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� �Q#X�P��JM O�h��� �. �Q#I� �F"Pe �"P. ��q �#�\�O �Ä��=� Q" �"�¼�J ��"O" #���"O ��" ���6 Q" nL�OK <�#5�� �.#��QO" � ,X#��� Y�O+#I5�" O�h�� �. �Q� �#���#���" O ��"O" � ��� �#�\�O D�P[6 � �O"KP.�P�.�L\#.�� ��#X#�\ �}FP�

�



�



O#w ���"K ���
��RI�Æ� �#�LX �5W�X �"P. ���#X#�\ �}FP� OK #�LX �Q#I� Q" �O"KP.�P�. 3#Ã~#d� 
KO"L�#5X" ��" O#w ���"K�4X"

�Q#I� �L�.�t-e ���
�K��� ��Wt6 P�Q �}¼" ��Pz �K �. �"�6�� "O #�LX �Q#I�

�� 6LQJOH 3XUSRVH 5HVHUYRLUV �� 0XOWL 3XUSRVH 5HVHUYRLUV

� �O�h�� Ç� �Q#I� �����
�"P. ctq �w��Q#I� L��#� 
L��#��� �O�h�� Æ� �Q#I� L��\���5J#X nL� #� � O�h�� Æ� �"P. #��6 �w "O ��Q#I��L�"�L�KPz7"LF" rP. L�~�6 O�h�� �. #� � L�"�L\�5J#X �QO�#[w+$���#6

� �O�h�� L�B �Q#I� �����
Q"Z�. ���#6 Pz!" Py�K 3O#-Ä �. � L�"�L\�5J#X nL�L�B #� � O�h�� L�B ���#6 �"P. �w K�\�� �5pz ��Q#I� �.�L���z�� �O�h�� L�B �RI� "O �$ ��\#. �5\"K Ph� OK �RI� 7"LF" Q" "O nL�Æ�
��Wt6 P�Q ��Pz �K �. �"�6�� R�� ��#JK�OÆ� ��O P. #��$ K"LÃ6 Ph� Q" "O #�LX �Q#I� r�q�L�. ��Wt6 P. ��Rq"�K���

�� 6LQJOH 5HVHUYRLU 6\VWHP

� ��RI�Ç� �5W�X �
��RI�� Æ� �5W��X "O �$ �RI�� Æ� K�>� 3O�¼ OK "N~ �KKPz�� +�WE� �5W�X Æ� LX �RI� �w #=�$ Q"�L\#. R�� �O�h�� L�B #� � �O�h�� Æ� L�"�6����RI� Æ� �5W�X �L��#���

�



�� 0XOWLSOH 5HVHUYRLU 6\VWHP

� ��RI� L�B �5W�X �
L��"�6��� ��RI�� L�B �5W�X �L���z�� ��RI� L�B �5W�X "O �$ L\#. �5\"K K�>� �RI� Æ� Q" Z�. �A�#�B

�KP. �#Ï R«Ï 2II�VWUHDP UHVHUYRLUV #ª ([�ULYHU � UHVHUYRLUV ©Ï#JKwO ~5W«X Q" ;O#J �Q#I� Q" �"�6�� )}�° ��

��L\#. 4~#F �K P� Q" �-�wP6 #� � �Q"�� #� �PX 3O�¼ �. �O�h�� L�B #� �Æ� �Q#I� Q" �"�Ä��=�
��#2�#��K"K ��

� O#�$�P�zO#w �. OK ��" P.#�. �KO"K �5qO O#w �. 3#Ä�e" � O#�$4uK �. |�#w �y5W. �RI� �F"Pe 3#Ã~#d� O#-5Ä"�L\#. O"K�JP. �q#w4uK Q" �K#p5X" KO�� �#��K"K #6 KKPz �ÃX�5W�#. Q#�� KO��3#Ä�e"
OK 
{#9� �"��Ä �. �4X" P:�� O#�W. 3#-X#E� �#�\�O+#I5�" OK K�>�� 3#Ä�e" � O#�$ �"R�� � 3#Ã~#d� �}FP�R�� 3#-X#E� Y�O
4X" K�>��3#Ä�e" � O#�$ Q" �P�z!�P�. #. 
�-�Pt6 KO�$P. ��.#�QO"nL��w��#X#�\ �}FP��L\#. �}FP� ��" OK �K#p5X" |.#u �#�Ç��Ç6 #. ,X#�5� L�#.
���L. 
4X" ��#X#�\ �}FP� �. b�.P� {#F ��Ä OK � �O�h�� Æ� �RI� Æ� �F"Pe 
nL� Pz!" 
{#9� �"��Ä �.�K��� �K#p5X" R�� UP5XK |.#u � K�>�� �K#X �#�\�O Q" �"�6�� �6#-X#E� �#�\�O #� Y�O+#I5�" OK �w4X"�#��5W. � �P6��1�#w �#���#�P.
 �5qP[�2 �6#-X#E� �#�\�O�K�. K�>��3O�¼OK �w4W�� ��Ã� �"L. ��" �5-~"�L�#��|�Ä �. �K#p5X" #��$ Q" ,X#�5� � |�#w � s�uK 3#Ä�e" � O#�$ � 	�O"Rq" �P�
�5qP[��2 #�� � �6#�Lt� �#�\�O Q" K�>�� O#�$ #. ,X#�5� �"�6�� ��#X#�\ �}FP� 3#Ã~#d� OK 
Py�K 3O#-Ä �.��. Q" L�#�. #��R~ 	�}�_p6 � ���>�6
 �LÃ. |F"P� 3#Ã~#d� OK �~� 
K��� �K#p5X" �RI� �O"KP.�P�. � �F"Pe�K#p5X" �RI� �O"KP.�P�. � �F"Pe 3#Ã~#d� �5qP[�2 �#�\�O Q" #6L�Ä � K��� +#�5>" �K#X �#�\�O �P�zO#w!�KPw!
4X" �L\ ��"O" ���>�6 �}FP� 3#Ã~#d� � L�. OK |�#w O�e �. �RI� �F"Pe �"P. Q#�� KO�� ��#2 3#Ä�e" � #��K"K�L�#�� �P�z!�P�. #��$ Q" �q#w O#�$ �K�. K�>�� �3#Ã~#d� �}FP� #. ,X#�5� ��R~ 3O�¼ OK L�"�6��C"Pe �w!
�L\ �¼�J P�Q CP\ �. ��#X#�\ �}FP� �"P. �RI� �O"KP.�P�. � �F"Pe Q#�� KO�� ��#2 3#Ä�e" � #��K"K ��"�4X"

�



j#p6O" � �=F 
DdX�#���E�� 
�q"Pz�2�6 �#��[t� ���
#�. �q"Pz�2�6 �#��[t� Q" j#p6O" � �=F 
DdX 3"P��l6 ��E�� ��XP6 � �RI� �XL�� 3#_I[� �XOP. �"P.#. ÈOR. �#��[t� �K�. K�>�� 3O�¼ OK 4X" ���L. �L�$��|�Ä�. �K#p5X" 	�������
 |u"LF ,X#�� U#�t��KPw �K#p5X" #��$ Q" L�#. Py�K U#�t�

�4X" ¨LªKPy ©`"O" ��«>�6 ZI. OK8E-� Îª" P5[«. �«_Ã6 ��

� �Ç�S�~�OL�� �#��K"K ���
� ��#JK�O ��#�#� ��L.$ O#�$ 
L�P�z�� O"Pu �K#p5X" KO�� �RI� �=F �F"Pe �"P. �w �Ç�S�~�OL�� ��� �#��K"K�. ���>�6 �}FP� �#�LX �Q#I� Q" �O"KP.�P�. 3#Ã~#d� �#���"O� ��� L�. OK �w4X" ��#JK�O+�XO|w O#. O#�$�4X" �L\ �#�. |�_p6

�X#�\"���#��K"K ���
�K��� �K#p5X" �RI� �=F �F"Pe �"P. LX |E� OK P�I-6 � YO#. O#�$ Q" �"�6�� �X#�\"�� �#�P5�"O#2 ��. OK�4X" �L\ ��"O" ���>�6 ZI. OK P5[�. |�_p6

�.$ �#�Q#�� ���
O#w �. �RI� Q" �O"KP.�P�. 3#-X#E� OK � ���Ã6 ��#�#� O�e �. L�#. P�Q KO"�� Q" Æ� P� �"P. �.$ �#�Q#�� �"R��

�� 5LVN

��"O" ���>�6 �}FP� �O"KP.�P�. 3#Ã~#d� �#���"O OK P5[�. |�_p6 � Q#=� �#���P�N2PdJ O"Lt� �K�\ �5qPz!� Q" L�6O#-Ä KO"�� ��" �4X" �L\�5Ã�¼ � ��L��#\$+$�#�Q#�� ��QO�#[w+$�#�Q#�� ��.#uP. �#�Q#�� ��d�E� 4W�Q �#�Q#�� �|�X {P5�w �#�Q#�� �	��� � �E�Pp6 n"L�" 
��"P�5[w!
 #�Q#�� P�#X �

�



#����Rz ��~�"�XOP. ��
#�Q#�� ���#6 |�W�#52 �w L\#. �K#Ã." � ��#Ç� Ph� Q" �KLÃ5� �#����Rz �"O"K 
4X" �Ç��+$¿.#�� �ÃX�6 CPe P��6�#p5� �#����Rz 4X" �Ç�� CPeÆ� �"P. 4�> ��" �. � 4X" 3�#p5� �� #. #��$n"L�" �K��� �KO�$P. �"R�� ��K"K O"Pu �XOP. KO�� P�Q ��Pz �K OK �"�6�� "O #��$ #����Rz ����. +#I5�" � �.#�5XK O�h�� �. �KKPz CPd�

��#Ç� �#����Rz �XOP. ���
�"��Ä �. L\#. �5\"K K�>���#Ç� ���Rz Æ� Q"Z�. CPeÆ� �"P. �w KKPz��CPd� ��#y�� 
��#Ç� �#����Rz CPe���L. �L\#. �5\"K K�>� ��#JK�O Q" �_I[� {�e OK �KLÃ5� �#����Rz 4X" �Ç�� LXÆ� 7"LF" �"P. {#9��KP�N2 3O�¼ �}FP� ��" OK P6P. ���Rz +#I5�" �"P. ��~�" �.#�����. L�#. �Q� �#��XOP. Q" V2 4X"

�K#Ã." �#����Rz �XOP. ���
��. �L\#. �p}5I� �#����Rz �"O"K K#Ã." Ph� Q" L�"�6�� �RI� �w KKPz�� CPd� ��#y�� #6L�Ä �K#Ã." �#����Rz!�#=F" �=�5� OK � KKPz ���Ã6 �p}5I� �Ä#p6O" ��uO OK L�"�6��^I[� |E� Æ� OK �RI� �=F 
{#9� �"��Ä���" OK �L\#�. �¼#�J 4�}.#u �"O"K #����Rz ��" Q" Æ� P� �w �O�e �. 
K�\ �5qPz Ph� OK �RI� �"P. �p}5I�#6 K���+#I5�" )5�Lt� "O+�mP� �#����Rz #� � ���Rz ��P5�. L�#. �Q#X����. ,X#�� �#�\�O Q" �K#p5X" #. 3O�¼�KKPz �"Lu" ��#�� ���Rz +#I5�" �. 4-W� 3#Ã~#d� �LÃ. |F"P� OK

�RI�KPÇ}�Ä3#-X#E� ��
#. 	#�LX �Q#I�
 +$¿.#�� �#��5W�X �#F"Pe �w4X" ���� � �L�A�2 3#Ä�a�� Q" #�LX �Q#I� Q" �O"KP.�P�.�Æ��Ç6 �P�zO#w �. �3#Ã~#d� D�E¼ Y�O+#I5�" 
|�#W� ���y��" |F OK ��� O#�W. KO"�� Q" �L�5W� �>"�� �$OK #�Ç���Ç6 ��" KP.O#w #. �w �O�e �. 
4X" �XL��� �L\ ���L6 �#�KO"L�#5X" P. ��5-� � ,X#�� �#�Ç��Ç6 #�3O�¼ OK �5-~" �KP�z O"Pu �Ã~#d� KO�� R�� �RI� Q" �O"KP.�P�. ��E� 
�RI� �=F KO�$P. ��a 
��#X#�\ �}FP��Q#I� Q" �O"KP.�P�. 3#Ã~#d� ����Q OK �5qP[�2 �#�Ç��Ç6 �. �XP5XK � Q#�� KO�� 3#Ä�e" � O#�$ �K�. K�>��3#Ä�e" � O#�$ �. Q#�� �w�"�K#X �#�\�O Q" r�q KO"�� �. �XP5XK �LÄ3O�¼OK �K��� �K#p5X" R�� #��$ Q" �"�6�����"O" P�Q CP\ �. KP.O#w |.#u �#�Ç��Ç6 � #�\�O �KPw �K#p5X" �"�6�� �}FP� ��" OK R�� L\#. �5\"K �P6K�LE��KKPz��

�



{�"L5� �6#-X#E��#�\�O ���
�KKPz�� ��Wt6 P�Q �t-e �K �. �RI� �=F ���Ã6 �"P. �K#p5X" KO�� �#�\�O�K#X �#�}�}E6 � ��R=6 P. �Ç5� �#�\�O ���}�_p6 �#�}�}E6 � ��R=6 P. �Ç5� �#�\�O ���}�FP�� 3#Ã~#d�� OK {�"L5�� �L�\ �5qP�N2 �#�O#�Ã� U#X"P. ,�uO �#����Rz �#�� Q" P6P. ���Rz +#I5�" ��E��4X" �5qPz O"Pu �XOP. KO�� |�_p6 �. ���>�6

�K��� ��"O" O#_5J" �. � P�Q CP\ �. �"�6�� "O ��#X#�\ �}FP� OK �RI� 4�qPi ���Ã6 �#�\�O ��"

�� &ULWLFDO 3HULRG 0HWKRGV �� 6\VWHPV (QJLQHHULQJ 7HFKQLTXHV

� ��"PE. �O�K�#�\�O ��#��5W�X �XL��� �#�\�O �

�� 6LPXODWLRQ 7HFKQLTXHV

� �Q#X��-\ �#�\�O �

O�·}� ©. #ÄP� w �RI� Q" �RªOPX K�>w �wL. ©Ì KKPy�� Å�´" �uªS�zwOL«Ð �z#Wu[J ¨OwK ©. �Ï"PE. ¨OwK ���KKPy �ªL-6 �z#J ²ª"P\ ©. P2 4z#F Q" �RI� 
CP´ �.$ �#ÐQ#«Ï Î«�#6

� ��"PE. �O�K �#�\�O �����
�K�\�� �5J"KP2 Y�O��" {�"L5� �#�Ç��Ç6 D�P[6 �. P�Q OK

�� 0DVV &XUYH

��Ä�=6 ��E��Y�O �������
|E�� OK nP_� ��"PE. �O�K OK ��L.$�Ã�=6 ��E�� �K �Ç�q"Pz �W�#t� U#X"P. �RI� 4�qPi Y�O ��" OK�	� �O#�\ O"K���
KKPz�� |¼#F �RI�

�K���;"PI5X" �RI� �O#.OK "O P�Q 3#Ä�e" �"�6�� � �O#�\ O"K��� OK �L\ ��"O" ��E�� Q"P2 {#F OK �RI� ��"P.#�. �4X#�Q#�� �"R�� Q" P5[�. % #6 $ ��#�Q �}¼#q OK �RI� �. �K�O�3#�#�P> P�K#t� ��4X" �L\

�



��



�4X" P2 % �dt� OK �RI� ��4X" �L\ �~#J {#F OK �RI� 
4X" �K�O�+$�"R�� Q" P5[�. Q#�� �"R�� ��B & #6 % ��. |¼#q LF OK ��LXO�� P9w!"LF �. �dt� ��" OK+$4\"KP. #� ��}I6 �w4X" �$nPÃ� & �dt� �Q" P5[�. �RI� �. �K�O�+$�"R�� "P�Q 
L�#���� R�OPX �RI� %c �.' Q" �4X" P2 "KL=� ' �dt� OK �RI� ��4X#a#t6#�� Q#��� ���#�6 �"P�. �RI�� Q#��� KO��� �P��JM #�. 4X" P�."P�. & �dt� OK ��E�� �Ä#p6O" �}¼#q ��P5zOR. ���K#��[�2 �#�Q#��

�� <LHOG

�Ä�=6 ��E�� Q" �K#p5X" #. � ��L.$ ���Ä6 �
�K�\��|�Ä P�Q CP\ �.^I[� �=F #. �RI� Æ� ��L.$�"R�� ���Ã6 �"P.�Ä#p6O" �}¼#q P9w!"LF �w ���w�� U#�� ��E� �. ��L.$�Ã�=6 ��E�� Q" % �dt� P. "O �dJ � �O#�\ O"K��� OK�L��w^I[� O�wN�cJ,�\ 3O�¼��" OK �L\#. Ph� KO���RI� �=F #. P."P. ��L.$�Ã�=6 ��E�� �cJ ��"�4X" �RI� ��L.$

�K��Ï 4\"KP. �RI� Q" �Ï"PE. ¨OwK £ª OK �"�6�� ©Ì 4X" �.$ O"LÇ� P9Ì!"LF �)LUP <LHOG� �q³È �ÐL.$ ��

�Ä�=6 ��E�� Q" �K#p5X" #. � �Ädu ��L.$ ���Ä6 �
�KKPz�� |�Ä P�Q Y�Os.#d� ^I[� �=F #. �RI� Æ� OK �Ãdu ��L.$�"R�� ���Ã6 O�h�� �.

