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��Ä OK L�#. +$n"PE�" �#��S�P2 �"P>" �L\#. 3�Ç[� ��" �K���nPeP. nL�L�#. +$���'6 �S�P2 P� OK "N~|�#�W� �. �"�T�� �>�6 KQ#X�� PW�� "O +�}d� 4��w � 4�p�w #. Q#�� KO�� +$ �#�P> ��"L� n"PE�" �w {#F�L\#. �5\"K R�� �S�P2 �"P>" Q" �\#� �d�E� 4W�Q
Q" ��Ç� Q" L�"�6��+$ ���'6 �S�P2 Æ� ��#JK�O KO�$ #. �W�#t� OK �#�Q �e nP_� �"R�� 3"P��l6 �. �>�6 #.�K�\ |�Ç[6 P�Q 3#W�X'6 �Ä��=�P�y.$ �P�y.$ � +$n"PE�" L�. �n"PE�" L�. � P�y.$ 3#W�X'6 � ��RI� LX �
�"�6��� "O Q#�� KO��+$ {#X Q" �~�_q OK L\#. P5[�. ��#JK�O ��#2 KO�$ Q" nP_� �"P. Q#�� KO��+$ O"Lt� Pz!"�p�i� ���Ã���RI� ���B �K�. L�"�J �O�Pa �RI� Æ� Æ�w �. ��#JK�O KO�$��h�6 3O�¼��" OK �KPw ���'6|E�� ��. 4-�W� nP_� |E� 4�Ãu�� �. �>�6 #. �4\"K L�"�J �L�Ä �. "O ��#JK�O KO�$ ��h�6 � �Q#X�P�JMOK +$ �Q#X#��O #�. #�� {#t5�" �5W�X �. |��E6 � LX �RI� Q" ��t5W� �P�y.$ #. �L\ ��h�6 +$ �Q#X�P�JM�#�Y�O ��. +#I5�" �KKPz�� |t5�� nP_� |E� �. +$ n"PE�" 3#W�X'6 7"LF" #. V1X � LX 4XK���#2�KP�z 3O�¼ #�\�O ��" �K#_5u" � ��q �W�#t� ��#2 P. L�#. {#t5�" � �P�y.$ o}5I�
|¼" �K ��#2 P. P�y.$ 3#W�X'6 ctq4J#X #. �W�#t� OK P�y.$ �n"PE�" L�. 7"LF" 3O�Pa KO��OK�P�z���_6�KP�z�� 3O�¼ P�Q

�9� �K�\�� ÂªPq6 �ÄP_� +$ Î«�'6 OK �`#Ï"�6 �Ls OK ��-È KO�� �PªN2P³J ©. ©>�6#. ©Ï#JKwO ¨L. �È"LF ��

L\#. P5�w �#�Q �$ OK ��#JK�O �KO�$|u"LF L¼OK �� #6 �» Q" �#�Q P� OK �P�y.$ �"P. �Q�+$ O"Lt� ��

�



OK w L\#.�� P5[«. �$ Q" ©Ï#JKwO ¨L. mÈ"�� L�OK �k ©Ì 4WÏ"K �Ï#ªP> �"�6�� "O ¨L. �È"LF �QOw#[Ì +$ Î«�'6 OK�L\#. P5[«. �$ Q" ©Ï#JKwO KOw$ mÈ"�� L�OK �� #6 �� ©Ì 4X" �Ï#ªP> ¨L. �È"LF P�\ £ª �ÄP_� +$ Î«�'6

Æ� 4J#X �d�"P\ ���B OK "N~ K�\��ÈOR. O#�W. P�y.$ K#Ã." ��" Q" Z�. �.$ �#�Q#�� �"P. �>�@ >�@�K�. L�"�J P6�}�Ä � P6�K#_5u" n"PE�" L�.K�O� Q" �P�z�}> �"P. ���Ã� �L\#. P5� ��� #6 � P."P. �t�Ä �"O"K �L\ o�PÃ6 �L. |u"LF OK ��#JK�O ��K�LF �t�Ä � K�\�� �5J#X ��#JK�Oow Q"P6 Q" P6�#. P5� »�� |u"LF P�y.$ ow P�y.$ |J"K �. +�XOP�y.$ |J"K +$DdX ��Ãa���#�4q" �. �>�6 #. P�y.$ �. Ph�KO�� +$O"Lt� K�O��"P. R�� P5� � #6 »���K�\ �5qPz Ph� OK L�#.
�K�. L�"�J �Q�n"PE�" L�. 7"LF" L\#-� O"PuP. r�q bP\ �K �Ç�6O�¼ OK�4X" �L\ �K"K �#[� +$¿�Q�6 � {#t5�" ���'6 �5W�X Æ� OKn"PE�" L�. �#y�#> 	���
 |Ç\ OK

+$ ©Ï#J©«Ã_6 �� ©Ï#JKwO ��+�°#Ä ©Ï#J©«Ã_6 �� P«x.$ ���ÏRI� LX �� �#Ç5Ï" �#Ï#Ì ��Á"PEÏ" L}. �� mªQ�6 ���Ow$m�> ��+$¿�Q�6 � ���'6 �5W�X �"R>" ���� |Ç\

�



��F"Pe c."�a n"PE�" �#�L�. �F"Pe �Ç�~�OL�� ��#-� KO�� OK �P_5I� CP\ ��"O" ��a KO"L�#5X" ��" OK�KKPz�� ��"O" #�L�. ��" �"�Q#X
n"PE�" �5W�X �}¼" �"R>" �qPÃ� ���

�K�\ ¿u"� �>�6 KO�� L�#. P�Q n"L�" �. �.#�5XK +$n"PE�" �5W�X Æ� �F"Pe OK�+$DdX 3#�#X��Z�#w � �P�y.$ �"P. +�}d� LF #6 +$ Q"P6 �KO�$�#. ��L\o�PÃ6 Q"P6 Q" +$ Q"P6 Z�"Rq" ��L. CPe +��X O�-Ä �3#.�XO {P5�w �

�� 5HDFK �� ,QWDNH 6WUXFWXUH

��P�y.$ |E� 4XK���#2 � 4XK�#. OK ��#JK�O ��Q#. �O"L�#2 {P5�w ��	���
 |Ç\ KPw �L�.��Wt6 P�Q CP\ �. �"�6�� "O n"PE�" �5W�X Æ� �L��K|�Ç[6 �}¼" �"R>" ��#2 ��" P.
�P�y.$ �Q#X �����

4X" Da"� �K�\��7"LF" ��#JK�O Q"+${#_E5X" �"P. �$ �. b�.P�Æ��#Ç��OL�� 3"R��=6 #. �"P�� �Q#X��"{�5J" #� ou�6 �. P=�� �$ O#w OK {�5J" ���zP� � L�K��|�Ç[6 "On"PE�" �S�P2Æ� ZI. ��P6�X#X" P�y.$ �w!�K�\�� �$4XK���#2 ��#XP.$ �Ç-\ |w OK

�� 'LYHUVLRQ 'DP �� 6OXLFH :D\

�n"PE�" L�. �����
�#��Q#X |�#\ ��L. Q" �5�Wu �K�\�� �5J#X ��#JK�O Q" �-X#�� ½PÄ OK Ph�KO�� +$ Q"P6 K#=�" �"P. �Q#X ��"�. n"PE�" L�. Æ� j#p6O" �L\#. �L\ |�Ç[6 R�Pw!#J Æ� Q" 4X" �Ç�� R�� �$ Q" �5�Wu � 	R�OPX
 +��X O�-Ä#�5�" OK �L\#. �A�OK ��L. #� � ��h�6 �A�OK �"O"K 4X" �Ç�� n"PE�" L�. R�OPX �L�w�� Q�#=6 P5� �» Q" 3OL�7"L�F" L��. ��O �}2 |.#t� |F#X �. �XP5XK O�h�� �. #�L�. P9w!" OK �K�\�� �5J Z�"O$ �Aa�F �. R�OPX�KKPz��

�+�XO ��}I6 �"P=� �����
�K�O� ��#5X$ P�Q OK �L\ ¿�> 3#.�XO ��}I6 �$ �p�i� � �L\ �5J#X P�y.$ O#�w OK n"PE�" �5W�X Q"ZI. ��"
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O"R�." � �A��OK UP5�XK �#�~#�#�w Q" ZI�. ���" �L\#.�� P�y.$ 4�X �. �#�P> P�W� �5\"L�#y� Q#. � P�y.$�4X" �L\|�Ç[6 4XK���#2 OK �SP�" v!��5X" �Q#X �Æ��#Ç��OL��

�� &XW RII :DOOV DQG $SURQV �� 7UDLQLQJ :RUNV

�L�.+$ �#�L�.ow � #�O"��K �����
�5J#X L�. 4XK���#2 � �#. 4�Wu OK L�. +$ �#�L�.ow � #�O"��K Z�wP. �#�O#[q � Y�"P6 Z�#w O�h�� �.�L�O"KZt� R�� �y5W\+$ Q" �P�z�}> OK #��Q#X ��" L��\��

���L�#�#X 3#�}�Ä �����
��#JK�O ��L�#�#X 4�> ��#��Q#X L�#. n"PE�" |E� 4XK���#2 � 4XK�#. OK ��#JK�O �KPw O"L�#2 O�h�� �.�L��\7"LF"

�� 5HWDLQLQJ :DOOV �� /HYHHV
�� *UR\QHV �� 5LS5DS

�L�\#.�� ��L�#�#X3#�}�Ä j"��" Q" ���Bx�X � �#��Ç\+$ �#��O�z �|�#F �#�O"��K

�� 6HGLPHQW ([FOXGHUV

�+�XOnNF3#W�X'6 �����
"L> �"P. P�y.$ 4XK���#2 OK #� P�y.$ |J"K �. +�XO K�O� Q" �P�z�}> �"P. P�y.$ 4XK�#. OK 3#W�X'6 ��"{#t5�" �5W�X �. +�XO K�O� Q" +�XOnNF 3#W�X'6 7"LF" #. �KKPz��7"LF" �$ �. �L\ KO"�3#.�XO �KPw!�K�\���P�z�}> +$

n"PE�" �#��S�P2 �F"Pe OK �}w 3#hF�� ���
��#JK�O �d�E� 4W�Q c�"P\ ���A�� � �X#�\4I�O OK �6"P��l6 4X" �Ç�� +$n"PE�" CPe Æ� �"P>" #.�K�\ ¿u"� �>�6 KO��+$n"PE�" �5W�X P� �F"Pe OK L�#. �5Ç� �K ��" �O��" Q" L�$ K�>�.
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RªOPX �� 4XK�#. L}.ÂÌ ���$ ©AªOK w P«x.$ �� RªOPX ©AªOK ���#XP.$ �#Ï#Ì ��k RªOPX ��+�XO ÁNF 3#W«X'6 ��� Z�"O$ ©A°�F ��4ª"LÐ O"�ªK ��� 4XKÎ«`#2 L}.ÂÌ ��Á"PEÏ" L}. �Ì!#J 4�WÈ ��� L}.+$ O"�ªK ��	�ÐLÏ#�#X
 �«X �.#Ç� OK4XK�#. 4¸#ÃF �#ÐRªPÌ!#J ��� +�XO ��[5W\ 3#W«X'6 ��n"PE�" L�. Æ� o}5I� �#�4�Wu ���� |Ç\
�



�� 0RUSKRORJ\

n"PE�" L�. 4J#X P:" OK ��#JK�O ��X#�\4I�O OK P��l6 �����
L�#. 3O�¼ ��" P�m OK 4X" O"KO�JP. �-W� �O"L�#2 Q" �w K�\ �5J#X ��#JK�O Q" �P�W� OK L�#. n"PE�" L�.4J"KP�2 L�. 4XK���#2 � 4XK�#. OK �"�hF�� |.#u 4q#W� OK ��#JK�O �Q#. 4�-96 �"P. ���y�X �#����R�{��Ã� �#�+��X O�-Ä P:" OK �Q#. �XL�� �w KPw o�PÃ6 �"�6�� 3O�¼ ��" �. "O ��#JK�O �-W� �O"L�#2 �KKPz!OK Z�#XPq � �O"Nz+�XO �.$ {#XÆ� {�e OK L�B P� �w4X" ��Ã� �"L. ��"�L\#. �5\"L� ��>�6 |.#u P��l6�L�#��� �u#. 4.#: Z�. � �w ��#JK�O �~�e,�\ � ¿dt� �}w|Ç\ �~�L�K��GO��#JK�O P�W�
Q" V2 �=�5�� OK �L\#. ��"K 4\OK 3#.�XO Q" �O#Ä L�#. n"PE�" �5W�X Æ� P�y.$ Q" �L\ �5qPz +$ �}wO�e�.�$4XK���#2 nPe �. L�. Æ� 4XK�#. Q" L��"�5� 3#.�XO Pz!" �L�#����u#. ��#JK�O P�W� OK3#.�XO+$n"PE�"�	���
 |Ç\ K�\�� K#=�" P�Q CP\ �. L�. nPe �K OK ��#JK�O �Q#. OK �6�#p5� 3"P��l6 L�.#� {#t5�"�4\"K L�"�J �O"Nz+�XO�#�P> 4ÄPX �L\ �w �=�5� OK � +$DdX �L�$ �#. P:" OK �w4XK�#. 4�Wu ��L\#.�� 4\OK 3#.�XO Q" �O#Ä � �L\ KO"� #�R�OPX s�Pe Q" �$ OK �#�P> �w4XK���#2 4�Wu �
�X OK L�. 4J#X Q" V2 �L\ �K"K �#[� Æ�6#�\ 3O�¼ �. 	���
 |Ç\ OK �w O�d�#�� �X#�\4I�O 3"P��l6�KP�z�� �#=�" �}FP�#�.���X �#�P�> OK �O"Nz+��XO�"R��� �KP�z�� �#=�" L�. 4XK�#. OK �O"Nz+�XO4WI� �}FP� OK � o~"�L5q"�� r#p6" |�#Ä �K P:" OK4XK���#2 OK ��wow���A�� �L\#. K#�Q O#�W. L�"�6��4XK�#. OK �$3#.�XOnNF P:" OK �#�P> +�XO|�F 3OLuZ�"Rq" �P5�w ��#JK�O {��Ã�½PÄ Q" �$½PÄ �w!
 R�OPX +$L�6 P�W� Q" �O�-Ä �#�P> �y5p\$ �4ÄPX Z�"Rq" �	4X"�Q#�. OK +$ Q"P�6 o�w �L��$ �#. P:" OK �K�\�� +�XO Q" P2 R�OPX Q"P6 #6 L�. 4XK�#. ��K �}FP� OK � +Pz!" ���A�� �K�\ P�Q"PX n"Pe" �#����Q �. +$4X" �Ç�� �=�5� OK �w L.#��� Z�"Rq" R�� L�. 4XK�#.½�Ä4X" �Ç�� ��#JK�O P�W� L�K �Q#>" �q"Pz�2�6 #� � L�\#. Z�#XPq |.#u ��#JK�O �O#�w �#�O"��K�. � +#�#2 Q"P6 Z�#w �. P=�� �w L.#��� YP5Wz 4XK���#2 P�W� OK R�� ��wow �L�R. O�K "O L�. � �L\4XK���#�2 OK �y5�W\+$ Z�"R�q" ��. P=�� +#�#2 Q"P6 Z�#w �KKPz�� 4XK���#2 �#�}2 �K#5q" PdJ�K�\�� R�� �SP�" v!��5X" �#��Q#X�Q#. OK +$ Q"P6 � KKPz�� |�F 4XK���#2 �. 3#.�XO ��}w �L\ O"PuP. P5W. ��~�" ,�\ ��#�� �}FP� OK � /cX��6 �#�P> �L. �L\�w � 4XK���#2 �. 3#.�XO ��}w {#t5�" |�~K �. �LXO�� K�J P9w!"LF �. 4XK�#.�K#5q" L�"�J r#p6" 4XK���#2 OK �O"Nz+�XOP�y.$

�



4XK���#2 �y5W\ +$ P. n"PE�" L�. 4J#X P:" ���� |Ç\

�



�KO"K �y5W. P�Q |�"�Ä �. �X#�\4I�O 3"P��l6 3L\n"PE�" �L. �L�. j#p6O" �

�� +\GURJUDSK �� /D\ RXW

�+��X 4\#y�.$ �+�XO O#. �
�. �#Ç�" LF #6 L�#.4XK�#. Q" �K�O�+�XO��#JK�O P�W� OK �L\Pw!M �X#�\4I�O 3"P��l6 Q" �P�z�}> �"P.� K"KZ�"Rq" "O �#�P> 3L\ L�. |E� OK ��#JK�O ¿dt� �KPwx�6 #. �"�6�� O�h�� ��" �. �K�\ |t5�� 4XK���#2O�-�Ä �.��X ¿u"�� OK #��$ �KPw Q#. � L�O"K O"Pu ��#JK�O P5W. �Ç�KR� OK #��$ ��#5X$ �w ��#��A�OK �5J#X #.�K��� |��W6 4XK���#2 �. "O 3#.�XO

�d�E� 4W�Q |�"�Ä �����
�L. �L\�w {#9� �"��Ã. K�\ K�J n"Pe" 4W�Q c�E� �. �L�#XO ,�X$ �. P=�� L�#-� +$ n"PE�" L�. 7"LF"�K�\��� +$ OK {�}E� �T�Ww!" �"R�� �L\�w � �X Æ� Q" ����QP�Q +$ Q"P6 4q" 8Ä#. 4XK���#2 OK �#�P>#���" ��� �w L\ L�"�J ��#JK�O P�W� |Ç\ P��l6 �. P=�� L�. 4XK���#2 OK R�� +$ OK K�>�� +�XO �L\�w!� �RI� Æ� K#=�" R�� L�. 4XK�#. OK �L��#�� K#=�" 4XK���#2 OK �"O��#> � �#�#�z �zL�QOK "O �6"P��l6 L��"�6����. �>��6 n"PE�" �5W�X P� �F"Pe OK �P��" Q" �4\"K L�"�J {#-�K �. �d�E� 4W�Q 3"P��l6 P6�#. +$ Q"P6�4X" O"KO�JP. �¼#J 4���" Q" �L\ K#� |�#W� L��#� �d�E� 4W�Q |�#W�

	���#��#>
 n"PE�" 3#W�X'6 4J#X |E� ���Ã6 �"P. �}w 3#hF�� ���
L�"�6��,X#��#� |E� Æ� +#I5�" �4X" �O�Pa �P�" �S�P2Æ� 4�tq�� �"P. +$n"PE�" |E� D�E¼ +#I5�"OK 3#.�XO ���[��6 Q" �\#� �P�y.$ �L\ �Ç��#� #� � {�5J" �. P=�� �5F � ��"P>" �#����R� Z�"Rq" ,>���KKPz �5W�X o}5I� �#�[I.
�w �KO"�� �#�� Q" �~� �L\#. "O"K "O Ph�KO�� c�"P\ ��#�6 �w4q#� "O �}E� �"�6�� 3OL� �. �w4\"K �>�6 L�#.
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#�. � 3#Ä��e" |�}E�6 #. �"�6�� �L�\#.�� 4���" ��P5[�. �"O"K �Ç�~�OL�� c�"P\ L�P�z O"Pu �>�6 KO�� L�#.#. �"�6�� "O+��X K���¿qOnP_� |E� �. 4-W� "O,X#��#� |E� Q" �\#� �~#�5F" 3�Ç[� �6"L���6 �"P>"4J"KP�2 #�. �5-~"
 KO"K K�>� C�¼" �"P. ��#�\�O �w!#J j�� P� �"P. )-�Pt6 � K��� {P5�w #�L�. |�X 4J#XK�>� �S�P2 |�#w 4WÇ\ �#Ç�" KO"L� �-X#�� �Ç�~�OL�� c�"P\ �w n"PE�" |E� Æ� �"P. #�" 	�Q� �#����R�L�#�. 4X" O"L�#2 ��"P.$ Pz!" �KP�z O"Pu �XOP. KO�� 4uK �. L�#. L�. 7"LF" |E� ��"P.$ �O"L�#2 �4\"K L�"�J��L�#�#X3#�}�Ä 4W�� O"L�#2 Pz!" � L�#�. �u#. O"L�#2 �#�A�� R�� 4J#X Q" LÃ. #6 KP�z �#=�" �Q� �#����.Z�2

�� (SL�*UR\QH

�>O#J |F#X OK P�y.$ �P�zO"Pu �K�\ �F"Pe �$ �KPwO"L�#2 �"P. ��Ç\+$ 4J#X � �R�Pw!#J |9� ,X#���KP�z O"Pu �>�6 KO�� L�#. �w4X" n"PE�" �S�P2 P� �"P. �}wbP\ Æ� K�J
�. "O K"KO"Pu �>�6 KO�� +$n"PE�" CPe Æ� �"P>" ,X#�� |E� +#I5�" �"P. L�#. �w �}¼" |�"�Ä �}wO�e�.�K��� �¼�J �"�6 �� P�Q 3O�¼

�}w c�"P\ �����
�. �>�6 #. P�" ��" �w L\#.�� �$ 7"LF" �"P. ,X#�� �td�� +#I5�" +$n"PE�" CPe Æ� ��#��#> OK �#z ��~�"OK �L\ Pw!M c�"P\ �5qPzPh� OK #. �}FP� ��" Q" LÃ. �S�P2 s�uK |E� �KP�z�� �#=�" P�Q CP\ �. CPe �}wc�"P\�KKPz��^I[� �LÃ. �#�L�.
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�6O"PF � |u"LF �#�KPy}�� ���

|�#F�#�O"��K � #�ow|u"LF �#�KPy}�� � o~"��� ��P[�  	#.$
 �"P�" �5. ��#����$ ����� ZI. #. s.#d� �.#[� �"�Q#X �"R>" P�#X � #�ow |u"LF KPy}���KKPz�� ���Ã6 KO��,WFP. Py�K c.P�M ��P[� P� � �>K�. � ��#�P. �#�Q#X
�� ���Ã��w L\#.�� ¿dt� L¼OK »��� O"��K �~�e�#�KPy}�� |u"LF L�O"L�+$ �L�O"L�y�Zt� �w��#�O"��K OK��L\#. P5� Æ� Q" P5[�. O"��K4�#Ia �Ç�6O�¼ OK �K�\�� �K"KO"Pu v!#J 4�X �>� OK �$ �� � K"Q$ �>� OK �$���K�\��+Pa P�Q ,�Pa OK L¼OK »��� |u"LF O"Lt�
D  ��� � »��» K� »��
KPy}��� 	P�y.��XO �Aa��F �#��O"��K |9�
 L�\#. �5\"K "O +$ �L�O"L�y�Zt� #�ow � #�O"��K �Ç�6O�¼ OK�#�Q#X ��� �O#�\��P[�
 ����Q +$�Q#I� �-X#E� � CPe �#�O#�Ã� � c."�a Q" ����� ZI. s-e #��$|u"LF�KKPz�� ���Ã6 	�>K�. � ��#�P.

