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7KLV�SDSHU�SUHVHQWV�D�GHFRXSOLQJ�PHWKRG�WR�DFKLHYH�D�JRRG�RQ�FKLS�SRZHU

WR� JURXQG� GHFRXSOLQJ� ZLWK� D� ORZ� 4�IDFWRU�� 8QOLNH� SUHYLRXVO\� SXEOLVKHG

PHWKRGV��QR�UHVLVWRU�LV�DGGHG�LQ�WKH�SRZHU�VXSSO\�SDWK�WR�UHGXFH�ULQJLQJ

VR� WKLV� PHWKRG� IHDWXUHV� QR� SRZHU� YROWDJH� GURS� RU� SRZHU� FRQVXPSWLRQ�

ZKLFK�PDNHV�LW�ZHOO�VXLWHG�IRU�ORZ�YROWDJH��ORZ�SRZHU�DSSOLFDWLRQV�

,QWURGXFWLRQ

,Q�KLJK�VSHHG�PL[HG�PRGH�,&©V��DQ�DGHTXDWH�GHFRXSOLQJ�LV�SULPRUGLDO�WR�DFKLHYH�WKH�SURMHFWHG

VSHFLILFDWLRQV��'XH�WR�WKH�ERQGZLUHV©�LQGXFWDQFH��IDVW�FXUUHQW�FKDQJHV�FDXVH�RQ�FKLS�YDULDWLRQV

RI� WKH� SRZHU� VXSSO\� YROWDJH� UHODWLYH� WR� WKH� RQ� FKLS� JURXQG� UHIHUHQFH�� 7KLV� FDXVHV� VWULQJHQW

3RZHU� 6XSSO\�5HMHFWLRQ�5DWLR� �3655�� VSHFLILFDWLRQV� IRU� WKH� LQWHJUDWHG� DQDORJ� FLUFXLWV�� $Q

HYHQ� WRXJKHU� SUREOHP� LV� WKH� LQMHFWLRQ� RI� VXEVWUDWH� QRLVH� WKURXJK� SRZHU� VXSSO\� WR� VXEVWUDWH

FDSDFLWDQFHV�ZKLFK�PD\�GLVWXUE�DQ\�DQDORJ�FLUFXLW� LQWHJUDWHG�RQ�WKH�VDPH�FKLS��7KH�RQ�FKLS

SRZHU�VXSSO\�WR�JURXQG�YROWDJH�KDV�WKHUHIRUH�WR�EH�NHSW�DV�FRQVWDQW�DV�SRVVLEOH�

3RZHU� VXSSO\� GHFRXSOLQJ� FDQ� EH� DQDO\]HG� LQ� WKH� IUHTXHQF\� GRPDLQ�� $Q\� FLUFXLW� ZKLFK

FRQVXPHV�D�QRQ�FRQVWDQW�FXUUHQW�JHQHUDWHV�D�YROWDJH�RQ�WKH�SRZHU�WR�JURXQG�LPSHGDQFH��'XH

WR�WKH�LQGXFWDQFH�RI�WKH�ERQGZLUHV��WKH�LPSHGDQFH�EHWZHHQ�RQ�FKLS�SRZHU�DQG�JURXQG�LV�ODUJH

DW� KLJK� IUHTXHQFLHV�� 7R� UHGXFH� WKLV� LPSHGDQFH�� DQ� LQWHUQDO� GHFRXSOLQJ� FDSDFLWDQFH� �&GHFRS��

FDQ�EH�XVHG��7KLV�LV�DGGHG�WR�WKH�FLUFXLW�FDSDFLWDQFH��&FLU��EHWZHHQ�SRZHU�DQG�JURXQG�ZKLFK�LV

IRUPHG� E\� WKH� RYHUODS� EHWZHHQ� SRZHU� DQG� JURXQG� WUDFNV�� WKH� ZHOO�VXEVWUDWH� MXQFWLRQ

FDSDFLWDQFH�DQG�WKH�WUDQVLVWRU�FDSDFLWDQFHV��$W�IUHTXHQFLHV�ZKHUH�WKH�ERQGZLUH�LPSHGDQFH�LV

EHFRPLQJ� QRWLFHDEOH�� DQ\� ODUJH� RII�FKLS� GHFRXSOLQJ� FDSDFLWDQFH� FDQ� EH� FRQVLGHUHG� DV� D