�w ���#���� U#�� ��E� �. ��E�� �5W>P. b#t� P. "O �e�dJ �Ã�=6 ��E�� ��XP6 Q" V2 � �O#�\ O"K��� OK��L.$Py[�#�� �dJ P� ,�\ 3O�¼��" OK �L\#. �RI� �=F #. P."P. O�wN���E�� � b�dJ��" �}¼#q P9w!"LF�4X" �Ãdu ��L.$nPÃ� #�-�\ ��" O"Lt� ��P5�w �w4X" ���L. �4X" �e�.P� ��#�Q �O�K�$ OK �RI�
�Ä�=6 ��E��Y�O �#�5�K�LE� �

|�"�Ä��" P�:#6 O�h�� �. 
K�\����5qPz Ph� OK �RI� �zL�O#.� P�I-6 �"R�� 
�RI� �=F ���Ã6 3#-X#E� OK ��4qPz Ph� OK O�h�� ��" �"P. "O �"��#z!"L> �=F 
�XL��� 3�#`u U#X"P. L�#. �RI� �=F ��O P.Q#��� KO�� +$ ���#6 OK {#�Ä" |.#u �#�ÇW�O L��#� �KO"�� �"�6��� �RI� 4�qPi ���Ã6 �"P. Y�O ��" OK ��K���f�E}� "O CPeo}5I� n"L�"

��



�� 6HTXHQW 3HDN 0HWKRG �� :RUNLQJ 7DEOH

� ��"�5� ;�"Y�O �������
� 4X" �-X#E� |.#u P�Q �~K#Ã� Q" �K#p5X" #. �RI� Q#�� KO�� �=F Y�O��" OK

6W� �  6W � ,W � 2W
��w �O�e �.	,ÃÇ� P5� ���}��
 �O�K�"L5." OK �RI� �=F � 6W	,ÃÇ� P5� ���}��
 �O�K�#�5�" OK �RI� �=F � 6W� �	,ÃÇ� P5� ���}��
 W �O�K{�e OK �RI� �. �K�O� � ,W	,ÃÇ� P5� ���}��
 W �O�K{�e OK �RI� Q" �>�PJ � 2W

��~�" �=F ���A�� � �RI� Q" �>�PJ ��RI� �. �K�O��#��L. P�K#t� �5qPz Ph� OK � r�q�d."O Q" �P�z!�P�. #.�9� ��Ã� ��#�Q ��OKÆ� OK �}¼#F 6W� � O"Lt� ��P5[�. �w KKPz�� �-X#E� 6W� � �"P. �p}5I� P�K#t� 
�RI��K���+#I5�" �RI� �=F �"��Ä �. �"�6�� "O ��#���
��6#�~�Å |�L>Y�O �������

O�wN�� {�L�> Q" �"�6�� �RI� KPÇ}�Ä Z�#�� O�h�� �. � �Ã�=6 ��E�� cX�6 �RI� 4�qPi ���Ã6 ,u#Ã5�O#wU#X" Y�O ��" ¿u"� OK �K��� s�uL6 #�Q#�� ���#6 OK 4�tq�� L¼OK #. ,X#�5� "O �RI� �=F � KPw �K#p5X"����e3#-X#E� �O�K�w�6O�¼OK �KP�z �#=�" �5XK3O�¼�. L�"�6��b�.P� 3#-X#E� �4X" R�� �Q#X��-\{�L> KPÇ}�Ä ��E� Z�#�� �"P. �K"K �#=�" P6��1�#w Q" �K#p5X" #. "O �6#�}�Ä {�L> KPÇ}�Ä ��E� �"�6�� 
L\#.

�� 7\SH

�L�KPz ��"O" Æ� �O#�\ {�L> OK 	�.#uP. � �O#�.$
 �O�h�� L�B �RI� Æ� �"P. �$ Q" ��#W�� �����Æ� O�wN��4X"

��



�6#�}�Ä {�L> ����� �� �O#�\ {�L>
�#� �O�K �"L5." OK �RI� 3#_I[� �.$ �#�Q#�� �#�5�" OK �RI� 3#_I[�

�O�K
Q"P6 �P�JM DdX �RI� �. �K�O� ��5X j��=� �O#�.$ +�P[� +$ �.#uP. � P�I-6 3#p}6 ��5X j��=� Q"P6 �P�JM DdX R�OPX P:�� j#p6O" L�~�6 �SP�"
P 0&0 .P� 0&0 0&0 	���
 0&0 0&0 0&0 0&0 M�p� 	�» #6 �
 P 0&0 .P� 0&0 P ��.O�6 0ZK �L\

� � � � � � � � � �» �� �� �� �� �� �� ��

��



�� 6\VWHPV (QJLQHHULQJ WHFKQLTXHV �� 2SWLPL]DWLRQ

�#��5W�X �XL��� �#�\�O �����
�4X" �L�\ �K"K CP�\ |�_p�6 ��. ���>��6 �}FP� 3#Ã~#d� ����� L�. OK #��5W�X �XL��� �#�\�O KP.O#w!OK #-~#m �w � �Q#X ����. OK {�"L5� �a#�O �#�~L� �4X" �Q#X����. Y�O #��5W�X �XL��� OKY�O��P6�L�Ä�Q" L�6O#-Ä 
L�P�z�� O"Pu �K#p5X" KO�� #�LX �Q#I� �5W�X �O"KP.�P�. �F"Pe |�#W�

�� /LQHDU 3URJUDPPLQJ 0RGHO �/3� �� '\QDPLF 3URJUDPPLQJ 0RGHO �'3�

� �dJ �R�O��#�P. {L� �� #��2 �R�O��#�P. {L� ��4X" �L\ ��"O" |�_p6 �. ���>�6 �}FP� OK �O"KP.�P�. 3#Ã~#d� �#���"O OK #�~L� ��" D�P[6

�� 6LPXODWLRQ

� �Q#X ��-\ �#�\�O �����
���. Z�2 OK ¿�PX � P�y�[B 4�}.#u � vOK|.#u � �K#X �a#�O sd�� Q" �O"KO�JP. |�~K �. �Q#X��-\ �#�\�O����� L�. OK �O#. ��" OK P5[�. 3#E�a�6 �4X" {�"L5� O#�W. #����Rz +#I5�" � �5W�X KPÇ}�Ä ��E� �.#�QO" ��4X" �L\ ��"O" ���>�6 �}FP� �O"KP.�P�. 3#Ã~#d�

�Q#X����. 3#-X#E� ���

�K�\ ¹�>O ��«>�6 ©¡FP� 3#qz#³� �#�}Ð"O ��� L}. ©. ��

��KP�z�� 3O�¼ 	�a#�O �#�~L�
 �Q#X����. �#�Ç��Ç6 Q" �P�z!�P�. #. 
�Q#X����. 3#-X#E�
#����Rz ��~�" �KPw {#.Pm ���

��#X#�\ �. �"Lu" L�#. �Ç�� �#��Q"L�" � #�}E� �#�� Q" #��$ ,X#�� �Q"L�" � #�FPe |E� ��~�" +#I5�" O�h�� �.

��3UHOLPLQDU\ 6FUHHQLQJ

�#����Rz ��~�" �KPw {#.Pm �$ �. �w K���+�mP�#� �#����Rz nNF �,�uO �#����Rz �#�� Q" P6P. �#����Rz ��~�"�L���z��

��



�Q#X��-\3#-X#E� ���
n"L�" Q#�� KO��+$���#6 � �RI� �F"Pe �"P. �Q#X��-\ Y�O Q" �"�6�� �Q#X����. Y�O�P�zO#w �. ,u#Ã5����" �K���� �K#p5�X" KKPz��� L�~��6 �Q#X��-\ {L� cX�6 �w Z��Rz �#�_J#\ �5qPz Ph� OK #. CPe o}5I��KPw �¼�J P�Q CP\ �. �"�6�� "O CPeZ��Rz �#�_J#\#�Q#�� Q" Æ� P� 3L�Q"OK K�-�w cX�5� ����#X ��h�6 |.#u +$ �=F �

�KPªN2�� 3O�� PªQ ÆªP´ ©. �RI� �Q#X ¨P«JM ¨KQ#. �XOP. ��Â¡5I� �#Ð©}ªRy �E� OK ©Ï#JKwO ©Ï�#X �#ÐKOw$ Î««q6 ��w#W� 3#s#Ã6O" OK ¨L\ ¨P«JM +$ ~=F ©Wª#Ç� w ¹#Ã6O" ,WFP. LX PÐ �RI� ~=F Î««q6 �PÐ OK 4-WÏ Îª" 3"P««¿6 �}E}� ~«XP6 w Â¡5I� �Ï#u� �#Ð©}ªRy �"P. LX ©}ªRÐ ©. �RI� ~=F 4-WÏ ©Wª#Ç� �¹#Ã6O" ,WFP. �E�Â¡5I� �Ï#u� �#Ð©}ªRy OK3#.�XO ©Ï�#X KOw$P. ©. ©>�6 #. �RI� P�s Î««q6 �4XK Î«ª#2 w 4XK�#. ©. 4-WÏ �E� PÐ �ÐLWªwPX 3#Ï#u�" 4qXw ©Wª#Ç� ��#. OK ¨L\ K#ª KO"�� ©. ©>�6 #. �RI� �Q#X¨P«JM ¨KQ#. P·Ï Q" #Ð©}ªRy �L}. 4ª�zw" �wL> Î««q6 �

��RI� �Q#X �P�JM �KQ#. ����#X R�OPX �"R�� �P�I-6 3#p}6 �"R�� �CPe �"P>" Q" �\#� �}¼#F ^~#J K�X �
P6P.�#����Rz+#I5�" ��

��. �>��6 #. #��$ 4��~�" ���Ã6 � ��¼�6 |.#u �#����Rz oÃa � 3�u b#t� �K��� �\�O O�h�� �. �P�z ���_6�KP�z�� 3O�¼ P�Q �#�O#�Ã�
�RI�,X#�� |E� ���

OK �w�6O�¼ OK 
�P�m �Æ��Ç6��S � �X#�\ ���Q Ph� Q" �RI� �"P. ,X#�� |E� +#I5�" �#�O#�Ã� Q" Ph� nP¼O#�Ã�� 3O�¼ ��" OK 
L\#. �5\"K K�>� �RI� Æ� 7"LF" �"P. �KLÃ5� ��#Ç� �#����Rz �#Ç�" ��#JK�O {�e� #����Rz �Q#I� ��#W� 3#Ä#p6O" OK {#_E5X" |.#u +$�"R�� �W�#t� U#X"P. #6L�Ä �RI� ,X#�� |E� +#I5�"3O��¼ #����Rz Q" Æ� P� �"P. �K#_5u" �#��.#�QO" �. �>�6 #. CPe o}5I� n"L�" Q#�� KO�� +$ ���#6 L¼OK�KP�N2��

��



�K�\ ¹�>O ��� L}. ��«>�6 ©¡FP� KO"LÏ#5X" ©. P5[«. �«_Ã6 �"P. ��

�o}5I�n"L�" �"P. +$���`6 L¼OK ���
,�6P6 �. +P\ +$���#6 � rP. L�~�6 
�QO�#[wn"L�" #. �O�h�� L�B �#�LX �S�P2 OK+$���`6 L¼OK ���Ã��4X" L¼OK �� � �» � ��

��h�6 |.#u +$ �=F ���
#6 KKPz�� �O"L�y� � �P�JM �RI� cX�6 ��#JK�O KO�$|.#t� OK �w4X" �.$�"R�� ��h�6 |.#u +$�=F Q" O�h���L�#�� ���#6 Q#=� �#��P�N2PdJ �5qPz Ph� OK #. "O o}5I� n"L�" Q#�� KO��+$ L�"�5.

3L� Q"OK K�-�w cX�5� ���
�4X" �XOP. |.#u P�Q KO"�� �. �>�6 #. 3L� Q"OK K�-�w cX�5���=F Ph� Q" 3L� Q"OK K�-�w cX�5� �K�-�w �#��#� K"LÃ6 Ph� Q" 3L� Q"OK K�-�w cX�5� �

LX Q" �L\ R�OPX +$�"R�� �L�#XO |u"LF �. ���
���X Q" �4W�� PW�� {#X {�e OK �RI� �. �K�O� �#�.$ ��#�6 �O"L�y� � �Q#X�P�JM �#Ç�" �w 4X" ���L.��B � L���z�� L�p� �=F �$ �. �w 4X" �RI� Q" �[I.�P�JM �L�#XO P9w!"LF �. �RI� 7"LF" Q" nL� Py�K�. �K�O��#�.$ Q" �L¼OK �w4qP�N2 L�#. "N~ 
KO"K K�>� �K#�Q �#�5�K�LE� ZI. ��" �L�#XO P9w!"LF �. �"P.

�� 6SLOO

�w �"�L�Q#X � ��� �"Lu" #��6 �KKPz�� ;O#J LX Q" � R�OPX 3O�¼ �. � 4W�� {P5�w |.#u ��#JK�O cX�6 �RI�o}5I� n"L�" Q#�� KO�� +$ ���#6 �. �>�6 #. LX Q" �L\ R�OPX �#�.$ �=F �L�#XO |u"LF �. K"K �#=�" �"�6��+$ �=�F �"O"K ��#W� c�"P\ OK �w K�. L�"�J P6P. �"���Rz 
o}5I� �#����Rz ��. OK Py�K 3O#-Ä �. �4X"�L\#. �P5�w �L\ R�OPX

��



�Q#X�P�JM �KQ#. ���
���#JK�O cX�6 �RI� �. �KO"� +$ �"R�� �. �RI� OK �L\ �P�JM +$4-W� � Q" 4X" 3O#-Ä �Q#X�P�JM �KQ#.�"O"K PwN~"r�q,X#�� c�"P\ �K�. "O"K P. ���Ä �w ��RI� 
�RI� Æ� o}5I� �#����Rz �#�� OK �w 4X" ���L.�K�. L�"�J P6P. L\#. �P5[�. �Q#X�P�JM 4�}.#u

+$3#p}6 �"R�� ���
�#�_J#�\ Q" Py�K �Ç� {#_E5X" |.#u +$ �=F #. �$ �W�#t� � �RI� o}5I� 3#Ä#p6O" OK +$ 3#p}6 �"R��|.#�u +$ �=�F |.#t�� OK �w K�. L�"�J P6P. �"���Rz ��#W� c�"P\ OK �w 4X" ���L. �4X" P6P. ���Rz ���Ã6�L\#. �5\"K �P5�w 3#p}6 �"R�� ��#W� {#_E5X"

�RI��O"KP.�P�. 3#Ã~#d�<�#5� ��
�}�FP�� OK KP.O#�w |.#�u �#��\�O Q" �K#p5X" #. 
�RI� ,X#�� 4�qPi ���Ã6 �"P. 
�RI� �O"KP.�P�. 3#Ã~#d���~�" 4�qPi �L\ ^I[� �$ |¼#F � KP�z�� �#=�" 	K�>�� 3#�#Ç�" � 3#Ä�e" � O#�$ #. ,X#�5�
 ��#X#�\�L\ L�"�J ��¼�6 3#Ã~#d� Q" �}FP� ��" OK �w4X" ��#����Rz!

�RI��Ç�R�q 3#_I[� ���
P�#X � �RI� o}5I� �#=F" ��#X#�\ �"P. �w KKPz�� r�e" ��#�P5�"O#2 �Ä��=� �. �RI� �Ç�R�q 3#_I[�#. ��M 
4X" �L�KPz ��"O" �RI� �L��K |�Ç[6 �#=F" o�PÃ6 ��� L�. OK �K�O�� O#w �. �$ �Ç�R�q 3#�¼�_J�KKPz�� ��"O" �RI� �Ç�R�q 3#_I[� P�Q CP\ �. ��#�P5�"O#2 �qPÃ�

�K#Å Q"P6 OK �RI� �=F �����
�~��Ã��O"KP.�P�. c�"P\ OK �RI� Q" +$DdX j#p6O" P9w!"LF {K#Ã� Q"P6 OK �RI� Q" �[I. �. b�.P� �=F ��"��#u�qLF �4X" �RI� �L�Q�=F � �KP� �=F |�#\ �w L���z�� R�� �O"L�y� �P�JM "O �RI� Q"ZI. ��" �4X"�K�. L�"�J �RI� OK +��X {P5�w �td�� O�#=� �$

��



�RI� �=F P9w!"LF �����
LF �4X" +��X {P5�w �P�JM � �L�Q �=F 
�KP� �=F �. b�.P� �#=F" j��=� Q" 3O#-Ä �RI� �=F P9w!"LF�4X" +��X {P5�w �P�JM ��#u�q LF P. s-d�� �RI� Q" ZI. ��" ��#u�q

�RI� L�p� �=F �����
¿�u"� +$ �K#Ä Q"P6 � �O"KP.�P�. Q"P6 |u"LF ��. |¼#q LF OK �w �RI� Q" �[I. Q" 3O#-Ä �RI� L�p� �=F�KO"K �RI� o}5I� n"L�" �"P. +$���#6 OK ���� O#�W. Zt� �RI� Q" ZI. ��" �4X" �L�KPz!

