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#� ��"P.$ � #� ��#JK�O P5W. �#��2 ��5qP.$ �#� ���2 �4�#IaK"�� �L�. ��"K � �zL\KPz �>OK 
��#JK�O P5W. Q" � Py�LÇ� �. 4-W� Æ� P� �L�}. 
O#�\ ��5qP.$ �#���#zK#2 �4�#Ia KO�$P. 
�}w O�e �.4�#Ia KO�$P. 
�#[�� 
YP5Wz �#�5qOK#. �K#Ã." Ph� Q" �}Ç[5� K"�� 
YP5Wz 
|�Ç[6 �y��yB �#�5qPI� �

��[�"Pz ��#> �.#> �����
4�#Ia KO�$P. 
K"�� �zL\KPz #� �O"K ���"Q �>OK 
YP5Wz � �#[�� ��5W[.$ �#����2 �4�#Ia KO�$P. 
�}w O�e �. #�w�}. �Q"L�" 
YP5Wz � �#[�� �YR�Ox�X �

�� 6OXPS �� 0DG IORZ

4�#Ia KO�$P. 
�}w O�e �. #�w�}. �Q"L�" 
YP5Wz � �#[�� ���R�O"� �����w ��#��2 
YP5Wz � �#[�� ���"�P}z! �
#�-�\ �O"L�#2 �����

�}w O�e �. #� �}_qO�e �. �w!#J � �y�X �#��K�6 OKYRl~ � �O"L�#2#� {#�5F" �#�-�\ ����w4�Ãa� �

�� $FWLYH ODQGVOLG

�L��$4�Ãa� ���.Z�2 � ����w ��#��2 �y��yB 
YP5Wz � �X#�[5I�O 
�#[�� �� #��2 �#� �Rl}���Q �Dd�X �L��$ �#�. 
�Rl}���Q K"LJO L¼OK 
��#��2 {#�5F" 
YP5Wz � �X#�[5I�O 
�#[�� ���w �#� �Rl}���Q ��P�m � �.#5W�"
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� � /LWKRVWUDWLJUDSK\ �� )DFLHV

��X#�\ ���Bx�X ���
�}E� �L�-[I. #� L�Q#X,WFP. �X#�\ ���B x�X �#�LF"� ������ �O#WJO P��l6 
�L\ K#� �#�LF"� YP5Wz �y��yB �������OM$ �#�y�X KO�� OK �zKR��P�. |Ç\ �����

� � /LWKRORJLFDO �� &RQWDFW IRUPDWLRQV

�}w4�#Ia � �L�. ��� 4�#Ia 
x�O 
V�> |�#\ #�LF"� Q" Æ� P� ��5J#�\ x�X 3#��R> �������#���\ � �Ç�R�q �#��zT�� ��#2 P. �5J#�\ x�X �L�. ��Wt6 �����CPe �K�LE� �X#�\ ���B ��5X �����	�5J#W���Q |F"P�
 �Ç���5Ç6 �#�Q#q #. �y5W-�� �y��yB � ���zPzK�>OK � j�� �����
4J#W���Q ���

CPe �P5Wz OK #��$ Zt� � �K#��. �5J#W���Q |F"P� 
�5J#W���Q 3��E6 �AI�O#6 ������O#5J#X se#�� � 3�#�" 
�K�LE� �}w O#5J#X ������O#5J#X �#��zT�� �����
��}w �#��zT�� � o~"�5J#W���Q �#�5�~#Ãq 3L\ 
Z}Wz #� �zKO�J��B �zP�B
��zKO�J ��B � +��B RwP� � #�~#� �L��K |�Ç[6 �#� ��� �#�L�Q#X 
|�� � #5X"O 
��B j��

�Z}Wz � ;K"�� �#ÇE5X" � �#=W�" � j�� 
�L�}Wz �td�� �#��2 
� �L\ P-�� �#�L�Q#X 
��#> �.#> O"Lt� 
j�� 
,�\ 
#5X"O�}¼" �#�}Wz #. �y5W-�� �y��yB 
�L��wP2
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#� �QOK �����
�X#�\ x�X � O#5J#X �. �>�6 #. ��z!#��z �F"�� OKYP5Wz � 3L\ 
�td�� �O"K�QOK �y��yB �

� � 5DQGRP �� 6FKLVWRVLW\

� �qK#_6 �P�z!�Q"L�" ��#2 P. #��$ �}w3#_I[� � #��QOK �5W�X ��td�� �}w O#5J#X #. #� �QOK �y5W-�� �y��yB �

� � )ROLDWLRQ � � /LQHDWLRQ

� rO�6 � ��O"�5W�\ �����
�td�� �5J#W���Q � ���zPzK|F"P� #. �y5W-�� 
�P�B �#�L��O

�#� �O"�dJ �����
�td�� �}w O#5J#X #. �y5W-�� �y��yB 
�P�B �#�L��O

�X#}\Î«�Q PJ$ ¨OwK ©. ±�.P� �"�> �#�5IªO PyK ��

�P�P6"�w �#�5I�OPzK � 4J#W���Q�� �����
�td�� 4J#W���Q 4I�O �#��zT�� � �"�> 4J#W���Q �}w�#�����Q �

�� 'HSRVLW � � WLOWLQJ

�L\P-�� � �#��5[�� �. �>�6 #. #��}Wz �~#�5F" �X 
r�q KO"�� P. ��Rq" 
P�P6"�w �#�}Wz! �,�\ O"Lt� � 4�> 
�"�> �#��5[�� � �O"L-�\ �

�� +\GURJHRORJ\

��S�~��S�OL�� ���
�td�� K�>�� �#� �K"K � O#�$ |�}E6 � ��R=6 � �O�$KPz 
�td�� �S�~��S�OL�� �#��XOP. �
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��#5W��w ¿.#�� �����

� � 'LVFKDUJH � � /LWKRORJ\

��#���\ ,�wP6 
�td�� O#5J#X #. �y5W-�� 
#���[B ���L.$ �4�Ãu�� ���Nl6 �~#�5F" ¿.#�� 
�td�� O#5J#X � ��X#�\ x�X #. �y5W-�� 
�5XO#w ¿.#�� YP5Wz �y��yB � K#Ã." �
#�5\K ¿.#�� �����

#��"�I.$ 	��#��2 +$
�Ç��#��K�OL�� ,�"Pa � #�.$ 4�p�w 
3"��u � #��#B ��L.$ 
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�XL����X#�\���Q �#zL�K Q" �#y5J#X �K�LE�o�¼�6 ��
�X#�\ ���Bx�X ���
�"�>�#� �5[�� �����


�"���"K �#��5[�� 
�R�O"� 
�5qP.$ ��#zK#2 
�.��X P5W. |�Ç[6 ��E� ,WFP. �L�-[I. �YP5Wz �y��yB �4qPI� 
4qOK#. 
�5qP.$ �R.K#.D�P[6 KO�� LF"� OKÆ� P� ��"�"Pq L¼OK 
#� �Q"L�" Py�K � �P�B �L�. ��"K 
#� ��"K �Q"L�" ��5qP.$ LF"� OKx�X �#� ���z Q" Æ� P� ��"�"Pq L¼OK 
�X#�\ x�X 
#� ��"K V�> �Æ� P� ��"�"Pq L¼OK 
#� ��"K ��#XPzK #� �zKQ"��3L\ 
��#XPzK #� �zKQ"�� �D�P[6 KO�� LF"� OKÆ� P� ��"�"Pq L¼OK 
�O"K �\�z #� �zL\KPz �>OK 
Z�#XPq 3L\ �K�>�� �L�. ��"K ��#2 P. �5qP.$ LF"� ��"�"P6 
��"KR�O K"�� �#ÇE5X" KO�$P. 
��"�"P6 � �#ÇE5X" ��5qP.$ LF"� �}J"K v!#Çd¼" ���"Q � �zL�-WB KO�$P. 
�\P. 4��#t� ��#��X �#ÇE5X" KO�$P. 
�zKQ"�� 
�}Ç[5� K"�� L¼OK 
�#��X j�� 
�L�-�#��X �
{#W��w �#�L�Q#X �����

#��$ �. 4-W� �#y5J#X 4�Ãu�� 
�y�X �#�LF"� #� #�L�Q#X YP5Wz �y��yB ��y�X �#�LF"� #� #�L�Q#X �-W� �X �
4q#�. 
�y5I���$ L¼OK 
�L��K |�Ç[6 �#���#w � #� ��"K |Ç\ � j�� 
�Q"L�" �|�#\ �5J#�\ x�X 3#��R> �x�X s�uK �#� � 4J#X�L�.��� 3#_I[� �s�Ä KO�$P. 
��#XPzK #� �zKQ"��YP5Wz � �>OK �s�Ä KO�$P. 
{�E�" �L�L2YP5Wz � �>OK ��y�X �#�LF"� #� #�L�Q#X Q" Æ�P� ��#��\ |�"�Ä |.#t� OK 4��#t� � �Ç��#Ç� �#ÇE5X" KO�$P. ��ONy.$ � �O"L�#2 Ph� Q" �Q#X �x�X �2 |.#t5� P�:#6 �
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4J#W���Q ���
Z}Wz #� �zKO�J��B �zP�B 
�#y5J#X �K�LE� �O#5J#X 3#�}w! �������B |�� 
�O�E� L��O 
#���B j�� 
�zKO�J��B 3L\ ������$ |}Ä � 3"P��l6 ���"K 
#� ��� �#5X"O �y��yB ������$ |}Ä � 3"P��l6 ���"K 
#���� ,�\ �y��yB �����
|Wz P�W� OK #��$ 3"P��l6 � ,�\ � #5X"O 
��#> �.#> O"Lt� 
Z}Wz KPwO#w �y��yB � j�� 
3L\ ������}Wz �td�� �O"L.$ 
�L��wP2 K"�� �ONy.$ � �#ÇE5X" �V�> 
�L\KPJ �td�� �#��2

� � 6\VWHPDWLF

|�Ã~"O�5XK s.#d� �O"L�#h� o�¼�6 � �P�z!�Q"L�" 
#��QOK ������O"�5W�\ � �zO"�dJ �P�z!�Q"L�" ������ONy.$ � �O"L�#2 Ph� Q" �Q#X �4J#W���Q |.#t5� P:" �����
#�-�\ �O"L�#2 ��OP. �Q#X 7"LF" P:" �XOP. ���

�y�X �#�-�\ K�>�� 4�Ãa� �XOP. ������w!#J � �y�X �KPJ �#�-�\ K�>�� 4�Ãa� �XOP. ��������Q �O"L�#2 P. ��"�P�\ K#=�" � ��w �2 �#�L�#�2 �����
�S�~��S�OL�� ���

#�.$ 4�p�w � ��L.$ 
#� ��[B 4�Ãu�� ������" �L�#[� �#��#B � �EdX 4�Ãa� ��#2 P. �.#5W�" DdX ������L�. +$ � �O"L�#2 �#zL�K Q" �Q#X 7"LF" � �S�~��S�OL�� 4�Ãa� |.#t5� 3"P:" �����
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�XL����X#�\���Q �#�\P. � #��[t� ��
3#�}w! ���

�w 4X" �#F"Pe �"P. �Q� 3#Ä�e" �KPw��"Pq 
�XL��� �X#�\���Q �#��[t� ���6 � �XOP. 
3#Ã~#d� Q" nL��>� ��P5�. �. "O �d�E� �X#�\���Q #. �y��#�� 
O�[w �ÃX�6 � �XL��� �#��Q#X K#=�" OK L��"�5. �$ ��#2P.ÈOR. �#�¿�5=� � #�}��6 
#�LX 
#�|2 
#��"O Q" �Ä" �XL��� �Q#X ���zP� 
�y��#�� ��" ��L. �L��w 4�#ÄO �Ç��{��J" 
�5J#�\ ���Q c�E� �Ç��#��K {K#Ã6 OK �"�hF�� |.#u LF OK )-~#m 
ÈOR. �K#Ã� � �5Ã�¼ � ���ÇW��Q#X P�Ä {�e � �K#_5u" �-�> P. #��6 �� �w L�#=�#�. �O#-�#�Q �#�L�#�2 �. 4X" �Ç�� P�" ��" �KPw L�"�J K#=�"�"R>" Q" �w 4X" �"�L�A�2 O#�W. �Ç��#��K �5W�X 
�5J#�\ ���Q c�E� �KO"Ny. ��XP:" 
R�� �$ ����" P. �Ç}.OK �"�6��� "O �5W�X ��" �XL��� �#�5�~#Ãq Py�K #� � ��#�5J#X �#�O#w �#y�� �. �4X" �5q#� |�Ç[6 
��z!#��z!K�\ �5J#X �5W�X ��" Q" �"�L\ �K#X P��_6 L�#. 
�~L�|�}E6 ���\ Q" �K#p5X" #. �K"K O"Pu �XOP. KO�� K�J4�}w!�"�L��w���Ã6 4���" Q" �XL��� �X#�\���Q �#zL�K Q" �w KP�zP. OK "O �5J#�\ ���Q c�E� Q" ��#��-�> �$ #��6 �����Q �L�}. ��5W2 �#��zT�� 
����QP�Q +$ 
#�w!#J 
#�y�X ]"�J � ¿�Q�6 
#��-�> ��" ��P6�L�Ä �L�O"KO�JP.

�� '\QDPLF SULFHVV

�"R>" ��" ��#Ç� b#-6O" � ¿�Q�6 �K"K �#[� #. �XL��� �X#�\���Q �[t� Æ� �4X" ����w � ��#��2 �#�L��$PqÆ�w �. �KQ#X VÇÃ�� "O �XL��� �X#�\ ���Q c�"P\ YP5Wz �Z�"L�2 Æ��#��K R�� � �AI�O#6 L�"�6�� 
�X#X"���"P�:#6 �w KPw ���.Z�2 �"�6�� R�� � KPw ���.Z�2 �XL��� �#��Q#XP. "O c�E� P�:#6 �"�6�� �"�[t� ���B�L�}w 4�Ãu�� OK #��[t� ��" 
�XL��� �X#�\���Q �6#Ä�e" �#h� OK �K�. L�"�J3O�¼ �B �. c�E� OK #��Q#X�L�O"KO�JP. �"�T�� 4���" Q" � L�O"K �#>
OK �"�6�� "O #��[t� ��" ���A�� �KPw ���6 ��z!#��z �#�O�h�� �"P. �"�6�� "O �XL��� �X#�\���Q �#��[t��. �5W. #��[t� 4uK �U#�t� 
K#Ã." �KP. O#w �. #��Q#X P�#X � �.$ �#��Q#X �F"Pe ��#�� � ��#�� � ��~�" |F"P��#��-�> Q" "O #��$ �+#I5�" �[t� ���6 �"P. "O ���z!#��z�Ã�-e �#��zT�� �"�6�� ���A�� �4X" 3�#p5� #��$nL��K�L�F #�6 � �KP�w ��P�2 #�K"KO"Pu �JP. Q" L�#. 
#��[t� P�#X L��#� #��[t� ��" ���6 OK �KPw �.#�QO" �6�#p5��4\"K Ph�OK "O �"�T�� KO"L�#5X"

