlN�DG`sf4LMI�[MDG[YOQP
]4I
«bD	®4I�PRJg·­�

pi =
1
NI

¤
NI

²,N�DG`sf4LMI ]�¸ U\Nd[MI�N�J�U\[MkKJl];U�°�k�LMI�Nd[MIKJl]�OQN�J^P¯¸ U\`aOQZbI<¤:J�U6DGN �KDGN�J�UR]�é�LMI cdF�I
[MDGF4[MIKJ:PRIKJ�U\Nd[MI�N�J�U\[MkKJx]�OQN�J:P¯¸ U\`aOQZbIqDGNd[:P7O�`c»�`iIyH�LMDGf�OQf4U\P\U\[Mkq]�¸oOQH4H�OQL�U\[�URDGN��

ä �COQL�[MJx[h¾dH?IKJ½¿

σ2I =
∑

i

(i−mI)
2pi = (

∑

i

i2pi)−m2
I σ2J =

∑

j

(j −mJ)
2pj = (

∑

j

j2pj)−m2
J

���	��
���
�� ì � íYï�� �	��
�������� ð<ï�ì 
 í � ìjí � ð]ì ��� `iIKJ�F4LMIqF4N�Is]4k�H?I�N�]�OQN\�KIsP\U\N�kCOQU\LMIz±9O�ëiN�IqH4P\F�J
H4LMk­²
��URJMk�`iI�Nd[g·'I�Nd[�LMIvPRIKJ�U\Nd[MI�N�J�U\[MkKJ�¿

ρ(I, J) =
∑

i

∑

j

(i−mI)(j −mJ)√
σI
√
σJ

pij

£%OQL¡º�DGURJxJYDGNlI­®VH4LMIKJYJ�URDGN�OQF �COQL�LMkvIKJ�[:F4[�U\P\URJMkKIc¿
ρ2(I, J) =

[
∑

i

∑
j(i−mI)(j−mJ )]

2

σI ·σJ

� I�L�F�OQZuO_I�[
OQP¯��ñ �CB�� ò�F4[�U\P\URJMI�Nd[:F4NlN�DGF�«uICOQF ��L�U\[^é�LMIq]4IyJMU `_U\P7OQL�U\[MkÌ¿4PRI6LYOQH4H?DGL�[
I�Nd[�LMI½�KDdI­ë4²
��URI�Nd[x]4I��KDGL�LMk�P7OQ[�URDGNhI�[�F4N�Iv];U�°�k�LMI�N\�KIq]�¸ U\Nd[MI�N�J�U\[Mk��COQPU�eF�P\kKIqI�Nd[�LMIvPRI�J:f4PRD��KJx]4IKJ�U\`aOQZbIKJ	�

C(x) =
ρ(IL(x), JL(x+ U(x)))

1 + αESCD(IL(x),JL(x+U(x)))
σIL(x)

D��
IL(x)

]4kKJ�U\Z�N�I#F4N(f4PRD��6]4I
[YOQU\P\PRI
L

]4I
P¯¸ U\`aOQZbI
I
�KI�Nd[�LMk6J�F4LEPRIf«uD	®4I�P

x
I�[
JL(x+U(x))

F4N
f4PRD��q]4Iq[YOQU\P\PRI

L
]4IvP¯¸ U\`aOQZbI

J
�KI�Nd[�LMksJ�F4LxPRI½«uD	®;I�P

x+ U(x)
�
α
±
α �

ml·:IKJ�[xF4NwH�OQLYOQ`cé�[�LMIscdF4U
L^é�Z�PRIyP¯¸ U\N ��F�I�N\�KIq]4IyP7Ot];U�°�k�LMI�N\�KIq]4IKJ�U\Nd[MI�N�J�U\[MkKJxJMF4L�P7O_«�OQPRI�F4Lx];F���L�U\[^é�LMIq]4IvJ�U\`_U\P7OQL�U\[Mk<�

��»�`iItJMUX]�OQN�JyPRI1�COG];LMIi]4I4�KIe[M[MIt[��\éKJMI<¤5N�DGF�JyN�DGF�JyU\Nd[Mk�LMIKJMJMDGN�JvcdF�¸oOQF LMI
�COQP7OQZbI_`iDGN�DG`iDß²
]�OQP\U\[Mk�±9O]�KcdF4URJ�U\[�URDGN�J ¦+§�� ¼]§ I�[zÆl§½·­¤EN�DGF�J^LYOQH4H?I�PRDGN�J�OQF�JMJ�U6cdF�¸ U\P6I­®;URJ�[MIh]4IKJ^`iIKJ�F4LMIKJ�]4I

²&Bl´�²
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J�U\`_U\P7OQL�U\[MkyOG]�OQH4[MkKIKJ:OQF(LMI
�COQP7OQZbI#`sF4P\[�U\`iDd]�OQP\U\[Ykc± PRIKJEU\`aOQZbI�JK¥qLMI
�COQPRI�L'H4LMD�«dURI�N4N�I�Nd[:]4I
`iDd]�OQP\U ²
[MkKJ&];U�°5k�LMI�Nd[MIKJE]�¸oO]�KcuF�U\JMU\[�URDGN"·­��§yOQN�JO��Is�COGJ�¤�F4N�IxJMU\`_H4PRIs�KDG`_H�OQLYOQURJMDGN(]4IKJ�U\Nd[MI�N�J�U\[MkKJ&N�¸�IKJ�[�H4P\F�J
J�F@ëaJjOQNd[MI<� ä NÇº9DGN\��[�URDGNl]4IKJEU\`aOQZbIKJ�`sF4P\[�U\`iDd]�OQP\U\[MkKICJ	¤;U\P�I­®;URJ�[MI6]4IKJE`iIKJ�F4LMIKJ:]4I6J�U\`_U\P7OQL�U\[Mk6H4P\F�J
OG]�OQH4[MkKIKJtcuF�I�]�¸oOQF4[�LMIKJÇ¿�H�OQL�I­®;I�`_H4PRI<¤�]�OQN�JqPRI-�COGJs];F�LMI
�COQP7OQZbI � �%� ²v¦ ä £.¤
PRIaLYOQH4H?DGL�[t]4I
�KDGL�LMk�P7OQ[�URDGN�ñ Å<µ òó���dU¯¤b]�OQN�JTPRIK�COG];LMIx];F_LMI
�COQP7OQZbIxL�U\Z�UR]4I<¤�U\P�J	¸oOQZ�U\[�]4IK�COQPU��F4PRI�L�F4N�I�[�LYOQN�J�º�DGL�`aOQ[�URDGN
Z�PRDGf�OQPRI<¤)PRIqLMI
�COQP7OQZbI�]4k­º9DGL�`aOQf4PRIsH?I�L�`iI�[6]4IqH4LMI�N�];LMI�I�N��KDG`_H4[MIsPRIKJ#]4k­º9DGL�`aOQ[�URDGN�J#PRD��COQPRIKJ#cdF4U
U\Nd[MI�L�«VURI�N4N�I�Nd[:I�Nd[�LMI
PRIKJEU\`aOQZbIKJ��VSs¬�N^]4I
[MI�N4U\L+�KDG`_H4[MI6]4IKJW«�OQL�U7OQ[�URDGN�J'PRD��KOQPRIKJ�I�Nd[�LMI#PRIKJEU\`aOQZbIKJ
¥vH�OQL�[�U\L']4IKJO«�OQPRI�F4LMJE]4IKJ&U\Nd[MI�N�J�U\[MkKJ�¤"ñ µ�m ò?H4LMDGH?D�JMI#]�¸�IKJ�[�U\`iI�LEP7O½«�OQPRI�F4LE]4I#J�U\`_U\P7OQL�U\[Mk
PRD��COQPRI�`iI�Nd[
I�N �KDGN�J�UR]4k�LYOQNd[xPRIKJ�U\Nd[MI�N�JMU\[MkKJ
OQH4H�OQL�[MI�N�OQNd[v¥tF4N��KI�L�[YOQU\N «uDGURJ�U\N�OQZbIv]4I��*��OGcdF�I�«uD	®;I�P¯�
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ª ¸�k�N�I�L�Z�URIy]�I6J�U\`_U\P7OQL�U\[Mk6N�¸ U\`_H?D�JMIvOQF\��F4N�I��KDGNd[�LYOQU\Nd[MIvJ�H�OQ[�U7OQPRIyJ�F4LEPRIP�*��OQ`_Hl]4IP�KDGL�LMIKJMH?DGN@²

]�OQN\�KI�IKJ�[�U\`ik:O	«bI
�EP7O#`iIKJ�F4LMI']4I�J�U\`_U\P7OQL�U\[Mk<� ª ¸�k�N�I�L�Z�URI:]4I'LMk�Z�F4P7OQL�URJYOQ[�URDGN�±�DGF_]4I'P\URJMJYOQZbI'J�H�OQ[�U7OQPj·
�KDGNd[�LYOQU\Nd[xPRI½�*��OQ`_H�]4Iv]4k­º�DGL�`aOQ[MU\DGNh]4I6LMIKJ�H?I
��[MI�LxF4N�I½�KI�L�[YOQU\N �KD]��k�LMI�N\�KIsJ�H�OQ[�U7OQPRI<�

§6OQN�J�P7OxP\U\[�[Mk�LYOQ[�F4LMI<¤�I�N�º9DGN\��[�URDGN_];F�H4LMDGf4PUé�`iI+¥xLMIKJMDGF�];LMI<¤QU\P;I­®;URJ�[MIE]4I&N�DG`sf4LMI�F�JMIKJXk�N�I�L�Z�URIKJ
]4I
LMk�Z�F4P7OQL�URJYOQ[�URDGN�J'H4LMDGH?D�JYk�IKJ����h��U)N�DGF�J'I�N(LYOQH4H?I�PRDGN�J'cdF�I�PRcdF�IKJ¡²,F4N�IKJEF4[�U\P\URJMkKIKJEH?DGF4LEPRIxLMI
�COQP7OQZbI
]4IKJ&U\`aOQZbIKJE]4Ix[���DGLYO�®���æ
N�Ixk�N�I�L�Z�URI#]4IxLMk�Z�F4P7OQL�URJYOQ[�URDGN ��P7OGJMJ�URcdF�I
IKJ�[O�KI�P\PRIxH�LMDGH?D�JMkxH�OQLE�#DGL�N(I�[
���*�dF4N\���rñ µ@� òO±�kKcdF�OQ[�URDGN B@� Æ ·']�OQN�J:P7O�`ik�[���Dd]4Iq]4I ��F@®�DGH4[�URcuF�IÌ±�«bDGU\LxJMI
��[�URDGN B@� Æ ·­�

EF (U) =

∫

x∈Ω
||∇U ||2 dx =

∫

x∈Ω

3∑

k=1

3∑

l=1

(
∂Uk
∂xl

)2
dx

±9B@� Æ�·

£%OQL¡º�DGURJ%DGN�IKJMJYOQURI&]�¸ U\Nd[Mk�Z�LMI�L%]�OQN�J
P¯¸�k�N�I�L�Z�URI']4I�LMk�Z�F4P7OQL�URJYOQ[�URDGNtF4N�IO�KDGN4N�OQURJMJYOQN\�KIR¥:H4L�URDGL�U;]4IKJ
H�OQLYOQ`cé�[�LMIKJ�H���¾;J�URcuF�IKJ']4IKJE`aOQ[Mk�L�U7OQF@®�� �v¸�IKJM[EPRIv�COGJ']4IKJ�k�N�I�L�Z�URIKJ�]4I
LMk�Z�F4P7OQL�URJjOQ[�URDQN�J	¸ U\N�J�H4U\LYOQNd[
]4IyP7O�`ik
�COQN4URcdF�IKJx]4Iy`_U\P\URI�F@®��KDGNd[�U\NdF�J�±�«uDGU\L:JYI
��[�URDGN B@�d¼ ·­�" 
NlH?I�F4[s��U\[MI�L:H�OQLxI­®;I�`_H4PRIÌ¿

• ª ¸�k�N�k�L�Z�URIvP\U\N�kCOQU\LMIqk�P7OGJ�[�URcdF�Icñ B<¼ òó¤�O	«bI
�
λ

I�[
µ

PRIKJK�KDdI­ëÌ��URI�Nd[MJ
]4I ª OQ`ikÌ¿

ELE(U) =

∫

x∈Ω

λ

2
(div(U))2 + µ||∇U ||2 − µ

2
||rot(U)||2 dx ±9B@�dµl·

ª IKJ+�KDdI­ëÌ��URI�Nd[MJx]4I ª OQ`ikvJMDGNd[+�COQPU��F4PRkKJs¥�H�OQL�[�U\L:]4I6`iDu]4F4PRIy];F���DGF4N4ZiI�[�];F��KDdI­ëÌ��URI�Nd[
]4I�£�DGURJYJMDGNÄ¿

�EDdI­ëÌ��URIeNV[
]4I½£�DGURJMJMDGN �hDd];F4PRIv]4I���DGF4N4Z

ν =
λ

2(λ+ µ)
E =

µ(3λ+ 2µ)

λ+ µ

�0P�I­®;URJ�[MI:]4IKJ&k�N�I�L�Z�URIKJ&J�U\`_H4P\U�¬�kKIKJEcuF4U)JMI:]4kK];F4URJMI�Nd[E]4I:P7Ovº9DGL�`sF4P7OQ[�URDGNÇ��U�²0]4IKJMJ�F�JO�KDG`_`iI:H�OQL
I­®4I�`_H4PRIc¿

• ª ¸�k�N�I�L�Z�URIy`iI�`sf4LYOQN�IP²XP7O�LMk�Z�F4P7OQL�URJYOQ[�URDGN�];F��*��OQ`_HlIKJ�[Wº,OQU\[MI6I�N�OQH4H4P\URcuF�OQNd[:P¯¸�DGH?k�LYOQ[MI�F4L
P7OQH4P7O]��URIeN�ñ Æum òO¿

EL(U) =

∫

x∈Ω
||∆U ||2 dx =

∫

x∈Ω
||∇2U ||2 dx ±9B@�o�l·

=

∫

x∈Ω

∣∣∣∣∣

∣∣∣∣∣

3∑

i=1

∂2U

∂x2i

∣∣∣∣∣

∣∣∣∣∣

2

dx =

∫

x∈Ω




∑3
i=1

∂2U1

∂x2
i∑3

i=1
∂2U2

∂x2
i∑3

i=1
∂2U3

∂x2
i




2

dx
±9B@�9´<·
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• ª ¸�k�N�I�L�Z�URI f4U���OQL�`iDGN4URcuF�I ²^P7O�LMk�Z�F4P7OQL�URJYOQ[�URDGN ];F �*��OQ`_H|IKJ�[pDGf4[MI�NdF�I I�N OQH4H4P\URcdF�OQNd[
P¯¸�DGH?k�LYOQ[MI�F4L
f4U���OQL�`iDGN4UU�Ç± ∇4 ·�±9OQH4H?I�PRksOQF�JMJMU�f4U\P7OQH4P7O]��URI�N"·:JMF4L:P\I��*��OQ`_Hw]4Iv]4k­º9DGL�`aOQ[�URDGN
ñ ��Æ ¤ BßÆ òu¿

Etps(U) =

∫

x∈Ω
∆2U dx =

∫

x∈Ω
∇4U dx =

∫

x∈Ω

3∑

i=1

3∑

j=1

(
∂U2i

∂xi∂xj

)2
dx

±9B@�dÁl·
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ª O�H�OQLYOQ`ik�[�L�URJYOQ[�URDGN J�H�OQ[�U7OQPRIp];F �*��OQ`_H ]4Ih]4k­º�DGL�`aOQ[�URDGN I�Nd[�LMIh]4I�F@®�U `aOQZbIKJ^H?I�F4[z»�[�LMI
º9OQU\[MIs]4IqH4P\F�J�URI�F4LMJ#`aOQN4UUé�LMIKJ1¿�Z�P\DGf)OQP\I�`iI�Nd[�¤5JMI�`_U�²,PRD��COQPRI�`iI�Nd[yDGFwPRD��COQPRI�`iI�Nd[	��£�DGF4L#F4N�IqH)OQLYO�²
`ik�[�L�URJYOQ[�URDGNpZ�PRDGf�OQPRI_DGNhH?I�F4[#F4[�U\P\URJYI�L6]4I�º�DGN\��[�URDGN�J6H?DGP�¾dN�DG`_U7OQPRIKJvDGF���OQL�`iDGN4URcdF�IKJc±jº�DGNY�e[MU\DGN�J
[�L�U\ZbDGN�DG`ik�[�L�URcdF�IKJg·½ñ �CB<Å ¤ B ¤ �	¼�m òó�"�VI�`_U�²,PRD��COQPRI�`aI�Nd[	¤)PRIKJs�*��OQ`_H�J#]4Iv]4k­º9DGL�`aOQ[�URDGNwH?I�F�«uI�Nd[f»�[�LMI
I­®VH4L�U\`ikKJ�¥�P¯¸oOQUR]4Ip]4IKJ-º�DGN\��[�URDGN�J^H?DGP�¾dN�DG`_U7OQPRIKJ�H�OQL(`iDGL^�KICOQF@® DGF OQF4[�LMI�º�DGN\��[�URDGN�J�]4Iwf�OGJMI
�KDG`_`iIqH�OQL
I­®;I�`_H4PRIqPRIKJxLMDGN�]4I�PRI�[�[MIKJ	� ª IKJ
J�H4P\U\N�IKJ
JMDGNd[xPRIKJKº�DGN\��[�URDGN�J
PRIvH4P\F�J
JMDGF�«uI�Nd[xF4[�U\P\URJMkKIKJ
ñ ��m òó�

§yOQN�J:PRI��COG];LMIq]4Iy[�LYO	«�OQF@®�H4LMkKJMI�Nd[MkKJ
]�OQN�Jf�KIy`aOQNdF�J^��L�U\[	¤�N�DGF�J
O	«uDGN�J:F4[�U\P\URJMkvF4N�IvH�OQLYOQ`ik­²
[�L�URJYOQ[�URDGNaPRD��COQPRIx];FÌ�*��OQ`_H�]4I:]4k­º9DGL�`aOQ[�URDGN�� ª I:]4k�H4P7O]�KI�`iI�Nd[EIKJ�[�I­®;H4L�U\`ikK�KDG`_`iI:P7Ov];U�°5k�LMI�N\�KI
I�Nd[�LMI^PRI^H?DGU\Nd[a]4I�]4k�H�OQL�[iI�[c�KI�P\F4Ux]�¸oOQL�L�U�«bkÃ¿

U(x) = x′ − x �XS�«uI
�z�KI�[�[MI^H�OQLjOQ`ike[ML�URJYOQ[�URDGN�¤
LMkKJMDGF�];LMIxP¯¸�kKcdF�OQ[�URDGN^]4I:`_U\N4U\`_URJjOQ[�URDGN B@��� LMI�«VURI�Nd[R¥v]4k�[MI�L�`_U\N�I�L�];U\LMI
��[MI�`iI�Nd['PRIKJ&]4k�H4P7O]�KI�`iI�Nd[MJ
I�N��*��OGcdF�IyH?DGU\Nd[x]4IyP¯¸ U\`aOQZbI<�

/$É /$ÉUÕ ÊÌËlÍ&Ï
6�4 �eËlÑ"Ö 4��UÍ
�eÎ�4©/14óÖ�2(Î�4:Íq×

S
F�JMI�N�J&]4I
�6OG]�OQ`aOQLM]�ñ Æu� òó¤uPRI:LMI
�COQP7OQZbI#]4k­º9DGL�`aOQf4PRI#IKJ�[�F4N�H4LMDGf4PUé�`iI#`aOQP�²,H?D�JMk � �@ 
N�H?I�F4[
[�LMDGF�«bI�L:H4P\F�JMURI�F4LMJxJMDGP\F4[�URDGN�JR� O]�
�KI�H4[YOQf4PRIKJ¡¢yH?DGF4L:F�N�`c»�`iIyH4LYDn�KIKJYJ�F�J:]4IyLMI
�COQP7OQZbI<�

æ
N�I:JMDGP\F4[�URDGNz¥6P¯¸�kKcdF�OQ[�URDGN(]4I:`_U\N4U\`_URJYOQ[�URDGN B@��� IKJM[�DGf4[MI�NdFz¥6H�OQL�[MU LE]4IKJ&kKcuF�OQ[�URDGN�JE]�¸ ä F4PRI�L
OGJMJMD���URkKIKJ_¿ ∇E(Ũ) = 0

� �EDG`_H4[MIs[MI�NdFh];FwN�DG`sf4LMIsU\`_H?DGL�[YOQNd[y]4I�«GOQL�U7OQf4PRIKJ4±�]�OQN�J
F4N�IqU\`aOQZbI
¼]§ ¼-«�OQL�U7OQf4PRIKJyH�OQLP«uD	®;I�PX];F ]4DG`aOQU\N�I

Ω
·­¤?LMkKJMDGF�];LMItNdF4`ik�L�URcdF�I�`iI�Nd[��KI�[�[MI_kKcuF�OQ[�URDGN LMI�«VURI�Nd[

¥(OG]4DGH4[MI�L6F�N�I�J�[�LYOQ[Mk�Z�URI_]4IsLMI
�*��I�L^�*��I_]�¸ F4N�ItJMDGP\F4[�URDGN cdF4U�`_U\N4U\`_URJMI�P¯¸�k�N�I�L�Z�URIt[MDG[YOQPRI ±�JYDG`_`iI
H?DGN�]4k�LMkKIqI�Nd[�LMIyP¯¸�k�N�I�L�Z�URIq]4IyJMU\`_U\P7OQL�U\[MkvI�[:P¯¸�k�N�I�L�Z�URIq]4I6LMk�Z�F4P7OQL�URJjOQ[�URDGN"·­�

ª IKJ:`ik�[���Dd]4IKJ
]4Iy]4IKJ*�KIeNV[MI½�KDGN�J�URJ�[MI�¥1�KDGN�J�[�LMF4U\LMIyF4N�IvJ�F4U\[MI
(Ui(x))i ∈ N

]4IyP7O�º9DGL�`iIc¿

Ui+1 = Ui + κi(x)di
±9B@�dÅl·

O	«bI
�
κi

PRIqH�OGJ6]4IqP7Oa]4IKJ^�KI�Nd[MI�I�[
di

P7O�];U\LMI
��[�URDGNp]4IsP7Oa]4IKJ^�KI�Nd[MI1¥iP¯¸ U\[Mk�LYOQ[�URDGN
i
� ª I_�*��OQ`_Hp]4I

]4k­º�DGL�`aOQ[�URDGNc¬�N�OQP)IKJ�[XPRI�LMkKJ�F4P\[YOQ[&]�¸ F4NiH4LMD��KIKJMJ�F�JTU\[Mk�LYOQ[�U�º"cuF4UY�KDGN�«bI�L�ZbIK«bI�LMJTF4N_`_U\N4U\`sF4` PRD��KOQP
OQF�f?DGF4[x]�¸ F4N���I�L�[jOQU N�N�DG`sf4LMIq]�¸ U\[Mk�LYOQ[�URDGN�J	�

ª Op`aO {�DGL�U\[Mkl]4I�JM[�LYOQ[Mk�Z�URIKJa]4I^LMI
�*��I�L^�*��IlF4[�U\P\URJMI�Nd[aP\IKJa]4k�L�U�«bkKIKJa]4I��KI�[�[MIlk�N�I�L�Z�URI��KDG`_`iI
];U\LMI
��[�URDGNg]4I(LMI
�*��I�L^�*��I<� ª IKJtH4LMDGH4L�URk�[MkKJi]4I^P:¸�DGH?k�LYOQ[MI�F4LaZ�LYOG];URI�Nd[	¤%H?I�L�`iI�[�[MI�Nd[a]�¸�I­®;H4L�U\`iI�L_P7O
]4k�L�U�«bkKI�]4IiP¯¸�k�N�I�L�Z�URIa[MDG[YOQPRI-�KDG`_`iIaP7OlJMDG`_`iIa]4IKJqZ�LYOG];URI�Nd[MJ�]4IKJs]4I�F@®�k�N�I�L�Z�URIKJ-¿ ∇E(Ũ) =
∇E1(Ũ) +∇E2(Ũ)

�

��
���������������� �!��"$#�%�&���"$#�')(+*,�-��./#�0,'1# �,'2�3�4�5��.�&6.�'7*��,�6.��8��*,#�'����9�;:,'�./#���<=�������>��./# *��,')(+*,�!�3# �������?0,&��5����0
@ ���+#�'��BA�� ���+#C0,��.
0����,��&��3.7'���'1#�'2"8����.�D5EF*,#����3� ���+#G<B���H�,���8������� �I��./#
��"J�K�5��.�&8D

²&B<Å_²
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 kKJMDGF�];LMI�P¯¸�kKcdF�OQ[�URDGN B@��� H�OQLTP7O6`ik�[���Dd]4I
]4I$�
I���[MDGN�¤bLMI�«VURI�Nd[O¥��KDGN�J�[�L�F4U\LMI:P7OyJ�F4U\[MI
(Ui)i ∈

N
]4IyP7O�º9DGL�`iIc¿

Ui+1 = Ui −
E(Ui)

∇E(Ui)
±9B@���Cml·

ª F�I�[xOQP¯��ñ ��� ò"F4[�U\P\URJMI�Nd[s�KI�[�[MIv`ik�[���Dd]4Iq]�¸�DGH4[�U\`_URJYOQ[�URDGN�H?DGF4LxPRI6LMI
�COQP7OQZbIq]4IKJ�U\`aOQZbIKJf¦+§ �
];Fl[���DGLYO�®��

Y X Y X�� XZY � ]����^\��.ã	�.ã��.ã`_	álã�à��	ã��qã��"Ý����$Þ�ã�à��

£�DGF4L�F4N�I:`ik�[���Dd]4I
]4I:]4IKJ^�KI�Nd[MI
]4I�Z�LYOG];URI�Nd[	¤��KDG`_`iIxP\I:N�DG` PRI�P7OQURJMJYIxOQF�JMJ�U�JMDGF�J¡²0I�Nd[MI�N�];LMI<¤
P7Os];U\LMI
�e[MU\DGN�]4I#]4IKJ^�KI�Nd[MI#IKJ�[&PRI
Z�LYOG];URI�Nd[�]4IxP7O½º�DGN\��[�URDGN ¥qDGH4[MU `_URJYI�LP¿

di = ∇E(Ui)
� ª IxH�OGJ']4I

P7O_]4IKJ^�KI�Nd[MI
κi

H?I�F4[¡²ó»�[�LMI�¬�®4IyDGF�«GOQL�U7OQf4PRIsOQF@®z�KDGF4LMJx]4IKJ:U\[Mk�LYOQ[�URDGN�J	�

Y X Y X�� X Û � ]����^\��.ã	�.ã��YÝ����$Þjã�à��cá6\"à���������]
�0N4U\[�U7OQPRI�`iI�Nd[	¤EPRIKJa`ik�[���Dd]4IKJ^]4I�Z�LYOG];URI�Nd[z�KDGNG{ F4Z�F�khDGNd[(k�[Mk�U\Nd[�LMDd];F4U\[MIKJ(H?DGF4L�`_U\N4U\`_URJYI�L

]4IKJ1º�DGL�`iIKJicuF�OG];LYOQ[�URcdF�IKJ	� ä N F4[�U\P\URJYOQNd[_F4Ng]4k�«uI�P\DGH�H?Ie`iI�NV[iP\U\`_U\[Mk ¥wP¯¸�DGLM];LMI�B@¤
E

H?I�F4[¡²ó»�[�LMI
�KDGN�J�UR]4k�LMkKI��KDG`_`iIvF4N�IvOQH�H4LMD	®VU\`aOQ[�URDGNh]�¸ F4N�IPº9DGL�`iIycdF�OG];LYOQ[�URcdF�I<�


 kKJMDGF�];LMIyP¯¸�kKcdF�OQ[�URDGN B@��� H�OQLf�KI�[�[MIv`ik�[���Dd]4IvLMI�«VURI�Nd[f¥4�KDGN�J�[ML�F4U\LMIvF4N�IvJ�F4U\[MI
(Ui(x))i ∈ N]4IyP7O�º9DGL�`iIc¿

Ui+1 = Ui + κipi
±9B@���<��·

O	«uI
�
pi

F4N�I�J�F4U\[MIs]4Is];U\LMI
��[�URDGN�J6]4DGNd[
PRI��COQPU��F4P%IKJ�[
]4k�[YOQU\P\PRksH�OQL
P7OaJ�F4U\[MI<�)S �*��OGcdF�IqU\[Mk�LYOQ[�URDGN�¤
P7O ];U\LMI
��[�URDGN ]4I�LMI
�*��I�L^�*��I

pi
IKJM[c�COQPU��F4PRkKIwI�N�º9DGN\��[�URDGN�]4I�P7O ];U\LMI
��[�URDGN�H4LMk
�KkK]4I�Nd[MI

pi−1
¤XPRI

Z�LYOG];URI�Nd[�PRD��COQPW�KDGF4LYOQNd[�N�DG[Mk ∇E(Ui)
¤
O	«uI
�

p0 = ∇E(U0)
I�[sF4N�J*�COQPROQU\LMI

βi
� ª IKJsZ�LYOG];URI�Nd[MJ

J�F\�
�KIKJMJMU�º�JxJMDGNd[
DGL�[���DGZbDGN�OQF@®�I�Nd[�LYIqI�F@®lI�[
OQF@®l];U\LMI
��[�URDGN�J
H4LMk
�KkK]4I�Nd[MIKJ1¿ ∇E(Ui) · ∇E(Uj) =
0
¤∇E(Ui) · pj = 0

¤
i < j

�

pi = ∇E(Ui) + βi−1pi−1
±9B@���CBl·

£�DGF4LiPRI �COQPU��F4P
]4I
βi

DGNgH?I�F4[iF4[�U\P\URJMI�LiH4P\F�J�URI�F4LMJaI­®VH4LYI�JYJ�URDGN�Jc�KDG`_`iIlH�OQLiI­®4I�`_H4PRI��KI�P\PRI
H4LMDGH?D�JMkKIvH�OQL��
PRI�[^�*��I�L
I�[ 
 IKI�«bIKJ�±

βFRi
·'DGF��KI�P\PRIq]4I�£�DGP7O ��I�[ 
 U\f4URI�LMIÌ±

βPRi
·­�

βFRi−1 =
∇TE(Ui)∇E(Ui)
∇TE(Ui−1)∇E(Ui−1)

, βPRi−1 =
∇TE(Ui)(∇E(Ui)−∇E(Ui−1))

∇TE(Ui−1)∇E(Ui−1)
±9B@���	¼l·

æxN�Ieº�DGURJ
pi

IKJ�[�U\`ik<¤ PRI�H�OGJ�]4I�P7O:]4IKJ^�KI�Nd[MI
κi

H?I�F4[.»�[�LMIO�COQPU��F4PRkEJMDGU\[
H�OQL
F4N�I�`_U\N4U\`_URJYOQ[�URDGN_]4I

E(Ui+ βipi)
± H�OQL'F4N�I#]4IKJ^�KI�Nd[MI6]4I
Z�LYOG];URI�Nd[�H�OQL'I­®;I�`_H4PRI�·&JYDGU\[E]�kg¬�N4U5]4I#`aOQN4UUé�LMI6I�`_H4U\L�URcuF�I<�

£�DGF4LxH4P\F�Jx]4Iv]4k�[YOQU\PRJxJ�F4L:P7O�`ik�[���Dd]4Is]4I6Z�LYOG];URI�Nd[f�KDGNG{�F4Z�F�kqDGNlH?I�F4[s�KDGN�J�F4P\[MI�L�ñ Á<Á òó�\§yOQN�J:F4N
�KDGNd[MI­®;[MI6LMI
�COQP7OQZbIy]�¸ U\`aOQZbIKJK¦+§�� ]4F^[���DGLYO�®�¤��KI�[�[MIvOQH4H4LMD��*��Iy]�¸�DGH4[�U\`_URJjOQ[�URDGN�IKJ�['F4[�U\P\URJMkKI#H�OQL
�)OQN�I�[xOQP¯��ñ ¼l´ òó�

¦
DGF4[MIKJs�KIKJ�`ik�[���Dd]4IKJf�KDGN�«bI�L�ZbI�Nd[s«uI�LMJ�F4N�`_U\N4U\`sF4` ± H�OGJ+º9DGL^�Kke`iI�NV[:PRIy`_U\N4U\`sF4`rZ�PRDGf�OQPj·
]4I�P¯¸�k�N�I�L�Z�URI<� ª I:]4kKJYO	«�OQNd[YOQZbIx]4I�P7O6`ik�[���Dd]4Ix]4I�[h¾VH?I$�
I���[MDGN�IKJ�[TPRIRº9OQU\[�cuF�¸d¥��*��OGcdF�I�U\[Mk�LYOQ[�URDGN
DGN ]4DGU\[½�COQPU��F4PRI�LqOQF�JYJ�U%P7O-«�OQPRI�F4L

E
I�N H4P\F�Jy]4ItP7O-«�OQPRI�F4Lv]4I�Z�LYOG];URI�Nd[ ∇E � ª IKJy`ik�[���Dd]4IKJq]4I

Z�LYOG];URI�Nd[v�KDGNG{�F4Z�F�k��KDGN�«bI�L�ZbI�Nd[
H4P\F�Js«VU\[MI½«bI�LMJxF4N�IqJMDGP\F4[�URDGNhcuF�IvPRIKJx`ik�[���Dd]4IKJ#]4Iq]4IKJ^�KI�Nd[MIs]4I
Z�LYOG];URI�Nd[Kñ ´]Á ¤ Á<Á ò;`aOQURJX]4I�`aOQN�]4I�Nd[XF4NtIKJ�H�O]�KIE`ik�`iDGU\LMI'U\`_H?DGL�[YOQNd[s±:¥f�*��OGcdF�I&H�OGJX]4I&P¯¸ U\[Mk�LYOQ[�URDGN

∇E(Ui)
I�[ ∇E(Ui−1)

JMDGNV[#N�k
�KIKJMJYOQU\LMIKJ­·­��£�DGF4LyN�DG[�LMI�U\`_H4PRk�`iI�Nd[YOQ[�URD�N�¤�N�DGF�JyO	«uDGN�J#F4[�U\P\URJYk�P7O
]4IKJ^�KI�Nd[MIq]4I6Z�LYOG];URI�Nd[	�
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ª O `ik
�COQN4URcdF�Iw]4IKJi`_U\P\URI�F@®À�KDGNd[�U\NdF�J(O H?DGF4L�DGf;{�I�[iP7O `iDd]4k�P\URJYOQ[�URDGN�`aOQ[���k�`aOQ[�URcdF�Iw]4IKJ
�KDGL�H�J�`aOQ[Mk�L�URI�PRJ
]4k­º9DGL�`aOQf4PRIKJ�±�JMDGP\UR]4IKJxDGF ��F4UR]4IKJg·­� ª IKJ:`iDd]�é�PRIKJx]4Iv]4k­º�DGL�`aOQ[�URDGNwk�P7OGJM[�URcuF�IvcdF4U
J	¸ U\N�J�H4U\LMI�Nd[a]4I�P7Oh`ik
�COQN4URcdF�Il]4IKJi`_U\P URI�F@®Â�KDGNd[�U\NdF�J�JMDGNd[_f4URI�NÀ�KDGN4NdF�Ja]�OQN�JiP7O�«VURJ�URDGNgD�� U\PRJ
DGNd[qk�[Mk_F4[�U\P\URJMkKJvH?DGF4LvPRIiJ�F4U�«dUTI�[vP7O^`iDd]4k�P\URJYOQ[�URDGN�]4IKJqJ�F4L¡º,O]�KIKJyN�DGN L�U\Z�UR]4IKJ	��WELMDGU\[Ìñ �	µ ò&IKJ�[yPRI
H4LMI�`_URI�L$¥�H4LMDGH?D�JYI�L
F4Nq`iDd]�é�PRI&k�P7OGJ�[MU\cdF�I&]4ITLMI
�COQP7OQZbIE]�¸ U\`aOQZbIKJ	� W�O {��KJ�¾yI�[��
D�«�O]�eUU�fñ Æ òVk�[MI�N�]4I�Nd[
�KI�[�[MI+º9DGL�`sF4P7OQ[�URDGN ¥6F4N�LMI
�COQP7OQZbIx`sF4P\[�U�²,LMkKJMDGP\F4[�URDGN����O�4L�URJ�[MI�N�JMI�N�ñ B�B ò5Ov]4k�`iDGNd[�LMk
cdF�I:H?DGF4L&]4IKJ
]4k­º�DGL�`aOQ[�URDGN�JEU\`_H?DGL�[YOQNV[MIKJ'DGN�H?I�F4['O�«bDGU\LE]4IKJW�*��OQN4ZbI�`iI�Nd[MJ�]�OQN�J&P7Ov[MDGH?DGPRDGZ�URI#]4IKJ&U\`aOQZbIKJE];F�J
OQFc�KDdI­ëÌ��URI�Nd[&]4I�]4k­º9DGL�`aOQ[�URDGNaP\U\N�kCOQU\LMI<� �nP;H4LYDGH?D�JMI:]4DGN\�'F4Ni`iDd]�é�PRI ��F4UR]4I:]4I'LMI
�COQP7OQZbIx]�¸ U\`aOQZbI
I�[�P¯¸oOQH4H4P\URcdF�I6OQF@®iU\`aOQZbIKJ � 
 � ];FÇ�KI�L�«uICOQF�� ª I
`iDd]�é�PRI
]�I:P7Ov`ik
�COQN4URcdF�I#]4IKJ�`_U\P\URI�F@®-�KDGNd[�U\NdF�J
IKJ�[:]4k
��L�U\[:H�OQL:P7OtLMI�P7OQ[�URDGNwcuF4U"I­®;URJ�[MIyI�Nd[�LMI½Æ1º,O]��[MI�F4LMJ�±�«bDGU\L+¬�Z�F4LMI B@��� H�OQZbI ¼@� ·P¿

�EA �R��B@���s�Ì§6k­º9DGL�`aOQ[�URDGNl]�¸ F4Nlk�PRk�`iIeNV[:]4Iv«uDGP\F4`iI6JYOQN�J�]4k�H4P7O]�KI�`iI�Nd[f¥sZuOQF\�*��IyI�[:O	«bI
�6]4k�H4P7O�²
�KI�`iI�Nd[f¥_];LMDGU\[MI<�

• PRI��*��OQ`_H ]4I�]4k�H4P7O]�KI�`iI�NV[�²
U

O	«bI
��PRIKJh[�LMDGURJ��KDG`_H?D�JjOQNd[MIKJ J�F4U�«GOQNV[wPRIKJh[�LMDGU�® O�®4IKJ

(U1, U2, U3)
�&§yOQN�JtPRI �COGJ_D�� U\P�N�¸ ¾ OwH�OGJi]4I^]4k�H4P7O]�KI�`iI�NV[	¤XPRI �*��OQ`_H

U
IKJM[_] � F4N4U�²

cdF�I�`iI�Nd[f¥�P7O_]4k­º9DGL�`aOQ[�URDGN��
• PRIKJK�KDGNd[MLYOQU\Nd[MIKJxcdF4U"J�¸�Ig®4I�L^�KI�Nd[xJ�F4L:PRI�J:H�OQL�[�UU��F4PRIKJ
];F�IKJxOQF@®Çº9DGL^�KIKJ:I­®;[MI�L�N�IKJ
� DGN�];URJ�[�U\N4Z�F�Iv]4I�F@®^[h¾VH?IKJ:]4I½�KDGNd[�LYOQU\Nd[MIKJ�¿
��N�DGL�`aOQPRIKJ�± H�OQLYOQP\PUé�PRIKJ#OQF@®lO�®4IKJg·u²

