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$EVROXWH�$FFHOHUDWLRQ�7UDQVIHU�)XQFWLRQ�RI�6HFRQGDU\�6\VWHPV
6XEMHFWHG�WR�0XOWL�&RPSRQHQW�(DUWKTXDNHV

0��*KDIRRUL�$VKWLDQL�DQG $��)R\RR]

$EVWUDFW� 7KH� LPSRUWDQFH� RI� WKH� HTXLSPHQW� DQG� VHFRQGDU\� V\VWHPV� LQ� VHLVPLF�GHVLJQ�DQG�SHUIRUPDQFH�HYDOXDWLRQ�LV�ZHOO
UHFRJQL]HG� DQG� KDV�EHHQ�WKH�VXEMHFW�RI�PDQ\�VWXGLHV��,Q�DOO�RI�WKHVH�VWXGLHV��HDUWKTXDNH�LV�FRQVLGHUHG�DV�D�VLQJOH�FRPSRQHQW��DQG
LQ� PRVW� RI� WKHP� WKH� SULPDU\� V\VWHP� LV� FRQVLGHUHG� DV�VKHDU�EXLOGLQJ��0RVW�DWWHQWLRQ�KDV�EHHQ�FRQFHQWUDWHG�RQ�WKH�UHVSRQVH�RI
VHFRQGDU\� V\VWHP�DQG�LWV�UHVSRQVH�VSHFWUXP��,Q�WKLV�SDSHU��WKH�WUDQVIHU�IXQFWLRQ�IRU�DEVROXWH�DFFHOHUDWLRQ�RI�WKH�VHFRQGDU\�V\VWHP
LV�REWDLQHG�
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7KH� VTXDUHG� PRGXOXV� RI� WUDQVIHU� IXQFWLRQ� UHODWHV�WKH�SRZHU�VSHFWUDO�GHQVLW\�IXQFWLRQ�RI�WKH�LQSXW��H[FLWDWLRQ��WR�WKH�RXWSXW
�UHVSRQVH��� ZKLFK� LV�XVHIXO�LQ�WKH VWXG\�RI�WKH�YDULRXV�G\QDPLF�SDUDPHWHUV�RI�WKH�V\VWHP��,Q�DGGLWLRQ�WR�WKH�WUDQVIHU�IXQFWLRQ��WKH
DXWRFRUUHODWLRQ�DQG�SRZHU�VSHFWUDO�GHQVLW\�IXQFWLRQV�RI�DEVROXWH�DFFHOHUDWLRQ�RI�WKH�VHFRQGDU\�V\VWHP�DUH�REWDLQHG��(DUWKTXDNH�LV
FRQVLGHUHG� DV�D�PXOWL�FRPSRQHQW�V\VWHP�DQG�WKH�QHFHVVDU\�IRUPXODWLRQ�LV�GHYHORSHG�IRU�WKH�FDOFXODWLRQ�RI�WKHVH�IXQFWLRQV�DV�ZHOO
DV� WKH� FULWLFDO� DQJOH� ZLWK� DQG� ZLWKRXW� LQWHUDFWLRQ� EHWZHHQ� WKH� WZR� V\VWHPV�� 7KH� GDPSLQJ� RI� WKH� V\VWHP� LV� FRQVLGHUHG� DV
SURSRUWLRQDO� LQ� WKH� GHFRXSOHG� DQDO\VLV�� DQG� QRQSURSRUWLRQDO� LQ� WKH� FRXSOHG� DQDO\VLV�� 7KH� IRUPXODWLRQ� GHYHORSHG�KDV�EHHQ
LOOXVWUDWHG� E\� FRQVLGHULQJ� D� WHQ�VWRU\� WRUVLRQDO� EXLOGLQJ�� 9DULRXV� SDUDPHWHUV� VXFK� DV� HFFHQWULFLW\�� FRUUHODWLRQ� EHWZHHQ
FRPSRQHQWV�� WXQLQJ� LQWHUDFWLRQ� DQG� QRQSURSRUWLQDO� GDPSLQJ� DUH� VWXGLHG�� 5HVXOWV� VKRZ� WKDW� HOLPLQDWLQJ� WKH� HIIHFW� RI
PXOWLFRPSRQHQWQHVV�RI�HDUWKTXDNH�FDQ�FDXVH�ODUJH�HUURUV�HVSHFLDOO\�DW�ODUJH�HFFHQWULFLWLHV�
.H\ZRUGV��WUDQVIHU�IXQFWLRQ��5DQGRP�YLEUDWLRQ��VHFRQGDU\�V\VWHPV��FULWLFDO�DQJOH��LQWHUDFWLRQ��QRQSURSRUWLRQDO�GDPSLQJ
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°®�¦°�¶ «R¯�¦¿�Z¸´c�À¦ºc¾¯ ¾�³Z§z��®·�zÀ��ÄZ¸d«Zo�°®�¶lÀd³
Á±Z��¶]�¾³¦zp]�¶¿Â¦±�®¦vd¯¦�°®�¦°�¶ «R¯�À¡�v¿Z]�¾«Â�b�z-�z�³

�®z§�®°¦Â
Ä¦zº] ¾Zº¤d³¦��]Zºc z¿®Zºº¤¯��j¿Zd³�Àv��n�¦Â�Ä¦z]�²À´$°·
Á®°Â¡��Ï��¾Âvºk °®�vºº�°®�ÏÍ Â�ÎÍ �Ò ÄZ¸¿°ºp¯�±¦�«Âzs
®ºº·��ÎÖ�Í Â�Ó�Ñ ÄZ·�~³Z§z��°®�¾Z¤d³¦��]Zc�z¿®Z¤¯��b�¦�Áv�
®ºº· zÀºº���ÎÏ�Ò Â�Ó�Í Â��¿Â®�Â�¾Â¦�ÄZººº·®º¯�Zº] ~³Zº§z�
²º¿¦°®��ÎÍ Â��Ò �Î ©Zº¤^��Ä¦zº] Â�¶ºÀ³Zg�zº] ÀZºº¿®¦°��~³Z§z�
Ä¦°¦®�Áv��¶d�z-�z�³�°®�¶¿º³Zg�®d�À���b�¦�Áv��¶d�º³�¾Âvk
Â�bº�¦�vºº�°®�Ï ¾¿¦zÀ¯�\¿z��Â�¶À³Zg�z]�ÀZ¿®¦°�Ó�Ñ ~³Z§z�
¶º] ¶ºº]z¯�z���z·�°®��b�¦�Áv��¿Zl³¦��´§°v³¦�ÀÂv]�ªÀ¬pc
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ÎÐÕÎ °º¿z¸���Î ¨°Z°���ÏÎ ¾Z���¾È¤d�¦ ÎÏÕ

