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0XFK�LQWHUHVW�KDV�EHHQ�IRFXVHG�RQ�WKH�SHULF\FOLF�UHDFWLRQV
RI�FRQMXJDWHG�SRO\HQHV�GXH�WR�WKHLU�SRWHQWLDO�IRU�HDV\�FUHDWLRQ
RI� FRPSOH[� FDUERF\FOLF� V\VWHPV����� ����&\FORKH[DGLHQRQHV
DUH� HPHUJLQJ� DV� YDOXDEOH� LQWHUPHGLDWHV� LQ� RUJDQLF� V\QWKH�
VLV�����EHFDXVH�RI�WKHLU�YDULRXV�FKHPLFDO�EHKDYLRU��+RZHYHU�
PXOWLSOH�PRGHV�RI� DGGLWLRQ�FRXOG�EH�RFFXUUHG�GXULQJ� WKHLU
F\FORDGGLWLRQ�ZLWK�FRQMXJDWHG�SRO\HQHV��

,Q� WKH� V\QWKHVHV� RI� YDULRXVO\� DQQXODWHG� ELF\FOR>�����@�
RFWHQRQHV�� F\FORDGGLWLRQV� RI� ����GLVXEVWLWXWHG� F\FORKH[D�
����GLHQRQH���ZLWK�F\FORSHQWDGLHQH�JDYH�RQO\�DGGXFW�RI�W\SH
,�� ZKLOH� LWV� UHDFWLRQ�ZLWK� ����F\FORKH[DGLHQH� JDYH� ERWK� ,,
DQG�,,,���6FKHPH�����&RQVLGHULQJ�WKH�VWUXFWXUDO�VLPLODULW\�LQ
F\FORSHQWDGLHQH� DQG� ����F\FORKH[DGLHQH�� DQG� WKDW� 'LHOV�
$OGHU� UHDFWLRQ� LV� FDUULHG� RXW�PRUH� HDVLO\�ZKHQ� GLHQRSKLOH
KDV�HOHFWURQ�ZLWKGUDZLQJ�JURXS���WKLV�REVHUYDWLRQV�DUH�TXLWH
LQWHUHVWLQJ��
,W� KDV� EHHQ� UHSRUWHG� WKDW� WKH� UHDFWLRQV� RI� YDULRXVO\

VXEVWLWXWHG� F\FORKH[D�����GLHQRQHV� ZLWK� F\FORSHQWDGLHQH
LQYROYH� WKH� LQWHUPHGLDWH� IRUPDWLRQ� RI� QRUERUQHQH� V\VWHP�
ZKHUH� F\FORSHQWDGLHQH� EHKDYHV� DV� GLHQH��ZKLFK� WKHQ� UHDU�

UDQJHV� WR� JLYH� D� OHVV� VWUDLQHG� SURGXFW�� DGGXFW� RI� W\SH� ,� �D

+RZHYHU�� LW� FDQQRW� EH� H[FOXGHG� WKDW� VRPH� RI� WKH� DGGXFW
PLJKW�KDYH�EHHQ� IRUPHG�GLUHFWO\�E\�DGGLWLRQ�RI� WKH�F\FOR�
KH[DGLHQRQH�WR�D�GRXEOH�ERQG�RI�WKH�F\FORSHQWDGLHQH��
2Q�WKH�RWKHU�KDQG��6LQJK�DQG�FRZRUNHUV�KDYH�VKRZQ�WKDW

F\FORKH[D�����GLHQRQHV�EHKDYH�DV�GLHQH�LQ�WKH�UHDFWLRQ�ZLWK
����F\FORKH[DGLHQH�� DQG� WKDW� ZKLOH� WKH� W\SH� ,,,� DGGXFWV
IDLOHG�WR�XQGHUJR�WKH�&RSH�UHDUUDQJHPHQW�WR�W\SH�,,�DGGXFWV�
WKH�W\SH�,,�DGGXFWV�VPRRWKO\�UHDUUDQJHG�WR�W\SH�,,,�DGGXFWV� �E

%XW� WKH\�GLG�QRW� UXOHG�RXW� WKH�SRVVLELOLW\�RI� D� FRPSHWLWLYH
UHDFWLRQ�LQ�ZKLFK�����F\FORKH[DGLHQH�EHKDYHV�DV�GLHQH��
,Q� RUGHU� WR� REWDLQ� D� GHHSHU� LQVLJKW� LQWR� WKH� RULJLQ� RI