σii, i = 1 . . . 3� ]4I���URJYOQU\P\PRI�`iI�Nd[s²
σij , i 6= j, i, j = 1 . . . 3

• PRIKJRº9DGL^�KIKJ:cdF4U"J	¸�I­®4I�L^�KI�Nd[�¿
F : R3 7−→ R3

¤
F = [f1 f2 f3]

T ¤ Fi : R3 7−→ R
¤
i = 1 . . . 3

• PRIKJ:]4k­º9DGL�`aOQ[�URDGN�J
I�[:JMF4L�[MDGF4[:PRI6Z�LYOG];URI�Nd[
];F�]4k�H4P7O]�KI�`iI�Nd[
N�DG[Mk
eij =

∂Ui
∂xj�

eii
²TP¯¸oOQP\PRDGN4ZbI�`iI�Nd[
H�OQL:F4N4U\[Mkv]4I6P7OQL�ZbI�F4LxH�OQLYOQP\PUé�PRI�`iI�NV[v¥tP:¸oO�®4I

Oxi�
eij

²)LMDG[YOQ[�URDGN_«uI�LMJ
Oxi

]�¸ F4N�k�PRk�`iI�Nd[�P\U\N�kCOQU\LMI&H�OQLYOQP\PUé�PRI+¥�P¯¸oO�®4I
Oxj

± LYDG[YOQ[�URDGNtI­°5I
��[�F�kKI
OQF4[MDGF4Lx]4I

Oxk)ª Iy[MI�N�JMI�F4Lx]�I��KDGNd[�LYOQU\Nd[MIKJ
J�¾V`ik�[�L�URcdF�IKJ
σ

IKJM[:]4DGN4N�kyH�OQL:P7O_º�DGL�`sF4PRIvJ�F�U�«�OQNd[MIc¿

σ =



σ11 σ12 σ13
σ21 σ22 σ23
σ31 σ32 σ33




ª Iy[MI�N�JMI�F4Lx]�Iy]4k­º9DGL�`aOQ[�URDGN
εij

IKJM[:]4k­¬�N4U��KDG`_`iIqJ�F4U\[½¿

²O¼@�P²
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εij =
1

2
(eij + eji +

∑

k

(ekiekj))

�VDGF�J(P¯¸ ��¾dH?DG[��\éKJMIp]4Ih]4k­º�DGL�`aOQ[�URDGN�JlI�[(LMDG[YOQ[�URDGN�J(U\N@¬�N�U `iI�NV[^H?I�[�U\[MIKJ	¤'DGN H?I�F4[-º,OQU\LMI�F4N�I
OQH4H4LMD	®;U\`aOQ[�URDGN�P\U\N�kCOQU\LMIq]4IyP7O�º9DGL�`sF4PRI½��U�²0]4IKJMJ�F�J�¿

εij =
1

2
(eij + eji)

£�DGF4L&F4N-�KDGL�H�J�URJMDG[�LMDGH?I_±�cuF4U?OyPRIKJ�`c»�`iIKJ�H4LMDGH4L�URk�[MkKJ&H���¾VJ�URcdF�IKJ�]�OQN�J�[MDGF4[MIKJ&PRIKJ�];U\LMI
��[�URDGN�J
OQF4[MDGF4L
]�¸ F4NlH?DGU\Nd[g·'DGN�];URJ�H?D�JMIv]4IKJ:kKcdF�OQ[�URDGN�Jx]4I ª OQ`ikcñ �	¼ òu¿

σij = λδijεkk + 2µεij

δij
²T[MI�N�JMI�F4L:F4N�U [YkÌ±�J�¾d`�f?DGP\Iv]4I �6LMDGN�I
���uI�Lg·

δij �

{
= 1 si i 6= j
= 0 si i = j

λ
I�[
µ

JMDGNd[:];U\[MJs�KDdI­ëÌ��URI�Nd[MJ
]4I ª OQ`ik

λ =
νE

(1 + ν)(1− 2ν) , µ =
E

2(1 + ν)

� ²:`iDd];F4PRIikeP7OGJM[�URcuF�I_]�¸ �&DGF4N4Za�
ν
²�`iDd];F4PRIi]4ItL�U\Z�UR];U\[MkiDGFÃ�KDdI­ëÌ��URI�Nd[q]4I4£�DGURJYJMDGNÀ±��­º¡�5H�OQZbI

B<Á ·
ª IKJ+«GOQLMUROQ[MU\DGN�J:J�H�OQ[MUROQPRIKJx]4IKJK�KDGNd[�LYOQU\Nd[MIKJx]�OQN�J�F�N��KDGL�H�J:I�[�PRIKJxO]�
�Kk�PRk�LYOQ[�URDGN�J
]4IKJ:k�PRk�`iI�Nd[MJ

]4I�«bDGP\F4`iIv]4DGU�«uI�Nd[K«uk�L�U�¬�I�L:P¯¸�kKcuF�OQ[�URDGN�º9DGN�]�OQ`iI�Nd[YOQPRIÌ¿

Fi = m
d2xi
dt2
−
∑

j

∂σij
∂xj

±9B@����Æ�·

� ²�P7O�`aOGJYJMIy];F �KDGL�H�JxIeNl`iDGF�«uI�`iI�Nd[	�
§6OQN�JEPRIf�COGJ'D���PRIv�KDGL�H�J'IKJ�[EI�N^kKcuF4U\P\U\f4LMI#JM[YOQ[�URcuF�I1± H�OGJ']4I
]4k�H4P7O]�KI�`iI�Nd[	¤Q{�F�J�[MIxP7Oq]4k­º9DGL�`aO�²

[�URDGN"·EP¯¸�kKcdF�OQ[�URDGN B@����Æ H4LMI�N�]�P7O�º9DGL�`iIc¿

Fi = −
∑

j

∂σij
∂xj

±9B@���	µl·

ä N ]4k�«bI�PRDGH4H�OQNd[iP7O�º9DGL�`sF4PRI B@���	µ I�N�º9OQURJjOQNd[�U\Nd[MI�L�«uI�N4U\LtPRIz�*��OQ`_Hg]4I(]4k­º9DGL�`aOQ[�URDGN
U

DGN
H?I�F4[:P¯¸�k
��L�U\LMIqJMDGF�J�P7O_º�DGL�`iIc¿

F = −(λ+ µ)∇(divU)− µ ·∆U ±9B@���C�l·

�0P"I­®;URJ�[MIy]4IKJ+«uI�LMJ�URDGN�J:JMU\`_H4P\U�¬�kKIKJ�ñ �	¼ ò�]4I½�KIe[M[MIPº�DGL�`sF4P7OQ[�URDGN��KDG`_`iIvH�OQLxI­®;I�`_H4PRIÌ¿

• PRI(`iDd]�é�PRI ª OQH4P7O]��URI�NL±�DGF `iI�`sf4LYOQN�I�·­¤TD��gDGN N�k�Z�P\U\ZbI^PRIKJ_I­°�I�[MJ4��LMDGURJMkKJ_];F�JaOQF [MI�L�`iI

grad(divU)
¿
F = −∆U

• PRI6`iDd]�é�PRIvf4U�²¯��OQL�`iDGN4URcuF�IsDGFz�0H4P7OGcuF�I­²,`_U\N\�KI­¢Ì¿
F = −µ ·∆2Uª ¸oOQN�OQPRDGZ�URIaI�NV[�LMI_PRI_LMI
�KOQP7OQZbIiN�DGN�L�U\Z�U\]�IiI�[vPRIKJy`iDd]�é�PRIKJscuF4U�J	¸ U\N�J�H4U\LMI�Nd[q]�ItP7O^`ik
�COQN4URcuF�I

]4IKJ:`_U\P\URIeF�® �KDGNd[�U\NdF�JxH?I�F4[s»�[�LMIvJ�¾VNd[���k�[�URJMk6H�OQL:PRIy[YOQf4PRICOQF�JMF4U�«GOQNd[�¿

²O¼�B�²
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 �wS#W ª�ä
�EDGL�H�Jx]4k­º9DGL�`aOQf4PRI �n`aOQZbIv]4I6LMk­º9k�LMI�N\�KI��
�EDGL�H�Jx]4k­º9DGL�`ik �n`aOQZbIvDGf;{�I�[	�
�O��OQ`_Hw]4IKJRº9DGL^�KIKJ�
 �XN�I�L�Z�URIq]4IvJ�U\`_U\P7OQL�U\[Mk 	Q];URJMJMU `_U\P7OGL�U\[Mk

E1�EDGNd[MLYOQU\Nd[MIKJ
σ

�XN�I�L�Z�URIq]4IyLMk�Z�F4P7OQL�URJYOQ[�URDGN
E2��cuF�OQ[�URDGN B@����Æ ]4IyP¯¸�kKcuF4U\P\U\f4LMIqJ�[YOQ[�URcdF�I �EDG`_H4LMDG`_URJ
I�Nd[�LMIvPRI�Jx]4I�F@®�k�N�I�L�Z�URIKJ

E1
I�[
E2�O��OQ`_Hw]4Iv]4k�H4P7O]�KI�`iI�Nd[fæ �O��OQ`_Hw]4Iy]4k�H4P7O]�KI�`iI�Nd[1±�DGF�]4k­º9DGL�`aOQ[�URDGN"·+æ

�O�4L�URJ�[MI�N�JYI�N�ñ B�B ò5O6H4LMDGH?D�JMkxF4Ni`iDd]�é�PRI
]4I:LMI
�COQP7OQZbI
]4k­º�DGL�`aOQf4PRI���F4UR]4I
O�¬�Na]�¸�OQH�H?DGL�[MI�L&F4N�I
JMDGP\F4[�URDGN�OQF^H4LMDGf4PUé�`iIv]�¸�IKJ�[�U\`aOQ[�URDGN�]4Iy]4k­º�DGL�`aOQ[�URDGN�J:P7OQL�ZbIKJ	�4SxF^P\URI�Fl]4I#LMk�Z�F4P7OQL�URJMI�L:PRIP�*��OQ`_H
]4Ii]4k­º9DGL�`aOQ[�URDGN�¤�DGN�LMk�Z�F4P7OQL�URJMIiPRIc�*��OQ`_HÄ«VU\[MIKJMJMI

V
¤
V = dU

dt

� ä N�J�U\`_H4P\U�¬)OQNd[qP7O �KDG`_H4PRI­®;U\[Mk
];F^`iDGF�«uI�`iI�Nd[ ��F4UR]4IyI�[�DGN�U\Z�N�DGLYOQNd[:P7OsH4LMIKJMJ�URDGNlI­®4I�L^�KkKIy]�OQN�J'PRI ��F4UR]4I<¤4DGN�DGf4[MU\I�NV[�P7Os`c»�`iI
kKcuF�OQ[�URDGN B@���	µ H�OQZbI ¼�B O	«bI
�6PRI��*��OQ`_H�]4Iy]4Iy]4k­º�DGL�`aOQ[�URDGN�LMI�`_H4P7O]�KkyH�OQL�PRI��*��OQ`_H�]4IP«dU\[MIKJYJMI<�

F = −(λ+ µ)∇(div V )− µ ·∆V ±9B@����´<·


 c
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/$ÉUÕeÉóÈ �PÐ ���LÍ7�uÎl4�� �eÑ
ª I ��F@®qDGH4[�URcdF�I&IKJ�[�F4N�IO��P7OGJMJMI&]4IT`ik�[���Dd]4IKJ%cdF4UdIKJ�[�U\`iI�F4N��*�)OQ`_H�]4I&]4k­º�DGL�`aOQ[�URDGNt]4I�N�JMI<� �nP

IKJ�[XJ�F4L�[MDGF4[XF4[�U\P\URJMk�]�OQN�JT]4IKJXJMkKcdF�I�N\�KIKJX]�¸ U\`aOQZbIKJe«dUR]4kKD6H?DGF4LTIKJ�[�U\`iI�LT]4IKJ.º,OQU\f4PRIKJX]4k­º9DGL�`aOQ[�URDGN�J	�
§6OQN�J��KI�[�[MIsH�OQL�[�URItDGNp«GO�JMIsLMkK];F4U\LMI4¥aF4N�It]4IKJ^��L�U\H4[�URDGN JMF\�
��U\N\��[MIt]4IsP¯¸oOQH4H4LMD��*��I_];U�°�k�LMI�Nd[�URI�P\P\I
];F ��F@® DGH4[�URcdF�IlO�¬�N ]�¸ U\Nd[�LMDd];F4U\LMIlI�N�JMF4U\[MI(P¯¸oOQP\ZbDGL�U\[��4`iIl]4IÌ�n]4k�`iDGN�J�¢(H4LMDGH?D�JMk(H)OQL4¦R�4U\L�URDGN��
§#IKJ6k�[�F�]4IKJ6I­®���OQF�JM[�U�«bIKJ6J�F4L
PRIKJ#];U�°�k�LMI�Nd[MIKJ#[MI
�*�4N4URcdF�IKJ4±�];U�°�k�LMI�Nd[�URI�P\PRIKJ	¤"º�LMkKcdF�I�Nd[�URI�P\PRI�J�¤)f�OGJMkKIKJ
J�F4LvP7O��KDGL�LMk�P7OQ[�URDGN"·v]�¸oOQP\ZbDGL�U\[��4`iIKJt]4I ��F@® DGH4[�URcdF�I�OQU\N�J�U&cuF�IaJ�F4LvPRI�F4LMJ��KDG`_H4PRI­®VU\[MkKJsH?I�F�«uI�Nd[
»�[�LMIy[�LMDGF�«bkKIKJx]�OQN�JxW�OQL�LMDGNÄñ � ¤ Á ò�DGF� 
L �dURJM�vI�[ �&P7OQL�¾VJMJYI4ñ Á�B òó�

�#DGL�NhI�[����*�dF4N\���©ñ µ@� ò%DGNd[#U\Nd[�LMDd];F4U\[6P7OiN�DG[�URDGNp]4I ��F@®�DGH4[�URcdF�I�]�OQN�J
PRI��COG];LMI�]4Is`_URJMIsI�N
�KDGL�LMIKJ�H?DGN�]�OQN\�KI6]�¸ U\`aOQZbI#I�N�PRIx]4k­¬�N4URJYJYOQNd[W�KDG`_`iI#k�[YOQNd[&F4NÇ�*��OQ`_H^]4Is«dU\[MIKJYJMIxcuF4U)[�LYOQN�J¡º9DGL�`iI
F4N�IaU\`aOQZbI(]�OQN�J�F4N�I(OQF4[�LMI^OQF JYI�U N ]�¸ F4N�I(JMkKcuF�I�N\�KI(]�¸ U\`aOQZbIKJ	� ª ¸ ��¾dH?DG[��\éKJMI-º9OQU\[MI�IKJM[scdF�¸ F4N
`c»�`iI
H?DGU\Nd[&H���¾VJ�URcdF�IxN�If�*��OQN4ZbI
H�OGJE]�¸ U\Nd[MI�N�J�U\[MkyOQFÇ�KDGF4LMJE];F([MI�`_H�J	¤uPRI
H?DGU\Nd[&ZuOQLM]4I
P7Ov`c»�`iI
U\Nd[MI�N�J�U\[Mkv]�¸ F4N�IvU\`aOQZbI�¥�P¯¸oOQF4[�LMIÌ¿

dI(x)

dt
= 0,

O	«bI
�
I(x)

U\Nd[MI�N�J�U\[Mkv];F�«uD	®;I�P
x

]4IyP¯¸ U\`aOQZbI �g�
ä NpJ�F4H4H?D�JYOQNd[6cuF�IqPRIKJ
U\Nd[MI�N�J�U\[MkKJ6]4IKJ
H?DGU\Nd[MJ
N�I_�*��OQN4ZbI�Nd[#H�OGJ#I�N º9DGN\��[�URDGNp]4IqPRI�F4L#]4k�H4P7O�²

�KI�`iI�Nd[	¤�N�DGF�J:H?DGF�«uDGN�Jx]4kK];F4U\LMIvPRIKJx]4k�H4P7O]�KI�`iI�Nd[MJ6OQH4H�OQLMI�Nd[MJ
]�¸�DGf;{�I�[MJv¥�H�OQL�[�U\L
]4IKJK«GOQLMUROQ[MU\DGN�J
]4I�P7O^];URJ�[�L�U\f4F4[�URDGN�J�H�OQ[�U7OQPRIi]4IKJ6U\Nd[MI�N�J�U\[MkKJvI�NV[�LMItPRIKJ6U\`aOQZbIKJ�¥(LMI
�COQPRI�L	� ä N ]4k­¬�N4URJMJYOQNd[

I(x, t)�KDG`_`iI6P¯¸ U\Nd[MI�N�J�U\[MkqOQF�H?DGU\Nd[
x = (x, y, z)

¥�P:¸ U\N�JM[YOQNd[
t
¤;PRI#`c»�`iI6H?DGU\Nd[
OQF4LYO4¥sP¯¸ U\N�J�[YOQNd[

t+ δtP7O�`c»�`iI_U\Nd[MI�N�J�U\[Mk<�� 
N N�DG[MIiO	«uI
�
δx = (δx, δy, δz)

PRI_]4k�H4P7O]��I�`iI�NV[�º,OQU\f4PRIiOQF4[MDGF4Lv];F H?DGU\Nd[

x
�

I(x, y, z, t) = I(x+ δx, y + δy, z + δz, t+ δt)

�VDGF�J�P¯¸ ��¾VH?DG[��\éKJMI
]4I:P7Ov];U�°�k�LMI�Nd[�U7OQf4U\P\U\[Mk#J�H�OQ[�URDß²,[MI�`_H?DGLMI�P\P7I#]4I:P¯¸ U\Nd[MI�N�J�U\[MkxP\F4`_U\N�I�F�JYI<¤VOQH4L^éKJ
F4N^]4k�«uI�PRDGH4H?I�`iI�Nd[:I�N�JMk�L�URI
P\U\`_U\[Mk�¥qP¯¸�DGLM];LMI4�#]4I

I(x+ δx, y+ δy, z+ δz, t+ δt)
DGN�DGf4[�URI�Nd[�¿

∂I(x, t)

∂x
· δx+ ∂I(x, t)

∂y
· δy + ∂I(x, t)

∂z
· δz + ∂I(x, t)

∂t
· δt = 0 ±9B@���	Ál·

²O¼<¼_²
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ª O_H4LYIe`_UUé�LMI�kKcdF�OQ[�URDGNh]4I��KDGNd[�LYOQU\Nd[MI�];F ��F@®lDGH4[�URcdF�IsIKJ�[
DGf4[MI�NdF�IsI�Nh];U�«dURJjOQNd[xP¯¸�kKcdF�OQ[�URDGN
��U�²0]4IKJMJ�F�J�H�OQL

