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7KH� VR�FDOOHG� ³VXGGHQ� GHDWK� UHDFWLRQ´� WKHRU\�� IRU� D�GLIIXVLRQ� IODPH�� DVVXPHV� WKDW� WKH� IXHO� DQG� R[LGL]HU� GLIIXVH�WRZDUG� D� VWRLFKLRPHWULF� FRQFHQWUDWLRQ� VXUIDFH�� DQG� WKHQ�VXGGHQO\� GLVDSSHDU�� GXH� WR� WKHLU� FRPEXVWLRQ� ZKLFK� SURGXFHV�ZDWHU�DQG�FDUERQ�GLR[LGH����7KH�SUHVHQFH�RI�12[ DQG�&2�LQ�WKHFRPEXVWLRQ�SURGXFWV�FDQQRW�EH�H[SODLQHG�E\�WKH�³VXGGHQ�GHDWK´WKHRU\�� � 12[�� GXH� WR� LWV� KLJK� DFWLYDWLRQ� HQHUJ\� PD\� QRW� EHIRUPHG�SULRU�WR�WKH�IRUPDWLRQ�RI�+�2�DQG�&2���12[�LV�FUHDWHG�ZKHQ� ERWK� R[\JHQ� DQG� QLWURJHQ� DUH� SUHVHQW� LQ� D� KLJK�WHPSHUDWXUH� YROXPH�� DIWHU� DOO� WKH� FRPEXVWLEOH� VSHFLHV� DUH�FRQVXPHG�� �$SSHDUDQFH�RI�&2�LQGLFDWHV�D� ODFN�RI�R[\JHQ�RU�D�ORZ�JDVHRXV� WHPSHUDWXUH��7UDGLWLRQDOO\��ZKHQ�VWHDP�LV�LQMHFWHG�LQWR�WKH�FRPEXVWLRQ�DLU��LWV�KLJK�KHDW�FDSDFLW\�UHGXFHV�WKH�IODPH�WHPSHUDWXUH�� ZKLFK� WKHQ� UHGXFHV� 12[� IRUPDWLRQ�� DQG� WKLV� LV�XVXDOO\�DFFRPSDQLHG�E\�KLJK�&2�IRUPDWLRQ���7KLV�SKHQRPHQRQ�LV�FDXVHG�E\�WKH�GLOXWLRQ�RI�R[\JHQ�DV�D�TXHQFKLQJ�HIIHFW���7KLV� SDSHU� GHVFULEHV� D� QRYHO� DSSURDFK� WKDW� UHYHUVHV� WKH�WUDGLWLRQDO� ZLVGRP� RI� XVLQJ� VWHDP� WR� FRQWURO� 12[� DQG� &2�IRUPDWLRQ�� E\� DFFHOHUDWLQJ� WKH� FRPEXVWLRQ� SURFHVV�� � 7KLV� QHZ�DSSURDFK� EHJLQV� ZLWK� ���� VKULQNLQJ� WKH� IODPH� HQYHORSH�� ����HQKDQFLQJ� WKH� R[\JHQ� GLIIXVLRQ� UDWH�� DQG� ���� VXSSUHVVLQJ� WKH�QLWURJHQ�FRQFHQWUDWLRQ�GLIIXVLRQ�UDWH����7HVW�UHVXOWV�VKRZHG�WKDW����� D� KLJK� WHPSHUDWXUH� YROXPH� FRXOG� IRUP� 12[� DIWHU� WKH�FRPEXVWLRQ�RI�IXHO�LV�UHGXFHG�WR�D�PLQLPXP��DQG�����WKDW�D�YHU\�KLJK� IXHO� MHW� PRPHQWXP� LQFUHDVHV� WKH� R[\JHQ� GLIIXVLRQ� UDWH��WKXV� UHGXFLQJ� WKH� IODPH� HQYHORSH�� $OVR� GXH� WR� WKH� LQZDUG�PRYHPHQW�RI� WKH�IODPH�HQYHORSH�� WKH� UHVLGHQWLDO� WLPH�IRU�12[�IRUPDWLRQ�LV�DOVR�UHGXFHG�DQG�ZLWK�WKH�SUHVHQFH�RI�D�GLOXHQW��WKH�QLWURJHQ�SHQHWUDWLRQ�UDWH�LQWR�WKH�IODPH�LV�FRQWUROOHG���:KHQ�DOO�WKUHH�SKHQRPHQD�DUH�ZRUNLQJ� WRJHWKHU�� WRWDO�12[�ZDV�UHGXFHG�GRZQZDUG�WR�EHORZ���SSP�ZLWKRXW�ORVLQJ�IODPH�VWDELOLW\��6LQFH�WKLV� SURFHVV� JHQHUDWHV� HQKDQFHG� R[\JHQ� GLIIXVLRQ�� &2� KDV�

DOZD\V�EHHQ�VHHQ�WR�EH�EHORZ��SSP��ZKLFK�LQGLFDWHV�H[WUHPHO\�KLJK�FRPEXVWLRQ�HIILFLHQF\��7KH�DERYH�WKHRU\�ZDV�ILUVW�VLPXODWHG�E\�QXPHULFDO�PHWKRGV�XVLQJ�D���VWHS�UHDFWLRQ�IRU�QLWURJHQ�DQG�R[\JHQ��DQG�ZDV�IXUWKHU�H[SDQGHG� WR� D� ���VWHS� FKHPLFDO�NLQHWLF�PRGHO��7KH� VLPXODWLRQ�XVHG�JDV�WXUELQH�FRPSUHVVRU�GLVFKDUJH�WHPSHUDWXUHV�WR�SURGXFH�UHDO�DGLDEDWLF�IODPH�WHPSHUDWXUHV��$WPRVSKHULF�WHVWV�RI�UHDO�IXOO�VFDOH� JDV� WXUELQH� FRPEXVWRUV� ZHUH� XVHG� ZLWK� DSSURSULDWH� DLU�WHPSHUDWXUHV�� WR� VLPXODWH� DGLDEDWLF� IODPH� WHPSHUDWXUHV��%HORZ��SSP�12[�DQG�&2�ZHUH�FRQVLVWHQWO\�REWDLQHG��LQGHSHQGHQW�RI�WXUELQH� W\SHV��$FWXDO� WXUELQH� WHVWV� RQ� *(� �%� DQG�:���'�$�WXUELQHV�FRQVLVWHQWO\�LQGLFDWHG�SUHVVXUH�GHSHQGHQW�H[SRQHQWV�RI�������
,1752'8&7,21�� )ODPHV� FDQ� EH� FODVVLILHG� LQWR� DV� GLIIXVLRQ� DQG� SUHPL[HG�IODPHV��0RVW�FRPEXVWLRQ�WKDW�RFFXUV�LQ�JDV�WXUELQHV�LV�EDVHG�RQ�WKH�GLIIXVLRQ�IODPH�SULQFLSOH��)OXLG�PHFKDQLFDO�FRXSOLQJ�WR�WKH�GLIIXVLRQ� SURFHVV� KDV� GRPLQDWHG� FRPEXVWRU� GHVLJQ� SULQFLSOHV�IRU� GHFDGHV�� 7KH� GHVLJQ� DQG� GHYHORSPHQW� RI� ORZ�HPLVVLRQ�LQGXVWULDO� JDV� FRPEXVWRUV� LV� YHU\� FKDOOHQJLQJ�� )URP�D� UHDOLVWLF�SRLQW� RI� YLHZ�� SUHVHQFH� RI� 12[� DQG� &2� LQ� WKH� FRPEXVWLRQ�SURGXFWV��LOOXVWUDWHV�WKH�QHHG�WR�SHUIRUP�DQ�LQ�GHSWK�VWXG\�RI�WKH�GLIIXVLRQ� IODPH�� 3UHYLRXV� WHFKQLTXHV� WR�PRGLI\� FRPEXVWRUV� WR�FRQWURO� HPLVVLRQV� KDYH� IRFXVHG� RQ� ORZHULQJ� WKH� SHDN� IODPH�WHPSHUDWXUHV�� 7KLV� SDSHU� UHSRUWV� RQ� D� QRYHO� DSSURDFK� WKDW�UHYHUVHV� WKH� WUDGLWLRQDO� ZLVGRP� RI� XVLQJ� VWHDP� WR� FRRO� RII� D�GLIIXVLRQ�IODPH��)LUVW��WKH�WKHRU\�LV�H[SODLQHG�LQ�GHWDLO��DQG�WKHQ�QXPHULFDO�FDOFXODWLRQV�ZHUH�SHUIRUPHG�WR�GHPRQVWUDWH�KRZ�WKLV�WKHRU\�ZRUNV��7KHQ��WKLV�WKHRU\�ZDV�SURYHQ�H[SHULPHQWDOO\��7KH�WKHRU\� ZDV� DWPRVSKHULFDOO\� WHVWHG� RQ� IXOO�VFDOH� JDV� WXUELQH�FRPEXVWRUV� ZLWK� DQ� DSSURSULDWH� DLU� VXSSO\� WHPSHUDWXUH� WR�VLPXODWH� DGLDEDWLF� IODPH� WHPSHUDWXUHV�� %HORZ� �SSP�12[� DQG�
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&2� ZHUH� FRQVLVWHQWO\� REWDLQHG� LQGHSHQGHQW� RI� WXUELQH� W\SH���$FWXDO� WXUELQH� WHVWV� RQ� D� *(� �%� HQJLQH� XVHG� IRU� SURYLGLQJ�FRPPHUFLDOO\� DYDLODEOH� SRZHU� LQGLFDWHG� SUHVVXUH� GHSHQGHQW�H[SRQHQWV� RI� ����� 7KHUHIRUH�� WKH� 12[� OHYHOV� ZHUH� IRXQG� WR�UHGXFH� GRZQ� WR� EHORZ� �� SSP� ZLWKRXW� ORVLQJ� IODPH� VWDELOLW\��6LQFH�WKLV�SURFHVV�XVHV�HQKDQFHG�R[\JHQ�VXSSO\��&2�ZDV�IRXQG�DOZD\V� WR� EH� EHORZ� �SSP�� ZKLFK� PHDQV� WKDW� WKHUH� ZDV�H[WUHPHO\�KLJK�FRPEXVWLRQ�HIILFLHQF\���8QEXUQHG�K\GURFDUERQV��92&��KDYH�DOZD\V�EHHQ�IRXQG�WR�EH�XQGHWHFWDEOH��
120(1&/$785(�� W�� � 7LPH�r� 'HQVLW\�

�9 � � 9HORFLW\�
3� � 3UHVVXUH�PIL� � 0DVV�)UDFWLRQ�RI�6SHFLHV�&RPSRQHQW�L�n� .LQHPDWLF�9LVFRVLW\�'� � 'LIIXVLYLW\�l� � 7KHUPDO�&RQGXFWLYLW\�&S� � 6SHFLILF�+HDW�7� � 7HPSHUDWXUH�PIL¶¶¶� &KHPLFDO�9ROXPH�5HDFWLRQ�5DWH�+¶¶¶�� 9ROXPH�+HDW�*HQHUDWLRQ�X� � [�'LUHFWLRQ�)ORZ�9HORFLW\�&RPSRQHQW�Y� � \�'LUHFWLRQ�)ORZ�9HORFLW\�&RPSRQHQW�.� � -HW�VWUHQJWK�h� 6LPLODULW\�9DULDEOH�eR� � 9LUWXDO�.LQHPDWLF�9LVFRVLW\�E� � -HW�:LGWK�8� � -HW�9HORFLW\�

7+(25<�'(6&5,37,21��&ODVVLFDO� GLIIXVLRQ� IODPH� WKHRU\� LV� EDVHG� RQ� WKH� VR�FDOOHG�³VXGGHQ� GHDWK´� UHDFWLRQ� WKHRU\�� 7KLV� WKHRU\� LV� LOOXVWUDWHG� LQ�)LJXUH��E��7KH�WRS�ILJXUH�VKRZV�WKH�GLIIXVLRQ�SURILOHV�RI�D�IXHO�DQG�R[LGL]HU�EHIRUH� FRPEXVWLRQ��7KH� ORFDWLRQ�ZKHUH� WKH�IODPH�VXUIDFH�ZRXOG� RFFXU� LV� DW� WKH� VWRLFKLRPHWULF� UDWLR� �NJ�R[LGL]HU�RYHU�NJ� IXHO��� ,Q� WKLV� LOOXVWUDWLRQ�� WKH�YDOXH�RI� WKLV� UDWLR�LV�RQH��7KH� ERWWRP� ILJXUH� VKRZV� WKH� GLIIXVLRQ� SURILOHV� GXULQJ�FRPEXVWLRQ� �*ODVVPDQ�� �������$V� VKRZQ�� WKH� WKHRU\� DVVXPHV�WKDW� WKH� IXHO� DQG� R[LGL]HU� GLIIXVH� WRZDUGV� D� VWRLFKLRPHWULF�FRQFHQWUDWLRQ� VXUIDFH��$FFRUGLQJ� WR� WKLV� WKHRU\�� ERWK� IXHO� DQG�R[LGL]HU�VXGGHQO\�GLVDSSHDU��E\�FRPEXVWLRQ�DW�DQ�LQILQLWHO\�WKLQ�IODPH� VXUIDFH�� ZKLFK� SURGXFHV� FRPEXVWLRQ� SURGXFWV� VXFK� DV�ZDWHU� DQG� FDUERQ� GLR[LGH�� 7KLV� WKHRU\� DVVXPHV� WKHUH� DUH�LQILQLWHO\�IDVW�FKHPLFDO�UHDFWLRQ�UDWHV��VR�WKDW�WKH�EXUQLQJ�VSHHG�LV� FRQWUROOHG� E\� WKH�PROHFXODU� DQG� WXUEXOHQW� GLIIXVLRQ� UDWHV� RI�WKH�IXHO�DQG�R[LGL]HU����)LJXUH� �D� VKRZV� WKH� HIIHFW� RI� WKH� WUDGLWLRQDO�ZD\�RI�XVLQJ�VWHDP� IRU� HPLVVLRQV� FRQWURO�� E\� PL[LQJ� VWHDP� LQ� WKH� DLU�� 7KLV�WHFKQLTXH� KDV� EHHQ� XVHG� DV� D� PHDQV� WR� ORZHU� WKH� SHDN� IODPH�

