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� �P5��OL��� Y�O Q" ���Ã�� �$ Q" P5ÇB��w 3"OM �"P�. � 	��X#�� �L�.���"K �"P�. Æ~" Z�#��Q$ �#�����"O��K#p5X" 	� UO � �� �L�.��"K �"P. �P5��OL�� Z�#�Q$ �#���"O� �"��Ä 4E6 o~" ��� �O#�\ KO"L�#5X"�Æ�
�L�K�� �#[� "O � $670 KO"L�#5X" OK �K#p5X" KO�� �#�Ç~" �Q"L�" � {�L> �KKPz��
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$670 KO"L�#5X" OKÆ~" �Q"L�" �� {�L>P5��}�� ��Q�O Pdu Æ~" �O#�\ o�KO��» � ���» �» ���» �� �»��» �� �»��� �» �»���� ��» �»�»�� ��» �
OK 	�O"��� �� � 
 nO#Ã5� c�"P\ OK �KO"K K�>� v!#J Æ�~�OL�� 4�"L� � �#�5J#X 
4q#. ��. �"�d."O �}wO�e�.�4X" P5�w Æ-X � cX�5� 4q#. #. �#�w!#J #. �W�#t� OK v!#J Æ�~�OL�� 4�"L� 4q#. ��y�X �#�w!#J

v!#J 4q#. �L�.�t-e ���
4q#. �L�.�t-e 8}9� � |Ç\ �KQ#X��^I[� "O �$4q#. 
v!#J OK K�>�� UO�4}�X 
�X#� 3"OM �-W� �"R���K"K �p�¼�6 �#� Æ� 
L�P�z�� O"Pu 3#t-e Q" �Ç� OK 
Pdu Ph� Q" �w �6"OM j��=� �. |�Ä OK �L�K�� �#[� "O v!#J�K�\��

v!#J 4q#. �L�.�t-e 8}9� �� |Ç\
�



Æ�KR� Py�LÇ� �. v!#J 4i#pF � �Ä"OQ �R�O��#�P. 
v!#J �. +$ M�p�4ÄPX f#E~ Q" �w v!#J �#�5q#. Q" �JP.�4X" �L\ �K"K �#[� � �O#�\ {�L> OK �w L�P�z�� O"Pu �}w �L�.��Pz Æ� OK 
L�5W�
n"PE�" � 3"OM �Q"L�" �XL�� ��y�#�� P5�"O#2 �K Q" �K#p5X" #. �L�.��"K 8}9� ��O P. �6#F�¼" 
���� {#X OK�K��� �Ã>"P� � �O#�\ 4X��2 �. �"�6�� KO�� ��" OK P5[�. j�e" �"P. �4X" �L�$ K�>��. #��$ �XL�� O#�Ã�
v!#J �#���� |J"K OK +$4wPF 4ÄPX ���I6 
�[Ç�Q ��"PE¼ 3#Ã~#d� OK �L�.��� 3#�}�Ä <�#5� Q" �Ç�v!#J 3"OM DdX 4Ã�-e � v!#J Nq#�� �Pq ¿.#6 
v!#J OK +$4wPF �4X" �L��wK�LE� ��� ^�I[6 O�h���.�L.#��� P��l6 v!#J 3"OM �w!"P6� �#�5J#X 
4q#. #. v!#J Æ�~�OL�� 4�"L� �"R�� ��"P.#�. � 4X"
U#X"P. "O Æ�~�OL�� 4�"L� �"�6�� 
4X" L¼OK � Q" P5�w �$ 4}�X � UO b�}I� �w �"�X#� 3#.�XO �"P.#�O�5w!#q 
cX�5� ���y�X 4q#. #. ��#�w!#J �"P. �KQ ���I6 ��#���e" |.#u � ¿�PX O�e �. v!#J 3"OM �Q"L�" ¿�Q�6O"Pu Ph�L� 
4X" 3"OM �Q"L�" Q" P5��� ���Ã� #��$ P�:'6 � L�O"L� �e#-6O" v!#J 3"OM K#Ã." �. �w �Py�K |�"�Ä ��O�5�
UO��#w j�� 
��LX � ��W}w �"R�� 
�~$K"�� L¼OK 
v!#J �#�5J#X �. �"�6�� 
|�"�Ä ��" �}�> Q" �L�P�z���L�O"K v!#J 4q#. �. 4-W� �P55���" #. Zt� Æ�~�OL�� 4�"L� OK #�O�5w!#q ��" �KPw �O#\" 	 �L��\�O�5�P�m �
K�LF #6 4X" �Ç�� Æ�~�OL�� 4�"L� 
�L��\�O�5� UO ��#w � �#. (63 #. �XO ��~ v!#J Æ� OK {#9� O�e �.�L\#. ,X#�� �#�5J#X � R�B#� (63 #. �~� 
4q#. ���� #. �w!#J Q" P5�w P."P. �»»»

