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0RVW� LRQ� H[FKDQJH� EHDG� UHVLQV� DUH� PDQXIDFWXUHG� E\� D� VXVSHQVLRQ�SRO\PHUL]DWLRQ�RI VW\UHQH�XVLQJ GLYLQ\OEHQ]HQH� �'9%� DV D FURVVOLQNLQJ DJHQW�� >�����@�7KH�SRO\PHULF�EHDG�LV QHHGHG WR�EH�FKHPLFDOO\�DFWLYDWHG�LQ�RUGHU�WR�PDNH�LW�FDSDEOH�RI�H[FKDQJLQJ�LRQV��)XQFWLRQDO�JURXSV�DUH�FKHPLFDOO\ DWWDFKHG� WR�WKH�EHDG�DV�D�VRXUFH�RI�FKDUJH�� (DFK� DFWLYH� JURXS� KDV� D� IL[HG� HOHFWULFDO� FKDUJH�� ZKLFK� LV� EDODQFHG� E\� WKH�HTXLYDOHQW�QXPEHU�RI�RSSRVLWHO\�FKDUJHG�LRQV��6WURQJ�EDVH�H[FKDQJHUV�DUH�EDVHG�XSRQ�TXDWHUQDU\�DPPRQLXP�JURXSV� ��15�����ZKHUH�5�PD\�EH�D�PHWK\O��HWK\O�RU�RWKHU�RUJDQLF�VXEVWLWXHQWV� $FWLYDWLRQ� RI� SRO\VW\UHQH�'9%� EHDG� LQYROYHV� WZR�VWHS� SURFHVVHV��FKORURHWK\ODWLRQ� DQG� VXEVHTXHQWO\� WUHDWHG� ZLWK� DPPRQLD� RU� SULPDU\�� VHFRQGDU\� RU�WHUWLDU\� DON\O� DPLQH�� >��@� ,W� FDQ� EH� VHHQ� WKDW� VHYHUDO� LQYROYHG� UHDFWLRQ� VWHSV� ZLWK�UHTXLUHPHQW�RI�WR[LF�FKHPLFDOV�FRQWULEXWH�WR�WKH�KLJK�FRVW�RI�WKH�ILQDO�UHVLQV�ZKLFK�PDNH�WKHP�WRR�H[SHQVLYH�IRU�WUHDWPHQW�RI�WH[WLOH�G\H�ZDVWHZDWHU��,W�LV�RI�LQWHUHVW�WR�SUHSDUH�DQLRQ�H[FKDQJH�UHVLQ�E\�D�VLQJOH�EDWFK�SURFHVV�DW�WKH�XOWLPDWH� DLP� RI� UHVLQV� VXLWDEOH� IRU� WH[WLOH� G\H� DGVRUSWLRQ�� ,Q� WKLV� ZRUN�� D� VXVSHQVLRQ�SRO\PHUL]DWLRQ�RI�VW\UHQH�DQG�GLYLQ\OEHQ]HQH�ZDV�FDUULHG�RXW�LQ�DQ DTXHRXV�VROXWLRQ�RI�IXQFWLRQDO� PRQRPHU� ����PHWKDFU\OR\ODPLQR�� SURS\O� WULPHWK\O� DPPRQLXP� FKORULGH� ��0$37$&�� D� FDWLRQLF� PRQRPHU��� 7KH� IXQFWLRQDO� PRQRPHU� ZDV ILUVWO\ LQLWLDWHG� E\�SRWDVVLXP�SHUVXOIDWH�WR�JHQHUDWH�VKRUW�FKDLQ�OHQJWK�RI�30$37$&�UDGLFDO��WKH�IXQFWLRQDO�JURXS���6W\UHQH�DQG�GLYLQ\OEHQ]HQH�PL[WXUH�FRQWDLQLQJ�$,%1� LQLWLDWRU�ZDV� IHG�DIWHU� WKH�FHUWDLQ� WLPH�� ,W� LV� H[SHFWHG� WKDW� WKH� VXUIDFH� RI� SRO\�VW\UHQH�FR�'9%�� EHDG� ZRXOG� EH�



�
IXQFWLRQDOL]HG� E\ WKH� JUDIW� UHDFWLRQ� RI� 30$37$&� UDGLFDO� ZLWK� DYDLODEOH� VXUIDFH�PRQRPHU��
2EMHFWLYHV�RI�WKLV�UHVHDUFK� 7R�SUHSDUH�DQ� LRQ�H[FKDQJH�DGVRUEHQW� IRU� UHPRYDO� RI�XQIL[HG� UHDFWLYH�G\HV��� 7R�LQYHVWLJDWH�WKH�DGVRUSWLRQ�LVRWKHUP�RI��SUHSDUHG�LRQ�H[FKDQJH�DGVRUEHQW�
6FRSH�RI�WKH�SUHVHQW�WKHVLV���� 6\QWKHVLV� RI� DGVRUEHQW� EHDG� E\� D SRO\PHUL]DWLRQ� RI� VW\UHQH� ZLWK� SRO\����PHWKDFU\OR\ODPLQR�SURS\O��WULPHWK\O�DPPRQLXP�FKORULGH���30$37$&��XVLQJ�FR�LQLWLDWRUV��SRWDVVLXP�SHUVXOIDWH�DQG����u�D]RELV�LVREXW\URQLWULWH����,QYHVWLJDWLRQ�RI�VHYHUDO�SDUDPHWHUV� LQIOXHQFLQJ�SDUWLFOH�VL]H�DQG�SDUWLFOH�VL]H�GLVWULEXWLRQ�DV�IROORZV�����3RO\PHUL]DWLRQ�WLPH�RI�0$37$&����&RSRO\PHUL]DWLRQ�WLPH�RI�VW\UHQH��'9%��DQG�30$37$&�UDGLFDO����3RO\PHUL]DWLRQ�WHPSHUDWXUH����$JLWDWLRQ�VSHHG����$PRXQW�RI�GLYLQ\OEHQ]HQH��FURVVOLQNLQJ�DJHQW�����7\SH�DQG�DPRXQW�RI�VXUIDFWDQWV



�
���&KDUDFWHUL]DWLRQ�RI�DGVRUEHQW��EHDG����*HO�SHUPHDWLRQ�FKURPDWRJUDSK\��*3&��ZDV�HPSOR\HG�WR�GHWHUPLQHPROHFXODU�ZHLJKW�RI�30$37$&������)7�,5�VSHFWURVFRS\�ZDV XVHG�WR�GHWHUPLQH�WKH�IXQFWLRQDO�JURXSV�����6FDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0��HTXLSSHG�ZLWK�;�5D\PLFURDQDO\VLV�ZDV�XVHG� WR�DQDO\]H� WKH VXUIDFH�DQG WKH HOHPHQWV RI�WKH�EHDG����$GVRUSWLRQ�SURSHUWLHV�RI�DGVRUEHQW�7KH�IROORZLQJ�SDUDPHWHUV�ZHUH�VWXGLHG����7\SH�RI�UHDFWLYH�G\HV��EOXH��UHG��DQG�\HOORZ��RQ�DGVRUSWLRQ�LVRWKHUP����7HPSHUDWXUH�RQ�DGVRUSWLRQ�LVRWKHUP����&RQFHQWUDWLRQ�RI�G\HV�����3DUWLFOH�VL]H�RI��EHDGV�RQ�DGVRUSWLRQ�LVRWKHUP�
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����3RO\PHU�%HDG���6\QWKHVLV�DQG�$SSOLFDWLRQV�>��@3RO\PHULF�EHDGV�DUH�ZLGHO\�XVHG�DV�SDFNLQJ�PDWHULDOV�LQ�WKH�ILHOG�RI�VHSDUDWLRQ�WHFKQRORJ\� LQFOXGLQJ� FKURPDWRJUDSK\�� ELR�SURGXFW� VHSDUDWLRQ�� VROLG� SKDVH� V\QWKHVLV�DQG� ZDWHU� WUHDWPHQW� DQG� SUHFLRXV� PHWDOV� H[WUDFWLRQ�� 3RO\PHU� VXSSRUWV� DQG� JHOV� DUH�SURGXFHG� IURP� D� ZLGH� UDQJH� RI� QDWXUDO� DQG� V\QWKHWLF� VRXUFHV� DQG� E\� QXPHURXV�PDQXIDFWXULQJ�SURFHVVHV�DQG� WHFKQRORJLHV�� )RU� H[DPSOH��EHDGV�RI�SRO\VW\UHQH� UHVLQV�DUH�SURGXFHG�E\�RLO�LQ�ZDWHU��R�Z��VXVSHQVLRQ�SRO\PHUL]DWLRQ��ZKHUHDV�SRO\DFU\ODPLGH�JHOV� DUH� REWDLQHG� E\� ZDWHU�LQ�RLO� �Z�R�� VXVSHQVLRQ� SRO\PHUL]DWLRQ�� 0LFURVSKHULFDO�SURGXFWV�EDVHG�RQ�SRO\VDFFKDULGHV�DQG�VLOLFD�DUH�PDQXIDFWXUHG�E\�D�QXPEHU�RI�UHODWHG�SURFHVVHV��7\SHV�RI�SRO\PHU�EHDGV�DUH�GLYLGHG�LQ�GHWDLOV�DV�IROORZV��

������6\QWKHWLF�2UJDQLF�3RO\PHUV6\QWKHWLF�RUJDQLF�SRO\PHUV�XVHG�DV�SRO\PHU�VXSSRUWV�RU�SRO\PHULF�UHDJHQWV�DUH�PDLQO\� EDVHG� RQ� SRO\VW\UHQH� DQG� SRO\DFU\ODPLGHV�� 3RO\PHWKDFU\ODWHV� DQG� SRO\�YLQ\O�DOFRKRO��DUH�DOVR�XVHG� WR�D� OHVVHU�H[WHQW��%HDGV�RI�SRO\FRQGHQVDWHV�VXFK�DV�SKHQROLF�DQG�SRO\FDUERQDWH�UHVLQV�FDQ�EH�SURGXFHG�UHDGLO\�E\�VXVSHQVLRQ�SRO\FRQGHQVDWLRQ�EXW�SRO\FRQGHQVDWHV�DUH�JHQHUDOO\�OHVV�VXLWDEOH�IRU�WKH�GHYHORSPHQW�RI�SRO\PHU�VXSSRUWV�
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������3RO\VDFFKDULGHV%HDGV� RI� SRO\VDFFKDULGH� UHVLQV� �JHOV�� DUH� SURGXFHG� E\� D� YDULHW\� RI� FORVHO\�UHODWHG�VXVSHQVLRQ�SURFHVVHV��0RVW�RI�WKH�WHFKQLTXHV�GHYHORSHG�IRU�WKH�SUHSDUDWLRQ�RI��SRO\VDFFKDULGH� EHDGV� UHVLQV� DUH� EDVHG� RQ� GURSOHW� IRUPDWLRQ� SURFHVVHV�PRUH� RU� OHVV�VLPLODU WR�ZDWHU�LQ�RLO�VXVSHQVLRQ�SRO\PHUL]DWLRQ��7KH�VDPSOHV�RI�SRO\VDFFKDULGH�EHDGV�DUH�DJDURVH��FHOOXORVH��DQG�GH[WUDQ�
������,QRUJDQLF�6XSSRUWV3RURXV� VLOLFD� �VLOLFD� JHO�� LV� ZLGHO\� XVHG� DV� D� VRUEHQW�� FDWDO\VW� DQG� SRO\PHU�VXSSRUW�� 5HODWHG� VRUEHQW� VXFK� DV� DOXPLQD� LV� DOVR� XVHG� WR� D� OHVVHU� H[WHQW�� &RQWUROOHG�SRUH�JODVV�KDV�DWWUDFWHG�FRQVLGHUDEOH�LQWHUHVW�LQ�UHFHQW�\HDUV�IRU�HQ]\PH�LPPRELOL]DWLRQ�DQG�FKURPDWRJUDSK\�
������&RPSRVLWH�6XSSRUWV0RVW�RI�SRO\PHUV�KDYH�GHILQHG�FKDUDFWHULVWLFV�ZLWKLQ�UHODWLYHO\�VKDUS�ERXQGDULHV��)RU�H[DPSOH��SRO\DFU\ODPLGH� LV�VWURQJO\�K\GURSKLOLF�DQG�QRW�VXLWDEOH� IRU�XVH�LQ�RUJDQLF�PHGLD��,Q�RUGHU�WR�EHQHILW�IURP�WKH�GHVLUDEOH�IHDWXUHV�RI�GLIIHUHQW�SRO\PHU�W\SHV��DQG�DW�WKH� VDPH� WLPH�PLQLPL]H� WKHLU� VKRUWFRPLQJV�� DWWHPSWV� KDYH�EHHQ�GLUHFWHG� WRZDUGV� WKH�GHVLJQ� RI� FRPSRVLWH� DQG�PXOWLFRPSRQHQW� SRO\PHU� VXSSRUWV�� 7KH� YDULHW\� RI� FRPSRVLWH�SRO\PHU�VXSSRUWV�DUH�VKRZQ�DV�IROORZV�
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����3RUH�PDWUL[�FRPSRVLWHV7KLV�FDWHJRU\�RI�FRPSRVLWH�VXSSRUWV�KDV�DWWUDFWHG�FRQVLGHUDEOH� LQWHUHVW�RZLQJ�WR�LWV�VLPSOH�GHVLJQ�DQG�FDVH�RI�SURGXFWLRQ��DV�LOOXVWUDWHG�LQ�)LJXUH�����

PLFUREHDGV�SRURXV��QRQVZHOODEOH�PRQRPHUV SRO\PHUL]DWLRQ���������LQLWLDWRUVROYHQW
)LJXUH�������3UHSDUDWLRQ�RI�SRUH�PDWUL[�FRPSRVLWH�VXSSRUWV�

$� SRURXV� LQRUJDQLF� VXSSRUW� �H�J�� SRURXV� VLOLFD�� LV� VRDNHG� LQ� D� VROXWLRQ� RI� WKH�RUJDQLF� PRQRPHU� PL[WXUH�� XVXDOO\� FRQWDLQLQJ� D� FURVV�OLQNHU� DQG� LQLWLDWRU�� 6XEVHTXHQW�SRO\PHUL]DWLRQ�XQGHU�FDUHIXOO\�FRQWUROOHG�FRQGLWLRQ�OHDGV�WR�WKH�IRUPDWLRQ�RI�WKH�GHVLUHG�RUJDQLF�SRO\PHU�ZLWKLQ�WKH�SRUHV�RI�WKH�EHDGHG�LQRUJDQLF�VXSSRUW����,QWHUSHQHWUDWLQJ�QHWZRUNV%HDGHG� SRO\PHU� VXSSRUWV� FRPSRVLQJ� RI� WZR� LQWHUSHQHWUDWLQJ� QHWZRUNV� DUH�SURGXFHG�DFFRUGLQJ�WR�WKH�VFKHPH�VKRZQ�LQ�)LJXUH�����
0LFUREHDGV� VZHOOLQJ�QRQSRURXV��VZHOODEOH�PRQRPHU��0�LQLWLDWRUVROYHQW��6���� SRO\PHUL]DWLRQ
)LJXUH�������3UHSDUDWLRQ�RI�EHDGHG�LQWHUSHQHWUDWLQJ�QHWZRUNV�
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7KH�PHWKRG� LQYROYHV� WKH� IRUPDWLRQ� RI� RQH� FURVV�OLQNHG� SRO\PHU� QHWZRUN� ZLWKLQ�WKH� PDWUL[� RI� D� SUHIRUPHG� EHDGHG� SRO\PHU�� )LJXUH� ���� VKRZV� DQ� ;�UD\� PLFURSUREH�LPDJH�RI�D�FRSRO\PHU�RI�YLQ\OIHUURFHQH�ZLWKLQ�D�EHDGHG�SRO\GLPHWK\ODFU\ODPLGH�PDWUL[��

)LJXUH� ���� ;�UD\� PLFURSUREH� LPDJH� RI� D� FURVV�OLQNHG� �QHWZRUN�� FRSRO\PHU� RI�GLPHWK\ODFU\ODPLGH� DQG� YLQ\OIHUURFHQH� IRUPHG� ZLWKLQ� D� SUHIRUPHG� QHWZRUN� RI� FURVV�OLQNHG�SRO\GLPHWK\ODFU\ODPLGH�
���&RUH�VKHOO�JUDIWV$Q�LGHDO�PRGHO�RI�D�FRUH�VKHOO�JUDIW�FRPSRVLWH�KDYLQJ�D�ULJLG�FRUH�DQG�UHODWLYHO\�ORQJ�IOH[LEOH�JUDIW�FKDLQ��LV�VKRZQ�LQ�)LJXUH�����
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�D��� �E�)LJXUH� ����� �6FKHPDWLF�SUHVHQWDWLRQ�RI�FRUH�VKHOO�JUDIWV�� �D�� LGHDO�VWUXFWXUH� � �E�� W\SLFDO�VWUXFWXUH�� DYDLODEOH� YLD� DWWDFKPHQW� RI� PRQRPHU� RQ� WKH� VXUIDFH�� IROORZHG� E\� JUDIW�SRO\PHUL]DWLRQ�
7KH�ULJLG�FRUH�PD\�EH�DQ�LQRUJDQLF�PDWHULDO��H�J��JODVV��RU�DQ�RUJDQLF�SRO\PHU��H�J�� SRO\VW\UHQH��� 6XFK� DQ� LGHDOO\� JUDIWHG� VXUIDFH� FDQ� EH� SURGXFHG� E\� DWWDFKLQJ�VSHFLILFDOO\� PRQRIXQFWLRQDOL]HG� OLQHDU� FKDLQ� WR� VXLWDEO\� DFWLYDWHG� VXUIDFHV�� $� PRUH�SUDFWLFDO�DSSURDFK� LV��KRZHYHU�� WKH�DWWDFKPHQW�RI� LQLWLDWRU�JURXSV�RU�YLQ\O� UHVLGXHV� � WR�WKH� VXUIDFH�� IROORZHG� E\� GLUHFW� JUDIW� SRO\PHUL]DWLRQ�� *UDIW� SRO\PHUL]DWLRQ� RQWR� WKH�VXUIDFH�RI�WKH�FRUH�SURGXFHV�D�GLIIHUHQW�VKHOO�VWUXFWXUH����3HOOLFXODU�VXSSRUWV3HOOLFXODU� VXSSRUWV� DUH� HVVHQWLDOO\� VLPLODU� WR� FRUH�VKHOO� JUDIWV� VKRZQ� LQ���)LJXUH������+RZHYHU��WKH�WHUP��SHOOLFXODU��LV�XVHG�WR�GHVFULEH�PDWHULDOV�LQ�ZKLFK�WKH�RXWHU�VKHOO� LV� UHODWLYHO\� WKLFNHU� WKDQ� WKDW� LQ� FRUH�VKHOO� VXSSRUWV�� ,Q� DGGLWLRQ�� LQ� SHOOLFXODU�VXSSRUWV� WKH� VKHOO� � LV� � GHOLEHUDWHO\� � FURVV�OLQNHG� E\� WKH� LQFOXVLRQ� RI� D� FURVV�OLQNLQJ�PRQRPHU��DQG�WKH�VKHOO��PD\�RU�PD\�QRW�EH�FRYDOHQWO\�DWWDFKHG�WR�WKH�FRUH��+HUH�DJDLQ�
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WKH�SHOOLFXODU�WHUPLQRORJ\�LV�HTXDOO\�XVHG�ZKHWKHU�WKH�FRUH�LV�ULJLG�RU�SRURXV�

����3UHSDUDWLRQ�RI�3RO\PHU�3DUWLFOH6HYHUDO� SURFHVV� PHWKRGV� IRU� SUHSDULQJ� SRO\PHU� SDUWLFOH�� VXFK� DV� HPXOVLRQ�SRO\PHUL]DWLRQ� � >�����@�� VXVSHQVLRQ� SRO\PHUL]DWLRQ� >������ �� ��@� �� DQG� GLVSHUVLRQ�SRO\PHUL]DWLRQ� >� �����@�KDYH�EHHQ� UHSRUWHG�� 7KHVH�SRO\PHUL]DWLRQ�PHWKRGV�DUH� UDWKHU�FRPSOLFDWHG� DQG� UHTXLUH� QXPHURXV� WLPH�FRQVXPLQJ� UHDFWLRQ� VWHSV� DQG� SURFHGXUH��'LIIHUHQW�W\SHV�RI�KHWHURJHQHRXV�SRO\PHUL]DWLRQ�V\VWHPV�DUH�VKRZQ�LQ�7DEOH����7DEOH�����7\SHV RI�KHWHURJHQHRXV�SRO\PHUL]DWLRQ�V\VWHPV�>��@
7\SH 3DUWLFOH�UDGLXV ,QLWLDWRU &RQWLQXRXV�SKDVH 3DUWLFOHV

HPXOVLRQ �������PP ZDWHU�VROXEOH ZDWHU LQLWLDOO\� DEVHQW�� PRQRPHU�VZROOHQ�SRO\PHU�SDUWLFOHV�IRUPVXVSHQVLRQ t ��PP RLO�VROXEOH ZDWHU PRQRPHU� DQG� IRUPHG SRO\PHU�LQ�SUH�H[LVWLQJ�GURSOHWVGLVSHUVLRQ t ��PP RLO�VROXEOH RUJDQLF�SRRU� VROYHQW� IRU�IRUPHG�SRO\PHU�
LQLWLDOO\� DEVHQW�� PRQRPHU�VZROOHQ�SRO\PHU�SDUWLFOHV�IRUP

7KH� WHUP� GLVSHUVLRQ� SRO\PHUL]DWLRQ� ZDV� GHILQHG� DV� D� PRGLILHG� VXVSHQVLRQ�SRO\PHUL]DWLRQ� WKDW�SURGXFHG�SDUWLFOHV� LQ� WKH����PP�UDQJH��7KLV� LV� WKH� UDQJH�EHWZHHQ�VXVSHQVLRQ� ���������� PP�� DQG� HPXOVLRQ� ���������� PP��� 1RUPDO� VXVSHQVLRQ�SRO\PHUL]DWLRQ� LV� D� UHDFWLRQ� LQ� EXON�� WKH� LQLWLDWRU� LV� VROXEOH� LQ� WKH� PRQRPHU� GURSOHWV���ZKLFK���DUH��VWDELOL]HG��LQ� WKH��DTXHRXV��SKDVH��E\��D��VXUIDFH��DFWLYH��DJHQW��,Q�HPXOVLRQ
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SRO\PHUL]DWLRQ�� RQ� WKH� RWKHU� KDQG�� WKH� LQLWLDWRU� LV� XVXDOO\� ZDWHU� VROXEOH� DQG� WKH�UDGLFDOV� DUH� IRUPHG� LQ� WKH� DTXHRXV� SKDVH�� 7KHVH� UDGLFDOV� HQWHU� D� PRQRPHU�VZROOHQ�HPXOVLILHU�PLFHOOH�DQG�SRO\PHUL]H�WKH�VROXELOL]HG�PRQRPHU��>��@

