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OK #��$ P�5W� � ,X#�� �P�zO#w!�. Q" �\#� �K#_5u" O#:$ � #�KO"L�#5X" � #�O#�Ã� c."�a 4���" � Zt� �Q�P�"OK ���q � ��}Ä ���"K 4ÃX� �. Ph� �4X" �5J#X P�N2#�+#�5>" � �O�Pa "O #��$ KP.O#w � ���6 ¿�"�> 4qP[�2�4X" �L\ O"Nz!"� �__I6 � ��q ¿�#=� �. ����Q P� OK #�KO"L�#5X" � #�O#�Ã� c."�a ���6 Q�P�" �#�>
Q"+$ZI. OK KO"L�#5X" ���6 �"P�" OK+$¿.#�� 4�K�LE� ����}u" c�"P\ �. �>�6 #. � r�q,6"P� �5qPz Ph�OK #.�. |�� 4�> OK �P�� 3O"Q� O�[w+$ �XL��� �#�KO"L�#5X" ���6 CPe �O ��" Q" � �K�. O"KO�JP. �"�T�� 4���"#��5��w �"��Ä #. �__I6 � ��}Ä¿�#=� |�Ç[6 �. �"Lu" +$�XL��� �}¼" �#��5XO �K���^I[� #. nL���"�L�O"K �L�Ä �. "O #�KO"L�#5X" ��" ���6 �p�i� �w �K�����q �#��5��wP�Q �

�KKPz�� ���L6 � ���6 P�Q KO"�� �5\"K Ph� OK #. +$�XL��� �#�KO"L�#5X"�¼�_J � ����ÄZI. OK |m#\ �"Ph�-F#¼ � �#X#�\O#w +O#=6 � #�^_I6 Q" �K#p5X" ��}}�~"��. �#�KO"L�#5X" � P-5Ã� NJ%� � ¿.#�� Q" �K#p5X" �� �F"Pe �Ã~#d� �#�LF"� �5Ã�¼ �#�LF"� #�K#�� #��#�Q#X ��"P>" �#��#y5XK +O#=6 Q" �P�z!�P�. �4J#X#�FPe �.#�\QO" � �O"KP.�P�. "P>" ���6 |F"P� OK �y��#�� K#=�" �O�[w�~#�P�m � �~#� ¿.#�� n�6" � #��O#w!�O#.�K Q" R��P2 �P-5Ã�� 3#WX��� P�#�X � �"P�" �5Ã�¼ 3#t�tE6 � KO"L�#5X" �WX�� |�Ä KO�� ��Q"�� � {�¼" �. �>�6 �KO"L�#5X" �L��w!���6
�5���w OK �XOP�. Q" V2 �~#�XO" 3"Ph�� � �L�\ P[5�� ��"�JPh� �"P. V���Z�2 3O�¼ �. "L5." #�KO"L�#5X"�KKPz�� O�h�� ��#�� �IW� OK �__I6
�#�5�" ,>�� L\#.�� c-6P� +$�XL��� Q" �5\O ��" #. #��$4�~#Ãq �w ��"Ph�-F#¼ � �#X#�\O#w 3"Ph� Q" ��#z!$�K�. L�"�J 	Æ�R�q��S
 ���� �O#�\ ��q �5��w!



�5��w �#`Ä",�wP6
��" ���L6 � ���6 OK �w O�[w +$ �XL��� �#�KO"L�#5X" ���6 CPe 	Æ�R�q��S
 ���� �O#�\ ��q �5��w �#`Ä"�L�5W� P�Q CP\ �. #-p~" ,�6P6 �. L�"�5\"K 4wO#[� ��P[�Æ�R�q��S V�#W�~r�q ���X" P-w!"�}Ä �#u$�X#�\���Q V�#W�~ ��#�" �Q�P�q ��#JÆ�R�q��S �"P5wK O�#�. P�B��� �#u$Æ�R�q �"P5wK ����WF ,>#F �WF �#u$Æ�R�q��S V�#W�~r�q D~#¼PzOQ �L�F� ��#JÆ�R�q �"P5wK �#�KP�Q ��WF �#u$�X#�\���Q UL��� � �LÃ� V�#W�~r�q ��X�� ��WFP��" �"�OK#\Æ�R�q��S UL��� � �X#�\���Q V�#W�~ �pX�� �}t�#�" �#u$
�4X" �K�. O"KO�JP. P�Q �#X#�\O#w �O#Ç�� Q"Æ�R�q��S ��q �5��w ��P[� ��" ��#�� �XOP. �#y�� OK���A�� �Æ�R�q��S U#�\O#w � �X#�\���Q V�#W�~ ��"�P�\ x��Pq �#u$Æ�R�q��S U#�\O#w � �X#�\���Q V�#W�~ �#�P�_� �}Ä �#u$Æ�R�q��S �"P5wK �Q�O����WE��m �#u$



,~#d�4XP�q
�Ep¼ �"��Ä� ��Lt� ��� 3#�}w! ���� nL� ���� Æ�R�q��S KP.O#w �AI�O#6 ���� �Ç�P5Ç~" �#�\�O ���� �T�� 4��#t� Y�O ������ �(0��W�e#�l��P5Ç~" Y�O ������ �,3���#t~" Z-du Y�O ������ �63�|�W�#52 K�J Y�O ������ �T�� 4��#t� Y�O �. Æ�P5Ç~" 3#Ã~#d� 4J#�\ ��� �Ph� ��#-� ���� �y�X �#�LF"� �T�� 4��#t� � �zL��#XO ����� �aPÄ � �~�e �Ç�P5Ç~" �T�� 4��#t� ����� s�Ä #. �#�P> �~#yB Z�#w � �#�P> M�p� P:�� s�Ä ����� #���"O$ ����� P�� ��"O$ ������� �SP-��}\ ��"O$ ������� �O#t5�#� �dJ P�m �-duO#�B ��"O$ ��������� �O#t5� �dJ �-duO#�B ��"O$ ��������� �O#t5�#� �dJ �-duO#�B ��"O$ ��������� |�#� ��"O$ ������� �~ ��"O$ ������» �K�P5Ç~" �X #� �-du�K � �-du ��"O$ ������� P�� � �SP-��}\ �#���"O$�#��P6P.#� � #��P6P. ������� ��"PE¼ �#����\ ����� �Ç�P5Ç~" ��Q��#�z ���\ ������� �Ç�P5Ç~" ��Q |�q�P2 ���\ �����



,~#d�4XP�q
�Ep¼ �"��Ä�� ��"PE¼ 3"R��=6 ����� �Ç�P5Ç~" �#�P> �#���[B ������� �P�z!�Q"L�" �#��#y5XK ������� #�K�P5Ç~" ������� #�}.#w! ������� ��"PE¼ ��Pz! ����� |�XP2 ������� �P."P6 ������� 3#�}�Ä �KQ#. ������� �P�z!�Q"L�" |�#X� ������� Q#��KO�� vO"L� � #��[t� ������� �Ç�P5Ç~"��S �#��XOP. �R�O��#�P. ������» ��"PE¼ �#��K"K P�Wp6 ����» KO"L�#5X" �#���E�� ������� <�#5� ��"O" ������� �p�w O"K��� � #��[t� ��������� ��̄w�#��[t� ��������� ��#�� YO"Rz! �»���� ¿.#���� �W�}y�" � �XO#q ��#��S"��» �XO#q � �W�}y�" ��#��S"�
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�#=�" Æ��Ç6��S � +$4Ã�¼ OK �Ç�R�q��S �#�\�O KP.O#w OK ��>�6 |.#u � ¿�X� 3��E6 �5\Nz ��K �K OK cJ P5��}�w K"LÃ6 
 �O#�$ � �WÇ� Q" 	 {#X OK ��#��XOP. ���B ;O#I� 
 �~#� �#�O#�Ã� �Ã~#d� � 4X" �5qPz!"O �Ç�R�q��S �#�\�O KP.O#w P�y�[B L\O  Py�K ��X Q" �$ P�#h� � 	 {#X OK �P�z!�Q"L�" K"LÃ6  �#� 0�w!" K"LÃ6�$ +#6Q#. �w 4X" �#�Q 3L� ��" OK �L\ ,Ww �#�5qP[�2  #�O#�Ã� ��" Q" P6P. #�" � L�K�� �#[� ����Q ��" OK� 4X" K��[� P�Q |�"�Ä OK �T��.��L\ CPe |�#W� 4Ã�-e �� �L\ CPe |�#W� �. ���yIX#2 �"P. � #�Q#�� �. �>�6 #.  #�O"R." ��" |��Ç6 � �ÃX�6 � K�>�� |�#X� �� #��K"K �=F Z�"Rq" �. �>�6 #.  �#6�w �#�Q 3L� OK #��$ |�#Ç6 � K�-�. � P�Wp6 �#�\�O �
��. �"�W�#t� #�"  4X" rK#¼ R�� ��}Ä �#� �J#\ Py�K OK Æ�R�q��S KP.O#w KO�� OK �L\ Pw!M 3��E6 L�BP��\�O  KO�� ��" OK �$ �Q�P�" P6�KP5Wz Zt� � 	����
 ���� ��K OK �XL��� �#�FPe OK Æ�R�q��S Zt�{#9� �"P. � 4X" �K�. P�y�[B Æ��Ç6��S � +$�XL��� OK �Ç�R�q��S �#�\�O Q" �K#p5X" �Q"L�" �B #6 �w L�w���#WÇ� 	 P5�w ���R� #. #�" 
 �[�#�Q$ �#B �K"LÃ6 PpF #.  �XL��� |�#W� OKÆ�R�q��S Q" �K#p5X"  ���� ��K OK �[�#�Q$ �#��#B ��Ry�#> )qP¼ �w�5~#F Q" +$�XL��� OK �Ç�R�q��S �#�\�O KP.O#w �Q�P�" #�" � L\���t}6¿u"� �>�6 KO�� �X#�\ ���Q �L�A�2 |�#W� OK �O"R." 3O�_. ctq �Ç��" #� � L\#. #����R� |�}t6 KO"�� OK �� �$� 4X" �XL��� �#��XOP. �#�Q#�� Q" �Ç�  ����Q ��" OK K�>�� |�#W� |F �"O ��P6 ��� �"��Ã. � �L�$��P�.  K�\

nL� ���
�L\ ���6 � �T�� 4��#t� Y�O �. Æ�P5Ç~" 3#Ã~#d� ��P[� � Q" �#WÇ� 4\"KP. � �y��#�� O�h�� �. ��P[� ��"3#�L�J CP�\ � KO"L�#5�X" �KO�$ ���"Pq "O Y�O ��" 3#�LJ CP\ � #�KO"L�#5X" ��"O" �"P. �Q� ����Q #6 4X"4��#t� Y�O �. Æ�P5Ç~" 3#Ã~#d� KO"L�#5X"� �#���P[� OK ,�6P6 �. �T�� 4��#t� Y�O �. Æ�P5Ç~" 3#Ã~#d�#6 4X" �L\ �ÃX #���P[� ��}w OK L�"�L\ ��"O" ��T�� 4��#t� Y�O �. Æ�P5Ç~" 3#Ã~#d� 3#�LJ CP\� � �T���5J#�\ �#�O#�Ã� #. x��#�� � �L\ �#=�" 3#Ã~#d� Q" K�>�� �#��.P=6 O�[w �O#> �#�Q#�� �. �>�6#. ,~#d��L��\ ���6 ��#�> �L\