WHPSHUDWXUH�� WKXV� PLQLPL]LQJ� WKH� WKHUPDO� 12[� IRUPDWLRQ��+RZHYHU�� E\�PL[LQJ� WKH� VWHDP� LQ� WKH� DLU�� WKH� FRQFHQWUDWLRQ�RI�R[\JHQ� LV� UHGXFHG�� 6LQFH�� WKH� FRQFHQWUDWLRQ� RI� R[\JHQ� LV�UHGXFHG��WKH�IODPH�VXUIDFH�PRYHV�RXWZDUG��$OVR��WKH�TXHQFKLQJ�RI�WKH�IODPH�FDQ�OHDG�WR�LQFUHDVHG�&2�IRUPDWLRQ�GXH�WR�WKH�ODFN�RI�R[\JHQ���2XU�QHZ�DSSURDFK� IRU� HPLVVLRQV� FRQWURO� �&KHQJ�� ������ LV�VKRZQ�LQ�)LJXUH��F�DQG�LQYROYHV�D�KRPRJHQHRXV�PL[LQJ�RI�WKH�IXHO�ZLWK� D�GLOXHQW� VXFK�DV� VWHDP��%\�PL[LQJ� WKH� IXHO�ZLWK� WKH�GLOXHQW��ZH�ORZHU�WKH�FRQFHQWUDWLRQ�RI�IXHO��DQG�WKH�UHVXOW�LV�WKDW�WKH�VWRLFKLRPHWULF�VXUIDFH�LV�EURXJKW�LQZDUG��,Q�WKLV�SURFHVV��ZH�QRZ�KDYH�DQ�H[FHVV�RI�R[LGL]HU��WKHUHIRUH�WKH�&2�DQG�XQEXUQHG�K\GURFDUERQV�DUH�UHGXFHG����)LJXUHV� �� DQG� �� DOVR� VKRZ� WKH� FRQFHQWUDWLRQ� SURILOH� RI�1LWURJHQ� LQ� WKH� IODPH��1RWLFH� WKDW�R[\JHQ�FDQQRW�SHQHWUDWH�WKH�IODPH� IURQW� VLQFH� LW� UHDFWV� ZLWK� WKH� IXHO� DW� WKH� VWRLFKLRPHWULF�VXUIDFH��7KHUH� LV� DOVR� D�SUHVHQFH�RI�1LWURJHQ�ZLWKLQ� WKH� IODPH�IURQW�� �7KH�HIIHFW�RI�RXU�QHZ�DSSURDFK�IRU�HPLVVLRQV�FRQWURO�LV�LOOXVWUDWHG� LQ� )LJXUH� �F� DQG� E\� WKH� UHVXOWV� RI� RXU� QXPHULFDO�VLPXODWLRQ� LQ� )LJXUH� ��� 7KH� SUHVHQFH� RI� VWHDP� LQ� WKH� KLJK�WHPSHUDWXUH� UHJLRQ�� ZKHUH� 12[� IRUPDWLRQ� LV� DW� D� PD[LPXP��UHGXFHV� WKH� SUHVHQFH� RI� 1LWURJHQ�� )LJXUH� �� VKRZV� WKDW� LQ� WKH�UHJLRQ� ZKHUH� PD[LPXP� 12[� LV� IRUPHG�� WKH� PDVV� IUDFWLRQ� RI�QLWURJHQ�LV�UHGXFHG��WKXV�WKH�12[�IRUPDWLRQ�LV�DOVR�UHGXFHG��)LJXUH� �� �/HZLV� DQG� 9RQ� (OEH�� ������ VKRZV� WKH� IODPH�OHQJWK� IRU� ODPLQDU�DQG� WXUEXOHQW�GLIIXVLRQ� IODPHV�DV�D� IXQFWLRQ�RI� IXHO� MHW� YHORFLW\�� ,Q� D� ODPLQDU� GLIIXVLRQ� IODPH�� WKH� IODPH�KHLJKW� LQFUHDVHV�ZLWK�IXHO� MHW�YHORFLW\��7KH�PROHFXODU�GLIIXVLRQ�UDWH�FDXVHV� WKH� IODPH�VXUIDFH�DUHD� WR�EH�SURSRUWLRQDO� WR� WKH� MHW�YHORFLW\��,Q�WKH�WXUEXOHQW�IODPH��WKH�KLJK�IXHO�MHW�YHORFLW\�FUHDWHV�WXUEXOHQW�PL[LQJ�ZKLFK� LQFUHDVHV� WKH�PROHFXODU� GLIIXVLRQ� UDWH��7KH� UHJLRQ� RI� FRQVWDQW� IODPH� KHLJKW� LQ� WKH� IXOO\� GHYHORSHG�UHJLRQ�LQGLFDWHV�D�VLPLODULW\�IORZ�FRQGLWLRQ�ZKHUH�WKH�WXUEXOHQW�PL[LQJ�SURILOH�EHFRPHV�LQGHSHQGHQW�RI�YHORFLW\��,Q�WKLV�UHJLRQ��LQFUHDVHV�LQ�WKH�IXHO�MHW�YHORFLW\�GR�QRW�DIIHFW�WKH�IODPH�KHLJKW��7KH� JRYHUQLQJ� HTXDWLRQV� �6FKOLWLQJ�� ������ IRU� WXUEXOHQW�GLIIXVLRQ�IODPHV�DUH�JLYHQ�EHORZ����
&RQWLQXLW\�� �r/�W���¶�r�9 � ��� � ��������������
�
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,Q� WKH�DERYH�HTXDWLRQV��r�LV�WKH�GHQVLW\�� �9 �LV�WKH�YHORFLW\�
YHFWRU��ZKLFK�LV�HTXDO�WR�WKH�VXP�RI�WKH�WLPH�DYHUDJHG�YHORFLW\�
DQG� YHORFLW\� RI� IOXFWXDWLRQ��� W� LV� WLPH�� 3� LV� SUHVVXUH�� n� LV� WKH�NLQHPDWLF� YLVFRVLW\�� PI� LV� WKH� PDVV� IUDFWLRQ� RI� WKH� VSHFLHV�
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FRPSRQHQW�� '� LV� WKH� GLIIXVLYLW\�� PI¶¶¶� LV� WKH� FKHPLFDO� YROXPH�UHDFWLRQ� UDWH�� &S� LV� WKH� VSHFLILF� KHDW�� l� LV� WKH� WKHUPDO�FRQGXFWLYLW\��7� LV� WKH� WHPSHUDWXUH��DQG�+�LV� WKH�KHDW�JHQHUDWHG�
GXH�WR�FRPEXVWLRQ��7KH�WUDQVSRUW�SURSHUWLHV�VXFK�DV�n��'��DQG�l��NLQHPDWLF� YLVFRVLW\�� GLIIXVLYLW\�� DQG� WKHUPDO� FRQGXFWLYLW\�� DUH�HTXDO� WR� WKH� VXP� RI� WKH� PROHFXODU� YDOXH� DQG� WKH� WXUEXOHQW�PL[LQJ� YDOXH�� :KHQ� WKH� HTXDWLRQV� DUH� SXW� LQWR� WKHLU� QRQ�GLPHQVLRQDO� IRUP�� WKH� 5H\QROGV� QXPEHU�� 3HFOHW� QXPEHU��6FKPLGW� QXPEHU�� DQG� 3UDQGWO� QXPEHU� FDQ� DSSHDU�� � $W� KLJK�WXUEXOHQW� FRQGLWLRQV�� WKH� WXUEXOHQW� WUDQVSRUW� WKHRU\� VWDWHV� WKDW�WKH� 6FKPLGW� QXPEHU�� /HZLV� QXPEHU�� DQG�3UDQGWO� QXPEHU� HDFK�DSSURDFK�����7KXV��WKH�YHORFLW\��FRQFHQWUDWLRQ��DQG�WHPSHUDWXUH�SURILOHV�EHFRPH�VLPLODU�LI�WKHUH�LV�QR�FRPEXVWLRQ��7KH� YLVFRXV� IORZ� IRUPV� RI� WKHVH� WXUEXOHQW� IORZ� HTXDWLRQV�DUH� VROYHG� WR�REWDLQ� WKH� VLPLODULW\� VROXWLRQ� IRU� WKH� IORZ�RI� MHWV��6FKOLWLQJ�� �������7KH� VLPLODULW\� VROXWLRQ� UHTXLUHV� WKDW� WKHUH� LV�
QR� OHQJWK� VFDOH� IRU� WKH� SUREOHP�� � 7KH� VLPLODULW\� YDULDEOH� �h��UHGXFHV� WKH� SDUWLDO� GLIIHUHQWLDO� HTXDWLRQ� LQWR� DQ� RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQ��7KH�VROXWLRQ�JLYHV�WKH�IROORZLQJ�HTXDWLRQV�IRU�ERWK�YHORFLW\�FRPSRQHQWV���
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�\�[��LV�WKH�VLPLODULW\�YDULDEOH��.� ��p×X�\G\�LV�WKH�MHW�VWUHQJWK��DQG�eR� �������E����8�LV�WKH�YLUWXDO�NLQHPDWLF�YLVFRVLW\��E�LV�WKH�MHW�ZLGWK�DQG�8�LV�WKH�MHW� YHORFLW\��� ,W� LV� LPSRUWDQW� WR� QRWH� LQ� WKLV� VROXWLRQ�� WKDW� WKH�YDULDEOH�[� VWLOO� DSSHDUV��7KXV�� WKH� OHQJWK� VFDOH� VWLOO� UHPDLQV�DQ�LPSRUWDQW�SDUDPHWHU�LQ�WKH�VROXWLRQ��)LJXUH���LOOXVWUDWHV�WKH�VWUHDPOLQH�SDWWHUQ��6FKOLWLQJ��������IRU� DQ� D[LV\PPHWULF� IXHO� MHW� LQ� WKLV� VLPLODULW\� IORZ� FRQGLWLRQ�UHJLPH��$W�KLJK�5H\QROGV�QXPEHU��KLJK�PRPHQWXP�FRQGLWLRQV���WKH� MHW� ZLOO� UHPDLQ� QDUURZ� DQG� JURZ� VORZO\�� $OVR� DV� WKH� MHW�PRPHQWXP�LQFUHDVHV��WKH�UDGLDO�FKDQJHV�LQ�WKH�YHORFLW\�ZLOO�DOVR�LQFUHDVH�� 7KHUHIRUH�� LQFUHDVLQJ� WKH� IXHO� MHW� PRPHQWXP� E\�KRPRJHQHRXV� PL[LQJ� ZLWK� D� GLOXHQW� ZLOO� LQFUHDVH� WKH� R[\JHQ�GLIIXVLRQ�UDWH�LQWR�WKH�IODPH�������5HVHDUFK� ZRUN� LQ� RXU� ODERUDWRU\� �ERWK� WKHRUHWLFDO� DQG�H[SHULPHQWDO�� ZLWK� NQRZQ� FKHPLFDO� NLQHWLFV�� KDV� PDGH� LW�REYLRXV�WKDW�12[�GXH�WR�LWV�KLJK�DFWLYDWLRQ�HQHUJ\�PD\�QRW�EH�IRUPHG� DW� WKH� IODPH� IURQW� VLQFH� LW� EORFNV� R[\JHQ� SHQHWUDWLRQ��UDWKHU� LW� ZDV� FUHDWHG� ZKHQ� ERWK� R[\JHQ� DQG� QLWURJHQ� FDQ� EH�SUHVHQW� LQ� D� VPDOO� YROXPH� RI� KLJK� WHPSHUDWXUH� DIWHU� DOO�FRPEXVWLEOH� VSHFLHV� DUH� FRQVXPHG� DV� LOOXVWUDWHG� LQ� )LJXUH� ���3UHVHQFH� RI� &2� LV� DQ� LQGLFDWLRQ� RI� ODFN� RI� R[LGL]HU� RU� ORZHU�JDVHRXV� PL[WXUH� WHPSHUDWXUHV�� :KHQ� DWWHPSWV� DUH� PDGH� WR�LQMHFW�VWHDP��ZDWHU��RU�WR�XVH�FRROHG�FDWDO\WLF�FRPEXVWLRQ��12[�ZLOO� EH� UHGXFHG� EXW� XVXDOO\� LV� DFFRPSDQLHG� E\� KLJK� &2�SURGXFWLRQ� GXH� WR� GLOXWLRQ� RI� R[\JHQ� FRQFHQWUDWLRQ� WKXV� LW�TXHQFKHV� WKH� FRPEXVWLRQ� SURFHVV�� ,Q� FRQWUDVW� ZH� HQKDQFH� WKH�R[\JHQ� FRQFHQWUDWLRQ�� )LJXUH� �� VKRZV� WKH� GLIIHUHQFH�ZLWK� RXU�QHZ�WHFKQRORJ\��&KHQJ��������WR�ORZHU�HPLVVLRQV�FRPSDUHG�WR�

WKH� WUDGLWLRQDO� VWHDP� LQMHFWLRQ� PHWKRG�� 2XU� DSSURDFK� EHJLQV�ZLWK� ���� VKULQNLQJ� WKH�GLIIXVLRQ� IODPH�HQYHORSH�� ����HQKDQFLQJ�WKH� R[\JHQ� GLIIXVLRQ� UDWH�� DQG� ���� VXSSUHVVLQJ� WKH� QLWURJHQ�FRQFHQWUDWLRQ� GLIIXVLRQ� UDWH�� � � 7KHVH� UHVXOW� LQ� ���� WKH� KLJKHVW�WHPSHUDWXUH� ]RQH� YROXPH� DIWHU� WKH� FRPEXVWLRQ� RI� IXHO� LV�UHGXFHG�WR�D�PLQLPXP��DQG�����D�YHU\�KLJK�IXHO�MHW�PRPHQWXP�ZKLFK� UHGXFHV� WKH� IODPH� HQYHORSH� YROXPH�� � 7KLV� LV�VLPXOWDQHRXVO\� GRQH� E\� KRPRJHQHRXVO\� PL[LQJ� WKH� IXHO� ZLWK�WKH� GLOXHQW�� VR� WKDW� LW� EULQJV� WKH� VWRLFKLRPHWULF� FRQFHQWUDWLRQ�VXUIDFH� RI� IXHO� DQG� R[\JHQ� LQZDUG�� 7KH� KLJKHU� YROXPH� IORZ�UHTXLUHV� D� KLJKHU� MHW� PRPHQWXP� LVVXLQJ� IURP� WKH� IXHO� QR]]OH��ZKLFK�IXUWKHU�HQKDQFHV�WKH�FRQYHFWLYH�FRPSRQHQW�RI�R[\JHQ�WR�WKH� PROHFXODU� GLIIXVLRQ� UDWH�� 'XH� WR� LQZDUG� PRYHPHQW� RI� WKH�IODPH� HQYHORSH� DQG� VHYHUDO� IDFWRUV� RI� D� KLJKHU� FRQYHFWLYH�FRPSRQHQW� DIWHU� FRPEXVWLRQ�� WKH� UHVLGHQWLDO� WLPH� IRU� R[\JHQ�DQG� QLWURJHQ� WR� EH� VLPXOWDQHRXVO\� SUHVHQW� LQ� WKH� VPDOO� KRW�YROXPH�DW�WKH�IODPH�WLS�LV�UHGXFHG�E\�RUGHUV�RI�PDJQLWXGH���2XU�DSSURDFK� LQYROYHV� D� IXHO� VLGH� GLOXWLRQ� �ZKLFK� KDV� EHHQ�H[SODLQHG�HDUOLHU��DQG�WKDW�WKH�IODPH�IURQW�ZLOO�PRYH�WRZDUG�WKH�IXHO�VLGH��$V�D�UHVXOW�WKH�WHPSHUDWXUH�JUDGLHQW�LQFUHDVHV�DQG�WKH�GLIIXVLRQ� UDWH� DQG� FRQFHQWUDWLRQ� JUDGLHQW� LQFUHDVHV�� ZKLFK�DFFHOHUDWHV�WKH�FRPEXVWLRQ�UDWH���
180(5,&$/�6,08/$7,21�2)�7+(25<��7KH� DERYH� WKHRU\� ZDV� VLPXODWHG� ZLWK� QXPHULFDO� PRGHO�WHFKQLTXHV�� 7KH� VLPXODWLRQ� XVHV� JDV� WXUELQH� FRPSUHVVRU�GLVFKDUJH� WHPSHUDWXUHV�� WR� SURGXFH� UHDO� DGLDEDWLF� IODPH�WHPSHUDWXUHV�� IRU� JDV� WXUELQH� DSSOLFDWLRQV�� $� FRPPHUFLDOO\�DYDLODEOH� FRPSXWHU� SURJUDP� �6WDU�&'�� ZDV� XVHG� IRU� WKH�VLPXODWLRQV�� 7KLV� SURJUDP� XVHV� FRPSXWDWLRQDO� IOXLG� G\QDPLF��&)'�� PRGHOLQJ� WR� GHWHUPLQH� WKH� DLU� DQG� IXHO� LQWHUDFWLRQ� DQG�KRZ� FRPEXVWLRQ� WDNHV� SODFH� LQ� WKH� FRPEXVWLRQ� FKDPEHU��7KLV�FRGH� KDV� EHHQ� XVHG� WR� PRGHO� WKH� KLJK�SUHVVXUH� WXUEXOHQW�FRPSUHVVLEOH�IORZ�WKDW�RFFXUV�LQ�WKH�FRPEXVWLRQ�RI�PHWKDQH�LQ�DLU� IRU� WKH� :HVWLQJKRXVH� ���'�$� FRPEXVWLRQ� JHRPHWU\�� 7KH�
LQGXVWU\� VWDQGDUG� N�e� WXUEXOHQFH� PRGHO� ZDV� XVHG� LQ� WKH�VLPXODWLRQV�� 7KH� QXPHULFDO� WHFKQLTXH� XVHV� D� ��VWHS� H[WHQGHG�WKHUPDO� UHDFWLRQ� PRGHO� IRU� QLWURJHQ� DQG� R[\JHQ� �)ORZHUV��������� 7KH� UHVXOWV� IURP� WKLV� PHFKDQLVP� KDYH� EHHQ� VKRZQ� WR�DJUHH�ZHOO�ZLWK�H[SHULPHQWDO�GDWD�RI�12[�IRUPDWLRQ�LQ�D�IODPH�WXEH��'XHU��HW�DO�����������7KH�IXHO�QR]]OH�KDUGZDUH�XVHG�LQ�:���'�$�FRQVLVWV�RI����KROHV� QHDU� WKH� FHQWHU� RI� WKH� QR]]OH� XVHG� IRU� WUDGLWLRQDO� VWHDP�LQMHFWLRQ��6XUURXQGLQJ� WKHVH� VWHDP�KROHV�DUH����KROHV�XVHG�IRU�WKH� IXHO� LQMHFWLRQ�� 7KH� KLJK�SUHVVXUH� WXUEXOHQW� FRPEXVWLRQ� IRU�RQH�IXHO�QR]]OH�KROH�RI� WKH�:���'�$�FRPEXVWLRQ�V\VWHP�ZDV�VLPXODWHG��)XHO� QR]]OH�KROH�GLDPHWHU� LV� �����PP��&RPEXVWLRQ�FKDPEHU� GLDPHWHU� LV� ������PP� DQG� OHQJWK� LV� ������PP� ORQJ��7KH� IXHO� DQG� DLUIORZ� UDWHV� ZHUH� VHW� WR� JLYH� D� WRWDO� LJQLWLRQ�WHPSHUDWXUH� RI� ����� .