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ZKHUH��0N0��0N7 DUH�URWDWLRQDO�GUDJ�PRPHQWV��WRUTXHV�SURGXFHG� E\� WKH�PDLQ� DQG� WDLO� URWRU� VKDIWV GXH� WR� WKHDHURG\QDPLF�IRUFHV�DSSOLHG�/HW� XV� H[SUHVV�0N0 DQG�0N7 E\� XVLQJ� WRUTXH� FRHIIL�FLHQWV�

�0�0�0\0�0N0N0 ����� ZSUM 509P0  �
�7�7�7[7�7N7N7 ����� ZSUM 5F9P0  ���

7KH� WKUXVW� SURGXFHG� E\� WKH� PDLQ� DQG� WDLO� URWRUV� ZLOODOVR� EH� H[SUHVVHG� E\� PHDQV� RI� DHURG\QDPLF� FRHIIL�FLHQWV�
�0�0\0�0W00 ���� ZSUM 59F7  �
�7�7[7�7W77 ���� ZSUM 59F7  � ���

7KH�PDLQ� DQG� WDLO� URWRU� RSHUDWLQJ� FRQGLWLRQV� DUH� FRQ�QHFWHG�WR�WKH�KHOLFRSWHU�GLUHFWLRQDO�WULP�0N0 77/7� ���ZKHUH�/7 LV�WKH�GLVWDQFH�EHWZHHQ�WKH�PDLQ�DQG�WDLO� UR�WRUV�)LJ�� �� VKRZV�PDLQ� URWRU� DHURG\QDPLF� FKDUDFWHULVWLFV�L�H��FW0�M�0�� \09 ���PN0�M�0�� \09 ���XVHG�LQ�WKH�DQDO\�VLV��ZLWKLQ� WKH� FROOHFWLYH� SLWFK� YDULDWLRQV� RI� WKH� EODGHW\SLFDO� VHFWLRQ� � �qdM�0d��q DQG� UHODWLYH� VSHHGV� RIYHUWLFDO� IOLJKW� ���d \09 d����� 1HJDWLYH� VSHHGV� PHDQGHVFHQW��DQG�SRVLWLYH�RQHV��DVFHQW�0DFK� QXPEHUV� IRU� WKH�PDLQ� DQG� WDLO� URWRUV� DUH� GHWHU�PLQHG�E\�WKH�EODGH�WLS�VSHHGV�F�0 D ��Z5�0��F�7 D��Z5�7� ���)LJ����VKRZV�WKH�WDLO�URWRU�DHURG\QDPLF�FKDUDFWHULVWLFV�L�H��FW7�M�7� [79 ���PN7�M�7� [79 ���ZLWKLQ� � ��qdM�7d��q��d [79 d���� XVHG� LQ� WKH� DQDO\VLV�� ,W� VKRXOG� EH� QRWHGKHUH� WKDW� DQ\� YHUWLFDO� GLVSODFHPHQW� RI� WKH� KHOLFRSWHUSURGXFHV� D� FRQGLWLRQ� RI� VNHZHG� DLUIORZ� IRU� WKH� WDLOURWRU�ZLWK� DQ�DQJOH�RI� DWWDFN�HTXDO� WR� ]HUR��7KHUHIRUHWKH� LQSODQH� UHODWLYH� FRPSRQHQW� RI� WKH� VWUHDP� YHORFLW\FDQ�EH�XVHG� DV�DQ�DUJXPHQW� IRU� WKH� WRUTXH� FRHIILFLHQWPN7�
\09  9\��Z5�0�� [79  �9\��Z5�7� ���

7KH� IROORZLQJ� DVVXPSWLRQV� ZHUH� XVHG� LQ� WKH� DQDO\VLVPDGH��� 7KH�0$, FL��� PDLQ� URWRU� GLDPHWHU� DQG� EODGHFKRUG�ZHUH�VHOHFWHG�DV�EHLQJ�HTXDO�WR����P�DQG������PUHVSHFWLYHO\� SURFHHGLQJ� IURP� WKH�FL���� URWRU� V\VWHPSRVVLEOH�PRGLILFDWLRQ�FRQVLGHUDWLRQV��� 7KH� WDLO� URWRU� SDUDPHWHUV� DUH� QRW� DIIHFWHG� E\� DQ\YDULDWLRQ� RI� WKH�PDLQ� URWRU� VSHHG� DQG� SURYLGH� WKH� UH�TXLUHG� GLUHFWLRQDO� FRQWURO� PDUJLQ� ZLWKLQ� DOO� WKH� RSHU�DWLQJ� FRQGLWLRQV��0DLQ� DQG� WDLO� JHDUER[� SRZHU� ORVVHVGHSHQG�XSRQ�WKH�SRZHU�WUDQVPLWWHG�DQG�DUH�DVVXPHG�WREH� HTXDO� WR� ����� DQG� ��� UHVSHFWLYHO\�� 3RZHU� ORVVHVGXH�WR�WKH�IXVHODJH�DLUIORZ�DUH�����6R��WKH�UHVXOW�LV�DVIROORZV��]  �������� 7R� SURYLGH�PD[LPXP� SRZHU� WKH� HQJLQHV� DUH� WXU�ERFKDUJHG�ZLWK�WKH�WKURWWOH�SODWH�IXOO\�RSHQ��WKH�XSSHUFXUYH�LQ�)LJ������� 7R�SURYLGH�DLU�FRROLQJ�HDFK�HQJLQH�LV�ILWWHG�ZLWK�DIDQ�� WR� GULYH� LW�� WKH� SRZHU� EOHHG� LQ� WDNH�RII� LV� ��� KS�'1IDQ ���KS��'1XQ7  ��'1IDQ  �u���QH����������KS�

)LJ�� ��� +HOLFRSWHU�0D[LPXP�7DNH�RII�:HLJKW� YHUVXV0DLQ�5RWRU�%ODGH�7LS�6SHHG���ZZ5�0�)LJ����SUHVHQWV�WKH�KHOLFRSWHU�PD[LPXP�WDNH�RII�ZHLJKW*72:� PD[� �YHUVXV�EODGH� WLS� VSHHG� �Z5�0 FXUYH�� 7KHDQDO\VLV� ZDV� PDGH� IRU� RXW�RI�JURXQG�� HIIHFW� KRYHU�,6$�� 6/� DQG� ������P� DOWLWXGH� �L�H�� KRYHULQJ� FHLOLQJ��7KH� UHVXOW�ZDV� REWDLQHG� E\� WKH� QXPHULFDO� VROXWLRQ� RIHTXDWLRQV� �������� IRU� VWHDG\�RSHUDWLRQ�RI�ERWK�HQJLQHVWXUERFKDUJHG�DW�WKH�WDNH�RII�SRZHU�UDWLQJ�Q(� �Q( WDNH�RII�7KH�UHGXFWLRQ�UDWLR�KDV�LWV�RZQ�YDOXH�L0 IRU�HDFK��Z5�0YDOXH�7KH�QDWXUH�RI�WKH�*WDNH�RII�PD[�Z5�0 UHODWLRQVKLS�LV�JHQ�HUDOO\� GHWHUPLQHG� E\� WKH� PDLQ� URWRU� SURILOH� SRZHUFKDQJHV�� $Q� LQFUHDVH� LQ� �Z5�0 UHVXOWV� LQ� � LQFUHDVHG0DFK� QXPEHU� DQG� ZDYH� ORVVHV�� $Q\� UHGXFWLRQ� LQ�Z5�0 UHVXOWV� LQ� LQFUHDVHG� DQJOHV� RI� DWWDFN� LQ� EODGHVHFWLRQV�WKXV�GHWHULRUDWLQJ�WKH�/�'�UDWLR�DQG�LQFUHDVLQJWKH�SURILOH�SRZHU�



���

7KH�EODGH�WLS�VSHHG��Z5�0 RI����P�V�LV�RSWLPDO�IRU�RXW�RI�JURXQG�HIIHFW�KRYHU��,Q�WKLV�FDVH�*WDNH�RII�PD[  ������NJI� DQG� ������ NJI� LV� SURYLGHG� IRU� KRYHU� DW� 6/� DQG������P� DOWLWXGH� UHVSHFWLYHO\�� DQG� WKH� UHGXFWLRQ� UDWLRIRU�WKH�PDLQ�JHDU�ER[�L0 ZLOO�EH������+RZHYHU��WKHUH�DUH�WZR�UHDVRQV�GXH�WR�ZKLFK�WKH�EODGHWLS�VSHHG�LV�QRW�UHFRPPHQGHG�WR�EH�HTXDO�WR��Z5�0 RSW�)LUVW�� LQ� WKLV� FDVH� � �Z5�0 LV� ���� P�V� DW� WKH� HQJLQHFUXLVLQJ� SRZHU� UDWLQJ�ZKLFK� LV� XQDFFHSWDEOH� IURP� WKHSRLQW�RI�YLHZ�RI�WKH�VWDOO�FRQGLWLRQ��)LJ�����VKRZV�WKDWD� UHGXFWLRQ� LQ� WKH� �Z5�0 UHODWLYH� WR� WKH� � �Z5�0� RSW UH�VXOWV�LQ�DQ�LQFUHDVH�LQ�WKH�PDLQ�URWRU�FRHIILFLHQW�W\��DQGDW�WKH��Z5�0 ����P�V�WKH�ZRUNLQJ�W\ H[FHHGV�LWV��FULWL�FDO�YDOXH�FDXVHG�E\�VWDOO�6HFRQG�� WR� HQVXUH� KHOLFRSWHU� IOLJKW� ZLWKLQ� WKH� SUHVHWDOWLWXGH�DQG�WHPSHUDWXUH�UDQJH�ZLWKRXW�DQ\�PDLQ� URWRUEODGH�VWDOO�OLPLWDWLRQV�LQ�,6$�FRQGLWLRQV��LW�LV�QHFHVVDU\WR�KDYH�W\ d �������������7KH�H[SHFWHG�PD[LPXP�WDNH�RII�ZHLJKW� RI� WKH�0L����0$, KHOLFRSWHU�ZLOO� EH� �����NJI��7KHUHIRUH��DW�W\ a �����WKH�EODGH�WLS�VSHHG�VKRXOGEH�DERXW�����������P�V�

)LJ������0DLQ�5RWRU�7KUXVW�&RHIILFLHQW�W\ YHUVXV�0DLQ5RWRU�%ODGH�7LS�6SHHG �ZZ5�0�7KH�VHFRQG�FRQGLWLRQ�ZDV�DQDO\VHG�IRU�WKUHH�YDOXHV�RIL0 SURYLGLQJ�WKH�EODGH�WLS�VSHHGV�RI�����������DQG����P�V� DW�Q( WDNH�RII ������� USP��,W�ZDV� DVVXPHG� WKDW�KHOL�FRSWHU�ZRXOG�FUXLVH�DW�UHGXFHG�PDLQ� URWRU�VSHHGV�FRU�UHVSRQGLQJ�WR�Q(�FU  �������USP��)LJ�����VKRZV���Z5�0YHUVXV�Q(��L0�

)LJ�� ���� 0DLQ� 5RWRU� %ODGH� 7LS� 6SHHG� �ZZ5�0 YHUVXV(QJLQH�530�DQG�0DLQ�*HDU�%R[�5HGXFWLRQ�5DWLR�L0�

7KH�HFRQRPLF�VSHHG�9HH FRUUHVSRQGLQJ�WR�WKH�PLQLPDOUHTXLUHG� SRZHU� ZDV� GHWHUPLQHG� IRU� HDFK� EODGH� WLSVSHHG�YDOXH��:LWKLQ�WKH�EODGH� WLS�VSHHG� UDQJH�RI��������� P�V� WKH� HFRQRPLF� VSHHG� YDULHV� ZLWKLQ� D� QDUURZUDQJH� RI� ������� NP�K�� WKHUHIRUH�9HH  � ���� NP�K�ZDVDVVXPHG�IRU�DOO��Z5�0 YDOXHV���$W�WKLV�VSHHG�IRU� �,6$�6/�WKH�KHOLFRSWHU�JURVV�ZHLJKW�SURYLGLQJ�D�����P�V�UDWHRI� FOLPE� � ZLWK� RQH� HQJLQH� RSHUDWLQJ� DW� WKH� WDNH�RIISRZHU� UDWLQJ�GHWHUPLQHG�E\�RI� WKH� H[WHUQDO� FKDUDFWHU�LVWLF�ZDV�GHILQHG�7KH�&DWHJRU\�$�KHOLFRSWHU� �JURVV�ZHLJKW�YHUVXV�EODGHWLS�VSHHG�DQG�PDLQ�JHDU�ER[�UHGXFWLRQ�UDWLR�FXUYH�ZDVREWDLQHG�IURP�WKH�DQDO\VLV�UHVXOWV��)LJ�������+HUH�HDFKYDOXH�RI� WKH�EODGH� WLS� VSHHG�GHWHUPLQHV� LWV� RZQ�YDOXHRI� WKH� HQJLQH�SRZHU� � LQ� WHUPV�RI� WKH� H[WHUQDO� FKDUDF�WHULVWLF�
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L�JE� �����L�JE� �����L�JE� �����&RQWLQXLQJ�SRZHU7DNH�RII�SRZHU

