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�$ �#�L�#�2 �w L�K�� ��O �O#�W. ��#��Rl~���Q 
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�w!"�}WÇB O�[w OK {#9� �"P. �4X" ��"P�Ä �#�5�~#Ãq �"P. ��"Rq" ���R� � �5X"�J#� �#�KPwP�K��"P�� KO�� �»»» Q"Z�. ���#X R�� �2"S OK �>�@L�"�KPwYO"Rz �K��� ���� #6 ���� �#�~#X �e "O �Rl~���Q#. �w LXO��4-: �. �Rl~ ���Q �K#�Q K"LÃ6 ���#X �"P�" OK �L�K�� ��O �$ �}� �#���$�"O OK #�R�Pw!#J YR�O �3O�Pa �\Rl~ �#��K�6 �XOP. � ��#X#�\ 
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L�w�� �zQ#.Æ�KR� �"�L��$ OK "O ���Q YRl~ �w�"��#[� ��5WI����" OK �EdX �#�.$ �=�OL6 �L\P2 #. �L��\�� P5J"Pq �L��"Rq O�e �. � L��$�� K�>��. ���"K �#5X"O �Q"��OK �K�\��� Q#m$ ���Q YRl~ � L.#��� Z�"Rq" �tq" Z�"O ��P�� 
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#����"K Q" �5�Wu OK�\P. �y5I�Wz P:"��w!#�J #�� �y�X �K�6 OK �y5I�Wz �w K�\�� �5\#y�" ���B �}�Ä O�e�. �L�$��OKYRl~ �. 4XK���#2 ��X8E. KO�� �K�6 �L\ �P�z!�Q"L�" �\P. 4��#t� Q" 
YRl~ DdX OK ��y�#�� �\P. �Z�6 �w L�K�� ��O ��#y��Z�6��"P.#�. 
L�K ��O �L��P[�2 3O�¼�. � <�OL6�. 4X"�Ç�� x�X�K�6 OK �y5I�Wz �w!#=�$ Q" �L\#. P5[�.����Q YRl~L��"�6��� 
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O#�[q Z�"R�q" #�. �P9�w!"L�F Z=�6 ��" P:" �w 4X" �\�O �L.#��� YP5Wz ���"K ��#. ��X �. #=�$ Q" � KO"K�L\#. Q#XO#w YRl~ �zKP5Wz OK 4X" �Ç�� �w K�\�� P5[�. 
�O�E�Æ6
Q" �[I. �#��zT�� �~� 
KO�$��K#� �. "O �"�L�Rl~ �K�6 �BPz �Rl~���Q Æ� �w K�\ �"��Ä 4X" �O�Pa #=��" OK�K�6�#��P�z!�Q"L�" �$ P. ��Rq" � KP�z O"Pu �>�6 KO��L�#. #��XOP. OK 
4X" �L\ "L> �$ Q" �L�Rl~ �K�6 �w R�� ���Q� �#zS"� �KPw 4J"��Ç� O�h���. ��"P.#�. �L�O"K �K#�Q 4���" 
�L�L2 D�a�6 OK R�� �L\ �~#J �#y�#> � �L�Rl~

�� ,$(* �,QWHUQDWLRQDO $VVRFLDWLRQ RI (QJLQHHULQJ *HRORJ\�

KO��� "O #��$ L�#. 
�KPw K#��[�2 ��X#�\���Q �XL��� ��#�> ��=�" �w �#W�$ 
�Rl~���Q Æ� �#�P_�Ä 
���p��	L�$ L�"�J O#5\�� ��" ��K ZI. OK
 K"K O"Pu �>�6
��. �O#��B ZI. OK � KP�z�� O"Pu 8E. KO�� �XL��� �X#�\���Q �#zL�K Q" ���Q YRl~ 4}Ä 
��X ZI. OKKO�� #��$�.#�QO" � �Rl~���QÆ� ��#X#�\ �#���#[� �=�2 ZI. OK ���"�5J"KP2 #��Rl~���Q �L�.��Wt6 ����z!#��z!�L\ L�"�J ��"O" �Rl~���Q �XOP. �"P. ��#���¼�6 �#�#2 OK �KP�z�� O"Pu 8E.
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�Rl~���QÆ� �#�P_�Ä ��
�L\ �O"Ny�#� �XL��� �X#�\���Q ��#�> ��=�" K#��[�2 P.#�. �w KO"K K�>� ��#�5�Wu 
�Rl~���Q �L�L2 P� OK�L�$�� P�Q OK #��$ ���p� � L�"�L\^I[� � �O#�\ |Ç\ OK #�5�Wu ��" �4X"

�� &URZQ �� 0DLQ 6FDUS

K�\��� �5p�z �#y\R�l~ �O"��K 4�Wu ��P6�#. 3O�#=� OK KR��P. �L[� #>�.#> �K�6 �. � ��Rl~ ���Q ��#[�2�	� |Ç\ OK �4�Wu

P:" P. � �L\ Q#m$ �Rl~���Q ���#. �-~ Q" �w �KO�I�4XK ���Q OK �L\ K#=�" ,�\P2 �O"��K � ��#y\Rl~ �O"��K�	� |Ç\ OK � 4�Wu
 4X" �L�$L�L2 �L�Rl~ �K�6 4wPF �Z�"L>

�� 7RS �� +HDG

OK � 4�Wu
 �#y\Rl~ �O"��K #. 	� |Ç\ OK �� 4�Wu
 �L�Rl~ �K�6 QP� OK �dt� ��P6�#. � �QP�PX �dt� �#.�	�|Ç\
OK � 4�Wu
 �#y\Rl~ �O"��K � 	� |Ç\ OK �� 4�Wu
 �L�Rl~ �K�6 QP� {�e OK �Rl~���Q ���#. ZI. � �QP� PX�	� |Ç\

�� 0LQRU 6FDUS �� 0DLQ %RG\

�	� |Ç\ OK � 4�Wu
 4X" �L\ K#=�" �L�Rl~ �K�6 ��OK �w ,�\P2 �O"��K � ��K�5��OK �O"��K
�#y\R�l~ �O"���K �#��� OK 
	� |Ç\ OK �» 4�Wu
 �#y\Rl~ ��O �w 4X" �L�Rl~ �K�6 Q" �[I. � ��L�Rl~ ��6�	� |Ç\ OK � 4�Wu
 4X" �5qPz �#> 	� |Ç\ OK �� 4�Wu
 �y5WWz QP� #2 � 	� |Ç\ OK � 4�Wu


