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• � [ l_oPwBjmac��ixl_�`a	l�n#ac��z#d������`o�� ^�fPg9� a/���`��o Z j&acb ^ b bc�sj��efsik��jma	lcivb [ ��z�n#acj&bc��a	ix^>z|��a/^3yky�bc�Pj&ika$��jmfsj&a	��oBllcoswsw ��acb�^�fPg;��osixgs^3fB�"j! 
•

\6�sj��$^3bcik��fP^�y{p�ik��ikfhz|��a r ^ b	ik�ml#�ej&b"���`a$#&%��$p6�('�z|�`a#z|osfBghivfP� b	�sj���iklcitb6�3z!n�ac��z" )��jmfsfP^3acb��eikykl	l_�`fCz|a	� r bc�sj
*�^3a	��ykikfPl+# ^,��fPl8b	itb	ohbcj�- q ��jmghjmf.���s�>wsacjul_jmf~bcjmg4bc�Pj0/21$d�3 �4� �"��oPa	lcj! 

•

n�a	�3z" 5� �eikyxlclc��f;z|��ae^�yvyA�sixle^`lclcikl_b	^�fP�"j/ikfGlc��yk��ivfP�Kb	�sj�wsa	� Z ykj r l6��j/jmfP�"�`osf~bcjmacjug7 
•

\6�sj��$^ b	iv�`fP^3y83�jmlcjm^�a	���9�P��osfPgP^ bcik��f�%���3$�9' ^3fBgGbc�sj��efsik��jma	lcivb [ ��z�n�acj&bc�`acix^>z|��a/^:��^�a	gsivfs� r jKbc�sj Z osa$;
l	^3a	ivjul<���Pik���Ij&fP^ Z ykjmg r j�b	� �"�`f`b	ivf�osj r [ l8b	oPghikjml= 

•

\6�sj>��f~bcjmacfP^3bcik��fP^�y q ���&ivj&b [ z|��a,/�� r wPohb	^3bcik��fP^�y�p�ik��yk��� [ %?� q /�p@' z|��a�^:�6^3a�ghikfs� r j�bca�^ ��jmy�z|jmyvyk�A�el_�PivwPl/b	�
^ bcbcjmfPg b	�sjB� q � p �3�`�!C ^3fPg �3�`�ED �"��fsz|j&a	j&fP�&jml= 

• � [ z|jmyvyk�A� l_bcoBghj&f~b	l$^ b6bc�sj(�$fsik��j&a�lcitb [ ��z!n�a	j"b	��a	ik^ z|�`ae^3yky{bc�sjmiva$lcoswsw ��acbe^3fPg;ikfPl_ik���~bcz|osyvy!ghikl	�"oBlclciv�`fPl= 
•

� j&��jmyv�`wBjma	l���z)F w j&f q ��oPa	�&j q �3z b"�6^3a	j/^�yvyA� �`j&a�bc�sjB����a	yxgCz|��a$wsac� ��ixghikfs�Kb	��wG�~oP^3ykitb [ z|acjmj(l_��z b"��^�acj� 
•

\!�>��ivfBghivj/z|�`a$^3ykyA�sj&a�yk� ��j�-�wP^ b	ivjmfP�"j(^�fPg;lcoswsw ��acb= 
• � [ wB^3a	j&f~b	l�z|�`ae^3yky{bc�sjmivaelcoswsw ��acb$^3fPg;wP^3bcikj&fP�&j! 
•

F osa��P^3bc�sjmaeikf;�sju^ ��jmfG 
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JK�4JK�MLON7P?QSRHTUR�VW�UREX<R�VYR�Z[�9\WPK]G^O_4`HaWb�c�dHe�f�bhgF`K_4iFe j�`HkYf+bl��������������������������������������������������������� J
JK� m+�on%VWp�q@rsP!Z[�4Zt\YRHu7v!Pw�4uBQSRHTUR2VW�6R"������������������������������������������������������������������������������� x
JK� y��Mz7{KTUR�\WP!Z|����������������������������������������������������������������������������������������������������� }

JH� y��4JK�~z�{HTUR�\WP���PF\YR���{KT4�4Z[� ������������������������������������������������������������������������������� }
JH� y�� m+�~�su+\W�9��{KTUR�\WP!Z������������������������������������������������������������������������������������������ �

JK� x7�on��UN��7��VW{H�7\WPFVW{KR�\WP�Zt��u�\WN$R�Z[P"��n���X �7�O����������������������������������������������������������������������� J!�
JH� x7�4JK����\[VWp�vF\Wp�VWP�{H��^���g!`K_4iFe j�`�k�f+b�n���X ����������������������������������������������������������������� J!�

JH� x��4JK�4JK��LON�PwLO�tQ'���$R�V[VWPFTG��{KTU��������������������������������������������������������������������� JHJ
JH� x7� m+�~z�p7u�vF\W�4{HuSRHu��SQ�P!vYN$R�u��4Z[��{H�<n���X��~������������������������������������������������������������� J�m

JK� �+�o�s�7��VW{�8+�7��P�\WN+��TU�7�4N��7��VW{H�7\WPFVW�U�7�4u7P��+�+VW{H��N�{HZ[��N7{K�+�4u$RHZ[P@��X�X�X� ?�¡����������������������������������������� J!y
JH� �+�4JK����\[VWp�vF\Wp�VWP�{H��^���g!`K_4iFe j�`�k�f+b�X�X�X¢ o��������������������������������������������������������������� J!y

JH� ���4JK�4JK��LON�Pwz7PFV[VW{+�7{�8��4u7��T4�U�KP��£{HT6�¤��������������������������������������������������������������� J!y
JH� �+� m+�~z�p7u�vF\W�4{HuSRHu��SQ�P!vYN$R�u��4Z[��{H�¢X�X�X� ¥������������������������������������������������������������� J!y

JK� ¦��M�s�4��Z§������������������������������������������������������������������������������������������������������� JFx
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��£� � �	�«�$#%¬"­<®�¯$°£±K²�³�¯7´Hµ�¶¸·�·�·�¹»ºW¼�½S·?©¾����������������������������������� J!¦

m+�4JK�o�¿u�\[VW{+�7p�v�\W�U{Hu������������������������������������������������������������������������������������������������ J!¦
m��4JK�4JK�M�%{K��{KT4{HqH�'��{+�7P!T4T4�4u�q������������������������������������������������������������������������������ J�À

m+� m+�~Q�P�\WN�{+�7Z¾��������������������������������������������������������������������������������������������������� m��
m�� m+�4JK�M�%{K��{KT4{HqH�'��{+�7P!T4T4�4u�q@{�� ^s��g!`H_4iFe j�`HkYf�b�n���X��»��������������������������������������������������� m�J

m�� m��4JK�4JK��X¢T6R�Z[��{+�7�URHT	n���X��»��P�Á�p�PFu�v!P�rsPF\[VW�4P!/HRHT§����������������������������������������������� m�J
m�� m��4JK� m+�ÂQ�p�T9\W�4��T4P?�+P�Á�p�P!u7v!P��%T4�4qKu7��P!u�\B��������������������������������������������������������� m�J
m�� m��4JK� y��Â��PFv!{Ku���R�V[����\[VWp�vF\Wp�VWP�X¢VWP!�7�4vF\W�4{KuÃ������������������������������������������������������� mHm
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� {Ku�\WP!u�\WZ ikivi
m�� m��4JK� x7�~��{H��{KT4{Kq��»��{+�7P!T4T4�4u�q¤������������������������������������������������������������������� mHm
m�� m��4JK� �+�ÂQ�p7\YR2\W�4{Ku Q�{+��P!T4TU�4u7q ������������������������������������������������������������������� m�y

m�� m+� m+���G�UqKRHu���n�{�vY���4u7q"�4u ^��+gF`K_4iFe j�`HkYf+b�n���X�� ������������������������������������������������������� m2x
m�� m�� m+�4JK�Â��p7��Zt\[VYR2\WP � {Ku7Zt\[VWp�vF\W�4{Ku ��������������������������������������������������������������� m2x
m�� m�� m+� m+�Â��p7T9��R��¿�+VWp�q � {Hu�Zt\[VWp7vF\W�4{KuBR�u$��n�{�vY�+�4u�q ����������������������������������������������� m2x

m�� m+� y��M�%{K��{KT4{HqH�'��{+�7P!T4T4�4u�q@{�� ^s��g!`H_4iFe j�`HkYf�b�X�X�X�  ������������������������������������������������� m�¦
m�� m�� y��4JK�ÂQ�p�T9\W�4��T4P?�+P�Á�p�P!u7v!P��%T4�4qKu7��P!u�\B��������������������������������������������������������� m�¦
m�� m�� y�� m+�~��{H��{KT4{Kq��»��{+�7P!T4T4�4u�q¤������������������������������������������������������������������� m�¦

m+� y��orsP!Z[p7T4\WZ¡����������������������������������������������������������������������������������������������������� mHÀ
m�� y��4JK�M�%{K��{KT4{HqH�SQ�{+�7P!T4T4�4u�q�{H�(n���X���������������������������������������������������������������������� mHÀ
m�� y�� m+���G�UqKRHu���n�{�vY���4u7q ����������������������������������������������������������������������������������� y+J
m�� y�� y��M�%{K��{KT4{HqH�'��{+�7P!T4�4u�q {H��X�X�X¢  ������������������������������������������������������������������� yK�

m+� x7�on��UZ[vFp�Z[Z[�4{Ku ������������������������������������������������������������������������������������������������� xHx
m�� x7�4JK�Mn���X �E��{H��{KT4{Kq��SQ�{+��P!T|������������������������������������������������������������������������� xHx

m�� x��4JK�4JK� ^��+gF`K_4iFe j�`HkYf+b�n���X��»��{+��P!T������������������������������������������������������������ xHx
m�� x��4JK� m+� ^��+gF`K_4iFe j�`HkYf+b�n���X��+� �+��P!v!���$v%� u�Z[P�V[\WZ¡������������������������������������������������� x �
m�� x��4JK� y����	�4qKRHu$�'� u�\WPFVYRHv�\W�U{Hu�Z ������������������������������������������������������������������� xK¦

m�� x7� m+�~X�X�X¢  ��{H��{KT4{Kq��BQ�{+��P!T ������������������������������������������������������������������������� xK}
m�� x�� m+�4JK��X<��X�X�X¢  �Uu7Z[PFV[\WZ¸����������������������������������������������������������������������� xK}
m�� x�� m+� m+���	�4qKRHu$�'�Uu�\WPFVYR�vF\W�4{Ku7ZO��������������������������������������������������������������������� xK�

m+� �+� � {Hu�v!T4p7Z[�U{Hu§������������������������������������������������������������������������������������������������� xK�
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y��4JK�o�¿u�\[VW{+�7p�v�\W�U{Hu������������������������������������������������������������������������������������������������ ���
y+�4JK�4JK�	�%p�v!T4P�R2V�QSR�qKu7PF\W�4v?rsP!Z[{Hu$RHu7v!P��
��Q�r�� ����������������������������������������������������������� ��J
y+�4JK� m+�	�%{HVW�ERHT	Q�{+��P �su$R�T4��Z[�4Zw�
��QS���3����������������������������������������������������������������� ��J
y+�4JK� y���Q�{HTUPFv!p�TUR�V%n���u$R����4v!Z���Q�nw������������������������������������������������������������������������� �Hm

y+�UJH� y��4JK��z�{�VWv!P��$PFT6��Z ����������������������������������������������������������������������������� �Hm
y+�4JK� x7���¢u�PFVWq��BQ��4u7�U����
�R2\W�4{Ku|����������������������������������������������������������������������������� �H�
y+�4JK� �+� � {H����p7\WP�V%���4�@p7T6R2\W�4{KuBQ�P�\WN�{+�7Z������������������������������������������������������������������ �HÀ

y+�UJH� �+�4JK�ÂQ�{KT4P!vFp�TUR�V%n���u$R����UvFZs���4�@p7T6R2\W�4{Ku�Z«����������������������������������������������������� �HÀ
y+�UJH� �+� m+�ÂQ�{Ku�\WP � R2VWTU{»�+�4�@p�TUR2\W�U{Hu�Z ������������������������������������������������������������� �HÀ
y+�UJH� �+� y���X(PFVW�4{+�7�4v�� {Hp�u$�7R�VW�4P!Z¾������������������������������������������������������������������� �HÀ
y+�UJH� �+� x7���	{Hu�q���VYR�u�qHPwz�{HVWv!PFZ���������������������������������������������������������������������� ��}

y�� m+�~Q�P�\WN�{+�7Z¾��������������������������������������������������������������������������������������������������� ���
y+� m+�4JK�Â^���g!`K_4iFe j�`HkYf+b�n���X ���	�4q R�u$�SX<R2VYRH��PF\WPFVW��
�R2\W�4{Ku.������������������������������������������������� ���
y+� m+� m+��Q�{HTUPFv!p�TUR�V%n���u$R����4v!Z�{Ku�^�� g!`K_4iFe j�`Hk�f+b�n���X � ������������������������������������������������� ¦+J

y+� m�� m+�4JK�~� u+/ PFZt\W�UqKR�\W�4u�q���p��7Zt\[VYR�\WP��%VW�4P!u�\YR2\W�U{HuBRHu��SQ�{2/ P!��PFu+\@��������������������������������� ¦Km
y+� m�� m+� m+�~� u+/ PFZt\W�UqKR�\W�4u�q��	{�{K�BQ�{�/KP!��P!u�\���������������������������������������������������������� ¦Km
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� {Ku�\WP!u�\WZ iv�
y+� m�� m+� y��~� u+/ PFZt\W�UqKR�\W�4u�q�Q�p7\YR�\W�4{Hu � � PFvF\WZ�{KuB�+p��7Zt\[VYR�\WP � �4u��7�4u�qh������������������������������� ¦Km
y+� m�� m+� x7�~� u+/ PFZt\W�UqKR�\W�4u�q�Q�p7\YR�\W�4{Hu � � PFvF\WZ�{KuB�+p�T9��RH�7{�8��4u�P�� �4u$���4u�q«����������������������������� ¦Hy

y+� m+� y���Q�{HTUPFv!p�TUR�V%n���u$R����4v!Z�{Ku�^�� g!`K_4iFe j�`Hk�f+b X�X�X¢  ������������������������������������������������� ¦Hy
y�� y��~Q�{HT4P!v!p�TUR2V�n���u�RH���4v!Z�rsP!Z[p�T9\WZ ����������������������������������������������������������������������������� ¦Hy
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m+� m�� ��v�\W�U/KP�Z[�9\WP�VWP!Z[�U�7p�P�vF{K���$R2VW�4Z[{KuS��PF\��OP!PFu����¢iWcK_ e����w��e���� f ���
	2` �?R�u$�B^���g!`K_4iFe j�`�k�f+b X�X�X¢  ������������� x m
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•

d r ikfs�G^��"ixgsl(��ivyky Z j>a	j"z|jmaca	jmgIb	�;jmitb	�sj&a Z�[ bc�sjmiva��`fsj ; yvj&b_b	j&a/��a bc�sa	j&j ; ykj"bcbcj&a�^ ZPZ acjm��ik^3bcik��fPl= �d r ohb	^3bcik��f
��ikyvy Z j�ikfPghix�&^3bcjmg Z�[ bc�sj�^ r ikfs� ^`�"ixg Z j&ikfs� r ohb�^ bcjug�z|�`yvyk�A��jug Z�[ itb�l�f~o rKZ j&a - z|��ykyv�A��jmg Z�[ b	�sj�fPj � a	jmlcikgsosj
j! �  
d$yk^ D�C � �/y [ �`aed D C � � ivfPgsik�m^ bcjul�deyx^3fsikfsj D C � Z jmivfs� r ohb	^3bcjug4b	� �/y [ �"ikfsj� 

•

q w jm�&ivjul@��ivyky Z jKa	j"z|jmaca	jmg4bc� Z~[ ^>b"���C��a�b	�sacjmj�yvj&b_b	j&a ^ ZsZ a	j&��ix^ bcik��fIj! �  � �v� � )�$	� ���2) �"� �v�"� +P� � �2) ��ikyvy Z j
n
z
^3fPg������"$������&� �&� ���2) � �����&�c�*�2� $ � �x�B��ivyky Z j � b Z  
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� ^�yk^�acix^�ikl �&^3oBl_jug Z~[ lcwBju�"ikjmle��z�bc�sj � �v� � ) $��3���2) ��jmf~oBl  6� b ikfhz|ju� b	l$��o r ^3fPl=-BwPaci r ^ bcjul -Bac�hghjmf~b	le^`l���j&yky
^�l Z ika	gPl  � �v� �") $	� ���2) �"� �v�&� +s�3� �2)0- ��= �u��� ����- �3= $ � � �v��^�fPg �3= )C�%�v�3� ������^�acj�b	�sj z|��osa r ^3ikf ��o r ^3f wP^�a	^`l_ivbcjul
��ivbc��b	�sj��~ika	osyvjmf~b �3= �"�%�k�"� +P� � �2)Vi r wsykik�m^ b	jmg�ikf�b	�sj>� ^�l_b r ^ ]8�`acivb [ �3z���o r ^3f ivfhz|ju� b	iv�`fPl  (\6�Pj � �v� � )�$	� ���2)
z�^ r iky [GZ j&yk��fs�~l�b	�4^Cyx^3a	��j!- r ��fs�`ws� [ ykj"b	ik�(��a	��oswG�3z��`ac�~^3fsixl r l��m^3ykyvjug9^3wsix�"� r wsyvj*�s^3fPl= e\6�sj&ika gsikl_bcikfs��oPiklc�sikfs�
z|jm^3bcosa	j$ixl
b	�sj/wsacjul_jmfP�"j$�3z�^3f ^�wsix�&^3y ��a	�`^�fsj&ykyx^3a��"� r wsyvj*� z|�`a�ikf�� ^�ghikfs��b	�sj$�s�~l8b6�"jmyvy  
dewsix�"� r wPyvj*�h^�fPl�ikfP�&yvoPgsj
��j&yky #�fs�A��f9��a	�`^�fsixl r lelcoP����^�l?>�� �#+ � $ � +,$3� � � ���2)A@CB $�� $#+ �k� � )>�G^�fPgDB �s�&���v�&� ��� %���ik��osa	j �  �FE d$a	^ ��ikfPg �"�e� � = @
�3�`�!C - q �sj&a r ^3f �HGIG � ' = \6�sj&a	j>^3a	j lc� r j�gsikl	^3�`acjmj r j&f~b	l ^�l bc�;bc�Pj��`acik��ikfPl �3z r ^�yk^�acix^  � �~l8b���z�bc�sjCl_bcoPgsivjullcoswsw ��acb	l!bc�sj6ixghjm^$bc�B^ b �3= �"�%�k�"� +P� � �2) ��a	iv�`ivfB^ bcjug�ikf�dez|acix�&^/^3fPg(bc�sjmf j*�hwP^3fPgsjmgKbc��l_�`ohbc�sju^�l_b�d l_ix^/^3fPg q ��osbc�
d r jmacix�&^ Z osbebc�sj(gP^ bcjK�3z�bc�sixlej*��wB^3fPlciv�`f;� ^�acikjml�z|a	� r � �C���`��[ jm^�a	l6^����>osf~bciky!^ r ^%�hi r o r �3z D`�`�>����� [ ju^3a�l
^3�`��% 1 ^3acbcy - �3�`�ED '  /� i � jmacjmf`b(lcjm�~osjmfP�"juleb	j&yky�gsi �{j&a	j&f~b/b	^3ykjml= �n�a	�3bcjmivf ; �&��gsivfs�;��jmfsjml/l_oP����jul8b bc�sj��h�&�&osaca	j&fB�"j
�3z�^Ga�^3wsixg�j*�hwP^3fPlcik��f�% z|a	� r ^Iz|j=�Q��osfBghacjug�ivfPgsiv��ixghoP^3yxl '/�3z�bc�sj ��= �"�%�v�&� +s�3� �2) wB�`wsosyx^ b	iv�`f �ED� 3��� ;   �  ����
%|oPwswBjma(yki r ivb ' [ jm^3a�l/^3���.��ivbc� ^Iwsa	� Z ^ Z yvj>�"� r>r �`f�^�fP�"jul8b	��a(^ Z �`ohb � �G���`�4[ jm^3a�l�^3�`� % 3�ik��� �&�/� � = @ �JGFG ��'  
\6�sj�lc^ r j wsa	�3b	j&ikf ;��"�hghikfs�K�`j&fsjul�oBl_jug Z�[ 3�ix�����&���%� = % �JGIG ��')��jmacj�^3fP^�y [ lcjmgCoBl_ikfs��/��`^3ykjml	�"jmf~b#bc�Pj&��a [ -����six���
a	j&w ��acbcjmg ^ �"� r�r �`f ^3fP�&jml_bc��a ^ Z ��ohb C���������� ; D~���I���`�9[ ju^3a�l(^3�`�9z|ac� r ^�wB�`wsosyx^ b	iv�`f �3z$^ Z ��osb�^ � ���9�`���
wP^�a	^`l_ivbcjul0% 1eos�`�sjml �&�/� � = @ �3�`� � '  K\6�sj>��a	jm^3b�gsi �{j&a	j&fP�&j Z j&b"��jmj&f bc�sjul_j�b"���;jul8b	i r ^ b	jml��6^�l/fP^�aca	�A��jug9gh�A��f
bc�4bc�sj�^3�`jK^3fPg�^��&�&osa�^�� [ �3z#gs^3b	^ lcj"b�l����Pik���9b	�sj(b"��� �`ac�`oswPleoBl_jug % 1$^�a_b	y - �����ED '  ed$fs�3b	�sj&a�^3wswPac�~^����GoPlcjmg
ikf`b	ac�`fPl ivf ��j&fPjml ��f ���Pac� r �~l_� r j � ^�fPg C  (\6�sj ikf~bca	��fPl$z|��a����sa	� r �`lc� r j � ivfBghik�m^ b	jmg�^I�"� r>r �`f�^3fB�"jml_bc�`a
^3f [ bc�Pivfs� z|a	� r G  3��� ; � � ���`�e[ jm^3a�l�^���� Z ohb�^ l_bcoBg [ �3z �3�ED �"�hghikfs��^3fPg fs��f ; �&��gsivfs� acjm��ik��fPl�z|a	� r ���sa	� r �`lc� r j
C l_oP����jul8b	jmg�^G�"� r>r ��f ^3fB�"jml_bc�`a � ���G�`��� ; � � � ���`�4[ jm^�a	l�^3�`� % 1$^�a_b	y - �3���!D '  ��f ^�f j�� �`a_b�b	�Ggsjm�"a	jm^`l_j bc�Pj
osfP�&j&acb	^�ivf~b [ ikfIbc�sj(jul8b	i r ^3bcjml6��z!b	�sj�w ��wsosyx^ b	iv�`fGj �hwP^3fBl_ik��fI�3z �3= �"� �v�"� +P� � �2)A@�ivb���^`l�ghjm�&ikghjug;bc�Cikf~�`jml_bcik�`^3bcj
bc�Pj r ivbc�h���s��fBghacix^3y!��jmfs� r j(��z�bc�sj wP^3a�^�lcivbcj! /\6�sj ��= �"� �v�"� +P� � �2) r itb	�����P��fPgha	ix^3y��`j&fs� r j(ikl �!# Z ikf lci �&j ^�fPg
ikfs�sj&a	ivbcjmgG-�^�l ivf r �~l8b r ^ r>r ^3yxl -{��fPy [ z|a	� r bc�PjKz|j r ^�yvj�wP^�acjmf`b  /\6�Pj a	jmlcosyvb	l/l_�s�A��jmg9bc�P^3b�^4a	^�wsikg�d�z|a	ik�m^3f
j �hwP^�fPlciv�`f��h�&�"oPaca	jmg9^ Z �`ohb � � ���`� [ jm^3a�l$^���� Z ohb�lc� r j yvikfsjm^���jul ^�acj r �`acj�^3fP�&ivjmf`b>%  ��;�`��� ; � �`�>����� [ jm^�a	l '
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z(�4qKp�VWPSJK�4J��?LON7P"��N���T4{KqKPFu�PF\W�4v"v!{Hu�\WPF8+\�{H�%^��$g!`K_4iFe j�`Hk�f+b ����p�PFZt\W�U{Hu �ER2VW��Z��Uu��7�4v�R2\WPER�VWP�R�Z ��N7PFVWP"�7N+��T4{KqHP!u�\W�4v@VWP!TUR��
\W�4{Ku7Z[N��4��Z�R2VWP@u7{H\�Z[{�V[\WP��B{Kp�\���PF\�]$VWP!� Zt\YR2VWZ��4u$�7�4v�R2\WP {�VWq R�u��4Z[��Z��£{�V���N��4vYN¡REv!{H����T4PF\WP?qKP!u7{K��P?Z[P�Á�p�P!u7v!P@R2VWP PF�4\WN7PFV
�$u7�4Z[N�P��"{�VO�4u�\WN�P �$u$R�T�Zt\YR�qKP!Z�{��	��VW{�v!P!Z[Z[�4u�q���LON�P�\WN��4u»R�V[VW{!��ZO�4u$���Uv!R�\WPsZ[P!v!{Ku���R2V[��P!u$��{KZt���@�7�4{H\W�4v�P!/ P!u�\WZ�Z[p�vYNERHZ \WN7P
RHv!Á+p7�4Z[�4\W�4{HuS{H�<\WN7P�v�N7T4{HVW{K�7TURHZt\�� �s�7RH��\WP��E�6VW{K� �sVYR�/+�4u$� ��
�`K_U� ��mH�H�Ky��

bc�B^ b$lcwsacju^�g;bc� q ��ohb	�Gd r j&a	ik�m^C^3fPgGlc��ohb	�sjm^`l8bed$lcix^ Z j&z|��a	j�bc�sj(dez|acix�&^�fIj*�hwP^3fPlcik��f % �`� [ �&�6� � = @ �3�`�!C '  �\6�sixl
gs^3b	^C�`�~jule^3�~^3ikfPl_bebc�sj r ��gsj&a	f Z jmyvikj"z
b	�P^ b bc�sjKlcyx^ ��j�bca�^�gsjK^3fPg ��osa	��w jm^3fBl�ivf~b	ac�hghoP�&jmg r ^3yx^3a	ix^>ivf~bc� q ��osbc�
d r jmacix�&^ % q �sj&a r ^3f �JGFG � '  � �~l8b(��z�b	�sj4l_bcoPghikjml(��f�bc�sjCw ��wPosyk^3bcik��f ^3fBg �`j&fsj&bcix�>��a	iv�`ivfBl��3z �3= �"�%�k�"� +P� � �2)lcoswsw ��acb	l�bc�Pj�ikghju^ bc�P^3b$^ a�^3wPikg;j �hwP^�fPl_ik��fI�3z �3= �"� �v�"� +P� � �2)S�h�&�&osaca	jmg;ikfGdez|acix�&^>^ Z �`ohb � �>���`�K[ jm^3a�l6^3�`�  

\6�sjG}Pa�l_b>�Pikl_bc�`acix�&^�y�j&��ikgsj&fP�&j9�3z r ^�yk^�acix^��"� r jul�z|ac� r ��� [ wsbcix^3f r o r>r ikjml ^�fPg�gh�h�"o r j&f~b�l  � ^�yk^�acix^l [~r whb	� r l ��jmacj;acjmwB�`a_b	jmg z|a	� r ��� [ whb.% �   � �����	��� ' -
n�j&a�l_ix^ % �3�`�������	��� ' -</��sikfP^ % � � ���
���	��� 'Q^�fPg Z�[ bc�Pj
�/a	j&j #hl0% 1e� r j&a �  3�����	��� E dea	ixl8b	�3bcykj C � D ; C`�`���
���
� E n�yx^ b	� D�� �A; CED � ���	��� '  $\6�sj ghiklcjm^`l_j �&^ r j�b	� wsa	� r ikfsj&fP�&j
ghosa	ikfs��bc�sj 3�� r ^3f4jma	^>^�fPg4ivb	l6fB^ r j��P^3ikykl�z|a	� r bc�sjB� b�^3ykik^�f;fP^ r j z|�`a��+3e� r ^3f4z|j&��jma�� )>� ��� � � ��� %	� Z ^�gG^�iva��"'  
d�z b	j&a bc�P^3b(bc�Pj4ghixl_ju^�lcj4l_wPacju^�g l_yk�A��y [�Z ohb�l_osa	j&y [ ^��"a	�`l	l r �`l_bK�3z ��oPac�`wBj4^�fPg ikf`b	��3�oPl	lcik^  Gp [ bc�sj;jm^3a	y [
� � ����� l r ^3yx^3a	ix^;�B^�g ^.����a	ykg ��ixghj ghixl_bca	i Z osbcik��f % q �sj&a r ^3fG- �JGFG ��'  
��f b	�sj � � � ��� l,/��B^3a	yvjul �) �d  �!^ ��jmacfP^�fG-
/�^ r ikyvyk� �/�`yv�`i!^�fPg�� ikyvykik^ r �  � ^�� /�oPyvyko r wsa	� ��jmg;b	�P^ b r ^3yx^3a	ik^>�6^�l �&^3oBl_jug Z�[ ^4l_ikfs��ykj ;��"jmyvykjmg���a	�`^3fPikl r
���six���9ivfsz|jm� b�leb	�sjKjma [ b	�sac�h� [ b	jml���z
bc�sj ��o r ^3f9�s�~l8b  e\6�sjKjmfPg9�3z�b	�sj � � G ��� l�l	^:� 3���fB^3yxg&3��`l	le^3fBg9n
^ bca	ix� #
� ^�fPl_�`fCwsa	� ��j6bc�B^ b r ^�yk^�acix^��6^�l
b	a	^�fPl r ivb_b	jmg Z�[ bc�Pj r �`l	�~ositb	�  93��`l	l�acju�"j&ik��jug bc�sj��e� Z jmyBwsa	i �&j$ikf �HG �`� ^�fPg
��^ �`j&a	fP^3f4acju�"j&ik��jug b	�sj(�e� Z jmyAwsa	i �mj�ivf �JG � ��z|��a6bc�Pj&ika����`a$#C�`f r ^�yk^�acix^
% q �sjma r ^3f - �JGIG ��'  

� �v� � )�$	� ���2)-�P^`l
^�yvivz|j$� [ �&yvj@���six���>ikl#ghiv��ixghjmg>ikf~bc��b	�sacjmj�wP^3acb	l@%���iv�`osacj �  � '  q w ��a	� �&�`itb	jml�ikfhz|jm�"b�bc�Pjeyvik��jma
% b	�sj/j �h��j&a [ b	�sa	��� [ bcix��l8b�^3��j:'5���sjmacj$bc�sj [ ghj&�`j&yk��wCikf`b	� r j&a	� �m��ivbcjul -����sik���Il_wPacju^�g�bc�Kbc�sj Z yk�~�hg %|j&a [ bc�sa	�h� [ bcix�
l_b	^3�`j '  (\6�sj r jmac�
�&��ivbcjul$ghjm��jmyv�`w�ivf~b	�4b	ac�`ws�s� �m��ivbcjul - ���six��� ghjm��jmyv�`w�ivf~b	�Il	���si �&��f~b�l  �\6�sj>lc���Pi �m��f~b/ghjm��jmyv�`wPl
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ikf`b	��b	ac�`ws�s� �m��ivbcjul -9���six��� ghjm��jmyv�`w ivf~bc� r ^3ykjI^�fPg z|j r ^�yvj;�`^ r j&bc�h� [ bcjul  \6�sj;�`^ r j&bc�h� [ bcjul(b	�sj&f fsj&jug bc�Pj
r �`l	�~ositb	�Cbc�I�"� r wPyvj&bcj(ivb	l yvivz|j>� [ �"ykj Z�[ z|�`a r ikfs�;^ � [ ����bcj!- ���six����ghj&�`j&yk��wPl$ivf~b	�4l_w ��a	� �m��ivbcjul�ivf�bc�sj�lc^�yvik� ^3a [
��yx^3fBg9�3z
b	�sj r �~lc�~osivbc� % r �`l	�~ositb	�4l_b	^3�`j '  (��f�bc�sj��&^�lcjK��z �3= �"�%�v�&� +s�3� �2)Wb	�sj wB^3a�^�lcitb	j(ikl r �`l_bcy [ �&^3a	a	ivjug Z~[
bc�Pj�� � $#+ �s�*�v�"� �`� ) �&����� r �`l	�`oPitb	�.% q �sjma r ^3f - �JGFG ��'  

� ^�yk^�acix^4ixl���fPjC�3z�bc�sj r �`l_b(ghj&� ^`l8b�^ bcikfs�9ghixl_ju^�lcjml���z�b	�sj r ��gsj&a	f ����a	yxg7 C\6�sj ���`a	l_b�^ �{jm� b	jmg�a	j&��ik��f�ixllco Z ; q ^3�P^�a	^�f/dez|acix�&^6��ivbc��b	�sj)����a�l8b�^ � ju� bcjug��"�`osf~bca	ivjul�l_o � jmacikfs�e^ �  C�� jm�&��fs� r ix� �8�`ac�A�6b	� w j&fB^3yvb [ �
jm^`��� [ jm^�a
^�l���jmyvy�^�l l_oBl8b�^3ikfsivfP�4^3fsf�oP^�y!ju�"�`fs� r ix��yv�~lclcjmleosw���^�a	gsl$�3z#� q�� �>Z ivykyvik��f�% *�ikyk^ r ^ - ������C E ��ik��osa	j �  C '  ��^����
[ ju^3a r ^�yk^�acix^eikfhz|ju� b	l Z j"b"��j&jmf C��`� ^�fPg  3�`�er ikyvykiv�`fKw j&�`wsyvj�a	jmlcosytb	ivfP�$ikf r ��a	j�b	�P^3f �   �r ikyvykiv�`f ghju^ b	�Pl - r �~l8b��3z
���s� r ^3a	j����sikykgsacjmfKosfPgsj&a�bc�Pj�^���j��3zs}P�`j % � 1 F � ^3yx^3a	ik^�z�^�� b�lc�sj&j&b
	 G D - �~b_b	w���
�
:�@�@�B ���s�  ikf`b�
 r jmgsik^`�"j&f~b	acj

uz�^`� b�l_�sjmj"b�l�
 z�l � G D 
 j&f�
!'  � �`l_b �3z/bc�sjGz|a�^3�`ivykj9d�z|a	ik�m^3f jm�&��fs� r ikjmlC�m^3fsfP�3b4�&^�aca [ bc�Pj9jm�"�`fs� r ix�G^3fPg�lc���&ik^�yZ osa�ghjmf �3z�b	acju^ b	ivfs� r ^3yx^3a	ik^  �d$ytb	j&a	fP^ b	iv�`j;�`whbcik��fPlKbc���"�`f`b	ivfP��oPlKbca	jm^3b r j&f~bC^3a	j Z jmivfP���&��fPlcikgsj&a	jmg lcoP��� ^`l
� ^��m�"ikfsjml=-�i r wsa	� ��ivfs� lc^�fsitb�^ b	iv�`f ^3fPg ykik�~ikfs���&��fPgsitb	iv�`fPl ^�fPg ikf���jml_bcik�`^3bcikfs�9yk�A�6; �&�`l_b=-�wsacjm��jmf`b�^ b	iv�`j r j"bc�P��gPl
lcoP��� ^�l Z jmgsfsj"b�l#^3fBg>a	^�iklcjmg��s�`oPl_jul�% *�ikyx^ r ^ - �3����C E /��B^3a	y ������g9�&���%� = @ ������C '  �\6�sj$�&osaca	j&f~b#l_b	^3bcoPl
��z r ^�yk^�acix^
� ^��m�"ikfsjml6��ikyvy Z j(ghix�"oBlclcjmg;ivf9lcjm�"bcik��f �  �  

\6�sjei r wP^��"b���z r ^�yk^�acix^���f>b	�sj dez|acix�&^�fCjm�"�`fs� r [ ixl#ghjm� ^�l_b	^ b	ivfP�  �deyvbc�s�`os���4^ r ^3]8��a�wB^3acb#�3z{bc�Pj$wsa	� Z ykj r
ixl�bc�sj9�"�~l8b>�3z bca	jm^3bcikfs� ikfhz|ju� bcik��fBl -#bc�sj�ghixlcjm^�lcjG^3yxl_� acjul_osyvb	l>ikf�^�yk�`l	l��3z ikfP�&� r jI^`lC^�ghoPytb�l�^�acjIosfP^ Z ykj;b	�
����a #  \6�Pikl�ikf�bcosa	f�z|��a��"jul�^�gh�`yvjulc�&j&f~b	l/b	�I�`��l_ju^3a����sikfs�4z|�`aB���`a$#�bc�9jm^�acf r ��fsj [ ^3fBg ���Pj&f ivfsz|jm� b	jmg7-!bc�Pj
l	^ r j$z�^3bcj Z j&z�^3ykykl�b	�sj r  �\6�sj/fsjm��j&a6jmfPghikfs��� [ �"ykj ��z!ikfhz|jm�"bcik��fG-�b	acju^ b r jmf`b�^3fBg a	jm�"� �`j&a [ gsa	^�ivfPl#bc�Pj/ju�"�`fs� r [
^3fBg �P^ r w j&a�l>^3f [ ^3b_b	j r whb	l>^3b�ju�"��fP� r ik�4acju�"� �`j&a [ % q ^ rKZ ^ - �3�`�ED '  \6�Pj;ikfhz|jm�"bcik��f �3z$���sikykgsacjmf acjul_oPytb�lKikf
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[ �`osfs� -�z|j r ^�yvj�^`gh��ykjml	�"jmf`b�l��P^ ��ivfs� bc��b�^E#�j9�m^3a	jI��z$b	�sj����sikykgha	j&f  \6�sikl>a	jmgsoP�"jul�bc�sj9ju^3a	fsivfP���m^3wP^`�"ivb [ �3z
bc�Pj [ �`osfs��^`gh��ykjml	�"jmf`b�l(^�l,��jmyvy�^�lKwsacjm��jmf`b	ivfP�9bc�sjI���sikykgha	j&f z|a	� r ^ bcbcjmfPghikfs��l	���s����y  �d l_bca�^ bcjm� [ b	^3a	��j&bcikfs�
[ �`osfs�I^�gh�`yvjulc�&j&f~b	l$�P^�l Z j&j&f yk^`� #�ivfs� -{jmlcwBju�"ix^3yky [9[ ��osfs�4z|j r ^3ykjml wsa	iv�`a$b	�I�&��fP�&j&whb	iv�`f ^�fPg�ghoPacikfs�;^�fPg�^3z bcjma
wsa	j&�`fP^3fP� [ %�p�a�^ Z ikf �&���%� = @ �3�`�`  '  

q � r j wsa	j&��jmf~bcik��f l_bca�^ bcjm��ikjml4�P^ ��j Z j&jmf ikf~bca	��gsoP�"jug Z ohbG�P^ ��j r j&b ��ivbc� yvi r itb	jmg l_oP�m�"julcl= Q\6�sj r �`l_b
fs��b	^ Z yvj �6^�l�b	�sj ikf~bca	��gsoP� b	iv�`f �3z�ivfBl_ju� bcix�"ixghj ;�b	acju^ bcjug Z jughfsj"b�l  9\6�sj>b	acju^ b	jmg Z jmghfsj&b	lKacjughoP�"jug ivfsz|jm� b	iv�`f �3z
ikfhz�^3f~b	l Z~[ C�� �  �\6�sj r ^3ikf>wsa	� Z ykj r ��itb	�>bc�sixl�^3wPwsac�~^�����ikl
bc�P^3b
bc�sjeikfPlcjm�"bcix�"ixghj���fsy [ yx^�l_b	l#^$z|j=� r �`f~bc�Pl�^�fPg
yk���m^3y��"� r�r osfsivbcikjml/gh�4fP�3b��P^ ��j(jmfs��oP���9}PfB^3fP�&ik^�y!a	jmlc��osa��"jul6bc�;� Z b�^3ikf�fsj=� ivfBl_ju� bcix�"ixghj % q fs�A�S�"�$� � = @ �HGIG � E
�sa	ikjmg r ^3f �&�6� � = @ �3����C '  

def ^�ytb	j&a	fP^ b	iv�`jIl_bca�^ b	j&� [ ixl>b	� b�^3a	��j&b�b	�sj r ^3yx^3a	ik^��&^�aca	ikj&a - � � $"+,�s�*�v�"�4�`� ) �&����� = \6�siklCb [ w jG�3z���ju� bc�`a
�"�`f~bca	��y��B^�l r j&b8��ivbc� yvi r itb	jmg�l_oB�&�"julcl!^�l � = �~�%) �"���`�6�P^�l�ghjm��j&yk��w jmg(acjul_ixl8b�^3fP�&j�^��`^3ikfPl_b�w j&a r j&bc�sa	ikfG- bc�sj r �`l_b
�"� r>r �`f9ivfBl_ju� bcix�"ixghj(oBl_jug�% 3e^�fPlc��f �"�$� � = @ �����ED '  �� ik���syk��a	�E;�ghikws�sjmf [ y ;�b	acix���syk��a	��j"bc�B^3fsj %��/� \�' l_wPa	^ [ ikfs� ��^`l
bc�Pj r j&bc�s�hg �3zB���s�`ik�&j#z|�`a [ jm^�a	l Z ohb�ghoPj�b	�$b	�sj�^��m�"o r osyk^3bcik��f �3zB�/� \ ivf>^3fPi r ^3yxl�itb�l�oPlcj<�6^�l Z ^�fsfsjmgKivf r �`l_b
�"�`osf~bca	ivjul  93�ju�"j&f~b	y [ b	�sj j�� ju� b��3z�w [ a	j"bc�Pac�`ikg ^�fPg �`ac�~^3fs�`ws�s�~l_ws�B^ bcj r i ��bcosa	jml#b	^�ac�`j"bcikfs� � = �`� ) �&�����(wsac� �`jmg
bc� Z jCz|ju^�lci Z yvj4^�fPg r ^ [ Z jCbc�Pj���^ [ z|��a ��^�a	g ikf ��jm�"bc�`aK�"�`f`b	ac�`y�^3�~^3ikfPl8b(w j&a r j"b	�sacikf ; acjul_ixl_b	^3f~b�� = �`� ) �&�����
%�p��`fsfsj"b6�"���%� = @ �3�`�ED '  ��
jm�"bc�`a��"�`f`b	ac�`y bc�sa	��oP���/yvi r itb	jmg��"�`f~b	^��"b Z j&b"��jmj&f���o r ^3fPl�^3fPg�wP^�a	^`l_ivbcjulA^3a	j��P^ r w j&a	jmg
Z�[ bc�Pj����m�"osa	a	j&fP�&j ��z�� ^�l_b=-h��o r ixg;bca	��wsix�&^�y�^3a	jm^�l�ikfIdez|acix�&^  

defP�3bc�Pj&a�wsac� Z ykj r ivf4wsacjm��jmf`b	ivfP��bc�sj�lcwsacju^�gC��z r ^3yx^3a	ik^�ixl#bc�sj r iv�`a	^3bcik��fC�3z!wBjm��wsykj Z j"b"��j&jmf4^3a	jm^`l  � ��a	j^3fBg r �`acj�yx^3fPgIixl Z jmivfP�Cj �hwsyk��a	jmgI^3fPgI��w j&fPjmgGoswIz|��a$jm�"�`fs� r ix�&^�y j*�hwsyv�`itb�^ b	iv�`fG^`l r ivfsjul���aez|��ae^3�`acix�"oPytb	osacj� 
\6�sixl��m^3oPlcjml!^3f�ikf��Po2��^3fPg r ik��a�^ b	iv�`f��3z ���`a$#`j&a�l{acjul_oPytb	ivfs�$ivf r ^3yx^3a	ix^ Z jmivfs�/�&^�aca	ivjug bc�efsj=� ^3a	jm^�l Z~[ bca�^ ��jmyvykj&a�l
^3fBg�����a #�j&a�l�% /�aco � � ^�a	�~osjul - �JG � �!'  �\6�sj��Bo2� �3z8���`a$#`j&a�l Z j&b"��jmj&fI^3a	jm^�l r ^E#`jml�itb r ��a	j ghi�� �"osyvb6bc�>�"�`f`b	ac�`ybc�Pj���jm�"bc�`a= 

d lc� r j"b	i r jml6� �`j&a	yv����#�jmgCz�^�� b	��a�ikfGacjul_ixl8b�^3fP�&j ixl6b	�sj��h�&�"oPaca	j&fP�&j��3z�fs��f ;��"� r wsyvix^3fB�"j ��itb	� r ^�yk^�acix^ bca	jm^ b$;
r j&f~b= \6�Pikl�ixl�jmlcw jm�"ix^3yky [ wsa	j&� ^3ykj&f~bB���sj&a	j>yv�`fs��jma/bca	jm^ b r j&f~b�wBjmacik�hgsl�%|oPw b	�9^
��j&j=# '�^3a	j ikf�����yk��jug7 >n�ikf`b	�
�&�/�%� = % �����!C '$lc�s�A��jmg�bc�P^3bK^;lcivfP��ykj�� ����r �Ggh�~l_j��3z6���syv�`ac�h�~osikfsj�ikl�^`l�j �{jm� b	iv�`jC^�l � �`�3r �4z|�`yvyk�A��jmg Z�[ b"���
gs^�ivy [ D� 3��r �9gh�~l_jul(ikf bc�sj4bca	jm^3b r j&f~bK��z6oPfP�"� r wPyvix�&^3bcjmg ��= �u��� ���! d l_ikfs�`yvj4gs�`lcjCbca	jm^3b r j&f~b,��ikyvy�ivfB�"a	jm^�lcj
�"� r wsyvix^3fB�"j/ivfI�"� r wP^�acixlc��f ��ivbc� r osyvbcikwsykj�gs�`lcjebca	jm^3b r j&f~b�l  
\6�sj�fsj*�~b�lcjm� b	iv�`f ��ikyvy z|�h�"oBl6��f4gha	os��acjul_ixl_b	^3fB�"j
ikf r ^�yk^�acix^ ^�fPg4bc�sjB�6^ [ z|��a ��^�a	gG 


��	�3��
 �
����� 	 ! � !F�"�����6	D��� ��������� ���

\6�sj }Pa�l8b(gha	os�IoPl_jug9z|�`a r ^�yk^�acix^��6^�l��~osikfsivfPj!-G���six�����6^�l/ixl_�`yk^3bcjug�ikf � � �3� z|ac� r bc�sj Z ^�a$#9��z6/�ikfP���sikfP^
bca	j&jul(ikf q �`ohbc� d r j&a	ik�m^  /��syk��a	�h�`oPivfsj ��^`l�}Pa�l8b�l [ f~bc�sjul_i �&jug ivf �/j&a r ^�f [ ^�fPg ivf~b	ac�hghoP�&jmg ^3bKbc�Pj4j&fBg �3z
����a	ykg � ^3a �$�/^`l(^GwB��bcjmf`b�^3f~bci r ^3yx^3a	ik^�y  � b(a	j r ^3ikfsjug�b	�sj4gha	os�G�3ze���s�`ik�&j�z|��a D~�;[ jm^�a	l % q �sj&a r ^3fG- �JGFG ��'  
� �sjmf acjul_ixl8b�^3fP�&jGj r j&a	��jug ^3z bcjma ��fsy [ b	j&f [ jm^3a�l��3z�oPlcj!-�bc�Pj�ghj&�`j&yk��w r jmf`b ��z�gsacos�~l lcoP��� ^�l r j��B���~osikfsj�-
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z(�4qKp�VWP�JH� y �'LON�P'�7�4Zt\[VW�4��p7\W�4{Hu {��s�ERHTUR�VW�UR �Uu m��K�Km+�.rsP��.Z[N�RK�7�4u7q��4u��7�4v�R�\WPFZ�R�VWP�R�Z"{H�s�ER�T6R2VW�UR \[VYR�u�Z[���4Z[Z[�4{Ku	]¢��PFTUT4{!�
Z[N$RH�7�4u�q@�Uu��7�4v�R2\WP!ZsR�VWP�R�Z ���9\WNBR@T4�4���9\WP��»VW�4Z[��� ��{Hp7VWv!P��¢N�\[\W��� � � ������� ��P��-� Z[vH� P!�7p � }K� � ��R�VYR�Z[�4\W{HT4{KqH� � ��T4{�{+�����7VW{�\W{7� N�\W�S�

lcosytz�^`gh���hivfPj ; w [ a	i r j&bc�P^ r ikfsj6^3fPg>^�a_b	j r iklcikf>gsj&a	iv� ^ b	iv�`jml9��j&a	j6ivfsivbcix^ b	jmg7 � �sjmfCacjul_ixl_b	^3fB�"j�bc�(lc� r j��3z bc�sj$fsj �
gha	os�`l$j r j&a	��jug7- itb�l_ik��fB^3ykyvjugIbc�sj Z jm��ikfsfsikfs�4��z r osyvbcixgha	os�E; acjul_ixl_b	^3f~b ��= �"�%�k�"� +P� � �2) % ����fs�~l_a	ik���B^3fP^�yk^�i#�"�$� � = @
�3�`�`� ' = d lelc�~�`fI^`le^�fsj � gha	os� �6^�l�ivf~b	ac�hghoP�&jmg7-Pacjul_ixl8b�^3fP�&j�ghj&�`j&yk��w jmg
��itb	�sivf � � ; �3� [ ju^3a�l��`a�ivf9lc� r j(�&^`l_jul
j&�`j&f;z�^�l_bcjma % *�a	j r l_fPj&a(�"���%� = @ �����!D E \!^ Z ykj �  � '  

\6�sjGj r jmac�`j&fP�&j4�3z r osyvbcixgha	os�E; a	jmlcikl_b	^�f`b�wP^3a�^�lcivbcjml��P^`l>�"� r wsykix�&^ b	jmg bc�sjIb	acju^ b r jmf`bC��z r ^3yx^3a	ik^�%���ik��osa	j
�  D '  /��syk��a	�h�~osivfPj acjul_ixl_b	^3fB�"j ixlKfP�A� �"� r>r ��f ikf q ��ohb	� d r j&a	ix�&^ -�dez|acix�&^ ^3fPg l_�`ohbc�sju^�l_b d$lcix^ % q �sj&a r ^3f
�JGFG � '  q oPytz�^`gh���hivfsj ; w [ a	i r j"b	�P^ r ikfsjGacjul_ixl_b	^3f~bCwP^�a	^`l_ivbcjul>fs�A� �h�m�"osa ikf���^ Z ��f % � ^:��ivyki ; � Z ��o rKZ ^ �&��� � = @�3�`� � ' -s\�^3f,�u^3fsix^.% � ohb�^ Z ikfs����^��&�6� � = @ �3�`� � ' - *�jmf [ ^
%�� �mivyx^��&�6� � = @ �3�`��� ' -��$ikj"b	fP^ r % � ^`l_i r iva	j r Z ��^9�&�6� � = @
�JGFGIG ' -�p�a�^ �mivy(% ��^�l	�"�`fP�"jmyv�~l4�&��� � = @ �3���`� ' - q �`ohbc� d�z|a	ik�m^�% 3��`wBjmaI�&�(�%� = @ �3�`�!C ' b	�sj � ikgsgsyvj �#^�l_b
% � ^3fP� �&��%� = @ �JGFG �E' ^3fBg \6�P^�ivyx^3fBg�% � �`fs�`lcacix���P^�fP^3yx^3ie�&�/�%� = @ �3���~� '  � j��P�h�~osikfsjCacjul_ixl_b	^3fB�"j����m�"osa�l�ikf \6�B^3ikyk^�fPg ^�fPgd�z|a	ix�&^ % ����fP�`lcacix���P^3fB^3yx^3i��&�
� � = @ �����`� '  ��$ju�"a	jm^�lcjmg��~osikfsivfPj$l_jmfPlcitb	iv��ivb [ �h�&�&osa�l�ivf q �`ohbc� d r j&a	ik�m^�^3fPgCdez|acix�&^ -
^3acbcjul_oPfP^ b	j�a	jmlcixl8b�^3fP�&j�ikf \6�P^�ivyx^3fPg�^3fBg�gsiv� [ gha	�`^3acbcj r iklcivfPivf�acjul_ixl_b	^3fB�"j>ivf dez|acix�&^ % � �`fs�`lca	ik���P^�fP^3yx^3i��&��� � = @
�3�`�`� '  

\6�sj4�m^3oPlcj ��z$l_osyvz�^�gs����ikfsj ; w [ aci r j"b	�P^ r ikfsj>acjul_ixl8b�^3fP�&j �P^`l Z j&j&f j&ykoP�"ixgs^ b	jmg ^�fPg ixlKghosj4bc��w ��ikf~b r ohb	^E;
bcik��fBl(ikf bc�sjIghik� [ gha	��wsbcj&a	�`^3bcj l [ f`b	�P^�lcj�%��(1$n q ' ^3fPg � 1$�93 jmf,� [�r jml=-�acjul_w jm�"bcik��jmy [ %�\!acik��ykix^ �"�(� � = @ �HGIG � E
��os� ^3fPi [ ^ r ^ �"�>�%�  - �3�`�!C '  ���f �(1 �83 oPw�bc� z|��oPa r ohb�^ bcik��fBl �"�`fhz|j&a a	jmlcixl8b�^3fP�&jI^��`^3ikfPl_bCw [ a	i r j&bc�P^ r ikfsj� 
\6�sjul_j r ohb�^ b	iv�`fPl>ivfB�"ykoPghj9deyx^ � � ��^3y -#d l_f   � ��ykj!-2/ [ l   G dea	� - q jma � � ��d l_f ^3fPg���yvj � � D ��jmoG /�� rKZ ikfP^ b	iv�`fPl��3z
bc�Pjmlcj r ohb�^ b	iv�`fPl��h�&�&osa)��ixghj&y [ ^�l)��j&ykyB^`l
ikf4�"� rKZ ikfP^ b	iv�`f>��itb	� r ohb�^ b	iv�`fPl
ikf4�(1$n q  ��f4� 1en q b	�sj&a	j$^�acj6}P�`j
#�fs�A��f�a	jmlcixl8b�^3fP�&j �&^�oPlcivfs� r osb	^ b	iv�`fPl ���six�����&��fhz|jma/a	jmlcixl8b�^3fP�&jKb	�Ilcosyvz�^�gh���hikfsj! �\6�sjmlcj�^�acj q jma D C ��d$yk^ 
 n��Pj!-
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L(R���T4P'JH�UJ ��n�VWp7qE�Uu�\[VW{+��p�vF\W�4{Ku�R�u$�SVWP!Z[�4Zt\YRHu7v!P"�4u¡�ER�TUR�VW�UR����%{H\WPw\WN�P?Z[N�{HV[\�\W�U��PFZ���PF\��OP!P!u \WN�P���VWZt\��4u+\[VW{+��p�vF\W�4{Hu¡{��
\WN�P���VWp�q"RHu$�»P!��PFVWqHP!u�v!P�{H�<VWP!Z[�4Zt\YRHu7v!PK������R��7\WP��E��VW{K� � {Ku7qKZtVW�4v�N�RHu�RHTURH����
�`K_U� ��mH�K�Km+�

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

� osikfsivfPj � � C`� �JG�� �
/��syk��a	�h�~osivfPj �HG D~  �JG   �n�a	���`oP^3fPivy �HG D � �JG D Gq osyvz�^�gh���hikfsj ; w [ a	i r j&bc�P^ r ivfsj �HG � � �JG � �
� j��P�h�~osikfsj �HG � � �JG � �d�bc� � ^��~os�`fsj �HGIG � �JGFG �

z(�4qHp7VWP"JK� x �OLON7P�{�v!v!p7V[VWPFu�v!P�{��¢��VWp7qH��VWP!Z[�4Zt\YRHu�\�^s��g!`H_4iFe j�`HkYf�b ������RH��\WP�����VW{K� � {Ku�qHZtVW�4v�N�RHu$R�TURH����
O`K_U� �Gm��K�Km+�

deyx^ D C � �/y [ -9� [ l  ED`� �/ykoG-
deyx^   � � �/y [ ^3fPg deyx^ � � C q j&a�
 \6�sa  ��ew bc� z|��osa r osb	^ b	iv�`fPl �P^ ��j Z j&jmf � Z l_jmac�`jmg ikf
��fPj ��j&fP�3b [ wBj ^�fPg bc�Pjmlcj �&^3f �&� r Z ivfPj ��itb	� osw bc��z|�`osa r ohb	^3bcik��fPl9ikf bc�Pj �(1 �93 ��jmfsj! \6�sikl r ^E#�jul
lcosytz�^`gh���hivfPj ; w [ a	i r j&bc�P^ r ikfsj4bca	jm^ b r j&f~bC�~ikacbcoP^�yvy [ oPlcj&ykjml	l>ivf acjul_ixl_b	^3f~b>��jmfs�3b [ w jml.% ����fs�~l_a	ix���P^3fP^�yk^�i��&� � � = @
�3�`�`� '  

\!acik��ykik^��"�
�%� = % �HGIG D 'Ajul8b�^ Z ykiklc�sjug(b	�P^ b
��jmfsj6^ r wsykit}B�m^ b	iv�`f0�6^�l�fs��b�a	jmlcw ��fPlci Z yvj�z|��a
lcosytz�^`gh���hivfPj�a	jmlcikl_b	^�fP�"j� 
3�ju�"j&f~b	y [ �eika r ^3yx^3f �&���%� = % �3���!D ' lc�s�A��jugeb	�P^ bAb	�sj#^�f`b	itz|�`yk^3bcj�gha	os��b	^�ac�`j"b�ghik� [ ghac��z|��yx^ b	j�a	jmgsoP� b�^�lcj ; bc� [�r ixghikyk^3bcj
l [ f~b	�P^�lcj %�� 1$�936;�\ q '$j �hwsa	jml	l_ik��fGixleoswPacjm��osyx^ b	jmgGikf�wP^3a�^�lcivbcjml����sj&f�wPohb/oPfPghj&a/l_jmyvju� b	iv�`j(wsa	jml	l_osa	j Z�[ ���P^3y ;
ykj&fs�`ivfs� bc�sj�\ q wB�`a_b	iv�`f9�3z�� 1$�936;�\ q ��itb	� �Pos�`ac�!; lco Z l_bcivbcosbcjmg Z ^�lcjml= ed z�^��"bc�`a����six���9wsa	j&��jmf~b	l$^�f~bcivz|��yx^ bcjul
z|a	� r Z jmivfP�;^4gsj&w j&fPgs^ Z ykjKb	acju^ b r jmf`b -{ikl$bc�sj��h�&�&osaca	j&fB�"j(��z
z|��yx^ bcj�lc^�yv� ^���jK^�fPgGbca�^3fBl_w ��acbez|a	� r bc�sj��s�~l8b Z~[
bc�Pj �3= �"� �v�&� +s�3� �2) wP^3a�^�lcivbcj! � ^3fs� �&�(�%� = % �����!D '�lc�s�A��jug bc�P^3b �3= �"� �v�&� +s�3� �2) wP^3a�^�lcivbcjml��B^ ��j>bc�Pj;^ Z ivykitb [
bc� lc^�yv� ^3�`jCwsa	j ; z|��a r jug z|��yx^ bcj z|ac� r b	�sj �s�~l8bK�`a(z|a	� r ��a	�A�6bc� r jmghiko r  �\6�sixl(a	jmghoB�"jml(bc�sj4j �{jm� b	iv�`j&fsjulclK�3z
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^3f [ ^�f~bcivz|��yx^ bcjCgha	os��^`l/bc�sj>z|�`yk^3bcjCwP^3bc����^ [ ixl(�&iva��"o r ��jmf`b	jmg7 d$f ikghju^3y#^�f~bcivz|��yx^ bcjCgha	os�.����osyxg Z yv�h� #���ivb	^�y
z|��yx^ b	j ; r j"b	^ Z �`yvi �&ikfs��j&f,� [�r jule^�l2��j&yky�^�l Z yv�h� #Cb	�sj�bca�^3fPlcw ��acb���z!z|�`yk^3bcj Z�[ bc�sj�wB^3a�^�lcitb	j! 

