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À|ºt¯�¶º$¿°®�zºº¿±�Z·ª����Z·ª���ÄÂ°�|À°c�¶#°Z��²d�¦x-
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�¿Zº¯±¡�Á°Â®�zº· ÀZº¿Z��°®��vºº¿®z-¾¯�z�§�Áv��Á®¦®�½¦°ºs
¾ºº� °®�Â�¶ºº¿x�c ±¦��À��¶^°¨���¿Z¯�ÄZ·¶³º°³��®�·�bÀ¬]Z£
Â��¶º¿x�c�±¦�~º� b�Zº� °Z¸ºº# Zc�¶¤À£®�ÐÍ z·��b�Z��b�·
¢º¿z��±¦���¶ºº¿x�c�±¦�~��b�Z��b�·�Zc�b�Z��¦¿�z·�~��
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Zºº] ¶�¿Z¤¯�°®�®§�¦�s�Á®Z¯�Z]�ÁZÀ-�°®��v·®¾¯�ÀZ�³�¦°�¦�s
¾«º¬º� Á°¦ººº¿®�Â��¾«º¬��Á°¦º¿®��S+ �¶d�Z�³��®Z¿±�¦�s�Á®Z¯
ªºº§ ©±¦�Â�§¡�°®�¾º¬p¯�ÄZ·v´£�¾«Â��zd°§�|«º¬�¾°·�ÀÂv]
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°®�¾ººº¬p¯�ÄZººº·v´£�À¦|Àº¯ ��ÏÑ��®°¦®�¾º³¦ºs®·�ººk ª¯Zº§
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ÎÏÎ

�bº�¦�zÀ¤��²ÀXcÂz��z�³�±¦�¶§��ºk�ª¯Z§�ÁZÀ-�®°º¯�°®�ª¯Z��²¿¦
\^º� Ï °Zº°Àc�°®�¶^°¨º� S+ À®ººº] zd°§��v�Z]¾¯�®¸¯�°ZÀ�]
§xk��·Z§�b¬��¶]�¶^°¨���Àp¯�°®�½ZÀ³º¯¡�zd�À]�Ä°¦v¸.³
®ºº�¾¯�¾º]Âz¨À¯�²ºÀXcÂz��|d´ºº� �¿¦|�¦�¶lÀd³�°®�Â��½ZÀ³º¯¡
vººº³¦ºc¾¯��Ñ °Zº°Àc�°®�¶^°¨º� S+ À®ºº] ÇZº] �¾¿ºº� ±¦���Ï�
¶º] �©±¦�zdº°§�»zº�¯�Â�¾§ZººÀ³º¯¡�bÀ¯º°�¯��¿¦|�¦�\kº¯

��ÐÍ��®®z-�¶^°¨��Á°¦º¿®�±¦�½ZÀ³º¯¡�zd�À]�§xk�b¬�
¾¿¡°Z§�Z]��©Z³ºÀ�Âz��zd°§�ÄZ·b^�³�vÀ«ºc�b¬��¶]�Ñ °Z°Àc
\kº¯�Ï °Z°Àc�»z�¯��®º�¾¯�»z�¯�¿¦®�©¦vÀ«ºc�Ä¦z]�zd°§
�¿¦|�¦�Â��Ñ Â�Î ÄZ·°Z°Àc�¶]�b^�³�©Zd�¦�°Çº¯�v�°®��·Z§
�º¿¦|�¦�Â��Ñ °Zº°Àc�¶ºº] b^�³�©Z³ºÀ�Âz��°Çº¯�v�°®�°¦®¾´�¯
�v¿®z-�Z·°Z°Àc�z.¿®�¶]�b^�³�©¦zÀcº]�°Çº¯�v�°®�°¦®¾´�¯zÀ�
vºº�Z]�©Zd§Ç�»z�¯��¿¦|�¦�b¬��¶]�b�¦�²¨°¯�©¦zÀÀ�c�²¿¦
v³®z§�³°¦|-��ÎÑ Â�ÎÐ��À¦°Z¨°·�Â�v³È¨�¦��¾Zo�z·�¶]���Ô�
Ávº� Ä°¦vºº¸.³�©±¦�zd�À]��¿¦|�¦�\kº¯�vÀ�¦�¦À³ºÀ�Âz��¶§
²¿zdº°§�¦Àdº�¦�vÀº�¦�Â��vºº� ¦¿zÀcº]�vÀ�¦�¶]�b^�³�Àv]�°®

