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°Â¶º�º��>È¯Zº§ ¼ººº� ¾º¬p¯�°®�¾Þ�~����v�Z]¾¯�SHUR[LGH�
ÏÍ�ÎÒ ±¦�~ºº� Â��|¯z£�ÄZ·v³Z]�²Àd�t³�¶¤À£®�j´��±¦�~���v�
±Zºº³ÞÂ°vÀ·®�©ÇZ¯�Ä|À¯¡,³°��v³v��°Z¨�¡�>È¯Z§�Z·v³Z]�¶¤À£®
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8QZHLJKWHG� SDLU� JURXS� PHWKRG��83*0$ ³Â°�¶ºº]
��ÎÓ��v��¿Zl³¦ *HQVWDW������ °¦|�¦¿z³�¦°§�Z]�Â��DQDO\VLV
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Zº] v³Zºº] °Z¸#�ÄvÀ�¦�¶ÀoZ³�°®��®º�¾¯�®ds�ÎÍ ¶]�Â�Áv��±Z�¡
¶ººÀoZ³�°®�Â��®Z¿±�¸º´c�Z]�v³Z]�ÎÎ ¾h´s�¶ÀoZ³�°®��®§�>Zd^�³�¸º´c
v³Zº] ¶º� �vº¿®z-��tº�¯�®ºº§ >Zd^�³�¸º´c�Z]�v³Z]�°Z¸#�¾¿ZÀ¬£
²¿zdº�À]��vº� Áv·Zº�¯�¿Zºº£°¦�°®�|À³��0RQRPRUSK� ª¨�¦c
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�®º]�Z´À��¬��¶³º-�¶]�¶º]z¯�v³Z]�j´�
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Î ª¨ºº� °®�¶d���ÄZ·�Àcº³Þ�±¦�¾sz]�Ä¦z]�±Z³ÞÂ°vÀ·®�©ÇZ¯
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�±¦zdº�¦�¾º°¿|³¡�®dº�À��¶º� °®�Zºº·®¿|³¡Â|¿¦�¸º´c�¾�°z]
¿Zºº°c�Ä¦z]�¦°�Ä®Z¿±�¾¬¨�v´#�±Z³ÞÂ°vÀ·®�©ÇZ¯�Â�±¦vÀ�§¦z�
Â��ÎÐ��z.´Àº�¿°�j¿Zºd³�Zº] ¶ººlÀd³�²¿¦��®¦®�ÀZ�³�Z·¶³º-�Â�¿Z£°¦
¶dºº���ÄZ·¶³º-�Â�¿Z£°¦�°®�®Z¿±�¸º´c�®ºkÂ�z]�¾´^¯���Ð��¾³Z^À�
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�����°®�±Z³ÞÂ°vÀ·®�©ÇZ¯�Â�±¦vÀ�§¦z���±¦zd�¦�ÄZ·®¿|³¡Â|¿¦�¾¬¨�v´#�¶�«Z�¯

ÎÎÎ

¶d���ÄZ·�Àcº³Þ�±¦�¾sz]�°®�±Z³ÞÂ°vÀ·®�©ÇZ¯�Â�±¦vÀ�§¦z���±¦zd�¦�ÄZ·®¿|³¡Â|¿¦�Ä±Z�¦vk�±¦�Ä¦¶³º°³��Î ª¨�
¼º³�vÀ ���Ñ ¼º³�|^���Ð Ä®Z]¡®À·¦z]¦��Ï ÑÕ ¾£v´���Î �±¦zd�¦

°Â¦°�¾¯¦®Z]��Ð ¾³ZlÀ·Ç��Ï ¾#º£�¶¬§��Î �±¦vÀ�§¦z�
±Zd°¯��Ñ v´��ÁZ���Ð ¾#º£�¶¬§��Ï Z°¿z.d´¿¦��Î �±Z³ÞÂ°vÀ·®�©ÇZ¯