\6�sj���ixghje�h�m�"osa	acjmfP�"j6��z{a	jmlcixl8b�^3fP�&je^3�`^�ivfBl8b
b	�sj$�"yx^�l	lcik��z|�`yk^3bcj r j"b�^ Z ��ykikl r b	^3a	��j&b	l�lcwsosa	a	jmg�ivf��`jml_bcik�`^ b	iv�`fPl
ikf`b	� ^�ytb	j&a	fP^ b	iv�`j r ^3yx^3a	ik^Gb�^3a	��j&b	l= �\6�sjIosytb	i r ^3bcj;lc��ykohb	iv�`f bc��bc�sj r ^3yx^3a	ik^GwP^�fPghj r ix������oPykg Z j;bc�sjGghj&�`j&y ;
��w r jmf~b(�3ze^G� ^��&�&ivfPj! G\6�siklK^3wswsa	�`^`��� ixl Z j&ikfs�9�P^ r wBjmacjug Z~[ bc�sj4yk^`� #��3z6ikf`b	j&a	jml_b�z|ac� r ikfPghoPl_bca [ ^3fPg bc�Pj
yx^�� #>�3z!lcoswsw ��acb�z|��a�fs��f ; ��osa	��w jm^�f4^ �Cykik^3bcjug4�"�`osf~bca	ivjul  )/�osa	acjmf~b r ^3yx^3a	ik^(� ^`�&�&ivfsj b	^�ac�`j"b�l#ikfP�"ykoPghj r j&a	� �m��ivbcj
lcosa_z�^`�"j�wsa	�3b	j&ikf � ^3fPg C ^3fPg>�`yvohb�^ r ikfsj ; acix����wsac��bcjmivf4% *�ivyx^ r ^ - �3�`�!C '  9F a	�`^�fsikl r l�bc�P^3b#j&ykix�"ivb�i r�r osfsivb [ ^3z bcjma
^Klcikfs��ykj$ikfhz|jm�"bcik��f4^�acj ikgsjm^3yBz|��a�� ^��&�&ivfPj ghjm��j&yk��w r jmf~b= 
�efhz|�`a_b	osfP^3bcj&y [ -~ikf bc�Pj/�m^�lcje�3z r ^3yx^3a	ix^ -�wB^3acbcix^3y i r>r o ;
fsivb [ ��fPy [ ghjm��jmyv�`wPl�^ z bcjma�l_jm��j&a�^3y [ ju^3a�l$��z�j*��w �`lcosa	j! K\6�Pikl��P^`l Z jmj&f ^�l	�"a	i Z jmg�bc�9^3f~bcik��jmfsix�(w ��y [~r �`acws�Pikl r -
^3f~b	iv�`j&fsix�6l+��ivb	���sikfs�(^�fPgKw ����a#^�f~bcik��j&f�i r�r osfs�`��j&fPik�&itb [  �n���y [�r �`acwP�sikl r l�ivf �3= �"�%�v�&� +s�3� �2)-���m�"osa�bc�sa	��os�`��^3b
ykjm^�l_b$b	�sa	j&j r ju���P^3fsixl r l=- fP^ r j&y [ ivfBl_jma_b	iv�`fPl�
3ghj&ykj"b	iv�`fPl���z�acjmwBju^ bcikfs�;osfsivb	l=- w ��ikf~b r ohb	^3bcik��fPl/^3fPg�ivf~bca�^3�`j&fsix�
a	jm�"� rKZ ikfP^3bcik��fG ��f � q n); � wB�`y [�r ��a	ws�sixl r l#�P^ ��j Z j&jmf;^ bcbca	i Z ohbcjug>bc�Kbc�sj ivfPlcj&acbcik��f4�3z�ghi � jmacjmf~b�f�o rKZ j&a�l���z�^
G Z wGb�^3fPghj r a	j&w jm^3beivf~bc� ^>a	j&�`iv�`f
#�fs�A��f9^`lep�yv�h� # � ikfGbc�sjK��j&fPj! #\6�sjKivfPlcj&acbcik��fG��z!b	�sjmlcj�acjmwBju^ b�le�"�`oswsykjmg
��ivbc� ikf~bca�^3��jmfsix�6acju�"� r Z ikfP^ b	iv�`f jmfP^ Z ykjml�bc�sj$wP^3a�^�lcitb	j6bc�K�&��f~bcikf�oP^3yky [ ���P^�fs��j6b	�sj$^�f`b	iv�`j&fsix�6j&wPitb	��w jml�^3fPg�b	�~oBl
j&� ^`ghj(b	�sj>�s�`l_b � l$i r>r osfPj�l [ l8b	j r % q ^!#�iv�P^ r ^ �&� �%� = @ �3�`�ED E �Pj&a	acjmiva�^��&� �%� = @ �3�`�!C '  �/�~�hg�% �3�`�`  '$l_oP����jul8b	jmg
bc�B^ b�^ r ^3yx^3a	ik^�� ^��m�"ikfsj lc�s�`osykg>ikfP�&��a	wB�`a	^3bcj r osytb	ivwPyvj/^3f~bcik��jmfPl
b	�Kj&ykix�"ivb�^ r ^%�hi r ^3y acjul_w ��fPlcj! �def;^3yvbcj&a	fP^3bcik��j
^3wPwsac�~^����(ixl�oPlcivfP�(���s�`yvj6�`ac�~^3fsixl r l�bc��j&ykik�&itb�^�f i r>r osfsj6a	jmlcwB�`fPlcj % �/�~�hg7- �3���~  '  8F fsj r ^3yx^3a	ik^�y`� ^��m�"ikfsj6oPlcjmg
r j&a	� �m��ivbcj>l_osacz�^��&j wPac��bcj&ikf � ^�fPg � % � q n5; � ^3fPg � q n5; � '/^`l�^3f~bcik��jmfPl>% �/j&f~b	��f �"� � � = @ �3�`�`� ' Z osb/b	�sixlB��^`li r wPac� �`jmg Z�[ ivfB�"ykoPghikfs� a	ikfs�E; ivfsz|jm� b	jmgCjma [ b	�sac�h� [ b	j lcosacz�^��"j/^3f~bcik��jmf�% 3 � q d(' - � q n5; � ^3fPg � q n5; � % �/j&f~bc�`f��&�
�%� = @ �3�`�!C '  !\6�Pj l_bcoPghikjml�lc�s�A��jug>^3fCikfP�"a	jm^`l_jeikfCb	�sj$��o r ��a�^3yPacjul_w ��fPlcj$^��`^3ikfPl_b
bc�sj$bc�sa	j&j/^3f~bcik��jmfPl�^�fPg lc�s�A�el
wsa	� r ixl_j�^�l�^�w �3b	j&f~bcix^3yA� ^��m�"ikfsj�^3�~^3ikfPl8b r ^3yx^3a	ix^  

d-a	jm�"jmf~bcy [ wsa	��w �`lcjmg�ghacoP�E; b	^3a	��j&b�ikl�b	�sjC�sj*���~l_j�b	a	^�fPl_w ��acbcjma��3z �3= �"� �v�"� +P� � �2) = \6�sj ikf~bca�^3jma [ bc�Pac�h� [ b	ik�
l_b	^3�`jml���z ��= �"�%�v�&� +P� � �2) ^3a	je�"� r wsyvj&bcjmy [ ghj&w j&fPgsj&f~b#��fC^��`yvoP�&�`lcjel_oPwswsy [ z|a	� r b	�sje�s�~l8b)���Pik���Cixl�b	^!#�jmf�oPw Z~[
^>z�^`�"ikyvivb	^3bcik��j��sj*���~l_j�b	a	^�fPlcwB�`a_b	j&a  �\6�sj Z yv�h� #�ikfs�C�3z
b	�siklebca�^3fPlcw ��acbcj&a Z�[ yv�`fs�E;����P^�ivf���; C ; �sj*���~l_j�ghjmacik� ^ bcik��jul
ikf �"osyvbcosa	jmg r jmgsivo r -�a	jmlcosyvbcjmg ikf�bc�sj ghjm^3bc���3z �3= �"� �v�"� +P� � �2) wB^3a�^�lcitb	jml= \6�sjmlcj9yk��fs�!; ���P^�ivf���; C ; �sj �h�~l_j
ghjmacik� ^ bcik��jul$a	j&wPacjul_jmf`b�^;wB��bcj&f~b	ik^�y
fsj � Z ac�~^�g�lcw jm� b	aco r gha	os�I^��`^�ivfPl_b/gsi �{j&a	j&f~b � �v� �") $	� ���2)W� +
+ = % ���

ë
b4�"�

�%�  - �3�`�ED ' = � itb�^ r osa	^(�&���%� = % �3�`�!C 'PwPacjul_jmf`b	jmg bc�Pj#ykivwsixg r j"b�^ Z ��ykikl r ��z �3= �"� �v�"� +P� � �2) ^`l�^�w �3b	j&f~bcix^3y3fPj � gha	os�
b	^�ac�`j"b  ��^3a	ik��oPl
^�wswsa	�`^����Pjml!�P^ ��j6fs�A� ��j&a	iv}PjmgKbc�sj�j*�hikl_bcjmfP�"j6�3zAlcj&��jma	^�y ��� � $ ��$�ykikwsikg>l [ f`b	�sjmlcixl_ikfs��wP^ b	����^ [ l
%|�`y [ �&j&a	��ws�s�~l_wP�s��ykivwPikgsl=-�z�^ bcb [ ^`�"ixgsle^�fPgGiklc��wPacjmfs��ixgsl '�^�fPgIbc�Pj&ika l_bcoPg [ lc�s��osyxgIwsa	jmlcj&f~b$^>z|j � fsj=� b	^3a	��j&b	l6ikf
bc�Pj�}P���~b$^3�~^3ikfPl_b r ^�yk^�acix^
% ���

ë
b �&�6� � = @ �3�`�!C '  F fsj��3z�bc�sj r �~l8bew �3b	j&f~b$^3f~bci r ^3yx^3a	ik^�ykl�ixledeacbcj r iklcivfPivf.���six���

b	^�ac�`j"b�lKb	�sj9lc^�a	�&� 
 j&fPgh�`wsyx^�l r ix�>a	j"bcix�"oPyvo r /�^ 2+ ; d
\6n
^�lcjI�3z ��= �"� �v�&� +s�3� �2) = � j&a	ik� ^3bcik��jul ��z/d$a_b	j r iklcikfsivfBl
�"�`osyxg wPac� ��ixghjC^GwB��bcj&f~bKfPj �-^3f~bci r ^3yx^3a	ik^�y�% �#� #hl_bcj&ikf ; ��oPg ��iv� �&��� � = @ �����!C '  ��^�ikg [ ^ % �����!D ' �sik���sykiv�`�~b	l/bc�Pj
��itb�^3y�i r w ��acb	^�fP�"j;�3z�bc�Pj r itb	�h���s��fPgsacix^3y6^3fPg wsyk^`l8b	ikg ��j&fP� r jmlKivf b	�sj r j&b	^ Z �`yvixl r ��z �3= �"� �v�&� +s�3� �2) = \6�sj
r itb	�h���s��fPgsacik��f�^�fPg9b	�sj>wsyx^�l_bcixg�^3a	jK��ivb	^�y!b	�4b	�sj�wP^3a�^�lcitb	j ^`l$b	�sj&ika�ivf~b	j&a	acoswsbcik��f4�6^�l/l_�P�A��f�bc� Z jKz�^3b	^3y�z|�`a
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bc�PjewP^3a�^�lcivbcj! �p [ l_bcoPg [ ikfs��b	�sjewsa	�h�"julclcjml�a	j&�`osyk^3bcjug Z�[ bc�sje�`j&fsjul
�3z{b	�sj r itb	�h���s�hghacik��fC^�fPg>wsyx^�l_bcixg>��j&fP� r jml=-
fsj=� gha	os��b	^�ac�`j"b�l��&��osyxgI^3yxl_� Z j�ikghjmf~bciv}Pjmg % ��^�ikg [ ^ - �����!D '  

\6�sj�fsj ��b9l_ju� b	iv�`f ��ikyvy�z|�h�"oBl;�`f z|�`yk^3bcj r j&b	^ Z �`yvixl r ^�fPg bc�sj ^3f~bcivz|��yx^ b	jmlG^�l
��j&yky�^`l;bc�sjmivaIb	^�ac�`j"b�l4ikf
�3= �"� �v�"� +P� � �2) =


����3�����$�����"	 !

���
	������ ��� �
	���� �
� �)	�
 � �
�
!)�

��^3a	ik��oPlAwPac�h�"julclcjml{ikf�b	�sj��&j&yky�a	jm�~osikacj�ghi �{j&a	j&f~b��&�E; z�^�� b	��a�l  F fPj��3z�bc�Pj r �`l_b�i r w ��acb	^�f~b!�"�!;�z�^`� bc�`a	l{ixlAz|�`yk^3bcj� 
�s�`yk^3bcj/^3fPgCivb	l6ghjmacik� ^ b	iv�`jml�w j&acz|��a r � ^3a	iv�`oPl
z|osfB� bcik��fBl#ikf b	�sj �&j&yky �@% � '�ivb�gs��fP^3bcjml�^ r j&bc� [ yB�`ac�`osw4ghosa	ikfs��bc�Pj
�"�`f���j&a�lciv�`f���z��s� r �h� [ l_bcjmivfPjebc� r j"bc�Piv�`fsivfPj!-G% � '�^`�&�"jmwhb	l6^ r j&bc� [ yB�`ac�`osw4ghoPacikfs�(b	�sj��"��f��`j&a�l_ik��f>�3z�l_jmacikfsjeb	�
��y [ �"ikfsj!-7% C '�gh��fP^3bcjul�^ r j&bc� [ yvjmfsj/��a	��oswCb	��^`lclcixl8b�ivfIl [ f~bc�sjul_ixl��3z�b	� [�r ixghivyx^ b	j!-7% D '#bcj"b	a	^�� [ gsac��z|��yx^ bcje^`�&�&j&whb�l
^>z|�`a r i r ikfs�;��a	��osw9ghosa	ikfs�Cbc�PjKwsa	�hghoP� b	iv�`f��3z
�`yvohb�^ r ix�K^��&ikgIz|a	� r z|�`a r i r ikfs�`��ykohb	^ r ix��^��&ikgG-8%   'egs��fP^3bcjml ^
r j"b	� [ y��`ac�`osw gsosacikfs�Ibc�Pj l [ f~bc�sjul_ixl��3z�w [ a	i r ixghikfsjml�^�fPg % ��'��m^3f���jmfsj&a�^ b	jKz|�`a r ^ b	j&% �/iky r ^3f �&�/� � = @ �3�`� � '  
�/�$d acjmwsykik�m^ bcik��f;^3yxl_��ghj r ^3fBgsl�w [ a	i r ixghikfsjml�^3fPg4wsosa	ivfPjml= ��P��yx^ b	j r j"b�^ Z ��ykikl r �&^�f wsa	� ��ikghj$bc�sj/w [ aci r ikghikfsjul
fsjmjmghjug4z|�`a�acjmwsykik�m^ bcik��f  

\6�sj���o r ^�f��s�`l_b��&^�fsfs�3b!wsac�hghoB�"j
z|�`yk^3bcj�^3fBg/bc��oPl�ivb!ixl�^6��ivb	^�y�ikfs��a	jmghikj&f~b�ikf���o r ^3f(ghikj"b�l  ��s�`a�bc�Pj�wP^3a�^�lcivbcj
bc�Glcosac��ik��j>^3fPg�acjmwsa	��gsoP�"j�itb�fsjmjmgsl z|�`yk^3bcj! ��s�`yk^3bcj�wsacju�"osa�lc��a�l$^3a	j�wsac�hghoB�"jmg�ivf bc�Pj�wB^3a�^�lcitb	j Z�[ �"� rKZ ikfsikfs�
��oB^3fsikfsj
b	acikws�s�~l_ws�B^ bcj(% ��\6n<' -*+��|^ r ikfs� Z j&f,�m��ix��^��&ikg�^�fPg��`yvohb�^ r ^ b	j�%���ik��osa	j �    '  !� ik� [ gha	��wsbcj&a	�`^3bcj�l [ f`b	�P^�lcj
%�� 1en q '(ixl ivf����`yv�`jmg ivf wsac�hghoB�"ikfs� ��- �A;�ghik� [ gsac�`whbcjmac�~^ bcj�-G���six��� ivf b	osa	f ikl �"�`f~�`j&acbcjug�b	��ghik� [ gsac��z|��yx^ bcjC��ix^
ghik� [ gsac��z|��yx^ bcjCl [ f`b	�P^�lcj4%�� 1$� q '  �� ik� [ gha	�3z|�`yk^3bcjCixl(a	jmghoB�"jmg b	�9bcj&bca�^3� [ ghac��z|��ykik��^��&ikg ��ix^Ibc�sj;ghiv� [ gha	�3z|�`yk^3bcj
a	jmghoP�"b	^`l_j %�� 1$�93�'!j&f,� [�r j� �\!j"b	a	^�� [ gsac��z|��ykik��^`�"ixg�ixl�b	�sj&f r j"bc� [ yx^ bcjug Z�[ l_jmacikfsj�� [ gsac��� [�r j"bc� [ y3b	a	^�fPl_z|j&a�^�lcj! 
\6�sj�a	jmlcosytb	ivfP� r j"b	� [ yvbcj&bca�^3� [ gha	�3z|��yx^ b	j$ixl6oPlcjmg4^`l6^ r j&bc� [ y�gh��fs�`a6ivf;bc�sj �`��� $ ��$>l [ f~bc�sjul_ixl��3z!w [ a	i r ixghivfPjml= 
� j&bc� [ ytb	j"bca�^3� [ gha	�3z|�`yk^3bcj�b	a	^�fPl8z|jma	l�ivb	l r j"bc� [ y{��a	��osw bc�>ghj&��� [ osa�^��"iky r �`fs��ws�P�`lcws�P^ b	jeb	�Kz|�`a r ghjm��� [ b	� [~r ikfsj
r ��fs�`ws�s�~l_ws�B^ bcj/��ik^ b	� [�r ixg [ yk^3bcj(l [ f~b	�P^�lcj %�\ q 'B% �/ivy r ^3f �"�6�%� = @ ����� � '  

��f bc�sj � �v� � )�$	� ���2)-l_w jm�&ivjul
�(1$n q ixl
^ Z itz|osfB� bcik��fB^3yhj&f � [�r j�b	���`j"bc�Pj&a9��itb	�>� [ gha	��� [�r j&bc� [ ykgsiv� [ gha	��whb	j&a	i ;
ghikfsj4w [ a	��ws�s�~l_wP�s�!#�ikfP^�lcj&%|n�n�n<* ' -�bc�Pj;jmf,� [�r j ���six��� wsa	�hghoP�&jml�b	�sj;lco Z l_bca�^ b	j z|�`a � 1en q %�\!acik��ykix^ �"�(� � = @
�JGFG D '  e� 1$�93 ^3fBg�\ q ^3a	j(^3yxlc� yvikf #`jmg9ikf�^ Z ivz|osfP�"bcik��fP^�y!jmf,� [�r jK�&� r wsykj ��%?��fPlcj&y Z osa	� �&�e�%� = @ �JG �
��'6^`l���j&yky
^�l�� 1$� q ^�fPg b	j"b	a	^�� [ gha	�3z|�`y [ ykwB�`y [ �`yvohb�^ r ^ b	j l [ f`b	�P^�lcj>%���n'� q 'B% q ^3yx�"jugh���"���%� = @ ����� � '  

d$l�z|��yx^ bcjKikle^ �~ivb	^�y�ikfs��a	jmghikj&f~b�z|�`a$l_oPac��ik� ^�y - ^Cl_��ohb�gh�A��fG�3z�bc�Pj(wP^ b	����^ [ ����oPykgIykjm^�gIb	�CwP^3a�^�lcivbcj(ghju^ bc�  
��^3a	ik��oPl�gha	os�`lKb	^�ac�`j"bKb	�sj;z|��yx^ bcjIwP^3bc����^ [ ^3fBg bc�Pjmlcj
��ikyvy Z j9ghikl	�"oBlclcjmg ikf bc�sjIfsj ��bCl_ju� b	iv�`fG �F fsj4��zebc�Pj
wsa	� Z ykj r l
��itb	� b�^3a	��j"b	ivfP� bc�sj z|��yx^ b	j r j"b�^ Z ��ykikl r ivf �3= �"� �v�&� +s�3� �2) ixl4b	�sj�j*�hikl_bcjmfP�"j��3zK^ z|��yx^ bcj�lc^�yv� ^���j
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z(�4qKp�VWP»JH� � �sz�{KTUR2\WP ��PF\YR���{KT4�4Z[���Uu ^���gF`K_4iFe j�`HkYf+bE��L�PF8+\��4uSVWP��S�4u��7�4v�R�\WPFZ�v!p�V[VWP!u�\WT4�+��p�Z[P!�S��VWp7qKZ%RHu$��\WN7P!�9V%\YR2VWqKPF\WZ��Uu
�ERHTUR2VW�6R+� ��{Kp�VWv!P���N�\[\W� � ��� Z[�9\WP!Z!� N�p��t��� RHvK� �4T � �ER�T6R2VW�UR��

wP^3bc����^ [  !\6�sixl�wP^ b	� �6^ [ �m^3fCi r w ��acb#z|�`yk^3bcj�z|a	� r bc�Pj r jmghiko r ^3a	��oPfPg�itb�%|ikfCbc�sj �&^�lcje��z ��= �"� �v�"� +P� � �2)A@Pz|a	� r
bc�Pj�j&a [ b	�sa	��� [ bcj '�^�fPg b	��oPl -sbc�C^>�"j&acb	^�ivfIj ��b	j&f~b=-P�&iva��"o r ��jmf~b�b	�sj�j �{jm�"be�3z
^3f~bci ;�z|�`yk^3bcjul % ��^�fs���&���%� = @ �����!D '  

���
	���� � � ���)��� � �
	 �)� !

def~b	itz|�`yk^3bcjmlAb	^3a	��j&b��"jma_b�^3ikf jmf,� [�r jml�ivf/bc�Pj
z|��yx^ b	j�wP^ b	����^ [ ��ivbc��b	�sj�ikf~bcj&f~b	iv�`f/��z~ikf~bcjmaca	oswhb	ivfs�6b	�sj�wP^3bc���6^ [
^3fBg wPacjm��j&f~b	ivfs�Gb	�sj>z|��a r ^ b	iv�`f���z��~ivb	^�y#�"� r wB�`osfPgsl= .F ykyvix^3a	� % ����� � ' �P^�l(gsiv��ixghjmg�b	�sj4^3f~b	itz|�`yk^3bcjml�ikf~bc�9b"���
��a	��oPwPl -6\ [ w j ; � ^3fPg�\ [ wBj ; �  \ [ w j ; � ^3f~bcivz|��yx^ b	jml>ikfP�"ykoPghj�lcosyvz|��fsj�^�fPg�l_oPytz|�`fP^ r ixghj�gha	os�`l>���six��� r i r ix�
+��|^ r ivfs� Z jmf,�&�`ik��^��&ikg7 �\6�sjul_j�ghacoP�`l r ^3ikfsy [ b�^3a	��j"b!bc�sj�� 1en q j&f � [�r j�^�fPg(ikfP�"ykoPghj6gha	os�`l�lcoP���K^`l�lcosyvz�^�gh���hikfsj
^3fBg�gs^�wPl_�`fsj! (\ [ wBj ; � ^3f~b	itz|�`yk^3bcjml ikfs�si Z itb�b	�sjC�(1 �83Qj&f � [�r j�^�fPg�ikfP�&yvoPgsj�gha	os�~l/lcoP����^�l w [ a	i r j&bc�P^ r ikfsj�-
�~osikfP^ �m��ykivfsjul6^3fPg4bca	ik^ �&ikfsj r j&b	^ Z �`yvivbcjulB% F ykyvix^3a	� ����� � '  �\6�sj�l_bca	oP� b	osacjul��3z�b	�sj r �`l_b@��ikghjmy [ oPl_jug;^�f~bcivz|��yx^ bcjul
^3a	j�l_�P�A��f4ikfG��ik��osa	j �  �  

\ [ w j ; � gha	os�`l Z yv�h� #(b	�sj$l [ f`b	�sjmlcixl
�3z ��- �A;�ghik� [ gha	��wsbcj&a	�`^3bcj�- ^���ivb	^�yPwsa	jm�&osa	lc��a�ikf ���/� $ �%$/z|��yx^ b	jel [ f~bc�sjul_ixl=-
Z�[Kr i r ix� #�ivfP� +��|^ r ikfs� Z j&f,�m��ix��^��&ikg7-`^�l_o Z l8b	a	^3bcj6�3zA�(1$n q  ~\ [ w j ; � gsacos�~l
wsa	j&�`j&f~b�bc�sj�a	jmghoB� bcik��f>��z 1

2
z|��yx^ b	j

bc�.1
4
z|��yx^ b	j Z�[ � 1$�93-^3fPg�bc��oPl�wsa	j&�`j&f~b$b	�sj>acju� [ �"ykikfs�;��z#��itb�^3y�z|��yx^ b	jCghj&a	iv� ^3bcik��jml= q osyvz�^�gs����ikfsj�-{bc�sj r �`l_b

��ixghj&y [ oPlcjmgG^3f~b	itz|�`yk^3bcj/b [ wBj ; � gha	os� -hixl�oPlcoP^3yky [ ��ik��j&fIikfG�&� r Z ivfB^ bcik��f
��itb	�Gw [ a	i r j&bc�P^ r ikfsj %�^ b [ w j ; � gsacos��'
^3fBgGikl/�"� r�r jma	�&ik^�yvy [ #�fs�A��f�^`l$�P^�fPlcikgs^�a,% *�^`l_j=# ^3a	f �&�$�%� = @ �3�`�ED '  (F fsj(��z�b	�sj gsa	^:� Z ^`� #hl��3z�bc�Pj lcosytz�^`gh����;
ikfsj 
 w [ a	i r j&bc�P^ r ikfsj/�"� r Z ikfP^ b	iv�`f4ixl#b	�sj/a	^�wsikg4j r j&a	��jmfP�"j �3z�acjul_ixl8b�^3fP�&jeb	� Z �3b	�;�"� r wB�`osfPgsl= 
d$l r j&f~bcik��fPjmg
ikf l_ju� bcik��f �  � a	jmlcixl8b�^3fP�&j>bc��lcosyvz�^�gh���hikfsj ^3fPg w [ a	i r j"b	�P^ r ikfsjCixlKghosj4bc� r ohb	^3bcik��fPlKivf � 1en q ^3fPg � 1$�93B-
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z(�4qKp�VWP JK� ¦ � LON7P���{HZt\����U�7P!T9�Ep�Z[P!�»R�u�\W�4��{KTUR�\WPFZs�4uE\WN�P�\[VWP�R�\W��PFu+\ORHu��»��VWP!/ P!u�\W�4{Ku�{��(�ERHTUR2VW�6R»�� wRHZ[P!�HR�VWu ��
 `K_U� �$mH�H�Hx����

a	jmlcwBju� bcik��jmy [  
\6�sj�fsj ��b�b"����lcjm�"bcik��fPl6��ikyvy{z|�h�&oPl���f4bc�sj��`j&fsjma	^�yAl8b	acoP�"bcosa	jml=-s���P^�a	^`� bcjmacixl_bcix�&l#^�fPg r jm���P^�fsikl r l
�3z
^��"bcik��fI�3z�n�n�n *-^3fBg;� 1en q  


�������
 � ������� �����
	�� �����"	 !�� �$� ����! 	�� 

	D����


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

\6�sj n
z��(1$n q l_ju�~osj&fP�&j(�6^�l�wso Z yvixl_�Pjmg ikf �HGIG D %�\!acik��ykix^;�&���%� = @ �JGFG D '#^3fPg acjm��jm^�yvjug>bc�B^ b6itb6��^`l�^ Z ivz|osfP� ;
bcik��fB^3y�j&f,� [�r j�b	����j&bc�sjma(��ivbc��n�n�n<*> �\6�sj>n
z|n�n�n<* ; � 1en q jmf,� [�r jC�"� r wPyvj*���"��fBl_ixl8b�l/�3z�� � �4^ r ivfs�G^��&ikgPl
��ivbc� b	�sj/n�n�n *,j&f,� [~r j % C � �K^ r ikfs��^��"ixgsl '
�h�&�&osa	acikfs�(}Ba	l_b�ikf b	�sj/lcjm�~osjmfP�"j$z|��ykyv�A��jmg Z�[ b	�sj/� 1en q jmf,� [�r j
% C~� � ^ r ivfs�I^��&ikgsl '  /\�a	ik��ykik^��&�$�%� = % �JGFG D '6yv�h�m^3yki �mjmg9n
z|n#n�n * ;��(1$n q bc�;^4l_ikfs��ykj �&��w [ ��f����sa	� r �~l_� r j��4�3z
bc�Pj �3= �"�%�k�"� +P� � �2) ��jmfs� r j� Cn
z��(1$n q ^�yklc�9�"��f~b�^3ikfPl�^3f ivf~b	ac�`f ikf�bc�sj4lcjm�~osjmfP�"j&% � �3��Z w�ivf ykj&fs��bc� ' - ���six���
�"�`f~b	^3ikfPl��"��fBl_jmac�`jmg r ^3yx^3a	ik^�yPl_wPyvix�"j/^��&�&j&whb	��a#^�fPg gh�`fs��a�l_ivbcjul  �n�n�n<* ; � 1en q j �hwsa	jml	lciv�`f>^�wsw jm^3a�l
b	�(�P^�wswBjmf
bc�Pac�`os���s�`ohb�bc�sj�ykitz|j�� [ �&yvj��3z!bc�sj�wP^�a	^`l_ivbcj Z ohbew jm^!#�l6ghoPacikfs� bc�sj/bca	��wP�s� �m��ivbcj�l8b�^3��j� 
�sa	� r i r�r osfs� Z yv��b	l�bc�Pj
lci �mj��3z
n
z|n�n�n<* ; � 1en q ^3wPwBju^3a�l�bc� Z j � �!#h� ^.% b	�sj lci �&j(ghjughoP�"jugIz|ac� r b	�sjK^ r ikfs�4^`�"ixgIlcjm�~osjmfP�"j�ixl � C #h�/^�'
Z ohb fP^ b	iv�`j/jmf,� [�r j(ixl_�`yk^3bcik��fIwB�`ivf~b�l6bc� ^Clci �mj Z j&b"��jmj&f �JG � ; �� �� #h� ^ -sikfPghix�&^ b	ivfP�>bc�P^3ben
z|n�n�n * ;�� 1en q r ^ [
�h�&�&osae^�l�^ r oPytb	i r j&a	ix� jmf,� [�r j�%�\!a	iv�`yvix^9�"�6�%� = @ �JGFG D '  

� 1en q ^`lclco r jmlebc�sj�\�a	ik�`lcj&ws�s�~l_wP�P^ b	jB�8l_� r jma	^`l_j/z|�`ykg�%�\6� � ; Z ^3a	acjmyAz|��yxg 'eivf�^�yvy8#�fs�A��f-,�; a	^ [ l_bca	oP� b	osacjul^3fBg>bc��oPl�itb�ikl�a	jm^3ykixl8b	ik�ebc�Kj*�hwBju� b#b	�P^ b�n
z�� 1en q ^3yxl_�K���m�"osa�l�^�l#^ \6� � ; Z ^3a	acjmy  �\6�sj$fPj ��b�lcjm�"bcik��f���ikyvy{ghixlc�&oPl	lbc�Pj(\6� � ; Z ^3a	acjmyBz|�`ykgG 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



� N$R��7\WPFVwJH��� u�\[VW{+�7p7vF\W�4{Ku �I�

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

N C

N C

N T R H

Substrate pyrophosphate
binding site

Substrate pyrophosphate
binding site

z(�4qKp�VWPSJK� À � LON�P�Zt\[VWp7vF\Wp7VWP@{H��\WN�P"LO�[Q'���$R2V[VWP!T���{KTU�G����P!T4T4{ �¾�4u$���4v�R�\WP!Z
β
��Z[N�P!PF\WZ!]	VWP�� �4u$���4v�R�\WP!Z

α
�¿N7P!T4�4v!P!Z?RHu��¡qHVWPFP!u

�4u$���Uv!R�\WP!Z"\WN7P'T4{�{K�7ZE��PF\�� P!P!uÃ\WN�P'Z[P!v!{Ku���R2V[�«Zt\[VWp�vF\Wp�VYRHT�P!T4P!��P!u�\WZ!� LON�P'���U���7T4P �$qHp7VWP�Z[N7{!��ZER�T4�4u�P�R2V�VWP!�7VWPFZ[P!u�\YR��
\W�4{KuÃ{��s\WN7PE{HVY�7P�V@�4u ��N��4vYN.\WN�PEZ[P!v!{Hu$�7R�V[�.Zt\[VWp7vF\Wp7VYR�TOP!T4P!��P!u�\WZ��£{HT4TU{!��{Hu�P'RHu7{H\WN�P�V"R�u$� \WN�P���{�\[\W{K�	�$qHp7VWPEZ[N�{!��Z
\WN�P�{�VW�4P!u�\YR�\W�4{Ku«{H��\WN7P�Z[P!v!{Hu$��R2V[�.Zt\[VWp7vF\Wp7VWP!Z?�4uÃRBLO�[Q'����R�V[VWP!T�P!u 
F����PK��X<VW{+�7p�vFP������9\WN«X	��Q � �I��n�P �	RHu�{�]�mH�H� m�

N�\[\W� � ��� ������� �+����{HT�� {�VWq���RHu$�'L�{K�7n�VYR �¾� � {Ku��G]$mH�K�Hy ���

\6�sj/\6� � ; Z ^3a	acjmy % β/α
Z ^�aca	j&y '�z|�`ykg4ikl#��fsj �3zAbc�Pj r �`l_b��&� r>r ��f>z|��yxgsl�ivf bc�sj/wsa	�3bcjmivf ����a	yxgC^3fPg lcj&a	��jul�^�l

^�lc�m^ �{��yxg(z|�`a
� ^3a	iv�`oPl�j&f,� [~r ^3bcix��z|osfP� b	iv�`fPl= �d lcjm^�a	��� �3z bc�sj(/�d
\@1 gs^3b	^ Z ^�lcj % F acjmfs���C�&��� � = @ �JGFG �E'�a	j&��ju^3ykjmg
bc�B^ b$^ b�ykjm^`l8b � � � � wsa	�3bcjmivfBl r ^3b	���;bc�sj(\6� � ; Z ^�aca	j&y b	��w ��yk��� [ %|}P��j���z�b	�sj(l_i � �6/�z�^ r ikykivjul�^3a	j/a	j&wPacjul_jmf`b	jmg '  
�$^��`^�fs���&� �%� = % �3���~� '$ghikg�^3f j ��bcjmfPlciv�`jKa	j&��ivj=� �3z�\6� � ; Z ^3a	acjmy!jmf,� [�r jml/^3fPg�z|��osfBg � � �s� r �`yv�`���`oPl$lcosw j&a$;z�^ r ikyvikjml ^3fPg �%��z�^ r ikyvikjml a	j&yx^ bcjug Z~[ lcjm�~osj&fB�"j! e\6�Pj \6� � ; Z ^3a	a	j&y�wsa	�3b	j&ikfPle^�y r �`l_b ^�y �6^ [ l��h�&�"oPa$^�l$j&f,� [~r jul
%|ikfC�"�`f`b	a	^`l8b�b	�(l8b	acoP�"bcosa�^3yhwPac��bcj&ikfPl '�^3fPg bc�Pje�"�E; z�^��"bc�`a 
3l_o Z l8b	a	^3bcj#oBl_oP^�yvy [ ikfP�"ykoPghjul�^/ws�s�~l_ws�B^ bcj r �`ivj&b [  �\6�sj
^��"bcik��j�l_ivbcj�^3y �6^ [ l��h�&�"oPa	l�^ b�bc�sj�/ ; bcjma r ikfP^3y~j&fPg �3zPbc�sj Z ^3a	a	j&y�l_�sjmj"b�l�^�fPgKlc� r j r j rKZ j&a�l!�3zPb	�sj�z�^ r ivy [ j �hi Z ivb
^9l_bca	oP� b	osa	^�yvy [ �&��fPlcj&a	��jug�wP�s�`lcws�P^3bcj Z ikfPghikfs��lcivbcj! 9\6�sj Z ^�lcik�C\6� � ; Z ^�aca	j&y�b	��w ��yk��� [ %���ik��osa	j �  ��E'(�"��fBl_ixl8b�l�3z��

β
; lc�sjmj"b	l�^�fPg �

α
; �sj&ykik�&jml=-G���six����z|�`ykg�ikf~bc�9^ Z ^3a	acjmy�l_bca	oP�"bcosa	j>��itb	� b	�sj

α
; �sjmyvix�"jul���f bc�sjC�`ohb	lcikgsj>^�fPg

bc�Pj
β
;�lc�sj&j&b	l ��f b	�sj;ikfPlcikgsj %��$^3�~^3fs� �"�K� � = @ �3���~� '  \6�sj Z ^3a	a	j&yxl r ^ [ ^3yxl_���&��f~b	^�ivf �G��a G

β
; lc�sj&j&b	l0��itb	�

lcjm�"�`fPgs^�a [ l_bca	oP�"bcosa�^3y
jmyvj r jmf~b	l Z j&ikfs��f�o r Z jmacjug�z|a	� r bc�sj;�@; bcj&a r ivfB^3y�jmfPg7 G\6� � ; Z ^3a	acjmykl�oPlcoP^�yvy [ �"�`f~b	^3ikf
^3a	��oPfPg �� �� a	jmlcikgsosjml Z ohb r ^ [ �"�`f`b�^3ikfK^�l!ykitbcbcykj6^`l �3��� acjul_ixghosjul<%�\�a�^3osb��&��� � = @ �3���`� '  �\6� � ; Z ^3a	acjmykl!^3yxl_� �P^ ��j�^osfsix�~osj6wsa	��w j&acb [ ikf bc�P^3b!b	�sj

β
; lc�sjmj"b	l�oPlcoP^�yvy [ j �h�si Z ivb
^/�"� r wsyvj&bcj�acikfs�/�3zP� [ gha	���`j&f Z ��fPgPl2% � ivjmacjmfs�`^ - �3�`� � '  

� ikj&a	j&fs�~^ % �3�`� � '�^3yxl_��� Z l_jmac�`jmg bc�B^ b�b	�sj$yk����wPl�^3b�bc�Pj�/ ; bcj&a r ivfB^3yPjmfPg>�3z{b	�sj lc�sj&j&b	l�^3a	j�oPl_oB^3yky [ yv�`fs��jma
bc�B^3f
bc�P�`lcj�^3b�bc�sj(��;�b	j&a r ivfP^�yAj&fPgI��z�bc�Pj(l_�sjmj"b�l�^3fPgG�"�`osyxg b	�~oBle�"�`f`b	aci Z ohb	j/bc��bc�sj(^`� b	iv�`j�lcivbcj(lcwBju�"iv}B�"ivb [  
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z(�4qKp�VWP.JK� } � LON�PSVWP�R�vF\W�4{Ku���R�\WN���R!� {H�wn���X ����L�{K��� ¦2��N+�7�+VW{28+����PF\WN���TU�7�4N����+VW{K��\WPFVW�4u.����VW{H��N7{KZ[��N�R�\WP.��n���X��"RHu$�
j-� �O��v!{Ku��7P!u7Z[P�\W{S�£{HVW�ÂÀ+] }2� ���4N+�7�+VW{K�7\WP�VW{ R�\WP ���9\WN.\WN�PE�7VW{+��p�vF\W�4{HuÃ{H�%{Ku�PE���+VW{K�7N�{KZ[�7N$R2\WP�qHVW{Kp7�	� � {�\[\W{K����LON7P
��P!vYN$R�u��4Z[��{H�(n���X RHu��'j-� � �|v!{Hu$�7PFu�ZWR�\W�4{Hu.� �ORH��{KRHqHTUp ��
O`K_U� �Gm��K��x����

\6�sj ��ikgsj � ^3a	ikj"b [ �3z�\6� � ; Z ^3a	acjmyBwsa	�3b	j&ikfPl�yvjug b	�Kb	�sj�^�l	l_o r whb	iv�`fCbc�B^ be^3ykyA\6� � ; Z ^3a	acjmykl�^3a	j jm����ykohb	iv�`fP^3a [a	j&yx^ bcjug7 ��!^3fs���"���%� = % �3�`��� '(wsa	��w �`lcjmg b	�P^ b>b	�sjG��a	iv�`ivfP^�y��`j&fsjI��fPy [ �&�hghjmg z|��aC^��P^3yvz
β/α

Z ^3a	acjmy  \6�sikl
^3fB�"jml_bca�^3y ��jmfsj bc�sjmf;osfBghj&a ��jmf~b��`j&fsj�ghoswsykix�&^ b	iv�`fI^�fPgCz|oBl_ik��f;bc�>�"a	jm^3bcj�^(z|osyky

β/α
Z ^3a	acjmy -����six���4osfBghj&a ��jmf~b

z|osacbc�sjma(��jmfsjCghoswsykix�&^ b	iv�`f ^�l���j&yky#^�l/z|osfB� bcik��fB^3y#^�fPg l8b	acoP�"bcosa�^3y�^`gs^3wsb	^ b	iv�`fPl=-�acjul_oPytb	ivfs�Gikf ^ ��ikghjCa�^3fP��j>�3z
^��"bcik��itb	ivjul/^�fPg9z|oPfP� b	iv�`fPl  /���wsykj [ �&� � � = % ������� '�wsa	� ��ikgsjml �_l_b	^3bcixl8b	ik�m^3yky [ a	j&ykik^ Z ykj jm�~ixghjmfP�"j � -7���six����ikfPghix�&^3bcjul
bc�B^ b4^ b ykjm^`l8b � � �3z/bc�sj �!C�Z ^3a	acjmyel_oPwBjma_z�^ r ikykivjul l_�B^3a	jI^ �&� r>r ��f���a	iv�`ivf  \6�sikl4gs^ b�^ ^3yxl_� lcoswsw ��acb	l�bc�Pj
j&f � [�r jCacju�"a	ositb r j&f~b�bc�sjm��a [ - ���sik��� l_b	^3bcjml�bc�P^3bKj&f,� [�r jul(�&^�f Z j a	jm�&acoPitb	jmg Z j&b"��jmj&f wP^3bc����^ [ l=-�^�l���j&yky#^`l
lcoswsw ��acbcikfs��bc�sj�ixghju^�b	�P^ b�#`j [ r j&b	^ Z ��ykivbcj ; Z ikfPghikfs� j&f � [�r jmlClcj&a	��jmg ^�lC�&� r>r ��f�^3fP�&jml_bc�`a	l�z|�`a r j&b	^ Z �`yvix�
wP^3bc����^ [ j&�`��ykohbcik��fG e\6�Pj,����a #;gh�`fsj Z�[ /��`wsykj [ �"�$� � = % �3�`��� '6^3yxl_� lc�s�A�ele�P�A� �`fsjKl	�&^ � �`ykg9�m^3f�^�gP^3whb ^�fPg
z|osyv}Pyky�� ^3a	iv�`oPl�z|osfP�"bcik��fPl= 

� 1en q ivf ��= �"�%�v�&� +P� � �2) j*��i Z ivb	lI^ �"�`fPlcj&a	��jmg ws�P�`lcws�P^ b	j Z ikfPghikfs� lcivbcj ^�fPg bc�Pj lco Z l_bca�^ bcj�ivfP�&yvoBghjmlI^
ws�s�~l_wP�P^ b	j���a	��oswG �\6�sixl�ixl��"�`fPl_ixl_bcj&f~b)��ivbc�>b	�sjea	jmlcosytb�l�z|��a�bc�sje� 1en q z�^ r ivy [ z|��osfPg Z�[ �$^3�~^3fs� �&��� � = % �3�`�`� '  
\6�sj�fsj*��b�lcjm�"bcik��f.��ikyvy�ghixl	�"oPl	l�bc�sj�z|oPfP� b	iv�`fG^�fPg r jm���P^�fsikl r Z j&�sikfPg �3= �"� �v�&� +s�3� �2)S� 1en q  

����� ��� � ������� ����� � 	&��� � � � � 	����
!)� � � & (+* �

\6�sj�z|osfP�"bcik��f �3z6�(1$n q ikl/b	�Gwsac� ��ixghj>^;wPacju�"osa�l_�`a$z|�`a�bc�sjCl [ f`b	�sjmlcixl��3z#z|�`yk^3bcj&%�lcj&jClcjm�"bcik��f �  C  � '  >�ef ;
ghjma�bc�sj �#f,� [�r j
/�� r>r ikl	lciv�`f % �2/6'��"yx^�l	lcit}B�m^ b	iv�`f � 1en q z�^�yvyxl�ikf lco Z �"yx^�l	l �     �  �   %?�8� p � p �JGFG � '  C\6�sixllco Z �&yk^`lcle�3z�j&f,� [~r jule^3a	j�ivf����`yv�`jmg;ivfIb	�sj�bca�^3fBl8z|jma��3z
^3y # [ y��`ae^3a [ y���a	��oswBl -h��bc�sjma6bc�P^�f r j&bc� [ y���a	��oPwPl  �\6�sj
r jm���P^�fsixl r �3z$^`� bcik��f ��z$�(1$n q ixl Z ^�lcjmg �`f ^��"�`fPghj&fBlc^3bcik��f a	jm^��"bcik��f Z j"b"��j&jmf + ;�^ r ivfP� Z j&f,�m��ix�4^��&ikg ^�fPg
�A; � [ ghac��� [�r j"b	� [ yxghik� [ gha	�E; whb	j&a	ivf�w [ ac�`ws�s�~l_ws�B^ bcj�bc�(z|��a r ghik� [ gha	��wsbcj&a	��ix�6^��&ikg.%���ik��osa	j �  ��' ��ivbc� ^ � � 2+ ik��f
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^�l��"�!;�z�^`� b	��a  �\6�sj��"�`fPghjmfPlc^3bcik��f a	jm^`� b	iv�`f �h�&�"oPa	l#bc�sa	��oP���;^ q �

2
f�oP�&yvjm��ws�sikykik�/^ bcb	^�� #>��z�bc�sj/fsivbca	���`j&f4�`fCbc�Pj

�&^�a Z ��f�^�fPg9b	�sjKa	j&ykjm^`l_jK�3z�^Cw [ a	��ws�s�~l_wP�P^ b	j(��a	��osw  \6�sixl$a	jm^`� b	iv�`f9wsac�hghoB�"jml/ghik� [ gsac�`whbcjmac�`ik�(^`�"ixg&���six����ixl
oPlcjmg Z�[ ghik� [ gsac��z|��yx^ bcj�l [ f~b	�P^�lcj$b	�Cwsa	��gsoP�"jB1

2
z|�`yk^3bcj %�p6^ Z �~^3��yko �"�6�%� = @ �3�`�ED '  


�� � � 	 � ��� ��� ��� 	/� � ��� ��� � � ��� �����"	 ��� � ����	 � �3� ��� � �$! � � ���3������!F	 �J�(� ��� 


���
	 ������� �(������������� � ����������������� �"!�#%$'* * *��

�3= �"� �v�&� +s�3� �2) n�n�n * ixl(wB^3acbK�3z6bc�Pj Z ivz|osfP�"bcik��fP^�y#n�n�n<* ; � 1en q �"� r wPyvj*� ^�fPg �"�`f`b�^3ikfPl��`fsj ikf`b	ac�`f �3z
�JG D4Z w ivf�ykj&fs��bc��%�\�a	ik��ykik^��"� � � = @ �JGFG D '  �n
z|n�n�n *S�"�`fPlcikl_b	l �3z C �%�;^ r ivfP�;^��&ikgPl/^�fPg��B^�l b"���;ivfBl_jma_b�l(���Pj&f
�"� r wP^3a	jmg bc�C�3b	�sj&a6n�n#n * j&f,� [~r jul  
\!acik��ykik^9�&��� � = % �JGFG D '#�P^`l�l_�s�A��f;bc�B^ b�bc�Pjmlcj/ikfPlcj&acb	l�^�acj/fs�3beikf~bca	��fPl6^`l
�&�/�$d ^ r wsykit} �&^ b	iv�`fC�3z{bc�Pj �B^�f #�ivfs� ^3a	jm^�l
�&��a	acjul_w ��fBgKb	��bc�Pj$��jmfs� r ix�e�/�$d lcjm�~osjmfP�"j� !n#n�n * ixl#�&��fsfsju� b	jmg
bc� � 1en q b	�sac�`os��� ^��Pivfs�`jGacjm��ik��f Z osbCbc�sixl>�sikfs��jIacjm��ik��f l_�s�A�el fs� �s� r �`yv�`� [ bc��b	�sjG��fsy [ �3b	�sj&a>#�fs�A��f
Z ivz|osfP�"bcik��fP^�y
n�n�n * ;��(1$n q j&f � [�r j���z �3= ��� � � �B� �0%�\�a	iv�`yvix^ �"���%� = @ �JGFG D '  �Pac� r �s� r �`yv�`� [ bc�G�3b	�sj&a�n#n�n *
��jmfsjml�ivb(ixl�j&��ixghj&f~b�bc�P^3b(n
z|n�n�n<*Sz|��yxgsl�ikf`b	�9^I�Pj&a	ac�hgh���hikf ; yvi #�j z|��yxg�%���iv�`osacj �  G�E n�n#n *Sikl(^�yklc� #~fP�A��f�^`l
1en#n * E p�yk^`l��u� � [ #��&���*� = @ �����`� E 1ej&fPfsiv���&���%� = @ �HGIGFG E q b	^ r�r jma	l��&���%� = @ �JGFGIG '  �\6�sikl6��ikyky Z j�ghixlc�&oPl	l_jug ikf bc�Pj
fsj*�~b$lcjm�"bcik��fG 
���
	 ������������� � ��� ����� ����
 �
� � �
��� � � � �
�

\6�sj��Pj&a	ac�hgh���hikf ; yvi #�jGz|�`ykg�z�^�yvyxl ikf b	�sj ^�yvwP�P^ ^3fBg Z j&b	^ �"yx^�l	l �3z�wsa	�3b	j&ikfPl;ivf q /@F n % 1$o ZsZ ^�a	g,�&�C�%� = -
�JGFGIG '  � b6ixl�ghjulc�&aci Z jmgC^�l�^3f

α


β
lc^�fPg ��ix��� ��itb	�;^�f ^3f~bcikwP^3a�^3ykykj&y

β
; lc�sj&j&b= 
\6�sj/�sj&a	a	��gs����ikf ; yvi #�j�z|�`ykg;�"��fBl_ixl8b�l

�3z  
α
; �sj&ykix�"jml ^3fPg D

β
; lc�sjmj"b	l= �\6�sj4j&f,� [~r j4z|��yxgsl(ikf~bc��^Gz|�`osa l_bca�^3fBghjmg ^�f`b	i ; wP^�a	^�yvykj&y

β
; wsyx^ b	j �B^�f #�jug ��f

��fPj lcikghj Z�[ �
α
; �sjmyvix�"jul;^�fPg �`f bc�sj �3b	�sj&aGl_ixghj Z~[�C

α
; �sj&ykix�"jml= -\6�sj�lcjm�&��fPgP^3a [ l_bca	oP� b	osacjul;^`lclco r jml;^

β1α1β2β3α2β4α3α4α5
^3a	a	^�fs��j r jmf~b= \6�sj

βαββαβ
; r �3bcivz ixlI�"� r>r ��f�b	� �3b	�sj&a;f�oP�"ykj&�~l_ixghj�ghikws�s�~l_wP�P^ b	j

#�ivfB^�lcjml Z ohb�n�n�n *Q�"�`f`b�^3ikfPl�^3f j*�~b	a	^Kbc�Pacjmj
α
; �sjmyvix�"jul�% q b�^ r>r j&a�l��&��� � = @ �HGIGFG '  ��eoB�"ykj&�`lcixghj�#�ikfP^�lcjml�oPlcoP^3yky [

Z ikfPg�d$� n Z j"b"��j&jmf�b	�sj
α2 − β4

^�fPg�b	�sj
β2 − β3

ikf`b	j&a��"�`fsfsjm�"bcikfs�Iyv����wBl Z ohb�n�n�n * Z ikfPgsl�d
\6n Z j&b"��jmj&f
bc�Pj>�&��fsfPjm� b	ivfP�Iyk����wPl/��z

α2 − β4
^3fPg�bc�Pj�ikfsivbcix^3y
yk����w��3z#b	�sj / ;�b	j&a r ivfP^�y
acjm��ik��f % q b	^ r>r jma	l �&�/� � = @ �JGFGIG '  

\6�sj�fsj*��b�lcjm�"bcik��f.��ikyvy�ghjulc�&aci Z j b	�sj r jm���P^�fsixl r Z j&�PivfPgGn#n�n *> 

���
	 ��� � ������� ����� � 	&��� � � � � 	����
!)� � � * * *��

d��&�&��a�ghikfs�Cbc�;bc�Pj �#f,� [�r j /�� r>r ixl	l_ik��f % �2/6'/�"yx^�l	l_iv}B�m^ bcik��f - n#n�n * z�^�yvyxl/osfPghjma�l_o Z �"yx^�l	l �  ��� �  C  �\6�sixl
lco Z �&yk^`lcl�ikl!�"yx^�l	l_iv}Pjug�^�l�gsivws�P�`lcws�s�3b	a	^�fPl_z|j&a�^�lcjml5%?�8� p � p �HGIG � '  �n�n�n * �m^ b�^3y [ lcjmlAbc�sj#bca�^3fPl_z|j&a���zP^�w [ ac�`ws�s�`l+;ws�P^3bcj6��a	��oPw(z|a	� r d
\6n�bc���E; � [ gha	��� [~r j&bc� [ y ;���- �A;�ghik� [ gha	��wsbcj&a	ikf0% 1$n<'�b	� z|�`a r �(1$n %���iv�`osa	j �  � � E p�yx^�l �m� � [ #
�&�/�%� = @ �3�`��� '  C�(1$n ikl�oBl_jug Z�[ � 1en q bc�Iz|��a r wsbcj&a	��ix�>^��&ikg7-�^Iwsacju�"osa�lc��a/bc�Gz|�`yk^3bcj! \6�PjCn�n�n *Sa	jm^��"bcik��f
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z(�4qKp�VWPSJK� � �?L�{H� �wLON7P"Zt\[VWp�v�\Wp7VWP@{��O\WN�P"z�PFV[VW{+�7{�8��4u7��T4�4� P ��{KTU�G�ELON7P"���U����TUP��$qHp7VWP"�4u$���4v�R�\WP!Z�\WN7P@Z[P�Á�p�PFu�v!P"�4u ��N��4v�N
\WN�P%Z[P!v!{Hu$��R2V[�EP!T4P!��P!u�\WZ���{KT4T4{!�I{Hu�P�R�u�{�\WN�PFV���LON7P���{H\[\W{H� �$qHp7VWP%�Uu��7�4v�R2\WP!Z \WN�Ps\W{K��{HTU{HqH�»{H�	\WN�P�z�PFV[VW{+�7{�8��4u7��T4�4� Ps��{KTU�G�
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�P^`l#b"��� � � 2+ ik��fPl6^�l6�&�E; z�^�� b	��a�l - ���six���4�sjmyvwBl�bc�>^3fP���s�`a#b	�sj�w [ a	��wP�s�`lcws�P^3bcje�`ac�`oswPl6ghosa	ivfP���m^ b	^�y [ lcikl= �\6�sj
a	jm^��"bcik��f>�h�&�&osa	l�ikf ^�b	iv�`�`b	y [ �"yk�`lcjmg�jmf,� [�r j@��itb	� yk�~�`wPl � ; C �"yk�`lcikfs��� ��jma�bc�sj$^`� b	iv�`jel_ivbcj� 9������w � ^3fPg C lcj&j r l
bc�I�"yk�`lcj�� ��jma�bc�sj�^3a	jm^ ���Pj&a	j�bc�sjKb"���;�&^ b�^3y [ bcix� � � 2+ iv�`fPl$^�acjKyv�h�&^3bcjug7 ���f9b	�sj �&yv�~l_jug9l8b	acoP�"bcosa	j�b	�sj(b	�sacjmj
yk�~�`wPle^`lclc�h�"ix^ bcj ��ivbc�9��fPj(^3fs��bc�sjma6bc�sa	��os�`�9^ fPj"b"����a # �3z�� [ gsac�`��j&f Z ��fPgsl=- ���six����l_b	^ Z ivykiklcjml�b	�sj(ikf~bcj&a�^��"bcik��f
Z j"b"��j&j&f;bc�Pj�yv����wBlB%�p�yk^`l��u� � [ #��"�6�%� = @ �3�`��� '  


����3��� � � !