�O"KP.�P�. Q"P6 P9w!"LF �����
�.��X Q"P6 ��#u�q LFP. s-d�� Q"P6 ��" �w 
L��#��� �O"KP.�P�. Q"P6 P9w!"LF "O �RI� �=F P9w!"LF P�h� Q"P6�4X" �RI�

�O"KP.�P�. Q"P6 }u"LF �����
j#p6O" ��P6���#2 cX�6 Q"P6 ��" �L��#��� �O"KP.�P�. Q"P6 |u"LF "O �RI� �KP� �=F P9w!"LF P�h� �Ä#p6O" Q"P6�KKPz�� 4�-96 ��.O�6 �O"KP.�P�. c�"P\ cX�6 �.$ rP. �Q#I� OK #� � LX �#��>�PJ

�L�$��|�Ä �. �O"KP.�P�. �$ Q" �K#Ä c�"P\ OK �w4X" �RI� j#p6O" ��P6���#2 Q"P6 ��" �}w O�e �.
�RI� �KP� �=F �����

owQ" ���Ã� �w4X" ��=F �$ � K�\�� �L��#� �KP� �=F KKPz�� P2 3#.�XO cX�6 �w �RI� ZI. ��P6���#2

�Lª$��s ©. ¨K#Ã5X" ZI. Îª" OK K�>�� +$ Q" 4X" Îu�� LªL\ �#�«z#Wu[J OK ��

��4X" �K#p5X" |.#u P�m �K#Ä c�"P\ OK �RI� Q" ZI. ��" �K�\�� |�#\ "O �O"KP.�P�. Q" P6 |u"LF #6 �RI�

��



�� )UHHERDUG �� 5HVHUYRLU <LHOG

� K"Q$ j#p6O" �����
�#�LX OK j#p6O" ��" �w L��#��� K"Q$ j#p6O" "O LX Q"P6 P9w!"LF #6 �RI� OK +$ Q"P6 P9w!"LF ��. �Ä#p6O" �}¼#q�K�. L�"�J 3�#p5� o5}I�

�RI��}¼"�#�P5�"O#2 ���
� �RI� ��L.$ �����

�. �y5W. �RI� ��L.$�"R�� �L��#��� �RI� ��L.$ "O^I[� ��#�Q �O�KÆ� OK �RI� Q"4\"KP. |.#u +$�=F�L.#��� P��l6 Py�K {#X �. �~#X Q" � KO"K "O �RI� �. �K�O� �L. O"Lt�

�� )LUP <LHOG #ª 6DIH <LHOG �� 6HFRQGDU\ <LHOG

�	���d�
 �Ädu ��L.$ �����
�K���4\"KP. �RI� Q" ��"PE. �O�KÆ� OK �"�6�� �w4X" �.$ O"Lt� P9w!"LF

� ����#: ��L.$ �����
"O �Ãdu ��L.$���Ã��Q#I� �F"Pe OK �L��#��� ����#: ��L.$KO"K K�>� �Ãdu ��L.$���#6 Q"V2 �w "O �.$ K"Q#��L�P�z�� Ph� OK P5�w 4���" #. ��#�Q#�� ���#6 �"P. "O ����#: ��L.$ � 	+P\
 ��� �#�Q#�� ���#6 O�h�� �.

�� 0D[LPXP 3RVVLEOH <LHOG

� �È�� ��L.$ P9w!"LF �����
�M�p� � P�I-6 3#p}6 �#��� �K�O���L.$cX�5� #. 4X" P."P. �Ç�� ��L.$ P9w!"LF

��



o}5I� �#=F" �. �RI�4�qPi^�_I6 ���
�Q" L�6O#-Ä �#=F" ��" ��" �L�5W� � �O#�\ O"K��� OK ;OL�� CP\ �. �RI� �L��K |�Ç[6 o}5I� �#=F"

�� /LYH 6WRUDJH �� 'HDG 6WRUDJH

� �L�Q �=F ���KP� �=F �

�� )ORRG &RQWURO 6WRUDJH

� +��X {P5�w �P�JM �=F ��4X" �L\ ��O" ���>�6 �}FP� OK �#�LX �Q#I� Q" �O"KP.�P�. 3#Ã~#d� �#���"O� ��� L�. OK �#=F" ��" o�O#Ã6
�RI� Q"�O"KP.�P�. 3#Ã~#d�YO"Rz! ��

O#�$ �K�.UP5XK OK
 K�>�� c�"P\ #. ,X#�5� � KO�� �. �5W. �L\ K#� �#�Ç��Ç6 � #�\�O 
#��K"K ��}w Q" �K#p5X" #.L�#. YO"Rz ��" 
KKPz ;OK�Ã�#> YO"Rz OK L�#. �L�$|�Ä�. �#��XOP. <�#5� 	�RI� � LX c�"P\ � �S�~�OL���L\#. |�M �#�[I. ��#F |u"LF#�5��~�" � n"L�" 
CPe ��#�q"Pl> 4�Ãu�� |�#\ 
3#�}w ���#2 �#��K"K � 3#Ä�e" � O#�$ �#�Q#�� �. b�.P� 3#Ä�e" ��6#Ã~#d� Y�O+#I5�" �#����Rz ��~�" �KPw {#.Pm 
�K#Ã." � ��#Ç� �.#����Rz ��P6P. �#����Rz #. �d."O OK b�.P� �#�P5�"O#2 P�#X � �RI� 3#_I[� s�uL6 �

��



��



��



� ��KZI.#�LX�Q#I� Q"�O"KP.�P�.3#Ã~#d� �#���"O���>�6 �}FP�

��



��



3#�}w! ��
��Lt� ���

3#Ã~#d�� o}5I�� |�F"P�� �5qP�z Ph�� OK #�. �#�LX �Q#I� Q" �O"KP.�P�. 3#Ã~#d� �#���"O� ���L6 3O�Pa�4X" �5qPz O"Pu L�w!'6 KO�� ��#X#�\ �}FP� �"P. #���"O ��" ��Lt� OK �-u 	�}�_p6 �F"Pe � ���>�6 
��#X#�\
�4X" �L\ ���L6 � ���6 ���>�6 �}FP� OK #�LX �Q#I� Q" �O"KP.�P�. 3#Ã~#d� 4�> Pa#F �#���"O
� �Q#X�����. �#�Ç���Ç6 Q" �P��z!�P��. #. � ��#X#�\ �}FP� 3#Ã~#d� Q" �}¼#F <�#5� �. �>�6 #. �}FP� ��" OKs�uL�6 ��. �"Lu" L�#. 
�X#�X � �d�E� 4W�Q 
�Ä#�5>" 
�K#_5u" �#�P5�"O#2 �5qPz Ph�OK #. R�� � �Q#X��-\�O"KP.�P�. 4X#�X �}¼" b�dJ �w #=�$ Q" �K��� Ph�KO�� n"L�" �. �>�6 #. �F"Pe �#�P5�"O#2 P�#X � LX j#p6O"OK LX �RI� KPÇ}�Ä s�uL6 "N~ 
4X" 3#Ã~#d� Q" �}FP� ��" �#��XOP. �. �Ç5� �S�P2 n"L�" �. �>�6 #. �RI� Q"�#�P5��"O#�2 P�#X � LX j#p6O" ���Ã6 �. 4-W� �}FP� ��" OK �4X" O"KO�JP. �>�6 �#�#\ 4���" Q" �}FP� ��"
j���Ãdu ���Ã6 ���#�� ���Rz +#I5�" �}FP� ��" 3#Ã~#d� Q" �}¼" nL� �KKPz�� �"Lu" ,I5�� �#����Rz �F"PeP�#�X � LX j#p6O" �}FP� ��" 3#Ã~#d� �#=�" #. �4X" CPe �K#_5u" ��>�6 � �RI� �K#Ä Q"P6 � �=F 
j#p6O"���>�6 �}FP� OK �Q#I� Q" �O"KP.�P�. 3#Ã~#d� �}wL��O �KKPz��4�-96 � ���Ã6 ��#�� ���Rz �F"Pe �#�P5�"O#2�4X" �L\ �K"K �#[� � �O#�\ O"K��� OK
4~#F OK 
�O"KP.�P�. �w 4X" �L\½Pq � �5J"KP2 �RI� Q" �O"KP.�P�. ��w�#��-�> �. )qP¼ 
#���"O ��" OK�e3#Ã~#d� ��" �w4X" �L\½Pq 
LX �RI� � ����QP�Q +$Q" �t�p}6 �K#p5X" KO�� OK �4X" ��RI� Æ� �5W�X�4X" �L�KPz O�h�� LX �RI� Q" �O"KP.�P�. OK �$ <�#5� � �5qP�N2 3O�¼ ��#z!"L> �#��XOP.

��



��



nL� ���
� �Q#X�P��JM O�h����. �Q#I� �F"Pe �"P. ��q �#�\�O �Ä��=� Q" �"�¼�J ��"O" 
#���"O ��" ���6 Q" nL��}FP� OK <�#5� �.#�QO" � ,X#�� Y�O+#I5�" �"P. �Q� �#���#���" O ��"O" � ��� �#�\�O D�P[6 � �O"KP.�P�.�L\#.�� ���>�6

O#w ���"K ���

©¡FP� OK �#ÐLX �Q#I� Q" �O"KP.¨P�. 3#qz#³� �#�}Ð"O� ��� L}. OK #ÐLX �Q#I� �L}.©Ç-´ ©. ±�.P� ÂªO#q6 ��4X" ¨L\ ©`"O" �ª#X#}\

���RI�Æ� �#�LX �5W�X �"P. � ���>�6 �}FP� OK #�LX �Q#I� Q" �O"KP.�P�. 3#Ã~#d� 
#���"O ��" O#w ���"K�4X"
��#2�#��K"K ��

� O#�$ �P�zO#w!�. OK ��"P.#�. �KO"K �5qO O#w!�. 3#Ä�e" � O#�$4uK �. |�#w �y5W. �RI� �F"Pe 3#Ã~#d� O#-5Ä"�L\#. O"KO�JP. �q#w4uK Q" �K#p5X" KO�� O#�$ #6 KKPz �ÃX L�#. Q#��KO�� 3#Ä�e"
3O�¼ �. �>�PJ ���h�6 �#��#�P> 
����. �O"KP.�P�. � �Q#X�P�JM �"P. #�LX �Q#I� �F"Pe OK �w #=�$ Q"O�e�. �}FP� ��" OK �O��" Q" 
KKPz�� ��"O" � ���.Z�2 �L��$ � {#F ��#�Qsq" �K OK �.$�#�Q#�� �. �>�6 #. � ��#�#��KP�z�� O"Pu �K#p5X" KO�� ��#�#� 3O�¼ �. 
�F"Pe Q#��KO�� 3#Ä�e" � O#�$ �L�Ä
��[�2 �#�\O"Rz ��}w �O�$¿�> � ��#X#�\ 
�#z ��5WI� �L\ K#� �#��K"K �XOP. � ���6 OK �w 4X" Pw!M �#�#\Q#��KO�� ��#2 3#Ä�e" � #��K"K ��" 
PwN~"r�q�#�\O"Rz �XOP. � �O�$¿�> P. ���Ä �4X" Ph�KO�� �S�P2 �O#.OK� 4X" P�Q KO"�� |�#\ �RI� �F"Pe �"P.

j#p6O" � �=F 
DdX�#���E�� 
�q"Pz�2�6 �#��[t� ���
#. �q"Pz�2�6 �#��[t� Q" j#p6O" #� �=F � DdX 3"P��l6 ��E�� ��XP6 � �RI� �XL�� 3#_I[� �XOP. �"P.j#p6O" #� �=F �DdX 3"P��l6 ��E�� �K�\�� �K#p5X" 	P5zOR. #� � ���»»» � ���»»»» U#�t�
 ,X#�� U#�t��4X" �RI� 	Q"P6
 ��uO |.#t� OK �RI� DdX � �=F 3"P��l6 �Ç�q"Pz Py[�#�� ¿u"� OK

��



�Ç�S�~�OL�� �#��K"K ���

O#�$ ��" Q" �P�z!�P�. ��L. �w �"���z �. �4X" �RI� �F"Pe �O#�$ �#�Q#�� ��P5��� Q" �Ç�S�~�OL�� �#��K"K�#��K"K ��" P�Q OK �KKPz��� PW�� 
L\#. CPe �#�Q#�� ��y."�> L�"�5. �w ��E� �. 
�RI� s�uK �F"Pe �#Ç�"�4X" �5qPz O"Pu �XOP. KO�� O#_5J" �. �F"Pe Q#��KO�� �Ç�S�~�OL��

��#JK�O ��#�#� ��L.$ O#�$ �����
OK ��L. �w �O�e�. �4X" �RI� �F"Pe Q#��KO�� �#��K"K ��P5��� Q" �Ç� ��#JK�O ��#�#� ��L.$O#�$��#�Q �PX

�#�¡«¡E6 w ©ªR=6 w #�«XOP. �K"K �#=Ï" #. ©u¡. 
K��Ï ��#J �#X K"Lq6 ©. KwLE� �"�6��Ï "O �O#�$ ¨OwK ��´ ����´ 4ª#ÃÌ KO�� OK �"�6�� 
O�ÌN� O#�$ OK �Ï"PE. �#Ð¨OwK ¨LÐ#[� w 
UP5XK OK O#�$ 4«Ã«Ì w 4«�Ì KO�� OK �Q��K��Ï 3w#¯È ¨K#Ã5X" KO�� �O#�$ ¨OwK

�K�. L�"�I� PW�� �RI� s�uK �F"Pe �#Ç�" 
�3L�Q"OK � ���d� ��L.$ O#�$ �5\"KO#�5J"
�4X" O�_5� P�Q 4~#F �K OK �RI� 4�qPi ���Ã6#�Q#�� Q" �K�LE� �"R�� 4�> ���� �. �4X" 4�K�LE� �"O"K 
LX |E� �Ç�R�q |��K �. �RI� 4�qPi � o~"�L\ L�"�J ���'6OK �4X" +$ �#a#t�6 
#�Q#��� �F"Pe OK P:�� |�#Ä �~� 
KO"L� K�>� �5�K�LE� 
�RI� 4�qPi Ph� Q" � +Æ� �. b�.P� 
K�>�� O#�$ #� 
L\#-� K�>�� LX |E� OK ��#JK�O ��L.$3L�Q"OK ��#�Q �PX �w �6O�¼P��Q �#�\�O U#X"P. L�#. �K#��[�2 LX |E� OK O�wN� �#��L. KO�$P. � �.#�QO" 
L\#. 3L� �#6�w �O�K�KP�N2 3O�¼{�"L5� �#�\�O Q" �K#p5X" #. � LX|E� �.4XK���#2 #� 4XK�#. �=�W.$ �#��#y5W�" ��L.$O#�$ {#t5�" #. ��PX ���6 �. �"Lu" 
R�P.$ �a�F C�dX #. ,X#�5� � �Q�3#E�E_6 �,�"Pa Q" �K#p5X" � �S�~�OL�� OK�KKPz LX |E� OK ��L.$ Q" Ph�KO�� ��#�Q�KP�N2 3O�¼+#�"�O � �zL�O#.��. �y5W-�� �#�\�O Q" �K#p5X" #. ��#JK�O ��L.$O#�$ |��Ç6 �YP5Wz! ��K�\ �#=�" O#�$ L�~�6 �#�\�O Q" �K#p5X" #. ��#JK�O ��L.$ O#�$ L�~�6 �

��#JK�O +�XO }w O#. �. b�.P� 3#Å�e" �����
Q" �KP� �=F �"��Ä �. �RI� Q" ��=F �5qPz Ph� OK � �RI� L�p� P�Ä P. �O"Ny.�XO P�:'6 ��K�O�+�XO�"R���K���]#J �>�6 �$ �. L�#. �RI� �F"Pe OK �w L�5W� �-~#d� ��"�K�\�� �5qPz Ph� OK �RI� �KP� �=F �"��Ä �. �~#X�#=�2 �O�KÆ� 3#.�XO �=F ���Ã�

��



�RI� OK+$ M�p� �. b�.P� 3#Å�e" �����
�zK#X �. 
�RI� �K�. �~#J �O�K OK ����QP�Q �#�.$ cX�6 �$ ��Nl6 ���A�� � �RI� Q" M�p� 3#p}6 �"R�� KO�$P.�KO"K �RI� OK +$ j#p6O" � �X#�\���Q c�"P\ � LX K#Ã." � j�� �. �y5W. �$ O"Lt� � 4W�� PW��
�K��� KO�$P. 3#-X#E� OK �K#p5X" �"P. "O Q#��KO�� 3#Ä�e" �#Ç��"�5F �X#�\���Q �q#w�#��XOP. #. 4X" �Q��KPw ��"Pq "O Q#��KO�� �#��K"K �L\ "P>" �.#[� �#�FPe #. CPe c�"P\ �W�#t� #. �"�6�� 
M�p� �"R�� KO�$P. �"P.