δt
¿

ξc(x) = Ix · u1 + Iy · u2 + Iz · u3 + It , ξc(x) = 0
±9B@���	Ål·

O	«bI
�c¿

• Ix =
∂I
∂x

¤
Iy =

∂I
∂y

¤
Iz =

∂I
∂z

�KDG`_H?D�JYOQNd[MIKJ
];F�Z�LYOG];URI�Nd[
J�H)OQ[�U7OQP"]4IyP¯¸ U\`aOQZbI �g¤ ∇I
• It =

∂I
∂t

¤;Z�LYOG];URI�Nd[x[MI�`_H?DGLMI�P
]4IyP¯¸ U\NV[MI�N�J�U\[Mk

•  
NwN�DG[MI�O	«uI
�
u1(x) =

δx
δt

¤
u2(x) =

δy
δt

¤
u3(x) =

δz
δt

PRIKJv�KDG`_H?D�JYOQNd[MIKJ6JMF4U�«GOQNd[
PRIKJ
[�LMDGURJ
O�®;IKJ:]4IyP7O_«VU\[MIKJMJMIy]4Iv]4k�H4P7O]�KI�`iI�Nd[#];F «uD	®4I�P

x
�

ª O^]4I�F@®VUUé�`iI4��¾VH?DG[��\éKJMI_];F ��F@®pDGH4[�URcuF�I_IKJM[ycuF�ItPRI1�*��OQ`_H�]4I1«dU\[MIKJMJYI_«GOQL�URI_]4It`aOQN4UUéeLYI
P\URJMJMI'H�OQL�[MDGF4[&]�OQN�JXP¯¸ U\`aOQZbI<�n§6DGN\�<¤�F4N�I:]4I�F@®VUUé�`iIs��DGNV[�LYOQU\Nd[MIxIKJ�[XU\Nd[�LMDd];F4U\[MI
O�¬�Na]4I'LMIKJ�[�LMI�U\N�];LYI
PRIE]4I�Z�LMk']4IO�*��OQN4ZbI�`iI�Nd[TI�Nd[�LMIEPRIKJ
H4U�®4I�PRJ.«bDGURJ�U\N�J+±�kKcuF�OQ[�URDGN B@�oB�m ·O¿��<¸�IKJ�[�P7Of�KDGNd[�LYOQU\Nd[MI�]4I&P URJYJYOQZbI
];F ��F@®�DGH4[�URcuF�I<�

ξ2s (x) =

3∑

i=1

(
∂ui(x)

∂x

)2
+

(
∂ui(x)

∂y

)2
+

(
∂ui(x)

∂z

)2 ±9B@�oB�ml·

ª IKJE[MI�L�`iIKJ�]4I#P7O½º�DGL�`iI ∂u
∂x

LMI�H4LMkKJMI�Nd[MI�Nd[�PRIKJR�KDG`_H?D�JYOQNV[MIKJ�];F^Z�LYOG];URI�Nd[�J�H�OQ[�U7OQP�];Fz«bI
��[MI�F4L
]4Iv]4k�H4P7O]�KI�`iI�Nd[	�


 I
�COQPRI�L:]4I�F@®(U\`aOQZbIKJ�H�OQL�P7O�`ik�[���Dd]4Iv]4I ��F@®^DGH4[�URcdF�I6LMI�«dURI�Nd[f¥�IKJ�[�U\`iI�LxIeN��*��OGcdF�I6H?DGU\Nd[
]4IyP¯¸ U\`aOQZbI

δx
cuF4U�`_U\N4U\`_URJYIyP¯¸�kKcdF�OQ[�URDGN B@�oB@� ¿

E =
∑

x∈Ω

(ξ2c (x) + α · ξ2s (x)), α > 0
±9B@�oB@��·

α
IKJM[�F4N �KDuI­ëÌ��URI�Nd[#]4I6H?DGN�]4k�LYOQ[MU\DGNhI�Nd[�LMIyPRIKJx]4I�F@®^[MI�L�`iIKJ�±

ξc
I�[
ξs
·­�

 xN^LMI�`aOQLMcdF�I6cuF�I
P¯¸�I­®;H4LMIKJMJ�URDGN�]4I
ξ2c

IKJ�['I�N-º,OQU\[EF4N�I6OQH4H4LMD	®;U\`aOQ[�URDGN�OQF(H4LMI�`_URI�L:DGLM];LMI6];F
��L�U\[^é�LMIq]4IyJ�U\`_U\P7OQL�U\[Mk_���W§ ]4k­¬�N4Uq¥�P7OtH�OQZbI Bl´ �

/$ÉÚÕeÉ / �KÑ"Ö��lÓ 6�/ Í�×OÖ��

ª IKJ�º9DGL^�KIKJt]4I(]4k�`iDGN�JtH�LMDGH?D�JMkKIKJtH�OQL1¦R�4U\L�URDGN ñ �<�	Å ò�JMDGNd[�F4N�I^k�«bDGP\F4[�URDGNg]4I�P7O�H4LMI�`_UUé�LMI
�KDGNd[�LYOQU\Nd[MI�];F ��F@®�DGH4[�URcdF�Ip±�kKcdF�OQ[�URDGN B@���	Å ·­� ª ¸ UR]4kKI^IKJ�[�]4IÇ�*��I�L^�*��IeLiI�N �*��OGcuF�IÇ«bD	®4I�P

x
]4I

P¯¸ U\`aOQZbI
I

JMDGN �KDGL�LMIKJ�H?DGN�]�OQNd[
x+ U(x)

]�OQN�J:U\`aOQZbI
J

]�OQN�J:PRIvJMI�N�J:];FlZ�LYOG];URI�Nd[#J�H�OQ[�U7OQP�]4I
II�[�]�¸ F4Nl]4k�H4P7O]�KI�`iI�Nd[xH4LMDGH?DGL�[�URDGN4N�I�Pq¥�P7O�];U�°�keLYIeNY��Iv]4IKJ'U\Nd[MI�N�J�U\[MkKJ:]4IKJ�]4I�F@®(H?DGU\Nd[MJ	� ª I��COQPU��F4P

]4Izº�DGL^�KIKJiIKJM[_`_URJÌ¥�{�DGF4LÌ¥p�*��OGcdF�Ilk�[YOQH?I
i

]�¸ F�N H4LMD��KIKJYJ�F�J_U\[Mk�LYOQ[�U�º����EI�P7OpH?I�L�`iI�[�OQF�JYJ�U:]4I
LMI�[�LMDGF�«uI�Lx]4IKJ:Z�LYOQN�]4IKJx]4k­º9DGL�`aOQ[�URDGN�JxI�NV[�LMIyPRIKJ�U\`aOQZbIKJ	�

�EDG`_`iI ]�OQN�J�PRIr�COGJl];F ��F@® DGH4[�URcuF�I<¤�PRIKJzº9DGL^�KIKJ�]4I ]4k�`iDGN�JlJ�¸oOQH4H4F4URI�Nd[�J�F4L�P7O `c»�`iI
��¾VH?DG[��\éKJMI�]4Iz�KDGN�JYI�L�«GOQ[�URDGN�]�¸ U\Nd[MI�N�J�U\[Mk<� ª OhH4LMI�`_UUé�LMI��KDGNd[�LYOQU\Nd[MIl]4I ��F@® DGH4[�URcuF�I^H?I�F4[c»�[�LMI
k
��L�U\[MIvI�N �*��OGcdF�I�«bD	®4I�P"JMDGF�J�P7O_º�DGL�`iIc¿

∇I(x)U(x) = −dI(x)
dt

±9B@�oB�Bl·

�VDGF�J
P¯¸ ��¾VH?DG[��\éKJMI�]4I�]4k­º�DGL�`aOQ[�URDGN�Jvº,OQU\f4PRIKJ#I�Nd[�LMIsP¯¸ U\`aOQZbIt]4IsLMk­º�k�LMI�N\�KI
I

I�[#P¯¸ U\`aOQZbI
J
¤)DGN

H?I�F4[1º,OQU\LMI(P¯¸oOQH4H4LMD	®;U\`aOQ[�URDGN
dI(x)/dt = I(x) − J(x + U(x))

�&§6DGN\�^P7O º9DGL�`sF4PRI B@�oB�B H?I�F4[
J	¸�k
��L�U\LMIvJYDGF�J�P7O�º9DGL�`iIc¿

U(x) =
I(x)− J(x+ U(x))

‖ ∇I(x) ‖2 ∇I(x) ±9B@�oB<¼l·

²O¼ßÆ1²
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£%OQLc�KDGNd[�LMI^P7O º�DGL�`sF�P\I B@�oB<¼ IKJ�[tU\N�J�[YOQf4PRI(H?DGF4Li]4I-º,OQU\f4PRIKJtZ�LYOG];URI�Nd[MJiI�[_]4DGN\��I�P\PRI^IKJ�[tLMk­²
N�DGL�`aOQP\URJMkKI<� ª O º�DGL�`sF4P7OQ[�URDGNg]4IKJ_º�DGL^�KIKJt]4k�`iDGN�J_H4LMDGH?D�JMk(H�OQL4¦R�4U\L�URDGN ñ �<�	Å ò�IKJ�[t]�DGN4N�kKI(H�OQL
P¯¸�kKcuF�OQ[�URDGN B@�oBßÆ ¿

u(x) =
I(x)− J(x+ U(x))

‖ ∇I(x) ‖2 +(I(x)− J(x+ U(x)))2
∇I(x) ±9B@�oBßÆ�·

ª Opº�DGL�`sF4PRI ��U�²0]4IKJMJ�F�JiH?I�L�`iI�[�]�¸�DGf4[MI�N4U\L�]4IKJc«uI
��[MI�F4LMJa]4I�N�DGL�`iIlf?DGL�N�kKIlH�OQL � 	GBÂ±��KI�[�[MI
«GOQPRI�F4Lx]�OQN�J:N�DG[�LMI½�COGJs��DGLMLMIKJ�H?DGN�] ¥tP7O�[YOQU\P\PRIq]�¸ F4N�]4I�`_U�«uD	®;I�Pj·W�COQL�¿

[(I − J)− ‖∇I‖]2 ≥ 0
]�¸�D��Ä¿

1

2

∇I
‖∇I‖ ≥

(I − J)

(I − J)2 + ‖∇I‖2
· ∇I

§yOQN�JaPRIKJa`ik�[���Dd]4IKJ^]4IlLMI
�COQP7OQZbIh]4k­º9DGL�`aOQf4PRI�U\`_H4PRk�`iI�Nd[MkKICJ	¤&N�DGF�J^O	«bDGN�JaF4[�U\P\URJMk��KDG`_`iI
��L�U\[^é�LMI�]�I�J�U\`_U\P7OQL�U\[Mk�P7O�º9DGL�`sF4P7OQ[�URDGN�H4LYDGH?D�JMkKIlH�OQL �'O]�*�4URI�L(I�[(OQP:�fñ �	Á ¤ Á�� ò1±�kKcdF�OQ[�URDGN B@�oB<µ ·
OGJMJMD���URkKIÇ¥�];U�°5k�LMI�Nd[MIKJtk�N�I�L�Z�URIKJt]4IaLMk�Z�F4P7OQL�URJYOQ[�URDGN�� �0PRJqU\Nd[�LYDu]4F4URJMI�Nd[�PRIaH�OQLYOQ`cé�[�LMI

α
±
α > 0

·
O�¬�Na]4I:H?I�L�`iI�[�[�LMI
]�¸oO	«bDGU\L&]4IKJTf?DGL�N�IKJu«GOQLMUROQf�P\IKJ�H?DGF4L�PRIKJ�]4k�H4P7O]�KI�`iI�Nd[MJEIKJM[�U\`ikKJO¥y]4IKJ�I�N�];LMDGU\[MJ
]4Ivº,OQU\f4PRIyZ�LYOG];URI�Nd[	�

ui(x) =
I(x)− J(x+ Ui−1(x))

‖ ∇I(x) ‖2 +α2(I(x)− J(x+ Ui−1(x)))2
∇I(x) ±9B@�oB<µl·

§yOQN�JTP7OyP U\[�[YkeLjOQ[�F4LMI<¤uP¯¸oOQP\ZbDGL�U\[��4`iI
]4Ix]4k�`iDGN�J&]4kKJ�U\Z�N�I:P¯¸oOQP\ZbDGL�U\[��4`iI
U\[Mk�LYOQ[�U�º"]4I:`_URJMI:I�N-�KDGL¡²
LMIKJ�H?DGN�]�OQN\�KI#N�DGN�L�U\Z�UR]4I#]�¸ U\`aOQZbIKJEF4[�U\P\URJjOQNd[EP\IKJOº�DGL^�KIKJE]4I
]4k�`iDGN�JR�KDG`_`iIP��L�U\[^é�LMI#]4I
J�U\`_U\P7OQL�U\[Mk
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T∈E
C(I, J ◦ T )

D��
I, J

]4kKJ�U\Z�N�I�Nd[
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PRI�H�OQLYOQ`3C�[�LMI^]4I
H?DGN�]4k�LYOQ[�URDGN

ξ
�
0 < ξ ≤ 1 ��IKJM[XU\Nd[�LMDd];F4U\[`�KDG`_`iIO�KDdI5*+��URI�Nd[E]4I�H?DGN�]4k�LYOQ[�URDGN(I�Nd[�LMI�P0!�DGH?k�LYOQ[MI�F4L

P7OQH4P7O(��URI�N 4U I�[ ∇(∇U) � Z�LYOG];URI�Nd[:]4I
P7O�];U	,uI�L�ZbI�N��KI6];F�����OQ`_H�]4I6]4k54�DGL�`aOQ[�URDGNQ�'O�e�N^]"!oO�,uDGU\L
F4N�OQP\ZbDGL�U\[���`iIv]4Iy[��dH?Iy];U./5F�J�URDGNdH ]�m LM�4WELMD A �
URI�PRJMI�NdH K�i L"`iDGNd[�LMIvcdF�I6PRI6P\URJMJYOQZbI6ZuOQF�JYJ�URI�N�H?I�F4[?A
2�[�LMIN,VFR�KDG`_`iIyF4N�IqOQH4H4LMD��;U\`aOQ[�URDGN�H�OQL$e�P\[�LMIvJYk�H�OQLYOQf4PRIv]4IyP7O�LMk�Z�F4P7OQL�URJjOQ[�URDGNwk�P7OGJ�[�URcdF�I%�

∇E2(Ui−1) = (1− ξ)∇(∇ · Ui−1) + ξ4Ui−1
�9B��oB��J�

&"IKJ^k�[YOQH?IKJ^H4L�U\N���U\H�OQPRIKJl]4IhP0!oOQP\ZbDGL�U\[��4`iI�O�,bI-�hLMk�Z�F4P7OQL�URJYOQ[�URDGN P\U\N�kCOQU\LMI k�P7OGJ�[�URcdF�IhJYDGNd[(PRIKJ
J�F4U	,�OQNd[MIKJ@P

Aah%h�A
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K%�$�0N4U\[�U7OQP\URJYOQ[�URDGN P
�,OJ�

U0 = 0
)

� f'�^�COQPb��F4P�]4I ∇I � Z�LYOG];URI�Nd[
]4IyP0! U\`aOQZbI
I
�

B����'OQPb��F4P�]4I
P7O��KDGL�LMI-��[�URDGNl];F�����OQ`_H�]4I#]4k549DGL�`aOQ[�URDGNlI�N^����OGcdF�I�,bD��4I�P � Z�LYOG];URI�Nd[:]4I
P0!�keN�IeLMZ�U\Is]4IyJ�U\`_U\P7OQL�U\[Mk �

x
P

ui(x) =
I(x)−J(x+Ui−1(x))

‖∇I‖2+α2·|I(x)−J(x+Ui−1(x))|
2 · ∇I(x)

i����'OQPb��F4P�];FlZ�LYOG];URI�Nd[
k�N�I�L�Z�URIyP\U\N�kCOQU\LMIqk�P7OGJ�[�URcdF�IvI�NR����OGcdF�IN,uD��;I�P
x

P
∇E2(Ui−1(x)) = (1− ξ)∇(∇ · Ui−1(x)) + ξ4Ui−1(x)h��:SxFm����OQ`_H��COQPb��F4PRk1�tP0!�k�[YOQH?I

i− 1 DGNlLYO {�DGF4[MIyP7OtN�DGF>,uI�P\PRI �KDGL�LMI-��[�URDGNh]4I@����OQ`_HRA
�KDG`_H4LMDG`_URJ
I�Nd[�LMIyLMk�Z�F4P7OQL�URJYOQ[�URDGNwI�[xJ�U\`_U\P7OQL�U\[Mk+P
Ui = Ui−1 + κ · ((1− β)ui + β∇E2(Ui−1))]���U
�

U � K
�����
N�LMk�U\[GC�LMI1��H�OQL�[�U\L
]4I6P0!�k�[YOQH?IsB�[YOQNd[xcdF�I

i < N
)
N

ATN�DG`sf4LMIq]"! U\[Mk�LYOQ[�URDGN�J�e>�;k

Y�Xf6BX�� X�� � ]���� � � ;(= _ � � = \�� � 7 � ��� 7 
 ��� 7 � ��� � 9��Q7 � � � �

�6OQZbI�P#I�[	�XN����uI�P\`aOQN4N H I%I L6DGNd[�H4LMDGH?D�JMkwP7O LMk�Z�F4P7OQL�URJYOQ[�URDGN OQN4URJMDG[�LMDGH4URcdF�IwZ�F4UR]4kKIwH�OQL�PRI
Z�LYOG];URI�Nd[TJ�H�OQ[�U7OQP4]4IEP0! U\`aOQZbI:O�e�N_]4IE[MI�N4U\L �KDG`_H4[MI�]4IEP0! U\N�4�DGLM`aOQ[�URDGN_H4LMkKJMI�Nd[MI�]�OQN�J%P0! U\`aOQZbI'H?DGF4L
P7OqLMk�Z�F4P7OQL�URJjOQ[�URDGNl];F�����OQ`_Hl]4I6]4k549DGL�`aOQ[�URDGND�>&"I6P\URJMJYOQZbIyOQN4URJMDG[�LMDGH4URcuF�I6LMkK];F�U [�P7O��KDGNd[�L�U\f4F4[�URDGN
]4IKJyH?DGU\Nd[MJvH?DG[MI�Nd[�URI�P\PRIe`aI�Nd[�J�U\[�F�kKJqOQF�A0]4I�P ��]"! F4N�I_];URJ��KDGNd[�U\NdF4U\[MkaI�[yH4L�U	,VU\P\k�Z�URIiP7O^�KDGNd[�L�U\f4F4[�URDGN
]4IKJqH?DGU\Nd[MJ�J�F�JG�KI�H4[�U\f4PRIKJ�]"!oOQH4H�OQL�[MI�N4U\L_OQF�`32�`iI�DGf;{�I�[scdF�IiPRIiH?DGU\Nd[��KDGF4LYOQNd[�� �#DGN��%)
DGN�P\URJYJMI
J�F4L�[MDGF4[#PRIKJT�KDG`_H?D�JYOQNd[MIKJT��DG`iDGZJC�N�IKJyI�[#H4LMkKJMI�L�,uIqPRIKJ6];URJG�KDGNd[�U\NdF4U\[MkKJy]4IKJT����OQ`_H�J6]4I1,uI-��[MI�F4LMJ
�^[�LYO�,uI�LMJvPRIKJ �KDGNd[MDGF�LMJs]4IKJqJM[�L�F���[�F4LMIKJ�� UXP\F�JqPRI_Z�LYOG];URI�Nd[�]4IiP0! U\`aOQZbI�I�JM[N4�DGL�[sI�N F4N�H?DGU\Nd[s]4I
P0! U\`aOQZbIy`iDGU\N�JxDGNlP\URJMJMI6PRIN,bI-��[MI�F4Lx]4Iv]4k�H4P7O(�KI�`iI�Nd[6OGJMJMD:��URk%�

&�O_]4k�L�U	,ukKIv]4I6P0!�k�N�I�L�Z�URIq]4IyLMk�Z�F4P7OQL�URJYOQ[�URDGNhIKJ�[��COQPb��F4PRkKI �KDG`_`iIvJMF4U\[@P

∇E2(Ui−1) =



div(TI∇U1i−1)
div(TI∇U2i−1)
div(TI∇U3i−1)