R�OPX�L}>�#�KPy}�� � +��5�5W�" ��#����$ ��� 5 ��#����$ �. K#�5X" #. �K�\�� �K"K O"Pu KPy}�� �Ç-\ Æ� R�OPX �>O#J �>� OK ���Ã�

��



�� $&,  $PHULFDQ &RQFUHWH ,QVWLWXWH �� &RQVWUXFWLRQ -RLQW

�L\#. #�KPy}�� ��" +#I5�" �"P. �.�J v!�� L�"�6�� P�Q �d."O �#Ç�P�$ �5.
$E  BBBB�GF6�»»

R�OPX �L}> �#�KPy}�� ¿�Q�6 ��E� ���� |Ç\
�L�.QOK ���

K#=�" ��5. n"PE�" L�. ��L. OK ��#�QOK4X" �Q���"P>" |�#W� ���A�� ��6O"PF �#�}Ç\ P��l6 {P5�w O�h���.�4X" P�Q O"Pu �. n"PE�" L�. Æ� OK �5qO O#w!�. �#�QOK j"��" �KKPz!���"P>" QOK �

�� &RQWUDFWLRQ -RLQW �� ([SDQVLRQ -RLQW

�½#-t�" QOK ��b#W-�" QOK �
��"P>" QOK �����

#�KPy}�� ��"P>" QOK OK �KP�z�� O"Pu �K#p5X" KO���R�O�5. �=F {P5�w � ��"P>" |�#W� 4}Ä �. ctq��"P>" QOKR�� �5. OK �y5X��2 �w KKPz�� ½Pq K�\�� �#=�" �5. �L\ ¿du DdX �Q#X�K#�$ OK �w �P�."L6 #. � �K�. L5���L\#.�� �O#�5J" QOK ��" OK L�.+$ O"�� K�>� �KO"K K�>�

��



½#-t�" QOK �����
����'6 "O �5�. ½#-t�" Q" �\#� 3#wPF �#Ç�" � �L\ ��-Ã6 �5. �6O"PF |�#W� �-W� {P5�w O�h�� �. ½#-t�" QOK3O�_�. �L�.,~#�u cX�6 ¿du |E� OK �5. DdX � L��\�� ¿du ½#-t�" QOK |E� OK #�KPy}�� )-~#m �L�w��K#=��" #���$ ���. �}¼#�q � K�\�� �5I�O ��Lu �5. �. �L�-WB � 3O�#=� OK L�L> �5. �Ç�~ �L�$�� OK �}t�¼QOK �. Q#�� )-~#m ½#-t�" �#�QOK ��-Ã6 #. �K�\�� +#I5�" P5��� #6 � K�LF ½#-t�" �#�QOK |¼"�q �KKPz����. 4-W� O�#=� �Ãdu �K �\P. 4wPF �#Ç�" ½#-t�" QOK |E� OK ��#.Q � �#w �K"K O"Pu #. �K�O�� ��. Q" ��"P>"�4X" �O#->" ½#-t�" QOK |E� OK L�.+$ O"��,_� �K�O����. Q" Py�LÇ�

b#W-�" QOK �����
�Q#X |w {�e OK "O ½#-t�" � b#W-�" �#Ç�" � KKPz�� ��-Ã6 �Q#X �6O"PF |�#W� |�#w {P5�w O�h�� �. b#W-�" QOKP5��5�#X � #6 � K�LF OK�"�}¼#q L�L> � ��Lu �5. ��. � �L\¿du #�KPy}�� b#W-�" QOK |E� OK �KO�$��K�>�.K#=�" #. �4X" �O#->" KO"K O"Pu 4XK�#. OK �w ��#�[I. OK b#W-�" QOK |E� OK L�.+$ O"�� ��-Ã6 �K�\�� K#=�"#6 �» |¼"�q OKb#W-�" �#�QOK �K�\���P�z�}> O�#=� �Ãdu �K�\P.3#wPF Q"b#W-�" QOK|E� OK ��#.Q � �#w!�L��\�� �5qPz Ph� OK n"PE�" L�. ��L. �~�e K"L5�" OK P5� �»

�4X" �L\ �K"K �#[� n"PE�" L�. Æ� OK �K#p5X" KO�� �#�QOK ��}w 	���
 |Ç\ OK

��



+$n"PE�" L�. Æ� OK �K#p5X" KO�� �#�QOK j"��" ���� |Ç\
��



�~#-�K ���� |Ç\

��



��=F�#��5. ��q 3#_I[� � �5p� |_q
3#�}w! ���

�� 0DVV &RQFUHWH �� 6HWWLQJ 7HPSHUDWXUH

#>OK3O�¼ �. �BO#1Ç� � P2�6 ��=F ��5. �Q#XÆ� 4J#X �"P. �w �5. Q" �zOR. �=F �"�6�� "O ���=F �5.|�#Ä �K���o�PÃ6 4X" �w �#��X O#�Ä �4\OK �#���"Ly�X Q" �zOR. L¼OK��#F � KP�z�� O"Pu �K#p5X" KO��4��#t� � �Q� �XL�� �>O#J �#�O#. P."P. OK 	#�LX � #�L�. P�h�
 ��=F �5. Q" �L\ �5J#X �#��Q#X �O"L�#2�L\#.�� �qP_� �5.
��#F 4X" �Ç�� KO��,WF P. �w 4X" +$ � #���"Ly�X �#��X Q" �-�wP6 R�� �~��Ã��5. L��#�� ��=F �5.�L\#. �5. ]"�J �`Ã. K�-�. �"P. n#`� K"��
�#�K
 YP�z Q" |¼#F �#�K Z�"Rq" �L\#.�� #�K {P5�w �~�t� �~��Ã��5. #. ��=F �5. �"P>" OK �L�Än�5J"�LÃ. Z�#w �w �=F Z�"Rq" ��X O#:$ 8Ä#. L�"�6�� � 4X" �>�6 |.#u O#�W. ��=F �#��5. OK 	����X#6"OL���KKPz KO"K {#-�K �. "O vP6 �L�$ K�>��. � �=F
��w �O��e �. L\#.�� n#`� K"�� � +$ #���"Ly�X �#��X O"Lt� ���Ã6 ��=F �5. �"P. ,X#�� b�5J" CPe	���X#6"OL�� �#�Pz!
 �P�y.$ �#�Pz ��P5�w � ���R� ��P5�w #. "O Ph�KO�� ��"�"P6#� � ��#�#2 4��#t� ��"O#w!�L�#�� ���'6
4X" ���L. �4X" ��=F �#��5. �"P. +$n"PE�" �#�L�. �K�LE� OK �Q��#�|�Ã~"O�5XK ��"O" |_q ��" Q" nL��w�KO"�� R> �. �w4X"Pw!M �#�#\ �K�\ �5J"KP2 �~�t� ��" �. �L�$#=��" OK �A�$ Q" P6"Pq L�#. ��5. �#�LX �"P. �w!�KP�z O"Pu |�Äv!�� L�#. � �K�. P-5Ã� 	{�" L}>
 �"P�" �5. ��#����$ K#p� �L\D�P_6 ��P[� ��" OK
�Ç�6O�¼ OK�Ç�~ K�\����K#p5X" ��=F �5. �L}> �O"NzK��q|�~K �. �Ç5}m �5. Q"n"PE�" �#�L�. OK ���Ã��P�y.$ �#�K Q" �\#� �#�Pz �K"K Z�#w �"P. K�\ �KP. O#w!�. �Ç5}m �5. n"PE�" L�. �#��O"��K Q" ��#�ZI. OK��P5zOR�. �#�Ç�" L�F #6 � L\#. �w �#��X O"Lt� 4W�Q� #�vP6 �L�XO |u"LF �. �=�5� OK � 	���X#6"OL��
�KP�z O"Pu �K#p5X" KO�� L��[���"L> 8Ä#. �w ��#���"Ly�X

