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¶«|«{�zÀgPc�bºpca¹Z d¯�\¿Yz��©Z°�Y�Z]�¹zd´�«Y�¹ ±Z�Z³�½Z·

3*$®À�zc�¹ ¶^�Zp¯�Z¸«v¯�¶°·�½Yzº] ���v³v�°³�v´#º{Y�¶³º
·yYuº°³�²¿Yºª¨��yu�Z�ÎÐ�µv��µuYu�±Z�³v³Y�
ª¨º� yu�ÎÑ�±Z¨¯�zÀÀ�c�Z]�¶º¿Z���zº] \¿zº� aYzºÀÀ�c

Zk¶«|«{�zÀgPc�bºpc���¶º�«Z�¯�uyºº¯ ½Z¸«vº¯ ¾º^³¹ ±Z�Z³�½Z·
®À�zc�¹zd´�«Y�v³Y�µv�
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©¹vkÎ�¾¿º³Y{�v´]�yZ¸¯�Z]�¾�°s�½Z¸]Z£�©v¯�j´� ¾oYz��¶�Ès�7.%)
½Z¸«v¯�Z³
7.%)

¾¿º³Y{ zÀc ±ºd� ½v´]yZ¸¯
��¤¯%2;��FP� b^�³

�´c
��¤¯
¾]Ztd³Y

b^�³
�´c

¾]Ztd³Y���¤¯ ��¤¯
Ztd³Y¾]

Í�Ò�Ô��Ô ÖÑÕ�Í ÎÏ3%Î ÕÍÖ�Í ÎÑ,3% ÎÏ813Ï
Î7.%)� Í�ÒÓ�Õ��Õ ÕÐÓ�Í ÎÏ3%Î ÕÍÏ�Í ÎÑ,3% ÎÏ813Ï
Ï7.%)� Í�ÑÒ�Ö�Ö ÖÒÕ�Í ÎÏ3%Î ÔÖÒ�Í ÎÑ,3% ÎÏ813Ï
Ð7.%)� Í�ÒÓ�Ö�Ö ÖÏÐ�Í ÎÏ3%Î ÔÕÕ�Í ÎÑ,3% ÎÏ813Ï
Ñ7.%)� Í�Ò�ÎÍ�ÎÍ ÖÍÍ�Í ÎÏ3%Î ÔÕÍ�Í ÎÑ,3% ÎÏ813Ï
Ò7.%)� Í�Ò�Ô��Ô

©¹vkÏ�½Z¸«v¯�¾�v´·�aZ�t�¯�7.%)

O�P� E�P� K�P� E�K K�+ +�P� %�P� ©v¯�±Yº´�
ÔÐ�Ñ ÐÐÔÒ�Í ÑÒ�Í ÔÒ�Í ÎÒ�Í ÍÍ�Ð ÍÍ�Ñ Î7.%)�

ÓÑ�Ñ ÑÒ�Í ÓÍ�Í ÔÒ�Í ÏÍ�Í ÍÍ�Ð ÍÍ�Ñ Ï7.%)�

ÒÐ�Ñ ÒÓÏÒ�Í ÔÒ�Í ÔÒ�Í ÏÒ�Í ÍÍ�Ð ÍÍ�Ñ Ð7.%)�

ÑÓ�Ñ ÓÔÒ�Í ÖÍ�Í ÔÒ�Í ÐÍ�Í ÍÍ�Ð ÍÍ�Ñ Ñ7.%)�

ÐÔ�Ñ ÔÕÔÒ�Í ÍÒ�Î ÔÒ�Í ÐÒ�Í ÍÍ�Ð ÍÍ�Ñ Ò7.%)�

©¹vkÐ�½Z¸«v¯�¾�v´·�aZ�t�¯�&%)

/�P� +�P� %�P� ©v¯�±Yº´�
ÍÍ�Ò ÍÍ�Ð ÍÍ�Ñ Î&%)�

ÍÍ�Ò ÍÍ�Ð ÍÍ�Ñ Ï&%)�

ª¨�Ö�½Z¸]Z£�©v¯�7.%)
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ª¨�ÎÍ�½Z¸]Z£�©v¯�(%)¹&%)