¶d���ÄZ·¶³º-�Â�¿Z£°¦�Äv´]ÁÂz-�±¦�ª�Zo�¿¦z-Â°v³®��Ï ª¨�
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��Ï ªºººº¨���®ººº°³�Äv´]¶¤^��¾�z��ÁÂz-�ÏÍ Â�¾¬�¦�ÁÂz-�Õ
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À¦°¦v�Zº] ¶ººkºc�Â�z.¿®�¢�Z´¯�¶]�¾Z¤d³¦�Â�§Ztd³¦�zg¦�°®�j¿°vc
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�bº�¦®�z.ºº¿®�¿Z£°¦�Z]�¦°�b·Z^��²¿zd°§�~sz��¶d¿°¦Â�±¦�~�
¶ºº¤�´¯�°®�¶d���b�§�¶§�v·®¾¯�ÀZ�³�ÀZ�Z´�ÁZÀ-�ÄZ·�·Â&�
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�v³¦¶d�¦®
vºo °®�Â��¶ºº³Z-¦vk�ÁÂz-�¦¿�°®��3��NKLQMXN� °º�§�¶d��
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À¦°Zºº¨°·�Â�¾³¦±Â¦��b�¦�¶d�z-�©°º��ª�³�²¿v´#�¾��°®�¶´]
¾«Zººº°do¦�²º¿v«¦Â�¾¿Zº�Z´���Zº·®¿|³¡Â|¿¦�±¦�Á®Z dº�¦�Zº] �ÎÍ�
¶º] z.º¿®�`º³º-�¾³Zº��¦Á®z-�±¦�¾º�À^��°ººº� ¶]�¶§�¦°�¾³Zds°®
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¶ºº¬�Z��zh§¦vo�v¿Z] �v´d�·�À¦z¿¦�¾¯º]�zÀ��Â�¾k°Zs�ÄZ·¶³º-

bºÀ��Â�²ºº¿¦�v´�Z]�¶d�¦®�¾³¦z¿¦�ÄZ·¶³º-�Â�¿Z£°¦�Z]�¦°�¾¨Àd³Þ
�®º�¾¯�Áv¿®�¾´�Â°�¶]�Ï ª¨��°®

Á®Z d�¦�®°º¯��]Z´¯
�¾Â¦�ÜZ#��¾·Z.�³¦®�z�³�|§z¯��¾t¿°Zc�bsZ´� �À¦z¿¦�¶d�� �ÎÐÔÐ �¬��¿��¾°�¿z]¦ �Î

�¾º³¦z¿¦�ººk ¾ºº¯º]�ÄZ·Á®ºc�°®�±Z´À¯¡~³¦zc�©ÇZ�§¦�©Z¯Zcº¬-�Â�±¦zd�¦�ÄZ·®¿|³¡Â|¿¦�®�À�°º¯¾¬��¶�«Z�¯��ÎÐÔÐ �¸��Äz�³¢o �Ï
�À¦z¸c�ÁZ.�³¦®��Ä±°ÂZ�§�Áv¨�³¦®��v�°¦�¾�Z´�°Z§�¶¯Z³ÀZ¿Z�

¶º��R¯��À¦zº¿¦�¾·ZºÀ-¾ººg°¦ºc�z¿Zs¯¾¬¯�°Z´À°��²À«Â¦�©ÇZ¤¯�¶�Ès��¶d���ÄZ·¶³º-�¾¿Z�Z´��Â�¾¨Àd³Þ�¸º´c��ÎÐÓÓ �¦��¾³Z^À� �Ð
�«z§��¾Z¸³�Â�°x]�¶À¸c�Â�¬È�¦

°®�®º¿¦±Â|¿¦�ÄZ·z.³Zº�³�¸ºº´c�Â�¾º¬«¡�¾º³¦Â¦z��¾º�°z]��ÎÐÔÖ �¾º°¬�¦��¸�Â�¾�Zº¿Áz£��§��Á®¦±bºº°�³��¸��¼���¿��v³º¨¿°®zÀ¯ �Ñ
�z�¬]Z]��À¦°v³±Z¯�ÁZ.�³¦®��©ZcZ^³¬È�¦�Â�b�¦°±�¿º¬��Áz.´§�²À°���©ÇZ¤¯�¶�Ès�¶�º°l¯��¾³¦z¿¦�ÄZ·j³z]

�� $UXOVHNDO�� 6��DQG�'��(��3DUILWW��������,VR]\PH�DQDO\VLV�SURFHGXUHV�IRU�VWRQH�IUXLWV��DOPRQG��JUDSH��ZDOQXW��SLVWDFKLR
DQG�ILJ��+RUW��6FL�����������������

�� /LX�� &�� -�� DQG�0��'��*DOH��������7KH�FKURPRVRPDO�ORFDWLRQ�RI�D�WKLUG�VHW�RI�PDODWH�GHK\GURJHQDVH�ORFL��0GK����LQ
ZKHDW��EDUOH\�DQG�UHODWHG�VSHFLHV��7KHRU��$SSO��*HQHW��������������

�� /RRPLV�� :�� '�� ������ 5HPRYDO�RI�SKHQROLF�FRPSRXQGV�GXULQJ�WKH�LVRODWLRQ�RI�SODQW�HQ]\PHV��0HWKRGV�(Q]\PRO�
������������

�� /RRPLV�� :�� '�� ������ 2YHUFRPLQJ� SUREOHPV� RI� SKHQROLFV� DQG� TXLQRQHV� LQ� WKH�LVRODWLRQ�RI�SODQW�HQ]\PHV�DQG
RUJDQHOOHV��0HWKRGV�(Q]\PRO��������������

�� 0RRUH�� *�� $�� DQG�%��&ROOLQV��������1HZ�FKDOOHQJHV�FRQIURQWLQJ�SODQW�EUHHGLQJ��33���������,Q��6��'��7DQNVOH\�DQG
7��-��2UWRQ��(GV����,VR]\PHV�LQ�3ODQW�*HQHWLFV�DQG�%UHHGLQJ��(OVHYLHU�6FLHQWLILF�3XEO���%�9���$PVWHUGDP�

��� 2XD]]DQL�� 1��� 5�� /XPDUHW��3��9LOOHPDU�DQG�)��'LJLXVWR��������/HDI�DOOR]\PH�YDULDWLRQ�LQ�FXOWLYDWHG�DQG�ZLOG�ROLYH
WUHHV��+HUHGLW\�����������

��� 3HWFKH\�� (��0���5��0��'��.RHEQHU DQG�0��'��*DOH��������*HQHWLF�FKDUDFWHULVDWLRQ�RI�D�IXUWKHU�KRPRDOOHOLF�VHULHV�RI
JUDLQ�HVWHUDVH�ORFL��(VW�� LQ�ZKHDW��7KHRU��$SSO��*HQHW��������������

��� 3URWRSDSDGDNLV�� (�� DQG� ;�� 3DSDQLNRODRX�� ������ 8VH� RI� IRXU�LVR]\PDWLF�V\VWHPV�LQ�OHPRQ�DQG�OHPRQ�OLNH�FLWUXV
FXOWLYDUV�WR�GHWHFW�WKHLU�JHQHWLF�GLYHUVLW\��-��+RUW��6FL��%LRWHFKQRO������������

��� 5HFKLQJHU��.��+��������3LVWDFLD��,Q��)ORUD�,UDQLFD�1R�������±���$NDG��'UXFN�� 8QLY��9HODJVDQVWDOW��*UD]�
��� 5LJKHWWL�� 3�� *��������/DERUDWRU\�WHFKQLTXHV�LQ�ELRFKHPLVWU\�DQG�PROHFXODU�ELRORJ\��LVRHOHFWULF�IRFXVVLQJ��(OVHYLHU

%LRPHGLDO�3UHVV��$PVWHUGDP�
��� 5LJKHWWL�� 3�� *�� ������ ,VRHOHFWULF� IRFXVVLQJ�� 33�� ��������� ,Q�� '�� 5LFKZRRG� DQG� %�� '�� +DPHV� �(GV���� *HO

(OHFWURSKRUHVLV�RI�3URWHLQV���,5/�3UHVV�DW�2[IRUG�8QLYHUVLW\�3UHVV��1HZ <RUN�
��� 5RPHVEXUJ��&��+��������&OXVWHU�$QDO\VLV�IRU�5HVHDUFKHUV��5REHUW�(��.ULHJHU�3XEO��&R���0DODEDU��)ORULGD�
��� 6WDONHU�� +�� 7��� 7�� '�� 3KLOOLSV�� -��3��0XUSK\�DQG�7��0��-RQHV��������9DULDWLRQ�RI�LVR]\PH�SDWWHUQV�DPRQJ�$UDFKLV

VSHFLHV��7KHRU��$SSO��*HQHW��������������
��� 9DOOHJRV�� (��&��������(Q]\PH�DFWLYLW\�VWDLQLQJ��33�����������,Q��6��'��7DQNVOH\�DQG�7��-��2UWRQ��(GV����,VR]\PHV�LQ

3ODQW�*HQHWLFV�DQG�%UHHGLQJ��(OVHYLHU�6FLHQWLILF�3XEO���%��9���$PVWHUGDP�
��� :HQGHO�� -��)��DQG�)��1��:HHGHQ��������9LVXDOL]DWLRQ�DQG�LQWHUSUHWDWLRQ�RI�SODQW�LVR]\PHV��33��������,Q��'��(��6ROWLV

DQG�3��6��6ROWLV��(GV����,VR]\PHV�LQ�3ODQW�%LRORJ\��'LRVFRULGHV�3UHVV��3RUWODQG��2UHJRQ��86$�
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