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,Q� VDSSKLUH� VLQJOH� FU\VWDOV� JURZQ� LQ� JDV
PHGLD�E\�WKH�PHOW�KRUL]RQWDO�FU\VWDOOL]DWLRQ�LQ
PRO\EGHQXP� FUXFLEOHV��PLFURSDUWLFOHV� RI�XQHV�
WDEOLVKHG� FRPSRVLWLRQ� PD\� EH� IRUPHG� DORQJ
ZLWK�JDV�SRFNHWV�RI�����Ü��WR�����Ü��FP��VL]H�
7KH�PLFURSDUWLFOHV�KDYH�D�VL]H�OHVV�WKDQ���PP
DQG�WKH�QXPEHU�PD\�DWWDLQ�����WR�����FPÜ��
GHSHQGLQJ� RQ� WKH�SUHVVXUH� DQG� FRPSRVLWLRQ
RI� WKH� JDVHRXV� PHGLXP� ZKHUH� WKH� FU\VWDO�
OL]DWLRQ�RFFXUV��,Q�FRQWUDVW�WR�WKH�JDV�SRFN�
HWV� ILOOHG�ZLWK�FDUERQ�PRQR[LGH�DQG�K\GUR�
JHQ�WKDW�DUH�IRUPHG�XQGHU�WKH�PHOW�FRQFHQ�
WUDWLRQ� RYHUFRROLQJ� LQ� WKH� LQWHUFHOOXODU
KROORZV� DW� WKH� LQWHUIDFH� >�Ü�@�� WKH� PL�
FURSDUWLFOHV�DUH�IRUPHG�DW�WKH�VPRRWK�SKDVH

LQWHUIDFH�� WRR��$OVR�� LQ� FRQWUDVW� WR� WKH� JDV
SRFNHWV�� WKH� PLFURSDUWLFOH� IRUPDWLRQ� LV� LQ�
GHSHQGHQW�RI�WKH�UDZ�PDWHULDO�SXULW\��7KHVH
H[SHULPHQWDO� UHVXOWV� IRUP� D� EDVH� IRU� DV�
VXPSWLRQ�WKDW�WKH�PLFURSDUWLFOHV�DUH�IRUPHG
HLWKHU� GXH� WR� WKH� PHOW� GHYLDWLRQ� IURP
VWRLFKLRPHWU\��WKDW�LV��WR�WKH�PHOW��RU�FU\V�
WDO�� VXSHUVDWXUDWLRQ� LQ� FHUWDLQ� SURGXFWV� RI
$O�2�� GLVVRFLDWLRQ�� RU� GXH� WR� WKH� LPSXULW\PHWDO� R[LGHV� WKDW� DWWDLQ� WKH� PHOW� VXUIDFH
GXULQJ�WKH�FU\VWDOOL]DWLRQ��6XFK�R[LGHV�PD\
EH�� LQ� ILUVW� WXUQ�� WXQJVWHQ� �PRO\EGHQXP�
R[LGHV�DSSHDULQJ�GXH� WR� LQWHUDFWLRQ�RI�R[\�
JHQ� EHLQJ� UHOHDVHG� IURP� WKH�PHOW� �RU� FU\V�
WDO��ZLWK�WKH�FUXFLEOH�RU�KHDW�VKLHOG�PDWHUL�
DOV� RI� WKH� JURZWK� FKDPEHU� DVVHPEO\�� 7KH
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LQHUW� JDV� PHGLXP� VHHPV� WR� SURYLGH� FRQGL�
WLRQV� IRU� WKH� PHOW� GHYLDWLRQ� IURP
VWRLFKLRPHWU\� DQG� FRQWDPLQDWLRQ�� 6LQFH� WKH
FU\VWDO� DQG� LWV� PHOW� GHYLDWLRQ� IURP
VWRLFKLRPHWU\� LV� GHILQHG� E\� WKH� LPSXULW\
DQG�PDWUL[�DWRPV�UHOHDVH�WKHUHIURP��WKH�LQ�
YHVWLJDWLRQ� RI� WKRVH� SURFHVVHV� DUH� RI� JUHDW
LPSRUWDQFH�WR�HVWDEOLVK�WKH�QDWXUH�RI�WKH�JDV
SRFNHWV� DQG�PLFURSDUWLFOHV��:H�KDYH� DOUHDG\
GHVFULEHG�VRPH�UHVXOWV�RI�WKRVH�VWXGLHV�>�Ü�@�
7KH�H[SHULPHQWDO�GDWD��KRZHYHU��ZHUH�FRQVLG�
HUHG� WKHRUHWLFDOO\� DW� D� OHYHO� LQVXIILFLHQW� WR
XQGHUVWDQG� WKH� PHFKDQLVP� RI� JDV� GLIIXVLRQ
DQG�GHVRUSWLRQ�RXW�RI�VDSSKLUH�

,Q�RXU�H[SHULPHQWV��DQ�XOWUDKLJK�YDFXXP
XQLW�ZDV�XVHG�LQFOXGLQJ�D�FKDPEHU�VKRZQ�LQ
)LJ�����7KH�FKDPEHU�KDV�EHHQ�PDGH�RI�VWDLQ�
OHVV� VWHHO� ZLWK� FRSSHU�VHDOHG� IODQJHV�� WKH
JDVNHWV�DOORZLQJ�WKH�FKDPEHU�KHDWLQJ�XS�WR
����.�IRU�GHJDVVLQJ��7KH�FKDPEHU�FRQWDLQV
D� ORZ�WHPSHUDWXUH� SXPS� PDGH� RI� WLWDQLXP
DQG�FRQVLVWLQJ�RI�D�YHVVHO���IRU�OLTXLG�QLWUR�
JHQ�DQG�D�WLWDQLXP�DWRPL]HU�IURP�WLWDQLXP�
PRO\EGHQXP�ZLUH����D�FLUFXODU�HOHFWURQ�JXQ
���D�FUXFLEOH���PDGH�RI�WLWDQLXP�VLQJOH�FU\V�
WDO�� DQG� D� VDPSOHU� �� WR� IHHG� WKH� FUXFLEOH
ZLWK� VSKHULFDO� VDPSOHV� RI� VLQJOH�FU\VWDOOLQH
VDSSKLUH� RI� ���� WR� �� PP� LQ� GLDPHWHU�� 7KH
PHDVXULQJ� FKDPEHU� LV� GHILQHG� E\� WKH� HOHF�
WURQ� JXQ� FDVH� FRROHG� ZLWK� UXQQLQJ� ZDWHU
DQG� FRQQHFWHG�E\� D�QLSSOH��� WR� WZR�RPHJD�
WURQ� VHQVRUV� IRU� JDV� SDUWLDO� SUHVVXUH�PHDV�

XUHPHQWV�� 7KH� PHDVXULQJ� FKDPEHU� ZDV
SXPSHG�RII� WKURXJK� KROHV� RI� OHVV� WKDQ
���FP�� WRWDO� DUHD� FRQQHFWLQJ� LW� ZLWK� WKH
ORZ�WHPSHUDWXUH� WLWDQLXP� SXPS�� 7KH� JDVHV
UHOHDVHG� IURP� WKH� VDSSKLUH� DQG� LWV� PHOW
ZHUH� UHFRUGHG� XVLQJ� D� 502� VHQVRU� DQG� D
,3'2��� SDUWLDO� SUHVVXUH�JDXJH��7KH�JDV� UH�
OHDVH�UDWH�ZDV�FDOFXODWHG�DV
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ZKHUH�3L��3�L �DUH�WKH�SDUWLDO�SUHVVXUHV��PP�+J�
RI�JDVHV�EHLQJ�GHVRUEHG�RXW�RI�VDSSKLUH�LQVLGH
DQG� RXWVLGH� WKH� PHDVXULQJ� FKDPEHU�� UHVSHF�
WLYHO\��Q�L ��WKH�QXPEHU�RI�SDUWLFOHV�LQ���FP��RI
D�JDV�DW�3� ���PP�+J�DQG�7� �����.��ZL��WKH
JDV�SXPSLQJ�RII�UDWH�WKDW�LV�GHILQHG�E\�WKH
IORZ�FDSDFLW\�RI�WKH�KROHV�LQ�WKH�PHDVXULQJ
FKDPEHU��FP��V��7KH�LVRWKHUPDO�JDV�GHVRUS�
WLRQ�ZDV�VWXGLHG�XVLQJ�WKH�IROORZLQJ�SURFH�
GXUH��7KH�VDPSOHU�ZDV�ORDGHG�ZLWK�VSKHULFDO
VDSSKLUH� VDPSOHU�� 7KHQ� WKH� FKDPEHU� ZDV
SXPSHG�RII� XVLQJ� D� GLIIXVLRQ� SXPS� SUR�
YLGHG� ZLWK� ZDWHU� DQG� QLWURJHQ� WUDSV� GRZQ
WR���Ü��PP�+J�XQGHU�VLPXOWDQHRXV�KHDWLQJ
DW�����.�IRU��Ü��K��$IWHU�WKH�FKDPEHU�ZDOO
GHJDVVLQJ��WKH�YHVVHO���ZDV�ORDGHG�ZLWK�OLT�
XLG� QLWURJHQ� DQG� WKH� WLWDQLXP� YDSRUL]HU� �
ZDV� VZLWFKHG�RQ��7KH� VSRQJ\� WLWDQLXP� ILOP
IRUPHG�DW�WKH�YHVVHO�ZDOOV�SURYLGHG�DW����.
DEVRUSWLRQ� RI� DOO� JDVHV� H[FHSW� IRU� LQHUW
RQHV�� 7KH� K\GURJHQ� SXPSLQJ�RII� UDWH� ZDV
DERXW�����FP��V��7KH� UHVLGXDO�JDV�SUHVVXUH
LQ� WKH� PHDVXULQJ� FKDPEHU� ZDV� ORZHUHG
GRZQ�WR�DERXW���Ü���PP�+J��7KHQ�WKH�HOHF�
WURQ� JXQ� ZDV� VZLWFKHG�RQ� DQG� WKH� FUXFLEOH
ZDV� GHJDVVHG� XQGHU� VORZ� WHPSHUDWXUH� HOHYD�
WLRQ��7KH�GHJDVVLQJ�ZDV�RYHU�DW�7� ������.�
7KH� WHPSHUDWXUH� ZDV� PHDVXUHG� E\� D� WXQJ�

)LJ����� 6SHFWUXP� RI� JDVHV� LQ� WKH� DQDO\]LQJ
FKDPEHU�DIWHU�WKH�FUXFLEOH�GHJDVVLQJ�

)LJ�����([SHULPHQWDO�XQLW� FKDPEHU����� OLTXLG
QLWURJHQ� YHVVHO�� ��� WLWDQLXP�PRO\EGHQXP
ZLUH�� ��� FLUFXODU� HOHFWURQ� JXQ�� ��� FUXFLEOH�
��� VDPSOHU�� ��� FRQQHFWLQJ� QLSSOH�� ��� 502
RPHJDWURQ�VHQVRU�����ZLQGRZ�
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VWHQ�UKHQLXP� WKHUPRFRXSOH� DQG� E\� DQ� RSWL�
FDO�S\URPHWHU��WKH�VKXWWHU�RI�ZLQGRZ���ZDV
RSHQHG� SHULRGLFDOO\� XVLQJ� D� PDJQHW��� 7KH
VSHFWUDO� FRPSRVLWLRQ� RI� WKH� JDVHV� DIWHU� WKH
FUXFLEOH� ZDV� GHJDVVHG� LV� VKRZQ� LQ� )LJ����
$IWHU� GHJDVVLQJ�� WKH� FUXFLEOH� WHPSHUDWXUH
ZDV� ORZHUHG� WR� WKH� SUHVHW�YDOXH� DQG�D� VDS�
SKLUH� VDPSOH� ZDV� GURSSHG� WR� WKH� FUXFLEOH
XVLQJ�WKH�VDPSOHU�

)LJ����SUHVHQWV�WKH�LVRWKHUPDO�JDV�GHVRUS�
WLRQ�RXW�RI�VDSSKLUH��$W�7� ������.��WKH�LVR�
WKHUPDO� GHVRUSWLRQ� UDWH� RI� &2� LQFUHDVHV
VKDUSO\� LQ� WKH� PRPHQW� ZKHQ� WKH� VDPSOH
GURSV� LQWR� WKH� FUXFLEOH� �FXUYH� ��� DQG� WKHQ
GHFUHDVHV� WR� D� PLQLPXP�� WKHQ� LQFUHDVLQJ
VORZO\�XS�WR�D�YDOXH�FORVH�WR�WKH�PD[LPXP�
$Q� DSSUHFLDEOH� UHOHDVH� RI� R[\JHQ� �FXUYH� ��
VWDUWV� DIWHU� DQ� LQWHUYDO� RI� DERXW� ������V�
7KH�R[\JHQ�UHOHDVH�UDWH�LQFUHDVHV�IURP�]HUR
WR� D� YDOXH� FORVH� WR� WKH� PD[LPXP� ZLWKLQ
WLPH� LQWHUYDO� ����W����������� V�� WKH� PD[L�
PXP� H[FHHGLQJ� FRQVLGHUDEO\� WKH� HYDSRUD�
WLRQ�UDWH�RI�R[\JHQ�EHLQJ�WKH�$O�2��GLVVRFLD�WLRQ� SURGXFW� DW� WKH� VDSSKLUH� VXUIDFH�� 6LQFH
QHLWKHU� R[\JHQ� DWRPV� QRU� RWKHU� RQHV� DUH
GLVVROYHG�LQ�LQWHUVWLWLDOV�RI�WKH�VDSSKLUH�KFS
FU\VWDO� ODWWLFH�� LW� LV� MXVW�WKH�PDWUL[�R[\JHQ
WKDW� LV� UHOHDVHG� IURP� VDSSKLUH�� $IWHU� DQ
DERXW� �������� V� ORQJ� SDXVH�� &2�� UHOHDVHVWDUWV� �FXUYH�����7KH� LQLWLDO�UDWH�RI� WKH�&2
LVRWKHUPDO� GHVRUSWLRQ� DQG� WKH� SDXVH� GXUD�
WLRQ� XS� WR� VWDUW� RI�2�� DQG�&2�� GHVRUSWLRQKDYH� EHHQ� IRXQG� WR� GHSHQG� RQ� WKH� VXUIDFH
SXULW\� RI� WKH� VDSSKLUH� VDPSOH�� 7KXV�� WKH
LQLWLDO� VHFWLRQ� RI� WKH� FXUYH� �� LV� GHILQHG� E\
&2� GHVRUSWLRQ� WKDW� LV� QRW� FRQQHFWHG� ZLWK
WKH�UHOHDVH�RI� FDUERQ�DWRPV�RXW�RI�WKH�VDS�
SKLUH� EXON�� ,W� LV� GHILQHG� E\� GHVRUSWLRQ

HLWKHU� RI�&2� DGVRUEHG� IURP� DWPRVSKHUH� RU
RI�&2� IRUPHG� DW� WKH� VDSSKLUH� VXUIDFH� DV� D
UHVXOW�RI�FKHPLFDO�UHDFWLRQV��H�J��

$O�2����&� ��$O2���&2
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EHWZHHQ�$O�2��DQG�FDUERQ�SUHVHQW�DV�DQ�LPSX�ULW\�DW�WKH�VXUIDFH�GXH�WR�GLDPRQG�JULQGLQJ�RI
WKH�VDPSOHV��7KH�SDXVHV�LQ�2��DQG�&2��GHVRUS�WLRQ�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�R[\JHQ
DWRPV�GLIIXVLQJ�RXW�RI�WKH�EXON�DUH�FRQVXPHG
WR�HOLPLQDWH�WKH�R[\JHQ�GHILFLHQF\�LQ�WKH�VDS�
SKLUH�VXUIDFH�OD\HU���$O2���2� �$O�2���WKDW�UH�VXOWV� IURP� WKH� UHDFWLRQ� ����� 7KH� LQFUHDVHG
GHVRUSWLRQ� UDWHV� RI�&2��&2�� DQG�2�� LQ� WKH
LQWHUYDO�������W�d���������V�LV�GHILQHG�PDLQO\
E\� GLIIXVLRQ� RI� FDUERQ� DQG� PDWUL[� R[\JHQ
DWRPV�RXW�RI�WKH�EXON�WR�WKH�VXUIDFH�IROORZHG
E\� WKH� UHFRPELQDWLRQ� WKHUHRI� LQWR� &2�� &2�DQG�2��PROHFXOHV��,W�LV�VHHQ�IURP�)LJ����WKDWHYHU\� QH[W� MXPS�OLNH� HOHYDWLRQ� RI� WKH� VDS�
SKLUH� WHPSHUDWXUH� UHVXOWV� LQ� LQFUHDVHG� LVR�
WKHUPDO�GHVRUSWLRQ�UDWHV�RI� WKH�JDVHV�ZKLOH
WKH� WLPH� LQWHUYDOV� UHTXLUHG� WR� DWWDLQ� WKH
PD[LPXP� GHVRUSWLRQ� UDWHV� DUH� VKRUWHQHG�
6LPLODU�UHVXOWV�ZHUH�REWDLQHG�ZKHQ�VWXG\LQJ
WKH� LVRWKHUPDO� GHVRUSWLRQ� RI� JDVHV� RXW� RI
DOXPLQXP�\WWULXP�JDUQHW�>�@��

'XULQJ� WKH� KHDWLQJ�� VRPH� VDSSKLUH� VDP�
SOHV� DUH� VXEMHFWHG� WR� IDLOXUH� WKDW� LV� DFFRP�
SDQLHG�E\�D�VKDUS�DQG�UHODWLYHO\�VKRUW�WLPHG

)LJ����� 7LPH� GHSHQGHQFH� RI� LVRWKHUPDO
GHVRUSWLRQ� UDWH� IRU�&2� �����2�� �����&2�� ����+�������7�� ������.��7�� ������.��7�� ������.�7�� ������ .�� 7�� ������ .�� 7KH� FDOFXODWHGFXUYH�IRU�&2�LV�DOVR�VKRZQ���D��

)LJ�����7LPH�GHSHQGHQFH�RI� LVRWKHUPDO�GHVRUS�
WLRQ�UDWH�IRU�&2�����DQG�&2�������7�� ������.�7�� ������.��7KH�FDOFXODWHG�FXUYH�IRU�&2� LVDOVR�VKRZQ�����
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LQFUHDVH� RI� WKH� &2� GHVRUSWLRQ� UDWH� >�@�
:KHQ� WKH� VDSSKLUH� WHPSHUDWXUH� LV� LQ�
FUHDVHG� IURP� URRP� WR� SUH�PHOWLQJ� RQH
������.� DQG� KLJKHU��� WKHQ�� LQ� FRQWUDVW� WR
WKH� FDVH� RI� 7� ������.�� QRW� RQO\�&2� DQG
+�� GHVRUSWLRQ� UDWHV� EXW� DOVR� WKDW� RI� &2�LQFUHDVH�MXPS�OLNH�LQ�WKH�LQLWLDO�WLPH�SHULRG
�)LJ������7KH�GHVRUSWLRQ�UDWHV�RI�WKH�JDVHV�DUH
ORZHUHG�DSSUHFLDEO\�DV�WKH�VDSSKLUH�LV�PHOWHG�
SHUKDSV�GXH� WR�UHGXFWLRQ�RI� WKH� IUHH� VXUIDFH
RI� WKH� PHOWHG� VDPSOH� �)LJ������ $V� WKH� PHOW
WHPSHUDWXUH� LV� HOHYDWHG� VWHS�E\�VWHS�� WKRVH
UDWHV� LQFUHDVH� VWHSZLVH�� $W�7� ������.�� WKH
LVRWKHUPDO� GHVRUSWLRQ� UDWH� RI� R[\JHQ� LQ�
FUHDVHV�LQ�WLPH��FXUYH�����7KH�PHOW�VHHPV�WR
�ERLO��YLVXDOO\��WKH��ERLOLQJ��LV�DFFRPSDQLHG
E\� SXOVDWLRQV� RI�&2� DQG�&2�� SDUWLDO� SUHV�VXUHV��ZKLOH� WKRVH� RI� K\GURJHQ� DQG� R[\JHQ
GR� QRW� SXOVH�� 7KH� PHOW� �ERLOLQJ�� DQG� &2
DQG�&2�� SDUWLDO� SUHVVXUH� SXOVDWLRQV� FDQ� EHDVVXPHG�WR�EH�FRQQHFWHG�ZLWK�GHVWUXFWLRQ�RI
JDV� EXEEOHV� ILOOHG� ZLWK� WKH� JDVHV� HPHUJLQJ
WR�WKH�PHOW�VXUIDFH��$W�ORZHU�WHPSHUDWXUHV�
WKH� &2� DQG� &2�� PROHFXOHV� VHHP� WR� IRUPFOXVWHUV�VXVSHQGHG� LQ�WKH�PHOW�� WKDW� LV�ZK\
WKH� PHOW� GRHV� QRW� �ERLO�� DQG� WKH� SDUWLDO
SUHVVXUHG�GR�QRW�SXOVH��$W� WKH� ILQDO� HYDSR�
UDWLRQ� VWDJH�� WKH� LVRWKHUPDO� GHVRUSWLRQ
UDWHV� GURS� WR� ]HUR� UHODWLYHO\� IDVW�� 7KH� K\�
GURJHQ� UHOHDVH� DIWHU� WKH� PHOW� HYDSRUDWLRQ
�FXUYH���� LV� H[SODLQHG� E\� LWV� UHOHDVH� RXW� RI
WKH� FUXFLEOH� ZKHUH� LW� ZDV� GLVVROYHG� GXULQJ
WKH�PHOW�HYDSRUDWLRQ�

8VLQJ� WKH� JUDSKLFDO� LQWHJUDWLRQ� RI� DUHDV
XQGHU�GQ�GW� YV�� W� FXUYHV� �)LJ������ FRQFHQWUD�
WLRQV� RI� FDUERQ� DQG� K\GURJHQ� DWRPV� LQ� VDS�
SKLUH�KDYH�EHHQ�GHWHUPLQHG�WR�EH�&&� ������WR
����������FPÜ��DQG�&+� ������WR���������FPÜ��

UHVSHFWLYHO\��7KH�GQL�GW�7�� GHSHQGHQFHV� IRU
WKH� GHVRUSWLRQ� UDWHV� FORVH� WR� WKH� PD[LPXP
RQHV� DUH� VKRZQ� LQ� )LJ����� 7KH� WHPSHUDWXUH
GHSHQGHQFH� RI� WKH� R[\JHQ� GHVRUSWLRQ� UDWH� KDV
EHHQ� FDOFXODWHG� ZLWKRXW� WDNLQJ� WKH� WXQJVWHQ
R[LGH� IRUPDWLRQ�� WKXV�� LW� LV� XQGHUHVWLPDWHG�
7KH� VDPH�)LJXUH� LOOXVWUDWHV� WKH� WHPSHUD�
WXUH�GHSHQGHQFH�RI�WKH�HYDSRUDWLRQ�UDWH�RI
PROHFXODU� R[\JHQ� �$O�2�� GLVVRFLDWLRQ� SUR�GXFW�� DW� WKH� VXUIDFH� �FXUYH���� FDOFXODWHG� DV
L2�� �D���������������02�7���e�3U2�6� ZKHUH� D� LV
WKH�PROHFXODU� FRQGHQVDWLRQ� FRHIILFLHQW��D� ���
3U2���WKH�2��YDSRU�HTXLOLEULXP�SUHVVXUH��PP
+J�� 6�� WKH� VDSSKLUH� VDPSOH� VXUIDFH� DUHD�
FP���,W�LV�VHHQ�WKDW�DW�7��������.��WKH�R[\�
JHQ� HYDSRUDWLRQ� UDWH� GXH� WR�$O�2�� GLVVRFLD�WLRQ�DW�WKH�VDSSKLUH�VXUIDFH��HYHQ�DW�D� ���
LV�QHJOLJLEOH�DV�FRPSDUHG�WR�LWV�UHOHDVH�UDWH
RXW�RI�WKH�VDSSKLUH�EXON�

7R� H[SODLQ� WKH� UHVXOWV� REWDLQHG� DQG�� LQ
SDUWLFXODU�� WKH� LQFUHDVLQJ� LVRWKHUPDO
GHVRUSWLRQ� UDWHV� RI� LPSXULW\� &� DQG� +� DQG
PDWUL[� R[\JHQ�DWRPV� �DV�&2��2���&2���+��+�2�� RXW� RI� VDSSKLUH�� DV� ZHOO� DV� KLJK� R[\�JHQ� GHVRUSWLRQ� UDWH�� HVSHFLDOO\� DW� ORZ� WHP�
SHUDWXUHV�� D� PRGHO� PHFKDQLVP� LV� SURSRVHG
DVVXPLQJ� D� VRXUFH� RI� �9LÜ0L� FRPSOH[� IRU�
PDWLRQ�� 6XFK� D� FRPSOH[� LV� D� GXPE�EHOO
VKDSHG� VHW� LQFOXGLQJ� WZR� YDFDQFLHV�� RQH� RI
ZKLFK� FRQWDLQLQJ� DQ� LRQ� ZKLOH� DQRWKHU� LV
IUHH� �QHXWUDO��� 7KH� ELQGLQJ� HQHUJ\� RI� LRQV
LQFOXGHG� LQ� WKH� FRPSOH[�ZLWK� RWKHU� LRQV� RI

)LJ����� 7LPH� GHSHQGHQFH� RI� HYDSRUDWLRQ� UDWH
RXW�RI�$O�2��PHOW�IRU�&2�������&2������2������+�������7�� ������.��7�� ������.��7�� ������.�7�� ������.��7�� ������.��7KH�RQVHW�RI�VDS�SKLUH�PHOWLQJ�LV�LQGLFDWHG�E\�DUURZ�

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�LVRWKHUPDO
GHVRUSWLRQ�PD[LPXP� UDWHV� IRU�&2� ���� DQG�2�����DQG�WKH�2��HYDSRUDWLRQ�UDWH������7KH�FDOFX�ODWHG�FXUYH�IRU�&2�LV�DOVR�VKRZQ�����
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WKH� FU\VWDO� ODWWLFH� LV� ORZHUHG�GXH� WR�SRODUL�
]DWLRQ�RI� WKH�PHGLXP�VXUURXQGLQJ� WKH� IUHH
YDFDQF\�� 7KLV� LQFUHDVHV� WKH� SUREDELOLW\� RI
WKH�LRQ�FRYDOHQW�ELQGLQJ�EUHDNGRZQ�DQG�WKH
UHVXOWLQJ� IRUPDWLRQ� RI� DWRPV� WKDW� DUH� GLV�
SODFHG�LQWR�WKH�QHLJKERULQJ�IUHH�QHXWUDO�YD�
FDQFLHV� ZKHUH� WKH� LRQ�FRYDOHQW� ELQGLQJ� LV
UHFRYHUHG� DIWHU� WKH� WLPH� LQWHUYDO� W� ���N�L �
7KH� VXEVHTXHQW� GLVSODFHPHQW� RI� WKH� DWRP
RFFXUV� ZKHQ� RWKHU� QHXWUDO� YDFDQF\� DS�
SURDFKHV�LW��7KLV�SURFHVV��UHSHDWLQJ�LQ�WLPH�
LV� FRQVLGHUHG�DV� IRUPDWLRQ�DQG�GLIIXVLRQ�RI
WKH�FRPSOH[HV��$FFRUGLQJ�WR�WKH�PRGHO�SUR�
SRVHG��LW�LV�MXVW�WKH�LPSXULW\�&�DQG�+�DWRPV
DQG�PDWUL[�R[\JHQ�DQG�DOXPLQXP�RQHV�WKDW
DUH�UHOHDVHG�RXW�RI�WKH�VDSSKLUH�EXON��1RWH
WKDW� WKH� PDWUL[� $O� DWRPV� ZHUH� QRW� UHJLV�
WHUHG�GXH�WR�WKHLU�FRQGHQVDWLRQ�DW�WKH�PHDV�
XULQJ� FKDPEHU� VXUIDFH�� 7KHUHIRUH�� WKH�PD�
WUL[� R[\JHQ� DQG� DOXPLQXP� DWRPV� DUH� DV�
VXPHG� WR� EH� UHOHDVHG� LQ� WKH� VWRLFKLRPHWULF
UDWLR��7KLV�LV�FRQILUPHG�E\�WKH�IDFW�WKDW�WKH
VDSSKLUH� UHPDLQV� VWRLFKLRPHWULF� XQGHU� LVR�
WKHUPDO� KLJK� YDFXXP� H[SRVXUH� DW� 7�d�7P�7KH�UDWHV�RI�LRQ�FRYDOHQW�ELQGLQJ�EUHDNGRZQ
��9LÜ0L� FRPSOH[� IRUPDWLRQ�� DUH� GHILQHG� E\
WKH�IROORZLQJ�HTXDWLRQV��IRU�WKH�PDWUL[�R[\�
JHQ�DQG�DOXPLQXP�DWRPV

T92� �&2���&9DN�D�
�T9$O� �&$O���&9FWN�FW��

���

IRU�LPSXULW\�DWRPV
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�W�GW��
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T9L �W�� �T�9L H�&9FWN�W�
�T�9L � �&�L &9FWN�FW�

���

ZKHUH�&�9L �LV�WKH�LQLWLDO�UDWH�RI�FRPSOH[�IRU�
PDWLRQ��N�L �� WKH�UDWH� FRQVWDQW�RI� WKH� LRQ�FR�
YDOHQW�ELQGLQJ�EUHDNGRZQ��VÜ���$�L � ������VÜ��
WKH� IUHTXHQF\� SUH�H[SRQHQWLDO� IDFWRU� VXE�
VWDQWLDOO\�LQGHSHQGHQW�RI�7��H�L ��WKH�LRQ�FRYD�
OHQW� ELQGLQJ� EUHDNGRZQ� HQHUJ\� >�@�� &2�� &$O�
FRQFHQWUDWLRQV�RI�PDWUL[�R[\JHQ�DQG�DOXPL�
QXP� DWRPV� LQ� VDSSKLUH�� FPÜ��� &�L �� LQLWLDO
FRQFHQWUDWLRQ� RI� LPSXULW\� DWRPV�� FPÜ��
&L�W���WKH�GHFUHDVH�RI�LPSXULW\�DWRP�FRQFHQ�
WUDWLRQ� GXH� WR� GHVRUSWLRQ�� FPÜ��� &9D�� &9FW�

FRQFHQWUDWLRQV� RI� DQLRQLF� DQG� FDWLRQLF� YD�
FDQFLHV�� UHVSHFWLYHO\�� DUELWUDU\� XQLWV�
GQL�GW��GHVRUSWLRQ�UDWH�RI�LPSXULW\�DWRPV�DV
&2��&2���+���HWF���VÜ���9��WKH�VDSSKLUH�VDP�SOH�YROXPH��FP���1RWH�WKDW��DV�LV�IRXQG��WKH
VDSSKLUH�FU\VWDOV�JURZQ�LQ�KLJK�YDFXXP�DUH
VWRLFKLRPHWULF� DQG� QR� RWKHU� SKDVH� SDUWLFOHV
DUH�IRUPHG��7KXV��LQ�WKLV�FDVH�� WKH�UDWLR�RI
UHOHDVHG� LPSXULW\� DQG� PDWUL[� DOXPLQXP
DWRPV�WR�R[\JHQ�DWRPV�UHOHDVHG�DV�&2��&2��2���+�2��2�LV�HTXDO�WR�����:KHQ�WKH�VRXUFH�RI��9LÜ0L�FRPSOH[�IRU�
PDWLRQ� DFWV� FRQWLQXRXVO\� LQ� VDSSKLUH�� WKH
GLIIXVLRQ� DQG� VXEVHTXHQW� GHVRUSWLRQ� RI
DWRPV�DQG�PROHFXOHV�LV�GHVFULEHG�IRU�VSKHUL�
FDO�VDPSOHV�DV
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wW � 