 �9B��oBJI%�

O�,uI-�
div

P7O^];U	,bI�L�ZbI�N��KI%)
U1i−1, U

2
i−1, U

3
i−1

PRIKJ@�KDG`_H?D�JYOQNd[MIKJq];Fd����OQ`_H i(� ]4I�,uI-��[MI�F4LMJvI�[

TI
F4N�I_`aOQ[�L�Ub�KIaJ �d`ik�[�L�URcdF�I+i��>i�]4I_H4LMDQ{�I-��[�URDGN �COQPb��F4PRkKI8�^H�OQL�[�U\Ls]4IKJ@�KDG`_H?D�JYOQNV[MIKJ

Ix, Iy, Iz];F�Z�LYOG];URI�Nd[
]4IyP0! U\`aOQZbI
I
�

TI =
1

2(I2x + I2y + I2z ) + 3γ
·




I2y + I2z + γ −IxIy −IxIz
−IxIy I2x + I2z + γ −IyIz
−IxIz −IyIz I2x + I2y + γ


 �9B��oB%WJ�

&"IsH�OQLYOQ`3C�[�LMI
γ

IKJ�[�����DGURJMU�I�Nm49DGN���[�URDGNp]4IqP7OaN�DGL�`iI�];FwZ�LYOG];URI�Nd[y]4IqP0! U\`aOQZbI
I
���nP�{�DGF�IqPRI

L��GPRIs]"! F4NpJMI�F4U\P�]�OQN�J
P7OiLMk�Z�F4P7OQL�URJYOQ[�URDGN P�U\P%OiF4N<�KDG`_H?DGL�[MI�`iI�NV[6H4LMIKJMcdF�IqURJMDG[�LMDGH4URcuF�I�]�OQN�J
PRIKJ
LMk�Z�URDGN�JO��DG`iDGZJC�N�IKJ�� |∇I|2 ¿ γ

�'I�[xF4N��KDG`_H?DGL�[MI�`iI�Nd[yOQN4URJMDG[�LMDGH4URcdF�IsOQF�N4U	,uICOQF�]�I@�KDGNd[MDGF4LMJ
� |∇I|2 À γ

�5�
&a!oOQP\ZbDGL�U\[��4`aIq]4IyLMkKJMDGP\F4[�URDGN�NdF4`ik�L�URcuF�Iq]4DGN4N�k@��U.A0]4IKJMJMDGF�J
O�PRIKJ:`32�`iIKJxk�[YOQH?IKJ:H4L�U\N���U\H�OQPRIKJ

cuF�I��KI�P F�U�O�,bI-�
P7OqLMk�Z�F4P7OQL�URJYOQ[�URDGN^P\U\N�kCOQU\LMI6k�P7OGJ�[�URcdF�I#JYOQF�4�cdF�IxPRI��COQPb��F4P5];F(Z�LYOG];URI�Nd[�]4I
P0!�k�N�I�L�Z�URI
]4I6LMk�Z�F4P7OQL�URJYOQ[MU\DGN<����OQN4ZbI%�
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�9OJ�

U0 = 0
)

� fQ�^�COQPb��F4P�]4I ∇I � Z�LYOG];URI�Nd[
]4I6P0! U\`aOQZbI
I
�

B����'OQPb��F4P�]�I
P7O1�KDGL�LMI-��[�URDGNl]4F^����OQ`_H�]4I6]4k54�DGLM`aOQ[�URDGN�I�N�����OGcdF�I_,uD��4I�P � Z�LYOG]4U\I�NV[�]4I
P0!�k�N�I�L�Z�URIq]4IvJ�U\`_U\P7OQL�U\[Mk �

x
P

ui(x) =
I(x)−J(x+Ui−1(x))

‖∇I‖2+α2·|I(x)−J(x+Ui−1(x))|
2 · ∇I(x)

i����'OQPb��F4P
];F�Z�LYOG];URI�Nd[
k�N�I�L�Z�URIvP\U\N�kCOQU\LMIqk�P7OGJ�[�URcuF�IvI�Nm����OGcuF�IN,uD��4I�P
x

P

∇E2(Ui−1(x)) =



div(TI∇U1i−1(x))
div(TI∇U2i−1(x))
div(TI∇U3i−1(x))




h��:S
FR����OQ`_H��COQPb��F4PRk��tP !�k�[YOQH?I
i− 1 DGN�LYO {�DGF4[MIvP7OtN�DGF>,uI�P\P\I �KDGL�LMI-��[�URDGNh]4I@����OQ`_HRA

�KDG`_H4LMDG`_URJ
I�Nd[�LMIyLMk�Z�F4P7OQL�URJYOQ[MU\DGNhI�[xJ�U\`_U\P7OQL�U\[Mk3P
Ui = Ui−1 + κ · ((1− β)ui + β∇E2(Ui−1))]���U
�

U�� K
�����
NlLMk�U\[GC�LMI �tH�OQL�[�U\Lx]4IyP0!�k�[YOQH?IqBt[YOQNd[xcuF�I

i < N
)
N

ATN�DG`sf4LMIq]"! U\[Mk�LYOQ[�URDGN�J�e>�4k

Y X�6�X�� X�� � = � � ; ��� 7 ��� �^_H_ =f7 � ; ] 9 � ; _ = �

�6OQN�JaP0!oOQL�[�Ub��PRI H i�B LM) 
 � �#I�L�Ub����I�H4LMDGH?D�JMI�F4N�JG����k�`aO Zbk�N�k�LYOQP#]"!oOQP\ZbDGL�U\[��4`iIwLMk-��F4LMJ�U.4+K-��)
cdF4U&H?I�L�`iI�[�`iD �uI�N4N�OQNd[�F4N J�U\`_H4PRI8����OQN4ZbI�`iI�Nd[i]4IaH�OQLYOQ`3C�[�LMI^]"!�DGf4[MI�N4U\L_]4IKJ e�P\[�LMIKJ�P\URJMJMI�F4LMJ
I�[#]4k�L�U	,GOQ[�U.49J��[&�IqZ�LYOQN�]hO�,�OQNd[YOQZbIs]4I1��I�[�[YI�OQH4H4LMD:����IsH4LMD ,dURI�Nd[6];FR4,OQU\[
cdFD! F4N�Iq`_URJMIqI�N��6F>,dLMI
LMk-��F4LMJ�U	,uIxH?I�L�`iI�[�]"!�I5/5I-��[�F�I�L'P0!�DGH?k�LYOQ[�URDGN�]4I_�KDGN:,uDGP\F4[�URDGN^I�N�F4N(N�DG`sf4LMIOe>�4Ix]"!�DGH?k�LYOQ[�URDGN�J'H�OQL
H?DGU\Nd[x]"! U\`aOQZbI%)�U\N�]4k�H?I�N�]�OQ`_`aI�Nd[#]4IyP0!�k�[MI�N�];F�IqJ�H�OQ[�U7OQPRIv]4IyP0!�DGH?k�LYOQ[MI�F4L
DGL�U\Z�U\N�OQP0�

&a! UR]4kKI�H4L�U\N���U\H�OQPRI_I�JM[#]"!oOQH4H4LMD��;U\`iI�LyP0!�DGH?k�LYOQ[MI�F4Lq�vOQF�JMJ�URI�N OQU\N�J�U%cdF�IsJYIKJ#]4k�L�U	,bkKIKJ6H�OQL6]4IKJ
H?DGP �VN �G`iIKJ:H?DGN�]4k�LMkKJxH�OQLx]4IKJ
e�P\[�LMIKJxI5�;H?DGN�I�Nd[�URI�PRJxI�[x]4k�H?I�N�]�OQNd[
]"! F4Nl`32�`iIvH�OQLYOQ`3C�[�LMI

σ
�

�XN 4�DGN���[�URDGN�];F �COQPb��F4P_�pI5/�I-��[�F�I�LaI�[i]4I�P0!�DGH?k�LYOQ[MI�F4LS� OQH4H4P\URcdF�I�L�� F4NgP\URJMJYOQZbI�O�,bI-�^F4N�I
ZuOQF�JMJMURI�N4N�ItDGF PRI��COQPb��F4PT];FpZ�LYOG];URI�Nd[v]4ItP0! U\`aOQZbI �#DGN ����DGURJ�U\[yPRIKJN�KDdI5*+��URI�Nd[MJ �KDGN:,bI�N�OQf4PRIKJvcdF4U
JMDGNd[x]4DGN4N�kKJx];U\LMI-��[MI�`iI�Nd[#I�N^49DGN���[�URDGN�];FlH�OQLYOQ`3C�[�LMI

σ
�

Sz]4I�F���k�[YOQH?IKJ^]4I�P0!oOQP\ZbDGL�U\[��4`iI DGN IKJ�[^OQ`iI�N�k ��OQH4H4P\URcdF�I�L(F4N e�P\[�LYOQZbIhZuOQF�JMJ�URI�N P�F4N�I
H4LMI�`_UbC�LMIT4�DGURJ'H?DGF4L$�COQPb��F4PRI�L:PRI#Z�LYOG];URI�Nd[:]4I6P0! U\`aOQZbI

I
I�['F4N�IyJMI-�KDGN�]4I6H?DGF4L'P\URJMJYI�LEPRIN����OQ`_Hl]4I

]4k549DGL�`aOQ[�URDGN ��]�OQN�J:PRIN�COGJx]4I6P7OtH4LMI�`_UbC�LMIqJG����k�`aO_]"! U\`_H4PRk�`iI�Nd[YOG[�URDGNQ���
&�O_];URJ�[�L�U\f4F4[�URDGN�ZuOQF�JMJ�URI�N4N�IqIeNdK5AM�|O�P7O�4�DGL�`iIvJ�F4U	,�OQNd[MIBP

G1(x) =
1√
2πσ

· e−
x2

2σ2

�XN�i(�~DGNwO^P

G(x, y, z) =
1

(
√
2πσ)3

· e−
x2+y2+z2

2σ2

&�OB�KDGN:,uDGP\F4[�URDGN<i(� ]"! F4N�IT49DGN���[�URDGN
f

�
f : R3 → R

��O�,bI-�yF4N�IyZuOQF�JYJ�URI�N4N�IvJ ! I5�;H4L�U\`iIq]4I6P7O
`aOQN4UbC�LMIqJ�F4U	,�OQNd[MIBP

G ◦ f(x, y, z) =
∫∫∫

f(u, v, t).G(x− u, y − v, z − w)dudvdw

�XN�]4k�L�U	,GOQNd[_�KI�[�[MIT4�DGL�`sF4PRIvH�OQL�LYOQH4H?DGLM[_�
x

DGN�DGf4[�URI�Nd[ P
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∂

∂x
(G ◦ f(x, y, z)) =

∫∫∫
f(u, v, t) ·G1(y − v) ·G1(z − w) ·G′1(x− u)dvdwdu

�6DGN��6DGN�,uDGU\['f4URI�NlcuF�I#P7Ot]4k�L�U	,bkKIyI�N
x

]"! F4N�IN�KDGN:,bDGP\F4[�URDGN�i(� IKJ�[�DGf4[MI�NdF�IvI�N��KDGN:,uDGP\F�OQNd[
P0! U\`aOQZbIqH�OQLxF4N�IvZuOQF�JMJMURIeN�N�I+K-�|J�F4U	,GOQNd[xP0!oO��4I

Y
I�[

Z
Ie[xH�OQL
P7Oi]4k�L�U	,bkKIs]4IvP7O_ZuOQF�JMJ�URI�N4N�I+K-�

J�F4U	,GOQNd[:P0!oO��;I
X

�
&a!oOQP\ZbDGL�U\[��4`aIq]4I@�COQPb��F4P�];FlZ�LYOG];URI�Nd[
]4IyP0! U `aOQZbI �EIKJ�[
4�DGL�`�F4PRk@�KDG`_`iIvJ�F4U\[ P

K%�xOQH4H4P\Ub�COQ[�URDGNw];F�e�P\[�LMIyZuOQF�JMJ�URI�NdK-�~JMF4L�PRIKJ��KDGPRDGN4N�IKJ
X

]4I6P0! U\`aOQZbI �

B��xOQH4H4P\Ub�COQ[�URDGNw];F�e�P\[�LMIyZuOQF�JMJ�URI�NdK-�~JMF4L�PRIKJ�P\U\Z�N�IKJ
Y

]4I6P0! U\`aOQZbI �

i��xOQH4H4P\Ub�COQ[�URDGNl]4I#P7OsH4LMI�`_UbC�LMIy]4k�L�U	,ukKI6];FSe�P\[�LMI6ZuOQF�JMJ�URI�N K-� JMI�PRDGN^P0!oO��;I
Z

]4I#P0! U\`aOQZbI��

→ DGNlDGf4[�URI�Nd[xP7O_]4k�L�U	,bkKIv]�OQN�J:P7O_];U\LMI-��[�URDGNw]4I
Z

]4I��5) ∂I
∂zh��xOQH4H4P\Ub�COQ[�URDGNw];F�e�P\[�LMIyZuOQF�JMJ�URI�NdK-�~JMF4L�PRIKJ��KDGPRDGN4N�IKJ

X
]4I6P0! U\`aOQZbI �&]"!�DGL�U\Z�U\N�I

]��xOQH4H4P\Ub�COQ[�URDGNw];F�e�P\[�LMIyZuOQF�JMJ�URI�NdK-�~JYI�PRDGN�P0!oO��4I
Z

���xOQH4H4P\Ub�COQ[�URDGN(]4I:P7OyH4LMI�`_UbC�LMI
]4k�L�U	,ukKIx];F3e�P\[�LMIxZuOQF�JMJ�URI�N�K-� JMF4LTPRIKJ�P\U\Z�N�IKJ
Y

]4I:P ! U\`aOQZbI
�

→ DGN�O_DGf4[MI�NdFlP7O_]4k�L�U	,ukKIv]�OQN�J�P7O_];U\LMI-��[�URDGNw]4I
Y

]4I �E) ∂I
∂yI �xOQH4H4P\Ub�COQ[�URDGNw];F�e�P\[�LMIyZuOQF�JMJ�URI�NdK-�~JMF4L�PRIKJ�P\U\Z�N�IKJ

Y
]4I6P0! U\`aOQZbI �&]"!�DGL�U\Z�U\N�I

W��xOQH4H4P\Ub�COQ[�URDGNw];F�e�P\[�LMIyZuOQF�JMJ�URI�NdK-�~JMF4L�PRIKJ�H4P7OQN�J
Z

V��xOQH4H4P\Ub�COQ[�URDGN ]4I�P7OpH4LMI�`_UbC�LMIw]4k�L�U	,bkKI�];F e�P\[�LMIlZuOQF�JMJ�URI�N K-�zJ�F4LiPRIKJ+�KDGPRDGN4N�IKJ
X

]4I
P0! U `aOQZbI �

→ DGN�O_DGf4[MI�NdFlP7O_]4k�L�U	,ukKIv]�OQN�J�P7O_];U\LMI-��[�URDGNw]4I
X

]4I��5) ∂I
∂x

S
FRe�N�OQP0))PRIqZ�LYOG];URI�Nd[y]4IqP0! U\`aOQZbI
I

IKJ�[
PRIqLMkKJ�F4P\[YOQ[6]4I�V+�KDGN:,uDGP\F4[�URDGN�J6J�F��-�KIKJMJMU	,bIKJ#O�,uI-�qF4N
e�P\[�LMI3K-���

&"I@����OQ`_Hw]4Iy]4k549DGL�`aOQ[�URDGN��COQPb��F4PRk
U

O�[MLMDGURJ��KDG`_H?D�JYOQNd[YI�J
I�N�i(��)

U = (Ux, Uy, Uz)

&�URJMJMI�L%PRI$����OQ`_Hi]4I']4k549DGL�`aOQ[�URDGN_LYI5,VURI�Nd[ �6OQH4H4P\URcuF�IeLT[�LMDGURJ e�P\[�LMIKJXZuOQF�JMJ�URI�N�J$K-� J�F4U	,�OQNd[ ����OGcdF�I
];U\LMI-��[�URDGNw]4I

U
�>&"IKJxk�[YOQH?IKJx]4IyP7O�H4LMD:�KkK];F4LMIq];FlP\URJMJYOQZbIvJMDGNd[:P\IKJxJ�F4U	,�OQNd[MIKJ@P

• OQH4H4P\Ub�COQ[�URDGN�];F8e�P\[�LMIxZuOQF�JYJ�URI�N<K-� J�F4L&PRIKJ �KDGPRDGN4N�IKJ
X

]4I
Ux

• OQH4H4P\Ub�COQ[�URDGNw]4F^e�P\[�LMIyZuOQF�JYJ�URI�NdK-�~J�F4L�PRIKJ�P\U\Z�N�IKJ
Y

]4I
Ux

• OQH4H4P\Ub�COQ[�URDGNw]4F^e�P\[�LMIyZuOQF�JYJ�URI�NdK-�~J�F4L�PRIKJ�H4P7OQN�J
Z

]4I
Ux���

• OQH4H4P\Ub�COQ[�URDGNw]4F^e�P\[�LMIyZuOQF�JYJ�URI�NdK-�~J�F4L�PRIKJ�H4P7OQN�J
Z

]4I
Uz

U�DGF4LyPRI��COQPb��F4P�];FpZ�LYOG];URI�Nd[v];FF����OQ`_H ]4It]4k549DGL�`aOQ[�URDGN � H�OQLyI5�4I�`_H4PRIiOQF �COGJyD�� DGN ,bI�F4[
�COQPb��F4PRI�L_PRIq{MO(�KDGf4URI�Ng]4I�P7Ow[�LYOQN�J�4�DGL�`aOQ[�URDGN�O�e�Ng]"!�k�,GOQP\F�I�L_P7Oh];U\P7OQ[YOQ[�URDGN PRD:�COQPRI�`iI�Nd[E�5)XU\P 49OQF4[
OQH4H4P\URcuF�I�L(BJI�e�P\[�LMIKJ�K-� � V<e�P\[�LMIFK-� H?DGF4L8����OGcuF�Im�KDG`_H?D�JYOQNd[MI�];F ����OQ`_H

U
�5)a�%!�IKJ�[?A ��A0];U\LMI

[�LMDGURJ
49DGURJ�P0!oOQP\ZbDGL�U\[��4`iIqF4[�U\P\URJMkyH?DGF4L:PRIN�COQPb��F4P
]4I ∇I �

Aah:I1A
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Y X�6�X�� X�� [ =�� ] ; 7 � 9J7 _�� � =f7 _
&"IKJ�];U./5k�LMI�N��KIKJ
e�N4URIKJ�H?I�L�`iI�[�[MI�Nd[x]"!oOQH4H4LMD��VU\`iI�Lx]4I#`aOQN4UbC�LMIy];URJG��LGC�[MI6PRIKJ�]4I�L�U	,bkKI@�sP0!�DGLM];LMI

K%)4B�)	�	�	�;]"! F4N�I�4�DGN���[�URDGNm�qF4N�IyDGF(H�P F�J�URI�F4LMJ
,GOQLMUROQf�P\IKJ �;S H�OQL�[�U\L�];F�]4k�,uI�PRDGH4H?I�`iI�Nd[xI�N�JMk�L�URI%);I�N
49DGN���[�URDGNw];F��KDG`_H4LMDG`_URJ6I�Nd[�LMIvP7O_H4LMk-��URJ�URDGNwLMI-����I�LG����kKI�I�[:P7O3�KDG`_H4PRI5�;U\[Mks];F��COQPb��F4P0))DGNw]4kK];F4U\[
PRIKJsI5�;H4LMIKJMJ�URDGN�J�];URJG��LMk�[�URJMkKIKJ�]4IKJsDGH?k�LYOQ[MI�F4LMJt];U./�k�LMI�Nd[�URI�PRJ��k&�I�]4k�,bI�PRDGH4H?I�`iI�Nd[tP\U\`_U\[Mk�I�N JMk�L�URI
]"! F4N�IT49DGN���[�URDGN��t[�LMDGURJ$,�OQL�U7OQf4PRIKJxJ�!�k-��L�U\[ P

f(x1 + a1, x2 + a2, x3 + a3) =
+∞∑

i=0

{
1

i!