GLIIHUHQW�EHKDYLRXU�RI���LQ�WKHVH�UHDFWLRQV��ZH�KDYH�SHUIRUP�
HG� VHPLHPSLULFDO� 30���� FRPSXWDWLRQV� IRU� WKHVH� UHDFWLRQV
DQG�GLVFXVVHG�WKH�H[SHULPHQWDO�UHVXOWV�ZLWK�WKHUPRG\QDPLF
SDUDPHWHUV�REWDLQHG��

&RPSXWDWLRQV

$OO� FDOFXODWLRQV� ZHUH� SHUIRUPHG� ZLWK� 30�� PHWKRG� E\
XVLQJ�023$&������DQG�FRQYHUJHQFH�FULWHULD�ZHUH�LQFUHDVHG
E\� ���� WLPHV� XVLQJ� NH\ZRUG� 35(&,6(�� 7UDQVLWLRQ� VWDWHV
ZHUH�ORFDWHG�E\�XVLQJ�WKH�HLJHQYHFWRU�IROORZLQJ�SURFHGXUH
�()����DQG�FKDUDFWHUL]HG�E\�FRQILUPLQJ�WKH�SUHVHQFH�RI�RQO\
RQH�QHJDWLYH�HLJHQYDOXH�LQ�WKH�+HVVLDQ�PDWUL[��,Q�DGGLWLRQ�
LQWULQVLF� UHDFWLRQ� FRRUGLQDWH� �,5&�� PHWKRG��� ZDV� XVHG� WR
FRQILUP�ERWK�PLQLPD�

5HVXOWV�DQG�'LVFXVVLRQ

)URQWLHU� PROHFXODU� RUELWDOV� ZHUH� H[DPLQHG� LQ� WKH� ILUVW
SODFH�� LQ�RUGHU� WR�VHH� LI� WKHUH� LV�DQ\�DVSHFW� WR�PDNH�F\FOR�
SHQWDGLHQH�UHDFW�RQO\�LQ�RQH�PRGH��30��RSWLPL]HG�HQHUJ\
GLDJUDP�RI�IURQWLHU�PROHFXODU�RUELWDOV�RI� ��5 &+����F\FOR�
SHQWDGLHQH�� DQG� ����F\FORKH[DGLHQH� LV� VKRZQ� LQ� )LJXUH� ��6FKHPH �
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7KH� LQWHUDFWLRQ�EHWZHHQ�/802�RI���5 &+���DQG�+202
RI� F\FORSHQWDGLHQH� LV� PRUH� IDYRXUDEOH� WKDQ� WKH� LQWHDFWLRQ
EHWZHHQ�+202� RI� ��5 &+��� DQG� /802� RI� F\FORSHQWD�
GLHQH� LQ� WHUPV� RI� HQHUJ\� E\� ����� H9�� DOWKRXJK� ERWK� LQWHU�
DFWLRQV� DUH� V\PPHWU\�DOORZHG�� )URQWLHU� PROHFXODU� RUELWDO
LQWHUDFWLRQ� HQHUJ\�� ∆()02�� IRU� WKH� F\FORDGGLWLRQ� EHWZHHQ
WZR�PROHFXOHV�FDQ�EH�HVWLPDWHG�E\��
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ZKHUH�γ�LV�WKH�UHVRQDQFH�LQWHJUDO�RI�WKH�WZR�LQWHUDFWLQJ�OREHV
DW� HDFK� RI� WKH� UHDFWLRQ� VLWHV��&� DQG� (� UHIHU� WR� SDUWLFXODU
HLJHQYHFWRU� FRHIILFLHQW� DQG� HLJHQYDOXH�� UHVSHFWLYHO\�� 6XE�
VFULSWV�$�DQG�%�UHIHU�WR�WKH�WZR�UHDFWLQJ�PROHFXOHV����DQG��
UHIHU�WR�WKH�WZR�UHDFWLRQ�VLWHV��DQG�+�DQG�/�UHIHU�WR�+202
DQG� /802�� ∆()02� YDOXHV� ZHUH� FRPSDUHG� IRU� WKH� WZR
UHDFWLRQ� PRGHV� LQ� WKH� LQWHUDFWLRQ� EHWZHHQ� ��5 &+��� DQG
F\FORSHQWDGLHQH�� 7KH� UHDFWLRQ� RI� ��5 &+��� DV� GLHQRSKLOH
������γ�� H9�� LV� VOLJKWO\�PRUH� IDYRXUDEOH� WKDQ� WKDW� DV�GLHQH
�������γ��H9���DOWKRXJK�ERWK�UHDFWLRQV�DUH�V\PPHWU\�DOORZ�
HG��(QHUJ\� LV�PRUH� IDYRXUDEOH� IRU� WKH� LQWHUDFWLRQ� EHWZHHQ
/802�RI���5 &+���DQG�+202�RI�����F\FORKH[DGLHQH��DV
LV�WKH�VDPH�DVSHFW�LQ�WKH�UHDFWLRQ�RI���5 &+���ZLWK�F\FOR�
SHQWDGLHQH��E\������H9��$JDLQ��WKH�UHDFWLRQ�RI���5 &+���DV
GLHQRSKLOH�������γ��H9��LV�VOLJKWO\�PRUH�IDYRXUDEOH�WKDQ�WKDW
DV� GLHQH� �������γ�� H9�� DV� UHJDUGV� WR� IURQWLHU� PROHFXODU
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JURXQGV� IRU� WKH�VHOHFWLYLW\�RI� WKH� UHDFWLRQ�RI���ZLWK�F\FOR�

SHQWDGLHQH�
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ZKHQ�F\FORSHQWDGLHQH�UHDFWV�DV�GLHQRSKLOH������D���E��DQG��F
FRXOG� EH� REWDLQHG� ZKHQ� LW� UHDFWV� DV� GLHQH�� $OO� VWUXFWXUHV
FRXOG�KDYH�D�SDLU�RI�FLV� MXQFWLRQV�� L�H���HQGR�DQG�H[R�DGGL�
WLRQV�
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��WR�VHH�LI�VXEVWLWXHQW�HIIHFW�H[LVW��
7DEOH���VKRZV� WKHUPRG\QDPLF�SDUDPHWHUV� IRU� WKH�F\FOR�

DGGLWLRQ�UHDFWLRQ�RI���ZLWK�F\FORSHQWDGLHQH�DW�����.�
7KHPRG\QDPLF�SDUDPHWHUV�RI�HQGR�DQG�H[R�DGGXFW�ZHUH

FRPSDUHG�WR�VHH�LI�WKHUH�DUH�VWDELOLW\�GLIIHUHQFHV�WKDW�FRXOG
UHVXOW� LQ� HQGR�H[R� VHOHFWLYLW\�� WKH� GLIIHUHQFH� RI�*LEEV� IUHH
HQHUJ\� RI� UHDFWLRQ��∆∆*� �HQGR�H[R�� DQG� WKH� GLIIHUHQFH� RI
*LEEV�IUHH�HQHUJ\�RI�DFWLYDWLRQ��∆∆*≠��HQGR�H[R��UHYHDO�WKDW
DGGXFWV�ZKLFK�DULVH�IURP�WKH�UHDFWLRQ�RI���DV�GLHQH����GLHQH�
DUH�DOO�IDYRXUDEOH�IRU�HQGR�DGGLWLRQ�E\���������NFDO�PRO�DQG
��������NFDO�PRO��UHVSHFWLYHO\��$GGXFWV�ZKLFK�DULVH�IURP�WKH
UHDFWLRQ�RI���DV�GLHQRSKLOH����GLHQRSKLOH��DUH�DOO�IDYRXUDEOH
IRU�H[R�DGGLWLRQ�E\�*LEEV�IUHH�HQHUJLHV�RI�UHDFWLRQ�RI��������
NFDO�PRO��ZKLOH�*LEEV�IUHH�HQHUJ\�RI�DFWLYDWLRQ�GR�QRW�VKRZ
FRQVLVWHQF\�
%RWK� �� DQG� F\FORSHQWDGLHQH� FRXOG� IXQFWLRQ� DV� GLHQH� LQ