�b�¦®�¦°�zÀgPc
²ÀXcÂz��¶¿|lc�zg¦�°®��¶^°¨��°®�©¦zÀcº]Â|¿¦�Â�©¦zÀ«¦ÂÂ|¿¦
ÀZº�³��®®z-¾º¯ vºÀ«ºc�¶ºº´À¯¡�vÀ�¦�Â�²ÀXcÂz��ÀºÀ�Z´À¯¡Ä®�Z¿�Â
�Õ��²Àº�º«�Â�²ºÀ«¦Â�¶º¿|lc�±¦�Z·vÀº�¦�²ºº¿¦�¶§�b�¦�Áv� Á®¦®

±¦�Ä°Z°ºº� v�°�ª¯¦º��Â|k�©¦zÀ«¦Â�Z]�Á¦z°·�Â��v³º�¾¯�vÀ«ºc
Â�Ò��v´d�·�¦ÀdÀ«º«º¬��Äzd§Z]�Ä®¦v�c�ª¯Z��Äzd§Z]�ÄZ·¶³º-
Ï °Zº°Àc�°®�Z·vÀº�¦�²º¿¦�ÄZ·b^º�³�¾ººW|k�À®º]�zc²À¿Z����ÎÍ
vºÀ«ºc��·Zº§ Zº¿ »zº�¯��º¿¦|�¦�Ávº´·®�ÀZº�³��Ñ ¶ºº] b^�³
vº�°�Ä¦zº] z.º¿®��]Zº´¯�¾º°·¦z��Zºº¿ �±Z��À��¶´À¯¡�ÄZ·vÀ�¦

�v�Z]¾¯�Ï °Z°Àc�°®�Z·§Âz¨À¯
�vº�³�Ávº¿®�Zº·°Z°Àc�¶º¿x�c�±¦�¾º�Z³�¾d¯Èºº� ª¨�¯�"À·
ª¯Zºº§ °º��¶]�¦°��/$% Ä¦°¦®�ÞÈÀ���Ï °Z°Àc�ÞÈÀ��À¦v´ �º-
À®z§�©®Z��Ä¦z]�Äzc¾³Çº��ÀZ¯±�Â��v³®z§�»z�¯�zc�¿z��Â
²º¨°¯�¶ºº§ �v¿®z-�»z���Á°Â¦�Ä¦°¦®�ÞÈÀ���Ñ °Z°Àc�ÞÈÀ� ¶]
�v�Z]�¾§¦°ºs³ºs��·Z§�Â�ÞÈÀ��²¿¦�v´c�Äº]�b¬��¶]�b�¦
Ávº´´§�vºÀ«ºc�Äzd§Zº] À®Â|ºº�¦���¿Z¯±¡�²¿¦�j¿Zd³�²Z�¦�z]
¶ºº] �zc�ÁZÀ-�²c�z·�¶]�zdÀ«�Â®��¶d�°�°Z§�¶]�À¦|À¯�°®�¦Àd§Ç�vÀ�¦
vºÀ«ºc�\ºkº¯��¦º�s Á®Zºº¯ v�°®�ÐÒ ®Âvo�Z]�ºk�ª¯Z§�ÁZÀ-
©Zºº³ºÀ�Âz��zd�À]�v�°®�Â�©Zd�¦�zd°§�v�°®��©Z^g�Z]�ÄÞÈÀ�
vº³Â°�vº³¦ºc¾¯�¶º§ �vº¿®z-�Á°Â¦�Zº] Ávºº� ¾´��ÞÈÀ��¶]�b^�³
Àvº� zd¸º] \ºkº¯�¶º§ vºº·®�zÀÀ�c�Ä°º��¦°�¶^°¨��°®�zÀ°tc
bÀ¯º°º�¯�©È¨ºº�¯�±¦�Â��®®z-�¾¿¦x��®¦º¯�±¦�Á®Z d�¦�¾¿¡°Z§

