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0LWRFKRQGULDO�0HFKDQLVPV�RI�/DVHU3KRWRWKHUDS\
7LLQD�,��.DUX

$EVWUDFW� 7KH� WHUPLQDO� HQ]\PH� RI� PLWRFKRQGULDO� UHVSLUDWRU\� FKDLQ� F\WRFKURPH� FR[LGDVH� LV�FRQVLGHUHG�DV�D�XQLYHUVDO�SKRWRDFFHSWRU� LQ�PDPPDOLDQ�FHOOV� IRU�YLVLEOH�WR�QHDU� ,5� UDGLDWLRQ�� 7ZR� PHFKDQLVPV� RFFXUULQJ� LQ� F\WRFKURPH� F� R[LGDVH� XQGHULUUDGLDWLRQ� DUH� LQYHVWLJDWHG� H[SHULPHQWDOO\�� 7KHVH� DUH� DQ� LQFUHDVH� RI� HOHFWURQ� IORZLQVLGH� RI� F\WRFKURPH� F� R[LGDVH� DQG� D� UHOLHYH� RI�12� EORFN� LQ� WKH� FDWDO\WLF� FHQWHU� RIF\WRFKURPH� F� R[LGDVH�� $� QRYHO� PLWRFKRQGULDO� OLJKW�DFWLYDWHG� FHOOXODU� VLJQDOLQJSDWKZD\� �UHWURJUDGH� VLJQDOLQJ�� KDV� EHHQ� GLVFRYHUHG� DQG� LQYHVWLJDWHG�� 2XU� UHVXOWVHYLGHQFH�WKDW�F\WRFKURPH�F�R[LGDVH�FDQ�ZRUN�DV�D�VLJQDO�JHQHUDWRU�DV�ZHOO�DV�D�VLJQDOWUDQVGXFHU�LQ�LUUDGLDWHG�FHOOV�
.H\ZRUGV�� $FWLRQ� DQG� DEVRUSWLRQ� VSHFWUD�� F\WRFKURPH� F� R[LGDVH�� /RUHQW]LDQ� FXUYH
ILWWLQJ�� QRYHO� OLJKW�DFWLYDWHG� FHOOXODU� VLJQDOLQJ�� UHOLHYH� RI� 12� EORFN�� UHWURJUDGH
PLWRFKRQGULDO�VLJQDOLQJ�

&\WRFKURPH�F�2[LGDVH�,V�D�8QLYHUVDO�3KRWRDFFHSWRU�LQ(XNDU\RWLF�&HOOV
7KH� DFWLRQ� VSHFWUD� UHFRUGHG� LQ� +H/D� FHOO� FXOWXUH� IRU� SURFHVVHV� RFFXUULQJ� LQ� WKH� FHOOQXFOHXV��'1$�DQG�51$�V\QWKHVLV�UDWH��DQG�FHOO�PHPEUDQH��LQFUHDVH�LQ�QXPEHU�RI�FHOOVDWWDFKHG�WR�D�JODVV�PDWUL[��LQ�UHG�WR�QHDU�,5�UHJLRQ�ZHUH�DQDO\]HG�E\�/RUHQW]LDQ�FXUYHILWWLQJ�>�@��5HG�WR�QHDU�,5�SDUW�RI�RQH�RI�WKHVH�VSHFWUD�LV�SUHVHQWHG�LQ�)LJ�����,QVRIDU�DV�WKHDFWLRQ�VSHFWUXP�UHVHPEOHV�WKH�DEVRUSWLRQ�VSHFWUXP�RI�WKH�PROHFXOH�DEVRUELQJ�WKH�OLJKW�SKRWRDFFHSWRU��� WKH� EDQGV� LQ� WKH� DFWLRQ� VSHFWUD� ZHUH� LGHQWLILHG� E\� DQDORJ\�ZLWK� WKHPHWDO�OLJDQG� V\VWHPV� DEVRUSWLRQ� VSHFWUD� FKDUDFWHULVWLF� RI� YLVLEOH�WR�QHDU� ,5� VSHFWUDOUDQJH�>�@��7KLV�DQDO\VLV�DOORZHG�XV�WR�FRQFOXGH�WKDW�DOO�EDQGV�LQ�WKH�DFWLRQ�VSHFWUD��RQHPD[LPXP� DW� ���� QP� ZLWK� WKH� HGJH� RI� WKH� HQYHORSH� QHDU� ���� QP� DQG� WZR� VHULHV� RIGRXEOHW�EDQGV�LQ�WKH�UDQJH���������QP�DQG