 ��GT2�W�&GL �U�W�NGL ���'Lw&GL �U�W�
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IRU�GHVRUSWLRQ�RI�DWRPV�
Gw&GL �U�W�
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wU ���U� �5�

ZKHUH� T2�W�� �&2�5�W��e�&2���&2�5�W�� EHLQJ� FRQ�
FHQWUDWLRQ�RI�R[\JHQ�DWRPV�DW�WKH�VXUIDFH��FPÜ��
T2�W���WKH�IUDFWLRQ�RI�DFWLYH�VLWHV�DW�WKH�VDS�
SKLUH�VXUIDFH�RFFXSLHG�E\�R[\JHQ�DWRPV�UH�
OHDVHG�RXW�RI�WKH�EXON��G��WKH�SDWK�OHQJWK�RI
DQ�DWRP�MXPSLQJ�IURP�WKH�RFFXSLHG�YDFDQF\
WR�WKH�QHLJKERULQJ�IUHH�RQH��FP��NGL ��WKH�UDWH
FRQVWDQW� RI� UHFRPELQDWLRQDO� GHVRUSWLRQ� RI
SDUWLFOHV��VÜ��

6ROYLQJ�WKH�GLIIXVLRQ�HTXDWLRQ�E\�)RXULHU
PHWKRG��ZH�REWDLQ�WKH�GLVWULEXWLRQ�RI�LPSX�
ULW\�DWRPV�LQ�WKH�FRPSOH[HV�
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DQG� WKH� GLVWULEXWLRQ� RI� LPSXULW\� DWRPV� LQ�
FOXGHG�LQ�WKH�FRPSOH[HV�

&G2�U�W�� �
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Q �

f VLQPQ
PQ�

FRVPQ U5�u

u�§̈©����H���
PQ�'2
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ZKHUH� PQ� DUH� WKH� URRWV� RI� FKDUDFWHULVWLF
HTXDWLRQ� FWJPQ� �PQ�e�%L����%L� �GT2�W�5NG�e�'L
GHULYHG�IURP�WKH�ERXQGDU\�FRQGLWLRQ�����

5HVWULFWLQJ�RXUVHOYHV�WR�WKH�ILUVW�LWHP�RI
WKH�VXP�RI�(TV�������������ZH�FDQ�UHGXFH�WKH
HTXDWLRQ� IRU� WKH� GLIIXVLRQ� UDWH� RI� LPSXULW\
DQG�PDWUL[�R[\JHQ�DQG�DOXPLQXP�DWRPV�RXW
RI�WKH�VDSSKLUH�EXON�WR�WKH�IRUP

GQL
GW � ��

�5T29L H�&9L N�WVLQ�P�
P��

�ª«¬����H
��P�

�'L
5� Wº»¼���

����

GQL
GW � �

�5T9L VLQ�P�
P��

�ª«¬����H��
P��'L
5� Wº»¼�

����

7KH� HTXDWLRQ� IRU� WKH� UHFRPELQDWLRQDO
GHVRUSWLRQ�RI�PROHFXOHV�WDNHV�WKH�IRUP
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VXUH�RI�JDV��&2��UHOHDVHG�RXW�RI�VDSSKLUH�
)RU�GHVRUSWLRQ�RI�PDWUL[�DWRPV��ZH�JHW
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·̧
¹�7KH� VDPH� HTXDWLRQV� GHVFULEH� WKH� GLIIX�

VLRQ�DQG�GHVRUSWLRQ�RI�JDVHV�RXW�RI�VDSSKLUH
VLQJOH�FU\VWDOOLQH� SODWHV�� ,Q� WKLV� FDVH�� WKH
SODWH� KDOI�WKLFNQHVV� K� LV� WR� EH� VXEVWLWXWHG
IRU�5�

1RWH�WKDW�WKH�LPSXULW\�DQG�PDWUL[�DWRPV
IURP� WKH� JDV� SKDVH� PD\� EH� UH�GLVVROYHG� LQ
VDSSKLUH�RQO\�LI�WKRVH�DUH�UHOHDVHG�LQ�D�QRQ�
VWRLFKLRPHWULF� UDWLR�� WKDW� LV�� LI� WKHUH� LV� DQ

H[FHVV� FRQFHQWUDWLRQ� RI� FDWLRQLF� RU� DQLRQLF
YDFDQFLHV�IRUPLQJ�WUDSV�IRU�WKH�DWRPV�EHLQJ
GLVVROYHG�

7KH� &2� GHVRUSWLRQ� DW� 7� ������ .� ZDV
DQDO\]HG�IRU�WKH�VHFWLRQ���RI�FXUYH����WKDW�LV�
DW�W� �W���ZKHUH�WKH�HIIHFW�RI�VDSSKLUH�VXUIDFHFRQWDPLQDWLRQ� ZLWK� FDUERQ� LV� QHJOLJLEOH�
GQ&2
GW � �PD[��T2� �PD[�� P�� �FRQVW�� 6LQFH� LQ

KLJK�YDFXXP�QL�W�� ����WKHQ��GLIIHUHQWLDWLQJ
(TV������DQG������ZLWK�UHVSHFW�WR�W�DW�W� �W��
ZH� REWDLQ� IRU� GHVRUSWLRQ� RI� LPSXULW\� DQG
PDWUL[�DWRPV
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'LIIHUHQWLDWLQJ�WKH�H[SHULPHQWDO�FXUYH��
�)LJ�����ZLWK�UHVSHFW� WR� W�XVLQJ�WKH�JUDSKLF
WHFKQLTXH�DW�W�� ���������V��ZH�REWDLQ
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ZKHUH� GQ&2GW � LV� WKH� H[SHULPHQWDO� GHVRUSWLRQ
UDWH�� VÜ���&&�W�� LV� IRXQG� E\� JUDSKLF� LQWHJUD�
WLRQ�RI�WKH�DUHD�XQGHU�FXUYH�RI�GQ&2GW ��)LJ����
IRU� 7� ������ .�� ����W�d��������� V�� 6XEVWL�
WXWLQJ� WKH� H[SHULPHQWDO� &&�W�� YDOXH� LQWR
������ZH�JHW
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8VLQJ�������ZH�GHULYH�IURP�����
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'LIIHUHQWLDWLQJ� JUDSKLFDOO\� WKH� H[SHUL�
PHQWDO� FXUYH� RI� PROHFXODU� R[\JHQ� GHVRUS�
WLRQ�UDWH�ZLWK�UHVSHFW� WR� W� DW� W� ���������V�
ZH�ILQG
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DQG� WKHQ�� VXEVWLWXWLQJ� ����� LQWR� ������ ZH
REWDLQ