Ä°ºp¯�±¦�«Âzs zg¦��Ï ¾Âvk
¾Â¦�¶¤^�®l´��¶¤^�®·®�¶¤^�

�K�K�K�K�K�K
±¦�«ÂzsÄ°ºp¯~³Z§z�

� �VHFUDG�(UURU���(UURU���K(UURU���(UURU���K(UURU���(UURU���K

ÎÕ�ÍÎÕ�ÍÒÔ�ÔÒÔ�ÕÕÎ�ÍÕÎ�Î Ó�ÍÍ�ÍÍ�ÍÎÕ�ÍÍ�ÎÍ�ÍÒÔ�ÖÍ�ÎÍ�ÍÕÎ�Ï
ÎÍÏÎÍÐÒÎÍÒÎÍÔÒÒÔÒÓ Ó�ÑÎ�ÓÎ�ÐÎÍÑÎ�ÓÎ�ÒÒÎÕÎ�ÓÎ�ÒÔÓÕ
Í�ÐÑÍ�ÐÑÍ�ÍÍ�ÍÍ�ÐÓÍ�ÐÓ ÎÏ�ÒÍ�ÍÍ�ÍÍ�ÐÑÍ�ÍÍ�ÍÍ�ÍÍ�ÍÍ�ÍÍ�ÐÓ
Í�ÒÑÍ�ÒÑÎ�ÍÒÎ�ÍÒÎ�ÏÕÎ�ÏÕ

��Ò

ÎÖ�ÍÎ�ÓÎ�ÐÍ�ÒÒÎ�ÓÎ�ÒÎ�ÍÔÎ�ÓÎ�ÓÎ�ÐÎ
ÏÍ�ÏÏÍ�ÑÓÖ�ÒÔÎ�ÎÖÕ�ÔÎÍÎ Ó�ÍÎ�ÐÍ�ÐÏÍ�ÒÏ�ÔÍ�ÑÔÎ�ÑÏ�ÖÍ�ÑÎÍÏ
ÔÏ�ÐÕÎ�ÕÐÔÐÑÍÐÒÒÒÒÖÔ Ó�ÑÎÑ�ÔÍ�ÐÕÑ�ÕÎÐ�ÕÓ�ÖÑÐÐÎÐ�ÔÔ�ÏÓÑÐ
Í�ÐÍ�ÐÍ�ÍÏÍ�ÍÏÍ�ÐÕÍ�ÐÕ ÎÏ�ÒÍ�ÍÍ�ÍÍ�ÐÕ�ÐÕ�ÏÍ�ÍÐÍ�ÍÍ�ÍÍ�ÓÎ
Í�ÐÕÍ�ÑÐÍ�ÔÖÍ�ÕÑÍ�ÖÑÎ�ÍÏ

��ÎÍ

ÎÖ�ÍÎÑ�ÓÐ�ÔÍ�ÑÒÎÐ�ÏÔ�ÓÍ�ÖÍÎÐ�ÔÔ�ÎÎ�ÍÖ
Ô�ÕÎÏ�ÖÏÔ�ÔÓÍ�ÓÑÎ�ÖÖÍ�Ó ÓÑÒ�ÏÖ�ÓÎÑ�ÐÒÔ�ÕÔ�ÓÓÒ�ÒÒÔ�ÍÓ�ÖÖÔ�Ñ
ÒÕ�ÒÔÖ�ÍÏÕÏÐÕÎÑÎÕÒÓÑ Ó�ÑÏÓ�ÍÍ�ÍÔÖ�ÍÏÔ�ÍÎ�ÎÐÕÓÏÓ�ÖÎ�ÑÒÔÏ
Í�ÐÑÍ�ÐÑÍ�ÎÒÍ�ÏÎÍ�ÒÓÍ�ÓÍ ÎÏ�ÒÍ�ÐÍ�ÐÍ�ÐÑÏÕ�ÒÍ�ÑÍ�ÏÎÕ�ÏÎ�ÑÍ�ÓÎ
Í�ÐÎÍ�ÑÎÍ�ÒÖÍ�ÔÕÍ�ÔÎÍ�ÖÓ

��ÏÍ

ÎÖÏÓ�ÍÍ�ÍÍ�ÑÎÏÓ�ÐÏ�ÏÍ�ÕÍÏÔ�ÍÎ�ÑÍ�ÖÔ

ÇZºº] �¿®°�¶§�®°¦®�®ºkÂ��¿®°�Â®�� �K Â �K ÄZ¸³ºd�
K ¶]�b^�³�À¡�¾^�³�ÄZ�s�²À¿Z���¿®°�Â�¾Z¤d³¦��]Zc�°¦v¤¯

°®��v´]Zº¿¾¯ �º¿¦|�¦�Z·Z�s�Ä°ºp¯�±¦�«Âzs��¿¦|�¦�Z]��b�¦
zºg¦�z.ºº¿®�©°Z^��¶]��v³Z¯¾¯ b]Zg�>Z^¿z¤c�Z·Z�s��¬dt¯�©Z¤^�
zhºº§¦�°®��b�¦�z]¦z]�©Z¤^��¶À¬§�Ä¦z]�>Z^¿z¤c�À®º]�Ä¦¶ «R¯�v´#
±¦�zdº�À]�Zº·Z�s��¾ºº�³Z§z��®·�ÄZ¸d«Zo�°®�Z¸¿°ºp¯�±¦�«Âzs

