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O#5py[�2
�P�zO#w!�. Q" �\#� �d�E� 4W�Q � �Ä#�5>" �K#_5u" O#:$ � #�KO"L�#5X" � #�O#�Ã� 
c."�a 4���" �Zt� �Q�P�"�zKP5Wz �. Ph� �4X" �KPw P�N2#�+#�5>" � �O�Pa "O #��$ KP.O#w � ���6 
¿�"�> 4qP[�2 OK #��$ P�5W� �,X#��O"Nz!"� �__I6 ��q ¿�#=� �. ����Q P� OK #�KO"L�#5X" � #�O#�Ã� 
c."�a ���6 
Q�P�" �#�> OK ���q � ��}Ä ���"K�4X" �L\
Q" +$ZI. OK KO"L�#5X" ���6 
�"P�" OK+$¿.#�� 4�K�LE� � ���}u" c�"P\ �. �>�6 #. � �#. KO"�� �5qPz Ph� OK #.����6 ��. �"L�u" �>K��. � ��#�P. �#�Q#X �O#Ç�� #. �P�� 3O"Q� +$ 
�O ��" Q" � 4X" O"KO�JP. �"�T�� 4���"�4X" �KPw +$�XL��� �#�KO"L�#5X"

� 4X" �L\ ���L6 � ���6 P�Q KO"�� �5\"K Ph�OK #. +$�XL��� �#�KO"L�#5X"�¼�_J � ����ÄZI. OK |m#\ �"Ph�-F#¼ � �#X#�\O#w �#��.P=6 � #�__I6 Q" �K#p5X" ��}}�~"��. �#�KO"L�#5X" � P-5Ã� NJ%� � ¿.#�� Q" �K#p5X" �� ��F"Pe 
�Ã~#d� �#�LF"� 
�5Ã�¼ �#�LF"� 
#�K#�� 
#��#�Q#X 
��"P>" �#��#y5XK +O#=6 Q" �P�z!�P�. �4J#X#�FPe �.#�\QO" � �O"KP.�P�. 
"P>" 
���6 |F"P� OK �y��#�� K#=�" �O�[w�~#� P�m � �~#� ¿.#�� n�6" � #��O#w!�O#.�K Q" R��P2 ��L��w!���6 P-5Ã� 3#WX�� P�#X � �"P�" �5Ã�¼ 3#t�tE6 � KO"L�#5X" �WX�� |�Ä KO����Q"�� � {�¼" �. �>�6 �KO"L�#5X"
�#�5�" ,>�� L\#.�� c-6P� +$�XL��� Q" �5\O ��" #. #��$4�~#Ãq �w ��"Ph�-F#¼ � �#X#�\O#w 3"Ph� Q" ��#z!$�K�. L�"�J �O"KR�I.$ ��q �5��w!





��Lt�
�L���$ OK ��w ��#�LX ���A�� � 7"LF" � �O"KP.�P�. 4XK OK �#�LX 3�Ç[� ��P5��� Q" 
�"P�" #� O�[w OKOK )-�Pt6 |Ç[� ��" �L\#.�� #��$ �L\�F"Pe L�p� P�ÄZ�#w � #�LX ��" �Q#I� OK+�XO ¿�=6 L��\�� �5J#X����. 
KO"K K�>� R�� �P�m �+$ {#t5�" � n"PE�" �#�~#�#w 
�[Ç�Q � �O#�.$ �#��Ç-\ �}�=�� �.$�#��Q#X P�#XOK �¼#J 4��~" Q" #��a�F ]�_I� ,�PI6 � �R�J+�XO �#��[t� ���6 � +�XO �. b�.P� 3#Ã~#d� |�~KO"KO�JP. ��#JK�O �XL��� �. b�.P� 3#�"Lu" � �.$ �Q#X ���zP��F"Pe 
�O"KR�I.$ 
v!#J �+$3#Ã~#d� j��=�OK � �a�F DdX OK v!#J Z�#XPq ,>�� "L5." �w 4X" �}�"�Ä �Ä��=� �&�6 KPÇ}�Ä � P:" �=�5� +�XO �4X"�w�L�~�6 +�XO �K�\��+�XO L�~�6 �. P=�� V1X �L\�$ �>�PJ #6 �a�F �dt� ��P6O�K Q" +$�#�P> P�W�OK #� � �a�F DdX OK4X" �Ç�� K�J {#t5�" P�W� OK 4X" �5q#� Z�#XPq � �L\,�PI6 v!#J ��#�6 #� �5�Wu�5J#X #���#JK�O P�W� OK �w ��#��Q#X Py�K � #�LX �Q#I� �T��. K�J �L��w|t5�� �#���#JK�O � #���"P.$ P5W.� +�XO |Ç[� #. P:�� �QO#-� �"P. 4�> ���� �. �K�\ ��[��6 �.��X �#�5\K OK #� � �L\ �5\"Nz #=. L��\��Z�#�w � {P5��w �"P. �K�\ {P5�w #���"P.$ �Ç-\ � �a�F DdX OK v!#J Z�#XPq 4W�Q� 
�$ Q" �\#� ,u"�Ä�K�\ �5J#�\ K�\�� �$ ��#=.#> � {#t5�" 
,�PI6 ,>�� �w v!#J �L��#XPq |�"�Ä �Ä��=� L�#. v!#J Z�#XPqKO"K �y5W. �K#�Q |�"�Ä �. �dt� P� OK �4W�� �#WÇ� {#t5�" P�W� OK � �a�F Æ� DdX �#�6 OKZ�#XPq �"R��Z\�2 
�q"Pz�2�6 4�Ãa� 
�X#�\���Q 3��Ç[6 j�� 	�#�5J#X � 4q#.
 v!#J V�> �"�6�� �}�> �$ Q" �w!|�"�Ä
 �Ã�-e �5XK �K �. |�"�Ä ��" �}wO�d. �KP. �#� "O �a"O" Q" �O"KP.�P�. ��E� � �zL�O#.3L\ � j�� 
�EdX�L��\�� ��Wt6 	�L\ L�L[6 Z�#XPq |�"�Ä
 ��#W�" � 	�X#�\���Q Z�#XPq #� �Ã�-e Z�#XPq
o}5I� �#�5�Wu v!#J Z�#XPq 3L\ � �"R�� "L5." 4W�Q� 
]�_I� ,�PI6 � �R�J+�XO �[t� ���6 �"P.� o}5I�� �#��\�O Q" �K#p5�X" #�. +�XO �"R�� �$ {#-�L. � K�\ ���Ã6 {#t5�" �#�P�W� ���A�� � �a�F Æ�P. 3#Ä�e" ��" V1X �L\ �-X#E� �=�X+�XO �#��#y5W�" OK �L\ �P�z!�Q"L�" +�XO O#�$ |�}E6 #. ���A����" �L�$�� K�>�. �R�I.�XO �#��[t� #� �[t� ,�6P6 ��L. �KKPz |t5�� ,X#�� U#�t� #. �#��[t� #� � �[t� ��O���6 �a�F Æ� ]�_I� ,�PI6 � �R�J+�XO �[t� ���6 �#�\�O � #���"O ��"O" �"P. � O�h�� ����. R�� ��P[��4X" �L\ ��h�6 �

�



+�XO �Z�#XPq KO�$P. � �-X#E��#�\�O
4���" Q" +�XO � Z�#XPq �XOP. � �Ã~#d� O�[w R�I.$ �#��a�F P5[�. OK v!#J L�L\ Z�#XPq �. �>�6 #.KO�$P�. � �-X#E�� �"P�. 4W�Q� #�R�I.$ OK �=�X+�XO �#��#y5W�" �"Ltq |�~L. �L\#.�� O"KO�JP. �¼#J���}u" c�"P\ #. s-d�� �w �L\ �5J#�\ Æ�O��6 3�K#Ã� � �.P=6 �#�\�O Q" 
#��$ OK +�XO � Z�#XPq �"R���.P=6 �#�\�O Q" +�XO � Z�#XPq �"R�� KO�$P. �"P. R�� ��P[� ��" OK O�h�� ����. �K��� �K#p5X" L\#. O�[w!�4X" �5qPz O"Pu �XOP. KO�� P�Q ��� Y�O �X o}5I� �#�\�O ��. Q" �w4X" �L\ �K#p5X"

�� 3DFLILF 6RXWKZHVW ,QWHU�$JHQF\ &RPPLWWH 0HWKRG

	�
36,$& Y�O ��

�� :LHVKPLHU 0HWKRG �� :DWHU (URVLRQ 3UHGLFWLRQ 3URMHFW 0HWKRG

	�
P�#�[�� Y�O ��	�
:(33 Y�O ��
36,$& Y�O ��

L\#.�� +�XO � Z�#XPq 3#Ä�e" � O#�$ ���zP� Lu#q �w O�[wo}5I� b#t� OK 36,$& Y�O Pa#F {#F OK� �L\ #�. ���Q Q" �O"KP.�P�. ��E� � �d�E� o}5I� |�"�Ä ��#2 P. Y�O��" U#X" �4X" �KPw "L�2 �K#�Q KP.O#w!vP5[� �5��w �}�X�. Y�O��" �L�O"K �td�� +�XO L�~�6 �Z�#XPq 3L\ OK �p}5I� 3"P:" |�"�Ä ��" Q" Æ�P��. +�XO �Z�#XPq KO�$P. OK �$4uK 4}Ã. �w �L�KPz K#��[�2 ���� {#X OK #Ç�P�$ �.Pm+��> 3�#�" +�XO�4X" �KPw "L�2 KP.O#w �#�> o}5I� �#�O�[w OK4ÄPX
�L�.Q#�5�" Z�#XPq OK #��$ Q" Æ�P� P:" oÃa �3L\ �. �5W. � �L\ �K"K 4~#JK Y�O��" OK �w �p}5I� |�"�Ä� Q" L�6O#-Ä 	� �O#�\ {�L>
 4X" �L\

�EdX�X#�\���Q ���
�Ç�6#5X" |�#Ä � ��#�q"Pl> c�"P\ � "�� � +$ L��#� �Ç��#��K �L�Ä|�#Ä �K P�:'6 4E6 �X#�\���Q �#��zT��+�XO � Z�#XPq Z�#w �=�5�~#. � �X#�\���Q |�#Ä P��l6 OK �#W�" 4~#JK "N~ KO"K O"Pu �td�� �S�~�5�~ L��#��4X" Pw!M |.#uP�m � vL�" O#�W.��. �5W. L�O"K Z�#XPq |.#t� OK �6�#p5� 4�X#WF �w �$ �L��K|�Ç[6 K"�� � ���Q o}5I� �#���� �. �>�6 #.

�



	� �O#�\ {�L>
 �L�\#.�� �6"Q#�5�" �"O"K #��$ Q" Æ�P� V�>v!#J Z�#XPq P. P:�� |�"�Ä 3"Q#�5�" � � �O#�\ {�L>
Q#�5�" Z�#XPq P. P:�� |�"�Ä o�KO�» #6 Pp¼ �EdX �X#�\���Q ��» #6 Pp¼ v!#J ��» #6 Pp¼ "�� � +$ ��» #6 Pp¼ �EdX �#��#�P> ��» #6 Pp¼ �q"Pz�2�6 ���» #6 ��» ���Q Z\�2 ���» #6 ��» ���Q Q" �O"KP.�P�. ��E� ��� #6 Pp¼ ¿p6P� �a"O" Z�#XPq ��� #6 Pp¼ �"��#JK�O Z�#XPq �

v!#J ���
� 4q#�. �$ �L��Ä3#�¼�_�J Q" �4X" ���� O#�W. +�XO L�~�6 � �P�N2Z�#XPq 4�¼#J f#E}. v!#J Zt��"R�� OK ��"RW. P�:'6 �w 4X" v!#J S+ � �~$ K"�� L¼OK 
�O�\ 
�$ �#���"K �5\OK � �R�O 
v!#J �#�5J#XOK �K�\��� K#�Q +�XO L�~�6 � Z�#XPq ,>�� v!#J 4��#�}u � �O�\ 
R�O 4q#. {#9� �"��Ã. �L�O"K Z�#XPqL�~�6 �P5�w +�XO � �K"K Z�#w "O Z�#XPq �"R�� 
�$ �#���"K �5\OK � v!#J �~$ K"�� L¼OK �K�.�#. �Ç�~#F�K�\�����Q Q" �O"KP.�P�. D�E¼ �#�\�O �KO"K �$4i#pF #� ,�PI6 OK �"�L�ÄZt� #�w!#J ¿.#�� Q" �#W�" �O"KP.�P�.,X#��#� �#�\�O � ��#�z Z\�2 �KP.��. Q" �Ç�~#F OK L�K��Z�#w "O v!#J Z�#XPq 
�a"O" ,X#�� �K#p5X" �	� �O#�\ {�L>
 �KKPz��Z�#XPq L�L[6 ,>�� � �K���,�PI6 "O v!#J 
�O"KP.�P�.

"�� � +$ ���
v!#J Z�#XPq 3L\ OK �w L�5W� ���� |�"�Ä Q" K#. � "�� 4.�eO 
#�K 
��> 3��R� P�h� ��"�� � +$ |�"�Ä�L�O"K4~#JK ��t5W�P�m � ��t5W� O�d.�L\#. �5\"K 4~#JK L�"�6�� P5�w �#W�" R�� ��}u" � ��"�� � +$c�"P\ OK

�



� ����� �#��zL�O#�. #�. +�eP�� �"���� +$ OK � �K�. K#�Q Z�#XPq 
L�L\ �#�O#-zO #. Æ[J �"�� � +$ OK	� �O#�\ {�L>
 �K�. L�"�J vL�"Z�#XPq 
nP. 3O�_. �#��zL�O#.
	#�+#�"�O
 �EdX�#��#�P> ���

O"PÇ6 �3L\ �KO"K ����Zt� �5q#� Z�#XPq 3"OM {#t5�" ���#=.#> s�Pe Q" v!#JZ�#XPq OK R�� �EdX �#�P>OK �Ç�$ �T�� �. KO"K �K#�Q )5-W� P�:'6 �td�� Z�#XPq 3L\ OK P9w!"LF �#��.K � #�.��X P�h� �EdX �#��#�P>OK �Ç�~#F OK L.#��� Z�"Rq" Z�#XPq �"R�� 	' � & �Ç�S�~�OL�� ��Pz!
 �w �P�N2M�p� 3#�¼�_J #. �#�w!#JL\#.�� �w +�XO L�~�6 � Z�#XPq 	% � $ �Ç�S�~�OL�� ��Pz!
 K#�Q �P�N2M�p� #. �#�w!#J � �~��Ã��#�.��X	� �O#�\ {�L>

�q"P{�2�6 ���

�Z�#XPq oÃa � 3L\ OK �w 4X" �}�"�Ä Q" 
�$ 4�> � ���Q ,�\ 
�L�}. � �5W2 P�h� �q"Pz�2�6 ½O"�Ä�+$OK ���A�� �L\#.�� �wZ�#XPq ���� �#�-�\ OK � K#�Q Z�#XPq L�6 �#�-�\ OK �L\#.�� P:�� +�XO L�~�6�L\#.�� rP\ � {#�\ �. �O3#�> Q" P6L�L\ Z�#XPq +Pm �+��> �. �O3#�> OKÆ[J ���� �Æ[J �"��	� �O#�\ {�L>
 �KKPz�� v!#J Z�#XPq Z�#w #� Z�"Rq" ,>�� O"K,�\ �#�w!#J Q" �O"KP.�P�. ��E�
���QZ\�2 ���

Z\�2 Lu#q #� � P5�w �EdX Z\�2 #. �#����Q �4X" ���Q �EdX Z\�2 4�Ãa� v!#J Z�#XPq ��� |�"�Ä Q"�EdX Z\�2 4X" O"KO�JP. �P6K#�Q O#�W. Z�#XPq Q" �w!"P5�� P5[�. �EdX Z\�2 #. �a"O" #. �W�#t� OK

�� ,QWHUFHSWLRQ

� �EdX �#��#�P> Z�#w ,>�� v!#J OK +$ M�p� Z�"Rq" � 	�
��#�z YP�z �}�=�� � ��z!#��z rPe �. ���Q� 
P5[�. Z�#XPq �"R�� 4I~ � �wZ\�2 #. �#����Q OK �L�#w��Z�#XPq �"R�� Q" �=�5� OK � �L\ #��#�le |�LÃ6	� �O#�\ {�L>
 �L\#.�� |u"LF Z�#XPq �w!"P5� Z\�2 #. �#����Q
�a"O" Q" �O"KP.�P�. ��E� ���

�¼#�J 4���" Q" v!#J 4i#pF � ,�PI6 OK ���Q Q" �O"KP.�P�. ��E� L\ �O#\" v!#J 8E-� OK �Ç�O�d�#��

�



�. ,�\ 4�> OK O#�\ � �I\ #. O"K,�\ �a"O" OK4[w � ¿6P� � |y�> Q",X#��#� �O"KP.�P�. �4X" O"KO�JP.	� �O#�\ {�L>
 �L�K��Z�"Rq" "OZ�#XPq �K#�Q �"R��
Àp6P� �a"O"Z�#XPq ���

OK�"�K�6 ��uL�J 
�~#z 
�O#�\ Z�#XPq P�h� v!#J Z�#XPq o}5I� j"��" K�>� �LÄ #� K�>�U#X"P. |�#Ä ��"O#��W. 
Z�#XP�q L�L�[6 ,>�� �a"O" ��"OK "QZ�#XPq |�"�Ä K�>� �KP�z�� O"Pu �.#�QO" KO�� ¿p6P� �a"O"	� �O#�\ {�L>
 �L�KPz�� L5q"�� r#p6" �"�y}> DdW� �a"O" OK �w �A�$ Q" P5[�.
+�XO }�F� �"��#JK�OZ�#XPq ���

�L��K|�Ç[6 �#�y�X j�� 	P5W. cX�5� ,�\ �}�> Q"
 ��#JK�O Æ�S�~�qO��3#�¼�_J U#X"P. R�� |�#Ä ��"O"Pu �.#�QO" KO�� ��#JK�O �O#�w � ��\#F ��#�z Z\�2 
�}¼#F �[-�> �SP�" � �.��X �#�P> 3L\ 
�$ P�W�	� �O#�\ {�L>
 �K�\�� �K"K Q#�5�" � �5qPz!� �O#�\ {�L> OK 36,$& Y�O OK +�XO L�~�6 P. P:�� |�"�Ä �L�.�5XK �4�Ãa� r�q3#E�a�6 �. �>�6 #.�4X" �L\ �K"K �#[�

�



v!#J Z�#XPq P. P:�� |�"�Ä �L�.�5XK �4�Ãa� �� �O#�\ {�L>
	�»
 Q#�5�" K#�Q ��K+�XO 	�
 Q#�5�" cX�5� ��K+�XO 	»
 Q#�5�"
 �w ��L.�XO P:�� |�"�Ä o�KO��#�OK |�\ �� � cX�5� �5IX #. �#�y�X �� �KP[q� 4IX 3��Ç[6 ��O"K4�OL��"�#��O#� � @z �� ���zPzK�#�y�X #�4���~�K ��|�\ �4WX �#�y�X �� �KQ "�� #� �L\KPJ �#�y�X �� �5qP.$ ÈOR. �#���� ��#�y�X �X#� �� cX�5� �X#�\���Q �cX�5� �y5WÇ\ #. �#�y�X �� ����EdX	��OM$
 #�4��"Pz ���P� �Ç�$�#�y�X ��"P��}y�w ����Ia �#���� #. Æ�$x�X ��
O�\ 
K#�Q �zL�w!"P2 #. R�O 4q#. �� cX�5� 4q#. �� v!#J OK K#�Q x�X �5I6 ����#�}u v!#J OK �L�w!"P2 x�X �5I6 �� �ÇE� �#�5J#X #. �#�XO ��K#�Q ½#-t�" � b#W-�" 4�}.#u �� �Ç�$�#���� �� v!#J OK K#�Q �~$ K"�� �� v!#��J ��P� �\ � �"��"K 4}�X �� �y�X��}u 4q#. ����\ v!#J �����~ ��\ 4q#. ��#. �"P�� �Q�OL�B �#��"O#. �� 3L\ �3L� #. �#��zL�O#. �� �zL�O#. #. +�eP� �"�� � +$ ��3L��#6�w L�6 �#�O#-zO cX�5� 3L\�w!+�#�5� L�L\ �#�O#-zO �� +�#�5� �#�O#-zO �� nP. 3O�_. �zL�O#. ��3L\ #. Æ[J �"�� � +$ �� +$+�#�5� �L\+�M � �5W.H� �� "���� � +$ ��w �"O#. ��"L� �"O#.#. Æ[J �"�� � +$ ��Q" |¼#F �#��#�P> K�>� �� �w �nP.+�M�a�F OK K#�Q �T�� �.K �� �a�F OK cX�5� �T�� �.K �� �a�F OK �w �T�� �.K ���EdX �#��#�P> K#�Q �=F �� �EdX �#��#�P> cX�5� �=F �� �EdX �#��#�P> �w �=F �� �#��#�P> ��Ç�S�~�OL�� �#�w!#J �� % ��Pz �Ç�S�~�OL�� �#�w!#J �� ��#�95X" �#��#�P> �� ����EdX& �' ��Pz! $ ��Pz �Ç�S�~�OL�� �#�w!#J ��

�



v!#J Z�#XPq P. P:�� |�"�Ä �L�.�5XK �4�Ãa� �� �O#�\ {�L>
K#�Q ��K+�XO cX�5� ��K+�XO �w ��L.�XO P:�� |�"�Ä o�KO	�»
 Q#�5�" 	�»
 Q#�5�" 	»
 Q#�5�"K#�Q ,�\ #. �a�F �� cX�5� ,�\ #. �a�F �� 	�� Q" P5�w!
 �w,�\ #. �a�F ��	��» Q" Z�.
 	��» Q"P5�w!
 �KP5Wz �5qP.$ 4\K ���L�}. � �5W2 #. K#�Q j#p6O" �� #. P�z|�X �a�F YP5Wz �� �q"Pz�2�6 �K#�Q ,�\ #. �#�P5W. �� |Ç\��R.K#. �q"Pz��R�q �#�LF"�P�z|�X �#��L�}. � �5W2 ��	�»
 Q#�5�" 	»
 Q#�5�" 	��»
 Q#�5�"L\#. ��» Q" P5�w ��#�z Z\�2 �� L\#. ��» Q" P5�w ��#�z Z\�2 �� �#�zQ" �L�\�2 ���Q ��» Q" Z�. ���L�w!"P2 ��#�z Z\�2 �� L\#.K#�Q ��#�z �#�#t.� �~$K"�� �� x�X ��}u � ���Q Z\�2 �Dd�X OK x�X��}�u K�>� �LÄ �� �L�w!"P2 O�d. 4JOK K�>� �� OK P5�w P�N2Z�#XPq K"�� ��v!#J L\#. �"O#. ½PÃ�	�»
 Q#�5�" 	»
 Q#�5�" 	��»
 Q#�5�"����Q ��» Q" Z�. 4[w �"R�� �� ���Q ��� Q" P5�w 4[w �"R�� �� P�#. ���Q ���L\#. �L\#. K�LE� "PB �"R�� ��DdX �#�6 OK �w!"P5� �"PB �� ���Q ��» Q" P5�w bPp� �"PB �� �L\#. �L[� O#=\" ¿du ���#��6 OK �zQ#6 �. ��#�z �#�#t. �� �L\#. P-Ã� � �K#> ��L. �� �O"KP.�P�. ��E� ��4X" �L\ �L�"Q�X DdX �}y�> �#5JOK ��» Q" P5�w �� �a"O" Q"�L�P. �zQ#6 �. �}y�> �#5JOK �� L\#. �L\ ¿du �zQ#6 �.�L\ ���." � �~��Ã��#��K#> K�>� ���L\#. K#�Q #��K#> �zL�P. ��	��
 Q#�5�" 	�»
 Q#�5�" 	»
 Q#�5�"�~#�z �O#��\ Z�#XP�q �����Ä �� OKZ�#XPq o}5I� j"��" �"O"K �� L\#. �5\"L� Z�#XPq ���Ä ���a"O" DdX ��» Q"Z�. OK �"�K�6 �a"O" DdX ��� 4X" �L\ P5�w Z�#XPq ��4X" �L\ K#�Q Z�#XPq �� �O"Nz+�XO #. �K#. Z�#XPq �� �a"O" OKZ�#XPq ��.$�#�~#�#w OK ¿p6P�4X" �5\"K �dX�5� Z�#XPq ��	��
 Q#�5�" 	�»
 Q#�5�" 	»
 Q#�5�"O�d. ��#JK�O �O#�w Z�#XPq �� cX�5�Z�#XPq#. cX�5� �#�P> �� ,�\ #. s�Ä�w � ��2O#��" �"O"K ��� K#�Q s�Ä #. +�#�5� #� � ��"K ��#JK�O P5W. #� �O#�w Z�#XPq �� 3L� �#6�w �#�P> � �w!3L�~"|��e �#�P> �5qPz 3O�¼+�#�5� O�d. �#��PI¼ ��O P.��#JK�O P5W. ���5q#� Z�#XPq #��J#\PX �"L5." �� �4X" �5qPz O"Pu x�X ��hÄ �"��#JK�O Z�#XPq ��4X" �5q#� Z�#w #��$ j#p6O" � Z\�2 �"O"K ��#JK�O P5W. ��+�J ��#�z!L�5W� �L\ {P5�w O#��" � #�~#�#w ��

�



� �=�5�
� �O#�\ O"K��� Q" �K#p5X" #. � �KO�$4XL. "O �Ã~#d� 4E6 �a�F 3"Q#�5�" ¿�> �� � �O#�\ {�"L> �. �>�6 #.Q" �e�.P� �a�F ��K+�XO3L\ � U�w �T�� +�XO ���Ã6 Q" V2 �KKPz�� ���Ã6 b�.P� �a�F �T�� +�XO	¿.P� |�#� OK 3�qPw!" Æ� � ��� � ¿.P� P5��}�w OK ,ÃÇ� P5� Æ�
�K�\�� ^I[� � �O#�\ {�L>

��K+�XO3L\ �L�.�t-e �U�w�� �O#�\ {�L>
��K+�XO3L\ �L�.�t-e OK ,ÃÇ�P5� ��K+�XO �"R�� Z�#XPq |�"�Ä Q#�5�" j��=� U�w!{#XOK ¿.P� P5��}�w! +�XO �L�L\ O#�W. ���� Q" Z�. �»» Q" Z�. �L�L\ ��� � ���� �� � �»» �cX�5� ��� � ��� �» � �� ��w! �� � ��� �� � �» ��Ã�-e �� Q" P5�w! » � �� �

�T�� +�XO � ��K+�XO �>OK ��E�� �� �O#�\ O"K���
�



P�#�[��Y�O ��
Z�#XP�q ��#��> �~K#Ã�� Y�O 
O#��$ Lu#�q �#��a��F OK +��XO � Z�#XP�q KO�$P�. ���Lu �#�\�O Q" �Ç�

�� 8QLYHUVDO 6RLO /RVV (TXDWLRQ �� 6RLO &RQVHUYDWLRQ 6HUYLFH

4�¼#J 
�$ �[-�> �SP�" Q" |¼#F �"O#. �zL��#XPq 3OLu P�h� �p}5I� |�"�Ä �$ OK �w L\#.�� 	�
�86/(��a"O" Q" �O"KP.�P�. ��E� � 4�P�L� � ��#�z Z\�2 4�Ãa� 
�a�F ,�\ �>OK � {�e 
v!#J �P�N2Z�#XPq� 4X" P�Q CP\ �. 4X" �L\ ��"O" P�#�[�� cX�6 ���� {#X OK O#. ��~�" �"P. �wY�O��" 4X" �L\ �K"K4~#JK
$  5�.�/�6�&�3

� �$ OK �w!	{#X OK Pw!" OK �6
 Z�#XPq �"R��  $�"O#. �zL��#XPq ,�Pa  5v!#J �P�N2Z�#XPq ,�Pa  .,�\ {�e ,�Pa  /,�\ �>OK,�Pa  6��#�z Z\�2 4�Ãa� ,�Pa  &�a"O" Q" �O"KP.�P�. ��E� � 4�P�L� ,�Pa  3|�_p6 �. O�[w+$�XL��� �#�KO"L�#5X" CPe +�XO �Z�#XPq �� �O#�\ ��P[� OK P�#�[�� Y�O �Ç��" �. Ph��K�\�� �O"KK�J �$ 3#��P> �#�. Q" "N~ 4X" �L�$
:(33 Y�O ��

���.Z��2 �"P�. 	�
�6�&�6� #Ç�P��$ v!#J 4i#pF �#�Q#X �}�X�. �w 4X" �P6��1�#w {L� Æ� :(33 Y�OZ�#XPq P. P:�� �d�E� o}5I� |�"�Ä4J#�\ {L���" U#X" �4X" �L\��h�6 o}5I� c�"P\ OKv!#J Z�#XPq��" �4X" |�"�Ä ��" P:" �KO�$OK4��w �. �Z�#XPq �Ä��=� OK |�"�Ä Q" Æ�P� Zt� ���Ã6 � �td�� P� OK v!#J�L�w�� ���.Z�2 "O �td�� Æ� OK v!#J Z�#XPq �"R�� 
v!#J Z�#XPq P. P:�� |�"�Ä �Ä��=� �. �>�6 #. {L�
� Q" L�6O#-Ä 4X" �L\ �K"K 4~#JK Z�#XPq ���.Z�2 �"P. {L� ��" OK �w �}�"�Ä ��P5���v!#J OK +$4wPF � M�p� �

�



�zL�O#.3L\ � j�� ��zL�O#. Q" LÃ. �EdX �#�P> ���#�z Z\�2 �T�� �. v!#J �EdX Z\�2 �v!#J �EdX ÈP-\� P�K#t� � j�� � �#�#�z �#�#t. �v!#J �EdX O#�\ � �I\ �v!#J DdX �#�P> Æ�~�OL�� �v!#J Z�#XPq P. P:�� �Ç��#Ç� |�"�Ä ����Q Q" �O"KP.�P�. ��E� � j�� �R�I.$ �a�F 4�P�L� �|.#u � P6s�uK O#�W. 
�L�KPz ��h�6 K�\�� Z�#XPq �. P=�� �. �w �Ã�-e �#�L��$Pq U#X"P. {L� ��" �w #=�$ Q"� KO"K �P6P. ���Lu �#�~L� �. P�Q 3#�> Q" j��=� OK � �K�. Py�K �.P=6 �#�~L� Q" P6K#�5Ä"�td�� Æ� OK v!#J ^~#J Z�#XPq �"R�� �Ãdt� � ��#Ç� ���.Z�2 ��#�"�6 ��Zt� �. b�.P� �#�[�#�Q$ Q" �O#�W. |�~K ����. 4X" Z�#XPq L��$Pq P. ��5-� {L�Æ� {L� ��" �w #=�$ Q" ��L\#. �}�ÄP�m #� � L\#. 4��u�"Pz ��"PE¼ � �Ç�R�q �#�[�#�Q$ �. Q#�� 4X" �Ç�� �w �L��#XPq |�"�Ä�[�#�Q$ j�� P� �}-u �.P=6 �#�~L� OK �Ç�~#F OK �K�\ �#=�" �a#�O �#�\�OÆ�w �. {L���" OK L�"�6���K�\ �#=�" �#y[�#�Q$ #� � "PE¼ OK �Ç�R�q O�d. L�#. v!#J Z�#XPq |�"�Ä �. b�.P��O"Nz+�XO
�L\ KPJ 3"OM |�F 
�L\KPJ ��zL�.�w��Ã� v!#J Z�#XPq �}¼" L��"Pq �X {L� ��" OK ��3�K#Ã� �c."�O ��" Æ�w �. �w 
K�\�� �K"K �#[� �5X��2 � O"L�#2 c�"P\ �a#�O �~K#Ã�Æ� �}�X�. Æ�P��"R��� �O"Nz+��XO �~K#Ã�� OK �KP�w �-X#E�� "O �O#�\ ��. � �O#�\ Z�#XPq �"R�� 4�#�� OK �"�6��#���$ OK s}Ã� K"�� � #�O#�\ OK �5q#� �#�P> +$ O"Lt� 
#�O#�\ |�F 4�qPi ��. 3�#p6 Q" �O"Nz+�XO�K�\�� �-X#E�+�XO4h}m �"R�� #�O#�\ 4�qPi |9� ��z!#��z |�"�ÄU#X"P. �O#�\ ��. � �O#�\ Z�#XPq j��=� OK �����. �Ed�X Z\�2 
�#�P> Æ�~�OL�� 
Z�#XPq �. v!#J 4�X#WF 
#�O#�\ OK �5q#� �#�P> +$ s}Ã��K�\�� �-X#E� �P�m � ÈP-\� Z\�2 
#�O#�\ ��OK � #�O#�\�w �P:" � #�O#�\ ��. DdX � #��O"��K P. �#�P> O#[q �-X#E� �"P. #�O#�\ ��. � #�O#�\ OK �#�P> Æ�~�OL�� Q"�Ã.#6 R�� �O#�\ ��. Z�#XPq {L� ��" OK �K�\�� �K#p5X" L�O"K3"OM|�F � �O"��K3"OM �L\KPJ P. #�O#[q ��"�L\#.�� #�O#�\ ��. v!#J �P�N2Z�#XPq 3L\ � �>#6 Z\�2 
�EdX Z\�2 
�zL�O#.3L\ Q"
4�Ã�a� �Ãa��� �#�6�#p�6 �td�� Æ� OK #� � �td�� �#�6�#p6 � 3"P��l6 �w 4X" �L\ �F"Pe �"���z �. {L���E�� � �O"KP.�P��. 4�P�L�� 
�a"O" �P.O#w 
�td�� �S�~�OL�� 
v!#J 3#�¼�_J 
�EdX �P.Q 
�q"Pz�2�6