P��'2
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8VLQJ� ����� DQG� H[SHULPHQWDO� YDOXH� RI
>&�&���&&�W�@�� ZH� REWDLQ� IURP� ���� T9&� 
����������FPÜ��V�� DQG� WKHQ�� VXEVWLWXWLQJ
������ ������ DQG� >T9&� LQWR� ������ZH� ILQG�P�� 
����� ������Å��� 6XEVWLWXWLQJ� P�� LQWR� �����
������ZH�REWDLQ�'&� �������Ü��FP��V��'2� 
������Ü��FP��V��$Q�DWRP�LQ�VDSSKLUH�FU\V�
WDO� ODWWLFH� KDV� WZR� MXPS� SDWKV�� L�H��� IURP
WKH�YDFDQF\�RFFXSLHG�E\�LW�WR�WKH�DGMDFHQW
IUHH� RQH� DQG� YLFH� YHUVD�� 7KHUHIRUH�� WKH
SUH�H[SRQHQWLDO� IDFWRU� LQ� WKH� IRUPXOD� IRU
GLIIXVLRQ�FRHIILFLHQW�LV�FDOFXODWHG�XVLQJ�WKH
IRUPXOD�'�� �G���W��� W�� �K�N%7�� ZKHUH� W�LV� WKH� WKHUPDO� YLEUDWLRQ� SHULRG� RI� WKH
DWRPV� LQ� FU\VWDO� ODWWLFH�� 8VLQJ� WKH� FDOFX�
ODWHG�'���'&��'2��ZH�ILQG�WKH�GLIIXVLRQ�DF�
WLYDWLRQ�HQHUJ\�IRU�WKH�DWRPV�DQG�YDFDQFLHV�
HP& � �������FDO�PRO�� HP2� �������FDO�PRO�� DQG
WKHQ� WKH� GLIIXVLRQ� FRHIILFLHQWV� IRU� RWKHU
WHPSHUDWXUHV� FDQ� EH� FDOFXODWHG�� 1RWH� WKDW
WKH�GHVRUSWLRQ�UDWHV�DQG�&9N��YDOXHV�FDQ�EH
FDOFXODWHG� DIWHU� HDFK� WHPSHUDWXUH� MXPS
�)LJV����� ��� XVLQJ� ������ ����� IRU� ��d�W�d�'W��'W��EHLQJ�GHVRUSWLRQ�WLPH�LQWHUYDOV�DW�WHP�SHUDWXUH� 7L�� L� ���� ��� ������� LI� WKH� FDUERQDWRPV� UHOHDVHG� SULRU� WR� WKH� WHPSHUDWXUH
MXPS� DUH� VXEWUDFWHG� IURP� WKH� LQLWLDO� FDUERQ
DWRPLF�FRQFHQWUDWLRQ�&�&�

&RUUHVSRQGLQJO\�� XVLQJ� H[SHULPHQWDO� GDWD
RI�)LJV��������ZH�ILQG��XVLQJ�IRUPXOD�������WKH
&9N�� YDOXHV� SUHVHQWHG� LQ� 7DEOH���� 8VLQJ� WKH
IRXQG� GLIIXVLRQ� DQG� GHVRUSWLRQ� SDUDPHWHUV
IRU�FDUERQ�DWRPV�LQ�WKH�IRUP�RI�&2��WKH�WLPH
W� UHTXLUHG� WR� UHPRYH� FDUERQ� IURP� WKH� UDZ
PDWHULDO� XVHG� WR� JURZ� VDSSKLUH� VLQJOH� FU\V�
WDOV��6LQFH�LW�LV�MXVW�&2�EHLQJ�UHOHDVHG�DW�WKH
FU\VWDO�PHOW�SKDVH�LQWHUIDFH�WKDW�LV�WKH�PDLQ
VRXUFH�RI�JDV�EXEEOH�IRUPDWLRQ��WKHQ��WKH�JDV
PLFURSRUH� IRUPDWLRQ� FDQ� EH� H[FOXGHG� FRP�
SOHWHO\�RU�UHGXFHG�VXEVWDQWLDOO\�E\�SXULILFDWLRQ
RI�UDZ�PDWHULDO�IURP�FDUERQ�

$V�QRWHG� DERYH�� WKH�GHVRUSWLRQ�RI� LPSX�
ULW\� DQG� PDWUL[� DWRPV� RXW� RI� VDSSKLUH� LQ
KLJK� YDFXXP� GRHV� QRW� FDXVH� DQ\� GHYLDWLRQ
IURP� VDSSKLUH� VWRLFKLRPHWU\�� ,W� IROORZV
WKHUHIURP�WKDW�FDWLRQV��LPSXULW\�DWRPV�SOXV
DOXPLQXP�RQHV�� DQG� DQLRQV� �R[\JHQ� DWRPV�
DUH� UHOHDVHG� RXW� RI� VDSSKLUH� LQ� SUDFWLFDOO\
VWRLFKLRPHWULF�UDWLR��,Q�WKLV�FRQQHFWLRQ��WKH
WRWDO�IRUPDWLRQ�UDWHV�T9$O��T92�RI�FDWLRQLF�DQG
DQLRQLF�FRPSOH[HV���9FWÜ$O���9DÜ2��WKDW�GH�
ILQH� WKH� GHVRUSWLRQ� RI� PDWUL[� 2� DQG� $O
DWRPV�DQG�LPSXULW\�RQHV�LQ�WKH�IRUP�RI�&2
DQG�&2��FDQ�EH�FDOFXODWHG�DV

T9$O� �&
$O
&&T9

&���T92� �������T9$O� ����

ZKHUH�&$O� ����������FPÜ���&&� ����������FPÜ��
1RWH� WKDW�$O��2��&� DQG� RWKHU� DWRPV� DUH

UHOHDVHG�RXW�RI�VDSSKLUH�DOVR�GXH�WR�GHFRP�
SRVLWLRQ�RI�$O�2�&�DQG�$O�&��LQFOXVLRQV�SUH�VHQW� LQ� VDSSKLUH�� 7KDW� SURFHVV�� KRZHYHU�
FDQQRW� EH� FRQVLGHUHG� VHSDUDWHO\�� VLQFH� $O
DQG�2� DWRPV� LQFOXGHG� LQ�DOXPLQXP�R[\FDU�
ELGHV� DQG� FDUELGHV� ORVH� WKHLU� EHORQJLQJ
WKHUHWR� DIWHU� WKH� ILUVW� MXPS� LQWR� IUHH� YD�
FDQF\��7KHQ� WKRVH�EHFRPH� LQGLVWLQJXLVKDEOH
IURP� RWKHU� LPSXULW\� DQG� PDWUL[� DWRPV
EHLQJ�LQ�VXEVWLWXWLRQ�SRVLWLRQV�

7KH� H[SHULPHQWDO� GDWD� RQ�&2��&2�� DQG2��GHVRUSWLRQ��)LJV��������DQG�WKH�FDOFXODWHG
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GLIIXVLRQ�SDUDPHWHUV�PDNH�LW�SRVVLEOH�WR�GH�
WHUPLQH�WKH�UHFRPELQDWLRQDO�GHVRUSWLRQ�UDWH
FRQVWDQWV� RI� WKH� JDVHV�� 7R� WKDW� HQG�� XVLQJ
WKH� FRQWLQXLW\� FRQGLWLRQ� IRU� IORZ� RI� DWRPV
IURP� WKH� VDSSKLUH� EXON� WR� LWV� VXUIDFH� DQG
IURP�WKH�VXUIDFH� WR�YDFXXP�LQ� WKH� IRUP�RI
PROHFXOHV��ZH�REWDLQ�

IRU�&2�GHVRUSWLRQ�DW�W� �WP
NG&2� �

'&'212P��
�G5�T92FRV�P�

� ����

)RU�2��GHVRUSWLRQ�DW�W�!!�5��P��'2

NG2�� � �'2��12P��
�G5�T92FRV�P�

� ����

)RU�GHVRUSWLRQ�RI�PDWUL[�DWRPV

NGL � �'
L

G5P�WJP��
����

)LJ����SUHVHQWV�WKH�OJNGL ���7��GHSHQGHQFHV
FDOFXODWHG�DV

OJNGL � �OJ$���HGL �e��������7� ����
�$� EHLQJ� WKH� SUH�H[SRQHQW� LQ� WKH� $U�

UKHQLXV� HTXDWLRQ��� ,W� LV� VHHQ� WKDW� DW
7�d������ .�� WKH� H[SHULPHQWDO� SRLQWV� ILW
UDWKHU�ZHOO�WKH�VWUDLJKW�OLQHV��WKH�GLIIXVLRQ
DFWLYDWLRQ� HQHUJ\� YDOXHV� IRU� &2� DQG� 2�EHLQJ�DSSUR[LPDWHO\�WKH�VDPH��7KH�WHPSHUD�
WXUH� GHSHQGHQFHV� RI� LVRWKHUPDO� GHVRUSWLRQ
UDWH� FRQVWDQWV� IRU�$O� DQG�2� DWRPV� �FDWLRQV

