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±Z-%Y¹½vÀ¬§��½%º«ºW%¹yvÀ·��¾d�Yv¸]�®¿zo��¾ À§�b�Z o��[z��[M�½Z¸·Z#

)XQGDPHQWDOV�RI�&DSWXUH�=RQH�&DOFXODWLRQV�IRU�WKH�4XDOLWDWLYH�
3URWHFWLRQ�RI 8UEDQ�'ULQNLQJ�:DWHU�:HOOV

.��%DGY
'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��)DFXOW\�RI�(QJLQHHULQJ��8UPLD�8QLYHUVLW\

$EVWUDFW��7KLV�VWXG\�LV�DQ�DWWHPSW�WR�LQWURGXFH�VFLHQWLILF�IXQGDPHQWDOV�DQG�DYDLODEOH�PHWKRGV�IRU�ZHOOKHDG�SURWHFWLRQ�DUHD�
�FDSWXUH�]RQH��GHOLQHDWLRQ�IRU�GULQNLQJ�ZDWHU�ZHOOV�LQ�FLWLHV��7KH�UHVXOWV�RI�WKLV�VWXG\�FRXOG�REYLDWH�VRPH�GHPDQGV�RI�WKH�QDWLRQDO�
ZDWHU�DQG�ZDVWHZDWHU�FRPSDQ\�LQ�TXDOLW\�FRQWURO�RI�WKH�GULQNLQJ�ZDWHU�UHVRXUFHV�E\�GHOLQHDWLRQ�DQG�DSSOLFDWLRQ�RI�WKH�ZHOOKHDG�
SURWHFWLRQ� DUHDV� )RU� WKLV� SXUSRVH�� WKH� DYDLODEOH� OLWHUDWXUHU� UHYLHZHG� WR� H[WUDFW�� FULWHULD� DQG�PHWKRGV� RI� ZHOOKHDG� SURWHFWLRQ�
GHOLQHDWLRQ�� 7KHQ�� ���� IL[HG� UDGLXV�PHWKRG�� ���� VLPSOLILHG� YDULDEOH� VKDSH�PHWKRGV�� DQG� ���� IORZ�WUDQVSRUW� DQDO\WLFDO�PHWKRGV�
LPSOHPHQWHG� LQ� WKH� FRPSXWHU� FRGH� :+3$� DUH� LQWURGXFHG�� 7KH� DSSOLFDELOLW\� RI� WKHVH� PHWKRGV� LV� VKRZQ� E\� VRPH� VDPSOH�
FDOFXODWLRQV�IRU�8UPLD�GULQNLQJ�ZDWHU�ZHOOV��6DPSOHV�RI�WKH�FDOFXODWHG�ZHOOKHDG�SURWHFWLRQ�DUHDV�IRU����ZHOOV�LQ�8UPLD�&LW\�ZLOO�
EH�VKRZQ�XVLQJ�WKUHH�DQDO\WLFDO�PRGXOHV�LQ�:+3$��7KH�HIIHFWV�RI�WKH�K\GURJHRORJLF�SDUDPHWHUV�RQ�WKH�ZHOOKHDG�DUHDV�ZLOO�EH�
GLVFXVVHG��:KHQ�UHOLDEOH�K\GURJHRORJLF�SDUDPHWHUV�DUH�DYDLODEOH� LQ� WKH�UHJLRQ�ZKHUH�ZHOOV�DUH� ORFDWHG��WKH�DQDO\WLFDO�PHWKRGV�
DQG�:+3$�FRGH�SURGXFH�DFFXUDWH�UHVXOWV�IRU ZHOOKHDG�SURWHFWLRQ�DUHDV�
.H\ZRUGV��'ULQNLQJ�:DWHU�:HOOV��4XDOLW\�&RQWURO��&DSWXUH�=RQH��+\GURJHRORJ\
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Î�¶¯v¤¯
¶§�Z·z¸��¾´À¯{�z¿{�[M��]Z´¯�{Y�¾ À§�bº�Z o½Yz]²À¯Zc�

Z¸dÀ«ºX�¯�{Y�µ{¹z¯Y��v³yYu��¤³�Z¸·Z#�{Y�¾«Z�pd�Y�[zº� [M
v�u�¹º�¶¾´�¿�[z��[M��¿{ºc�¹ ²ºÀ¯Zc�±ZÀº«ºd¯�½zº¨��½Zº·

¶¤�´ºº¯ [M�½Z¸³Z¯{Zºº�yººº�§�[Èºº�Z��¹ [M�½Z¸d§zºº� ¹ ½Y
uº��¾¯�[ºº�p¯�p¯�Zd�Yy�²¿Y�yuZ]�Z¸°¿zo�¢À£u�¹ ¶´À¸]�¶^�Z

ÇZ]�bÀ°·Y�{Y�¾°¬��¾º³Z^¯�{Y�µuZ dº�Y¿Yz¿{���b�Y�yYuyºsz]�¾
ÇZ]�Yy�µZ#�[M�¾-uº«M�z�s�zd¨#º§�®¿zºo ©Zº°�Y�¹ ¶^º�Zp¯

] Yy�¶¿Z¯z���ÈcY�zdº-y|]�®¿zºo ¹ µuzº]¶b�Yu�v·Yºs�©Z^³u�
½Z¸�¹y�¹ Z·yZÀº�¯�¶ºWYyY�¹ ¾¿Zº�Z´��¹ ¾º°¬��¾º³Z^¯��¿zº�c

zo�¶^º�Zp¯½Z¸·Z#�{Y�½uYv�c�½Yz]�®¿zo�aZ^�Zp¯�Zl³Y�Z]�®¿
b�Y�¶d�z-�yYz£�¶kºc�uyº¯�¶«Z¤¯�²¿Y�yu�¶À¯¹yY�z¸��[z��[M�

uyººº¯ yu�½uv�dºº¯ ¾ºº°¬��½Zºº· ¶dºº�Z¿���]Z´ºº¯ ¾ºº�yz]�yu
¾¿Z�Z´��Z¸·Z#�¾d�Yv¸]�®¿zo�²ºÀÀ�c�½Z¸º�¹y�v³v@Î>�²¿Y

¾º¯ Yy��]Z´º¯uz§�®À�¤c�¶sZ��v´#�¶º] ±Yººc���Î�^¯��¿z�c¾³Z
µZº# ¾dº�Yv¸]�®¿zºo ¦¿yºXºc@Ï¹Ð>��Ï�½uyº¯�aZº�«Z�¯

@Ñ�Ò¹Ó>��Ð�ZÀ�Yz�k�aZ�È�Y�®d�À��{Y�µuZ d�Y¿¾@Ô>��Ñ�
¾cZ^�Zp¯�½Z¸º�¹y�{Y�µuZ dº�Y@Õ¹Ö>��Ò�½Z¸«v¯�{Y�µuZ d�Y

½uvºº�@ÎÍ>��Ó�{Y�µuZ dºº�Y½Z¸¬Àºº¬pc¦¿%º«ºW%¹yvÀºº·±
¦º¿%º«ºW%@ÎÎ>¹ ��Ô�¹ Z¸¬§ºc¹zº�²ÀÀ�c�¶]��º]z¯�aYyzº¤¯�

Z¸·Z#�¾dº�Yv¸]�®¿zºo@ÎÏ>�½Y�¶³Z¿Yy�v§���]Z´¯�²¿Y�¾�yz]�yu
:+3$�º�ºc�¶º§±º§Zº¿º·�¹ uyºº ³È]Îb�Z o�µyYuY�½Yz]

¶À¸c�Z¨¿z¯M�b�¿{��Àp¯�b�Z o�~³Y%M�¾´À¯{�zº¿{�[M��]Z´º¯
¾¿Z�Z´��b�Y�µvº�v�@ÎÐ>�¾cZ^�Zp¯�v§�²¿Y±½uv��½Yz]
¯ ±Zº�Z´�yZ§�µuZ dº�Yµvpd¯�aÇZº¿Y�¾º´À¯{z¿{�[M��]Z´º¯ bº¿z¿v