VKRUWFXW��7KH�LPSHGDQFH�EHWZHHQ�RQ�FKLS�SRZHU�DQG�JURXQG�LV�D�SDUDOOHO�FLUFXLW�RI�WKH�RQ�FKLS

FDSDFLWDQFH��&GHFRS����&FLU��DQG�WKH�ERQGZLUH�LQGXFWDQFH��)LJXUH�����7KLV�LV�D�UHVRQDQW�FLUFXLW

IHDWXULQJ�VHULRXV�SHDNLQJ�ZKLFK�FDQ�DOVR�EH�REVHUYHG�LQ�WKH�WUDQVLHQW�UHVSRQVH�RI�WKH�SRZHU�WR

JURXQG� YROWDJH�� 7KH� KLJK� 4�IDFWRU� FDXVHV� ULQJLQJ� ZKLFK� WDNHV� D� ORQJ� WLPH� WR� H[WLQFW�� 7R

UHGXFH� WKH�4�IDFWRU� D� UHVLVWRU� FDQ�EH� DGGHG� LQ� VHULHV�ZLWK� WKH�ERQGZLUH
>�@
��7KLV� UHGXFHV� WKH

ULQJLQJ��EXW�UHVXOWV�LQ�D�'&�YROWDJH�GURS�LQ�WKH�SRZHU�OLQH�DQG�SRZHU�ORVV��ZKLFK�PDNHV�WKLV

PHWKRG�XQVXLWDEOH�IRU�ORZ�YROWDJH��ORZ�SRZHU�DSSOLFDWLRQV��7KLV�SDSHU�SUHVHQWV�DQ�DOWHUQDWLYH

PHWKRG� WR� DFKLHYH� D� VPDOO� SRZHU� WR� JURXQG� LPSHGDQFH� ZLWK� OLWWOH� ULQJLQJ� DQG�ZLWKRXW� WKH

YROWDJH�GURS�SHQDOW\�
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)LJXUH�����7KH�/&�UHVRQDQW�FLUFXLW�LQ�WUDGLWLRQDO�RQ�FKLS�GHFRXSOLQJ



7KH�5/&�GHFRXSOLQJ�PHWKRG

7KH�IUHTXHQF\�UHVSRQVH�RI�WKH�SRZHU�WR�JURXQG�LPSHGDQFH�RQ�FKLS��9GG©�WR�*QG©�LQ�)LJXUH���

ZLWK�&GHFRS��LQFOXGHG�LQ�&FLU�LV�SUHVHQWHG�LQ�ILJXUH����7KH�UHVRQDQW�SHDNLQJ�RFFXUV�DW
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,QVWHDG�RI�DGGLQJ�D� UHVLVWRU� LQ� WKH�SRZHU�SDWK� WR�HOLPLQDWH� WKH�SHDN�� D� FLUFXLW�ZLWK�RSSRVLWH

UHVRQDQFH�LV�DGGHG�LQ�SDUDOOHO�WR�WKH�RULJLQDO�SDUDOOHO�/&�UHVRQDQW�FLUFXLW��7KLV�LV�IRUPHG�E\�D

VHULDO� FRQQHFWLRQ� RI� /GHFRS� DQG� &GHFRS� �)LJXUH� ���� %RWK� FLUFXLWV� KDYH� WKH� VDPH� UHVRQDQW

IUHTXHQF\�LI
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,Q�WKLV�HTXDWLRQ�WKH�GHFRXSOLQJ�LQGXFWRU���/GHFRS�LV�VSOLW�LQ�WZR�SDUWV��7KLV�LV�QRW�QHFHVVDU\��EXW

LW�FDQ�EH�XVHIXO�LI�ERQGZLUH�LQGXFWRUV�DUH�XVHG�DV�ZLOO�EH�H[SODLQHG�ODWHU��,I�RQH�DVVXPHV�WKDW
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7KLV� IHDWXUHV�KRZHYHU� WZR�H[WUD� UHVRQDQW�SHDNV� �)LJXUH�����$V� WKLV� SHDNLQJ� LV� REYLRXVO\� DV

XQZDQWHG�DV�WKH�SHDNLQJ�ZLWK�D�VLQJOH�GHFRXSOLQJ�FDSDFLWDQFH��VRPH�UHVLVWDQFH�5GHFRS�LV�DGGHG

LQ�VHULHV�ZLWK�/GHFRS�DQG�&GHFRS��7KLV�UHVLVWRU�LV�QRW�LQ�WKH�SRZHU�SDWK�VR�QR�YROWDJH�GURS�RU�'&

SRZHU� ORVV� LV� LQWURGXFHG�� 7KH� JOREDO� FLUFXLW� GLDJUDP� LV� SUHVHQWHG� LQ� ILJXUH� ��� 7KH� RSWLPDO

YDOXH� RI� 5GHFRS� LV� REWDLQHG� ZKHQ� ERWK� SHDNV� FRQYHUJH� WR� D� IODW� WRS� �)LJXUH� ���� :KHQ

HTXDWLRQ�����LV�IXOILOOHG�WKH�UHVRQDQW�SHDNV�VSUHDG�DV�/GHFRS�JHWV�VPDOOHU�DQG�&GHFRS�ODUJHU��7KLV

GRHVQ©W�PHDQ�KRZHYHU�WKDW�WKH�LQGXFWRU�VKRXOG�EH�RPLWWHG��DV�D�]HUR�LQGXFWDQFH�FRUUHVSRQGV

WR�DQ�LQILQLWH�FDSDFLWDQFH�ZKLFK�LV�REYLRXVO\�XQIHDVLEOH�
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)LJXUH�����)UHTXHQF\�UHVSRQVH�RI�WKH�YDULRXV�RQ�FKLS�SRZHU�WR�JURXQG�LPSHGDQFHV

7KH�PDMRU�DGYDQWDJH�RI�WKH�SUHVHQWHG�VFKHPH�RYHU�WUDGLWLRQDO�RQ�FKLS�GHFRXSOLQJ�FDSDFLWDQFH

LV� WKH� JUHDWO\� UHGXFHG� TXDOLW\� IDFWRU� RI� WKH� UHVRQDQW� SRZHU� WR� JURXQG� LPSHGDQFH� ZLWKRXW

DGGLQJ�D�UHVLVWRU�LQ�WKH�SRZHU�SDWK��$V�DQ�H[DPSOH�IRU�D�FLUFXLW�ZKLFK�FRQVXPHV�����P$��D

UHVLVWRU�RI�RQO\����:� LQ�WKH�SRZHU�SDWK�UHVXOWV� LQ�D�YROWDJH�GURS�RI���9�DQG�D�SRZHU�ORVV�RI

����P:�� 7KLV� LV� ����� SRZHU� ORVV� ZLWK� D� ��9� SRZHU� VXSSO\�� 7KH� SUHVHQWHG� WHFKQLTXH� LV

WKHUHIRUH� YHU\� ZHOO� VXLWHG� IRU� ORZ� YROWDJH�� ORZ� SRZHU� DSSOLFDWLRQV�� )LJXUH� �� FRPSDUHV� WKH



SUHVHQWHG�PHWKRG�ZLWK�D�VLQJOH�RQ�FKLS�FDSDFLWDQFH�DQG�D�FDSDFLWDQFH�ZLWK�D����:�UHVLVWRU�LQ

WKH�SRZHU�SDWK�
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'HFRXSOH�FDSDFLWDQFH