DQG� DQLRQV�� FDOFXODWHG� XVLQJ� ����� DUH� SUH�
VHQWHG� LQ�7DEOH����7KHVH�FRQVWDQWV� DUH� VHHQ
WR� EH� HVVHQWLDOO\� WKH� VDPH� IRU� $O� DQG� 2
DWRPV�UHOHDVHG�RXW�RI�WKH�EXON�DQG�T2�WR�EH
OHVV� WKDQ� UHFRPELQDWLRQDO� GHVRUSWLRQ� UDWH
FRQVWDQWV�IRU�&2�DQG�2��PROHFXOHV�$FFRUGLQJ� WR� WKH� PHFKDQLVP� SURSRVHG�
GQL�GW�GHSHQGV�RQ�WKH�VDSSKLUH�EORFN�UDGLXV
�RU�WKLFNQHVV���)LJ����VKRZV�WKH�PDVV�ORVV�RI
D� IODW� VDSSKLUH� VDPSOH� SHU� �� K� GXH� WR� UH�
OHDVH� RI�PDWUL[� DWRPV� RXW� RI� LWV� EXON� DV� D
IXQFWLRQ�RI�K��7KH�PDVV�ORVV�KDV�EHHQ�FDOFX�
ODWHG�DVVXPLQJ�'$O� �'2�XVLQJ�WKH�IRUPXOD
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ZKHUH� 1$� LV� $YRJDGUR� QXPEHU�� $$O�� $2�
DWRPLF� PDVVHV� RI�$O� DQG�2�� ,W� LV� ZHOO� VHHQ
WKDW� '3� LQFUHDVHV� ZLWK� WKH� LQFUHDVH� RI� K��
7KH� VDPH� )LJXUH� �FXUYHV� ��� ��� VKRZV� WKH
VDSSKLUH� PDVV� ORVVHV� GXH� WR� HYDSRUDWLRQ� RI
$O�2�� GLVVRFLDWLRQ� SURGXFWV� IURP� WKH� VXU�
IDFH�� &RPSDULQJ� WKH� FXUYHV�� LW� FDQ� EH� VHHQ
WKDW� DW�7�d������.�� WKH� ODWWHU� FRQWULEXWLRQ
WR� WKH�PDVV� ORVV� FDQ� EH� QHJOHFWHG�� 7KH� H[�
SHULPHQWDO� VWXGLHV� RI�'3�K�� VHHP� WR� EH� XV�

)LJ�����'HSHQGHQFH�RI�UHOHDVHG�R[\JHQ�DQG�DOX�
PLQXP�PDVV�RQ�WKH�VDSSKLUH�VDPSOH�WKLFNQHVV�
5HOHDVH�RI�$O�DQG�2�DWRPV�DW�7� ������.�����DQG
�����.������HYDSRUDWLRQ�RI�$O�2��GLVVRFLDWLRQSURGXFWV� DW� WKH� VXUIDFH� DW� 7� ������ .� ���
DQG������.��JU�FP��������W� ���������V�

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� GHVRUS�
WLRQ�UDWH�FRQVWDQW�IRU�IRU�&2�����DQG�2������
HG&2� �������FDO�PRO�
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DEOH� WR� FKHFN� WKH� SURSRVHG�PRGHO� RI�2� DQG
$O�DWRPV�UHOHDVH�RXW�RI�VDSSKLUH�EXON�

$FFRUGLQJ� WR� WKH� PRGHO�� WKH� JDV�YDFDQF\
FRPSOH[HV�DUH�IRUPHG�LQ�VDSSKLUH�GXH�WR�EUHDN�
GRZQ� RI� LRQ�FRYDOHQW� ELQGLQJV� WKDW� DUH� ZHDN�
HQHG�GXH�WR�SRODUL]DWLRQ�RI�WKH�PHGLXP�DURXQG
WKH� YDFDQFLHV�� ,I� N�� �$H�H��e�N7�� &9� �H�H:�e�N7�
WKHQ� WKH� FRPSOH[� IRUPDWLRQ� UDWHV� T9L � VKRXOG
GHSHQG�RQ�WHPSHUDWXUH�H[SRQHQWLDOO\��WRR��5H�
DOO\��LW�LV�QR�WKH�FDVH��,Q�WKLV�FRQQHFWLRQ��OHW�WKH
HIIHFW� RI� FRQFHQWUDWLRQ� DQG� VWDWH� RI� YDFDQFLHV
RQ�WKH�JDV�YDFDQF\�FRPSOH[HV�IRUPDWLRQ�UDWH�EH
FRQVLGHUHG�� 7KH� GHSHQGHQFH� &9L �7�� FDOFXODWHG
XVLQJ�����XQGHU�DVVXPSWLRQ�N�� �����H�H��e�N7��H� �������� FDO�PRO� >�@� LV� VKRZQ� LQ�)LJ����� ,W
LV� VHHQ� WKDW� WKH�FRQFHQWUDWLRQV�RI�ERWK�FDW�
LRQLF� DQG� DQLRQLF�YDFDQFLHV� GR� QRW� LQFUHDVH
EXW� GHFUHDVH� DW� WKH� WHPSHUDWXUH� HOHYDWLRQ�
6XFK�D�GHSHQGHQFH�FDQ�EH�H[SODLQHG�DVVXP�
LQJ� WKDW� WKH� GLIIXVLRQ� RI� DWRPV� RFFXUV� LQ
QHXWUDO� YDFDQFLHV�� WKH� FRQFHQWUDWLRQ� RI� WKH
ODWWHU� GURSV� GXH� WR� LRQL]DWLRQ� DV� WHPSHUD�
WXUH�LQFUHDVHV�

7R�FKHFN�LI�WKH�SURSRVHG�LVRWKHUPDO�GHVRUS�
WLRQ�PRGHO�RI�LPSXULW\�DQG�PDWUL[�DWRPV�FRU�
UHVSRQGV� WR� H[SHULPHQWDO� GDWD�� WKH� FDOFXODWHG
�GQL�GW��W��FXUYHV�KDYH�EHHQ�SORWWHG��$V�DQ�H[�
DPSOH��)LJ����SUHVHQWV�WKH�FDOFXODWHG�FXUYH��D
IRU�&2� GHVRUSWLRQ� DW�7� ������.�� 6LPLODUO\�
LQ�)LJ����� WKH� FXUYH��� VKRZV� WKH� FDOFXODWHG
WHPSHUDWXUH� GHSHQGHQFH� RI� PD[LPXP� &2
GHVRUSWLRQ� UDWH��%RWK� WKRVH� FXUYHV� FRLQFLGH
ZLWK� H[SHULPHQWDO� RQHV�� 7KXV�� WKH� PRGHO
PHQWLRQHG� GHVFULEHV� ZHOO� WKH� H[SHULPHQWDO
UHVXOWV�REWDLQHG�DW��������7��������.�

&��2� DQG�+� DWRPV� GLIIXVLQJ� RXW� RI� WKH
FU\VWDO� DQG� PHOW� DUH� UHOHDVHG� DW� WKH� FU\V�
WDO�PHOW�LQWHUIDFH��WRR��$W�WKH�PHOW�FRQFHQ�
WUDWLRQ�RYHUFRROLQJ�GXH�WR�UHFRPELQDWLRQ�RI
DWRPV� DQG� VLGH� GLIIXVLRQ�� WKH� IRUPHG�&2�
&2���+�� DQG�2��PROHFXOHV� DUH� DFFXPXODWHGLQ� LQWHUFHOOXODU�KROORZV��'HSHQGLQJ�RQ� VL]H