��



�XL��� �X#�\���Q �[t� o�PÃ6 ���
OK �w "O c�E� �#�L�Q#X ��� Q" �"�5q#����Ã6 Z�#�� �w4X" �X#�\���Q �[t� �Ä�� �XL��� �X#�\���Q �[t��#��Q#X � �LÃ� 
�#�5J#X 
�"O �XL��� OK #��Q#X �O"L�y� � �#�5J#X 
�F"Pe OK � ���Q �KP.O#w �R�O��#�P.�K"K Z�#�� �XL��� �X#�\���Q �#��[t� OK �w�5J#�\���Q �#��zT�� �KO�$����"Pq 
L�O"K 4���" �Ç�~�OL���Q" L�6O#-Ä K�\��
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�X 
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¿�Q�6 |�#\ 
#�w!#J � #�y�X �zT�� ������#��$ �Ç��#Ç� � �Ç�R�q ]"�J � �Ç�R�q 4~#F
+$ Q" j#-\" Q#. �y5X��2#� �"O"K se#�� 
O"L.$ �#�y�X � #�w!#J ¿�Q�6 |�#\ 
�S�~��S�OL�� c�"P\ �����,�Pa 
#��$ Æ�P5��R�2 DdX � O#[q 4E6 +$ �"O"K se#�� 
�$ �#X�� �"R�� � �.#5W�" DdX s�Ä� �O��\ 
S+ 
#�|��X +�#��6�O�K� K�L�F
#��B#��OK
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�#�P> 4�> 
�P�JM�zL�O�J�L�}. � �5W2 ��� P¼#�Ä � �EdX ½O"�Ä |�#\ 
�X#�[5I�P���Q c�"P\ �����

�� 3HUPDIURVW � � 6XIIXVLRQ


� v!#�J O#zL�#�� 4W. H� 
�K#. �#��L�L2 
�O"Ny.�XO � Z�#XPq |�#\ 
��#��2 ���Q �#��L�L2 �����

�� 6XEVLGHQFH �� $FWLYH IDXOW
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v!#J ��=F 3"P��l6 
� 4W[��Pq 
 � 4W\�Pq 
�5XO#w c�"P\ |�Ç[6 
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�� /HJHQG

L�#�. ���A��� �L\#. � #�� ��#[� � �E�a�6 �5� Æ� 
�P�Wp6 ¿e#t� |�#\ L�#. �XL��� �X#�\���Q �#��[t��Ç�� ��#z 3#Ä�e" ��" ��� Z�#�� �"P. �KP�zP.OK 
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K�\U#WF �F"�� OK�q#[5w!" �#���#�z4�Ãu�� ���Ã6 � 
LÄ#W�#� �#����Rz nNF �.Æ�w!#���#��z 4�Ãu�� ���Ã6 �. #��6 �� �Ç�R�q��S �#�5\"KP. �L�w �P�z�}> 4J"��Ç� )5-W� �#����Q OK �O�PaP�m
L�"�L\ PpF #���#�z �w��#Ç� OK �KQ#X�� O#Ç\$ R�� "O #���#�z ��. ����QP�Q 4�Ãa� 3"P��l6 �Ç}. 
L�w��Æ�w!

��



P�-Ã6 ����Q OK �L��K��� ��"O" �q#w3#Ä�e" #��$ ��.#� ���Q KO�� OK �~�L��K�� 4XK �. #���� KO�� OK ��#��K"K� ��t5W� �#�\�O Q" �-X#�� ,�wP6 � L�O"K �L�Ä �. "O �X#X" Zt� #���#�z 
�Ç�R�q��S <�#5� r#-d�" � P�Wp6 ��K�\�� �.�J 4�p�w #. <�#5� �. P=�� ,}m" ��t5W�P�m
O#�w ��. ����QP��Q O#5J#X � �X#�\���Q 4�Ãa� ���Ã6 O�h�� �. ��#��zT�� �P�z!�Q"L�" #. �Ç�R�q��S �#�\�O

�� 'HQVLW\ �� (ODVWLFLW\


���#W[w ,�Pa 
� �~#yB ��"�6�� K�\�� �K#p5X" �Ç�R�q��S �#�\�#w OK ���Ã� �w �6#�¼�_J Q" �L��O��

�� 0DJQHWLF VXVSHFW �� *UDYLWDWLRQDO DWWUDFWLRQ

� �=��X�QP~ �#��\�O P�y�K 3O#-�Ä ��. �KP�. �#�� "O � �[�"Pz Z�#.O � ��P�N2K�J 
�Ç�P5Ç~" �T�� 4��#t��W�e#�l� �#�\�O �w�6O�¼ OK 
L��w�� 4-: "O �XOP. KO�� ��F#� �. �KO"��Ä��_� �#��P�� Z�w!"� 
�Ç�P5Ç~"�L�P�z�� �Q"L�" "O �Ã�-e �#��zT�� Z�w!"� �=�X��"Pz �

VÇÄP. �4X" {P5�w |.#u #��P�� M�p� s�Ä #��$ OK �w L�O"K �P6P. Ph� ��" Q" ��K �#�\�O �. 4-W� {�" �#�\�OP5[�. �Ç�P5Ç~" � �=�X�QP~ �#�\�O �KPw �P�z!�Q"L�" "O #��$ �"�6�� #��6 � L�5W�� {P5�w |.#u �Ã�-e �#��zT���=�XV�e#�l�� �#��\�O ��w �6O��¼ OK 
L��O"K KP.O#�w #�QP�� #�� �t�q" )-�Pt�6 #�� �tq" 3"P��l6 ���Ã6 �"P.�L��O�� O#w!�. ��#u �#�O#5J#X#� �-�#> 3"P��l6 �P�y�2O�h���. �}wO�e�.�=�X��"Pz��Ç���"��z 
K�\��� �P�z!�Q"L�" Z�#��2 Æ� {�e OK ���Ã� �Ç�R�q �#��zT�� 3"P��l6 
�Ç�R�q��S �#��XOP. OK�}�w O��e ��. �L�\ �P��z!�Q"L��" �Ç�R��q 3#�¼�_�J �L���O O#�w!��. R�� #���#�z O"K��� ���6 �"P. 4X" �Ç��

�� $QRPDOLHV

���" P�Wp�6 � P�-Ã�6 � ^�I�[6 4~���X �L��K��� �#�[� "O �X#�\����Q 4�Ã�a� OK K�>�� ��#��O#=���.�KO"Nz�� P�:#6 R�� Y�O+#I5�" OK K�J �.�� �. �w KO"K �y5W. �Ç�R�q 3#�¼�_J 3�#p6 �. #��O#=���.4�Ãa� � 3#�¼�_J #�" 
L\#-� |Ç[� 4X" �Ç�� K�\ �5qPz O#w!�. �"�T�� 4\"KP. �"P. L�#. �w �\�O+#I5�"#� 
�#y5J#X OK ��KV��PX �#��#�5J#X #� ���Lu �#��#�5J#X K�>� 4}Ä �. 
KP�z O"Pu Ph�L� L�#. R�� �#y5J#X,X#�� �Ç�R�q��S Y�O L�B #� Æ� 4X" �Ç�� 
�Ç�R�q��S 4\"KP. �"P. #`q �"Ltq #� 
¿.#�� Q" �JP. |J"L6�#�\�O L�\#. �5\"L� �"�L�A�2 O#�W. O#5J#X �Ç�$ P. b�P[� 
��O"K O#w�PX �"��� �#�y�X #. �w �5u� �L\#-�nPe Q" �L��K�� 4XK�. #�\�O P�#X �. 4-W� �P5t�uK � |_p� �#��K"K "P�Q 
L�O"K �_J#\ 4�R� �=�X�QP~�XOP. O�h���. 4X" �Ç�� �#z!�L�\#. P5-X#�� P5ÇB�w U#�t� #. �#�O#w �"P. 4X" �Ç�� �Ç�P5Ç~" �#�\�O Py�K�K�\ �5qPz O#w!�. Y�OÆ� Q" Z�. �}�W� Æ�

��



4X" �K#X ����QP�Q O#5J#X �w��#> #��6 �Ç�R�q��S �#��K"K s�uK P�Wp6 � P�-Ã6 �w KPw �>�6 L�#. 3O�¼ P� �.�4X" P�N2 �#Ç�"�4X" �L\ �K"K �#[� � �O#�\ |Ç\ OK �S�P2 L_Ç� �"P. ��"P�Ä �#�O#w OK �Ç�R�q��S �#�\�O �-W� 4���"

��"P�Ä �#�O#w OK �Ç�R�q��S �#�\�O �-W� 4���" �� |Ç\
�L�5W� P�Q CP\ �. �Ç�R�q��S �#�\�O

�=�X�QP~ Y�O �������

�� 6HLVPLF UHIUDFWLRQ

� �QP� 4WÇ\ �"�QP~Y�O� o~"s��Ä #�6 ���QP��Q �#�y��X OK �"�QP~ ;"��" 4ÄPX ���Ã6 O�h�� �. �QP� 4WÇ\ �"�QP~ �#�5\"KP. � nL����Ã6 �S�P2 4Ã�-e �. �>�6 #. �XOP. KO�� s�Ä P9w!"LF 
�XL��� �#�5\"KP. P9w!" �"P. �KP�z�� 3O�¼�_I[�4ÄP�X � owx�X DdX |Ç\ ���Ã6 
�QP� 4WÇ\ �"�QP~ 4\"KP. Q" nL� KO"�� Q" �O#�W. OK �L\ L�"�Jj"���" s��Ä �-X#E� �"P. �QP� 4WÇ\ �"�QP~ 4\"KP. Q" �L�$4XK�. �#��K"K �4X" �O#.�O OK �O#[q ;"��"

��



Y�O �K�. P:�� 
#���� OK 4ÄPX 3�#p6 � #���� 4�#Ia �K�O�� O#w!�. #���� ��" |Ç\ � ����QP�Q �#�����KPw L�"�J ���Ã6 "O �QP� 4WÇ\ �"�QP~
��" ��~�" KP.O#w �4X" �5qO O#w �. �Ç��Ç6��S �#�\�#w Q" �O#�W. OK �QP� 4WÇ\ �"�QP~ �#�5\"KP. � KP.O#w!O�h����. �2 3#Ã~#d� OK Y�O ��" �Q�P�" #�" �K�. 4p� ��~�" �#�\�#w OK �Ç�� �#�L-�z �[t� ���6 OK #�5\"KP.�K�O�� O#w �. 
#�}��6 P�W� � #�LX ����" |�}E6 
#�|Wz 
#��#y5J#X �Ã~#d� � #��S�P2 �"P>"

�� 6HLVPLF UHIOHFWLRQ �� (OHFWULFDO 5HVLVWLYLW\ 3URILOLQJ 6XUYH\V

� �.#6Q#. �"�QP~Y�O� +3O�¼���Q ��OK �X#�\���Q O#5J#X KO�� OK ��#��K"K �KO�$4XK �. O�h���. �.#6Q#. �"�QP~4\"KP. � nL�Q" �L�w��� ��"Pq �O#[q ;"��"4ÄPX KO�� OK �t�uK �K"K 
�QP� 4WÇ\ �"�QP~ Y�O�.�J�. Y�O��" �KP�z��OK � ��#�Pz ���Q � �5p� �#��S�P2 3#q#[5w!" OK �R��$4�tq�� O�e�. �.#6Q#. �"�QP~ �#�5\"KP. 
�I�O#6 Ph����Ã6 �"P. �"�6�� Y�O��" Q" �L�$4XK�. �#��K"K Q" �4X" �5qO O#w!�. �w s�Ä OK {#mQ �Ã~#d� O�h���. �5\Nz!�KPw �K#p5X" #�}Wz �o}5I� �#���� DdX �XL�� 4�Ãa�
�Ãe#u �#��K"K #�5\"KP. ��" �4X" �5qO O#w �. �XL��� �#��XOP. Q" �O#�W. OK �.#6Q#. �"�QP~ �#�5\"KP. � KP.O#w!�L��w�� ��"Pq "O ��qL� �#���#JK�O �#�P5W. � #�}Wz j�� �4�Ãu�� KO�� OK�K�O�� O#w �. �.#6Q#. �"�QP~ Y�O 
L\#-� �}�Ä�QP� 4WÇ\ �"�QP~ �#�5\"KP. KP.O#w �w ��#Ç� OK

�Ç�P5Ç~" �T�� 4��#t��#�\�O �������
� �Ç�P5Ç~" �O"KP. GP��� Y�O� o~"K"��� �Ç�P5�Ç~" �T��� 4��#t�� OK �-�#�> 3"P��l�6 �P�z!�Q"L�" U#X"P. �Ç�P5Ç~" �O"KP. GP��� Y�O � nL��y5W. �$ 3"OM ��. �#`q OK K�>�� +$�O�\ � |I}I6 �. �W> P� �Ç�P5Ç~" 4�"L� �4X" �L\ #�. ����QP�Q�KO"K


����QP��Q K"��� �Ç�P5Ç~" 3#�¼�_J OK �-�#> 3"P��l6 ���Ã6 O�h�� �. �Ç�P5Ç~" ��Q|�q�P2 Y�O � KP.O#w!�KPw ��"Pq 
�\ � �X#� �#��5[�� �-�#> YP5Wz �[t� ���6 �"P. Y�O ��" �K�O�� O#w!�. 
�"�T�� s�Ä #6 ���Ã�OK
 �L��w!�K�~$ K"�� �-�#> YP5Wz �[t� ���6 
v!#J ��OK ��qL��#��~�~ b�dJ �"P. �L6#w4i#pF O�h�� �. �K"K�K�O�� O#w!�. 
#�|Wz �q#[5w!" 3#Ã~#d� OK � 	��XL�"Q K"�� �Ã~#d�

��



�� (OHFWULFDO 5HVLVWLYLW\ 6RXQGLQJ �� 0DJQHWRPHWU\

� �Ç�P5Ç~" ��Q��#�zY�O� +����QP��Q K"��� �Ç�P5Ç~" �T�� 4��#t� OK ��#u 3"P��l6 �P�z!�Q"L�" U#X" P. �Ç�P5Ç~" ��Q��#�z Y�O � nL��5qO O#w!�. �#�K�P5Ç~" �}¼#q 
4X" 4.#: #�K�P5Ç~" �}¼#q �$ OK �w �Ç�P5Ç~" �O"KP. GP��� VÇÄP. �4X" O"�5X"KO��� s��Ä 
�}�w O�e�. �L�#��� �u#. 4.#: #�K�P5Ç~" Z�"O$ �RwP��dt� � 4X" P�l5� �Ç�P5Ç~" ��Q��#�z �"P.4�"L� 3"P��l6 �Ã~#d� O�h���. �Ç�P5Ç~" ��Q��#�z �=�5� OK 
L.#��� Z�"Rq" 
#�K�P5Ç~" �}¼#q Z�"Rq" #. �Ã~#d��K�O�� O#w!�. s�Ä �. 4-W� �Ç�P5Ç~"
�.Y�O��" �K�O�� O#w!�. ����QP�Q +$3#Ã~#d� OK �"�I.$ �P�y�2 �"P. )���Ä �Ç�P5Ç~" ��Q��#�zY�O� KP.O#w!�K�O�� O#w!�. 
L�K��� "O �"�QP~ 4\"KP. �Q#>" �#W[w ;"��"4ÄPX OK3�#p6 �w��#> 
owx�X �Ã~#d� O�h��(P�J" � K�O�� O#w!�. �L6#w 4i#pF � ��#�Pz���Q 3#Ã~#d� U#�t� ÈOR. �#��XOP. �"P. �Ç�P5Ç~" ��Q��#�z!�4X" �5q#� R�� ��X L�"Q K"�� 3#Ã~#d� OK �"�KP5Wz )5-W� KP.O#w!