'LHOV�$OGHU� F\FORDGGLWLRQ�� KHQFH� LW� LV� QHFHVVDU\� WR� ILQG���
GLHQH���GLHQRSKLOH�VHOHFWLYLW\��7KHPRG\QDPLF�SDUDPHWHUV�RI
��GLHQH�DQG���GLHQRSKLOH�ZHUH�FRPSDUHG�WR�VHH�LI�WKHUH�DUH
VWDELOLW\�GLIIHUHQFHV�WKDW�FRXOG�UHVXOW�LQ���GLHQH���GLHQRSKLOH
VHOHFWLYLW\��7DEOH����
7KH� GLIIHUHQFHV� RI�*LEEV� IUHH� HQHUJ\� RI� UHDFWLRQ� IRU� DOO

HQGR� DGGXFWV� DQG� H[R� DGGXFWV� DUH� IDYRXUDEOH� IRU� ��GLHQH
F\FORDGGLWLRQ�E\����������� NFDO�PRO��ZKLOH� WKH� GLIIHUHQFHV
RI� *LEEV� IUHH� HQHUJ\� RI� DFWLYDWLRQ�� ZKLFK� UDQJH� IURP� ���
NFDO�PRO� WR� ���� NFDO�PRO�� GR� QRW� VKRZ� FRQVLVWHQF\�� 7KLV
UHYHDOV� WKDW� ��GLHQH���GLHQRSKLOH� VHOHFWLYLW\� IRU� WKH� F\FOR�
DGGLWLRQ�RI���ZLWK�F\FORSHQWDGLHQH�ZDV�WKHUPRG\QDPLFDOO\
FRQWUROOHG��3RWHQWLDO�HQHUJ\�GLDJUDPV�IRU�WKH�F\FORDGGLWLRQV
RI���ZLWK�F\FORSHQWDGLHQH�DUH�VKRZQ�LQ�)LJXUH���
,W� LV� LQWHUHVWLQJ�WKDW���GLHQH�HQGR�DGGXFWV�FDQ�EH�IRUPHG

WKURXJK�&RSH� UHDUUDQJHPHQW� RI� ��GLHQRSKLOH�HQGR� DGGXFWV
DQG� YLFH� YHUVD�� 7DEOH� �� VKRZV� WKHUPRG\QDPLF� SDUDPHWHUV
IRU� WKH� &RSH� UHDUUDQJHPHQW� RI� HQGR� DGGXFWV� RI� �� ZLWK
F\FORSHQWDGLHQH�

*LEEV�IUHH�HQHUJLHV�RI�DFWLYDWLRQ�DQG�*LEEV�IUHH�HQHUJLHV
RI�UHDFWLRQ�IRU�WKH�&RSH�UHDUUDQJHPHQW�RI���GLHQRSKLOH�HQGR
DGGXFWV�DUH�LQ�WKH�UDQJH�RI������WR������NFDO�PRO�DQG�������WR

7DEOH� ��� &RPSDULVRQ� RI� WKHUPRG\QDPLF� SDUDPHWHUV� EHWZHHQ� ��
GLHQH� DQG� ��GLHQRSKLOH� IRU� WKH� 'LHOV�$OGHU� UHDFWLRQ� RI� �� ZLWK
F\FORSHQWDGLHQH�LQ�NFDO�PRO
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)LJXUH����3RWHQWLDO�HQHUJ\��∆+I��GLDJUDP�IRU�WKH�F\FORDGGLWLRQV�LQ
FRPSRXQG����5 +��ZLWK�F\FORSHQWDGLHQH��&3'��FDOFXODWHG�E\�WKH
30��+DPLOWRQLDQ��(QHUJLHV�DQG�LQWHUDWRPLF�GLVWDQFHV�DUH�JLYHQ�LQ
NFDO�PRO�DQG�DQJVWURP��UHVSHFWLYHO\�

7DEOH����30��FDOFXODWHG�WKHUPRG\QDPLF�SDUDPHWHUV�IRU�WKH�&RSH
UHDUUDQJHPHQW�RI�WKH�DGGXFWV�RI���ZLWK�F\FORSHQWDGLHQH�LQ�NFDO�PRO
DW�����.
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(OXFLGDWLRQ�RI�'LHOV�$OGHU�5HDFWLRQV�RI�&\FORKH[D�����GLHQRQH �%XOO��.RUHDQ�&KHP��6RF��������9RO������1R�����������

������NFDO�PRO��UHVSHFWLYHO\��7KH�YDOXHV�RI�*LEEV�IUHH�HQHUJ\
RI� DFWLYDWLRQ� FRXOG� EH� FRPSDUHG� ZLWK� WKRVH� IRU� WKH� UHWUR
'LHOV�$OGHU�UHDFWLRQ��ZKLFK�DUH�LQ�WKH�UDQJH�RI������WR�����
NFDO�PRO�IRU���GLHQH�DGGXFWV�DQG������WR������NFDO�PRO�IRU���
GLHQRSKLOH� DGGXFWV�� G�� DQG� G�� YDOXHV� DW� JURXQG� VWDWH� YDU\
IURP�FD�������c�RI�QRUPDO�&�&�VLQJOH�ERQG�GLVWDQFH�WR�WKH
UDQJH�RI������c������c��DQG�WKRVH�YDOXHV�DW�WUDQVLWLRQ�VWDWH
DUH�LQ�WKH�UDQJH�RI������c������c�
7KH� H[SHULPHQWDO� UHVXOWV� IRU� F\FORDGGLWLRQV� RI� �� ZLWK

F\FORSHQWDGLHQH�� ZKLFK� JDYH� RQO\� ��GLHQH� DGGXFW� ZLWKRXW
JLYLQJ���GLHQRSKLOH��PLJKW�EH�H[SODLQHG�ZLWK�PRUH�IDYRXU�
DEOH�*LEEV�IUHH�HQHUJLHV�RI�UHDFWLRQ�E\�����������NFDO�PRO�
WKDW�LV����GLHQH���GLHQRSKLOH�VHOHFWLYLW\�IRU�WKH�F\FORDGGLWLRQ
RI���ZLWK�F\FORSHQWDGLHQH�ZDV�WKHUPRG\QDPLFDOO\�FRQWUROO�
HG�DW�UHYHUVLEOH�UHDFWLRQ�FRQGLWLRQV��&RQVLGHULQJ�WKH�YDOXHV
RI�*LEEV� IUHH�HQHUJ\�RI�DFWLYDWLRQ� IRU� WKH�&RSH� UHDUUDQJH�
PHQW� RI���GLHQRSKLOH�HQGR� DGGXFWV� DQG� WKRVH� IRU� WKH� UHWUR
'LHOV�$OGHU� UHDFWLRQ� RI� ��GLHQRSKLOH� DGGXFWV�� &RSH� UHDU�
UDQJHPHQW�RI���GLHQRSKLOH�HQGR�DGGXFWV� LV�DQRWKHU�ZD\�RI
FRQYHUWLQJ� RI� ��GLHQRSKLOH� HQGR� DGGXFW� WR� ��GLHQH� HQGR
DGGXFW�� %HVLGHV�� HQGR�H[R� VHOHFWLYLWLHV� RI� ��GLHQH� DGGXFWV
DUH�DOO� IDYRXUDEOH�IRU�HQGR�DGGXFWV� LQ� WHUPV�RI�ERWK�*LEEV
IUHH�HQHUJ\�RI�DFWLYDWLRQ�DQG�*LEEV�IUHH�HQHUJ\�RI�UHDFWLRQ�
7KHVH� UHVXOWV� UHYHDO� WKDW� ��GLHQH� HQGR� DGGXFWV� DUH� PRVW
IDYRXUDEO\� IRUPHG� LQ� WKH� F\FORDGGLWLRQV� RI� �� ZLWK� F\FOR�

SHQWDGLHQH��ZKLFK�FRLQFLGH�ZLWK�H[SHULPHQWDO�REVHUYDWLRQV��D��D

&\FORDGGLWLRQV�ZLWK�����F\FORKH[DGLHQH��6FKHPH���VKRZV
DOO�IHDVLEOH�VWUXFWXUHV�UHVXOWHG�IURP�F\FORDGGLWLRQV�RI���ZLWK
����F\FORKH[DGLHQH�� :KLOH� ��� �D�� �E�� DQG� �F� FRXOG� EH
H[SHFWHG�ZKHQ�����F\FORKH[DGLHQH� UHDFWV� DV�GLHQRSKLOH����
�D���E��DQG��F�FRXOG�EH�REWDLQHG�ZKHQ�LW�UHDFWV�DV�GLHQH��$OO
VWUXFWXUHV�FRXOG�KDYH�D�SDLU�RI�FLV� MXQFWLRQV�� L�H���HQGR�DQG
H[R�DGGLWLRQV�
7DEOH���VKRZV� WKHUPRG\QDPLF�SDUDPHWHUV� IRU� WKH�F\FOR�

6FKHPH �

7DEOH����30��FDOFXODWHG�WKHUPRG\QDPLF�SDUDPHWHUVD�IRU�WKH�'LHOV�$OGHU�UHDFWLRQV�RI���ZLWK�����F\FORKH[DGLHQH�LQ�NFDO�PRO�DW�����.
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��������%XOO��.RUHDQ�&KHP��6RF��������9RO������1R��� -XQ�3\HRQJ�-HRQJ�HW�DO�

DGGLWLRQ�UHDFWLRQ�RI���ZLWK�����F\FORKH[DGLHQH�DW�����.�
7KHPRG\QDPLF�SDUDPHWHUV�RI�HQGR�DQG�H[R�DGGXFW�ZHUH

FRPSDUHG�WR�VHH�LI�WKHUH�DUH�VWDELOLW\�GLIIHUHQFHV�WKDW�FRXOG
UHVXOW� LQ�HQGR�H[R� VHOHFWLYLW\��7KH�GLIIHUHQFH�RI�*LEEV�IUHH
HQHUJ\� RI� UHDFWLRQ��∆∆*� �HQGR�H[R�� DQG� WKH� GLIIHUHQFH� RI

*LEEV�IUHH�HQHUJ\�RI�DFWLYDWLRQ��∆∆*≠��HQGR�H[R��UHYHDO�WKDW
��GLHQH�DGGXFWV�DUH�IDYRXUDEOH�IRU�HQGR�DGGLWLRQ�E\��������
NFDO�PRO� DQG� �������� NFDO�PRO�� UHVSHFWLYHO\�� ��'LHQRSKLOH
DGGXFWV� DUH� IDYRXUDEOH� IRU� HQGR� DGGLWLRQ� E\� *LEEV� IUHH
HQHUJLHV�RI�DFWLYDWLRQ�RI���������NFDO�PRO��ZKLOH�*LEEV�IUHH
HQHUJLHV�RI�UHDFWLRQ�GR�QRW�VKRZ�QRWDEOH�GLIIHUHQFH�
7KHPRG\QDPLF� SDUDPHWHUV� RI� ��GLHQH� DQG� ��GLHQRSKLOH

ZHUH�FRPSDUHG� WR�VHH� LI� WKHUH�DUH�VWDELOLW\�GLIIHUHQFHV� WKDW
FRXOG�UHVXOW�LQ���GLHQH���GLHQRSKLOH�VHOHFWLYLW\��7DEOH����
7KH�GLIIHUHQFHV�RI�*LEEV�IUHH�HQHUJ\�RI�UHDFWLRQ�EHWZHHQ

��GLHQH�DQG���GLHQRSKLOH�DUH� IDYRXUDEOH� IRU���GLHQH�F\FOR�
DGGLWLRQ� E\� �������� NFDO�PRO� IRU�HQGR� DGGXFWV�� EXW� GR� QRW
VKRZ�FRQVLVWDQF\� IRU� H[R�DGGXFWV�ZLWKLQ���������NFDO�PRO�
$QG� WKH� GLIIHUHQFHV� RI� *LEEV� IUHH� HQHUJ\� RI� DFWLYDWLRQ�
ZKLFK�UDQJH�IURP�����NFDO�PRO�WR�����NFDO�PRO��GR�QRW�VKRZ
FRQVLVWHQF\�IRU�ERWK�HQGR�DQG�H[R�DGGXFWV��7KHVH�UHVXOWV�DUH
TXLWH�GLIIHUHQW�IURP�WKH�UHVXOWV�RI�WKH�F\FORDGGLWLRQ�RI���ZLWK
F\FORSHQWDGLHQH� ZKLFK� VKRZ� UHDFWLRQV� DUH� WKHUPRG\QDPL�
FDOO\� FRQWUROOHG�� WKH� GLIIHUHQFHV� RI� *LEEV� IUHH� HQHUJ\� RI
UHDFWLRQ� DUH� LQVLJQLILFDQW� FRPSDUHG� WR� WKRVH� RI� ���������
NFDO�PRO� IRU� F\FORDGGLWLRQ�ZLWK� F\FORSHQWDGLHQH�� 3RWHQWLDO
HQHUJ\�GLDJUDPV�IRU�WKH�F\FORDGGLWLRQV�RI���ZLWK�����F\FOR�
KH[DGLHQH�DUH�VKRZQ�LQ�)LJXUH����
7DEOH� �� VKRZV� WKHUPRG\QDPLF� SDUDPHWHUV� IRU� WKH� &RSH