RI�WKH�KROORZ�DQG�WKH�JDV�DFFXPXODWLRQ��LVR�
PHULF� HTXLOLEULXP� EXEEOHV� RI� ��Ü�� WR� ��Ü�� FP� LQ� GLDPHWHU� DQG� QRQ�LVRPHULF� SRUHV
DUH� IRUPHG� >�Ü�@�� ,Q� WKH� EXEEOHV� LQFOXGHG
LQ� WKH� FU\VWDO� WKH� &2�� DQG� 2�� PROHFXOHVDUH�VXEMHFWHG�WR�GLVVRFLDWLRQ��WKH�GLVVRFLD�
WLRQ� HQHUJ\� YDOXHV� LQ� EUDFNHWV��� &2� �  &2���2� �HGLV& 2�� ������� FDO�PRO��� 2�� ��2
�HGLV2� � ������� FDO�PRO���&2� GRHV� QRW� GLVVRFL�
DWH�HVVHQWLDOO\��HGLV&2� �������FDO�PRO���7KDW�LV
ZK\�RQO\�&2�DQG�+��DUH�UHYHDOHG�LQ�WKH�EXE�EOHV�>����@��6DSSKLUH�JURZQ�LQ�D�KLJK�YDFXXP
LV� HVVHQWLDOO\� VWRLFKLRPHWULF�� QR� RWKHU� SKDVH
SDUWLFOHV�EHLQJ�IRUPHG�WKHUHLQ��7KH�ORZ�H[FHVV
FRQFHQWUDWLRQ� RI� R[\JHQ� YDFDQFLHV� WKHUHLQ
�DERXW������FPÜ��� VHHPV� WR�EH�GHILQHG�E\� LP�
SXULW\� DWRPV� EHLQJ� LQ� WKH� VXEVWLWXWLRQ� SRVL�
WLRQV�DQG�KDYLQJ�RWKHU�YDOHQFH�WKDQ�$O�RQHV�

+RZHYHU�� DV� WKH� H[FHVV� R[\JHQ� YDFDQFLHV� DUH
SUHVHQW� LQ� VDSSKLUH�PDLO\� DV� )� FRORU� FHQWHUV�� WKH
VDSSKLUH� QRQ�VWRLFKLRPHWU\� LV� WKHUPRG\QDPLFDOO\
HTXLOLEULXP��7KH�VHFRQG�SKDVH�GHSRVLWLRQ�DW�WKH�H[�
SHQVH�RI�H[FHVV�$O�DWRPV�LQ�WKH�WKHUPRG\QDPLFDOO\
HTXLOLEULXP� QRQ�VWRLFKLRPHWULF� VDSSKLUH� LV� LP�
SRVVLEOH��WKDW�LV�FRQILUPHG�LQ�H[SHULPHQW��7KH
VHFRQG�SKDVH�SDUWLFOHV�EHLQJ�IRXQG�PRVW�RIWHQ
LQ� WKH�QHDU�ERWWRP�VDSSKLUH� OD\HU� VHHP� WR�GH�
SRVLW�DW�WKH�FU\VWDO�PHOW�LQWHUIDFH��SHUKDSV�GXH
WR� IRUPDWLRQ� RI� FRPSRXQGV� FRPSULVLQJ� $O�2�DQG� LPSXULW\� R[LGHV� DQG� DFFXPXODWHG� LQ� WKH
QHDU�ERWWRP�PHOW�OD\HU��SRVVLEO\�GXH�WR�WKHUPDO
GLIIXVLRQ�>�@��RUWHUPDO�FRQYHFWLRQ�RI�WKH�PHOW�

7R�FRQFOXGH��LVRWKHUPDO�GHVRUSWLRQ�RI�LPSX�
ULW\� DQG�PDWUL[� DWRPV� �DV�&2��&2���2���+��+�2�� RXW� RI� VDSSKLUH�KDV� EHHQ� VWXGLHG� LQ� H[�

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� FRQFHQWUD�
WLRQ� RI� QHXWUDO� FDWLRQLF� ���� DQG� DQLRQLF� ���
YDFDQFLHV�
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SHULPHQW� DQG� WKHRUHWLFDOO\�� ,W� KDV� EHHQ
VKRZQ� WKDW� DV� WKH� VDSSKLUH� WHPSHUDWXUH� LV
LQFUHDVHG� VWHSZLVH�� WKH� LVRWKHUPDO� GHVRUS�
WLRQ� UDWHV� RI� LPSXULW\� DWRPV� LQ� WKH� IRUP� RI
&2��&2���+���+�2�LQFUHDVH�ILUVW�LQ�WLPH�XS�WRFHUWDLQ� PD[LPXP� YDOXHV� DQG� WKHQ� GHFUHDVH�
7KH� GHVRUSWLRQ� UDWH� RI� PDWUL[� R[\JHQ� DWRPV
GRHV� QRW� DWWDLQ� D� PD[LPXP� LQ� WLPH�� $V� WKH
WHPSHUDWXUH�LV�LQFUHDVHG��WKH�WLPH�UHTXLUHG�WR
DWWDLQ� WKH�PD[LPXP�GHVRUSWLRQ� UDWH� LV� VKRUW�
HQHG�� $� WKHRUHWLFDO� PRGHO� KDV� EHHQ� SURSRVHG
IRU�GLIIXVLRQ�PHFKDQLVP�RI�WKH�DWRPV�LQFOXGHG
LQ�JDV�YDFDQF\�FRPSOH[HV��9LÜ0L��0L�EHLQJ�DQ
DWRP��9L��D�QHXWUDO�YDFDQF\���$FFRUGLQJ�WR�WKH
PRGHO�� WKH� JDV�YDFDQF\� FRPSOH[HV� DUH� IRUPHG
GXH� WR� EUHDNLQJ� RI� LRQ�FRYDOHQW� �SRODUL]DWLRQ�
ERQGV� LQ� VDSSKLUH�� 7KH� LPSXULW\� DQG� PDWUL[
DWRPV�WKDW�DUH�GLIIXVHG�WR�WKH�VXUIDFH�DV�FRP�
SRQHQWV�RI�WKH�FRPSOH[HV�DUH�WUDQVIRUPHG�LQWR
DGVRUEHG�VWDWH��WKHQ�D�IUDFWLRQ�WKHUHRI�EHFRPHV
GHVRUEHG� ZKLOH� DQRWKHU� RQH� EHFRPHV� UHFRP�
ELQHG� LQWR� PROHFXOHV� DQG� WKHQ� GHVRUEHG�� 7KH
HTXDWLRQV�GHVFULELQJ�WKH�GLIIXVLRQ�DQG�GHVRUS�
WLRQ�KDYH�EHHQ�GHULYHG��&RQVLGHULQJ�WKH�H[SHUL�
PHQWDO� UHVXOWV� RQ� WKH� LVRWKHUPDO� GHVRUSWLRQ
DQG� XVLQJ� WKH� HTXDWLRQV� REWDLQHG�� WKH� NLQHWLF
GLIIXVLRQ�SDUDPHWHUV�IRU�DWRPV��YDFDQFLHV���WKH
GHVRUSWLRQ� UDWH� FRQVWDQWV� IRU� &2�� &2��� 2��KDYH� EHHQ� GHWHUPLQHG� DQG� WKH� DFWLYDWLRQ� HQ�
HUJ\�YDOXHV�IRU�WKRVH�SURFHVVHV�KDYH�EHHQ�HVWL�

PDWHG�� )RU� WKLQ� VDSSKLUH� VDPSOHV�� WKH� UH�
OHDVH� UDWHV� RI� FDWLRQV� �$O�� &�� +�� HWF��� DQG
DQLRQV� �R[\JHQ�DWRPV��RXW�RI�EXON�DUH� LQ�SUR�
SRUWLRQ�WR�WKH�VDPSOH�WKLFNQHVV�DQG�H[FHHG�FRQ�
VLGHUDEO\� WKH� FRUUHVSRQGLQJ� HYDSRUDWLRQ� UDWHV
DW�$O�2��GLVVRFLDWLRQ�DW�WKH�VXUIDFH��
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