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6HFWLRQ�
�� ,QWURGXFWLRQ�

�
� :KHQ� D� IOXLG� WUDYHOV� WKURXJK� DQ� HOERZ� RU� FXUYHG� FRQGXLW� LQ� D� SLSLQJ�V\VWHP��LW�EHFRPHV�WXUEXOHQW���7KH�IORZ�VWUHDP�QH[W�WR�WKH�RXWHU�UDGLXV�PXVW�WUDYHO� D� ORQJHU� GLVWDQFH� WKDQ� WKH� IORZ� VWUHDP� QHDU� WKH� FHQWHU��:KHQ� WKLV�KDSSHQV�� WKH�SUHVVXUH�GLVWULEXWLRQ�EHFRPHV�XQHYHQ�DQG� WKH� IOXLG�VHSDUDWHV�LQWR�QXPHURXV�VHFRQGDU\� IORZV� WKDW�VZLUO�� URWDWH��DQG�KDYH�DFFHOHUDWHG�DQG�UHYHUVH� IORZV�� 7KXV�� WKH� YHORFLW\� SDWWHUQ� DW� WKH� H[LW� RI� WKH� HOERZ� EHFRPHV�WXUEXOHQW�� 7KLV� LV� WKH� UHDVRQ� ZK\� D� FXUYHG� FRQGXLW� FDQ� SURGXFH� D� JUHDWHU�SUHVVXUH�ORVV�WKDQ�D�VWUDLJKW�VHFWLRQ�RI�SLSH��7KLV�IORZ�WXUEXOHQFH�ZLOO�FRQWLQXH�GRZQVWUHDP�IURP�WKH�HOERZ�DQG�ZLOO�EH�GHWULPHQWDO�WR�WKH�RSHUDWLRQ�RI�URWDWLQJ�HTXLSPHQW� FRQQHFWHG� ZLWKLQ� ��� SLSH� GLDPHWHUV� RI� WKH� EHQG�� 7KH� &KHQJ�5RWDWLRQ�9DQH��&59��ZDV�LQYHQWHG�WR�HOLPLQDWH�WKH�IORZ�WXUEXOHQFH�FDXVHG�E\�DQ�HOERZ�RU�EHQG�LQ�D�SLSLQJ�V\VWHP��

7KH�&KHQJ�5RWDWLRQ�9DQH��&59��FRQVLVWV�RI�D�VHW�RI�VWDWLRQDU\�YDQHV�LQ�D�F\OLQGULFDO�ERG\��DQG�LV�SODFHG�LPPHGLDWHO\�XSVWUHDP�RI�DQ�HOERZ�LQ�D�SLSLQJ�V\VWHP�� � 7KH�&59¶V� YDQHV� DUH� VSHFLILFDOO\� GHVLJQHG� VR� WKDW� WKH\� LPSDUW� D�J\URVFRSLF�PRWLRQ�WR�WKH�IORZLQJ�IOXLG��7KLV�J\URVFRSLF�PRWLRQ�FRXQWHUDFWV�WKH�URWDWLQJ�PRWLRQ�RI�WKH�IOXLG�WKDW�LV�SURGXFHG�E\�WKH�HOERZ��7KH�&59�HQDEOHV�WKH�IOXLG�WR�QHJRWLDWH�WKH�WXUQ�WKURXJK�WKH�HOERZ�DQG�H[LW�WKH�HOERZ�ZLWK�D�IODW�XQLIRUP�YHORFLW\�SURILOH��2WKHU�IORZ�EHQHILWV�DFKLHYHG�ZKHQ�XVLQJ�D�&59�DUH�D�UHGXFHG�SUHVVXUH�GURS�WKURXJK�WKH�HOERZ��QR�IOXLG�WXUEXOHQFH��OHVV�QRLVH��OHVV�YLEUDWLRQ��DQG�QR�IOXLG�VHSDUDWLRQ��7KH�&59�LPSURYHV�WKH�IORZ�RI�IOXLG�WKURXJK�DQ\�W\SH�RI�HOERZ��DQG�WKXV�WXUQV�WKH�HOERZ�LQWR�WKH�HTXLYDOHQW�RI�D�VWUDLJKW�OHQJWK�RI�SLSH���
9HUWLFDO�SXPS�PDQXIDFWXUHUV�KDYH�H[SHULPHQWHG�ZLWK�QHZ�SXPS�LPSHOOHU�DQG�ERZO�GHVLJQV�WR�LQFUHDVH�SXPS�HIILFLHQFLHV��EXW�WKH\�KDYH�QRW�DGGUHVVHG�WKH� LQWHUQDO� IORZ�WKURXJK� WKH�³SLSLQJ�SRUWLRQ´�RI� WKH�SXPS�� �8QOLNH�KRUL]RQWDO�SXPSV��YHUWLFDO�SXPSV�KDYH�LQWHULRU�HOERZV�DQG�WXUQV�WKDW�FDXVH�WXUEXOHQFH��DQG�WKLV�FDQ�LPSDFW�WKH�RYHUDOO�HIILFLHQF\�RI�WKH�SXPS��HVSHFLDOO\�DW�KLJK�IORZ�UDWHV�� 5HFHQWO\�� D� IORZ� WHVW� ZDV� SHUIRUPHG� E\� D� PDMRU� YHUWLFDO� SXPS�PDQXIDFWXUHU�WR�GHWHUPLQH�WKH�DPRXQW�RI�LPSURYHPHQW�WKDW�FRXOG�EH�H[SHFWHG�LQ�SXPS�SHUIRUPDQFH��E\�SODFLQJ�D�&KHQJ�5RWDWLRQ�9DQH��&59��DW�WKH�YHUWLFDO�SXPS¶V�GLVFKDUJH�KHDG�HOERZ���
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�
6HFWLRQ�
�� 7HVW�'HWDLOV�

�
6(7� 83�� 7KH� SXPS� PDQXIDFWXUHU� VHOHFWHG� D� WKUHH�VWDJH�� ��´� GLVFKDUJH��YHUWLFDO�WXUELQH�SXPS��EHFDXVH�LW�LV�D�PLG�UDQJHG��SRSXODUO\�PDUNHWHG�PRGHO��'HVLJQHG�IRU������JDOORQV�SHU�PLQXWH��*30��DW�����IW�WRWDO�GLIIHUHQWLDO�KHDG��7'+��DW������UHYROXWLRQV�SHU�PLQXWH��530���WKH�SXPS�KDG�D�����+3�YHUWLFDO�PRWRU� GULYHU�� 6LQFH� WKH� ��´� GLDPHWHU� RXWHU� FDQ� ZDV� DSSUR[LPDWHO\� ��� IHHW�ORQJ�� WKH�SXPS�ZDV� LQVWDOOHG� LQ�D����IRRW� WHVW�SLW��ZLWK� WKH�GLVFKDUJH�QR]]OH�FRQQHFWHG� WR�D���´�HOERZ�� IROORZHG�E\�D�VWUDLJKW� OHQJWK�RI�SLSH��DQG� WKHQ�D�FRQWURO�YDOYH�WKDW�GLVFKDUJHG�LQWR�D�ZDWHU�KROGLQJ�WDQN��7KH�SXPS�VXFWLRQ�LQOHW�ZDV�SLSHG�EDFN�WR�WKH�KROGLQJ�WDQN�IRU�D�FORVHG�ORRS�FRQILJXUDWLRQ��
,167580(17$7,21�� *DJH� HOHYDWLRQV�� EDURPHWULF� SUHVVXUH�� DQG� DPELHQW�WHPSHUDWXUH� ZHUH� UHFRUGHG� DW� WKH� EHJLQQLQJ� RI� WKH� WHVW�� %RXUGRQ� WXEH�SUHVVXUH�JDJHV�PHDVXUHG�SUHVVXUHV�XSVWUHDP�RI� WKH�&59�LQ�WKH�GLVFKDUJH�FROXPQ� DQG� GRZQVWUHDP� RI� WKH� GLVFKDUJH� HOERZ�� $� YHQWXUL� ORFDWHG�GRZQVWUHDP� RI� WKH� GLVFKDUJH� HOERZ� DORQJ� WKH� VWUDLJKW� OHQJWK� RI� SLSH�PHDVXUHG� IORZ� UDWH� E\� PHUFXU\� PDQRPHWHU� UHDGLQJV�� $Q� ,'5� 9LEUD3DF�PRQLWRUHG� DQG� UHFRUGHG� YLEUDWLRQ� GDWD� LQ� WKH� [� DQG� \� SODQHV� RI� WKH� SXPS�GLVFKDUJH�QR]]OH��$�KLJK�UHVROXWLRQ�FRXQWHU�ZLWK�PDJQHWLF�SLFN�XS�PHDVXUHG�SXPS�VSHHG�LQ�530��DQG�SXPS�KRUVHSRZHU�ZDV�FDOFXODWHG�IURP�ZDWWPHWHU�UHDGLQJV��
352&('85(�� 7KH� SXPS� ZDV� VWDUWHG� DJDLQVW� D� SDUWLDOO\� RSHQHG� FRQWURO�YDOYH��DQG�WKH�DLU�ZDV�SXUJHG�IURP�WKH�V\VWHP��$OORZLQJ�IRU�D�IHZ�PRPHQWV�IRU� WKH� IORZ� V\VWHP� WR� VWDELOL]H�� WKH�PDQXDO� FRQWURO� YDOYH� ZDV� DGMXVWHG� IRU�HDFK�WHVW�SRLQW�DW�DERXW�����*30�LQFUHPHQWV��$W�D�UDQJH�RI�SOXV�DQG�PLQXV�����RI� WKH�EHVW�HIILFLHQF\�SRLQW� �%(3��RI������*30�� WHVW�SRLQW� LQFUHPHQWV�ZHUH� UHGXFHG� WR�����*30��7KH� IXOO� UDQJH�RI� WHVW�SRLQWV�FRYHUHG� IURP��� WR������*30��(DFK� WHVW�SRLQW� LQFOXGHG� UHDGLQJ�RI�SUHVVXUH� �WZR�SRLQWV��� IORZ��ZDWHU�WHPSHUDWXUH��VSHHG��SRZHU��YLEUDWLRQ��DQG�HODSVHG�WLPH��
� $IWHU�WKH�WHVW�GDWD�ZDV�SHUIRUPHG�ZLWKRXW�WKH�&59��WKH�SXPS�ZDV�VWRSSHG�DQG�WKH�&59�ZDV�LQVWDOOHG�DV�FORVH�DV�SRVVLEOH�WR�WKH�GLVFKDUJH�KHDG�HOERZ��7KH� &59� ZDV� VSHFLDOO\� GHVLJQHG� &59� ZLWK� D� KROORZ� FRUH� LQ� LWV� FHQWHU��DOORZLQJ� WKH�SXPSV�VKDIW� WR� ILW� WKURXJK�ZLWK�D� UHODWLYHO\� WLJKW�FOHDUDQFH��DQG�ZLWK�IODQJHV�IRU�EROWLQJ�WR�WKH�FROXPQ�DQG�HOERZ��:LWK�WKH�SXPS�UHDVVHPEOHG��WKH� WHVW� ZDV� UHUXQ� XVLQJ� WKH� VDPH� IORZ� SRLQWV�� DQG� WKH� GDWD� ZDV� VLPLODUO\�UHFRUGHG��7KH�WHVW�UHVXOWV�FRPSDUH�WKH�EHIRUH�DQG�DIWHU�GDWD�LQ�JUDSKLF�IRUP���
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6HFWLRQ�
�� 7HVW�5HVXOWV�

�
$SSUR[LPDWHO\�����PHDVXUHPHQWV�ZHUH�WDNHQ�RYHU�D�UDQJH�RI�IORZ�UDWHV�IURP���WR������*30��)LJXUH��D�VKRZV�WKH�FRPSDULVRQ�LQ�SXPS�KHDG�ZLWK�DQG�ZLWKRXW�WKH�&59�LQVWDOOHG�LQ�WKH�SXPS��)LJXUH��E�VKRZV�WKH�LQFUHDVH�LQ�SXPS�KHDG�ZLWK�D�&59��7KH�GDWD�VKRZV� WKDW�DW� ORZ� IORZ� UDWHV� �L�H�� OHVV� WKDQ������*30��� WKH�&59�GRHV�QRW�JLYH�KHDG�ORVVHV��$W�WKH�UDWHG�IORZ�RI�WKH�SXPS�������*30���WKHUH�LV�DQ�LQFUHDVH�RI���IW�RI�SXPS�KHDG��7KH�GDWD�DOVR�VKRZV�WKDW�VLJQLILFDQW�KLJKHU�LQFUHDVHV�LQ�SXPS�KHDG���EH\RQG�IORZ�UDWHV�RI������*30��ZHUH�DFKLHYHG�E\�DGGLQJ�D�&59��
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)ORZ�5DWH��*30�

1R�&59

:LWK�&59

��)LJXUH��D���3XPS�+HDG�&RPSDULVRQ�
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)ORZ�5DWH��*30� �
)LJXUH��E��,QFUHDVH�LQ�3XPS�+HDG�:LWK�&59�
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)ORZ�5DWH��*30�

1R�&59

:LWK�&59

�
)LJXUH��D��3XPS�+RUVHSRZHU�&RPSDULVRQ�
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)ORZ�5DWH��*30�

�
)LJXUH��E��'HFUHDVH�LQ�3XPS�+RUVHSRZHU�ZLWK�&59�

� �)LJXUH� �D� VKRZV� WKH� FRPSDULVRQ� RI� WKH� WZR� WHVWV� LQ� UHTXLUHG� SXPS�KRUVHSRZHU�� $W� WKH� UDWHG� SXPS� IORZ� RI� ����� *30�� WKH� GDWD� LQ� )LJXUH� �E�VKRZV�D�GHFUHDVH�RI�����KRUVHSRZHU�ZDV�UHTXLUHG�WR�SXPS�WKH�ZDWHU�WKURXJK�WKH�GLVFKDUJH�HOERZ���
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)ORZ�5DWH��*30�

1R�&59

:LWK�&59

�
)LJXUH��D��3XPS�(IILFLHQF\�&RPSDULVRQ�
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)ORZ�5DWH��*30� �
)LJXUH��E��,QFUHDVH�LQ�3XPS�(IILFLHQF\�E\�,QVWDOOLQJ�D�&59�

)LJXUH� �D� FRPSDUHV� WKH� SXPS� HIILFLHQFLHV� EHWZHHQ� WKH� WZR� WHVWV�� � $Q�LQFUHDVH�LQ�SXPS�HIILFLHQF\��)LJXUH��E��RI�DSSUR[LPDWHO\����ZDV�UHFRUGHG�IRU�IORZ� UDWHV� OHVV� WKDQ� �����*30�ZLWK�D�&59� LQVWDOOHG� LQ� WKH� V\VWHP��$W� WKH�UDWHG�SXPS�IORZ�RI������*30��WKHUH�ZDV�DQ�LQFUHDVH�RI�SXPS�HIILFLHQF\�RI���SRLQWV�� (IILFLHQF\� LPSURYHPHQWV� RI� �� WR� ���� ZHUH� DFKLHYHG� DW� IORZ� UDWHV�DERYH������*30��7KH�IORZ�UDWHV�RYHU�ZKLFK�WKH�SXPS�HIILFLHQF\�VWD\HG�RYHU����SHUFHQW�H[SDQGHG�IURP������*30�WR������*30�ZLWKRXW�D�&59��WR������*30�WR������*30�ZLWK�D�&59��DOPRVW�D������UDQJH�LQFUHDVH��
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)ORZ�5DWH��*30�

;�3ODQH�9LEUDWLRQ�:LWKRXW�&59
;�3ODQH�9LEUDWLRQ�:LWK�&59

)LJXUH��D��&RPSDULVRQ�RI�;�3ODQH�9LEUDWLRQ�RQ�7RS�RI�3XPS�'LVFKDUJH�+HDG�
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)ORZ�5DWH��*30�

)LJXUH��E��'HFUHDVH�LQ�;�3ODQH�9LEUDWLRQ�RQ�3XPS�'LVFKDUJH�+HDG�:LWK�&59�
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)ORZ�5DWH��*30�
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�
)LJXUH��D��&RPSDULVRQ�RI�9LEUDWLRQ�0HDVXUHPHQWV�RQ�<�3ODQH�RI�3XPS�'LVFKDUJH�+HDG�
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)LJXUH��E��'HFUHDVH�LQ�<�3ODQH�9LEUDWLRQ�:LWK�&59�RQ�3XPS�'LVFKDUJH�+HDG�
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� )LJXUHV��D�DQG��D�VKRZ�WKH�FRPSDULVRQ�RI�WKH�YLEUDWLRQ�PHDVXUHPHQWV�RQ�ERWK�WKH�[�DQG�\�SODQH�RI�WKH�SXPSV�GLVFKDUJH�KHDG��)LJXUHV��E�DQG��E�VKRZ�WKH�DPRXQW�RI�YLEUDWLRQ�GHFUHDVH� WKDW� LV�REVHUYHG�ZLWK�D�&59��)URP�WKHVH�JUDSKV��WKH�EHQHILW�RI�DGGLQJ�D�&59�DW�WKH�LQOHW�WR�WKH�GLVFKDUJH�KHDG�HOERZ�UHVXOWV�LQ�UHGXFHG�YLEUDWLRQ�DW�WKH�SXPS�GLVFKDUJH�KHDG��DW�DOO�IORZ�UDWHV���7KH�GHFUHDVH�LQ�YLEUDWLRQ�LQ�WKH�[�SODQH�DW�WKH�UDWHG�IORZ�RI������*30�LV�������LQ�VHF��D�����UHGXFWLRQ�LQ�YLEUDWLRQ���7KHUH�LV�D�VLPLODU�GHFUHDVH�LQ�WKH�\�SODQH�DW�WKH�UDWHG�IORZ�RI������*30�RI�������LQ�VHF��D�����UHGXFWLRQ�LQ�YLEUDWLRQ���7KH�RYHUDOO�UHGXFWLRQ�LQ�YLEUDWLRQ�LV�DSSUR[LPDWHO\������
� 7KH�EHQHILWV�RI�DGGLQJ�WKH�&59�VKRZV�WKDW�WKH�SXPSV�SHUIRUPDQFH�FDQ�EH� LPSURYHG� VLJQLILFDQWO\� E\� XQGHUVWDQGLQJ� WKH� WXUEXOHQFH� FDXVHG� E\� WKH�HOERZ� DQG� VROYLQJ� WKDW� SUREOHP�� 7KLV� ZLOO� WUDQVODWH� LQWR� D� VLJQLILFDQW� FRVW�VDYLQJV� IRU� WKH� FXVWRPHU�� �)RU� H[DPSOH�� VLQFH� WKH� DPRXQW� RI� KRUVHSRZHU�GHFUHDVHV� E\� ���� KS� ZKHQ� UXQQLQJ� WKH� SXPS� DW� ����� *30� ZLWK� D� &59�LQVWDOOHG��WKH�DYHUDJH�HOHFWULFLW\�VDYLQJV�LV�HVWLPDWHG�WR�EH�DW�����������\HDU
���$GGLWLRQDO�VDYLQJV�ZLOO�DOVR�EH�UHDOL]HG��EHFDXVH�WKH�XQLIRUP�IORZ�FUHDWHG�E\�WKH�&59�ZLOO� HOLPLQDWH� WKH� KDUPIXO� IORZ� HIIHFWV� FDXVHG� E\� IOXLG� VHSDUDWLRQ��WXUEXOHQFH�� DQG� YLEUDWLRQ� LQ� WKH� SXPS�� (OLPLQDWLQJ� WKLV� VRXUFH� RI� YLEUDWLRQ�FDXVHG�E\� IOXLG� WXUEXOHQFH�ZLOO� LQFUHDVH�VKDIW�DQG� LPSHOOHU� OLIH��EHDULQJ�DQG�VHDO�ZHDU��DQG�UHGXFH�SXPS�QRLVH��7KLV�WUDQVODWHV�LQWR�DGGLWLRQDO�FRVW�VDYLQJV�E\� UHGXFLQJ� PDLQWHQDQFH� LQWHUYDOV�� ZLWK� OHVV� GRZQWLPH�� DQG� D� KLJKHU�RSHUDWLQJ�UHOLDELOLW\��
�
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�

�7KLV� VDYLQJ� ZDV� REWDLQHG� E\� DVVXPLQJ� D� ���� KS� VDYLQJV� ZLWK� ����� KRXUV�\HDU� RI�RSHUDWLRQ�ZLWK�D�FRVW�RI�HOHFWULFLW\�RI���FHQWV���N:�KRXU���



�

� ��

6HFWLRQ�
�� &RQFOXVLRQV�

�
$�VXPPDU\�RI� WKH�EHQHILWV�JDLQHG�E\�XVLQJ�D�&59� LQ�D� WKUHH�VWDJH�YHUWLFDO�WXUELQH�SXPS�LV�VKRZQ�EHORZ��
D�� $W� ORZ� IORZ� UDWHV� �OHVV� WKDQ������*30�� WKHUH� LV�QR� ORVV� LQ�SXPS�KHDG��WKHUH� LV� DQ� LQFUHDVH� LQ� SXPS� HIILFLHQF\�� DQG� D� GHFUHDVH� LQ� SXPS�KRUVHSRZHU�RFFXUV��
E�� $W�WKH�SXPSV�EHVW�HIILFLHQF\�SRLQW�RI������*30��WKHUH�LV�DQ�LQFUHDVH�RI�SXPS�KHDG�RI���IHHW��DQ�LQFUHDVH�RI������D�GHFUHDVH�LQ�SXPS�KRUVHSRZHU�RI� ���� KS� �D� GHFUHDVH� RI� ����� DQG� DQ� LQFUHDVH�RI� SXPS�HIILFLHQF\� RI� ��SRLQWV��
F�� 7KH� IORZ� UDQJH� LQ� ZKLFK� WKH� SXPS� HIILFLHQF\� VWD\V� DERYH� ���� KDV�H[SDQGHG�IURP�������������*30�ZLWKRXW�D�&59�� WR������*30��������*30�ZLWK�D�&59��DOPRVW�D������UDQJH�LQFUHDVH���
G�� 7KHUH� LV� DQ� RYHUDOO� DYHUDJH� GHFUHDVH� LQ� WKH� SXPS� YLEUDWLRQ� DW� WKH�GLVFKDUJH�KHDG�RI�DSSUR[LPDWHO\�������
H�� 7KH� LQFUHDVHG� HIILFLHQF\�� GHFUHDVHG� SXPS� SRZHU� FRQVXPSWLRQ�� DQG�LQFUHDVHG� KHDG� UHVXOWV� LQ� LPSURYHG� SXPS� SHUIRUPDQFH�� 7KH� DYHUDJH�HOHFWULF�VDYLQJV�DW������*30�FDQ�EH�HVWLPDWHG�WR�EH�PRUH�WKDQ�������SHU�\HDU���
� �


