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• ��� �%) %�� �&'�-� $ 0� )#�%�7�)&�-� "&��  '%� ��7�!#�/!%� )&#�,%� &"�

2�&1 !%*+%-� +#�*��,%� ��*� �*7�,%� &7%��  '%� 0%��).� � 
**� �&��!!0-�  '%�

)#��&� ����)%,#���+�"#�*��+�"&�� '%��%)%��,'�&7%�� '%�"��) � 1 &�0%��)�
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• ��� �&!��� 
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#�*%�) ��*��+�$ ��0�&"� '%�,&�,%� ).�
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� �����9�&$ �# %�� �� %�"�,%� 4���6� ��&7�*%)�  %,'�&!&+0�  '� � �!!&1 )�

,&$ $ #��,� �&�� ��*� ,&� �&!� "&�� �%&�!%� 1 '&� ��%� #��/!%�  &� �� %��, � 1 � '�  '%���

%�7��&�$ %� .� �#�, �&��!� %!%, ��,�!� ) �$ #!� �&�� 4���6� *%7�,%)� ��%� *%7%!&�%*�  &�

�$ ��&7%� &�� �%) &�%� "#�, �&��!� 0�  &� ��� �$ ����%*� �%�7&#)� )0) %$ .� �&�� �� �%� )�

)#""%���+� "�&$ � )%��&#)� �%#��!� *%+%�%�� �7%� *�)&�*%�)-� ������ ��&7�*%)� �� '��*)9"�%%�

$ %��)� &"� ,&� �&!!��+� ���� *%7�,%).� 
� �;��� ���� %5�!&� )�  '%� "�, �  '� � %5 %���!� &��

�� %���!� ) �$ #!�� ��&7�*%� �� �&/#) � �%,&+�� �&�� �%)�&�)%� ���  '%� /����<)� %!%, ��,�!�

�, �7� 0� 1 '�,'� $ �0� /%� �%,&�*%*� /0� ��� %!%, �&%�,%�'�!&+��$ � 4��:6�  &� �, � �)� ��

,&� �&!�)�+��!.��'%� ��,�%�)%*��$ �!� #*%�&"��� ��+% ��;���*% %�$ ��%)� '%�%5 %� � &�

1 '�,'�� �$ �0�/%�)%���� %!0�*�) ��+#�)'%*���*� '#)�� )�%""�,�%�,0��)���)�+��!�,&� �&!!%��

������;������.�
���#*� &�0��;���/%�%"� )� '&)%��� �%� )�1 '&)%�7�)#�!�)0) %$ )�'�7%�

/%%��,&$ ��&$ �)%*.����*� �&��!��;�������*�+$ �����&�,'%)�*&��& �%""%, �7%!0�!%�*�

 '%$ )%!7%)� &������� %+�� �&�.�

�'�)� '%)�)���7%) �+� %*���$ #! �9,!�))��#*� &�0��;��������)���) %�� &1 ��*)�����

���!�,�/�!� 0.�
�$ #! �9,!�))��;�������*�+$ �����&�,'���&7�*%)�*%+�%%)9&"9"�%%*&$ ����

&�%�� ��+� ��� ���� *%7�,%� &7%��  '%�  ��*� �&��!� �;��� ����*�+$ .� 
,,#��,0� ���

,!�))�"�,� �&��&"�  ��+% ��;��)� ,&� ��/# %)�  &�  '%�����*�+$ <)����!�,�/�!� 0� ����� =�%�!<�

%�7��&�$ %� .� �'%� ,&$ �# � �&��!� %""%, �7%�%))� &"�  '%� ����*�+$ � ,��� /%� %�'��,%*�

 '�&#+'� )�+��!� ��&,%))��+� ���&��  &� ,!�))�"�,� �&�.� 
� ,&$ /��� �&�� &"� ����,���!�

,&$ �&�%� � ���!0)�)� 4��
6� ��*� ��*%�%�*%� � ,&$ �&�%� � ���!0)�)� 4��
6-�  &+% '%��

1 � '� �� $ % '&*� &"� %�'��,��+�  '%� �;��� ��&�%� �%)�  '�&#+'�  %$ �&��!� ��*� )�� ��!�

$ ����#!� �&����%���7%) �+� %*��)���$ %��)�&"� �$ ��&7��+�,!�))�"�,� �&���,,#��,0.��'%�

,&$ /��� �&�� &"�  '%)%�  %,'��(#%)� ��*�  '%� #)%� &"� �� $ #! �9,!�))� �;��� ����*�+$ �

��%)%� )���*�""%�%� �����&�,'��)���) %�� &1 ��*)��������!�,�/�!� 0��������#*� &�0����.�


#*� &�0�$ #! �9,!�))���*�/����0�%(#�!9��&/�/�!� 0� 4/�)%*�&��  '%�  ��*� �&��!6�

�;��� ����*�+$ )� ��%� ��&�&)%*� "&�� =�%�!<� %�7��&�$ %� � ���!�,� �&�.� 
�� &""!��%�
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$ ����#!� %*�*� �-�)��+!%9 ���!�,!�))�"�,� �&���,,#��,�%)�&"�#�� &�@AB ���*�CCB �1 %�%�

��&*#,%*�"&�� '%�$ #! �9,!�))���*�/����0�%(#�!9��&/�/�!� 0��#*� &�0��;�������*�+$ )�

�%)�%, �7%!0� 4'&1 %7%�-� /0� ,&#� %�/�!��,��+�  '%� )#/?%, �  �)2� &�*%�-�  '%� $ ��+���!�

*�""%�%�,%� /% 1 %%��  '%�  1 &� �%)#! )� ,&#!*� '�7%� ,'��+%*6.� 
! %��� �7%!0-� )�+��!�

��&,%))��+��%!��� �&��&�!0���
-���&*#,%*�)��+!%9 ���!��7%��+%��%)#! )�&"�&7%��D>B .�

��� ,&�,!#)�&�-�  '%� ��&�&)%*� $ #! �9,!�))� �#*� &�0� �;��� ����*�+$ � #)��+� ��

,&$ /��� �&��&"���
���*���
�1 � '� %$ �&��!���*�)�� ��!��;���%�'��,%$ %� �*&%)��& �

��&7�*%� �%)#! )� 1 '�,'� ��%� ,&�*#,�7%�  &� ���� ���!�,� �&�.� �&1 %7%�-� ,&$ ���� �7%�

�%)%��,'� #)��+� ��
� ��&7�*%)� �,,#��,�%)� "&�� ),&�%� &"� "#� '%�� 1 &�2� �� &� &�!��%�
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4�!%, �&%�,%�'�!&+��$ -���:6-�'&1 %7%������*%7�,%)�%$ �!&0��+���:���%�)�%,�"�,�  &�

��*�7�*#�!)�1 '&�'�7%�,&�),�&#)�,&� �&!�&7%��$ #),#!���"#�, �&��&�� &���*�7�*#�!)��& �

�%(#����+� '%�#)%�&"� '%�$ #),!%)� '� ���%��, �7� ��+� '%���:�����%�"&�$ ��+� '%�����

$ &7%$ %� .��" %�� '%� �)2�&"� '%�#)%�� �)�  &�)%!%, �����%9��&+��$ $ %*�)%(#%�,%� &�

�,'�%7%� ��� �# &$ � �,� ��&,%*#��!� �%)�&�)%� � �	
��	�  '%� �%%*� "&�� ,&�),�&#)�

�� %�7%� �&�.�
���&/!%$ ����)%)���� '� �$ ��0������%)�&�)%)��%(#��%�,&� �&!�)0) %$ )�

1 '�,'� ��%� ���, �,�!� ��*� /%�%"�,��!� &�� ,&$ �!%$ %� ��0�  &� �%&�!%� )#""%���+� "�&$ �

)%��&#)� �%#��!� *%+%�%�� �7%� *�)%�)%)� ��*� *�)&�*%�).� 
� $ %��)� &"� /0��))��+�  '%)%�
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*�$ �+%*� �%#��!� �� '1 �0)� 1 � '� ,&+�� �7%� ,&� �&!� 4�.%.� ��:6� ��%)%� )� � )%!"� �)� ���

�  ��, �7%�$ %��)�&"��%) &���+�"#�, �&��!�$ &7%$ %� .�

��'%�,&� �&!�)0) %$ )��%%*� &���,!#*%	��

�. �� '��*)9"�%%� ����&�,'� 41 '�,'� $ �0� �!!&1 � "&�� ��&7�)�&�� &"� "#�, �&��!�

)#��&� ��"��%(#��%*�%.+.��&) #��!6L�

F. ���&/#) ���*��%!��/!%�$ %��)�&"�&/ �����+���*��))#��+�,&$ $ ��*)L���*-�

;. ��=�%�!<�%�7��&�$ %� ����!�,�/�!� 0.�

��� �%,%� �0%��)-� �  %$ � )�'�7%�/%%��$ �*%�� �# �!�)��+�  '%�%!%, ��,�!� )�+��!)�

+%�%�� %*�/0� '%�/������)���$ %��)�&"� ��� �� ��+�,&$ $ #��,� �&�.��'%��� %� �&��1 �)�

 &� '%!�� �%&�!%� 1 � '� )%7%�%� $ & &�� *�)�/�!� �%)�  &� ,&$ $ #��,� %� /0� ��&7�*��+�  '%$ �

1 � '����%1 � )#��&� ��+�  &&!� "&��,&$ $ #��,� �&����*�,&� �&!� 4�#����-�� &2%)�F��;6.�


*7��,%)� ��� $ �,'��%� !%�����+-� )�+��!� ��&,%))��+-� ��*� '��*1 ��%� %(#��$ %� � '�7%�

$ �*%� �&))�/!%�  '%� *%7%!&�$ %� � &"� /����� ,&$ �# %�� ,&$ $ #��,� �&�� )0) %$ )-� &��

�����9�&$ �# %�� �� %�"�,%)� 4� &!��1 �% ��!.�F��F6.������9�&$ �# %�� �� %�"�,%)� 4���)6�

��&7�*%���'��*)9"�%%�$ %��)�&"�,&� �&!!��+�%!%, ��,�!�*%7�,%)�/0�#)��+�)�+��!)�*%��7%*�

*��%, !0� "�&$ � /����� �, �7� 0.� �'#)�  '%0� ��&7�*%� �� )�+��"�,�� � �& %� ��!� "&��  '%�

&�%�� �&��&"�����*%7�,%)�4�"#� ),'%!!%��% ��!.�F��;6.�


����� �)���*��%, �,&$ $ #��,� �&���� '1 �0�/% 1 %%����/�������*����%5 %���!�

*%7�,%.�� )���$ ��)� &���&7�*%�����**� �&��!�7&!#� ��0�,'���%!�&"�&# �# �"&�� '%�/����.�

��%�&"� '%�$ �?&����$ )���*�$ & �7� �&�)�&"����)�'�)�/%%�� &�'%!���� �%� )�)#""%���+�

"�&$ � ,&�*� �&�)� )#,'� �)� �&#� :%'��+<)� *�)%�)%-� /����� ��*� )����!� ��?#��%)-� ,%�%/��!�

��!)0-� ��*� & '%�� �%#�&*%+%�%�� �7%� *�)%�)%)-� 1 '�,'� ��'�/� � �'0)�,�!� ,&� �&!-� /# �

1 '�,'�!%�7%��� %!!%, #�!�,���/�!� �%)�#�'��*%�%*.��

�'%���$ �&"��������)� '�%%9"&!*	�

•  &� ,�%� %� ��� �))�) �7%� *%7�,%� "&�� ,&$ $ #��,� �&�� ��*� ,&� �&!� "&��

*�)�/!%*��%&�!%�&���%&�!%�)#""%���+�"�&$ ��%#�&*%+%�%�� �7%�*�)%�)%)L�
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•  &�*��+�&)%���*�$ &�� &���%#�&!&+�,�!�*�)&�*%�)L���*-�

•  &��$ ��&7%� '%�$ ��9$ �,'��%��� %�"�,%.�

�'%� $ ���� %!%$ %� )�  '� � ,&�) � # %� 4��*� #! �$ � %!0� *% %�$ ��%�  '%�

�%�"&�$ ��,%6�&"���������,!#*%	�

•  '%�) �$ #!#)� 0�%L�

•  '%�,&� �&!�)�+��!L���*-�

•  '%�)�+��!���&,%))��+� %,'��(#%.�

��, &�)� )#,'� �)� ,&�,%� �� �&�-� "� �+#%-� %$ & �&�-� �%!�5� �&�-� "�#) �� �&�-�

*�) ��, �&�-� $ & �7� �&�-� �� %� �&�� ��*� & '%��  '&#+' )� $ �0� �""%, � ���� ,&� �&!�

4�#����-�� &2%)�F��;6.�� '%��%!%$ %� )� &�,&�)�*%��$ �0���,!#*%�%�+&�&$ �,���*-� &���

!%))%��%5 %� -��%) '% �,�*%)�+�.��

�'��+%)� ��� �%#�&��!� �, �7� 0� ��%� �""%, %*� /0� �� %���!� ��*� %5 %���!� ) �$ #!�.�

�� %���!� ) �$ #!����%�+&7%��%*�/0� =��7�)�/!%<�  '&#+' )���*���&,%))%)-�1 '�!%�%5 %���!�

) �$ #!�� $ &*%�� %�  '%)%� ,'��+%)� /0� $ &7%$ %� -� 7�)�&�-� &�� '%����+.��&) � ���)� ��%�

&�%�� %*�7���$ & &���$ �+%�0�&����7�)#�!�) �$ #!#)�4��/!%��.�6.��
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������� ����1 ���!�> ?@� ���
������� &���������

:��J� P�A� �%� �!��$ �+%�0� 4�"#� ),'%!!%��% ��!.�F���6�


!/��0� P�A� ��)#�!�
4� &!��1 -��,���!��*�E ���#+'���

F���6�

�!&1 �,&� �,�!�

�& %� ��!�
Q�A� �%� �!��$ �+%�0� 4���/�#$ %��% ��!.�F���6�

��&� �!��% �� F>�R�FA�� �%� �!��$ �+%�0� 4��#%�-��%,2'�$ �E �S�!+&�%��DDD6�

��!!� �.��R�H��� 
#*� &�0� 4��!!�% ��!.�F��>6�

�#! ��!%�

) %�*09) � %�

7�)#�!9%7&2%*�

�%)�&�)%�

4�����
6�

P�@� ��)#�!� 4��**%�*&�"�% ��!.�F���6�

��� ��0�

) %�*09) � %�

7�)#�!9%7&2%*�

�%)�&�)%�

4� ����
6�

P�@� ��)#�!� 4��**%�*&�"�% ��!.�F���6�

���*��1 � ,'� A�R��;�� �0%9,!&)#�%� 4����+�% ��!.��DDD6�

�"#� ),'%!!%�� �>�R��D�� �%� �!��$ �+%�0� 4�"#� ),'%!!%��% ��!.�F��;6�

��� ��!�

�#*� &�0�$ #! �9

,!�))��;���

�.��R�F>��� 
#*� &�0�
4�,'�%#*%�-��!��2%� J�E �

���+%�$ ����F���6�

� ��%9,!�))�

�;���
��
��������� 
#*� &�0� 4�T'�%�% ��!.�F���6��

�  �!�)��+��$ �+%�0�4&���� %���!�) �$ #!�6��)� '%�&�%�� ��+�$ &*�!� 0�4&��) �$ #!#)�

 0�%6� �%(#��%)�  ������+� &��  '%� ��� � &"�  '%� #)%�� �.%.� � � �)� #)%�� )�%,�"�,� 4�&&�*� % � �!.�

F��H6.� �'%� �%)#! �� � 1 �7%"&�$ )� $ �0� ,���0� #�1 �� %*� )�+��!� %,'&� *�) &� �&�� ��*�
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�� %"�, � ��&*#, �&�� *#%�  &�  '%� ) �$ #!#)� /%��+� �))&,�� %*� 1 � '� ��� �, �&�� ���  '%�

$ & &����%��&"� '%�,&� %5���*� '%��, #�!���&*#,%*�$ & &��$ &7%$ %� �/%��+�*�""%�%� �

 &�  '%� �$ �+��%*� $ &7%$ %� .� �&�� %5�$ �!%-� �� �� �%� � �%(#��%*�  &� �$ �+��%� "&& �

$ &7%$ %� � ���&�*%��  &�&�%�� %�������*%7�,%�1 '�,'�) �$ #!� %)���'��*�+��)���)�  '%�

%�*���&*#, -�$ �0� "��*� � �*�""�,#! �  &�,&� ��#%� �$ �+����+�  '%� "&& �$ &7%$ %� �1 '�!) �

7�)#�!�"%%*/�,2��)� '� �&"���'��*�+��)��$ &7%$ %� .�
**� �&��!!0-�1 � '�!&�+��%��&*)�&"�

�$ $ &/�!� 0-�  '%� *%+%�%�� �&�� &"� �0��$ �*�!� ,%!!)� ���  '%� $ & &�� ,&� %5� ,��� $ �2%� � �

*�""�,#! �  &� =�$ �+��%� $ &7%$ %� <.� � '%�� 1 �7%"&�$ )-� )#,'� �)�  '%� )%!"9�%+#!� �&�� &"�

)!&1 � ,&� �,�!� �& %� ��!)� 4���)6� # �!�)%*� /0� ���/�#$ %�� % � �!.� 4F���6-� ��&7�*%� $ #! �9

,!�))� &# �# )-� /# � �%(#��%� %5 %�)�7%�  ������+� &��  '%� ��� � &"�  '%� )#/?%, � ��*�  '%�

�,,#��,0�&"�,!�))�"�,� �&���)�+�%� !0�*�$ ���)'%*.�

������� �-� ���0����9����)0) %$ )��%(#��%�%5 %�)�7%� ������+.�

���)� �%%*�  &� &�%�� %� �,,&�*��+�  &� ��� ��'%�%� � ,&+�� �&�� ��  %��.� � %#��!�

�, �7� 0� �)� ,&$ �&)%*� &"� 7���&#)� "�%(#%�,0� *%�%�*%� �/��*).� 
�� %5 �%$ %!0� �&/#) �

/�����1 �7%"&�$ ��)� '� �&"� '%��;��-�1 '�,'��)�%!�,� %*����)�%,�"�,�����*�+$ )���*�,���

/%� $ &*#!� %*� �,,&�*��+�  &� %5�%��$ %� �!� 7���� �&�).� �'%� �;��� �)� �%+#!� %*� 7��� ��

)#/?%, <)� �%,&+�� �&�� &"� #)%"#!�  ��+% � ��"&�$ � �&�.� ��)�&�� ��*� '%����+� ��&7�*%�  '%�

/�)�)�"&��4%5 %���!6�) �$ #!������;������).�

�'%����, �,�!� 0�&"�#)��+�����#*� &�0�) �$ #!#)�&7%����7�)#�!�) �$ #!#)������=�%�!<�

%�7��&�$ %� � �)� #�$ � ,'%*.� �&� +�7%� ��� %5�$ �!%	� � � �)� $ #,'� %�)�%��  &� �%�"&�$ � ��

"#�, �&��!� $ &7%$ %� � 4%.+.� �%�"&�$ ��+� �� '��*� +��)�� #)��+� ���6� !�) %���+�  &�

%���'&�%)�  '��� � � �)�  &� �%�"&�$ �  '%� )�$ %� "#�, �&��!�$ &7%$ %� � 1 '�!%� 1 � ,'��+� ��

),�%%�� ���"�&� �&"�0&#.��&��)#/?%, )�1 � '� �� �, �7�)�&�-��� "#�, �&��!�$ &7%$ %� � '� �

�%(#��%)� )&$ %� "&�$ � &"� �**� �&��!� ���� 7�)#�!� ,&� �&!� 1 &#!*� *�) ��, �  '%� #)%�<)�

�  %� �&�� �1 �0� "�&$ �  '%�  �)2� � � '��*� 4���  '%� ,�)%� &"� �� 7�)#�!� ) �$ #!#)6.� ���0�

�%#�&!&+�,�!�*�)&�*%�)�$ �0�!%�*� &�!&))�&"�7�)�&��&��+�J%�,&� �&!�4%.+.��$ 0& �&�'�,�
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��6-�%)�%,��!!0���� '%�,�)%�&"��� �%� )� '� �)#""%��"�&$ ���,&$ �!% %�

!&,2%*9���) � %�4����6�R��!!�7&!#� ��0�$ #),#!���,&� �&!��)�!&) .��&$ �!% %��$ $ &/�!� 0�&"�

 '%�%0%�4%.+.�*#%� &�����6�,���$ %��� '� �) %�*0�7�)#�!�)�+��!)�"�*%��.%.� '%����# � &���

7�)#�!� )0) %$ � 4��!!� % � �!.� F��>6.� �&�%� &" %��  '��� �& �  '%� �#*� &�0� )0) %$ � �)�

#�,&$ ��&$ �)%*.��

������� �,�
��)#�!� ) �$ #!�� ��%� �& � ,&$ �!%$ %� ��0�  &� ���!�,� �&�� ��� �� =�%�!<�

%�7��&�$ %� .�

�'%��;������%��)��)���� ��,�%�)%� �����:��$ �!� #*%�� ��� )%��%)�&"�%!%, �&*%�

!&,� �&�)� 4"�&� �!�$ �*!��%� 9� �J-� ,%� ��!�$ �*!��%� 9��J-���*�����% �!�$ �*!��%� 9��J6��&) �

) �$ #!#)� ��*� ��&7�*%)� ���)� 1 � '� �� /����0� ,!�))�"�,� �&�� &# �# � &"� %� '%�� /%��+�

��%)%� �&���& .��%!!%�)���*��&�,'���4F��@6�# �!�)%*� '%��;��������)�%!!��+�����*�+$ �

���� ��*� � � '�)� )��,%� ��&7%�� ��� %5 �%$ %!0� %""�,�%� � *%,�)�&�� $ %*�#$ � ��� ���).� �'� �

)0) %$ �1 �)-�'&1 %7%�-�!�$ � %*�/0�&�!0���&7�*��+���/����0�&# �# -�/# � '�)�'��*���,%�

$ �0�/%�&7%�,&$ %�/0��*�� � �&��&"�  '%�*%7�,%�/%��+�$ ����#!� %*.��0��! %���+�  '%�

 ��*� �&��!� )��+!%9) �$ #!#)� &�� &**/�!!� �;��� ����*�+$ )� 41 '�,'� #! �$ � %!0� ,��� &�!0�

��&7�*%� 1 &��&))�/!%�&# ,&$ %)�R� ��+% �&���&�9 ��+% 6�  '%�#)%��)%!%, �7� 0�$ �0�/%�

��,�%�)%*�  &� ��,&��&�� %� $ &�%�  '���  1 &� &� �&�)� 4%.+.� %��/!��+�  '%� #)%��  &� )%!%, �

&�%�&"� '�%%��&))�/!%�&# ,&$ %)�"�&$ � '%�����*�+$ 6-� '#)���,�%�)��+� '%��#$ /%��&"�

��*%�%�*%� � *%+�%%)9&"9"�%%*&$ .� ���*� �&��!� �;��� $ #! �9,!�))� 4&��  '�%%9) �$ #!#)6�

����*�+$ )� "�7&#��  '%� *%,�%�)%*� ��&/�/�!� 0� &"�  '%�  ��+% � ) �$ #!#)� �+���) � �&�9

 ��+% � 4&�� ) ��*��*6� ) �$ #!�� 1 '�,'� �)�< � ,&$ �!%$ %� ��0�  &� =�%�!<� %�7��&�$ %� �

���!�,�/�!� 0�*#%� &� '%� ��+% �/%��+���%9,'&)%�.��'%�%"&�%-��*%�!!0� '%�#)%��)'&#!*�

/%��/!%� &�,'&&)%� '%� ��+% �4"�&$ �%(#�!���&/�/�!� 0�) �$ #!�6����&�*%�� &��%�"&�$ � '%�

����&���� %��%)�&�)%��))&,�� %*�1 � '� '� � ��+% .�
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���� )0) %$ )� �*%�!!0� �%(#��%� $ #! ��!%� *%+�%%)9&"9"�%%*&$ � 4 '%�

 ��*� �&��!� �;��� ����*�+$ )� ��&7�*%� &�!0�  1 &� �&))�/!%� &# ,&$ %)6�

1 � '� ����*�+$ )�  '� � ��%� ���!�,�/!%� ��� �� =�%�!<� %�7��&�$ %� � �.%.�

1 '%�%�  '%�  ��+% � �)� ��� ��!!0� ,'&)%�� "�&$ �  '%� �7��!�/!%� ) �$ #!��

1 � '&# �$ ����#!� ��+� '%�����*�+$ � &�"�7&#�� '%� ��+% �&"�,'&�,%.�

��)#�!� ) �$ #!#)� ���)� '�7%�  '#)� "��� ��&7%��  &� '�7%� )#�%��&�� ��&,%))��+�

,���/�!� �%)�&7%���#*� &�0����)�4� �?/&%��% ��!.�F��C6.��&1 %7%�-���) #*0�,&�*#, %*�/0�

�%����+ &�� ��*� �&!�,'� 4�DDD6� ,&$ �����+�  '%� �;��� �
�� "�&$ � �#*� &�0� ��*� 7�)#�!�

) �$ #!��,&�,!#*%*� '� ��#*� &�0�) �$ #!����&*#,%�$ &�%��&/#) ��;���,&$ �&�%� )� '���

7�)#�!� ) �$ #!�� ��� ��

����  �)2� )� #� �&�)� 4!�  !%� *�""%�%�,%� 1 �)� �& %*� ���  '%� ��	����

 �)2)6L�'&1 %7%�� ) �&�+��;���,&$ �&�%� )� ,���/%���&*#,%*�7��� 7�)#�!!0�,&$ �%!!��+�

� %$ )�4)#,'��)���)#/?%, <)���$ %6.��'%�%""%, )�&"�'�/� #� �&��&�� '%��;����$ �!� #*%�

��%��!)&�!%))���&�&#�,%*�"&���#*� &�0�) �$ #!�������))�7%� �)2�),%����&)�4�%����+ &��

E ��&!�,'-��DDD6.���%*%��E ��!��2%� J�4F���6� ��7%) �+� %*�&7%� ���*�,&7%� ��  %� �&��

��� �� 7�)#�!� �
�� )�%!!%�� ����*�+$ .� �7%� � 4%.+.� %0%� $ &7%$ %� 6� �%)#! %*� ��� /%  %��

�%�"&�$ ��,%� '���,&7%� �4%.+.�7�)#�!��%���'%�06��  %� �&��4��%*%�-��!��2%� J�F���6.�


� )�$ �!���  %) � 1 �)� ,&�*#, %*� /0� �,'�%#*%�� % � �!.� 4F���6� #)��+� ��� �#*� &�0� )�� ��!�

����*�+$ �1 '%�%/0�)�� ��!��%,&+�� �&��&"��#*� &�0�,#%)� '�&#+'�*�""%�%� �)�%�2%�)����

7��0��+� !&,� �&�)� �%)#! %*� ��� ��,�%�)%*� �%�"&�$ ��,%� &7%�� �� )��+!%� )�%�2%�.� �'%�

�%)#! )� ��&7%*�  '%� �&))�/�!� 0� &"� %""%, �7%!0� # �!�)��+� �#*� &�0� ) �$ #!�� ��� ���)� ���

��) ��,%)� 1 '%�%� 7�)#�!� %""�,�,0� �)� ,&$ ��&$ �)%*� 4�,'�%#*%�-� �!��2%� J� E �

���+%�$ ����F���6.�
#*� &�0�+%�%�� %*��;��)�%5�%��%�,%����%!� �7%!0�!&1 �)�+��!9 &9

�&�)%� 4�3� 6� �� �&.� �'%�%"&�%� $ &�%� %""�,�%� -� �&/#) � ��*� �%!��/!%� ��&,%))��+�

 %,'��(#%)��%%*� &�/%�%�7�)�+%*�"&���#*� &�0�)0) %$ )�4S� �0�$ �-��&!�,'��DDD6.�

������� �6�

#*� &�0� �;��)� '�7%� �� !&1 %�� �3� � �� �&� ��*� '%�,%� ��%�< �

,&$ ����/!%�����%�"&�$ ��,%� &�7�)#�!��;��).�
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��+��!� ��&,%))��+� ��&,%*#�%)� '�7%� /%%�� ��7%) �+� %*�  &� �$ ��&7%�  '%�

�,,#��,0� &"� ,!�))�"�,� �&�� ��� ���).� 
%,%� !0� ��  %,'��(#%� 2�&1 �� �)� ��*%�%�*%� �

,&$ �&�%� � ���!0)�)� 4��
6-� 1 '�,'� �)� �/!%�  &� )%���� %� ��*%�%�*%� � )�+��!� )&#�,%)�

 '�&#+'�$ � ��5�$ ����#!� �&�-�'�)�/%%�� %) %*�������)�1 � '���&$ �)��+��%)#! )�4�#+!�-�

��$ /%� � F��C6.� � � #)%)� �� $ % '&*� &"� /!��*9)&#�,%� )%���� �&�� 4���6�  &� %5 ��, �

��*%�%�*%� �)�+��!)�"�&$ �!��%��!0�$ �5%*�*� �.�
�& '%����&,%))��+� %,'��(#%�2�&1 ��

�)�����,���!�,&$ �&�%� ����!0)�)�4��
6� '%&�% �,�!!0��& � %)�$ � ��,%)�&� '&+&��!!0�)&�

�)�  &�'�+'!�+' �  '%�$ �5�$ #$ � 7�����,%� �))&,�� %*�1 � '� *� �.� ��
��!)&���%)%� )� ���

�  ��, �7%�$ % '&*�&"�*� ���%*#, �&�.�������/!%)���%)%� ��+�$ ���$ �!�7�����,%�$ �0�/%�

%!�$ ��� %*� 41 � '� )&$ %� !&))� &"� ��"&�$ � �&�6.� �'#)� ��
� $ �0� /%� #)%*� �)� �� *� ��

�%*#, �&�� %,'��(#%����&�� &���
� &�)�$ �!�"0���&,%))��+�4�#+!�-���$ /%� �F��C6.��'%)%�

 1 &� $ % '&*)� &"� )�+��!� ��&,%))��+� 4��*� �� ,&$ /��� �&��  '%�%&"6� '�7%� /%%��

%5 %�)�7%!0�%5�!&�%*�/0��#+!����*���$ /%� �4F��C6���*���%��% ��!.�4F��C6.��%$ �&��!�

��*�)�� ��!�$ ����#!� �&��&"�*� ��/�)%*�&�����������2�&1 !%*+%�&"���1 �7%"&�$ ���&7%)�

 &�/%����%""%, �7%�$ %��)�&"��$ ��&7��+� '%��,,#��,0�&"�,!�))�"�,� �&��4�#�% ��!.�F��H6.�
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�'%� $ ���� %!%$ %� )� &"� �� ���9���� )0) %$ � ��%� *%�%�*%� � &��  '%� &# �# �

�%(#��%$ %� )� &"�  '%� ���� )0) %$ � /%��+� ,&� �&!!%*.� �%�,%� "&�� �� ���9,&� �&!!%*� ����

*%7�,%-� '%�"�, &�)� '� ��%%*� &�/%� �2%���� &��,,&#� �"&��%�,'�����%!%$ %� ���,!#*%	�

�. ��,&� �&!�)�+��!� '� ��)��&/#) ���*��%(#��%)��)�!�  !%� ������+��)��&))�/!%�

4�*%� �"�%*� '�&#+'�������� �-6L��

F. ��) �$ #!#)� 0�%� '� � �)����!�,�/!%������=�%�!<�%�7��&�$ %� ���*� '� �,���

/%� # �!�)%*� ��� �)� $ ��0� �%#�&!&+�,�!� *�)&�*%�� ��) ��,%)� �)� �&))�/!%�

4�*%� �"�%*� '�&#+'�������� �,6L�

;. �� $ %��)� &"� ��&7�*��+� *%+�%%)9&"9"�%%*&$ � "&�� �%�"&�$ ��+� "#�, �&��!�

$ &7%$ %� )�4�*%� �"�%*� '�&#+'�������� ��6L���*-�
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H. ��)�+��!���&,%))��+� %,'��(#%� '� ��!!&1 )�"&���,,#�� %�,!�))�"�,� �&��&"�

 '%�,&� �&!�)�+��!�4�*%� �"�%*� '�&#+'�������� �66.�

�0�  �2��+� �� &� �,,&#� �  '%��))&,�� %*� "�, &�)� �%(#��%*� "&�� ���9���� )0) %$ )�

��*�  '%� �*%� �"�%*���&/!%$ )� �/&7%-�  '%���&�&)%*� )&!# �&�)� 4�� �&*#,%*� ��� )%, �&��

�.F6���,!#*%	�

�. ���&/#) ��;���1 �7%"&�$ ��)���,&� �&!�)�+��!L�

F. # �!�)� �&��&"�����#*� &�0�) �$ #!#)�"&���;���+%�%�� �&�L�

;. �� $ #! �9,!�))� ����*�+$ � ��&7�*��+� *%+�%%)9&"9"�%%*&$ � ��*� =�%�!<�

%�7��&�$ %� ����!�,�/�!� 0L���*-�

H. ��7%) �+� ��+�  '%� #)%� &"� ��
� ��*� ��
�  %,'��(#%)� 1 � '�  %$ �&��!� ��*�

)�� ��!� $ ����#!� �&��  &� �$ ��&7%�  '%� )�+��!� ��&,%))��+� &"�  '%� �;���

����*�+$ ).�
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�'�)� '%)�)�"&,#)%)�&������#*� &�0��;�������1 � '���$ #! �9,!�))�����*�+$ ��)���

) %��  &1 ��*)� �& %� ��!� ���� ���!�,� �&�� #)��+� �� ,&$ /��� �&�� &"� ��
� ��*� ��
�

 %,'��(#%)�.��&$ ����)&�)���%�$ �*%�/% 1 %%��7�)#�!���*��#*� &�0�,!�))�"�,� �&�)�&"�

 '%��;�����*�����&�&)%*� =�%�!<�%�7��&�$ %� �%5�%��$ %� �!�����*�+$ ��)�%5�!&�%*����

��� �  %$ � �  &� ��,�%�)%�&# �# � )%!%, �7� 0� 4��*�'%�,%�*%+�%%)9&"9"�%%*&$ 6� "&�� ����

)0) %$ ).�
**� �&��!!0-�  '%�,!�))�"�,� �&���,,#��,�%)�&"�# �!�)��+��&�)�+��!���&,%))��+-�

��
� �!&�%-� ��*� �� ,&$ /��� �&�� &"� ��
� ��*� ��
� 1 � '� ��*� 1 � '&# �  %$ �&��!� ��*�

)�� ��!�$ ����#!� �&����%� &�/%�,&$ ���%*.�

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

�

�
�
**� �&��!!0�%$ �!&0��+� '%� %,'��(#%�&"� %$ �&��!!0���*�)�� ��!!0�$ ����#!� ��+� '%���:�*� �.�
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)� ��*�,� %*� ��� �.H-�  '�)�  '%)�)� ��7%) �+� %)� ��� �#*� &�0� �;��� ���.� �&�%�

)�%,�"�,�!!0-� '%��%)%��,'���$ )���%	�

�.  &�  %) � �� ��&�&)%*� $ #! �9,!�))� �;��� ����*�+$ � �)� ��� �! %��� �7%�  &� ��

/����0� %(#�!9��&/�/�!� 0� 4/�)%*� &��  '%�  ��*� �&��!6� �;��� ����*�+$ �

4#)��+� '%���&�&)%*��3� �%�'��,��+�)�+��!���&,%))��+� %,'��(#%)6��)���

) %�� &1 ��*)��������!�,�/�!� 0L�

F.  &� *% %�$ ��%� 1 '% '%�� ��� �#*� &�0� ) �$ #!#)� "&��  '%� �;��� +%�%�� �&��

,&#!*�/%�#)%*��)�����! %��� �7%� &���7�)#�!�) �$ #!#)L���*-�

;.  &� *% %�$ ��%�  '%� )��+!%9 ���!� ,!�))�"�,� �&�� �,,#��,0� #)��+�  '%� )�+��!�

��&,%))��+�) %�)�&"���,&$ /��� �&��&"���
���*� ��
�1 � '�  %$ �&��!���*�

)�� ��!�$ ����#!� �&�� ,&$ ���%*�1 � '��&� )�+��!���&,%))��+-� ��
��!&�%-�

��*� �� ,&$ /��� �&�� &"� ��
� ��*� ��
� 1 � '&# � )�� �&9 %$ �&��!�

$ ����#!� �&�.�
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�'%��#��&)%�&"�  '�)� �%)%��,'�1 �)�  &�%) �/!�)'�  '%�,!�))�"�,� �&���,,#��,0�&"�

 '%� �#*� &�0� �;��� ���� ����*�+$ )� ��� ��� &""!��%� )��+!%9 ���!� ) � %� R� �� 2%0� ) %��  &�

/#�!*��+� �� ���� ���!�,�/!%� *��%, � ���� )0) %$ � 1 � '� $ #! ��!%� *%+�%%)9&"9"�%%*&$ .� 
��

&""!��%� ���� ��&7�*%)�  '%� /�)�)� #�&�� 1 '�,'� �%�!9 �$ %� �)0�,'�&�&#)� ���!0)�)� ,��� /%�

*%7%!&�%*.��0� %) ��+� '%��;��������!+&�� '$ �)0�,'�&�&#)!0�&""!��%-�!��+%�*� �)% )�

,&#!*� /%� # �!�)%*�  &� �$ ��&7%� �,,#��,0� ��*�  '�)� �!!&1 )�  '%� ,'���%!)� ��&7�*��+�  '%�

/%) � *�),%���/!%� ��"&�$ � �&��  &� /%� �*%� �"�%*� "&�� "#� '%�� �%)%��,'� �� &� &�!��%�

)0) %$ ).��""!��%����!0)�)��& �&�!0��!!&1 )� "&�� =,!%��%�<�*� ��7���$ ��#�!��%?%, �&��&"�

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

�'�)��**� �&��!!0��!!&1 )�"&���$ ��&7%*�)�+��!���&,%))��+��)���) %�� &1 ��*)����&�!��%�

�)0�,'�&�&#)� ����&�,'.� 
� )0�,'�&�&#)� )0) %$ � �,,&$ $ &*� %)�  '%� 2�&1 !%*+%� &"�
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$ %� �!��, �7� 0�*% %, �&������*7��,%.��%�,%� '%�),&�%�'�)�/%%��!�$ � %*� &����&""!��%�

)0�,'�&�&#)����.�


#*� &�0� ��*� 7�)#�!� �;��� %5�%��$ %� �!� ����*�+$ )� ��%� ,&$ ���%*�  &� �))%))�

 '%� �!+&�� '$ <)� ���!�,�/�!� 0� ��*� "#�, �&��!� 0� ��� �� =�%�!<� %�7��&�$ %� .� 
� /����0�

%(#�!9��&/�/�!� 0��;�������*�+$ ��!&�+�1 � '�����&�&)%*�$ #! �9,!�))��;�������*�+$ �

�)� %5�!&�%*�  &� )#��&� �  '�)� ��7%) �+� �&�.� �&��  '�)� ) #*0-� )�%%*� �)� �& � $ %�)#�%*�

/%,�#)%� '%�"&,#)��)����$ ���!0�&���,,#��,0�&"�,!�))�"�,� �&��/0�#)��+���'�+'��%)&!# �&��

)0) %$ � &�,�� #�%���:���*� '%�)�+��!���&,%))��+��*%� �"�%*� '�&#+'� '%�!� %�� #�%.��

�'�)�  '%)�)� �)� "#� '%�� !�$ � %*�  &�  '%� #)%� &"� �&�9��7�)�7%� ),�!�� ��:� "&��  '%�

*% %, �&��&"�$ %� �!��, �7� 0.�
**� �&��!!0��&��, #�!����� %) ��+�1 �)�,&�*#, %*�#)��+�

 '%���&�&)%*��!+&�� '$ ��)� '%� ��7%) �+� �&��"&,#)%*�&��  '%��& %� ��!�&�� "%�)�/�!� 0�

�)� �� ) %��  &1 ��*)� ���!�,� �&�.� �'%��!+&�� '$ �1 �)� �!)&�&�!0�  %) %*�&�� �/!%9/&*�%*�

)#/?%, ).�
�,&$ ����)&��&"� '%�*�""%�%� ���:�*%7�,%)�"&�������$ �!%$ %� � �&��1 �)��& �

*&�%� ���  '�)� ) #*0.� 
!)&� &�!0��� !��%��� )#��&� � 7%, &�� $ �,'��%� 4���6� 1 �)� #)%*�  &�

,!�))�"0� '%��;���1 �7%"&�$ ).�
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,&� �&!� ��*� ,&� ��#%)� /0� %5�!&���+�  '%� %!%$ %� )� &"�  '%� �;��-� �#*� &�0� ) �$ #!�-�

$ #! �9,!�))� ����*�+$ )� ��*�  '%� )�+��!� ��&,%))��+�  %,'��(#%).� �'%� %5�%��$ %� �!�

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

�'�� %�� H� ��%)%� �  '%� �%)#! )� 1 '�,'� ��%� *�),#))%*� ��� �'�� %�� >.� �&�,!#)�&�)� ��*�

�%,&$ $ %�*� �&�)�"&��"# #�%�1 &�2����%������ '%�"���!�,'�� %�).�
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�'%�%� ��%� $ �?&�� /%�%"� )� &"� # �!�)��+� �� '��*)9"�%%� ,&� �&!� $ % '&*� "&�� ����

)0) %$ ).� �%�"&�$ ��+� "#�, �&��!� $ &7%$ %� )� &" %�� �%(#��%�  '%� ,&&�%�� �7%�

,&&�*��� �&��&"�%5 �%$ � �%).����0��� �%� )��%(#��%� '%�#)%�&"� '%���'��*)�&��& '%��

%5 �%$ � �%)� ��� $ &7%$ %� �&�� ���!�,� �&�)���*�  '#)� � � �)�< � �&))�/!%�  &�#)%�  '%)%� ���

&�%�� ��+� �� ,&$ $ ��*� )0) %$ � 1 '%�%�  '%��� ,&&�*��� �&�� 1 � '� & '%�� "#�, �&��!�

$ &7%$ %� )� �)� �%(#��%*F.��'%�,&� �&!�&"�����)0) %$ )���%���%*&$ ���� !0��& �/�)%*�

&��"%%*9"&�1 ��*�)0) %$ )�4���2?�%��% ��!.�F��;6.��'#)� = '&#+' <�&���� '%��$ %�)#�%*�

%!%, ��,�!��, �7� 0����'�+'%��,&� �,�!�) �#, #�%)���%)%� )�����  ��, �7%�,&� �&!�)0) %$ �

"&�� �%#�&��&) '%)%)� 4&�� ���6.� N� %#�&��&) '%)%)� &�%�� %�  '�&#+'� �� ,&$ $ ��*�

�� %�"�,%� '� �$ %�)#�%)�)&$ %�$ &*�!� 0�&7%��1 '�,'�7&!#� ��0�,&� �&!��)�$ ��� ���%*-�

��*� ���)!� %)� '�)� &���)�%,�"�,�&�%�� �&��&"� '%���&) '%)�)O�4�&&�*�% ��!.�F��H6.�


����� �)���$ %��)�&"�,&$ $ #��,� ��+�7���7&!#� ��0��%#��!��, �7� 0�+%�%�� %*�

/0�  '%�/����� ��*� �%,&�*%*�#)��+� ��7�)�7%� 4�$ �!�� %*�%!%, �&*%)6� ��*��&�9��7�)�7%�

4��:6� %,'��(#%)�4�%"%�� &�
��%�*�5�
�"&�����%5�!��� �&��&"����)6.��# �# ��� '1 �0)�

��%� ��*%�%�*%� � &"� �%�7%)� ��*� $ #),!%)� 4��!!�/'��%��-� �%� F��H6.� ���)� '�7%�  '%�

�& %� ��!�&"���&7�*��+���,&$ ����/!%���*� &��%&�!%�)#""%���+�7���&#)��%#�&!&+�,�!���*�

,&$ $ #��,� �7%� ��&/!%$ ).� � � '� ��,�%�)%*� ��&,%))��+� ,���/�!� �%)-� )�$ �!%�

���, �,�!� �%)�&"�!�"%�$ �0�/%��%) &�%*�"&�� '%)%��%&�!%.���"&� #�� %!0�,#��%� �*%)�+�)�

!�,2�  '%� %""�,�,0� �%(#��%*�  &� /%� # �!�)%*� ��� �� =�%�!<� %�7��&�$ %� .� ���)� ��%� �/!%�  &�

,&� �&!� ,&$ �# %�)� &�� %5 %���!� *%7�,%)� /0� &�!0� �%(#����+�  '%� �%+#!� �&�� &"� /�����

�, �7� 0�4���/�#$ %��% ��!.�F��@6.�
���**� �&��!�/%�%"� �&"����)��)� '� � '%0���&7�*%���

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

�

F
��&��%5�$ �!%-� '%���$ )���*�'��*)�$ �0�/%��%(#��%*� &���&7�*%��&) #��!�)#��&� �1 '%�������)����!�%*�

 &�!%+�$ #),!%)�"&���$ /#!� �&�.�
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�!� "&�$ � "�&$ � 1 '�,'� ��&) '% �,-� &� '& �,-� ��*� ���� )0) %$ )� &�� *%7�,%)� $ �0� /%�

,&� �&!!%*.�

���2?�%�� % � �!.� 4F��F6� ) � %*�  '� � N*%)�� %� )#/) �� ��!� ��&+�%))� ���

*%7%!&�$ %� � ��*� �%1 � 2�&1 !%*+%-� $ ��0� ,'�!!%�+%)� �%$ ����  &� /%� �%)&!7%*�  &�

��&7�*%���$ &�%�%""�,�%� � "#�, �&��!� 0�&"� ���� )0) %$ ).��'%�$ &) � �$ �&� �� �  �)2�&"�

 '%)%�,'�!!%�+%)��)� &��$ ��&7%�,&� �&!�&"� '%��, �7� %*�$ #),!%)� '�&#+'�&�%��!&&��

&�� "%%*/�,2� )0) %$ )8� ���� )0) %$ )� '&!*� +�%� � ��&)�%, )-� /# � �%(#��%� "#� '%��

*%7%!&�$ %� � &"� 8� ,!���,�!!0� $ &�%� �,,%� �/!%�  %,'�&!&+�%)O� 4���2?�%�� % � �!.� F��;6.�

�'�)�,'�!!%�+%�) �!!�"�,%)�����)0) %$ )� &*�0.�

,5- �
�������� �������%"���������

�1 &�*�) ��, �$ % '&*)�&"�����,&� �&!�'�7%�/%%��%) �/!�)'%*.��'%�"��) ���7&!7%)�

%�*&+%�&#)�7�����,%�&7%�� '%���:�)�%, �#$ -�1 '�,'��)��*?#) %*���*�*% %�$ ��%*�/0�

 '%�#)%�� '�&#+'�%5 %�)�7%� ������+.��'%�)%,&�*���7&!7%)� '%�7�����,%�&"�%5&+%�&#)�

,&$ �&�%� )�&"�%7%� 9�%!� %*��& %� ��!);�4�
�)6�����%#��!��, �7� 0-�1 � '���1 '�,'� '%�

�;���"�!!)�4�&�,'��-���%�,%��E �� �?%)��+'%�F���6.��'%)%� 1 &� %,'��(#%)�'�7%�/%%��

%$ �!&0%*�������)�"&��,&� �&!�&"�����*%7�,%).��%%�
��%�*�5���"&����"#!!�%5�!��� �&��&"�

��:���,!#*��+��
�.��

���  &*�0<)�  %,'�&!&+�,�!� %��-� �%&�!%� )#""%���+� "�&$ � �%#�&!&+�,�!� *�)&�*%�)�

�""%, ��+� "#�, �&��!�$ &7%$ %� �) �!!� "�,%�)�+��"�,�� �!�"%) 0!%�,'�!!%�+%).��%7%!&���+�

��� ��:9/�)%*� ���� *%7�,%� "&�� #)%� /0� �%&�!%� 1 � '� 
������ $ & &�� *�)�/�!� �%)� ��*�

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

/����� #)��+� ��:� ,&� ����  '%� "%%*9"&�1 ��*� ,&� �&!� �%(#��%*� "&�� ���� *%7�,%).�

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

�

;
� 
� /����<)� %!%, ��,�!� �, �7� 0� �%)�&�)%�  &�  '&#+' -� $ %$ &�0-� %5�%, � �&�-� �  %� �&�-� �%�,%� �&�� &��

,'��+%)���� '%�$ %� �!�) � %-��)�2�&1 ���)�����
�.��'%)%��& %� ��!)���%�,�#)%*�/0�N'�+'%�O���&,%))%)�

�)�&��&)%*� &�%7&2%*��& %� ��!)�1 '�,'��%!� %� &��'0)�,�!�) �$ #!#).�
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N�&1 %7%�-� *%7%!&�$ %� � &"� "�) %�� ��*� ,!���,�!!0� $ &�%� �,,%� �/!%�  %,'�&!&+�%)� "&��

�� %�"�,��+� '%�/����� �)��%%*%*O�4���2?�%��% ��!.�F��;6-�  '%�%"&�%��%(#����+�)0) %$ )�

 '� ���%��&/#) -��,,#�� %���*����!�,�/!%������=�%�!<�%�7��&�$ %� .�

����)�'�7%� '#)�"�����&7%��%""%, �7%��)���,&� �&!�) �#, #�%�"&�����-�/# �  '%0�

��%� !�$ � %*�  &� �� ,%� ���� %5 %� � 4&�� *%+�%%6� /0�  '%� %��&�� �� %)� ,&$ $ &��  &� $ ��0�

����*�+$ ).��$ �!�� �/!%�%!%, �&*%)�4)#,'��)������:� %�4�0/%�2��% �,)66�'�7%���'�+'%��

�3� � �� �&� ��*� ��%)%� � �� /%  %��  &�&+���'�,�!� �%��%)%� � �&�� &"�  '%� /����<)�

/�&�& %� ��!)-�/# �'�7%��*7%�)%��""%, )�&��)#/?%, )��"�!&�+9 %�$ �#)%��)��%(#��%*.��'%�

�%,&�*%*�)�+��!)���%� ���)$ �  %*� &�%5 %���!�#�� )���*���&,%))%*� &�%5 ��, ��%!%7�� �

,&� �&!� )�+��!).� �'%� �%,&�*��+� &"� /�&�& %� ��!)� "�&$ �  '%� /����� ��*�  '%� �%!%7�� �

'��*1 ��%���%�*�),#))%*����
��%�*�5��.��

���F��;��0/%�2��% �,)� ��,.�*%7%!&�%*������:� %�R���$ �,�&,'��� �$ �!�� %*� ���

 '%� /����� #)%*�  &� $ &�� &�� /����� �, �7� 0.� ���� )0) %$ )� ,��� # �!�)%� �����:� %� �)� ��

,&$ $ ��*� ,&� �&!!%�.� �'#)� "��� � � '�)� /%%�� #)%*�  &� $ &7%� �� �&/& �,� ��$ � ��*� ��

,&$ �# %��,#�)&�-�/# � '%�%��)����%5�%, � �&�� '� �� �1 �!!�/%�%$ �!&0%*� &�,&� �&!� '%�

#)%�<)� %�7��&�$ %� �  '�&#+'� �� �%�)&��!� ,&$ �# %�� 4��6� 4�0/%�2��% �,)6.� 
! '&#+'�

�����:� %���&7�*%)�$ ��0�&"� '%�"�, &�)��%(#��%*�"&��%""%, �7%�����,&� �&!�4�%"%�� &�

)%, �&�� �.;6� � � #�"&� #�� %!0� ��%)%� )� ��� ��7�)�7%�  %,'��(#%� &"� $ &�� &���+� /�����

�, �7� 0� ��*� � )� !&�+9 %�$ � %""%, )� ��%� 0% �  &� /%� *% %�$ ��%*.� � &!��1 � % � �!.� 4F��F6�

1 %�%� &"�  '%� &����&��  '� � /%,�#)%� �$ �!�� %*�  %,'��(#%)� ��%� '�+'!0� ��7�)�7%-� N '%�

 '�%)'&!*�"&��,!���,�!�#)%�1 �!!���� ��!!0�/%�'�+'%�� '������)#�"�,%�����)0) %$ )O.�

�"#� ),'%!!%��% ��!.�4F��;���*�F��>6���&�&)%*���$ % '&*�#)��+������:9/�)%*�

�)0�,'�&�&#)H� ���� "&�� ,&� �&!.� 
�  % ���!%+�,� �� �%� � ,&#!*� N��*#,%� /#�) )� &"� /% ��

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

�

H
� 
�� �)0�,'�&�&#)� ���� &�%�� %)� &�� ��� #�,#%*�&�� #)%�9*��7%�� ,&$ $ ��*� )0) %$ .� �'�)� &""%�)� $ &�%�

�� #��!�'#$ ��9$ �,'��%��� %��, �&�-�/# ��)�*�""�,#! � &��$ �!%$ %� �*#%� &� '%�#)%�<)�,&� �&!��� %� �&��

��*� �$ ��+�#)#�!!0�/%��+�#�2�&1 �.� ��%�,%���7�) ��$ &#� �&"� ������+���*��*�� � �&�� �)��%(#��%*� &�

�,'�%7%���,%� �����$ &#� �&"��,,#��,0�4�)#�-�:���F��C6.�
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&),�!!� �&�)�/0��$ �+��� �&��&"�"&& �$ &7%$ %� O� &��%) &�%���'��*�+��)��"#�, �&�.��'%�

N&),�!!� �&�)�1 %�%��%,&�*%*� �����&�%���:9,'���%!�,&�"�+#�� �&�-�/��*9��))� "�! %�%*�

��*� )(#��%*O� ��*� �"� *% %, %*� 1 &#!*� �!!&1 �  '%� #)%��  &� )1 � ,'�  '�&#+'� �'�)%)�  &�

�%�"&�$ �  '%� "#�, �&��!�$ &7%$ %� .�
�/�%�2*&1 ��&"�  '%�)0) %$ � �)� )'&1 �� �����+#�%�

F.�.�

�

���
��� ,5-� �5�$ �!%� &"� �� /��&!��� ��:9/�)%*� ���� �%,&�*��+� "�&$ � ��  % ���!%+�,� �� �%� .� �'%� )0) %$ �

&�%�� %)�������*%7�,%�1 � '� '�%%�����)�&"�)#�"�,%�%!%, �&*%).��'%�)�5��&)� �&�)�&"� '%�%!%, �&*%)���%�

��*�,� %*.��'%��� �%� ��)��/!%� &�+��)����,0!��*%��1 � '� '%�����!0)%*�'��*�1 '%�� '%������)�)1 � ,'%*9

&��/0�/% ��/#�) ���� '%���:���*#,%*�/0�"&& �$ &7%$ %� ��$ �+��� �&��4�"#� ),'%!!%��% ��!.�F��;6.�


��&�9��7�)�7%� %,'��(#%�1 �)�#)%*� &��%,&�*� '%���:���*� '%�&# �# �&"� '%�

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

#)��+�&�!0�  1 &�%!%, �&*%)���*� �%,&�*��+�&�%�/��&!��� ��:� ,'���%!-� $ #),!%� �, �7� 0�

�� %"�, � ��&*#, �&��1 �)� �%*#,%*.��'#)� ��:��, �7� 0� ,��� )&$ %1 '� �/%� %!�$ ��� %*�

"�&$ � '%�����&# �# �)�+��!�4�"#� ),'%!!%��% ��!.�F��;6.���""%�%� ��$ �+%�0�$ & &�� �)2)�

��&*#,%�7��0��+�!%7%!)�&"�/% ��&),�!!� �&�)���*� '�)�,&$ /��%*�1 � '�$ �5�$ �)��+�  '%�

�%�"&�$ ��,%�&"� '%�����/0�# �!�)��+��)�"%1 �%!%, �&*%)��)��&))�/!%�1 �!!�*% %�$ ��%� '%�

7��/�!� 0� &"�  '%� )0) %$ � ��� �%�!9!�"%� )� #� �&�)� 4�"#� ),'%!!%�-� � %#�%�� E � ���/�#$ %��

F��>6.��

�'%� )0) %$ � %$ �!&0%*� /0� �"#� ),'%!!%�� % � �!.� 4F��;� ��*� F��>6� '�)�  '%�

�*7�� �+%� &"� �& � �%(#����+� ��� %5 %���!� ) �$ #!#).� �&1 %7%�-� ,&�)�*%��/!%�  ������+�

 �$ %>�1 �)��%(#��%*����,#) &$ �)��+� '%�)% #�� &� '%�#)%�<)�)�%,�"�,� �&�).��#%� &� '�)�

 ������+� �%(#��%$ %� -�  '%� ������ #)� 1 �)� �!)&�  '%�%"&�%� )#/?%, 9)�%,�"�,.� � � )'&#!*�

�!)&� /%� �& %*�  '� � ���� ,#��%� )� $ �0� �""%, � ��:� )�+��!).� ���0� &"�  '%� %!%, ��,�!�

)�+��!)���� '%�/�����#)%*�/0����)���%��""%, %*�/0�%5 �%$ � 0�4��*� '%�%"&�%�$ #),#!��6�

$ &7%$ %� � 4,�%� ��+� �� %"�, )� ���  '%� ��:6� ��*�  '#)� /%��+� �/!%�  &� !�$ � �  '�)�

*%+��*� �&�����)�+��!�(#�!� 0��)�&"��$ �&� ��,%.������!& �&"�,�)%)����%,'&�%""%, ���� '%�

$ �*,%� ��!� ,&� %5� �)� ,�%� %*� *#%�  &�  '%� �%)#! �� � $ &7%$ %� � &"�  '%� '��*�

4�"#� ),'%!!%��% ��!.�F��;6.��'�)� )�+��!�,&� �$ ��� �&�� 4�! '&#+'�)&$ %1 '� � �%*#,%*�

 '�&#+'� '%�#)%�&"� '%�%!%, �&*%���*�,'���%!�,&�"�+#�� �&�6���&*#,%)�����&/!%$ ����

$ & &�� ��%�)� &"�  '%� ,&� %5� ��*�  '#)� �, �7%� ��*� ��))�7%� $ &7%$ %� )� �%*#,%�  '%�

�� %+�� 0�&"� '%�)�+��!�1 '%�%�/�&"%%*/�,2��)�< �# �!�)%*.�

�'%�
! %��� �7%��&� �&!��%,'�&!&+0�4
��6���&+��$ �&"� '%�
����&�,%�
%)%��,'�

!�/&�� &�0�  %) %*� �� ) %�*09) � %� 7�)#�!9%7&2%*� �%)�&�)%� 4����
6� )0) %$ � �)� ���

%""%, �7%� ,&$ $ #��,� �&�� $ %*�#$ � "&�� ���).� � )%�)� N��%�  ����%*�  &� %5%� � 7&!#� ��0�

,&� �&!�&7%�� '%�) �%�+ '�&"� '%�������
O�4��**%�*&�"�% ��!.�F���6� &�&�%�� %�������

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

�

>
��&�/%�)�%,�"�,-�>>� ������+�)%))�&�)�1 %�%��%(#��%*�4�"#� ),'%!!%��% ��!.�F��>6.�
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)0) %$ .���**%�*&�"�% ��!.�4F���6��*&� %*���*�),�% %�/����0�,&� �&!�)0) %$ �)&� '� �

,'��+%)� ���  '%� ����
� �%)#! %*� ��� ,&� �&!� �, �&�)� &,,#����+� � � "�5%*� �� %�7�!).� �'%�

�%)�&�)%�1 �)�%!�,� %*�#)��+���7�)#�!�) �$ #!#)�$ &*#!� %*�� ���"�5%*�"�%(#%�,0.���)#�!�

/�&"%%*/�,2� %��/!%*� #)%�)�  &� !%����  &� ,&� �&!�  '%��� ����
� �$ �!� #*%.� �'%� !&+�,�

 %,'��(#%)�%��/!%*�)$ && '���*�) �/!%�,&� �&!� &�/%�"&�$ %*�"�&$ � '%��&�)0�����
.�

�1 &� '�%)'&!*)�1 %�%�#)%*�"&��/����0�,&� �&!�4�.%.����)��+� '%�����
��/&7%�&��/%!&1 �

 '%�  1 &�  '�%)'&!*)� �%)#! %*� ��� *�""%�%� � �, �&�)6.� �'%� ) �$ #!#)� 1 �)� +%�%�� %*� /0�
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��� '�)�$ �+' ��& �/%�

 '%� ��%"%��%*� ,'&�,%� /%,�#)%� &"� )�+' � *% %��&�� �&�.� �&�%&7%�� #)��+� �� $ &*�!� 0�

*�""%�%� � "�&$ � '%�7�)#�!�&�%�$ ���$ �)%)� �� %�"%�%�,%�1 � '��&))�/!%�7�)#�!� "%%*/�,2�

4�,'�%#*%�-��!��2%� J�E ����+%�$ ����F���6.�


**� �&��!!0� '%�*%+%�%�� �&��&"��0��$ �*�!�,%!!)���� '%�$ & &��,&� %5�4*#%� &�

!&�+��%��&*)�&"� �$ $ &/�!� 06�$ �0�$ �2%� � �*�""�,#! � &�=�$ �+��%�$ &7%$ %� <� ���$ %� �!�

�$ �+%�0����).�
!)&� '%�"�, � '� ����)%7%�%�,�)%)� '%�%� ��%�7�)#�!�$ &*�!� 0�/%,&$ %)�

#��%!��/!%��)���,&� �&!�$ %,'���)$ 	�N '%�%0%)�,���& ��*?#) �"&,#)L� '%�"&7%��,���& �

/%�$ &7%*� &���)�%, �*�""%�%� �!&,� �&�)���� '%�7�)#�!�),%�%-�$ %����+� '� �$ &) �&"���

+�7%�� �$ �+%� 1 �!!� ) �$ #!� %� �%���'%��!� �%+�&�)� &"� �% ���� 1 '�,'� '�7%� !&1 � )�� ��!�

�%)&!# �&�O�4��!!�% ��!.�F��>6.��'%��%)�&�)%)�&"��% ���!�+��+!�&��,%!!)���%� %$ �&��!!0�

/��*9��))-�  '%�%"&�%� %0%� �$ $ &/�!� 0� �%)#! ��+� ��� "�*��+� &"� ) %�*0� 7�)#�!� )�+��!).�


**� �&��!!0-���) #*0�,&�*#, %*�/0���#��%��% ��!.�4F���6�,�) )�*&#/ �&��7�)#�!��;���

���)�*#%� &� '%�"�, � '� � '%0���%�%0%9+�J%�*%�%�*%� .��%�,%� '%������!�,� �&��"&��

�� �%� )�)#""%���+�"�&$ ���!�,2�&"�,&� �&!�&7%��%0%9+�J%�4%.+.�����6��)�!�$ � %*�4��#��%��

% � �!.� F���6.� �'#)�  '�)� �%��%)%� )� ,&�)�*%��/!%� $ & �7� �&��  &� %5�!&�%�  '%� �;���

�%)�&�)%� &��#*� &�0�) �$ #!�.��'�)�$ % '&*�&"�)�+��!�,&� �&!��!)&�*&%)��& ��%(#��%� '%�

%5 %�)�7%� ������+� '� �$ %� �!��$ �+%�0� %,'��(#%)��%(#��%���*� '%��%)#! �� �*%7�,%�

�)��& ��)�#)%��)�%,�"�,.��&1 %7%�-�'�/� #� �&��%""%, )��%)#! �����;����%*#, �&��1 '�,'�

,���/%���$ �?&��*�)�*7�� �+%�&"��;������)�4
&$ %�&-��&!�,'��DD@6.�
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� �?/&%�� % � �!.� 4F��C6� %5�!&�%*�  '%� "%�)�/�!� 0� &"� �� )%�)&��$ & &�� �'0 '$ � 4��
6� ����
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).�

�'%)%���%�$ #��'0 '$ )�4)%%�
��%�*�5�
6� ��� '%��!�'��/��*�4A�R��F��J6� '� �,'��+%�



Univ
ers

ity
 of

 C
ap

e T
ow

n

&���������	��#��" 	

FC�

�$ �!� #*%� 1 � '� $ & &�� $ &7%$ %� � &�� 1 � '� $ & &�� �$ �+%�0.� 
� ,&$ ����)&�� /% 1 %%��

7�)#�!� ��*� �#*� &�0� "%%*/�,2� 1 �)� ��7%) �+� %*.� � � 1 �)� *�),&7%�%*�  '� � �! '&#+'�

��� ��!!0� 7�)#�!� "%%*/�,2� 1 �)� )#�%��&�� ��� �%�"&�$ ��,%-�  '%�%� 1 �)� �� *%,�%�)%� ���

�%�"&�$ ��,%�*�""%�%�,%�1 � '� ��,�%�)%*� ������+�)%))�&�)�4�.%.�  '%�%�1 �)��& �/!0��&�

*�""%�%�,%� �" %��  '%�  '��*� )%))�&�6.� �'%0� ,&�,!#*%*� N '� � 1 � '� )#""�,�%� �  ������+�

 �$ %� ��� �#*� &�0� ���� $ �0� /%� �)� %""�,�%� � �)� �� 7�)#�!� ���O� ��*�  '� � N$ &&*� ��*�

$ & �7� �&�� �!�0� �� $ �?&�� �&!%� ��� !%�����+�  &� #)%� �� ���O� 4� �?/&%�� % � �!.� F��C6.�


*7�� �+%)�&"��#*� &�0�) �$ #!��&7%��7�)#�!���*��$ �+%�0�) �$ #!����%�*�),#))%*������!!�

% ��!.�4F��>6.�

��$ �!����%)#! )�41 � '��%)�%, � &���*%,�%�)%����7�)#�!�"%%*/�,26�1 %�%�&/ ���%*�

/0��'�$ �% ��!.�4F��>6�#)��+�)%!"9�%+#!� �&��&"����)� &�&�%�� %������.�
��%�"&�$ ��,%�

,&$ ����)&��1 �)�,����%*�&# �/% 1 %%��7�)#�!-��#*� &�0�&��,�&))9$ &*�!�7�)#�!9�#*� &�0�

"%%*/�,2� )0) %$ )� �)� �� $ %��)�&"� %�'��,��+�  '%� ���).� ��)#�!� ) �$ #!�� ��&*#,%*�  '%�

/%) � �%�"&�$ ��,%� �%)#! )-� "&!!&1 %*� /0�  '%� �#*� &�0� ) �$ #!�.� �'%� *�""%�%�,%� 1 �)�

��� !0� *#%�  &� )%!"9��&*#,%*� �&)� �7� 0� ��*� �� !��+%�� ���� �%)�&�)%� 7����/�!� 0� ���  '%�

�#*� &�0�,&�*� �&�.��'�$ �% ��!.�4F��>6�)#++%) %*� '� ���,�%�)%*�)%!%, �7%��  %� �&��

 &� )�$ #! ��%&#)!0���&*#,%*��#*� &�0� ) �$ #!�� �%)#! %*� ��� )$ �!!%�� ,&� �,�!��&)� �7� 0.�

���)� ��%� ��&�%�  &� /%� �""%, %*� /0� �� %"�, � *�) &� �&�� ��*� ,&� �, � �$ �%*��,%� �)�

,�� �,�!�"&��!&1 �"�%(#%�,0� &����$ %�)#�%$ %� )�4��!!+�%��F��@6.��

��!!� % � �!.� 4F��>6� �� �&*#,%*� N
�� 
#*� &�0� ����*�+$ � "&�� �����9�&$ �# %��

�� %�"�,%)O� ��*�,� ��+� '� �#)%�)�,&#!*�$ &*#!� %���:�)�+��!)������)��+!%� ���!�/0� '%�

,&�),�&#)� *��%, �&�� &"� �  %� �&�.� �'%0� �$ �!%$ %� %*� �� ����*�+$ � �!!&1 ��+� #)%�)�  &�

$ �2%���/����0�*%,�)�&���,,&�*��+� &��#*� &�0�) �$ #!��4)%%���+#�%�F.H6.��'%��#*� &�0�

4&�� �,&#) �,6� ) �$ #!#)� ,&�)�) %*� &"�  1 &� �%��&*�,� )%(#%�,%)� &"� >�� $ )� )(#��%91 �7%�

/%%�)� ��%)%� %*� "�&$ �  1 &� )%���� %� )�%�2%�)� �!�,%*� &��  '%� !%" � ��*� ��+' .� �'%)%�

/%%�)� 7���%*� ��� "�%(#%�,0.� �0� ��&*#,��+� *%7��� �  &�%)� &"� !%" � ��*� ��+' � )&#�*�

)�+��!)�&"�*�""%�%� ��%��&*)-�)#/?%, )�,&#!*�%!�,� �����,&� �&!.� � �1 �)�)#++%) %*�  '� �

�#*� &�0��
�)�,&#!*�/%�#)%*��)���� �&"���)��+!%9 ���!����.�
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$ &7%$ %� ).��&��%5�$ �!%-�'0/��*�&� '&)%)�,&$ /��%�������*�$ %,'���,�!�/��,%).��'%�

/��,%)��%*#,%� '%��#$ /%��&"�*%+�%%)9&"9"�%%*&$ ���*���&7�*%�)#��&� � "&��1 %�2%��

$ #),!%)L�1 '�!%� '%������)����!�%*� &� '%�$ #),!%)� &��, �&�� '%)%��%$ �����+�*%+�%%)9

&"9"�%%*&$ � 4�'��)'%�-� �&�&7�,� F��A6.� �&$ �!%5� $ & �&�)�  '� � �%(#��%� ��%,�)%� ��*�

"��%� ,&� �&!� ��%� 0% �  &� /%� �%�"%, %*.� ���� )0) %$ )� �*%�!!0� �%(#��%� $ #! �9,!�))�

)%!%, �7� 0� 4"&�� $ #! ��!%� *%+�%%)9&"9"�%%*&$ 6� 1 '�,'�  '%�  ��*� �&��!� �;��� ����*�+$ �

*&%)�< � ��&7�*%� 4� � &�!0� ��&7�*%)� �� /����0� &# �# 6.� ����� �&�)�  &�  '%�  ��*� �&��!�

����*�+$ � $ �+' � ��&7�*%� �� ,&� �&!� $ %,'���)$ �  '� � %�'��,%)�  '%� �,,#��,0� &"�

%5�) ��+����9����)0) %$ ).�

�,'�%#*%�� % � �!.� 4F���6� *%7%!&�%*� ��� �#*� &�0� �;��� ���� ����*�+$ � #)��+�

)�� ��!!0�*�) ��/# %*��#*� &�0�,#%)������"�%!*.�
,,#��,�%)�&"�&7%��D�B �1 %�%�&/ ���%*�

"&��$ &) �,&�*� �&�)�1 � '��7%��+��+�&7%���>�)#/�  ���!)��%��!&,� �&�.��&1 %7%��1 '%��
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 '%� ) �$ #!�� 1 %�%� ��%)%� %*�  '�&#+'� �� )�%�2%�� 4%""%, �7%!0� ,��,%!!��+�  '%� )�� ��!�

��&�%� �%)6-� '%�)%!%, �&��),&�%)�*�&��%*�/%!&1 �C�B .��'�)���%)%� )���*�)�*7�� �+%�

"&������# �!�)� �&�.�


� D9,!�))�  1 &9*�$ %�)�&��!� �;��� ���� *%,�)�&�� $ %*�#$ � 1 �)� ��&�&)%*� /0�

�T'�%� % � �!.� 4F���6.� �%�! '0� )#/?%, )� 1 %�%� �%(#��%*�  &� )�%!!� �� )%� %�,%� 1 '%��

��%)%� %*� 1 � '� �#*� &�0� ) �$ #!�� &"�  '�%%� *�""%�%� � �� ,'%)� ��*�  '�%%� *�""%�%� �

!&,� �&�)� 4!%" � %���'&�%-� ��+' � %���'&�%-� ��*� /& '6-�  '#)� ��%)%� ��+� ��  1 &9

*�$ %�)�&��!� ;� /0� ;� *%,�)�&�� $ %*�#$ .� 
,,#��,�%)� &"� #��  &� DFB � 1 %�%� &/ ���%*� "&��

$ &) �)#/?%, ).��1 &�)#/?%, )<��,,#��,�%)�*�&��%*� &�J%�&�1 '%��  '%0��%�&� %*�  '� �

 '%0�,&#!*�< �,&�,%� �� %���0$ &�%� 4�T'�%�% ��!.�F���6.��&1 %7%�-�  '%��*7�� �+%)�

��,!#*%�$ &�%�*%+�%%)9&"9"�%%*&$ -�!�  !%�&���&�  ������+-���*��� �%�!�) �,�����&�,'�  &�

=�%�!<�%�7��&�$ %� ����!�,� �&�.�
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��"�&$ ��&�)%.��

��+��!���&,%))��+�&"��;���,��� '%�%"&�%���,�%�)%�,!�))�"�,� �&��%""�,�%�,0.���

�#%� &� '%�!&1 ��3� ��� �&�"&����1 ���:-��7%��+��+�&"� ���!)��)�#)%*����$ ��0��
��

4��*��;��6���&,%))��+� %,'��(#%).��&��,'�%7%���)#""�,�%� !0�'�+'��3� ��� �&-�� �!%�) �

F���;��� ���!)���%��%%*%*�4�&'%�-��&!�,'��DDC6.�
7%��+%*�%7%� 9�%!� %*��& %� ��!)�

4�
�)6� ��&7�*%� �� )�$ �!�"�%*� $ %��)� &"� ���!0)��+� ��*� "�! %���+� ��:� *� ��  &� �%7%�!�

*�),!&)%*���"&�$ � �&����� '%��%,&�*��+).��*%�!!0-�'&1 %7%�-� '%�+&�!�F��)� &�*%7%!&����

)0) %$ � 1 '%�%/0� �� )��+!%�  ���!� $ �0� /%� �,,#�� %!0� ,!�))�"�%*� #)��+� �� ���.� ��  %���

��������������������������������������������������������
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*% %, �&�� ��&,%*#�%)� ��� $ #! �9,'���%!� ��:� )0) %$ ).� �'�)� �%(#��%)� 7%�0� %""�,�%� �

,&$ �# � �&��!� ��*� *% %, �&�� $ % '&*)-� 1 '�,'� %!�$ ��� %)�  '%� %""�,�,0� &"� �
��

�7%��+��+� %,'��(#%).���
���*���
�'�7%���&7%�� &�/%� '%�$ % '&*)�&"�,'&�,%�1 '%��

���!0)��+� ��:� *� �� /%,�#)%� &"�  '%��� �/�!� 0�  &� %5 ��, � ��"&�$ � �&�� "�&$ � )�+��!�

$ �5 #�%).� �'%)%� $ &*�!� �%)� $ �0� /%� ��,&��&�� %*� �� &� �� �;��� ���� �)� �� $ %��)� &"�

,�%� ��+���)��+!%9 ���!�,&$ $ #��,� �&��$ %*�#$ .�
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S%��%*0� % � �!.� 4F���6� *%),��/%� ��� ��7�)�7%� �! %��� �7%�  &� )#�"�,%� ��:�

�%,&�*%*�����*%7�,%)�4S%��%*0�% ��!.�F���6.��#�"�,%�%!%, �&*%��%,&�*��+)���%�)#/?%, �

 &�$ ��0�$ &�%��� %"�, �*�) &� �&����&�%� �%).��'#)��*7��,%*���&,%))��+� %,'��(#%)-�

&�� %�'��,%*� )�+��!� �%,&�*��+� ,���/�!� �%)-� ��%� �%(#��%*�  &� �  %$ � �  &� &7%�,&$ %�

 '%)%�!�$ � � �&�).��;���1 �7%"&�$ )���%�%5 ��, %*�"�&$ ���:�)�+��!)�$ &�%�&" %�� '���

�& �/0���
�&����
.��'%� 1 &���&,%))��+� %,'��(#%)��!)&���%)%� �����  ��, �7%�$ %��)�

&"� )%���� ��+� �� %"�, � "�&$ � ��:.� ��)#�!� �;��� 1 �7%"&�$ )� '�7%� �� +�%� %�� �3� � �� �&�

 '��� �#*� &�0� �;��� 1 �7%"&�$ ).� �'#)� ��
� ��*� ��
� ��%)%� � �� #)%"#!� $ %��)� &"�

%5 ��, ��+�����#*� &�0��;���"�&$ ��&�)%.���!!�/'��%���% ��!.� 4F��H6�# �!�)%*���
�"&��

"%� #�%�%5 ��, �&�� ��� ��1 ���:�*� �� 1 '�,'���&*#,%*�+&&*�,!�))�"�,� �&�� �%)#! )�/# �

"#� '%��1 &�2��%%*%*� &�/%�*&�%�&���$ ��&7��+� '%��,,#��,0�"&�����!�,� �&�� &�&�!��%�

���).���
�1 �)����!�%*�&��)�� ��!��)�1 %!!��)� %$ �&��!�*�$ %�)�&�)���� 1 &�) %�).�

� )��+���
�"&���#*� &�0��
�����!0)�)� ���),'�J&�'�%��,��� �%� )�1 �)�%5�!&�%*�

/0� ��� '%�� 4F��F6.� ��
� 1 �)� #)%*�  &� �%*#,%�  '%� �#$ /%�� &"� ,'���%!)� "�&$ � C�  &� F.�

�7%��D�B �&"� '%�7�����,%�1 �)�$ ��� ���%*�/0�#)��+�&�!0�F�,'���%!)���*�'%�,%� '%�
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�$ �0�/%�#)%*��,,&�*��+� &�

 '%�"%� #�%�%5 ��, �&����*�)�+��!�)&#�,%.�
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����&#)����!0)�)� %,'��(#%)�'�7%�/%%��#)%*� &�%5 ��, ���*���&,%))���:��%,&�*��+).�


�$ % '&*�#)��+���,&$ /��� �&��&"���
���*� ��
� %,'��(#%)�4%$ �!&0%*�/0���!!�% ��!.�

4F��>6� &�� ��� �#*� &�0� ���6� ��&7%)�  &� /%� %""%, �7%� ��� ��&,%))��+� ��:� *� �.� �'�)�
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4F��H66.�
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����*�+$ � 4%$ �!&0��+�����,��!%)�&"�  '%�$ #! �9,!�))�����*�+$ )��*&� %*�/0��%!!%�)�% �

�!.� 4F��@6-� �,'�%#*%�� % � �!.� 4F���6-� ��*� �T'�%� % � �!.� 4F���66� ��*�  '%� )�+��!�
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) �$ #!�6L�

• �'%�)�$ %���&,%*#�%��)�%5�%��$ %� �;�%5,%� � '� ���/#  &��1 �)��#)'%*�
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��������������������������������������������������������
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��� %�,'� ,�)%�  '%� )#/?%, � 1 �)� "�$ �!����)%*� 1 � '�  '%�  ��+% � /%"&�%'��*� ��*�

�!!&1 %*�  &� ���, �,%.� �'%� ��&,%*#�%� "&�� %�,'� %5�%��$ %� � 1 �)� *�)�!�0%*� &��  '%�

),�%%�����&�� &��%,&�*��+.����&�*%�� &��%*#,%�%0%�$ &7%$ %� ��� %"�, -�)#/?%, )�1 %�%�
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@� �&,#)�&����)�%,�"�,�,&$ �&�%� �

C� � )%�1 %!!�) #*�%*�%5�%��$ %� �!�$ ����#!� �&�)�

A� �)&!� %�,&$ �&�%� )�1 � '�*�""%�%� �1 �7%)�

D� �&,#)�&��,&$ �&�%� )� '� ���%�%�)�!0��)&!� %*�

��� � )%�,&$ �&�%� ���*%�%�*%� �%5�%��$ %� �!�*%)�+�)��"��&))�/!%�

��� ��?�,2�#)%"#!�,&$ �&�%� )�"�&$ �& '%��*&$ ���)�

�� �+#%���*�,&�,%� �� �&���""%, ��;�����&*#, �&����*�'%�,%���,&$ ��&$ �)%�
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!!�%5�%��$ %� �!�*� �)% )�1 %�%� ,&!!%, %*� "�&$ ���%*&$ ���� !0� ��+' 9'��*%*�

$ �!%� )#/?%, )� &7%��  '%� �+%� &"� F�� /0�  '%� �# '&�� #)��+�  '%� '�+'� �%)&!# �&�� �FA9

,'���%!�:%&*%)�,��%�)&��� % �4�!%, ��,�!�:%&*%)�,)�F���6�*%7�,%���*� '%��))&,�� %*�

� % 9� � �&��4�!%, ��,�!�:%&*%)�,)6�)&" 1 ��%.�


���7%��+%�&"����)%���� %�,�&))97�!�*� �&��)% )�1 �)�#)%*�  &�*% %�$ ��%�  '%�

��%*�, �&�� �,,#��,�%).� �%�)� �7� 0-� )�%,�"�,� 0-� ���� ��*� � ��� ),&�%)� 1 %�%� �!)&�

,�!,#!� %*� "&��  '%)%� �%)#! ).� �7%�0� %""&� � 1 �)� $ �*%�  &� ) ��*��*�)%�  '%�  %) �

,&�*� �&�).��'%� �$ %�&"�*�0-��&)� �&��&"� '%�),�%%�-���*�7&!#$ %�&"� '%� &�%)�1 %�%�

2%� � ,&�) �� �  '�&#+'&# �  '%� ��&,%)).� �#/?%, )� 1 %�%� �!)&� �)2%*� �� )%��%)� &"�

(#%) �&�)��%!� ��+� &� '%���*�% -�$ %*�,�!�,&�*� �&�-���*�"� �+#%�4)%%�
��%�*�5��6.��'%�

&�*%��&"� %) ��+�1 �)�2%� � '%�)�$ %�"&���!!��>�)#/?%, ).���, &�)�)#,'��)�"� �+#%���*�

,&�,%� �� �&�� '�*�  &� /%�  �2%�� �� &� �,,&#� � 1 '%�� �))%))��+�  '%� �%)#! ).� �#/?%, )�

1 %�%� �)2%*�  &� �%�&� �  '%��� !%7%!�&"� "� �+#%�&�� �� ),�!%�&"� ��  &� >� � �  '%� %�*�&"�  '%�

%5�%��$ %� )�4)%%�
��%�*�5�:���/!%�:.�6.��%�,%-�*#%�  &�$ ��0�)#/?%, )��%�&� ��+���

'�+'� "� �+#%� �� ��+-� &�!0� &�%�  ��*� �&��!� ����*�+$ � 1 �)� ,'&)%�� "&�� %�,'� )#/?%, 	�

%� '%�� 7�)#�!� &�� �#*� &�0� ) �$ #!�� 4�%"%��  &� ��/!%� H.��  &� ��/!%� H.H6.� �'�)� ��,!#*%*� ��

/#  &���#)'� �)� �%��  '%�  ��*� �&��!�����*�+$ � )% #�.�
)�$ ��0� 7����/!%)� �)� �&))�/!%�
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�,,#��,0.�

�

���
����5:����+��$ �)'&1 ��+� '%�*�""%�%� �%!%$ %� )�&"�*� �����!0)�)������$ %� �!� �)2��!+&�� '$ .�

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

�

F�
�
��& ,'�"�! %���)�#)%*� &��%$ &7%�#�1 �� %*�%!%, ��,�!��&�)%�� �>���J.�



Univ
ers

ity
 of

 C
ap

e T
ow

n

%������	'	

>H�

��,'�) �+%�&"� '%�*� �����!0)�)�"&�� '�)��%)%��,'��)�)'&1 �������+#�%�;.D���*��)�

*�),#))%*���� '%�)#,,%%*��+�)%, �&�).��

�

���
����5;����+��$ �)'&1 ��+� '%�*� �����!0)�)���&,%*#�%.�



Univ
ers

ity
 of

 C
ap

e T
ow

n

� ��������	���	� ������	

>>�

�5,5- ���������������

�'%� �%,&�*%*� )�+��!�1 �)���%9��&,%))%*�#)��+��� ,&$ /��� �&��&"�� % 9� � �&��

4�!%, ��,�!� :%&*%)�,)6�  %,'��(#%)� ��*� ��:�
�
FF

� 4�%!&�$ %-� ��2%�+� F��H6.� � % 9
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!%�����+� �#!%).� �'%� �!+&�� '$ � N%5�!�,� !0�  ��%)�  &� $ �5�$ �)%�  '%� ?&�� � %� �&�0� &"� ��

�&�!��%��� "#�, �&�� &"�  '%� )%���� %*� &# �# )L� '&1 %7%�-� � � �$ �!�,� !0� $ ���$ �)%)�  '%�
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$ # #�!� ��"&�$ � �&��/% 1 %%��  '%� )%���� %*�&# �# )�)&��)�  &�$ �2%�  '%$ �$ # #�!!0�

��*%�%�*%� O�4���+!&�)-��'�� �%��E �:&))%!���F���6.�

�5,5,5, '�� ����������"�������	����
����������*����

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

 '%�  �$ %� *&$ ����  &�*%,�*%� 1 '% '%��  '%0� )'&#!*� /%�2%� �&�� �& .� �'%� !� %�,0� ��*�

�$ �!� #*%�&"� '%�1 �7%"&�$ ���%�#)%*� &�$ ����#!� %� '%�,&$ �&�%� ).��'&)%���)�1 � '�

�%!� �7%!0�!��+%�� �$ �!� #*%� ���  '%� !� %�,0� ���+%� &"�  '%� �;��� 1 %�%� 2%� -� 1 '�!%�  '%�

& '%�)�1 %�%�)% � &��.��'%�!� %�,0����+%�41 � '��� '%�@>��$ )�%�&,')6�"&�� '%�,�� #�%*�

*� ��1 �)�)% �"�&$ �F>��$ )� &�H���$ )��)�*% %�$ ��%*�/0� '%��7%��+%*��
��*� ��4�%"%��

 &���+#�%�;.�����*�
��%�*�5��6.�
%"%�� &�
��%�*�5���)%, �&�)��.>-��.@-���*��.C�"&�� '%�

�
��
��,&*%�#)%*� &��%�"&�$ � '%�)�� �&9 %$ �&��!�$ ����#!� �&�.�

��� ��!�$ ����#!� �&��#)%)����������2�&1 !%*+%�&"� '%��'0)�&!&+�,�!���&�%� �%)�

&"� '%��;��� &�*% %�$ ��%�1 '% '%�� '%�,&$ �&�%� )���%�2%� �&���& �*%�%�*%� �&��

 '%�)�� ��!�*�) ��/# �&��&"� '%���).��'%�$ % '&*�#)%*��)��)�"&!!&1 ).��%�& %� 1−W �4 '%�

��7%�)%�&"�$ � ��5�W 6��)	�
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1

21 ,,, −== � -�1 '%�%�

u � $ �0� /%� ,&�)�*%�%*�  '%� %) �$ � �&�� &"�  '%� n � #�2�&1 �� ��*%�%�*%� � )&#�,%)�

[ ]nssss ,,, 21 �= .�

�'%� j  '�,&!#$ ��&"� 1−W ��%"!%, )� '%��� %�)� 0�*�) ��/# �&��&"�%�,'�%!%, �&*%�

&"� '%� j  '���� ju �4�#�% ��!.�F��H6.�� %� ���)"&�$ � '%�)�� ��!���  %���$ � ��5� 1−W ��� &�

��� �� %�)� 0�&�*%��$ � ��5� M � 1 � '�  '%� )�$ %�*�$ %�)�&�.��'%�7�!#%�&"�  '%�%!%$ %� �

ijm � ��� M � �)� )% �  &� /%�  '%� &�*%�� �#$ /%�� &"�  '%� 7�!#%� '
ijw � ���  '%� ,&��%)�&�*��+�

,&!#$ ��7%, &��&"� 1−W .��&��%5�$ �!%-��"� '
ijw ��)� '%�!��+%) �%!%$ %� ����,&!#$ �� j -� '%���

1=ijm .�
�*�!�2%1 �)%��"� '
ijw ��)� '%�)%,&�*�!��+%) �%!%$ %� ����,&!#$ �� j -� '%�� 2=ijm .��

�&!!&1 ��+�"�&$ � '�)���)�� ��!�*�) ��/# �&��$ � ��5�Q ��%��%)%� ��+����%!%, �&*%�

)% � �%!� ��+�  &�  '%� /����� �, �7� �%)� �))&,�� %*� 1 � '�  '%� �;��� �)� ,'&)%�� 4�%"%��  &�


��%�*�5���)%, �&���.C6.� { }kqQ = -�1 '%�%� kq ��)� '%���*%5��#$ /%��&"�%!%, �&*%)���*�

�)� %(#�!�  &�  '%� �&1 � ��*%5� &"�  '%� $ #! �,'���%!� ��:� $ � ��5� x .� �&�� �;��� �& %� ��!�

%5 ��, �&��  '%� %!%, �&*%)� )%!%, %*� )'&#!*� ��,!#*%�  '%� ����% �!� �%+�&�FA-� /%,�#)%�

���&��2�&1 !%*+%���*�,� %)� '� � '�)��)�1 '%�%�� ��)�$ &) ���&$ ��%� .��'%��#!%�&"�)�� ��!�

$ ����#!� �&��&"���)��)�+�7%��/0	�
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1 '%�%� T � �)�  '%�  '�%)'&!*� &"� &�*%�� &"� �*$ �))�&�.� �&�� %5�$ �!%-� )% � 1=T -�

 '%��&�!0�  '%� ��)� )� �)"0��+�  '%�,&�*� �&��  '� �  '%�%!%, �&*%�,&��%)�&�*��+�  &�  '%�

!��+%) �%!%$ %� �&"� '%�)�� ��!���  %���/%!&�+)� &� '%�)% -���*��"� 2=T �-� '%�� '%���)�

,&��%)�&�*��+� &� '%� 1 &�!��+%) �%!%$ %� )� '� �/%!&�+� &� '%�)% ���%��% ���%*-���*�

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

�

FA
��'%�,&��%)�&�*��+�%!%, �&*%)��J-���-���*��F���%�)� #� %*��%��� '%�7%� %5.�
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)&� &�.� ��� & '%�� 1 &�*)-� T � �)� �� �&*#,%*�  &� 2%%��  '%� $ &) � ��&$ ��%� � )�� ��!�

��"&�$ � �&�� �%!� ��+�  &�  '%��;��.� ����!!0��" %��  '�)�$ ����#!� �&�� *u � '&!*)�$ &) �&"�

 '%�)&#�,%���"&�$ � �&���/&# � '%��;��-���*��!!�& '%��%!%$ %� )���%�)% � &���4�#�% ��!.�

F��H6.�

�5,5,5� ���3����A�������


" %��  '%�  %$ �&��!� ��*� )�� ��!� $ ����#!� �&�)� &"�  '%� ��)-�  '%� 7%, &�� &"�  '%�

$ ����#!� %*� ,&$ �&�%� )� 'u � 1 �)�/�,2���&?%, %*�  &� ),�!����:�  &�&/ ����  '%� ),�!��

*�) ��/# �&��&"� '%��;����& %� ��!	�

'1' uWx −= -� 4H6�

1 '%�%� 'x ��)� '%��;���%�'��,%*���:�"&��"%� #�%�%5 ��, �&�.�

�5,5,56 ����
���%4���������

��� ��!�)%!%, �&��&"�)�+��!�"%� #�%)�$ �0�/%�/�)%*�&��) ��*��*�+#�*%!��%)�"�&$ �

2�&1 ��!&,� �&�)���*� %$ �&��!���*�)�%, ��!�,'���, %��) �,)�&"���:�)#��!%$ %� %*�/0�

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

4� &!��1 �% ��!.�F��F6.� �'%)%�$ % '&*)� ,����!)&�/%� �%�!�,%*�/0��# &$ � %*� "%� #�%�

)%!%, �&�� $ % '&*).� �'&�� &�<)� 4:%&$ % ��,6� �%����/!� 0� ��*%5� 4:��6� ��%)%� )� ���

%""%, �7%�4��*�'%#��) �,6�$ %��)�&"�)%!%, ��+�"%� #�%)�"&��,!�))�"�,� �&�.�

:����)�*%"��%*��)�N '%�"��, �&��&"�*� ���&�� )�1 '&)%�,!�))�"�,� �&��!�/%!)���%�

 '%�)�$ %��)� '&)%�&"� '%����%��%) ��%�+'/&#�).��'#)�� ��)���$ %�)#�%�&"� '%�*%+�%%� &�

1 '�,'����# )��))&,�� %*�1 � '� '%�)�$ %�&# �# � %�*� &�,!#) %�� &+% '%�O�4
� '&�0-�


# '%�� F���6.� �'#)� "&�� �� +�7%��  �)2� f � 4 ��+% � "#�, �&�6-� � � �)�  '%� "��, �&�� &"� *� ��

1 '&)%��%��%) ��%�+'/&#��)'��%)� '%�)�$ %�&# �# �,!�))�4�'&�� &���DDC6.�
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1 '%�%� x �I�*� ��)% L� '
ix �I��%��%) ��%�+'/&#��&"� ix L���*� n �I� & �!��#$ /%��&"�

*� �.�

�'%� :��� '�)� �� 7�!#%� &"� /% 1 %%�� �� ��*� �-� 1 � '� �� ��*�,� ��+� �� ,&$ �!% %�

+%&$ % ��,�)%����/�!� 0�/% 1 %%�� '%� 1 &�,!�))%)�&"�*� ���&�� )-���*��.>���*�,� ��+���

���*&$ �*�) ��/# �&��&"��&�� ).��'%�,�)%�&"���:����)�%5 �%$ %!0�#�,&$ $ &�-��)�� �&�!0�

'���%�)� 1 '%��  '%� *� �� �&�� )� ��%� �����+%*� !�2%� �� ,'%))/&��*� �.%.� 1 '%�%� %�,'�

�&�� <)��%��%) ��%�+'/&#��/%!&�+)� &�� )�&��&)� %�,!�))�4�'&�� &���DDC6.�

�'%� :��� 1 �)� ,&$ �# %*� "&��  '%� *� �� )% )� ��*� �%)#! )� ,&$ ���%*.� �'%� /%) �

,&$ �&�%� � 4&�� "%� #�%6� )% � #)��+� 7��0��+� ,&$ /��� �&�)� &"� "%� #�%)� "�&$ �  '%�

*�""%�%� � )�+��!���&,%))��+�  %,'��(#%)�1 �)�#)%*��)�  '%� ���# �  &�  '%����� 4�%"%��  &�

 '%� ,&*%� ��� 
��%�*�5� �� )%, �&�� �.D6.� �&$ /��� �&�)� &"� /% 1 %%�� �� ��*� F>� "%� #�%)�

1 %�%�,�!,#!� %*�"&�� '%�/%) �:���"&��%�,'��%!%7�� �,'���%!.��%� #�%)�1 %�%�)%!%, %*�

/0� ��,�%$ %� �!!0� ,�!,#!� ��+�  '%� :��� &�� �� )#/)% � &"�  %) � *� �� 4@>�� $ )� ��&,%))%*�

 ��+% � ��*��&�9 ��+% � %�&,')6�  &� �� �&�� �1 '%�%� �,,#��,0�*�*��& � �$ ��&7%� 4�.%.� ���

�)0$ � & �,� ����&�,'6.� �'%� "%� #�%� )% � )'&1 ��+� ��'�+'%��:��� $ &�%� "�%(#%� !0�1 �)�

 '%��,'&)%���)� '%�"%� #�%����# )� &� '%�����"&��,!�))�"�,� �&�.�
��%5�$ �!%�&"� '%�

$ % '&*�&"�,'&&)��+� '�)�"%� #�%�)% �"&��)#/?%, ����)�)'&1 �����
��%�*�5�����/!%��.�.�

�'%�$ &) ���&$ ��%� �"%� #�%�,&$ /��� �&��1 �)�#)%*�&���!!� '%�*� �����,&� ��) �1 � '�

,�!,#!� ��+�  '%� ��*%5� "&�� %�,'�  %) � 4��,�%�)%*� �,,#��,�%)� ,��� /%� &/ ���%*� /0�

,�!,#!� ��+���*�7�*#�!���*�,%)6.�
�+%�%��,�)#/)% �&"�"%� #�%)�1 �)�,'&)%�.�

�5,5� 
��������������

�!�))�"�,� �&��&"���:��%,&�*��+)��%��%)%� )� '%�/�,2/&�%�&"�*%,�)�&��$ �2��+�

���).����)-��%#��!��% 1 &�2)�4� � )6-���*�!��%���*�),��$ ���� ����!0)�)�4��
6�,!�))�"�%�)�
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�%��%)%� � )&$ %� &"�  '%� $ &�%� �&1 %�"#!� ,!�))�"�,� �&��  %,'��(#%)� �7��!�/!%.� �'%)%�

!%�����+��!+&�� '$ )���%� ����%*�&��*� �� &�*% %, �,!�))�)%����/�!� 0.�

��,%�  '%� ����&���� %� "%� #�%)� 4*% %�$ ��%*� /0� )%, �&�� ;.F.F.H6� 1 %�%�

%5 ��, %*-� '%0�1 %�%���%)%� %*� &���,!�))�"�%�����&�*%�� &�*% %�$ ��%� '%� �)2.��5 �� �

���)� #)%� �� 7���% 0�&"� ,!�))�"�%�)�  '� � $ %�)#�%�  '%�$ %$ /%�)'���&"� �� "%� #�%� 7%, &��

1 � '��%)�%, � &�%�,'�$ %� �!��, �7� 0�/0�$ %��)�&"�$ �,'��%�!%�����+�����&�,'%).� ���

 '�)�,�)%�������1 �)�#)%*� &�,!�))�"0�1 '% '%��&���& ���"%� #�%�7%, &��&"�*� ��"�&$ ���

)��+!%� ���!�1 �)� '%� ��+% 
FD

.�
��%5�!��� �&��&"� '%� '%&�0���*�$ � '%$ � �,)�/%'��*�

���)� ,��� /%� "&#�*� ��� 
��%�*�5� �.� �������+� *� �� 1 �)� #)%*�  &� +%�%�� %� ��

,!�))�"�,� �&�� "#�, �&�.� 
**� �&��!!0� ���)� *&� �& � �%(#��%� ��%9*%"��%*� �#!%)�  &�

"#�, �&���)���,!�))�"�%����*� '#)���%)%� �����  ��, �7%�$ %��)�&"�,!�))�"0��+���:�*� ��

*#%� &� '%�'�+'�,&$ �!%5� 0�&"���:��%,&�*��+).��


�!��%���)#��&� �7%, &��$ �,'��%�4����6��)�#)%*� &�,!�))�"0���$ &7��+��7%��+%�

&"� '%�*� ��"�&$ ��� &�@>��$ )�"&����)��+!%9 ���!�%�&,'.�:���1 �)�#)%*� &�*% %�$ ��%� '%�

&� �$ �!�"%� #�%)�"&��,!�))�"�,� �&�.��

�5,5�5- 
��������������
��������������"$	�


����� &&!/&5� 4:#����DDA6�1 �)�#)%*�  &�,!�))�"0�  '%���:�*� �� ����
��
�-�

#)��+���!��%���2%��%!���*���I����4*% %�$ ��%*�7����%)#! )�&/ ���%*�"�&$ ��� %) �*� ��

)% ��#��&�� '%�,!�))�"�%��R��%"%�� &�
��%�*�5���)%, �&���.F6.��'%�!��%���2%��%!�1 �)�

,'&)%�� *#%�  &�  '%� '�+'� *�$ %�)�&��!� 0� &"�  '%� ���# � "%� #�%� )��,%L� �&�9!��%���

,!�))�"�%�)� 1 %�%�  '%�%"&�%� �& � �%,%))��0.� �'%� ����  &&!/&5� 1 �)� 7�!�*� %*� ��� ����

4F��C6.��

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

�

FD
����)�'�7%�)'&1 ��  &�&# �%�"&�$ �$ ��0�,!�))�"�,� �&���!+&�� '$ )� ���$ ��0�*�""%�%� ���&/!%$ )���*�

�%��%)%� )����&/#) �,!�))�"�,� �&�� %,'��(#%�"&�� '%���&�&)%*�$ % '&*�4�'#!�)�*�)-�:#���E �� #�F��@6.�



Univ
ers

ity
 of

 C
ap

e T
ow

n

%������	'	

@@�

�5,5�5, "$	�������.����������

��&))97�!�*� �&�� �!!&1 )� ��� %) �$ � �&�� &"� '&1 � �� $ &*%!� 1 �!!� +%�%��!�)%� &��

#�)%%��*� �.� � � �)��� %,'��(#%�"&���))%))��+�'&1 � '%��%)#! )�&"���) � �) �,�!����!0)�)�

1 �!!��%�"&�$ ��+���) ���*� ��*%�%�*%� �*� ��)% .��'%�!%�7%9&�%9&# �,�&))97�!�*� �&��

4�����6� %,'��(#%�1 �)�#)%*�*#%� &��%!� �7%!0�!�$ � %*��$ &#� �&"�*� �.�

������ /��%"!0� �)� �"� ( )kk yx , � �%��%)%� )�  '%� k  '� �%,&�*-� � � �)�  %$ �&����!0�

�%$ &7%*�"�&$ ���*� �)% ���*� '%������)� ����%*�&�� '%��%$ �����+���"&�$ � �&����� '%�

*� �)% .� ( )kk yx , � ,��� �&1 � /%�  %) %*� /0�  '%� ,!�))�"�%�� �)�  '%� =#�)%%�<� *� �.� �'�)� �)�

�%�"&�$ %*� "&�� %�,'� �%,&�*� ��*� ��� �7%��+%� �)� &/ ���%*� ��*�,� ��+�  '%� �,,#��,0� &"�
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• �&� �,,#��,0� �$ ��&7%$ %� � &7%�� )�!%� � ,&#� ��+� 1 �)� "&#�*� 1 '%��
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F.  '%� /#  &�� �#)'��+�  %,'��(#%� *�*� �& � �$ ��&7%� ,!�))�"�,� �&��

�,,#��,�%)-�'&1 %7%�.�

�'%)%� &/)%�7� �&�)-� '&1 %7%�-� ,��< � /%� *%,�)�7%!0� $ �*%� *#%�  &� �� !�,2� &"�

,&#� %�/�!��,��+��,�&))� '%� �)2)�,&�"&#�*��+� '%��%)#! ).�
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�'�)� ,'�� %��*&,#$ %� )�  '%�$ &�%�*% ��!%*�*�),#))�&��&��  '%� �%)#! )� "&#�*�

"&��  '%�%5�%��$ %� �!�����*�+$ )-�  '%�%5 %���!� ) �$ #!#)�$ &*�!� �%)-� ��*�  '%�7���&#)�
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75- '����������
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���0� )#/?%, )� �%�&� %*�  '� �  '%0� ) �� %*� "%%!��+�  ��%*�  &1 ��*)�  '%�%�*�&"�

 '%�%5�%��$ %� )�4 '#)� '%�,&$ ��&$ �)%�&�� '%��#$ /%��&"� ���!)�7%�)#)� '%��%%*�"&��

��%"%��/!0�$ &�%��
�)�"&�����!0)�)�1 �)�$ �5�$ �)%*6.��'�)� "� �+#%���*�,&��%)�&�*��+�

!�,2�&"��  %� �&���)�%7�*%� ����)#/?%, )�F-�H-�C���*�>-�1 '%�%� '%�%��)���*�""%�%�,%����

 '%� 7%��"�%*� ,&#� � ��*�  '%� �, #�!� ,&#� � 4�%"%��  &� 
��%�*�5� S6.� 
**� �&��!!0� '�+'�

�$ �%*��,%� $ %�)#�%)� 4�%+� �7%!0� �$ ��, ��+�  '%� �%,&�*��+6� 1 %�%� "&#�*� &�� ,%� ����

)#/?%, )�*#%� &� '%�)#/?%, )<�),�!��,&�*� �&�)�&�� '%����!�,� �&��&"�S��.��&��%5�$ �!%-�

 '%�7�)#�!�$ #! �9,!�))�����*�+$ �"&��)#/?%, ��H��%(#��%*��)�$ ��0��)�;��/�*�,'���%!)�

 &�/%�$ ��#�!!0��%$ &7%*�"�&$ � '%��%,&�*��+�4�%"%�� &�
��%�*�5�S6.�

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

%5�%��$ %� .� �'�)� ,&� ��/# %*�  &� "�, &�)� )#,'� �)� �/�&�$ �!�/�%� '��+-� )'�2��+-� ��*�

$ #),!%� ) �""�%)).� 
!)&� $ &) � )#/?%, )� �%�&� %*�  '� � ,!�))�"0��+�  '%� �#*� &�0� ) �$ #!��

1 �)�$ &�%�*�""�,#! � '��� '%�7�)#�!�) �$ #!����*� '� �/#  &���#)'��+�1 �)�%�)�%�� '���

)�!%� �,&#� ��+.��&$ %�)#/?%, )�"&#�*�� �*�""�,#! � &�"&,#)�&�� '%�/�,2+�&#�*�4�.%.� '%�

,�&))9'���6�1 '�,'�,�#)%*�%5,%))�7%�/!��2��+�&��/!#����+�&"�7�)�&�.�

��) !0�"&#��)#/?%, )��%�&� %*� '� � '%0�!&) �,&�,%� �� �&����*� '%��� '&#+' )�

1 &�*%�%*.� �'�)� )&$ % �$ %)� �%)#! %*� ���  '%$ � &,,�)�&��!!0� �%"%����+� /�,2�  &�  '%�

��%7�&#)�%5�%��$ %� <)� ��+% .�
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�!�))�"�,� �&�� �,,#��,�%)� "&��  '%�  ��*� �&��!� ����*�+$ )� 1 %�%� !&1 %��  '���

%5�%, %*� #)��+�  '%� ,&$ /��� �&�� &"� ��
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� ��*� /0�  %$ �&��!!0� ��*� )�� ��!!0�

$ ����#!� ��+�  '%� *� �.� �&� ��/# ��+� "�, &�)� ��,!#*%*�  '%� ��&/�/�!� 0� &"�  '%�  ��+% �

) �$ #!#)� /%��+� >�B � �)� &��&)%*�  &� & '%��  ��*� �&��!� ����*�+$ )� 1 '%�%�  '%�  ��+% �

) �$ #!#)�'�)����%5 �%$ %!0�!&1 ���&/�/�!� 0�,&$ ���%*�1 � '��&�9 ��+% �4&��) ��*��*6�

) �$ #!�.� �'%� !� %�� #�%� �%7%�!)�  '� � 1 � '� *%,�%�)%*� ��&/�/�!� 0-� ��,�%�)%*� �;���

�$ �!� #*%� �)� %5�%��%�,%*� 4)%%�
��%�*�5��6.��&1 %7%��*#%�  &� ��� ��$ �&"�  '�)�  '%)�)�

/%��+� &�,�%� %�������*�+$ �"&��=�%�!<�%�7��&�$ %� ����!�,�/�!� 0-� '%���&/�/�!� 0�&"��!!�

�& %� ��!� ��+% )�1 �)�,'&)%�� &�/%� '%�)�$ %.�

�'%� �7%��+%� �%�,%� �+%� &"� ,&��%, � ,!�))�"�,� �&�)� 4���6� "&��  '%�  ��*� �&��!�

����*�+$ )� 1 �)� �/&7%�C�B � "&���!!� )�+��!���&,%))��+�  %,'��(#%)� ��*� ) �$ #!#)�  0�%)�

4�.%.� �#*� &�0� &�� 7�)#�!6.� �#/?%, � �-� D� ��*� ��� &/ ���%*� �� ,!�))�"�,� �&�� �,,#��,0� &"�

���B �"&�� '%��#*� &�0�4)#/?%, ��6���*�7�)#�!�4)#/?%, �D���*���6� ��*� �&��!�����*�+$ )�

#)��+� '%���
�)�+��!���&,%))��+� %,'��(#%.��

��� +%�%��!-�  '%� $ #! �9,!�))� ����*�+$ )� ��&7%*� !%))� �,,#�� %�  '���  '%�

 ��*� �&��!�����*�+$ �4 '�)�,&#!*�/%��  ��/# %*� &���,�%�)%*� �)2�*�""�,#! 06L�'&1 %7%��

"&��,%� ����)#/?%, )� '�)�1 �)�< �  '%�,�)%.�
**� �&��!!0� '%��&))�/!%��%+� �7%�%""%, )�

 '� �'�/� #� �&����*3&��"� �+#%�$ �0�'�7%�'�*�&�� '%� ��*� �&��!�����*�+$ �$ �2%�� �

*�""�,#! �  &� "��*� �� ,&�,!#)�7%� �%)#! � 4 '�)� �)� *#%�  &� �� !�,2� &"� ,&#� %�/�!��,��+�  '%�

 �)2)6.� 
� �&))�/�!� 0� 4�*%� �"�%*�  '�&#+'�  '%� !� %�� #�%6-� �)�  &� 1 '0� ,%� ���� )#/?%, )�

�%�"&�$ %*�/%  %��"&�� '%�$ #! �9,!�))�����*�+$ -�,&#!*�/%�*#%� &� '%�"�, � '� � '%�%��)�

��*%,�%�)%*���&/�/�!� 0�&"� '%� ��+% �) �$ #!#)�4;;.;B 6�7%�)#)� '%��&�9 ��+% �) �$ #!��

4@@.CB 6-� ,&$ ���%*� 1 � '�  '%�  ��*� �&��!� ����*�+$ � �*&� %*� 4�.%.� >�B � 7%�)#)� >�B 6.�


! '&#+'�  '%�  ��*� �&��!� ����*�+$ � ��&7%*�  &� ��&*#,%� )#�%��&�� ,!�))�"�,� �&��

�,,#��,�%)-� ��/!%� >.�� )'&1 )� 1 '�,'� )#/?%, )� �,'�%7%*� '�+'%�� �,,#��,0� �%)#! )� "&��

$ #! �9,!�))�����*�+$ )�&7%�� '%� ��*� �&��!�����*�+$ ).��
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•  '%�%""%, �&"�'�/� #� �&��,�#)��+����%*#, �&������;����$ �!� #*%�4 '#)�

&7%��  '%� %5�%��$ %� �!� ����*�+$ �  '%� +%�%�� �&�� &"�  '%� �;��� $ �0� /%�

*�$ ���)'%*� �%)#! ��+� ��� *%,�%�)%*� ,!�))�"�,� �&�� �,,#��,�%)� 4
&$ %�&-�

�&!�,'��DD@6� %.+.� �� )#/?%, � $ �0�'�7%�/%%��+�7%��  '%� )�$ %�  ��+% � "&��

)#,,%))�7%� 7�)#�!� &�� �#*� &�0� ����*�+$ )� /%,�#)%�  '%0� ��%� ���*&$ !0�

,'&)%�6L���*-�

•  '%� �%*#, �&�� ��� �$ �!� #*%�&"� $ #! �9,!�))� 4&�� $ #! �9,'&�,%6� +%�%�� %*�

�;��)� �& � &�!0� *#%�  &�  �)2� *�""�,#! 0� /# � �!)&� *#%�  &� !&1 %��

*�),��$ ���!� 0�/% 1 %%��%5 %���!�) �$ #!��4S&2�F���6.�

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

����*�+$ )� ),&�%*� 4&�� �7%��+%6� /% 1 %%��C�B � ��*�CCB .� �'%�$ #! �9,!�))�����*�+$ )�

),&�%*� 4&�� �7%��+%6� /% 1 %%�� @�B � ��*� @CB � "&�� ����*�+$ )� 1 '�,'� ��,!#*%*�  '%�

/#  &�� �#)'��+-� ��*� 4&�� �7%��+%6� /% 1 %%�� @FB � ��*� @AB � "&�� ����*�+$ )� 1 '�,'�

��,!#*%*� )�!%� � ,&#� ��+.� 
! '&#+'�  '%� �
��  %) ��+�  %,'��(#%� *�),#))%*� /0� �#,2�

4F��>6� �%,&$ $ %�*)� /#  &�� �#)'��+�  &� �*%� �"0�  ��+% � �
�)-�  '%� ��7%) �+� �&��

,&�*#, %*� /0� ��!�)/#�0� % � �!.� 4F���6� ��*�,� %*�  '� � /#  &�� �#)'��+� ,��� �  %�#� %�

 '%��;����$ �!� #*%���*�*�) &� � ),�!��  &�&+���'0.� � � � )'&#!*��!)&�/%��& %*�  '� � ���

��) ��,%)�1 '%�%� '%�/#  &���#)'�"&�� ��+% ���*��&�9 ��+% �) �$ #!��*�*�< �,&��%!� %�

1 � '� '%�*��%, �&��&"����&1 )�/%��+���%)%� %*-�)#/?%, )�,&$ �!���%*�&"���,�%�)%*� �)2�

*�""�,#! 0.� �'�)� �)� )#��&� %*� /0�  '%� ��,&�+�#%�,0�%""%, � 1 '�,'� �%)#! )� ��� ��,�%�)%*�

�;���!� %�,0�/%0&�*� '%� '%&�% �,�!�;���$ )��&) � '%�) �$ #!#)�4
& '%�$ #�*-�:�) �E �

� %� #���F���6.� �'�)�1 &#!*� �%)#! � �����������%� � )'�" � ���  '%�  %$ �&��!�1 ��*&1 �&"�

 '%��;���"%� #�%)���*�'%�,%�$ �0��&))�/!0�"�!!�&# )�*%� '%�"%� #�%�)��,%�*%"��%*�/0�

 '%� )�+��!� ��&,%))��+� ���&��  &� ,!�))�"�,� �&�-�  '%�%/0� �""%, ��+�  '%� ,!�))�"�,� �&��

�%)#! )� �%+� �7%!0.� �'%�  ��*� �&��!� 7�)#�!� ����*�+$ � #)%*� #�� ��*� *&1 �� ���&1 )� ��*�

'%�,%� '�)�1 �)�&�!0�%5�%��%�,%*���� '%�$ #! �9,!�))�����*�+$ ).�
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�/&&) %*� '%�,!�))�"�,� �&���,,#��,�%)� &�/% 1 %%��D>B ���*����B �"&�� '%�

 ��*� �&��!� ����*�+$ )-� /% 1 %%�� D�B � ��*� ���B � "&�� /#  &�� �#)'��+� $ #! �9,!�))�

����*�+$ )-� ��*�/% 1 %%��ACB ���*����B � "&�� )�!%� � ,&#� ��+�$ #! �9,!�))�����*�+$ ).�

�'%�$ #! �9,!�))�����*�+$ )���&7%*� &�'�7%�7%�0�!&1 �����),&�%)�,&$ ���%*�1 � '� '%�

)%�)� �7� 0-� )�%,�"�,� 0-� ��*� � ��� �%�,%� �+%)� "&�� �!!� )�+��!� ��&,%))��+�  %,'��(#%)�

%5,%� � ��
-� ��*�,� ��+�  '� � �� '�+'%�� �%�,%� �+%� &"� "�!)%� �&)� �7%)� 1 %�%� ,!�))�"�%*�

,&$ ���%*� 1 � '� "�!)%� �%+� �7%).� �'�)� �*7%�)%!0� �""%, )�  '%� )�%,�"�,� 0� &"�  '%�

,!�))�"�,� �&�.� �,&�%)� &"� ���B � "&�� )�%,�"�,� 0� ��*� ���� 1 %�%� &/ ���%*� �,�&))� �!!�

%5�%��$ %� �!�����*�+$ )�# �!�)��+���
�)�+��!���&,%))��+-� ��*�,� ��+� '� �J%�&�) �$ #!��

1 %�%���,&��%, !0��*%� �"�%*��)��� ��+% .��
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�7%��!!-� 7�)#�!� ����*�+$ )� ��&7%*� )#�%��&�� ��� ,!�))�"�,� �&�� �%�"&�$ ��,%�  &�

�#*� &�0� ����*�+$ )� 4�)� %5�%, %*� "�&$ �  '%� !� %�� #�%6-� '&1 %7%�� ,%� ���� )#/?%, )�

�%7%�!%*� '� �"&��)&$ %�����*�+$ )-��#*� &�0�,!�))�"�,� �&����&7%*���/%  %��$ %��)�&"�
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��� ���  '%� ) #*0� ,&�*#, %*� /0� �%!!%�)� % � �!.� 4F��@6.� �'%� "�, �  '� �

)&$ %�)#/?%, )�"&#�*�� �'��*%�� &�*�) ��+#�)'�/% 1 %%���#*� &�0� &�%)�,&$ ���%*�1 � '�

*�) ��+#�)'��+�/% 1 %%��7�)#�!����&1 )-� ��*�,� %)� '� �/0���,�%�)��+� '%�*�""%�%�,%����
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%$ �!&0��+��#*� &�0�) �$ #!����*�)�+��!���&,%))��+� %,'��(#%)�& '%�� '�����
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) �$ #!#)�����*�+$ )� �%)#! %*� ����,,#��,�%)�&"�/% 1 %%��@HB ���*�CCB � "&��  '%� )�$ %�

,�� %���.� �&1 � ���� 7%�)#)� � ��� ),&�%)� "&��  '%� $ #! �9,!�))� ����*�+$ )� ��*�,� %� ��

��&�&� �&�� %!0� '�+'%�� �#$ /%�� &"� "�!)%!0� �*%� �"0��+�  ��+% )� 7%�)#)� "�!)%!0�

�*%� �"0��+� �&�9 ��+% ).� 
**� �&��!!0-� ��� ,&��&/&�� �&�-� )%�)� �7� 0� ��*� )�%,�"�,� 0�

),&�%)� ��%� ,&$ ���� �7%!0� )�$ �!��.� �  �!�)��+�  '%���
� )�+��!� ��&,%))��+� $ % '&*&!&+0�

�%)#! %*� ��� �,,#��,�%)� &"� /% 1 %%�� ACB � ��*� ���B � "&�� �#*� &�0� ����*�+$ )� ��*�

/% 1 %%�� D>B � ��*� ���B � "&�� 7�)#�!� ����*�+$ ).� ��
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&/ ���%*� �,�&))� /& '� ) �$ #!#)� $ &*�!� �%)� ��*� '�+'� )%�)� �7� 0� ��*� � ��� ),&�%)�

��*�,� %� '� �7%�0�"%1 �) �$ #!��1 %�%���,&��%, !0��*%� �"�%*��)��&�9 ��+% ).��

���  '%� $ #! �9,!�))� ����*�+$ )�  '%� $ ��+���!� *�""%�%�,%� /% 1 %%�� 7�)#�!� ��*�

�#*� &�0� ,!�))�"�,� �&�� �,,#��,�%)� *�$ ���)'%*� )!�+' !0� "�&$ � ����&5�$ � %!0� @B � &��

�7%��+%�  &� HB � &�� �7%��+%;�.� �'�)� ��&7�*%)� �&)� �7%� %7�*%�,%� "&�� "#� '%�� �%)%��,'�
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1 '�,'�$ �0�'�7%��%*#,%*� '%�,!�))�"�,� �&���,,#��,0�&"� '%�7�)#�!��%)#! )���*�'%�,%�
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/�)%*� &��  '%� %5�!&�%*� %5�%��$ %� �!� ����*�+$ ).� ��� )&$ %� ��) ��,%)�  '%� �,,#��,0�

*�$ ���)'%*� 1 � '�  '%� �**� �&�� &"� ��
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-� ��*� "#� '%�$ &�%� "&��  %$ �&��!� ��*�

)�� ��!�$ ����#!� �&�.���/!%�>.;����*�,� %)�1 '�,'�)#/?%, )�)�1 �����$ ��&7%$ %� �1 � '�

 '%��**� �&��&"���
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$ &�%� �,,#�� %!0� *#%�  &�  '%� �**� �&�� &"� �� =��
� ��� ,&$ /��� �&�� 1 � '� ��
<� )�+��!�

��&,%))��+�  %,'��(#%.� 
**� �&��!!0� &�!0� ;@B � &"� �%,&�*%*� %5�%��$ %� )� )�1 � ���

�$ ��&7%$ %� ����,!�))�"�,� �&���,,#��,0�1 � '� '%��*7%� �&"���
����,&$ /��� �&��1 � '�

��
� "&!!&1 %*�/0�  %$ �&��!���*� )�� ��!�$ ����#!� �&�.��'�)�$ % '&*�1 �)� �%!��� �&����

�������2�&1 !%*+%�&"�  '%� ��'%�%� �  ��*� �&��!�,'���, %��) �,)�&"�  '%��;�����*�'%�,%�

"�, &�)� &# )�*%� &"�  '%)%� �""%, ��+�  '%� ,!�))�"�,� �&�� 4�%+� �7%!0� &�� �&)� �7%!06� 1 %�%�

*�$ ���)'%*� /0�  '%� %�'��,%$ %� .� �'#)� "&��  '&)%� �;��� "�, &�)� *�""%�%� � 4%.+.�

�� �&*#,%*� /0�  '%� � �&&�� %""%, � R� )%%� )%, �&�� >.F6�  &�  '%� �))#$ %*� )�� ��!� ��*�

 %$ �&��!� ��&�%� �%)� &"�  '%� �;��-�  '%� ��&,%))� &"� $ ����#!� �&�� 1 &#!*� '�7%� ��

�%+� �7%��$ ��, �&�� '%�����&# �# -�1 '�,'��)���*�,� �7%�&"� '%��%)#! ).��&��%5�$ �!%-�

�"�  '%� �%�2� &"�  '%� �;��� "%!!� &# )�*%�  '%� ��%9*%"��%*� 1 ��*&1 � "&��  '%�  %$ �&��!�

$ ����#!� �&�� � �1 �)��& � ��,!#*%*� ���  '%�$ ����#!� %*�&��%�'��,%*�*� ����*�'%�,%�
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��� ��!� *�) ��/# �&�� &"�  '%� �%�2� �$ �!� #*%-� *#%�  &� )#/?%, 9�%�,%�7%*�  �)2�

*�""�,#! 0-� ,��� )'�" �  &1 ��*)�  '%� "�&� �!� �%+�&�� 4�J6� 4��+%�� % � �!.� F��@6.� � 
� ) #*0�

,&�*#, %*� /0� ��+%�� % � �!.� 4F��@6� ,&�,!#*%*�  '� � ��,�%�)%*� �%�,%� #�!�

*�),��$ ��� �&�� *�""�,#! 0� /% 1 %%��  ��+% � ��*� ) ��*��*� ) �$ #!�� ��,�%�)%)�  '%� �;�;F.�

�%�,%� /0� "�7&#���+� ����% �!� 4�J6� )�� ��!� *�) ��/# �&�� &"�  '%� �;��� ,��� �%)#! � ���

*%,�%�)%*�,!�))�"�,� �&���,,#��,�%)�1 � '� ��,�%�)%*�  �)2�*�""�,#! 0� 4�)� �� �&*#,%*�/0�

 '%�$ #! �9,!�))�����*�+$ 6.�

��
� ��� ,&$ /��� �&�� 1 � '� ��
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 %,'��(#%��$ ��&7%*�,!�))�"�,� �&���,,#��,�%)�/0�&7%��;�B .��%�0�!&1 �����),&�%)�"&��

$ #! �9,!�))� ����*�+$ )� ��*�,� %�  '%� ����<)� ���/�!� 0�  &� ,&��%, !0� �*%� �"0�  ��+% )�

1 '%�� # �!�)��+� ��
� ��� ,&$ /��� �&�� 1 � '� ��
� ��*� 1 '%�� �%�"&�$ ��+�  %$ �&��!� ��*�

)�� ��!�%�'��,%$ %� �&"� '%�*� �.���
��!!&1 )�"&��'�+'�)%�)� �7� 0-�)�%,�"�,� 0-�������*�

� ��� 7�!#%)-� ��*�,� ��+�  '%� ,!�))�"�%�)� �/�!� 0�  &� ,&��%, !0� �*%� �"0�  ��+% )� ��*� �&�9

 ��+% ).� ��*�,� �&�)� ��%�  '� � 1 � '� ��,�%�)%*�  �)2� *�""�,#! 0� ��*�$ #! �9,!�))� )0) %$ )�

#)��+� ��
� �)� �� /�)%� "&�� ,!�))�"�,� �&�� �)� �� $ #,'� $ &�%� %""%, �7%� $ %��)� &"� )�+��!�

��&,%))��+-� '&1 %7%��  '�)�  '%&�0�1 �)�&�!0����!�,�/!%�  &�  '%��*&� %*�%5�%��$ %� �!�

����*�+$ � %,'��(#%).��
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� ��&7�*%)� ��� �,,#�� %� )�+��!� ��&,%))��+�  %,'��(#%� ��*� ���%��)�  &� /%�

)#""�,�%� � "&���� �%�!�  �$ %��#*� &�0�$ #! �9,!�))��;������.�� '�!) �  '%��# '&�<)� �%)#! )�

�!)&� ��*�,� %� ��
� &# 9�%�"&�$ %*�  '%� ��
� ��*� ��
� ,&$ /��� �&�-� � � ,��< � /%�

,&�,!#)�7%!0�) � %*� '� ���
��!&�%�1 &#!*��& �/%�%(#�7�!%� � &���
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�%,&$ $ %�*%*�"&��"#� '%���%)%��,'-� '%���
�&� �&�)���%�%5�$ ��%*����+�%� %��*% ��!.�

�#� '%�� 1 &�2� �%%*)�  &� /%� ,&�*#, %*� /%0&�*� ��� &""!��%� )��+!%9 ���!�

,!�))�"�,� �&��  &� *% %�$ ��%�  '%� ��&,%))��+� %""�,�%�,0� ��� ��� &�!��%� ) � %.� �'%)%� ��%�

) %�)�  '� � �%%*�  &� /%� "&!!&1 %*�  &1 ��*)� =�%�!<� %�7��&�$ %� � ���!�,�/�!� 0� �)� ���

�)0�,'�&�&#)��������.�

� � '� �%+��*)�  &�  '%� ) � �) �,�!� $ %�)#�%)� &"�  '%� �#*� &�0� $ #! �9,!�))� �;���

����*�+$ � 1 � '� )�!%� � ,&#� ��+� 4�)� �%��  '%� &/?%, �7%)� &"�  '%� ��7%) �+� �&�� �� &�

�& %� ��!� "#� '%�� �%)%��,'6-�  '%� �%)#! )� ��*�,� %� ���&)� �7%�  �%�*�  &1 ��*)���
��)���

)�+��!� ��&,%))��+�  &&!L� '&1 %7%�� $ &�%� 1 &�2� )'&#!*� /%� ,&�*#, %*� &�� �%)%��,'��+�
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%5�%��$ %� ).��'%)%�"�, &�)�$ #) �/%��**�%))%*� ��� "# #�%�1 &�2� ���&�*%�� &�,�%� %���

)0) %$ � '� ��)��%�!�,�/!%���*�)#) ����/!%.�

� & �/!%��))#%)�%5�%��%�,%*�/0�)#/?%, )���,!#*%	�

• �#/?%, ��-�>���*�D��%7%�!%*� '%0�"&#�*�� �*�""�,#! � &�) &��)'�2��+�1 '�!%�

/�%� '��+�4 '�)�$ �0�'�7%�/%%��*#%� &� '%�,'����%) 6L�

• �5,%))�7%��$ &#� )�&"�/!��2��+�1 %�%�%5�%��%�,%*�/0�)#/?%, )�F���*��>L�

��*-�
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)#/?%, )� � �  '%� )�$ %�  �$ %� &"� *�0�  &� %�)#�%�  '%� &�!0� 7����/!%�

,&� ��/# ��+� &���:�,'��+%)��)� '%�����*�+$ .�

• 
**� �&��!!0�  '%� )�J%� &"�  '%�:�� � �% � ��*�  '%� �&)� �&���+�  '%�%&"� ��%�

,�#,��!� ��� �%,&�*��+� *� �� 1 � '� �� %+�� 0� 1 � '� �%+��*)�  &� ),�!��

 &�&+���'0���*��$ �%*��,%.�
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• ����'&�%)�,���,�#)%�'�+'�"�%(#%�,0� �� %�"%�%�,%� ���,'���%!)�!&,� %*�

�%��� '%�%������'�+'��%)&!# �&��)0) %$ ).�

7575, %4����� �������������� ��

��&/�/�!� 0� &"�  '%� �;��� )'&#!*� /%� �**�%))%*� �)� �� $ %��)� &"� �$ ��&7��+�  '%�

 ��+% � �;��� 1 �7%"&�$ � +%�%�� �&�.� 
� /�!��,%� �%%*)�  &� /%� ,�%� %*� /% 1 %%��

��,�%�)��+� )%!%, �7� 0� 4�.%.� �#$ /%�� &"� ���# � &� �&�)6� ��*�  '%�%"&�%� *%,�%�)��+�

��&/�/�!� 0� &"�  ��+% � ) �$ #!�-� ��*�  �)2� *�""�,#! 0� ��� *�) ��+#�)'��+� /% 1 %%�� ) �$ #!�.�

�'�)� ��&/!%$ � !�%)� $ &�%� 1 � '� �#*� &�0� ) �$ #!#)� +%�%�� �&�� �)� &��&)%*�  &� 7�)#�!�

) �$ #!#)���%)%� � �&�.�

�#  &�� �#)'��+� �%7%�!%*� �&� �$ ��&7%$ %� -� �"� �& � !%))� �,,#�� %� ��� ,%� ����

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

1 '%�%� /#  &�� �#)'��+� �)�< � ��� &� �&�� "&�� �� �%� )� )#""%���+� "�&$ � )%��&#)� �%#��!�

*�)&�*%�).��

�'%�!�,2�&"� �  %� �&�� 4%7�*%� � "�&$ �  '%�*�""%�%�,%� ��� ,&#� � 7%��"�,� �&�� "&��

,%� ����)#/?%, )����
��%�*�5�S6�,����  %�#� %� '%� ��+% ��;����$ �!� #*%���*�"#� '%��

*%,�%�)%� '%�,!�))�"�,� �&���,,#��,0.�

� � �)� �!)&� �$ �%�� �7%�  '� � ,&#� %�/�!��,��+� �)�  �2%�� �� &� �,,&#� � ��� ���

�  %$ � � &�$ � �+� %� '%�&7%��!!�+�&#���%)#! )��""%, %*�/0�'�/� #� �&����*3&��"� �+#%.�

7575� �
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! '&#+'�7�)#�!� ) �$ #!�-� ���+%�%��!-���&7�*%�/%  %�� ,!�))�"�,� �&�� �%)#! )-�  '%�

"�, �  '� �
����� �%� )� 4��*� ,%� ���� )#/?%, )� ���  '�)� �%)%��,'6� �%�"&�$ �/%  %��#)��+�

�#*� &�0�) �$ #!�-���&7�*%)�),&�%�"&��� )��$ �!%$ %� � �&�����"# #�%����9����)0) %$ ).�


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

%5 %���!�) �$ #!��1 '�,'���%�%�)�!0�*�) ��+#�)'�/!%��$ &�+) �%�,'�& '%�� 4%)�%,��!!0� ���

$ #! �9,!�))�����*�+$ )�1 %�%� �)2�*�""�,#! 0��)���,�%�)%*6.��'�)�1 �!!�%��/!%� '%�#)%�� &�
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�*%� �"0�  ��+% � ) �$ #!�� 1 � '� ,&�"�*%�,%� ��*� �%(#��%� "%1 %�� *� ��  ���!)� "&�� ,!�))�"�%��

 ������+.�

75756 "�����������������

�#%�  &�  '%� )�!�%� !0� '�+'� ,!�))�"�,� �&�� �%)#! )� &/ ���%*� /0� ��
� 4��� )&$ %�

,�)%)� ���B � �,,#��,0� R� )%%� ��/!%� H.F6-�  '%� �&))�/!%� ��,�%$ %� �!� �$ ��&7%$ %� � ���

�,,#��,0-� )%�)� �7� 0-� )�%,�"�,� 0-����-���*�� ���,&#!*�&�!0�/%��%+!�+�/!%�*#%�  &�  '%�

�!�%�*0��,,#�� %��%)#! )�&/ ���%*�/0���
.��'%�!� %�� #�%��**� �&��!!0�)#��&� %*� '%�

#)%�&"���
�"&��*� ���%*#, �&�����&�� &���
�*#%� &� '%�,&$ �# � �&��!�,&$ �!%5� 0�&"�

,&$ �# ��+� ��
��!+&�� '$ )��,�&))��!!�,'���%!).��&1 %7%�-�  '%��# '&���,2�&1 !%*+%)�

 '� � "#� '%�� 1 &�2� ,���/%� ,&�*#, %*� �� &� ��7%) �+� ��+� ��
��!&�%��)� ��� �! %��� �7%�

)�+��!���&,%))��+� %,'��(#%.�


)0�,'�&�&#)�)&!# �&�)��%%*� &�/%�%5�!&�%*�"&�������;�������)0) %$ ).��'%�

�!+&�� '$ �)'&#!*�/%� %) %*�������&�!��%�) � %� &�*% %�$ ��%�� )�%""%, �7%�%))�"&���%�!9

 �$ %����!�,� �&�.� � �'�)�/%%��)'&1 �� '� �&�!��%�,!�))�"�,� �&���%�"&�$ ��,%�$ �0�/%�

)�+��"�,�� !0� !&1 %�� ,&$ ���%*� 1 � '� &""!��%� �%�"&�$ ��,%� ���!0)�).� �'�)� �)� *#%�  &�

 ������+���*�  %) ��+�  '%�$ &*%!�1 � '�*� �� "�&$ �  '%� )�$ %�  �$ %� �� %�7�!� �� '%��  '���

�%1 �=#�)%%�<�*� ��"�&$ �%�,'�)#/?%, .��'�)�*%,�%�)%�����%�"&�$ ��,%�,���/%�*#%� &���

!�,2�&"�"&,#).�
**� �&��!!0�"�, &�)�)#,'��)��&�)%���*� '%�) � %�&"� '%�&/)%�7%��,���/%�

$ ����#!� %*� ���  '%�&""!��%� ) � %�#! �$ � %!0�*�) &� ��+� ,!�))�"�,� �&�� �%)#! )� 4�#!!%�9

�# J�% ��!.�F��@6.��'%�$ % '&*�&"���
���*���
�1 � '� �$ %���*�)��,%�$ ����#!� �&��&"�

 '%� ,&� �&!!��+� 1 �7%"&�$ � �)� �& � ��� %""%, �7%� $ %��)� &"� �$ ��&7��+� ,!�))�"�,� �&��

�,,#��,0� "&��  '%� �*&� %*� ����*�+$ ).� ��
� �!&�%� ��&7%)� �� /%  %�� &� �&�� "&�� )�+��!�

��&,%))��+� �"�  '%�  ��+% � 1 �7%"&�$ � �)� �&/#) � ��*� %�)�!0� *�) ��+#�)'�/!%� "�&$ � & '%��

��:�&# �# ).�

�'%� =�%�!<� %�7��&�$ %� � �%�"&�$ ��,%� &"� �� ���� ,��� /%� %�'��,%*� /0�  '%�

�#$ /%�� &"� "�, &�)� �% ���%*� /0� ��
� �%*#, �&�� &�� %(#�7�!%� !0� /0� #)��+� �� !&1 �

�%)&!# �&�� )0) %$ � 1 � '� "%1 %�� ,'���%!).� 
! %��� �7%� ,!�))�"�%�)� ,��� /%� %5�!&�%*�  &�
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*% %�$ ��%�  '%� /%) � ,� %+&��)� �&�� $ % '&*� "&��  '%� ��&�&)%*� ����*�+$ � ��*� )�+��!�

��&,%))��+� %,'��(#%).�


**� �&��!!0-� *#%�  &�  '%� /!��2% � #)%� &"�  '%� )�$ %� "%� #�%� )%!%, �&��

����$ % %�)���*��97�!#%�4����,!�))�"�,� �&�6��,�&))��!!� '%�)#/?%, )���*�����*�+$ )-�

 '%� ,!�))�"�,� �&�� �,,#��,0�,&#!*�/%� �$ ��&7%*�/0�*% %�$ ����+�  '%�/%) � *�),%���/!%�

"%� #�%�)% ���*��97�!#%�"&��%�,'���*�7�*#�!�)#/?%, �&������*�+$ .�
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��)%*�&�� '%�"��*��+)�&"� '�)��%)%��,'-�  '%�"&!!&1 ��+�,&�,!#)�&�)���%�*��1 ��

�+���) � '%�&/?%, �7%)�)�%,�"�%*	�

�. '!������������ 
������������������ ���������������������������������� �����

�����������������.����

�'%� ,!�))�"�,� �&�� �,,#��,�%)� &/ ���%*� 1 %�%� ,&$ ����/!%-� �! '&#+'� !%))�

�,,#�� %-�  '���  '%�  ��*� �&��!�����*�+$ .��&1 %7%�-�  '%��**%*�/%�%"� �&"� ��,�%�)%*�

#)%�� )%!%, �7� 0� $ �2%)� � � ��� �  ��, �7%� &� �&�� �)� �� ) %��  &1 ��*)� ���� ���!�,� �&�.�

�%� ����%�'��,%$ %� )�,���/%�$ �*%� &� '%�����*�+$ � &��$ ��&7%� '%�,� %+&��)� �&��

�,,#��,0L�'&1 %7%�� '�)�$ �0�!�$ � �& '%��%!%$ %� )�&"� '%�����*�+$ )�"#�, �&��!� 0.��&��

%5�$ �!%-�/0�*%,�%�)��+� '%���&/�/�!� 0�&"� ��+% ����# )-� '%��,,#��,0�$ �0��$ ��&7%L�

'&1 %7%�-�  '%� =�%�!<� %�7��&�$ %� � ���!�,�/�!� 0� �)� �%+� %*� /%,�#)%� &�%� &� �&�� 4&��

)%!%, �&�6� 1 �!!�  '%�� /%� "�7&#�%*� �/&7%�  '%� �%) .� ��� & '%�� 1 &�*)-�  '%� ��&�&)%*�

����*�+$ ���%)%� )� '%�)#/?%, �1 � '���,'&�,%�&"� '�%%� ��+% )�4���F�;6.�
" %�� ��+% �

)%!%, �&�� '%�& '%�� 1 &� ��+% )�/%,&$ %�) ��*��*�) �$ #!��4%.+.��"����1 �)�,'&)%�� '%�

����*�+$ �/%,&$ %)������F6���*�'�7%�%(#�!���&/�/�!� 0��.%.��&�$ �  %��1 '�,'� ��+% ��)�

,'&)%�.� �"�  '� � ��&/�/�!� 0� �)� ,'��+%*� ��*� ="�7&#�%*<� 4&�� �� '%�� =�& � "�7&#�%*<6�

 &1 ��*)�&�%�&"� '%�) �$ #!��4%.+.����F�F�;�;6-� '%�=�%�!<�%�7��&�$ %� ����!�,�/�!� 0�&"�

 '%�����*�+$ ��)�!&) �/%,�#)%� '� �) �$ #!#)�1 �!!��!1 �0)�/%�"�7&#�%*��)� '%� ��+% �*#%�

 &�� )�*%,�%�)%*���&/�/�!� 0.��

F. ��� �
������� ���� 
�
�� � �������� ��������� �� .������ ���������.�� ��� �!�� .��
���

���� 
�
������F����G���.����� ������������������


! '&#+'-� ���+%�%��!-�  '%��,,#��,�%)�&/ ���%*�/0�7�)#�!� ) �$ #!#)�����*�+$ )�

��&7%*�)#�%��&�-�  '%�*�""%�%� ��!�$ ��+��� ���,� %+&��)� �&���,,#��,0�1 �)�*�$ ���)'%*�

1 � '� '%��$ ��&7%*�)�+��!���&,%))��+� %,'��(#%).�
**� �&��!!0-� '%��**%*�/%�%"� )�&"�

�#*� &�0�) �$ #!����%)%� � �&��*�),#))%*� ���  '%�!� %�� #�%-���&7�*%)�%$ �'�)�)� "&�� � )�
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�& %� ��!� ���!�,�/�!� 0� ��� ���.� �'#)� 7�)#�!� ) �$ #!�� ����*�+$ )� *�*� �& � &# 1 %�+'�

�#*� &�0�) �$ #!������*�+$ )��)����&7%��!!��*7�� �+%�"&�����9����)0) %$ ).��

;. ������ �� ��� ��������� ��� �
�� ���� ����� ���
�����H� �
�� ���� ����� ��
����

�4��������H������������� ��������������������!����� ����������������������

���!��D
��H����������� ���.��������������������
������������!���4����� ������

�������� �� �!��� 1 ���� ��.������H� !�1 �.��� 
��������� �
�� ������ .������

�� ���.����!��������������������
�����

�0� #)��+� ��
� �)� �� *� �� �%*#, �&��  %,'��(#%� /%"&�%� ��
-�  '%� �,,#��,0� 1 �)�

1 &�)%�%*.��'�)� �)�#�%5�%, %*���*�  '%� �%�)&�� "&��  '�)� �)� #�,!%��� 4�%(#����+� "#� '%��

��7%) �+� �&�6.��'�)�$ �0�/%�*#%� &� '%�$ ���%�����1 '�,'� ��
�1 �)��$ �!%$ %� %*�%.+.�

*�""%�%� ���
��!+&�� '$ )�,&#!*�'�7%�/%%���$ �!%$ %� %*���*�,&$ ���%*� &�%�,'�& '%��

1 � '��%+��*)� &��%�"&�$ ��,%��$ ��&7%$ %� )�&"� '%��,,#��,0.�
! '&#+'� '%&�% �,�!!0�

 '%��$ &#� �&"�*� ��$ �0�/%��$ ��&7%*� '�&#+'� '�)��%*#, �&�� %,'��(#%�/%"&�%���
-�

� � �)� �%+� %*� /0�  '%� "�, �  '� � ��
� �!&�%� �%�"&�$ %*� 7�) !0� /%  %�� �)� �� )�+��!�

��&,%))��+�  &&!� "&��  '%� ����*�+$ )�  '� � 1 %�%� *%7%!&�%*.� �� �� �%*#, �&�� ��&7%)�

%)�%,��!!0��$ �&� �� ����'�+'9�%)&!# �&��)0) %$ )�1 '%�%�7�) ��$ &#� )�&"�,'���%!)���%�

�%,&�*%*.��'%������%� �/%�%"� �&"��;���%�'��,%$ %� � '�&#+'� %$ �&��!���*�)�� ��!�

$ ����#!� �&�� *�*� #�"&� #�� %!0� �& � %�'��,%�  '%� ��%*�, �7%� �,,#��,�%)� "&�� )��+!%9
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9 &���� � ���������������
��!���

�������!�

��)%*� &��  '%� "��*��+)� ��*� ,&�,!#)�&�)� &"�  '�)� �%)%��,'-�  '%� "&!!&1 ��+�

�%,&$ $ %�*� �&�)�"&��"#� '%��*%7%!&�$ %� )���%�$ �*%	�

�. ��.����������!��
����������1 ������
�����%%2������� �

�'%�'�+'��%)&!# �&��:%&*%)�,��%�)&��� % ��)�%5 �%$ %!0�,#$ /%�)&$ %���*�&�!0�

)#� �/!%� "&�� �%)%��,'.� �&� %�)#�%� �%�!�) �,� ���!�,�/�!� 0-� �� !&1 � �%)&!# �&�� )0) %$ �

)'&#!*� /%�  %) %*� "&�� �,,#��,0� ��*� �%) '% �,� ���%�!.� 
**� �&��!!0�  '%� )�%%*� &"�

,!�))�"�,� �&��,���/%��%�!�) �,�!!0�$ %�)#�%*�*#%� &� '%��%*#,%*��#$ /%��&"�,'���%!)�

,&$ ���%*�1 � '� '%�'�+'��%)&!# �&��)0) %$ .�

F. %4�� �����%"�����������������!����������������� �

�'%� #! �$ � %� ��$ � 1 �)�  &� ,�%� %� �� �;��� ���� $ &*#!%�  '� � ,&#!*� %""%, �7%!0�

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

����*%)�+�).�

;. ��.��������� �!�� �������� �� ������� ��������� ������ ���� ���
����� ��� �!��

������������������������������!��D
��

�'%�#! �$ � %�+&�!�1 &#!*��%(#��%� '%�)0) %$ � &��%)�&�*�&�!��%� &�)��+!%9 ���!�

�;����" %��)#/?%, ���*�,!�))�"�%�� ������+.�

H. %�!����� ��������!������������ 
������������������ �

��""%�%� � #)%� &"�  &�%)-� �%)�&�)%�  %,'��(#%)-� %5�%��$ %� �!� )% #�)-� ��*�

'��*1 ��%� $ �0� �%)#! � ��� $ &�%� �,,#�� %� ��*� ��&$ �)��+� =�%�!<� %�7��&�$ %� �

���!�,�/�!� 0.� 
**� �&��!!0� /0� *%,�%�)��+�  '%� ��&/�/�!� 0� &"�  '%�  ��+% � ) �$ #!#)�  '%�
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,����%)#! �����'�)%�*�) &� �&�6.��'%�,&� �&!!%��*% %�$ ��%)� '%�)�$ �!��+��� %�� �1 '�,'�

 &� �%�%� %*!0� )�$ �!%�*� ��� � "�5%*�  �$ %� �� %�7�!)� "�&$ �  '%����!&+� )�+��!���*�  '#)�

,&�7%� )�  '%� ��"&�$ � �&��  &���*�+� �!� )�+��!�/0�$ %��)�&"�������!&+9 &9*�+� �!� 4
3�6�

,&�7%� %�.��'%� �%)&!# �&��&"�  '%� )0) %$ � �)�*% %�$ ��%*�/0�  '%� )$ �!!%) ��$ �!� #*%)�

 '� � ,��� /%� )�$ �!%*.� �'%� ,&� �&!!%�3,&�7%� %��  '%�� �� %�"�,%)� 1 � '� �� �%,&�*��+�

*%7�,%�4*�)�!�0�&��) &��+%6.�
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%5 �%$ � �%)� '�)�  &� )&$ %� *%+�%%� ��� %""%, � &��  '%� �� %+�� 0� &"�  '%� ��:� )�+��!�

�%,&�*��+).� � '%�� ��:� )�+��!)� �%%*�  &� /%� ��7%) �+� %*�  '� � $ �0� �, � �)� �� ,&� �&!�

)�+��!�/# ���%��& � �$ ��, %*�&����&*#,%��%+� �7%�"%%*/�,2��)����%)#! �&"�%5 �%$ � 0�

$ &7%$ %� .���%�)#,'�/�����1 �7%"&�$ ��)� '� �&"� '%��;��.��
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���*5-��,'%$ � �,��!!#) �� �&��&"� '%��;���1 �7%"&�$ �4�&!�,'-�����*&�F��@6.�


��;�������#)%)���)�%,�"�,�/����1 �7%�,�!!%*� '%��;����)�� )�*%,�)�&��$ %*�#$ .�

� � �)� ��� �
�� ,&$ �&�%� � &"�  '%� ��:���*� ��*�,� %)� �� )#/?%, <)� �%,&+�� �&��&"� #)%"#!�

 ��+% � ��"&�$ � �&���,,&�*��+� &��� �)2.��'%��;���4&��)�$ �!0��;6� �)�&�%�&"� '%�$ &) �

�&/#) �"%� #�%)�&"�����
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 '%� ��+% �4�6��)���%)%� %*�� ����*&$ ��� %�7�!)�%!�,� ��+����;��.���� '%���� '%� ��+% �

�)���%)%� %*���"�%(#%� !0���*����*&$ !0��$ &�+) �& '%��) ��*��*�) �$ #!��4�6.�
�*����

 '%�  '�%%9) �$ #!#)�  �)2�  '%�  ��+% � �)� ��%)%� %*� ��"�%(#%� !0� 1 � '� ) ��*��*� ) �$ #!��

��*���*�) ��, %��) �$ #!#)�4�6.��'%� ��+% �%!�,� )���!��+%��&)� �7%�+&��+��& %� ��!� '� �

��,�%�)%)� ��� �$ �!� #*%� "�&$ �  '%� "�&� �!� %!%, �&*%)� &"� ��� ��:�  &�  '%� ����% �!�

%!%, �&*%)�4�&!�,'-�����*&�F��@6.�

�'%��;����)���) �$ #!#)���� '%�"�&� �!9,%� ��!9����% �!��%+�&��&"� '%�/����� '� �

���%��)��)����&)� �7%�*%"!%, �&��&"�  '%���:�7&! �+%�� �����&5�$ � %!0�;���$ ).� �'%�

�%�)&�� � � �%�2)� � � ;���$ )� �)� *#%�  &�  '%� !� %�,0� &"� ,&� %5 � #�*� ��+.� �'%� ,&� %5 �

#�*� ��+�'0�& '%)�)�) � %)� '� �N� ��%"!%, )����#�*� ��+�&"�%5�%, ��,�%)��/&# �'&1 �

��&/�/!%� %7%� )� ��%� ���  '%� ,#��%� � ,&� %5 .� �%,�#)%�  '�)� #�*� ��+� ,���& � /%�

,&�*#, %*�#� �!� '%�) �$ #!#)�'�)�/%%��,� %+&��)%*-�� )�!� %�,0��)�*%�%�*%� �&��'&1 �

!&�+� � �  &&2�  &� ,&$ %�  &� ��*%,�)�&�O� 4� �7�� �!-� 
�$ �/'�*���� F��D6.� �'%�%"&�%�  '�)�

 �$ %� ,��� 7��0� *%�%�*��+� &��  '%� *�""�,#! 0� &"�  '%�  ��+% � *�),��$ ��� �&�.� �'%� �;���

!� %�,0��%"!%, )�&�!0� '%�) �$ #!#)�%7�!#� �&��&���%�,%� �&�� �$ %���*��& � '%� �$ %�� �

 �2%)� &� '%��,&�7%� � '%�*%,�)�&���� &����'0)�,�!��%)�&�)%�4� �7�� �!-�
�$ �/'�*����

F��D6.��

�;��� 1 �7%)� ��%� �!)&� *�) ��+#�)'�/!%� ��� &**/�!!� ) �$ #!�� 1 '%�� ��  ��+% � �)�

�%,&+��)%*�  &� /%� *�""%�%� �  &� ��0 '��+� %!)%.� �'�)� �)� �$ �&� �� � ��� %) �/!�)'��+�

�%�%1 %*� �� %�%) � ��� �� ) �$ #!#)�&�� )%��%)� &"� ) �$ #!�.� �'%��;��� ��*�,� %)� �� )#/?%, <)�

�/�!� 0�  &� �*%� �"0-� ,� %+&��)%���*�#�*� %� =1 &�2��+�$ %$ &�0<�1 � '� �%1 �&�� �%(#��%*�

��"&�$ � �&�.��


�� �$ �&� �� � ,&�,%� � &"�  '%� �;��� �)� �!)&� � )� ��7%�)%� �%!� �&�)'��� 1 � '�  '%�

��&/�/�!� 0� &"� ��� &**/�!!� ) �$ #!#).� �'%� �$ �!� #*%� �)� +�%� %�� "&�� �� !%))� "�%(#%� �

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

�;��� �)� ) �!!� ��%)%� �  '%� "�%(#%�,0� '�)� �� *��%, � �%)�&�)%� &��  '%� �%,&�*%*� =)��2%<�

4��, &�� �DDF6.� 
��� 0� ��*� ,� %+&��)��+� ��%�  1 &� ����$ % %�)�  '� � ��"!#%�,%�  '%�

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

�$ �&� �� �  '%�  ��+% .� � � �)� #)%"#!�  &� ���� ���!�,� �&�� /%,�#)%� � � &�!0� /%,&$ %)�
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�& �,%�/!%������:�1 '%�� '%�)#/?%, ��)��, �7%!0� ��,2��+� '%�) �$ #!#)-� '%�%"&�%�+�7��+�

��"&�$ � �&���)� &�1 '� � '%0���%���0��+��  %� �&�� &�4�#  &��% ��!.��D@>6.�

�'%��;���,&�)�) )�&"� 1 &�)#/,&$ �&�%� )	� '%��&7%! 0��;-�&���;�
H�

-���*� '%�

,!�))�,� �;-� &�� �;/
HF

.� N�'%� �;��� /����� �& %� ��!� ,��� ��&7�*%� ��"&�$ � �&�� �/&# �

,&+�� �&��  '� � �)� (#�� � � �7%!0� ,&$ ����/!%�  &� & '%�� ,!���,�!!0� #)%*� /�&$ %*�,�!�

�))�0)O�4�&!�,'�F��H6.��'%��%�)&�)�)#��&#�*��+��;���7����/�!� 0�1 � '��%)�%, � &� �)2�

��*�/�&!&+�,�*% %�$ ���� )���%�1 %!!�#�*%�) &&*�)&� '� ��%"��%$ %� �&"��
��$ % '&*)�

"&��,!���,�!����!�,� �&�)� �)��&))�/!%.� � � �)� �$ �&� �� � &��& %� '� �%!�/&�� �&��&"�'&1 �

�;�����*�& '%���
��,&$ �&�%� )��%"!%, ��%#�&�)0,'&!&+�,���&,%))%)�1 &#!*�'%!�� &�

��,�%�)%�  '%��� ,!���,�!� �%!%7��,%.� N��� ��� �,#!��-� *%7%!&�$ %� � &"� �%!��/!%� �;��

����*�+$ )�#)%*����,&�?#�, �&��1 � '��;/� �)2)���&$ �)%)� &��#+$ %� �*��$ � �,�!!0� '%�

���!�,�/�!� 0���*�)%�)� �7� 0�&"��
�).�� )%�&"��;����)���,!���,�!�%7�!#� �&�� &&!�)'&#!*�

/%��%7�)� %*�1 � '�,&� %$ �&���0� '%&�0-�$ % '&*)-���*����!0)�)���&,%*#�%)�/%,�#)%�

���%!��/!%��%#�&%!%, ��,�$ %�)#�%�&"�$ %� �!�"#�, �&��1 &#!*��%*%"��%� '%��))%))$ %� �

&"�,&+�� �7%�*�)&�*%�)O�4�&!�,'�F��H6.�

�'%�%� ��%� �#$ %�&#)� &�+&��+� ��&,%))%)�  '� � ��%�< � 7�)�/!%� ��� ��:-� /# �  '%�

/����<)�%!%, ��,�!��%)�&�)%� &��� ��+% �4�6�) �$ #!#)�$ ���"%) )������=�&)� �7%�*%"!%, �&�<�

���7&! �+%� '� �,���/%���&,%))%*H;.��'�)�*%"!%, �&��,����%�!�) �,�!!0�&�!0�/%�)%%���" %��

$ ��0��%,&�*��+)�'�7%�/%%���7%��+%*-�1 '�,'�1 &#!*�,��,%!�&# � '%��&�)%�4/�&!&+�,�!�

��*��$ /�%� 6.�

�;��� )�+��!)� "&�$ � �� /�)�)� 1 '%�%/0� ���)� ��%� �/!%�  &� *%,&*%� ,� %+&��%)� &"�

 '&#+' ).� �'%� )�+��!� 1 �7%)� ��%� +%�%�� %*� ��7&!#� ���!0� 1 '%�� ��*�7�*#�!)� )%%�

)&$ % '��+�  '%0� �%,&+��)%� �)� ��  ��+% .� �'�)� $ % '&*� '�)� ��� �*7�� �+%� &"� �& �

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

�
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��'%�!%))�"�%(#%� �&�����%� ��+% )�%!�,� ����&)� �7%9+&��+��& %� ��!�1 '�,'�&,,#�)�/% 1 %%��FF��$ )���*�

FA��$ ).��'�)�&,,#�)�� � '%�"�&� �!�$ �*!��%�)� %).�
HF

��'�)� �)����&)� �7%9+&��+��& %� ��!�� � '%�����% �!�$ �*!��%�)� %)�/% 1 %%��;���$ )���*�;A��$ )�1 '%��

��"�%(#%� � ��+% )���%��  %�*%*� &.�
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�%(#����+��)�$ #,'� ������+�&"��� �%� )�,&$ ���%*�1 � '�& '%�� %,'��(#%)�#)%*.�N�'%�

�;���1 �7%�$ �0��%��%)%� �  '%�  ���)"%��&"� ��"&�$ � �&��  &�,&�),�&#)�%))-�����&,%))�

 '� ���7&!7%)�$ ��0�*�""%�%� ��%+�&�)�&"� '%�/����O�4��, &���DDF6.��'�)���*�,� %)� '� �

/%,�#)%� &"�  '%� ��&,%))%)� +%�%�� %*� �� ��,�����!!0� /0�  '%� 1 �7%"&�$ -�  '%� �%%*�  &�

 ��+% � �� )�%,�"�,� !&,� �&�� �)� )#���%))%*.� �% %, �&�� ��*� *%��, �&�� ��&/�/�!� �%)� ��%�

 '#)�%�'��,%*�/0� '%�1 �7%<)���� &$ �,�!���&+�%))�&����� '%�,%�%/�#$ .�

�'%� ��&/!%$ � 1 � '� #)��+� �� �;��� %7%� 9�%!� %*� ���� �)�  '� � �)� �!!&1 )� &�!0� ��

/����0�&# �# �&"���"&�$ � �&�.��'%��;����)�%� '%����%)%� �&��� � �)��& -���*�,� ��+� '%�

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

�, �7� 0��%)�&�)%)���� '%�/�������%)%� ���1 �*%�����+%�&"�)%!%, �7%� %,'��(#%)�4)#,'�

�)� f� &�� X� 1 �7%"&�$ )6-� /# �  '%� �� %+�� 0� %��&�� �� �&)� ��%� +�%� !0� ��,�%�)%*� *#%�  &�

�%)&!# �&�� �%(#��%$ %� )� ��*� 7���� �&�)� ��� 1 �7%"&�$ � �%)�&�)%HH.� �'%� �;��� 1 �7%-�

�! '&#+'� !�$ � %*� /0� � )� =0%)� &�� �&<� ,���/�!� 0-� '�)�  '%� �**%*� /%�%"� � &"� /%��+� ��

�& �,%�/!%�"!#, #� �&�����,%�%/��!��, �7� 0���*��)��%!� �7%!0�+%�%��,���� �$ %-�)��,%���*�

�$ �!� #*%.��'�)�,�%� %)� '%��& %� ��!�"&��)��+!%9 ���!��;������)�1 � '��)�!�  !%� ������+�

�)��&))�/!%.�


!!&1 ��+��%&�!%-�1 '&���%���� ��!!0�&��,&$ �!% %!0�!&,2%*9��� '�&#+'�����!0)�)�

&�� *%+%�%�� �7%��%#��!� *�)%�)%)-�  &� ,&$ $ #��,� %� 1 � '�  '%���%�7��&�$ %� � 1 � '&# �

�%(#����+� '%��%%*�"&��"#�, �&��!�#)%�&"��%���'%��!��%�7%)���*�$ #),!%)�'�)���$ �?&��

�$ ��, �&�� '%���(#�!� 0�&"�!�"%.�

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

�

HH
� �'%� #! �$ � %� ���� +&�!� �)� "&�� �� %+�� 0� &"� )%!%, �&�� ��*� '%�,%�  '%� �$ �&� ��,%� &"� #)��+� �� �&/#) �
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�'%� ��9F�� %!%, �&*%� �!�,%$ %� � )0) %$ � #)%)� 2�&1 �� �%#�&9��� &$ �,�!�

!��*$ ��2)�"&��*% %�$ ����+� '%��%"%�%�,%��&�� ).��'%�%!%, �&*%)���%��!�,%*�� ���B �

��*�F�B �&"� '%�*�) ��,%�"�&$ � '%��%"%�%�,%��&�� )�4S!%$ �% ��!.��DDD6�%(#� ��+� &�F��

%!%, �&*%��&)� �&�).��'%���$ ��+�,&�7%� �&��&"� '%�%!%, �&*%�!&,� �&�)�$ � ,'%*� '%�

#�*%�!0��+� ��� &$ 0	� ��� R� ��%9"�&� �!-� �� R� "�&� �!-� �� R� ����% �!-� �� R�  %$ �&��!-� �� R�

,%� ��!-���R�&,,��� �!-���*� =J<��%"%�)� &�%!%, �&*%)��!�,%*�� � '%�$ �*!��%.�
**� �&��!�

%!%, �&*%)� 4�!�,%*� /% 1 %%��  '%)%� %!%, �&*%)6� "&�� '�+'%�� �%)&!# �&�� )0) %$ )�

"&!!&1 %*� '�)���$ ��+� %,'��(#%.���+#�%��.���!!#) �� %)� '%���$ ��+�,&�7%� �&��"&�� '%�

��9F��)0) %$ .�

�
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���%5-���9F���� %��� �&��!�)0) %$ �&"�%!%, �&*%��!�,%$ %� �4�� ��%,'�&!&+0�F��D65�

�'%��*7��,%$ %� �&"�$ #! �9,'���%!���:�'��*1 ��%���*� &�&+���'�,�$ % '&*)�

�%)#! %*� ���  '%� ��9F�� )0) %$ � /%��+� %5 %�*%*�  &� ��9��� 4&�� ��B 6� �%��%)%� ��+� CH�

%!%, �&*%� �!�,%$ %� )� ��*� %7%� #�!!0�  &� �� >B � )0) %$ � �%��%)%� ��+� ;H>� �&)� �&�)�

4�&) %�7%!*-� ����$ ) ��� F���6.� �#��%� !0-� !�/&�� &��%)� #)%� ;F-� @H-� �FA-� ��*� F>@�

,'���%!)� 1 '%�� ) #*0��+� ��:.� �'%� �����+%$ %� � &"� %!%, �&*%)� �)� 2�&1 �� �)� ��

$ &� �+%-�&"�1 '�,'� '%�%���%� '�%%� 0�%)	�
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• ���&!���R�%!%, �&*%)���%������+%*��������)���*�%�,'�,'���%!�$ %�)#�%)�

 '%��& %� ��!�*�""%�%�,%�/% 1 %%�� '%)%�%!%, �&*%).�

• �&�&�&!��� R�  '%� �& %� ��!� *�""%�%�,%� /% 1 %%�� %�,'� %!%, �&*%� ��*� ��

,&$ $ &��=�%"%�%�,%<�%!%, �&*%���%�$ %�)#�%*�4 '%�=�%"%�%�,%<�%!%, �&*%�
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Experiment Sheet 

Date: 

Name: 

Age: 

Right-handed : 

Gender: 

HearingNision Impairment: 

Neurological Disorder: 

Last Ate : 

Oral Temperature: 

Medication : 

Alcohol/Smoking : 

Experiment 1 

Target: 

Number of targets: 

Experiment 2 

Target: 

Number of targets: 

Experiment 3 

Target: 

Number of targets: 

Experiment 4 

Target: 

Number of targets : 
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L'NIVEllSl'I'Y OF C.\PF. 'I'O\'\!N , 
18 December Z007 

REC REF; 449/2007 

Mr ASJ Bentley 
C/o Dr LJohn 
Hum~tl Biolob'Y 

Dear Mx Bentley 

Health Sciences Faculty 
Rcacarch Ethics Committee 

Room £;2·24 Groot< Sch"ur Hoopi.al Old Main S,,;ldj"g 
Ob.el'\lY'0'Y 7925 

T,lcpboue I<lZIl 4116 '4?2 • F ... imik 1021J .0(, ''''11 
c"ln:.il: No~i . lr\\':)bi@ut:I , ItC,1.0 

PROJECT TITLE: AN OFFLINE AUDITORY P300 BRAIN·COMPUTER INTERFACE USING 
PRINCIPAL AND INDEPENDENT COMPONENT ANALYSIS TECHNIQUES FOR 
POTENTIAL CONTROL OF A FUNCTIONAL ELECTRICAL STIMULATION SYSTEM. 

Thank you for submitting your study ,0 the Research Ethics Committee for review. 

It is a pleasure. to inform you that the Ethics Comm.ittee has fonnally approved the above mentioned study. 

This ,01"\'e5 to confirlll that the University of CApe Town Researcb E thics CDmmlttee complies with the 
Ethics Standards for Clinical Researdl with a new drug in paticnr~. based on the Medical Research Council 
(IYIRC-SA), Food and Drug Administmuon (FDA· USA). International COllventiOll on lIarmonisation Good 
Clinie,,1 Pl'acnce (lCI-I GCP) and Declaration of Helsinki guidelines. 

The Rese~rch Ethics Commitw: gfRllcing thi~ approval is in compliance wi.th the rCH Harmonised Tripll~nte 
Guidelines E6: NOte fot GlIidance 011 Good Cl.imcal Practice (CPMP /ICH'/135/95) Rnd FDA Code Fedcl'lI l 
Regulation Po.rt 50, 56 and .312. 

Please note that the ongoing cthl.cal conduct of the study remains rhe responsibiliry of the ptincipa.1 
investigittor. 

Please quote Ihe REC. REF in all your correspondence. 

"QUI'S slllccrdr 

~[e~ 
eROF M BLOCKMAN 

~ r .cHAl.B.PERSON. HSF HUMAN E1'H~CS 
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An Offline Auditory P300 Brain-Computer Interfece using Principal 
and Independent Component Analysis Techniques for po/ential 

control of a Functional Electrical Stimulation System 

Informed consent 

Researchers at the MRCJUCT Medical Imaging Research Unit are 
investigating the posslb~lty of using different mathematical techniques 01 
analysing raoognition taskt recorded b!f EEG to allow II Brain-Computer 
Intarface (BCI) to control an electrical device. A P300 wavefonn is gllne.-aled 
in the brain with II ~ •• raoognition 01 useful infonnation. This signal 
pn:wides a means 01 actjng as a control device for a BCI. The P300 is 
recorded using EEG. EEG is a safe non_invasive reot>rding technique and 
requires the placement 01 a net of sponge covered eleclrodes on the head 01 
a participant. 

Te.llng procedure 

Alilesting will be carried 01..11 althe UCT Facult!f 01 Hetllth Sciences. and has 
been pre-approved b!f Ihe Human Ethics commilloo. You will be required to 
wash your hair with shampoo prior 10 lesting. Participants will be seated in a 
chair facing a computer monitor. and will be fitled with a high resolution EEG 
net and headphones - soo rlgure Dl . A series of recognition tasks will be 
presented using the computer monitor and headphones. Testing should take 
approximately 1 hour. You will be paid RSO on successful compitHion oIlhe 
recording. 

Possible risks .. socia ted with participation 

The EEG equopment is Inherently safe. Temporary mild skin sensitivity may 
result from the salt solution used with the eIoctrode sponge In the unlikely 
case of any sobiect experiencing discomfort. the sobject should alert the 
investigator. The UniversIty of Cepe Town has a public tialMloty cover should 
some unforeseen event occur wh~st you are par1icrpaling in this study. 
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Statement of understanding and consent 

I confi rm that I am over 21 years of age, and the exact procedure and 
techniques and the possible complications of the above tests have been 
thoroughly explained to me. I am free to withdraw from the study at any time 
should I choose to do so. I understand that I may ask questions at any time 
during the testing procedure. I know that the personal information required by 
the researchers and derived from the testing procedure will remain strictly 
confidential and will only be revealed as a number in classification analysis . I 
have carefully read this form and understand the nature, purpose and 
procedures of this study. I agree to participate in this research project 
conducted by the MRC/UCT Medical Imaging Research Unit. 

Name of volunteer I guardian (if 

necessary): ______________________________________________________ __ 

Signature: ________________________________________________________ _ 

Name of 

investigator: ______________________________________________________ _ 

Signature: ________________________________________________________ _ 

Date: ____________________________________________________________ __ 

Principal Investigator: 
Co-I nvestigator/Su pervisor: 
Co-I nvestigator: 

Alexander Bentley, BScEng 
Electrical Engineer 

Research Team 

Alexander Bentley (MSc student, UCT) 
Dr LR John (Lecturer, UCT) 
Dr C Andrew (Post-doctoral, UCT) 

Contact details 

MRC/UCT Medical Imaging Research Unit 
Department of Human Biology 
Faculty of Health Sciences 
University of Cape Town 
Observatory 7925 
South Africa 
Tel: +2721 406-6550 
9.@xandeLQentl~@_~t. ac.~§ 
http://www . uct.ac.za/dcJ2.<lrtm~I~ (s/lilllnan.bi 0 
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function performanalysis() 
% performanalysis - performanalysis() - perform full 
% analysis on recorded EEG including normal extraction, PCA ICA extraction, 
% PCA ICA with spatio-temporally manipulated components, and PCA 
% extraction. 
  
% outputs are saved to file 
  
clc 
clear all 
close all 
  
ques = input('Would you like to do a single experiment extraction or a full extraction (single or full)? ', 's'); 
  
if strcmp(ques,'single') 
    % obtain extraction details from user 
    NUM_FAC = input('How many factors would you like to retain? '); 
  
    file = input('What is the file name? ', 's'); 
    % for plotting 
    channel = input('Choose a channel to view (1 -> 129): '); 
    target = input('What is the target event? ', 's'); 
    ques = input('How many non-target events are there (0,1 or 2)? '); 
    if ques == 1 
        nt1 = input('What is the non-target event? ', 's'); 
        nt2 = 'none'; 
    elseif ques == 2 
        nt1 = input('What is the first non-target event? ', 's'); 
        nt2 = input('What is the second non-target event? ', 's'); 
    elseif (ques ~= 0) && (ques ~= 1) && (ques ~= 2) 
        error('Incorrect entry!'); 
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    else 
        nt1 = 'none'; 
        nt2 = 'none'; 
    end 
  
    compute_laplac = input('Would you like to compute a surface laplacian (Y or N)? ', 's'); 
  
    trials = []; 
    ques = input('Which trials would you like to remove (0 = none)? '); 
    if ques == 0; 
        trials = []; 
    else 
        trials = cat(2,trials,ques); 
        ques = 1; 
        while ques ~= 0 
            ques = input('Which other trials would you like to remove (0 to end)? '); 
            trials = cat(2,trials,ques); 
        end 
    end 
  
    % perform pre-processing 
    filtereddata = extractallERPsfromrawdata(file,target,nt1,nt2,compute_laplac,trials); 
  
    % extract separate epochs 
    [target1n,xnt1n,xnt2n] = extractseparateevents(filtereddata,'non-ICA',target,nt1,nt2,NUM_FAC); 
   
    targetn = movingaverage(target1n); 
    nt1n = movingaverage(xnt1n); 
    if strcmp(nt2,'none') 
        nt2n = []; 
    else 
        nt2n = movingaverage(xnt2n); 
        nt2n = nt2n(:,6:20,:); 



Univ
ers

ity
 of

 C
ap

e T
ow

n

����������	

�>@�

    end 
    targetn = targetn(:,6:20,:); 
    nt1n = nt1n(:,6:20,:); 
  
    % performs extended ICA extraction with weighted Varimax PCA data reduction 
    [target1ICA,xnt1ICA,xnt2ICA,act1,act2,act3,Unmixing_Matrix] = 
extractseparateevents(filtereddata,'ICA',target,nt1,nt2,NUM_FAC); 
  
    targetICA = movingaverage(target1ICA); 
    nt1ICA = movingaverage(xnt1ICA); 
    if strcmp(nt2,'none') 
        nt2ICA = []; 
    else 
        nt2ICA = movingaverage(xnt2ICA); 
        nt2ICA = nt2ICA(:,6:20,:); 
    end 
    targetICA = targetICA(:,6:20,:); 
    nt1ICA = nt1ICA(:,6:20,:); 
     
    % spatio-temporally manipulates independent components 
    [target1ICAmanip,xnt1ICAmanip,xnt2ICAmanip] = tempspatmanip(Unmixing_Matrix,act1,act2,act3); 
  
    targetICAmanip = movingaverage(target1ICAmanip); 
    nt1ICAmanip = movingaverage(xnt1ICAmanip); 
    if strcmp(nt2,'none') 
        nt2ICAmanip = []; 
    else 
        nt2ICAmanip = movingaverage(xnt2ICAmanip); 
        nt2ICAmanip = nt2ICAmanip(:,6:20,:); 
    end 
    targetICAmanip = targetICAmanip(:,6:20,:); 
    nt1ICAmanip = nt1ICAmanip(:,6:20,:); 
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    % computes PCA extraction on epochs 
    [target1PCA,xnt1PCA,xnt2PCA]  = computePCA(NUM_FAC,target1n,xnt1n,xnt2n); 
  
    targetPCA = movingaverage(target1PCA); 
    nt1PCA = movingaverage(xnt1PCA); 
    if strcmp(nt2,'none') 
        nt2PCA = []; 
    else 
        nt2PCA = movingaverage(xnt2PCA); 
        nt2PCA = nt2PCA(:,6:20,:); 
    end 
    targetPCA = targetPCA(:,6:20,:); 
    nt1PCA = nt1PCA(:,6:20,:); 
     
    save file1 targetn nt1n nt2n targetICA nt1ICA nt2ICA targetICAmanip nt1ICAmanip nt2ICAmanip targetPCA nt1PCA 
nt2PCA -V6 
  
else 
  
    NUM_FAC = input('How many factors would you like to retain? '); 
  
    compute_laplac = input('Would you like to compute a surface laplacian (Y or N)? ', 's'); 
  
    file1 = input('What is the first files name? ', 's'); 
    targetfile1 = input('What is the target event for the first file? ', 's'); 
    ques = input('How many non-target events are there (0,1 or 2)? '); 
    if ques == 1 
        nt1file1 = input('What is the non-target event? ', 's'); 
        nt2file1 = 'none'; 
    elseif ques == 2 
        nt1file1 = input('What is the first non-target event? ', 's'); 
        nt2file1 = input('What is the second non-target event? ', 's'); 
    elseif (ques ~= 0) && (ques ~= 1) && (ques ~= 2) 
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        error('Incorrect entry!'); 
    else 
        nt1file1 = 'none'; 
        nt2file1 = 'none'; 
    end 
  
    trials1 = []; 
    ques = input('Which trials would you like to remove (0 = none)? '); 
    if ques == 0; 
        trials1 = []; 
    else 
        trials1 = cat(2,trials1,ques); 
        ques = 1; 
        while ques ~= 0 
            ques = input('Which other trials would you like to remove (0 to end)? '); 
            trials1 = cat(2,trials1,ques); 
        end 
    end 
  
    file2 = input('What is the second files name? ', 's'); 
    targetfile2 = input('What is the target event for the second file? ', 's'); 
    ques = input('How many non-target events are there (0,1 or 2)? '); 
    if ques == 1 
        nt1file2 = input('What is the non-target event? ', 's'); 
        nt2file2 = 'none'; 
    elseif ques == 2 
        nt1file2 = input('What is the first non-target event? ', 's'); 
        nt2file2 = input('What is the second non-target event? ', 's'); 
    elseif (ques ~= 0) && (ques ~= 1) && (ques ~= 2) 
        error('Incorrect entry!'); 
    else 
        nt1file2 = 'none'; 
        nt2file2 = 'none'; 
    end 
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    trials2 = []; 
    ques = input('Which trials would you like to remove (0 = none)? '); 
    if ques == 0; 
        trials2 = []; 
    else 
        trials2 = cat(2,trials2,ques); 
        ques = 1; 
        while ques ~= 0 
            ques = input('Which other trials would you like to remove (0 to end)? '); 
            trials2 = cat(2,trials2,ques); 
        end 
    end 
  
    file3 = input('What is the third files name (enter "none" to stop)? ', 's'); 
    if strcmp(file3,'none') 
        file4 = 'none'; 
        file5 = 'none'; 
        file6 = 'none'; 
    else 
        targetfile3 = input('What is the target event for the third file? ', 's'); 
        ques = input('How many non-target events are there (0,1 or 2)? '); 
        if ques == 1 
            nt1file3 = input('What is the non-target event? ', 's'); 
            nt2file3 = 'none'; 
        elseif ques == 2 
            nt1file3 = input('What is the first non-target event? ', 's'); 
            nt2file3 = input('What is the second non-target event? ', 's'); 
        elseif (ques ~= 0) && (ques ~= 1) && (ques ~= 2) 
            error('Incorrect entry!'); 
        else 
            nt1file3 = 'none'; 
            nt2file3 = 'none'; 
        end 
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        trials3 = []; 
        ques = input('Which trials would you like to remove (0 = none)? '); 
        if ques == 0; 
            trials3 = []; 
        else 
            trials3 = cat(2,trials3,ques); 
            ques = 1; 
            while ques ~= 0 
                ques = input('Which other trials would you like to remove (0 to end)? '); 
                trials3 = cat(2,trials3,ques); 
            end 
        end 
  
        file4 = input('What is the fourth files name (enter "none" to stop)? ', 's'); 
    end 
  
    if strcmp(file4,'none') 
        file5 = 'none'; 
        file6 = 'none'; 
    else 
        targetfile4 = input('What is the target event for the fourth file? ', 's'); 
        ques = input('How many non-target events are there (0,1 or 2)? '); 
        if ques == 1 
            nt1file4 = input('What is the non-target event? ', 's'); 
            nt2file4 = 'none'; 
        elseif ques == 2 
            nt1file4 = input('What is the first non-target event? ', 's'); 
            nt2file4 = input('What is the second non-target event? ', 's'); 
        elseif (ques ~= 0) && (ques ~= 1) && (ques ~= 2) 
            error('Incorrect entry!'); 
        else 
            nt1file4 = 'none'; 
            nt2file4 = 'none'; 
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        end 
  
        trials4 = []; 
        ques = input('Which trials would you like to remove (0 = none)? '); 
        if ques == 0; 
            trials4 = []; 
        else 
            trials4 = cat(2,trials4,ques); 
            ques = 1; 
            while ques ~= 0 
                ques = input('Which other trials would you like to remove (0 to end)? '); 
                trials4 = cat(2,trials4,ques); 
            end 
        end 
  
        file5 = input('What is the fifth files name (enter "none" to stop)? ', 's'); 
    end 
  
    if strcmp(file5,'none') 
        file6 = 'none'; 
    else 
        targetfile5 = input('What is the target event for the fifth file? ', 's'); 
        ques = input('How many non-target events are there (0,1 or 2)? '); 
        if ques == 1 
            nt1file5 = input('What is the non-target event? ', 's'); 
            nt2file5 = 'none'; 
        elseif ques == 2 
            nt1file5 = input('What is the first non-target event? ', 's'); 
            nt2file5 = input('What is the second non-target event? ', 's'); 
        elseif (ques ~= 0) && (ques ~= 1) && (ques ~= 2) 
            error('Incorrect entry!'); 
        else 
            nt1file5 = 'none'; 
            nt2file5 = 'none'; 
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        end 
  
        trials5 = []; 
        ques = input('Which trials would you like to remove (0 = none)? '); 
        if ques == 0; 
            trials5 = []; 
        else 
            trials5 = cat(2,trials5,ques); 
            ques = 1; 
            while ques ~= 0 
                ques = input('Which other trials would you like to remove (0 to end)? '); 
                trials5 = cat(2,trials5,ques); 
            end 
        end 
  
        file6 = input('What is the sixth files name (enter "none" to stop)? ', 's'); 
    end 
  
    if strcmp(file6,'none') 
    else 
        targetfile6 = input('What is the target event for the sixth file? ', 's'); 
        ques = input('How many non-target events are there (0,1 or 2)? '); 
        if ques == 1 
            nt1file6 = input('What is the non-target event? ', 's'); 
            nt2file6 = 'none'; 
        elseif ques == 2 
            nt1file6 = input('What is the first non-target event? ', 's'); 
            nt2file6 = input('What is the second non-target event? ', 's'); 
        elseif (ques ~= 0) && (ques ~= 1) && (ques ~= 2) 
            error('Incorrect entry!'); 
        else 
            nt1file6 = 'none'; 
            nt2file6 = 'none'; 
        end 
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        trials6 = []; 
        ques = input('Which trials would you like to remove (0 = none)? '); 
        if ques == 0; 
            trials6 = []; 
        else 
            trials6 = cat(2,trials6,ques); 
            ques = 1; 
            while ques ~= 0 
                ques = input('Which other trials would you like to remove (0 to end)? '); 
                trials6 = cat(2,trials6,ques); 
            end 
        end 
  
    end 
  
    channel = input('Choose a channel to view (1 -> 129): '); 
  
    % file1 
    % perform pre-processing 
    filtereddata = extractallERPsfromrawdata(file1,targetfile1,nt1file1,nt2file1,compute_laplac,trials1); 
  
    % extract separate epochs 
    [target1n,xnt1n,xnt2n] = extractseparateevents(filtereddata,'non-ICA',targetfile1,nt1file1,nt2file1,NUM_FAC); 
  
    targetn = movingaverage(target1n); 
    nt1n = movingaverage(xnt1n); 
    if strcmp(nt2file1,'none') 
        nt2n = []; 
    else 
        nt2n = movingaverage(xnt2n); 
        nt2n = nt2n(:,6:20,:); 
    end 



Univ
ers

ity
 of

 C
ap

e T
ow

n

����������	

�@H�

    targetn = targetn(:,6:20,:); 
    nt1n = nt1n(:,6:20,:); 
     
    % performs extended ICA extraction with weighted Varimax PCA data reduction 
    [target1ICA,xnt1ICA,xnt2ICA,act1,act2,act3,Unmixing_Matrix] = 
extractseparateevents(filtereddata,'ICA',targetfile1,nt1file1,nt2file1,NUM_FAC); 
  
    targetICA = movingaverage(target1ICA); 
    nt1ICA = movingaverage(xnt1ICA); 
    if strcmp(nt2file1,'none') 
        nt2ICA = []; 
    else 
        nt2ICA = movingaverage(xnt2ICA); 
        nt2ICA = nt2ICA(:,6:20,:); 
    end 
    targetICA = targetICA(:,6:20,:); 
    nt1ICA = nt1ICA(:,6:20,:); 
     
    % spatio-temporally manipulates independent components 
    [target1ICAmanip,xnt1ICAmanip,xnt2ICAmanip] = tempspatmanip(Unmixing_Matrix,act1,act2,act3); 
  
    targetICAmanip = movingaverage(target1ICAmanip); 
    nt1ICAmanip = movingaverage(xnt1ICAmanip); 
    if strcmp(nt2file1,'none') 
        nt2ICAmanip = []; 
    else 
        nt2ICAmanip = movingaverage(xnt2ICAmanip); 
        nt2ICAmanip = nt2ICAmanip(:,6:20,:); 
    end 
    targetICAmanip = targetICAmanip(:,6:20,:); 
    nt1ICAmanip = nt1ICAmanip(:,6:20,:); 
     
    % computes PCA extraction on epochs 
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    [target1PCA,xnt1PCA,xnt2PCA]  = computePCA(NUM_FAC,target1n,xnt1n,xnt2n); 
  
    targetPCA = movingaverage(target1PCA); 
    nt1PCA = movingaverage(xnt1PCA); 
    if strcmp(nt2file1,'none') 
        nt2PCA = []; 
    else 
        nt2PCA = movingaverage(xnt2PCA); 
        nt2PCA = nt2PCA(:,6:20,:); 
    end 
    targetPCA = targetPCA(:,6:20,:); 
    nt1PCA = nt1PCA(:,6:20,:); 
     
    save file1 targetn nt1n nt2n targetICA nt1ICA nt2ICA targetICAmanip nt1ICAmanip nt2ICAmanip targetPCA nt1PCA 
nt2PCA -V6 
  
    clear targetn nt1n nt2n targetICA nt1ICA nt2ICA targetICAmanip nt1ICAmanip nt2ICAmanip targetPCA nt1PCA nt2PCA 
  
    % file2 
    % perform pre-processing 
    filtereddata = extractallERPsfromrawdata(file2,targetfile2,nt1file2,nt2file2,compute_laplac,trials2); 
  
    % extract separate epochs 
    [target1n,xnt1n,xnt2n] = extractseparateevents(filtereddata,'non-ICA',targetfile2,nt1file2,nt2file2,NUM_FAC); 
 
    targetn = movingaverage(target1n); 
    nt1n = movingaverage(xnt1n); 
    if strcmp(nt2file2,'none') 
        nt2n = []; 
    else 
        nt2n = movingaverage(xnt2n); 
        nt2n = nt2n(:,6:20,:); 
    end 
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    targetn = targetn(:,6:20,:); 
    nt1n = nt1n(:,6:20,:); 
     
    % performs extended ICA extraction with weighted Varimax PCA data reduction 
    [target1ICA,xnt1ICA,xnt2ICA,act1,act2,act3,Unmixing_Matrix] = 
extractseparateevents(filtereddata,'ICA',targetfile2,nt1file2,nt2file2,NUM_FAC); 
  
    targetICA = movingaverage(target1ICA); 
    nt1ICA = movingaverage(xnt1ICA); 
    if strcmp(nt2file2,'none') 
        nt2ICA = []; 
    else 
        nt2ICA = movingaverage(xnt2ICA); 
        nt2ICA = nt2ICA(:,6:20,:); 
    end 
    targetICA = targetICA(:,6:20,:); 
    nt1ICA = nt1ICA(:,6:20,:); 
     
    % spatio-temporally manipulates independent components 
    [target1ICAmanip,xnt1ICAmanip,xnt2ICAmanip] = tempspatmanip(Unmixing_Matrix,act1,act2,act3); 
  
    targetICAmanip = movingaverage(target1ICAmanip); 
    nt1ICAmanip = movingaverage(xnt1ICAmanip); 
    if strcmp(nt2file2,'none') 
        nt2ICAmanip = []; 
    else 
        nt2ICAmanip = movingaverage(xnt2ICAmanip); 
        nt2ICAmanip = nt2ICAmanip(:,6:20,:); 
    end 
    targetICAmanip = targetICAmanip(:,6:20,:); 
    nt1ICAmanip = nt1ICAmanip(:,6:20,:); 
     
    % computes PCA extraction on epochs 
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    [target1PCA,xnt1PCA,xnt2PCA]  = computePCA(NUM_FAC,target1n,xnt1n,xnt2n); 
  
    targetPCA = movingaverage(target1PCA); 
    nt1PCA = movingaverage(xnt1PCA); 
    if strcmp(nt2file2,'none') 
        nt2PCA = []; 
    else 
        nt2PCA = movingaverage(xnt2PCA); 
        nt2PCA = nt2PCA(:,6:20,:); 
    end 
    targetPCA = targetPCA(:,6:20,:); 
    nt1PCA = nt1PCA(:,6:20,:); 
     
    save file2 targetn nt1n nt2n targetICA nt1ICA nt2ICA targetICAmanip nt1ICAmanip nt2ICAmanip targetPCA nt1PCA 
nt2PCA -V6 
  
    clear targetn nt1n nt2n targetICA nt1ICA nt2ICA targetICAmanip nt1ICAmanip nt2ICAmanip targetPCA nt1PCA nt2PCA 
  
    if strcmp(file3,'none') 
    else 
        % file3 
        % perform pre-processing 
        filtereddata = extractallERPsfromrawdata(file3,targetfile3,nt1file3,nt2file3,compute_laplac,trials3); 
  
        % extract separate epochs 
        [target1n,xnt1n,xnt2n] = extractseparateevents(filtereddata,'non-
ICA',targetfile3,nt1file3,nt2file3,NUM_FAC); 
  
        targetn = movingaverage(target1n); 
        nt1n = movingaverage(xnt1n); 
        if strcmp(nt2file3,'none') 
            nt2n = []; 
        else 
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            nt2n = movingaverage(xnt2n); 
            nt2n = nt2n(:,6:20,:); 
        end 
        targetn = targetn(:,6:20,:); 
        nt1n = nt1n(:,6:20,:); 
         
        % performs extended ICA extraction with weighted Varimax PCA data reduction 
        [target1ICA,xnt1ICA,xnt2ICA,act1,act2,act3,Unmixing_Matrix] = 
extractseparateevents(filtereddata,'ICA',targetfile3,nt1file3,nt2file3,NUM_FAC); 
  
        targetICA = movingaverage(target1ICA); 
        nt1ICA = movingaverage(xnt1ICA); 
        if strcmp(nt2file3,'none') 
            nt2ICA = []; 
        else 
            nt2ICA = movingaverage(xnt2ICA); 
            nt2ICA = nt2ICA(:,6:20,:); 
        end 
        targetICA = targetICA(:,6:20,:); 
        nt1ICA = nt1ICA(:,6:20,:); 
         
        % temporo-spatially manipulates independent components 
        [target1ICAmanip,xnt1ICAmanip,xnt2ICAmanip] = tempspatmanip(Unmixing_Matrix,act1,act2,act3); 
  
        targetICAmanip = movingaverage(target1ICAmanip); 
        nt1ICAmanip = movingaverage(xnt1ICAmanip); 
        if strcmp(nt2file3,'none') 
            nt2ICAmanip = []; 
        else 
            nt2ICAmanip = movingaverage(xnt2ICAmanip); 
            nt2ICAmanip = nt2ICAmanip(:,6:20,:); 
        end 
        targetICAmanip = targetICAmanip(:,6:20,:); 
        nt1ICAmanip = nt1ICAmanip(:,6:20,:); 
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        nt1n = movingaverage(xnt1n); 
        if strcmp(nt2file4,'none') 
            nt2n = []; 
        else 
            nt2n = movingaverage(xnt2n); 
            nt2n = nt2n(:,6:20,:); 
        end 
        targetn = targetn(:,6:20,:); 
        nt1n = nt1n(:,6:20,:); 
         
        % performs extended ICA extraction with weighted Varimax PCA data reduction 
        [target1ICA,xnt1ICA,xnt2ICA,act1,act2,act3,Unmixing_Matrix] = 
extractseparateevents(filtereddata,'ICA',targetfile4,nt1file4,nt2file4,NUM_FAC); 
  
        targetICA = movingaverage(target1ICA); 
        nt1ICA = movingaverage(xnt1ICA); 
        if strcmp(nt2file4,'none') 
            nt2ICA = []; 
        else 
            nt2ICA = movingaverage(xnt2ICA); 
            nt2ICA = nt2ICA(:,6:20,:); 
        end 
        targetICA = targetICA(:,6:20,:); 
        nt1ICA = nt1ICA(:,6:20,:); 
         
        % temporo-spatially manipulates independent components 
        [target1ICAmanip,xnt1ICAmanip,xnt2ICAmanip] = tempspatmanip(Unmixing_Matrix,act1,act2,act3); 
  
        targetICAmanip = movingaverage(target1ICAmanip); 
        nt1ICAmanip = movingaverage(xnt1ICAmanip); 
        if strcmp(nt2file4,'none') 
            nt2ICAmanip = []; 
        else 
            nt2ICAmanip = movingaverage(xnt2ICAmanip); 
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            nt2ICAmanip = nt2ICAmanip(:,6:20,:); 
        end 
        targetICAmanip = targetICAmanip(:,6:20,:); 
        nt1ICAmanip = nt1ICAmanip(:,6:20,:); 
         
        % computes PCA extraction on epochs 
        [target1PCA,xnt1PCA,xnt2PCA]  = computePCA(NUM_FAC,target1n,xnt1n,xnt2n); 
  
        targetPCA = movingaverage(target1PCA); 
        nt1PCA = movingaverage(xnt1PCA); 
        if strcmp(nt2file4,'none') 
            nt2PCA = []; 
        else 
            nt2PCA = movingaverage(xnt2PCA); 
            nt2PCA = nt2PCA(:,6:20,:); 
        end 
        targetPCA = targetPCA(:,6:20,:); 
        nt1PCA = nt1PCA(:,6:20,:); 
         
        save file4 targetn nt1n nt2n targetICA nt1ICA nt2ICA targetICAmanip nt1ICAmanip nt2ICAmanip targetPCA 
nt1PCA nt2PCA -V6 
  
        clear targetn nt1n nt2n targetICA nt1ICA nt2ICA targetICAmanip nt1ICAmanip nt2ICAmanip targetPCA nt1PCA 
nt2PCA 
    end 
  
    if strcmp(file5,'none') 
    else 
        % file5 
        % perform pre-processing 
        filtereddata = extractallERPsfromrawdata(file5,targetfile5,nt1file5,nt2file5,compute_laplac,trials5); 
  
        % extract separate epochs 
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        [target1n,xnt1n,xnt2n] = extractseparateevents(filtereddata,'non-
ICA',targetfile5,nt1file5,nt2file5,NUM_FAC); 
  
        targetn = movingaverage(target1n); 
        nt1n = movingaverage(xnt1n); 
        if strcmp(nt2file5,'none') 
            nt2n = []; 
        else 
            nt2n = movingaverage(xnt2n); 
            nt2n = nt2n(:,6:20,:); 
        end 
        targetn = targetn(:,6:20,:); 
        nt1n = nt1n(:,6:20,:); 
         
        % performs extended ICA extraction with weighted Varimax PCA data reduction 
        [target1ICA,xnt1ICA,xnt2ICA,act1,act2,act3,Unmixing_Matrix] = 
extractseparateevents(filtereddata,'ICA',targetfile5,nt1file5,nt2file5,NUM_FAC); 
  
        targetICA = movingaverage(target1ICA); 
        nt1ICA = movingaverage(xnt1ICA); 
        if strcmp(nt2file5,'none') 
            nt2ICA = []; 
        else 
            nt2ICA = movingaverage(xnt2ICA); 
            nt2ICA = nt2ICA(:,6:20,:); 
        end 
        targetICA = targetICA(:,6:20,:); 
        nt1ICA = nt1ICA(:,6:20,:); 
         
        % temporo-spatially manipulates independent components 
        [target1ICAmanip,xnt1ICAmanip,xnt2ICAmanip] = tempspatmanip(Unmixing_Matrix,act1,act2,act3); 
  
        targetICAmanip = movingaverage(target1ICAmanip); 
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        nt1ICAmanip = movingaverage(xnt1ICAmanip); 
        if strcmp(nt2file5,'none') 
            nt2ICAmanip = []; 
        else 
            nt2ICAmanip = movingaverage(xnt2ICAmanip); 
            nt2ICAmanip = nt2ICAmanip(:,6:20,:); 
        end 
        targetICAmanip = targetICAmanip(:,6:20,:); 
        nt1ICAmanip = nt1ICAmanip(:,6:20,:); 
         
        % computes PCA extraction on epochs 
        [target1PCA,xnt1PCA,xnt2PCA]  = computePCA(NUM_FAC,target1n,xnt1n,xnt2n); 
  
        targetPCA = movingaverage(target1PCA); 
        nt1PCA = movingaverage(xnt1PCA); 
        if strcmp(nt2file5,'none') 
            nt2PCA = []; 
        else 
            nt2PCA = movingaverage(xnt2PCA); 
            nt2PCA = nt2PCA(:,6:20,:); 
        end 
        targetPCA = targetPCA(:,6:20,:); 
        nt1PCA = nt1PCA(:,6:20,:); 
         
        save file5 targetn nt1n nt2n targetICA nt1ICA nt2ICA targetICAmanip nt1ICAmanip nt2ICAmanip targetPCA 
nt1PCA nt2PCA -V6 
  
        clear targetn nt1n nt2n targetICA nt1ICA nt2ICA targetICAmanip nt1ICAmanip nt2ICAmanip targetPCA nt1PCA 
nt2PCA 
    end 
  
    if strcmp(file6,'none') 
    else 
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        % file6 
        % perform pre-processing 
        filtereddata = extractallERPsfromrawdata(file6,targetfile6,nt1file6,nt2file6,compute_laplac,trials6); 
  
        % extract separate epochs 
        [target1n,xnt1n,xnt2n] = extractseparateevents(filtereddata,'non-
ICA',targetfile6,nt1file6,nt2file6,NUM_FAC); 
  
        targetn = movingaverage(target1n); 
        nt1n = movingaverage(xnt1n); 
        if strcmp(nt2file6,'none') 
            nt2n = []; 
        else 
            nt2n = movingaverage(xnt2n); 
            nt2n = nt2n(:,6:20,:); 
        end 
        targetn = targetn(:,6:20,:); 
        nt1n = nt1n(:,6:20,:); 
         
        % performs extended ICA extraction with weighted Varimax PCA data reduction 
        [target1ICA,xnt1ICA,xnt2ICA,act1,act2,act3,Unmixing_Matrix] = 
extractseparateevents(filtereddata,'ICA',targetfile6,nt1file6,nt2file6,NUM_FAC); 
  
        targetICA = movingaverage(target1ICA); 
        nt1ICA = movingaverage(xnt1ICA); 
        if strcmp(nt2file6,'none') 
            nt2ICA = []; 
        else 
            nt2ICA = movingaverage(xnt2ICA); 
            nt2ICA = nt2ICA(:,6:20,:); 
        end 
        targetICA = targetICA(:,6:20,:); 
        nt1ICA = nt1ICA(:,6:20,:); 
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        % temporo-spatially manipulates independent components 
        [target1ICAmanip,xnt1ICAmanip,xnt2ICAmanip] = tempspatmanip(Unmixing_Matrix,act1,act2,act3); 
  
        targetICAmanip = movingaverage(target1ICAmanip); 
        nt1ICAmanip = movingaverage(xnt1ICAmanip); 
        if strcmp(nt2file6,'none') 
            nt2ICAmanip = []; 
        else 
            nt2ICAmanip = movingaverage(xnt2ICAmanip); 
            nt2ICAmanip = nt2ICAmanip(:,6:20,:); 
        end 
        targetICAmanip = targetICAmanip(:,6:20,:); 
        nt1ICAmanip = nt1ICAmanip(:,6:20,:); 
         
        % computes PCA extraction on epochs 
        [target1PCA,xnt1PCA,xnt2PCA]  = computePCA(NUM_FAC,target1n,xnt1n,xnt2n); 
  
        targetPCA = movingaverage(target1PCA); 
        nt1PCA = movingaverage(xnt1PCA); 
        if strcmp(nt2file6,'none') 
            nt2PCA = []; 
        else 
            nt2PCA = movingaverage(xnt2PCA); 
            nt2PCA = nt2PCA(:,6:20,:); 
        end 
        targetPCA = targetPCA(:,6:20,:); 
        nt1PCA = nt1PCA(:,6:20,:); 
         
        save file6 targetn nt1n nt2n targetICA nt1ICA nt2ICA targetICAmanip nt1ICAmanip nt2ICAmanip targetPCA 
nt1PCA nt2PCA -V6 
    end 
end 
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function filtereddata = extractallERPsfromrawdata(file,target,nt1,nt2,compute_laplac,trials) 
% extractallERPsfromrawdata - filtereddata = extractallERPsfromrawdata(file,target,nt1,nt2) -  
% extract all event epochs from raw data 
%Inputs 
%  file     : filename ('filename.raw') 
%  target   : the target event 
%  nt1      : non-target 1 
%  nt2      : non-target 2 
% 
%Outputs 
%  filtereddata     : processed event epochs (channels,timepoints,epochs) 
% 
% extractallERPsfromrawdata extracts all event epochs from raw EEG data 
% recordings. The following occurs: 
% - it is 0.1 - 8 Hz band-pass filtered 
% - referenced to the mastoid electrode (101) 
% - epochs are extracted (from the time of the event to 650ms after) 
% - unwanted trials/epochs are removed 
% - and it is baseline corrected 
  
% process only the target data 
if strcmp(nt1,'none') 
    EEG = pop_readegi(file, []); 
    EEG = eeg_checkset( EEG ); 
    EEG=pop_chanedit(EEG,  'load',{ 'C:\My Data\GSN129b.sfp', 'filetype', 'autodetect'}); % load channel locations 
file 
    EEG = eeg_checkset( EEG ); 
    % compute surface laplacian     
    if strcmp(compute_laplac,'Y') 
        EEG = pop_reref( EEG, [], 'refstate',129, 'keepref', 'on', 'method', 'withref'); 
        EEG = eeg_checkset( EEG ); 
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        newEEG = zeros(129,302,180); 
        for i = 1:size(EEG.data,3) 
            [laplac] = del2map(squeeze(EEG.data(:,:,i)), 'GSN129b.sfp'); 
            newEEG(:,:,i) = laplac; 
        end 
        EEG.data = newEEG; 
    end 
    % 0.1 to 8 Hz band-pass filter the data 
    EEG = pop_eegfilt( EEG, 0, 8, [], [0]); % 8 Hz lowpass filtered 
    EEG = eeg_checkset( EEG ); 
    EEG = pop_eegfilt( EEG, 0.1, 0, [], [0]); % 0.1 Hz highpass filtered 
    EEG = eeg_checkset( EEG ); 
    % rereference to the right mastoid electrode 
    EEG = pop_reref( EEG, 101, 'refstate',129, 'keepref', 'on', 'method', 'withref'); 
    EEG = eeg_checkset( EEG ); 
    % remove bad trials manually 
    if isempty(trials) 
    else 
    EEG = pop_select( EEG, 'notrial',[trials]); % remove other trials 
    EEG = eeg_checkset( EEG ); 
    end 
    % remove baseline 
    EEG = pop_rmbase( EEG, [0  505]); 
    EEG = eeg_checkset( EEG ); 
    % extract epochs from 0 to 650ms post stimulus 
    EEG = pop_epoch( EEG, {  target  }, [0           0.650], 'newname', 'EGI file epochs', 'epochinfo', 'yes'); 
    EEG = eeg_checkset( EEG ); 
    filtereddata = EEG; 
% process the target and a non-target data 
elseif strcmp(nt2,'none') 
    EEG = pop_readegi(file, []); 
    EEG = eeg_checkset( EEG );     
    EEG=pop_chanedit(EEG,  'load',{ 'C:\My Data\GSN129b.sfp', 'filetype', 'autodetect'}); 
    EEG = eeg_checkset( EEG ); 
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    if strcmp(compute_laplac,'Y') 
        EEG = pop_reref( EEG, [], 'refstate',129, 'keepref', 'on', 'method', 'withref'); 
        EEG = eeg_checkset( EEG ); 
        newEEG = zeros(129,302,180); 
        for i = 1:size(EEG.data,3) 
            [laplac] = del2map(squeeze(EEG.data(:,:,i)), 'GSN129b.sfp'); 
            newEEG(:,:,i) = laplac; 
        end 
        EEG.data = newEEG; 
    end 
    EEG = pop_eegfilt( EEG, 0, 8, [], [0]); 
    EEG = eeg_checkset( EEG ); 
    EEG = pop_eegfilt( EEG, 0.1, 0, [], [0]); 
    EEG = eeg_checkset( EEG ); 
    EEG = pop_reref( EEG, 101, 'refstate',129, 'keepref', 'on', 'method', 'withref'); 
    EEG = eeg_checkset( EEG ); 
    if isempty(trials) 
    else 
    EEG = pop_select( EEG, 'notrial',[trials]); 
    EEG = eeg_checkset( EEG ); 
    end 
    EEG = pop_rmbase( EEG, [0  505]); 
    EEG = eeg_checkset( EEG ); 
    EEG = pop_epoch( EEG, {  target nt1  }, [0           0.650], 'newname', 'EGI file epochs', 'epochinfo', 'yes'); 
    EEG = eeg_checkset( EEG ); 
    filtereddata = EEG; 
% process the target and two non-targets datasets 
else 
    EEG = pop_readegi(file, []); 
    EEG = eeg_checkset( EEG ); 
    EEG=pop_chanedit(EEG,  'load',{ 'C:\My Data\GSN129b.sfp', 'filetype', 'autodetect'}); 
    EEG = eeg_checkset( EEG ); 
    if strcmp(compute_laplac,'Y') 
        EEG = pop_reref( EEG, [], 'refstate',129, 'keepref', 'on', 'method', 'withref'); 
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        EEG = eeg_checkset( EEG ); 
        newEEG = zeros(129,302,180); 
        for i = 1:size(EEG.data,3) 
            [laplac] = del2map(squeeze(EEG.data(:,:,i)), 'GSN129b.sfp'); 
            newEEG(:,:,i) = laplac; 
        end 
        EEG.data = newEEG; 
    end 
    EEG = pop_eegfilt( EEG, 0, 8, [], [0]); 
    EEG = eeg_checkset( EEG ); 
    EEG = pop_eegfilt( EEG, 0.1, 0, [], [0]); 
    EEG = eeg_checkset( EEG ); 
    EEG = pop_reref( EEG, 101, 'refstate',129, 'keepref', 'on', 'method', 'withref'); 
    EEG = eeg_checkset( EEG ); 
    if isempty(trials) 
    else 
    EEG = pop_select( EEG, 'notrial',[trials]); 
    EEG = eeg_checkset( EEG ); 
    end 
    EEG = pop_rmbase( EEG, [0    505]); 
    EEG = eeg_checkset( EEG ); 
    EEG = pop_epoch( EEG, {  target nt1 nt2  }, [0           0.650], 'newname', 'EGI file epochs', 'epochinfo', 
'yes'); 
    EEG = eeg_checkset( EEG );  
    filtereddata = EEG; 
end 