\6�sjCn
z|n#n�n * ;��(1$n q �&� r wsykj � �"�`f`b�^3ikfPl���fPj �3z6bc�Pj j&f,� [�r jul(^3�~^3ikfPl_b ���sik��� ^�f~bci ;�z|�`yk^3bcjCa	jmlcikl_b	^�fP�"j>�P^`l
ghjm��j&yk��w jmgG 8��fI��a�ghjma#b	� ikf���jml_bcik�`^3bcj$bc�sj r jm���P^�fsixl r-Z j&�sikfPgGl_oPytz�^E; gha	os� acjul_ixl8b�^3fP�&j ^�l8b	acoB� bcoPa	^�y r �hghj&yA��z�bc�Pj
�"� r wsyvj*�Kixl�fsj&jughjmg7 )/�a	jmghi Z ykj r �hghjmykl
lc�s��oPykg��"�`f`b�^3ikf ^/a	j&ykik^ Z yvj6a	j&wsa	jmlcj&f~b�^ bcik��fK�3zPb	�sje^��"bcik��j6l_ivbcjul
^3fPg�^3yky�bc�Pj
a	jmlcikghoPjml ivf����`yv�`jmg9ikf�a	jmlcixl8b�^3fP�&j! q oP��� r �hghjmykl�lc�s��osyxg�^�ikg�j �hwsyx^3fP^3bcik��fPl �3z�b	�sj�j �{jm� b���z�acjul_ixl8b�^3fP�&j ;��&^�oPl_ikfs�
r osb	^ b	iv�`fPle�`f�lco Z l_bca�^ bcj Z ivfBghivfP� -Agha	os� Z ikfPghikfs�;^�fPgGwsa	�3b	j&ikf r � ��j r jmf`b  $\!� �`^�ivf�^ r �`acj �"� r wsykj"b	j(osfPgsj&a$;
l_b	^3fBghivfP� ��z�bc�sj�n
z|n#n�n * ;��(1$n q �"� r wPyvj*� -�b	�sj�^�� b	iv�`j/lcivbcjml6^`l<��j&ykyA^�l�bc�Pj/ikf~bcjma	^`� bcik��f Z j&b"��jmj&f;bc�sj/wsa	�3bcjmivfBl
^3fBgIbc�sjmiva/fP^ b	osa�^3y�lco Z l_bca�^ b	jmlefPj&jmgIb	� Z j(ikf~�`jml_bcik�`^3bcjmgIb	� a	j&��ju^3y�^�f [ w �`l	l_i Z ykjKl_i r ivyx^3a	ivb [ ikf�ykiv�~^3fPg Z ikfPghikfs�  
\!�>^`���sikj&��j bc�Pjmlcj(^3i r l�b	�sj�z|��ykyk�A��ivfs�Cl_bca�^ b	j&� [ �6^�l�i r wsyvj r j&f~bcjug �
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¦���N��7��VW{�8+����PF\WN��7T9� À+] }2� ���4N+�7�+VW{K�7\WP�VW�Uu�����X�� �+�'X�X�X¢ ¾RHZ��7VW{H��{KZ[P��'�+��� TUR�Z 
!v 
F������
�`K_U����mH�K�H� ���

•

1e� r ��yk��� [Cr �hghjmykl6��z �3= �"� �v�&� +s�3� �2)Sn#n�n *-^3fPgI� 1en q ��j&a	j��"��fBl8b	acoP�"bcjug;lcj&wP^�a	^3bcjmy [ b	��ikf���jul8b	iv�~^ bcj bc�Pj
l_bca	oP� b	osa	^�yA���P^3a�^��"bcj&a	ixl8b	ik�ml#��z!b	�sj�b"���>jmf,� [�r jmlB%�� � 	 #���� � � '  

•

\6�sjIfP^ b	osa�^3y�l_o Z l8b	a	^3bcjul0��j&a	jGgh�h� #�jmg ivf~b	� b	�sj9^��"bcik��jGl_ivbcjG�3z n
z��(1$n q bc� ikf���jml_bcik�`^3bcj;bc�sjGikf~bcj&a�^��"bcik��f
Z j"b"��j&j&f�n
z��(1$n q ^3fPgGb	�sj lco Z l_bca�^ b	jml= \6�sj ivf~b	j&a�^�� b	iv�`fPl Z j"b"��j&jmf�l_oPytz�^E; gha	os� a	jmlcixl8b�^3f~b l_bca�^3ikfPl$^�fPgGbc�Pj
fP^3bcosa�^3yAlco Z l_bca�^ bcjul6��jmacj�^3yxlc��ikf���jul8b	iv�~^ bcjug�%�� � 	 #���� � � '  

•

q osyvz�^�gs����ikfsj<��^`l!gh�h� #`jmg(ikf~bc� bc�sj6^��"bcik��j6l_ivbcj��3z ��ivyxg(b [ w j�� 1en q -�^�l ��j&yky�^`l!bc�sj6ghi � jmacjmf`b
a	jmlcikl_b	^�f~b�l_bca�^3ikfPl
bc�>ikf���jml_bcik�`^3bcj bc�sj r ju���P^3fsixl r Z jm�sikfPgGl_osyvz�^A;�gha	os�>ivf~b	j&a�^�� b	iv�`f4ikfGn
z��(1$n q %�� � 	 #���� � � '  

•

\6�sj j �{jm� b�l#��zAbc�sj r ohb�^ b	iv�`fPl#�`f>bc�sj Z ikfPghikfs� ^�fPg r � ��j r j&f~b#�3zAb	�sj lco Z l_bca�^ b	jml�^�l)��j&yky{^�l���f lcosytz�^E; gha	os�~l
ikf4b	�sj�n
z�� 1en q ^`� b	iv�`j�lcivbcj!- ��jmacj/ivf��`jml_bcik�`^ b	jmg ��itb	�;b	�sj�oPlcj��3z � ��ykjm�&osyk^�ae� [ fP^ r ik�mlB%�� � 	�#��)�$� 	 '  

•

\6�sj j*��bcj&f~bK��z�yv����w r � �`j r j&f~b(ikf n
z�� 1en q ^3fPg n
z|n#n�n *>-�^�l ��jmyvy�^�l�b	�sj4j�� ju� bK��z�acjul_ixl8b�^3fP�&j ;��&^�oPl_ikfs�
r osb	^ b	iv�`fPl6��f;bc�Pjmlcj/yk����w r � ��j r jmf~b	l=- ��j&a	j�ivf��`jml_bcik�`^ b	jmg ��itb	� � ��ykjm�"oPyk^�a6� [ fP^ r ix�&l %�� � 	 #���� � 	 '  

/��P^�whbcjma D ��ikyky�wsa	� �~ixghj�^ Z acikj"z
lco r>r ^�a [ ^�l6��j&yky�l_� r j��&��fP�&yvoPgsivfs�>a	j r ^3a #hl  
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X^_W`T
acbed_fhgji�klfnmXo%pqgjrjstfhuvbUr�bwp�xXyhbwfhozu{rjd|uvf}u{d}~7u�f��w�Rfhbeo�dQfh�&�X�{u{dnm�fnmXo?szb7b&y�i�uvr���fno�d|bwpOfhmXo�u{��x]b&ynfh�&r)f}yno�dQu�i�gXo�d

� xjynozpqozy��w�X�{k�fnb9��fhb&��u{s}yno�dQbU�vgXfnu{b&r���fnb��U�&uvreu{rjdnuv�Um)f�u{r)fnb�fnmXo���o�s�mj�&rXu�dQ��b&pVsz�wfh�w�{k�dQu�d���dngX�jdQfny���fho}bUynu{ozr)fh�wfnu{b&r
�wr�i�dngX�jdQfny���fho9�Xu{rji�u{rX�j�;aOmXozyhoe�wyho4~��wyhuvbUgjd���o�fnmjb7ijd?��~��wu{�{�&�X�{o�fhb�b&��f��wu{r�xXynb&fno�uvr+dQfnyhgjstfhgXynoeszb7b&y�i�uvr���fno�d
dngjs�m��&d\����y���k�szynk�dQfh�w�{�{b&�&y��wxjm)kU�js�yhk&b&��o��vo�stfhynbUr���u�s�yhbUdhs�b&x7k4�wrji����e ¡��o��&dngXyhoz��ozr)fhd��\aOmjo�dno}��o�fhmXb�iXd��&u{~&o
~��wyhuvbUgjd��{oz~&o��{d¢bwpOyno�dQbU�vg�fhuvbUr��¤£�uvfnm�����y���k�szynk�dQfh�w�{�{b&�&y��wxjm)k4gjdngj�&�v�{k��Uuv~7u{rX�4fnmXo?mXuv�UmXo�dQf¢yho�dnb&�{g�fnu{b&r � iXb�£�rlfhb
¥ �§¦�¨)© �«ª o��{dhs�m=¬z­�®�¯°�{�c± ¥U¥&¥ �Q���&rji�szynkUbw��²`�³fnmXo��{b�£Vo�d_f � b&rj�vk9i�b�£�r�fnb�dno�szb&rjij�wyhk�dQfnyhgjstfhgXyho�i�u�dnszynu{��uvr���fnu{b&r¤�
´ � ��¥ ©��t��µ\rjo�b&p�fnmXo9¶�s�mXu{�{�vo�d�mjozoz��d�bwp�����y���k·s�yhk7dQfh�&�v�{b&�Uyh�&xXm7k�u�d�fnmXo4rXo�o�i�fhblb�~Uozyho�¸�xXyho�dhd�fnmjo�xjynb&fnozu{r#bUy
u�dQbU�{�wfno�dng�¹�s�u{ozr)f¢º)gj�wr)fhu�fhuvo�d�pqyhb&��rj�wfngXy��w�»dnb&gXy�s�o�dz�|aOmXo�����fQfhozy���o�fhmXb�i�u�d����{b&rX�4�wrjiefno�i�uvbUgjd�xXyhb7szo�dhd\�&rji
fnm7gjd�b�~&ozyho�¸�xXyho�dhdnuvbUr�uvr4mXozfno�ynbU�vbU�&b&g�d¼dnk�d_fhoz�%dOu�dOfnmXo}xXynozpqozyhyno�i?��ozfnmXb�i½�¼�9bUdQf�xXynb&fno�uvrjd��Xo�dQx]o�szu{�&�v�{k��%�w���wyhu{�&�
xXyhbwfhozu{rjdz�Oi�b·rXb&f�b�~&ozyho�¸�xXyho�dhd¢£¼oz�{��u{r¿¾�À|Á�Â�¯°Ã�i�gXo4fnb�fhmXoeyhu{s�m�¶�Ä�a¼�Ås�b�i�bUr#�Xu��&d � ¶�y���~)u{rjiA¬z­�®�¯vÀvÆ|± ¥U¥&Ç ���
È�b�£¼oz~Uozy��w��xXyhbwfno�uvr%�%��k¢oz¸�xXyno�dndRuvr�mXu{�&m%o�rXb&gX�Um�k)u{oz��iXd»�jg�f`�%��k}rXb&f»pqb&��i%s�bUynyho�s�fn�{k}�wrji�fhm)g�d»pqb&yh�¡u{rjsz�vgjdnu{b&r
�]b7iXuvo�dz�RÉ7bU��o�xXyhbwfhozu{rjdOdQgjs�m��&d�Ê�À)Ë�®�¯vÁzÃ Ìj®�ÍtÎ�ÏÐÉ7���Ui�ozrXb)dQk7�v����ozfnmXu{b&rXu{rXo�i�o�s��wyh��b�¸�k7�{�UdQoU�U�&yno\o�¸�xXyho�dhdQo�i%��fO�vb�£
�{oz~&o��{d}�wrji·�wyho%b&rj�vk�d_f��w�X�{o%uvr�dnb&�{g�fhuvbUrlpqbUy}��pqoz£ÑmXbUgXy�dz�¤fnm7gjd�fhmXo�yhu{dnÒ�u{rjs�yho��UdQo�d�pqb&y¢�{b�£|�¤u{rj�Ustfnu{~&o%xjynb&fnozu{r
k7uvo��{ijd �ÔÓ uvyhÒ7mXb&�vfnÕe¬z­�®w¯vÀvÆV± ¥U¥ ¨)����µ\rjszo%dQg�¹�szuvo�rUf¢º)gj�&rUfhu�fhuvo�d�bwpOxXgXyho�xXynb&fno�uvr�mj��~&o��]ozozr�b&�Xfh�wu{rXo�i�uvf¢mj�&d�fhb
dngX��Ö_o�s�fno�i�fnb}fnmXo�xXyhb7szo�i�gjyno�b&p¤s�yhk�d_f��w�{�vu{Õ��wfnu{b&r%£�mXu�s�m�u�d`yhoz�)�wy�i�o�i��7k���b)d_fOdnszuvo�r)fnu�d_f�d`�&d¼�\×Q�X���&s�Ò���b�¸)Øt�IÉ�b&��o
o�Ù�b&ynf`mj�UdR�Ub&rXo�u{r)fnb}fnyhk)u{rX�|fhb¢oz�{gjszu{iX�wfno�s�yhk7dQfh�&�v�{u{Õ���fhuvbUr�xj�wy��w��o�fhozy�dz�UdQgjs�m��&dRxjÚ	b&p½fnmXo\xXyhbwfno�uvr �«Û �wr)fh�&yhi�Ö_uvozÙ
¬z­V®�¯°�{�X± ¥U¥ ¨)�R�wrji�fnmXo�xjÈÜ��fV£�mju{s�m�s�yhk7dQfh�&�v�{u{Õ���fhuvbUr%b�szs�gjynyho�i �«Ý bUgX�U�&�v�»¬�­¼®�¯°�{�j± ¥U¥ ¨)���&�XgXfVfhmXozk%mj��~Uo���o�fO£�u�fhm
�{uv��uvfno�i4dngjszszo�dhdz�IÚÅr9dnxXu�fho|bwpcfnmXo�dQo|m7gXy�i��{o�dOb&r�fnmjo|£¼��k�fhb%b&��f��wu{rXuvrj��xXyhbwfhozu{r9s�yhk7dQfh�&�{d�����yno�dQbU�vg�fhuvbUr?b&p ¥ � ¦w¨U©
u�d�s�gXyhyno�r)fn�{k�b&��f��wu{rj�w�j�vo �Ôª oz��dhs�m·¬z­¼®w¯°�v��± ¥U¥&¥ ���
���� ¿u�dOb&rXo|�&��fhozyhrj��fhuv~Uo\bUx�fnu{b&r��Xg�f�dng�Ù]o�yhd¼pqyhb&�ÞdQbU��o�bwpcfnmXo¢dh�w��o�xXyhb&�X�{oz�%dO�&d¼����y���k�s�yhk�d_f��w�{�vbU�&y��wxXm7k

� oz¸�xXyno�dndnu{b&r��{oz~&o��{d��IxXyhbwfno�uvr�u�dnb&����fnu{b&r]�t��¶�r=�&iX~��&r)fh�w�Uo%bwp��\�e ßu�d¢fhmj��f�i�k7rj�w��u�s?dQfnyhgjstfhgXyno�d}�&yno�bU��fh�&uvrjo�i
�Xg�f�szgXynyhozr)fh�vk·b&rj�vk·xXyhbwfhozu{rjd�gXx�fhb=à ´U¥ Ò Ý sz�&r#�]o�u{r7~&o�dQfnu{�U�wfno�i � acgX�U�&ynu{rXb�~+¬�­�®�¯vÀvÆ�± ¥U¥ ±U�t�·ÚÅr�fhmXo4o��wyh�{k
á ¥jâ d}yno�dQo��wy�s�mXozy�d�d_f��wynfno�i�fnb�u{r7~&o�d_fhuv�)��fno�szb&��xXg�fhozy���b�i�o��{d��&d��wr��&��fhozyhrj��fhuv~Uo%fnb�dQfng�i�k·xXynb&fno�uvr#dQfnyhgjs�fngXyho�d��
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yho�dnb&�{g�fnu{b&r}�Us�mXu{oz~&o�i¢u�dIi�ozx]ozrjiXozr)f»b&r¢fhmXoOx�o�yhszozr)fh�&�&oVu{i�o�r)fnuvf_k¢��ozf_£Vo�ozr�fnmXoVfh�&yn�Uo�f»�wrji¢fno���xj�{�wfno&�IaOmXo�Bjo��{i�bwp
s�bU��xXg�fno�yQ�Å�wu�i�o�i¢xXyhbwfhozu{r���b�i�oz�{�{uvrX��oz¸7x��wrji�o�i�iXgXynu{rX��fnmjoDC ¥Xâ d	£�u�fhm�fnmXoOyhoz�{o��&dno¼bwpjfhmXo��lµ Ý ²FE:E¤²` �xj�&s�Ò��&�&o
� ÉX�w�{uV¬�­O®�¯°�{� � C!C Ç �t�
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È�bU��b&�{b&�&k � bUy�szb&��xj�&yh�wfnu{~&o��|��b�i�o��v�{u{rX��u�d�fnmXo�xXyhb7szo�dhd¢£�mXo�yno�fnmjo�dQfnyhgjstfhgXyho?bwp��lxXyhbwfhozu{r�u{d���b�i�oz�{�{o�i
�j�UdQo�i9b&r���sz�vb)dQo��vk4yhoz����fno�i9xXyhbwfhozu{re£�u�fhm��?Ò7rXb�£�rldQfnyhgjstfhgXyho&��Ú�f�u�d�gjdngj�w�{�vke�UdndngX��o�i9fnmj�wf\fhmXo�xjynb&fnozu{rjd��wyho
mXbU��bU�vbU�&bUgjdz�U��o��wrjuvrX��fnmjozk%mj��~Uo���s�b&����b&r�oz~Ub&�{g�fnu{b&rj�&ynk��wr�s�o�dQfnbUy��IaOmXo Ç Ý dQfnyhgjstfhgXyho�dVbwp¤xXyhbwfhozu{rjdOs�mj�wrj�&o
�{u�fnfn�{o%£�u�fhm�o�~&bU�vg�fhuvbUrl�&rjiefhm7gjd�fnmjo��UdndngX��x�fhuvbUrl£�mXu�s�m�gXrji�o�ynxXu{rjd|szb&��xj�wy���fhuv~Uo���b�i�o��v�{uvrj��u�d�fnm���f|xXyhbwfno�uvr�d
£�uvfnm�dnuv��u{�{�&y�dno�º)gXozr�s�o�d¢£�uv�{�`mj��~Uo��9dQu{��uv���wy�d_fhyngjs�fngXyho � �e�wynfnuv�� �ozrXbU� ¬z­�®w¯vÀvÆO± ¥&¥&¥ �t��aOmXo�b&xjx�b)dQuvfno�u�d}�&�{dnb
fnyhgXo�u{r?fhmj��f�xXyhbwfhozu{rjd¼£�u�fhm9��dnu{��u{���wy�d_fhyng�stfngjyno�i�b�rXbwf�rXo�s�o�dndh�wyhuv�{k�dnmj�wyho�fhmXo|dn�&��o�dno�º)gXo�rjs�o � ���wynfnuv�� �o�rXb&�
¬z­¼®�¯{ÀvÆc± ¥&¥U¥ ���
aOmXo�yno¼�wyho»fnmXyhozo¼�%�wu{r¢��o�fhmXb�iXd	gjdQo�i|fhb�szb&rjdQfnyhgjstf	��b7iXoz��d�Z���b�i�o��v�{uvrj�\�7k�ynu{�&u�i7����b�i�k|�Udndnoz���X�vkU����b�i�o��v�{u{rX�

�7k�dQo��&��ozr)f����wfhs�mXu{rX���wrji#��b�i�o��v�{u{rX���7k�dh��fnu�dQpÔ�&stfhuvbUr�bwp�dnxj�wfnu��w�Oyno�d_fhyh�&uvr)f�dz�· �u{�&u�i7���]b�i�k��&dhdQo��}�X�{k·u{d}fnmjo
��o�fhmXb�i+£�mXozyhoz�7k���xXyhbwfno�uvr���b�i�oz�\u{d�s�bUrjdQfnyhgjstfho�i=pqynbU� dn�%�w�{��yhuv�Uu{i�xXu{o�szo�d��AaOmXo�dnoexXu{o�szo�d?�&yno9bU��fh�&uvrjo�i
pqyhb&� dno�º)gXo�rjs�o¢�&�vu{�&rX��o�rUf�dO�wrji4�wyho��j�&dno�i�b&r4s�bUrjdnozyh~&o�i�s�bUyno�yhoz�&u{b&r�dz�7�{b)bUxjd��wr�i�dnu�i�o��Ås�mj�wu{r�szb&r�pqbUyn�%�wfnu{b&rjd��
aOmXo��j�&s�Ò7�]b&rXo�u{d�szb&rjdQfnyhgjstfho�i#�)k�f��wÒ7uvrj��fhmXo���~Uozy��w�Uo\[

α

�wfnbU�.szb7b&y�i�uvr���fno�d¢pqyhb&�.fhmXo4s�b&r�dQo�yn~Uo�i·xj�&yQf�bwp
fnmjo%fno���xj�{�wfno?dQfnyhgjstfhgXyho�d���aOmXo%yho�dQf}bwp¼fnmjo��%�wu{r�s�mj�wu{r���fnbU�%d|�wyho�fnmXo�r�dQgXx]ozyhu{��x]bUdno�ilpqyhb&� fnmXo�fhoz��xX����fho
dno�º)gXozr�s�o|£�uvfnm9fhmXo¢mXu{�&mXo�d_f�dQu{��uv���wyhu�f_k?fnb�fhmXo¢f��wyh�&o�f��¼aOmjo¢�vb7bUxjd��wyho|�XgXu{�vf\��p fhozy\���{u{�Xyh�&ynk�dQo��wy�s�m?pqbUy\dnuv��u{�{�&y
dQfnyhgjstfhgXyno�d}�&rji�fnmXo�dQu�i�oz��s�mj�&uvr�d¢�wyho%�XgXu{��f�gjdnuvrX�l�es�bU�}�Xu{rj��fhuvbUr�bwpOfno���xX�{�wfno�dQu�i�o��Ås�mj�&uvr�s�bUr�pqb&yh�%��fhuvbUr·�&rji
xXyho�pqo�ynyho�i�dnu{i�oz��s�m��wu{r�szb&r�pqbUyn�%�wfnu{b&r��IaOmXo][�µ��O^Oµ�É7²` +xj�Us�Ò��w�&o � É7g�f�s��{u�Ù�o�¬z­`®�¯vÀ{� � C ´ á �I�wxXxj�vu{o�dRfnmXu�dR��o�fhmXb�i
bwpI��b�i�oz�{�vu{rX���
�9b�i�o��v�{uvrj���7k4dnoz�U��ozr)f��%��f�s�mXuvrj�?gjdno�d\dQmXbUyQf\x�o�x�fnu�i�o�dQo�ºUgjozrjszo�d�fhb�szb&rjdQfnyhgjstf��%��b�i�oz��� Ó k9dQo��wy�s�mXu{rX���

iX�wfh�w���&dno%£�u�fhm�fnmXo�dQx]o�szu%B]s�dQmjb&ynf�dQo�º)gXozrjszo��wrji·�%�wfhs�mXu{rX�_[
α

��fnbU�³szb7b&y�i�uvr���fno�dz�	dQmjb&ynf}xXu{o�s�o�d¢b&pOxjynb&fnozu{r
sz�&r��]o%�&dhdQo��}�X�{o�i½��aOmXo�dno�dnmXbUyQf�xXu{o�s�o�d��wyho¢fnmjozr�xXg�f�fnbU�&o�fhmXozy|�&rji���s�bUr�pqb&yh�%��fnu{b&r��w�	yno�d_fhyh�&uvr)f\u�d|�wxjxX�vu{o�i��
aOmXo��&i�~��wr)f��w�&o|b&p»fnmXu�d���o�fnmjb7ieu{d�fnmj�wf�dnmXb&ynf�u{rjdnozynfnu{b&rjd��wrji9iXoz�{o�fnu{b&r�d\�Ud�£¼oz�{�	�Ud\dnu{iXo��Ås�mj�wu{r9��fnbU�%d\s��wr9�]o
s�bUrjdQfnyhgjstfho�i½�»aOmXo|��o�fhmXb�i�u{dOu{��xX�vo���ozr)fno�i�u{r�fnmXo}É�²�`��lµ Ý x��&s�Ò��w�Uo � E�oz~7uvfQf�� � C�CU±&���
É7xj�wfnu��w��yho�dQfny��wu{r)fIdh��fhu{dQpÔ�&s�fnu{b&r���b�i�o��v�{u{rX��u{dIbUrXoObwp]fnmXo���bUdQf»xXyhb&��u{dnu{rX�\��ozfnmXb�iXdR�UdI~��wyhuvbUgjd	yno�d_fhyh�&uvr)fhdIs��wr

�]o}gjdno�i�fhb��&gXu�i�o¢xjynb&fnozu{res�bUrjdQfnyhgjstfhuvbUr���¶2xXyhb&�Uyh�&� �vu{Ò&o��lµ Ý ²�E:E�²V 2�&dhdQgj��o�d�fhmj��f\�&�vu{�&rjo�i4yho�dnu{i�gjo�d�£�u{�{�
mj��~Uo�dQu{��uv���wy`yno�d_fhyh�&uvr)fhdVdQg�s�m��&dR�]b&r�i��wrX�U�vo�dz�)i�u{mXo�i�y��w���wrj�&�{o�dR�&rji�dQfnozyhozb�s�mXo���u{dQfnyhk��&rji�gjdno�d`fnmXo�dQo\~��&�vgjo�d»fhb
s�bUrjdQfnyhgjstfOfnmjo|��b�i�o�� �Ja u{�&gXyho¢±�� �!b É��&�vu`¬z­¼®w¯°�{� � C�C Ç �t�
aOmXo9dnxj��fhu{�&��yno�d_fhyh�&uvr)fhd��wyho�fnmXo�r+s�b&���Xu{rXo�i=£�u�fhm�fnmXoc[¼È�¶\ ��e��±U±lpqb&y�s�o�Bjoz��i�xj�&yh�&��o�fno�yhd � fnb·ozr�pqbUyhszo

xXyhb&x]ozyOd_fhozyhozb�s�mXo���u�dQfnyhk��Ruvr)fhb��&r?b&�XÖ_o�stfhuv~Uo�pqgXr�stfnu{b&r � ���&s Û o�ynyhoz�{�	¬z­¼®w¯°�{� � C!C ´ ���	aOmXo���b�i�oz�]fnmjozr�gXrji�o�yn�Ub)o�d
b&xXfnu{��u{Õ��wfnu{b&reb&pRfnmjo�bU��Ö_o�s�fnu{~&o¢pqgjrjstfhuvbUr�u{rU[¼�&yQfho�dnu{�&redQxj�Us�oU��aOmjo}u{rjs��{gjdnuvbUr�bwp`fnmXod[¼È�¶\ ��e��±U±�pqb&y�s�o�Bjoz��i

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  
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xj�&yh�&��ozfno�yhd��w�{�vb�£�d�pqb&y�fhmXo�o�¸7fny��?bUx�fnu{��uvÕ���fhuvbUr�bwpVfnmXo���b�i�oz�IfhmXyhb&gX�Um���b&�{o�szgX�{�&y�iXk)r��w��u{s�dz���lµ Ý ²FE:E¤²` 
�w��dnb=�w�{�{b�£�d%pqb&y�fnmjo��UiXi�uvfnu{b&r¿b&p¢o�¸7fny���yho�dQfny��wu{r)fhd�dQgjs�mÜ�&d�ozr�pqbUyhszuvrj�#dQo�s�bUrjiX�wyhk�d_fhyngjs�fngXyho&�\uvr�s�b&yhx]b&y���fnu{rX�
yho�dngX��f�d¼pqynbU� s�yhbUdhdQ���{uvrjÒ)u{rX��o�¸�x]ozyhuv��ozr)f�d��wrji����e Üyho�dngX�vfhd���£�mXu{s�m9s��wr�mXoz�{x�fnb�uv��xXyhb�~&o\fnmjo|��b�i�o��«� a gXynfnmXo�y
i�u�dnszgjdhdQu{b&r�£�uv�{��yhoz����fho�fhb��lµ Ý ²�E:E�²V |�j�&dOuvf�£O�&dOgjdno�i?fnb�szb&rjdQfnyhgjstfOfhmXo|��b7iXoz��dOuvr�fnmju{d�dQfng�i�k&�

E�b7bUx9��b�i�o��v�{u{rX�?u�d�b&rXo�bwp»fnmjo���bUdQf�iXu�¹�s�gj��f|�wyho��Ud�bwpRmjb&��b&�{b&�Uk���b�i�oz�{�{uvrX����É�b&��o}o�rXÕzk7��o�d�i�uvÙ]o�y\bUrX�vk
�7k}fhmXo��{ozrX�&fnm%b&p]fhmXo��{b7b&xjdR��ozf_£Vo�ozr�fnmjo\dno�s�bUrjiX�&ynk}dQfnyhgjs�fngXyho�oz�{oz��o�rUf�d`�&rji�fnmXo�dQo\�vb7b&x�dR�wyho���b&yho�bwp fno�r%fnm��wr
rXb&f��&�{dnb}yho�dnx]b&rjdnuv�j�vo\pqb&y¼fnmjo�dnx]o�s�u B�szu�f_k%b&p¤fnmjo�o�rXÕzk7��o � �e�&yQfhu��Å �ozrjb&� ¬z­V®�¯vÀvÆ¤± ¥&¥&¥ �t�"9R�wyhuvbUgjdV��ozfnmXb�iXdOm���~&o
�]ozozr�gjdno�i�fnb�fnyhk��&rjie��b�i�oz�»�{b7b&xjd|dngjs�m��&d�iX��f��w�j�UdQo�dno��wy�s�mXo�d�b&pVÒ7rXb�£�r��{b7b&x·d_fhyng�stfngjyno�d � [VmXbwfhmXu���¬z­�®w¯°�v�
� C ´ á b `�yhozozy�� � C ´U¥ �t����b&�{o�s�gj�{�&y�i�k7rj�w��u�szd\dQu{�}gX����fhuvbUrjd �«Ó yngjs�s�bU�vo�ynuV¬z­�®�¯vÀ{� � C!C ¥ b a u�dQo�y�¬z­�®�¯vÀ{��± ¥U¥&¥ �t�j�UozrXozfnu�s
�w�{�&bUynuvfnmj��d � �es0`��wyhyh�&m�¬z­�®�¯vÀ{� � C!C Ç b  �u{rX�l¬z­�®�¯°�{� � C!C&¨)���X�Xu��&dno�i4xXyhb&�j�&�Xu{�vuvf_k��9bUr)fno�[¼�&yn�{b%dQo��wy�s�m � ²R~��wrjd�¬z­
®�¯��v� � C!C)¦ b aOmj�&rXÒ7u�¬z­\®w¯°�v� � C�C á ���wrjildQk�dQfno����wfnu�s�szb&r�pqbUyn�%�wfnu{b&rj�&�	dno��&yhs�mXo�d �«Ó ynb�£¼ozy�¬�­\®w¯°�{� � C�C Ç b Ó yhgjszszb&�{ozyhu
¬z­O®w¯°�v� � C�C Ç �Rfhb%��ozr)fnu{b&r9�XgXf\��pqoz£|�O�lµ Ý ²FE:E¤²` Ab&r�s�o¢�w�)�wu{r?fhynu{o�d�fnb%b&xXfnu{��u{Õzo¢fnmXo¢bU��Ö_o�s�fnu{~&o¢dhs�bUyno�bwp	fnmjo
�{b)bUx?fhb%uv��xXyhb�~&o\fnmjo|��b�i�o��«�
¶�rjbwfnmjozy¼u{dhdQgjo�ozr�s�b&gjrUfhozyho�i�£�mXo�r���b�i�oz�{�vu{rX��dQo�º)gXozrjszo�d`£�u�fhm?�{b�£�dnu{��u{���wyhu�f_k�u�dRfhmj��fObwp¤dnu{iXo��Ås�mj�wu{r�s�bUr�pqb&yn�

�%��fhuvbUrjdz�":+mXo�r}f_£¼b|dQo�ºUgjozrjszo�d	mj��~&o�� Ç&¥<; b&yI�{o�dhd»dQu{��uv���wyhu�f_kU�&dnu{i�oz��s�m��wu{r}xj�Us�Ò)u{rX���wrji�u{rUfhozy��&s�fnu{b&rjd	�&o�rXozy��w�{�{k
�]o�s�bU��o¢gXrXxXyho�iXu{s�fh�w�j�voU�¼²R¸7x]bUdno�i9dnu�i�o��Ås�mj�wu{rjd��&�{dnb%xXyho�dnozr)f��%xXyhb&�j�vo��Þ�&d�fnmXo�k��%��k��&i�bUx�f�~��wyhuvbUgjd�i�uvÙ�ozyhozr)f
s�bUr�pqb&yh�%��fhuvbUrjd¼£�u�fhmXb&g�f���dnuvrj�&�{o�bUrXo���o�uvrj��i�b&��u{rj�wr)f � [VmXb&fnmXu��e¬z­¼®�¯��v� � C ´ á b  �bUdQf�� � C!C�CU�t�
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¶�d�£�u�fhme�wr7k�fnmXo�b&yho�fnu�sz�&����o�fhmXb�i4fnmXo�yno��wyho¢s�ozynfh�&uvr4yho�dQfnyhu{s�fnu{b&rjd�i�gXyhuvrX��s�b&��xj�&yh�wfnu{~&o���b�i�oz�{�vu{rX���¼²`ynyhb&y�d

sz�&r}�]oOuvr)fnyhb�i�gjszo�i¢u{r�fnmXoOxXyhbwfhozu{r}�j�Us�Ò)�]b&rjoV�&dI�\yno�dQgj��fIbwp]uvrjdnozynfnu{b&r�d � �wyho��&dcu{r}fhmXo¼fh�wyh�&ozf	£�uvfnmjb&g�f»��fhoz��xX����fho
�%��f�s�m��	b&yRi�o��vozfnu{b&rjdRuvr�fnmjoOfh�wyh�&ozfRdQo�ºUgjozrjszo&�I�9u{dh�w�{u{�&rX��ozr)f»u�d»b&rXo�b&p�fhmXo�b&rj�vk�ozyhynbUyhdc£�mXu�s�m�s��wr��]o�s�b&yhyho�stfho�i
fnb4��s�ozynfh�&uvrlo�¸7fno�r)f���É7o�º)gXozrjszo�iXuv~Uozy�dQuvf_k9£�uv�{�»�w��dQb�uvr)fhynb�i�gjszo�dnu�i�o��Ås�mj�wu{r�x��&s�Ò7uvrj���wr�ieu{rUfhozy��&s�fnu{b&reo�ynyhb&y�d��Ud
£¼oz�{���&dOgjdnuvrj��£�yhb&rj��fhoz��xX����fho�dOu{r4s��&dno�d¼bwp»i�u�d_f��wr)fn�{k�yhoz����fho�i�xXynb&fno�uvrjd � �e�wynfnuv�Å �ozrXbU� ¬z­¼®�¯{ÀvÆc± ¥&¥U¥ ���
È�bU��b&�{b&�&k���b�i�o��v�{u{rX� � bUy}s�bU��xj�wy���fhuv~Uo���b�i�o��v�{uvrj�)��£�uvfnm#��µ Ý ²FE9E�²`  u{d�i�uv~7u�i�o�i·u{r)fnb4pqbUgXy�dQfno�xjd�Z � � �

pqb&��i%�&dhdnuv�UrX��ozr)f`�wrji�fhoz��xX����fno\dQo��vo�stfnu{b&r¤� � ±U�	fno���xX�{�wfnoz�«f��wyh�&o�f`�&�vu{�&rj��o�r)f�� � Ç �I��b�i�o��j�XgXu{��i�uvrj�}�wrji � ¨)�I��b�i�o��
oz~��&�vgj�wfnu{b&r%�wr�i�yho B�rXoz��ozr)f��	acoz��xX����fho�dQo��vo�stfnu{b&r%�&rji�pqb&��i%�&dhdQu{�&rX��o�rUfR�&yno�dnb&��o�bwp]fnmXo���b)d_fRu{��x�bUyQf��wr)f`dQfnozx�d
u{r=s�bU��xj�wy���fhuv~Uo���b7iXoz�{�vu{rX�j� 9R�&ynu{b&g�d}��o�fhmXb�iXd�dQg�s�m=�&d Ó E¤¶�É�a � ¶���f�dns�m7gX�¢¬z­�®�¯{ÀvÆ � C!C ¥ �¢�&rjiU^VÉ�Ú�� Ó E¤¶�É�a
� ¶���f�dns�m7gX��¬�­\®w¯vÀ{� � C!C á �\sz�&rl�]o�gjdQo�ilfnb4u{iXozr)fnuvpqkefhoz��xX����fno�d�pqynbU� dno�º)gXozr�s�o%�wrjilxXyhbwfhozu{r�iX�wfh�&�j�&dno�d�dQg�s�m��Ud
É [�µ ^ � È�gX�X�j�&yhi4¬�­I®�¯vÀ{� � C�C!CU�¤�wrji}fnmjo�^`ynb&fnozu{r Ý ��f�� Ó �&rXÒ � ^ Ý\Ó �t�*:+mXozr�fno���xj�{�wfno���fh�&yn�Uo�f»dQu{��uv���wyhuvf_k|u{d	�{b�£|�
��o�fhmXb�iXd»dQg�s�m��Ud¤fhmXyho��&iXuvrX��bUy Ç Ý fno���xj�{�wfnoO�%��fhs�mjuvrX����o�fhmXb�iXd»sz�&r}�]o�gjdno�i}fnb�u{iXozr)fnuvpqk|fnmjoOpqb&��i½�	aOmjyno��&i�u{rX�
��o�fhmXb�iXd�yhoz�{k�b&r9xj�&uvyh£�u{dno¢s�bU��xj�wyhu{dnb&r�d�bwpIfnmjo¢fno���xX�{�wfno��wrji9�%xjynb&fnozu{redQfnyhgjstfhgXyno}£�u�fhm�dQgj�jdQo�º)gXozr)f\dhs�bUynu{rX�
bwp�fhmXoeyho�dngX��fhuvrj�UBXf�� :+mXo�r+pqb&��i+�&dhdnuv�UrX��ozr)f�u{d�i�uv¹%szgX�vf�i�gXo�fnb��{b�£Ðdno�º)gXo�rjs�oednu{��u{���wyhu�f_kU�O��xXyno��vu{��uvr��wyhk
��b�i�oz�`s��wr·�]o��XgXu{��f¢£�uvfnm·fhmXyho��&iXuvrX�4��o�fhmXb�iXd���aOmXu�d|xXyhoz�{uv��u{rj�wyhke��b�i�oz�¼sz�&r�fhmXozr��]o�oz~��&�vgj�wfno�i��j�UdQo�i�b&r
Ò7rXb�£�r#xjynbUx�o�yQfhuvo�d�b&p�fhmXo9xXyhbwfno�uvr�dQg�s�m��Ud�u{r)fno�yh�Ustfnu{b&r�dQuvfno�dz�¼�&s�fnu{~&o4dQuvfno4yho�dnu{i�gjo�d%�wr�i#s�bUrjdnozyh~&o�i#yno�dQu�i�gXo�d
� ���wynfnuv�� �o�rXb&�³¬�­O®�¯vÀvÆ¤± ¥U¥&¥ �t�
acb¢�&s�mXu{oz~Uo��|yno��vu��w�j�vo���b�i�oz�]�wr%bUx�fnu{�%�w���&�vu{�&rj��o�r)fR��ozf_£Vo�ozr�fnmjo�fno���xX�{�wfno�d`�wr�i�fh�wyh�&ozfRu{d`rXozo�i�o�i��I¶��vu{�&rX�

��ozr)fhd��&yno�xXyhb�i�gjszo�i?pqynbU�ßfnmXo¢ij��fh�&�j�&dno�mXu�f�d�£�mXo�r�dno��&yhs�mXu{rX��pqb&yOfhoz��xX����fno�dO�Xg�f�fhmXo�dno¢�wyho\��bUyno�bwp fhozr�fnm��wr
rXb&fcdQgj����bUx�fnu{�%�w���¤acb��&s�mXu{oz~UoIb&x�fhuv�%�w�)�w�{uv�UrX��ozr)fhd¤�wrji�mXo�rjs�o`�UszszgXyh�wfno»��b�i�oz��d��zfhmXo`dno�º)gXozr�s�o`�&�vu{�&rX��o�rUf�rjozo�ijd
fnb¢szb&r)fh�&uvr��&dI�%�&r)k}yno��{�wfno�i�dno�º)gXozr�s�o�d»�Ud»x]bUdhdQu{�X�{o&�caOmju{d»£�u{�{�XozrjdngXyhoOfnmj�wf»fnmXo��U�vbU�j�w�{�{k¢s�b&r�dQo�yn~Uo�i¢yhoz�UuvbUrjd»�wyho
u�i�ozr)fnu Bjo�i��&rji}fnmj�wf	fhmXu�d»uvrXpqb&yh���wfnu{b&r�u{d»u{rjszb&yhx�bUyh�wfno�i¢uvr)fnb�fhmXoOfno���xj�{�wfno���fh�&yn�Uo�f»�w�{uv�UrX��ozr)f��I�9b�i�o�ynr���o�fnmjb7ijd
dngjs�m��&d�È�u�iXi�o�r����wyhÒ&b�~��eb7iXoz��d � È��e���\mj��~Uo¢�]ozozrlgjdno�i9fhb�szyno���fho¢��b7iXoz��d\b&pRxXyhbwfno�uvrepÔ�w��uv�{u{o�d\fnb�mXoz�{xeu{r
u�i�ozr)fnuvpqk7uvrj����bUyno\yno���b&fno�mXb&��bU�vbU�Ud � `�yhgXrji�kl¬z­V®w¯vÀvÆ � C!C á ���	È\�e� â dOmj��~&o\��o�ozr�gjdQo�i�fhb�szb&rjdQfnyhgjs�fVfhmXo ^»pÔ�w�
iX�wfh�w���&dno&�¤£�mju{s�m�szb&r)fh�&uvrjd}È��e� â d¢b&p��w�{�»fnmXo�Ò7rXb�£�r·xXynb&fno�uvr�pÔ�w��u{�vu{o�d �ÔÓ ��fhoz�%�wr¿¬z­|®�¯°�{�R± ¥&¥ ¨)����acb�s�yho��wfno
�wr4È������j��dQo�º)gXozrjszo��&�vu{�&rj��o�r)fOb&p	�&�v��fhmXo|Ò7rXb�£�r�dno�º)gXo�rjs�o�dO�wyho\�%�&iXo��&rji?fnmXo|yho�dngX�vfnu{rX�%È��e� u{d�gjdQo�i�fhb
dno��wy�s�m�pqb&y�rjoz£|�jyhoz����fho�i4xXyhbwfhozu{rjd�� Ó k4�w�{uv�UrXuvrj��fnmXo|f��wyh�&ozf�£�u�fhm9fnmXo��w�{uv�UrX��ozr)f�gjdno�i4u{r�s�yho��wfnu{rX��fnmXo�dQx]o�s B�s
È������)fnmXo\�&�{b&�j�&�v�{k�szb&rjdnozyh~&o�i�yno��&u{b&rjdRuvr?fnmXo�fh�wyh�&ozfVsz�&r��]o\u�i�ozr)fhu%Bjo�i½�»aOmXu�d`mXo��vx�d`u{r��&�vu{�&rXu{rX�|fhmXo�fhoz��xX����fho
�wr�i�fh�wyh�&ozf�uvr9�{b�sz�&��yno��&u{b&rjdO£�mjozyho|fnmXo�yno|u�d�rjb�b&y��{b�£;dQo�ºUgjozrjszo¢dQu{��uv���wyhu�f_kU�¼�eb&yho|��b�i�o�ynr9��ozfnmXb�iXd\dQgjs�m9�Ud
Ç Ý a¼�Ås�b&Ù]o�o\gjdno�uvrXpqb&yh���wfnu{b&r?szb&r)fh�&uvrjo�i�u{r�fnmXo|s�yhk�d_f��w��d_fhyng�stfngjyno\fnb�mXoz�{x4�w�{uv�Ur�fnmjo�dno�º)gXo�rjs�o�d � ^Ib&u{ynb&f�¬z­¼®w¯°�v�
± ¥U¥ ¨7�t�IaOmXu{dVozr�dQgXyho�d`fnm���fOuvr��vb�sz�&�«�7�{b�£�dQu{��uv���wyhuvf_k��&yno��&d��U�&�vu{�&rX��o�rUf¼�U�&xjdV�&yno\rXbwf¼uvr)fhynb�i�gjszo�i?uvr�d_fhyngjs�fngXy��w�{�{k
s�bUrjdnozyh~&o�ieyno��&u{b&rjd���¶�rXbwfhmXozy|��o�fhmXb�i�£�mju{s�m·sz�&rlmXo��vxlfnb4u{��xXynb�~Uo��&�vu{�&rj��o�r)fhd�u{d|dno�szb&rjij�wyhk4dQfnyhgjs�fngXyho�xjynoz�
i�u�stfhuvbUr��R �gXrXrjuvrX���}gj��fhuvxX�{o|dQo�s�bUrjiX�wyhk%d_fhyng�stfngjyno\xXyno�i�u�stfnu{b&r4�w�{�&bUynuvfnmj��d`b&r�fnmXo\fno���xX�{�wfno|dno�º)gXozr�s�o�£�uv�{��mXoz�{x
u{r·�Us�mXu{oz~7uvrj���4s�bUrjdnozrjdngjd�bwp¼fnmXo%xjyno�i�u{s�fno�ildno�szb&rjiX�&ynkedQfnyhgjs�fngXyho&�%aOmXo�xXyho�i�u�stfho�i·dno�s�bUrjiX�&ynk9dQfnyhgjstfhgXyno%s��wr
mXo��vx?fnb}u{��xXyhb�~&o��&�vu{�&rX��o�rUf�d`u{r��&yno��&d»£�mjozyho�fnmjozyho\u�d`�{b�£�dno�º)gXozr�s�o\dnu{��u{���wyhu�f_k���ozf_£Vo�ozr?fh�wyh�&ozfV�wr�i�fno���xj�{�wfno&�
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µ\rXo�b&yO��b&yho�fhoz��xX����fno�d�sz�&r?�]o�g�dQo�i%fnb��XgXu{��i�����b7iXoz�½�Xg�f�u{r�bUyhiXozyVfnb���~&b&u�i�dn�%�w�{��dQfnyhgjs�fngXy��w�]ozyhynbUyhdVu{r�fnmjo
��b�i�oz��bUrX�{k?s��{bUdnoz�{k%yno��{�wfno�i�dQfnyhgjstfhgXyho�d�dnmXb&gX��i���o|gjdno�i � u�pIx�b)dndnu{�X�vo��t�
¶�p fhozy�fhmXo���b�i�o��»mj�&d��]ozo�rl�Xgjuv�vf¢u�f|rXo�o�iXd�fhb��]o�oz~��w�{gj�wfno�i���aOmXoMBjy�d_f¢�&rji���b)d_f��j�&dnu�s�dQfno�xlu�d�fnb9s�mXo�s�Ò

uvp�fnmjo���b�i�o���mj�&d�fnmjo4szb&yhyno�stf�pqb&��i½�=aOmXo�£�yhb&rX��pqb&��i=s��wr#g�dQgj�&�v�{k��]o4��~Ub&u�i�o�i��)k�g�dQu{rX���lsz�vb)dQo��vk·yhoz����fho�i
fno���xX�{�wfno}fnb?dQfh�&yQf�£�uvfnm���µ\rjs�o|fhmXo|pqbU�{i9m��&d��]ozo�res�bUr Bjyh��o�i½�j�{b�sz�&�c�wyho��Ud�sz�&r4��o��wrj�&�vk�dno�i½�OÚ�p»fnmjo}dQo�º)gXozrjszo
dnuv��u{�{�&ynuvf_k?u�d��&��b�~Uo ÇU¥+; fnmXo�s�b&yhyho�stfOpqbU�{i�u{rX��b&p»�vb�sz�&�¤�wyho��Ud��wrji4o�~&o�r4dnb&��o¢s�mj�&uvr�d�sz�&r9��o}�UdndngX��o�i � i�gXo¢fhb
fnmjo�mjuv�UmXozyOdQo�º)gXozrjszo�dnu{��u{���wyhu�f_kX�t�Rµ\rjszo��&�U�wu{r��{b�£¿dnuv��u{�{�&ynuvf_k � � Ç&¥<; �`dno�º)gXo�rjs�o�d`£�u{�v��mj��~Uo�fhb��]o�s�mXo�s�ÒUo�i�pqbUy
s�bUynyho�s�f�dQu�i�o��Ås�mj�&uvr�b&yhuvo�r)fh��fhuvbUrjd���aOmXozyhoe�wyho4~��&ynu{b&g�d�xXynbU�&y��w�%d�£�mXu�s�m�s�mXo�s�Ò#dnb&��o9�j�UdQu�s4d_fhozyhozb�s�mXo���u�dQfnyhk
� ^V �µ([¼È�²�[ Û �DE¤�UdQÒUb�£�dQÒ7u�¬�­?®w¯°�v� � C!C Ç b :�È�¶»a [¼È�²>[ Û ��È�b7bwp f�¬z­�®�¯°�{� � C!C � ��� E¤�wÕ��wyhu{iXu{d��wrji Û �wyhxX�{gjd
� Ec�wÕ��wyhu{i�u�d9¬�­�®�¯vÀ{� � C�C!C)�¢gjdno�i#fnmjo [¼È�¶� ��e� ~��Us�gXgj�Cx�b&fno�rUfhu{�&�OfnbU�&o�fhmXozy%£�uvfnm+� `��wgjdhdnu{�&r�i�u�dQfnyhuv�XgXfnu{b&r
��b�i�oz�7pqbUyIdnb&�{~���fhuvbUr¢pqyhozoOozrXo�yn�Uk�fnb|dnmXb�£�fnm���fRs�bUynyho�s�fn�{k\pqbU�{iXo�i�d_f���fno�d»�wyho¼�&�v£O��k�d¤��bUynoOd_f��w�X�{o¼fnmj�&r���u�d_pqbU�{iXo�i
dQfh��fho�d���aOmXo�uvy�s�bUrjs��{gjdnuvbUr9£¼�Ud�fnm���f��?��b&�{o�s�gj�{�&y���o�s�mj�&rXu{s�d�o�rXozyh�&k�pqgXrjs�fnu{b&rlszb&gXxj�vo�i�fnb���dQu{��xX�{o�dnb&�{~��wfnu{b&r
pqyhozoeo�rXozyh�&k=��b�i�o���s��wr+x]ozynpqb&yh� �Ud�£¼oz�{�\�Ud?dQfh��fhu{dQfnu�sz�&����o�fhmXb�iXd%fhb=i�u�dhs�yhuv��u{rj��fhoe��ozf_£Vo�ozr�szb&yhyno�stfn�{k=�&rji
u{rjs�bUynyho�s�fn�{k�pqb&��i�o�i�xXyhbwfhozu{rjdz� a b&yOfnmju{d�dQfng�i�k?£¼o�gjdQo�i ^V �µ([¼È�²�[ Û �
aOmXo�yno`�&ynoV�Opqoz£��{u{��uvfh�wfnu{b&rjd�fnb\mXb&��b&�{b&�Uk���b�i�oz��d��	aOmXoVyno�dQbU�vgXfnu{b&r�bwp�fhmXoV��b�i�o��{dcsz�wrjrXbwf	�&b�i�b�£�r�fhb\�wfnb&�

�{oz~&o�� � oz¸�szozx�f|x]bUdhdQu{�X�{keu{rlmXu{�&m�mXbU��bU�vbU�&k9sz�UdQo�d�£�mXozyho%dQo�ºUgjozrjszo�dnuv��u{�{�&ynuvf_k9u�d�� á ¥+; ����¶�rXbwfhmXozy|�{uv��uvfh�wfnu{b&r
u�d�fnm���f�mXbU��b&�{b&�&k?��b�i�o��v�{u{rX�?sz�&rXrXb&f�k&ozf�i�bl®���Ã���Ã ­«ÃÔÂ���b7iXoz�{�vu{rX��b&p»dno�º)gXo�rjs�o�d��{b&rX�Uozy�fhmj�wr á yho�dnu{iXgXo�d���aOmXo
rXoz¸)f�dno�stfhuvbUr�£�u{�v�½i�o�dnszynu{��o�fnmXo�u{��xj�vo���o�r)fh��fhuvbUr�bwp¤fnmXo�i�u�dnszgjdndno�i���ozfnmXb�iXd¼bUr%fnmXo¢Ê�ÀUË�®�¯vÁzÃ Ìj®�ÍtÎ�Ï ^F^,^ Û �&rji
Ý ÈD^VÉ4dno�º)gXo�rjs�o�dz�

�ON«��N�� �½
X��WOY
	

É7o�~&ozy��w��dQfno�xjd�rjozo�i9fnb��]o¢pqbU�v�{b�£Vo�i�fnb�o�rjdQgjyno¢�&re�&szszgXy���fno|mjb&��b&�{b&�Uk?��b�i�oz�cbwpR�%xXyhbwfhozu{r���aOmXo(Bjy�dQf�u{d\�
s�bUynyho�s�f\��gX��fhuvxj�vo�dQo�º)gXozrjszo��&�vu{�&rj��o�r)f�pqb&y|�&�v�	fnmjo�Ò7rXb�£�rlxXynb&fno�uvr�dno�º)gXo�rjs�o�d\pqynbU�ÞfhmXo%i�o�dnu{yno�i4pÔ�w��u{�vkU�}aOmXu�d
ozr�dQgXyho�dRfnmj�wfO�&r7k��U�vbU�j�w�{�vk�s�bUrjdnozyh~&o�i�yhoz�UuvbUrjd`�&yno�u�i�o�rUfhu%B�o�i½�RaOmXo\�}gX�vfnu{xX�{o�dno�º)gXo�rjs�o\�w�{uv�UrX��ozr)fVu�dRfhmXozr�gjdno�i
fnb4�&s�mjuvo�~&o}�&rl�&s�s�gXy���fho¢fhoz��xX����fnoz�«f��wyh�&ozf��%��fhs�m�pqb&y\fnmXo���b�i�oz�{�{uvrX��xXyhb7szo�dhdz�|aOmXo�dno�s�bUrjiedQfno�x�u�d�fhb�xjyno�i�u{s�f
fnmjoOdno�szb&rjij�wyhk�dQfnyhgjs�fngXyho�d	bwp��wr7k|yhoz�&u{b&r�dc£�mju{s�m�i�b�rXbwf»mj��~UoV�\fno���xj�{�wfnoO�%��fhs�m¤�cÚÅrjszb&yhx�bUyh�wfnu{rX��fhmXoOxXyho�i�u�stfho�i
dno�s�bUrjiX�&ynk�d_fhyng�stfngjyno�sz�&r�mXoz�{x?u{r�uvrjszyno��&dnuvrj�|fnmXo�b�~Uozy��w�{�Xgjdno�pqgX�{rXo�dhd¼bwp�fhmXo���b7iXoz���I¶¿fnmjuvy�i�dQfno�x?u�dVfnb}u{rjsz�vgjiXo
s�b&��szynk�dQfh�&�v�{uvÕ�o�i·�{uv�)�wrjijd��&rji#szbw��pÔ�&s�fnb&y�d¢u{r�fhmXo4��b7iXoz���#aOmXu�d�mjoz�{xjd�fnb�yno�d_fhyh�&uvr�fhmXo9�&s�fnu{~&o�dnuvfno�yno�dQu�i�gXo�d}fhb
fnmjo?s�bUynyho�s�f}s�b&rXpqb&yh���wfnu{b&rjd���aOmjo?�wxXxj�vu�sz�wfnu{b&r·bwpOfnmjo�dno?d_fhozxjd|fnb�Ê�À�Ë�®�¯vÁzÃ ÌX®wÍtÎ�Ï ^,^,^ Û �&rji Ý ÈD^VÉ·£�u{�{�`�]o
i�u�dnszgjdhdQo�i?u{r�fnmXo�pqbU�v�{b�£�uvrj��dno�s�fnu{b&rjdOu{r4��bUyno|i�ozfh�&uv���
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G<H G<HJIKHJIKH��(R��! �PQN:V9X"� R#� L����$�<W&%('�W�Y�)!W+* W	,.-�XJW	/0� R

¶ É7£�u�dhd_� ^Ryhbwf21wa¤yh²`� Ó E � m)fnfnx<Z31�1�£�£�£|� oz¸7x��&dnk&� b&yh�&1�dnxXyhbwf417� Ó b7o�s�Ò7�%�wrXrA¬�­%®�¯��v��± ¥&¥&Ç ��dQo��wy�s�m#pqbUyd^R���&dQ�
��b�i�u{�&� Ý ÈD^¼É�yhoz~Uo��w�{o�i�x��wynfnu��w��dno�º)gXo�rjs�o�dRpqbUy`f_£¼b}��o��}�]ozy�d`b&p½fnmXo¢Ê¼¯v®65�Ï%Â87�Ã Î�ÏßpÔ�&��u{�{k � Ê�À)Ë�®�¯vÁzÃ Ìj®�ÍtÎ�ÏÞ�&rji
Ê�ÀRÁ:9X® ��®�Î!7�ÃÅ�t� Ó bwfhm�b&pcfhmXo�dno|ozr)fhynu{o�dOmj��~Uo���o�ozr9s����&dhdQu Bjo�i��UdOxj�wynfnu��w��dno�º)gXo�rjs�o�d � fnmjozk�mj��~&o���o�ozr4fhyh�&rjdQ����fho�i
pqyhb&�³�&ozrjb&��u{s%dno�º)gXo�rjs�o�d¢�wr�i·mj��~&o�rXb&f}��o�ozr�szb&r Bjyh��o�ij�|�Xg�f}fhmXozk·dnozoz� fnb�szb&r)fh�&uvr�fhmXo�szb&��xX�{o�fno Ý ÈD^¼É
dno�º)gXozr�s�o&�\aOmXo�Ê�À�Ë�®�¯{Á�Ã Ìj®�ÍtÎ�Ï Ý ÈD^¼Éedno�º)gXozr�s�o¢£O�&d�gjdQo�ie�&d�fnmXo}fh�&yn�Uo�f\dno�º)gXo�rjs�o}pqb&y���b�i�o��v�{uvrj� � acyh²`� Ó E
�&s�s�o�dndnuvbUr�rXy0Z�;�± á ´&� ¦&���wrjilfnmjo�Ê�À�Á<9j®���®�Î!7wÃ|dQo�ºUgjozrjszo � a¤yh²`� Ó E+�Uszs�o�dndnu{b&r�rjy�Z�;]C Ó Ec�\¦U��£O�&d|�UiXi�o�i�fhb
�wu�i�uvr�fnmXo���gX��fhuvxj�vo|dno�º)gXozr�s�o��w�{uv�UrX��ozr)f��Racb�bU��fh�&uvr�dQo�º)gXozrjszo�d¼rXb&fOkUo�f�u{r4É7£�u�dhd_� ^Ryhbwf����}fn�X���&dQfQ¸��wrji��X���&dQfnx
dno��wy�s�m�£¼�Ud�i�b&rjo}�w�)�wu{rjd_f�fhmXo}� [ Ó ÚO�UozrXbU��o¢ij��fh�&�j�&dno � m)fnfnx<Z31�1�£�£�£|� rjsz�Xu�� rX�{�4� rjuvm�� �&b�~!1 Ó ���&dQf�� s��Uu����VaO�X���&dQfQ¸
u�dV�}��b�i�u Bjo�i�pqb&yh�Ñbwp Ó E¤¶�É�a��U£�mju{s�m%f��wÒUo�d¼� Ý �\¶ º)gXo�ynk%�&rji�fny��wr�dQ����fho�dRuvfVu{r)fnb��w�{�]dnu�¸%yho��Ui�uvrj�|pqyh�&��o�d`�&rji
fnmjozr4ºUgjozyhuvo�d`fhmXo|yho�dngX��f�dO�w�U�&uvr�d_f��¢fhyh�&rjdn�{�wfno�i�iX��f��w�j�UdQoU� a yhb&�Ñfnmjo\fh�X���&dQfQ¸?yho�dngX�vfhd¼bwpcfnmXo Ý ��¶;dno�º)gXozr�s�o�bwp
Ê�ÀjË�®�¯vÁzÃ ÌX®wÍtÎ�Ï Ý ÈD^VÉ���fhmXo�dno�º)gXo�rjs�o}bwp¼Ê�À �h¬zÍ"=>9X¬zÃ Ý È ^VÉ � `�ozr7�j�&rXÒ��Uszszo�dhdQu{b&r4rXy0Z�¶ a Ç ¨U¨ �&�j� �¼£O�&dOpqbUgXrji½�
a yhb&�.fhmXo��X�{�Ud_fhx=dno��&yhs�m�fhmXo9dQo�º)gXozrjszo?b&p|Ê�À@?&Â�¬z¯ ¯°Ã�?&Â�¬�¯ ¯°Ã � `�o�r)���wrXÒ��Uszs�o�dndnu{b&r�rXy0Z?²V¶�¶\± ���U�X� �¢£¼�Ud��&�{dnb
b&�Xfh�wu{rXo�i½�Ra¤b�£O�wy�iXd`fnmXo|o�rji�bwp	fnmXo|xjynb&Ö_o�stf � ± ¥&¥ ¨)� Û bUyhdnu{rjs�Õ�Ò)k�¬z­¼®w¯°� � ± ¥&¥ ¨)�`xXgX�X�{u�dQmXo�i�fnmXo¢dno�º)gXo�rjs�o�b&p¤fnmjo
Ê�À�A�Ã�A�®CB ^F^,^ Û � Ý È ^VÉ4�&o�rXo � `�o�r)���wrXÒ?�Uszszo�dhdQu{b&r�rXy�ZR¶�D ��´U� á ÇU¥ ���	aOmXu�d�dno�º)gXozr�s�o�£¼�UdOrXbwf�u{rjs��{gji�o�i�uvr�fnmjo
b&yhu{�&rj�&�I�&�vu{�&rj��o�r)f��¤mjb�£Vo�~&ozy��½uvf¢£¼�Ud�gjdQo�i��{�wfnozy¢iXgXynu{rX��fnmjo�d_fhgji�u{o�d|b&pVfhmXo%xj�wy��&dnuvfno��Ådnx�o�s�u B�s}u{rjdnozynfnu{b&rjd|�&rji
fnmjozu{y�s�bUrjdQo�yn~��wfnu{b&r��

G<H G<HJIKH G<H�EF'�R
,0X
G RJWH�<W&%('�W�Y�)�WHI R@XJSKY9PQW�YJ,

¶�r��UszszgXyh�wfnoO�}gj��fhuvxX�{o�dno�º)gXo�rjs�o��&�vu{�&rX��o�rUfVbwp Ý È ^VÉ%dno�º)gXozr�s�o�dRu{d`rXozo�i�o�i�u{r%b&y�i�ozy»fhb¢i�o�iXgjs�o�fhmXo�szb&yhyno�stf
s�bUrjdnozyh~&o�i�yno��&u{b&rjd`��ozf_£Vo�ozr4�w�{��dnx]o�s�u{o�d�� ^»pÔ�w� �ÔÓ ��fhoz�%�wr·¬�­O®�¯°�{�j± ¥U¥ ¨)�Ru{dO���{�&yn�Uo\iX�wfh�&�j�&dno�b&pcxXyhbwfhozu{r�pÔ�w��u{�vk
�w�{u{�&rX��ozr)f�d}�wr�i�È�u�iXi�o�r=�e�&ynÒUb�~l�9b�i�o��{d � È\�e����i�ozyhuv~Uo�i·pqyhb&�³fhmXo?��gX��fhuvxj�vo4dQo�º)gXozrjszo?�w�{u{�&rX��ozr)f�d}b&p��w�{�
fnmjo9Ò)rjb�£�r=dno�º)gXozr�s�o�d�pqbUy%xXynb&fno�uvr=pÔ�w��u{�vu{o�d�� ^RpÔ�w�Dxjynb�~7u�i�o�d�fnmjo4È\�e� �&d�£¼oz�{���&d��·s�mXb&u�s�o��]o�f_£¼ozozr=fnmjo
s�bU��xX�vozfno��}gj��fhuvxX�{o%dQo�º)gXozrjszo��&�vu{�&rj��o�r)f�b&p`fnmjo�pÔ�&��uv�{keb&y|��s�bUyno��}gX�vfnu{xX�{o%dQo�ºUgjozrjszo��&�vu{�&rX��o�rUf � �&�{dnb4sz�w�{�{o�i
�#dnozo�i��w�{u{�&rX��ozr)ft�%bwp|fhmXolpÔ�w��uv�{k&� Ó k�gjdQu{rX�#fnmXo·s�bU��xj�vozfno���gX�vfnu{xX�vo·dno�º)gXozr�s�ol�&�vu{�&rj��o�r)f?bwp¢fhmXo Ý ÈD^¼É
pÔ�w��u{�vk4�&d\�%xXyhb�Bj�{o&�jfnmXoM^R���&dn��b�i�u��w�	dQo�º)gXozrjszo�d\sz�wr9�]o}�&�vu{�&rXo�i9�&s�s�b&y�i�u{rX��fnb�s�b&r�dQo�yn~Uo�i�x�b)dQuvfnu{b&r�d�u{re�w�{��fnmjo
Ò7rXb�£�r?dno�º)gXo�rjs�o�dz�IaOmXu�dVg�dQgj�&�v�{k�yno�dQgj��f�d`u{r?~Uozyhk��UszszgXyh�wfno���gX�vfnu{xX�vo�dno�º)gXozr�s�o��w�{uv�UrX��ozr)fhd��U£�mju{s�m�u{rjszb&yhx�bUyh�wfno
dQfnyhgjstfhgXyh�&�cszb&rjdnozyh~���fnu{b&r � i�gXo�fnb?fnmXo��{�&yn�Uo¢r7gX�}�]ozy�bwp`dno�º)gXo�rjs�o�d�gjdno�i9pqb&y\fnmXo�s�b&��xX�{o�fho���gX�vfnu{xX�vo�dQo�º)gXozrjszo
�w�{u{�&rX��ozr)ft�t�
aOmXo�K�À�­�Î ��¬�ÍnÁzÎ�¯vÂ65�ÃL5 Ý ÈD^VÉ � �4fh� Ý È ^VÉX�`s�yhk7dQfh�&�Xd_fhyng�stfngjyno�£O�&dIgjdno�i��UdIb&rXo�b&p�fhmXo�fno���xX�{�wfno�dIpqb&yRmjb&��b&�v�

b&�Uk¢��b�i�oz�{�vu{rX�}�Ud»uvf`mj�&i�fhmXo�mXu{�&mXo�d_fRu�i�o�rUfhu�f_k � ÇU¥+; �cfnb�Ê�ÀwË�®�¯{Á�Ã Ìj®�ÍtÎ�Ï Ý ÈD^VÉ½�)�UdI£Vo��v�]�&d»�|~7uvfh�w���9� 2+ u{b&r�u{r
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fnmjo}�&s�fnu{~&o¢dnu�fho&����ÀV® ��­�9�Ín®&ÁzÃL5 Ý È ^VÉ �«Ó � Ý È ^VÉX��£¼�Ud��w��dQb%g�dQo�i9�&d�uvf\s�bUr)fh�wu{rXo�i���xjynb�i�gjs�f\�wr��w�{b&�&gjo�u{r4fnmjo
�&s�fnu{~&o}dnuvfno&��aOmXo�xXyhb7iXgjstf��wrj�&�vbU�&gXo¢szynk�dQfh�w�{�{uvÕ�o�i4u{rUfhb��\À ® ��­�9�Ín®&ÁzÃL5 Ý ÈD^¼ÉexXyhb�~7u{iXo�i�fnmjo Bjy�dQf�s�bUrjs�yho�fho}s��{gXo�d
fnb}fnmXo��{b7s���fhuvbUr�bwp½Ì��q�w��u{rXb&�]ozrXÕ�b&u�s��&szu{i?uvr�fnmXo Ý È ^VÉ��&stfhuv~Uo\dnu�fho&�»aOmXo�xXyhb�Bj�{o��w�{u{�&rX��ozr)f¼��b�i�o�u{r [V�{gjd_f��w�{�
� aOmjb&��xjdnb&r#¬z­O®w¯°�v� � C!Cw¨7�V£¼�Ud�gjdno�i�fnb��w�{uv�Ur�fhmXo ^R���&dn��b�i�u{�&�cdno�º)gXo�rjs�o�dOfnb%fhmXo Ý ÈD^¼É9dQo�o�i9�&�vu{�&rX��o�rUf�pqyhb&�
^»pÔ�&� � ^ a ¥U¥&´&¥ CU���¤aOmXo¼yno�dQgX�vfnu{rX���w�{uv�UrX��ozr)fc£O�&dcgjdno�i¢fnb��w�{uv�Ur¢fnmjo`fhoz��xX����fno�d � K�À]­«Î ��¬zÍnÁzÎ�¯vÂ>5tÃL5t����À½® �j­
97Ín®UÁ�ÃL5��
�wr�i|fnmjoVf��wyh�&ozfIdno�º)gXo�rjs�o � Ê�À�Ë�®w¯vÁzÃ ÌX®wÍtÎ�Ï%�Ipqb&y	mXb&��b&�{b&�Uk���b�i�o��v�{u{rX���Uszszb&y�i�uvrj��fnb��&�{b&���w�{�vk¢szb&rjdnozyh~&o�i�pqo���fhgXyho�d��
acb�mjoz�{xlo�rjdQgjyno�fnmjo��UszszgXyh�Us�k9b&p`fnmjo��&�vu{�&rj��o�r)f�fhmXo%dQo�º)gXozrjszo�d�£¼ozyho��&�{dnb4dQgX�j��uvfQfho�ilfnb9�9²V�9² �ÔÓ �wu{�vo�k=¬z­
®�¯��v� � C!C&¨)�Rfnb%u�i�ozr)fnuvpqk�szb&rjdnozyh~&o�i���bwfhu�pÔd¼fhmXyhb&gX�UmXb&g�f��&�v��fhmXo|Ò7rXb�£�r Ý ÈD^¼É4dQo�ºUgjozrjszo�d��

G<H G<HJIKH��:H �:W	)�N�Y�V�� - T$��,.-6'�) ,C'�-�W+��-�W�V9X") ,0XJNKY

^Ryhbwfhozu{rjdegjdngj�&�v�{kÜszb&rjdnu�d_f�b&p?��s�bU�}�Xu{rj�wfnu{b&rAbwp
α
��mjoz�{u{szo�d��wrji

β
�ÅdnmXozozfhd��DaOmXo=dno�szb&rjij�wyhk dQfnyhgjstfhgXyno�d

bwp�fnmjo��&�{b&�j�&�v�{k�s�bUrjdnozyh~&o�i yhoz�&u{b&r�d�u{r Ê�ÀOË�®w¯vÁ�Ã Ìj®�ÍtÎ�Ï Ý ÈD^VÉA£Vo�yno��w�{yho��&iXk+Ò)rjb�£�rÜ���&dno�i b&rÜfnmXo=�w�{uv�Ur��
��ozr)f��jg�f�fhmXo�uvrjdnozynfhd?mj�&i¿rXb�Ò7rXb�£�r+fhoz��xX����fho��%��f�s�m�� aOmjo·Ê�À`Ë�®�¯vÁzÃ ÌX®wÍtÎ�Ï Ý ÈD^VÉ¿dQo�º)gXozrjszo�£O�&d�dQgX�X�
��u�fnfno�i�fnb�~��&ynu{b&gjd?dQo�s�b&r�iX�wyhk#dQfnyhgjstfhgXyno�xXyno�i�u�stfnu{b&r+dnozyh~&o�yhd��ÜaOmjo�dno9uvrjsz�vg�i�o�i�fhmXo Ý É [Þdno�s�bUrjiX�&ynk#dQfnyhgjs��
fngjyno»xXyho�iXu{s�fnu{b&r|dQo�yn~Uozy � mUfnfnx<Z31�1�rXxjdh����xX�Xu{�«� u{�]szx�� pqy41�sz�&uv���juvr�1�rXxjdh�

�
�&g�fnbU���wf�� xX�
	zx��w�&o�� 1�� ^VÉ�¶ 1�rXxjdh�

�
iXdhsw� m)fn�����

Û u{rX�=¬z­|®w¯°�{� � C!C � ���¤fhmXo\^`yno�i�u{s�f�^Ryhbwfhozu{r�dQo�yn~Uozy � m)fQfnx:Z 1 1�s�gj�Xu{s&� �juvb�sw� s�bU�vgj�}�Xu��X� o�i�gJ1�xXyho�i�u�stfhxXyhbwfno�uvrJ17�c �bUdQf4¬z­
®�¯��v�|± ¥U¥&Ç ���D^VÉ7Ú�^V �² Ý dnozyh~&o�y � mUfnfnx<Z31�1��Xu{b&u{r�p_� s�dz� gjsz�«� �&s&� gXÒ!1�xjdQu{xXyho�i�1�xjdnu�pqbUyn�4� mUfh���«���es0`�g�¹%rÑ¬z­?®�¯��v�|± ¥U¥&¥ ���
Ç � Ý³ª gXyhk�dQo�yn~Uozy � mUfnfnx<Z31�1��Xu{b&u{r�pqbj� xX�
1��9ozfh�	1�� `�uvr��w��dQÒ7u%¬�­�®�¯��v��± ¥&¥UÇ �%�&rji�fhmXolÈ\�e��É�a�  1w �bUdno�fnfh�=dQo�yn~Uozy
� m)fnfnx<Z31�1�£�£�£|� �Xu{b&u{r�pqb�� yhxXu�� o�i�g�17àj�)k�dQfny�s81�mX����dQfny41�dnozyh~&o�y�� xXmXx¤� Ó k�d_fhynb&Ù�¬z­`®�¯°�{�7± ¥&¥U¥ �t�I¶��{�XfhmXo�yho�dngX�vfhdIpqyhb&� fnmjo
~��wyhuvbUgjdOdQo�yn~Uozy�d¼£Vo�yno�s�bU�}�Xu{rXo�i�fhb�bU��fh�&uvr4��s�bUrjdQo�rjdngjdOyno�dQgj��fOpqb&yOfhmXo¢dno�s�bUrjiX�&ynk�dQfnyhgjstfhgXyho�b&p¤fhmXo|uvr�dQo�yQf�dz�
acb9b&��f��wu{r·�4�]o�fnfno�y¢gXrji�o�yhdQfh�&rji�u{rX�9bwp¼fnmjo�xj�wy��&dnuvfno��Ådnx�o�s�u B�s�uvrjdnozynfhd}�&d�£¼oz�{�`�&d�fhmXo�b�~Uozy��w�{�IdQfnyhgjs�fngXyho%bwp

^»p Ý ÈD^VÉ½��fnmXo�xXyhb&�Uyh�&�ÑÉ7²�` � :�b7bwfnfnb&r·¬�­¼®�¯°�{� � C�C Ç �»£¼�Ud`gjdno�i�pqb&yO�{b�£�s�b&��xX�{o�¸�uvf_k�xXyno�i�u�stfnu{b&r��wrjid^Rynb)�e��fho
� ��ozgX~7u{yQfhme¬�­»®�¯°�{�)± ¥&¥ ¨)�¤£¼�UdIgjdQo�i�pqb&y»xXyhbwfhozu{r���xjynb&fnozu{r}u{r)fno�yh�Ustfnu{b&r�xXyho�i�u�stfhuvbUrjd��¤ÚÅr�fnmXu�dRdQfngjiXk¢fnmjo�uvrjdnozynfhdI£¼ozyho
i�o�BjrXo�i4�Ud¼fnmXb)dQo|�wyho��Ud¼£�mXu{s�m4i�u�i�rXbwf�dnmXb�£¿�&r)k��w�{uv�UrX��ozr)f����wfhs�mXo�dOuvr�fhmXo|�&�{b&�j�&� ^»pÔ�w� �w�{uv�UrX��ozr)f��

G<H G<HJIKH�
9HMLONKPQN�R@N�S�TUPQN<V�W�RJRJX@Y9S

�lµ Ý ²FE:E¤²`  � ~ Ç � m)fQfnx:Z 1 1�dh�w�{uv���w��� b&yh�j�)É��w�{u	¬z­R®�¯°�{� � C!C Ç �	£O�&d»g�dQo�i�fnb}�jgXuv��i�fnmjo�mXbU��bU�vbU�&k���b�i�o��{d�� a b&y¼�
Bjy�d_fVyngXr�fnmXo Ý ÈD^¼É�s�yhk�d_f��w�]d_fhyngjs�fngXyho�dRbwp K�À�­�Î ��¬�ÍhÁ�Î�¯vÂ65tÃL5 �ÔÓ �&s���¬�­`®w¯°�v�X± ¥&¥&Ç ��^ Ý�Ó s�b�i�o!Z � ² D\²V�����½À¤®wÎ�Ín¬�Î&5
� È\�w��x]oz�{o�¬�­�®w¯°�v� � C�C á � ^ Ý\Ó s�b�i�o�Z � ¶ Ý � ���&rjie¾�À`Á�Â�¯�Ã � ¶�s�mj�wyhuV¬z­�®w¯°�{� � C�C á � ^ Ý�Ó szb7iXo!Z � ¶ ª ±&�¼£¼ozyho|gjdno�i
�&d�fno���xj�{�wfno�d � fhmXo��\À`® �j­
97Ín®UÁ�ÃL5�dQfnyhgjs�fngXyho|£¼�Ud�rXb&f\k&ozf\��~��wu{�{�&�X�{o��wf�fnmju{d�fnu{��o��t��aOmjo}yho�dngX��f�b&p»fnmXo}�}gX�vfnu{xX�{o
fno���xX�{�wfno�gjdn�&�&o%£O�&d|rjbwf}bUx�fnu{�%�w�O�&d¢dnb&��o�b&p¼fhmXo�szynk�dQfh�&�`d_fhyng�stfngjyno�d}s�bUr)fh�wu{rXo�il�{u{�U�wr�iXd¢u{r·fnmXo��&s�fnu{~&o?dnu�fho
�wr�i�dnb&��o�i�u{i�rXb&f��»��b&f��&�v��fhmXo|s�yhk�d_f��w��d_fhyngjs�fngXyho�dOszb&r)fh�&uvrXo�i?�&�v��fhmXo��vb7b&x�d¼�&rji%fhm7gjdOu�f�£O�&d¼����fno�y�i�o�szu{i�o�i�fhb
gjdno\�]bwfhm+K�À	­�Î ��¬�ÍnÁzÎ�¯vÂ65�ÃL5��wrji��\À¤® ��­�9�Ín®&ÁzÃL5 �ÔÓ �w���wb&�U�vg�¬�­V®w¯°�{��± ¥U¥ ¨j��^ Ý�Ó s�b�i�o�Z � aO� ¥ �`�UdVfnoz��xX����fho�d��RaOmXu�d
ozr�dQgXyho�i|fnmXo¼�vo��&dQf	�&��bUgXr)fcb&pXyno�dQu�i�gXo�d¤£�uvfnmXbUg�f»��fno���xX�{�wfno¼�%��fhs�m}£�mXuv�{oOs�b&���Xu{rXuvrj����xjynb�i�gjs�f	�&rj�w�{b&�UgXo`�wr�i¢�
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��o�f��w�7uvbUr}u{r¢fhmXo¼�Ustfhuv~UoVdnu�fho&�IaOmXo`fhoz��xX����fho�dI�wrji¢fnmXoVfh�&yn�Uo�f	£Vo�yno¼�w�{uv�UrXo�i��&szszb&y�i�u{rX��fnb�fnmXoO��gX��fhuvxj�voOdQo�º)gXozrjszo
�w�{u{�&��ozr)f�bU��fh�&uvrXo�i4uvrldQo�stfnu{b&r�±X� ±X� � � ±X��a¤o�re��b7iXoz��d � £�uvfnm��wrji4£�uvfnmjb&g�f\fnmXo��vbUrX�&o�y�uvr�dQo�yQfhuvbUr��jfhb�u{r)~Uo�dQfnu{�U�wfno
i�uvÙ]o�yno�rjs�o�d|u{r�yno��&u{b&rjd����&s�Ò7u{rX��fnoz��xX����fho�d���£¼ozyho�fhmXozr��jgXuv�vf}£�uvfnm��lµ Ý ²FE9E�²`  � mXo�fhozyhbe��fhb&� dno�f|fhb â µ�� â �
£O��fno�y¢dQozf¢fnb â µ a a â ����£�mXu�s�m�uvrjsz�vg�i�o�ilfnmjo?dQgj�jd_fhyh�wfno��&rj�w�{b&�UgXo��&rji·�9� 2+ uvbUrlpqyhb&� fnmXo�s�yhk7dQfh�&�Rd_fhyng�stfngjynoU�
aOmXu�d�o�rjdQgjyno�i�fnmj�wf�fnmXo�yno�d_fhyh�&uvr)f�dOuv��x]bUdno�i9bUr4fnmXo}�Ustfhuv~Uo}dQuvfno}�)k�fnmjo}s�yhk�d_f��w�¤dQfnyhgjstfhgXyho¢£Vo�yno�fhyh�&rjdQpqozyhyno�i?fhb
fnmjo���b�i�oz�]i�gXyhuvrX�|��b�i�o����Xgjuv��i�u{rX�j�IÚÅr��wr%ozÙ]bUyQf`fnb¢u{��xXynb�~Uo��&szszgXy��&s�k}fnmXo�o�¸7fno�rji�o�i��{b7b&x%��b�i�oz�{�{uvrX�¢pqgXrjstfhuvbUr
bwp¼�lµ Ý ²�E:E�²V 2£O�&d\gjdQo�i½��aOmXo�~��&�vu�i�uvf_k�b&pRfnmjo���b�i�oz��d\£¼�UdRÖ_gjiX�&o�i��7k�g�dQu{rX��fhmXo��lµ Ý ²�E:E�²V ¡bU��Ö_o�s�fnu{~&o
pqgXrjs�fnu{b&r��&d�£¼oz�{�R�&d\fnmjo�b�~Uozy��w�{�	dQfnyhgjs�fngXyho�bwpRfhmXo%��b7iXoz����aOmXo���b�i�oz�»£�uvfnm�fhmXo��vbUrX�&o�y�u{rjdnozynf�bUrX�{keyno�dQgj��fho�i
u{re��x�o�x�fnu�i�o}s�mj�&uvr4oz¸)fhozrjiXuvrX��pqyhb&� fnmXo}��b�i�o��¤�wr�i?fhm7gjd�fhmXo¢��b�i�oz��£�uvfnmjb&g�f�fhmXo¢�{b&rX�Uozy�u{rjdnozynfnu{b&r�£¼�Ud�gjdno�i
pqb&y\pqgXynfnmXo�y|d_fhgji�k&��aOmXo���b�i�o��	£�uvfnmlfnmjo�mXu{�&mjo�dQf�bU��Ö_o�s�fnu{~&o�dhs�bUynoU��£�mXu{s�m�i�u�ierXb&f�szb&r)fh�&uvr��&r7k�Ò7rXb&fhd�u{refnmjo
xXyhbwfhozu{r%�j�&s�Ò7�]b&rXo � Ò)rjbwfhd¼�wyho�£�mXo�yno�fhmXo����&s�Ò7��bUrXo�bwp½fhmXo�xXyhbwfhozu{r�pqb&yh�%d`�|�{b7b&x��wr�i�fnmXo�r%fnmXo\�j�&s�Ò7�]b&rXo�xj�&dhd
fnmjynbUgX�&m%fhmXo��vb7b&x]�t�7£¼�UdVs�mjbUdnozr��IaOmXo�bU��Ö_o�s�fnu{~&o�dnszb&yho�u�dV�¢pqgXrjstfhuvbUr�u{��xX�{oz��ozr)fno�i��7k%�lµ Ý ²FE:E¤²` �fhb��Udndno�dhd
��b�i�oz��dz�|aOmXo�b&��Ö_o�stfhuv~Uo�dhs�b&yho¢pqgjrjstfhuvbUr�u�d��j�UdQo�i9b&rl��b&�{o�s�gj�{�&y\i�k7rj�&��u�szd\xXyhuvr�s�u{xX�vo�d\�&rji9fhmXo�xXynbU�&y��w� fnyhuvo�d
fnb}b&x�fhuv��u�dQo�szozynfh�&uvr%xj�&yh�&��o�fno�yhd»pqb&yRfhmXo���b�i�oz���»�lµ Ý ²FE:E¤²` �£O�&d»yhgXr%bUr��¢i�gj�&� ^Iozr)fnu{gX�ÑÚQÚnÚ � � `�È�Õ��`s�xXg��
� ` Ó  �¶����jyngXrjrXuvrj�%É�g�É7² CX� � �

G<H G<HJIKH��<H�EF'�,C� ,0XJNKY E8N<V�W�R@RJX@Y9S

aOmXo�yno��&yno\��fV�{o��Ud_f�Bj~&o�Ò)rjb�£�r%�}g�f���fnu{b&r�d`�{uvrjÒ&o�i�£�u�fhm�yno�dQu�dQfh�wr�s�o�b&p¤dQgX�vpÔ�&iXb�¸7u{rXo�fhb�Ê�ÀUË�®�¯{Á�Ã Ìj®�ÍtÎ�Ï Ý ÈD^¼É
� É�¨ Ç&� ¶ 1 a �]¶�¨ Ç á `�� Û ¦�¨ ¥ ²��]¶\¦ ´j� `��]¶ �X��Ç É!1wa��jacynu{�&�{u{�l¬�­�®w¯°�v� � C!C á �t��ÚÅr�b&y�i�ozy�fhb?u{r7~&o�dQfnu{�U�wfno|fhmXo}ozÙ]o�stf�bwp
fnmjo���g�fh�wfnu{b&rjd���ÚÅrjdQu{�&m)fhÚQÚ � ¶�szs�o��vyhk�dh��£¼�Ud�g�dQo�i4fnb�xXyhb7iXgjs�o}fnmXo��}g�f���fhuvbUr���szb&r)fh�&uvrjuvrX�?��b�i�o��{d��¢aOmXo�b&yhuv�Uuvrj�&�
��b�i�oz�V£¼�Ud��vb)�&i�o�ilu{r)fnb9ÚÅrjdnu{�&m)fnÚnÚ��&rjilfnmXo�r��IgjdQu{rX�4fhmXo Ó uvbUx�bU�vk7��ozy|��b�i�gX�{o&�	£O�&d���b�i�u%B�o�i�fnbefnmXo�i�o�dQu{yho�i
�}gXfh��fhuvbUrjd��IaOmjo�pqb&�{�vb�£�u{rX���}g�f���fnu{b&r4��b�i�oz��dO£¼ozyho�szb&rjdQfnyhgjs�fno�i<Z

•

É7¨ Ç&� ¶�1 a
•

¶�¨ Ç á `
•

Û ¦�¨ ¥ ²
•

¶\¦ ´X� `
•

¶ �j��Ç a

aOmXo�dQoe��b�i�o��{d?£Vo�ynoedngX��Ö_o�stfno�i�fnb ��¥&¥ dQfno�xjd�b&p���u{rXu{��u{Õ��wfnu{b&r � fnb�o�rjdQgjyno9fhmj��f�rXb��%��Ö_bUy�ozrXo�yn�Uk=sz�{�UdQmXo�d
b�szszgXynyho�i��OuvrlÚÅrjdnuv�UmUfhÚQÚ��&rji9pqgXynfnmjozy�gjdQo�i4fnb�uvr7~Uo�dQfnu{�U��fho|fnmjo�ozÙ]o�stf�bwp»fnmjo�i�uvÙ�ozyhozr)f\��g�fh�wfnu{b&rjd\b&r�dngX�jdQfny���fho
�wr�i�iXyngX�|bUynu{ozr)f���fnu{b&r�u{r�fnmXo��Ustfnu{~&o�dnuvfno&�	ÚÅrjdnuv�Um)fnÚQÚI£O�&dIyhgXr�b&r%�¢É7u{�vu�s�bUrd`�yh�&xXmXu�szd»ÚÅrjs&�`µ�stfh�&rXo�±\£¼b&yhÒ�d_f���fnu{b&r
£�uvfnme¦ � ±w� Ó  �¶\���

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  
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G<H G<H G<H��FX@S�� Y9V$� N�)��<XJY�SUXJY �����	��

� ������������� L����

aOmXo�K�À½­�Î ��¬�ÍhÁ�Î�¯vÂ65tÃL5�s�yhk7dQfh�&�Xd_fhyng�stfngjyno�szb&r)fh�&uvrXo�i��¢dQgj�jd_fhyh�wfno��&rj�w�{b&�UgXo��wrji��9� 2+ u{b&r��)�wrji �\À¤® �j­
97Ín®UÁ�ÃL5
s�bUr)fh�wu{rXo�i���xjynb�i�gjs�fV�wr��w�{b&�&gjo&�¤acb¢b&�Xfh�wu{r%���&�{b&�j�&�XxXu�stfhgXyno�b&p½�vu{�U�&rji7��xXynb&fno�uvr�uvr)fhozy��&stfhuvbUr��wfhmXo�bUynu{ozr)fh�wfnu{b&r�bwp
fnmjo¢rj��fhgXy��w��dngX�jdQfny���fno�d��wrji4dngX�vpÔ�&i�b�¸�u{rXo|uvr�fhmXo¢£�u{�{i7��f_k7x�o¢�&rji�fnmXo}yno�dQu�d_f��wr)fOf_k7x�o�d�rXozo�i�o�i�fhb%��o}szb&��xj�&yno�i½�
aOmXu�d`£O�&dV�&s�mXu{oz~Uo�i��7k��XgXu{�{iXuvrX��fnmjo��{uv�)�wrjiXd`uvr)fhb¢fnmjo\��b�i�oz��pqyhb&� fnmXo�s�yhk�d_f��w�]d_fhyngjs�fngXyho�d`£�u�fhm��lµ Ý ²FE9E�²` |�
b&y�i�b�s�Ò7uvrX��fnmXo�� uvr)fhbefnmjo��&s�fnu{~&o�dQuvfno���b�i�o��OgjdQu{rX��iXb7s�Ò7u{rX�ldnbwp f_£O�wyho�dngjs�m#�&d}fnmjo\E�u{�U�&rji a uvf���b�i�gX�{o?u{r
[Vozyhu{gjdh± � ¶�s�s�oz�{yhk7d��t��aOmXo�xXynb�i�g�stf¢�wrj�&�vbU�&gXo�£¼�Ud���b�i�u Bjo�i�fnb�fhmXo�f_£Vb�rj��fhgXy��w�IdQgX�Xfny���fno�d � gjdnuvrj��ÚÅr�dQu{�&m)fnÚnÚQ�
�wr�i�dngX�vpÔ�&i�b�¸�u{rXo�£¼�Ud�i�b�s�Ò&o�i?uvr)fhb�fnmXo|�&s�fnu{~&o|dnu�fho|gjdQu{rX� [Vozyhu{gjdh± � ¶�s�s�o��vyhk�dh���

G<H G<H G<HJIKH � '��  .,C-6� ,�W��MNKY� C,.-6'�) ,0XJNKY

Ý gXynu{rX�?fnmXo���b�i�o��v�{u{rX��xjynb�s�o�dnd���fnmXo��9� 2+ u{b&reu{r K�À`­«Î ��¬zÍnÁ�Î�¯{Â>5tÃL5 Ý ÈD^VÉ��wrjiefnmXo�xXynb�i�g�stf|�wrj�&�vbU�&gXo|u{r
�\À»® �j­
97Íh®&ÁzÃL5 Ý ÈD^VÉ?£¼ozyho\u{rjs�bUynx]b&y���fho�i%u{r)fnb�fnmXo���b�i�oz�]pqbUy�^Rp Ý È ^VÉ���aOmjo\��b�i�oz�½£O�&dV�{bU�&iXo�i�u{r)fnb�ÚÅrjdnuv�UmUfhÚQÚ
�wr�iefhmXo%xXyhb7iXgjstf¢�wr��w�{b&�&gjo�£O�&d���b�i�u%B�o�ilfnb�fnmjo%rj��fhgXyh�&�»dQgX��d_fhyh�wfno�d�� � ��m7k�i�yhb�¸7k7��o�fhm7k)�v� á � ´ �Åi�uvm7k�i�yhb&x�fhozyhuvr
x7k7ynbUxXmXbUdnxXmj�wfno �«Ý È ^V�¼�wrji�Ì]���&��uvrXbU��o�rXÕzbUu{s��&s�u�i �@a u{�&gjyno\±X� ±U�t�»aOmXo�dQgX��d_fhyh�wfno�d`£Vo�yno\dn��~Uo�i��&d\� x�i�� B��vo�dRpqbUy
����fno�y�gjdno�u{r4�vu{�U�&rji�i�b�s�Ò)u{rX���
G<H G<H G<H G<H � '9R"� ����V�->'�S��MN�Y� C,.-6'�)�,�X@N�Y � Y�V$�\N )��<X@Y9S

9R�wyhu{b&gjdVdQgX�vpÔ���Åi�yhgX�Ud¼�wyho�u{r?g�dQo��w�)�wu{rjd_f¼xj�wy��&dnuvfno�dV�Xg�f¼fnmjo���b)d_f�s�bU����bUrX�vk�gjdno�i�i�yhgX���&�U�&uvrjdQf`�%�w���wyhu��¢u�d
dngX��pÔ�Ui�b�¸�uvrjo �Ja uv�UgXyho�±�� Ç ���O�ebUdQf�bwpIfnmjo�dngX��pÔ�w��iXyngX�)d��wyho�Ì��Å�w��u{rXb&�]ozrXÕ�b&u�s¢�&szu{i9�&rj�w�{b&�UgXo�dO£�uvfnm�~��&ynu{b&g�d¼pqgXrjst�
fnu{b&r��w�]�&yhb&gXxjd¼��fnfh�Us�mXo�i½�IaOmXo\pqb&�{�vb�£�u{rX��dQgX�vpÔ���Åi�yhgX�Ud`£Vo�yno�s�bUrjd_fhyng�stfno�i%£�uvfnm�fhmXo Ó gjuv��i�ozy¼��b�i�gX�{o\b&p¤ÚÅrjdnuv�UmUfhÚQÚ
�wr�i%dn��~Uo�i��&d�� ��b&� ±]Bj�{o�d`pqb&yV�{�wfno�yRgjdno!Z»dQgj��pÔ�wfnmXu��wÕ�b&�{o&�Uij�wxjdnb&rXoU�UdngX�vpÔ�&s�mX�{b&yhb&x7k7ynu�iX�&Õzu{rXo&�wdngX�vpÔ�&º)gXu{rXb�¸X�w�{uvrXoU�UdngX�v�
pÔ�&iXuv��o�fhmXb�¸�uvrjo&�RdngX��pÔ�&x7k)yhu�iX�wÕ�uvrXoU�»dQgX�vpÔ�w��b�¸�b&�{o&�IdngX��pÔ�&��o�fnmjb�¸7k7x7k7ynu�iX�&Õzu{rXo&�IdQgj��pÔ�&��ozfnmXb�¸X�&Õzb&�{o&�»dngX�vpÔ�w��ozy��wÕ�uvrXoU�
dngX��pÔ�Ui�u��wÕzu{rXoU��dngX� B�dQb�¸X�&Õzb&�{o&��^½¶\É���dQgj��pÔ�&rXuv���w��u�i�oR�wr�i|dQgX�vpÔ�&szo�f��w��u{iXo �ÔÛ �UdQo�Ò��&ynr%¬z­¤®�¯vÀvÆ�± ¥&¥ ¨)����aOmXo`s�bUrjdQfnyhgjstfho�i
dngX��pÔ�w��iXyngX�)dR£¼ozyho���u{rXuv��u{Õzo�i?u{r?ÚÅrjdnu{�&m)fnÚnÚRgXr)fnu{�]fnmXo�s�mj�wrj�&o�u{r?o�rXozyh�&k�£O�&dV�vo�dnd`fnm��wr ¥ � ¥j� Ò)sz�w�
1���bU�jgjdnuvrj�¢fnmjo
[ 9 a a pqb&y�s�o B�oz��i � ¶�szs�o��vyhk�dh���
µ\rX�{k�dngX�vpÔ���Åi�yhgX��yho�dnu{dQfh�&rjs�oR£�uvfnm�yno�dQx]o�s�f¤fhb\dngX��pÔ�Ui�b�¸�uvrjoR£¼�Ud�u{r7~&o�dQfnu{�U�wfno�i|�wrji|rjbwf	fnmXo¼i�o�f��wu{�vo�i¢i�b�s�Ò7uvrX�\bwp

fnmjo¼b&fnmXo�y»dQgX�vpÔ���Åi�yhgX�Ud�� a b&y	fnmjoOiXb7s�Ò7u{rX��bwpjfhmXo�dQgj��pÔ�w��i�yhgX�)dz��fnmjoDE�u{�U�wr�i a u�fI��b7iXgX�voOb&p [Vozyhu{gjdh± � ¶�s�s�o��vyhk�dh�¤£¼�Ud

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  
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gjdno�i½�	aOmXoR��b�i�oz�)£O�&d½�{bU�Ui�o�i�£�uvfnm�fhmXoVdngX�jdQfny���fho�d½u{r¢xX���&szo � �Ud�s�bUrjd_fhyng�stfno�i�uvr}ÚÅrjdQu{�&m)fhÚQÚQ�t��aOmXo�[¼��~7uvf_k a uvr�i�uvrj�
��b�i�gX�{oR£¼�Ud½gjdno�i�fhb�u{iXozr)fnuvpqk|�w�{��fnmXo¼sz��~7uvfnu{o�d��&rji�fnmXoV�&stfhuv~UoRdQuvfnoVsz��~7u�f_k\£¼�Ud�dnoz�{o�stfho�i½�	aOmXo»pqbU�v�{b�£�uvrj��xXynbU�&y��w�%d
£¼ozyho��w��dnb�gjdno�i�u{r=�wfQfhoz��x�fhd�fhb�i�b�s�Ò�dngX��pÔ�Ui�b�¸�uvrjo!Z%fhmXo E�� Ý Ú¢��b�i�gX�{o�b&p�ÚÅrjdnuv�UmUfhÚQÚt�»¶�gXfnb�i�b�s�Ò � �9bUynyhu{d4¬z­
®�¯��v� � C!C ´ ���&d}£Vo��v�O�&d�`¢µ]E Ý³�Ôª b&rXo�d�¬z­¢®�¯°�{� � C�C á �t�_[Vo�ynu{gjd�±OE�u{�U�&rji a u�f�xXynb�i�g�s�o�i=± ¥ BXf�d}£�uvfnm��9y��wrX�Uo�bwp
s�bUr�pqb&yh�%��fhuvbUrjdz�IaOmXo�b&yhuvo�r)fh��fhuvbUr�u{r?£�mXu�s�m�fhmXo\Ì �q�w��u{rXb&�]ozrjÕzb&u�s��Us�u�i�xj�&yQfObwp	dQgX�vpÔ�&iXb�¸7u{rXo�dQmXb�£¼o�i%fnmXo|s��{bUdno�dQf
yho�dnoz�}�j�{�&rjs�o	fnbOfhmXo`szynk�dQfh�w�wdQfnyhg�fhgXyno»bUynu{ozr)f���fnu{b&r�£O�&d½s�mXb)dQo�r��	µ\rX�{k [Vo�ynu{gjd�±OdQgjs�s�o�o�i�o�i\u{r|i�b�s�Ò7uvrX��dngX�vpÔ�&i�b�¸�u{rXo
u{r��&r��Uszs�o�x�fh�&�X�{oOszb&r�pqbUyn�%�wfnu{b&r��&rji�b&yhuvo�rUf���fhuvbUr��¤¶�r%�Uszs�o�x�fh�&�X�{oOszb&r�pqbUyn�%�wfnu{b&r¢£O�&d»��s�bUr�pqb&yh�%��fnu{b&r�uvr�£�mXu�s�m
dngX��pÔ�Ui�b�¸�uvrjo�£¼b&gj�{i�uvr)fhozy��&stf�£�uvfnm Ý ÈD^�uvr9��£O��k?dQu{��uv���wyOfhb�fnmXo(^»p Ý ÈD^¼É9sz�wfh�w�{k)fnu�s���o�s�mj�wrju{dn�4�
aOmXo�pqb&�{�{b�£�uvrX�4xj�&yh�&��o�fno�yhd�£¼ozyho�gjdQo�i·�wrji·�wxjxX�vu{o�i�i�gXyhu{rX�4fnmXo�iXb7s�Ò7u{rX�4bwp�dQgj��pÔ�Ui�b�¸�uvrXo�u{r)fnb�fnmXo Ý ÈD^¼É

��b�i�oz��£�uvfnmc[Vo�ynu{gjd�± Z

•

È�k�i�yhb&�UozrjdO£¼ozyho¢�wgXfnb&�%�wfnu�sz�w�{�{k�s�mXo�s�Ò&o�i�fhb�ozrjdngXyho|fnm���f\�&�v�cyno�dQu�i�gXo�d�mj�&i�fhmXo�szb&yhyno�stf�r7gX�}�]ozy\bwp»m7k�i�ynb&�
�&o�rjd��

•

aOmXo9�wgXfnb&�%�wfnu�sz�w�{�{k�u{iXozr)fnu Bjo�i��juvrjiXuvrX��x]b�s�Ò&ozf�£O�&d�o�rX���wyh�&o�i�fnb�o�rjdQgjynoe�&r��Ui�o�º)gj�wfno9dn�&��xX�vu{rX�·bwp�fnmjo
s�bUr�pqb&yh�%��fhuvbUrj�w��dQx��&s�o�u{r�fnmXo¢�Ustfnu{~&o|dnu�fho&�

•

aOmXo�iXo�pÔ�wgj��f`�Uynu�i7��yno�dQbU�vgXfnu{b&r�dQu{Õzo�£O�&dRÒ&ozxXfV��f ¥ � ¦&©�fnb}�&u{~&o��wr��UszszgXyh�wfno�yhozxXyho�dnozr)f���fnu{b&r�bwp½fhmXo��Ustfnu{~&o�dnuvfno&�
•

¶ x�bUyno�b&x]ozrXu{rX�?b&p ´ © £O�&d�dQx]o�szu%Bjo�i9fhb�o�rjdQgjyno}fnmj�wf��&r��&i�o�º)gj��fho}yhoz�&u{b&r�bwpVszb&r�pqbUyn�%��fhuvbUrj�w�	dQx��&s�o�£¼�Ud
dh�w��xX�{o�i½�

•

aOmXo�b&xXfnu{b&rlfnb9x]ozrj�&�vu�dQo%�&r)k9bUynu{ozr)f���fnu{b&r�bwpOdQgj��pÔ�Ui�b�¸�uvrXo�uvp¼dnb&��o�xj�wynf|bwp¼fnmXo%��bU�vo�s�gX�{o�£¼�Ud\�]ozkUb&rji�fnmjo
i�o�BjrXo�i��&s�fnu{~&o|dnu�fho&�X£O�&dO�&s�fnu{~���fno�i½�

•

[Vozyhu{gjdh±}£O�&d��w�{�{b�£Vo�i%fnb��%�wÒUo�fnmXo|�{uv�)�wrji��joz¸7u{�X�{o&�

aOmXo}dngX�vpÔ�&i�b�¸�u{rXo�� ^»p Ý ÈD^VÉ�s�bU��xj�voz¸�£O�&d���u{rXu{��u{Õzo�ie�&s�s�bUyhi�u{rX��fnb?fnmXo�dn�&��o¢s�yhu�fhozyhu{��gjdno�ieuvr�dno�s�fnu{b&re±��§±��§±��§±
pqb&y���uvrXu{��uvÕ�uvrj�efnmjo?�{uv�)�wrji7� ^»p Ý ÈD^VÉ#s�bU��xj�voz¸��laOmXo�u{rUfhozy��&s�fnu{b&r��]o�f_£¼ozozr�fnmXo Ý È ^VÉ���b�i�oz�¼�wrji�fnmXo�dQgX�X�
dQfny���fno�dO£¼�Ud¼fnmXo�r9~7u{dngj�w�{u{Õzo�i�gjdnuvrj�dE�Ú�`]^FEIµ�a � :·�w�{���&s�o?¬z­�®�¯°�{� � C!CU¦U�t�RaOmXo|u{r)fno�yh�Ustfnu{b&r��]o�f_£¼ozozr Ý ÈD^VÉ4�&rji
dngX��pÔ�Ui�b�¸�uvrjo\£O�&dOs�bU��xj�wyho�i�fnb�fnmXo�u{r)fnozy��&s�fnu{b&rjd¼xXgj�X�vu�dnmXo�i?pqb&y�K�À	­�Î �h¬zÍnÁzÎ�¯vÂ>5tÃL5�Æ �\À»® �j­
97Íh®&ÁzÃL5hÆ �½À»®�Î�Ín¬zÎ&5��&rji
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G<H G<H��:HMLONKPQN�R@N�S�TUPQN<V�W�RJRJX@Y9ScN��������	��

��������������� � ���

G<H G<H��:HJIKH�EF'�R
,0X
G RJWH�<W&%('�W�Y�)�WHI R@XJSKY9PQW�YJ,

acb}ozr�dQgXyho��}yhoz�{u{�&�X�{o\�w�{u{�&rX��ozr)fObwp:^Rp ^,^,^ Û £�uvfnm�fhmXo�fno���xj�{�wfno&�7fhmXo]^,^,^ ÛÐ� ^»pÔ�&� yho�pqozyhozr�s�o!Z�^ a ¥X� ± ´U´ �
xXyhb�Bj�{o�pqynbU� ^»pÔ�w� £¼�Ud�gjdQo�i½��aOmXu{d�o�rjdngXyno�i���yhoz�{u{�&�X�vo��w�{u{�&rX��ozr)f|bwpVfnmXo��U�vbU�j�w�{�vkeszb&rjdnozyh~&o�i9yhoz�&u{b&r�dz��aOmXo
s�bU��xX�vozfno�Ê�À�Ë�®w¯vÁzÃ ÌX®wÍtÎ�Ï ^F^,^ Û dQo�ºUgjozrjszoVpqyhb&� `�ozr7�j�&rXÒ � `�o�r)���wrXÒ��&szszo�dhdQu{b&r�rXy0Z�� ¥ á&á ¥&� ��£¼�UdIgjdno�i��&dI£¼oz�{�
�&d�xj�&yQfhu{�&�	dno�º)gXo�rjs�o�d�pqyhb&� Ê�À A�Ã�A�®.B � `�ozr7�j�wrjÒe�&szszo�dhdQu{b&r�rXy�Z�¶�D ��´&� á Ç&¥ �t��Ê�À �h¬zÍ"=>9X¬zÃ � `�o�r7�j�wrXÒe�Uszszo�dhdQu{b&r
rXy0Z�¶ a Ç ¨&¨ �&�X� �¢�&rji�Ê�À�Á:9X® �h®wÎ!7�Ã � `�ozr7�j�&rXÒ��&s�s�o�dndnuvbUr�rXy0Z�¶ ª ÇU¥ ± ¥ á&á �t�I£�mXu�s�m=£¼ozyho?bU��fh�&uvrXo�i�fhmXynbUgX�&m��
fn�j�{�Ud_fn¸·dno��&yhs�m�£�u�fhm·fnmXo4Ê�À½Ë�®�¯{Á�Ã Ìj®�ÍtÎ�Ï ^,^F^ Û�Ý �\¶ dno�º)gXo�rjs�oU� Ó ���&dQfnx·xXyhb�~)u�i�o�i�fhmXod^,^F^ Û dQo�º)gXozrjszo%bwp
Ê�À ?&Â�¬z¯ ¯°Ã ?&Â�¬�¯ ¯°Ã � `�ozr7�j�&rXÒ9�&s�s�o�dhdnuvbUr9rXy�Z�²V¶�¶\± ���U�X� ���\aOmXo��&�{b&�j�&�v�{k4s�b&r�dQo�yn~Uo�i4yhoz�&u{b&r�d�£¼ozyho¢gjdno�i4fhb��w�{u{�&r
fnmjo?dQo�º)gXozrjszo�d�pqbUy}£�mXu�s�m��9s�yhk�d_f��w�`dQfnyhgjs�fngXyho�£O�&d¢��~��wu{���w�X�{o&�\^,^,^ Û b&p�¾�À�Á�Â�¯°Ã � ^ Ý\Ó yho�p
Z � Ý D Ç � � [ ÓOÛ �
� ² ;���� � ² ;|µ�� � ²R� ´ � � a C&È}� � a C D�� � `�¨�[\� � È Û ¶¢� � È ;�±X� � Ú_� � �wrji � Û|Ó  \�I�wrji��}À½Ã����¼Îj¬ ����®&¬ � ^ Ý�Ó ynozp
Z
� [ ÓOÛ �Vmj�Ui���~��wu{���w�X�{o�szynk�dQfh�&��d_fhyngjs�fngXyho�d�� ^»p ^,^,^ Û dnmXb�£¼o�i4± ��; u{iXozr)fnuvf_k?�wr�i�¨ ¥+; dnuv��u{�{�&ynuvf_k%fhb�²Vs ^,^,^ Û �

G<H G<H��:H G<HMLONKPQN�R@N�S�TUPQN<V�W�RJRJX@Y9S

¶ yno��vu��w�X�{o\dQfnyhgjs�fngXy��w�]��b7iXoz��rXozo�iXdVfnb�uvr�s��{gji�o��&d¼�%�wr7k�yno�d_fhyh�&uvr)fhd¼�&dVx]bUdhdQu{�X�{o\£�mXo�r?�Xgjuv��i�u{rX�}fhmXo���b7iXoz���
¶��{�Ifnmjo���~��wu{���w�X�{o�szynk�dQfh�w�»dQfnyhgjstfhgXyho�d\bwpF^,^F^ Û £¼ozyho}u{r7~&o�d_fhuv�)��fno�i½�¢aOmXo�yno��wyho � ± ^,^,^ Û s�yhk�d_f��w�»dQfnyhgjstfhgXyno�d
��~��wu{�{�&�X�{o � �&� pqynbU� ¾�À»Á�Âw¯°Ã � ²`s b É)fh�&����o�yhd¢¬z­O®w¯°�{� � C�C!C b Ó ���&dnÕ�s�Õ�k7Ò�¬�­�®�¯°�{��± ¥&¥&¥ �`�&rji�b&rXo�pqyhb&����À	Ã����¼Îj¬ �	��®
� È�u b È�o�rXrXu{rX�#¬z­�®�¯��v� � C!C�CU�n�t��aOmXo?¾�À�Á�Â�¯°Ã�s�yhk7dQfh�&�»d_fhyngjs�fngXyho�£¼�Ud�gjdQo�il�Ud�u�f}szb&r)fh�&uvrjo�i9fhmXo%��bUdQf¢s�b&��xX�{o�fho
dno�f»bwp�dQgX��d_fhyh�wfno�d � ¶»a>^��wrji���x�fno�ynu{r�dngX�jdQfny���fho¼�&rj�w�{b&�UgXo&�	
���
U�Åi�u{m)k�i�yhbw� � ��m7k�i�ynb�¸�k7��o�fhm)k7�v� á ����ozfnm7k7��� á �«xXfnozyhu{r��
�wr�i�s�b&�«pÔ�Ustfhb&y�d � f_£¼b��e� 2+ uvbUrjd��t�¢aOmXo�bwfnmjozy|s�yhk�d_f��w�Id_fhyngjs�fngXyho�d � ^ Ý\Ó yho�p
Z � [ ÓOÛ � � ² ;���� � ² ;|µ�� � ²R� ´ �
� a CUÈ¢� � a C6D�� � `�¨ [\� � È Û ¶}� � È ;�±�� � Ú_� � �wr�i � Û|Ó  ��|szb&r)fh�&uvrjo�i�~��wyhu{b&gjd¢pqb&yh��d}bwp�dngX�jdQfny���fho��wr��w�{b&�&gjo�d
�wr�i+ozuvfnmXo�y9¶ Ý ^ b&y4¶�� ^	� a ynbU� fnmXo��}gX�vfnu{xX�{o�dno�º)gXo�rjs�o��w�{uv�UrX��ozr)f�uvf4£¼�Ud�oz~7u�i�ozr)f�fnmj�wfeÊ�ÀRË�®�¯{Á�Ã Ìj®�ÍtÎ�Ï
^,^,^ Û szb&r)fh�&uvrjo�i�f_£Vb����wyh�&o�u{rjdQo�yQf�d � o��&s�m9�w�]b&g�f C ¥ yno�dQu�i�gXo�d�uvr4�{ozrX�&fnm4£�mXo�res�b&��xj�&yno�i�fhb%rXb&rX� ^R���&dn��b�i�u{�&�
dnx�o�s�u{o�d��R�wr�i%fnmjo\i�o�s�u�dQu{b&r�£O�&d`�%�&i�o�fnb�o�¸Xs��{gji�o�fnmXo��ÑpqynbU� fhmXo���b�i�o��]�jgXuv��i�u{rX�}xjynb�s�o�dnd¼i�gXo�fnb}fnmXo�uvyO�{ozrX�&fnm
�wr�i#fhmXo9���&s�Ò�b&p���fhoz��xX����fno9�%�wfhs�m����lµ Ý ²FE9E�²`  � ~ Ç £O�&d�gjdno�i=fhb��XgXu{�{i=fnmjoe��b7iXoz��dz��aOmXoedngX�jdQfny���fho
�wr��w�{b&�&gjo � 
���
U�Åi�uvm7k�i�yhbw� � ��m7k7iXynb�¸�k7��o�fnm7k7�v� á ����o�fhm7k)�v� á ��xXfnozynuvr]�¤�&rji�¶»a>^I�X�&dV£Vo��v���&d`fnmjo�f_£¼b��9� 2+ uvbUrjdRpqyhb&�
fnmjo�szynk�dQfh�w�OdQfnyhgjstfhgXynoU�»£Vo�yno?uvrjsz�vg�i�o�i=i�gXyhuvrX�lfnmjo���b�i�oz�¼�XgXu{��i�uvrj�j��aOmXo���b�i�o��{d�£¼ozyho��XgXu{�vf�pqbU�v�{b�£�u{rX�9fnmjo
dh�w��o}s�yhuvfnozyhu���gjdQo�i�pqb&y�fnmXo���b�i�o��v�{u{rX��bwp¼Ê�ÀXË�®�¯{Á�Ã Ìj®�ÍtÎ�Ï Ý ÈD^VÉeuvrldQo�stfnu{b&r�±X� ±X� � � ¨��¼aOmjo�dngX�jdQfny���fno¢�&rj�w�{b&�UgXo
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£O�&dOs�bUr)~Uozynfno�i�fnb�fnmjo|rj��fhgXyh�&��x�fno�ynu{r�dngX�jdQfny���fho\g�dQu{rX��ÚÅrjdnuv�UmUfhÚQÚt�Xacb�bU��fh�&uvr4����ozfQfhozy�s�mj�&yh�Ustfno�ynu{Õ��wfnu{b&r%b&p¤fnmjo
xXyhbwfhozu{r����vb�£O�Ås�bU��xX�voz¸�u�f_k%yhoz�UuvbUr?xXyho�i�u�stfhuvbUr�£O�&d�iXb&rXo�gjdnuvrj��fhmXo|xXyhb&�Uyh�&� É7²�` � :�b)b&fQfhb&r�¬�­O®�¯°�{� � C!C Ç �t�

�ON���N���� 	7Z��_
 	

aOmXo�pqbU�v�{b�£�uvrj��yho�dngX�vfhdO£¼ozyho�bU��fh�&uvrjo�i?pqynbU�ßfnmXo|mjb&��b&�{b&�Uk%��b�i�o��v�{u{rX��bwp ^»p Ý È ^VÉ9�&rji ^Rp ^,^,^ Û �

G<H��:HJIKHMLONKPQN�R@N�S�T E8N<V�W�RJRJX@Y9S N��@�\L����

aOmXo}fnoz��xX����fho���fh�&yn�Uo�f��&�vu{�&rj��o�r)f\£O�&d�iXozyhuv~Uo�i4pqyhb&�ÐfnmjoM^»pÔ�&� Ý ÈD^VÉ��}gX�vfnu{xX�{o�dno�º)gXo�rjs�o��w�{uv�UrX��ozr)f��&rji
fnmjo}�&iXiXu�fhuvbUrj�w��pqbUgXyD^R���&dn��b7iXu{�&�¤dQx]o�szuvo�d�£¼ozyho¢�&iXi�o�i��{�wfnozy�� a u{�&gXyho¢±�� ¨�dQmjb�£�d�Ê�À�Ë�®�¯{Á�Ã Ìj®�ÍtÎ�Ï Ý ÈD^VÉ4�&�vu{�&rjo�i
£�uvfnm4fnmjo|pqb&gXy�bwfnmjozyD^R���&dn��b�i�u{�&� Ý ÈD^VÉ9dno�º)gXo�rjs�o�d��&d�£Vo��v�¤�UdOfnmjo K�À»­�Î �h¬zÍnÁzÎ�¯vÂ>5tÃL5¢�wr�i��\À`® �j­
97Ín®UÁ�ÃL5 Ý ÈD^¼É
dno�º)gXozr�s�o�d��?��bwfnu�s�o�fnmXo�f_£¼b9uvr�dQo�yQf�d|£�mXozr�szb&��xj�wyhu{rX��fnmXo B�~&o ^R���&dn��b7iXu{�&�`dQx]o�szuvo�d�fnb K�ÀO­�Î ��¬�ÍhÁ�Î�¯vÂ65tÃL5%�&rji
�\Àc® �j­
97Ín®UÁ�ÃL5t�RaOmXo\�vo�rX�wfhm?bwp½fhmXo�u{rjdnozynfhd¼�w��dQb�i�u�Ù�ozy¼�]o�f_£¼ozozr�fnmXo Bj~&o ^R�{�UdQ��b�i�u��w��dQx]o�szuvo�d`�jg�f`fhmXozyho�u�dV�}mXu{�&m
�{oz~&o��Rbwp�szb&rjdnozyh~���fnu{b&r·�]o�f_£¼ozo�r·fnmXod^`�{�UdQ��b�i�u��w�Vdnx]o�s�u{o�d|pqynbU� yho�dnu{iXgXo�d á ¨ ¥ � á ¦ Ç uvr·fhmXo�dno�szb&rji�u{rjdQo�yQf��9aOmXo
�{ozrX�&fnm�b&p�uvrjdnozynf � ~��wyhuvo�d¢�]o�f_£¼ozozr�fnmXo\^R�{�UdQ��b�i�u��w�OdQx]o�szuvo�d��&rji�uvf�i�b7o�d}rXb&f�dnozo�� fhb�mj��~Uo?�wr7k·s�bUrjdQo�yn~Uo�i
yhoz�&u{b&r�dz�IaOmXo\�&�vu{�&rj��o�r)fOdnmXb�£�d»fhmj��f¼fnmjozyho\u�dV��mXu{�&mX�{k%s�bUrjdQo�yn~Uo�i½�XÊ¼¯v®65tÏ�Â87�Ã Î�Ï��ÅdQx]o�szu%B�s�yhoz�UuvbUr���f¼fnmXo�ozrji?bwp
u{rjdQo�yQf�± � yno�dQu�i�gXo�d á ¨ á � á ¦�C}uvr�fnmjo�Ê�À�Ë�®�¯{Á�Ã Ìj®�ÍtÎ�Ï�dno�º)gXozr�s�o�����£�mXu�s�m�£O�&dOxjyno�i�u{s�fno�i�fhb%��o¢�&r

α
��mXoz�{u�¸½� a u{�&gXyho

±��§¦\dQmXb�£�dcfhmXo�s�bUrjdQo�yn~Uo�i|��b&fnuvpÔd»uvr�Ò7rXb�£�r Ý È ^VÉ�dQo�ºUgjozrjszo�d	xXyho�i�u�stfho�i��7k}�9²`�9²��&aOmXo��w�{uv�UrX��ozr)fRdQgj�&�&o�d_fho�i
fnm���f¼fnmXo�yno��wyho�f_£¼b}u{rjdQo�yQf�d`£�mjozr�szb&��xj�&ynu{rX�¢fhmXo Ý È ^VÉ�b&p�fnmjo ^R���&dn��b�i�u{�&�]dnx]o�s�u{o�dVfhb¢fnmjo\yho�dQf¼b&p½fnmXo�Ò7rXb�£�r
Ý ÈD^VÉ�dno�º)gXo�rjs�o�dz�+aOmXo9u{rjdnozynfhd�u{r=fhmXolÊ�À A�Ã�A�®CB��&rji�Ê�À	Ë�®�¯vÁzÃ ÌX®wÍtÎ�ÏMdQo�ºUgjozrjszo4�&yno9dnmXb�£�r�uvr a uv�UgXyho9±X� ¦X�
�9b&fnuvp ��Ç dQo�oz�%dOfhb���o}��u�dhdQu{rX��u{rlÊ�À�Ë�®w¯vÁ�Ã Ìj®�ÍtÎ�Ï��jg�f�fhmXu{d�u{d�i�gXo¢fhb��wr9u{rjdnozynf�uvr4fhmXo�Ö_gXrjs�fnu{b&reyhoz�UuvbUr�u{r4fnmjo
Ê�À7Ë�®w¯vÁ�Ã Ìj®�ÍtÎ�Ï�dno�º)gXo�rjs�oU�

E�b�£�s�bU��xX�voz¸�u�f_k�xXyho�i�u�stfhuvbUr%gjdQu{rX��É�²�`���dQmXb�£¼o�i�rXb}�vb�£+s�bU��xX�voz¸�u�f_k�yno��&u{b&rjdRuvr%fhmXo�Ê�À&Ë�®w¯vÁ�Ã Ìj®�ÍtÎ�Ï Ý ÈD^¼É
dno�º)gXozr�s�o&�	�9b�i�oz�{�{ozyIxXyhb7iXgjs�o�i ��¥ ��b�i�oz��dI�wrji¢fnmXoO�]o�dQfI£O�&d	s�mXb)dQo�r��&s�s�bUyhi�u{rX��fhb�fnmXo�s�yhuvfnozyhu����{u{dQfno�i¢u{r�dno�s�fnu{b&r
±��§±�� � � ¨j�	aOmXo Ý È ^#�wr�i¢fhmXo��9� 2+ uvbUr�£¼ozyhoO�XgXu{��f¼i�uvyho�s�fn�{k¢u{rUfhb�fnmXo���b�i�o���pqynbU�2fhmXo�s�yhk�d_f��w�XdQfnyhgjstfhgXynoU� a u{�&gXyho
±�� � dnmXb�£�dVuvr)fno�yh�UstfhuvbUrjdRu{r%fnmjo Ý ÈD^VÉ?��b�i�oz���&s�fnu{~&o\dnuvfno&�»aOmXo\xXyhuv�%�wyhk��&stfhuv~Uo\dnu�fho�yho�dnu{iXgXo�dVdQmXb�£��}~&o�ynk�mXu{�&m
i�o��&yhozo¢b&p`s�b&r�dQo�yn~���fhuvbUr4£�mXozr�szb&��xj�&yno�i?fhb�fhmXo���~��wu{���w�X�{o}s�yhk�d_f��w�¤dQfnyhgjs�fngXyho�d � a	�w�X�{o�±X� � �t��¶�rl�&iX~��&r)fh�w�Uo|bwp
gjdnuvrj�%mXb&��b&�{b&�Uk%��b7iXoz�{�vu{rX�%u�dOfnmj�wf�fnmjo¢�&stfhuv~Uo¢dQuvfno|yho�dnu�i�gXo�dOb&pIfnmXo|��b�i�oz�	�wyho�yno�d_fhyh�&uvrXo�i?�7k?fnmXo|bUynu{ozr)fh�wfnu{b&r
bwp`fnmXo�fno���xj�{�wfno�yno�dQu�i�gXo�dz�]fhm)g�d\xjynb�~7u�i�uvrj�?�?~Uozyhk9�&szszgXy���fno}yno�xXyno�dQo�r)fh��fhuvbUr9bwpRfhmXo�b&yhuvo�r)fh��fhuvbUr9bwpRfhmXo%�&s�fnu{~&o
dnu�fho�yno�dQu�i�gXo�dz� Ý È ^VÉ·b�szszgXy�d¢�&d¢�9aOÚ_� ���wyhyno��R�wrji�fhmXo���b�i�oz�¼�w��dQbe�UdndngX��o�ilfnmju{d¢pqb&��i½� a u{�&gXyho?±�� á dnmXb�£�d
fnmjo�szb&��xj�&ynu�dQbUr9��ozf_£Vo�ozr�fnmXo?Ê�À�Ë�®�¯vÁzÃ Ìj®�ÍtÎ�Ï³��b�i�o��«� K�ÀV­�Î �h¬zÍnÁzÎ�¯vÂ>5tÃL5��wrji ��ÀO® ��­�9�Ín®&ÁzÃL5�szynk�dQfh�&�IdQfnyhgjs�fngXyho�d��
aOmXo��%�wu{r�iXu�Ù�ozyhozrjszo���ozf_£Vo�ozrlfnmXo�f_£¼b���b�i�o��{d�sz�&rl�]o%dQo�ozr�uvr�fhmXo��vb7b&x�yhoz�&u{b&r�d�£�mXo�yno�Ê�À�Ë�®w¯vÁ�Ã Ìj®�ÍtÎ�Ï³mj�Ud
�{b)bUxjd�£�mju{s�me�&yno¢��pqo�£;yno�dQu�i�gXo�d��vbUrX�&o�y�� a u{�&gXyho}±�� ´ dnmXb�£�dOfnmjo¢b&yhuvo�r)fh��fhuvbUr4bwpIfnmXo�dQgj�jd_fhyh�wfnoU� Ý ÈD^I�]�&rji�fnmjo
�9� 2+ u{b&rluvrlfnmjo���b�i�o��«�}��bwfho}fhmXo�xXynb�¸�u{��u�f_k4bwp`fnmXo%�w��u{rXb��&yhb&gXxeb&p»Ì��Å�w��u{rXb&�]ozrjÕzb&u�s��&s�u�i9fhb?fhmXo%sz�&yn�]b&r
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M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M S P A P V Q V M G V L N V T D D

. . . . . . . . . . K W D Y D L R C G E Y T L N . . . . . . . . . . L N E K T L I M G I L N V T P D

C L Y N K Y V S R M K E Q Y N I N I K E N N K R I Y V L K D R I S Y L K E K T N I V G I L N V N Y D

K L Y E E F I T S F S K L Y N T C I K K Y N K R L Y V L K N E V L Y L K E K T N I V G I L N T N Y N

S T Y N S Y V E S F E E K Y H I N I R K N N K R L Y V L K D K V S Y L K E R T H I V G I L N V N Y D

K S H E E F I T S F S R L Y N T C I K K Y N K R L Y V L K N E V V C L K E K T D I G G I L N T N Y N

N L Y E E F I T N F S K L Y N T C I K K Y N K R L Y V L K N E V L Y L K E K T N I V G I L N T N Y N 400

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

S F S D G G C Y L D L D D A V K H G L A M A A A G A G I V D V G G E S S R P G A T R V D P A V E T S

S F S D G G S Y N E V D A A V R H A K E M R D E G A H I I D I G G E S T R P G F A K V S V E E E I K

S F S D G G I F V E P K R A V Q R M F E M I N E G A S V I D I G G E S S A P F V I P N P K I S E R D

S F S D G G L F V K P N I A V H R M F Q M I N E G V D I I D I G G E S S A P F V S H N P E I K E R D

S F S D G G L F V D P V K A V E R M F E M A S D G A S V I D I G G E S S A P Y V V P N P S V T E R D

S F S D G G L F V K P N I A V H R M F Q M I K E G V D I I D I G G E S S A P F V S H N P E I K E R D

S F S D G G L F V K P D I A V R R I F Q M I N E G V D I I D I G G E S S A P F V S H N P E I K E R D 450

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

R V I P V V K E L A A Q G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R V V P M I Q A V S K E V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

L V V P V L Q L F Q K E W N . . . . . . . . . . . . . . . . . . . D I K N K I V K C D A . . . . . .

L V I P V L E L F E Q E W N K M L Q I R E N . . . . . . . . G M E K Q K D K L N K N D L S L Q K K T

L V M P V L K L F K E E W H K L E C E V G G . . . G A V C C A A A S D A R K N A Q S S L Q G K L Q K

L V I P V L E L F E Q E W N K M L Q I R E N . . . . . . . . G M E K Q K D K L N Q N D L S L Q K K T

L V I P V L E L F E Q E W N K M L Q I C K N E K I D K E E K G I E K Q N D K L N Q N N L S L Q T K T 500

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . . . . I T V S I D T M R A D V A R A A L Q N G . A Q M V N D V S G G R A D P A M G P L L A E A D

. . . . K L P I S I D T Y K A E V A K Q A I E A G . A H I I N D I W G A K A E P K I A E V A A H Y D

. . . . K P I I S I D T I N Y N V F K E C V D N D L V D I L N D I S A C T N N P E I I K L L K K K N

S T I Y K P P I S I D T M N Y D L F K E C V E K N L V D I L N D I S A C T N D P K I I K L L K K K N

V R D A K P I I S I D T V N Y D L F K E C V E G E L V D I L N D I S A C T H N P E I I K L L R R K N

S T I Y K P P I S I D T M N Y D L F K E C V D K N L V D I L N D I S A C T N D P K I I K L L K K K N

S T I Y K P P I S I D T M N Y D L F K E C V D K N L V D I L N D I S A C T N D P Q I I K L L K K K N 550

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . V P W V L M H W R A V S A D T P H V P V R Y G N V V A E V R A D L L A S V A D A V A A G V D P A

V P . . I I L M H N R . . . . . . . . D N M N Y R N L M A D M I A D L Y D S I K I A K D A G V R D E

K F Y S V V L M H K R G N . P H T M D K L T N Y D N L V Y D I K N Y L E Q R L N F L V L N G I P R Y

K Y Y S V V L M H K R G N . P H T M D M L T Q Y D D V V Y D I K K Y L E D R L N F L T L N G I P R Y

K F Y S V V L M H K R G N . P H T M D K L T N Y D D L I S D I K R Y L E D R L H F L V L N G V P R Y

K Y Y S V V L M H K R G N . P H T M D M L T Q Y E D V V Y D I K K Y L E D R L N F L T L N G I P R Y

K Y Y S V V L M H K R G D . P H T M D M L T Q Y E D V V Y D I K K Y L E E R L N F L T L N G I P R Y

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

R L V L D P G L G F A K T A Q H N W A I L H A L P E L V A T G I P V L V G A S R K R F L G A L L A G

N I I L D P G I G F A K T P E Q N L E A M R N L E Q L N V L G Y P V L L G T S R K S F I G H V L D .

R I L F D I G L G F A K K H D Q S I K L L Q N I . . H V Y D E Y P L F I G Y S R K R F I A H C M N D

R I I L D I G L G F A K K H D Q S I K L L Q N I . . Q V Y D D Y P L F I G Y S R K R F I S H T L E Q

R V L F D V G L G F A K K H D Q S I K L L Q H I . . H V Y D E Y P L F L G Y S R K R F I V H C M G K

R I I L D I G L G F A K K H D Q S I K L L Q N I . . Q V Y D D C P L F I G Y S R K R F I S H T L A Q

R I I L D I G L G F A K K H D Q S I K L L Q N I . . H V Y D D Y P L F I G Y S R K R F I S H T L A Q

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . . . . . P D G V M R P T D G R D . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . L P V E E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q N V V I N T Q Q K L H D E Q Q N E N K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

T C A E I C P N T I A E N E N I Q N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G G A A I G E C R L M S G E A K L T N G E G K L T N G E A K L T N G E G K L T N G E A K L T N G E G

T C A E I C P N T I S E N E N V Q N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

T C V E I C P N T I A Q N E N I Q N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R L

. . . . . . . . . . . . . . . . . . . . . . . N I V D K S H N W M F Q M N Y M R K D K D Q L L Y Q K

. . . . . . . . . . . . . . . . . . . . . . . . . . D E S G K N T F T V R N I R K D K D Q Y L Y Q K

K L T N G D A K L T N G D S K L T N G E A K L T N G D P S Q L W R F K M S H M R Q D K D Q L L Y Q K

. . . . . . . . . . . . . . . . . . . . . . . . . . D E S G K N T F A V R N I R K D K D Q Y L Y Q K

. . . . . . . . . . . . . . . . . . . . . . . . . . D E S D K N G F T V R N I R K D K D Q Y L Y Q K

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

. . T A . . . . . . . . . . . . . . . . . . T A V I S A L A A L H G A W G V R V H D V R A S V D A I

E G T G . . . . . . . . . . . . . . . . . . . . A T V C L G I E K G C E F V R V H D V K E M S R M A

N I C G . . . . . . . . . . . . . . . . . . G L A I A S Y S Y Y K K V D L I R V H D V L E T K S V L

N I L G T F I M F C A F S Y A H L I S T I C G L A I A S Y C F D K K V E M I R V H D V F E T R C V L

N I C G . . . . . . . . . . . . . . . . . . G L A I A S Y S F Y K K V D L I R V H D V L E T K A V L

N I L G . . . . . . . . . . . . . . . . . . G L A I A S Y C F D K K V E M I R V H D V F E T R C V L

N I L G . . . . . . . . . . . . . . . . . . G L A I A S Y C F E K K V E M I R V H D V F E T R C V L

M.Tuberculosis
B.anthracis
P.falciparum
P.yoelli
P.vivax
P.berghei
P.chabaudi

K V V E A W M G A E R I

K M M D A M I G K . . .

D V L T K I D Q V . . .

D M M K K L H Q T E . .

D V L T R I H Q P . . .

D M M K R L H P T E . .

D M M K K L H Q N E . .

400
400
400
400

31

17

450
450
450
450

67

81

492

492

475

497

80

94

542

542

521

547

124

138

599

591

591

570

596

172
177

647

632

632

618

644

222

226

665

650

694

650

638

234

231

689

674

744

674

665

233

721

706

776

724

697

264

263

731
716

785

734

706

272

276

Insert 1

Insert 2

Insert 2

h  h  h  h

h  h  h  h h  h  h  h  h

#  #

*     *       #*

* #

*      * * *

*
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Key

Ligand bond

Non-ligand bond

3.0 Hydrogen bond and its length

His 53

Non-ligand residues involved in hydrophobic

contact(s)

B. anthracis

3.06

2.98

2.78 2.73

2.57

2.90

2.73

3.04

3.23

2.93

2.82

3.13

3.14

S O1

O2

O3

O4

N

CA
C

CB

O

CG

CD

NE

CZ

NH1

NH2

N

CA

C

CB

O

CG

CD
NE

CZNH1

NH2

N

CA

C

CB

O

CG

ND1

CD2

CE1

NE2

N

CA

C

CB

O

CG

OD1

ND2

N

CA
C

CB
O

OG1

CG2

N

CA

C

CB

O

OG

SO4 283

HOH 320

HOH 323

Arg 63

Arg 255

HOH 408

His 257

Asn 22

Thr 62

Ser 219

HOH 296

HOH 407

E. coli

2.96
3.06

2.732.67

2.94

2.78

2.80

N5

C6

C4A

C7

C9

N8

C8A

N1

C2

N2

N3

C4 O4

O10

PAO1P

O2P

O3P

N

CA

C

CB

O

CG

CD

NE

CZ

NH1

NH2

N

CA
C

CB

O

CG OD1

OD2

N

CA

C

CB CG

ND1

CD2

CE1

NE2

N

CA

C

CB

O

CG
CD

CE
NZ

N

CA
C

CB

O

CG

OD1

OD2
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Plot statistics

Residues in most favoured regions  [A,B,L] 240 83.9%
Residues in additional allowed regions  [a,b,l,p] 37 12.9%
Residues in generously allowed regions  [~a,~b,~l,~p] 6 2.1%
Residues in disallowed regions 3 1.0%

---- ------
Number of non-glycine and non-proline residues 286 100.0%

Number of end-residues (excl. Gly and Pro) 2

Number of glycine residues (shown as triangles) 13
Number of proline residues 10

----
Total number of residues 311

Secondary structure & estimated accessibility

Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
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ARG 16

TYR 49
LYS 85

LYS 90

Plot statistics

Residues in most favoured regions  [A,B,L] 129 85.4%
Residues in additional allowed regions  [a,b,l,p] 18 11.9%
Residues in generously allowed regions  [~a,~b,~l,~p] 2 1.3%
Residues in disallowed regions 2 1.3%

---- ------
Number of non-glycine and non-proline residues 151 100.0%

Number of end-residues (excl. Gly and Pro) 3

Number of glycine residues (shown as triangles) 2
Number of proline residues 4

----
Total number of residues 160

Secondary structure & estimated accessibility

Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
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Key

Ligand bond

Non-ligand bond

3.0 Hydrogen bond and its length

His 53 Non-ligand residues involved in hydrophobic
contact(s)

Corresponding atoms involved in hydrophobic contact(s)
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�Zq����!x{qP����������q�����¡3PP����qP���������½íY���S���S��prqt������qP~��%��p�v��Ys�u�v�w�ð��%����q�q�x��S��p�����Ú�Û�Ü�Ý�Þ�ß�à á�Ý�â�ã�äªv,v,v�� ��z!���"�������
�
~�z½������q����"�b���Ù��q�}������Wz��k��z z���prq�� Q��rz�~��f���Zq����Wq0��¡ o>prq���}����!�rx{q�����íYé��W���r��q^ê�¡�ë!ë¾ð(���r�r�Zz!�����b��prq^p����Zz���prq������
�r��z!�Zz���q�|��Fz���s�u�v�w���p�����Ú�ÛM����â]\J����à¯��Ú�Û§ß��rÝ,��Ý�ã�K�à,�!��|yÚ�Û[^1�_��Þ¯Þ#àM^1�J��Þ¯Þ#à�����q�x{z!��qG��}�z���q�}��\��q�}�����q�|·í �tq�| .��Wq�����Q��
�0�>Ý�Þ#¡W�Zê�+1+�ê!ð�¡§é���z�x ��p�q«��}��W���rx{q������%����������������q�������p�������prqb��q���z!��|y������q���������xb���"pyx{z!��q(��z�����q���å�q�|���q��
~�q�q��
Ú�ÛM����â \J����à¯��Ú�Û§ß��rÝ,��Ý�ã�K�àS�!��|^Ú�Û[^1�J��Þ¯Þ#àM^1�_��Þ¯Þ#à���p����y~�prq��^��z!x{���!��q0|{��z\��p�z���qGz���Ú�Û!Ü�Ý�ÞWß�à árÝ�â�ã�äª����|^Ú�Û �0à��¾Ý��!¡
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o>prq���p���q�q���q�}�����q�|½v,}�����x{z�|�������}���z���p�����q�����prz!����������q����(�W�ò��prq�x{��|r|�}�q{z���������q�����ë!¡�ó��½��prqyÚ�ÛY^1�_��Þ¯Þ#àX^1�J��Þ¯Þ#à
��q_Z��rq�����qt��p�q«���"�
�Gî,+{��q0����|��rq0��|�z���z���x����"�"p`�r����z���prq«z!��prq���Ú�ÞWÝ�ä-�JK�à¯ã�äè����q0����q���¡�Ú�Û �0à��¾Ý��ò�!}���z���q�q�x�����z
��z����������·����prz!���G������q����P������prq\�����!���Pz�����p�qbv,v,v�� ��qJZ���q�����q!¡Go>prq{Ú�ÛrÜ�Ý�ÞWß�à á�Ý�â�ã�ä v,v,v�� ��q_Z��rq�����q\��z!���"�������
������|r|��W����z!���!}r������q����,��������|rq��!}�z!���!}r������q����>ê�¡§o>pr���S�����t}Wz�~>����z�x{�r}Wq0!��%�
�«������q������!�,�W��|r��������q0|{���{w � 
 í;Tòz�z!����z��
�0��Ý�Þ%¡W�9ë�ï!ï�î�ð�����|y��������q��!��z!�������"py���4#G���^��q�����|��rq���¡

T<UWV9U�T<U�T<U%$ B@h�&�F9m B]F I�n�H�&VA�IJBYd FSG

v,v,v�� ��z!���"�������>�
~�z�å��%�"��}S�·� 2+ ��z!����������prq��!�����Wå�q«���W��q�¡X2�}���� .0�".���Q��"��Ý�Þ�Ûbí�ê�+1+,+�ð>���r�!��q�����������!^�Zz��������r}�q
�F�r��������z!����z�����prq/�`� 2+ ��z!�����W� vSv,v��{¡>é9���"�
��}W������prq`��z!����x��¾�I�r�����r�f�!}W}���prq½�������!}W����������q�����|r�rq��{������zk��p�q
�!������å!qt���W��q�¡,w�q���z!��|�}��!����prq��Wz�����z!���Wq����"����qG��prqPp���|���z:!���}Zz:!����!q���z��S5���p���|���z:!���x{q���p���}W��ì�� 7���|��Wp���|���z�� ����q������<�0��p�q

β
� �rprz����rp�z!��z!��������|���prq�z:!����!q�����q��
~�q�q�����prq

α
� �rprz�����prz!��z!��������|���p�q

β
���rp�z����rprz!��z!���,z��M#�o>v§¡ro>pr�W�"|�}��!����p�q

��z!���(x��¾�½�������Wå�����q{��prq
β
���rp�z����rprz!��z!���G�Fz��b�^������}�q�z��rpr��}W�����������!��Q�¡�é�z!�r����p<�:��prq��Wz����t}Wz�~�q��t��prq�� �(�^z�����p�q

p���|���z:!���}O�!��z!���yz��85���p���|���z:!���x{q���p���}%��ì�� 7���|���p���|���z!�r��q������{�!��|y��p����>�Y������}W�W������q(��prq(��q��!������z!�<¡�é9�W�¯��p:����prq �`� 2+
��z!���������`���������W}���.�q(��p�q(���"�������W����z!���
�"����qbz�����prq«��q��������Wz��<¡�w���!���p<����prqb��q�x�z�å��!}Oz��3# �`v x{�¾����q(�Y������}W�W������q0|����
��p�q �`� 2+ �Wz�����¡yv,vSv��ç��}���z`p��!�(å�������z!���(����z1.���x{q��(�!��| 2�}���� .0�".���QO�"�«Ý�Þ�Ûfí@ê1+1+,+�ðG�Fz!�r��| ��p����\o>pr� B ê^~����
��z�����q���å!q�|Ù��x{z!�r�òq����!p������Zq����Wq0�\������p��!|Ùå¾�!����z!���bz!��prq��{�!x{�W�rzk�!����|��b���Iz!��prq��{����z1.���x{q0��¡ ó��Ù��pr���{��q0���Zq����
v��Fv,vSv�� ����| 2>��v,vSv�� �!��qt���Wx{��}��!���!����p�q����Zz���p`��z!���"�����^�\��p���q�z!�r���rq(�����Zz�������z!� B êyíYo����r}�q«îr¡�ë0ð�¡
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T z!��}�|�~���|�q·��q������
�"������q`z��(��p�q½x���}��������k�����"�!���%��q`��zÙ���r}W�Y����|����r��������z!� ��prq½��������q�����q·�!��| �rq�~çx{q���p�z�|��
�rq�q�|Ù��z ��q�����å�q�������������q�| ��zk��|rq������W�F�f�rq�~ |����r���{����|Ù|����r�ò�������!q�����¡fó��I��prq��r��q�å���z!������q0�����Wz�����x�z�|�q�}��\�Fz��
Ú�Û�Ü�Ý�ÞWß�à á�Ý�â�ã�ä s�u�v�wò�!��|`v,vSv�� ~�q���qb�r��q���q�����q�|O¡(ér��z!x ��prq������������!}��������������r��q���íY�!�P~�q�}�}§������prq�x�z�|�q�}�ðG�W�
~>�!����q�q�����p����>��prq��������Wå�q����%��q���z��9v,v,v�� ����|ysPuGv�w�xb��������qt���r}�qP��z��r�W��|���prqt����q�������x{z!��q��
��¡,w����!x�x{q����(�0�
Ý�Þ�Ûbí�ë�ï!ï�ï�ð�����å!q�������������q0|���prqbvSv,v�� ����|·sPuGv�w`��������å!q\���W��q0��z��Y��Û�ß���Þ#à���z�}Wz�z1Qy�Fz!������x{�W}����G�r�W��|��W���y���¾å��W����q���¡
o>prq��y�Fz��r��|���p����P��prq\p���|r��z��!q��`�Zz!��|��W��������z!�r��|^��prq�q�|���q��Gz�����p�qb����q����W�·x{z��Wq��
�y������prq\����x{q\��q��
~�q�q�����p�q
�
~�zòq��V.���x{q��{�r�r����p�������prq��rprz�����p�����q�� �r�W��|��W���k���W��q����!��q�|��W�Zq���q�����¡ ó�� ��ÛtßR��Þ#à��Ps�u�v�wc������q����������{|�����q�����}W�
~��W��pc��prq½������z!�rp�z����rp�����qy����z��r���\��p���z��r�!p ���������^��q0����|��rq0��¡ ó�� ��Û(ß���Þ%à\v,vSv�� ��prq`������z��rprz����rp�����q^�!��z!�����
������q��"�!���S��p���z��r�!p^�������Wz�����í;�`� 2+ ��z!����ð��!��~�q�}W}O���Sp���|���z!�!q����Zz!��|r��~��W��py���!�����P��q�����|���q���¡�o>prqt����x{qP�������������r}�q
prz�}�|r�G�Fz!�G��prq\v,v,v�� ����|·s�u�v�w`x{z�|�q�}��Gz!��Ú�Û�Ü�Ý�ÞWß�à árÝ�â�ã�ä\¡��P�����r����prq\�r��q������·x{z!��q��
���!�G�y��������z!}�|O����|����r�
��z��r}�|��Zq(|�q����W���rq�|�~�pr���"py~�z!�r}�|����rpr���r�W����z!��p^q��V.���x�q0�>�!����prq0��qtq��V.���x{q��>����q��rz��>�Fz!����|����^x{�!x{x{�!}���¡�o>pr���
|�z��r�r}�q�� �r��z��r�!q0|��!�r�r��z��!�"p�~�z��r}�|��!}W}�q�å�������qt��z!x{qtz�����prq(�r��z!��}Wq�x{��z!�§|����r�{��q����������!����q��W�`s�u�v�w^q��V.���x{q���¡

�G�����r�`x{z!}�q�����}��!�«|�������x{�������:��prq��rq0!��b�"p�������q��«����å!q�������������q0����prq�q��Zq0���bz!����q������
�"������q��������������r�^xb���"������z!���
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@�ACB�DFEHG8I�J3KMLONQP6KRB�SFT;UWVCB�X�ERNYG[Z\I]T_^a`cbdV�GaEMX�e6KHL_DaLfSaXgGcZhA3DaDae�ikj�jml8l8l[n l8EHoWEMe<Lfp6EHBCn J3SaqW^ri
s I�J�KHLfNYP6KHB�S4T;UWVCB�X�ERNYGtVWP6X�LYSuEHNfB�KHKMUgGaJ�KHv�LfGtwFLfl,DaJ3V�x GtLOy3PzBmDaEHJ�VzG?J�{|X�J�DaEHJ�V}J�V~B�V}B�DaJ3X*ERG.DaERN�J3StGaEMX�EHKHB�S
X�J�p�LYK�J�{�B*X�J�KHLfNYP6KHB�S8G.U�G.DaLYX�DaJ�J��6DuB�EHV~EMV�{�J3SaXgB�DaEHJ�V�B��<J�P�DFEMDfx GtDaEHX�LQ�dp�LYe<LYVCp6LYV�D�e6SuJ�e<LYSaDaEHLfG>��n

�,A6ERG�G.DuB�DaLYX�LfV3D}DaS�B�VCGaKRBmDaLOG�DaJ�DaA6L�NYB�KRNQPCKHB�DaEHJ�V�B�Vzp%J��CGaLYSuvmBmDaEHJ�V%J�{[DaA6L]eCSaLOp�EHNQDaLOp�X�J�DaEHJ�V�J�{�BmDuJ�XgGgEHV�B
X�J�KHLfNYP6KML_Jmv�LfStNYLYSaDuB�EMV�DaEHX*L�e<LYSuEMJ�p6Gfn��FKMDaA6J3P6q�A~NQSuU�G>D�B�KHKMJ3q�S�B�e6AWU�NYB�V}SaLOG.J3KMv3L8DaACL�G.DaSuPCNQDaP6SuL;J�{	B�e6SuJ�DaLfEMV~BmD8B
v�LfSaU}A6EHq�A�SaLOG.J3KMP6DaEHJ�V�Zh�3LYKRGaN�A��Y�F�m�knH��� ���3� ^r�CE�D�SuLQ�zLfNrD�G8J�VCKMU~J�V�SuEMq3EHp�NQSuU�G>D�B�KRGFB�Vzp�V6J�D8DuA6L�p�UWVCB�X�EHN_{�LOBmDaPCSaLOG
J�{tB�e6SuJ�DuLYEHV]EMV�G.J3KMP6DaEHJ�V�n��,A6L�eCSaJ3�6KMLfX�EHG;DaAzBmD�V6J�D�B�KHK	eCSaJ�DaLYEHVCG;NYB�V��zL�LfB3G.EHKMU�NYSaU�G.DuB�KHKHEHGaLfp�J3S;LY�WeCSaLOGaGaLfp�EHV
GaP���NQEHLYV�D4y�PCB�V�DuE�DuEMLOGYn�wFPzNQKHLfB�S4I]B�q3V6LQDuEHNF�FLfGaJ�VCB�VCNQLcZ\w�I]��^?NYB�Vg�zL;PCG.LOp*DaJ�GaJ�KHv�L,DuA6L�G.DaSuPCNrDuP6SuL�B�VCp�X�J�DaEHJ�V
J�{ DaA6L[eCSaJ�DaLYEHV��CP�D8DaA6L[eCSaJ�DaLYEHV�ERG,V6LfLfp�LOp�EHV�G.J3KMP6�CKML_{�J�SuX¡B�Vzp}B�D,ACEMq3A~NYJ�VCNYLYV�DaS�BmDuEMJ3VCGYn��,A6ERG8NQJ3X*LOG,�CB�N�o�DuJ
DaACLYe6SuJ��6KHLYX�J�{�e6SaJ�DaLfEMV~LQ��e6SuLfGuG.EHJ�V�B�Vzp}GaJ�KHP6�6EHKMEMD>U�Z\B�G,ERG,DaACLcNYB�GaL_{�J�S8X�LYX��6S�B�V6L�e6SuJ�DuLYEHVCGu^Qn/�|J�PCGaLcI]T¢B�VCp
wFJ3SaXgB�K�I�J�p�L[�FVCB�KMU�GaEHG[Z\w�I]�_^r�CJ3V6KHU�B*X*J�p�LfKMKHLfp�G.DaSuPCNrDuP6SuL_ERG8V6LfLfp�LOp�n

I]T�G.DuB�S.DuLfpcJ3P�D�EMV�DaA6LfJ�SuLQDuEHNfB�KWe6AWU�G.ERNYG	�6P�D�l,B�G�B�eCe6KMEHLfp�DaJ�£tEMJ�N�A6LfX�EHG.DaSuU[EMV�DaACLtLOB�SuKMU�¤O¥�¦ � x Gfn�b§D�ACB3G �<LYLfV
B�eCe6KMEHLfp]DaJ�B}v¨B3G>D�S�B�V6q3L�J�{te6SuJ�DaLfEMV�X�J�DaEHJ�V�e6SuJ��6KHLYXgG�G.PzN�A�B�G;DuA6L�DuSuB�VCG.{�LYS�J�{?l,BmDuLYS[B�NYSaJ�GaGFDaA6LgB3y3PzB�e<J�SuEMV
e6SuJ�DuLYEHV�Zhp6L�©_SuJWJ�Dc�Q�4���MªH�C� �3� ¤¨^r�3{�J�KRp�EMVCq�J�{ G.XgB�KMK�e6SuJ�DuLYEHVCG;Z\«6LfSuGaA�Df�C� �3� �3^r�WNYB�KRNQPCKHB�DaEHV6qcDuA6L;X�LON�ACB�V6ERNYB�KC{�J3SuNYL
LQ��LfS.DuLfp¬��U1©­e6SuJ�DuLYEHVCG�Zh®;J3Ga¯QDaEHV°�Y�*���knH�,� ��� �3^r�/LfKMPzNQERp6BmDuEMV6q�DuA6L�q�LYVCLYS�B�K,X�LfN�ACB�V6EHGaX±J�{�B�V6LOG>DuA6LfGaERB¬Z\� B�V6q
�Y�[���MªM²,� ��� ��^�B�Vzp³SaLOG.J3KMvWEHV6q�DaA6L}X�LfN�ACB�V6EHGaX­J�{8DaA6L~©_SaJ3´?µ�NQJ3X�e6KMLY�%Z\I]B1�Y�c�m�knH�?� �3��� ^Qn�b§D�ACB�G�B�KRG.J��<LYLfV
PCGaLfp1DaJ³EHV�v3LfG.DaEHq3B�DaL�DuA6L�X�J�DuEMJ3V1J�{_KMJWJ3eCG�EMV%B�e6SaJ�DaLfEMV��4X�J�SuL~GaezLONQEM¶zNYB�KMKHU�DuA6L~DaSuEMJ�G.Lfe6A6J3Gae6ACB�DaL~EHGaJ�X�LfSuB3G.L
LYVC¯YUWX�L�Z\�,b>I'^�ZhT;LYSuSuLYP6XgB�P6�·�Q�_�m�MªM²�¤O¥�¥3¸3^rn*T�PCL�DaJ�E�D�G_DaA6LfJ�SuLQDuEHNfB�K�VCB�DaP6SuLgI]T¹ACB�G�J�{ºDaLfV��<LYLfV�GaLYLfV�B3G[B
DaJmU�l8E�DuA�l8A6ERN�A�NQJ�X�e6P6DuBmDuEMJ3VCB�K?�6EMJ3KMJ3q�ERG>D�G[e6KRB¨U]DuJ]XgB�o�LgeCSaJ�DaLYEHVCG[X�Jmv3L�n�»FJmltLYv�LfSf� I]T¼NfB�V�B�KRGaJ�e6SaJmvWERp�L
DaACLYSuX*J�p�UWVCB�X�EHN[eCSaJ3ezLfS.DuEMLOGY�<NYB�KRNQPCKHB�DaL[e6SuJ�DuLYEHV]G>DuSaPCNQDaP6SuLfG�BmD;p�EM½�LYSuLYV�D�DuLYX�ezLfSuB�DaP6SuLfG�B�VCp�e6SuLfp6EHNQD�DaACLcLQ½�LfNQD
J�{tp�E�½�LYSuLYV�D�G.J3KMv3LYV�DuG�J�V'eCSaJ�DaLYEHV'G.DaSuPCNrDuP6SuL�n��|ltJ}B�SaLOB�GFEHV'l8ACEHN�A'I'T¹ACB�G;�zLfLYV�B�e6e6KHEHLfp]GaPCNYNYLfG.{�P6KHKMU�l8EHKMK	�<L
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p�ERGaNYPCGuG.LOp]DuJ�B�VCGal4LfS_eCSaJ3�6KMLfXgG�l8A6EHN�A�ltJ�P6KRp'AzB¨v�L*�zLfLYV�p�EM�gNYP6KMD[DaJ�G.J3KMv3L�l8EMDaA³LY�We<LYSuEHX*LfV�DuB�K�ltJ�Suo�n'&�J�X�L
e6SuEMVzNQEHe6KMLOG,J�{�w�I]�c�Cw�I]� B�VCp~EMV6�§p�Lfe�DaA�I]T¢l8EMKHK��zLcp6EHGuNQPCGuGaLfp�n

(*),+-),+-)/.10�243,5�687:9;6=<->?5 @"AB2DCE5�F"G->�6=>?2�5IH
.19;CDJ

w�I'� ERG�DuA6LgLQ½�LfNQD�J�{,VWPCNQKHLYPCG.�§V�PzNQKHLYPCG_EHV3DuLYS�B�NQDaEHJ�VCG�LfX*EMD.DuEMVCq]SuB3p�ERBmDaEHJ�V�l8A6LYV³e6KRB�NYLfp�EHV³B�V³J3GuNQEHKMKRBmDuEMV6qz�
LYKHLfNQDaSuJ�XgB�q3V6LQDuEHN/¶CLYKRp�n	w�I]�¬l4J3Sao�G|��U[LY�6NQEMDaEHV6q�DuA6L,BmDaJ3XgG l8EMDaA�SuB3p�EHJ�l,B¨v�LfG|J�{zB_NQLfS.D�B�EHV[{�SuLfy�P6LYVzNQU[B�VCpcDaA6LfV
X�LfB3G.P6SuEHV6q�DaA6L�LYX�E�DaDaLOpgSuB3p�ERBmDaEHJ�V|nLK;V6KHU�B�DaJ3X�G?l8E�DuA�B�VWPCNQKHLfB�S/X�J�X�LYV�D?J�{�¯YLYSuJcNYB�Vg�zL;X�LfB�GaP6SuLfp��3EMVzNQKHPCp�EHV6q
LYKHLYX�LfV3D�G�GaPCN�A'B3GFAWU�p�SaJ3q�LfV��Cp�LfP�DaLfSaEHP6X��<NfB�Su�zJ3V��<V6E�DuSaJ3q�LfV�B�VCp�e6ACJ3Gae6A6J�SuJ�PzG[Zhµ�LOB�N�A���� �3� ¤�M-&�N�A6KHERN�o<��� �3� ��^Qn
�,A6LOG.L~BmDaJ3XgG�B�KHKtACB¨v�L�B�V�P6V6Lfv�LYV1V�PCX��<LYS�J�{Fe6SuJ�DaJ3VCGcJ3S�V6LfP�DaSuJ�VzGYn]@�ACLYV�DuA6L�XgB�q�V6LYDaERNg¶CLfKHp�ERG*B�e6e6KHEHLfp
DaACL}Gae6EMV1J�{8DaACL�VWPCNQKHLYPzG�N�ACB�V6q�LOGcB�VCp�DaA6ERG�q3LYV6LfSuB�DaLOGcB�XgB�q3V6LQDuEHN�¶CLYKRp���l8A6ERN�A�EHG�P6V6ERy�P6L�{�J3S�LOB�N�A³D>UWezL}J�{
EHV3DuLYS�B�NQDaEHJ�V�n���AWU�p�SaJ3q�LfV��<J�VCp6Lfp*DaJcB�VgJ¨��U�q3LYV*l8EMKHKCq3LYV6LfSuB�DaL8B_¶CLfKHpgp�EM½�LYSuLYV�D/DaJcDaACB�D/J�{�B�AWUWp6SaJ3q�LYV*�<J�VCp�LOp
DaJ�B}V6E�DuSaJ3q�LfV]J�S_LYv3LYV�B�V6J�DuA6LYS_AWU�p�SaJ3q�LfV�n[£4U�X�LfB3G.PCSaEHV6q}B�KMK�J�{/DaA6LOG.L�¶CLfKHp6G_ltL*NfB�V�e6SaLOp�ERNrD�l8A6LYSuL�NYLYSaDuB�EHV
BmDuJ�XgGcl8EHKHK4KHEML3n���e6SuJ�q�S�B�X PCGaEMV6q�B�X�EMVCJ�B�NYEHp�DuLYX�e6KRBmDuLfG�l8EMKHKtDaA6LfV�DaSuU�B�VCp³XgBmD�N�A�DaACL�DuLYX�e6KRBmDaLOGcDuJ�DaACL
X�LfB3G.P6SuLfp�e<J3GaE�DuEMJ3VCGcJ�{,DaA6L�B�DaJ3X�G�B�VCp³e6SuLfp6EHNQD�B]G.DaSuPCNrDuP6SaL]ZN&�N�A6KHEHN�o��/� �3� �3^rn�£4LONYB�PCG.L�DuA6L�e6SuJ�DuLYEHVCGcB�SaLgEHV
GaJ�KHP�DaEHJ�Vcl8ACLYV�p�J3EMVCq;w�I'�[�mp�E�½�LYSuLYV�D	ezJ�G.EMDaEHJ�VCG J�{�DuA6L4B�DaJ3X�G	NYB�Vc�<L?X�LfB3G.P6SuLfpcSaLOG.P6KMDaEHV6qFEHV�B;G.VzB�e��dG.ACJ�D GaLYSuEMLOG
J�{�e6SuJ�DuLYEHV�X*Jmv3LYX�LYV�DOn	�,A6ERG�ERG?G.DaEHKMKzV6J�DtB�NYNYP6S�BmDaL,LfV6J�P6q3A��zLONYB�PzG.LFGaJ�X�L�B�DaJ�XgG/B�SaL,EHV�p�EM½<LfSaLfV3D4LYVWvWEMSuJ�V6X�LfV3D�G
DaAzB�V�J�DaA6LfSuGf�WL�n qCn�B�V~BmDuJ�X EHV�DuA6L_NYLYV�DaSuL_J�{ B�e6SuJ�DaLfEMV}l8EMKHK�LQ��e<LYSuEMLfVCNQL_B�AWU�p�SuJ�e6ACJ��6ERNFLfV�vWEHSaJ3V6X�LYV�D,l8A6EMKHL�B�V
BmDuJ�X¹J�V�DaA6L�G.PCS.{hB3NQL�J�{|Bce6SuJ�DuLYEHV�l8EHKMK�LQ��e<LYSuEMLfVCNQL_Bcl,BmDuLYSa� SuEHN�AgLfVWv�EHSuJ�V6X�LYV�D4B�VCp�DuA�PzGtGaJ�X�L;X�B�q�V6LYDaERN8¶CLfKHpCG
l8EHKMK�KHJWJ�o�p�EM½�LYSuLYV�D,{�J�StDaA6LcGuB�X�L�BmDuJ�X�n��,A6L[VWPCNQKHLfB�SOK;v3LYSuACB�PCGaLYStLQ½�LfNQD�ZhwPK;´4^,NYB�V��<L[PCG.LOp�DuJ�LYV6ACB�VCNQL;DaACL
SuLfGaJ�KHP�DaEHJ�V�J�{Fw�I'�[n wPK;´ EHG�DuA6LgDuSuB�VCG>{�LfS[J�{FGae6EMV³e<J�KRB�SuEM¯OBmDuEMJ3V�B�X*J3V6q3G.D�BmDuJ�X�ERN�V�PzNQKHLYE?B�VCp³LYV6AzB�VCNYLfG_DaACL
SuLfGaJ�VCB�VCNQL_J�{	V�PzNQKHLYE n/�,A6EHGFLYV6ACB�VCNQLfX�LYV�D8A6LYKHeCG,DuJ*ERp�LfV3DuE�{�U}X�J�SuL�B�DaJ3X�G,l8ACLYV~PCG.EHV6qgw�I'� Zhµ�LOB�N�A��C� ��� ¤O^rn

(*),+-)RQS)/.1GT7VUW6=3X9;G*Y?51Z:>?6=3,[SF"ABF1H
.19;ZDJ

w�I'� EHG�DaACL�B�VCB�KMU�GaEHGcJ�{8X�J�DaEHJ�V�EHV�e6SuJ�DuLYEHVCGcPCGaEHV6q'B�KHK/DuA6L�X�J�p�LfG�J�{8X�Jmv�LfX*LfV�Dfn��¡e6SuJ�DuLYEHV�l8EMKHK?AzB¨v�L
p�EM½<LfSaLfV�D;X�J�p�L�{�SuLfy�P6LfVCNQEHLfG�l8E�DuA'LOB�N�A��<J�VCp'�zLfEMV6q~B�X�J�p�Lc{�SuLfy�P6LfVCNQU3n_�,AWPCG_B�V�w�I]� B�VCB�KMU�GaEHG;BmD�B�X�J�p�L
{�SuLfy�P6LYVzNQU�J�{/L3n qzn�¤O� ����� l8EMKHK �<L�B�V'B�VCB�KHU�G.ERG8J�{4X*J�DaEHJ�V�J�{/LYv�LfSaU~EHVCp�EHv�ERp�PCB�K��zJ3VCp�EHV'B�e6SuJ�DuLYEHV'NQJ3V�DuB�EHV6EHV6q
¤O� ���3� B�DaJ3X�Gfn�w;I]�¹ERG�PCG.PzB�KHKMU]p�J3V6L�J�V6KHU�{�J�S[KHJmltLYS;{�SaLOy3PCLYVCNYU�X*J�p�LOG�P6e�DaJ�B�¤ ��� ���6P�D�DaACLgX*J�G>D�PCGaLQ{�P6K
ERG�X�J�p�L~{�SuLfy�P6LYVzNQU¬¦O��¤�¤3n��,A6LfGaL~X*J�p�LOG*SaLfe6SaLOG.LfV�D�q�KHJ��zB�K,e6SuJ�DaLfEMV¬X�Jmv�LYX�LfV3D�B�VCp�DaAWPCG�q3EMv3L}B�e6EHNQDaP6SuL�J�{
DaACL�X�Jmv�LfX*LfV�DcJ�{Fp�EM½<LfSaLfV3D*eCB�SaDuGcJ�{8DaACL�e6SuJ�DaLfEMV�Z\� B�XgB1�Q�c���MªM²,� ����\ M�£4SuEHV6o%�Y�c�m�MªM²8� �3��\ ^Qn��,A6EHG�EHG�B�KHLfGuG
DaEHX�LQ�dNQJ3VCG.PCX*EHV6q;X*LYDaA6J�p�DuACB�V*I]T¬�6P�D�p�JWLfG V6J�D	q�EHv�L/DuA6L4GuB�X�LtB�X�J�P6V�D|J�{CEHV�{�J�SuXgBmDaEHJ�VcB3G B�V�I]T·G.EHX�PCKHB�DaEHJ�V
p�JWLfGfn,@�E�DuA'B�V]I'T GaEMX�P6KRBmDaEHJ�V]B�v3LYSuU}p�LYDuB�EMKHLfp]B�VCB�KHU�G.ERG8NYB�V��zL*p�J�VCLcJ�V�NQLfS.D�B�EHV]BmDuJ�XgG8EHV'B�GaUWG.DaLfX¼l8ACEMKHL
l8EMDaA'w;I]� EMD;ERGFX�J3SaL�p6E���NQPCK�D_DaJ�GaLYezB�S�BmDaLcDaA6L�EMVCp6EMvWERp�PCB�K	BmDuJ�X�X�J�DaEHJ�VzG8{�SuJ�X J�V6L*B�V6J�DaA6LfSfnFw;I]�¢ERG;B�KHGaJ
V6J�D8DaEHX*LY�§p6LYe<LYVCp�LfV�Dfn