�X#�\"���#��K"K ���
O"P�u �K#p5X" KO�� �RI� �=F �F"Pe OK LX |E� OK P�I-6 � �"O#. O#�$ ���Ã� �X#�\"�� �#�P5�"O#2 ��. OK�KP�z��

�{L�O#. O#�$ �����
OK ��"P.#�. �K��� +�WE� �B#�OK �. �#��K�O� Q" Py�K �Ç� �"�6�� "O LX �B#�OK DdX ��O P. �zL�O#. �"R���Ç��" �. �>�6 #. �KP. O#w!�. ��#JK�O ��L.$ O#�$ #. �O�L�� "O ��#�#� �zL�O#. O#�$ �"�6�� �RI� �F"Pe 3#-X#E���y�#�� Q" �"�6�� 3#Ã~#d� 4~��X �"P. 
L�K��� |�Ç[6 "O �"�L�Ä �uO �B#�OK DdX OK �zL�O#. �"R�� ���Ã��KPw �K#p5X" �e�.P� 3#-X#E� OK �zL�O#. ��#�#� 3L�Q"OK

�RI� Q" P�I-6 3#p~6 �����
OK 
KKPz�� KO�$P. � �-X#E� ,X#�� ,�"Pa {#�Ä" � P�I-6 4[6 O#�$ Q" �K#p5X" #. �B#�OK DdX Q" P�I-6 ���Ã�OK P�I-6 3#p}6 �. b�.P� 3#Ä�e" Q" �"�6�� 
LX |E� OK P�I-6 3#p}6 �. b�.P� 3#Ä�e" �K�-� K�>�� 3O�¼�K��� �K#p5X" L\#. Ph�KO�� �RI� #. �P�m � �Q"L�" 
j#p6O" Ph� Q" ��.#[� �#��_I[� �"O"K �w �L\ "P>" �#��S�P2KO��� ��#�#�� 3L��Q"OK ��y�#�� 3O�¼ �. P�I-6 �. b�.P� 3#Ä�e" �RI� Q" �O"KP.�P�. 3#-X#E� OK ���Ã��KP�z�� O"Pu �K#p5X"

��



�.$ �#�Q#�� ���
,�Pa #. CPe �.$ �#�Q#�� �w L\#. ��E� �. L�#. 
KKPz�� #�O LX �RI� Q" �.$�#�Q#�� ���'6 �"P. �w �.$ O"Lt��#��ÇW�O �KKP�z ����'6 ��� � rP. L�~�6 
�QO�#[w 
+P\ +$ �"P. Q#=� �#��P�N2PdJ LF OK � �#. �#���e"� Q" 4X" 3O#-Ä CPe o}5I� n"L�" Q#��KO�� +$���'6 OK Q#=� 	�#��P�N2PdJ
�� ����'6 �. OK#u �w KP�N2 3O�¼ ��E� �. L�#. �RI� �Q#X�P�JM 
�QO�#[w +$ ���'6 �#��S�P2 OK � o~"�L\#. ¿u"�� L¼OK �� OK CPe �.$�#�Q#�� L¼OKOK O�wN� �.$ �#�Q#�� L¼OK �»» ��y."�> �5W�#. �RI� �Q#X�P�JM 
�P�\ +$ ���'6 �#��S�P2 OK � +�L\#. ¿u"�� L¼OK���L\#. ¿u"�� L¼OK �» OK b�.P� �#�Q#�� ��y."�> L�#. �RI� �Q#X�P�JM �.#uP. �#��S�P2 OK � ;

�5Ä�½ � ��L��#\$+$ �#�Q#�� �����

K�. L�"�J3�#p5� �L��$ � {#F �#�Q �"P. �ÃX�6 c�"P\ #. ,X#�5� �5Ã�¼ ���L��#\$+$ Q#�� �"R�� �Ç��" �. Ph�|.#u �ÃX�6 |�#wc�"P\ OK � �L��$ OK CPe �5Ã�¼ ���L��#\$+$Q#�� �w KKPz �F"Pe ��E� �. L�#. �RI� ��"P.#�.�L\#. ���'6

�QO�#[w+$ �#�Q#�� �����
�. �#�z Q#�� �"R�� R�� 4[w j�� �. �5W. � 4X" �6�#p5� P�K#t� {#X o}5I� �#��#� OK �QO�#[w Q#��KO�� +$�"R��3�#p5� L�"�6�� 	�L��$ � {#F
 �ÃX�6o}5I� |F"P� OK 4[wP�Q DdX �"R�� 
��" Q" �5\Nz �K�. L�"�J P�l5� +$�XOP. KO�� P�Q KO"�� �5qPz Ph� OK #. �5W�#. j�a�� 
�QO�#[w+$ Q#�� ��#�#� ¿�Q�6 ��"O" O�h���. ��"P.#�. 
L\#.�KP�z O"Pu	�L��$ � {#F
 �ÃX�6 o}5I� |F"P� OK �QO�#[w4[w ��y~" � o~"	�L��$ � {#F
 �ÃX�6 o}5I� |F"P� OK 4[wP�Q DdX � +

�.#uP. �#�Q#�� �����
rP. �w �KO"�� OK �KP�N2 3O�¼ Q#��KO�� �qP_� O#. �"R�� ���.Z�2 U#X"P. L�#. rP. L�~�6 �"P. �.$ Q#�� ���Ã6�t}6 �ÄPq {�_E� Æ� �"��Ä �. �L�~�6 rP. �"R�� 4X" #�Q#�� P�#X ���'6 O�h���. �L. �Q#X#�O Q" �Ã.#6 �L�~�6�K��� �R�O��#�P. �L�~�6 �SP�" Q" �O"KP.�P�. �"P. L�#. � KKPz��

��



�d�E� 4W�Q �#�Q#�� �����
L�#. 
L�$ L�"�JZ�2 �S�P2 �"P>" P:" P. �w �6"P��l6 �4W�Q c�E� |�#W� 
+$¿.#�� �ÃX�6 �#�FPe 3#Ã~#d� OKOK O#-�#��Q � �p�� �#�L�#�2 CPe �"P>" �w L�K �#[� #��XOP. � 3#Ã~#d� �A�#�B � KP�z O"Pu �>�6 KO�� )t�uK��. Q" "O �p�� �#�L�#�2 
�RI� Q" #��L. �Q#X#�O ��#�P. OK ,X#�� P�."L6 �3"L���6 M#I6" #. L�#. 4\"K L�"�JP.r�q KO"�� �. �>�6 #. �KKPz ���'6 3#�> ¿��> Q"4W�Q c�E� ,X#�� c�"P\ �w��E��. 
L�#XO|u"LF �. #� � KP.�K�\ �5qPz Ph� OK 3#Ã~#d� OK L�#. 4W�Q c�E� gpF �"P. �Q� �.$ Q#�� ��#�#� ¿�Q�6

}�X |P5�w �#�Q#�� �����
P�. �L�\ KO"� �#��#�Q Z�#w �"P. 
4X" CPd� ����#: #� � �}¼" nL�Æ� �"��Ä �. 
|�X {P5�w �w ��#�LX OK�#��#�P> Q" �[I. #� � �#�6 �Q#X�P�JM ��R~ 
4XK���#2 �#�#5X�O � #�P�\ 3#:LE5W� � 3#W�X'6 
�a"O"�#��#� Q" �JP. OK �RI� |J"K OK #�.��X �Q#X�P�JM ���.Z�2 �4X" �O�Pa]#J ��#�Q �#��O�K OK �.��X�KKPz�� �t}6 |�X {P5�w Q#�� �"��Ä �. 
{#X

	��� � �E�Pp6 n"L�" 
��"P�5[w!
 #�Q#�� P�#X �����
"O �$ ��.$ �#�Q#��� ,~#u OK L�#. 
L\#. ��"P�5[w O�h���. �Q� s�Ä |u"LF ���'6 
n"L�" Q" �Ç� �w �6O�¼ OK���� �. �L�#�� ��"Pq ��#JK�O OK "O ��"P�5[w Q#��KO�� s�Ä |u"LF � KKPz #�O �RI� Q" ¿u�� �. #6 K��� f�E}�Q"P6 gpF 4X" �Ç�� �O�h��L�B �#��S�P2 Q" �O#�W. OK 
�E�Pp6 �#�O�h�� �. �6���W6 K#=�" KO�� OK ,�6P6�L\#. �O�Pa {#X �#��#� Q" �JP. �"P. ���Ã� ��uO OK �RI� +$

Q#��KO�� �#��K"K�O�$KPz! ���
�4X" P�Q CP\ �. O#_5J" �. �RI� Q" �O"KP.�P�. 3#Ã~#d� Q#��KO�� �#��K"K ��"�$ O�#=� �F"�� �K�LE� #� LX �td�� OK �L\ �#=�" 3#Ã~#d� �#�\O"Rz! �CPe �K�LE� OK +�XO � �S�~�OL�� 
�X#�\"�� 3#Ä�e" � O#�$ �j#p6O" � DdX 
�=F �#���E�� ���6 O�h�� �. ���»»»» #� � ���»»» U#�t� #. �q"Pz�2�6 �#��[t� ��#��O"KP.�P�. �#Ç�" �XOP. O�h�� �. #�Q#�� 4��~�" ���Ã6 � #��$ �L�.�t-e � #�Q#�� �. b�.P� 3#Ä�e" � O#�$ ��O�h��L�B

��



��}I6 3���W6 � LX�}wCPe KO�� OK�6#Ä�e" ,Ww 
�}w��#z!$ {�_F �"P. r�q OK �L\ K#� �#��K"K P. ��Rq"�O"KP.�P�. 3#Ã~#d� ��"K" OK "O C"Pe L�"�6�� 
4X#�P�y.$ ��t�Ä�#��L��w!��}I6 
R�OPX � |�#\ )6L�Ä �w �RI�CPe �K#_5u" �#��K"K �Ã~#d� � O�P� R�� � KO"�� ��" OK �6#Ä�e" �. �XP5XK 4�> ��L. �L�#�� �O#� �RI� Q"�KKPz�� ��¼�6 	K�>� 3O�¼ OK

��#�� ���Rz�XOP. ��

�Q#X����. s�uK 3#Ã~#d� �K"K �#=�" #. �}FP� ��" OK 
��#X#�\ �}FP� OK P6P. �#����Rz #� � ���Rz +#I5�" Q"V23#�> ¿��> �5qPz Ph�OK #. � �Q� �K#_5u" �#�}�}E6 Q" V2 � K�\����#X#�\ P5.�mP� �#����Rz �Q#X��-\ ��KKPz�� +#I5�" O�wN��#����Rz �#�� Q" ��#�� ���Rz �X#�X � �Ä#�5>" 
�K#_5u" 
��q � Ph� Q"
|�_p6 �. �6$�#�L�. OK {�"L5� �L\ �5qP�N2 �#�O#�Ã� U#X"P. ,�uO �#����Rz �#�� Q" ��#�� ���Rz +#I5�" ��E��4X" �5qPz O"Pu �XOP. KO��

�Q#I� Q"�O"KP.�P�. 3#-X#E� ��
#. 	#�LX �Q#I�
 +$ ¿.#�� �#��5W�X �#F"Pe �w 4X" ���� � �L�A�2 3#Ä�a�� Q" #�LX �Q#I� Q" �O"KP.�P�.�Æ��Ç6 �P�zO#w!�. �3#Ã~#d� D�E¼ Y�O+#I5�" 
|�#W� ���z��" |F OK ��� O#�W. KO"�� Q" �L�5W� �>"�� �$OK #�Ç���Ç6 ���" KP.O#w #. �w �O�e�. 
4X" �XL��� �L\ ���L6 �#�KO"L�#5X" P. ��5-� � ,X#�� �#�Ç��Ç6 #���. 
KP�z O"Pu s�uK �Ã~#d� KO�� R�� �RI� Q" �O"KP.�P�. ��E� 
�RI� �=F D�E¼ KO�$P. ��a �F"Pe �}FP�K�>� �q#w 4�.#[� CPe �"P>" Q" LÃ. � �F"Pe �}FP� OK �RI� Q" �O"KP.�P�. �Ph� �R�O��#�P. ��. �w ��E��L\#. �5\"K

{�"L5� �6#-X#E��#�\�O ���
� Q" L�6O#-Ä �KKPz�� ��¼�6 ���>�6 �}FP� OK �RI� �=F ���Ã6 �"P. �w ��#�\�O

�� 6\VWHPV (QJLQHHULQJ 7HFKLQTXHV �� 2SWLPL]DWLRQ

	L\#.�� "O"K "O KP.O#w ��P6�L�Ä ��Q#X����. Y�O �d."O ��" OK
 �#��5W�X �XL��� �#�\�O �

�� 6LPXODWLRQ

��Q#X��-\ �#�\�O �

��



#��5W�X �XL��� �#�\�O �����
K"LÃ�6 �#�� Q" "O ���Rz ��P5�. �"�6�� �$ OK K�>�� �#�Ç��Ç6 Q" �P�z!�P�. #. �w 4X" ��}Ä #��5W�X �XL���

�� 2EMHFWLYH )XQFWLRQ �� /LQHDU 3URJUDPPLQJ 0RGHO �/3�

+#I5�" #�5�K�LE� ¿��> �5qPz Ph�OK #. � ^I[� �nL� ¿.#6 �. �>�6 #. ,�uO � �Ç�� �#����Rz Q" �O#�[�.�K���
�5\"K +$ ¿.#�� �#��5W�X �ÃX�6 OK �P�y�[B 4�}.#u #��5W�X �XL��� OK K�>�� �#�Ç��Ç6 KP.O#w �w #=�$ Q"�Q�P��" "N~ 
4X" +$ ¿.#��� �#��5W��X ��F"P�e OK Q#X4\��PX � �L��w���Ã6 Zt� �"O"K #��$ KP.O#w � 4X"�4X" �K��� "L�2 �"�T�� �#y�#> +$ ¿.#�� �#��5W�X �F"Pe OK #�\�O ��" Q" �P�z!�P�.
�"P��� �. 
b�.P� �#�O"Rq"�P� � P6��1�#w Q" �P�z!�P�. ��Rq"Q�O L\O 
#�Ç��Ç6 ��" �6#-X#E� �#��5�O�y~" j��6�#��5W��X �F"Pe �"P. "O ����d� � YQO" #. �#�\�O L�~�6 
�XL��� K#_5u" � Æ�~�OL�� 
�S�~�OL�� Z�"K�5J"KP2 �Q#X����. Y�O �~#�>" D�P[6 �. ��M �L�O"K KP.O#w �Q#X����. OK )6L�Ä �w L�"�KO�$K�>��. +$ ¿.#���K�\��

�Q#X����. �������
o�PÃ6 �a#�O c."�O � ¿."�6 3O�¼�. �w^I[� �#�5�K�LE� ���Ã� nL� �. �>�6 #. �w4X" �\�O�Q#X����.�L�#��^I[� �}�W� Æ� �"P. "O �Ç�� +"�> ��P5�. 
KKPz��
�}�> Q" �F"Pe �#�P5�"O#2 KO�$P. � �-X#E� �. �"Lu" �"�6�� ,X#�� �a#�O �#�~L� Q" �P�z!�P�. #. Y�O ��" OK�Q#I� KO�� OK �K"K O"Pu �.#�QO" KO�� LX P�h� j#p6O" �. �>�6 #. "O �RI� �-�Pt6 KPÇ}�Ä ���A�� � KPw LX j#p6O"�#����R�z ,X#��� �a#��O �#�~L� Q" �K#p5X" #. �"�6�� 
L�5W� �p}5I� �K#��[�2 �#����Rz �"O"K �w ��#�LX|�#W� OK )-~#m �w �-X#�� �a#�O �#�~L� �KPw +#I5�" "O ���Rz ��P5�. #��$ nNF #. � K��� ��#X#�\ "O +�}d�#�� Q" L�6O#-Ä �L�P�z�� O"Pu �K#p5X" KO�� #�LX �Q#I� �5W�X �O"KP.�P�. �F"Pe

��dJ�R�O��#�P. |L� �
O�wN�x�> Q" V2 �4qPz O"Pu �K#p5X" KO�� ��#h� n"L�" O�h���. ��#�> ��Kx�> OK O#. ��~�" �"P. {L� ��"��K |�"�" �. b�.P� +$ ¿.#�� |�#W� OK {L� ��" Q" �O"KP.�P�. j�P\ �K��� "L�2 �5Ã�¼ 4�P�L� OK �"�T�� �#y�#>

��



�L�$|�Ä �. �Ã�X� �K#p5X" #�LX Q" �O"KP.�P�. � �F"Pe OK {L���" Q" ��K �#�� {�e OK )-u#Ã5� � KKPz�� ���»�Ç�� |F �"O ��P5�. �5q#� O�h���. ,�uO �#�5�~#Ãq ��. OK K�LE� +$ ¿.#�� ^�_I6 �"P. �"�6�� "O �dJ {L��KPw �K#p5X" 	����.