¶À¸c�[z��[M�½Z¸·Z#�¾d�Yv¸]�®¿zºo ²ºÀÀ�c�½Yzº] Z¨¿zº¯Mµv�
Z¨¿z¯M��¬dt¯�aÇZ¿Y�¾d�Yv¸]�½Z¸°¿zo�²ÀÀ�c�yu�±º´§�Zc�¹ b�Y

b�Y�µv��vÀ¿Zc�±M�j¿Zd³�bp��¹ ¶d�z-�yYz£�µuZ d�Y�uyº¯@ÎÑ>�

Ï�µZ#�¾d�Yv¸]�®¿zo��¿z�c
¿zººo {Y�¾ºº°¬���]Z´ºº¯ yu¯Z³�¶ºº] µZºº# ¾dºº�Yv¸]�®º½Zºº¸�Î�

³ºoZººc ¶Àºº�ºÀtºzÏ��Ï�³ºoZºº¯ ¶Àº�º§yZºbÐ¹ ��Ð�oZ³º¶À

 oºº� bº�Zº·Z#�zºº¾Ñuº��¾¯�µuz]�Z³�|À³��¶ÀoZ³�yZ�dsY�¶]
µZ#��Yz�Y�¾p���z¿{�Z¿�¹ ¾p���¶ÀoZ³�±Z°·�¾d�Yv¸]�®¿zo
¶ÀoZ³�²¿Y�{Y�¹ µuz§�²À¯Zc�Yy�µZ#�[M��%Z�°��Z.´·�yu�¶§�bº�Y

Yºº¯ªsYu�[M�¶]�¹ µuz§�b§zo�µZ#��z��¶]�v´³Yºc�¾¯�µuºº«M�u
v´º�z]�µZº#@ÎÒ>�ª¨º� ¢]Zº�¯�Î�¾�À^��©uZ�c��µZ#�{Y�%Z�°�

Z��\kº¯�¹ µu{�®·�¶º] Yy�¾p�º� zº¿{À¿z¿{�[M�n���±v¯M�²
uº��¾¯�µZ#��Yz�Y�yu�¾º´À¯{�{Yzc�b�Y�ayº��¶]�¶§�zÀgZc�²¿Y

µZ#�zÀgZc�¶ÀºoZ³�yu��bº�Y�¾º´À¯{�zº¿{�[MÒ cY��À£�¹ µuZd�Y�¡Z
bº�YÓuº��¾¯�µvÀº¯Z³��¶ÀoZ³�Z³�¶]�½z.¿u�¶ÀoZ³�µZ#��Yz�Y�yu

b§yZº�¯�=2&�yu�¶§�b�Y�¾oYº³�Z°c�ª¯Z��¶§�uyYu�uºk¹
vº³yYu�b§yZº�¯�µZº# [M�¶º¿x�c�ª¨��¢]Zº�¯�Î�{Y�¾d°�£

uzÀ-�¾¯�yYz£�b§yZº�¯�¶ÀºoZ³�ªºsYu�yu�µZº# zÀºgZc�¶ÀºoZ³�z-Y
sYu�¶]�¾º´À¯{�zº¿{�[M�bº§zov¯�¾´À�¯�±Z¯{�av¯�yu�µZ#�ª

av¯�²¿Y�yu�µZ#�[M�²À¯Zc�yu�µv´´§�b§yZ�¯�¶ÀoZ³��v�Z]�zº�³
©Z¤d³Y�¶ÀºoZ³��²ºÀ�¯Ô{Y�¾d°�£�ª¯Z���£Y¹�yu�¶§�uº��¾¯�µvÀ¯Z³�
b�Y�b§yZ�¯�¶ÀoZ³�

Ð�µZ#�¾d�Yv¸]�®¿zo�²ÀÀ�c�½Z¸�¹y�¹ Z·yZÀ�¯�
¶¿zº�³®¿zo�²ÀÀ�c�½Z¸�¹y�¶§�¾¯º¸ ¯�½Z·uyYv³Zd�Y�¹ Zº·

¾¯��¿z�c�Z¸³M�}Z�Y�z]�¾dº�Yv¸]uº��¾¯�µvÀ¯Z³�yZÀ�¯�uº��yu
¾¿Z�Z´��¾¬�Y�yZÀ�¯�j´���]Z´º¯ ¾º�yz]�v³v@Ð>ayZ^��¶§�Yv³

{Y�Î±�¶¬º�Z��yZÀº�¯�Ï±�bº�Y�yZÀº�¯�Ð±b§zo�±Zº¯{�yZÀº�¯�
Ñ±¹ ±Z¿zºk ½Z·{zº¯ yZÀº�¯�Ò±½Yz]�yYv]M�`¿Ç�bÀ�z��yZÀ�¯�

¾º-uº«M��·Zº§ ¹ [xºkÕ�[Ztdº³Y�{Y�~º�²ÀÀ�c�½Yz]�yZÀ�¯�
v³º��[Ztd³Y�v¿Z]�½vºo zº¿uZ¤¯��®¿zºo�¦¿��¶¬�Z��yZÀ�¯�yu

] µZ#��Yz�Y�yu�¾�Z���`¬º�Z�¶¾¯�²ÀÀ�c�®¿zo�±Yº´�uº��yu
¶ÀºoZ³��bº�Y�yZÀº�¯¾¯�²ÀÀ�c�µZº# �Yzº�Y�yu�½Y±M�yu�¶§�uº�

²ºÀ¯{z¿{�[M�n�º� �¶ÀºoZ³�¾p���yº�p¯�zÀº� `º¿Ç�yu�Z¿
¦¿zd¯¹|À��n���`¿Ç�yuyº�p¯�]¶%Z�°��zgY�yu�¾´À�¯�yYv¤¯
uºº� µuy¹M�²ºÀ¿Z��b§zo�±Zº¯{�yZÀº�¯�yu�727�¶ÀoZ³�yu�½Y

¾³Z�¨¿�±Z¯{�½YyYu�µuº«M�uYº¯�¶§�uº��¾¯��t�¯�µZ#��Yzº�Y
À�y�½Yz]ºv´d�·�µZ#�¶]�±v�Èh¯Ò�º©Z��]¶±Z¯{�z-Y�¾cyZ^�
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ª¨�Î��«Y�[ ¹ ½uº°����¤¯�{Y�¦ÀcZ°��ª¨���±È�zÀgZc�¶ÀoZ³��¿z�c�=2,�b§yZ�¯�¶ÀoZ³���=2&�¶ÀoZ³�¹ �
©Z¤d³Y�=27�yYv^À��¾´À¯{�z¿{�[M�n���Z]�²À¯{�¦¿�yu��£Y¹�%Z�°��©Zo�yu�µZ#�¦¿�½Yz]

bº§zoÒµZ#��Yz�Y�yu�½{zº¯ Zº¿ ¶ÀºoZ³��uºº� �zº� ©Zº�
µv´¿ÇM�z·�¶§�v��v·Yºs��t�¯�uyYu�yYz£�{z¯�½¹y�yu�¶§�½Y

Ò§ vº·Yºs�©ºº� ©Zº�v�z]�µZº# ¶º] ¶º§ vÀº��{z¯�yZÀ�¯�yu
¹ ¾¨¿|À���yYº��z¿Z��¹ ¾º´À¯{z¿{�[M�®Àº�¤c�{zº¯ �±Z¿zºk

¾º¨¿%º«ºW%¹yvÀ·�wºº ³�ª]Z£zÀº� {zº¯ v´º³Z¯�[M�±Z¿zk�¶º§
¾¯�©zd´§�Yy�¾º´À¯{z¿{¾d�Yv¸]�®¿zo�²ÀÀ�c�yu�¹ �t�¯��v´§

¾¯�µuYu�bº«Zsuuº��¹ [xk�½Yz]�yYv]M�`¿Ç�bÀ�z��yZÀ�¯�yu

uº«M��·Zº§¶ÀºoZ³��¾º-¶ÀoZ³�±M�ªsYu�yu�¶§�uº��¾¯�²ÀÀ�c�½Y
¶º¿Ç¾�Z§�[xk�¹ ¾º-v´¿ÇZ��bºÀ�z��½YyYu�¾p�º�z¿{�½Zº·

