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0HWDO�VLOLFLGHV�KDYH�GUDZQ�D�JUHDW�DWWHQ�
WLRQ�LQ�FRQQHFWLRQ�ZLWK�9/6,�GHYLFHV�IRU�LQ�
WHUFRQQHFWRUV��JDWH��DQG�VRXUFH�FRQWDFWV�GXH
WR� ORZ� UHVLVWLYLW\�� JRRG� WKHUPDO� VWDELOLW\
DQG� VPDOO� PLVPDWFK� ZLWK� 6L� VXEVWUDWH�
$PRQJ� WKH�PHWDO� VLOLFLGHV�� FREDOW� GLVLOLFLGH
LV� GLVWLQJXLVKHG� E\� WKH� ORZHVW� UHVLVWLYLW\�
&R6L�� ILOPV� DUH� FRPPRQO\� SUHSDUHG� E\
HYDSRUDWLRQ� RU� VSXWWHULQJ� RI� WKH� VLQJOH�&R
OD\HU� RQWR� 6L� VXEVWUDWH�� RU� IRUPDWLRQ� RI
&R�6L�PXOWLOD\HUHG� ILOP� �0/)�� RI� DSSURSUL�

DWH� VWRLFKLRPHWU\� IROORZHG� E\� D� VXEVHTXHQW
DQQHDOLQJ�� 7KH� UHDFWLRQ� SURFHHGV� XVXDOO\
WKURXJK� D� QXPEHU� RI� LQWHUPHGLDWH� SKDVHV
XQWLO� WKH� WKHUPDOO\� VWDEOH� HQG� SURGXFW� LV
UHDFKHG�� ,W�ZDV� IRXQG� WKDW� WKH� VHTXHQFH� RI
SKDVH�IRUPDWLRQ�DV�ZHOO�DV�WKH�WHPSHUDWXUHV
RI�WKHLU�DSSHDUDQFH�GHSHQG�RQ�WKH�OD\HU�DQG
VXEOD\HU� WKLFNQHVVHV�� 7KXV�� IRU� H[DPSOH�
ZKHQ� DQQHDOLQJ� D� WKLFN� �DERXW� ���� QP� RU
WKLFNHU��&R�ILOP�GHSRVLWHG�RQWR�6L�VXEVWUDWH
&R�6L� SKDVH� LV� IRUPHG� ILUVW� >�@�� ZKLOH� IRU
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WKH� �SRO\FU\VWDOOLQH�&R�DPRUSKRXV�6L��0/)
ZLWK� RYHUDOO� VWRLFKLRPHWU\� RI� ���� DQG� EL�
OD\HU� SHULRG� RI� DERXW� ��� QP�� &R6L� ZDV
IRXQG� WR� EH� IRUPHG� DV� WKH� ILUVW� VLOLFLGH
SKDVH�� DQG� QH[W� &R�6L�� &R6L�� DQG� &R6L�SKDVHV� DUH� IRUPHG� VHTXHQWLDOO\� DV� WKH� DQ�
QHDOLQJ� WHPSHUDWXUH� LQFUHDVHV� >�@�� 2Q� WKH
RWKHU�KDQG��IRU�YHU\�WKLQ��XS�WR���PRQROD\�
HUV��&R� OD\HUV� RQ�6L�� LW� LV� MXVW�&R6L�� SKDVHWKDW� ZDV� IRXQG� WR� EH� IRUPHG� ILUVW� DW
7�t�����&�>�@�

7KH� LQLWLDO� VLOLFLGH� JURZWK� VWDJH� DQG� UH�
DFWLRQ�PHFKDQLVP�DUH�XVXDOO\�VWXGLHG�XVLQJ
VXUIDFH�VHQVLWLYH�PHWKRGV�VXFK�DV�;�UD\�GLI�
IUDFWLRQ��;36��5%6��6,06��$(6��DQG�/(('�
,W�LV�ZHOO�NQRZQ�WKDW�ERWK�RSWLFDO�DQG�PDJ�
QHWR�RSWLFDO� �02�� SURSHUWLHV� RI� PHWDOV� GH�
SHQG� VWURQJO\� RQ� WKHLU� HOHFWURQ� HQHUJ\
VWUXFWXUHV� ZKLFK� DUH� FRUUHODWHG� ZLWK� WKH
DWRPLF� DQG�PDJQHWLF� RUGHULQJ�� 7KH� VSRQWD�
QHRXV� RU� WKHUPDOO\� LQGXFHG� LQWHUGLIIXVLRQ
EHWZHHQ�&R�DQG�6L�DWRPV� LQ� WKH�&R�6L�0/)
VKRXOG� FKDQJH� WKH� FKHPLFDO� DQG� DWRPLF� RU�
GHULQJ� LQ� WKH� UHDFWLYH� ]RQH� DQG� DOVR� GH�
FUHDVH� WKH� WKLFNQHVV� RI� &R� VXEOD\HUV� �DQG
KHQFH� WKH� 02� UHVSRQVH� IURP� WKH� OD\HUHG
V\VWHP��� 6R�� LW� VHHPV� DWWUDFWLYH� WR� HPSOR\
QRQFRQWDFW� QRQGHVWUXFWLYH� VSHFWURVFRSLF� HO�
OLSVRPHWU\��6(��DQG�02�VSHFWURVFRS\�IRU�LQ
VLWX�VWXG\LQJ�WKH�VROLG�VWDWH�UHDFWLRQV�LQ�WKH
OD\HUHG�VWUXFWXUHV��7KH�HOOLSVRPHWU\�ZDV�DO�
UHDG\� HPSOR\HG� IRU� WKH� LQYHVWLJDWLRQ� RI� FR�
EDOW�VLOLFLGHV�IRUPDWLRQ� LQGXFHG�E\�DQQHDOLQJ
RI� &R� OD\HUV� GHSRVLWHG� RQ� 6L� ZDIHU� >�Ü�@�
+RZHYHU�� WKH� DXWKRUV� KDYH� SHUIRUPHG� RQO\
HOOLSVRPHWULF� PHDVXUHPHQWV� DW� IL[HG� ZDYH�
OHQJWK� >�@�� RU� UHVWULFWHG� WKH� 6(� LQYHVWLJD�
WLRQV�RQO\�WR�FRV'�VSHFWUD�PHDVXUHPHQWV�>�@
�ZKHUH�'� LV� WKH� HOOLSVRPHWULF� DQJOH��� RU� RE�
WDLQHG� WKH�YDULDWLRQ�RI�YROXPH� IUDFWLRQV� RI
WZR� SRVVLEOH� &R�VLOLFLGH� SKDVHV� ZLWK� GHSWK
LQ� WKH� IUDPHZRUN� RI� %UXJJHPDQ� HIIHFWLYH
PHGLXP� WKHRU\� ZLWKRXW� WKH� PXOWLOD\HU
PRGHO�SDUDPHWUL]DWLRQ�>�@�

2EYLRXVO\�� WKH� UHDO� VWUXFWXUHV� DQG�PDJ�
QHWLF� SURSHUWLHV� RI� WKH� DV�GHSRVLWHG� DQG�RU
UHDFWHG� OD\HUHG� �RU� PXOWLOD\HUHG�� V\VWHP
PD\� EH� YHULILHG� E\� D� FRPSDULVRQ� EHWZHHQ
WKH� H[SHULPHQWDO� DQG� FRPSXWHU�VLPXODWHG
RSWLFDO�DQG�02�GDWD��EDVHG�RQ�DQ�DSSURSUL�
DWH�PRGHO� RI� WKH� OD\HUHG� VWUXFWXUH� DQG� WKH
SURSHUWLHV�RI�WKH�FRQVWLWXHQW�VXEOD\HUV��7KH
RSWLFDO� SURSHUWLHV� RI� FU\VWDOOLQH� FREDOW
PRQRVLOLFLGH� >�@� DQG� GLVLOLFLGH� >�Ü��@� ZHUH
VWXGLHG� H[SHULPHQWDOO\� VHYHUDO� WLPHV� DQG
H[SODLQHG� XVLQJ� WKH� UHVXOWV� RI� ILUVW�SULQFL�
SOHV� FDOFXODWLRQV� >��@��7KLV� IDFW� FUHDWHV� WKH
IDYRUDEOH� FRQGLWLRQV� IRU� WKH� FRPSDULVRQ� RI
RSWLFDO�SURSHUWLHV�RI�WKH�UHDFWHG�&R�6L�0/)

