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V� UHVSLUDWRU\� FKDLQ� FRPSDUHG� WR� WKH� FODVVLFDOPLWRFKRQGULDO� FKDLQ�� ,Q� DGGLWLRQ� WR� WKH� FODVVLFDO� VHW� RI�F\WRFKURPHV�� WKH� \HDVWPLWRFKRQGULD� KDYH� WKH� VSHFLILF� FDUULHU�� F\WRFKURPH� E��� DQG� D� VSHFLDO� 1$'+�GHK\GURJHQDVH��VR�WKH�ILUVW�HQHUJ\�FRXSOLQJ�SRLQW�IXQFWLRQV�ZLWK�H[WUHPH�ODELOLW\>��@�$EVRUSWLRQ�EDQGV� RI�PRVW� FRPSRQHQWV� RI� WKH� UHVSLUDWRU\�FKDLQ�IODYRSUR�WHLQVDQG� KHPRSURWHLQV� DUH� LQ� WKH� EOXH� ���������QP��SDUW� RI� VSHFWUXP��&\WRFKURPHVDEVRUE�LQ�WKH�JUHHQ�UHJLRQ��LQ�WKH�UHG�UHJLRQ��DERXW�����QP��DEVRUE�VHPLTXLQRQHIRUPV�RI�IODYR�SURWHLQV�DV�ZHOO�DV�WHUPLQDO�R[LGDVHV�F\W�G��LW�LV�WKLV�EUDQFK�RI�WKHUHVSLUDWRU\�FKDLQ�WKDW�SUHYDLOV�ZKHQ�EDFWHULD�(��FROL



DUH�JURZQ�LQ�WKH�DEVHQFH�RI�DHUDWLRQ�ZKLFK�LV�D�FRQGLWLRQ�LQ�RXU�H[SHULPHQWV�>��@��DQG� F\W� D�Za >��@� ZKLFK� LV� WKH� WHUPLQDO� R[LGDVH� RI� PLWRFKRQGULDO� FKDLQV�� 7KHDERYH�PHQWLRQHG�FRPSOH[�DEVRUEV�DW�DERXW���������������DQG�����QP�>��@�DQG�WKHF\W� G� DEVRUEV� DW� ���� QP� DQG� ���� QP� >��@�� 7KXV�� D� GLVWLQFW� FRUUHODWLRQ� H[LVWVEHWZHHQ�WKH�DFWLRQ�VSHFWUD� �)LJ�����DQG�WKH�DEVRUSWLRQ�EDQGV�RI� UHVSLUDWRU\�FKDLQFRPSRQHQWV�IRU�WKH�FRUUHVSRQGLQJ�RUJDQLVPV�$QRWKHU� DUJXPHQW� LQ� IDYRU� RI� WKH� VXJJHVWLRQ� WKDW� WKH� SULPDU\�SKRWRDFFHSWRUVFDQ� EH� FRPSRQHQWV� RI� WKH� UHVSLUDWRU\� FKDLQ� LV� DQ� LQWLPDWH� FRUUHODWLRQ� EHWZHHQR[\JHQ�FRQVXPSWLRQ�DFWLYLW\� DQG� FXOWXUH�JURZWK�ZKLFK� LV� HVSHFLDOO\� DSSUHFLDEOHIRU�PLFURRUJDQLVPV��)RU�LQVWDQFH��LQ�RXU�H[SHULPHQWV�ZLWK�\HDVW�FXOWXUHV�>������@FRUUHODWLRQV ZHUH�IRXQG�EHWZHHQ�WKH� UHVSLUDWLRQ�LQWHQVLW\�RI�DQ� LQWDFW�FXOWXUH�DQGLWV�DELOLW\�WR�DFWLYDWH�LWVHOI�DIWHU�D�+H�1H ODVHU�LUUDGLDWLRQ��FXUYH���LQ�)LJ������DQG�LQLUUDGLDWHG�ZLWK�+H�1H ODVHU� FXOWXUHV� EHWZHHQ� WKH�1$'+�GHK\GURJHQDVH DFWLYLW\DQG�WKH�VWLPXODWLRQ�RI�ELRPDVV DFFXPXODWLRQ��FXUYH���LQ�)LJ�����
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$Q� DQDO\VLV� RI� WKH� GDWD� �UHVSLUDWLRQ� VWLPXODWLRQ�FXOWXUH� JURZWK� UDWH� VWLPXODWLRQ�DQG� �UHVSLUDWLRQ� LQKLELWLRQ�JURZWK� UDWH� LQKLELWLRQ�� PDNHV� LW� SRVVLEOH� WR� FRQWHQGWKDW�LQ�ERWK�FDVHV�WKH�VDPH�PROHFXOHV�FDQ�SOD\�WKH�UROH�RI�SKRWRDFFHSWRUV�ZKLOH�WKHGRVH� DQG� WKH� LQWHQVLW\� RI� WKH� OLJKW� GLFWDWH� WKH� VLJQ� RI� WKH� HQG�PDFURHIIHFW�� )RUH[DPSOH��WKH�DFWLRQ�VSHFWUD�RI�VWLPXODWLYH��)LJ�����DQG�OHWKDO�DFWLRQ�RI�EOXH�OLJKW�RQ(��FROL >��@�ERWK�KDYH�PD[LPD�RI���������DQG���������QP��7KH�VWLPXODWLQJ�GRVHVRI�EOXH� OLJKW� IDOO�ZLWKLQ� WKH� UDQJH�EHWZHHQ����DQG���� -�P� �)LJ������ZKLOH� OHWKDODFWLRQ� LV� FDXVHG� E\� GRVHV� RI ������� -�P�� >��@�� ,Q� ERWK� FDVHV�� WKH� IODYLQFRPSRQHQWV�RI�WKH�UHVSLUDWRU\�FKDLQ�DUH�GLVFXVVHG�DV�SKRWRDFFHSWRUV�>������@��)RUPDPPDOLDQ�FHOOV��GDWD�DERXW�VWLPXODWLYH�DQG�LQKLELWLYH�DFWLRQ�RI�EOXH�DQG�UHG�OLJKWDUH� UHYLHZHG� LQ� >��@�� 6R�� WKH� SKRWRFRQWURO� RI� WKH� FHOO� PHWDEROLVP� IURP� WKHYLHZSRLQW�RI�SRVLWLYH��VWLPXODWLQJ��HIIHFW�WDNHV�SODFH�RQO\�LQ�D�QDUURZ�GRVH�UDQJHRI� OLJKW�� $V� WKH� GRVH� LQFUHDVHV�� WKH� SKRWRUHFHSWRUV� DUH� GDPDJHG� DQG� WKH� HIIHFWGHFUHDVHV�� $� IXUWKHU� LQFUHDVH� RI� WKH� GRVH� FDXVHV� GHVWUXFWLRQ� RI�SKRWRUHFHSWRUVZKLFK� LV� DFFRPSDQLHG� E\� JURZWK� LQKLELWLRQ� DQG� FHOO� OHWKDOLW\�� 7KH� IDFW� WKDWLUUDGLDWLRQ� RI� FHOOV� ZLWK� YLVLEOH� OLJKW� RI� RQH� DQG� WKH� VDPH� ZDYHOHQJWK� DQGDEVRUSWLRQ� RI� WKLV� OLJKW� E\� WKH� VDPH� PROHFXOHV� KDV� ERWK� D� SRVLWLYH� HIIHFW�DFFHOHUDWLRQ�RI



),*85(� ��� &RUUHODWLRQV�� $�� EHWZHHQ� WKH� UHVSLUDWLRQ� LQWHQVLW\� RI� LQWDFW� \HDVW� FXOWXUHV� DQGSRVVLEOH� PD[LPDO� ELRPDVV� DFFXPXODWLRQ� VWLPXODWLRQ� DIWHU� LUUDGLDWLRQ� ZLWK� +H�1H� ODVHU� LQRSWLPDO� FRQGLWLRQV� �VHH�'PD[ RQ�)LJ�� ����%�� EHWZHHQ� WKH� DFWLYLW\� RI�1$'+�GHK\GURJHQDVHVDQG�ELRPDVV�DFFXPXODWLRQ�VWLPXODWLRQ�DIWHU�WKH�LUUDGLDWLRQ�RI�7RUXORSVLV�VSOXLHULFX \HDVW�ZLWK+H�1H�ODVHU�LQ�GLIIHUHQW�GRVHV��IURP���[���� WR������[���� -�P����'HWHUPLQDWLRQ�RI�UHVSLUDWLRQLQWHQVLW\�DQG�1$'+�GHK\GURJHQDVH�DFWLYLW\�DUH�GHVFULEHG�LQ�>��������

FHOO�GLYLVLRQ��DQG�D�QHJDWLYH�HIIHFW��GDPDJH�WR�LQWUDFHOOXODU�V\VWHPV�DQG�HYHQ�GHDWKRI�FHOOV��FDQ�EH�H[SODLQHG�DV�IROORZV��7KHUH�DUH�WZR�SURFHVVHV�LQYROYLQJ�RQH�DQG�WKHVDPH�SULPDU\�SKRWRSURFHVV�HOHFWURQLF�H[FLWDWLRQ��2QH�RI�WKHP�LV�WKH�DFFHOHUDWLRQ�RIWKH�HOHFWURQ�WUDQVIHU�LQ�WKH�UHGR[�SDLUV�LQ�VRPH�VHFWLRQV�RI�WKH�UHVSLUDWRU\�FKDLQ��DQGWKH� RWKHU�� WKH� WUDQVIHU�RI� WKH� H[FLWDWLRQ� HQHUJ\� WR� R[\JHQ� WR� IRUP �H� �DV�ZLOO� EHUHFDOOHG�� IODYLQV� DQG� F\WRFKURPHV� DUH� SKRWRVHQVLWL]HUV��� $W� GRVHV� FDXVLQJELRVWLPXODWLRQ��WKH�IRUPHU�SURFHVV�SUHGRPLQDWHV��WKH�UHVXOW�EHLQJ�WKH�UHGR[�FRQWURORI�WKH�FHOOXODU�PHWDEROLVP���DQG�DW�KLJK�GRVHV�WKHUH�RFFXUV�SKRWRG\QDPLF�GDPDJH�
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7KH� H[SHULPHQWDO� GDWD� VKRZ� WKDW� FRPSDUDWLYHO\� ORZ� GRVHV �������� -�P��� DQGVKRUW�SHULRGV���������V��RI�LUUDGLDWLRQ�FDXVH�D�PDFURHIIHFW�ODVWLQJ�IRU�D�ORQJ�WLPH�1RWH�WKDW�LQ�)LJXUHV���DQG����:KHQ�WKH�+H/D�FHOO�FXOWXUH�LQ�WKH�VWDWLRQDU\�JURZWKSKDVH�ZDV�LUUDGLDWHG�E\�WKH�+H�1H�ODVHU�DQG�WKH�FHOOV�ZHUH�VXEFXOWXUHG�DW�YDULRXVLQWHUYDOV�DIWHU�LUUDGLDWLRQ��IURP���WR�����PLQXWHV���WKH�FXOWXUH�JURZWK�VWLPXODWLRQLQ� WKH� H[SRQHQWLDO� SKDVH� RI� JURZWK� ZDV� REVHUYHG� RYHU� ���� GD\V� �)LJ�� ��� >��@�6WLPXODWLRQ� ZDV� QRWHG� ZKHQ� WKH� LQWHUYDO� EHWZHHQ� WKH� LUUDGLDWLRQ� DQG� WKHUHSODQWDWLRQ�ZDV����PLQ��RU�PRUH�7KH�7RUXORSVLV�VSKDHULFD \HDVW�FXOWXUH�ZDV�LUUDGLDWHG�E\�+H�1H�ODVHU��LQFXEDWHGGXULQJ� ��� KRXUV� �DW� OHDVW� �� GLYLVLRQV��� IROORZLQJ� ZKLFK� WKH� DFWLYLW\� RI� VRPHHQ]\PHV�ZDV�GHWHUPLQHG� �)LJ����� >��@�� 