µv´º¿ÇM�bº�¬���·Zº§ ½Yzº][z��½Yz]�©º^£�ª]Z£�vo�¶]�Zº·
v´dºº�·�¹ \ºº¿Z�¯�½YyYu�zºº§x«Y�¡ººº� yZÀºº�¯�j´ºº� {Y�Yvºº§ zºº·

¾´º�Zp¯vº³Y�º] Zº¸³M�[Ztdº³Y�¹¶bÀ��¹�¶]�¾.d�]�uZ¿{�yYv¤¯
º¿Ç¶²À´$°·�¹ ¶¤�´¯�z·�yu�¾p��z¿{�¦¿%º«ºW%¹yvÀ·�½Zº·

µuYu��aZ�È�Y�uºk¹uyYu�¶´À¯{�²¿Y�yu�µz^s�±Z�Z´�yZ§�¹ Z·�
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º]¶²ÀÀ�c��¹y��µZ#�¾d�Yv¸]�®¿zo�²ÀÀ�c�yZÀ�¯�[Ztd³Y�©Z^º³u
²À¯{�yu�~���¹ ¶�¤³�½¹y�®¿zo�®À�zc�¹ ¶^�Zp¯�½Yz]�®¿zo

uºº� [Ztdº³Y�v¿Zº]�®¿zo�²ºÀÀ�c�½Yzº] �¹y��º�¾¿Z�Z´�
µvº�vº³Y@Ð>�¹y�Zc�¶´¿|·�®§�¹ µuZ���¹y�{Y�\Àczc�¶º] ¶º§

ayZ^ºº� ¶´ºº¿|·z��¹ µvÀºº$À�Y{Y�vºº³���Î�¹ ¾ºº�z���Z�ºº� �¹y
�µvº� ¶^º�Zp¯��Ï��µv��µuZ��zÀ�d¯�©Z¨º�Y��¹y�Ð�½Z¸�¹y

�¾cZ^º�Zp¯�Ñ�¶�¤³�®À�zc��¹y¹ �¦¿%º«ºW%¹yvÀ·�½Z·�Ò�
±Z¿zººk ½uvºº� ½Zºº¸«v¯��¹y±©Z¤dºº³Y�y yu©¹Y��¹��Z�ºº�

µv��¶^�Zp¯�¹ ¾�z��yZÀ�¯�{Y�µuZ d�Y�Z]�¾cZ^�Zp¯�¶«uZ�¯�¦¿
µz¿Yu�¦º¿ �Z�º� �bº§zo�±Zº¯{�t�¯�µZ#��Yz�Y�yu�Yy�½Y

¾º¯v´º§�¹u��¹y�yu�µv��µuZ��zÀ�d¯�©Z¨º�Y�½z��¦¿�{Y��
uº��¾¯�µuZ dº�Y�µZº# y¹u�®¿zºo ½Yzº] uyYv³Zdº�Y�©Z¨º�Y�²¿Y

p¯�½Z¸«v¯�{Y�µuZ dº�Y�Zº] ©Z¨º�Y½Z·yZÀ�¯�{Y�¾^À§zc�¹ ¾cZ^�Z
v³º��¾¯�®À�zc�¹ ¶^�Zp¯�b§zo�±Z¯{�¹ ±Z¿zk�{zº¯��¹y�yu

ººº��¾cZ^ºº�Zp¯��¹y�¹ ¾ºº´À¯{z¿{�[M�±Z¿zººk ½Z·{zºº¯
¹ ¶^�Zp¯�¾]zlc�aÇuZ�¯�{Y�µuZ d�Y�Z]�¾-uº«M�©Z¤d³Y�¦Àº¯Z´¿u

uº��¾¯�²ÀÀ�c�¾d�Yv¸]�®¿zo�b^�³�½zd�À]�b£u�{Y��¹y�²¿Y
zºº] ©¹Y��¹y�¹u�¶ºº]bºº�Y�yYuyºs�yZºº¸#��¹y�yu�®Àºº�zc

¶º�¤³¦¿%º«ºW%¹yvÀº· ½Zº·�Z]�¾´À¯{z¿{�[M�±Z¿zk�½Z·{z¯��
¾¨¿|À�ºW%��¦¿%º«º�yº¯ºW%��¾�Z´��²À¯{�½Z¸�¹y�{Y�µuZ dº�Y

¾¯�®À�zc�¶�¤³�½¹y�yu�¹ �t�¯�¾.³y�uYºº¯ ¾º]Z¿uy�¹º��u�
®l´���¹y�yu�±Z¿zk�½uv��½Z¸«v¯��¹y�©Z¤d³Y��µuZ d�Y�Z]

Z^º�Zp¯�{Y©Z¤d³Y�aÇuZ�¯�Z¿�¹ ¾´À¯{z¿{�[M�±Z¿zk�¾º�Z¿y�a
¹ ¦¿%º«ºW%¹yvÀºº· ½Z¸dÀ�ºº�¹�{Y�¾ºº�º´d¯��¿Yzºº� �¾ºº-uº«M
²ÀÀ�c�µZ#�¾dº�Yv¸]�®¿zºo ¹ µvº� ©vº¯ ¾º-uº«M�½Z¸¬Àº�³Zd�

¾º¯ºº�u�®¿zo�²ÀÀ�c��¹y�²º¿zd³Yz-�¹ ²º¿zd¤À£u��¹y�²º¿Y
µZ#�¾d�Yv¸]b�Y�

Ñ�µv´¿ÇM¹�¾d§zo�½Z¸¯|Àº³Z¨¯��º¤³�zo�yu�Z·®¿
µZ#�¾d�Yv¸]

Z´º�M¿µv´¿ÇM�¹ [M�b§zo�¶À«¹Y�©ºº�Y�Zº] ¾¶¿Ç�yu�Z·½Z·
¥Zs�yu�¾-uº«M�b§zo�¹ ½%º«ºW%¹yvÀ·�¾³Z^¯�\«Z£�yu�¥Zs

b�Y�µZ#�¾d�Yv¸]�®¿zo�²ÀÀ�c�yu�¶Àº«¹Y�aZ¿y¹zº� {Y�¹ ª¯Z�
µv´¿ÇM�b§zo�yu�¶§�¾°¸¯�¾d§zo�|Àº³Z¨¯yu�µZ#��z��¶]�Z·

yYu��º¤³�b§yZº�¯�`ÀºoZ³�ªºsYu²�§¹uY�|À³Z¨¯��uÖ¶§�b�Y�
z.¿u�`�¤³�¶]�¶�¤³�¦¿�{Y�µv´¿ÇM�bº§zo�±Zº°·��¿zº�c�¢^º�

b�Y�¾´À¯{z¿{�[M�±Z¿zk���ºc�ZÀ°À��ª¯Yº�¿¹ ¦¿%º«ºÀ]��¾
µv´¿ÇM�+z¯�Z¿�Z¤]�yu�|À³�½zº.¿u�¾º¨¿|À�Z·�µv´¿ÇM�v´³Z¯½Z·

¾º]¹z¨À¯�v³yYu��¤³�²À¯{�ªºsYu�yu�¹ µv´´§�v´§�½Z¸¯|À³Z¨¯
v´º¿ÇZ�µv´¿ÇM�b§zo��·Z§�fº�Z]�µf�Z]��t��|À³Z¨¯�¹ Z·

µv´º¿ÇM�bº§zo�b�zº� �¿Y|º�Yuº��¾¯�²ºÀ¯{�ªºsYu�yu�Zº·�
µv´º¿ÇM¾º�Z�Y�`dº�u�¹u�¶º] ¾º´À¯{z¿{�[M�½Zº·�µv´º¿ÇM½Z·
ZÀ°Àº�¿¾�¾«MzÀ��¹ ¾º«M�zº�Z´��µv´¿ÇM�¹¾¨¿%º«º¿zd§Z]�½Z·

�Z¸º�¹z¿¹�¹ Z¸]¹z¨Àº¯�v³º��¾º¯ ®Àº�¤c�´¿ÇM�`¬°k�{Yµv½Z·
ZÀ°Àº�¿º] ¶º§ ¾º«MzÀ��¾¶[M�yu�©Èp³Y�bºÀ¬]Z£�¹ zº°��ªÀº«u

