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$%675$&7
2ZLQJ�WR�WKH�LPSRUWDQFH�RI�FUDFN�SDWFKLQJ�LQ�IUDFWXUH�PHFKDQLFV�DQDO\VLV��WKH�DLP�RI�WKLV�VWXG\�LV�WR�DQDO\VH�QXPHULFDOO\�E\�WKH�ILQLWH�HOHPHQW�PHWKRG�WKH�DGYDQWDJH�RI�WKH�XVH�RI�WKH�ERQGHG�V\PPHWULF�FRPSRVLWH�SDWFK�IRU� UHSDLULQJ�FUDFN�LQ�PHWDOOLF�VKHHW�LQ�SXUH�PRGH� ,�� �7KH�REWDLQHG�UHVXOWV�VKRZ�WKDW�WKHUH�LV�D�FRQVLGHUDEOH�UHGXFWLRQ�RI� WKH�DV\PSWRWLF�YDOXH�RI� WKH� VWUHVV� LQWHQVLW\�IDFWRU�DW� WKH�FUDFN�WLS� LQ� WKH�FDVH�RI� WKH�XVH�RI� WKH�GRXEOH� V\PPHWULF� SDWFK� FRPSDUHG� ZLWK� WKH� VLQJOH� SDWFK�� ,Q� DGGLWLRQ� WKH� JDLQ� RI� WKH� FRPSRVLWH� WKLFNQHVV�REWDLQHG�E\�WKH�GRXEOH�SDWFK�LV�DOVR�FRQVLGHUDEOH�LQ�ERWK�PRGH�,��

���,1752'8&7,21
7KH� XVH� RI� H[WHUQDOO\� ERQGHG� FRPSRVLWH� SDWFKHV� IRU� UHSDLULQJ� FUDFN� DQG� GHIHFWV� LQ� DLUFUDIW�VWUXFWXUHV�NQRZV�D� ODUJH�VXFFHVV� WKHVH� ODVW�\HDUV��ZKDW� DFFHOHUDWHG� WKH�UHVHDUFKHV� LQ� WKLV�GRPDLQ��7KH� ERQGHG� FRPSRVLWH� UHSDLU� FDUULHV� D� SDUW� RI� WKH� ORDGV� DFWLQJ� DW� WKH� FUDFN� WLS� WKURXJKRXW� WKH�DGKHVLYH��7KH�VWUHVV�LQWHQVLW\�IDFWRU�LV�WKHQ�UHGXFHG�E\�WKH�SUHVHQFH�RI�WKH�SDWFK��6HYHUDO�DXWKRUV�VKRZHG�WKDW�WKH�PRGH�,�VWUHVV�LQWHQVLW\�IDFWRU�RI�UHSDLUHG�FUDFN��H[KLELWV�DQ�DV\PSWRWLF�EHKDYLRXU�DV� WKH�FUDFN� OHQJWK� LQFUHDVHV� >���@��7KH�SDWFK�SHUIRUPDQFH��GHSHQGV�HVVHQWLDOO\�RQ� WKH�SDWFK�DQG�WKH�DGKHVLYH�SURSHUWLHV��VKHDU�PRGXOXV�DQG�WKLFNQHVV���%DFKLU�HW�DO�>�@�DIILUPHG�WKDW�WKH�DGKHVLYH�SURSHUWLHV�PXVW� EH�RSWLPL]HG� LQ� RUGHU� WR� DOORZ� WKH� WUDQVPLVVLRQ� RI� WKH� VWUHVVHV� WRZDUG� WKH�SDWFK�DQG� WR�DYRLG� WKH�DGKHVLYH� IDLOXUH��&RQFHUQLQJ� WKH�PHFKDQLFDO�SURSHUWLHV�RI� WKH�SDWFK�LW� LV�NQRZQ�WKDW� RQO\� WKH� ERURQ� �� HSR[\� DQG� WKH� JUDSKLWH� �� HSR[\� DUH� XVHG� EHFDXVH� RI� WKHLU� H[FHOOHQW� ORDG�WUDQVIHU�FKDUDFWHULVWLFV�>�@��2QH�FDQ�FRQFOXGH� WKDW� WKH�LPSURYHPHQW�RI�WKH�SDWFK�SHUIRUPDQFHV�E\�WKH�DVVHVVPHQW�RI�WKH�SURSHUWLHV�RI�WKH�FRPSRVLWH�DQGWKH�DGKHVLYH�SURYH�WR�EH�PRUH�GLIILFXOW�DQG�H[SHQVLYH��7KH�XQLTXH�SDUDPHWHU� WKDW�UHPDLQV�LV� WKH�SDWFK�WKLFNQHVV�� �%DFKLU�HW�DO�>�@���VORZ�WKDW�IRU�D�VLQJOH�SDWFK�UHSDLU�WKH�LQFUHDVH�RI�WKH�SDWFK�WKLFNQHVV�DERXW������UHGXFHV�WKH�VWUHVV�LQWHQVLW\�IDFWRUV� DW WKH� VDPH� RUGHU� DQG� WKH\� FRQILUPHG� WKDW� � IRU� D� EHWWHU� GLVWULEXWLRQ� RI� WKH� VWUHVVHV�� LW� LV�SUHIHUDEOH� WR�XVH�D�PXOWLSOH� OD\HUV�RI�ERQGHG�FRPSRVLWH�SDWFK��2QH�RI�PHDQV� WKDW�FDQ�VWUHQJWKHQ�WKLV� LGHDV� LV� WKH�XVH�RI� WKH�GRXEOH�VLGHG� V\PPHWULF� SDWFK��0DQ\�DXWKRUV�VKRZQ�WKH�DGYDQWDJH�RI�WKH� GRXEOH�VLGHG� V\PPHWULF� SDWFKHV� H[SHULPHQWDOO\� DQG� QXPHULFDOO\�� DPRQJ� WKHP�ZH� FDQ�TXRWH��7LQJ� HW� DO�� >�@�� 7XUDJD� DQG�5LSXGDPDQ� >�@��&KHQ� DQG�<DQJ� >��@��0HJXHQL� HW� DO� >��@��$OO� WKHVH�DXWKRUV� REVHUYH� WKDW� WKH� GRXEOH�VLGHG� V\PPHWULF� SDWFK� UHGXFHV� PRUH� WKH� VWUHVV� LQWHQVLW\� DW� WKH�FUDFN�WLS��,Q�DGGLWLRQ��LW�DQQXOV�WKH�EHQGLQJ�HIIHFW�GXH�WR�WKH�HFFHQWULFLW\�RI�WKH�SDWFK���7KLV�VWXG\�KDV�EHHQ�OHG�LQ�WKH�DLP�WR�DFKLHYH�DQ�DGYDQFHG�LQ�WKLV�ZD\�XVLQJ�WKH�)LQLWH�HOHPHQW�PHWKRG��)LUVW��RQH�FRPSDUHV� WKH�YDOXHV�RI� WKH� VWUHVV� LQWHQVLW\� IDFWRUV�RI� UHSDLUHG�FUDFNV�ZLWK� VLQJOH�DQG�GRXEOH�SDWFKHV� LQ�SXUH�PRGH� ,�� WKHQ�RQH�GHWHUPLQHV�WKH�JDLQ�RI� WKH�WKLFNQHVV�HYHQWXDOO\�REWDLQHG�E\�WKH�XVH� RI� WKH� GRXEOH� V\PPHWULF� SDWFK�� 7KLV� JDLQ� FDQ� JLYH� XV� DQ� DSSUR[LPDWH� HYDOXDWLRQ� RQ� WKH�UHGXFWLRQ�RI�WKH�FRVW�RI�WKH�UHSDLU�WKDW�FDQ�JHQHUDWH�WKH�XVH�RI�WKH�GRXEOH�V\PPHWULF�SDWFK��



����*(20(75,&$/�02'(/�
7KH� EDVLF� JHRPHWU\� RI� WKH� FUDFNHG� VWUXFWXUH� FRQVLGHUHG� LQ� WKLV� VWXG\� LV� VKRZQ� LQ� ILJXUH� ���&RQVLGHU�D�WKLQ�HODVWLF�DOXPLQLXP�SODWH��KHLJKW�+S �����PP��ZLGWK�:S  �����PP�DQG�WKLFNQHVV�HS ���PP���ZLWK�D�FHQWUDO�FUDFN�RI�OHQJWK��D�UHSDLUHG�ZLWK�ERURQ�± HSR[\�FRPSRVLWH�SDWFK�ERQGHG�ZLWK�)0����DGKHVLYH�KDYLQJ��WKLFNQHVV�HD� ������PP���7KH�ZLGWK�DQG�WKH�KHLJKW�RIWKH�SDWFK�DUH�:U����� ����PP�DQG�+U� ����PP��UHVSHFWLYHO\� 7KH�SDWFK�WKLFNQHVV�IRU�D�GRXEOH�SDWFK�LV�KDOI�RI�WKDW�XVHG�IRU�D�VLQJOH�SDWFK��ILJXUH�����7KH�SODWH�LV�VXEMHFWHG�WR�D�UHPRWH�XQLD[LDO�WHQVLOH�ORDG� RI�� � ���0SD�� WKH� SODQH� VWUHVV� FRQGLWLRQV� DUH� DVVXPHG�� 6LQFH� WKH� JHRPHWU\� DQG� ORDGLQJ� LV�V\PPHWULF��RQO\�RQH�KDOI�RI�WKH�VWUXFWXUH�QHHGV�WR�EH�DQDO\VHG��7KH�PDWHULDO�SURSHUWLHV�RI�WKH�SODWH��SDWFK�DQG�DGKHVLYH�DUH��3ODWH��DOXPLQLXP����<RXQJ�PRGXOXV�(S� ����*3D�����3RLVVVRQ�UDWLR��S ��������3DWFK��ERURQ�± HSR[\����<RXQJ�PRGXOXV�(U�  �����*3D��(U�  �(U�  ������*3D��VKHDU�PRGXOXV�*U �������*3D��DQG�3RLVVRQ¶V�UDWLRV��U� �������U�� ��U�� �����$GKHVLYH��)0�������6KHDU�PRGXOXV�*D  ������*3D)LQLWH�HOHPHQW�DQDO\VLV� RI� WKH�FRQILJXUDWLRQV�RI� ILJXUH��� LV�GRQH��XVLQJ� WKH�ILQLWH�HOHPHQW�FRGH������)UDQF�'�/�GHYHORSHG�DW�.DQVDV�8QLYHUVLW\�>��@���7KH�JOREDO�VWUXFWXUH��SODWH�DQG�SDWFK��LV�PHVKHG�XVLQJ� VWDQGDUG� HLJKW� QRGGHG�LVRSDUDPHWULF� HOHPHQWV� ZLWK� TXDGUDWLF� VKDSH� IXQFWLRQV�� 7KHVH�HOHPHQWV�SHUIRUP�ZHOO� IRU�HODVWLF�DQDO\VLV�DQG�KDYH�WKH�DGYDQWDJH�WKDW�WKH�VWUHVV�VLQJXODULW\�DW�WKH�FUDFN� WLS� FDQ� EH� LQFRUSRUDWHG� LQ� WKH� VROXWLRQ� E\� PRYLQJ� WKH� HLJKW� QRGHV� WR� WKH� TXDUWHU�SRLQW�ORFDWLRQV�>��@���)LJXUH���VKRZV�WKH�ILQLWH�HOHPHQW�PRGHOLQJ�IRU�WKH�SODWH�DQG�WKH�SDWFK��7KH�VWUHVV�LQWHQVLW\�IDFWRU�LV�FDOFXODWHG�XVLQJ�PRGLILHG�FUDFN�FORVXUH�PHWKRG�

)LJXUH����*HRPHWULFDO�PRGHO�RI�WKH�KDOI�������������������������)LJXUH����7\SLFDO�PHVK�PRGHO�RI�WKH�SODWH�RI�WKH�SDWFKHG�VWUXFWXUH�IRU�WKH�SXUH�PRGH�,���������������������������������������DQG�SDWFK�LQ�SXUH�PRGH�,�
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����5(68/76�$1'�',6&866,216
����&RPSDULVRQ�EHWZHHQ�VLQJOH�DQG�GRXEOH�SDWFKHG�FUDFN)LJXUH���SUHVHQWV�WKH�YDULDWLRQ�RI�WKH�VWUHVV�LQWHQVLW\�IDFWRU�., DFFRUGLQJ�WR�WKH�FUDFN�OHQJWK�IRU�VLQJOH�DQG� V\PPHWULF� GRXEOH�SDWFK�IRU� WKLFNQHVV�HU ���PP��,W� LV� ILUVWO\�QRWHG� WKDW� WKH�DV\PSWRWLF�EHKDYLRXU�LV�YLVLEOH�IRU�WKH�WZR�FDVHV�DQG�WKHUH�LV�D�UHGXFWLRQ�RI�WKH�DV\PSWRWLF�YDOXH�DERXW������E\� WKH� XVH� RI� GRXEOH� V\PPHWULF� SDWFK�� LW� PHDQV� WKDW� WKH� IDWLJXH� OLIH� RI� WKH� VWUXFWXUH� FDQ� EH�LPSURYHG�FRQVLGHUDEO\��7KLV�WHQGHQF\� LV� LQ�DJUHHPHQW�ZLWK� WKH�DQDO\VLV�RI�.OXJ�HW�DO�>��@�ZKRP�VKRZHG� WKDW� WKH� XVH� RI� D� GRXEOH� SDWFK� LQFUHDVH� WZLFH� DV� PXFK� WKH� IDWLJXH� OLIH� RI� WKH� VWUXFWXUH�FRPSDUHG�ZLWK� WKH� VLQJOH�SDWFK��,W� FDQ�DOVR�EH�VHH� LQ� ILJXUH��� WKDW� IRU� D�ZHDN�YDOXH�RI� WKH�FUDFN�OHQJWK� WKHUH� LV� QR� GLIIHUHQFH� LQ� WKH� VWUHVV� LQWHQVLW\� IDFWRU� EHWZHHQ� WKH� FDVH�RI� VLQJOH� DQG�GRXEOH�V\PPHWULF�SDWFK��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�VWUHVV�LQWHQVLW\�DW�WKH�FUDFN�WLS�IRU�ZHDN�YDOXHV�RI�WKH�WKLFNQHVV�LV�QRW�VXIILFLHQW�WR�KLJKOLJKW�WKH�DGYDQWDJHV�RI�WKH�GRXEOH�WUDQVIHU�RI�VWUHVVHV�

)LJXUH����&RPSDULVRQ�RI�WKH�VWUHVV�LQWHQVLW\�IDFWRU�EHWZHHQ�VLQJOH�DQG�GRXEOH�SDWFKHG�FUDFNV�
)RU� D� EHWWHU� LOOXVWUDWLRQ� RI� WKH�EHQHILFLDO� HIIHFW� RI� WKH�GRXEOH� V\PPHWULF� SDWFK� LW� LV� SORWWHG� LQ�ILJXUH� �� WKH� YDULDWLRQ� RI� WKH� DV\PSWRWLF� 6,)� DFFRUGLQJ� WR� WKH� SDWFK� WKLFNQHVV� IRU� D� VLQJOH� DQG�GRXEOH�SDWFK��)RU�WKH�WZR�FDVHV�WKH�6,)�GHFUHDVHV�DV\PSWRWLFDOO\�DV�WKH�SDWFK�WKLFNQHVV�JURZV��,W�LV�WKHQ�XVHOHVV�WR�LQFUHDVH�WKH�SDWFK�WKLFNQHVV�LQGHILQLWHO\�IRU�UHGXFLQJ�WKH�VWUHVV�LQWHQVLW\�IDFWRU���$Q�RSWLPL]DWLRQ�RI�WKH�SDWFK�WKLFNQHVV�LV�UHFRPPHQGHG��7LQJ�HW�DO��>�@�DQG�7XUDJD�DQG�5LSXGDPDQ >�@�REWDLQHG� WKLV� FRQFOXVLRQ��,W� LV� QRWHG� WKDW� WKH� GLIIHUHQFH� RI� WKH� VWUHVV� LQWHQVLW\� IDFWRU� EHWZHHQ� D�VLQJOH�DQG�GRXEOH�V\PPHWULF�SDWFK�LV�VWDELOL]HG�ZKHQ� WKH�WKLFNQHVV�HU LV�JUHDWHQ�WKHQ���PP��7KLV�WHQGHQF\� LV�FRQILUPHG�E\�WKH�ILJXUH���WKDW� LOOXVWUDWHV� WKH�YDULDWLRQ�RI� WKH�UDWLR�5��5� .fV ��.fG ��.fV DQG�.fG DUH� UHVSHFWLYHO\� WKH� DV\PSWRWLF� YDOXH� RI� WKH� 6,)� IRU� VLQJOH� DQG� GRXEOH� SDWFK��� DV� D�IXQFWLRQ� RI� WKH� SDWFK� WKLFNQHVV�� ,W� FDQ� EH� VHHQ� WKDW� WKH� UDWLR�5� LQFUHDVHV� DV\PSWRWLFDOO\�ZKHQ� HULQFUHDVHV��
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)LJXUH����(IIHFW�RI�WKH SDWFK�WKLFNQHVV�RQ�WKH�PRGH�,���������������)LJXUH����9DULDWLRQ�RI�WKH�UDWLR�5VWUHVV�LQWHQVLW\�IDFWRU�YDULDWLRQ���������������������������������������DFFRUGLQJ�WR�WKH�SDWFK�WKLFNQHVV�
7DEOHV�����SUHVHQW�WKH�JDLQ�RI�WKLFNQHVV�HYHQWXDOO\�REWDLQHG�E\�WKH�XVH�RI�WKH�GRXEOH�V\PPHWULF�SDWFK��7KLV�JDLQ� LV� GHILQHG� DV� WKH� UHODWLYH�GLIIHUHQFH� LQ� SHUFHQW�EHWZHHQ� WKH� WKLFNQHVV� RI� GRXEOH�V\PPHWULF�DQG�VLQJOH�SDWFK�ZKHQ�WKH�6,)�LV�WKH�VDPH�IRU�WKH�WZR�FDVHV��7DEOHV�����DUH�HVWDEOLVKHG�IRU�GLIIHUHQW�FUDFN�OHQJWKV��,W�FDQ�EH�QRWHG�WKDW�WKH�JDLQ�PD\�EH�FRQVLGHUDEOH�DQG�LW�UHDFKHV�DERXW������ IRU� D�  � ���PP��ZKLFK� SHUPLWV� XV� WR� FRQILUP� WKDW� ZKLOH� DGGLQJ� WKH� JDLQ� REWDLQHG� E\� WKH�HOLPLQDWLRQ�RI�WKH�EHQGLQJ�HIIHFW��WKH�WRWDO�JDLQ�REWDLQHG�E\�WKH�XVH�RI�WKHGRXEOH�SDWFK�FDQ�ODUJHO\�H[FHHG�������,W�FDQ�DOVR�EH�VHHQ�LQ�WDEOH���WKDW�WKH�JDLQ�GHFUHDVHV�DV�WKH�SDWFK�WKLFNQHVV�LQFUHDVHV��7KLV� LV� GXH� WR� WKH� IDFW� WKDW� WKH� WUDQVIHU�RI� WKH� VWUHVV� WRZDUGV� WKH�SDWFK� LV� OHVV� LPSRUWDQW� IRU� KLJK�YDOXHV�RI� WKH�SDWFK� WKLFNQHVV�� WKHQ� WKH�GLIIHUHQFH�RI� WKH�WUDQVIHUUHG�VWUHVVHV�EHWZHHQ�D�VLQJOH�DQG�GRXEOH�V\PPHWULF�SDWFK�LV�OHVV�LPSRUWDQW��������

HU���PP�GRXEOH�SDWFK ., �0SD� P � HU�����PP�VLQJOH�SDWFK ., �0SD P � *DLQ��
� ����� ���� ����� ������ ����� ���� ����� ������ ����� ����� ����� ������ ����� ���� ����� ������ ����� ���� ����� �����

7DEOH����(YDOXDWLRQ�RI�WKH�JDLQ�LQ�SXUH�PRGH�,�IRU�D� ���PP�
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HU���PP�GRXEOH�SDWFK ., �0SD� P � HU�����PP�VLQJOH�SDWFK ., �0SD P � *DLQ��
� ����� ���� ����� ������ ����� ��� ����� ������ ����� ���� ����� ������ ����� ���� ����� ������ ����� ��� ����� �����

7DEOH����(YDOXDWLRQ�RI�WKH�JDLQ�LQ�SXUH�PRGH�, IRU�D� ����PP�
HU���PP�GRXEOH�SDWFK ., �0SD� P � HU�����PP�VLQJOH�SDWFK ., �0SD� P � *DLQ��

� ����� ���� ����� ��� ���� ��� ���� ������ ����� ��� ����� ����� ����� ���� ����� ������ ����� ���� ����� �����
7DEOH����(YDOXDWLRQ�RI�WKH�JDLQ LQ�SXUH�PRGH�, IRU�D� ����PP�

HU���PP�GRXEOH��SDWFK ., �0SD� P � HU�����PP�VLQJOH�SDWFK ., �0SD� P � *DLQ��
� ����� ���� ����� ������ ���� ������ ���� ������ ���� ���� ���� ������ ���� ����� ���� ������ ���� ����� ����� �����

7DEOH����(YDOXDWLRQ�RI�WKH�JDLQ�LQ�SXUH�PRGH�,�IRU�D� ����PP�
��&21&/86,21,Q�WKLV�VWXG\�WKH�ILQLWH�HOHPHQW�PHWKRGKDV�EHHQ�XVHG�WR�DQDO\VH�WKH�DGYDQWDJH�RI�WKH�XVH�RI�WKH�ERQHG�V\PPHWULF�FRPSRVLWH�SDWFK�IRU�UHSDLULQJ�FUDFN�7KH�REWDLQHG�UHVXOWV�DOORZ�XV�WR�GHGXFH�WKH�IROORZLQJ�FRQFOXVLRQV�x�7KH�XVH�RI� WKH�GRXEOH�SDWFK� UHGXFHV�DSSUHFLDEO\� WKH� VWUHVV� LQWHQVLW\� IDFWRU� FRPSDUHG� WR� VLQJOH�SDWFK��



x�7KH�VWUHVV� LQWHQVLW\� IDFWRU�GHFUHDVHV�DV\PSWRWLFDOO\�DFFRUGLQJ�WR�WKH�WKLFNQHVV�RI� WKH�SDWFK��WKH�UHODWLYH�GLIIHUHQFH�EHWZHHQ�WKH�6,)�RI�WKH�GRXEOH�DQG�VLQJOH�SDWFK�LV�DOPRVW�FRQVWDQW���x�7KH� UDWLR� 5� LQFUHDVHV� DV\PSWRWLFDOO\� ZLWK� WKH� WKLFNQHVV� RI� WKH� SDWFK�� � 7KLV� UDWLR� EHFRPHV�LQGHSHQGHQW�RI� WKH�WKLFNQHVV�IURP�D�FHUWDLQ�YDOXH���$Q�RSWLPLVDWLRQ�RI�WKH�SDWFK�WKLFNQHVV�LV�WKXV�UHFRPPHQGHG���x�7KH�JDLQ�LQ�WKLFNQHVV�LQFUHDVHV�ZLWK�WKH�FUDFN�OHQJWK�DQG�LW�GHFUHDVHV�ZKHQ�WKH�WKLFNQHVV�RI�WKH�SDWFK�LQFUHDVHV���)RU�VPDOO�OHQJWK�WKLV�JDLQ�FDQ�H[FHHG�ODUJHO\������DW�WKH�DV\PSWRWLF�YDOXH�RI�WKH�6,)�
5()(5(1&(
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