v!#J 4q#. ��"PE¼^�I[6 ���

�� ,QWHUQDWLRQDO 0HWKRG RI 6RLO &ODVVLILFDWLRQ �� &RQVLVWHQF\

�K#p5X" 	�W�~
 �v!#J 4q#. �L�.�t-e �}}�~"��. Y�O Q" �w K�\�� ��¼�6 v!#J 4q#. ��"PE¼ ^�I[6 �"P.�KKPz�� |�Ä P�Q ,�6P6 �. v!#J 4q#. ^�I[6 �"P. �L��\�� ��Wt6 ��Pz �� �. #�w!#J Y�O��" OK �KKPz!
�KP�z�� O"Pu �XOP. KO�� P6 4~#F OK �$ � �O"L�#2 � Æ[J 4~#F OK v!#J �J�}w �zL��\KPJ ������	K��� �K#p5X" L�#-� K#�Q +$ Q"
 K�\�� �5J#X +$ #. ��ÇE� )5-W� �}z �~�}z! ������K�\�� �K"K Z~#� K#�Q O#[q #. ��#[� 4[y�" �4W\ ��. �~�}z! ������KKPz�� �>�6 L�$��Z�2 �X#� K�>� P:" OK �w v!#J 3"OM �5\OK � �P.Q �. ������"R��� ��. � K�\��� "L�> Py�L�Ç� Q" KO"K O"P�u #��$ �#�� OK �}z �~�}z �w�~#F OK �#5[y�" � 4W\ �����

�



�K�\�� �>�6 4X" UO3"OM K�>� Q" �\#� �w �$ �zL�-WB��. �w�O��e �. 
���K�� Z~#� 4XK �K ow ��. V1X � ���w�� P6+�eP� +$ ��w #. "O �}z �~�}z! ������#��w!#J �KKPz�� |�L-6 O"�� �. ��w O#[q #. ��#[� � 4W\ �#5[y�" ��. �}z �~�~ �L�$OK �~�~ 3O�¼�L��#���� K#=�" �#6�w �#�O"�� Æ-X �#�w!#J � ����e�#�O"�� ��y�X�K�\�� �K"K Z~#� �#5[y�" � 4W\ ��. ����e4wPF #. +�eP� v!#J ������KO"Nz���#> �. �#5[y�" � 4W\ ��O �P��R�~ �EdX 
UO ��L�w�� K#=�" |�I� ��-\ 4q#d~ � ��P� U#WF" 
4}�X ��KKPz�� �5\OK � �P.Q U#WF" ,>�� 
�X#� �
#������� Q" �K"LÃ�6 ��w KKPz��� ��¼��6 ��W�~ Y�O ��. v!#�J 4q#�. ^�I[6 4E¼ Q" P5[�. �#���e" �"P.K�J ^�I[6 4E¼ � 4uK �. 4-W� L��"�5. ��"PE¼ �"O��'� #6 K�\ {#XO" �#y[�#�Q$ �. 	L¼OK�»P9w!"LF
�L�.#� �#���e"

�L�K�� �#[� "O v!#J 4q#. ���Ã6 �W�~Y�O � {�L>

�



�W�~Y�O �. v!#J 4q#. ^�I[6 �� �O#�\ {�L> 3"OM L¼OK �-�Pt6 K�LFP6 4~#F OK �#5[y�" ��. Z~#� OKU#WF" �L\ �O"�� P6 �Æ[J 3�#F OK �O"L�#2 �L��K|�Ç[6 4q#.&OD\ 6LOW 6DQG#�. �#5[y�" � 4W\ ��. K#�Q O#[q #. �w ��#y�� OK �Ä#=6O" |.#u � L�}. O"�� ��ÇE� �#��J�}w Æ[J 4~#F OK 
R�O 4q#. #. 4X" �w!#J �» �� � ��y�X UO��O �P� �R�~ �EdX 
K�\ �L�~#� ����e �5wPF #�" 
L�K�� |�Ç[6 P6 4~#F #. �4WÇ\ 4XK #. "O �$ �"�6�� ctq �w L�K�� |�Ç[6 "O +HDY\ &OD\ �}�J�$ Q" V2 �KO"Nz��� �#�> ��. �#5[y�" � 4W\ �K#�Q O#[q �. O#w ��" �"P. �. Q#�� P6 4~#F OK �K�\��� �5WÇ\ �#5[y�" � 4W\ Æ�w! ��y�X�zL�-WB 
L��\ �KP[q Py�LÇ� �. �#5[y�" �#zP� �4X" ;#�5F" �K"K |Ç\P��l6 "O �}z �~�}z �"�5. #6 4X" �K#�Q )5-W� O#[q�KKPz�� #��$ �L\"L> ¿�#� UOP5�w 3L\ #. �~� 
r�q4~#F L��#� �» �» �» UO&OD\��. Z~#�� �#y��� ��. #�" 
KO"K �}�I� �P� 4~#F �P�N2n#dÃ�" � L�}. O"�� P5�w 3L\ #. �~� 
r�q4~#F L��#� �� �» � �5}�X UO ��y�X�L-WB�� �#5[y�" �K�\�� |�Ç[6 6LOW\ &OD\#�"
KO"Nz�� �u#. �#5[y�"��O P. ��P�� R�~ DdX �» �» �» �"�X#� UO�4X" �L�K �U#WF" |.#u �$OK �X#� �#���"K 6DQG\ &OD\Pz!" � L-WB�� �#5[y�" �. K�\ �KP[q �w ��#y�� �w KKPz�� |�Ç[6 �wQ#� O"�� 3O�¼ �. ���Ã� 
Æ[J 4~#F OK R�O 4q#. #. 4X" �w!#J �� �� �� �XO ��~� L�$��Zw �K�LF #6 ��Q#X #�O "O �$ ���"�I. #6 � �. �L�XO Q" V2 ��L. "O �$ �"�6�� �w K�\�� �Ç6�Ç6 �5IX �#��J�}w! &OD\ /RDP�K�\�� �O#2 �$ Q" V2 K�J �Q�P:"P. �P5��5�#X � |.#u 3OL��. �#5[y�" Æ�w #. #�" 
4WÇ\ 4XK #. |Ç[� )5-W��L�Ç\�� |Ç\ 
K�\ �KP[q +�eP� 4~#F OK �#zP� �4X" �L\�5WÇ\ ��y�X
4X" �L\#>�.#> |.#u �zL�\#2 �� Q" PdJ ��L. �w KP�z��#. �"�6�� �K"KQO� #. �L�K�� |Ç\ P��l6 cX�5� O#[q #. #�"�KPw O#w ���y�X �w!"P5� �K�6 3O�¼�. �$
�



�W�~Y�O �. v!#J 4q#. ^�I[6 �� �O#�\ {�L> ��"K" 3"OM L¼OK �-�Pt6 K�LFP6 4~#F OK �#5[y�" ��. Z~#� OKU#WF" �L\ �O"�� P6 �Æ[J 3�#F OK �O"L�#2 �L��K|�Ç[6 4q#.&OD\ 6LOW 6DQGU#WF" |�I� ��-\ �5q#d~ � ��P� �#5[y�" ��. r�q4~#F L��#� �� �� �» �5}�X �XO ��~�K�\�� 6LOW\ &OD\/RDP )5-W���"K Æ6 3"OM {#F ��Ä OK � KO"K �L�-WB 4~#F O"�� K#�Q �X#� K�>� �mO�}Ä P5�w 3L\ #. 
�~� r�q4~#F L��#� �� �� �» �"�X#� �XO ��~ ��y�X�4X" U#WF" � �L�K |.#u �$ ��#X$ �. �~� 
K�\�� |�Ç[6 6DQG\ &OD\�#5[y�" ��. O#[q P:" OK /RDP�L�Ç\��K�>� #. #�"
L�$��Ph��. �[J ��w �~� 4XLÇ� �5WÇ\ ��#[� � 4W\ �#5[y�" ��. ��#X$ �. �$ �#��J�}w! �» �» �» ��~��w �#5[y�" ��. O#[q P:" P. �4X" �P� Q��� ��" Ph�. �~�
4X" L¼OK�» K�LF OK �$UO O"Lt� �BPz �K�\�� /RDP�KO�J�� R�~ �#zP� �4X" ��#W� �$ 4}�X � �X#� 
UO O"Lt� �w L�$��)5-W� O"�� �"�6�� ctq "O �$ �"�6�� �wKP�z�� |Ç\ 
K�\ �KP[q +�eP� 4~#FOK cX�5�
KPw 4XOK �$ #. "O ���Ia P��l6 ��#X$ �. #�" 
KPw #>�.#> �K#�Q LF #6 �L\�5WÇ\ ��L.�L�K�� |Ç\�#����"K Æ6 �4X" |�I�� L��#�� � o�d~ � �P� K�J �Q� P:" OK �K�Q �. �w! P5�w �$ �O"L�#2 �~� 
r�q4~#F ��-\ �6#�¼�_J �"O"K �� �� �» �5}�X ��~|.#�u 4XK #�. ��w L�ÇB��w �"�Q"L��" ��. 4}�X �L�Ç\�� Z~#� � O#[q P:" OK � KL�.�� �}X )-~#m Æ[J 4~#F OK �4X"OK �"�6��� "O #���$ 4��[J #�"
L�5W�� ^�I[6 |�L-6 �P� �}z �. +�eP� 4~#F OK �L�$�� OK OK�2 |Ç\ �.�K��� U#WF" �"L�K P�Q �4X" 4}�X �_I[� 
P:" ��" �w K�\���K P� �. K�\ �KP[q 4[y�" � 4W\ ��. �#zP�Zw ��w�#5[y�"�KPw!"L> �#y�� �~� 
L-WB��P. K�J Q" �O#:$ )-�Pt6� K�\��"L> #��$ Q" � �L�$�KO"Nz����u#. �#5[y�" ��O
�



�W�~Y�O �. v!#J 4q#. ^�I[6 �� �O#�\ {�L> ��"K" 3"OM L¼OK �-�Pt6 K�LFP6 4~#F OK �#5[y�" ��. Z~#� OKU#WF" �L\ �O"�� P6 �Æ[J 3�#F OK �O"L�#2 �L��K|�Ç[6 4q#.&OD\ 6LOW 6DQGU#WF" � �L�K |.#u ��#X$ �. �X#� �#���"K Æ6 �� Q" ��#X$ �. �w KP�z�� |Ç\ O#[q #. Æ[J 4~#F OK �» �» �» �"�X#� ��~�$ �X#� L¼OK �Ç��"�mO�}Ä 
��" K�>� #. �4X" #. �A�#�B � KP�z�� |Ç\ O#[q #. +�eP� 4~#F OK �L\#2�� 6DQG\ /RDP
4X"O"K R��� UO �q#�w �Q"L�" �. #�" 
4X" K#�Q �L\#2��� �� Q" K�\ |�F 4uK � )5-W��#5�[y�" � 4W\ ���. O#�[q 4E�6 v!#�J ��w! R�O �"�X#� ��~ Æ-X
Py�LÇ� Q" �#5[y�" �KPw!"L> �#y���. �L�-WA. )LQH 6DQG\Q" �O#�:$ )-�Pt�6 � K�\��� "L> �L�$Zw ��L. /RDP�KO"Nz����u#. �#5[y�" ��O P. K�J�4X" U#WF" � �L�K |.#u ��#X$ �. #���"K Æ6 �K�\��� �O"�� � OK�2 |Ç\ �. ��w )5-W� O#[q #. v!#J �K�6 
Æ[J 4~#FOK � �� �» ���~ R�O �X#�@�� ��Ä 
K�\ �5\"KP. �$ ��O Q" O#[q �w �5u� 
���� O#[q P:" 4E6 +�eP� 4~#F OK �L�$�� OK ��"K Æ6 #� /RDP\ )LQH�L-WB��� �#5[y�" �. �"�OM �L�-WB�� Py�LÇ� �. O#[q P:" P. 3"OM #�" 
K�\�� �~ � KPJ 6DQG Æ-X����~ �X#�/RDP\ 6DQGP5[�. 3L\ #. �~� 
r�q4~#F L��#� Q" v!#J 3"OM 
O#[q K�>� �mO�}Ä�5F 
Æ[J 4~#F OK � �» �� �X#�|�Ç[6 �p�Ãa �~�}z 
+�eP� 4~#F OK �K�\�� "L> Py�LÇ� 6DQG �}�J�K�\�� �L�\#2 �� Q" V�~¾E� �. �w KKPz�� � Æ-X4\OK �X#�&RDUVH 6DQG
�



v!#J �#�5J#X ���
�. �L�K��|�Ç[6 "Ov!#J �#�5J#X 
�LÃ. �X �#`q Æ� OKUO�4}�X 
�X#� � |�#\ v!#J 3"OM�5qPzO"Pu QPe�.�� �. #���"Lw!#J ��" �L��$�� K�>��. R�O �#���"Lw!#J 
#�L���}w �}�X� �. 3"OM ��" �L�-WB���. Q" 
Py�K 3O#-Ä�#h� Lu#q v!#J �K�6 �w �d�"P\ OK �L��K�� |�Ç[6 "O v!#J �#�5J#X � L�.#��� ¿�=6 P5zOR. LF"� Æ� OK K�J��L. "O v!#J 
K�P. ��. Q" #���"Lw!#J ;Pq �|}J �y5X��2 � ��"L6 �L\#. �h�� �XL�� |Ç\ �^I[� ��#�5J#X

�� 0DVVLYH �� 3ODW\

�L���z�� ��"�K�6 �#�5J#X #. #� � �#�5J#X
Py�LÇ� Q" �$ �#��-~ �#�E�" � �tq" �. �K��Ä �#�O�E� {�e 4-W� U#X"P. �}w ��Pz O#�B OK v!#J �#�5J#X�	� |Ç\
 KKPz�� �L�.�t-e P�Q CP\ �. � K�\�� R�#�5�

��"�uO� �#�5J#X �����
�t�q" 3O��¼ �. #���"Lw!#J �5qPzO"Pu QPe � 4X" �$ �K��Ä LÃ. Q" P5zOR. ��"Lw!#J �tq" LÃ. 
�#�5J#X ��" OK
�#�5J#X ��" OK �4X" P�l5� P5��}�� �» #6 � ��. )6L�Ä �$��#�5J#X LF"� P� �Q"L�" �KO"K,~#m 4~#F 	�L�."�J
�L�$��K�>� �. v!#J OK �[�O M�p�� ����6 Ph� Q" �6�Ç[� � KP�z�� �#=�" �5IX �. v!#J OK+$ �K��Ä4wPF

�� 3ULVPDWLF �� &ROXPQDU

��O�[�� �#�5J#X �����
KPz #��\�z OK #�O�[�� �w �5~#F OK �L�O�[�� �. ��-\ � |��e � �K��Ä3O�¼ �. #���"Lw!#J 
�#�5J#X ��" OK�4X" P�l5� P5��}�� �� #6 �» ��. )���Ä �$ ��#�5J#X LF"� P� �Q"L�" �L��#��� � ���5X "O v!#J �#�5J#X 
L�\#.