ª¨�ÎÎ�Zc�¹zd´�«Y�¹ ±Z�Z³�½Z·�¶«|«{�[Zd��±Z¯{�¶$t¿y

ª¨�ÎÏ�zÀc��zÀc�½Z¸³Z°«Y�¾�ZlcyY�zÀ��yZd�y�¹ ®À¬�c�mº����v´]yZ¸¯�¹ ±ºd��

ª¨�ÎÐ�¾^³Zk�±Z¨¯�zÀÀ�c�Z]�¶¿Z���z]�\¿z��aYzÀÀ�c��3*$�¬dt¯�½Z·���±Z�Z³�¹ ¹zd´�«Y�
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ª¨�ÎÑ�Z¤¯�Z¸«v¯�¾�s�zÀ��±Z¨¯�zÀÀ�c�Z]�¶¿Z���z]�\¿z��aYzÀÀ�c�`�¿�±Z�Z³�¶«|«{�

±Zº°·½yºº�½Z¸«v¯��uºº�¾º¯ ¶º�oÈ¯�Z¸¬¨º� yu�¶º§&%)
uyº¯�½Z¸«v¯�z¿Z��¶º] b^º�³�Yy�¶º¿Z���zº] \¿zº� ²¿zdº�À]

v³yYu�¶�«Z�¯�½Z¸«v¯�²À]�yu.%)©v¯�|À³�7.%)��²¿zd�À]�
«v¯�z¿Z��¶]�b^�³�Yy�¶º¿Z���zº] \¿zº�½Z¸7.%)yYu�b�Y�

½Z¸«vº¯ ¶º¿Z���zº] \¿zº�(%)¾sz]�Z]�n�º� ®º· >Z^¿zº¤c�
½Z¸«vº¯7.%)bº�Y�²À´$°·¾¯��Z^´d�Y�²À´#�±Yºcz§¶§�u

¾�s�¹u�ayº��¶]�¾^³Zk�±Z¨¯�zÀÀ�c�Zº] ¶º¿Z���zº] \¿Yzº�
±ZÀº] ªº]Z£Yvº³�yYuº°³�½{Z��¶À^��Z]û�:9� �`�]Yy�¦¿�Z]�

º�¾º¯ ¶º�oÈ¯��¾º�s¹u©¹Y�`sZ��\Àº� ¶º§ uº�¾�ZlcyY�
½Zº¸]Z£&%)��v�Z]�¾¯�¶�«Z�¯�uyº¯�½Z¸«v¯�z¿Z��{Y�zd�À]��yu

½Zº·[Zº£7.%)b^�³��¿Y|�Y�Zº] |ºÀ³�K�+¶]�Z¿�¶sZ��\À��
z.³Z�³�²¿Y�¹ v]Z¿�¾¯��·Z§��¾dt���z.¿u�ayZ^�¶§�b�Y�²¿Y�

½Z¸]Z£�¾º�ZlcyY�¾dtº�&%)½Z¸]Z£�{Y�7.%)¹(%)zd�À]�
bº�Y£ ¾dtº� ¹½Zº¸]Z7.%)½Z¸]Z£�¾dt��²À]�yu�(%)¹
&%)uyYu�yYzº£�º¿Z���zº] \¿zº� ¶´Àº�À]�aYzºÀÀ�c`½Z¸«v¯�

] �¬dt¯º�¿Y|�Y�Z3*$¶«|«{�·º´�«Y�¹ ±Z�Z³�½Zºdººººººyu�¹z
�ºª¨�ÎÒ�¶�¿Z¤¯�µvv³Y�

ÀÀ�c�®°¿|§Z¯�aYzÀÀ�cºZ]��Z cyY�b^�³�¶]�¶¤^��¾^³Zk�±Z¨¯�z
¶«|«{�[Zd��zh§Yvo��¿Y|�Y½Z·ª¨��yu�¹zd´�«Y�¹ ±Z�Z³��ÎÓ�

µv��¶�¿Z¤¯v³Y�

±Z´º$°·�uº��¾¯�¶�oÈ¯�¶§½Z¸«v¯(%)±Z¨¯�zÀÀ�c�²¿zd�À]�
©vºº¯ ¹ vº³yYu�¶ºº�«Z�¯�uyºº¯ ½Z¸«vº¯ z¿Zºº� ²Àº] yu�Yy�¾º^³Zk