�



Æ�R�q��S KP.O#w �AI�O#6 ���

� � 6RFLHW\ RI ([SORUDWLRQ *HRSK\VLFLVWV

���� {#X OK  �6(*�� �q#[5w!" �#��"LÇ�R�q��S ��=�" �Ç�R�q��S �#�5�~#Ãq YO"Rz s-e  ��#�> U#�t� OK� 4X" �L[�YO"Rz ����QP�Q �#�.$ #� �Ç��Ç6��S �#��XOP. OK �" ���R� ���yA�� 	����

 �K#Ã~"r�qZ�"Rq" ��" �"P. �L�Ä|�#Ä �w L�XO O�K ���}�� ���� �. #� ����Q ��" OK ���#X ���R� ���� {#X OK#6 ���� {#X OK #� ���R� ,�6P6 ����. � 4X" �K�. �#�> OK �" �5W� �SP�" �#�FPe �#�5J#X � |E� ���Ã6�. P5[�. �w +$ �XL��� OK �Ç�R�q��S �#��XOP.  �O�K ��" OK �O��" Q" � 4X" �L\ YO"Rz O�K ���}�� 4W�.�#��zL�A�2 � 	 �P�m ���#W[w �#�~�L�  �K�. O"L.$  4�#Ia P�h� 
 ����QP�Q �#� ��� 3#_I[� ���Ã6 O�h����. ���yIX#�2 4��> OK  4qP�z ��� 3O��¼ 	 �P��m � �5XO#w ½O"�Ä  #� �PpF  #�}Wz P�h� 
 �O#5J#X�#��.$ � �Ç��Ç6���S �#��XOP�. OK �"�5�W� �SP��" �#��#�5J#X Z�#w #. � 4X" �L\ �#=�" r�q �#�5X"�JOK� ÈOR. �#��Q#X �#�FPe U#X"P. Py�K ¿�#�¼ �~� L�$ K�>�. �" �pu� 	����
 ���� {#X Q" V2 ����QP�Q�. )-~#m |�#W� j"��"  ���w!#6 	����
 ���� ��KcX"�" Q" � L�K"K #� �5\O ��" �. �t��O����QP�Q +$¿.#�� n#[5w!"� L�" �5q#� Z�"Pz ����QP�Q �#�.$ � �Ç��Ç6��S Æ�R�q��S 4�X
�w 	 �O�6 �5qPzPh�OK ��L.
 ��������� �#�~#X OK "O ����QP�Q �#�.$ � �Ç��Ç6��S �#� ���R� ��}w ��� |Ç\OK 	O�K ���}��� �� K�LF
 ���� {#X �#� ���R� Q" ¿�PX 4q" � L�K �� �#[� 4X" �L\ YO"Rz 6(*cX�6� K�\ �� �L�K �}¼#q�. ���� {#X Q" V2 �$ ��#. � �}-u Q"P6 �. �K#Ã~" r�qYP2 Æ� � ���� #6 ���� �#�~#X���� � ���� �#�~#X ��. YP2 Q" �5�Wu � KO"K ��"�I���"�5W� �SP�" 4Ã�¼ OK ����Ä �pu� #. Q"P6 4q" ��"�$ OK "O ��#� ��#�[XP2 � K"K YP5Wz "O �Ç�R�q��S �#�5�~#Ãq �#�\O"Rz �Pq 6(* �w L\#. 4}Ä �"L. 4X" �Ç��"OYP2 ��" �hÄ" 4�Wu #�" � L�KPz ����QP�Q �#�.$ � �Ç��Ç6��S �#�5�~#Ãq Q" �P5[�. YO"Rz ,>�� �w L��#=�z!P:��� O#��W. �Ç�R�q���S s�uK �#��XOP. OK �w KPw �=5W> #qOS �w �#�KP.O#w ��Rq"Q�O ���z!#��z OK �"�6 ���L�"�K�.
���� {#X Q"  ����QP�Q +$¿.#�� �XOP. �n#[5w!" �T��.  +$�XL��� OK�Ç�R�q��S �#�\�O Q" �K#p5X" �"P�" OKP�#�X �ÃX��6 #�. �"P�� V1X � L\ Q#m$ �>O#J �#�5wP\ �O#Ç�� #. s.#X �O#�.$ |t5W� �#y�. cX�6 	����
��XL��� 3#�LJ Q" �K#p5X" #.  Æ�P5Ç~"��S Y�O)¼�_J Æ�R�q��S KP.O#w  L\ �#=�" +$O��" OK �w�6#Ã~#d�

�





KLÄ ��� K�LF Q" �L\ �#=�" Æ�P5Ç~" 	 �#�S"L��X
 �#� ��#�z K"LÃ6 �w �O�d.  4\"Nz ���Rp.�O��"P�" O�#[�Pa#F {#F OK �	���|Ç\
 4q#� Z�"Rq" 	����
���� {#X OK KLÄ ���� Q" Z�. �. 	����
 ���� {#X OK��#X#�\ � �Ã~#d� KO�� ����QP�Q +$ ¿.#�� �XOP. f#E~ Q" Y�O��" #. O�[w �#�5\K ��}w DdX Q" ��� Q" Z�.� 4X" �L\ ¿u"�
� +$ O���" OK �Ç�R�q���S �#��XOP�. OK R�� P�Q �#�5wP\ � #��WX��  #��#�Q#X  �P�� 3O"Q� P. ���Ä �Q�P�"� L�O"K4�~#Ãq �XL����"P�6 �#y[�"K Æ�R�q��S �WX�� �O�[w�X#�\ ���Q �#�Q#X ��"P�" K��q4wP\ ���"P�" O�#[� ��XL��� �

�Ç�P5Ç~" �#�\�O ���

� � VHOI SRWHQWLDO � � WHOOXULF

� �63��"QK�J |�W�#52 #� |�W�#52 K�JY�OL��#� #��$ Q" �`Ã. OK � L�\#.�� ��z!#��z � j��5� �Ç�P5Ç~" �#�\�O

� � UHVLVWLYLW\ PHWKRGV � � HOHFWURPDJQHWLF

��T��4��#t� Y�O P�h� Py�K �`Ã. OK � K�\ �� �K#p5X" ���Q �Ã�-e �Ç�P5Ç~" �#��#�P> Q"  �Æ�O�}6 Y�O

� � LQGXFHG SRODUL]DWLRQ

� K�\ �� �K#5XPq ���Q �. �Ä��_�O�d. �#�P> �,3� ���#t~" Z-du � �(0� �V�e#�l��P5Ç~"��5p� �#��Q�F �Ã~#d�  ����QP�Q +$¿.#��  �R}qP�m � �R}q ��LÃ� K"��n#[5w!" 4�> )-~#m �Ç�P5Ç~" �#�\�O #��w!#�J �zL�O��J � ��#�5J#�X ÈOR�. �#��Q#�X � #�LX x�X �2 �XOP. P�h� �XL��� |�#W� |F ���A��� L��\�� �5qPzO#Ç.
KP.O#w ���R� ��w �dX"�. �B � |�Ä 4ÄPX f#E~ �. �B +$ �XL��� |�#W� |FOK �Ç�P5Ç~" �#�\�O �Q�P�"� Q" L�6O#-Ä �Ç�P5Ç~" {�"L5� �#�\�O ��P5��� � L�O"K �tq�� � �"�"Pq�T�� 4��#t� Y�O �

�(0��W�e#�l� �P5Ç~" Y�O �
�,3���#t~" Z-du Y�O �
�63�|�W�#52K�J Y�O �

�



�T��4��#t�Y�O �����
+$ K�>� 4}Ã. ���Q OK #�y�X P9w!" � 4X" ���Q �Ç�P5Ç~" �T�� 4��#t�  �Ã~#d� � Z=�X O#�Ã� Y�O ��" OKQ" �Ç�P5Ç~" 4�"L� 4�}.#u ��" � L��K �� O�-Ä K�J Q" "O �Ç�P5Ç~" �#�P>  #��$ ;Pq � |}J |J"K OK C��"��#FK�>��+$O"Lt� �L\+N>+$�Ç�P5Ç~" �T��4��#t� �.x�X �Ç�P5Ç~" �T��4��#t� � L�w ��4�Ã-6 ��" ���#uO"L.$ ��� OK K�>�� +$ �"R�� #� �O�\ �>OK  |I}I6 Pz!" �}w4~#F OK � KO"K �y5W. x�X OK �$ ¿�Q�6 ��E� �� L.#� ��Z�#w �$ �Ç�P5Ç~" �T�� 4��#t�  L�w "L�2 Z�"Rq"
^�I�[6 �Q#�X |E�� �#�� ���� �}�w 4J#��\ OK L�"�6 �� �T�� 4��#t� Y�O #. �Ç�P5Ç~" �#��XOP. �#=�"� ow x�X s�Ä^�I[6  #�\Rl}���Q � ���Q �#��y5WÇ\ ��XOP.  ��.#5W�" DdX� ����QP��Q �#���"��I.$Æ�w 	 �P�m � �zKO�JvP6  �}J"K Z�#XPq  �zKQ"��|�-u Q" 
 #�y�X �K�6 OKoÃa b#t�^�I[6  x�X�2� L�#��. ��>�6 |.#u � �#�#\
� P�Wp6 �}FP� OK � KO"K �XOP. KO�� �}�W� � �}E� c�"P\ �. �y5W. �K�P5Ç~" ��"O$ ���"PE¼ �#�Ç��Ç6 +#I5�"� KKPz �� ���6 P�Q vO"L� � #��[t� YO"Rz ���6#� ��� �Ç�P5Ç~" �T�� 4��#t� U#�t� {�L> ��P�#i �Ç�P5Ç~" �T�� 4��#t� ¿e#t� ��#�P> �L�5XPq �#�K�P5Ç~" �"P. ,X#�� �}¼#q #. �P�#i �Ç�P5Ç~" �T�� 4��#t� �#� �[t� #� �[t� �Æ�P5Ç~"��S ¿e#t� �

� � FRQWRXU PDS � � $UFWLF

�EdX �" �R�O"� � �5qP.$ 3#.�XO 4�#Ia �� ��L�.P2 �[t� �owx�X �#qOS �� �L�.P2 �[t� �
�(0��W�e#�l��P5Ç~" Y�O �����

3O�¼ �. |u"LF  (0Y�O�w4X" �5Ç� ��" Py�#�. +$ � �XL��� ����Q OK�Ç�R�q��S ��#�> �#�5�~#Ãq YO"Rz!���� {#X OK  6(*YO"Rz s-e �9� 
4X" O"KO�JP. �P5�w KP.O#w Q" �T��4��#t� Y�O #. �W�#t� OK  {�"L5��5qPz 3O�¼ +$ � �XL��� O��" OK �T�� 4��#t� �P�z �Q"L�" |�� ���� � (0 �P�z �Q"L�" |�� �� j��=� OKQ" �K�LÃ� � � �#y~#�\ se#�� OK L�=�� �#���� 4�#Ia �KO�$OK �[t� �. ��A�� �¼#J KO"�� �5-~" �	4X"KP.O#w Q" �wL�" �#�\O"Rz �����" #. � L�5W� ��95W� O#5pz ��" Q" x�X {#mQ �K#Ã� OK ����QP�Q �#�.$ �#��XOP.
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	����
 �P}w �5\�� OK �"�6 �� "O 4}Ä � 4X" 4XK OK ����QP�Q �#�.$ � �Ç��Ç6��S �#��XOP. OK (0Y�O� KPw �=5W>
�w #=�$ Q" � L�X#WF �T��4��#t� 3"P��l6 �. �W�e#�l��P5Ç~" �#�\�O Q"Z�. ,6"P� �. ��t5W� �#�P> �#�\�O��w �#��XOP. OK �W�e#�l��P5Ç~" �#�\�O �w KPw #ÄK" �"�6 ���  4X" O"�\K �W�e#�l��P5Ç~" �#��K"K P�Wp6� � L�\#. L�p� s�Ä
�$ KP.O#w ��E� �w 4X" �$ L��� �Ç}.  KO"L� �" �K#p5X" +$ �XL��� OK (0Y�O �w 4W�� ��Ã� �"L. ��" �5-~"�zK�~$3#Ã~#d� �w K�O�� O#h5�" 4W�Q c�E� �#�KO"L�#5X" �. P5[�. �>�6 #. �Q�P�" � 4W�� KO"L�#5X" �^I[�L�L�> )5-�W� Æ���Ç6 �K ���Ã�. � L�#��� Q#�. (0 � �Ç�P5�Ç~" �#��XOP�. �"P�. �Ã�X� �"L�� ����QP�Q �#�.$� �Ç��Ç6��S |�#W� OK �L�Ä O�d. � ��#B ��. (0� � � ����Q OK �L��w M�p� �#�O"K"O � ��Ã� �W�e#�l��P5Ç~"� 4\"K L��"�J KP.O#w ����QP�Q �#�.$

�,3���#t~"Z-duY�O �����
O�-Ä P:" P. �w KO�$ �� K�>�. ��5W�X  #�y�X OK K�>�� �#�5�~�P5Ç~" O�#=� OK �R}q �#���#w 3"OM O�`F"L�2 Z�#w �#�Q #. �#�P> ¿du Q" V2 �[-du ���B Q" |¼#F |�W�#52 n�5J"� K�\ �� �-du �Ç�P5Ç~" �#�P>�R}q �#���#w �q#[5w!" �#�\�O Q" �Ç� �$Z�#w ��E� � ��#t~" Z-du Q" |¼#F |�W�#52 n�5J" �Ã~#d� � L�w��

� � FKDUDFWHULVWLFV � � /DYHUQJH

�Ç�S�~��S�OL�� � �#��5\PX P:" �XOP. � L�O"L� O�`F �R}q �#� ��#w �w�KO"�� OK ,3 �L�L2 �L�#[� � L\#. ��4X" �5J#�X O�_�6 |.#u +$ �XL��� 3#Ã~#d� OK "O ��#t~" Z-du Y�O Q" �K#p5X" �#Ç�"  �L�L2 ��"P. #�y�X�	����  � ��O��

��" �#[�� �~�  KP�z �� O"Pu �K#p5X" KO�� ��Ä +$ �XL��� � �XL��� �#�����Q �JP. OK ,3Y�O �w �~#F OKL���"P�q ��L��B P�:" �=�5� �R}qP�m ,3 �L�L2 �w K�\ �� O�_6 ���B �Q�P�" � 4X" �L[� �5J#�\ �.�I. �L�L2��. �e#-6O" �#�~#�#w � #�y�X Nq#�� OK K�>�� 4�~�P5Ç~" ��. |�W�#52 n�5J" Q" �\#� �w4X" ��#���\ ��Ç�R�q

� � 2JLOY\ DQG .X]PLQD

� 	����  �#���Q�w � ��}�z�"
 � L\#. �� �XO3"OM O�`F ���A�� � #��$
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�w!"P5� �#�y�X � �XO � �"�X#� �#�y�X OK |¼#F ,3 �L�L2 �P�z �Q"L�" #. �w4X" �K"K �#[� Y�O��" KP.O#w!�Ã~#d� |�-u Q" �}�#W� ��yIX#2 Y�O ��" � K"K O"Pu �Ã~#d� KOO�� "O P5� ��� #6 ��� s�Ä #6 ��#� ��� �"�6�����Ã�6  +$ �O��\ �"R�� � �.#5W�" DdX s�Ä ���Ã6 �"P. �XO � �"�X#� �#� ��� OK ����QP�Q �#�.$ ¿�=63"OM �"R�� � �L�.��"K Ph� Q" #���� �Ã~#d� � �5XO#w se#�� OK ����QP�Q �#�.$ �#�P> �XOP.  #��"�I.$ �K�LE��K#p5�X" KO��� ���Q ��#�z 3O�_. �� � �[�#��2 3O�_. �� �"�6 ��"O ,3Y�O� L\#. �� #��$ OK K�>�� �XO��" �Ãu"� KP.O#w �w LXO �� Ph� �. ���B ,3 �L�L2 Q" �K#p5X" OK K�>�� �#�5�K�LE� �. �>�6 #. )5Ã�-e �K"KO"Pu�4X" +$�XL��� � �XL��� |�#W� �XOP. �"P. Æ�P5Ç~"��S 3#Ã~#d� OK �-�> Y�OÆ� 3O�¼ �. Y�O
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|�W�#52 K�JY�O �����

�>�6 KO�� R�� +$ �XL��� � �XL��� OK  L\#. �� �.#� �LÃ� Æ�R�q��S OK �K#X �\�O �w 63 P�J" �#�~#X OKKQ"KP2�� ��#���\�P5Ç~" �#�[�w!"� Q" �\#� �Ç�P5Ç~" �#�}�W�#52 �Ã~#d� �. #��6 Y�O��" ���Ã� � 4X" �5qPz O"PuQ" +$ �XL���� � Æ�R�q���S OK � L���\ ��� K#=�" ����QP�Q �#�.$ OK ,X#�� �d�"P\ OK ��#w O�`F P:"P. �w!�#�y�X OK +$ �#�P> Q" � L\#. �� o�Ãa )5-W� �w K�\ �� �K#p5X" ���Q DdX OK �Ç�5��X�P5Ç~" �#�}�W�#52�P�z!�Q"L�" |.#u K�>�� �#��#y5XK cX�6 �.�I. #�}�W�#52 ��"]#J c�"P\ OK � K�\���\#� �5WÇ\ �|I}I5�� KPw �L�#[� �5XO#w se#�� OK �"�6 �� "O �KO"�� ���B ,}m" � L�L�p� O#�W. �L�$4XL. �#� �K"K � 4X"
�#������Q OK �"�6�� "O +$ �XL��� � �XL��� OK �Ç�5��X�P5Ç~" |�W�#52 3"P��l6 �Ã~#d� U#X"P. 63 KP.O#w!�#��K��6 OK +$ ��#u � �tq" �#��#�P> ^�I[6  �[Ç�Q �#�O#5J#X � �Q#I� ow  #�LX OK 4[� ^�I[6�#�}�W�#52 �Ã~#d� � KP�\P. K�LE� �"�I.$ Æ� OK ����QP�Q �#�.$ ��#=.#> ���A�� � #�\Rl~ ���Q ��B O"L�#2#�����QP�Q �#�.$ ����n�5J" Q" �\#� |�W�#52 Q" �K#p5X" #. ��#���\ �#� �~#.Q �qK|E� ���Ã6 �"P. ��#���\�P5Ç~"OK 63Y�O Py�K �#�KP.O#w �}�> Q" �zL�O�JPh�Q" ����QP�Q �#�}.#w � �~�~ {P5�w ���A�� � �K�~$P�m � �K�~$� L\#. ��Æ�R�q��S
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�T��4��#t�Y�O �.Æ�P5Ç~" 3#Ã~#d�4J#�\ ��
���#2 � ��"PE¼ 3#�}�Ä 4~��X 4}Ä �. L\#.�� �Ç�P5Ç~" �#�\�O ��P5~�"L5� Q" �Ç� �w �T�� 4��#t� Y�O� ����QP��Q +$ ¿.#��� n#[5w!" OK �$ KP.O#w 4�}.#u � |¼#F 3#Ä�e" �=F � nPe Æ� Q" ���R� �-W� �K�.�KO"K K#�Q �K#p5X" KO"�� Py�K nPe Q" �X#�\���Q �XL���
OK �$ {#_6" � �Ç�P5Ç~" �#�P> K#=�" #. L�5W� �6�#p5� �Ç�P5Ç~" �zL��#XO �"O"K �y�X o}5I� �#�LF"� ��B�T��� 4��#t�� �=�5� OK � |�W�#52 ¿�Q�6 ��E� o}5I� b#t� OK |�W�#52 n�5J" �P�z!�Q"L�" � ���Q �. �dt� �K�KPw Æ�Çp6 Py�LÇ� Q" "O �y�X o}5I� �#�LF"� � �-X#E� �"�6�� "O #�y�X �Ç�P5Ç~"

�Ph� ��#-� ���
s-e P5� ��" U �Ç�P5Ç~" �T�� 4��#t� #. ����Q OK L��\�� �L��#� �#�P> �#�K�P5Ç~" �w % � $ K�P5Ç~" �K Q"�K�\�� �K"K O�-Ä ���"ONz�� "O P1�$ , �#�P> 3L\ ��� |Ç\

���Q ��O OK |�W�#52 �-X#E� ��� |Ç\
� KO�p}6 
L�5W� ���B ,�6P6 �. L�\#.�� |�W�#52 �#�K�P5Ç~" �w 1 � 0 b#t� OK |�W�#52 ��" ���#u U#X"P.
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� Q" 4X" 3O#-Ä 1 �0 K�P5Ç~" ��. |�W�#52 n�5J" ��"P.#�.

� Pz!"
� ��O"K

� �$ OK �w!P5����" ,WFP. �P�#i �Ç�P5Ç~" �T�� 4��#t� O"Lt� UD4~� �}�� ,WFP. 1 � 0 K�P5Ç~" �K ��. |�W�#52 n�5J" '9P1�$ �}�� ,WFP. % � $ K�P5Ç~" �K �. �L\ �K#5XPq �#�P> 3L\ O"Lt� ,�KO"K �#�P> � |�W�#52 �#�K�P5Ç~" ��. |¼"�q �. �y5W. �w4X" �-�Pa .�P�z!�Q"L�" |�W�#52 K�P5Ç~" �K ��. '9 |�W�#52 n�5J" � K�\�� �K"K �#�P> �#�K�P5Ç~" �. , �#�P> |�Ä OK� 	 ��� |Ç\ 
 � K�\��
�y�X �#�LF"� �T�� 4��#t� � �zL��#XO ���

|�J"K +$ �O�\ �"R�� � #���#w j�� �.  4X" #��$ �Ç�P5Ç~" �T�� 4��#t� VÇÄ �w #�y�X �Ç�P5Ç~" �zL��#XO