5�LQ�SRZHU�SDWK

5/&�PHWKRG

)LJXUH���� &LUFXLW�GLDJUDP�RI�WKH�SUHVHQWHG� )LJXUH���� 6LPXODWHG�SRZHU�VXSSO\�ZLWK�YDULRXV

GHFRXSOLQJ�PHWKRG GHFRXSOLQJ�PHWKRGV

5HDOL]DWLRQ�RI�WKH�SUHVHQWHG�GHFRXSOLQJ�PHWKRG

7KH�SUHVHQWHG�VFKHPH�FDQ�EH�LPSOHPHQWHG�LQ�VHYHUDO�ZD\V��7KH�PRVW�DGHTXDWH�GHSHQGV�RQ�WKH

UHTXLUHG�UHVXOWV�DQG�WKH�DYDLODEOH�VXUIDFH�RQ�FKLS�� ,Q� WUDGLWLRQDO�RQ�FKLS�GHFRXSOLQJ�FLUFXLWV�

H[WUD�FDSDFLWDQFH�LV�DGGHG�LQ�VSDUH�SODFHV�EHWZHHQ�SRZHU�DQG�JURXQG�OLQHV��7KLV�ZLOO�PDLQO\

VKLIW� WKH� UHVRQDQW� SHDN� WR� ORZHU� IUHTXHQFLHV� ZLWKRXW� UHGXFLQJ� WKH� 4�IDFWRU� D� ORW�� $V� WKLV

FDSDFLWDQFH�LV�SODFHG�SDUDOOHO�WR�&FLU��LW�LV�FRQVLGHUHG�DV�D�SDUW�RI�LW��,W�LV�XVHIXO�LQ�WKH�SUHVHQWHG

VFKHPH��VLQFH�D�ODUJHU�&FLU�FRUUHVSRQGV�WR�D�KLJKHU�RSWLPDO�&GHFRS�
�/GHFRS��7KH�RSWLPDO�5GHFRS

IRU�WKLV�FRPELQDWLRQ�LV�VPDOOHU�UHVXOWLQJ�LQ�DQ�RYHUDOO�VPDOOHU�LPSHGDQFH�

,I� VXIILFLHQW� VSDFH� LV� DYDLODEOH� WR� LQWHJUDWH� D� FDSDFLWRU� &GHFRS� PXFK� ODUJHU� WKDQ� &FLU�� D

GHFRXSOLQJ� FDSDFLWDQFH�ZLWK� RQO\� D� VHULHV� UHVLVWDQFH�5GHFRS�ZLOO� DOUHDG\� VLJQLILFDQWO\� UHGXFH

SHDNLQJ�� $GGLQJ� D� VPDOO� LQGXFWRU� ZLOO� UHGXFH� WKH� 4�IDFWRU� HYHQ� IXUWKHU� ZKLFK� UHVXOWV� LQ

VKRUWHU� ULQJLQJ�� 7KLV� LV� HVSHFLDOO\� XVHIXO� LQ� VDPSOH� DQG� KROG� EDVHG� V\VWHPV�� ZKHUH� WKH

VDPSOLQJ�FDQ�RFFXU�ZKHQ�WKH�ULQJLQJ�KDV�GLVDSSHDUHG��,I�&GHFRS�RQ�FKLS�FDQ�QRW�EH�ODUJHU�WKDQ

&FLU��D�VLQJOH�UHVLVWDQFH�LQ�VHULHV�ZLWK�&GHFRS�LV�LQVXIILFLHQW�WR�UHGXFH�WKH�4�IDFWRU�VLJQLILFDQWO\�

7KH�SUHVHQWHG�5/&�GHFRXSOLQJ�VFKHPH�LV�WKHQ�LQGLFDWHG�WR�UHGXFH�WKH�4�IDFWRU�ZLWKRXW�SRZHU

VXSSO\�YROWDJH�RU�SRZHU�ORVV�

,QGXFWRU�/GHFRS�FDQ�EH�UHDOL]HG�DV�DQ�RQ�FKLS�VSLUDO� LQGXFWRU
>�@
��$V�D�UHVLVWRU� LV�DGGHG��D�YHU\