��



K�J 4�#�� OK:(33 {L� �L��w�� {#�Ä" � O�h�� Z�#XPq �"R�� ���.Z�2 OK "O O"K,�\ se#�� Q" �O"KP.�P�.� �.#��QO" "O �O"Nz+�XO � Z�#XPq �}w L��$Pq Q" �[I. Æ�P� �w 4X" �L\ |�Ç[6 ��#�~L� P�Q �Ä��=� Q"{L� 
�td�� +$ ��"Q�O���. {L� 
�Ç�S�~�OL�� {L� 
v!#J Z�#XPq �#�~L� Q" L�#. �}�> �$ Q" �w L��w�� �-X#E�
�Ç�R�q 3#�¼�_J {L� 
�$3L\ � j�� � �zL�O#. 
��}u" � "�� �+${L� 
��#�z �#�#t. � ��#�z Z\�2 4�Ãa����.Z��2 �"P�. K#�5�Ä" |.#�u � s�uK O#�W. {L� Æ� #��$ �Ä��=� � KP. �#� "O v!#J �#�5J#X � 4q#. 
��#���\�L��#���� ��"O" "O v!#J Z�#XPq
��" <�#5� Q" �w �Q� 3#F�¼" � 3"P��l6 Q" V2 LXO�� Ph� �. � L�"ONz�� "O K�J �[�#�Q$ |F"P� Q��� {L� ��""O �}-u �#�~L� ��}w �#> �#�5F" � L�$OK �K#�5Ä" |.#u � �P[�2 {L�3O�_. L\ L�"�J {#�Ä" {L� ��O #�[�#�Q${L� ��O �Q� 3#F�¼" �#=�" � #�[�#�Q$ |��Ç6 �#�Q #6 ��"P.#�. �4qPz L�"�J v!#J Z�#XPq �"R�� KO�$P. OK+��XO � Z�#XP�q KO�$P. OK �$ ¿�X� KP.O#w � 4uK 4}Ã. 36,$& Y�O Q" �K#p5X" Pa#F {#F OK 
:(33�K�\�� ��¼�6

+�XO �Z�#XPq �-X#E�
�"R��� �"�6��� #���$ Æ�w �. �w KO"K K�>� �p}5I� �#�\�O +�XO � Z�#XPq �-X#E� �"P. L\ �5pz �Ç�O�d.� L�5W� Py�LÇ� �. �5W."� � c-6P� �L�L2 �K +�XO �Z�#XPq �w #=�$ Q" �KPw KO�$P. "O �L�~�6 +�XO �Z�#XPq+�XO {#t5�" 4-W� �5\"K 4XK OK � Æ�P� �-X#E� #. �O ��" Q" 4X" Z�#XPq {�_E� � �L��"Q +�XO L�~�6

�� 6HGLPHQW 'HOLYHU\ 5DWLR

|�F v!#J 4-W� �w L�K�� �#[� �L\ �#=�" 3#t�tE6 �KPw KO�$P. � �-X#E� R�� "O �Py�K �"�6�� 	�
�6�'�5��"R�� �w4pz �"�6�� ,�6P6��L. �4X" ��» Q" P5[�. #6 ��» Q" P5�w Q" �5q#� Z�#XPq v!#J |w �. +�XO #� �L\�w 
+�XO {#t5�" 4-W� � �a�F �#�� OK �5q#� Z�#XPq v!#J O"Lt� Q" 4X" �Ã.#6 #��a�F Q" �L�~�6 +�XO�K"K�#[� P�Q 3O�_. "O �$ �"�6��
4V  I �&�(�

� �$ OK �w!	�Q� #� �=F ,WFP.
 �a�F Æ� OK L�~�6 +�XO �"R�� � 4V	�Q� #� �=F ,WFP.
 �5q#� Z�#XPq v!#J �"R�� � (�6'5� +�XO {#t5�" 4-W� � &

��



�#��#�P�> 3L�\ � �=F �$ ��P5��� �w ��z!#��z |�"�Ä Q" 4X" �Ã.#6 L\ �5pz �Ç�#�A�� +�XO {#t5�" 4-W�,�6P6��L. �L\#.�� �a�F ,�\ Q" �Ã.#6 K�J R�� �EdX �#�P> 4ÄPX ¿u"� OK #� �3L\ ���Ã. �4X" �EdX�a�F |Ç\ � DdX �qPe Q" �KKPz�� P5[�. R�� �$ |�F 3OLu �=�5� OK � �EdX �#�P> 4ÄPX ,�\ Z�"Rq" #.|w�"R�� �a�F Æ� DdXZ�"Rq" #. �w4X" �K"K �#[� �O#�W. 3#�.P=6 �KO"K4~#JK �L�~�6 +�XO�"R�� OK R��P5zOR�. �#��a��F OK �	� �O#��\ O"K���
 L.#��� Z�#w +�XO {#t5�" 4-W� #�" L.#��� Z�"Rq" �L�~�6 +�XOv!#J Q" ���� ZI. �w "PB 
4X" P5[�. �a�F DdX �#�[I. P�#X OK �5q#� Z�#XPq v!#J �L�#�#=. {#�5F"� ��#�zZ\�2 
�EdX ½O"�Ä |�~L. {#t5�" ��F OK K�J ��~�" |E� Q" �zL�w!"P2 �Z�#XPq Q"V2 �5q#� Z�#XPq#�> ��. �a�F �#�[I. P�#X OK �a�F Q" ;O#J �. {#t5�" � #���"P.$ �Ç-\ �. �L�XO Q" |-u �q"Pz�2�6 4�Ãa���. "O �a�F "L5." R�I.$ �#��a�F �R�J+�XO � Z�#XPq �[t� ���6 �"P. r�q 3#E�a�6 �. �>�6 #. �L�#���#� +�XO �"R�� ,X#�� �#�\�O Q" �K#p5X" #. �#y�$ � ��Wt6 +�XO L�~�6 � �P�N2Z�#XPq Ph� Q" �y�� se#���K�\�� |t5�� ,X#�� U#�t� #. �[t� ��O P. �L�$4XL. 3#Ä�e" V1X �KKPz�� �-X#E� �L�~�6 Z�#XPq
� ��#X#�\ �}FP� 3#Ã~#d� �"P. )-~#m KO"K 3#Ã~#d� �}FP� #. ��t5W� b#-6O" �R�J+�XO #� Z�#XPq �[t� U#�t���F"P�e �}FP� �"P. � ���������� � ���������������>�6 �}FP� �"P. � ������������ #��[t� U#�t� ¿�#> �#�FPe��»»»» ��»»»»» ���»»»»�K�. L�"�J P5zOR. #� ����������KO��,WFP. �}�_p6��»»»»