R��� �d�J {L� �$ �. 4�> ��" �. 
L�5W� �dJ ¿."�6 3O�¼ �. ��� #�5�K�LE� ¿."�6 � nL� ¿.#6 {L� ��" OK�L���z��

�� '\QDPLF 3URJUDPPLQJ 0RGHO �'3� �� 6LPXODWLRQ

�#��2 �R�O��#�P. |L� �
�O"KP.�P�. � �F"Pe OK �Ã�X� O�e�. �dJP�m c."�O � ¿."�6 |F 4�}.#u |�~K �. #��2 �R�O��#�P. #� Æ��#��K {L�CPd� Py�LÇ� �. �5W."� 3#���_6 #��$ OK �w |�#W� Q" �O#�W. |F OKY�O��" �4X" �L\ �5qP�N2 #�LX �Q#I�L�w�����Ã6 "O �~"�5� �#��P�z���_6 �"���z �.Æ�6#�5W�X �\�O�P�zO#w!�. #. {L���" �K�\�� �5qPz O#w!�. L\#.�KKPz L�#Ä �5W�X �}w��$O#w �L�XO P9w!"LF �. #�5�" OK �w!
|�#�W� �KP�w �~��Pq �"P. �KO"L�#5X" +�BO#�B 
4X" KLÃ5� �#�O"Rq"�P� �"O"K �w �dJ �R�O��#�P. n�JP.�K��� L�~�6 �$ �"P. �}w O"Rq"�P� �"�6��� ���Ã� "N~ �KO"L� K�>� #��2 �R�O��#�P.

��Q#X��-\ �#�\�O �����
���.Z�2 OK ¿�PX � P�y�[B 4�}.#u 
vOK|.#u � �K#X �a#�O sd�� Q" �O"KO�JP. |�~K �. 
�Q#X��-\ �#�Y�O#. �#�P6��1�#w O��i �KKPz�� +�WE� {�"L5� O#�W. Y�OÆ� 
#����Rz +#I5�" � �5W�X KPÇ}�Ä ��E� �.#�QO" �#�. � �L�KP�z �Q#X��-�\ �#�Ç��Ç6 OK s�uK �#�O"Rq"�P� �ÃX�6 � L�~�6 ,>�� ��u O#�W. �6#-X#E� �#�5�}.#u�5\"KP. +$¿.#�� Q" �O"KP.�P�. 3#Ã~#d� OK �Ã�X� O#�W. �#��#z 
�OL� �#�P6��1�#w � #�O"Rq"�P� ��" Q" �P�z!�P�.�4X" �L\
�$ �}�X� �. �w4X" �\�O��P5�. �Ç}. 
K���+�WE� �Q#X����. Y�OÆ� �"��Ä �. �"�6��� "O �Q#X��-\ Y�O�Q#X��-\ �K"K O"Pu s�uK �Ã~#d� � �XOP. KO�� �"�6�� �O"KP.�P�. �#�5X#�X Ph� Q" "O �5W�X Æ� KPÇ}�Ä ��E�

�� 'HWHUPLQLVWLF �� 6WRFKDVWLF

�	�Ãd�u Y�O
 "O �$ 3O��¼ ���" OK ��w KP�N2 3O�¼ 	�I�O#6
 �6"L�#[� 3#Ä�e" � O#�$ U#X"P. L�"�6���K�\�� �5pz �	�O#�$ ���\
 �"L. 4~#F ��" OK �w KP�z �#=�" �~#�5F" 3#Ä�e" � O#�$U#X"P. #� � L��#���

��



OK �Q#X��-�\ �KKPz��� +�WE� #�LX �Q#I� �Ã~#d� �"P. ��u O#�W. �6#-X#E� �}�X� Æ� �O#�$ �Q#X��-\#�. �5W�X Q" �O"KP.�P�. o}5I� c�"P\ �Ã~#d� � �XOP. O�h�� �. � ��#�#� ��#�Q |¼"�q U#X"P. ���Ã� �Q#I��KP�z�� 3O�¼ �P�m � #�Q#�� 
�K�O�3#�#�P> 
�Q#I� �#=F" �. �>�6
P5�#6�w ��#�Q |¼"�q U#X"P. �Q#X��-\ 3#Ã~#d� 
4X" �RI� KPÇ}�Ä s�uK �Ã~#d� O�h�� �w KO"�� Q" �JP. OK�q#w LF �. �5W�#. ��#�Q |¼"�q +#I5�" OK �KP�z�� �#=�" R�� 	�5Ä#X �5F #� � ��"Q�O 
�y5p� 
�Q�O �» �9�
|�¼"�q Pz!" 4X" ���L. �4X" O"KO�JP. �¼#J 4���" Q" {L� OK ��#�Q |¼"�q +#I5�" "P�Q 
L�$ |�Ä �. 4uKP5����e 3#-X#E� �#�Q ctq � L\ L�"�I� nNF �O"K��Ã� 3#Ä�e" � O#�$ ���yA�� 
K�\ +#I5�" �#6�w ��#�QQ" �JP. �K"K 4XK Q" {#�5F" )Ãdu 
K�\ +#I5�" 3L�L�}. ��#�Q �#��O�K �w �6O�¼ OKVÇÃ~#. �L�KPz L�"�J
�Q�O�K ��#��Q |�¼"��q �. Q#�� �w ]#J KO"�� OK R=. 4pz �"�6�� ��"P.#�. �L.#��� Z�"Rq" L��\QO" 3#Ä�e"L�~�6 O�h�� �. #� � <�P. L��#� 3��_E� Q" �JP. �O#�.$ Q#��KO�� +$���'6 �P�h� �KO"��
 4X" ��"Q�O � �y5p��KP�z�� 3O�¼ ��#�#� ��#�Q |¼"�qU#X"P. �RI� �Q#X��-\ KO"�� P9w!" OK 	�.$rP.

�� 5HVHUYRLU 6LPXODWLRQ

��RI� �Q#X��-\ �������
� �RI� �. �K�O�3#Ä�e" � O#�$ � �RI� �5W�X �Ç�R�q 3#_I[� �5qPz Ph�OK #. �RI� �=F ���Ã6 O�h�� �.�>�6 #. � �L�KPz�Q#X��-\ �O"KP.�P�. o}5I� c�"P\ OK �RI� KPÇ}�Ä ��E� 	3#p}6 � #�Q#��
 �5W�X �>�PJ #�

�RIb� K#�5bs" 4«¡.#bÈ �O"KP.¨P�b. ¨OwK ��b´ OK "O �RI� Q" �_I[� Q#«Ï Î«�'6 �#�5F" � �RI� K#�5s" 4«¡.#È ��L}�#Ï��
�� 5HVHUYRLU 5HOLDELOLW\

�-X#�� �=F ���RI� K#�5Ä" 4�}.#u ���Ã6 )5�#�� � CPe n"L�" ���'6 OK {�-u |.#u � Q#=� �#��P�N2PdJ �.Y�O��" Q" �P�z!�P�. 
L�KPz �O#\" �-u �w ���z �#�� �KKPz�� ���Ã6 L\#. CPe �#�Q#�� ��y."�> �w �RI� �"P.�4X" �Q#X��-\ �P6��1�#w �#���#�P. � #�O"Rq"�P� Q" �K#p5X" �R}5W�
��E�� ��. �>��6 #�. � o}5I�� �#=�F" #. "O �RI� �5W�X Q" �KLÃ5� �#��PX �Q#X��-\ 4�}.#u #�O"Rq"�P� ��"O"Rq"�P� cX�6 �RI� �"P. ,X#�� �=F +#I5�" OK P:�� �#�P5�"O#2 
�Q#X��-\ Q" V2 �L�O"K �$ Q" �O"KP.�P�.�#�6�#`�u �5qP�z Ph�� OK � O�wN�� �#�P5��"O#2 ��O P. �Q� �#��XOP. Q" V2 �w KKPz�� ��"O" � L�~�6 b�.P��K��� �RI� �=F +#I5�" �. �"Lu" �"�6�� �L\ |¼#F �#�P5�"O#2 ��O P. �K#_5u" � �XL��� 
�X#�\O#w!

��



s-e P. �w 4X" �RI� |E� OK ��=F �Q"�6 �d."O Q" �K#p5X" P. ��5-� Y�O ��" OK �RI� �=F �F"Pe U#X"� KKPz�� ��"O" P�Q �~K#Ã�
6W�O  6W � ,W � 3W � 2W � (W � 6SW � ,V

� �d."O ��" OK,ÃÇ� P5� ���}�� �. �O�K�#�5�" � "L5." OK �RI� �=F � 6W�O � 6WW �O�K {�e OK �RI� �. �K�O� � ,WW �O�K {�e OK �RI� ��O P. ��t5W� YO#. � 3WW �O�K {�e OK �RI� Q" �>�PJ � 2WW �O�K {�e OK �RI� Q" P�I-6 � (WW �O�K {�e OK �RI� Q" R�OPX � 6SW�4X" 
�RI� OK M�p� 3#p}6 � ,V
{L� OK �a#�O c."�O 3O�¼ �. �w �p}5I� �#�5�K�LE� � �RI� �XL�� 3#_I[� �"�6�� r�q KO"�� P. ���Ä�4qPz O#w!�. {L� O#5J#X OK b�.P� �a#�O 3�K#Ã� {#�Ä" #. "O CPe �K#_5u" �.#�QO" ���A�� � L�KPz��o�PÃ6

�6#-X#E�Y�O +#I5�" ���
#� � K�>�� 3#Ä�e" � O#�$ �"R�� 
3#Ã~#d� �}FP� 
�}�W� 3O�¼ U#X"P. �6#-X#E� �#�\�O #� Y�O +#I5�"

��ªL. �4X" �ª#X#}\ ©¡FP� ©. ±�.P� �#F Î«s OK w ¨O�·}� £ª �RI� £ª �F"P´ 
ÁLÐ Py!" �#9� �"�}s ©. ���"L}bB ~5ªO�bxz" ©bÌ UP5bXK �.#bÈ w K�>�� �#�\wO Q" �"�6�� �6#-X#E� �#�\wO #ª YwO +#I5Ï" OK ©Ì 4X"w ©5ÄP[«2 �6#-X#E� �#�\wO �K�. K�>�� 3O�� OK ©Ì 4W«Ï �}q� �"L. Îª" ©5-z" �KPÌ ¨K#Ã5X" 
LÏO"LÏ ~Ð �"¨L«A«2�Lª#«Ï ��s ©. ¨K#Ã5X" #�Ï$ Q" #�\wO �$ #. ,X#}5� w ��#Ì w Æ«ÈK 3#s�´" w O#�$

��KKPz�� ���Ã6 P�Q CP\ �. �a�F �5W�X �ÃX�6 �}FP� � 
UP5XK |.#uL�#. {�" �>OK OK ��"P.#�. 
4X" 3�#p5� Py�K �}�W� �. �"�}�W� Q" �}�W� |F �"P. ,X#�� Y�O �P�zO#w!�. ��K�\ +#I5�" L\#. �5\"K 3O�¼ ��P5�. �. "O �}�W� |F 4�}.#u �w �-X#�� �6#-X#E� Y�O� ��#�Ç� o}5I�� �#����R�z #. KLÃ5� �#�FPe �"P>" �#Ç�" �w ¿�X� U#�t� �. �"�a�F OK {#9� �"��Ä �.�. 
L\#. P6P. �#����Rz +#I5�" � +�mP�#� �#����Rz K"LÃ6 Z�#w 4�> OK L�#. Y�6 ��P5[�. 
4X" �K#Ã."��P5�. � ��P5-X#�� nL� ��" �. |�� �"P. �KKPy� nNF +�J �#����Rz Q" Æ� @�� �.#�QO" ��" OK �w �O�e

��



Q" �K#p5X" #. ���Ã� �w4X" ,X#�� �6#-X#E� Y�OÆ� cX�6 �L\ CPd� �#����Rz �#�6 �K��� {#.Pm Y�O�4qPz L�"�J 3O�¼ �K ��" Q" �-�wP6 #� � �Q#X��-\ 
	�a#�O �#�~L�
 �Q#X����. �#�Ç��Ç6�K�L�F #�6 �w �"�a�F OK �K�. L�"�J P�l5� R�� �5W�X �ÃX�6 �}FP� �. �>�6 #. �6#-X#E� Y�O +#I5�" ��#��\�O �P�zO#w!�. � +#I5�" 
	4X" �L�$OK "P>" �. �$ OK +$ ¿.#�� �#�FPe Q" �[I.
 4X" �5q#� �ÃX�6�"�a�F OK "P�Q �K�. L�"�J 3�#p5� 
4X" �L�#��OK "P>" �. �$ OK �FPe @�� Q��� �w �"�a�F #. �6#-X#E�3#-X#E� Y�O +#I5�" OK 4�K�LE� Æ� �"��Ä �. L�"�6�� #�FPe K�>� 
4X" �5q#� �ÃX�6 �K�LF #6 �w!�P:�� Zt� L�"�6�� �}�W� K#Ã." �ÇB�w � �zOR. P�h� �}�"�Ä 
Y�O+#I5�" OK r�q KO"�� P. ���Ä �L�#�� |�Ä#�P�l5� K"LÃ6 �K�.K�LE� f#E~�. P5ÇB�w |�#W� OK �w,�6P6 ��" �. 
L\#. �5\"K 3#-X#E� Y�O+#I5�" OKP�h� ÈOR. |�#W� |F �"P. �Ç�${#F �4X" CPd� �P5[�. �#�Ç��Ç6 �Y�OQ" �P�z!�P�. �#Ç�" #�5�K�LE� ��P5[��. 4�K�LE� R�� Y�O +#I5�" OK #�5�K�LE� � #�P�l5� K"LÃ6 Z�"Rq" f#E~�. ��RI�L�B �#��5W�X�L��#���� P6K�LE� "O 3#-X#E� Y�O+#I5�" � 4~#JK�4X" �6#-X#E� Y�O �L��w���Ã6 |�"�Ä Q" Py�K �Ç� R�� CPe n"L�" �Ã~#d� OK Q#��KO�� 4uK �"R�� �
�Q#X����. 3#-X#E� ���

�F"Pe |�#W� OK �KP�z�� 3O�¼ 	�a#�O �#�~L�
 �Q#X����. �#�Ç��Ç6 Q" �P�z!�P�. #. 
�Q#X����. 3#-X#E��KP�z�� �#=�" P�Q CP\ �. � �5pz Z�2 �#�Ç��Ç6 Q" �K#p5X" #. �RI� K#Ã." �Q#X����. 
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L�KPz Pw!M ���>�6 � ��#X#�\ |F"P� OK �O"KP.�P�. 3#Ã~#d� �#���"O OK �w ���y�#��O"P�u �.#��QO" � �XOP�. 
��#X#�\ KO�� 
4.#uO |.#u � CPd� �#����Rz �#�� Q" P6P. �#����Rz 
��#X#�\ �}FP�� LX j#p6O" ���Ã6 �. 4-W� �Q#X��-\ � �Q#X����. �#�Ç��Ç6 Q" �P�z!�P�. #. ���>�6 �}FP� OK V1X � KP�z�����Rz +#I5�" 
���>�6 �}FP� 3#Ã~#d� Q" �}¼" nL� �KKPz�� �"Lu" ,I5�� �#����Rz �F"Pe �#�P5�"O#2 P�#X�#�O#�Ã� �. �>�6 #. "N~ �4X" CPe �K#_5u" ��>�6 � �RI� �K#Ä Q"P6 � �=F 
j#p6O" 
j�� �Ãdu ���Ã6 � ��#��oÃa � 3�u b#t� �5qPz Ph�OK #. � ���>�6 �}FP� �#�LX �Q#I� Q" �O"KP.�P�. 3#Ã~#d� �#���"O� OK �L\ Pw!M�#�P5�"O#2 P�#X � LX j#p6O" ,�6P6 ��" �. � KP�z�� 3O�¼ �P�z���_6 ��#�� ���Rz +#I5�" �. 4-W� #����Rz!�KKPz�� 4�-96 � ���Ã6 ��#�� ���Rz �F"Pe
� �"O#Ç�#��2 �"P. �$ �"P>" �w �LF �. 
4X" CPe 3#��R> �K��� �\�O 
�}�_p6 �F"Pe �}FP� OK �}¼" nL��RI� O#5qO 
���>�6 �}FP� OK #��P�z���_6 � K#Ã." +#I5�" 4�Ãdu ½Pq #. "N~ 
K�\ �}�Ä �#�." ��L. �#zL�Q#X�KKPz�� ���Ã6 �$ n"L�" ���'6 �"P. �RI� Q" �O"KP.�P�. ���\ ��P5�. � K�\�� �Q#X��-\ �$ P�Ä 3L� {�e OK�#�5X#��X� �}�¼" b�d�J 
�RI�� KPÇ}��Ä KO��� OK �Q� �#�}�}E�6 � ��R=�6 �K"K �#=��" #�. ,�6P�6 ��" �.