�b�¦�¾�³Z§z��®·zÀ��ÄZ¸d«Zo
¶«|«±�ÄZ·�¶ «R¯�²À]�¾.d�^°·�zg¦���§

\ºº¿z��°Z¸º# �Zº· ¶º «R¯�²ºÀ]�¾.dº�^°·�zºg¦�¾º�°z]�Ä¦zº]
Ä¦zºº] Â�Áv��¶d�z-�z�³�°®�Í�ÏÒ Â�Í�Ò Â�Í�ÔÒ �Î�Í ¾.d�^°·
®dº�À� Ä¦zºº] Ò ¶¤^��¾Z¤d³¦��]Zc�v�°®�ÏÍ Ä°ºp¯�±¦�«Âzs
Í�ÍÏ ¾¿¦zÀº¯ \º¿z��Zº] Â�\º�Z´d¯�¾¿¦zÀºº¯ Z]���´§°v³¦�ÀÂv]

bººº«Zo�°®�¾Zº¤d³¦��]Zc�¶§�b�¦�z§¯�¶]�¿±Ç �b�¦�Áv��¶^�Zp¯
ÄZº· ¶º «R¯�²ºÀ]�¾.dºº�^°·�\¿z��¶§�b�¦�¾d£Â�Z]�z]¦z]� �K
Â��Ñ��ª¨º� °®�¾Zºº¤d³¦��]Zc�Ä¦z]�ª�Zo�j¿Zd³��v�Z]�z ��¶«|«±
�Ò��ª¨ºº� °®�¶«|«±�À®º]�Ä¦¶ «R¯v´#�²d�z.³�z�³�°®�ÄZ·Z�s
¶ºd�z-�ª¨��Â®�²¿¦¾�°z]�±¦�¶§�Ä¦¶lÀd³��b�¦�Áv��Á®¦®�ÀZ�³
°¦vº¤¯�°®�Ä®Zº¿±�zÀººÀ�c�D\¿z��°®�zÀÀ�c�¶§�b�¦�²¿¦®º�¾¯
²d�z.³�z�³ °®�ÄZ�s�v�Z]�D � z-¦�¾do��v·®�¾°³�¾Z¤d³¦��]Zc
¾ºº¬Às�¾�³Z§z��®·�ÄZ¸d«Zo�°®�|k�¶]�¶«|«±�À®º]�Ä¦¶ «R¯�v´#
®°¦ºº¯ °®�¶ºº§ b�¦�¾¬^£�¶lÀd³�z]�ÄvÀ§Pc�¶lÀd³�²¿¦�b�À³�®Z¿±
zº�³�°®�Ä¦¶º «R¯�¦ºc ©°ºº� ¶ºº] ¶«|«±�z-¦�¾�³Z§z��®·�zÀ�
¶ºÀ«Â¦�®dºº�À��¶]�¾³¦zp]�¶¿Â¦±�®¦vd¯¦�°®�¶ «R¯�²¿¦Â�Áv��¶d�z-

�b�¦�¾�º��®�#�ª]Z£�Â�®§�Z·Z�s�®º��®°¦Â
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ÎÐÕÎ °º¿z¸���Î ¨°Z°���ÏÎ ¾Z���¾È¤d�¦ÎÏÖ

¾Z¤d³¦��]Zc�ÄÂ°�Ä°ºp¯�±¦�«Âzs�zÀgPc��Ï ª¨�Ä°ºp¯�±¦�«Âzs�ÄZ·Z�s �Ð ª¨�

¾�³Z§z��®·�zg¦���«
�º¬dt¯�ÄZº·®º¯�Zº] ¾º�³Z§z��®º· zºg¦�`º�«Z�¯�°ººº�´¯�¶]
~³Zº§z��®ºº· ¾´�¿ �¶À³Zg�z]�ÀZ¿®¦°�Ó�Ñ �¶¿º³Zg�®d�À��~³Z§z�
ÎÖ�Í Â��~³Z§z��®·�zÀ��¾´�¿��¶À³Zg�z]�ÀZ¿®¦°�ÎÒ�Í �¾Â¦�®º¯�Z]
Áv��¶d�z-�z�³�°®��¿Â®�®º¯�Z]�~³Z§z��®·�¾´�¿��¶À³Zg�z]�ÀZ¿®¦°
¾Zº¤d³¦��]Zºc \ºº�Z´d¯�¾¿¦zÀ¯�Z]�Â��´§°v³¦�ÀÂv]�®d�À��Ä¦z]�Â
vº�°®�ÏÍ Ä°ººp¯�±¦�«Âzºs Ä¦zºº] À¡�ÄZ·Z�s�Â�®l´��¶¤^�

®ºº¯ Zºº] ¾�³Z§z��®·�b«Zo�Ä¦z]�¾Z¤d³¦��]Zc��b�¦�Áv��¶^�Zp¯
Â��Ó��ª¨º� °®�z.º¿®�b«Zºo Â®�Ä¦zºº] Â��«�Ï��ª¨��°®�¾Â¦
®Àº�zc��Ô��Â��«�Ð��ÄZ¸¬¨ºº� °®�\Àczc�¶]�|À³�Z·�À¡�ÄZ·Z�s
¶º§ vº·®¾¯ ÀZºº�³��Ó��Â��«�Ï��ÄZ¸¬¨º� ¾�°z]��b�¦�Áv�
®º· ±¦�zd�À]�°ZÀ�]�¦°�¾Z¤d³¦��]Zc�°¦v¤¯��¾Â¦�®º¯�Z]�¾�³Z§z��®·
°º��¶]��v·®¾¯ �¿¦|�¦�¾�³Z§z��®·�zÀ��Z¿�¿Â®�®º¯�Z]�¾�³Z§z�
°®�¾Zº¤d³¦��º]Zc�°¦v¤¯��¾Â¦�®º¯�Z]�~³Z§z��®·�®d�À��Ä¦z]�¾Zh¯
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ÎÐÕÎ °º¿z¸���Î ¨°Z°���ÏÎ ¾Z���¾È¤d�¦ ÎÐÍ

Z·¶ «R¯�²À]�¾.d�^°·�\¿z��zÀgPc��Ñ ª¨�Z·¶ «R¯�²À]�¾.d�^°·�\¿z��ÄZ·Z�s��Ò ª¨�
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ÎÐÕÎ °º¿z¸���Î ¨°Z°���ÏÎ ¾Z���¾È¤d�¦ÎÐÎ

¾Z¤d³¦��]Zc�ÄÂ°�¾�³Z§z��®·�zÀgPc��Ó ª¨�¾�³Z§z��®·�ÄZ·Z�s��Ô ª¨�

®ºº· ®d�À��Ä¦z]�¶§�¾«Zo�°®��b�¦�ÐÕÓ Z]�z]¦z] Ó�Ñ ~³Z§z�
Ä¦zº] Â�ÎÒÒ�Ï Zº] zº]¦z]�ÎÖ�Í ~³Zºº§z��°®�¿Â®�®º¯�Z]�~³Z§z�

�b�¦ ÎÓ�Ö Z]�z]¦z]�ÎÒ�Í ~³Z§z��°®�~³Z§z��®·�zÀ��®d�À�
°®�zÀºÀ�c�¶º§ vºº·®¾¯ ÀZ�³��Ô��Â��«�Ð��ÄZ¸¬¨��¾�°z]
®ººkÂ�¶º] �H Â� �H ÄZº�s�°®�ÄzÀººÀ�c�¶¿º³Zg�®d�À��~³Z§z�
®·zÀº� Ä¦z]�¶#�Â�¾�³Z§z��®·�Ä¦z]�¶#�¸º�º¯�²¿¦�®°Â¡�¾°³
²d�z.³�z�³�°®�ÄZ�s�°¦v¤¯�z.¿®�ÀZÀ]�¶]��b�¦�¼®Z��¾�³Z§z�
¶º¿º³Zg�®dº�À��~³Zºº§z��À®¦®�zÀÀ�c�Z]�¶«|«±�À®º]�Ä¦¶ «R¯�v´#

�v´§�¾°³�Ä®Z¿±�zÀÀ�c

�´§°v³¦�zg¦���®
zºººg¦��bºº�¦�¶ººd�zº- °¦zººº£ ¾�°z]�®°º¯�¶§�Äz.¿®�¸º�º¯
ÄÂ°��®dº�À��Â®�²ºÀ]��ºº´§°v³¦�²d�z-�z�³°®��b�¦��´§°v³¦
�]Zºc Àº#�Â�®°¦x-¾¯ zÀgPc�\§z¯�®d�À��¾¨À¯Z´¿®�©ZÀ�º�s
zÀºÀ�c�|Àº³ ¾Zº¤d³¦��]Zººc �b�¦�¶d�]¦Â�©ZÀ�º�s�²¿¦¶]�¾Z¤d³¦

®d�À� ÄZ¸�³Z§z��ÄÂ°��´§°v³¦�zg¦�¦vd]¦�b°�£�²¿¦°®��v´§¾¯
�®zÀ-¾¯ °¦z£�fp]�®°º¯�¾Z¤d³¦��]Zc�ÄÂ°�~���Â�\§z¯

¶º¿º³Zg�®dºº�À��¿zk�b^�³���´§°v³¦�¸º�º¯�°®�®¸¯�ª¯Z�
Â®�²¿¦¾º�°z]�Ä¦z]��b�¦�¶¿º³Zg�®d�À��~³Z§z��Â�¶¤^��¿zk�¶]
zºg¦�²ºd�z-�zº�³�°®�ÀÂvº] \º§z¯�®dº�À��ÄZ¸º�³Z§z���ª¯Zº�
¿zºk ÄZ¸d^º�³�Zº] ��º´§°v³¦�zººg¦�²d�z-�z�³�°®�Z]�Â��´§°v³¦
¿Â®�Â�¾Â¦�®ººº¯ Zº] ¾º�³Z§z��®º· Ä¦zº] Â��Í�Î �Í�ÍÎ �Í�ÍÍÎ
¾º�³Z§z��®ºº· zÀ��Â��¶À³Zg�z]�ÀZ¿®¦°�ÎÖ�Í Â�Ó�Ñ ÄZ·�~³Z§z��
±¦�«Âzºs �bº�¦�Ávº� ¶^º�Zp¯��¶À³Zg�z]�ÀZ¿®¦°�ÎÒ�Í ~³Z§z��
°¦zº£ ®ºl´��¶ºº¤^��°®�¶¿º³Zg�®d�À��Â��ÏÍ z]¦z]�®d�À��Ä°ºp¯
®dº�À��¾Â¦�®ºº¯ Õ ÄZ¸º�³Z§z��¶º�¿Z¤¯�Ä¦zºº] �b�¦�Áv��Á®¦®
²º¿¦�°®�¶º§ Ä¦¶ºd¨³��bº�¦�Ávº� Á®°Â¡��Ð��¾Âvººk °®�\§z¯
vº¿vk�®ººº¯ ¦¿�¶¿º³Zg�®d�À��¶§�b�¦�²¿¦®º�¾¯ Áv¿®�¾Âvk
²ºº¿¦�¾�³Z§z��®·�b«Zo�°®��®°Â¡¾¯ ®ºkÂ�¶]�\§z¯�®d�À��°®
¦°�~º³Z§z��®·�®º¯�¶]�¦¿®|³�ÄZ·®º¯�~³Z§z���¤��v¿vk�®º¯
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ÎÐÕÎ °º¿z¸���Î ¨°Z°���ÏÎ ¾Z���¾È¤d�¦ ÎÐÏ

\§z¯�®d�À��ÄZ¸�³Z§z���Ð ¾Âvk
¶¿º³Zg�®d�À��~³Z§z�¿zk�b^�³  �Í¿zk�b^�³� �Í�ÍÍÎ¿zk�b^�³� �Í�ÍÎ¿zk�b^�³� �Í�Î

Ò�ÔÖÒ�ÔÖÒ�ÔÖÒ�ÔÐ
Ó�ÑÍÓ�ÐÕÓ�ÐÑÓ�ÏÐ
ÎÏ�ÏÑÓ�ÑÏÓ�ÑÔÓ�ÓÑ
ÎÔ�ÏÍÎÏ�ÏÑÎÏ�ÏÑÎÏ�ÏÑ
ÎÖ�ÍÍÎÔ�ÏÍÎÔ�ÏÍÎÔ�ÏÎ
ÏÕ�ÍÔÎÖ�ÍÍÎÖ�ÍÍÎÖ�ÍÍ
ÐÎ�ÍÎÏÕ�ÍÔÏÕ�ÍÔÏÕ�ÍÕ

Ó�Ñ

ÐÓ�ÐÑÐÎ�ÍÎÐÎ�ÍÎÐÎ�ÍÎ
Ò�ÔÖÒ�ÔÖÒ�ÔÖÒ�ÔÕ
Ó�ÑÍÓ�ÑÍÓ�ÑÍÓ�ÐÕ
ÎÏ�ÏÑÎÏ�ÏÑÎÏ�ÏÑÎÏ�ÏÑ
ÎÔ�ÏÍÎÒ�ÍÍÎÑ�ÖÕÎÑ�ÕÑ
ÎÖ�ÍÍÎÔ�ÏÍÎÔ�ÏÎÎÔ�ÐÐ
ÏÕ�ÍÔÎÖ�ÍÍÎÖ�ÍÍÎÖ�ÍÖ
ÐÎ�ÍÎÏÕ�ÍÔÏÕ�ÍÔÏÕ�ÍÖ