�� D� 3UHVVXUH� 5DWLR� RI� ������ DQG�FRPSUHVVRU� GLVFKDUJH� WHPSHUDWXUH� ZDV� VHW� WR� ���� .�� � 7KUHH�FDVHV� ZHUH� VWXGLHG� IRU� WKLV� FRQILJXUDWLRQ�� 7KH� ILUVW� FDVH�H[DPLQHV�WKH�FRPEXVWLRQ�RI�PHWKDQH�LQ�DLU�DW�HQJLQH�RSHUDWLQJ�FRQGLWLRQV��7KH�VHFRQG�DQG�WKLUG�FDVHV�H[DPLQH�WKH�HIIHFW�RI�WKH�
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DSSURDFK�RI�PL[LQJ�WKH�IXHO�ZLWK�VWHDP�IRU�WZR�GLIIHUHQW�UDWLRV�ZLWKRXW� FKDQJLQJ� WKH� QR]]OH� GLDPHWHU�� 7KH� ILUVW� UDWLR� LQYROYHG�DGGLQJ�DQ�HTXDO�PDVV�IORZ�RI�VWHDP�ZLWK�PHWKDQH��7KH�IXHO�MHW�PRPHQWXP� GRXEOHV� IRU� WKLV� UDWLR�� 7KH� VHFRQG� UDWLR�ZDV� D� ����VWHDP� WR� PHWKDQH� PDVV� IORZ� UDWLR� �UDWLR� RI� NJ� VWHDP� WR� NJ�PHWKDQH��� � 7KH� IXHO� MHW� PRPHQWXP� IRU� WKLV� UDWLR� LV� QRZ� IRXU�WLPHV� WKH�RULJLQDO�PRPHQWXP��7KH�QH[W�VHW�RI�ILJXUHV�VKRZ�WKH�UHVXOWV�IRU�WKHVH�WKUHH�FDVHV���)LJXUH� �� VKRZV� WKH� IXHO�PDVV� IORZ� UDWH� SURILOHV� IRU� WKHVH�WKUHH�FDVHV��7KH�RULJLQDO�HQJLQH�RSHUDWLQJ�FDVH�LV�RQ�WKH�OHIW��,W�WDNHV�PRUH� WKDQ����� IXHO� QR]]OH�GLDPHWHUV� GRZQVWUHDP�EHIRUH�WKH�WLS�RI�WKH�IODPH�LV�UHDFKHG��7KH�IODPH�OHQJWK�LV�VPDOOHU�GXH�WR� WKH� DFFHOHUDWHG� FRPEXVWLRQ� WKDW� RFFXUV� EHFDXVH� RI� WKH�LQFUHDVHG�IXHO�MHW�PRPHQWXP��2XU�UHVXOWV�VKRZ�WKDW�ZLWK�VWHDP�WR� IXHO� UDWLRV�DERYH������ WKH�IODPH�OHQJWK�GRHV�QRW�FKDQJH�� L�H��VLPLODULW\�IORZ�FKDUDFWHULVWLFV���)LJXUH���VKRZV�WKH�WHPSHUDWXUH�SURILOHV� IRU� WKHVH� WKUHH� FDVHV�� 7KH� UHVXOWV� VKRZ� WKDW� WKH�PD[LPXP�WHPSHUDWXUH�UHJLRQ�RFFXUV�DIWHU�WKH�IXHO�LV�FRQVXPHG��$OVR� DV� VKRZQ� LQ� WKH� WHPSHUDWXUH� SURILOHV�� WKH� VWHDP� DQG� IXHO�PL[WXUH� ORZHUV� WKH�PD[LPXP�WHPSHUDWXUH�E\����.� IRU� WKH�����VWHDP�WR�IXHO�UDWLR�FDVH�DQG�E\�����.�IRU�WKH�����VWHDP�WR�IXHO�UDWLR�FDVH�GXH� WR� WKH�KLJK�KHDW� FDSDFLW\�RI� WKH�VWHDP��)LJXUH���VKRZV� WKH� PDVV� IUDFWLRQ� SURILOHV� RI� FDUERQ� PRQR[LGH�� 7KH�UHVXOWV�VKRZ�WKDW�WKH�SURGXFWLRQ�RI�&2�VWD\V�DSSUR[LPDWHO\�WKH�VDPH�EHWZHHQ�WKH�WKUHH�FDVHV��7KH�PD[LPXP�YDOXHV�RFFXU�DW�WKH�HGJHV� RI� WKH� IODPH�� 7KH� DPRXQW� RI� &2� SURGXFWLRQ� GRHV� QRW�LQFUHDVH� ZLWK� WKH� KRPRJHQHRXV� PL[WXUH� RI� VWHDP� DQG� IXHO��)LJXUH� �� VKRZV� WKH�PDVV� IUDFWLRQ�12[�SURILOHV� IRU� WKHVH� WKUHH�FDVHV��7KH�UHJLRQ�RI�PD[LPXP�12[�IRUPDWLRQ�RFFXUV�DW�WKH�WLS�RI�WKH�IODPH��DIWHU�WKH�IXHOV�KDYH�EHHQ�FRQVXPHG��7KH�PD[LPXP�12[� PDVV� IUDFWLRQ� LV� UHGXFHG� E\� D� IDFWRU� RI� WKUHH� ZKHQ� WKH�PRPHQWXP�LV�GRXEOH��DQG�WKHQ�E\�WZR�RUGHUV�RI�PDJQLWXGH�DW�D�VWHDP� WR� IXHO� UDWLR� RI� ����� � 7KH� EHQHILW� RI� KRPRJHQHRXVO\�PL[LQJ�RI�VWHDP�ZLWK�WKH�IXHO�LV�WKDW�WKH�VWHDP�GRHV�QRW�RSSRVH�WKH�FRQYHFWLYH�IOX[�RI�WKH�FRPEXVWLRQ�SURGXFWV���7KH� FRPSXWHU� UHVXOWV� LOOXVWUDWH� KRZ� WKLV� DSSURDFK� RI�KRPRJHQRXVO\� PL[LQJ� VWHDP� ZLWK� IXHO� WR� ORZHU� HPLVVLRQV�ZRUNV�� 7KH� UHVXOWV� IURP� WKH� VLPXODWLRQV� VKRZ�� D�� PD[LPXP�YDOXHV� RI� 