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���,QWURGXFWLRQ�
�
����&DHQRUKDEGLWLV�HOHJDQV�
�
$� VPDOO�ZRUP��&DHQRUKDEGLWLV� HOHJDQV�� LV� D�PHPEHU� RI� IDPLO\�5KDEGLWLGDH�� D� ODUJH�
DQG� GLYHUVH� JURXS� RI� QHPDWRGHV�� ,Q� FRQWUDVW� ZLWK� RWKHU� UHODWHG� SDWKRJHQLF� RU�
SDUDVLWLF� VSHFLHV� LW� LV�QRQ�SDUDVLWLF�� VRLO� OLYLQJ�QHPDWRGH� DQG� LW� LV� DGYDQWDJHRXV� IRU�
UHDULQJ�LQ�ODERUDWRU\�FRQGLWLRQV���

&�� HOHJDQV� LV� RQH� RI� WKH� ZLGHO\� XVHG� PRGHO� RUJDQLVPV� LQ� 'HYHORSPHQWDO�
ELRORJ\�DQG�LQ�*HQHWLFV��7KLV�VPDOO����PP�ORQJ�WUDQVSDUHQW�ZRUP�KDV�WUDLWV�LPSRUWDQW�
DV�DQ�H[SHULPHQWDO�DQLPDO�� LW� LV�HDV\�WR�UHDU�IHHGLQJ�RQ�(VFKHULFKLD�FROL�RQ�DJDU�RU�
DJDURVH�SODWHV��FDQ�EH�VWRUHG�DV�D�IUR]HQ�VWRFN��KDV�VKRUW�OLIH�F\FOH��DQG�LW�KDV�VPDOO�
JHQRPH�LQ�VL[�FKURPRVRPHV�DQG�WZR�VH[HV��7KH�ZRUPV�DUH�XVXDOO\�NHSW�DW����&���

+HUPDSKURGLWHV�DUH�VHOI�IHUWLOL]LQJ�DQG�FDQ�KDYH�DERXW�����RI�RIIVSULQJ�GXULQJ�
WKHLU�UHSURGXFWLYH�SHULRG��+HUPDSKURGLWHV�FDQ�QRW�IHUWLOL]H�RWKHU�KHUPDSKURGLWHV�EXW�
PDOHV�FDQ�PDWH�ZLWK�KHUPDSKURGLWHV��7KH�PDOHV�DUH�TXLWH�UDUH� LQ�QDWXUH�EXW�RFFXU�
VSRQWDQHRXVO\� RU� E\� KHDWVKRFN� LQ� WKH� KHUPDSKURGLWH� SRSXODWLRQ� E\� ;�FKURPRVRPH�
QRQ�GLVMXQFWLRQ��7KLV�FDQ�KDSSHQ�ZLWK�IUHTXHQF\�DERXW���PDOH�SHU�����DQLPDOV���

7KH�GHYHORSPHQW�WDNHV�����GD\V�DQG�FRQVLVWV�RI��HPEU\RQLF�VWDJH��IRXU�ODUYDO�
VWDJHV� IURP� /�� WR� /�� �)LJ�� ����� DQG� WKH� DGXOW�� (DFK� SRVW�HPEU\RQLF� VWDJH� LV�
SURJUHVVHG� WKURXJK� PROWLQJ�� ,Q� XQSUHIHUDEOH� FRQGLWLRQV� OLNH� VWDUYDWLRQ� DQG� KLJK�
GHQVLW\��ZRUPV�JR�WKURXJK�WKH�VWDJH�RI�VR�FDOOHG�GDXHU�ODUYD�LQ�WKHLU�GHYHORSPHQW��
/��GRHV�QRW�GHYHORS�LQWR�UHJXODU�/���EXW� LQWR�GDXHU��ZKLFK�LV�UHVLVWDQW�WR�VWDUYDWLRQ�
DQG�RXWHU�VWUHVV��7KH�GHYHORSPHQW�UHVXPHV�DIWHU�LPSURYLQJ�WKH�FRQGLWLRQV�WR�/��DQG�
WKHQ�FRQWLQXHV�WR�EH�WKH�DGXOW���

7KH�ZRUP¶V�JHQRPH�LV����0E�ZLWK�WKH�WRWDO�QXPEHU�RI�FRGLQJ�JHQHV���������
&��HOHJDQV�KDV���KDSORLG�FKURPRVRPHV��ILYH�RI�WKHP�WKH�DXWRVRPHV��,��,,��,,,��,9��9��
DQG�RQH�VH[�FKURPRVRPH��;��7KH�VHTXHQFH�RI�WKH�ZKROH�JHQRPH�EHFDPH�DYDLODEOH�
LQ������DQG�LW�ZDV�WKH�ILUVW�PRGHO�RUJDQLVP�WR�EH�IXOO\�VHTXHQFHG��

7KH�ILUVW�GLVFRYHU\�ZLWK�&��HOHJDQV�LQ�WKH�PDLQ�UROH�DV�D�PRGHO�RUJDQLVP�ZDV�
WKH�JHQHWLF�UHJXODWLRQ�RI�DSRSWRVLV�DQDO\]HG�E\�6\GQH\�%UHQQHU��-RKQ�(��6XOVWRQ�DQG�
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+�� 5REHUW� +RUYLW]�� 7KLV� SURFHVV� LV� FRQVHUYHG� LQ� RWKHU� RUJDQLVPV� DQG� LW� FDQ� EH�
DFWLYDWHG�E\�PDQ\�GLIIHUHQW�VWLPXODWLRQV�VXFK�DV�H[WUDFHOOXODU�JURZWK�IDFWRUV��VWHURLG�
KRUPRQHV�RU�YLUDO�LQIHFWLRQ��7KH�PRUSKRORJLFDO�FKDQJHV�RI�FHOOV�WKDW�GLH�LQ�DSRSWRWLF�
ZD\�LQ�&��HOHJDQV��DUH�VLPLODU�WR�WKH�FKDQJHV�LQ�PDPPDOLDQ�FHOOV���

7KH�ZRUP�KDV�WKH�FRQVWDQW�QXPEHU�RI�ERG\�FHOOV��$W�KDWFKLQJ��WKH�ODUYD�RI�/��
VWDJH� KDV� ���� FHOOV� LQ� KHUPDSKURGLWH� DQG� ���� LQ� PDOH�� ,Q� SRVWHPEU\RQLF�
GHYHORSPHQW�� FHOOV� SUROLIHUDWH� EXW� ���� FHOOV� GLH�ZLWK� DSRSWRVLV� WR� SURGXFH� WKH� ����
VRPDWLF� FHOOV� LQ� WKH� DGXOW� KHUPDSKURGLWH� DQG� ����� FHOOV� LQ� WKH� DGXOW� PDOH�� 7KH�
QHXURQV�DQG�HSLGHUPDO�FHOOV�GLH�PRVWO\�� OHVV�WKH�PXVFOH�FHOOV��7KH�DSRSWRVLV�RFFXUV�
DOVR�LQ�WKH�HPEU\RQLF�VWDJH�DV�ZHOO�DV�LQ�WKH�DGXOW��WKH�JHUP�FHOOV��� 

�
�)LJ������7KH�OLIH�F\FOH�RI�&DHQRUKDEGLWLV�HOHJDQV�XQGHU�ODERUDWRU\�FRQGLWLRQV�����&����
�
����7UDQVFULSWLRQ�IDFWRUV�DQG�HQKDQFHU�VWXG\��
�
7UDQVFULSWLRQ� IDFWRUV� DUH� SURWHLQV� QHFHVVDU\� IRU� WKH� WUDQVFULSWLRQ�� 7KH� JHQHUDO�
WUDQVFULSWLRQ�IDFWRUV�KHOS�WR�SRVLWLRQ�WKH�51$�SRO\PHUDVH�FRUUHFWO\�DW�WKH�SURPRWHU��
WKHQ�WR�VHSDUDWH�WKH�VWUDQGV�RI�'1$�DQG�DW�ODVW�WR�UHOHDVH�51$�SRO\PHUDVH�IURP�WKH�
SURPRWHU�� 7KHVH� JHQHUDO� 7)V�ZRUNV� RQ� DQ\� SURPRWHU� XVHG� E\�51$� SRO\PHUDVH� ,,��
7KH�HXNDU\RWLF�SURPRWHU�IRU�51$3�,,�LV�FKDUDFWHULVWLF�ZLWK�WKH�SUHVHQFH�RI�7$7$�ER[��
ZKLFK�ELQGV� WKH�SURWHLQV� OLNH�7%3� �7$7$�ELQGLQJ�SURWHLQ��DQG�7$)� �7%3�DVVRFLDWHG�
IDFWRUV���2WKHU�WUDQVFULSWLRQ�IDFWRUV�ELQG�RQ�WKH�'1$�DW�HQKDQFHU�UHJLRQ�RQ�VSHFLILF�
VHTXHQFHV��ZKLFK�DUH�FDOOHG�ELQGLQJ� VLWHV��7KHVH�DUH�GHILQHG� IRU�HDFK� WUDQVFULSWLRQ�
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IDFWRU� DQG� DOVR� WKH� QXPEHU� RI� WKHP� FRXOG� EH� LPSRUWDQW� �PRUH� ELQGLQJ� VLWHV� FDQ�
HQKDQFH�WKH�HIIHFW�RI�WUDQVFULSWLRQ�IDFWRU����

�
)LJ������$�VLPSOH�VFKHPH�RI�WKH�WUDQVFULSWLRQ�PDFKLQHU\�RQ�D�WDUJHW�SURPRWHU�DQG�
HQKDQFHU��
�

7UDQVFULSWLRQ� RI� D� JHQH� FDQ� EH� UHJXODWHG� E\� QXPEHUV� RI� SURWHLQV� LQ� LWV�
SURPRWHV�UHJLRQ�ZKLFK�PD\�FRQWDLQ�ELQGLQJ�VLWHV�IRU�YDULRXV�WUDQVFULSWLRQ�IDFWRU��7KH�
SURPRWHU� UHJLRQ� ZKLFK� KDV� NQRZQ� ELQGLQJ� VLWHV� FDQ� EH� WHVWHG� E\� DGGLQJ� DQG�RU�
UHPRYLQJ� RU�PXWDWLQJ� WKH� HOHPHQW� LQ� WKH� QDWXUDO� SURPRWHU� RU� FUHDWLQJ� DQ� DUWLILFLDO�
SURPRWHU�FRQWDLQLQJ�WKH�ELQGLQJ�VLWHV�RI�LQWHUHVW��:KHQ�D�WUDQVFULSWLRQ�IDFWRU�DFWV�DV�
DQ�HQKDQFHU�RI�LWV�WDUJHW�JHQH�WUDQVFULSWLRQ��WKH�DFWLYLW\�FDQ�EH�PRQLWRUHG�DV�KLJKHU�
H[SUHVVLRQ� RI� WKH� WDUJHW� SURWHLQ� RU� D� UHSRUWHU� SURWHLQ� �VXFK� DV� OXFLIHUDVH� RU� *)3���
:LWK� WKH� UHSRUWHU� DVVD\�� WKH� YHFWRU� VKRXOG� KDYH� D� PLQLPDO� SURPRWHU� DV� LW� LV�
QHFHVVDU\� WR�DFWLYDWH�EDVDO� OHYHO�RI� WUDQVFULSWLRQ��7KH�HQKDQFHU�VHTXHQFH�V��VKRXOG�
EH� IROORZHG�E\� WKH�PLQLPDO� SURPRWHU� DQG� WKH� UHSRUWHU� JHQH� LQ� WKH� YHFWRU� DQG� WKH�
SURWHLQ�H[SUHVVLRQ�FDQ�EH�PRQLWRUHG�ELRFKHPLFDOO\�RU�YLVXDOO\��7KH�VSHFLILFLW\�RI�WKH�
ELQGLQJ� VLWH� FDQ�EH� DQDO\]HG�E\� �L�� FUHDWLQJ� D�PXWDWLRQ� LQ� WKH�ELQGLQJ� VLWH� DQG� �LL��
PRQLWRULQJ� WKH� WDUJHW� SURWHLQ�H[SUHVVLRQ� LQ�PXWDQW�DQG�RU�51$L�EDFNJURXQG�RI� WKH�
WUDQVFULSWLRQ�IDFWRU�ELQGLQJ�WR�WKLV�HOHPHQW��

$GYDQWDJH�RI�XWLOL]LQJ�&��HOHJDQV� LV�WKDW�ZH�FDQ�SHUIRUP�WKLV�VWXG\� LQ�YLYR�DV�
ZH� FDQ� WUDQVIRUP� &�� HOHJDQV� ZLWK� *)3� H[SUHVVLRQ� YHFWRU� FRQWDLQLQJ� WKH� ELQGLQJ�
VLWH�V�� DQG� PRQLWRU� WKH� DFWLYLW\� WKURXJKRXW� WKH� GHYHORSPHQW� DQG� WKH� ORFDOL]DWLRQ�
�FHOO�WLVVXH�W\SH���7ZR�W\SHV�RI�PLQLPDO�SURPRWHU�FRQWDLQLQJ�*)3�YHFWRUV�DUH�ZLGHO\�
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XVHG�LQ�WKH�ILHOG��%URGLJDQ�HW�DO���������+DUIH�DQG�)LUH���������2QH�XWLOL]HV�D�PLQLPDO�
SURPRWHU�IURP�P\R���DQG�WKH�RWKHU�IURP�SHV������
�
����1XFOHDU�UHFHSWRUV�LQ�&�HOHJDQV�
�
1XFOHDU�UHFHSWRUV�DUH�DQ�LPSRUWDQW�IDPLO\�RI�WUDQVFULSWLRQ�IDFWRUV��ZKLFK�DUH�XVXDOO\�
KRUPRQH�JDWHG��7KH\�SOD\�FUXFLDO�UROH�LQ�PHWD]RDQ�WUDQVFULSWLRQ��ZKHQ�WKH\�UHJXODWH�
JHQH�H[SUHVVLRQ�LQ�UHVSRQVH�WR�VSHFLILF��OLSRSKLOLF�OLJDQGV��VWHURLGV��UHWLQRLGV��ELOH�DQG�
IDWW\�DFLGV��0DQJHOVGRUI�HW�DO�����������$FFRUGLQJ�WR�WKHLU�UROH�LQ�WKH�RUJDQLVP��WKHLU�
G\VIXQFWLRQ� LV� UHVSRQVLEOH� IRU� PDQ\� KXPDQ� GLVHDVHV�� LQFOXGLQJ� GLDEHWHV�� REHVLW\��
FDQFHU� DQG� FDUGLRYDVFXODU� GLVHDVHV� �/HKUNH� DQG� /D]DU�� ������ 6PLWK� DQG� 0XVFDW��
�������

7KH\�KDYH�FRQVHUYHG�PROHFXODU�DUFKLWHFWXUH��ZKHQ�WKH�1�WHUPLQXV�FRQWDLQV�D�
'1$� ELQGLQJ� GRPDLQ� �'%'��� ZKLFK� LV� PDGH� RI� WZR� &\V�� ]LQF� ILQJHUV�� 7KH� PRUH�
YDULDEOH�&�WHUPLQDO�OLJDQG�ELQGLQJ�GRPDLQ��/%'��ELQGV�OLJDQGV�EXW�WKLV�WHUPLQDO�SDUW�
DOVR�GRFNV�FRDFWLYDWRUV�DQG�FRUHSUHVVRUV��0DQJHOVGRUI�DW�DO�����������

1XFOHDU�UHFHSWRUV��ZKLFK�KDYH�QR�OLJDQG�RU�IRU�ZKLFK�QR�OLJDQG�V��ZHUH�IRXQG�
\HW��DUH�FDOOHG�RUSKDQV��0DQJHOVGRUI�HW�DO����������

7KH�QXPEHU�RI�QXFOHDU�UHFHSWRUV�SUHVHQW�LQ�&��HOHJDQV�LV�XQXVXDOO\�KLJK������
15V��KXPDQ����15V��IO\����15V���7KH�QXFOHDU�UHFHSWRU�VXSHUIDPLO\�KDV�XQGHUJRQH�D�
GUDPDWLF�H[SDQVLRQ�DQG�GLYHUVLILFDWLRQ�GXULQJ�WKH�HYROXWLRQ�DQG�FRQVHTXHQFHV�RI�WKLV�
H[SDQVLRQ� DUH� QRW� NQRZQ�� ���� RI� WKHVH� UHFHSWRUV� DURVH� IURP� DQFHVWUDO� +1)��
�5RELQVRQ�5HFKDYL� HW� DO��� ������� 2QO\� ��� RI� &�� HOHJDQV� QXFOHDU� UHFHSWRUV� DUH�
FRQVHUYHG�ZLWK� RWKHU� RUJDQLVPV� �6OXGHU� HW� DO��� ������� 7KH\� SOD\� LPSRUWDQW� UROH� LQ�
SURFHVVHV� VXFK� DV� GDXHU� IRUPDWLRQ�� QHXURQDO� GHYHORSPHQW�� VH[� GHWHUPLQDWLRQ��
HSLGHUPDO�GHYHORSPHQW�DQG�WR[LQ�UHVLVWDQFH��

,Q�WKLV�KXJH�QXPEHU�RI�ZRUP�QXFOHDU�UHFHSWRUV�DOPRVW�DOO�RI�WKHP�DUH�RUSKDQV�
ZLWK�RQH�H[HSWLRQ��,Q�������0RWROD�HW�DO��UHSRUWHG�IRU�WKH�ILUVW�WLPH�WKDW�'$)����KDV�
OLJDQGV�� ��NHWR�FKROHVWHQRLF� DFLG� PHWDEROLWHV� RI� '$)���� D� PHPEHU� RI� F\WRFKURPH�
3�����7KHVH�OLJDQGV�ELQG�DQG�WUDQVDFWLYDWH�'$)����DW�QDQRPRODU�FRQFHQWUDWLRQV�DQG�
UHVFXH�WKH�KRUPRQH�GHILFLHQF\�RI�GDI���PXWDQWV���
�
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������1+5����
�
1+5���� LV� RQH� IURP� WKH� ILIWHHQ� FRQVHUYHG� 15V� LQ� &�� HOHJDQV�� ,W� LV� D� KRPRORJ� RI�
'URVRSKLOD� )7=�)�� DQG� KXPDQ� 6)���/+5���� )7=�)�� LV� LQYROYHG� LQ� HPEU\RQLF�
VHJPHQWDWLRQ�DQG�ODUYDO�PHWDPRUSKRVLV��%URDGXV�HW�DO���������*XLFKHW�HW�DO���������
/DYRUJQD�HW�DO���������8HGD�HW�DO���������<X�H�DO����������0DPPDOLDQ�6)���FRQWUROV�
GLIIHUHQWLDWLRQ� RI� WKH�JRQDG�� DGUHQDO� JODQG�� SLWXLWDU\� DQG� K\SRWKDODPXV��ZKHQ� LW� LV�
DOVR� UHVSRQVLEOH� IRU� WKH�VWHURLGRJHQHVLV� �3DUNHU�DW�DO���������� ,W� LV�DOVR�VKRZQ� WKDW�
PHPEHUV�RI�WKLV�IDPLO\�ZRUN�DV�D�PRQRPHU�ELQGLQJ�SURWHLQ��
� 1+5���� KDV� EHHQ� VKRZQ� WR� EH� UHTXLUHG� LQ� WKH� HPEU\RJHQHVLV��PROWLQJ� DQG�
JRQDGDO�GLIIHUHQWLDWLRQ�LQ�&��HOHJDQV��$VDKLQD�HW�DO���������*LVVHQGDQQHU�DQG�6OXGHU��
��������$OVR�LW�KDV�DQ�LPSRUWDQW�UROH�LQ�HSLGHUPDO�GLIIHUHQWLDWLRQ��&KHQ�HW�DO���������
6LOKiQNRYi� HW� DO��� ������� (PEU\RQLF� ORVV� RI� IXQFWLRQ� HQGV� ZLWK� IDLOXUH� RI� YHQWUDO�
HQFORVXUH� DQG� GHIHFWV� LQ� HSLGHUPDO� HORQJDWLRQ�� ZKHQ� WKH� HPEU\R� JHWV� DUUHVWHG�
EHIRUH� WKH� WZR�IROG� VWDJH�� 7KH� ZRUPV� ZLWK� SRVWHPEU\RQLF� ORVV� RI� IXQFWLRQ� VXIIHU�
IURP� PROWLQJ� GHIHFWV�� WKH\� KDYH� DEQRUPDO� PRUSKRORJ\� RI� VHDP� FHOO�� DQG� YXOYDO�
GLIIHUHQWLDWLRQ��DQG�GHIHFWV� LQ�JRQDG�� �*LVVHQGDQQHU�DQG�6OXGHU��������&KHQ�HW�DO���
������6LOKiQNRYi�HW�DO���������$VDKLQD�HW�DO����������
�
������1+5����
�
1+5���� �&+5���� LV� DQ� DQRWKHU� FRQVHUYHG� QXFOHDU� UHFHSWRU� DQG� LV� D� KRPRORJ� RI�
'URVRSKLOD�'+5���ZKLFK�PHGLDWHV�SUH�SXSDO�WR�SXSDO�WUDQVLWLRQ��/DP�HW�DO����������,W�
KDV�LWV�KRPRORJ�LQ�YHUWHEUDWHV��WRR��525.�Ã�Ä��ZKLFK�DUH�LQYROYHG�LQ�PDQ\�SURFHVVHV�
OLNH� 3XUNLQMH� FHOO� JHQHUDWLRQ�� ERQH�PDLQWHQDQFH�� FLUFDGLDQ� UK\WPV� DQG� WK\PRSRHVLV�
�-HWWHQ� HW� DO��� ������� ,Q� &�� HOHJDQV� LW� KDV� DQ� LPSRUWDQW� UROH� LQ� HSLGHUPDO�
GLIIHUHQWLDWLRQ��PROWLQJ��FROODJHQ�V\QWKHVLV�DQG�PDLO� WDLO�GHYHORSPHQW��.RVWURXFKRYD�
HW�DO���������.RVWURXFKRYD�HW�DO�����������/RVV�RI�QKU����IXQFWLRQ�KDV�FRQVHTXHQFHV�
VXFK� DV� VHYHUH� PROWLQJ� GHIHFWV�� GLVUXSWHG� FROODJHQ� V\QWKHVLV� DQG� DEQRUPDO� WDLO�
GHYHORSPHQW��.RVWURXFKRYD�HW�DO�����������
�
�
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����51$�LQWHUIHUHQFH�
�
7KH� JUHDW� GLVFRYHU\� RI� 51$� LQWHUIHUHQFH� �51$L�� E\� GRXEOH� VWUDQGHG� 51$� �GV51$��
ZDV� DFKLHYHG� E\� &�� &�� 0HOOR� DQG� $�� )LUH� �)LUH� DW� DO��� ������ DQG� KDV� EHHQ� D� ELJ�
EUHDNWKURXJK� LQ� ELRORJ\�� 7KH� SULQFLSOH� VHHPV� WR� EH� YHU\� ROG� DQG� ZLGHO\� XVHG� E\�
PDQ\� RUJDQLVPV� WR� IDFH� WKH� WKUHDW� RI� LQVHUWLQJ� WUDQVSRVRQHV� DQG� UHWURYLUXVHV� LQWR�
WKHLU�JHQRPH�DV�ZHOO�DV�WR�SURWHFW�FKURPDWLQ�DQG�KLVWRQHV�WR�EH�PRGLILHG��51$L�KDV�
DOVR�WKH�IXQFWLRQ�LQ�UHJXODWLRQ�RI�WUDQVODWLRQ���

7KLV� SRVWWUDQVFULSWLRQDO� PHFKDQLVP�� ZKHQ� GV51$� LV� LQWURGXFHG� LQWR� WKH�
RUJDQLVP��VPDOO�LQWHUIHULQJ�51$V�DUH�JHQHUDWHG�E\�'LFHU��OHDGV�WR�WKH�GHJUDGDWLRQ�RI�
VSHFLILF� KRPRORJRXV� P51$V� E\� 5,6&� FRPSOH[� DQG� FRQVHTXHQWO\� WR� WKH� GRZQ�
UHJXODWLRQ�RI�WKH�H[SUHVVLRQ�RI�WKH�WDUJHWHG�JHQH��)LJXUH������VR�WKH�JHQH�LV�VLOHQFHG�
�VR�FDOOHG�³JHQH�NQRFN�GRZQ´���51$L�PHFKDQLVP�ZDV�ILUVW�LQYHVWLJDWHG�LQ�&��HOHJDQV��
WKHQ�LW�ZDV�DOVR�IRXQG�LQ�'URVRSKLOD��.HQQHUGHOO�DQG�&DUWKHZ���������PRXVH��:LDQQ\�
DQG�=HUQLFND�*RHW]���������SODQWV��:DWHUKRXVH�HW�DO���������DQG�PDQ\�RWKHUV��7KH�
51$L�KDV�EHHQ�HPSOR\HG� LQ� LQYHVWLJDWLRQ�RI�JHQH� IXQFWLRQ�DQG�QRZ� LW� HPHUJHV� IRU�
XVDJH�LQ�PHGLFLQH���

7KH� 51$L� LQ� &�� HOHJDQV� FDQ� EH� DFFRPSOLVKHG� E\� IRXU� GLIIHUHQW� ZD\V�� E\�
LQMHFWLRQ�ZKHQ� WKH�GV51$� LV� LQMHFWHG� LQWR� WKH�JRQDG�DUP�RI� WKH�ZRUP�RU� WKH�ERG\�
FDYLW\�� E\� VRDNLQJ� ZKHQ� WKH� ZRUPV� DUH� VXEPHUJHG� LQ� WKH� VROXWLRQ� RI� GV51$�� E\�
IHHGLQJ�ZKHQ�WKH\�DUH�IHG�RQ�EDFWHULD�H[SUHVVLQJ�GV51$�DQG�E\�WUDQVIRUPDWLRQ�RI�D�
YHFWRU�FRQWDLQLQJ�SDOLQGURPH�VHTXHQFH�RI�D�WDUJHWHG�JHQH��7KH�XQLTXH�IHDWXUH�RI�WKH�
51$L�LQ�&��HOHJDQV�LV�WKH�V\VWHPLF�HIIHFW�RI�51$L��7KH�GV51$�FDQ�EH�XSWDNHQ�LQWR�DQ\�
WLVVXH�RI� WKH�ERG\� �H[FHSW�QHXURQV��DQG� WKH�DQLPDO�ZLOO� EH�DIIHFWHG��7KLV� V\VWHPLF�
51$L�HIIHFW�LV�GXH�WR�WKH�WUDQVPHPEUDQH�SURWHLQ�6,'����ZKLFK�LV�UHVSRQVLEOH�IRU�WKH�
LQFRPH�RI�GV51$�LQVLGH�RI�WKH�FHOO��
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�
)LJ������7KH�PHFKDQLVP�RI�51$�LQWHUIHUHQFH��
�
����'HYHORSPHQW�RI�&��HOHJDQV�LQWHVWLQH�
 

7KH�LQWHVWLQH�LV�RQH�RI�WKUHH�PDMRU�HSLWKHOLDO�RUJDQV�LQ�&��HOHJDQV��,W�LV�D�VLPSOH�WXEH��
PDGH� IURP����FHOOV�RQO\��ZKLFK�DOO� FRPH� IURP�RQH�DQFHVWRU� FHOO� ±� IURP�HPEU\RQLF�
EODVWRPHUH�(��ZKLFK�LV�RQH�RI�WZR�GDXJKWHU�FHOOV�RI�(06��PHVHQGRGHUPDO�SUHFXUVRU���
6RPH� PDWHUQDO� UHJXODWRU\� SDWKZD\V� ZRUN� RQ� WKH� FHOO� IDWH� GHFLVLRQ� OHDGLQJ� WR� (�
EODVWRPHUH� �6FKQDEHO� DQG� 3ULHVV�� ������ %RZHUPDQ�� ������ /DERXHVVH� DQG� 0DQJR��
���������

7KLV�EODVWRPHUH� LV� VSHFLILHG� WR� IRUP� WKH� LQWHVWLQDO� FHOOV� LQ�HLJKW�FHOO� VWDJH�RI�
HPEU\RJHQHVLV� �6XOVWRQ�HW�DO��� �������ZKHQ� LW� XQGHUJRHV��� URXQGV�RI�GLYLVLRQ�XQWLO�
WKH�KDWFKLQJ��$W�WKH�KDWFKLQJ�WLPH��WKH�/��LQWHVWLQH�KDV����FHOOV��VLWXDWHG�ELODWHUDOO\�
V\PPHWULFDOO\� LQ� SDLUV�� RUJDQL]HG� LQ� HLJKW� LQWHVWLQDO� ULQJV� �,,�,;��� 7KH� IRXU� PRVW�
DQWHULRU�LQWHVWLQDO�FHOOV�IRUP�WRJHWKHU�WKH�ILUVW�LQWHVWLQDO�ULQJ��,���(DFK�RI�WKHP�KDV�D�
VLQJOH� GLSORLG� QXFOHXV� �+HGJHFRFN� DQG� :KLWH�� ������ ZLWK� ODUJH� QXFOHROL�� $W� WKH�
EHJLQQLQJ�RI�WKH�/��OHWKDUJXV��DOO�WKH�QXFOHL�H[FHSW���PRVW�DQWHULRU�RI�WKHP�UHSOLFDWH�
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WKHLU� '1$� DQG� GLYLGH�� IRUPLQJ� ILQDOO\� ������ GLSORLG� QXFOHL�� /DWHU� GXULQJ� WKH�
GHYHORSPHQW�WKH�QXFOHL�XQGHUJR�HQGRUHGXSOLFDWLRQ��ZKLFK�UHSHDWV�EHIRUH�HDFK�RI�WKH�
WKUHH�UHPDLQLQJ�PROWV��

1R�UROH�LQ�GHYHORSPHQW�RI�WKH�JXW�KDV�EHHQ�UHSRUWHG�IRU�1+5����DQG�1+5����
VR�IDU��
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���0DWHULDOV�DQG�0HWKRGV�
�
����&XOWXUH�RI�&��HOHJDQV�
�
7KH�ZRUPV�ZHUH�FXOWXUHG�RQ�QHPDWRGH�JURZWK�PHGLXP��1*0��SODWHV�IHG�RQ�(��FROL�
VWUDLQ�23���DW����&�DV�GHVFULEHG��%UHQQHU����������
�
����'1$�FORQHV�DQG�'1$�DPSOLILFDWLRQ�IRU�FORQLQJ�
�
'1$�FORQHV��S2/'2�OXFLIHUDVH��FRQWDLQLQJ�WZR�FRSLHV�RI�HLWKHU�1+5����ELQGLQJ�VLWHV�
DQG�525�ELQGLQJ�VLWHV��JLIW�RI�0��9DQ�*LOVW��)UHG�+XWFKLQVRQ�&DQFHU�5HVHDUFK�&HQWHU��
6HDWWOH��:$��ZHUH�XVHG�WR�VXEFORQH�LQWR�WZR�*)3�YHFWRUV��S3'�������DQG�S3'�������
�)LJ�� ����� JLIW� RI� $�� )LUH�� 6WDQIRUG� 8QLYHUVLW\�� 86$��� GHYHORSHG� IRU� &�� HOHJDQV�
WUDQVIRUPDWLRQ�� 7KLV� *)3� YHFWRUV� FRQWDLQ� PLQLPDO� SURPRWHUV� IURP� P\R��� JHQH�
�S3'�������� DQG� IURP�SHV���� JHQH� �S3'��������� 7KH\� VKRXOG� KDYH� QR� DFWLYLW\� E\�
WKHPVHOYHV�DORQH��'1$V�ZHUH�DPSOLILHG�HLWKHU�E\�WUDQVIRUPLQJ�EDFWHULD�E\�KHDWVKRFN�
RU�UHFRYHULQJ�IURP�D�IUR]HQ�VWRFN��WKHQ�SODVPLG�'1$V�ZHUH�LVRODWHG�DQG�SXULILHG�ZLWK�
4,$SUHS�6SLQ�0LQLSUHS�.LW��4,$*(1����
�

�
�
)LJ������7KH�PDSV�RI�*)3�YHFWRUV�XVHG�IRU�FORQLQJ���
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����&ORQLQJ�
�
'LUHFWLRQDO�FORQLQJ�XVLQJ�;ED�,���¶�RYHUKDQJ��DQG�6WX�,��EOXQW��ZDV�SHUIRUPHG��7KH�
GRXEOH�GLJHVWV�RI�WKH�YHFWRU�FRQWDLQLQJ�WZR�FRSLHV�RI�1+5����ELQGLQJ�VLWH�DQG�525�
ELQGLQJ�VLWHV�FUHDWH�WKH�IUDJPHQW�RI�����ES�ZLWK�WKH�ELQGLQJ�VLWHV��7KH�*)3�YHFWRUV�
ZHUH�GLJHVWHG�ZLWK�WKH�VDPH�VHW�RI�HQ]\PHV�DQG�OLQHDOL]HG��6LQJOH�FXW�ZLWK�HDFK�RI�
WKH�HQ]\PHV�DORQH�ZDV�DOVR�SHUIRUPHG�WR�VHH�LI�HDFK�HQ]\PH�ZRUNV��7KH�UHDFWLRQV�
ZHUH�GRQH�LQ�WRWDO�RI����ËO�YROXPH�ZLWK���ËO�RI���[�0�EXIIHU����ËO�RI�%6$��7DNDUD���
����ËO�RI�;ED�,�DQG�6WX�,��ERWK�7DNDUD���DQG�����QJ�RI�'1$�DQG�LQFXEDWHG�DW�����&�
IRU� �� KRXUV� RU� RYHUQLJKW� DQG� WKHQ�� WKH�GLJHVWLRQ�ZDV� WHUPLQDWHG� E\�KHDW� �DW� ���&�
ZDWHU�EDWK�IRU����PLQ����

�.E� 3OXV� '1$� /DGGHU� �,QYLWURJHQ�� IRU� GLVWLQJXLVKLQJ� WKH� OLQHDU� '1$� �FXW�
IUDJPHQWV�� DQG� 6XSHUFRLOHG�'1$� /DGGHU� �,QYLWURJHQ�� IRU� GLVWLQJXLVKLQJ� WKH� FLUFXODU�
'1$��XQFXW�IUDJPHQWV��ZHUH�XVHG�DV�VL]H�PDUNHUV������ËO�RI���[�'1$�/RDGLQJ�%XIIHU�
ZDV� DGGHG� LQ� HDFK� VDPSOH� DQG� UXQ� WKH� HOHFWURSKRUHVLV� LQ� 7$(� EXIIHU�� ��� ORZ�
WHPSHUDWXUH�PHOWLQJ�DJDURVH�ZDV�XVHG�WR�REWDLQ�IUDJPHQWV�RI�����ES� LQVHUWV��ERWK�
IRU� 1+5���� DQG� IRU� 525�� DQG� ���� �� ZDV� XVHG� WR� REWDLQ� ������ ES� �YHFWRU�
S3'��������DQG�������ES��YHFWRU�S3'��������OLQHDOL]HG�'1$V��*HOV�ZHUH�PHOWHG�DQG�
OLJDWLRQ�ZDV�SHUIRUPHG� LQ� WKH�JHO�XVLQJ�7�� OLJDVH� �7DNDUD��DW����°&�RYHUQLJKW��7KH�
OLJDWLRQ�UHDFWLRQ�ZDV�PHOWHG�DQG�7&0�ZDV�DGGHG�DQG�WKHQ�WUDQVIRUPHG� LQWR�(��FROL�
'+�α� FHOOV�E\�KHDWVKRFN��&RORQLHV�ZHUH� FKHFNHG�E\� FRORQ\�3&5� IRU� WKH� LQVHUW� DQG�
FRUUHFW�FRORQLHV�ZHUH�SLFNHG�WR�JURZ�LQ���PO�/%�PHGLXP�DQG�SODVPLGV�ZHUH�LVRODWHG�
XVLQJ� 4,$SUHS� 6SLQ� 0LQLSUHS� .LW� �4,$*(1��� 7KH� FRUUHFW� FORQHV� ZHUH� IXUWKHU�
FRQILUPHG� E\� VHTXHQFLQJ�� &ORQHV� DUH� GHVLJQDWHG� DV� ��7*$�� ��7*$�� ��7&7� DQG�
��7&7��VHH�GHWDLO�LQ�WKH�5HVXOWV���
�
����6HTXHQFLQJ�
�
6HTXHQFLQJ�RI�'1$�ZDV�SHUIRUPHG�XVLQJ�%LJ�'\H�WHUPLQDWRU�V\VWHP�NLW�Y������3HUNLQ�
(OPHU���5HDFWLRQ�PL[�ZDV�SUHSDUHG�DFFRUGLQJ�WR�WKH�LQVWUXFWLRQ�RI�PDQXIDFWXUHU�ZLWK�
D�VPDOO�PRGLILFDWLRQ��%ULHIO\����ËO�RI�%LJ�'\H���ËO�RI����[�VHTXHQFLQJ�EXIIHU�DQG�����µO�
RI� ��µ0�0��� UHYHUVH� SULPHU�ZDV�SUHPL[HG� DQG� WKHQ��ËJ�RI�'1$�ZDV� DGGHG�� 7KH�
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WRWDO�YROXPH�RI� WKH� UHDFWLRQ�ZDV�VHW� WR���ËO��7KH�VHTXHQFLQJ� UHDFWLRQ�ZDV�SXULILHG�
ZLWK�*���$XWR6HT�FROXPQ��$PHUVKDP��WKHQ�GULHG�E\�WKH�YDFXXP�FHQWULIXJH��/DEQHW�
'\QD�9DS��IRU�������PLQ��7KH�VHTXHQFLQJ�ZDV�SHUIRUPHG�RQ�DQ�$%,�����DXWRPDWLF�
VHTXHQFHU�� 2EWDLQHG� VHTXHQFHV� ZHUH� DQDO\]HG� ZLWK� D� SURJUDP� &KURPDV� /LWH� DQG�
IXUWKHU�SURFHVVHG�XVLQJ�'1$67$5��(GLW6HT��0HJ$OLQJ��0DS'UDZ����
�
����3UHSDUDWLRQ�RI�'1$�IRU�WKH�ZRUP�WUDQVIRUPDWLRQ�
�
7KH�'1$�IRU� LQMHFWLRQ�ZDV�SUHSDUHG�ZLWK�4,$*(1�3ODVPLG�0LGL�.LW�DFFRUGLQJ�WR�WKH�
LQVWUXFWLRQ�RI�WKH�PDQXIDFWXUHU��)RU�LQMHFWLRQ��WRWDO�FRQFHQWUDWLRQ�RI�'1$�LQ���ËO�ZDV�
���� QJ� DQG� WKH� ILQDO� YROXPH� RI� ��� ËO� ZDV� SUHSDUHG�� )RU� WKH� FRQVWUXFW� ��7&7��
LQMHFWLRQ�PL[� ZDV� SUHSDUHG� ZLWK� ����� QJ� RI� WKH� FRQVWUXFW�� ���� QJ� RI� S5)�� LQ� �[�
LQMHFWLRQ�EXIIHU��)RU���7*$�DQG���7&7�LQMHFWLRQ�PL[WXUHV��,�KDG�WR�RSWLPL]H�WKH�'1$�
FRQFHQWUDWLRQV�DQG������QJ�RI�HDFK�FRQVWUXFW�ZDV�PL[HG�ZLWK�����QJ�RI�S%OXH6FULSW�
DQG�����QJ�RI�S5)�� LQ��[� LQMHFWLRQ�EXIIHU��7KH�S5)��SODVPLG�FDUULHV� URO���VX������
PXWDWLRQ� DQG� LV� URXWLQHO\� XVHG� DV� D� GRPLQDQW� YLVLEOH� PDUNHU� �UROOHU�� IRU�
WUDQVIRUPDWLRQ�RI�&��HOHJDQV� �0HOOR�DQG�)LUH��������� -XVW�EHIRUH� LQMHFWLRQ�� WKH�'1$�
PL[�ZDV�ILOWHUHG�WKURXJK�8OWUDIUHH�0&�FROXPQ������ËP��0LOOLSRUH����
�
����7UDQVIRUPDWLRQ�RI�WKH�ZRUPV��
�
7KH�'1$�WUDQVIRUPDWLRQ�ZLWK�PLFURLQMHFWLQJ�ZDV� ILUVW�GLVFRYHUHG� LQ������E\�.LPEOH�
HW�DO��7KLV�FDQ�EH�DFKLHYHG�E\�WKH�JHUPOLQH�WUDQVIRUPDWLRQ��ZKHQ�WKH�V\QFLWLDO�JRQDG�
LV�LQMHFWHG�ZLWK�'1$�XVLQJ�D�QHHGOH��6WLQFKFRPE�HW�DO���������0HOOR�HW�DO����������7KH�
HIIHFW� RI� WUDQVIRUPDWLRQ� FDQ� EH� DQDO\]HG� LQ� )�� SURJHQ\� DQG� ODWHU� JHQHUDWLRQV� DV�
LQMHFWHG�'1$�FDQ�EH�LQKHULWHG�DQG�DPSOLILHG�DV�DQ�H[WUDFKURPRVRPDO�DUUD\���

7KH� ZLOG� W\SH� 1�� ZRUPV� IURP� V\QFKURQL]HG� FXOWXUHV� ZHUH� XVHG� IRU�
WUDQVIRUPDWLRQ��7KH\�ZHUH�NHSW�RQ�1*0�SODWHV�ZLWK�23���LQ����&�WR�UHDFK�WKH�VWDJH�
RI� \RXQJ� DGXOW�� ,QMHFWLRQ� QHHGOH� �*'&���� 1DULVKLJH��ZDV� SXOOHG� E\� D� QHHGOH� SXOOHU�
�1DULVKLJH��DQG�DERXW�����ËO�RI�SXULILHG�DQG�IUHVKO\�ILOWHUHG�'1$�ZDV�SODFHG�DW�WKH�WLS�
RI�WKH�LQMHFWLRQ�QHHGOH���
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7KH�ZRUP�ZDV�SXW�IURP�WKH�RULJLQDO�1*0�23���SODWH�WR�RQH�QHZ�1*0�SODWH�
ZLWKRXW�EDFWHULD�WR�FOHDQ�LWV�ERG\�IURP�EDFWHULD�DQG�SODFHG�RQ�WKH�DJDURVH�LQMHFWLRQ�
SDG�ZLWK�D�GURS�RI�PLQHUDO�RLO��6,*0$���7KH�ZRUP�LV�IL[HG�RQ�WKH�DJDURVH��7KH�SDG�
ZDV� SODFHG� XQGHU� WKH� LQMHFWLRQ� PLFURVFRSH� �2O\PSXV�� ZLWK� WKH� REMHFWLYH� ��[�� WKH�
JRQDGDO� DUP�DQG� WKH� WLS�RI� WKH�QHHGOH�ZHUH�DOLJQHG�RQ� WKH� VDPH� IRFDO�SODQH��7KH�
JRQDG�ZDV� LQMHFWHG�DV�TXLFNO\�DV�SRVVLEOH��EHFDXVH� WKH�DQLPDO�JHWV�GU\�GXULQJ� WKH�
WLPH�RI�VWD\LQJ�RQ�WKH�SDG�LQ�WKH�RLO��$IWHU�WDNLQJ�DZD\�WKH�SDG�IURP�WKH�PLFURVFRSH��
WKH�ZRUP�ZDV� UHPRYHG� IURP� WKH�DJDURVH�ZLWK�D�GURS�RI�6�EDVDO�ZLWK�JHODWLQ��7KH�
LQMHFWHG�DQLPDO�ZDV�SXW�RQ�D�QHZ�1*0�23���SODWH�DQG�QH[W�GD\�VHSDUDWHG�HDFK�RQH�
RQ�QHZ�1*0�23���SODWHV����
�
����,QWHJUDWLRQ��
�
7KH� WUDQVIRUPHG�ZRUPV� GR� QRW� KDYH� WKH� QHZ� '1$� FRQVWUXFW� LQWHJUDWHG� LQWR� WKHLU�
JHQRPH� DV� LWV� H[WUDFKURPRVRPDO� QDWXUH�� VR� WKH� H[SUHVVLRQ� RI� JUHHQ� IOXRUHVFHQW�
SURWHLQ�LV�D�PRVDLF��7R�LQWHJUDWH�LW�LQWR�WKH�FKURPRVRPHV��WKH�89�LUUDGLDWLRQ�LV�XVHG��
,� DSSOLHG� WKH�89� LUUDGLDWLRQ�ZLWK� LQWHQVLW\����P-�FP�� RQ�/�� ODUYDH�RU� \RXQJ�DGXOWV�
IURP�V\QFKURQL]HG�SODWHV�RI� HDFK� VWUDLQV��$IWHU� WKDW��ZRUPV�ZHUH�SODFHG�RQWR�QHZ�
23���SODWHV�DQG�WKHQ�DOO�WKH�SURJHQ\�ZDV�FROOHFWHG�WR�VFUHHQ�IRU�WKH�LQWHJUDQWV��7KH�
)��JHQHUDWLRQ�VKRXOG�EH������UROOHUV��LI�LQWHJUDWHG���
�
����&URVVLQJ�
�
$IWHU�REWDLQLQJ�WKH�LQWHJUDWHG�VWUDLQ��,�EDFNFURVVHG�WKHP�ZLWK�WKH�ZLOG�W\SH�WR�FDQFHO�
SRVVLEOH� PXWDWLRQV� FDXVHG� E\� LUUDGLDWLRQ�� )RU� WKLV�� ,� XVHG� VLQJOH�FURVV� PHWKRG�� ,�
SODFHG� RQ� VSHFLDO� PDWLQJ� SODWH� ���� DJDURVH� SODWH�� �FP�� ZLWK� ��� ËO� GURS� RI�
FRQFHQWUDWHG�EDFWHULD��WZR�PDOHV�RI�ZLOG�W\SH�1��DQG�RQH�/��KHUPDSKURGLWH�RI�WKH�
LQWHJUDWHG�VWUDLQ���
�
�
�
�
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����51$L�
�
������3UHSDULQJ�WKH�EDFWHULD�IRU�51$L�
�
7KH� WUDQVIRUPHG� EDFWHULDO� FHOOV� IURP� IUR]HQ� VWRFN� ZHUH� VWUHDNHG� RQ� /%� SODWHV�
FRQWDLQLQJ� DQWLELRWLFV� �FDUEHQLFLOOLQ�� WHWUDF\FOLQ�� DQG� LQFXEDWHG� RYHUQLJKW� LQ� ���&��
7KHUH�ZHUH�WKUHH�NLQGV�RI�FHOOV��WKH�WUDQVIRUPHG�ZLWK�D�SODVPLG�FRQWDLQLQJ�QKU����RU�
QKU���� LQ�D�GRXEOH�7��YHFWRU��S3'��������JLIW�RI�$��)LUH��DQG�WUDQVIRUPHG�ZLWK�WKH�
YHFWRU�RQO\�DV�D�FRQWURO��1H[W�GD\�RQH�FRORQ\�IURP�HDFK�SODWH�ZDV�SLFNHG�DQG�JUHZ�
LQ���PO�/%�PHGLXP�ZLWK�DQWLELRWLFV������ËJ�PO�&5%�������ËJ�PO�7(7��DQG�LQFXEDWHG�
RYHUQLJKW�DW����&�DJDLQ��7KLUG�GD\�RI�WKH�SURFHGXUH������ËO�RI�RYHUQLJKW�FXOWXUH�ZDV�
SXW�LQ����PO�/%������ËJ�PO�&5%�������ËJ�PO�7(7���LQFXEDWHG�IRU�����KRXUV�LQ����&�
XQWLO�2'����UHDFKHG������7KH�GV51$�ZDV�LQGXFHG�E\�DGGLQJ�,37*������P0��DQG�WKHQ�
LQFXEDWHG� IRU� �� KRXUV� LQ� ���&�� 7KHQ� WKH� LQGXFWLRQ� ZDV� VSLNHG� ZLWK� DGGLWLRQDO�
DQWLELRWLFV������ËJ�PO�&5%�������ËJ�PO�7(7��DQG�,37*������P0�ILQDO�FRQFHQWUDWLRQ���
%HIRUH�XVLQJ�WKRVH�FHOOV�IRU�H[SHULPHQWV����PO�RI�WKH�OLTXLG�FXOWXUH�ZDV�FHQWULIXJHG��
WKH�SHOOHW�ZDV�UHVXVSHQGHG�DJDLQ�ZLWK�SLSHWWLQJ�DQG�SODWHG�RQ�51$L�SODWHV�����ËO�SHU�
��VPDOO�SODWH���)RU�51$L��VSHFLDO�SODWHV�ZHUH�XVHG�WR�JURZ�ZRUPV��1*0�SODWHV�ZLWK�
DQWLELRWLFV�����ËJ�PO�&5%�������ËJ�PO�7(7��DQG�,37*������P0����
�
�����0LFURVFRS\�
�
)RU� URXWLQH�ZRUN� DQG� FKHFNLQJ� WKH�ZRUPV�� VWHUHR�PLFURVFRSH�2O\PSXV� 6=;���ZDV�
XVHG�� )RU� FKHFNLQJ� WKH� SKHQRW\SH� RI� 51$L� DIIHFWHG� ZRUPV� DQG� WR� VHH� GHWDLO� *)3�
H[SUHVVLRQ�SDWWHUQ�LQ�WUDQVJHQLF�ZRUPV��WKH�IOXRUHVFHQW�PLFURVFRSH�=HLVV�$[LRSODQ��
HTXLSSHG�ZLWK�',&�ZDV�XVHG�� ,PDJHV�ZHUH� FDSWXUHG� E\� WKH� VRIWZDUH�$QDO\VLV� DQG�
SURFHVVHG�XVLQJ�$GREH�3KRWRVKRS��
� 7KH� FROOHFWHG� ZRUPV� LQ� FHUWDLQ� VWDJH� IRU� REVHUYDWLRQ� ZHUH� DQHVWHWLVHG� ZLWK�
WKH�PL[WXUH�RI�������WULFDLQH�DQG�������WHWUDPLVROH�DQG�SXW�RQ����DJDU�SDGV��7KHQ�
WKH\�ZHUH�FKHFNHG�LQ�1RPDUVNL�YLHZ��',&��DQG�IOXRUHVFHQFH�LQ�PDJQLILFDWLRQ���[��
�
�
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�����(OHFWURQ�PLFURVFRS\�
�
$IWHU�DSSO\LQJ�WKH�51$L�LW�ZDV�GHFLGHG�WR�ORRN�FORVHU�RQ�WKH�ZRUPV�ZLWK�WUDQVPLVVLRQ�
HOHFWURQ� PLFURVFRS\�� :RUPV� ZHUH� SDUDO\VHG� ZLWK� ��� HWKDQRO� DQG� IL[HG� LQ�
JOXWDUDOGHK\GH�����������0�EXIIHU����RYHUQLJKWV���$IWHU�WKDW�� WKH\�ZHUH�SLFNHG� LQWR�
WULSOHWV� DQG� D� GURS� RI� ���DJDU�ZDV� GURSSHG� RQWR� WKHP�� WKHQ�ZDVKHG� WKUHH� WLPHV�
��PLQ�ZLWK� WKH�ZDVKLQJ� VROXWLRQ�� WKHQ� IXUWKHU� WUHDWHG�ZLWK�2V2�� �����ZDV�PL[HG�
ZLWK�ZDVKLQJ�VROXWLRQ�LQ�UDWLR��������KUV��IROORZHG�E\�DGGLWLRQDO�ZDVKLQJ��WKUHH�WLPHV�
���PLQ���'HK\GUDWDWLRQ�ZDV�GRQH�ZLWK�WKH�VHULHV�RI�DFHWRQH����������������������
����������������HDFK�IRU����PLQ���7KHQ�WKH�ZRUPV�ZHUH��HPEHGGHG�LQWR�WKH�UHVLQ�
�UHVLQ�DQG�DFHWRQH������� UHVLQ�DQG�DFHWRQH������ UHVLQ�DQG�DFHWRQH������DQG�DW� WKH�
HQG�LQWR�SXUH�UHVLQ�����KUV���7KH\�VWD\HG����KUV�DW����&�DQG�WKHQ�WKH\�ZHUH�FXW�LQWR�
VHPLWKLQ�VHFWLRQV��ZKLFK�ZHUH�FRORUHG�ZLWK�WROXLGLQ�EOXH��$IWHU�FKHFNLQJ�WKH�VHPLWKLQ�
VHFWLRQV�IRU�SRVLWLRQ�DQG�VWDWH�RI�WKH�ZRUPV��WKH\�ZHUH�FXW�WR�XOWUDWKLQ�VHFWLRQV�DQG�
FRQWUDVWHG� RQ� WKH�QHWV�ZLWK� XUDQ\O� DFHWDWH� DQG� OHDG� FLWUDWH�� 7KH�QHWV�ZHUH�EHIRUH�
XVH�ZDVKHG�ZLWK�����YLQHJDU�DFLG� ���PLQ���ZDWHU�ZLWK�GHWHUJHQW� ���PLQ���GLVWLOOHG�
ZDWHU� ��� PLQ��� DFHWRQH� ��� PLQ�� DQG� XOWUDVRXQG� ��� PLQ��� WKHQ� GULHG� RQ� WKH� ILOWHU�
SDSHU��
� 7KH� VHFWLRQV�ZHUH� H[DPLQHG� RQ� 7(0� -(2/� ������ ,PDJHV�ZHUH� FDSWXUHG� E\�
WKH�VRIWZDUH�$QDO\VLV�DQG�SURFHVVHG�XVLQJ�$GREH�3KRWRVKRS��
�
�����6ROXWLRQV�DQG�DEEUHYLDWLRQV�
�
/%�PHGLXP�±�/XULD�%HUWDQL�PHGLXP�
,37*�±�LVRSURSK\OWKLR�Ã�'�JDODFWRVLGH�
&%5�±�FDUEHQLFLOOLQ�
7(7�±�WHWUDF\FOLQ�
1*0�SODWHV�±���J�1D&O������J�%DFWR�3HSWRQH�����J�DJDURVH�DJDU����µJ�FKROHVWHURO����
P0�&D&O�����P0�0J62������P0�SRWDVVLXP�SKRVSKDWH��S+�������LQ���OLWHU���
��[� LQMHFWLRQ� EXIIHU� ±� ���� SRO\HWK\OHJO\FRO�� ���� P0� .�SKRVSKDWH�� ��� P0� .�
FLWUDWH�
7&0�EXIIHU�±����P0�7ULV�+&O�����P0�0J&O������P0�&D&O��
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���0�EXIIHU��3%��±�������J�1D�+32�����+�2�LQ�����PO�RI�+�2�������J�.+�32��LQ����
PO�RI�+�2��PL[�ERWK�VROXWLRQV�DQG�VHW�WKH�S+�WR������ILOWHU�
ZDVKLQJ�VROXWLRQ�±����PO�RI����0�EXIIHU��3%���PL[�ZLWK����PO�RI�+�2�DQG���J�RI�
JOXFRVH�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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���5HVXOWV�
�
����6HTXHQFH�RI�1+5����ELQGLQJ�VLWHV�
�
0\� SUHYLRXV� ZRUN� UHYHDOHG� WKDW� WKH� 1+5���� ELQGLQJ� VLWH� LQ� WKH� OXFLIHUDVH� YHFWRU�
�S2/'2�OXFLIHUDVH�� LV� 7*$$**7&$� �WKHVLV� RI� 0HUJORYD� ������� 7KH� VHTXHQFH� RI�
525�1+5����ELQGLQJ�VLWH�LV�7&7$**7&$���

7KH�ELQGLQJ�VHTXHQFH�7*$$**7&$�LV�UHVSRQVLEOH�IRU�WUDQVFULSWLRQDO�DFWLYDWLRQ�
LQ� WUDQVIHFWHG� KXPDQ� FHOO� OLQH� �$VDKLQD� HW� DO��� ������� :KLOH� $**7&$� LV� FODVVLF�
KRUPRQH�UHVSRQVH�HOHPHQW��XQLYHUVDO�WR�PDQ\�RWKHU�QXFOHDU�UHFHSWRUV��7*$�DW�LWV��
��
VHHPV� WR� EH�1+5���� VSHFLILF� DV�PXWDWLRQV� LQ� WKHP� �7&7$**7&$�� FRXOG� QR� ORQJHU�
WUDQVDFWLYDWH�LQ�WKH�SUHVHQFH�RI�1+5�����$VDKLQD�HW�DO�����������
�
���� &ORQLQJ� DQG� WUDQVIRUPDWLRQ� RI� �[1+5���EV��*)3� FRQVWUXFW� DQG�
�[525EV��*)3�FRQVWUXFW�
�
7KH� IUDJPHQWV� FRQWDLQLQJ� WKH� WZR� WDQGHP�1+5���� ELQGLQJ� VLWHV� DQG� WKH� WZR�525�
ELQGLQJ�VLWHV�ZHUH�FORQHG�LQWR�*)3�YHFWRUV�S3'�������DQG�S3'��������7DEOH����)LJ��
�����EHWZHHQ�WKH�UHVWULFWLRQ�VLWHV�RI�6WX�,�DQG�;ED�,��VR�WKDW�HDFK�ELQGLQJ�VLWHV�LQ�WZR�
GLIIHUHQW�PLQLPDO�SURPRWHUV����FRQVWUXFWV��FDQ�EH�WHVWHG��&ORQH���7*$�ZDV�SUHSDUHG�
GXULQJ�SUHYLRXV�EDFKHORU�VWXG\��DQG�RWKHU�WKUHH�ZHUH�PDGH�LQ�WKLV�VWXG\��

7KH�HIILFLHQF\�RI�FORQLQJ�ZDV�YHU\�ORZ�DQG�DIWHU�IRXU�URXQGV�RI�WUDQVIRUPDWLRQ�
RI� WKH� EDFWHULDO� FHOOV� ZH� JRW� FRORQLHV� IURP� DOO� WKUHH� W\SHV� �7DEOH� ���� $OO� RI� WKH�
REWDLQHG�FRORQLHV�RI���7&7��������7&7�����DQG����FKRVHQ�FRORQLHV�RI���7*$�ZHUH�
FKHFNHG� ZLWK� FRORQ\� 3&5� DQG�� LQ� FDVH� RI� ��7*$� DQG� ��7&7�� WZR� FRORQLHV� ZHUH�
FKRVHQ� IRU� VHTXHQFLQJ�� 7KH� VHTXHQFLQJ� UHYHDOHG� WKDW� DOO� QHZ� FRQVWUXFWV� KDYH� WKH�
FRUUHFW�LQVHUWV��

�
�
�
�
�
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7DEOH����2YHUYLHZ�RI�FRQVWUXFWV��
�

*)3�YHFWRU� YHFWRU�VL]H� PLQLPDO�SURPRWHU� LQVHUW�VL]H� ILQDO�VL]H�
S3'������� �����ES� SHV���� ����ES� �����ES�
S3'������� �����ES� P\R��� ����ES� �����ES�

 

 

)LJ������$�6FKHPH�RI�FORQLQJ�RI��[1+5����ELQGLQJ�VLWHV�DQG��[525�ELQGLQJ�VLWHV�
LQWR�*)3�YHFWRU�S3'��������

�
)LJ������%�6FKHPH�RI�FORQLQJ�RI��[1+5����ELQGLQJ�VLWHV�DQG��[525�ELQGLQJ�VLWHV�
LQWR�*)3�YHFWRU�S3'��������
�
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7DEOH����3UHSDUDWLRQ�RI�FRQVWUXFWV��
�

FRQVWUXFW� FRORQLHV� FRORQ\�3&5� FRUUHFW�VL]H� VHTXHQFHG� FRUUHFW�VHT��
��7*$� ���� ��� ��� �� ��
��7&7� �� �� �� �� ��
��7&7� �� �� �� �� ��

�
1XPEHUV�RI�REWDLQHG�DQG�WHVWHG�FRORQLHV�IRU�FRORQ\�3&5��SRVLWLYH�FORQHV��FRUUHFW�VL]H���VHTXHQFHG�
FORQHV�DQG�FORQHV�ZLWK�FRUUHFW�VHTXHQFH�ZHUH�VKRZQ��
�
7KH� WUDQVIRUPHG� EDFWHULD� ZLWK� WKH� FRUUHFW� VHTXHQFHV� ZHUH� DPSOLILHG� LQ� OLTXLG� /%�
PHGLXP�DQG�WKH�SODVPLG�'1$V�ZHUH� LVRODWHG�DQG�SXULILHG�IRU�WUDQVIRUPDWLRQ�WR�WKH�
ZRUPV��7KH�1��ZRUPV�DW�\RXQJ�DGXOW�VWDJH�ZHUH�LQMHFWHG��7KH�WUDQVIRUPDWLRQ�RI�WKH�
ZRUPV� ZDV� VXFFHVVIXO�� DOWKRXJK� LW� WRRN� ORQJ� WLPH� ±� HVSHFLDOO\� WKH� ��7&7� VWUDLQ�
ZDQWHG����UHSHDWV�RI�LQMHFWLQJ��7DEOH������

5ROOLQJ�SURJHQLHV�ZHUH�WUDQVIHUUHG�WR�QHZ�SODWHV�DQG�FKHFNHG�WKHLU�SURJHQLHV�
IRU�LQKHULWDQFH�RI�WKLV�WUDQVJHQH��$IWHU�WKUHH�PRUH�JHQHUDWLRQV�ZKHQ�WKH�QXPEHU�RI�
UROOLQJ� ZRUPV� LQ� WKH� EURRG� LQFUHDVHG�� WKH\� ZHUH� FKHFNHG� XQGHU� WKH� IOXRUHVFHQW�
PLFURVFRSH�LI�WKH�ELQGLQJ�VLWHV�DUH�DFWLYH�DQG�WKH\�VKRZ�WKH�*)3�H[SUHVVLRQ�LQ�YLYR��
7KH\�ZHUH��DW�OHDVW�LQ�WKUHH�RI�IRXU�REWDLQHG�VWUDLQV��

�
7DEOH����7KH�QXPEHU�RI�DWWHPSWV�IRU�WUDQVIRUPDWLRQ�
�

FRQVWUXFW� LQMHFWLRQV� LQMHFWHG�ZRUPV� UROOLQJ�)�� OLQH�
��7*$� ��� ���� ��� ��
��7&7� �� ��� ��� ��
��7&7� ��� ����� ��� ��

�
1XPEHUV�RI�UHSHDWV�RI�LQMHFWLRQ��WRWDO�LQMHFWHG�ZRUPV��REWDLQHG�UROOLQJ�SURJHQ\��DQG�QXPEHU�RI�
VXFFHVVIXO�OLQHV�IRU�HDFK�FRQVWUXFW�ZHUH�VKRZQ��
�
����,QWHJUDWLRQ�DQG�EDFNFURVVLQJ��
�
1HZO\� JHQHUDWHG� WKUHH� WUDQVJHQLF� ZRUP� VWUDLQV� DQG� WKH� ��7*$� VWUDLQ� ZKLFK� ZDV�
PDGH� SUHYLRXVO\�� ZHUH� LQWHJUDWHG� LQWR� WKH� ZRUP� FKURPRVRPH� �VHH� 0DWHULDOV� DQG�
0HWKRGV���2XW�RI�IRXU�VWUDLQV��WKH�LQWHJUDWLRQ�ZDV�VXFFHVVIXO�RQO\�LQ�WZR�RI�WKHP��)RU�
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XQNQRZQ�UHDVRQ�WKH�LQWHJUDWLRQ�RI�VWUDLQV���7*$�DQG���7&7�IDLOHG��7KH�QXPEHUV�RI�
ZRUPV��ZKLFK�XQGHUZHQW�LUUDGLDWLRQ��WKH�QXPEHU�RI�DWWHPSWV�DQG�UHVXOWV�DUH�VKRZQ�
LQ�7DEOH�����
�
7DEOH����5HVXOWV�RI�LQWHJUDWLRQ�
�

VWUDLQ�FDUU\LQJ� LQWHJUDWLRQ� LUUDG��ZRUPV� LQWHJUDWHG�OLQH�
��7*$� ��� ����� ��
��7*$� �� ���� ���
��7&7� �� ��� ��
��7&7� �� ��� ���

7KH�QXPEHU�RI�UHSHDWV��LUUDGLDWHG�/�V�DQG�\RXQJ�DGXOWV�DQG�REWDLQHG�OLQHV�ZHUH�VKRZQ����
�
7KH� VXFFHVVIXOO\� LQWHJUDWHG� OLQHV� ���7&7�� ��7*$��ZHUH� WKHQ�EDFNFURVVHG�ZLWK�ZLOG�
W\SH�DQLPDOV�WR�FOHDQ�XS�SRWHQWLDOO\�GDPDJHG�FKURPRVRPH�E\�89�LUUDGLDWLRQ���
�
����([SUHVVLRQ�DQDO\VHV�LQ�YLYR�
�
2EWDLQHG� VWUDLQV� ZHUH� FKHFNHG� XQGHU� IOXRUHVFHQW� PLFURVFRSH� IRU� WKHLU� *)3�
H[SUHVVLRQ��*)3�SRVLWLYH� FHOOV� IRU� DOO� IRXU� VWUDLQV�DUH� VXPPDUL]HG� LQ�7DEOH����:HDN�
H[SUHVVLRQ� LQ� SRVWHULRU� JXW� FHOOV� ��� �� FHOOV�� ZHUH� FRQVLGHUHG� DV� EDFNJURXQG�
H[SUHVVLRQ�RI�WKH�PLQLPDO�SURPRWHU�DV�LW�LV�NQRZQ�IRU�SHV�����%URGLJDQ�HW�DO�����������
*)3�H[SUHVVLRQ�REVHUYHG�ZDV�QXFOHDU�DV�ERWK�YHFWRUV� �S3'�������DQG�S3'��������
FRQWDLQ�QXFOHDU�ORFDOL]DWLRQ�VHTXHQFH��1/6���
�
�
�
�
�
�
�
�
�
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7DEOH����6XPPDU\�RI�*)3�SRVLWLYH�FHOOV�LQ�HDFK�VWUDLQV���
�

JXW� � QHXURQV�VWUDLQ� DQWHULRU���� SRVWHULRU���� EDFNJURXQG���� � KHDG���� WDLO���� Q�
��7*$� ������ ������ �������� � ������ ������ ���
��7*$
� ������ ������ ������� � ������ ������ ���
��7&7
� �������� ��������� �������� � �������� �������� ����
��7&7� ������ ������ ������ � ������ ������ ����
�
7KH�QXPEHU�RI�ZRUPV�VKRZLQJ�*)3�SRVLWLYH�FHOOV�LQ�SRVWHPEU\RQLF�VWDJH�DUH�VKRZQ���

�LQWHJUDWHG�VWUDLQV�
�
��������7*$�
�
,Q� QRQLQWHJUDWHG� VWUDLQ� ��7*$� FDUU\LQJ� 1+5���� ELQGLQJ� VLWHV� LQ� SHV���� PLQLPDO�
SURPRWHU� YHFWRU�� *)3� VLJQDO� ZDV� QRW� VR� VLJQLILFDQW� DQG� VKRZHG�PRVDLF� H[SUHVVLRQ�
SDWWHUQ�GXH�WR�WKH�QDWXUH�RI�H[WUDFKURPRVRPH�DUUD\��6RPH�H[SUHVVLRQ�ZDV�REVHUYHG�
LQ� FRPD� VWDJH� RI� HPEU\RQLF� GHYHORSPHQW� LQ� HSLGHUPDO� WLVVXH� �)LJ�� ���� +�� ,�� DQG�
FRQWLQXHV� WR� EH� LQ� SRVWHPEU\RQLF� GHYHORSPHQW��'XULQJ� ILUVW� ODUYDO� VWDJH�� IHZ�PRVW�
SRVWHULRU�JXW� FHOO�QXFOHL�DQG�VRPHWLPHV� WKH�PRVW�DQWHULRU�JXW�FHOO�QXFOHL�� VKRZ� WKH�
SURGXFWLRQ�RI�*)3��)LJ������%��'���,Q�ODWHU�VWDJHV��WKH�OHYHO�RI�IOXRUHVFHQFH�GHFUHDVHV�
DQG�LQ�/�V�DQG�DGXOWV��WKH�H[SUHVVLRQ�LV�EDUHO\�YLVLEOH�RQO\�LQ�ODVW�JXW�FHOO�QXFOHXV��
� ,Q�RWKHU� WLVVXHV��*)3�ZDV�UDUHO\�GHWHFWHG�� WKRXJK�VRPH�RI� WKH�DQLPDOV�KDYH�
VLJQDOV�LQ�VRPH�RI�WKH�KHDG�DQG�WDLO�QHXURQV��)LJ������'��)���,Q�YHU\�IHZ�DQLPDOV�RI�
VWDJH�/��/���H[SUHVVLRQ�ZDV�VHHQ�LQ�K\SRGHUPDO�FHOOV��)LJ������-���SRVVLEO\� LQ�VHDP�
FHOOV�ZKHUH�1+5����SOD\V�YHU\�LPSRUWDQW�UROH���
�
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�
)LJ������([SUHVVLRQ�SDWWHUQ�RI���7*$�LQ�ZLOG�W\SH�DQLPDOV���$�DQG�%��/��VWDJH��JXW�
H[SUHVVLRQ� �DUURZ��� WDLO� QHXURQV� �DUURZKHDGV��� �&� DQG�'�� /�� VWDJH�� JXW� H[SUHVVLRQ�
�DUURZ�� DQG� WDLO� QHXURQV� H[SUHVVLRQ� �DUURZKHDG��� �(� DQG� )�� DGXOW� VWDJH�� KHDG�
QHXURQV� �DUURZKHDGV��� � �*� ±� ,�� HPEU\RQLF� H[SUHVVLRQ� LQ� K\SRGHUPDO� FHOOV�� �-�� /��
VWDJH�� K\SRGHUPDO� H[SUHVVLRQ� �DUURZKHDGV��� $�� &�� (� DQG� *� DUH� ',&� LPDJHV�� $QW�
PHDQV�DQWHULRU�RI�WKH�ZRUPV��SRVW�LV�SRVWHULRU��6FDOH�EDUV����ËP��
�
�
�
�
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��������7*$�
�
,QWHJUDWHG� VWUDLQ� ZLWK� 1+5���� ELQGLQJ� VLWHV� LQ� WKH� RWKHU� PLQLPDO� SURPRWHU� �IURP�
P\R���� YHFWRU� VKRZHG� QHDUO\� QR� H[SUHVVLRQ�� 2QO\� YHU\� UDUHO\� ZDV� VHHQ� ORZ�
H[SUHVVLRQ�LQ�WKH�SRVWHULRU�JXW�LQ�WKH�ODUYDH��)LJ������'��DV�EDFNJURXQG�H[SUHVVLRQ�RI�
WKH�PLQLPDO�SURPRWHU�DORQH���

�
)LJ������*)3�H[SUHVVLRQ�RI���7*$�LQ�WKH�ZLOG�W\SH�DQLPDOV���$�DQG�%��FRPD�VWDJH���&�
DQG� '�� SRVWHULRU� JXW� �DUURZKHDGV��� OLNHO\� EDFNJURXQG� H[SUHVVLRQ� RI� WKH� PLQLPDO�
SURPRWHU� DQG� WDLO� QHXURQ� �DUURZ�� LQ� /�� ODUYD�� $� DQG� &� DUH� ',&� LPDJHV�� *UDQXODU�
VLJQDOV�DUH�DXWRIOXRUHVFHQW�LQ�WKH�JXW�JUDQXOHV��$QW�PHDQV�DQWHULRU��SRVW�LV�SRVWHULRU��
6FDOH�EDUV����ËP��
�
��������7&7�
�
([SUHVVLRQ� SDWWHUQ� RI� ��7&7� ZDV� WKH� VWURQJHVW� IURP� DOO� IRXU� FRQVWUXFWV�� 7KH�
H[SUHVVLRQ�EHJLQV� LQ�FRPD�VWDJH��PRVW�SUREDEO\� LQ� WKH�JXW�FHOOV� �)LJ������'���$IWHU�
KDWFKLQJ�� WKH�H[SUHVVLRQ�ZDV�YHU\�VWURQJ� LQ� WKH�JXW��7KH�QXFOHL�RI� ILUVW� WZR�WR� IRXU�
JXW�FHOOV��ZKLFK�IRUP�WKH�ILUVW�LQWHVWLQDO�ULQJ��VKRZHG�WKH�*)3�H[SUHVVLRQ�LQ�RYHU����
SHUFHQW�RI�WKH�ZRUPV��)LJ������+���7KLV�H[SUHVVLRQ�GHFUHDVHG�GXULQJ�SRVWHPEU\RQLF�
GHYHORSPHQW�DQG�QR�JUHHQ�JXW�QXFOHL�ZDV�REVHUYHG�LQ�WKH�DGXOWV��)LJ������������RI�
ZRUPV� VKRZ�YHU\�KLJK� OHYHO� RI�*)3�H[SUHVVLRQ� LQ�SRVWHULRU� LQWHVWLQH� LQ� UDQJH� IURP�
RQH�WR�ILIWHHQ�FHOOV�FOHDUO\�GLIIHUHQW�IURP�EDFNJURXQG�H[SUHVVLRQ��7DEOH����)LJ������)���

SRVW�

DQW�
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7KH�H[SUHVVLRQ� DOVR� GHFUHDVHG� LQ� /�� WR� DGXOW� VWDJHV� �)LJ�� ������ ��7&7�ZRUPV� DOVR�
VKRZHG� H[SUHVVLRQ� LQ� WKH� KHDG� DQG� WDLO� QHXURQV� �)LJ�� ���� )�� -�� ZLWK�PXFK� KLJKHU�
SHQHWUDQFH�FRPSDUHG�WR���7*$��7DEOH�����
�

�
�
)LJ������'HYHORSPHQWDO�SURILOHV�RI���7&7�*)3�H[SUHVVLRQ�LQ�WKH�JXW�DQG�QHXURQV��
:RUPV�H[KLELWLQJ�EDFNJURXQG�*)3�OHYHO�ZHUH�QRW�LQFOXGHG��7KH�QXPEHUV�DERYH�WKH�
EDU�LV�1��

��� ��� ��� ��� ��� ��� ��� ���

��� ��� ��� ��� ��� ��� ��� ���
$QWHULRU�LQWHVWLQH�
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�
)LJ������([SUHVVLRQ�SDWWHUQ�RI���7&7�LQ�WKH�ZLOG�W\SH�DQLPDOV���$�DQG�%��VWURQJ�JXW�
H[SUHVVLRQ� LQ� /�� VWDJH�� �&� DQG�'�� FRPD� VWDJH�� H[SUHVVLRQ� LV�PRVW� SUREDEO\� LQ� WKH�
JXW�� �(� DQG� )�� H[SUHVVLRQ� LQ� WKH� JXW� �DUURZKHDGV�� DQG� WDLO� QHXURQ� �DUURZ�� LQ� /��
VWDJH���*�DQG�+��H[SUHVVLRQ�LQ�WKH�DQWHULRU�JXW��DUURZKHDGV�� LQ�/��VWDJH���,�DQG�-��
KHDG�QHXURQV�LQ�WKH�DGXOW��DUURZKHDGV���$��&��(��*�DQG�,�DUH�',&�LPDJHV���*UDQXODU�
VLJQDOV� DUH� DXWRIOXRUHVFHQW� LQ� WKH� JXW� JUDQXOHV�� $QW�PHDQV� DQWHULRU� RI� WKH�ZRUPV��
SRVW�LV�SRVWHULRU��6FDOH�EDUV����ËP��
��
�
�
�
�

DQW�

SRVW�
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��������7&7�
�
7KH� VHFRQG� VWUDLQ� ZLWK� 525� ELQGLQJ� VLWHV� LV� DQ� QRQ�LQWHJUDWHG� OLQH� DQG� KDV� QR�
H[SUHVVLRQ�DW�DOO�LQ�DQ\�RI�WKH�HPEU\RQLF�RU�SRVWHPEU\RQLF�VWDJHV��7DEOH�����7KXV�LW�
IDLOHG�WR�FRQILUP�WKH�H[SUHVVLRQ�SDWWHUQ�VHHQ�LQ���7&7�VWUDLQ��
�
����51$L�
�
7R� VHH� ZKHWKHU� WKH� UHGXFHG� OHYHO� RI� 1+5���� DQG� 1+5���� FDQ� LQIOXHQFH� WKH�
H[SUHVVLRQ�RI���7&7�DQG���7*$��51$L�DJDLQVW�QKU����DQG�QKU����ZDV�SHUIRUPHG�DV�
GHVFULEHG�LQ�0DWHULDOV�DQG�0HWKRGV��7KH�ZRUPV�ZHUH�REVHUYHG�LQ�DOO�VWDJHV�IURP�/��
WR�DGXOW��,Q�LQWHJUDWHG�VWUDLQV���7&7�DQG���7*$�ZHUH�VXEMHFWHG�WR�51$L�WKUHH�WLPHV�
LQGHSHQGHQWO\�DQG�51$L�RQ�QRQ�LQWHJUDWHG�VWUDLQV���7&7�DQG���7*$�ZDV� UHSHDWHG�
WZLFH���

:RUPV� RQ� QKU���� 51$L� VKRZHG� H[SHFWHG� PRUSKRORJLFDO� GHIHFWV� GHVFULEHG�
EHIRUH��$VDKLQD�HW�DO���������$VDKLQD�HW�DO���������VXFK�DV�PROWLQJ�GHIHFWV�LQ�HYHU\�
VWDJH� �WKH� ROG� FXWLFOH� JHWV� FRQVWULFWHG� DURXQG�KHDG�� WDLO� DQG�PLGERG\� DQG� UHPDLQV�
XQVKHG���7KH�YXOYD�GHIHFWV�ZHUH�HYLGHQW�DV�ZHOO�DQG�WKH�DGXOW�ZRUPV�FRXOG�QRW�OD\�
HJJV�SURSHUO\�DQG�GLHG�DV�³EDJ�RI�ZRUPV´��)LJ������%���

QKU����51$L�FDXVHG�PRUH�VHYHUH�GHIHFWV��0ROWLQJ�ZDV�GLVUXSWHG�LQ�DOO�VWDJHV��
DQG� ROG� FXWLFOH� ZDV� KLQGHULQJ� WKH� SURSHU� GHYHORSPHQW� �)LJ�� ���� &�� DV� GHVFULEHG�
SUHYLRXVO\� �.RVWURXFKRYD� HW� DO��� ������� 7KH� LQVLGH� RI� WKH� ERG\�ZDV� GLVWXUEHG�ZLWK�
VWUDQJH�VKDSHG�JXW�DQG�WKH�ZRUPV�ZHUH�QRW�DEOH�WR�GHYHORS�QRUPDO�JRQDG�DQG�OD\�
HJJV��7KH\�ZHUH�VPDOOHU�DQG�GXPS\����
�
�
�
�
�
�
�
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�
)LJ������'HIHFWV�REVHUYHG�LQ�ODUYDH�RQ�QKU����DQG�QKU����51$L���$��PROWLQJ�GHIHFW�LQ�
QKU����51$L��ZRUP�RI�/��VWDJH���%��YXOYDO�GHIHFW�LQ�QKU����51$L��ZRUP���&��PROWLQJ�
GHIHFWV� �DUURZV�� LQ� QKU����51$L�� RI� /�� ZRUP�� �'�� PROWLQJ� GHIHFW� �DUURZ�� LQ� QKU�
���51$L��/��ZRUP��$QW�PHDQV�DQWHULRU�RI�WKH�ZRUPV��SRVW�LV�SRVWHULRU��6FDOH�EDUV�$�
DQG�%����ËP��&�DQG�'����ËP��$OO�LPDJHV�DUH�',&�LPDJHV��
�
������*)3�H[SUHVVLRQ�GULYHQ�E\�ELQGLQJ�VLWHV�ZDV�DIIHFWHG�E\�51$L�
�
7KH� JUHHQ� IOXRUHVFHQW� SDWWHUQ� RI� WKH� VWUDLQV� ZDV� DIIHFWHG� ZLWK� WKH� 51$L�� 0RVW�
LQWHUHVWLQJ� GDWD� ZHUH� JLYHQ� IURP� WKH� VWUDLQ� ��7&7�� 7KHUH� ZDV� QR� VLJQLILFDQW�
GLIIHUHQFH� LQ� HDUO\� ODUYDO� VWDJHV� EXW� WKH� UHGXFWLRQ� RI� *)3� H[SUHVVLQJ� SRVWHULRU� JXW�
FHOOV�LQ�/��VWDJH�ZDV�PRUH�SURPLQHQW�ZLWK�QKU����51$L��FRPSDUHG�WR�FRQWURO��YHFWRU��
DQG�QKU����51$L��$W�/��VWDJH��WKH�GLIIHUHQFH�ZLWK�FRQWURO�LV�HYHQ�ELJJHU�WKRXJK�QKU�
���51$L�� DOVR� VKRZV� WKH� UHGXFWLRQ� �7DEOH� ��� )LJ�� ����� )LJ�� ���� '��� $OWKRXJK� WKH��
QXPEHU� RI�*)3� H[SUHVVLQJ�ZRUPV�ZDV�GHFUHDVLQJ�GXULQJ� WKH�QRUPDO� GHYHORSPHQW��
WKLV� UHGXFWLRQ�RFFXUUHG�PXFK� IDVWHU� LQ�QKU���� DQG�QKU����51$L� WUHDWHG�ZRUPV�DQG�
FRPSOHWHO\� DEROLVKHG� LQ� WKH� DGXOWV� �)LJ�� ������ 7KH� QHXURQDO� H[SUHVVLRQ� ZDV� QRW�
DIIHFWHG�DQG�LW�LV�QRW�VXUSULVLQJ�DV�QHXURQV�DUH�QRW�VHQVLWLYH�WR�IHHGLQJ�51$L��7DEOH�
�����

DQW�

DQW�

SRVW�

SRVW�

DQW�SRVW�
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7DEOH����51$L�HIIHFW�RQ�*)3�H[SUHVVLRQ�LQ�ZRUPV�FDUU\LQJ���7&7�
�

JXW� QHXURQV�51$L� VWDJH� DQWHULRU����� SRVWHULRU����� EDFNJURXQG����� KHDG����� WDLO����� Q�

YHFWRU� /��/�� ������� �������� ����� ������� ������� ���
� /�� ������� ������ ������� ������ ������� ���
� /�� ������� ������ ������� ������ ������� ���
� DGXOW� ����� ������� ������� ������ ������ ���
� WRWDO� ������� ������� �������� ������� ������� ����

QKU���� /��/�� ������� �������� ����� ������ ������ ���
� /�� ������� ������� ������ ����� ������� ���
� /�� ����� ������� ������� ����� ������� ���
� DGXOW� ����� ����� ������ ����� ������ ���
� WRWDO� ������� ������� ������� ������ ������� ����

QKU���� /��/�� ������� ������� ����� ������� ������� ���
� /�� ������� ������� ������� ����� ������� ���
� /�� ������ ������ ������ ����� ������ ��
� DGXOW� ����� ����� ����� ����� ����� ���
� WRWDO� ������� ������� ������� ������� ������� ����

�
�
)LJ������51$L�HIIHFW�RQ�ZRUPV�FDUU\LQJ���7&7�GXULQJ�SRVWHPEU\RQLF�GHYHORSPHQW��
3HUFHQWDJH�RI�ZRUPV�H[SUHVVLQJ�*)3�LQ�WKH�SRVWHULRU�RU�DQWHULRU�JXW�FHOOV���
�
�
�
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�
)LJ�� ����*)3� H[SUHVVLRQ� RQ� 51$L� WUHDWHG� ZRUPV� FDUU\LQJ� ��7&7�� �$�� &RQWURO�� /��
ODUYD�� VWURQJ� H[SUHVVLRQ� LQ� WKH� QXFOHL� RI� HQWHURF\WHV� �DUURZKHDGV��� �%�� &RQWURO�� /��
VWDJH��QXFOHXV�RI�HQWHURF\WH��DUURZ��� �&��QKU����51$L���/�� ODUYD��VWURQJ�H[SUHVVLRQ�
LQ�WKH�QXFOHL�RI�HQWHURF\WHV��DUURZKHDGV����'��QKU����51$L��/��ODUYD��QXFOHXV�RI�WKH�
HQWHURF\WH� �DUURZ��� �(��QKU����51$L�� /�� ODUYD�� QXFOHL� RI� HQWHURF\WHV� �DUURZKHDGV���
�)��QKU����51$L�� /��ZRUP�� QXFOHXV� RI� WKH� HQWHURF\WH� �DUURZ��� *)3� VLJQDOV� LQ�QKU�
���51$L��ZRUPV�LV�PXFK�ORZHU�WKDQ�LQ�QKU����51$L��DQG�FRQWURO�ZRUPV��$QW�PHDQV�
DQWHULRU��SRVW�LV�SRVWHULRU��6FDOH�EDUV���ËP���
�
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'XH� WR� ZHDNHU� H[SUHVVLRQV� RI� *)3� LQ� RWKHU� VWUDLQV�� LW� ZDV� TXLWH� SUREOHPDWLF� WR�
HYDOXDWH�WKH�OHYHO�RI�51$L�HIIHFW�RQ�WKH�H[SUHVVLRQ��7KH�FRPSOHWH�WDEOH�RI�DOO�VWUDLQV�
WHVWHG�IRU�51$L�LV�VKRZQ�EHORZ��7DEOH������
�
7DEOH����7KH�VXPPDU\�RI�51$L�UHVXOWV�RI�DOO�IRXU�VWUDLQV��
�

gut neurons VWUDLQ� 51$L�
DQWHULRU���� SRVWHULRU���� EDFNJURXQG���� KHDG���� WDLO����

Q�

��7*$� YHFWRU� ����� ����� ������� ����� ����� ���
� QKU���� ����� ������ ����� ����� ����� ���
� QKU���� ����� ������� ����� ����� ����� ���

��7*$� YHFWRU� ����� ����� ������ ����� ����� ���
� QKU���� ����� ����� ����� ����� ����� ���
� QKU���� ����� ����� ����� ����� ����� ���

��7&7� YHFWRU� ������� �������� ������� ������� ������� ����
� QKU���� ������� ������� ������� ������ ������� ����
� QKU���� ������� ������� ������� ������� ������� ����

��7&7� YHFWRU� ����� ����� ����� ����� ����� ����
� QKU���� ����� ����� ����� ����� ����� ����
� QKU���� ����� ����� ����� ����� ����� ����

�
6WUDLQV� ZLWK� ��7*$�� ��7*$� DQG� ��7&7� VKRZHG� DOPRVW� QR� *)3� H[SUHVVLRQ� DQG�
QHLWKHU� QKU���� QRU� QKU���� 51$L� DOWHUHG� WKRVH� H[SUHVVLRQ�� 7KHUHIRUH� 1+5���� DQG�
1+5����GR�QRW�VHHP�WR�ZRUN�DV�UHSUHVVRUV�RQ�WKHVH�HOHPHQWV���
�
������$QDO\VHV�RI�QKU����51$L��XVLQJ�HOHFWURQ�PLFURVFRS\�
�
',&� REVHUYDWLRQ� RI� QKU����51$L�� WRJHWKHU� ZLWK� WKH� VWURQJ� H[SUHVVLRQ� RI� ��7&7�
�FRQWDLQLQJ�525�1+5����ELQGLQJ�VLWHV�� OHG�PH�WR�DQDO\]H�XOWUDVWUXFWXUH�RI� LQVLGH�RI�
QKU����51$L�� ZRUPV�� &RQWURO� �YHFWRU�51$L���� QKU����51$L�� DQG� QKU����51$L�� DGXOW�
ZRUPV�ZHUH�VXEMHFWHG�IRU�HOHFWURQ�PLFURVFRS\�DQG�PRUSKRORJ\�RI�WKH�JXW��WKH�OXPHQ�
DQG�HSLGHUPLV�ZDV�DQDO\VHG���)LJ��������)LJ��������)LJ���������
� ,Q� FRQWURO� ZRUPV�� WKH� PLGGOH� RI� WKH� ERG\� ZDV� FXW� DQG� ODUJH� JRQDG� ZDV�
REVHUYHG� DQG� WKH� JXW� OLHV� YHU\� QHDU� WKH� ERG\� ZDOO� �)LJ�� ������� 7KH� QXFOHL� RI� WKH�
HQWHURF\WHV� VHHPHG� WR� EH� QRUPDO� LQ� VL]H� DQG� VKDSH� DQG� WKH� F\WRSODVP� FRQWDLQHG�
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PDQ\� JUDQXOHV�� \RON� DQG� OLSLG� YDFXROHV�� 7KH� FHOO�PHPEUDQHV� DQG� FHOO�FHOO� FRQWDFWV�
ZHUH�QRUPDO���
� 7KH�FXWLFOH�VWUXFWXUH��QDPHO\�WKH�WKLFNQHVV��FRPSRVLWLRQ�RI�OD\HUV�DQG�DODH�RQ�
WKH�VXUIDFH�ZDV�QRUPDO���
� QKU����VLOHQFHG�ZRUPV�KDG�JXW�YHU\�VLPLODU� WR� WKHVH�FRQWURO�ZRUPV��ZLWKRXW�
DQ\� GHIHFWV� RU� DEQRUPDOLWLHV�� 'HIHFW� ZDV� VHHQ� LQ� WKH� FXWLFOH�� ZKLFK� ZDV� HYLGHQWO\�
WKLQQHU�WKDQ�LQ�WKH�FRQWUROV��DQG�KDG�QR�DODH��)LJ�������&���ZKLFK�FRUUHVSRQGV�ZLWK�
SUHVHQFH�RI�PROWLQJ�GHIHFWV�DQG�SUREOHPV�ZLWK�FXWLFOH���
� ,Q�QKU����VLOHQFHG�ZRUPV��WKH�OXPHQ�RI�WKH�JXW�VKRZHG�VLPLODU�PRUSKRORJ\�WR�
WKH�RWKHU�WZR��EXW�LQ�WKH�SRVWHULRU�SDUW�RI�WKH�JXW��WKH�DEQRUPDO�QXPEHU�RI�JUDQXOHV�
DQG� OLSLG� YDFXROHV� ZDV� IRXQG� �)LJ�� ����� %��� QKU���� PD\� KDYH� VRPH� \HW� XQNQRZQ�
IXQFWLRQ� LQ� WKH� JXW�� $EQRUPDOO\� KLJK� QXPEHU� RI� JUDQXOHV� DQG� YDFXROHV� ZHUH� DOVR�
IRXQG�LQ�VXUURXQGLQJ�WLVVXHV�OLNH�PXVFOHV�DQG�K\SRGHUPDO�FHOOV���
� 7KH�FXWLFOH�GHYHORSPHQW�ZDV�DOVR�DIIHFWHG��VR�WKDW�WKH�FXWLFOH�ZDV�WKLFNHU� LQ�
WKH� ODWHUDO� ORFDOLW\�� ZKHUH� DODH� VKRXOG� EH� �)LJ�� ����� &��� $ODH� ZDV� QRW� IRXQG�� RQO\�
VRPH�NLQG�RI�H[FUHVFHQFH�ZDV�ORFDOL]HG�LQ�WKLV�DUHD���
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�
�
)LJ�� �����7UDPLVVLRQ� HOHFWURQ�PLFURJUDSK\� RI� DGXOW� FRQWURO� �YHFWRU�51$L��� ZRUPV��
�$��6HFWLRQ�LQ�PLGGOH�RI�WKH�ERG\��6FDOH�EDU����ËP���%��8OWUDVHFWLRQ�RI�WKH�DQWHULRU�
JXW�DW�WKH�SODFH�RI�WKH�ILUVW� LQWHVWLQDO�ULQJ��6FDOH�EDU����ËP���&��&XWLFOH�VWUXFWXUH�LV�
VPRRWK�DQG�KDV�QRUPDO�WKLFNQHVV��6FDOH�EDU���ËP���'��8OWUDVHFWLRQ�WKURXJK�PLGGOH�
JXW��SDUW�RI�WKH�OXPHQ�DQG�WKH�QXFOHXV�RI�WKH�HQWHURF\WH��DUURZ���6FDOH�EDU���ËP���(��
'HWDLO� RI� WKH� DODH� LQ� WKH�PLGGOH� RI� WKH� ERG\�� 6FDOH� EDU� ��ËP�� <HOORZ� OLQH� LQGLFDWH�
ERUGHU�RI�WKH�JXW�DQG�DODH�ZDV�LQGLFDWHG�E\�DUURZKHDGV��
�
�
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�
�
)LJ�������8OWUDWKLQVHFWLRQ�RI�DGXOW�ZRUPV�DIWHU�QKU����51$L���$��6HFWLRQ�LQ�PLGGOH�RI�
WKH� ERG\�� 6FDOH� EDU� �� ËP�� �%�� 'LIIHUHQW� DGXOW� ZRUP�� VHFWLRQ� WKURXJK� PLGGOH� JXW��
6FDOH�EDU����ËP���&��$EQRUPDO�FXWLFOH�DUURZKHDG�LQGLFDWHV�WKH�SODFH�RI�DODH�ZLWKRXW�
SURSHU� DODH�� 6FDOH� EDU� �� ËP�� �'�� 6HFWLRQ� WKURXJK� PLGGOH� JXW�� WKLQ� FXWLFOH�
�DUURZKHDG���6FDOH�EDU���ËP���(��'HWDLO�RI�WKH�FXWLFOH�LQ�WKH�PLGGOH�RI�WKH�ERG\��LW�LV�
QRW�VPRRWK��EXW�ZDY\��6FDOH�EDU���ËP��<HOORZ�OLQH�LQGLFDWHV�JXW�ERUGHU��
�
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�
�
)LJ�� ����� 8OWUDWKLQVHFWLRQ� RI� DGXOW� ZRUPV� DIWHU� QKU���� 51$L�� �$�� 6HFWLRQ� LQ� WKH�
PLGGOH�RI� WKH�ERG\�RI� WKH�ZRUP�� LQVLGH�RI� WKH� OXPHQ� LV�YLVLEOH��$UURZ� LQGLFDWHV� WKH�
FXWLFOH�GHIHFW��6FDOH�EDU����ËP���%��6HFWLRQ�WKURXJK�SRVWHULRU�JXW� LQ�GLIIHUHQW�DGXOW�
ZRUP�� DUURZKHDGV� LQGLFDWH� WKH� SODFH� RI� PLVVLQJ� DODH� DQG� DUURZ� LQGLFDWH� FXWLFOH�
GHIHFW��0DQ\�XQXVXDO�JUDQXOHV�ZHUH�REVHUYHG�LQ�WKH�JXW��1R�SURSHU�GHYHORSPHQW�RI�
WKH� JRQDG� LV� VHHQ�� 6FDOH� EDU� ���ËP�� �&�� &XWLFOH� LV� WKLFN�ZLWKRXW� IXOO\� IRUPHG� DODH�
�DUURZKHDG��� � 6FDOH� EDU� �� ËP�� �'�� 'HIHFWLYH� FXWLFOH�� WKLFN� DQG� GLVRUJDQL]HG�
�DUURZKHDG���6FDOH�EDU���ËP���(��'HWDLO�RI�WKH�FXWLFOH�GHIHFW��6FDOH�EDU���ËP��<HOORZ�
OLQHV�LQGLFDWH�WKH�ERUGHU�RI�WKH�JXW��DUURZKHDGV�LQGLFDWH�WKH�SODFH�RI�DODH���
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���'LVFXVVLRQ�
�
7KH�REMHFWLYH�RI�WKLV�ZRUN�ZDV�WR�VHDUFK�IXUWKHU�IRU�WKH�IXQFWLRQ�RI�QXFOHDU�UHFHSWRU�
1+5����LQ�WUDQVFULSWLRQDO�UHJXODWLRQ�LQ�&��HOHJDQV��7KLV�ZDV�WHVWHG�E\�WKH�DQDO\VLV�RI�
1+5����ELQGLQJ�VLWHV��HQKDQFHU��DFWLYLW\� LQ�YLYR�E\�WUDQVIRUPLQJ�&��HOHJDQV�DQG�WKH�
VSHFLILFLW\�RI�WKH�DFWLYLW\�ZDV�WHVWHG�E\�51$�LQWHUIHUHQFH���
�
����&UHDWLRQ�RI�WKH�VWUDLQV�
�
*)3� YHFWRUV� KDV� EHHQ� XVHG� IRU� JHQH� H[SUHVVLRQ� DQDO\VHV� LQ�&�� HOHJDQV�� 7KHUH� DUH�
WZR�YHFWRUV�ZLWK�GLIIHUHQW�PLQLPDO�SURPRWHUV�FXUUHQWO\�DYDLODEOH�DQG�ZLGHO\�XVHG�IRU�
HQKDQFHU�VWXGLHV��%URGLJDQ�HW�DO����������2QH�LV�D�PLQLPDO�SURPRWHU�IURP�P\R���DQG�
WKH�RWKHU�LV�IURP�SHV������$V�PLQLPDO�SURPRWHUV�PD\�KDYH�VRPH�EDFNJURXQG�DFWLYLW\�
LQ�FHUWDLQ�WLVVXHV��ERWK�YHFWRUV�ZHUH�XVHG�WR�FORQH�D�IUDJPHQW�FRQWDLQLQJ�HLWKHU�1+5�
�����[7*$$**7&$��RU�525�1+5������[7&7$**7&$��ELQGLQJ�VLWHV��525�ELQGLQJ�VLWH�
VHTXHQFH� LV� VLPLODU� WR�1+5���� ELQGLQJ� HOHPHQW� H[FHSW� LW� KDV� WZR� EDVHV� GLIIHUHQFH�
DQG� WKHVH� EDVHV� DUH� NQRZQ� WR� EH� UHVSRQVLEOH� IRU� 1+5���� VSHFLILFLW\� LQ� YLWUR��
7KHUHIRUH�LW�ZDV�WKRXJKW�WR�EH�DQ�LGHDO�FRQWURO�WR�WHVW�WKH�ELQGLQJ�VLWH�VSHFLILFLW\� LQ�
YLYR���
� 7KH� WUDQVIRUPDWLRQ� ZDV� VXFFHVVIXO�� DIWHU� VRPH� SUREOHPV� DOO� IRXU� GHVLJQHG�
VWUDLQV�ZHUH�REWDLQHG��,QWHJUDWLRQ��KRZHYHU��ZDV�VXFFHVVIXO�RQO\�LQ�RQH�KDOI�±�,�JRW�
WZR�VWUDLQV�LQWHJUDWHG��RQH�ZDV���7*$�ZLWK�1+5���EV��P\R����*)3�DQG���7&7�ZLWK�
525EV��SHV�����*)3��7KH�UHDVRQ�IRU�QRW�JHWWLQJ�LQWHJUDQWV�IRU���7*$�DQG���7&7�LV�
QRW�FOHDU��2QH�SRVVLELOLW\�LV�WKH�WR[LFLW\�RI�WKH�SODVPLG�GXH�WR�KLJK�FRS\�QXPEHU�EXW�LW�
LV� XQOLNHO\� DV� ,� FRXOG� REWDLQ� LQWHJUDQWV� IRU� ��7*$� DQG� ��7&7�� 7KH� SRVLWLRQ� RI�
LQWHJUDWLRQ�RQ� WKH�FKURPRVRPH�LV�DFFLGHQWDO��VR� LW� LV�SRVVLEOH�WKDW�WKLV�SODVPLG�ZDV�
LQWHJUDWHG�SUHIHUDEO\�LQWR�VRPH�LPSURSHU�SODFH�DQG�WKH�DQLPDOV�GLHG���
�
����([SUHVVLRQ�RI�*)3�LQ�WKH�ZRUP�
�
*)3� H[SUHVVLRQ� LQ� WKH� JXW� ZDV� GHWHFWHG� LQ� � VWUDLQV� FDUU\LQJ� ��7*$�� ��7*$� DQG�
��7&7�� ,Q� WZR� RI� WKHP� ���7*$�� ��7*$�� LW� ZDV� PRVW� SUREDEO\� RQO\� EDFNJURXQG�
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FDXVHG� E\� WKH� SODVPLG� DORQH� �+DUIH� DQG� )LUH�� ������ EHFDXVH� WKH� QXPEHU� RI� *)3�
SRVLWLYH�LQWHVWLQDO�FHOO�QXFOHL�KDUGO\�HYHU�H[FHHGHG�WKUHH��+RZHYHU��LQ���7&7��WKH�*)3�
VLJQDO� ZDV� PXFK� VWURQJHU� DQG� WKH� QXPEHU� RI� *)3� SRVLWLYH� QXFOHL� UHDFKHG� HYHQ�
ILIWHHQ��:H�FRQVLGHUHG�WKLV�H[SUHVVLRQ�SDWWHUQ�DV�D�WUXH�VLJQDO��7KH�SUREOHP�LV�WKDW�
ZH� FRXOG� QRW� FRQILUP� WKLV� H[SUHVVLRQ� SDWWHUQ� ZLWK� WKH� RWKHU� FRQVWUXFW�� ��7&7� DV�
ZRUPV� FDUU\LQJ� WKLV� FRQVWUXFW� SUDFWLFDOO\� GLG� QRW� VKRZ� DQ\� H[SUHVVLRQ�� :KLOH� ZH�
FDQQRW�H[FOXGH�WKH�SRVVLELOLW\�FRPSOHWHO\�WKDW���7&7�*)3�H[SUHVVLRQ�LV�DQ�DUWHIDFW�RI�
WKH�PLQLPDO�SURPRWHU��WKHUH�LV�WKH�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ���7*$�DQG���7&7�
�WKH\�DUH�ZLWK�VDPH�PLQLPDO�SURPRWHU�DQG�WKH�RQO\�GLIIHUHQFH� LV� WKH� IRXU�EDVHV�RI�
ELQGLQJ�VLWHV��H[SUHVVLRQ��WKHUHIRUH�LW�GRHV�QRW�VHHP�WR�EH�D�VLPSOH�DUWHIDFW���
� 7KH�H[SUHVVLRQ�RI�*)3�ZDV�REVHUYHG� LQ�QHXURQV� LQ� WKH�KHDG�DQG�WKH� WDLO�� ,Q�
WKH� WDLO�DUHD�� WKHUH�DUH� IHZ�JURXSV�RI�QHXURQV��RUJDQL]HG� LQ� IURQW�RI�RU�EHKLQG� WKH�
DQXV��,Q�IURQW�RI�LW��LQ�ORFDWLRQ�RI�SUH�DQDO�JDQJOLRQ��ZDV�QHYHU�VHHQ�DQ\�IOXRUHVFHQW�
QXFOHXV��1HXURQV�EHKLQG�DQXV�LQ�UHJLRQ�RI�GRUVR�UHFWDO�JDQJOLRQ�DQG�OXPEDU�JDQJOLRQ�
KDG�JUHHQ�QXFOHL�YHU\�RIWHQ��,W�ZDV�GLIILFXOW�WR�LGHQWLI\�WKH�FHOOV�DV�WKH\�DUH�VPDOO�DQG�
VHHPV�WR�FKDQJH�WKH�H[SUHVVLRQ�SURILOH�GHSHQGV�RQ�WKH�GHYHORSPHQWDO�VWDJHV���
� 7R� RXU� VXUSULVH�� QR� VWURQJ� H[SUHVVLRQ� LQ� WKH� HSLGHUPDO� WLVVXH� ZDV� GHWHFWHG�
ZLWK�DQ\�RI�WKH�FRQVWUXFWV��:H�KDG�H[SHFWHG�WR�VHH�WKH�H[SUHVVLRQ�LQ�WKH�VHDP�FHOOV�
DQG� K\S� FHOOV� DV� ERWK� 1+5���� DQG� 1+5���� KDYH� LPSRUWDQW� UROHV� LQ� WKH� HSLGHUPLV�
�H�J��GLIIHUHQWLDWLRQ�RI�HSLGHUPDO�FHOOV�DQG�FXWLFOH�V\QWKHVLV�GHSRVLWLRQ�VKRZQ�LQ�51$L�
VWXG\���,Q�RQO\�RQH�VWUDLQ����7*$��WKH�*)3�H[SUHVVLRQ�ZDV�IRXQG�LQ�K\SRGHUPDO�FHOOV��
8QIRUWXQDWHO\�� LQWHJUDWLRQ� RI� WKLV� VWUDLQ� IDLOHG� DQG� WKH� ZH� FRXOG� QRW� FRQILUP� WKH�
H[SUHVVLRQ����
� ,Q�YLYR� �ZRUP��� WKRXJK� WKH�HOHPHQW�RI�7*$$**7&$�FDQ� UHDFW� WR�1+5���� LQ�
KXPDQ�FHOO� OLQHV�� LW� LV�SRVVLEOH� WKDW�1+5���� UHJXODWHV� WDUJHW�JHQHV� WKURXJK� VOLJKWO\�
GLIIHUHQW�VHTXHQFHV��7&$$**7&$� LV�DOVR�NQRZQ�WR�ELQG�SURWHLQ�VXFK�DV�)W]�)��� WKH�
'URVRSKLOD� KRPRORJ� RJ� 1+5����� 7KH� DIILQLW\� IRU� WKH� 1+5���� ELQGLQJ� WR� WKHVH�
HOHPHQWV�FRXOG�EH�GLIIHUHQW�DQG�ZKHQ�LW�LV�ZHDN��LW�PD\�EH�GLIILFXOW�WR�VHH�*)3�VLJQDO�
LQ�WKH�ZRUP��
� (DFK� WLVVXH� PD\� EH� UHJXODWHG� E\� VOLJKWO\� GLIIHUHQW� ELQGLQJ� VHTXHQFH� DU� WKH�
FRPELQDWLRQ�RI�WKH�ELQGLQJ�VLWHV��JHQHUDOO\�WUDQVFULSWLRQ�IDFWRUV�UHJXODWH�WDUJHW�JHQH�
H[SUHVVLRQ�WKURXJK�QRW�RQO\�RQH�ELQGLQJ�VHTXHQFH���7KLV�PHDQV�PRUH�ELQGLQJ�VLWHV�
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IRU�WKH�VDPH�WUDQVFULSWLRQ�IDFWRU�RU�IRU�D�FRXSOH�RI�GLIIHUHQW�WUDQVFULSWLRQ�IDFWRUV��:H�
FDQ�RIWHQ�ILQG�LQ�QDWXUDO�SURPRWHUV��D�VHULHV�RI�ELQGLQJ�VLWHV�DQG�WUDQVFULSWLRQ�IDFWRUV�
VKDUH� WKH� SURPRWHU� DQG� DFW� LQ� D� FRRSHUDWLYH� ZD\�� VRPHWLPHV� V\QHUJLVWLFDOO\� DQG�
VRPHWLPHV� UHSUHVVLYHO\�� ,W� LV� SRVVLEOH� WKDW� PRUH� HOHPHQWV� DUH� UHTXLUHG� WR� VHH� WKH�
DXWKHQWLF�HQKDQFHU�DFWLYLW\�LQ�WKH�HSLGHUPLV��
� ,W�LV�NQRZQ�WKH�PRUH�ELQGLQJ�VLWHV��WKH�VWURQJHU�DFWLYDWLRQ�RI�WDUJHW�JHQH��)RU�
WKLV� VWXG\� ZH� XVHG� �[� 7*$$**7&$� DV� DQ� HQKDQFHU� HOHPHQW�� ,W� LV� SRVVLEOH� WKHDW�
ZKHQ� WKH�QXPEHU�RI� ELQGLQJ� VLWHV� LV� LQFUHDVHG� �H�J���[��� WKH� VLJQDO� FRXOG� EH�PRUH�
SURPLQHQW���
�
����6SHFLILFLW\�RI�WKH�H[SUHVVLRQ�RI�525EV��SHV�����*)3�
�
$V���7&7��525EV��SHV�����*)3��VKRZHG�VWURQJ�H[SUHVVLRQ�LQ�WKH�JXW��51$L�DJDLQVW�
QKU����ZDV�SHUIRUPHG�WR�WHVW�WKH�VSHFLILFLW\�RI�WKH�ELQGLQJ�VLWH��7KH�HIIHFW�RI�51$L�RI�
QKU���� ZDV� YLVLEOH� DW� /�� VWDJH� �UHGXFWLRQ� RI� *)3� H[SUHVVLQJ� FHOOV�� DQG� QRW� ZLWK�
FRQWURO�RU�QKU����51$L���EXW�DW�/��DQG�DGXOW�VWDJH��WKH�HIIHFW�ZDV�DOVR�VHHQ�ZLWK�QKU�
���51$L���7KXV�ZH�FRXOG�QRW�SURYH�WKH�VSHFLILFLW\�RI�WKH�525�1+5����ELQGLQJ�VLWH�LQ�
YLYR��+RZHYHU�� WKH� UHGXFWLRQ�ZDV�VLJQLILFDQW�FRPSDUHG� WR�FRQWURO�DQG� LW� LV�SRVVLEOH�
WKDW� ERWK� 1+5���� DQG� 1+5���� KDV� VRPH� UROHV� LQ� UHJXODWLQJ� 525EV�GHSHQGHQW�
WUDQVFULSWLRQ���

7KH� VSHFLILFLW\� RI� ��7&7� H[SUHVVLRQ� E\� 1+5���� LQ� WKH� ZRUPV� ZDV� QRW�
FRQFOXVLYH�EXW�WKH�WUDQVDFWLYDWLRQ�RI�7&7$**7&$�HOHPHQW�E\�1+5����KDV�QRW�EHHQ�
WHVWHG�DQG�LW�ZRXOG�EH�LQWHUHVWLQJ�WR�WHVW�LW�LQ�YLWUR��KXPDQ�FHOO�OLQH���%XW�LW�KDV�EHHQ�
WHVWHG�WKDW�WKLV�HOHPHQW�FDQQRW�EH�DFWLYDWHG�E\�1+5����� � �
� �
������3RWHQWLDO�QHZ�IXQFWLRQ�RI�1+5����LQ�WKH�JXW�
�
8OWUDVWUXFWXUH� DQDO\VHV� RI� QKU���� 51$L� WUHDWHG� ZRUPV� UHYHDOHG� KLJKHU� QXPEHU� RI�
JUDQXOHV�DQG�RWKHU�FRPSDUWPHQWV�RI�WKH�SRVWHULRU�UHJLRQ�RI�WKH�JXW��7KHVH�JUDQXOHV�
ZHUH� DOVR� IRXQG� LQ� RWKHU� WLVVXHV� �H�J�� HSLGHUPLV��� ,W� DOPRVW� ORRNV� OLNH� WKDW� WKH�
JUDQXOHV� FDPH� RXW� WR� WKH� ERG\� FDYLW\� DQG� ZHUH� HQJXOIHG� E\� WKH� HSLGHUPLV�� 7KLV�
VXJJHVWV�VRPH�SRVVLEOH�XQNQRZQ�IXQFWLRQ�RI�1+5����LQ�WKH�JXW��7KLV�SKHQRW\SH�ZDV�
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QRW� IRXQG� ZLWK� HLWKHU� FRQWURO� RU� QKU���� 51$L� WUHDWHG� ZRUPV�� WKRXJK� RWKHU� FXWLFOH�
GHIHFWV�GXH�WR�QKU����VLOHQFLQJ�ZDV�HYLGHQW���
� 7KH� FXWLFOH� DIWHU� QKU���� 51$L� ZDV� WKLFNHU� WKDQ� WKDW� LQ� FRQWUROV�� IRUPLQJ� QR�
DODH� DQG� LW�ZDV� LPSRVVLEOH� WR� GLVWLQJXLVK� OD\HUV� RI� ROG� �/��� DQG� QHZO\� V\QWKHVL]HG�
DGXOW� FXWLFOH� DQG� UDWKHU� ORRNHG� DV� LI� WKHVH� OD\HUV� KDG� PHUJHG� LQWR� RQH�� 7KLV�
REVHUYDWLRQ� LV� \HW� GLIIHUHQW� IURP� FXWLFOH� SKHQRW\SH� VHHQ� LQ� QKU����51$L�� ZRUPV�
�6LOKDQNRYD�HW� DO��� ������ WKRXJK� VLOHQFLQJ�RI�ERWK�JHQHV� FDXVH�PROWLQJ�DQG� FXWLFOH�
DEQRUPDOLW\��7KLV�PD\�DOVR�KLQW� WKDW� WKH�GLIIHUHQWLDO� UROHV� LQ� WKH�HSLGHUPLV�EHWZHHQ�
1+5����DQG�1+5�����
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���&RQFOXVLRQ�
�
7KH�DUWLILFLDO�HQKDQFHU�HOHPHQWV�LQ�D�*)3�YHFWRUV�ZHUH�VXFFHVVIXOO\�WUDQVIRUPHG�LQWR�
WKH� ZRUPV�� 7ZR� GLIIHUHQW� HQKDQFHU� HOHPHQWV� �RQH� IRU� 1+5���� DQG� RQH� IRU�
525�1+5�����LQ�WZR�GLIIHUHQW�*)3�H[SUHVVLRQ�YHFWRUV��FRQWDLQLQJ�PLQLPDO�SURPRWHUV�
IURP� HLWKHU� P\R��� RU� SHV����� ZHUH� WHVWHG�� 7KH� VWURQJHVW� *)3� H[SUHVVLRQ� ZDV�
REVHUYHG�LQ�525EV��SHV�����*)3�WUDQVIRUPHG�ZRUPV��WKH�H[SUHVVLRQ�RFFXUUHG�LQ�WKH�
LQWHVWLQDO�FHOOV�DQG�QHXURQV�LQ�WKH�KHDG�DQG�WKH�WDLO��,Q�RWKHU�WUDQVIRUPHG�ZRUPV��WKH�
H[SUHVVLRQ�ZDV�YHU\�ZHDN�RU�DEVHQW�� LW� LV�SRVVLEOH�WKDW��[�ELQGLQJ�VLWHV�PD\�QRW�EH�
VXIILFLHQW�IRU�LQ�YLYR�HQKDQFHU�VWXG\�LQ�&��HOHJDQV��
�
�
�
�
�
�
�
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�
�
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�
�
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���5HIHUHQFHV�
�
$VDKLQD��0���,VKLKDUD��7���-LQGUD��0���.RKDUD��<���.DWVXUD��,���DQG�+LURVH��6����������
7KH�FRQVHUYHG�QXFOHDU�UHFHSWRU�)W]�)�� LV�UHTXLUHG�IRU�HPEU\RJHQHVLV��PRXOWLQJ�DQG�
UHSURGXFWLRQ�LQ�&DHQRUKDEGLWLV�HOHJDQV��*HQHV�&HOOV�������±������
�
$VDKLQD��0���9DOHQWD��7���6LOKDQNRYD��0���.RULQHN��9���DQG�-LQGUD��0����������&URVVWDON�
EHWZHHQ� D� QXFOHDU� UHFHSWRU� DQG� Ã�&DWHQLQ� VLJQDOLQJ� GHFLGHV� FHOO� IDWHV� LQ� WKH� &��
HOHJDQV�VRPDWLF�JRQDG��'HY��&HOO��������±�����
�
%RZHUPDQ��%����������0DWHUQDO�FRQWURO�RI�SDWWHUQ�IRUPDWLRQ�LQ�HDUO\�&DHQRUKDEGLWLV�
HOHJDQV��HPEU\RV��&XUU��7RS��'HY��%LRO��������������
�
%UHQQHU��6����������7KH�JHQHWLFV�RI�&DHQRUKDEGLWLV�HOHJDQV��*HQHWLFV������������
�
%URDGXV�� -���0F&DEH�� -�5���(QGUL]]L��%��� 7KXPPHO��&�6��� DQG�:RRGDUG��&�7�� ��������
7KH� 'URVRSKLOD� )7=�)�� RUSKDQ� QXFOHDU� UHFHSWRU� SURYLGHV� FRPSHWHQFH� IRU� VWDJH�
VSHFLILF�UHVSRQVHV�WR�WKH�VWHURLG�KRUPRQH�HFG\VRQH��0RO��&HOO�������������
�%URGLJDQ�� 7�0��� /LX�� -��� 3DUN�� 0��� .LSUHRV�� (�7��� DQG� .UDXVH�� 0�� �������� &\FOLQ� (�H[SUHVVLRQ� GXULQJ� GHYHORSPHQW� LQ� &DHQRUKDEGLWLV� HOHJDQV�� 'HYHORSPHQWDO� %LRORJ\�����������������&KHQ�� =��� (DVWEXUQ�� '�-��� DQG� +DQ� 0�� �������� 7KH� &DHQRUKDEGLWLV� HOHJDQV� QXFOHDU�UHFHSWRU� JHQH�QKU���� UHJXODWHV� HSLGHUPDO� FHOO� GHYHORSPHQW��0ROHFXODU� DQG� FHOOXODU�%LRORJ\�����������������
)LUH��$���;X��6���0RQWJRPHU\��0�.���.RVWDV��6�$���'ULYHU��6�(���DQG�0HOOR��&�&����������
3RWHQW� DQG� VSHFLILF� JHQHWLF� LQWHUIHUHQFH� E\�GRXEOH�VWUDQGHG�51$� LQ�&DHQRUKDEGLWLV�
HOHJDQV��1DWXUH����������������
�
*LVVHQGDQQHU�� &�5��� DQG� 6OXGHU�� $�� (�� �������� QKU����� WKH� &DHQRUKDEGLWLV� HOHJDQV�
RUWKRORJ� RI� IW]�I��� LV� UHTXLUHG� IRU� HSLGHUPDO� DQG� VRPDWLF� JRQDG� GHYHORSPHQW��'HY��
%LRO�����������������
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�
*XLFKHW��$���&RSHODQG�� -�:���(UGHO\L��0���+ORXVHN��'���=DYRUV]N\��3���+R�� -���%URZQ��
6��� 3HUFLYDO�6PLWK��$���.UDXVH��+�0��� DQG�(SKUXVVL��$�� ��������7KH�QXFOHDU� UHFHSWRU�
KRPRORJXH� )W]�)�� DQG� WKH� KRPHRGRPDLQ� SURWHLQ� )W]� DUH� PXWXDOO\� GHSHQGHQW�
FRIDFWRUV��1DWXUH���������������
�
+DUIH��%�'��DQG�)LUH��$����������0XVFOH�DQG�QHUYH�VSHFLILF�UHJXODWLRQ�RI�D�QRYHO�1.���
FODVV�KRPHRGRPDLQ�IDFWRU�LQ�&DHQRUKDEGLWLV�HOHJDQV��'HYHORSPHQW���������������
�
+HGJHFRFN�� (�0��� DQG� :KLWH�� -�*�� �������� 3RO\SORLG� WLVVXHV� LQ� WKH� QHPDWRGH�
&DHQRUKDEGLWLV�HOHJDQV��'HY��%LRO����������������
�
-HWWHQ��$�0���.XUHED\DVKL��6���DQG�8HGD��(����������7KH�525�QXFOHDU�RUSKDQUHFHSWRU�
VXEIDPLO\��FULWLFDO�UHJXODWRUV�RI�PXOWLSOH�ELRORJLFDO�SURFHVVHV��3URJ��1XFOHLF�$FLG�5HV��
0RO��%LRO���������������
�
.HQQHUGHOO�� -�5��� DQG� &DUWKHZ�� 5�:�� �������� 8VH� RI� GV51$�PHGLDWHG� JHQHWLF�
LQWHUIHUHQFH�WR�GHPRQVWUDWH�WKDW�IUL]]OHG�DQG�IUL]]OHG���DFW�LQ�WKH�:LQJOHVV�SDWKZD\��
&HOO����������������
�
.RVWURXFKRYD�� 0��� .UDXVH�� 0��� .RVWURXFK�� =��� DQG� 5DOO�� -�(�� �������� &+5��� D� &��
HOHJDQV� RUSKDQ� QXFOHDU� KRUPRQH� UHFHSWRU� UHTXLUHG� IRU� SURSHU� HSLGHUPDO�
GHYHORSPHQW�DQG�PROWLQJ��'HYHORSPHQW�����������������
�
.RVWURXFKRYD��0���.UDXVH��0���.RVWURXFK��=���DQG�5DOO��-�(����������1XFOHDU�KRUPRQH�
UHFHSWRU� &+5�� LV� D� FULWLFDO� UHJXODWRU� RI� DOO� IRXU� ODUYDO� PROWV� RI� WKH� QHPDWRGH� &��
HOHJDQV��3URF��1DWO��$FDG��6FL��86$����������������
�
/DERXHVVH��0���DQG�0DQJR��6�(�� ��������3DWWHUQLQJ� WKH�&��HOHJDQV�HPEU\R��0RYLQJ�
EH\RQG�WKH�FHOO�OLQHDJH��7UHQGV�*HQHW���������������
�
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/DP��*���+DOO��%�/���%HQGHU��0���DQG�7KXPPHO��&�6����������'5+��LV�UHTXLUHG�IRU�WKH�
SUHSXSDO�SXSDO� WUDQVLWLRQ� DQG� GLIIHUHQWLDWLRQ� RI� DGXOW� VWUXFWXUHV� GXULQJ� 'URVRSKLOD�
PHWDPRUSKRVLV��'HY��%LRO����������������
�
/DYRUJQD��*��� .DULP�� )�'��� 7KXPPHO�� &�6��� DQG�:X�� &�� �������� 3RWHQWLDO� UROH� IRU� D�
)7=�)�� VWHURLG� UHFHSWRU� VXSHUIDPLO\� PHPEHU� LQ� WKH� FRQWURO� RI� 'URVRSKLOD�
PHWDPRUSKRVLV��3URF��1DWO��$FDG��6FL��86$����������������
�
/HKUNH��0��DQG�/D]DU��0�$����������7KH�PDQ\�IDFHV�RI�33$5Ä��&HOO���������������
�
0DQJHOGRUI�� '�-��� 7KXPPHO�� &��� %HDWR�� 0��� +HUUOLFK�� 3��� 6FKXW]�� *��� 8PHVRQR�� .���
%OXPEHUJ��%���.DVWQHU��3���0DUN���&KDPERQ��3���DQG�(YDQV��5�0����������7KH�QXFOHDU�
UHFHSWRU�VXSHUIDPLO\��WKH�VHFRQG�GHFDGH��&HOO����������������
�
0HOOR��&�&��DQG�)LUH��$����������'1$�WUDQVIRUPDWLRQ��0HWKRGV�&HOO�%LRO��������������
�
0HOOR��&�&���.UDPHU��-�0���6WLQFKFRPE��'�7���DQG�$PEURV��9�5����������(IILFLHQW�JHQH��
WUDQVIHU� LQ� &�� HOHJDQV�� ([WUDFKURPRVRPDO� PDLQWHQDQFH� DQG� LQWHJUDWLRQ� RI�
WUDQVIRUPLQJ�VHTXHQFHV��(0%2�-RXUQDO����������������
�
0RWROD��'�/���&XPPLQV��&�/���5RWWLHUV��9���6KDUPD��.�.���/L��7���/L��<���6XLQR�3RZHOO��
.���;X��+�(���$XFKXV��5�-���$QWHEL��$���DQG�0DQJHOVGRUI��'�-����������,GHQWLILFDWLRQ�RI�
OLJDQGV�IRU�'$)����WKDW�JRYHUQ�GDXHU�IRUPDWLRQ�DQG�UHSURGXFWLRQ�LQ�&��HOHJDQV��&HOO�
����������������
�
0HUJORYD��/����������7KH�WUDQVFULSWLRQDO�UHJXODWLRQ�E\�WKH�QXFOHDU�UHFHSWRU�1+5����LQ�
&DHQRUKDEGLWLV�HOHJDQV��%F��7KHVLV�
�
3DUNHU��.�/���5LFH��'�$���/DOD��'�6���,NHGD��<���/XR��;���:RQJ��0���%DNNH��0���=KDR��/���
)ULJHUL��&��+DQOH\��1�$���HW�DO����������6WHURLGRJHQLV�IDFWRU����DQ�HVVHQWLDO�PHGLDWRU�RI�
HQGRFULQH�GHYHORSPHQW��5FHQW�3URJ��+RUP��5HV�������������

�
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5RELQVRQ�5HFKDYL�� 0��� 0DLQD�� &�9��� *LVVHQGDQQHU�� &�5��� /DXGHW�� 9��� DQG� 6OXGHU�� $��
��������([SORVLYH�OLQHDJH�VSHFLILF�H[SDQVLRQ�RI�WKH�RUSKDQ�QXFOHDU�UHFHSWRU�1+)��LQ�
QHPDWRGHV��-��0RO��(YRO���
�
6FKQDEHO��5���DQG�3ULHVV��-�5����������6SHFLILFDWLRQ�RI�FHOO�IDWHV�LQ�WKH�HDUO\�HPEU\R��
,Q� ³&DHQRUKDEGLWLV� HOHJDQV� ,,´� �'�/�� 5LGGOH�� 7�� %OXPHQWKDO�� %�-�� 0H\HU�� DQG� -�5��
3ULHVV��(GV����SS�����������&ROG�6SULQJ�+DUERU�/DERUDWRU\�3UHVV��&ROG�6SULQJ�+DUERU��
1<��
�
6LOKDQNRYD�� 0��� -LQGUD�� 0��� DQG� $VDKLQD�� 0�� �������� 1XFOHDU� UHFHSWRU� 1+5���� LV�
UHTXLUHG� IRU� FHOO�VKDSH� G\QDPLFV� GXULQJ� HSLGHUPDO� GLIIHUHQWLDWLRQ� LQ�&DHQRUKDEGLWLV�
HOHJDQV��-��&HOO�6FL����������±������
�
6OXGHU�� $�(��� 0DWKHZV�� 6�:��� +RXJK�� '��� <LQ�� 9�3��� DQG� 0DLQD�� &�9�� �������� 7KH�
QXFOHDU� UHFHSWRU� VXSHUIDPLO\� KDV� XQGHUJRQH� H[WHQVLYH� SUROLIHUDWLRQ� DQG�
GLYHUVLILFDWLRQ�LQ�QHPDWRGHV��*HQRPH�5HV��������������
�
6PLWK�� $�*�� DQG� 0XVFDW�� *�(�� �������� 2USKDQ� QXFOHDU� UHFHSWRUV�� WKHUDSHXWLF�
RSSRUWXQLWLHV�LQ�VNHOHWDO�PXVFOH��$P��-��3K\VLRO��&HOO�3K\VLRO�������&����&�����
�
6WLQFKFRPE��'�7���6KDZ�� -�(���&DUU��6�+��� DQG�+LUVFK��'�� ��������([WUDFKURPRVRPDO�
'1$�WUDQVIRUPDWLRQ�RI�&DHQRUKDEGLWLV�HOHJDQV��0RO�&HOO�%LRO�������������
�
6XOVWRQ�� -�(��� 6FKLHUHQEHUJ�� (��� :KLWH�� -�*��� DQG� 7KRPVRQ�� -�1�� �������� 7KH�
HPEU\RQLF� FHOO� OLQHDJH�RI� WKH�QHPDWRGH�&DHQRUKDEGLLV� HOHJDQV��'HY��%LRO�� ��������
�����
�
8HGD�� +��� 6RQRGD�� 6��� %URZQ�� -�/��� 6FRWW�� 0�3��� DQG� :X�� &�� �������� $� VHTXHQFH�
VSHFLILF� '1$�ELQGLQJ� SURWHLQ� WKDW� DFWLYDWHV� IXVKL� WDUD]X� VHJPHQWDWLRQ� JHQH�
H[SUHVVLRQ��*HQHV��'HY��������������
�
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:DWHUKRXVH��3�0���*UDKDP��0�:���DQG�:DQJ��0�%����������9LUXV�UHVLVWDQFH�DQG�JHQH�
VLOHQFLQJ�LQ�SODQWV�FDQ�EH�LQGXFHG�E\�VLPXOWDQHRXV�H[SUHVVLRQ�RI�VHQVH�DQG�DQWLVHQVH�
51$��31$6�86$�������������������
�
:LDQQ\��)���DQG�=HUQLFND�*RHW]��0����������6SHFLILF� LQWHUIHUHQFH�ZLWK�JHQH�IXQFWLRQ�
E\�GRXEOH�VWUDQGHG�51$�LQ�HDUO\�PRXVH�GHYHORSPHQW��1DW��&HOO�%LRO�������������
�
<X�� <��� /L��:��� 6X�� .��� <XVVD��0��� +DQ��:��� 3HUULPRQ��1��� DQG� 3LFN�� /�� �������� 7KH�
QXFOHDU� KRUPRQH� UHFHSWRU� )W]�)�� LV� D� FRIDFWRU� IRU� WKH� 'URVRSKLOD� KRPHRGRPDLQ�
SURWHLQ�)W]��1DWXUH���������������
�
�
�
�
 

 