�� 2SHUDWLRQ 3ROLFLHV

� �RI�� Q" �O"KP.�P�. �#�Pq �#���E�� 3O�¼ �. #��XOP. ��" �=�5� �KKPz�� ^I[� �RI� Q" ���O"KP.�P�.�O"KP.�P�. 3#Ã~#d� �}w L��O �KKPz�� ��"O" �}�_p6 �F"Pe �}FP� 3#Ã~#d� YO"Rz OK 
�e�.P� �#�}�Ã~"O�5XK�4X" �L\ �K"K �#[� � �O#�\ O"K��� OK �}�_p6 �F"Pe �}FP� OK �Q#I� Q"
nL� ���

Q" �"�¼��J ���"O" 
�}�_p�6 �F"Pe �}FP� OK �#�LX �Q#I� Q" �O"KP.�P�. 3#Ã~#d� �#���"O� ���L6 Q" nL��4X" �#�Pq �#���E�� ��"O" ,~#u OK ����. �O"KP.�P�. �#�5X#�X ���L6 �"P. ��q �#�\�O �Ä��=�

��



��



O#w ���"K ���
Æ� �#�L�X �5W��X �"P. �}�_p6 �F"Pe �}FP� OK #�LX �Q#I� Q" �O"KP.�P�. 3#Ã~#d� 
#���"O ��" O#w ���"K

©¡FP� OK �#ÐLX �Q#I� Q" �O"KP.¨P�. 3#qz#³� �#�}Ð"O� ��� L}. OK #ÐLX �Q#I� �L}.©Ç-´ ©. ±�.P� ÂªO#q6 ���4X" ¨L\ ©`"O" �ª#X#}\

�4X" ���RI�
��#2�#��K"K ��

�}�FP�� �L\ �#y��. �#��K"K �}�_p6 �F"Pe �}FP� OK �RI� Q" �O"KP.�P�. 3#Ã~#d� ��#2 �#��K"K 
�}w O�e�.

�� &RQVWUDLQWV

�}FP� ��" OK 
K�\�� �5qPz Ph� OK {L� �"P>" OK �#�Pq ��E�� ���6 �"P. �w ��K��u �"P�� �. �w 4X" ���>�6� L5q" �}¼#q �K#�Q 3L� �}�_p6 �F"Pe � ���>�6 �}FP� 3#Ã~#d� ��. �w �6O�¼ OK �KP�z�� O"Pu �K#p5X" KO��N�J'�
 �Q#XL�X �}�_p�6 ��F"Pe �}FP� 3#Ã~#d� 3#�LJ 4XP�q ����Ä 3#hF�� ZI. OK �w �d�"P\ #��}���Ç6 3#Ã~#d� "L5." �}�_p6 �F"Pe �}FP� 3#Ã~#d� j�P\ Q" |-u L�#. 
L.#� stE6 4X" �L\ Pw!M 	���O#�\�L�$ |�Ä�. �"Lu" 3#Ã~#d� ��"K" �. 4-W� �$ ,��_6 Q" V2 � KP�N2 3O�¼ ���>�6 �}FP�
��"O" ���>�6 �}FP� OK 
�#�LX �RI� Q" �O"KP.�P�. 3#Ã~#d� �#���"O� � L�. OK ��#2 �#��K"K Q#��KO�� 3#��R>� 4X" P�Q CP\ �. �$U��O � �L�KPz!j#p6O" 
�=F 
DdX �#���E�� 
�q"Pz�2�6 �#��[t� ���� � �KP� � �L�Q �#=F" � P�h� �#�Q"P6 � �RI� �K#Ä Q"P6 ��. b�.P� 3#Ä�e" 
+�XO|w O#. �. b�.P� 3#Ä�e" 
��#JK�O ��#�#� ��L.$O#�$ � |�#\ �Ç�S�~�OL�� �#��K"K ��RI� OK +$ M�p��RI� Q" P�I-6 3#p}6 
�zL�O#. O#�$ � |�#\ �X#�\"�� �#��K"K �
�d�E� 4W�Q 
�.#uP. �#�Q#�� 
�QO�#[w +$ 
�5Ã�¼ 
��L��#\$ +$ � |�#\ �.$ �#�Q#�� �. b�.P� �#��K"K �LXn"L�" �. �>�6 #. c.O�M �#�Q#�� P�#X � |�X {P5�w!
� LX �F"Pe �. b�.P� 3#Ä�e" �T�� �. ���>�6 �}FP� 3#Ã~#d� YO"Rz �. L�#. O�.R� �#��K"K Q" �K#p5X" P. ���Ä�>�6 R�� �K#_5u" �#�P5�"O#2 ��.#uP. �#z�P�� 
#�P�y.$ 
R�OPX 
�L��w!��}I6 �#��Q#X3#_I[� 
�5W."� �#��Q#X�KKPz n�dÃ� �q#w!

��



�RI�KPÇ}�Ä3#-X#E� ��
��" #. �4X" ���>�6 �}FP� ��-\ )6L�Ä R�� 3#Ã~#d� Q" �}FP� ��" OK �RI� KPÇ}�Ä 3#-X#E� ���\ �}w O�e�.3L� {�e OK �RI� KPÇ}�Ä �Q#X��-\ 
�}¼" nL� � �L\ ���Ã6 Z�2 Q" �RI� Z�#=�z �}FP� ��" OK �w3�#p6K���u �"P��� ��. �$ �"P�>" � ,X#��� �Q#X��-\ � �Q#X����. �#�~L� �P�zO#w!�. #. O�h�� ��L. � �K�. LX P�Äc�"P\ 4E6 OK �w L.#��� ��"K" OLu �$ P�" ��" �KP�z�� O"Pu �.#�QO" KO�� #�Q#�� ���'6 OK �RI� KPÇ}�Ä 
Ph�KO��OK �4X" �RI� ����. KPÇ}�Ä 
nL� ¿u"� OK �w L\#. �5\"K #�Q#�� ���'6 �"P. "O �KQ#. ��P5�. L�"�5. �RI� 
Ph�KO�����"O" �RI� Q" �O"KP.�P�. �#�Pq ��E�� |Ç\ �. �RI� O#w ��y~" �"��Ä �. �RI� KPÇ}�Ä �d�"P\ ���B 4E6�KKPz��
KO�� R�� �RI� �O"Pda" ��}I6 �. b�.P� |�#W� L�#. �}w O�e�. �RI� KPÇ}�Ä 3#-X#E� OK �w4X" Pw!M �#�#\�KP�z O"Pu �>�6
OK 
�L\ Pw!M ���>�6 �}FP� OK �#�LX �Q#I� Q" �O"KP.�P�. 3#Ã~#d� �#���"O� � L�. OK �w �-~#d� ��}w 
�}wO�e�.�4X" P-5Ã� R�� �}FP� ��"

�#�Pq �#���E�� ��
c�"P\ OK �RI� Q" �O"KP.�P�. 4�Ãa� ��P5�. �L��L�#[� �#���E�� �5XK #� ��E�� 
�O"KP.�P�. �#�Pq �#���E���#�}�Ã~"O�5XK �L��\�� ��"O" �O"KP.�P�. �#�}�Ã~"O�5XK ,~#u OK �#�Pq �#���E�� �L�5W� 
�L\���Ã6 |-u Q" �T��{���W� K"P�q" �"P�. "O L�X Q" �O"KP.�P�. ��E� �w K�\�� r�e" ��#�O�5XK � #���¼�6 �Ä��=� �. �O"KP.�P�.�RI� Q" �O"KP.�P�. ��E� �w L�5W� �L\���.Z�2 +�BO#�B Æ� �#�Pq �#���E�� �w �~#F OK 
L�Q#X��^I[��L��#���� �#�. ��}Ä�#�\�O U#X"P. "O �RI� Q" �K#p5X" �}w4X#�X 4t�tF OK �^I[� "O
#. )6L�Ä � �5\"K �y5W. �#F"Pe �.P=6 �. L�\#. �Ç5� 3#-X#E� �. )qP¼ �Ç�$ Q" P5[�. �#�Pq �#���E�� �5\Nz OK�#�~L��
 �5qP[��2 �O"R�q"�P�� �#��5�W. ��. �XP5XK #. �Q�P�" �~� �4qP�N2�� 3O�¼ �.#[� KO"�� Q" �K#p5X"�>�6 #. � ��"PE. c�"P\ 4E6 OK � �2#�2 �#�}�}E6 U#X"P. �"�6�� 	3�#�5F" �#�\�O ��Q#X��-\ 
�Q#X����.�F"Pe "O ����. �#�Pq ��E�� � K"K O"Pu �XOP. KO�� �P6�L�A�2 c�"P\ OK "O �#�Pq �#���E�� 
�S�P2 �#�Q#�� �.�KPw!

��



�RI� 4�qPi � �K�O��#��K"K �. �>�6 #. �4X" P6�K#X �O�h�� Æ� �Q#I� �"P. �#�Pq �#���E�� ���6 �}wO�e�.����'6 ��w #=��$ Q" 
�O�h��L��B �#�LX OK 4X" ���L. �K��� ���6 "O ����. �#�Pq ��E�� �"�6�� #�Q#�� �"R�� ��QO�#[w�#�Q#�� ���'6 �"�6�� {#9� �"��Ä �. �4X" P6�L�A�2 �~'W� L�K#`6 OK Py�LÇ� #. ���Ã�o}5I� �#�Q#��K�\ �5\"L�y� �~#J �.��X {�_q�"P. �RI� �wL�w��+#=�" +��X {P5�w 4X#�X �K��� Pw!M "O+��X {P5�w ��RI� �w KO"K 3O�Pa �QO�#[w �#�Q#�� ���'6 �"P. �w �~#F OK �L\#. K�>�� �>�PJ +��X Z�#w �#Ç�" #6�6#-X#E� �#�\�O Q" �K#p5X" #. KO"�� ���z��" OK �KKPz ���'6 �e�.P� �#�Q#�� #6 K�\ �5\"L�y� P2 �#Ç��"�5F�K��� ���Ã6 L\#. ,X#�� O�h�� �K P� �"P. �w "O �B#�OK DdX Q"P6 ��P5�. �"�6��
�#�Pq ��E�� �#��_I[� ���

�"P. ^I[� �#�Q Æ� OK �RI� �5q#� ^�_I6 +$�=F � Q"3O#-Ä �RI� Æ� OK �#�Pq �#���E�� �#��_I[�OK �L�KPz��� �F"Pe ��#�#� 3O�¼ �. ,}m" �#�Pq �#���E�� �4X" ��Ã� 4��~�" � ^I[� �.$ �#�Q#�� ���'6�#�Pq ��E�� �K��� �K#p5X" R�� �P5�w ��#�Q |¼"�q Q" �"�6�� #��$ ���'6 ��E� � �.$�#�Q#�� U#X"P. ¿u"�� �JP.3"P��l�6 � �5W�X K�>�� 4�Ãa� � c�"P\ �. �>�6 #. �RI� Æ� Q" �O"KP.�P�. OK �w 4X" ��#�5X#�X nPÃ��"�K#X �E� �. #���E�� ��" K�\ �ÃX L�#. �#Ç��"�5F �KKPz�� {#�Ä" �RI� �. �K�O�3#�#�P> ��#�#� � �}_q�L�P�z O"Pu �K#p5X" KO�� ��#X$ �. #6 L�KPz �F"Pe
�4X" ^I[� ��#�Q �O�KÆ� {�e OK �O"KP.�P�. o}5I� �#��#�Q OK �RI� Q"P6 3"P��l6 �L��L�#[� #���E�� ��"

�#�Pq ��E�� ���6 {�¼" ���
�4X" �$ ���6 �O#.OK �}w �#�}�Ã~"O�5XK ��"O" � �#�Pq ��E�� �qPÃ� 
#���"O ��" OK �#�Pq ��E�� �XOP. Q" nL�OK �O�h��L��B � �O�h�� Æ� �Q#I� �"P. �#�Pq �#���E�� ���6 �. b�.P� �}w {�¼" 
nL� ��" �. �L�XO �"P.�#[� 3�#F Q" �JP. �"P. �#�Pq ��E�� ���6 ��E� 
��#�~#9� ��"O" #. V1X � KP�z�� O"Pu �XOP. KO�� �6$ �#�L�.�L��\�� �K"K

�O�h��Æ� �Q#I� �����
+��X {P5�w nL� #. �O�h��Æ��Q#I�� o~"

3O#-Ä |�X {P5�w ��#�P. 
4X" �5qPz O"Pu �RI� Q" LÃ. �}¼#q�. 
|�X Q" 4i#pF Z\�2 4E6 se#�� �w ��#y���w ��E��. 
LX 4XK���#2 OK ��#JK�O 4�qPi Q#=� LF #6 �RI� �. �K�O� �#��#�P> ��#�6 �Q#X#�O �Q" 4X"�KKPy� LX4XK���#2 OK ��#JK�O ��\#F �a"O" �5qO +$P�Q �. � �#�le Q�P. ,>��
��




#��$ �5qPzO"Pu |E� 
#��>�PJ 4�qPi 
�RI� OK |�X �P�JM 4�qPi �. �y5W. |�X {P5�w �Q#I� Q" �O"KP.�P�.���.Z�2 OK 4uK � ��#�"�6 
|�X �#��_I[� 
L�$ |�Ä�. 4i#pF #��$ Q" L�#. � L�5W� |�X PdJ OK �w �Rw!"P���"PE. c�"P\ ��}w OK �y��#�� K#=�" �"P. �}wO�e�. �KO"K �L[� {P5�w R�P.$ �a�F �Q"L�" �PJ�#. � #��#q�e �|�X�KP�z O"Pu Ph�L� P�Q {�¼" L�#.
}�X |P5�w K�>�� �P�JM4�qPi Q" D�E½ � P:�� �K#p5X" �

4�qPi L�#. 4X" �Ç�� �w #=�$ #6 "N~ 
4X" P�y}�X se#�� �. 3O#WJ Z�#w 4�> OK �ÃX4~#F ��" OK ��B3#�#�P> Q" �t�uK ���.Z�2 4X" �O�Pa 4~#F ��" OK �K"K Z�"Rq" |�X j�u��#�Q OK "O �RI� |�X {P5�w �P�JM�~#J �RI� Æ� �K���P2 �. OK#u O�wN�3#�#�P> �w ��E� �. �KP�z 3O�¼ ��Ã� �O�KÆ� OK �RI� �. �.��X�L�\#.
3"O#WJ Z�#w O�h�� �. �RI� K�>�� �P�JM 4�qPi Q" D�E¼ �K#p5X" 
|�X c�"P\ 4E6 ��� |�"�Ä Q" �Ç��4X" 
L�5W� |�X j�u� PdJ ½PÃ� OK �w �te#�� Q" 4i#pF � |�X
�5qPz Ph� OK �F"Pe |�X �"P. �w L\#. ��"R�� Q" P5�w L�#. �d�"P\ ���B 4E6 �RI� Q" �>�PJ �#��#�P> ��BPh� OK #��$�Q#X�P�JM O�h�� �. "O �_I[� 4�qPi L�#. �LÃ. ÈOR.�#�}�X j�u��. �>�6 #. �qPe Q" �4X" �L\�a�F 4XK���#2 �4XK�#. OK|�X ���.Z�2 s�uK �Ç-\ Æ� Q" �K#p5X" 
#�PdJ Z�#w O�h�� �. ��"P.#�. 
4qPz!�L\#.�� �O�Pa ��#w!

