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$EVWUDFW��1H[WHO�����ILEHUV�ZHUH�FRDWHG�ZLWK�ERURQ�QLWULGH��%1���WLWDQLXPR[LGH��7L2���DQG�ERWK�ERURQ�

QLWULGH� DQG� WLWDQLXPR[LGH� LQ� VXFFHVVLRQ� E\� &9'�� 7KH� ILEHUV� ZHUH� FKDUDFWHUL]HG� E\� VLQJOH� ILEHU� WHQVLOH�

WHVWLQJ�EHIRUH�DQG�DIWHU�KHDW�WUHDWPHQW��7ZR�GLIIHUHQW�JODVV�PDWULFHV��7(/8;����N�DQG�6&+277�)���ZHUH�

UHLQIRUFHG� ZLWK� WKH� ILEHUV�� ,Q� WKH� FDVH� RI� ERURQ� QLWULGH� VLQJOH� FRDWLQJV� DQG� ERURQ� QLWULGH�WLWDQLXPR[LGH�

GRXEOH�FRDWLQJV�WKH�UHLQIRUFHPHQW�OHDGV�WR�DQ�LPSURYHPHQW�RI�IUDFWXUH�WRXJKQHVV��PHFKDQLFDO�VWUHQJWK�DQG�

WKH�FRPSRVLWHV�DUH�VOLJKWO\� WUDQVSDUHQW��1HDUO\�����WUDQVPLVVLRQ�ZDV�IRXQG�IRU� WKH�WLWDQLXPR[LGH�FRDWHG�
ILEHU�LQ�RSWLFDOO\�PDWFKHG�JODVV�EXW�WKH�DEVHQFH�RI�ILEHU�GHERQGLQJ�UHVXOWV�LQ�EULWWOH�IUDFWXUH�EHKDYLRXU�RI�

WKH�FRPSRVLWH���

�

���,QWURGXFWLRQ�

7KH�PHFKDQLFDO�SURSHUWLHV�RI�FRPSDFW�JODVV�DUH�GHWHUPLQHG�E\�WKH�´WKHUPDO�SUHKLVWRU\µ�RI�
WKH� JODVV� DQG� WKH� VXUIDFH�TXDOLW\� EXW� WKH\� FDQ� FOHDUO\� EH� HQKDQFHG� � E\� UHLQIRUFHPHQW�ZLWK�
ILEHUV�� %HVLGHV� WKH� PHFKDQLFDO� VWUHQJWK� WKH� IUDFWXUH� WRXJKQHVV� DQG� WKH� WKHUPDO� VKRFN�
UHVLVWDQFH� DUH� LPSURYHG��$V� D� UHVXOW� RI� GLIIHULQJ�RSWLFDO� SURSHUWLHV�RI�PDWUL[� DQG� ILEHU� WKH�
JODVV�PDWUL[� FRPSRVLWHV� NQRZQ� VR� IDU� DUH� QRW� WUDQVSDUHQW� WR� YLVLEOH� OLJKW��7KH� DLP�RI� RXU�
ZRUN� LV� WR� GHYHORS� WUDQVSDUHQW� UHLQIRUFHG� JODVV�� ,Q� RUGHU� WR� DFKLHYH� RSWLFDOO\� WUDQVSDUHQW�
UHLQIRUFHG� JODVV� WKH� PHFKDQLFDO� DQG� RSWLFDO� SURSHUWLHV� RI� WKH� JODVV� DQG� ILEHU� KDYH� WR� EH�
DGDSWHG�� 7KH� IROORZLQJ� IDFWV� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW� IRU� WKH� VHOHFWLRQ� RI� WKHVH�
FRPSRQHQWV��7KHUPDO�H[SDQVLRQ�PDWUL[� �WKHUPDO�H[SDQVLRQ�ILEHU��5HIUDFWLYH�LQGH[�PDWUL[�
 � UHIUDFWLYH� LQGH[� ILEHU�� 6RIWHQLQJ� WHPSHUDWXUH� ILEHU� !� VRIWHQLQJ� WHPSHUDWXUH� PDWUL[��
<281*·V�PRGXOXV�ILEHU�!�<281*·V�PRGXOXV�PDWUL[��

7KH� LPSURYHPHQW� RI� PHFKDQLFDO� VWUHQJWK� DQG� WRXJKQHVV� FRUUHODWHV� ZLWK� GLIIHUHQW�
´UHLQIRUFHPHQW�PHFKDQLVPVµ���2YHUORDGLQJ�RI�WKH�PDWHULDO�UHVXOWV�LQ�WKH�PDWUL[�FUDFNLQJ�DQG�
WKH�ORDG�WUDQVIHUULQJ�RQWR�WKH�ILEHUV��7RWDO�IUDFWXUH�LV�SUHYHQWHG�E\�FUDFN�GHIOHFWLRQ�DORQJ�WKH�
ILEHU�PDWUL[�LQWHUIDFH��,QFUHDVLQJ�VWUHVV�OHDGV�WR�WKH�GHERQGLQJ�RI�WKH�ILEHU�ZLWKLQ�WKH�PDWUL[�
DQG�WKH�ILEHU�LV�SXOOHG�RXW�WKH�PDWUL[��6R�WKH�ILEHU�PDWUL[�LQWHUIDFH�SOD\V�DQ�LPSRUWDQW�UROH�LQ�
UHDOLVLQJ�UHLQIRUFHPHQW�PHFKDQLVPV�OLNH�FUDFN�GHIOHFWLRQ��GHERQGLQJ�DQG�SXOO�RXW���

���([SHULPHQWDO�

�����8VHG�&RPSRVLWH�&RPSRQHQWV�

)RU�WKH�LQYHVWLJDWLRQV�SUHVHQWHG�KHUH�WKH�IROORZLQJ�FRPSRQHQWV�ZHUH�XVHG��7DEOH�����

7DEOH����3URSHUWLHV�RI�WKH�XVHG�FRPSRVLWH�FRPSRQHQWV�
�
�
�
�
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1H[WHO�����LV�D�QDQRFU\VWDOOLQH�R[LGLF�ILEHU�FRQVLVWLQJ�RI�����DOXPLQD�������VLOLFD��DQG����
ERURQ�R[LGH��

�����,QWHUIDFH�GHVLJQ�DQG�ILEHU�FKDUDFWHULVDWLRQ�

,QWHUIDFHV� VKRXOG�DFW� DV� D�GLIIXVLRQ�� DQG� UHDFWLRQ�EDUULHU� DQG�SUHYHQW� LQWHUPLQJOLQJ�RI�
ILEHU�DQG�PDWUL[��)URP�D�PHFKDQLFDO�SRLQW�RI�YLHZ�FDUERQ�OD\HUV�ZLWK�JUDSKLWH�VLPLODU�SODLQ�
VWUXFWXUH� KDYH� SURYHQ� WKHLU� XVHIXOQHVV��� )URP� DQ� RSWLFDO� SRLQW� RI� YLHZ� WKH� JUDSKLWH�
LVRPRUSKLFDO�KH[DJRQDO�ERURQ�QLWULGH�VHHPV�WR�EH�VXLWDEOH��,WV� WUDQVSDUHQF\� WR�YLVLEOH� OLJKW�
PDNHV� LW�XVHIXO� DV� DQ� LQWHUIDFH� LQ� WUDQVSDUHQW� ILEHU� UHLQIRUFHG� JODVV��$OVR�R[LGLF� LQWHUIDFHV��

H�J��7L2���=U2��RU�6Q2���KDYH�EHHQ�LQYHVWLJDWHG��EXW�LQ�WKHVH�FDVHV�WKH�DEVHQFH�RI�D�VOLGH�
SODLQ�FU\VWDO�VWUXFWXUH�OHDGV�WR�WKH�SUREOHP�RI�WKH�RSWLPL]DWLRQ�RI�WKH�LQWHUIDFH�PRUSKRORJ\��
L�H��WKH�LQWHUIDFHV�KDYH�WR�EH�QDQRFU\VWDOOLQH�RU�DPRUSKHRXV�ZLWK�D�VPDOO�VXUIDFH�URXJKQHVV���

$� FKHPLFDO� YDSRXU� GHSRVLWLRQ� SURFHVV� LV� XVHG� WR� FRDW� WKH� ILEHUV�ZLWK� WKH� DIRUHPHQWLRQHG�
VXEVWDQFHV�����7KH�W\SLFDO�FRDWLQJ�WKLFNQHVV�RI�WKH�LQWHUIDFHV�OLHV� LQ�WKH�UHJLRQ�RI����WR�����
QP��7KH�FKDUDFWHUL]DWLRQ�RI�WKH�ILEHUV�ZLWK�DQG�ZLWKRXW�FRDWLQJ�ZDV�FDUULHG�RXW�DPRQJ�RWKHU�
WKLQJV�E\�VLQJOH�ILEHU�WHQVLOH�VWUHQJWK�WHVWLQJ�EHIRUH�DQG�DIWHU�KHDW�WUHDWPHQW�LQ�DLU��7KH�KHDW�
WUHDWPHQW� VLPXODWHV� WKH�PDQXIDFWXULQJ� FRQGLWLRQV� DQG�� UHVSHFWLYHO\��KLJKHU� WHPSHUDWXUHV� LQ�
SUDFWLFDO�DSSOLFDWLRQ��

1R� VLJQLILFDQW� FKDQJH� RI� WKH� VLQJOH� ILEHU� WHQVLOH� VWUHQJWK�ZDV� IRXQG� IRU� GHVL]HG� DQG�%1�
FRDWHG����������DQG�����QP�FRDWLQJ�WKLFNQHVV��1H[WHO�����ILEHUV�DIWHU�KHDW�WUHDWPHQW�RYHU���
KRXUV� XS� WR� ���� �&�� $� KHDW� WUHDWPHQW� XS� WR� ����&� OHDGV� WR� D� VPDOO� GHFUHDVH� LQ� WHQVLOH�
VWUHQJWK�IRU�GHVL]HG�DQG�FRDWHG�ILEHUV�ZLWK����DQG�����QP�FRDWLQJ�WKLFNQHVV��)LEHUV�ZLWK�����
QP�%1�FRDWLQJ�WKLFNQHVV�VKRZHG�D�GHFUHDVH�GRZQ�WR�����03D��6LPLODU�UHVXOWV�ZHUH�IRXQG�

IRU�1H[WHO�����ILEHUV�ZLWK����DQG����QP�7L2��FRDWLQJ��7KH�UHVXOWV�IRU�WKH�GHVL]HG�ILEHU�DQG�
WKH� ���QP�%1������QP�7L2��GRXEOH� FRDWLQJ�DUH� VKRZQ� LQ� ILJXUH� ���%RWK� D�GRXEOH�&9'�
FRDWLQJ� SURFHVV� DQG� WKH� KHDW� WUHDWPHQW� GR� QRW� DIIHFW� WKH� WHQVLOH� VWUHQJWK� LQ� D� VLJQLILFDQW�
PDQQHU��7KH�7L2��FRDWLQJ�ZDV�VSHFLILHG�DV�DQDWDVH�E\�5$0$1�DQG�;5'�LQYHVWLJDWLRQV�DQG�
XQGHUJRHV�QR�PRGLILFDWLRQ�FKDQJHV�XQGHU�WKH�GHVFULEHG�FRQGLWLRQV��
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)LJXUH����6LQJOH�WHQVLOH�ILEHU�VWUHQJWK�RI�1H[WHO�����ILEHUV�

�����0DQXIDFWXULQJ�WHFKQRORJ\�

7KH�FRPSRVLWHV�ZHUH�PDQXIDFWXUHG�E\�D�FRPPRQ�VOXUU\�LQILOWUDWLRQ�SURFHVV�LQ�DTXHRXV�
VROXWLRQ�� 7KH� UHFHLYHG� WDSHV� ZHUH� FXW� DQG� VWDFNHG� WR� SUHSUHJV�� $IWHU� GU\LQJ� WKHVH� ZHUH�
KRWSUHVVHG�LQ�YDFXXP����

���5HVXOWV�DQG�'LVFXVVLRQ�

$W� ILUVW� D� 1H[WHO� ���� ILEHU�PDWUL[� FRPELQDWLRQ� ZLWK� PDWFKHG� WKHUPDO� H[SDQVLRQ�
FRHIILFLHQWV�ZDV�XVHG� WR� LQYHVWLJDWH� WKH� ILEHU�PDWUL[� LQWHUIDFH� DQG� WKH�FRDWLQJ� LQIOXHQFH�RQ�
WKH� PHFKDQLFDO� SURSHUWLHV� RI� WKH� FRPSRVLWH�� 7KHUHIRUH� D� FRPPRQ� XQOHDGHG� ERURVLOLFDWH�
JODVV�� ���N��ZDV�FKRRVHQ�EHFDXVH�RI� LWV�XVH� LQ� HDUOLHU� LQYHVWLJDWLRQV���1H[W� DQ�RSWLFDO� OHDG�
VLOLFDWH�JODVV��)���ZLWK�DGDSWHG�UHIUDFWLYH�LQGH[�ZDV�FRPELQHG�ZLWK�1H[WHO�����ILEHUV�WR�VWXG\�
WKH� LQIOXHQFH� RI� WKH� LQWHUIDFHV� RQ� WKH� RSWLFDO� SURSHUWLHV�� 8QIRUWXQDWHO\� LQ� WKLV� FDVH� WKH�
GLIIHULQJ�WKHUPDO�H[SDQVLRQ�FRHIILFLHQWV�OHDG�WR�VWURQJ�WKHUPDO�VWUHVVHV��7R�DYRLG�ILEHU�ILEHU�
LQWHUDFWLRQV�ZKLOH�VWXG\LQJ�LQWHUIDFH�LQIOXHQFHV�WKH�PRVW�FRPSRVLWHV�ZHUH�PDQXIDFWXUHG�ZLWK�
D�ILEHU�YROXPH�FRQWHQW�RI�RQO\�DERXW�������)RU�HIIHFWLYH�FRPSRVLWHV�D�ILEHU�YROXPH�FRQWHQW�
RI��������LV�DLPHG��

�����0HFKDQLFDO�7HVWLQJ�

7KH� UHVXOWV� RI� PHFKDQLFDO� WHVWLQJ� ���SRLQW� EHQGLQJ� WHVW�� � DUH� OLVWHG� LQ� WDEOH� ��� $OO�
FRPSRVLWHV�FRQWDLQ�1H[WHO�����ORQJ�ILEHUV�LQ�D����N�PDWUL[�DQG�KDYH�DQ�XQLGLUHFWLRQDO�ILEHU�
RULHQWDWLRQ���

7DEOH����0HFKDQLFDO�FKDUDFWHULVWLFV�RI�WKH�FRPSRVLWHV�LQ����N�PDWUL[�

FRDWLQJ�WKLFNQHVV� 'HVL]HG� %1���� %1���� %1���� %1����� %1����� %1����7L2�����
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7KH� FRDWLQJ� WKLFNQHVV� RI� WKH� %1� OD\HU� KDV� QRW� VKRZQ� DQ\� HVVHQWLDO� LQIOXHQFH� RQ� WKH�
PHFKDQLFDO�SURSHUWLHV�RI�WKH�FRPSRVLWHV�DW�WKH�VDPH�YROXPH�FRQWHQW�RI�ILEHUV��7KH�GRXEOH�
FRDWLQJ�DFKLHYHG�FRPSDUDEOH�PHFKDQLFDO�YDOXHV�ZLWK� ORZHU�YROXPH�FRQWHQW�RI� ILEHUV��6(0�
DQDO\VLV�RI�WKH�IUDFWXUH�VXUIDFH�KDYH�SURYHQ�HIIHFWLYH�UHLQIRUFHPHQW�PHFKDQLVPV��GHERQGLQJ�
DQG�SXOO�RXW��ERWK�IRU�VLQJOH�DQG�GRXEOH�FRDWLQJV��ILJXUH�������
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)LJXUH����)UDFWXUH�VXUIDFH�RI�D�1H[WHO��������N�FRPSRVLWH�ZLWK�%1�7L2��LQWHUIDFH��OHIW��

DQG�D�SXOO�RXW�ILEHU�LQ�D�1H[WHO��������N�FRPSRVLWH�ZLWK����QP�%1�LQWHUIDFH�

�

�����2SWLFDO�3URSHUWLHV�

)RU�FRPSDULVLRQ�RI�WKH�RSWLFDO�SURSHUWLHV�WKH�WUDQVPLVVLRQ�VSHFWUD�RI�WKH�KRWSUHVVHG�)��
JODVV� DQG� WKH� FRPSRVLWHV� ZLWK� GHVL]HG� DQG� 7L2�� FRDWHG� ���� QP�� 1H[WHO� ���� ILEHUV� ZHUH�
PHDVXUHG� �ILJXUH� ���� 7KH� %1� FRDWHG� ILEHUV� KDYH� VKRZQ� FKHPLFDO� LQFRPSDWLELOLW\� XQGHU�
KRWSUHVVLQJ�FRQGLWLRQV�DQG�WKHUHIRUH�ZRUVH�RSWLFDO�SURSHUWLHV���
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+RWSUHVVHG�PDWUL[�JODVV
&RPSRVLWH�ZLWK�GHVL]HG�ILEHUV
&RPSRVLWH�ZLWK�WLWDQLXPR[LGH�FRDWHG�ILEHUV�����QP�

�

)LJXUH����7UDQVPLVVLRQ�FXUYHV�RI�)��JODVV�DQG�FRPSRVLWHV�ZLWK�)��JODVV��� �

� ILEHU�FRQWHQW����YRO����WKLFNQHVV���PP�

,Q� FRPSDULVLRQ� ZLWK� WKH� SXUH� KRWSUHVVHG� JODVV� WKH� ILEHU� PDWUL[� LQWHUIDFHV� UHGXFH� WKH�



WUDQVPLVVLRQ�E\�DERXW� �����7KH� ���QP�7L2�� FRDWLQJ� VHHPV� WR�KDYH�QR� HYLGHQW� LQIOXHQFH�
FRPSDUHG�ZLWK�WKH�GHVL]HG�ILEHU��7KH�W\SLFDO�89�DEVRUSWLRQ�DW�����QP�IRU�DQDWDVH���ZKLFK�LV�
VKLIWHG�WR�VKRUWHU�ZDYHOHQJWK�E\�SDUWLFOH�VL]H�UHGXFWLRQ��ZDV�QRW�GHWHFWHG�RZLQJ�WR�WKH�ORZ�
FRQFHQWUDWLRQ����

,Q�WKH�FDVH�RI�UHIUDFWLYH�LQGH[�PLVPDWFK�WKH�ILEHUV�DUH�FOHDUO\�YLVLEOH�LQ�WKH�FRPSRVLWH�ZKLOH�
WKH�ILEHU�PDWUL[�LQWHUIDFHV�PRUH�GLVDSSHDUHG�ZKHQ�RSWLFDOO\�DGDSWHG�FRPSRQHQWV�DUH�XVHG���

���&RQFOXVLRQV�

,W�ZDV� VKRZQ�WKDW� LW� LV�SRVVLEOH� WR�PDNH� WUDQVSDUHQW� ILEHU� UHLQIRUFHG�JODVV�E\� DGDSWLQJ� WKH�

PHFKDQLFDO� DQG� RSWLFDO� SURSHUWLHV� RI� WKH� FRPSRQHQWV�� %1� VLQJOH� FRDWLQJV� DQG� %1�7L2��
GRXEOH�FRDWLQJV��GHSRVLWHG�RQ�WKH�ILEHU�YLD�D�FKHPLFDO�YDSRXU�GHSRVLWLRQ�SURFHVV�DUH�JRRG�
LQWHUIDFHV� IRU� UHDOL]LQJ�PHFKDQLFDOO\� HIIHFWLYH� UHLQIRUFHPHQW�PHFKDQLVPV�� 7KH� VLQJOH� ILEHU�
WHQVLOH�VWUHQJWK�RI�GHVL]HG�DQG�FRDWHG�ILEHUV�LV�QRW�LQIOXHQFHG�VLJQLILFDQWO\�E\�KHDW�WUHDWPHQW�
XS�WR������&��

$FNQRZOHGJHPHQW�

:H�DUH�JUDWHIXO�WR�WKH�'HXWVFKH�)RUVFKXQJVJHPHLQVFKDIW�IRU�VXSSRUWLQJ�WKLV�VWXG\��

������������������������������ �������������������

��.�.��&KDZOD�HW�DO���0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ�$�����S������������������

���3URGXFW�LQIRUPDWLRQ��6&+277�*ODV��0DLQ]��*HUPDQ\���������

���3URGXFW�LQIRUPDWLRQ���0��6W�3DXO��01��86$���������

��7K��/HXWEHFKHU�DQG�'��+�OVHQEHUJ��$GYDQFHG�(QJLQHHULQJ�0DWHULDOV����S�������������

��'��'LHWULFK��6��6W|FNHO�DQG�*��0DU[��-��$QDO��&KHP��������S������������������

��.��:HLVH��6��6W|FNHO��0��:LQNOHU��.��1HVWOHU��*��0DU[�LQ�9HUEXQGZHUNVWRIIH�XQG�
:HUNVWRIIYHUEXQGH��������HGLWHG�E\�%��:LHODJH�DQG�*��/HRQKDUG���:LOH\�9&+��:HLQKHLP��
*HUPDQ\���������S�����������

��.�.��&KDZOD��&RPSRVLWH�0DWHULDOV��6SULQJHU�9HUODJ���������S������II��

��7K��/HXWEHFKHU��%HLWUDJ�]XU�(QWZLFNOXQJ�YRQ�R[LGIDVHUYHUVWlUNWHQ�*OlVHUQ��6KDNHU�9HUODJ��$DFKHQ��������

��-��:LQNOHU�DQG�%��3URIW��)DUEH�	�/DFN����S���������������
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