UHDUUDQJHPHQW� RI� HQGR� DGGXFWV� RI� �� ZLWK� ����F\FORKH[D�
GLHQH��
*LEEV�IUHH�HQHUJLHV�RI�DFWLYDWLRQ�IRU�WKH�&RSH�UHDUUDQJH�

7DEOH����&RQWLQXHG
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D∆+I� �+HDW�RI�IRUPDWLRQ��∆+��∆6��DQG�∆*�UHIHU�WR�UHDFWLRQ�HQWKDOS\��UHDFWLRQ�HQWURS\��DQG�*LEEV�IUHH�HQHUJ\�RI�UHDFWLRQ��UHVSHFWLYHO\��∆+≠��∆6≠��DQG
∆*≠�UHIHU�WR�DFWLYDWLRQ�HQWKDOS\��DFWLYDWLRQ�HQWURS\��DQG�*LEEV�IUHH�HQHUJ\�RI�DFWLYDWLRQ��UHVSHFWLYHO\��EFDO��.ÂPRO��

7DEOH� ��� &RPSDULVRQ� RI� WKHUPRG\QDPLF� SDUDPHWHUV� EHWZHHQ� ��
GLHQH�DQG���GLHQRSKLOH�IRU�WKH�'LHOV�$OGHU�UHDFWLRQ�RI���ZLWK�����
F\FORKH[DGLHQH�LQ�NFDO�PRO
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PHQW�RI���GLHQRSKLOH�HQGR�DGGXFWV�DQG���GLHQH�HQGR�DGGXFWV
DUH� LQ� WKH�UDQJH�RI������WR������NFDO�PRO�DQG������WR������
UHVSHFWLYHO\��7KH�YDOXHV�RI�*LEEV�IUHH�HQHUJ\�RI�DFWLYDWLRQ
FRXOG� EH� FRPSDUHG� ZLWK� WKRVH� IRU� WKH� UHWUR� 'LHOV�$OGHU
UHDFWLRQ��ZKLFK�DUH�LQ�WKH�UDQJH�RI������WR������NFDO�PRO�IRU
��GLHQRSKLOH�DGGXFWV�DQG������WR������NFDO�PRO�IRU���GLHQH
DGGXFWV��$QG�*LEEV� IUHH�HQHUJLHV�RI� UHDFWLRQ� IRU� WKH�&RSH
UHDUUDQJHPHQW�RI���GLHQRSKLOH�HQGR�DGGXFWV�DUH�VPDOO�LQ�WKH
UDQJH�RI� ����� WR� ����� NFDO�PRO�� G�� DQG�G�� YDOXHV� DW� JURXQG
VWDWH� YDU\� IURP� FD�� ����� c� RI� QRUPDO� &�&� VLQJOH� ERQG
GLVWDQFH�WR�WKH�UDQJH�RI������c������c��DQG�WKRVH�YDOXHV�DW
WUDQVLWLRQ�VWDWH�DUH�LQ�WKH�UDQJH�RI������c������c�
7KH� REVHUYDWLRQV� LQ� WKH� F\FORDGGLWLRQV� RI� �� ZLWK� ����

F\FORKH[DGLHQH�� ZKLFK� JDYH� ERWK� ��GLHQH� DGGXFW� DQG� ��
GLHQRSKLOH�DGGXFW��PLJKW�EH�H[SODLQHG�E\�VPDOO�GLIIHUHQFHV
RI�*LEEV�IUHH�HQHUJ\�RI�UHDFWLRQ�RI���������NFDO�PRO��7KHVH
LQVLJQLILFDQW� GLIIHUHQFHV� RI� *LEEV� IUHH� HQHUJ\� RI� UHDFWLRQ
FRXOG� EH� FRPSDUHG� ZLWK� WKRVH� RI� ���������� NFDO�PRO� IRU
F\FORDGGLWLRQ�RI���ZLWK�F\FORSHQWDGLHQH�ZKLFK�JDYH�VROHO\
��GLHQH�DGGXFW��
(QGR�H[R� VHOHFWLYLWLHV� RI� ��GLHQH� DGGXFWV� DUH� IDYRXUDEOH