�aYzdÀ³��v´d�·�z�Z´��¶À¤]�{Y�zc{Z��ª¨º�¯�µyYºº°·�¾º´À¯{z¿{
¾º¯ Yy�v¿Yzº¬§�¹ ®¿vº� �¥ZÀº³º¯Muz]�Zº³ ±Yººc�]¶©Zh¯�±Yº´�

½{y¹Z�§�½Z¸dÀ«Z���¹ Z¸]È�Z��zgY�yu�aYzdÀ³�{Y�¾º�Z³�¾º-uº«M
�¾¿ZÀ°À��½Z·uº§��¹�n���yu¶¿Ç�{Y�¾�À¹ ¾p���yYv]M�½Z·

vd À]�¡Z cY�vº³Yºc�¾º¯ yºº�p¯�zÀº���µºÀk�v´³Z¯�²À.´��aY|¬�
¶]YzÀ��{Y��µzÀº� ¹ ,´Àº�yM��½¹y���º¬£��[zº�½Z¸]È�Z��¹ Z·

µz º� ¶º] ¾º´À¯{z¿{�[M�±Z¿zºk µYzº°·�¶º] ¹ ¾d�´º�[M�½Z·
v´º´§�YvÀº� µYy�v´º³Yºc�¾º¯ ¾º´À¯{z¿{�±Z¯{�avº¯ zº�Z´��²º¿Y

^�³�½zdºÀ³Çº�²À.´�zÀ��z�Z´��¶]�b�b¿zdÀ³�¹ aYzdÀ³�v´³Z¯�
v´�Z]�¶d�Yu�uºk¹�¾´À¯{z¿{�[M�ªsYu�yu�v´º³Yºc�¾º¯�¾�z��{Y

¹ v³yYu�Yy�¾�y�½Z¸§Zs�b�Z]�¶]�[xk�bÀ¬]Z£�²À.´º� zº�Z´�
v´d�·�½zd�À]�¾�¿ÇZ��bºÀ¬]Z£�½YyYu�¾º«M�zº�Z´��¶º] b^º�³�

µyZº� ¶#zº-Y] ¾«M�zº�Z´��{Y�½Y¶{ ªsYu�yu�¾�À^��ayº�²À¯
¶]�¾d�´��¾«M�z�Z´��{Y�¾�Z³�¾º-uº«M�²º¨«��v³ºº�¾º¯ bº�Z¿
¾´À¯{z¿{�[M��]Z´¯�{Y�b�Z o�¶«º¤¯�yu�µv°��ª¨�¯�¦¿�±Yº´�

bº�Y�mzº�¯�µv´¿ÇM�²¿Y�`º¬°k�{Yµv´¿º���Z·µz�o��Z·¹ Z¸�§
¾d�´��½Z¸´º]z§¹yvÀ·�¾d ³�aYvÀ«ºc��Yº³Y�¾¯�Yyuz]�Z³�±Yºc�

v´º³Z¯��¬dºt¯�¡zº� {Y�zº�Z´��²º¿YZÀ°À��½Z¸¬°�«Y�~¨��¿�¾
¾´À¯{z¿{�[M�{Y�v´³Yºc�¾º¯ µzÀº� ¹ ¾º¨¿%º«ºÀ]¹z¨À¯�½Z¸dºÀ«Z��
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©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐÕÎ

v´]Z¿�b�¬���·Z§�Z¿�¹ µv���xo�z�Z´��²¿Y�{Y�½uYv�c�²¨«
¶d�Yu�Z¤]�v´³Yºc�¾¯�¾´À¯{z¿{�[M�¹ ¥Zs�ªsYu�yu�¾³Çº��av¯�¶º]

v´º�Z]�]¶�§�µz�o�©Zh¯�±Yº´�'%&3{Y�¾´À¯{z¿{�[M�ªsYu�yu�
ÏÕ�Ò¾«YÎÑÍv�Z]�¶d�Yu�z°����³�v³Yºc�¾¯�©Z��@ÎÓ>�

Zº¤]�¹ uººk¹�¾º³Çº��½Z¸³zº£ ½Yzº]½½Z¸¯|À³Z-y¹Y¹z¨À¯�
¾«Z�pd�Y�¾³vÀ¯Z�M�[M�b�Z o�¹ ¾º´À¯{z¿{�[M�yu�¾º³%ºcZ�

¹ µuº]�¾¬�Y�½Z¸À³Yz.³�{Y�¾¨¿���]Z´¯�²¿Y�{Yb�·�¶¿Ç�yu½Z·
²¿Y�yu�±&À�§Y�yºº�¹�ayºº� yu�¹ ¢Àº°���Z^º�Y�¶°Àº³ ¥Zºs

¶º¿Çµv³{�|À³�µZ¯����{Y�zd�À]�av¯�½Yz]�v´³Yºc�¾¯�Z¸¿zd§Z]��Z·
v´º³Z°]�¾¨¿|À��ª¯Yº��zgY�yu�Zº¸³%ºcZ��v´³Z¯Z¯u�¹ ¾¨¿%º«ºÀ]
ZÀ°Àº�¿v³¹z]�²À]�{Y�¾cv¯�{Y�~��¥Zs�ªsYu�yu�v´º³Yºc�¾º¯ ¾�

½Zº·Z¯uyYvº¤¯��ÇZº]S+u¹vºoÔz¿uZ¤¯�uºk¹�¹ ®§�±&À�§Y��
�z��¥Zºs yu�¾º«M�²º]z§�uZº¿{Yy�¾³%ºcZ��½Z¸¿zd§Z]��xo�b

v·u�¾¯��¿Y|�Y@ÎÓ>�¹ ¥Zs�yu�¾¨¿%º«ºÀ]¹z¨À¯�z�Z´���xo
uyYu�¾.d�]�z�Z´��²º¿Y��ºº³ ¶º] ¾º´À¯{z¿{�[M�]¶©Zh¯�±Yº´�

{Y�zd°§�avº¯ {Y�~º� zº� ¾º¬§�½zdº§Z]Õ] {¹y�¶±Y|À¯Ö�ÖÖ
¶§�¾cyºº� yu�uºº�¾º¯ �xºo vº�yu(�&ROL±Z¯{�av¯�¶]�

uyYu�{ZÀ³�{¹y�µZl´º�uº���xo�±Y|À¯�±Z°·�¶]�Zc@ÎÔ>�Z¸�¹z¿¹
v´³Yºc�¾º¯ ²ºÀ¯{�yu�¾º³Çº��Zd^º�³�¾º¤�Y�ªº�Yº��¹ ¡Zº°�Y�yu

v´´§�bº§zo�¢°��yu�Z¸�¹z¿¹�{Y�¾��]�b§zo�©Zh¯�±Yº´��¶]
ÓÔ©º��¶]�¾¤�Y�bº§zo�¹ ½zdº¯ÑÍÕ{Y�½uYv�c���ºc�½zd¯�

b�Y�µv���yY|-�²À¤¤p¯@ÎÕ>�ª¯Yº��½¹y�¾³Y¹Yz��aZ�«Z�¯
Yx-zÀººgPcZºº¤]�yu�y½¶dºº�z¿x��Zººl³Y�²ººÀ¯{z¿{�[M�yu�Z¸ºº�¹z¿¹�

b�Y�¾¯�±Z�³�aZ�«Z�¯�²¿Y¶§�v·uZ¯u®¸¯�½Z·zd¯YyZ��{Y�¾¨¿�
bº�Y��Z^ºcyY�²º¿Y�yu�¶§�b�Y�µuYu�±Zº�³�aZº�«Z�¯�²ºÀ´$°·

½Z¸]M�¶]�b^�³�½zd�À]�z°��©º��½YyYu�µZº# [M�yu�Z¸º�¹z¿¹
¹ v´dºº�·�¾p�º�Î�Ívºº�yu3ROLRYLUXV�+HSDWLWLVYLUXV�Zºº¿

(QWHURYLUXV{Y�zd�À]�Zºc vº³Yºc�¾º¯ÎÑÍ¾´À¯{z¿{�[M�yu�{¹y�
±v³Z¯�µv³{�av¯�{Y�zdÀ³Çº��yZÀ�]�avº¯ ²º¿Y�¶º§ v³Zº°]�µvº³{