�� )RRW �� 7LS

��O � �KPw 4wPF 	� |Ç\ OK �� 4�Wu
 �y5WWz QP� Q" P6"Pq �w 4X" �L�Rl~ �K�6 Q" �[I. � ��L�Q#6 �K�6�	� |Ç\ OK � 4�Wu
 L\#. �5qPz �#> �Ã�-e ���Q
�dt� �#. Q" �}¼#q ��P5[�. �"O"K �w �Rl~���Q 	� |Ç\ OK � 4�Wu
 QP� ���#2 Q" �"�dt� ��P6O�K � �Q#5[�2 �dt��	� |Ç\ OK � 4�Wu
 4X" 	� |Ç\ OK � 4�Wu
 QP� PX

�



�� 7RH �� 6XUIDFH RI 5XSWXUH

�O"��K Q" "O �}¼#q ��P5[�. � 4X" �L��J ���Ã� �w 	� |Ç\ OK �� 4�Wu
 �L�Rl~ �K�6 ����#2 QP� � �QP� ���#2�	� |Ç\ OK � 4�Wu
 KO"K 	� |Ç\ OK � 4�Wu
 �#y\Rl~
�» 4�Wu
 KO"K �#> �L�Rl~ �K�6 P�Q OK �w4X" 	� |Ç\ OK � 4�Wu
 �#y\Rl~ �O"��K �~#-�K � ��y5WWz DdX�	� |Ç\ OK

�� 7RH RI 6XUIDFH RI 5XSWXU �� 6XUIDFH RI 6HSDUDWLRQ

	� |Ç\ OK �» 4�Wu
 �y5WWz ����#2 ZI. �#�� 	�5p���Pq ��#z!
 vP5[� |_q � ��y5WWz DdX QP� ���#2�	� |Ç\ OK �� 4�Wu
 �5WWz!#� ���Q DdX �
4X" �5qPz �#> �$ ��O 	� |Ç\ OK � 4�Wu
 K�6 �L�Q#6 �w �Ã�-e ���Q DdX Q" �[I. � ��L�Q#6 �K�6 P5W.�	�|Ç\ OK �� 4�Wu


�� 'LVSODFHG 0DWHULDO �� =RQH RI 'HSOHWLRQ

�����4�Wu
 L�"�L\ #>�.#> ���"K ��O K�J ��~�" �#> Q" 
�Rl~���Q 4wPF �=�5� OK �w�K"�� � ��L�Rl~ �K�6�	� |Ç\ OK
4X" �5qPz �#> YRl~ Q" Z�2 ���Q DdX Q" P6���#2 �L�Rl~ �K�6 �$ OK �w �Rl~���Q Q" �[I. � �YRl~�Pq �td���	� |Ç\ OK �� 4�Wu


�� =RQH RI $FFXPXODWLRQ �� 'HSOHWLRQ

KO"K �#�> YR�l~ Q" Z�2 ���Q DdX Q" P6�#. �L�Rl~ �K�6 
�$ OK �w �Rl~���Q Q" �[I. � �K�6 �5\#-�" �td���	� |Ç\ OK �� 4�Wu

�K�6 ��P�Q 4�Wu 
	� |Ç\ OK � 4�Wu
 �#y\Rl~ �O"��K �#�� �w 4X" ��=F � 	�L\�~#J 4�Wu
 ��#y�~#J�	� |Ç\ OK �� 4�Wu
 4X" �L�$ K�>��. YRl~ Q" Z�2 ���Q DdX � 	� |Ç\ OK �� 4�Wu
 �L�Rl~

�� 'HSOHWHG 0DVV

Q" P6���#2 � 	� |Ç\ OK �» 4�Wu
 �y5WWz DdX ��O �w �L�Rl~ �K�6 Q" �[I. � ��L�Rl~ �K�6��P�Q 4�Wu�	� |Ç\ OK �� 4�Wu
 KO"K �#> YRl~ Q" Z�2 ���Q DdX

�



�� $FFXPXODWLRQ �� )ODQN

�	� |Ç\ OK �� 4�Wu
 4X" �5qPz �#> YRl~ Q" Z�2 ���Q DdX ��#. �w �L�Rl~ �K�6 Q" �[I. � �4\#-�"
�#��S"� Pz!" #�" 
K�\ Pw!M �$ ��#��,du �#5X"O4X" P5�. QP� O#�w o�¼�6 OK 
�Rl~���Q �O#�w QP� � �QP� O#�w!�$ ��. 	� |�Ç\ OK � 4�Wu
 �Rl~���Q ��#[�2 Q" �w 4X" �"�L���. �#y� Q" #�5�X ��" 
K�O O#w!�. 0B � 4X"O�	�|Ç\ OK �� 4�Wu
 KPy���

�Rl~���Q �#��Q"L�" �

�� 7KH /HQJWK RI WKH 5XSWXUH 6XUIDFH �/U� �� /HQJWK RI WKH 'LVSODFHG 0DVV �/G�

�	� |Ç\ OK /U {�e
 �Rl~���Q ��#[�2 � �y5WWz QP� ���#2 �#�� �}¼#q � ��y5WWz �"Q"OK
�	� |Ç\ OK /G {�e
 QP�PX �dt� �#. � Q#5[�2 �dt� �#�� �}¼#q � ��L�Rl~ �K�6�"Q"OK

�� 7RWDO /HQJWK �/� �� :LGWK RI WKH 5XSWXUH 6XUIDFH �:U�

�	� |Ç\ OK /
 �Rl~���Q ��#[�2 � Q#5[�2 �dt� ��. �}¼#q � ��Rl~ ���Q �"Q"OK
|Ç\OK:U
 �#y\Rl~ �"Q"OK P. K��Ä �#5X"O OK �Rl~���Q �#�QP� O#�w ��. �#��2P9w!"LF � ��y5WWz �#��2�	�

�� :LGWK RI WKH 'LVSODFHG 0DVV �:G� �� 7KH 'HSWK RI WKH 5XSWXUH 6XUIDFH �'U�

�	� |Ç\ OK:G 
 �/G� �$ �"Q"OK P. K��Ä �#5X"O OK �L�Rl~ �K�6 �#��2 P9w!"LF � ��L�Rl~ ��6 �#��2
���Q DdX P. K��Ä �w 
YRl~ Q" Z�2 ���Q DdX �. 4-W� �#y\Rl~ �#qOS P9w!"LF � ��y5WWz DdX �#qOS�	� |Ç\ OK'U 
 K�\�� �P�z!�Q"L�" YRl~ Q" Z�2

�� 'HSWK RI WKH 'LVSODFHG 0DVV

�	�|Ç\OK 'G 
 K�\���P�z!�Q"L�" �L�Rl~ �K�6DdX P. K��Ä�w �L�Rl~ �K�6�#qOS P9w!"LF � ��L�Rl~ �K�6�#qOS

�



�Rl~���Q �#��Q"L�" � #�P_�Ä �� |Ç\
�$ �#�K#�� �"P�� �. �Rl~���Q �#��Q"L�" � �O#�\ {�L> OK � �Rl~���Q �#�P_�Ä 4XP�q �� �O#�\ {�L> OK�4X" �L\ �KO�$

�



�Rl~���Q �#�P_�Ä �� {�L>
�XO#q {K#Ã� P_�Ä �S"� o�KO�Rl~���Q ��#[�2 
�#y\Rl~ �-~ &URZQ ��#y\Rl~ �O"��K PDLQ VFDUS �QP� PX K#ÇB 
QP� PX �dt� �#. WRS �QP� PX +HDG ��K�5��OK �O"��K 0LQRU VFDUS ��L�Rl~ ��6 0DLQ ERG\ ��L�Q#6 �K�6 )RRW �Q#5[�2 �dt� QP� �L�Q#6 �dt� O�K 7LS �QP� ���#2 
QP� �L�Q#6 WRH ��y5WWz DdX 6XUIDFH RI UXSWXUH �»�y5WWz QP� ���#2 
�y5WWz QP�#2 7RH RI VXUIDFH RI UXSWXUH ���L�Q#6 �K�6 P5W. 6XUIDFH RI VHSDUDWLRQ ���L�Rl~ �K�6 'LVSODFHG PDWHULDO ��YRl~�Pq �td�� =RQH RI GHSODWLRQ ��K�6 �5\#-�" �td�� =RQH RI DFFXPXODWLRQ ���L\ �~#J 4�Wu 
�#y�~#J 
�#y�~#J <�w! 'HSOHWLRQ ���L�Rl~ �K�6 ��P�Q 4�Wu 'HSOHWHG PDVV ��4\#-�" 
K�6 �#. DFFXPXODWLRQ ��QP� O#�w 
�Rl~���Q �O#�w! IODQN ��

�Rl~���Q �#��Q"L�" �� {�L>
K#�� C�d¼"/U �y5WWz �"Q"OK/G �L�Rl~ �K�6 �"Q"OK/ 	�QP� �dt� O�K #6 �-~ Q"
 �Rl~���Q �"Q"OK'U �y5WWz DdX �#qOSZU �#y\Rl~ �#��2ZG �L�Rl~ �K�6 �#��2'G �L�Rl~ �K�6 �#qOS

�



���QYRl~ 4}Ä ��

	#��w!#�J � #�y��X �X#�\x��X 3#�¼�_�J 
O#5J#�X
 �5J#�\����Q 4�Ã�a� � L��#�� ���z!#��z �#��zT���Rl~����Q ,>��� 4X" �Ç�� � L�P:�� ���"K Æ� �O"L�#2 OK �zKQ"�� � 
"�� � +$ 
�q"Pz�2�6 
�S�~��S�OL���K�\ �Rl~���Q j�u�,>�� 4X" �Ç�� 3OL� �. ��#��6�. #��zT�� ��" Q" Æ�P� �L��\
O"Pu �P6LÄ#W� c�"P\ ½PÃ� OK ���Ã� 
K�\�� 7"LF" P[. �#�5�~#Ãq P:" P. �w �Ä"��" �. 4-W� �Ã�-e �#�-�\��� 
4X" �\P. 4��#t� �=�OL6 Z�#w Q" �\#� 
�y5I�Wz 
K#�Q {#�5F" �. 
KRl}. �Ã�-e ,�\ Æ� Pz!" �L�O"K� �y5I�Wz �#�Q OK ��"PE. c�"P\ K#=�"

L��\��YRl~ ,>�� �w �}�"�Ä ���
� Q" L�6O#-Ä �L�O"KZt� �Rl~���Q K"LJO OK �w �p}5I� |�"�Ä�"�6��� �}�> Q" �L��\�� YRl~ |�W�#52 #. �Ep¼ {�e OK �\P. Z�6 Z�"Rq" 8Ä#. �w 
�>O#J |�"�Ä � o~"�#2 Z�#XPq #� � �.#5W�" DdX 3"P��l6 
�QP~ 
	QP� ���#2
 �O"KP.O#. � �O"NzO#. 
,�\ �XL�� 3"P��l6�KP. �#� "O �$YRJ #� #����"K OKYRJ � �zKQ"�� �L��#� �L��\��cX�5� �\P. 4��#t� Z�#w 8Ä#. �w ���OK |�"�Ä � +��� � ����QP�Q �#�.$ 
���"K#2 OKo�Ãa ��� OK
L�"�L\ �Rl~���Q K"L��O ,>�� �w �}�"�Ä ���

� {#�#�w #�� ��$�"O 
#��"PzOR. �#��P.��w ��F OK 	�>O#J �#�5}Ä P:" OK
 �Ä��_� �#��Rl~���Q Q" �O#�W.  �w���hÄ �Rl~���Q �4X" �L\ �L�K �"�"Pq R�� Q#.�O �K#Ã� OK #��Rl~���Q �L�"�K"K GO�EdX ��LÃ��#�5�~#Ãq