�� %ORFN\ �� $QJXODU %ORFN\

� �-ÃÇ� �#�5J#X �����
�» ��. )���Ä �$ ��#�5J#X LF"� P� �Q"L�" �L�K�LFÆ� OK )-�Pt6 #���"Lw!#J �K��Ä ��tq" K#Ã." �#�5J#X ��" OK

�� 6XE�DQJXODU %ORFN\

�w 
K�\�� ��Wt6 � �\�z ��L. �-ÃÇ� � � O"K�\�z �-ÃÇ� j�� �K �. K�J �#�5J#X ��" �4X" P�l5� P5��}�� �» #6KPz R�� #��-~ Q" �JP. � 4X" KPz � n#¼ C�dX Q" �e�}I� #����O ���K OK � R�6 #��-~ � n#¼ #����O �~�" OK�L�"�L\

��



��
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#��#�5J#X 
#��K#>
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4X" �L�KPz!�L��\�� �K"K^�I[6 ��y�X 4q#. #. 4J"��Ç� )5-W� 3O�¼ �. v!#J �#���� ����L.#���Z�#w �Ã~#d� KO��s�Ä #6V2 �$ Q" �Z�"Rq" <�OL6�. P5��5�#X ��» s�Ä #6 DdX Q"v!#J 4.�eO �������Ä <�OL6�. �$ P�Q OK � 4X" �"���u ����Q �"O"K )���Ä �.#5W�" DdX ��#. �#���� OK v!#J x�O ����K�\�� �L�#[� R-X �. |�#� �P5Ww!#J x�O �. v!#J �#�F"�. �P5��5�#X ��» #6 �»» ��. �}¼#q OK � K�\�� Q#m$�P5��5�#X ��� s�Ä K�LF Q" <�OL6 �. �}z4~#F ����$ Q" � KKPz�� �L�#[� K#�Q O"Lt� �. �P5��5�#X ��» K�LF s�Ä #6 V1X � K�\�� �L�K cX�5� 3O�¼�L.#��� Z�#w <�OL6 �. V2��» #6 ��» r#�Ä" OK � L.#��� Z�"Rq" <�OL6 �. V1X �L��\�� Q#m$ �P5��5�#X �» K�LF Q" #���"Ly�O �����#F �#���� OK �5F �w P�K#t� �. � L.#��� Z�#w #��$ O"Lt� V2 �$ Q" 
4X" K#�Q #��$ O"Lt� �P5��5�#X�L��K �P5��5�#�X ��» #�6 ��» r#��Ä" ��y�X �}�J �#���� OK #���"Ly�O �L�O�J�� �[B �. R�� �}z!�L��\�����» #�6 ��� s��Ä OK #���$ ¿�=6 �KO"K K�>� �w O"Lt� �. �P5��5�#X ��» #6 �� r#�Ä" Q" Æ�$ � @z! ����4X" P5[�. �P5��5�#X�4X" �K�. K#�Q � cX�5� )���Ä �EdX �#���� OK R> �. �O#pF |.#t� OK 4��#t� ���s��Ä #�6 �$ O"Lt�� �4X" cX�5�� )����Ä �P5��5�#�X ��» K�L�F s��Ä #�6 #����� Æ�~�OL��� 4�"L� ����KKPz�� �5W�$ �P5��5�#X ��» #6 ��» |¼#q LF OK V1X � L.#��� Z�#w �P5��5�#X��»��� P�Q |��K �. � 4X" P5��5�#X �» K�LF 4�#Ia �"O"K �w �P5��5�#X ��» s�Ä P�Q OK K�>�� ��� ����K�\�� �K"K^�I[6 �L��wK�LE�	rPl5W�P�m s�Ä
 ��#u�q �#���� OK �"���u x�O K�>� ��$ P�Q �#���� OK +�eP� 4~#F � �#. �#���� OK j#-\" 4~#F K�>� ��$ P�Q �#���� OK ��y�X �}�J 4q#. K�>� ���"K r"Pl5X" #. �#���� OK 	K#�Q O"Lt� �. �}z!
 ���5�Q �. |�#� �P5Ww!#J x�O K�>� ���"K r"Pl5X" #. �#���� ��#. OK K#�Q O"Lt� �. ��"Ly�O K�>� ��O#pF |.#t� OK 4��#t� �K�.�#. �Æ�~�OL�� 4�"L� �K�.�5W�$ �
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v!#J4q#. �"Pz!#�K �Æ� �O#�\4X��2
�#�#�u$ cX��6 v!#�J 4q#�. ���w R�~#��$ �"���Ä 4E�6 
���� {#X OK �Py�K Y�O 
v!#J 4q#. ���Ã6 P�" OK