½zdºº§Z](�&ROLbºº�Y��yu½Zºº¯uzºº¿{�ÎÒÍuYz.Àd³Zºº� `ººkyu�
3ROLRYLUXV] v³Yºc�¾º¯¶{Y��À]�av¯ÏÒÍv�Z]�µv³{�|À³�{¹y�@ÎÖ>�

¶dº�Z¿�}Zº�Y�zº]º¤¤p¯�½Zº·Zyu�±Z�¹yY�½Z·yºº�§º¿¶À�ºc�¾

zÀsPc�±Z¯{�¶§�uº��¾¯ÒÍZc�ÓÍZc�v�Z]�²¨°¯�¶§�Zkz·�¹ {¹y�
½Z¸¿zdºº§Z]�¹ Z¸ºº�¹z¿¹�{Y�Zºº¸·Z#�[M�bºº�Z o�½Yzºº] ©Zºº�¨¿

uº��¶d�z-�zº�³�yu�¾º³%ºcZ��]¶zÀsPc�±Z¯{�©Zh¯�±Yº´�ÒÍ{¹y�
¶§�bº�Y�¾º´�¯�²º¿Y�¶º]ÒÍ¾¯�©º��{¹y�Z·y�}¹z¿¹�¶§�v�§

ª^£�²ºÀ¯{�ªºsYu�yu�µvº�µZ#��Yz�Y�yu�¶�¤³�¦¿�{Y��±uz¯�{Y�
vº�z]�µZº# ¶º]�`¬�Z��ªº£Yvo�¦º¿ Z´°º�ÎÍÍ] zd¯�¶ayº�

º] µZº# �Yzº�Y�yu�¾�Z�º�¶ÀoZ³�±Yº´º�¶¾d�Yv¸]�®¿zo�½Yz]
b�Y�µv��¶À�ºc�Z¸¿zd§Z]�¹ Z¸�¹z¿¹�{Y�bº�Z o�¶À�ºc�²¿YZ·

Zº¤]�¹ bº§zo�½¹y�¶«Zº� ²º¿v´#�_uzdº�-�aZº�«Z�¯�`lÀºd³½
¸¿zd§Z]�¹ Z¸�¹z¿¹¾´À¯{z¿{�½Z¸]M�yu�Zb�Y@ÎÔ>�

Ò�b]Zg��Z���½Z¸�¹y�Z]�¾d�Yv¸]�®¿zo�¶^�Zp¯
] µZ#�®¿zo�¶À«¹Y�aZ^�Zp¯�½Yz]�Z¸�¹y�²¿Y¶¹ ¾^¿z¤c�yº�

uyº¯�v³Yºc�¾º¯ zdº¤À£u�½Z¸º�¹y�yZº] ®¿zºo aZ^º�Zp¯�{Y�ª^º£
uzÀ-�yYzº£ µuZ dº�Y�[M�b§zo�µuZ��aÇuZ�¯�{Y�Z¸�¹y�²¿Y�yu

µZº# �zº� ¶º] ¾º´À¯{�zº¿{�t�¯�©Z¤d³Y�±Z¯{�av¯�¦¿�yu
uºº�¾º¯ µuZ dº�Y�] µuZ���¹y�¹u�Zl´¿Y�yu¶½Z¸¯Z³�Î��¹y

¾°lo�±Z¿zk)'(5¹�Ï�«uZ�¯��¹y`¾«uZ�c�zÀ��7KHLV]¶
Z¸«Zh¯�ayºº�¿µyZ°��¾³Z�z]M�µZ#�½Yz]�®¿zo�¶^�Zp¯�{Y�¾ÏÍ

uºº�¾º¯ ¶ºWYyY�¶Àº¯¹yY�©¹vºk�Î�µuYu�¹ µZº# aZº�È�Y½Z·
¦¿%º«ºW%¹yvÀº·v·u�¾¯�±Z�³�Yy�µZ#�yYz¤d�Y�¶¤�´º¯��¹y�yu

)'(5¶³Yºdº�Y�®ºlo�µZ#�¦^�¯�b°�£��Yzº�Y�yu�[M�{Y�½Y
v·Yºs�µZ#�®¿zo��Z���±Z°·�¶§�¶³Yºd�Y��Z���~���¹ ¶^�Zp¯

uº��¾¯�¶^�Zp¯�uº]�] ¶�º]z¯�aÇuZ�¯¶b�Y�z¿{�ayº��
�+UQ4W S �Î�

Q+
4WU S �Ï�

aÇuZ�¯�²¿Y�yu4µZ#�%Z�°��¾]u��b�Z��yu�\�¨¯�zd¯��W
©Z¤d³Y�±Z¯{�avº¯�b�Z���Q�¾´À¯{z¿{�[M�µz ��¾§º��`kyu�

+µZº# ¦^º�¯�b°º�£��Zº cyY��zdº¯��U�Z���Z¿�¶³Yºd�Y��Z��
¿zoº¸]�®º�Yvº¾d�d¯ºz�¹ �ÎÑ�Ð �Sb�Y�d�Y�Z]º²¿Y�{Y�µuZ 

�º� �¹yºo �Zºº] ®¿zºº# ½Yzºº°��µZºµyZÏÍ]Yz]�ºZ]�zÔ�ÕÒÐ
¯º^�Zp¯�zdº¯ ¶ºuº��¾��Z cyY�¹ ©Z��¦¿�©Z¤d³Y�±Z¯{�av¯�z-Y
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ÕÏ©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐ

©¹vkÎ�zo ¶^�Zp¯�yu�µuZ d�Y�uyº¯�½Z·�µuYu�¶À¯¹yY�z¸��¾³Z�z]M�½Z¸·Z#�¾d�Yv¸]�½Z¸°¿
zd¯YyZ� yYv¤¯ zd¯YyZ� yYv¤¯

µZ#�%Z°��¾]u�b�Z��ÐP� Ô�ÎÐÍ µz ��b¯Zt��P� ÐÕ

µZ#�¦^�¯�b°�£��Z cyY�P� ÎÍ µz ��½z¿x�wº ³�\¿z��b�Z��P� ÐÑÔÏ�Ï

µZ#��Z���P� Î�Í µz ��¾¨À«¹yvÀ·�±Z¿uYz- ÍÍÑÖ�Í

©Z¤d³Y�±Z¯{�av¯�b�Z�� ÑÐÕÍÍ ¾´À¯{z¿{�[M�±Z¿zk�b�z��b�Z��P� ÍÑÓ�Í

¾´À¯{�z¿{�[M�µz ��¾§º��¶kyu ÏÒ�Í %Z�°��zgY�yu�[M�n���b�Y�P� ÍÎÒ�Í

µz ��©Z¤d³Y�bÀ¬]Z£�\¿z��b�Z��ÏP� ÒÓ�ÑÔ

µz ��µzÀsw�\¿z� ÍÎÐÔ�Í

yu�©uZ�c�b«Zo�¶]�±vÀ�y�±Z¯{�av¯
%Z�°���¿Z¯{M�b�Z��

ÏÑ

¶º] µZº# ¦^º�¯�b°º�£ÐÍ¾d³Z��¶]�®¿zo��Z����v]Z¿��¿Y|�Y�zd¯
ÏÏÍ¯ �·Z§�zd¯�º¾v]Z¿��¹y�yu@7KHLVÏÍ>µuYu�±Z¯{�½Z·±b�Y�

b�u�¶]�z�³�uyº¯�µZ#�½Yz]�%Z�º°���¿Zº¯{M��º�ºc�[M�n�º�
¾º´p´¯�½¹y�~�º� ¹ µvº¯M7KHLV\¿z��±M�½¹y�{Y�¹ bº^g�

©Z¤dº³Y�bºÀ¬]Z£7µzÀºsw�\¿zº� ¹6¾´À¯{z¿{�[M�µz ��½Yz]�
z�³�uyº¯¾¯�b�u�¶]�v¿M�ayZ^��µv��µuZ d�Y�aÇuZ�¯Y{Y�v³�

�Ð�6
X7W�U  

�Ñ�6
7V��X�Z S 

aÇuZ�¯�²¿Y�yuUµZ#�¾d�Yv¸]�®¿zo��Z����zd¯��W¯±Z¯{�av
%Z�°���¿Z¯{M�yu�©uZ�c�b«Zo�¶]�±vÀ�y�b�Z���Vn���b�Y�

�µZ#�zÀgPc��Z�º� zhº§Yvo�`¬º�Z��yu�¾º´À¯{z¿{�[M:�X��]Zc�
�µZº#X©¹vk�{Y�¶§�µZ#��]Zc�¶]��º]z¯�v�]�¾º] zdº¯YyZ��7KHLV
½Yzº]:�X�È^£�Z·zd¯YyZ��¶À¤]�¹ �uº��¾¯�iYztd�Y�zº�³�uyºº¯

v³vº� �¿zº�c�uYu�¶]�¶kºc�Z]µ©¹vk�½Z·�Î�µZ#��]Zc:�X�
µyZ°��µZ#�½Yzº]ÏÍZ]�z]Yz]�ÍÓÕÓ�Ízd¯YyZ����XZ]�z]Yz]�ÕÕÒ�Î�

µZº# ®¿zºo �Z�º� bº¿Z¸³�yu�¹�U�Z]�z]Yz]Ó�ÔÖÏ¶^�Zp¯�zd¯�
uºº�¾º¯��¹y�Z]�µv��¶^�Zp¯�®¿zo�yYv¤¯�Z]�®¿zo�yYv¤¯�²¿Y
)'(5º] �¹y�¹u�zº· ¶#zº- �uyYu�¾º³Yºt°·�¶¾^¿z¤c�bº¬�
zo�±uº]¾¯�¶lÀd³�µZ#�½Yz]�Yy�¾-y|]�Zd^�³�½Z¸°¿v´·u�

Ó�©Z¨ºº�Y��¹y�Zºº] ¾dºº�Yv¸]�®¿zººo ¶^ºº�Zp¯
µv��µuZ�zÀ�d¯

µv��µuZ��zÀ�d¯�©Z¨º�Y��¹y�²º¿Y�yu¾d�Yv¸]�®¿zo�{Y�½Y
Z]�¹ b§zo�±Z¯{�¹ ±Z¿zk�½Z·{z¯�yZÀ�¯�¹u�{Y�µuZ d�Y�Zº] µZº#

v³º��¾¯�®À�zc�¾cZ^�Zp¯�½Zº¸«v¯�{Y�µZ dº�Y�� {z¯�`¬�Z�²À¿Z
zÀ�d¯�ª¨º� bº�u�®¿zo�[M�±Z¿zk�{z¯�{Y�µuZ d�Y�Z]��µZ#�Zc

b§yZ�¯�`ÀoZ³�{z¯�±Z°·�¶§�%Z�º°��µZº# �Yzº�Y�yu�¾º´À¯{z¿{
b�Y�=2&�uº��¾¯�²ÀÀ�c���±Z¿zk�¶«uZ�¯�{Y�µuZ d�Y�Z]�yZ§�²¿Y

��ºc�¶§�bsYº´¨¿�¾º´À¯{z¿{�[M7RGG@ÏÎ>b�Y�µv��¶WYyY�
¾º¯ Zºl³Yuzº¿x��µuZ d�Y�Z]�~��`¬�Z��b§zo�±Z¯{�yZÀ�¯�{Y�

uº��¾¯�²ÀÀ�c�µZº# Zºc ®¿zºo bº�u�ÇZº] {zº¯�¶^�Zp¯�{Y�~�
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¶ºº] b^º�³�¶Àº¯¹yY�[Èº¤³Y�¹ ¶Àºº¤��bº¿Ç¹�²º¿uZÀ¯�bºÀ�£º¯�¹
b�Y�µv��µuYu�±Z�³�Z¸·Z#�bÀ�£º¯�µyZ°��½Z¸·Z#�²À´$°·Î

¾º«YÕuZ]M�±Zp¿y�¶¤�´¯�yu��ª¨��¾]z��©Z°��¶À�Zo�yu��º£Y¹�
Z¤³�z¿Z��yu�µyZ°��®·�½Z¸·Z#�Z]�v¿Z^º³ ¹ µuºº] �º£Y¹�¶Àº¯¹yY�

v³º��µZ^dº�Y�z¸º��Z¸·Z#�yYz¤d�Y�ªp¯�_u¹vp¯ÎÍÍÍÍyu�zd¯�
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ÕÓ©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐ

ª¨�Ð�¶¸^k�¹ ¾d�Yv¸]�½Z¸°¿zo�µyZ°��¾³Z�z]M�µZ#�½Yz]�µv��¶^�Zp¯�¾-uº«M�½Z·ÏÍz¸�[È�Z��µZ#�¦¿�¹ ¶À¯¹yY
�¶¿x�c�©¹v¯�{Y�µuZ d�Y�Z]5(664&v§�{Y�½Y�¶³Z¿Yy:+3$©Z¤d³Y�±Z¯{�av¯�½Yz]Î¾«Y�Ò©Z��

ÎÓÍÍÍzdº¯b�Y�©¹v¯5(664&z�³�yu�Yy�Z¸·Z#�ªsYvc�zgY�
ª¨��¢]Z�¯�¹ uzÀ-�¾º¯�Ñ�¾d�Yv¸]�½Z¸°¿zo�ª¨��yu�zgY�²¿Y

v´d�·�®·�¦¿u|³�¶º§ ¾º¿Z¸·Z#�µyZ°��½Z¸·Z#�v´³Z¯ÎÑ�ÏÍ�
ÏÏ¹ÏÐ�®¿zo�½YyYu�¾d°�£�yu�Z¸·Z#�²¿Y�¹ uºº�¾º¯ µvº¿u

¥zdº�¯vº³Y��±Z´$°·ª¨��{Y�¶§�Ñ�b�Y�uº¸�¯Z¸°¿zo�Z¯º°���
{Y�½uYv�c�v´#�z·�v³yYu��zd�-�¾´À¯{�z¿{�[M�±Z¿zºk bº¸k�yu

] Z¸°¿zo¶v´d�À³�b¸k�®·�È¯Z§�Z¸·Z#�ªsYvc�zgY�b¬��

Ô�Ï�Ï©¹v¯�j¿Zd³0:&$3
±Yº´��¶]��¾d�Yv¸]�½Z¸°¿zo�yu�¶³Zsu¹y�zgY�©¹vº¯ ²º¿Y�Zº]
ªsYvc�zgY�²¨«��uº��¶d�z-�z�³�yu�v³Yºc�¾¯�¾º¨¿|À��{zº¯ ¦º¿

·Z#uº��¾º°³�¶dº�z-�zº�³�yu�Zº¸�©¹vkÏ��{Y�b°�£�²¿Y�yu
] ½Z#�z¸��¶º³Zsu¹y�aZ^º�Zp¯¶Z]�¹ ®À¤d�¯��s�¦¿�ayº�

¶]���t�¯�uYvd¯Y�Z]�¹ Z¸·Z#�¶]�b^º�³�uººs ¾º³Z¨¯�bºÀ�£º¯
¾¯��¿z�c�©¹v¯�¶]�¾´À¯{�z¿{�[M�±Z¿zk�bº¸k�µYzº°·v³º��

µuYu�z¿Zº�µuYu�v´º³Z°·�½u¹y¹�½Zº·v¯�yu�µv��µuZ d�Y�½Z·©¹
5(664&bº�Y�ª¨��Ò�Z]�µv��¶^�Zp¯�¾d�Yv¸]�½Z¸°¿zo

©¹vº¯0:&$3½Yz]�Yy�ÐÓb«Zo�¹u�yu�¶À¯¹yY�¾³Z�z]M�µZ#�
±Zº¯{�¶º] ¶dº�]Y¹�¾dº�Yv¸]�®¿zºo�ª¨º�Ò±�º«Y��®¿zo�¹

~³Zldºº¯Z³�¾dº�Yv¸]�ª¨º�Ò±[�vºº·u�¾º¯ ±Zºº�³�¶ºº�¿Z¤¯
ª¨ºº� yu�µvºº� ¶^ºº�Zp¯�½Z¸°¿zººo�Ò±�ºº«Y�½Z¸°¿zººo Zºº]

¶^�Zp¯©¹v¯���ºc�µv��5(664&��ºª¨�Ñ��³ºv·u�¾¯�±Z
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©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐÕÔ

ª¨�Ñ�½Yz]�µv��¶^�Zp¯�¾d�Yv¸]�½Z¸°¿zo�ÐÓ¾³Z�z]M�µZ#�z¸�©¹v¯�{Y�µuZ d�Y�Z]�¶À¯¹yY5(664&v§�{Y
½Y�¶³Z¿Yy:+3$½Yz]©Z¤d³Y�±Z¯{�av¯Ò©Z��

ª¨º� yu�¶º§�Ñ�b¸k�uYvd¯Y�yu�¾.°·�Z¯¹|«�Z¸°¿zºo uYvdº¯Y
±Z¿zk�¾¯º°�¾´À¯{�z¿{�[Mv´d�À³�©Z°�Y�ªÀ«u�¶]�a¹Z c�²¿Y

©¹v¯�yu��®·�¶]�¾¨¿u|³�b¬��¶]�Z¸·Z#�ªsYvc�zÀgZc5(664&
©¹vºº¯ yu�zÀººgZc�©Zºº°�Y�vºº� ¹0:&$3bºº�Y�©¹vºº¯ yu

0:&$3] µZ#�z·�¾dº�Yv¸]�®¿zºo aZ^º�Zp¯�¶¹ uzl¯�yº�
¾¯�Zl³Y��¾d�Yv¸]�½Z¸°¿zo�ªsYvc�zÀgZc�±¹v]uz¿x��¶�¿Z¤¯�{Y

oZºººº�¯ª¨ºººº� yu�Z¸°¿zººººo ¾ºººº^¿z¤c�b�Ñ���©¹vºººº¯
5(664&�ª¨º� ¹�Ò±�«Y��¾¯uYvd¯Y�¶§�b�z-�¶lÀd³�±Yºc

©¹v¯���ºc�µv��¶^�Zp¯�½Z¸°¿zo�¾º«º�5(664&yYv¤¯�¶]�
©¹vºº¯ yu�Z¸°¿zººo ¾ºº«º��uYvdºº¯Y�{Y�®ºº§0:&$3¹ zdºº�À]�
b�Y�zd�À]�½yYv¤¯�|À³�Z¸°¿zo�boZ�¯�ª¨��¢]Z�¯�Ò±[�

ld¯Z³�¾d�Yv¸]�½Z¸°¿zo½Z¸°¿zo�{Y�¾d°�£��µv��¶^�Zp¯�~³Z
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©Z� �©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐÕÖ

ª¨�Ó�½Yz]�µv��¶^�Zp¯�¾d�Yv¸]�½Z¸°¿zo�ÐÓ¾cZ^�Zp¯�©¹v¯�{Y�µuZ d�Y�Z]�¶À¯¹yY�z¸��¾³Z�z]M�µZ#�*375$&�
µz ��½Yz]�{z¯�±¹v]�¹ u¹vp¯Z³��zd�-�Z]��yYu�b�³�yº�p¯�¶°À³�µz ��b«Zo�©Z¤d³Y�±Z¯{�av¯Òb�Y�©Z���

¶]�¶kºc�Z]�uºs�½Z¸d³Y�yu�²¨«�µuº]�yYv¿Z���º³�{Y�½Z¸dº³Y�±¹vº]
µv��¶d�]�¾´p´¯�¦¿�Z]��µvº� ¶dº�z-�zº�³�yu�©Z¤dº³Y�±Zº¯{v³Y�

Z¸°¿zo�²¿Y�boZº�¯�ª¨�Ò±[��boZ�¯�{Y�zd-y|]�½yv£�
±Z¯{�¶]�¶d�]Y¹�½Z¸°¿zo�v´d�·ª¨���Ò±�«Y���
Z^º�Zp¯�j¿Zdº³ yu©¹v¯�a0:&$3ª¨��yu��Ò±�«Y���

zd¨#º§�f�Z]��±M�½Y�¶¿x�c�zgY�b¬��¶º] ½Zº# z¸º� ¶º³Zsu¹y
b�Y�µv��yYºl°·�½Z¸·Z#�¾dº�Yv¸]�®¿zºo ±vº���©Zh¯�½Yz]
µyZ°��½Z¸·Z#�¾d�Yv¸]�½Z¸°¿zo�boZ�¯��º°l¯Ð�Ñ¹ �ÎÒ

ª¨º� yu�Ò±�º«Y��½Z¸°¿zo�boZ�¯��ºº°l¯�{Y�zdº¨#º§
� yu�Z¸·Z#�²ºÀ°·�¾dº�Yv ]̧ª¨�Ñ�b�Y�±Z´$°·z§w�È^£�¶§v��

Z¸·Z#�®¿zo�ªsYvc�zgY�yu�|À³�zÀgZc�²¿Y�{Y�½yYv¤¯�b�ª¨���Ñ��

Ô�Ï�Ð�©¹v¯�j¿Zd³�*375$&

±Z´º$°·zº§w�È^º£ ¶º§v�©¹v¯��*375$&µz ��b«Zo�
v´§�©v¯�v³Yºc�¾¯�|À³�Yy�yYu�b�³�Zº¿ yºº�p¯�¶°Àº³�½Z¸°¿zo

¾dº�Yv¸]ÐÓYz]�¶Àº¯¹yY�¾³Zº�z]M�µZº#Z]�µz ��b«Zo�¶��z·�½
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ÖÍ©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐ

©¹vºº¯*375$&v³vºº� ¶^ºº�Zp¯�@ÏÏ>�boZºº�¯�¹ ª¨ºº�
¹ yººº�p¯�µz ºº� bºº«Zo�¹u�½Yzºº] µvºº� ¶^ºº�Zp¯�½Z¸°¿zººo

Z³º] yºº�p¯¶yu�±Z�¨¿�¦¿%º«ºW%¹yvÀ·�¹ ½{z¯��¿Yz��ªÀ«u
©¹v¯���ºc�µv��¶^�Zp¯�½Z¸°¿zºo ¶À^º� �µvº� ¶dº�z-�zº�³

5(664&�ª¨��Ñ�´¿Y�yu�¶�º]z¯�©Z¨�Y�Yx«�¹ v³uº]±Z�³�Zl
µvº�³�µuYuvº³Y@ÏÏ>�µv´´§�yº�p¯�¶¿Ç�¦¿�zÀgZc�¾�yz]�½Yzº]

�Z¸°¿zººo boZºº�¯�¹ ª¨ºº� ½¹y��µz ºº� ½ÇZºº] yu�yYu�bºº�³
µuYu�±Z°·�Z]�aZ^º�Zp¯Z]�¹ ¾¬^£�aZ^�Zp¯�yu�µv��µuZ d�Y�½Z·

b¯Zt��¶]�¾�z��µv´´§�yº�p¯�¶¿Ç�¦¿�²d�z-�zº�³�yuÎzd¯�
½z¿x�wº ³�\¿zº� ¹ÍÍÍÕÓÑ�Íyu�zd¯�²¿Y�½Yz]��{¹yÐÓµZ#�

bº�z¿x��Zºl³Y�ª¨º��Ó�Yy�µv��¶^�Zp¯�¾d�Yv¸]�½Z¸°¿zo
¾¯�±Z�³v·u�µv��µuYu�±Z�³�±Z¿zk��s�µu�Z]�Z¸°¿zo�²¿Y¹ v³Y

µv�³�vÀ£�ª¨��yu�Z¸·Z#�µyZ°��zd�À]�mº�¹�½Yzº]v³Y�¶�¿Z¤¯
yº�p¯�¶°Àº³ µz º� ¹ yºº�p¯�µz º� bº«Zo�¹u�yu�Z¸°¿zºo

