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7KH�8QFHUWDLQW\�5HODWLRQV

-�5��&URFD
'HSDUWDPHQWR�GH�)tVLFD
)DFXOGDGH�GH�&LrQFLDV��8QLYHUVLGDGH�GH�/LVERD
&DPSR�*UDQGH��(G��&��������/LVERD��3RUWXJDO
HPDLO��FURFD#IF�XO�SW

$�GLVFXVVLRQ�RI�WKH�PHDQLQJV�DQG�WKH�OLPLWV�RI�WKH�XVXDO�+HLVHQEHUJ�XQFHUWDLQW\�UH�
ODWLRQV� LV� SUHVHQWHG��7KHVH� UHODWLRQV�� DV� VWDWHG�E\�%RKU�� DUH� FRQFHSWXDOO\� D� QDWXUDO
FRQVHTXHQFH�RI�WKH�SULQFLSOH�RI�FRPSOHPHQWDULW\�DQG�D�GLUHFW�PDWKHPDWLFDO�UHVXOW�RI
WKH� QRQ�ORFDO� )RXULHU� DQDO\VLV�� 7KH� ORFDO�ZDYHOHW� DQDO\VLV� LV�PHQWLRQHG� DQG� FRP�
SDUHG�ZLWK� WKH� QRQ�ORFDO� )RXULHU� DQDO\VLV�� ,W� LV� VKRZQ�� XVLQJ� WKH�0RUOHW� JDXVVLDQ
ZDYHOHW�LQVWHDG�RI�LQILQLWH�KDUPRQLF�SODLQ�ZDYHV��WKDW�LW�LV�SRVVLEOH�WR�GHULYH�D�PRUH
JHQHUDO�PDWKHPDWLFDO� H[SUHVVLRQ� IRU� WKH� XQFHUWDLQW\� UHODWLRQV�� ,Q� RUGHU� WR� WHVW� WKH
YDOLGLW\� RI� WKHVH�PRUH� JHQHUDO� XQFHUWDLQW\� UHODWLRQV� WKH� QHZ� JHQHUDWLRQ� RI� PLFUR�
VFRSHV��ZLWK�D�SUDFWLFDO�UHVROXWLRQ�WKDW�JRHV�IDU�EH\RQG�WKH�XVXDO�$EEH¶V�OLPLW�RI�KDOI
ZDYH�OHQJWK��LV�EULHIO\�LQWURGXFHG��,W�LV�DOVR�VKRZQ�WKDW�WKH�ZRUNLQJ�RI�D�FHUWDLQ�W\SH
RI�RSWLFDO�PLFURVFRSH��RI� WKLV�QHZ�JHQHUDWLRQ�� LV�QRW�GHVFULEHG�E\� WKH�FRPSOHPHQ�
WDULW\�SULQFLSOH��WKHUHIRUH�WKH�XVXDO�+HLVHQEHUJ�XQFHUWDLQW\�UHODWLRQV�GR�QRW�DSSO\�WR
WKHVH�W\SH�RI�PHDVXUHV��,Q�WKLV�VLWXDWLRQ�LW�LV�SRVVLEOH�DQG�QDWXUDO�WR�SUHGLFW��EHIRUH
WKH� DFWXDO� PHDVXUHPHQW� WDNHV� SODFH�� WKH� XQFHUWDLQWLHV� LQ� SRVLWLRQ� DQG� PRPHQWXP
VXFK�WKDW�WKHUH�SURGXFW�LV�PXFK�OHVV�WKDQ�K�

���,QWURGXFWLRQ

6LQFH�WKH�IDOO�RI�����>�@�WLOO�QRZ��WKH�XVXDO�+HLVHQEHUJ�XQFHUWDLQW\�UHODWLRQV�KDYH�EHHQ�DFFHSWHG
E\�WKH�VFLHQWLILF�FRPPXQLW\�DV�WKH�ODVW�ZRUG�RQ�RXU�SRVVLELOLW\�WR�PDNH�SUHGLFWLRQV�RQ�WKH�PHDVXUH�
PHQWV��$FFRUGLQJ� WR� WKHVH�YLHZ�LW� LV�QRW�SRVVLEOH� WR�SUHGLFW��EHIRUH� WKH�DFWXDO�PHDVXUHPHQW� WDNHV
SODFH��WKH�YDOXHV�RI�WZR�FRQMXJDWH�REVHUYDEOHV��H�J��WKH�SRVLWLRQ�DQG�WKH�PRPHQWXP��VXFK�WKDW�WKH
SURGXFW�RI�WKHLU�XQFHUWDLQWLHV�LV�OHVV�WKDQ�K�

7KHVH� UHODWLRQV� IROORZ� QDWXUDOO\� IURP�%RKU¶V� 3ULQFLSOH� RI� &RPSOHPHQWDULW\� DQG� DUH� D� GLUHFW
PDWKHPDWLFDO�FRQVHTXHQFH�RI�WKH�QRQ�ORFDO�)RXULHU�DQDO\VLV��6LQFH�WKH�3ULQFLSOH�RI�&RPSOHPHQWDULW\
VWDQGV�DV�WKH�HSLVWHPRORJLFDO�EDVLV�IRU�WKH�XVXDO�TXDQWXP�PHFKDQLFV�ZKLFK�LV�LQWULQVLFDOO\�FRQQHFWHG
ZLWK�WKH�)RXULHU�DQDO\VLV��LW�LV�RQO\�QDWXUDO�WR�H[SHFW�QRQ�ORFDO�FRQVHTXHQFHV�IURP�WKH�XVXDO�TXDQWXP
PHFKDQLFV�

2I�FRXUVH��3RSSHU>�@�DQG�RWKHUV>�@�KDYH�TXHVWLRQHG�WKH�LQWHUSUHWDWLRQ�RI�WKHVH�UHODWLRQV��1HYHU�
WKHOHVV��WKH\�DOO�DFFHSWHG�WKH�ILQDO�PDWKHPDWLFDO�H[SUHVVLRQ�IRU�WKH�+HLVHQEHUJ�UHODWLRQV�DQG�WKHUH�
IRUH��LPSOLFLWO\��WKH�QRQ�ORFDO�FKDUDFWHU�RI�WKH�XVXDO�TXDQWXP�PHFKDQLFV��$V�IDU�DV�,�NQRZ��RQO\�3DXO
'LUDF>�@��LQ�������TXHVWLRQHG�WKH�IRUP�RI�WKHVH�UHODWLRQV��,Q�KLV�ZRUN�7KH�(YROXWLRQ�RI�WKH�3K\VL�
FLVW¶V�3LFWXUH�RI�1DWXUH�KH�ZURWH�

,�WKLQN�RQH�FDQ�PDNH�D�VDIH�JXHVV�WKDW�WKH�XQFHUWDLQW\�UHODWLRQV�LQ�WKHLU�SUHVHQW�IRUP�ZLOO
QRW�VXUYLYH�LQ�WKH�SK\VLFV�RI�WKH�IXWXUH�

1RZ��WKDQNV�WR�WKH�UHFHQW�GHYHORSPHQW�RI�WKH�ORFDO�ZDYHOHW�DQDO\VLV��LW�LV�SRVVLEOH�WR�FRQFHLYH�D
PRUH�JHQHUDO�SLFWXUH�WKDW�PD\�LQFOXGH�%RKU¶V�3ULQFLSOH�RI�&RPSOHPHQWDULW\��DV�D�SDUWLFXODU�FDVH��DQG
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WKHUHIRUH� RYHUFRPH� LWV� QRQ�ORFDO� LPSOLFDWLRQV�� DOORZLQJ� D� UHYLWDOL]DWLRQ� RI� FDXVDOLW\� RQ� VRXQG
JURXQGV��,Q�VXFK�FLUFXPVWDQFHV��LW�LV�ORRNV�TXLWH�QDWXUDO�WR�GHULYH��IURP�WKH�ORFDO�ZDYHOHW�DQDO\VLV��D
QHZ�PRUH� JHQHUDO� PDWKHPDWLFDO� H[SUHVVLRQ� IRU� WKH� XQFHUWDLQW\� UHODWLRQV�� 7KHVH� QHZ� XQFHUWDLQW\
UHODWLRQV��DV�H[SHFWHG��FRQWDLQ��LQ�WKH�DV\PSWRWLF�OLPLW��WKH�XVXDO�RQHV�DV�D�SDUWLFXODU�FDVH�

6LQFH�D�ORFDO�FDXVDO�DOWHUQDWLYH�IRUPDO�ZD\�LV�RSHQHG��WKH�QH[W�SUREOHP�LV�WR�DVN�ZKLFK�LV�WKH
ULJKW�PRGHO"�7KH�ORFDO��RU�WKH�QRQ�ORFDO�DSSURDFK"�7KH�DQVZHU�WR�WKLV�TXHVWLRQ�FDQ�RQO\�EH�JLYHQ�E\
FRQFUHWH�H[SHULPHQWV��7KLV�SUREOHP�RI�ILQGLQJ�WKLV�H[SHULPHQWDO�HYLGHQFH�WR�FRQILUP�RU�UHIXWH�WKH
FDXVDO�ORFDO�PRGHO�KDV�KXQWHG�SK\VLFV�IRU�PRUH�WKDQ�KDOI�D�FHQWXU\��,Q�RUGHU�WR�VROYH�WKH�SUREOHP
PDQ\�� IHDVLEOH�FRQFUHWH�� H[SHULPHQWV>���@�KDYH�EHHQ�SURSRVHG��$� IHZ�RI� WKRVH�H[SHULPHQWV�KDYH
EHHQ�FDUULHG�RXW��EXW�VR�IDU�WLOO�QRZ��WKH�UHVXOWV�ZHUH�QRW�FRQFOXVLYH��6R��WKH\�KDYH�WR�EH�UHPDGH�LQ
EHWWHU� FLUFXPVWDQFHV� LQ� RUGHU� WR� FODULI\� WKH� VLWXDWLRQ�� 7KH� RWKHU� SURSRVHG� H[SHULPHQWV�� WKH� JUHDW
PDMRULW\�RI�WKHP��KDYH�QRW�\HW�EHHQ�GRQH��VR�WKH�RYHUDOO�SLFWXUH�KDV�QRW�LPSURYHG�IRU�VRPH�\HDUV�
1RZ��DV�D�FRQVHTXHQFH�RI�WKH�UHFHQW�GHYHORSPHQW�RI�D�QHZ�JHQHUDWLRQ�RI�PLFURVFRSHV��ZLWK�D�UHVR�
OXWLRQ�JRLQJ�IDU�EH\RQG�WKH�XVXDO�OLPLW�IRU�WKH�)RXULHU�PLFURVFRSHV�� LW� LV�SRVVLEOH�WR�VKRZ�H[SHUL�
PHQWDOO\� WKDW� LQGHHG�� %RKU¶V� FRPSOHPHQWDULW\� SULQFLSOH� KDV� UHDFKHG� LWV� OLPLWV� RI� DSSOLFDELOLW\� LQ
QDWXUH��7KLV�FRQVHTXHQWO\�LPSOLHV�WKDW�WKH�QRQ�ORFDO�PRGHO�QHHGV�WR�EH�XSJUDGHG�E\�D�PRUH�JHQHUDO
ORFDO�FDXVDO�WKHRU\�

��±�1RQ�/RFDO�0RGHO

,Q�0DUFK������+HLVHQEHUJ�VXEPLWWHG�IRU�SXEOLFDWLRQ�DQ�DUWLFOH�ZLWK� WKH�GHULYDWLRQ�RI�DQ� LQH�
TXDOLW\� WKDW� ODWHU� EHFDPH� NQRZQ� DIWHU� KLP�� 6KRUWO\� DIWHU��+HLVHQEHUJ� SUHVHQWHG� KLV� LGHD� WR�1LHOV
%RKU�

7KH�VLWXDWLRQ�RI�SK\VLFV�DW�WKDW�WLPH�ZDV��LQ�D�ELUG�H\H�YLHZ��VRPHWKLQJ�OLNH�WKLV��,QVSLUHG�E\�WKH
SDUWLFOH� QDWXUH� RI� WKH� TXDQWXP� V\VWHPV� +HLVHQEHUJ� KDG� GHYHORSHG� KLV� PDWUL[� PHFKDQLFV�
6FKU|GLQJHU��XVLQJ�WKH�GH�%URJOLH�DSSURDFK��EDVHG�RQ�WKH�ZDYH�DVSHFW�RI�TXDQWXP�HQWLWLHV��EXLOW�KLV
ZDYH�PHFKDQLFV��$V�D�UHVXOW�WKHUH�ZHUH�WZR�WKHRULHV��RQH�EDVHG�RQ�WKH�SDUWLFOH�QDWXUH��WKH�RWKHU�RQ
WKH�ZDYH�DVSHFW�RI�WKH�TXDQWXP�V\VWHPV��,Q�RUGHU�WR�RYHUFRPH�WKLV�VWUDQJH�VLWXDWLRQ��RI�KDYLQJ�WZR
GLIIHUHQW�WKHRULHV�WR�GHVFULEH�WKH�VDPH�SKHQRPHQRQ��6FKU|GLQJHU�ZDV�DEOH�WR�GHPRQVWUDWH�WKH�IRUPDO
HTXLYDOHQFH� EHWZHHQ� WKH� WZR� PDWKHPDWLFDO� GHVFULSWLRQV�� 7KHUH� ZDV�� KRZHYHU�� WKH� QHFHVVLW\� RI
EXLOGLQJ�D�JHQHUDO�FRQFHSWXDO�IUDPHZRUN�WKDW�FRXOG�LQFOXGH��DW�WKH�VDPH�WLPH��WKH�SDUWLFOH�DQG�WKH
ZDYH�SURSHUWLHV�H[SHULPHQWDOO\�VKRZQ�E\�TXDQWXP�HQWLWLHV�

7KLV�ZDV�SUHFLVHO\�WKH�SUREOHP�IDFHG�E\�1LHOV�%RKU��6R�ZKHQ�KH�VDZ�WKH�LQHTXDOLWLHV�RI�+HLVHQ�
EHUJ�KH�IHOW�WKDW�WKHUH�PXVW�EH�WKH�VWDUWLQJ�SRLQW�IRU�WKH�JHQHUDO�V\QWKHVLV��+H�GHYHORSHG�WKRVH�LGHDV
LQ�WKH�FRPLQJ�PRQWKV�VR�WKDW��DW�HQG�RI�WKDW�VXPPHU��KH�DUULYHG�DW�KLV�JHQHUDO�FRQFHSWLRQ��+H�SUH�
VHQWHG�KLV� LGHDV�� IRU� WKH�ILUVW� WLPH�� WR� WKH� VFLHQWLILF�FRPPXQLW\�� LQ�KLV� IDPRXV� OHFWXUH� >�@�DW�/DNH
&RPR��,WDO\��MXVW�EHIRUH�WKH�ZHOO�NQRZQ�6ROYD\�&RQJUHVV�RI�2FWREHU������

%DVLFDOO\�%RKU¶V�LGHD�LV�DV�IROORZV��)URP�WKH�)RXULHU�DQDO\VLV�LW�LV�NQRZQ�WKDW�ZKHQ�RQH�ZLVKHV
WR�UHSUHVHQW�D�ORFDOL]HG�IXQFWLRQ��IRU�LQVWDQFH��D�JDXVVLDQ�IXQFWLRQ��WKH�PRUH�ORFDOL]HG�WKH�IXQFWLRQ
WKH�ODUJHU�WKH�EDQGZLGWK�QHHGHG�IRU�WKH�V\QWKHVLV��7KLV�PHDQV�WKDW�WKH�VPDOOHU�WKH�IXQFWLRQ�WKH�PRUH
PRQRFKURPDWLF�SODQH�ZDYHV�PXVW�EH�DGGHG�LQ�RUGHU�WR�EXLOG�WKH�LQLWLDO�IXQFWLRQ��DQG�YLFH�YHUVD��7KH
QH[W�VWHS�LV�WR�DVVRFLDWH��IROORZLQJ�0D[�%RUQ��WKH�SUREDELOLW\�RI�ILQGLQJ�WKH�SDUWLFOH�ZLWK�WKH�VTXDUHG
PRGXOXV�RI�WKH�ZDYH�IXQFWLRQ��7KHUHIRUH��WKH�VTXDUHG�PRGXOXV�RI�WKH�ZDYH�IXQFWLRQ�UHSUHVHQWV�WKH
UHJLRQ�ZKHUH� WKH�SDUWLFOH�FDQ�EH� ORFDOL]HG�E\�D�PHDVXUHPHQW��7KH�VPDOOHU� WKH�ZLGWK�RI� WKH�ZDYH
IXQFWLRQ�WKH�PRUH�SUHFLVHO\�RQH�NQRZV�LWV�SRVLWLRQ��DQG�FRQVHTXHQWO\�WKH�PRUH�ZDYHV�PXVW�EH�LQ�
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FOXGHG�IRU�LWV�V\QWKHVLV��6LQFH�HDFK�ZDYH�FRUUHVSRQGV�WR�D�ZHOO�GHILQHG�YHORFLW\��RXU�NQRZOHGJH�RI
WKH�YHORFLW\�RI�WKH�SDUWLFOH�GHFUHDVHV��6R�DW�WKH�HQG�LW�LV�SRVVLEOH�WR�HVWDEOLVK�DQ�LQYHUVH�UHODWLRQ�EH�
WZHHQ� WKH� WZR� REVHUYDEOHV�� SRVLWLRQ� DQG� YHORFLW\�� 7KLV� VWDWHPHQW� LV� RQH� IRUP�RI� HQXQFLDWLQJ� WKH
SULQFLSOH�RI�FRPSOHPHQWDULW\��7KH�PRUH�SUHFLVH�WKH�SRVLWLRQ�RI�D�SDUWLFOH�WKH�OHVV�RQH�NQRZV�DERXW
LWV�YHORFLW\��DQG�YLFH�YHUVD��7KLV�OLQH�RI�GHVFULSWLYH�UHDVRQLQJ�FDQ�EH�PDGH�PRUH�SUHFLVH�

)URP�WKH�)RXULHU�DQDO\VLV��DQG�IROORZLQJ�1LHOV�%RKU�DV�FORVHO\�DV�SRVVLEOH��ZH�FDQ�UHSUHVHQW�D
ZHOO�EHKDYHG�IXQFWLRQ�DV�DQ�LQILQLWH�VXP�RI�PRQRFKURPDWLF�SODQH�ZDYHV
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,Q�WKLV�ZD\��SDUWLFXODUO\�VLPSOH�DQG�HOHJDQW��1LHOV�%RKU�ZDV�DEOH�WR�GHULYH�WKH�+HLVHQEHUJ�XQ�
FHUWDLQW\�UHODWLRQV�DV�D�GLUHFW�FRQVHTXHQFH�RI�WKH�1RQ�ORFDO�)RXULHU�DQDO\VLV��,Q�WKLV�FRQWH[W��IURP
VLPSOH�PDWKHPDWLFDO�UHODWLRQV��WKHVH�IRUPXODH�DVVXPH�WKH�GHHS�RQWRORJLFDO�PHDQLQJ�RI�WUDQVODWLQJ�
LQ�DQ�H[WUHPHO\�FRQGHQVHG�ZD\��DQ�DVSHFW�RI�KLV�3ULQFLSOH�RI�&RPSOHPHQWDULW\��)RU�WKLV�UHDVRQ�HYHQ
WKRXJK�+HLVHQEHUJ�GHULYHG�WKHP�IRU�WKH�ILUVW�WLPH��LW�ZDV�%RKU�ZKR�XQGHUVWRRG�WKHLU�LPSRUWDQFH�DQG
JDYH�WKHP�WKH�VWDWXV�WKH\�KDYH�HQMR\HG�LQ�VFLHQFH�GXULQJ�WKLV�FHQWXU\��7KHUHIRUH��LW�ZRXOG�EH�TXLWH
FRUUHFW�WR�FDOO�WKHP�+HLVHQEHUJ�%RKU�UHODWLRQV��EHFDXVH�ZKLOH�WKH�IRUPHU�KDG�WKH�SULYLOHJH�RI�GLV�
FRYHULQJ�WKHP��LW�ZDV�%RKU�ZKR�XQGHUVWRRG�WKHLU�GHHS�PHDQLQJ�

������0HDQLQJ�RI�WKH�8QFHUWDLQW\�5HODWLRQV

7KH�VXFFHVV�RI�WKHVH�UHODWLRQV�ZDV�WUHPHQGRXV��7KH�VFLHQWLILF�FRPPXQLW\�VRRQ�XQGHUVWRRG�WKHLU
JUHDW�LPSRUWDQFH��0DQ\�ZRUNV�RQ�WKH�VXEMHFW�ZHUH�SXEOLVKHG��QRW�RQO\�LQ�SK\VLFV�EXW�DOVR�LQ�SKL�
ORVRSK\�� HSLVWHPRORJ\� DQG� HYHQ� LQ� SODLQ� OLWHUDWXUH�� 3HUKDSV� IRU� WKLV� UHDVRQ�� VRPH� DXWKRUV�� OHVV
OHDUQHG� LQ�TXDQWXP�PHFKDQLFV�� FODLP�YLRODWLRQV�RI� WKH�XQFHUWDLQW\� UHODWLRQV� LQ� VLWXDWLRQV� WKDW�� DF�
FRUGLQJ�WR�WKH�XVXDO�QRQ�ORFDO�SDUDGLJP��DUH�SHUIHFWO\�LUUHOHYDQW��7KHVH�HUURQHRXV�FRQFOXVLRQV�DUH
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PDLQO\�FRQVHTXHQFHV�RI�D�VHULRXV�PLVXQGHUVWDQGLQJ�RI�WKH�FRQFHSWXDO�VWUXFWXUH�RI�WKH�XVXDO�TXDQWXP
PHFKDQLFV��DQG�FRQVHTXHQWO\�RI�WKH�GHHS�PHDQLQJ�RI�WKHVH�UHODWLRQV�

7KH�XQFHUWDLQW\�UHODWLRQV�DUH�HVVHQWLDOO\�FRQQHFWHG�ZLWK�WKH�SUREOHP�RI�PHDVXUHPHQW��$V�D�PDW�
WHU�RI�IDFW��DV�ZH�VKDOO�VHH��LW�LV�SRVVLEOH�WR�PDNH�D�PHDVXUHPHQW�WKDW�YLRODWHV��QXPHULFDOO\��WKH�OLPLW
LPSRVHG�E\�WKH�UHODWLRQV��7KLV�ZDV�UHFRJQL]HG�HDUO\�E\�+HLVHQEHUJ�>�@�KLPVHOI��DQG�E\�%RKU�>�@��DQG
HYHQ�3RSSHU�>�@�ZURWH�DERXW�LW�LQ�WKH�WKLUWLHV��6LQFH�WKHQ�LW�KDV�EHHQ�FRPPRQ�ORUH�LQ�IXQGDPHQWDO
TXDQWXP�PHFKDQLFV��6WLOO� WKLV� SRVVLELOLW\� LQ�QR�ZD\� FKDOOHQJHV� WKH� WUXH�PHDQLQJ� RI�+HLVHQEHUJ¶V
XQFHUWDLQW\�UHODWLRQV��%HFDXVH�DIWHU�WKH�PHDVXUHPHQW��DIWHU� LQWHUDFWLRQ�� WKH�SURGXFW�RI� WKHLU�XQFHU�
WDLQWLHV�GRHV�FRQILUP�WKH�UHODWLRQV�

,Q�RUGHU�WR�LOOXVWUDWH�WKLV�SUREOHP�OHW�XV�WDNH�D�FRQFUHWH�H[DPSOH��7KLV�H[DPSOH��RQH�DPRQJ�PDQ\
SRVVLELOLWLHV��LV�EDVHG�RQ�ZRUN�E\�$QGUDGH�H�6LOYD�>�@�

)LJ���LV�D�VNHWFK�RI�DQ�H[SHULPHQW�WKDW�DSSDUHQWO\�YLRODWHV�WKH�XQFHUWDLQW\�UHODWLRQV�MXVW�EHIRUH
WKH�PHDVXUHPHQW� WDNHV�SODFH��$Q�HOHFWURQ�VRXUFH�HPLWV�HOHFWURQV��RQH�DW�D� WLPH��$IWHU� WKH�PRQR�
FKURPDWRU�WKH�XQFHUWDLQW\�LQ�WKH�PRPHQWXP�RI�WKH�HOHFWURQ�LV�DS�DQG�FRQVHTXHQWO\�LWV�XQFHUWDLQW\�LQ
SRVLWLRQ�LV� [D �VR�WKDW� [ S KD D > �

,Q�LWV�WULS�WKH�HOHFWURQ�HQFRXQWHUV�D�VFUHHQ�ZLWK�D�KROH��%HKLQG�WKDW�KROH�WKHUH�LV�DQ�HOHFWURQ�WUDQV�
IHU�GHWHFWRU�WKDW�LV��D�GHWHFWRU�WKDW�³VHHV´�WKH�HOHFWURQ�ZLWKRXW�NLOOLQJ�LW��7KH�KROH�DQG�WKH�GHWHFWRU�DUH
DUUDQJHG�LQ�VXFK�D�ZD\�WKDW�WKH�XQFHUWDLQW\�LQ�SRVLWLRQ�LV� [�D ��7KLV�XQFHUWDLQW\�LQ�SRVLWLRQ� [�D �LV
LQGHSHQGHQW�RI�WKH�XQFHUWDLQW\�LQ�PRPHQWXP�DS��EHFDXVH�DS�GHSHQGV�RQO\�RQ�WKH�PRQRFKURPDWRU
DQG� [�D �GHSHQGV�RQ�WKH�GHWHFWLQJ�GHYLFH��7KH�H[SHULPHQWDO�VHW�XS�FDQ�EH�DUUDQJHG�LQ�VXFK�D�ZD\
WKDW� WKH� SURGXFW� RI� WKH� WZR� XQFHUWDLQWLHV� LV� PXFK� OHVV� WKDQ� WKH� OLPLW� LPSRVHG� E\� +HLVHQEHUJ�


[ S�D D ���K�

6WLOO�� GXULQJ� WKH� LQWHUDFWLRQ�� ZLWK� WKH� GHWHFWRU�� WKH� XQFHUWDLQW\� LQ� PRPHQWXP� RI� WKH� HOHFWURQ
VSUHDGV�LQ�VXFK�D�ZD\�WKDW�WKH�VPDOOHU�WKH�XQFHUWDLQW\�LQ�SRVLWLRQ� [�D WKH�JUHDWHU�WKH�XQFHUWDLQW\�LQ
PRPHQWXP� S�D ��7KHUHIRUH��DW�WKH�HQG��DIWHU�PHDVXUHPHQW��DIWHU�WKH�LQWHUDFWLRQ��WKH�SURGXFW�RI�WKHLU

XQFHUWDLQWLHV�REH\V�+HLVHQEHUJ¶V�XQFHUWDLQW\�UHODWLRQV� [ S KD D > �

7KLV�H[SHULPHQW�FOHDUO\�VKRZV�WKDW�WKH�XQFHUWDLQW\�UHODWLRQV�RQO\�IRUELG�WKH�SUHGLFWLRQ�RI�WKH�XQ�
FHUWDLQWLHV�LQ�WKH�IXWXUH��VXFK�WKDW�WKHLUV�SURGXFW�DUH�OHVV�WKDQ�K�DIWHU�PHDVXUHPHQW�

)LJ�����$SSDUHQW�YLRODWLRQ�RI�WKH�XQFHUWDLQW\�UHODWLRQV�
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��±�/RFDO�0RGHO

7KH�SUREOHP�RI�WKH�XQFHUWDLQW\�UHODWLRQV�FDQ�DOVR�EH�DSSURDFKHG�LQ�D�FDXVDO�ORFDO�ZD\��)RUPDOO\�
WKH�XVXDO�UHODWLRQV��DV�ZH�KDYH�VHHQ��DUH�D�PDWKHPDWLFDO�FRQVHTXHQFH�RI�WKH�QRQ�ORFDO�)RXULHU�DQDO\�
VLV��,Q�WKLV�VLWXDWLRQ�WKH�FRQVWUXFWLRQ�RI�D�ORFDO�PRGHO�ZRXOG�UHTXLUH�UHSODFHPHQW�RI�WKH�QRQ�ORFDO
)RXULHU�DQDO\VLV�E\�D�ORFDO�DQDO\VLV��1RZ��WKDQNV�WR�WKH�UHFHQW�GHYHORSPHQW�RI�ORFDO�ZDYHOHW�DQDO\VLV
>�@��ZH�KDYH�WKH�QHFHVVDU\�PDWKHPDWLFDO�WRRO�WKDW�PD\�DOORZ�XV�WR�EXLOG�D�FDXVDO�ORFDO�PRGHO�

7KH�ORFDO�ZDYHOHW�DQDO\VLV�ZDV�GHYHORSHG�LQ�WKH�HDUO\�HLJKWLHV�LQ�WKH�GRPDLQ�RI�WKH�(DUWK�VFL�
HQFHV��QDPHO\�LQ�WKH�VHLVPRORJ\�ZHUH�LW�LV�QHFHVVDU\�WR�VWXG\�VLJQDOV�FKDQJLQJ�UDSLGO\�LQ�WLPH��6WLOO
WKH�H[SORVLYH�SURJUHVV�RI�WKH�ORFDO�ZDYHOHW�DQDO\VLV�ZDV�PDLQO\�GXH�WR�WKH�QHFHVVLW\�RI�LQIRUPDWLRQ
WKHRU\�ZKHUH�FRPSUHVVLRQ�DQG�GHFRPSUHVVLRQ�RI�LQIRUPDWLRQ�LQ�UHDO�WLPH�LV�WKH�PDLQ�JRDO�

,Q�RUGHU� WR�XQGHUVWDQG� WKH�GHHS�PHDQLQJ� DQG� LPSRUWDQFH�RI� WKLV� QHZ� ORFDO� DQDO\VLV�ZH� VKDOO
PDNH�D�EULHI�FRPSDULVRQ�ZLWK�WKH�QRQ�ORFDO�)RXULHU�DQDO\VLV�

7KH�)RXULHU�DQDO\VLV�LV�FRQVLGHUHG�QRQ�ORFDO�RU�JOREDO�IRU�WZR�PDLQ�UHDVRQV�FRUUHODWHG�LQ�D�FHU�
WDLQ�VHQVH��7KH�ILUVW�UHDVRQ�LV�EHFDXVH�LWV�EDVLF�HOHPHQWV��LWV�FRQVWLWXWLQJ�EULFNV��DUH�PRQRFKURPDWLF
KDUPRQLF�SODQH�ZDYHV�LQILQLWH�LQ�VSDFH�DQG�WLPH��7KH�VHFRQG�UHDVRQ�IRU�LWV�QRQ�ORFDO�FKDUDFWHU�UH�
VXOWV�IURP�LWV�JOREDO�LPSOLFDWLRQV��,Q�RUGHU�WR�IXOO\�XQGHUVWDQG�WKH�QRQ�ORFDO�RU�JOREDO�FKDUDFWHU�RI�WKH
)RXULHU�DQDO\VLV�OHWV�XV�FRQVLGHU�WKH�IROORZLQJ�VLWXDWLRQ�

/HW�XV�VXSSRVH�WKDW�ZH�ZDQW�WR�UHFRUG��OLQH�E\�OLQH��WKH�GLJLWL]HG�LPDJH�VKRZQ�LQ�)LJ�����IRU�LQ�
VWDQFH��LQ�FRPSDFW�GLVN��IRU�ODWHU�YLHZLQJ��,Q�RUGHU�WR�VLPSOLI\�WKH�SUREOHP�OHW�XV�FRQVLGHU�RQO\�WKH
OLQH�LQGLFDWHG�LQ�WKH�)LJ����ZKHUH�WKH�LQWHQVLW\�SORW�DORQJ�WKDW�OLQH�LV�DOVR�UHSUHVHQWHG��7KH�WUHDWPHQW
RI�WKH�RWKHU�OLQHV��QRW�VKRZQ��LV�SUHFLVHO\�WKH�VDPH��,Q�RUGHU�WR�UHSUHVHQW�WKLV�YDULDWLRQ�LQ�LQWHQVLW\�LW
LV�QHFHVVDU\� WR�ILQG� WKH�PRQRFKURPDWLF�KDUPRQLF�SODQH�ZDYHV��ZLWK�GLIIHUHQW� IUHTXHQFLHV�� DPSOL�
WXGHV� DQG� SKDVHV�� VXFK� WKDW� WKHLU� VXP� UHSURGXFHV� WKH� LQLWLDO� IXQFWLRQ�� 7KLV� LPPHQVLW\� RI� LQILQLWH
ZDYHV�LQWHUIHUHV�QHJDWLYHO\�LQ�DOO�SRLQWV�RI�VSDFH�H[FHSW�LQ�WKRVH�WZR�UHJLRQV�ZKHUH�WKH�LQWHUIHUHQFH
LV�FRQVWUXFWLYH��0DWKHPDWLFDOO\�WKLV�LV�UHSUHVHQWHG�E\�WKH�)RXULHU�LQWHJUDO�

[ ]� � � � FRV � �VLQI [ $ N N[ % N N[ GN
+�

-�

= +× ���

7KLV�DQDO\WLF�ZRUN��WKDW�LV�ILQGLQJ�WKH�FRHIILFLHQWV�$�N��DQG�%�N��� LV� LQ�JHQHUDO�DXWRPDWLFDOO\�GRQH
ZLWK�E\�WKH�LQIRUPDWLRQ�SURFHVVLQJ�HTXLSPHQW�

:KDW�KDSSHQV�QRZ�LI��IRU�LQVWDQFH��WKH�ILUVW�VKLS�PRYHV�WR�WKH�ULJKW��ZKLOH�WKH�RWKHU�UHPDLQV�LQ
WKH�VDPH�SRVLWLRQ"�,Q�WKLV�W\SH�RI�DQDO\VLV�ERWK�WKH�ILUVW�DQG�WKH�VHFRQG�VKLS�DUH�PDGH�IURP�WKH�VDPH

$W�WLPH��W
�

$W�WLPH�W
�

)LJ���±�'LJLWL]HG�LPDJHV�WR�)RXULHU�DQDO\]H
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LQILQLWH�KDUPRQLF�SODQH�ZDYHV��,Q�WKLV�FLUFXPVWDQFHV�D�PRGLILFDWLRQ�LQ�WKH�SRVLWLRQ�RI�WKH�ILUVW�REMHFW
LPSOLHV�D�PRGLILFDWLRQ�LQ�WKH�DPSOLWXGH�IUHTXHQF\�DQG�SKDVH�RI�WKH�ZDYHV��VR�WKDW�WKHLU�LQWHUIHUHQFH
LV�FRQVWUXFWLYH�RQO\�LQ�WKH�QHZ�SRVLWLRQ��7KLV�PHDQV�WKDW�DOWKRXJK��LQ�WKLV�SURFHVV�RI�QRQ�ORFDO�)RX�
ULHU�DQDO\VLV�DQG�UHFRQVWUXFWLRQ��WKH�WZR�VKLSV�PD\�VHHP�VHSDUDWH�HQWLWLHV�WKH\�DUH�WUHDWHG�DV�D�ZKROH
HQWLW\��6R�� D�PRGLILFDWLRQ�RI� RQH� LPSOLHV� D� VLPXOWDQHRXV�PRGLILFDWLRQ�RI� WKH�RWKHU��7KLV� IDFW� KDV
VHULRXV�SUDFWLFDO�GUDZEDFNV��QDPHO\�ZKHQ��DV� LV� WKH�FDVH��RQH�ZDQWV� WR� UHJLVWHU� YLGHR� LPDJHV�� ,Q
JHQHUDO��DV�LV�YHU\�ZHOO�NQRZQ��IURP�YLGHR�LPDJH�WR�YLGHR�LPDJH�WKHUH�DUH�RQO\�VOLJKW�YDULDWLRQV�
1HYHUWKHOHVV��LQ�WKLV�W\SH�RI�QRQ�ORFDO�RU�JOREDO�DQDO\VLV��D�PLQRU�PRGLILFDWLRQ�RQ�WKH�LPDJH�LPSOLHV
WKH�QHHG�WR�DQDO\]H�DQG�UHEXLOG�WKH�ZKROH�LPDJH�

,I�LQVWHDG�RI�WKH�QRQ�ORFDO�)RXULHU�DQDO\VLV�RQH�XVHV�ORFDO�ZDYHOHW�DQDO\VLV��WKH�PRGLILFDWLRQ�RI
WKH�SRVLWLRQ�RI�RQH�VKLS�DV�QRWKLQJ�WR�GR�ZLWK�WKH�RWKHU��QDWXUDOO\�LI�WKH�WZR�REMHFWV�DUH�VXIILFLHQWO\
IDU�RQH�IURP�DQRWKHU��,Q�WKLV�FDVH��WKH�JURXS�RI�ZDYHOHWV�WKDW�DOORZV�WKH�UHFRQVWUXFWLRQ�RI�RQH�REMHFW
LV� FRPSOHWHO\�GLIIHUHQW� IURP� WKH�RWKHU��7KLV� LV� SUHFLVHO\�ZK\� WKLV� W\SH� RI� DQDO\VLV� LV� FDOOHG� ORFDO
DQDO\VLV�E\�ILQLWH�ZDYHV�

)LJ����VKRZV�JUDSKLFDOO\�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�W\SHV�RI�DQDO\VLV�
$QRWKHU�DGYDQWDJH�RI�ORFDO�ZDYHOHW�DQDO\VLV�LV�UHODWHG�ZLWK�WKH�IDFW�WKDW�WR�UHSUHVHQW�D�JLYHQ�VLJ�

QDO�RQH�LV�IUHH�WR�XVH�GLIIHUHQW�W\SHV�RI�EDVLF�ZDYHOHWV��6R��D�JRRG�FKRLFH�RI�EDVLF�ZDYHOHW�FDQ�IXUWKHU
LQFUHDVH�WKH�UDWH�RI�FRPSUHVVLRQ�DQG�WKH�TXDOLW\�RI�WKH�UHFRQVWUXFWLRQ�

)URP�WKH�DERYH�LW�VHHPV�QDWXUDO�WR�GHVFULEH�D�ORFDO�FDXVDO�TXDQWXP�SDUWLFOH�QRW�E\�D�VXP�RI�LQIL�
QLWH� KDUPRQLF� SODQH� ZDYHV�� QRQ�ORFDO� )RXULHU� DQDO\VLV�� EXW� LQVWHDG� ZLWK� WKH� KHOS� RI� ORFDO� ILQLWH
ZDYHOHWV��,Q�WKLV�VLWXDWLRQ�RQH�LV�DEOH�WR�DYRLG�FHUWDLQ�LQFRQYHQLHQFHV�RI�WKH�XVXDO�TXDQWXP�PHFKDQ�
LFV��VXFK�DV�LQVWDQWDQHRXV�DFWLRQV�DW�D�GLVWDQFH�DQG�UHWURDFWLRQ�LQ�WLPH�

:LWK�ORFDOL]HG�ILQLWH�ZDYHV��LW�DSSHDUV�QDWXUDO�WR�UHSUHVHQW�WKH�ZDYH�SDUW�RI�WKH�RI�GH�%URJOLH�UHDO
SDUWLFOH�E\�D�ZDYHOHW��,W�LV�ZRUWK�UHFDOOLQJ�WKDW�GH�%URJOLH�DVVXPHV�>��@�WKDW�D�TXDQWXP�SDUWLFOH�LV�D
UHDO�HQWLW\�FRPSRVHG�RI�DQ�H[WHQGHG��\HW� ILQLWH� ORFDOL]HG�ZDYH��ZKHUH� WKH�VLQJXODULW\� LV� ORFDOL]HG�
7KLV�VLQJXODULW\�FDUULHV�SUDFWLFDOO\�DOO�WKH�HQHUJ\�RI�WKH�SDUWLFOH�DQG�LV�UHVSRQVLEOH�IRU�WKH�XVXDO�GH�
WHFWLRQ�SURFHVV��7KH�ILQLWH�ZDYH�JXLGHV�WKH�VLQJXODULW\�WKURXJK�D�QRQ�OLQHDU�LQWHUDFWLRQ�DQG�LV�UHVSRQ�
VLEOH�IRU�WKH�LQWHUIHURPHWULF�SURSHUWLHV�RI�WKH�TXDQWXP�SDUWLFOH�

6LQFH�WKHUH�LV�WKH�SRVVLELOLW\�RI�XVLQJ�GLIIHUHQW�W\SHV�RI�EDVLF�ZDYHOHWV�WR�UHSUHVHQW�WKH�ZDYH�SDUW
RI�WKH�TXDQWXP�SDUWLFOH�ZH�FKRRVH�DPRQJ�WKH�LPPHQVH�SRVVLELOLWLHV�WKH�JDXVVLDQ�ZDYHOHW��7KLV�EDVLF