� � KRPRJHQHRXV � � DSSDUHQW UHVLVWLYLW\

�T��� 4��#t� O"Lt� L\#. �L\ |�Ç[6 ��y�� K"�� Q" �Ã~#d� KO�� x�X Pz!" �w �O�e �. KO"K b#-6O" #�y�X��P�#i �T��4��#t� 3O�¼��"P�m OK ��t�tF �T��4��#t� �"��Ã. UD N BBB�d."O Q" �L\ �-X#E� �Ç�P5Ç~"'9,
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OK ��"P.#�. �KP�z�� 3O�¼ #��$ OK K�>�� +$s�Pe Q" P5[�. #�y�X �Ç�P5Ç~" Z�#XO �L�L2 �}w O�e �. �L\#.���L�O"K �X#X" Zt� #�y�X �Ç�P5Ç~" �T�� 4��#t� ���Ã6 OK P�Q �#�}�#Ä �}w4~#F
3"OM �5qPz O"Pu ��E� � �Q"L�" #. b#-6O" OK � �L�. ��"K �x�X OK K�>�� +$ L¼OK #. b#-6O" OK � 4.�eO �K�>�� C��" #. b#-6O" OK � {#�X �Ç�P5Ç~" �zL��#XO �

�y�X �#�LF"� �T�� 4��#t� �P�z!�Q"L�" ��� |Ç\
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;Pq � |}J �=F 9H �x�X OK K�>�� +$�Ç�P5Ç~" �zL��#XO �x�X �Ç�P5Ç~" �zL��#XO,�6P6 �. VH � VU Pz!"� 4X" rK#¼ P�Q �.P=6 �d."O L�\#. +$ Q" �L\P2
VU  BBB VH9HF

�KO"K x�X �~#J �#�#`q ¿a� �. �y5W. �w4X" �-�Pa � F� 4X" �KPw K#��[�2 "O P�Q �d."O 3|I}I6 � ��Pw �L�.��"K #. ��#�y�X �"P. {�Ww!#�
VU  BBB VH�3��3

3O�¼ �. ,}m" �d."O ��"
UW  BB UZD3
�� #6 ��� ��. P�l5� 4X" �-�Pa D �+$ �T�� 4��#t� UZ x�X �T�� 4��#t� UW �$ OK �w K�\�� �K"K �#[� R��4��#t� 4-W� Py�#�. �w K�\�� �L�"�J L�Q#X,�Pa #� � �)� L�Q#X �T��4��#t� ,�Pa BB4-W� �d."O ��" OKD3�L\#.�� +$�Ç�P5Ç~" �T�� 4��#t� �. x�X �Ç�P5Ç~" �T��
) BBBUWUZ

� 4X" �L\ �K"K �#[� ��� {�L> OK +$ �x�X Q" ��#������ �Ç�P5Ç~" �T�� 4��#t� �P5Wz!
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+$ �x�X Q" ��#������ �Ç�P5Ç~" �T�� 4��#t� �P5Wz ��� {�L>
� 4\"K O#h5�" ����Ä4~#F OK �"�6�� �¼�J O�e �. "O P�Q <�#5� {�L> ��" U#X"P.� 4X" ��OM$ �#�y�X Q" P5�w �.�XO�#�y�X �Ç�P5Ç~" �T�� 4��#t� �� 4X" �L�X" �#�y�X Q" P5�w ��#�}u �#�y�X �T�� 4��#t� �� 4X" �"�X#� �#���"K Q" |Ç[5� �#�y�X Q" P5�w �XO �#���"K Q" |Ç[5� �#�y�X �T�� 4��#t� �4��#t� Q" P5[�. ���zPzK � ��OM$ �#�L�Q#X #. se#�� OK K�>�� ����QP�Q #� �EdX +$ ¿.#�� �T�� 4��#t� ��4X" �.�XO�#�L�Q#X #. se#�� OK ¿.#�� ��" �T��
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��aPÄ � ��~�e �Ç�P5Ç~" �T�� 4��#t� ���

� � LVRWURSLF � � FRHIILFLHQW RI DQLVRWURS\

�T��� 4��#t� |�Ä OK �~� �L.#��� O#[5�" ��Pw |Ç\ �. |�W�#52 �� C�dX �KPy�#W�� � �y�� �#� c�E� OK3�#p5�� Py�LÇ�#�. o}5I�� �#�5��> OK  �#�5J#�X � 4q#�. �L�.���"K �K�-�� 4J"���Ç� 4}�Ä ��. #�y���X���� P�. K���Ä 4��> OK � 	UO
 �~�e �T�� 4��#t� ��� DdX 3"Q"�� �. x�X �T�� 4��#t� ��"P.#�.�L\#.��� K�\�� �L�"�J �UW� �aPÄ �T�� 4��#t�
"O �T�� 4��#t� �K ��" 4-W� ON> � � UW ! UO �4X" P5[�. �~�e �T�� 4��#t� Q" �aPÄ �T�� 4��#t� ����Ã��L���z!�O� ��KPy�#W��#� ,�Pa
O BBUWUO

� L�w�� P��l6 �� � ��. O,�Pa ���Ã�� O ª � 3O�_��"P�m OK � 4X" O � � � ��Pw 3O�¼ �. |�W�#52 �� C�dX  �y�� � KPy�#W�� c�E� Æ� OK�Ç�P5Ç~" �T�� 4��#t�  �L�A�2 �#�~��Pq �P�zO#Ç. Q" R��P2 �"P. |�Ä OK � L\#.�� ��`�. |�W�#52�� C�dX� K�\�� �5qPz Ph�OK �T�� 4��#t� �K ��" Q" ���y�#��
UP  UW UO