�� 7XUWHOH �� 4XLFN &OD\V

�4X" �K�. ��F#� OK ��LÃ��#�5�~#Ãq Q" �\#� �LF #6 
K"K GO "K#�#w �#6P-~$ �|6P6 ��w OK���Q K#=�" 8Ä#. 4X" �Ç�� 
L��\ "P>" 	��#[�2
 ���"K �-~ �Ç�KR� OK �w�6O�¼ OK 
��y�X �#��Q#X ,}m"�O"NzO#. �K�\ �$ �L\ {#Ãq �O#.�K �. P=�� 4X" �Ç�� ���Lu �Rl~ ���Q OK ÆB�w O#�W. �P��l6 �L��\ �Rl~�5X#w �\P. 4��#t� Q" �=�5� OK � �L\�XO�#�w!#J OK �Np�� O#[q ��\P.Z�6 Z�"Rq" ,>�� ���"K P. K#�Q�K�. L�"�J P5w!#�PdJ 4�Ãa� 
KP�z �#=�" P5Ã�PX �O"NzO#. R�� �Q"L�" P� � K�\��c��"P�\ 4E6 �L�K�� GO+$ �#�P> �}�X� �. ���"K �#2 Z�#XPq P:" P. ,}m" �Rl~���Q 
��"�O �#�XO OK  Z�#w 8Ä#. � #�y�X #� #�w!#J Q" �JP. �O�6 ,-X 4X" �Ç�� �O"KP.K�z P:" P. �O#.�O O#[q 4\"KP. 
�"�T���K�\ #��$ �\P. 4��#t�

�



�� 6XEVLGHQVH �� 8SOLIW

���"K ,�\ Z�"Rq" 8Ä#. 4X" �Ç�� 
�4X#J" Pq #� �4W[��Pq P�h� ���Q �5X�2 OK �Ç���5Ç6 �"O$3#wPF  {K#Ã6 �zKO�J ��P. � x�X �K�6 Z�6 ¿�Q�6 P��l6 ,>�� ���"K ,�\ Z�"Rq" �K�\ �Rl~���Q �. P=�� �L\�K�\���#���QOK �P�y}�Ç\ � ����"K OK #�y��X �L�\ 4WX ��. P=��� �-�#> �#�[�6 ��#�O P:" P. �OK �L\ ��2  L�"�J YR�O � YRl~ �$ L�#�2 �w K�\�� #��$ ��OK �. 
�"O#. +$ K�O� 4~��X � ���"K �#5X"O �Q"��
��#�O�K�.
#�[�6 �5u�� P��l6 #. 
3�$��\#� Q" �\#� �#�\QP~ � ��hÄ �#�O#=p�" 
�QP~ ���Q P:" P. �L\ K#=�" �#�\QP~  �zL\ �"�O O#BK 4X" �Ç�� j#-\" �w!"P5�#� ��"KR�O �X#� �YO�q �L��K�� O"Pu P�:'6 4E6 "O �LF c�"P\4X" �Ç�� � L.#���Z�"Rq" #�w!#J j����" OK�Np�� O#[q 
L�\#. �5\"K ��w�-W� �~#yB #�w!#J ��" Pz!" �L��\�. � L.#��� Z�#w 3L\ �. v!#J �\P. 4��#t� 
L�K GO �u#p6" ���B �5u� �K�\ Æ�KR� |w �O#.�O O#[q �.Q" �\#� �#��Rl~���Q �4X#����"K �y5I�Wz �}¼" |�#Ä �QP~���Q 
R�J�QP~ �F"�� OK �L�$��OK {#�X 3O�¼9« � 9¬ �3L�\ #�. �#��QP}����Q P�:" P. 	#��"�O|z � #�y�X ���. 
#�\Rl~x�X 
#�\R�Ox�X
 �QP~���Q�>�» @L��K�� GOP6L�L\ #� �~#wP�P5��}�w �» P."P. ��=F �"O"K 
�K�. �$ �L�$ K�>��. |�#Ä �QP~���Q �#�5F" �w �P��X ��wP�-w ��hÄ �Rl~���Q  �L�w!"P2 ¿.P� P5��}�w ��� 4F#W� � P5��}�w /G �� {�e �. �$ �L�Rl~ � �KO�I5XK D~#_� �4X" ,ÃÇ��P��X LX �#y5J#X OK � �$ OK �w �L\ K#=�" �P��X ��#JK�O ��O �"�B#�OK 
�QP}���Q ��" P:" P. �>�» @L�"�L\OK �4X" �L\ �5\"Nz �#> P. �}FP� �K OK � O"KYO�qUO�"�B#�OK 3#.�XO P5� �» K�LF 	4J#X {#F OK
�K"KGOYR�O x�X � �Rl~���Q �"O"R� 
	P5[�O ������� �zOR. #.
 �}�\ ���» �QP}���Q�4X" v!#�J �Np�� O#[q Z�"Rq" 
K�\ cX�5� �\P. 4��#t� Z�#w ,-X 4X" �Ç�� �w �}J"K |�#Ä Æ�  �\P�. 4��#t�� Z�#w �=�5� OK � �K��Ä P:�� O#[q Z�#w 8Ä#. YRl~ DdX {�e OK �Np�� O#[q Z�"Rq"�4X" �L\¿u"� {�-u KO�� #��Rl~���Q ��"�"Pq {P5�w �}¼" �#�O�5w!#q Q" �Ç� �"��Ä�. �zL�O#.�}wO�e�. �4X"O#5J#�X 
��F#�� ��q"Pz�2��6 
	#��K 3"P��l6 � �zL�O#. ¿�Q�6 � P�h�
 "�� � +$ 4�Ãa� �. �$ P�:'6 � �zOR.�w4X" �KPw4.#: �zL�O#.�P�z!�Q"L�" �KO"K �y5W. v!#J �x�X �#��zT�� P�#X ���"�"P6 
���"K �X#�\���Q�#��zL�O#�. Q" LÃ�. #����"K ,}m" �y5I�Wz �4X" �K"K GO K#�Q O#�W. �zL�O#. �#��O�K OK �"���"K 3#wPF#��XOP. �L�K�� GO 
L�w�� M�p� #��y5WWz ��OK �. +$ � K�\��+$nP. �w�5u� 
O#�. �#��#� OK #� ��y�XOK �y5I�Wz K"LÃ6 
K�\ P5��}�� �»» #6 ��» Q"Z�. Q�O � #6 � �e �Ã�=6 �zL�O#. �w �5u� 4X" �K"K �#[��>�@L.#��� Z�"Rq" 3L\ �. #����"K

