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$EVWUDFW,PPRELOL]DWLRQ�RI�/LSDVH�SURGXFHG�IURP�5KL]RPXFRU�PLHKHL�RQ�+'3(�ILQH�SRZGHU�ZDV�LQYHVWLJDWHG�� $V� FRPSDUHG� WR� DQ� DTXHRXV� V\VWHP�� LPPRELOL]DWLRQ� LQ� D� QRQ�DTXRXV�RUJDQLF�PHGLXP�VXFK�DV�Q�KH[DQH�ZDV�QRW�VXFFHVVIXO�DQG�FDXVHG�HQ]\PH�GHQDWXUDWLRQ��3UHZHWWLQJ� WKH� VXSSRUW� ZLWK� HWKDQRO� LQFUHDVHG� WKH� LPPRELOL]HG� SURWHLQ� DQG� HQ]\PH�DFWLYLW\�DV�PXFK�DV�����DQG������UHVSHFWLYHO\��7KH�PD[LPXP�LPPRELOL]HG�DFWLYLW\�ZDV�REWDLQHG� DW� WKH� LVRHOHFWULF� S+�RI� ����� 7KH� HQ]\PH�ZDV� VXVSHFWHG WR� KDYH� FRPSHWLWLRQ�DQG�RU� LQWHUDFWLRQ� ZLWK� RWKHU� SURWHLQ� HQWLWLHV� RQ� WKH� VXUIDFH�� ,PPRELOL]DWLRQ� RI� WKH�HQ]\PH� RQWR� WKH� VXSSRUW� VHHPV� WR� EH� YLD� VKHDU� VHQVLWLYH� ZHDN� SK\VLFDO� DGVRUSWLRQ��3URSHU� GXUDWLRQ� RI� PL[LQJ� ZDV� IRXQG� WR� EH� DURXQG� �� PLQXWHV�� /RQJHU� SHULRGV� RI�VKDNLQJ� OHG� WR� HQ]\PH� GHVRUSWLRQ�� WKHUHE\� UHGXFLQJ� WKH� LPPRELOL]HG� DFWLYLW\�� 1HLWKHU�HIILFLHQF\� QRU� VWDELOLW\� ZDV� LPSURYHG� XVLQJ� JOXWDUDOGHK\GH� DV� D� FURVV�OLQNLQJ� DJHQW�GHVSLWH� WKH� IDFW� WKDW� LQ� VRPH�RFFDVLRQV��SURWHLQ� ORDGLQJ�RI� WKH� VXSSRUW�ZDV� LPSURYHG��7KLV� VXJJHVWV� WKH� SRVVLEOH� HIIHFW� RI� JOXWDUDOGHK\GH� RQ� HQ]\PH� GHQDWXUDWLRQ� LQ� WKHVH�FRQGLWLRQV��$W�RSWLPXP�FRQGLWLRQV��LPPRELOL]HG�HQ]\PH�DFWLYLW\�ZDV�HQKDQFHG�DOPRVW���IROGV� LQFUHDVLQJ� � IURP� �� XQLWV� �SHU� ���� PO� RI� WKH� HQ]\PH� OLTXRU�� WR� DERXW� ����� XQLWV��ZKHQ�����PO�ZDV�LPPRELOL]HG�RQ�RQH�JUDP�RI�VXSSRUW��.H\ZRUGV� (Q]\PH�,PPRELOL]DWLRQ��5KL]LPXFRU�PLHKHL�/LSDVH��+'3(�3RZGHU
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,QWURGXFWLRQ/LSDVHV� �WULDF\OJO\FHURO� HVWHU� K\GURODVH��(�&��� ������� DV� D� PDMRU� JURXS� RI� LQGXVWULDO�HQ]\PHV� KDYH� EHHQ� XVHG� DV� WKH� FDWDO\WLF�DJHQWV� IRU� WKH� K\GURO\VLV�V\QWKHVLV� RI�WULDF\OJO\FHUROV� DQG� HVWHUV�� /LSDVHV� DUH� YHU\�XVHIXO� HQ]\PHV� LQ� RUJDQLF� FKHPLVWU\��6XFFHVVIXO� FRPPHUFLDO� DS�SOLFDWLRQ� RI�HQ]\PHV� DQG� LQ� SDUWLFXODU� LP�PRELOL]HG�SUHSDUDWLRQV� LV� GXH� WR� WDNLQJ� DQ DSSURSULDWH�DSSURDFK� WR� VROYH� WKH� HQ]\PH
V� LQVWDELOLW\�SUREOHP� ZKLFK�PD\�EH�FRQVLGHUHG�DV�RQH�RI�WKH LQKHUHQW� FKDUDFWHULVWLFV� RI� WKHVH�ELRFDWDO\VWV�� ,PPRELOL]DWLRQ� RI� HQ]\PHV� LV�

FODLPHG� WR� LPSURYH� WKH� HQ]\PH� VWDELOLW\� LQ�PDQ\� FDVHV� >�����@�� 0RUHRYHU�� LPPRELOL]D�WLRQ�RI�HQ]\PHV�IDFLOLWDWHV�LWV�UHXVH� ZKLFK�LQ�WXUQ� SURYLGHV� D� ORJLFDO� ZD\� WR� FRQGXFW�FRQWLQXRXV�RSHUDWLRQV�>���@�'LIIHUHQW� PHWKRGV� KDYH� EHHQ� SURSRVHG IRUHQ]\PH�LPPRELOL]DWLRQ�VR�IDU��$PRQJ�WKHVH�DGVRUSWLRQ� KDV� JDLQHG� SRSXODULW\� EHFDXVH� RI�LWV VLPSOLFLW\� DQG� ORZ� FRVW�� +RZHYHU� ZHDN�IRUFHV�LQ�WKH�DGVRUSWLRQ�DQG�SRVVLEOH�HQ]\PH�GHVRUS�WLRQ� KDYH� LPSRVHG� VRPH� FRQVWUDLQWV�RQ� WKHLU� VXFFHVVIXO� DSSOLFDWLRQ�� 7KLV�SKHQRPHQRQ� RI� FRXUVH� LV� QRW� VHULRXV� LQ�RUJDQLF�PHGLD� LQ�ZKLFK� WKH� SURWHLQV� DUH� QRW�
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VROXEOH� (Q]\PHV� XVHG� LQ� WKHVH� VWXGLHV�LQFOXGH� WKRVH� SUHSDUHG� IURP� VSHFLHV� VXFK DV�&DQGLGD� F\OLQGUDFHDH�� &DQGLGD� UXJRVD��5KL]RSXV� RU\]DH�� 7KHVH� OLSDVHV KDYH� EHHQ�LPPRELOL]HG� RQ� FDUULHUV� VXFK� DV� DFWLYDWHG�FHOOXORVH��SRO\HWK\OHQH��SRO\SURS\OHQH�� VLOLFD�JHO�� 39&�DQG�&HOLWH >���@�� ,W� KDV� RIWHQ� EHHQ�FODLPHG� WKDW� HQ]\PH�DFWLYLW\� DQG�RU� VWDELOLW\�LV�HQKDQFHG� WKURXJK�LPPRELOL]DWLRQ�>�����@��$PRQJ� WKH� QXPHURXV DYDLODEOH� VXSSRUWV��K\GURSKRELF� FDUULHUV� DSSHDU� WR� EH� YHU\�VXLWDEOH�IRU�VXFK�DSSOLFDWLRQV�DV�K\GURO\VLV�RI�IDWV� DQG RLOV� RU� WUDQVHVWHULILFDWLRQ� UHDFWLRQV>�@�+\GURSKRELF� PLFURSRURXV� SRO\HWK\OHQH�SRZGHU� KDV� EHHQ� XVHG� DV� DQ� DSSURSULDWH�VXSSRUW� LQ� ERWK� RUJDQLF� DQG� DTXHRXV�PHGLD��DQG� UHFHLYHG� � PXFK� DWWHQWLRQ� GXH� WR WKHLUFKDUDFWHULVWLFV� LQFOXGLQJ� KLJK� VXUIDFH� DUHD��SURSHU� SRUH� VL]H�� FKHDSQHVV� DQG� DYDLODELOLW\�>�@��+RZHYHU��XVLQJ�WKH�LQWHUQDO�VXUIDFH�DUHD�RI� D� VXSSRUW� PD\� LQWURGXFH� PDVV� WUDQVIHU�OLPLWDWLRQV�� 2QH� SRVVLEOH� VROXWLRQ� WR� OHVVHQ�WKH�PDJQLWXGH�RI�WKLV�SUREOHP�LV�WR�JULQG�WKH�VXSSRUW� GRZQ� WR� D� ILQH� PHVK� VL]H� VR� WKDW� D�ODUJH� VXUIDFH� DUHD� LV� REWDLQHG� H[WHUQDOO\�ZLWKRXW�LPSRVLQJ�PDVV�WUDQVIHU�OLPLWDWLRQV�,Q� WKLV� ZRUN� ILQH� SRZGHU RI KLJK�GHQVLW\�SRO\HWK\OHQH�ZDV�XVHG�WR�LPPRELOL]H�D�FRP�PHUFLDO� PLFURELDO� OLSDVH� SUHSDUDWLRQ�� ,P�PRELOL]DWLRQ�ZDV�FDUULHG�RXW�E\�SK\VLFDO DQG�FKHPLFDO� PHDQV� RI� DGVRUSWLRQ�� (IIHFWV� RI�SDUDPHWHUV� VXFK� DV� VXSSRUW� SUHZHWWLQJ�� S+��PHGLXP� FRPSRVLWLRQ�� PL[LQJ� WLPH� DQG�HQ]\PH�WR�VXSSRUW� UDWLR� LQ� WKH� UHDFWLRQ�PHGLXP�RQ�WKH�HIILFLHQF\�RI�LPPRELOL]D�WLRQ�ZHUH�LQYHVWLJDWHG��
0DWHULDOV�DQG�0HWKRGV(Q]\PH7KH� HQ]\PH� XVHG� LQ� WKLV� VWXG\� ZDV� D�FRPPHUFLDO� OLTXLG� SUHSDUDWLRQ� �1292��OLSR]\PH� ��� PO�� ���� /8�PJ WKH� UHSRUWHG�XQLW�ZDV�EDVHG�RQ��PRO�EXW\ULF�DFLG�OLEHUDWHG�E\� WULEXW\ULQ� K\GURO\VLV� SHU�PLQXWH� DW� ��� �&�DQG� S+ ��� XVLQJ� JXP� DUDELF� DV� HPXOVLILHU>��@�� ,Q� WKLV� ZRUN�� XQLW� RI� DFWLYLW\� ZDV�

PHDVXUHG� DQG UHSRUWHG�EDVHG�RQ� WKH�PHWKRG�E\�<DPDGD��HW�DO��>��@��
+'3(�DQG�2WKHU�5HDJHQWV7KH�FRPPHUFLDO�+'3(��+LJK�'HQVLW\�3RO\H�WK\OHQH��XVHG�LQ�WKLV�VWXG\�ZDV�D�QRQ�SRURXV�SURGXFW� SXUFKDVHG� ORFDOO\� �%DQGDU� ,PDP�3HWURFKHPLFDO�&RPSOH[��,UDQ�� DQG�JURXQG�WR�D� PHVK� VL]H� RI� ��±����� 2OLYH� RLO� DQG�HWKDQRO�������REWDLQHG IURP�WKH�ORFDO�PDUNHW�ZHUH� RI� FRPPHUFLDO� JUDGH�� 3RO\� YLQ\O�$OFRKRO� �39$��� JOXWDUDOGHK\GH� ��� �� Q�+H[DQH�DQG�DOO�RWKHU�UHDJHQWV�ZHUH�RI�UHDJHQW�JUDGH �0HUFN��*HUPDQ\��
,PPRELOL]DWLRQ,Q� WKH� SK\VLFDO� LPPRELO]DWLRQ� RI� DTXHRXV�HQ]\PH� VROXWLRQ� RQ� WKH� K\GURSKRELF� +'3(�VXSSRUW� DQ� HWKDQRO� SUHZHWWLQJ� SURWRFRO�ZDV�DGRSWHG� >������������@� 7R� GR� WKLV�� �� J� RI�SRO\HWK\OHQH� SRZGHU� ZDV� ULQVHG� LQ� �� PO� RI�HWKDQRO� IRU� ���PLQXWHV� DQG� WKHQ�PL[HG�ZLWK�WKH� HQ]\PH� DQG� EXIIHU� VROXWLRQ DIWHU�GHFDQWDWLRQ�� ,W� ZDV� WKHQ� ILOWHUHG� XVLQJ� WKH�:DWWPDQ�QR� �� ILOWHU�SDSHU�DQG�ZDVKHG�ZLWK�����PO�RI�GLVWLOOHG�ZDWHU��9DULRXV�SDUDPHWHUV�LQIOXHQFLQJ� WKLV� SURFHGXUH� LQFOXGLQJ� PHGLD�FRPSRVLWLRQ�� HQ]\PH� WR� FDUULHU� UDWLR��PL[LQJ� WLPH� DQG� D� UDQJH� RI� S+� ������ ZHUH�VWXGLHG� DQG� RSWLPL]HG� LQ� WKLV� UHVHDUFK��%XIIHUV� XVHG� ZHUH� DOO� ��� P0� DQG� LQFOXGHG�FLWUDWH�SKRVSKDWH� >���@�� SKRVSKDWH� >���@ DQG�WULV� +&O� >���@�� 3URWHLQ� ZDV� PHDVXUHG� XVLQJ�WKH� /RZU\� PHWKRG� >��@� 7KH� DPRXQW� RI�SURWHLQ� IL[HG� RQWR� WKH� FDUULHU�ZDV� FDOFXODWHG�E\�VXEWUDFWLQJ�WKH�ILOWUDWH�SURWHLQ�IURP�WKDW�RI�WKH�PRWKHU�OLTXRU�,Q� WKH� FKHPLFDO� PHWKRG� RI� DGVRUSWLRQ�� D�VXVSHQVLRQ� FRQWDLQLQJ� � J� RI� SUHZHWWHG�SRO\H�WK\OHQH�SRZGHU�DQG�����PO�RI�OLSR]\PH�LQ���� PO�RI�EXIIHU��S+� �����ZDV�VKDNHQ�IRU���PLQ�� 7KHQ� JOXWDUDOGHK\GH�ZDV� DGGHG� WR� WKH�PL[WXUH�DW�YDULRXV�UDWLRV RI����������������DQG��� SHUFHQW� RI� WKH� PHGLXP� �Y�Y��� 6KDNLQJ�FRQWLQXHG� IRU� � K� DW� URRP� WHPSHUDWXUH��6XVSHQVLRQ�ZDV�WKHQ�ILOWHUHG�DQG�WKH�UHWHQWDWHZDV�OHW�WR�GU\�IRU���GD\V�LQ�URRP�WHPSHUDWXUH�
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DIWHU�ZDVKLQJ�ZLWK���� PO�RI�GLVWLOOHG�ZDWHU�7R� GHWHUPLQH� WKH� UHXVDELOLW\� RI� WKH�LPPRELOL]HG� HQ]\PH�� D� VHTXHQFH� RI� HQ]\PH�DFWLYLW\�PHDVXUH�PHQWV� ZDV� FDUULHG� RXW� LQ� �VWHSV�� ,Q� WKH� ILUVW� WZR� VWHSV� D� GXSOLFDWH UXQ�ZDV� FRQGXFWHG� VXFK� WKDW� RQH� UXQ� ZDV�FRPSOHWHG� WR� WKH� HQ]\PH� DFWLYLW\� PHDVXUH�PHQW� SURWRFRO� DQG� WKH� RWKHU� UXQ� ZDV�WHUPLQDWHG�DIWHU�FRPSOHWLRQ�RI�WKH�K\GURO\VLV�ZLWKRXW� DGGLWLRQ� RI� DFHWRQH�HWKDQRO� PL[WXUH�DQG� WKH� LPPRELOL]HG� HQ]\PH� ZDV� ILOWHUHG��ZDVKHG� ZLWK ���� PO� RI� GLVWLOOHG� ZDWHU� DQG�GULHG� LQ� URRP� WHPSHUDWXUH� IRU� WZR� GD\V� WR�JLYH� WKH�SURSHU� HQ]\PH� DPRXQW IRU� WKH�QH[W�VWHS��7KLV�PHWKRG�UXOHG�RXW�WKH�DPELJXLW\�RI�FRQYROXWLRQ� RI� WKH� DGYHUVH� HIIHFW� RI� DFHWRQ�HWKDQRO�PL[WXUH� RQ� WKH� LPPRELOL]HG�HQ]\PH�DFWLYLW\�ZLWK� WKDW� RI� WKH� QDWXUDO� DFWLYLW\� ORVV�RI�WKH�HQ]\PH�
0HDVXUPHQW�RI�(Q]\PH�$FWLYLW\2QH� YROXPH� RI� ROLYH� RLO� ZDV� EOHQGHG� MXVW�EHIRUH�XVH�ZLWK���YROXPHV RI�D����DTXHRXV�VROXWLRQ� RI� 39$�� �� PO� RI� WKLV� PL[WXUH� ZDV�DGGHG� WR���PO�RI�HQ]\PH�DQG�� PO�RI�EXIIHU��SKRVSKDWH��S+ ���DQG�LQFXEDWHG�DW��� �&�LQ�D�ZDWHU�EDWK�IRU����PLQXWHV�����PO�RI�D� ����PL[WXUH� RI� DFHWRQH� DQG� HWKDQRO� ZDV� WKHQ�DGGHG� WR� VWRS� WKH� UHDFWLRQ� DQG� EUHDN� WKH�HPXOVLRQ��7KH�PL[WXUH�ZDV�WLWUDWHG�ZLWK�����1� DTXHRXV� VRGLXP� K\GUR[LGH� XVLQJ� ���SKHQROSKHWKDOHLQ� LQ� HWKDQRO� DV� DQ� LQGLFDWRU��2QH� XQLW� RI� DFWLYLW\� ZDV� GHILQHG� DV� WKH�DPRXQW�RI�HQ]\PH�ZKLFK�OLEHUDWHV�RQH��PROH�RI� ROHLF� DFLG� IURP� WKH� DERYH�PHQWLRQHG�PL[WXUH�� $FWLYLW\� RI� WKH� XVHG� FRPPHUFLDO�OLSR]\PH� PHDVXUHG� E\� WKLV� PHWKRG� ZDV� ���8�PO�7KH� LPPRELOL]HG� HQ]\PH� DFWLYLW\� ZDV�PHDVXUHG� VLPLODU E\ H[FHSW� WKDW� LQVWHDG�RI���PO�RI�HQ]\PH�VROXWLRQ������J�RI�LPPRELOL]HG�HQ]\PH�ZDV�XVHG��0RUHRYHU��WKH�PL[WXUH�ZDV�PL[HG�JHQWO\�DW���� USP�GXULQJ�K\GURO\VLV� LQ�WKH�ZDWHU� EDWK� (IILFLHQF\�RI� LPPRELOL]DWLRQ�ZDV� GHILQHG� DV� WKH� UDWLR� RI WKH� LPPRELOL]HG�HQ]\PH� DFWLYLW\� DQG� WKH� DFWLYLW\� RI� WKH�RULJLQDO� VROXEOH� HQ]\PH� EHIRUH� LPPRELOL]D�WLRQ�

5HVXOWV�DQG�'LVFXVVLRQ,Q� LPPRELOL]DWLRQ� SUDFWLFH� RQ� D� ILQH� VROLG�SRZGHU��WKH�HDUO\�FRQFHUQ�LV�GLVSHUVLRQ�RI�WKH�SDUWLFOHV� LQ� D� OLTXLG� PHGLD� WR� IDFLOLWDWH� WKH�VSUHDG� RI� WKH� HQ]\PH� PROHFXOHV� RQWR� LWV�VXUIDFH��6RPH�SRVVLEOH�FKRLFHV�LQ�WKLV�UHJDUG�FRXOG�EH�GLVWLOOHG�ZDWHU��EXIIHUHG�VROXWLRQV�RU�DOWHUQDWLYHO\� D� K\GURSKRELF� K\GURFDUERQ�VXFK�DV�Q�KH[DQH� 7KLV�QRQ�SRODU�VROYHQW�KDV�EHHQ�UHSRUWHG�WR�KDYH�D�SRVLWLYH�HIIHFW�RQ�WKH�VWDELOLW\� RI� OLSDVHV� >��@� 7R� FKHFN� WKH� LGHD�����PO�RI�WKH�OLTXLG�PHGLD�ZHUH�PL[HG�ZLWK��J� RI� WKH� SRO\HWK\OHQH� VXSSRUW� DQG� ����PO� RI�WKH�OLSDVH�ZDV�DGGHG�ODWHU�RQ��,PPRELOL]DWLRQ�ZDV� DOORZHG� WR� SURFHHG� IRU� ���PLQ� DW� URRP�WHPSHUDWXUH�DQG�D�VKDNHU�VSHHG�RI����USP��,Q�WKH� FDVH� RI� Q�KH[DQH� WKH� LP�PRELOL]HG�SUHSDUDWLRQ�ZDV�ILOWHUHG�ZLWK�GLIILFXOW\��$IWHU�ILOWUDWLRQ�� WKH� UHWHQWDWH�ZDV�ZDVKHG�ZLWK����PO� RI� GLVWLOOHG� ZDWHU� DQG� GULHG� DW� URRP�WHPSHUDWXUH�IRU�DERXW���GD\V��

)LJXUH� �� 3URWHLQ� DQG� HQ]\PH� DFWLYLW\� ORDGLQJ� RQ�+'3(�ILQH�SRZGHU�XVLQJ�GLVWLOOHG�ZDWHU��WUHDWPHQW�����FLWUDWH�SKRVSKDWH� EXIIHU� RI� S+ ���WUHDWPHQW� ��� DQG�Q�KH[DQH��WUHDWPHQW������� LV�PJ �3URWHLQ��J��6XSSRUW���v LV�8QLW�RI�DFWLYLW\�J��6XSSRUW��$V� LOOXVWUDWHG� LQ� )LJXUH ��� D� ORZHU� DFWLYLW\�ZDV� REWDLQHG� ZLWK� WKH� SUHSDUDWLRQ� LP�PRELOL]HG� XVLQJ� Q�KH[DQH� DV� FRPSDUHG� WR�GLVWLOOHG� DQG�EXIIHUHG�ZDWHU�6LQFH�WKH�HQ]\PH�LV�LQVROXEOH�LQ�Q�KH[DQH��LW�PD\�DSSHDU WKDW� WKH�DGGLWLRQ�RI�HQ]\PH�PD\�KDYH� FDXVHG� LWV� GHQDWXUDWLRQ�� ,Q IDFW� LW� ZDV�REVHUYHG� WKDW� XSRQ� DGGLWLRQ� RI� WKH� HQ]\PHVROXWLRQ� WR�Q�KH[DQH�� WKH�EURZQ�FRORU�RI� WKH�/LSR]\PH� YDQLVKHG� LQVWDQWDQHRXVO\� DQG� WLQ\�
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FRDJXODWHG�SDUWLFOHV�ZHUH�VHHQ�WR�RULJLQDWH�DW�WKH�VLWH�RI�DGGLWLRQ�DQG�VWLFN�WR�WKH�JODVV�IODVN�ERWWRP�7KHVH� REVHUYDWLRQV� KDYH� DOVR� EHHQ�UHSRUWHG� E\�RWKHU� UHVHDUFKHV� LQ� WKH� OLWHUDWXUH�>��@�,W� LV� EHOLHYHG� WKDW� WKH� VWUXFWXUH� RI� OLSDVHV� LV�DPSKLSKLOLF� ZLWK� D� PLQRU� VHJPHQW� EHLQJ�K\GURSKRELF� >�����@�� 7KHUHIRUH�� RQH� PD\�H[SHFW� WKDW� SURSHU� WUHDWPHQW� RI� WKH�K\GURSKRELF� +'3(� ZRXOG� LQFUHDVH� WKH�LPPRELOL]DWLRQ� HIILFLHQF\� RI� WKH�RYHUZKHOPLQJO\� K\GURSKLOLF� HQ]\PH�� 2QH�SRVVLEOH�SUHWUHDWPHQW� LQ� WKLV�UHJDUG�FRXOG�EH�SUHZHWWLQJ� LW� ZLWK� VXLWDEOH SRODU� RUJDQLF�VROYHQWV��7DEOH���SUHVHQWV�WKH�GDWD�FRO�OHFWHG�LQ� VWXG\LQJ� LPPRELOL]DWLRQ� RI� &� UXJRVD�OLSDVH� RQ� SRO\SURS\OHQH�� ZLWK WKH� VXSSRUWEHLQJ� SUHZHWWHG ZLWK� SXUH� RUJDQLF� VROYHQWV�VXFK DV� HWKDQRO�� DFHWRQH�� DFHWRQLWULOH�� ��SURSDQRO� DQG PHWKDQRO� >�@�� $V� VKRZQ LQ�WDEOH� ��� WKH \LHOG� RI� LPPRELOL]DWLRQ� PD\�LQFUHDVH� VHYHUDO� WLPHV XSRQ� VROYHQW�SUHWUHDWPHQW�
7DEOH� �� (IIHFW� RI� SUHWUHDWPHQW� RI� SRO\SURS\OHQH�VXSSRUW�XVLQJ�YDULRXV�VROYHQWV>�@5HVLGXDO�VROXEOH�DFWLYLW\DQG�SURWHLQ6ROYHQW�XVHG�LQSUHWUHDWPHQWRI�VXSSUW $FWLYLW\����3URWHLQ���

<LHOG�RI,PPRELOL]HG$FWLYLW\����
1RQH ���������������������������� ���0HWKDQRO ������������������������� �� ����(WKDQRO ���������������������������� ������3URSDQRO ���������������������������� ����$FHWRQH ���������������������������� ����$FHWRQLWULOH ���������������������������� ����

,Q�FRQWUDVW��LQ�DQRWKHU�UHSRUW��LPPRELOL]DWLRQ�RI� &DQGLGD� F\OLQGUDFHD OLSDVH� RQ�SRO\SURS\OHQH� ZLWK WKH� VXSSRUW EHLQJ�SUHZHWWHG ZLWK� SRODU� VROYHQWV� LQFOXGLQJ�HWKDQRO�� LVRSURSDQRO�� PHWKDQRO�� DFHWRQH� DQG�WHWUDK\GURIXUDQ�KDV�EHHQ�VKRZQ�WR�KDYH�RQO\�D� PLQRU� SRVLWLYH� HIIHFW� RQ� WKH� DGVRUSWLRQ�HIILFLHQF\� >��@�� 1HYHUWKHOHVV�� NLQHWLFV� RI�HQ]\PH� DGVRUS�WLRQ� RQ� WKH� VXSSRUW�KDV�EHHQ�FODLPHG�WR�LPSURYH�LQ�WKDW�UHSRUW��

)LJXUH� �� LOOXVWUDWHV� WKH� HIIHFW� RI� HWKDQRO� RQ�WKH�LPPRELOL]DWLRQ�RI�5� PLHKHL OLSDVH�RQ�WKH�SUHZHWWHG� +'3(� VXSSRUW�� 7UHDWPHQW� RI� WKH�VXSSRUW� KDV� LPSURYHG� LPPRELOL]DWLRQ�LQGHHG�� 7KH� LPSURYHPHQW� IDFWRU� IRU� WKH�SURWHLQ�FRQWHQW�DQG�DFWLYLW\�RI�WKH�HQ]\PH�DUH�DSSUR[LPDWHO\ ����DQG����� UHVSHFWLYHO\��

)LJXUH� ��� 3URWHLQ� DQG� HQ]\PH� DFWLYLW\� ORDGLQJ� RQ�+'3(� ILQH� SRZGHU� ZLWK� DQG� ZLWKRXW� HWKDQRO�SUHZHWWLQJ� �� �� LV�PJ� �3URWHLQ��J��6XSSRUW���v LV�8QLW�RI�DFWLYLW\�J��6XSSRUW��
$VVXPLQJ� WKDW� RWKHU� SURWHLQ� HQWLWLHV� DUH�SUHVHQW�LQ�WKH�HQ]\PH�OLTXRU��WKLV�REVHUYDWLRQ�LPSOLHV� WKDW� LPSURYHPHQW� RI� DGVRUSWLRQ� RQ�WKH�VXSSRUW�ZDV�QRW�SURWHLQ� VHOHFWLYH��%DVHG�RQ� WKLV� REVHUYDWLRQ� HWKDQRO� SUHZHWWLQJ� ZDV�IRXQG� WR� EH� EHQHILFLDO� DQG� LQFOXGHG� LQ� WKH�LPPRELOL]DWLRQ� SURFHGXUH� LQ� WKLV� ZRUN��KHUHDIWHU�7R�VHH�WKH�HIIHFW�RI�S+������PO�RI�WKH�HQ]\PH�OLTXRU�ZDV�GLOXWHG� WR���PO� LQ�EXIIHU�VROXWLRQ�DQG� ZDV� LPPRELOL]HG� RQ� WKH� VXSSRUW�SUHZHWWHG� XVLQJ� HWKDQRO�� 'DWD� FROOHFWHG� LQ�WKLV� H[SHULPHQW� LV� SUHVHQWHG� LQ� ILJXUH� ���$V�H[SHFWHG��WKH PD[LPXP�LPPRELOL]HG�HQ]\PH�DFWLYLW\� ZDV� REWDLQHG� DW� S+� ����� 7KDW�FRLQFLGHV� ZLWK� WKH� LVRHOHFWULF� SRLQW� RI� WKLV�HQ]\PH� ZKLFK� KDSSHQV� DW� S+� ���� >��@��1RWLFLQJ�WKH QRQ�SRODU�QDWXUH�RI�WKH�VXSSRUW��WKH� ODUJHVW� DPRXQW� RI� WKH� HQ]\PH�LPPRELOL]DWLRQ� PD\� EH� H[SHFWHG� DW� QHXWUDO�VWDWXV� ZLWK� KLJKHU� K\GURSKRELFLW\� RI� WKH�SURWHLQ >��@��7KLV�ILQGLQJ�ZDV�DGRSWHG�WR�VHW�WKH� S+� LQ� LPPRELO]DWLRQ� SUDFWLFH� RI� WKLV�VWXG\�XVLQJ�
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FLWUDWH�SKRVSKDWH�EXIIHU��S+ ���

)LJXUH� �� 3URWHLQ� DQG� HQ]\PH� DFWLYLW\� ORDGLQJ� RQ�+'3(� ILQH� SRZGHU DW� GLIIHUHQW� YDOXHV� RI� S+� �&� LV�FLWUDWH�SKRVSKDWH� EXIIHU�� 3� LV� SKRVSKDWH� EXIIHU�� 7ULV�+&O�EXIIHU����� LV�PJ��3URWHLQ��J��6XSSRUW���v LV�8QLW�RI�DFWLYLW\�J��6XSSRUW��
7KH� WKHUPRG\QDPLF� HTXLOLEULXP� RI� DGVRUS�WLRQ� RI� WKH� HQ]\PH� RQ� WKH� VXSSRUW� ZDV�FKHFNHG� XVLQJ� ���� PO� RI� WKH� HQ]\PH� OLTXRU�GLOXWHG�WR�������DQG����PO�EXIIHU��S+ ����

)LJXUH� ��� 3URWHLQ� DQG� HQ]\PH� DFWLYLW\� ORDGLQJ� RQ�+'3(�ILQH�SRZGHU�DW�GLIIHUHQW�HQ]\PH�GLOXWLRQV���� LV�PJ �3URWHLQ��J� �6XSSRUW��� v LV� 8QLW� RI� DFWLYLW\�J��6XSSRUW��
$FFRUGLQJ�WR�)LJXUH����QR�VLJQLILFDQW�FKDQJH�LQ� WKH� SURWHLQ� DQG� DFWLYLW\� ORDGLQJ� ZDV�GHWHFWHG�DW�YDULRXV�GLOXWLRQV��,Q�D�IROORZ�XS�H[SHULPHQW� GLIIHUHQW�DPRXQWV�RI� OLSR]\PH� � LQ� WKH� UDQJH� RI� ���±��PO�ZHUH�

GLOXWHG� WR� �� PO� LQ� FLWUDWH� SKRVSKDWH� EXIIHU��S+ �� DQG� ZHUH� LPPRELOL]HG� RQ� � J RISUHZHWWHG� VXSSRUW�� )LJXUH� �� VKRZV� KRZ� WKH�WZR� SDUDPHWHUV� RI� HQ]\PH� DQG� SURWHLQ�ORDGLQJ�RI�WKH�VXSSRUW�UHVSRQG�WR�WKH�FKDQJHV�LPSOHPHQWHG�LQ�WKH�OLTXRU�

)LJXUH� �� 3URWHLQ� DQG� HQ]\PH� DFWLYLW\� ORDGLQJ� RQ�+'3(�ILQH�SRZGHU�DW�GLIIHUHQW�HQ]\PH�DPRXQWV���� LV�PJ� �3URWHLQ��J� �6XSSRUW��� v LV� 8QLW� RI� DFWLYLW\�J��6XSSRUW��

)LJXUH��� SURWHLQ� LQ� ILOWUDWH�YHUVXV�SURWHLQ� ORDGLQJ�RQ�+'3(� ILQH� SRZGHU� DIWHU� LPPRELOL]DWLRQ� RI� GLIIHUHQW�HQ]\PH�DPRXQWV�
$VVXPLQJ� WKDW� DGVRUSWLRQ� RI� SURWHLQ� RQ� WKH�VXSSRUW�LV�UHYHUVLEOH��WKH�DPRXQW�RI�SURWHLQ�LQ�
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WKH�PHGLXP�ZRXOG�EH�LQ�G\QDPLF�HTXLOLEULXP�ZLWK� WKDW� DGVRUEHG�RQ� WR� WKH� VXSSRUW� VXUIDFH�LI� DOO� WKH� VXUIDFH� KDV� MRLQHG� WKH� LQWHUDFWLRQ�ZLWK� WKH� SURWHLQ� PROHFXOHV� IRUPLQJ� D��6DWXUDWHG�� VXUIDFH�� ,I� WKLV� K\SRWKHVLV� LV�YDOLG�� EHIRUH� WKH� VXUIDFH� EHFRPHV VDWXUDWHG��PRUH� FRQFHQWUDWHG� SURWHLQ� VROXWLRQV DUHH[SHFWHG� WR� OHDG� WR� JUHDWHU� SURWHLQ� LP�PRELOL]DWLRQ�ZKLOH�DIWHU�HVWDEOLVKPHQW�RI�WKH�VXUIDFH�VDWXUDWLRQ��LQFUHDVLQJ�WKH�SURWHLQ�FRQ�FHQWUDWLRQ� LQ� WKH� PHGLXP� GRHV� QRW� LPSURYH�WKH�ORDGLQJ�RI SURWHLQ�RQWR�WKH�SDUWLFOHV��%DVHG� RQ� WKHVH� JURXQGV�� RQH� PD\� H[SHFW� D�0LFKDHOLV�0HQWHQ� W\SH� RI� WKH� FXUYH� ZKHQ�LQYHVWLJDWLQJ� WKH� HIIHFW� RI� SURWHLQ�FRQFHQWUDWLRQ� LQ� WKH� OLTXRU� RQ� WKH� DGVRUEHG�SURWHLQ� RQ� WKH� VXSSRUW�� )LJXUH� � LOOXVWUDWHV�GDWD� RI� )LJXUHV� �� DQG� �� ZKHQ� SXW� RQ� RQH�VLQJOH� FXUYH� RI� � VROXEOH� YHUVXV� DGVRUEHG�SURWHLQ��$V�VHHQ�LQ�WKLV�ILJXUH��FRLQFLGHQFH�RI�WKH�FXUYH�ZLWK�RXU�H[SHFWDWLRQ� LV� IDLU�H[FHSW�WKDW�LQ�WKH YLFLQLW\�RI�WKH RULJLQ��WKH�FXUYH�OLHV�RQ�WKH�;�D[LV��)LJXUH���VKRZV�WKDW�XS�WR�����PO�RI�OLSR]\PH��ERWK� WKH� DGVRUEHG� SURWHLQ� DQG� LPPRELOL]HG�HQ]\PH�DFWLYLW\� LQFUHDVH�XSRQ�DQ�LQFUHDVH�LQ�WKH�DPRXQW�RI�HQ]\PH��+RZHYHU� EH\RQG�WKLV�YDOXH� QR� IXUWKHU� LQFUHDVH� LV� REVHUYHG� LQ� WKH�HQ]\PH� DFWLYLW\� GHVSLWH� WKH� IDFW� WKDW� SURWHLQ�ORDGLQJ� LV� LQFUHDVHG� PRQRWRQRXVO\� 7KLV�OHYHOLQJ±RII� RI� DFWLYLW\� DW� KLJKHU� SURWHLQ�ORDGLQJ�KDV�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH��DV�ZHOO�>��@��7KLV� UHSHDWHGO\� FKHFNHG�REVHUYDWLRQ�PD\�EH�GHVFULEHG� EDVHG� RQ� WKH� HQ]\PH�SURWHLQ�LQWHUDF�WLRQV�RQ�WKH�VXSSRUW�VXUIDFH��%DVHG�RQ�WKHVH� JURXQGV� RQH� PD\� VSHFXODWH� WKDW� WKH�DGVRUEHG� HQ]\PH� RQ� WKH� VXSSRUW� PD\� KDYH�LQWHUDFWLRQV�ZLWK� WKH�RWKHU�SURWHLQ�PROHFXOHV�RQ�WKH�VXUIDFH�VXFK�WKDW�EH\RQG�VRPH�VSHFLILF�FRQFHQWUDWLRQV� WKH� QHJDWLYH� HIIHFW� RI� WKHVH�LQWHUDFWLRQV�RXW�ZHLJKV WKH�SRVLWLYH�HIIHFW�RI�WKH� LQFUHDVH� LQ� WKH� HQ]\PH� FRQFHQWUDWLRQ� RQ�WKH�VXUIDFH�$QRWKHU� H[SODQDWLRQ� IRU� WKH� DERYH�PHQWLRQHG� SKHQRPHQRQ� PD\� EH� GHYHORSHGEDVHG� RQ� WKH� SUHVHQFH� RI� D� QXPEHU� RI� QRQ�

OLSDVH� SURWHLQV� LQ� WKH� HQ]\PH� OLTXRU�� ,Q� WKLV�FDVH� D�FRPSHWLWLRQ�PD\�EH�H[SHFWHG�EHWZHHQ�WKH� OLSDVH�DQG�RWKHU�SURWHLQ�PROHFXOHV�LQ� WKH�V\VWHP� WR� VHWWOH� RQ� WKH� 8S� WR� WLPH� RI� ��PLQXWHV�D PL[LQJ ��WKH�ILOWUDWH�VKRZHG�FHUWDLQ�UHVLGXDO� DFWLYLW\�� ,Q� SDUDOOHO�� WKH� DPRXQW� RI�HQ]\PH� WKDW ZDV DGVRUEHG� RQWR� WKH� VXSSRUW�VKRZHG�DQ�LQFUHDVH�ZLWK�WLPH��$IWHU���PLQ�RI�PL[LQJ� QR� DFWLYLW\� ZDV� IRXQG� OHIW� LQ� WKH�ILOWUDWH� LQGLFDWLQJ� WRWDO� DGVRUSWLRQ� RI� WKH�HQ]\PH� RQWR� WKH� VXSSRUW�� %H\RQG� WKLV� WLPH�WKHUH� ZDV� D� UHGXFWLRQ� LQ� WKH� LPPRELOL]HG�DFWLYLW\� 7KLV�PD\�LPSO\�WKDW�D�ORQJHU�VXSSRUW�VXUIDFH�� 7KHUHIRUH� DW� FRQGLWLRQV� SUHYDLOLQJ�DERYH� ���� PO� SUHSDUDWLRQV�� PRUH� DQG� PRUH�QRQ�OLSDVH� PROHFXOHV� DGVRUE� RQ� WKH� VXUIDFH�GHFUHDVLQJ� WKH� DYDLODELOLW\� RI� WKH� VXSSRUW�VXUIDFH�IRU�WKH�OLSDVH�$QRWKHU� WULYLDO� TXHVWLRQ� DV� WR� WKH� HIILFLHQF\�RI� LPPRELOL]DWLRQ� LV� WKH� SURSHU� WLPH� RI�PL[LQJ RI WKH�HQ]\PH�VROXWLRQ�ZLWK�VXSSRUW��,W� VHHPV� WKDW WKH DOUHDG\�DGRSWHG� WLPH�RI����PLQXWHV� LV�PRUH� WKDQ�HQRXJK�LQ� WKLV� UHVSHFW���7R� LQYHVWLJDWH� WKLV� HIIHFW�� � J� RI� SUHZHWWHG�SRO\HWK\OHQH SRZGHU� ZDV� VKDNHQ� ZLWK� � PO�RI�PHGLXP�FRQWDLQLQJ�����PO�RI� OLSR]\PH�LQ�����PO�RI�FLWUDWH�SKRVSKDWH�EXIIHU��S+ ���IRU�GLIIHUHQW� SHULRGV� DQG� FROOHFWHG� GDWD� ZHUHSUHVHQWHG�LQ�)LJXUH����

)LJXUH� �� 3URWHLQ� DQG� HQ]\PH� DFWLYLW\� ORDGLQJ� RQ�+'3(�ILQH�SRZGHU�DIWHU�GLIIHUHQW�VKDNLQJ�SHULRGV����LV� PJ �3URWHLQ��J� �6XSSRUW��� v LV� 8QLW� RI� DFWLYLW\�J��6XSSRUW��
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SHULRG� RI� VKDNLQJ� PD\� OHDG� WR� HQ]\PH�GHVRUSWLRQ�GXH�WR�SUHYDLOLQJ�VKHDU�VWUHVV >��@�$VLGH� IURP� WKH� SK\VLFDO� DGVRUSWLRQ� RI�HQ]\PHV� RQWR� VXSSRUWV�� YDULRXV� FKHPLFDO�PHDQV� FRXOG� EH� DGRSWHG� WR� LQFUHDVH� WKH�HQ]\PH�VXSSRUW� OLQN� 2QH� SRVVLEOH� FKRLFH� LV�HVWDEOLVKLQJ� D� FRYDOHQW� ERQG� XVLQJ� DFWLYH�DJHQWV�VXFK�DV�JOXWDUDOGHK\GH��7KLV�VKRXOG�RI�FRXUVH� EH� FDUHIXOO\� SUDFWLFHG� WR� DYRLG� DQ\�SRVVLEOH� QHJDWLYH� HIIHFW� RI� WKH� FKHPLFDO�DJHQWV� RQ� WKH� HQ]\PDWLF� DFWLYLW\� >����@� $V�SUHYLRXVO\� UHSRUWHG� WUHDWPHQW� ZLWK�JOXWDUDOGHK\GH� VHHPV� WR� VWDELOL]H� WKH�LQWHUDFWLRQV� RI� WKH� HQ]\PH�ZLWK� WKH� VXSSRUW��DOWKRXJK� WKLV� SUREDEO\� GHFUHDVHV� WKH�FRQIRUPDWLRQDO� DGDSWDELOLW\� RI� WKH� HQ]\PH�QHFHVVDU\� IRU� WKH�FRQYHUVLRQ�RI� WKH�VXEVWUDWH�>�������@�,Q� VWXG\LQJ� LPPRELOL]DWLRQ� RI� &DQGLGD�UXJRVD RQ� HWKDQRO�SUHWUHDWHG� SRO\SURS\OHQH��XVLQJ������Y�Y��JOXWDUDOGHK\GH�GHFUHDVHG�WKH�RULJLQDO� DFWLYLW\� RI� WKH� DGVRUEHG� HQ]\PH� E\����� EXW�WKH�UHVXOWLQJ�FURVV � OLQNHG�HQ]\PH�UHWDLQHG� ���� RI� LWR DFWLYLW\� LQ� WKH� VHFRQG�K\GURO\VLV� DVVD\� >�@�� ,Q� DQRWKHU� VWXG\��LPPRELOL]DWLRQ� RI� &DQGLGD� F\OLQGUDFHDH RQSRO\HWK\OHQH�DQG�SRO\�SURS\OHQH�VXSSRUWV�KDV�EHHQ� LQYHVWLJDWHG�� ,W� KDV� EHHQ� FODLPHG� WKDW�HQ]\PH� KDV� EHHQ� 8S� WR� D JOXWDUDOGHK\GHFRQFHQWUDWLRQ� RI������� LP�PRELOL]HG�SURWHLQ�GHFUHDVHV� DV� PXFK� DV� ����� $� VLPLODU� WUHQG�ZDV� REVHUYHG� LQ� WKH� LPPRELOL]HG� HQ]\PH�DFWLYLW\�� +RZHYHU� LQ� D� UHSHDWHGO\� REVHUYHG�DQG� KHQFH� MXVWLILHG� HYHQW�� DW� ���JOXWDUDOGHK\GH�FRQFHQWUDWLRQ�D�VXGGHQ�ULVH�LQ�WRWDO� LPPRELOL]HG� SURWHLQ� DQG� IDOO� LQ�LPPRELOL]HG�HQ]\PH�DFWLYLW\�ZDV�GHWHFWHG�,PPRELOL]HG�YHU\�HIILFLHQWO\�RQ��SRO\HWK\OHQHHVSHFLDOO\� ZKHQ� JOXWDUDOGHK\GH� ZDV� XVHG� WR�FURVVOLQN�WKH�OLSDVH�DIWHU�SK\VLFDO�DGVRUSWLRQ��7KH� DFWLYLW\� UHWDLQHG� DIWHU� ILYH� UHXVHV� �����RI� WKDW� RI� WKH� RULJLQDO� VROXEOH� HQ]\PH��LQGLFDWHG� YHU\� JRRG� DWWDFKPHQW� RQWR� WKH�VXSSRUW��:LWKRXW�JOXWDUDOGHK\GH��WKH�HQ]\PH�KDG� UHWDLQHG� ���� RI� WKH� RULJLQDO� VROXEOH�HQ]\PH�DIWHU�EHLQJ�UHXVHG�ILYH�WLPHV�>��@�7R�FKHFN�WKH�HIIHFW�RI�FKHPLFDO�FURVV�OLQNLQJ�

LQ� WKLV� ZRUN�� SK\VLFDO� LPPRELOL]DWLRQ�SURFHGXUH� ZDV� DGGHG E\� D� FKHPLFDO� VWHS�XVLQJ�YDULRXV�DPRXQWV�RI�JOXWDUDOGHK\GH�LQ�D�UDQJH�RI������ WR���SHUFHQW� RI�JOXWDUDOGHK\GH�LQ� WKH� ILQDO� LPPRELOL]DWLRQ� PHGLD�� )LJXUH� �LOOXVWUDWHV� WKH� HIIHFW� RI� WKLV� IROORZ�XS�SURWRFRO�RQ�WKH�LPPRELOL]DWLRQ�HIILFLHQF\�

)LJXUH� �� 3URWHLQ� DQG� HQ]\PH� DFWLYLW\� ORDGLQJ� RQ�+'3(� ILQH� SRZGHU� DW� GLIIHUHQW� JOXWDUDOGHK\GH�FRQFHQWUDWLRQV�� �� LV� PJ �3URWHLQ��J� �6XSSRUW��� v LV�8QLW�RI�DFWLYLW\�J��6XSSRUW��
7KLV� PD\� LPSO\� WKDW� DW� UHODWLYHO\� KLJKHU�OHYHOV� RI� JOXWDUDOGHK\GH�� WKH� HQ]\PH�XQGHUJRHV� VWUXFWXUDO� PRGLILFDWLRQV� ZKLFK�GHWHULRUDWHV� LWV� HQ]\PDWLF� DFWLYLW\� ZKLOH� LWV�LPPRELOL]DWLRQ� WHQGHQF\� RQ� WKH� VXSSRUW� LV�LQFUHDVHG� DW� WKH� VDPH� WLPH�� 2QH� SRVVLEOH�VFHQDULR� LQ� WKLV� FDVH�PD\�EH�GHQDWXUDWLRQ�RIWKH� HQ]\PH�DQG� ORVV�RI� LWV� VROXELOLW\� OHDGLQJ�WR� SHUFLSLWDWLRQ� RQ� WKH� VXSSRUW�� $GGLWLRQ� RI�JOXWDUDOGHK\GH� KDG� QR� SRVLWLYH� HIIHFW� RQ� WKH�LPPRELOL]DWLRQ� HIILFLHQF\� LQ� FRQWUDVW� WR� WKH�UHVXOWV� WKDW� KDV� EHHQ� UHSRUWHG� HOVHZKHUH>����@� $V� SUHVHQWHG� LQ� 7DEOH� ��JOXWDUDOGHK\GH� KDG QR� SRVLWLYH� HIIHFW� RQ�UHWDLQLQJ�WKH�LPPRELOL]HG�DFWLYLW\� HLWKHU��$V�REVHUYHG�LQ�WKH�WDEOH� WKH�HQ]\PH�DFWLYLW\�LPPRELOL]HG�DW�WKH�DEVHQFH�RI�JOXWDUDOGHK\GH�IDOOV� WR�����RI� LWV� LQLWLDO�YDOXH�DIWHU� WKH�ILUVW�UHFRYHU\� DQG�����DIWHU� WKH� VHFRQG�RQH��7KH�FRUUHDSRQGLQJ ILJXUHV� LQ� WKH� SUHVHQFH� RI�JOXWDUDOGHK\GH� DUH� ���� DQG� ����
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UHVSHFWLYHO\�� 7KHUHIRUH�� ORVV� RI� LPPRELOL]HG�DFWLYLW\� LV�PRUH�VHULRXV�ZKHQ�JOXWDUDOGHK\GH�WUHDWPHQW� ZDV� LQFRUSRUDWHG� LQ� WKH� LP�PRELOL]DWLRQ� SURFHGXUH��$V� GHVFULEHG� EHIRUH�DQG� DFFRUGLQJ� WR RQH� K\SRWKHVLV�� JOXWDUDO�GHK\GH� PD\� KDYH� DQ� HIIHFW� RQ� WKH� SDUWLDO�GHQDWXUDWLRQ�RI� WKH�HQ]\PH�VXFK� WKDW�SDUW�RI�WKH�LPPRELOL]D�WLRQ�PD\�EH�YLD�SHUFLSLWD�WLRQ�RI� WKH� LQVROXEOH� HQ]\PH� RQ� WKH� VXSSRUW�� ,I�WKLV� LV� WKH� FDVH�� UHPRYDO� RI� SHUFLSLWDWHG�HQ]\PDWLF� DFWLYLW\� XSRQ� UHFRYHU\� PD\� EH�H[SHFWHG� LQ� VXEVHTXHQW� DSSOLFDWLRQ� RI� WKH�LPPRELOL]HG�HQ]\PH�
7DEOH���� (IIHFW�RI�JOXWDUDOGHK\GH�WUHDWPHQW�RQ�WKH�UHFRYHU\�RI�HQ]\PH�DFWLYLW\

*OXWDUDOGHK\GHWUHDWPHQW5HFRYHU\�SHUFHQW,PPRELOL]HG�DFWLYLW\>X�J�6XSSRUW@5XQ
������������������������ ����������������������
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