I�[�

[

�����1RQ�ORFDO�
�������)RXULHU�

���������/RFDO
������:DYHOHWV

)LJ����±�/RFDO�ZDYHOHW�DQDO\VLV�DQG�1RQ�ORFDO�)RXULHU�DQDO\VLV



$3(,521�9RO����1U������-XO\�2FWREHU����� 3DJH����

ZDYHOHW�LV�DOVR�FDOOHG�E\�VRPH�ZULWHUV�>��@�WKH�0DODW�ZDYHOHW�EHFDXVH� WKLV�DXWKRU�VWXGLHG� LW� WKRU�
RXJKO\�
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ZKRVH�UHDO�SDUW�LV�VKRZQ�LQ�)LJ���
7KH�DGYDQWDJHV�RI� WKH�FKRLFH�RI� WKLV� SDUWLFXODU�ZDYHOHW� WR� UHSUHVHQW� WKH�TXDQWXP�SDUWLFOH� DUH

PDQ\��QDPHO\�

�� 7KH�IRUPDO�VLPSOLFLW\�RI�WKLV�ZDYHOHW��$PRQJ�WKH� ODUJH�YDULHW\�RI�SRVVLEOH�EDVLF�ZDYHOHWV� WKH
JDXVVLDQ�LV�SHUKDSV�WKH�VLPSOHVW�RI�WKHP�DOO��7KLV�SURSHUW\�LV�YHU\�LQWHUHVWLQJ�EHFDXVH�LW�DOORZV
WKH�SRVVLELOLW\�RI�GRLQJ�DQDO\WLFDOO\�WKH�QHFHVVDU\�FDOFXODWLRQV�ZLWKRXW�UHFRXUVH�WR�DSSUR[LPDWH
PHWKRGV�

�� ,Q�D�FHUWDLQ�VHQVH��LW�FRQWDLQV�WKH�XVXDO�NHUQHO�RI�WKH�)RXULHU�DQDO\VLV�DV�D�SDUWLFXODU�FDVH��$V�FDQ
EH�VHHQ�IURP�����ZKHQ�WKH�VL]H�RI�WKH�ZDYHOHW� �[D �JRHV�WR�LQILQLW\�LW�WUDQVIRUPV�LWVHOI�LQWR�WKH

NHUQHO�RI�WKH�)RXULHU�DQDO\VLV�
�� :LWK� WKLV� UHSUHVHQWDWLRQ� WKH� TXDQWXP� SDUWLFOH� KDV� DOZD\V� D� ZHOO� GHILQHG� HQHUJ\�� FRQWUDU\� WR

ZKLFK�KDSSHQV�LQ�WKH�XVXDO�)RXULHU�UHSUHVHQWDWLRQ��ZKHUH�D�PRGHUDWH�ORFDOL]HG�SDUWLFOH�KDV�DQ�LQ�
ILQLWH�QXPEHU�RI�SRVVLEOH�HQHUJLHV�

�� ,W�DOORZV�WKH�SRVVLELOLW\�RI�DVVLJQLQJ�WR�HDFK�SDUWLFOH�D�WUXH�GLPHQVLRQ� �[D ��$OWKRXJK�LW�LV�FRQ�

YHQLHQW�WR�PHQWLRQ�WKDW�XVXDOO\�WKH�TXDQWXP�SDUWLFOH�LV�QRW�LQ�WKH�PRVW�VLQJOH�VWDWH��,Q�JHQHUDO�LV
IRUPHG�E\�PDQ\�ZDYHV�RI�WKLV�W\SH��JLYLQJ�ULVH�WR�D�ILQDO�ZDYH�ZKHUH�WKH�VLQJXODULW\�LV�PHUJHG�
2Q�WKH�RWKHU�KDQG�WKH�XVXDO�VRXUFHV�XVXDOO\�HPLW�EXUVWV��DQG�WKHUHIRUH�RQO\�D�UHODWLYHO\�FRPSOH[
WUHDWPHQW�>��@�FDQ�LVRODWH�D�VLQJOH�SDUWLFOH��,Q�WKLV�ZD\�WKH�XVXDO�QRUPDO�SXOVHV��HPLWWHG�E\�WKH
VRXUFHV��PXVW��MXVW�DV�LQ�WKH�XVXDO�DQDO\VLV��EH�UHSUHVHQWHG�E\�WKH�FRPELQDWLRQ�RI�ZDYHV��2QO\�LQ
WKLV�FDVH�WKH\�DUH�ILQLWH�ZDYHV�LQVWHDG�RI�LQILQLWH�ZDYHV�

1DWXUDOO\� WKH� FKRLFH� RI� WKLV�PDWKHPDWLFDO�PRGHO��ZKHUH� WKH� QRQ�ORFDO� )RXULHU� DQDO\VLV� LV� UH�
SODFHG�E\�ORFDO�DQDO\VLV�E\�ZDYHOHWV��IRU�GHVFULELQJ�WKH�TXDQWXP�SDUWLFOHV�KDV�GHHS�LPSOLFDWLRQV�DW
WKH�YHU\�URRWV�RI� WKH�TXDQWXP�PHFKDQLFV�� ,Q�SDUWLFXODU�� WKH�6FKU|GLQJHU�HTXDWLRQ�QHHGV� WR�EH� UH�
SODFHG�E\�D�PDVWHU�QRQ�OLQHDU�HTXDWLRQ�DV�(LQVWHLQ�DQG�GH�%URJOLH�DOZD\V�KDYH�PDLQWDLQHG�

����±�'HULYDWLRQ�RI�D�QHZ�IRUP�IRU�WKH�XQFHUWDLQW\�UHODWLRQV

,Q�RUGHU�WR�PDNH�WKH�GHULYDWLRQ�RI�WKH�QHZ�PRUH�JHQHUDO�IRUP�IRU�WKH�XQFHUWDLQW\�UHODWLRQV�PRUH
FRPSUHKHQVLEOH��LW�ZLOO�EH�GRQH�LQ�SDUDOOHO�DQG�VWHS�E\�VWHS�ZLWK�WKH�RULJLQDO�RI�1LHOV�%RKU�SUHVHQWHG
SUHYLRXVO\��7KLV�SURFHVV�LV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH��)LJ��

7KH�QHZ�PRUH�JHQHUDO�WKH�GLVSHUVLRQ�UHODWLRQV
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)LJ������5HDO�SDUW�RI�WKH�JDXVVLDQ�RU�0DODW�ZDYHOHW��UHSUHVHQWLQJ�WKH�ZDYH�SDUW�RI�D�TXDQWXP�SDUWLFOH�
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FDQ�DOVR�EH�ZULWWHQ�LQ�D�PRUH�FRQYHQLHQW�IRUP
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$V�VXVSHFWHG��E\�XVLQJ�ORFDO�ILQLWH�ZDYHOHWV�LQVWHDG�LQILQLWH�SODQH�ZDYHV�RI�WKH�QRQ�ORFDO�)RXULHU
DQDO\VLV��ZH�ZHUH�OHG�WR�D�QHZ�IRUP�IRU�WKH�XQFHUWDLQW\�UHODWLRQV��,W�LV�HDVLO\�VHHQ�WKDW�ZKHQ�WKH�EDVLF
ZDYHOHW� �[D �LV�VXIILFLHQWO\�ODUJH�WKH�QHZ�UHODWLRQ�LV�WUDQVIRUPHG�LQWR�WKH�ROG�XVXDO�+HLVHQEHUJ�UHOD�

WLRQV��ZKLFK�LV�D�YHU\�VDWLVIDFWRU\�UHVXOW�
)LJ����UHSUHVHQWV�WKH�SORW�RI�WKH�QHZ�UHODWLRQV��DV�D�VROLG�OLQH��IRU�WKUHH�YDOXHV�RI�WKH�VL]H�RI�WKH

EDVLF�ZDYHOHW��WRJHWKHU�ZLWK�WKH�XVXDO�+HLVHQEHUJ�UHODWLRQV�DV�D�GDVKHG�OLQH�
)URP�WKH�SORW�RQH�VHHV�WKDW�RQO\�LQ�D�VPDOO�UHJLRQ��QHDU�WKH�RULJLQ��WKH�WZR�UHODWLRQV�OHDG�WR�GLI�

IHUHQW�UHVXOWV��,Q�WKH�JUHDW�PDMRULW\�RI�WKH�FDVHV�WKH�WZR�UHODWLRQV�SUHGLFW�H[DFWO\�WKH�VDPH�UHVXOWV�
7KLV�ILUVW�GHULYDWLRQ�RI�WKH�QHZ�IRUP�IRU�WKH�XQFHUWDLQW\�UHODWLRQV�ZDV�PDGH�E\�DVVXPLQJ��DV�D

ILUVW�DSSUR[LPDWLRQ��WKDW�WKH�ZLGWK�RI�WKH�SDUWLFOH�GRHV�QRW�GHSHQG�RQ�WKH�ZDYH�QXPEHU��)RU�TXDVL�
PRQRFKURPDWLF�EHDPV�WKLV�DSSUR[LPDWLRQ�PXVW�EH�YHU\�QHDU�WR�WKH�WUXWK��EXW�IRU�EHDPV�ZLWK�D�ODUJHU
GLVSHUVLRQ�LQ�N�LW�QR�ORQJHU�KROGV��,Q�WKLV�FDVH�LW�LV�QHFHVVDU\�WR�GHULYH�WKH�H[SUHVVLRQ�WKDW�JLYHV�WKH
OHQJWK�RI�WKH�SDUWLFOH�DV�D�IXQFWLRQ�RI�WKH�ZDYHOHQJWK
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1RQ�ORFDO�)RXULHU�DQDO\VLV /RFDO�ZDYHOHW�DQDO\VLV
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)LJ����±�'HULYDWLRQ�RI�WKH�QHZ�IRUP�IRU�WKH�XQFHUWDLQW\�UHODWLRQV�LQ�SDUDOOHO�ZLWK�WKH�XVXDO�%RKU¶V�GHULYDWLRQ�
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,Q�RUGHU�WR�GR�WKDW��RQH�DVVXPHV�WKDW�WKH�EDVLF�PDWKHPDWLFDO�WRRO�WR�GHVFULEH�D�UHDO�TXDQWXP�SDUWLFOH
LV�D�ILQLWH�ORFDO�ZDYHOHW��XQOLNH�WKH�XVXDO�WKHRU\�ZKHUH�WKH�SULPDF\�JRHV�WR�QRQ�ORFDO�LQILQLWH��LQ�WLPH
DQG�VSDFH��PRQRFKURPDWLF�SODQH�ZDYHV��)XUWKHUPRUH�LW�LV�DVVXPHG�WKDW�WKLV�EDVLF�ZDYHOHW��IRU�VLP�
SOLFLW\��FDQ�DV�EHIRUH�EH�D�JDXVVLDQ�0DODW�ZDYHOHW�XQGHUJRLQJ�DQ�DIILQH�WUDQVIRUPDWLRQ�
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LV�DQ�XQLYHUVDO�FRQVWDQW�UHODWLQJ�WKH�WUXH�VL]H�RI�D�TXDQWXP�SDUWLFOH�ZLWK�LWV�ZDYHOHQJWK��7KLV�FRQVWDQW
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7KLV�ODVW�GHULYDWLRQ�OHDGV��ZLWKLQ�D�JRRG�DSSUR[LPDWLRQ��WR�WKH�VDPH�YDOXH�GHGXFHG�LQ�WKH�ILUVW
FDVH��ZKHUH�WKH�VL]H�RI�WKH�H[WHQGHG�UHJLRQ�RI�WKH�SDUWLFOH�LV�DVVXPHG�WR�EH�FRQVWDQW�

����±�7KH�SK\VLFDO�PHDQLQJ�RI�WKH�QHZ�UHODWLRQV

,W�ZDV�VKRZQ��XVLQJ�ZDYHOHWV�LQVWHDG�RI�WKH�LQILQLWH�KDUPRQLF�SODQH�ZDYHV�RI�WKH�QRQ�ORFDO�)RX�
ULHU�DQDO\VLV��WKDW�LW�LV�SRVVLEOH�WR�GHULYH��IRUPDOO\��D�GLIIHUHQW�PRUH�JHQHUDO�H[SUHVVLRQ�IRU�WKH�XQ�
FHUWDLQW\�UHODWLRQV��$OWKRXJK�WKH�QHZ�UHODWLRQV�FRQWDLQ�WKH�XVXDO�ROG�UHODWLRQV�DV�D�SDUWLFXODU�FDVH��WKH



$3(,521�9RO����1U������-XO\�2FWREHU����� 3DJH����

SUREOHP�ZH�IDFH�LV�WR�NQRZ�ZKDW�LV�WKH�SK\VLFDO�PHDQLQJ�DQG�WKH�LQWHUHVW�RI�WKHVH�UHODWLRQV��$UH�WKH\
PHUH�IRUPDO�UHODWLRQV��UHVXOWLQJ�IURP�PRUH�RU�OHVV�FOHYHU�PDWKHPDWLFDO�PDQLSXODWLRQV"�2U��LQ�IDFW�
WKH\�KDYH�VRPH�GHHS�SK\VLFDO�PHDQLQJ"

,Q�RUGHU�WR�DQVZHU�WKHVH�TXHVWLRQV�ZH�PXVW�UHFDOO�WKDW�3K\VLFV�LV�D�QDWXUDO�VFLHQFH��DQ�H[SHUL�
PHQWDO�VFLHQFH��DQG�WKXV�WKH�DQVZHU�KDV�WR�EH�IRXQG�LQ�WKH�H[SHULPHQWV��,Q�RUGHU�WR�OHW�1DWXUH�VSHDN
ZH�VKDOO�PDNH�D�EULHI�UHIHUHQFH�WR�D�QHZ�JHQHUDWLRQ�RI�PLFURVFRSHV�

����±�1HZ�JHQHUDWLRQ�RI�PLFURVFRSHV

8QWLO�UHFHQWO\�WKH�RQO\�ZD\�WR�ORRN�DW�WKH�PLQXWH�ZRUOG�ZDV�EDVHG�RQ�WKH�)RXULHU�W\SH�PLFUR�
VFRSHV��7KH�PD[LPXP� WKHRUHWLFDO� UHVROXWLRQ� OLPLW� RI� D� KDOI�ZDYHOHQJWK�� IRU� WKHVH� DSSDUDWXV��ZDV
HVWDEOLVKHG�E\�$EEH��EDVHG�RQ�WKH�5D\OHLJK�WKH�GLIIUDFWLRQ�FULWHULD��7KH�EDVLF�SULQFLSOH�XQGHUO\LQJ
WKH�ZRUNLQJ�RI� WKHVH�PLFURVFRSHV� LV�D� WH[WERRN�H[DPSOH�RI�+HLVHQEHUJ�XQFHUWDLQW\� UHODWLRQV� DQG
FRQVHTXHQWO\�RI�WKH�)RXULHU�DQDO\VLV�

,Q�WKH�PLGGOH�RI�WKH���¶V�WKLV�SLFWXUH�FKDQJHG�GUDVWLFDOO\�ZLWK�WKH�GHYHORSPHQW�RI�D�QHZ�JHQHUD�
WLRQ�RI�PLFURVFRSHV�WKDW�LQ�SUDFWLFH�YLRODWH�$EEH¶V�WKHRUHWLFDO�EDUULHU��7KLV�QHZ�JHQHUDWLRQ�RI�PLFUR�
VFRSHV�LV�W\SLILHG�E\�WKH�VFDQQLQJ�WXQQHOLQJ�HOHFWURQ�PLFURVFRSH��GHYHORSHG�E\�%HQQLJ�DQG�5RKHU�
>��@�ZKR�UHFHLYHG�WKH�1REHO�SUL]H�IRU�WKH�GLVFRYHU\��7KH�IRUFH�ILHOG�VFDQQLQJ�DSHUWXUHOHVV�PLFUR�
VFRSH�LPPHGLDWHO\�IROORZHG��RSHQLQJ�D�QHZ�UHDOP�IRU�PLFUR�ZRUOG�LPDJLQJ��7KHVH�LGHDV�ZHUH�DOVR
H[WHQGHG�WR�WKH�RSWLFDO�GRPDLQ��,Q������3RKO�HW�DO�>��@�ZHUH�DEOH�WR�GHPRQVWUDWH�WKH�IHDVLELOLW\�RI
WKH�VFDQQLQJ�DSHUWXUHOHVV�RSWLFDO�PLFURVFRSH�ZLWK�D�VSDWLDO�UHVROXWLRQ�RI�l�����7HQ�\HDUV�ODWHU�>��@�LW

ZDV�SRVVLEOH��IRU�WKHP��WR�DWWDLQ�UHVROXWLRQV�RI�l����RU�HYHQ�EHWWHU�

7KHUH�DUH�PDQ\�W\SHV�RI�VFDQQLQJ�RSWLFDO�PLFURVFRSHV��DV�FDQ�EH�VHHQ�LQ�UHIHUHQFH�>��@��+HUH�ZH
DUH�LQWHUHVWHG�RQO\�LQ�WKH�QRUPDO�W\SH�QRW�EDVHG�LQ�WKH�WXQQHOLQJ�HIIHFW��,Q�WKHVH�PLFURVFRSHV�WKH�OLJKW
HPLWWHG�E\�WKH�VDPSOH�LV�VLPSO\�FROOHFWHG�E\�WKH�VHQVLQJ�SUREH�DV�FDQ�EH�VHHQ�LQ�)LJ���

%DVLFDOO\� WKLV�PLFURVFRSH� LV� FRPSRVHG� RI� D� VHQVRU�� RU� OLJKW� GHWHFWRU�� D� VFDQQLQJ� V\VWHP�� QRW
VKRZQ�LQ�WKH�VNHWFK��WKDW�FRQWUROV�WKH�SRVLWLRQ�RI�WKH�SUREH��DQG�D�FRPSXWHU�ZLWK�D�GLVSOD\�GHYLFH�

7KH�OLJKW�GHWHFWRU�LV�LQ�JHQHUDO�PDGH�RI�D�YHU\�WKLQ�RSWLFDO�ILEHU�ZLWK�WKH�DUHD�RI�WKH�WLS�PXFK
VPDOOHU�WKDQ�WKDW�RI�D�VHFWLRQ�RI�D�KXPDQ�KDLU��7KH�OLJKW�FROOHFWHG�E\�WKH�VHQVRU�LV�GLUHFWHG�WR�D�ODUJH
HOHFWURQLF�GHWHFWRU�WKDW�FRQYHUWV�WKH�OLJKW�LQWHQVLW\�LQWR�DQ�HOHFWULFDO�SXOVH��,Q�VRPH�FDVHV�WKH�VHQVRU
H[WUHPLW\�FDQ�EH�D�VLPSOH�YHU\�VPDOO�VROLG�VWDWH�GHWHFWRU�FRQYHUWLQJ�GLUHFWO\�WKH�OLJKW�LQWR�DQ�HOHFWULF
SXOVH��,Q�DQ\�FDVH�WKH�OLJKW�WKDW�LPSLQJHV�RQ�VHQVLQJ�DUHD�RI�WKH�GHWHFWRU�LV�FRQYHUWHG�LQWR�DQ�HOHFWULF
SXOVH�WKDW�IHHGV�WKH�FRPSXWHU�

7KH�VFDQQLQJ�V\VWHP��QRW� VKRZQ� LQ� WKH� ILJXUH�� LV� FRPPRQO\� FRPSRVHG�RI� D� FDQWLOHYHU�ZKLFK
DUPV�DUH�PDGH�RI�SLH]R�HOHFWULF�TXDUW]�FU\VWDO��7KH�HOHFWULFDO�ILHOG�DSSOLHG�WR�WKH�DUPV�RI�WKH�VFDQ�
QLQJ�GHYLFH�FRQWUROV�WKH�SRVLWLRQ�RI�WKH�VHQVRU�DOORZLQJ�D�FRPSOHWH�VFDQQLQJ�RI�WKH�ZKROH�VDPSOH�

7KH�FRPSXWHU�UHFHLYHV�WKH�HOHFWULFDO�SXOVH�IURP�WKH�VHQVRU�DQG��DIWHU�D�VXLWDEOH�SURFHVVLQJ�RI�WKH

)LJ����±�6FDQQLQJ�DSHUWXUHOHVV�RSWLFDO�PLFURVFRSH�
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LQIRUPDWLRQ��SURGXFHV�D�ILQDO�DPSOLILHG�LPDJH�RI�WKH�VDPSOH�WKDW�DSSHDUV�RQ�WKH�GLVSOD\��7KLV�LPDJH
LV�WKH�UHVXOW�RI� WKH�IROORZLQJ�SURFHVV��7KH�VDPSOH� LV� LOOXPLQDWHG�DQG�LWV�SRLQWV�GLIIXVH� OLJKW� LQ�DOO
GLUHFWLRQV��7KH�VHQVRU��SRVLWLRQHG�RYHU�RQH�SRLQW�RI�WKH�VDPSOH��FROOHFWV�VRPH�RI�WKH�GLIIXVHG�OLJKW�
DQG�WUDQVIRUPV�LW�LQWR�DQ�HOHFWULF�SXOVH�SURSRUWLRQDO�WR�WKH�OLJKW�LQWHQVLW\��7KH�OLJKW�LQWHQVLW\�FDSWXUHG
GHSHQGV�RQ�WKH�GLVWDQFH�EHWZHHQ�WKH�VHQVRU�WLS�DQG�WKH�VXUIDFH�RI�WKH�VDPSOH��DQG�DOVR�RQ�WKH�FRO�
OHFWLQJ�DUHD�RI�WKH�VHQVRU�WLS��7KXV��GXULQJ�WKH�VFDQQLQJ�WKH�FRPSXWHU�UHFRUGV�WKH�YDULDWLRQ�RI�OLJKW
LQWHQVLW\�DORQJ�D�VFDQQLQJ�OLQH��%\�VFDQQLQJ�VXFFHVVLYH�OLQHV�RYHU�WKH�ZKROH�VDPSOH�ZH�ILQDOO\�REWDLQ
WKH�GHVLUHG�DPSOLILHG�LPDJH��)RU�H[DPSOH��LI�RQO\�RQH�SRLQW�RI�WKH�VDPSOH�GLIIXVHV�OLJKW��LQ�WKH�LPDJH
VKRZQ�RQ�WKH�GLVSOD\�RQH�REVHUYHV�D�FRQWLQXRXV�XQLIRUP�EDFNJURXQG�VXUIDFH�ZLWK�RQO\�RQH�GLVFRQ�
WLQXLW\��7KLV�GLVFRQWLQXLW\�UHSUHVHQWV�WKH�HQODUJHG�LPDJH�RI�WKDW�VLQJOH�SRLQW�

7KH�H[SHULPHQWDO�UHVROXWLRQ�RI�WKH�DSSDUDWXV�GHSHQGV�RQ�WKH�DUHD�RI�WKH�VHQVRU�WLS��WKH�DFFXUDF\
RI�WKH�VFDQQLQJ�GHYLFH�DQG�WKH�PLQLPXP�GLVWDQFH�EHWZHHQ�WKH�VDPSOH�DQG�WKH�VHQVRU¶V�H[WUHPLW\�

,W�PD\�EH�DUJXHG�WKDW� WKHVH�NLQGV�RI�PLFURVFRSHV�RQO\�ZRUN�ZLWK�D� ODUJH�QXPEHU�RI�SKRWRQV
WKHUHIRUH�DUH�XVHOHVV�ZKHQ�GHDOLQJ�ZLWK�D�VLQJOH�SKRWRQ��,I�WKLV�FODLP�KDG�DQ\�JURXQGV��WKHQ�LW�RXJKW
WR�EH�DOVR�DSSOLHG�WR�WKH�XVXDO�)RXULHU�PLFURVFRSH��1HYHUWKHOHVV�LW�FDQ�HDVLO\�EH�VKRZQ�WKDW��LQ�SULQ�
FLSOH��WKHVH�WZR�W\SHV�RI�PLFURVFRSHV�FDQ�RSHUDWH�ZLWK�RQH�VLQJOH�SKRWRQ��:KHQ�WKH�VLQJOH�SKRWRQ
VWULNHV�D�VPDOO�SDUWLFOH��VHH�)LJ����DQG�LV�GLIIXVHG��LW�PD\�KDSSHQ�WKDW�WKH�VPDOO�GHWHFWRU�LV�QRW�WULJ�
JHUHG��7KHQ�QR�PHDVXUHPHQW�LV�PDGH��,I�WKH�GLIIXVHG�SKRWRQ�LV�VHHQ�E\�WKH�GHWHFWRU��WKHQ�LWV�HQHUJ\
LV�FRQYHUWHG�LQWR�DQ�HOHFWULF�LPSXOVH��DQG�IHHGV�WKH�FRPSXWHU��ZKLFK�SURGXFHV�D�KLJK�SHDN�RQ�WKH
EDFNJURXQG��,Q�WKH�GLVSOD\HG�LPDJH�WKHUH�DSSHDUV�D�FRQWLQXRXV�EDFNJURXQG�ZLWK�D�VPDOO�VSRW��UHSUH�
VHQWLQJ�WKH�SDUWLFOH��7KH�GLPHQVLRQ�RI�WKH�VSRW�GHSHQG�QDWXUDOO\�RQ�WKH�RYHUDOO�H[SHULPHQWDO�UHVROX�
WLRQ�RI�WKH�DSSDUDWXV�

)RU�WKLV�NLQG�RI�VFDQQLQJ�DSHUWXUHOHVV�RSWLFDO�PLFURVFRSH��H[SHULPHQWV�>��@�KDYH�VKRZQ�WKDW�LW�LV
SRVVLEOH�WR�REWDLQ�VSDWLDO�UHVROXWLRQV�RI�l�����7KH�DXWKRUV�EHOLHYH�WKDW�WKH�WHFKQLTXH�FDQ�EH�LPSURYHG

WR�DWWDLQ�UHVROXWLRQV�RI�RYHU�l�����

,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�LQ�WKH�HQWLUH�SURFHVV�WKH�SKRWRQ�DOZD\V�EHKDYHV�OLNH�D�SDUWLFOH��HLWKHU
ZKHQ�LW�VWULNHV�WKH�SDUWLFOH�RU�ZKHQ�LW�LV�FDXJKW�DW�WKH�GHWHFWRU��7KHUHIRUH��WKLV�W\SH�RI�PHDVXUHPHQW
FDQQRW�EH�GHVFULEHG�E\�WKH�FRPSOHPHQWDULW\�SULQFLSOH��DQG�QDWXUDOO\��WKH�XVXDO�UXOHV��ZDYH�RU�SDUWL�
FOH��GR�QRW�DSSO\�

�� $�0HDVXUHPHQW�3URFHVV�WKDW�JRHV�EH\RQG�+HLVHQEHUJ¶V�8QFHU�
WDLQW\�5HODWLRQV

,Q�RUGHU�WR�VHH�LI�WKHUH�DUH�VRPH�YHU\�VSHFLDO�H[SHULPHQWDO�VLWXDWLRQV�QRW�GHVFULEHG�E\�WKH�FRP�
SOHPHQWDULW\� SULQFLSOH� WKXV� YLRODWLQJ�+HLVHQEHUJ¶V� XQFHUWDLQW\� UHODWLRQV�� OHW� XV� FRQVLGHU� WKH�ZHOO�
NQRZQ�+HLVHQEHUJ�PLFURVFRSH��)RU�WKH�VDNH�RI�PHWKRGLFDO�FODULW\�ZH�DUH�JRLQJ�WR�VWXG\�WKLV�FODVVL�
FDO�H[DPSOH�ERWK�ZLWK�WKH�FRPPRQ�)RXULHU�PLFURVFRSH�DQG�ZLWK�WKH�PLFURVFRSH�RI�WKH�QHZ�JHQHUD�
WLRQ�GHYHORSHG�E\�3RKO�

,Q�)LJ�����WKH�WZR�H[DPSOHV�DUH�VKRZQ�VLGH�E\�VLGH��ILUVW�IRU�WKH�SUHGLFWLRQ�RI�WKH�XQFHUWDLQW\�LQ
WKH�PRPHQWXP��WKHQ�IRU�WKH�XQFHUWDLQW\�LQ�SRVLWLRQ��DIWHU�WKH�LQWHUDFWLRQ�RI�WKH�SKRWRQ�ZLWK�WKH�VPDOO
SDUWLFOH�

7KH�XQFHUWDLQW\�LQ�PRPHQWXP�RI�WKH�SDUWLFOH�0��FDQ�EH�SUHGLFWHG�LQ�PDQ\�ZD\V��DV�FDQ�EHH�VHHQ
LQ�WKH�GLIIHUHQW�WH[WERRNV�RQ�TXDQWXP�PHFKDQLFV�>��������@��(DFK�DXWKRU� WULHV�D�VOLJKWO\�GLIIHUHQW
DSSURDFK��WDNLQJ�LQ�DFFRXQW�PRUH�RU�OHVV�IDFWRUV��XVLQJ�KRUL]RQWDO��YHUWLFDO�RU�RWKHU�LOOXPLQDWLRQ��EXW�
DW�WKH�HQG��WKH\�DOO�DUULYH�DW�WKH�VDPH�IRUPXOD��7KLV�LV�VR�EHFDXVH��DV�ZH�VKDOO�VHH��WKH�XQFHUWDLQW\�LQ
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SRVLWLRQ�IRU�DOO�WKH�XVXDO�)RXULHU�PLFURVFRSHV�LV�IL[HG�E\�$EEH¶V�FULWHULRQ��7KHUHIRUH��VLQFH�DOO�WKH
DXWKRUV�DUH�HDJHU� WR�DUULYH�DW� WKH�+HLVHQEHUJ¶V�XQFHUWDLQW\�UHODWLRQV� WKH\�KDYH� WR�GHULYH� WKH� VDPH
YDOXH� IRU� WKH� XQFHUWDLQW\� IRU� WKH�PRPHQWXP�� RWKHUZLVH� WKH\� FRXOG� DUULYH� DW� XQZDQWHG� VXUSULVLQJ
UHVXOWV��)LJ����VKRZV�WKH�UHJLRQ�RI�GHWHFWLRQ�RI�WKH�WZR�PLFURVFRSHV�IRU�D�KRUL]RQWDO�LOOXPLQDWLRQ�VLGH
E\�VLGH��7KH�UHDVRQLQJ�WKDW�OHDGV�WR�WKH�SUHGLFWLRQ�IRU�WKH�ILQDO�XQFHUWDLQW\�IRU�WKH�PRPHQWXP��RI�WKH
VPDOO�PLFURSDUWLFOH�SDUWLFOH�0�DIWHU�WKH�LQWHUDFWLRQ�ZLWK�WKH�LPSLQJLQJ�SKRWRQ��LV�LGHQWLFDO�ERWK�IRU
WKH�)RXULHU�PLFURVFRSH�DQG�IRU� WKH�VFDQQLQJ�RSWLFDO�PLFURVFRSH��7KLV� LV�VR��EHFDXVH� WKH�SK\VLFDO
VLWXDWLRQ�LV�SUHFLVHO\�WKH�VDPH�LQ�WKH�WZR�FDVHV��7KH�SKRWRQ�VWULNHV�WKH�VPDOO�SDUWLFOH�0�DQG�LV�GLI�
IXVHG��$IWHU�WKDW�LV�HYHQWXDOO\�FDXJKW��LQ�WKH�ILUVW�FDVH�E\�WKH�REMHFWLYH�OHQV�RI�WKH�PLFURVFRSH�DQG�LQ
WKH�VHFRQG�FDVH�E\�WKH�OLJKW�VHQVRU�

7KH�SUHGLFWLRQV�IRU�WKH�XQFHUWDLQWLHV�IRU�WKH�SRVLWLRQ�RI�WKH�SDUWLFOH�0��DIWHU�WKH�LQWHUDFWLRQ��DUH
FRPSOHWHO\�GLIIHUHQW�IRU�WKH�WZR�PLFURVFRSHV�

,Q�WKH�FDVH�RI�WKH�)RXULHU�PLFURVFRSH�WKH�PLQLPXP�VHSDUDWLRQ�ZLWK�ZKLFK�LW�LV�SRVVLEOH�WR�VHSD�
UDWH�WZR�SRLQWV�LV�JLYHQ�E\�$EEH¶V�UHVROXWLRQ�UXOH��GHULYHG�IURP�WKH�GLIIUDFWLRQ�WKHRU\��)RU�WKH�EHVW
SRVVLEOH�FDVH��ZKHQ�WKH�GLIIXVLQJ�DQJOH�LV�QHDU�p����LW�FRUUHVSRQGV�WR�KDOI�ZDYHOHQJWK�l����QDWXUDOO\�

DV�H[SHFWHG��WKH�SUDFWLFDO�UHVROXWLRQ�RI�WKH�XVXDO�PLFURVFRSHV�LV�JHQHUDOO\�SRRUHU�
)RU�WKH�QRQ�)RXULHU�PLFURVFRSH�WKHUH�LV�QR�PDWKHPDWLFDO�IRUPXOD��GHULYHG�IURP�ILUVW�SULQFLSOHV�

IRU� LWV� UHVROXWLRQ� OLPLW��1HYHUWKHOHVV�RQH�NQRZV� WKH�SUDFWLFDO� H[SHULPHQWDO� UHVROXWLRQ��ZKLFK� FHU�

)RXULHU�PLFURVFRSH 6FDQQLQJ�RSWLFDO�PLFURVFRSH
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QLQJ�DSHUWXUHOHVV�RSWLFDO�PLFURVFRSH
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WDLQO\�ZLOO�EH�JUHDWHU�WKDQ�WKH�WKHRUHWLFDO�OLPLW��)RU�WKH�PLFURVFRSH�XQGHU�FRQVLGHUDWLRQ�H[SHULPHQWV
KDYH�VKRZQ�WKDW�WKH�SUDFWLFDO�UHVROXWLRQ�LV�RI�WKH�RUGHU�RI�l����

7KH�SURGXFW�RI�WKH�WZR�XQFHUWDLQWLHV�IRU�WKH�)RXULHU�PLFURVFRSH�JLYHV�WKH�XVXDO�+HLVHQEHUJ�UHOD�
WLRQV��)RU�WKH�PLFURVFRSH�RI�WKH�QHZ�JHQHUDWLRQ�WKLV�SURGXFW�JLYHV�D�YLRODWLRQ�RI�WKH�XVXDO�XQFHU�
WDLQW\�UHODWLRQV�E\�D�VLJQLILFDQW�IDFWRU�RI������

7KLV� YLRODWLRQ� RI� WKH� XVXDO�+HLVHQEHUJ� XQFHUWDLQW\� UHODWLRQ�� LQ� WKLV� YHU\� VSHFLDO� H[SHULPHQWDO
VLWXDWLRQ��ZLWK�WKH�QHZ�JHQHUDWLRQ�VFDQQLQJ�RSWLFDO�PLFURVFRSH��QHHG�QRW�VXUSULVH�XV��$�FDUHIXO�ORRN
DW�WKH�H[SHULPHQW�VKRZV�WKDW�WKLV�DSSDUHQWO\�VXUSULVLQJ�UHVXOW�IROORZV�QDWXUDOO\�

$V�FDQ�EH�HDVLO\�VHHQ�WKH�SULQFLSOH�RI�FRPSOHPHQWDULW\�GHVFULEHV�SHUIHFWO\�ZHOO�WKH�EHKDYLRU�RI
WKH�)RXULHU�PLFURVFRSH��)LUVW��ZKHQ�WKH�SKRWRQ�VWULNHV� WKH� VPDOO�SDUWLFOH�0� DQG� LV�GLIIXVHG�E\�� LW
EHKDYHV�OLNH�D�SDUWLFOH��DIWHU�ZKLFK�LW�JRHV�WKURXJK�WKH�PLFURVFRSH��SURGXFLQJ�D�GLIIUDFWLRQ�VSRW�WKDW
EHKDYHV�OLNH�D�ZDYH��,Q�IDFW�WKLV�H[SHULPHQW�LV��LQ�WKH�H\HV�RI�%RKU��RQH�RI�WKH�SXUHVW�PDQLIHVWDWLRQV
LQ�1DWXUH�RI�WKH�SULQFLSOH�RI�FRPSOHPHQWDULW\�

,Q�WKH�VHFRQG�FDVH��ZLWK�WKH�PLFURVFRSH�RI�WKH�QHZ�JHQHUDWLRQ��WKH�SKRWRQ�EHKDYHV�OLNH�D�SDUWLFOH
LQ�ERWK�FDVHV��ZKHQ�LW�VWULNHV�WKH�SDUWLFOH�RU�ZKHQ�LW�LV�FDXJKW�DW�WKH�VPDOO�OLJKW�GHWHFWRU��7KHUHIRUH�
VLQFH�LQ�WKH�HQWLUH�PHDVXUHPHQW�SURFHVV�WKH�SKRWRQ�EHKDYHV�DV�D�SDUWLFOH��WKH�GXDO�QDWXUH�RI�TXDQWXP
V\VWHPV��ZDYH�RU�SDUWLFOH��LV�QRW�PDQLIHVW��,Q�VXFK�FRQGLWLRQV��LW�LV�SHUIHFWO\�QDWXUDO�WR�H[SHFW�WKDW�WKH
FRPSOHPHQWDU\� SULQFLSOH� GRHV� QRW� DSSO\� WR� WKLV� YHU\� SDUWLFXODU� NLQG� RI�PHDVXUHPHQW�� 6LQFH� WKLV
H[SHULPHQW� LV� QRW� GHVFULEHG� E\� WKH� FRPSOHPHQWDULW\� SULQFLSOH� LW� IROORZV� QHFHVVDULO\� WKDW�+HLVHQ�
EHUJ¶V�XQFHUWDLQW\�UHODWLRQV�DOVR�GR�QRW�DOVR�DSSO\�

���&RQFOXVLRQ

,W�KDV�EHHQ�VKRZQ��LQ�D�PDQQHU�VLPLODU�WR�WKH�RQH�LQLWLDOO\�SUHVHQWHG�E\�%RKU��DQG�VLQFH�WKHQ�XVHG
LQ�PRVW�WH[WERRNV�RQ�TXDQWXP�PHFKDQLFV��WKDW�WKH�XQFHUWDLQW\�SULQFLSOH�LV�QRW�VR�JHQHUDO�DV�FODLPHG�
7KH�ZRUNLQJ�RI�3RKO¶V�QRQ�)RXULHU�PLFURVFRSH�LV�QRW�GHVFULEHG�E\�%RKU¶V�FRPSOHPHQWDULW\�SULQFL�
SOH�VLQFH��WKURXJKRXW�WKH�PHDVXUHPHQW�SURFHVV��WKH�SKRWRQ�EHKDYHV�OLNH�D�SDUWLFOH��7KHUHIRUH�LW� LV
QDWXUDO�WR�H[SHFW�WKDW�+HLVHQEHUJ¶V�XQFHUWDLQW\�UHODWLRQ��EHLQJ�D�GLUHFW�FRQVHTXHQFH��GRHV�QRW�DSSO\�
7KXV��WKH�H[SHULPHQWDO�GLVFUHSDQF\�E\�D�VLJQLILFDQW�IDFWRU�RI������LV�SHUIHFWO\�QDWXUDO��7KLV�VKRZV
WKDW��LQ�FHUWDLQ�YHU\�VSHFLDO�H[SHULPHQWDO�VHWWLQJV��LW�LV�SRVVLEOH�WR�SUHGLFW��EHIRUH�DQ�DFWXDO�PHDVXUH�
PHQW�SURFHVV��LQWHUDFWLRQ��WDNHV�SODFH��WKH�IXWXUH�XQFHUWDLQWLHV�RI�SRVLWLRQ�DQG�PRPHQWXP�RI�D�SDUWL�
FOH�LQ�D�ZD\�WKDW�WKHLU�SURGXFW�LV�OHVV�WKDQ�K�

7KH�VWDWHG�IDFWV�DOORZ�XV�WR�PDLQWDLQ�WKDW��ILQDOO\��DIWHU�D�VR�ORQJ�VWUXJJOH��H[SHULPHQWDO�HYLGHQFH
FOHDUO\�VKRZV�WKDW�WKH�XVXDO�TXDQWXP�PHFKDQLFV�KDV�UHDFKHG�LWV�OLPLWV�RI�DSSOLFDELOLW\�DQG�WKHUHIRUH
PXVW�EH�UHSODFHG�E\�D�QHZ�PRUH�JHQHUDO�WKHRU\��7KLV�QHZ�WKHRU\�PXVW��RI�FRXUVH��LQFOXGH�IRUPDOO\
WKH�ROG�WKHRU\�DV�D�SDUWLFXODU�FDVH��JLYLQJ�QRQHWKHOHVV�D�QHZ�PHDQLQJ�WR�WKH�PDWKHPDWLFDO�IRUPDOLVP�
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