�



+$ �#�P�> �L�K��� O"P�u P��:'6 4E6 o}5I� �#����z �. "O #����"K �O"L�#2 
����QP�Q +$ DdX 3"P��l6  +$ Q"P�6 ��#��z!#�� 3"P��l6 �K�\�� �O"L�#2 Z�#w 8Ä#. � L�w�� KO"� O#[q v!#J �#���"K ��O ����QP�Q�"�X#�� �#�w!#J �L\ �"�O �. P=�� 4X" �Ç�� � �L\ �Np�� O#[q Z�"Rq" 8Ä#. �RI� Æ� OK ����QP�Q��P�. �. � �L\ �5W\ #���"K 
����QP�Q +$ �#�P> P:" P. 
��"KR�O �X#� � YO�q OK �K�[. #��$ �L��K |�Ç[6�L��\�� |�FQ#. � �KPw "L�2 �=F Z�"Rq" +$�zKQH� P:" P. x�X �#��QOK �L�5q"�� �Pe#I� �. R�� �zKRI� P:" P. #����"K  � +�M �#y�� �. 
+$ Q" �K#�Q O#�W. L¼OK K�>� ��Ã� �. �XO �#�w!#J OK H� vQ#� �#���� |�Ç[6 �L��\��OK �L�w L�~�6 �K#�Q O#�W. �Np�� +$ O#[q 4X" �Ç��+�M � �zKRI� 
�5}�X �#�w!#J OK �4X" UO,�PI6|Ç\ OK �K�\ YR�Ox�X �. P=�� 4X" �Ç�� #��y5WWz OK +$b#W-�" �K�\ �EdX 3#wPF ,>�� �=�5��5u� R��#2 � O#�. OK #�\R�O x�X K"LÃ6 ��P5[�. �K�\�� �L�K #��$4}Ä � #�\R�Ox�X Q" ��#������ � �O#�\�4X" �K"K GO 
�K�. �zKRI� �dt� Y�F � {�F 3#�#X�� �w!4X" �Ç�� 
L�5W� v!#J �L\ Æ[J #� � �O#.�O O#[q Z�#w �=�5� �w ��#�wP6 �L\Q#. P:" P. �\P. 4��#t�  � �Ç��#Ç� �zKQ"�� 
L\#. �L[� 4i#pF ��B #� �X#� Q" �"��� �}�X� �. #�XO #� #�}�\ DdX Pz!" �L.#� Z�#w!� �L\ �6"OL�� � P�h� ��#���\ 3"P��l6 �w LXO�� Ph� �. �KP.�� ��. Q" "O #�y�X �zL�-WB <�OL6 �. ��#���\�L\#. �5\"K #����"K 4wPF j�P\ OK �K#�Q ��X #�XO OK ��� ¾��Ã6#����"K �y5I�Wz #. ,}m" 
L.#� Z�#w ��#�z!#� O�e �. �5}�X �#�w!#J OK �T���. #�LX �RI� OK+$Q"P6 �w�5u�  �L�K�� GO�"�PpF +$ O#[q Z�"Rq" � |w �O#.�O O#[q Z�#w 4}Ä �. �L�L2 ��" �w4X" �"P����"KR�O v!#J Pz!" �T���. 
L��\ j#-\" |�#w O�e �. �w�5u� 
L�"�L\ j#-\" �Ãa�� O�e�. �w ��#�w!#J KO�� OK  OK �Np�� +$ �EdX Z[w �. ��#�w!#J ���B �\P. 4��#t� Q" �[I. �L.#��� Z�#w �\P. 4��#t� 
L\#.

�� $SSDUHQW &RKHVLRQ �� 9DLRQW 'DP

¿�#� 4X" �Ç�� ��P�#i �zL�-WB �K�O����. Q" �L\ j#-\" Q" V2 �w K�\�� b�.P� #���"K ��. U#�6 |E��L\#. �5\"K s�Ä P5� � #6 � �zL�P. Pz!" �5F �K�\+�eP� YO�q #� R�O �X#� OK�K��Ä�#��zL�P. �y5I�Wz!P�h� ��#�w!#J �K�O��� ��. Q" �w R�� ��y�X �zL�O#. Q" LÃ. �5F 
�P�#i �zL�-WB �.#5W�" DdX ��#. OK�. ��#��X D~#_� �L��K�� 4XK Q" "O K�J �\P. 4��#t� Q" �[I. 
L��\ j#-\" O#. ��~�" �"P. �w �5u� 
V~�L.#��� Z�#w v!#J �\P. 3�#t� � K�\�� |F �O���#2 +$ �}�X��w #�~#5�" OK �4���"� L�}.�}�J LX L��#�
 K�\,>�� "O ���hÄ �#��Rl~���Q 4X" �Ç�� #�LX �RI� �P�y.$  �P�y.$ {�J OK �Rl~���Q �»» Q" Z�. �	L\ P�Q"PX LX �RI� �. �$ ,ÃÇ� P5� ���}�� ��» �L�Rl~ �K�6 Q"�4X" �K"K GO 
�5y�\"� OK 4~�Q�O ��}Ç�"Pq �B#�OK

��



#��$4}Ä � S�P� OK #�\R�O x�X Q" ��#������ �� |Ç\

��



�� 3LSLQJ �� +(,0 ������

�. P=�� 4X" �Ç�� �+#zO#� �}J"K Z�#XPq P:" P. 
���5. Z\�2 ��L. �#�~#�#w #� #�LX �Q#I� Q" +$4[�Q" �P5[�. �=F 
+$ �#�P> Z�"Rq" #. L.#��� Z�"Rq" �O�-Ä +$�#�P> 
Z�#XPq �ÃX�6 #. �K�\ �y5I�Wz!�#�5W[� YR�O�Pq ��" #. � �5I�O �Pq �L\ K#=�" �O#=� otX L��O��" ��"K" #. �K�\��Z�#XPq O#BK v!#J�K�\ �Rl~ ���Q �. P=�� 4X" �Ç�� �=�5� OK � L�$�� K�>� �. K#�Q�L�#�Ç[J � �Ç��#Ç� |�"�Ä 4E6 �#�#�z �#��[�O �L�O"K �K#�Q ��X #����"K �O"L�#2 OK R�� #�5JOK �[�O  +$ ���SO OK 
��#�z Z\�2 �5qO ��. Q" �L��w�� ���'6 "O #����"K �O"L�#2 
����QP�Q +$ZÇ� P:" P. #�-�\Q" v!#J �L\ D}W� |�"�Ä 
#��[�O ¿du P:" P. ���A�� �KO"K U�ÇÃ� P:" �EdX P�Q �#���� ��OK ����QP�Qv!#J �\P. 4��#t� Z�"Rq" 8Ä#. �#�#�z �[�O ,X#�� ¿�Q�6 �L��\�� ���"K �L\ O"L�#2#� ,>�� � �5qO ��.Z\�2 ��L. ���Q �4X#����"K �O"L�#2 Q" ���t5W�P�m ��#[� ���Q ��#�zZ\�2 �K�\�� #����"K �L��K|�Ç[6Z\�2 #. �L\4i#pF �#�}y�> #. �W�#t� OK P5[�. �O"L�#2#� � P5Ã�PX Z�#XPq ��#[� R�B#� Z\�2 #� ��#�z!��> |�"�Ä KPÇ}�Ä ¿�#� �}wO�e�. 
�}y�> Z\�2 �L�"�KP5Wz ,�PI6 L��"Pq LÃ5W� P5�w �w4X" ��-�" ��#�z!�L�w�� 4i#pF Z�#XPq � �zKQ"�� P�:'6 Q" "O #��$ � 4X#����"K ��O
#��Rl~���Q �L�.�KO ���

L�.#�. "O �Rl~���Q |}Ä L�O"K�ÃX �w L\#. ��#X#�\���Q � �#XL��� �"P. �K#�QÆ�w L�"�6���L�.�KO �5W�X Æ��L��K O"Pu Ph�L� #��Rl~���Q C�¼" #� �P�z�}> �"P. "O �6"L���6 �
� 4X" �L\ ��"O" �"�T�� ��F#� � n"L�" �"P. #��5W�X ��" Q" �O#�W. �4X" �L\ K#��[�2 �L�.�KO �5W�X ��L�BKP.O#�w 0~$ �#�\Rl~ x�X �"P. #��6 �w �L�.�KO �5W�X Æ� ���#� �L\#. �5\"K KP.O#w Py�K �#> OK L�"�6����K"K ^�I[6 "O YRl~ x�X o}5I� j�� �» Q"Z�. �" � KPw K#��[�2 
KO"K

�� 6YHUHQVNLL 	���� 
�u}� w#.wO"Q
 �� $VHTXHQW

�4X" �L\ �5qPz O#w!�. �uP\ �#2�O" OK �"�hF�� |.#u QPe �. >�@ ��ÇW�O�cX�6 �L\ K#��[�2 �L�.�KO �5W�X

�� &RQVHTXHQW �� ,QVHTXHQW

OK �L��"�L�\ �L��.�KO �4���ÇW���" � 
�4���ÇW�#�w 
�4���ÇX" �. YRl~ DdX |Ç\ �. �>�6 #. #��Rl~ ���Q�#��w!#J OK )X#X" #�\Rl~ j�� ��" �L�K�� GO ��"�5X" C�dX )6L�Ä � ��E�� C�dX {�e OK YRl~ 
4���ÇX"�4X#��y5X��2#�� Py�K � �L�.��� C�dX P. s-d�� )X#X" 4���ÇW�#w �#��y5I�Wz DdX �L�K�� GO �L�-WBYP5Wz �K#�Q s�Ä #6 �}wO�e �. #�\Rl~ j����" �KP.��½PÄ OK "O #��y5X��2#� 
4���ÇW��" �#��y5I�Wz DdX�4\"K L��"�J

��



� KPw �L�.�KO P�Q CP\ �. #��$ s�Ä ���[�. ,WFP. �"�6�� "O #��Rl~���Q ���A��j�� P9w!"LF j��P5� ��� Q" P5�w! �EdX �#�\Rl~P5� � #6 ��� s�Ä �w �#�\Rl~P5� �» #6 � s��Ä �#�\Rl~P5� �» Q"Z�. s��Ä O#�W. �#�\Rl~

�� 6NHPSWRQ ������ �� )DOOV

P9w!"LF {�e / � �Rl~���Q P9w!"LF s�Ä ' �$ OK �w KPw �L�.�KO BB4-W� ,WFP. "O #��Rl~���Q ���51�ÇX"'/�>�@ KPw �L�.�KO O"L�#2 � 
{#ÃqP�m 
{#Ãq �. #��$ 4�~#Ãq 4�Ãa� ,WFP. �"�6�� "O #��Rl~���Q �4X" �Rl~���Q
P5��» #6 »�� ��. 4ÄPX �"O"K {�" �KO �L�"�L\��Wt6 �}¼" �KO �K �. 4ÄPX ���[�. ,WFP. #��Rl~���Q �2"S OK� Æ���Q�R� �#�y�X OK )X#X" ��K j�� �L��K�� GO �O#�\P6 �X#. v!#J OK #�\Rl~ j�� ��" ���Ã� �w {#X OK�4X" K#�Q O#�W. #��$4ÄPX ���Ã� �w L��K�� GOÆ���Q��~#2

�� 5RWDWLRQDO 6OLGHV �� 7UDQVODWLRQDO 6OLGHV

�#��R�l~ ����Q 
��[JPB �#��Rl~���Q 
�YR�O �K"K ^�I[6 P�Q CP\ �. �"�6�� �}¼" �Rl~���Q j�� O#�B

�� )ORZV �� 6OLSV

�L�"�L\ �K"K �#[� � �O#�\ |Ç\ OK �}¼" �Rl~���Q j�� O#�B ��" 
�#���"�O � 
�{#�[~ V�"P6
#�\R�O �����

�KP�z |Ç\ L�"�6����y5I�Wz DdX �w L�K�� GO�5u� �y�X #� � �w!#J �K�6YR�O
�[JPB �#��Rl~���Q �����


�	V1�}�X"
 �\R�l~ Æ6 ��[JP�B �#��Rl~����Q �#��#�� ��. �"�6��� "O ��[JP�B �Rl~����Q o}5I�� j"��"

�� 0XOWUSOH 5RWDWLRQDO 6OLGHV

�#��Rl~����Q �	� �O#��\ |�Ç\
 KP�w ��#X#��\ ��P�X 4[2 �#�-�X$ � ��\Rl~ L�B �[JPB �#��Rl~���Q��#�\Rl~ �L��K�� GO�"�P�"K �y5I�Wz C�dX{�e OK�y�� �#�XO �|�\ OK 
#�1��X" #� �\Rl~Æ6 �[JPB�L.#��� Z�"Rq" ���"K ,�\ Z�"Rq" #. 4-W� ��" �>�@ L�5W� 	BB � »��� � »���
 #. s��Ä )5-W� j�� ��" Q"'/

