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$EVWUDFW7KLV� DUWLFOH� IRFXVHV� RQ� WKH� HOHFWURGHSRVLWLRQ� DQG� LQ� VLWX� FKDUDFWHUL]DWLRQ� RI�3UXVVLDQ�EOXH�DQDORJV�ZLWK�WKH�JHQHULF�IRUPXOD��$K0N>)H�&1��@O�P+�2��ZKHUH�K��N��O��P�DUH�VWRLFKLRPHWULF�QXPEHUV��$� �DONDOL�PHWDO�FDWLRQ��DQG�0�LV�D� WUDQVLWLRQPHWDO��6L[�VXFK�PHWDO�KH[DF\DQRIHUUDWH��0+&)��FRPSRXQGV�GHULYHG�IURP�&X��3G��,Q��9��&R�DQG�1L�DUH�IHDWXUHG�LQ�WKLV�DUWLFOH��7KH�HOHFWURGHSRVLWLRQ�RI�0+&)�ILOPV�RQ�WDUJHWHG�VXEVWUDWHV� LV� GLVFXVVHG� WKURXJK� GDWD� REWDLQHG� E\� F\FOLF� YROWDPPHWU\� DQG�FRPSOHPHQWDU\� WHFKQLTXHV�� ,Q� VLWX� VSHFWURHOHFWURFKHPLFDO� FKDUDFWHUL]DWLRQ� RI� WKHVH�ILOPV�LQ�WKH�LQIUDUHG�DQG�89�YLVLEOH�UHJLRQV�LV�WKHQ�GLVFXVVHG�DQG�FRQVWLWXWHV�WKH�PDLQ�WRSLF�RI�WKLV�DUWLFOH��5HVXPHQ(VWH�DUWtFXOR�WUDWD�GH�OD�FDUDFWHUL]DFLyQ�LQ�VLWX�GH�SHOtFXODV�HOHFWURGHSRVLWDGDV�GH�DQiORJRV�GHO�$]XO�GH�3UXVLD�FRQ�OD�IyUPXOD�JHQpULFD��$K0N>)H�&1��@O�P+�2��GRQGH�K��N��O��P�VRQ�FRHILFLHQWHV�HVWHTXLRPpWULFRV��$�HV�XQ�FDWLyQ�GH�PHWDO�DOFDOLQR�\�0�HV�XQ�PHWDO� GH� WUDQVLFLyQ�� /D� SUHVHQWDFLyQ� DQDOL]D� VHLV� KH[DFLDQRIHUUDWRV� PHWiOLFRV��0+&)�� GHULYDGRV�GHO�&X��3G�� ,Q��9��&R�\�1L��/D�HOHFWURGHSRVLFLyQ�GH�SHOtFXODV�GH�0+&)� VREUH� VXVWUDWRV� VHOHFFLRQDGRV�� VH� GLVFXWH� SULPHUDPHQWH�PHGLDQWH� HO� DQiOLVLV�GH�GDWRV�REWHQLGRV�SRU�YROWDPHWUtD�FtFOLFD�FRQ�OD�D\XGD�GH�WpFQLFDV�FRPSOHPHQWDULDV��/D� FDUDFWHUL]DFLyQ� HVSHFWURHOHFWURTXtPLFD� LQ�VLWX� GH� HVWDV� SHOtFXODV� HQ� ODV� ]RQDV�HVSHFWUDOHV� ,5� \� 89�9LVLEOH� HV� OXHJR� DQDOL]DGD� HQ� GHWDOOH� \� FRQVWLWX\H� HO� WySLFR�SULQFLSDO�GH�HVWH�WUDEDMR�,QWURGXFWLRQ7UDQVLWLRQ� PHWDO� KH[DF\DQRIHUUDWHV� RI� WKH� JHQHUDO� IRUPXOD��$K0N>)H�&1��@O�P+�2��K��N��O��P� �VWRLFKLRPHWULF�QXPEHUV��$� �DONDOL�PHWDO�FDWLRQ��0� �WUDQVLWLRQ� PHWDO� LRQ�� �7DEOH� ���� UHSUHVHQW� DQ� LPSRUWDQW� FODVV� RI� PL[HG�YDOHQFH�FRPSRXQGV��RI�ZKLFK�3UXVVLDQ�EOXH�RU�LURQ��,,,��KH[DF\DQRIHUUDWH��,,���ZLWK�$  �.�DQG�0� �)H�LQ�WKH�DERYH�JHQHULF�IRUPXOD��LV�WKH�FODVVLFDO�SURWRW\SH��$VLGH�IURP�WKHLU�LQWHUHVWLQJ�VROLG�VWDWH� FKHPLVWU\� DQG� VWUXFWXUDO� DWWULEXWHV�� WKHVH� FRPSRXQGV� KDYH� JDUQHUHG� LQWHQVH�UHFHQW� LQWHUHVW� EHFDXVH� RI� WKHLU� HOHFWURFDWDO\WLF�� HOHFWURFKURPLF� LRQ� H[FKDQJH�� LRQ�VHQVLQJ�� DQG� SKRWRPDJQHWLF� SURSHUWLHV��:KLOH� WKH� HOHFWURFKHPLVWU\� DQG� DSSOLFDWLRQV� RI�
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3UXVVLDQ�EOXH�LWVHOI�KDYH�EHHQ�UDWKHU�H[WHQVLYHO\�GLVFXVVHG��������RQO\� UHFHQWO\�KDYH�WKH�RWKHU�WUDQVLWLRQ�PHWDO�DQDORJV�EHJXQ�WR�UHFHLYH�DWWHQWLRQ�,Q� WKLV� DUWLFOH�� ZH� SUHVHQW� D� FRPSDUDWLYH� GLVFXVVLRQ� RI� WKH� JURZWK� DQG� LQ� VLWX�FKDUDFWHUL]DWLRQ�RI�WKH�&X��3G��,Q��9��&R��DQG�1L�DQDORJV��2XU�FKRLFH�RI�WKHVH�SDUWLFXODU�FRPSRXQGV� IRU� WKLV� DUWLFOH� LV� VLPSO\� PRWLYDWHG� E\� WKH� EXUJHRQLQJ� OLWHUDWXUH� RQ� WKHLU�DSSOLFDWLRQV�� DQG� E\� RXU� RZQ� LQWHUHVW� LQ� WKHP�� $IWHU� D� SULPHU� RQ� WKHLU� VROLG�VWDWH�FKHPLVWU\��WKH�JURZWK�RI�WKLQ�ILOPV�RI�WKHVH�FRPSRXQGV�RQ�WDUJHWHG�VXEVWUDWHV�LV�EULHIO\�GLVFXVVHG�� ,Q� VLWX� SRVW�GHSRVLWLRQ� FKDUDFWHUL]DWLRQ� RI� WKHVH� ILOPV�� PDLQO\� E\�VSHFWURHOHFWURFKHPLFDO�PHWKRGV�LV�LQ�IDFW�WKH�PDLQ�WRSLF�RI�WKLV�DUWLFOH�7KH� FKHPLVWU\� RI�PL[HG�YDOHQFH� FRPSRXQGV� KDV� EHHQ� H[WHQVLYHO\� GLVFXVVHG� E\�SUHYLRXV�DXWKRUV��������7KH�VWUXFWXUDO�DVSHFWV�DQG�HOHFWURFKHPLVWU\�RI�3UXVVLDQ�EOXH�LWVHOI�KDYH�EHHQ�SUHYLRXVO\� UHYLHZHG� �������0DQ\�RI� WKH�FRPSRXQGV�DGGUHVVHG� LQ� WKH�SUHVHQW�DUWLFOH��KDYH�EHHQ�GHVFULEHG� LQ� WHUPV�RI� WKHLU�HOHFWURFKURPLF�SURSHUWLHV� �����)LQDOO\��WKH�PDJQHWLF�SURSHUWLHV�RI�3UXVVLDQ�EOXH�DQDORJV�KDYH�DOVR�EHHQ�GLVFXVVHG������(YHU\�DWWHPSW�KDV� EHHQ� PDGH� WR� DYRLG� UHGXQGDQF\� EHWZHHQ� WKHVH� HDUOLHU� WUHDWPHQWV� DQG� WKH� SUHVHQW�DUWLFOH��ZKLOH�XQDYRLGDEOH�DUHDV�RI�RYHUODS�ZLOO�EH�KLJKOLJKWHG�LQ�ZKDW�IROORZV��

)LJXUH���8QLW�FHOO�UHSUHVHQWDWLRQ�RI�0�>)H�&1��@���$���0���>)H�&1��@��DQG�$0>)H�&1��@��7KH�$� FDWLRQV�DUH�ORFDWHG�LQ�WKH�FHOO�LQWHUVWLWLDO�VLWHV��WKH�F\DQLGH�JURXSV��EHWZHHQ�0�DQG�)H��KDYH�EHHQ�ODUJHO\�RPLWWHG�LQ�WKLV�UHSUHVHQWDWLRQ�IRU�WKH�VDNH�RI�FODULW\�
6ROLG�6WDWH�&KHPLVWU\�DQG�(OHFWURFKHPLVWU\�RI�0HWDO�+H[DF\DQRIHUUDWHV0HWDO� KH[DF\DQRIHUUDWHV� KDYH� D� IDFH�FHQWHUHG� FXELF� ODWWLFH� �XQLW� FHOO� OHQJWK�� a������c��ZLWK�RFWDKHGUDO�FR�RUGLQDWLRQ�RI�WKH�0�DQG�)H�LRQV�E\��1{&�DQG��&{1�OLJDQGV�UHVSHFWLYHO\� ���������7KH� DONDOL�PHWDO� FDWLRQV��$� �ZKLFK�SURYLGH� FKDUJH�FRPSHQVDWLRQ��DUH� ORFDWHG� LQ� WKH� WHWUDKHGUDO� VLWHV� ����� LQ� WKHVH� VWUXFWXUHV�ZKLFK�PD\� DOVR� FRQWDLQ� FR�



3UXVVLDQ�EOXH�DQDORJV��HOHFWURV\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ ��
RUGLQDWHG�ZDWHU�PROHFXOHV� DQG� DQLRQV� LQ� VRPH� FDVHV��5HSUHVHQWDWLYH� VWUXFWXUHV� DQG� WKH�FRUUHVSRQGLQJ�FRPSRXQG�VWRLFKLRPHWULHV�DUH�FRQWDLQHG�LQ�)LJXUH���IRU�0�DQG�)H�LQ� WKH���� DQG� ��� R[LGDWLRQ� VWDWHV� UHVSHFWLYHO\�� 7DEOH� �� SURYLGHV� D� OLVWLQJ� RI� WKH�HOHFWURFKHPLFDOO\� UHOHYDQW� FRPSRXQGV� DORQJ� ZLWK� WKH� FRUUHVSRQGLQJ� 0�)H�VWRLFKLRPHWULHV� DQG� IRUPDO� R[LGDWLRQ� VWDWHV� RI� WKH� 0� DQG� )H� VLWHV� IRU� WKH� VL[� PHWDOV�FRQVLGHUHG�LQ�WKLV�DUWLFOH�
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)LJXUH����&\FOLF�YROWDPPRJUDPV�UHFRUGHG�GXULQJ�WKH�JURZWK�RI�9+&)�ILOPV�RQ�SODWLQXP�VXEVWUDWHV��7KH�HOHFWURO\WLF�VROXWLRQ�FRQVLVWHG�RI���[���� 0 .� >)H�&1��@����[���� 0�1D92� LQ�����0�+�62��������0�.�62���7KH�SODWLQXP�HOHFWURGH�ZDV�NHSW�SRODUL]HG�DW�����9�LQ�����0�+�62��������0�.�62� GXULQJ�WKH�DGGLWLRQ�RI�WKH�ILOP�SUHFXUVRUV�LQ�RUGHU�WR�DYRLG�LQFLSLHQW�FKHPLFDO�FRDJXODWLRQ�RI�9+&)�RQ�WKH�HOHFWURGH�VXUIDFH�����SRWHQWLRG\QDPLF�JURZWK�F\FOHV�DW�����P9�V���
$�FKDQJH�RQ� WKH�0�R[LGDWLRQ� VWDWH� IURP���� WR����EULQJV�DERXW�D� FRQWUDFWLRQ�RI� WKH�0�RFWDKHGUDO� FR�RUGLQDWLRQ�PDQLIROG��7KLV� LQ� WXUQ�PDQLIHVWV� DV� D�GHFUHDVH� LQ� WKH�XQLW� FHOO�GLPHQVLRQ�� D� WUHQG� SDUWLFXODUO\� ZHOO� H[HPSOLILHG� E\� WKH� &R+&)� FRPSRXQG� V\VWHP�� ,Q�FRQWUDVW�� WKH�RFWDKHGUDO�FR�RUGLQDWLRQ�JHRPHWU\� LV�QRW�VLJQLILFDQWO\�SHUWXUEHG� LQ�VL]H�E\�WKH�)H�R[LGDWLRQ�VWDWH�DV�ERUQH�RXW�E\�WKH�VLPLODULW\�EHWZHHQ�WKH�XQLW�FHOO�SDUDPHWHUV�RI�.�>)H�&1��@�DQG�.�>)H�&1��@ UHVSHFWLYHO\�����,Q�WKH�FDVH�RI�WKH�YDQDGLXP�DQDORJ��;�UD\�SKRWRHOHFWURQ�VSHFWURVFRS\��;36��DQG�,5� HYLGHQFH� �������� VXSSRUW� WKH� SUHVHQFH� RI� 92�� �YDQDG\O�� LRQV� LQ� WKH� FRPSRXQG�VWUXFWXUH�� 7KLV�ZRXOG� LPSO\� DQ� RFWDKHGUDO� FRRUGLQDWLRQ� HQYLURQPHQW� IRU� WKH� YDQDGLXP�PHWDO�VLWHV�LQ�ZKLFK�RQH�RI�WKH�VL[�EULGJLQJ�&1�OLJDQGV�LV�UHSODFHG�E\�D�WHUPLQDO�R[\JHQ��2Q� WKH� RWKHU� KDQG�� WKH�PHDVXUHG�9�)H� UDWLR� RI� ����r ����� ����� VXJJHVWV� D� WUHQG� LQ� WKH�



/H]QD��5�2��HW�DO��
YDQDGLXP�V\VWHP�WKDW�LV�FRPPRQ�ZLWK�WKH�&X��3G��,Q��&R��DQG�1L�DQDORJV��)LJXUH���DQG�7DEOH ���� �&RQWUDVWLQJ�ZLWK�DQ� HDUOLHU� VWXG\� ������ HYLGHQFH� KDV�EHHQ�SUHVHQWHG� ����� IRU�UHGR[� WUDQVLWLRQV� LQ� WKLV�FRPSRXQG� WR� LQYROYH�RQO\� WKH�)H� VLWHV�� OHDYLQJ� WKH�92�� VLWHV�LQWDFW�� 7KHUH� DUH� H[FHSWLRQV� WR� WKLV� WUHQG� DV� QRWHG� ODWHU� LQ� WKLV� DUWLFOH�� 7KH� VLPSOLILHG�QRWDWLRQ��9+&)��LV�XVHG�EHORZ�ZLWK�WKH�LPSOLFDWLRQ�WKDW�WKH�YDQDGLXP�PHWDO�FDWLRQ�LV�QRW�SUHVHQW�LQ�WKH�³IUHH´�VWDWH�0L[HG�PHWDO�KH[DF\DQRIHUUDWHV� KDYH�EHHQ�SUHSDUHG�ERWK� DV� WKLQ� ILOPV� DQG�EXON�SUHFLSLWDWHV� �SRZGHUV�� DV� H[HPSOLILHG� E\� WKH� IROORZLQJ� FRPSRXQG��.������\3G\,,1L����,,>)H,,�&1��@��ZKHUH�\���������������5DWKHU�WKDQ�VLPSOH�LQFRUSRUDWLRQ�RI�3G�� DW�LQWHUVWLWLDO�ODWWLFH�SRVLWLRQV��LW�KDV�EHHQ�K\SRWKHVL]HG�WKDW�DW�KLJKHU�3G�� OHYHOV�LQ�VROXWLRQV�� SDOODGLXP� LRQV� RFFXS\� QRPLQDOO\� 1L� SRVLWLRQV� LQ� D� �1{&� FRRUGLQDWHG�HQYLURQPHQW� ������ 6LPLODU� 1L�&R� K\EULG� KH[DF\DQRIHUUDWH� QHWZRUNV KDYH� DOVR� EHHQ�GHVFULEHG������

)LJXUH����&\FOLF�YROWDPPRJUDPV�UHFRUGHG�GXULQJ�WKH�JURZWK�RI�DQ�,Q+&)�ILOP�RQ�D�JROG�VXEVWUDWH�XVLQJ�DQ�H[WHQGHG��D��DQG�D�UHVWULFWHG�SRWHQWLDO�ZLQGRZ��E���6ROXWLRQ�FRPSRVLWLRQ����[����� 0�.�>)H�&1��@�������[����� 0�,Q��62��� LQ�����0�.�62� RI�S+�������SRWHQWLRG\QDPLF�JURZWK�F\FOHV�DW����P9�V���
%\�WXQLQJ�WKH�R[LGDWLRQ�VWDWH�RI�WKH�LURQ�VLWHV��LW�KDV�EHHQ�VKRZQ�WKDW�WKH�1L�RU�WKH�,Q� DQDORJV� EHKDYH� HLWKHU� DV� UHGR[�FRQGXFWLQJ� VROLG� HOHFWURO\WHV� RU� DV�VHPLFRQGXFWRU�LQVXODWRU PDWHULDOV�������7KXV�WKH�IXOO\�R[LGL]HG�RU�IXOO\�UHGXFHG�IRUP�RI�WKH� 1L� DQDORJ� VKRZV� WKH� YROWDPPHWULF� SURILOH� RI� DQ� LQVXODWRU�� 2Q� WKH� RWKHU� KDQG�� WKH�PL[HG� YDOHQFH� IRUP� FRQWDLQLQJ� ERWK� )H,, DQG� )H,,, UHGR[� VLWHV� VKRZV� VHPLFRQGXFWRU�EHKDYLRU��7KHVH�GDWD�XQGHUOLQH�WKDW�WKH�LQWHUSOD\�EHWZHHQ�HOHFWURQ�DQG�LRQ�IOX[HV�GHSHQGV�RQ�WKH�RSHQQHVV�RI�WKH�VWUXFWXUDO�QHWZRUN�WR�LRQ�PRWLRQ�DQG�WR�IDFWRUV�VXFK�DV�K\GUDWLRQ��,QGHHG� HOHFWURQ� GLIIXVLRQ� LQ�ZHW� DQG� GU\� 3UXVVLDQ� EOXH� ILOPV� KDV� EHHQ� LQWHUURJDWHG� RQ�LQWHUGLJLWDWHG�DUUD\�HOHFWURGHV������ 2WKHU�HYLGHQFH�IURP�'&�FRQGXFWLYLW\�PHDVXUHPHQWV�VKRZV�D�SUHGRPLQDQWO\�VLWH�ZLVH�HOHFWURQ�KRSSLQJ�PHFKDQLVP�LQ�WUXO\�GU\�3UXVVLDQ�EOXH�DQG�VXEVWLWXWHG�PHWDO�DQDORJV� ������8SWDNH�RI�ZDWHU�SURYRNHV� LRQLF�FRQGXFWLYLW\� LQ� WKH�V\VWHP�� DQG� WR� WKH� H[WHQW� WKDW� HOHFWURQ� KRSLQJ� LV� FRXSOHG�ZLWK� LRQ�PRWLRQ� WR� SUHVHUYH�



3UXVVLDQ�EOXH�DQDORJV��HOHFWURV\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ ��
ORFDO� FKDUJH� QHXWUDOLW\�� K\GUDWLRQ� RI� WKH� PDWHULDO� EHFRPHV� DQ� LPSRUWDQW� IDFWRU� LQ� LWV�RYHUDOO�FKDUJH�WUDQVSRUW�EHKDYLRU���������2WKHU�DVSHFWV�RI�WKH�VROLG�VWDWH�FKHPLVWU\�RI�PHWDO�KH[DF\DQRIHUUDWHV��LQFOXGLQJ�WKDW�RI�WKH�SDUHQW��3UXVVLDQ�EOXH��KDYH�EHHQ�GLVFXVVHG�E\�SUHYLRXV�DXWKRUV�������������������
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)LJXUH����&\FOLF�YROWDPPRJUDPV�UHFRUGHG�GXULQJ�WKH�JURZWK�RI�&R+&)�ILOPV�RQ�JROG�VXEVWUDWHV�XVLQJ��[�����0.�>)H�&1��@����[����� 0&R�12��� PL[HG�LQ�GHR[\JHQDWHG���0�.12������SRWHQWLRG\QDPLF�JURZWK�F\FOHV�DW����P9�V�����D��HOHFWURFKHPLFDO�WKLQ�ILOP��G  ����QP��RQ�QRQ�SURWHFWHG�JROG���E��FKHPLFDO�WKLFN�ILOP��G  �����QP������PLQ�DW�RSHQ�FLUFXLW�LQ�SUHFXUVRU VROXWLRQ����F��HOHFWURFKHPLFDO�WKLFN�ILOP��G  �����QP��RQ�HOHFWURFKHPLFDOO\�SURWHFWHG�JROG�
(OHFWURGHSRVLWLRQ3UXVVLDQ� EOXH� LWVHOI� KDV� EHHQ� SUHSDUHG� E\� ERWK� FKHPLFDO� �������� DQG�HOHFWURFKHPLFDO� �������� PHWKRGV�� +HUH� ZH� ZLOO� FRQILQH� RXU� GLVFXVVLRQ� PRVWO\ WR�VXSSRUWHG�ILOPV�RI� WKH�PHWDO�KH[DF\DQRIHUUDWH� �0+&)��FRPSRXQGV��7KH�PRVW�FRPPRQ�VWUDWHJ\�IRU�HOHFWURV\QWKHVLV�LQYROYHV�SRWHQWLRG\QDPLF�F\FOLQJ�EHWZHHQ�SUH�VHW�SRWHQWLDO�OLPLWV�RI�WKH�ZRUNLQJ�HOHFWURGH�LQ�D�VXSSRUWLQJ�HOHFWURO\WH�FRQWDLQLQJ�ERWK�WKH�PHWDO�LRQ��0Q��� DQG� IHUULF\DQLGH� VSHFLHV�� 7KH� PHWDO� LRQ� FDQ� EH� GRVHG� LQ� VLWX� LQWR� WKH� JURZWK�PHGLXP�IURP�DQ�DFWLYH�PHWDO�DQRGH��7KLV�PHWKRG�KDV�EHHQ�XVHG� IRU� WKH�JURZWK�RI� WKH�FRSSHU������DQG�QLFNHO���������DQDORJV��,Q�RWKHU�LQVWDQFHV�LQHUW�VXEVWUDWHV�VXFK�DV JODVV\�FDUERQ��JUDSKLWH��SODWLQXP��RU�JROG�DUH�XVHG�� ,Q�WKHVH�FDVHV��WKH�PHWDO�LRQV�DUH�DGGHG�WR�WKH�IHUULF\DQLGH�ORDGHG�VXSSRUWLQJ�HOHFWURO\WH��3RWHQWLRG\QDPLF�F\FOLQJ�WKHQ�LQVWLJDWHV�LQ�VLWX�SUHFLSLWDWLRQ�RI�WKH��LQVROXEOH��0+&)�FRPSRXQG�RQ�WKH�LQHUW�ILOP�VXEVWUDWH�VXUIDFH��)RU� DSSOLFDWLRQV� ZKHUHLQ� RSWLFDO� WUDQVSDUHQF\� RI� WKH� HQWLUH� ILOP� DVVHPEO\� LV� GHVLUHG��FRQGXFWLQJ�WUDQVSDUHQW�R[LGH�VXSSRUWV�VXFK�DV�WLQ�GRSHG�LQGLXP�R[LGH�RU�)�GRSHG�6Q2�JODVV�PD\�EH�XVHG��)LJXUH���FRQWDLQV�UHSUHVHQWDWLYH�F\FOLF�YROWDPPRJUDPV�VLJQDOLQJ�WKH�JURZWK�RI�D�9+&)� ILOP� RQ� D� 3W� VXEVWUDWH�� 2WKHU� WKDQ� YROWDPPHWU\�� HOHFWURFKHPLFDO� TXDUW]� FU\VWDO�PLFURJUDYLPHWU\� �(4&0�� �������� DIIRUGV� D� VHQVLWLYH� SUREH� RI� WKH� PHFKDQLVWLF� GHWDLOV�DVVRFLDWHG� ZLWK� 0+&)� ILOP� JURZWK�� 6XFK� PHDVXUHPHQWV� KDYH� EHHQ� GHVFULEHG�� IRU�H[DPSOH�� IRU� ,Q+&)� ����� DQG�1L+&)� ����� GXULQJ� ILOP� JURZWK�� (OHPHQWDO� DQDO\VLV� YLD�



/H]QD��5�2��HW�DO��
DWRPLF� VSHFWURVFRS\� DQG� ;36� SURYLGHV� FRQILUPDWLRQ� RI� WKH� LGHQWLW\� RI� WKH� VSHFLILF�FRPSRXQG� WKDW� KDV� EHHQ� GHSRVLWHG�� 7KH�0�)H� DWRP� UDWLR� LV� D� XVHIXO SDUDPHWHU� LQ� WKLV�UHJDUG��7DEOH����DV�KDV�EHHQ�VKRZQ��IRU�H[DPSOH��IRU�WKH�,Q�������9�������&R�������DQG�1L������DQDORJV��0|VVEDXHU�VWXGLHV�KDYH�EHHQ�UHSRUWHG������IRU�&R+&)�ZKHUHLQ�WKH�)H,,�,,,PL[HG�YDOHQW�VWDWH�ZDV�LQGXFHG�E\�R]RQDWLRQ��$�YHU\�EURDG�QHZ�OLQH�IRU�WKH�PL[HG�YDOHQW�VWDWH�ZDV�GHWHFWHG������
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$X,Q�7L2�
,Q+&)�

)LJXUH����,Q�7L2� FRPSRVLWH�ILOP�JURZQ�RQ�D�JROG�VXEVWUDWH��*URZWK�RI�D�WRS�OD\HU�RI�,Q+&)�E\�UHSHWLWLYH�F\FOLQJ�LQ�D�VROXWLRQ�FRQWDLQLQJ���[����� 0�.�>)H�&1��@�DQG�����[����� 0�,Q��62��� LQ�����0�.�62� �S+����������SRWHQWLRG\QDPLF�JURZWK�F\FOHV�DW���P9V����$�VFKHPDWLF�LOOXVWUDWLRQ�RI�WKH�,Q�7L2� FRPSRVLWH�ILOP�GHULYDWL]HG�ZLWK�,Q+&)�LV�VKRZQ�RQ�WRS�RI�WKLV�ILJXUH�
7KH�SRWHQWLDO�ZLQGRZ�GHSOR\HG�IRU�SRWHQWLRG\QDPLF�JURZWK�RI� WKH�0+&)�ILOPV�FDQ�H[HUW�DQ�LQIOXHQFH�RQ�FRPSRXQG�VWRLFKLRPHWU\�DV�H[HPSOLILHG�E\�WKH�,Q+&)�V\VWHP������� %URDGHU� JURZWK� F\FOLF� YROWDPPHWU\� SURILOHV� ZHUH� GLVFHUQHG� XQGHU� ³H[WHQGHG�



3UXVVLDQ�EOXH�DQDORJV��HOHFWURV\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ ��
SRWHQWLDO�ZLQGRZ´��(3:��FRQGLWLRQV�UHODWLYH�WR�WKH�³UHVWULFWHG�SRWHQWLDO�ZLQGRZ´��53:��FDVH�������7KLV�LV�VKRZQ�LQ�)LJXUH����7KH�(3:�ILOP�DOVR�JUHZ�DW�D�IDVWHU�UDWH�FRPSDUHG�WR�LWV�53:�FRXQWHUSDUW�� FRPSDUH� WKH�RUGLQDWH�FXUUHQW�VFDOHV� LQ� WKH� WZR�FDVHV� LQ�)LJXUH����7KHVH�GLIIHUHQFHV�ZHUH�UDWLRQDOL]HG�RQ�WKH�EDVLV�WKDW�DSDUW�IURP�WKH������,Q�)H��FRPSRXQG�VWRLFKLRPHWU\��7DEOH�����WKH�����FRPSRXQG�LV�DOVR�IRUPHG�XQGHU�WKH�(3:�FRQGLWLRQ������$QRWKHU� VWULNLQJ� H[DPSOH� RI� WKH� VHQVLWLYLW\� RI� ILOP� PRUSKRORJ\� WR� WKH� JURZWK�KLVWRU\� LV� SURYLGHG�E\� WKH� F\FOLF�YROWDPPHWU\� GDWD� LQ� )LJXUH� �� IRU� WKH� &R+&)� V\VWHP�������7KH�WKUHH�FDVHV�VKRZQ�GLIIHU�LQ�WKH�DGMXVWPHQW�RI�WKH�LQLWLDO�FRDJXODWLRQ�SHULRG�SULRU�WR�WKH�HOHFWURV\QWKHVLV�VWHS�DQG�WKH�H[WHQW�RI�SDVVLYDWLRQ�RI�WKH�JROG�VXEVWUDWH��1RWH�WKDW�LQ� WKH� ODVW� FDVH� �)LJXUH� �F�� WKHUH� LV� YLUWXDOO\� QR� LQ� VLWX� SUHFLSLWDWLRQ� ZKHQ� WKH�SRWHQWLRG\QDPLF�JURZWK�F\FOH�LV�LQLWLDWHG��:LWK�D����PLQXWHV�FRDJXODWLRQ�SHULRG��)LJXUH��E���WKH�YROWDPPHWU\�SURILOH�LV�GLDJQRVWLF�RI�VXEVWDQWLDO�&R+&)�IRUPDWLRQ�DOUHDG\�ZKHQ�WKH� SRWHQWLRG\QDPLF� JURZWK� F\FOH� LV� LQLWLDWHG� �)LJXUH� �E��� 7KH� ILOP� PRUSKRORJ\� LV�URXJKHVW�LQ�WKLV�FDVH�

)LJXUH����&\FOLF� YROWDPPRJUDPV� IRU�D�&X+&)� ILOP� LQ� FRQWDFW�ZLWK�����0�.�62� DW�D�VFDQ�UDWH�RI�����P9�V�� �D��DQG�D ,Q+&)�ILOP�LQ�����0�.�62� �S+����DW���P9�V����E��$�PHWKRG� WKDW� LV� SRWHQWLDOO\� DSSOLFDEOH� WR� SUHSDUH�PXOWLOD\HUV� RI 0+&)V�ZLWK�GLIIHUHQW� PHWDO� DQDORJV�� KDV� EHHQ� GHVFULEHG� ������ 6HOI�DVVHPEO\� RI� PHUFDSWRSURSLRQLF�DFLG� ZDV� IROORZHG� E\� VXEVHTXHQW� DWWDFKPHQW� RI� &X+&)� WR� WKH� WKLRO� DQG� FDUER[\ODWH�IXQFWLRQDOLWLHV� RI� WKH� WHPSODWH� OD\HU� ������0XOWLSOH� VHTXHQWLDO� DGVRUSWLRQ� RI� PHWDO� LRQV�DQG�KH[DF\DQRPHWDODWH�DQLRQV�ZDV�DOVR�XVHG�WR�GHSRVLW�VHYHUDO�0+&)�DQDORJV�RQ�VROLG�VXSSRUWV�ZLWK�PRQROD\HU�SUHFLVLRQ����������2WKHU�VWXGLHV�RULHQWHG�WRZDUG�WKH�SUHSDUDWLRQ�RI�/DQJPXLU�%ORGJHWW�ILOPV�RI�3UXVVLDQ�EOXH�DUH�H[HPSOLILHG�E\�5HI������+LJKO\�RUGHUHG�3UXVVLDQ� EOXH� QDQRZLUH� DUUD\V� �QDQRZLUH� GLDPHWHU�� a��� QP�� OHQJWK�� XS� WR� ��PP��ZHUH�IDEULFDWHG� ����� XVLQJ� HOHFWURGHSRVLWLRQ� LQ� DQ� DOXPLQD� �DOXPLWH�� WHPSODWH� ������ )LQDOO\��



/H]QD��5�2��HW�DO��
&X+&)��DQG�RWKHU�PDJQHWLF�FRPSRXQGV��ZHUH�SUHSDUHG�RQ�WKH�QDQRPHWHU�VL]H�VFDOH�E\�FRQWUROOHG�FR�SUHFLSLWDWLRQ�LQYROYLQJ�PL[WXUHV�RI�ZDWHU�LQ�RLO�PLFURHPXOVLRQV������0HWDO� KH[DF\DQRIHUUDWH� FRPSRXQGV� FDQ� DOVR� EH� PDWHG� ZLWK� VHPLFRQGXFWRU�SDUWLFOHV�������,Q�WKH�HOHFWURV\QWKHWLF�DSSURDFK��WKH�JURZWK�PHGLXP�LV�VLPSO\�GRVHG�ZLWK�WKH� VHPLFRQGXFWRU�SDUWLFOHV� WR� WKH�GHVLUHG� OHYHO� �XVXDOO\� LQ� WKH� UDQJH�RI� VHYHUDO�PJ�/���$OWHUQDWHO\�� D� VLQJOH� FU\VWDO� VHPLFRQGXFWRU� VXUIDFH� FDQ� EH� FRDWHG� ZLWK� 0+&)� YLD�HOHFWURGHSRVLWLRQ� DV�GHPRQVWUDWHG� IRU� Q�7L2� ����� DQG�Q�6U7L2�� ������$� YDULDQW� RI� WKLV�DSSURDFK� LQYROYHV� WKH�XVH�RI�SRO\FU\VWDOOLQH� VHPLFRQGXFWRU� ILOPV�RQ�ZKLFK� WKH�0+&)�OD\HU� LV� VXEVHTXHQWO\� FRDWHG� ��������� )LQDOO\�� PHWDO�VHPLFRQGXFWRU� �0�6�� FRPSRVLWH�FRDWLQJV�FDQ�EH�VXEVHTXHQWO\�GHULYDWL]HG�E\�H[SRVLQJ�WKHP�WR�IHUULF\DQLGH����������7KH�0� FRPSRQHQW� LQ� WKH� FRPSRVLWH� LV� FRQYHUWHG� LQ� VLWX� WR� WKH� FRUUHVSRQGLQJ�0+&)� OD\HU��VHH�DERYH��LQ�WKLV�PDQQHU��)LJXUH����7KH�UHDGHU�LV�DOVR�UHIHUUHG�WR�RWKHU�VWXGLHV����������������IRU�IXUWKHU�GHWDLOV�RI�0+&)�ILOP�JURZWK�E\�HOHFWURFKHPLFDO�PHWKRGV�
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6FKHPH�,
5HGR[�7UDQVIRUPDWLRQV�DQG�,RQ�)OX[HV2QFH� WKH�0+&)� OD\HU� LV� JURZQ�RQ� D� WDUJHWHG� VXUIDFH�� WKH� FKHPLFDOO\� PRGLILHG�HOHFWURGH� DVVHPEO\� FDQ� EH� WUDQVIHUUHG� WR� D� PHGLXP� FRQWDLQLQJ� RQO\� WKH� VXSSRUWLQJ�HOHFWURO\WH�� 6XEVHTXHQW� F\FOLF� YROWDPPHWU\� UHYHDOV� RQH� RU� PRUH� UHYHUVLEOH� ZDYHV�VLJQDOLQJ� UHGR[� SURFHVVHV� RI� WKH�0+&)� OD\HU�� 7KH� FRPSOH[LW\� RI� WKLV� YROWDPPRJUDP�GHSHQGV�RQ�WKH�SDUWLFXODU�V\VWHP��DQG�KRZ�PDQ\�FRPSRXQG�VWRLFKLRPHWULHV��7DEOH����DUH�LQKHUHQW� LQ� WKH� GHSRVLWHG� OD\HU�� 3DUWLFXODUO\� FOHDQ� SURILOHV� DUH� VHHQ� IRU� WKH� &X� DQG� ,Q�



3UXVVLDQ�EOXH�DQDORJV��HOHFWURV\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ ��
DQDORJV� �WKH� ODWWHU�XQGHU� D� UHVWULFWHG�SRWHQWLDO�ZLQGRZ�JURZWK� FRQGLWLRQ�� VHH� DERYH�� DV�VKRZQ�LQ�)LJXUHV��D�DQG�E�UHVSHFWLYHO\��1RWH� WKDW�WKH�YROWDPPHWU\�ZDYHV�LQ�WKLV�ILJXUH�DUH�VKDUS��V\PPHWULFDO�DQG�ZLWK�QR GLIIXVLRQ�WDLOV� LQ�HLWKHU�SRVLWLYH� RU�QHJDWLYH� JRLQJ�F\FOHV��)XUWKHU��SHDN�SRWHQWLDO�VHSDUDWLRQ�LV�FORVH�WR�]HUR�LQ�ERWK�FDVHV��7KHVH�WUHQGV�DUH�GLDJQRVWLF�RI�VXUIDFH�FRQILQHG�ORFDWLRQ�RI�WKH�0+&)�UHGR[�SURFHVV���������

)LJXUH����,Q�VLWX�LQIUDUHG�UHIOHFWDQFH�VSHFWUD�RI�&X+&)�LQ�����0�.� 62���7KH�VSHFWUD�ZHUH�REWDLQHG�DW�VWHSZLVH�LQFUHDVLQJ�SRWHQWLDOV�IURP������9�XS�WR������9�DV�LQGLFDWHG�LQ�WKH�ILJXUH��$UURZV�LQGLFDWH�WKH�HYROXWLRQ�RI�WKH�UHVSHFWLYH�EDQGV��7KH�UHIHUHQFH�VSHFWUXP�LV�WKDW�RI�D�EDUH�JROG�HOHFWURGH�
3HUWLQHQW� KHUH� LV� WKH� LQIOXHQFH� RI� FRXQWHU�LRQ� PRWLRQ� RQ� WKH� YROWDPPRJUDP�SURILOHV�� 5HFDOO� WKDW� DONDOL� FDWLRQ� IOX[� LQWR� DQG� RXW� RI� WKH� 0+&)� OD\HU� LV� FULWLFDO� WR�PDLQWDLQLQJ�ORFDO�FKDUJH�QHXWUDOLW\�GXULQJ�ILOP�UHGR[�������(YHQ�HDUO\�VWXGLHV���������RQ�WKLV� WRSLF�UHYHDOHG�WKH�VHQVLWLYLW\�RI� WKH�YROWDPPHWU\�SURILOHV�WR�HOHFWURO\WH�FDWLRQV��)RU�H[DPSOH��WKH�LQWURGXFWLRQ�RI�&V� FDXVHG�PXOWLSOH�ZDYH�IRUPDWLRQ�LQ�WKH�1L+&)�V\VWHP��LQWHUHVWLQJO\�� FKDQJLQJ� WKH� VXSSRUWLQJ� FDWLRQ� IURP�RQH� WR� DQRWKHU� DQG� WKHQ�EDFN� WR� WKH�ILUVW�� UHSURGXFHG� WKH�RULJLQDO�F\FOLF�YROWDPPRJUDP�������7KH� UHGR[� UHDFWLRQ� LQ�&X+&)�ZDV� VHHQ� WR� EH� IDVWHU� LQ� D� PHGLXP� KDYLQJ� DPPRQLXP� LRQ� WKDQ� LQ� D� .��FRQWDLQLQJ�HOHFWURO\WHV� ������ 1HUQVWLDQ� VHPL�ORJ� SORWV� RI� SHDN� SRWHQWLDOV� YHUVXV� DPPRQLXP� LRQ�FRQFHQWUDWLRQ�ZHUH�DOVR�SUHVHQWHG�LQ�WKLV�HDUO\�VWXG\�������6LPLODU�GDWD�H[LVW�IRU�.���1+��RU�1D� LRQV�LQ�WKH�&X+&)�DQG�&R+&)�V\VWHPV���������/RVV�RI�HOHFWURDFWLYLW\�KDV�EHHQ�REVHUYHG�IRU�5E� DQG�&V��FRQWDLQLQJ�HOHFWURO\WHV�ZKHQ�&R+&)�ILOPV�DUH�YROWDPPHWULFDOO\�F\FOHG����������7KHVH�FKDQJHV�LQ�HOHFWURDFWLYLW\�ZHUH� DWWULEXWHG� WR� WKH� UDWKHU� ODUJH�K\GUDWHG� UDGLL�RI�5E� DQG�&V� LRQV�DQG� LQKLELWLRQ�RI�WKHLU� LQJUHVV�HJUHVV� LQWR�RXW� RI� WKH� 0+&)� IUDPHZRUN�� 6LPLODU� YROWDPPHWULF�³SDVVLYDWLRQ´�RI�WKH�&R+&)�ILOP�LQ�/L��FRQWDLQLQJ�HOHFWURO\WHV�KDV�EHHQ�DWWULEXWHG�WR�WKH�ODUJH�K\GUDWLRQ�VSKHUH�RI�/L� FDWLRQV� ������7KH� IRUPDO�SRWHQWLDOV�RI�&R+&)�ILOPV�ZHUH�PHDVXUHG�IRU�/L���1D���.���DQG�&V� FRQWDLQLQJ�HOHFWURO\WHV��DQG�ZHUH�IRXQG�WR�FRUUHODWH�ZHOO�ZLWK� WKH� VL]HV� RI� WKH� K\GUDWHG� LRQV� ������ ,RQ� SHUPHDELOLW\� LQ� DQ� ,Q+&)� ILOP�ZDV�



/H]QD��5�2��HW�DO��
UHSRUWHG� WR� IROORZ� WKH� RUGHU��1D� !�.� !�1+�� !� /L� LQ� WZR� VHSDUDWH� VWXGLHV� ���������&\FOLF�YROWDPPRJUDPV�ZHUH�SUHVHQWHG�IRU�1L+&)�ILOPV�LQ����GLIIHUHQW�FDWLRQ�FRQWDLQLQJ�VXSSRUWLQJ� HOHFWURO\WHV� ������ 2WKHU� YROWDPPHWULF� VWXGLHV� SHUWDLQLQJ� WR� WKH� HIIHFW� RI�HOHFWURO\WH�FDWLRQV�LQFOXGH�5HI�����RQ�&R+&)��

)LJXUH����,Q�VLWX�LQIUDUHG�UHIOHFWDQFH�VSHFWUD�RI�DQ�,Q+&)�ILOP�HOHFWURGHSRVLWHG�RQ�JROG�XVLQJ�(3:�FRQGLWLRQV��7KH�VSHFWUD�ZHUH�REWDLQHG�LQ���� 0�.�62� DW�S+����$SSOLHG�SRWHQWLDOV�DV�LQGLFDWHG�LQ�WKH�ILJXUH�
7KH�(4&0�WHFKQLTXH�DIIRUGV�DQRWKHU�VHQVLWLYH�LQ�VLWX�SUREH�RI�WKH�LRQ�IOX[HV�GXULQJ�0+&)�ILOP�UHGR[��7KLV�LV�H[HPSOLILHG�E\�PHDVXUHPHQWV�RQ�,Q+&)�������&R+&)���������DQG�1L+&)����������%HDP GHIOHFWLRQ�WHFKQLTXHV�ZHUH�DOVR�HPSOR\HG�IRU�PRQLWRULQJ�LRQ�WUDQVSRUW�GXULQJ�UHGR[�UHDFWLRQV�RI�,Q+&)�VXUIDFH�OD\HUV�������7KH�SULQFLSDO�FKDUJH�FRPSHQVDWLQJ�LRQV�ZHUH�VKRZQ������WR�EH�FDWLRQV��KRZHYHU�VHH�EHORZ���;�UD\�DEVRUSWLRQ�QHDU�HGJH�VWUXFWXUH��;$1(6��H[SHULPHQWV�LQGLFDWH�WKH�FKHPLFDO�HQYLURQPHQW�RI�&R�,,��VLWHV�WR�EH�LQIOXHQFHG�E\�WKH�SUHVHQFH�RI�K\GUDWHG�DONDOL�PHWDO�FRXQWHU�LRQV�������)LQDOO\��R[LGDWLRQ�VWDWH�SURILOHV�LQ�1L+&)�GHULYDWL]HG�HOHFWURGHV�ZHUH�PDSSHG�ZLWK�WKH�XVH�RI�OLQH�LPDJLQJ�5DPDQ�VSHFWURVFRS\������:KLOH� DONDOL� FDWLRQV� DUH� WKH� SULQFLSDO� FKDUJH�FRPSHQVDWLQJ� VSHFLHV� LQ� UHGR[�UHDFWLRQV� RI�0+&)� ILOPV�� UDGLRWUDFHU� HYLGHQFH� RQ� ,Q+&)� SRLQWV� WRZDUG� FRQWULEXWLRQV�IURP� DQLRQ� IOX[HV� DV� ZHOO� ������ 7KLV� PDQLIHVWV� PDLQO\� IRU� WKH� 0�)H� ���� FRPSRXQG�VWRLFKLRPHWU\��VHH�DOVR�7DEOH�����$QLRQ�IOX[HV�DUH�DOVR�VKRZQ�ERWK�E\�VXUYH\�;36�VFDQV�DQG� TXDQWLWDWLYH� DVVD\V� IRU� 6� �DULVLQJ� IURP� VXOIDWH� DQLRQV�� LQ� WKH� ,Q+&)� V\VWHP� ������6LPLODU�EHKDYLRU�DSSHDUV�WR�KROG�LQ�WKH�YDQDGLXP�FDVH�������,QWHUHVWLQJO\��WKH�SUREH�EHDP�GHIOHFWLRQ�WHFKQLTXH�LQGLFDWHG�D�FRQWULEXWLRQ�RI�DQLRQ�IOX[HV�LQ�,Q+&)�RI�RQO\�OHVV�WKDQ�����DW�OHDVW�IRU�ILOP�SRWHQWLDOV�EHORZ�����9��YHUVXV�VDWXUDWHG�FDORPHO�HOHFWURGH�UHIHUHQFH��������7KH�GRXEOH�LQMHFWLRQ�RI�HOHFWURQV�DQG�FDWLRQV�ZDV�DOVR�VWXGLHG�E\�PRQLWRULQJ�WLPH�UHVROYHG�FKDQJHV�LQ� WKH�RSWLFDO�UHIOHFWLYLW\�RI�3UXVVLDQ�EOXH�PRGLILHG�3W�GLVN�HOHFWURGHV�GXULQJ�JDOYDQRVWDWLF�UHGXFWLRQ�RI�WKH�ILOP������



3UXVVLDQ�EOXH�DQDORJV��HOHFWURV\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ ��
6SHFWURHOHFWURFKHPLVWU\6SHFWURHOHFWURFKHPLVWU\�FRPELQHV�WZR�SRZHUIXO�WHFKQLTXHV��QDPHO\�VSHFWURVFRS\�DQG�HOHFWURFKHPLVWU\��IRU�VWXG\LQJ�WKH�FKDQJHV�RFFXUULQJ�GXULQJ�UHGR[�RI�WKH�WHVW�V\VWHP����������7KXV��R[LGDWLRQ�VWDWHV�FDQ�EH�FKDQJHG�HOHFWURFKHPLFDOO\�E\�DGGLWLRQ�RU�UHPRYDO�RI�HOHFWURQV�DW�DQ�HOHFWURGH�ZKLOH�VSHFWUDO�PHDVXUHPHQWV��DW�WKH�HOHFWURGH�VXUIDFH�RU�LQ�WKH�VROXWLRQ�DGMDFHQW� WR� WKH�HOHFWURGH��DUH�PDGH�VLPXOWDQHRXVO\��,PSRUWDQWO\��WKLV�FRPELQHG�DSSURDFK� REYLDWHV� D� NH\� VKRUWFRPLQJ� RI� HOHFWURFKHPLFDO� SUREHV� DVVRFLDWHG� ZLWK� WKHLU�FKHPLFDO� QRQ�VSHFLILFLW\� ������ ,Q� WKLV� VHFWLRQ�� WKH� DSSOLFDWLRQ� RI� ,5� DQG� 89�YLVLEOH�VSHFWURHOHFWURFKHPLFDO�SUREHV�WR�WKH�0+&)�V\VWHP�ZLOO�EH�GLVFXVVHG�

)LJXUH����,Q�VLWX�LQIUDUHG�UHIOHFWDQFH�VSHFWUD�RI�D�3G+&)�ILOP�LQ���0�.&O��S+������DW�VWHSZLVH�LQFUHDVLQJ�SRWHQWLDOV��DV�LQGLFDWHG�LQ�WKH�ILJXUH���$SSOLHG�SRWHQWLDOV�DV�VKRZQ�LQ�WKH�ILJXUH��7KH�UHIHUHQFH�VSHFWUXP�ZDV�WDNHQ�RQ�D�EDUH�SODWLQXP�HOHFWURGH�
7KH� F\DQLGH� JURXS�VWUHWFKLQJ� UHJLRQ� LQ� WKH� ,5� VSHFWUXP� �VSDQQLQJ� FD�� ����� ±�����FP����SURYLGHV�D�VHQVLWLYH�DQG�YHUVDWLOH�SUREH�IRU�FRPSRXQGV�LQ�WKH�0+&)�IDPLO\����� ���� �������� 'LIIXVH� UHIOHFWDQFH� )RXULHU� WUDQVIRUP� �)7�� ,5� GDWD�� H[� VLWX�� ZHUH�SUHVHQWHG� IRU�1L+&)� LQ� DQ� HDUO\� VWXG\� ������ZKHUH� WKH� YLUWXHV� DVVRFLDWHG�ZLWK� VSHFWUD�DFTXLUHG�LQ�VLWX LQ�DQ�HOHFWURFKHPLFDO�FHOO��L�H���LQ�D�VSHFWURHOHFWURFKHPLFDO�H[SHULPHQW��ZHUH�SRLQWHG�RXW�E\� WKHVH�DXWKRUV��6XEVHTXHQW� VWXGLHV�KDYH�H[DPLQHG� WKH� LQ� VLWX )7,5�EHKDYLRU�RI�RWKHU�FRPSRXQGV��H�J���&R+&)������:H�ZLOO�QRZ�SUHVHQW�PRUH�UHFHQW�H[DPSOHV�GUDZQ�IURP�RXU�RZQ�VWXGLHV�RQ�D�VHW�RI�0+&)� FRPSRXQGV�� 6FKHPH� ,� SURYLGHV� D� FRPSLODWLRQ� RI� WKH� UHGR[� WUDQVIRUPDWLRQV�ZLWK�WKH�FRUUHVSRQGLQJ�FRPSRXQG�FRPSRVLWLRQV�DQG�UHODWHG�&1�VWUHWFKLQJ�VLJQDWXUHV�IRU�WKH�YDULRXV�PHPEHUV�RI� WKH�0+&)�IDPLO\��7KLV�VFKHPH�ZDV�V\QWKHVL]HG�IURP�RXU�RZQ�GDWD�REWDLQHG�E\�F\FOLF�YROWDPPHWU\�DQG�LQIUDUHG�VSHFWURHOHFWURFKHPLVWU\�RI�WKH�YDULRXV�0+&)�FRPSRXQGV��$� EULHI� GHVFULSWLRQ� RI� WKH� ,5� VSHFWUROHFWURFKHPLVWU\� RI� &X�� ,Q�� 3G�� &R� DQG� 9�DQDORJV� LV� GHVFULEHG� QH[W�� 7KXV�� )LJXUHV� �� WKURXJK� ��� ZHUH� REWDLQHG� LQ� WKH� H[WHUQDO�UHIOHFWDQFH�PRGH�� WKH�RXWSXW�EHLQJ�H[DPLQHG�DV� WKH�QRUPDOL]HG�GLIIHUHQFH�EHWZHHQ� WKH�



/H]QD��5�2��HW�DO��
VLJQDO�DW�D�JLYHQ�SRWHQWLDO�DQG�WKDW�IURP�WKH�EDUH�HOHFWURGH��QR�ILOP��WDNHQ�DV�UHIHUHQFH��5UHI��L�H��'5�5UHI ��5�� 5UHI��5UHI��&KDQJHV�LQ�WKH�VSHFWUDO�EDQGV��DV�WKH�DSSOLHG�SRWHQWLDO�LV�VHTXHQWLDOO\� FKDQJHG�� UHSRUW� RQ� WKH� UHGR[� FRQYHUVLRQ� RI� WKH� SDUWLFXODU� 0+&)� XQGHU�VWXGLHG�� )XUWKHU�� WKH� FRPSOH[LW\� RI� WKH� LQ� VLWX� VSHFWUDO� SURILOHV� SRLQWV� WRZDUG� WKH�SRVVLELOLW\�RI�IRUPDWLRQ�RI�PXOWLSOH�FRPSRXQGV�LQ�HDFK�V\VWHP��VHH�7DEOH�����:KLOH�WKH�SURILOHV�DUH�SDUWLFXODUO\� VLPSOH IRU�&X+&)��)LJXUH����DQG�,Q+&)��)LJXUH�����LQFUHDVLQJ�FRPSOH[LW\�WKHQ�IROORZV�WKH�RUGHU��3G+&)���&R+&)���9+&)��VHH�)LJXUHV���WR�����

�D������������������������������������� �E�)LJXUH�����,Q�VLWX�LQIUDUHG�UHIOHFWDQFH�VSHFWUD�RI�D�&R+&)�WKLQ��VXUIDFH�ORDGLQJ��*  ���[����� PRO�FP����D��DQG�WKLFN�ILOP��*  ���[����� PRO�FP����E��UHVSHFWLYHO\�LQ�0�.12���$SSOLHG�SRWHQWLDOV�DV�LQGLFDWHG�LQ�WKH�ILJXUH��7KH�UHIHUHQFH�VSHFWUXP�ZDV�WDNHQ�RQ�D�EDUH�JROG�HOHFWURGH�
)LJXUH���VKRZV�WKH�LQIUDUHG�VSHFWUDO�HYROXWLRQ�DV�D�IXQFWLRQ�RI�SRWHQWLDO�IRU�D�WKLQ�&X+&)�ILOP�����QP�RI�WKLFNQHVV���6SHFWUD�ZHUH�REWDLQHG�DW�VHW�SRWHQWLDOV�������9�������9�������9�������9�DQG������9��VKRZLQJ�WKDW�R[LGL]HG�DQG�UHGXFHG�IRUPV�RI�&X+&)�FDQ�FRH[LVW�LQ�WKH�ILOP��$�VLQJOH�LQWHQVH�EDQG�DW������FP���ZDV�GHWHFWHG�DW�WKH�ORZHU�SRWHQWLDO������� 9��� 7KLV� EDQG� LV� SURJUHVVLYHO\� EHLQJ� FRQYHUWHG� WR� D� EDQG� DW� ����� FP��FRUUHVSRQGLQJ�WR�WKH�R[LGL]HG�VWDWH�RI�WKH�ILOP��$W������9��WKH�VSHFWUXP�LV�PDGH�RI�WZR�EDQGV��WKH������FP�� EDQG�WKDW�SHDNV�DW�WKLV�KLJKHU�SRWHQWLDO�DQG�D�VPDOO�UHPDLQLQJ�EDQG�DW� ����� FP���� )RU� WKLV� V\VWHP� WKHUH� LV� D� KLJKO\� UHYHUVLEOH� FKDUJH� WUDQVIHU� SURFHVV��DOWKRXJK� VRPH� QRQ�DFWLYH� FHQWHUV� UHPDLQ� UHGXFHG� DW� WKH� KLJKHVW� SRWHQWLDO� XVHG��,QWHUHVWLQJO\�� D� KLJKHU� UHYHUVLELOLW\� IRU� FRQYHUVLRQ� RI� VSHFLHV�ZDV� REVHUYHG� IRU� WKLFNHU�ILOPV� �LQ� WKH� UDQJH�RI� ���� WR� ���� QP��� DV� WKH� QRQ�DFWLYH� UHGR[� FHQWHUV�ZHUH� UHODWLYHO\�PRUH� SURPLQHQW� LQ� WKLQ� &X+&)� ILOPV� ��� ���� QP�� ������ 7KHVH� &1� FKDUDFWHULVWLF�IUHTXHQFLHV�FDQ�EH�DVVLJQHG�WR�D�ILOP�VWRLFKLRPHWU\�ZLWK�D�&X�)H�UDWLR�RI�����DV�LQGLFDWHG�LQ�6FKHPH�,��,Q� VLWX� VSHFWURHOHFWURFKHPLFDO� GDWD� IRU� ,Q+&)� ILOPV� LV� VKRZQ� LQ� )LJXUH� �� IRU�SURJUHVVLYHO\� LQFUHDVLQJ�SRWHQWLDOV�IURP�����9�WR������9��7KH�GDWD�FRUUHVSRQG�WR�D�ILOP�JURZQ�XQGHU�(3:�FRQGLWLRQV��7KHVH�VSHFWUD�DUH�PDGH�XS�RI�WZR�PDLQ�EDQGV�ORFDWHG�DW������ FP�� IRU� WKH� UHGXFHG� FHQWHUV� DQG� DW� ����� FP�� IRU� WKH� FRUUHVSRQGLQJ� R[LGL]HG�VSHFLHV��7KH�DPRXQW�RI�UHGR[�FHQWHUV�WKDW�UHYHUVLEO\�FRQYHUW�LV�MXVW�FD�������RI�WKH�WRWDO�QXPEHU�+RZHYHU�� WKLV� UHYHUVLEOH� SRUWLRQ� RI� WKH� ILOP� NHHSV� LWVHOI� KLJKO\� DFWLYH�ZLWKRXW�



3UXVVLDQ�EOXH�DQDORJV��HOHFWURV\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ ��
LQWHUIHUHQFH�IURP�WKH�QRQ�DFWLYH�UHGXFHG�VSHFLHV�WKDW�PDNH�XS�WKH�PDLQ�ILOP�FRPSRQHQW��7KH� WZR� EDQGV� DW� ����� FP�� DQG� ����� FP�� FRUUHVSRQG� WR� D� FRPSRXQG� VWRLFKLRPHWU\�EHDULQJ� D� ,Q�)H� UDWLR� RI� XQLW\� �VHH� 6FKHPH� ,��� $GGLWLRQDOO\�� GLIIHUHQFH� UHIOHFWDQFH�PHDVXUHPHQWV� �QRW� VKRZQ�� VLJQDOHG� WKH� SUHVHQFH� RI� WZR� ZHDN� EDQGV� FRQWULEXWLRQV�SHDNLQJ�DW������DQG������FP�� WKDW�FRUUHVSRQG�WR�D�UHGR[�FRQYHUVLRQ�RI�,Q+&)�VSHFLHV�KDYLQJ�D�,Q�)H�UDWLR�RI������7KHVH�DUH�DOVR�LQFOXGHG�LQ�6FKHPH�,�)LJXUH��� VKRZV�D� VHW�RI�VSHFWUD� IRU� D�3G+&)�ILOP��7KH�EHKDYLRU�RI�3G+&)�KDV�EHHQ� UHSRUWHG� HOVHZKHUH� ������%ULHIO\� WKH� UHGXFHG� VWDWH� RI� WKH� ILOP� LV� FKDUDFWHUL]HG� E\�EDQGV�DW������DQG������FP����WKH�IXOO\�R[LGL]HG�VWDWH�EHLQJ�UHSUHVHQWHG�E\�EDQGV�DW������DQG������FP����7KH�LQWHUUHODWLRQ�RI�WKHVH�WZR�VHWV�RI�EDQGV��FRUUHVSRQGLQJ�WR�WKH�UHGXFHG�DQG�R[LGL]HG�SDUHQW�VWDWHV�RI�3G+&)��LV�EHVW�EURXJKW�RXW�HLWKHU�WKURXJK�GLIIHUHQFH�VSHFWUD�RU�G\QDPLFDOO\�E\�SRWHQWLDO�PRGXODWLRQ�VSHFWURVFRS\�������%DVHG�RQ�)LJXUH����DQG�RWKHU�GLIIHUHQFH�VSHFWUD�GDWD��QRW�VKRZQ���ZH�SDLU�WKH������FP�� �������FP���DQG�WKH������FP���������FP�� LQIUDUHG�IHDWXUHV�DV�SHUWDLQLQJ�WR�UHGR[�SDUWQHUV��WKH�ILUVW�FRUUHVSRQGLQJ�WR�D�VWRLFKLRPHWU\�ZLWK� D� 3G�)H� UDWLR� RI� XQLW\� DQG� WKH� VHFRQG�ZLWK� D� UDWLR� RI� �����%RWK� DUH�LQFOXGHG�LQ�6FKHPH�,�

)LJXUH�����,Q�VLWX�LQIUDUHG�UHIOHFWDQFH�VSHFWUD�RI�D�9+&)�LQ�����0�+�62��������0�.�62� $SSOLHG�SRWHQWLDOV�DV�LQGLFDWHG�LQ�WKH�ILJXUH��7KH�UHIHUHQFH�VSHFWUXP�ZDV�WDNHQ�RQ�D�EDUH�SODWLQXP�HOHFWURGH�
)RU� WKH�&R+&)�V\VWHP��)LJXUH����VKRZV�WZR�VHWV�RI�VSHFWUD�FRUUHVSRQGLQJ�WR�D�WKLQ����[����� PRO�FP���DQG�D�WKLFN�ILOP����[����� PRO�FP����)RU�WKH�WKLQ�ILOP��)LJXUH���D��D�EDQG�DW������FP���ZLWK�D�VKRXOGHU�DW������FP�� FDQ�EH�REVHUYHG�DW�����9��7KHVH� WZR�EDQGV� DUH� SURJUHVVLYHO\� GLVDSSHDULQJ�� DV� WKH� SRWHQWLDO� LV� PDGH� PRUH� SRVLWLYH�� $W� WKH�KLJKHU�SRWHQWLDO�VHW������9��� WZR�EDQGV�DUH�VHHQ�DW������DQG������FP����7KHUH�LV�DOVR�D�VPDOO� UHVW� RI� WKH� ����� FP�� EDQG� WKDW� SRLQWV� WR� WKH� SUHVHQFH� RI� VRPH� LQDFWLYH� UHGXFHG�VSHFLHV�LQ�WKH�ILOP��$�PRUH�FRPSOH[�VSHFWUDO�EHKDYLRU�ZDV�IRXQG�IRU�WKLFN�&R+&)�ILOPV��)LJXUH���E���+HUH��IRU�WKH�����± ����9�SRWHQWLDO�UDQJH��WKHUH�DUH�WZR�EDQGV�DW������DQG������FP����7KHQ��D�QHZ�VSHFWUDO�SURILOH�LV�REVHUYHG�DV�IURP�����9 PDGH�XS�RI�WZR�PDLQ�
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IHDWXUHV��D�GRPLQDQW�EDQG�LQ�WKH�UDQJH�RI������± �����FP�� WKDW�VKLIWV�ZLWK�SRWHQWLDO�DQG�RWKHU�OHVV�LPSRUWDQW�EDQG�DW������FP���WKDW�LQFUHDVHV�LQ�LQWHQVLW\�DV�WKH�SRWHQWLDO�LV�PDGH�PRUH�SRVLWLYH��)LQDOO\��ZKHQ�WKH�SRWHQWLDO�UHDFKHV�YDOXHV�RI�����9�DQG�EH\RQG��D�EDQG�DW������ FP�� VWDUWV� PDNLQJ� D� QHDW� FRQWULEXWLRQ�� &RPELQLQJ� WKHVH� VSHFWUDO� GDWD� ZLWK�FKDUDFWHUL]DWLRQ� E\�;36� ������ LW� LV� SRVVLEOH� WR�PDNH� DVVLJQPHQWV� RI� WKH� GLIIHUHQW� EDQG�VLJQDWXUHV�WR�WKH�FRUUHVSRQGLQJ�&R+&)�FRPSRXQG�VWRLFKLRPHWULHV��6FKHPH�,�)LJXUH� ��� VKRZV� D� VHW� RI� VSHFWUD� IRU� D� 9+&)� ILOP�� ZKLFK� DV� LQ� WKH� FDVH� RI�&R+&)�� LV� SDUWLFXODUO\� FRPSOH[�ZLWK� DW� OHDVW� IRXU� SDUWLFLSDQW� VSHFLHV� LPSOLFDWHG� LQ� WKH�UHGR[�SURFHVV��VHH�6FKHPH�,���$W�SRWHQWLDOV� ORZHU�WKDQ�����9�WKH�VSHFWUD� DUH�PDGH�RI�D�TXLWH�EURDG�EDQG�WKDW�FDQ�EH�GHFRQYROXWHG�LQ�WZR�FRPSRQHQWV�SHDNLQJ�DW������DQG������FP����$W�WKH�KLJKHU�SRWHQWLDO�XVHG������9��WKH�VSHFWUXP�LV�PDGH�RI�WKUHH�EDQGV�DW������������� DQG� ����� FP���� 7KHVH� &1� VLJQDWXUHV� ZHUH� DVVLJQHG� WR� WZR� GLVWLQFW� ILOP�VWRLFKLRPHWULHV� E\� XVLQJ� VXSSOHPHQWDU\� GDWD� IURP� F\FOLF� YROWDPPHWU\� DQG�89�9LVLEOH�UHIOHFWDQFH�VSHFWURVFRS\�DV�LQFOXGHG�LQ�6FKHPH�,�
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)LJXUH�����3HDN�DUHDV�RI�GHFRQYROXWHG�LQIUDUHG�EDQGV�DV�D�IXQFWLRQ�RI�SRWHQWLDO�IRU�&X+&)��)LJ����D��DQG�&R+&)��)LJ����E��ILOPV��$UHDV�ZHUH�LQWHJUDWHG�RYHU�WKH�VSHFWUD�LQ�)LJXUHV���DQG����UHVSHFWLYHO\�
7KH�UHGR[�WUDQVIRUPDWLRQV�XQGHUJRQH�E\�WKH�YDULRXV�SDUWLFLSDWLQJ�VSHFLHV�LQ�HDFK�V\VWHP��7DEOH�,��FDQ�EH�EHWWHU�GLVFHUQHG�E\�SORWWLQJ�WKH�SHDN�DUHD�RI�WKH�GHFRQYROXWHG�,5�EDQGV� DV� D� IXQFWLRQ� RI� SRWHQWLDO�� 7ZR� H[DPSOHV� RI� VXFK� SORWV� DUH� VKRZQ� IRU� &X+&)��)LJXUH���D�������DQG�&R+&)��)LJXUH���E��������7KH�GLIIHUHQFHV�LQ�WKH�FRPSOH[LW\�RI�WKH�RYHUDOO�UHGR[�SURFHVV�DUH�VWULNLQJ�IRU� WKH�WZR�FDVHV��)LQDOO\��LW�PXVW�EH�SRLQWHG�RXW� WKDW�WKH�VSHFWUDO�FKDQJHV�VKRZQ�LQ�)LJXUHV���WR����DV�D�IXQFWLRQ�RI�SRWHQWLDO�DUH�FRPSOHWHO\�



3UXVVLDQ�EOXH�DQDORJV��HOHFWURV\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ ��
UHYHUVLEOH� LQ� WKDW� FRPSDUDEOH� GDWD� DUH� REWDLQHG� RQ� UHYHUWLQJ� WKH� SRWHQWLDO� EDFN� WR� WKH�LQLWLDO�YDOXH�7XUQLQJ� WR� VSHFWURHOHFWURFKHPLVWU\�ZLWK� VSHFWUDO� FKDQJHV�PRQLWRUHG� LQ� WKH�89�YLVLEOH�UHJLRQ��GDWD�FDQ�EH�DFTXLUHG�LQ�VLWX�HLWKHU�LQ�WKH�WUDQVPLVVLRQ�RU�LQ�WKH�UHIOHFWDQFH�PRGH�� ,Q�DQ�HDUO\� VWXG\� ������GLIIXVH� UHIOHFWDQFH�89�YLVLEOH�VSHFWURHOHFWURFKHPLVWU\�RQ�1L+&)�ZDV� VKRZQ� WR� EH� ERWK� VSHFLHV� VSHFLILF� DQG� VHQVLWLYH� WR� WKH� DPRXQW� RI� VXUIDFH�FRQILQHG�PDWHULDO�DQG�LWV�R[LGDWLRQ�VWDWH��$QRWKHU�XVHIXO�DSSURDFK�LQYROYHV�DFTXLVLWLRQ�RI�WKH� 89�YLVLEOH� VSHFWUDO� GDWD� �DW� VHOHFWHG� ZDYHOHQJWKV�� ZKLOH� WKH� HOHFWURGH� SRWHQWLDO� LV�VORZO\� VFDQQHG� DV� LQ� D� YROWDPPHWU\� H[SHULPHQW� ����� ���� ����� 7KH� UHVXOWDQW� GDWD��SURFHVVHG� LQ� WKH� IRUP� RI� D� WLPH� GHULYDWLYH� VLJQDO� YHUVXV� HOHFWURGH� SRWHQWLDO�� EHDU� D�VWULNLQJ� UHVHPEODQFH� WR� F\FOLF�YROWDPPRJUDPV�H[FHSW� IRU� WKH� LPSRUWDQW�GLVWLQFWLRQ� WKDW�WKH� VFDQV� DUH� VSHFLHV�VSHFLILF ����� ���� ����� 6XFK�GDWD� KDYH� EHHQ� SUHVHQWHG� IRU�&R+&)�������89�YLVLEOH�VSHFWURHOHFWURFKHPLVWU\�KDV�DOVR�EHHQ�XWLOL]HG�WR�GHWHUPLQH�WKH�HOHFWURQ�VWRLFKLRPHWU\� GXULQJ� UHGR[� RI� ,Q+&)� LQ� DTXHRXV� HOHFWURO\WHV� ������ DFFRUGLQJ� WR�PHWKRGRORJ\�GHYHORSHG�E\�RWKHU�DXWKRUV������
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OO ��QP)LJXUH�����,Q�VLWX�89�9LV�UHIOHFWDQFH�VSHFWUD��'5�5� �>�5�5�����9���5�����9@�IRU�D�&R+&)�ILOP�LQ���0�.12���6SHFWUD�ZHUH�FROOHFWHG�HYHU\������9�GXULQJ�D�F\FOLF�SRWHQWLDO�VZHHS�DW���P9�V�� LQ�WKH������9�� �����9�UDQJH��)RU�WKH�VDNH�RI�FODULW\��RQO\�D�VHOHFWHG�VXE�VHW�RI�VSHFWUD�DUH�VKRZQ�RQ�D�QHJDWLYH�JRLQJ�VFDQ��6SHFWUD����;�DYHUDJHG��ZHUH�REWDLQHG�DW�DQ�LQFLGHQFH�DQJOH�RI���q ZLWK�DQ�H[SRVXUH�WLPH�RI������V��7KH�VSHFWUXP�RI�WKH�ILOP�DW������9�ZDV�WDNHQ�DV�UHIHUHQFH��&R+&)�ORDGLQJ��*  ���[����� PRO�FP���
89�YLVLEOH�VSHFWURHOHFWURFKHPLFDO�VWXGLHV�RQ�WKH�0+&)�V\VWHP�ZHUH�SHUIRUPHG�RQ� D� FXVWRP�EXLOW� RSWLFDO� PXOWLFKDQQHO� DQDO\]HU� ILWWHG� ZLWK� D� FRROHG� 6L� GLRGH� DUUD\�GHWHFWRU��������������5HIOHFWDQFH�VSHFWUD�ZHUH�DFTXLUHG�GXULQJ�VORZ��QRPLQDOO\���P9�V����OLQHDU�SRWHQWLDO� VFDQV� RI� WKH�0+&)�PRGLILHG� HOHFWURGHV��'DWD� DUH�GLVSOD\HG� DV�SORWV� RI�'5�5�YHUVXV�ZDYHOHQJWK��8QOLNH� WKH� ,5�H[SHULPHQWV�GLVFXVVHG�HDUOLHU�� LQWHQVLWLHV� LQ� WKH�89�YLVLEOH�H[SHULPHQWV�DUH�QRUPDOL]HG�WR�WKDW�RI�D�VSHFWUXP�WDNHQ��LQ�WKH�SUHVHQFH�RI�WKH�ILOP��DW�WKH�ORZHU�OLPLW�RI�WKH�SRWHQWLDO�ZLQGRZ�XVHG��2WKHU�GHWDLOV�PD\�EH�IRXQG�LQ�5HIV������DQG����WKURXJK����
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7DEOH���FRQWDLQV�D�FRPSLODWLRQ�RI�SHDN�ZDYHOHQJWKV��OPD[���IRU�WKH�DEVRUSWLRQ�RI�YDULRXV�0+&)�FRPSRXQGV�GHDOW�ZLWK�LQ�WKLV�DUWLFOH�LQ�WKHLU�R[LGL]HG�DQG�UHGXFHG�VWDWHV��7KH�UHOHYDQFH�RI�VXFK�GDWD�WR�WKH�HOHFWURFKURPLF�DSSOLFDELOLW\�RI�WKHVH�FRPSRXQGV�FDQ�EH�LQIHUUHG�IURP�WKH�FRQWUDVWLQJ�ILOP�FRORUDWLRQ�REWDLQHG�DW�WKH�UHGXFHG�DQG�R[LGL]HG�VWDWHV�RI� WKH YDULRXV� 0+&)� ILOPV� �7DEOH� ���� +HUH�� WKH� XWLOLW\� RI� 89�YLVLEOH�VSHFWURHOHFWURFKHPLVWU\�LQ�VWXG\LQJ�WKH�0+&)�UHGR[�SURFHVV��HV�� LV�FRQVLGHUHG��7DNLQJ�LQWR�DFFRXQW�WKDW�89�YLVLEOH�VSHFWURHOHFWURFKHPLFDO�GDWD�DUH�VSHFLHV�VSHFLILF��VHH�DERYH�DQG�5HI�������WKH�WUHQGV�LQ�7DEOH���VXSSRUW�RXU�HDUOLHU�RUGHULQJ�RI�WKH�0+&)�FRPSRXQGV��&X+&)���,Q+&)���3G+&)���&R+&)���9+&)��LQ�WHUPV�RI�WKH�FRPSOH[LW\�RI�WKH�UHGR[�SURFHVV�
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OO ��QP)LJXUH�����'HFRQYROXWLRQ�RI�WZR�89�9LV�GLIIHUHQFH�'5�5�VSHFWUD�REWDLQHG LQ�WKH�SRWHQWLDO�UDQJH�������± �����9��)LJ����D��DQG������± �����9��)LJ���E��IRU�&R+&)�
:H�IRFXV�RXU�DWWHQWLRQ�QRZ�RQ� WKH� WZR�PRUH�FRPSOH[�V\VWHPV��QDPHO\�&R+&)�DQG�9+&)��VWDUWLQJ�ZLWK�)LJXUHV�������WKDW�FRQWDLQ�GDWD�IRU�&R+&)��7KH�RYHUODSV�LQ�WKH�VSHFWUD� IRU� WKH� R[LGL]HG� DQG� UHGXFHG� VWDWHV� RI� &R+&)� ����� PDQLIHVW� LQ� WHUPV� RI� WKH�ELSRODU�FKDUDFWHU�RI� WKH�'5�5�YV��O SURILOHV�LQ�)LJXUH�����VHH�DOVR�)LJXUH���LQ�5HI�������7KUHH� PDLQ� VLJQDWXUHV� DW� ���� QP�� ����� DQG� ���� QP� �7DEOH� ��� DUH� FOHDUO\� VHHQ� LQ� WKH�VSHFWUDO�HYROXWLRQ�LQ�)LJXUH�����HVSHFLDOO\�LQ�WKH�GHFRQYROXWHG�VSHFWUD�LQ�)LJXUH�����7KH�FKDQJH�ZLWK�SRWHQWLDO�RI� WKH�WKUHH�EDQGV�LV�IXUWKHU�H[SDQGHG�LQ�)LJXUH�����,QWHUHVWLQJO\��



3UXVVLDQ�EOXH�DQDORJV��HOHFWURV\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ ��
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)LJXUH�����(YROXWLRQ�RI�WKH�PDLQ�EDQGV�SHDNLQJ�DW�����QP��UHGXFHG�VSHFLHV�������QP��R[LGL]HG�VSHFLHV���DQG�����QP��R[LGL]HG�VSHFLHV��DV�D�IXQFWLRQ�RI�HOHFWURGH�SRWHQWLDO�IRU�9+&)��'DWD�REWDLQHG�IURP�WKH�VSHFWUD�LQ�)LJXUH����&RQFOXGLQJ�5HPDUNV7KLV� DUWLFOH� KDV�KRSHIXOO\� VHUYHG� WR�XQGHUOLQH� WKH� HQRUPRXV� UDQJH� DQG� VFRSH� LQ�WKH�FKHPLFDO�FRPSRVLWLRQ��SURSHUWLHV��DQG�VSHFWURHOHFWURFKHPLFDO�VLJQDWXUHV�RI�3UXVVLDQ�EOXH� DQDORJV�� 6L[� VXFK� FRPSRXQGV� ZHUH� FRQVLGHUHG� LQ� WKLV� DUWLFOH�� :KLOH� WKH� HDUOLHU�VWXGLHV� IRFXVHG� RQ� 3UXVVLDQ� EOXH� LWVHOI�� RWKHU� WUDQVLWLRQ� PHWDO� KH[DF\DQRIHUUDWHV� �DQG�KH[DF\DQRPHWDODWHV� LQ� JHQHUDO�� DUH� EHJLQQLQJ� WR� DWWUDFW� DWWHQWLRQ� IURP� FKHPLVWV��SK\VLFLVWV�� DQG�PDWHULDO� VFLHQWLVWV� DOLNH�� ,Q� WKH� FU\VWDO� EDOO� RI� WKH� DXWKRUV�� WKLV� WUHQG� LV�H[SHFWHG� WR� FRQWLQXH� ZHOO� LQWR� WKH� IXWXUH�� ,W� LV� RXU� KRSH� WKDW� WKLV� DUWLFOH� ZLOO� VSXU� WKH�LQWHUHVW� RI� QHZ� UHVHDUFKHUV� LQ� WKHVH� LQWHUHVWLQJ� FRPSRXQGV�� DQG� LQ� D� VPDOO� ZD\�� ZLOO�FRQWULEXWH�WR�WKH�FRQWLQXHG�YLWDOLW\�RI�WKLV�ILHOG�

$FNQRZOHGJPHQWV7KLV�UHVHDUFK�ZDV�IXQGHG�LQ�SDUW�E\�JUDQWV�IURP�WKH�$UJHQWLQH�6FLHQFH�5HVHDUFK�&RXQFLO�� &21,&(7�� DQG� WKH� 8�6�� 'HSDUWPHQW� RI� (QHUJ\�� 2IILFH� RI� %DVLF� (QHUJ\�6FLHQFHV��([FKDQJH�RI�YLVLWV�EHWZHHQ�WKH�WZR�SDUWLFLSDQW� LQVWLWXWLRQV��ZDV�IDFLOLWDWHG�E\�WUDYHO� JUDQWV� IURP� &21,&(7� DQG� WKH� 1DWLRQDO� 6FLHQFH� )RXQGDWLRQ� �8�6��$UJHQWLQD�,QWHUQDWLRQDO�3URJUDPV���
5HIHUHQFHV����,WD\D��.���8FKLGD��,���1HII��9��'��$FF��&KHP��5HV� ���������������6HH�DOVR�UHIHUHQFHV�WKHUHLQ�
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