������6XVSHQVLRQ�3RO\PHUL]DWLRQ�>�������@��������&RPSRQHQWV�LQ�6XVSHQVLRQ�3RO\PHUL]DWLRQ,Q� D� W\SLFDO� VXVSHQVLRQ� SRO\PHUL]DWLRQ� V\VWHP�� RQH� RU� PRUH� ZDWHU�LQVROXEOH�PRQRPHUV� FRQWDLQLQJ� RLO�VROXEOH� LQLWLDWRU� �V�� DUH� GLVSHUVHG� LQ� WKH� FRQWLQXRXV� DTXHRXV�SKDVH�E\�D�FRPELQDWLRQ�RI�VWURQJ�VWLUULQJ�DQG�WKH�XVH�RI�VPDOO�DPRXQWV�RI�VXVSHQGLQJ�DJHQWV��VWDELOL]HUV���6XLWDEOH�FRQGLWLRQV�RI�PHFKDQLFDO�DJLWDWLRQ�DUH�PDLQWDLQHG�ZKLOH�WKH�PRQRPHU� GURSOHWV� DUH� VORZO\� FRQYHUWHG� IURP D� KLJKO\� PRELOH� OLTXLG� VWDWH�� WKURXJK� D�VWLFN\�V\UXS�OLNH�GLVSHUVLRQ��FRQYHUVLRQ����������WR�KDUG�VROLG�SRO\PHU�SDUWLFOHV��EHDGV�RU� UHVLQV�� �FRQYHUVLRQ�������6FKHPDWLF� UHSUHVHQWDWLRQ�RI�VXVSHQVLRQ�SRO\PHUL]DWLRQ� LV�VKRZQ�LQ�)LJXUH�����
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)LJXUH� � ���� � 6FKHPDWLF� UHSUHVHQWDWLRQ� RI� VXVSHQVLRQ� SRO\PHUL]DWLRQ� �D�� RUJDQLF�FRPRQRPHU� PL[WXUH� FRQWDLQLQJ� GLVVROYHG� LQLWLDWRU�� �E�� DTXHRXV� FRQWLQXRXV� SKDVH�FRQWDLQLQJ�GLVVROYHG�SRO\PHULF�VXVSHQVLRQ�VWDELOL]HU�� �F��VKHDULQJ� WR� IRUP�FRPRQRPHU�OLTXLG�GURSOHWV���G��WKHUPDO�SRO\PHUL]DWLRQ�WR�IRUP�VROLG�SRO\PHU�UHVLQ�EHDGV�
7KH�VWDELOL]HUV�KLQGHU� WKH�FRDOHVFHQFH�RI� WKH�PRQRPHU�GURSOHWV� ILUVW��DQG� ODWHU�VWDELOL]H�WKH�SRO\PHU�EHDGV�ZKRVH�WHQGHQF\�WR�DJJORPHUDWH�PD\�EHFRPH�FULWLFDO�ZKHQ�WKH�SRO\PHUL]DWLRQ�KDV�DGYDQFHG�WR�WKH�SRLQW�ZKHUH�WKH�SRO\PHU�EHDGV�EHFRPH�VWLFN\�

��������3DUWLFOH�)RUPDWLRQ�>�����@3DUWLFOH� VL]H�� SDUWLFOH� VL]H� GLVWULEXWLRQ�� DQG� SDUWLFOH� PRUSKRORJ\� DIIHFW� WKH�SRO\PHUu� V� KDQGOLQJ��VWRUDJH��SURFHVVLQJ�� DQG�DSSOLFDWLRQ�FKDUDFWHULVWLFV�� 7KH�SDUWLFOH�IRUPDWLRQ�PHFKDQLVPV�FDQ�EH�GLYLGHG�LQWR�WKUHH�VWDJHV���� ,Q� ILUVW� VWDJH�� D� OLTXLG�OLTXLG� GLVSHUVLRQ� H[LVWV�� WKH� OLTXLG�PRQRPHU� LV�GLVSHUVHG� LQ� WKH� IRUP�RI�VPDOO�GURSOHWV��VWDELOL]HG�E\�FRPELQHG�DFWLRQV�RI�WKH�URWDWLQJ�VWLUUHU�DQG�WKH�VXVSHQGLQJ�DJHQWV�



����� ,Q� VHFRQG� VWDJH�� D� EUHDN�XS�FRDOHVFHQFH� G\QDPLF�HTXLOLEULXP�RI�PRQRPHU�SRO\PHU�GURSOHWV�VHHPV�WR�GHWHUPLQH�WKH�ILQDO�SDUWLFOH�VL]H��7KH� YLVFRVLW\� RI� WKH� GURSOHWV� LQFUHDVHV� ZLWK� LQFUHDVLQJ� WKH� FRQYHUVLRQ�� 7KH� GURSOHWV�EUHDN�XS�E\�WKH�LPSHOOHU�VKHDU�VWUHVV�DQG�FRDOHVFH�EDFN�DIWHU�FROOLVLRQ�ZLWK�HDFK�RWKHU��7KH�FROOLVLRQ�RI�WKH�GURSOHWV�LV�VKRZQ�LQ�)LJXUH�����

)LJXUH�������&ROOLVLRQ�RI�SRO\LVREXW\OHQH�GURSOHWV�
���,Q�WKLUG�VWDJH��WKH�SRO\PHU�SDUWLFOHV�DUH�VROLG�DQG�WKH\�GR�QRW�VWLFN�DQ\ PRUH��$IWHU� WKLV�SRLQW�� � WKH�YLVFRVLW\�RI�SRO\PHU�SDUWLFOHV� LV� WRR�KLJK��VR� WKH\�FDQQRW�EH�EURNHQ�XS��DQG�WKHLU�GLDPHWHU�UHPDLQV�FRQVWDQW�



����������0RUSKRORJ\�>��@0RUSKRORJ\� RI� VW\UHQH�GLYLQ\OEHQ]HQH� SDUWLFOH� LV� GLYLGHG� LQ� WZR� W\SHV� DV�IROORZLQJ� ���*HO�W\SH�UHVLQV:KHQ� WKH� FRPRQRPHU�PL[WXUH� LQ� D� VXVSHQVLRQ� SRO\PHUL]DWLRQ� FRQVLVWV� RQO\� RI�VW\UHQH� DQG� GLYLQ\OEHQ]HQH� �SOXV� WKH� SRO\PHUL]DWLRQ� LQLWLDWRU��� WKH� SURGXFW� JHQHUDOO\�FRQVLVWV�RI�KDUG�JODVV\�WUDQVSDUHQW�UHVLQ�EHDGV��7KH�SHUFHQWDJH�RI�GLYLQ\OEHQ]HQH�FDQ�EH� YDULHG� LQ� SULQFLSOH� IURP��������EXW� W\SLFDOO\� IRU�PRVW� UHVLQ� DSSOLFDWLRQV� WKH� UDQJH��������� LV� PRUH� XVXDO�� 7KH� UHVLQ� KDYH� YHU\� ORZ� VXUIDFH� DUHD� LQ� WKH� GU\� VWDWH�� 7KH�GLIIXVLRQ�RI�HYHQ�VPDOO�PROHFXOHV�WKURXJK�WKLV�SRO\PHULF�JODVV�LV�YHU\�VORZ����0DFURSRURXV�UHVLQV0DFURSRURXV�UHVLQ�LV�XVHG�WR�LQGLFDWH�D�FODVV�RI�UHVLQV�ZKLFK�KDYH�D�SHUPDQHQW�ZHOO�GHYHORSHG�SRURXV�VWUXFWXUH�HYHQ�LQ�WKH�GU\�VWDWH��,I�D�VXVSHQVLRQ�SRO\PHUL]DWLRQ�RI�D� VW\UHQH�GLYLQ\OEHQ]HQH� PL[WXUH� LV� FDUULHG� RXW� ZLWK� WKH� FRPRQRPHU� PL[WXUH� DOVR�FRQWDLQLQJ�DQ�DSSURSULDWH�RUJDQLF�VROYHQW��GLOXWH�RU�SRURJHQ��DW�VRPH�DSSURSULDWH�OHYHO�WKHQ�WKH�LQWHUQDO�VWUXFWXUH��PRUSKRORJ\��RI�WKH�SURGXFW�UHVLQ�EHDGV�FDQ�EH�YHU\�GLIIHUHQW�WR�WKDW�RI�D�JHO�W\SH�UHVLQ��,Q�SDUWLFXODU��UHPRYDO�RI�WKH�VROYHQW�RU�SRURJHQ�DW�WKH�HQG�RI�WKH�SRO\PHUL]DWLRQ�FDQ�OHDYH�UHVLQ�EHDGV�ZKLFK�DUH�KDUG�EXW�RSDTXH�DQG�ZLWK�D�URXJK�VXUIDFH�� 7KH�SRO\PHU�PDWUL[� � LV� UDWKHU� KHWHURJHQHRXV� RU� QRQ�XQLIRUP�� 7KHVH�PDWHULDOV�FDQ� KDYH� PXFK� KLJKHU� VXUIDFH� DUHDV� LQ� WKH� GU\� VWDWH� WKDQ� JHO�W\SH� UHVLQV�� 3RURXV�PRUSKRORJ\�LQ�D�PDFURSRURXV�UHVLQ�LV�VKRZQ�LQ�)LJXUH�����
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)LJXUH�������$FWLRQ�RI�SRURJHQ�LQ�IRUPLQJ�SRURXV�PRUSKRORJ\�LQ�D�PDFURSRURXV�UHVLQ���D��PRQRPHU�� FURVVOLQNHU� DQG� SRURJHQ� LVRWURSLF� VROXWLRQ�� �E�� SRO\PHUL]DWLRQ�� �F�� SRO\PHU�QHWZRUN� IRUPLQJ���G��SRURJHQ�DQG�QHWZRUN�VWDUW� WR�SKDVH�VHSDUDWH�� �H��SRURJHQ�SKDVH�DFWV� DV� SRUH� WHPSODWH�� �I�� SRURJHQ� SKDVH� UHPRYDO� WR� \LHOG� SRUHV� �KDWFKHG� DUHD�  �FURVVOLQNHG�SRO\PHU��GRWV� �SRURXV�SKDVH��
��������6\QWKHVLV�RI�3RO\PHU�%HDG�E\�6XVSHQVLRQ�3RO\PHUL]DWLRQ����������*HO�7\SH%DODNULVKQDQ� HW�DO�� >��@� VWXGLHG� WKH� HIIHFWV� RI� VXUIDFWDQW� RQ� SDUWLFOH� VL]H�GLVWULEXWLRQ�LQ�VXVSHQVLRQ�FRSRO\PHUL]DWLRQ�RI�VW\UHQH��7KH�SRO\PHUL]DWLRQ�FRQWDLQHG����GLYLQ\OEHQ]HQH� DQG� ���� YLQ\OEHQ]\O� FKORULGH� E\ ZHLJKW� XVLQJ� ���� J� VW\UHQH� DQG�������� ZW�� $,%1� DW� D� VWLUULQJ� VSHHG� RI� ���� USP� ZLWK� JHODWLQ� DQG� SRO\�GLDOO\OGLPHWK\O�DPPRQLXP�FKORULGH��DV�VXVSHQVLRQ�VWDELOL]HUV��7KH�PL[WXUH�LV�VWLUUHG�DQG�KHDWHG�DW���R&�IRU� ��� PLQ�� 7KH� HIIHFWV� RI� QRQLRQLF� VXUIDFWDQW �7ULWRQ� ;������ DQG� DQLRQLF� VXUIDFWDQW��VRGLXP�GRGHF\OEHQ]HQH�VXOIRQDWH��6'%6��ZDV�VKRZQ�LQ�7DEOH�����



��7KH� QRQLRQLF� 7ULWRQ� ;����� KDV� QR� PDMRU� HIIHFW�� EXW� WKH� DQLRQLF� VRGLXP�GRGHF\OEHQ]HQH� VXOIRQDWH� DW� RU� EHORZ� LWV� FULWLFDO� PLFHOOH� FRQFHQWUDWLRQ� LQ� ZDWHU�����;���� 0�� FDXVHV� WKH� IRUPDWLRQ� RI� D� ODUJH� IUDFWLRQ� RI� SDUWLFOHV� VPDOOHU� WKDQ� ���PP������PHVK��DQG�SUHYHQWV�WKH�IRUPDWLRQ�RI�SDUWLFOH�ODUJHU�WKDQ�����PP�����PHVK�7DEOH�������(IIHFW�RI�6XUIDFWDQWV�RQ�3DUWLFOH�6L]H�'LVWULEXWLRQ6XUIDFWDQW�FRQFHQWUDWLRQ :W� RI�SURGXFW ��SRO\PHU�RQ�PHVK�VLHYH�VL]H�0� �J� �� ��� ��� ��� ���QRQH ��� �� �� �� � �7ULWRQ�;����������;���� QRW�GHWHUPLQH �� �� �� � �6'%6����� ����;���� �� � �� �� �� ��6'%6����� ����;���� ��� � �� �� �� �6'%6����� ����;���� ��� � �� �� �� �3RO\� �PHWK\�PHWKDFU\ODWH��SDUWLFOHV� UDQJLQJ� LQ�GLDPHWHU� IURP��� WR����PP�ZHUH�SUHSDUHG� E\� GLVSHUVLRQ� SRO\PHUL]DWLRQ�� 7KH� HIIHFW� RI� FDWLRQLF� FR�VWDELOL]HU� �PHWK\O�WULFDSU\O\O� DPPRQLXP� FKORULGH�� $OLTXDW� ����� ZDV� VWXGLHG�� $OLTXDW� ���� ZHUH� DGGHG� DV�VROXWLRQ�LQ�PHWKDQRO��ZLWK�FRQFHQWUDWLRQ�RI���������ZW��EDVH�RQ�UHFLSH����J���7KH�UHVXOW�ZDV�VKRZQ�LQ�)LJXUH�����

)LJXUH�����(IIHFW�RI�$OLTXDW�����FR�VWDELOL]HU�FRQFHQWUDWLRQ�RQ�300$�SDUWLFOH�VL]H�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI�SRO\�YLQ\O�S\UUROLGRQH���393�.������
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7KH� SDUWLFOH� VL]H� GHFUHDVHG� ZLWK� LQFUHDVLQJ� FRQFHQWUDWLRQ� RI� $OLTXDW� ����DQG� WKHQ� OHYHOHG� RII�� 7KH� LQIOXHQFH� RI� WKH� FR�VWDELOL]HU� ZDV� VWURQJ� IRU� WKH� ORZHU�FRQFHQWUDWLRQ�RI�SRO\�YLQ\O�S\UUROLGRQH���DV�WKH�VWDELOL]HU���$W�D�393�.����FRQFHQWUDWLRQ�ORZHU�WKDQ����ZW���PRQRGLVSHUVH�SDUWLFOHV�FRXOG�QRW�EH�REWDLQHG�ZLWKRXW�FR�VWDELOL]HU��7KH�DGGLWLRQ�RI�$OLTXDW�����QRW�RQO\�GHFUHDVHG�WKH�SDUWLFOH�VL]H��EXW�DOVR�LPSURYHG�WKH�PRQRGLVSHUVLW\�� 2Q� WKH� RWKHU� KDQG�� ZLWK� D� 393� .���� FRQFHQWUDWLRQ� RI� �� ZW���PRQRGLVSHUVH� SDUWLFOHV� FRXOG� EH� REWDLQHG� ZLWKRXW� FR�VWDELOL]HU�� DQG� WKH� DGGLWLRQ� RI�$OLTXDW�����RQO\�UHGXFHG�WKH�SDUWLFOH�VL]H�VOLJKWO\��>��@3DUWLFOHV� RI� PHWK\O� PHWKDFU\ODWH� �00$�� DQG� JO\FLG\O� PHWKDFU\ODWH��*0$�FRSRO\PHU� ZHUH� SUHSDUHG� E\� WKH�PHWKRG� RI� GLVSHUVLRQ� SRO\PHUL]DWLRQ�� 3ULRU� WR�SRO\PHUL]DWLRQ�� 00$�� *0$� DQG� 1�1�PHWK\OHQHELVPHWKDFU\ODPLGH� ZHUH� PL[HG� ZLWK�PHWKDQRO� LQ�D�����PO�IODVN�WR�IRUP�D�VROXWLRQ�RI�PRQRPHU��$�PL[WXUH�RI� LQLWLDWRU��$,%1���VWHULF� VWDELOL]HU� �393��� FHW\O� DOFRKRO� DQG� PHWKDQRO� ZDV� DGGHG� WR� WKH� VROXWLRQ� RI�PRQRPHUV��7KH�PL[WXUH�ZDV�SRO\PHUL]HG�DW���R&�IRU����K�7KH�DGGLWLRQ�RI�����ZW��FHW\O�DOFRKRO�OHDGHG�WR�DQ�LQFUHDVH�LQ�SDUWLFOH�VL]H�DQG�D�PRUH�VSKHULFDO�VKDSH��:KHQ�WKH�PDVV�UDWLR�RI�*0$�WR�00$�ZDV������IRU�H[DPSOH��WKH�SDUWLFOH�VL]H�LQFUHDVHV�IURP�����WR�����PP�LQ�WKH�SUHVHQFH�RI�FHW\O�DOFRKRO��7KH�UHDVRQ�FRXOG�EH�WKDW�FHW\O�DOFRKRO�FRXOG�DVVRFLDWH�ZLWK�393��DQG�KHQFH�UHWDUG�WKH�DGVRUSWLRQ�UDWH� RI� 393� RQWR� WKH� QXFOHL�� FRQVHTXHQWO\� UHVXOWLQJ� LQ� DQ� LQFUHDVHG� ILQDO� SDUWLFOH� VL]H��>��@
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&HW\O�DOFRKRO�KDV�EHHQ�XVHG�DV�WKH�FR�VWDELOL]HU�WR� LPSURYH�WKH�PRQRGLVSHUVLW\�RI�SDUWLFOHV�LQ�WKH�GLVSHUVLRQ�SRO\PHUL]DWLRQ�RI�VW\UHQH�E\�7VHUJ�HW�DO���>��@��7KHLU�UHVXOW�DOVR�LQGLFDWH�WKDW�WKH�QRQLRQLF�FHW\O�DOFRKRO�DV�WKH�FR�VWDELOL]HU�OHDGV�WR�D�ODUJHU�SDUWLFOH�VL]H�LQ�FRPSUHVVLRQ�ZLWK�DQLRQLF�VXUIDFWDQW�$HURVRO�27�&DUORV� HW�DO�� >��@� VWXGLHG� WKH� LQIOXHQFH� RI� WKH� VWLUULQJ� UDWH� RQ� WKH� ILQDO� PHDQ�SDUWLFOH�VL]H� LQ�VXVSHQVLRQ�FRSRO\PHUL]DWLRQ�RI�PHWK\O�PHWKDFU\ODWH�VW\UHQH��7KH�UHVXOW�LV�VKRZQ�LQ�)LJXUH�����

)LJXUH�������(YROXWLRQ�RI�QXPEHU�DYHUDJH�GLDPHWHU�RI�GURSOHWV�GXULQJ�WKH�SRO\PHUL]DWLRQ�IRU�GLIIHUHQW�VWLUULQJ�UDWHV��
7KH�SDUWLFOH�VL]H� LQFUHDVHV�DV� WKH� UHDFWLRQ�SURJUHVVHV��XQWLO� UHDFKLQJ�D�FHUWDLQ�PD[LPXP�YDOXH��7KH�ILQDO�YDOXH�LV EHWZHHQ�����DQG�����PLQ�IURP�WKH�EHJLQQLQJ�RI�WKH�H[SHULPHQW��7KH�KLJKHU�WKH�DJLWDWLRQ�UDWH��WKH�ORZHU�WKH�SDUWLFOH�VL]H�LV�DWWDLQHG�ZLWK�WLPH�
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-\RQJULN� DQG� %HRP�6HRN� >��@� SUHSDUHG� FURVVOLQNHG� VW\UHQH�DON\O� DFU\ODWH�FRSRO\PHUV� IRU� RLO�DEVRUEHQF\�DSSOLFDWLRQ��6XVSHQVLRQ�SRO\PHUL]DWLRQ�ZDV�FDUULHG�RXW�XVLQJ� EHQ]R\O� SHUR[LGH� DV� DQ� LQLWLDWRU�� &URVVOLQNHG� FRSRO\PHUV� ZHUH� V\QWKHVL]HG� E\�DGGLQJ� GLYLQ\O� EHQ]HQH� �'9%�� DV� D� FURVVOLQNLQJ� DJHQW�� 7KH� HIIHFW� RI� '9%� RQ� JODVV�WUDQVLWLRQ�WHPSHUDWXUH�ZDV�VKRZQ�LQ�)LJXUH������

)LJXUH� � ����� � '6&� WKHUPRJUDPV� RI� VW\UHQH�ODXU\O� DFU\ODWH�  � ������ FRSRO\PHU� ZLWK�GLIIHUHQW�FURVVOLQNLQJ�GHQVLWLHV�� ������� ILUVW� UXQ�� �� � � ��VHFRQG�UXQ�� �$��FRQWURO�� �%������ZW��'9%���&����ZW��'9%���'�����ZW��'9%�



��7KH� FKDQJH� LQ� JODVV� WUDQVLWLRQ� WHPSHUDWXUH� GHSHQGV� XSRQ� WKH� GHJUHH� RI�FURVVOLQNLQJ��$W� D� ORZ�GHJUHH�RI� FURVVOLQNLQJ� �����ZW��'9%��� WKH�7J RI� WKH�FURVVOLQNHG�FRSRO\PHUV�ZDV�ORZHU�WKDQ�RU�VLPLODU�WR�WKDW�RI�WKH�XQFURVVOLQNHG�RQHV��$W�D�KLJK�GHJUHH�RI�FURVVOLQNLQJ��WKH�7J LQFUHDVHG�ZLWK�LQFUHDVLQJ�FURVVOLQNLQJ�GHQVLW\�

����������0DFURSRURXV�5HVLQ7KH�PDLQ�LQWHUHVW�LQ�PDFURSRURXV�H[FKDQJHU�LV�GXH�WR�WKH�SHUIRUPDQFH�RI�WKHVH�UHVLQV�EHLQJ�EHWWHU� WKDQ� WKDW� RI� FRQYHQWLRQDO�JHO�W\SH�PDWHULDOV�PDLQO\�ZLWK� UHVSHFW� WR�WKHUPDO�VWDELOLW\�DQG�H[FKDQJH�NLQHWLFV��7KH�SURSHU�SRUH�VL]H�FDQ�EH�DFKLHYHG�E\�XVLQJ�PL[WXUHV�RI�JRRG�DQG�EDG�VROYHQWV��7KH�LQFUHDVLQJ�RI�WKH�JRRG�VROYHQW�SURSRUWLRQ�LQ�WKH�GLOXHQW�PL[WXUH�UHGXFHV�WKH�SRUH�VL]H�DQG�WKH�WRWDO�SRURVLW\��>�@&DUHOLQKR� DQG� /LPD� >��@� VWXGLHG� WKH� LQIOXHQFH� RI� GLOXHQWV� RQ� WKH� IRUPDWLRQ� RI�SRURXV�VWUXFWXUH� LQ� LRQ�H[FKDQJHU�UHVLQV�EDVHG�RQ���YLQ\OS\ULGLQH�DQG�GLYLQ\OEHQ]HQH��E\�VXVSHQVLRQ�SRO\PHUL]DWLRQ��,RQ�H[FKDQJH�UHVLQV�ZHUH�V\QWKHVL]HG�LQ�WKH�SUHVHQFH�RI�Q�KHSWDQH�DQG�GLHWK\O� SKWKDODWH�DV�GLOXHQWV�� ,W�ZDV� IRXQG� WKDW� RQO\� LQ� WKH�SUHVHQFH� RI�Q�KHSWDQH��SRURXV�UHVLQV�ZHUH�SURGXFHG�/L� HW�DO�� >��@� SUHSDUHG� SRO\VW\UHQH� IRU� VL]H� H[FOXVLRQ� FKURPDWRJUDSK\�� 7KH�PDFURSRURXV� UHVLQV� ZHUH� SUHSDUHG� E\� VXVSHQVLRQ� SRO\PHUL]DWLRQ�� )RU� D� W\SLFDO�SUHSDUDWLRQ�� ��� J� RI� ��PHWK\OVW\UHQH� DQG� ��� J� RI� ����ELV� �S�YLQ\O� SKHQ\O�� HWKDQH�ZLWK�$,%1������ZW��UHODWLYH�WR�PRQRPHU��DV�DQ�LQLWLDWRU�DQG�SRURJHQ��GRGHFDQRO�WROXHQH��
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SRURJHQ��PRQRPHU� ���������Y�Y��ZHUH�GLVSHUVHG�LQ��ZDWHU�SKDVH��7KH�UHDFWRU�ZDV�VWLUUHG�DW�����USP�IRU���K DW����&�XQGHU�QLWURJHQ�DWPRVSKHUH��IROORZHG�E\�SRO\PHUL]DWLRQ�DW�����USP�DQG���R&�IRU����K��7KH�UHVXOWV�ZDV�VKRZQ�LQ�7DEOH�����DQG�)LJXUH������7KH� VXUIDFH� SRURVLW\� LV� VHHQ� WR� LQFUHDVH� ZLWK� WKH� SHUFHQWDJH� RI� QRQVROYHQW��GRGHFDQRO��LQ�WKH�SRURJHQ�PL[WXUH��$W�D�GRGHFDQRO�SHUFHQWDJH�RI�����DQG�DERYH��WKH�UHVLQ�VKRZV�D�FDXOLIORZHU�OLNH�VXUIDFH�PRUSKRORJ\�7DEOH�������3RURVLW\�'DWD�IURP�1LWURJHQ�$GVRUSWLRQ�$QDO\VLV'RGHFDQRO�WROXHQH�QRQVROYHQW�VROYHQW� 7RWDO�SRUH�YROXPH��PO�J� 6XUIDFH�DUHD��P��J�
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)LJXUH������6FDQQLQJ�HOHFWURQ�PLFURJUDSKV�RI�UHVLQ�EHDGV�DW�GRGHFDQRO�WROXHQH� ��������PDJQLILFDWLRQ����;��
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������(PXOVLRQ�3RO\PHUL]DWLRQ7KHUH� KDYH� EHHQ� VHYHUDO� UHSRUWV GHVFULELQJ� WKH� SUHSDUDWLRQ� RI� PRQRGLVSHUVH�SRO\PHU�PLFURVSKHUHV��7KHVH�VWXGLHV�ZHUH�FRQFHUQHG�ZLWK�V\QWKHWLF�PHWKRGV�LQYROYLQJ�HPXOVLRQ�DQG�VRDS�IUHH�SRO\PHUL]DWLRQV�(PXOVLILHU�IUHH� HPXOVLRQ� FRSRO\PHUL]DWLRQ� RI� VW\UHQH� ZLWK� WZR� GLIIHUHQW� DPLQR�FRQWDLQLQJ FDWLRQLF�PRQRPHUV�E\�XVLQJ����
�D]RELV���DPLGLQRSURSDQH��GLK\GURFKORULGH�DV�DQ�LQLWLDWRU�ZDV�VWXGLHG��,W�ZDV�IRXQG�WKDW�WKH�SDUWLFOH�VL]H�GHFUHDVHG�XSRQ�LQFUHDVLQJ�WKH� LRQLF� PRQRPHU� FRQFHQWUDWLRQ�� 7KH� SUHVHQFH� RI� YHU\� VPDOO� DPRXQWV� RI� IXQFWLRQDO�PRQRPHU� VWURQJO\� DIIHFWHG� WKH� SDUWLFOH� VL]H� EHFDXVH� RI� WKH� HOHFWURVWDWLF� VWDELOL]DWLRQ�FRQIHUUHG�E\�WKH�FDWLRQLF�JURXSV�WR�WKH�JURZLQJ�SDUWLFOHV��7KH�LQFRUSRUDWLRQ�RI�D�SDUW�RI�IXQFWLRQDO�PRQRPHU�LQ�WKH�SDUWLFOHV�E\�FRSRO\PHUL]DWLRQ�FDQ�RFFXU�GXULQJ�WKH�QXFOHDWLRQ�VWHS�� ZKHUH� FRSRO\PHUL]DWLRQ� RI� VW\UHQH� ZLWK� WKH� FRPRQRPHU� WDNHV� SODFH� LQ� ZDWHU�SKDVH��)XUWKHUPRUH�� WKH�V\QWKHVLV�RI�FDWLRQLF�K\GURSKRELF�SDUWLFOH� �SRO\VW\UHQH���XSRQ�XVLQJ� DQ� LRQLF�PRQRPHU� LQ� WKH�SRO\PHUL]DWLRQ�� OHG� WR� WKH� IRUPDWLRQ� RI� D� SRSXODWLRQ� RI�VPDOO� SRO\PHU� FKDLQV� WKDW�PDLQO\� ORFDWHG� DW� WKH� RXWHU� VKHOO� RI� WKH� SDUWLFOH� GXULQJ� DQG�DIWHU�SDUWLFOH�JURZWK�>��@�=XLIDQJ� HW�DO�� >��@� VWXGLHG� WKH� V\QWKHVLV� RI� FDWLRQLF� SRO\PHU� SDUWLFOH� E\�HPXOVLILHU�IUHH�HPXOVLRQ�FRSRO\PHUL]DWLRQ�RI�VW\UHQH�ZLWK�TXDWHUQDU\�DPPRQLXP�FDWLRQLF�PRQRPHUV�� 7KH� SUHVHQFH� WKH� LRQLF� PRQRPHULF� UHSHDWLQJ� XQLWV� DORQJ� WKH� FRSRO\PHU�FKDLQV�FRXOG�PDNH�WKH�PHFKDQLVP�IRU�SDUWLFOH�IRUPDWLRQ�PRUH�FRPSOLFDWHG��)LUVWO\��WKH
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LQFRUSRUDWLRQ�RI� LRQLF�PRQRPHU� LQWR�WKH�JURZLQJ�ROLJRPHULF�UDGLFDOV�PXVW KDYH�DQ�LQIOXHQFH� RQ� QXFOHDWLRQ� SURFHVV�� 7KH� QXFOHDWLRQ� RQO\� RFFXUV� ZKHQ� D� FHUWDLQ� PRODU�IUDFWLRQ�RI�WKH�VW\UHQH�KDV�EHHQ�LQFRUSRUDWHG�LQWR� WKH�FRSRO\PHU�FKDLQV��6HFRQGO\��WKH�SUHVHQFH�RI�WKH�LRQLF�PRQRPHULF�UHSHDWLQJ�XQLWV�DW�SDUWLFOH�VXUIDFHV�PXVW�FRQWULEXWH�WR�SDUWLFOH�HOHFWURVWDWLF�VWDELOL]DWLRQ��)LQDO�SDUWLFOH�VL]H�QRUPDOO\�GHFUHDVHV�ZLWK�LQFUHDVLQJ�LRQLF�PRQRPHU�FRQFHQWUDWLRQ�LQ�D�FHUWDLQ�UDQJH�7KH�SUHVHQFH�RI�PRUH� LRQLF�JURXSV�DW�SDUWLFOH�VXUIDFHV�FHUWDLQO\�HQKDQFHV� WKH�HOHFWURVWDWLF� UHSXOVLRQ� IRUFHV� EHWZHHQ� WKH� SDUWLFOHV� DQG� KHQFH�� WKH� FRDJXODWLRQ� RI�SULPDU\�SDUWLFOHV�ZRXOG�EH�UHVWULFWHG��)XUWKHUPRUH��LI�WKH�SDUWLFOH�VXUIDFH�FKDUJH�GHQVLW\�LV� KLJK� HQRXJK�� WKH� HOHFWURVWDWLF� OD\HU� DW� WKH� SDUWLFOH� VXUIDFH� FRXOG� SUHYHQW� OLNHO\�FKDUJHG�SULPDU\�IUHH�UDGLFDOV��JHQHUDWHG�LQ�DTXHRXV�SKDVH��IURP�HQWHULQJ��$V�D�UHVXOW��WKH�SRO\PHUL]DWLRQ�RI�VW\UHQH�LQVLGH�WKH�SDUWLFOHV�FRXOG�EH�DOVR�UHVWULFWHG��7KH� SRO\PHU� PLFURVSKHUHV� ZHUH� V\QWKHVL]HG� E\� HPXOVLRQ� FRSRO\PHUL]DWLRQ� RI�VW\UHQH�ZLWK�YLQ\O�EHQ]\O�WHUPLQDWHG�SRO\�PHWKDFU\OLF�DFLG���30$��PDFURPRQRPHU�LQ�DQ�DTXHRXV�HWKDQRO�VROXWLRQ��,Q�WKHVH�FRSRO\PHUL]DWLRQ�V\VWHP��WKH�PDFURPRQRPHU�DFWHG�QRW�RQO\�DV�D�FRPRQRPHU�EXW�DOVR�DV�D�VWDELOL]HU��7KH�SDUWLFOH�GLDPHWHUV�REWDLQHG�IURP�ZDWHU�VROXEOH� LQLWLDWRU� V\VWHP� VKRZHG� VPDOOHU� YDOXHV� WKDQ� WKRVH� REWDLQHG� IURP�ZDWHU�LQVROXEOH�LQLWLDWRU�V\VWHP�7KH� FRSRO\PHUL]DWLRQ� PHFKDQLVP� IRU� ERWK� V\VWHPV� FRXOG� EH� H[SODLQHG� DV�IROORZV��7KH�FRSRO\PHUL]DWLRQ�LQ�$,%1�V\VWHP�ZDV��D�KHWHURJHQHRXV�SURFHVV�LQ�ZKLFK�D�
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��

FKORULGH�����J���7KH�SRO\PHUL]DWLRQ�ZDV�FDUULHG�RXW�DW���R&�IRU���K��$ERXW����J�RI�ZKLWH�VSKHULFDO�EHDG��������PHVK��ZHUH�REWDLQHG��$IWHU� WKDW� WKH�UHVLQ�ZDV�UHIOX[HG�ZLWK�����PO�RI���1�VRGLXP�K\GUR[LGH�DQG�WKHQ�ZDVKHG�ZLWK���1��K\GURFKORULF�DFLG� �DQG��ZDWHU�DQG� GULHG�� 7KH� EHDGV� REWDLQHG� VHHPHG� WR� EH� XVHIXO� DV� D� VWDUWLQJ� PDWHULDO� IRU� LRQ�H[FKDQJH�RU�FKHODWLQJ�UHVLQ�
����,RQ�([FKDQJH

������6WUXFWXUH�DQG�&RPSRQHQWV�RI�,RQ�([FKDQJH,RQ� H[FKDQJH�� E\� FRPPRQ�GHILQLWLRQ�� DUH� LQVROXEOH� VROLG�PDWHULDOV�ZKLFK� FDUU\�H[FKDQJHDEOH� FDWLRQV� RU� DQLRQV�� ,RQ� H[FKDQJHUV� FRQVLVW� RI� D� IUDPHZRUN� FDUU\LQJ� D�SRVLWLYH� RU� QHJDWLYH� HOHFWULF VXUSOXV� FKDUJH�ZKLFK� LV� FRPSHQVDWHG�E\�PRELOH� FRXQWHU�LRQV�RI�RSSRVLWH�VLJQ�>��@��7KH�VWUXFWXUH�RI�LRQ�H[FKDQJH�LV�VKRZQ�LQ�)LJXUH�����



��

)LJXUH�������6FKHPDWLF�UHSUHVHQWDWLRQ�RI�D�PRGHUQ�LRQ��H[FKDQJH�UHVLQ��7KH�VWUXFWXUH�LV�EDVHG� XSRQ� D� UDQGRP� WKUHH�GLPHQVLRQDO� VWUXFWXUH� RI� OLQHDU� SRO\PHU� FKDLQ� ZKLFK� DUH�FURVV�OLQNHG�DW�LQWHUYDOV�DORQJ�WKHLU�OHQJWK��
OLQHDU�SRO\PHU�FKDLQV 2 IL[HG�LRQLF�JURXSV

x x FURVV�OLQNLQJ�ERQGV�EHWZHHQ�FKDLQV�� x FRXQWHU�LRQV
7KH�FRXQWHU� LRQV��DUH�IUHH�WR�PRYH�WKURXJK�WKH�PDWUL[��IL[HG�LRQ��E\�GLIIXVLRQ�RU�XQGHU� HOHFWULFDO� ILHOG� DQG� PD\� EH� UHSODFHG� E\� RWKHU� FRXQWHU� LRQV� �VDPH� VLJQ�� IURP�VROXWLRQ��LQ�WKH�SURFHVV�RI�LRQ�H[FKDQJH��7KH�PDWHULDO�LV�D�FDWLRQ��RU�DQ�DQLRQ�H[FKDQJHU�DFFRUGLQJ� WR� WKH� FRXQWHU� LRQV� DUH� FDWLRQV� RU� DQLRQ�� UHVSHFWLYHO\�� 7KH� VLWXDWLRQ� LV�VXPPDUL]HG�LQ�7DEOH�����7DEOH�����&RPSRQHQW�LQ�,RQ�([FKDQJH�>��@([FKDQJHU�W\SH )L[HG�FKDUJH &RXQWHU�LRQ &R�LRQFDWLRQ�H[FKDQJHU DQLRQ���� FDWLRQ���� DQLRQ����DQLRQ�H[FKDQJHU FDWLRQ���� DQLRQ���� FDWLRQ����



��
,RQV� RI� WKH� VDPH� VLJQ� DV� WKH� IL[HG� FKDUJH� DUH� NQRZQ�DV� FR�LRQV�� ERWK� LQ�VROXWLRQ�DQG�ZKHQ�SUHVHQW�ZLWKLQ�WKH�H[FKDQJHU�SRUHV��7KH�FR�LRQV�ZLOO��KRZHYHU��DIIHFW�WKH�HTXLOLEULXP�LI�WKH\�IRUP�FRPSOH[HV�RU�LRQ�SDLUV�ZLWK�RQH�RU�RWKHU�RI�WKH�FRXQWHU�LRQVLQ� WKH�VROXWLRQ��HIIHFWLYHO\�UHGXFLQJ�WKH�FRQFHQWUDWLRQ�RI� WKDW� IUHH� LRQ�DQG�VR� LWV�XSWDNH�LQWR�WKH�H[FKDQJHU�,RQ�H[FKDQJH�UHVHPEOHV�VRUSWLRQ� LQ� WKDW�� LQ�ERWK�FDVHV��D�GLVVROYHG�VSHFLHV� LV�WDNHQ�XS�E\�D�VROLG��7KH�FKDUDFWHULVWLF�GLIIHUHQFH�EHWZHHQ� WKH� WZR�SKHQRPHQD� LV� WKDW�LRQ� H[FKDQJH�� LQ� FRQWUDVW� WR� VRUSWLRQ�� LV� D� VWRLFKLRPHWULF� SURFHVV�� (YHU\� LRQ� ZKLFK� LV�UHPRYHG�IURP�WKH�VROXWLRQ�LV�UHSODFHG�E\�DQ�HTXLYDOHQW�DPRXQW�RI�DQRWKHU�LRQLF�VSHFLHV�RI� WKH� VDPH� VLJQ�� ,Q� VRUSWLRQ�� RQ� WKH� RWKHU� KDQG�� D� VROXWH� �DQ HOHFWURO\WH� RU�QRQHOHFWURO\WH��LV�WDNHQ�XS�ZLWKRXW�EHLQJ�UHSODFHG�E\�DQRWKHU�VSHFLHV��6FKHPDWLF�RI�LRQ�H[FKDQJH�ZLWK�D�VROXWLRQ�LV�VKRZQ�LQ�)LJXUH������

)LJXUH������,RQ�H[FKDQJH�ZLWK�D�VROXWLRQ�>��@�



��$� FDWLRQ� H[FKDQJHU� FRQWDLQLQJ� FRXQWHU� LRQV� $� LV� SODFHG� LQ� D� VROXWLRQ�FRQWDLQLQJ� FRXQWHU� LRQV� %� �OHIW��� 7KH� FRXQWHU� LRQV� DUH� UHGLVWULEXWHG� E\� GLIIXVLRQ� XQWLO�HTXLOLEULXP�LV�DWWDLQHG��ULJKW�

������2UJDQLF�5HVLQ�([FKDQJHUV
7KH� PDMRULW\� RI� WKHVH� H[FKDQJHUV� DUH� EDVHG� XSRQ� D� PDWUL[� RI� FURVV�OLQNHG�SRO\VW\UHQH��8SRQ�WKLV�FKHPLFDOO\�DQG�SK\VLFDOO\�UREXVW�VWUXFWXUH�D�YHU\�ZLGH�UDQJH�RI�IXQFWLRQDO�JURXSV�PD\�EH�ERXQG��HDFK�FRUUHVSRQGLQJ�WR�D�QHZ�W\SH�RI�H[FKDQJHU��%\�D�SHDUO� FRSRO\PHUL]DWLRQ� SURFHVV� LW� LV� SRVVLEOH� WR� REWDLQ� DOPRVW� FRPSOHWHO\� VSKHULFDO�EHDGV�LQ�D�ZLGH�UDQJH�RI�SDUWLFOH�VL]HV�DFFRUGLQJ�WR�UHTXLUHPHQWV�

��������6W\UHQLF�$QLRQ�([FKDQJH�5HVLQV�>��@$QLRQLF�H[FKDQJH�UHVLQV�DUH�XVXDOO\�EDVHG�RQ�DQ�DPLQH�RU�DPPRQLXP�JURXSLQJ�DV� D� VRXUFH� RI� SRVLWLYH� IL[HG� FKDUJH�� 6WURQJ� EDVH� H[FKDQJHUV� DUH� EDVHG� XSRQ�TXDWHUQDU\�DPPRQLXP�JURXSV���15�����ZKHUH�5�PD\�EH�D�PHWK\O��HWK\O�RU�RWKHU�RUJDQLF�VXEVWLWXHQWV�� 7KH� SRO\VW\UHQH�GLYLQ\OEHQ]HQH� FRSRO\PHU� KDV� SURYHG� WR� EH� WKH� PRVW�XVXDO�PDWUL[��7KH�EHDGV�DUH�FKORURPHWK\ODWHG�DQG�VXEVHTXHQWO\� WUHDWHG�ZLWK�DPPRQLD�RU�SULPDU\��VHFRQGDU\�RU�WHUWLDU\�DON\O�DPLQH��



��

���������6W\UHQLF�&DWLRQ�([FKDQJH�5HVLQV�>��@
7KH�FRSRO\PHU�RI�VW\UHQH�DQG�GLYLQ\OEHQ]HQH�LV�FDUULHG�RXW�E\�VXOIRQDWLRQ�RI�WKH�PDWUL[�ZLWK�KRW�VXOIXULF�DFLG�WKHUHE\�LQWURGXFLQJ�WKH�VXOIRQLF�DFLG�IXQFWLRQDO�JURXS�JLYLQJ�D�VWURQJO\�DFLGLF�FDWLRQ�H[FKDQJH�UHVLQ��

����$GVRUSWLRQ�,VRWKHUP7KH� UHODWLRQ�� DW� FRQVWDQW� WHPSHUDWXUH�� EHWZHHQ� WKH� DPRXQW� DGVRUEHG� RQ� WKH�EHDG� DQG� WKH� HTXLOLEULXP� SUHVVXUH�� RU� FRQFHQWUDWLRQ� RI� WKH� IOXLG�� LV� NQRZQ� DV� WKH�DGVRUSWLRQ�LVRWKHUP�

������7\SHV RI�$GVRUSWLRQ�,VRWKHUP7KH�GLVWULEXWLRQ�RI�G\H�EHWZHHQ�WKH�DGVRUEHQW�DQG�WKH�VROXWLRQ��DW�HTXLOLEULXP��KDV�EHHQ�H[SUHVVHG� XVLQJ� YDULRXV� HTXDWLRQV�� 7ZR� ZLGHO\� XVHG� IRUPV� DUH� WKH� /DQJPXLU� DQG�)UHXQGOLFK�LVRWKHUP����/DQJPXLU�,VRWKHUP�>��@7KH�/DQJPXLU�LVRWKHUP�LV�YDOLG�IRU�PRQROD\HU�DGVRUSWLRQ�RQ�D VXUIDFH�FRQWDLQLQJ�D�ILQLWH�QXPEHU�RI�LGHQWLFDO�VLWH��/DQJPXLU�LVRWKHUP�FDQ�EH�H[SUHVVHG�DV�



��
&H��TH  ����� ���4RE� ���� &H��4R

4R  �PD[LPXP�DPRXQW�RI�DGVRUEDWH�SHU�JUDP�RI�DGVRUEHQW��PJ�J�E�  �/DQJPXLU�FRQVWDQW��O�PJ� �DGVRUSWLRQ�FRHIILFLHQW&H  �HTXLOLEULXP�FRQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ��PJ�O�TH  � PLOOLJUDPV� RI� G\H� DGVRUEHG� � SHU� JUDP� RI� DGVRUEHQW� DW�HTXLOLEULXP��PJ�J�
$�SORW�RI�&H�TH YHUVXV�&H VKRXOG�\LHOG�D�VWUDLJKW�OLQH�KDYLQJ�D�VORSH���4R DQG�DQ�LQWHUFHSW�RI����4RE�IURP�ZKLFK�WKH�YDOXH�RI�4R DQG�E�PD\�EH�UHDGLO\�REWDLQHG�)LJXUH������VKRZHG�WKH�SORW�RI�&H�TH YHUVXV�&H IRU�WKH�DGVRUSWLRQ�RI�WKUHH�GLUHFW�G\HV� RQ� SRO\DPLGH�HSLFKORURK\GULQ�FHOOXORVH� DW� ��R&�� 7KH� UHVXOWV� VKRZHG� WKDW� WKH�DGVRUSWLRQ�IROORZHG�/DQJPXLU�LVRWKHUP��>��@