IRU� HQGR� DGGXFWV� LQ� WHUPV� RI� ERWK� *LEEV� IUHH� HQHUJ\� RI
DFWLYDWLRQ� DQG� *LEEV� IUHH� HQHUJ\� RI� UHDFWLRQ�� ZKLOH� WKH
VHOHFWLYLW\�RI���GLHQRSKLOH�DGGXFWV�DUH� IDYRXUDEOH� IRU�HQGR
DGGXFWV� LQ� WHUPV� RI� *LEEV� IUHH� HQHUJ\� RI� DFWLYDWLRQ�� 7KLV
UHVXOW� FRLQFLGHV� ZLWK� H[SHULPHQWDO� REVHUYDWLRQ� WKDW� HQGR
DGGXFWV� DUH� IRUPHG� LQ� WKH� F\FORDGGLWLRQV� RI� �� ZLWK� ����
F\FORKH[DGLHQH��E�1RQHWKHOHVV��&RSH� UHDUUDQJHPHQWV� RI���
GLHQRSKLOH�HQGR�DGGXFW�WR���GLHQH�HQGR�DGGXFW�GR�QRW�DFFRUG
ZLWK� WKH� H[SHULPHQWDO� REVHUYDWLRQ�� $OWKRXJK� &RSH� UHDU�
UDQJHPHQWV� RI� ��GLHQRSKLOH� HQGR� DGGXFW� WR� ��GLHQH� HQGR
DGGXFW� DUH� VOLJKWO\�PRUH� IDYRXUDEOH� WKDQ� WKRVH� RI� ��GLHQH
HQGR�DGGXFW�WR���GLHQRSKLOH�HQGR�DGGXFW�LQ�WHUPV�RI�*LEEV
IUHH� HQHUJLHV� RI� UHDFWLRQ�� WKH\� REVHUYHG� RQO\� &RSH� UHDU�
UDQJHPHQW� RI� ��GLHQH� HQGR� DGGXFW� WR� ��GLHQRSKLOH� HQGR
DGGXFW��

$OO� DERYH� UHVXOWV� LPSO\� WKDW� F\FORDGGLWLRQV� RI� �� ZLWK
F\FORSHQWDGLHQH� DUH� FRQWUROOHG� WKHUPRG\QDPLFDOO\� WR� JLYH
RQO\� ��GLHQH� DGGXFWV�� ZKLOH� LWV� UHDFWLRQV� ZLWK� ����F\FOR�
KH[DGLHQH�GR�QRW�VKRZ���GLHQH���GLHQRSKLOH�VHOHFWLYLW\�GXH
WR� VLPLODU� VWDELOLWLHV� RI� WKH� WZR� DGGXFWV�� 7KHUPRG\QDPLF
SDUDPHWHUV� VKRZ� WKDW� HQGR� DGGXFWV� DUH� PRUH� IDYRXUDEO\
IRUPHG�LQ�WKH�F\FORDGGLWLRQV�RI���ZLWK�ERWK�F\FORSHQWDGLHQH
DQG�����F\FORKH[DGLHQH��ZKLFK�FRLQFLGHV�ZLWK�H[SHULPHQWDO
REVHUYDWLRQV��&RSH�UHDUUDQJHPHQWV�RI�HQGR�DGGXFWV�DUH�DQRWKHU
DYHQXH�WR�FRQYHUW�EHWZHHQ���GLHQH�DQG���GLHQRSKLOH�
$FNQRZOHGJPHQW��:H�WKDQN�3URIHVVRU�9��.��6LQJK��'HSW�

RI�&KHPLVWU\��,QGLDQ�,QVWLWXWH�RI�7HFKQRORJ\��IRU�VXJJHVWLQJ
WKH� SUREOHP��3DUWLDO� FRVW� RI� WKLV� UHVHDUFK�ZDV� GHIUD\HG� E\
$QGRQJ�1DWLRQDO�8QLYHUVLW\��.RUHD��
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