ÎÒ�Í

ÐÓ�ÐÑÐÎ�ÍÎÐÎ�ÍÎÐÎ�ÍÐ
Ò�ÔÖÒ�ÔÖÒ�ÔÖÒ�ÔÕ
Ó�ÑÍÓ�ÑÍÓ�ÑÍÓ�ÐÕ
ÎÏ�ÏÑÎÏ�ÏÑÎÏ�ÏÑÎÏ�ÏÑ
ÎÔ�ÏÍÎÔ�ÎÖÎÔ�ÎÔÎÓ�ÖÑ
ÎÖ�ÍÍÎÕ�ÖÐÎÕ�ÔÕÎÕ�ÑÑ
ÏÕ�ÍÔÎÖ�ÍÔÎÖ�ÏÑÎÖ�ÕÐ
ÐÎ�ÍÎÏÕ�ÍÔÏÕ�ÍÕÏÕ�ÎÎ

ÎÖ�Í

ÐÓ�ÐÑÐÎ�ÍÎÐÎ�ÍÎÐÎ�ÍÑ
¾º°³�°¦zº£ zÀgPººc bpc�Z·®º¯�z¿Z��~³Z§z��Â�v·®¾¯ zÀÀ�c
°ZÀº�]�¦^ºº� ¶¿º³Zg�ÄZ¸°d�À��Ä¦z]�Áv¯¡�®ºkÂ�¶]�zÀÀ�c��v³zÀ-
zÀºº� b«Zo�°®��b�¦�zd�À]�²À.´��¶¿º³Zg�ÄZ¸°d�À��Ä¦z]�Â�®§
�º¤��Â�vº´§�¾º°³�zÀººÀ�c�¶À«Â¦�®d�À��ÄZ¸�³Z§z���¾�³Z§z��®·
~³Zº§z��Zº] À¡�~³Zº§z��¶º§ vº¿¡¾¯�®ºººkÂ�¶]�v¿vk�®º¯�¦¿

�b�¦�z]¦z]�¶¿º³Zg�®d�À�
�Õ��ªºº¨��°®�¿zºk �º¬dt¯�ÄZ¸d^ºº�³�Ä¦z]�¾Z¤d³¦��]Zc�z¿®Z¤¯
°¦z£�®l´��¶¤^��°®�¶¿º³Zg�®d�À��ª¨��²¿¦°®��b�¦�Áv��®À�zc
¶d�z-�z�³�°®�¶À³Zg�z]�ÀZ¿®¦°�Ó�Ñ Z]�z]¦z]�À¡�~³Z§z��Â�Áv��Á®¦®
±¦�«Âzºs Â Í�ÍÏ ¶ºº¿º³Zg�Â�¶À«Â¦�ÄZ¸°d�À��¾¿¦zÀ¯��b�¦�Áv�

¶º§ ��«�Ï��ª¨º� Â�ª¨º� ²¿¦¶ººº�¿Z¤¯�Z]��b�¦��ÏÍ Ä°ºp¯
zºº�³�°®�¶º§ ®º�¾¯ ¶lÀd³��b�¦��´§°v³¦�ÀÂv]�®d�À��Ä¦z]
b«Zºo °®��vºº·®¾¯ �·Z§�¦°�¾Z¤d³¦��]Zc�°¦v¤¯��´§°v³¦�²d�z-
�]Zºc �·Zº§ °¦vº¤¯�¿zºk á°|ºº] ÄZ¸d^�³�Ä¦z]�Â�¾�³Z§z��®·
°¦vº¤¯��Èºh¯��bºº�À³�¾�º��®�#�ª]Z£�Â�Á®º]�®Z¿±�°ZÀ�]�¾Z¤d³¦
zºº]¦z]��´§°v³¦�²d�z-�z�³�°®�ÀÂv]�Ó�Ñ ~³Z§z��°®�¾Z¤d³¦��]Zc
ÄZº· b^º�³�Ä¦zº] Â��º´§°v³¦�²dºº�¦®�°º�´¯�Z]�¾«Â�ÐÕÒ�Õ Z]
Â�ÏÖÖ�Ô �ÐÔÑ�Ò �Zº] zºº]¦z]�\Àczc�¶]�Í�Î Â�Í�ÍÎ �Í�ÍÍÎ ¿zk
À®º]�Ä¦¶ «R¯�v´#�²d�z-�z�³�°®�|À³�®°º¯�²¿¦°®��®º�¾¯ ÖÖ�Ñ
À®¦®�ÀZº�³�Ä¦zº] �®ºº�¾¯ ®¸¯�¾�³Z§z��®·�ÄZ¸d«Zo�°® ¶«|«±
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ÎÐÕÎ °º¿z¸���Î ¨°Z°���ÏÎ ¾Z���¾È¤d�¦ÎÐÐ

¿zk�b^�³�zÀgPc��Õ ª¨�¿zk�b^�³�ÄZ·Z�s��Ö ª¨�

zº�³°®�±¦�¾º�Z³�ÄZº·Z�s�¶º«|«±�À®ºº] Ä¦¶º «R¯�vºº´#�bÀ°·¦
®·�b«Zo�°®�Z·Z�s��b�¦�Áv��®À�zc��Ö��ª¨��°®�À¡�²d�z.³
°®�¾º«Â�bºº�¦�À®z§�z�³�»z��ª]Z£�zÀ��Â�®Z¿±�°ZÀ�]�¾�³Z§z�
°®�¶º«|«±�á°|ºº] ¶ «R¯�¶§�¾¿Z¸d«Zo�°®�¾�³Z§z��®·�zÀ��b«Zo
©°ºº� ¶º] ¶º«|«±�Zºº¿ �®º��®°¦Â�®d�À��¶]�¾³¦zp]�¶¿Â¦±�®¦vd¯¦
Ä®Zº¿±�zÀººÀ�c�¾Z¤d³¦��]Zc�°¦v¤¯��®º��¶d�z-�z�³°®�Ä¦¶ «R¯�v´#
¾�³Z§z��®·�®°º¯�ªh¯�|À³�®°º¯�²¿¦°®�¶¨´¿¦z.¿®�¶d¨³��v´§�¾°³
z·�b -�À¦ºc¾¯ ~���v´§�¾°³�zÀÀ�c�Z·Z�s�¿zk b^�³�zÀÀ�c�Z]