12[� RFFXU� DIWHU� WKH� IXHO� LV� FRQVXPHG�� E�� WKH�KRPRJHQHRXV� PL[WXUH� RI� VWHDP� DQG� IXHO� UHVXOWV� LQ� D� KLJKHU�PRPHQWXP� MHW� ZKLFK� HQKDQFHV� WKH� R[\JHQ� GLIIXVLRQ� WR� WKH�IODPH��F��WKH�VWHDP�DQG�IXHO�PL[WXUH�DFFHOHUDWHV�WKH�FRPEXVWLRQ�ZKLFK�UHVXOWV�LQ�D�KLJKHU�WHPSHUDWXUH�JUDGLHQW�LQ�WKH�IODPH��DQG�G��WKH�SUHVHQFH�RI�VWHDP�UHGXFHV�WKH�QLWURJHQ�FRQFHQWUDWLRQ�DQG�WKXV� UHGXFHV�12[� HPLVVLRQV� DQG� GXH� WR� WKH� SUHVHQFH� RI�PRUH�R[\JHQ� WKH�&2�VWD\V�DW�ORZ�OHYHOV�� �7KH�KLJK�OHYHOV�RI�R[\JHQ�DUH�DOVR�WKH�UHDVRQ�IRU�QR�XQEXUQHG�K\GURFDUERQV��
$70263+(5,&�$1'�$&78$/�(1*,1(�5(68/76���6HYHUDO�DWPRVSKHULF�WHVWV�ZLWK�WKLV�PHWKRGRORJ\�KDYH�EHHQ�SHUIRUPHG�ZLWK�RXU�WHVW�IDFLOLW\��:DQJ���������7KH�WHVW�IDFLOLW\�HQDEOHV� IXOO�VL]H� FRPEXVWLRQ� WHVWLQJ� RI� VLQJOH� FRPEXVWRU� FDQV��WUDQVLWLRQ� SLHFH�� DQG� IXHO� QR]]OH�KDUGZDUH�XVHG� LQ� FRPPHUFLDO�HQJLQHV� DW� DWPRVSKHULF� SUHVVXUHV� ZLWK� SUHKHDWHG� DLU� DW� WKH�

FRPEXVWLRQ� GLVFKDUJH� WHPSHUDWXUH�� 6HYHUDO� FRPEXVWRUV� IURP�GLIIHUHQW�FRPPHUFLDOO\�DYDLODEOH�HQJLQHV�KDYH�EHHQ�WHVWHG�ZLWK�WKLV�QHZ�ORZ�12[�HPLVVLRQV�PHWKRGRORJ\��:DQJ���������6HYHUDO�VWXGLHV�KDYH�EHHQ�GRQH�UHFHQWO\�LQ� WKH�DUHD�RI�WHVW�UHVXOW� VFDOLQJ� DQG� SUHVVXUH� HIIHFW� RQ� 12[� DQG� &2� HPLVVLRQV��%KDUJDYD� ����� DQG�5LFFLR� ������� � ,Q� RUGHU� WR� GHWHUPLQH� WKH�HIIHFW�RI�SUHVVXUH�RQ�HPLVVLRQV��DWPRVSKHULF�DQG�DFWXDO�HQJLQH�WHVWV� KDYH� EHHQ� SHUIRUPHG�� � 6LQFH� WKH� FRPEXVWLRQ� DLU� LQ� RXU�DWPRVSKHULF� WHVWV� �:DQJ�� ������ DUH� UXQ� DW� WKH� FRPSUHVVRU�GLVFKDUJH� WHPSHUDWXUH� �&'7��� WKH� HIIHFW� RI� DGLDEDWLF� IODPH�WHPSHUDWXUH�RQ�12[�IRUPDWLRQ�FDQ�EH�QHJOHFWHG���,Q�JHQHUDO��WKH�HIIHFW� RI� SUHVVXUH� RQ� 12[� IRUPDWLRQ� FDQ� EH� H[SUHVVHG� LQ� WKH�IRUP�RI��
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:KHUH�� 3� LV� WKH� SUHVVXUH� RI� WKH� FRPEXVWLRQ� V\VWHP��H[SRQHQW� Q� LV� WKH� SUHVVXUH� GHSHQGHQFH� IDFWRU� IRU� 12[�IRUPDWLRQ��VXEVFULSW�³�´�GHQRWHV�DQ�HOHYDWHG�SUHVVXUH�FRQGLWLRQ��DQG�VXEVFULSW�³�´�GHQRWHV�DQ�DWPRVSKHULF�FRQGLWLRQ����5HFHQW� DWPRVSKHULF� WHVW� DQG� DFWXDO� FRPPHUFLDOO\� UXQQLQJ�HQJLQH� UHVXOWV� KDYH� EHHQ� REWDLQHG� IRU� WKH� *(� )UDPH� �%� *DV�7XUELQH� (QJLQH�� 7KH� DFWXDO� HQJLQH� GDWD� FDPH� IURP� D� *(�3*����%�FRPEXVWLRQ�WXUELQH�ZLWK�0DUN�,9�FRQWUROV��6WUXWKHUV�:HOOV�+56*�DQG�&RHQ�GXFW�EXUQHU�ORFDWHG�DW�WKH�FRJHQHUDWLRQ�IDFLOLW\� LQ� (O� 6HJXQGR�� &$�� $Q� (3$� FHUWLILHG� ODERUDWRU\��)XNXGD�� ������ WRRN� WKH� GDWD��ZKLFK�ZDV� FRUUHFWHG�� WR� D� ����R[\JHQ� OHYHO�� 7KLV� GDWD� LQ� 7DEOH� �� VKRZV� WKH� SUHVVXUH�GHSHQGHQFH� IDFWRU� IRU� YDULRXV� VWHDP�WR�IXHO� UDWLRV��7KH� UHVXOWV�VKRZ�WKDW�ZLWKRXW�D�GLOXHQW�LQ�WKH�IXHO��WKH�SUHVVXUH�GHSHQGHQFH�IDFWRU� LV� TXLWH� KLJK� DW� ������� 7KHQ� WKH� SUHVVXUH� GHSHQGHQFH�IDFWRU� GURSV� H[SRQHQWLDOO\� WR� DURXQG� ���� DW� KLJK� VWHDP�WR�IXHO�UDWLRV�� � $OVR�� WKH� EHQHILWV� RI� GLOXWLQJ� WKH� IXHO� ZLWK� VWHDP� DUH�VKRZQ�LQ�WKH�12[�PHDVXUHPHQWV��7KH�HQJLQH�WHVW�UHVXOWV�VKRZ�WKDW�DW�D�VWHDP�WR�IXHO� UDWLR�RI�����WKH�12[�LV�ORZHUHG�E\������GHFUHDVH�E\�D�IDFWRU�RI�������6LPLODU�UHVXOWV�ZHUH�REWDLQHG�ZLWK�WKH�:���'��HQJLQH� �6HZHOO�� �������7KH� UHVXOWV� IURP� WKDW� WHVW�UHVXOWHG� LQ� D� %HVW� $YDLODEOH� &RQWURO� 