7�,��.DUX
,QVWLWXWH�RI�/DVHU�DQG�,QIRUPDWLRQ�7HFKQRORJLHV�RI�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��7URLWVN�
0RVFRZ�5HJLRQ��5XVVLDQ�)HGHUDWLRQ

5��:D\QDQW�DQG�'�%��7DWD��HGV����3URFHHGLQJV�RI�/LJKW�$FWLYDWHG�7LVVXH�5HJHQHUDWLRQ���������������������������[[YLL
DQG�7KHUDS\�&RQIHUHQFH�
��6SULQJHU�6FLHQFH���%XVLQHVV�0HGLD��//&�����



[[YLLL

)LJ���� 7KH� DFWLRQ� VSHFWUXP� IRU� VWLPXODWLRQ� RI� '1$� V\QWKHVLV� UDWH� RQ� FHOOXODU� OHYHO�� 6XJJHVWHGDEVRUELQJ� FKURPRSKRUHV� RI� WKH� SKRWRDFFHSWRU�� F\WRFKURPH� F� R[LGDVH�� DUH� VKRZQ� �DIWHU� >��� �@��([SHULPHQWDO�GHWDLOV�DUH�GHVFULEHG�LQ�>�@
��������QP�ZLWK�ZHOO�SURQRXQFHG�PD[LPD�DW����������������DQG�����QP��PD\�EH�UHODWHG�WR�WKH
F\WRFKURPH�F�R[LGDVH��&\WRFKURPH�F�R[LGDVH�LV�WKH�WHUPLQDO�HQ]\PH�RI�WKH�UHVSLUDWRU\�FKDLQ�LQ
HXNDU\RWLF� FHOOV�� ZKLFK� PHGLDWHV� WKH� WUDQVIHU� RI� HOHFWURQV� IURP� F\WRFKURPH� F� WR� PROHFXODU
R[\JHQ��%DQGV�DW����²���������DQG�����QP�ZHUH� DWWULEXWHG� WR� D� UHODWLYHO\�R[LGL]HG� IRUP�RI
F\WRFKURPH�F�R[LGDVH��7KH�HGJH�RI�WKH�EOXH�YLROHW�EDQG�DW�����QP�DQG�WKH�GLVWLQFW�EDQGV�DW����
DQG�����QP�EHORQJ�WR�D�UHODWLYHO\�UHGXFHG�IRUP�RI�WKH�HQ]\PH�>�@�

)LJXUH���SUHVHQWV�RQO\� WKH�UHG�WR�QHDU�,5�SDUW�RI� WKH�DFWLRQ�VSHFWUXP��,W�ZDV�VXJJHVWHG�WKDW
WKH�SKRWRDFFHSWRU�LV�RQH�RI�WKH�LQWHUPHGLDWH�IRUPV�RI�F\WRFKURPH�F�R[LGDVH�UHGR[�F\FOH��,Q�WKH
UHG�WR�QHDU�,5�UHJLRQ�WKH�����QP�EDQG�LV�EHOLHYHG�EHORQJLQJ�PDLQO\� WR� WKH� UHODWLYHO\�R[LGL]HG
&X$ FKURPRSKRUH�RI�F\WRFKURPH�F�R[LGDVH��WKH�����QP�EDQG�WR�WKH�UHODWLYHO\�UHGXFHG�&X%� WKH����QP�EDQG�WR�WKH�UHODWLYHO\�R[LGL]HG�&8%� DQG�WKH�����QP�EDQG�WR�WKH�UHODWLYHO\�UHGXFHG�&X$�)LJ�����

&RPSDULVRQ�RI�$FWLRQ�DQG�$EVRUSWLRQ�6SHFWUD��(IIHFW�RI,UUDGLDWLRQ�DW�����QP�RQ�WKH�$EVRUSWLRQ�6SHFWUD
$EVRUSWLRQ� VSHFWUD�RI� FHOOXODU�PRQROD\HUV�ZHUH� UHFRUGHG� LQ� UHG�WR�QHDU� ,5� UHJLRQ� >�@�XVLQJ� D
VHQVLWLYH�PXOWLFKDQQHO� UHJLVWUDWLRQ�PHWKRG�GHVFULEHG� LQ�GHWDLOV� LQ� >�@�� )LJXUH� �D�� E� SUHVHQW� DV
H[DPSOHV�WZR�VSHFWUD�UHFRUGHG�LQ��D��HQFORVHG�DQG��E��RSHQ
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0LWRFKRQGULDO�0HFKDQLVPV�RI�/DVHU�3KRWRWKHUDS\ [[L[
FXYHWWHV��)LJXUH��D�� E� SUHVHQW�WKH�VSHFWUD�RI�WKH�VDPH�FHOOV�DIWHU� LUUDGLDWLRQ�DW����QP��3HDN�LQWHQVLW\�UDWLRV�RI�WZR�EDQGV�DW�����DQG�����QP��,����,���� ZHUH�XVHGWR FKDUDFWHUL]H�HYHU\�VSHFWUXP�TXDQWLWDWLYHO\��VHH�JUD\�YHUWLFDO�ODQHV�LQ�)LJ�����,Q� WKH� FDVH� RI� HTXDO� FRQFHQWUDWLRQV� RI� WKH� UHGXFHG� DQG� R[LGL]HG� IRUPV� RI� WKHSKRWRDFFHSWRU� PROHFXOH�� WKH� UDWLR� ,����,���� VKRXOG� EH� HTXDO� WR� XQLW\�� :KHQ� WKHUHGXFHG�IRUPV�SUHYDLOHG��WKH�UDWLR�,����,����ZDV�JUHDWHU� WKDQ�XQLW\��DQG� LW�ZDV� OHVVWKDQ� XQLW\� LQ� FDVHV� ZKHUH� WKH� R[LGL]HG� IRUPV� GRPLQDWHG� >�@�� 5HFDOO� WKDW� WKHLQWHUQDO� HOHFWURQ� WUDQVIHU� ZLWKLQ� WKH� F\WRFKURPH� F� R[LGDVH�PROHFXOH� FDXVHV� WKHUHGXFWLRQ�RI� WKH�PROHFXODU�R[\JHQ�YLD� VHYHUDO� WUDQVLHQW� LQWHUPHGLDWHV�RI� YDULRXVUHGR[�VWDWHV�>�@�
7KH�PDJQLWXGH�RI�WKH�,����,����FULWHULRQ�ZDV�����IRU�VSHFWUXP�D��)LJ���D��DQG�����IRUVSHFWUXP�E��)LJ���E���%\�WKLV�FULWHULRQ��LUUDGLDWLRQ�RI�WKH�FHOOV��ZKRVH�VSHFWUXP�LVPDUNHG� E\� D� �,����,����  � ����� FDXVHG� WKH� UHGXFWLRQ� RI� WKH� DEVRUELQJ� PROHFXOH,����,���� IRU�VSHFWUXP�D� LV�HTXDO�WR������,UUDGLDWLRQ�RI�WKH�FHOOV�FKDUDFWHUL]HG�E\VSHFWUXP�E�DOVR�FDXVHG�WKH�UHGXFWLRQ�RI�WKH�SKRWRDFFHSWRU��DV�HYLGHQFHG�E\�WKHLQFUHDVH�RI�WKH�,����,����UDWLR�IURP�����WR�����LQ�VSHFWUXP�EO��,Q�WKH�VSHFWUXP�RI�WKHFHOOV� ZLWK� DQ� LQLWLDOO\� PRUH� UHGXFHG� SKRWRDFFHSWRU� �VSHFWUXP� D��� LUUDGLDWLRQFDXVHG�UHGXFWLRQ�WR�D�OHVVHU�H[WHQW��������� ������WKDQ�LQ�WKDW�RI�WKH�FHOOV�ZLWK�DQLQLWLDOO\�OHVV�UHGXFHG�SKRWRDFFHSWRU��VSHFWUXP�E���7KH�LQWHQVLW\�UDWLR�LQ�WKLV�FDVHZDV������� �����6R��WKH�LUUDGLDWLRQ�DW�����QP�FDXVHG�FKDQJHV�LQ�WKH�LQLWLDO�DEVRUSWLRQ�VSHFWUDRI� WKH� FHOOXODU� PRQROD\HUV�� ZKLFK� FDQ� EH� LQWHUSUHWHG� E\� WKH� ,����,���� EDQGLQWHQVLW\� UDWLR� FULWHULRQ� DV� EHLQJ� GXH� WR� WKH� UHGXFWLRQ� RI� WKH� SKRWRDFFHSWRUPROHFXOH�>�@�7KH� &X$o KHPH� D o >KHPH� D� ² &X%@ o 2� HOHFWURQ� WUDQVIHU� ZLWKLQF\WRFKURPH�F�R[LGDVH�SURFHHGV� UDSLGO\� �RQ�D�PLFURVHFRQG� WLPH� VFDOH��EHWZHHQ&X$ DQG�KHPH�D DQG�EHWZHHQ�WKH�FDWDO\WLF�FHQWHU�>KHPH�D�²&X%@ DQG�GLR[\JHQ�7KH�RQO\� UDWH�OLPLWLQJ� VWDJH� LQ� WKH� WXUQRYHU� DSSHDUV� WR� EH� WKH� LQWHUQDO� HOHFWURQWUDQVIHU�EHWZHHQ�KHPH�D DQG�WKH�>KHPH�D�² &X%@ SDLU��7KH�UHGXFWLRQ�RI�WKH�>D� ²&X%@ ELQXFOHDU�KHPH�VLWH�E\�WKH�UHGXFHG�KHPH�D RFFXUV�RQ�D�PLOOLVHFRQG�WLPH�VFDOH>�@��2QH�FDQ�VSHFXODWH�WKDW�LUUDGLDWLRQ�LQWHQVLILHV�H[DFWO\�WKLV�HOHFWURQ�WUDQVIHU�VWDJHZLWKLQ� WKH� HQ]\PH�� ,W� LV� TXLWH� SRVVLEOH� WKDW� LUUDGLDWLRQ� PDNHV� PRUH� HOHFWURQVDYDLODEOH� IRU� WKH� UHGXFWLRQ�RI�GLR[\JHQ� LQ� WKH� FDWDO\WLF� FHQWHU�RI� F\WRFKURPH�FR[LGDVH��KHPH�D� ² &X% VLWH���,W�KDV�ORQJ�EHHQ�NQRZQ�WKDW�HOHFWURQLF�H[FLWDWLRQE\�OLJKW�VWLPXODWHV�UHGR[�SURFHVVHV�LQ�RUJDQLF�G\HV�WR�LQWHQVLI\�HOHFWURQ�WUDQVIHU>�@��7KLV�LV�DOVR�WUXH�RI�F\WRFKURPH�F R[LGDVH�>�@��7KH�LQFUHDVH�RI�WKH�DYDLODELOLW\RI�HOHFWURQV�FDQ�EH�WKH�FUXFLDO�UHVXOW�RI�LUUDGLDWLRQ�LQ�VLWXDWLRQV�ZKHQ�DOO�WKH�IRXUHOHFWURQV�DUH�XQDYDLODEOH�IRU�WKH�UHGXFWLRQ�RI�GLR[\JHQ�&RPSDULVRQ�EHWZHHQ� WKH� DEVRUSWLRQ� �)LJ�� ��� DQG� DFWLRQ� VSHFWUD� �RQH� H[DPSOHVHH�LQ�)LJ�����SURYLGHG�HYLGHQFH�WKDW�DOO�EDQGV�SUHVHQW�LQ� WKH�DFWLRQ�VSHFWUD�ZHUHSUHVHQW�LQ�WKH�DEVRUSWLRQ�VSHFWUD�DV�ZHOO�>����@�

$'LVFRYHU\�RI�D�1RYHO�/LJKW�$FWLYDWHG0LWRFKRQGULDO�&HOOXODU�6LJQDOLQJ�3DWKZD\
7KH� SXUSRVH� RI� WKHVH� H[SHULPHQWV� ZDV� WR� GHPRQVWUDWH� WKDW� D� VLJQDOLQJ� SDWKZD\H[LVW�EHWZHHQ�WKH�PLWRFKRQGULD��ZKHUH�WKH�VXJJHVWHG�SKRWRDFFHSWRU�F\WRFKURPHF R[LGDVH�LV�ORFDWHG��DQG�FHOOXODU�PHPEUDQH��$V�WKH�H[SHULPHQWDO�DSSURDFK��ZHXVHG�D
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0LWRFKRQGULDO�0HFKDQLVPV�RI�/DVHU�3KRWRWKHUDS\ [[[L
PRGLILFDWLRQ�RI�WKH�DFWLRQ�VSHFWUXP�DVVRFLDWHG�ZLWK�WKH�LQFUHDVH�RI�DGKHVLYH�SURSHU�WLHVRI�WKH�FHOO�PHPEUDQH�LQ�WKH�UDQJH���������QP��12�GRQRU�VRGLXP�QLWURSUXVVLGH��613��VRGLXP�D]LGH��ZKLFK�ERWK�ERQG� WR� F\WRFKURPH� F� R[LGDVH� FDWDO\WLF� FHQWHU�� DV�ZHOO� DVRXDEDLQ��LQKLELWRU�RI�1D�� .��$73DVH�LQ�WKH�FHOO�PHPEUDQH��DQG�DPLORULGH��LQKLELWRU�RI1D��+� DQWLSRUWHU� LQ� FHOO� WKH� FHOO� PHPEUDQH�� ZHUH� DGGHG� WR� WKH� FHOOVEHIRUH� WKHLUUDGLDWLRQ�� ,W� LV� LQ�HYLGHQFH�E\�FRPSDULQJ� WKHVH� VSHFWUD� �)LJ����� WKDW� WKHVH�FKHPLFDOVKDYH�D�VWURQJ�LQIOXHQFH�RQ�WKH�VWUXFWXUH�RI�WKH�LQWDFW�DFWLRQ�VSHFWUXP��)LJ���D��,W�ZDV
VXJJHVWHG�WKDW�WKH�SXWDWLYH�FKDUJH�WUDQVIHU�FRPSOH[HV�WR�

UHG$&X
R[LG%&X �DQG��VHH�>�@

IRU�H[SODQDWLRQ��DUH�FORVHG� IRU�HOHFWURQ� WUDQVSRUW� LQ� WKH�SUHVHQFH�RI�D]LGH��7KHUH�ZHUHSUDFWLFDOO\� QR� FKDQJHV� LQ� HOHFWURQ� WUDQVSRUW� FRQQHFWHG� ZLWK� WKH� VXJJHVWHG� G�G
WUDQVLWLRQV� LQ�

U H G%&X FKURPRSKRUHV��FKDUDFWHUL]HG�E\�GRXEOHW�EDQGV�DW�����DQG����
QP��� DQG� RQO\� D� IHZ� FKDQJHV� LQ� HOHFWURQ� WUDQVSRUW� RFFXUUHG�� FRQQHFWHG� ZLWK� WKH
VXJJHVWHG�G�G�WUDQVLWLRQV�LQ�

R[LG$&X �FKURPRSKRUHV�LQ�QHDU�,5�UHJLRQ��GLVDSSHDUDQFH
RI�WKH�VKRXOGHU�DW�����QP��)LJ���F��
7ZR�FKDUJH�WUDQVIHU�FKDQQHOV�SXWDWLYHO\�WR�

U H G$&X DQG�
R[LG%&X DV�ZHOO�DV�WZR�UHDFWLRQ

FKDQQHOV� SXWDWLYHO\� FRQQHFWHG� ZLWK� G�G� WUDQVLWLRQV� LQ�
U H G%&X � DQG�

R[LG$&X � DUH
UHRUJDQL]HG� LQ�WKH�SUHVHQFH�RI�12��)LJ���E���7KH�DFWLRQ�RI�12�DSSHDUHG� WR�EH�TXLWHGLIIHUHQW� IURP� WKDW� RI� D]LGH�� ZKLFK� DOVR� UHDFWV� GLUHFWO\� ZLWK� WKH� ELQXFOHDU� FDWDO\WLFFHQWHU� RI� F\WRFKURPH� F� R[LGDVH�� $]LGH� EULGJHV� WKH� KHPH� RI� F\WRFKURPH� D�� DQG� &X%SHUPDQHQWO\��EXW�12�ELQGV� WR� WKH� FDWDO\WLF� FHQWHU�RI� F\WRFKURPH�F�R[LGDVH� UHYHUVLEO\>��@�7KH�DFWLRQ�VSHFWUD�ZHUH�UHFRUGHG�DOVR�LQ�WKH�SUHVHQFH�RI�WZR�FKHPLFDOV�IRU�ZKLFK�WKHSODVPD�PHPEUDQH�LV�LPSHUPHDEOH�EXW�UHDFW�ZLWK�LW��DPLORULGH�DQG�RXDEDLQ��)LJ���G��H��2XDEDLQ�DV�DQ� LQKLELWRU�RI�1D�� .��DGHQRVLQH� WULSKRVSKDWDVH� >1D�� .��$73DVH@� DQGDPLORULGH� DV� DQ� LQKLELWRU� RI�1��+� H[FKDQJHU� >1+(@�� ERWK� KLJKHU�PROHFXODU� ZHLJKWVXEVWDQFHV�� FDQQRW� UHDFW� ZLWK� F\WRFKURPH� F� R[LGDVH� �DQG� WKH� D��&X% FHQWHU� LQSDUWLFXODU�� LQ� WKH� VDPH� ZD\� DV� WKH� VPDOO� OLJDQGV� 1� DQG� 12� UDGLFDOV�� 2XU� DFWLRQVSHFWURVFRS\� UHVXOWV� �)LJ�� ��� SURYLGH� HYLGHQFH� WKDW� RXDEDLQ� DV� ZHOO� DV� DPLORULGHVLJQLILFDQWO\� PRGLI\� WKH� OLJKW� DFWLRQ� VSHFWUXP� RI� WKH� LQFUHDVH� LQ� WKH� SHUFHQWDJH� RIDWWDFKHG� FHOOV� >����@�� 7KH� OLJKW� DFWLRQ� VSHFWUXP� LQ� WKH� SUHVHQFH� RI� RXDEDLQ� ZDVFKDUDFWHUL]HG�E\�D�VLQJOH�EDQG�DW�����QP�DQG�E\� WULSOHW�EDQGV� LQ� WKH�QHDU�,5�UHJLRQ�PDLQ�SHDN�DW�����QP�ZLWK�VKRXOGHUV�DW�����DQG�����QP��2WKHU�EDQGV�LQ�WKH�UHG�WR�IDUUHG�UHJLRQ�FKDUDFWHULVWLF�RI�WKH�FRQWURO�VSHFWUXP�IXOO\�GLVDSSHDUHG� LQ� WKH�SUHVHQFH�RI
RXDEDLQ��7KLV�PHDQV�WKDW�D�SXWDWLYH�FKDUJH�WUDQVIHU�FKDQQHO�WR�

U H G$&X �FKDUDFWHUL]HG
E\� EDQG� DW� ���� QP�� DQG� D� FKDQQHO� VXJJHVWHG� WR� EH� FRQQHFWHG�ZLWK� G�G� WUDQVLWLRQ� LQ

R[LG$&X � �EDQG�DW�����QP��DUH�ZRUNLQJ�VLPLODUO\�WR�WKRVH�RI�LQ�WKH�FRQWURO�FHOOV��EXW
ERWK�FKDQQHOV� WR�&X% �WKH�FKDUJH� WUDQVIHU�FKDQQHO�FKDUDFWHUL]HG�E\� WKH�EDQG�DW� ���QP�DQG�D� FKDQQHO�GXH� WR�G�G� WUDQVLWLRQ� FKDUDFWHUL]HG�E\� DEVRUSWLRQ� DW� ���� QP�� DUHFORVHG�LQ�WKH�SUHVHQFH�RI�RXDEDLQ�7KH�OLJKW�DFWLRQ�VSHFWUXP�LQ�WKH�SUHVHQFH�RI�DPLORULGH�KDV�WKH�EDQG�RQO\�LQ�WKH�QHDU,5�UHJLRQ�DW�����QP��1RWHZRUWK\�LV�WKH�IDFW�WKDW�WKH�EDQG�DW�����QP�LQ�WKH�FRQWURO�VSHFWUXPZDV�QRW�RQO\�HOLPLQDWHG�EXW�DPLORULGH�DOVR�FDXVHG�D�VOLJKW�LQKLELWLRQ�RI�FHOO�DWWDFKPHQW�7KLV� UHVXOW� PHDQV� WKDW� RQO\� RQH� UHDFWLRQ� FKDQQHO�� QDPHO\� WKH� FKDQQHO� SXWDWLYHO\
FRQQHFWHG�ZLWK�G�G�WUDQVLWLRQ�LQ�

R[LG$&X �FKURPRSKRUH��ZDV�ZRUNLQJ�LQ�WKH



[[[LL 7�,��.DUX



0LWRFKRQGULDO�0HFKDQLVPV�RI�/DVHU�3KRWRWKHUDS\��������������������������������������������[[[LLL
SUHVHQFH�RI� DPLORULGH��5HFDOO� WKDW� ERWK� RXDEDLQ� DQG� DPLORULGH� LQ� WKH� FRQFHQWUDWLRQVXVHG� ��[�����0� IRU� RXDEDLQ� DQG� ���� [� ����� 0� IRU� DPLORULGH�� GLG� QRW� VWDWLVWLFDOO\VLJQLILFDQWO\�LQIOXHQFH�FHOO�DWWDFKPHQW�ZLWKRXW�LUUDGLDWLRQ�
7KH�QRYHO� OLJKW�DFWLYDWHG�PLWRFKRQGULDO� FHOOXODU� VLJQDOLQJ� SDWKZD\� FRXOG� EHFODVVLILHG� DV� D� PLWRFKRQGULDO� UHWURJUDGH� VLJQDOLQJ� SDWKZD\�� 0LWRFKRQGULDOUHWURJUDGH� VLJQDOLQJ� LV� D� SDWKZD\� RI� FRPPXQLFDWLRQ� IURP�PLWRFKRQGULD� WR� WKHQXFOHXV� XQGHU� QRUPDO� DQG� SDWKRSK\VLRORJLFDO� FRQGLWLRQV� >��@�� 5HFHQWH[SHULPHQWDO� UHVXOWV� FRQILUP� WKH� VXJJHVWLRQ� WKDW� FHOOXODU� UHVSRQVHV� WR� OLJKW� LQUHG�WR�QHDU�,5�UHJLRQ�LQYROYH�UHWURJUDGH�PLWRFKRQGULDO�VLJQDOLQJ�>��@�

&RQFOXVLRQV
2XU� H[SHULPHQWV� HYLGHQFH� DERXW� H[LVWHQFH� RI� D� OLJKW�DFWLYDWHG� PLWRFKRQGULDOFHOOXODU� VLJQDOLQJ� SDWKZD\� �PLWRFKRQGULDO� UHWURJUDGH� VLJQDOLQJ��� &\WRFKURPH� FR[LGDVH�DFWV�DV�D�VLJQDO�JHQHUDWRU�DIWHU�WKH�DEVRUSWLRQ�RI�OLJKW�TXDQWD�DV�HYLGHQFHGE\� OLJKW� DFWLRQ� VSHFWUD�� %XW� F\WRFKURPH� F� R[LGDVH� FDQ� DFW� DOVR� DV� D� VLJQDOWUDQVGXFHU�DV�HYLGHQFHG�E\�UHVXOWV�REWDLQHG�E\�XVLQJ�WKH�FKHPLFDOV��)LJ�����2QH�FDQ� VXJJHVW� WKDW� QLWULF�R[LGH�� D� SK\VLRORJLFDO� LQKLELWRU� RI� F\WRFKURPH� FR[LGDVH�WKDW�ELQGV�WR�LWV�FDWDO\WLF�FHQWHU�GLVVRFLDWHV�IURP�WKH�FDWDO\WLF�FHQWHU�ZKHQWKH�HQ]\PH�LV�UHGXFHG�E\� WKH� LUUDGLDWLRQ��7KLV�HYHQW�FRXOG� WUDQVLHQWO\� UHOLHYH�DEORFN�LQ�F\WRFKURPH�F�R[LGDVH�WKDW�FDXVHV�D�UHYHUVH�RI�VLJQDOLQJ�FRQVHTXHQFHV�)LUVW�� WKLV� VXJJHVWLRQ�PD\� IRUP� D� EDVLV� IRU� H[SODQDWLRQ� RI� XQLYHUVDO� HIIHFWV� RIYDULRXV�ZDYHOHQJWKV�LQ�UHG�WR�QHDU�,5�UHJLRQ�SKRWRWKHUDS\�DV�ZHOO�DV�RI�YDULRXVWKHUDSHXWLF�XVHV�RI�WKLV�PRGDOLW\�
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