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'HSDUWPHQW�RI�3K\VLFV��7�6KHYFKHQNR�.\LY�8QLYHUVLW\�
���9RORG\P\UVND�6W���������.\LY��8NUDLQH*�.XUG\XPRY�,QVWLWXWH�IRU�0HWDO�3K\VLFV��1DWLRQDO�$FDGHP\�RI�6FLHQFHV

RI�8NUDLQH�����9HUQDGVN\�$YH���������.\LY��8NUDLQH
7KH�FU\VWDOOL]DWLRQ�NLQHWLFV�RI�WKH�DPRUSKRXV�DOOR\V�RQ�WKH�EDVH�RI�)H��6L�%���KDV�EHHQVWXGLHG� XQGHU� LVRWKHUPDO� DQQHDOLQJ� XVLQJ� PDJQHWRPHWULF� PHWKRG�� 7KH� DSSDUHQW� FU\VWDO�

OL]DWLRQ� DFWLYDWLRQ� HQHUJ\� RI� (D� DQG� $YUDPL� H[SRQHQW� Q� KDYH� EHHQ� GHWHUPLQHG�� 7KHDGPL[WXUHV�RI�1L�DQG�0R�KDYH�EHHQ�VKRZQ�WR�LQIOXHQFH�ZHDNO\�RQ�WKH�YDOXHV�RI�(D�DQG�Q�7KH�DSSDUHQW�DFWLYDWLRQ�HQHUJ\�RI�FU\VWDOOL]DWLRQ�IRU�WKH�ULEERQV�SURGXFHG�XVLQJ�LQGXVWULDO
UDZ�PDWHULDOV�FRLQFLGHV�ZLWKLQ�WKH�H[SHULPHQW�DFFXUDF\�ZLWK�WKDW�IRU�WKH�DOOR\V�RI�LGHQWL�
FDO� FRPSRVLWLRQ�SURGXFHG� IURP�FKHPLFDOO\�SXUH� FRPSRQHQWV�� ,W� KDV� EHHQ� DOVR�DVFHUWDLQHG
WKDW�WKH�Q�YDOXH�LV�GHWHUPLQHG�PDLQO\�E\�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�DOOR\�UDWKHU�WKDQ�E\
WKH�WKLFNQHVV�RI�WKH�UDSLGO\�TXHQFKHG�ULEERQ��
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$PRUSKRXV� PHWDOOLF� DOOR\V� �$0$V�� RQ
WKH� EDVH� RI�)H±6L±%� V\VWHP� DUH� VXLWDEOH� DV
FRUH� PDWHULDOV� LQ� GLVWULEXWLRQ� WUDQVIRUPHUV
EHFDXVH� RI� WKHLU� ORZ� FRUH� ORVVHV� DQG� UHOD�
WLYHO\�KLJK�VDWXUDWLRQ�PDJQHWL]DWLRQ��7KHVH
SURSHUWLHV� DUH� LPSURYHG� RU� DW� OHDVW� UHPDLQ
XQFKDQJHG� ZKHQ� GRSLQJ� WKH� DOOR\V� RI� WKH
DERYH�EDVLF� FRPSRVLWLRQ�ZLWK�1L� DQG�0R�� ,W
KDV�EHHQ�HVWDEOLVKHG�WKDW�FRPSOH[�GRSLQJ�RI
WKH�EDVLF�$0$�FRPSRVLWLRQ�ZLWK�1L�DQG�0R
LQFUHDVHV� WKH� UHVLVWLYLW\� WKHUHRI� IURP� ��Ü
����WR����Ü���P:�FP�� WKXV� IDYRULQJ� WR� UH�
GXFH�WKH�HGG\�FXUUHQWV�HQHUJ\�ORVVHV�>�@�DQG
HVVHQWLDOO\� LQIOXHQFHV� FU\VWDOOL]DWLRQ� WHP�
SHUDWXUH� 7[� DQG� WKH� PDMRULW\� RI� PDJQHWLF
SDUDPHWHUV� >�@�� 2SWLPXP� SURSRUWLRQV� RI
WKHVH� GRSDQWV� HQDEOH� WR� SURYLGH� GHVLUDEOH
FRPELQDWLRQ�RI�VHUYLFH�FKDUDFWHULVWLFV�

2Q� WKH� RWKHU� KDQG�� WKH� GRSLQJ� HOHPHQWV
PD\� VWURQJO\� DIIHFW� WKH� WKHUPDO� VWDELOLW\
XQGHU� UHDO� RSHUDWLRQDO� FRQGLWLRQV�� 7KHUH�
IRUH�� WKH� FU\VWDOOL]DWLRQ� RI� WKH� DOOR\V� KDV
EHHQ� H[WHQVLYHO\� VWXGLHG�� $OWKRXJK� D� QXP�
EHU� RI� ZRUNV� KDYH� UHSRUWHG� WKH� FU\VWDO�
OL]DWLRQ� SURFHVV� RI� )H±6L±%� $0$V� >�Ü�@�
WKHUH�DUH�YHU\�IHZ�VWXGLHV�RQ�LWV�UHODWLRQ�WR
WKH� DPRUSKRXV� VWUXFWXUH� DQG� WKH� SUHVHQFH
RI��G�DGPL[WXUHV��7KH�FU\VWDOOL]DWLRQ�EHKDY�
LRU�RI�VRPH�$0$V�LQFOXGLQJ�)H±6L±%�DOOR\V
KDV�EHHQ�H[DPLQHG�E\�WUDQVPLVVLRQ�HOHFWURQ
PLFURVFRS\��;�UD\�GLIIUDFWLRQ�DQG�GLIIHUHQ�
WLDO� WKHUPDO� DQDO\VLV�� DQG� D� JHQHUDO� WUDQV�
IRUPDWLRQ�VHTXHQFH�RQ�FU\VWDOOL]DWLRQ�RI�WKH
$0$V� KDV� EHHQ� SURSRVHG�� 7KH� FU\VWDO�
OL]DWLRQ� NLQHWLFV� LQ� K\SRHXWHFWLF�� HXWHFWLF
DQG� K\SHUHXWHFWLF� )H±6L±%� $0$V� KDV� EHHQ
VWXGLHG�LQ�>�@�DQG�WKH�FRPSRVLWLRQDO�GHSHQG�
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HQFH� RI� WKH� HIIHFWLYH� FU\VWDOOL]DWLRQ� DFWLYD�
WLRQ� HQHUJ\� DQG� WKH�$YUDPL� H[SRQHQW� KDYH
EHHQ� UHSRUWHG�� $OWKRXJK� WKH� FRPSRVLWLRQDO
GHSHQGHQFH� RI� WKH� )H±6L±%� $0$V� FU\VWDO�
OL]DWLRQ�SURFHVV�KDV� EHHQ�H[WHQVLYHO\�H[DP�
LQHG� IURP� WKH� YDULRXV� SRLQWV� RI� YLHZ� DV
PHQWLRQHG� DERYH�� YHU\� IHZ� VWXGLHV� KDYH
EHHQ�UHSRUWHG�RQ�WKH�UHODWLRQ�RI�WKH�FU\VWDO�
OL]DWLRQ� EHKDYLRU� WR� DPRUSKRXV� VWUXFWXUH�
5HFHQWO\�� D� VWUXFWXUDO� PRGHO� WKDW� H[SODLQV
ZHOO� WKH�FRPSRVLWLRQDO�GHSHQGHQFH�RI�VWUXF�
WXUH�VHQVLWLYH�SURSHUWLHV� DQG� FU\VWDOOL]DWLRQ
NLQHWLFV� RI� )H±6L±%� $0$V� KDV� EHHQ� SUR�
SRVHG� >�@�� 7KH� SXUSRVH� RI� WKLV� ZRUN� LV� WR
LQYHVWLJDWH� WKH� LQIOXHQFH� RI� 1L� DQG� 0R
GRSDQWV� RQ�)H��6L�%��� FU\VWDOOL]DWLRQ�NLQHW�LFV� DQG� WR� H[DPLQH� WKH� SRVVLELOLWLHV� WR� XVH
WKH�LQGXVWULDO�UDZ�PDWHULDOV�IRU�$0$V�SURF�
HVVLQJ�

$PRUSKRXV�PHWDOOLF�DOOR\V�RQ�WKH�EDVH�RI
)H��6L�%��� VKDSHG� DV� ���PP�ZLGH� DQG� ��Ü
���PP�WKLFN�ULEERQV�KDYH�EHHQ�SUHSDUHG�E\
VLQJOH�UROO� TXHQFKLQJ� WHFKQLTXH�� 7KH� VDP�
SOHV� ZHUH� SUHSDUHG� ERWK� IURP� FKHPLFDOO\
SXUH�FRPSRQHQWV��F�JODVVHV��DQG�IURP�LQGXV�
WULDO�UDZ�PDWHULDOV��W�JODVVHV���7KH�W�JODVVHV
KDYH�EHHQ�SURGXFHG�XVLQJ�WKH�LQGXVWULDO�)%�
���)H±%�DOOR\��FRQWDLQLQJ�XS�WR����PDVV���%�
����PDVV���$O������PDVV���6L������PDVV���&��
UDZ�VLOLFRQ�������PDVV���SXULW\���0R�DQG�1L
������ PDVV� �� SXULW\��� 7KH� F�JODVVHV� KDYH
EHHQ�SURGXFHG�XVLQJ�)H� �������PDVV�����1L
������� PDVV�����0R� ������ PDVV����� VHPL�
FRQGXFWLQJ� 6L� �������� PDVV� ��� DQG� DPRU�
SKRXV�%� ������PDVV�����7KH�PHOW� WHPSHUD�
WXUH� EHIRUH� HMHFWLQJ� WKURXJK� UHFWDQJXODU
QR]]OH� ZDV� ����Ü�����&�� WKH� VSHHG� RI� D
GLVN� PDGH� RI� FKURPLF� EURQ]H� ���� PP� LQ
GLDPHWHU� ZDV� ���Ü���� PLQÜ��� 7KH� PHOW
HMHFWLQJ�SUHVVXUH�RI�WKH�FKDQJHG�ZLWKLQ�OLP�
LWV� RI� ��Ü��� N3D�� 7KH� JDS� EHWZHHQ� QR]]OH
DQG� GLVN� ZDV� LQFUHDVHG� IURP� ����Ü����PP

XS� WR� ����Ü���� PP�� 7KH� $0$� FRQWHQWV
KDYH� EHHQ� FRQWUROOHG� E\� WKH� ;�UD\� IOXRUHV�
FHQFH�DQG�DUH�SUHVHQWHG�LQ�WKH�7DEOH�

0DJQHWRPHWULF� PHDVXUHPHQWV� KDYH� EHHQ
XVHG�WR�DQDO\]H�WKH�FU\VWDOOL]DWLRQ�NLQHWLFV�
EHFDXVH� WKH� FU\VWDOOL]DWLRQ� RI� )H±6L±%
$0$V� LV� DFFRPSDQLHG� E\� D� VKDUS� ULVH� RI
PDJQHWL]DWLRQ� GXH� WR� IRUPDWLRQ� RI� FU\VWDO�
OLQH�SKDVHV�ZLWK�HOHYDWHG�&XULH�SRLQWV��0DJ�
QHWRPHWULF� LQYHVWLJDWLRQV� ZHUH� FDUULHG� RXW
XVLQJ� D� )DUDGD\� W\SH� PDJQHWRPHWHU� ZLWK
PLFUREDODQFH�LQ�WKH�WHPSHUDWXUH�UDQJH����Ü
���� .� LQ� WKH� SXULILHG� DUJRQ� DWPRVSKHUH�
7KH�DFFXUDF\�RI� WKH� VXVFHSWLELOLW\�PHDVXUH�
PHQWV�'F�F�ZDV�EHWWHU�WKDQ�������DQG�WKDW
RI� WHPSHUDWXUH� '7�d����� .�� 3ULRU� WR� SHU�
IRUPLQJ� PDJQHWRPHWULF� PHDVXUHPHQWV�� DOO
VDPSOHV�ZHUH�DQDO\]HG�E\�;�UD\�GLIIUDFWLRQ�
7KH� UHVXOWV� SURYLGH� DQ� HYLGHQFH� IRU� WKH
DPRUSKRXV�VWUXFWXUH�RI�DOO�DV�TXHQFKHG�ULE�
ERQV�� 1R� FU\VWDOOLQH� LQFOXVLRQV� ZHUH� GH�
WHFWHG�

7HPSHUDWXUH� GHSHQGHQFHV� RI� PDJQHWLF
VXVFHSWLELOLW\�F�7��KDYH�EHHQ�VWXGLHG� LQ�GH�
WDLOV� LQ� >�@�� 7KH� FU\VWDOOL]DWLRQ� RI� DOO� VWXG�
LHG� $0$V� ZDV� IRXQG� WR� RFFXU� WKURXJK� D
VLQJOH� VWDJH� WKDW� LV� W\SLFDO� RI� HXWHFWLF� DQG
K\SHUHXUHFWLF�DOOR\V� >�@�DQG� WR�EH�DFFRPSD�
QLHG� E\� DQ� HVVHQWLDO� ULVH� RI�F�� 7KLV� LV� VHHQ
FOHDUO\� LQ� )LJ����ZKLFK� SUHVHQWV�F�7�� FXUYH
IRU�)H��6L�%���JODVV�DV�DQ�H[DPSOH��DQG�HYL�GHQFHV� WKH� VLPXOWDQHRXV� IRUPDWLRQ� RI�)H�%DQG�D�)H�EDVHG�VROLG�VROXWLRQ��$�VXEVWDQWLDO
LQFUHDVH�RI�F�XSRQ�FU\VWDOOL]DWLRQ�RI�WKH�LQ�
YHVWLJDWHG� $0$V� SURPRWHG� WKH� DSSOLFDWLRQ
RI�PDJQHWRPHWULF�PHWKRG�WR�WKH�DQDO\VLV�RI
LWV� NLQHWLFV�� &U\VWDOOL]DWLRQ� RI� DPRUSKRXV
DOOR\V� LV� ZHOO� GHVFULEHG� E\� WKH� SKHQR�
PHQRORJLFDO�$YUDPL�HTXDWLRQ�

[� ������DWQ��� ���

7DEOH��$SSDUHQW�DFWLYDWLRQ�HQHUJ\�RI�FU\VWDOOL]DWLRQ��(D��DQG�$YUDPL�H[SRQHQW��Q��IRU�$0$V�RQWKH�EDVH�RI�)H��6L�%��
� &RQWHQW 7\SH�RI�$0$ 7KLFNQHVV�'��PP (D��N-�PROH Q�
� )H��6L�%�� F �� ��� ����
� )H����6L�%��1L���0R� F �� ��� ����
� )H����6L�%��1L���0R� W �� ��� ����
� )H����6L�%��1L���0R� W �� ��� ����
� )H����6L�%��1L���0R� W �� ��� ����
� )H����6L�%��1L���0R� W �� ��� ����
� )H��6L�%��1L�0R� F �� ��� ����
� )H����6L�%��1L���0R� F �� ��� ���
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ZKHUH� [� LV� WKH� FU\VWDOOLQH� IUDFWLRQ� DW� WKH
WLPH� W�� D� DQG�Q� DUH� NQRZQ� DV� WKH� UDWH� SD�
UDPHWHU� DQG�$YUDPL� H[SRQHQW�� UHVSHFWLYHO\
>�@��6LQFH�ZH�DQDO\]H�WKH�FU\VWDOOL]DWLRQ�NL�
QHWLFV�SURFHHGLQJ�IURP�WKH�GDWD�RQ�PDJQHWLF
VXVFHSWLELOLW\�� LW� LV� DGYLVDEOH� WR� SUHVHQW
(T�����DV