� �=�XV�e#�l� Y�O �������
���Ã6 #. �L��O��O#w!�. ���Q �W�e#�l� �"L�� OK �O#=���. �P�z!�Q"L�" O�h���. �=�XV�e#�l� �#�\�O �nL��K�\��^I[� #��K"K P�Wp6 � P�-Ã6 #. #��$ �K�>� 4}Ä 
#��O#=���. �P�z!�Q"L�" �
]"�J #�y�X Q" �K#�Q K"LÃ6 �L�O"K �LÃ� � 4p� �#�\�#w OK �"�KP5Wz KP.O#w �=�XV�e#�l� �#�\�O �KP.O#w!�"P�Ä �XL��� OK �KPw ���6 "O #��$ �W�e#�l� 3L\ �� �#��[t� �"�6�� 
#��$ 3L\,WFP. �w L�O"K �W�e#�l�OK ���A�� � ��qL� �#��~�~ �[t� ���6 � 
��qL� ��X K"�� ��#F �#��Ç[. o[w OK �"�KP5Wz O�e�. Y�O��"�K�O�� O#w!�. o[w �X#�\ �#5X#. �#��XOP.

�� *UDYLPHWU\

� �=�X��"PzY�O �������
�. �4X" ���Q �5X�2 �L��K|�Ç[6 K"�� ]�_I� �P> n�5J" �=�5� )���Ä �=�X��"Pz �#��O#=���. � nL�4J"��Ç� ]�_I� �P> #. � �tq" �#���� 3O�¼�. ���Q �5X�2 �L��K |�Ç[6 K"�� ��#�6 �A�#�B Py�K 3O#-ÄKLÃ5� |�"�Ä �}�X��. 
o}5I� K"��]�_I� �P> n�5J" �4\"K L�"�I� K�>� �[�"Pz �O#=���. @�� 
L�\#.�#��$ ��. ¿�#� � |I}I6
K"�� �L��K|�Ç[6 �#���"K ]�_I� �P>Q" 4X" 3O#-Ä #��$ ��P5��� �w K�\�� {P5�w!

��



#�. b#-�6O"OK 4X" �Ç�� �w ��F#� �#�O#5J#X ���Ã6 O�h���. �w 4X" �"���R� �w Y�O �=�X ��"Pz � KP.O#w!4p� 3#q#[5w!" OK �}¼" O"R." �}�> Q" �=�X��"PzY�O 
�I�O#6 Ph� Q" �K�O�� O#w!�. 
L\#. 4p� #� +$3#q#[5w!"� s�Ä KO�� OK �6#Ä�e" �KO�$ 4XK�. O�h���. �KO"K �K�LE� KP.O#w �"P�Ä �XL��� OK Y�O ��" �4X" �K�.�K�O��� O#�w!�. 
4W�� �}�Ä #�\�O P�#X �}�X��. 3#p¼ ��" ���Ã6 �w �te#�� OK ow x�X ��#u�q DdX |Ç\

�� 0LFUR JUDYLPHWU\

OK �4X" �5qO O#w!�. s�OR6 3#�}�Ä ��"O#w �O#.OK �6#Ä�e" �KO�$4XK�. O�h���. 	�#. 4uK#.
 � �=�X��"PzR�O#�]�_I� �P> n�5J" � K�O�� O#w!�. s�OR6 3#�}�Ä Q" LÃ. � |-u �=�X��"PzR�O �#�\�O 
�d�"P\ ���B�4X" �5qO O#w!�. R�� �X#�L\203#5X#.�#��XOP. OK �=�X��"PzR�O �K�\�� �W�#t�
#��K"K P�Wp6 � ��R=6 ���

4�Ãa� �#��-�> ��� �"P. �6#Ä�e" 
4X" �#=�" {#F OK ��F#� Æ� �XL��� �X#�\���Q 4\"KP. �w ��#y���O#�.OK "O �=�#5�� 
��#y[�#�Q$ � ��"PE¼ �#� �K"K |�}E6 � ��R=6 �K�\�� �O�$KPz �XL��� �X#�\���QL��"��JP�.OK ��#��2����Q �#�L��$Pq � �X#�[5I�O���Q c�"P\ 
����QP�Q +$ 
#�w!#J 
#�y�X ]"�J � ¿�Q�6�4\"K
��#��K"K {�" ��Pz �4X" �5XK �K �. �L\�O�$KPz3#Ä�e" ��� �L�.��Pz �Z��Rz ��Ã� �. #��K"K |�}E6 � ��R=6P�#X ��K ��Pz � L�5W� �O�Pa )t}d� 
K�\�� ���6 �$ �KO�$P. �"P. �[t� �w �"�T�� �#�qL� Ph��dt� Q" �w4X"�KP�z��P.OK 
L��\ �� �5\"Nz O#�w �w "O #��K"K
�.P=�6 O#�w ��" �"P. �K�\ �.#�QO" �X#�\���Q �#zL�K Q" #��K"K �K�. �#���e" |.#u #6 L�\�w L�#. �}FP� ��" OK�w �"��F#� OK KP.O#w |.#u �X#�\���Q ����Ä {�¼" Q" �5XOK 4q#�OK � �O�"K R�� � �X#�\���Q OK �P�y�[B�L��\ �K"K 4wP\ #��K"K �LÃ. YQ"KP2 OK L�#-� �#���e" |.#uP�m �#��K"K �4X" �Q� 
K�\�� ���6 �$ �[t�
� �XL���� �X#�\����Q 
�X#�\����Q
 ���z!#��z �#��L�.�t-e �P�zO#w!�. #. �"�6�� 
#��K"K �L�.��Pz Q" V2Dd�X OK �w L\#. ��#��5W�X 4X" �Ç�� 
�L�.�t-e �P�zO#w!�. �#��5W�X �KPw �L�.�t-e "O #��K"K 	�XL����4X" �L\ �5qP�N2 o}5I� �#�O�[w �}�X� �. #� � �}}�~"��.
c�"P\ ��z!#��z �#�L�Q#X Q" Æ�P� KO��OK ����Ä O�e �. �w 4X" �6#Ä�e" s�p}6 
#��K"K YQ"KP2 OK ��#�� �#z!Ph�� Q" ��w "O �XOP�. KO��� �P5�Wz �#�L��F"� Q" Æ�P��� �"�5��. #��6 4X" 4XK OK �XL����� �X#�\�����Q

��



��. P6��1�#�w KP.O#�w 4X" ���L�. �KP�w o�PÃ6 � ���Ã6 
L�5W� 4J"��Ç� �_I[� LF #6 �XL����X#�\���QQ" �zOR. O#�\ �#�� �y5W-�� �5q#� � #��K"K �O#�$ |�}E6 #. �L\ �L�.Lw �#��K"K �P�JM �#�����Q OK]�_J�L�w ¿�PW6 
P�" ��" �#=�" OK L�"�6�� #��[t� �P6��1�#w ��XP6 )5�#��� #�P�l5�
�XL��� �X#�\���Q �#��[t� ��O P. #��K"K Z�#�� ���

�X#�\����Q c��"P�\ �O#�.OK �w �6#��R> O"Lt� � �XL��� �X#�\���Q �#��[t� �"�5E� 
L\ �5pz �w �O�e �.��z!#��z U#�t� #. �#��[t� �w 4t�tF ��" Q" |t5W� �4X" �[t� U#�t� � O�h�� ¿.#6 
K�\�� �K"K �#[� �XL���� �#WÇ� ����Ä {�¼" ��#2P. L�#. �XL��� �X#�\���Q �#��[t� ��� 
L��\�� �F"Pe o}5I� |�#W� |F �"P.P�N2 �#Ç�" 
L�"�L\ ���6 �#WÇ� U#�t� #. �w ��#��[t� ��t5W� �W�#t� 3O�¼ ��" OK �L��\ ���6 �"�L\ �5J#�\3"P��l�6 {#��Ä" ��L. U#�t� ÈOR. �#��[t� ��O Q" U#�t� ÆB�w!#6 U#�t� �#�� �#��[t� �KPw �K#�$ � 4X"�K�.L�"�JP5�#X$ 
�K#��.
P�N2 �#Ç�" �#. �#�O#�Ã� �#�,�wP6 �#�6 �L�5W� O#�W. j"��" �"O"K #��[t� 
U#�t� �"�5E� 
O�h�� 
O#�Ã� ��#2P.�X#�\���Q Q" �O#�W. �#��-�> �w �XL��� �#�nL� j"��" #. �"�6�� "O �O�h��L�B �#��[t� ����� �"P. 
4X"�L���\ ���6 #�X#�t� j"��" #. � L�\#. ¿�#> #� �Ç�Çp6 4X" �Ç�� #��[t� ��" �KPw ���6 
KP�z��P.OK "O �XL���P��Q OK �4X" 3#Ã~#d�� |�F"P�� #. ,X#�5� R�� U#�t� +#I5�" �w K"K O"Pu #��[t� ���6 �#�-� �"�6�� "O U#�t��K�\�� �#�. 
K�\�� �5qPzO#w �. �[t� Æ� ��OP.#��K"K Z�#�� �"P.�w ��#����\ 
�6#Ã~#d� |F"P� U#X"P.

	U#�t� ÆB�w!
 ��#X#�\ �}FP� �#��[t� �����

#��[t�� Q" �K#p5�X" #. �"�6�� 4X" �L\ �5J#�\ �.�J �. #��$ �XL��� �X#�\���Q 4�Ãa� �w "O �te#�� �[t��}�X� �. 
4X" �5qPy� �#=�" ��"L�B �#��XOP. �$ OK �w!"O �te#�� �[t� �KPw ���6 K�>�� ���\O$ vO"L��#�O#5\��Q" #�w!#J � #�y�X �#��Ä��=� �zT�� � ¿�Q�6 )6L�Ä #��[t� ��" �L��w�� ���6 ��t5W� 4\"KP. ��S�~��S�5q P�Wp6�X#�\���Q {#Ãq �#�L��$Pq �P5Wz � ����QP�Q +$�zL�O�J
�.#5W�" DdX s�Ä 
�"�O#WJO � ��#y5X#J �#zL�K�L��K�� �#[� 
L�\#.�� 4���" �"O"K �XL��� �X#�\���Q OK �w "O
owx�X �� � �EdX �#��5[�� �� �w K�\�� ��¼�6 �KO"KP. OK �[t� �w4X" �X#X" �K"K #�w!#J � #�y�X Z�#��4XP��q Æ� P."P. �w �\�O �#�y�O #. 
L�5W� �EdX �#��5[�� �w "O ���#. �Ä��=� 
�"�6�� �K�\ �K"K �#[�#�. �"�6��� R���"O o�w x��X �K"K �#[� 
4X" #��$ ��#y5X#J �zT�� Py�#�#�� � �L\ +#I5�" #�x�O KO"L�#5X"
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� #�y��X �X#�\ x�X Py�#�#�� 
O#y� � �#y5X#J Py�#�#�� 
x�O �$ OK �w ��y�O �#�O#y� #� � P6�P�6 �#�x�OOK #� � �[t� ��O P. �X#�\���Q �K"KO"Pu �#�K#�� Æ�w �. �"�6�� "O #�w!#J � #�y�X �X �K"K �#[� 
4X" #�w!#J

�KPÌ ©q>"P� O�[Ì �X#}\ Î«�Q �#�Q#X �#ÐK#�Ï w #ÐO#xÏ ©. �"�6 �� ©Ï��Ï �"�}s ©. ��

��K"K Z�#�� �$ �#�� ��#[�
Æ� P�."P�.
 �"�dt�� �#�K#��� #�. �KLÄ 3O�¼ �. #� Q"P5�� b�dJ �}�X��. �"�6�� "O �S�~��S�OL�� �#��K"K� ����QP�Q +$ �L\ KO�$P. O"Lt� 
�.#5W�" DdX |E� �K"K �#[� #�w!#J � #�y�X �Ä��=� P� �"P. 	����Ä4XP�q�KPw ��"O" �"�6�� R�� "O +$��#���\ ,�wP6 3#��R>
�. KO"K K�>� ��#��2���Q {#Ãq �#�L��$Pq �$ OK �w�te#�� �KPw^I[� �"P. �"�6�� "O �"�L�Rz �"�dt� �#�K#��
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U#�t�� ÆB��w �#��[t�� OK �K"K �#�[� � QP}��� b�d�J �}�X� �. �"�6�� R�� "O �"�QP}���Q 4�~#Ãq � KP.O#w!�#�L�Q#X ����Ä�5J"��Ç� 
K�O�� O#w �. �L�.�td�� �#�LF"� Q" Æ�P� R�#�6 �"P. �w �O#�Ã� 
�L\ �L�.�td��P. "O #��Q�F Æ�Çp6 
�5J#W���Q P¼#�Ä ��#2 P. "O �F"�� R�#�6 �"�6�� ���A�� 4X" �X#�\���Q c�E� �}¼"�#=�" �O#5J#X Z�"O$� �"�O#WJOx�X �zT���5J"��Ç� ��#2P. 
"O se#�� ��#�5F" � � �X#�[5I�O ���R�� ��#2�K"K
	U#�t� �#��
���>�6 �}FP� ¿�#> �O�h��L�B �#��[t� �����

� K�>�� ���\O$ vO"L� � 3#Ä�e" Q" �K#p5X" <�#5� �K�Rq" #. ��"PE¼ �#��XOP. ��#2 P. U#�t� �#�� �#��[t�#. L�#. 
K�\�� �K"K �#[� U#�t� ÆB�w �#��[t� OK �w �6#Ä�e" �#�� �L��\�� ���6 
�Q��}��Ç6 �XOP. ���zP�v!#J�x�X �#�LF"� ��P6�#. Q" LF"� �X #� �K �K�\ �K"K �#[� U#�t� �#�� �#��[t� OK P5[�. 3#��R> �|�_p6�x�X ]"�J �K"K �#[� �[t� ��O P. �XL��� �X#�\���Q �#.Q �. #��$ �X#�\ x�X o�¼�6 �"P�� �. �"�6�� "O�K"K �#[� �[t� �#�� ��#[� OK �"�6�� "O v!#J
�zL�A��2 � �[t�� �}¼" O�h�� 
K�\ �K"K �#[� s�Ä �$ #6 L�#. �XL��� �X#�\���Q c�"P\ �w �t�Ä ���Ã6 OK�}�X� �. "O �EdX �#�w!#J � #�y�X �"�6�� 
U#�t� ÆB�w �#��[t� L��#�� �4qPz Ph�OK L�#."O �X#�\���QZ�. �w�6O�¼ OK �K"K �#[� ��z!#��z �y�O �#�O#y� �}�X� �. L�"�5qPz O"Pu DdX P�Q OK �w!"O ��#��Ä��=� �x�O3"P��l6 �KPw �K#p5X" 
�LÃ. �X Z�#�� ��z!#��z �#�\�O Q" �"�6�� 
K�\ �K"K �#[� v!#J � x�X �Ä��=� �K Q"
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�5�qO O#�w �. ��z!#��z �#��Ä��=� Q" Æ�P� R�#�6 �"P. �w x�O o}5I� �#�3L\ �}�X� �. �"�6�� "O 4�#Ia3"P��l�6 Q" �K"K �#�[� K"L�Ä" �}�X� �. #� 4�#Ia �� b�dJ #. 
�y�O �#�O#y� 4�#Ia P��l6 �}�X� �. 
4X"�KP�w �K#p5X" s�Ä OK ��z!#��z 3"P��l6 �K"K �#[� �"P. �"�6�� R�� #�O#y� b�dJ 4�#Ia #� x�O OK ��.#[��K"K �#[� K"LÄ" #. #� s�Ä �� b�dJ �}�X� �. �"�6�� "O #�t�Ä ���A��
KO�� OK "O ���\ ��" �K"K �#[� K"LÄ" #. "P�$ �#X�� K�LF � Q"P5�� b�dJ #. "O �.#5W�" DdX �"�6�� #��[t� ��" OK�K"K �#[� K"LÄ" #. �"�6�� #��6 "O Py�K �#��zT�� � �.#5W�" DdX � s�Ä �4qPz O#w �. �"�6��� ��#5W��w se#��,�wP�6 ��. b�.P�� �#���K"K �K"K �#�[� Q"P5�� b�dJ #. �"�6�� "P�$ Æ�P5��R�2 C�dX � O#[q 4E6 +$ s�ÄQ"P6 �� b�dJ �}�X� �. �EdX �q"Pz�2�6 �K"K �#[�K"LÄ" #� � K#�� �}�X� �. L�#. �[t� OK "O ����QP�Q +$��#���\��" OK �K"K �#[� �[t� ��OP. �"�6�� "O �X#�[5I�O���Q �#��X 3#��R> � �Ãu"� �#�QP� � K�\�� �K"K �#[�Q"Æ�P� �#�QP� 
4X" P�N2 �#Ç�" �w #>P� � K�\^I[� L�#. ��#��2���Q �#��X �L�P�zP. OK �P5Wz LF #��[t��K�\�� �K"K �#[� 
R��#�#��X
Z�"O$� ��y�� ��#2 P. #��td�� R�#�6 
K�\�� �K"K �#[� 	�L�. ��Q
 �L�.�td�� �$ OK �wU#�t� �#�� �#��[t� OK�"�td��� �#�L�F"� �"�6��� 4X" P�N�2 �#�Ç�" ��w #�>P� �K�. L�"�J �[t� v!#J � x�X �#�LF"� �O#5J#X�KPw^I[� 
4X" 4J"��Ç� 
�K P� #� � ��#��2���Q #� �S�~��S�OL�� �#��L�L2 �$ OK �w!"O �P5ÇB�w!