��

)LJXUH������/DQJPXLU�SORW�IRU�WKH�UHPRYDO�RI�WKH�WKUHH�GLUHFW�G\HV��
���)UHXQGOLFK�,VRWKHUP�>��@7KH� )UHXQGOLFK� HTXDWLRQ� LV� XVHG� IRU� KHWHURJHQHRXV� VXUIDFH� �URXJK� VXUIDFH�����7KH�)UHXQGOLFK�HTXDWLRQ�KDV�WKH�JHQHUDO�IRUP
ORJ�TH  � ORJ�N ��� ��Q��ORJ�&H
TH  � �&R�&H��9���:
&R  �LQLWLDO�G\H�FRQFHQWUDWLRQ��PJ�J�&H  �HTXLOLEULXP�FRQFHQWUDWLRQ RI�G\H�LQ�VROXWLRQ��PJ�O�9  �YROXPH�RI�G\H�VROXWLRQ:  �WKH�DPRXQW�RI�DGVRUEHQW�UHTXLUHG�WR�DGVRUE�G\H��J�TH  � PLOOLJUDPV� RI� G\H� DGVRUEHG� � SHU� JUDP� RI� DGVRUEHQW� DW� HTXLOLEULXP��PJ�J�



��N  �LQGLFDWRU�RI�DGVRUSWLRQ�FDSDFLW\� �FRQVWDQW�LQ�)UHXQGOLFK�LVRWKHUP��O�J�Q�  �)UHXQGOLFK�H[SRQHQW
7KH�YDOXHV�RI�N�DQG���Q�DUH�HTXDO�WR�WKH�LQWHUFHSW�DQG�VORSH�RI�WKH�VWUDLJKW�OLQH��UHVSHFWLYHO\��)RU�IDYRUDEO\�DGVRUEHG�FKHPLFDO����Q�LV�EHWZHHQ���DQG����)RU�XQIDYRUDEO\�DGVRUEHG� FKHPLFDOV�� ��Q� LV� JUHDWHU� WKDQ� ��� )RU� FKHPLFDOV� WKDW� DUH� QRW� DGVRUEHG�� ��Q�DSSURDFKHV�LQILQLW\��RU�YHU\�ODUJH���7KH�PDJQLWXGH�RI�WKH�H[SRQHQW�Q�JLYH�DQ�LQGLFDWLRQ�RI� WKH� IDYRUDELOLW\� DQG� FDSDFLW\� RI� WKH� DGVRUEHQW�DGVRUEDWH� V\VWHP�� 9DOXH� RI� Q� !� ��UHSUHVHQWV�IDYRUDEOH�DGVRUSWLRQ�FRQGLWLRQV�DFFRUGLQJ�WR�WKH�WKHRULHV��/LQHDU� SORW� RI� ORJ� TH YHUVXV� ORJ� &H VKRZV� WKDW� DGVRUSWLRQ� IROORZV� )UHXQGOLFK�LVRWKHUP�� )LJXUH� ����� VKRZV� W\SLFDO� )UHXQGOLFK� SORWV� IRU� WKH� DGVRUSWLRQ� RI� &X�� RQ�PRGLILHG�FHOOXORVH�DGVRUEHQW��>��@

)LJXUH������$�)UHXQGOLFK�SORW�IRU�WKH�DGVRUSWLRQ�RI�&X��RQ�PRGLILHG�FHOOXORVH�DW�S+�����DQG���R&�ZLWK������PJ�O�&X���



��7KH�)UHXQGOLFK�DGVRUSWLRQ�HTXDWLRQ�ZDV�DV�IROORZ�
ORJ�TH  � ��������� ��� �������ORJ�&H

:KHUH� N�  � ������ DQG� ��Q�  � �������� 7KH� UHVXOWV� VKRZ� WKDW� WKH� DGVRUSWLRQ� KDV� D� KLJK�DGVRUSWLRQ� FDSDFLW\�� DQG� WKH� DGVRUSWLRQ� RI� &X�� LRQ� RQ� DGVRUEHQW� LV� IHDVLEOH� ���Q�  ���������
������$GVRUSWLRQ�,VRWKHUPV�LQ�6ROLG�/LTXLG�6\VWHPV�>��@
*OOHV� HW�DO�� H[DPLQHG� VHYHUDO� OLTXLG� DGVRUSWLRQ� LVRWKHUPV� DQG� FODVVLILHG� WKHP�LQWR� IRXU� FDWHJRULHV�ZLWK� VXEGLYLVLRQ� IRU� HDFK� W\SH�DV� VKRZQ� LQ�)LJXUH� ������ 7KH�PDLQ�FODVVLILFDWLRQ�LV�EDVHG�RQ�WKH�LQLWLDO�VORSH�RI�WKH�LVRWKHUP��DQG�WKH�VXE�FODVVLILFDWLRQ�RQ�WKH�VKDSH�DW�KLJKHU�FRQFHQWUDWLRQ�
7KH� /�FODVV� LV�RI� WKH� VR�FDOOHG� /DQJPXLU� W\SH�� 7KLV�FODVV� LV� WKH�PRVW� FRPPRQ�DQG�LV�LGHQWLILHG�E\�KDYLQJ�LWV�LQLWLDO�UHJLRQ��/���FRQYH[�WR�WKH�FRQFHQWUDWLRQ�D[LV��$V�WKH�FRQFHQWUDWLRQ�RI�DGVRUEDWH� LQFUHDVHV�� WKH� LVRWKHUP�PD\�UHDFK�D�SODWHDX��/���� IROORZHG�E\�D� UHDFWLRQ�FRQYH[� WR� WKH� FRQFHQWUDWLRQ� D[LV� �/���� ,I� WKH� /�� UHJLRQ� DWWDLQV�D� VHFRQG�SODWHDX�� WKH� UHJLRQ� LV� GHVLJQDWHG� /���8QGHU� VRPH�FLUFXPVWDQFH�� D�PD[LPXP�PD\�EH�REWDLQHG��/���
7KH�6�FODVV�RI� LVRWKHUPV�� WKH� LQLWLDO� VORSH� LV�FRQFDYH� WR� WKH�FRQFHQWUDWLRQ�D[LV��6����DQG��LV��RIWHQ��EURNHQ��E\��D��SRLQW��RI��LQIOHFWLRQ���6���OHDGLQJ�WR�WKH�FKDUDFWHULVWLF�6�



��
VKDSH� �6���� )XUWKHU� FRQFHQWUDWLRQ� LQFUHDVHV� PD\� WKHQ� SDUDOOHO� WKRVH� RI� WKH� /� FODVV��LQFOXGLQJ� WKH� SUHVHQFH� RI� D� PD[LPXP�� 7KH� 6� FODVV� LV� REWDLQHG� LI� �,�� WKH� VROYHQW� LV�VWURQJO\� DGVRUEHG�� �LL�� WKHUH� LV� VWURQJ� LQWHU�PROHFXODU� DWWUDFWLRQ� ZLWKLQ� WKH� DGVRUEHG�OD\HU���LLL��WKH�DGVRUEHQW�LV�PDFUR�IXQFWLRQDO�

7KH� +� FODVV� RFFXUV� ZKHUH� WKHUH� LV� KLJK� DIILQLW\� EHWZHHQ� WKH� DGVRUEDWH� DQG�DGVRUEHQW� ZKLFK� LV� VKRZQ� HYHQ� LQ� YHU\� GLOXWH� VROXWLRQV�� 7KXV� LW� FDQ� UHVXOW� IURP�FKHPLVRUSWLRQ� RU� IURP� WKH� DGVRUSWLRQ� RI� SRO\PHUV� RU� LRQLF� PLFHOOHV�� +LJKHU�FRQFHQWUDWLRQV�OHDG�WR�VLPLODU�FKDQJHV�WR�WKRVH�IRXQG�LQ�WKH�/�DQG�6�FODVVHV��
7KH�ILQDO�W\SH�RI�LVRWKHUP�LV�WKH�&�FODVV��7KLV�FODVV�LQGLFDWHV�FRQVWDQW�SDUWLWLRQ�RI�WKH� DGVRUEDWH� EHWZHHQ� WKH� VROXWLRQ� DQG� WKH� DGVRUEHQW�� ,W� DSSHDUV� PDLQO\� ZLWK� WH[WLOH�ILEHUV�� LQWR� ZKLFK� WKH� VROXWH� SHQHWUDWHV� WR� IXUWKHU� H[WHQWV� DV� LWV� FRQFHQWUDWLRQ� LQ� WKH�VROXWLRQ�LV�LQFUHDVHG��

)LJXUH� ����� &ODVVLILFDWLRQ� RI� DGVRUSWLRQ� LVRWKHUP� DFFRUGLQJ� WR� *LOHV� HW�DO�� /HWWHUV�LQGLFDWH�FODVV�DQG�QXPEHUV�LQGLFDWH�VXEJURXS�



��

����3DUDPHWHUV�IRU�&RORU�5HPRYDO������(IIHFW�RI�7LPH$KPHG�DQG�5DP�>��@�SUHVHQWHG�WKH�UHPRYDO�RI�EDVLF�G\H�IURP�ZDVWHZDWHU�XVLQJ�VLOLFD�DV�DGVRUEHQW��7KH�UHVXOWV�LQGLFDWHG�WKDW�WKH�UHPRYDO�RI�G\H�LQLWLDOO\�LQFUHDVHV�ZLWK�WLPH��EXW�DWWDLQV�DQ�HTXLOLEULXP�ZLWKLQ�������PLQ��$GVRUSWLRQ�RI�WKH�DFWXDO�DPRXQW�RI�G\H�LQFUHDVH�ZLWK�DQ�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�WKH�G\H�VROXWLRQ��:DONHU�DQG�:HDWKHUOH\�>��@�VWXGLHG�WKH NLQHWLF�RI�DGVRUSWLRQ�E\�XVLQJ�JUDQXODU�DFWLYDWHG�FDUERQ�DV�WKH�DGVRUEHQW�DQG�DFLG�G\HVWXII�7HFWLORQ�5HG��%�DV�WKH�DGVRUEDWH��$�IL[HG�YROXPH�VWLUUHG�WDQN�UHDFWRU�ZDV�XVHG�WR�VWXG\�WKH�NLQHWLFV�RI�DGVRUSWLRQ��&RQWDFW�WLPH�H[SHULPHQWV�SURYLGH�WKH�NLQHWLF�GDWD�LQ�WKH�IRUP�RI�FRQFHQWUDWLRQ�GHFD\��&W���&R��96��WLPH�FXUYHV��7KH�UHVXOWV�REWDLQHG�DUH�VKRZQ�LQ�)LJXUH������

)LJXUH��������(IIHFW�RI�LQLWLDO�FRQFHQWUDWLRQ�RI�DFLG�G\H�DGVRUSWLRQ�RI�75��%�FDUERQ�PDVV� �����J� GS ���������PP��DJLWDWLRQ�WLPH� �����USP�



��

,W� ZDV� DSSDUHQW� WKDW� WKH� DGVRUSWLRQ� FXUYHV� GHFD\HG� ZLWK� FRQWDFW� WLPH��7KH�FKHPLVRUSWLRQ�LV�WKH�OLNHO\�SURFHVV�RI�DFLG�G\H�DGVRUSWLRQ�RQ�WR�DFWLYDWHG�FDUERQ�
������(IIHFW�RI�6DOW7KH� UHPRYDO� RI� FRORU� IURP� HIIOXHQWV� XVLQJ� SRO\DPLGH�HSLFKORURK\GULQ�FHOOXORVH�SRO\DPLGH��3$(�&HOO��ZDV�VWXGLHG��7KH�DGVRUEHQW�XVHG� LQ� WKLV�VWXG\�ZDV�SUHSDUHG�E\�WKH� UHDFWLRQ� RI� DGLSLF� DFLG�� GLHWK\OHQHWULDPLQH�� HSLFKORURK\GULQ�� DQG�D�FHOOXORVH�� 7KH�HIIHFW�RI�VDOW�RQ�G\H�DGVRUSWLRQ�ZDV�VKRZQ�LQ�)LJXUH������

)LJXUH� ������(IIHFW�RI�1D&O�FRQFHQWUDWLRQ�RQ�WKH�HTXLOLEULXP�DGVRUSWLRQ�LVRWKHUP�DW���R&�RI�'LUHFW�%OXH����RQ�3$(�&HOO�



��

7KH�UHVXOWV�VKRZHG�WKDW�WKH�DIILQLW\�IRUPHG�EHWZHHQ�'LUHFW�%OXH����DQG�3$(�&HOO�LQFUHDVHG�ZLWK�WKH�1D&O�FRQWHQW��+HQFH��WKH�DGVRUSWLRQ�FDSDFLW\�RI�3$(�&HOO�LPSURYH�ZLWK�WKH�1D&O�FRQWHQW�LQ�WKH�G\H�EDWK��>��@0RUDLV� HW�DO�� >��@� SUHVHQWHG� WKH� UHDFWLYH� G\H� UHPRYDO� IURP� ZDVWHZDWHU� E\�DGVRUSWLRQ�RQ�HXFDO\SWXV�EDUN��7KH�HIIHFW�RI�1D&O�FRQFHQWUDWLRQ�DQG�WHPSHUDWXUH�ZHUH�VWXGLHG��,W�ZDV�REVHUYHG WKDW�DQ�LQFUHDVH� LQ�1D&O�FRQFHQWUDWLRQ�FDXVHG�DQ�DGVRUSWLRQ�FDSDFLW\�WR�LQFUHDVH�DW�S+�t �����DQG�WR�GHFUHDVH�DW�S+�������)RU�WHPSHUDWXUHV�KLJKHU�WKDQ� URRP� WHPSHUDWXUH�� DQ� DGVRUSWLRQ� FDSDFLW\� GHFUHDVHG� ZLWK� LQFUHDVLQJ� WKH�WHPSHUDWXUHV��7KH�EHVW�YDOXH�UHFRUGHG�IRU�WKH�DGVRUSWLRQ�FDSDFLW\�ZDV�DERXW����PJ�RI�G\H�J�RI�GU\�EDUN��,W�ZDV�REWDLQHG�DW�S+������IRU�D�VRGLXP�FKORULGH�FRQFHQWUDWLRQ�RI����J�O�� DQ� LQLWLDO�G\H�FRQFHQWUDWLRQ�HTXDO� WR�����SSP��D�EDUN�FRQFHQWUDWLRQ�HTXDO� WR���J�O�DQG�DW���R&��
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&+$37(5�,95(68/76�$1'�',6&866,21
���� )XQGDPHQWDO� ,GHD� RQ� 2QH�3RW� 6\QWKHVLV� RI� 3RO\PHULF� %HDGV� %HDULQJ� 6XUIDFH�&KDUJH3RO\PHULF� EHDGV� EHDULQJ� VXUIDFH� FKDUJH� ZHUH� SUHSDUHG� E\� VXVSHQVLRQ�SRO\PHUL]DWLRQ�RI����PHWKDFU\OR\ODPLQR��SURS\O�WULPHWK\O�DPPRQLXP�FKORULGH��0$37$&���VW\UHQH��GLYLQ\OEHQ]HQH��'9%��XVLQJ�WZR�LQLWLDWRUV�V\VWHP��ZDWHU�VROXEOH�.�6�2� DQG�RLO�VROXEOH� $,%1�� )LUVWO\�� 0$37$&� ZDV� SRO\PHUL]HG� LQ� DTXHRXV� VROXWLRQ� RI� 39$� DV� D�VWDELOL]LQJ�DJHQW�IRU�GHVLUHG�SHULRGV�RI�WLPHV�XVLQJ�.�6�2� LQLWLDWRU��7KHQ�WKH�PL[WXUH�RI�VXUIDFWDQW��VW\UHQH��'9%��DQG�$,%1�ZDV�IHG�TXLFNO\�LQWR�WKH�UHDFWRU�PHDQZKLOH�DJLWDWLQJ�FRQWLQXRXVO\�� $W� WKLV� VWDJH�� WKH� GURSOHWV� ZHUH� IRUPHG� DQG� XQLIRUPO\� GLVSHUVHG� LQ� WKH�DTXHRXV�VROXWLRQ�RI�JURZLQJ�SRO\PHULF� FKDLQ� RI�30$37$&� UDGLFDOV�� 7KH�GURSOHW� VL]HV�ZHUH�GHSHQGHQW�RQ�WKH�VWLUULQJ�VSHHG��WKH�SRO\PHUL]DWLRQ�WHPSHUDWXUH�DQG�WKH�W\SHV�RI�VXUIDFWDQWV��)XUWKHUPRUH��DW�WKLV�VWDJH�$,%1�ZRXOG�EHJLQ�WR�LQLWLDWH�WKH�FRSRO\PHUL]DWLRQ�RI� VW\UHQH� DQG� '9%� WR� WUDQVIRUP� LQWR� JHO� EHDG�� 0HDQZKLOH�� LW� ZDV� H[SHFWHG� WKDW�30$37$&� UDGLFDOV� ZRXOG� GLIIXVH� WKURXJK� VXUIDFWDQW� OD\HU� LQWR� JHO� EHDG� VXUIDFH� WR�XQGHUJR�WKH�UHDFWLRQ�ZLWK�DYDLODEOH�VW\UHQH�RU�'9%�PRQRPHUV�SUHVHQW�DW�EHDG�VXUIDFH��$V�SRO\PHUL]DWLRQ�SURFHHGHG��WKH�JHO�EHDG�ZDV�JUDGXDOO\�WUDQVIRUPHG�LQWR�VROLG�SDUWLFOH
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VLJQLILFDQW�UHGXFWLYH�RI�VXUIDFH�WHQVLRQ�DW�WKH�GURSOHW�LQWHUIDFH��7KH�VSKHULFDO�VKDSH�ZLWK�VXUIDFH� IXQFWLRQDO�JURXS�ZDV� IRUPHG�ZKHQ� WKH�DSSURSULDWH�DPRXQW�RI�'9%�FURVVOLQNHU�DQG�VXUIDFWDQW�ZDV�XVHG� LQ�WKH�SUHVHQFH�RI�$,%1�LQ�WKH�RLO�SKDVH��'HWDLOHG�GLVFXVVLRQ�RQ�HDFK�HIIHFW�LV�SUHVHQWHG�DV�IROORZV��7DEOH�����([SHULPHQWDO�FRQGLWLRQV5HDJHQWV�DQG�FRQGLWLRQ FRQGLWLRQV ZW���EDVHG�RQ�VW\UHQH�
0$37$& �����J �����.�6�2� �����J ����
����ZW��39$�VROXWLRQ ���PO �SRO\PHUL]DWLRQ�WLPH�RI�0$37$& ������PLQ �VW\UHQH �����J �'9% ����������J �����������VXUIDFWDQW���FHW\O�DOFRKRO�RU�&7$% �������J�RU���������J �������RU�������$,%1 ����������J ��� �

SRO\PHUL]DWLRQ�WLPH�RI�VW\UHQH��'9%���DQG�30$37$&�UDGLFDOV �y��K �
SRO\PHUL]DWLRQ�WHPSHUDWXUH ������R& �VWLUULQJ�VSHHG ��������USP �
�EDVHG�RQ�WKH�DPRXQW�RI�0$37$& 

�EDVHG�RQ�WKH�DPRXQW�RI�VW\UHQH�DQG '9%
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)LJXUH������6(0�PLFURJUDSK��RI�YLUJLQ�SRO\VW\UHQH�

�D��� �E�)LJXUH������6(0�PLFURJUDSKV�RI�SURGXFW�LQ��WKH�FDVH�RI�QR�DGGLWLRQ�RI�$,%1��D��PDJQLILFDWLRQ���; �E��PDJQLILFDWLRQ����;
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6LQFH� LW� ZDV� DQWLFLSDWHG� WKDW� WKH� FKDLQ� OHQJWK� RI� 30$37$&� UDGLFDO� JRYHUQHG� LWV�VXEVHTXHQW� UHDFWLYLW\� ZLWK� VW\UHQH� PRQRPHU� WR� REWDLQ� VXUIDFH� IXQFWLRQDOL]HG� EHDG��6HSDUDWH�H[SHULPHQW�IRU�GHWHUPLQDWLRQ�RI�WKH�PROHFXODU�ZHLJKW�RI�30$37$&�UDGLFDO�ZDV�SHUIRUPHG�� 7KUHH� UHDFWLRQ� EDWFKHV� ZKLFK� GLIIHUHG� LQ� WKH� SRO\PHUL]DWLRQ� WLPH� RI�0$37$&��������DQG�����PLQXWHV��UHVSHFWLYHO\��ZHUH�FDUULHG�RXW��7KH�FKDUDFWHUL]DWLRQ�RI�TXHQFKHG�30$37$&�ROLJRPHU�E\�JHO�SHUPHDWLRQ�FKURPDWRJUDSK\��*3&��DQDO\VLV�ZDV�VHSDUDWHO\� SHUIRUPHG� WR� REWDLQ� WKH� LQIRUPDWLRQ� RI� LWV� PROHFXODU� ZHLJKW� DQG� ZHLJKW�GLVWULEXWLRQ�� 7KH� UHVXOWV� RI� PROHFXODU� ZHLJKWV� RI� � 30$37$&� ROLJRPHUV� DUH� VKRZQ� LQ�7DEOH���������DQG�)LJXUHV����������UHVSHFWLYHO\�7DEOH�����0ROHFXODU�ZHLJKWV�RI�0$37$&�GHWHUPLQHG�E\�JHO�SHUPHDWLRQ�FKURPDWRJUDSK\�
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7DEOH� ���� 0ROHFXODU� ZHLJKWV� RI� 30$37$&� GHWHUPLQHG� E\� JHO� SHUPHDWLRQ�FKURPDWRJUDSK\�3RO\PHUL]DWLRQ�WLPH�RI�0$37$&��PLQ� 3HDN�QXPEHU 0Q 0Z 0Y
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WLPH��PLQXWHV�
)LJXUH�����*3&�FKURPDWRJUDP�RI�0$37$&�PRQRPHU�

WLPH��PLQXWHV�
)LJXUH �����*3&�FKURPDWRJUDP�RI�30$37$&�DW�SRO\PHUL]DWLRQ�WLPH�RI����PLQXWHV�
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WLPH��PLQXWHV�
)LJXUH�����*3&�FKURPDWRJUDP�RI�30$37$&�DW�SRO\PHUL]DWLRQ�WLPH�RI����PLQXWHV�

WLPH��PLQXWHV�
)LJXUH �����*3&�FKURPDWRJUDP�RI�30$37$&�DW�SRO\PHUL]DWLRQ�WLPH�RI����PLQXWHV�
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7KH�V\QWKHVL]HG�SURGXFWV�RI�HDFK�EDWFK�ZHUH�PHDVXUHG�DQG�WKH�SHUFHQW�\LHOGV�DUH���������������DQG�������UHVSHFWLYHO\� )LJXUH� ���� VKRZV� WKH� SDUWLFOH� VL]HV� DQG�VL]H�GLVWULEXWLRQ�RI�WKH�UHVXOWLQJ�SRO\PHU�EHDGV�DFKLHYHG�DV�D�IXQFWLRQ�RI�SRO\PHUL]DWLRQ�WLPH�RI�0$37$&��7KH�SDUWLFOH�VL]H�IRXQG�UDQJHV�ZLGHO\�IURP�����PP�WR�a������PP�ZLWK�D�PHDQ�VL]H�RI�����PP��7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�SRO\PHUL]DWLRQ�WLPH�RI�0$37$&�LQ�WKH�VWXG\LQJ�UDQJH�GLG�QRW�FDXVH�WKH�GLIIHUHQFH�LQ�WKH�ILQDO�SDUWLFOH�VL]H�,W� VKRXOG� EH� QRWHG� WKDW� ZKHQ� WKH� DSSOLFDWLRQV� RI� WKH� EHDG� DUH� FRQFHUQHG� WKH�VPDOO� SDUWLFOH� VL]H� ZLWK� ODUJH� VXUIDFH� DV� ZHOO� DV� KLJK� VXUIDFH� FKDUJH� GHQVLW\� LV�SUHIHUDEOH�� ,Q� WKLV�ZRUN�� DWWHPSW� WR� LQFRUSRUDWH� WKH� VXUIDFH� FKDUJH� GHQVLW\� RQWR� EHDG�VXUIDFH�ZDV�FDUULHG�RXW�GXULQJ�WKH�SRO\PHUL]DWLRQ�SURFHVV���+HQFH��WKH�VXUIDFH�FKDUJH�GHQVLW\�ZDV�JUHDWO\�GHSHQGHQW�RQ�WKH�30$37$&�UDGLFDO�FDSDELOLW\�RI�DWWDFKLQJ�WR�EHDG�VXUIDFH�� 7KH� UHDVRQ� IRU� YDU\LQJ�SRO\PHUL]DWLRQ� WLPHV� RI�0$37$&�ZDV� WR�JHQHUDWH� WKH�GLIIHUHQW� FKDLQ� OHQJWK� UDGLFDOV� LQ� RUGHU� WR� RSWLPL]H� WKH� EHDG� VXUIDFH� FKDUJH� GHQVLW\��8QIRUWXQDWHO\��EDVHG�RQ� WKH� UHVXOWV�RI�PROHFXODU�ZHLJKW�GHWHUPLQDWLRQ�� QHDUO\� LGHQWLFDO�PROHFXODU�ZHLJKW�ZDV�IRXQG�LQ�DOO�FDVHV�RI�SRO\PHUL]DWLRQ�WLPHV��)7,5�VSHFWURVFRS\�ZDV FKRVHQ�WR�LGHQWLI\�WKH�IXQFWLRQDO�JURXS��FDWLRQLF�FKDUJH��RQ� WKH� EHDG� VXUIDFH� DQG� WKH� UHVXOWV� DUH� VKRZQ� LQ� )LJXUHV� ���������� 7KH� DEVRUSWLRQ�EDQGV�DW������FP�� DQG������FP�� FRUUHVSRQGLQJ�WR�WKH�DEVRUEDQFHV�RI�1+�DQG�& 2�IXQFWLRQDO�JURXSV�DUH� LQGLFDWLYH�RI WKH�DWWDFKPHQW�RI�30$37$&�VHJPHQW�RQ� WKH�EHDG�SDUWLFOH��7KH� UHVXOWV�VKRZ� WKDW� WKH�SHDN� LQWHQVLWLHV�RI�EHDG� IXQFWLRQDO�JURXSV�REWDLQHG�



��
IURP�YDULRXV�SRO\PHUL]DWLRQ�WLPHV�RI�0$37$&�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��7KLV�LPSOLHV�WKDW�WKH�HIIHFW�RI�YDU\LQJ�SRO\PHUL]DWLRQ�WLPHV�RI�0$37$&�IURP����WR����PLQXWHV�EURXJKW�DERXW� LQGLIIHUHQFH� LQ� WKH� VXUIDFH� FKDUJH� GHQVLW\� DV� D� UHVXOW� RI� LQGLIIHUHQFH� LQ� FKDLQ�OHQJWK�RI�30$37$&��UDGLFDOV��

)LJXUH������)7�,5�VSHFWUXP�RI�30$37$&�



��

)LJXUH������)7,5�VSHFWUD�RI�SRO\PHU�EHDG�REWDLQHG�IURP�GLIIHUHQW�SRO\PHUL]DWLRQ�WLPH�RI�
0$37$&��D��SRO\VW\UHQH���E�����PLQ���F�����PLQ���G�����PLQ�

)XUWKHU� G\H� DGVRUSWLRQ� VWXG\� RI� WKH�EHDGV� IURP�HDFK�EDWFK�ZDV�SHUIRUPHG� LQ�RUGHU� WR� FKRRVH� WKH� RSWLPXP� SRO\PHUL]DWLRQ� RI� 30$37$&� IRU� ODWWHU� H[SHULPHQWV�� 7KH�SUHSDUHG� EHDGV� ZHUH� LPPHUVHG� LQ� WKH� UHDFWLYH� G\H� VROXWLRQ� DQG� DOORZHG� WR� REWDLQ�DGVRUSWLRQ� HTXLOLEULXP� IRU� ��� K�� 7KH� G\H� DGVRUSWLRQ� SHUIRUPDQFH� ZDV�VSHFWURSKRPHWULFDOO\�PHDVXUHG��7KH�H[SHULPHQWDO� UHVXOWV�REWDLQHG�DUH�VKRZQ� LQ�7DEOH�����



��
7DEOH������(IIHFW�RI�SRO\PHUL]DWLRQ�WLPH�RI�0$37$&�RQ�G\H�DGVRUSWLRQ�RI�SRO\PHU�EHDGV3RO\PHUL]DWLRQ�WLPH�RI�0$37$&��PLQXWHV� '\H�DGVRUSWLRQ�E\�EHDG��PJ�G\H�J�DGVRUEHQW�

3RO\VW\UHQH�EHDG ������ ������ ������ ����
)URP�WKLV�UHVXOW��LW�ZLOO�EH�VHHQ�WKDW�WKH�G\H�DGVRUSWLRQ�ZHUH�����������PJ�J��'\H�DGVRUSWLRQ� RI� SRO\PHU� EHDG� GHSHQGHG� RQ� IXQFWLRQDO� JURXS� LQ� 30$37$&� DQG� SDUWLFOH�VL]H�RI�SRO\PHU��7KH�HIIHFW�RI�YDU\LQJ�SRO\PHUL]DWLRQ�WLPH�RI�0$37$&�RQ�G\H�DGVRUSWLRQ�RI�SRO\PHU�EHDG�ZDV�QRW�GLIIHUHQW��)RU�WKH�IXUWKHU�H[SHULPHQWV�WKURXJKRXW��WKH�FRQVWDQW�SRO\PHUL]DWLRQ�WLPH�RI�0$37$&�RI����PLQ�ZDV�FKRVHQ�



��
������(IIHFW�RI�&RSRO\PHUL]DWLRQ�7LPH�RI�6W\UHQH��'9%�DQG�30$37$&�2OLJRPHU�RQ�%HDG�)RUPDWLRQ7KH� FRSRO\PHUL]DWLRQ� UHDFWLRQ� RI� VW\UHQH�� '9%�� DQG 30$37$&� UDGLFDO� ZDV�FDUULHG�RXW�DW� WKH�FRQVWDQW�WHPSHUDWXUH�LQ�WKH�VROXWLRQ�RI�WKH��30$37$&�ROLJRPHU�DIWHU����PLQXWHV�RI�WKH�SRO\PHUL]DWLRQ�WLPH�RI�0$37$&���7KH�ZHOO�PL[HG�OLTXLG�RI�VW\UHQH��'9%�DQG� $,%1� LQLWLDWRU� ZDV� TXLFNO\� IHG� RQWR� WKH� 30$37$&� ROLJRPHU VROXWLRQ�� 7KH� OLTXLG�GURSOHW�ZDV�IRUPHG�E\�PHDQV�RI�DJLWDWLRQ�DQG�WKH�GURSOHW�VL]H�ZDV�FRQWUROOHG�E\�PHDQV�RI�WKH�VWLUULQJ�VSHHG��$W�WKLV�VWDJH��WKH�SRO\PHUL]DWLRQ�WLPH�ZDV�YDULHG�IURP�����K��,W�ZDV�H[SHFWHG�WKDW�WKH�FRSRO\PHUL]DWLRQ�UHDFWLRQ�EHWZHHQ�VW\UHQH�DQG�'9%�LQLWLDWHG�E\�$,%1�RFFXUUHG��DW�RQFH�LQVLGH�WKH�OLTXLG�GURSOHW���6LPXOWDQHRXVO\��WKH�30$37$&�UDGLFDO�ZRXOG�GLIIXVH� WKURXJK� WKH� VXUIDFWDQW� OD\HU� DQG� XQGHUJR� WKH� UHDFWLRQ� ZLWK� VW\UHQH� PRQRPHU�DYDLODEOH�RQ�WKH�OLTXLG�GURSOHW�VXUIDFH���7KH�FRSRO\PHUL]DWLRQ�UHDFWLRQ�EHWZHHQ�VW\UHQH�DQG�'9%�UHVXOWHG�LQ�WKH�WUDQVIRUPDWLRQ�RI�GURSOHW�OLTXLG�LQWR�WKH�VSKHULFDO�VROLG�SDUWLFOH���:KLOH�WKH�DWWDFKPHQW�RI�30$37$&�VHJPHQW�RQWR�WKH�EHDG�VXUIDFH�OHG�WR�WKH�IRUPDWLRQ�RI� SRO\VW\UHQH� EHDULQJ� FDWLRQLF� VXUIDFH� FKDUJH� DV� VKRZQ� SUHYLRXVO\�� 7KH� PRGHO� RI�FKDUJH�EHDULQJ�EHDG�IRUPDWLRQ�PD\�EH�SURSRVHG�DV�LQ�)LJXUH�������



��

)LJXUH� ����� 6FKHPDWLF� 'LDJUDP� UHSUHVHQWV� WKH� IRUPDWLRQ� RI� FKDUJH� EHDULQJ� EHDG� ���D��30$37$&�UDGLFDO� LQ�DTXHRXV�VROXWLRQ���E��PL[WXUH�RI�VXUIDFWDQW��VW\UHQH��'9%��DQG�$,%1�GURSOHW�LQ�WKH�DTXHRXV�VROXWLRQ���F��30$37$&�UDGLFDO�GLIIXVHG�WKURXJK�VXUIDFWDQW�OD\HU� LQWR�JHO� EHDG� VXUIDFH�� �G�� WKH� ILQDO� EHDG�EHDULQJ� VXUIDFH� FKDUJH� RQWR� WKH� RXWHU�OD\HU�  � 30$37$&�UDGLFDO��  ��VXUIDFWDQW ��PL[WXUH�RI�VW\UHQH��'9%��DQG�$,%1�GURSOHW � JHO�EHDG  ��ILQDO�EHDG�EHDULQJ�VXUIDFH�FKDUJH
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��
7KH� SDUWLFOH� VL]H RI� EHDGV� ZDV� DOVR� GHWHUPLQHG� DQG� WKH� UHVXOWV� REWDLQHG� DUH�VKRZQ�LQ�7DEOH�����DQG�)LJXUH������7DEOH�����(IIHFW�RI�SRO\PHUL]DWLRQ�WLPH�EHWZHHQ�VW\UHQH��'9%��DQG�30$37$&�UDGLFDO�RQ�SDUWLFOH�VL]H�DQG�SDUWLFOH�VL]H�GLVWULEXWLRQ3DUWLFOH�VL]H��PP� 3URGXFW�ZHLJKW�GLVWULEXWLRQ��ZW���3RO\PHUL]DWLRQ�WLPH�EHWZHHQ�VW\UHQH�DQG�30$37$&��K�� � ���� � ���� ���� ���� ���� ������� ���� ���� �������� ���� ����� �������� ����� ����� �������������� ����� ����� �������������� � � �



��

)LJXUH� ����� 3DUWLFOH� VL]H� DQG� GLVWULEXWLRQ� REWDLQHG� IURP� VW\UHQH� DQG� 30$37$&�SRO\PHUL]DWLRQ�WLPHV�RI�����K�
7KH�V\QWKHVL]HG�SURGXFWV�RI�HDFK�EDWFK�ZHUH�PHDVXUHG�DQG� WKH�SHUFHQW�\LHOG�IRXQG�ZHUH���������������DQG��������IRU������DQG���K UHVSHFWLYHO\��)URP�WKH�)LJXUH�������LW�FDQ�EH�VHHQ�WKDW�YDU\LQJ�RI�FRSRO\PHUL]DWLRQ�WLPHV�IURP���WR���KRXUV�KDG�OLWWOH�HIIHFW�RQ�WKH� PHDQ� SDUWLFOH� VL]H� ZKLFK� ZDV� IRXQG� DERXW� a ����PP�� )URP� WKHUH� UHVXOWV�� WKH�SRO\PHUL]DWLRQ�WLPH�IRU���K�ZDV�FKRVHQ�DV�WKH�VXLWDEOH�FRQGLWLRQ�
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��
������(IIHFW�RI�&RSRO\PHUL]DWLRQ�7HPSHUDWXUH,Q WKLV H[SHULPHQW��EHDGV�EHDULQJ�FDWLRQLF�FKDUJH�VXUIDFH�ZHUH�V\QWKHVL]HG�DW�WKH�UHDFWLRQ�WHPSHUDWXUHV�UDQJLQJ�IURP������R&�ZKLFK�DUH�WKH�GLVVRFLDWLRQ�WHPSHUDWXUH�RI�ERWK� LQLWLDWRUV��SRWDVVLXP�SHUVXOIDWH�DQG�$,%1��7KH�RWKHU�V\QWKHWLF�SDUDPHWHUV�ZHUH�NHSW�FRQVWDQW�DV�IROORZV��WKH�SRO\PHUL]DWLRQ�WLPH�RI�0$37$&�ZDV����PLQ�DW�IL[HG�VWLUULQJ�VSHHG�RI�����USP��'9%�DQG�FHW\O�DOFRKRO�FRQWHQW�ZHUH�������ZW��DQG������ZW���EDVHG�RQ�VW\UHQH��� UHVSHFWLYHO\��7DEOH�����DQG�)LJXUH������VKRZ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�SDUWLFOH�VL]H�DQG�VL]H�GLVWULEXWLRQ�ZLWK�WKH�UHDFWLRQ�WHPSHUDWXUH�7DEOH�����(IIHFW�RI�WHPSHUDWXUH�RQ�SDUWLFOH�VL]H�DQG�SDUWLFOH�VL]H�GLVWULEXWLRQ3DUWLFOH�VL]H��PP� 3URGXFW�ZHLJKW�GLVWULEXWLRQ��ZW��7HPSHUDWXUH��R&��� �� ����� � � ����� ���� ���� ������� ����� ���� ������� ����� ���� ������� ����� ����� �������������� ���� ����� �������������� � � �



��

)LJXUH�������3DUWLFOH�VL]H�DQG�GLVWULEXWLRQ�REWDLQHG�IURP�FRSRO\PHUL]DWLRQ�WHPSHUDWXUH�RI������R&�
7KH�V\QWKHVL]HG�SURGXFWV�RI�HDFK�EDWFK�ZHUH�PHDVXUHG�DQG�WKH�SHUFHQW�\LHOGV�IRXQG�ZHUH���������������DQG��������DW��������DQG���R&�UHVSHFWLYHO\��7KH�UHVXOWV�VKRZ�WKDW� WKH� UHDFWLRQ� WHPSHUDWXUHV� RI� ��R&� WHQGHG� WR� SURGXFH� WKH� VPDOO� SDUWLFOH� VL]H�ZLWK�EURDG� VL]H�GLVWULEXWLRQ� � LQ� WKH� UDQJH� RI� ���� WR� �����PP��$W� WHPSHUDWXUH� RI� ��R&�� WKH�SDUWLFOH� VL]H� WHQGHG� WR� LQFUHDVH� IURP� �������� PP� WR� ���� PP� ZKLOVW� WKH� UHDFWLRQ�WHPSHUDWXUH� RI� ��R&� \LHOGHG�PRVW� RI� ODUJH� SDUWLFOH� VL]H� RI� �����PP�ZLWK� QDUURZ� VL]H�GLVWULEXWLRQ���6LPLODU�REVHUYDWLRQ�ZDV�UHSRUWHG�E\�6KHQ�HW��DO���>��@�,W�ZDV�VSHFXODWHG�WKDW�DQ�LQFUHDVH�LQ�WKH�UHDFWLRQ�WHPSHUDWXUH�QRUPDOO\�FDXVHV�WKH�GHFUHDVH�LQ�WKH�DGVRUSWLRQ�UDWH� RI� 39$� GXH� WR� LWV� LQFUHDVLQJ� VROXELOLW\� LQ� ZDWHU >��@� OHDGLQJ� WR� FRDOHVFHQFH� RI�
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��
VW\UHQH�'9%�GURSOHWV��0RUHRYHU�� KLJKHU� WHPSHUDWXUHV� UHVXOWHG� LQ� IDVWHU� SRO\PHUL]DWLRQ�UDWH�� IXUWKHU� DFFHOHUDWLQJ� WKH�FRQYHUVLRQ� RI� FRDOHVFHG�GURSOHW� LQWR� VWDEOH�SDUWLFOH�� 7KH�6(0�PLFURJUDSKV�RI�SRO\PHU�EHDGV�DW�GLIIHUHQW�SRO\PHUL]DWLRQ�WHPSHUDWXUHV�DUH�VKRZQ�LQ�)LJXUH������

�D��� �E�)LJXUH� ����� 6(0� PLFURJUDSKV� RI� SRO\PHU� EHDGV� DW� GLIIHUHQW� SRO\PHUL]DWLRQ�WHPSHUDWXUHV��D� ��R&����E����R&
)LJXUH� ����� VKRZV� )7,5� VSHFWUD� RI� EHDG� IXQFWLRQDO� JURXSV� REWDLQHG� IURP�GLIIHUHQW�SRO\PHUL]DWLRQ� WHPSHUDWXUHV��7KH� UHVXOWV�VKRZ� WKDW� WKH�SHDN� LQWHQVLWLHV�RI� WKH�FDUERQ\O� JURXS� LQFUHDVH� ZLWK� LQFUHDVLQJ� SRO\PHUL]DWLRQ� WHPSHUDWXUHV�� LPSO\LQJ� DQ�LQFUHDVH�LQ�WKH�DJJORPHUDWH�RXWHU�OD\HU��$V�D�UHVXOW�WKLV�HIIHFW�IXUWKHU�FRQWULEXWHG�WR�WKH�LQFUHDVH�LQ�WKH�ILQDO�SDUWLFOH�VL]H�ZLWK�UHODWLRQ�WR�SRO\PHUL]DWLRQ�WHPSHUDWXUH��



��

)LJXUH� ����� )7,5� VSHFWUD� RI� SRO\PHU� EHDG� REWDLQ� IURP� GLIIHUHQW� SRO\PHUL]DWLRQ�WHPSHUDWXUHV��D��SRO\VW\UHQH���E����R&���F����R&���G����R&�
7KH�H[SHULPHQW�ZDV�XQGHUWDNHQ�WR�GHWHUPLQH�VXLWDEOH�FRQGLWLRQ� IRU�SUHSDUDWLRQ�RI�SRO\PHU�EHDG��6R�� WKH�SRO\PHU�EHDGV�ZHUH�XVHG�WR�DGVRUE�UHDFWLYH�G\H��7KH�UHVXOW�REWDLQV�DUH�VKRZQ�LQ�7DEOH�����



��
7DEOH�����(IIHFW�RI�SRO\PHUL]DWLRQ�WHPSHUDWXUH�RQ�G\H�DGVRUSWLRQ RI�SRO\PHU�EHDG3RO\PHUL]DWLRQ�WHPSHUDWXUH��R&� '\H�DGVRUSWLRQ�E\�EHDG��PJ�G\H�J�DGVRUEHQW�3RO\VW\UHQH�EHDG ������ ������ ������ ����

)URP�WKLV�UHVXOW��LW�ZLOO�EH�VHHQ�WKDW�DW�WHPSHUDWXUH�RI���R&�WKH�G\H�DGVRUSWLRQ�RI�SRO\PHU� EHDG� ZDV� ORZHU� WKDQ� RWKHU� WHPSHUDWXUHV�� 7KLV� FDQ� EH� H[SODLQHG� WKDW� DW�WHPSHUDWXUH� RI� ��R&� WKH� UHDFWLRQ� EHWZHHQ� 30$37$&� DQG� VW\UHQH� ZDV� YHU\� ORZ��WKHUHIRUH�� WKH� G\H� DGVRUSWLRQ� RI� SRO\PHU� SDUWLFOH� ZDV� QRW� PXFK�� :KHQ� WKH� UHDFWLRQ�WHPSHUDWXUH�LQFUHDVHG�IURP���R&�WR���R&�WKH�G\H�DGVRUSWLRQ�LQFUHDVHG��7KLV�ZDV�GXH�WR�WKH�UHDFWLRQ�EHWZHHQ�30$37$&�DQG�VW\UHQH�LQFUHDVHG��$W� WHPSHUDWXUH�RI���R&��PRVW�RI�SDUWLFOH�VL]H�ZDV�DERXW������PP�ZKLFK� ODUJHU�WKDQ�DW�WHPSHUDWXUH�RI��� R&��7KHUHIRUH��WKH�UHDFWLRQ�WHPSHUDWXUH�RI���R&�ZDV�FKRVHQ�DV�WKH�VXLWDEOH�SRO\PHUL]DWLRQ�WHPSHUDWXUH�



��
������(IIHFW�RI�6WLUULQJ�6SHHG�RQ�3DUWLFOH�6L]H,Q� VXVSHQVLRQ� SRO\PHUL]DWLRQ�� DJLWDWLRQ� GXULQJ� SRO\PHUL]DWLRQ� LV� QHFHVVDU\� WR�NHHS�WKH�RLO�SKDVH�SURSHUO\�GLVSHUVHG��7KH�VWLUULQJ�VSHHG��WKHUHIRUH��JUHDWO\�DIIHFWV�WKH�ILQDO�SDUWLFOH�VL]H��+HQFH��LQ�WKLV�H[SHULPHQW��WKUHH�VWLUULQJ�VSHHGV�RI�����������DQG�����USP�ZHUH�HPSOR\HG�DW�WKH�SRO\PHUL]DWLRQ�WHPSHUDWXUH�RI���R&��7KH�V\QWKHVLV�SURGXFWV�RI� HDFK� EDWFK� ZHUH� PHDVXUHG� DQG� WKH� SHUFHQW� \LHOGV� IRXQG� ZHUH� ������� ������� DQG��������UHVSHFWLYHO\��7KH�HIIHFW�RI�VWLUULQJ�VSHHG�LQ�WKH�SDUWLFOH�VL]H�DQG�VL]H�GLVWULEXWLRQ�DUH�SUHVHQWHG�DQG�VKRZQ�LQ�7DEOH�����DQG�)LJXUH������7DEOH������(IIHFW�RI�VWLUULQJ�VSHHG�RQ�SDUWLFOH�VL]H�DQG�SDUWLFOH�VL]H�GLVWULEXWLRQ3DUWLFOH�VL]H��PP� 3URGXFW�ZHLJKW�GLVWULEXWLRQ����6WLUULQJ�VSHHG��USP���� ��� ������ � � �������� � ���� ������� ���� ���� �������� ����� ���� ������� ����� ����� ������������� ����� ����� ���������� � � �



��

)LJXUH�������(IIHFW�RI�VWLUULQJ�VSHHG�RQ�WKH�SDUWLFOH�VL]H�GLVWULEXWLRQ
)URP� � )LJXUH� ������ WKH� VWLUULQJ� VSHHGV� RI� ���� DQG����� USP�SURGXFH� WKH� EHDG�SDUWLFOH�ZLWK� WKH�PDMRULW\� VL]H� IDOOLQJ� DURXQG� ����PP�� ,Q� WKH� FDVH� RI� ���� USP� VWLUULQJ�VSHHG��WKH�VPDOOHU�SDUWLFOH�VL]H�RI�����PP�LV�PDLQO\�REWDLQHG�7KH� UHVXOWV� VKRZQ� LQ� )LJXUH� ����� LQGLFDWH� WKDW� WKH� SDUWLFOH� VL]H� LV� VWURQJO\�GHSHQGHQW�RQ�WKH�VWLUULQJ�VSHHG��WKH�KLJKHU�WKH�VWLUULQJ�VSHHG������USP���WKH�VPDOOHU�WKH�SDUWLFOH�VL]H��%DVLFDOO\��WKH�WZR�SKDVHV�V\VWHP�LQ�VXVSHQVLRQ�SRO\PHUL]DWLRQ�FDQQRW�EH�PDLQWDLQHG�ZLWKRXW�DJLWDWLRQ�ZKLFK�FRQWUROV�WKH�EDODQFH�EHWZHHQ�GURSOHW�EUHDNDJH�DQG�FRDOHVFHQFH��$W� KLJKHU� VWLUULQJ� VSHHG�� WKH�EDODQFH� LV� VKLIWHG� WRZDUGV� WKH� UDWH�RI�GURS�EUHDNDJH��UHVXOWLQJ�LQ�VPDOOHU�GURS�VL]H��$V�FDQ�EH�VHHQ�IURP�WKH�ILJXUH��DQ��LQFUHDVH��LQ�

��� ��� ��� ��� ��� ���������
����USP����USP����USP�������������������

ZHLJKW����

SDUWLFOH�VL]H��PLFURQ�

����USP
����USP
����USP



��
WKH� UDWH� RI� VWLUULQJ� VSHHG� WHQGHG� WR� SURGXFH� DQ� LQFUHDVH� LQ� WKH� SRSXODWLRQ� RI� ILQDO�SDUWLFOHV�ZLWK�VPDOOHU�VL]H��

������ (IIHFW� RI� 'LYLQ\OEHQ]HQH� &URVVOLQNHU� RQ� %HDG� 0RUSKRORJ\� DQG� 6XUIDFH�)XQFWLRQDOLW\,W� LV�ZHOO� XQGHUVWRRG� WKDW� WKH�SUHVHQFH�RI� FURVVOLQNLQJ� DJHQW� LV� UHVSRQVLEOH� IRU�WKH�VSKHULFDO�VKDSH�RI�EHDG�SDUWLFOH�ZLWK� WKH�JRRG�PHFKDQLFDO�SURSHUW\�� ,Q� WKLV�VWXG\��GLYLQ\OEHQ]HQH� �'9%�� ZDV� XVHG� DV� D� FURVVOLQNHU�� 7R� VWXG\� WKH� HIIHFW� RI� '9%�� RWKHU�V\QWKHVLV� SDUDPHWHUV� VXFK� DV�SRO\PHUL]DWLRQ� WLPH�DQG� WHPSHUDWXUH� DV�ZHOO� DV� VWLUULQJ�VSHHG� ZHUH� FRQWUROOHG�� $PRXQWV� RI� GLYLQ\OEHQ]HQH� ZDV� YDULHG� IURP� ������������ ZW���EDVHG� RQ� VW\UHQH�� 7KH V\QWKHVLV� SURGXFWV� RI� HDFK� EDWFK� ZHUH� PHDVXUHG� DQG� WKH�SHUFHQW�\LHOGV�IRXQG�ZHUH��������������DQG��������DW�'9%�FRQWHQW������������DQG������J�UHVSHFWLYHO\��7KH�HIIHFW�RI�'9%�RQ�SRO\PHU�SDUWLFOH�ZDV�VKRZQ�LQ�7DEOH�������DQG�)LJXUH������



��
7DEOH��������(IIHFW�RI�'9%�RQ�SDUWLFOH�VL]H�DQG�SDUWLFOH�VL]H�GLVWULEXWLRQ3URGXFW�ZHLJKW�GLVWULEXWLRQ����3DUWLFOH�VL]H��PP� '9%�FRQWHQW��J����� ���� ������� � � ����� ���� � ���� ���� ���� ������� ���� ����� �������� ����� ����� �������������� ����� ���� ������������� � � �

)LJXUH�������3DUWLFOH�VL]H�DQG�GLVWULEXWLRQ�DW�'9%�FRQWHQWV�RI�����������J�
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��
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7KH�XVH�RI�FHW\O�DOFRKRO�WHQGHG�WR�SURGXFH�ODUJH�SDUWLFOH�VL]H�ZLWK�WKH�PDMRULW\�RI�SRSXODWLRQ� IDOOLQJ� LQ� WKH� UDQJH� RI� ���� � �����PP�� �%URDGHU� VL]H�GLVWULEXWLRQ�ZDV� DOVR�REVHUYHG� ZKHQ� FRPSDUHG� ZLWK� WKH� FDVH� RI� ZLWKRXW� FHW\O� DOFRKRO� DGGLWLRQ�� � ,W� LV� ZHOO�GRFXPHQWHG� WKDW�� LQ� VXVSHQVLRQ� SRO\PHUL]DWLRQ�� VXVSHQGLQJ� DJHQW� VXFK� DV� 39$� LV� D�GRPLQDQW�IDFWRU�E\�SURYLGLQJ�WKH�SURWHFWLYH�OD\HU�UHVXOWLQJ�IURP�WKH�VXUIDFH�DGVRUSWLRQ��>��@� 7KH� VXVSHQGLQJ� DJHQW� PROHFXOHV� DGVRUEHG� E\� PRQRPHU� GURSOHWV� ORFDWH� DW� WKH�PRQRPHU�ZDWHU�LQWHUIDFH�ZKLFK�ZRXOG�JLYH�FRDOHVFHQFH�UHVLVWDQFH�WR�GURSOHWV����%DR�DQG�%URRNV�>��@�UHSRUWHG�WKDW�QRQLRQLF�VXUIDFWDQWV�ZKLFK�KDYH�PRUH�DIILQLW\�ZLWK�PRQRPHU� GURSOHW� WKDQ� 39$��ZRXOG� EH� DEVRUEHG� RQ� WKH�PRQRPHU�ZDWHU� LQWHUIDFH�EHWWHU� WKDQ� 39$�� DQG� D� SDUW� RI� LQWHUIDFH� RULJLQDOO\� RFFXSLHG� E\� 39$�PROHFXOHV�ZRXOG�EHFRPH� RFFXSLHG� E\� QRQLRQLF� VXUIDFWDQW� PROHFXOHV�� 7KXV�� WKH� SURWHFWLRQ� DELOLW\� RI�VXVSHQGLQJ� DJHQW� ZRXOG� GHFUHDVH� EHFDXVH� WKH� QRQLRQLF� VXUIDFWDQW� LV� ORZ� PROHFXODU�ZHLJKW�VXEVWDQFH�DQG�LWV�SURWHFWLRQ�DELOLW\�LV�OHVV�WKDQ�WKDW�RI�39$��7KH� VROXELOLW\� RI� FHW\O� DOFRKRO� LQ� VW\UHQH� GURSOHW� LV� EHWWHU� WKDQ� 39$�ZKLFK� LV� D�VXVSHQGLQJ� DJHQW� XVHG� LQ� WKLV� ZRUN�� 7KHUHIRUH�� LW� ZRXOG� EH� DGVRUEHG� IDVWHU� RQ� WKH�VW\UHQH�ZDWHU� LQWHUIDFH�� $V� D� UHVXOW�� WKH� FRDOHVFHQFH� UHVLVWDQFH� IURP� 39$� ZRXOG�GHFUHDVH�� OHDGLQJ�WR� ODUJH�SDUWLFOH�VL]H�IRUPHG�ZLWK�DQ�LQFUHDVH� LQ�WKH�DPRXQW�RI�FHW\O�
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)RU� IXUWKHU� H[SHULPHQW�� VXFK� DV� WKH� VWXG\� RI� DGVRUSWLRQ� LVRWKHUP� RI� SRO\PHU�EHDG�LQ�UHDFWLYH�G\HV��&7$%�ZDV�FKRVHQ�IRU�SUHSDUDWLRQ�RI�SRO\PHU�EHDG��,W�ZDV�XVHG�WR� UHGXFH� WKH� LQWHUIDFLDO� WHQVLRQ� EHWZHHQ� VW\UHQH� SKDVH� DQG� DTXHRXV� SKDVH� DQG� WR�FRQWURO�WKH�SDUWLFOH�VL]H�RI�SRO\PHU�EHDG�EHWWHU�WKDQ�FHW\O�DOFRKRO�
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7KH�V\QWKHWLF�SRO\PHU�EHDG�EHDULQJ�FDWLRQLF�JURXS�RQ�WKH�VXUIDFH�ZDV�GHVLJQHG�WR�EH�D�FRORU�DGVRUEHQW�IRU�DQLRQLF�G\HV�UHPRYDO�IURP�WH[WLOH�ZDVWHZDWHU��,Q�WKLV�VHFWLRQ��G\H� DGVRUSWLRQ� LVRWKHUP� LQYHVWLJDWLRQ� LQFOXGLQJ� /DQJPXLU� DQG� )UHXQGOLFK�PRGHOV�ZDV�FDUULHG�RXW��(IIHFWV�RI�SDUWLFOH�VL]HV�DQG�FRQWDFW�WLPH�ZHUH�DOVR�H[DPLQHG�



���
������'HWHUPLQDWLRQ�RI�&RQWDFW�7LPH�'\H� DGVRUSWLRQ� HTXLOLEULXP� H[SHULPHQWV� RI� WKUHH� UHDFWLYH� G\HV� �&�,�� 5HDFWLYH�%OXH� �����&�,�� 5HDFWLYH�5HG� ����� DQG�&�,�� 5HDFWLYH� \HOORZ� ����ZHUH�SHUIRUPHG� DW� WKH�URRP�WHPSHUDWXUH�DQG�DW���R&��7KH�FRQWDFW�WLPH�ZDV�GHWHUPLQHG�E\�PL[LQJ�RI�SRO\PHU�EHDGV�ZLWK�UHDFWLYH�G\H�VROXWLRQ�DQG�VKDNLQJ�DW�WKH�FRQVWDQW�WHPSHUDWXUH��0HDVXUHPHQW�RI�G\H�DGVRUSWLRQ�E\�89�9,6�VSHFWURSKRWRPHWHU�DW��������PLQXWHV�ZDV�FRQGXFWHG��7KH�UHODWLRQ� EHWZHHQ� WLPH� RI� DGVRUSWLRQ� DQG� UDWLR� RI� FRQFHQWUDWLRQ� RI� G\H� DW� WLPH� W� DQG�RULJLQDO�G\H�FRQFHQWUDWLRQ��&W ��&R��DUH�VKRZQ�LQ�7DEOHV�����������DQG�)LJXUHV ����������7DEOH� ����� (IIHFW� RI� FRQWDFW� WLPH� RQ� WKH� DGVRUSWLRQ� RI� &�,�� 5HDFWLYH� %OXH� ���� E\� WKH�SRO\PHU�EHDG�7LPH��PLQXWHV� &W ��&R3DUWLFOH�VL]H�RI�����PP 3DUWLFOH�VL]H�RI�����PP� ���� ������ ���� ������ ���� ������ ���� ������ ���� ������ ���� ������� ���� ����



���
7DEOH� ����� (IIHFW� RI� FRQWDFW� WLPH� RQ� WKH� DGVRUSWLRQ� RI� &�,�� 5HDFWLYH� 5HG� ���� E\� WKH�SRO\PHU�EHDG�7LPH��PLQXWHV� &W ��&R3DUWLFOH�VL]H�RI�����PP 3DUWLFOH�VL]H�RI�����PP� ���� ������ ���� ������ ���� ������ ���� ������ ���� ������ ���� ������� ���� ����
7DEOH� ����� (IIHFW� RI� FRQWDFW� WLPH� RQ� WKH� DGVRUSWLRQ� RI� &�,�� 5HDFWLYH� <HOORZ� ��� E\� WKH�SRO\PHU�EHDG�7LPH��PLQXWHV� &W ��&R3DUWLFOH�VL]H�RI�����PP 3DUWLFOH�VL]H�RI�����PP� ���� ������ ���� ������ ���� ������ ���� ����



���
7DEOH� ����� (IIHFW� RI� FRQWDFW� WLPH� RQ� WKH� DGVRUSWLRQ� RI� &�,�� 5HDFWLYH� <HOORZ� ��� E\� WKH�SRO\PHU�EHDG��FRQWLQXHG�7LPH��PLQXWHV� &W ��&R3DUWLFOH�VL]H�RI�����PP 3DUWLFOH�VL]H�RI�����PP�� ���� ������ ���� ������ ���� ������ ���� ������� ���� ����

)LJXUH� ����� � (IIHFW� RI� FRQWDFW� WLPH� RQ� WKH� DGVRUSWLRQ� RI� UHDFWLYH� EOXH� E\� WKH� SRO\PHU�EHDG�DW�WHPSHUDWXUH�RI���R&�
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)LJXUH�������(IIHFW�RI�FRQWDFW�WLPH�RQ�WKH�DGVRUSWLRQ�RI�UHDFWLYH�UHG�E\�WKH�SRO\PHU�EHDG�DW�WHPSHUDWXUH�RI���R&�

)LJXUH������ �(IIHFW�RI�FRQWDFW� WLPH�RQ�WKH�DGVRUSWLRQ�RI� UHDFWLYH�\HOORZ�E\� WKH�SRO\PHU�EHDG�DW�WHPSHUDWXUH�RI���R&�
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���
7KH� UHVXOWV� VKRZ� WKDW� WKH� G\H� DGVRUSWLRQ� UDWH� LV� KLJK� DW� WKH� LQLWLDO� SHULRG� RI�FRQWDFW�WLPH�WKDW�UHIOHFWV�WKH�VWURQJ�DWWUDFWLRQ�IRUFH�EHWZHHQ�DQLRQLF�G\H�PROHFXOH�DQG�FDWLRQLF� VXUIDFH� RI� WKH� SRO\PHU� EHDG�� 7KH� DGVRUSWLRQ� UHDFKHV� HTXLOLEULXP� UDWH� DW� WKH�FRQWDFW�WLPH�RI����PLQXWH��,Q�DGGLWLRQ��DQ�LQFUHDVH�LQ�DGVRUSWLRQ�ZLWK�GHFUHDVLQJ�SDUWLFOH�VL]H�VXJJHVWV�WKDW�DQLRQLF�G\HV�GLG�QRW�VHHP�WR�SHQHWUDWH�WKH�ZKROH�SDUWLFOH�EXW�UDWKHU�DGVRUE�RQ� WKH�VXUIDFH�RI� WKH�SRO\PHU�EHDG��7KHUHIRUH��DGVRUSWLRQ�SHUIRUPDQFH�ZRXOG�UHO\� RQ� WKH� VXUIDFH� DUHD�� WKH� KLJKHU� WKH� VXUIDFH� DUHD� �WKH� VPDOOHU� SDUWLFOH� VL]H��� WKH�KLJKHU�WKH�DGVRUSWLRQ�FDSDFLW\�

������$GVRUSWLRQ�,VRWKHUP
:KHQ�D�VROXWLRQ�LV�FRQWDFWHG�ZLWK�D�VROLG�DGVRUEHQW��WKH�PROHFXOH�RI�DGVRUEDWH�WUDQVIHU� IURP� WKH� IOXLG� WR� WKH� VROLG�XQWLO� WKH� FRQFHQWUDWLRQ�RI� DGVRUEDWH� LQ� VROXWLRQ� LV� LQ�HTXLOLEULXP�ZLWK�WKH�DGVRUEDWH�RQ�WKH�VROLG��7KH�HTXLOLEULXP GDWD�DW�D�JLYHQ�WHPSHUDWXUH�DUH�XVXDOO\�GHVFULEHG�E\�DQ�DGVRUSWLRQ�LVRWKHUP��ZKLFK�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�TXDQWLW\�DGVRUEHG�SHU�XQLW�PDVV�RI�VROLG�DQG�WKH�FRQFHQWUDWLRQ�RI�DGVRUEDWH�LQ�VROXWLRQ��7R�PHDVXUH� DQ� DGVRUSWLRQ� LVRWKHUP�� NQRZQ�TXDQWLWLHV RI� VROLG� DGVRUEHQW� DQG� VROXWLRQ�DUH�FRQWDFWHG�DW�FRQVWDQW�WHPSHUDWXUH�XQWLO�WKH�VROXWLRQ�GRHV�QRW�FKDQJH�LQ�FRPSRVLWLRQ�ZLWK�WLPH��7KH�DGVRUSWLRQ�LVRWKHUP�FDQ�EH�FDOFXODWHG�IURP�WKH�PHDVXUHG�FRQFHQWUDWLRQV�RI�DGVRUEDWH�LQ�VROXWLRQ�DW�WKH�VWDUW�DQG�DW�HTXLOLEULXP��



���
$�UHDFWLYH�G\H�VROXWLRQ�RI�NQRZQ�FRQFHQWUDWLRQ�&R ZDV�DGGHG�WR�WKH�FRQWDLQHU�RI�SRO\PHU�EHDG��ZKLFK�ZDV��FRQWLQXRXVO\�VKDNHQ�WR�DOORZ�WKH�DGVRUSWLRQ�HTXLOLEULXP��7KH�DPRXQW�RI�DGVRUEHG�G\H��TH��ZDV�FDOFXODWHG�XVLQJ�WKH�HTXDWLRQ�RI�TH� ��&R�&H��9 ��:�ZKHUH�&R �LQLWLDO�G\H�FRQFHQWUDWLRQ��&H  �HTXLOLEULXP�FRQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ��9�LV�YROXPH�RI�G\H�VROXWLRQ�DQG�:�LV�WKH�ZHLJKW�RI�SRO\PHU�EHDG�
7KH�LQLWLDO�G\H�FRQFHQWUDWLRQ��&R��ZDV�DERXW����������PJ�O��7KH�SRO\PHU�EHDGV�ZLWK� WKH� SDUWLFOH� VL]HV� UDQJLQJ� IURP� ��������PP� ZHUH� HPSOR\HG� DQG� WKH� DGVRUSWLRQ�H[SHULPHQW�ZDV�FDUULHG�RXW�DW� WKH�URRP�WHPSHUDWXUH�DQG�WKH�WHPSHUDWXUH�RI���R&��7KH�W\SLFDO� DGVRUSWLRQ� LVRWKHUPV� RI� SRO\PHU� EHDG� IRU� WKUHH� UHDFWLYH� G\HV� DUH� VKRZQ� LQ�)LJXUHV�����������DQG�H[SHULPHQWDO�GDWD�LQ�$SSHQGL[�&�DQG�'�
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)LJXUH� ����� (TXLOLEULXP� DGVRUSWLRQ� LVRWKHUPV� RI� UHDFWLYH� EOXH� RQ� SRO\PHU� EHDG� DW�SDUWLFOH�RI�����PP��D��DW�URRP�WHPSHUDWXUH ��E��DW�WHPSHUDWXUH�RI���R&
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)LJXUH������(TXLOLEULXP�DGVRUSWLRQ�LVRWKHUPV�RI�UHDFWLYH�UHG�RQ�SRO\PHU�EHDG�DW�SDUWLFOH�RI�����PP��D��DW�URRP�WHPSHUDWXUH ��E��DW�WHPSHUDWXUH�RI���R&
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)LJXUH������(TXLOLEULXP�DGVRUSWLRQ�LVRWKHUPV�RI�UHDFWLYH�UHG�RQ�SRO\PHU�EHDG�DW�SDUWLFOH�RI�����PP��D��DW�URRP�WHPSHUDWXUH ��E��DW�WHPSHUDWXUH�RI���R&
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���
7KH� DGVRUSWLRQ� RI� UHDFWLYH� G\H� RQ� SRO\PHU� EHDGV� ZDV� GXH� WR� WKH� LRQLF�LQWHUDFWLRQ�EHWZHHQ�WKH�QHJDWLYH�FKDUJH�RQ�G\HVWXII�DQG�WKH�SRVLWLYH�FKDUJH�RQ�SRO\PHU�EHDG�� 7KH� UHVXOWV� REWDLQHG� VKRZ� WKDW� WKH� DGVRUSWLRQ� LVRWKHUP� KDG� D� VKDSH�FRUUHVSRQGLQJ� WR� WKH� FODVVLILFDWLRQ� E\�*OLOHV� HW�DO��� >��@� 7KH�G\H� DGVRUSWLRQ� LV� KLJK� DW�LQLWLDO�DQG�WKHQ�OHYHO�RII��7KLV�UHSUHVHQWV�D�PRQROD\HU�DGVRUSWLRQ�RI�UHDFWLYH�G\HV��ZKLFK�LV�IRXQG�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�UHSRUW�RI�.LSOLQJ��>��@

��������(IIHFW�RI�3DUWLFOH�6L]H�RQ�$GVRUSWLRQ�,VRWKHUP&RQFHUQLQJ�WKH�DGVRUSWLRQ��WKH�SDUWLFOH�VXUIDFH�DUHD�SOD\V�D�GRPLQDQW�UROH�LQ�WKH�DGVRUSWLRQ� FDSDFLW\�� 7KHUHIRUH�� WKH� HIIHFW� RI� SDUWLFOH� VL]H� RQ� DGVRUSWLRQ� LVRWKHUP�ZDV�LQYHVWLJDWHG��3RO\PHU�EHDGV�RI�WKUHH�SDUWLFOH�VL]HV������������DQG�����PP��ZHUH�XVHG�WR� VWXG\� WKH� DGVRUSWLRQ� LVRWKHUP� RI� WKUHH� UHDFWLYH� G\HV� �EOXH�� UHG�� DQG� \HOORZ��� 7KH�LQIOXHQFH�RI�SDUWLFOH�VL]H� UHSUHVHQWHG�E\� WKH�&H96�TH FXUYH� LV�JUDSKLFDOO\� LOOXVWUDWHG� LQ�)LJXUHV�����������



���

)LJXUH�������(IIHFW�RI�SDUWLFOH�VL]H�RQ�WKH�HTXLOLEULXP�DGVRUSWLRQ�LVRWKHUP�RI�UHDFWLYH�EOXH�DW�URRP�WHPSHUDWXUH�

)LJXUH�������(IIHFW�RI�SDUWLFOH�VL]H�RQ�WKH�HTXLOLEULXP�DGVRUSWLRQ�LVRWKHUP�RI�UHDFWLYH�EOXH�DW��WHPSHUDWXUH�RI���R&�
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)LJXUH�������(IIHFW�RI�SDUWLFOH�VL]H�RQ�WKH�HTXLOLEULXP�DGVRUSWLRQ�LVRWKHUP�RI�UHDFWLYH�UHG�DW�URRP�WHPSHUDWXUH�

)LJXUH�������(IIHFW�RI�SDUWLFOH�VL]H�RQ�WKH�HTXLOLEULXP�DGVRUSWLRQ�LVRWKHUP�RI�UHDFWLYH�UHG�DW��WHPSHUDWXUH�RI���R&�
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)LJXUH� ����� � (IIHFW� RI SDUWLFOH� VL]H� RQ� WKH� HTXLOLEULXP� DGVRUSWLRQ� LVRWKHUP� RI� UHDFWLYH�\HOORZ�DW�URRP�WHPSHUDWXUH�

)LJXUH� ����� (IIHFW� RI� SDUWLFOH� VL]H� RQ� WKH� HTXLOLEULXP� DGVRUSWLRQ� LVRWKHUP� RI� UHDFWLYH�\HOORZ�DW��WHPSHUDWXUH�RI���R&�
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���
$V�FDQ�EH�VHHQ��WKH�DGVRUSWLRQ�FDSDFLW\ RI�WKH�WKUHH�UHDFWLYH�G\HV�LV�UHODWHG�WR�WKH�SDUWLFOH�VL]H�RI�WKH�SRO\PHU�EHDG��WKH�VPDOOHU�WKH�SDUWLFOH�VL]H��WKH�KLJKHU�WKH�DGVRUE�FDSDFLW\��7KH�UHVXOWV�LQGLFDWH�WKDW�WRWDO�VXUIDFH�DUHD�JRYHUQV�WKH�DPRXQW�RI�G\H�XSWDNH��

��������(IIHFW�RI�7HPSHUDWXUH RQ�$GVRUSWLRQ�,VRWKHUP
7KH� HIIHFW� RI� DGVRUSWLRQ� WHPSHUDWXUH�RQ� DGVRUSWLRQ� LVRWKHUP�ZDV� LQYHVWLJDWHG��)LJXUHV� ���������� DQG� $SSHQGL[� (� VKRZ� WKH� DGVRUSWLRQ� LVRWKHUP� IRU� EOXH�� UHG�� DQG�\HOORZ� G\HV� DW� D� FRQVWDQW� WHPSHUDWXUH� �URRP� WHPSHUDWXUH� DQG� ��R&��� ZKLFK DUH� WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�DPRXQW�RI�G\H�DGVRUEHG�SHU�XQLW�PDVV�RI�DGVRUEHQW��TH��DQG�UHVLGXH� G\H� FRQFHQWUDWLRQ� �&H��� 7KH� W\SLFDO� VKDSH� RI� WKH� LVRWKHUPV� LQGLFDWHV� WKH�IRUPDWLRQ�RI�D�PRQROD\HU�RQ�WKH�SRO\PHU�EHDG�VXUIDFH�ZKLFK�H[KLELWV�D�VWHHS�VORSH DW�WKH�ORZ�FRQFHQWUDWLRQ�UDQJH��>��@
,Q�DOO�FDVHV�RI�VWXGLHG�G\HV��LW�FRXOG�EH�VDLG�WKDW�DGVRUSWLRQ�WHPSHUDWXUH�SOD\HG�DQ�LQGLIIHUHQW�UROH�LQ�FRQWUROOLQJ�WKH�G\H�DGVRUSWLRQ��,W�LV��WKHUHIRUH��GLIILFXOW�WR�FODLP�WKDW�WKH� DGVRUSWLRQ� SKHQRPHQRQ� ZDV� H[RWKHUPLF� RU� HQGRWKHUPLF� PHFKDQLVP� �HJ�� ,Q� WKH�FDVH� RI� HQGRWKHUPLF�� DGVRUSWLRQ� LQFUHDVHV� ZLWK� WKH� LQFUHDVHG� WHPSHUDWXUH��� ,W� ZDV�OLNHOLKRRG� WR� REVHUYH� WKH� WHQGHQF\� LQ� WKH� LQFUHDVHG� G\H� VRUSWLRQ� ZLWK� WKH� ULVH� LQ� WKH�WHPSHUDWXUH�� � ,W� ZDV� DOVR� SUREDEOH� WKDW� WKH� ELQGLQJ� IRUFH� EHWZHHQ� � FDWLRQLF� � FKDUJH��VXUIDFH��DQG��WKH�DQLRQLF�G\H�PROHFXOHV�ZHUH�YHU\��VWURQJ��GXH��WR��WKHLU��KLJK��PROHFXODU���



���
ZHLJKW�ZLWK�D�QXPEHU�RI�VXOSKRQDWH�JURXSV��&RQVHTXHQWO\��WKH�HIIHFW�RI�WHPSHUDWXUH�RQ�G\H�DGVRUSWLRQ�SHUIRUPDQFH�VHHPHG�WR�EH QHJOLJLEOH��

)LJXUH� ����� � (IIHFW� RI� WHPSHUDWXUH� RQ� WKH� HTXLOLEULXP� DGVRUSWLRQ� LVRWKHUP� RI� UHDFWLYH�EOXH�RQ�SRO\PHU�EHDG�DW�SDUWLFOH�VL]H�RI�����PP��

)LJXUH�������(IIHFW�RI�WHPSHUDWXUH�RQ�WKH�HTXLOLEULXP�DGVRUSWLRQ�LVRWKHUP�RI�UHDFWLYH�UHG�RQ�SRO\PHU�EHDG�DW�SDUWLFOH�VL]H�RI�����PP���
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)LJXUH� ����� � (IIHFW� RI� WHPSHUDWXUH� RQ� WKH� HTXLOLEULXP� DGVRUSWLRQ� LVRWKHUP� RI� UHDFWLYH�\HOORZ�RQ�SRO\PHU�EHDG�DW�SDUWLFOH�VL]H�RI�����PP��
������$QDO\VLV�RI�$GVRUSWLRQ�,VRWKHUP
7KH�)UHXQGOLFK�DQG�/DQJPXLU�LVRWKHUPV�RI�WKH�DGVRUEHG�G\HV�ZHUH�LQYHVWLJDWHG�DV�IROORZV��

��������$QDO\VLV�7KURXJK�)UHXQGOLFK�,VRWKHUP
)UHXQGOLFK�,VRWKHUP�ZDV�XWLOL]HG�LQ�DQDO\]LQJ�WKH�DGVRUSWLRQ�RI�UHDFWLYH�G\HV�RQ�SRO\PHU�EHDG��7KH�)UHXQGOLFK�HTXDWLRQ�IRU�D�OLQHDU�SORW�LV�H[SUHVVHG�DV�

ORJ�TH  �ORJ�N����� ��Q�ORJ�&H
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ZKHUH�TH  ��&R�&H��Y��:��� &R DQG�&H DUH�WKH�LQLWLDO�DQG�HTXLOLEULXP�FRQFHQWUDWLRQ�RI�G\H�LQ� VROXWLRQ�� UHVSHFWLYHO\� �PJ�O��� TH LV� WKH� PLOOLJUDP� RI� DGVRUEHG� G\H� SHU� JUDP� RI�DGVRUEHQW� �PJ�J��� Y� LV� WKH� YROXPH�RI�G\H�VROXWLRQ� �PO���:� LV� WKH� DPRXQW� RI� DGVRUEHQW�UHTXLUHG�WR�DGVRUEHG�G\H��J���7KH�Q�YDOXHV�FDOFXODWH�IURP�WKH�VORSH�RI�)UHXQGOLFK�SORW�

)LJXUHV�����������DQG�$SSHQGL[�)�VKRZ�WKH�LVRWKHUPV�RI�WKUHH�UHDFWLYH�G\HV�RQ��������� PP� RI SRO\PHU� EHDG� DW� URRP� WHPSHUDWXUH� DQG� DW� ��R&�� 7DEOHV� ����������VXPPDUL]HV�WKH�OLQHDU�HTXDWLRQ�DQG�)UHXQGOLFK�FRQVWDQWV�REWDLQHG�IURP�WKH�SORWV�VKRZQ�LQ�)LJXUHV�����������DQG�$SSHQGL[�)��,Q�DOO�FDVHV��Q�YDOXH�DUH�DERYH����+RZHYHU��WKH�5�
IURP�WKH�OLQHDU�HTXDWLRQ�ZHUH�TXLWH� ORZ��HVSHFLDOO\� LQ�UHDFWLYH�UHG��ZKLFK�LQGLFDWHV�WKDW�WKH�LVRWKHUPV�ZHUH�QRW�ILWWHG�ZHOO�ZLWK�)UHXQGOLFK�LVRWKHUP�
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)LJXUH�������)UHXQGOLFK�SORWV�IRU�WKH�DGVRUSWLRQ�RI�UHDFWLYH�EOXH�RQ�EHDG�����PP��D��DW�URRP�WHPSHUDWXUH �E��DW���R&
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)LJXUH��������)UHXQGOLFK�SORWV�IRU�WKH�DGVRUSWLRQ�RI�UHDFWLYH�UHG�RQ�EHDG�����PP��D��DW�URRP�WHPSHUDWXUH �E��DW���R&
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7DEOH��������/LQHDU�HTXDWLRQ�IURP�)UHXQGOLFK�SORWV7\SH�RI�G\HV 3DUWLFOH�VL]H��PP� &RQGLWLRQ /LQHDU�HTXDWLRQ 5�

%OXH ��� URRP�WHPSHUDWXUH \ ��������[��������� ��������R& \ ��������[��������� ��������� URRP�WHPSHUDWXUH \ ��������[��������� ��������R& \ ��������[��������� ��������� URRP�WHPSHUDWXUH \ ��������[��������� ��������R& \ ��������[��������� ������5HG ��� URRP�WHPSHUDWXUH \ ��������[��������� ��������R& \ �������[��������� ��������� URRP�WHPSHUDWXUH \ ��������[��������� ��������R& \ ��������[��������� ��������� URRP�WHPSHUDWXUH \ ��������[��������� ��������R& \ ��������[��������� ������<HOORZ ��� URRP�WHPSHUDWXUH \ ��������[��������� ��������R& \ ��������[��������� ��������� URRP�WHPSHUDWXUH \ ��������[��������� ��������R& \ ��������[��������� ��������� URRP�WHPSHUDWXUH \ ��������[��������� ��������R& \ ��������[��������� ������
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7DEOH��������/LQHDU�HTXDWLRQ�IURP�)UHXQGOLFK�SORWV7\SH�RI� 3DUWLFOH�VL]H� &RQGLWLRQ )UHXQGOLFK�FRQVWDQWG\HV �PP� ��Q Q%OXH ��� URRP�WHPSHUDWXUH ������ ������R& ������ ������� URRP�WHPSHUDWXUH ������ ������R& ������ ������� URRP�WHPSHUDWXUH ������ ������R& ������ ����5HG ��� URRP�WHPSHUDWXUH ������ ������R& ������ ������� URRP�WHPSHUDWXUH ������ �������R& ������ �������� URRP�WHPSHUDWXUH ������ ������R& ������ �����<HOORZ ��� URRP�WHPSHUDWXUH ������ ������R& ������ ������� URRP�WHPSHUDWXUH ������ ������R& ������ ������� URRP�WHPSHUDWXUH ������ ������R& ������ ����



���
��������$QDO\VLV�7KURXJK�/DQJPXLU�,VRWKHUP7KH�OLQHDU�UHSUHVHQWDWLRQ�RI�WKH�/DQJPXLU�LVRWKHUP�FDQ�EH�H[SUHVVHG�DV�

&H ��TH  ���4RE� ���&H�4R

$�SORW�RI�&H ��TH YHUVXV�&H VKRXOG�\LHOG�D�VWUDLJKW� OLQH�KDYLQJ�D�VORSH���4R��7KH�/DQJPXLU�DGVRUSWLRQ�LVRWKHUPV�DUH�VKRZQ�LQ�)LJXUHV�������������7KH�OLQHDU�HTXDWLRQ�DQG�/DQJPXLU� FRQVWDQW� DUH� VKRZQ� LQ� 7DEOHV� ����������� 8WLOL]LQJ� WKH� /DQJPXLU� LVRWKHUP WR�DQDO\]H� WKH�HTXLOLEULXP� LVRWKHUPV�RI� WKH� WKUHH� UHDFWLYH�G\HV�JDYH� WKH� OLQHDU�SORWV��7KH�YDOXH� RI� 4R UHSUHVHQWV� WKH�PD[LPXP� DGVRUSWLRQ� FDSDFLW\� RI� WKH� SRO\PHU� EHDG� WR� WKH�UHDFWLYH� G\HV�� 7KH� PD[LPXP� DGVRUSWLRQ� FDSDFLWLHV� ZHUH� LQ� WKH� UDQJH� RI� �����������PJ�J�� ����������� PJ�J�� DQG� ����������� PJ�J� IRU� UHDFWLYH� EOXH�� UHG�� DQG� \HOORZ��UHVSHFWLYHO\��7KHUHIRUH��WKH�UHDFWLYH�\HOORZ�KDG�WKH�KLJKHVW�DGVRUSWLRQ�FDSDFLW\�DQG�WKH�ORZHVW�ZDV�UHDFWLYH�UHG��)URP�4R�� WKH� VPDOO� VL]H� RI� WKH� SRO\PHU� EHDG� LQFUHDVHG� DGVRUSWLRQ� RI� UHDFWLYH�G\HV��7KLV�ZDV�GXH�WR�WKH�VPDOO�VL]H�RI�SDUWLFOHV�KDYH�KLJKHU�VXUIDFH�DUHD�WKDQ�WKH�ODUJH�VL]HV� 7KH�HIIHFW� RI� WHPSHUDWXUH�RQ� WKH�PD[LPXP�DGVRUSWLRQ�FDSDFLW\�RI� WKH�SRO\PHU�EHDG� IRU� WKHVH� UHDFWLYH� G\HV� VKRZHG� WKDW� 4R WHQG� WR� LQFUHDVH� ZLWK� LQFUHDVLQJ�WHPSHUDWXUH��7KLV�PD\�EH�EHFDXVH�WKH�PRELOLW\�RI�G\H�LQFUHDVHV�ZLWK�WHPSHUDWXUH��>��@
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7KH�PD[LPXP�DGVRUSWLRQ�FDSDFLW\�ZDV�UHODWHG�WR�WKH�VWUXFWXUH�RI�SRO\PHU�EHDG��7KH�EHDG�FRQVLVWV�RI� WKH� LQQHU�FRUH�DQG�RXWHU�VKHOO��7KH� LQQHU�FRUH� LV�SRO\VW\UHQH�WKDW�GRHV�QRW�WKH�IXQFWLRQDO�JURXS�WR�DGVRUE�WKH�PROHFXOH�RI�G\H��7KH�RXWHU�VKHOO�KDV�VRPH�IXQFWLRQDO�JURXS�RI�30$37$&�WKDW�FDQ�DGVRUE�WKH�UHDFWLYH�G\HV��)URP�WKLV�VWUXFWXUH�� LW�LQGXFHG�WKH�TXLWH�ORZ�RI�PD[LPXP�DGVRUSWLRQ�FDSDFLW\�)URP� OLQHDU� HTXDWLRQ�� 5� LQGLFDWH� WKH� OLQHDU� UHODWLRQVKLS� EHWZHHQ� [� DQG� \���,Q�/DQJPXLU�LVRWKHUP��WKH�YDOXH�RI�5� LV�TXLWH�KLJK��LQGLFDWLQJ�D�VWURQJ�OLQHDU�UHODWLRQVKLS��7KLV�LPSOLHV�WKDW�WKH�DGVRUSWLRQ�LVRWKHUPV�RI�UHDFWLYH�G\HV�DUH�ILWWHG�ZHOO�E\�D�/DQJPXLU�LVRWKHUP�WKDQ�E\�D�)UHXQGOLFK�LVRWKHUP�
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7DEOH������ /LQHDU�HTXDWLRQ�IURP�/DQJPXLU�SORWV7\SH�RI�G\HV 3DUWLFOH�VL]H��PP� &RQGLWLRQ /LQHDU�HTXDWLRQ 5�

%OXH ��� URRP�WHPSHUDWXUH \ ��������[���������� ��������R& \ ��������[��������� ��������� URRP�WHPSHUDWXUH \ ��������[���������� ��������R& \ ��������[��������� ��������� URRP�WHPSHUDWXUH \ ��������[���������� ��������R& \ ��������[���������� ������5HG ��� URRP�WHPSHUDWXUH \ ��������[���������� ��������R& \ ��������[���������� ��������� URRP�WHPSHUDWXUH \ ��������[���������� ��������R& \ ��������[��������� ��������� URRP�WHPSHUDWXUH \ ��������[���������� ��������R& \ ��������[���������� ������<HOORZ ��� URRP�WHPSHUDWXUH \ ��������[��������� ��������R& \ ��������[��������� ��������� URRP�WHPSHUDWXUH \ ��������[�� ������� ��������R& \ ��������[���������� ��������� URRP�WHPSHUDWXUH \ ��������[���������� ��������R& \ ��������[���������� ������



���
7DEOH��������/LQHDU�HTXDWLRQ�IURP�/DQJPXLU�SORWV7\SH�RI� 3DUWLFOH�VL]H� &RQGLWLRQ /DQJPXLU�FRQVWDQWG\HV �PP� ��4R 4R%OXH ��� URRP�WHPSHUDWXUH ������ �������R& ������ �������� URRP�WHPSHUDWXUH ������ ������R& ������ ������� URRP�WHPSHUDWXUH ������ ������R& ������ ����5HG ��� URRP�WHPSHUDWXUH ������ �������R& ������ �������� URRP�WHPSHUDWXUH ������ ������R& ������ ������� URRP�WHPSHUDWXUH ������ ������R& ������ ����<HOORZ ��� URRP�WHPSHUDWXUH ������ �������R& ������ �������� URRP�WHPSHUDWXUH ������ �������R& ������ �������� URRP�WHPSHUDWXUH ������ ������R& ������ �����



&+$37(5�9
&21&/86,216

7KLV� H[SHULPHQW� FRQFHUQHG�ZLWK� WKH� SUHSDUDWLRQ� RI� SRO\VW\UHQH� EHDGV EHDULQJ�FDWLRQLF�VXUIDFH�FKDUJH��7KH�EHDG�V\QWKHVLV�ZDV�FRQGXFWHG�XVLQJ�RQH�SRW VXVSHQVLRQ�SRO\PHUL]DWLRQ� RI� VW\UHQH� DQG� GLYLQ\OEHQ]HQH� LQ� WKH� SUHVHQFH� RI� FDWLRQLF IXQFWLRQDO�PRQRPHU��0$37$&��7ZR� LQLWLDWRUV��.�6�2� �ZDWHU� VROXEOH� DQG�$,%1 �RLO� VROXEOH� ZHUHHPSOR\HG LQ�RUGHU WR DFKLHYH WKH ILQDO EHDG SDUWLFOH FRQWDLQLQJ VXUIDFH�FKDUJHG��6HYHUDO�V\QWKHVLV SDUDPHWHUV DIIHFWLQJ�EHDG�IRUPDWLRQ ZHUH VXPPDUL]HG DV�IROORZV��� 3RO\PHUL]DWLRQ WLPH�RI 0$37$& �FDUULHG RXW�DW WKH ILUVW VWDJH� ZDV�QRW�IRXQG�WRDIIHFW WKH SDUWLFOH VL]H�� 7KLV�ZDV DWWULEXWHG� WR� WKH� LQVLJQLILFDQW GLIIHUHQFH RI�30$37$&FKDLQ� OHQJWK ZLWK� YDULRXV SRO\PHUL]DWLRQ� WLPH RI�0$37$&� 3RO\PHUL]DWLRQ WLPH FDUULHG�RXW�LQ WKH VHFRQG VWDJH �EHWZHHQ 30$37$& UDGLFDO��VW\UHQH��DQG�'9%� ZDV DOVR IRXQGKDYLQJ DQ HIIHFW�RQ�WKH�ILQDO EHDG�VL]H��� 7KH�LQFUHDVH LQ WKH SRO\PHUL]DWLRQ�WHPSHUDWXUH UHVXOWHG�LQ�DQ�LQFUHDVH LQ�WKH�SDUWLFOH VL]H RI� WKH� SRO\PHU� EHDGV GXH� WR� WKH� FRDOHVFHQFH� RI� VW\UHQH�'9%� GURSOHWV��IDVWHU� SRO\PHUL]DWLRQ� UDWH� EHWZHHQ� 30$37$&� UDGLFDO�� VW\UHQH�� DQG� '9%�� DQG� WKH�LQFUHDVH�LQ�WKH�DJJORPHUDWH�RI�RXWHU�OD\HU��� $Q� LQFUHDVH LQ� WKH� VWLUULQJ� VSHHG WHQGHG� WR� SURGXFH SRO\PHU EHDGV ZLWKVPDOOHU VL]H GXH�WR WKH EUHDNDJH�RI PRQRPHU�GURSOHWV�



���
�� $Q�LQFUHDVH�LQ�WKH FRQWHQW�RI�'9%�GLG QRW�FKDQJH WKH�ILQDO SDUWLFOH�VL]H EXW�WKHVXUIDFH LUUHJXODULW\ DQG VXUIDFH IXQFWLRQDOLW\ GHFUHDVHG�ZLWK LQFUHDVLQJ '9% FRQWHQW���� ,Q WKH� FDVH RI� FHW\O� DOFRKRO �QRQLRQLF VXUIDFWDQW� �� WKH� KLJK DPRXQW XVHGWHQGHG�WR SURGXFH ODUJH SDUWLFOH VL]H GXH�WR WKH IDFW�WKDW WKH�FRDOHVFHQFH RI�PRQRPHUGURSOHWV URVH��� ,Q�WKH�FDVH RI�UHSODFHPHQW RI�FHW\O DOFRKRO�ZLWK D�FDWLRQLF VXUIDFWDQW �&7$%��WKH�SDUWLFOH VL]H REWDLQHG�XVLQJ�&7$% ZDV�VPDOOHU� WKDQ� WKDW�RI�FHW\O�DOFRKRO XQGHU WKHVDPH�FRQGLWLRQ�GXH�WR WKH�HOHFWURVWDWLF�HIIHFW RI WKH�TXDWHUQDU\ DPPRQLXP�JURXSV RI�WKHVXUIDFWDQW� 0RUHRYHU��WKH XVH�RI FDWLRQLF VXUIDFWDQW ZLWK WKH FHUWDLQ�FRQFHQWUDWLRQ UDQJHFRXOG SURGXFH WKH�ILQDO SDUWLFOHV ZLWK GHVLUDEOH EHDG�VL]H���� )LQDOO\� WKH�G\H� DGVRUSWLRQ VWXG\ RI WKH SUHSDUHG EHDGV ZDV� FDUULHG� RXW WRHYDOXDWH� LWV� SHUIRUPDQFH DV DQ� LRQ� H[FKDQJH� 7KH� UHVXOWV VKRZHG� WKDW DGVRUSWLRQ�PHFKDQLVP� LQYROYHG� WKH�RSSRVLWH�FKDUJH� LQWHUDFWLRQ�EHWZHHQ� WKH�EHDG�FDWLRQLF�JURXS�DQG� WKH� G\H� DQLRQLF� JURXS�� 7KH� DGVRUSWLRQ� FDSDFLW\� RI� SRO\PHU� EHDGV ZLWK� UHDFWLYH�G\HV�ZDV GHSHQGHG�RQ�WKH�SDUWLFOH�VL]H� 7KH�DGVRUSWLRQ�GDWD ZDV ILW ZLWK WKH�/DQJPXLU�DGVRUSWLRQ�LVRWKHUP�ZKHQ�FRPSDUHG ZLWK D�)UHXQGOLFK�DGVRUSWLRQ�LVRWKHUP�



���

5HFRPPHQGDWLRQV�IRU�IXWXUH�ZRUN��� 3RO\PHU� EHDGV RI� 30$37$&� VKRXOG� EH� V\QWKHVL]HG E\ VXVSHQVLRQ�SRO\PHUL]DWLRQ�XVLQJ ZDWHU�LQ�RLO�FRQGLWLRQ����7R�LPSURYH�WKH�FKDUDFWHULVWLF RI ILQDO EHDG�SDUWLFOH��WKH�FRPRQRPHU�VKRXOG�EH�PRUH�K\GURSKLOLF�WKDQ�VW\UHQH���� $GVRUSWLRQ� FDSDFLW\� RI� RWKHU� G\HV� VXFK� DV DFLG� G\HV DQG GLVSHUVH� G\HV�VKRXOG�EH�LQYHVWLJDWHG�



5()(5(1&(6
��� 1HPHURZ�� 1�� /�� � 7UHDWPHQW� RI� 7H[WLOH� :DVWHV� ,QGXVWULDO� :DWHU� 3ROOXWLRQ� �� 2ULJLQV��&KDUDFWHULVWLFV�DQG�7UHDWPHQW� 1HZ�<RUN��$GGLVRQ�:HVOH\����������&KDQGUDQ��&�%���6LQJK��'���DQG�1LJDP��3��5HPHGDWLRQ�RI�7H[WLOH�(IIXHQW�8VLQJ�$JULFXOWXUDO�5HVLGXHV��$SSO�%LRFKHP�%LRWHFK� ����������������������� 5RELQVRQ�7��� &KDQGUDQ�%��� DQG� 1LJDP�� 3�� (IIHFW� RI� 3UHWUHDWPHQWV� RI� 7KUHH� :DVWH�5HVLGXHV�� :KHDW� 6WUDZ�� &RUQFREV DQG� %DUOH\� +XVNV� RQ� '\H� $GVRUSWLRQ���%LRUHVRXUFH�7HFKQRO� ����������������������/RZ��.�6���/HH��&��.���DQG�7DQ��%�)��4XDWHUQL]HG�:RRG�DV�6RUEHQW�IRU�5HDFWLYH�'\H��$SSO�%LRFKHP�%LRWHFK� ����������������������*UDKDP��1���&KHQ�� ;�*��� DQG� -D\DVHHODQ�� 6�� 7KH�3RWHQWLDO� $SSOLFDWLRQ� RI� $FWLYDWHG�&DUERQ�IURP�6HZDJH�6OXGJH�WR�2UJDQLF�'\HV�5HPRYDO��:DWHU�6FL�7HFKQRO� ����������������������/HH��&��.���/RZ��.��6���DQG�&KRZ��6��:��&KURPH�6OXGJH�DV�DQ�$GVRUEHQW�IRU�&RORXU�5HPRYDO��(QYLURQ�7HFKQRO� ������������������������ 1LFROHW�� /��� DQG� 5RWW�� 8�� 5HFLUFXODWLRQ� RI� 3RZGHUHG� $FWLYDWHG� &DUERQ� IRU� WKH�$GVRUSWLRQ� RI� '\HV� LQ� 0XQLFLSDO� :DVWHZDWHU� 7UHDWPHQW� 3ODQWV�� :DWHU� 6FL�7HFKQRO� �������������������



���
���&KX�:��'\H�5HPRYDO�IURP�7H[WLOH�'\H�:DVWHZDWHU�8VLQJ�5HF\FOHG�$OXP�6OXGJH��:DWHU�5HV� ������������������������ &RXWLQKR�� )�0�%��� DQG� :LPD�&�7�� � 7KH� ,QIOXHQFH� RI� 'LOXHQWV� RQ� WKH� )RUPDWLRQ� RI�3RURXV� 6WUXFWXUH� LQ� ,RQ� ([FKDQJH� 5HVLQV� %DVHG� RQ� ��9LQ\OS\ULGLQH� DQG�'LYLQ\OEHQ]HQH���(XU 3RO\P�-�� ������������� ������������� 3DWHUVRQ��5��$Q�,QWURGXFWLRQ�WR�,RQ�([FKDQJH� *UHDW�%ULWDLQ��+H\GHQ�	�6RQ��������� ,EUDKLP��1��$���+DVKHP��$���DQG�$ERX�6KRVKD�0��+��$PLQDWLRQ�RI�:RRG�6DZGXVW IRU�5HPRYLQJ�$QLRQLF�'\HV�IURP�$TXHRXV�6ROXWLRQV��3RO\�3ODVW�7HFKQRO� �����������������������<X��3��/���'XQQ��1��:���DQG�.LP��:��6��/DFWDWH�5HPRYDO�E\�$QLRQLF�([FKDQJH�5HVLQ�,PSURYH�1LVLQ�3URGXFWLRQ�E\�/DFWRFRFFXV�/DFWLV��%LRWHFKQRO� �������������������� 6LPRQ��*��3��,RQ�([FKDQJH�7UDLQLQJ 0DQXDO� 1HZ�<RUN��9DQ�1RVWUDQG�5XLQKROG������������� 0RXVWDID�� $�%�� DQG� )DL]DOOD�� $�� � 6\QWKHVLV� DQG� &KDUDFWHUL]DWLRQ� RI� +LJKO\� 3RURXV�3RO\�PHWKDFU\OLF�FR�WULHWK\OHQH� JO\FRO� GLPHWKDFU\ODWH�� E\� 6XVSHQVLRQ�3RO\PHUL]DWLRQ��- $SSO�3RO\�6FL� �� ��������������������6DQWDV��$�)���/LPD��(�/���DQG�3LQWR��-�&���,Q�/LQH�(YDOXDWLRQ�RI�$YHUDJH 3DUWLFOH�6L]H�LQ� 6W\UHQH� 6XVSHQVLRQ� 3RO\PHUL]DWLRQV� 8VLQJ� 1HDU�,QIUDUHG� 6SHFWURVFRS\��- $SSO�3RO\�6FL� �� ������������������



���
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���

$SSHQGL[�%&RQWDFW�7LPH



���
���&RQWDFW�7LPH�RI�5HDFWLYH�%OXH7DEOH���,QLWLDO�G\H�FRQFHQWUDWLRQ�RI�UHDFWLYH�EOXH�,QLWLDO�G\H�FRQFHQWUDWLRQ���&� �PJ�O�� � � 0HDQ�YDOXH 6'

������� ������� ������� ������� ����
7DEOH����&RQFHQWUDWLRQ�RI�UHDFWLYH�EOXH�LQ�VROXWLRQ�DIWHU�DGVRUSWLRQ�RQ�EHDG�����PP�DW�GLIIHUHQW�WLPH�LQWHUYDO&RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W�� &W �PJ�O�7LPH��PLQ� � � � 0HDQ�YDOXH 6'

�� ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������� ������� ������� ������� ������� ����
7DEOH���$GVRUSWLRQ�UDWH�RI�UHDFWLYH�EOXH�RQ�EHDG�����PP�7LPH��PLQ� &RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W���&W �PJ�O�

,QLWLDO�G\H�FRQFHQWUDWLRQ���&��PJ�O�
&W ��&�

� ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������� ������� ������� ����



���
7DEOH����&RQFHQWUDWLRQ�RI�UHDFWLYH�EOXH�LQ�VROXWLRQ�DIWHU�DGVRUSWLRQ�RQ�EHDG�����PP�DW�GLIIHUHQW�WLPH�LQWHUYDO&RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W�� &W �PJ�O�7LPH��PLQ� � � � 0HDQ�YDOXH 6'

�� ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������� ������� ������� ������� ������� ����
7DEOH���$GVRUSWLRQ�UDWH�RI�UHDFWLYH�EOXH�RQ�EHDG�����PP�7LPH��PLQ� &RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W���&W �PJ�O�

,QLWLDO�G\H�FRQFHQWUDWLRQ���&��PJ�O�
&W ��&�

� ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������� ������� ������� ����



���
���&RQWDFW�7LPH�RI�5HDFWLYH�5HG7DEOH���,QLWLDO�G\H�FRQFHQWUDWLRQ�RI�UHDFWLYH�UHG�,QLWLDO�G\H�FRQFHQWUDWLRQ���&� �PJ�O�� � � 0HDQ�YDOXH 6'

������� ������� ������� ������� ����
7DEOH��� �&RQFHQWUDWLRQ�RI� UHDFWLYH� UHG� LQ�VROXWLRQ�DIWHU�DGVRUSWLRQ�RQ�EHDG�����PP�DW�GLIIHUHQW�WLPH�LQWHUYDO&RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W�� &W �PJ�O�7LPH��PLQ� � � � 0HDQ�YDOXH 6'

�� ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������� ������� ������� ������� ������� ����
7DEOH���$GVRUSWLRQ�UDWH�RI�UHDFWLYH�UHG�RQ�EHDG�����PP�7LPH��PLQ� &RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W���&W �PJ�O�

,QLWLDO�G\H�FRQFHQWUDWLRQ���&��PJ�O�
&W ��&�

� ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������� ������� ������� ����



���
7DEOH��� �&RQFHQWUDWLRQ�RI� UHDFWLYH� UHG� LQ�VROXWLRQ�DIWHU�DGVRUSWLRQ�RQ�EHDG�����PP�DW�GLIIHUHQW�WLPH�LQWHUYDO&RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W�� &W �PJ�O�7LPH��PLQ� � � � 0HDQ�YDOXH 6'

�� ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������� ������� ������� ������� ������� ����
7DEOH����$GVRUSWLRQ�UDWH�RI�UHDFWLYH�UHG�RQ�EHDG�����PP�7LPH��PLQ� &RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W���&W �PJ�O�

,QLWLDO�G\H�FRQFHQWUDWLRQ���&��PJ�O�
&W ��&�

� ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������� ������� ������� ����



���
���&RQWDFW�7LPH�RI�5HDFWLYH�<HOORZ7DEOH�����,QLWLDO�G\H�FRQFHQWUDWLRQ�RI�UHDFWLYH�\HOORZ�,QLWLDO�G\H�FRQFHQWUDWLRQ���&� �PJ�O�� � � 0HDQ�YDOXH 6'

������� ������� ������� ������� ����
7DEOH�����&RQFHQWUDWLRQ�RI�UHDFWLYH�\HOORZ�LQ�VROXWLRQ�DIWHU�DGVRUSWLRQ�RQ�EHDG�����PP�DW�GLIIHUHQW�WLPH�LQWHUYDO&RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W�� &W �PJ�O�7LPH��PLQ� � � � 0HDQ�YDOXH 6'

�� ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������� ������� ������� ������� ������� ����
7DEOH����$GVRUSWLRQ�UDWH�RI�UHDFWLYH�EOXH�RQ�EHDG�����PP�7LPH��PLQ� &RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W���&W �PJ�O�

,QLWLDO�G\H�FRQFHQWUDWLRQ���&��PJ�O�
&W ��&�

� ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������� ������� ������� ����



���
7DEOH�����&RQFHQWUDWLRQ�RI�UHDFWLYH�\HOORZ�LQ�VROXWLRQ�DIWHU�DGVRUSWLRQ�RQ�EHDG�����PP�DW�GLIIHUHQW�WLPH�LQWHUYDO&RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W�� &W �PJ�O�7LPH��PLQ� � � � 0HDQ�YDOXH 6'

�� ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������ ������� ������� ������� ������� ������� ������� ������� ������� ������� ����
7DEOH����$GVRUSWLRQ�UDWH�RI�UHDFWLYH�EOXH�RQ�EHDG�����PP�7LPH��PLQ� &RQFHQWUDWLRQ�RI�G\H�LQ�VROXWLRQ�DW�WLPH�W���&W �PJ�O�

,QLWLDO�G\H�FRQFHQWUDWLRQ���&��PJ�O�
&W ��&�

� ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ������� ������� ������� ����



���

$SSHQGL[�&'DWD�$GVRUSWLRQ�,VRWKHUP



���
���5HDFWLYH�%OXH�DW�5RRP�7HPSHUDWXUH����3DUWLFOH�6L]H�����PPP7DEOH���,QLWLDO�G\H�FRQFHQWUDWLRQ�RI�UHDFWLYH�EOXH,QLWLDO�G\H�FRQFHQWUDWLRQ���&� �PJ�O�&RQFHQWUDWLRQ�QXPEHU � � � 0HDQ�YDOXH 6'

� ������ ������ ������ ������ ����� ������ ������ ������ ������ ����� ������� ������� ������� ������� ����� ������� ������� ������� ������� ����� ������� ������� ������� ������� ����� ������� ������� ������� ������� ����� ������� ������� ������� ������� ����
7DEOH� �� (TXLOLEULXP� FRQFHQWUDWLRQ� RI� UHDFWLYH� EOXH� LQ� VROXWLRQ� DW� URRP� WHPSHUDWXUH� RQ�EHDG�����PP (TXLOLEULXP�G\H�FRQFHQWUDWLRQ�LQ�VROXWLRQ��&H �PJ�O�,QLWLDO�G\H�FRQFHQWUDWLRQ��PJ�O� � � � 0HDQ�YDOXH 6'

������ ����� ����� ����� ����� ���������� ������ ������ ������ ������ ����������� ������ ������ ������ ������ ����������� ������ ������ ������ ������ ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����



���
7DEOH���([SHULPHQWDO�GDWD�IRU�HTXLOLEULXP�DGVRUSWLRQ�LVRWKHUP�RI�UHDFWLYH�EOXH DW�URRP�WHPSHUDWXUH�RQ�EHDG������PP&R �PJ�O� &H �PJ�O� :HLJKW�RI�EHDG���:��J�� '\H�DGVRUEHG�E\�EHDG���TH��PJ�J������� ����� ������ ���������� ������ ������ ����������� ������ ������ ����������� ������ ������ ������������ ������� ������ ������������ ������� ������ ������������ ������� ������ �����
7DEOH���([SHULPHQWDO�GDWD� IRU�/DQJPXLU� LVRWKHUP RI�UHDFWLYH�EOXH�DW� URRP�WHPSHUDWXUH�RQ�EHDG������PP&H �PJ�O� TH���PJ�J� &H��TH �J�O������ ���� ����������� ���� ����������� ���� ����������� ����� ������������ ����� ������������� ����� ������������� ����� ������



���
7DEOH���([SHULPHQWDO�GDWD�IRU�)UHXQGOLFK�LVRWKHUP RI�UHDFWLYH�EOXH DW�URRP�WHPSHUDWXUH�RQ�EHDG������PP&H �PJ�O� TH���PJ�J� ORJ�&H ORJ�TH����� ���� ���� ���������� ���� ���� ���������� ���� ���� ���������� ����� ���� ����������� ����� ���� ����������� ����� ���� ����������� ����� ���� ����



���
����3DUWLFOH�6L]H�����PPP7DEOH� �� (TXLOLEULXP� FRQFHQWUDWLRQ� RI� UHDFWLYH� EOXH� LQ� VROXWLRQ� DW� URRP� WHPSHUDWXUH� RQ�EHDG�����PP (TXLOLEULXP�G\H�FRQFHQWUDWLRQ�LQ�VROXWLRQ��&H �PJ�O�,QLWLDO�G\H�FRQFHQWUDWLRQ��PJ�J� � � � 0HDQ�YDOXH 6'

������ ����� ����� ����� ����� ������� ������ ������ ������ ������ ����������� ������ ������ ������ ������ ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����
7DEOH���([SHULPHQWDO�GDWD�IRU�HTXLOLEULXP�DGVRUSWLRQ�LVRWKHUP�RI�UHDFWLYH�EOXH DW�URRP�WHPSHUDWXUH�RQ�EHDG������PP&R �PJ�O� &H �PJ�O� :HLJKW�RI�EHDG���:��J�� '\H�DGVRUEHG�E\�EHDG���TH��PJ�J������� ����� ������ ���������� ������ ������ ����������� ������ ������ ����������� ������� ������ ����������� ������� ������ ����������� ������� ������ ����������� ������� ������ ����



���
7DEOH���([SHULPHQWDO�GDWD� IRU�/DQJPXLU� LVRWKHUP RI�UHDFWLYH�EOXH�DW� URRP�WHPSHUDWXUH�RQ�EHDG������PP&H �PJ�O� TH���PJ�J� &H��TH �J�O������ ���� ����������� ���� ����������� ���� ������������� ���� ������������� ���� ������������� ���� ������������� ���� ������
7DEOH���([SHULPHQWDO�GDWD�IRU�)UHXQGOLFK�LVRWKHUP RI�UHDFWLYH�EOXH DW�URRP�WHPSHUDWXUH�RQ�EHDG������PP&H �PJ�O� TH���PJ�J� ORJ�&H ORJ�TH����� ���� ���� ���������� ���� ���� ���������� ���� ���� ����������� ���� ���� ����������� ���� ���� ����������� ���� ���� ����������� ���� ���� ����



���
����3DUWLFOH�6L]H�����PPP7DEOH����(TXLOLEULXP�FRQFHQWUDWLRQ�RI� UHDFWLYH�EOXH� LQ�VROXWLRQ�DW� URRP�WHPSHUDWXUH�RQ�EHDG������PP (TXLOLEULXP�G\H�FRQFHQWUDWLRQ�LQ�VROXWLRQ��&H �PJ�O�,QLWLDO�G\H�FRQFHQWUDWLRQ��PJ�J� � � � 0HDQ�YDOXH 6'

������ ����� ����� ����� ����� ���������� ������ ������ ������ ������ ����������� ������ ������ ������ ������ ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� �������� ������� ������� ����������� ������� ������� ������� ������� ����
7DEOH����([SHULPHQWDO�GDWD�IRU�HTXLOLEULXP�DGVRUSWLRQ�LVRWKHUP�RI�UHDFWLYH�EOXH DW�URRP�WHPSHUDWXUH�RQ�EHDG�����PP&R �PJ�O� &H �PJ�O� :HLJKW�RI�EHDG���:��J�� '\H�DGVRUEHG�E\�EHDG���TH��PJ�J������� ����� ������ ���������� ������ ������ ����������� ������ ������ ����������� ������� ������ ����������� ������� ������ ����������� ������� ������ ����������� ������� ������ ����



���
7DEOH����([SHULPHQWDO�GDWD�IRU�/DQJPXLU�LVRWKHUP RI�UHDFWLYH�EOXH DW�URRP�WHPSHUDWXUH�RQ�EHDG������PP&H �PJ�O� TH���PJ�J� &H��TH �J�O������ ���� ����������� ���� ����������� ���� ������������� ���� ������������� ���� ������������� ���� ������������� ���� ������
7DEOH����([SHULPHQWDO�GDWD�IRU�)UHXQGOLFK�LVRWKHUP RI�UHDFWLYH�EOXH DW�URRP�WHPSHUDWXUH�RQ�EHDG������PP&H �PJ�O� TH���PJ�J� ORJ�&H ORJ�TH����� ���� ���� ���������� ���� ���� ���������� ���� ���� ����������� ���� ���� ����������� ���� ���� ����������� ���� ���� ����������� ���� ���� ����



���
���5HDFWLYH�%OXH�DW�7HPSHUDWXUH�RI���R&����3DUWLFOH�6L]H�����PPP7DEOH����(TXLOLEULXP�FRQFHQWUDWLRQ�RI�UHDFWLYH�EOXH�LQ�VROXWLRQ�DW ��R&�RQ�EHDG������PP(TXLOLEULXP�G\H�FRQFHQWUDWLRQ�LQ�VROXWLRQ��&H �PJ�O�,QLWLDO�G\H�FRQFHQWUDWLRQ��PJ�J� � � � 0HDQ�YDOXH 6'

������ ����� ����� ����� ����� ���������� ����� ����� ����� ����� ����������� ������ ������ ������ ������ ����������� ������ ������ ������ ������ ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����
7DEOH����([SHULPHQWDO�GDWD�IRU�HTXLOLEULXP�DGVRUSWLRQ�LVRWKHUP�RI�UHDFWLYH�EOXH DW���R&�RQ�EHDG�����PP&R �PJ�O� &H �PJ�O� :HLJKW�RI�EHDG���:��J�� '\H�DGVRUEHG�E\�EHDG���TH��PJ�J������� ����� ������ ���������� ����� ������ ����������� ������ ������ ������������ ������ ������ ������������ ������� ������ ������������ ������� ������ ������������ ������� ������ �����



���
7DEOH� ��� ([SHULPHQWDO� GDWD� IRU� /DQJPXLU� LVRWKHUP RI� UHDFWLYH� EOXH� DW� ��R&� RQ� EHDG������PP &H �PJ�O� TH���PJ�J� &H��TH �J�O������ ���� ���������� ���� ���������� ����� ����������� ����� ������������ ����� ������������ ����� ������������� ����� ������
7DEOH� ���([SHULPHQWDO� GDWD� IRU� )UHXQGOLFK� LVRWKHUP RI� UHDFWLYH� EOXH DW� ��R&�RQ� EHDG�������PP&H �PJ�O� TH���PJ�J� ORJ�&H ORJ�TH����� ���� ���� ��������� ���� ���� ���������� ����� ���� ���������� ����� ���� ����������� ����� ���� ����������� ����� ���� ����������� ����� ���� ����



���
����3DUWLFOH�6L]H�����PPP7DEOH����(TXLOLEULXP�FRQFHQWUDWLRQ�RI�UHDFWLYH�EOXH�LQ�VROXWLRQ�DW���R&�RQ�EHDG������PP(TXLOLEULXP�G\H�FRQFHQWUDWLRQ�LQ�VROXWLRQ��&H �PJ�O�,QLWLDO�G\H�FRQFHQWUDWLRQ��PJ�J� � � � 0HDQ�YDOXH 6'
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