7KH� GDWD�REWDLQHG� VKRZ� WKDW� WKH� JURZWKVWLPXODWLRQ� LV� DFFRPSDQLHG� E\� WKH� UHVSLUDWLRQ� DFWLYLW\� LQFUHDVH� �ZLWK� QRDFFXPXODWLRQ� RI� WR[LF� LQWHUPHGLDWHV� RI� R[\JHQ� PHWDEROLVP�� DQG� E\� V\QWKHWLFSURFHVVHV�LQ�FHOO�SUHGRPLQDQFH�RYHU�GHJHQHUDWLYH�RQHV�7KHVH�GDWD�LQGLFDWH�WKDW�WKH�LUUDGLDWLRQ�FDXVHV�D�FHOO�PHWDEROLVP�UHDUUDQJHPHQW�WKH�OLJKW�SOD\LQJ�WKH�UROH�RI�D�WULJJHU�FRQWUROOHU�RI�WKH�FHOO�PHWDEROLVP�
���7+(�3266,%/(�0(&+$1,60�21�&(//8/$5�/(9(/,W�KDV�EHHQ�NQRZQ�WKDW�WKH�SUROLIHUDWLRQ�RI�FHOOV�GHSHQGV�RQ�QXPHURXV� IDFWRUV�RIWKH� HQYLURQPHQW� �WKH� QXWULHQW� PHGLXP�LRQV� FRPSRVLWLRQ�� KRUPRQHV� DQG� JURZWKIDFWRUV� SUHVHQFH�� WHPSHUDWXUH��HWF��� ,W� LV� SRVVLEOH� WKDW� PRQRFKURPDWLF� OLJKW�� WRZKLFK�RUJDQLVPV�DUH�QRW�HYROXWLRQDOO\�DGDSWHG��DV�RSSRVHG�WR�WKH�ZKLWH� OLJKW�� WRZKLFK� RUJDQLVPV� KDYH� EHHQ� DGDSWHG�HYROXWLRQDOO\��� LV� RQH� RI� WKH� HQYLURQPHQWIDFWRUV��H[WHUQDO�DJHQWV��FDSDEOH�WR�PRGLI\�WKH�FHOOV�SUROLIHUDWLRQ��,Q�WKLV�FDVH�WKHJURZWK� VWLPXODWLRQ�RU� LQKLELWLRQ� E\� OLJKW� FRXOG�EH� WUHDWHG� DV� RQH� RI� WKH� VHQVRU\UHVSRQVHV� IRU� DFFRPRGDWLRQ� WR� WKH� HQYLURQPHQWDO� FRQGLWLRQV�� $FFRPRGDWLRQ�EHKDYLRUDO�� UHVSRQVHV� RI� EDFWHULD�� LQFOXGLQJ� (� FROL� DUH� FRQQHFWHG� ZLWK� WKHSKHQRPHQRQ�RI�SURWRQ�PRWLYH�IRUFH�VHQVLQJ��SPI�VHQVLQJ��>������@��7KH�EDFWHULDXWLOL]H� WKHLU� UHVSLUDWRU\� FKDLQ� DV� WKH� VHQVRU� IRU� D� EHKDYLRUDO� UHVSRQVH� �H�J��DHURWD[LV��FKHPRWD[LV��HWF��� ,Q�WKLV�FDVH�DQ\�SDUDPHWHU�WKDW�DOWHUV�WKH�SPI�FDQ�EH�DVWLPXOXV�>������@��7KXV��WKH�SRVVLEOH�UROH�RI�OLJKW�DV�D�JURZWK�FRQWUROOLQJ�VLJQDO�IRUD�SURFDU\RWLF�PLFURRUJDQLVPV�FDQ�EH� VWDWHG�DV�� WKH� OLJKW� VLJQDO� SHUFHLYHG�E\� WKHFHOO�UHVSLUDWRU\�FKDLQ�LV�D�FDVH�RI�WKH�PRUH�JHQHUDO�FODVV�RI�WKH�VHQVRU\�UHFHSWLRQUHDFWLRQV�



),*85(����7KH�JURZWK�FXUYHV�RI�+H/D�FXOWXUH�DIWHU� LUUDGLDWLRQ�RI�SODWHDX�SKDVH�FHOOV�ZLWK+H�1H�ODVHU��'� ����-�P���DQG�SODWLQJ�FHOOV�LQWR�IUHVK�QXWULHQW�PHGLXP����������������RU����PLQ��DIWHU�WKH�LUUDGLDWLRQ�>��@��7KH�DEVFLVVD�JLYHV�WKH�UDWLR�RI�QXPEHU�RI�FHOOV�LQ�GD\�LQ��1Q�DQG�DW�WKH�HQG�RI�ILUVW�GD\��1�_���WKH�RUGLQDWH�JLYHV�WKH�GD\V��'D\Q��DIWHU�WKH�SODWLQJ�



),*85(����&KDQJHV�LQ�DFWLYLW\�RI�GLIIHUHQW�HQ]\PHV����KUV��DIWHU�WKH�LUUDGLDWLRQ�RI�7RUXORSVLVVSKDHULFD \HDVW�ZLWK�+H�1H�ODVHU��'� ���[���� -�P���>��@�
7KHVH� UHDFWLRQV� VKDUH� WKH� VDPH� LQLWLDO� VWDJH� �D� YDULDWLRQ� LQ� WKH�SURWRQPRWLYH� IRUFH��ZKLOH� VLJQDO� UHDOL]DWLRQ� PHFKDQLVPV� �VLJQDO� WUDQVGXFWLRQ� FKDLQV�� DQG� HQG� UHVXOWVGLIIHU��,Q�)LJXUH��$�WKHUH�LV�D�SRVVLEOH�VFKHPH�IRU�SKRWRVLJQDO�WUDQVPLVVLRQ�LQ�(��FROLFHOOV�7KH� VHQVRU\� WUDQVPLVVLRQ� FKDLQ� LQ�HXFDU\RWLF� FHOOV� LV� D� PRUH� FRPSOLFDWHG� FDVH�$FFRUGLQJ� WR� WKH�XQLYHUVDOO\�DGRSWHG�VWDQGSRLQW��HQYLURQPHQWDO�VLJQDOV� LQIOXHQFLQJWKH� HXFDU\RWLF� FHOO� SUROLIHUDWLRQ� DUH� SHUFHLYHG� DQG� WUDQVIHUUHG� E\� WKH� FHOOXODUPHPEUDQH� DQG� WUDQVIHUUHG� WR� WKH� QXFOHXV� �IRU� LQVWDQFH�� DFWLRQ� RI� JURZWK� IDFWRUV�PLWRJHQHV�RI�WKH�3+$�W\SH��HWF��� 6KRXOG�RXU�VXJJHVWLRQ�FRQFHUQLQJ�WKH� UHVSLUDWRU\FKDLQ� DV� WKH� SULPDU\� SKRWRDFFHSWRU� �VHH� SDUW� �� RI� WKLV� SDSHU�� EH� FRUUHFW�� WKHSKRWRVLJQDO� WUDQVPLVVLRQ� PXVW� EH� PXFK� PRUH� FRPSOLFDWHG�� )LJXUH� �%� VKRZV� DSRVVLEOH� VFKHPH� RI� WKH�SKRWRVLJQDO WUDQVGXFWLRQ� LQ� HXFDU\RWLF� FHOOV�� DV� LW� PD\� EHWKRXJKW�RI�EDVHG�RQ�VFDQW\�H[SHULPHQWDO�GDWD�DYDLODEOH�WRGD\�2QH�FDQ�LPDJLQH�WKH�IROORZLQJ�VFKHPH�RI�LQWHUDFWLRQ�EHWZHHQ�ORZ�LQWHQ�
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VLW\� PRQRFKURPDWLF� YLVLEOH� OLJKW� DQG� D� FHOO�� 7KH� DEVRUSWLRQ� RI� OLJKW� E\� WKHUHVSLUDWRU\� FKDLQ� FRPSRQHQWV²IODYLQH� GHK\GURJHQDVHV�� F\WRFKURPHV�� DQGF\WRFKURPH�R[LGDVH²FDXVHV�D�VKRUW�WHUP�DFWLYDWLRQ�RI� WKH� UHVSLUDWRU\�FKDLQ�DQGR[LGDWLRQ�RI�WKH�1$'�SRRO��WKLV� LQ�WXUQ�OHDGLQJ�WR�FKDQJHV�LQ�WKH�UHGR[�VWDWXV�RIERWK�PLWRFKRQGULD� DQG� F\WRSODVP� >��@�� 