��



�qP_� D~#_� ���
��q 3#_I[� � CP\ �. P�Q OK �w L�\#.�� n#`� K"�� � #���"Ly�X +$ �#��X ��=F �5. OK �qP_� D~#_��K�\�� �5J"KP2 #��$

�#��X �����
� �Q"Ly��$ �O#.�O �#��X 	� � � � � j�� Q"
 L�}6P2 �#��X |�#\ ��=F �#��5. OK �K#p5X" KO�� �#��#��X�L\#.�� ����Q�2�#��X�K#p5X" �#��X j�� ��" Q" #�LX P9w!" �R�O�5. OK �w L\#.�� �~��Ã�L�}6P2 �#��X �#�� � j�� L�}6P2 �#��X ��4X" �L\4��#t� � �K�. O"KO�JP. �P5�w ��"Q3O"PF Q" � j�� �#��X �. 4-W� 	�L\ C�¼" #�
 � j�� L�}6P2 �#��X ��KO"Ko�Ãa ��#���\ |�"�Ä |.#t� OK �P5[�.j"��" ��� Q" YP�z �#y�� OK �$ ��"Q3O"PF �w4X" ��#��X 	�w ��"Q3O"PF #. �#��X
 � j�� L�}6P2 �#��X ��w �$ Q" {#F �. #6 �Ç�~ �L\#.�� ��=F �#��5. �"P. �#��X ��P6,X#�� O�q�3O�¼ OK � 4X" P5�w �#��X�L�w��4�#pw 3O"PF {P5�w �"P. �-�> P�."L6 #. �"P�� � j�� �#��X ��B 4X" �L\ �K#p5X"�KO"K KP.O#w L\#. L�L\�6#p~�X c�E� �Ç�6O�¼ OK KPy}�� ��L. ��=F �#��5. �"P. )qP¼ � 0�6 �#��X ���$ #��$ OK �w �Q"Ly��$ �#��O�w �O#.PX � L�}6P2 �#��X �KPw b�}I� � +#�X$ Q" �Q"Ly��$ �O#.�O �#��X ��L\#.�� �#��X |w �Q� L¼OK �� #6 �� ��. �O#.�Ob�5J" L¼OK �L�$��4XK�. K�\�� L�~�6#. 	�#��X ��Ry�#> �Ä��_� � �Ã�-e �#�w!#J
 #����Q�2 �KPw b�}I� � +#�X$ Q" ����Q�2 L�}6P2 �#��X ���#���6 ��. �w K�\�� r�e" ��������~$ �W�}�X #� �W�}�X K"�� �. #����Q�2 �L��\�� �5J#X L�}6P2 �#��XQ" �L\ K"Q$Æ�$ #. 4.�eO 3O�#=� OK � R�O 3"OM 3O�¼ �. �~� L�O"L� "O �L\ ��#��X � YP�z 4�¼#JP�zP�K ����Q�2�#��X �L��K�� |�Ç[6 ��#��X4�¼#J #. �6#-�wP6 c�E� 3O"PF �>OK OK � �#��X �P�y.$�4X" �#��X |w �Q� L¼OK �» #6 �� ���Q�2 L¼OK �L�w�� L�~�6 �P5�w 3O"PF YP�z ��F OK � �K�.�>�� @ L\#. �5\"K "O ��� {�L> ��#���\ 3#_I[� L�#. #�LX � #�L�. ��=F �5. OK �qP_� �#��X �

��





+$ �����
�qP_�+$OK O�$�#�Q K"���"P. Q#=� P�K#t� P9w!"LF �L\#. �5. �"P. O�$�#�QK"�� Q" �O#Ä L�#. �5. OK�qP_�+$�L\#. P5[�. ��� Q" � P5�w ��� Q" L�#-� �5. OK �qP_� +$S+ O"Lt� �4X" �L\ ��"O" ��� {�L> OK

�K�\ ©q>"P� 	©´�.P� Vª�ÏPªQ w
 �"Pª" Î5. ©�#ÏÎ«`$ ����� �wL> ©. D¡W� Î5. KO�� OK �

��D}W� P�m ��=F �5. �qP_� +$ OK O�$�#�Q K"�� Q#=� P�K#t� P9w!"LF ���� {�L>
	���}�� OK4�Wu
 Q#=� 4h}m P9w!"LF O�$�#�Q �K#� j���»»» s}Ã� L�#> 3"OM��»»» {�}E� K"���»»»» �&O� P}w!�»»» �62 �� 3#p~�X�»» �1D �2 � »���� .�2� ��#�}u

#���"Ly�X �����
4\OK�#���"Ly�X � o~"