(
a1 ·

∂

∂x1
+ a2 ·

∂

∂x2
+ a3 ·

∂

∂x3

)i
· f(x1, x2, x3)

}

�9B��oB%VJ�
U%OQL:P7OtJMF4U\[MI%)4DGN�JMI6LMkK];F4U\[���F4N�]4k�,bI�PRDGH4H?I�`iI�Nd[
P\U\`_U\[Mk �tP0!�DGLM];LMIqBt`aO��VU\`sF4`R�
U�DGF4L
F4N�Ia49DGN���[�URDGN��:F4N�I&JMI�F4PRI ,�OQL�U7OQf4PRI%) PRI&]4k�,uI�PRDGH4H?I�`iI�Nd[�P\U\`_U\[Mk
�x];LMDGU\[MI�� LMIKJ�H?I-��[�U	,uI�`iI�Nd[

�pZuOQF�����I �+�pP0!�DGLM];LMIwB IKJM[i]4DGN4N�k�H�OQLiP7O<49DGL�`sF4PRI B��li�m � �pZuOQF�����I%)TP7O 4�DGL�`sF4PRI B��li�K �5��S
H4LGCKJ
JMDGF�JM[�LYO(��[�URDGNg]4I^�KIKJ_]4I�F�� kKcuF�OQ[�URDGN�JiDGN DGf�[�URIeNV[_P0!�I5�VH4LMIKJMJMURDGN �KI�Nd[�LMkKIl]4I(P0!oOQH4H4LMD��VU\`aOQ[�URDGN �
P0!�DGLM];LMI+Ky]4IyP7O�H4LMI�`_UbC�LMIq]4k�L�U	,ukKIv]4IyP7O149DGN���[�URDGN ��kKcdF�OQ[�URDGN B��li�B �TP

f(x+ h) = f(x) + f
′

(x) · h+ f” · h
2

2
+ o(h3)

�9B��li�mJ�

f(x− h) = f(x)− f
′

(x) · h+ f” · h
2

2
+ o(h3)

�9B��li�K �

&a!oOQH4H4LMD��VU\`aOQ[�U7DGN �KI�Nd[�LMkKIq]4IvP7O_H4LMI�`_UbC�LMIs]4k�L�U	,uk�I%)
f ′(x)

)�IKJ�[
DGf4[MI�NdF�IqH�OQL:P7OiJMDGF�JM[�LYO(��[�URDGN
]4IyP0!�kKcuF�OQ[�URDGN B��li�K � B��li�m P

f
′

(x) ≈ f(x+ h)− f(x− h)

2 · h
�9B��li�BJ�

&a!oOQH4H4LMD��VU\`aOQ[�U7DGNF�KI�Nd[�LMkKI_]4IsP7O�]4I�F��;UbC�`iIt]4k�L�U	,uk�I%)
f”(x)

)?IKJ�[6DGf4[MI�NdF�I_OQH4LGCKJyJMDG`_`aOQ[�URDGN
]4IKJx]4I�F���kKcuF�OQ[�URDGN�J B�� i�m I�[ B��li�K P

f(x+h)+f(x−h) = 2 ·f(x)+h2f”(x)+o(h3)⇒ f”(x) ≈ f(x+ h)− 2 · f(x) + f(x− h)

h2 �9B��li%iJ�
�6OQN�JXPRI
�COGJX]"! F4N�I 49DGN���[�URDGN+�
[�LMDGURJ ,GOQL�U7OQf4PRIKJ )GDGN3�KDGN�J�UR]4k�LYOQNd[a�

�
K%)�DGNtH�LMD:��CK]4I:]4I'P7O
`32�`iI

`aOQN4UbC�LMIvH?DGF4LxDGf4[MI�N4U\LxPRIKJ:]4k�L�U	,ukKIKJ�H�OQLM[�URIeP\PRIKJ��tP0!�DGLM];LMI3KvDGF�B�P

∂2f(x, y, z)

∂x2
= f(x+ 1, y, z)− 2f(x, y, z) + f(x− 1, y, z) �9B��li h:�

∂2f(x, y, z)

∂y2
= f(x, y + 1, z)− 2f(x, y, z) + f(x, y − 1, z) �9B��li%]J�

∂2f(x, y, z)

∂z2
= f(x, y, z + 1)− 2f(x, y, z) + f(x, y, z − 1) �9B��li��J�

�XNgJMDG`_`aOQNd[iPRIKJikKcuF�OQ[�URDGN�J�� B��li h �5)O� B��li%] �5)�� B��li�� �tDGNgDGf4[�URI�Nd[iP0!�I5�;H4LMIKJMJ�URDGNg];F P7OQH4P7O(��URI�N
];URJG��LMI�[x]"! F4N�IN4�DGN���[�URDGN��t[�LMDGURJ�,GOQL�U7OQf4PRI3P

4f = f(x− 1, y, z) + f(x, y − 1, z) + f(x, y, z − 1)−
−6f(x, y, z) + f(x+ 1, y, z) + f(x, y + 1, z) + f(x, y, z + 1)

�9B��liJI%�

AahjW1A
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�yOQN�J6N�DG[�LMI3�COGJ�)?P7O84�DGN���[�URDGN �^OQH4H4LMD��;U\`iI�LqIKJ�[6P0! U\`aOQZbIiI�[ 	QDGF PRIB����OQ`_H ]4I_]4k549DGL�`aOQ[�URDGND�
�
N<,bI�F4[T�COQPb��F4PRI�L6H�OQL6];U./5k�LMI�N��KIKJ�e�N4URIKJ#PRIKJ#]�keLMU.,ukKIKJ6]4IsP7O34�DGL�`iI ∂2

∂x∂y
f(x, y, z)

���dU�DGNhH4LMI�N�]
[MDGFG{�DGF4LMJ��

� ±
K+� �tH�OQL�[�U\Lx]4I6P0!�kKcdF�OQ[�URDGN B��oB%V H�OQZbI hjW �'DGNwO^P

f(x+1, y+1, z) = f(x, y, z)+

(
∂

∂x
+

∂

∂y

)
f(x, y, z)+

1

2

(
∂2

∂x2
+ 2 · ∂2

∂x∂y
+

∂2

∂y2

)
f(x, y, z)

�9B��li%WJ�

f(x−1, y−1, z) = f(x, y, z)−
(
∂

∂x
+

∂

∂y

)
f(x, y, z)+

1

2

(
∂2

∂x2
+ 2 · ∂2

∂x∂y
+

∂2

∂y2

)
f(x, y, z)

�9B��li%VJ�

f(x−1, y+1, z) = f(x, y, z)+

(
− ∂

∂x
+

∂

∂y

)
f(x, y, z)+

1

2

(
∂2

∂x2
− 2 · ∂2

∂x∂y
+

∂2

∂y2

)
f(x, y, z)
�9B�� humJ�

f(x+1, y−1, z) = f(x, y, z)+

(
∂

∂x
− ∂

∂y

)
f(x, y, z)+

1

2

(
∂2

∂x2
− 2 · ∂2

∂x∂y
+

∂2

∂y2

)
f(x, y, z)

�9B�� h�K �
��� B��li%W � ��� B��li%V ��� A���� B�� hum � ��� B�� h�K ��� ⇒

∂2

∂x∂y
f(x, y, z) =

1

4
(f(x+1, y+1, z)+f(x−1, y−1, z)−f(x−1, y+1, z)−f(x+1, y−1, z))

�9B�� huBJ�
� ]4I�` H?DGF4LxDGf4[MI�N4U\L ∂2

∂x∂z
f(x, y, z)

P

∂2

∂x∂z
f(x, y, z) =

1

4
(f(x+1, y, z+1)+f(x−1, y, z−1)−f(x−1, y, z+1)−f(x+1, y, z−1))�9B�� hjiJ�

I�[:H?DGF4L ∂2

∂y∂z
f(x, y, z)

P

∂2

∂y∂z
f(x, y, z) =

1

4
(f(x, y+1, z+1)+f(x, y−1, z−1)−f(x, y−1, z+1)−f(x, y+1, z−1))

�9B�� h%h:�

� � ] ; � � 7 � ; ]�� � _�� = � � 7 �XN k-��L�U	,GOQNd[sP7O^49DGL�`sF4PRIa]4IiP0!�kKcdF4U\P\U\f4LMI�J�[YOQ[�URcdF�I B��	KC� H�OQZbI i�B O�,bI-�
PRIKJ�[�LMDGURJO�KDG`_H?D�JYOQNd[MIKJ
];FR����OQ`_Hw]4Iy]4k549DGL�`aOQ[�URDGN<i(��)�DGN�O�P

F =
3∑

i=1

fi =−(λ+ µ)·




∂2U1

∂x2
1
+ ∂2U2

∂x1∂x2
+ ∂2U3

∂x1∂x3

∂2U1
∂x2∂x1

+ ∂2U2

∂x2
2
+ ∂2U3

∂x2∂x3

∂2U1
∂x3∂x1

+ ∂2U2
∂x3∂x2

+ ∂2U3

∂x2
3


− µ ·




∂2U1

∂x2
1
+ ∂2U1

∂x2
2
+ ∂2U1

∂x2
3

∂2U2

∂x2
1
+ ∂2U2

∂x2
2
+ ∂2U2

∂x2
3

∂2U3

∂x2
1
+ ∂2U3

∂x2
2
+ ∂2U3

∂x2
3




�9B�� hj]J�


 k�Z�F4P7OQL�URJYI�L
PRI`����OQ`_Ht]4I&]4k549DGL�`aOQ[�URDGN_O�,uI-��P0!�DGH?k�LYOQ[MI�F4L%k�P7OGJM[�URcuF�I&LMI�,dURI�Nd[ �
e�P [MLMI�L
PRI`����OQ`_H
O�,bI-�'PRIKJX`aOGJYcuF�IKJT]4I$�KDGN:,uDGP\F4[�URDGN�DGf4[MI�NdF�JTH�OQLT];U./�k�LMI�N��KI
e�N4URIKJ`�#H�OQL�[�U\L�]4I'P7O_49DGL�`sF4PRI B�� hj] �J&�O
N�DGF>,bI�P\PRI
�KDG`_H?D�JYOQNV[MI

U
′

1( � )
];F�����OQ`_H_]4I']4k54�DGL�`aOQ[MU\DGNaOQH4LGCKJ%LMk�Z�F4P7OQL�URJYOQ[�URDGNiP U\N�kCOQU\LMI�k�P7OGJ�[�URcdF�I

IKJ�[:DGf4[MI�NdF�IqDGNm��DGN ,bDGP\F�OQNd[xPRIN����OQ`_HhO�,uI-�6PRI6`aOGJYcuF�IvJ�F4U	,�OQNd[@P

AahjV�A
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U
′

1( � ) �

� ��K3P
m m m
m K m
m m m

m m m
m m m
m m m

m m m
m m m
m m m

m m m
A�K m K
m m m

�3P
m K m
K An� K
m K m

�

m m m
K AnB K
m m m

�

K m A�K
m m m
A�K m K

�

m m m
m m m
m m m

��A�KBP
m m m
m K m
m m m

m m m
m m m
m m m

m m m
m m m
m m m

m m m
K m A�K
m m m

U1( � ) · µ U1( � ) · (λ+µ) U2( � ) · 14(λ+µ) U3( � ) · 14(λ+µ)

&�OqN�DGF>,bI�P\PRI��KDG`_H?D�JjOQNd[MI6I�N
U
′

2( � )
OQH4LGCKJ&P7OqLMk�Z�F4P7OQL�URJYOQ[�URDGNlIKJ�[EDGf4[MI�NdF�IyOQH4LGCKJ
�KDGN:,bDGP\F4[�URDGN

O�,uI-�6PRIy`aOGJMcdF�IyJ�F4U	,�OQNd[@P

U
′

2( � ) �

� ��K3P
m m m
m K m
m m m

m m m
m m m
m m m

m m m
m m m
m m m

m A�K m
m m m
m K m

�3P
m K m
K An� K
m K m

�

K m A�K
m m m
A�K m K

�

m K m
m AnB m
m K m

�

m m m
m m m
m m m

��A�KBP
m m m
m K m
m m m

m m m
m m m
m m m

m m m
m m m
m m m

m K m
m m m
m A�K m

U2( � ) · µ U1( � ) · 14(λ+µ) U2( � ) · (λ+µ) U3( � ) · 14(λ+µ)

�XN�e�ND)4PRIy`aOGJMcdF�I6H?DGF4LxDGf4[MI�N4U\LxP7OtN�DGF>,bI�P\PRI@�KDG`_H?D�JjOQNd[MIqI�N
U
′

3( � )
IKJ�[@P

U
′

3( � ) �

� ��K3P
m m m
m K m
m m m

m m m
A�K m K
m m m

m A�K m
m m m
m K m

m m m
m K m
m m m

�3P
m K m
K An� K
m K m

�

m m m
m m m
m m m

�

m m m
m m m
m m m

�

m m m
m AnB m
m m m

��A�KBP
m m m
m K m
m m m

m m m
K m A�K
m m m

m K m
m m m
m A�K m

m m m
m K m
m m m

U3( � ) · µ U1( � ) · 14(λ+µ) U2( � ) · 14(λ+µ) U3( � ) · (λ+µ)

� � ] ; � � 7 � ; � 7 � ��� 7 
 ��� 7 � ��� � 9 �[7 � � � � � U�DGF4L34,O(��U\P\U [YIeL�P7OpPRI-��[�F4LMI%)�DGN�H?I�F4[�k-��L�U\LMIlP7O

`aOQ[�L�Ub�KI6]4I
H4LMDQ{�I-��[�URDGN
TI

�f,bDGU\LEP7ON49DGL�`sF4PRI B��oB%W H�OQZbI hj] ��JMDGF�J&P7O@49DGL�`iI1P
TI =




a b c
b d e
c e f




A`]�m1A
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div(TI · ∇Ui) = a∂
2Ui
∂x2

1
+ d∂

2Ui
∂x2

2
+ f ∂2Ui

∂x2
3
+ 2b ∂2Ui

∂x1∂x2
+ 2c ∂2Ui

∂x1∂x3
+ 2e ∂2Ui

∂x1∂x3

�yOQN�JEPRI��COGJ']"! F4N�I#LMk�Z�F4P7OQL�URJjOQ[�URDGNl]4I
[��VH?I �6OQZbI�P.A �XN����bI�P\`aOQN�ND);PRIKJEN�DGF>,uI�P\PRIKJ$�KDG`_H?D�JYOQNd[MIKJ
];FF����OQ`_H�]4I_]�kE49DGL�`aOQ[�URDGN

U ′
i

JMDGNd[vDGf4[MI�NdF�IKJsI�NF�KDGN:,uDGP\F�OQNd[ ����OGcdF�IB�KDG`_H?D�JYOQNV[MI
Ui( � )

H�OQL
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Õ \ Ö Z�\ ��Ø�Yhg � � Ð ¯ ­�ªv¶=§M¬v± � ²�­�ªs³�§M£ � °M£¿±®­�ªs§?±�£�©-£�¯�±Æ¶�£ � ªs¯ � £�­�¶�£¿³%¬vµ�©-¬v¯ã£¦¥�±�²�±�ªs°M²)¥®µ�­³�°?µ�¥®§M£�µ�­�¥�¥�²8ªs¯ � £¦¥J¶ÏÈ §?­®­�ªv¶=§�ªs±®§M¬v¯~³%£�¯�¶�ªs¯�±�µ�¯�£�³%²�­®§M¬�¶�£Sªs°?°�ªs¯�±�:+µY¥�½tµ¤È»Å�¶�£�µ=· ¬vµ)±®­�¬v§M¥#©-¬v§M¥�£�¯À\¬v¯ � ±®§M¬v¯�¥E¶�£Ç°Mª�¯Yªs±®µ�­�£ � ¶�£P°�ª�³%¬O¥®§?±®§M¬v¯"£�±f¶�£Ç°�ª#À\¬v­®©-£A¶�£P°�ª�±®µ�©-£�µ�­8��¢¤£Ç©-²¦¶�£ � §?¯"¶�²�°?§?©�§?±�£T¥®µ�­°yÈÉ£�·�ªs©-£�¯ �E�%; ¶�£�­�²�À�²�­�£�¯ � £e°M£¦¥Ç¶=§��Ï²�­�£�¯�±�¥ � ¬v¯�±�¬vµ�­�¥Ç±®µ�©-¬v­ ªsµ=·m¶�£¦¥5@ � � ��i � � � ¼ � � ��j � ���� ¬v§?­¨¥�£ � ±®§M¬v¯ ¾O�»Ã ³Yªs«�£ Ñ � ª � £ � °M£¦¥¨©/ªs­®«�£¦¥´¶�£Â¥�² � µ�­®§?±�²Pªsµ�±�¬vµ�­4¶�£E°�ªT±®µ�©-£�µ�­8��¼g¬vµ�­ � £�±®±�£Â²�±®µ�¶�£ �¯�¬vµ�¥´¶=§M¥®³%¬O¥�¬v¯�¥¨¶�£¦¥ � ¬v¯�±�¬vµ�­�¥F@ � �G¶�£E°�ªT±®µ�©-£�µ�­¨³%¬vµ�­¨¯�£�µ=À�§?©/ªs«�£¦¥ �E�%; Ã � ¶�£E°yÈ»ª � ½tµ�§M¥�§?±®§M¬v¯�E�%; á � �s¢¤£ � ¬v¯�±�¬vµ�­�ªs«�£:ªP²�±�²´Àyªs§?± � ¬vµ�³%£4±�­�ªs¯�¥ � £�­�¥ ªs°M£´³Yªs­ � ¬vµ�³%£f±®­�ªs¯�¥ � £�­�¥�ªs°M£O�v¢2ÈÉ£�©�³�§?°M£�©-£�¯6±¶�£¦¥ � ¬v¯6±�¬vµ�­�¥2¹ � À\¬v­®©-£´°M£ � ¬v¯�±�¬vµ�­¨Ã � ¶�£´°�ªP±®µ�©-£�µ�­8��bP¬vµ�¥	ª � ¬v¯�¥gµ�±®§?°?§M¥�²4°M£¦¥ � ¬v¯�±�¬vµ�­�¥	¶�£¦¥k@ � �� ¬v©�©-£#§?¯=À�¬v­®©/ªs±®§M¬v¯ � °?§?¯�§M½�µ�£T³%¬vµ�­:°yÈÉ² � ªs°?µYªs±®§M¬v¯Æ¶�£¦¥ ��� ªs©�³�¥P¶�£T¶�²�À\¬v­®©/ªs±®§M¬v¯�¥P¬vÁ�±�£�¯�µ�¥8�
P�ÒRQ�Ò[Q lnm VS,j' *�V1, %poMq�0 m qkW   %�.�'+*�V1,/%=o mrm(s *�V1,/%�tuVS0 ' s %�.10 ÔËÔ 0 m
vxwzyxw{y�w�| _M} Z¸ß=\ÏÛg×

