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�]ZÀ»��&XQQLJKDP�)*�� HW� DO��:LOLDPV�2EVWHWULFV�����WK�HG��3KLODGHOSKLD��$SSHOWLRQ�DQG�/DQJH������������������
��+HOLRGHOLPD�)��)HUQDQGV�&��3UHYDOHQFH�RI�$QWLFDUGLROLSLQ� $%� LQ� +DELWXDO� $ERUWHUV�*\QHFRO�2EVWHW�,QYHVW�������������������
��6XODQL� 6�� )HUULDQL� 5� $�� 6DQWRV� &� 0� 3��9ROWDULR� -&�� ,PPXQRORJLFDO� (YDOXDWLRQ� RI�3DWLHQWV�ZLWK�5HFXUUHQW�$ERUWLRQ��-RXUQDO�RI�5HSURGXFWLRQ�,PPXQRORJ\�����������������
��&KDNUDEDUWL� 6�� %KXQLD� &�� %KDWWDFKDU\D�'.�� 7KH� 3UHYDOHQFH� RI� $QWLSKRVSKROLSLG�$QWLERGLHV�LQ�&DVHV�RI�5HFXUUHQW�3UHJQDQF\�/RVV��-�$VVRF�3K\VLFLDQV� ,QGLD��������������������
��.XWWHK� :+�� $QWLSKRVSKROLSLG $QWLERGLHV�DQG�5HSURGXFWLRQ��-�5HSRUG�,PPXQRO���������������������
��%UDQFK�'�:DUH��$QWLSKRVSKROLSLG $QWLE�RGLHV� DQG� 5HSURGXFWLYH� 2XWFRPH�� WKH�&XUUHQW� 6WDWH� RI� $IIDLUV�� -RXUQDO� RI�5HSURGXFWLYH�,PPXQRORJ\�����������������
��9LQDWLHU�'��'XIRXU�3��&RVVRQ�0��+RXSHDX�7/��$QWLSKRVSKROLSLG�6\QGURPH�DQG�5HFXU�UHQW� 0LVFDUULDJHV�� (XURSHDQ� -RXUQDO� RI�2EVWHWULFV� DQG� *\QHFRORJ\� DQG� 5HSURGXF�WLYH�%LRORJ\������ �������������
��.LZDPQ� 7�� 7XVXQHKLVD� 0�� 7RVKLWRND� $��&RUUHODWLRQ� %HWZHHQ� 7ULPHVWRU RI� )HWDO�:DVWDJH� DQG� $QWL� &DUGLROLSLQ� $QWLERG\�7LWHU���,QW��-��)HUWLOLW\��������������������
��+RZDUG�0��)LUNLQ�%��+HDO\�'��&KRRQJ�6��/XSXV� $QWLFRDJXODQW� LQ� :RPHQ� ZLWK�0XOWLSOH� 6SRQWDQHRXV� 0LVFDUULDJH�� $P� -�+HPDWRO���������������

���%OXPHQIHOG� =�� :HLQHU� =�� /RUEHU� 0��6XMXZ� 3�� 7KDOHU� ,�� $QWLFDUGLROLSLQ� $QWLER�GLHV� LQ� 3DWLHQWV� ZLWK� 5HFXUUHQW� 3UHJQDQF\�ZDVWDJH��7UHDWPHQW�DQG�8WHULQH�%ORRG�)ORZ��2EVWHW�*\QHFRO���������������
���0DVDKLNH� +�� $QWLFDUGLROLSLQ� $QWLERG\�DQG� $QWL� &DUGLROLSLQ� %���*O\FRSURWHLQ� ��$QWLERG\� LQ� 3DWLHQW� ZLWK� 5HFXUUHQW� )HWDO�0LVFDUULDJH�� -� 3ULQDWDO�0HG� ������ ���� �������� ���,��Y�� -|Ì»Y� ,Z¨�� -Z��·Y|^�� ,Ê»�Æm� Ã{Âf��ÄvÌ¸»� ,½Y�ËY� -Z��»Ô£� ,�§|Ì��§� -¹Y�Æ��Êf¿M�{�Äf�Å�ÄÌ¸��É{Z]�Êf¿M�Á�É{Z]�Êf¿M�¾ÌbÌ·ÂË{�Z¯��°»�Ê´¸»Zu�¥ÔeY�Ä¬]Z��Z]�½Z¿��¾Ì¼��Ã�´À¯ ½Y�ËY�É��·M� Á�É�Â·Â¿Â¼ËY�½Y�Æe�¹Â¸�� ÃZ´�¿Y{ ,½Y�ËY�Ê°��a�����
���$RNL�.��+D\DVKL�<��+LUDR�<��<DJDPL�<��6SHFLILF� $QWLSKRVSKROLSLG� $QWLERGLHV� DV� D�3UHGLFWLYH� 9DULDEOH� LQ� 3DWLHQWV� ZLWK�5HFXUUHQW� 3UHJQDQF\� ORVV�� $P� -� 5HSRUG�,PPXQRO�����������������
���� <HWPDQ� '� /�� .XWWHK� :+��$QWLSKRVSKROLSLG� $QWLERG\� 3DQHOV� DQG�5HFXUUHQW� 3UHJQDQF\� /RVV�� 3UHYDOHQFH� RI�$QWLSKRVSKROLSLG� $QWLERGLHV� &RPSDUHG�ZLWK� 2WKHU� $QWLSKRVSKROLSLG� $QWLERGLHV��)HUWLO�6WHULO�������������������
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���3HWUL� 0�� *ROEXV� 0�� $QGHUVRQ� 5��:KLWLQJ�2¶.HHIH�4��&RUDVK�/��+HOOPDQQ�'��$QWLQXFOHDU�$QWLERG\��/XSXV�$QWLFRDJXODQW��DQG� $QWLSKRVSKROLSLG� $QWLERG\� LQ� :RPHQ�ZLWK� ,GLRSDWKLF� +DELUXDO� $ERUWLRQ�� D�&RQWUROOHG�3URVSHFWLYH�6WXG\�RI����:RPHQ��$UWKULWLV�5KHXP��������������������
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3UHYDOHQFH�RI�$QWLFDUGLROLSLQ�$QWLERG\�LQ�5HFXUUHQW�
3UHJQDQF\�/RVV��

$MDPL $��*DOLQL�PRJKDGGDP�7�.KDOLOLDQ�$�
$EVWUDFW,QWURGXFWLRQ�� 5HFXUUHQW� VSRQWDQHRXV� DERUWLRQ� DQG� IHWDO� ORVV� DUH� FRPPRQ� LQ� REVWHWULFV� DQG�J\QHFRORJ\� ����� RI� SUHJQDQF\� ORVV��� ,PPXQRORJLFDO� IDFWRU� SUREDEO\� KDYH� D� PDMRU� UROH� LQ� WKLV�SUREOHP�5HFHQW� VWXGLHV� VXJJHVWHG� DQ� DVVRFLDWLRQ� EHWZHHQ� $QWLSKRVSKROLSLG� DQWLERGLHV�� HVSHFLDOO\�$QWLFDUGLROLSLQ� DQWLERGLHV� �D&/�� ZLWK� UHFXUUHQW� DERUWLRQ�� 'LIIHUHQW� VWXGLHV� UHSRUW� GLIIHUHQW�DVVRFLDWLRQ����������2EMHFWLYH� ZH�GHWHUPLQH�WKH�SUHYDOHQFH�DI�D&/�LQ�UHFXUUHQW�DERUWLRQ�LQ�6DUL�GXULQJ�����������0DWHULDOV�DQG�PHWKRGV�� �,Q�D�GHVFULSWLYH�VWXG\��ZRPHQ�ZLWK�D�KLVWRU\�RI�DW� OHDVW� WZR�DERUWLRQV�ZLWKRXW� DQ\�NQRZQ�HWLRORJ\� OLNH�KRUPRQDO� ,PEDODQFH��V\VWHPLF�K\SHUWHQVLRQ��GLDEHWHV�� LQIHFWLRQ��K\SHUWK\URLGLVP�DQG��DQDWRPLFDO�DEQRUPDOLW\�LQ�JHQLWDO�WUDFW�ZHUH�VWXGLHG������FDVHV��VHUXP�ZHUH�LQYHVWLJDWHG�IRU�SUHVHQFH�RI�D=/�LQ�VHUXP�7KH� SDWLHQW� VHUD� ZHUH� WHVWHG� E\� (Q]\PH� OLQNHG� LPPXQRDGVRUEHQW� DVVD\� �(/,6$�� PHWKRG��&RPPHUFLDO�VWDQGDUG�(/,6$�NLW�IURP�*(1(6,6�&RPSDQ\�ZHUH�XVHG�DFFRUGLQJ�WR�NLW�LQVWUXFWLRQ�PDQXDO��!���P�PO�D&/�FRQVLGHUHG�DV�SRVLWLYH�DQG����P�PO�DV�QHJDWLYH���7KH�SUHYDOHQFH�RI�D&/�ZDV�GHWHUPLQHG�DQG�FRQILGHQFH�LQWHUYDOV��&)��ZHUH�HVWLPDWHG�5HVXOWV������ZRPHQ�ZLWK�DJH� UDQJH�RI������� ���������������ZHUH� VWXGLHG��D&/�ZDV�GHWHFWHG� LQ�VHUD� RI� ��� �������� FDVHV��ZLWK� FRQILGHQFH� LQWHUYDO� RI� ���� �������������� ���� �������� FDVHV�ZHUH�QHJDWLYH�IRU�D&/�DQG�LQ����������ZHUH�LQWHUPHGLDWH������RI�SUHJQDQF\�ORVV�ZLWK�SRVLWLYH�D&/�ZHUH�LQ�ILUVW� WULPHVWHU�RI�SUHJQDQF\�DQG������LQ�VHFRQG�DQG�WKLUG�WULPHVWHU�ZLWK�RGG�UDWLR�RI�����&RQFOXVLRQ� 7KH�SUHYDOHQFH�RI�D&/�LQ�UHFXUUHQW�DERUWLRQ�DQG�IHWDO�ORVV�LQ�6DUL� &LW\�DUH�QRW�KLJK�DQG�LW�LV�PRVWO\�SRVLWLYH�LQ�VHFRQG�DQG�WKLUG�WULPHVWHU�
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