�«¡Ç6 P5�«¡«� �� #6 �� ©. P9Ì!"LF ¨Q"LÏ" KPx¡«� ©u-\ ~Ì!"P6 ,WF P. L\#. KPx¡«� �"O"K ¨Q#X ©Ì �6O�� OK ���L.#ª��

��P5��}��� ��» #�6 � �Q"L��" #�. ��#���"K Q" |Ç[5� �.$ �#��Q#X ��=F �5. OK �qP_� 4\OK �#���"Ly�XR��6 ��#w � �K�. �KQ"�� D~#_� � o�Ãa �#��zO vP6 � QOK Q" �O#Ä � 4IX P2�6 L�#. #���"Ly�X �L�\#.��,X#�� �K#p5X" �"P. L\#. ��� Q" P5�w #��$ �~#yB � L¼OK � Q" P5[�. #��$ +$+N> �"R�� �w ��#�y�X �L�\#.�L�w Q�#=6 #���"Ly�X ��Q�L¼OK »�� Q" L�#-� R�� K�>�� 62� 4�p~�X ��� O"Lt� �L�5W��
�Q"L��" #. #���"Ly�X �. 4-W� �P5�w 3"PpF �=F �"O"K +�J �L�.��"K � P5zOR. P9w!"LF �Q"L�" #. #���"Ly�XL�"�J �P5�w �#��X �. ;#�5F" P64\OK ��"Ly�X #. �5. ��#W� �=F �"P. ��"P.#�. L�5W� P5ÇB�w P9w!"LFP9�w!"L�F �Q"L�" #. #���"Ly�X ��#W� �#��X �. +$ 4-W� �"P. �w 4X" �K"K �#[� �.P=6 Py�K nPe Q" �4\"KL��w�� |�ÄPy�LÇ� VÇÄ 4�> OK �wr�q �L�L2 �K �. �>�6 #. �K�\���P5[�. 4��#t� #. �5. �. P=�� P5ÇB�w!�>�� @ L�w�� K#=�" �#. |�#Ä �K ��. �~K#Ã6 �qP_� �#��X �4��#t� �K��� ����. �w K�\�� �hF��

��



�L\�K#p5X" #��K ��� �#�LX Q"�`Ã.4J#X OK P5��}�� ��» #6 P9w!"LF �Q"L�" #. ��#���"Ly�X �5\Nz OK �wL�BP�� L�$�� K�>� �. �=F P��l6 OK n�5J" 4}Ä �. ÈOR. �#���"Ly�X n"Pe" OK �w ��#�wP6 4-X#�� �. �Ç�~ 4X"P5��}�� ��» P9w!"LF �Q"L�" �Q�P�" ,~#u #. U#�6 |E� OK #���"Ly�X ��" P�Q OK "�� �+$3"PpF K#=�" ���A���4X" �L\ �5qP�N2 ����ÄO�e�.
n#¼ �#���"Ly�X Q" �K#p5X" �#y�� OK ��"O#w��P5�. �KO"K P�:'6 �5. ��"O#w P. �K#�Q O"Lt� �. R�� #���"Ly�X |Ç\��w K�\�� �=�5� ��"P.#�. �L�KPz�� ,>�� "O ��"O#w ��P5�w �Ç~�2 �#���"Ly�X KP.O#w � L�$��4XL. O�L� ��XL��� 3#_I�[� L�#�. � L\#�. ���$O#�w ���Ã�6 �"P�. �O#�Ã� ��#��6 �. L�"�6��� �L�.��"K �. b�.P� 3"OPt��KKPz4�#ÄO "P>" �#y�� � �L\^I[� 	K�\�����Ã6 ��Q�XV�L�" � �Ç~�2V�L�" �}�X� �. ���Ã�
 #���"Ly�X|¼#F �w �5WÇ\ �#���"Ly�X �L�O"K "O ��$O#w ��P5�. L��$�� 4XK�. #���#JK�O 4qP.$ Q" �w KPz �#���"Ly�X��$O#w8Ä#. �Ç�~ L�[I.�� K�-�. "O �5. �5��#t� ]"�J �w L�B P� L�\#.�� #��Ç\x�X OK #�y�X �KPwKPJ�XL��� #�. ��#����"Ly�X �"�6�� L�L> �O�$�q #. �Q�P�" �L��\�� �#��X �. +$4-W� Z�"Rq" �=�5� OK � �w!4�#Ia �.½PÄ 4-W� �w K�\���5qPz Ph� OK�Ç~�2 �5u� ��"Ly�X Æ� �KO�$4XK�. x�X �#��\� Q",X#���L\#. � Q" P5zOR. �$½PÄ �. {�e4-W� �w K�\�� �5qPz Ph� OK ��Q�X�5u� � � Q" P5zOR. �$
�"R�� 4�> �����. K�\�� �w �$ #. �#��X P��J �zL�-WB L\#. n#¼ �}�J #���"Ly�X DdX �w �6O�¼ OK�5�. P5[�. ��"O#w 8Ä#. #��$ K�>� �w L�B P� K�\ �5\"K �y� ���#2 �}�J L�#.  b�}I� OK ��#���"Ly�X ���B�KKPz!

� �L�.��"K �L�\#.��� P5��}��� ��» P9w!"LF �Q"L�" #6 ��#���"K |�#\ �w "O ��=F �5. �=F L¼OK �� K�LF OK #���"Ly�XOK �KO"K #���"Ly�X �L�.��"K �. �y5W. �5. b�}I� OK Py�LÇ� �. #���"K �L\ O�> �4p> �"R�� �L��K�� |�Ç[6L�"�6�� �w >�� @ �L\ ��"O" ����� O�d. LX � L�. L�B 4J#X OK �K#p5X" KO�� �#���"Ly�X �L�.��"K ��� {�L>�L\#. �5. e�5J" CPe OK ��~�" +#I5�" �"P. �O#�Ã�
�"P�Ä P5qK �#���¼�6 s-e � ��� {�L> OK #Ç�P�$ �5. ��#����$ �#���¼�6 s-e 4\OK �#���"Ly�X �L�.�t-e�4X" �L\ ��"O" ��� {�L> OK �LE5� 3�#�"
��. ^~#J �}¼#q �� ���A�� � �Q#X4�#Ia |u"LF �Q"L�" �� Q" L�#-� 4\OK �#���"Ly�X �Q"L�" P9w!"LF ���Ä�.�� ��P5zOR. KO"K K�>� ,~#u DdX 3O�#=� OK ��#u KPy}�� �Ç-\ Æ� Q" Z�. �w ��#> #� �tq" �#��Ç-\ �#�KPy}���L\#.