�� 6KLUD]L 	 %RHUVPD �� *HRPHWULF 0HDQ 'LDPHWHU

|�L-6 �L�L> �"Pz!#�K �. v!#J 4q#. 8}9� 
Y�O��" OK �4X" �L\ K#��[�2 >� �O#�\ ¿>P�@ �#�XP��. � �Q"P�\n"PE�" �3"OM �Q"L�" � �XL�� ��y�#�� 
KO"K K�>� �}¼"8}9� OK �w�6#Ä�e" ��#�6 P. ���Ä�$ OK �w4X" �L\

�� *HRPHWULF 6WDQGDUG 'HYLDWLRQ

�4X" �L\ �K"K �#[� 4X��2 � |Ç\ OK L�L> �"Pz!#�K �4X" �5qPz O"Pu �>�6 KO�� R�� 
#��$ �Q"L�" � �XL�� O#�Ã�� |Ç\ v!#J 4q#. 8}9� OK �w L�5W� ��#���Pz �#�� )t�uK 
�"Pz!#�K ��" OK �L\ ��"O" v!#J o}5I� �#���Pz!��P�z �#��w!#�J ��. b�.P�� ��F#��
 v!#�J 4q#. 8}9� OK �» �O#�\ ��F#� {#9� �"��Ä �. �L�O"K K�>� 4X��2�4X" P�Q CP\ �. U��O ��" Q" Æ�P� 3#_5I� �w �K�. U&O �X �"O"K 	6DQG\� &OD\
&OD\  ��� &OD\  ��� &OD\  ���6LOW  �»U6LOW  ��»V6LOW  �»[ 6DQG  ���6DQG  ���6DQG  ���r�q OK �L\ Pw!M 3#_5I� �"O"K )t�uK [� V� UU��O � �L\^I[� �» �O#�\ #. ��F#� ���� R�� L�L> �"Pz!#�K OK�4X" 6DQG\�&OD\ �#�A�� v!#J 
R�� �L�.�t-e Ph� Q" �L�5W�

Æ�P� #� � 6DQG\�&OD\ ��Pz OK ¿u"� �#�w!#J 3#�¼�_J �"�6�� �w4X" ��" OK L�L> �"Pz!#�K �P6P. � �zT����P�z �"P�. ��w L�K��� �#�[� L�L�> �"P�z!#��K 
{#9� �"��Ä �. �K��� ^I[� ��w |Ç\ �. "O Py�K �#���Pz Q"O�.R� �"Pz!#�K �$P. ���Ä �L�w�� P��l6 P5��}�� »�»�»� #6 »�»��� Q"3"OM �Q"L�"�XL�� ��y�#�� 
6DQG\�&OD\OK ¿u"� �» �O#�\ ��Pz {#9� �"��Ä �. �L�K�� ��"O" �q#a" �-X#E� ��L. R�� #���Pz ��� �"P. "O �O#�$ �_I[� ��"� �X#�� "O �$ L�¼OK�» 
UO "O �$ L�¼OK�» �w 4X" v!#J Q" �5q#. �. s}Ã5� 6DQG\�&OD\ �#�w!#J �K�LE��w!#J ���B 3"OM �Q"L�" �XL�� ��y�#�� �w KQ#X�� �\�O �"Pz!#�K ���A�� �L�K��|�Ç[6 4}�X "O �$ L¼OK�»�4X" P5��}�� »�»���
�K�\��� ���"O" L�L�> �"P�z!#�K cX�6 �w 4X" �P:�� � L�p� 3#Ä�e" �}�> Q" R�� 3"OM �Q"L�" �5J"��Ç� �>OK�. �4X" �L\ �L�#=�z L�L> �"Pz!#�K OK �w 4X" �O#�$ �_I[� ��" ���Ã6 �"P. �"�}�X� 
�XL�� O#�Ã� n"PE�"��P�z �w�~#�F OK 
L�w��� P��l6 �� #6 ���� Q" 6DQG\�&OD\ �#�w!#J �"P. �XL�� O#�Ã� n"PE�" 
{#9� �"��Ä3"OM �5J"��Ç� �#zL�K Q" #������ �W�#t� �"P. L�"�6�� KLÄ ��" �4X" ����� P."P. O#�Ã� n"PE�" �"O"K �»�O#�\
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L�\#. 	3"OM �Q"L�" �#zL�K Q"
 �#WÇ� �XL�� ��y�#�� �"O"K 4X" �Ç�� v!#J ����� �K �KP�z O"Pu �K#p5X" KO�����L. �4X" O"KO�JP. �P5[�. �5J"��Ç� �>OK Q" 
4X" P5�w �$ �#���"K �XL�� O#�Ã� n"PE�" �w �"����� �~�� �XL��� ��y�#��� cX�5�� ���Ã6 Y�O �L�#�� ���'6"O j�� ��" Q" �6#Ä�e" L�"�6��� v!#J 4q#. 8}9� �w 4X"�KP�z�� 3O�¼ P�Q 3�K#Ã� KP.O#w #. #� �4X��2 {�L> Q" �K#p5X" #. 3"OM �Q"L�" �XL�� O#�Ã� n"PE�"GJ  H[S DVJ  H[S E

