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$OO�5XVVLD�6FLHQWLILF�&HQWHU��6�,�9DYLORY�6WDWH�2SWLFDO�,QVWLWXWH����
8O��%DEXVKNLQD�������6DLQW�3HWHUVEXUJ���������5866,$�

2��<DQXVK�
6DLQW�3HWHUVEXUJ�7HFKQRORJLFDO�8QLYHUVLW\�RI�3ODQW�3RO\PHUV���
8O��,YDQD�&KHUQ\NK����6DLQW�3HWHUVEXUJ���������5866,$�

�
�
�

/L�2�1D�2�*H2��1E�2��JODVVHV�ZHUH�VWXGLHG�E\�PHDQV�RI�5D\OHLJK�DQG�0DQGHO¶VKWDP�%ULOORXLQ�DQG�

5DPDQ� VFDWWHULQJ� VSHFWURVFRS\�� &RPSRVLWLRQ� GHSHQGHQFLHV� RI� /DQGDX�3ODF]HN� UDWLRV� DQG� 5D\OHLJK�
VFDWWHULQJ� ORVVHV�ZHUH� IRXQG��5DPDQ� VSHFWUD�ZHUH�SURFHVVHG� DQG�FRQVWDQW� VWRHFKLRPHWU\� JURXSLQJV�ZHUH�

LGHQWLILHG��*URZWK�RI�.HUU�FRHIILFLHQW�ZLWK�1E�FRQFHQWUDWLRQ�ZDV�H[SODLQHG�E\�IRUPLQJ�RI�JURXSLQJV�ZLWK�

VWRLFKLRPHWU\�RI�ZHOO�NQRZQ�HOHFWURRSWLFDO�FU\VWDOV��

�

,QWURGXFWLRQ�

5HFHQWO\� LQWHUHVW� LQ�QLREDWH�JODVVHV�KDV�EHHQ�FDXVHG�E\� WKHLU�SHFXOLDULWLHV�DWWUDFWLYH�

IRU� VRPH� XS�WR�GDWH� DSSOLFDWLRQV�� ,W� ZDV� IRXQG� WKDW� QLREDWH� JODVVHV� DQG� JODVV�FHUDPLFV�

ZHUH�FKDUDFWHUL]HG�E\�KLJK�.HUU�FRHIILFLHQWV�UHODWLYH�WR�RWKHU�JODVVHV�DQG�PD\�EH�XVHG�WR�

IRUP� HOHFWULFDOO\� FRQWUROOHG� RSWLFDO� GHYLFHV� ����� ,Q� DGGLWLRQ�� LW� ZDV� IRXQG� WKDW� QLREDWH�

JODVVHV� DQG� JODVV�FHUDPLFV� GRSHG�ZLWK� UDUH�HDUWK� LRQV�PD\� EH� FRQVLGHUHG� DV� SURPLVLQJ�

OXPLQHVFHQW�DQG�ODVHU�PDWHULDOV�
���
��+RZHYHU��WKH�VWXGLHV�ZHUH�UHVWULFWHG�WR�QLRERVLOLFDWH�

DQG�QLRERSKRVSKDWH�
�
�JODVV�V\VWHPV��2XU�UHVHDUFK�LV�WDUJHWHG�RQ�WKH�DQDO\VLV�RI�VWUXFWXUH�

RI�DONDOL�QLRERJHUPDQDWH�JODVVHV�RQ�WKH�EDVH�RI�OLJKW�VFDWWHULQJ�VSHFWURVFRS\�GDWD���

7KHRUHWLFDO�EDFNJURXQG�

$V�LV�ZHOO�NQRZQ��5D\OHLJK�DQG�0DQGHO·VKWDP�%ULOORXLQ�VFDWWHULQJ��50%6��VSHFWURVFRS\�
JLYHV� XV� DQ� RSSRUWXQLW\� WR� VSHFWUDOO\� VHSDUDWH� FRQWULEXWLRQV� IURP� LVREDULF� GHQVLW\�
IOXFWXDWLRQV� �5D\OHLJK� VFDWWHULQJ� �� 56�� DQG� IURP� DGLDEDWLF� GHQVLW\� �!�� IOXFWXDWLRQV�
�0DQGHO·VKWDP�%ULOORXLQ� VFDWWHULQJ� ��0%6�� LQWR� WKH� OLJKW� VFDWWHUHG� E\� D� VLQJOH� FRPSRQHQW�
PDWWHU� DQG� WR� HVWLPDWH� WKH� UROH�RI� IOXFWXDWLRQV�RI�GLIIHUHQW�RULJLQV� LQWR� WKH� OLJKW� VFDWWHULQJ�
WKURXJK�WKH�UDWLR�RI�FRPSRQHQW�LQWHQVLWLHV��5/�3� �5±�5DQLV �,

56�,0%6����

,Q� WKH� FDVH� RI� PXOWLFRPSRQHQW� V\VWHP�� � 5/�3�  � ,
56�,0%6�  � 5±

�

�� 5&��� 5DQLV � ,±
56�,0%6� ��

,&
56�,0%6� �� 5DQLV�� ZKHUH� 5±�� 5&�� ,±

56� �� ,&
56�� 5DQLV� DUH� WKH� FRQWULEXWLRQV� RI� LVREDULF� GHQVLW\��

FRQFHQWUDWLRQ� �&��� DQG� DQLVRWURS\� IOXFWXDWLRQV� LQWR� 5/�3� DQG� ,
56�� +HQFH�� 5/�3� PD\� EH�

FRQVLGHUHG�DV� D�PHDVXUH�RI�SK\VLFDO� DQG�FKHPLFDO�PLFURLQKRPRJHQHLW\�RI�D�PHGLXP�ZKLOH�
,0%6� SOD\V� WKH� UROH� RI� LQQHU� UHIHUHQFH� WKDW� HQVXUHV� HVWLPDWLRQ� RI�5D\OHLJK� VFDWWHULQJ� ORVVHV�
WKURXJK�5/�3���

*ODVVHV� DUH� FKDUDFWHUL]HG� E\� LQFUHDVHG� ,56� EHFDXVH� RI� ´IUHH]LQJµ� RI� LVREDULF� GHQVLW\��
FRQFHQWUDWLRQ�� DQG� DQLVRWURS\� IOXFWXDWLRQV� LQ� WKH� SURFHVV� RI� JODVV� WUDQVLWLRQ�� ,W�ZDV� IRXQG�



WKDW� ´IUR]HQ�LQµ� FRQFHQWUDWLRQ� IOXFWXDWLRQV� GRPLQDWH� LQ� 5D\OHLJK� VFDWWHULQJ� E\�
PXOWLFRPSRQHQW�JODVVHV����

&RPSDULVRQ�RI�50%6�DQG�5DPDQ�VSHFWURVFRS\�GDWD�IRU�WKH�WZR�FRPSRQHQW�JODVV�IRUPLQJ�
V\VWHPV� VKRZHG� WKDW� FRQFHQWUDWLRQ� IOXFWXDWLRQV� ZHUH� EXLOW� RI� FRQVWDQW� VWRLFKLRPHWU\�
JURXSLQJV��&6*��IRXQG�IURP�5DPDQ�VSHFWUD����

,W�ZDV�SURSRVHG�WR�H[WHQG�WKLV�DSSURDFK�WR�QLREDWH�JODVVHV�VXSSRVHGO\�FRQWDLQLQJ�&6*V�ZLWK�
VWRLFKLRPHWU\�RI�HOHFWURRSWLFDO��(2��FU\VWDOV�1D1E2��RU�/L1E2��EHFDXVH�WKH�PDLQ�SUREOHP�
WR�EH�VROYHG�ZDV�WR�GHVLJQ�(2�JODVVHV�ZLWK�KLJK�.HUU�FRHIILFLHQW�DQG�ORZ�5D\OHLJK�VFDWWHULQJ�
ORVVHV��

([SHULPHQWDO�

�/L�2�²��1D�2�²�����²�[��*H2��²�[�1E�2�����/L�2�²���1D�2�²�����²�[��*H2��²�[�1E�2���
DQG�[������/L�2�²�����1D2��²�1E�2���²������²��[��*H2��JODVV�VHULHV�ZHUH�V\QWKHVL]HG�DQG�
VWXGLHG� E\� 5D\OHLJK� DQG� 0DQGHO·VKWDP�%ULOORXLQ� �50%6�� DQG� 5DPDQ� VFDWWHULQJ�

VSHFWURVFRS\��50%6�ZDV�H[FLWHG�E\�D�KHOLXP�QHRQ�ODVHU��λ �����QP��DQG�WKH�VSHFWUD�ZHUH�
WDNHQ�ZLWK�50%6�VSHFWURPHWHU�DW� WKH���R�VFDWWHULQJ�DQJOH��7R�HQKDQFH� WKH�FRQWUDVW�RI� WKH�
VSHFWUD�� FRPSXWHU� SURFHVVLQJ� EDVHG� RQ� GHFRQYROXWLRQ� WHFKQLTXH� ZDV� XVHG� ��� 3RODUL]HG�

VSHFWUD�RI�5DPDQ�VFDWWHULQJ�H[FLWHG�E\�DQ�DUJRQ� ODVHU� �λ �����QP��ZHUH�PHDVXUHG�E\� WKH�
WZR�EHDP� VSHFWURPHWHU�� 7KH� VSHFWUDO� ZLGWK� RI� WKH� VOLW� ZDV� QR� JUHDWHU� WKDQ� �� FP���� 7KH�
VSHFWUD�RI�VWXGLHG�JODVVHV�ZHUH�VWURQJO\�SRODUL]HG��5HODWLYH�LQWHQVLWLHV�RI�5DPDQ�VSHFWUD�ZHUH�
PHDVXUHG�DW����DQG�����FP����6LOLFD�JODVV�ZDV�XVHG�DV�D�UHIHUHQFH���

5HVXOWV�DQG�GLVFXVVLRQ�

)LJ���VKRZV�WKDW�5D\OHLJK�VFDWWHULQJ�ORVVHV�LQFUHDVH�ZLWK�1E�FRQWHQW�LQ�JODVVHV��+DYLQJ�
LQ�PLQG�WKH�GDWD�RQ�50%6�VSHFWUD�RI�DONDOL�JHUPDQDWH�DQG�DONDOL�QLRERERURVLOLFDWH�JODVVHV����
RQH� FDQ� VXSSRVH� WKDW� WKH� FXUYHV� LQ� )LJ��� VKRXOG� EH� H[SODLQHG� E\� WKH� JURZWK� RI� OLJKW�
VFDWWHULQJ� E\� 1E� FRQWDLQLQJ� ´IUR]HQ�LQµ� FRQFHQWUDWLRQ� IOXFWXDWLRQV�� 6LPLODULW\� RI�
FRPSRVLWLRQ�GHSHQGHQFLHV�DQG�5D\OHLJK�VFDWWHULQJ�LQWHQVLWLHV�FRQILUPV�WKH�SRVVLELOLW\�WR�XVH�
LQWHQVLW\�RI�0%6�FRPSRQHQWV�LQ�50%6�VSHFWUD�DV�DQ�LQQHU�UHIHUHQFH���

*URZWK�RI� WRWDO�SHUFHQWDJH�RI�DONDOL�R[LGHV� OHDGV� WR� WKH�H[WHQVLRQ�RI�JODVV� IRUPLQJ�DUHD� LQ�
DONDOL�QLRERJHUPDQDWH�V\VWHPV��,W�UHVXOWHG�LQ�WKH�IRUPLQJ�RI�JODVVHV�ZLWK�KLJK�FRQFHQWUDWLRQ�
RI�QLRELXP��

7KH� QH[W� TXHVWLRQ� FRQFHUQV� LQWHUQDO� VWUXFWXUH� RI� WKHVH� 1E� FRQWDLQLQJ� PLFUR�
LQKRPRJHQHLWLWHV� LQ�QLREDWH�JODVVHV��7R�DQVZHU� LW�� WKH�5DPDQ�VSHFWUD�ZHUH�GHFRPSRVHG�E\�
WKH� WHFKQLTXH� RI� VXEVHTXHQW� H[WUDFWLRQ� RI� EDQG� LQWHQVLWLHV� RI� RQH� VSHFWUXP� IURP� DQRWKHU�
GHVFULEHG� HOVHZKHUH� ���� ,W� ZDV� IRXQG� WKDW� WKH� UHVLGXDO� VSHFWUDO� IRUP�ZDV� FKDUDFWHUL]HG� E\�
XQFKDQJHDEOH�FRQWRXU�DVFULEHG�WR�WKH�&6*��/L��1D��1E2�ÃQ*H2���)LJ�����
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)LJ�� ��� /DQGDX�3ODF]HN� UDWLR�� 5/�3�� DV� IXQFWLRQV� RI� 1E�2�� FRQFHQWUDWLRQ� LQ� ��/L�2±

�1D�2�±����[�*H2�±[1E�2�� ����� ���/L�2±��1D�2�±����[�*H2�±[1E�2�� ����� DQG�

[����/L�2±���1D2�±1E�2��±����±�[�*H2�� ���� JODVVHV�� &XUYH� �� LV� WKH� 5D\OHLJK�

VFDWWHULQJ�LQWHQVLW\�PHDVXUHG�UHODWLYH�WR�WKDW�RI�VLOLFD�JODVV�YHUVXV�FRPSRVLWLRQ�RI���/L�2±

�1D�2�±����[�*H2�±[1E�2��JODVVHV���&XUYHV�DUH�GUDZQ�DV�D�JXLGH�IRU�H\H��

�

)LJ�� ��� &RQWRXU� RI� WKH� EDQGV� H[WUDFWHG� IURP� 5DPDQ� VSHFWUD� RI� ��/L�2±�1D�2�±����

[�*H2�±[1E�2�� JODVVHV� DVFULEHG� WR� &6*V� �/L�� 1D�� 1E2�ÂQ*H2��� +9� SRODUL]DWLRQ��

1XPEHUV�DW�WKH�FXUYHV�DUH�1E�2��FRQFHQWUDWLRQV��PRO�����
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3URFHVVLQJ�RI�5DPDQ�VSHFWUD�OHG�WR�GHWHUPLQDWLRQ�RI�SDUWLDO�VSHFWUDO�IRUPV�DVFULEHG�WR�&6*V�
OLVWHG�LQ�FDSWXUH�WR�)LJ�����$V�RSSRVHG�WR�WKH�WZR�FRPSRQHQW�JHUPDQDWH�V\VWHPV��WKH�H[DFW�
FRPSRVLWLRQV�RI�&6*V��WKDW�LV�P��Q��LQ�WKH�JODVVHV�XQGHU�VWXG\�FRXOG�QRW�EH�LGHQWLILHG��

6LPLODUO\�WR�DONDOL�QLRERVLOLFDWH�JODVVHV��RQH�FDQ�VXSSRVH�WKDW�WKH�DSSHDUDQFH�RI�1E�LQ�DONDOL�
JHUPDQDWH� JODVVHV� FDXVHV� IRUPDWLRQ� RI� �/L�� 1D��1E2�ÃQ*H2�� &6*V� WKDW� OHDGV� WR� 5DPDQ�
VFDWWHULQJ�LQ�����FP���UDQJH��$GGLWLRQDO�SRUWLRQV�RI�1E�SURPRWH�WKHLU�GHFRPSRVLWLRQ�XQGHU�

WKH�VFKHPH���/L��1D��1E2�ÃQ*H2��→��/L��1D�1E2�����/L�2��1D�2�ÃS*H2��WKDW�UHVXOWV� LQ�
5DPDQ�VFDWWHULQJ�LQ�WKH�����FP���UDQJH��

�

)LJ�� ��� ,QWHQVLW\� RI� SDUWLDO� VSHFWUDO� IRUPV� LQ� 5DPDQ� VFDWWHULQJ� VSHFWUD� WDNHQ� DW� ++�

SRODUL]DWLRQ�YHUVXV�1E�2��FRQFHQWUDWLRQ��7KH�FXUYHV�DUH�UHODWHG�WR�WKH�IRUPV�DVFULEHG�WR�

&6*V� �/L�2�� 1D�2�ÂP*H2�� �FXUYH� ���� �/L�� 1D�1E2�� ����� �/L�� 1D�1E2�ÂQ*H2�� ���� LQ�

[����/L�2±����1D2�±1E�2��±����±�[�*H2��JODVVHV�DQG�&6*V��/L��1D�1E2������DQG��/L��

1D�1E2�ÂQ*H2������LQ����/L�2±��1D�2�±����[�*H2�±[1E�2��JODVVHV��,Q�WKH�LQVHUW��WKH�

.HUU� FRHIILFLHQW� RI� [����/L�2±���1D2�±1E�2��±����±�[�*H2�� JODVVHV� YHUVXV� 1E�2��

FRQFHQWUDWLRQ��&XUYHV�DUH�GUDZQ�DV�D�JXLGH�IRU�H\H���

+HQFH�� RQH� FDQ� H[SHFW� WKDW� LQFUHDVH� LQ� DPRXQW� RI� &6*V� 1E� FRQWDLQLQJ� JURXSLQJV�
VWUXFWXUDOO\� VLPLODU� WR� WKH� ZHOO�NQRZQ� (2� FU\VWDOV� VKRXOG� FDXVH� WKH� JURZWK� RI� .HUU�
FRHIILFLHQW� DQG� ´IUR]HQ�LQµ� IOXFWXDWLRQV� RI� WKHLU� FRQFHQWUDWLRQ� GHWHUPLQLQJ� 5D\OHLJK�
VFDWWHULQJ� ORVVHV�� ([SHULPHQWDO� GDWD� VKRZQ� LQ� )LJV�� �� DQG� �� GRHV� QRW� FRQWUDGLFW� WR� WKLV�
K\SRWKHVLV� EXW� WKH� UROH� RI� RWKHU� VWUXFWXUDO�PLFURLQKRPRJHQHLWLHV� LQ�(2�SURSHUWLHV� RI� WKH�
JODVVHV�VKRXOG�EH�VWXGLHG�LQ�PRUH�GHWDLO�LQ�IXWXUH��
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&RQFOXVLRQV�

,QFRUSRUDWLRQ�RI�1E�LQ�FRPSRVLWLRQ�RI�DONDOL�JHUPDQDWH�JODVVHV�OHDGV�WR�WKH�JURZWK�RI�
ERWK�5D\OHLJK�VFDWWHULQJ�DQG�WKH�.HUU�FRHIILFLHQW�ZLWK�1E�SHUFHQWDJH�WKDW� LV�FDXVHG�E\�WKH�
IOXFWXDWLRQ� PLFURLQKRPRJHQHLWLHV� IRUPHG� IURP� FRQVWDQW� FRPSRVLWLRQ� JURXSLQJV� ZLWK�
VWRLFKLRPHWU\�RI�ZHOO�NQRZQ�HOHFWURRSWLFDO�FU\VWDOV��

$FNQRZOHGJHPHQW�

7KH� VWXG\�ZDV�FRQGXFWHG�XQGHU� � SDUWLDO� ILQDQFLDO� VXSSRUW�RI� WKH� ,QWHUQDWLRQDO�6FLHQFH�
DQG� 7HFKQRORJ\� &HQWHU� �3URMHFW� ������� 7KH� DXWKRUV� DUH� JUDWHIXO� WR� 'U�� $�� 9HWURY� IRU�
PHDVXUHPHQW� RI� WKH� .HUU� FRHIILFLHQW� DQG�0UV�� (��0DNVLPRYD� IRU� KHOS� LQ� WKH�PDQXVFULSW�
SUHSDUDWLRQ��

�
�
�$�$�=KLOLQ��*�2�.DUDSHW\DQ��$�$�/LSRYVNLL��/�9�0DNVLPRY��*�7�3HWURYVN\��'�.�7DJDQWVHY�

³9LWUHRXV�0DWHULDOV�IRU�(OHFWURRSWLFV´�*ODVV�3K\VLFV�DQG�&KHPLVWU\�����������Q����SS�����������

�
�*�2�.DUDSHW\DQ��$�$�/LSRYVNLL��9�9�/RERGD��/�9�0DNVLPRY��'�9�6YLVWXQRY��'�.�7DJDQWVHY��

%�9�7DWDULQWVHY��$�$�9HWURY�³(OHFWURRSWLF�*ODVVHV�DQG�*ODVV�&HUDPLFV�IRU�(OHPHQWV�&RQWUROOLQJ�

/DVHU�5DGLDWLRQ´�63,(�Y�������SS���������������

�
�*�6�0DFLHO��1�5DNRY��&LG�%�GH�$UDXMR��$�$�/LSRYVOLL��'�.�7DJDQWVHY�³2SWLFDO�OLPLWLQJ�

EHKDYLRU�RI�D�JODVV�FHUDPLFV�FRQWDLQLQJ�VRGLXQ�QLREDWH�FU\VWDOOLWHV´�$SSOLHG�3K\V��/HWW��������

Y�����Q����SS�����������

�
�=KLGRQJ�<DR��<RQJ�'LQJ��7RNXUR�1DQGD��<RVKLQDUL�0LXUD�³3KRWROXPLQHVFHQFH�,QFUHDVH�RI�(U

��
�

LQ�1D�2�1E�2��6L2��*ODVVHV�DIWHU�&U\VWDOOL]DWLRQ´�-�1RQ�&U\VWDO��6ROLGV�������������SS���������

��&KXQJ�-LDQJ��4LQJML��=HQJ��+XD�/LX��;LDRGRQJ�7DQJ��-XQ]KRX�=KDQJ��)X[L�*DQ�

³<E�QLRERVLOLFDWH�*ODVV�ZLWK�+LJK�(PLVVLRQ�&URVV�6HFWLRQ´�-��$PHU�&HUDP�6RF������������Q����

SS������������

�
�&LG�%�GH�$UDXMR��-�$�&�/DLYD��$�6�%�6RPEUD�³7KH�3URSHUWLHV�DQG�&U\VWDOOL]DWLRQ�RI�/L1E2��LQ�

/LWKLXP�1LRERSKRVSKDWH�*ODVVHV´�-��3K\V���&RQGHQV��0DWWHU����������SS������������

�
�-��6FKURHGHU�³/LJKW�6FDWWHULQJ�E\�*ODVV´�7UHDWLVH�RQ�0DWHULDO�6FLHQFH�DQG�7HFKQRORJ\��9�����

*ODVV����$FDG��3UHVV��1HZ�<RUN��1�<���������SS����������

�
�*�2�.DUDSHW\DQ��/�9��0DNVLPRY��2�9��<DQXVK�³3K\VLFDO�&RQVHTXHQFHV�RI�,QKRPRJHQHRXV�

*ODVV�6WUXFWXUH�IURP�6FDWWHUHG�/LJKW�6SHFWURVFRS\�'DWD´�-��1RQ�&U\VWDO��6ROLGV��������Y������Q�

�����SS�����������

�
�*�2�.DUDSHW\DQ��$�%�.RQVWDQWLQRY��/�9�0DNVLPRY��3�9�5H]QLFKHQNR�³%D\HVVLDQ�

'HFRQYROXWLRQ�RI�6SHFWUD�IRU�5D\OHLJK�DQG�%ULOORXLQ�6FDWWHULQJ�LQ�*ODVVHV´�6RY��-��

$SSO�6SHFWURVFRS\�����������Q����SS������������

���$��/LSRYVNLL��'��7DJDQWVHY��%��7DWDULQWVHY���$�9HWURY��2�<DQXVK�³5DPDQ�6SHFWURVFRS\�DQG�WKH�

2ULJLQ�RI�(OHFWURRSWLFDO�.HUU�3KHQRPHQRQ�LQ�1LRELXP�$ONDOL�6LOLFDWH�*ODVVHV´�2SWLFDO�PDWHULDOV�

�LQ�SUHVV���
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