	U#�t� ÈOR.
 �E�P[6 �F"Pe �}FP� �X#�\���Q �#��[t� �����
���A��� � �5J#�\x�X �XOP. � �"�Q�F �}�_p6 �[t� ���6 |�#\ 3#Ã~#d� �E�P[6 �F"Pe �}FP� ¿u"� OK�4X" 
�L\ ���6 ��-u �$ �[t� �w �X#�\ x�X ���zÆ� ��OK v!#J #� x�X �K�6 �Ç�R�q 4~#F �}�_p6 �XOP.
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�#���#�� �. b�.P�]"�J O"L�#h� �XOP. 
"PE¼ OK�Ç�R�q��S �P�z!�Q"L�" 
�}�_p6 �5J#�\x�X#. �}FP� ��" OK� �L\ s�uL6 �Ç�S�~�5�~ �#����z 
�#y[�#�Q$ OK � #>P. 3O�¼ �. x�X �Ç��#Ç� ]"�J Z�#�Q$ 
�#y[�#�Q$ OK�L��\�� ���Ã6 
�Ã~#d� KO�� �K�LE� OK �XL��� �X#�\���Q �#����z!

K�>�� �#���\O$ 3#Ä�e" ��� Q" �K#p5X" 
��"PE¼ �}�_p6 �#��XOP. � 4\"KP. �}�X��. ��K �}FP� �#��[t��L��\�� ���6 ��#y[�#�Q$ � ��"PE¼ �#����Q$ 
�Ç�R�q��S �#��P�z!�Q"L�" 
O"L�#h� ����QP�Q �q#[5w!" �#�O#w!�4X" �O�P�a 
�L�\ �K"K �#[� �[t� ��O P. �w v!#J � x�X �#�LF"� ��� �Ç��#Ç� � �Ç�R�q ]"�J ���Ã6
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�5J#�\���Q ��X#�\ x�X �#�����z �L\#. �q#w R�� <�#5� �O#�$ |�}E6 �"P. L�#\ 
K�\�� �O�$KPz�w ��#��K"K�y�O�#�O#y� � #�x�O Q" �-�wP6 Æ�w �. �"�6�� s�Ä OK "O #��$4J#X ���#`q Z�"O$�v!#J �x�X �XL����KPw ��"O" �[t� �#���#[� OK �"�6�� 
L�"�L\ ���Ã6 �O#�$ O�e �. �w "O v!#J �x�X ]"�J Q" �5�Wu 
K"K �#[����6 Q" �}¼" O�h�� 
K"K �#[� s�Ä �$ #6 L�#. "O �XL��� �X#�\���Q c�"P\ �w�t�Ä �O#.OK �P�z���_6 �#y�� �.U#�t�� ÈOR. �#��[t� OK "O �S�~��S�OL�� c�"P\ �4qPz Ph� OK L�#."O |E� �X#�\���Q �zL�A�2 R�� � �[t�
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�5J#�\ 3#�#X�� R�� � O#[p�� � s�Ä �� 
� Q"Pp�� b�dJ �}�X� �. 	�P5� Æ� �9�
 ,X#�� � �#��Q#. OK �"�6���#[� #�K#�� #� K"LÄ" Æ�w �. �"�6�� "O ����QP�Q +$��#���\ ��R=6 <�#5� �K"K �#[� �KLÄ 3O�¼ �. "O #��$ �L\�#�#���X 3#��R�> � �Ã�u"� �#�QP�� � 
K�\����K"K �#�[� Q"P6��� b�d�J �}��X� ��. �EdX �q"Pz�2�6 �K"K�K"K Z�#�� �"�6�� R�� "O �X#�[5I�O���Q
P�N2 �#Ç�" �w!#>P� � ��#��2���Q �#�#��X Q" Æ�P� �Ãu"� �#�QP� �"�6�� �E�P[6 �F"Pe �}FP� �#��[t� OK�K"K �#[� "O �$ ���OK O#5J#X 
4X"
R�� � �L\4\"KP. v!#J �x�X �#�LF"� �O#5J#X Z�"O$� ��y�� ��#2 P. U#�t� ÈOR. �#��[t� OK �L�.�td���KP�z�� �#=�" ��#��2���Q �#��L�L2 � �S�~��S�OL�� c�"P\ �5J"��Ç� ��#2 P.
�XL��� �X#�\���Q �#�L�Q#X Q" �Ç� {#9� O�e �. 3O�¼��" OK 
L\#. �"�T�� KP.O#w O�h�� �. �[t� ���6 �A�#�B+��BO#�B OK #��Rl}����Q 4X" �Ç�� ����� �"P. �L��w�� �.#�QO" Ph�KO�� �#zL�K Q" "O �$ � L��K�� Z�#�� "O
�XL���� �5J#�[����Q c��"P�\ �XOP. �=�5� 3O�¼ ��" OK �L�P�z O"Pu �.#�QO" KO�� �RI� �#�-�\ �O"L�#2�"�6�� �4X" LX �RI� �O"��K �O"L�#2 4�Ãa� �XOP. 
K�\�� ���6 �$ �"P. �[t� �w �"�T�� O�h�� �#� �Rl}���Q#��Rl}���Q#� ���Q �#�F" #. L���2 OK #��Rl}���Q L��#� KPw �O#\" L\#. #��Rl}���Q �. b�.P� �w R�� �Py�K �#������ �.��Q#X Æ� �2 #. �d."O OK
�X#��\ ����Q 3#Ä��e" P. ���Ä 
K�\�� ���6 �E�P[6 �F"Pe �}FP� �"P. �w U#�t� ÈOR. �}�_p6 �#��[t��L�5W� �XL��� �X#�\���Q �#.Q �. �p�¼�6 �#�� ��#[� �"O"K�K�\�� �KO�$P�Q KO"��x�X o�¼�6 OKx�X j�� �x�O ��L�.��"K �
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� � 6OLFNHQVLGHG

� |Wz ����$ ��zKQ"�� Q" �\#�½O"�Ä � �zKQ"�� ���"�"P6 �
�XL��� �X#�\���Q �#��[t� U#�t� ���

��#X#�\ �}FP� �����
��5W."� �#��Q#X � LX �#y5J#X 	o~"	�q"Pz�2�6 �#��[t� K�>� 3O�¼OK
 ����»»» #� ���»
»»» U#�t� #.�LX �RI� �#y5J#X 	+	�q"Pz�2�6 �#��[t� K�>� 3O�¼OK
 ����»»» #� ���»
»»» U#�t� #.�#��"O � #�~#�#w P�W� 
|��6 � {#t5�" b�dJ 	;����»»» #� ���»
»»» U#�t� #.

���>�6 �}FP� �����
��5W."� �#��Q#X � LX �#y5J#X 	o~"���»»» #6 ���»»» U#�t� #.�LX �RI� �#y5J#X 	+�X#�\ ���Q �#��zL�A�2 ,WFP. ���»»» #6 ���»
»»» U#�t� #.�#��"O � |��6 
{#�#w 
�~�~ b�dJ P�W� 	;�X#�\ ���Q �#��zL�A�2 ,WFP. ���»
»»» #6 ���»»» U#�t�#.
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�}�_p6 �F"Pe �}FP� �����
��5W."� �#��Q#X � LX �#y5J#X 	o~"

� � 0RUSKRORJ\ ��6WULS PHWKRG

�|E� �X#�\���Q � ��X#�[5I�O ,WFP. ���»» #6 ���»»» U#�t� #.O�e �. 4X" �Ç�� �~� L\#. �L\ 4\"KP. ���>�6 �}FP� OK L�#. LX �RI� �#y5J#X �X#�\ ���Q �[t� 	+�L\#. �5\"K Q#�� ���»»» #6 ���»» LF OKU#�t� ÈOR. �#��[t� �. �Ãa���#��"O � |��6 
{#�#w 
�~�~ b�dJ P�W� � ;���»»» U#�t� #6 �X#�\ ���Q �#��zL�A�2 ,WFP. ]#J �"�K�LE� OK � ���»»» U#�t� #.
4J#X �"P>" �}FP� �����

��5W."� �#��Q#X � LX �#y5J#X 	o~"���» #6 ���»» U#�t� #.�KO"L� �[t� �. Q#�� �RI� �#y5J#X 	+�|��6 4\"KP. 	;�#��zT�� ,WFP. � Q#�� 3O�¼OK #��"O � {#�#w 
�~�~ b�dJ 
�[�"P6 KO�� OK � ���» #6 ���»» U#�t� #.���» #6 ���»» U#�t� #. �X#�\ ���Q
#��[t� ��OP. �LÃ. �XZ�#�� �»��

K"L5��" ���Q DdXP�Q �. )-~#m #��Q#X ��" � L�O"Nz�� P�:#6 ���Q DdXP�Q �#�L�Q#X P. �XL��� �#��Q#X ��B�XL���� �X#�\����Q �#��[t�� ��O P. �LÃ.�X Z�#�� 
L��\�� �5J#X���Q DdX P�Q OK )�#�6 #� � L�.#����K"K �#[� �}w O�e�. 
L�O"K O"Pu owx�X ��OP. �EdX �#��5[�� �w ��#> OK �K�. L�"�J L��K�X � +�}d�#���6 "O �LÃ.��X 3#Ä��e" U#�t� ÆB�w �#��[t� OK �4X" L��K�X � �Q�ow x�X DdX �y��yB � s�Äowx�X DdX 
L�5W� �P5[�. 3#��R> �"O"K �w��#��[t� OK �KPw ��"O" ��#�K#�� �}�X� �. b#t� �JP. OK �"�6���K"K �#[� P�Q Y�O ��L�B Q" �Ç� �. �#Ç�" 3O�¼ OK L�#. "O �EdX �#��5[�� 3#��R> �b��dJ #�� �Æ��P�5��R��" �#��O"K��� 
#���#�z �"�dt� �#�O"K��� 
owx�X �#�Q"P5�� 
� �"�Ç�O#. �#�Y�O�L\#�"�J#� �. �w K�\ ��-�" �#�A�$ L�#-� �[t� OK �L\ �K"K �#[� �"R>" 
K�\ �KP. O#w �. �w �\�O P� �4�#Ia ����#y�� 
P�P6"�w �#��5[� 4�#Ia � s�Ä �K"K �#[� �"P. U#�t� ÈOR. �U#�t��#�� �#��[t� OK �L�#=�#�. �$

��



OK �$ KP.O#w �4X" L��K�X O#�W. �"�Ç�O#. Y�O 
L�O"K O"Pu LF"� L�B #��6 owx�X DdX � ���Q DdX ��. �w!�K�\�� ��¼�6 �KO�� ���B
�XL��� �5J#�\���Q ¿e#t� ����

�4X" ��Q� �}��Ç6 4X��2 
�XL��� �5J#�\���Q �#��[t� �}¼" j"��" ��� �"P. �XL��� �5J#�[���Q ¿e#t��d."O #6 K�\�� �L�RzP. �Q#X 4�Ãu��� �X#�\���Q O#5J#X � �X#�[5I�P���Q �5qPzPh�OK #. ¿e#t� 4�>� O#�\�L�w �#�#�� "O �XL��� �X#�\���Q c�"P\ �#�L�Q#X �#��
�L\#. �$ Q" P5zOR. #� �[t� U#�t� #. P."P. L�#. ¿e#t� �tq" U#�t�P�N2�#Ç�" v!#J � x�X �#�LF"� ��P6�#. ]"�J � �P5Wz �K"K �#[� �w K�\�� �L�RzP. �"���z �. ��#u U#�t��5\"K K�>�� �#��O#pF Py�K � #���#�z s�Ä #. ��t5W� b#-6O" L�#. 
K�\�� �XO s�Ä �$ #6 ¿dt� �w �t�Ä �L\#.�L\#.

�X#�\����Q �L�.�td�� 
�S�~��S�OL�� c�"P\ ����� �"P.
 4X" �L\ �K"K �#[� �[t� ��O P. �w �6#Ä�e" ����K"K �#[� R�� ¿e#t� OK L�#. 	v!#J �x�X �#�LF"� ����XL��� ]"�J ���#��2���Q �#�L��$Pq <�#5� 
�XL����K�. L�"�J �[t� OK �L\ �K"K �#[� 3#��R> �#W�� 
¿e#t� ��O P. 3#��R> Z�#�� �"R�� �K�\

��



�q#[5w!" �#��O#pF ��
3#�}w! ���

�4X" �EdXP�Q �X#�\ ���Q c�"P\ 4J#�\ 
�P�z���_6 |�"�Ä ��P5��� Q" �Ç� #��Q#X �"P>" � �F"Pe OK� ��Q��#�z �#�\�O j"��" Q" ���Q o}5I� r#�Ä" OK �EdXP�Q �X#�\ ���Q Q#��KO�� �#��K"K �. �.#�5XK �"P.�K�\�� +#I5�" KO�� P� OK ,X#�� Y�O 
���Q � CPe c�"P\ �. �>�6 #. �w 
K�\�� �K#p5X" �O#pF#. �w4X" �L\8E. �}}�~"��. K�>�� �#�KO"L�#5X" � ¿>"P�OK#��O#pF���z ��" s�Ä � �}¼#q 
K"LÃ6 ���Ã6 �O#.OK�"R��� ���Ã6 �"P. ��#�K����O 4X" �L\ �ÃX O�[w K�>�� c�"P\ #. s�-d6 � #��$ s�p}6 � ¿>"P� ��" �. j�>O� CP�e |Ç\ � K#Ã." ,WFP. f#E~ ��" �. �K�\ ��"O" #�FPe 4���" � K#Ã." ,X#�6 �. �q#[5w!" �O#pF 3#�}�Ä�K�\�� ��"O" |_q ��" OK �w L��w�� �L�. ��Wt6 #�}��6 � #�LX 
�O"�� 
�"�dt� �. "O #��Q#X 
#��$ 4���" ���A��
�"�dt� �#��2 �#��zT�� 4J#�\ ���

�"P. �KO"K �S�P2 4Ã�-e � ���Q c�"P\ 
�q"Pz�2�6 �zL�A�2 
�Q#X K#Ã." �. �K#�Q �y5W. #���#�z s�Ä � �}¼#q�[�#��Q$ ��#�z Æ� ,}m" 
|2 �#���#2 � {#t5�" �#�>P. 
ÆB�w �#� ��#J �-�}6 P�h� ÆB�w K#Ã." #. ��#��Q#XOK �L�\#�. �5�\"K Q#�� �P5[�. �#���#�z �. 4X" �Ç�� P5zOR. �#��Q#X �L�w �� �KO�$P. "O �2 �q#[5w!" �#�Q#���L.#� ��Z�"Rq" Q#�� KO�� �q#[5w!" �#���#�z K"LÃ6 
L\#. �2 c�"P\ �. �5W."� �Q#X Æ� s�uK 4�Ãu�� �w �6O�¼�Ç�� 
L�w ^I[� "O �2 �}w c�"P\ #6 K�\ PpF ��#�z �X #� �K ��~�" �#�\�#w OK �d�"P\ ���B �"P. �A�#�B�L.#� Z�#w �LÃ. |F"P� �#�Q#�� 4X"
½PÄ P."P. � #6 ��� |u"LF L�#. �~� KO"K �y5W. �Q#X j�� � �2 x�X � v!#J c�"P\ �. )X#X" Y�#w KO�� s�Ä�"��Ä �. �L\#. Q#�� R�� P6 s��Ä �#���#�z �. 4X" �Ç�� 
�Q #X |E� ���Q c�"P\ �. �5W. �L\#. �O"NzO#. ��F#�
L\#. 	�w!"P5�#� R�Pw!#J #� 4WX �X#� 
�P� UO
o�Ãa � 4WX 
�2 �L��K |�Ç[6 D~#_� �w �6O�¼ OK �{#9��L�XP. �P5�w!"P5� D~#_� �. � L��w O�-Ä D~#_� ��" Q" �w L\#. �"�Q"L�" �. L�#. #� ��#�z s�Ä
�Q#X Q" �KO"� Z�6 �w L.#� ��"K" �t�Ä #6 L�#. ��#�z 
L\#. K#�Q P�N2 �w!"P6 #� 4WX � �P� K"�� 4�#Ia �A�#�B�w �6O�¼ OK ��9� �KPw �K#p5X" s�Ä �w �#� ��#�z Q" �"�6 �� R�� �KO"�� OK �L\#. �\�2 �[B |.#u 
�K#��[�2s��Ä P�Q OK �~#�5F" o�Ãa D~#_� K�>� �w �t�Ä #6 L�#. ��#�z 
K�\ �� �L�#[� �w r#�Ä" OK ,X#�� c�"P\#���#�z 
K�\�� KO�JP. owx�X �. �w �KO"�� OK �L.#� ��"K" 
L\#. �5\"L� P:" �Q#X P. �L> O�e �. 
�L\n#[5w!"

��



{��W� Ph� s-e � KO�� ,WFP.
 �KQ"�� x�X OK P5� � #6 � � �~#X x�X OK P5� ��� K�LF ����� O�e �. L�#.�K#Ã� � �O#=� 4X" �Ç�� �w ��#> {#F P� OK �~� 
KO"K �}E� c�"P\ �. �y5W. P�" ��" �L�.#� ��"K" 	3O#h�KO�� �td�� P�Q L�#. 
��#�z Æ� |u"LF PpF #. 
�KO"�� ���B OK � 4W�� ,X#�� 
L\#. K�>�� �w�P5� ����QP�Q�	� �O#�\ |Ç\
 KPw Y�#w4�#pw OLu �. "O �XOP.
�K�\�� ��¼�6 � �O#�\ {�L> s.#d� �" �dt� �#��2 OK ��~�" �#� ��#�z s�Ä3O�¼ P� �.
�"�dt� �#��2 ���>�6 �}FP� �q#[5w!" �#���#�z s�Ä �� {�L>

3#hF�� s�Ä �2

� � ,VRODWHG 6SUHDG RU PDW IRRWLQJ � � $GMDFHQW IRRWLQJ

$ � � : �w �5u�' ����:�� 	KPp��
 ��EdX �#��2/ � :$ � �:' �w �5u�  ��� /�� � O�#=� �EdX �#��2/ � :

� � $GMDFHQW URZV RI IRRWLQJ � � 5HWDLQLQJ :DOO

�2 ow Q" ��#�z s�Ä $ � � : �w �5u� ' ����:�� �O�#=��EdX�#��2o�KO: � �2½PÄ $ ! � : �w �5u� ' � �:$ � #�p�KO � #���#2 ��. �}¼#q $ ! � : �w �5u� ' ����:��/ � o�KO�K OK #��2 ½PÄ�#�p�KO��. �}¼#q' � �2 ow Q" ��#�z s�Ä ' ����: #� ���+�� �� � |�#F O"��K: � �2½PÄ L\#. P5zOR. �w �"Lw P�+ � ���Q DdX Q" O"��K j#p6O"

� � 3LOHV

��#t� �#���� L��'6 ' � �» #6 �» P5� � #�Ã�\

��



�"�dt� �#��2 ���>�6 �}FP� �q#[5w!" �#���#�z s�Ä �� |Ç\

��



�O"�� �#��Q#X �2 �#��{T�� 4J#�\ ���
4���" � K#Ã." U#X"P. #��"O � #�[Ç�Q 
�~�~ b�dJ 
#�~#�#w �2 OKo}5I� K"�� ���Ã6 O�h�� �. Q#�� KO�� �#�\�#w!�4X" P�l5�� �"�hF�� |.#u �E� �. 
�L\ 4�Ãu�� ���Ã6 �Q#X P�W� 
�$ ��OK OK �w ����Q 3#�¼�_J � �Q#X�L�w�� P��l6 
�EdX P�Q c�"P\ 3"P��l6 ���Ã6 �. Q#�� ,WFP. R�� #� ��#�z �}¼#q
OK ���"P.#�. �K�. L�"�I� �K#_5u" 
�}�_p6 �#�[�#�Q$ �#=�" � 
�w |¼"�q #. #� ��#�z �O#pF 
�O"�� �#��2 OK� �Ç�R�q��S �#�\�O 
��"�� �#� VÇÄ KP.O#w #. �#�5F" 
s�uK O�e �. �O"�� �Q#X P�W� L�#. 
�6#�Lt� �#��XOP.� �L�\ ���.Z��2 �#����� �~"��6 L��#�6 O�h��� ��. V1�X �K�\ �Ã~#d� 
�}�_p6 �X#�\ ���Q �XOP. � L�KQ#.�#=��" � �R�O��#�P�. �q#[5�w!" �O#p�F 3#�}�Ä 
�.#5W�" DdXQ"P6 s�uK ���Ã6 � U#WF �F"��Q" �O"KP.������L\L�"�J
PpF 
�2 Y�#w �"P. 
L�w O�-Ä 	4XLÇ� v!#J #.
 #�5\K L��#� 
DdW� #5-W� �#����Q Q" L�#. �O"�� �Q#X �A�#�B�F"Pe �"P. � P5��}�w Æ� K�LF #� ��#�z �}¼#q ���>�6 �}FP� �#�\�#w �"P. ���Ã� �K�. L�"�J �q#w ��#�z L�B�4X" �q#w P5��}�w »�� P9w!"LF �E�P[6
Q" K�J P�W� OK�O"�� �Q#X �A�#�B �L\#. P�l5� �EdXP�Q c�"P\ �w4X" Q#�� KO���5u� P5�w |¼"�q #. �#���#�z!�"�R�O"� 
�"�R�O"� K"��
 �[\�2 se#�� 
�L�}Wz � �L\KPJ se#�� 
#�\Rl~ ���Q 
��#5W��w se#�� P�h� �te#����. �L�XO �"P. 
L�w O�-Ä #� ��#JK�O � #� �OK 
#�}�W� 
#� ��"P.$ 
	��Çq" �#�e�PI� � #>P. �#�w!#J 
�" ���"K�L\#. P�l5� O#�W. 4X" �Ç�� 
se#�� ��" OK Q#�� KO�� �q#[5w!" �#� ��#�z 
�F"Pe n"L�"
Q"Z�. {�e OK "O �Q#X 
�X#�\ ���Q |�"�Ä �w�6O�¼ OK �L�}Wz � �L\ KPJ �[\�2 �#���Q � �Rl}���Q se#�� OKP�p��F P5� �» �}¼#q �. #� ��#�z ���Ã� �K�\ n#[5w!" ��#�z � �}�X� �. |u"LF L�#. L��K O"Pu P�:#6 4E6 P5� �»{�e ��� �� OK ��#�z � �}�X� �. |u"LF L�#. 
KP�z�� 3O�¼��y�X �R�Pw!#J #� ��O"KP.K�z �wse#�� OK �L��\���� �� �L��\Y�#w 
P�W�
��#��z Æ� #. |u"LF �u�6 �#�P�W� 
L�w O�-Ä #���#JK�O � #���"P.$ 
#�}�W� 
#� �OK ow Q" �O"�� �Q#X �A�#�B�X#�\���Q 3#_I[� �. �>�6 #. 
L\#. ¿�X� ��#JK�O � ��"P.$ 
|�W� � �OK½PÄ �w�6O�¼ OK 
K�\��n#[5w!"OK
 L��\�� PpF � ���Ã6 �q#a" �#� ��#�z 	���� |2 
��}q 
3O�~#w 
v�Lw!$ 
��p�X
 �K#��[�2 �Q#X j�� � |E��	K�. L�"�J �" �dt� �#� �Q#X �O#pF c�"P\ �.#[� 
��#�z PpF c�"P\ 
�O"�� �#��Q#X KO��

��



�"P�. 
�X#��\ ����Q 3#�¼�_�J �. �>�6 #. 
L�w O�-Ä 	�y�X
 ��#5W��w �F"�� Q" �dJ �Q#X �w �6O�¼ OK� #�-�\ �O"L�#2 |�}E6 O�h�� �. 
����QP�Q +$DdX � #�y�X �K�6��#���\ ��Ç��#Ç� 
�Ç�R�q �#��zT�� 4J#�\�L��\�� PpF � +#I5�" ��#� ��#�z 
"P>" �S�~��Ç6 3#_I[� ���Ã6
4X" �Ç�� 
�Q#X j�� � �EdX P�Q c�"P\ � �X#�\ ���Q 
�q"Pz�2�6 c�"P\ ,WFP. 
#� ��#�z PpF 
�}w O�e �.P. �EdXP�Q c�"P\ �. �y5W. 
#� �Q#X �2Y�#w �"P. �K#��[�2 s�Ä �L\#. Q#�� KO�� �Q#X �O�E� cJ Q" ;O#J�	� �O#�\ |Ç\
 KO"K |E� �X#�[w!#J � �X#�\ ���Q �#��zT�� 4J#�\ ��#2

�K�\�� ��¼�6 � �O#�\ {�L> s-e �L\ K#� �#� �Q#X �"P. 	���>�6 �}FP�
 ��~�" �#� ��#�z s�Ä
�O"�� �#��Q#X OK ���>�6 �}FP� �q#[5w!" �#� ��#�z �K#��[�2 s�Ä �� {�L>

3#hF�� s�Ä �2 |E� �Q#X

P5� �X L�#. 3O�¼ ��" OK K�\ �L�K �5W. �#��QOK #. ��#t� x�X �K�6 
�K#��[�2 �2 ow Q" P6�#. Q"P6 OK �A�#�B � ��4X" �q#w �2 ow #6 �O#pF ���Ã� �~� KPw �O#pF x�X OK

�2 ow Q" ��#�z s�Ä � G �|u"LF G�� P5� R�Pw!#J ¿dt� � s��Ä YP. {#�#w!�2½PÄ �: �:�+� G : �16 �O#�w! �K#> ��P-��w j#p6O" � + �:�+� G + ¿p6P� R�Pw!#J�2 ow Q" ��#�z s�Ä � G |u"LF G�� P5� �~��Ã�{#�#w ¿dt��2 ow Q" ��#�z s�Ä � G G ��� #6 �'�� �~�~ b�dJ�~�~ Pdu � ' G� 	��� #6 �
 '
#��O#l� � #�~��6�XL��� �X#�\���Q �#��{T�� 4J#�\ ���

����Q �#��zL�A�2 �. �>�6 #. L�#. 	����QP�Q ÈOR. �#�#`q
 #��O#l� � #�}��6 P�W� �EdX P�Q �#�\�#w ��#�P.�A�#�B �K�\ ��h�6 3#Ã~#d� o}5I� |F"P� �"P. �Q#X4���" � �O#.�O4�#Ia 
�S�~��S�OL�� c�"P\ 
�5J#�\�X#��\ ���Q �#��XOP. #. �#Ç��"�5F 
L\#. �5\"K K�>� �p}5I� �#� ���Rz 
�O#l� 4�Ãu�� � |��6 P�W� �"P.�KP�z�� O"Pu �.#�QO" KO�� ���Rz ��P5-X#�� �EdX

��



�O"�� �#��Q#X OK ���>�6 �}FP� �q#[5w!" �#���#�z �K#��[�2 s�Ä �� |Ç\

��




P�Q c�"P\ ,WF P. 
R�� Py�K ��#�z �K"LÃ6 � �Q#X �#�5�" � "L5." OK ��#�z �K L�#. |u"LF �.#I5�" ���Rz KO�� OK�K�\ PpF�L�$ O#�\ �. oÃa �dt� 
�O#5J#X Ph� Q" 4X" �Ç�� �w �Q#X P�W� OK ���Q DdX �q"Pz�2�6 �#��y5qO�Pq ��L�O"K �t�Ä ��#XPzK � �zKQ"��4�}.#u �w P�W� Q" ��#�y�X OK ��L�O"K �5XO#w �#��zT�� �w P�W� �#�y�X Q " �[I. OK �P�W� O"KQ#z � O"L.$ �#�[I. OK ��L�}Wz � �L\ KPJ se#�� OK ��L�O"K P�N2 �O�6 #� � �P�I-6 �#�y�X �w P�W� Q" �5�Wu OK �

x�X j�� 
�.#5W�" DdX 
x�X �KQ"��ZI. � �5X��2#� K"�� 4�#Ia �K"K �#[� 
�L\ K#� �#� ��#�z PpF ��L.O#5J#X � KO"K ����JOx�X �w��#> OK �4X" |Ç[� �XL��� �X#�\���Q �#�\P. OK �5WÇ\ se#�� 
#��y5WWz!#�����JO 
v!#J K�>� 4}Ä �. �w ��#> OK #�" KP�z �#=�" ��#�z K"LÃ6 |u"LF #. L�#. ��#X#�\ 4W�� �L�A�2 ���Q���¼��6 ��Q��#�z 
�.#����Rz �"P. ��#X#�\ �}FP� OK �K�. L�"�J Q#�� KO�� ��#�z�P5[�. K"LÃ6 PpF 
4X" K�LE���#��z Pp�F �}��X� �. L�#. L�P�z�� O"Pu �Q#X P�W� OK �w �y��X �#�L�F"� �#�6 �����>�6 �}FP� OK �K�\����L��\n#[5w!"
�#��zL�A��2 � ��F"P�e Q#��� ,WFP�. #���#��z 4��> � Pd�u 
s�Ä 
�}¼#q 
K"LÃ6 �E�P[6 �F"Pe �}FP� OKY�#w s�Ä �L��K O"Pu n#[5w!" KO�� "O �Q#X ow P�Q {�-u |.#u s�Ä #6 L�#. #���#�z �K�\�� ���Ã6 �X#�\���Q3#hF�� ��" �KO"K �y5W. �F"Pe 3#hF�� � �K#��[�2 �Q#X 4�Ãa� � |Ç\ 
�Q"L�" 
j�� �. �y�X �#��K�6
L��\�� ��¼�6 |�#� �#� ��#�z O"K,�\ �#���� KO�� OK �4X" �#y5J#X �Ç��Ç6��S �#��zT�� ¿.#6 ��� Q" Z�.��#. �y�X �K�6 �w �d�"P\ OK �KPw |¼#F ��#z!$ #� ��� Q" �P5[�. K"LÃ6 4�Ãa� Q" �"�6�� s�Pe ��" �. "P�Q�#� ��#�z PpF �R}5W� �Q#X Y�F � {�F OKx�X �K�6 �XOP. � L\#. �5\"K �"�hF�� |.#u 4�#Ia |��6otX#� ,�\P2 O#�W. #� ��� �w �d�"P\ OK �L��$��O#�\ �. �P:�� Æ�w |�#� �#���#�z 
L\#. 4py�� ���R� � s��ÄKONy. �Q#X ¿dt� Q" �q#[5w!" ��#�z �w �e#t� OK �L�K 4XK �. �P5[�. 3#Ä�e" 4X" �Ç�� �tq" �O#pF 
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s�Ä �����
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LXP. Ph� �. R�� 4J"��Ç� � �y�� )5-W� x�X �K�6 Pz!"�K�\��� ����. Z�2 L�. ,�[� � �}¼" LX 
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L\#. �L\�F"Pe �" �R�Py�X � �w!#J �#�LX Q" �Py�K j"��" #� � L\#. |�#� LX�XO �5W� �A�#�B 4X" ���L.#�. �" �R�Py��X �#�L�X �"P. {#9� O�e �. �L�w ��"Pq �Q#X j�� ��" �"P. "O �Q� 3#_I[� L�#. #� ��#�z Z�"O$�#�LX KO�� OK �KPw ���. Z�2 "O ��#� ��#�z L�#. 
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L\#. ���#2 ��"�"P6 � +�J 4�p�w �"O"K �2 x�X �w �d�"P\ OK��S�~ LF"� �X #� � ���5. �#�LX OK ��S�~ LF"� Æ� �. ��"�"P6 O"Lt� �w �t�Ä #6 �L�#��u#. � �O#pF LX4[2� Pp�F ��F#��> OK � K#��Q |¼"�q #. L�#. ��~�" �#� ��#�z �}wO�e �. �L\ L�"�J PpF 
LXP. �w!#J �#�LX OK¿e#t� ����Ã� 
Æ�5XO#w se#�� OK �K�\ ���Ã6 #��$ ��. �}¼#q OK � �L�$4XK �. <�#5� �. �>�6 #. �LÃ. �#���#�z!#6 L�#. #� ��#�z��" s�Ä �K�\��+#I5�" 
4X" �L\ �KQULF �w ����QP�Q +$ �#�P> b�dJ 3"Q"�� �. �q#[5w!"OK #���#�zZ�"O$ �L.#� ��"K" 
4X" �5q#�� �ÃX�64XO#w �$ OK �w�t�Ä #� � K#�5Ä" |.#u � "�"P6#� )5-W� ��� �. �L�XO�#�P> 4�> � K"L5�" � ���6 "O |E� 	R�2�R�"
O#[q �� �[t� �"�5. 4�#�� OK �w L\#. �6O�¼ �. L�#. #��2 j�� ��"�K"LÃ�6 
Q#�� 3O�¼ OK ����QP�Q +$ 4�Ãa� �5J#X �\�O O�h�� �. ���A�� �KPw ^I[� "O ����QP�Q +$�K�\�� PpF 
K#�Q |¼"�q OK �KO"�� OK �5F � LX �K�LE� Q" ;O#J OK R�� ��#�z!

#���#�z 4�> �����
� #�O#m 
#�Ç�"K 
#��XLÄ P�h� o}5I� �EdXP�Q �#���h��. � O"K,�\ �#���� n#[5w!" O�h�� �. |�#� �#���#�z!4J#��\ O�h�� �. 
K�\�� �L�#[� �h�� �tq" �#�L�Q#X �w �d�"P\ OK �5F �L��\�� �5qPz O#w �. �}Wz se#���O#pF |�#� �#� ��#�z 
L\#. �L[� ¿du ��#u �#���#�z �}�X� �. 4X" �Ç�� �w ��#u �. Æ�KR� #6 ��#u �#��y5WWz!|�#�� �#���#�z Q" �"�6�� 
4W�� ��#u �#���#�z #. n#[5w!" KO�� b#t� �. �XP5XK �#Ç�" �w �KO"��OK �L��\���KPw �K#p5X"
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LX �-�> �#��Q#X �2 �#��{T�� 4J#�\ ���
�K�\ �O#pF ��#���#�z L�#. R�� �#z�P�� � L�.+$ �O"��K 
#��L��w!��}I6 
#�R�OPX P�h� LX �-�> �#��Q#X |E� OKOK P5� �» #���#�z �}¼#q P9w!"LF �w K�\�� K#��[�2 
L\#. P�l5� �2 c�"P\ #� ����JO Lu#q x�X �w ��#�}E� OKYP5Wz ��#u � �tq" �#�5�> OK �y�� O�e �. � 4X" �EdX Z\�2 Lu#q x�X �K�6 �w ��#> OK �K�\ �5qPz Ph��K"KO"Pu �XOP. KO�� "O �Q#X�2 
��#�z � #� � #. �"�6�� 
L\#. �5\"K#���#�z Q" �JP. |u"LF PpF �w KP�N2 3O�¼��E� �. L�#. ��#�z4�Ãu�� ���Ã6 
��Q��#�z3#�}�Ä ��#�P. ���L6 OK�L\#. �O�h��L�B

�q"PE�" �#�LX �2 �#��{T�� 4J#�\ ���

� � 3LHU

s��Ä |u"LF � ���#2 P� OK ��#�z Æ� |u"LF � 
P5� �» #���#�z �}¼#q P9w!"LF 
�q"PE�" �#�LX�2 Y�#w �"P.�K�\�� K#��[�2 �2½PÄ P."P. #���#�z!
�aPu À.#�� �2 �#��{T�� 4J#�\ ���

�w!#J D~#_� �����
KO��� �¼#�J D~#_� Ph�Q" �td�� 
{�" nL� OK �K�\�� �#=�" o}5I� nL� �K#. �aPu ¿.#�� �F"�� �#�\�#w!D~#_� 
#��"PzOR. �Q#X�O � �Q#XP�Q 
��$�"O �"P. �R�Py�X 
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�w!#J �#�LX 4XK�#. ��"�P�\ �"P. 
#�[Ç�Q �"P. P5}�q�K�\�� �XOP. K�>�� D~#_� ��}w ��#X#�\ Ph� Q" �K�LE� �td�� 
��K nL� OK �KP.
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KP�z��� �#=��" 
Ph�KO�� �K�LE� OK K�>�� o}5I� D~#_� 4�Ãu�� ���Ã6 O�h�� �. ��K nL� #. �#�\�#w!
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Y�#w �"P. 
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L\#. �5\"L� K�>� +�}d� x�X 
�#y5J#X �K�LE� OK �w �5u� �K�\�� ��¼�6P��l6 s�Ä #. �K#Ã� Q" �O#�W. 4�p�w �KPw ���#6 �O#.�O �#� �5[� � #�}�W� � �"��#JK�O �#�y�X �Ãdu Q" �"�5.,}�m" ���"P.#��. �4W��� �K#_5u" �$ 4\"KP. �w K�\�� K#�Q �#�A�$ �O#.�O 4�#Ia KO"�� �`Ã. OK � L�w���K�\ n#[5w!" 
�LÃ� 
��#���#�z PpF #. �w 4X" �O�Pa�4��w � �S�P2 �#�Q#�� �. 
K�\ �#=�" L�#. /O0�O ,X#�� �LÃ� ���Ã6 �"P. �w��#��XOP. �zKP5Wz ��zL�A�2	;
 � ���>��6 	+
 
��#X#��\ 	o~"
 �}FP� �X OK #��XOP. ��" ����Ã� �KO"K �y5W. Q#�� KO�� D~#_� 4�p�w!�K�\�� �#=�" �}�_p6 �F"Pe
� �X#�[w!#J 
�X#�\ ���Q 
�q"Pz�2�6 �#� �[t� Q" �K#p5X" #. � 4X" �EdX P5[�. 
#��XOP. 
��#X#�\ �}FP� OK�KP�z�� �#=�" �y�X D~#_� �K�LE� ���Ã6 LF OK � ��"�� �#�WÇÄ
OK �4X" Q#�� KO�� ��"P>" �#� ���R� KO�$P. � �}�_p6 �F"Pe �"P. ���>�6 �}FP� OK �L\ �O�$ ¿�> 3#Ä�e"O#=p�" #� �P�z!�Rl� #. �"P�� �O#pF 4X" �Ç�� �K�\ �O�$ ¿�> ��t~#. �K#Ã� Q" �q#w �#� �K"K L�#. �}FP� ��"� �Q"L�" ���Ã6 �"P. L�#. ��t~#. �K#Ã� �L\#. �O�Pa �LÃ� OK K�>�� D~#_� 4�p�w � �Q"L�" ���Ã6 �"P. �[�#�Q$���Q$ KO�� 
x�X �K�6 3"P��l6 � �zKQ"��P."P. OK4��#t� 
#� �y5WÇ\ � #� �QOK �}¼#q �T�� �. � 3#�¼�_J�L�P�z O"Pu
OK �}E� 3"L�#[� �L��w�� {P5�w "O x�X 3#Ãdu �Q"L�" 
�L�. ��� C�dX � 
#� �y5WÇ\ 
#� �QOK �O"K �}¼#q�4X" x�X �"�K Q" �.�J ��#[� �zKQ"�� P."P. OKx�X 4��#t� KO��

�L�P�z O"Pu �>�6 KO�� L�#. L��\;"PI5X" L�#-� �w ��#� ��� #� o�Ãa �#� ��� ¿�Q�6 � 4�Ãu���4X" �O�Pa R�� �K#Ã� ��P6 ��t~#. Q" �y�X D~#_� nPÃ� �#� ����� ���6 
KO"�� �`Ã. OKOK �4X" �_u#�� K#�X" ���6 � �F"Pe Q#�� KO�� �#� �K"K �KPw ��"Pq 
#��XOP. Q" nL� 
�}�_p6 �F"Pe �}FP� OKKO��4uK �. #��$ ��y�� � K�>�� D~#_� 4��w Ph� Q" L�#. 
L�"�L\ ��#X#�\ �}-u �}FP� OK �w ��K#Ã� �}FP� ��"�L�P�z O"Pu �XOP.
��



����B �L\#�. �O�P�a �P��z �Rl� #. �"P�� �O#pF 4X" �Ç�� 
L�w +#=�" �X#�\ ���Q c�"P\ �w �6O�¼ OK�w�6O�¼ OK �[�#�Q$ O#=p�" �L\#. |�#� � ��#u �#��O#pF |�#\ � K�\ �#=�" �"�Ç-\ 3O�¼ �. 
L�#. ��#��O#pF�KP�z 3O�¼ �}FP� ��" OK L�#. 
L\#. �L[� �#=�" |-u |F"P� OK
L�#. R�� �K#Ã� ��" 
L\#.Ph�L� ���>�6 �}FP� OK �L\ ���Ã6 �K#Ã� Q" P�m �. �Py�K �K#Ã� �}FP� ��" OK �A�#�B�L�P�z O"Pu �XOP. KO�� 
L�"�L\ ��#X#�\ ��-u �w ��K#Ã� L��#���K�\ �#=�" �.P=6 #. K"Pq" cX�6 � 4uK �. L�#. ��"P.#�. �4X" �6#Ã~#d� ZI. ��P6 U#WF �P�z ����� 
,}m"4�p�w �A�#�B �L\#. +�J #6 cX�5� 
o�Ãa x�X �K�6 nPÃ� � �Pz�}�w ��» K�LF |u"LF L�#. #� ����� �Q�
L�K�>�� 4�p�w ��P5�. � cX�5� 
��P6 o�Ãa nPÃ� ,�6P6 �. �w ����� �X �w 4X" P5�. 
4X" P�l5� D~#_�OK �L\#�. ,Ã�Ç� P5�� »�»�� K�LF L�#. ����� �"��Ä �. �L\ +#I5�" 3#Ãdu Q" Æ� P� K#Ã." |u"LF �K�\ ���6�. ����� 3#�#Ç�" ,WF P. �K�\ KO�$P. 
�L\ K#� �#�4�p�w #. D~#_� Q" Æ� P� �-W� L¼OK L�#. �#Ç�" 3O�¼�Æ�$x�X L��#� �.�XO �"��� �#�y�X OK �K�\�� ���6 �O#pF � ��Q �[�"P6 
�O#=p�" �#�\�O Q" �Ç� �}�X�� �LÃ� O#5J#X �. L�#. ���A�� �K�\ �.#�QO" �tq"4�> OK �� � ��#u 4�> OK �� L�#. D~#_� ��y�� 
x�X �X#��K�\ �>�6 R�� #� ��� ,�\ 4�>

��



�EdXP�Q �#�\�#w O"K��� ���6 ��
3#�~w! ���

� KP�z�� O"Pu �XOP. KO�� �Q#X P�:#6 #. ,X#�5� 
s�Ä #6 �2 4�Ãa� 
�Q#X Æ� �#y5J#X �Ç��Ç6��S 3#Ã~#d� OK
�Q#X K#Ã." � j�� �. �>�6 #. �w 4X" {��Ã� ���z!#��z �#�\�O O�h�� ��" �. �K�\�� �O�$KPz �O�Pa 3#Ä�e"3#Ã~#d� Q" �[I. �EdXP�Q �#�\�#w �K�\�� "P>" � �R�O��#�P. 
�EdX �X#�\ ���Q 4�Ãa� � CPe �#��X�KP�z��P. OK "O 	�Ç�R�q��S �#��XOP.
 ��t5W� P�m � 	�O#pF
 ��t5W� Y�O �K �w L��$�� O#�\ �. �Ç��Ç6��S�#�[�#�Q$ 
����QP�Q 4�Ãa� ���Ä 3"L�#[� ��a �P�m � �P~#z 
�[�"P6 
Æ�#B 
��#�z PpF #. ��t5W� Y�O OK4���" Q" #�[�#�Q$ KO�#5XK � #� �K"K 4-: 
3#�}�Ä ���z ��" ��y�X ���R� �. �>�6 #. �K�\�� �#=�" R�� ��"PE¼�#�\�#�w O"K��� � #� �[t� ���6 "N~ � 4X" L�p� O#�W. #� �K"K � 3#Ä�e" �#=Ç� ��"O" �4X" O"KO�JP. �K#�Q�4X" P�Q CP\ �. 3#Ä�e" 4-: Y�O � #�O"K��� j"��" �4X" {��Ã� 	�O#pF È�~
�EdXP�Q
#� ��#�{ O"K��� ���6 ���

�#�[�#�Q$ �#=�" � �X#�\ ���Q 4�Ãa� ��#X#�\ �"P. o}5I� �#� s�Ä � Pdu #. �w ��#��#B �. ��#�z ����Ã�� � �O#�\ �#�O"K���
 K�\�� �5pz 
L��\�� �O#pF ]�_I� �#��#y5XK #. � �EdXP�Q �#� ��� OK Q#�� KO���	� �O#�\
�K�\ |�#\ "O P�Q KO"�� L�#. ��#�z O"K��� ���6�. �>�6 #. � ��#�95X" KO"�� OK 
4X" ���»» U#�t� ��P5-X#�� �w L�\#. U#�t� �"O"K L�#. #�O"K��� ������KPw �K#p5X" R�� ���»» #6 ���» U#�t� Q" �"�6�� Ph� KO�� 4uK � 3#Ä�e" �zKP[q �"R���K�\ ��"O" ÈP. Æ� ��OP. � �BO#1Ç� 3O�¼ �. �L\ ��"O" 3#Ä�e" �w K�\ �ÃX L�#. �#Ç�" LF #6 �����4�Wu ��" OK P�Q KO"�� Pw!M �w K�\ �5qPz Ph� OK O"K��� Q" �[I. 3O�¼ �. 4X" �Ç�� �}w3#Ä�e" ������4X" �O�Pa�S�P2 #� CPe 
O�#[� UL��� � O#Ç�#��2 
#�PqO#w �#� ���#�zPdu |u"LF �s�Ä 
�O#pF �#y5XK j�� 
�O#pF �#�#2 � j�P\ H�O#6 
�O#pF Y�O
4�Ãu�� 
��#�z �O#�\ ���#�z �#5X"O 
��#�z ���"Q 
����QP�Q +$DdX 
owx�X s�Ä 
��#�� s�Ä 
��#�z |E� 3#_5I� �

��



��#�z3#_I[� 4-: �K#��[�2 �Pq �� O"K���

��#y5J#X ��S�P2 ��#�z �O#�\�O�#[� O#Ç�#��2 #�PqO#w!;  <  = �3#_5I�
P5� #�OK DdX Q"Q"P6 P5� s�Ä ����QP�Q +$ DdX

P5� #�OK DdXQ"Q"P6 P5� s�Ä owx�X
�O"L> �~�~ Pdu � {�e ��#�zPdu|u"LF

���#u Q" n"PE�" �3���Q$ ���#�zs�Ä
���6#J H�O#6 �j�P\ H�O#6 ��O#pF �#y5XK j��

���6
��XP6
{P5�w!

