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/HDG�FU\VWDO�JODVV�KDV�PDQ\�H[FHOOHQW�SURSHUWLHV��,W�LV�HDV\�WR�PHOW��LW�LV�HDV\�WR�SURFHVV�RQ�
PDFKLQHV�DQG�KDV�RXWVWDQGLQJ�RSWLFDO�SURSHUWLHV�OLNH�D�KLJK�UHIUDFWLYH�LQGH[�RI�DERXW��������D�
ORZ�$EEp�QXPEHU�������DQG�D�KLJK�OLJKW�WUDQVPLVVLRQ�LQ�WKH�YLVLEOH�UDQJH��'XH�WR�WKLV�KLJK�
WUDQVPLVVLRQ�� OHDG�FU\VWDO�JODVVHV�DUH�HDV\�WR�GHFRORULVH�ZLWK�1L2��)XUWKHUPRUH� OHDG�FU\VWDO�
JODVVHV� DUH�HDV\� WR�JULQG�RQ�PDFKLQHV�EHFDXVH�RI� WKHLU� ORZ�KDUGQHVV�� DQG�D�VXFFHVVLYH�DFLG�
SROLVKLQJ�LV�SRVVLEOH���

8S� WR� QRZ�� PDQ\� HIIRUWV� ZHUH� XQGHUWDNHQ� WR� GHYHORS� DQ� HTXDOO\� VXLWDEOH� JODVV� WR�
VXEVWLWXWH�OHDG�FU\VWDO�JODVV��$V�\HW��WKRVH�HIIRUWV�ZHUH�QRW�VXFFHVVIXO���

$W�WKH�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�RI�1XUHPEHUJ��LW�ZDV�SRVVLEOH�WR�PHOW�VXFK�D�JODVV��
7KH� QHZ� OHDG� DQG� EDULXP� IUHH� FU\VWDO� JODVV� SRVVHVVHV� WKH� VDPH� JRRG� RSWLFDO� SURSHUWLHV� DV�
OHDG� FU\VWDO� JODVV��7KH� UHIUDFWLYH� LQGH[� LV� KLJKHU� WKDQ������� DQG� WKH�$EEp� QXPEHU� LV� ORZHU�
WKDQ�����ZLWK�WKH�WUDQVPLVVLRQ�LQ�WKH�YLVLEOH�UDQJH�FRPSDUDEOH�WR�OHDG�FU\VWDO�JODVV��7R�REWDLQ�
WKHVH� RSWLFDO� FKDUDFWHULVWLFV�� WKH� XVH� RI� KLJKO\� UHIUDFWLYH� R[LGHV� OLNH� 7L2�� DQG� =U2�� LV�
UHFRPPHQGHG��7KH�XVH�RI�7L2��LQ�JODVVHV�OHDGV�WR�D�\HOORZLQJ�RI�WKH�JODVV��7KH�FDXVH�RI�WKLV�
LV� WKH� VKLIWLQJ� RI� WKH�89²DEVRUSWLRQ� EDQG� RI� WKH� JODVV� WRZDUGV� WKH� YLVLEOH� UDQJH� DQG� WKH�
H[LVWHQFH�RI�IHUULF�FRPSOH[�FKURPRSKRUHV���

,Q�WKLV�ZRUN�LW�LV�VKRZQ�KRZ�D�JODVV�ZLWK�D�\HOORZ�VKDGH�FDQ�EH�GHFRORULVHG��7R�DVVXUH�D�
FRPSOHWH�GHFRORULVLQJ�RI�WKH�JODVV��VHULHV�RI�PHOWLQJ�SURFHVVHV�ZLWK�GLIIHUHQW�FRORULVLQJ�LRQV�
ZHUH� FDUULHG� RXW�� 7KH� UHVXOWV� RI� WKH� REWDLQHG� PHOWLQJ� VHULHV� ZHUH� PHDVXUHG� ZLWK� D�
VSHFWURPHWHU� WR�GHWHUPLQH� WKH� FRORU� YDOXHV� DQG� WR�TXDQWLI\� WKH�FRORUV��.QRZLQJ� WKH�H[DFW�
UHODWLRQVKLS� EHWZHHQ� WKH� FRQFHQWUDWLRQ� RI� WKH� FRORULQJ� LRQV� DQG� WKH� SRVLWLRQ� RI� WKH� FRORU�
YDOXHV�� LW� LV� SRVVLEOH� WR�FDOFXODWH� WKH� ULJKW� DPRXQW�RI� WKH�GHFRORULVLQJ� VSHFLHV� IRU�GLIIHUHQW�
SHUFHQWDJH�FRPSRVLWLRQV��2Q�WKH�RWKHU�KDQG��D�TXDOLW\�DVVXUDQFH�IRU�WKH�FRORU�RI�WKH�FU\VWDO�
JODVVHV�FDQ�EH�DWWDLQHG��)OXFWXDWLRQV�RI�WKH�FRORU�JHQHUDOO\�DUH�GXH�WR�FKDQJLQJ�WRQQDJH�DQG�
FXOOHW�UDWLR�OHDGLQJ�WR�D�YDULDWLRQ�RI�WKH�LURQ�FRQWHQW���

&RORU�PHDVXUHPHQW�

7KH�DLP�RI�FRORU�PHDVXUHPHQW�LV�WKH�TXDQWLILFDWLRQ�RI�FRORUV�ZLWK�QXPHULFDO�YDOXHV��$Q�
LPSUHVVLRQ�RI�FRORU� UHVXOWV� IURP�GLIIHUHQW�PDWHULDOV�DEVRUELQJ�GLIIHUHQW�SDUWV�RI� WKH�YLVLEOH�
OLJKW�� )RU� H[DPSOH�� D� JUHHQ� VDPSOH� DEVRUEV� \HOORZ� DQG� EOXH� OLJKW� DQG� UHIOHFWV� WKH� JUHHQ�
IUDFWLRQ���

%DVLV� RI� DQ\� FRORU�PHDVXUHPHQW� LV� WKH�GHWHUPLQDWLRQ� RI� WKH� WUDQVPLVVLRQ� RU� UHIOHFWLRQ�
FXUYH��7KH�WUDQVPLVVLRQ�FXUYHV�LQ�WKLV�WHVW�VHULHV�ZHUH�REWDLQHG�ZLWK�D�VSHFWURPHWHU��DQG�WKH�
FRORU�YDOXHV�ZHUH�FDOFXODWHG�ZLWK� WKH� DLG�RI�D� VSHFLDO� VRIWZDUH��7R�TXDQWLI\� WKH�FRORUV�� WKH�
+XQWHU�V\VWHP��DOVR�FDOOHG�/DE�²�V\VWHP��ZDV�XVHG���

7KH�UHSUHVHQWDWLRQ�RI�DOO�YLVLEOH�FRORUV�LQ�WKH�+XQWHU�V\VWHP�IRUPV�D�FRORU�RUE�FRQVLVWLQJ�
RI� YDULRXV� FRORU� OHYHOV� SHUSHQGLFXODU� WR� WKH� FRRUGLQDWH� RI� EULJKWQHVV� /�� 7KH� EULJKWQHVV�
LQFUHDVHV� IURP� WKH�ERWWRP� �EODFN� ���� WR� WKH� WRS� �ZKLWH� �������7KH�FRRUGLQDWHV� D� DQG�E�
GHSLFW� WKH�FRORU�VKDGH��ZKHUH��D�UHSUHVHQWV� UHG�� �D� UHSUHVHQWV�JUHHQ���E�UHSUHVHQWV�\HOORZ�
DQG�²E�UHSUHVHQWV�EOXH���



)RU� WKH� IROORZLQJ� PHDVXUHPHQWV�� WKH� /²FRRUGLQDWH� KDV� EHHQ� RPLWWHG�� EHFDXVH� WKH�
YDULDWLRQV�DPRQJ�WKH�VDPSOHV�DUH�YHU\�PLQRU�DQG�WKH�EULJKWQHVV�KDV�QR�FRQVHTXHQFH�RQ�WKH�
WUHQG�RI�WKH�FRORUV���

7R� FRPSDUH� GLIIHUHQW� VDPSOHV�� LW� LV� YHU\� LPSRUWDQW� WR� LQGLFDWH� WKH� XVHG� PHWKRG� RI�
PHDVXUHPHQW�� 7KH� IROORZLQJ� VSHFLILFDWLRQV� DUH� FUXFLDO�� PHDVXUHPHQW� PHWKRG�� QRUP� OLJKW�
XVHG��DQJOH�RI�REVHUYDWLRQ��VWDQGDUGL]DWLRQ�RI�WKH�WKLFNQHVV��VWDQGDUGL]DWLRQ�RI�WKH�UHIOHFWLRQ���

)LJXUH���VKRZV�WKH�+XQWHU�FRORU�V\VWHP�ZKLFK�IRUPV�D�FRORU�RUE�IURP��D��JUHHQ��WR��D�

�UHG���IURP��E��EOXH��WR��E��\HOORZ��DQG�IURP�/� ����EODFN��WR�/ ������ZKLWH���

'HFRORULVLQJ��

,Q�WKLV�ZRUN�WKH�HPSKDVLV� LV�RQ�WKH�SK\VLFDO�GHFRORULVLQJ��7KH�GHFRORULVDWLRQ��JHQHUDOO\�
UHVXOWV�IURP�FRQWDPLQDWLRQ�ZLWK�LURQ��,Q�FU\VWDO�JODVVHV��WKLV�FRQWDPLQDWLRQ�LV�LQ�WKH�UDQJH�RI�
����²����SSP��7R�GHFRORU�D�JODVV�VDPSOH��ZH�WULHG�WR�DGGLWLRQDOO\�FUHDWH�WKH�FRPSOHPHQWDU\�
FRORU� RI� WKH�GHFRORULVDWLRQ� LQ� WKH� JODVV�� ,I� WKLV� LV� DWWDLQHG�� WKH� JODVV� VHHPV� WR� EH� FRORUOHVV��
ZKHUHE\� WKH� UHGXFWLRQ� RI� WRWDO� WUDQVPLVVLRQ� LV� WROHUDWHG��1XPHURXV� UHIHUHQFHV� WR� H[LVWLQJ�
OLWHUDWXUH� RQ� WKH� VXEMHFW� RI� FRORULQJ� HIIHFWV� RI� YDULRXV� HOHPHQWV� LQ� JODVVHV� FDQ� EH� WDNHQ� LQ�
DFFRXQW� WR� UHDFK� D� GHFLVLRQ� ZKLFK� GHFRORULVLQJ� VSHFLHV� FDQ� EH� XVHG�� )RU� WKH� WLWDQ� FU\VWDO�
JODVV�� D� GHFRORULVDWLRQ� EDVHG� RQ� WKH� FRPELQDWLRQ� RI� (U�2�� DQG� &R2� ZDV� FKRVHQ�� 7KH�
IROORZLQJ�WUDQVPLVVLRQ�FXUYH�RI�D�����WLWDQ�FU\VWDO�JODVV�MXVWLILHV�WKH�VHOHFWLRQ�RI�(U�2��DQG�
&R2��7KLV�ILJXUH�REYLRXVO\�VKRZV�WKDW�D�VOLJKWO\�\HOORZ�VKDGH�FDQ�EH�H[SHFWHG���
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)LJXUH���VKRZV�WKH�WUDQVPLVVLRQ�FXUYH�RI�D�WLWDQ�FU\VWDO�JODVV�FRQWDLQLQJ����WLWDQLXP��

)LJXUH���VKRZV�WKH�FRORU�SODFH�RI�GLIIHUHQW�WLWDQ�FU\VWDO�JODVVHV��

�

�

�

�

�

���� ��� ���

��

�

�

�E��EOXH�

�E��\HOORZ�

�D��UHG��D��JUHHQ� ��

��

��

��

���

��

��

��

��

��

��

��

��

��

��

���

��� ��� ��� ��� ��� ���

ZDYHOHQJWK�>QP@

LQ
Q
H
U�
WU
D
Q
V
P
LV
V
LR
Q
�>
�
�F
P
@



)LJXUH���VKRZV�WKH�SULQFLSDO�VWHSV�RI�WKH�GHFRORULQJ���

7KH�UHODWLRQVKLS�EHWZHHQ�GLIIHUHQW�7L2�²FRQWHQWV�DQG�WKH�FRORU�RI�WKH�JODVV�FDQ�EH�VHHQ�
LQ�ILJXUH����7KH�XVH�RI�7L2��VKLIWV�WKH�FRORU�YDOXHV�WR�JUHHQ�DQG�\HOORZ��7R�UHDFK�WKH�RSWLFDO�
SURSHUWLHV�RI�OHDG�FU\VWDO�JODVV��LW�LV�QHFHVVDU\�WR�DGG�EHWZHHQ���²����ZHLJKW���RI�7L2���7KH�
UHVXOWLQJ�FRORU�KDV�WR�EH�GHFRORUHG�ZLWK�VXLWDEOH�DGGLWLYHV��)LJXUH���VKRZV� WKH�SULQFLSDO�RI�
WKH�GHFRORULQJ��7KH�FRORU�SODFH�RI�WKH��²VDPSOH�LV�VKLIWHG�WR�UHG�E\�(U�2���DQG�WR�EOXH�E\�
&R2��$GGLQJ�WKH�FRUUHFW�DPRXQW�RI�WKHVH�WZR�R[LGHV��D�FRORUOHVV�JODVV�LV�REWDLQHG��
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�

5HVXOWV�

+HUHDIWHU�� WKH�PHDVXUHG� UHODWLRQV� DUH� VKRZQ�� 7KH� WUDQVPLVVLRQ� FXUYHV� ZHUH�PHDVXUHG�
DQG� HYDOXDWHG� DFFRUGLQJ� WR� WKH� IROORZLQJ� VSHFLILFDWLRQV�� �� ��� VWDQGDUGL]HG� REVHUYHU��
PHDVXUHPHQW� UDQJH� ���� ²� ���QP�� /DE²FRORU� V\VWHP�� RQ� ��PP� VWDQGDUGL]HG� WKLFNQHVV��
UHIOHFWLRQ�FRUUHFWLRQ��

���� ��� ���

��

�

�

&
R
E
D
OW
V
K
LI
W

(UELXPVKLIW

FRORXUOHVV

UH
VX
OWLQ
J
�VK
LIW

����SSP���SSP ���SSP���SSP

�

�E��EOXH�

�E��\HOORZ�

�D��UHG��D��JUHHQ�

��SSP�PHDVXUHG�

VWDUWLQJ�SRLQW

�SSP

�SSP

�SSP

�SSP



)LJXUH��VKRZV�WKH�PHDVXUHG�YDOXHV�IRU�WKH�HUELXP��FREDOW�DQG�LURQ�VHULHV��

�

$V� DOZD\V�� UHDOLW\�V� PHFKDQLVPV� DUH� PRUH� FRPSOH[� WKDQ� DQ\� WKHRU\�� $Q� DGGLWLRQ� RI�
(U�2�� OHDGV�QRW�RQO\�WR�D�VKLIW�RI� WKH�FRORU�YDOXHV� WR�UHG��EXW�DOVR�WR�EOXH��/LNHZLVH��&R2�
VKLIWV� QRW� RQO\� WR� EOXH�� EXW� DOVR� WR� JUHHQ�� 7KH� IROORZLQJ� JUDSK� ZLOO� VKRZ� WKH� PHDVXUHG�
UHODWLRQV�RI�WKH�FRORU�VKLIW�DQG�WKH�FRQFHQWUDWLRQ�LQ�SSP��2Q�WKH�RQH�KDQG��WKH�VKLIWLQJ�RI�
WKH� UHVSHFWLYH� D²YDOXH�� DQG� RQ� WKH� RWKHU� KDQG� WKH� UHVSHFWLYH� VKLIW� RI� WKH� E²YDOXH� FDQ� EH�
REVHUYHG���

7KH� UHODWLRQ�EHWZHHQ� WKH�FRORULQJ� DQG� WKH�FRQFHQWUDWLRQ�RI� WKH�GHFRORULVLQJ� VSHFLHV� LV�
OLQHDU�� 2QFH� WKLV� UHODWLRQVKLS� LV� NQRZQ�� WKH� GHFRORULVLQJ� RI� D� WLWDQ� JODVV� VDPSOH� FDQ� EH�
FDOFXODWHG�ZLWK�WKH�VLPSOH�FXOPXODWLYH�IRUPXODV�EHORZ��
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7KH� D²� DQG� E²YDOXHV� IRU�(U�2�� DQG�&R2� DUH� FDOFXODWHG�XVLQJ� WKH� ILW� HTXDWLRQV� RI� WKH�
PHDVXUHG�YDOXHV��7KH�PHQWLRQHG�FXOPXODWLYH�IRUPXODV�DUH�VROYHG�IRU�D�DQG�E�VHW�WR������ �
FRORUOHVV��OHDGLQJ�WR�WKH�UHTXLUHG�FRQFHQWUDWLRQ��
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)LJXUH���VKRZV�WKH�PHDVXUHG�YDOXHV�RI�WKH�D±�DQG�E±FRRUGLQDWHV�DV�D�IXQFWLRQ�RI�WKH�

DGGLWLYH�FRQFHQWUDWLRQ�LQ�SSP���

&RQFOXVLRQ�

0DQ\� H[SHULPHQWV� KDYH� VKRZQ� WKDW� D� VDWLVIDFWRU\� FDOFXODWLRQ� RI� WKH� DPRXQW� RI� WKH�
GHFRORXULVLQJ� VSHFLHV� LV� SRVVLEOH� XVLQJ� WKLV� DSSURDFK�� ,W� KDV� WR� EH� WDNHQ� LQWR� DFFRXQW� WKDW�
ZLWK�DQ�LQFUHDVH�LQ�WKH�FXOOHW�UDWLR��WKH�LURQ�FRQWHQW�LQFUHDVHV�WRR��([WHQGLQJ�WKH�HTXDWLRQ���
ZLWK� WKH� D²� DQG� E²YDOXH� RI� WKH� UHVSHFWLYH� LURQ� FRQWHQW�� LW� LV� SRVVLEOH� WR� RSWLPL]H� WKH�
GHFRORULVLQJ��:LWK�WKLV�PHWKRG��D�TXDOLW\�DVVXUDQFH�ZLWK�UHJDUG�WR�WKH�JODVV�FRORU�LV�SRVVLEOH��
7KHUHIRUH��WKH�GHYLDWLRQ�RI�WKH�FRORU�IURP�DQ�LGHDO�VWDQGDUG�FDQ�EH�FDOFXODWHG�ZLWK�HTXDWLRQ�
���'HILQLQJ�WROHUDQFHV�HQDEOH�D�SHUPDQHQW�PRQLWRULQJ�RI�WKH�JODVV�FRORU���
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����+RUVW�6FKRO]H��*ODV�±�1DWXU��6WUXNWXU�XQG�(LJHQVFKDIWHQ��6SULQJHU�9HUODJ�������

����$QQL�%HUJHU�6FKXQQ��3UDNWLVFKH�)DUEPHVVXQJ��0XVWHU�6FKPLGW�9HUODJ��*|WWLQJHQ�������

����&��5��%DPIRUG��&RORXU�*HQHUDWLRQ�DQG�FRQWURO�LQ�JODVV��(OVHYLHU�6FLHQFH�3XEOLVKHUV�%��9���
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