VPDOO�LQWHUQDO�UHVLVWDQFH�LV�QRW�UHTXLUHG�DQG�WKH�VSLUDO�LQGXFWRU�FDQ�EH�NHSW�UHODWLYHO\�FRPSDFW�

$����Q+�VSLUDO�LQGXFWRU�ZLOO�WDNH�DERXW�������P�
�
��7KLV�VXUIDFH�FRUUHVSRQGV�WR�D�FDSDFLWDQFH

RI� DERXW� ���S)�� $V� VWDWHG� EHIRUH� D� ODUJHU� FDSDFLWRU� DQG� D� VPDOOHU� LQGXFWRU�� IXOILOOLQJ

HTXDWLRQ�����IHDWXUH�WKH�EHVW�UHVXOWV��:KHQ�WKH�VXUIDFH�LV�OLPLWHG�KRZHYHU��LW�FDQ�EH�QHFHVVDU\

WR�UHSODFH�VRPH�FDSDFLWDQFH�IRU�LQGXFWDQFH�DV�WKH�FDSDFLWDQFH�LV�SURSRUWLRQDO�WR�LWV�VXUIDFH�DQG

WKH�LQGXFWDQFH�WR�LWV�VXUIDFH
���
�
>�@
�

$V�/GHFRS�LV�RI�WKH�VDPH�RUGHU�RI�PDJQLWXGH�DV�/ERQG��D�ERQGZLUH�FDQ�EH�XVHG�DV�LQGXFWRU
>�@
��,Q

WKH� VSHFLDO� FDVH� ZKHUH� WKH� GHFRXSOLQJ� FDSDFLWDQFH� LV� FRPSDUDEOH� WR� WKH� LQWULQVLF� FLUFXLW

FDSDFLWDQFH��D�ERQGZLUH�IURP�WKH�GLH�WR�WKH�FKLS�SDFNDJH�DQG�EDFN�WR�WKH�GLH��)LJXUH����ZLOO

KDYH�D�JRRG� LQGXFWDQFH�YDOXH�� ,W� LV� DOVR�SRVVLEOH� WR�XVH�DQ�RII�FKLS�GHFRXSOLQJ�FDSDFLWDQFH�

ZLWK�WKH�FRQQHFWLQJ�ERQGZLUHV�DV�LQGXFWRUV��9HU\�JRRG�UHVXOWV�FDQ�EH�REWDLQHG�ZLWK�DQ�60'

GHFRXSOLQJ�FDSDFLWDQFH�SODFHG�LQ�WKH�FKLS�SDFNDJH��)LJXUH�����7KDQNV�WR�WKH�SUR[LPLW\�RI�WKH

FDSDFLWDQFH�WR�WKH�GLH��/GHFRS�LV�VPDOO�FRPSDUHG�WR�/ERQG��VR�WKH�FDSDFLWDQFH�FDQ�EH�ODUJH��ZKLFK

JLYHV�D�IODW�IUHTXHQF\�UHVSRQVH�RYHU�D�ODUJH�IUHTXHQF\�UDQJH��7KH�FDSDFLWDQFH�FDQ�HYHQWXDOO\

EH� SODFHG� H[WHUQDO� WR� WKH� SDFNDJH� DQG� LV� WKHQ� DERXW� DV� ODUJH� DV� &FLU�� ,W� PXVW� QRW� EH

PLVLQWHUSUHWHG�DV�DQ�H[WUD�RII�FKLS�GHFRXSOLQJ�FDSDFLWDQFH�ZKLFK�FRXOG�EH�SODFHG�LQ�SDUDOOHO

ZLWK�WKH�RULJLQDO�RII�FKLS�GHFRXSOLQJ�FDSDFLWDQFH��,W�LV�PHUHO\�XVHG�IRU�D�IODWWHQLQJ�RI�WKH�RQ�

FKLS�LPSHGDQFH�EHWZHHQ�SRZHU�DQG�JURXQG�
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60'