)LJ�� ���� +HOLFRSWHU� *URVV� :HLJKW� *9\ DW� (FRQRPLF6SHHG�YHUVXV�%ODGH�7LS�6SHHG��ZZ5�0 DQG�0DLQ�*HDU%R[�5HGXFWLRQ�5DWLR�L0�7KH� GLDJUDP� VKRZV� WKDW� WKH� RSWLPDO� EODGH� WLS� VSHHGSURYLGLQJ� WKH� &DWHJRU\� $� KHOLFRSWHU� JURVV� ZHLJKW� LVa���� P�V� DQG� LV� YHU\� OLWWOH� DIIHFWHG� E\� WKH� UHGXFWLRQUDWLR�� 7KH� PD[LPXP� YDOXH� RI� WKH� KHOLFRSWHU� JURVVZHLJKW��L�H��������NJI��LV�REWDLQHG�DW�WKH�UHGXFWLRQ�UDWLRHTXDO�WR������ZKLFK�FRUUHVSRQGV�WR�WKH�WLS�VSHHG�HTXDOWR� ���� P�V� DW� WKH� HQJLQH� FUDQNVKDIW� VSHHG� RI� �����USP�$Q�LPSRUWDQW�DGYDQWDJH�RI�WKH�SRZHU�SODQW�FRPSULVLQJWZR�SLVWRQ�HQJLQHV�LV�DV�IROORZV��LI�RQH�HQJLQH�IDLOV�LW�LVQRW�QHFHVVDU\�WR�LQFUHDVH�WKH�SRZHU�RI�WKH�RWKHU�HQJLQHWR� WKH� WDNH�RII� SRZHU� UDWLQJ�� 7DEOH� �� JLYHV� HQJLQHSRZHU�YDOXHV��ZLWK�GXH�DFFRXQW�RI�WKH�SRZHU�EOHHG�IRUWKH�IDQ�GULYH�� UHTXLUHG� IRU�KHOLFRSWHU� IOLJKW� DW� D� VSHHG9HH IRU� WKUHH� YDOXHV� RI� �Z5�0 DQG� IL[HG� JHDU� UDWLRL0 ����� 7�D�E�O�H���5HTXLUHG�3RZHU�LQ�(FRQRPLF�)OLJKW�&RQGLWLRQ�Z5�0��P�V ��� ��� ���1H\��KS ��� ��� ���
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,W� FDQ� EH� VHHQ� WKDW� IRU� DOO� �Z5�0 YDOXHV� WKH� UHTXLUHGSRZHU�GRHV�QRW� H[FHHG� WKH� WDNH�RII� SRZHU� RI� RQH� HQ�JLQH��7KHUHIRUH��ZKHQ� RQH� HQJLQH� IDLOV� LQ� FUXLVH�� LW� LVVXIILFLHQW� IRU� WKH� RWKHU� HQJLQH� WR� UHDFK� LWV� H[WHUQDOFKDUDFWHULVWLF�� WR� GR� WKLV�� LW� LV� QHFHVVDU\� WR� RSHQ� WKHWKURWWOH� SODWH� FRPSOHWHO\�� )XUWKHU�� LV� KDV� EHHQ� VKRZQWKDW�SLVWRQ�HQJLQHV�KDYH�D�VKRUW�DFFHOHUDWLRQ�WLPH��DQGZLWK�RQH�HQJLQH� LQRSHUDWLYH� WKH�RWKHU�ZLOO�DFKLHYH� WKHRSWLPDO�SRZHU�UDWLQJ�TXLWH�IDVW�)LJ�����VKRZV�FXUYHV�FRUUHVSRQGLQJ�WR�WKH�HQJLQH�WDNH�RII� DQG� FUXLVLQJ� SRZHU� UDWLQJV�� $W� WKH� JHDU� UDWLRL0 �����WKH�FUXLVLQJ�SRZHU�UDWLQJ�RI� WKH�RSHUDWLQJ�HQ�JLQH� ZLOO� SURYLGH� KHOLFRSWHU� RSHUDWLRQ� LQ� &DWHJRU\� $ZLWK�D�WDNH�RII�ZHLJKW�RI�������NJI�7KXV�� IRU� WDNH�RII� ZHLJKW� RI� ������ NJI� WKH� JHDU� UDWLRL0 ����� FDQ� SURYLGH� KRYHU� RXW� RI� JURXQG� HIIHFW� DQGIOLJKW�LQ�&DWHJRU\�$�FORVH�WR�WKH�RSWLPDO�RQHV��,Q�KRYHU�Z5�0 ����P�V�FDQ�SURYLGH�PD[LPXP�WDNH�RII�ZHLJKWRI�������NJI� ��,6$��6/��DQG�KRYHU�FHLOLQJ�RI�������PIRU�D�WDNH�RII�ZHLJKW�RI�������NJI�
�� 6WXGLHV�RI�(QJLQH�)DLOXUHV�LQ�+RYHU
2QH�RI�WKH�DGYDQWDJHV�RI�DQ\�WZLQ�HQJLQH�KHOLFRSWHU�LVLWV� FDSDELOLW\� WR� SHUIRUP� VDIH� FRQWLQXHG� IOLJKW� DQGODQGLQJ�ZKHQ�RQH�HQJLQH�IDLOV�� ,Q� WKLV�FDVH� LW� LV�RI�XW�PRVW� LPSRUWDQFH� WR� FRQVLGHU�G\QDPLFV� RI� WKH� ³URWRUV�HQJLQHV´�V\VWHP�IURP� WKH�SRLQW�RI�YLHZ�RI�FDOFXODWLQJWKH�WLPH�UHTXLUHG�IRU�WKH�SLORW�IRU�DFWLRQV�DIWHU�RQH�HQ�JLQH�IDLOXUH��7R�VWXG\�WUDQVLWLRQV��RQH�HQJLQH�IDLOXUHV�LQYHUWLFDO� IOLJKW� FRQGLWLRQV� �L�H��KRYHU��FOLPERXW�� SRZHU�RQ�GHVFHQW�DQG�DXWRURWDWLRQ��ZHUH�VWXGLHG�7KH�KHOLFRSWHU�ZDV�FRQVLGHUHG�DV�D�PDWHULDO�PDVV�SRLQWP72 PRYLQJ� YHUWLFDOO\� DW� D� VSHHG�9m DW� DQ DOWLWXGH�+DERYH�WKH�JURXQG�XQGHU�WKH�LQIOXHQFH�RI�WKH�PDLQ�URWRUWKUXVW�70��7KH�HTXDWLRQ�H[SUHVVLQJ� WKH�KHOLFRSWHU�PR�WLRQ�LV�DV�IROORZV�70 ±�P72J� �G9\�GW��G+�GW� �9\� ���

)LJ������0DLQ�5RWRU�&ROOHFWLYH�3LWFK�&RQWURO�/DZ

7KH� SLORW� FRQWURO� DFWLRQ� LV� FDUULHG� RXW� DV� FROOHFWLYHSLWFK�FRQWURO� OHYHU�GLVSODFHPHQW�M�0  �M�0�W�� DQG�HQ�JLQH�WKURWWOLQJ�OHYHO�F(  �F( �W��
�
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)LJ�����VKRZV�WKH�FROOHFWLYH�SLWFK�WKURWWOH�UHODWLRQ�XVHGLQ�WKH�DQDO\VLV�
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M�0�PD[
)LJ������&ROOHFWLYH�3LWFK�7KURWWOH�5HODWLRQ�$V� WKH� HQJLQH� WKURWWOLQJ� OHYHO� YDULHV� ZLWKLQ� ��FH���WKH� WKURWWOH� OHYHU�GLVSODFHPHQW� LV� OLPLWHG�E\� WKH�XSSHUDQG�ORZHU�OLPLWV�'FPD[ DQG�'FPLQ UHVSHFWLYHO\�LQ�DFFRU�GDQFH�ZLWK�(TXDWLRQ�����'FPLQ ��'F�W� ��'FPD[� ����ZKHUH'FPLQ  ��F( >M�0�W�@��'FPD[  �����F( >M�0�W�@�
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)LJ������5DQJH�/LPLWV�DQG�7KURWWOH�/HYHU�'LVSODFH�PHQW�5HODWLRQ�)LJ�� ��� SUHVHQWV� WKH� XSSHU� DQG� ORZHU� OLPLWV� RI� WKHWKURWWOH�OHYHU�GLVSODFHPHQW�LQ�DFFRUGDQFH�ZLWK�UHODWLRQ�����DQG�DQ�H[HPSODU\�QDWXUH�RI� WKH�WKURWWOH� OHYHU�GLV�SODFHPHQW�ZKLFK� LQ� WKH�JHQHUDO� FDVH�FDQ�EH�GHVFULEHGE\�WKH�IROORZLQJ�UHODWLRQ�
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7KH� V\VWHP� RI� OLQHDU� GLIIHUHQWLDO� HTXDWLRQV� ����� ���FRQWDLQLQJ� YDULDEOH� QRQ�OLQHDU� FRHIILFLHQWV� IURP� UHOD�WLRQV� ���������� DQG� WDEXODU� IXQFWLRQV� �)LJV�� ������� LVVROYHG� QXPHULFDOO\� UHODWLYH� WR� YDULDEOHV�G��9\ DQG�ZH�7KH� KHOLFRSWHU� WULP� LQ� KRYHU� LV� FRQVLGHUHG� WR� EH� WKHLQLWLDO�FRQGLWLRQ�IRU�VROYLQJ�WKH�DERYH�HTXDWLRQ�70 PJ��9\ ���ZH�  �L0 �Z5�0��50�/HW�XV�FRQVLGHU�WKH�FDVH�RI�RQH�HQJLQH�IDLOXUH�DQG�SRV�VLEOH�ZD\V�RXW�RI� WKH�VLWXDWLRQ��7KH�KHOLFRSWHU�KDV� WKHIROORZLQJ�SDUDPHWHUV�+HOLFRSWHU� P72 ������NJ��/7 ����P��"" ��������NH ��0DLQ�URWRU� 50  ���P��-0� ������NJI�P���L0  �������7DLO�URWRU� 57 ����P��-7� �������NJI�P���L7  �������+RYHU� + ����P�� �Z5�0� ����P�V�%\�LQWURGXFLQJ�PDLQ�URWRU�FROOHFWLYH�SLWFK�DQG�WKURWWOHOHYHU� FRQWURO� UHODWLRQV� ����� DQG� ����� UHVSHFWLYHO\�� ZHDVVXPH�WKDW� WKH�WLPH�GHOD\�W� LV���V� LQ�ERWK�FDVHV��DQGWKH�SHULRG�RI�WKH�FRQWURO�DFWLRQ 'W��LV�HTXDO�WR�W����W�� ��V�LUUHVSHFWLYH�RI�LWV�DEVROXWH�YDOXH�)LJ�� ��� � LOOXVWUDWHV� WKH� FDVH�ZKHQ� DIWHU� HQJLQH� IDLOXUHWKH�FROOHFWLYH�SLWFK�LV�QRW�FKDQJHG��E\�WKH�SLORW��DQG�WKHWKURWWOH�OHYHU�LV�GLVSODFHG�XS�WR�WKH�OLPLW�RI�WUDYHO�ZLWKWKH�HQJLQH�RSHUDWLQJ�ZLWKRXW�WXUERFKDUJLQJ��'XULQJ�WKHILUVW�WZR�VHFRQGV�WKH�RSHUDWLYH�HQJLQH�USP�GURS�VR�WKDW