��



��



3OL� �. �y5I�Wz DdX 
L\#-� �y�� v!#J �w �5u� �4X" �"�P�"K )-�Pt6 �y�� �P� �#�XO OK �y5I�Wz DdX�}E�YRl~Æ� #. �\Rl~L�B �[JPB �#��Rl~���Q �4X#��y5X��2#� C�dX Q" P:'5� �$ |Ç\ "P�Q 4X" �"�P�"K�"�LÄ#u �y5I�Wz DdXÆ� {�e OK �,tÄ ��X �. � �5q#� �ÃX�6 <�OL6 �. #�\Rl~ j����" �L��\��j�P\ ��~�" ��	4X" �L\ �K"K �#[� �[JPB �#��Rl~���Q j"��" � �O#�\ |Ç\ OK
 L.#��� YP5Wz!
{#�[~V�"P6 �#��Rl~���Q �����

�� 6ODE �� 6SUHDGLQJ )DLOXUH

� �\R�l~ L��B {#��[~ V�"P�6 �#��Rl~����Q 
�,}�X" 
v�}�. YR�l~ ��. �"�6�� "O {#�[~ V�"P6 �#��Rl~���Q��#��y5X��2#� C�dX {�e OK {#�[~ V�"P6 �#�\Rl~ �KPw ��Wt6 	� �O#�\ |Ç\
 ��-�#> YP5Wz #. �#��Rl~���Q�L�K�� GO 
L\#. ���Q DdX �Q"�� )-�Pt6 �w!

{#�[~ V�"P6 �#�\Rl~ �� |Ç\

��



Q#m$ "O�[JPB YRl~ �w���P�� �5W�X �KO"K K�>� {#�[~ V�"P6 � �[JPB �#��y5I�Wz ��. �X#X" 3�#p6 Æ�OK �L.#���Z�#w YRl~ {#F OK �y�X #� �w!#J �K�6,tÄ ��X �. �zL\<w Q" �\#� |Ç\ P��l6 Z�"Rq" #. 
L�w���L�#��� �u#. 4.#: 
4X" �L\8Ä#. "O {#�[~ V�"P6 YRl~ �w ���P�� �5W�X �w �6O�¼
�#�\R�l~ �L�K��� GO,�\P�2 �#��y5X��2#�� C�d�X {�e OK � O"K�QOK ��#t� �y�X �#��K�6 OK v�}. YRl~�L��K�� GO �L\ ���Ã6 Z�2 Q" �y5I�Wz C�dX {�e OK �4X" {��Ã� P5[�. #�y�X OK {#�[~V�"P6
���Q DdX �Q"�� )-�Pt6 �y5I�Wz DdX �L�K�� GO �"�R�O"� K"�� #� �KQ"�� �#�XO OK )X#X" ,}X" �#�\Rl~Q" LÃ. �w!#J ,�\P2 �#����"K OK,}X" YRl~ �>�@4X" »�� Q" P5[�. 3OL� �. YRl~ j����" OK BB4-W� �4X"'/�L�K�� GO R�� ��y�X �#��zL�O#.
��#. ��X �. ��#�\Rl~ ���B �L��\�� Q#m$,}X" YRl~Æ� �}�X� �. ���Ã� �\Rl~ L�B {#�[~ V�"P6 �#�\Rl~�K�\��o�Ãa <�OL6 �. 
�KPw P2 "O #�wP6 �w �"O#. +$ �}�X� �. �QP�PX� ��#. v!#J "P�Q �L.#��� YP5Wz ���"K
� �5}�X �#��zO OK�}_q O�e �. K#�Q �Np�� O#[q �w��#> 
��� ��� �#�XO OK P5[�. 
�-�#> YP5Wz #. �#�\Rl~�K�\ |t5W� LF"� L�B �. ���OD~#_� �5WÇ\ 8Ä#. 4X" �Ç�� �-�#> 4wPF �K�\�� �L�K 
L�K�� GO�"�X#�OK � K�O �Pq o�Ãa 	�td��
 ��Q OK 4X" �Ç�� #�w�}. 4[2 
L\#. ��Ia �P�Q o�Ãa 	�td��
 ��Q �A�#�B�K�\ O"L-�\ ,tÄ ��X �. �=�5�

#���"�O �����
�L�$��OK �#�P> �. {#�X 3O�¼ �. � �L\ KPJ ���"K ��O 4wPF ��F OK D~#_� �w 4X" ��" ��"�O �#��zT�� Q""O �R��O"� ��"�O � �"�O |z 
v!#J ��"�O �}�> Q" 
	� �O#�\ |Ç\
 4X" ^�I[6 |.#u ��"�O o}5I� j�� ��L�B��"�O Q" P5[�. �"�O |z OK 4wPF 4ÄPX �4X#��$ 4wPF 4ÄPX OKo}5I� �#���"�O ��. 3�#p6 �KP. �#� �"�6���4X" �R�O"�

L.#��� �ÃX�6 �Rl~���Q QP�#2 OK �w��P� � �KQ"�� D~#_� �"O$4wPF �. "O v!#J ��"�O 
>�@��W��A� � ��51�ÇX"�"P. �L�K�� �#[� "O �"�O |z ��"�O � YRl~ ��. �L�$ K�>� �. �=�OL6 	�td��
 ��Q v!#J ��"�O �L�"�KPw K�LE�OK ��~�" ��#�z Z\�2 Q" �"�hF�� |.#u ZI. � 4X" �"�O |z Q" P5�w v!#J ��"�O OK �w!#J �K�6 �L\KPJ {#9��4X" �L\ gpF v!#J ��"�O ��F