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



���������
	���
���������	���������������� �"!$#���% � �

� #����4�
	O
4������� ��		�T	�� ������

�����"� 	�% �8���
	�� �
# �"� ��� � #�%��R��� ���
#��"��
4	�% ���
#��8	�% �
� 	�#����
	 � �"���
#����/��� ����� !$����	���� ��	�% ���X���
��!$%�����	��
��
�#�% � ��� ��	���� � 	��:�
� 	 ��� � � �"���
#��V	 ����
:�
	���� ��% #��V	��R���
��	�% ���
	 	�� ������� �8�"��
:� �"%!�R���
!$	�
 �"� ��% � ��� ��	 # � �
	�� �����
#����1� �"%
� �����4� �
	�
 �#"�%O!$����	���� ��	�%O!$�$�V	%� ��� �
��	�� �&�L���('R�

1

� �
2 )

#���
4#�� ���
	�
E���E�
� 	 �*�B��+4#�%�,-� �
�"! 	 �"� � ���
� 	��O�
��	 	���	��.�"�/�"� 	�%O�
�
0 	��
� ) � �4����%��
��	���!$�$�V	O��� �"% 	����
��	 	�� 	��.��� �"� 	�% � �'�"%��
	�� � ��% #���� #������
	 �"% 	�%�� � #�%��
� 		� �"�
��	 	1+4�8	��
#�	�� ��	�
 �8	�����	�	��'�
��	
�����P!$����	���� ��	�%X�"�2


φ
# %L�
��	 	�� 	 �.�"� �

(*),+-) (*)/9;G-3,5�240�3,6=7/3E[S>�6=UIAB24FDH
9431J

� J�P6VCp�LfSuG.DuB�VCp�I]T l4L�V6LYLOp�DaJ�q3SuB3G.e~DuA6L�P6Vzp�LYSuKMUWEHV6q�e6SuEHVCNQEHe6KHLfGfn��¢�6SuEHLQ{�Jmv�LfSavWEHLYl°J�{�DaACLfGaLce6SuEMVCNYEMeCKMLOG
l8EHKMK��<L[q�EHv�LfV�{�J3KMKHJml4LOp��WU�B�p�ERGuNQPCGuG.EHJ�V~J�{�A6Jml�DaA6LOG.L�e6SuEMVzNQEHe6KMLOG8B�SuL[B�e6e6KHEHLfp�n

(*),+-) (*),+-)�5*GT7 24526 5 3BY?F

«6J3SuNYLQ¶CLfKHpCG�Z�J3S?X�J�KHLfNYP6KRB�S?X�LON�ACB�V6ERNYG�^�B�SaL8DuA6L_�CB�GaEHG?J�{|B�KMK<X�J�KHLfNQPCKHB�S4p�UWVCB�X*ERNYG4G.EHX�PCKHB�DaEHJ�VCGfn��FKHKzEHV�DaLYS�B�NQ�
DaEHJ�VzG?B�Vzp�X*Jmv3LYX�LYV�D�G�J�{�X�J�KHLfNYP6KMLOG?p�PCSaEHV6qcBcI]T SuP6V�B�SuL8�CB�GaLfp�J3V�{�J�S�NQLY¶CLYKRp*eCB�S�B�X�LQDuLYS�GYn	«6J3SuNYLQ¶CLfKHp6G4p�EM½<LfS
{�SuJ�X¢y�PCB�V�DuP6X X�LfN�ACB�V6EHNfG,Z�7_I'^ EHVcDaAzBmD�DaA6L,LfKMLONrDaSuJ�VCEHN4X�J�DaEHJ�V�EHG	EHq�V6J3SaLOpcB�Vzp�J3V6KMU�DuA6L,LYV6LfSaq3U�J�{6DuA6L8G.U�G.DaLYX
�CB3G.LOp³J�V�VWPCNQKHLfB�Sce<J3GaE�DuEMJ3VCGcERG�NfB�KRNQP6KRBmDuLfp�Zhµ|LfB3N�A���� ��� ¤O^rn87;PCB�V�DaP6X X�LfN�ACB�V6EHNfG[ERGcPCGaPCB�KHKHU�PCGaLfp�{�J3S�GaXgB�KHK
X�J�KHLfNYP6KMLOG;NYJ�V�DuB�EMVCEMV6q}B�{�LYl B�DaJ3X�Gfn;«CJ�S�NQLY¶CLYKRp6G�NfB�V]e<LYSa{�J�SuX B�G�l4LfKMK�B�G_y�PCB�V�DaPCX X�LON�ACB�V6ERNcNYJ�X�e6P�D�BmDaEHJ�VzG
B�Vzp�DaA6ERG;EHG;XgB�EHV6KMU�p�PCLcDaJ}J�V6L�B�GuG.P6X�e�DuEMJ3V�n��,A6ERG;EHG�DaA6L*£tJ�SuV��
K;eCezLfV6A6LYEHX�LYS_B�e6e6SuJ¨��EMXgB�DaEHJ�V��6l8ACEHN�A'G.DuB�DaLOG
DaAzBmD;GaEMVzNQL[VWPCNQKHLfB�S8X�J�DaEHJ�V�ERG8X�PCN�A�G.KHJml4LfS,DaACB�V�LYKHLfNrDuSaJ3V�X*J�DaEHJ�V~DaACLcLYKHLfNQDaSuJ�V6ERN�ltB¨v3LQ{�P6VzNrDaEHJ�V|��J�SFLfV6LYSuq�EHLfGf�
NYB�Vg�zL;NYB�KRNQPCKHB�DaLfpgB3GaGaP6X�EHV6qcB�¶6��Lfp�e<J3GaEMDaEHJ�VgJ�{�DuA6L�VWPCNYKMLfEzB�Vzp�V�PzNQKHLfB�S?X*J�DaEHJ�V�NfB�Vg�<L;NQJ3VCGaEHp�LfSaLOp�B�GuG.P6X�EHV6q
B�V�B¨v3LYS�B�q�L_p�ERG>DuSaEH�6P�DuEMJ3V�J�{�LYKHLfNrDuSaJ3V~p6LYVCGaE�D>U3n4�,A6ERG8LfVCB��6KHLfGFPCG,DaJ�NfB�KRNQP6KRBmDuL�DaA6L[LfV6LYSuq�U�J�{/B�G.U�G.DaLYX¼l8E�DuA6J�P6D
p�J3EMV6qgB�V�U97_I NfB�KRNQP6KRBmDuEMJ3VCGtJ�V�B�G.U�G.DaLYX¼NQJ�V�D�B�EHV6EMVCq�DuA6J�PzGaB�VCp6GtJ�{�BmDuJ�XgG[ZB&�N�ACKMERN�o��C� ��� ��^Qn

�,A6L�µ�LfV6VCB�S�pW�d��J3V6LfG4e<J�DaLfV�DaERB�K/Zh«	EHq�P6SuL�:6nH¤O^4P6VCp�LfSaKHEHLfG,B�KHK�J�{�I]T B�VCp�DaAWPCG8B�DaACJ�SuJ�P6q3A�P6VCp6LYS�G>D�B�VCp�EHV6q*J�{
DaACEHG�NQJ�VzNQLYe6D�EHG�V6LYLOp�Lfp�Z\£tSaJWJ�o�G��Y�c�m�MªM²_¤f¥�¸;:3^Qn}�,A6L�µ|LYV6VzB�S�pW�§�3J�VCLfG�e<J�DaLfV�DaERB�K4p6LfGuNQSuEM�<LfG[ACJml DuA6L�EHV�DaLYS�B�NQ�
DaEHJ�V�LYVCLYSuq�U�N�ACB�VCq�LfG;l8A6LfV'D>ltJ�X�J�KHLfNYP6KHLfG�B�e6eCSaJ�B�N�A]J3V6L*B�V6J�DuA6LYSOn=</B�SaEHJ�PCG;X�J�p�E�¶<NYBmDuEMJ3VCG_J�{/DuA6ERG_{�P6VCNrDuEMJ3V
NYB�V�p�LfGuNQSuEM�<L�p�EM½<LfSaLfV�D�EMV�DuLYS�B�NrDuEMJ3VCG[GaPCN�A�B�G�DuA6L�GaEMX�e6KHLgEHV3DuLYS�B�NQDaEHJ�V³J�{,D>ltJ~ACLYKHEMP6X±B�DaJ�XgG�J3S[DaA6L}NQJ�X�e6KHLQ�
EHV3DuLYS�B�NQDaEHJ�V~J�{|D>ltJgBmDuJ�XgGt{�J�SuX�EMV6qgB*AWU�p�SaJ3q�LfV��<J�VCp�n

�,A6LfSaL_B�SuL8{�J�P6S,o3LYUgNQJ3V3DuSaEH�6P�DuEMJ3VCG�DuJ�DuA6L�NQJ�VzG>DuSaPCNQDaEHJ�V�J�{|Bc{�J3SuNYLQ¶CLfKHp�n	�,A6LOG.L�B�SuLF�<J�VCp}G>DuSaLYDuN�A6EHV6qz�WB�V6q�KHL
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�<LYVCp�EHV6qz�zDuJ�S�G.EHJ�VzB�K�DuLYSuX�G_B�Vzp�V6J�V6� �<J�VCp6Lfp�EHV�DaLYS�B�NQDaEHJ�VCGfn��¢{�J�S�NQLQ¶zLYKRp�PCGaPCB�KHKMU�NQJ3V�DuB�EHVCG�LYV6LfSaq3U}e<LYVCB�K�DuEMLOG�EM{
DaACLfGaL�eCB�S�B�X�LYDaLYS�G[p�Lfv�ERBmDuL�{�SaJ3X DuA6L�SuLQ{�LfSaLfVCNQL�vmB�KHP6LfGfn1&WJ�X�Lg{�J3SuNYLQ¶CLfKHp6GcX�B¨U�NQJ3V3D�B�EHV�DaLYSuXgG�{�J�S�A�U�p�SuJ�q3LYV
�<J�VCp6G�B3GFltLYKHK�B3G�LY�WDaLYVzp�Lfp�DuLYSuXgG�{�J3S;VCJ�V��§�zJ3VCp�LOp�EMV�DuLYS�B�NrDuEMJ3VCGfn;� {�J�S�NQLQ¶zLYKRp�PCGaPCB�KHKMU�ACB3GFD>ltJ�XgB�EMV]ezB�SaDuGf�
DaACL�e<J�DaLfV�DaERB�KCLfV6LYSuq�U�Z

γ ����� ^�B�VCp�DuA6L�oWEHV6LQDuEHN8LfV6LYSuq�U3n	�,A6L;ezJ�DaLfV3DuEHB�KCLfV6LYSuq�U�e6KHB¨U�G/DaA6L;X�B�EMVgSuJ�KHLFEHV�I]T�n��,ACL
¶CS�G>DFp�LfSaEHvmBmDuEMv3L_J�{ DuA6L[e<J�DaLfV�DaERB�K�LfV6LYSuq�UgERG8SuLYKRBmDaLOp�DuJ*DaA6L�{�J3SuNYL�B3NrDuEMV6q�J3V�B�V~B�DaJ3X�B�VCp}DuA�PzG,DaA6L[X�Jmv3LYX�LYV�D
J�{	DaACL_KRBmDaDaLfSfn���J�DuLYV�DaERB�K�LfV6LYSuq�U�EHG,PCGaPCB�KMKHU�X�J�V6EMDaJ3SaLOp}NYKMJ�G.LfKMU�p6P6SaEHV6q�I]T¢SaP6VzG[Zhµ�LOB�N�A��C� ��� ¤O^rn

�,A6L]e<J�DuLYV�DaERB�K;LYV6LfSaq3U�{�P6VzNrDaEHJ�V NQJ�V�D�B�EHVCGgXgB�VWU¬DaLYSuXgG�J3S�eCB�SuB�X*LYDaLfSuGgGaPCN�A�B�G��zJ3VCp%e<J�DaLfV�DaERB�K �8�zJ3VCp
B�VCq�KHLfGf��DaJ�S�GaEMJ3VCGY��NYSaJ�GaG.�\DuLYSuXgGY�	V6J�V6� �<J�VCp6Lfp�EHV�DaLYS�B�NQDaEHJ�VCGf�/p�ERG.e<LYS�GaEMJ3V�DaLfSaXgGf��SaLfe6P6KRG.EHv�L�DaLYSuXgGY��LfKMLONrDuSaJ�G>D�BmDaERN
DaLfSaXgG;B�VCp�AWU�p�SuJ�q�LfV��zJ3VCp6Gfn��,A6LcLfV6LYSuq�U~J�{�DaACL�GaUWG.DaLfX¼ERG_NYB�KRNQPCKHB�DaLfp��WU}DaA6L�{�J�KHKMJml8EHV6q�{�J3SaX�P6KHB�Zh´?y�PCBmDuEMJ3V
:6nH¤��6µ|LfB3N�A��6� ��� ¤O^Qi

E =
1

2

Ndf∑

i=1

miv
2
i + γ(r)

Z :6nH¤O^

l8A6LfSaL
γ
Z�Sr^?SuLYeCSaLOG.LfV3D�G4DaA6L[e<J�DuLYV�DaERB�K�LfV6LYSuq�U�DuLYSuX����	��SuLYe6SuLfGaLYV�D�G?DuA6L[oWEMV6LYDaERN�LYV6LfSaq3U�DaLfSaX�n

E(total) = Eb + Eθ + Eφ + Eω + EvdW + Eel + Ehb + Ecr + Ecφ

Z :Cn �3^

�1{�J�S�NQLQ¶zLYKRpcKHEMo3L�
t»;���FI]I Zh£tSuJWJ�o�Gt�Y�	���MªM²�¤f¥3¸
:3^�PCGaLfG�B�X�J3SaLtNQJ�X�e6KHLQ�[DuJ�D�B�KWLYV6LfSaq3U�{�P6VCNQDaEHJ�V}Zh´?y�PCBmDuEMJ3V
:6n ��^_l8ACLYSuL
���gERG�DaACL��<J�VCp³e<J�DuLYV�DaERB�K\²��

θ

ERG[DuA6L��<J�VCp�B�V6q�KHLge<J�DaLfV�DaERB�K ���
φ

ERG[DaACL�p�EHA6Lfp�S�B�K4B�V6q3KML�DuJ�S�G.EHJ�V
e<J�DaLfV�DaERB�K ���

ω

EHG;DaACL�EHX�e6SaJ3ezLfS_DaJ�S�GaEMJ3VCGY���
vdW

EHG�DaA6L </B�V�p�LfS;@³B�B�KHG_EHV3DuLYS�B�NQDaEHJ�V����
el

EHG;DuA6L�LfKMLONrDuSaJ�G>D�BmDaERN
e<J�DaLfV�DaERB�K ��´

hb

ERG�DaA6L~AWUWp6SaJ3q�LYV³�<J�VCp6EMV6qz��´
el

EHG�DaA6L~BmDuJ�X ACB�SuX�J�V6ERN�NYJ�VCG.DaS�B�EHV�D�B�VCp�´
cφ

EHG�DaACL}p�EHA6Lfp6SuB�K
NQJ3VCG.DaS�B�EHV3DOn

�,A6Lg�<J�VCp�e<J�DuLYV�DaERB�K/ERG�DuA6L�DaLfSaX l8A6EHN�A�GaezLONQEM¶CLfGcA6Jml DuA6LgLYVCLYSuq�U'N�ACB�V6q�LOG_l8A6LYV�B~�<J�VCp³�<LQD>ltLYLfV�D>ltJ
BmDuJ�XgG[ERGcG.DaSuLQDuN�ACLfp�n��,ACL��zJ3VCp6G[l8EHKHK4B�KHl,B¨UWG�p�LfvWEHB�DaL�{�SuJ�X DuA6L�SuLQ{�LfSaLfVCNQL�vmB�KHP6L�p�P6L�DaJ�vWEM�CSuB�DaEHJ�VCB�K�LYV6LfSaq3U
BmDcSuJWJ�X DuLYX�e<LYS�BmDaPCSaL3n�£tJ�VCp�KMLfV6q�DuA�N�ACB�V6q3LfG[B�SaL�PCGaPCB�KHKHU'p�LfGuNQSuEH�zLOp��WU�PCG.EHV6q�B�vmB�SuEHB�DaEHJ�V�J�{8»FJWJ�o3L�x G_KHB¨l
Z�´4y3PzBmDaEHJ�V :Cn :�^ri

v(l) = (k/2)(l − l0)
2 Z :Cn :�^

l8A6LfSaL��tEHG�DuA6Lg�<J�VCp³KHLYV6q�DaA�����EHG�B�NQJ�VzG>D�B�V�DcB�VCp·���}ERG�DaA6L�SaLY{�LYSuLYVCNYL*�<J�Vzp�KHLYVCq�DaA�Z\µ�LfB3N�A�� � ��� ¤�M�&�N�ACKMERN�o��
� �3� �3^rn8�,A6L�LOy�P6EMKHEH�6SaEHP6X��<J�VCp�KHLYVCq�DaA�ERG�DaA6L�KMLfV6q�DuA�l8A6LYV'B�KMK DaACL�J�DuA6LYS;eCB�S�B�X�LYDaLYS�G8B�SuL�GaLQD;DaJ�¯fLYSuJCnF�,AWPCGf�
DaACEHGt�<J�VCp�SaLfe6SaLOG.LfV�DuG?B�V�ERp�LfB�KMEH¯YLOp�G>D�BmDuL�n��,A6L��<J�Vzp�B�VCq�KHLFDaLfSaX GaezLONQEM¶CLfGtA6Jml·DuA6L;LfV6LYSuq�UgN�ACB�V6q�LOG/l8A6LfVgDaACL
�<J�VCp�B�VCq�KHL;�<LQD>ltLYLfV}DuA6SuLYL[BmDuJ�XgGtEHGFN�AzB�V6q3Lfp�n�£tJ�VCp~B�V6q3KML[N�ACB�V6q�LOG,NYB�V�B�KRGaJ��<Lcp�LfGuNQSuEH�zLOp��WU�´?y�PCB�DaEHJ�V :6n :
�6P�D�DaA6LfV�� ERGFGaP6�CG.DaEMDaP�DuLfp��WU

θ
�CDaA6L��zJ3VCp�B�V6q3KML3n/´?B�N�A�B�V6q�KHL[ACB�G�B*{�J�S�NQL[NQJ3VCG>D�B�V�D�B�GuGaJWNYEHB�DaLOp�l8EMDaA�EMDfn,�,A6L

{�J�S�NQLtNQJ3VCG>D�B�V�D	{�J�S	�zJ3VCp�B�V6q�KHLfG	B�SuL4GaXgB�KHKMLfS|DuACB�V�DaACB�D�{�J�S	�zJ3VCp�KHLYVCq�DaA*G.EHVCNYL4EMD�SaLOy3PCEMSuLfG|KMLOGaG	LYVCLYSuq�U_DaJ�N�ACB�VCq�L
�<J�VCp�B�V6q3KMLOG�DuACB�V��zJ3VCp]KHLYVCq�DaAzGYn��,ACL�DuJ�S�G.EHJ�VCB�K|DuLYSuXgG_p6LfGuNQSuEM�<L�ACJml DaA6L�LYVCLYSuq�U�N�ACB�VCq�LfG_B�G_BmDuJ�XgG_SaJ�DuB�DaL

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



���������
	���
���������	���������������� �"!$#���% � \
B�SuJ�PCVCp�B~�<J�VCp�n�£4LONYB�PCG.L*DuA6EHGcJ�V6KHU]EHV�v3J�KHv�LOG;SuJ�D�BmDuEMJ3V�B�SuJ�PCVCp�B~�<J�VCp³B�VCp'VCJ�D�B�NQDaPCB�K�X�JWp6E�{�UWEHV6q�J�{t�zJ3VCp
N�ACB�SuB3NrDaLfSaERG.DaERNYG�DuA6LfGaL�Z�DaJ�q3LQDuA6LYS*l8E�DuA�V6J3V�� �<J�Vzp�Lfp³DuLYSuXgGu^�B�SuL�DaACL�DaLfSaXgG*NQJ3V3DuSaEH�6P�DuEMVCq'X�J3G.D�DuJ�G.DaSuPCNrDuP6SuB�K
N�ACB�V6q�LOG4EHV�G.U�G.DaLfX�Gfn/� J�S�G.EHJ�V~EMV�X�J�KHLfNYP6KHLfG,J�NYNYP6SuG,l8ACLYV�SaJ�DuB�DaEHJ�V}B�SaJ3P6VCp~B*�zJ3VCp�NYB�PzG.LOG8BmDaJ3XgGtDaJgP6VCp6LYSuq�J
G.DaLYSuERNYB�K�NYKHB3G.ACLfG�ZhI]NfI�P6SuSuB¨U3�6� ���3� ^Qn

� J�S�G.EHJ�Vce<J�DuLYV�DaERB�KRG8Z�EHX�e6SuJ�e<LYS�DaJ3SuGaEHJ�V�B�V6q�KHLfG�B�VCpce<J�DuLYV�DaERB�KRGu^	NfB�V*�zL8PCGaLfp�DaJ�XgB�EHV�DuB�EMV*NQLYSaDuB�EMV*X�J�KHLfNYP6KHB�S
N�ACB�SuB3NrDaLfSaERG.DaERNYG_KMEHo�L�e6KRB�VzB�SuE�D>U]EHV³SaEHV6q�GaUWG.DaLfXgGYn�� {�J3SuNYLQ¶CLfKHp�XgB¨U'p�J�l8EMDaACJ�P�D�B~DuJ�S�G.EHJ�VCB�K	DaLYSuX­�WU�G.EHX�e6KMU
SuLYKHU�EHV6q�J�V¬V6J�V��§�<J�VCp�LOp1EHV�DaLfSuB3NrDaEHJ�VzGYn1I]J3G.D�{�J3SuNYLQ¶CLfKHp6G�{�J3S*eCSaJ�DaLYEHVCG�B�Vzp¬NYJ�X�e6KHLQ��X�J�KHLfNYP6KMLOG�p�J�AzB¨v�L�B�V
EHX*eCKMERNQEMDcDaJ3SuGaEHJ�VCB�K DuLYSuX�n��|J3SuGaEHJ�VCG�B�SuL�PCGaPCB�KHKMU�LQ��e6SuLfGuG.LOp'B3GcB 
4J3GaEMV6L�GaLYSuEHLfG_LQ��eCB�VCG.EHJ�V�EHVCNQJ3Sae<J�S�BmDuEMV6q}DaACL
DaJ3SuGaEHJ�V}B�V6q�KHLgZ

ω
^,B�VCp}B�eCACB�GaL_{hB�NrDuJ�S[Z

γ
^�Z�´?y�PCB�DaEHJ�V :6n \ ^Qn

v(ω) =

N∑

n=0

Vn/(2[1 + cos(nω − γ)])
Z :Cn \ ^

�,A6L�e6ACB3G.L�{hB�NQDaJ�S�p�LOGaNYSaEH�zLOG}DaA6L�GaE�DuPCBmDuEMJ3V�l8A6LfV°B1DaJ3SuGaEMJ3V�B�VCq�KHL�q3J�LOG�DuA6SuJ�P6q3A B¬X*EHV6EHX�P6X�n �,A�PzG
{�J�S�LYDaACB�V6L�DuA6LYSuL~l8EMKHK8�zL}DaACSaLfL}X�EHV6EMXgB³B�G*SuJ�D�BmDaEHJ�V1J�{FDuA6L�NYB�Su�<J�V��dNYB�Sa�<J�V��<J�VCp1SaLOG.PCK�D�G�EHV¬DaA6L�BmDaDuB�N�ACLfp
AWU�p�SaJ3q�LfVCG[EHV3DuLYS�B�NQDaEHV6qCn]�,A6L�DaJ3SuGaEMJ3V�B�V6q3KML}BmD�B'X*EHV6EHX�P6X LfV6LYSuq�U�l8EMKHK4DaAWPCG��zL}LYEMDaA6LfS �3�

◦
�,¤O¸ �

◦
J�S�: ���

◦

l8A6LfV·G.DuB�S.DuEMV6q�l8EMDaA·DaA6L�G.DuB�q�q�LfSaLOp�NQJ3V�{�J�SuXgBmDuEMJ3V�n¬I�J�p�EM{�UWEMVCq�DuJ�S�G.EHJ�V�DaLYSuXgG�J�V%p�J�PC�6KML��<J�VCpCG�EHG�B�KHX�J3G.D
DaACL�GuB�X�L*B�G_�6SuLfB�oWEHV6q}B��zJ3VCp���DuAWPCG;DaJ�S�GaEMJ3V]LYV6LfSaq3EMLOGF{�J3S[p�J�P6�CKML*�zJ3VCp6G_l8EHKMK��<L*X�PCN�A'ACEMq3A6LYS;DaACB�V�VCJ�SuX�B�K
DaJ3SuGaEHJ�VCB�K8LYV6LfSaq3EMLOG�ZhI]NfI�P6SuSuB¨U3�,� ����� ^rn��,ACL�V6J�V��§�<J�VCp�LOp¬DaLYSuXgG�p�LOGaNYSaEH�zL]DaA6L�EHV�DaLYS�B�NQDaEHJ�V%�<LQD>ltLYLYV�B�DaJ�X
eCB�EMS�G�G.LfeCB�S�BmDuLfp��WU�BmD/KHLfB3G>D�DuA6SuLYL8�<J�VCp6G/�6P�D4B�KHGaJ[BmDaJ3X eCB�EMS�G�l8A6ERN�AgB�SuLtEHV�p�EM½<LfSaLfV�D/X*J3KMLONQP6KHLfGfn�wFJ�V6� �<J�VCp6Lfp
EHV3DuLYS�B�NQDaEHJ�VCGgXgB¨U·EMVzNQKHPCp�L'AWU�p�SuJ�q3LYV��<J�VCp6Gf�	</B�V p�LYS}@�B3B�KRG�EHV3DuLYS�B�NQDaEHJ�VCG}B�VCp%LfKMLONrDaSuJ3G.DuB�DaERN�EHV3DuLYS�B�NQDaEHJ�VCGfn
�,A6LOG.L�B�SaL[PzG.PCB�KMKHU~SaLfe6SaLOG.LfV�DaLfp�B3G�N�ACB�Saq3LfG,J�V]DaA6L�B�DaJ3X*ERN[VWPCNYKMLfPCGFJ3S;B�SuJ�PCVCp}DaA6L*BmDaJ3X�n8b§D�EHG;v�LfSaU~p�EM�gNYP6KMD
DaJ*SuLYe6SuLfGaLYV�D4ezB�SaDaERB�K�N�ACB�Suq�LOG?B�VCpgDuA6LYSuL_B�SaL�B�{�LYl�X�LQDuA6J�p6GtDaJ�p�J�DaA6ERG8B�KMDaACJ�P6q3A�V6J�VCL;J�{|DaACLYX¡B�SuL�NQP6SuSaLfV�DaKHU
�CB3G.LOp�J3V}LY�We<LYSuEHX*LfV�DuB�K�X�LOB�GaP6SaLfX�LYV�DuG,J�{ eCB�S.DuEHB�K�N�ACB�Suq�LOG;Z\µ�LfB3N�A��C� �3� ¤¨^rn

»FU�p�SuJ�q3LYV%�<J�VCp6G~XgB¨U·�zL�SaLfe6SaLOG.LfV�DaLfp�B3G�LY��e6KMERNQEMD}AWU�p�SuJ�q3LYV��<J�VCp%DuLYSuXgG�J3S}B�G}B�SuLfGaP6KMD}J�{=</B�V�p�LfS
@³B�B�KRGFB�VCp�LYKHLfNQDaSuJ3G.DuBmDuEHN_EHV�DaLYS�B�NQDaEHJ�VCG�Zh£tSaJWJ3oWGc�Y�F�m�MªM²/¤O¥�¸;:3^rnt»FU�p�SuJ�q3LYV��zJ3VCp6G�X�B¨U~B�KRG.J��<L�SuLYe6SuLfGaLYV�DuLfp}��U
B]X�J�p�EM¶CLfp¬µ�LfV6VCB�S�pW�d��J3V6LfG�ezJ�DaLfV3DuEHB�K_Zh´?y�PCBmDuEMJ3V :Cn � ^rn³�,A6EHG�{�P6VzNrDaEHJ�V¬EHG�PCGaLfp�DaJ'eCSaLOp�EHNQD�DuA6L~EMV�DaLfSuB3NrDuEMJ3VCG
�<LQD>ltLYLYV�B�AWU�p�SaJ3q�LfV��<J�VCp~B�NfNQLYe6DaJ�SFB�VCp~B�AWU�p�SuJ�q3LYV}B�DaJ3X~n

v(r) = A/r12
− C/r10 Z :Cn � ^

l8A6LfSaL�� B�VCp 
�B�SaL_eCB�S�B�X�LYDaLYS�Gtp�LfGuNQSuEM�CEMV6q�DaACL�p6EHG.DuB�VCNQL�BmD8l8A6ERN�A~NYJ�KHKMERGaEMJ3VCG?J�NfNQP6S8B�GtltLYKHK�B�G4DaACL_LfV6LYSuq�U�B�D
l8A6ERN�A�DaA6LtNQJ3KMKHEHGaEHJ�VCG�J�NfNQP6S?Z\µ�LOB�N�A��m� �3� ¤O^Qn|«6J3SuNYLQ¶CLfKHpCG�B�SuL�e6SuEMXgB�SuEHKMU;PCG.LOp_DaJFSuLYeCSaJ�p�PCNYL/G>DuSaPzNrDaPCSuB�K�e6SuJ�e<LYSaDaEHLfGfn
«6J3SuNYLQ¶CLfKHpCG�NYB�VgB�KHGaJ��zLFezB�S�B�X�LQDuLYSuEM¯fLfp�DaJ[SuLYe6SuJ�p�PCNQL8NYLYSaDuB�EHV�e6SuJ�e<LYSaDaEHLfG�L�n qCn	EMD4G.ACJ�P6KRp*�zL8e<J3GuG.EH�6KHL,DaJ[PCGaL,DaACL
GuB�X�L*GaLQD[J�{4eCB�SuB�X*LYDaLfSuG�{�J�ScB�KMK��z�§B�KMomB�V6LfGfn/&WJ3X*L�eCB�SuB�X�LQDaLfSuG_NYB�V�B�KHGaJ~�zL*DaS�B�VzG>{�LfSaSuLfp'�zLYD>l4LfLYV�{�J�S�NQLQ¶zLYKRp6G
l8EMDaA6J3P�D�EHV��CP6LfVCNQEHV6q�DaACL�NYB�KHNYP6KHB�DaEHJ�VCG_DuJWJ�X�PCN�A�n ��B�S�B�X�LQDuLYS�G_KMEHo�Lg�<J�VCp�B�V6q�KHLfG[B�VCp��zJ3VCp³KHLYV6q�DaACGcNfB�V³�<L
SuLfB�p6EMKHU~DaS�B�VCG.{�LYSuSaLOp��<LQD>ltLYLYV'{�J�S�NQLY¶CLYKRp6GfncI�J3G.D;{�J3SuNYLQ¶CLfKHpCG;PzG.L�DaA6L�NQJ3VCNQLfe�D�J�{4B�DaJ�X�D>UWe<LfG�ZB&6N�A6KMERN�o��|� �3� ��^Qn
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�,AWPCG8DuA6L�ezB�S�B�X�LQDuLYS�G,{�J�S�B}G.e 3 NYB�Sa�<J�V�EHV]B�GaP6q3B�S�B�VCp~DuACBmD;{�J�S_B�G.e 3 NYB�Sa�<J�V�EHV'B�V]B�KMomB�V6LcJ�S;B�KRNQJ�ACJ�K|l8EHKHK
p�EM½<LfS[l8E�DuA³SaLOG.e<LfNQD_DuJ}�<J�Vzp�KHLYVCq�DaAzG[B�VCp�LYV6LfSaq3EMLOGYn*�,A6ERG�X*LYDaA6J�p�J3KMJ3q�U�ERG�EMX�e6KHLYX�LfV3DuLfp�EMV�DaACL

t»�����I]I
B�Vzp}�;I]£t´?��{�J3SuNYLQ¶CLfKHpCGY��l8A6ERN�A~�zJ�DaA~L�n qCn�ACB¨v�L�p�EM½<LfSaLfV�D,ezB�S�B�X�LQDuLYS�G/{�J3S,»�EHG.DaERp�EHV6L��zp�LYe<LYVCp6EMV6q�J3V}l8A6LfSaL_EMD
ERG,e6SaJ�DaJ3VCBmDuLfp�Zh£tSaJWJ3o�LfG[�Y�t���MªM²�¤f¥�¸;:=MW@�LYEHV6LYS��Y�t���MªM²�¤f¥3¸ \ ^Qn

bdV�J�S�p�LfS�DaJ'GuB¨v�L�NYJ�X�e6P�D�BmDaEHJ�VzB�K�DuEMX�L�DuA6L���V6E�DuLfp��tDuJ�X «6J3SuNYL�« EHLYKRp�DaACLYJ�SuU%Z����;«�«�^cltB3Gcp�Lfv�LYKHJ�e<Lfp�n
���;«�«�DuSaLOBmD�G�GaX�B�KMK4X�J�KHLfNQPCKMLOG�B�G�G.EHV6q3KML�e<J�EHV�DuG�SuB�DaA6LfScDaAzB�V�B�G�X�J�KHLfNQPCKMLOGYn]��ltB�DaLYS�X�J�KHLfNQPCKML�ltJ�PCKHp³V6J�D
�<L�SuLYe6SuLfGaLYV�DaLOp�B�G_B�DaACSaLfL�BmDuJ�X�X�J�KHLfNYP6KML��6P�D[B�G�B�J�V6L�ezJ3EMV�D s B�DaJ�X��rn��,A6L*GaB�X*L*NYB�V��zL�p�J�VCL�L�n qCnF{�J�S�B�V
LQDuAWU�KHLYVCLtX�J3KMLONQP6KHL�n����;«	«'l8EMKHK�D�B�o�L4DaACL8LQ½�LfNrD�G�J�{zDaA6L8AWU�p�SuJ�q�LfVCG EMV�DaJ[B3NYNQJ3P6V�D�l8A6LYV�NQJ3VCG>DuSaPzNrDaEHV6q_DaACL,GaEHV6q�KHL
s BmDaJ3X���n8�,A6ERG�NfB�V�SuLfGaP6K�D;EMV]B�GaP6�CG.DuB�V�DaERB�K p6LfNQSuLfB3G.L[J�{/NQJ�X�e6P6DuBmDuEMJ3VCB�K�DaEHX*L�L�n qCnt{�J�S;�6P�D�B�V6L�DaA6LfSaLcltJ�PCKHp~�<L
¤ \�\ DaLYSuXgG�DaJ�NYB�KRNQPCKHB�DaL�l8E�DuA�B�V�BmDuJ�X �CB�GaLfp'{�J�S�NQL�¶zLYKRp�n~��e6e6KHUWEMV6q�����«�« SaLOG.PCK�D�G[EMV�J3V6KHU1¤ � DuLYSuX�G[DaACB�D
V6LfLfpgDuJ��<L�NYB�KRNQPCKHB�DaLfp�n ´/v3LYV}X*J3KMLONQP6KHLfGtGaPCN�A}B3G?�<LYV6¯fLYV6L_ACB¨v3L��<LYLYV}eCB�S�B�X�LYDaLYSuEH¯YLfp�l8EMDaA����;«	«�Zh� J¨�WvmB�LYS�p��
¤f¥3¥ � ^rn

bdV�J3Sup�LfS[DaJ�PCGaL�V6J3V��§G.DuB�VCp6B�Sup�X�J�KHLfNYP6KMLOG�EHV�{�J3SuNYLQ¶CLfKHp6Gf�	DaA6LfU³V6LYLOp³DaJ��zL}eCB�S�B�X�LQDuLYSuEM¯fLfp�n��,A6EHG�EHG�DaACL
e6SuJ�NQLfGuG�J�{cp�LY¶CV6EHV6q³DaACL]�zJ3VCp·KMLfV6q�DuACGf�t�<J�Vzp�B�V6q3KMLOGgB�VCp%LfV6LYSuq�EHLfGf�tp6EMA6LOp�S�B�KFB�VCq�KHLfG�B3Ggl4LfKMK;B�G�EHX*eCSaJ3ezLfS
DaJ3SuGaEHJ�V%B�V6q3KMLOG�{�J3SgDaACL�X*J3KMLONQP6KHL�n 
tB�KHNYP6KRBmDaEHJ�V·J�{_DaJ3SuGaEHJ�VCB�KtLfV6LYSuq�EHLfG�ERG�PCGaPCB�KHKHU¬p�J3V6L�v�ERB�GaJ�X�L�y3PzB�V�DaP6X
X�LfN�ACB�V6ERNYB�K�NfB�KRNQP6KRBmDuEMJ3V�n��FKMDaA6J3P6q�A�eCB�SuB�X*LYDaLfSaEH¯fB�DaEHJ�V�J�{|{�J�S�NQLY¶CLYKRp6Gt{�J3SFNQLYSaDuB�EMV~X�J�KHLfNYP6KMLOG,NYB�V}DuB�o�L�P6e�B*KMJ�D
J�{�DaEHX*L3�/EMD�NfB�V1B�KHGaJ'�<L~p6J�V6L}��U�LOG>DuEMXgB�DaEHV6q]DuA6L~B�e6e6SuJ�e6SuERBmDaL�eCB�S�B�X�LQDuLYS�Gc�CB3G.LOp�J�V·G.EHX�EMKRB�S*X�J�KHLfNYP6KMLOG�J3S
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I�EHV6EHX*EH¯fB�DaEHJ�V��CB3G.ERNYB�KMKHU�SuLQ{�LfSuG,DuJ�DaA6L�LYV6LfSaq3U}GaP6S.{hB3NQL[�<LYEHV6qgLQ��e6KHJ�SuLfp�B3GFBge6AWU�G.ERNYB�K�G.PCS.{hB3NQL[l8EMDaA�vmB�KHKMLfU�G
ZhNYJ�SuSaLOG.e<J�Vzp�EMVCq�DaJ�KHJml LYV6LfSaq3EMLOGu^FB�VCp�e<LfB�o�G�Zhl8A6EHN�A�NQJ�SuSuLfGaezJ3VCp6G,DuJ�A6EHq�A6LfS�LfV6LYSuq�EHLfG�^rn�I]EMV6EHX�EM¯OBmDuEMJ3V]EHG�DaACL
e6SuJ�NQLfGuG8�WU�l8A6ERN�A]l4LcDaSuU�DuJ�SuLYKHEMLfv�L�DaACL*G.DaS�B�EHV�J�V]BgX�J3KMLONQP6KHL�B�VCp�B�SuSaEHv�LcB�D_Bgq3KMJ3�CB�K|LYV6LfSaq3U}X�EHV6EMX�P6X±Z�J3S
vmB�KHKMLfU6^F{�J3ScB�NQLYSaDuB�EMV³G.DaSuPCNrDuP6SaL�Z�EMDcERGcB�KHX�J3G.D_EHX�ezJ�GaGaEM�CKML�DuJ~oWV6Jml l8A6LQDuA6LYS�DuA6LgKMJ�NfB�K�X�EMVCEMX�P6X­ERG[B�KRG.J}DaACL
q�KHJ��zB�K�LYV6LfSaq3U�X�EMVCEMX�P6X�^rn?�,A6L�e6SuJ��CKMLfX�NYB�V}�<LcG>D�BmDuLfp}{�J�SuXgB�KHKMU�B3GYi

s ©_EMv3LYV�B�{�P6VzNrDaEHJ�V���l8A6ERN�A1p�LfezLfVCp6G�J�V�J�VCL�J�S�X*J3SaLgEHVCp�LfezLfVCp�LfV3D�vmB�SuEHB��6KHLfG
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¶CVCp³DuA6L
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�,A6LfSaL�B�SuLcD>ltJ}XgB�EMV�X*LYDaA6J�p6G�J�{4X�EHV6EMX�EH¯fB�DaEHJ�V���VCB�X�LYKHU�DaA6J�G.L*l8A6ERN�A�PCGaL�p�LYSuEMvmB�DaEHv�LfG_B�Vzp]DuA6J3GaL�l8ACEHN�A�p�J
V6J�Dfn�bdV�{�P6VzNrDaEHJ�VzGtDaACB�DtPCGaLfGtp�LfSaEHvmBmDaEHv�LOG/DuA6L;¶CSuG.D8p�LYSuEMvmB�DaEHv�L�J�{ B[{�PCVCNrDuEMJ3V}l8EHKMK��<L;¯fLYSuJ�B�D4DuA6L;X�EHV6EHX�P6X�B�VCp
DaAWPCG4EHVCp�ERNYBmDuL8DaACL�X�EMVCEMX�P6X LYV6LfSaq3U�q3EMv3LYV�BcNYLYSaDuB�EHV�G.DuB�SaDaEHV6qce<J�EHV�Dfn�I�J�G>D?X�EHV6EHX*EH¯fB�DaEHJ�V�X�LYDaA6J�p6GtNYB�V6V6J�D4q�J
P6e6ACEMKHK|B�Vzp�DuAWPCG8B�KHK�DaA6L[X�LYDaA6J�p6G8l8EHKHK�¶CVCp}DaACL[KMJ�NYB�K�X�EMV6EHX�PCX¼NQKHJ3GaLfG.D,DaJ*DaACLcG>D�B�SaDaEHV6qgNQJ�V6{�J�SuX�B�DaEHJ�V�n

bdV~V6J�V��dp�LfSaEHvmBmDaEHv�L_X�LQDuA6J�p6G8J�{�X�EMVCEMX�EH¯fBmDuEMJ3V�DuA6LYSuLcB�SuL;D>l4J�XgB�EHV�X*LYDaA6J�p6GFVCB�X�LYKHUgDuA6LcG.EHX�e6KHLQ��X�LQDuA6J�p
B�Vzp'DuA6L�GaLfy�P6LfV3DuEHB�K�P6V6EHvmB�SuEHB�DaLgX�LQDuA6J�p·Z\µ�LOB�N�A���� �3� ¤O^Qn��,A6L�GaEMX�e6KHLQ��X*LYDaA6J�p³XgB�o3LfG�PCGaLgJ�{8B�I���¤�GaEHp6Lfp
q�LfJ�X�LQDuSaERNYB�K�¶Cq3P6SaL]Zhl8A6LYSuL}I ERG�DaA6L�p6EMX�LYVzG.EHJ�VCB�KMEMD>U�J�{8DaACL�LYV6LfSaq3U'{�PCVCNrDuEMJ3Vz^r��l8A6ERN�A�ERGcX�Jmv�LOp�B�NQSuJ3GuG_DaACL
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LYVCLYSuq�U�GaP6Sa{hB�NQL3n?�,A6ERGFERG8�<LQD.DuLYS�DaACB�V�p6LYSuEMvmBmDuEMv3L�X*LYDaA6J�p6G��6P�D�EHVWv�J3KMv3LfG,B�V�EHX*X�LfVCG.L�B�X�J�P6V�DFJ�{�NfB�KRNQP6KRBmDuEMJ3VCG
B�Vzp�EHGFDaAWPCGFJ�{ºDaLfV�EMX�e6S�B�NQDaERNYB�K n8� {�LYl¢G.DaLfeCGFJ�{/G.EHX�e6KMLY�~X�LYDaA6J�p�{�J3KMKHJml4LOp~��U~BgX�J�SuL[LQ��NQEHLYV�D_X*LYDaA6J�p�GaPCN�A
B�G�G>DuLYLfezLOG>D�p�LfGuNQLfV3D�ACB�G��zLfLYV1GaA6Jml8V³DaJ�l4J3Sao�l4LfKMK_Zhµ|LfB�N�A|��� ��� ¤O^rn��,A6L~G.LOy�P6LYV�DaERB�K4P6V6EHvmB�SuEHB�DaL�X�LQDuA6J�p�ERG
PCGaPCB�KHKHU�PCGaLfp�{�J�S8y�PCB�V�DaPCX�X�LfN�ACB�V6ERNYB�K�NfB�KRNQP6KRBmDuEMJ3VCGYn	b§DFltJ�SuoWG4�WUgDuB�oWEMV6qgB�NQJWJ3Sup�EHVCB�DaL��Wq3LYV6LfSuB�DaEHV6qcD>ltJ�V6LYl
G.DaSuPCNrDuP6SaLOG_{�J�S�DuACBmD�NYJ�J3Sup6EMVCB�DaL3�|NYB�KHNYP6KHB�DaEHV6q}DaA6LgLfV6LYSuq�U'B�VCp'DaA6LfV³¶6D.DuEMV6q]B~eCB�SuB��zJ3KHB}J�V�DaACL�DaA6SuLYLge<J�EHV�DuGfn
�,A6L[KHJml4LOG>D8e<J�EHV�DFEHGtDuA6LYV]p�LYDaLfSaX�EHV6Lfp~B�VCp}DuA6LcNQJWJ�S�p�EHVCBmDuL�EHGFN�AzB�V6q3LfpgDuJ�DaA6ERG8KHJml4LOG>D8e<J�EHV�Dfn/�,A6ERG8e6SuJ�NQLfGuG,ERG
SuLYe<LfBmDuLfp�P6V�DaEHK6V6J�V6Lfl1KHJml4LOG>D�e<J�EHV3D/NfB�V*�zL,{�J3P6VCp��3EMVCp6EHNfBmDaEHV6q_DaAzBmD�DaA6L8X�EHV6EHX�P6X ACB�G��<LYLfV*SuLfB3N�A6Lfp}ZB&�N�ACKMERN�o��
� �3� �3^rn

T;LYSuEMvmBmDuEMv3L�X�LQDuA6J�p6GgB�SuL}p6EMvWERp�Lfp¬EMV�DuJ'¶CS�G.D*J3Sup�LfS�X*LYDaA6J�p6G�Zhl8A6EHN�A·J�VCKMU�PCGaL}DaA6L~¶CS�G>Dgp�LfSaEHvmBmDaEHv�L¨^�B�VCp
GaLfNQJ3VCp�J3Sup6LYS?X�LYDaA6J�p6G[Zhl8A6EHN�A}PCGaL;�<J�DuA�¶CS�G.D,B�VCp�GaLfNYJ�VCp�p6LYSuEMvmBmDuEMv3LfG�^rnXK�{�DuA6L�¶zSuG.DtJ3Sup6LYStX*LYDaA6J�p6G8G.DaLfLYe<LfG.D
p�LOGaNYLYV�D�ZB&�T�^[B�Vzp 
4J3V��>P6q�BmDaL�q3SuB3p�EMLfV�D�Z�
,©[^[B�SuL*DaA6LgX�J3G.D[l8EHp6LYKHU'PCGaLfp�ng@�EMDaAW&6T¹DaA6L�¶CSuG.Dcp�LYSuEHv¨B�DaEHv�L�ERG
NYB�KHNYP6KRBmDaLOp}B3G8B*v�LfNQDaJ3Sf��DaAWPCG,eCSaJmvWERp�EMVCq*B�p�EHSaLONrDuEMJ3V�{�J3S,DaA6L[V6LY�WD8NfB�KRNQP6KRBmDuEMJ3V~G.DaLfe�n�@�A6LfV�DuA6L[X�EMV6EHX�PCX�ACB3G
�<LYLYV�NYSaJ�GaGaLfp]DaA6L�G.DaLfe�GaEM¯fL�EHGcp6LfNQSuLfB3G.LOp]EHV³J�S�p�LYS_DaJ�NYJ�VWv�LfSaq3L�J�V�DaACLgKMJ�NYB�K�LYV6LfSaq3U�X�EMV6EHX�PCX~ng@�EMDaA�LOB�N�A
NYB�KHNYP6KRBmDaEHJ�V~DuA6L�NYJ�J3Sup6EMVCB�DaLOG8J�{�DaACL�e6SuLYvWEHJ�PCGFG.DaLfe'B�SuL[PCGaLfp�B�VCp�LfB3N�A]G.PCNfNQLOGaGaEMv3LcG>DuLYe�ERG;B�D;BgSuEMq3A�D�B�V6q3KML[DuJ
DaACL[e6SaLfvWEMJ3PCG8p�EHSaLONrDaEHJ�V~J�{�X�Jmv�LfX*LfV�DfnX&�T NYB�V~SuLfGaP6K�DFEHV�G.XgB�KMK�LfSaSuJ�S�Gf�3LOG.e<LfNYEHB�KMKHU�l8A6LfV~DaA6L[X�EHV6EMX�P6X KMEHLfG,EHV
B�VCB�SaSuJml�vmB�KHKMLfU}B�Vzp�DuA6LcG.DaLYe�GaEM¯fL[EHGFKHB�Saq3L;LfV6J�P6q3A~DaJgG>DuLYe�Jmv3LYStDaA6L[vmB�KMKHLYU3n?�,AWPCG,DaACLcG>DuLYe�G.EH¯YL[VCLYLfpCGtDaJg�<L
SuLfp�PCNYLfp}l8A6LYV�B�e6e6SuJ3B�N�ACEMV6q�DaA6L[X�EHV6EHX�P6X�n

bdV 
,© DaA6L�q�S�B�p�EHLYV�D�BmDFLOB�N�A�e<J�EHV3D;EHG�J�SaDaA6J3q�J�VzB�K��6P�D�DaA6L�p6EMSuLfNQDaEHJ�VCG;B�SuL�NYJ�V��>PCq3BmDuL�n8�¢GaLQD�J�{�NYJ�V��>PCq3BmDuL
p�EHSaLONrDuEMJ3VCG,ACB�GtDuA6L�e6SuJ�e<LYSaD>UgDaACB�D,{�J�SFB�y�PCB�p�S�BmDuEHN_LOy3PzBmDaEHJ�V�DaA6L[X�EHV6EHX�P6X¼l8EMKHK��<L[SaLOB�N�A6LOp�EHV�B�V~B�X�J�P6V�D8J�{
G.DaLYezG,Lfy�PCB�K�DuJ*DaA6L[B�X�J3P6V�D,J�{ vmB�SuERB��6KHLfGfnLK;VCL_J�{|DuA6L[X�J3G.D,l8ERp�LfKMU�PzG.LOp 
,©¢v¨B�SaERBmDuEMJ3VCGtEHGtDuACBmD8J�{ ��J�KRB�o�B�VCp
�8EH�6EHLYSuL�ZN&�N�A6KHEHN�o��z� ��� �8MWµ�LfB3N�A��C� �3� ¤¨^rn

�,A6L*X�J3G.D[NYJ�X�X�J�V6KHU�PCGaLfp�G.LONQJ�Vzp'p�LfSaEHvmBmDaEHv�L*X�LQDuA6J�p'ERG;DaA6LgwFLfl,DaJ3V��§��B�e6ACGaJ�V�X�LQDaACJWp��|p�LYv3LYKHJ�e<Lfp'��U
b>GuB�B�NtwFLfl,DaJ3V*B�VCp�KRBmDuLYS�X�J�p�EM{�Lfp*�WU��FB�eCACG.J3V}ZN&�N�A6KHEHN�o��3� ��� �3^rn	�,A6Lt¶CSuG.D/p�LYSuEHv¨B�DaEHv�L,ERG�PCG.LOpcDuJ[p�LQDuLYSuX*EHV6LtDaACL
X�EMVCEMX�P6X B�VCp}DaA6L�G.LONQJ�Vzp~p6LYSuEMvmBmDuEMv3L�EHG8PzG.LOp~DaJ�p�LYDaLYSuX�EMVCL�DaA6L�NYP6Suv¨B�DaP6SuL�J�{�DaACL�{�P6VCNrDuEMJ3V�n,T�P6LcDaJ�»FLOGaGaERB�V
XgBmDuSaEM��Z\B � � ��G.UWX�X�LQDuSaERN8XgBmDuSaEM�gJ�{|GaLfNQJ3VCpgp�LfSaEHvmBmDaEHv�LOGu^�EMVWv�LfSuGaEHJ�VCG��<LYEHV6q*B�e6e6KHEHLfp�DuJ�NYB�KHNYP6KHB�DaL�DaA6L;LYV6LfSaq3U
GaP6S.{hB3NQL3�CEMD;ERG�v3LYSuU~NYJ�X�e6P�D�BmDaEHJ�VzB�KHKMU}EMV�DaLfVCGaEMv3L�B�VCp�DaAWPCG;EHG�PCG.LOp�J�VCKMU}{�J�S;X*J3KMLONQP6KHLfG�KMLOGaGFDaACB�V�� �3� BmDuJ�XgGFEHV
GaEM¯fL�n�</B�SuEHB�DaEHJ�VCGtACB¨v3L��<LYLfV~EHV�DaSuJ�p�PCNQLOp���l8A6ERN�A�PCGaL_DaA6L[GuB�X�L_EMVWv�LfS.DuLfp}»FLfGuGaEHB�V}XgBmDuSaEM�g{�J�S8GaLYv3LYS�B�K�G>DuLYeCG,�6P6D
GaEMX�e6KHU�SuLfNfB�KRNQP6KRBmDuLfG4DaA6L[q3SuB3p�EHLYV�DuG,BmD8LOB�N�A�G>DuLYe�n