�F"Pe }�X |P5�w �

4X" �L\ ���Ã6 |-u Q" �w L\#. ��"R�� �#�� �. L�#. �Q#I� Q" �>�PJ 3#�#�P> 
�F"Pe |�X j�u� c�"P\ OK7K#F |�X {P5�w �=F 4�qPi OK �[�"Rq" �Ç�$ ��L. 
K�\ �F"Pe |�X {P5�w � O#�� �. OK#u �RI� �w ��E��.�K�\

�-�wP6 �5W�X �
4i#pF 4E6 L�#. LX Q" O�K �Æ�KR� se#�� OK ¿u"� P�y}�X �a"O" �w KKPz�� �K#p5X" �-�wP6 �5W�X Q" ��#y���F"Pe |�X R> �. ��#�}�X OK �w,�6P6 ��" �. �KKPz�� �K#p5X" �� #. �}-u Y�O�K P� Q" 4~#F ��" OK 
L�P�z O"Pu

��



OK#�u �RI� �F"Pe |�X j�u� �#�Q OK � KP�z�� O"Pu �K#p5X" KO�� �RI� |�X {P5�w 4�qPi ��#5E6 �#�5�Wu|�X ;�PJ ��E� U#X"P. L�#. LX �#��>�PJ �"R�� 4~#F ��" OK � L�#�� {P5�w R�� "O �F"Pe |�X #6 K�. L�"�J�RI�� |��X {P5��w 4�qP�i Q" �O"KP.�P�. j�� ��P5�. Y�O ��" 4pz �"�6�� �KP�N2 3O�¼ �RI� Q" �F"Pe�KKPz�� +�WE�
�O"Pda" Àu"�� OK }�X |P5�w �

��Pz4XK OK #��>�PJ �Q#X#�O ��#�P. 
�O"Pda" ¿u"�� OK �>�PJ �#��#�P> �Q#X#�O �"P. �w 4X" �O�Paj�u�c�"P\ 4E6 �Q� �#��P�y[�2 � 3#e#�5F" �5qPz Ph�OK #. K�\ OK#u ��Pz ��" #6 K�\ �K"K O"Pu �O"KP.�P�.3#W�X'6 R�� � �5W."� 3#W�X'6 � LX ����" �w KQ#X #�O "O �>�PJ �#��#�P> ��E��. L�L\ �K#Ã~"r�q �#�}�X�K�\ gpF LX Q" LÃ. ��#JK�O P�W� OK K�>��

�� &RQVHUYDWLRQ 6WRUDJH

��O"L�y� �Q#I�� +
P. K"Q#� �#�.$ ��#�6 �Q#I� ��" OK �w,�6P6 ��" �. �L�5W� +$ �P�JM � �O"L�y�4�qPi Z�"Rq" �"P. �Q#I� ��"�5\"K K�>� L�#-� �R�OPX ���yA�� 
LXP� �RI� Q"P6 P9w!"LF �. �RI� +$ j#p6O" #6 � L��\ �O"L�y� L�#. Q#��;�P�J 
L\#. �$ Æ�KR� #� � +$ Q"P6 P9w!"LF K�LF OK �RI� OK +$ j#p6O" �w L\#. ��#�Q |�X j�u� Pz!" �L\#.KO"�� �. �>�6 #. �4X" �5qPz�� 3O�¼�RI� � LX K�>� ��L. �w L\#. ��#��L. K�LF OK L�#. ¿u�� ��" OK #��#�P>�O�K �P�y�K � �RI�� �L\P�2 �O�K �"P�. ��Ç� 
4�Wu �K �|�#\ ���Ã� �Q#I� ���z ��" 3#�}�Ä ��#�P. 
r�q�K�\ ���6 ��#z!"L> O�e�. �#�Pq �#���E�� �w4X" �Q� �O�K �K P� �"P. �4X" �$ �L\�~#J
O"P�u �Ã~#d� KO�� ����e �O�K Æ� OK ��#JK�O �#�P> O#�$ U#X"P. L�#. �RI� �L\P2 �O�K �"P. �#�Pq ��E��Q" Q"P6 �"Lw #6 #�Q#�� ���'6 O�h�� �. �RI� �L\P2 o}5I� �#��O�K OK �w L\ L�"�J^I[� s�Pe ��" �. �KP�z!�KP�z O"Pu �O"KP.�P�. KO�� L�#. �RI�
Q#��� ����'6 O�h����. 
�#�P�> �Q#X#��O |u"LF L�#. �w 4X" ��#�Q �O"KP.�P�. ��E� ��P5��" PE. � ��P5X#WFL¼OK �5qPzPh� OK #. �RI� {�-u |.#u �P�JM �"R�� L�#. �w,�6P6 ��" �. �K�\ ���Ã6 �#�Pq ��E�� cX�6 �_I[��KKPz ���Ã6 �O�K �#�� �"P. �P�N2PdJ Q#=�

��



�O�h��L�B �Q#I� �����
#. �o}5I� n"L�" ���'6 O�h�� �. �RI� OK �L\ �P�JM +$ Q" �w4X" ��E� �. �O�h��L�B �Q#I� Q" �O"KP.�P�.�KKPz�� �K#p5X" ���Ã� �#�5��~�"
�L�O"K �O"KP.�P�. 3#�}�Ä OK �"�L�ÄZt� #��$ Q" Æ�P� �w KKPz�� ��Wt6 o}5I� ZI. <�2 �. �RI� �}w O�e�.�L�P�Q CP\ �. � � �O#�\ |Ç\ s.#d� �RI� o}5I� �#�[I.

R�OPXZI. �
P�2 L�L�\ �#�.���X ��F OK )6L�Ä #`q ��" �L��#��� R�OPX ZI. "O |�X {P5�w �. b�.P� �=F ��#u�qZI.�K�\��

}�X |P5�wZI. �
�RI� 4XK���#2 OK |�X Q" �\#� �#�6O#WJ Z�#w � L�L\ �#�}�X 4u�� �O"L�y� O�h���. �RI� Q" ZI. ��"�KKPz PW�� �LÃ. �#�.��X +N> � �O"L�y� �"P. ,X#�� �#`q #6 KKPz ��}I6 )Ã�PX L�#. ZI. ��" �4X"

�O"L�z�ZI. �
�4X" �RI� o}5I� �#�Q#�� ���'6 � +$�O"L�y� �"P. ZI. ��"

�� %XIIHU =RQH

�gq#E�ZI. �
�KKPz�� �K#p5X" �$ +$ Q" �O�Pa O#�W. c�"P\ OK ctq �w K�\�� �L��#� �RI� �KP� �=F ��#u�qZI.

�KP� �=FZI. �
��-Ã�6 KKPz��� KO"� �RI�� |�J"K �. �w 3#.�XO �O"L�y� O�h�� �. � 4X" �RI� 4�Wu ��P6���#2 ZI. ��"�K�\��

��



�O�h��L�B �Q#I� �P�JM o}5I� �#�[I. o�PÃ6 �� |Ç\
�O�h��L�B �Q#I� Q" �O"KP.�P�. ����Å |�½" �������

�q#w �>�6 O�.R� �Q#I� Q" �O"KP.�P�. ����Ä {�¼" �. L�#. "L5." 
�O�h�� L�B �Q#I� �#�Pq �#���E�� ���6 �"P.�KKPz�� ��"O" P�Q CP\ �. O"�4XP�q O�.R� �Q#I� Q" �O"KP.�P�. ����Ä {�¼" U��O �KKPz {�N-�
"R=��#�5�qPi ^�_I6 ��

{P5�w �P�JM �=F +$Q" 
o}5I� �#�Q#�� ���'6 �"P. �O"L�y� �P�JM ZI. +$ Q" �K#p5X" P. ���Ä4~#F ��" OK�K��� �K#p5X" �#Ç�" LF #6 ����#: �SP�" L�~�6 �"P. �"�6�� R�� |�X
�P�JM�=FQ"vP5[� �K#p5X" ��

�P�zOK �4.#uO f#E~ �. 
KKPz�� CPd� o}5I� �#�[I. +$ Q" vP5[� �K#p5X" �w ��#y�� �O�h��L�B �Q#I� OK
��



4�qPi �. Q#�� |�X {P5�w �w ��#�Q {#9� �"��Ä �. �KKPz�� �L�A�2 O#�W. �O"KP.�P�. 3#�}�Ä 
+$ �#�#a#t6 ��.���"P.#��. �K��\ gpF �Ç�� P9w!"LF OK L�#. n"L�" P�#X ���'6 O�h�� �. +$ �O"L�y� P�#JM 
KO"K �RI� �~#Jn"L�" Q" �JP. 
�w!#F c�"P\ #. ,X#�5� L�#. � KO"L��O#zQ#X �� #. o}5I� n"L�" �. �>�6 #. �O"KP.�P�. 3#�}�Ä�L�KPz #�qL� P�#X ��#.Pu
^I[�4�qPiY�O Q" �K#p5X" ��

��#�P. 
K�\�� �K"K ^�_I6 |�X {P5�w �}�> Q" o}5I� nO#_� �"P. �_I[� �#�5�qPi �w ��#�Q �}w O�e�.|t5W� ���Ã�]#J nP_� Æ� �"P. �O"KP.�P�. "P�Q 
L\ L�"�J �¼#J |Ç[� #. �>"�� P5�w ���Ã��O"KP.�P�.�K�. L�"�J #��$n"L�" #. ,X#�5� � �O�h�� Æ6 �Q#I� ��#�P. U#X"P. � 4X"
3#�}��Ä ��#�P�. 
L\#�. n"L�" P�#X O#�w OK �}¼" nL� �"��Ä �. |�X {P5�w nL� �w �"�O�h�� L�B �Q#I� OK� 4qPz L�"�J 3O�¼ P�Q Y�O �KU#X"P. �O"KP.�P�.

|�X �P�JM�"P.4�qPi ���"K^�_I6 � o~"
KP�z�� 3O�¼ �te#�� OK �RI� �O"L�y� 4�qPi ��#u�qZI. OK |�X {P5�w O�h�� �. 4�qPi ���"K^�_I6�L5p�. r#p6" {#X Q" ��#�Q P� OK L�"�6�� |�X �w!
{P5�w Q#��KO�� 4�qPi �. �"�6�� �L\ �-X#E� � �L\ �L�#[� �#�}�X ��O P. 3#Ã~#d� �K"K �#=�" #. O�h�� ��" �.�4q#� 4XK �RI� OK |�X

|�X �P�JM�"P.4�qPi �}_q^�_I6 � +
Q" V2 �K#5q" L�"�J r#p6" �#�5F" �w KO"K �}�X �"R�� � �Q"L�" �. �y5W. |�X �P�JM �"P. 4�qPi �}_q^�_I6O"Pu �K#p5X" KO�� #�Q#�� P�#X ���'6 �"P. �K�O�3#�#�P> �Q#X�P�JM O�h�� �. L�#. 4�Wu ��" 
�O�K ��" ��6#J�KP�z!

��



�#�Pq ��E�� ���Ã6 ���
�L\#. UP5XK OK P�Q �#��K"K L�#. �#�Pq �#���E�� ���6 O�h�� �.�RI� OK +$ Q"P6 P9w!"LF �+��X {P5�w Q"P6 P9w!"LF �+$�K#Ä Q"P6 ��O"KP.�P�. Q"P6 P9w!"LF ��O"KP.�P�. Q"P6 |u"LF ��KP� �=F Q"P6 |u"LF ��RI� +$ �=F P9w!"LF ��RI� L�p� �=F ��RI� �=F � j#p6O" ��E�� �

3#Ä�e" ��" 
4X" �O�Pa �~#W��P. � �~#W��OK {#Ãq �#=F" � �KP� �=F 
+��X {P5�w �=F P�K#t� Q" ��#z!$�KKPz ��"�J"Pq ���>�6 �}FP� 3#Ã~#d� Q" L�#.
L�#�. 
nO#_�� P�#�X � �.#uP. �SP�" L�~�6 
+��X {P5�w O�h�� �. �RI� Q" �O"KP.�P�. ���\ ��P5�. ��"O" �"P.�KO�$ K�>��. o}5I� �#�#a#t6 ��. OK "O #��P�zOK ��P5�w �w K�\ �F"Pe ��E� �. �#�Pq ��E��
OK ��w 4X" ��" P. �ÃX 
4X" �$ n"L�" Q" �Ç� �.#uP. �SP�" L�~�6 �w �O�h�� L�B CPe Æ� OK {#9� �"��Ä �.#. �"�5. �w ��E� �. 
L\#. O"PuP. �RI� �P�JM � �SP�" L�~�6 ��. �~K#Ã6 �O"��� �.$�w � cX�5� 
�.$P2 �#��O�K4�}.#u �.��X 3#�#�P> �O"L�y�Z�#=�z �5\"K ��a �RI� � K��� L�~�6 "O �SP�" P9w!"LF �RI� �P�JM |u"LF��#=�$ #6 L�#. ¿u"�� �#�6 OK � �O"����RI� OK +$DdX ,�6P6 ��" �. �L\#. �5\"K R�� "O �$ ���d� O�-Ä � ��h�6�#�Pq ��E�� �w L\ L�"�J���'6 �eP\ �. nL���" �L\#. �5\"K "O Q#�� KO��4.#: �SP�" L�~�6 4�}.#u �w L\#. �#.�KKPz �F"Pe �E�E¼ �E� �. �.#uP. L�~�6 �"P.

�Q#I� Q" �O"KP.�P�. �#�Pq �#���E�� Q" ��#������ ���
�.#uP. �SP�" L�~�6 �#�Pq ��E�� �����

O�wN�� ��E��� �4X" �L�KPz ��"O" ��RI� LX CPe Æ� OK �#z�P�� �O"KP.�P�. �#�Pq ��E�� � �O#�\ O"K��� OK
��



�� )LUP (QHUJ\Q" �O"KP.¨P�. ��ÈO #6 �RI� �K#s ��ÈO ©¡�#Ä OK )Ç«ÈK ©Ì �.#ÈP. �SPÏ" � Q"4X" 3O#-s Î��³� �SPÏ"ÂªPq6 ,WFP.�KKPy�� L«z�6 �RI� ¨OwK ÎªP5u[J OK �RI�

�L�#[� �w O�e�#�� �4X" {#X o}5I� �#��#�Q OK ����d� �SP�" L�~�6 �"P. �RI� Q#��KO�� +$ Q"P6 �L��L�#[��"P�. �RI�� +$ �P�JM P9w!"LF �.$�w �#��O�K OK �w L\#. ��E��. L�#. �#�Pq �#���E�� {��Ã� ,�\ KKPz���L\#. K�>�� �.#uP. Q#�� P9w!"LF
�4X" {#X {�e �#�6 OK ���d� �SP�" L�~�6 �"P. Q#��KO�� P�h� �#=F" � �RI� +$ Q"P6 �L��L�#[� O�wN���E���LF OKÆ[J �#��#� OK �SP�" L�~�6 �"P. +$ �P�JM �w K�. L�"�J �td�� �eP\ �. �#�Pq ��E�� ����Ä,�\�K��� ���'6 "O �$ |u"LF �#��L. K�O� #. �5F �"�5. �#5W.#6 OK �SP�" L�L\ Q#�� �. �>�6 #. �w L\#.
���A�� � L\#. Ph�KO�� ���d� �SP�" L�~�6 ctq � �K�. �#�Pq ��E�� �O�K P. s-d�� Æ[J �O�K ��� Pz!" ��"P.#�.P6���#2 �O"KP.�P�. Q"P6 LF Q" L�#-� �RI� +$Q"P6 
KP�N2 3O�¼�.#uP. Q#�� ��#�#� ¿�Q�6U#X"P. �SP�" L�~�6 Pz!"�KP�z O"Pu �#�Pq ��E�� ���6 �O�K Q" ;O#J �w L\#. �Ç[J �O�KÆ� �. b�.P� �Ç�$ Py� 
K�P.
�RI� +$Q"P6 �"�6�� ����#: �SP�" L�~�6 #. L.#���Z�"Rq" �RI� +$j#p6O" �w P9w!"LF �#��#�P> OK Py�K nPe Q"�L\#. �5\"K "O |�X ��h�6 4�}.#u �RI� � L.#� Z�#w �RI� �P�JM �=F �w�O�e�. �L��#XO �#�Pq ��E�� LF �. "O�w ��E� �. 4W�"K ����#: � ��~�" �SP�" L�~�6 �"P. #���"O Æ� �"��Ä �. �"�6�� "O �.#uP. �O"KP.�P�. �#�Pq ��E���L\#. �5\"K R�� "O �.��X 3#�#�P> ��h�6 � �Q#X�P�JM 4�}.#u �RI�

�O�h��L�B �Q#I� �"P. �#�Pq ��E�� �����
�O#�\ �#�O"K��� OK �4X" �L\ �K"K �#[� �O�h��L�B �Q#I� �"P. �#�Pq �#���E�� Q" �"����� � �O#�\ O"K��� OKOK �L��$ |��Ä ��. 3#Ã~#d�� U#�X"P. �w QK � O�1X#-Ä L��\ ��RI� �#�LX Q" �O"KP.�P�. �#�Pq ��E�� � � ��4X" �L�KPz ��"O" 
�L\ ���6 �� � �� �O#�\ NJ%� +�BO#�B

��



��



�O�h�� L�B �RI� Æ� o}5I� �#�QP� OK +$ Q"P6 �}_q 3"P��l6 Q" �"����� �� O"K���	� �O#�\ NJ'� #Ç�P�$ Z6O" �#XL��� Q" {#9�
 �O"KP.�P�. �#�Pq ��E��

��



	�� �O#�\ NJ'�
 O�1X#-Ä L��\ LX �O"KP.�P�. �#�Pq ��E�� �� O"K���

��



	�� �O#�\ NJ'�
 QK LX �O"KP.�P�. �#�Pq ��E�� �� O"K���

��



�Q#I� Q"�O"KP.�P�. 3#Ã~#d�YO"Rz! ��
�#��XOP. <�#5� 
K�>�� c�"P\ #. ,X#�5� � KO�� �. �5W. �L\ K#� �#�Ç��Ç6 � #�\�O 
#��K"K ��}w Q" �K#p5X" #.YO"R�z ���" �KKPz ��"O" �}�_p6 �F"Pe �}FP� �"P. �Q#I� Q" �O"KP.�P�. 3#Ã~#d� YO"Rz OK L�#. �L�$ |�Ä�.|u"LF L�#. YO"Rz ��" �K"K L�"�J |�Ç[6 "O 	�� NJ'� ��� L�.
 �O"L�y� � �O"KP.�P�. |�Ã~"O�5XK Q" ��R>�L\#. P�Q �#�[I. ��#F#�5��~�" � n"L�" 
CPe ��#�q"Pl> 4�Ãu�� |�#\ 3#�}w ���#2 �#��K"K � 3#Ä�e" � O#�$ �#�Q#�� �. b�.P� 3#Ä�e" ��RI� KPÇ}�Ä 3#-X#E� �#����\ +#I5�" ��O"KP.�P�. �#�5X#�X OK �}¼" 3#a�Pp� � ��#-� ��O"KP.�P�. �O�K {�e OK �RI� KPÇ}�Ä �Q#X��-\ �#�[�"O <�#5� ��O"KP.�P�. �#�5��~�" �. �>�6 #. � 	�O�h��L�B � �O�h�� Æ�
 �RI� j�� �. �>�6 #. �#�Pq �#���E�� ��"O" �

��



�#zS"� ��

�4X" Æ-³}� �vOR. �#ÐLX �¡¡�z"Î«. ©5«�Ì!� ²X�6 ¨L�$ ��s ©. ÂªO#q6 P. )6L�s ÂªO#q6 Îª" ��

��KKPz�� ��"O" �Q#I� Q" �O"KP.�P�. 3#Ã~#d� j�a�� #. c-6P� o�O#Ã6 � �#zS"� P�Q OK� 5XOH &XUYH �#�Pq ��E�� �� *XLGH &XUYH 	�.#uP. L�~�6 �"P. �#�Pq ��E�� nK"P5�
 #���"O ��E�� �� )ORRG &RQWURO 'LDJUDP +��X {P5�w ��E�� �	+��X {P5�w nL��"P. �#�Pq ��E�� nK"P5�
� 3RZHU 2SHUDWLQJ 5XOH &XUYH 	#���"O ��E�� nK"P5�
 �.#uP. �SP�" L�~�6 �"P. �#�Pq ��E�� �� 2SHUDWLRQ 3ROLFLHV �2SHUDWLQJ 3ROLFLHV� �O"KP.�P�. �#�5X#�X �� :LWKLQ � <HDU 6WRUDJH �~#W��OK �P�JM �� 2YHU <HDU 6WRUDJH �~#W��P. �P�JM �� %XIIHU =RQH gq#E� �td�� �� )LUP (QHUJ\ 3URGXFWLRQ ���d� �SP�" L�~�6 �� &RQVWUDLQWV K��u � #�5�K�LE� �)LUP <LHOG #� 6DIH <LHOG ���d� ��L.$ #� �Ãdu ��L.$ ��K���4\"KP. �RI� Q" ��"PE. �O�KÆ� OK �"�6�� �w4X" �.$ O"Lt� P9w!"LF6HFRQGDU\ <LHOG ����#: ��L.$ ��L��#��� ����#: ��L.$ KO"K K�>� �Ãdu ��L.$���#6 Q" V2 �w "O �.$ K"Q#�&ULWLFDO 3HULRG ��"PE. �O�K ��#�Q#�� ���'6 O�h�� �. )qP¼ � �RI� Q" �R�OPX K�>� ��L. �w KKPz�� r�e" �Ç�S�~�OL�� �~#WÇ[J �O�K �.�KKPz |�L-6 �~#J c�"P\ �. P2 4~#F Q" �RI� 
CPe �.$r��e" ��Q#I� �. ([ � ULYHU� UHVHUYRLU #� 2II � VWUHDP UHVHUYRLU ��#JK�O �5W�X Q" ;O#J �Q#I� �Q" +$ � 4X" �L�\ 7"L�F" ��#�JK�O ���L�u P5W. #� � �Ã�-e K�z �#�}E� OK ��#JK�O Q" ;O#J OK �w KKPz���KKPz�� nPE�� �"L. �}¼" ��#JK�O0DVV &XUYH �Ã�=6 ��E�� ��3#_5I� �#�O�E� ��O P. �#�Q ,WFP. #�Q#�� #� �K�O� �L. �"R�� �Ã�=6 �Ç�q"Pz Z�#��

��



� 5HVHUYRLU RU 0DQ � 0DGH /DNH �Ä��_� �B#�OK 
�RI� ��4X" �L\ �5J#X +$ �#�P> {P5�w � ��h�6 
�Q#X�P�JM O�h���. �w �Ä��_� �Aa�F #� �B#�OK
� 6LQJOH 3XUSRVH 5HVHUYRLU �O�h�� Æ� �RI� �O�h���. #� �QO�#[w+$ ���'6 �"P. �w ��Q#I� �L��#� �K�\�� �5J#X nL� #� O�h�� Æ� �"P. #��6 �w ��RI��K�\�� 7"LF" rP. L�~�6
� 0XOWL 3XUSRVH 5HVHUYRLU �O�h��L�B �RI� �� �QO�#[w +$ ���'6 �"P. �#�R�� O�d. �w ��Q#I� �L��#� �K�\�� �5J#X O�h��L�B ���'6 �"P. �w ��RI��L��\�� �5J#X ��� � rP. ��P�� L�~�6
� 6WRUDJH 5HVHUYRLU RU &RQVHUYDWLRQ 5HVHUYRLU �"�P�JM �RI� ��K��� ��}I6 �$ Q" #� �P�JM �$ OK "O +$ �"�6�� +$DdX Q"P6 P��l6 #. �w ��RI�
� 5HJXODWLQJ 5HVHUYRLU ���h�6 �RI� ��K�\�� K#=�" ��#JK�O +$ �#�P> ��h�6 O�h�� �. �w ��RI�
� $FWLYH &DSDFLW\ RU $FWLYH 6WRUDJH �K#p5X" |.#u �P�JM #� {#Ãq 4�qPi ��$ �Q"L�" � KP�z�� O"Pu �K#p5X" KO�� Py�K L¼#t� #� |�X O#�� 
�O#�.$ 
�P�� L�~�6 �"P. �w �RI� Q" ��=F��KP� �=F � �K#p5X" |.#uP�m �=F PWw Q" V2 �RI� |w �=F Q" 4X" 3O#-Ä
� ,QDFWLYH &DSDFLW\ 2U ,QDFWLYH 6WRUDJH �K#p5X" |.#uP�m �P�JM #� {#ÃqP�m 4�qPi ��KO"K O"Pu ��}I6 �A�OK Q"P6 ��P6���#2 � �O"KP.�P�. Q"P6 |u"LF ��. OK �w �RI� Q" ��=F
� /LYH 6WRUDJH L�p� �P�JM #� �L�Q �=F �P�h�
 L\#. �5\"L� K�>� �K#p5X" |.#uP�m �P�JM �w �KO"�� OK ��K#p5X" |.#uP�m � �K#p5X" |.#u �P�JM j��=��L�Py�LÇ� nK"P5� �K#p5X" |.#u �P�JM � L�p� �P�JM 
	�O#�.$ �Q#I� Q" �`Ã.
� 'HDG 6WRUDJH �KP� �P�JM #� �KP� �=F ��4X" ��#5E6 �A�OK ow Q"P6 Q" P6���#2 �w �RI� Q" ��=F
� )ORRG 6WRUDJH +��X �P�JM �K�O�� O#w!�. |�X {P5�w �"P. �w �K#p5X" |.#u �P�JM Q" �[I.�K�\ �#-5\" |�X �O"L�y� 4�qPi #. L�#-� +��X �P�JM � D�a�6

��



� )ORRG 6XUFKDUJH |�X �O"L�y� 4�qPi �OK �"�6��� "O �=F ��" OK K�>�� +$ �KO"K O"Pu �$ �Ç�� Q"P6 ��P6�#. �+$�K#Ä Q"P6 ��. �w ��#`q #� �=F�K��� L�"�J R�OPX LXP. �K#Ä Q"P6 �. +$DdX �w ��#�Q #6 +$��" �KPw �O"L�y� �RI�� 5HVHUYRLU &DSDFLW\ 2U 7RWDO 6WRUDJH &DSDFLW\ �RI� |w4�qPi �
�K#p5�X" |.#�u �#��P�JM �|�#\ � KO"K O"Pu +$ �~��Ã� Q"P6 � ��#JK�O ow ��. �w �RI� ^~#J#� 4�qPi�4X" �KP� � �K#p5X" |.#uP�m� %DQN 6WRUDJH 	����QP�Q
 �-�#> �P�JM #� �"�O"��K �P�JM ��L�#��� �u#. #=�$ OK �RI� +$DdX �5qO ���#2 #6 � L�w�� M�p� �$ �-�#> �#���� �. �RI� Q" �w �.$� $QQXDO 6WRUDJH ���#X �P�JM ����#X �P�JM 
�RI� Q" �O"KP.�P�. {#X Æ� {�e OK "O �RI� OK �L\ �P�JM �=F |u"LF � P9w!"LF ��. 3�#p6�L��#���� &DUU\ � 2YHU 6WRUDJH �~#X ��. �P�JM ��L��#��� �~#X ��. �P�JM "OÆ[J �#�~#X OK #�K�-�w ���'6 O�h���. �.$P2 �#�~#X OK �L\ �O�$¿�> �P�JM� &RHIILFLHQW RI 6WRUDJH �P�JM ,�Pa ��L�K�� �#[� "O �RI� �. �K�O� ���#X �#�P> cX�5� �. �RI� �L�Q�P�JM 4�qPi ��. b#-6O" �w4X" �-�Pa� 1RUPDO :DWHU /HYHO +$�K#Ä Q"P6 ���Q#I� KO�� OK �R�OPX ��#5X$ Q"P6 ��P6���#2 Q" 4X" 3O#-Ä K"Q$ R�OPX �"O"K �Q#I� KO�� OK+$�K#Ä Q"P6+$ �K#Ä Q"P6 K�\�� {P5�w Py�K |�#X� #� � ��p�X 
�A�OK s�Pe Q" �}w #� ��R> O�e�. �$ �>�PJ �L. �w!Ph� OK ��L.
 LXP. �$ �. �O"KP.�P�. �K#Ä c�"P\ OK L�"�6�� �RI� +$ �w �EdX ��P6�#. Q" 4X" 3O#-Ä�	�RI� |�X �O"L�y� 4�qPi �5qPz!� 0D[LPXP :DWHU /HYHO +$ P9w!"LF Q"P6 ��4X" R�� |�X �O"L�y� 4�qPi |�#\ � K�\�� �5qPz Ph� OK �$ �. �>�6 #. LX �O"L�#2 �w +$ Q"P6 ��P6�#.� 0LQLPXP 2SHUDWLQJ /HYHO 2U �O"KP.�P�. |u"LF Q"P6 
+$ |u"LF Q"P6 �� 0LQLPXP 'UDZGRZQ /HYHO|.#u �P�JM ��P�Q LF Q"P6 ��" �LXP. �$ �. �K#Ä �O"KP.�P�. c�"P\ OK L�"�6�� �RI� +$ �w�Q"P6 ��P6���#2�K�O�� O#�\�. �K#p5X")UHHERDUG K"Q$ j#p6O" �LX ;#6 � +$ P9w!"LF Q"P6 ��. ��#u �}¼#q Q" 4X" 3O#-Ä
��



NJ%� �¿.#�� ��
&KDWXUYHGL� 0�&������� � �:DWH U 5 HVRXUFH V 3ODQQLQJ DQG 0DQDJHPHQW�� 7DWD�� 0F*UDZ +LOO� 1HZ 'HOKL�*RRGPDQ� $�6�������� �3ULQFLS OHV RI :DWHU 5 HVRXUFH V 3 ODQQLQJ�� 3XEOLVKHG E\�� 3UHQWLFH � +DOO� OQF�� (QJOHZRRG &OLIIV� 1HZ -HUVH\ ������+\GURORJLF (QJLQHH ULQJ 0HWKRGV IRU :DWH U 5 HVRXUFHV 'HYHORSPHQW� ��������� �5HVHUYRLU 6\VWHP$QDO\VLV IRU &RQVHUYDWLRQ�9RO� ��� 7KH +\GURORJLF (QJLQHHULQJ&HQWHU� &RUSV RI (QJLQHHUV� 8�6�$UP\� 'DYLV� &DOLIRUQLD� -XQH �����+\GURORJLF (QJLQHH ULQJ 0HWKRGV IRU :DWH U 5 HVRXUFHV 'HYHORSPHQW� ��������� �5HVHUYRLU <LHOG�� 9RO��� 7KH +\GURORJLF (QJLQHHULQJ &HQWHU� &RUSV RI (QJLQHHUV�8�6�$UP\� 'DYLV� &DOLIRUQLD� ������,QGLDQ 6WDQGDUG� ������ �0HWKRGV IRU )L[LQJ 7KH &DSDFLW LHV RI 5HVHUYRLUV 3DUW ¬�� �/LYH 6WRUDJH�� ,QGLDQ 6WDQGDUG ,QVWLWXWLRQ 1HZ 'HOKL �������,QGLDQ 6WDQGDUG� ������� �0HWKRGV IRU )L[LQJ 7KH &DSDFLWLHV RI 5HVHUYRLUV� 3DUW «�� �'HDG 6WRUDJH�� ,QGLDQ 6WDQGDUG ,QVWLWXWLRQ� 1HZ 'HOKL �������,QGLDQ 6WDQGDUG� ������� �0HWKRGV IRU )L[LQJ 7KH &DSDFLWLHV RI 5HVHUYRLUV 3DUW ,9�� �)ORRG 6WRUDJH�� ,QGLDQ 6WDQGDUG ,QVWLWXWLRQ� 1HZ 'HOKL �������/RXFNV� ' �3�H W D O� ������� �:DWH U 5HVRXUFHV 6\VWHPV 0HWKRGV�� 7KHLU 5ROH LQ�� 3ODQQLQJ� ,� :DWHU 5HVRXUFHV 3ODQQLQJ DQG 0DQDJHPHQW� ������� �������5REHUW � , � 6WUDQG DQG (UQHVW /� 3HPEHUWRQ� ������ �5 HVH UYRLU 6HGLPHQWDWLRQ��� 7HFKQLFDO *X LGH OLQH IRU %XUHDX RI 5 H FODPDW LRQ � 6HGLPHQWDW LRQ DQG 5 LYH U+\GUDXOLFV 6HFWLRQ +\GURORJ\ %UDQFK� ' LYLVLRQ RI 3ODQQLQJ 7HFKQLFDO 6HUYLFHV(QJLQHHULQJ DQG 5HVHDUFK &HQWHU� 'HQYHU� &RORUDGR� 2FWREHU �����8 �6� 'HSDUWPHQW RI WKH ,QWH U LRU %XUHDX RI 5HFODPDW LRQ � ������ �*XLGH )RU��� 3UHSDUDWLRQ RI 6WDQGLQJ 2SHUDWLQJ 3URFHGXUHV IRU 'DP DQG 5HVHUYRLU�� $ :DWHU5HVRXUFHV 7HFKQLFDO 3XEOLFDWLRQ� 'HQYHU� &RORUDGR -DQXDU\ �����$PHULFDQ 6RFLHW\ RI &LYLO (QJLQHHUV� �$6&(�� 5HVHUYRLU 6\VWHPV 2SHUDWLRQV� �������� 0D\V� /�:� HW DO� +\GURV\VWHPV (QJLQHHULQJ $QG 0DQDJHPHQW ��������
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O�#�[� ��XL���� � +$ ¿.#�� �R�O��#�P. 3#Ã~#d� � ;Pw �X�u ��5. LX � O�[w �#�LX �O"L�#2 CPe ������� �#� OM$ � ULu+#��4X���2 +$ ¿.#��� �R�O��#�P�. YO"R�z � �QK�OK �"�R�Py��X L�X � O��[w �#�LX �O"L�#2 3#Ã~#d� ���UL�u +#��� O�#�[� ��XL���� � ���» {#X 	LX �O"L�#2 ��#��
 �}�_p6 �.#�QO" YO"Rz ���»�O#�\���� �#� O��P�\P5qK �P�� 3O"Q� � �>K�. � ��#�P. �#�Q#X � �Q#XLX �}�_p6 �F"Pe �}FP� 3#Ã~#d� 3#�LJ 4XP�q ������� � ��q4��#Ã� �P�� 3O"Q� � O�[w +$ �XL��� �#�KO"L�#5X" ���6 CPe ��� �O#�\ ��P[� 
#�LX ��q x��Pq ������� �#� ���. +$ O��"� �R�O��#�P�. �O"K" � +$ ¿.#�� �XOP. O��" � +$ LF"� � 	��#�X 4wP\
 �#5XQ�J rP. � +$ �#�Q#X ������� �#�P�6 � O�1X#-Ä L��\ LX �RI� {P5�w 3#�}�Ä O"K��� � #�LX {P5�w!� �R�O��#�P�. �O"K" � +$ ¿.#�� �XOP. O��" � +$ LF"� � 	��#�X 4wP\
 �#5XQ�J rP. � +$ �#�Q#X ������� �#�P�6 � QK LX �RI� {P5�w 3#�}�Ä O"K��� � #�LX {P5�w!
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