��



¿.P� |�#� �. �a�F DdX

¿.P� |�#� �. �a�F DdX

Z�#XPq � ��K+�XO4-W� ��E�� �� �O#�\ O"K���	4\OK #6 cX�5� 4q#. #. v!#J � � ��E�� � cX�5� #6 R�O 4q#. #. v!#J � � ��E��


��



� NJ'� � ¿.#��
%HHU� &�( DQG +�3�MRKQVRQ ������ � � )DFWRUV LQ *XOO\ JURZWK LQ 7KH 'HHS /RHVV�� $UHD RI :HVWHUQ /RZD � $P � 6RF� $JU� (QJ� ,UDQV��� �1R���� ���� � ����6WUDQOHU� $�1������� 3K\VLFDO *HRJUDSK\� � WK� HG� :LOH\� 1HZ <RUN��� +DGOH\� 5�)� ������ � 5DQJHODQG +\GURORJ\� .HQGDOO\+XQW 3XEOLVKLQJ &RPSDQ\��� 'XEXTXH� /DZD� 8�6�$� 7RURQWR� 2QWDULR� &DQDGD�6FKZDE� *�2�5�.� )UHYHUW� 7�:�(GPLQLWHU� DQG .�.� %DUQHV� ����� 6RLO��� *LIIRUG� * �)� ����� LPSDFWV RI 3LQ\RQ MXQLSHU PDQLSXODWLRQ RQ :DWHUVKHG 9DOXHV��� 3 ���� � ��� � LQ � 352&� 7KH 3 LQ\RQ MXQLSHU (FRV\VWHP � $�6\PS 8 WDK 6WDWH8QLYORJDQ� PD\�+DGOH\� 5�)� DQG ,�6�0FTXHHQ� ����� +\GURORJLF HIIHFWV RI :DWHU 6SUHDGLQJ LQ %R[�� &UHHN %DVLQ� :\RPLQJ� 8�6� *HRO� 6XUYH\� :DWHU � 6XSSO\ 3DS� ���� $� ��3�+HHGH� %�+ � ����� 0RUSKRORJ\ RI JXOOLHV LQ 7KH &RORUDGR 5RFN\0RXQWDLQV� LQW ��� $VV� 6FL� +\GURO� %XOO� ��� �� � ���.LOLQF� 0� DQG (�9� 5LFKDUGVRQ������ 0HFKDQLFV RI 6RLO HURVLRQ IURP 2YHUODQG IORZ�� JHQHUDWHG E\ VLPXODWHG UDLQIDOO� &RORUDGR 6WDWH 8QLY� +\GURORJ\SDSHU � ��� )RUW&ROOLQV� &ROR�+DGOH\� 5 �) � DQG 6�$�6FKXPP� ����� 6HGLPHQW 6RXUFHV DQG GUDLQDJH EDVLQ�� &KDUDFWHULVWLFV LQ 8SSHU &KH\HQQH 5 LYHU EDVLQ� 8�6�*HRO� 6XUYH\:DWHU � 6XSSO\3DS� ���� � %� ���3�.LQJ� 1�M� ���� � ( URVLRQ &KDUDFWHULVW LFV RI 6DOW GHVHUW VKUXE DUHDV� S��� � ��� LQ ���� 6DOW 'H VH U W 6KX US 6\PSRVLXP� &HGDU &LW \� X W DK � 86' , %X UHDX RI /DQG0DQDJHPHQW�:LVFKPHLHU� :�+� DQG '�' 6PLWK� ����� $ 8QLYHUVDO 6RLO � /RVV HTXDWLRQ WR JXLGH��� IDUP� 3ODQQLQJ� � WK LQW� &RQJ� 6RLO 6FL� 3URF ��� � ����:LVFKPHLHU� :�+� DQG '�'� 6PLWK ����� 3UHGLFWLQJ UDLQIDOO � HURVLRQ /RVVHV IURP��� &URSODQG HDVW RI 7KH 5RFN\ 0RXQWDLQV� $JU� +DQGERRN ���� 86'$ $JU� 5HV� 6HUY�:DVK� '�&�:LVFKPHLU� :�+�&�% MRKQVRQ DQG %�9 &URVV������ $ 6RLO HURGLEL/LW\ QRPRJUDSK IRU���
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IDUPODQG DQG &RQVWUXFWLRQ 6LWHV�M�6RLO DQG :DWHU &RQVHUY� ������ ��� � ����%UDQVRQ *LIIRUG� 5HQDUG DQG +DGOH\ ����� 5 DQJHODQG +\GURORJ\� 6RFLH W\ )RU��� 5DQJH 0DQDJHPHQW ��1' (GLWLRQ��8 �6�'HSW� $JULFXOWXUH � ����� 3URFHGXUHV IRU GHWHUPLQLQJ UDWHV RI /DQG GUDLQDJH���� /DQG GHSUHFLDWLRQ� DQG 9ROXPH RI 6HGLPHQW SURGXFHG E\ JXOO\ HURVLRQ� 86'$ 6RLO&RQVHUY� 6HUY� 7HFK� 5HOHDVH 1R����5HFHQW GHYHORSPHQW LQ (URVLRQ DQG VHGLPHQW <LHOG VWXGLHV E\ � 5�)�+DGO\�5�/�D/��� &�$� 2QVWDG � '�(�:DOOLQJ � $������)RVWHU�* �5 � DQG /�-�/DLQH� ������E :DWHU ( URVLRQ SUHGLFWLRQ SURMHFW �:(33���� 8�6�'�$ � $56� 1DWLRQDO (URVLRQ 5HVHDUFK /DERUDWRU\�
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