I�EHV6EHX*EH¯fB�DaEHJ�V�X�LYDaA6J�p6Gtl8EHKMK�V6Lfv�LYStSuLfB�N�A�DuA6L_LQ�6B�NQD4X�EMVCEMX�P6X­Z��<LfNfB�PCGaL�J�{�DaACL_G.DaLfe}GaEM¯fLO^��CP�D8l8EMKHK�B�KHltB¨U�G
q�LYD�NYKMJ�G.LfS[B�VCp�NQKHJ3GaLYSO�zDuAWPCG_DaA6L�V6LfLfp]DaJ��zLgB��6KML�DaJ}DaLfKMK�DuA6L�e6SuJWNYLfp�PCSaL*l8A6LYV'DaJ�G.DaJ�e|n��,A6L�X�J3G.D�NYJ�X�X�J�V
l,B¨UWG4B�SuL8DaJ�G.DaJ�e�X*EHV6EHX�EM¯fEMV6q*l8A6LfVgDaA6L_LYVCLYSuq�U�N�ACB�V6q3L��<LQD>ltLYLfVgD>l4J*G.PzNYNQLOGaGaEHv�L�G.DaLfeCG?SuLfB3N�A�B�NYLYSaDuB�EHV�vmB�KHP6L3�
J�S[B�{ºDaLYS[B�NQLfS.D�B�EHV'VWP6X��zLfS_J�{tG.DaLfeCGYn*�FV6J�DaA6LfS[ltB¨U�ERG_DaJ�G.DaJ�e�X�EMV6EHX�EM¯fEMVCq~l8ACLYV�DaA6LgN�ACB�V6q�L*EMV³NQJWJ3Sup�EHVCB�DaL
X�Jmv�LfX*LfV�D*ERG�G.XgB�KHK,LYV6J3P6q�A¬J�S�l8A6LfV·NYLYSaDuB�EHV¬��I &�Z\�8JWJ�Da�§I�LOB�V��
&�y�PCB�SaL�q3SuB3p�EHLYV�D�^�p�EM½<LfSaLfVCNQLOG�AzB¨v�L��<LYLfV
GuBmDaERG.¶CLfp�Zhµ|LfB�N�A|�C� ��� ¤4M=&�N�A6KHERN�o<�C� ��� ��^rn
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�,A6LfSaL�B�SuL�vmB�SuEHJ�PCG�NQJ3X�e6P�DaLfS[G.EHX�P6KRBmDuEMJ3V'X�LQDuA6J�p6G[B¨vmB�EHKHB��6KHL�DuJ~GaEMX�P6KRBmDaL�X�J�KHLfNYP6KRB�S_X*Jmv3LYX�LYV�D��6P�D�DaACL
p�ERGaNYPCGuG.EHJ�V�l8EMKHK��<LgKMEHX�E�DuLfp�DaJ�DuA6L*D>l4J�X�LQDuA6J�p6G[X�J3G.D[PCG.LOp]{�J3S[e6SuJ�DaLfEMVzGY��VzB�X�LYKHU'I�J3V3DuL 
tB�SuKMJ�G.EHX�PCKHB�DaEHJ�V
B�Vzp�X�J�KHLfNYP6KRB�SFp�UWVCB�X*ERNYGfn
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I�J3KMLONQP6KRB�S_T�UWVCB�X*ERNYG_ERG;DaA6L�B�e6eCKMERNYB�DaEHJ�V]J�{4wFLfl,DaJ�V|x G_Lfy�PCB�DaEHJ�V]J�{?X�J�DuEMJ3V�DaJ�B}GaLQD�J�{4ezJ3EMV�DuG;J�S�BmDuJ�XgGfn
�,A6LOG.L;Lfy�PCBmDuEMJ3VCGtB�SuL;GaJ�KHv�Lfpg{�J�S,NQLYSaDuB�EMV�DaEHX*L_EHV3DuLYSuvmB�KRG/DuJ�J3��DuB�EMVgDuA6L_X*Jmv3LYX�LYV�DtJ�{|X�J�KHLfNYP6KHLfG4Jmv�LYStB�NYLYSaDuB�EHV
DaEHX�L}e<LYSuEHJWp�n�£4U³PCGaEHV6q�GaXgB�KHK4DuEMX�L�G>DuLYeCG�ZhEMV1DaA6L}{�LYX�DaJ3GaLfNYJ�VCp�SuB�V6q�L¨^�{�J�S*LfB3N�A1NYB�KHNYP6KRBmDaEHJ�V|�/B�V1B3NYNQPCSuB�DaL
e6ERNrDuP6SaL�J�{?ACJml X*J3KMLONQP6KHLfG;X�Jmv�L�NfB�V]�<L�B�NYy�P6EHSuLfp�n��,A6L�NYJWJ�S�p�EMVzBmDaLOGFJ�{?LfB3N�A�ezJ3EMV�D[B�SuL�B�p��>PCG>DuLfp]B�{ºDaLfS_LOB�N�A
NYB�KHNYP6KRBmDaEHJ�V[B3NYNQJ3Sup6EMV6qtDuJ,DaA6L/VCLYl³v�LfKMJ�NQEMDaEHLfG|B�VCp�p�EHSaLONrDuEMJ3VCG�J�{�X�Jmv�LfX�LYV�D|p�LQDuLYSuX�EMV6LOp��WU;wFLfl,DaJ3V�x G|Lfy�PCB�DaEHJ�VCGfn
�,A6L_N�ACB�V6q3LfG�EHV�e<J3GaEMDaEHJ�V�{�J�StLfB3N�AgezJ3EMV�D,NYB�Vg�<L�NQJ�X��6EHV6Lfp�EHV�DaJ�BcDaS�B��>LONrDaJ3SaU3��l8A6ERN�A�p�LOGaNYSaEH�zLOG�DuA6L;X�Jmv3LYX�LYV�D
J�{�LfB3N�A�BmDaJ3X�n��,A6LfGaL]NYB�KHNYP6KRBmDaEHJ�VzG�ACB¨v�L�KHLfp¬DaJ�vmB�SuEHJ�PCG�EHVCGaEMq3A3D�GgEHV3DuJ�X�J�KHLfNQPCKHB�SgX*Jmv3LYX�LYV�D�GaPCN�A�B�G*DaACL
e6SuLfp�ERNrDuEMJ3V�J�{�DaA6L�X�J�DaEHJ�V�J�{[DaACL�KHJWJ�e�EHV�DuA6L��,b>I�� �CB�SaSuLYK;LYV6¯fUWX*L·ZhT;LYSuSaLfP6XgB�P�� �Y���m�MªM²�¤O¥�¥3¸3^gB�VCp%DaACL
GaP6�CGaLfy�P6LYV�D[NQJ3V�¶CSuX�B�DaEHJ�V]�WU]w;I]��Z\�8J�¯fJmvWGaoWU��Q�;���knH�|� ��� ¤O^QncT�LfSaSuLYP6XgB�P��]B�VCp�NQJ��§ltJ�Suo�LYS�G,e6SuLfp�ERNrDuLfp]DaACB�D
DaACL[KMJWJ�e~l8EHKMK|NYKMJ�G.L�X�J�SuL[G.KHJml8KHUgl8A6LYV~DaACLYSuL_ERG8V6JgGaP6�CG.DaS�BmDuL_eCSaLOG.LfV3DFB�VCp}�FJ�¯YJmv�GaoWU�B�VCp~NQJ�� ltJ�Suo�LfSuG?e6SaJmv3Lfp
DaAzBmD�DaACL�G.e<LYLOp*J�{�KMJWJ3e�J3ezLfV6EMVCq[EHG�SuLYKRBmDuLfp�DaJ[KHEHq3B�Vzp�B¨vmB�EHKRB��6EHKMEMD>U�B�VCp�D>U�e<LFJ�{<KHEMq�B�VCp�n	�,A6ERG�ERG/B�q�JWJ�p�LQ�6B�X�e6KHL
J�{<l8A6LYSuL8I]T�NYB�V��<L8PCGaLfp�DaJ�e6SuLfp�ERNrD�e6SuJ�e<LYSaDaEHLfGf�ml8A6ERN�AgNYB�V�KHB�DaLfS��zLtDaLOG>DuLfp*EHV�DuA6L8KHB��zJ3SuB�DaJ3SaUgZhµ|LfB3N�A���� �3� ¤O^Qn

(*),+-)��S)RQS)/9;G-> @"5��/687 3,G��*A,U 0�3,68@�A,G->?F

I�J3V3DuL 
tB�SuKMJ�ZhI 
,^[G.EHX�PCKHB�DaEHJ�V�p�EM½<LfSuG�{�SuJ�X I]T¡EHV�DaACB�D�EMDcq�LYVCLYS�BmDaLOG[NQJ3V�¶Cq�PCSuB�DaEHJ�VCG_S�B�VCp�J3X�KMU]�zB�GaLfp
J�V�DuA6Lce6SuLYvWEHJ�PCG�NQJ�V6{�J�SuX�B�DaEHJ�V�B�VCp~DuA6LYV]p6LfNQERp�LOGFl8A6ERN�A]NQJ3V�¶Cq�PCSuB�DaEHJ�VCGtDuJ�o�LfLYe��z�CB�GaLfp~J�V]BgGaLQD;J�{/NQSuE�DuLYSuEHBCn
&WEHV6q�KHL�B�DaJ3X�G;J�S_LYv3LYV'B�{�LYl¢B�DaJ�XgG;XgB¨U~�<L*X*Jmv3Lfp�B�D�B�DaEHX*L�B�Vzp�DaA6L*e<J�DaLfV�DaERB�K	LYV6LfSaq3U~NfB�KRNQP6KRBmDuLfp�n_b§{/DaACL
e<J�DaLfV�DaERB�KtLYV6LfSaq3U�ERGcKHJml4LfScDuACB�V�DuA6L�eCSaLfv�EHJ�PzG�G.DuBmDuL�DuA6LYV�DuA6L}NYJ�V�{�J3SaXgB�DaEHJ�V�ERG�B3NYNQLfe�DaLOp�n]b§{FDuA6L�LfV6LYSuq�U�ERG
A6EHq�A6LfS[DaAzB�V³DaACL�e6SuLYvWEMJ3PCG[G.DuBmDuLgDaACLYV³DaACL�£tJ�KMDa¯YXgB�V�{hB3NrDuJ�ScJ�{4DuA6L�LYVCLYSuq�U�p6E�½�LYSuLYVCNYLgEHG�NYB�KHNYP6KHB�DaLOp�n�b§{,DaACL
£tJ�KMDa¯fX�B�Vg{hB�NQDaJ3S?ERG?A6EHq�ACLYS/DuACB�V~B[S�B�VCp�J3X�KMU*q�LfV6LYS�BmDuLfp�VWP6X��<LYSt�<LQD>ltLYLYV � B�Vzp�¤��3DaA6L�NQJ3V�{�J�SuXgBmDuEMJ3VgEHG4o�Lfe�D
LYKRGaL�DaA6L[J3SaEHq�EHVCB�K�NYJ�V�{�J3SaXgBmDuEMJ3V}ERG,o�Lfe�D8{�J�S,DuA6LcV6LY�WDFSaJ3P6VCp�n/�,A6ERGFB�KMKHJmlFG4{�J�S�B*X�J�KHLfNYP6KML�DuJ�q�J�P6e6A6EHKHK|J�V}DaACL
LYVCLYSuq�U�GaP6S.{hB3NQL3n

�,A6L�p6E�½�LYSuLYVCNYL��<LQD>ltLYLfV�I]T B�VCpgI 
¬ERG�DuACBmD,I]T°NYB�V}NYB�KRNQPCKHB�DaL8DuEMX�LQ�dp�LfezLfVCp6B�V�Dte6SaJ3ezLfS.DuEMLOG�J�{|B�G.U�G.DaLYX
l8A6LfSaLOB�G�EHV�I 
1DuA6L;G.DuB�DaLfG4NYB�V6V6J�D4�zL;KMEHV6o�LOp�DaACSaJ3P6q�A�DuEMX�L�n�bdV�I 
1DaA6L�DaJ�D�B�KzLYV6LfSaq3U�ERG4NfB�KRNQP6KRBmDuLfp�l8EMDaA�J3V6KMU
DaACL[ezJ�DaLYV�DuEHB�K�LYV6LfSaq3Ug{�P6VCNQDaEHJ�V�l8A6LYSuLfB3G,I]T ACB3G8B�oWEHV6LQDuEHN�LfV6LYSuq�U�{�P6VCNrDuEMJ3V�B�G,ltLYKHK/ZB&�N�A6KHERN�o<�C� ��� ��^rn

(*),+-)��S) (*)�
 5 7 A,G*Y?AB2���GT0�>�Y?687 AB5 F

bdV�J3Sup�LfS�{�J3S}X�J3KMLONQP6KHLfG}V6J�D~DaJ1�CU�J�½ EHV�DaJ¬GaeCB3NQL�p6P6SaEHV6q·B¬GaEMX�P6KRBmDaEHJ�V|��NQLfS.D�B�EHV��zJ3P6VCp6B�SaEHLfG}V6LfLfp�DuJ
�<L�EMX�e<J3GaLfp�J�V�DuA6L�GaUWG.DaLfX�n��,A6LYSuL�B�SuL�D>ltJ}D>UWe<LfG[J�{8�zJ3P6VCp6B�SaEHLfGfi[ezLfSaEHJ�p�ERN��zJ3P6VCp6B�SaEHLfG[B�VCp³V6J�V6� e<LYSuEMJ�p�ERN
�<J�P6VCpCB�SuEMLOGYn
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��LYSuEMJ�p�ERNg�<J�P6Vzp6B�SuEMLOGcB�SuL�PCGaLfp³l8ACLYV�X�J�KHLfNYP6KHLfG�B�SaLgEHVWv�LOG>DuEMq�BmDaLOp�EMV1GaJ�KHP�DuEMJ3V���L�n qCn]B]GaJ�KHvmBmDaLOp³e6SuJ�DaLfEMV|n
� e<LYSuEMJ�p�ERN��<J�P6VCpCB�SuU'NYB�V��<L�GaLYLfV³B3G[B�V�B�e6e6SuJ�e6SuEHB�DaLfKMU]GaEM¯fLfp��<J¨�·Z�J�{ºDaLfV�B~NYP6�<L���SaACJ�X��CEHN�p�J�p�LONYB�ACLfp�SuJ�V
J�S[Gae6A6LfSaL¨^r�|l8ACEHN�A�EHG_¶zKMKHLfp�l8EMDaA�G.J3KMv3LYV�D[B�VCp�G.J3KMP6DaL�ng�,A6ERG[�<J¨�]EHG[DaA6LfV�SuLYeCKMERNYB�DaLfp'EMV�B�KMK�DuA6SaLfLgp�EMX�LfVCG.EHJ�VzG
X�LfB�V6EMVCq�DaACB�D�B�G8GaJ�J3V�B�G8BgGaJ�KHv�LYV�D8X�J�KHLfNYP6KML�KHLfB¨v3LfGtDaACLcNQP6SuSaLfV�D,�<J¨�~B�V6J�DuA6LYS8e<LYSa{�LfNQD�NQJ3e�U}J�{	DaA6L[X�J3KMLONQP6KHL
LYV�DuLYS�G�DuA6L��zJ¨��{�SuJ�X�DuA6L�J�DuA6LYS[GaEHp�L3��DaAWPCG[B�KMl,B¨U�GFXgB�EHV�DuB�EMV6EHV6q}DaA6LgGuB�X�L*V�PCX��<LYS[J�{4X*J3KMLONQP6KHLfG_EHV'DuA6L��zJ¨�
Zh«CSaEHLfp6X�B�V��8¤f¥W¦ � ^rn��,ACEHG�EHG*PCGaLfp�DaJ'X�EHV6EHX*ERGaL�DuA6L}LY½<LONrD�J�{F�<J�P6Vzp6B�SuU�NQJ�Vzp�E�DuEMJ3VCGcJ3V1GaJ�KHv�LYV�D*EMV�DaLfSuB3NrDuEMJ3V�n
@�A6LfV�G.DaPCp�UWEHV6q}DaA6L�B�p6GaJ�Sue�DuEMJ3V�J�{?KHEHy�P6ERp6G;J�V�DaJ~G.PCS.{hB3NQLfGf��ezLfSaEHJ�p�ERNc�<J�P6VCpCB�SuU�NYJ�VCp6E�DuEMJ3VCG;NfB�V]J3V6KHU��zL*PCGaLfp
J�V~X�J�KHLfNYP6KMLOGtl8A6EHN�A�X�Jmv�L_eCB�SuB�KMKHLYK<DaJ*DuA6L[G.P6Sa{hB�NYL�n��FVWU�X�J3KMLONQP6KHL_DaACB�D�G>DuSuB¨U�G4J�P�D8J�{ DaA6L�DuJ�e~J�{ DaA6L[�<J¨��l8EHK
�>PCG.Dc�zL�p6LQ�CLONrDaLOp'�zB�N�o]EHV�n ��LYSuEMJ�p�ERN*�zJ3P6VCp6B�SaU]NYJ�VCp�EMDaEHJ�VzG[NYB�V��<LgPCG.LOp'l8EMDaA³X�J3G.DcG.AzB�e<LfG�J�{t�zJ¨��LOG;�CP�D�B
GaACB�e<L[B�e6e6SuJ¨��EMXgB�DaEHV6q*B�Gae6A6LfSaL�l8EHKMK�EHVWv�J3KMv3L�DuA6L[KMLOB�G.DFB�X�J�P6V�D8J�{�NYB�KHNYP6KHB�DaEHJ�VCGtDuJ��zLcp�J3V6LgZhµ|LfB�N�A|�C� ��� ¤O^Qn

wFJ3V��§ezLfSaEHJ�p�EHNc�zJ3P6VCp6B�SaU�NQJ3VCp�EMDaEHJ�VCG_B�SuL�GaJ�X�LQDuEMX�LfG�PCGaLfp�EHV�GaE�DuPCBmDuEMJ3VCGFl8ACLYSuL�B�VzBmDaPCSuB�K|�<J�P6VCpCB�SuU~GaPCN�A
B�G_EHV�B}ltB�DaLfS_p�SuJ�eCKMLYD_J�NYNYP6S�GYn[b§D�EHG�B�KHGaJ}e<J3GuGaEM�6KHLcDuJ�J�V6KHU�G.J3KMvmBmDuL*B~GaX�B�KMK�eCB�S.D_J�{/DuA6L�e6SuJ�DaLfEMV�G.PzN�A�B�G�DaACL
B�NQDaEHv�L_G.EMDaL_B�KMDaA6J3P6q�AgDuA6ERG?XgB¨U�KMLOB�p�DuJ�LfSaSuJ�S�G�l8A6LfV�G.DaPCp�UWEHV6q�X�Jmv3LYX�LYV�D4J�{�X�J�KHLfNQPCKMLOGYn�@�A6LfV}GaJ�KHv¨B�DaEHV6qcJ3V6KMU
B�ezB�SaD;J�{?DaA6L*X�J�KHLfNQPCKML3��GaPCN�A'B3G;B�V'B�NQDaEHv�L*G.EMDaL3�zDuA6LYV³B�SuLfGaLYSuv�J3EMS�X�PCG.D_B�KHGaJ��<L*GaLQD_P6e'EHV'J3Sup6LYSFDuJ~B3NYNYJ�P6V�D
{�J�S,DuA6L�LQ½�LfNQDuG8J�{	GaJ�KHv�LYV�D,X�J�KHLfNQPCKMLOG,X*JmvWEHV6q*EMV�B�Vzp�J3P�D8J�{|DuA6LcNQLfV�DaS�B�K�G.J3KMvmB�DaLfp}¯YJ3V6L�n�@�A6LfV�J�V6KHU�GaJ�KHv¨B�DaEHV6q
BgeCB�S.D;J�{?BgX�J�KHLfNYP6KHL��<LYSuSaJ3SuG8XgB¨U�B�SuEHGaLcp�P6L�DaJ}P6V6VCB�DaP6S�B�K X*Jmv3LYX�LYV�DFJ�NYNYP6SuSaEHV6qgl8A6LfV]eCB�SaD;J�{�DaA6L*NQJ�X�e6KHLQ�
ERG,EMV�GaJ�KHv�LYV�DFB�Vzp}B�V6J�DuA6LYS8eCB�S.D8J�{|DaACLcNQJ�X�e6KHLQ�}EHG8EHV�B*v¨B3NQP6PCX­ZB&�N�ACKMERN�o��z� �3� ��^Qn

(*),+-)��S)��?)��XG->�<���7V6 >?<-5 5*GT7 245�F

@�A6LfV~GaEMX�P6KRBmDaEHV6q�DaA6L�X�Jmv�LfX�LYV�D4J�{ X�J�KHLfNYP6KMLOGtl4L�NYB�V6V6J�D �>PCG.DFNQJ3VCG.ERp�LfS?DuA6L�EMV�DaLfSuB3NrDuEMJ3VCGt�zLYD>l4LfLYV�X�J3KMLY�
NQPCKMLOGY�ml8A6ERN�A�B�SuL?V6LY��D�DuJ;J3V6LtB�V6J�DuA6LYSOn|@�L,X�PCG.D�B�KRG.J�NQJ3VCG.ERp�LfS KHJ�V6q�� S�B�VCq�L/EHV�DaLYS�B�NQDaEHJ�VCG �<LQD>ltLYLYV�L�n qCn	SaLOG.ERp�P6LOG
EHV�Bce6SuJ�DuLYEHV�n ��GaPCB�KHKHU�GaJ�X�LFoWEHVCp�J�{|NQP�DuJ�½�EHG4EHV3DuSaJ�p�PzNQLfp�l8A6LYSuL�KHJ�V6q�� S�B�VCq�L8EHV3DuLYS�B�NQDaEHJ�VCG4B�SuL�NQJ3VCG.ERp�LfSaLOp�¯YLYSuJ
Bm{ºDuLYS?B[NYLYSaDuB�EMVgp�ERG>D�B�VCNYL�n���q3SaJ3P6e��§�CB�GaLfp�NQP�DuJ�½}ERG�PCGaLfp��WU*B�GuG.EHq�V6EHV6q[NQLfS.D�B�EHVgBmDaJ3XgG�EMV�B�X�J3KMLONQP6KHL8DaJ[q3SaJ3P6eCGfn
�,A6ERG/ACB3G�DuA6LFLQ½�LfNQD?DuACBmD4B�KMKzEMV�DuLYS�B�NrDuEMVCq[LYV6LfSaq3EMLOG/NYB�Vg�zL_NYB�KRNQPCKHB�DaLfp*J3V�B[q�SuJ�P6e6� q3SaJ3P6e�EHV�DaLYS�B�NQDaEHJ�V��CB3G.ERG�DuA�PzG
PCGaEMVCq�KMLOGaG�DaEHX�LcDuJ�NYB�KHNYP6KHB�DaL3nFbdV�DaACLYJ�SuU�EMD�EHG��zLOG>D;DaJ�PzG.LcVCJ}NQP6DaJ�½³�6P�D;DaA6ERG;�zLONQJ�X�LOG8DaJWJ~NQJ�X�e6P6DuBmDuEMJ3VCB�KHKHU
LQ��e<LYVCGaEHv�L_DaJ�PCGaL[EMV�e6S�B�NQDaERNQL3n��,ACLYSuL�B�SaL;D>ltJ*oWEHVCp6G8J�{ q3SaJ3P6e��§�CB�GaLfp}NQP�DuJ�½�GYi�Gal8E�D�N�A6Lfp�B�Vzp}GaA6EM{ºDaLfp�n

�,A6LcGaA6EM{ºDaLfp�{�P6VCNrDuEMJ3V�X�JWp6E�¶CLOG8DuA6L�µ�LfV6VCB�SupW�d�3J�V6LOG4e<J�DuLYV�DaERB�K P6V�DaEHK�DuA6L�NQP6DaJ�½³e<J�EHV3D�B�VCp~DaACLYV�DaACLcEMV�DuLYSa�
B�NQDaEHJ�V�LYV6LfSaq3EMLOG;GaPCp6p�LfV6KHU]p�SaJ3e]DuJ}¯fLYSuJCnc�,A6ERG_l8EMKHK�NYB�PzG.L*EMVzG>D�B��6EHKMEMDaEHLfG_EHV'DuA6L�G.EHX�P6KRBmDuEMJ3V�B�VCp�DuA6L�ezJ�DaLYV�DuEHB�K
l8EHKMK	p�LYvWERBmDaLc{�SaJ3X�DuA6L s DaSuP6Lr�[ezJ�DaLfV3DuEHB�K\n &WACE�{ºDuLfp�{�P6VzNrDaEHJ�VzG�ltJ�Suo�ltLYKHK|l8EMDaA]A6J3X�J�q�LfV6J�PzG8G.U�G.DaLYXgGFNYJ�X�e<J3GaLfp
J�{�J�VCL�B�DaJ3X D>UWezL3�6A6JmltLYv�LfS?DuA6ERG8EHG8p6EHGuB�G.DaSuJ�PCGtl8A6LfV�PCG.LOp~EMV~A6LQDuLYSuJ�q3LYV6J3PCG,G.U�G.DaLYXgG[ZN&�N�A6KHEHN�o��C� �3� �3^rn

&Wl8EMDuN�A6LOp�{�P6VCNQDaEHJ�VCGtPCGaL;B�NQJ3V3DuEMVCJ�PCGaKMU��dB�p �>PzG>DuEMV6q�X*J�p�EM¶zNfBmDaEHJ�V�J�{�DuA6L_µ|LYV6VzB�S�pW�§�3J�VCLfG�e<J�DuLYV�DaERB�KzDaJ�NYB�KHNYP��
KRBmDaL?DaA6LtEHV3DuLYS�B�NQDaEHJ�VcLfV6LYSuq�EHLfGfn|�,A6Lt�zLOG>D	v�LfSuGaEMJ3V[J�{6DuA6L,G.l8EMDuN�A[{�PCVCNrDuEMJ3V�ERG l8ACLYSuL?EMD {�J3KMKHJmlFG�DuA6Ltµ|LYV6VzB�S�pW�§�3J�VCLfG
e<J�DaLfV�DaERB�K6P6V�DuEMKCDaA6LFNYP�DaJ�½~B�Vzp�DuA6LYVgN�ACB�V6q�LOG	DaJ[¯fLYSuJ_Jmv3LYS/B�GaA6J�SaD?p�ERG>D�B�VCNYL�n��,A�PzG�DaA6LFp6E�½�LYSuLYVCNYL8�zLYD>l4LfLYV*DaACL
LYVCLYSuq�EHLfG�BmD?DaA6L�NYP�DaJ�½�e<J�EHV3D4EHG?V6J�D?B3G�q�SuLfB�D�B3G�{�J�S/DaA6L�GaA6EM{ºDaLOp*{�P6VCNrDuEMJ3V�n�µ�J3V6q��§SuB�V6q�L4{�J�S�NQLOG/NYB�V�EMV�DaLfSuB3NrD/Jmv3LYS
v�LfSaU}KMJ3V6q�p�ERG>D�B�VCNYLfGFB�VCp~DaSuUWEMVCq�DaJ�NYJ�X�e6P�DuL�DaA6ERG�EHV]BgGaP6E�D�B��6KHL�GaJ�KHv�LfV3D8�<J¨�~ERG8EHX�e6SuB3NrDuEHNfB�K nt� {�Lfl X�LQDaACJWpCG
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ACB¨v3Lc�zLfLYV�p�LYv3LYKHJ�e<Lfp�DuJ}p�LOB�K	l8E�DuA'KHJ�V6q�� S�B�V6q3L[EMV�DuLYS�B�NrDuEMJ3VCGFl8EMDaACJ�P�D�ACB¨vWEMVCqgDaJ~X�JWp6LYK�B�KHK J�{/DaA6L�X�J�KHLfNQPCKMLOG
EHV�v3J�KHv�LOp�n	�,ACL_´?ltB�KHp~G.PCX*XgB�DaEHJ�V~X*LYDaA6J�p}ltB3G,p�LYv3LYKHJ�e<Lfp�DaJ�ACB�Vzp�KML_DuA6EHG,eCSaJ3�6KMLfX�n��,ACL_´?ltB�KHp~G.PCX*XgB�DaEHJ�V
X�LQDuA6J�p�ACB�G��zLfLYV]X�J�G>DuKMU�PCGaLfp~{�J3S�A6EHq�A6KHU�ezJ3KHB�S�GaJ�KHP�DaEHJ�VCG�J�S_G.J3KMERpW�dG.J3KMERp~EMV�DaLfSuB3NrDuEMJ3VCGF�6P6D_B�KRGaJgEMVCNYSaLOB�GaEMVCq�KHU
{�J�S8eCSaJ�DaLYEHV}B�VCp�T;w;� G.EHX�PCKHB�DaEHJ�VCG�Z�´?ltB�KHp��|¤f¥3�6¤O^Qn	�,A6L�X�LQDuA6J�p~PCG.LOG8«CB3G>DF«6J3P6SuEMLfS,� S�B�VCG.{�J�SuXgG/DuJ�NfB�KRNQP6KRBmDuL
DaACL�LYKHLfNQDaSuJ3G.DuB�DaERN�LYV6LfSaq3U�EHV�v3J�KHv�LOp}l8EMDaA]DaA6LcEHV�DaLfSuB3NrDaEHJ�VzGYn,bdVCG.DaLOB�p�J�{�PCGaEHV6q�p�ERGaNYSaLYDaLce<J�EHV�DuGF{�J�SFDuA6L�N�AzB�Suq�LfGf�
B1©�B�PCGaGaERB�V�p�ERG>DuSaEH�6P�DuEMJ3V�EHG}PCGaLfp·DuJ¬B�eCe6SaJ¨��EHXgBmDaL~DuA6L�N�ACB�Saq3LfGfn ��GaEMV6q¬«CB�G.D~«CJ�P6SuEHLYS�� SuB�VCG.{�J�SuX�G�l8E�DuA�B
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EHV³p6LQDaLfSaX�EHV6EHV6q�DaA6L�G.DuB��6EHKMEMD>U'J�{4DuA6L�G.PC�CG>DuSuB�DaL3� B�Vzp'A6LfVCNQL�DuA6L�NfBmDuB�KMUW¯fLfp]SuLfB3NrDuEMJ3V��|EHV�DaA6L�B3NrDaEHv�LgGaE�DuL�n���V
EHV3DuLYq3SuB�DaLfpcJmv�LYSuvWEMLfl³J�{zT_» ��&�B�Vzp � � �4®�X�Jmv�LfX*LfV�D	B�G ltLYKHKWB3G|X�P�DuB�DaEHJ�V�LQ½�LfNrD�GY�3NYB�V��zLtq3B�EMV6LOpc�WU[B�e6eCKMUWEHV6q
I]T DuJ�DaA6L[X�J�p�LfKHGfn
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�,A6L;J�e�DuEMXgB�KzltB¨U�DaJ�eCB�S�B�X�LYDaLYSuEH¯YLFKHEMq�B�VCpCG�{�J�StBcX�J�KHLfNYP6KRB�S4p6U�VzB�X�EHNfG?GaEMX�P6KRBmDaEHJ�V�EHG?DaJ�EHGaJ�KRBmDuL8DaA6L;KMEHq3B�VCp
B�Vzp~p6JgEMV�{�S�B�SuLfp�GaezLONrDuSaJ�GaNYJ�eWU��6w;I]� J�S'&�� S�B¨U�G.DaPCp�EHLfGFDaJ�p�LYDaLfSaX�EHV6L[�zJ3VCp�KHLYV6q�DaACGFB�VCp~LYV6LfSaq3EMLOGYn4�,A6EHG�ltB3G
P6V�{�J3S.DuP6VCB�DaLYKHU�V6J�D*{�LOB�GaEM�CKML}{�J�S*DaACEHGgG.DaPCp6U�B�G�DaA6L�XgB�EHV¬B�EMX±l,B�G*V6J�D�DuJ³eCB�S�B�X�LQDuLYSuEM¯fL�DuA6L}KHEHq3B�Vzp6GYn K;V6L
NQJ3X�e6P�DuB�DaEHJ�VCB�K8B�e6e6SuJ3B3N�A�ERG*DaJ�PCG.L�� � � �(�º�)�+* 7_I X*LYDaA6J�p6G*DuJ�ezB�S�B�X�LQDuLYSuEM¯fL�DaACL�KMEHq3B�VCp6Gfn1�,A6ERG�X*LYDaA6J�p��
A6JmltLYv3LYSO�8EHG�v3LYSuU1DuEMX�L�NQJ3VCG.PCX*EHV6qzn¡�FV6J�DaA6LfS�B�e6e6SuJ3B3N�A�EHG}DaJ%N�A6JWJ3GaL�NYKMJ�G.LfKMU��§SaLfKHB�DaLOp�BmDaJ3X D>UWezLOGY�;�zJ3VCp
KHLYV6q�DaACG�B�Vzp]LYVCLYSuq�EHLfG�{�SaJ3X�DaA6L 
t»��;�FI]I eCB�S�B�X�LYDaLYS�¶CKHLfG�B�VCp�B�p �>PzG>D�DaACLYX DuJ~GaP6EMD;DuA6L�KMEHq3B�VCp1ZhezLfSuGaJ�VCB�K
NQJ3X�X�P6V6ERNYB�DaEHJ�V�� �/SaJ�{>n4µ?nCwFEHKHGuGaJ�V�� 
t»�����I]I±p�LYv3LYKHJ�e<LYSO�6®[B�SuJ�KHEMVzG.omB*bdVCG.DaEMDaP�DuL��-&�l4LOp�LYVz^Qn4bdV~DuA6EHG;NYB3G.L_DaACL
XgB��>J3S/B�p �>PCG.DaX�LfV3D�G/V6LfLfp�LOp�l4LfSaL,EHV�p�EHA6Lfp�S�B�KzB�V6q3KML8LfV6LYSuq�EHLfG	DuJ�{�J�S�NQL,DaACLFSaEHV6q�G�EMV�DuA6LFKHEMq�B�VCp6G�DaJcG.DuB¨U�eCKHB�VCB�SOn
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«6J3SgDaACL�T_» ��&�B�VCB�KMU�GaEHG�DuA6SuLYL'KHEHq3B�Vzp6G�SuLfy�P6EHSaLOp·eCB�S�B�X�LQDuLYSuEM¯OBmDuEMJ3V�i �<�§B�X*EHV6J3�zLfV6¯YJ3EHN]B3NQERp��FT_» �¼B�VCp
GaP6K�{hB3p�J¨��EMVCL�Z\«	EMq3P6SaL#:Cn �3^rn

&WLfv�LYS�B�K;X�EMV6EHX�EM¯OBmDuEMJ3V EHV�DaLYS�B�NQDaEHJ�VCG~B�Vzp�eCB�SuB�X*LYDaLfS~B3p �>PCG.DaX�LYV�DuG~ltLYSuL�VCLYLfp6Lfp�DuJ¬J3��DuB�EMV�DaA6L�NYJ�SuSaLONrD
eCB�SuB�X*LYDaLfSuG�{�J3S�DuA6L�KHEHq3B�Vzp6GYn K;V6KHU�DuA6L}p6EMA6LOp�S�B�K,B�VCp�EHX�e6SuJ�e<LYScDuJ�S�G.EHJ�V�B�V6q�KHLfG�l4LfSaL�X*J�p�EM¶CLOp1p�P6SuEHV6q�DaACL
eCB�SuB�X*LYDaLfSaEH¯fB�DaEHJ�V*e6SaJ�NYLfGuGYn	�,A6LF�<J�VCp�LfV6LYSuq�U*B�VCp*�<J�VCp�KHLYV6q�DaACG?l4LfSaL8o3LYe�D?B�D/DaACL�p�LQ{hB�P6KMD�
t»��;�FI]I�vmB�KHP6LOG
ZhI'B�NY®�LfSaLfKMK��Y�	���MªM²�¤f¥�¥3¸3^Qn �,A6LtVWP6X��<LYS�G�SaLY{�LYSuSaLOp�DaJ[B�D�LOB�N�AcKHEHq3B�Vzp�B�SaL?DaA6LFB�V6q�KHLfG	B�G	EHVCp�ERNYBmDuLfp�EMV�«	EMq3P6SuL :Cn �6i

�z�d�FX�EHV6J��<LYVC¯YJ�ERN[B�NYEHp}eCB�SuB�X*LYDaLfSaEH¯fB�DaEHJ�V�i

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6qgp�EHA6LOp�SuB�K�B�V6q3KMLOG,BmD �
◦
i/w8��¤Q�>�¨�d» M6wF�u¤Y� � �§» MW»PK$K 
?� \ � :��§» M�»PK$K 
?� \ � � �§»�n

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6qgp�EHA6LOp�SuB�K�B�V6q3KMLOG,BmDc¤f¸ �
◦
i/wF�u¤Y�d�m� : M�w8��¤Q�>�¨� � MW» K$K 
?� \ � � � � MW» K$K 
?� \ � :m�>��n

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6q�EHX�e6SaJ3ezLfS,DaJ3SuGaEMJ3V}B�V6q�KHLfG8B�D �
◦
i/»F� 
?� 
?�d» M6w8� 
?� 
?�§» M 
?� 
?� 
?�§»�n

T_» ��eCB�SuB�X*LYDaLfSaEH¯fB�DaEHJ�V�i

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6qgp�EHA6LOp�SuB�K�B�V6q3KMLOG4DaJ�¤f¸ �
◦
i/»F�d�m� :��
K/M�»F�d�m�u¤Y� � Mz¤Y� � � � �u¤ � n

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6q�EHX�e6SaJ3ezLfSFB�V6q3KMLOG4DaJ�¤f¸ �
◦
i�K�� :m�>�¨��¤4M<¤ � �§¥��§¸��u¤3¤4M�»8�d¥m�d¸m�.¦�MW¥m��¤ � � � � � n

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



���������
	���
���������	���������������� �"!$#���% � ¤

•

&WLYD�DaACL'{�J3KMKHJml8EMVCq1EHX*eCSaJ3ezLfS}B�VCq�KHLfG�DaJ �
◦
i \ � � � � ��¤4M_�m� :�� \ � � M�¦¨�§¸��§¥��u¤ � M_�m�>¦¨�u¤ � � � M � �u¤ � �d¥m�d» Mt¦¨�u¤ � � � � � M

\ � � � � ��¤4M � � � ��¤ � �§¥Cn

&WP6KM{hB�p6J¨�WEHV6LcezB�S�B�X�LQDuLYSuEM¯OBmDaEHJ�V³ZºDuA6L �<�§B�X*EHV6J3�zLfV6¯YJ3EHNcB3NQERp�eCB�S�B�X�LYDaLYS�G,ltLYSuL[PCG.LOp~{�J�S�DaA6L�B�VCB�KHJ�q3J�PCG,ezB�SaD�J�{
GaP6K�{hB3p�J¨��EMVCLO^ri

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6qgp�EHA6LOp�SuB�K�B�V6q3KMLOG4DaJ�¤f¸ �
◦
i/wF�u¤Y� � � � M�w8��¤Q�>�¨� :6n

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6qgp�EHA6LOp�SuB�K�B�V6q3KMLOG4DaJ �
◦
i/w8��¤Q� � �.¦�M6�¨� :m� \ � � M6¦O� � � � �d¸6n

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6q�EHX�e6SaJ3ezLfS,DaJ3SuGaEMJ3V}B�V6q�KHLfGtDuJ �
◦
i8¤Y� � � � �>¦8M \ � � � � �§¸ M�wF�u¤Y�d�m� � n

�,A6L]KHEHq3B�Vzp6GgltLYSuL�J�SuEMq3EMVCB�KMKHU��6PCEMKMD�EHV�bdVCG.EHq�A�Dub.b�ZB&WLONrDuEMJ3V���n ��n ��nH¤�B�VCp���n ��n ��n :3^�B�VCp%p�J�N�o�Lfp·EHV�DaJ ��{hT_» ��&
ZB&�LfNrDuEMJ3V~�6n �6n �6n ��B�VCp~��n ��n ��n \ ^rn��,A6L_KMEHq3B�VCp6G4l4LfSaL_G.PC�CG.LOy�P6LYV�DaKHUgeCB�SuB�X*LYDaLfSaEH¯YLOp*{�J�S,PCGaL;EHV 
t»;���FI]I p�P6SuEHV6q
X�J�KHLfNYP6KHB�S8p�UWVCB�X�ERNYGfn
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� J*NYJ�X�eCB�SuLFDuA6L[p�EM½<LfSaLfV3D8G.DuBmDuLfGtJ�{���{hT;» ��&³Z�l8EMDaA�GaP6�CG.DaS�BmDaL3�Wl8E�DuA6J�P�DFGaP6�CG.DaS�BmDuL��Wl8E�DuA~p6E�½�LYSuLYV�DFNQJ3X��6EM�
VCB�DaEHJ�VCG,J�{	SuLfGaEHG.DuB�VCNQLY�§NfB�PCGaEHV6qcX�P6DuBmDuEMJ3VCG�^4DaA6LcG.DuB�S.DuEMV6qgG.DuB�DaL�EHG,VCLYLfp6Lfp�n?T;P6SuEMVCq�DuA6LcG.DaPCp�U}J�{ DaA6Lcp�UWVCB�X�EHNfG
J�{ ��{hT_» ��&}DuA6L[GaB�X*L�G.DuB�SaDaEHV6q�NQJWJ�S�p�EHVCBmDuLfGtltLYSuL;PCGaLfp�{�J�S8B�KMK�DuA6L[p�E�½�LYSuLYV�D8EHV�v3LfG.DaEHq3B�DaEHJ�VCGfn	�,ACL;e6SuJ�DuLYEHV~B�VCp
LfB3N�A�J�{�DaACLcSaLOG.e<LfNQDaEHv�LcKHEHq3B�Vzp6G8ltLYSuLcX�LYSuq�Lfp~PCGaEHV6q 
t»��;�FI]I DuJg{�J�SuX J�V6L�G.DaSuPCNQDaP6SuL�nF�,A6L�e6SaJ�DaLfEMV��§KHEMq�B�VCp
NQJ3X�e6KMLY��ltB3GcDuA6LYV¬X�EMV6EHX�EM¯fLfp1{�J�S ���3� G.DaLYezG�PzG.EHV6q]DuA6L &�DaLfLYe<LfG.D�T�LOGaNYLYV�D*X�LYDaA6J�p�n��,A6L </B�V·T�LfS�@�B3B�KRG
EHV3DuLYS�B�NQDaEHJ�VCG�ltLYSuL8B�NYNYJ�P6V�DuLfp�{�J�S/�WUcPCGaEHV6q�DaA6L�vWGaA6EM{ºD�{�P6VCNQDaEHJ�VgJ�{ 
t»��;�FI]I�n;</G.ACE�{ºD?ERG/B 
t»��;�FI]I�X�LQDuA6J�p
DaJgB3NYNQJ3P6V�D4{�J3S,KMJ3V6q�S�B�VCq�L;{�J�S�NQLfGfn��,A6L�V6J�V��§�<J�VCp�LOp�EHV�DaLfSuB3NrDaEHJ�VzG?PCGaLfp~B*NQP�DuJ�½'J�{?¤O���°B�VCp�ltLYSuL�G.LYDtDuJ�¯YLYSuJ
BmD[¤ \ �cn/�,ACL_eCSaJ�DaLYEHV��§KMEHq3B�VCp~NQJ�X�e6KHLQ�}ltB3G?DuA6LYV�GaJ�KHvmBmDaLOp�PzG.EHV6q�DaACLc�,b � :*ltB�DaLYS8X�J�p�LfK�B�VCp}DaACL	
t»�����I]I
GuNQSuEMe�D�GaP6e6e6KHEMLOp��WU �/SuJ�{>n�µ/nmw�EMKRGaGaJ�V~Z�e<LYS�G.J3VCB�KWNQJ3X�X�P6V6ERNYB�DaEHJ�V���B¨vmB�EMKRB��6KHL4B�D	A�DaDae�ikj�jml8l8l[n N�ACB�SaX�X�n J�Suq�^rn �,A6L
GuNQSuEMe�D�PCGaLfG?B;�<J¨��J�{��6¤ � ltB�DaLYS�X�J3KMLONQP6KHLfG	DuJ;¶zKMK�DuA6LFGaeCB�NYL,Gae<LfNQEM¶CLOp*B�SaJ3P6VCp�DaA6L8eCSaJ�DaLYEHV�n�«6J3S���{hT;» ��&�EMD/ltB3G
p�LONQERp�Lfp�DuJ�XgB�o3L�B�Gae6A6LYSuLcJ�{/ltB�DaLYS�Z�S�B�p�EHPCGFJ�{ :�¸���^FB�SaJ3P6VCp}DaA6L�e6SuJ�DaLfEMV�Zhe6SuJ�DaLfEMV�p�EHB�X�LQDaLfS�SuJ�P6q3A6KHU � � ��^rn
�,A6LceCSaJ�DaLYEHV��§KMEHq3B�VCp�NQJ3X*eCKMLY�~l,B�GF¶6��Lfp�B�Vzp�DaA6L�ltB�DaLYS;X�J�KHLfNQPCKMLOG�GaP6� �>LfNQDaLOp~DaJ�X�EHV6EMX�EH¯fB�DaEHJ�V1Z ��� G.DaLfeCG &�T
{�J�KHKHJml4LOp}�WU ��� G.DaLYezGF��£,w�� X�EHV6EHX*EH¯fB�DaEHJ�V��<£tSaJWJ�o�Gc�Y�F�m�MªH�	¤f¥3¸
:3^?DuJgSaLfX*Jmv3L�LYV6LfSaq3U}NQKRB�GaA6LOG,�zLYD>l4LfLYV�l,BmDaLfS
X�J�KHLfNYP6KMLOGYn�«CJ�KHKMJml8EHV6qcl,BmDuLYStX*EHV6EHX�EM¯OBmDaEHJ�V�DaA6L[GaJ�KHvmBmDaLOpge6SuJ�DuLYEHV�� KHEHq3B�Vzp�NQJ3X*eCKMLY��l,B�G?DaACLYV�X�EHV6EHX*EH¯YLOp}B�q3B�EMV
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DaJ�DuA6L�X*J�p�LfKFp�P6SuEMVCq'DuA6L�e6SaJ�NYLfGuG�J�{�A6J3X*J3KMJ3q�U³X�J�p�LYKHKMEHV6qzn¬��G�X�EHV6EHX*EH¯fB�DaEHJ�V·J�V6KHU³DaSuEHLfG*DaJ�SuLfGaJ�KHv�L�KHJ�NYB�K
LYVCLYSuq�UgNQKRB�GaA6LfGf�WE�DFp�JWLOG4VCJ�DFNQJ3SaSuLfNQD?{�J�StDuA6L[G.A6J3S.DuLYStEMV�DuLYS�B�NrDuEMJ3V�p�ERG>D�B�VCNYLfGfn��,A6L�SaLfKHB���B�DaEHJ�VgJ�{|DaACL_eCSaJ�DaLYEHV}B�D
DaACL[�zLfq�EHV6V6EHV6qgJ�{ DaA6LcGaEMX�P6KRBmDaEHJ�V~LYKHEHX*EHVCB�DaLfG8DaA6L[LY½<LONrDFJ�{	DaACLcNQSuUWG.DuB�K�eCB�N�oWEHV6q*J�V}DaA6LcEHV�DaLfSuB3NrDaEHJ�V~p�ERG>D�B�VCNYLfGfn
�8{ºDuLYS4DaA6L�¶CS�G>D/{�Lfl�G>DuLYeCG?DaA6L ��{hT;» ��&}G>DuSaPCNQDaP6SuL�G.DuB¨U3Lfp�G>D�B��6KHL8{�J3S?P6egDuJ�¤FVCG;Z�KHJ�V6q3LfG.D?KHLYV6q�DaA�J�{�GaEHX�P6KRBmDuEMJ3Vz^
EHV�l,BmDuLYSOn��,A6L�B�NrDuEMv3L*GaEMDaLgB�KRG.J}XgB�EHV3D�B�EHV6Lfp�EMDfx G_NYJ�V�{�J3SaXgB�DaEHJ�V'l8EMDaA�DaACL�I]q 2+ EMJ3V'EHV�DaLYS�B�NQDaEHV6q�G>D�B��6KHU�l8E�DuA
DaACL�e6SuJ�DuLYEHV�n'�,A6L~G>D�B��6KHL�EHV�DaLYS�B�NQDaEHJ�V�J�{tDuA6L�I�q 2+ EMJ3V1B�KRG.J'e6SaJmvWERp�Lfp³B�G>D�B��6KHL�EHV3DuLYS�B�NQDaEHJ�V³{�J�S*T;» ��n/�,A6L
T_» ���dI�q 2+ EMV�DaLfSuB3NrDuEMJ3V}SuLYXgB�EHV6LOp}G.DuB��6KML_DuA6SaJ3P6q�ACJ�P�DFB�KHK�J�{ DaA6LcGaEHX�P6KRBmDuEMJ3VCG8NQJ3VCp�PCNQDaLfp�n

�z�d�FX�EHV6J��<LYVC¯YJ�ERNtB�NQERp*B�e6e<LfB�SaLOp�DaJ��<LtX�J3�6EMKHLtEMV�DaA6L8B3NrDaEHv�LtG.EMDaL8p�PCSaEHV6q;DaA6L8GaEMX�P6KHB�DaEHJ�VCGfn �,ACL,GaEHX�P6KRBmDuEMJ3VCG
GaA6Jml4LOp·DaACB�D��<�§B�X*EHV6J3�zLfV6¯YJ3EHN�B�NQERp�XgB�EHV�DuB�EMVCG}B�V�EHV�DaLfSuB3NrDaEHJ�V�l8EMDaA°T;» �¡{�J3S~B³{�Lfl DaLfVCG}J�{ce6ERNQJ�G.LONQJ�Vzp6G
�6P�D�Bm{ºDuLYScDuACBmD�DaA6L}LQ½�LfNrD*J�{,DaACL�l,BmDaLfSc�6SuLfB�oWG[DaA6L�EHV�DaLfSuB3NrDaEHJ�VzG[�zLYD>l4LfLYV �<�§B�X�EMV6J3�zLfV6¯YJ3EHNgB3NQERp�B�VCp�T_» ��n
�,A6ERG�ERGgeCB�S.DuEHB�KMKHU¬p�PCL�DaJ³DuA6L]A6EHq�A�GaJ�KHv�LfV3D�B3NYNQLOGaGaEH�6EMKHEMD>U1J�{�DuA6L �z�dB�X�EHV6J��<LYVC¯YJ�ERN�B�NYEHp�n°T_» �¡GaA6JmlFGgv3LYSuU
KHE�DaDaKHL}X�Jmv�LfX�LYV�D�p�P6SuEHV6q]DuA6L~GaEHX�P6KRBmDuEMJ3V�l8E�DuA�X�J3G.D�J�{FDaA6L}X�Jmv�LYX�LfV3D*SaLOG.PCK�DuEMV6q]{�SaJ3X DuA6L�p�E�½�LYSuLYV�DgB�NQDaEHv�L
GaE�DuL�NQJ�V6{�J�SuX�B�DaEHJ�VCG[GuB�X�e6KHLfp³p�PCSaEHV6q~DaA6L}G.EHX�P6KRBmDuEMJ3V�n��,A6LgEHV�DaLfSuB3NrDaEHJ�VzG��zLYD>l4LfLYV�T;» � B�Vzp'DuA6L�B�NQDaEHv�L�GaE�DuL
SuLfGaEHp�PCLfG*SaLfXgB�EHV1G>D�B��6KHL�p�P6SuEMVCq'DuA6L~GaEHX�P6KRBmDuEMJ3VCGY�/DaAWPCGgGaP6e6e<J�SaDaEHV6q'DuA6L�B�NfNQP6S�B�NYU�J�{�DaACL�B3NrDuEMv3L}GaE�DuL~J�{FDaACL
X�J�p�LYK n��,A6L�I�q 2+ SuLYXgB�EHVCG*G>D�B��6KHU�B�VCN�A6J3SaLOp³�zLYD>l4LfLYV1T_» � B�VCp³DuA6L�eCSaJ�DaLYEHV�n��,A6L}I�q 2+ EHJ�V1EHG�XgB�EHV6KMU
B�VzN�A6J�SuLfp'��U���GaV :3¥ � ZhB��CG.J3KMP6DaLYKHU'NYJ�VCGaLYSuv�LOp]EHV�B�KMK?Gae<LfNQEHLfGf�|GuB�X�LgB�G�EHV��]ªt� �

� � � � � � * ���
��� 	�ª8� �C��
 � �����
��M EHV
� ª�� � � � � �_DuA6L�NYJ�VCGaLYSuv�LOp���GaV]B�VzN�A6J�S�G,BgI�V 2+ EHJ�V<^,B�VCp���GaV'��¥ � A6LYKHeCG8l8EMDaA]NYJ�J3Sup6EMVCB�DaEHJ�V}J�{�DaA6LcI]q 2+ EHV
DaACL ��{hT_» ��&]X�JWp6LYK nF�,A6LcEHV3DuLYS�B�NQDaEHJ�V��zLfl4LfLYV]I�q 2+ B�VCp�T;» ��ERGFX�Lfp6EHB�DaLfp~DuA6SuJ�P6q3A}DuA6L�B�VCN�A6J3SaEHV6q�J�{�DaACL
T_» �°e�UWSuJ�e6ACJ3Gae6ACBmDuLcq�SuJ�PCe]�WU�I]q 2+ nc�,A6L�eWUWSuJ�e6A6J�G.eCACBmDuLcq�SuJ�P6ezGFEHV3DuLYS�B�NQD_l8EMDaA�ltB�DaLYS_X�J�KHLfNYP6KMLOGY��l8A6ERN�A
G.DuB��CEMKHEHGaL[DuA6L�V6Lfq3B�DaEHv�L�N�ACB�Saq3LfG8J3V�DaA6L�e6A6J�G.e6AzBmDaLOG�B3GFltLYKHK B�G;EHV3DuLYS�B�NQDaEHV6qgl8E�DuA�DaACL�N�ACB�Saq3Lfp�SuLfGaEHp�PCLfG8EHV�DaACL
B�NQDaEHv�L[GaE�DuL;DuA6SuJ�P6q3A}l,BmDuLYSa� X�Lfp6EHB�DaLfp��zJ3VCp6GcZ\£,B�NYB��Y�t���MªH�<� ����� ^rn

«6SuJ�X DuA6L 	;ª_� �C��
 � �!� �
�~NQSuU�G>D�B�K,G>DuSaPzNrDaPCSaL}E�D�ltB3G�GaLYLfV�DaAzBmD �z�dB�X�EMVCJ��<LYV6¯fJ�ERN�B�NYEHp1B�GuG.J�NQERBmDuLfG�l8E�DuA�DaACL
AWU�p�SaJ3e6A6J3�6EHN,GaEHp6L�N�ACB�EHV�J�{ ��{|µ|UWG ��� ¥gZ\£,B��CB�J�q�KHP��Q�/�m�HªM²<� �3��\ ^Qn �,A6ERG/l,B�G�DaA6L8¶zSuG.D/LYvWERp�LYVCNYL8{�J�S/DaA6LFKHJ�NYB�DaEHJ�V
J�{#����B�X�EMV6J3�zLfV6¯YJ3EHN_B�NYEHp~EHV�DuA6LcB�NQDaEHv�L[GaE�DuL[J�{	T_» ��&�n

(*) (*)RQS)��XG*G � 9;G��-5�UI5�> @�AB> ��� ��� ���!�������! #" 3%$ 
 �

� JcEMVWv3LfG.DaEHq3BmDuL8DaACL;KHJWJ�egX�Jmv�LfX*LfV�D4P6VCGaJ�KHvmBmDuLfpgB�Vzp�G.J3KMvmB�DaLfp�NQJ�X�e6KHLQ��LOG/ltLYSuL�N�A6J3GaLYV�B3G?ltLYKHK�B�G?GaJ�KHvmBmDuLfp
GaP6�CG.DaS�BmDaLY�§NYJ�V�DuB�EMVCEMV6qcB�VCpgV6J3V��dG.P6�zG>DuSuB�DaLFNQJ3V�DuB�EHV6EHV6q�NYJ�X�e6KHLQ��LfGfn bdV�DaA6L_P6VCGaJ�KHvmBmDaLOpgNQJ3X*eCKMLY�*DuA6L;N�AzB�Suq�LfG/J�V
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DaACLFe6SuJ�DaLfEMV�B�SaL8VCJ�D4GuNQSuLYLfV6Lfp*�WU�GaJ�KHv�LfV3D?B�VCp*DaAWPCG?LQ�6B�q3q�LfSuB�DaLfp*B�Vzp*B3NYNYLYKHLYS�BmDaLOp*KMJWJ�e�X�Jmv�LfX�LYV�DuG�ltLYSuLFGaLYLYV|n
�,A6L;P6VCGaJ�KHv¨B�DaLOpgG.EHX�P6KRBmDuEMJ3V�G.ACJml4LOp�DuACBmDtX�J3G.D?J�{�DuA6L�KHJWJ�eCG4BmD/DuA6L�J3ezLfV6EMVCqcJ�{�DuA6L��CB�SaSuLYKCX*Jmv3LFNQKHJ3GaLYS?DaJcJ3V6L
B�VCJ�DaACLYSO�<Lfv�LfV3DuPCB�KHKHU�NYKMJ�G.EHV6q}J�½�DaACL*B3NrDaEHv�L*G.EMDaL3n��,A6L�NQJ3X��6EHV6Lfp'X�Jmv�LYX�LfV3D_J�{/DuA6L�KMJWJ3eCG;B�D;DuA6L�J�e<LYV6EHV6q~J�{
DaACL��CB�SaSuLYK�GuNQSuLYLYVzGFDuA6LgB�NrDuEMv3L�GaE�DuL���B�VCp�DuA�PzG_NfBmD�B�KHUWGaERGY�z{�SaJ3X�DaA6L�EHV�DaLYS�B�NQDaEHJ�V]J�{/DaACL*GaJ�KHv�LfV3DOn[�,A6L*GaJ�KHvmBmDuLfp
X�J�p�LYK;EMVCp6EHNfBmDaLOp·DaACB�D�KHJ�J3e�X�Jmv�LYX�LfV3D�p6J�LOG�J�NYNYP6S��6P6D�J�V�B�GaXgB�KHKMLfS�GuNYB�KHL�n �,A6ERG�NfB�V%�zL�BmDaDaSuEM�6P6DaLfp·DuJ
KHLfGuG8EMV�DuLYS�B�NrDuEMJ3V��zLYD>l4LfLYV~DaA6L�KMJWJ�ezGFB�VCp�X�J3SaL[EHV�DaLYS�B�NQDaEHJ�V~�zLYD>l4LfLYV�DuA6LcKHJ�J3eCGFB�VCp�G.J3KMv3LYV�Dfnt�,A6LcP6VCGaJ�KHvmBmDuLfp
GaEMX�P6KHB�DaEHJ�V�G.PCq�q�LOG>DuLfp�DaACB�D8DaA6LcB3NrDaEHv�L[GaE�DuL[NYB�V~�<LcNQJ�X�e6KHLQDuLYKHU}NYKMJ�G.LOp�J�½'{�SaJ3X�G.J3KMv3LYV�DFB�VCp�DaAzBmD8DaACL[VCBmDuP6SuB�K
GaP6�CG.DaS�BmDaLOG;G.DuB¨U�EHV³NQKHJ3GaL�LYVCJ�P6q3A'e6SuJ¨��EMX�EMD>U³ZhKMLOGaG;DuACB�V \ �_^�DaJ~LYVCGaP6SuL*NfBmDuB�KMU�GaEHGfnc�,A6LgGaJ�KHv¨B�DaLOp]G.EHX�PCKHB�DaEHJ�V
GaA6Jml4LOp�DaACB�D�J�VCKMU�eCB�SaDaERB�K4NQKHJ3GaEMV6q�� J�½1J�{8DuA6L�B3NrDaEHv�L}G.EMDaL�J�NfNQP6S�G�B3G�DaA6LfSaL}EHG�G.J3X�L�EMV�DuLYS�B�NrDuEMJ3V³�zLYD>l4LfLYV³DaACL
GaJ�KHv�LYV�D8B�VCp�GaJ�X�L�J�{ DaA6LcN�ACB�Saq3Lfp�SaLOG.ERp�P6LOG8BmD,DaA6L[J3ezLfV6EHV6qgJ�{ DaA6LcB3NrDaEHv�L[GaE�DuL�n