FN���F�W�
FN���FD � �H[S��DW

Q�� ���

RU�LQ�DQ�HTXLYDOHQW�IRUP�

OJOJ FN���FD
FN���F�W�� �OJD���QOJW

���

WKURXJK� D� VHTXHQFH� RI� URXWLQH� WUDQVIRUPD�
WLRQV��+HUH�� FD� DQG� FN� DUH� WKH� VXVFHSWLELOL�WLHV� RI� WKH� DV�SUHSDUHG� DQG� WRWDOO\� FU\VWDO�
OL]HG� PDWHULDO�� F�W�� LV� WKH� VXVFHSWLELOLW\� DW
WKH�WLPH�W��6R��LQ�RUGHU�WR�DQDO\]H�WKH�FU\V�
WDOOL]DWLRQ� NLQHWLFV� XVLQJ� PDJQHWRPHWULF
PHWKRG�� LW� LV� QHFHVVDU\� WR� REWDLQ� WKH� GH�
SHQGHQFHV�RI�F�YV�� WLPH� W� RI� LVRWKHUPDO�DQ�
QHDOLQJ� DW� GLIIHUHQW� WHPSHUDWXUHV� FORVH� WR
WKH� FU\VWDOOL]DWLRQ� WHPSHUDWXUH�7[��7KH� DQ�QHDOLQJ�WHPSHUDWXUH�YDOXHV�IRU�HDFK�VWXGLHG
$0$�ZHUH� VHOHFWHG�EDVLQJ�RQ� WKH�DSSURSUL�
DWH�GDWD� RQ�7[� OLVWHG� LQ� >�@��7KH� SURFHGXUHRI�VXFK�DQDO\VLV�LV�SUHVHQWHG�LQ�GHWDLO�LQ�>�@�
)LJ���� SUHVHQWV� W\SLFDO� VHWV� RI� F�W�� FXUYHV
ILWWHG� DFFRUGLQJ� WR� (T������ (YLGHQWO\�� HDFK
F�W��FXUYH�H[KLELWV�D�OLQHDU�UHJLRQ�WKDW�FRQ�
ILUPV� WKH� YDOLGLW\� RI� WKH� $YUDPL� HTXDWLRQ�
7KLV�DOORZV�WR�GHWHUPLQH�Q�DQG�WKH�WUDQVIRU�
PDWLRQ� WLPH�� 7KH� Q� YDOXHV� REWDLQHG� DUH
IRXQG�WR�GHFUHDVH�VOLJKWO\�DW�KLJKHU�DQQHDO�
LQJ�WHPSHUDWXUHV��$V�LW�LV�FOHDUO\�VHHQ�IURP
)LJ�����WKH�WUDQVIRUPDWLRQ�WLPH�LV�JRYHUQHG
E\�WKH�$UUKHQLXV�ODZ�

W� �W�H[S>(D�e�N7@��� ���
ZKHUH� 7� LV� WKH� WHPSHUDWXUH�� N�� WKH
%ROW]PDQQ� FRQVWDQW��(D�� WKH� DSSDUHQW� DFWL�YDWLRQ� HQHUJ\� RI� FU\VWDOOL]DWLRQ� DQG� W��� DWLPH� FRQVWDQW�� 7KH� YDOXHV� RI�(D� DQG� Q� GH�ULYHG� IURP� WKH� H[SHULPHQWDO� GDWD� DUH� VXP�
PDUL]HG� LQ� WKH� 7DEOH� �WKH� HVWLPDWHG� HUURUV
DUH�r���N-�PROH�LQ�(D�DQG�r����LQ�Q��7KH� REWDLQHG� (D� DQG� Q� YDOXHV� IRU� WKHEDVLF� )H��6L�%��� $0$� LV� LQ� D� IDLUO\� JRRG
DJUHHPHQW�ZLWK�WKH�GDWD�RI�>�@��+RZHYHU��LW
VKRXOG� EH� QRWHG� WKDW� WKH� SUHVHQFH� RI� ERWK
0R� DQG�1L� UHVXOWV� LQ� D� GHFUHDVH� RI�(D�� WKHLQIOXHQFH� RI�0R� EHLQJ� FRQVLGHUHG� WR� EH� RI
PRUH� VLJQLILFDQFH�� 7KH� SUHVHQFH� RI� 1L� LQ
)H±6L±%� $0$V� IRU� KLJK�IUHTXHQF\� DSSOLFD�
WLRQV� LV� QHFHVVDU\� IURP� WKH� VWDQGSRLQW� RI
WKHLU� PDJQHWLF� SURSHUWLHV� >�@�� $QRWKHU� LP�
SRUWDQW� UHVXOW� LV� WKH� IDFW� WKDW� WKH� FU\VWDO�

)LJ����� 'HSHQGHQFHV� RI� OJOJ FN���FD
FN���F�W�

� YV�� OJW
IRU� )H��6L�%��� �F�JODVV�� �D��� )H��6L�%��1L�0R��F�JODVV�� �E�� DQG�)H����6L�%��1L���0R�� �W�JODVV��F��REWDLQHG�DW�7� ���������������������������
�����������������DQG�����.�����

)LJ����� 7HPSHUDWXUH� GHSHQGHQFH� RI� PDJQHWLF
VXVFHSWLELOLW\� IRU� DV�SUHSDUHG� )H��6L�%��$0$�
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OL]DWLRQ�DFWLYDWLRQ�DSSDUHQW�HQHUJ\�RFFXUUHG
WR�EH�DOPRVW�WKH�VDPH�IRU�F��DQG�W�JODVVHV�RI
LGHQWLFDO� FRPSRVLWLRQ� �ZLWKLQ� WKH� H[SHUL�
PHQW�DFFXUDF\��WKDW�SURYLGHV�WKH�SRVVLELOLW\
WR� XVH� LQGXVWULDO� UDZ� PDWHULDOV� LQ� $0$V�
SURFHVVLQJ�� +RZHYHU�� WKH� YDOXHV� RI� (D� H[�KLELW� D� WUHQG� WR� GHFUHDVH� ZLWK� LQFUHDVLQJ
ULEERQ�WKLFNQHVV��7KLV�PD\�UHIOHFW�WKH�LQIOX�
HQFH� RI� DWRPLF� LQKRPRJHQHLWLHV� EHLQJ
IRUPHG� LQ� )H±6L±%� $0$V� GRSHG� E\�1L� DQG
0R�>�@�

7KH�$YUDPL�H[SRQHQW�Q��DFFRUGLQJ�WR�>�@�
FRXOG�EH�IDFWRUL]HG�DV�IROORZV�

Q� �Q����Q����S�� ���
+HUH�Q�� LV� GHWHUPLQHG�E\� WKH�QXFOHDWLRQUDWH�DQG�YDULHV�IURP����IRU�TXHQFKHG�LQ�QX�

FOHL�� WR��� �IRU� FRQVWDQW�QXFOHDWLRQ�UDWH���Q�WDNHV�D�YDOXH�RI������RU���GHSHQGLQJ�RQ�WKH
GLPHQVLRQDOLW\� RI� WKH� FU\VWDO� JURZWK�� 7KH
SDUDPHWHU� S� LV� GHWHUPLQHG� E\� WKH� PHFKD�
QLVP� WKDW� FRQWUROV� FU\VWDO� JURZWK� DQG� LV
HTXDO� HLWKHU� WR� ���� IRU� GLIIXVLRQ� FRQWUROOHG
�SDUDEROLF�� JURZWK� RU� WR� �� IRU� LQWHUIDFLDO
�OLQHDU� LQ� WLPH�� JURZWK�� 6LQFH� WKH� FU\VWDO�
OL]DWLRQ�SURFHVV�LQ�)H±%�$0$V�LV�NQRZQ�WR
EH�GLIIXVLRQ�FRQWUROOHG� >��@��RQH�FDQ�H[SHFW
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9DOXHV� RI� WKH� $YUDPL� H[SRQHQW� Q� VXJJHVW
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