&%)��YyYu�Yy�²º¨°¯�yYvº¤¯�²¿zºd°§�|ºÀ³�b��½Z¸«v¯�²À]�{Y
7.%)�«vº¯º½Z¸7.%)��¹7.%)��^�³�Zº] \Àczºc ¶º]ºb
K�+zº]Yz]�ÏÒ�Í¹Ð�ÍzÀÀ�c�zº�³�¶º�¤³�{Y�²À]�yu�¾^³Zk�±Z¨¯�

z¿Zºº�½Z¸«vºº¯7.%)£ºººvºº³yYu�yYz�pc�²¿Yzºº]Z´]ºººzººÀgPc�b
«|º«{º¶½Z¸«vº¯ ¡ºº� ½Zº·7.%)½Z¸«v¯�Z]�¶º�¿Z¤¯�yu�(%)

v³yYu�½zd°§�¾^³Zk�±Z¨¯�zÀÀ�c�
�¬dt¯�½Z¸«v¯�aZ¤^��®WZ£�±Z¨¯�zºÀÀ�c�zºh§Yvo�aYzºÀÀ�c

À�c�zº]Yz]�yu�Zº¸]Z£ºaYzÀ3*$�¶«|«{�·º�Z³�½Zº´�«Y�¹ ±Zºyu�¹zd
ª¨��ÎÔ�µv��µuYu�±Z�³v³Y�

ª¨º��ÎÕ�½Y{Y�¶]�¦Àd�È��ª�Z ¯�ªÀ¨º�c�vº³¹y3*$
�½Zº·���J¹���J¹���J¶º�«Z�¯�uyºº¯ ½Zº¸]Z£�yu��±Z�³�Yy�
¾º¯vº·u�b¯È��Z¸¬¨º� ²º¿Y�yu�¶�Z��Y�½¹y½�±ºd���zÀc�

ªÀ¨�c�_v´·u�±Z�³�¾¿º³Y{��v´º]yZ¸¯b¯È��¹ ¦Àd�È��ª�Z ¯
�2�¸¿v´]yZ¸¯�½¹yº�³�Zº´·u�±Zº��Y��³Z°§�_vº¸¯�½Zº½v´]yZ

b�Y�
±Z´º$°·½Z¸«v¯�¶]��º]z¯�½Z¸¬¨º� yu�¶º§7.%)uº¸�¯�

¹ µv��ª°pc�¾¿º³Y{�½Z��Y���ºc�>Z�Z�Y�¶«|«{�½Z·¹zÀ³�bº�Y
°s�¾-vÀ¸«�¢¿z��{Yºd�¯�Yy�¶«|«{�½Z·yZ]��¾�º¾¯�¦¬¸´º§v�Z]
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ª¨�ÎÒ�¹zd´�«Y�¹ ±Z�Z³�½Z·�¶«|«{�®°¿|§Z¯�[Zd���¿Y|�Y�Z]�¶¿Z���z]�\¿z��aYzÀÀ�c�

ª¨�ÎÓ�Z]�¶¤^��¾^³Zk�±Z¨¯�zÀÀ�c�®°¿|§Z¯�aYzÀÀ�c�3*$¹zd´�«Y�¹ ±Z�Z³�½Z·�¶«|«{�

ª¨�ÎÔ��¿Y|�Y�Z]��¬dt¯�½Z¸«v¯�½Yz]�¶¤^��b�Y�`´À�À]�`�¿Z¤¯�3*$Z·�¶«|«{
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ª¨�ÎÕ�±Z�Z³�¶«|«{�zÀgPc�bpc�Z¸]Z£�¦Àd�È��ª�Z ¯�ªÀ¨�c�v³¹y�
b^º�³��¿Y|º�YK�+zgY�±Z�Z³�`«|«{�¶º] b^º�³�¹zd´º�«Y�`«|º«{�

¦Àd�È��ª� ¯�²À«¹Y�uyYu�¦Àd�È��ª�Z ¯�ªÀ¨�c�yu�½zd�À]
½Zº¸]Z£�yu�¶º§(%)uº��¾¯�ªÀ¨�czÀc�|À³Z¨¯��b�Y�{Y�~�

¶]�¦Àd�È��ª�Z ¯�ªÀ¨�c��µuyY¹�[Zd���¿Y|�Y�Z]�¶¬ozº¯ ²º¿Y
bº�Y�¶dº�Z¿��zdº�-�|ºÀ³�Z¸³ºdº��Z]�¶�¿Z¤¯�yu��ºº�º¯�²º¿Y

½Z¸«v¯7.%)²À«¹Y��Z¸]Z£�²¿Y�yu�¶¨´¿Y�½Yz]��b�Y�¶kºc�ª]Z£�
{Y�¶§�v³º��¾¯�ªÀ¨º�c�¾º¿º³Y{�ºº���½¹y�¦Àdº�È��ªº�Z ¯

uº��¾°³�[º�p¯�½Y�µ{Z��¾¬�Y�½Z��Y�yu�¶§�¾¯|À³Z¨¯�²À«¹Y
½Z¸]Z£&%)½v´]yZ¸¯�½Z��Y��³Z°§�|À³Z¨¯��uº��¾¯�ªÀ¨�c�

bº�Y�[Zº£ yu&%)��½Y{Y�¶]�3*$½Z·�½º£�b¬��¶]��µuyY¹�
½Z��Y��º¤��[Zº£ ¾dtº� ±uºº] uZº¿{�¹ ½zº�£�ºº���±uºº]

©v¯�yu�Z¯Y��vº³Y�µuzº§ YvÀº� �³Zº°§�½v´º]yZ¸¯&%)��ªÀ«u�¶]�
½Zº��Y��Z¸¿v´º]yZ¸¯�±uºº] �À�º�v³Yµv��®À¬�c�½v´]yZ¸¯��Z]

�¿Y|º�Y3*$½Zº¸]Z£�yu�&%)¶º§ uºº�¾º¯ µv·Zº�¯�ª�Z ¯�
b�Y�µv��ªÀ¨�c�|À³�Z¸³ºd��yu�¦Àd�È��

Ó�j¿Zd³�
Î�¾dtºº� zºº] ¾ºº�v´·�½Z·zººd¯YyZ��zººgY ¾ºº�yz]�¢¿zºº� {Y�

¶¤^��¦¿�½Z·�[Z£�¾º�ZlcyY.%)¶�¿Z¤¯�¹½v�]�¶��mº���
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p¯�²¿zd¸]���¾dtº� ®º· ½Z¸Àº´p´¯�¹ ¾dtº�²ÀÀ�c�½Yz]�µu¹v
½Z·zºd¯YyZ�¯Pc�yu�¶º§ ¾º�v´·ººv³zgº¯�®d�À��{Ç�¾dt��²À
ºº� ¢ºº]Z�¯ºª¨�Ó��ºº«Y�¹�Ó�[�À�c�ººº²Àºº�v�p¯ºººµu¹v

ºº� �tºº�¯ººº� yu�µvºª¨�Ô�[�[Zºº£ �ººº³ ¶ºº� zºº· ½Yzºº]
'.%)�%.%)�7.%)\ºº�Z´¯�¶¤^ºº� ¦ºº¿bºº�Y�²ºº¿Y zºº]Z´]

u¹vp¯_���������E�%��¹������K�+�����²¿Y�¾oYz��yu�
uº��b¿Z�y�b�¿Z]�¾¯�Z¸]Z£�

Ï�½Z¸]Z£�¾�ZlcyY�¾^³Zk�¾dtº�.%)¾^³Zk�¾dt��{Y�zd�À]�
½Zº¸]Z£(%)½Zº¸]Z£�{Y�zºd°§�¹ ¶]Zº�¯�&%)¶]Zº�¯�b�Y�Yx«
½Zº¸]Z£.%)¶]�b^�³�½zd^�Z´¯�yZd�y�¾^³Zk�¾dtº� �Zºp«�{Y�
½Z¸]Z£(%)v³yYu��

Ð�½v´º]yZ¸¯�Zº] ½Zº¸]Z£�¾º^³Zk�±Zº¨¯�zºÀÀ�c7.%){Y�zd°§��
½Zº¸]Z£(%)½Zº¸]Z£�{Y�zdº�À]�¹&%)bº�Y�½Z¸]Z£�²¿Y�z]Z´]
7.%)½Z¸«v¯�{Y�¾^³Zk�±Z¨¯�zÀÀ�c��Zp«�{Y�¶«|«{�zÀgPc�bºpc
(%)�½zd^�Z´¯�yZd�y�¶]Z�¯�v³yYu��

Ñ�½Zº¸]Z£7.%)®WZ£�±Z¨¯�zÀÀ�c�©zd´§��Zp«�{Y��b�Y�¶¤^�
½Z¸«vº¯ {Y(%)¾º¯ ªº°��zºd¸]�¶]Zº�¯�v´º´§�yu��§�½Z·zÀc

]Z£½Zº¸(%)~���Z¸³M�½¹y�z]�z¿x��ª¨��{ºÀ��ªÀ¨�c�b¬��¶º]
\Àºº�M�¹ aYyZº�s�¶lÀºd³�yu��vº³yYu�½v¿vº� bº�Y�®À¬º�c�{Y
v´·Yºs�uyY¹�¾³Z°dsZº� ½Zº·�º§ zº] ½v¿vº� ½Zº·¾º-v¿u

bsZ��½Z¸]Z£�|À³�z�³�²¿Y�{Y�Yx«7.%)½Z¸]Z£�z]�(%)¶]Z�¯�
v³yYu�½zcz]�

Ò�½Z¸]Z£�yu�¦Àd�È��ª�Z ¯�ªÀ¨º�c�\Àczºc¶]�¶�«Z�¯�uyº¯
z¿{�ayº�b�Y�

x½Z¸]Z£7.%)�±ºd��º�zÀc�º�¾¿º³Y{
x½Z¸]Z£(%)��±ºd��º�zÀc
x½Z¸]Z£&%)�zÀc�º�±ºd��º�v´]uZ]

{Y�Yxº«�|À³Z¨¯��º³�¹ ¦Àd�È��ª�Z ¯��zd�-¹�ªÀ¨�c��Zp«
½Zº¸]Z£7.%)¾¯�ª°��zd¸]�¶«|«{�zºÀgPc�bºpc�v´´§�½Z¸]Z£�yu
7.%)½Y{Y�¶º]3*$²Àº¿Z��½Zº·\À�M�¾¿º³Y{�½Z��Y��º¤�

½Z¸]Z£�yu�¾º«¹�v´º´À]�¾º¯(%)ªÀ¨�c�ª� ¯�¶¤^��½Z·zÀc�yu�
¾º¯ºº�u�¾¬�Y�½Z��Y�yu�¦Àd�È��ªº�Z ¯�ªÀ¨º�c�vº� yu
µ{Zº�½Y�±ºdº� ¹ zºÀc�½Zº¸]Z£�yu.%)½Y{Y�¶º]3*$½Z·�

½Z¸]Z£�{Y�+y|](%)�zd°§�¶]Z�¯�b�Y�
Ó�ª¨º�½Zº¸]Z£�½zº¿x�.%)x��ª¨��{Y�¶�«Z�¯�uyºº¯½z¿

½Zº¸]Z£(%)b�Y�zdº�À]�¶]Zº�¯��½Z¸]Z£�½z¿x��ª¨�.%)Z]�
v´¬]�¾¿º³Y{�Zº] ½Zº¸]Z£�{Y�zdº�À]�µZcºº§ ¾º¿º³Y{b�Y�`¿Z���z]

½Zº¸]Z£7.%)b^�³�Zº]K�+b^�³�Z]�½Z¸]Z£�{Y�zd�À]��¦#º§�
K�++y|]�b�Y�
Ô�¶¤^��¦¿�½Z¸]Z£�yZd�y�¾�yz]�¶]��º]zº¯ ¡ºº� j¿Zdº³b�Y�

½Yzº]³ �zd�-�¹ ®Àº°�c�Z]�¶¤^��v´#�½Z¸]Z£�yZd�y�¶�«Z�¯��j¿Zd
b�Y�½y¹z��¾¿º³Y{�v´]�yZ¸¯�®d�À��

¶¯Z³�µ%Y¹
�� NQHH�EUDFHG�IUDPHV��.%)� �� $ULVWD]DEDO�2FKRD��-��' �kYz¯

Î�½z.���i��ù¾�s� zÀ�� ¹ ¾�s�¾¨À¯Z´¿u� yZd�y�¾�yz]�
¶«|«{�zÀgPc�bpc�¾¿º³Y{�v¿vk�v´]� yZ¸¯� Z]�½Z¸]Z£ø±Z¿Z�¶¯Z³

Y ¾�Z´�yZ§bÀ]zc�µZ.�³Yu��ºl�³Yu�zd§u�Z°´·Yy�uZd�Y� �v�y
�}yv¯ÎÐÔÕ�

Ï�¾¤�Z³�Y�|§z¯� {Y�iyZs�½Z·�[Z£�½Y�µ{z«�¾oYz��¹ yZd�y�
�©¹Y��Z#��¶«|«{�¾�v´¸¯�¹ ¾�Z´��¶«|«{�¾¬¬°«Y�²À]�¶��R¯

ÎÐÔÒ�
Ð�¾º³ºoZ�����aÇZo��¹y�¶]�½uÇº��½Z·�µ{Zº� ¾ºoYz�

½vo�©¹Y��Z#��ÎÐÔÍ�
Ñ�µuY{�©Zº°§���ø]zÀ��yZd�y�z]�¾�v´·�½Z·zd¯YyZ��zgY�¾�yz

º�À��¾º�sºuZº] ®dv´].%)�ù±Z¿Z��v�yY�¾�Z´�yZ§�¶¯Z³
�zÀ^§zÀ¯Y�µZ.�³Yu��¾°¬¿u�zÀ�uyY�zd§u�Z°´·Yy�uZd�YÎÐÔÔ��
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Ò�¶°À#�µYºsuYu�Y��ø®·�½v´]uZ]�Z]�½Z¸]Z£�yZd�y�¾�yz]¹ |§z¯
Zº¸³M�¾º^À§zc�zº� ¹ |º§z¯�{Y�iyZºsø´�yZ§�¶¯Z³�±Zº¿Z���¾�Z

�±Yz¸c�µZ.�³Yu��v�yYÎÐÔÒ�
�� %DOHQGUD�� 7��� 6DP�� 0�� 7��� DQG� /LDZ�� &�� <���

³'LDJRQDO� %UDFH� :LWK� 'XFWLOH� .QHH� $QFKRU� IRU�
$VHLVPLF� 6WHHO� )UDPH�´� (DUWKTXDNH� (QJLQHHULQJ�
DQG� 6WUXFWXUDO� '\QDPLFV�� 9RO�� ���� 33�� ���������
�����

�� 3RSRY�� (��� DQG� (QJHOKDUGW�� 0��� ³6HLVPLF�
(FFHQWULFDOO\� %UDFHG� )UDPHV�´� -RXUQDO� RI�
&RQVWUXFWLRQ�6WHHO�5HVHDUFK��9RO�����������

�� (OLDV� *�� $EX�� 6DED�� 'HVLJQ� RI� 6WHHO� 6WUXFWXUHV��
&KDSPDQ�	�+DOO�������

�� 6DP�� 0�� 7��� %DOHQGUD� 7��� DQG� /LDZ�� &�<���
³(DUWKTXDNH�5HVLVWDQW� 6WHHO� )UDPHV� :LWK� (QHUJ\�
'LVVLSDWLQJ .QHH� (OHPHQWV�´� (QJLQHHULQJ� 6WUXFW���
9RO������1R�����SS����������������

��� %DOHQGUD��7���6DP��0�7���/LDZ��&�<���DQG�/HH��6�/���
³3UHOLPLQDU\� 6WXGLHV� LQWR� 7KH� %HKDYLRXU� RI� .QHH�
%UDFHG� )UDPHV� 6XEMHFW� WR� 6HLVPLF� /RDGLQJ�´�
(QJLQHHULQJ�6WUXFW��9RO������33��������������

��� %DOHQGUD��7���/LP�(�/���DQG�/HH��6�/���³'XFWLOH�.QHH�
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