�v·Z¨]�b�¿±��Àp¯�Â�Ä¦Á°Â¦

Á®Z d�¦�®°º¯��]Z´¯
�� $QGHUVRQ�� 5�� *��� +�� ,��*UDFH\��6��-��.HQQHG\��(��)��8QVZRUW\�DQG�5��:��-��6WHHQ��������(YDOXDWLRQ�VWXGLHV�LQ�WKH

GHYHORSPHQW� RI�D�FRPPHUFLDO�EDFWHULDO�LQRFXODQW�DV�DQ�DGGLWLYH�IRU�JUDVV�VLODJH�����8VLQJ�SLORW�VFDOH�VLORV��*UDVV
DQG�)RUDJH�6FL��������������

�� %DUWOH\�� (�� (�� DQG�&��:��'H\RH��������5HGXFLQJ�WKH�UDWH�RI�DPPRQLD�UHOHDVH�E\�WKH�XVH�RI�DOWHUQDWLYH�QRQ�SURWHLQ
QLWURJHQ� VRXUFHV�� 33�� �������� ,Q�� :�� +DUHVLJQ� DQG� '�� -��$��&ROH��(GV����5HFHQW�'HYHORSPHQWV�LQ�5XPLQDQW
1XWULWLRQ��%XWWHUZRUWKV��/RQGRQ�

�� %ROVHQ�� .�� .��� 5��0��7HWORZ�DQG�5��)��:LOVRQ��������7KH�HIIHFW�RI�FDOFLXP�DQG�VRGLXP�K\GUR[LGHV�DQG�RI�VRGLXP
DFU\ODWH� RQ� WKH� IHUPHQWDWLRQ� DQG� GHJUDGDELOLW\� LQ� YLWUR RI� HQVLOHG�ZKROH�FURS�ZKHDW�DQG�EDUOH\�KDUYHVWHG�DW
GLIIHUHQW�VWDJHV�RI�PDWXULW\��$QLP��)HHG�6FL��7HFKQRO�����������

�� %UDGVWUHHW��5��%��������7KH�.MHOGDKO�0HWKRG�RI�2UJDQLF�1LWURJHQ��$FDGHPLF�3UHVV� 1HZ�<RUN�
�� %U\DQW�� 0�� 3�� ������ 1XWULWLRQDO� UHTXLUHPHQWV� RI� WKH�SUHGRPLQDQW�UXPHQ�FHOOXORO\WLF�EDFWHULD��)HHG�3URFHVV� ���
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ÎÐÕÎ ÀZd�]Zc���¿Â®�Á°Z°����®���v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÏÏ

�� &DUOLOH�� )�� 6�� ������ 3UHVHUYLQJ� VWRUHG� FURSV� ZLWK� XUHD�� ,Q�� 5�� *��%RDUG��0��&��$OZRRG�DQG�,��*��%DQNV��(GV���
3UHVHUYDWLYHV� LQ�WKH�)RRG��3KDUPDFHXWLFDO�DQG�(QYLURQPHQWDO�,QGXVWULHV��%ODFNZHOO�6FLHQWLILF�3XEO���$EVWUDFWV��
8.�

�� &KDPEHUODLQ�� '�� *��� 3�� &�� 7KRPDV� DQG� 3�� -�� $QGHUVRQ�� ������ 9RODWLOH� IDWW\� DFLG� SURSRUWLRQV�DQG�ODFWLF�DFLG
PHWDEROLVP�LQ�WKH�UXPHQ�RI�VKHHS�DQG�FDWWOH�UHFHLYLQJ�VLODJH�GLHWV��-��$JULF��6FL���&DPEULGJH������������

�� &RWWD�� 0��$��DQG�5��%��+HVSHOO��������3URWHLQ�DQG�DPLQR�DFLG�PHWDEROLVP�RI�UXPHQ�EDFWHULD��33�����������,Q��/��3�
0LOOLJDP�� :�� /�� *URUXP� DQG�$��'ROVRQ��(GV����&RQWURO�RI�'LJHVWLRQ�DQG�0HWDEROLVP�LQ�5XPLQDQWV��3UHQWLFH�
+DOO��(QJOHZRRG�&OLII��8��6�

�� 'H� *URRW�� $�� 3��DQG�3��6OXPS��������(IIHFWV�RI�VHYHUH�DONDOL�WUHDWPHQW�RI�SURWHLQV RQ�DPLQR�DFLG�FRPSRVLWLRQ�DQG
QXWULWLYH�YDOXH��-��1XWU������������

��� 'HKRULW\�� %��$���+��:��6FRWW�DQG�3��.RZDOXN��������9RODWLOH�IDWW\�DFLG�UHTXLUHPHQWV�RI�FHOOXORO\WLF�UXPHQ�EDFWHULD�
-��%DFW��������������

��� 'HULD]��5��(��������5RXWLQH�DQDO\VLV�RI�FDUERK\GUDWHV�DQG�OLJQLQ�LQ�KHUEDJH��-��6FL��)RRG�$JULF��������������
��� 'HVFKDUG��*��������$ONDOL�WUHDWPHQW�RI�ZKROH�FURS�FHUHDO�VLODJH��3K��'��7KHVLV��8QLYHUVLW\�RI�5HDGLQJ�
��� (VNHODQG�� %��� :�� +�� 3IDQGHU� DQG� 5�� /�� 3UHVWRQ�� ������8WLOL]DWLRQ�RI�YRODWLOH�IDWW\�DFLGV�DQG�JOXFRVH�IRU�SURWHLQ

GHSRVLWLRQ�LQ�ODPEV��%ULW��-��1XWU��������������
��� (VNHODQG�� %��� :�� +�� 3IDQGHU� DQG� 5�� /��3UHVWRQ��������,QWUDYHQRXV�HQHUJ\�LQIXVLRQ�LQ�ODPEV��HIIHFWV�RQ�QLWURJHQ

UHWHQWLRQ��SODVPD�IUHH�DPLQR�DFLGV�DQG�SODVPD�XUHD�QLWURJHQ��%ULW��-��1XWU��������������
��� )LVKHU�� 5�� $�� DQG� )�� <DWHV��������6WDWLVWLFDO�7DEOHV�IRU�%LRORJLFDO��$JULFXOWXUDO�DQG�0HGLFDO�5HVHDUFK��7DEOH�,,,�

2OLYHU�DQG�%R\G��/WG��(GLQEXUJK�DQG�/RQGRQ�
��� +HURQ�� 6�� -�� (��� 5�� $�� (GZDUGV� DQG� 3�� 0F'RQDOG�� ������ 7KH� HIIHFWV�RI�LQRFXODWLRQ��DGGLWLRQ�RI�JOXFRVH�DQG

PLQFLQJ� RQ� IHUPHQWDWLRQ� DQG� SURWHRO\VLV� LQ� U\HJUDVV� HQVLOHG� LQ� ODERUDWRU\� VLOR�� $QLP�� )HHG� 6FL��7HFKQRO�
���������(OVHYLHU��1HZ�<RUN�

��� +HURQ�� 6�� -�� (�� DQG� $�� 5�� +HQGHUVRQ��������3URWHRO\VLV�GXULQJ�HQVLODJH��33���������,Q��5��'��+DUNHVV�DQG�0��(�
&DVWOH� �(GV���� �WK 6LODJH� &RQIHUHQFH�� 6XPPDU\� RI� 3DSHUV��7KH�(GLQEXUJK�6FKRRO�RI�$JULFXOWXUH��(GLQEXUJK�
8.�

��� +XKWDQHQ�� 3��DQG�+��.KDOLO��������7KH�HIIHFW�RI�VXFURVH�VXSSOHPHQWV�RQ�SDUWLFOH�DVVRFLDWHG�FDUER[\PHWK\OFHOOXODVH
�(&� ��������� DQG� [\ODQDVH� �(&����������DFWLYLWLHV�LQ�FDWWOH�JLYHQ�JUDVV�VLODJH�EDVHG�GLHWV��%ULW��-��1XWU����������
����

��� .HQQHG\�� 6�� -��� +�� ,�� *UXFH\�� (�� )�� 8QVZRUWK�� :�� -�� 6WHHQ� DQG� 5�� $QGHUVRQ��������(YDOXDWLRQ�VWXGLHV�LQ�WKH
GHYHORSPHQW� RI�D�FRPPHUFLDO�EDFWHULDO�LQRFXODQW�DV DQ�DGGLWLYH�IRU�JUDVV�VLODJH�����5HVSRQVHV�LQ�ILQLVKLQJ�FDWWOH�
*UDVV�DQG�)RUDJH�6FL��������������

��� .XQJ�� /���/��'��6DWWHU��*��/��(QGHUV��+��6��.LP�-U���5��6��3RXUEFDQ�DQG�6��+��*HKUPDQ��������0LFURELDO�LQRFXODWLRQ
RI�KLJK�GU\�PDWWHU�DOIDOID�VLODJH��-��'DLU\�6FL���� �VXSSO�������� 1R�����

��� /HDYHU�� -�� '�� DQG� -�� +LOO�� ������ )HHGLQJ� FDWWOH� RQ�ZKROH�FURS�FHUHDOV��33���������,Q��-��0��:LONLQVRQ�DQG�%��$�
6WDUN��(GV����:KROH�FURS�&HUHDOV��&KDOFKRPEH��0DUORZ��8.�

��� /XQGHQ�3HWWHUVVRQ�� .�� DQG� 6�� /LQGJUHQ�� ������7KH�LQIOXHQFH�RI�WKH�FDUERK\GUDWH�IUDFWLRQ�DQG�DGGLWLYHV�RQ�VLODJH
TXDOLW\��*UDVV�DQG�)RUDJH�6FL��������������

��� 0DF5DH�� -�� &�� DQG� '�� *�� $UPVWURQJ�� ������ (Q]\PH� PHWKRG� IRU� GHWHFWLRQ� RI� D�OLQNHG� JOXFRVH� SRO\PHUV� LQ
ELRORJLFDO�PDWHULDOV��-��6FL��)RRG�$JULF��������������

��� 0DQQHUNRUSL�� 3�� DQG� 0�� %UDQGW�� ������ )HHGLQJ� YDOXH� RI� EDUOH\�SODQWV�DV�UHODWHG�WR�VWDJH�RI�PDWXULW\�����,Q�YLYR
GLJHVWLELOLW\�DQG�YROXQWDU\�LQWDNH�RI�VLODJH��$FWD��$JULFXOWXUD�6FDQGLQDYLD��6HFWLRQ�$��$QLP��6FL��������������

��� 0F'RQDOG��3��������7KH�%LRFKHPLVWU\�RI�6LODJH��&KLFKHVWHU��-RKQ�:LOH\�DQG�6RQV��/RQGRQ�
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ºk�ª¯Z§�¶�º¬��¾¿¦x��³±°¦�Â�¾¿ZÀ°À��\À§zc�z]�Á°Â¦�Â��/$%�¦Àd§Ç�vÀ�¦�Áv´´§�vÀ«ºc�Äzd§Z]�zg¦

ÎÏÐ

��� 0HUU\�� 5�� -��� 0�� 6�� 'KDQRD� DQG� 0�� .�� 7KHRGRURX�� ������ 8VH� RI� IUHVKO\�FXOWXUHG�ODFWLF�DFLG�EDWHULD�DV�VLODJH
LQRFXODQWV��*UDVV�DQG�)RUDJH�6FL��������������

��� 0LQLVWU\� RI� $JULFXOWXUH�� )LVKHULHV� DQG� )RRG�� ������ 7KH� $QDO\VLV� RI� $JULFXOWXUDO� 0DWHULDOV�� 6HFRQG� HGLWLRQ�
:DVKLQJWRQ�'&�

��� 0RUJDQ��&��$���5��$��(GZDUGV�DQG�3��0F'RQDOG��������,QWDNH�DQG�PHWDEROLVP�VWXGLHV�ZLWK�IUHVK�DQG�ZLWHG�VLODJHV�
-��$JULF��6FL���&DPEULGJH�������������

��� 0RULVVRQ�� ,��0��������&KDQJHV�LQ�WKH�FHOO�ZDOO�FRPSRQHQWV�RI�ODERUDWRU\�VLODJHV�DQG�WKH�HIIHFW�RI�YDULRXV�DGGLWLYHV
RQ�WKRVH�FKDQJHV��-��$JULF��6FL���&DPEULGJH�������������
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