7KH� DFWLYDWLRQ� RI� WKH� HOHFWURQ�WUDQVSRUWFKDLQ� PXVW� UHVXOW� LQ� DQ� LQFUHDVH� RI >P+� �SURWRQPRWLYH� IRUFH� '\ �HOHFWULFDOSRWHQWLDO� RI� PLWRFKRQGULDO� PHPEUDQH��� DQG� $73� SRRO� DQG� DFLGXODWLRQ� RIF\WRSODVP��7KDW�WKLV�LQIHUHQFH�LV�WUXH�KDV�EHHQ�FRQILUPHG�H[SHULPHQWDOO\��FKDQJHVLQ 'P+ ��'\ DQG�'jG KDYH�EHHQ�DFKLHYHG�DV�ZHOO�DV�H[WUDV\QWKHVLV RI�$73�>��@E\� LUUDGLDWLQJ�PLWRFKRQGULD�ZLWK� D� +H�1H ODVHU�� DQG� E\� LUUDGLDWLQJ� FHOOV� ZLWK� DZLGH�EDQG�YLVLEOH�OLJKW�RI�O  �����QP��WKH\�KDYH�PDQDJHG�WR�HQKDQFH�WKH�DFWLYLW\RI�$73�V\QWKHWDVH >��@�7KH�ULVH�RI�WKH�LQWUDFHOOXODU�+� FRQFHQWUDWLRQ�FRQWUROV�DOORVWHULFDOO\�WKH�DFWLYLW\RI�WKH�1D��+� DQWLSRUWHU�VLWXDWHG�LQ�WKH�F\WRSODVPLF�PHPEUDQH�>��@��7KLV�HQ]\PHSOD\V� D� NH\� SDUW� LQ� WKH� DONDOL]DWLRQ� RI� WKH� LQWUDFHOOXODU� PHGLXP�� $� VKRUW�WHUPLQFUHDVH�LQ�WKH�LQWUDFHOOXODU�S+�LV�RQH�RI�WKH�QHFHVVDU\�FRPSRQHQWV�LQYROYHG�LQ�WKHWUDQVPLVVLRQ�RI�PLWRJHQHWLF�VLJQDOV�LQ�WKH�FHOO�>��@��(DUOLHU�ZH�KDYH�VXJJHVWHG�WKDWORZ�LQWHQVLW\�ODVHU�OLJKW�DFWLYDWHV�WKH�GLYLVLRQ�RII��FROL E\�UDLVLQJ�WKH�LQWUDFHOOXODUS+�DV�D�UHVXOW�RI�SKRWRDFWLYDWLRQ�RI�WKH�UHVSLUDWRU\�FKDLQ�LQ�WKH�FDVH�RI�QHXWUDO�RUDFLG�H[WUDFHOOXODU�S+�YDOXHV�>��@�� WKH�QHFHVVDU\� LQWUDFHOOXODU�S+�OHYHO�LQ�WKH�FDVHRI� DONDOLQH� H[WUDFHOOXODU� K\GURJHQ� LRQ� FRQFHQWUDWLRQV� EHLQJ� SURYLGHG� E\� WKH1D��+� DQWLSRUWHU� >��@�� 7KXV�� ODVHU� OLJKW� FDQ�� LQ� SULQFLSOH�� VWLPXODWH� GLYLVLRQ� RIERWK�SURFDU\RWLF�DQG�HXFDU\RWLF�FHOOV�E\�FRQWUROOLQJ�WKH�LQWUDFHOOXODU�S+�7KH� LQFUHDVH� RI� WKH� LQWUDFHOOXODU� K\GURJHQ� LRQ� DQG� $73� FRQFHQWUDWLRQ� LQHXFDU\RWLF�FHOOV�FDXVHV�DFWLYDWLRQ�RI�RWKHU�PHPEUDQH�LRQ�FDUULHUV�DV�ZHOO��VXFK�DV1D� �.D� �$73DVH��7KH�DFWLYDWLRQ�RI�WKLV�HQ]\PH�OHDGV�WR�DQ�LQFUHDVH�LQ >D�@� DQGD� GHFUHDVH� LQ� >1D��� DQG� (P�� 