WKH�EODGH�WLS�VSHHG�GHFUHDVHV�WR�����P�V��DQG�WKH�PDLQURWRU�WKUXVW�EHFRPHV�WZLFH�ORZHU��7KH�KHOLFRSWHU�VWDUWVGHVFHQGLQJ�� DQG� LQ� �� VHFRQGV� WKH� UDWH� RI� GHVFHQW� LQ�FUHDVHV� XS� WR� ��� P�V�� :KHQ� WKH� WKURWWOH� OHYHU� LV� GLV�SODFHG�WR�WKH�OLPLW�RI�WUDYHO��WKH�WLS�VSHHG�LQFUHDVHV�XSWR� ����P�V�� DQG� WKH� UDWH� RI� GHVFHQW� VOLJKWO\� GHFUHDVHVXS� WR����P�V��7KH�KHOLFRSWHU� HQWHUV� WKH� VWHDG\�SRZHU�RQ�GHVFHQW��7KH�DOWLWXGH�ORVV�GXULQJ����VHFRQGV�LV���P�,I�WKH�VHFRQG�RSHUDWLQJ�HQJLQH�LV�WXUERFKDUJHG�DQG�WKHWKURWWOH�OHYHU�LV�GLVSODFHG�WR�WKH�OLPLW�RI�WUDYHO��QR�FDU�GLQDO� FKDQJHV� RFFXU� LQ� WKH� VWHDG\� SRZHU�RQ� GHVFHQW�'XH�D�VWHHSHU�JUDGLHQW�RI�WKH�HQJLQH�WRUTXH�YHUVXV�USPUHODWLRQ� WKH� VWHDG\� PDLQ� URWRU� RSHUDWLQJ� FRQGLWLRQPRYHV� WR� ORZHU� VSHHG�ZKLFK� LQ� WKH� HQG� UHVXOWV� LQ� WKHEODGH�WLS�VSHHG�RI�����P�V�DQG�UDWH�RI�GHVFHQW�HTXDO�WRa �����P�V�7R� DFKLHYH� KLJKHU� VSHHGV�� LW� LV� QHFHVVDU\� WR� GHFUHDVHWKH�PDLQ�URWRU�SLWFK�DQG�PRYH�WKH�WKURWWOH� OHYHU� WR�WKHOLPLW�RI�WUDYHO��)LJ�����VKRZV�WKH�UHVXOWV�REWDLQHG�IURPGHFUHDVLQJ� WKH� SLWFK� DQJOH� XS� WR� �q�� ,Q� WKLV� FDVH� WKHHQJLQH� DFKLHYHV� WKH�PD[LPXP� VSHHG� DW� WKH�PD[LPXPSRZHU�GHYHORSHG�ZKLFK�SURYLGHV�WKH�EODGH�WLS�VSHHG�RI����P�V� DQG� UDWH�RI�GHVFHQW�HTXDO� WR�a �����P�V��7KHKHOLFRSWHU�DFKLHYHV�WKH�VWHDG\�GHVFHQW�FRQGLWLRQ�ZLWKLQ��VHFRQGV�ZLWK�DQ�DOWLWXGH�ORVV�RI�������P�7KXV��WKH�DQDO\VLV�VKRZV�WKDW�ZKHQ�RQH�HQJLQH�IDLOV�LQKRYHU�� WKH� PDLQ� URWRU� FDQ� DFKLHYH� WKH� GHVLJQ� USPZLWKLQ� ���� VHFRQGV� E\� D� VPDOO� GHFUHDVH� RI� WKH� PDLQURWRU�SLWFK�DQG�PRYLQJ�WKH�WKURWWOH�OHYHU�WR�WKH�OLPLW�RIWUDYHO��$IWHU�WKDW�WKH�SLORW�FDQ�SHUIRUP�VODQW�GHVFHQW�RUOHYHO� IRUZDUG� IOLJKW� DW� VSHHGV� �������NP�K� WR�PDNH� DVDIH�UXQQLQJ�ODQGLQJ�RU�SXOOLQJ�XS�
�� 'DQJHURXV�+�9�$UHDV�IRU�6LQJOH��DQG7ZLQ��(QJLQH�+HOLFRSWHU
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