��



��



O"K��� �L��w ,��_6 � �L��w {P5�w 
�L��w ���6 �#� ��O#_5J" � ��q ���Ä �#���"O ����"O" P��Q CP�\ ��. ��#���5X 3O�¼ �. ��#�z Q" �L�$4XK �. 3#Ä�e"#��K"K 4-: O�h�� �. ������L��\���K�\��^I[� �L\+#I5�" U#�t� �. �>�6 #. ��#�z s�Ä �. b�.P� 3#Ä�e" �s�Ä �

� � 5XQ � � &RUH 5HFRYHU\

4.�� �O#�\ Pw!M #. �O#pF 4.�� P� ���#2 � �#. s�Ä ���O#pF 4.�� ��5� PX j�� �"P�� �. L.#��� P��l6 �w �Ãe#t� OK ��#�z Pdu ��5� j�� � ��#�z Pdu �L¼OK 3O�¼ �. 4.�� P� �. 4-W� �Rl� 4q#�Q#. �"R�� ���&�5� �Rl� �.#�Q#. �����Ä #�. �L�.��"K � �X#�\ x�X Ph� Q" x�X 
v!#J o}5I� �#�P[u ��X#�\���Q #� �X#�\���B ��5X �DdX L��#� #��y5X��2#� Z�#�� �K�\ �K"K Z�#�� ��� P� s�Ä �. �>�6 #. �X#�\ x�X LF"� P� �"P. b�.P��Q#X �2 P�Q �#�P[u OK �w���� KO"�� P�#X �Æ�� �@z 
�~$ K"�� K�>� � #��QOK � #� �y5WÇ\ � #�}Wz 
����K�\ �K"K Z�#�� ���Ä #� x�O #. 
KO"K 4���" �2 3#Ã~#d� Ph� Q" �"���z �. � KO"K K�>��L�. �t-e 
K�>�� �#�KO"L�#5X" �. �>�6 #. x�X #� � v!#J �#�P[u 3#_I[� �x�X #� v!#J 3#_I[� ��K�\^I[� ��� P� ��#u�q ���#5E6 4�Wu s�Ä ���Ã6 #. CPe Q#�� KO��4uK #. �Æ�Çp6 �. x�X #� � v!#J�Ph� D�P[6 U#X"P. �zKQ"�� �"R�� 
4��#t� 
4q#. 
�X#�\ x�X 3#_I[� 
x�O Pw!M 3#_I[� ��" OK� �~�E�" 3"PpF � x�X OK K�>�� �#�}�Wq 
�~$ K"�� #� {�}E� C��" P�h� ��� KO"�� K�>� �K�\�� Pw!MP:"P. �A�#�B � K�\��^I[� P6 4\OK n�PF #. owx�X �. KO�JP. s�Ä � #��$ �zL�w!"P2 �"R�� #. #�O#m�K�\�� �K"K D�a�6 
L\#. �L\ K#=�" x�X #� � v!#J OK �6"P��l6 �O#pF 3#�}�Ä

�� 5RFN TXOLW\ GHVLJQDWLRQ �� 6WDQGDUG SHQHWU DWLHQ WHVW

�	� �O#�\ {�L>
 K�\�� �#�. L¼OK 3O�¼ �. ���5�4�'� x�X �p�w^J#\ #. x�X 4�p�w �x�X 4�p�w! �
�O#pF �Rl� P5� P� OK�y5WÇ\ K"LÃ6 #� x�X {�eP5� P� OK �y5WÇ\ �"R�� ��P�m � #�}Wz 
#� �QOK 
�L�. ��� C�dX|�-u Q"x�X �#��y5X��2#� 3#_I[� �" ��#z!"L> ��5X OK �#��y5X��2#� �o�¼�6 OK 
��� DdX �P.Q � �L��wP2 K"�� j�� 
�Rl� �tq" O�E� #. �y5X��2#� ���"Q4X" �Q� �K�\��o�¼�6�K�\ �L�#=�z O�wN�

�P�h� 4X" �L\ �#=�" ��#�z OK �w #>P. 3#[�#�Q$ <�#5� 4-: �

�� &RQH SHQJWUDWLRQ WHVW ��7RUYDQH

� &�3�7 �� 6�3�7 KO"L�#5X" M�p� � �.Pa Z�#�Q$ »� �"�P2 YP. Z�#�Q$ »

��



x�X 4�p�w �� {�L>

� � 5RFN 4XDOLW\ 'HVLJQDWLRQ � � ([FHOOHQW

������������������������������������ 5�4�' x�X �p�w^J#\
5�4�' � ����������������������������������������������������������� �»»P5��5�#X �» Q"Z�. {�e #. 3#Ãdu �#�~�e j��=��L\ �O#pF {�e

����������5�4�' �����������������������������������������������p�w^J#\ ��#2 P. PÇ. x�X �L�.�KO��» � �»» � +�J �}�J

� � *RRG � � )DLU

��� � �» � +�J��» � �� � cX�5�

� � 3RRU � � 9HU\ 3RRU

��� � �» �o�Ãa�» � �� � o�Ãa �}�J

� � &RUH 5HFRYHU\ � � 6ROXWLRQ &DYLWLHV

� &�5� ��O#pF �Rl� �.#�Q#.&�5� � �������������������������������� �»»�L�$4XK �. �Rl� |w {�e�L\ �O#pF {�e
���������������������� �~�E�" 3"PpF

� � 2FFDVLRQDO 9XJV �� � 6FDWWHUHG 9XJV

	������ �� Q" P5�w 
#��PpF
 �+#��w �#��PpF �	����� �=F �� #6 � ��. #��PpF
 �� �L�w!"P2 �#��PpF �

�� � 9XJJ\ ��� 9HU\ 9XJJ\

	���� �=F ��» #6 � ��. #��PpF
 ��O"K�PpF �	����� Q" Z�. 
#��PpF
 �� O"K�PpF 3L\ �. �

��



�� 3RFNHW SHQHWURPHWHU �� 3UHVVXUH TXDQWLW\

��-�> <�XK�p� Z�#�Q$ »x�X �"�dt� O#. Z�#�Q$ »��"�"P6 ,�Pa 3O�¼�. Z�#�Q$Y�O �KPw^I[� �. �>�6 #. r�qZ�#�Q$ <�#5� �v!#J OK ��"�"P6 Z�#�Q$ »�K�\��4-: Z�#�Q$ s�Ä |.#t� OK
�O"KP.����� s�Ä |.#t� OK ����� j�� � �O#�\ �"P�� �. +$ � x�X 
v!#J Q" �L\ 4\"KP. �#������ ��P�z ����� ��K�\�� 4-:�"R�� � �3�4�#�P> 3L\ � O#[q��E�� |�#\ x�X OK��"�"P6 Z�#�Q$ <�#5� 4-: �x�X OK ��"�"P6 Z�#�Q$ �Q" �#�P> 3L\ � O#[q ��E�� OK �Z�#�Q$ KO�� �Ãdu s�Ä |.#t� OK ��"�"P6 LF"� ,WFP. x�X �K�6 ��"�"P6

�� 3DFNHU

� 
� PÇ2 j�� 
�Ãdu �. �KO"� O#[q ���Rw!#� P�h� �6#Ä�e" 4-: 4�Wu ��" OK �K�\�� �K#p5X" �Ãdu P. P:�� O#[q�4X" L�p� 0�2 j���P�z!�Q"L�" H�O#6 �"P�� �. ��#�z |J"K OK ����QP�Q +$DdX 
�O#pF È�~ Q" 4�Wu ��" OK �����QP�Q +$ DdX ��z P�h� �6#Ä�e" �4X" �O�Pa �$ Æ-[� 4�Wu �. �>�6 #. �L\ ,_� P5��R�2 {�e Z�#�� �K�\�� 4-:Q" 4�Wu ��" OK �"�6�� R�� "O �O#pF ��F OK ����QP�Q +$DdX ��#�z!#� P��l6 � #� ��� OK �O#pF +$�L\�L�#=�z �O#pF È�~�w K"K]#_5J" �O#pF ��F OK �L[� ���. Z�2 KO"�� �. L�#. "O ���#2 4�Wu �O#pF È�~OK ����Ã� �3#hF�� ��K�\��4-: P�Q KO"�� 4�Wu ��" OK�O#pF ��F OK ��#B ��OK O"R." ��#�z!#� b�tX »��#�z |J"K +$YR�O �"L¼ 
+$x�O P��l6 
��#�z +$�#�K P��l6 
O#[q 4E6 +$ �. KO�JP. »�#B ��#�K Q" Q#z ;�PJ »�4X" nO#Ã5�P�m �w �u#p6" j�� P� »
#�È�#B O"K��� ���6 ���

#�� � x�}w � |�. P�h� �5XK O"R." �}�X� �. � L�O"K �zOR. )5-W� Pdu �w K�\�� �5pz ��#��#B �. ����Ã� Æ�#B���Q �#� ��� �Ã�-e c�"P\ � ���Ä �L�#[� �#Ç�" #�Ç�#B j�� ��" �#��zT�� Q" �L��\�� PpF �Ç��#Ç� |�#X��"R>" #. �#�P[u �Ã~#d� � �XOP. O�h�� �. )6L�Ä Æ�#B PpF �L�O"K �K�LE� � �w s�Ä ,}m" #�Ç�#B �4X"���6 
#�Ç�#B �O#pF Q" |¼#F �#� �K"K 4-: �"P. �K�\�� ��¼�6 	�P�m � �R�O"� 
#>P. v!#J 
4qP.$
 �5X��2#�

��



4�#ÄO L�#. #�Ç�#B O"K��� ���6 OK P�Q KO"�� �	� �O#�\ O"K���
4X"��"R~" 3#Ä�e" ��}w �"P�� �. Æ�#B O"K����K�\�4X" ���»» ����Ã� �w,X#�� U#�t� K�>� ������KPw ��"O"$� �Q"L�" �. �#� �zP. ��OP. "O #��$ �#�O"K��� �"�6�� #�Ç�#B �K�. s�Ä �w �. Ph� ������}w3#Ä�e" �����O#Ç�#��2 
O�#[� 
#�PqO#w 
�#y5J#X �#� |�#\ �S�P2 3#_I[� 4-: � o~"����QP�Q +$DdX � ��#�� s�Ä 
�O#pF Pdu 
�O#pF Y�O 
3#_5I� 
Æ�#B �O#�\ 4-: � +Æ�#B �O#pF 3#�}�Ä �#�#2 � j�P\ H�O#6 � ;�L��w ,��_6 � �L��w {P5�w 
�L��w ��XP6 
�L��w ���6 �#� � K
#� �K"K 4-: �����

�s�Ä � o~",I5�� U#�t� �. �>�6 #. Æ�#B s�Ä �. b�.P� 3#Ä�e"
��X#�\ ���Q 
�X#�\ ���B ��5X � +P� ���#2 � �#. s�Ä �KPw ^I[� #. ��� P� �. b�.P� �X#�\ x�X � �L�. ��"K �. �>�6 #. v!#J o}5I� �#�P[u�K�\�� �K"K Z�#�� ���Ä #. ���

�v!#J3#_I[� � ;� �~$K"�� � {�}E� C��" P�h� �KO"�� K�>� �4��#t� 
�X#�\ x�X 
4q#. 
x�O �. �>�6 #. v!#J �Ph� D�P[6�P�m
#>P. 3#[�#�Q$ � �P�z ����� � K�L\ �P�z ����� s�Ä |.#t� OK ����� j�� � �O#�\ �"P�� �. �L\ �5qPz �#������ 4-: �&�3�7 � 6�3�7 �KO"L�#5X" M�p� � �.Pa Z�#�Q$ 3#.Pa K"LÃ6 4-: ��-�> <�XM�p� Z�#�Q$ <�#5� 4-: ���"PE¼ �~#yB Z�#�Q$ <�#5� 4-: �Z�#�Q$ Y�O Pw!M �"P�� �. ��"�"P6 Z�#�Q$ <�#5� 4-: ��P�z �Q"L�" H�O#6 #. ����QP�Q +$DdX 4-: �
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��#y[�#�Q$ �#�[�#�Q$ ��"O �#�[�#�Q$ <�#5� Q" �`Ã. �"�6�� ��#y[�#�Q$ �#�[�#�Q$ #. �$ <�#5� s�p}6 � ��"PE¼ 3#Ä�e" |��Ç6 �"P.�P�h� 
KPw 4-: Æ�#B O"K��� OK R��v!#J �Ã�-e 4.�eO �]�_I� �Q� �ÈP.P6" K�LF �|I}I6 �v!#J �L�. �t-e �
#�4q#\ �#��P�#{ O"K��� ���6 ���

x�X �4qP.$ OK 4q#\ #� � �P~#z PpF �aO�" 4E6 �#�\�#w ��t5W� �#�\�O Q" �Ç� �Ç��Ç6��S 3#Ã~#d� OK��" |J"K OK #>P. �#�[�#�Q$ �#=�" �#Ç�" 
�X#�\ ���Q 4�Ãa� ���Ä c�"P\ ���Ã6 ��a 
Y�O��" 4�R� �4X"�KP�z�� �#=�" P�Q CP\ �. #�\�#w ���z��" 3#Ä�e" 4-: �4X" #�4q#\ � #��P~#z!�. )E�> P6 �w ^I[� U#�t� #. �" �[t� ��OP. 4q#\ � �P~#z �-�#> �#� �O"��K � otX 3#Ep¼ ������$ �#5X"O 4q#\ � �P~#z �#�5�" � "L5." 3#_5I� O�wN� �[t� ��OP. �K�\�� P��_6 ���»» U#�t��K�\��4-: {#�\ �. 4-W��R��$ x�O #� � ���Ä #. #� �O"��K � otX 3#Ep¼ P��_6 ��OP. x�X #� v!#J �#� ��� 4�Ãa� ������K�\��^I[���P5zOR. 3���Q$4-: � �L\ KPJ �#��td�� 
|Wz 
�y5WÇ\ 
�QOK Q" �Ä" #��y5X��2#� 4�Ãu�� ��XP6 ������"Lw P� O#�w OK #��y5X��2#� ��" ,�\ �,�\#��y5X��2#� �zL\P2 j�� ������P�m � �zL\P2 j�� �"P�� �. �~�E�" �#��PpF 
Æ�� 
@z �#� �zO P�h� �KO"�� �KPw ^I[� ������ �K#p5X" |E� 
�L\ �K#p5X" 4�PÇ6#\ 
+#u 
4W. +�B P�h� #� �L��wO#�� Q" �O#pF ��F OK �A�#�B �����#� �L��wO#�� 3#_I[��P�z �Q"L�" H�O#6 � +$�#�K �4[� �"R�� �"P�� �. #�.$ 4[� |E� �KPw ^I[� �����

�� -DFNLQJ

YP�. 
Dd�W� Æ> � �" �Ep�¼ �O"NzO#�. 
3#[�#��Q$ �L��#� #>P. �#�[�#�Q$ |E� �KPw ^I[� ������P�m � #��y5X��2#� C�dX Q" �P�z �Rl� � ��t5W��"R�� 
#�~#B s�Ä 
�P~#z ¿dt� OK #�~#B K"LÃ6 
�O#pF Y�O �L��#� �O#pF ��E� KO�� OK �}w3#Ä�e" �����{#B P� OK �L\nP_� ��O#� K"��
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�y�X�#� �K�6 OK #��y5X��2#� 4\"KP. ��

� � GLVFRQWLQXLW\ �� 8QFRQIRUPLW\

��z5X��2#�o�PÄ6 ���
�O�$K#� 4X" �O�Pa �L���z�� �y5X��2#� "O �y�X �#� �K�6 OK ����#: #� ��~�" �zL\"L> #� �zL\Q#. j�� P��w �L\ �5pz �y5X��2#� R�� LF"� �K �#�� �[�#XPq �#� �P-�� �. �X#�\ ���B �T�� �. �X#�\ ���Q OK �w K�\�4X" #��y5X��2#� Q" �Ä�� R�� #� �P-�� ��" 
�L\ K#� o�PÃ6 P.#�. �4X" � �$ �W�}y�" �S"� �XO#q P."P.

#��z5X��2#� j"��" ���
�Q" L�6O#-Ä �w KO"K K�>� �y5X��2#� j�� L�B

� � -RLQW � � -�VHW

��QOK �����
�4X" �K"L� GO L�K |.#u ��#> �.#> 
�$ �#5X"O OK �w K�\�� �5pz x�X �K�6 OK �zL\Q#. �.

Æ� "O �QOK �5XK L�B �L��K�� |�Ç[6 "O ��QOK �5XK Æ� 
L��#�� ,�\ ��X �,�\ #. �Q"��Z�. � �w�#� �QOK

� � -�6\VWHP � � 6FKLVWRVLW\

�L���z�� ��QOK �5W�X
��qP�Ã�� O#5J#X �$ �#� �. L�\#. �O#5J#X LF"� �"Lw �Q"�� �Ç��" �. �5W. 
"O x�X OK �L�$ K�>� �. �#� �QOK���� 	� GPy�X
 �JPy�X 
 �O"� 4W�\ 
�"��� �#� �QOK L��#� L��w��

� � )DXOW

� |Wz! �����
L��B #6 P5��5�#X L�B Q" �X#�\Q#. |.#u ��#> �.#> �$ �#5X"O OK �w 4X" x�X �K�6 OK �zL\"L> DdX �Ä��OK �4X" �Q"���#�[J 3O�¼ �. #�y�X Z-�> �#� ��#[� �"O"K #�#> P5[�. OK |WzDdX �4X" �K"K GOP5��}�w!
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� � DOWHUDWLRQ � � JRXJH

�#��2 OK �w L\#. �L\ ���� �Q#X ��#w 
�zKQ"�� ���#XPzK 
�zL\KPJ O#BK 4X" �Ç�� x�X �K�6 
Z}Wz P:"
x�X �K�6 P��l6 �y��yB �4��#� P.#�. �4X" �X#�\Q#. |.#u �td�� Æ� 3O�¼ �. � P5� L¼ L�B #6 P5��}�� L�Bx��X �zL\KPJ �A�#�B �L��w�� �qPÃ� ���� �KQ"�� �td�� 
�#XPzK �td�� 
�\P. �td�� 
�}Wz �td�� �#� �. "P�$�L���z �S�z "O �$ 
L\#. �L�$OK v!#J � OK�2 4~#F �. � L�L\ O#�W.
#� �Q#W��#� � #���� �����

�w L���z�� ��~�" �#�y5X��2#� "O �X#�\ ���B �#�LF"� �#�� �[�#XPq �#��P-�� ���A�� � Py�LÇ� #. #� ��� QP��L�O"K �K#�Q O#�W. YP5Wz #��y5X��2#� 4~#F ��" OK �L�O"K �K#�Q 4���" 4IX �#�y�X OK �T�� �. � ��#z!
#�z�X �K�6 OK #��z5X��2#�4���" ���

�. 4��#t� ��" ��#z �w�O�e �. L��\�� #��$ �[[w4��#t� L�L\ O#�W. Z�#w ,>�� x�X �K�6 OK #��y5X��2#�4�¼#�J � KP�z��� 3O�¼ ��#X$ �. #��y5X��2#� ��" �"O Q" 
x�X �K�6 ��OK �. Q#z � ¿�#� M�p� �LXO�� Pp¼�L�K�� P��l6 "O #��$ �Ç��#Ç�
���A�� �x�X �K�6 �P�N2 |Ç\ P��l6 � 4��#t�P. #��$ �zL�w!$ � �zL\Q#. L��#� #��y5X��2#� �#��zT�� Q" �JP.�L�O"K �K#�Q O#�W. P�:#6 x�X Q" +$4[� O"Lt�

#��z5X��2#�4\"KP. ���
�	� �O#�\ O"K���
 K�\ �P�z �Q"L�" �^I[� P�Q �#�KO�� 4X" �O�Pa 
#��y5X��2#� ��"PE¼ �#�5\"KP. OK
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#��y5X��2#� 4\"KP. �"P. �K#��[�2 �Pq �� O"K���
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��#`q ¿a� �����
�K�\��� ^I�[� ,�\ ���"Q O"Lt� � 	"Pz!
 {#�\ Q" �$ ,�\ ��P5zOR. 4�> �P�z �Q"L�" #. �y5X��2#� DdX��P5zOR. 4�> �K�\�� �#=�" 	U#1�w!
 �X#�\ ���Q �#�� ,du �}�X� �. #�y5X��2#� ,�\ � 4�> �P�z!�Q"L�",�\ ���"Q O"Lt� �K�\�� �K"K �#[� �>OK ��» #6 Pp¼ �uO #. � ���Ã6 �W�e#�l� #� � �t�tF {#�\ �. 4-W� 
,�\�» � �O�#J {#�\ ��X �. �y5X��2#� DdX ,�\ �A�#�B {#9� �"P. �K�\�� �#�. �>OK �» #6 Pp¼ Q" �uO �K #.�K�\�� �K"K �#[� P�Q 3O�¼ �. 
L\#. �>OK	,�\ ���"Q O"Lt� 
PWw ;PI� �,�\ ��P5zOR. 4�> 
PWw 3O�¼
 »����»
� #�� �QOK �y�#zL�B � ��"�"Pq 
��F#� P� �O#5J#X �#��zT�� �. �>�6 #. �}¼" �#��y5X��2#� �5XK ���Ã6 �"P.�K�\�� K#��[�2 �QOK �»» #6 �» Q" �w KP�z�� O"Pu �P�z �Q"L�" KO�� #��$ Q" �K"LÃ6 
#��XOP. nL� �#=�"PX

� � DSHUWXUH

� �zL\Q#. �����
o�PÃ6 � o~"#� � v!#J 
x�X �KPJ 
+$ 
"�� #. �w �y5X��2#� �O"��K �K �#�� �}¼#q Q" 4X" 3O#-Ä #��y5X��2#� OK �zL\Q#.�4X" �L\P2 ��z!#��z �#���#w!

#��zL\Q#. j"��" � +3O��¼ ��. #��$ �}w �L�. �5XK �L��\�� o�¼�6 � �L�. �5XK #��y5X��2#� 
�$ �#��2 #� �zL\Q#. O"Lt� ��#2P.�4X" P�Q CP\ �. #��$ �zL\Q#. O"Lt� �w K�\�� K#��[�2 Q#. O#�W. � Q#. 
�5W. �#���Pz!P5��}�� »�� Q" P5�w � �5W. O#�W.P5��}�� »�� #6 »�� � �5W.P5��}�� »�� #6 »�� � �5W. ����P5��}�� �» #6 »�� � Q#. �#��y5X��2#�P5��}�� ��� #6 »�� � Q#. )5-W�P5��}�� �» #6 ��� � Q#.P5��5�#X � Q" P5[�.� Q#. O#�W. �#��y5X��2#�P5��5�#X �» #6 � � Q#. O#�W.P5��5�#X �»» #6 �» � Q#. O#�W. O#�W.P5� Æ� Q" P5[�. � 	Q#. �Q"L�" �.
 �w!"�#w!
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� � )LOOLQJ � � 3HUVLVWDQFH

��zL�w!$ �����
O#�\ �. x�X �K�6 Q" �[I. �w L�" �L\P2 �K"�� #. KO"�� P5[�. OK 
#�y��X �K�6 OK �L�$ K�>� �. �#���y5X��2#��L���z ��w!$ 
"O �y5X��2#� �#� �O"��K �#�� �#`q OK �L\P2 K"�� ��" �L�$��
�4�W}w ��B ��#���#w |�#\ �� ��#z � 	4}�X
 YO�q #� UOv!#J L��#� L�5W� ��"K R�O #�5~#F P5[�. OK #���w!$�O�Pa #� ��w!$ �XOP. OK �L�" �KO�JY�> #��y5X��2#� ����Ã�4~#F ��" OK �w L�5W� ���� R6O"�w #� �4���z!"O$�zL\KPJ � �zL�w!$ Q" Z�2 �#���#=.#> �. ���A�� � �$ �K�. O"L.$ 
��"�"P6 
�L�. ��"K 
�X#�\ ��#w �. 4X"�K�\ �>�6 #�y�X
�K�\ �O"KP. ����� L�#. 
#� ��w!$ �Ç��#Ç� � �Ç�R�q ]"�J ���Ã6 �"P. 
L�\#. �w!"�#w j�� Q" #��y5X��2#� �A�#�B

���"L6 �����
o�PÃ6 � o~"��"L6 �K�\�� KO�$P. �-�Pt6 O�e �. 
KR��P. OK �$ P:" �P�y�2 #. �w L���z �$ ��"L6 "O �y5X��2#� Æ� �~�eYP5Wz!�L�XO �#�#2 �. �y��yB 4X" �O�Pa � K�\�� �P�z �Q"L�" �$ ,�\ ��X OK � �$ DdX �#5X"O OK �y5X��2#��K�\^I[� �$

��"L6 O"Lt� � j"��" � +P�y�K �#��y5X��2#� �. #� 
LXP. �#�#2 �. � K�\ K�LE� �zKR��P�. Q" �ÇB�w ZI. OK 4X" �Ç�� �y5X��2#�� KO�$P. �$ �"Q"OK4X" �O�Pa 3O�¼ P� OK �K�\ ;O#J �$ Q" � �K���2 "O �zKR��P�. PX"PX �Ç��" #� � KL���1.�K�\ �5\�� #�\O"Rz OK
�4X" �L\ K#��[�2 #� �y5X��2#� �~�eYP5Wz �#�. �"P. R�� P�Q �#� �S"� �P�zO#w �.4X" P5� � Q" P5�w �y5X��2#� �"Q"OK ��w �}�J ��"L6 �P5� � #6 � ��w ��"L6 �P5� �» #6 � �cX�5� ��"L6 �P5� �» #6 �» �K#�Q ��"L6 �P5� �» Q" P5[�. �K#�Q �}�J ��"L6 �

��



� � URXJKQHVV � � 6WHSSHG

��P.Q �����
�L���z �$ �P.Q "O �y5X��2#� DdX OK �L�$ K�>� �. �#��O"���#� � �q#¼#�

�4X" �}w4~#F �X �"O"K �y5X��2#� Æ� DdX OK �P.Q
���"�}2 � o~"�4X" K�LE� � �w �"Q"OK #. ÆB�w �#� �}2 �"O"K

� � 8QGXODWHG � � 3ODQDU

��O"K ;�� � +�4X" K#�Q {�e � �w ���"K #. ;��4~#F
���" �Ep¼ � ;�L�#���� �Ep¼ Æ� 3O�¼ �. � O"���Z�. � �w!ZJ �"O"K �Ç���" #�� � PlB �}�J #� n#¼ 4X" �Ç�� �y5X��2#� DdX 
��#z �X �#�5~#F Q" Æ�P� OK�KPw o¼� �"�6�� "O �y5X��2#� DdX �w KO"K K�>� 4~#F � |u"LF ��"P.#�. �L\#. �Q"�� �#�Rl~

��"�}2 � o~"O"KZJ 
P.Q 
n#¼
�O"K;�� � +O"KZJ 
P.Q 
n#¼
��"�Ep¼ � ;	4X" �w �}�J #��K�z � #��zL�$P. n�5J" #�5~#F ��" OK
 O"KZJ 
P.Q 
n#¼�P�N2 4[� �����

P:" 4X" �O�Pa #�y5X��2#� 4\"KP. OK �L��\��x�X �K�6 OK +$ M�p� 4ÄPX ,>�� L�KP6 ��L. #��y5X��2#��KPw^I[� x�X �K�6 �P�N2 4[� OK "O #��$�KPw �zQ#. �"�6�� P�Q 4~#FO#�B Q" �Ç� #. "O �P�N2 4[�
�Æ[J � o~"�L�5W� Æ[J 
#� �QOK �T�� �. � K�\��� �L�K +$4[� Q" �" ��#[� @��

��



�P6 � +�KO"L� K�>� +$ �#�P> �~�4X" O"K ���P6 �y5X��2#� 4�Ãu�� OKx�X DdX
�V�J � ;�4X" �5q#�� �#�P> +$Q��� �~�4X"O#Ç\$x�X DdXOK +$�#��Pdu��L\ V�J +$#.x�X
��L��"P6 � KO#[q #� � �y5X��2#� ��L.$4X" �O�Pa 4~#F ��" OK �K�\�� �"�O � K�"P6�� ��P. +$ �#�P> 
�y5X��2#� Q"�K�\ ���Ã6 �$ +$

� � 6SDFLQJ

� �O"K �}¼#q �����
o�PÃ6 � o~""O ��y�#�� O"Lt� Æ� �QOK �5XK P� KO�� OK �w L���z�� #��$ �O"K�}¼#q "O ��#W�� �y5X��2#� �K �O�K #� �}¼#q�KPw ���Ã6 L�#.KO�$P.
 P5� �» K�LF {�e OK "O #�y5X��2#� K"LÃ6 
�[B #. �$ �-�Pt6 KO�$P. Q" V2 �"�6�� ��y�#�� ���Ã6 �"P.�L\YO#�\ �#� �QOK K"LÃ6 
P5� �» {�e OK �A�#�B {#9� �"P. �KPw ���Ã6 ,X#�� ��y�#�� � KPwYO#�\ 	�-�Pt6�K�. L�"�J P5��5�#X ��» x�X �K�6 ��" OK #� �QOK �O"K �}¼#q 
L\#. �� P."P.

�O"K �}¼#q o�¼�6 � �#�. � +O#w �. R�� "O P�Q �#�5p¼ 
�$ O"Lt� �. �>�6 #. �~� K�\ �#�. KLÄ #. �O"K �}¼#q O"Lt� 4X" �O�Pa 4~#F P� OK�L�P.����y�#�� O"Lt� �O"K �}¼#q �#�.
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