��
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*ULVKLQ� 0�0��� +\GUDXOLF 6WUXFWXUHV�� 7UDQVODWHG IURP WKH 5XVVLDQ� 0LU SXEOLVKHUV�� 0RVFRZ� 9RO ��� ����5H]YDQ� (UQHVW� �5LYHU ,QWDNH DQG 'LYHUVLRQ 'DPV�� (OVHYLHU� $PHVWHUGRP� ������ �WK ,&2/' FRQJUHVV� 4���� ������ ��WK ,&2/' FRQJUHVV� 4���� ������ 8 �6� %XUHDX RI 5HFODPDWLRQ� �&DQDOV DQG 5HODWHG VWUXFWXUHV�� 'HVLJQ VWDQGDUGV�� 1R��� ����.KXVKDODQL DQG .KXVKDODQL� �,UULJDWLRQ �' LYHUVLRQ DQG 'LVWULEXWLRQ ZRUNV 9RO��� )RXU�� 2[IRUG DQG ,%+ 3XEO� ����8�6� %XUHDX RI 5HFODPDWLRQ� �'HVLJQ RI VPDOO 'DPV�� �UG� (G�� ����� 2[IRUG 	 ,%+�� SXEOLVKLQJ &R�� 1HZ 'HOKL8 �6� $UP\ ZDWHU ZD\V ([SHU LPHQWDO VWDW LRQ ����� �+\GUDXOLF 'HVLJQ FULWH ULD���� :DVKLQJWRQ� '&� 8�6� 'HSDUWPHQW RI WKH $UP\3HWHUND �$�-�� �+\GUDXOLF 'HVLJQ RI VW LOOLQJ %DVLQV DQG (QHUJ\ 'LVVLSDWRUV�� 8 �6��� %XUHDX RI 5HFODPDWLRQ ����.LQJ � + �:�� UH YLVHG E\ ( �) � %UD W H U � �+ DQGERRN RI +\GUDX OLFV�� �WK ( G����� 0F*UDZ�+LOO %RRN &R�� ,QF� 1HZ <RUN� 1�<� ����%ULWLVK +\GUDXOLF 5HVHDUFK $VVRFLDWLRQ� �6HGLPHQW FRQWURO DW ,QWDNHV�� ������� 'DYLV� &�9� DQG VRUHQVRQ� .�(�� �+DQGERRN RI $SSOLHG +\GUDXOLFV�� 0F*UDZ�+LOO��� %RRN &R�� �UG� (G�� ����� 7KH 7KHRU\ RI )OH[LEOH 'DPV ,QIODWHG E\ ZDWHU SUHVVXUH� � � -�+�5� ,�$�+�5� 9RO � ���� 1R �� ����'DV� %UDMD� 0�� �$GYDQFHG VRLO 0HFKDQLFV�� 0F*UDZ�+LOO %RRN &R�� ������� $EGHO � $]L]� ,VPDLO .DVKHI � �*URXQG ZDWHU (QJLQHHULQJ � 0F*UDZ�+LOO %RRN &R���� 1RYDN� 3� DQG RWKHUV� �+\GUDXOLF VWUXFWXUHV�� 81:,1 +<0$1� ������� &KRZ� 9�7� � �2SHQ FKDQQHO +\GUDXOLFV� � 0F*UDZ�+LOO %RRN &R��������� 9DUVKQH\� 5�6� �� &RQFUHWH 'DPV�� 2[IRUG DQG ,%+ SXEOLVKLQJ &R�� 397�� /7'�������� 3RUWODQG &HPHQW $VVRFLDWLRQ� �6PDOO &RQFUHWH 'DPV� ������� $&, &200,77(( ���5 � �$QDO\VLV DQG 'HVLJQ RI 5HLQIRUFHG &RQFUHWH %ULGJH��� VWUXFWXUHV�� 3DUW �� $&, 0DQXDO RI FRQFUHWH SUDFWLFH�
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-DQVHQ� 5REHUW %�� � $GYDQFHG 'DP (QJLQHHULQJ IRU ' HVLJQ� &RQVWUXFWLRQ� DQG��� 5HKDELOLWDWLRQ�� 9DQ 1RUHVWHG 5HLQKROG� ����8 �6� %XUHDX RI 5HFODPDWLRQ�� � ' HVLJQ RI * UDYLW\ 'DPV� $ ZDWHU 5 HVRXUFH V��� 7HFKQLFDO 3XEOLFDWLRQ� 'HQYHU &RORUDGR� �����+HQGHUVRQ� )� 0�� �2SHQ &KDQQHO )ORZ�� 7KH 0DFPLOODQ &RPSDQ\� 1HZ <RUN���� L�[� P[� �Q#. �#�~#�#w Æ�~�OL��� �K��E� L�X ���WF � |�}> ��[�P." ����#�p¼" �5Ã�¼ �#y[�"K 3"O#[5�" � �Ç�~�OL�� �#��Q#X � �� ��"P�. ��������Q +$�Q#I� �-X#E� � CPe �#�O#�Ã� � c."�a � ��>K�. � ��#�P. �#�Q#X ��� �O#�\ ��P[� ���� ����Q +$�Q#I� ����Ä��q 3#_I[� � ��>K�. � ��#�P. �#�Q#X ��� �O#�\ ��P[� ����	� L}> �"P�" �5. ��#����$
 �>K�. � ��#�P. �#�Q#X ��» ��P[� ��������#5W.#6 ��» 4Ã�¼ ��}Ä3"O#[5�" ��5. �S�~��Ç6� �#aOL�E� �Ph��#\ � P-w!"�}Ä O�1�#��#`�O ���
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