7HFKQRORJ\� DZDUG�GHVLJQDWLRQ� IRU� ����� IURP� WKH� 7H[DV� 1DWXUDO� 5HVRXUFH�&RQVHUYDWLRQ�&RPPLVVLRQ��7KH�UHVXOWV�LQ�7DEOH���VKRZ�WKDW�ZKHQ�WKH�FRPSUHVVRU�GLVFKDUJH�WHPSHUDWXUH�LV�XVHG�LQ�ERWK�WKH�DWPRVSKHULF�DQG�DFWXDO�HQJLQH�WHVWV�WKHUH�LV�YHU\�ORZ�RU�QR�SUHVVXUH�GHSHQGHQFH��7KLV�FDQ�EH�MXVWLILHG�VLQFH�WKH�PDVV�IUDFWLRQ�RI�FKHPLFDO�VSHFLHV�LV�VLPLODU�DQG�WKH�WXUEXOHQW�WUDQVSRUW�SURSHUWLHV�DUH�WKH�VDPH��WKHUHIRUH��WKH�SUHVVXUH�GHSHQGHQFH�VKRXOG�EH�PLQLPDO���)LQDOO\��UHVXOWV�ZLWK�WKH�*(�)UDPH��%�ZLWK�RXU�DWPRVSKHULF�WHVW�IDFLOLW\�VKRZ�KRZ�ORZ�12[�DQG�&2�YDOXHV�FDQ�EH�REWDLQHG�ZLWK�WKLV�QHZ�DSSURDFK��)LJXUH����VKRZV�WKH�UHVXOWV�RI�12[�DQG�&2�OHYHOV�IRU�GLIIHUHQW�VWHDP�WR�IXHO�UDWLRV�IRU�WKLV�KDUGZDUH���7KH�UHVXOWV�VKRZ�WKDW�12[�DURXQG���SSP�DQG�ORZ�&2�OHYHOV�DUH�PDLQWDLQHG�ZKHQ�KLJK�VWHDP�WR�IXHO�UDWLRV�DUH�HPSOR\HG��7KH�IODPH�ZDV�REVHUYHG�WR�EH�VWDEOH�XS�WR�D�VWHDP�WR�IXHO�UDWLR�RI���WR����7KHUH�ZHUH�QR�H[FHVVLYH�QRLVH�RU�SUHVVXUH�IOXFWXDWLRQV�



� �� &RS\ULJKW��������E\�$60(�

REVHUYHG��7KHVH�UHVXOWV�KDYH�EHHQ�REWDLQHG�DV�ZHOO�IRU�WKH�RWKHU�HQJLQHV�WKDW�KDYH�EHHQ�WHVWHG��
&21&/86,216�� 7KLV� SDSHU� KDV� SUHVHQWHG� D� QHZ� DSSURDFK� WR�PHHW� DOO� WKH�HPLVVLRQ� FRQWURO� UXOHV� LI� WKHUH� LV� VWHDP� DYDLODEOH� VXFK� DV� LQ� D�FRJHQHUDWLRQ�V\VWHP�RU�DGYDQFHG�&KHQJ�F\FOH��7KH� WKHRU\�KDV�EHHQ�H[SODLQHG�DQG�GHPRQVWUDWHG�E\�FRPSXWHU�VLPXODWLRQV�DQG�KDV� EHHQ� SURYHQ� E\� DWPRVSKHULF� H[SHULPHQWV� DQG� DFWXDO�FRPPHUFLDO� HQJLQH� RSHUDWLRQV�� � %RWK� 12[� DQG� &2� ZHUH�FRQWUROOHG� WR� VLQJOH� GLJLWV� ZLWKRXW� 92&�� 1R� DPPRQLD� LV�QHHGHG�� 7KLV� VLPSOH� PHWKRG� FDQ� REWDLQ� WKH� VDPH� OHYHOV� RI�HPLVVLRQV� VXFK� DV� '/(�� '/1�� DQG� ;2121� ZLWK� H[WUHPHO\�WKURWWDEOH� IODPH� VWDELOLW\� ZLWK� ORQJ� SDUWV� OLIH� GXH� WR� LWV� ORZHU�IODPH� WHPSHUDWXUHV�� 7KLV� PHWKRG� LQFUHDVHV� WKH� SRZHU� RXWSXW�DQG� ORZHUV� WKH� KHDW� UDWH� ZKHQ� FRPSDUHG� WR� DOO� RI� WKH� RWKHU�PHWKRGV�� 7KH� LQYHVWPHQW� FDQ� EH� MXVWLILHG� E\� WKH� DPRXQW� RI�SRZHU� LQFUHDVH� DORQH� DV� D�SD\EDFN��ZLWK�12[� UHGXFWLRQ� DV�DQ�DGGHG�EHQHILW��
$&.12:/('*0(176��7KH� DXWKRUV� ZRXOG� OLNH� WR� WKDQN� RXU� FROOHDJXHV�'U��'LIHL�:DQJ�� 7RP� +RX�� $XGLH� 0DN�� DQG� 'DYLG� &DUUHUD� IRU� WKHLU�GHVLJQ�DQG�LQVWUXPHQWDWLRQ�HIIRUWV�LQ�WKH�SURFHVV�RI�FRPEXVWLRQ�WHVWLQJ����
5()(5(1&(6��%KDUJDYD��$���.HQGULFN��'�:���&RONHW��0�%���6RZD��:�$���&DVOHWRQ�.�+��DQG�0DORQH\��'�-���³3UHVVXUH�(IIHFW�RQ�12[�DQG�&2� (PLVVLRQV� LQ� ,QGXVWULDO� *DV� 7XUELQHV´�� ,QWHUQDWLRQDO� *DV�7XUELQH�	�$HURHQJLQH�&RQJUHVV�	�([KLELWLRQ�������*7����&KHQJ��'�<����������0HWKRG�DQG�$SSDUDWXV�WR�+RPRJHQL]H�)XHO� DQG� 'LOXHQW� IRU� 5HGXFLQJ� (PLVVLRQV� LQ� &RPEXVWLRQ�6\VWHPV���8QLWHG�6WDWHV�3DWHQW�1XPEHU�����������%��&RUUHD��6��0���������³$�5HYLHZ�RI�12[�)RUPDWLRQ�8QGHU�*DV�7XUELQH�&RPEXVWLRQ�&RQGLWLRQV´��&RPEXVWLRQ�6FLHQFH�DQG�7HFKQRORJ\��9RO������SS�����������'HXU�� -�0��� -RQQDYLWKXDOD�� 6���0HHNV�� (��� DQG� 5XSOH\�� )���������³&RPSDULVRQ�RI�12[�3UHGLFWLRQ�0HWKRGRORJLHV� IRU�*DV�
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