�X#� 
4}�X 
UO �L��#� v!#J ��#z!"L> �#���Pz K"LÃ6 � Q�L�5W� 0 L Q" P5ÇB�w #� � P."P. Pdu #. ��#���"K �"O"K �w v!#J |w �P> Q" �L¼OK � IL
UO �"P�. 0 L P�K#t� 86'$� �L�.�t-e U#X"P.
 v!#J ��Pz P� 3"P��l6 K�LF �Q"L�" �.#WF ��y�#�� � 0 L�	4X" P5��}�� ��»�� � »�»�� � »�»»� P."P. ,�6P6 �. �X#� � 4}�X3"OM �Q"L�" �XL�� ��y�#�� � GJ3"OM �Q"L�" �XL�� O#�Ã� n"PE�" � VJ

4X" �.#�5XK |.#u v!#J 4q#. 8}9� cX�6 �w�6#Ä�e" ���P. ���Ä
L�L> �"Pz!#�K �w4pz �"�6�� �¼�J O�e�.O#�Ã� n"PE�" �Py�K � �XL�� ��y�#�� �Ç� ��O#�$ �_I[� �K 
v!#J ��#z!�KQ"�K �#���Pz Q" ��Pz P� ��OK OK�"P. �Q� 3#Ä�e" �5XK �#�� 
�q#a" �#��_I[� ��" �. �.#�5XK �"P. �L�K�� ��"O" R�� "O 3"OM �Q"L�" �XL���K�. L�"�I� L�L> �#��K"K �. Q#�� � 4X" �q#wv!#J 4q#. 8}9� Q" �K#p5X"
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|W�#� x�O �BP5qK Q" �K#p5X" � �K �O#�\4X��2

�� 6RLO &RQVHUYDWLRQ 6HUYLFH �� +XH

3O#B 4p� OKv!#J o}5I� �#�y�O^�I[6 �"P. �6&6� � #Ç�P�$ v!#J 4i#pF �#�Q#X "O|W�#� x�O �BP5qK��\�O �
x�O j�� |�#Ä �X Æ�w �. #�y�O �K�\�� �L�K o}5I� x�O ��� �BP5qK ��" OK �4X" �K��� K#��[�2

�� 9DOXH �� &KURPD

�L��\�� �K"K^�I[6 �x�O 3L\ � �
x�O
x�O j�� �

�� 5HG �� <HOORZ
�� *UHHQ �� %OXH�� 3XUSOH ��� 7URSLFDO

OK P�Q CP\ �. x�O j��4p� �L�K�� �#[� ���"�mO" � ��.$ �
R-X �
KOQ �
R�Pu �#�y�O #. "O �$ �d."O 
x�O j���4X" �L\ �K"K �#[� |W�#� x�O �BP5qK���� 5 � ��� <5 � ��� <5 � ��� <5 � ���� <5 � ��� < � ��� <��w ���� 5 x�O j���9� �L�w�� P��l6 �� <� cX�5� KOQ #6 ��� 5� x�OP2 R�Pu Q" x�O j�� 
Py�K 3O#-Ä �.se#��� �"P�. ���Ã�� ��� 5 x�O j��� �4X" ��� 5 Q" P6R�P�u ���w ��� 5 x�O j�� � ��� 5 Q" P6R�Pu

��� 6XE�7URSLFDO

���P�W�Pz ���� � �P�W�Pz se#�� �"P. ��� 5 x�O j�� � #�X$ �uP[.��>� #t�Pq" 
#�~"P5X" �T�� �. ���P�W�Pz!�K�O�� O#w!�.
�» #6 » �O#�\ #. �<� KOQ � �<5� x�O KOQ R�Pu 
�5� R�Pu b�.P� x�O {�" n�PF #.
�¼�J O�e �. 
x�O j��LFx�O �L�w�� P��l6 KOQ �PJ�#. � P5[�. KOQ � P5�w R�Pu 4�X �. R�Pu Q",�6P6 �. #�y�O j"��" �K�\�� �K"K �#[�"O ��� <5 � ��� <5 ��. ¿u"� x�O �9� �K�\��^I[� x�O �K �$ �KLÄ cX�5� #. o}5I� x�O �K cX"��K"K �#[� ���� <5 #. �"�6��

x�O ��\�O �
	s}d� L�pX
 �» #6 	s}d� �#�X
 Pp¼ Q" x�O �zP�6 ���\�O �>OK �4X" �$ �K�.�P�6 � �\�OnPÃ�x�O ��\�O
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�#��X � s}d� L�pX cX"� LF �$ �zP�6 �w 4X" �y�O �L��L�#[� � �>OK 
{#9� �"��Ä �. �4X" �L\ �L�.��Wt6s}d� L�pX Q" L¼OK �» � s}d� �#�X Q" L¼OK�» �$ �zP�6 �w4X" �y�O �L��L�#[� � �>OK #� � KO"K O"Pu s}d��KO"K �}¼#q
x�O 3L\�

#�w!#J OK RzP� �w!
 �» #6 Pp¼ Q" �w L�w�� ^I[� "O x�O oÃa � 3L\ #� � �y�O�w � �y�OP2 
x�O 3L\�4X" P�l5� � #6 Pp¼ Q" #�y�O j�� �. �5W. x�O 3L\ ���Ã� #�w!#J OK �L�w�� P��l6	K�\��� �L�#[�
�K"K �#[� 1 nPF #. � 4X" �#WÇ� x�O j�� 
	s}d� �#�X � L�pX 
�P5Ww!#J
 Pp¼ x�O 3L\ #. �#�y�O �"P.�K�\��

#�y�OZ�#�� �
�L��\�� �K"K Z�#�� P�Q |Ç\ �. #�y�O

9DOXH x�O ��\�O+XH #� x�O j��&KURPD x�O 3L\
�#�5~#F ���Ã� �K�\�� �K"K �#[� � <5 ���3O�¼ �. � 3L\ � � ��\�O � � <5 j�� #. �y�O 
{#9� �"��Ä �.

�� 'U\ �� 0RLVW

�KKPz�� Pw!M x�O Z�#�� ��"K" OK v!#J �0� � +�eP� � �'� � Æ[J
^�I[6 �"P. x�P�#�X ÆX#� Q" �KO"K �"P�� �. �P5Ww!#J � �#�X �#�y�O �. ÆX#� KLÄ �K |W�#� x�O �BP5qK�K�\�� �K#p5X" �\�O � cX"� LF �#�y�O ^�I[6 �"P. �P5Ww!#J ÆX#� Q" � �P�6 �#�y�O
�pI� �L��w�XOP. L�K Q" #�y�O ��t. #6 
K�\�� �K"K O"Pu �� �. Æ�KR� x�O O#�B ��OÆX#� G"O�X #� �~#J ¿.P�x�O j��� 
ÆX#� P�Q x�OO#�B #. �W�#t� � 3O#B P�Q OK ����� �K"KO"Pu #. �KKPy� �[B �#dJ ,>�� � K�\�K�\��^I[� s�uK O�e�.
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NJ%� � ¿.#�� ��
'UDLQDJH 3ULQFLSOHV 	 $SSOLFDWLRQV� ,/5,� :DJHQLQJHQ� 7KH 1HWKHUODQGV� ������� 'HILQLWLRQ 	 $EEUHYLDWLRQ 	 6RLO 'HVFULSWLRQ� 86'$� 6&6� ������� 0XQVHOO 6RLO &RORU &KDUWV� .ROOPRUJHQ &RUSRUDWLRQ� 86$� ������� (TXLSPHQW IRU 6RLO 5HVHDUFK� (LMNHONDPS %�9�� 7KH 1HWKHUODQGV� ������� 6RLO $XJHU 	 0DFKLQH )DFWRU\� (LMNHONDPS %�9�� 7KH 1HWKHUODQGV� ������� 'UDLQDJH RI $JULFXOWXUDO /DQGV� 86'$� 6&6� ������� $ 8QLI\LQJ 4XDQWLWDWLYH $QDO\VLV� RI 6RLO 7H[WXUH� 0�6KLUD]L 	 /�%RHUVPD� 6RLO 6FL��� 6RF� $P� -� 9RO ���������,UULJDWLRQ� -�%� =LPPHUPDQ� -RKQ :LOH\ 	 6RQV� 1HZ <RUN� ����� 86$��� 'UDLQDJH 0DQXDO� 86%5� �������
����� 
�"P�6 �#y[�"K /#B �3"O#[5�" �WX�� 
�KO�-�#. L�E� 
v!#J �Q#W�. ��[Ç�Q �XL��� {�¼" ������� �"P�6 �#y[�"K /#B �3"O#[5�" �WX�� 
��#5W��w � �KO�-�#. 
�L�.�t-e � |�Ç[6 
v!#J ������ 
�"P�6 �#y[�"K /#B �3"O#[5�" �WX�� 
�KO�-�#. L�E� 
v!#J Æ�R�q ��3#t�tE�6 �WX��� 
��� �O#��\ ���q ��P�[� 
v!#�J GP���� D�P�[6 � ��#X#���\ 3#Ã~#d��� �#�����"O �������+$�v!#J�X�KP�q �#�y[�"K 3"O#[5��" 
�K"R�}�Ä ���" ��>P6 
4q"Pw�"OL���K � #�L��X" 3P-�� 
�a"O" �[Ç�Q ������� 
L�[�
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