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.$3,7(/�� (LQOHLWXQJ
,QWURGXFWLRQ
7KH�H[WUDFHOOXODU�PDWUL[

7KH� JHQHUDWLRQ� DQG� PDLQWHQDQFH� RI� FRPSOH[� RUJDQV� OLNH� WKH
QHUYRXV� V\VWHP� UHTXLUHV� GLVWLQFW� LQWHUDFWLRQV� RI� FHOOV� DQG� WKHLU
HQYLURQPHQW��7KLV�LQWHUDFWLRQ�LV�PHGLDWHG�E\�GLIIXVLEOH�VXEVWDQFHV
OLNH�JURZWK� IDFWRUV��KRUPRQHV�� WUDQVPLWWHUV�DQG�E\�UHDO�FRQWDFWV
OLNH� FHOO�FHOO� LQWHUDFWLRQV� RU� FRQWDFWV� WR� WKH� H[WUDFHOOXODU� PDWUL[
�(&0���7KLV�VXUURXQGLQJ�PDWUL[�LV�D�FRPSOH[�QHWZRUN�RI�VHFUHWHG
PROHFXOHV�WKDW�GHILQHV�WKH�DUHDV��W\SHV�DQG�VSHFLDO�SURSHUWLHV�RI
WKH� WLVVXH� WKDW� LV� LQWHQGHG� WR� EH� GHYHORSHG� RU� PDLQWDLQHG�� ,W
FRQVLVWV� RI� FROODJHQ�� ILEURQHFWLQ�� ODPLQLQ�� SURWHRJO\FDQV�� SRO\�
VDFFKDULGHV�DQG��ZLWK�VSHFLDO�LPSDFW�RQ�WKLV�ZRUN��PHPEHUV�RI�WKH
WHQDVFLQ�JO\FRSURWHLQ�IDPLO\��7KH�FRQVWLWXWLRQ�RI�WKH�(&0�YDULHV�LQ
UHJDUG�WR�WKH�WLVVXH��)RU�H[DPSOH�WHQDVFLQ�5��71�5��LV�D�PHPEHU
WKDW�DOPRVW�H[FOXVLYHO\�DSSHDUV� LQ� WKH�FHQWUDO�QHUYRXV�V\VWHP�V
�&16��(&0��)XVV�HW�DO����������VHH�QH[W�VHFWLRQ���7KH�SURFHVVHV
LQ� ZKLFK� WKH� (&0� LV� LQYROYHG� DOVR� YDULHV�� 7KH\� UDQJH� IURP
SURYLGLQJ� PHFKDQLFDO� VWUHQJWK� DQG� VFDIIROGLQJ� WR� LQIOXHQFLQJ
SUROLIHUDWLRQ�� PLJUDWLRQ�� GLIIHUHQWLDWLRQ� DQG� DSRSWRVLV�� ,Q� WKH
QHUYRXV� V\VWHP� WKH� (&0� UHJXODWHV� V\QDSVH� IRUPDWLRQ�� V\QDSWLF
HIILFDF\�DQG�D[RQDO�SDWKILQGLQJ�

7KH�WHQDVFLQ�IDPLO\�RI�(&0�PROHFXOHV
&XUUHQWO\��WKHUH�DUH���NQRZQ�PHPEHUV�RI�WKH�WHQDVFLQ��71��IDPLO\
RI� PXOWLPHULF� (&0� JO\FRSURWHLQV� QDPHO\� 71�&� �&KLTXHW� DQG
)DPEURXJK� �������� (ULFNVRQ� DQG� ,QJOHVLDV� �������� .UXVH� HW� DO�
��������*UXPHW�HW�DO����������(ULFNVRQ�DQG�%RXUGRQ����������71�
5��3HVKHYD�HW�DO����������5DWKMHQ�HW�DO����������1RUHQEHUJ�HW�DO�
1HXURQ���������71�:��:HEHU�HW�DO�����������71�;��%ULVWRZ�HW�DO�
��������� 71�<� �+DJLRV�HW� DO�� ��������� 7XFNHU�HW� DO�� �������� DQG
71�1� �1HLGKDUGW� HW� DO�� ��������� 7KH\� DOO� VKDUH� D� FRPPRQ
VWUXFWXUDO� FRPSRVLWLRQ�� DQ� DPLQR�WHUPLQDO� F\VWHLQH�ULFK� GRPDLQ
IROORZHG� E\� D� VXFFHVVLRQ� RI� HSLGHUPDO� JURZWK� IDFWRU�OLNH� �(*)�
�



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
GRPDLQV� DQG� ILEURQHFWLQ� W\SH� ,,,�OLNH� GRPDLQV� �)1,,,��� $� VLQJOH
ILEULQRJHQ�OLNH�GRPDLQ��)%*��KRPRORJRXV�WR�ILEULQRJHQ�EHWD�DQG
JDPPD�FKDLQV��LV� ORFDWHG�DW�WKH�FDUER[\WHUPLQDO�HQG��71�;�DQG
71�<�FRQWDLQ� LQ�DGGLWLRQ�VHULQH�DQG�SUROLQH�ULFK�SDUWV��ZKLFK�DUH
LQVHUWHG�LQ�WKH�VXFFHVVLRQ�RI�)1�,,,�GRPDLQV��-RHVWHU�DQG�)DLVVQHU
��������
7KH�EHVW�NQRZQ�DQG�H[WHQVLYHO\�VWXGLHG�PROHFXOH�RI�WKLV�IDPLO\�LV
71�&�� ,WV� H[SUHVVLRQ� LV� JHQHUDOO\� GHWHFWHG� LQ� LPPDWXUH� DQG
UHDFWLYH� DVWURF\WHV� �%DUWVFK� ��������� $GGLWLRQDOO\�� LW� LV� DOVR
VHFUHWHG�E\�VXEVHWV�RI�UDGLDO�JOLD�FHOOV��.DZDQR�HW�DO����������DQG
E\�VXESRSXODWLRQV�RI�QHXURQV�ORFDOL]HG�LQ�WKH�KLSSRFDPSXV��VSLQDO
FRUG�� DQG� UHWLQD� �%DUWVFK� ��������� 'XULQJ� GHYHORSPHQW� RI� WKH
PXULQH� &16� LW� LV� H[SUHVVHG� LQ� DUHDV� RI� DFWLYH� D[RQDO� JURZWK�
5HWLQDO�JDQJOLRQ�FHOO�D[RQV�HORQJDWH� LQ�D�71�&�ULFK�HQYLURQPHQW
�%DUWVFK����������7KH�IDFW�WKDW�LQ�WKH�FKLFN�YLVXDO�V\VWHP�71�&�LV
DVVRFLDWHG�ZLWK�WKH�FHOO�VXUIDFH�RI�JOLDO�ILEHUV�DQG�JURZLQJ�D[RQV
�%DUWVFK� HW� DO�� �������� SURSRVHV� WKDW� LW� DOVR� SRVVHVVHV� JXLGLQJ
SURSHUWLHV� LQ�YLYR��,Q�WKH�SHULSKHUDO�QHUYRXV�V\VWHP��316��71�&
LV�ORFDWHG�WR�WKH�SHULQHXULXP�DQG�QRGHV�RI�5DQYLHU�LQ�DGXOW�QHUYHV
UHYHDOHG�E\� LPPXQRUHDFWLYLW\� �0DUWLQL� ��������%DUWVFK� ��������
,Q�UHDFWLRQ�WR�LQMXU\�RI�QHUYRXV�WLVVXH�WKH�H[SUHVVLRQ�RI�71�&�LV
XSUHJXODWHG�� 6WDE� ZRXQG� LQGXFHV� DQ� XSUHJXODWLRQ� RI� 71�&� E\
*ROJL�HSLWKHOLDO�FHOOV� LQ�WKH�FHUHEHOODU�FRUWH[��%DUWVFK���������RU
WKH� UH�H[SUHVVLRQ� RI� WKH� SURWHLQ� E\� UHDFWLYH� DVWURF\WHV� LQ� WKH
FHUHEUDO�FRUWH[��,Q�ERWK�SDUDGLJPV��HOHYDWHG�OHYHOV�RI�71�&�P51$
DQG�SURWHLQ�DUH�UHVWULFWHG�WR�WKH�LPPHGLDWH�YLFLQLW\�RI�WKH�OHVLRQ
VLWHV��,Q�QXPHURXV�LQ�YLWUR�VWXGLHV�71�&�KDV�EHHQ�GHPRQVWUDWHG
WR�EH�DGKHVLYH�RU�DQWL�DGKHVLYH��'RUULHV�HW�DO�� ��������)DLVVQHU
DQG�.UXVH���������*UXPHW�HW�DO����������.UXVH�HW�DO�����������WR
VXSSRUW�RU�UHVWULFW�FHOO�PLJUDWLRQ��&KXRQJ�HW�DO����������+XVPDQQ
HW� DO�� �������� DQG� WR� SURPRWH� RU� LQKLELW� QHXULWH� RXWJURZWK
�%DUWVFK� �������� 'RUULHV� HW� DO�� �������� )DLVVQHU� DQG� .UXVH
�������� /RFKWHU� HW� DO�� ��������� 7KHUH� DUH� WZR� LQGHSHQGHQWO\
JHQHUDWHG�FRQYHQWLRQDO�71�&�PRXVH�PXWDQWV��6DJD�HW�DO���������
)RUVEHUJ�HW�DO����������DQG�RQH�FRQGLWLRQDO�NQRFN�RXW��(YHUV�HW�DO�
��������� 71�&� GHILFLHQW� PLFH� JHQHUDWHG� E\� 6DJD� HW� DO�� UHYHDOV
IXQFWLRQV�IRU�71�&�LQ�WKH�IRUPDWLRQ��PDWXUDWLRQ��DQG�VWDELOL]DWLRQ
RI�WKH�QHXURPXVFXODU�MXQFWLRQ��&LIXHQWHV�'LD]�HW�DO�����������7KH
FRQVWLWXWLYHO\� 71�&� GHILFLHQW� PRXVH� PXWDQW� UHYHDOV� DQ
LPSDLUPHQW� RI� KLSSRFDPSDO� ORQJ�WHUP�SRWHQWLDWLRQ� �/73�� WKDW� LV
GHSHQGLQJ�RQ�/�W\SH�&D�FKDQQHOV��7KH�WKHWD�EXUVW�LQGXFHG�/73�LQ
WKH�&$��UHJLRQ�RI�WKH�KLSSRFDPSXV�LV�UHGXFHG�DQG�ORZ�IUHTXHQF\
VWLPXODWLRQ� IDLOV� WR� LQGXFH� ORQJ�WHUP� GHSUHVVLRQ� �/7'�� LQ
FRPSDULVRQ�WR�WKH�ZLOG�W\SH�VLWXDWLRQ�
7KH�\RXQJHVW�PHPEHU�RI�WKH�WHQDVFLQ�IDPLO\�LV�71�1��,W�LV�PDLQO\
H[SUHVVHG�LQ�NLGQH\�DQG�VSOHHQ�DQG�WR�ORZHU�OHYHOV�LQ�WKH�PXULQH
&16��1HLGKDUGW�HW�DO�����������$�QHZ�WHQDVFLQ�LQ�]HEUDILVK��'DQLR
UHULR�� LV� FDOOHG�71�:� �:HEHU�HW� DO�� ��������� ,W� LV�DEVHQW� LQ� WKH
&16� DQG� D[LDO� PHVRGHUP� EXW� LV� H[SUHVVHG� LQ� QHXUDO� FUHVW
SDWKZD\V�� ,Q� VHYHUDO� WLVVXHV� LW� LV� FRORFDOL]HG� ZLWK� 71�&� GXULQJ
GHYHORSPHQW��:HEHU�HW�DO�����������71�:�LV�SUHVHQW�LQ�WKH�ODWHUDO
SODWH� PHVRGHUP� DQG� LQ� WKH� SUHVXPSWLYH� VFOHURWRPH�� 0LJUDWLQJ
FHOOV� RI� VFOHURWRPDO� DQG� QHXUDO� FUHVW� RULJLQ� VKRZ� KLJK� OHYHOV� RI
H[SUHVVLRQ� LQ�QRQ�QHXURQDO� FHOOV�RI� WKH�GRUVDO� URRW�JDQJOLD��7KH
�



7KH�H[WUDFHOOXODU�PDWUL[
ODUJHVW�PHPEHU�RI�WKH�WHQDVFLQ�JO\FRSURWHLQ�IDPLO\�LV�71�;��,W�LV
SUHGRPLQDQWO\�H[SUHVVHG�LQ�FRQQHFWLYH�WLVVXH��PXVFOHV��LQFOXGLQJ
WKH� KHDUW��� VNLQ�� LQ� WKH� YLFLQLW\� RI� EORRG� YHVVHOV� DQG� LQ� WXPRUV
�6DNDL�HW�DO����������+DVHJDZD�HW�DO����������,NXWD�HW�DO���������
/HWKLDV� HW� DO�� ��������� 7KH� GLVHDVH� Ä(KOHU�'DQORV� V\QGURPH³
�%XUFK�HW�DO����������LV�DVVRFLDWHG�ZLWK�GHOHWLRQV�LQ�WKH�71�;�JHQH
DQG�UHVXOWV�LQ�FRQQHFWLYH�WLVVXH�GLVRUGHU��LPSDLUHG�ZRXQG�KHDOLQJ
DQG�YDVFXODU� IUDJLOLW\��71�<�ZDV� LGHQWLILHG� LQ� WKH�FKLFNHQ�DQG� LV
H[SUHVVHG� E\� FRQQHFWLYH� WLVVXH� WKDW� PRGXODWHV� PXVFOH� FHOO
JURZWK��,W�LV�DOVR�H[SUHVVHG�LQ�PXVFOHV��OXQJ��NLGQH\��VNLQ�DQG�LQ
WKH� DYLDQ� QHUYRXV� V\VWHP� �7XFNHU� HW� DO�� �������� +DJLRV� HW� DO�
������([S���)OXFN�HW�DO����������

7HQDVFLQ�5
$� PDMRU� VXEMHFW� RI� WKLV� ZRUN� LV� WKH� 71�5� PROHFXOH� GHVFULEHG
EHIRUH� DV� -����������� MDQXVLQ� RU� UHVWULFWLQ� �3HVKHYD� HW� DO�
�������� )XVV� HW� DO�� �������� 1RUHQEHUJ� HW� DO�� ��������� 8QGHU
QDWLYH� FRQGLWLRQV� LW� RFFXUV� DV� DQ� ROLJRPHU� OLNH� 71�&�� ,WV
H[SUHVVLRQ� LV�PDLQO\� IRXQG� LQ� WKH� ROLJRGHQGURF\WH� OLQHDJH�� 7KH
H[SUHVVLRQ�SHDNV�GXULQJ�WKH�SHULRG�RI�DFWLYH�P\HOLQDWLRQ��)XVV�HW
DO�����������,W�FDQ�EH�GHWHFWHG�LQ�UHWLQD��RSWLF�QHUYH��FHUHEHOOXP�
KLSSRFDPSXV�DQG�ROIDFWRU\�EXOE��2Q�WKH�FHOOXODU�OHYHO�LW�LV�IRXQG�DW
D[RQ�D[RQ� FRQWDFWV� RI�XQP\HOLQDWHG� D[RQV�� EHWZHHQ� D[RQV�DQG
P\HOLQDWLQJ�ROLJRGHQGURF\WH�SURFHVVHV��LQ�P\HOLQ�VKHDWKV�DQG�DW
WKH�QRGHV�RI�5DQYLHU��%DUWVFK�HW�DO�����������+HUH��71�5�LQWHUDFWV
ZLWK� YROWDJH� GHSHQGHQW� VRGLXP� FKDQQHOV�� ,Q� WKH� SHULQHXURQDO
QHWV�71�5�SOD\V�DOVR�DQ�LPSRUWDQW�UROH��7KLV�VSHFLDO�(&0�VWUXFWXUH
PDLQO\�FRQVLVWLQJ�RI� FKRQGURLWLQ� VXOIDWH�SURWHRJO\FDQV� �VHH�QH[W
VHFWLRQ��� K\DOXURQDQ�� OHFWLQV� DQG� JO\FRSURWHLQV� LV� HQZUDSSLQJ
KLSSRFDPSDO� LQKLELWRU\� LQWHUQHXURQV� �:HEHU� HW� DO�� �������� WKDW
KDYH� WKH� IROORZLQJ� SXWDWLYH� IXQFWLRQV�� V\QDSVH� VWDELOL]DWLRQ
�+RFNILHOG�DQG�0F.D\����������JURZWK�IDFWRU�UHVHUYRLU�IRU�FHUWDLQ
QHXURQV� �&HOLR� DQG� %OXPFNH� �������� DQG� LRQ�EXIIHULQJ
PLFURHQYLURQPHQW� �%UXFNQHU� HW� DO�� ��������� :LWKLQ� WKH
SHULQHXURQDO� QHWV� 71�5�PLJKW� IXQFWLRQ� DV� D� EDUULHU� DJDLQVW� WKH
IRUPDWLRQ�RI�QHZ�V\QDSVHV�EHFDXVH�LW�H[KLELWV�UHSHOOHQW�DQG�QRQ�
SHUPLVVLYH�SURSHUWLHV�WR�QHUYH�ILEUHV�DQG�JURZWK�FRQHV��;LDR�HW
DO�� ���������7KH� LQYHVWLJDWLRQ�RI� WKH�PRXVH�PXWDQW�GHILFLHQW� IRU
WKLV�PROHFXOH�VKRXOG�JLYH�LQVLJKWV�LQ�71�5�V�UROH�LQ�YLYR��2YHUDOO�
PDMRU� EUDLQ� DUHDV� VKRZ� D� QRUPDO� KLVWRDUFKLWHFWXUH�� QRUPDO
IRUPDWLRQ� DQG� VWUXFWXUH� RI� P\HOLQ� �:HEHU� HW� DO�� ��������� 7KH
DEQRUPDO� SKHQRW\SH� RI� WKH�PXWDQW� LV� GHSLFWHG� E\� D� GHFUHDVHG
FRQGXFWLRQ� YHORFLW\� RI� DFWLRQ� SRWHQWLDOV� LQ� WKH� RSWLF� QHUYH�� $OVR
GHFUHDVHG�LV�WKH�10'$�UHFHSWRU�GHSHQGHQW�/73�LQ�WKH�&$��UHJLRQ
RI� WKH� KLSSRFDPSXV�� $W� WKH� QRGH� RI� 5DQYLHU� WKH� DPRXQW� RI� D
FKRQGURLWLQ�VXOIDWH�SURWHRJO\FDQ��QDPHO\�SKRVSKDFDQ��LV�UHGXFHG�
7KH�VWUXFWXUH�FRPSRVHG�RI�VXFK�JO\FDQV�� WKH�SHULQHXURQDO�QHWV�
DUH� DIIHFWHG� LQ� WKHLU� LQWHJULW\� DURXQG� KLSSRFDPSDO� LQWHUQHXURQV
�:HEHU�HW�DO����������
�



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
&KRQGURLWLQ�VXOIDWH�SURWHRJO\FDQV
$QRWKHU�W\SH�RI�PROHFXOHV�WKDW�UHVLGH�LQ�WKH�(&0�DUH�FKRQGURLWLQ
VXOIDWH� SURWHRJO\FDQV� �&63*V��� 7KH\� FRQVLVW� RI� XS� WR� WKRXVDQG
UHSHDWLQJ�GLVDFFKDULGH�XQLWV�RI�JO\FRVDPLQRJO\FDQV��*$*V��ERXQG
WR�WKH�FRUH�SURWHLQ��7KH�XQEUDQFKHG�*$*�SRO\PHUV�DUH�DWWDFKHG
WR� WKH� SURWHLQ� WKURXJK� D� VHULQH� UHVLGXH� DQG� FHUWDLQ� RWKHU
FKDUDFWHULVWLF�FDUERK\GUDWH�ERQGV��7KH�*$*�XQLWV�DUH�FRQWDLQLQJ
FKRQGURLWLQ� VXOIDWH� �&6�� WKDW� LV� D� GLVDFFKDULGH� FRQVLVWLQJ� RI
JOXFXURQDWH�DQG�1�DFHW\OJDODFWRVDPLQH��*DO1$F���7KHUH�DUH�WZR
GLIIHUHQW� *DO1DF�V� SUHVHQW� LQ� &6�� 1�DFHW\O�'�JDODFWRVDPLQH���
VXOIDWH�DQG�1�DFHW\O�'�JDODFWRVDPLQH�WKDW� LV� LQVWHDG�VXOIDWHG�DW
LWV�&��SRVLWLRQ��&63*V�IRXQG�LQ�WKH�QHUYRXV�V\VWHP�DUH�DJJUHFDQ�
EUHYLFDQ��QHXURFDQ�DQG�YHUVLFDQ��7KHLU�GRPDLQ�VWUXFWXUH�FRQVLVWV
RI� 1�WHUPLQDO� ,J�OLNH� GRPDLQ�� WDQGHP� UHSHDWV� RI� K\DOXURQDQ�
ELQGLQJ�GRPDLQ�DQG�D�&�WHUPLQDO�UHJLRQ�FRQWDLQLQJ�(*)/�UHSHDWV�
&�W\SH� OHFWLQ�OLNH� DQG� FRPSOHPHQW� UHJXODWRU\� SURWHLQ�OLNH
GRPDLQV� �<DPDJXFKL� ��������� 0DQ\� LQWHUDFWLRQV� EHWZHHQ� (&0
DQG�FHOO� DGKHVLRQ�PROHFXOHV� �&$0��DUH�GHVFULEHG�� )RU�H[DPSOH�
QHXURFDQ� DQG� SKRVSKDFDQ� ELQG� WR� /��� 1&$0� DQG� D[RQLQ��
�)ULHGODQGHU� HW� DO�� �������� 0LOHY� HW� DO�� �������0LOHY� HW� DO�
���������&63*V� DOVR�ELQG� WR� WHQDVFLQV� �&�DQG�5��*UXPHW�HW� DO�
��������0LOHY�HW�DO�����������7KLV�ELQGLQJ�RI�DOO�&63*V�PHQWLRQHG
DERYH� RFFXU� DW� WKH� )1,,,� GRPDLQ� RI� 71�5� YLD� WKHLU� OHFWLQ�OLNH
GRPDLQ�
%DPDFDQ�LV�D�EDVHPHQW�PHPEUDQH�&63*�RI�a�����DPLQR�DFLGV
�,R]]R�DQG�&ODUN� ��������:X�DQG�&RXFKPDQ���������*KLVHOOL� HW
DO�� ��������� ,W� LV�PDSSHG� WR� ��T��� LQ� KXPDQ� DQG� WR� WKH� GLVWDO
UHJLRQ�RI�FKURPRVRPH����RI�PRXVH��7KH�KLJK�VHTXHQFH�KRPRORJ\
ZLWK�WKH�IDPLO\�RI�VWUXFWXUDO�PDLQWHQDQFH�RI�FKURPRVRPH�SURWHLQV
�60&�� VXJJHVWV� DQ� LQIOXHQFH� RI� EDPDFDQ� RQ� FKURPRVRPH
G\QDPLFV��JHQH�GRVDJH�DQG�'1$�UHSDLU��.RVKODQG�DQG�6WUXQQLNRY
�������� EXW� RWKHU� IXQFWLRQV� DUH� SRRUO\� LQYHVWLJDWHG� VR� IDU�
%DPDFDQ� GRHV� QRW� VKDUH� WRR� PXFK� KRPRORJLHV� ZLWK� WKH
PHQWLRQHG�&63*�PHPEHUV��2QH�RI�LWV�XQLTXH�IHDWXUHV�LV�EXLOGLQJ
XS�WZR�FRLOHG�FRLO�VWUXFWXUHV�WKDW�FRPSULVH�PRUH�WKHQ�����RI�WKH
WRWDO� SURWHLQ�� /DPLQLQ�� DQ� HVVHQWLDO� FRPSRQHQW� RI� WKH� EDVDO
ODPLQD�� KDV� EHHQ� VKRZQ� WR� LQWHUDFW� ZLWK� VXFK� FRLOHG�FRLO
VWUXFWXUHV�RI�&63*V��(QJHO����������$QRWKHU�IHDWXUH�VKDUHG�ZLWK
ODPLQLQ��β��FKDLQ��LV�WKH�/5(�VHTXHQFH�WKDW�KDV�EHHQ�VKRZQ�WR�EH
D�FHOO�DWWDFKPHQW�PRWLI��$QRWKHU�FHOO�DWWDFKPHQW�VLWH�RI�EDPDFDQ
LV� WKH� 97;*� PRWLI� FRUUHVSRQGLQJ� WR� WKDW� LQ� WKURPERVSRQGLQ� �
�7ROVPD�HW�DO����������
'XH� WR� WKH� IDFW� WKDW� GLVWLQFW� FKDQJHV� LQ� WKH� FRPSRVLWLRQ� DQG
FRQFHQWUDWLRQ�RI�&63*V�DUH�REVHUYDEOH�GXULQJ�EUDLQ�GHYHORSPHQW
�0LOHY� HW� DO�� �������� LW� FDQ� EH� VXJJHVWHG� WKDW� WKHVH�PROHFXOHV
KDYH�GLVWLQFW�IXQFWLRQV�LQ�JHQHUDWLRQ�DQG�PDLQWHQDQFH�RI�QHUYRXV
V\VWHP� WLVVXH�� )ROORZLQJ� D� &16� OHVLRQ�� &63*� H[SUHVVLRQ� LV
XSUHJXODWHG�IRUPLQJ�D�EDUULHU�WR�UHJURZLQJ�D[RQV��%RYROHQWD�DQG
)HUQDXG�(VSLQRVD� ��������� 7KLV� EDUULHU� FDQ� EH� RYHUFRPH� E\
GLJHVWLQJ�WKH�&6�RI�D�OHVLRQ�VLWH�ZLWK�FKRQGURLWLQDVH�LQ�YLWUR�DQG�LQ
YLYR��0RUJHQVWHUQ�HW�DO����������
��



,QWHJULQ�FHOO�UHFHSWRUV
,QWHJULQ�FHOO�UHFHSWRUV

7KH� PHGLDWRUV� EHWZHHQ� FHOOV� DQG� WKHLU� VXUURXQGLQJ�� HLWKHU
RSSRVLQJ� FHOOV�� WKH� (&0� RU� GLIIXVLEOH� IDFWRUV� DUH� LQ�PDQ\� FDVHV
KHWHURGLPHULF� WUDQVPHPEUDQH� JO\FRSURWHLQV� FDOOHG� LQWHJULQV�
7KH\� DUH� H[SUHVVHG� LQ� QHDUO\� DOO� PDPPDOLDQ� FHOO�W\SHV�� 7KHLU
FRPSRVLWLRQ�FDQ�EH�GUDZQ�IURP�D�VXEVHW�RI����DOSKD�VXEXQLWV�DQG
��EHWD� VXEXQLWV� �+\QHV� �������� UHVXOWLQJ� LQ� ��� GLVWLQFW� LQWHJULQ
UHFHSWRUV� WKDW� KDYH� VSHFLILF� DQG� QRQ�UHGXQGDQW� IXQFWLRQV�� 7KH
DOSKD�VXEXQLWV�UDQJH� LQ�VL]H�IURP�����WR�����N'D�DQG�WKH�QRQ�
FRYDOHQWO\�ERXQG�EHWD�VXEXQLWV�UDQJH�IURP����WR�����N'D��%RWK
FRQWDLQ� K\GURSKRELF� WUDQVPHPEUDQH� VHJPHQWV� DQG� UDWKHU� VKRUW
F\WRSODVPLF�GRPDLQV�����WR����DPLQR�DFLGV��+\QHV���������WKDW
SOD\�DQ�LPSRUWDQW�UROH�LQ�VLJQDOOLQJ��,Q�FRQWUDVW��WKH�H[WUDFHOOXODU
GRPDLQV� DUH� ODUJHU� DQG� FRPSOH[� VWUXFWXUHV�� 7KHVH� SDUWV� RI� WKH
EHWD�VXEXQLWV�DUH�DOZD\V�ELJJHU�WKDQ����N'D�DQG�ODUJHU�WKDQ����
N'D�LQ�FDVH�RI�WKH�DOSKD�VXEXQLW��,QWHJULQV�KDYH�DQ�DFWLYH��³21´��
VWDWH�� 7KLV� GHSHQGV� RQ� FHUWDLQ� FRQGLWLRQV� L�H�� GLYDOHQW� FDWLRQV
�0Q��� �� 0J���� DUH� UHTXLUHG� WR� LQWHUDFW� ZLWK� WKH� H[WUDFHOOXODU
PHWDO� LRQ� GHSHQGHQW� DGKHVLRQ� VLWH� �0,'$6�� (PVOH\� HW� DO�
��������� 7KH� DFWLYDWLRQ� RI� WKH� RIWHQ� FRQVWLWXWLYHO\� LQDFWLYH
LQWHJULQV� PD\� DOVR� EH� WULJJHUHG� IURP� LQVLGH� RI� WKH� FHOO�� 7KHVH
F\WRSODVPLF� HYHQWV� ZLOO� EH� GHSLFWHG� ODWHU� LQ� WKLV� VHFWLRQ�
*HQHUDWLQJ� DQG� UHFHLYLQJ� VLJQDOV� PDNHV� LQWHJULQV� H[FHSWLRQDO�
7KHUHIRUH� WKH\� DUH� WR� EH� FRQVLGHUHG� UDWKHU� DV� PHGLDWRUV� WKDQ
³MXVW´�UHFHSWRUV�
7R� IXOILO� FODVVLFDO� UHFHSWRU� SURSHUWLHV� WKH� UHFRJQLWLRQ� RI� ELQGLQJ
PRWLIV�RQ�FRXQWHUUHFHSWRUV�RU� OLJDQGV�E\�WKH�DFWLYH�H[WUDFHOOXODU
GRPDLQ�LV�QHFHVVDU\��7KHVH�PRWLIV�RI�WKH�(&0�OLJDQG�DUH�UHODWLYHO\
VKRUW�SHSWLGH�VHTXHQFHV��,Q�FDVH�RI�ILEURQHFWLQ�DQG�YLWURQHFWLQ�LW
LV�WKH�$UJ�*O\�$VS��5*'��5XRVODKWL�DQG�3LHUVFKEDFKHU����������LQ
FDVH�RI�FROODJHQ�W\SH�,�LW�LV�WKH�$VS�*O\�*OX�$OD��'*($��SHSWLGH�RI
WKH� OLJDQG�� )XUWKHU� FRPPRQ�PRWLIV� DUH� /\V�*OQ�$OD�*O\�$VS�9DO
�.4$*'9��� *OX�,OH�/HX�$VS�9DO� �(,/'9�� DQG� *O\�3UR�$UJ�3UR
�*353��+\QHV����������$FFHSWLQJ�VKRUW�SHSWLGHV�DV�OLJDQGV�PDNHV
LQWHJULQV�YXOQHUDEOH� WR� VR� FDOOHG� GLVLQWHJULQV� IURP� VQDNH�YHQRP
WR[LQV� �6FDUERURXJK� HW� DO�� �������� DQG� DUWLILFLDOO\� JHQHUDWHG
SHSWLGHV� OLNH� $UJ�*O\�$VS�6HU� �5*'6�� 3LHUVFKEDFKHU� DQG
5XRVODKWL����������)RU�LQWHUDFWLRQV�ZLWK�WKHVHV�VPDOO� OLJDQGV�WKH
LQWHJULQV� GR� QRW� KDYH� WR� EH� LQ� WKH� 21�VWDWH� �&ROOHU� ��������
$[RQDO� JURZWK� FRQH� JXLGDQFH� LV� DOVR� D� PHFKDQLVP� LQ� ZKLFK
LQWHJULQV� IXOILO� FODVVLFDO� UHFHSWRU� WDVNV�� ,QWHJULQV� DUH� LQIOXHQFLQJ
JURZWK� FRQH� DGYDQFHPHQW� E\� UHFRJQL]LQJ� FRPSRQHQWV� RI� EDVDO
ODPLQD� (&0�� ,Q� WKLV� FDVH�� ODPLQLQV� �L�H�� ODPLQLQ� ��� ODPLQLQ� ��
ODPLQLQ���DQG�����DUH�D[RQ�RXWJURZWK�SURPRWLQJ�PROHFXOHV�WKDW
LQIOXHQFH�� YLD� LQWHJULQ� �α�β�� RU� α�β���� α�DFWLQLQ� RU� WDOLQ� DQG
YLQFXOLQ�� WKH� DFWLQ� PLFURILODPHQWV� WKDW� DUH� QHFHVVDU\� IRU� WKH
JURZWK� FRQH� DGYDQFHPHQW� �7HVVLHU�/DYLJQH� DQG� *RRGPDQ
��������� ,QWHJULQ� PHGLDWHG� FHOO�(&0� DGKHVLRQ� VLWHV� DUH� FDOOHG
IRFDO�FRQWDFWV�RU�IRFDO�DGKHVLRQV��-RFNXVFK�HW�DO����������
7KH� F\WRSODVPLF� GRPDLQV� JLYH� LQWHJULQV� H[FHSWLRQDO� IHDWXUHV�
6RPH�RI�WKHVH�GRPDLQV�DUH�DOWHUQDWLYHO\�VSOLFHG�LQ�D�WLVVXH�W\SH
VSHFLILF� DQG� GHYHORSPHQWDOO\� UHJXODWHG� PDQQHU�� 7KH\� FDQ
UHJXODWH�WKH�DFWLYDWLRQ�VWDWH�RI�WKH�KHWHURGLPHU��WKHUHE\�DIIHFWLQJ
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�H[WUDFHOOXODU�GRPDLQV��0HGLDWLQJ
D�VLJQDO�WKDW�LV�FRPLQJ�IURP�UHJXODWRU\�SURWHLQV�RI�WKH�F\WRSODVP
WR� WKH� H[WHUQDO� OLJDQG� ELQGLQJ� GRPDLQV� LV� FDOOHG� ³LQVLGH�RXW´
VLJQDOOLQJ��*LQVEHUJ�HW�DO����������� LQ�GLVWLQFWLRQ� WR�WKH�FODVVLFDO
RXWVLGH�LQ� VLJQDOOLQJ�� $V� DQ� H[DPSOH� IRU� F\WRSODVPLF� SURWHLQV
KDYLQJ�WKH�DELOLW\�RI�WULJJHULQJ�D�VLJQDO�WR�WKH�RXWVLGH��RQH�KDV�WR
PHQWLRQ� WKH� 5DV�UHODWHG� VPDOO� JXDQRVLQH� WULSKRVSKDWDVHV
�*73DVHV���7KH�*73DVHV�DQG�WKHLU�GRZQVWUHDP�HIIHFWRUV�DUH�DEOH
WR� PRGXODWH� WKH� OLJDQG� ELQGLQJ� DIILQLW\� RI� LQWHJULQV�� HLWKHU
SRVLWLYHO\� RU� QHJDWLYHO\� �/DXGDQQD� HW� DO�� �������� =KDQJ� HW� DO�
��������� 7UDQVIHFWLRQ� RI� FHOOV� ZLWK� FRQVWLWXWLYHO\� DFWLYH� 5�5DV
LQGXFHV�DQ�LQFUHDVH�LQ�LQWHJULQ�DIILQLW\��=KDQJ�HW�DO�����������8S
WR�QRZ��LW�ZDV�QRW�VKRZQ�WKDW�WKHVH�SURWHLQV�LQWHUDFW�GLUHFWO\�ZLWK
WKH� F\WRSODVPLF� GRPDLQ� RI� WKH� LQWHJULQV� �LQ� WKLV� FDVH� β���� ,Q
FRQWUDVW��WKLV�KDV�EHHQ�GHPRQVWUDWHG�IRU�WDOLQ��α�DFWLQLQ�DQG�IRFDO
DGKHVLRQ� NLQDVH� �)$.�� %XUULGJH� ��������� 7KH� LQWHUDFWLRQ� RI
F\WRSODVPLF� SURWHLQV� ZLWK� WKH� LQWHJULQ� RFFXUV� DW� WKH� VKRUW
VHTXHQFH�RI�$VQ�3UR�;�7\U��13;<���7KH�13;<�PRWLI�ZDV�RULJLQDOO\
IRXQG�WR�EH�QHFHVVDU\�IRU�UHFHSWRU�PHGLDWHG�HQGRF\WRVLV��&KHQ�HW
DO�����������1DWXUDOO\�RFFXUULQJ�VSOLFH�YDULDQWV�RI�WKH�β��VXEXQLW
ODFNLQJ� WKH�13;<�DUH�QR� ORQJHU� ORFDOL]HG� WR� IRFDO�DGKHVLRQ�VLWHV
�5HV]ND�HW�DO����������%DO]DF�HW�DO�����������0RVW�UHFHQWO\�LW�KDV
EHHQ�VKRZQ�WKDW�D�F\WRSODVPLF�β��ELQGLQJ�6HU�7KU�NLQDVH�FDOOHG
LQWHJULQ�OLQNHG�NLQDVH��,/.��LQIOXHQFHV�QHUYH�JURZWK�IDFWRU��1*)��
GHSHQGHQW� QHXULWH� RXWJURZWK� �0LOOV� HW� DO�� ��������� $QRWKHU
SURWHLQ� WKDW� ELQGV� WR� β�� LQWHJULQ� F\WRSODVPLFDOO\� LV� GHVFULEHG� LQ
WKH�QH[W�VHFWLRQ�LQ�YLHZ�RI�LWV�LPSRUWDQFH�IRU�P\�ZRUN�

,QWHJULQ�DVVRFLDWHG�SURWHLQ��ERGHQLQ�,&$3
,QWHJULQ� &\WRSODVPLF� 'RPDLQ� $VVRFLDWHG� 3URWHLQ� �� �LQ� KXPDQ�
,&$3��α �&KDQJ�HW�DO����������LQ�PRXVH��ERGHQLQ�RU�LQWHJULQ�EHWD
��ELQGLQJ�SURWHLQ����,WJE�ES����)DLVVW�DQG�*UXVV���������LV�D����
DPLQR� DFLG� SKRVSKRSURWHLQ�� 7KH� GLVWULEXWLRQ� RI� ,&$3� WUDQVFULSWV
VXJJHVWHG�E\�1RUWKHUQ�%ORW�$QDO\VLV�KDV�D�EURDG�WLVVXH�VSHFWUXP�
%RGHQLQ�� WKH� PRXVH� RUWKRORJ�� H[KLELWV� D� PRUH� UHVWULFWHG
H[SUHVVLRQ�YLD�JHQH�WUDS�/DF=�LQVHUWLRQ��,W�UHYHDOV�WUDQVFULSWV�LQ
KHDUW��YLVXDO�V\VWHP�DQG�UHJLRQV�RI�WKH�IRUHEUDLQ�DQG�FHUHEHOOXP
RI�QHZERUQ�DQG�DGXOW�PLFH�
,&$3� LV� ELQGLQJ� WR� WKH� β�� LQWHJULQ� F\WRSODVPLF� GRPDLQ�� 7KH
LQWHUDFWLRQ�� ZKLFK� ZDV� GHPRQVWUDWHG� ERWK� LQ� YLWUR� DQG� LQ� YLYR
�&KDQJ�HW�DO���������DQG�=KDQJ�HW�DO�����������LV�VSHFLILF�IRU�WKH
β�� LQWHJULQV� DQG� UHTXLUHV� WKH� $VQ� DQG� 7\U� UHVLGXHV� RI� WKH
PHPEUDQH�GLVWDO�13;<�PRWLI��7KH�DELOLW\�RI�,&$3�WR�LQWHUDFW�RQO\
ZLWK� WKH� β�� F\WRSODVPLF� GRPDLQ� LV� DWWULEXWHG� WR� DQ� DGGLWLRQDO
UHTXLUHPHQW�RI�9DO� UHVLGXH�DPLQR�WHUPLQDO� WR� WKH�13;<�� ,Q�&+2
FHOOV�� DGKHVLRQ� RQ� ILEURQHFWLQ� LV� UHJXODWHG� E\� ,&$3
SKRVSKRU\ODWLRQ�DW�WKUHRQLQH����WKURXJK�WKH�FDOFLXP�FDOPRGXOLQ�
GHSHQGHQW�SURWHLQ�NLQDVH�,,��&D0.,,��%RXYDUG�DQG�%ORFN���������
5HFHQW�VWXGLHV�JLYH�LQVLJKWV�LQWR�SXWDWLYH�,&$3�IXQFWLRQV��2QH�RI
WKHVH�LQWHUDFWLRQV�OLQNV�,&$3�WR�.UHY�,QWHUDFWLRQ�7UDSSHG����NULW��
�=KDQJ�HW�DO�����������0XWDWLRQV�LQ�.5,7��DFFRXQW�IRU�DOO�FDVHV�RI
&HUHEUDO� &DYHUQRXV� 0DOIRUPDWLRQ� ��� �&&0��� LQ� WKH� �T� ORFXV
�'DYHQSRUW�HW�DO����������=DZLVWRZVNL�HW�DO�����������&&0�LV�DQ
DXWRVRPDO� GRPLQDQW� GLVRUGHU� DQG� LV� JHQHWLFDOO\� KHWHURJHQHRXV
��



1HXULWH�RXWJURZWK
ZLWK� ORFL� RQ� �T� �&&0���� �S� �&&0��� DQG� �T� �&&0���� $QRWKHU
LQWHUDFWLRQ� SDUWQHU� LV� WKH� KXPDQ�PHWDVWDVLV� VXSSUHVVRU� 3URWHLQ
QP���+�� �DOVR� FDOOHG� 1'3� .LQDVH� %��� ,W� EHORQJV� WR� WKH� QP��
IDPLO\�RI�SURWHLQV�FRQVLVWLQJ�RI�FXUUHQWO\�HLJKW�PHPEHUV��QP���
+�� WR� QP���+��� /DFRPEH� HW� DO�� ��������� 7KHVH�PHPEHUV� SOD\
WKHLU� UROHV� LQ� QXFOHRWLGH� PHWDEROLVP�� FHOO� GHYHORSPHQW� DQG
GLIIHUHQWLDWLRQ� �/RPEDUGL� HW� DO�� ��������� )XUWKHUPRUH�� ,&$3� LV
OLQNHG� WR� WKH� GLVUXSWLRQ� RI� IRFDO� DGKHVLRQV� YLD� FRPSHWLWLYH
LQKLELWLRQ�RI�WDOLQ�V�ELQGLQJ�WR�WKH�β��LQWHJULQ�F\WRSODVPLF�GRPDLQ
DQG�WKHUHE\�DFWLQJ�DV�D�NH\�UHJXODWRU�RI�FHOO�DGKHVLRQ��%RXYDUG�HW
DO����������

1HXULWH�RXWJURZWK

,Q� QHXURQDO� GHYHORSPHQW�� D[RQDO� JURZWK� DQG� GHQGULWLF� WUHH
H[WHQVLRQ� DUH� NH\� SURFHVVHV�� $[RQV� DQG� GHQGULWHV� DUH� DOVR
UHIHUUHG� WR� DV� ³QHXULWHV �́� %\� RXWJURZLQJ� VXFK� QHXULWHV�� WKH
QHXURQDO�VKDSH�LV�GHILQHG�DQG�PRGXODWHG��1HXURQDO�SDWK�ILQGLQJ
LV�HVVHQWLDO�IRU�WKH�HVWDEOLVKPHQW�RI�V\QDSWLF�FRQQHFWLRQV�GXULQJ
GHYHORSPHQW��1HXURQDO�SODVWLFLW\�DQG�QHXURQDO�UHJHQHUDWLRQ�IURP
LQMXULHV�RU�QHXURSDWKRORJLFDO�FRQGLWLRQV�DUH�IXUWKHU�NH\�VLWXDWLRQV
LQ� ZKLFK� QHXULWH� RXWJURZWK� SOD\V� D� PDMRU� UROH�� ([WUDFHOOXODU
JXLGDQFH� PROHFXOHV� WKDW� DFW� DV� LQVWUXFWLYH� VLJQDOV� JLYH� ULVH� WR
UHPRGHOOLQJ� WKH� QHXURQDO� F\WRVNHOHWRQ�� SURPRWLQJ� RU� LQKLELWLQJ
D[RQDO� RXWJURZWK� DQG� LQGXFLQJ� D[RQDO� WXUQLQJ� �0XHOOHU� �������
1DNDPXUD�HW�DO�� ���������7KHVH�GLYHUVH�JXLGDQFH�PROHFXOHV�DUH
HLWKHU�VROXEOH�RU�VXEVWUDWH�ERXQG�VXEVWDQFHV��7KH�JURZWK�FRQH�LV
WKH�SULPDU\�UHFHSWRU�RI�WKHVH�VLJQDOV��,WV�SHULSKHUDO�DQG�FHQWUDO
UHJLRQV� DUH� ULFK� LQ� DFWLQ� PLFURILODPHQWV� DQG� PLFURWXEXOHV�
$OWHUDWLRQV� LQ� WKH� OHYHOV� RI� DFWLQ� SRO\PHUL]DWLRQ� DQG
GHSRO\PHULVDWLRQ�DIIHFW� WKH�G\QDPLFV�RI� WKH�PLFURWXEXOHV� �%DDV
��������ZKLFK�LV�HVVHQWLDO�IRU�WKH�FRUUHFW�QDYLJDWLRQ�RI�WKH�D[RQ�LQ
UHVSRQVH�WR�WKH�VXEPLWWHG�VLJQDO��
,Q�FHOO�FXOWXUH��QHXULWH�RXWJURZWK�LV�LQIOXHQFHG�E\�WKH�ELQGLQJ�RI�D
³QHXURWURSKLF´� OLJDQG� WR� LWV� UHFHSWRU�� UHVXOWLQJ� LQ� FDVFDGHV� RI
VLJQDO�WUDQVGXFWLRQ�HYHQWV�WKDW�LQGXFH�PRGXODWLRQ�RI�F\WRVNHOHWDO
FRPSRQHQWV� DQG�PHPEUDQH� WUDIILFNLQJ� HYHQWV� WKDW� H[HFXWH� WKH
SURFHVV�� 7KHVH� OLJDQGV� DUH� HLWKHU� FRDWHG� DV� D� VXEVWUDWH� RU
GLVVROYHG� LQ� WKH� PHGLXP�� ,W� LV� DOVR� VRPHWLPHV� QHFHVVDU\� WR
PRGLI\�WKH�ZD\�D�FRDWHG�VXEVWUDWH�LV�SUHVHQWHG��)RU�H[DPSOH��WKH
ZD\�LQ�ZKLFK�71�5�LV�FRDWHG�LQIOXHQFHV�JURZWK�FRQH�UHVSRQVH��,I
RIIHUHG� DV� D� VKDUS� VXEVWUDWH� ERXQGDU\� WR� GRUVDO� URRW� JDQJOLRQ
�'5*�� DQG� UHWLQDO� JDQJOLRQ� QHXULWHV� WKH� JURZWK� FRQHV� DYRLG
JURZLQJ�RQ� WKLV�PROHFXOH�� $V�D� KRPRJHQRXV� VXEVWUDWH� WRJHWKHU
ZLWK�SRO\�/�O\VLQ��3//��WKH�'5*�JURZWK�FRQHV�DUH�DEOH�WR�DGYDQFH
IDVWHU�WKDQ�RQ�3//�DORQH��+RZHYHU��RXWJURZWK�RI�UHWLQDO�JDQJOLRQ
QHXURQ� JURZWK� FRQHV� LV� FRPSOHWHO\� LQKLELWHG� XQGHU� WKHVH
FRQGLWLRQV� �7D\ORU� HW� DO�� �������� VKRZLQJ� WKDW� QRW� DOO� W\SHV� RI
QHXURQV�UHVSRQG�LQ�WKH�VDPH�PDQQHU��
��
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(PEU\RQLF�VWHP�FHOOV

(PEU\RQLF�VWHP��(6��FHOOV�DUH�GHULYHG� IURP�WKH� LQQHU�FHOO�PDVV
�,&0��RI�WKH�EODVWRF\VW��7KH�EODVWRF\VW�LV�DQ�HDUO\��GD\�����SRVW
FRLWXV� RU� � SRVW� FRQFHSWLRQ�� 3&�� HPEU\RQLF� VWDJH� SULRU� WR
LPSODQWDWLRQ� WR� WKH�XWHULQH�ZDOO��0XULQH�(6�FHOOV� FDQ�EH�KHOG� LQ
ORQJ�WHUP�FXOWXUHV��(YDQV�DQG�.DXIPDQQ���������VWD\LQJ�VWDEOH
ZLWK�QR�FKDQJHV� LQ�NDU\RW\SH��(YDQV�DQG�.DXIPDQQ���������� ,W
ZDV�VKRZQ�WKDW�WKH\�VWD\�XQGLIIHUHQWLDWHG�DQG�SOXULSRWHQW�RYHU�D
SHULRG�RI�WZR�\HDUV��6PLWK����������+LJK�WHORPHUDVH�DFWLYLW\��QR
LQDFWLYDWHG� ;�FKURPRVRPH� DQG� FRQWLQXRXV� '1$� UHSOLFDWLRQ
�PLWRWLF� 6�SKDVH�� DUH� VSHFLILF� IRU� PXULQH� (6� FHOOV�� 7KH
SOXULSRWHQF\�DOORZV�(6�FHOOV�WR�GLIIHUHQWLDWH�LQWR�FHOOV�RI�WKH�WKUHH
JHUP� OD\HUV�� HQGR��� PHVR�� DQG� HFWRGHUP� LQ� FRQWUDVW� WR
RPQLSRWHQW� FHOOV� WKDW� FRXOG� DGGLWLRQDOO\� JLYH� ULVH� WR� D� ZKROH
RUJDQLVP��%\�LQVHUWLQJ�ODEHOOHG�XQGLIIHUHQWLDWHG�(6�FHOOV�LQWR�WKH
EODVWXOD� RI� D� GHYHORSLQJ� HPEU\R� WKH� SOXULSRWHQW� DELOLW\� FDQ� EH
GHPRQVWUDWHG�� 7KH� HPEU\R� WKDW� GHYHORSV� IURP� WKLV� DOWHUHG
EODVWXOD� KDV� ODEHOOHG� FHOOV� LQ� WLVVXHV� WKDW� VWHP� IURP� WKH� WKUHH
SULPDU\� JHUP� OD\HUV�� 6XFK� DQ� DQLPDO� LV� FDOOHG� D� FKLPHUD�
7UDQVSODQWLQJ�XQGLIIHUHQWLDWHG�(6�FHOOV�LQWR�DQLPDOV�FDQ�JLYH�ULVH
WR� WHUDWRPDV�� 7KHVH� NLQGV� RI� WXPRUV� FRQWDLQ� FHOOV� IURP� WKH
PHQWLRQHG�JHUP�OD\HUV��L�H��HSLWKHOLDO��PXVFOH��FDUWLODJH�ERQH�DQG
QHXUDO�FHOOV���7KLV�H[DPSOH� LQGLFDWHV�WKDW�WKH�SRVLWLYH�IHDWXUH�RI
SOXULSRWHQF\�PDNHV�LW�QHFHVVDU\�WR�SUHGLIIHUHQWLDWH�(6�FHOOV�SULRU
WR�LPSODQWDWLRQ�LQ�RUGHU�WR�SUHYHQW�WKH�JHQHUDWLRQ�RI�WXPRUV��(6
FHOOV�DUH�LQGXFLEOH�WR�SUROLIHUDWH�RU�GLIIHUHQWLDWH�E\�VHYHUDO�LQ�YLWUR
WHFKQLTXHV�� ,Q� FXOWXUH�� (6� FHOOV� DUH� FORQRJHQLF�� $� VLQJOH� (6� FHOO
JLYHV�ULVH�WR�D�FRORQ\�RI�LGHQWLFDO�FHOOV��FORQH���7R�NHHS�WKHP�LQ�DQ
XQGLIIHUHQWLDWHG�VWDWH�WKH\�DUH�FXOWXUHG�RQ�D�IHHGHU�FHOO� OD\HU�RI
PXULQH� ILEUREODVWV� �0()�� DQG� XQGHU� WKH� LQIOXHQFH� RI� OHXNHPLD
LQKLELWRU\� IDFWRU� �/,)��� DQ� LQWHUOHXNLQ��� F\WRNLQH�� )RU� WKH
SUHVHQWHG�ZRUN�LW�ZDV�QHFHVVDU\�WR�JHQHUDWH�SUHFXUVRU�FHOOV�WKDW
DUH� OLPLWHG� LQ� WKHLU� IXWXUH� OLQDJH� GHFLVLRQ� WRZDUGV� WKH� QHXUDO
GLUHFWLRQ��)RU�DFKLHYLQJ�WKLV�GLIIHUHQWLDWLRQ��(6�FHOOV�DUH�LQGXFHG�WR
IRUP� IUHH� IORDWLQJ� DJJUHJDWHV� FDOOHG� HPEU\RLG� ERGLHV� �(%V�� E\
FXOWXULQJ�LQ�QRQ�DGKHVLYH�FXOWXUH�GLVKHV�ZLWKRXW�0()�DQG�/,)��7KH
SUHFXUVRU� FHOOV� DUH� JHQHUDWHG� WKURXJK� WKH� DGKHUHQW� JURZWK� LQ
PHGLXP� FRQWDLQLQJ� VSHFLILF� IDFWRUV� WKDW� WULJJHU� GLIIHUHQWLDWLRQ
FDVFDGHV� WR� WKH� GHVLUHG� GLUHFWLRQ�� /LNH� WKLV�� (6� FHOOV� FDQ� EH
GLUHFWHG� WR� GLIIHUHQWLDWH� LQWR� HDUO\� QHXUDO� SURJHQLWRUV� DQG� IURP
WKHUH� LQWR� PDWXUH� QHXURQV� DQG� JOLD� �DVWURF\WHV� DQG
ROLJRGHQGURF\WHV��2NDEH�HW�DO�����������

$UUD\�H[SUHVVLRQ�DQDO\VLV

,QYHVWLJDWLQJ� WKH� TXHVWLRQ� ZKLFK� LQWHUSOD\� RI� PROHFXOHV� RU
FRPSHQVDWRU\�G\VUHJXODWLRQ�OHDGV�WR�WKH�UDWKHU�PLOG�SKHQRW\SH�RI
D� NQRFN� RXW� DQLPDO� UHTXLUHV� ³H[SUHVVLRQ� SURILOLQJ �́� $GGLWLRQDOO\�
QHZ�FDQGLGDWHV�WKDW�DUH�UHODWHG�WR�WKH�NQRFNHG�RXW�JHQH�PLJKW�EH
IRXQG�� &ODVVLFDO� PHWKRGV� IDFLQJ� WKHVH� TXHVWLRQV� DUH� H[SUHVVHG
VHTXHQFH� WDJV� �(67�� VHTXHQFLQJ� �$GDPV� HW� DO�� �������
��



=LHOVHW]XQJ�$LP�RI�WKLV�ZRUN
VXEWUDFWHG�VXSSUHVVLRQ�K\EULGL]DWLRQ��66+��DOVR�FDOOHG�GLIIHUHQWLDO
GLVSOD\��''��/LDQJ�DQG�3DUGHH���������DQG�VHULDO�DQDO\VLV�RI�JHQH
H[SUHVVLRQ��6$*(��9HOFXOHVFX�HW�DO�����������7KH�JUHDW�DGYDQWDJH
RI�KLJK�GHQVLW\�DUUD\HG�VSRWWHG�F'1$V��WHUPHG�PLFURDUUD\��LV�WKH
HQRUPRXV�QXPEHU�RI�SDUDOOHO�H[SHULPHQWV�WKDW�FDQ�EH�SHUIRUPHG
LQ�RQH�VWHS��$FKLHYLQJ�KLJK�WKURXJKSXW�DQG�KLJK�VHQVLWLYLW\�ZHUH
WKH�JRDOV�WKDW�OHG�WR�WKH�GHYHORSPHQW�RI�PLFURDUUD\V��,Q�WKLV�ZRUN
DUUD\V� GHYHORSHG� E\� WKH� /HKUDFK� JURXS� DW� WKH� 0D[� 3ODQFN
,QVWLWXWH� IRU� 0ROHFXODU� *HQHWLFV� �%HUOLQ�� *HUPDQ\�� ZHUH� XVHG�
7KHVH� FRQVLVW� RI� D� VXEVHW� RI� GV'1$� SRO\PHUDVH� FKDLQ� UHDFWLRQ
�3&5�� SURGXFWV� WKDW� ZHUH� JHQHUDWHG� E\� ROLJRQXFOHRWLGH
ILQJHUSULQWLQJ��0HLHU�(ZHUW�HW�DO�����������7KH�ROLJR�ILQJHUSULQWLQJ
SURYLGHV�D�JRRG�WRRO�WR�FKDUDFWHUL]H�F'1$�OLEUDULHV��,Q�WKLV�FDVH
WKH� OLEUDU\� FRQVLVWHG� RI� ������� F'1$� FORQHV� WKDW� HYROYHG� IURP
SRROLQJ� DQG� FORQLQJ� WKH�P51$V� LVRODWHG� RI� HPEU\RQLF�PLFH� �(�
DQG�(�����7KURXJK�WKH�ILQJHUSULQWLQJ������XQLTXH�P51$�VSHFLHV
ZHUH�VKRZQ�WR�EH�HDFK�UHSUHVHQWHG�E\�D�VLQJOH�F'1$�FORQH��3&5
SURGXFWV�RI�WKHVH�FORQHV�DUH�WKHQ�VSRWWHG�LQ�GXSOLFDWHV�RQ�Q\ORQ
PHPEUDQHV�KDYLQJ�WKH�VL]H�RI�D�PLFURWLWHU�SODWH��$IWHU�SURFHVVLQJ
WKHVH� PHPEUDQHV� WKH\� ZHUH� K\EULGL]HG� ZLWK� SRO\� $�� P51$
SUREHV� WKDW� ZHUH� UDQGRP� SULPHG� UDGLRDFWLYHO\� ODEHOOHG�� $
FRPSXWHU�DQDO\VLV�RI�WKH�SKRVSKRLPDJHU�SLFWXUHV�JDYH�ULVH�WR�WKH
H[SUHVVLRQ�SURILOH��7KLV�SURILOH�KDV�WR�EH�VHHQ�DV�D�VQDSVKRW�RI�WKH
YHU\�G\QDPLF�WUDQVFULSW�VLWXDWLRQ�DQG�IRU�D�EHWWHU�XQGHUVWDQGLQJ
RI� LWV�UHJXODWRU\�SURFHVVHV�PLFH�RI�GLIIHUHQW�DJHV�ZRXOG�KDYH�WR
EH�VWXGLHG��+RZHYHU��LQ�WKLV�FDVH�D�KXJH�DPRXQW�RI�GDWD�PXVW�EH
KDQGOHG�DQG�HODERUDWHO\�HYDOXDWHG��7KXV��LW�LV�UHDVRQDEOH�WR�SRVH
D� SUHFLVH� TXHVWLRQ� WKDW�PDNHV� LW� QHFHVVDU\� WR� ORRN� DW� D� FUXFLDO
WLPH�SRLQW�OLNH�WKH�SHULRG�RI�DFWLYH�P\HOLQDWLRQ�ZKHQ�71�5�LV�PRVW
KLJKO\�H[SUHVVHG�

=LHOVHW]XQJ
$LP�RI�WKLV�ZRUN

,Q�WKH�SDVW�GHFDGH��VL[�PHPEHUV�RI�WKH�WHQDVFLQ�IDPLO\�KDYH�EHHQ
LGHQWLILHG� DQG� FKDUDFWHUL]HG�� 71�5� LV� H[SUHVVHG� LQ� WKH� FHQWUDO
QHUYRXV� V\VWHP� DQG� VKRZV� GLYHUVH� IXQFWLRQV� RQ� RXWJURZLQJ
QHXULWHV�DQG�PLJUDWLQJ�QHXUDO�FHOOV��,Q�FRQWUDVW�WR�WKHVH�VWULNLQJ�LQ
YLWUR�ILQGLQJV��D�UDWKHU�PLOG�SKHQRW\SH�LV�REVHUYHG�LQ�WKH�&16�RI
PLFH�GHILFLHQW� IRU� WKH�71�5�PROHFXOH��8QUDYHOOLQJ�ZKHWKHU� WKHUH
DUH� FRPSHQVDWRU\� HIIHFWV� E\� RWKHU� PROHFXOHV� WKDW� OHDG� WR� WKLV
VLWXDWLRQ�ZDV� WKH� UHDVRQ� IRU� XWLOL]LQJ� WKH�PLFURDUUD\� WHFKQLTXH�
'HWHFWLQJ� D� G\VUHJXODWLRQ� ZLWK� LPSDFW� RQ� WKH� SKHQRW\SH� FRXOG
JLYH� QHZ� LQVLJKWV� LQWR� WKH� LQWHUSOD\� RI� GLYHUVH� SURFHVVHV� DQG
PROHFXOHV�� 7KLV� FDQ� DOVR� LQFOXGH� SUHYLRXVO\� XQGHVFULEHG� RU
XQUHODWHG�PROHFXOHV�DQG�JLYH�QHZ�KLQWV�WR� LQWHUHVWLQJ�FDQGLGDWH
JHQHV�� ,Q� WKLV� VWXG\� ,� ZLOO� GHVFULEH� ZKDW� DOWHUDWLRQV� ZKHUH
GHWHFWHG� DW� WKH� P51$� OHYHO� LQ� WKH� 71�5� GHILFLHQW� PRXVH�� 7KH
HYDOXDWLRQ� RI� WKHVH� ILQGLQJV� LV� DQRWKHU� SDUW� RI� WKLV� ZRUN� DQG
ILQDOO\��LW�ZLOO�EH�VKRZQ�ZKLFK�IXQFWLRQDO�LPSDFW�WKHVH�DOWHUDWLRQV
KDYH�
��
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.$3,7(/�� 0DWHULDO�XQG�
0HWKRGHQ�
0DWHULDOV�DQG�
0HWKRGV

0DWHULDOV

(Q]\PHV�DQG�UHDFWLRQ�NLWV

'1$�SRO\PHUDVHV
+RW6WDU�7DT�4LDJHQ�+LOGHQ��'
3IX7XUER�6WUDWDJHQH�$PVWHUGDP��1/
3IX7XUER�+RWVWDUW
7DT�'1$�3RO\PHUDVH�,QYLWURJHQ�.DUOVUXKH��'

5HVWULFWLRQ�HQGRQXFOHDVHV
9DULRXV�$*6�+\EDLG�+HLGHOEHUJ��'
9DULRXV�0%,�)HUPHQWDV�6W��/HRQ�5RW��'
9DULRXV�1(%�)UDQNIXUW�D��0���'

�'1$�GHSHQGHQW��51$�SRO\PHUDVHV
7��7��63��SRO��5RFKH�0DQQKHLP��'
0HJDVFULSW�NLW�$PELRQ�&DPEULGJH��8.
0HJDSULPH�V\VWHP�$3%�)UHLEXUJ��'

5HDJHQWV��GLVSRVDEOHV��HWF�
,I�QRW�LWHPL]HG�LQ�WKLV�SDUDJUDSK��RULJLQ�RI�HQ]\PHV�DQG�UHDFWLRQ
NLWV�LV�UHIHUHQFHG�LQ�WKH�FRUUHVSRQGLQJ�VHFWLRQV��$OO�FKHPLFDOV�DUH
SXUFKDVHG� LQ� SUR� DQDO\VLV� TXDOLW\� IURP� WKH� IROORZLQJ
PDQXIDFWXUHUV�YHQGRUV�� $PHUVKDP� 3KDUPDFLD� %LRWHFK� �$3%�
)UHLEXUJ�� '��� %LR�5DG� �0�QFKHQ�� '��� *,%&2� ,QYLWURJHQ� /LIH
��



0DWHULDOV
7HFKQRORJLHV� �.DUOVUXKH��'���0DFKHUH\�1DJHO� �'�UHQ��'���0HUFN
�'DUPVWDGW��'���5RFKH��0DQQKHLP��'���&DUO�5RWK��.DUOVUXKH��'��
6HUYD��+HLGHOEHUJ��'���DQG�6LJPD�$OGULFK��'HLVHQKRIHQ��'���&HOO
FXOWXUH�PDWHULDO�LV�VXSSOLHG�IURP�*UHLQHU�%LR�2QH��)ULFNHQKDXVHQ�
'���1XQF��5RVNLOGH��'.��DQG�733��7UDVDGLQJHQ��&K���VROXWLRQV�DQG
PHGLD�GHVLJQDWHG�IRU�(6�FHOO�FXOWXUH�DUH�REWDLQHG�IURP�&KHPLFRQ
LQWHUQDWLRQDO� �7HPHFXOD�� &$�� 86$��� *,%&2� ,QYLWURJHQ�� 6LJPD�
$OGULFK��3$$��/LQ]��$��DQG�WHEX�ELR��2IIHQEDFK��'���3ODVPLGV�DQG
PROHFXODU� FORQLQJ� UHDJHQWV� DUH� REWDLQHG� IURP� $PELRQ�� /WG�
�&DPEULGJH��8.���$3%��%'�%LRVFLHQFHV�&ORQWHFK��+HLGHOEHUJ��'��
,QYLWURJHQ� �.DUOVUXKH�� '��� 3URPHJD� �0DQQKHLP�� '��� 4LDJHQ
�+LOGHQ�� '��� DQG� 6WUDWDJHQH� �$PVWHUGDP�� 1/��� '1$� DQG� 51$
SXULILFDWLRQ�V\VWHPV�DUH�SXUFKDVHG� IURP�$3%��/LIH�7HFKQRORJLHV�
0DFKHUH\�1DJHO�� DQG� 4LDJHQ�� 1XFOHLF� DFLG� PROHFXODU� ZHLJKW
PDUNHUV�DUH�SXUFKDVHG�IURP�5RFKH�DQG�1(%��)UDQNIXUW�D�0���'��

α>��3@G&73�� $3%�)UHLEXUJ��'

α>��3@G&73�� $3%�)UHLEXUJ��'
$TXD�3RO\0RXQW� 3RO\VFLHQFHV��,QF��:DUULQJWRQ��

3$��86$
%(1&+0$5.�SURWHLQ�PDUNHU� /LIH�7HFKQRORJLHV�.DUOVUXKH��'
%,20$;�0/��06� (DVWPDQ� .RGDN� 5RFKHVWHU�
1<�� 86$
&RPSOHWH�('7$�IUHH� 5RFKH�0DQQKHLP��'

G173V� 5RFKH�0DQQKHLP��'��/LIH�

WHFKQRORJLHV�.DUOVUXKH��'�

&DUO��5RWK�.DUOVUXKH��'

*67UDS�*67�VHSKDURVH�FROXPQV $3%�)UHLEXUJ��'

:KDWPDQ��00�SDSHU� :KDWPDQ�.HQW��8.

&HQWULIXJHV
6RUYDOO� .HQGUR�� +DQDX�� '� 5&��SOXV� ZLWK� 6/$������ 6/$� �����
6$����DQG�+%���URWRUV
(SSHQGRUI�+DPEXUJ��'�0LFURFHQWULIXJH�����'��%HQFK�WRS�FHQWUL�
IXJHV�����5�DQG�����
-RXDQ��,QF�:LQFKHVWHU��9$��86$�%HQFK�WRS�FHQWULIXJH�&5���
/LTXLG�VFLQWLOODWLRQ�FRXQWLQJ��:DOODF�)UHLEXUJ��'�/LTLXG�VFLQWLOODWLRQ
FRXQWHU�����

3RZHU�VXSSOLHV
%LR�5DG�0XQLFK��'�3RZHU�3DF�VHULHV

6SHFWURSKRWRPHWHU
$3%�)UHLEXUJ��'�8OWURVSHF������'39�����SULQWHU

7KHUPDO�F\FOHUV
��
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(SSHQGRUI�+DPEXUJ��'�0DVWHUF\FOHU�JUDGLHQW
0-�5HVHDUFK�:DOWKDP��0$��86$�37&�����'1$�(QJLQH70�FODVVLF

2WKHU�HTXLSPHQW

$3%�)UHLEXUJ��'�89�FURVVOLQNHU�

)XMLILOP�5D\WHVW��6WUDXEHQKDUGW��'�3KRVSKLPDJHU�%$6������DQG
%$6�����
+HURODE�:LHVORK��'�(�$�6�<��89�OLJKW�GRFXPHQWDWLRQ
/HLFD�%HQVKHLP��'�&U\RVWDW�&0����
:DOODF�)UHLEXUJ��'�/LTLXG�VFLQWLOODWLRQ�FRXQWHU�����
=HLVV�*|WWLQJHQ��'�$[LRSKRW�	�.RQWURQ

2OLJRQXFOHRWLGHV
2OLJRQXFOHRWLGHV� �SULPHUV�� DUH� V\QWKHVL]HG� E\�0:*� ELRWHFK� $*
(EHUVEHUJ��'

6RIWZDUH

$GREH�6DQ�-RVH��&$��86$�3KRWRVKRS����

'1$67$5��,QF��0DGLVRQ��:,��86$�/DVHUJHQH�VXLWH�����

*3&�ELRWHFK�$*�0DUWLQVULHG��'�9LVXDO*ULG�����$UUD\�6RIWZDUH

6FL	(G�6RIWZDUH�'XUKDP��1&��86$�&ORQHPDQDJHU��
UD\WHVW�6WUDXEHQKDUGW��'�7LQD�����

9HFWRUV

S%OXHVFULSW��,,�6.�.6��6WUDWDJHQH��&ORQLQJ�YHFWRU
SF'1$����P\F�+LV� $�&�� ,QYLWURJHQ� .DUOVUXKH�� '�� (XNDU\RWLF
H[SUHVVLRQ�YHFWRU
S(*)3�&��� %'�%LRVFLHQFH� &ORQWHFK�� HQKDQFHG� JUHHQ� IOXRUHVFHQW
SURWHLQ�PDUNHU�YHFWRU

$QWLERGLHV
)ROORZLQJ� SUHYLRXVO\� GHVFULEHG� DQWLERGLHV� DUH� XVHG��PRQRFORQDO
DQWL�71�5�����	������3HVKHYD�HW�DO����������DQG�PRQRFORQDO�DQWL
71�5� ���� �0RUJDQWL� HW� DO�� ��������� )XUWKHUPRUH�� WKH� IROORZLQJ
FRPPHUFLDOO\�DYDLODEOH�DQWLERGLHV�DUH�XWLOL]HG����PRQRFORQDO�DQWL
β�� LQWHJULQ� 0����� �6DQWD� &UX]� %LRWHFKQRORJ\� ,QF�� 6DQWD� &UX]�
86$��� PRQRFORQDO� β,,,� WXEXOLQ� �6LJPD�$OGULFK� 'HLVHQKRIHQ�� '��
DQWL�&D0.,,� ��%�� �PRQRFORQDO�� $/(;,6� %LRFKHPLFDOV� *U�QEHUJ�
'��� DQWL� *67�+53� FRQMXJDWH� �$3%�� DQG� SRO\FORQDO� DQWL�QHVWLQ
�&KHPLFRQ��
)RU� LQGLUHFW� LPPXQHIOXRUHVFHQFH�� &\���� ��� DQG� ��� FRQMXJDWHG
DQWLERGLHV� �GLOXWHG� ������� DQG� KRUVHUDGLVK� SHUR[LGDVH�
FRQMXJDWHG�DQWLERGLHV��GLOXWHG��������WR�UDEELW��UDW�RU�PRXVH�DUH
XVHG��UHVSHFWLYHO\��DOO�IURP�'LDQRYD��+DPEXUJ��'��
��



0DWHULDOV
%DFWHULDO�VWUDLQV
(��FROL�;/��%OXH�6WUDWDJHQH
(��FROL�'+�α�/LIH�7HFKQRORJLHV
(��FROL�-0�����,QVW��3URI��6FKDFKQHU�/DE�

%DFWHULDO�PHGLD

/XULD�EURWK��/%��SHU�OLWHU�

��J� 1D&O

��J� WU\SWRQH�RU�SHSWRQH

�J� \HDVW�H[WUDFW

S+�����ZLWK��1�1D2+��RSWLRQDO��DQG��1�1D2+��RSWLRQDO�

DQG�DXWRFODYH

/%�DJDU��SHU�OLWHU�

��J� 1D&O

��J� WU\SWRQH�RU�SHSWRQH

�J� \HDVW�H[WUDFW

��J� DJDU

S+�����ZLWK��1�1D2+��RSWLRQDO��DQG��1�1D2+��RSWLRQDO�

DQG�DXWRFODYH

7KH�IROORZLQJ�DQWLELRWLFV�DUH�DGGHG�ZKHQ�QHHGHG�������IROG�VWRFN
VROXWLRQV��� ���� PJ�O� DPSLFLOOLQ� �/%�DPS��� ��� PJ�O� WHWUDF\FOLQH
�/%�WHW��DQG����PJ�O�NDQDP\FLQ��/%�NDQ��

%XIIHUV�DQG�VWRFN�VROXWLRQV

%XIIHUV� DQG� VWRFN� VROXWLRQV� DUH� OLVWHG� EHORZ�� $OO� PRUH�PHWKRG�
VSHFLILF�VROXWLRQV�DUH�VSHFLILHG�LQ�WKH�DFFRPSDQ\LQJ�VHFWLRQV�

%RVWRQ�O\VLV�EXIIHU ��P0�7ULV�+&O��S+���������P0�.&O�����P0

('7$�����J�O�1RQLGHW�3��������J�O�7ZHHQ���

>EHIRUH�XVH��DGG����O�SURWHLQDVH�.������PJ

�PO��5RFKH��SHU�PO�O\VLV�EXIIHU@

'(3&�+�2 ������Y�Y��GLHWK\OS\URFDUERQDWH�DXWRFODYH

DIWHU�VWLUULQJ�RYHUQLJKW�

',*�EORFNLQJ�VWRFN� ���J�%ORFNLQJ�UHDJHQW��5RFKH������PO�',*

EXIIHU���GLVVROYH�EORFNLQJ�UHDJHQW�E\�PLFUR�

ZDYH�SXOVHV�DQG�DXWRFODYH�

',*�EXIIHU�RQH���[�� ����0�PDOHLF�DFLG�����0�1D&O�S+������VROLG

1D2+��

',*�EXIIHU�WZR� �����Y�Y��',*�EORFNLQJ�VWRFN�LQ�',*�EXIIHU

RQH

',*�GHWHFWLRQ�EXIIHU ����0�7ULV�+&O��S+����������0�1D&O

��[�

',*�ZDVKLQJ�EXIIHU� ��J�O�7ZHHQ����LQ�',*�EXIIHU�RQH
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
'1$�HOXWLRQ�EXIIHU �P0�7ULV�+&O��S+�����

'1$�ORDGLQJ�EXIIHU �����Z�Y��)LFROO��W\SH����������J�O�[\OHQH

���[� F\DQRO������J�O�EURPRSKHQRO�EOXH������J�O

RUDQJH�*

G173�VWRFN�VROXWLRQ �P0�G$73

�P0�G773

�P0�G*73

�P0�G&73

RU�VWRFN�VROXWLRQ�ZLWK����P0�RI�HDFK�G173�

('7$�VWRFN�VROXWLRQ� ����0�('7$�S+����
)RUPDOGHK\GH�51$� ���0�0236�S+�������P0�VRGLXP�DFHWDWH
JHO�UXQQLQJ�EXIIHU �P0�('7$
��[�
)RUPDOGHK\GH�51$� �����Y�Y��JO\FHURO��P0�('7$��������Z�Y�
JHO�ORDGLQJ�EXIIHU EURPSKHQROH�EOXH��������Z�Y��F\OHQH
��[� F\DQRO
3DUDIRUPDOGHK\GH ����Z�Y��SDUDIRUPDOGHK\GH�GLVVROYHG�DW
IL[DWLRQ�VROXWLRQ��� ���&�XQGHU�VWLUULQJ�LQ��[�3%6
3KRVSKDWH�EXIIHUHG ����0�1D&O�����1D�+32����P0�.&O���P0

VDOLQH��3%6���[��IRU .+�32��S+����

0RUSKRORJ\�
3%67 ������Y�Y��7ZHHQ����LQ�3%6���[�
6DOLQH�6RGLXP �0�1D&O����0�WUL�VRGLXP�FLWUDWH
&LWUDWH�%XIIHU
�66&����[��
7$(����[��IRU�'1$� �0�7ULV�$FHWDWH�S+��������P0�('7$
JHO�HOHFWURSKRUHVLV�
7(����[� ���0�7ULV�+&O�S+������P0�('7$

9DULRXV�PROHFXODU�ELRORJLFDO�PHWKRGV

,I� QRW� RWKHUZLVH� LQGLFDWHG�� VWDQGDUG� ELRORJLFDO� WHFKQLTXHV� DUH
FDUULHG�RXW�DV�GHVFULEHG��6DPEURRN�HW�DO������������0HWKRGV�IRU
SUREH�JHQHUDWLRQ� IRU� LQ� VLWX� K\EULGL]DWLRQ��QRUWKHUQ�EORWWLQJ�DQG
DUUD\� DQDO\VLV�� DV�ZHOO� DV�(6� FHOO� FXOWXUH� DUH�GHVFULEHG� LQ�PRUH
GHWDLO�

3KRWRPHWULF�TXDQWLILFDWLRQ�RI�QXFOHLF�DFLGV
'1$��51$�DQG�ROLJRQXFOHRWLGHV�DUH�PHDVXUHG�GLUHFWO\�LQ�DTXHRXV
VROXWLRQV�� 7KH� FRQFHQWUDWLRQ� LV� GHWHUPLQHG� E\� PHDVXULQJ
DGVRUSWLRQ�DW����QP�DJDLQVW�EODQN�DQG�WKHQ�HYDOXDWHG�YLD�IDFWRU�
7KH�DEVRUSWLRQ�RI���2'��$��LV�HTXLYDOHQW�WR�DSSUR[LPDWHO\���J�PO
GV'1$�� ��� J�PO� 51$� DQG� ��� J�PO� IRU� ROLJRQXFOHRWLGHV�
,QWHUIHUHQFH�E\� FRQWDPLQDQWV�ZDV� UHFRJQL]HG�E\� WKH� FDOFXODWLRQ
RI� UDWLR�� 7KH� UDWLR�$���� ������ LV�XVHG� WR�HVWLPDWH� WKH�SXULW\�RI
��



9DULRXV�PROHFXODU�ELRORJLFDO�PHWKRGV
QXFOHLF�DFLG��VLQFH�SURWHLQV�DEVRUE�DW�����QP��3XUH�'1$�VKRXOG
KDYH� D� UDWLR� RI� ����� ZKHUHDV� SXUH� 51$� VKRXOG� JLYH� D� YDOXH� RI
DSSUR[LPDWHO\������$EVRUSWLRQ�DW�����QP�UHIOHFWV�FRQWDPLQDWLRQ
RI� WKH� VDPSOH� E\� VXEVWDQFHV� VXFK� DV� FDUERK\GUDWHV�� SHSWLGHV�
SKHQROV�RU�DURPDWLF�FRPSRXQGV��,Q�WKH�FDVH�RI�SXUH�VDPSOHV��WKH
UDWLR�$����������VKRXOG�EH�DSSUR[LPDWHO\�����

'1$�DJDURVH�JHO�HOHFWURSKRUHVLV
7R�DQDO\]H�UHVWULFWLRQ�GLJHVWV��TXDOLW\�RI�QXFOHLF�DFLG�SUHSDUDWLRQV�
HWF��KRUL]RQWDO�DJDURVH�JHO�HOHFWURSKRUHVLV�LV�SHUIRUPHG��*HOV�DUH
SUHSDUHG� E\� KHDWLQJ� ��������� �Z�Y�� DJDURVH� �,QYLWURJHQ
.DUOVUXKH��'��HOHFWURSKRUHVLV�JUDGH��LQ�7ULV�DFHWDWH�EXIIHU��7$(��
GHSHQGLQJ�RQ�WKH�VL]H�RI�IUDJPHQWV�WR�EH�VHSDUDWHG��'1$�VDPSOHV
DUH� DGMXVWHG� WR� �� [� '1$� VDPSOH� EXIIHU� DQG� DUH� VXEMHFWHG� WR
HOHFWURSKRUHVLV�DW����9�FP�LQ�%,2�5DG�JHO�FKDPEHUV� LQ���[�7$(
UXQQLQJ�EXIIHU��$IWHUZDUGV��JHOV�DUH�VWDLQHG�LQ������J�PO�HWKLGLXP
EURPLGH� LQ���[�7$(�VROXWLRQ�IRU�DSSUR[LPDWHO\����PLQ��7KHUPR�
SKRWRJUDSKV� RI� WUDQVLOOXPLQDWHG� JHOV� DUH� WDNHQ�� RU� EDQGV� DUH
PDGH�YLVLEOH�RQ�DQ�89�VFUHHQ��DW�����QP��DQG�GHVLUHG�IUDJPHQWV
DUH� FXW� RXW� ZLWK� D� VFDOSHO�� ([WUDFWLRQ� RI� '1$� IUDJPHQWV� IURP
DJDURVH�SOXJV�LV�GHVFULEHG�LQ�D�FRQVHFXWLYH�VHFWLRQ�

'1$�HQGRQXFOHDVH�UHVWULFWLRQ
5HVWULFWLRQ�HQ]\PH�GLJHVWLRQV�DUH�SHUIRUPHG�E\�LQFXEDWLQJ�GV'1$
PROHFXOHV�ZLWK�DQ�DSSURSULDWH�DPRXQW�RI� UHVWULFWLRQ�HQ]\PH�V��
WKH�UHVSHFWLYH�EXIIHU�DV�UHFRPPHQGHG�E\�WKH�VXSSOLHU��DQG�DW�WKH
RSWLPDO�WHPSHUDWXUH�IRU�WKH�VSHFLILF�HQ]\PH��XVXDOO\�DW����&��,Q
JHQHUDO�� ��� �O� GLJHVWV� DUH� SODQQHG�� )RU� SUHSDUDWLYH� UHVWULFWLRQ
GLJHVWV� WKH� UHDFWLRQ� YROXPH� LV� VFDOHG�XS� WR������O��'LJHVWV� DUH
FRPSRVHG�RI�'1$�����[�UHVWULFWLRQ�EXIIHU��WKH�DSSURSULDWH�QXPEHU
RI� XQLWV� RI� WKH� UHVSHFWLYH� HQ]\PH� �GXH� WR� JO\FHURO� FRQWHQW� WKH
YROXPH�RI�WKH�HQ]\PH�DGGHG�VKRXOG�QRW�H[FHHG������RI�WKH�GLJHVW
YROXPH���DQG�WKH�VXIILFLHQW�QXFOHDVH�IUHH�+�2�WR�EULQJ�WKH�PL[�WR
WKH� FDOFXODWHG� YROXPH�� $IWHU� LQFXEDWLRQ� DW� WKH� RSWLPDO
WHPSHUDWXUH� IRU� D� UHDVRQDEOH� WLPH� SHULRG� �PRVWO\� �� WR� �K� RU
RYHUQLJKW���GLJHVWV�DUH�VWRSSHG�E\�LQFXEDWLRQ�IRU���PLQ�DW����&�
,I� UHDFWLRQ� FRQGLWLRQV� RI� HQ]\PHV� ZHUH� LQFRPSDWLEOH� WR� HDFK
RWKHU��'1$�LV�GLJHVWHG�VXFFHVVLYHO\�ZLWK�WKH�LQGLYLGXDO�HQ]\PHV�
%HWZHHQ� LQGLYLGXDO� UHDFWLRQV�� '1$� LV� SXULILHG� �GHVFULEHG� LQ� D
FRQVHFXWLYH�VHFWLRQ��

3KHQRO�FKORURIRUP�'1$�H[WUDFWLRQ
$Q� HTXDO� YROXPH� RI� D� QHXWUDOL]HG� SKHQRO�FKORURIRUP� VROXWLRQ
������ LV� DGGHG� WR� WKH� DTXHRXV�� '1$�FRQWDLQLQJ� VDPSOH� DQG
YRUWH[HG� IRU� �� WR� �PLQ� �ORQJHU� IRU� ODUJHU� YROXPHV�� FUHDWLQJ� DQ
HPXOVLRQ�� 7R� DYRLG� VKHDULQJ�� VDPSOHV� FRQWDLQLQJ� JHQRPLF� '1$
DUH�RQO\�JHQWO\�PL[HG��$IWHU�FHQWULIXJDWLRQ�DW�������[�J��57��IRU��
WR���PLQ��WKH�DTXHRXV��XSSHU��OD\HU�LV�FDUHIXOO\�WUDQVIHUUHG�WR�D
QHZ� WXEH�� DYRLGLQJ�DQ\� IORFFXOHQW�PDWHULDO� DW� WKH� LQWHUIDFH�� )RU
SXULILFDWLRQ� RI� 51DVH�IUHH� '1$� WHPSODWHV� IRU� LQ� YLWUR
WUDQVFULSWLRQV�� WKH� DERYH� GHVFULEHG� H[WUDFWLRQ� LV� UHSHDWHG�� 7KH
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
ORZHU�� RUJDQLF� SKDVH� LV� H[WUDFWHG� ZLWK� DQ� HTXDO� YROXPH� RI� 7(
EXIIHU� IRU�RSWLPDO�UHFRYHU\��,Q�RUGHU�WR�UHPRYH�UHVLGXDO�SKHQRO�
WKH�FRPELQHG�DTXHRXV�SKDVHV�DUH�H[WUDFWHG�ZLWK�DQ�HTXDO�YROXPH
RI�FKORURIRUP��$IWHU�FHQWULIXJDWLRQ�DW�������[�J��57�� IRU���PLQ�
WKH�DTXHRXV��XSSHU��OD\HU�LV�FDUHIXOO\�WUDQVIHUUHG�WR�D�QHZ�WXEH�
GHVLJQDWHG� IRU� IXUWKHU� '1$� SXULILFDWLRQ� E\� SUHFLSLWDWLRQ� �VHH� D
FRQVHFXWLYH�VHFWLRQ��

'1$�VHTXHQFLQJ
6HTXHQFH� GHWHUPLQDWLRQ� RI� GV'1$� LV� SHUIRUPHG� E\� WKH
VHTXHQFLQJ� IDFLOLW\� RI� WKH� =01+� �'U�� :�� .XOOPDQQ�� 0�
'DHXPLJHQ���)OXRUHVFHQW�G\H�ODEHOOHG�FKDLQ�WHUPLQDWLRQ�SURGXFWV
�$%,�3ULVP�'\H�7HUPLQDWRU�&\FOH�6HTXHQFLQJ�5HDG\�5HDFWLRQ�.LW�
3HUNLQ�(OPHU��:HOOHVO\��0$��86$��DUH�DQDO\]HG�ZLWK�DQ�$%,�3ULVP
����'1$�6HTXHQFHU��3HUNLQ�(OPHU���)RU�SUHSDUDWLRQ������WR���J�RI
'1$� LV� GLOXWHG� LQ� ��O� GG+��� DQG� �� �O� RI� WKH� DSSURSULDWH
VHTXHQFLQJ�SULPHU����S0��LV�DGGHG�

'1$�SUHFLSLWDWLRQ
7KH�VDOW�FRQFHQWUDWLRQ�RI�DQ�DTXHRXV�'1$�VROXWLRQ�LV�DGMXVWHG�E\
DGGLQJ������YROXPH�RI� VRGLXP�DFHWDWH��S+����������YROXPHV�RI
FROG� HWKDQRO�� ����&� DUH� DGGHG� DQG� WKH� VDPSOHV� PL[HG� ZHOO�
)ROORZLQJ� LQFXEDWLRQ�RQ� LFH� IRU����PLQ�� VDPSOHV�DUH�FHQWULIXJHG
IRU� ��� PLQ� �������� [� J�� 57��� )RU� RSWLPDO� SXULW\�� WKH� SHOOHW� LV
ORRVHQHG� IURP� WKH� WXEH� GXULQJ� LQYHUWLQJ� DQG� LV� EURNHQ� XS� LQ
HWKDQRO�� $IWHU� UHPRYDO� RI� WKH� VXSHUQDWDQW�� D� TXLFN� �� WR� �V
FHQWULIXJDWLRQ�VWHS�LV�SHUIRUPHG�DQG�UHVLGXDO�HWKDQRO�LV�DVSLUDWHG�
6XSHUQDWDQWV� DUH� UHPRYHG� DQG� '1$� SHOOHWV� DLU� GULHG
�DSSUR[LPDWHO\� �� PLQ� DW� 57��� '1$� LV� UHVXVSHQGHG� LQ� DQ
DSSURSULDWH�YROXPH�RI�SUHZDUPHG�ZDWHU�RU�LQ�7(�DW����&�

&ORQLQJ�LQ�SODVPLG�YHFWRUV

(IILFLHQW�LQVHUW�YHFWRU�'1$�OLJDWLRQ�FDQ�EH�REVHUYHG�LI�WKH�YHFWRU
DQG�LQVHUW�'1$�FRQWDLQ�FRPSOHPHQWDU\��SURWUXGLQJ�HQGV��FORQLQJ
LV�OHVV�HIILFLHQW�ZKHQ�ERWK�'1$�IUDJPHQWV�SRVVHVV�EOXQW�HQGV��7KH
KLJKHVW�HIILFLHQF\�LV�JHQHUDOO\�DFKLHYHG�ZLWK�'1$�FOHDYHG�E\�WZR
GLIIHUHQW� UHVWULFWLRQ� HQ]\PHV� WKDW� SURGXFH� QRQ�FRPSOHPHQWDU\
RYHUKDQJV��GLUHFWLRQDO�FORQLQJ���,I�LQVHUW�DQG�YHFWRU�'1$�HQGV�GR
QRW� FRLQFLGH�� EOXQW� HQGV� VXLWDEOH� IRU� OLJDWLRQ� ZHUH� FUHDWHG� E\
ILOOLQJ�LQ��
�SURWUXGLQJ�'1$�HQGV�ZLWK�.OHQRZ�IUDJPHQW��%OXQWHG
'1$�IUDJPHQWV�DUH�WKHQ�OLJDWHG�ZLWK�WKH�SUHFOHDYHG�DQG�DW�WKH��
�
HQGV�GHSKRVSKRU\ODWHG�YHFWRU��$QRWKHU�DSSOLFDWLRQ�LV�WKH�FORQLQJ
RI�3&5�SURGXFWV�DPSOLILHG��RU�WUHDWHG��ZLWK�7DT�'1$�SRO\PHUDVH�
7KLV�HQ]\PH�VHOHFWLYHO\�DGGV�DQ�DGGLWLRQDO�DGHQRVLQH��$��DW�WKH
�
�HQG�RI�DPSOLILHG�'1$��ZKLFK�IDFLOLWDWHV�7$�FORQLQJ��WKH�FORQLQJ
RI�3&5�SURGXFWV� LQWR�VSHFLDOO\�FRQVWUXFWHG�YHFWRUV�FRQWDLQLQJ�DQ
DGGLWLRQDO�WK\PLGLQH��7��DW�WKHLU�UHVSHFWLYH��
�HQGV��5HFRPELQDQW
SODVPLGV� REWDLQHG� DIWHU� OLJDWLRQ� UHDFWLRQV� DUH� LQWURGXFHG� LQWR
��



&ORQLQJ�LQ�SODVPLG�YHFWRUV
FRPSHWHQW� (�� FROL� FHOOV� E\� WUDQVIRUPDWLRQ�� 7UDQVIRUPDQWV� DUH
DQDO\]HG� E\� UHVWULFWLRQ� DQDO\VLV� DIWHU� PLQLSUHSV� DQG�RU� &RORQ\
3&5�

,QVHUW�'1$�SUHSDUDWLRQ���HQ]\PDWLF�PDQLSXODWLRQ
,I� WKH� LQVHUW� '1$� GRHV� QRW� FRQWDLQ� HQGV� FRPSDWLEOH� ZLWK� WKH
SUHFOHDYHG�YHFWRU��VHYHUDO�VWUDWHJLHV�FDQ�EH�IROORZHG�WR�RYHUFRPH
WKLV�SUREOHP��PHWKRGV�DUH�EULHIO\�GHVFULEHG�

3KDJH��FRVPLG�RU�SODVPLG�'1$�IUDJPHQWV
)RU�FORQLQJ�RI�GLVWLQFW�UHJLRQV�RI�SKDJH��FRVPLG�RU�SODVPLG�'1$�
GRQRU� PROHFXOHV� DUH� GLJHVWHG� ZLWK� DSSURSULDWH� UHVWULFWLRQ
HQ]\PH�V�� �VHH� DERYH��� (YHQ� WKRXJK� GLUHFW� OLJDWLRQ� XVLQJ� '1$
IURP� LQDFWLYDWHG� UHVWULFWLRQ�GLJHVWV� LV�SRVVLEOH��PRVWO\� FRPSOHWH
GLJHVWV� DUH� DSSOLHG� WR� DJDURVH� JHO� HOHFWURSKRUHVLV�� DSSURSULDWH
'1$�EDQGV�DUH�FXW�RXW�DQG�'1$�LV�HOXWHG�IURP�DJDURVH�SOXJV��VHH
EHORZ��� WKXV� DYRLGLQJ� XQZDQWHG� E\�SURGXFWV� GXULQJ� VXEVHTXHQW
OLJDWLRQ� UHDFWLRQV�� 1RQ�FRPSOHPHQWDU\� RYHUKDQJLQJ� HQGV� DUH
FRQYHUWHG�WR�EOXQW�HQGV�SULRU�WR�OLJDWLRQ�XVLQJ�.OHQRZ�HQ]\PH�

3IX�'1$�SRO\PHUDVH�GHULYHG�SURGXFWV
'XH�WR�WKH��
�WR��
�H[RQXFOHDVH�DFWLYLW\��D�PDMRU�IUDFWLRQ�RI�'1$
VSHFLHV� DPSOLILHG� ZLWK� 3IX7XUER�� RU� 3IX7XUER� +RWVWDUW� '1$
SRO\PHUDVHV�GRHV�QRW�FRQWDLQ�DQ�DGGLWLRQDO�DGHQRVLQH�DW�WKH��
�
HQG��7KHVH�3&5�SURGXFWV�DUH�GLUHFWO\�FORQHG�ZLWK�YHFWRU�'1$�WKDW
LV� FXW� ZLWK� HQ]\PHV� JHQHUDWLQJ� EOXQW� HQGV� DIWHU� DGGLQJ� DQ
DGGLWLRQDO� WK\PLGLQH� �7�� ZLWK� 7DT� '1$� SRO\PHUDVH�� %HIRUH
OLJDWLQJ�'1$�IURP�3&5�UHDFWLRQV��'1$�LV�FOHDQHG�XS��VHH�EHORZ�
RU�'1$�IUDJPHQWV�DUH�JHO�SXULILHG��VHH�EHORZ��

3&5�SURGXFWV�ZLWK�LQWURGXFHG�UHVWULFWLRQ�HQ]\PH�VLWHV
)UHTXHQWO\�� WKH� HQGV� RI� LQVHUW� '1$� GRHV� QRW� FRQWDLQ� VXLWDEOH
UHVWULFWLRQ�HQ]\PH�VLWHV��L�H���ZKHQ�D�GRQRU�F'1$�ZDV�GHVLJQDWHG
IRU�FORQLQJ� LQWR�D�FHUWDLQ�UHDGLQJ�IUDPH�RI�DQ�H[SUHVVLRQ�YHFWRU�
5HVWULFWLRQ� HQ]\PH� VLWHV� DUH� JHQHUDWHG� E\� 3&5� DW� WKH� GHVLUHG
ORFDWLRQ��)RU�WKLV�WHFKQLTXH��UHVWULFWLRQ�VLWHV�DUH�GHVLJQHG�LQWR�WKH
�
�HQG�RI� WKH�3&5�SULPHUV�� %HFDXVH� FHUWDLQ� UHVWULFWLRQ� HQ]\PHV
LQHIILFLHQWO\�FOHDYH�UHFRJQLWLRQ�VHTXHQFHV�ORFDWHG�DW�WKH�HQG�RI�D
'1$�IUDJPHQW��XVXDOO\�IRXU�DGGLWLRQDO�EDVHV�DUH�LQFOXGHG��
�WR�WKH
UHVWULFWLRQ� HQ]\PH� VLWHV�� 3&5� SURGXFWV� DUH� JHO�SXULILHG� �VHH
EHORZ��DQG�GLJHVWHG�ZLWK�WKH�DSSURSULDWH�UHVWULFWLRQ�HQ]\PHV�

9HFWRU�'1$�SUHSDUDWLRQ���HQ]\PDWLF�PDQLSXODWLRQ�SULRU�WR
FORQLQJ
:KHQ�XVHG�DV�YHFWRUV��SODVPLGV�DUH�GLJHVWHG�DW�RQH�ORFXV�HLWKHU
E\�D�VLQJOH�UHVWULFWLRQ�HQ]\PH�RU�E\�WZR�DW�D�PXOWLSOH�FORQLQJ�VLWH
WR� DFKLHYH� LQVHUWLRQ� RI� WDUJHW� '1$� LQ� D� GHILQHG� RULHQWDWLRQ�
'LJHVWLRQ�UHDFWLRQV�DUH�FDUULHG�RXW�DV�GHVFULEHG�DERYH�XVLQJ������
�J� RI� SODVPLG� '1$� DV� VWDUWLQJ� PDWHULDO�� :KHQ� GLJHVWLRQV� DUH
YHULILHG�DV�FRPSOHWH�DQG�FRUUHFW�E\�DJDURVH�JHO�HOHFWURSKRUHVLV�
FRPSOHWH�UHVWULFWLRQ�GLJHVWV�DUH�VXEMHFWHG�WR�SUHSDUDWLYH�DJDURVH
JHO�HOHFWURSKRUHVLV�DQG�DSSURSULDWH�EDQGV�UHSUHVHQWLQJ�GLJHVWHG
YHFWRUV� DUH� FXW� RXW� DQG� YHFWRU� '1$� LV� H[WUDFWHG� IURP� DJDURVH
��
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JHOV�

[��O�SXULILHG�YHFWRU�'1$

�[� 6$3�UHDFWLRQ�EXIIHU

\��O� 6$3����8��O�������8�SPRO��
HQGV

DG�����O�+�2

)ROORZLQJ�UHVWULFWLRQ�H[SHULPHQWV�JHQHUDWLQJ�EOXQW�HQGV�RU�XVLQJ
D� VLQJOH� UHVWULFWLRQ� HQ]\PH�� WKH� GLJHVWHG� YHFWRU� '1$� LV
GHSKRVSKRU\ODWHG� DW� WKH� �
�HQG� ZLWK� VKULPSV� DONDOLQH
SKRVSKDWDVH� �6$3��� %\� UHPRYLQJ� �
�SKRVSKDWHV� IURP� WKH
SODVPLGV��WKLV�HQ]\PDWLF�PDQLSXODWLRQ�LQKLELWV�VHOI�FLUFXODUL]DWLRQ
E\�'1$�OLJDVH��$IWHU�UHVWULFWLRQ��3ODVPLG�'1$�LV�SXULILHG�ZLWK�WKH
&RQFHUW�3&5�SXULILFDWLRQ�NLW��*,%&2�,QYLWURJHQ�.DUOVUXKH��'��DQG
WKH� GHSKRVSKRU\ODWLRQ� UHDFWLRQ�PL[WXUHV� �DV� VKRZQ� DERYH�� DUH
LQFXEDWHG�DW����&�IRU���������PLQ��5HDFWLRQV�DUH�WHUPLQDWHG�E\
LQFXEDWLRQ�DW����&�IRU����PLQ��9HFWRU�'1$�LV��D��XVHG�GLUHFWO\�IRU
OLJDWLRQ� UHDFWLRQV�� �E��SXULILHG�ZLWK� WKH�&RQFHUW�3&5�SXULILFDWLRQ
NLW�RU� �F��SXULILHG�E\�SKHQRO�H[WUDFWLRQ�DQG�DOFRKRO�SUHFLSLWDWLRQ
SULRU�WR�OLJDWLRQ�UHDFWLRQV�

,QVHUW�'1$�DQG�SODVPLG�YHFWRU�'1$�OLJDWLRQ
'1$� OLJDWLRQV� DUH�SHUIRUPHG�E\� LQFXEDWLQJ�'1$� IUDJPHQWV�ZLWK
DSSURSULDWHO\�SUHSDUHG�FORQLQJ�YHFWRUV�LQ�WKH�SUHVHQFH�RI�EXIIHU�
G$73��DQG�7��'1$�OLJDVH�

/LJDWLRQ�RI�VWLFN\�HQGV
7KH�IROORZLQJ�UHDFWLRQV�DUH�VHW�XS�DQG�LQFXEDWHG�DW�57�IRU���K�RU
DW����&�IRU���K�
���IPRO� YHFWRU�'1$��L�H�����QJ�RI�D����NE�SODVPLG�
�[����[�PRODU H[FHVV�RI�LQVHUW�'1$
�[ OLJDWLRQ�EXIIHU
��8� 7��'1$�OLJDVH����8QLW��O�
DG�����O�+�2��QXFOHDVH�IUHH

/LJDWLRQ�RI�EOXQW�HQGV
7KH�IROORZLQJ�UHDFWLRQV�DUH�VHW�XS�DQG�LQFXEDWHG�DW����&�EHWZHHQ
��K�WR�RYHUQLJKW�
���IPRO� YHFWRU�'1$��L�H������QJ�RI�D�����NE�SODVPLG�
�[�����[�PRODU H[FHVV�LQVHUW�'1$
���J�O� SRO\HWK\OHQH�JO\FRO��3(*�������6LJPD�

$OGULFK�
�[ OLJDWLRQ�EXIIHU��5RFKH�
��8� 7��'1$�OLJDVH����8QLW��O��5RFKH�
DG�����O�+�2��QXFOHDVH�IUHH
��



1XFOHLF�DFLG�SXULILFDWLRQ
'1$�WUDQVIRUPDWLRQ�LQWR�EDFWHULD
���QJ�RI�SODVPLG�'1$�RU�����O�RI�D�OLJDWLRQ�PL[WXUH�DUH�DGGHG�WR
�����O�RI�FRPSHWHQW�'+�α�DQG�LQFXEDWHG�IRU����PLQ�RQ�LFH��$IWHU
D�KHDW�VKRFN����PLQ�����&��DQG�VXFFHVVLYH� LQFXEDWLRQ�RQ� LFH���
PLQ��� ���� �O� RI� /%�PHGLXP� DUH� DGGHG� WR� WKH� EDFWHULD� DQG
LQFXEDWHG�DW����&�IRU����PLQ��&HOOV�DUH�WKHQ�FHQWULIXJHG��������
[� J�� �� PLQ�� 57�� DQG� WKH� VXSHUQDWDQW� LV� UHPRYHG�� &HOOV� DUH
UHVXVSHQGHG� ���� �O� /%� PHGLXP� DQG� SODWHG� RQ� /%� SODWHV
FRQWDLQLQJ� WKH� DSSURSULDWH� DQWLELRWLFV�� &RORQLHV� DUH� GHYHORSLQJ
DIWHU�LQFXEDWLRQ�DW����&�IRU�������K�

1XFOHLF�DFLG�SXULILFDWLRQ

3ODVPLG�'1$�SXULILFDWLRQ�IURP�EDFWHULDO�FXOWXUHV
0LQL�VFDOH�SODVPLG�LVRODWLRQ

��PO�/%�$PS�0HGLXP�������J�PO�DPSLFLOOLQ��DUH�LQRFXODWHG�ZLWK�D
VLQJOH� FRORQ\� DQG� LQFXEDWHG� RYHU� QLJKW� DW� ���&� ZLWK� FRQVWDQW
DJLWDWLRQ��&XOWXUHV�DUH�WUDQVIHUUHG�LQWR���PO�(SSHQGRUI�WXEHV�DQG
FHOOV� DUH� SHOOHWHG� E\� FHQWULIXJDWLRQ� �������� USP�� �PLQ�� 57��
3ODVPLGV� DUH� LVRODWHG� IURP� WKH� EDFWHULD� XVLQJ� WKH� *);� PLFUR
SODVPLG� SUHS� V\VWHP� �$3%��� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHU�V
SURWRFRO��7KH�'1$�LV�HOXWHG�IURP�WKH�FROXPQV�E\�DGGLWLRQ�RI�����O
7ULV�+&O�����P0��S+������ZLWK�VXEVHTXHQW�FHQWULIXJDWLRQ��������
USP����PLQ��57���3ODVPLG�'1$�LV�VWRUHG�DW����&�

3ODVPLG�'1$�LVRODWLRQ�IURP����PO�FXOWXUHV

7R� UDSLGO\� REWDLQ� KLJKHU� DPRXQWV� RI� '1$�� WKH� 0DFKHUH\�1DJHO
1XFOHRVSLQ� NLW� LV� XVHG�� ��� PO� /%�$PS�0HGLXP� ����� �J�PO
DPSLFLOOLQ��DUH�LQRFXODWHG�ZLWK�D�VLQJOH�FRORQ\�DQG�LQFXEDWHG�RYHU
QLJKW� DW� ���&� ZLWK� FRQVWDQW� DJLWDWLRQ�� &XOWXUHV� DUH� WUDQVIHUUHG
LQWR����PO� )DOFRQ� WXEHV�DQG� FHOOV� DUH�SHOOHWHG�E\� FHQWULIXJDWLRQ
��������USP���PLQ��57��LQ�DQ�(SSHQGRUI�FHQWULIXJH��3ODVPLGV�DUH
LVRODWHG� IURP� WKH� EDFWHULD� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHU�V
SURWRFRO�ZLWK� WKH�H[FHSWLRQ� WKDW� WZLFH� WKH�VXJJHVWHG�DPRXQW�RI
EXIIHUV�DUH�XVHG��'1$�LV�HOXWHG�IURP�WKH�FROXPQV�E\�DGGLQJ�����O
RI� SUHZDUPHG� ����&�� 7ULV�&O� ����P0�� S+� �����ZLWK� VXEVHTXHQW
FHQWULIXJDWLRQ� �������� USP�� ��PLQ�� 57�� WZLFH�� )LQDOO\�� WKH� '1$
FRQFHQWUDWLRQ�LV�GHWHUPLQHG�DV�GHVFULEHG�DERYH�

3ODVPLG�'1$�LVRODWLRQ�IURP�����PO�FXOWXUHV��0D[LSUHSV�

)RU�SUHSDUDWLRQ�RI� ODUJH�TXDQWLWLHV�RI�'1$��WKH�4LDJHQ�0D[LSUHS
NLW�LV�XWLOL]HG��$�VLQJOH�FRORQ\�LV�LQRFXODWHG�LQ���PO�/%�DPS�����
�J�PO� DPSLFLOOLQ�� PHGLXP� DQG� JURZQ� DW� ���&� IRU� �� K� ZLWK
FRQVWDQW�DJLWDWLRQ��$IWHUZDUGV��WKLV�FXOWXUH�LV�DGGHG�WR����PO�/%�
DPS�PHGLXP�������J�PO�DPSLFLOOLQ��DQG�WKH�FXOWXUH�LV�LQFXEDWHG
DW����&�ZLWK�FRQVWDQW�DJLWDWLRQ�RYHUQLJKW��&HOOV�DUH�SHOOHWHG�LQ�D
%HFNPDQQ�FHQWULIXJH�������J�����PLQ����&��DQG�'1$�LV�LVRODWHG
DV� GHVFULEHG� LQ� WKH� PDQXIDFWXUH�V� SURWRFRO�� )LQDOO\�� WKH� '1$
SHOOHW�LV�UHVXVSHQGHG�LQ������O�RI�SUHZDUPHG�����&��7ULV�+&O����
P0��S+������DQG�WKH�'1$�FRQFHQWUDWLRQ�LV�GHWHUPLQHG�
��
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&RORQ\�3&5

$OWHUQDWLYHO\�� &RORQ\�3&5� LV� SHUIRUPHG� WR� VFUHHQ� EDFWHULDO
FRORQLHV� IRU� WKH� SUHVHQFH� RI� WKH� GHVLUHG� UHFRPELQDQWV�� 6LQJOH
FRORQLHV� DUH� LVRODWHG�ZLWK� D� WRRWKSLFN� DQG�� DIWHU� VWUHDNLQJ� RQ� D
UHIHUHQFH� SODWH�� GLSSHG� LQWR� ���O� ERVWRQ� O\VLV� EXIIHU� �ZLWKRXW
SURWHLQDVH�.���$IWHU�YRUWH[LQJ����O�LV�XVHG�LQ�KRWVWDUW�3&5�DQDO\VLV
����O� UHDFWLRQ�� XVLQJ� DSSURSULDWH� SULPHU� SDLUV�� ,QGLFDWLYH� 3&5
SURGXFWV� DUH� DQDO\]HG� E\� DJDURVH� JHO� HOHFWURSKRUHVLV� DQG
HWKLGLXP� EURPLGH� VWDLQLQJ�� ,Q� FDVH� RI� D� SRVLWLYHO\� LGHQWLILHG
UHFRPELQDQW��WKH�FRORQ\� LV�SLFNHG�IURP�WKH�UHIHUHQFH�DJDU�SODWH
DQG�XVHG�WR�LQRFXODWH�FXOWXUHV�LQ�RUGHU�WR�SXULI\�ODUJHU�DPRXQW�RI
WKLV�SDUWLFXODU�SODVPLG�'1$�

'1$���3&5�IUDJPHQW�SXULILFDWLRQ
)RU� SXULILFDWLRQ� RI� '1$� IUDJPHQWV� WKH� VLOLFD� PDWUL[�EDVHG� +LJK
3XUH� 3&5�3XULILFDWLRQ� NLW� �5RFKH�� LV� XVHG� DFFRUGLQJ� WR� WKH
PDQXIDFWXUHU�V�SURWRFRO��7KH�'1$�LV�HOXWHG�IURP�WKH�FROXPQ�E\
DGGLWLRQ� RI� ��� �O� SUHZDUPHG� ����&�� 7ULV�+&O� ����P0�� S+� �����
7KH�'1$�FRQFHQWUDWLRQ�LV�GHWHUPLQHG�XVLQJ�WKH�XQGLOXWHG�HOXDWH�

'1$�IUDJPHQW�H[WUDFWLRQ�IURP�DJDURVH�JHOV
)RU�LVRODWLRQ�DQG�SXULILFDWLRQ�RI�'1$�IUDJPHQWV�IURP�DJDURVH�JHOV�
HWKLGLXP�EURPLGH�VWDLQHG�JHOV�DUH� LOOXPLQDWHG�ZLWK�89�OLJKW�DQG
WKH� DSSURSULDWH�'1$�EDQG� LV� H[FLVHG� IURP� WKH� JHO�ZLWK� D� FOHDQ
VFDOSHO�DQG�WUDQVIHUUHG� LQWR�DQ�(SSHQGRUI�WXEH��7KH�IUDJPHQW� LV
LVRODWHG�XWLOL]LQJ� WKH�VLOLFD�PDWUL[�EDVHG�4,$TXLFN�*HO�([WUDFWLRQ
NLW��4LDJHQ��IROORZLQJ�WKH�PDQXIDFWXUHU�V�SURWRFRO��7KH�IUDJPHQW
LV�HOXWHG�IURP�WKH�FROXPQ�E\�DGGLWLRQ�RI�����O�SUHZDUPHG�����&�
7ULV�+&O�����P0��S+�������7KH�'1$�FRQFHQWUDWLRQ� LV�GHWHUPLQHG
XVLQJ�WKH�XQGLOXWHG�HOXDWH�

7RWDO�51$�LVRODWLRQ�IURP�PXULQH�EUDLQ�WLVVXH
7RWDO�51$�LV�SXULILHG�XVLQJ�WKH�VLOLFD�JHO�PHPEUDQH�WHFKQRORJ\�DV
DGRSWHG� LQ� 4LDJHQ�V� 51HDV\� V\VWHP�� $OO� EXIIHUV� XVHG� ZHUH
SURYLGHG� E\� WKH� PDQXIDFWXUHU�� 3RVW� QDWDO� GD\� ��� �3���� PRXVH
EUDLQV�DUH�TXLFNO\�LVRODWHG�DQG�IUR]HQ�LQ�OLTXLG�QLWURJHQ������PJ
EUDLQ�WLVVXH�LV�KRPRJHQL]HG�LQ���PO�EXIIHU�5/7�ZLWK�D�URWRU�VWDWRU
KRPRJHQL]HU� IRU� ��� V� DW� PD[LPXP� VSHHG�� 7KH� WRWDO� 51$� LV
LVRODWHG�IROORZLQJ�WKH�PDQXIDFWXUHU�V�SURWRFRO��)LQDOO\��WRWDO�51$
LV�HOXWHG�LQ�DQ�DSSURSULDWH�DPRXQW�'(3&�WUHDWHG�ZDWHU��,QWHJULW\
RI�WKH�SXULILHG�WRWDO�51$�LV�DVVHVVHG�E\�VSHFWURSKRWRPHWU\��VFDQ
IURP����������QP��DQG�DJDURVH�HOHFWURSKRUHVLV��HYHQ�XQGHU�QRQ
GHQDWXUDWLQJ� FRQGLWLRQV�� LGHQWLFDO� WR� WKH� SURFHGXUH� GHVFULEHG
DERYH�IRU�'1$���7RWDO�51$�VDPSOHV�DUH�VWRUHG�DW�±���&�

3XULILFDWLRQ�RI�P51$�
7KH� LVRODWLRQ� RI� SRO\� $�� P51$� IURP� WRWDO� 51$� VDPSOHV� LV
SHUIRUPHG� E\� WKH�P51$�',5(&7�'\QDEHDGV� .LW� �'\QDO� %LRWHFK
2VOR�� 1�� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHUV� SURWRFRO�� 7KH� ROLJR
�G7���� PDJQHWLF� EHDGV� DUH� GLUHFWO\� LQFXEDWHG� LQ� D� ���� UDWLR� RI
EHDGV�LQ�VXSSOLHG�ELQGLQJ�EXIIHU�WR�WKH�VDPSOH��$OO�VWHSV�DFFRUG�WR
��



1XFOHLF�DFLG�DPSOLILFDWLRQ
WKH�SURWRFRO�H[FHSW�WKDW�IRU�HOXWLRQ�RI�WKH�P51$�IURP�WKH�EHDGV
���O�HOXWLRQ�VROXWLRQ�LV�LQFXEDWHG�IRU���PLQ�DW����&��2I�WKH�HOXWHG
PDWHULDO� ��O� LV� GLOXWHG� LQ� ���O� '(3&�ZDWHU� DQG� VXEMHFW� WR
SKRWRPHWULF�PHDVXUHPHQW�RI� FRQFHQWUDWLRQ��7KH�P51$�VDPSOHV
DUH�VWRUHG�DW�����&�

*HQRPLF�'1$�LVRODWLRQ
([WUDFWLRQ�RI�JHQRPLF�'1$�IURP�(6�FHOOV

(6� FHOOV� DUH� ZDVKHG� RQFH� ZLWK� 3%6� DQG� O\VHG� E\� DGGLWLRQ� RI
%RVWRQ�O\VLV�EXIIHU�DQG�LQFXEDWHG�RYHUQLJKW�LQ�D�PRLVW�FKDPEHU�DW
���&�� '1$� LV� SUHFLSLWDWHG� RYHUQLJKW� DW� 57� E\� DGGLWLRQ� RI� ����
YROXPH� �0� /L&O� DQG� �� YROXPH� LVRSURSDQRO�� 6DPSOHV� DUH
FHQWULIXJHG� IRU� ��� PLQ� DW� �����[� J� DQG� WKH� VXSHUQDWDQW� LV
GLVFDUGHG��$IWHU�ZDVKLQJ�ZLWK�����HWKDQRO� ���&��DQG�GU\LQJ�RI
WKH�'1$�SHOOHW� IRU����PLQ�DW����&��WKH�'1$� LV�VROXELOL]HG� LQ�7(
EXIIHU�RYHUQLJKW�DW����&�

([WUDFWLRQ�RI�JHQRPLF�'1$�IURP�ELRSVLHV

6PDOO� ELRSVLHV� OLNH� PLFH� WDLO� FXWV� IRU� URXWLQH� PLFH� JHQRW\SLQJ
�a����FP��DUH�O\VHG�E\�DGGLWLRQ�RI�����PO�%RVWRQ�O\VLV�EXIIHU�DQG
LQFXEDWHG� RYHUQLJKW� DW� ���&�� $IWHU� PL[LQJ�� WKH� GLJHVWV� DUH
FHQWULIXJHG�IRU���PLQ��������[�J��57��DQG���O�RI�WKH�VXSHUQDWDQW
DUH�VXEMHFWHG�WR�VWDQGDUG����O�3&5�UHDFWLRQV�

1XFOHLF�DFLG�DPSOLILFDWLRQ

3RO\PHUDVH�FKDLQ�UHDFWLRQ
7KH�LQ�YLWUR�DPSOLILFDWLRQ�RI�'1$�IUDJPHQWV�XVLQJ�WKH�SRO\PHUDVH
FKDLQ�UHDFWLRQ��3&5�� LV�XVXDOO\�SHUIRUPHG� LQ�D�0-�37&�����'1$
(1*,1(� FODVVLF� WKHUPDO� F\FOHU�� $OWHUQDWLYHO\�� WKH� (SSHQGRUI
0DVWHUF\FOHU�JUDGLHQW� LV� XWLOL]HG�ZKHQ� WKH�3&5�GRHV� QRW� \LHOG�D
VSHFLILF�SURGXFW�GXH�WR�DQ�LQDGHTXDWH�DQQHDOLQJ�WHPSHUDWXUH��,Q
WKLV�FDVH�D�WHPSHUDWXUH�JUDGLHQW�RI������&�RI�WKH�DQQHDOLQJ�VWHS
LV� XVHG�� 5RXWLQHO\�� 3&5� UHDFWLRQV� DUH� VHW� XS� E\� DGGLQJ� WKH
IROORZLQJ� LQJUHGLHQWV� WR� D� ���� PO� WKLQ�ZDOOHG� WXEH� �%LR]\P
'LDJQRVWLN� *PE+�� +HVVLVFK�2OGHQGRUI�� '��� WKH� WHPSODWH� '1$
�W\SLFDOO\�SODVPLG�RU�ILUVW�VWUDQG�F'1$���WKH�SULPHUV�IODQNLQJ�WKH
UHJLRQ�V�� WR� EH� DPSOLILHG�� G173V�� EXIIHU� DQG� '1$� SRO\PHUDVH�
3ULPHU� VHTXHQFHV� DUH� VHOHFWHG� PDQXDOO\�� 6HOHFWHG� SULPHU
VHTXHQFHV� DUH� HYDOXDWHG� ZLWK� WKH� ZHE�EDVHG� 2OLJR� &DOFXODWRU
�KWWS���ZZZ�EDVLF�QZX�HGX�ELRWRROV�ROLJRFDOF�KWPO�� ZKLFK
HPSOR\V�WKH�QHDUHVW�QHLJKERXU�DOJRULWKP�WR�GHWHUPLQH�DQQHDOLQJ
WHPSHUDWXUHV�� 8VXDOO\�� ������ �O� UHDFWLRQV�ZHUH� SHUIRUPHG�� 7KH
HQ]\PHV��WKDW�ZHUH�XVHG�GXULQJ�WKHVH�H[SHULPHQWV�DUH�DV�IROORZV
�LQ�EUDFNHWV�W\SLFDO�3&5�UHDFWLRQV���
��
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�D�����7DT�'1$�SRO\PHUDVH��³JHQHUDO´�3&5�UHDFWLRQV�
�E�����3IX7XUER�'1$�SRO\PHUDVH��3&5�WR�DPSOLI\�'1$�IRU
��������IXUWKHU�FORQLQJ�VWHSV�
�F�����+RW6WDU7DT�'1$�SRO\PHUDVH��57�3&5��JHQHUDO
��������DPSOLILFDWLRQ�IURP�ILUVW�VWUDQG�F'1$��FORQLQJ�RI�GLIILFXOW
��������DPSOLFRQV�

7KH� WDEOH� EHORZ� VKRZV� F\FOLQJ� SDUDPHWHUV� IRU� WKH� '1$
SRO\PHUDVHV��D����E��DQG��F���1XPEHU�RI�F\FOHV��������XS�WR����
UHTXLUHG� IRU� RSWLPXP� DPSOLILFDWLRQ� YDULHG� GHSHQGLQJ� RQ� WKH
DPRXQW� RI� VWDUWLQJ� PDWHULDO� DQG� WKH� HIILFLHQF\� RI� HDFK
DPSOLILFDWLRQ� VWHS�� $� ILQDO� LQFXEDWLRQ� VWHS� DW� WKH� H[WHQVLRQ
WHPSHUDWXUH� HQVXUHG� IXOO\� GRXEOH� VWUDQGHG� PROHFXOHV� IURP� DOO
QDVFHQW�SURGXFWV��)ROORZLQJ�F\FOLQJ��W\SLFDOO\�������O�DOLTXRWV�XS
WR� FRPSOHWH� UHDFWLRQV� ZHUH� DQDO\]HG� E\� DJDURVH� JHO
HOHFWURSKRUHVLV� WR�GHWHFW�DPSOLILHG�SURGXFWV��,Q� LQVWDQFHV�ZKHUH
WKH� \LHOG� IURP� D� VLQJOH� 3&5� ZDV� LQVXIILFLHQW�� WKH� UHDFWLRQ� ZDV
SXULILHG�DQG�DQ�DOLTXRW�ZDV�XVHG�DV� WHPSODWH� IRU�D� VHFRQG�3&5
ZLWK�WKH�VDPH�RU�D�QHVWHG�SULPHU�VHW��QHVWHG�3&5��

7DEOH���3&5�WKHUPRF\FOLQJ�SDUDPHWHUV

'HSLFWHG� KHUH� DUH� W\SLFDO� 3&5�SURJUDPV�XVLQJ� WKH� LQGLFDWHG� SRO\PHUDVH��71%� LV

LQGLFDWLQJ� WKH� LQGLYLGXDO� DQQHDOLQJ� WHPSHUDWXUH� RI� WKH� SULPHU� FDOFXODWHG� E\� WKH

PHWKRG�RI�WKH�QHDUHVW�QHLJKERXU�DOJRULWKP�

1XFOHLF�DFLG�ODEHOOLQJ

51$�LQ�YLWUR�WUDQVFULSWLRQ�DQG�ODEHOOLQJ
7R� JHQHUDWH� LQ� YLWUR� WUDQVFULEHG� 51$V�� ����� �J� RI� '1$� �F'1$
IURP�3&5�UHDFWLRQ��FRQWDLQLQJ�WKH�GHVLUHG�F'1$�DQG�D�7��RU�7�
SRO\PHUDVH�SURPRWRU�DW�SRVLWLRQV�WKDW�DUH�ORFDWHG����RI�WKH�'1$
VWUDQG� WKDW� LV� VXEMHFW� WR� WUDQVFULSWLRQ�� ,Q� RUGHU� WR� REWDLQ
GLJR[LJHQLQ����XULGLQH����WULSKRVSKDWH� �',*�� ODEHOOHG� 51$
SUREHV� IRU� LQ� VLWX� K\EULGL]DWLRQ� �GHVFULEHG� LQ� D� FRQVHFXWLYH
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1XFOHLF�DFLG�ODEHOOLQJ
VHFWLRQ���WUDQVFULSWLRQ�RI�WKH�GHVLUHG�WHPSODWHV�LV�SHUIRUPHG�ZLWK
$PELRQ�V�0(*$VFULSW�V\VWHP�DFFRUGLQJ�WR�WKHLU�PDQXDO��)RU�WKH
JHQHUDWLRQ�RI�',*�ODEHOOHG�51$V��WKH�',*�873�PL[�VKRZQ�EHORZ
ZDV�XVHG�LQVWHDG�RI�173V�SURYLGHG�E\�WKH�PDQXIDFWXUHU�
',*�873�PL[����[�

���P0�$73
���P0�&73
���P0�*73
����P0�873

����P0�',*����G873��5RFKH�
$FFRUGLQJ� WR� WKH� PDQXIDFWXUHUV� SURWRFRO�� WKH� UHDFWLRQ� LV
SHUIRUPHG� LQ� ���O� WRWDO� YROXPH�� 7KH� JHQHUDWHG� P51$V� DUH
SXULILHG� E\� /L&O� SUHFLSLWDWLRQ�� DQDO\]HG� E\� GHQDWXUDWLQJ� DJDURVH
JHO�HOHFWURSKRUHVLV�DQG�VWRUHG�DW�����&�

5DGLRDFWLYH�'1$�ODEHOOLQJ
)RU� JHQHUDWLQJ�D� UDGLRDFWLYHO\� ODEHOOHG� 3UREH� �L�H��1RUWKHUQ�%ORW
SUREH�� VHH� QH[W� VHFWLRQ�� D� 3&5� IUDJPHQW� �RU� LQVHUW� IUDJPHQW�
UHSUHVHQWLQJ� D� VKRUW� VHTXHQFH� ����� WR� ���� ES�� RI� WKH� JHQH� RI
LQWHUHVW� LV� ODEHOOHG�ZLWK� ��3� ��[���FSP��J�� E\� UDQGRP� SULPLQJ
DFFRUGLQJ� WR� WKH� PDQXIDFWXUHUV� SURWRFRO� �UDQGRP� GHFDPHU
SULPHU��$PELRQ��0HJDSULPH�.LW��$3%���7KHUHIRUH����QJ�RI� F'1$
LQ�7(��IURP�3&5�RU�LQVHUW�GLJHVWLRQ��DUH�PL[HG�ZLWK�VWHULOH�ZDWHU
WR�D�WRWDO�YROXPH�RI����O��$IWHU�DGGLQJ���O�RI�WKH�GHFDPHU�SULPHU
WKH�SUREH�LV�ERLOHG�IRU�WKUHH�PLQXWHV�DQG�FRROHG�GRZQ�DW�57�IRU
���PLQXWHV�����O�RI�WKH�G173�FRQWDLQLQJ�ODEHOOLQJ�EXIIHU�LV�DGGHG
SULRU� WR� WKH� DGGLWLRQ� RI� WKH� ��O� .OHQRZ� '1$� SRO\PHUDVH�
$IWHUZDUGV�� WKH� SUREH� LV�PL[HG�ZLWK� ��O� D���3� G&73� �$3%�� DQG
VKRUWO\� FHQWULIXJHG� DQG� WUDQVIHUUHG� WR� ���&� IRU� ��� PLQXWHV� RI
ODEHOOLQJ� UHDFWLRQ�� )RU� UHPRYLQJ� WKH� VXSHUIOXRXV� G173V� WKH
VDPSOH�LV�ORDGHG�WR�D�*����VHSKDGH[�FROXPQ��3UREH4XDQW��$3%�
DQG� FHQWULIXJHG� IRU� WZR�PLQXWHV� DW� �����USP�� ,QFRUSRUDWLRQ� RI
UDGLRDFWLYH�QXFOHRWLGHV�LV�PRQLWRUHG�E\�VFLQWLOODWLRQ�FRXQWLQJ��7KH
SUREH� LV� GHQDWXUHG� E\� LQFXEDWLQJ� ILYH� PLQXWHV� DW� ����&� DQG
LPPHGLDWH� FRROLQJ� RQ� LFH�� 7KH� SUREH� FDQ� QRZ� EH� XVHG� LQ
K\EULGL]DWLRQ�DQDO\VLV��L�H��1RUWKHUQ�%ORW��

)LUVW�VWUDQG�V\QWKHVLV�DQG�UDGLRDFWLYH�ODEHOOLQJ�
)RU�UHYHUVH�WUDQVFULSWLRQ�LQ�YLWUR��DQ�51$�GHSHQGHQW�'1$�
SRO\PHUDVH�DFWLYLW\�DQG�D�K\EULG�GHSHQGHQW�H[RULERQXFOHDVH�
�51DVH�+��DFWLYLW\�RI�WKH�UHYHUVH�WUDQVFULSWDVH�HQ]\PH��57��ZHUH�
XWLOL]HG�WR�SURGXFH�VLQJOH�VWUDQGHG�ODEHOOHG�F'1$�IURP�51$��7KH�
6XSHU6FULSW�UHYHUVH�WUDQVFULSWLRQ�V\VWHP��,QYLWURJHQ��ZDV�XVHG�
WR�SURGXFH�UDQGRP�SULPHG�ILUVW�VWUDQG�F'1$�IURP���J�RI�P51$�
DV�VWDUWLQJ�PDWHULDO��7KLV�DPRXQW�RI�51$�ZDV�GLOXWHG�WR�D�YROXPH�
RI����O�DQG���O�RI�UDQGRP�KH[DPHU�SULPHU���G1����LV�DGGHG��$IWHU�
GHQDWXUDWLQJ�WKH�51$�VDPSOHV�IRU����PLQ�DW����&�XQGHU�VRIW�
VKDNLQJ�DQG�LPPHGLDWH�FKLOOLQJ�RQ�LFH�IRU���PLQ�WKH�6XSHU6FULSW�
PL[�LV�DGGHG�WR�HDFK�UHDFWLRQ�
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
����O �[�57�EXIIHU��,QYLWURJHQ�
����O ���0�����GLWKLRWKUHLWRO��'77�
����O G173�PL[����P0�G$73����P0�G*73����P0�G773�

���P0�G&73�
����O 51DVH�%ORFN��$PELRQ�
����O α��3�G&73�����&L��O��$PHUVKDP�

$�WZR�PLQXWH�LQFXEDWLRQ�SHULRG�XQGHU�VRIW�VKDNLQJ�LV�SULRU�WR�WKH�
DGGLWLRQ�RI�WKH�����O�6XSHU6FULSW�UHYHUVH�WUDQVFULSWDVH�����8��O���
)LUVW�VWUDQG�V\QWKHVLV�LV�SHUIRUPHG�GXULQJ����PLQ�DW����&��
+\GUROL]DWLRQ�RI�WKH�SUREH�LV�GRQH�E\�DGGLQJ�����O��0�1D2+�����O�
�0�7ULV�+&O��S+������������O��0�+&O�DQG�LQFXEDWLRQ�IRU����PLQ�DW�
���&��7KH�SXULILFDWLRQ�RI�WKH�SUREH�LV�GRQH�E\�DSSO\LQJ�LW�WR�D�*�
���VHSKDGH[�FROXPQ�DQG�FHQWULIXJDWLRQ��7KH�ZKROH�DPRXQW�RI�WKLV�
UHDFWLRQ�LV�REMHFW�WR�K\EULGL]DWLRQ�RQ�D�PLFURDUUD\�GHVFULEH�LQ�WKH�
FRQVHFXWLYH�VHFWLRQ�

1XFOHLF�DFLG�DQDO\VLV�E\�K\EULGL]DWLRQ

1RUWKHUQ�EORW�DQDO\VLV
)RU�WKH�GHWHFWLRQ�RI�WUDQVFULSW�OHYHOV�RI�LPPRELOL]HG�DQG�VHSDUDWHG
51$V�UDGLRDFWLYH�ODEHOOHG�SUREHV��α��3�G&73��SURFHGXUH�GHVFULEHG
DERYH�� DJDLQVW� 71�5�� ,&$3�� β�� LQWHJULQ� DQG� *$3'+� ZHUH
SURGXFHG�E\�3&5�DJDLQVW�SODVPLG�'1$�FRQWDLQLQJ�WKH�UHVSHFWLYH
LQVHUW�� 7KH� SURWRFRO
� GHVFULEHG� KHUH� UHVHPEOHV� WKH� FODVVLFDO
FDSLOODU\�EORW��6DPEURRN�HW�DO����������WR�WUDQVIHU�VL]H�VHSDUDWHG
51$�RQWR�D�PHPEUDQH��7KHUHIRUH�����J�RI�GLIIHUHQW�51$�VDPSOHV
DUH� UHVROYHG� LQ� IRUPDOGHK\GH�DQG� IRUPDPLGH�FRQWDLQLQJ�VDPSOH
EXIIHU�DQG�DUH�VHSDUDWHG�LQ�D�IRUPDOGHK\GH�DJDURVH�JHO�DW����9
IRU�������K�DW�URRP�WHPSHUDWXUH��7KH�FDSLOODU\�EORW�LV�DVVHPEOHG�WR
WUDQVIHU� WKH� ULERQXFOHRWLGHV� RYHUQLJKW� E\� ��[� 66&� DW� URRP
WHPSHUDWXUH� WR� +\ERQG� ;/� Q\ORQ� PHPEUDQH� �$3%��
5LERQXFOHRWLGHV� ZHUH� FURVVOLQNHG� WR� WKH�PHPEUDQH� E\� 89� OLJKW
H[SRVXUH�


>7KH�VHW�XS�RI�WKH�1RUWKHUQ�%ORW�ZDV�SHUIRUPHG�LQ�FRRSHUDWLRQ
ZLWK�'U��-RKQ�1HLGKDUGW��,QVW��0RO��*HQHWLN��8QL�=�ULFK��&+�@

51$�LQ�VLWX�K\EULGL]DWLRQ�RQ�FU\RVHFWLRQV
7KH� XVHG� VHQVH� DQG� DQWL�VHQVH� 51$� SUREHV� DUH� JHQHUDWHG� E\
WUDQVFULELQJ� F'1$� IURP�D� 3&5� UHDFWLRQ�� 7KLV� 3&5� LQWURGXFHV� 7�
�VHQVH��RU�7���DQWL�VHQVH��51$�SRO\PHUDVH�SURPRWRU�VHTXHQFHV
DW� WKH� ���SRVLWLRQ� WR� WKH� UHVSHFWLYH� F'1$� IUDJPHQW� WKDW� LV
DPSOLILHG� IURP�SODVPLG�'1$��7KH�WUDQVFULSWLRQ�UHDFWLRQ� LQ�ZKLFK
WKH�51$�LV�ODEHOOHG�ZLWK�',*�LV�SHUIRUPHG�XVLQJ�WKH�0(*$VFULSW�
NLW� �$PELRQ�� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHU�V� SURWRFRO� �VHH
VHFWLRQ� ³51$� LQ� YLWUR� 7UDQVFULSWLRQ� DQG� /DEHOOLQJ´� DERYH��
3HUIRUPLQJ� QRQ�UDGLRDFWLYH� GHWHFWLRQ� RI� P51$V�� ���P� VHFWLRQV
DUH� FXW� IURP� IUHVK�IUR]HQ� �RU� HPEHGGHG� LQ� 7LVVXH�7HN�� 6DNXUD
)LQHWHN� =RHWHUZRXG�� 1/�� WLVVXH� RQ� D� FU\RVWDW� DQG�PRXQWHG� RQ
��



1XFOHLF�DFLG�DQDO\VLV�E\�K\EULGL]DWLRQ
6XSHU)URVW� 3OXV� �0HQ]HO�*OlVHU� %UDXQVFKZHLJ�� '�� PLFURVFRSH
JODVV� VOLGHV�� 7KH� VHFWLRQV� DUH� IL[HG� LQ� ��� SDUDIRUPDOGHK\GH� LQ
SKRVSKDWH�EXIIHUHG� VDOLQH� �S+� ����� RYHUQLJKW�� 7KH� QH[W� GD\�
VHFWLRQV�DUH�ZDVKHG�WKUHH�WLPHV�LQ��[�3%6��WUHDWHG�ZLWK����0�+&O
IRU����PLQ��DFHW\ODWHG�LQ����0�WULHWKDQRODPLQH�FRQWDLQLQJ������
DFHWLF�DQK\GULGH�DQG�GHK\GUDWHG�LQ�DQ�DVFHQGLQJ�HWKDQRO�VHULHV�
)LQDOO\�� VHFWLRQV� DUH� DLU� GULHG� DQG� SUHK\EULGL]HG� IRU� �� KRXUV� DW
���&�ZLWK�K\EULGL]DWLRQ�PL[��+\EULGL]DWLRQ�ZLWK�WKH�',*�ODEHOOHG
SUREHV� RFFXUUHG� DW� ���&� RYHUQLJKW� LQ� KXPLG� FKDPEHUV�� ',*�
ODEHOOHG� SUREHV� DUH� GLOXWHG� ������ WR� �������� LQ� K\EULGL]DWLRQ
EXIIHU��$IWHU�K\EULGL]DWLRQ��VHFWLRQV�DUH�ZDVKHG�WZLFH�LQ����[�66&
DW����&��IROORZHG�E\�WKUHH�ZDVKLQJ�VWHSV�LQ����[�66&�FRQWDLQLQJ
���� IRUPDPLGH� �IRU� HDFK� ��� PLQXWHV� DW� ���&��� 7R� SUHYHQW
XQVSHFLILF�ELQGLQJ��VHFWLRQV�DUH�LQFXEDWHG�LQ�EORFNLQJ�EXIIHU�IRU���
PLQ� EHIRUH� DQWL�',*� $3�FRQMXJDWHG� DQWLERGLHV� �5RFKH
'LDJQRVWLFV�� 0DQQKHLP�� *HUPDQ\��� GLOXWHG� �������� LQ� EORFNLQJ
EXIIHU�� DUH� DSSOLHG� RYHUQLJKW� DW� ��&�� 7R� UHPRYH� XQERXQG
DQWLERG\��VHFWLRQV�DUH�ZDVKHG�WZLFH� LQ�',*�EXIIHU���IRU����PLQ�
7KH� ZDVKLQJ� VROXWLRQ� ZDV� SRXUHG� RII� DQG� WKH� VHFWLRQV� DUH
HTXLOLEUDWHG�IRU���PLQ�ZLWK�',*�EXIIHU����7KH�6LJQDO�LV�GHYHORSHG
LQ� WKH� GDUN� ZLWK� ',*�EXIIHU� �� FRQWDLQLQJ� ����J�O� ��QLWUREOXH
WHWUD]ROLXP�FKORULGH��1%7��5RFKH�'LDJQRVWLFV��������J�O���EURPR�
��FKORUR���LQGRO\O� SKRVSKDWH� �%&,3�� 5RFKH� 'LDJQRVWLFV�� DQG
����J�O� OHYDPLVROH� �6LJPD�$OGULFK�� XQWLO� VLJQDOV� EHFRPH� YLVLEOH
XQGHU�D� VWHUHR�PLFURVFRSH��6HQVH�SUREHV��GHYHORSHG� LQ�SDUDOOHO
XQGHU�WKH�VDPH�FRQGLWLRQV�DV�WKH�DQWL�VHQVH�SUREHV��GR�QRW�VKRZ
DQ\� ODEHOOLQJ�� )LQDOO\�� VHFWLRQV� DUH� ZDVKHG� LQ� �� [� 3%6� DQG
FRYHUVOLSSHG��

([SUHVVLRQ�SURILOH�DQDO\VLV�E\�F'1$�DUUD\
,Q�RUGHU�WR�GHWHFW�WUDQVFULSW�OHYHOV�RI�D�KLJK�QXPEHU�RI�JHQHV�LQ
RQH� H[SHULPHQW� WKH� K\EULGL]DWLRQ� RI� ODEHOOHG� SUREHV� WR
LPPRELOL]HG�� DUUD\HG� F'1$V� LV� XWLOL]HG�� 7KHVH� VR� FDOOHG
PLFURDUUD\V�ZKHUH�VHW�XS�E\�'U��+ROJHU�(LFNKRII�DQG�FROOHDJXHV�DW
WKH� /HKUDFK� JURXS� RI� WKH� 0D[�3ODQFN�,QVWLWXWH� IRU� 0ROHFXODU
*HQHWLFV��%HUOLQ��'���7KHUHIRUH��D�OLEUDU\�RI��������PRXVH�P51$V
ZDV� XVHG� DV� D� WHPSODWH� IRU� ROLJR�ILQJHUSULQWLQJ� �VHH� DOVR
LQWURGXFWLRQ��� 51$V� RI� HPEU\RQLF� PLFH� RI� GD\� QLQH� DQG� WZHOYH
ZHUH� SRROHG� IRU� WKDW� SXUSRVH�� %\� FORQLQJ� WKH� UHVXOWLQJ� '1$
IUDJPHQWV� LQWR� WKH� S63257�YHFWRU� ������ FORQHV� HPHUJHG�� HDFK
UHSUHVHQWLQJ� RQH� P51$� VSHFLHV�� 3HUIRUPLQJ� FRORQ\� 3&5� ZLWK
S63257�SULPHUV�DPSOLILHV�WKH�GHVLUHG�LQVHUW��7KLV�3&5�SURGXFW�LV
VSRWWHG�GLUHFWO\�RQ�WKH�$PHUVKDP�+\ERQG�1��Q\ORQ�PHPEUDQH�
7KH� VSRWWLQJ� LV� GRQH�E\� D� VHOI�PDGH�DUUD\LQJ� URERWHU� WKDW�XVHV
����QHHGOHV�DW�D� WLPH��ILYH� WLPHV� LQ�D� URZ���7KHVH�SLQV�KDYH�D
VSRWWLQJ� GLDPHWHU� RI� ����P�� ���� ZHOO� PLFURWLWHU� SODWHV� FRQWDLQ
WKH� 3&5�SURGXFWV� WKDW� DUH� REMHFW� WR� EHLQJ� VSRWWHG� LQ� WZR
GHVWLQDWLRQV� RQ� RQH� DUUD\� �GXSOLFDWH� VSRWWLQJ��� ��� RI� WKHVH� ���
ZHOO� SODWHV� ZHUH� VSRWWHG� RQ� RQH� DUUD\� VR� WKDW� WKHUH� DUH� DERXW
������� VLQJOH� VSRWV� RI� GV'1$� 3&5�SURGXFWV� LPPRELOL]HG�� 7R
JHQHUDWH� VV'1$� RQ� WKH� PHPEUDQH� WKH\� DUH� SURFHVVHG� DIWHU
VSRWWLQJ�E\�LQFXEDWLRQ�ZLWK�1D2+��ZDVKLQJ�ZLWK�66&��GHWHUJHQW��
GU\LQJ�DW����&�DQG�H[SRVXUH�WR�89�OLJKW��)RU�K\EULGL]DWLRQ��VHWV�RI
SRO\� $�� P51$V� �WRWDO� 51$� DOVR� SRVVLEOH�� DUH� �G1���UDQGRP
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
SULPHG�WR�XQGHUJR�ILUVW�VWUDQG�V\QWKHVLV��GHVFULEHG�LQ�D�SUHYLRXV
VHFWLRQ��� ���&L��O� α��3� G&73� LV� XVHG� IRU� UDGLRDFWLYH� ODEHOOLQJ
GXULQJ�UHYHUVH�WUDQVFULSWLRQ��,Q�FRPSDULVRQ�WR�α��3�G&73��WKDW�LV
WDNHQ�IRU�ODEHOOLQJ�1RUWKHUQ�%ORW�SUREHV��α��3�G&73�ODEHOOHG�DUUD\
SUREHV� KDYH� WKH� DGYDQWDJH� WKDW� QR� XQVKDUS� VLJQDOV� E\� ³VLJQDO
EOHHGLQJ´�RFFXUV��,Q�UHJDUG�WR�WKH�VPDOO�GLDPHWHU�RI�WKH�VSRWV�RQ
WKH�DUUD\�DQG�WKHLU�ORZ�GLVWDQFH�EHWZHHQ�HDFK�RWKHU�WKLV�HIIHFW�LV
XQGHVLUDEOH�� 7KDW� LV� ZK\� WKH� IRXU� IROG� ORZHU� VHQVLWLYLW\� RI�α��3
G&73� LV� DFFHSWHG�� 7KH� α��3� G&73�F'1$V� DUH� K\EULGL]HG� WR� WKH
DUUD\V� DW� ���&� IRU� DSSUR[�� ���KRXUV� LQ�PRGLILHG�&KXUFK�%XIIHU�
3ULRU� WR� WKH� K\EULGL]DWLRQ� SURFHGXUH� DQG� DIWHUZDUGV� WKH
PHPEUDQHV�DUH�ZDVKHG�WZLFH�IRU����PLQ�ZLWK��[�66&�������6'6�
��P0� 1D�+32�� DW� 57�� $GGLWLRQDOO\�� WZR� ZDVKLQJ� VWHSV� LQ� ���[
66&�������6'6���P0�1D�+32��IRU����PLQ�DW����&�DUH�IROORZLQJ�
7KH� UDGLRDFWLYH� ODEHOOHG� PHPEUDQHV� DUH� H[SRVHG� WR� )XML
SKRVSKRLPDJHU�GHWHFWLRQ�SODWHV�IRU�VHYHUDO�KRXUV�DQG�PHDVXUHG
DW� KLJKHVW� UHVROXWLRQ� LQ� D� %$6������ VHULHV� SKRVSKRLPDJHU�� 7KH
UHVXOWLQJ�SLFWXUHV�DUH�SURFHVVHG�E\�VRIWZDUH�RI�*3&�$*�9LVXDO*ULG
DQG�$GREH�3KRWRVKRS�IRU�DQDO\VLV��

PRGLILHG�&KXUFK�EXIIHU
���PO��0�1D�+32�
���PO����6'6
�PO����0�('7$

��[�66&
���J�1D&O
���J�WULVRGLXPFLWUDWH
DG��O�+�2�GHVW�

&RPSXWHU�DLGHG�HYDOXDWLRQ�RI�DUUD\�GDWD
7KH�UHDG�RXW�RI�WKH�GDWD�IURP�WKH��������DUUD\�VSRW�LQWHQVLWLHV�LV
SHUIRUPHG�E\�DQ�DXWRPDWHG�VRIWZDUH�SURJUDP��9LVXDO*ULG��*3&��
,W� WDNHV� WKH� DXWRUDGLRJUDSK� IURP� WKH� SKRVSKRLPDJHU� DQG
DXWRPDWLFDOO\� SRVLWLRQV� D� UHDG�RXW�JULG� 7KLV� JULG� KDV� WR� EH
DGMXVWHG� PDQXDOO\� IRU� KLJKHU� DFFXUDF\�� 9LVXDO*ULG� VRIWZDUH
FDOFXODWHV�WKH�VSRW�LQWHQVLWLHV�LQ�FRPSDULVRQ�WR�EDFNJURXQG��EODQN
VSDFH�� DQG� GXSOLFDWH� VSRWV� RQ� RQH� DUUD\�� $GGLWLRQDOO\�� WKH
VRIWZDUH� FRUUHODWHV� WKH� VLJQDO� LQWHQVLWLHV�RI� FRUUHVSRQGLQJ� VSRWV
RQ� WKH� VHFRQG� DUUD\�� LQGLFDWLQJ� GLYHUJHQW� SRVLWLRQV�� 7KH
GLYHUJHQFHV�DUH�SXWDWLYHO\�G\VUHJXODWHG�WUDQVFULSWV�EXW�FDQ�DOVR
EH� IDOVH� SRVLWLYH� DUWLIDFWV� �GXH� WR� IDOO�RXW� LQ� WKH� UHVSHFWLYH
SRVLWLRQ���7KHUHIRUH�D�PDQXDO�LQVSHFWLRQ�RI�WKH�GHVLJQDWHG�DUHDV
KDV�WR�EH�GRQH��2QO\�VLJQDOV�DUH�WDNHQ�LQWR�DFFRXQW�WKDW�DUH�QRW
DIIHFWHG�E\�K\EULGL]DWLRQ�DUWLIDFWV�DQG�DUH�DERYH�WKH�WKUHVKROG�RI
D� PLQLPDO� ���� IROG� LQWHQVLW\� FKDQJH� EHWZHHQ� WKH� FRUUHODWHG
VDPSOHV�� 7KH� DFFXUDF\� RI� WKH� K\EULGL]DWLRQ� H[SHULPHQW� LV
HYDOXDWHG� E\� FRUUHODWLQJ� WZR� DUUD\V� K\EULGL]HG� WR� WKH� VDPH
VDPSOH��,Q�WKLV�FDVH�WKH�FRUUHODWLRQ�FRHIILFLHQW�VKRXOG�EH�DOPRVW
U ��DQG�WKH�FRUUHODWLRQ�SORW�D�VOLP�PHGLDQ�FORXG��VHH�ILJXUH����
��



,PPXQRKLVWRFKHPLVWU\
,PPXQRKLVWRFKHPLVWU\

,PPXQRIOXRUHVFHQFH�RQ�FU\RVHFWLRQV

)RU�LQGLUHFW�,PPXQRIOXRUHVFHQFH�����P�VHFWLRQV�DUH�FXW�IURP�WKH
GHVLJQDWHG� WLVVXH� HPEHGGHG� LQ� 7LVVXH�7HN� �6DNXUD� )LQHWHN
=RHWHUZRXGH��1/��RQ�D�FU\RVWDW�DQG�PRXQWHG�RQ�6XSHU)URVW�3OXV
�0HQ]HO�*OlVHU� %UDXQVFKZHLJ�� '�� JODVV� VOLGHV�� 6HFWLRQV� DUH� DLU�
GULHG� DQG� VXUURXQGHG� ZLWK� D� 3DS�3HQ� �.LVNHU� 6WHLQIXUW�� '�� WR
PLQLPL]H�WKH�DPRXQW�RI�WKH�XVHG�DQWLERGLHV��6HFWLRQV�DUH�IL[HG�LQ
PHWKDQRO�IRU����PLQ�DW�±���&�DQG�UHK\GUDWHG�LQ���[�3%6�IRU���
PLQ�� 7R� SUHYHQW� XQVSHFLILF� ELQGLQJ� RI� WKH� SULPDU\� DQWLERGLHV�
VHFWLRQV�DUH� LQFXEDWHG� LQ� WKH�DSSURSULDWH�SUHLPPXQH�VHUXP� IRU
���PLQ�DW�57��6HFWLRQV�DUH�LQFXEDWHG�ZLWK�WKH�SULPDU\�DQWLERGLHV
LQ�D�KXPLG�FKDPEHU�DW���&�RYHUQLJKW��6HFWLRQV�DUH�ZDVKHG�IRXU
WLPHV�ZLWK���[�3%6� WR� UHPRYH�XQERXQG�DQWLERGLHV�� 7R�YLVXDOL]H
WKH� SULPDU\� DQWLERGLHV�� IOXRUHVFHQFH� ODEHOOHG� VHFRQGDU\
DQWLERGLHV� �&\��),7&�� &\��� 'LDQRYD�� +DPEXUJ�� '�� DUH� GLOXWHG
������LQ���[�7%67�DQG�DSSOLHG�WR�WKH�VHFWLRQV�IRU����PLQ�DW�57�LQ
WKH�GDUN��6HFWLRQV�DUH�ZDVKHG�IRXU�WLPHV�ZLWK���[�3%6�WR�UHPRYH
XQERXQG� VHFRQGDU\� DQWLERGLHV� DQG� FRYHUVOLSSHG� ZLWK� $TXD�
3RO\0RXQW�� 7KH� DQDO\VLV� LV� SHUIRUPHG� ZLWK� DQ� $[LRSKRW
IOXRUHVFHQFH�PLFURVFRSH�HTXLSSHG�ZLWK�GLJLWDO�FDPHUD�

,PPXQRIOXRUHVFHQFH�RQ�FRYHUVOLSV

&HOOV� IURP� FHOO� FXOWXUH� H[SHULPHQWV� DUH� JHQHUDOO\� VHHGHG� DQG
JURZQ�RQ�FRYHU�VOLSV�LQ�WZHOYH�ZHOO�GLVKHV�ZKHQ�WKH\�DUH�REMHFW�WR
IOXRUHVFHQFH�ODEHOOLQJ��3ULRU�WR�IL[DWLRQ�WKURXJK����3)$�WKH\�DUH
ZDVKHG�ZLWK��[�3%6��7KH�IL[DWLRQ�SHULRG�LV����PLQ��$IWHUZDUGV�WKH
IL[DQV� LV� UHPRYHG� E\� ZDVKLQJ� WKUHH� WLPHV� ZLWK� �[� 3%6�
3UHLPPXQH� LQFXEDWLRQ� LV�SHUIRUPHG�ZLWK������%6$� IRU����PLQ�
7KH�DSSOLFDWLRQ�RI�GLOXWHG�SULPDU\�DQWLERG\�LV�SHUIRUPHG��K�DW�57�
$IWHU�ZDVKLQJ�ZLWK��[�3%6�WKH�VHFRQGDU\�DQWLERG\�LV�DSSOLHG�IRU
��� �� ��� PLQ�� ([FHHGLQJ� WKLV� WLPH� UHYHDOV� KLJKHU� EDFNJURXQG
IOXRUHVFHQFH��%HIRUH�PRXQWLQJ�WKH�FRYHU�VOLSV�RQ�D�JODVV�VOLGH�DQG
VHDOLQJ� LW� LQ�$TXD�3RO\0RXQW�D� ODVW�ZDVKLQJ�VWHS�ZLWK��[�3%6� LV
SHUIRUPHG�� )RU� QHXULWH� RXWJURZWK� DQDO\VLV� WKH� VOLGHV� DUH
H[DPLQHG� ZLWK� DQ� .RQWURQ� PLFURVFRSH� HTXLSSHG� ZLWK� GLJLWDO
FDPHUD� DQG� PHDVXUHPHQW� VRIWZDUH� IRU� TXDOLWDWLYH� DQDO\VLV� WKH
PRUH�VHQVLWLYH�$[LRSKRW�PLFURVFRSH�LV�XVHG�

(6�FHOO�FXOWXUH

7KH�FHOOV�WKDW�ZHUH�XVHG�LQ�WKHVH�H[SHULPHQWV�DUH�,&$3�GHILFLHQW
(6�FHOOV�DQG�WKHLU�UHVSHFWLYH�ZLOGW\SH�FHOO� OLQH��7KH�KRPR]\JRXV
NQRFN�RXW�FHOO�OLQHV�DUH�WHUPHG�³��´�DQG�³�� �́�7KH�FHOO�OLQH�IURP
ZKLFK�WKH\�DUH�GHULYHG�LV�WHUPHG�³/:� �́�WKH�UHVSHFWLYH�ZLOG�W\SH�
7KHVH�FHOOV�ZHUH�JHQHUDWHG�LQ�WKH�ODERUDWRU\�RI�'U��'��'��&KDQJ
�8&/$� /RV� $QJHOHV�� 86$�� DQG� DUH� NLQGO\� SURYLGHG� IRU� RXU
H[SHULPHQWV�� 7KH� IHHGHU� FHOOV� �PXULQH� HPEU\RQDO� ILEUREODVWV�
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
0()��RQ�ZKLFK�(6�FHOOV�KDYH�WR�EH�VHHGHG�LQLWLDOO\��DUH�SUHSDUHG
DQG�SURYLGHG�E\�WKH�=01+�VHUYLFH�JURXS�IRU�WUDQVJHQLF�DQLPDOV�
([SDQVLRQ� DQG� WUHDWPHQW� RI� WKH� 0()� FHOOV� ZLWK� F\WRVWDWLF
PLWRP\FLQ� &� �00&�� 6LJPD�� LV� VHOI�SHUIRUPHG�� ,Q� FHOO� FXOWXUH
H[SHULPHQWV�GLVKHV�IURP�*UHLQHU�%LR�2QH��)ULFNHQKDXVHQ��'��DQG
733��7UDVDGLQJHQ��&K��DUH�XVHG��7KH�FRPSRQHQWV� IRU�PHGLD�DUH
SXUFKDVHG� DW� &+(0,&21� LQWHUQDWLRQDO� �7HPHFXOD� &$�� 86$��
*,%&2�,QYLWRJHQ��.DUOVUXKH��'���3$$��/LQ]��$���5RWK��.DUOVUXKH�
'���6LJPD�$OGULFK��'HLVHQKRIHQ��'��DQG�WHEX�ELR��2IIHQEDFK��'�
UHVSHFWLYHO\�

'LIIHUHQWLDWLRQ�RI�(6�FHOOV
7KH� GLIIHUHQWLDWLRQ� RI� (6� FHOOV� WRZDUGV� QHXUDO� SUHFXUVRUV� LV
SHUIRUPHG�DFFRUGLQJ�WR�WKH�SUHYLRXVO\�GHVFULEH�SURFHGXUH��/HH�HW
DO�� ��������� 7KLV� SURWRFRO� GLUHFWV� WKH� XQGLIIHUHQWLDWHG� (6� FHOOV
WRZDUGV�WKH�QHXUDO�OLQHDJH�E\�D�PXOWL�VWHS�SURFHGXUH��(DFK�VWHS
FRQWDLQV� PHGLD� LQ� D� GLIIHUHQW� FRPSRVLWLRQ� DQG� GLIIHUHQW� JURZWK
FRQGLWLRQV��IUHH�IORDWLQJ�DGKHUHQW���%ULHIO\��LW�VWDUWV�ZLWK�VHHGLQJ
00&� WUHDWHG�0()� FHOOV� RQ� JHODWLQ� ������ VWHULOH� JHODWLQ� LQ�+�2�

FRDWHG� FXOWXUH� GLVKHV� DW� D� GHQVLW\� RI� �[� ���� FHOOV� SHU� FP�

FRQWDLQLQJ�0()�PHGLXP��$IWHU�DW�OHDVW�WZHOYH�KRXUV�WKH�(6�FHOOV
FDQ� EH� WKDZQ�DQG� VHHGHG� LQ� (6�PHGLXP� FRQWDLQLQJ� /,)� WR� JLYH
ULVH� WR� ���[� ���� (6� FHOOV� SHU� FP��� 7KH� PHGLXP� KDV� WR� EH
H[FKDQJHG� HYHU\� GD\� DQG� SDVVDJH� LV� SHUIRUPHG� WKURXJK
WU\SVLQL]DWLRQ��)RU�JHWWLQJ�ULG�RI�0()�FHOOV�DW�OHDVW�RQH�SDVVDJH�RI
(6� FHOOV� KDV� WR� EH� JURZQ� RQ� JHODWLQ� FRDWHG� FXOWXUH� GLVKHV�� 7KH
QH[W�VWHS�PDNHV�XVH�RI�XQFRDWHG�DQG�XQWUHDWHG�EDFWHULDO�GLVKHV
IRU�QRQ�DGKHUHQW�JURZWK�RI�(6�FHOOV��,Q�WKLV�VWHS��������[�����(6
FHOOV�SHU�FP��DUH�JURZQ�LQ�(6�PHGLXP�ODFNLQJ�/,)�IRU�DJJUHJDWLRQ
DQG�IRUPDWLRQ�RI�IUHH�IORDWLQJ�HPEU\RLG�ERGLHV��(%���7KLV�SHULRG
WDNHV� IRXU� WR� ILYH� GD\V� DQG� UHTXLUHV� WKUHH� WLPHV� RI� GDLO\� VRIW
VKDNLQJ�RI� WKH�GLVKHV� IRU�SUHYHQWLRQ�RI� DGKHUHQFH��7KH�FRORU� RI
WKH�PHGLXP�VKRXOG�EH�PRQLWRUHG�DQG�H[FKDQJH�VKRXOG�WDNH�SODFH
RQ� GD\� WKUHH�� 'LIIHUHQWLDWLRQ� LV� KDSSHQLQJ� E\� WUDQVIHUULQJ� WKH
(%�V�WR�FHOO�FXOWXUH�GLVKHV�FRQWDLQLQJ�,76)Q�PHGLXP�LQ�����RU����
UDWLR�RI�(%�GLVK�WR�,76)Q�GLVK��(%�V�DWWDFK�WR�WKH�GLVK�DQG�FHOOV
PLJUDWH�RXW�RI�WKH�FOXVWHU��$�ODUJH�SRUWLRQ�RI�FHOOV�GLH�DQG�PHGLXP
VKRXOG�EH�H[FKDQJHG�DW�OHDVW�HYHU\�VHFRQG�GD\��7KLV�VWDJH�WDNHV
ILYH� WR� WZHOYH�GD\V�DQG� WKH�PDMRULW\�RI� FHOOV�DUH�QHVWLQ�SRVLWLYH
SUHFXUVRU� FHOOV�� 7KHUH� DUH� DOUHDG\� PDQ\� \RXQJ� β,,,� WXEXOLQ
SRVLWLYH�QHXURQV�DW�WKH�WLPH�SRLQW�RI���GD\V�LQ�,76)Q�PHGLXP�LQ
FDVH�RI�WKH�(6�FHOOV�GHULYHG�IRUP�WKH�&KDQJ�ODE��7KLV�LV�ZK\�WKLV
VWDJH�ZDV� WDNHQ� IRU� QHXULWH� RXWJURZWK� H[SHULPHQWV� �VHH� ILJXUH
����� 7KH� H[SDQVLRQ� RI� WKH� UHVXOWLQJ� QHXUDO� SUHFXUVRU� FHOOV� DUH
SUHIRUPHG�E\�SDVVDJLQJ�WKH�FHOOV�LQ�P1�)�/��DW�D�VHHGLQJ�GHQVLW\
RI����������[�����FHOOV�SHU�FP��LQ�SRO\�/�RUQLWKLQ�����J�PO�LQ�+�2�
FRDWHG� FXOWXUH� GLVKHV�� 7KH�PHGLXP�KDV� WR� EH� H[FKDQJHG� HYHU\
VHFRQG�GD\�DQG�WKLV�VWHS�WDNHV�ILYH�GD\V�SULRU�WR�IUHH]LQJ�WKH�FHOOV
LQ�OLTXLG�QLWURJHQ�

0()�PHGLXP
���PO 'XOEHFFR�V�0(0�ZLWK�*OXWD0$;��'0(0�
��



(6�FHOO�FXOWXUH
��PO IHWDO�ERYLQH�VHUXP��)%6�UHVHDUFK�JUDGH�
(8�DSSURYHG��3HUELR�

���PO 0(0�QRQ�HVVHQWLDO�DPLQR�DFLGV����[
���PO 3HQLFLOOLQ�6WHSWRP\FLQ��3HQ�6WUHS�

������8�3HQ��DQG�������J�PO�6WUHS�
���[�

7U\SVLQ�IRU�0()
WU\SVLQ�('7$��������WU\SVLQ�����J�O�WU\SVLQ�DQG����J�O
('7$�

7U\SVLQ�IRU�(6
WU\SVLQ�('7$��������WU\SVLQ�DQG��P0�('7$�

(6�PHGLXP
���PO '0(0�ZLWK���P0�+HSHV�������PJ�O

JOXFRVH�DQG�ZLWK�S\ULGR[LQH
��PO )%6
���PO /�JOXWDPLQH�����P0�����[�
���PO 0(0�QRQ�HVVHQWLDO�DPLQR�DFLGV����[
���PO 1D�3\UXYDW�0(0�����P0�
���PO 3HQ�6WUHS
���PO QXFOHRVLGH�PL[

����PO ��PHUFDSWRHWKDQRO����P0�������[�
���O /,)�����8�PO��UHFRPELQDQW��&HPLFRQ�
>�����O�PO *�����*HQHWLFLQ���PJ�PO��LQ�FDVH�RI

VHOHFWLRQ@


1XFOHRVLGH�PL[
��PJ DGHQRVLQH
��PJ JXDQRVLQH
��PJ F\WLGLQH
��PJ XULGLQH
��PJ WK\PLGLQH
DG����PO�LQ�3%6�DW����&�DQG�����P�ILOWUDWLRQ��VWRUH�DW
����&

,76)Q�PHGLXP
���PO '0(0�)����QXWULHQW�PL[WXUH������
���O LQVXOLQ����PJ�PO�LQ���P0�+&O�
����O WUDQVIHUULQ����PJ�PO�
����O VHOHQLXP�FKORULGH�����0�
����O ILEURQHFWLQ���PJ�PO�
�����O /�JOXWDPLQH�����P0�

P1�)�/��PHGLXP
���PO '0(0�)��
����O LQVXOLQ
����O WUDQVIHUULQ
��O SURJHVWHURQH�����P0�
����O SXWUHVFLQH����P0�
����O VHOHQLXP�FKORULGH
����O )*)������J�PO�
�����O ODPLQLQ���PJ�PO��
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
�����O /�JOXWDPLQH

7ZR�PLOOLJUDPV�RI�WKH�F\WRVWDWLF�FRPSRXQG�00&�LV�GLOXWHG�LQ��PO
�[� 3%6� DQG� ����O� DOLTXRWV� �VXLWDEOH� IRU� WUHDWPHQW� RI� D� ��FP
GLDPHWHU�FXOWXUH�GLVK�ZLWK���PO�PHGLXP��DUH�VWRUHG�LQ�WKH�GDUN
DW�����&��0HGLXP�IRU�FHOO�VWRUDJH�LQ�OLTXLG�QLWURJHQ�LV�VHW�XS�IURP
���� )%6�� ���� GLPHWK\OVXOIR[LGH� �'062�� 6LJPD�� DQG� ���
'0(0�

1HXULWH�RXWJURZWK�RI�GLIIHUHQWLDWHG�(6�FHOOV
)RU� PHDVXULQJ� WKH� SHUIRUPDQFH� RI� WKH� GLIIHUHQW� FHOO� OLQHV� LQ
QHXULWH� RXWJURZWK� H[SHULPHQWV� WKH\� DUH� JURZQ� RQ� ��PP
GLDPHWHU�FRYHU�VOLSV�LQ�WZHOYH�ZHOO�SODWHV��)RU�D�FRPSDULVRQ�RI�WKH
UHDFWLRQ� WR� GLIIHUHQW� JURZWK� VXEVWUDWHV�� SUH�FRDWHG� �SRO\�/�
RUQLWKLQ��3/2��FRYHU�VOLSV�DUH�FRYHUHG�ZLWK�WKH�VSHFLILF�VXEVWUDWH
�L�H�� 71�5� IUDJPHQWV�� RQ� WRS�� 7KHUHIRUH�� DFHWRQH� ZDVKHG� DQG
DXWRFODYHG� FRYHU� VOLSV� DUH� H[SRVHG� WR� XOWUD� YLROHW� OLJKW� IRU� D
PLQLPXP�RI����PLQ��7KHQ�WKH\�DUH�SXW�LQ�D�GLVK�ZLWK�3/2�VROXWLRQ
����J�PO�� IRU� DW� OHDVW� ����KRXUV�� 7KH�3/2� LV�GLVFDUGHG�DQG� WKH
FRYHU�VOLSV�DUH�ZDVKHG�ZLWK�+�2�GHVW��DQG�DLU�GULHG�XQGHU�D�FOHDQ
EHQFK��7KH�FRDWLQJ�ZLWK�WKH�VSHFLILF�VXEVWUDWH�RQ�WRS�LV�SHUIRUPHG
LQ�D�PRLVWXUH�FKDPEHU�DW���&�RYHU�QLJKW��7KHUHIRUH��WKH�FKDPEHU
LV� HTXLSSHG� ZLWK� SDUDILOP� RQ� ZKLFK� ���O� �L�H�� ����J�PO� (*)�6
IUDJPHQW�RI�71�5��RI� WKH� VXEVWUDWH� LV�SODFHG�DV�D�GURS��2Q� WKH
VXEVWUDWH�GURS�WKH�FRYHU�VOLS�LV�SODFHG�DQG�WKH�FKDPEHU�LV�VHDOHG�
7KHVH�FRYHU�VOLSV�DUH�WKHQ�SODFHG�LQ�WZHOYH�ZHOO�FHOO�FXOWXUH�GLVKHV
ZKHUH�WKH�FHOOV�DUH�VHHGHG� LQ�� ,Q�P\�H[SHULPHQWV��WKH�FHOOV�DUH
JURZQ�RQ�WKH�FRDWHG�FRYHUVOLSV�IRU�ILYH�GD\V�LQ�WKH�,76)Q�PHGLXP
DQG�DUH�IL[HG�DIWHUZDUGV�IRU�LPPXQRIOXRUHVFHQFH�OLNH�GHVFULEHG�LQ
WKH� SUHYLRXV� VHFWLRQ� ³,PPXQRIOXRUHVFHQFH� RQ� &RYHUVOLSV �́
)OXRUHVFHQW� GHWHFWLRQ� LV� SHUIRUPHG� ZLWK� D� .RQWURQ� PLFURVFRSH
HTXLSSHG�ZLWK�D�+DPDPDWVX�&&'�GLJLWDO�FDPHUD��7KH�β,,,�WXEXOLQ
ODEHOHG� QHXULWHV� DUH� PHDVXUHG� PDNLQJ� XVH� RI� D� OHQJWK
PHDVXUHPHQW�PDNUR�RI�WKH�.6�����VRIWZDUH��YHUVLRQ������=HLVV��
7KHUHIRUH�� WKH� FRYHU� VOLS� LV� VFDQQHG� IRU� QHXULWHV� WKDW� DUH� QRW
LQWHUIHULQJ� ZLWK� RWKHUV�� :LWK� WKH� ��[� REMHFWLYH� D� SLFWXUH� LV
DFTXLUHG�DW� W\SLFDOO\����GE�DQG����� VHFRQGV�H[SRVXUH� �IRU�&\�
ILOWHU���7KLV�SLFWXUH�LV�SURFHVVHG�E\�WKH�.6�����VRIWZDUH�DQG�HDFK
QHXULWH� LV� RXWOLQHG�PDQXDOO\� IRU� OHQJKW�PHDVXUHPHQW�� 7KH� GDWD
HYROYLQJ� IURP� DW� OHDVW� WKUHH� LQGHSHQGHQW� H[SHULPHQWV� DUH
HYDOXDWHG� E\� 6LJPD3ORW� VRIWZDUH� �6LJPD3ORW� ���� 6366� ,QF�
5LFKPRQG��86$��DQG�VXEMHFW�WR�DQ�XQSDLUHG�W�WHVW�

3URWHLQ�DQDO\VLV

3URWHLQ�H[WUDFWLRQ�IURP�PXULQH�WLVVXH
0XULQH� WLVVXH� VDPSOHV�� IUHVKO\� SUHSDUHG� RU� IUR]HQ�� DUH� 'RXQFH
KRPRJHQL]HG�LQ�O\VLV�EXIIHU�RQ�LFH��+RPRJHQDWHV�DUH�FHQWULIXJHG
DW�������[�J�DW���&�IRU����PLQ�WR�UHPRYH�LQVROXEOH�PDWHULDO��DQG
��



3URWHLQ�DQDO\VLV
WKH� VXSHUQDWDQWV�DUH� FROOHFWHG�� $IWHU� IUHH]LQJ� VXSHUQDWDQWV� DW� �
���&�� WKH�FHQWULIXJDWLRQ�VWHS� LV� UHSHDWHG��DQG� WKH�VXSHUQDWDQWV
DUH�FROOHFWHG�DQG�VWRUHG�DW�����&�

/\VLV�EXIIHU
��P0�7ULV�+&O��S+�����
���P0�1D&O
������Z�Y��1RQLGHW�3���
�[�&RPSOHWH�SURWHDVHV�LQKLELWRUV�PL[��5RFKH�

3URWHLQ�TXDQWLILFDWLRQ
3URWHLQ�FRQFHQWUDWLRQV�DUH�GHWHUPLQHG�ZLWK�WKH�0LFUR�%&$�SURWHLQ
DVVD\��3LHUFH�&KHPLFDO�&R���5RFNIRUG��,/���6ROXWLRQV�$�DQG�%�DUH
PL[HG�LQ�D�UDWLR�RI������WR�JLYH�WKH�%&$�VROXWLRQ�����O�RI�O\VDWHV
RU�GLOXWLRQV�WKHUHRI�ZHUH�PL[HG�ZLWK�����O�%&$�VROXWLRQ�LQ����ZHOO
PLFURWLWHU� SODWHV� DQG� LQFXEDWHG� IRU� ��� PLQ� DW� ���&�� $� %6$
VWDQGDUG�FXUYH�ZDV�FR�LQFXEDWHG�UDQJLQJ�IURP����J�O�WR��J�O��7KH
H[WLQFWLRQ�RI�WKH�VDPSOHV�ZDV�GHWHUPLQHG�DW�D�ZDYHOHQJWK����QP
LQ�D�PLFURWLWHU�SODWH�UHDGHU��0,&521$87�6NDQ��0HUOLQ��%RUQKHLP�
+HVHO��'��

3URWHLQ�JHO�HOHFWURSKRUHVLV
7KH� VHSDUDWLRQ� RI� SURWHLQV� UHVSHFWLYH� RI� WKHLU� VL]H� LV� SHUIRUPHG
OLNH� GHVFULEHG� E\� /lPPOL� �/lPPOL� ��������� 7KHUHIRUH�� ���� �RU
����� YROXPLQD� LQ� EUDFNHWV�� 6'6�SRO\DFU\ODPLGH� �3$�� JHO
HOHFWURSKRUHVLV��6'6�3$*(��XQGHU�UHGXFLQJ�FRQGLWLRQV�XVLQJ�WKH
0LQL�3URWHDQ�,,�V\VWHP��%LR�5DG��LV�FDUULHG�RXW��7KH�XVHG�3$�JHOV
KDYH�IROORZLQJ�SURSHUWLHV�

VWRFN�VROXWLRQ UHVROYLQJ�JHO VWDFNLQJ�JHO

���0�7ULV�+&O�S+���� � ����PO
���0�7ULV�+&O�S+���� ���PO �
��������DFU\ODPLGH� ����PO�����PO� ����PO
ELVDFU\ODPLGH
+�2�GHVW� ����PO�����PO� ����PO
����6'6 ���O ���O
����DPRQLXPSHUVXOIDWH ���O ���O
WHWUDHWK\OHQHGLDPLQH ��O ��O
�70('�

7KH�YROXPLQD�GHVFULEHG�DUH�IRU�VWDQGDUG�����PP�ZLGWK�JHOV��)RU
WKLFNHU�JHOV�����PP��WKH�UHVSHFWLYH�YROXPLQD�KDYH�WR�EH�GRXEOHG�
$IWHU�SRO\PHUL]DWLRQ�RI�WKH�3$�JHO��WKH�FKDPEHU�LV�DVVHPEOHG�DV
GHVFULEHG�E\�WKH�PDQXIDFWXUHU
V�SURWRFRO��6DPSOHV�ZLWK�D�YROXPH
XS� WR����O� �H[FHHGLQJ�YROXPLQD�DUH� ORDGHG�RQ� WKLFNHU�JHOV�� DUH
ORDGHG�DQG�WKH�JHO�LV�UXQ�DW�FRQVWDQW����9�IRU�DSSUR[�����PLQ�DQG
WKHQ� DW� ���9� IRU� WKH� UHPDLQGHU�� 7KH� UXQ� LV� VWRSSHG� ZKHQ� WKH
3\URQLQ� <� UXQQLQJ� IURQW� UHDFKHV� WKH� HQG� RI� WKH� JHO�� ,Q� WKH
IROORZLQJ�� JHOV� DUH� HLWKHU� VWDLQHG� �FRRPDVVLH�VLOYHU� VWDLQLQJ�� RU
VXEMHFWHG�WR�:HVWHUQ�EORWWLQJ��VHH�EHORZ�.
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
&RRPDVVLH�VWDLQLQJ�RI�SURWHLQ�JHOV
$IWHU�6'6�3$*(��3$�JHOV�DUH�VWDLQHG�LQ�VWDLQLQJ�VROXWLRQ����K��57�
ZLWK�FRQVWDQW�DJLWDWLRQ��7KH�JHOV�DUH�WKHQ�LQFXEDWHG�LQ�GHVWDLQLQJ
VROXWLRQ� XQWLO� WKH� EDFNJURXQG� RI� WKH� JHO� DSSHDUV� QHDUO\
WUDQVSDUHQW�� 7R� IL[� VWDLQLQJ� SDWWHUQV�� GHVWDLQLQJ� VROXWLRQ� LV
H[FKDQJHG�DJDLQVW������Y�Y��DFHWLF�DFLG�

6WDLQLQJ�VROXWLRQ� 'HVWDLQLQJ�VROXWLRQ
�����Y�Y��HWKDQRO� �����Y�Y��HWKDQRO
�����Y�Y��DFHWLF�DFLG� �����Y�Y��DFHWLF�DFLG
����J�O�&RRPDVVLH�EULOOLDQW�EOXH�
5���

6LOYHU�VWDLQLQJ�RI�SURWHLQ�JHOV
6LOYHU� VWDLQLQJ� RI� 3$� JHOV� LV� SHUIRUPHG� DV� GHVFULEHG� �0RUULVVH\
�����$QDO� %LRFKHP����� ������ %ULHIO\�� JHOV� DUH� LQFXEDWHG� IRU� ��
PLQ�LQ�)L[LQJ�VROXWLRQ�������PLQ�LQ�)L[LQJ�VROXWLRQ����IROORZHG�E\
DQRWKHU� IL[LQJ� VWHS� IRU� ��� PLQ� LQ� ���� �Y�Y�� JOXWDUDOGHK\GH
VROXWLRQ��$IWHU�ULQVLQJ�WKH�JHO�IRU��K�ZLWK�+�2��DQ�LQFXEDWLRQ�LQ�D
��J�PO� '77� VROXWLRQ� IRU� ���PLQ� IROORZV�� $IWHUZDUGV�� WKH� JHO� LV
VRDNHG�IRU����PLQ�LQ�D�������Z�Y��$J12��VROXWLRQ��5LQVLQJ�RQFH
ZLWK� +�2� LV� IROORZHG� E\� GHYHORSLQJ� WKH� VWDLQLQJ� SDWWHUQ� E\
VRDNLQJ�LQ�GHYHORSHU��3URJUHVVLQJ�VWDLQLQJ�LV�VWRSSHG�E\�DGGLWLRQ
RI�����J�FLWULF�DFLG�SHU�����PO�GHYHORSHU��6HYHUDO�ZDVKHV�ZLWK�+�2
IROORZ�WKLV�VWDLQLQJ�SURWRFRO�

)L[LQJ�VROXWLRQ��� )L[LQJ�VROXWLRQ��
�����Y�Y��PHWKDQRO� ����Y�Y��PHWKDQRO
�����Y�Y��JODFLDO�DFHWLF�DFLG ����Y�Y��JODFLDO�DFHWLF

DFLG
'HYHORSHU
��J�O�1D�&2�
������IRUPDOGHK\GH�VROXWLRQ������

:HVWHUQ�EORW�DQDO\VLV
3URWHLQV�DUH�WUDQVIHUUHG�IURP�3$�JHOV�DIWHU�6'6�3$*(��VHH�DERYH�
RQWR� D� QLWURFHOOXORVH� PHPEUDQH� �3URWHDQ� 1LWURFHOOXORVH� %$� ���
�����P�� 6FKOHLFKHU� 	� 6FKXHOO�� 'DVVHO�� '�� XVLQJ� D� 0,1,
75$16%/27�DSSDUDWXV��%LR�5DG���$IWHU�HTXLOLEUDWLRQ�RI�WKH�3$�JHO
LQ� EORW� EXIIHU� IRU� DSSUR[LPDWHO\� �� PLQ�� D� EORWWLQJ� VDQGZLFK� LV
DVVHPEOHG�DV�GHVFULEHG� LQ� WKH�PDQXIDFWXUHU
V�SURWRFRO��3URWHLQV
DUH�WUDQVIHUUHG�DW���&�LQ�EORW�EXIIHU�DW�FRQVWDQW�YROWDJH����9�IRU��
K� RU� ��9� RYHUQLJKW��� 7KH� SUHVWDLQHG� PDUNHU� %(1&+0$5.
�,QYLWURJHQ��LV�XVHG�DV�D�PROHFXODU�ZHLJKW�PDUNHU�DQG�WR�PRQLWRU
VXFFHVVIXO�SURWHLQ�WUDQVIHU�DIWHU�EORWWLQJ�

%ORW�EXIIHU
���P0�JO\FLQH
��P0�7ULV
�����Y�Y��PHWKDQRO
���J�O�6'6

$IWHU� HOHFWURSKRUHWLF� WUDQVIHU�� QLWURFHOOXORVH� PHPEUDQHV� DUH
��



3URWHLQ�DQDO\VLV
UHPRYHG�IURP�WKH�VDQGZLFKHV�DQG�SODFHG�SURWHLQ�ERXQG�VLWH�XS�LQ
JODVV�YHVVHOV��0HPEUDQHV�DUH�ZDVKHG�RQFH�LQ�7%67�IRU���PLQ�DQG
ZHUH�VXEVHTXHQWO\�EORFNHG�IRU���K�LQ�7%67�FRPSOHPHQW�ZLWK���
VNLPPHG� PLON� SRZGHU� XQGHU� JHQWOH� VKDNLQJ� DW� 57�� ,QFXEDWLRQ
ZLWK� DQ� DSSURSULDWH� DQWLERG\� GLOXWLRQ�� LQ� 7%67�� LV� SHUIRUPHG
HLWKHU� IRU� �� K� DW� 57� RU� RYHUQLJKW� DW� ��&�� 7KH� SULPDU\� DQWLERG\
VROXWLRQ�LV�UHPRYHG�DQG�PHPEUDQHV�DUH�ZDVKHG��[����PLQ�ZLWK
7%67� XQGHU� VKDNLQJ�� 7KH� DSSURSULDWH� KRUVHUDGLVK� SHUR[LGDVH
�+53��FRQMXJDWHG� VHFRQGDU\� DQWLERG\� LV� DSSOLHG� LQ� D� GLOXWLRQ� RI
���������LQ�7%67�IRU��K�DW�57��7KH�PHPEUDQH�LV�ZDVKHG�DJDLQ��[
��PLQ�ZLWK�7%67��,PPXQRUHDFWLYH�EDQGV�DUH�YLVXDOL]HG�XVLQJ�WKH
HQKDQFHG� FKHPLOXPLQHVFHQFH�GHWHFWLRQ� V\VWHP� �$3%�RU� 3LHUFH��
7KH� PHPEUDQH� LV� VRDNHG� IRU� �� PLQ� LQ� GHWHFWLRQ� VROXWLRQ� ����
PL[WXUH�RI�NLW�VXSSOLHG�VROXWLRQV�,�DQG�,,���7KH�GHWHFWLRQ�VROXWLRQ
LV� GUDLQHG� RII� DQG� WKH� EORW� LV� SODFHG� EHWZHHQ� SODVWLF� IRLOV�� 7KH
PHPEUDQH� LV� WKHQ� H[SRVHG� WR� %,20$;� 0/� IRU� VHYHUDO� WLPH
LQWHUYDOV��VWDUWLQJ�ZLWK�D��PLQ�H[SRVXUH�

7%67
��P0�7ULV�+&O��S+�����
���P0�1D&O
�������Y�Y��7ZHHQ���

,PPXQHSUHFLSLWDWLRQ
7R�VKRZ�LQWHUDFWLRQV�RI�SURWHLQV�DQWLERGLHV�FDQ�EH�FURVVOLQNHG�WR
SURWHLQ�*�PDJQHWLF�EHDGV��UDW��'\QDO���7KH�ERXQG�DQWLERG\�ELQGV
VSHFLILFDOO\�WKH�SURWHLQ�DJDLQVW�ZKLFK�LW�LV�GLUHFWHG��,I�WKLV�SURWHLQ
LV� DOVR� ERXQG� WR� RWKHUV� WKH�ZKROH� FRPSOH[� FDQ�EH� SXOOHG� GRZQ
ZLWK�WKH�PDJQHWLF�EHDGV�DQG�DQDO\]HG�LQ�:HVWHUQ�DQDO\VLV�
7KH� FURVVOLQNLQJ� RI� SURWHLQ�*�PDJQHWLF� EHDGV� WR� DQ� DQWLERG\� LV
SHUIRUPHG�WKURXJK�WDNLQJ�����O�RI�EHDGV�DQG�ZDVKLQJ�WKHP�WZLFH
LQ�3%6�DW�S+������3ULRU�WR�WKH�DGGLWLRQ�RI����WR����J�DQWLERG\�WKDW
LV�GLOXWHG�LQ�D�WRWDO�YROXPH�RI�����O��WKH�EHDGV�DUH�HOXWHG�LQ�����O
3%6��7KH�PL[WXUH� LV� URWDWHG� IRU����PLQ��7KHUHDIWHU� LW� LV�ZDVKHG
WKUHH�WLPHV�ZLWK������O�3%6��7KH�FURVVOLQNLQJ�UHDFWLRQ�LV�VWDUWHG
E\�DGGLQJ��PJ�%LV>6XOIRVXFFLQLPLG\O@VXEHUDWH��%6���3LHUFH��WKDW
LV� OLQNLQJ�SULPDU\�DPLQR�JURXSV��7KH�LQFXEDWLRQ�SHULRG�WDNHV���
WR�����PLQ��$IWHUZDUGV�WKH�PDJQHWLF�EHDGV�ZLWK�WKH�QRZ�ERXQG
DQWLERG\�DUH�ZDVKHG�VL[�WLPHV�LQ�7%6�DW�S+�����DQG�ILQDOO\�RQFH
ZLWK� 3%6� SULRU� WR� HOXWLRQ� LQ� ����O� 3%6�� 7KH� EHDGV� FDQ� QRZ� EH
XVHG�WR�SUHFLSLWDWH�SURWHLQ�FRPSOH[HV�RU�FDQ�EH�VWRUHG�DZD\�DW
��&�
3UHFLSLWDWLRQ� LV� SHUIRUPHG� WKURXJK� LQFXEDWLQJ� SURWHLQ� VROXWLRQV�
KRPRJHQDWHV�ZLWK�WKH�EHDGV�RYHU�QLJKW��7KH�VXSHUQDWDQW�LV�WDNHQ
RI�WKURXJK�VKRUW�VSLQQLQJ�����VHFRQGV��LQ�D�FHQWULIXJH�DQG�VWRUHG
DZD\�� 7KH� EHDGV� DUH� ZDVKHG� ZLWK� �PO� RI� ZDVK� EXIIHU� ,�� $IWHU
DQRWKHU�VKRUW�FHQWULIXJDWLRQ�WKH�VXSHUQDWDQW�LV�GLVFDUGHG�DQG�WKH
ZDVKLQJ�VWHS�LV�UHSHDWHG�WZR�WLPHV��7KHQ��WKH�EHDGV�DUH�ZDVKHG
LQ� ZDVK� EXIIHU� ,,� WKUHH� WLPHV� DQG� WKH� VXSHUQDWDQW� KDV� WR� EH
UHPRYHG�WKRURXJKO\�DIWHU�WKH�ODVW�ZDVKLQJ�VWHS��7KH�VDPSOH�FDQ
QRZ� EH� UHVXVSHQGHG� LQ� ³/lPPOL´� SURWHLQ� ORDGLQJ� EXIIHU� DQG
DQDO\]HG�E\�3$*(�DQG�:HVWHUQ�EORW�
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
ZDVK�EXIIHU�,
��P0�+(3(6�S+����
���P0�1D&O
�����13����GHWHUJHQW

ZDVK�EXIIHU�,,
��P0�+(3(6�S+����
���P0�1D&O

3UROLIHUDWLRQ�DVVD\

077�WHVW

)RU�YLDELOLW\�DVVD\V���[�����FHOOV�LQ�����O�DUH�VHHGHG�LQWR����ZHOO
PLFURWLWHU� SODWHV�� &HOO� VXUYLYDO� LV� MXGJHG� E\� SKDVH� FRQWUDVW
PLFURVFRS\� DQG� DVVD\HG� XVLQJ� WKH� PHWK\OWKLD]ROWHWUD]ROLXP
�077�� PHWKRG� �+DQVHQ� HW� DO�� ��������7KH� FRQYHUVLRQ� RI� WKH
WHWUD]ROLXP� VDOW� �077�� WR� FRORUHG� IRUPD]DQ� WKURXJK� PHWDEROLF
DFWLYH�FHOOV�VHUYHV�DV�DQ�LQGLUHFW�PHDVXUHPHQW�RI�FHOO�JURZWK�DQG
LV�PRQLWRUHG�E\� WKLV�PHWKRG��%ULHIO\��077��6LJPD��VROXELOL]HG� LQ
SKRVSKDWH�EXIIHUHG�VDOLQH��3%6���PJ�PO��LV�DGGHG�WR�WKH�FHOOV�WR
D�ILQDO�FRQFHQWUDWLRQ�RI��PJ�PO��7ZR�KRXUV� ODWHU��FHOOV�DUH� O\VHG
E\� DGGLWLRQ� RI� ���� �O� RI� O\VLV� EXIIHU� FRQWDLQLQJ� ���� GLPHWK\O
IRUPDPLGH�� ���� VRGLXP� GRGHF\O� VXOIDWH�� ��� DFHWLF� DFLG�
DGMXVWHG� WR� S+� ���� DQG� LQFXEDWLRQ� DW� ���&�� $EVRUEDQFH� LV
PHDVXUHG� DIWHU� ��� KRXUV� DW� D� ZDYHOHQJWK� ���� QP� XVLQJ� DQ
PLFURSODWH�UHDGHU�

7U\SDQ�EOXH�H[FOXVLRQ�DVVD\
5RXWLQHO\��ZKHQ�FHOOV�DUH�SDVVDJHG�DQG�WKH�QXPEHU�RI� FHOOV�SHU
YROXPH�KDV�WR�EH�DVVHVVHG�RU�IRU�PHDVXUHPHQW�RI�FHOO�GHDWK�WKLV
DVVD\�LV�SHUIRUPHG��7U\SDQ�EOXH�VHOHFWLYHO\�VWDLQV�GHDG�FHOOV��)RU
WU\SDQ�EOXH�H[FOXVLRQ�FHOOV�DUH�WU\SVLQL]HG�DQG�UHVXVSHQGHG�LQ�D
VXLWDEOH�DPRXQW�RI�IUHVK�PHGLXP������O�FHOO�VXVSHQVLRQ�DQG����O
�����WU\SDQ�EOXH� �6LJPD��DUH�PL[HG��9LDEOH�FHOOV�SHU�PLFUROLWHU
DUH�FRXQWHG�XVLQJ�D�1HXEDXHU�FHOO�FRXQWLQJ�FKDPEHU�WR�FDOFXODWH
WRWDO�FHOO�QXPEHU�

6SKHUH�GLDPHWHU
)RU� DVVHVVLQJ� WKH� SUROLIHUDWLRQ� RI� FHOOV� WKDW� DUH� JURZLQJ� LQ� IUHH
IORDWLQJ� VSKHURLG� VWUXFWXUHV� OLNH� WKH� HPEU\RLG� ERGLHV� �(%�� WKH
GLDPHWHU� RI� WKH� VSKHUHV� DUH� PHDVXUHG�� 7KHUHIRUH�� WKH� FXOWXUH
GLVKHV�ZHUH�H[DPLQHG�XQGHU�DQ�PLFURVFRSH�ZLWK� LQYHUVH�RSWLFDO
SDWKZD\�DQG�HTXLSSHG�ZLWK�DQ�RFXODU�PLFURPHWHU��7KH�GLDPHWHU
RI� ��� UDQGRP� VHOHFWHG� FORQDO�� VHSDUDWHG� DQG� URXQG� (%�V� LV
PHDVXUHG� SHU� JURXS� DQG� WLPHSRLQW�� 7KH� QXPEHUV� JLYHQ� RQ� WKH
RFXODU�PLFURPHWHU�VHUYH�DV�DUELWUDU\�XQLWV��7KH�DUELWUDU\�XQLWV�DUH
QRW� FDOFXODWHG� WR� DEVROXWH� YDOXHV� EHFDXVH� WKH� H[SHULPHQW� LV
FRPSDULQJ�LGHQWLFDOO\�PHDVXUHG�JURXSV�
��



'HWHFWLRQ�RI�G\VUHJXODWHG�WUDQVFULSWV�LQ�WKH�WHQDVFLQ�5�GHILFLHQW�PRXVH�EUDLQ
.$3,7(/�� (UJHEQLVVH
5HVXOWV

7KH�UHVXOWV�VHFWLRQ�FRQWDLQV�WZR�PDMRU�SDUWV��7KH�ILUVW�GHVFULEHV
WKH� DQDO\VLV� RI� JHQH� H[SUHVVLRQ� LQ� FDVH� RI� WKH� 71�5� GHILFLHQW
PRXVH��)XUWKHUPRUH��WKH�ILQGLQJV�DQG�HYDOXDWLRQ�RI�WKH�GHWHFWHG
G\VUHJXODWLRQ� LV� UHFRXQWHG�� 7KH� VHFRQG� SDUW� RXWOLQHV� KRZ� WKH
IXQFWLRQ� RI� WKH� G\VUHJXODWHG� ,&$3� LV� DQDO\]HG� DQG� WKH� LQ� YLWUR
ILQGLQJV�ZKLFK�DUH�PDGH�

'HWHFWLRQ�RI�G\VUHJXODWHG�WUDQVFULSWV�LQ
WKH�WHQDVFLQ�5�GHILFLHQW�PRXVH�EUDLQ

7KH�F'1$�DUUD\�VXJJHVWV�VHYHUDO�G\VUHJXODWHG�PROHFXOHV
$QDO\]LQJ�NQRFN�RXW�PLFH�LV�D�FRPPRQ�SURFHGXUH�IRU�JDLQLQJ�QHZ
LQVLJKWV� LQ�WKH�IXQFWLRQ�RI�WKH�PLVVLQJ�JHQH��6HYHUH�SKHQRW\SHV
LQGLFDWH�WKH� LPSRUWDQFH�RI�D�PROHFXOH�ZKHUHDV�DQ�XQSUHGLFWDEOH
PLOG�SKHQRW\SH�VXJJHVWV�UHGXQGDQF\�DQG�FRPSHQVDWRU\�HIIHFWV�
'HWHFWLQJ� WKHVH� HIIHFWV� LV� GRQH� E\� H[SUHVVLRQ� SURILOLQJ�� ,Q� WKH
FDVH� RI� WKH� 71�5� GHILFLHQW� PRXVH� WKH� UDWKHU� PLOG� SKHQRW\SH
VXJJHVWV�FRPSHQVDWRU\�HIIHFWV��7KHUHIRUH�WKH�PLFURDUUD\�DQDO\VLV
LV� SHUIRUPHG� ZLWK� IHPDOH� 71�5� GHILFLHQW� PLFH� RI� 3��� IURP
KRPR]\JRXV�EUHHGLQJ�DQG�WKH�ZLOGW\SH�FRXQWHUSDUWV�RI�&��%/��
,Q� WKLV� ZRUN� PDWHULDO� RQO\� IURP� IHPDOH� PLFH� LV� XVHG�� )RU
JHQRW\SLQJ�WKH�PLFH�D�3&5�LV�VHW�XS�RQ�JHQRPLF�'1$��,Q�WKLV�3&5
SULPHUV� DJDLQVW� D� SDUW� RI� WKH� <�FKURPRVRPH� VSHFLILF� 8EH�\
SVHXGRJHQH��&KDQJ�DQG�/L���������\$����&**�&$&�$&&�&$*�7$7
7&7� &$&� ���� \%�� ��$**� 7*$� *$*� *$7� *7*� *$&� $*&� ���
DPSOLFRQ�����ES��DUH�XVHG�
7KH� ODEHOOHG� WRWDO� EUDLQ� P51$� SUREHV� RI� WKH� IHPDOH� PLFH� DUH
VXEMHFW� WR� PLFURDUUD\� K\EULGL]DWLRQ�� ,Q� WKH� H[SHULPHQW� WKUHH
DUUD\V�DUH�K\EULGL]HG�WR�SUREHV�GHULYHG� IURP�WKH�71�5�GHILFLHQW
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
PLFH� DQG� WKUHH� DUUD\V� WR� WKH�ZLOGW\SH� SUREHV�� $� FRPSDULVRQ� RI
WZR�DUUD\V�K\EULGL]HG�WR�WKH�VDPH�ZLOGW\SH�SUREH�UHYHDOV�D�YHU\
JRRG�FRUUHODWLRQ�FRHIILFLHQW�RI��������LQGLFDWLQJ�WKDW�DUWLIDFWV�DQG
IDOVH� SRVLWLYH� VLJQDOV� DUH� EHORZ� WKH����PDUJLQ� �VHH� FRUUHODWLRQ
SORW�EHORZ��

)LJXUH���&RUUHODWLRQ�SORW�RI�DUUD\�VLJQDOV�IURP�WKH�VDPH�SUREH
7KH�SORW�VKRZV�WKH�FRUUHODWHG�VLJQDO�LQWHQVLWLHV�IURP�WZR�DUUD\V���� �[�D[LV���� 
\�D[LV��K\EULGL]HG�WR�WKH�VDPH�VDPSOH�GHSLFWLQJ�WKH�UHOLDELOLW\�RI�WKH�H[SHULPHQWV

�U ��������

,Q�WKH�FRPSDUDWLYH�VLWXDWLRQ�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�ZLOGW\SH
DQG�WKH�NQRFN�RXW�VLJQDOV�LV�PXFK�ORZHU��U ���������WKDQ�LQ�WKH
FRQWURO�FRUUHODWLRQ�PHQWLRQHG�DERYH��U ����������7KLV�GLIIHUHQFH
LQGLFDWHV� WKH� G\VUHJXODWLRQ� LQ� WKH� JHQH� GHILFLHQW� DQLPDO�� 7KH
FRUUHODWLRQ�SORW�EHORZ�VKRZV�D�EROGHU�FRUUHODWLRQ�FORXG�ZLWK�PRUH
YDOXHV�O\LQJ�RXWVLGH�WKH�FORXG��7KHVH�VHSDUDWHG�YDOXHV�UHSUHVHQW
WKH� VWURQJHVW� G\VUHJXODWHG�PROHFXOHV�� (VSHFLDOO\�� LQ� FDVH�RI� WKH
NQRFN�RXW�VLWXDWLRQ�WKHUH�DUH�D�QXPEHU�RI�XSUHJXODWHG�PROHFXOHV�
��



'HWHFWLRQ�RI�G\VUHJXODWHG�WUDQVFULSWV�LQ�WKH�WHQDVFLQ�5�GHILFLHQW�PRXVH�EUDLQ
)LJXUH���&RUUHODWLRQ�SORW�RI�DUUD\�VLJQDOV�FRPSDULQJ�N�R��DQG�:7�VLWXDWLRQ
7KH�SORW�VKRZV�WKH�FRUUHODWHG�VLJQDO�LQWHQVLWLHV�IURP�WZR�DUUD\V��:7�&��%O� �[�
D[LV��71�5�N�R� �\�D[LV��GHSLFWLQJ�WKH�G\VUHJXODWLRQ�LQ�WKH�FRPSDUDWLYH�VLWXDWLRQ�

7KH� VLJQDOV� WKDW� DUH� O\LQJ� VHSDUDWH� IURP� WKH� FORXG� UHSUHVHQW� WKH� KLJKHVW
G\VUHJXODWHG�PROHFXOHV��

(QWHULQJ� WKH�GDWD� LQWR� WKH� DQDO\VLV� VRIWZDUH� DQG�HYDOXDWLQJ� WKH
SXWDWLYH�G\VUHJXODWHG�VLJQDOV�LQ�UHVSHFW�WR�K\EULGL]DWLRQ�DUWLIDFWV
DQG�UHJXODWLRQ�WKUHVKROG�RI�����IROG��PLQLPDO�GLIIHUHQFH�LQ�VLJQDO
LQWHQVLW\��JLYHV�ULVH�WR�D�OLVW�RI�VLJQDOV��VHH�WDEOH�����7KH�KLJKHVW
XSUHJXODWLRQ� LV� VXJJHVWHG� IRU� WKH� H[SUHVVHG� VHTXHQFH� WDJ
Y\��K���U���,0$*(�FRQVRUWLXP��KWWS���LPDJH�OOQO�JRY��ZLWK�D����
IROG� LQFUHDVH� LQ� WKH� NQRFN� RXW�� $� QXFOHRWLGH� GDWDEDVH� VHDUFK
�%/$67�� KWWS���ZZZ�QFEL�QOP�QLK�JRY�EODVW�� UHVXOWV� LQ� QR
QRWHZRUWK\�VLPLODULWLHV�VR� WKDW� WKH� LGHQWLW\�RI� WKH�FRUUHVSRQGLQJ
WUDQVFULSW� UHPDLQV� XQFOHDU�� 8H��D���\�� �,0$*(�� LV� DQRWKHU
H[SUHVVHG� VHTXHQFH� WDJ� �(67�� WKDW� LV� XSUHJXODWHG� ����� IROG��
3HUIRUPLQJ�D�EODVW�VHDUFK�UHYHDOV�VXFK�D�VLJQLILFDQW�VLPLODULW\�WR
WKH�PRXVH�KHWHURJHQHRXV�QXFOHDU�ULERQXFOHRSURWHLQ�$���KQ53$��
KQ513�$��*OLVRYLF�HW�DO���������WKDW�LW�FDQ�EH�DVVXPHG�LGHQWLFDO
�����LGHQWLFDO�QXFOHRWLGHV��QW������QW�������QW���7KLV�SURWHLQ�KDV
LQIOXHQFH� WKH� VSOLFLQJ� SURFHVV� E\� VWDELOL]LQJ� P51$�V� WKURXJK
ELQGLQJ�WR�WKH�KDLUSLQ�ORRS��7KLV�SUHYHQWLRQ�RI�P51$�GHJUDGDWLRQ
��
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���� IROG� XSUHJXODWHG� *$3'+�� DOVR� WKH� ���� IROG� XSUHJXODWHG
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'HWHFWLRQ�RI�G\VUHJXODWHG�WUDQVFULSWV�LQ�WKH�WHQDVFLQ�5�GHILFLHQW�PRXVH�EUDLQ
K\EULGL]HG�DUUD\��IDFWRU��IROG�LQFUHDVH�RI�VLJQDO���FRPSDUHG�WR�VLJQDO����∆LQWHQV�
DEVROXWH� PHDQ� GLIIHUHQFH� RI� VLJQDO� LQWHQVLW\�� ∆%*�� DEVROXWH� GLIIHUHQFH� RI
EDFNJURXQG�LQWHQVLW\��VLJQDO�LGHQWLW\��WKH�QDPH�RI�WKH�VSRWWHG�FORQH�GHULYHG�IURP

QXFOHRWLGH�GDWDEDVH

�
7KH� DUUD\� K\EULGL]DWLRQ� H[SHULPHQW� FDQ� EH� VHHQ� DV� D� ³UHYHUVH´
1RUWKHUQ�%ORW�� ,Q� WKH�QH[W� ILJXUH� WKH�DUHDV�ZKHUH� WKH�,&$3�DQG
EDPDFDQ�VLJQDOV�DUH�REVHUYHG�DUH�GLVSOD\HG�

)LJXUH���&ORVH�XS�RI�F'1$�DUUD\�DXWRUDGLRJUDSK

,Q�$�DQG�&�PDJQLILHG�DUHDV�RI�DUUD\V�K\EULGL]HG�WR�WKH���3�ODEHOOHG�:7�SUREHV�DUH

GLVSOD\HG�� %� DQG� '� VKRZ� WKH� VDPH� DUHDV� K\EULGL]HG� WR� WKH� ��3�ODEHOOHG� N�R�
VDPSOHV��7KH�DUURZKHDGV�LQ�$�DQG�%�SRLQW�RXW�WKH�EDPDFDQ�VLJQDO�SRVLWLRQ�DQG�LQ

&� DQG� '� WKH� SRVLWLRQ� IRU� WKH� ,&$3� VLJQDO�� ,Q� FRPSDULVRQ� �$�%�� &�'�� WKH
XSUHJXODWLRQ� LQ�WKH�N�R��VLWXDWLRQ� LV�VXJJHVWHG�E\� WKH�DUUD\�H[SHULPHQW� IRU�ERWK
PROHFXOHV��7KH�UHG�JULG�LV�SRVLWLRQHG�E\�WKH�HYDOXDWLRQ�VRIWZDUH�

7KH�DUURZKHDGV�LQ�$�DQG�%�LQGLFDWH�WKH�SRVLWLRQ�RI�WKH�EDPDFDQ
VLJQDO��,Q�$�WKH���3�ODEHOOHG�:7�VDPSOH�LV�K\EULGL]HG�SURGXFLQJ�QR
VLJQDO�LQ�WKH�EDPDFDQ�DUHD��7KH�N�R��VDPSOH�JLYHV�ULVH�WR�D�FOHDU
VLJQDO� LQ� WKH� EDPDFDQ� UHJLRQ� DV� VHHQ� LQ� %�� ,Q� &� DQG� '� WKH
DUURZKHDGV� DUH� PDUNLQJ� WKH� DUHDV� ZKHUH� WKH� ,&$3� F'1$� LV
VSRWWHG��7KH�UHVSHFWLYH�DUHDV�DUH�ZLWKRXW�D�VLJQDO�LQ�FDVH�RI�WKH
��3�ODEHOOHG�:7�SUREH��&��DQG�JLYH�ULVH�WR�D�VWURQJ�VLJQDO�LQ�FDVH
RI� WKH���3�ODEHOOHG�N�R��SUREH� �'��� ,Q�ERWK�FDVHV� �EDPDFDQ�DQG
,&$3��WKH�DUUD\�VXJJHVWV�DQ�XSUHJXODWLRQ�RI�WUDQVFULSWV�LQ�WKH�71�
5� GHILFLHQW� PRXVH� EUDLQ�� )XUWKHU� HYDOXDWLRQ� RI� WKLV� PDWWHU� LV
GHVFULEH�LQ�WKH�FRQVHFXWLYH�VHFWLRQ�

'HWDLOHG�LQYHVWLJDWLRQ�FRQILUPV�,&$3�G\VUHJXODWLRQ�LQ�WRWDO�

$ %
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
EUDLQ
3URRIUHDGLQJ�RI�WKH�F'1$�VHTXHQFHV�VSRWWHG�RQ�WKH�DUUD\�LV�D�ILUVW
VWHS� LQ� FRQILUPDWLRQ�RI� WKH�DUUD\�H[SHULPHQW� UHVXOWV�� 7KHUHIRUH�
FORQHV� IURP� WKH� VSRWWLQJ� PDVWHUSODWHV� XQGHUJR� VHTXHQFLQJ�� $OO
F'1$�LQVHUWV�DUH�FORQHG�HTXDOO\�LQWR�WKH�S63257�YHFWRU�DQG�DUH
DPSOLILHG�LQ�WKH�VHTXHQFLQJ�UHDFWLRQ�IURP�WKH���HQG�ZLWK�SULPHU
)RUZ03,����$&7�&&*�&&&�$*7�7&&�*&&�&$7�7&7�����DQG�ZLWK
5HY03,����$$*�&$*�&$$�*&$�7$7�*&7�$*7�77$�$&$�&$7�7$����
IURP� WKH� ��SRVLWLRQ�� 7KH� VHTXHQFLQJ� UHVXOWV� DUH� FRQILUPLQJ� WKH
EDPDFDQ�DQG�,&$3�VHTXHQFH�RQ�WKH�DUUD\��GDWD�QRW�VKRZQ���7R
LQYHVWLJDWH� WKH� TXDQWLWDWLYH� DPRXQW� RI� WUDQVFULSWV� DQG� WKH
GLVWULEXWLRQ� LQ� FHUWDLQ� EUDLQ� DUHDV� WKH� 1RUWKHUQ� %ORW� DQDO\VLV� LV
SHUIRUPHG�� 2Q� WKH� ILUVW� 1RUWKHUQ�PHPEUDQH� ��J� RI� WRWDO� EUDLQ
51$�V�DUH�EORWWHG��7KH�51$�LV�GHULYHG�IURP�GLIIHUHQW�DJH�VWDJHV
DQG�JHQRW\SHV��7KH�ODQHV�DUH�ORDGHG�LQ�DQ�DOWHUQDWLQJ�RUGHU�ZLWK
51$� GHULYHG� IRUP� 71�5� GHILFLHQW� EUDLQV� DQG� WKHLU� UHVSHFWLYH
ZLOGW\SH�OLWWHUPDWHV��HPHUJLQJ�IURP�KHWHUR]\JRXV�EUHHGLQJ���)RU
GHQVLRPHWULF�TXDQWLILFDWLRQ��7LQD������VRIWZDUH��WKH�VLJQDOV�RI�WKH
LQYHVWLJDWHG�SUREHV�DUH�FDOFXODWHG�DJDLQVW�WKH�UHVSHFWLYH�*$3'+
VLJQDO�LQWHQVLWLHV�WKDW�DUH�VHW�DV������

)LJXUH� �� 1RUWKHUQ� EORW� DXWRUDGLRJUDSKV� IRU� ,&$3� �$��� *$3'+� �%��� β�
LQWHJULQ��&���EDPDFDQ��'��DQG�71�5��(�
7KH� ODQHV� UHSUHVHQW� GLIIHUHQW� DJH� VWDJHV� �DV�PDUNHG� RQ� WRS� IURP� OHIW� WR� ULJKW�
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'HWHFWLRQ�RI�G\VUHJXODWHG�WUDQVFULSWV�LQ�WKH�WHQDVFLQ�5�GHILFLHQW�PRXVH�EUDLQ
SRVWQDWDO� GD\� �3�� ��� 3��� �[� 3��� �[� 3���� �[� DGXOW��� ,Q� $� WKH� 1RUWKHUQ� %ORW� LV

K\EULGL]HG� WR� D� ��3�ODEHOOHG� F'1$� SUREH� VSHFLILF� IRU� ,&$3� GHSLFWLQJ� WKH
G\VUHJXODWHG� WUDQVFULSW� OHYHOV� LQ� :7� FRPSDUHG� WR� N�R�� 7KH� GHQVLRPHWULF� VLJQDO
GLIIHUHQFH� LV�JLYHQ� LQ�SHUFHQWDJH� �QRUPDOL]HG� VLJQDO� LQWHQVLWLHV� WR�*$3'+�VLJQDO

VHW�DV�������� ,Q�%� WKH� OHYHOV�RI�*$3'+�VLJQDOV� LQGLFDWH� WKDW�HTXDO� DPRXQWV�RI

51$� DUH� ORDGHG�� 7KH� ��3�ODEHOOHG� F'1$� SUREH� IRU� β�� LQWHJULQ� �&�� UHYHDOV� QR
GLIIHUHQFH�EHWZHHQ�WKH�FRUUHVSRQGLQJ�:7�DQG�N�R��ODQHV�RI�HDFK�DJH�VWDJH��,Q�'

WKH�OHYHOV�RI���3�ODEHOOHG�EDPDFDQ�SUREH�VLJQDO�GRHV�QRW�FRQILUP�WKH�G\VUHJXODWLRQ

EHWZHHQ� :7� DQG� N�R�� VXJJHVWHG� E\� WKH� DUUD\� �HTXDO� OHYHOV� LQ� DOO� ODQHV��� 7KH

ORDGLQJ�RI�WKH�FRUUHFW�JHQRW\SH�LV�GHSLFWHG�E\�K\EULGL]DWLRQ�WR�D���3�ODEHOOHG�71�5
SUREH��(���

7KH�SUHVHQFH�RI�HTXDO�DPRXQWV�RI�51$�ORDGHG�WR�WKH�EORW�DQG�WKH
FRUUHFW� ORDGLQJ� LQ� UHVSHFW� RI� WKH� JHQRW\SH� LV� PRQLWRUHG� E\
K\EULGL]LQJ� WKH� PHPEUDQH� ZLWK� ��3�ODEHOOHG� F'1$� SUREHV� IRU
*$3'+� DQG� 71�5�� 7KH� *$3'+� SUREH� JLYHV� ULVH� WR� VLJQDOV� RI
LQGLVWLQJXLVKDEOH� OHYHOV� �VHH� %� LQ� ILJXUH� ��� DQG� WKH� 71�5� SUREH
RQO\� SURGXFHV� VLJQDOV� LQ� ODQHV� ZKHUH� 51$� IURP� :7� EUDLQV� LV
ORDGHG��VHH�(� LQ�ILJXUH�����7KH���3�ODEHOOHG�F'1$�SUREH�DJDLQVW
WKH�,&$3�WUDQVFULSW�LV�SURGXFHG�IURP�D�3&5�JHQHUDWHG�WHPSODWH�
7KH�3&5�LV�SHUIRUPHG�WDNLQJ�WKH�S$)�,,,����SODVPLG��S%OXHVFULSW
6.�� PRXVH� ,&$3� LQVHUW� ��%DP+,� �� ��;KR,�� NLQGO\� SURYLGHG� E\
3URI�� 'U�� 3�� *UXVV�� 'HSDUWPHQW� RI� 0ROHFXODU� &HOO� %LRORJ\�� 0D[�
3ODQFN�,QVWLWXWH� IRU� %LRSK\VLFDO� &KHPLVWU\�� *|WWLQJHQ�� '�� DV� D
WHPSODWH�DQG�SULPHUV�ERGHQLQ�)RUZ����**&�&*7�*7&�7*$�***
*$$�*�����DQG�ERGHQLQ�5HY����7$$�*7*�*$*�$*7�***�&&$�*$
���� DPSOLI\LQJ� D� ���ES� SURGXFW�� 6XFK� SUHSDUHG� SUREH� LV
K\EULGL]HG� WR� WKH� 1RUWKHUQ� PHPEUDQH� FRQILUPLQJ� WKH
G\VUHJXODWLRQ�LQ�DOO�DJHV�VWDJHV��VHH�$�LQ�ILJXUH�����7KH�OHYHOV�RI
,&$3� VLJQDOV� DUH� LQ� DOO� FDVHV� KLJKHU� LQ� WKH� N�R�� VLWXDWLRQ�� 7KH
GLIIHUHQFH� EHWZHHQ� :7� DQG� N�R�� DUH� ���� LQ� FDVH� RI� WKH
FRPSDULVRQ�RI�SRVWQDWDO�GD\��3����DJDLQVW�3�������DW�3������DW
3��� DQG����� LQ� WKH� DGXOW� VWDJH�� UHVSHFWLYHO\�� 7KH� KLJKHU� ,&$3
VLJQDO�FRXOG�EH�D�VHFRQGDU\�HIIHFW�GXH�WR�DQ�XSUHJXODWLRQ�RI� LWV
ELQGLQJ� SDUWQHU� WKH� β�� LQWHJULQ�� 6LJQDO� LQWHQVLWLHV� UDLVHG� E\� WKH
K\EULGL]DWLRQ�ZLWK� WKH� ��3�ODEHOOHG� β�� LQWHJULQ� SUREH� �&�� GR� QRW
FRQILUP�VXFK�DQ�HIIHFW�DQG�VXSSRUW�WKH�GLVWLQFW�,&$3�XSUHJXODWLRQ�
7KH�OHYHOV�RI�EDPDFDQ�VLJQDOV��'��GR�QRW�FRQILUP�WKH�UHVXOWV�IURP
WKH� DUUD\� H[SHULPHQW�� ,Q� WKLV� FDVH� LQGLVWLQJXLVKDEOH� VLJQDO
LQWHQVLWLHV� DUH� GHWHFWHG� LQ� WKH� 1RUWKHUQ� K\EULGL]DWLRQ�� $OWKRXJK
WKH�1RUWKHUQ�%ORW� LV�D�PRUH�UREXVW�H[SHULPHQWDO�SURFHGXUH�WKDQ
WKH� HUURU�SURQH� DUUD\� LW� UHPDLQV� XQFOHDU� ZKHWKHU� EDPDFDQ� LV
G\VUHJXODWHG�XQWLO�IXUWKHU�PHWKRGV�JLYH�DGGLWLRQDO�LQGLFDWLRQV�

7KH�,&$3�XSUHJXODWLRQ�LQ�WKH�N�R��VLWXDWLRQ�LV�DOVR�LQYHVWLJDWHG�E\
UHYHUVH� WUDQVFULSWLRQ� 3&5� �57�3&5��� 7KHUHIRUH�� WRWDO� 51$� IURP
WRWDO�EUDLQ�SUHSDUDWLRQV�LV�VXEMHFW�WR�D�UHYHUVH�WUDQVFULSWLRQ��57�
IROORZHG�E\�D�3&5�SHUIRUPHG�RQ�D�GLOXWLRQ�VHULHV�RI�WKH�UHYHUVO\
WUDQVFULEHG� F'1$� �57�F'1$��� 7KH� GLOXWLRQ� VHULHV� FRQWDLQV
SKRWRPHWULFDOO\�GHWHUPLQHG�DPRXQWV�RI�57�F'1$�XVHG�DV�WKH�3&5
WHPSODWH�� ,Q� DGGLWLRQ� WR� WKH� 3&5� SHUIRUPHG� GHWHFWLQJ� WKH� ,&$3
DPSOLFRQ� �DSSUR[�� ���ES�� WKH� *$3'+� IUDJPHQW� LV� GHWHFWHG� E\
DPSOLILFDWLRQ� ZLWK� SULPHUV� P*$3'+)RUZ���� ���**$� *&&� $$$
&**� *7&� $7&� $7&� 7&&� ���� DQG� P*$3'+5HY���� ���*$7� *&&
7*&�77&�$&&�$&&�77&�7������7KH�OHYHOV�RI�*$3'+�VLJQDOV�����ES
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
DPSOLFRQ��VHUYH�DV�UHIHUHQFH�YDOXHV�IRU�WKH�,&$3�VLJQDOV�IURP�WKH
FRUUHVSRQGLQJ�ODQH��VHH�ILJXUH����

)LJXUH� �� 57�3&5� RI� ,&$3� LQ� :7�N�R�� FRPSDULVRQ� UHODWLYH� WR� *$3'+
GHWHFWHG�E\�DJDURVH�JHO�HOHFWURSKRUHVLV�DQG�HWKLGLXP�EURPLGH�VWDLQLQJ
%RWK�JHOV��$�DQG�%��DUH�ORDGHG�RQ�WKH�OHIW�KDQG�ZLWK�3&5�SURGXFWV�IURP�:7�VDPSOH

DQG�RQ�WKH�ULJKW�KDQG�ZLWK�N�R��GHULYHG�PDWHULDO��7KH�DPRXQW�RI�57�F'1$�XVHG�DV
D�WHPSODWH�LV�LQGLFDWHG�RQ�WRS�RI�HDFK�ODQH�DQG�GHFUHDVHV�IURP�OHIW�WR�ULJKW��,Q�$
WKH�57�3&5� UHDFWLRQV� IRU� WKH� ,&$3�DPSOLFRQ�DUH� ORDGHG� WR� WKH�DJDURVH�JHO�� 7KH

DUURZKHDGV�SRLQW�RXW� WKH�VLJQDO�SRVLWLRQ��7KH� VLJQDOV� LQ� WKH�:7�GHULYHG�57�3&5
�OHIW�KDQG�VLGH��DUH�ZHDNHU�DQG�RQO\�GHWHFWDEOH� LQ� UHDFWLRQV�GRZQ� WR�����QJ�RI
WHPSODWH�� :KHUHDV�� WKH� VLJQDOV� LQ� WKH� H[SHULPHQW� GHSLFWLQJ� WKH� N�R�� VLWXDWLRQ

�ULJKW� KDQG� VLGH�� DUH� VWURQJHU� DQG� JR� IXUWKHU� GRZQ� WR� ����QJ� RI� WHPSODWH� 57�
F'1$��7KH�*$3'+�3&5�SURGXFWV�DUH�YLVXDOL]HG�LQ�%�DQG�VHUYH�DV�UHIHUHQFH�YDOXHV
DQG�FRQWURO�

7KH�57�3&5�GHSLFWHG� LQ�ILJXUH��� LV�SHUIRUPHG�LQ�ERWK�FDVHV��$ 
,&$3��% �*$3'+��RQ�WKH�VDPH�WHPSODWH�RI�57�F'1$��7KH�*$3'+
LQWHQVLWLHV� DUH� VOLJKWO\� KLJKHU� LQ� WKH� :7� VLWXDWLRQ� �%�� OHIW� RI
PDUNHU��VXJJHVWLQJ�D�KLJKHU�SUHVHQFH�RI�*$3'+�WUDQVFULSWV�LQ�WKH
:7� WHPSODWH�57�F'1$��7KH� WHPSODWH�DPRXQW� VXEMHFW� WR�*$3'+
57�3&5�LV�HTXDO�LQ�WKH�:7�DQG�N�R��UHDFWLRQ�EHFDXVH�WKH�VLJQDOV
DUH�RFFXUULQJ�LQ�ERWK�DW�WKH�VDPH�WHPSODWH�FRQFHQWUDWLRQV�XS�WR�D
GHWHFWLRQ� OLPLW� RI� ����QJ� �%�� ERWK� VLGHV� RI� PDUNHU� ODQH��
&RPSDULQJ� WKH� ,&$3� VLJQDO� LQWHQVLWLHV� LQ�:7� �$�� OHIW� RI�PDUNHU
ODQH��WR�WKH�N�R���$��ULJKW�RI�PDUNHU�ODQH��LW�FDQ�EH�IRXQG�WKDW�LQ
WKH� :7� DOO� VLJQDOV� DUH� ORZHU� WKDQ� WKH� UHVSHFWLYH� N�R�� RQHV�
$GGLWLRQDOO\��LQ�WKH�N�R��VLWXDWLRQ�WKHUH�LV�D�IDLQW�EDQG�GHWHFWDEOH
LQ� WKH� ODQH� ORDGHG� ZLWK� 3&5� UHDFWLRQ� ZLWK� ����QJ� RI� 57�F'1$
WHPSODWH�ZKHUH�QRQH� LV�GHWHFWDEOH� LQ� WKH�:7��7KLV�FRUURERUDWHV
WKH�,&$3�XSUHJXODWLRQ�LQ�71�5�GHILFLHQW�PLFH�EUDLQV�LQGLFDWHG�E\
DUUD\�DQG�1RUWKHUQ�H[SHULPHQWV�
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'HWHFWLRQ�RI�G\VUHJXODWHG�WUDQVFULSWV�LQ�WKH�WHQDVFLQ�5�GHILFLHQW�PRXVH�EUDLQ
3URWHLQ�OHYHOV�RI�,&$3
7KH�H[SUHVVLRQ�OHYHO�RI�,&$3�SURWHLQ�LV�DVVHVVHG�ZLWK�D�SRO\FORQDO
DQWLERG\� DJDLQVW� KXPDQ� ,&$3��α� �,&$3α� ������ QRW� SXEOLVKHG�
NLQGO\�SURYLGHG�E\�'U��'��'��&KDQJ�8&/$�/RV�$QJHOHV��86$������J

RI�&UXGH�EUDLQ�KRPRJHQDWHV�DUH�VXEMHFW�WR�3$*(�
)LJXUH� �� :HVWHUQ� EORW� DQDO\VLV� RI� FUXGH� EUDLQ� KRPRJHQDWH� IURP� 71�5

GHILFLHQW�DQG�:7�PLFH�GHWHFWLQJ�,&$3�DQG�SKRVSKRU\ODWHG�,&$3
7KH� WZR� ODQHV� DUH� ORDGHG� ZLWK� ��J� FUXGH� EUDLQ� KRPRJHQDWH� RI� N�R�� DQG� :7
DQLPDOV��7KH�,&$3α������SRO\FORQDO�DQWLERG\�GHWHFWV�VHYHUDO�GLVWLQFW�EDQGV�ZLWK
HTXDO�LQWHQVLWLHV�LQ�ERWK�ODQHV��7KH�DUURZKHDGV�LQGLFDWH�WKH�,&$3�VSHFLILF�EDQGV�DW
���N'$��SKRVSKRU\ODWHG��DQG���N'D��QRQ�SKRVSKRU\ODWHG���7KHLU� LQWHQVLWLHV�DUH
DOVR�LQGLVWLQJXLVKDEOH�EHWZHHQ�WKH�JHQRW\SHV�EXW�LQGLFDWLQJ�WKH�UDWLR�EHWZHHQ�WKH

WZR� LVRIRUPV�� ,Q� ERWK� JHQRW\SHV� WKH� DPRXQW� RI� SKRVSKRU\ODWHG� ,&$3� LV� PXFK
KLJKHU�WKDQ�WKH�DPRXQW�RI�WKH�LQDFWLYH��XQSKRVSKRU\ODWHG�LVRIRUP�

$IWHU� 3$*(� WKH� SURWHLQV� DUH� WUDQVIHUUHG� WR� D� QLWURFHOOXORVH
PHPEUDQH�ZKHUH�WKH\�DUH�GHWHFWHG�ZLWK�WKH�PHQWLRQHG�DQWLERG\�
7KH�JHQRW\SHV�RI�WKH�SURWHLQ�VDPSOHV�DUH�LQGLFDWHG�RQ�WRS�RI�WKH
ODQHV� RI� ILJXUH� ��� 7KH� WZR� DUURZKHDGV� LQGLFDWH� WKH� EDQGV
UHSUHVHQWDWLYH� IRU� WKH� WZR� ,&$3� YDULDQWV� GHWHFWHG� E\� WKH
DQWLERG\��7KH�XSSHU�EDQG��a��N'D�� LV� WKH�SKRVSKRU\ODWHG� IRUP
RI� ,&$3��α� DQG� WKH� ORZHU� �a��N'D�� WKH� QRQ�SKRVSKRU\ODWHG�
UHVSHFWLYHO\��7KLV�EORW�LQGLFDWHV�WKDW�WKH�DPRXQW�RI�WKH�DFWLYH�DQG
β�� LQWHJULQ� ELQGLQJ� SKRVSKR�,&$3� LV� PXFK� KLJKHU� WKDQ� WKH
LQDFWLYH�LVRIRUP��$OWHUDWLRQV�EHWZHHQ�WKH�WZR�JHQRW\SHV�DUH�QRW
GHWHFWDEOH�� 7KH� PHDVXUHG� G\VUHJXODWLRQ� RQ� WKH� WUDQVFULSW� OHYHO
FDQ� QRW� EH� WUDQVIHUUHG� WR� WKH� SURWHLQ� OHYHO� E\� WKLV� H[SHULPHQW�
8QIRUWXQDWHO\��WKH�DQWLERG\�GRHV�QRW�ZRUN�LQ�LPPXQRIOXRUHVFHQFH
H[SHULPHQWV�� VR� WKDW� WKH�SURWHLQ� OHYHOV� FDQ�QRW�EH�H[DPLQHG� LQ
IXUWKHU�GHWDLOV��7KH�DQDO\VLV�DW�WKH�SURWHLQ�OHYHO�UHPDLQV�D�PDMRU
H[SHULPHQW� WR� EH� SHUIRUPHG� DV� VRRQ� DV� D� VXLWDEOH� DQWLERG\� LV
DYDLODEOH��

/RFDOL]DWLRQ�RI�,&$3�G\VUHJXODWLRQ
7KH�XSUHJXODWLRQ�RI�,&$3�LV�VKRZQ�LQ�WKH�SUHYLRXV�VHFWLRQ�IRU�WRWDO
EUDLQ��7KH�H[SHULPHQWV� LQ� WKLV�VHFWLRQ�DUH�VHW�XS�WR� ORFDOL]H� WKH
EUDLQ� UHJLRQ� LQ� ZKLFK� WKLV� XSUHJXODWLRQ� RFFXUV� RU� ZKHWKHU� WKLV
HIIHFW�LV�UDWKHU�EURDGO\�GLVWULEXWHG�LQ�WKH�&16��,Q�D�1RUWKHUQ�%ORW
FRPSDULQJ� DGXOW� 71�5� GHILFLHQW� PLFH� DQG� WKHLU� UHVSHFWLYH
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
OLWWHUPDWHV� ��J� 51$� RI� IROORZLQJ� EUDLQ� DUHDV� LV� LPPRELOL]HG� IRU
HDFK� ODQH�� FHUHEHOOXP�� FRUWH[��KLSSRFDPSXV�DQG�ROIDFWRU\�EXOE�
7KH� :7� DQG� N�R�� 51$� LV� ORDGHG� LQ� DQ� DOWHUQDWLQJ� RUGHU�� 7KH
LQYHVWLJDWLRQ�RI�WKH�PHQWLRQHG�EUDLQ�DUHDV�LQ�UHVSHFW�WR�,&$3�DQG
EDPDFDQ�LV�SHUIRUPHG�E\�K\EULGL]LQJ���3�ODEHOHG�F'1$�SUREHV�WR
WKH�EORW��7KH�SUREH�GHVLJQ� LV�PHQWLRQHG� LQ� WKH�SUHYLRXV�VHFWLRQ
ZKHUH�WKH�IXQFWLRQDOLW\�ZDV�GHPRQVWUDWHG�

)LJXUH� �� $XWRUDGLRJUDSK� RI� 1RUWKHUQ� %ORW� H[SHULPHQWV� DVVHVVLQJ

WUDQVFULSW�OHYHOV�RI�FHUWDLQ�EUDLQ�UHJLRQV
7KH�H[SUHVVLRQ�OHYHOV�RI�WUDQVFULSWV�IURP�FHUWDLQ�EUDLQ�DUHDV��LQGLFDWHG�RQ�WRS��LV
LQYHVWLJDWHG��7KH�ODQHV�DUH�ORDGHG�LQ�DOWHUQDWLQJ�RUGHU�ZLWK�:7�DQG�N�R��GHULYHG

51$��LQGLFDWHG�RQ�WRS�RI�HDFK�ODQH���,Q�$�WKH�1RUWKHUQ�PHPEUDQH�LV�K\EULGL]HG�WR
WKH� ,&$3�SUREH� LQGLFDWLQJ� WKH�KLJKHVW� OHYHO�RI�H[SUHVVLRQ� LQ�WKH�FHUHEHOOXP��OHIW
WZR�ODQHV���7KH�UHIHUHQFH�SUREH�LV�WKH�*$3'+�F'1$��%���%DPDFDQ�LV�WHVWHG�LQ�&

IRU�LWV�H[SUHVVLRQ�OHYHOV�DQG�VKRZV�UDWKHU�XELTXLWRXV�OHYHOV�

,Q�ILJXUH��$�WKH�,&$3�GLVWULEXWLRQ�LQ�WKH�UHVSHFWLYH�EUDLQ�UHJLRQV
�LQGLFDWHG�RQ�WRS��LV�VHHQ��7KH�KLJKHVW�DPRXQW�LV�GHWHFWHG�IRU�WKH
ODQHV�ZKHUH�FHUHEHOOXP�51$� LV� ORDGHG��7KH�FRUWH[�KROGV�VLPLODU
DPRXQWV�RI�,&$3�WUDQVFULSWV��,Q�KLSSRFDPSXV�DQG�ROIDFWRU\�EXOE
WKHVH�OHYHOV�DUH�QRW�UHDFKHG��,Q�FHUHEHOOXP�DQG�ROIDFWRU\�EXOE�WKH
*$3'+�QRUPDOL]HG�VLJQDO�YDOXHV�VXSSRUWH�WKH�XSUHJXODWLRQ�LQ�WKH
N�R�� VLWXDWLRQ� �������� DQG� ���������� +RZHYHU�� LQ� WKH� FRUWH[
DQG�KLSSRFDPSXV�WKH�RSSRVLWH���������DQG����������LV�WUXH��,Q
FDVH� RI� WKH� EDPDFDQ� �&�� GLVWULEXWLRQ� WKH� VLJQDO� DSSHDUV
XELTXLWRXV�ZLWK�QR�HYLGHQFH�RI�G\VUHJXODWLRQ��,W�KDV�WR�EH�NHSW�LQ
PLQG� WKDW� WKHVH� ILQGLQJV� RQO\� UHSUHVHQW� WKH� DGXOW� VLWXDWLRQ� DQG
QRW� WKH�RQH�RI� 3����7KH� UHVXOWV� IURP�WKH�DUUD\�H[SHULPHQW�DQG
57�3&5�ZHUH�GUDZQ�IURP�WKLV�\RXQJHU�VWDJH�
$�PHWKRG� WKDW� LV�PRUH� TXDOLILHG� WR� HOXFLGDWH� WKH� ORFDOL]DWLRQ� RI
FHUWDLQ�WUDQVFULSWV�LQ�UHVSHFW�WR�WKHLU�GLVWULEXWLRQ�LQ�WLVVXHV�LV�WKH
LQ�VLWX�K\EULGL]DWLRQ��7KLV�PHWKRG�LV�SHUIRUPHG�RQ����P�VDJLWWDO
FU\R�VHFWLRQV�RI�EUDLQV� IURP�3���RI�PLFH�GHILFLHQW� IRU�71�5�DQG
WKHLU� UHVSHFWLYH� :7�� 7KH� FRQVWUXFWLRQ� RI� ULER�SUREHV� ZDV
SHUIRUPHG�E\�3&5��7KHUHIRUH��SULPHUV�GHVFULEHG� LQ�WKH�SUHYLRXV
VHFWLRQV�DUH�PRGLILHG� WR� LQWURGXFH�SURPRWRU� VLWHV� IRU�7�� �VHQVH
SUREH�� DQG� 7�� �DQWL�VHQVH� SUREH��51$� SRO\PHUDVH� SURPRWRU� DW
WKH���SRVLWLRQ�WR�WKH�UHVSHFWLYH�F'1$�IUDJPHQW�WKDW�LV�DPSOLILHG
IURP�SODVPLG�'1$��)LJXUH���VKRZV�FORVH�XS�YLHZV�RI�WKHVH�LQ�VLWX
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'HWHFWLRQ�RI�G\VUHJXODWHG�WUDQVFULSWV�LQ�WKH�WHQDVFLQ�5�GHILFLHQW�PRXVH�EUDLQ
K\EULGL]DWLRQV�

)LJXUH� �� LQ� VLWX� K\EULGL]DWLRQV� RI� VDJLWWDO� EUDLQ� VHFWLRQV� UHYHDO� ,&$3
H[SUHVVLRQ� LQ� WKH� FHUHEHOODU� FRUWH[� DQG� ORFDWH� WKH� G\VUHJXODWLRQ� WR� WKH

3XUNLQMH�FHOO�OD\HU
7KLV� ILJXUH� GLVSOD\V� FORVH� XS� YLHZV� IURP� VDJLWWDO� FHUHEHOOXP� VHFWLRQV�� 7KURXJK
FRPSDULVRQ�EHWZHHQ�:7��OHIW�SDQHOV�$��&��(��DQG�N�R���ULJKW�SDQHOV�%��'��)��LW�LV

VKRZQ�WKDW�WKH�3XUNLQMH�FHOOV��3��DGLVSOD\�D�VWURQJHU�LQWHQVLW\�RI�,&$3�P51$�LQ�WKH
N�R�� VLWXDWLRQ�� $QRWKHU� SRVLWLYH� DUHD� LV� WKH� JUDQXOH� FHOO� OD\HU� EXW� WKH� LQWHQVLW\
EHWZHHQ�WKH�WZR�JHQRW\SHV�LV�LQGLVWLQJXLVKDEOH��7KH�ZKLWH�PDWWHU�LV�IUHH�RI�,&$3

VWDLQLQJ��7KH�,&$3�P51$�LV�GHWHFWHG�LQ�$���'�WKURXJK�WKH�DQWL�VHQVH�ULER�SUREH�
7KH� FRQWURO� LV� VKRZQ� LQ�(�DQG�)�K\EULGL]HG� WR� WKH� VHQVH�SUREH��3�� 3XUNLQMH� FHOO
OD\HU��*��JUDQXOH�FHOO�OD\HU��:0��ZKLWH�PDWWHU��02/��PROHFXODU�OD\HU�

+\EULGL]LQJ� WKH� VHFWLRQV� ZLWK� WKH� DQWL�VHQVH� ULER�SUREH� �7��
DJDLQVW�,&$3�UHYHDOV�UDWKHU�XELTXLWRXV�OHYHOV�RI�H[SUHVVLRQ�LQ�WKH
3���EUDLQ��7KH�VWURQJ�H[FHSWLRQ�WR�WKDW� LV�WKH�FHUHEHOODU�FRUWH[�
$V�VKRZQ�LQ�WKH�ILJXUH�DERYH�WKH�,&$3�P51$�LV�VWDLQLQJ�WKLV�EUDLQ
UHJLRQ�� HVSHFLDOO\� LQ� LWV� 3XUNLQMH� FHOO� OD\HU� �3�� DQG� JUDQXOH� FHOO
OD\HU��*���,Q�FHOOV�RI�WKH�3XUNLQMH�FHOO�OD\HU�WKH�,&$3�H[SUHVVLRQ�LV
KLJKHU� LQ� 71�5� GHILFLHQW� �ULJKW� SDQHOV�� FHUHEHOOD�� 7KRXJK�� WKH
H[SUHVVLRQ�LQ�WKH�:7��OHIW�SDQHOV��LV�REYLRXV�WRR��7KH�JUDQXOH�FHOO
OD\HU� VKRZV� D� FOHDU� SRVLWLYLW\� IRU� ,&$3� P51$� WKDW� LV� QRW
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
GLVWLQJXLVKDEOH� EHWZHHQ� WKH� WZR� JHQRW\SHV�� 7KH� ZKLWH� PDWWHU
�:0��LV�IUHH�RI�,&$3�VWDLQLQJ��,Q�WKH�SDQHOV�(�DQG�)�WKH�VHFWLRQV
DUH�SUREHG�DJDLQVW�WKH�VHQVH��7���FRQWURO��7KHVH�ILQGLQJV�FRQILUP
WKH�KLJK�H[SUHVVLRQ� LQ� WKH�FHUHEHOODU�FRUWH[� WKDW�ZDV�VXJJHVWHG
WKURXJK�WKH�1RUWKHUQ�EORW�H[SHULPHQW��ILJXUH����DQG�ORFDWH�LW� WR
FHUWDLQ�VXEVWUXFWXUHV��3XUNLQMH�FHOOV�DQG�JUDQXOH�FHOO�OD\HU�
)XUWKHU� LQ�VLWX�K\EULGL]DWLRQV�DUH�SHUIRUPHG�IRU�WKH�LQYHVWLJDWLRQ
RI� ,&$3� H[SUHVVLRQ� OHYHOV� DW� GLIIHUHQW� DJH� VWDJHV�� 0LFH� EUDLQ
VDJLWWDO�VHFWLRQV�RI� IRXU�GD\V��SRVW�QDWDO��� ILYH�ZHHNV�DQG�WKUHH
PRQWKV� ROG� DQLPDOV� DUH� SUREHG� ZLWK� WKH� ,&$3� ULER�SUREH�� 7KH
RYHUDOO� GLVWULEXWLRQ� DQG� OHYHOV� RI� WKH� ,&$3� H[SUHVVLRQ� LV� QRW
DOWHUHG�DW�WKHVH�VWDJHV�LQ�FRPSDULVRQ�WR�WKH�GHVFULEHG�VLWXDWLRQ�DW
3����GDWD�QRW�VKRZQ��

β��,QWHJULQ�P51$�OHYHOV�GHWHFWHG�E\�LQ�VLWX�K\EULGL]DWLRQ

$OWKRXJK� WKHUH� DUH� QR� LQGLFDWLRQV� IURP� WKH� 1RUWKHUQ� EORW
H[SHULPHQWV� WKDW� WKH�β�� LQWHJULQ�PHVVDJH�GLVWULEXWLRQ�DQG� OHYHO
FRXOG� EH� DIIHFWHG� LQ� WKH� 71�5� GHILFLHQW�PRXVH�� LW� LV�ZRUWKZKLOH
FKHFNLQJ�LW�LQ�SDUDOOHO�ZLWK�WKH�,&$3�SUREH�LQ�LQ�VLWX�K\EULGL]DWLRQV�
7KHUHE\��GLOXWLRQ�RU�H[WLQFWLRQ�HIIHFWV�WKDW�FRXOG�RFFXU�LQ�1RUWKHUQ
H[SHULPHQWV�DUH�FLUFXPYHQWHG��3URELQJ�WKH�EUDLQ�VHFWLRQV�DJDLQVW
β��LQWHJULQ�P51$�VKRZV�WKDW�LW�LV�FR�H[SUHVVHG�LQ�UHJLRQV�RI�,&$3
SUHVHQFH�� 7KH� H[SUHVVLRQ� OHYHOV� DUH� HTXDO� LQ� ERWK� JHQRW\SHV
LQYHVWLJDWHG��GDWD�QRW�VKRZQ��

β��,QWHJULQ�SURWHLQ�OHYHOV
)RU�WKH�VDPH�UHDVRQ�WKDW�OHDG�WR�WKH�LQYHVWLJDWLRQ�RI�β��LQWHJULQ
WUDQVFULSW� OHYHOV� D�:HVWHUQ� EORW� DQDO\VLV� LV� SHUIRUPHG� RQ� FUXGH
EUDLQ� KRPRJHQDWHV�� +HUHE\�� LW� FDQ� EH� GHWHFWHG� ZKHWKHU� DQ
DOWHUHG� β�� LQWHJULQ� SURWHLQ� OHYHO� OHDGV� WR� WKH� VHFRQGDU\
XSUHJXODWLRQ�RI�,&$3�

)LJXUH���:HVWHUQ�EORW�DQDO\VLV�RI�FUXGH�EUDLQ�KRPRJHQDWHV�ZLWK�0����

PRQRFORQDO�DQWL�β��LQWHJULQ�DQWLERG\�GHWHFWLQJ�HTXDO�SURWHLQ�OHYHOV�ZLWKLQ
N�R��DQG�:7�VDPSOHV
7KH�PRQRFORQDO�DQWLERG\�0�����DJDLQVW�β��LQWHJULQ�LV�XVHG�LQ�WKLV�:HVWHUQ�EORW�WR
GHWHFW� WKH�DPRXQW�RI� WKH�SURWHLQ� LQ� WRWDO�EUDLQ�KRPRJHQDWH��7KH�EORW� FRPSDUHV
71�5�GHILFLHQW�DQG�LWV�UHVSHFWLYH�ZLOGW\SH�PLFH��7KH�DPRXQW�RI�SURWHLQ�ORDGHG�SHU
ODQH� DV�ZHOO� DV� WKH�JHQRW\SH� RI� WKH� VDPSOH� LV� LQGLFDWHG� RQ� WRS�� 7ZR�EDQGV� DUH

YLVLEOH� LQ� HDFK� ODQH� DIWHU� GHWHFWLQJ� WKH� SULPDU\� DQWLERG\�ZLWK� WKH� KRUVH� UDGLVK
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'HWHFWLRQ�RI�G\VUHJXODWHG�WUDQVFULSWV�LQ�WKH�WHQDVFLQ�5�GHILFLHQW�PRXVH�EUDLQ
SHUR[LGDVH�FRQMXJDWHG�VHFRQGDU\�DQWLERG\��7KH�XSSHU�EDQG�����N'D��UHSUHVHQWV
WKH�β��LQWHJULQ�VXEXQLW�DQG�WKH�ORZHU�EDQG�����N'D��D�GHJUDGDWLRQ�SURGXFW�RI�WKH
β��VXEXQLW�

7KH� FRPSDULVRQ� RI� β�� LQWHJULQ� LQ� EUDLQ� KRPRJHQDWH� RI� PLFH
ODFNLQJ� WKH� 71�5� PROHFXOH� DQG� WKHLU� UHVSHFWLYH� ZLOGW\SH
OLWWHUPDWHV� LV� SHUIRUPHG� ZLWK� WKH� PRQRFORQDO� DQWLERG\� 0����
�6DQWD�&UX]�%LRWHFKQRORJ\� ,QF��6DQWD�&UX]��86$���7KLV�:HVWHUQ
EORW� DQDO\VLV� �VHH� ILJXUH� ��� UHYHDOV� HTXDO� β�� LQWHJULQ� SURWHLQ
DPRXQWV� LQ�N�R��DQG�:7�VLWXDWLRQ��7KH�EDQG�DW�DSSUR[�����N'D
UHSUHVHQWV�WKH�β��LQWHJULQ�VXEXQLW�VLJQDO��,W�LV�LQGLVWLQJXLVKDEOH�LQ
ERWK�JHQRW\SHV�DQG�DW�ERWK� ORDGLQJ�DPRXQWV� �����J�DQG�����J
FUXGH�EUDLQ�KRPRJHQDWH��FRQILUPLQJ�WKH�UHVXOWV�DW�WKH�WUDQVFULSW
OHYHO�DQG�WKH�DVVXPSWLRQ�WKDW�WKH�,&$3�G\VUHJXODWLRQ�LV�QRW�GXH
WR�DQ�DOWHUHG�DPRXQW�RI�WKH�ELQGLQJ�SDUWQHU�β��LQWHJULQ�

&D0.,,�H[SUHVVLRQ
7KH� SKRVSKRU\ODWLRQ� RXI� ,&$3� E\� &D0.,,� LV� UHVSRQVLEOH� IRU� LWV
DFWLYDWLRQ��7KXV�&D0.,,�LV�D�WDUJHW�IRU�IXUWKHU�LQYHVWLJDWLRQ��7KH
H[SUHVVLRQ� OHYHO� RI� &D0.,,� LV� FKHFNHG� RQ� WKH� WUDQVFULSW� OHYHO
WKURXJK�1RUWKHUQ�%ORW�DQG�RQ�WKH�SURWHLQ� OHYHO�WKURXJK�:HVWHUQ
EORW�

)LJXUH� ��� $XWRUDGLRJUDSK� RI� 1RUWKHUQ� EORWV� IRU� EUDLQ� UHJLRQV� DQG� DJH
VWDJHV�GHWHFWLQJ�&D0.,,�WUDQVFULSW�OHYHOV
,Q�WKH�XSSHU�SDQHO��$��WKH�&D0.,,�GLVWULEXWLRQ�LQ�FHUWDLQ�EUDLQ�UHJLRQV�DQG�WKHLU

UHVSHFWLYH� JHQRW\SH� �DV� LQGLFDWHG� RQ� WRS�� DOO� DGXOW� VDPSOHV�� LV� LQYHVWLJDWHG�
&RUWH[� DQG� KLSSRFDPSXV� DUH� VWURQJO\� SRVLWLYH� IRU� &D0.,,� WUDQVFULSWV�� 7KH
FHUHEHOOXP� H[KLELWV� SRVLWLYLW\�� WKRXJK� ZHDNHU� WKHQ� LQ� WKH� RWKHU� DUHDV�� 'XH� WR

VWURQJ�EDFNJURXQG�DFWLYLW\� LW�VWD\V�XQFOHDU�ZKHWKHU�WKH�ROIDFWRU\�EXOE�LV�&D0.,,
SRVLWLYH��,Q�WKH�ORZHU�SDQHO��%��D�WLPH�ODSVH�RI�&D0.,,�H[SUHVVLRQ�LV�LQYHVWLJDWHG

�DJHV�DQG�UHVSHFWLYH�JHQRW\SHV�LQGLFDWHG�RQ�WRS���7KH�&D0.,,�PHVVDJH�FRPHV�XS
DW�WKH�DJH�RI�3��DQG�SHDNV�LQ�WKH�DGXOW�VWDJH�DW�HTXDO�OHYHOV�LQ�ERWK�JHQRW\SHV�

7KH�GLVWULEXWLRQ�RI�&D0.,,�WUDQVFULSWV�LQ�FHUWDLQ�DUHDV�RI�WKH�EUDLQ
LV� LQYHVWLJDWHG� E\� WKH� 1RUWKHUQ� EORW� GLVSOD\HG� ILJXUH� ��$�� ,W
VKRXOG�EH�FR�H[SUHVVHG�LQ�WKH�DUHDV�RI�,&$3�H[SUHVVLRQ�EHFDXVH�LW
LV�QHFHVVDU\�IRU�WKH�DFWLYDWLRQ�RI�,&$3��7KLV�KROGV�WUXH�IRU�FRUWH[�
KLSSRFDPSXV�DQG�FHUHEHOOXP��WKRXJK�LQ�WKH�ODWWHU�WKH�LQWHQVLW\�LV
QRW� DV� VWURQJ� DV� LW� ZDV� IRU� WKH� ,&$3� VLJQDO�� 7KH� H[SUHVVLRQ� LQ
ROIDFWRU\� EXOE� UHPDLQV� XQUHVROYHG� GXH� WR� KLJK� EDFNJURXQG
VWDLQLQJ�� 7KH� RYHUDOO� GLPLQLVKHG� TXDOLW\� RI� WKLV� QRUWKHUQ� EORW� LV
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
UHVXOW� RI� PDQ\� SDUDOOHO� H[SHULPHQWV� DQG� VWULSSLQJ� SURFHGXUHV�
7KLV� LV� DOVR�ZK\� WKH� TXDQWLILFDWLRQ� RI� VLJQDO� LQWHQVLWLHV�EHWZHHQ
WKH�WZR�JHQRW\SHV�LV�QRW�HYDOXDWHG�EXW�WKH�TXDOLWDWLYH�VWDWHPHQW
UHPDLQV�UHOLDEOH�
7KH� ORZHU� SDQHO� �%�� LQ� ILJXUH� ��� GHSLFWV� WKH� KHLJKW� RI� &D0.,,
H[SUHVVLRQ� OHYHOV� DW� FHUWDLQ� WLPHSRLQWV� DQG� WKHLU� UHVSHFWLYH
JHQRW\SHV��DV� LQGLFDWHG�RQ�WRS�RI� WKH�SDQHO���7KH�H[SUHVVLRQ� LV
GHWHFWDEOH� IURP� 3�� RQZDUGV� DQG� SHDNV� LQ� WKH� DGXOW� VWDJH�� 7KH
OHYHO�RI�&D0.,,�PHVVDJH�LQ�UHVSHFW�WR�WKH�N�R��:7�FRPSDULVRQ�LV
QRW�DOWHUHG�
2Q� WKH� SURWHLQ� OHYHO�� FUXGH� EUDLQ� KRPRJHQDWHV� RI� WRWDO� PRXVH
EUDLQ�DUH�VXEMHFW�WR�:HVWHUQ�EORW�DQDO\VLV�����J�DQG����J�RI�WKH
UHVSHFWLYH� SURWHLQ� VDPSOHV� DUH� ORDGHG� SHU� ODQH� WR� D
SRO\DFU\ODPLGH� JHO� DQG� WUDQVIHUUHG� WR� QLWURFHOOXORVH�PHPEUDQH�
2Q� WKLV�PHPEUDQH� WKH� VLJQDOV� VSHFLILF� IRU� WKH�α�VXEXQLW� RI� WKH
SKRVSKRU\ODWHG� &D0.,,� LV� GHWHFWHG� E\� DQWLERG\� ��%�
�PRQRFORQDO��$/(;,6�%LRFKHPLFDOV�*U�QEHUJ��'���7KH�EORW�UHYHDOV
QR�G\VUHJXODWLRQ�RI�WKH�&D0.,,�SURWHLQ��GDWD�QRW�VKRZQ��

,&$3�IXQFWLRQ�LQ�YLWUR

β��,QWHJULQ�DQG�WHQDVFLQ�5�ELQGLQJ
$V� GHPRQVWUDWHG� WKH� ODFN� RI� H[WUDFHOOXODU� 71�5� OHDGV� WR� DQ
XSUHJXODWLRQ�RI�,&$3��7KH�,&$3�PROHFXOH�ELQGV�WR�WKH�F\WRSODVPLF
GRPDLQ�RI�WUDQVPHPEUDQH�β��LQWHJULQ��:KHWKHU�DQ�LQWHUDFWLRQ�RI
WKH�WUDQVPHPEUDQH�β��LQWHJULQ�DQG�71�5�H[LVWV�LV�QRW�SXEOLVKHG
WR� GDWH�� 7KH� LQWHUDFWLRQ� RI� DQRWKHU� WHQDVFLQ� IDPLO\� PHPEHU�
QDPHO\� 71�&�� ZLWK� VHYHUDO� LQWHJULQV� LV� H[WHQVLYHO\� VWXGLHG� �L�H�
&KLTXHW�(KULVPDQQ���������<RNRVDNL�HW�DO����������+DX]HQEHUJHU
HW� DO�� �������� <RNR\DPD� HW� DO�� ��������� 7KH� LQWHUDFWLRQV� DUH
HLWKHU�YLD�α�VXEXQLWV�RU�PDSSHG�WR�WKH�WKLUG�ILEURQHFWLQ�W\SH�,,,
GRPDLQ� �)1,,,�� LQ� FDVH� RI� LQWHUDFWLRQ� ZLWK� WKH� β�� LQWHJULQ
FRQWDLQLQJ�KHWHURGLPHUV�
��



,&$3�IXQFWLRQ�LQ�YLWUR
)LJXUH� ��� 7HQDVFLQ�V� GRPDLQ� VWUXFWXUH�� 5*'�OLNH� ELQGLQJ� PRWLI
ORFDOL]DWLRQ�DQG�UHFRPELQDQW�71�5�IUDJPHQWV

7KH�PXOWL�GRPDLQ�VWUXFWXUH�RI�PXULQH�WHQDVFLQ�5�DQG�WHQDVFLQ�&�DUH�GLVSOD\HG�LQ�D
FRQVHFXWLYH� RUGHU� EHJLQQLQJ� ZLWK� WKH� DPLQR�WHUPLQDO� HQG�� ,Q� EOXH� WKH� W\SH� RI
GRPDLQ�LV�LQGLFDWHG��(*)��(*)�OLNH�GRPDLQ��)1���ILEURQHFWLQ�W\SH�,,,��OLNH�GRPDLQ�

)%*�� ILEULQRJHQ�OLNH� GRPDLQ��� 7KH� ILUVW� DQG� ODVW� DPLQR� DFLG� QXPEHU� RI� HDFK
GRPDLQ�LV�LQGLFDWHG�LQ�WKH�QH[W�WZR�FROXPQV��7KH�DUURZKHDGV�LQGLFDWH�WKH�ORFDWLRQ
RI�WKH�XQLTXH�5*'�OLNH�ELQGLQJ�PRWLI��LQ�71�5�WKH�)1,,,�QXPEHU���DQG�LQ�71�&�WKH

)1,,,� $���� 'LVSOD\HG� YDOXHV� DUH� FDOFXODWHG� ZLWK� WKH� ZHE�EDVHG� VLPSOH�PRGXODU
DUFKLWHFWXUH� UHVHDUFK� WRRO� �60$57����� KWWS���VPDUW�HPEO�KHLGHOEHUJ�GH�� 6FKXOW]
HW� DO�� ��������� 7KH� UHG� ER[HV� GLVSOD\� WKH� UDQJH� RI� WKH� UHFRPELQDQW� 71�5

IUDJPHQWV� �(*)�6� DQG� )1,,,� ����� ;LDR� HW� DO�� �������� XVHG� LQ� FRQVHFXWLYH
H[SHULPHQWV��,Q�FDVH�RI�DOWHUQDWLYH�PRWLIV�WKH�SURJUDP�LQGLFDWHV�WKLV�SRVVLELOLW\�E\
QDPLQJ�LW�³3IDP�´�IROORZHG�E\�GRPDLQ�V�GHVFULSWLRQ�

β��LQWHJULQ�ELQGLQJ�WR�(&0�PROHFXOHV�RFFXUV�PRVW�OLNHO\�WKURXJK
5*'�OLNH� PRWLIV� �L�H�� 5*'�� 5$'� DQG� 5$$��� 7KH� PXULQH� 71�&
PROHFXOH� ODFNV� WKLV�PRWLI� LQ� WKH� WKLUG� )1,,,� GRPDLQ� �VHH� ILJXUH
��%��ZKHUH�ELQGLQJ�ZDV�VKRZQ�IRU�WHQDVFLQV�IURP�RWKHU�VSHFLHV
�<RNRVDNL�HW�DO���������DQG�6FKQDSS�HW�DO�����������7KHUHIRUH��DQ
5*'�OLNH�PRWLI�LV�H[LVWLQJ�LQ�WKH�DOWHUQDWLYHO\�VSOLFHG�)1,,,�UHSHDW
$�� �DUURZKHDG� LQ� ILJXUH� ��%��� )RU� WKH�PROHFXOH� LQYHVWLJDWHG� LQ
WKLV� ZRUN�� WKH� PXULQH� 71�5�� WKH� 5*'�OLNH� PRWLI� LV� IRXQG� RQ� D

7HQDVFLQ�5$ 7HQDVFLQ�&%

)1,,,
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
)1,,,� UHSHDW� QHDU� WKH� FDUER[\� WHUPLQDO� HQG� �HLJKWK� )1,,,�
DUURZKHDG� LQ� ILJXUH� ��$��� 7KLV� LV� ZK\� ELQGLQJ� DVVD\V� DUH
SHUIRUPHG�ZLWK� WKH� 71�5� IUDJPHQWV� (*)�6� �ODFNLQJ� WKH� ELQGLQJ
PRWLI�� DQG�)1,,,����� �FRQWDLQLQJ� WKH� SXWDWLYH�5$$�ELQGLQJ� VLWH�
ERWK�SURGXFHG�DV�GHVFULEHG�LQ�;LDR�HW�DO���������
7KH�DQDO\VLV�RI�FUXGH�EUDLQ�KRPRJHQDWH�ZLWK�β��LQWHJULQ�DQWLERG\
0�����FURVVOLQNHG�WR�SURWHLQ�*�PDJQHWLF�EHDGV�IRU�SUHFLSLWDWLRQ�RI
SURWHLQV�WKDW�ELQG�WR�β��LQWHJULQ�UHYHDOHG�QR�71�5�GHWHFWDEOH�ZLWK
PRQRFORQDO� ���� DQWLERG\�� $V� WKLV� PLJKW� EH� GXH� WR� WKH� SRRU
SHUIRUPDQFH�RI�WKH�����DQWLERG\�WKH�*67�SXOO�GRZQ�H[SHULPHQW�LV
SHUIRUPHG��,Q�WKH�SXOO�GRZQ������J�*67�IXVLRQ�71�5�IUDJPHQW�LV
ORDGHG�WR�WKH�*67UDS�))�FROXPQ��$3%��IRU�ELQGLQJ��7KHQ�������J
RI�FUXGH�EUDLQ�KRPRJHQDWH�LV�UXQ�RYHU�WKH�FROXPQ��$IWHU�ZDVKLQJ�
WKH� *67�SURWHLQ� DVVRFLDWHG� SURWHLQV� DUH� HOXWHG�� ,Q� WKH� HOXWHG
PDWHULDO� WKHUH� LV� D� EDQG� DW� DSSUR[�� ��N'D� FRPLQJ� XS� ZKHQ
GHWHFWHG�ZLWK�0����� β�� LQWHJULQ� DQWLERG\� �VHH� ILJXUH� ����� 7KLV
EDQG�FRUUHVSRQGV�WR�WKH�RQH�REVHUYHG� LQ�WKH�EUDLQ�KRPRJHQDWH
FRQWURO�ODQH��:KHWKHU�WKH�QDWLYH�����N'D��LQWHJULQ�LV�HOXWHG�IURP
WKH�FROXPQV�UHPDLQV�XQUHVROYHG��,Q�HOXWLRQ�IUDFWLRQ���WKHUH�PLJKW
EH� D� EDQG� DW� WKDW� VSHFLILF� PROHFXODU� ZHLJKW� EXW� GXH� WR� KLJK
EDFNJURXQG� LW� UHPDLQV� XQFOHDU�� ,Q� SUHYLRXV� EORWV� WKLV� TXHVWLRQ
DOVR� ZDV� OHIW� XQDQVZHUHG�� 7KXV�� WKH� ELQGLQJ� RI� WKH� β�� LQWHJULQ
GHJUDGDWLRQ�SURGXFW� ���N'D�� WR� WKH�)1,,,�����71�5� IUDJPHQW� LV
FRQILUPHG�WKURXJK�WKLV�SXOO�GRZQ�H[SHULPHQW��ORZHU�DUURZKHDG�LQ
ILJXUH�����

)LJXUH����:HVWHUQ�EORW�RI�*67�SXOO�GRZQ�H[SHULPHQW

7KH� HOXWHG� IUDFWLRQV� IURP� WKH� *67� FROXPQV� DUH� HYDOXDWHG� LQ� D� ����6'6�3$*(
EORWWHG�RQ�PHPEUDQH��7KH�GHWHFWLRQ�RI�SURWHLQV�WKDW�ERXQG�WR�WKH�71�5�)1,,,����
*67�IUDJPHQW�LV�SHUIRUPHG�ZLWK�0�����DQWL�β��LQWHJULQ�DQWLERG\��7KH�FUXGH�EUDLQ
KRPRJHQDWH� �OHIW� ODQH�� DV� D� FRQWURO� JLYHV� ULVH� WR� β�� LQWHJULQ� EDQG� DW� ���� N'D
�QDWLYH��DQG�WKH�GHJUDGDWLRQ�SURGXFW�DW����N'D�ERWK�LQGLFDWHG�ZLWK�DUURZKHDGV�
7KH� HOXWLRQ� IUDFWLRQV� �� DQG� �� H[KLELW� WKH� ORZHU� ZHLJKW� LQWHJULQ� EDQG� �ORZHU

DUURZKHDG���,Q�WKH�QHJDWLYH�FRQWURO��WKH�*67�ORDGHG�ODQH��QR�EDQGV�DULVH�
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,&$3�IXQFWLRQ�LQ�YLWUR
7KH�SUROLIHUDWLRQ�RI�,&$3�GHILFLHQW�(6�FHOOV
)RU� FKDUDFWHUL]DWLRQ� RI� WKH� (6� FHOO� FORQHV� SULRU� WR� IXUWKHU
LQYHVWLJDWLRQV� SUROLIHUDWLRQ� SDUDPHWHUV� DUH� DVVHVVHG�� 7KLV� LV
QHFHVVDU\� IRU� GHPRQVWUDWLQJ� WKDW� WKHLU� SUR[LPLW\� LQ� WHUPV� RI
JHQHWLF� EDFNJURXQG� LV� QRW� DIIHFWHG��'XH� WR� WKH� WLPH� RI� SDUDOOHO
SDVVDJLQJ� VLQFH� WKHLU� FRPPRQ� DQFHVWU\� �EHWZHHQ� SDVVDJH� �� WR
����� WKH\�PLJKW�H[KLELW�GLIIHUHQFHV� LQ� WKH�SUROLIHUDWLRQ�EHKDYLRU�
7KH� (6� FHOOV� DUH�PRQLWRUHG� LQ� WZR� VWDJHV� RI� WKH� GLIIHUHQWLDWLRQ
SURWRFRO� ZLWK� WKH� 077� WHVW� ZKHUH� WKH� FRQYHUVLRQ� RI� WKH
WHWUD]ROLXP� VDOW� �077�� WR� FRORUHG� IRUPD]DQ� FRUUHODWHV� WR� WKH
SUROLIHUDWLRQ� UDWH�� 7KH� ILUVW� VLWXDWLRQ� LQ� ZKLFK� WKH� FHOOV� DUH
PHDVXUHG� LV� HTXLYDOHQW� WR� DWWDFKHG� JURZWK� RI� �[���� FHOOV� RQ� D
��FP�GLDPHWHU�FXOWXUH�GLVK�

)LJXUH����077�SUROLIHUDWLRQ�DVVD\�RI�(6�FHOOV�JURZLQJ�DWWDFKHG

7KH� LQFUHDVH�RI� IRUPD]DQ�DV�D�PHDVXUHPHQW�RI�SUROLIHUDWLRQ� LV� GHWHUPLQHG�DW�D
ZDYHOHQJWK�RI����QP��7KH�WLPHSRLQWV�DUH���KRXUV�����KRXUV�DQG����KRXUV�DIWHU
VHHGLQJ�WKH�FHOOV��LQGLFDWHG�DW�WKH�EDVH�RI�WKH�EDUV���/:��LV�WKH�ZLOGW\SH�FHOO�OLQH

IURP�ZKLFK�WKH�WZR�,&$3�NQRFN�RXW�YDULDQWV�����DQG�����DUH�GHULYHG��DOO�LQGLFDWHG
EHORZ� WKH� EDUV��� 7KH� WKUHH� FHOO� OLQHV� GR� QRW� VKRZ� VLJQLILFDQW� GLIIHUHQFHV� LQ
SUROLIHUDWLRQ�

7KH�H[SDQVLRQ�RI�(6�FHOOV�LV�SHUIRUPHG�LQ�WKH�DWWDFKHG�VLWXDWLRQ�
,Q� WKLV� VWDWH� WKUHH� WLPHSRLQWV� DIWHU� VHHGLQJ� RI� WKH� FHOOV� DUH
PHDVXUHG� ���� ��� DQG� ��K�� VHH� ILJXUH� ����� 1R� VLJQLILFDQW
GLIIHUHQFHV�LQ�SUROLIHUDWLRQ�UDWH�DUH�IRXQG�EHWZHHQ�WKH�WKUHH�FHOO
OLQHV� �/:�� ZLOGW\SH�� ��� DQG� ��� NQRFN� RXW� IRU� ,&$3��� $QRWKHU
FULWLFDO�VWDJH�RI�WKH�GLIIHUHQWLDWLRQ�SURWRFRO�LV�WKH�IRUPDWLRQ�RI�(6
FHOO�GHULYHG�HPEU\RLG�ERGLHV��(%���7KHVH�IUHH�IORDWLQJ�VSKHUH�OLNH
DJJUHJDWHV� DUH�PHDVXUHG� DW� WZR� GLIIHUHQW� VHHGLQJ� GHQVLWLHV� IRU
WKHLU�IRUPD]DQ�SURGXFWLRQ�
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
)LJXUH����077�DVVD\�IRU�(6�FHOOV�LQ�WKH�VLWXDWLRQ�RI�(%�IRUPDWLRQ

7U\SVLQL]HG�(6�FHOOV�DUH�VHHGHG�LQ�XQFRDWHG�DQG�XQWUHDWHG�GLVKHV�IRU�IUHH�IORDWLQJ
(%� IRUPDWLRQ� DW� WZR� GHQVLWLHV� �$�� ����� SHU� ZHOO�� %�� ����� SHU� ZHOO�� LQ� ���ZHOO
SODWH��� 7KH� WKUHH� WLPHSRLQWV� UHYHDO� QR� GLIIHUHQFHV� IRU� DOO� WKUHH� FHOO� W\SHV� LQ

SUROLIHUDWLRQ��FHOO�GHDWK��7KH�OHYHOV�VWDJQDWH�RYHU�D�SHULRG�RI�����KRXUV�

3UROLIHUDWLRQ�LQ�WKLV�VLWXDWLRQ�VWDJQDWHV�RYHU�WKH�PHDVXUHG�SHULRG
RI�����KRXUV�ZLWK�QR�GHWHFWDEOH�GLIIHUHQFHV�EHWZHHQ�WKH�WKUHH�FHOO
OLQHV��ILJXUH�����
)RU�LQYHVWLJDWLRQ�RI�WKH�PHQWLRQHG�JHQHWLF�SUR[LPLW\�RI�WKH�WKUHH
FHOO� OLQHV� LW� KDV� DOVR� WR� EH�PHDVXUHG� LI� WKH\� VWLOO� GLVSOD\� HTXDO
EHKDYLRXU� LQ� HPEU\RLG� ERG\� IRUPDWLRQ�� 7KH� IRUPDWLRQ� RI
HPEU\RLG�ERG\�DJJUHJDWHV�LV�QRW�FRQQHFWHG�WR�DQ�LQLWLDO�LQFUHDVH
LQ�SUROLIHUDWLRQ��(DUO\�JHQHUDWLRQ�RI�(%V�LV�UDWKHU�DQ�DJJUHJDWLRQ
SKDVH�LQ�ZKLFK�WKH�FHOOV�GR�QRW�WHQG�WR�H[SDQG��7KLV�DJJUHJDWLRQ
LV�PHDVXUHG�LQ�UHVSHFW�RI�WKH�GLDPHWHU�RI�GHYHORSLQJ�(%V�
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,&$3�IXQFWLRQ�LQ�YLWUR
)LJXUH����'LDPHWHU�RI�(6�GHULYHG�HPEU\RLG�ERGLHV�DIWHU���DQG���GD\V�RI
JURZWK

7KH�GLDPHWHU�RI�IUHH�IORDWLQJ�URXQG�(%�V�LV�PHDVXUHG�ZLWK�DQ�RFXODU�PLFURPHWHU�LQ
DUELWUDU\� XQLWV� DW� �� DQG� �� GD\V� RI� JURZWK�� (%�V� IURP� DOO� WKUHH� FHOO� OLQHV� �/:�
ZLOGW\SH�����DQG����NQRFN�RXW��UHPDLQ�VWDEOH�DW�D�FHUWDLQ�VL]H�WKDW�GRHV�QRW�GLIIHU