¶º«|«±�À®ºº] Ä¦¶ºº «R¯�v´#�²d�z.³�z�³�°®�±¦�¾�Z³�ÄZ�s�v´#
zººÀÀ�c�À¡�°¦vº¤¯�¿zºk �º¬dt¯�ÄZº¸d^�³�Ä¦z]�¾«Â�b�¦�®Z¿±

�v³Z¯¾¯ b]Zg�Â�v´§¾°³

¾¿¦zÀ¯�À®º]�\�Z´d¯Z³�zg¦���·
�®d�À��Â®�²À]�Z¸³¡�°®�¶§�¾^§z¯�ÄZ¸°d�À��¾¿¦zÀ¯��Çº°�¯
Zºº] ®dººº�À��Â®�¾¿¦zÀº¯ ©ZºÀ�º�s�Â�®°¦®�®ººkÂ��º´§°v³¦
¾�°z]�Ä¦z]��b�¦�\�Z´d¯Z³�©°º��¶]��b�¦�©ÂZ d¯�z.¿v¨¿
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ÎÐÕÎ °º¿z¸���Î ¨°Z°���ÏÎ ¾Z���¾È¤d�¦ ÎÐÑ

\�Z´d¯Z³�¾¿¦zÀ¯�zÀgPc��ÎÍ ª¨�\�Z´d¯Z³�¾¿¦zÀ¯�ÄZ·Z�s��ÎÎ ª¨�

¾Â¦�®º¯�Z]�~³Z§z��®·�\§z¯�®d�À���¾¿¦zÀ¯�À®º]�\�Z´d¯Z³�zg¦
�ÏÍ Ä°ººp¯�±¦�«Âzs�Ä¦°¦®�¶À«Â¦�®d�À� Â�Áv��¶d�z-�z�³�°®
Í�ÍÒ �®°¦®�°¦zº£ ®ºl´��¶ºº¤^��°®�¶§��¶¿º³Zg�®d�À��¿zk�Â�Á®º]
Â�vº�°®�Ï ¶ººÀ«Â¦�®d�À��¾¿¦zÀ¯�b^�³��b�¦�¶À«Â¦�®d�À��¿zk
¶ºd�z-�zº�³�°®�vº�°®�ÎÍ Â�Ò �Ï ¶ºº¿º³Zg�®d�À��¾¿¦zÀ¯�b^�³
\º�Z´d¯�©°ºº� ¶º] ¶ºÀ«Â¦�®dºº�À��¾¿¦zÀ¯�~¿zcZ¯��b�¦�Áv�
>ÏÍ@��ºkz¯�°®�¶º§ ¾º�Â°�±¦�À¡�`^º�Zp¯�Ä¦zºº] Â�Áv��¶d�z-

\º§z¯�®dº�À��¾¿¦zÀºº¯ ~¿zcZ¯��b�¦�Áv��Á®Z d�¦�®°¦®�®ºkÂ
°®�¾Zº¤d³¦��]Zººc �b�¦�Áv��Á®¦®��ÐÕ��Â��ÐÓ��ÄZ·¶«®Z�¯�°®�®·
¶«|ºº«±�À®ºº] Ä¦¶ «R¯�v´#�²d�z.³�z�³�°®�ÄZ�s�Â��ÎÍ��ª¨�
Áv·Zº�¯��ÎÍ��ª¨º� °®��bº�¦�Ávº� ®Àº�zc��ÎÎ��ª¨º� °®

\º§z¯�®dºº�À��¾¿¦zÀ¯�À®º]�\�Z´d¯Z³�À¦|À¯�¶#�z·�¶§�®º�¾¯
�]Zºc �·Zº§ ¶ºd^«¦��®ºº�¾¯ zd°§�¾Z¤d³¦��]Zc�°¦v¤¯��®º��zd�À]
Zº·®º¯�z¿Zºº� °®�Â�b�¦�~³Z§z��®·�®º¯�¶]�¶º]z¯�zd�À]�¾Z¤d³¦
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ÎÐÕÎ °º¿z¸���Î ¨°Z°���ÏÎ ¾Z���¾È¤d�¦ÎÐÒ

°®�¾Zº¤d³¦��]Zºc °¦vº¤¯��Èºh¯��bº�À³�¶ºkºc�ª]Zº£ �·Zºº§ ²¿¦
®dºº�À��Ä¦z]�\Àczc�¶]�¶À³Zg z]�ÀZ¿®¦°�ÎÖ Â�ÎÒ �Ó�Ñ ÄZ¸�³Z§z�
Z]�¶¿º³Zg�®d�À��Ä¦z]��Í�ÕÍ Â�Í�ÎÓ �ÎÓÎ�ÔÏ \�Z´d¯�¾¿¦zÀ¯�Z]
¶¿º³Zg�®dº�À��Ä¦z]�Â��Í�ÕÍ Â�Í�ÎÒ �ÎÒÏ�Î z]¦z]�Í�ÍÒ ¾¿¦zÀ¯
°®�ÄZº�s��v´dº�·�Í�ÔÎ Â�Í�ÎÒ ��ÓÖ�Õ zºº]¦z]�Í�ÎÍ ¾¿¦zºÀ¯�Z]
ÄZ¸ºd«Zo�°®�K� ®°ººº¯ °®�¶«|«±�À®º]�Ä¦¶ «R¯�v´#�²d�z.³�z�³
ÄZºº�s�¾«Â�b�¦�À®z§�z�³�»z��ª]Z£�Â�®§�¾�³Z§z��®·�zÀ�
�b�¦�¾�º��®�#�ª]Z£�zÀ��Â�®Z¿±�Z¸�³Z§z��¶À¬§�°®�>Z^¿z¤c K�

ÄzÀ-�¶lÀd³��Ò
¶º] ¶º«|«±�¶º§ bº�¦�¿ºº�z¯�¶º¿º³Zg�ÄZ¸°dºº�À��ªÀ¬pc�°®
zº· °®�¶ºº «R¯�²¿¦Â�®º�¾¯ ¶d�z-�z�³�°®�Ä¦¶ «R¯�¦c�©°º�
r�Z��Â�Áv��®°¦Â�¶³Z-¦vk�°º��¶]�Á±Z��¾¬�¦�ÄZ·®¦vd¯¦�±¦�¦¿
¾º°§�Ávº� ¾�º� ¶º«Z¤¯�²ºº¿¦°®��v¿¡¾¯�b�®�¶]�¶¿º³Zg�®d�À�
¶º«|«±�¶º§ bº�¦�Ávº� µzºº� Â��®º��¶ds¦®z��¶¬X�¯�¶]�zd¤À£®
¾¿Zº·®¦vd¯¦�°®�vº´³¦ºc¾¯ Z·�¶ «R¯�²¿¦Â�b�¦�¶ «R¯�v´#�Ä¦°¦®
�]Zºc ¶«Z¤¯�²¿¦°®��v³º��®°¦Â�À¡�¶]�Á±Z��¾¬�¦�ÄZ·®¦vd¯¦�±¦�zÀ�
¶º] ¶ºº«|«±�¶³Z-v´#�ÄZ·�¶ «R¯�zg¦�bpc�¶¿º³Zg�ÄZ¸°d�À��¾Z¤d³¦
¶º¿º³Zg�®dºº�À��r�Z���À��Äz.¿®�¶«Z¤¯�°®�Â�b�¦�Áv¯¡�b�®

²¿zd°¸º¯ �bº�¦�Ávºº� ¶W¦°¦�¶«|«±�¶³Z-v´#�ÄZ·�¶ «R¯�zg¦�bpc
�±¦�v³¦©°Z^��¶�Ès�°º��¶]�Áv¯¡�b�®�¶]�j¿Zd³

«Âzs�Ä¦°¦® ¶§�¾¿Z¸°d�À��Ä¦z]�¶«|«±�À®º]�Ä¦¶ «R¯�v´# �Î
ªºÀ¬pc�Ä¦zºº] >Z�º�t¯��v]Z¿¾¯ bÀ°·¦�v´d�·�Ä°ºp¯�±¦
¶ºº§ ¾¿Z¸°d�À��ªh¯��®¸¯�Â�²Z�o�¶¿º³Zg�ÄZ¸°d�À��¢À£®
¶º] ¶º«|«±�v¿Zº] >Zº°do��v³ºº�¾¯ Á®z]�°Z§�¶]�Z¸·Z-ÂzÀ³�°®

�®º��¶d�z-�z�³�°®�Ä¦¶ «R¯�v´#�©°º�
®º· ÄZº· b«Zºo °®�¶º«|«±�À®ºº] Ä¦¶º «R¯�vºº´#�bÀ°·¦ �Ï
°®�¾¿Zº· b«Zººo ²À´#�°®�Â�®º�¾¯ zd�À]�°ZÀ�]�¾�³Z§z�
¶º] ¾Z¤d³¦��]Zc�®°Â¡z]�°®�¦°�¾-°|]�ÄZ·Z�s�À¡�²d�z.³�z�³

�®°Â¡¾¯ ®ºkÂ
á°|º] ¶º «R¯�Z¸º´c�À¦ºººc¾¯ ¾�³Z§z��®·�zÀ��ÄZ¸d«Zo�°® �Ð
¶º¿Â¦±�®¦vºd¯¦�°®�¦°�¶º «R¯�²º¿¦Â�bº�z-�zºº�³�°®�¦°�¶«|«±

�®z§�®°¦Â�Á±Z��¶]�¾³¦zp]
Ä¦¶ «R¯�v´#�²d�z.³�z�³�°®�zg¦�z]�Áv¯¡�®ºkÂ�¶]�ÄZ·Z�s �Ñ
~³Zº§z��zÀºÀ�c�Zº] ¾º«Â��bº�¦�®Zºº¿±�v´#�z·��¶«|«±�À®º]
�v³Z¯¾¯ b]Zg�Â�v´§�¾°³�zÀÀ�c�¿zk�b^�³�Â�¶¿º³Zg�®d�À�
¾º�³Z§z��®º· ÄZº· b«Zºo °®�|Àºº³ ¾¿¦zÀ¯�À®º]�\�Z´d¯Z³ �Ò
zdº�À]�À®ºº] \ºº�Z´d¯Z³�À¦|À¯�¶#�z·�Â�v´§¾¯ ¦vÀ��bÀ°·¦

�®º�¾¯ zd°§�¾Z¤d³¦��]Zc�À¦|À¯�®º�

�k¦z¯
�� 6LQJK�� 0�� 3��� ³*HQHUDWLRQ� RI� 6HLVPLF� )ORRU

6SHFWUD�´� -��(QJ��0HFK���$6&(� 9RO�������1R��(06�
SS����������������

�� 6XDUH]�� /�� (���DQG�6LQJK��0��3���³6HLVPLF�5HVSRQVH
RI� 6')� (TXLSPHQW�6WUXFWXUH� 6\VWHP�´� -�� (QJ�
0HFK��$6&(� 9RO�������1R�����SS��������������

�� 6DFNPDQ�� -��/���DQG�.HOO\��-��0���³6HLVPLF�$QDO\VLV
RI� ,QWHUQDO� (TXLSPHQW� DQG� &RPSRQHQWV� LQ
6WUXFWXUHV�´�(QJ��6WU�� 9RO�����SS����������������

�� 6DFNPDQ�� -��/���'HUNLXUHJKLDQ��$���DQG�1RXU�2PLG�
%��� ³'\QDPLF� $QDO\VLV� RI� /LJKW� (TXLSPHQW LQ
6WUXFWXUHV�� 0RGDO� 3URSHUWLHV� RI� WKH� &RPELQHG
6\VWHP�´� -�� (QJ�� 0HFK��� $6&(� 9RO�� ����� 1R����
SS��������������

�� 'HUNLXUHJKLDQ�� $���6DFNPDQ��-��/���DQG�1RXU�2PLG�
%��� ³'\QDPLF� $QDO\VLV� RI� /LJKW� (TXLSPHQW� LQ

6WUXFWXUHV�� 5HVSRQVH� WR� 6WRFKDVWLF� ,QSXW�´�-��(QJ�
0HFK���$6&(��9RO�������1R�����SS���������������

�� ,JXVD�� 7��� DQG� 'HUNLXUHJKLDQ�� $��� ³*HQHUDWLRQ� RI
)ORRU� 5HVSRQVH� 6SHFWUD� ,QFOXGLQJ� 2VFLOODWRU�
6WUXFWXUH� ,QWHUDFWLRQ�´� (T�� (QJ��6WU��'\Q�� 9RO�����
SS����������������

�� )RVV�� .�� $��� ³&RRUGLQDWHV� :KLFK� 8QFRXSOH WKH
(TXDWLRQ� RI� 0RWLRQ� RI� 'DPSHG� /LQHDU� '\QDPLF
6\VWHP�´�-��$SSO��0HFK�������SS����������������

�� 6LQJK�� 0�� 3��� DQG� 6XDUH]�� /�� 3��� ³$�3HUWXUEDWLRQ
$QDO\VLV� RI�(LJHQSURSHUWLHV�RI�(TXLSPHQW�6WUXFWXUH
6\VWHPV�´� 1XFOHDU�(QJ��'HV�� 9RO������SS����������
�����

�� *XSWD�� 9�� .��� ³$FFHOHUDWLRQ� 7UDQVIHU� )XQFWLRQ�RI
6HFRQGDU\�6\VWHP�´�-��(QJ��0HFK���$6&(��9RO������
1R�����SS����������������
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ÎÐÕÎ °º¿z¸���Î ¨°Z°���ÏÎ ¾Z���¾È¤d�¦ ÎÐÓ

��� %HUQDO�� '�� ³$� '\QDPLF� 6WLIIQHVV� )RUPXODWLRQ�IRU
WKH� $QDO\VLV� RI� 6HFRQGDU\�6\VWHPV�´�(T��(QJ��6WU�
'\Q�� 9RO������SS������������������

��� 5RVHQEOXHWK�� (�� )��� ³7DOO� %XLOGLQJV� 8QGHU� )LYH�
&RPSRQHQW� (DUWKTXDNH�´� -�� 6WU�� 'LY��� $6&(�
9RO�������1R��67���SS����������������

��� &DVWHOODQL�� $��� DQG� %RIIL�� *��� ³2Q� WKH� 5RWDWLRQDO
&RPSRQHQW� RI�6HLVPLF�0RWLRQ�´�(T��(QJ��6WU��'\Q��
9RO�������SS����������������

��� *KDIRU\�$VKWLDQL�� 0���DQG�6LQJK��0��3���³6WUXFWXUDO
5HVSRQVH� IRU� 6L[� &RUUHODWHG� (DUWKTXDNH
&RPSRQHQWV�´� (T�� (QJ��6WU��'\Q�� 9RO������SS������
����������

��� 3HQ]LHQ�� -��� DQG� :DWDEH��0���³&KDUDFWHULVWLFV�RI���
'LPHQVLRQDO� (DUWKTXDNH�*URXQJ�0RWLRQ�´�(T��(QJ�
6WU��'\Q�� 9RO�����SS����������������

��� :LOVRQ�� (�� /��� DQG� %XWWRQ�� 0�� 5��� ³7KUHH�
'LPHQVLRQDO� '\QDPLF� $QDO\VLV� IRU� 0XOWL�

&RPSRQHQW� (DUWKTXDNH� 6SHFWUD�´� (T�� (QJ�� 6WU�
'\Q�� 9RO������SS����������������

��� /RSH]�� 2�� $��� DQG� 7RUUHV��5���³7KH�&LULWLFDO�$QJOH
RI� 6HLVPLF� ,QFLGHQFH� DQG� WKH�0D[LPXP�6WUXFWXUDO
5HVSRQVH�´� (T�� (QJ�� 6WU�� '\Q�� 9RO�� ����SS������
����������

��� <DQJ�� <��%���DQG�+XDQJ��:��+���³6HLVPLF�5HVSRQVH
RI� /LJKW� (TXLSPHQW� LQ� 7RUVLRQDO� %XLOGLQJV�´� (T�
(QJ��6WU��'\Q�� 9RO������SS����������������

��� <DQJ�� <�� %��� DQG� +XDQJ�� :�� +��� ³(TXLSPHQW�
6WUXFWXUH� ,QWHUDFWLRQ� &RQVLGHULQJ� WKH� (IIHFW� RI
7RUVLRQ� DQG� %DVH� ,VRODWLRQ�´� (T�� (QJ�� 6WU�� '\Q��
9RO������SS����������������

��� 6XDUH]�� /�� (��� DQG� 6LQJK�� 0�� 3���³)ORRU�5HVSRQVH
6SHFWUD� ZLWK� 6WUXFWXUH�(TXLSPHQW� ,QWHUDFWLRQ
(IIHFWV� E\� D� 0RGH� 6\QWKHVLV�$SSURDFK�´�(T��(QJ�
6WU��'\Q�� 9RO������SS����������������

��� &ORXJK�� 5�� :��� DQG� 3HQ]LHQ�� -��� '\QDPLFV� RI
6WUXFWXUHV��3�������0F*UDZ�+LOO�������
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ÎÐÕÎ °º¿z¸� �Î ¨°Z°� �ÏÎ ¾Z���¾È¤d�¦ÎÐÔ

�ÎÍ��`«®Z�¯ ¿Â®�`¬°k�À®º] z ��©Z^g¦ ��«¦ b�ºÀ�
¶º¿Z� ÄZº·°¦®z] À¦ºº´��¶º] Z¸º³¡ ±¦ À¦ººc ¾º¯ ²¿¦z]Zº´]��vº³°¦® ¦° À®ºº] ª¤dº�¯ Â�v¯Zº�d¯´¦ººs Zº·®º¯ ª¨ºº� ÄZ·°¦®z] Àº#
Zº·®º¯ ª¨º� ÄZº·°¦®z] \º�o�zº] ¦° Ävº�] 1� °¦®zº] zº· À¦ººc ¾º¯ z.º¿® ©°Zº^� ¶º] �®zº§ Á®Z dº�¦ Ävºº�]�1� ÄZ�� ¦¿ °®

�®¦® �º�]�zº¿±�©°ºº� ¶º] À¦ººc ¾º¯ ¦° O b¸ºk °®�¶º«|«±�zÀgPºc °¦®zºº] ¶¬°k�±¦ ���Ó `«®Z�¯�¶]�¶À^��>Z¤À£®���®¦® ��]
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