)LJXUH���� %RQGZLUH�XVHG�DV�/GHFRS )LJXUH���� 60'�FDSDFLWRU�XVHG�DV�&GHFRS

,Q�WKH�LGHDO�FDVH��HTXDWLRQ�����VKRXOG�H[DFWO\�EH�IXOILOOHG��7R�FRQVLGHU�VSUHDGLQJ�RQ�&FLU�DQG

/ERQG��VRPH�VDIHW\�PDUJLQV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��&GHFRS�LV�EHVW�GHVLJQHG�VRPHZKDW�WRR

ODUJH�ZLWKRXW�FRQVLGHUDEOH�GHFRXSOLQJ�GHJUDGDWLRQ�

7HVWFKLS�DQG�PHDVXUHPHQW�UHVXOWV

$� WHVWFKLS�KDV� EHHQ� UHDOL]HG� WR� WHVW� WKH� SUHVHQWHG� GHFRXSOLQJ�PHWKRG�� ,W� FRQVLVWV� RI� VHYHUDO

ODUJH� LQYHUWHU� VWULQJV�ZKLFK� UHSUHVHQW� VRPH�GLJLWDO� FLUFXLWU\��7KH� LQYHUWHU� VWULQJ� LV� WULJJHUHG

H[WHUQDOO\�� 9DULRXV� GHFRXSOLQJ� VFKHPHV� ZHUH� LPSOHPHQWHG� RQ� WKH� FKLS�� 7R� PHDVXUH� WKH

UHODWLYH� YDULDWLRQ� RI� SRZHU� WR� JURXQG� RQ� FKLS�� D� GLIIHUHQWLDO� DPSOLILHU� LV� LPSOHPHQWHG

�)LJXUH�����7KH�YDULDWLRQ�RI�WKH�SRZHU�VXSSO\�YROWDJH�UHODWLYH�WR�WKH�RQ�FKLS�JURXQG�LV�SDVVHG

WKURXJK�&SDVV� WR�0���7KLV�YROWDJH�LV�FRQYHUWHG�LQWR�D�FXUUHQW�ZKLFK�IORZV�WKURXJK�5PHDV�� WKH

���:�LQSXW�RI�D�VFRSH��7KH�VFRSH�GLVSOD\�LV�WKH�UHODWLYH�YDULDWLRQ�RI�SRZHU�WR�JURXQG�RQ�FKLS�

,Q�ILJXUH���WKH�PHDVXUHG�SRZHU�WR�JURXQG�YROWDJH�RI�D�WUDGLWLRQDO�GHFRXSOLQJ�FDSDFLWDQFH�DQG

WKH� SUHVHQWHG� VFKHPH� DUH� FRPSDUHG�� ,Q� WKH� WHVWFKLS� ERQGZLUH� LQGXFWRUV� DUH� XVHG�� 7KH

SUHVHQWHG�GHFRXSOLQJ�VFKHPHV�\LHOGV�WKH�ORZHVW�SHDN�WR�SHDN�YROWDJH�DQG�VKRUWHVW�ULQJLQJ�DV

H[SHFWHG�DQG�WKLV�ZLWKRXW�UHVLVWRUV�LQ�WKH�'&�SRZHU�SDWK�
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)LJXUH���� 'LIIHUHQWLDO�DPSOLILHU�WR�PHDVXUH )LJXUH���� 0HDVXUHG�RQ�FKLS�SRZHU�WR�JURXQG�QRLVH

SRZHU�WR�JURXQG�YROWDJH�YDULDWLRQ GXH�WR�VZLWFKLQJ�RI�DQ�LQYHUWHU�VWULQJ

&RQFOXVLRQ

$�GHFRXSOLQJ�SURFHGXUH�KDV�EHHQ� LQWURGXFHG�ZKLFK�IHDWXUHV�D� ORZ�4� IDFWRU�RI� WKH�SRZHU� WR

JURXQG� LPSHGDQFH� ZLWKRXW� DGGLQJ� UHVLVWLYH� HOHPHQWV� LQ� WKH� SRZHU� VXSSO\� SDWK�� XQOLNH

SUHYLRXVO\� SXEOLVKHG� VROXWLRQV�� 7KH� ODFN� RI� '&� YROWDJH� GURS� DQG� SRZHU� ORVV� PDNHV� WKLV

PHWKRG�HVSHFLDOO\�VXLWDEOH�IRU�ORZ�YROWDJH��ORZ�SRZHU�PL[HG�PRGH�DSSOLFDWLRQV�

5HIHUHQFHV

>�@ :��*URHQHYHOG��¦*URXQGERXQFH�LQ�&026�§�3URFHHGLQJV�RQ�$$&'��$SULO�����
>�@ +�0��*UHHQKRXVH��¦'HVLJQ�RI�SODQDU�UHFWDQJXODU�PLFURHOHFWURQLF� LQGXFWRUV�§�,(((�7UDQV��3DUWV��+\EULGV�

3DFNDJ���YRO��3+3�����SS�����������-XQH�����

>�@ -��&UROV��3��.LQJHW��-��&UDQLQFN[�DQG�0��6WH\DHUW��¦$Q�DQDO\WLFDO�PRGHO�RI�SODQDU�LQGXFWRUV�RQ�ORZO\�GRSHG
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