VLJQLILFDQWO\�LQ�DOO�WKUHH�FDVHV�

7KH�VWDJQDWLRQ�RI�SUROLIHUDWLRQ�LQ�WKH�REVHUYHG�SHULRG�LV�VXSSRUWHG
E\�WKH�ILQGLQJ�WKDW�WKH�VL]H��GLDPHWHU��RI�(%�V�DOVR�UHPDLQV�VWDEOH
LQ�FRPSDULVRQ�RI� WKH���GD\�DQG���GD\�VLWXDWLRQ��VHH� ILJXUH�����
0HDVXULQJ� WKH� GLDPHWHU� UHYHDOV� HTXDO� EHKDYLRU� RI� DOO� WKUHH� FHOO
OLQHV�DV� LW� LV�VKRZQ� LQ� WKH�SUHYLRXV�H[SHULPHQWV��7KLV� LV�D�JRRG
EDVLV�IRU�IXUWKHU�FRPSDUDWLYH�H[SHULPHQWV�OLNH�QHXULWH�RXWJURZWK
PHDVXUHPHQWV��

,&$3�GHILFLHQW�FHOOV�DQG�QHXULWH�RXWJURZWK�
7KH�G\VUHJXODWLRQ�RI�,&$3�LQ�QHXUDO�FHOOV�LQ�UHDFWLRQ�WR�WKH�ODFN�RI
WKH� (&0� PROHFXOH� 71�5� VXJJHVWV� D� IXQFWLRQDO� UHOHYDQFH�� 7KH
QHXULWH�RXWJURZWK�DVVD\�LV�SHUIRUPHG�WR�WHVW�WKH�UROH�RI�71�5�RQ
WKH�EHKDYLRU�RI�\RXQJ�QHXURQV� WKDW�DUH�VWDUWLQJ� WR�SURMHFW�WKHLU
QHXULWHV�� ,Q� WKLV� DVVD\� WKH� LPSDFW� RI� WKH� SUHYLRXVO\�PHQWLRQHG
71�5� IUDJPHQWV� RQ� WKH� RXWJURZWK� EHKDYLRU� VKDOO� EH� VWXGLHG�
$VVXPLQJ� WKDW� WKH� )1,,,� ���� IUDJPHQW� H[KLELWV� LWV� VSHFLDO
SURSHUWLHV�LQ�UHJDUG�WR�β��LQWHJULQ�ELQGLQJ�EHFDXVH�RI�LWV�5*'�OLNH
GRPDLQ�� LW� LV� RIIHUHG� LQ� WKH� DVVD\� DV� D� FRDWHG� VXEVWUDWH�� $V� D
FRQWURO� WKH� (*)�6� IUDJPHQW� ZLWK� QR� DSSDUHQW� ELQGLQJ�PRWLIV� LV
DQRWKHU� VWXGLHG� VXEVWUDWH�� 7KH� QRQ�UHODWHG� FRQWURO� JURXS� LV
JURZLQJ� RQ� D� JHODWLQ� FRDWHG� VXUIDFH�� 3ULRU� WR�PHDVXUHPHQW� WKH
FHOOV�DUH�FKDUDFWHUL]HG�E\�VWDLQLQJ�ZLWK�FHUWDLQ�DQWLERGLHV��7KLV�LV
QHFHVVDU\� WR�PRQLWRU� WKH� GLIIHUHQWLDWLRQ� RI� (6� GHULYHG� FHOOV�� $Q
LPSRUWDQW� PDUNHU� SURWHLQ� LV� QHVWLQ�� ,W� LV� D� ODUJH� LQWHUPHGLDWH
ILODPHQW� SURWHLQ� �W\SH� 9,�� H[SUHVVHG� GXULQJ� GHYHORSPHQW� LQ
P\RWHQGLQRXV� DQG� QHXURPXVFXODU� MXQFWLRQV�� W\SLFDOO\
GLVDSSHDULQJ� E\� (���� ,W� LV� XVHG� DV� D� PDUNHU� SURWHLQ� IRU
XQGLIIHUHQWLDWHG� \RXQJ� QHXURQV�� )XUWKHU� DQWLERGLHV� XVHG� DV
QHXURQDO�PDUNHUV�DUH�β,,,�WXEXOLQ�DQG�KHDY\�QHXURILODPHQW��
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
)LJXUH���� ,PPXQRIOXRUHVFHQFH�RI� (6�GHULYHG� FHOOV� DIWHU���GD\� LQ� ,76)Q
PHGLXP��VWDJH���RI�GLIIHUHQWLDWLRQ�SURWRFRO���1HVWLQ��),7&��VWDLQLQJ� IRU

DVVHVVPHQW�RI� LPPDWXUH�QHXURQV�DQG�β,,,� WXEXOLQ� �&\��� IRU�PDWXUDWLQJ
QHXURQV�DQG�WKHLU�QHXULWHV�
)RU� PRQLWRULQJ� WKH� GLIIHUHQWLDWLRQ� WRZDUGV� WKH� QHXURQDO� OLQHDJH� WKH� (6� GHULYHG

FHOOV� DUH� VWDLQHG� IRU� PDUNHU� SURWHLQV� QHVWLQ� DQG� β,,,� WXEXOLQ�� 7KH� FHOOV� RI� ERWK
JHQRW\SHV� �$�&� DQG� (� DUH� ,&$3� GHILFLHQW� ³��´� FHOOV� ZKHUHDV� %�� '� DQG� )� DUH
ZLOGW\SH�³/:�´�FHOOV��GLIIHUHQWLDWH�HTXDOO\�LQWR�LPPDWXUH�QHXURQV�DV�VHHQ�LQ�$�DQG

%�E\�QHVWLQ��),7&��VWDLQLQJ�DQG�PDWXUH��QHXULWH�SURMHFWLQJ�QHXURQV�DV�VHHQ�E\�β,,,
WXEXOLQ� �&\��� VWDLQLQJ� LQ�&�DQG�'�� ,Q�&� WKH�ERUGHU�RI� DQ�DWWDFKHG�(%� VSKHUH� LV
RXWOLQHG� �DUURZKHDGV��� 6RPH� QHXURQV� WKDW� PLJUDWHG� RXW� RI� WKLV� VWUXFWXUH� DUH

LQGLFDWHG�ZLWK�DVWHUL[HV��%ULJKWILHOG�SLFWXUHV�DUH�VKRZQ�LQ�(�DQG�)��&HOOV�DUH�JURZQ
RQ�3/2�SUHFRDWHG�JHODWLQ�FRYHUVOLSV�DQG�IL[HG�ZLWK����SDUDIRUPDOGHK\GH�SULRU�WR
VWDLQLQJ��$OO�SLFWXUHV�KDYH�WKH�GLPHQVLRQ�RI�����P�ZLGWK�DQG�����P�KHLJKW�

,Q� ILJXUH����WKH� LPPXQRIOXRUHVFHQFH� LV�GHSLFWHG�PRQLWRULQJ� WKH
GLIIHUHQWLDWLRQ�RI�WKH�(6�GHULYHG�FHOOV�DW�WKH�HQG�RI�VWDJH�WKUHH�RI
WKH�GLIIHUHQWLDWLRQ�SURWRFRO��$W�WKLV�WLPHSRLQW�WKH\�DUH�JURZQ�ILYH
GD\V�LQ�,76)Q�PHGLXP�DWWDFKLQJ�WR�FRYHU�VOLSV�FRDWHG�ZLWK�JHODWLQ
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,&$3�IXQFWLRQ�LQ�YLWUR
RU�WKH�WHQDVFLQ�IUDJPHQWV�WKDW�DUH�REMHFW�WR�HYDOXDWLRQ��3ULRU�WR
WKH� GHSLFWHG� VLWXDWLRQ�� WKH� FHOOV� DUH� JURZLQJ� IUHH� IORDWLQJ� LQ
VSKHUH�OLNH�VWUXFWXUHV��(%V���7UDQVIHUULQJ�WKH�(%V�WR�FRDWHG�FRYHU
VOLSV�OHDGV�WR�WKH�DWWDFKHG�JURZWK�DQG�PLJUDWLRQ�RI�FHOOV�RXW�RI�WKH
IRUPHUO\� VSKHUH� FHOO� DJJUHJDWH�� 7KLV� VLWXDWLRQ� LV� LQGLFDWHG� LQ
ILJXUH���&��7KH�DUURZKHDGV�OLQH�RXW�WKH�IRUPHU�(%�ERUGHU�DQG�WKH
DVWHUL[HV� LQGLFDWH� QHXURQV� WKDW� PLJUDWHG� RXW� RI� WKH� DJJUHJDWH�
7KH� DPRXQW� RI� XQGLIIHUHQWLDWHG� QHXURQV� LV� YLVXDOL]HG� LQ� ILJXUH
��$	%�E\�LPPXQRVWDLQLQJ�DJDLQVW�QHVWLQ��),7&���%RWK�JHQRW\SHV
�,&$3�GHILFLHQW�³��´��$��ZLOGW\SH�³/:�´��%��KDYH�D�KLJK�DPRXQW
RI�QHVWLQ�SRVLWLYH�FHOOV��,Q�FRQWUDVW�WR�LW��LQ�&�DQG�'�WKH�SRVWPLWRWLF
GLIIHUHQWLDWHG� QHXURQV�ZLWK� WKHLU� SURMHFWLQJ�QHXULWHV� DUH� VWDLQHG
ZLWK�β,,,�WXEXOLQ��&\����7KH�DPRXQW�RI�β,,,�WXEXOLQ�SRVLWLYH�FHOOV�LV
PXFK�ORZHU�WKDQ�WKH�QXPEHU�RI�QHVWLQ�SRVLWLYH�RQHV��7KLV�SLFWXUH
LV� VKRZLQJ� WKH�FRUUHFW� VLWXDWLRQ�RI� WKH�GLIIHUHQWLDWLRQ�SURFHVV�DW
WKH�HQG�RI�VWDJH�WKUHH��7KH�PDMRULW\�RI�FHOOV� IROORZ�WKH�SURWRFRO
WRZDUGV�WKH�QHXURQDO�OLQHDJH�YLD�QHVWLQ�SRVLWLYH�QHXUDO�SURJHQLWRU
FHOOV�� $� VPDOO� DPRXQW� RI� FHOOV� GLIIHUHQWLDWHV� GLUHFWO\� LQWR� β,,,
WXEXOLQ� SRVLWLYH� QHXURQV� E\� D� VR� FDOOHG� ³GHIDXOW� PHFKDQLVP´
�7URSHSH�HW�DO�����������7KHVH�GLIIHUHQWLDWHG�QHXURQV�DUH�REMHFW
WR�WKH�QHXULWH�RXWJURZWK�PHDVXUHPHQW��7KH�SLFWXUHV�LQ�ILJXUH���
DUH� RQO\� UHSUHVHQWDWLYH� RI� WKH� GLIIHUHQWLDWLRQ� VWDJH� ILJXUH� ��
VKRZV�WKH�DQDO\]DEOH�QHXULWH�RXWJURZWK�DVVD\�VLWXDWLRQ�

)LJXUH� ��� 5HSUHVHQWDWLYH� SLFWXUHV� RI� (6� GHULYHG� β,,,� WXEXOLQ� SRVLWLYH
\RXQJ�QHXURQV�DIWHU���GD\V�LQ�FXOWXUH�RI�,76)Q�PHGLXP
7KLV� ILJXUH�GHSLFWV� WKH�VLWXDWLRQ� LQ�ZKLFK� WKH�QHXULWH�RXWJURZWK�PHDVXUHPHQW� LV
SHUIRUPHG��,Q�WKLV�FDVH��WKH�FHOOV�DUH�JURZLQJ�DWWDFKHG�RQ�D�JHODWLQ��LQ�WKH�RWKHU

FDVHV�(*)�6�RU�)1,,,�����71�5�IUDJPHQWV��FRDWHG�FRYHU�VOLS�IRU���GD\V�LQ�,76)Q
PHGLXP��HQG�RI�VWDJH�����3ULRU�WR�β,,,�WXEXOLQ�VWDLQLQJ�WKH\�DUH�IL[HG�ZLWK����3)$�
,Q�$�DQG�&�,&$3�GHILFLHQW�³��´�FHOOV�DUH�VKRZQ��%�DQG�'�VKRZ�ZLOGW\SH�³/:�´�FHOOV�
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
$�DQG�%�DUH�&\��IOXRUHVFHQW�β,,,� WXEXOLQ�VWDLQHG�FHOOV�RXWOLQLQJ� WKH�QHXULWHV�DQG
FHOOERGLHV� RI� \RXQJ� QHXURQV�� ,Q� &� DQG�'� WKH� UHVSHFWLYH� EULJKWILHOG� SLFWXUHV� DUH
VKRZQ�>YLVLEOH�DUHD������P�ZLGWK������P�KHLJKW@�

'XH�WR�WKH�β,,,�WXEXOLQ�ODEHOOLQJ�WKH�QHXULWHV�RI�QHXURQV�DUH�QLFHO\
VWDLQHG�DQG�WKXV�HDVLO\�GLVWLQJXLVKDEOH�IURP�RWKHU�FHOO�H[WHQVLRQV
�VHH� ILJXUH� ��� $� DQG� %��� 7KH� PHDVXUHPHQW� LV� SHUIRUPHG� E\
FRS\LQJ�WKH�IOXRUHVFHQW�SLFWXUH�RI�WKH�PLFURVFRSH�V�&&'�FDPHUD
WR� DQ� HYDOXDWLRQ� VRIWZDUH� SURJUDP� �.RQWURQ�� =HLVV��� ,Q� WKLV
SURJUDP� WKH� QHXULWHV� DUH� RXWOLQHG�PDQXDOO\� DQG� WKH�PHDVXUHG
GLVWDQFH� LV� FRSLHG� WR� DQRWKHU� VRIWZDUH� SURJUDP� IRU� VWDWLVWLFDO
FDOFXODWLRQV��6LJPD3ORW��6366���7KH�UHVXOWV�RI�WKH�PHDVXUHPHQWV
DUH�GHSLFWHG�LQ�WKH�FRQVHFXWLYH�ILJXUHV�

)LJXUH� ���1HXULWH� RXWJURZWK� RI�ZLOGW\SH� (6� GHULYHG� \RXQJ� QHXURQV� RQ

GLIIHUHQW�VXEVWUDWHV
:LOGW\SH� (6� FHOO� GHULYHG� \RXQJ� QHXURQV� DIWHU� �� GD\V� LQ� ,76)Q�PHGLXP� �HQG� RI
VWDJH����DUH�FXOWXUHG�RQ�WKH�LQGLFDWHG�VXEVWUDWHV��β,,,�WXEXOLQ�SRVLWLYH�QHXULWHV�DUH
PHDVXUHG�ZLWK�.RQWURQ�VRIWZDUH��=HLVV��DQG�PHDQ�YDOXHV�RI�QHXULWH�OHQJWK�LQ��P
DUH�SORWWHG��7KH�ZLOGW\SH�FHOOV�VKRZ�D�KLJKO\�VLJQLILFDQW�UHGXFHG�QHXULWH�RXWJURZWK
RQ� ERWK� 71�5� IUDJPHQWV� �)1,,,� ���� DQG� (*)�6�� LQ� FRPSDULVRQ� WR� WKH� FRQWURO

�JHODWLQ���

)LJXUH����GLVSOD\V� WKH�QRUPDO� �ZLOGW\SH�� UHDFWLRQ�RI�(6�GHULYHG
β,,,� WXEXOLQ� SRVLWLYH� QHXURQV� WR� WKH� SUHVHQWHG� VXEVWUDWHV�� ,Q
FRPSDULVRQ�WR�WKH�VLWXDWLRQ�RQ�JHODWLQ�WKH�WZR�WHQDVFLQ�IUDJPHQWV
H[KLELW�SURSHUWLHV�WKDW�GHFUHDVH�WKH�QHXULWH�RXWJURZWK��7KLV�HIIHFW
ZDV� H[SHFWHG� IRU� WKH� )1,,,� ���� IUDJPHQW� LQ� UHJDUG� WR� LWV� β�
LQWHJULQ�ELQGLQJ�GRPDLQ��%XW�DOVR�IRU�WKH�(*)�6�IUDJPHQW�D�KLJKO\
VLJQLILFDQW� GHFUHDVH� RI� QHXULWH� RXWJURZWK� LV� REVHUYHG�� 7KH
LQKLELWLQJ� HIIHFW� RI� 71�5� WR� QHXULWH� RXWJURZWK� LV� LQ� DFFRUGDQFH
ZLWK�SUHYLRXV�ILQGLQJV��;LDR�HW�DO�����������7KH�HIIHFW�REVHUYHG�LQ
WKH� (*)�6� JURXS�PLJKW� EH� GXH� WR� DQRWKHU� W\SH� RI� � β�� LQWHJULQ
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,&$3�IXQFWLRQ�LQ�YLWUR
ELQGLQJ�WR�D�ELQGLQJ�PRWLI�RWKHU�WKDQ�WKH�5*'�OLNH�

)LJXUH� ��� 1HXULWH� RXWJURZWK� SHUIRUPDQFH� RI� ,&$3� GHILFLHQW� \RXQJ
QHXURQV�GHULYHG�IURP�(6�FHOOV

,&$3� GHILFLHQW� (6� FHOOV� DUH� KHOG� LQ� ,76)Q� PHGLXP� RQ� WKH� LQGLFDWHG� VXEVWUDWHV
�)1,,,������(*)�6�RU�JHODWLQ��IRU�GLIIHUHQWLDWLRQ�WRZDUGV�WKH�QHXUDO�OLQHDJH��$IWHU��
GD\V��HQG�RI�VWDJH����β,,,�WXEXOLQ�SRVLWLYH�QHXULWHV�DUH�PHDVXUHG�ZLWK�WKH�.RQWURQ
VRIWZDUH��=HLVV��IRU�OHQJWK�LQ��P��PHDQ�YDOXHV�GHSLFWHG���)RU�,&$3�GHILFLHQW�FHOOV
WKH�71�5�IUDJPHQWV�DUH�VLJQLILFDQWO\�HQKDQFLQJ�QHXULWH�RXWJURZWK�LQ�FRPSDULVRQ
WR�WKH�FRQWURO�VLWXDWLRQ�RQ�JHODWLQ�

7KH�LQIOXHQFH�RI�,&$3�RQ�β��LQWHJULQ�PHGLDWHG�QHXULWH�RXWJURZWK
LV� H[DPLQHG� E\� FXOWXULQJ� ,&$3� GHILFLHQW� (6� FHOO� GHULYHG� \RXQJ
QHXURQV� RQ� WHQDVFLQ� IUDJPHQWV� LQFOXGLQJ� WKH� 5*'�OLNH� ELQGLQJ
GRPDLQ�IRU�β��LQWHJULQ��)1,,,������RU�ODFNLQJ�LW��(*)�6���$�IXUWKHU
FRQWURO�JURXS�DUH�FHOOV�WKDW�DUH�SODWHG�RQ�JHODWLQ�VXEVWUDWH��)LJXUH
���GHPRQVWUDWHV�WKDW�FHOOV� ODFNLQJ�WKH�,&$3�PROHFXOH�GLVSOD\�DQ
DOWHUHG�EHKDYLRU�RQ�WKH�71�5�IUDJPHQWV��WKRXJK�WKHLU�EHKDYLRU�WR
JHODWLQ� VXEVWUDWH� GRHV� QRW� GLIIHU� IURP� WKH� ZLOGW\SH� VLWXDWLRQ
�ILJXUH�����:7�PHDQ�RQ�JHODWLQ �����P��ILJXUH�����N�R��PHDQ�RQ
JHODWLQ � ����P��� :LWK� KLJK� VLJQLILFDQFH� �W � ��������� WKH� β,,,
WXEXOLQ� SRVLWLYH� QHXULWHV� RQ� WKH� )1,,,� ���� IUDJPHQW� VXEVWUDWH
H[KLELW� DQ� HQKDQFHG� QHXULWH� RXWJURZWK� LQ� FRPSDULVRQ� WR� WKH
VLWXDWLRQ�RQ�JHODWLQ��7KH�RXWJURZWK�SURPRWLQJ�HIIHFW�RI�WKH�(*)�6
IUDJPHQW� IRU� QHXURQV� ODFNLQJ� WKH� ,&$3� PROHFXOH� LV� KLJKO\
VLJQLILFDQW� �W � ���[� ������� $V� VKRZQ� EHIRUH� IRU� WKH� ZLOGW\SH
VLWXDWLRQ�WKH�(*)�6�IUDJPHQW�H[KLELWV�DQ�XQSUHGLFWHG�LQIOXHQFH�RQ
WKH�QHXULWH�RXWJURZWK�SURSHUWLHV��,Q�WKH�,&$3�GHILFLHQW�FHOOV� WKH
(*)�6�IUDJPHQW�LV�DQ�RXWJURZWK�HQKDQFLQJ�VXEVWUDWH�DOWKRXJK�LW
ODFNV�WKH�5*'�OLNH�PRWLI��7KLV�H[SHULPHQW�VXSSRUWV�WKH�SRVWXODWHG
LQIOXHQFH� RI� ,&$3� YLD� β�� LQWHJULQ� DOWKRXJK� WKH� PDQQHU� RI
LQWHUDFWLRQ� EHWZHHQ� WKH� (*)�SDUW� RI� WHQDVFLQ� DQG� WKH� LQWHJULQ
UHPDLQV� WR� EH� UHVROYHG�� 7KH� H[FLWLQJ� ILQGLQJ� RI� WKH� FRQYHUVLRQ
IURP�DQ� LQKLELWLQJ�VXEVWDQFH�WR�DQ�QHXULWH�RXWJURZWK�SURPRWLQJ
WKURXJK�WKH�NQRFN�RXW�RI�WKH�,&$3�PROHFXOH�EHFRPHV�HYHQ�FOHDUHU
ZKHQ�WKH�YDOXHV�IRU�RXWJURZWK�RQ�71�5�IUDJPHQWV�DUH�FRPSDUHG
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
GLUHFWO\�WR�HDFK�RWKHU��ILJXUH�����

)LJXUH����7KH� FRQYHUVLRQ�RI� LQKLELWLQJ� WR� SURPRWLQJ�SURSHUWLHV� RI� 71�5
IUDJPHQWV�LQ�QHXULWH�RXWJURZWK�WKURXJK�WKH�,&$3�NQRFN�RXW

,Q� WKLV� ILJXUH� WKH�PHDQ� YDOXHV� RI� QHXULWH� OHQJWK� LQ� �P� DUH� JLYHQ� IRU� DOO� WKUHH
VXEVWUDWHV� DQG� WKH� WZR� JHQRW\SHV� FRPSDUHG� LQ� WKH� QHXULWH� RXWJURZWK
H[SHULPHQWV�� 7KH� GLIIHUHQFH� EHWZHHQ� WKH� ZLOGW\SH� �JUD\� EDUV�� DQG� WKH� ,&$3

GHILFLHQW� �EOXH� EDUV�� QHXULWH� OHQJWK� REVHUYHG� RQ� WKH� WZR� WHQDVFLQ� VXEVWUDWHV
LQGLFDWHV�WKH�FRQYHUVLRQ�RI�LWV�LQKLELWRU\�SURSHUWLHV�WR�RXWJURZWK�SURPRWLQJ�RQHV
ZKHQ�,&$3�LV�ODFNLQJ�

����)1,,,�����������(*)�6����������JHODWLQ
:7������N�R��������:7�������N�R��������:7�������N�R�
��



'\VUHJXODWLRQ�LQ�7HQDVFLQ�5�GHILFLHQW�PLFH
.$3,7(/�� 'LVNXVVLRQ
'LVFXVVLRQ

'\VUHJXODWLRQ� LQ� 7HQDVFLQ�5� GHILFLHQW
PLFH

'\VUHJXODWLRQ�RQ�WKH�WUDQVFULSW�OHYHO
8SUHJXODWLRQ� RI� KQ513�$�� LQGLFDWHG� E\� WKH� DUUD\� VLJQDO� IRU� WKH
FRUUHVSRQGLQJ�(67��8H��D���\���WDEOH����*OLVRYLF�HW�DO���������
FRXOG�EH�UHSUHVHQWDWLYH�RI�DOWHUDWLRQV�LQ�WKH�H[SUHVVLRQ�PDFKLQHU\
XSRQ� UHDFWLRQ� WR� WKH� 71�5� GHILFLHQW� VLWXDWLRQ�� :KHQ� KQ513� $�
OHYHOV�DUH�HOHYDWHG�WKH�KDOI�OLIH�RI�P51$�WUDQVFULSWV�LV�ORQJHU��7KLV
GHFUHDVHG�P51$�GHJUDGDWLRQ�LV�QRW�VSHFLILF�IRU�RQH�WUDQVFULSW�EXW
HOHYDWHV� WKH� WRWDO� P51$� OHYHOV�� ,W� FDQ� EH� RQH� UHDVRQ� ZK\� WKH
DUUD\� LV� GHWHFWLQJ� PDLQO\� XSUHJXODWHG� VLJQDOV� WKDW� PHHW� WKH
VHOHFWLRQ�FULWHULD�RI� WKH�HYDOXDWLRQ�SURFHVV��7KLV�GRHV�QRW�PHDQ
WKDW�DQ�H[FOXVLYH�XSUHJXODWLRQ�LV�REVHUYHG�EXW�WKH�GRZQUHJXODWHG
VLJQDOV�GLG�QRW�PHHW� WKH�KLJK� WKUHVKROGV� WR�EHFRPH�VHOHFWHG�DV
FDQGLGDWHV� IRU� IXUWKHU� LQYHVWLJDWLRQ��7KH� LQGLFDWLRQ�RI�*$3'+�DV
UHJXODWHG�WKURXJK�WKH�DUUD\�GDWD�FDQ�DOVR�EH�GXH�WR� WKH�PDLQO\
HOHYDWHG�P51$�OHYHOV��,Q�UHWURVSHFW��WKH�VHOHFWLRQ�RI�*$3'+�DV�D
UHIHUHQFH� IRU� 1RUWKHUQ� EORW� DQG� 57�3&5� H[SHULPHQWV� LV� QRW� WKH
RSWLPDO� FKRLFH�� %XW� DV� DOO� WUDQVFULSW� OHYHOV� DUH� FDOFXODWHG� LQ
SHUFHQWDJH�RI�WKH�*$3'+�VLJQDO�DQG�WKH�RWKHU�VLJQDOV�VWLOO�UHPDLQ
XSUHJXODWHG� RQ� WKLV� EDFNJURXQG�� LW� HPSKDVL]HV� WKH� VWUHQJWK� RI
WKHLU�XSUHJXODWLRQ��,I�WKH�*$3'+�H[SUHVVLRQ�LV�UHDOO\�HOHYDWHG�LQ
WKH�NQRFN�RXW��ILJXUH��%���WKH�G\VUHJXODWLRQ�RI�WKH�,&$3�WUDQVFULSW
KDV�WR�EH�VHHQ�DV�HYHQ�VWURQJHU�WKDQ�LQGLFDWHG��1HYHUWKHOHVV��WKH
UHOLDELOLW\� RI� WKH� ,&$3� G\VUHJXODWLRQ� LV� QRW� TXHVWLRQHG� E\� WKLV
PDWWHU�� ,W� LV� FRQILUPHG� E\� IRXU� W\SHV� RI� H[SHULPHQWV� �DUUD\�
1RUWKHUQ�� 57�3&5� DQG� LQ� VLWX� K\EULGL]DWLRQ�� DV� UHOLDEO\
G\VUHJXODWHG� DW� 3���� *RLQJ� LQWR� PRUH� GHWDLO�� WKH� UHJXODWLRQ� RI
,&$3� WUDQVFULSWV� DUH� PRQLWRUHG� LQ� UHJDUG� WR� FHUWDLQ� EUDLQ
VWUXFWXUHV�WKURXJK�1RUWKHUQ��ILJXUH��$��DQG� LQ�VLWX�H[SHULPHQWV
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
�ILJXUH�����)RU�WKH�UHJLRQ�UHVSHFWLYH�1RUWKHUQ�EORW�LW�LV�LPSRUWDQW
WR� PHQWLRQ� WKDW� WKH� DJH� VWDJH� GLIIHUV� LQ� UHJDUG� WR� WKH� RWKHU
H[SHULPHQWV� �DGXOW� LQVWHDG� RI� 3����� 7KRXJK�� WKH� KLJKHVW
H[SUHVVLRQ� DQG� XSUHJXODWLRQ� LV� IRXQG� IRU� WKH� FHUHEHOOXP� ZKLFK
FRLQFLGHV�ZLWK� WKH� LQ�VLWX�GDWD��7KH�G\VUHJXODWLRQ� LQ�RWKHU�EUDLQ
DUHDV� OLNH� ROIDFWRU\� EXOE�� FRUWH[� DQG� KLSSRFDPSXV� LV� QRW
GHWHFWDEOH�E\�WKH�LQ�VLWX�H[SHULPHQWV��)RU�FHUWDLQ�DJHV����GD\V���
ZHHNV�DQG���PRQWKV��WKH� LQ�VLWX�K\EULGL]DWLRQ�LQGLFDWHV�WKDW�WKH
GLVWULEXWLRQ� RI� ,&$3� WUDQVFULSWV� UHPDLQ� XQDOWHUHG�ZLWK� DJH�� 7KH
FHUHEHOOXP�KDV�H[FHSWLRQDOO\�KLJK�DPRXQWV�RI�,&$3�WUDQVFULSWV�DW
DOO�VWDJHV��:LWK�WKH�3XUNLQMH�FHOOV�DQG�WKH�JUDQXOH�FHOO�OD\HU�EHLQJ
HVSHFLDOO\�VWURQJ��7KH�ZKLWH�PDWWHU� LV� IUHH�RI� ,&$3�VLJQDO�ZKLFK
ZDV�QRW�TXLWH�FOHDU�IURP�WKH�OLWHUDWXUH��)DLVVW�DQG�*UXVV���������
7KH�UHPDLQLQJ�EUDLQ�DUHDV�H[KLELW�D�UDWKHU�XELTXLWRXV�H[SUHVVLRQ
RI� ,&$3� ZLWK� QR� IXUWKHU� H\H�FDWFKLQJ� KRW� VSRWV�� :K\� LV� WKH
FHUHEHOOXP� DQG�ZLWKLQ� LW� WKH� 3XUNLQMH� FHOOV� DQG� WKH� JUDQXOH� FHOO
OD\HU�H[FHSWLRQDO"

7KH�FHUHEHOOXP�DQG�,&$3

7KH� FHUHEHOOXP� LV� D� EUDLQ� DUHD� WKDW� KDV� RQO\� ���� RI� WKH� WRWDO
EUDLQ�V�YROXPH�EXW�KDUERUV�DERXW�����RI�DOO�QHXURQV�� ,W� LV� WKH
PDLQ�FHQWHU�RI�PRWRU�FRQWURO� LQ� WHUPV�RI� FRUUHFWLQJ�PRYHPHQWV
DQG� PRQLWRULQJ� WKH� DFFXUDF\� DQG� FRRUGLQDWLRQ� RI� WKHP�
)XUWKHUPRUH�� LW� SOD\V� D� PDMRU� UROH� LQ� PRWRU� OHDUQLQJ�� 7R� IXOILOO
WKHVH� WDVNV� LW� LV� FRQQHFWHG� WR�PRWRU� FHQWHUV� LQ� WKH� FRUWH[� DQG
EUDLQ� VWHP�� 7KH� 3XUNLQMH� FHOOV� DUH� WKH� ³RXWSXW� QHXURQV´� LQ� WKLV
FRQWH[W��7KHLU�D[RQV�SURMHFW�RXW�RI�WKH�FHUHEHOODU�FRUWH[�LQWR�GHHS
QXFOHL�� 7KH� *$%$HUJLF� LQKLELWRU\� 3XUNLQMH� FHOOV� DUH� UDWKHU� ODUJH
���� WR� ���P� GLDPHWHU�� FHOOV� WKDW�PDNH� XS� D� FHOO� OD\HU� RI� WKHLU
RZQ�� 7KHLU� GHQGULWLF� WUHH� GHYHORSV� EHWZHHQ� 3�� DQG� 3��� DQG� LV
ORFDWHG� LQ� WKH� PROHFXODU� OD\HU� DERYH�� 7KH� RULHQWDWLRQ� RI� WKH
DUERUL]DWLRQ�LV�LQ�D�ULJKW�DQJOH�WR�WKH�SDUDOOHO�ILEHUV��7KHVH�ILEHUV
DUH�JUDQXOH�FHOO�D[RQV�ZKLFK�JLYH�WKH�3XUNLQMH�GHQGULWLF�WUHH�WKH
SODQDU�RULHQWDWLRQ��:LWKRXW�JUDQXOH�FHOOV�DQG�WKHLU�SDUDOOHO�ILEHUV
DEHUUDQW�DUERUL]DWLRQ�LV�REVHUYHG��ZLWK�WKH�GHQGULWH�HYHQ�JURZLQJ
EDFNZDUGV�LQWR�WKH�3XUNLQMH�FHOO�OD\HU��$W�WKH�WLPH�RI�WKLV�SURFHVV
WKH�G\VUHJXODWLRQ�RI� WKH� ,&$3�PROHFXOH� LV�GHWHFWHG� LQ�PLFH� WKDW
ODFN� WKH�(&0�71�5��$OO� FHOOV� RI� WKH�PROHFXODU� OD\HU� �EDVNHW�DQG
VWHOODWH�FHOOV��FRQWULEXWH�WR�WKH�71�5�SRVLWLYH�(&0�WKDW�LV�LQYROYHG
LQ� WKH� SURFHVV� RI� 3XNLQMH� DUERUL]DWLRQ� DQG� SDUDOOHO� ILEHU
GHIDVFLFXODWLRQ��,W�ZDV�VKRZQ�E\�;LDR�HW�DO���������WKDW�71�5�LV
LQYROYHG� LQ� JHQHUDWLRQ� RI� WKH� FRUUHFW� F\WRDUFKLWHFWXUH� LQ� WKH
PROHFXODU�OD\HU�E\�GHIDVFLFXODWLQJ�WKH�GHQVH�IRUPDWLRQ�RI�SDUDOOHO
ILEHUV�JLYLQJ�URRP�IRU�VWHOODWH�FHOOV��EDVNHW�FHOOV�DQG�3XUNLQMH�FHOO
GHQGULWHV��:KHQ� WKH� SDUDOOHO� ILEHUV� RI� WKH� JUDQXOH� FHOOV� DQG� WKH
GHYHORSLQJ� GHQGULWLF� WUHH� RI� WKH� 3XUNLQMH� FHOOV� HQFRXQWHU� DQ
DOWHUHG�(&0��71�5�GHILFLHQW��LQ�WKH�PROHFXODU�OD\HU�WKH\�KDYH�WR
UHDFW�� JHQHUDWLQJ� WKH� REVHUYHG� XQDOWHUHG� KLVWRDUFKLWHFWXUH�� 7R
EDODQFH� WKLV� VLWXDWLRQ� WKH� ,&$3� PROHFXOH� LV� XSUHJXODWHG� DQG
WKHUHE\�WKH�QHXULWH�RXWJURZWK�EHKDYLRU�LV�DOWHUHG�DV�GHVFULEHG�LQ
WKH� UHVXOWV� VHFWLRQ�� 7KH� LQIOXHQFH� RI� ,&$3� RQ� WKH� β�� LQWHJULQ
PHGLDWHG�QHXULWH�RXWJURZWK�LV�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ�
��



'\VUHJXODWLRQ�LQ�7HQDVFLQ�5�GHILFLHQW�PLFH
,&$3�LQIOXHQFH�RQ�β��LQWHJULQ
7KH�LQIOXHQFH�RI�,&$3�RQ�WKH�H[DPLQHG�VLWXDWLRQ�LV�SDUW�RI�WKH�β�
LQWHJULQ�PHGLDWHG�SURSHUWLHV�� 7KURXJK� LWV� F\WRSODVPLF� ELQGLQJ� LW
PRGXODWHV�WKH�DGKHVLYH�SURSHUWLHV�RI�WKH�LQWHJULQ�KHWHURGLPHU��,Q
WKH�REVHUYHG�VLWXDWLRQ�WKH�ODFN�RI�DQ�H[WUDFHOOXODU�ELQGLQJ�SDUWQHU
LQGXFHV�DQ�XSUHJXODWLRQ�RI�,&$3�RU�WKH�FHOOV�FRPSHQVDWH�IRU�WKH
PLVVLQJ� (&0� FRPSRQHQW� E\� LQFUHDVLQJ� WKH� OHYHO� RI� ,&$3�� ,W� LV
VKRZQ�LQ�WKLV�ZRUN�WKDW�LWV�LQFUHDVH�LV�QRW�D�VHFRQGDU\�HIIHFW�GXH
WR�WKH�XSUHJXODWLRQ�RI�RWKHU�LQYROYHG�FRPSRQHQWV�OLNH�WKH�&D0.,,
RU�WKH�β��LQWHJULQ�VXEXQLW��ILJXUH�����,Q�WKH�LQ�VLWX�H[SHULPHQW�LW�LV
GHPRQVWUDWHG� WKDW� ,&$3� LV� FR�H[SUHVVHG� LQ� DUHDV� RI�β�� LQWHJULQ
SUHVHQFH��7KH�SKRVSKRU\ODWLRQ�RI�,&$3�LV�QHFHVVDU\�IRU�LWV�ELQGLQJ
WR� WKH� LQWHJULQ� VXEXQLW� DQG� LW� LV� VKRZQ� WKDW� WKH� DPRXQW� RI
SKRVSKR�&D0.,,�� UHVSRQVLEOH� IRU� WKLV� SURFHVV�� UHPDLQV� HTXDO� LQ
71�5�GHILFLHQW�PLFH�EUDLQV��7KH�WKUHH�VLWXDWLRQV�H[DPLQHG�LQ�WKLV
ZRUN� DUH� GHSLFWHG� LQ� ILJXUH� ���� :KDW� ZDV� IRXQG� WKURXJK� WKH
QHXULWH� RXWJURZWK� H[SHULPHQWV� DUH� WKH� WZR� VLWXDWLRQV� LQ� ILJXUH
��$	%��7KH�LQLWLDO�ILQGLQJ�WKDW�OHDG�WR�WKLV�ZRUN�LV�GHSLFWHG�LQ�&�RI
WKH�VDPH�ILJXUH�

)LJXUH����7KH� WKUHH�H[DPLQHG�VLWXDWLRQV�RI� ,&$3��β�� LQWHJULQ�DQG�71�5
LQWHUSOD\
,Q� $� WKH� ILJXUH� GHSLFWV� WKH� VLWXDWLRQ� HQFRXQWHUHG� ZKHQ� ,&$3� GHILFLHQW� QHXURQV
JURZ� RQ� WKH� WHQDVFLQ� VXEVWUDWHV�� 7KH� FRQIRUPDWLRQ� RI� WKH� LQWHJULQ� KHWHURGLPHU

DOORZV�ELQGLQJ�DQG�RXWJURZWK�RQ�71�5��7KH�ZLOGW\SH�VLWXDWLRQ�LV�GHSLFWHG�LQ�%��,W�LV
WKH� VDPH� VLWXDWLRQ� WKDW� LV� REVHUYHG� ZKHQ� WKH� :7� QHXURQV� JURZ� RQ� WKH� 71�5
VXEVWUDWH�DQG�WKH�,&$3�GHFUHDVHV�WKH�ELQGLQJ�DQG�RXWJURZWK�WKURXJK�F\WRSODVPLF

ELQGLQJ�DQG�FRQIRUPDWLRQDO�FKDQJH�RI�WKH�LQWHJULQV��,Q�&�WKH�VLWXDWLRQ�HQFRXQWHUHG
LQ�WKH�71�5�GHILFLHQW�PLFH�LV�GHSLFWHG��7KH�ODFN�RI�WKH�LQKLELWRU\�(&0�FRPSRQHQW
OHDYHV�WKH�KHWHURGLPHU�EODQN�DQG�,&$3�LV�XSUHJXODWHG�LQ�FRPSHQVDWLRQ�

:LOGW\SH�QHXULWHV�GLVSOD\�D�GHFUHDVHG�RXWJURZWK�RQ�WKH�WHQDVFLQ
VXEVWUDWHV��ILJXUH���%��VXJJHVWLQJ�HLWKHU�DQ�LQKLELWRU\�RXWVLGH�LQ
VLJQDOLQJ�RU�DQ�LQVLGH�RXW�VLJQDOOLQJ�WKDW�WHOOV�WKH�LQWHJULQ�WR�DYRLG
WHQDVFLQ�VWUXFWXUHV��7KH�ODWWHU�RQH�ZRXOG�LPSOLFDWH�EL�GLUHFWLRQDO
VLJQDOLQJ� RYHU� WKH� LQWHJULQ� VXEXQLWV�� UHFRJQL]LQJ� WKH� 71�5�
VHQGLQJ� WKH� LQIRUPDWLRQ� LQWR� WKH� FHOO� DQG� UHDFWLQJ� WR� LW� E\
FRQIRUPDWLRQDO�FKDQJH�RI� WKH�KHWHURGLPHU��$QRWKHU�SRVVLELOLW\� LV
WKDW�DQ�LQGHSHQGHQW�71�5�UHFHSWRU��L�H��)��RU�/���WUDQVGXFHV�WKH
LQIRUPDWLRQ�DERXW�WKH�(&0�FRPSRVLWLRQ�DQG�WKH�FHOOV�UHDFW�WR�LW�E\
GHFUHDVLQJ�WKH�DGKHVLYH�SURSHUWLHV�WKURXJK� LQVLGH�RXW�VLJQDOLQJ�
LPSOLFDWLQJ� ,&$3� SKRVSKRU\ODWLRQ� DQG� ELQGLQJ� WR� β�� LQWHJULQ
�ILJXUH� ��$��� 7KH� UHDFWLRQ� WR� ERWK� 71�5� IUDJPHQWV�� HLWKHU
FRQWDLQLQJ� β�� LQWHJULQ� ELQGLQJ�PRWLI� RU� QRW�� VXSSRUWV� WKH� ODWWHU
VFHQDULR��6XSSRUW�IRU�WKH�EL�GLUHFWLRQDO�VLJQDOLQJ�RQO\�RYHU�WKH�β�
LQWHJULQ� LV� JLYHQ�E\� UHSRUWV� VKRZLQJ�5*'�LQGHSHQGHQW�DGKHVLRQ
DQG� VLJQDOLQJ� �&KL�5RVVR� HW� DO�� �������� DOORZLQJ� WKH� (*)�6
IUDJPHQW�WR�H[KLELW�β��LQWHJULQ�VSHFLILF�SURSHUWLHV�WKRXJK�ODFNLQJ
WKH�5*'�OLNH�PRWLI��ILJXUH���%��
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
)LJXUH� ��� 7KH� WZR� SRVVLEOH� YDULDQWV� RI� 71�5� VLJQDOLQJ� LQ� WKH� ZLOGW\SH

VLWXDWLRQ
7KH� LQVLGH�RXW� VFHQDULR� LV� GHSLFWHG� LQ� $�� +HUH�� β�� LQWHJULQ� RQO\� UHDFWV� ZLWK� D
FRQIRUPDWLRQDO� FKDQJH� DIWHU� ,&$3� LV� ERXQG� WR� WKH� F\WRSODVPLF� GRPDLQ�� 7KH

LQKLELWRU\�VLJQDO�LV�WUDQVGXFHG�IURP�RXWVLGH�RI�WKH�FHOO�YLD�DQRWKHU�(&0�UHFHSWRU�
7KH�EL�GLUHFWLRQDO�IXQFWLRQ�RI�β��LQWHJULQ�LV�RXWOLQHG�LQ�%��7KH�LQWHJULQ�UHFHLYHV�WKH
LQKLELWRU\�VLJQDO�RI�WKH�71�5�DQG�UHDFWV�ODWHU�WKURXJK�FKDQJH�LQ�FRQIRUPDWLRQ�WR�LW�

3ULRU�WR�LW�WKH�SKRVSKRU\ODWHG�,&$3�ELQGV�WKH�F\WRSODVPLF�GRPDLQ�DQG�WULJJHUV�WKH
DOWHUDWLRQ�RI�KHWHURGLPHU�VWUXFWXUH�

,&$3� GHILFLHQW� QHXULWHV� GLVSOD\� HQKDQFHG� RXWJURZWK� RQ� WKH
WHQDVFLQ� VXEVWUDWH� �ILJXUH� ��$�� VXJJHVWLQJ� HLWKHU� D� SURPRWLQJ
RXWVLGH�LQ�VLJQDOLQJ�WKDW�LV�XVXDOO\�EORFNHG�E\�ERXQG�,&$3��ILJXUH
��%��RU�WKH�LQFDSDELOLW\�RI�WUDQVGXFLQJ�WKH�RXWJURZWK�GHFUHDVLQJ
LQVLGH�RXW�VLJQDO�EHFDXVH�RI� WKH�JDS� WKDW� WKH�NQRFNHG�RXW� ,&$3
OHDYHV� LQ� WKH� VLJQDO� FDVFDGH� �ILJXUH� ��(��� 7KH� ODWWHU� RQH� LV� WKH
PRVW�UHDVRQDEOH�VFHQDULR�EHFDXVH�WKH�HYLGHQFH�IURP�WKH�VLWXDWLRQ
LQ�WKH�71�5�GHILFLHQW�PLFH�SRLQWV�WR�FRPSHQVDWRU\�XSUHJXODWLRQ�RI
,&$3��ILJXUH���)���,Q�WKLV�VLWXDWLRQ�β��LQWHJULQ�LV�QRW�RQO\�LQYROYHG
LQ�VLJQDO�SHUFHSWLRQ�EXW�DOVR�UHDFWLQJ�WR�LW�WKURXJK�,&$3�WULJJHUHG
FKDQJH� LQ� FRQIRUPDWLRQ� DQG� WKXV� DOWHULQJ� WKH� FHOOV� RXWJURZWK
SURSHUWLHV��7KHUHE\�� WKH� ,&$3�XSUHJXODWLRQ�FRPSHQVDWHV� IRU� WKH
ODFNLQJ� LQKLELWRU\� VLJQDO� WKDW� QRUPDOO\� LV� WULJJHUHG� E\� WKH� QRZ
PLVVLQJ� (&0� FRPSRQHQW�� 1RZ�� WKH� LQWHJULQ� KHWHURGLPHU� LV� OHIW
EODQN� DQG� FDOOV� IRU� WKH� LQKLELWLRQ� WKURXJK� WKH� WKXV� XSUHJXODWHG
,&$3�� 7KH� RWKHU� VFHQDULR� ZRXOG� EH� WKDW� 71�5� WULJJHUV� WKH
RXWJURZWK� SURPRWLRQ� YLD� β�� LQWHJULQ� �RXWVLGH�LQ�� FRPSDUDEOH� WR
ILJXUH���$���:KHQ�LW�LV�ODFNLQJ�LQ�WKH�(&0�WKH�FHOOV�VLPSO\�JHW�QR
VWLPXODWLQJ� LQSXW� DQG� WKHQ� WKHUH� LV� QR� QHHG� RI� FRPSHQVDWRU\
XSUHJXODWLRQ�RI�,&$3�EHFDXVH�WKH�KHWHURGLPHU�ZRXOG�EH�XVHG�DV
UHFHSWRU�RQO\��ILJXUH���&��
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'\VUHJXODWLRQ�LQ�7HQDVFLQ�5�GHILFLHQW�PLFH
)LJXUH����7KH�WZR�SRVVLEOH�PHFKDQLVPV�RI�UHDFWLRQ�WR�71�5�IRU�DOO�WKUHH
REVHUYHG�VLWXDWLRQV

7KH�XSSHU�SDQHOV��$��%�DQG�&��GHSLFW�WKH�PHFKDQLVP�SUHVXPLQJ�WKDW�71�5�WULJJHUV
DQ�RXWJURZWK�SURPRWLQJ�VLJQDO� WKDW� LV� UHFHLYHG�YLD�β�� LQWHJULQ�EXW�QRW�H[HFXWHG
WKURXJK�LW��,Q�FRQWUDVW�WR�LW�LQ�WKH�ORZHU�SDQHOV��'��(�DQG�)��WKH�VFHQDULR�IRU�WKH�EL�

GLUHFWLRQDO� EHKDYLRU� RI� β�� LQWHJULQ� LV� GLVSOD\HG�� +HUH�� WKH� LQWHJULQ� VHUYHV� DV� D
UHFHSWRU� IRU� WKH� WHQDVFLQ� DQG� H[HFXWHV� WKH� LQKLELWRU\� UHDFWLRQ� WKURXJK� LWV
FRQIRUPDWLRQDO� FKDQJH��$�DQG�'� UHSUHVHQW� WKH� VLWXDWLRQ�RI�ZLOGW\SH�QHXURQV�RQ

WHQDVFLQ��7KH�PHFKDQLVP�IRU�,&$3�GHILFLHQW�QHXURQV�LV�VKRZQ�LQ�%�DQG�(��:KLFK
PHFKDQLVPV�DUH�SRVVLEOH�IRU�WKH�VLWXDWLRQ�LQ�71�5�GHILFLHQW�PLFH�LV�H[SODLQHG�LQ�&

DQG�)��

7KH�PHQWLRQHG� PHFKDQLVPV� DUH� EDVHG� RQ� WKLV� ZRUN�V� ILQGLQJV
IURP� QHXULWH� RXWJURZWK� H[SHULPHQWV� RQ� KRPRJHQHRXVO\� FRDWHG
VXEVWUDWHV��,W�LV�NQRZQ�DQG�PRVW�UHFHQWO\�VKRZQ�LQ�YLYR�WKDW�71�5
LV�D�UHSHOOHQW�JXLGDQFH�PROHFXOH�IRU�QHXULWHV�LI�WKH\�HQFRXQWHU�WKH
VXEVWUDWH� ERXQGHU\� �%HFNHU� HW� DO�� ��������� %HFNHU� HW� DO�� VKRZ
WKDW�GHYHORSLQJ�RSWLF�D[RQV�RQ�WKHLU�ZD\�WR�WKH�RSWLF�WHFWXP�DUH
JURZLQJ� DORQJ� ERUGHUV� WR� 71�5� SRVLWLYH� UHJLRQV�� DYRLGLQJ� WKHVH
DUHDV��7KH�LPSDFW�RI�,&$3�RQ�WKHVH�SDWKILQGLQJ�SURSHUWLHV�DUH�WR
EH�VWXGLHG� LQ�FXUUHQW� LQ�YLWUR�H[SHULPHQWV�ZKHUH�WKH�(6�GHULYHG
,&$3� GHILFLHQW� QHXURQV� DUH� JURZQ� RQ� KHWHURJHQHRXVO\� FRDWHG
FRYHUVOLSV�� $QRWKHU� SDUW� RI� WKHVH� H[SHULPHQWV� LV� VWXG\LQJ� WKH
LQIOXHQFH�RI�RWKHU� WHQDVFLQ� IUDJPHQWV�RQ�WKH�QHXULWH�RXWJURZWK�
,Q�DGGLWLRQ�WR�RWKHU�VWUHWFKHV�RI�WKH�71�5�PROHFXOH�WKHUH�DUH�DOVR
71�&� IUDJPHQWV� WR� EH�PRQLWRUHG�� 7KHVH� H[SHULPHQWV� VKDOO� DOVR
DGGUHVV�WKH�TXHVWLRQ�ZKHWKHU�WKH�JHODWLQ�FRQWURO�IXOILOV�LWV�SXUSRVH
EHWWHU�WKDQ�WDNLQJ�*67�DV�D�FRQWURO�VXEVWUDWH��*HODWLQ��DV�KHDW�
LQDFWLYDWHG� FROODJHQ�� LV� FRQVLGHUHG� DQ� RXWJURZWK� SHUPLVVLYH�
WKRXJK�SRRU�VXEVWUDWH��,Q�WKH�GHVFULEHG�H[SHULPHQWV��ILJXUH����
��� DQG� ���� LW� VHUYHV� YHU\� ZHOO� DV� D� FRQWURO�� H[KLELWLQJ� DOPRVW
LGHQWLFDO�YDOXHV�IRU�WKH�WZR�JHQRW\SHV�VWXGLHG�

,&$3�RQ�WKH�SURWHLQ�OHYHO

7KH�H[SHULPHQWV�DVVHVVLQJ� ,&$3�SURSHUWLHV�RQ� WKH�SURWHLQ� OHYHO
LQFOXGH� WKH� GHWHFWLRQ� RI� LWV� DPRXQW� LQ� WRWDO� EUDLQ� KRPRJHQDWHV
DQG� LPPXQRIOXRUHVFHQFH� RQ� FU\RVHFWLRQV� DQG� (6� GHULYHG� FHOOV�
8QIRUWXQDWHO\�� WKH� RQO\� DQWLERG\� DYDLODEOH� LV� UDLVHG� DJDLQVW
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$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
KXPDQ� ,&$3� �,&$3α� ������ DQG� GRHV� QRW� SHUIRUP�ZHOO� LQ� WKHVH
H[SHULPHQWV� RQ� PRXVH� WLVVXH�� FHOOV� RU� KRPRJHQDWHV�� 7KH� EHVW
UHVXOW�RI�WKH�YDULRXV�:HVWHUQ�EORWV�ZLWK�WKLV�DQWLERG\�LV�GHSLFWHG
LQ� ILJXUH���RI� WKH� UHVXOWV� VHFWLRQ�� ,Q�PRVW�:HVWHUQ�DQDO\VLV� WKH
DQWLERG\� SURGXFHV� KLJK� EDFNJURXQG� VWDLQLQJ� DQG� DQ� XQVSHFLILF
EDQG� SDWWHUQ�� DOVR� VHHQ�PLOGO\� LQ� WKLV� ILJXUH�� 1HYHUWKHOHVV�� WKH
EORW� LQFOXGHV� WKH� WZR�VSHFLILF� ,&$3�EDQGV��)XUWKHUPRUH�� LW�JLYHV
DQ�LQGLFDWLRQ�WKDW�D�PXFK�KLJKHU�DPRXQW�RI�SKRVSKRU\ODWHG��WKXV
DFWLYDWHG�,&$3�LV�SUHVHQW��7KH�SKRVSKR�,&$3�LV�WKH�PROHFXOH�WKDW
ELQGV� WR� WKH� β�� LQWHJULQ�� WKHUHE\� H[KLELWLQJ� LWV� VLJQDOLQJ
SURSHUWLHV�� :KHQ� DYDLODEOH�� :HVWHUQ� EORWV� IRU� WKH� EUDLQ� DUHDV
VWXGLHG� LQ� WKH� SUHYLRXV� VHFWLRQV� KDYH� WR� EH� SHUIRUPHG� ZLWK� D
EHWWHU� DQWLERG\�� LGHDOO\� RQO\� GHWHFWLQJ� WKH� ,&$3� LVRIRUPV� DQG
DGGLWLRQDOO\�ZRUNLQJ�LQ�LPPXQRIOXRUHVFHQFH�H[SHULPHQWV�DV�ZHOO�
,PPXQRIOXRUHVFHQW�VWXGLHV�RI�EUDLQ�FU\RVHFWLRQ�DQG�FXOWXUHG�(6
GHULYHG� FHOOV� FRXOG� FRUURERUDWH� WKH� H[FLWLQJ� ILQGLQJV� RQ� WKH
WUDQVFULSW�OHYHOV�

)XUWKHU�FRPPHQWV

$QRWKHU� XSUHJXODWHG� WUDQVFULSW� LV� UHSUHVHQWHG� E\� WKH� (67
Y\��K���U�� ZLWK� XS� WR� GDWH� QR� VLJQLILFDQW� VLPLODULWLHV� LQ� WKH
GDWDEDVHV��,WV�UHJXODWLRQ�IDFWRU�RI�����IROG��VHH�WDEOH����LV�VWULNLQJ
DQG�FKDUDFWHUL]DWLRQ�RI�WKH�FRUUHVSRQGLQJ�WUDQVFULSW�FRXOG�UHYHDO
H[FLWLQJ�LQVLJKWV�
7KH� VXJJHVWHG� XSUHJXODWLRQ� RI� WKH� FKRQGURLWLQ� SURWHRJO\FDQ
EDPDFDQ� LV� QRW� FRQILUPHG� WKURXJK� H[SHULPHQWV� RWKHU� WKDQ� WKH
DUUD\� �FRPSDUH� ILJXUHV� �'� DQG� �&��� $OWKRXJK� D� IXQFWLRQDO
UHODWHGQHVV�LV�QRW�WR�EH�H[FOXGHG�WKHUH�LV�QR�HYLGHQFH�IRU�IXUWKHU
LQYHVWLJDWLRQ�
7KH�YHULILFDWLRQ�RI�β��LQWHJULQ�DQG�71�5�LQWHUDFWLRQ�LV�SHUIRUPHG
WKURXJK� LPPXQRSUHFLSLWDWLRQ� �,3�� DQG� *67� SXOO�GRZQ
H[SHULPHQWV�LQ�WKLV�ZRUN��ILJXUH������,Q�WKH�,3�QR�LQWHUDFWLRQ�FDQ
EH�GHPRQVWUDWHG�ZLWK�WKH�SRO\FORQDO�����DQWLERG\�DJDLQVW�71�5�
1RZ�WKHUH�DUH�RWKHU�DQWL�71�5�DQWLERGLHV�DYDLODEOH�IRU�UHSHWLWLRQ�
$�SUREOHPDWLF� IHDWXUH�RI� WKLV�DQDO\VLV�PLJKW�EH� WKH�VL]HV�RI� WKH
WZR� LQWHUDFWLQJ�PROHFXOHV�� 71�5�KDV� D�PROHFXODU�ZHLJKW� RI� ���
DQG����N'D�UHVSHFWLYHO\��7KH�β��VXEXQLW�RI�WKH�LQWHJULQ�LV�DERXW
����WR����N'D��GHSHQGLQJ�RQ�FHOO�W\SH��LQ�VL]H��7KLV�PLJKW�EH�WKH
UHDVRQ�ZK\�RQO\�D���N'D�GHJUDGDWLRQ�SURGXFW�RI�WKH�β��VXEXQLW�LV
XQGRXEWHGO\�SXOOHG�GRZQ�ZLWK�WKH�)1,,,�����IUDJPHQW�LQ�WKH�*67
SXOO�GRZQ��VHH�ILJXUH������$�EDQG�DW�WKH�FRUUHFW�PROHFXODU�ZHLJKW
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'XULQJ� GHYHORSPHQW�DQG� LQ� SODVWLFLW\� DV�ZHOO� DV� UHJHQHUDWLRQ� LQ
WKH� DGXOW� FHQWUDO� QHUYRXV� V\VWHP� �&16��� QHXUDO� FHOO� UHFRJQLWLRQ
PROHFXOHV�DUH�H[SUHVVHG�LQ�RUGHU�WR�PHGLDWH�FHOO�FHOO�FRQWDFWV�RU
WKH�FRQWDFW�EHWZHHQ�FHOOV�DQG�WKH�H[WUDFHOOXODU�PDWUL[��(&0���7KH
WHQDVFLQV� DUH� D� VXEVWDQWLDO� IDPLO\� RI� SURWHLQV� EHORQJLQJ� WR� WKH
QHXUDO�UHFRJQLWLRQ�PROHFXOHV��2QH�PHPEHU�ZLWK�VSHFLDO�LPSDFW�LQ
WKH�&16�LV�WKH�WHQDVFLQ�5��71�5���,W�FRQWULEXWHV�WR�SURFHVVHV�RI
QHXULWH� RXWJURZWK� DQG� SDWKILQGLQJ�� 71�5� SURSHUWLHV� GHSHQG� RQ
WKH�FHOO�W\SH�DQG�WKH�ZD\�LW�LV�RIIHUHG�DV�D�VXEVWUDWH�WR�WKH�FHOOV��,W
FDQ� EH� SURPRWLQJ� RU� GHFUHDVLQJ� QHXULWH� RXWJURZWK� DQG� LQ� D
ERUGHU�OLNH� VLWXDWLRQ� VHUYH� DV� D� UHSHOOHQW� JXLGLQJ� FXH�
)XUWKHUPRUH�� WKH� LQWHUDFWLRQ� ZLWK� YROWDJH� GHSHQGHQW� VRGLXP
FKDQQHOV�DW�WKH�QRGH�RI�5DQYLHU��LWV�ORFDWLRQ�DURXQG�V\QDSVHV�DQG
LQ� SHULQHXURQDO� QHWV� LQGLFDWH� WKH� LPSRUWDQW� UROH� LQ� JHQHUDWLRQ�
IXQFWLRQ� DQG� PDLQWHQDQFH� RI� WKH� &16�� 7KH� XQH[SHFWHG� PLOG
SKHQRW\SH�RI�WKH�PRXVH�GHILFLHQW�IRU�71�5�OHG�WR�WKH�DVVXPSWLRQ
RI�FRPSHQVDWLQJ�HIIHFWV��7KHUHIRUH��WKLV�ZRUN�DQDO\]HV�WKH�DOWHUHG
JHQH� H[SUHVVLRQ� LQ� 71�5� NQRFN� RXW� DQLPDOV� ILUVW� WR� GHWHFW
PROHFXOHV� LQYROYHG� LQ� WKLV� EDODQFLQJ� SURFHVV�� '\VUHJXODWLRQ� LV
GHWHFWHG�IRU�VHYHUDO�PROHFXOHV�E\�WKH�PLFURDUUD\�WHFKQLTXH��7KH
LQWHJULQ�F\WRSODVPLF�DVVRFLDWHG�PROHFXOH��α��,&$3��α��ERGHQLQ�RU
,WJE�ES���ZDV� LQYHVWLJDWHG�PRUH� LQ� GHWDLO� WR� XQUDYHO� LWV� UROH� LQ
WKH� FRPSHQVDWLQJ� PHFKDQLVP�� ,WV� G\VUHJXODWLRQ� LV� YHULILHG� E\
WKUHH� IXUWKHU� PHWKRGV�� $� KRW� VSRW� RI� ,&$3� XSUHJXODWLRQ� LV� WKH
FHUHEHOOXP�DV�LGHQWLILHG�WKURXJK�1RUWKHUQ�EORW�DQDO\VLV�DQG�LQ�VLWX
K\EULGL]DWLRQ�� 7KH� FHUHEHOOXP� LV� D� FHQWHU� IRU� FRQWUROOLQJ�
FRUUHFWLQJ�� ILQH�WXQLQJ� DQG� OHDUQLQJ� RI� PRYHPHQWV�� ,WV� ³RXWSXW
QHXURQV´� DUH� WKH� 3XUNLQMH� FHOOV� ZLWK� GHQGULWHV� LQ� WKH�PROHFXODU
OD\HU� FRQWDLQLQJ� GHQVHO\� SDFNHG� SDUDOOHO� ILEHUV�� WKH� D[RQV� RI
JUDQXOH� FHOOV�� ,QWHUHVWLQJO\�� WKHVH� WZR� FHOO� W\SHV� DUH� VWURQJO\
SRVLWLYH� IRU� ,&$3� LQ� LQ� VLWX� H[SHULPHQWV�� )RU� 3XUNLQMH� FHOOV� WKH
��
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LQWHUDFWLRQ�EHWZHHQ�FHOOV�DQG�WKH�DOWHUHG�(&0��7KH�FRPSHQVDWLRQ
IRU�WKH�PLVVLQJ�71�5�LV�GLVSOD\HG�E\�WKLV�,&$3�XSUHJXODWLRQ�DQG�LWV
PRGLILFDWLRQ�RI�QHXULWH�RXWJURZWK��VKRZQ�LQ�LQ�YLWUR�H[SHULPHQWV�
,Q� WKHVH�� ,&$3� GHILFLHQW� HPEU\RQLF� VWHP� �(6�� FHOOV� DUH
GLIIHUHQWLDWHG� LQWR� QHXURQV�� ,Q� QHXULWH� RXWJURZWK� H[SHULPHQWV
ZLWK�WKH�(6�GHULYHG�QHXURQV�LW�LV�VKRZQ�WKDW�71�5�LV�DQ�RXWJURZWK
GHFUHDVLQJ�PROHFXOH� IRU�ZLOGW\SH� FHOOV�� ,&$3� GHILFLHQF\� LQYHUVHV
WKLV� HIIHFW� WR� SURPRWHG� RXWJURZWK� RQ� 71�5�� β�� LQWHJULQ� LV� FR�
H[SUHVVHG� LQ� DUHDV� RI� ,&$3� SUHVHQFH� E\� 1RUWKHUQ� EORW� DQDO\VLV
DQG� LQ� VLWX� K\EULGL]DWLRQ�� 7DNHQ� WRJHWKHU�� WKH� ILQGLQJV� LQGLFDWH
WKDW�QHXULWH�RXWJURZWK�LV�LQWHJULQ�PHGLDWHG�DQG�WKDW�WKH�LQWHJULQ
ELQGLQJ�SURWHLQ�,&$3�SDUWLFLSDWHV�LQ�LW��7KH�GHWHFWHG�XSUHJXODWLRQ
RI�WKLV�PROHFXOH�LQ�UHDFWLRQ�WR�WKH�DOWHUHG�(&0�RI�71�5�GHILFLHQW
DQLPDOV� SRLQWV� WR� FRPSHQVDWLRQ� HIIHFWV� WKDW� SDUWLFLSDWH� LQ
PDLQWDLQLQJ�WKH�REVHUYHG�JURVVO\�QRUPDO�KLVWRDUFKLWHFWXUH�LQ�WKH
&16�RI�WKHVH�DQLPDOV�

=XVDPPHQIDVVXQJ

1HXUDOH�=HOOHUNHQQXQJVPROHN�OH� VSLHOHQ� LQ�GHU�(QWZLFNOXQJ��GHU
3ODVWL]LWlW� XQG� LQ� UHJHQHUDWLYHQ� 3UR]HVVHQ� GHV� ]HQWUDOHQ
1HUYHQV\VWHPV��=16��HLQH�ZLFKWLJH�5ROOH��,KUH�([SUHVVLRQ�LP�=16
GLHQW� GHU� 9HUPLWWOXQJ� YRQ� .RQWDNWHQ� ]ZLVFKHQ� =HOOHQ� XQG� YRQ
VROFKHQ�]ZLVFKHQ�=HOOHQ�XQG�GHU�H[WUD]HOOXOlUHQ�0DWUL[��(&0���'LH
)DPLOLH� GHU� 7HQDVFLQ� *O\FRSURWHLQH� LVW� HLQH� HOHPHQWDUH� *UXSSH
GLHVHU� 0ROHN�ONODVVH�� 'HP� 7HQDVFLQ�5� �71�5�� NRPPW� HLQH
EHVRQGHUH�5ROOH�LP�=16�]X��(V�LVW�GRUW�DQ�3UR]HVVHQ�EHWHLOLJW�GLH
GDV�1HXULWHQZDFKVWXP�XQG�GHUHQ�:HJILQGXQJ�EHHLQIOXVVHQ��'LH
$UW�GHU�%HHLQIOXVVXQJ�GXUFK�71�5�KlQJW�GDYRQ�DE�LQ�ZHOFKHU�)RUP
HV� YRQ� GHQ� 1HXULWHQ� DQJHWURIIHQ� ZLUG�� :HQQ� 71�5� DOV
6XEVWUDWJUHQ]H� DQJHWURIIHQ� ZLUG�� ZLUNW� HV� DEVWR�HQG� DXI� GHQ
1HXULWHQ� XQG� YHUKLQGHUW� VRPLW� GDV� (LQZDFKVHQ�� (LQH� VROFKH
*UHQ]H�YRQ�71�5�GLHQW�DXFK�DOV�/HLWVWUXNWXU��DQ�GHU�1HXULWHQ�DXI
LKUHP� :HJ� ]XP� 3URMHNWLRQV]LHO� HQWODQJ� ZDFKVHQ�� $OV� 6XEVWUDW
NDQQ�71�5�LQ�$EKlQJLJNHLW�YRP�=HOOW\SXV�HLQH�1HXULWHQZDFKVWXP
I|UGHUQGH� RGHU� LQKLELHUHQGH� :LUNXQJ� HQWIDOWHQ�� 'LHVH
%HREDFKWXQJHQ�XQG�GLH�EHNDQQWH�:HVFKVHOZLUNXQJ�YRQ�71�5�PLW
VSDQQXQJVDEKlQJLJHQ� 1DWULXPNDQlOHQ� DP� 5DQYLHU�VFKHQ
6FKQ�UULQJ�� VHLQH� ([SUHVVLRQ� LQ� SHULQHXUDOHQ� 1HW]HQ� XQG� XP
6\QDSVHQ�XQWHUVWUHLFKW�GLH�HOHPHQWDUH�5ROOH�GLHVHV�0ROHN�OV��(V
LVW�GDGXUFK�LQ�GLH�3UR]HVVH�GHU�(QWVWHKXQJ��GHU�)XQNWLRQDOLWlW�XQG
GHU�$XIUHFKWHUKDOWXQJ� GHV�=16� LQYROYLHUW��'LH�&KDUDNWHULVLHUXQJ
GHU� 71�5� GHIL]LHQWHQ� 0DXV� HUJDE� HLQHQ� XQHUZDUWHW� VFKZDFKHQ
3KlQRW\S��GHU�QXU�GXUFK�5HGXQGDQ]�XQG�.RPSHQVDWLRQVSUR]HVVH
]X� HUNOlUHQ� LVW�� =XU� $XINOlUXQJ� ZHOFKH� 0ROHN�OH� DQ� GLHVHP
3UR]HVV� EHWHLOLJW� VHLQ� N|QQWHQ�� ZLUG� LQ� GLHVHU� $UEHLW� GDV
([SUHVVLRQVPXVWHU� GHU� 71�5� GHIL]LHQWHQ� 0DXVPXWDQWH
XQWHUVXFKW�� 'LH� (UVWHOOXQJ� GHV� JHQHWLVFKHQ� 3URILOV� GLHVHU�0lXVH
��



=XVDPPHQIDVVXQJ
HUIROJW� GXUFK� HLQHQ� VRJHQDQQWHQ� ³PLFURDUUD\ �́� 'LH� EHREDFKWHW
'\VUHJXODWLRQ�PHKUHUHU� 7UDQVNULSWH�ZLUG�PLW� DQGHUHQ�0HWKRGHQ
UHSURGX]LHUW�XQG�FKDUDNWHULVLHUW��'DV�G\VUHJXOLHUWH�7UDQVNULSW�GHV
β�� ,QWHJULQ� F\WRSODVPDWLVFK� DVVR]LLHUWHQ� 3URWHLQV� �,&$3��α�
ERGHQLQ� RGHU� ,WJE�ES��� ZLUG� ]XU� $XINOlUXQJ� VHLQHU� 5ROOH� LP
.RPSHQVDWLRQVSUR]HVV�QlKHU�XQWHUVXFKW��'LH�HUK|KWH�([SUHVVLRQ
GHV�,&$3�7UDQVNULSWV�NDQQ�GXUFK�GUHL�ZHLWHUH�0HWKRGHQ�EHVWlWLJW
ZHUGHQ��'XUFK� GLHVH�ZHLWHUJHKHQGHQ�8QWHUVXFKXQJHQ� NDQQ�GDV
.OHLQKLUQ�DOV�HLQH�5HJLRQ�PLW�EHVRQGHUHU�$XIIlOOLJNHLW�LGHQWLIL]LHUW
ZHUGHQ��'DV�.OHLQKLUQ�LVW�HLQ�=HQWUXP�GHU�PRWRULVFKHQ�.RQWUROOH�
.RUUHNWXU�XQG�)HLQDEVWLPPXQJ��(V� LVW� DXFK� LQ�GDV�(UOHUQHQ�YRQ
%HZHJXQJHQ� LQYROYLHUW�� 'HU� $XVJDQJ� GHU� ,QIRUPDWLRQHQ� HUIROJW
�EHU� GLH� 3XUNLQMH]HOOHQ� GHV� .OHLQKLUQV�� 'LHVH� =HOOHQ� ELOGHQ� LKUH
'HQGULWHQ�LQ�GHU�0ROHNXODUVFKLFKW�DXV��,Q�GLHVHU�6FKLFKW�EHILQGHQ
VLFK�GLH�$[RQH�GHU�.|UQHU]HOOHQ��GLH�KLHU�GLH�3DUDOOHOIDVHUQ�ELOGHQ�
,P� UHFKWHQ� :LQNHO� ]X� GLHVHQ� $[RQE�QGHOQ� ULFKWHW� VLFK� GHU
GHQGULWVFKH� %DXP� GHU� 3XUNLQMH]HOOHQ� DXV�� 'LH� $XVELOGXQJ� GHV
'HQGULWHQ� HUIROJW� ]X� GHP� =HLWSXQNW� ZR� GLH� '\VUHJXODWLRQ� GHV
,&$3� 0ROHN�OV� JHIXQGHQ� ZLUG� �3����� 'LH� LQ� GHU� LQ� VLWX
+\EULGLVLHUXQJ� ]X� EHREDFKWHQGH� VWDUNH� $QIlUEXQJ� GHU
3XUNLQMH]HOOHQ� XQG� GHU� .|UQHU]HOOVFKLFKW� ZHLVW� GDUDXI� KLQ�� GD�
GLHVH� =HOOHQ� LQ� 5HDNWLRQ� DXI� GLH� 71�5� 'HIL]LHQ]� ,&$3� YHUVWlUNW
H[SUHPLHUHQ��'LHVH� ([SUHVVLRQ� YHUlQGHUW� GLH� (LJHQVFKDIWHQ� GHV
1HXULWHQZDFKVWXPV�]X�GLHVHP�NULWLVFKHQ�=HLWSXQNW��LQ�GHU�LQ�GHQ
LQ� YLWUR� ([SHULPHQWHQ� JH]HLJWHQ� $UW�� )�U� YRQ� HPEU\RQDOHQ
6WDPP]HOOHQ� �(6�� DEJHOHLWHWH�1HXURQH� GHV�:LOGW\SV�ZLUNW� 71�5
LQKLELHUHQG� DXI� GDV� $XVZDFKVHQ� GHU� 1HXULWHQ�� 'XUFK� GDV
8QWHUELQGHQ� GHU� ,&$3� ([SUHVVLRQ� �,&$3� NQRFN� RXW� =HOOHQ�� ZLUG
GLHVH� (LJHQVFKDIW� GHV� 71�5�V� LQ� GDV� *HJHQWHLO� XPJHNHKUW� �� HV
VWLPXOLHUW� GDV� 1HXULWHQZDFKVWXP�� 'LH� $UEHLW� ]HLJW�� GD�� HLQH
9HUELQGXQJ� ]ZLVFKHQ� 1HXULWHQZDFKVWXP� XQG� 71�5� EHVWHKW�
'HVZHLWHUHQ� LVW� DXFK� QDFKJHZLHVHQ�� GD�� GDV� ,QWHJULQ� ELQGHQGH
3URWHLQ� ,&$3� QLFKW� QXU� LQ� 5HDNWLRQ� DXI� GLH� 71�5� 'HIL]LHQ]
KRFKUHJXOLHUW� ZLUG� VRQGHUQ� DXFK� HLQHQ� (LQIOX�� DXI� GDV
1HXULWHQZDFKVWXP� KDW�� 'DU�EHU� KLQDXV� NDQQ� GLH� UlXPOLFKH
.RH[LVWHQ]�YRQ�,&$3�XQG�β��,QWHJULQ��ZLH�LQ�1RUWKHUQ�%ORW�XQG�LQ
VLWX�+\EULGLVLHUXQJHQ�JH]HLJW�� LQ�.RPELQDWLRQ�PLW�(UNHQQWQLVVHQ
DXV� GHQ� ]XYRU� JHQDQQWHQ� ([SHULPHQWHQ� GDUDXI� KLQZHLVHQ�� GD�
GDV� $XVZDFKVHQ� YRQ� 1HXULWHQ� HLQ� ,QWHJULQ� YHUPLWWHOWHU� 3UR]HVV
LVW�� 'LHVH� (UNHQQWQLVVH� JHEHQ� (LQVLFKWHQ� LQ� NRPSHQVDWRULVFKH
3UR]HVVH�� GLH� ]X� GHU� NDXP� YHUlQGHUWHQ� *HZHEV]XVDPPHQ�
VHW]XQJ�LQ�GHU�71�5�GHIL]LHQWHQ�0DXV�EHLWUDJHQ�
��
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.$3,7(/�� $QKDQJ
$SSHQGL[

$EUHYLDWLRQV

� PLFUR�������
[�J� J�IRUFH
�&� GHJUHH�FHQWLJUDGH
DD� DPLQR�DFLG
$� DGHQLQH
$FF�� DFFHVVLRQ�QXPEHU
$PS� DPSLFLOOLQ
$73� DGHQRVLQH�WULSKRVSKDWH
ES� EDVH�SDLUV
%6$� ERYLQH�VHUXP�DOEXPLQH
&� &\WRVLQH
F'1$� FRPSOHPHQWDU\�GHR[\ULERQXFOHLF�DFLG
&73� F\WRVLQH�WULSKRVSKDWH
'D� GDOWRQ
G$73� �¶�GHVR[\DGHQRVLQHWULSKRVSKDWH
G&73� �¶�GHVR[\F\WLGLQHWULSKRVSKDWH
'(3&� GLHWK\OS\URFDUERQDWH
G*73� �¶�GHVR[\JXDQRVLQHWULSKRVSKDWH
'062� GLPHWK\OVXOIR[LGH
'1$� GHR[\ULERQXFOHLF�DFLG
'1DVH� GHVR[\ULERQXFOHDVH
G173� �¶�GHVR[\ULERQXFOHRWLGH��¶�WULSKRVSKDWH
'77� GLWKLRWKUHLWRO
(% HPEU\RLG�ERG\
(��FROL� HVFKHULFKLD�FROL
('7$� HWK\OHQGLDPLQWHWUDDFHWLF�DFLG
��



$EUHYLDWLRQV
I�F�� ILQDO�FRQFHQWUDWLRQ
J� JUDPP
*� JXDQRVLQH
K� KXPDQ��KRXU
+(3(6� ��������+\GUR[\HWK\O��SLSHU]LQR��HWKDQVXOIRQLF

DFLG
,37*� LVRSURS\OWKLRJDODFWRVLGH
.DQ� NDQDP\FLQ
NE� NLOR�EDVH�SDLUV
O� OLWHU
/%� /XULD�%HUWDQL�%URWK

P� PLOOL�������
PLQ� PLQXWH
0236� ����1�PRUSKROLQR��SURSDQ��VXOIRQLF�DFLG
00& PLWRP\FLQ�&
P51$� PHVVHQJHU�ULERQXFOHLF�DFLG

Q� QDQR�������
1W� QXFOHRWLGH�V�
2' RSWLF�GHQVLW\
25)� RSHQ�UHDGLQJ�IUDPH

S� SLFR��������
3$*(� SRO\DFU\ODPLGH�JHO�HOHFWURSKRUHVLV
3%6 SKRVSKDWH�EXIIHUHG�VDOLQH
3&5� SRO\PHUDVH�FKDLQ�UHDFWLRQ
3)$ SDUDIRUPDOGHK\GH
3/2� SRO\�/�RUQLWKLQ
USP� URXQGV�SHU�PLQXWH
SVL� SRXQGV�SHU�VTXDUH�LQFK
51$� ULERQXFOHLF�DFLG
51DVH ULERQXFOHDVH
57� URRP�WHPSHUDWXUH
V� VHFRQG
6'6� VRGLXP�GRGHF\O�VXOIDWH
7� WK\PLQH
7DE�� WDEOH
7(� WULV�('7$
7(0('� 1�1�1¶�1¶�WHWUDHWK\OHQDPLQH
7HW� WHWUDF\FOLQH
7P� PHOWLQJ�WHPSHUDWXUH
70� WUDQVPHPEUDQH�VHJPHQW
7ULV� WULV��K\GUR[\PHWK\O��DPLQRPHWKDQH
8� XQLW��HP]\PDWLF�
9� YROW
Y�Y� YROXPH�SHU�YROXPH
9RO�� YROXPH
Z�Y� ZHLJKW�SHU�YROXPH
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
=01+� =HQWUXP�I�U�0ROHNXODUH�1HXURELRORJLH�+DPEXUJ

&XUULFXOXP�YLWDH

���������JHERUHQ�DP�����0DL�LQ�:DOVURGH��'HXWVFKODQG

���������(LQVFKXOXQJ�LQ�%UDXQVFKZHLJ�4XHUXP�1RUG

���������$ELWXU�DP�+RIIPDQQ�YRQ�)DOOHUVOHEHQ
*\PQDVLXP�%UDXQVFKZHLJ

���������,PPDWULNXODWLRQ�LP�)DFK�%LRORJLH�GHU�78�%UDXQVFKZHLJ

���������9RUGLSORP�%LRORJLH��1RWH��*87

���������6WXGLHQRUWZHFKVHO�DQ�GLH�8QL�+DPEXUJ�
+DXSWIDFK��+XPDQELRORJLH

����� � (5$6086�6WLSHQGLXP� I�U� 6WXGLXP� DQ� GHU� 8QL� =�ULFK�
6FKZHL]

���������'LSORPDUEHLW�EHL�3URI��'U��(UQVW�+HLQ]��8QL�+DPEXUJ
7LWHO��´8QWHUVXFKXQJHQ�]XU�([SUHVVLRQ�XQG�IXQNWLRQDOHQ
&KDUDNWHULVLHUXQJ�GHU�8'3�*DODNWRVH�&HUDPLG
*DODNWRV\OWUDQVIHUDVH�YRQ�6lXJHUQ´

���������'LSORP�LP�)DFK�%LRORJLH��1RWH��6(+5�*87

����� � �%HJLQQ� GHU�'RNWRUDUEHLW� EHL� 3URI��'U��0HOLWWD�6FKDFKQHU�
8QL�+DPEXUJ� DOV� 6WLSHQGLDW�GHV�*UDGXLHUWHQNROOHJV� ���
GHU�')*

����� � � %HJLQQ� GHV� $XIEDXVWXGLHQJDQJV� 0ROHNXODUELRORJLH�� � 8QL
+DPEXUJ

���� $EVFKOX�� GHV� $XIEDXVWXGLHQJDQJV� 0ROHNXODUELRORJLH�
1RWH��6(+5�*87

%HVRQGHUH�7lWLJNHLWHQ�

%HWUHXXQJ� PHKUHUHU� *HQHWLN� 3UDNWLND� XQG� hEHUDUEHLWXQJ� GHV
3UDNWLNXPVVNULSWV� LQ�=XVDPPHQDUEHLW�PLW�'U��KDELO�� )�� 3��:ROWHU
DP�%LR]HQWUXP�.OHLQ�)ORWWEHN�LQ�GHQ�-DKUHQ������ELV�����

3URMHNWVWXGLH� DP� $QWKURSRORJLVFKHQ� ,QVWLWXW� GHU� 8QLYHUVLWlW
=�ULFK� Ä(WKRORJLH� XQG� JHQHWLVFKH� 9HUZDQGWVFKDIW� EHL� QLFKW�
PHQVFKOLFKHQ�3ULPDWHQ³�����������
��



'DQNVDJXQJ�$NQRZOHGHJHPHQWV
3URMHNWVWXGLH� LQ� GHU� $UEHLWVJUXSSH� YRQ� 3URI�� 'U�� (UQVW� +HLQ]
Ä8PNORQLHUXQJ� GHU� 8'3�*DODNWRVH�&HUDPLG� *DODNWRV\O�
WUDQVIHUDVH³�LQ�GHQ�6HPHVWHUIHULHQ�����

7HLOQDKPH� XQG� 9RUWUDJ� LP� 5DKPHQ� GHV� *UDGXLHUWHQWUHIIHQV� GHU
ELRZLVVHQVFKDIWOLFKHQ� *UDGXLHUWHQNROOHJV� 'HXWVFKODQGV�� )HEUXDU
�����LQ�8OP

6SUHFKHU� GHV� *UDGXLHUWHQNROOHJV� ���� XQG� 2UJDQLVDWLRQ� GHV
6HPLQDUZRFKHQHQGHV�LP�5DKPHQ�GHU�Ä%LR'LJLWDO³��2NWREHU�����
LQ�)UHLEXUJ

0ROHNXODUELRORJLVFKHV� 3URMHNW� ����� PLW� 6FK�OHUQ� GHU
/HLVWXQJVNXUVH�%LRORJLH�GHU�5DDEH�6FKXOH�XQG�GHU�+RIIPDQQ�YRQ
)DOOHUVOHEHQ� 6FKXOH� DQOl�OLFK� GHV� ���� MlKULJHQ� %HVWHKHQV� GHV
+RIIPDQQ�YRQ�)DOOHUVOHEHQ�*\PQDVLXPV�LQ�%UDXQVFKZHLJ

'DQNVDJXQJ
$NQRZOHGHJHPHQWV

(LQ� JDQ]� EHVRQGHUHU�'DQN�JLOW� )UDX� 3URI��'U��0HOLWWD�6FKDFKQHU�
GLH�PLU�QLFKW�QXU�GDV�$UEHLWHQ�DQ�HLQHP�VR� VSDQQHQGHQ�7KHPD
XQG�XQWHU�RSWLPDOHQ�%HGLQJXQJHQ�HUP|JOLFKW�KDW��VRQGHUQ�DXFK
MHGHU]HLW�PLW�5DW�XQG�7DW�PLU�]XU�6HLWH�VWDQG�

)�U�GLH�%HJXWDFKWXQJ�PHLQHU�$UEHLW�P|FKWH� LFK�PLFK�DXFK�JDQ]
KHU]OLFK�EHL�+HUUQ�3URI��'U��/��5HQZUDQW]�EHGDQNHQ�

,�KDYH�WR� WKDQN�P\� WZR�QDWLYH�VSHDNLQJ�FROOHDJXHV�'U��+HDWKHU
2VWHQGRUII�DQG�0DUWLQ�+DPPRQG�IRU�FRUUHFWLQJ�P\�WKHVLV�

0HLQHQ�EHLGHQ�.ROOHJHQ�'U��&KULVWLDQ�%HUQUHXWKHU�XQG�'U��0DUFHO
'LKQp�GDQNH� LFK� I�U�GLH�YLHOHQ�JHPHLQVDPHQ�6WXQGHQ� LQ�GHU�(6
=HOONXOWXU� XQG� GHQ� ]DKOORVHQ� 'LVNXVVLRQHQ� LQ� GLHVHP
7KHPHQEHUHLFK�

(LQ�ZHLWHUHU�NROOHJLDOHU�'DQN�JLOW�'U��-RKQ�1HLGKDUGW��GHU�PLU� LP
7KHPD�1RUWKHUQ�%ORW� DXI� GLH�6SU�QJH�KDOI� XQG�'U��8GR�%DUWVFK
VRZLH�'U��0DULXV�$GHU�GLH�PLU�EHLGH�LQ�PRUSKRORJLVFKHQ�7KHPHQ
VWHWV�HLQ�RIIHQHV�$XJH�XQG�2KU�JDEHQ�

'HQ�.ROOHJHQ�GHU�³0LWWDJHVVHQVJUXSSH´�JHK|UW�DXFK�'DQN�I�U�GLH
*HVHOOVFKDIW� XQG� ]DKOUHLFKH�� X�D�� DXFK� QLFKW�ZLVVHQVFKDIWOLFKHQ�
*HVSUlFKH�

)HUQHU�GDQNH�LFK�DOOHQ�.ROOHJHQ�GHV�,QVWLWXWV�XQG�=HQWUXPV�I�U�GLH
MDKUHODQJH��JXWH�=XVDPPHQDUEHLW�

%HL�PHLQHQ�(OWHUQ�PX��LFK�PLFK�]X�WLHIVW�EHGDQNHQ��GD��VLH�PLU
EHL�GLHVHP�ODQJHQ�:HJ�LPPHU�DQ�PHLQHU�6HLWH�VWDQGHQ��,FK�KDEH
��



$QDO\VLV�RI�G\VUHJXODWHG�PROHFXOHV�LQ�WKH�QHUYRXV�V\WHP�RI�71�5�GHILFLHQW�PLFH
HV� QLH� DOV� VHOEVWYHUVWlQGOLFK� JHVHKHQ�� VR� HLQH� DXIZHQGLJH� XQG
ODQJZLHULJH�$XVELOGXQJ�]X�XQWHUVW�W]HQ��REZRKO�HV�VLFK�LPPHU�VR
DQJHI�KOW� KDW��0HLQH� EHLGHQ� %U�GHU� WUDJHQ� DXFK�PD�JHEOLFK� ]X
GHU� DOOJHPHLQHQ� 8QWHUVW�W]XQJ� EHL�� 'LH� JHVDPWH� )DPLOLH�
LQVEHVRQGHUH� DXFK�PHLQH� *UR�PXWWHU�� LVW� HLQH� VHKU� JUR�H� +LOIH
JHZHVHQ��GLHVHQ�$EVFKQLWW�DEVFKOLH�HQ�]X�N|QQHQ�

'HU�OHW]WH�'DQN�JLOW�PHLQHU�.DWMD��GLH�PLU�LQ�GHQ�OHW]WHQ�:RFKHQ
GLHVHU�$UEHLW�EHVRQGHUV�YLHO�9HUVWlQGQLV��8QWHUVW�W]XQJ�XQG�.UDIW
JHJHEHQ�KDW�
��



(UNOlUXQJ
(UNOlUXQJ

+LHUPLW�YHUVLFKHUH�LFK��GD��LFK�GLH�YRUOLHJHQGH�$UEHLW�VHOEVWlQGLJ
DQJHIHUWLJW�KDEH��)UHPGH�+LOIH�LVW��VRZHLW�VLH�LQ�$QVSUXFK�JHQRP�
PHQ�ZXUGH��YHUPHUNW�

'LHVH� $UEHLW� LVW� ]XYRU� NHLQHU� 3U�IXQJVEHK|UGH� LQ� JOHLFKHU� RGHU
lKQOLFKHU�)RUP�YRUJHOHJW�ZRUGHQ��

+DPEXUJ��GHQ

�.DL���2OLYHU�:HVFKH�
��
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