� ¯�¥�¬vµ�~Yªs§?±�£´¥�µ�§���­�£¨°M£¦¥g¶�²�³�°�ª��¦£�©-£�¯�±�¥	£�±�°M£¦¥g¶�²�À\¬v­®©/ªs±®§M¬v¯�¥�¶�£¨°�ª:±®µ�©-£�µ�­�£�±g¶�£¦¥�³%¬vµ�©-¬v¯�¥	ªsµ
�¦¬vµ�­�¥:¶�£Ç°�ªe­�£¦¥®³�§?­�ªs±®§M¬v¯"¯�¬v­®©/ªs°M£���¼g¬vµ�­��¦£�°�ª���¬v¯r�¦¬v¯�¥®§M¶�Ä�­�£Aµ�¯"²�±�ªs±:¶�£A­�²�À�²�­�£�¯��¦£c��³Yªs­E£�·�£�©�³�°M£°�ª%��¯/¶�£:°yÈÉ£ ·=³�§?­�ªs±®§M¬v¯�¬vµ/¶�£:°yÈ §?¯�¥®³�§?­�ªs±®§M¬v¯S¯�¬v­®©/ªs°M£��u��bÇ¬vµ�¥´ª���¬v¯�¥¨¯�¬v±�²Âª��t£��:¶�£¦¥¨¯�µ�©-²�­�¬O¥4ªs°?°�ªs¯�±¶�£ ¾�Å_¾��m°M£¦¥�§?©/ªs«�£¦¥c��� ; Ã����	¢2È §?©/ªs«�£

I6
�¦¬v­®­�£¦¥®³%¬v¯�¶ÍÅm°�ª���¯Ì¶�£.°yÈ §?¯�¥®³�§?­�ªs±®§M¬v¯Ì¯Y¬v­®©/ªs°M££�±P°yÈ §?©/ªs«�£

I1
Å�°�ªn��¯m¶�£J°yÈÉ£�·=³�§?­�ªs±®§M¬v¯m¯�¬v­®©/ªs°M£���<���¯m¶ÏÈÉ¬vÁ�±�£�¯�§?­Ç°M£¦¥P±®­�ª�:®£���±�¬v§?­�£¦¥A¶�£¦¥��t¬8·=£�°M¥Aªsµ

�¦¬vµ�­�¥T¶=µ���Ê���°M£�­�£¦¥�³�§?­�ªs±�¬v§?­�£���¯�¬vµ�¥Tª��t¬v¯�¥Tªs³�³�°?§M½tµY²e°M£�­�£��8ªs°�ªs«�£�£�¯�±®­�£e°M£¦¥Ç§?©/ªs«�£¦¥5��� ; Ã�� ¶�£°yÈ»ª��¦½�µ�§M¥®§?±®§M¬v¯K��� ; á���� � ¯�¥�£Â³�­�¬v³%¬O¥�£Ç¶�£?�8ªs°���µ�°M£�­f°M£¦¥f¶�²�À�¬v­®©/ªs±®§M¬v¯�¥:ª��t£��Â°M£P¯�¬v©�Á�­�£P©�§?¯�§?©/ªs°
� £ á �
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¶�£4­�£��8ªs°�ªs«�£¦¥2¶�£¦¥�¶�£�µ=·e©/ªs¯�§MÄ�­�£E¶=§��Ï²�­�£�¯�±�£¦¥���<Âµ�±®­�£4³%¬O¥�¥�§?Á�§?°?§?±�²f£�·=§M¥®±�£´©/ªs§M¥	¯�¬vµ�¥	£�¯-ª���¬v¯�¥ �
~�¬v§M¥®§°M£¦¥:¶�£�µ=·�½�µ�§Ï¯�¬vµ�¥:¥�£�©�Á�°�ªs§M£�¯�±:°M£¦¥E³�°?µ�¥:¯Yªs±®µ�­�£�°?°M£¦¥�����§8�
~Yªv½�µ�£Jª��¦½tµ�§?¥�§?±®§M¬v¯���� ; á�� �¦¬v©�³%¬v­®±�£
n
§?©/ªs«�£¦¥0��� ; Ã�����°M£#¯�¬v©�Á�­�£J±�¬v±�ªs°�¶�£#­�£��8ªs°�ªs«�£¦¥Ç¶�²�À\¬v­®©/ªsÁ�°M£¦¥Ç£¦¥®±P¶�£ n!

(n−2)!

£�¯ �¦¬v¯�¥®§M¶�²�­�ªs¯�±
�
~Yªv½tµ�£5�¦¬vµ�³�°M£T¶ÏÈ §?©/ªs«�£T³%¬O¥�¥®§?Á�°M£T£�±��
~Yªv½�µ�£A§?©/ªs«�£#ªs°?±�£�­®¯Yªs±®§���£�©-£�¯6±:§?©/ªs«�£A­�²�À\²�­�£�¯��¦£T£�±f§?©/ªs«�£¬vÁ�:*£�±Ç¶�ªs¯�¥Ç°yÈ»ªs°Î«�¬v­�§Î±�~�©-£�¶�£J­�£��8ªs°�ªs«�£���bÇ¬vµ�¥P³�­�¬v³%¬O¥�¬v¯�¥Ç¶�¬v¯���¶�£ �8ªs°z��µ�°M£�­

n − 1 ­�£��8ªs°�ªs«�£¦¥A³Yªs­¶�£�µ=·.©-²�±
~�¬�¶�£¦¥��¢;ªÇ³�­�£�©�§MÄ�­�£��
M1

���¦¬v¯�¥®§M¥®±�£:ÅÇ£¦¥®±®§?©-£�­k�¦£¦¥	¶�²�³�°�ª��¦£�©-£�¯�±�¥´ÅP³Yªs­®±®§?­2¶ÏÈ µ�¯-²�±�ªs±2¶�£4­�²�À\²�­�£�¯��¦£��O¬v¯ªs³�³�°?§M½tµYªs¯�±P°M£T­�£��8ªs°�ªs«�£�¶�²�À�¬v­®©/ªsÁ�°M£�£�¯�±®­�£#°M£¦¥:§?©/ªs«�£¦¥0��� ; Ã�� �¦¬v­®­�£¦¥®³%¬v¯�¶�ªs¯�±AÅ-¶�£¦¥:§?¯�¥®±�ªs¯�±�¥¥®µ����¦£¦¥�¥®§ÎÀ\¥.¶=µ ��Ê.��°M£¿­�£¦¥®³�§?­�ªs±�¬v§?­�£��:¢¨È»ª��vªs¯�±�ªs«�£)¶�£ �¦£�±®±�£¿±�£��
~�¯�§M½�µ�£ £¦¥®±�½�µ�£m¯�¬vµ�¥�¯¤ÈÉ²��vªs°?µ�¬v¯�¥½tµ�£"¶�£¦¥�Àyªs§?Á�°M£¦¥/¶�²�À\¬v­®©/ªs±®§M¬v¯�¥S£�¯�±�­�£r�
~�ªv½tµ�£��¦¬vµ�³�°M£�¶ÏÈ §?©/ªs«�£¦¥��¨¼	ªs­ �¦¬v¯�±®­�£��2³%¬vµ�­S¬vÁ�±�£�¯�§?­/°�ª¶�²�À�¬v­®©/ªs±®§M¬v¯q£�¯�±®­�£/¶�£�µ=·)§?©/ªs«�£�¥�¯�¬v¯ � ¥®µ����¦£¦¥�¥®§��t£¦¥J¶=µ ��Ê���°M£�­�£¦¥®³�§?­�ªs±�¬v§?­�£/§?°2À\ªsµ�± �¦¬v©�³%¬O¥�£�­J°M£¦¥�
~Yªs©�³�¥�¶�£4¶�²�À\¬v­®©/ªs±®§M¬v¯�§?¯�±�£�­®©-²¦¶=§�ªs§?­�£8¥��v¼�ªs­	£�·�£�©�³�°?£��s°M£ �
~Yªs©�³�¶�£4¶�²�À�¬v­®©/ªs±®§M¬v¯-£�¯�±®­�£´°yÈ §?©/ªs«�££�¯ ��¯�¶ÏÈ §?¯�¥®³�§?­�ªs±®§M¬v¯/£�±g°yÈ §?©/ªs«�£E£�¯7��¯�¶ÏÈÉ£�·6³�§?­�ªs±®§M¬v¯-£¦¥�±I�8ªs°z��µ�°M²:ÅÂ³Yªs­®±®§?­	¶�£f½�µYªs±®­�£F�¦¬v©�³%¬O¥®§?±®§M¬v¯�¥¶�£¦¥��
~Yªs©�³�¥Â¶�£#¶�²�À\¬v­®©/ªs±®§M¬v¯�¥ �
U61 = U65 ◦ U54 ◦ U43 ◦ U32 ◦ U21

�¢;ª/¶�£�µ=·6§MÄ�©-£J©/ªs¯�§MÄ�­�£�¶�£#³�­�¬���²¦¶�£�­��
M2

�Y£¦¥®±P¶ÏÈ»ªs³�³�°?§M½tµ�£�­Ç°M£#­�£��8ªs°�ªs«�£�£�¯�±®­�£J°yÈÉ²�±�ªs±Ç¶�£#­�²�À�² �­�£�¯��¦£:£�±2°M£¦¥´ªsµ�±®­�£¦¥�� j ��§�¯�¬vµ�¥´ª���¬v¯Y¥k�¦¬v¯�¥®§M¶�²�­�²:°yÈÉ²�±�ªs±´¶�£F��¯/¶ÏÈÉ£�·=³�§?­�ªs±®§M¬v¯ �¦¬v©�©-£Â²�±�ªs±¨­�²�À�²�­�£�¯��¦£��¼g£�¯�¶�ªs¯�±f°M£?��Ê���°M£P­�£¦¥®³�§?­�ªs±�¬v§?­�£Ç¯�¬v­®©/ªs°��6°�ª5��¯.¶�£P°yÈÉ£�·6³�§?­�ªs±®§M¬v¯.¯�¬v­®©/ªs°M£A£¦¥®±´°yÈÉ²�±�ªs±E¬��S°�ª �¦¬v¯���«Oµ �­�ªs±®§M¬v¯�ªs¯Yªs±�¬v©�§M½tµ�£P¶�£¦¥2³%¬vµ�©-¬v¯�¥4£�¥�±2°�ªA³�°?µ�¥2­�£�³�­�¬�¶=µ���±®§?Á�°M£ � 
 £ �T� ��§�µ�¯ �
~Yªs©�³S¶�£:¶�²�À\¬v­®©/ªs±®§M¬v¯£¦¥®±	¥�¬vµ�~Yªs§?±�²E£�¯�±®­�£E¶�£�µ=·�ªsµ�±®­�£¦¥	§?©/ªs«�£¦¥	§?°�¥®µ�>-±2¶ÏÈ µ�¯�£E¥�£�µ�°M£F�¦¬v©�³%¬O¥®§?±®§M¬v¯/¶�£��
~Yªs©�³�¥	³%¬vµ�­	°yÈÉ¬vÁ �±�£�¯�§?­��=¼�ªs­E£�·�£�©�³�°M£��=£�¯��¦¬v©�³%¬O¥�ªs¯�±E°M£¦¥F�
~Yªs©�³�¥E¶�£?��£���±�£�µ�­�¥��8ªs°z��µ�°M²¦¥E£�¯�±®­�£Ç°M£¦¥4§?©/ªs«�£¦¥
I3 � I6 £�±

I6 � I7 ¬v¯¿¬vÁ�±®§M£�¯�±A°�ª/¶�² À\¬v­®©/ªs±®§M¬v¯ £�¯�±®­�£�°M£¦¥P§?©/ªs«�£¦¥ I3 � I7 �
U37 = U36 ◦ U67

� � ¯ ª/¶�¬v¯���¶�£�µ=·©-²�±
~�¬�¶�£¦¥A³%¬vµ�­T£¦¥®±®§?©-£�­A°M£¦¥A¶�²�À�¬v­®©/ªs±®§M¬v¯�¥ �
M1

� ­�£��8ªs°�ªs«�£�¶�²�À\¬v­®©/ªsÁ�°M£�£�¯6±®­�£�°M£¦¥Ç§?©/ªs«�£¦¥T¥®µ�� ��¦£¦¥�¥®§��t£¦¥ �
I1 � I2 � I2 � I3 � I3 � I4 �Y£�±���� �:£�± M2

� ­�£��8ªs°�ªs«�£e¶�²�À\¬v­®©/ªsÁ�°M£�£�¯�±®­�£J°yÈ §?©/ªs«�£ IE £�±P°M£¦¥Çªsµ�±®­�£¦¥�
I6 � I1 � I1 � I6 � I6 � I2 � I2 � I6 ��£�±���� �u��A¬v¯�����¶ÏÈ µ�¯�£�³Yªs­®±P¯�¬vµ�¥Aª���¬v¯�¥Ç¶�£¦¥P£¦¥�±®§?©/ªs±®§M¬v¯�¥Ç¶�£#Àyªs§?Á�°M£¦¥Ç¶�²�À�¬v­®©/ªs±®§M¬v¯�¥Tª��t£��J¶�£�¥?�¦¬v©�³%¬ �¥®§?±®§M¬v¯�¥e©�µ�°?±®§?³�°M£¦¥-¶�£ �
~Yªs©�³�¥�¶�£.¶�²�À�¬v­®©/ªs±�§?¬v¯Ì£�±�¶ÏÈ»ªsµ�±®­�£�³Yªs­®±��g¯�¬vµ�¥-ª��t¬v¯�¥�¶�£¦¥�£¦¥®±®§?©/ªs±®§M¬v¯�¥¶�£�³�°?µ�¥-«O­�ªs¯�¶�£¦¥S¶�²�À�¬v­®©/ªs±®§M¬v¯�¥.ª���£���³%£�µ ¶�£r�¦¬v©�³%¬O¥®§?±®§M¬v¯�¥S¶�£��
~Yªs©�³�¥��¨¢;ª ½�µ�£¦¥®±®§M¬v¯Í½�µ�§Â¥�£³%¬O¥�£P©/ªs§?¯�±�£�¯Yªs¯6±:£¦¥®±f¶�£A¥�ª��t¬v§?­f½�µ�£�°?°M£A£¦¥®±4°�ª�©-£�§?°?°M£�µ�­�£A©/ªs¯�§MÄ�­�£T¶�£P³�­�¬��¦²¦¶�£�­E³%¬vµ�­��8ªs°z��µ�°?£�­E°M£¦¥¶�²�À�¬v­®©/ªs±®§M¬v¯�¥P£�¯�±®­�£T°M£¦¥:§?©/ªs«�£¦¥���� ; Ã��ä¶�£A°yÈ»ª��¦½�µ�§M¥®§?±®§M¬v¯ ��� ; á����
v�w{y�w{y�w{y Õ \ Ö Y�Þ[Y�Z�� Ö;Ú ×ÆÛg×�Y Ú ß���à �pY-Û�×�Û } � \YØvà���Z¸ÞR\ Ö Y

bÇ¬vµ�¥Sª��t¬v¯�¥S²��vªs°?µ�²�°�ª �¦¬v¯�¥®§M¥®±�ªs¯��¦£Æ¶�£¦¥ �
~Yªs©�³�¥�¶�£�¶�²�À\¬v­®©/ªs±®§M¬v¯G£¦¥®±®§?©-²¦¥�ª��t£��"°M£¦¥S¶�£�µ=·©-²�±
~�¬�¶�£¦¥��¼	­�£�©�§MÄ�­�£�©-£¦¯�±��s¯�¬vµ�¥gª��t¬v¯�¥p�¦¬v©�³Yªs­�²¨°�ª��¦¬v¯�¥®§M¥®±�ªs¯��¦£´¶�£¦¥#�
~Yªs©�³�¥g¶�£¨¶�²�À\¬v­®©/ªs±®§M¬v¯�¥g¬v¯7�¦¬v¯�¥®§ �¶�²�­�ªs¯�±A°M£¦¥%�
~Yªs©�³�¥5�8ªs°z��µ�°M²¦¥A³Yªs­
M1

�¦¬v©�©-£�­�²�À�²�­�£�¯��¦£��Ï¼g¬vµ�­5�
~Yªv½�µ�£7�
~Yªs©�³)¶�£e¶�²�À\¬v­®©/ªs±®§M¬v¯
UXY
£¦¥®±®§?©-²¿£�¯6±®­�£m°yÈ §?©/ªs«�£

IX
£�±.°yÈ §?©/ªs«�£

IY
�Eª��t£��

X,Y ∈ {1, 2, ..., 10} X 6= Y
�
X
�
Y§?©/ªs«�£¦¥J¥®µ����¦£¦¥�¥®§��t£¦¥#¶=µ ��� ; á��'¯�¬vµ�¥#²��Oªs°?µ�¬v¯�¥#°�ªK�¦¬v¯�¥®§M¥®±�ªs¯��¦£/£�¯ �8ªs°z��µ�°�ªs¯�±�°Mª.©-¬¸Êt£�¯�¯�£-£�±°yÈÉ²��8ªs­®±#±ËÊ6³%£�¶�£¦¥T¯�¬v­®©-£¦¥J¶�£��t£���±�£�µ�­J¶�£�¶�²�³�°�ª��¦£�©-£�¯�±e¶=µ �
~Yªs©�³~¬vÁ�±�£�¯�µ)³Yªs­#°�ª��¦¬v©�³%¬O¥�§?±®§M¬v¯¥®µ�§��vªs¯�±�£ �

UXY ◦ UY X
� j ¶�²8ªs°M£�©-£�¯�±Â°�ª��¦¬v©�³%¬O¥�§?±®§M¬v¯Æ¶�£^�¦£¦¥:¶�£�µ=·r�
~Yªs©�³�¥��Oªsµ�±��8²�­�¬��2<ã³Yªs­®±®§?­¶�£^�
~Yªs©�³�¥0�8ªs°z��µ�°M²¦¥P³Yªs­:°�ª�©-²�±
~�¬�¶�£

M2
��°M£^�
~Yªs©�³

U ′
XY

£¦¥®±Â¬vÁ�±�£�¯�µÆ³Yªs­:µ�¯�£J¥®§?©�³�°M£��¦¬v©�³%¬ �¥®§?±®§M¬v¯ �
U ′
XY = UX6 ◦ U6Y

�Y¼g¬vµ�­
M2

�Y¬v¯ �8ªs°z��µ�°M£J°�ª �¦¬v¯�¥�§M¥®±�ªs¯��¦£�¶=µ �
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M>h�M07 TQF�9R=,7�LO9 " A>7:P =�M.F��q7:P F�' %O<>=,PE7:P 7�LK�>;,DO'IF��q7$CE7:PRT>=�C*F�9ED�=�CE71FIHJ7:' A>7:P = M.F��q7:PIK 5i, �q5��

Z+D�<2P Lf� FIHJD�L2P TQF�P:) F�= 9
A�� 7 G D�CR9EP
PRT�*:'�=sF�<�7$T D�<>C
;�� D�T29R=�MU=�P_F�9R=,D�L�A>7:P 9E7�MUT2P
A>7&'IF�;,'�<>; ��' �(*�9*F�T 7
A>7 T>C�*�9RC*F�=�9E7�M07�LO9BL *:':7:PEPR=�9E7 7�LOHO=�CED�L \�<9bSMU=�LO<>9E7:P " ;,7�#"3+465�4 M0D�=�L2PWA�� <>L27 PE7:':D�L2A>7 7�9G;sF��*�L *�C*F�9R=,D�L�A>7:P =�M.F��q7:P$=�LO9E7�CRMH*:A =sF�=�CE7:PO%O<27�;�%J<27:P$PE7:':D�L2A>7:P���'�7:P 9E7�MUT2P A>7U'IF�;,'�<>;(A < CE7:'IF�;sF��q7
A�*;)�D�CRM.F��>;,7+A�*�T 7�L2A>7�LO9 A>7@;sF$C�*:PED�;�<>9R=,D�LNA>7:P(=�M.F��q7:P " A>7@;sF$LQF�9R<>CE7 A>7:P"A�*;) D�CRM.F�9R=,D�L2P ?$7:PE9R=�M07�C �) F�=8�>;,7:P D�<��)C*F�L2A>7:P # � 3 Hq7:' <>LN4"# 4
7�L 9R=�<>M � " \ �1N^B+%�� FIHJ7:'g]&Bi�NA>7��@3i, " ;,7 CE7:'IF�;sF��q7�T D�<>CA>7:P
=�M.F��q7:P6FIHJ7:'�A>7:P
9*F�=�;�;,7 A>7&HJD�7>7�; A>7*@�7d@�7d@@MUM 3 L *:':7:PEPE=�9E7�7�LOHO=�CED�L 10 MU= L <>9E7:PKT D�<>C 7:PR9R=�M07�C
A>7:P A�*;) D�CRM.F�9R=,D�LXM0D�-q7�L>L27:PO �-�/i\�< -�/Eb # 7�9@7�LOHO=�CED�L 40 MU=�LO<>9E7:P@7�Lkb�7db�7sb MUM 3 T D�<>C 7:PE9R=�M07�C
A>7:P �)C*F�L2A>7:P@A *o) D�CRM.F�9R=,D�L2Pg �-�/O];< -�/E\�D�<W-�/O];< -�/Eb # �

zJ{
	 � �v�g�
� �O�Y~��v�
5 F�L2P(':7 '*%QF�T>=�9RCE7 L2D�<2P"FIHqD�L2P6T>C�*:PE7�LO9�* <>L27 MH*�9R%QDJA27@A>7 'IF�;,'�<>;�A>7 '*%QF�MUT2P&A>7 A�*;) D�CRM.F�9R=,D�L%J<>= T>CE7�L2A 7�L ':D�MUT>9E7�;,7U'*%QF�Ls�q7�M07�LO91A>7:P A>7�L2PR=�9�*:P T><>;�M0D�LQF�=�CE7:P17�LO9RCE7UA>7:P = M.F��q7:P K 5E, b�5