ZLWK� WKRVH� RI� FU\VWDOOLQH� FREDOW� VLOLFLGHV�
7KXV�� WKH� DLP� RI� WKLV� ZRUN� LV� WR� GHPRQ�
VWUDWH� WKH�SRWHQWLDO�RI� WKH�RSWLFDO�DSSURDFK
�6(� DQG� 02� VSHFWURVFRS\�� IRU� VWXG\LQJ� RI
WKH� VSRQWDQHRXV� VROLG� VWDWH� UHDFWLRQV� DQG
WKRVH�LQGXFHG�E\�WKHUPDO�DQQHDOLQJ�LQ�&R�6L
0/)�

����� QP� &R������ QP� 6L���� 0/)� ZLWK
RYHUDOO� VWRLFKLRPHWU\� RI�&R6L�� DQG�&R� WRS�PRVW� OD\HU�ZHUH� SUHSDUHG� E\�'&�VSXWWHULQJ
RQWR�VLQJOH�FU\VWDOOLQH�6L�VXEVWUDWHV�NHSW�DW
URRP� WHPSHUDWXUH� �57��� 7KH� VWUXFWXUDO
FKDUDFWHUL]DWLRQ� RI� WKH� &R�6L� 0/)� LQ� WKH
DV�GHSRVLWHG� VWDWH� DQG� DIWHU� HDFK� VWHS� RI
KHDW� WUHDWPHQW� ZDV� SHUIRUPHG� E\� +$;5'
ZLWK�&R�.D�UDGLDWLRQ�XVLQJ�WKH�'HE\H�6KHU�UHU�SKRWRJUDSKLF�FDPHUD��7KH�GHWDLOV�RI�WKH
RSWLFDO�DQG�02�PHDVXUHPHQWV�FDQ�EH�IRXQG
HOVHZKHUH� >��@�� $IWHU� WKH� VWUXFWXUDO� DQG
SK\VLFDO�SURSHUWLHV�RI�WKH�DV�GHSRVLWHG�&R�6L
0/)� KDG� EHHQ� LQYHVWLJDWHG�� WKH�0/)� ZHUH
DQQHDOHG� LQ� VHTXHQFH� DW� ����� ����� ���� DQG
����&� DQG� WKHLU� VWUXFWXUDO� DQG� SK\VLFDO
SURSHUWLHV�ZHUH�VWXGLHG�DJDLQ�DIWHU�HDFK�DQ�
QHDOLQJ� VWHS�� 7KH� VLPXODWLRQ� RI� WKH� RSWLFDO
DQG� 02� SURSHUWLHV� RI� WKH�&R�6L� 0/)� KDYH
EHHQ� SHUIRUPHG� E\� H[DFW� VROYLQJ� WKH� PXO�
WLUHIOHFWLRQ� SUREOHP� E\� XVLQJ� D� VFDWWHULQJ
PDWUL[�DSSURDFK�>��@��7KH�VLPXODWLRQ�QHHGV
WKH�NQRZOHGJH� RI� WKH�RSWLFDO�DQG�02�SURS�
HUWLHV� RI� FRQVWLWXHQW� VXEOD\HUV� RI� WKH�&R�6L
0/)� �DV� LQSXW� SDUDPHWHUV� IRU� VLPXODWLRQ��
)RU� WKLV� SXUSRVH�� SXUH�&R� DQG� 6L� ILOPV� RI
���� DQG� ���� QP� WKLFNQHVV�� UHVSHFWLYHO\�
ZHUH�GHSRVLWHG�DW�WKH�VDPH�GHSRVLWLRQ�FRQGL�
WLRQV� DQG� WKHLU� GLHOHFWULF� IXQFWLRQV� �')�
ZHUH� GHWHUPLQHG�� ,Q� DGGLWLRQ� WR�&R� DQG�6L
ILOPV�� DQ� DPRUSKRXV�&R����6L����� DOOR\� ILOPDQG�D�SRO\FU\VWDOOLQH�EXON�&R6L�� DOOR\� VDP�
SOH�ZHUH�SUHSDUHG� DQG� WKHLU�RSWLFDO�SURSHU�
WLHV� ZHUH� LQYHVWLJDWHG�� $Q� DPRUSKRXV
&R����6L����� DOOR\� ILOP� ZDV� SUHSDUHG� XVLQJ
IODVK�HYDSRUDWLRQ�RI�WKH�&R6L��DOOR\�SRZGHURQWR� JODVV� VXEVWUDWH� FRROHG� ZLWK� OLTXLG� QL�
WURJHQ�

7KH� +$;5'� VSHFWUXP� RI� WKH� DV�GHSRV�
LWHG� &R�6L� 0/)� �QRW� VKRZQ�� ORRNV� DPRU�
SKRXV�OLNH�� 7KH� H[SHULPHQWDO� 2&� DQG� H�VSHFWUD� IRU� WKH�&R�6L�0/)� LQ� WKH� DV�GHSRV�
LWHG�VWDWH�DQG�DIWHU�YDULRXV�KHDW�WUHDWPHQWV
DUH� VKRZQ� LQ�)LJ����� ,W� LV� FOHDUO\� VHHQ� WKDW
DOO� WKHVH� VSHFWUD� PLJKW� EH� VXEGLYLGHG� LQWR
WKUHH� GLIIHUHQW� JURXSV� DV� WR� EHKDYLRU�� WKH
ILUVW�JURXS�LQFOXGHV�WKH�V�DQG�H��VSHFWUD�IRUWKH� DV�GHSRVLWHG� VWDWH�� WKH� VHFRQG� JURXS� LV
IRUPHG� E\� WKH� VSHFWUD� REWDLQHG� DIWHU� DQ�
QHDOLQJ�DW����������DQG�����&��DQG�WKH�ODVW
RQH�DQVZHUV� WR�WKH�VWDWH�IRUPHG�GXH�WR�DQ�
QHDOLQJ�RI�WKH�&R�6L�0/)�DW�����&��7KH�2&
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VSHFWUXP�IRU�WKH�DV�GHSRVLWHG�&R�6L�0/)�LV
VWUXFWXUHOHVV� LQ� WKH� ���� WR� �� H9� HQHUJ\
UDQJH� ZLWK� D� VKDUSO\� GHFUHDVLQJ� V� YDOXH
EHORZ�����H9��7KH�H���EHLQJ�DOZD\V�SRVLWLYH�VKRZV�D�VWHDG\�LQFUHDVH�ZLWK�WKH�GHFUHDVLQJ
SKRWRQ�HQHUJ\��7KH�IRUPDWLRQ�RI�WKH�KRPR�
JHQHRXV� DPRUSKRXV� VWUXFWXUH� LQ� WKH� DV�GH�
SRVLWHG�&R�6L�0/)�VKRXOG�EH�H[FOXGHG�IURP
WKH�FRQVLGHUDWLRQ��EHFDXVH�RSWLFDO�SURSHUWLHV
RI� KRPRJHQHRXV� DPRUSKRXV�&R6L�� ILOP� �HV�
SHFLDOO\� WKH� H�� VSHFWUD�� GLIIHU� PDUNHGO\
IURP�WKRVH�RI�0/)�V��VHH�)LJ������7KH�VLPX�
ODWHG� 2&� VSHFWUXP� IRU� WKH� &R�6L� 0/)� RE�
WDLQHG�IRU�WKH�PRGHO�ZLWK�D�VKDUS�LQWHUIDFH
EHWZHHQ�SXUH�&R� DQG�6L� VXEOD\HUV� RI�QRPL�
QDO� WKLFNQHVVHV� �VHH� )LJ����� H[KLELWV� D
SURPLQHQW� DEVRUSWLRQ� SHDN� QHDU� ���� WR
����H9��IRUPHG�IURP�WKH�6L�VXEDO\HUV��DQG�D
ZHDN� VLQJXODULW\� DW� ���� H9� ZKLFK� LV� RULJL�
QDWHG� IURP� WKH� PDLQ� LQWHUEDQG� DEVRUSWLRQ
SHDN�RI�&R��7KH� H[SHULPHQWDO�2&�VSHFWUXP
RI� WKH� DV�GHSRVLWHG� &R�6L� 0/)� GRHV� QRW
VKRZ� DQ\� YLVLEOH� HYLGHQFHV� RI� WKH� ���� H9
DEVRUSWLRQ� SHDN� UHODWHG� WR� DPRUSKRXV� 6L�
7KLV� IDFW�� DV�ZHOO� DV� WKH� GUDVWLF� VKDSH� GLV�
DJUHHPHQW� EHWZHHQ� WKH� VLPXODWHG� DQG� H[�
SHULPHQWDO�H��VSHFWUD�HQDEOH�XV�WR� FRQFOXGHWKDW�WKH�DIRUHPHQWLRQHG�PRGHO�RI�WKH�&R�6L
0/)�GRHV�QRW�GHVFULEH�DGHTXDWHO\�WKH�DFWXDO
0/)�V� VWUXFWXUH��7KH�VDPH�FDWHJRULFDO�FRQ�

FOXVLRQ�RQ�ODFN�RI�FRUUHVSRQGHQFH�RI�VXFK�D
&R�6L�0/)�PRGHO� WR� WKH� UHDOLW\� DULVHV� DOVR
IURP� WKH� FRPSDULVRQ� RI� WKH� H[SHULPHQWDO
DQG�VLPXODWHG�(.(�VSHFWUD��7KH�H[SHULPHQ�
WDO�02�UHVSRQVH�IURP�WKH�DV�GHSRVLWHG�&R�6L
0/)� LV� H[WUHPHO\�ZHDN�� DQG� WKH� VLPXODWHG
(.(�VSHFWUXP�VKRXOG�EH�SORWWHG�ZLWK�D�VFDO�
LQJ� IDFWRU� RI� ����� LQ� RUGHU� WR� PDNH� WKHLU
PDJQLWXGHV�FRPSDUDEOH��VHH�)LJ������

%RWK� WKHVH� UHVXOWV� FDQ� EH� XQGHUVWRRG� LI
WKH� QRWLFHDEOH� UHGXFWLRQ� RI� SXUH�6L� DQG�&R
FRQWHQWV�LQ�VXFK�D�ILOPV�GXH�WR�LQWHUPL[LQJ

)LJ�����([SHULPHQWDO��V\PEROV��DQG�VLPXODWHG
IRU�GLIIHUHQW�PRGHOV� �VHH� WH[W�� �OLQHV�� RSWLFDO
FRQGXFWLYLW\� �D�� DQG� H�� �E�� VSHFWUD� IRU
�����QP�&R������QP�6L���� 0/)�� 7KH� H[SHUL�
PHQWDO� V� DQG� H�� VSHFWUD� IRU� DPRUSKRXV
&R����6L�����DOOR\�ILOPV�DUH�VKRZQ�E\�GDVK�GRW�GRW�OLQHV�

)LJ����� ([SHULPHQWDO� �V\PEROV�� DQG� VLPXODWHG
�OLQHV��IRU�GLIIHUHQW�PRGHOV��VHH�WH[W��(.(�VSHF�
WUD�IRU������QP�&R������QP�6L����0/)�WDNHQ�DW
57�DQG�WKH�DQJOH�RI�LQFLGHQFH�RI�����

)LJ����� ([SHULPHQWDO� RSWLFDO� FRQGXFWLYLW\� �D�
DQG� H�� �E�� VSHFWUD� IRU� WKH� ����� QP
&R������ QP� 6L���� 0/)� LQ� WKH� DV�GHSRVLWHG
VWDWH� DQG� DIWHU� YDULRXV�KHDW� WUHDWPHQWV��7KH
FRUUHVSRQGLQJ� VSHFWUD� IRU� EXON� FU\VWDOOLQH
&R6L�� DOOR\� DUH� VKRZQ� E\� VROLG� OLQHV� IRU� WKHFRPSDULVRQ�
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RU� FREDOW� VLOLFLGH� IRUPDWLRQ� ZLOO� EH� VXS�
SRVHG��7KLV�LV�FRQVLVWHQW�ZLWK�UHVXOWV�RI�)DO�
ORQ� HW� DO�� ZKR� REVHUYHG� WKH� VXSHUSDUDPDJ�
QHWLF�EHKDYLRU�LQ�FR�GHSRVLWHG�&R�±[6L[�DOOR\ILOPV� IRU�[�!������ >��@�� 7KH� DJUHHPHQW� EH�
WZHHQ� WKH� VLPXODWHG� DQG� WKH� H[SHULPHQWDO
2&� VSHFWUD� IRU� WKH� DV�GHSRVLWHG�&R�6L� 0/)
LV� QRW� VLJQLILFDQWO\� LPSURYHG� LI� WKH� FRP�
SOHWH�FRQVXPSWLRQ�RI�&R�VXEOD\HUV�DQG�SDU�
WLDO�FRQVXPSWLRQ�RI�WKH�6L�VXEOD\HUV�IRU�WKH
FREDOW� VLOLFLGH� IRUPDWLRQ� RI� &R6L
VWRLFKLRPHWU\�ZLOO� EH� VXSSRVHG� �VHH�)LJ�����
,Q�VXFK�D�PRGHO� �VR�FDOOHG��PL[HG� LQWHUIDFH
PRGHO���� WKH� ����� QP� &R������ QP� 6L���0/)�V� IRUPXOD� ZDV� UHSODFHG� E\� WKH
������QP�&R6L������QP�6L���� RQH��$V� LQSXWSDUDPHWHUV� IRU� &R6L� VXEOD\HUV�� WKH� UHVXOWV
RI�WKH�ILUVW�SULQFLSOHV�FDOFXODWLRQV�RI�WKH�RS�
WLFDO�SURSHUWLHV�RI� WKH�&R6L�FRPSRXQG�ZHUH
XVHG� �VHH� )LJ������ ,W� LV� NQRZQ� WKDW�&R6L� LV
QRW� IHUURPDJQHWLFDOO\� RUGHUHG� DW� 57� >��@�
7KHUHIRUH��WR�VLPXODWH�WKH�(.(�VSHFWUXP�RI
WKH� DV�GHSRVLWHG� &R�6L� 0/)� LQ� WKH� IUDPH�
ZRUN� RI� HVVHQWLDOO\� WKH� VDPH� PRGHO� ZLWK
PL[HG� LQWHUIDFH� RI� &R6L� VWRLFKLRPHWU\�� ZH
VXSSRVHG�WKDW�RQO\���PRQROD\HUV�RI�SXUH�&R
ZHUH�UHPDLQHG�XQUHDFWHG��)RU�WKLV�FDVH��WKH
&R�6L�0/)�VWUXFWXUH�PLJKW�EH�SUHVHQWHG�DV�
������ QP� &R6L����� QP� &R������QP
&R6L������QP�6L�����+RZHYHU��HYHQ�IRU�WKLVPRGHO�� WKH� VFDOLQJ� IDFWRU� RI� DERXW� ����
VKRXOG�EH�XVHG�LQ�RUGHU�WR�HTXDOL]H�WKH�PDJ�
QLWXGHV� RI� WKH� H[SHULPHQWDO� DQG� VLPXODWHG
(.(�VSHFWUD��VHH�)LJ�����

7DNLQJ� LQWR� DFFRXQW� WKH� WUHQG� LQ� PDLQ
DEVRUSWLRQ� SHDN� ORFDWLRQ� LQ� WKH� 2&� VSHFWUD
RI� &R�VLOLFLGHV� �VHH� )LJ����� DQG� 1L�VLOLFLGHV
>��@� ZLWK� LQFUHDVH� LQ� �G�70� FRQWHQW�� WKH
VLQJXODULW\�DW�����H9�LQ�WKH�2&�VSHFWUXP�RI
DV�GHSRVLWHG�&R�6L�0/)�PLJKW�EH�UHODWHG�WR
WKH� IRUPDWLRQ� RI� UHJLRQV� ZLWK� D
VWRLFKLRPHWU\�FORVH� WR�&R�6L��$QQHDOLQJV�RIWKH�DV�GHSRVLWHG�&R�6L�0/)�DW�����������DQG
����&�GR�QRW�SURGXFH�DQ\�YLVLEOH�FKDQJHV�LQ
WKHLU�DPRUSKRXV�OLNH�+$;5'�VSHFWUD��+RZ�
HYHU�� WKH� RSWLFDO� SURSHUWLHV� RI� WKH� &R�6L
0/)� DUH� FKDQJHG� YHU\� VLJQLILFDQWO\� ZKLOH
EHLQJ�HVVHQWLDOO\�LGHQWLFDO�WR�HDFK�RWKHU��VHH
)LJ������7KH�FRPSDULVRQ�RI�WKH�H[SHULPHQWDO
V�DQG�H��VSHFWUD�IRU�WKH�&R�6L�0/)�DQQHDOHG
DW�����&�ZLWK� WKH�VLPXODWHG�RQHV�PDGH� IRU
PL[HG�LQWHUIDFH�PRGHO�DQG�0/)�IRUPXOD�RI
������QP�&R6L������QP�6L����VKRZV�WKH�FRQ�VLGHUDEOH� UHVHPEODQFH� WKHUHRI�� 7KLV� HQDEOHV
XV� WR� FRQFOXGH� WKDW� DQQHDOLQJ� DW� ����� ����
DQG� ����&� UHVXOWV� LQ�&R�6L� FRQYHUVLRQ� LQWR&R6L��7KLV�LV�DOVR�FRQVLVWHQW�ZLWK�WKH�VWDWH�
PHQW�RI�3UHWRULXV�DQG�0D\HU�WKDW�WKH�&R6L
SKDVH� LV� IROORZHG� E\� WKH�&R�6L� RQH� IRUPHG
ILUVW� >��@�� ,W� VKRXOG� EH� UHPLQGHG� KHUH� WKDW
LQ� VLPXODWLRQ��ZH�XVHG� WKH� UHVXOWV� RI� ILUVW�
SULQFLSOHV�FDOFXODWLRQV�IRU�&R6L��ZKLFK�ZHUH
QRW� EURDGHQHG�� 7KDW� LV� ZK\� WKH� LQWHUEDQG
DEVRUSWLRQ� SHDNV� LQ� WKH� VLPXODWHG� V� VSHF�
WUXP�ORRN�VKDUSHU�WKDQ�WKRVH�RI�H[SHULPHQ�
WDO�2&�VSHFWUXP�

7KH� (.(� VSHFWUXP� IRU� WKH� DQQHDOHG
&R�6L�0/)�LV�QRWLFHDEO\�GLIIHUHQW�IURP�WKDW
RI� WKH� DV�GHSRVLWHG� RQH� �VHH� )LJ������ +RZ�
HYHU�� WKH�PDJQLWXGH� RI� WKH�02�UHVSRQVH� LV
DOVR� H[WUHPHO\� ZHDN�� $Q� DQQHDOLQJ� RI� WKH
&R�6L� 0/)� DW� ����&� FDXVHV� DSSUHFLDEOH
FKDQJHV� LQ� LWV� RSWLFDO�SURSHUWLHV�� WKH� LQWHU�
EDQG� DEVRUSWLRQ� SHDNV� DW� ���� DQG� ���� WR
�� H9� EHFRPH� GLVDSSHDUHG�� DQG� LQVWHDG� RI� D
EURDG�SHDN�DW�����H9��WZR�SHDNV�DW������DQG
���� H9�DUH� RFFXUUHG� LQ� WKH�2&�VSHFWUXP�RI
WKLV� 0/)� �VHH� )LJ������ 7KH� FRPSDULVRQ� RI
WKH�H[SHULPHQWDO�V�VSHFWUXP�RI�VXFK�DQ�DQ�
QHDOHG� &R�6L� 0/)� ZLWK� WKDW� RI� FU\VWDOOLQH
EXON� &R6L�� �VHH� )LJV���� DQG� ��� DV� ZHOO� DVZLWK� WKH� UHVXOWV� RI� WKH� ILUVW�SULQFLSOHV� FDO�
FXODWLRQV� IRU� &R6L�� FRPSRXQG� �VHH� )LJ����
LQGLFDWHV� WKHLU� SHUIHFW� DJUHHPHQW�� 7KHUH�
IRUH�� WKH� FRQFOXVLRQ� RQ� WKH� IRUPDWLRQ� RI
FU\VWDOOLQH�&R6L��SKDVH�LQ�&R�6L�0/)�FDQ�EH
FRQILGHQWO\�PDGH�RQ�WKH�EDVLV�RI�WKHVH�RSWL�
FDO�GDWD��7KH�+$;5'�VSHFWUXP�RI�WKH�&R�6L
0/)� DQQHDOHG� DW� ����&� LV� DOVR� FKDQJHG
GUDVWLFDOO\� VKRZLQJ� WKH� IRUPDWLRQ� RI� FU\V�
WDOOLQH�&R6L��SKDVH�

)LJ����� &DOFXODWHG� �OLQHV�� DQG� H[SHULPHQWDO
�V\PERO��V��D��DQG�H���E��VSHFWUD�IRU�&R6L�>��@DQG�&R6L��>��@�VLOLFLGHV�
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7KXV�� WKH� FRQVLGHUDWLRQ� RI� WKH� RSWLFDO
GDWD� HQDEOHV� XV� WR� FRQFOXGH� WKDW� DV�GHSRV�
LWHG�&R�6L�0/)�LV�QRW�KRPRJHQHRXVO\�DPRU�
SKRXV�� DQG� WKDW� WKH�&R� VXEOD\HUV� DUH� FRQ�
VXPHG�IRU�WKH�IRUPDWLRQ�RI�WKH�UHJLRQV�ZLWK
VWRLFKLRPHWU\� FORVH� WR�� SUREDEO\�� &R�6L�+$;5'� SDWWHUQV� GR� QRW� VKRZ� DQ\� YLVLEOH
FKDQJHV� LQ� WKH� &R�6L� 0/)�V� VWUXFWXUH
FDXVHG� E\� LWV� DQQHDOLQJ� DW� ����� ���� DQG
����&��ZKLOH�DFFRUGLQJ�WR�WKH�UHVXOWV�RI�RS�
WLFDO� VWXG\�� WKH� VWUXFWXUH� RI� VXFK� DQQHDOHG
0/)� GLIIHUV� IURP� WKDW� RI� WKH� DV�GHSRVLWHG
RQH� DQG� PLJKW� EH� UHSUHVHQWHG� E\� WKH� IRU�
PXOD� ������ QP� &R6L������ QP� 6L��� ,QGH�
SHQGHQWO\� RQ� WKH�+$;5'� UHVXOWV�� WKH� FRQ�
FOXVLRQ�RQ�WKH�IRUPDWLRQ�RI�&R6L��SKDVH�LQ�GXFHG� E\� DQQHDOLQJ� RI�&R�6L�0/)� DW� ����&
FDQ�EH�FRQILGHQWO\�GRQH�EDVLQJ�RQ�WKH�RSWL�
FDO�VWXG\�RQO\��

$FNQRZOHGJPHQWV�� 7KLV� ZRUN� ZDV� VXS�
SRUWHG� E\� WKH� .26()� WKURXJK� 4XDQWXP
3KRWRQLF� 6FLHQFH� 5HVHDUFK� &HQWHU� �T�3VL��
E\� .RUHD� 5HVHDUFK� )RXQGDWLRQ� JUDQWV
�.5)��������'6�����DQG�.5)����'3������
DQG�E\�WKH�0267��.RUHD�
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