��



#���"�O j"��" �� |Ç\
Z�"Rq" P:" P. #��y5I�Wz �L�K��GO��y�X �zL�O#. Q" LÃ. #� {�J OK,}m" 
�5}�X ��XO�#�w!#J OKv!#J ��"�OO#�W. #6 L�w Q" v!#J ��"�OÆ� OK��#>�.#> �"R�� �L5q"�� r#p6" v!#J �\P. 4��#t� Z�#w ��Np�� O#[q �=�OL6,�\ �Ç��" #6 L.#��� ��"K" #�~#X �"P. #��"�O |z Q" �O#�W. �4X" P�l5� v!#J 4.�eO � ���"K ,�\ �. �5W. ¿�PXZ�"R�q" 8Ä#�. � �L\ Æ[J �q#w �Q"L�" �. �w!#J �K�6 #� K�\ ou�5� ��#>�.#> #6 K�\ �w �q#w �Q"L�" �. ���"K�K�\ �\P. 4��#t�
OK O��q� �. �"�O |z �L.#��� �ÃX�6 
4X" �>OK �� #6 � ��. )���Ä ���"K �EdX ,�\ �w �te#�� OK �"�O |z!�"�O |z �L�K�� GO�#. �Np�� O#[q �"O"K R�O �"�X#� �#���� #. +�#�5� O�e �. �w O"K�QOK � PÇ. �XO �#�����L�K�� GO���X#���� #� �"�X#� �#���� Z�#XPq P:" P. #�w!#J ��" OK

��



OK ,}�m" ��#����"�O ����B �L��\�� �L��#� �R�O"� ��"�O ���Ã� 
L�K�� GO ��"K 4\OK D~#_� OK �w ��#���"�O��w ��#��y��6 #�� �"�R�O"� �#����"K OK #� 4X" ��#�z Z\�2 Lu#q ���Q �w ��#> 
Æ[J ���� � Æ[J �F"����y�X �#��zL�O#. ��F OK ���Ã� �R�O"� ��"�O �L5q"�� r#p6" 
L�5W� ��#�z Z\�2 Lu#q � L�5W� �R�O"� Q" �5\#-�"�K�\�� j�P\ ��#�z!#� �#�.��X #�
L�"�6�� �OK �4X" Æ�O#. � Q"OK ���Ã� �R�O"� ��"�O �L��w�� {#-�K "O ���Lu �#�}�W� P5W. ,}m" �Ç�$ Pe#J �.�"P�. 4X" �Ç��� ���"�O � L.#�� Z�#XP�q �$ ��#. 	�5�W�"K
 �~#yB Pe#J �. � D~#_� �#�P> �}�X� �. )t��Ä���#2 �. 4wPF #. �"�R�O"� �K�6 � 4X" P�l5� ¿�PX O#�W. #6 �"O$ O#�W. Q" ��#>�.#> �"R�� �L.#� ��"K" #�P5��}�w!�4X" L¼OK �»» K�LF ���Ã�4wPF {#F OK �R�O"� �K�6 4.�eO �K�\�� KPJ ���"K

�XL���n"L�" �"P. #��Rl~���Q �L�.��Wt6 ��
�L��\�� ��Wt6 P�Q �}w3O�¼ �K �. #��Rl~���Q 
�XL��� �#zL�K Q"

4�~#Ãq ��#2 P. �L�.��Wt6 ���
{#Ãq �#��Rl~���Q �����

��#�z Z\�2 ��L. �^I[� #��$ OK ���Q DdX "P�Q 
L��\�� �5J#�\ 4~��X �. �#[}Ç\ ��O Q" #��Rl~���Q ��"
#��K#> 
L��\�� ;O#J ��#u 4~#F Q" �#5JOK �4X" �5qPy� O"Pu Z�#XPq � ��> |�"�Ä P�:'6 4E6 Q��� � 4X"�L���.�� ,�X$ ,}m" � L��\�� #>�.#> 
L�ONz���\Rl~ se#�� ��" Q" �w �O"�� �#��Q#X � �5i#pF �#��O"��K�K�\�� �L�K �L�Rl~ �K�6 OK Q#. � KLÃ5� �#�q#Ç\ )-~#m �4X" ��#�z Z\�2 Q" �O#Ä � ,�\P2 
�Rl~���Q �#y\Rl~
{#Ãq P�m �#��Rl~���Q �����

���Ã� �4X" |Ç[� #��$^�I[6 ,}m" �=�5� OK � KO�J�� ���. Z�#XPq P:" P. ���Ã� #��Rl~���Q ��" 4�Ãa��L��"�5q#�� Z�#XPq 
L�K�. �5qPz |Ç\ �Rl~���Q 4�~#Ãq �#y���. �w ���Lu �#��#y\Rl~ �L�"��#�z Z\�2 �"O"K�L�"��#X#�\ |.#u L�"�L\P2 �R�O"� �}�X��. �w ��#�q#Ç\ � �L\ �J #� <w �#5JOK �}�X��. {#ÃqP�m �#��Rl~���Q�O"KP.K�z #. �9� �L��\ O"L�#2#� 
#��$ OKÆB�w )5-W� 3"P��l6 P:" P. 4X" �Ç�� {#ÃqP�m �#��Rl~���Q �}w O�e�.�w �#5JOK ��P6���Lu �X Q" �"�6�� ,}m" "O {#ÃqP�m �#��Rl~���Q �X �L��\�� {#Ãq �O#.�K #��$ ��#�#2 4�Wu���Ã6 v!#J L�L> |�q�P2 �ÃX�6 �Z�#XPq �}FP� Q" ���A�� � L��w�� L\O �Rl~���Q �td�� OK ��t5W� 3O�¼�.�KPw!
��



|�Ç[6 �y��yB ��#2 P. �L�.��Wt6 ���
CP\ �. �O"L�#2#� �L�Ä ��Pz �X 
�Ä��_� #� �Ã�-e 
 �y�X #� �w!#J � Q" �Ä" 
#��$ '[�� �. �>�6 ��L. 
#����"K OK��\RJ � �\Rl~ 
�\R�O �L�K ��O4X" �Ç�� P�Q�\Rl~ � �\RJ � �\RJ ��\R�O � L��#� �K"K �#=�" �"�6�� R�� "O �L\K#� 4~#F �X Q" �-�wP6 �L�.��Wt6 �5-~"

���"K Æ�YRl~ � YR�O #� YR�O �#Ç�" �.#�QO" ���

H�� +�M � �zKRI�� ,-X �. 
�\P. �#��QOK � ��#�O �#��QOK ��#F ,�\P2 � L�}. �#����"K OK �����O�e �. ��#�O �#��QOK 
�Q� ��P�� � ����QP�Q �#�.$ 
	�zL�O#.
 #�.#�"�O �}�X� �. Z�#XPq 
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