¶§�uYu�±Z�³�yYu�bº�³{Y�µv��¶^�Zp¯�½Z¸°¿zo�¹u�b«Zo�yu
ªÀ«u�¶]�¶§�v´d�·�©¹Y�b«Zo�{Y�zd¨#º§�½yYv¤¯�boZº�¯�zº�³

yYu�b�³�µv´´§�yº�p¯�¶¿Ç�±ZÀº¯ {Y�µz º� {Y�bº�³b�Y�²¿Y
±Y|À¯�¹ µv���¬c�µz ��[M�{Y�½yYvº¤¯�uºº�¾º¯ \ºkº¯�zº¯Y

v]Zº¿ �·Zº§ µZº# ªºsYu�¶º] ½u¹y¹�[M�±Z¿zºk�¾]u��·Zº§
µZ#�ªsYu�¶º] ½u¹y¹�µZ#�%Z�°��¾]u�Z¿�boZ�¯��·Z§�f�Z]

uº��¾¯�µZ#�¾d�Yv¸]�®¿zo�

Õ�½zÀ-�¶lÀd³�¹ ¶�Ès
¾d�Yv¸]�®¿zºo ¶º�«Z�¯�²º¿Y�yu½Yz]½Z¸·Z#�¾ À§�©zd´§�

�¹y�j´��¹ yZÀ�¯�j´��~�º� ¹ �¿zº�c�Z·z¸º� yu�[zº� [M
¾º�z�¯�¾dº�Yv¸]�®¿zºo ¶^º�Zp¯�½Yzº] �¬dºt¯v³vº���¤³

µv´¿ÇM�¹ ¾ºd§zo�½Z¸¯|Àº³Z¨¯·®¿zo�yu�¾¿ZÀ°À��¹ ¾]z¨À¯�½Z
v��fp]�©Z°kY�yº��¶º] µZº# ¾dº�Yv¸]�¹u�{Y�µuZ d�Y�Z]�~��

b]Zg��Z�º� �¹y)'(5b]Zg��Z���¹7KHLV©Z¨�Y��¹y�¹ �
µyZ°��¾³Z�z]M�µZ#�½Yz]�¾d�Yv¸]�½Z¸°¿zo��µv��µuZº� zÀº�d¯

ÏÍb�z-�yYz£�fp]�uyº¯�¶¬�Zo�j¿Zd³�¹ µv��¶^�Zp¯�¶Àº¯¹yY��
¯ zºº.¿u�b°ºº�£�yu½Y�¶ºº³Z¿Yy�vºº§ ¶ºº�«Z�:+3$½Zºº¸«¹v¯�¹

²ÀÀ�c�½Yz]�¾cZ^�Zp¯��¹y�¦¿�±Yº´º� ¶º] ¶�º]zº¯ ¾cZ^º�Zp¯
¾º�z�¯�¾dº�Yv¸]�®¿zºov³vº��®¿zo�aZ^�Zp¯�j¿Zdº³ ~�º�

¾cZ^�Zp¯�©¹v¯�Zº] ¾dº�Yv¸]5(664&v§�{Y��:+3$½Yz]��
µyZ°º� µZº#ÏÍµZ#�¦¿�½Yz]�¾-uº«M�¶¸^k�µYzº°·�¶º] ¶Àº¯¹yY�

«Yºo�yu�¾º�z��[Èº�Z�µyZ°��µZ#�¾ÏÍ¶WYyY�v��Z]�¶¯YuY�yu
¾cZ^ºº�Zp¯�©¹vºº¯ ¶ºº� {Y�µuZ dºº�Y5(664&�0:&$3¹ �

*375$&½Yzº] ¾dº�Yv¸]�½Z¸°¿zºo �ÐÓ¶À¯¹yY�¾³Z�z]M�µZ#�
µv��¶d�z-�zº�³�yu�¦¿%º«ºW%¹yvÀº· ¹ ¾º�Àp¯��¿Yzº� ½Yzº]

²ºÀÀ�cvº��¶³Zsu¹y�zÀgZc��yYºl°·�½Z¸·Z#�®¿zo�ªºsYvc�zºgY
¦¿�zÀºgZc�¹ �½Z#z¸º�yu��¾�z��yYu�b�³�µv´´§�yº�p¯�¶¿Ç

b�z-�yYz£�fp]�uyº¯�µv��¶^�Zp¯�¾d�Yv¸]�½Z¸°¿zo�ª¨��
uZ°dººº�Y�ª]Zººº£ aZººº�È�Y�±uºººº] ®·Yzººº� ayºººº� yu
¹ ¾cZ^�Zp¯�½Z¸�¹y��Z¸·Z#�yYz¤d�Y�¶¤�´¯�yu�¦¿%º«ºW%¹yvÀ·

vº§:+3$Z¸·Z#�¾d�Yv¸]�½Z¸°¿zo�½Yz]�Yy�½zdº¤À£u�j¿Zdº³
¾º¯ ¶ºWYyYv´·u�¸°¿zo�²¿YZ]�µv��¶^�Zp¯�½Z¸°¿zo�¶]�b^�³�Z

µuZº� ½Z¸º�¹y¶lÀd³�yu�¹ zd¨#º§��b]Zg��Z����¹y�v´³Z¯�zºc
uº]�v´·Yºs�zd¿uZ�d£Y�

¾³Yuyv£�¹ z¨�c
¹ ½|¿y�¶¯Z³z]�¹ b¿z¿v¯�±Z¯{Z��zdp¯�²À«ºX�¯�{Y��º«º¯
²¿Y�©º��yu�¶§�¾º]z�³Zl¿Z]ywM�±Zdº�Y�[Èº�Z��¹ [M�b§zº�

µuº]�±Z^Àd���¹ ¡º�¯�¶�«Z�¯³Y¾¯�¾³Yuyv£�¹ z¨�c�v´§�v�

¶¯Z³�µ%Y¹
�� %ODQIRUG� DQG +X\DNRQ
�� FDSWXUH�]RQH
�� ]RQH�RI�FRQWULEXWLRQ��=2&�
�� ZHOOKHDG�SURUHFWLRQ�DUHD��:+3$

�� ]RQH�RI�LQIOXHQFH��=2,�
�� FRQH�RI�GHSUHVVLRQ
�� ]RQH�RI�WUDQVSRUW��=27�

�� FDSDFLW\�RI�WKH�DTXLIHU�WR�
DVVLPLODWH�FRQWDPLQDQWV

�� DGYHFWLRQ
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Y©Z���©È¤d�ÏÐ_yZ°���Ï�v´ �YÎÐÕÐÖÎ

�kYz¯
�� 86� (3$�� ³/LWHUDWXUH� 5HYLHZ� RI� 0HWKRGV� IRU�

'HOLQHDWLQJ�:HOOKHDG� 3URWHFWLRQ� $UHDV�´� 5HSRUW� 1R�
(3$�����5��������������

�� /LYLQJVWRQH��6���)UDQ]��7���DQG�*XLJHU��1���³0DQDJLQJ�
*URXQGZDWHU�5HVRXUFHV�8VLQJ�:HOOKHDG�3URWHFWLRQ�´�
*HRVFLHQFH� &DQDGD�� 9RO� ���� 1R�� ��� SS�� ���������
�����

�� 86� (3$�� ³*XLGHOLQHV� IRU� 'HOLQHDWLRQ� RI� :HOOKHDG�
3URWHFWLRQ� $UHDV�´� 5HSRUW� 1R�� (3$���������������
�����������

�� *LQVEHUJ��0��� ³$SSOLFDELOLW\� RI�:HOOKHDG� 3URWHFWLRQ�
$UHD�'HOLQHDWLRQ� WR�'RPHVWLF�:HOOV��$� FDVH� VWXG\�´�
(3$�����%�����������SS�������

�� +HDWK�� 'RXJODV�� /��� ³'HOLQHDWLRQ� RI� D� 5HILQHG�
:HOOKHDG� 3URWHFWLRQ� $UHD� IRU� %HGURFN� 3XEOLF� 6XSSO\�
:HOOV�´�&KDUOHVWRZQ��5KRGH�,VODQG��86(3$�������

�� :DWHUORR� +\GURJHRORJLF� ,QF��� ³'HOLQHDWLRQ� RI�
:HOOILHOG� &DSWXUH� =RQHV� :LWKLQ� WKH� :DWHUORR�
0RUDLQH� �7HFKQLFDO� 5HIHUHQFH� IRU� &DSWXUH� =RQH�
0RGHOLQJ��´�5HSRUW�E\�:DWHUORR�+\GURJHRORJLF�,QF���
:DWHUORR��&DQDGD�������

�� 5LIDL�� +�� 6��� +HQGULFNV�� /�� $��� .LOERUQ�� .��� DQG�
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