7KH� YDULDWLRQ� RI� WKHVH� SDUDPHWHUV� LV� D� QHFHVVDU\FRPSRQHQW�LQ�WKH�FRQWURO�RI�WKH�SUROLIHUDWLRQ�DFWLYLW\�RI�WKH�FHOO�>�����@��,W�VKRXOGEH�ERUQH�LQ�PLQG�WKDW�FKDQJHV�LQ�WKH�UHVSLUDWRU\�FKDLQ�DOVR�DOWHU�WKH�IORZV�RI�&D�EHWZHHQ� PLWRFKRQGULD� DQG� F\WRSODVP�� ZKLFK� LQ� WXUQ� DIIHFWV� WKH� UDWLR>KZ�@L�>KZ��@R� 1RWH�WKDW�DOWHUDWLRQ�RI�WKH�FHOOXODU�KRPHRVWDVLV�SDUDPHWHUV�HQWDLOV�DZKROH� FDVFDGH� RI� UHDFWLRQV�� DQG� WKH� FDXVDO� UHODWLRQVKLSV� DUH� YHU\� GLIILFXOW� WRHVWDEOLVK�XQDPELJXRXVO\�7KH�FKDQJHV�LQ�UHGR[�OHYHO�RI�WKH�FHOO�DV�ZHOO�DV�LQ�FRQFHQWUDWLRQ�RI�PRQR�DQGGLYDOHQW�LRQV�PD\�DIIHFW�LWV�PHWDEROLVP�E\�LQIOXHQFLQJ�WKH�F\FOLF�QXFOHRWLGHV�OHYHO>������@��,W�LV�ZHOO�NQRZQ�WKDW�FHOOXODU�PHWDEROLVP�DQG�GHYHORSPHQW�DUH�FRQWUROOHGE\� D� V\VWHP� RI� F\FOLF� Q\FOHRWLGHV�� SDUWLFXODUO\� F\FOLF� �
��
�DGHQRVLQHPRQRSKRVSKDWH��F$03���WKH�F$03�SURGXFWLRQ�DQG�WKH



),*85(����3RVVLEOH�SKRORVLJQDO�WUDQVGXFOLRQ�FKDLQV� IRU�JURZWK� VWLPXODWLRQ�E\�YLVLEOH� OLJKW� LQFDVH�RI��$��SURFDU\RWLF�����FROL`� DQG�%��HXFDU\RWLF�FHOOV��3RVVLEOH�DFWLRQ�RI�FKHPLFDOV��DX[LQ��.-�1D��6�2��� >������@� LV� VKRZQ��'P+���n 'S+�n��'F n  � LQFUHDVH� LQ� SKRWRQPRWLYH� IRUFH�� SURWRQJUDGLHQW� DQG� HOHFWULFDO� SRWHQWLDO� RI� PLWRFKRQGULDO� PHPEUDQH�� >$73@� n  � LQFUHDVH� LQ� $73FRQFHQWUDWLRQ��(1�n  LQFUHDVH�LQ�FHOOXODU�UHGR[�SRWHQWLDO��FKDQJH�LQWR�PRUH�R[LGL]HG
GLUHFWLRQ��� no»¼º«¬ª �

PLW1$'+1$' n»¼º«¬ª �
F\W1$'+1$'  R[LGDWLRQ�RI�1$'+�SRRO�LQ

PLWRFKRQGULRQ��FDXVLQJ�FKDQJHV�LQ�1$'+�SRRO�RI�F\WRSODVP��1D��+� DQWLSRUWHU�I�DQG�1D��.��$73DVH� �DFWLYDWLRQ�RI�WKHVH�HQ]\PHV��(Pp  GHFUHDVH�RI�HOHFWULFDO�SRWHQWLDO�RI�FHOOXODUPHPEUDQH��S+,n  �GHFUHDVH�RI�+� FRQFHQWUDWLRQ�LQ�FHOO��'>&D��@L��'>F$03@� �FKDQJHV�LQLQWUDFHOOXODU�FRQFHQWUDWLRQ�RI�&D�� DQG�F$03��'1$��51$�V\QWKHVLV�n  �DFWLYDWLRQ�RI�QXFOHLFDFLGV�V\QWKHVLV�
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