/5� %4����������������.��������� �������������������

function [target1,xnt1,xnt2,act1,act2,act3,Unmixing_Matrix] = 
extractseparateevents(filtereddata,type,target,nt1,nt2,NUM_FAC) 
% extractseparateevents - [target1,xnt1,xnt2,act1,act2,act3,Unmixing_Matrix] = 
% extractseparateevents(filtereddata,type,target,nt1,nt2,NUM_FAC) - 
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% extract separate events from concatenated data 
%Inputs 
%  filtereddata  : concatenated data (channels,timepoints,trials) 
%  type          : 'ICA' or no ICA performed 
%  target        : target event 
%  nt1           : non-target 1 event 
%  nt2           : non-target 2 event 
%  NUM_FAC       : number of components to retain 
% 
%Outputs 
%  target1         : target matrix 
%  xnt1            : non-target 1 matrix 
%  xnt2            : non-target 2 matrix 
%  act1,act2,act3  : ICA activations for the three events 
%  Unmixing_Matrix : the ICA demixing matrix 
% 
% extractseparateevents extracts all event epochs from EEG data. The 
% following occurs: 
% - ICA is possibly performed according to the input 
% - separate events are extracted 
  
EEG = filtereddata; 
  
if strcmp(nt1,'none') 
    % perform extended ICA with PCA reduction using embedded EEGLAB 
    % functionality 
    if strcmp(type,'ICA') 
        EEG = pop_runica(EEG,  'icatype', 'runica', 'dataset',1, 'options',{ 'pca',NUM_FAC, 'extended',1}); 
        Unmixing_Matrix = EEG.icaweights; 
    end 
    % extract event 
    EEG = pop_epoch( EEG, {  target  }, [0           650], 'newname', 'EGI file epochs', 'epochinfo', 'yes'); 
    EEG = eeg_checkset( EEG ); 
    target1 = EEG.data; 
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    if strcmp(type,'ICA') 
        act1 = EEG.icaact; 
    else 
        act1 = []; 
    end 
    xnt1 = []; 
    act2 = []; 
    xnt2 = []; 
    act3 = []; 
elseif strcmp(nt2,'none') 
    if strcmp(type,'ICA') 
        EEG = pop_runica(EEG,  'icatype', 'runica', 'dataset',1, 'options',{ 'pca',NUM_FAC, 'extended',1}); 
        Unmixing_Matrix = EEG.icaweights; 
    else 
        Unmixing_Matrix = []; 
    end 
    recall = EEG; 
    EEG = pop_epoch( EEG, {  target  }, [0           0.650], 'newname', 'EGI file epochs', 'epochinfo', 'yes'); 
    EEG = eeg_checkset( EEG );     
    target1 = EEG.data; 
    if strcmp(type,'ICA') 
        act1 = EEG.icaact; 
    else 
        act1 = []; 
    end 
    EEG = recall; 
    EEG = pop_epoch( EEG, {  nt1  }, [0           0.650], 'newname', 'EGI file epochs', 'epochinfo', 'yes'); 
    EEG = eeg_checkset( EEG );        
    xnt1 = EEG.data; 
    if strcmp(type,'ICA') 
        act2 = EEG.icaact; 
    else 
        act2 = []; 
    end 
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    xnt2 = []; 
    act3 = []; 
else 
    if strcmp(type,'ICA') 
        EEG = pop_runica(EEG,  'icatype', 'runica', 'dataset',1, 'options',{ 'pca',NUM_FAC, 'extended',1}); 
        Unmixing_Matrix = EEG.icaweights; 
    else 
        Unmixing_Matrix = []; 
    end 
    recall = EEG; 
    EEG = pop_epoch( EEG, {  target  }, [0           0.650], 'newname', 'EGI file epochs', 'epochinfo', 'yes'); 
    EEG = eeg_checkset( EEG );     
    target1 = EEG.data; 
    if strcmp(type,'ICA') 
        act1 = EEG.icaact; 
    else 
        act1 = []; 
    end 
    EEG = recall; 
    EEG = pop_epoch( EEG, {  nt1  }, [0           0.650], 'newname', 'EGI file epochs', 'epochinfo', 'yes'); 
    EEG = eeg_checkset( EEG );     
    xnt1 = EEG.data; 
    if strcmp(type,'ICA') 
        act2 = EEG.icaact; 
    else 
        act2 = []; 
    end 
    EEG = recall; 
    EEG = pop_epoch( EEG, {  nt2  }, [0           0.650], 'newname', 'EGI file epochs', 'epochinfo', 'yes'); 
    EEG = eeg_checkset( EEG );      
    xnt2 = EEG.data; 
    if strcmp(type,'ICA') 
        act3 = EEG.icaact; 
    else 
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        act3 = []; 
    end 
end 
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function output = movingaverage(data) 
% movingaverage - output = movingaverage(data) - calculates the 
% average within a window under the curve for successive periods and 
% outputs the answer for each channel 
%Inputs 
%  data     : epoched data for all channels(channels,timepoints,epochs) 
% 
%Outputs 
%  output   : output of window averaging 
% 
% movingaverage calculates the mean under the curve for a succesive time 
% periods for each channel and outputs the results in an array 
  
final = []; 
area = 0; 
output = []; 
  
for m = 1:size(data,1) 
    channels = squeeze(data(m,:,:)); 
    results = zeros(size(channels,2),25); % initialise results matrix 
    for i = 1:size(channels,2) 
        for j = 0:5:120 
            for k = 1:10 
                area = area + channels(j+k,i); 
            end 
            final = cat(2,final,area/10); 
            area = 0; 
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        end 
        results(i,:) = final(:); % input channel averaging data into results matrix 
        final = []; 
    end 
    output(m,:,:) = results'; 
end     

/57 '�� ������������������� ����
���������������

function [target1ICAmanip,xnt1ICAmanip,xnt2ICAmanip] = tempspatmanip(Unmixing_Matrix,act1,act2,act3) 
% tempspatmanip - [target1ICAmanip,xnt1ICAmanip,xnt2ICAmanip] = 
% tempspatmanip(Unmixing_Matrix,act1,act2,act3) - perform temporo-spatial 
% manipulation of data for P300 enhancement 
% 
%Inputs 
%  Unmixing_Matrix     : ICA demixing matrix 
%  act1,act2,act3      : ICA activations or independent components 
% 
%Outputs 
%  target1ICAmanip, xnt1ICAmanip, xnt2ICAmanip are the temporo-spatially 
%  manipulated matrices 
  
disp('Performing temporo-spatial manipulation of data...'); 
  
% timeband between which the P300 is detected 
startP300 = 50; 
finishP300 = 80; 
u = []; 
unt1 = []; 
unt2 = []; 
for i = 1:size(act1,3) 
    newdata = tempmanip(squeeze(act1(:,:,i)),startP300,finishP300); 
    u = cat(3,u,newdata); 
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end 
for i = 1:size(act2,3) 
    newdatant1 = tempmanip(squeeze(act2(:,:,i)),startP300,finishP300); 
    unt1 = cat(3,unt1,newdatant1); 
end 
if isempty(act3) 
else 
    for i = 1:size(act3,3) 
        newdatant2 = tempmanip(squeeze(act3(:,:,i)),startP300,finishP300); 
        unt2 = cat(3,unt2,newdatant2); 
    end 
end 
  
% spatial manipulation according to 49 predetermined electrodes covering 
% P300 spatial location on the scalp 
intensity = 49; 
targetICs = []; 
nt1ICs = []; 
nt2ICs = []; 
for i = 1:size(u,3) 
    newdata = spatmanip(u(:,:,i),Unmixing_Matrix,intensity); 
    targetICs = cat(3,targetICs,newdata); 
end 
for i = 1:size(unt1,3) 
    newdatant1 = spatmanip(unt1(:,:,i),Unmixing_Matrix,intensity); 
    nt1ICs = cat(3,nt1ICs,newdatant1); 
end 
if isempty(act3) 
else 
    for i = 1:size(unt2,3) 
        newdatant2 = spatmanip(unt2(:,:,i),Unmixing_Matrix,intensity); 
        nt2ICs = cat(3,nt2ICs,newdatant2); 
    end 
end 
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%Outputs 
%  newdata  : temporally manipulated data 
% 
% tempmanip manipulates the data matrix (generated from the trained 
% demixing matrix) so as to keep the ICs with relatively larger amplitudes 
% in the latency range of the ERP in question and to zero all other ICs. 
  
timepoints = size(data,2); % number of time points in the data 
numIC = size(data,1); % number of ICs in the data 
  
rawdata = zeros(numIC,timepoints); 
for k = 1:size(data,1) 
        maxamp1 = 0; 
        maxamp2 = 0; 
        current1 = data(k,startP300); 
        current2 = data(k,startP300); 
        for j = startP300:finishP300             
            if data(k,j) > 0 && data(k,j) > current1 
                maxamp1 = j; 
                current1 = data(k,j); 
            end 
            if data(k,j) < 0 && data(k,j) < current2 
                maxamp2 = j; 
                current2 = data(k,j); 
            end 
        end 
        % include data where peak is in P300 latency range 
        if maxamp1 > startP300 && maxamp1 < finishP300 
            rawdata(k,:) = data(k,:); 
        elseif maxamp2 > startP300 && maxamp2 < finishP300 
            rawdata(k,:) = data(k,:); 
        end                 
end 
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newdata = rawdata;         

/59 "�������� ����
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function newdata = spatmanip(datatest,weights,threshold) 
% spatmanip - newdata = spatmanip(data) - do spatial manipulation on ICs 
% and calculate the new data matrix 
%Inputs 
%  data     : data matrix (channels,time points) 
%  weights  : unmixing matrix 
%  threshold: determines the number of channel influences from the intensity matrix 
% 
%Outputs 
%  newdata  : spatially manipulated data 
% 
% spatmanip manipulates the data matrix (generated from the trained 
% demixing matrix) so as to retain important information from specified 
% electrode sites according to an intensity order matrix. 
  
testdata = datatest; 
  
w = 0; 
for y = 1:size(datatest,1) 
    if max(datatest(y,:) ~= 0) ~= 0 
        w = w + 1; 
    end 
end 
  
if w > 1.01 
  
inverse = pinv(weights); % calculate pseudoinverse of unmixing matrix 
numchan = size(inverse,1); % number of channels 
numIC = size(inverse,2); % number of ICs 
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M = inverse; 
  
sortinverse = sort(inverse,1,'descend'); % sort the colums of the pseudoinverse matrix in order of size  
  
% compute intensity order matrix -  a matrix containing ICs with the 
% intensity order of channels contributing to those ICs (1 = most intense; 
% 129 = least intense) 
for j = 1:numIC 
    for i = 1:numchan 
        test = sortinverse(i,j); 
        for k = 1:numchan 
            if M(k,j) == test 
                M(k,j) = i; 
            else 
                M(k,j) = M(k,j); 
            end 
        end 
    end 
end 
  
% predetermined channel set for P300 detection 
Q = [11 30 21 12 5 119 112 13 6 113 42 37 31 7 107 106 105 104 48 43 38 32 129 81 88 94 99 51 52 53 54 55 80 87 93 
98 58 59 60 61 62 79 86 92 97 66 72 77 85]; 
  
for j = 1:numIC 
    t = 0; 
    for i = 1:numchan 
        for k = 1:size(Q,2) 
            if Q(1,k) == i 
                if M(i,j) <= threshold 
                    t = 1; 
                end 
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            end 
        end         
    end 
    if t == 0 
        datatest(j,:) = 0; 
    end 
end 
  
while max(max(datatest)) == 0 
    datatest = testdata; 
    threshold = threshold + 1; 
    for j = 1:numIC 
    t = 0; 
    for i = 1:numchan 
        for k = 1:size(Q,2) 
            if Q(1,k) == i 
                if M(i,j) <= threshold 
                    t = 1; 
                end 
            end 
        end         
    end 
    if t == 0 
        datatest(j,:) = 0; 
    end 
    end 
end 
  
newdata = datatest; 
else 
    newdata = datatest; 
end�
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function [target1PCA,xnt1PCA,xnt2PCA]  = computePCA(NUM_FAC,target1n,xnt1n,xnt2n) 
% computePCA - [target1PCA,xnt1PCA,xnt2PCA]  = computePCA(NUM_FAC,target1n,xnt1n,xnt2n) 
% - perform PCA transforamtion on data 
% 
%Inputs 
%  NUM_FAC   : number of components to retain 
%  target1n  : target matrix 
%  xnt1n     : non-target 1 matrix (channels,timepoints,epochs) 
%  xnt2n     : non-target 2 matrix (channels,timepoints,epochs) 
% 
%Outputs 
%  target1PCA, xnt1PCA, xnt2PCA represent the PCA transformed data for each 
%  event 
  
disp('Performing PCA on data...'); 
  
target1PCA = zeros(size(target1n)); 
  
% calculate for each trial 
  
% target 
for i = 1:size(target1n,3) 
current = squeeze(target1n(:,:,i))'; 
S = cov(current); % covariance matrix 
  
[V,L] = eig(S); % calculate eigenvectors and eigenvalues 
  
% reorder eigenvalue (largest to smallest - indicates factors with the most variance) and eigenvector matrix 
L = flipud(fliplr(L)); 
V = fliplr(V); 
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NUM_VAR = size (S,1);  % number of variables 
PCAmatrix = V(:,1:NUM_FAC);  % truncated eigenvector matrix 
scree = diag(L); 
L = L(1:NUM_FAC,1:NUM_FAC);  % truncated eigenvalue matrix 
  
newdata = PCAmatrix'*current'; 
  
newtarget = PCAmatrix*newdata; 
  
target1PCA(:,:,i) = newtarget; 
end 
  
xnt1PCA = zeros(size(xnt1n)); 
  
% non-target 1 
for i = 1:size(xnt1n,3) 
  
current = squeeze(xnt1n(:,:,i))'; 
S = cov(current); % covariance matrix 
  
[V,L] = eig(S); % calculate eigenvectors and eigenvalues 
  
% reorder eigenvalue (largest to smallest - indicates factors with the most variance) and eigenvector matrix 
L = flipud(fliplr(L)); 
V = fliplr(V); 
  
NUM_VAR = size (S,1);  % number of variables 
PCAmatrix = V(:,1:NUM_FAC);  % truncated eigenvector matrix 
scree = diag(L); 
L = L(1:NUM_FAC,1:NUM_FAC);  % truncated eigenvalue matrix 
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newdata = PCAmatrix'*current'; 
  
newxnt1 = PCAmatrix*newdata; 
  
nt1PCA(:,:,i) = newxnt1; 
  
end 
  
% non-target 2 
if isempty(xnt2n)     
    xnt2PCA = []; 
else 
  
xnt2PCA = zeros(size(xnt2n)); 
  
for i = 1:size(xnt2n,3) 
  
current = squeeze(xnt2n(:,:,i))'; 
S = cov(current); % covariance matrix 
  
[V,L] = eig(S); % calculate eigenvectors and eigenvalues 
  
% reorder eigenvalue (largest to smallest - indicates factors with the most variance) and eigenvector matrix 
L = flipud(fliplr(L)); 
V = fliplr(V); 
  
NUM_VAR = size (S,1);  % number of variables 
PCAmatrix = V(:,1:NUM_FAC);  % truncated eigenvector matrix 
scree = diag(L); 
L = L(1:NUM_FAC,1:NUM_FAC);  % truncated eigenvalue matrix 
  
newdata = PCAmatrix'*current'; 
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newxnt2 = PCAmatrix*newdata; 
  
nt2PCA(:,:,i) = newxnt2; 
  
end 
end 

/5; ����
�������������

function results =  featureselection(targetfeatures,nt1features,nt2features) 
% featureselection - results =  featureselection(targetfeatures,nt1features,nt2features) -  
% compute best feature selection set according to Thornton's separability 
% index 
%Inputs 
%  targetfeatures   : target matrix (channels,features,trials) 
%  nt1features      : non-target 1 matrix (channels,features,trials) 
%  nt2features      : non_target 2 matrix (channels,features,trials) 
% 
%Output 
%  results          : matrix consisting of best separability indices calculated 
%                     for each channel according to varying feature sets, 
%                     number of feature set for that index, maximum si and 
%                     the associated channel, the feature set for that 
%                     channel, and the feature set most commonly used 
  
channelssi = []; 
channelsbestset = []; 
  
for i = 1:size(targetfeatures,1) 
     
featureset = cat(1,(squeeze(targetfeatures(i,:,:)))',(squeeze(nt1features(i,:,:)))'); 
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if isempty(nt2features) 
else 
    featureset = cat(1,featureset,(squeeze(nt2features(i,:,:)))'); 
end 
classes = zeros(size(featureset,1),1); 
classes(1:size(targetfeatures,3),:) = 1; 
classes(size(targetfeatures,3)+1:size(featureset,1),:) = -1; 
  
    featureset1 = featureset; 
    featureset2 = featureset(:,1:10); 
    featureset3 = featureset(:,1:15); 
    featureset4 = featureset(:,1:20); 
    featureset5 = featureset(:,16:25); 
    featureset6 = featureset(:,11:25); 
    featureset7 = featureset(:,6:25); 
    featureset8 = featureset(:,11:20); 
    featureset9 = featureset(:,6:20); 
    featureset10 = featureset(:,6:15); 
    si = 0; 
    for k = 1:10 
        % calculate separability index 
        eval(['currentsi = sepindex(featureset' num2str(k) ',classes);']); 
        if currentsi > si 
            si = currentsi; 
            bestset = k; 
        end 
    end 
    channelssi = cat(2,channelssi,si); 
    channelsbestset = cat(2,channelsbestset,bestset); 
end 
  
% determine best features of result 
si_info = zeros(1,size(targetfeatures,1)); 
maximum_si = max(channelssi); 
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function s = sepindex(X,t) 
% sepindex - s = sepindex(X,t) - calculate Thornton's separability index 
% 
%Inputs 
%  X     : matrix of features (trials,features) 
%  t     : classes for the trials (1 and -1) 
% 
%Output 
%  s     : separability index 
  
p = length(t); 
  
d2 = dist2(X,X); 
[S,I] = sort(d2); 
t1 = t(I(1,:)); 
t2 = t(I(2,:)); 
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s  = sum(t1 == t2)/p; 
 
function n2 = dist2(x,c) 
% dist2 - n2 = dist2(x,c) - computes nearest neighbour 
% 
%Inputs 
%  x     : matrix of values 
%  c     : matrix of neighbouring values 
% 
%Output 
%  n2    : nearest neighbour matrix 
  
[ndata,dimx] = size(x); 
[ncentres,dimc] = size(c); 
if dimx ~= dimc 
    error('Data dimensions does not match dimensions of centres') 
end 
  
n2 = (ones(ncentres,1)*sum((x.^2)',1))' + ones(ndata,1)*sum((c.^2)',1) - 2.*(x*(c')); 
  
% in the above 1 means add column-wise, if it were 2 add row-wise 
  
if any(any(n2<0)) 
    n2(n2<0) = 0; 
end     
 

�

�
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function performclassification() 
% performclassification - performclassification() - perform full 
% classification on datasets using a linear support vector machine of C 
% parameters 0.1 and 10 
% 
% outputs are saved to file 
  
ques1 = input('How many files for the 1st test? '); 
 
for x = 5:ques1 
    eval(['load firstfile' num2str(x)]); 
     
    test10n = classifier10(targetn,nt1n,nt2n); 
     
    test10ICA = classifier10(targetICA,nt1ICA,nt2ICA); 
     
    test10ICAmanip = classifier10(targetICAmanip,nt1ICAmanip,nt2ICAmanip); 
     
    test10PCA = classifier10(targetPCA,nt1PCA,nt2PCA); 
     
    eval(['save file' num2str(x) 'classificationtest1 test10n test10ICA test10ICAmanip test10PCA']); 
     
    clear test10n test10ICA test10ICAmanip test10PCA 
end 

	5, /������"$	�1 ��!�
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function results = classifier10(targetdata,nt1data,nt2data) 
% classifier10 - results = classifier10(targetdata,nt1data,nt2data) - 
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% classify input data using a linear support vector machine with C = 10 
% 
%Inputs 
%  targetdata, nt1data, and nt2data are matrices of features 
% 
%Output 
%  results   : matrix of correct classifications for separate channels, 
%              specificity, sensitivity, positive predictive value, 
%              negative predictive value, the maximum classification 
%              channel and its value 
  
clc 
results = []; 
channels = zeros(1,size(targetdata,1)); 
truen = zeros(1,size(targetdata,1)); 
truep = zeros(1,size(targetdata,1)); 
falsen = zeros(1,size(targetdata,1)); 
falsep = zeros(1,size(targetdata,1)); 
max_classification = zeros(1,size(targetdata,1)); 
max_channel = zeros(1,size(targetdata,1)); 
amounttotal = 0; 
  
% perform 10 cross-validations on data 
for r = 1:10 
     
    channelssingle = []; 
    true_n = []; 
    true_p = []; 
    false_n  = []; 
    false_p = []; 
     
    % select random events 
    random_target = randperm(size(targetdata,3)); 
    random_nt1 = randperm(size(nt1data,3)); 
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    if isempty(nt2data) 
    else 
        random_nt2 = randperm(size(nt2data,3)); 
    end 
     
    % perform classification for each channel 
    for i = 1:size(targetdata,1) 
         
        data = cat(1,(squeeze(targetdata(i,:,:)))',(squeeze(nt1data(i,:,:)))'); 
        if isempty(nt2data) 
        else 
            data = cat(1,data,(squeeze(nt2data(i,:,:)))'); 
        end 
        classes = zeros(size(data,1),1); 
        classes(1:size(targetdata,3),:) = 1; 
        classes(size(targetdata,3)+1:size(data,1),:) = -1; 
         
        targetdatatrain = squeeze(targetdata(i,:,:))'; 
        nt1datatrain = squeeze(nt1data(i,:,:))'; 
        if isempty(nt2data) 
        else 
            nt2datatrain = squeeze(nt2data(i,:,:))'; 
        end 
         
        if isempty(nt2data) 
            for k = 1:size(targetdata,3)-6 
                data1(k,:) = targetdatatrain(random_target(k),:); 
                classes1(k,1) = 1; 
            end 
            for k = 1:6 
                test(k,:) = targetdatatrain(random_target(k + size(targetdata,3)-6),:); 
                testclass(k,1) = 1; 
            end 
            for k = 1:size(targetdata,3)-6 
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                data1(k+size(targetdata,3)-6,:) = nt1datatrain(random_nt1(k),:); 
                classes1(k+size(targetdata,3)-6,1) = -1; 
            end 
            for k = 1:6 
                test(k+6,:) = nt1datatrain(random_nt1(k + size(targetdata,3)-6),:); 
                testclass(k+6,1) = -1; 
            end      
        else 
            for k = 1:size(targetdata,3)-10 
                data1(k,:) = targetdatatrain(random_target(k),:); 
                classes1(k,1) = 1; 
            end 
            for k = 1:10 
                test(k,:) = targetdatatrain(random_target(k + size(targetdata,3)-10),:); 
                testclass(k,1) = 1; 
            end 
            if (size(targetdata,3)-10)/2 < round((size(targetdata,3)-10)/2) 
                for k = 1:round((size(targetdata,3)-10)/2) 
                    data1(k+size(targetdata,3)-10,:) = nt1datatrain(random_nt1(k),:); 
                    classes1(k+size(targetdata,3)-10,1) = -1; 
                end 
                for k = 1:10 
                    test(k+10,:) = nt1datatrain(random_nt1(k + round((size(targetdata,3)-10)/2)),:); 
                    testclass(k+10,1) = -1; 
                end 
                for k = 1:round((size(targetdata,3)-10)/2)-1 
                    data1(k+(size(targetdata,3)-10)+round((size(targetdata,3)-10)/2),:) = 
nt2datatrain(random_nt2(k),:); 
                    classes1(k+(size(targetdata,3)-10)+round((size(targetdata,3)-10)/2),1) = -1; 
                end 
                for k = 1:10 
                    test(k+20,:) = nt2datatrain(random_nt2(k + round((size(targetdata,3)-10)/2)-1),:); 
                    testclass(k+20,1) = -1; 
                end 
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            else 
                for k = 1:(size(targetdata,3)-10)/2 
                    data1(k+size(targetdata,3)-10,:) = nt1datatrain(random_nt1(k),:); 
                    classes1(k+size(targetdata,3)-10,1) = -1; 
                end 
                for k = 1:10 
                    test(k+10,:) = nt1datatrain(random_nt1(k + (size(targetdata,3)-10)/2),:); 
                    testclass(k+10,1) = -1; 
                end 
                for k = 1:(size(targetdata,3)-10)/2 
                    data1(k+(size(targetdata,3)-10)+((size(targetdata,3)-10)/2),:) = nt2datatrain(random_nt2(k),:); 
                    classes1(k+(size(targetdata,3)-10)+((size(targetdata,3)-10)/2),1) = -1; 
                end 
                for k = 1:10 
                    test(k+20,:) = nt2datatrain(random_nt2(k + (size(targetdata,3)-10)/2),:); 
                    testclass(k+20,1) = -1; 
                end                 
            end 
        end 
         
        % a linear SVM is used with a C parameter of 10 
        net = svm(size(data1, 2), 'linear', [], 10); 
        net = svmtrain(net, data1, classes1); 
        predictedY = svmfwd(net, test); 
         
        % calculate predictions 
        e = abs(predictedY - testclass); 
        mce = mean(e); 
        t_correct = 0; 
        true_negative = 0; 
        true_positive = 0; 
        false_negative = 0; 
        false_positive = 0; 
        for t = 1:length(predictedY) 
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            if predictedY(t) < 0 && testclass(t) == -1 
                t_correct = t_correct + 1; 
                true_negative = true_negative + 1; 
            elseif predictedY(t) > 0 && testclass(t) == 1 
                t_correct = t_correct + 1; 
                true_positive = true_positive + 1; 
            end 
            if predictedY(t) < 0 && testclass(t) == 1 
                false_negative = false_negative + 1; 
            elseif predictedY(t) > 0 && testclass(t) == -1 
                false_positive = false_positive + 1; 
            end     
        end 
        channelssingle = cat(2,channelssingle,t_correct); 
        true_n = cat(2,true_n,true_negative); 
        true_p = cat(2,true_p,true_positive); 
        false_n  = cat(2,false_n,false_negative); 
        false_p = cat(2,false_p,false_positive); 
        iteration = r 
    end 
    channels = channels + channelssingle; 
    truen = truen + true_n; 
    truep = truep + true_p; 
    falsen = falsen + false_n; 
    falsep = falsep + false_p; 
    amounttotal = amounttotal + length(predictedY); 
end 
percent_correct = channels/amounttotal; 
percent_specificity = truen./(truen + falsep); 
percent_sensitivity = truep./(truep + falsen); 
PPV = truep./(truep + falsep); 
NPV = truen./(truen + falsen); 
  
max_perc = max(percent_correct); 
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max_classification(1,1) = max_perc; 
max_channel(1,1:size(find(percent_correct == max_perc),2)) = find(percent_correct == max_perc); 
  
results = [percent_correct; percent_specificity; percent_sensitivity; PPV; NPV; max_classification; max_channel]; 
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T

iji xxxxK φφ≡, � �)� ,�!!%*�  '%�2%��%!� "#�, �&�.�

� %1 �2%��%!)���%���&�&)%*-�/# � '%�"&#��) ��*��*�2%��%!)���%	�

• !��%��	� ( ) j
T
iji xxxxK =, .�

• �&!0�&$ ��!	� ( ) ( ) 0,, >+= γγ d

j
T
iji rxxxxK .�

• ��*��!�/�)�)�"#�, �&��4
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>−−= γγ jiji xxxxK .�
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!%�����+�  '%&�0.� � � "&�$ #!� %)� �� ,&$ �# � �&��!!0� %""�,�%� � 1 �0� &"� !%�����+�
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