µ�JWJ3e���EMV 	;ªF� �C��
 � �����
��AzB�G�B]�zLfV3D�NQJ3V�{�J�SuXgBmDaEHJ�V�B�VCp�DaA6ERG�LYVCGaP6SuLfG�DuACBmD���Saq � ¸�Z ��{��FKRB \ :W¦�^�G.DaERN�o�G
EHV3DuJ*DaA6L[�,b>I �CB�SuSuLYK�B�VCp}P6VCp6LYSuq�JWLfG

π − π
�§G.DuB3N�oWEMV6q�EMV�DuLYS�B�NrDuEMJ3VCGtl8E�DuA��FSuqg� � \ Z ��{/�FSuq � ¸ � ^r�Wl8A6ERN�A}KHEHLfG,EHV

BgA6EHq�ACKMU�NQJ3VCG.LfSav3Lfp~SuLYq�EHJ�V�J�{/T;» ��&�n��,A6ERG
π − π

�§G.DuB3N�oWEMV6qgEHV�DaLfSuB3NrDaEHJ�V��<LQD>ltLYLfV]�FSuq�SuLfGaEHp�PCLfGFERGFX�ERGaGaEHV6q�EHV
�8ª �Q�m����� �C� ��� �*n/µ�JWJ�e*��B�KHGaJ�ACB3G|J�DaA6LfS	G.DuB��6EHKMEH¯YEHV6q_EMV�DaLfSuB3NrDuEMJ3VCG��<LQD>ltLYLfV�µ�U�Gt¤ �4\ B�Vzp=</B�KC¦ \ Z �/{<��GaV \ ¸ � �¨µ|U�G
\4\W� ^Q�3B�G?l4LfKMK�B�G?�zLYD>l4LfLYV���Saq � ¸cB�Vzpg��Gae]¤ � ¤�Z ��{|��KHB \ :W¦W�3�;G.e \ ¸3�6��EHV�DaLYS�B�NQDaEHJ�V�X�EHGuGaEMV6q�EMV �Fª �Q��� ��� �C� ��� ��^
B�VzpgB�ltB�DaLYS?�6SaERp�q3L8�zLYD>l4LfLYV*DaA6L��CB�N�oW�<J�V6LFB�X*ERp�LFJ�{�©_KHU�¦ � B�Vzp*�;G.V���¦*Z ��{��?A6L \ :�¥6�3��GaV :�¥ � ^rn	�,A6LFl,BmDaLfS
�6SuEHp6q�L[G.LfLYV~EMV 	;ª�� �z� 
 � �!� �
�c�zLYD>l4LfLYV �/A6L \ :�¥*B�VCp���GaV9:�¥ � GaLYLYXgGtDuJgX*ERGuG.EHV6q�EMV �8ª �Q��� � � �6� ��� ��B3GtDaA6L�D>ltJ
SuLfGaEHp�PCLfG8B�SuL;DaJWJ�{hB�SFB�eCB�SaD�Z\«	EMq3P6SaL#:Cn \ ^rn

«6SuJ�X DaACLtNYSaU�G.DuB�K�G>DuSaPzNrDaPCSaLOG�J�{ 	;ª�� �z� 
 � �!� �
�_Z.¤f�,@ &���¤f�,@�@ �W¤f�,@�����¤f� & � B�VCpg¤f� &���^�ERG ltB3G GaLYLfV�DaACB�D
KHJ�J3eCG	:m�d¸�ACB¨v�L;DaA6LcGuB�X�L[NQJ3V�{�J�SuXgBmDuEMJ3V�EHV�B�KMK�DuA6LcG.DaSuPCNrDuP6SaLOGYn��,A6LcG.DaSuPCNQDaP6SuLfGtJ�{ �'ª	� �

� � � � � � * ���
�r� � ª�� � � � � �
B�Vzp �8ª � *�� �FGaA6Jml°DaACB�D;DuA6L�J3SaEHLYV�D�BmDaEHJ�V�J�{?KMJWJ3eCG :�� � B�VCp'¸�EHG_V6J�D_NQJ3VCGaLYSuv�Lfp�B�VCp]vmB�SuEHLfGFEHV]KHLYV6q�DaA��zLYD>l4LfLYV
GaezLONQEHLfGfn;µ�JWJ3e � G.ACJmlFGFX�Jmv�LfX*LfV�D;p�P6SuEMVCq�G.EHX�PCKHB�DaEHJ�VCG�Zh«	EMq3P6SuL�:6n � ^FB�VCp�DuA6ERG�XgB¨U~�zL*G.EHq�V6EM¶zNfB�V�D;B�G;KHJ�J3e �
EHV �8ª �Q��� ��� �C� ��� � NQJ�V�D�B�EHVCGFµ�U�G � \3� �6l8A6ERN�A�l8A6LYV�X�P�DuB�DaLOp�DaJ}©_KHP���NYB�PCG.LOG8SuLfGaEHG.DuB�VCNQL�DuJ�G.PCK�{hB3p�J¨��EMV6L3ntµ|JWJ�e
� {�J3SaXgG;eCB�SaD�J�{�DaACL�e�DuLYSuEMV6� �6EHVCp�EHV6q~ezJ�N�o3LQD_B�VCp]ERG;A6EMq3A6KHU]NQJ�VzG.LfSav3Lfp�n_�,A6L�¶zSuG.D�{�Lfl¢SaLOG.ERp�P6LOG�EHV'KHJWJ�e�¦�B�SuL
A6EHq�A6KHU�NQJ�VzG.LfSav3Lfp~B�G8DuA6LYU�B�SuL�NYKMJ�G.L�DuJgDaA6L*B�NQDaEHv�LcGaE�DuLc�6P�D;DaA6L�SaLOG>DFJ�{�DaA6LcSuLfGaERp�P6LfGFEMV]KHJWJ�e�¦*vmB�SaU}�zLYD>l4LfLYV
GaezLONQEHLfGfnt�,A6L�G.EHX�P6KRBmDuEMJ3V�G.A6JmltLfp}DuACBmD�KHJWJ�e�¦�ERGFSuLYKRBmDuEMv3LYKHUg�CLQ��EH�6KHL�Zh«	EHq�P6SuL=:6n � ^8B�VCp}DaA6ERG��CLQ��EH�6EMKHEMD>U��zB3G8ltLYKHK
B�G?DaACL�KHJml�G.LOy3PCLYVCNYL;NQJ3VCGaLYSuv¨B�DaEHJ�V��3EMVzp�EHNfBmDuLfG?DaACB�D4DuA6EHG4KHJ�J3e�X�EMq3A�D4V6J�Dte6KRB¨U�B�GtB�V�EHX�ezJ3S.D�B�V�D4SuJ�KHL�ZhB�K�DuA6J�PCq�A
A6LfKMEM��¦�ERG,EMVWv�J3KMv3Lfp�EMV�e6SuJ�DuLYEHV�� eCSaJ�DaLYEHV�EHV�DaLfSuB3NrDaEHJ�V<^;Z\£,B�NYB��Y�t���MªM² � �3��� MW£,B��CB�J�q3KMP³�Q�,�m�MªM² � ����\ ^rn

(*) (*) (*)/ZE3B6�� (���� 3,[ 9;0?@"6=@"A,G-> ����5 24@"F G-> �S0���F"@�7 68@�5 ��A,>�Y?AB>?< A,> ������� ���!�������! #" 3%$ 
 �

�,A6L[e6SuJ�DuJ�NQJ�K�Gae<LfNQEM¶CLOp�EMV]GaLfNQDaEHJ�V :6n ��n ��n :*ltB3G,PCG.LOp~DaJgEHVWv�LfG.DaEHq3B�DaL_DaACLcLQ½�LfNQDuGFJ�{ DuA6L�� \ :�¦�© SuLfGaEHG.DuB�VCNQLY�
NYB�PCGaEMV6q�X�P�D�BmDuEMJ3V1J�V¬VCBmDuP6S�B�K,G.P6�zG>DuSuB�DaL��CEMVCp6EMV6qzn1�,A6L�G.EHX�PCKHB�DaEHJ�VCG*G.ACJml4LOp³DaACB�D�DaA6L~X�P�D�BmDuEMJ3V¬p�JWLfG*V6J�D
ACB¨v3LFB�VWU�GaEMq3V6EM¶zNYB�V3D/LY½<LONrD?J3V�DaA6L��6EMVzp�EMVCqcJ�{�DaACL�G.PC�CG>DuSuB�DaLOGY��B�KMDaA6J3P6q�A ����B�X�EMV6J3�zLfV6¯YJ3EHN8B3NQERpgp�ERpgG.A6Jml%GaJ�X�L
LQ�WDuSuB*X�Jmv�LfX*LfV�DtEHV�G.J3X*L�J�{ DuA6L�X�P�D�BmDaEHJ�VzG8�6P�D8DuA6EHGFltB3G4VCJ�D�p�LfLYX�Lfp�DaJg�<LcG.EHq�VCE�¶zNfB�V�Dfn
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EHV3DuLYS�B�NQDaEHJ�VCG��zLYD>l4LfLYV � � �?®¡B�VCp'��� ��n��FV6J�DaA6LfS;EHV�DaLfSaLOG>DuEMV6q�{hB�NQD_V6J�DaLOp��WU�£tKRB�Ga¯fNY¯YUWo³�Y���m��n�Z\� �3��� ^,EHG�DaACL
J�NYNYP6SaSuLYVzNQL�J�{;G.Lfv�LfSuB�K?ERG.J3¯YUWX�LfG�J�{ � � �?®�n/�,A6LYU�B�D.DuSaEH�6P�DuLfp�DuA6ERG�DuJ'V6J3V��dNQJ�VzG.LfSav3Lfp�GaP6�CG.DaS�BmDaLY� EHV�DaLfSuB3NrDaEHV6q
SuLfGaEHp�PCLfG,EHV}DuA6L � � �?®¹B3NrDaEHv�L[GaE�DuL�n/�	B��6KHL#:6nH¤[G.A6JmlFG4DuA6L[SaLOG.ERp�P6LOG,l8A6ERN�A~p�EM½�LYSF�<LQD>ltLYLfV�Gae<LfNQEHLfGfn

«6SuJ�X �	B��6KHL :6nH¤4EMD�EHG	LYvWERp�LYV�D	DaACB�D�DaA6L�� � �?® LYVC¯YUWX�LfG	J�{ �Fª � 
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C� � � � � �R²
�8ª��!*O�Y�º� ���!*O�Q�º� �8B�VCp �Fª � � ��� 
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UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



���������
	���
���������	���������������� �"!$#���% ¦ �

� ��� ��	O
4����� � ��	������;�,���"� % 	��.��	�
$% �2� % � � ���
	1� � #���
4#��2� �
	�% # 
�� 	�%L# � � � ���P� 
�� �"% 0 � 0 � 
 ��� ��� � ' ��������, ��� � �
#�� �4�
	�
 �
��	�� ������� �
�
	�����	?��� � � � � #�% � 0 �4!$	�%=�
�X�"���
#��V	*% # �
	*�
	�% # 
4� 	�
�# �=	��
	�����	�% �8	�����	�	��O% �8	���#�	�%�� 
���� 
 �N�4�8	1�R�"��	*#���
�#�� ���
	�%-#�� �
	�� �,� � ��% !$�*
�# �"�

�# �=	��
	�� ��	�%��/� ��	/�"� 	1�,��	�� �
	�� ���;���
	&��# ���
#��"� % ��� �
� 	 �"!$#�� �'�"��# 
�% ���
	 � % 	�
D	"� �4� ��� !$	��"� % �'#�� % � ��� ��	�% ��� �
���
	���� #���	
� �����4� �
#��2�P#��'���
� 	��X% �8	���#�	�%�� " 
 �����
	�
=� �
�"! 
�� �"% 0 � 0 � 
����	��� � ' � ����� , �

CE5�F"ABY?0�51A,>
� � ��� � � 
 
 
��

� 6=7VAB68@"ABGT> AB> G @ �?5 7EF	�X5�24AB5 F 
�� 
 
 
�� 
 � 
 � 
P[ 
$2

� \ � � ��� : &���¤O®��<¤Owc��¤O� � � ¦ � � � �
� \ : \ ���z�m´��C��T���¤f®���¤O�[��¤f� < � ¸ < < < <
µ \�� ��µ/� :�@ �z��«t��¤OI���¤�<���¤ �*��¤f� ´ ��� ´ ´ ´ ´
� � : : ���6¸3« «t¤ � ¤ « « « «
7[¦ \ � 7�� :�µ/�C��®���¤f« ®�¤f¸ � ® ® ® ®
��¸ \ ¸��c�z��®���¤fT wc¤O¥ � � w w w
��¸�¸ � �[� :3®���¤f»c�|¤�p6LYKHLQDaEHJ�V ´4� �3� ´ ´ ´ ´
@�¸�¥ ¦¨@ �|¤ ����¤OT��<��p6LYKHLQDaEHJ�VzG ®c� � ¤ � ® ® ®
b>¥3¸ ¥�br��¤�<���¤fµ b.�6¤�¤ b b b b
�[¤3¤ � \ �[� :3T���¤ 7���¤�&���¤Owc��¤fb �P(S+8( � ® ® ®
��¤3¤O� � ��� :�br�|¤�<���¤O�c��¤Owc��¤fb µ�:C¤ � µ µ µ µ
��¤3¤ � � �*�<¦ ����¤f�c��¤Y´ » :C¤f¥ » » » »
«t¤O�*: ¤ � «t��¤�& � :�� � � � � �

�,+��8+���5?2;: �.9�
�=.5?2

�,A6L�SuLfGaP6KMDuG�J���D�B�EHV6Lfp�{�J3S �8ª �Q�m� � � �6� ��� � � � �?®­B�VCp�T_» ��&�A6EHq�A6KHEMq3A�DcDaA6L}EMX�e<J�SaDuB�VCNQL�J�{,DuB�oWEHV6q]KHJWJ�e
X�J�DuEMJ3V~EHV�DaJ�NYJ�VCGaEHp6LYS�BmDaEHJ�V}l8A6LYV]G.DaPzp�UWEMV6qgeCSaJ�DaLYEHVCGfn/bdV~DaA6LcNfB�GaL[J�{ ��{hT_» ��&~DuA6LcSuLfGaEHG.DuB�VCNQLY�§NfB�PCGaEHV6q�X�P�DuB��
DaEHJ�VzG8X�J3G.DaKHU�SuLfGaEHp�LOp~J�V~DaA6L�KMJWJ�ezG[Z�KHJ�J3eCG���B�VCp � ^,B�Vzp~DaAWPCG,DuA6LYEHSFX�J�DuEMJ3V~AzB�p}DaJ��<LcG.DaPCp�EHLfp�B3G8ltLYKHK\nt�,A6L
EHV�v3LfG.DaEHq3B�DaEHJ�V�J�{tB}G.DuB�DaERN�X�J�p�LYK8Z�
4ACB�e�DuLYSc��^�ltJ�P6KRp]ACB¨v3LcACB3p'p�EM��NQP6KMD>U]EHV�GaA6Jml8EMVCq�DaACL*p�UWVCB�X�EHN�SuB�V6q�L�J�{
EHV3DuLYS�B�NQDaEHJ�VCG_�<LQD>ltLYLYV ��{hT_» ��&��	GaP6KM{hB�p�J¨��EHV6L�B�VCp³T_» ��n � G.DuB�DaERN�X�J�p�LfK/l4J3P6KRp�B�KHGaJ�ACB¨v�L*ACB�p³p�EM��NQP6KMD>U]EHV
LQ��e6KRB�EHV6EHV6q[A6Jml ��{hT_» ��&�B�p6B�e�DuG�DuJ�DaA6L�X�P�D�BmDaEHJ�VzG?B�Vzp�DuA6LFLY½<LONrDuG/DaACB�D/DaACLFX�P�D�BmDuEMJ3VCG�ACB¨v3LtJ3V�DaA6L�LYV6¯fU�X�L3n
�,A6L�p�UWVCB�X�ERN�X�J�p�LfK	SuLYv3LfB�KMLOp~DaA6L�EHVCNQSuLfB3G.L�EMV�X*Jmv3LYX�LYV�D_J�{?KHJWJ�e � l8E�DuA]DuA6Lg® � \3� ´�X�P6DuBmDuEMJ3V���B�G_ltLYKHK	B3G
DaACLFKMJ�GaG/J�{�EMV�DuLYS�B�NrDuEMJ3V��zLYD>l4LfLYV�©_KMP ��\3� B�VCp�G.P6KM{hB�p6J¨�WEHV6L3n	�,A6L;p�UWVCB�X�ERN,X*J�p�LfKzB�KHGaJ[SaLfv�LOB�KHLfp�A6Jml1DuA6LFJ�DaA6LfS
X�P6DuBmDuEMJ3VCG�Bm½�LfNQD_DuA6L��6EHVCp�EHV6q�B�VCp�G>D�B��6EHKMEMD>U�J�{,G.PCK�{hB3p�J¨��EMV6L�EMV�DaACL�B3NrDuEMv3L*GaE�DuL�n*�,A6L�e6SaLfvWEMJ3PCGFD>ltJ�N�ACB�e�DuLYS�G
SuLYv�LOB�KHLfp�DaACB�D/DaACL�X�LfN�ACB�V6ERG.X �zLfA6EMVzp�G.PCK�{hB3p�J¨��EMV6L8SuLfGaERG>D�B�VCNYLtEHV���{hT_» ��&�EHG4p�P6L8DuJcvmB�SuEMJ3PCG�{hB3NrDaJ3SuG�GaPCN�A�B3G/B
p�LONQSuLfB�GaL�EHV�EHV�DaLfSuB3NrDaEHJ�V}�zLYD>l4LfLYV~G.P6KM{hB�p6J¨�WEHV6L_B�VCp}T;» ��&~B�Gtl4LfKMK�B3G4B�V�EHVCNQSuLfB3G.L;EMV}DaA6L_X�J�DuEMJ3V�J�{ DaA6L_KHJ�J3eCGfn

�,A6L?GaEHX�P6KRBmDuEMJ3VCG�J�{ ��{ � � �?®�X�Jmv�LfX�LYV�D�A6EHq�A6KHEMq3A�DaLfp_DuA6L/e<J�DuLYV�DaERB�K�G>DuSaPCNQDaP6S�B�K�EMX�e<J�SaDuB�VzNQL/J�{�DuA6L/eCB�SuB3G.EMDaLY�
GaezLONQEM¶zNcEHVCGaLYSaDaEHJ�VCG�EMV'DaA6L �t�M� � � *�� � � � q�LfV6J�X�L3n��,A6L�GaEHX�P6KRBmDuEMJ3VCG�GaA6JmltLfp~DaAzBmD[B���{ � � �4®¡X�J�p�LYK	l8E�DuA6J�P6D
DaACLFEMVzG.LfS.D�G/l,B�G�V6J�D4G.DuB��CKML8Jmv3LYS/KHJ�V6qcGaEHX�P6KRBmDuEMJ3VCGFZ�KHJ�VCq�LYS/DaACB�V�¤ ��� ezGu^Qn��,ACEHG?ezJ3EMV�DuG/DaJ�DuA6L;G.DuB��6EMKHEH¯YEHV6q[LQ½�LfNQD
DaAzBmD8DaACL[EMVCGaLYSaDuG8B�VCp�DaA6L[J�DaA6LfS8�6E�{�PCVCNrDuEMJ3VCB�K�ezB�SaDaV6LfStXgB¨U�AzB¨v�L�J�V~LYV6¯fUWX*L_{�P6VzNrDaEHJ�V�B�VCp�G>DuSaPCNQDaP6SuL�n
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I]B�KHB�SaERB�SaLfXgB�EHVCGFJ3V6L�J�{/DaA6L*p�LfB3p�KHEMLOG>D�p�EHGaLfB3G.LOGFEHV�GaP6���
&�B�AzB�S�B�V��8{�SuEHNfB6n </B�SuEMJ3PCG�p6SaP6q�GFACB¨v3Lc�<LYLYV�PCGaLfp
B�GtDuSaLOBmDuX*LfV�D,�CP�DFSaLOG.ERG.DuB�VzNQL_ACB�G,�<LYLfV~Lfv�J3KMvWEHV6q*B�q3B�EMVCG.D8B�KHK�J�{ DaA6L[oWV6Jml8V�p�SuP6q3GfnXK;V6L�J�{|DuA6L[X�J�SuL�LQ½�LfNrDuEMv3L
p�SuP6q3G*l,B�G�DaACL~eWUWSuEMX�LQDuACB�X�EHV6L¨j�G.PCK�{hB3p�J¨��EMV6L~NQJ3X��6EHVCBmDuEMJ3V��/l8A6ERN�A¬DuB�Suq�LYD�DuA6L�T;»;«�� B�VCp·T;» ��&¬LYV6¯fU�X�LOG
J�{ �t�M� � � *�� � � � �Q�m� � � �6� ��� ��²_SaLOG.e<LfNQDaEHv�LfKMU3n¬T_» ��&·ERG�eCB�SaDgJ�{;DaA6L~{�J�KRBmDuL�X*LYDuB��zJ3KMERN~eCBmDuA�l,B¨U�B�Vzp�{�J3SaXgG�B
�6EM{�P6VCNQDaEHJ�VCB�K/LYV6¯fUWX*Lgl8EMDaA � � �?®�n|b§D�eCB�SaDaERNQEHeCBmDuLfG�EHV�DaA6L�eCSaJ�p�PCNQDaEHJ�V�J�{t{�J�KRBmDuL�DaA6SuJ�P6q3A�DaA6L�B3p6p�EMDaEHJ�V³J�{8B
�z�dB�X�EHV6J��<LYVC¯YJ�ERN�B�NYEHp}X�J�EHLQD>U�nX&�P6K�{hB3p�J¨��EMVCL;ERGFB ����B�X*EHV6J3�zLfV6¯YJ3EHN�B�NYEHp~B�VzB�KHJ�q�PCL_B�VCp�DuAWPCG8B�NQDaEHv�LYKHU�NYJ�X�ezLYDaLOG
{�J�S�DaA6L?T_» ��&[B�NQDaEHv�L/GaE�DuL�l8E�DuA ����B�X�EHV6J��<LYVC¯YJ�ERN�B�NYEHp�n �FKMDaACJ�P6q3A_EMD|ACB3G��<LYLYV�{�J3P6VCp_DuACBmD B�X�EMV6JFB3NQERp_X�P�D�BmDaEHJ�VzG
B�SuL?SuLfGae<J�VCGaEM�CKML�{�J3S SuLfGaERG>D�B�VCNYL?J�{CT_» ��&[DuJ_GaP6KM{hB�p�J¨��EHV6L��ODaACL4X�LfN�AzB�V6ERG.X �<LYA6EHVCp�E�D�ACB�G V6Lfv�LYS	�<LYLYV�LYKHPCNQERp6B�DaLfp�n
K;V6L�J�{;DuA6L]XgB�EHV�B�EHX�G�J�{_DaA6ERG�G.DaPCp�U·l,B�G*DaJ�EHVWv�LOG>DuEMq�BmDaL~DuA6L�X�LfN�ACB�V6EHGaX �<LYACEMVCp�GaP6KM{hB�p�J¨��EHV6L�SaLOG.ERG.DuB�VzNQL
DaACSaJ3P6q�A�B�V � � ���º� �+� *gX�J�p�LfKMKHEMVCq�B�e6e6SuJ3B3N�A�n��8p6p�EMDaEHJ�VCB�K�B�EHX�G,ltLYSuL_DaJge6SuJ�e<J3GaL�G>DuSaPCNQDaP6SuLfG8B�VCp}DaJ�EHV�v3LfG.DaEHq3B�DaL
DaACL[X*Jmv3LYX�LYV�D8J�{ DaA6L[KHJWJ�eCGt{�J3S8�zJ�DaA��6EM{�P6VCNQDaEHJ�VCB�K�eCB�SaDaVCLYS�GYn

��GcX�B�KHB�SaERB�K�eCSaJ�DaLYEHVCG[B�SaLgp�EM��NQP6KMDcDaJ�NQSuUWG.DuB�KMKHEH¯YL�� B�V�B�KMDaLfSaVCB�DaEHv�LgB�eCe6SaJ�B�N�A�ltB3G�{�J�KHKMJmltLfp'DaJ�J3��DuB�EMV :3T
G.DaSuPCNrDuP6SaLOGYn�»�J�X�J�KHJ�q3U�X�J�p�LfKMKHEMVCq�l,B�G�PCGaLfp�DuJ�J3��DuB�EMV1X*J�p�LfKHG�{�J3S �/{hT;» ��&·B�VCp ��{ � � �?®�n4«6J�S ��{hT_» ��&
DaACL]NQSuUWG.DuB�K8G>DuSaPCNQDaP6SuLfG�J�{ �'ª_� �
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�8E�D?l,B�G�LfvWEHp�LfV�D/DaACB�D �8ª �Q��� � � �6� ��� �¡NQJ�V�D�B�EHV6Lfp�D>l4J[EHVCGaLYSaDuG�J�{�B��zJ3P�DF¤ � B�VCp
:3��SuLfGaEHp�PCLfG	LfB3N�A�n|b§D/l,B�G	p�LfNYEHp6Lfp�DaJ_LQ�6NQKHPCp�LtDuA6L,KMJ3V6q�LfS	EHVCGaLYSaD�{�SaJ3X DaA6L8X�J�p�LYKHKHEMV6q_e6SuJ�NQLfGuG�B�G	EMD?p�EHp�V6J�D�AzB¨v�L
B�VWU_DaLfX�e6KHB�DaLtXgBmDuN�A|n	�,A6LtG.LOy�P6LYVCNYLfG J�{ �Fª � � ��� 
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DaJgERp�LfV3DuE�{�U �t�M� � � *�� � � �*�dG.e<LfNYE�¶zN�NQJ�VzG.LfSav3Lfp}SaLfq�EHJ�VCGfn/�,A6LcNQSuU�G>D�B�K�G.DaSuPCNrDuP6SuLfG8J�{ � ª�� � � � � �cB�VCp �8ª � *�� �4ltLYSuL
B¨vmB�EHKHB��6KHL��6P�D*DaA6LfU³l4LfSaL}J�V6KHU³PCG.LOp³{�J�S�B�pCp�E�DuEMJ3VCB�K4e6SuJ�DaLfEMV6�§GaP6�CG.DaS�BmDuL�EMV�DuLYS�B�NrDuEMJ3V�EMV6{�J�SuX�B�DaEHJ�V1B�VCp�V6J�D*B3G
DaLfX�e6KHB�DaLOGFZhp�PCL8DaJ[KHJml¬GaLfy�P6LfVCNQL8ERp�LYV�DuE�D>U*B�VCp*X�EHGuGaEMV6q[KHJWJ�eCG/EMV*DaACL�NQSuU�G>D�B�K6G.DaSuPCNrDuP6SaLOGu^Qn �'ª�� �
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GaA6Jml4LOp[DuA6L8A6EHq�A6LOG>D/GaLfy�P6LYVzNQL,EHp6LYV�DaEMD>UcDuJ �Fª �Q�m� � � �C� ��� � T;» ��&�Z : ��� ^rn�I�J�p�LfKHG�NYJ�V�DuB�EMV6EHV6q_DaACLteCSaJ�p�PCNQD?B�VCB��
KHJ�q�PCLFB�G/ltLYKHKzB3G/GaP6K�{hB3p�J¨��EMVCL���ltLYSuL8�6P6EHKMDtB�Vzp*DaA6L;e6SaJ�p�PzNrD4B�VCB�KHJ�q3P6L,X*J�p�EM¶CLOp*DaJcDuA6L8D>ltJ[VCBmDuP6S�B�KzGaP6�CG.DaS�BmDuLfGf�
����B�X�EMV6J3�zLfV6¯YJ3EHN_B�NYEHp}B�VCp � �§AWU�p�SaJ¨��UWX�LQDuA�UWKRp�EHA�U�p�SuJ�e6DaLYSuEHV*eWUWSuJ�e6A6J�G.eCACBmDuL�n �,ACL_eCSaJ�DaLYEHV��dG.PC�CG>DuSuB�DaL_NQJ�X�e6KHLQ�
l,B�G*G.P6� �>LfNrDuLfp�DaJ�LYV6LfSaq3U�X�EHV6EHX*EH¯fB�DaEHJ�V1DaJ�SaLfKMEHLYv3L�KHJWNfB�K,G>DuLYSuEHN}NQKRB�GaA6LfGf��{�J3KMKHJml4LOp³�WU�G.J3KMvmBmDuEMJ3V�l8EMDaA%�,b � :
l,BmDaLfS[X�J�KHLfNQPCKMLOGYng�,A6L�GaJ�KHvmBmDaLOp]e6SuJ�DuLYEHV��dG.P6�zG>DuSuB�DaL�NQJ�X�e6KHLQ��ltB3G;DaA6LfV�X�EHV6EHX*EH¯YLOp³B�q3B�EMV³B�Vzp�GaP6�CGaLfy�P6LfV3DuKMU
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P6VCp6LYSul4LfV3D?B�X�J3KMLONQP6KRB�S/p�UWVCB�X�EHNfG/G.EHX�PCKHB�DaEHJ�V*{�J�S8¤fVCGYn��,A6L�GuB�X�L8e6SuJ�NQLOGaG�l,B�G�SuLYe<LfB�DaLfp�{�J3S�DaA6L;NQJ�VzG>DuSaPCNQDaEHJ�V
J�{zDaA6L8X�J�p�LfKHG/NYJ�V�DuB�EMVCEMV6q_LfB3N�A�J�{CDuA6L8SaLOG.ERG.DuB�VzNQLQ�dNYB�PCGaEMV6q;X�P�D�BmDuEMJ3VCG��6P�D�DuA6L8X�J�KHLfNQPCKHB�S�p6U�VzB�X�EHNfG�G.EHX�PCKHB�DaEHJ�V
l,B�GtDaLfSaX�EHVCBmDuLfp~Bm{ºDuLYS[¤ �3� eCGfn

«6J3S���{ � � �4® DaA6L;NQSuUWG.DuB�K6G>DuSaPzNrDaPCSaL8J�{ �Fª � *m� �	l,B�G�PCGaLfpgB3G�DaLfX*eCKHB�DaL�n��,A6L��/{ � � �?®¢GaLfy�P6LfVCNQL8J3VCNQLFB�q3B�EMV
GaA6Jml4LOp�EHVCGaLYSaDaEHJ�VCG�l8ACLYVgNQJ3X*ezB�SuLfp�B�q3B�EMVCG.D�DaA6LFGaLfy�P6LfVCNQLOG	{�SaJ3X J�DaA6LfS/G.e<LfNYEMLOGYn	bdV*DaA6LFNfB�GaLtJ�{ �/{ � � �?®°DuA6LYSuL
ltLYSuL�D>ltJ�EMVCGaLYSaDaEHJ�VzG4l8EMDaA�B*KHLYV6q�DaA~J�{	B��zJ3P�D�¥ � SuLfGaEHp�PCLfGtLfB3N�A�n�£4J�DaA~J�{	DaA6L�EHVCGaLYSaDuG,ltLYSuL;LY��NYKMPzp�Lfp�{�SaJ3X DaACL
X�J�p�LYKHKMEHV6q�e6SuJ�NQLOGaGfn��,A6L�NYSaU�G.DuB�K/G>DuSaPCNQDaP6SuLgJ�{ �8ª � *�� �_NYJ�V�DuB�EMVCLfp�B�G.P6�zG>DuSuB�DaL�B�VzB�KHJ�q�PCL�B3G�l4LfKMKtB�G[��� � EHV
DaACL~B3NrDaEHv�L~G.EMDaL3�?B�Vzp�DaACLfGaL}ltLYSuL�EHVCNQKHPCp�LOp�EHV�DuA6L~¶CVCB�K,X�J�p�LYK n��,A6L�G.P6�zG>DuSuB�DaL�B�VCB�KMJ3q�P6L�l,B�G�X�J�p�E�¶zLfp�DuJ
DaACL�VCB�DaP6S�B�K?GaP6�CG.DaS�BmDuL��/¦W� ¸m�dp�EHA�U�p�SuJ�� � �§AWU�p�SaJ¨��UWX�LQDuA�UWKM�>¦¨� X�LYDaAWUWK��>¦O�§e�DaLfS.EHV�Zh» �t^r��B�VCp�DuA6L�e6SuJ�DuLYEHV��dG.P6�zG>DuSuB�DaL
NQJ3X�e6KMLY��G.P6� �>LfNrDuLfp�DaJ�LfV6LYSuq�U�X�EHV6EMX�EH¯fB�DaEHJ�V���{�J�KHKHJml4LOp���U�GaJ�KHvmBmDuEMJ3V�B�VCp�X*J3KMLONQP6KRB�Stp�UWVCB�X�ERNYGtG.EHX�PCKHB�DaEHJ�Vg{�J3S
¤�VCGfn
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DaACL�X�J�p�LYK n�T�P6SuEHV6q[DaACL;GaEMX�P6KHB�DaEHJ�V�GaJ�X�LFJ�{�DaA6L;KMJWJ�ezG?GaA6Jml4LOp*X*Jmv3LYX�LYV�DOn	�,A6ERG?NYJ�SuSaLfKHB�DaLOG�l4LfKMKzl8E�DuAgDaACL�J��6�
GaLYSuv¨B�DaEHJ�V[DuACBmD�X�J��CEMKHL4KHJWJ�eCG�NfB�V6V6J�D	�<LtSaLOG.J3KMv3Lfp[EHV�DaJ_J�V6L,NQJ3VCG.LfVCGaPCG|J3SaEHLYV�D�BmDaEHJ�V�EMV�&F�§SuB¨U[NYSaU�G.DuB�KHKHJ�q�S�B�eCA�U3�fB3G
GaLYLYV�EMV[DuA6L4NYSaU�G.DuB�K3G.DaSuPCNrDuP6SaLOG�J�{CT;» ��&�{�SuJ�X �'ªC� � � � � � � � * ���
��Zh£,B�NfB��Q�	�m�MªM²6� �3��� ^r² � ªz� � � � � ��Z\»�B�X*e<LYKHL[�Q�|���MªM²
¤f¥3¥�¦�^ B�VCp 	�ª � �z� 
 � �!� �
��Zh£,B��CB�J3q�KHP��Y�����MªM²<� ����\ ^rn	�,A6L�GaEMX�P6KHB�DaEHJ�V�J�{ ��{hT_» ��&�EMVzp�EHNfBmDuLfp*DaAzBmD/DuA6L�GaP6�CG.DaS�BmDaLOG
SuLYXgB�EHV6Lfp]EMV'DaA6LgB�NQDaEHv�L*G.EMDaL�{�J�S_X�J3G.D_J�{/DaA6L�GaEMX�P6KHB�DaEHJ�V���GaP6e6e<J�SaDaEHV6q�DuA6LgB�NfNQP6S�B�NYU}J�{�DaA6LgB�NQDaEHv�L*G.EMDaL3nc�,A6L
XgB�q3V6LfGaEMPCX¼EHJ�V'B�KHGaJ�SuLYXgB�EHV6LOp�EMV'DaA6L*B�NrDuEMv3L�GaE�DuL�B�Vzp]B�VCN�ACJ�SuLfp � �§AWU�p�SaJ¨��UWX�LQDuA�UWKRp�EHA�U�p�SuJ�e6DaLYSuEHV�eWUWSaJ3e6A6J3G.�
e6ACB�DaL�DaA6SuJ�PCq�A6J3P�D;DuA6LgG.EHX�PCKHB�DaEHJ�V�nc�,A6ERG�e6SuJmvWEHp�LOG;B3p6p�EMDaEHJ�VCB�K	GaP6e6e<J�SaD�{�J�S;DaA6LgB3NYNQPCSuB3NQU�J�{/DuA6LgB�NQDaEHv�L�G.EMDaL3n
&WP6KM{hB�p6J¨�WEHV6L[ERGFB ����B�X�EMV6J3�zLfV6¯YJ3EHN[B3NQERp�B�VCB�KMJ3q�P6L[B�Vzp�DuAWPCG�GaP6KM{hB�p�J¨��EHV6L[B�VCp � � AWU�p�SuJ¨�WUWX�LQDuAWU�KRp�EHAWUWp6SaJ3e�DaLfSaEHV
eWUWSaJ3e6A6J3Gae6ACB�DaL4l4LfSaLtEMVzNQKHPCp�Lfp*EHV�DuA6LFB�NQDaEHv�L,G.EMDaLtDuJ_EHVWv�LOG>DuEMq�BmDaL4DaACLtX�LON�ACB�V6ERGaX¢J�{�G.P6KM{hB�p6J¨�WEHV6LtEMVCA6EM�CE�DuEMJ3V�B�VCp
SuLfGaEHG.DuB�VCNQL3n*�,A6LgGaEMX�P6KRBmDaEHJ�V�EHVCp�ERNYBmDuLfp'DaACB�D�G.PCK�{hB3p�J¨��EMV6L3�|p�P6L*DuJ~EMDuGcKHB�Saq3LYS�G.EH¯YL3�|G.ACJml4LOp'X�J�SuL*EMV�DaLfSuB3NrDuEMJ3VCG
l8EMDaA�DaA6Lte6SuJ�DaLfEMV�DaACB�V � ��B�X�EMVCJ��<LYV6¯fJ�ERN4B3NQERpcB�VCpcDaAWPCG�SuLYXgB�EHV6LOp[EMV�DaACLtB3NrDaEHv�L,GaE�DuL?{�J3S KHJ�V6q3LYSOn �,A6ERG�G.PCq�q�LOG>DuLfp
e<J3GuG.EH�6KHL�NYJ�X�e<LQDaEMDaEHJ�V³�<LQD>ltLYLfV³GaP6KM{hB�p�J¨��EHV6L�B�VCp �z�dB�X�EHV6J��<LYVC¯YJ�ERN�B�NYEHp'{�J�S�DuA6L�B�NQDaEHv�LgG.EMDaLgEHV�DaA6Lgl8EHKRpW�\D>UWe<L
e6SuJ�DuLYEHV�n &�P6K�{hB3p�J¨��EMVCL}GaA6Jml4LOp�EHV3DuLYS�B�NQDaEHJ�VCG�l8E�DuA¬µ�U�G � \�� ���FKRB � ¸6¤3�L&�LYS \ : � B�VCp¬�FKRB \ :W¦Wn��,A6L}e<J3GaEMDaEHJ�V
J�{ ����B�X�EMV6J3�zLfV6¯YJ3EHN*B�NYEHp�EHV'DuA6L�T_» ��&³B3NrDaEHv�LgGaE�DuLgACB�G�VCJ�D[�zLfLYV³SuLfGaJ�KHv�Lfp�B�VCp�LQ��e<LYSuEMX�LfV3D�B�K�ltJ�Suo]G.PzN�A�B3G
DaACL_X�P�DuB�DaEHJ�V~J�{ ��{�µ|U�G ��� ¥~Z�eCSaJ3ezJ�G.LOpgDaJ�EHV�DaLYS�B�NQDtl8EMDaA � ��B�X�EMVCJ��<LYV6¯fJ�ERN;B3NQERp M6£,B��CB�J�q�KHP��Y�t���MªM²|� ���4\ ^/X�B¨U
e6SuJmv�L�DaJg�<L_vmB�KMPCB��6KHL�n�T�LfSaSuLYXgB�P����Q�8�m�HªFZ>¤O¥�¥3¸3^4G.P6q3q�LOG>DuLfpgDuACBmDFKHJWJ�e~X�Jmv�LYX�LfV3D,X�EMq3A�D,�<L_DaA6Lcp6LQDaLfSaX�EHV6EHV6q
{hB�NQDaJ3S_EHV�DaA6L�DaEHX�L�DuB�o3LYV�{�J3S[NYBmD�B�KHU�G.ERG;DaJ~JWNfNQP6S�EHV��,b>I�� �CB�SaSuLYK	e6SuJ�DuLYEHVCG�ZhGaPCN�A�B3G_T_» ��&6^rn|T;LfNYSaLOB�GaEMVCq�DaACL
X�J��6EHKHE�D>U�J�{/DaA6L*KHJ�J3eCG;EMV ��{hT_» ��&'DaACSaJ3P6q�A]X�P�DuB�DaEHJ�V�G>DuPCp�EHLfG�G.ACJ�P6KRp'GaA6Lfp�G.J3X�L�KHEMq3A3D�J�V'DaA6L*LQ½�LfNQD_J�{/DaACL
KHJ�J3eCG,J�V�NYB�DuB�KMU�GaEHG,B�Vzp}LfV6¯YUWX�L�oWEMV6LYDaERNYGfn

T;P6SaEHV6q�DaA6L�GaEMX�P6KHB�DaEHJ�VCG�J�{;DaA6L�p�EM½<LfSaLfV�D*X�P�DuB�V3D�GY�4E�D�l,B�G*G.A6Jml8V1DaACB�D*LOB�N�A¬SaLOG.ERG>D�B�VCNYLQ�dNYB�PCG.EHV6q�X�P�DuB��
DaEHJ�V·ZB&WLfS \ : � �FKRB6���FKRB \ : � ©_KHU���µ�U�G � \3� ©_KMP]B�VCp'��KHB � ¸C¤O©_KHU�^Fp�LfNYSaLOB�GaLfp�DuA6L�EHV�DaLfSuB3NrDaEHJ�V'�zLYD>l4LfLYV�GaP6KM{hB�p�J¨��EHV6L
B�Vzp ��{hT_» ��&�n|@�A6LfV�X�P6K�DuEMeCKML�X�P6DuBmDuEMJ3VCG;JWNfNQP6SuSuLfp�DuA6L*LQ½�LfNrD[l,B�G_B�p6p6E�DuEMv3L�n��,A6LgGaEMX�P6KRBmDaEHJ�V�G.A6JmltLfp�DaACB�D
�z�dB�X�EHV6J��<LYVC¯YJ�ERN,B�NYEHp�p�EHp*V6J�D�ACB¨v�LtXgB��>J�S�EHV�DaLYS�B�NQDaEHJ�VCG	l8EMDaA�DaA6LOG.L8SuLfGaERp�P6LfG�B�VCpcDuAWPCG	DaA6L,V6J3SaXgB�KW{�P6VCNrDuEMJ3V6EHV6q
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�B�DaJ3X�G »�U�p�SaJ3e6A6J3�6EHN;EHV3DuLYS�B�NQDaEHJ�VCG �/ACL ���6¤��¼bdKML ¤ \�� �

I�LYDc¤¨¦ �
�/A6L � ¸C�6�?UWS�¤ \ ¤

�FKHK|w BmDuJ�XgG »�U�p�SaJ3q�LfV �<J�Vzp6G DuJ X�J3G.DaKHU
N�AzB�Suq�Lfp SuLfGaEHp�PCLfG¢B3G l4LfKMK·B�G
SuLfGaERp�P6LfG NYJ�V�DuB�EMVCEMV6q J¨��UWq�LfV
q3SaJ3P6eCGtEHV}DuA6L[G.ERp�LY�§N�ACB�EMV

�;G.e ¤O�
:6����GaV ¤ \ :C�
�;G.e]��¤ �

©_KMP �3� ZhGaERp�L N�ACB�EMV
B�GgltLYKHK�B�G��CB�N�oW�<J�V6L
BmDaJ3XgGu^Q���,ACS � ¦�� </B�K
� ¸�Z��CB3N�oW�zJ3V6L�^

K B�DaJ�X »�U�p�SaJ3q�LfV �<J�VCp l8EMDaA B�X�EMV6J
q3SaJ3P6eCG

µ|UWGF� ��� ��GaV]¦ �

J�{<DaACLFLYV6¯fUWX*LFNYJ�P6KRp�NQJ3V3DuEMVWP6L3n �;G.EHV6q_DaACLFX�JWp6LYKCB3G/B�q�P6ERp�L3��X�P6DuBmDuEMJ3VCG�l8A6ERN�A�e6SaLfv�LfV3D�� ��B�X�EHV6J��<LYV6¯fJ�ERN,B�NQERp
{�SuJ�X¡LfV3DuLYSuEMVCq�DuA6LcB�NQDaEHv�L[GaE�DuL_XgB¨U�eCSaJmv3L;vmB�KHPCB��6KML�EHV~{�P6S.DuA6LYS8vmB�KMERp6BmDuEMVCq�DuA6L[X�J�p�LYK n

�,A6L�p�UWVCB�X�ERNYGgGaEMX�P6KRBmDaEHJ�V¬J�{ ��{ � � �?® l,B�G�KMLOGaG�SuLYv3LfB�KMEHV6q]DuACB�V¬DaAzBmDgJ�{ ��{hT;» ��&·�6P�D�GaJ�X�L~v¨B�KMPzB��6KHL
EHV�{�J�SuXgBmDaEHJ�V¬ltB3G�G>DuEMKHK8J���D�B�EHV6Lfp�n¬��� �¹B�VCp·» �¹G.PC�CG>DuSuB�DaL�B�NQDaPCB�KMKHU�X�Jmv�Lfp¬NQKHJ3GaLYS*DaJ�J�VCL~B�V6J�DuA6LYSgp�P6SuEHV6q
DaACL'G.EHX�PCKHB�DaEHJ�V�B�GgltJ�PCKHp%�<L]LQ��e<LfNQDaLfp�p6P6SaEHV6q�V6J3SaXgB�K�NYB�DuB�KHU�G.ERGfn &WP6eCezJ3S.D�{�J3SgDaACL]e6SuLfp�ERNrDuLfp�B�NQDaEHv�L]GaE�DuL
NQJ3V�{�J�SuXgBmDuEMJ3V�ltB3Gcq3B�EMVCLfp�{�SuJ�X DaA6L�{hB�NQD�DaAzBmD*DaA6L�D>l4J]XgB�q�V6LOG.EHP6X EMJ3VCGcSuLYXgB�EMV6LOp�EHV�DaA6L�B�NQDaEHv�L�GaEMDaL}B�VCp
B�VzN�A6J�SuLfp'DaA6L}��� � DaA6SuJ�PCq�A6J3P�D[DaA6L}G.EHX�P6KRBmDuEMJ3V�n �?B�V��Q�c���Mª�Z\� ��� ¤O^�GaA6Jml4LOp]DuACBmD*»FE � � �?®�ACB3G[LQ�WDuLYVCGaEMv3L
KHJ�J3e}X�Jmv3LYX�LYV�Df��B3G8G.LfLYV}{�SaJ3X DaA6L[p�EM½�LYSuLYV�D�NQJ3V�{�J�SuXgBmDaEHJ�VzG?J�{|DaACL[e6SaJ�DaLfEMV~l8E�DuA�B�VCp}l8E�DuA6J�P6D,KHEHq3B�Vzp6G,EMV}DaACL
B�NQDaEHv�L*G.EMDaL3n��,ACLYEHS_ltJ�Suo�B�KRG.J�EHVCp�ERNYB�DaLOp�DaAzBmD � � �?®�X*EHq�A�D�l4J3Sao}DaACSaJ3P6q�A'B�V]EHVCp�PCNYLfp�¶CD_X�J�p�LYK n ��{ � � �?®
GaA6Jml4LOp[LQ�WDuLYVCGaEMv3L/KHJ�J3e�X�Jmv�LfX�LYV�D	p�PCSaEHV6qFDuA6LtEMV6EMDaERB�KWeCB�S.D	J�{6DuA6L,G.EHX�P6KRBmDuEMJ3V�B�Vzp�DaA6ERG�G.PCe6ezJ3S.D�G DaA6Ltl4J3Sao�p�J3V6L
�WU �?B�V1�Q�8�m�MªcZ\� �3� ¤¨^?J3V~DaA6LcX�J3�6EMKHEMD>U}J�{ DuA6LcKHJ�J3eCGfn4�,A6LcltJ�Suo�e6SuLfGaLYV�DuLfp~A6LYSuLcB�KRGaJ�GaP6e6e<J�SaDuG8DaA6L[DuA6LYJ3SaU}J�{
EHVCp�PCNYLfp*¶6D?EHV�� � �4® B�G�e6SuJ�e<J3GaLfp*�WU �?B�V'�Q�/���kn8Z\� �3� ¤¨^ {�J�S?»�E�� � �?®�n��,ACLFJ�V6KHU�p6SuB¨l8�CB3N�ocJ�{<DaACL�G.EHX�PCKHB�DaEHJ�V
l,B�GtDaAzBmD,DaA6L[X�J�p�LfK��zLfq3B�V�DuJgKMJWJ3GaL;DaLYSaDaERB�SuU�G.DaSuPCNrDuP6SuL;DuJmltB�SupCG?DuA6L[LYVzp�J�{ DuA6LcG.EHX�PCKHB�DaEHJ�V³ZhNQKHJ3GaL_DaJ � nk¦¨VzGu^Qn
�,A6ERG�XgB¨U��zL~p�P6L�DaJ�B'G>D�B��6EHKMEH¯YEHV6q]LY½<LONrD*DaA6L}eCB�S�B�GaEMDaLQ�dGaezLONQEM¶zN�EMVzG.LfS.DuEMJ3VCGcACB¨v3LgJ�V�DuA6L�LfV6¯YUWX�L}B3GcltLYKHK4B3G
DaACL�{hB�NrD[DuACBmD � � �?® EHG�X�ERGaGaEHV6q�E�D�G[�6EM{�P6VCNrDuEMJ3VCB�K?eCB�SaDaV6LfSf� T;» ��&�n|bdVzG.LfS.D�G.DuB��6EMKHEH¯fBmDuEMJ3V�NYJ�P6KRp��zL�GaA6Jml8V���U
X�J�p�LYKHKMEHV6qgDuA6L�NYJ�X�e6KHLQDuLc�6EM{�P6VCNrDuEMJ3VCB�K	LYVC¯YUWX�Lc�6P�D�G.EHVCNQL�B�DaLfX*eCKHB�DaL[{�J3SFDaACLcKMEHV6oWEHV6q�SuLYq3EMJ3V�B�VCp~DaACLcEMVzG.LfS.D�G
B�SuL~V6J�DgB¨vmB�EHKHB��6KML3��DaACEHG�B�eCe6SaJ�B�N�A�l,B�G*V6J�D*eCP6SuGaP6LOp�{�P6SaDaA6LfSfn¬b§{�DuA6L �8ª �Q�m� � � �6� ��� � � � �?®_�§T_» ��&%NQSuUWG.DuB�K
G.DaSuPCNrDuP6SaL�l4J3P6KHp��<LfNYJ�X�L�B¨vmB�EHKRB��6KHL��3X*J3KMLONQP6KRB�S4p�UWVCB�X�ERNYG/J�{�DaA6L;�6E�{�PCVCNrDuEMJ3VCB�K�NQJ3X*eCKMLY��l8EMDaA�B�VCpgl8EMDaA6J3P�D/DaACL
EHVCG.LfS.D�G,l4J3P6KRp�e6SuJmv�L_EHV�vmB�KMPCB��6KHL_EHV�p�LQDuLYSuX�EMV6EHV6q*DaACL[LQ½�LfNrDFJ�{ DuA6L[EHVCG.LfS.D�G,J�V~LYV6¯fUWX*L[G.DuB��6EMKHEH¯fBmDuEMJ3V�n

�,A6L�J�NYNYP6SuSaLfVCNQL�J�{_X�P6K�DuEMeCKML'p6SaP6q�SuLfGaERG>D�B�VCNYL�EMV �8ª��Q��� � � �6� ��� � V6LfNYLfGuG.EMDuB�DaLfGgDaA6L]VCLYLfp·{�J3S�V6Lfl�p6SaP6q�G
B�G�ltLYKHK�B�G[B�V�P6Vzp�LYS�G>D�B�VCp6EMV6q~J�{4DaA6LgX�LON�ACB�V6ERGaX �zLfA6EMVzp�NYP6SuSaLfV3Dcp�SuP6q~SaLOG.ERG.DuB�VzNQL*EMV�XgB�KRB�SuEHBCn��,A6L�G.DaPCp6EMLOG
SuLYe<J�SaDaLfp�A6LYSuL�ACB¨v3L}NYJ�V�DaSuEM�CP�DaLOp³DaJ�DaA6L~P6VCp6LYS�G>D�B�VCp�EHV6q�J�{8DaACL~X�LON�ACB�V6ERGaX �<LYACEMVCp¬G.PCK�{hB3p�J¨��EMV6L}SaLOG.ERG.DuB�VzNQL
EHV �8ª �Q��� � � �6� ��� � T_» ��&�n|£tJ�DuA'DuA6LgX�JWp6LYKRG�ACB¨v�L*�zLfLYV³G.ACJml8V'DuJ~�<LgG>D�B��6KHL�ZhT_» ��&�X�J3SaLgGaJ�DuACB�V � � �?®c^
B�Vzp~NYJ�P6KRp�DaAWPCG8�<LcPCGaLfp}EMV�EHVWv�LOG>DuEMq�BmDaEHV6q�DaA6LcB3NrDuEMv3L�GaEMDaLfGFl8E�DuA}DuA6L�B�EMX¡J�{�p6LfGaEMq3V6EMVCq*VCLYl p�SaPCq3Gf��l8A6EHN�A�NfB�V
DuB�Saq3LQD�T_» ��&�X*J3SaL[LY½<LONrDuEMv3LYKHU�n,�FV6J�DaA6LfS�B�e6eCSaJ�B�N�A~EHG,DuJ�XgB�o3LcBgG.EHV6q�KHLcp�SuP6qgl8A6ERN�A�DuB�Saq3LQDuG,X�J3SaL�DuACB�V�J3V6L
LYVC¯YUWX�L�n ��{hT;» ��&�B�VCp �/{ � � �?®��zJ�DaA'�CEMVCp'G.P6�zG>DuSuB�DaLfG�l8E�DuA�B}G.EHX�EMKRB�S;�CB�N�oW�<J�V6L*G>DuSaPCNQDaP6SuL�Zhe�DaLfSaEHV'q3SaJ3P6ez^

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



���������
	����4������� ��� �2
�#��2� � #�% ��� % % #���� ¦m¥

EHV�BcGaEMX�EHKHB�S?l,B¨U*B�VCp*DaAWPCG?DaA6L;X�JWp6LYKRG?e6SuLfGaLYV�DuLfp�A6LfSaLFltJ�PCKHpgACLYKHe�EMV�SaLfv�LfB�KMEHV6qcGaEMX�EHKHB�SaEMDaEHLfG?�zLYD>l4LfLYV�DuA6L�D>ltJ
B�NQDaEHv�LgGaE�DuLfG�Z\� B��6KHL \ nH¤O^rn}�,A6LfGaL�G.EHX�EMKRB�SuEMDaEHLfG[NQJ3P6KRp��<L�LY�WeCKMJ3E�DuLfp�DaJ]p�LOG.EHq�V�B�e�DuLYSuEMV³�CB3N�oW�zJ3V6LQ�§�CB�GaLfp�p�SuP6q
l8A6ERN�A�D�B�Suq�LQD�Gt�zJ�DaA~LYV6¯fU�X�LOGtB�D4DuA6L[GaB�X�L�DuEMX�L�n/� p�SuP6q*l8A6ERN�A}SuLfGaLYX��6KMLOG/DuA6L�e6SuJWp6PCNrDO��e�DaLfSaJ3EHN_B�NYEHp��WltJ�P6KRp
B�KRGaJge6SaJmv3L�v¨B�KMPzB��6KHL�B�G�E�D;l4J3P6KHp�B�KHGaJ�DuB�Saq3LQD�T_» ��&]G.e<LfNYE�¶zNfB�KHKMU3nF�,A6LcltJ�Suo�e6SuLfGaLYV�DaLOp�A6LYSuL�B�KHGaJ�DaJ3PCN�A6LfGFJ�V
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