�K�. L�"�J UD�P�#i �T�� 4��#t� �#�� UP L�\#. ���Q DdX �Q"�� �Ã~#d� KO�� �#���� �A�#�B�4W�� UP P."P. �P�#i �T��4��#t� O"Lt� L�Q#W. D ���"Q �$ #. � L�\#-� ���Q DdX �Q"�� #���� �w�6O�¼ OK�#�K�P5Ç~" ��>�6 �y��yB �. �P�#i �T�� 4��#t� O"Lt� ��"P.#�. �KO"K D ���"Q O"Lt� �. �y5W. 4~#F ��" OK�	 ��� {�L> 
 4\"K L�"�J �y5W. ���Q �#���� 4�Ãa� �. 4-W� |�W�#52 � �#�P>
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�#��#B OK �T�� 4��#t� �P�#i �Ç�P5Ç~" �T�� 4��#t� #���� �5qPz O"Pu ¿a���#u ���Q DdX OK���P. K��Ä$% ��� K"L5�" OK $%
UO BBBUPO UP ���Q DdX �Q"��

UP ���Q DdX �. 4-W� |�#�

UP U�  BBBUPO UP ���Q DdX P. K��Ä
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#���� YP5Wz � #�K�P5Ç~" Z�"O$  �P�#i �T�� 4��#t� L���2 ��� {�L>
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/DYHUJQH� 0LFKHO� ����� 3URVSHFWLQJ IRU JURXQG�ZDWHU E\ LQGXFHG HOHFWULFDO SRODUL]DWLRQ�
*HRSK\VLFV� 9� ��� QR� �� 3� �������
2JLOY\ DQG .X]PLQD� ����� *HRSK\VLFDO VWXG LHV RI :DWHU /HDNDJHV IURP UHVHUYRLUV�
*HRSK\VLFDO 3URVSHFWLQJ 9� ��� 3� �����
7HOIRUG� :�0�� HW� DO�� ����� $SSOLHG JHRSK\VLFV� &DPEULGJH 8QLYHUVLW\ 3UHVV�
:HW]HO� :�:�� DQG 0F 0XUU\� +�9�� ����� $ VHW RI FXUYHV WR DVVLVW LQ WKH LQWHUSUHWDWLRQ RI WKH
WKUHH�OD\HU UHVLVWLYLW\ SUREOHP� *HRSK\VLFV� Y��� 3� �������
3� /DVIDUJXHV
0DVVRQ HW &LH� 3DULV �����
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DUUD\ ��"O$
VNLQ HIIHFW 4X�2 P:"
HOHFWURPDJQHWLF �(0� V�e#�l��P5Ç~"
HOHFWULFDO SURILOLQJ� FRQWLQXRXV UHVLVWLYLW\ 3URILOLQJ �&53� �Ç�P5Ç~" ��Q|�q�P2
WHOOXULF Æ�O�}6
VHOI SRWHQWLDO �63� |�W�#52K�J
LQWHUSRODWLRQ �.#���OK
GLSROH � GLSROH �-du�K � �-du�K
JURXQG SHQHWUDWLQJ UDGDU ���Q OK �L��w!M�p� O"K"O
=HUR PHWKRG Pp¼ Y�O
UHVLVWLYLW\ PHWKRG �T�� 4��#t� Y�O
FKDUDFWHULVWLFV #��5\PX
PDVWHU FXUYHV #���E��PX
6FKOXPEHUJHU �SP-��}\
$UFWLF �#y~#�\
&RHIILFLHQW RI DQLVRWURS\ �KPy�#W��#� ,�Pa
ORQJLWXGLQDO �~�e
WUDQVYHUVDO �aPÄ
LQGXFHG SRODUL]DWLRQ�,3� ��#t~" Z-du
SROH � GLSROH �-du�K � �-du
JUDGLHQW �#�K"Pz!
YHUWLFDO HOHFWULFDO VRXQGLQJ �9(6�� HOHFWULFDO VRXQGLQJ �Ç�P5Ç~" ��Q��#�z!
/HH �~
DSSDUHQW UHVLVWLYLW\ �P�#i �T�� 4��#t�
FRQWRXU PDS �L�.P2 �[t�
WUDQVYHUVDO UHVLVWDQFH PDS �aPÄ 4��#t� �[t�
LVRGHSWK PDS s�Ä �� �[t�
FRQYHUWHU KPy�"KPz!"�
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ILGHOLW\ ��L�#��
LVRWURSLF KPy�#W��
KRPRJHQHRXV �y��
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DSSDUHQW UHVLVWLYLW\ �P�#i �T�� 4��#t�
$UFWLF �#y~#�\
DUUD\ ��"O$
FKDUDFWHULVWLFV #��5\PX
&RHIILFLHQW RI DQLVRWURS\ �KPy�#W��#� ,�Pa
FRQWLQXRXV UHVLVWLYLW\ SURILOLQJ �&53� Æ�P5Ç~" ��Q|�q�P2
FRQWRXU PDS �L�.P2 �[t�
FRQYHUWHU KPy�"KPz!"�
GLSROH � GLSROH �-du�K � �-du�K
HOHFWULFDO SURILOLQJ �Ç�P5Ç~" ��Q|�q�P2
HOHFWULFDO VRXQGLQJ Æ�P5Ç~" ��Q��#�z!
HOHFWURPDJQHWLF �(0� V�e#�l��P5Ç~"
ILGHOLW\ ��L�#��
JUDGLHQW �#�K"Pz!
JURXQG SHQHWUDWLQJ UDGDU ���Q OK �L��w!M�p� O"K"O
KRPRJHQHRXV �y��
+XPPHO |�#�
LQGXFHG SRODUL]DWLRQ �,3� ��#t~" Z-du
LQWHUSRODWLRQ �.#���OK
LVRGHSWK PDS s�Ä �Ä �[t�
LVRWURSLF KPy�#W��
/HH �~
ORQJLWXGLQDO �~�e
PDVWHU FXUYHV #���E��PX
SROH � GLSROH �-du�K � �-du
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WUDQVYHUVDO �aPÄ
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