F�' %J<>=,PE7:P$?�A>7:P+=�L2PR9*F�LO9EP A =%GF*�CE7�LO9EP A>7g�>;,DO'IF��q7�CE7:PRT>=�C*F�9ED�=�CE7)�f'�7:P '*%QF�MUT2P A>7�A�*;) D�CRM.F�9R=,D�L D�LO9
*�9�*&H)F�;�=,A�*:P FIHJ7:'"A>7:P
T D�=�LO9EP A>7�':D�LO9RC���;,7�P�*�;,7:'�9R=,D�L>L *:P TQF�C A>7:PK7;7 T 7�CR9EP���' F T>C�*:'�=,PR=,D�LUA <�CE7:'IF�;sF��q7
F%*�9�* M07�=�;�;,7�<>CE7$FIHq7:' #"3+465�4 %J<27+P*F�L2PE q\ �ut FIHq7:'+7�9 � �Ab MUM P*F�L2P # 7�9"T>CEDO'*%27�A>7 ;sF$H)F�CR=sF��>=�;�=�9�*7�LO9RCE7�;,7:P 7o7 T 7�CR9EPG q\ �Ab MUM # �s' 7�L2D�MO�>CE7$A>7:P�T D�=�LO9EP@FIHJ7:'�<>LgeEF�':D[�>=,7�LGL *��JF�9R==)6F[*�9�*E� 7IF�<2':D�<>T
T>;�<2Pi) F�=8�>;,7)� 4 F�C$':D�LO9RCE7 " L2D�<2P FIHqD�L2P D[�>9*7[L < A>7:P�C�*:PR<>;�9*F�9EP$PR=�MU=�;sF�=�CE7:P FIHJ7:' ;,7:P A>7�<�7V99- T 7:P A>7
C�*��)<>;sF�CR=,P*F�9R=,D�L2P H��JF�<2P*PR=,7�L>L27$7�9 ;�=�L *IF�=�CE7E*�;sF�PR9R=�%O<27)�

Z+D�<2P6FIHqD�L2P6F�<QPEPR= T>CED�T D)P�*�<>L27�MH*�9R%2DOA>7 A>7L��*�L *�C*F�9R=,D�L.A>7:P =�M.F��q7:P K 5E, b�5 T D�<2C6PR=�M1<>;,7�C
<>L M0DOAs+�;,7 A���F�' %J<>=,PE=�9R=,D�L K 5E, �q5 A <�9R%2D�C*F�7 �['�7"M0DOAs+�;,7�7:PE9K':D�MUT D)P�*�A�� <>L27"=�M.F��q7 K 5E, �q5
P?-OL 9R% *�9R=�%J<27 " A>7:P 9RC*F�e 7:'�9ED�=�CE7:P =�L2A =�H =,A <27�;�;,7:P@A>7:P HJD�7>7�;,P 7�9 A>7:P A�*;) D�CRM.F�9R=,D�L2PI�d' F T>C�*:'�=,PR=,D�LWA>7:P
'*%QF�MUT2P A>7UA�*;)�D�CRM.F�9E=�D�L Fa*�9�*0A>7

2.6mm
��' F���*�L *�C*F�9R=,D�L A>7:P =�LO9E7�L2PR=�9�*:P$T><>;�M0D�LQF�=�CE7:PG�QF�P�*:7

PR<>C ;,7*eRF�':D[�>=,7�LWA27�;sF�9RC*F�L2PQ) D�CRM.F�9R=,D�LB7�PE9 M07�=�;�;,7�<>CE7$TQF�C C*F�T>T D�CR9+? ;sFUA�*;)�D�CRM.F�9R=,D�LBPR=�MUT>;,7$A>7:P
=�M.F��q7:PI�J4 F�C&':D�LO9RCE7 " ;�� =�LO9E7�CRT D�;sF�9R=,D)L�;�=�L *IF�=�CE7 A>7:P(=�LO9E7�L2PR=�9�*:P�F$A>D�L>L *@A27�P(M07�=�;�;,7�<>CEP&C9*�PE<>;�9*F�9EP&7�L
9E7�CRM07$A>7$PED�MUM07$A>7:P A =%GF*�CE7�L2':7:P F��2PED�;�<27:P��

5�7:P�9RC*FIH�F�<�7NPED�LO9 7�LG':D�<>CEP T D�<>C F�MH*�;�=,D�CE7�C ;sF1MH*�9R%2DOA>71#"3 4(5+4K�sZ D�<2P 7�LOH =,P*F��q7:D�L2P F�<2P*PR=
A>71T>CE7�L2A CE7�7�LV':D�MUT>9E7 ;�� %c- PR9�*�C�*:PR=,P�7�9�A�� =�L2':D�CRT D�CE7�C$A>7:P+=�L�)�D�CRM.F�9R=,D�L2P�T>%c- PR=,D�;,D[�)=�%O<27  �':D�MUM07
TQF�C07;7 7�MUT>;,7G;sFV':D�MUT>;�=sF�L2':7 # A2F�L2PU;,7NM0DOAs+�;,7)�63 L2D�9RCE7WFIHO=,P " =�; 7:PR9�=�MUT D�CR9*F�L 9.A>7 �)<>=,A>7�CU;,7
M0DOAs+�;,70TQF�C$;,7:P$=�M.F��q7:P TQF�9R=,7�LO9 F�P2L�A>7.P�� F�A2F�T>9E7�C F�<�7 'IF�C*F�'�9�*�CR=,PR9R=�%O<27 PRT�*:'�==PN%J<27.A>70'*%QF[%O<27
TQF�9R=,7�LO9I� Z+D�<2P&PED�<2%QF�=�9ED�L2P�F�<2P*PR=Q<>9R=�;�=,PE7�C�':7@M0DOAs+�;,7C�q5 F�P2L�A>7+A�*�9E7:'�9E7�C�A>7:P�F�CR9�*;) F�'�9EP�A�� F�' %O<>==<
PR=�9R=,D�LWA>7:P =�M.F��q7:P K 5E, �q5  aHJD�=�C '*%QF�T>=�9RCE7 @ # �
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' � D[��eR7:'�9R==)@T>CR=�L2'�=�TQF�;�7�L C*F�A =,D�9R% *�C*F�T>=,7N7�9 A>7.A�*�;�=�H CE7�C1;,7.M.F�7 =�M1<>M A>7 A>D)PE7�?G;sFX9R<>M07�<>C
9ED�<>9 7�L T>C�*:PE7�CRH)F�LO91;,7:P19R=,PEPR<2P1P*F�=�L2P 7�LOHO=�CED�L>LQF�LO9EP��K#"7�9R9E7 9! �'*%27 P.� FIH�+�CE7.9RC�+:P A =#".'�=�;,7�PR=(L2D�<2P
PED�MUM07:P�':D�L�)aCED�LO9�*:P0?WA>7:P M0D�<>Hq7�M07�LO9EPU7�9�A>7:P A�*;) D�CRM.F�9R=,D�L2PUA>7:P�D�C?�JF�L27:P�7�9�A>7.;sFW9R<>M07�<>C "7�LSTQF�CR9R=,'�<>;�=,7�C0T D�<>CU;,7G'IF�L2':7�C0A>7NT D�<>M0D�L�� '�7:P�9RC*FIH)F�<�7SA>7G'�7�9R9*7N9R%d+:PE7NPE7NP*D�LO9U':D�L2':7�LO9RC�*:P
F�<>9ED�<>C�A>7 A>7�<�7 F�7>7:P1T>CR=�L2'�=�TQF�<�7 HZ*�9R<2A>7�A>7.;sFXCE7�T>CEDOA <2'�9R=8�>=,;�=�9�*NA < �>;,DO'IF��q7 CE7:PET>=�C*F�9ED�=�CE7�7�9
*�9R<2A>7@A>7:P(A�*;) D�CRM.F�9R=,D�L2P&A>7:P(9R=,PEPR<2P6T><>;�M0D�LQF�=�CE7:P�F�<.':D�<>CEP&A>7 ;sF�CE7:PRT>=�C*F�9R=,D�L��cZ+D�<2P&FIHqD�L2P(M07�L *
T>;�<2PR=,7�<>CEPG*�9R<2A>7:P " 9ED�<>9E7:P^��F�P�*:7:P�PE<>C ;,7 C*7�'IF�;sF��q7GA�*;) D�CRM.F��>;,7GA�� =�M.F��q7:PI� 4
D�<>C0'*%QF[%J<27a*�9R<2A>7 "L2D�<2P T>C�*:P*7�LO9ED�L2P <>LXC�*:PR<>MH*$A>7�LQD�9RCE7$':D�LO9RCR=8�><>9R=,D�LB7�9�%O<27�;�%J<27:P T 7�CEPRT 7:'�9R=�Hq7:P��

$&%('�) �+*g�O�-,Y~/.^~ ��~/,102*g�3. � �E�5476 %8)9% � ' ~ ) 4�,(�v~ ):%

 �c
.�<; � '3� D[��e 7:'�9R==) A>7 ':7�9R9E7.T>CE7�MU=�+�CE7-*�9R<2A>7�FB*�9�* A>7 A�*�Hq7�;,D�T>T 7�C <>L27.MH*�9R%2DOA>7�A>7.CE7:'IF�<
;sF��q7 L2D�L�< CR=8�)=,A>7 F�PQLWA��(*�H)F�;�<27�C A>7 M.F�L2=8+�CE71P?- PR9�*�M.F�9R=�%O<27 ;sF�CE7�T>CEDOA <2'�9R=8�>=�;,=�9�* =�L 9E7�CQ)aC*F�'�9R=,D�LVA <�>;,DO'IF��q70CE7:PRT>=�C*F�9ED�=�CE7y �'*%QF�Ls�q7�M07�LO9EP A>7:P$T D)PR=�9R=,D�L2P1A>7:P D�C?�JF�L27:P17�9 A>70;sFN9R<>M07�<>C1A�� <>LKe D�<>C1?
;�� F�<>9RCE7$A <X9RC*F�=�9E7�M07�LO9 # FIHJ7:'�<2LWF�T>TQF�CE7�=�; 3 '�9R=�Hq7 -"CE7IF�9R% #"DOD�CEA =�LQF�9ED�Cg �3+- # # A>7Jr ;,7>= 9*F �D ; P�� F��)=�9+A�� 7:PR9R=�M07�C ;,7 A�*�T>;sF�':7�M07�LO9&b�5 7�LO9RCE71A =%GF*�CE7�LO9E7:P�F�' %J<>=,PR=�9R=,D�L2PLK 5E, b�5 A <WM>h�M07
TQF�9R=,7�LO9 F�P2L A>7^%O<QF�LO9R==PQ7�C ;,7�A�*�T>;sF�':7�M07�LO9$C�*:PR=,A <27�;6A>7 ;sF 9R<>M07�<>C$7�9 A>7�T 7�CRM07�9R9RCE70F�<�7VT>%c-�<
PR=,'�=,7�L2P MH*:A =,'IF�<�7WA>7�T 7�CEPED�L>L�F�; =,P*7�C ;,7:P M.F�C?�q7:P =�LO9E7�CRL27:P@A><GT>;sF�LWA>7 9RC*F�=�9E7�M07�LO9I�Q4KD�<>C@'*%QF[%O<27
TQF�9R=,7�LO9 A <GT>CED�9EDO':D�;,7$'�;�=�L>=�%O<27�? � 7:PRT>=�\`_`_`_�@+L2D�<2P@FIHJD�L2P A =,PRT D)P�* A>7&%J<QF�9RCE7$F�' %O<>=,PR=�9R=,D�L2P K 5E,b�5 H><>L27$=�M.F��q717[LWCE7:PRT>=�C*F�9R=,D�LB;�=8�>CE7 7�9@9RCED�=,P+F�<>9RCE7:P+F�' %J<>=,PE7:P+?�<>LWM>h�M07$=�L2PR9*F�LO9 A>7J�>;,DO'IF��q7
? ;�� F�=,A>7$A>7 ;�� F�T>TQF�CE7�=�; 3+- #+�

#&%QF[%O<27�TQF�9R=,7�LO90Fp*�9�*�9RC*F�=�9�*N7�L F�T>L *:7�CE7:PET>=�C*F�9ED�=�CE7G?W<>L PE7�<>=�;"T>C�*:A�*;P2L>= A>7��>;,DO'IF��q7NA <
'�- '�;,7UCE7:PRT>=�C*F�9ED�=�CE7k �7�LOHO=�CED�L

70%
A>7�;sFG'IF�TQF�'�= 99*UH =�9*F�;,7 # �f'�7UM0D�<>Hq7�M07�LO9 =�LO9E7�CQ<q)�C*F�'�9R=,D�L Fa*�9�*

*�9R<2A =�*E�)C! �':7 F�<NCE7:'IF�;sF��q7$A�*;) D�CRM.F��>;,7Gb�5 7�LO9RCE7�;,7:P@F�' %J<>=,PE=�9R=,D�L2P K 5E, b�5 �>4
D�<>C@PR==7 TQF�9R=,7�LO9EP ";,7:P A>==GF*�CE7�L2':7:PNA>7:P HqD�;�<>M07:P�T><>;�M0D�LQF�=�CE7:PND�LO9a*�9�*W=�L�)_*�CR=,7[<2CE7:PN?
5%

�3' 7:P M0D.-J7[L2L27:P6 �7�9 ;,7:P
*:'IF�CR9EP�99-OT 7:P # A>7:P�A�*�T>;sF�':7�M07�LO9*PGA>7:P�T D�= L 9EPG? ;�� =�LO9�*�CR=,7�<>CGA27�P�T D�<>M0D�L2PGD�LO9a*�9�*B':D�MUT>CR=,P*7:P
7�LO9RCE7

2.3(1.4)
7�9
4mm(3.3)

�(5 F�L2P.;�7:P.TQF�CR9R=,7:P =�L�)_*�CR=,7[<2CE7:P A>7:P.T D�<>M0D�L2P ;,7:P A�*�T>;sF�':7�M07�LO9EP
D�LO9]*�9�*0;�*���+�CE7�M07�LO9 T>;�<2P =�MUT D�CR9*F�LO9*Pg%J<Q70A2F�L2P1;�7:P TQF�CR9R=,7:P PR<>T�*�CR=,7�<>CE7:PI�
4
D�<>C A>7�<�7 TQF�9R=,7�LO9EP
L2D�<2P FIHqD�L2P�M07:PR<>C�*�A>7:P '*%QF�Ls�q7�M07�LO9EP HqD�;�<>MU=�%O<27:P PR<>T�*�CR=,7�<>CEP@?

300 cm3 7�9 A>7:P�A�*�T>;sF�':7�M07�LO9EP
PR<>T�*�CR=,7�<>CEP ?

10mm
�

'�73�>;,DJ'IF��q7&CE7:PRT>=�C*F�9ED�=�CE7"FIHJ7:'6;�� 3 - # F:*�9�*(7A".'IF�':7(T D�<>C
PR==7�TQF�9R=,7�LO9EP
7�9 T>CED[�>;�*�M.F�9R=�%O<27&T D�<>C
;,7:P6A>7�<�7UF�<>9RCE7:P&?�'IF�<2PE7�T>CED[�QF��>;,7�M07�LO9"A>7:P6F�L2D�M.F�;�=,7:P )�D�L2'�9R=,D�L>L27�;�;,7:Pi F�9�*�;�*:'�9*F�PR=,7 " 7�MUT>%c- P +[M07
T><>;�M0D�LQF�=�CE7 " 7 G <2PR=,D�LST>;,7�<>C*F�;,7 # �a' FBMH*�9R%2DOA>7GA>7 CE7:'IF�;sF��q7XA�*;)�D�CRM.F��>;,7Kb�5 T>C*D�T D)P�*:7�T 7�CRM07�9
A��(*�H�F�;�<27�C.;sF CE7�T>CEDOA <2'�9R=8�>=�;�=�99*BA < �>;,DO'IF��q7BFIHq7:'G;�� 3+- # ? TQF�CR9R=�C A>7:P.F�' %O<>=,PR=�9R=,D�L2PJK 5E, b�5��
#"7�;sFNT 7�CRM07�9 A�� F�A2F�T>9E7�C ;,7:P M.F�C?�q7:P$=�LO9E7�CRL27:P A>7U;sF�9R<>M07�<>C T D�<>C$;,7�9RC*F�=�9E7�M07�LO9 =�L2A =�H =,A <QF�;�=,P�*
A>7 '*%QF[%O<27 TQF�9R=,7�LO9@TQF�C C*F�A =,D�9R% *�C*F�T2=,7)�
B�CED 
GF C U`�.WIH C 
 '�7:PKD�<>9R=�;,PK=�L�) D�CRM.F�9R=�%J<27:P b�5 F�<>9ED�M.F�9R=�%O<27:P =�LO9RCEDOA <>=�9EP A2F�L2PK;,7"'IF�A CE7�A>7�':7�9R9E7
*�9R<2A>7^ aCE7:'IF�;sF��q7�A�*;) D�CRM.F��>;,7&b�5 " M07:PE<>CE7:P�A>7:P&HJD�;�<>M07:P"T><>;�M0D�LQF�=�CE7:P # T 7�CRM07�9R9E7�LO9 <>L27K*�H)F�;�<QF�<
9R=,D�L T 7�CEPED�L>LQF�;�=,P�*:7UT D�<>C$'*%QF[%J<27�TQF�9R=,7�LO9 A>7 ;�� 7A".'IF�'�=�9�*0A <M�>;,DO'IF��q7UCE7:PRT>=�C*F�9ED�=�CE7)��4KF�C$':D�LO9RCE7 "<>L270A>7:P$PED�<>CE':7:P A>7:P 7�CRCE7�<>CEP$T D)PEPR=8�>;,70A>7U;�� F�;8�qD�CR=�9R%>M07.A27�CE7:'IF�;sF��q7.7:PR9$;sFNA =,PR9*F�L2':7.A>7>@NMUM

<�]`]`]E<



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

	 �������

�����
�� ��� � ��� ��
���
��������

�����


7�LO9RCE7�;,7:P�':D�<>T 7:PUF�7 =sF�;,7:PI�5D ;"PE7�C*F�=�9 =�LO9�*�CE7:P*P*F�LO9�A>7NA =,PRT D)PE7�C�A>7:P =�M.F��q7:P0FIHq7:' <>L27 C�*:P*D�;�<>9R=,D�L
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