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(SR[\�FRDWLQJV�PD\�EH� XVHG� WR� VWUHQJWKHQ�JODVV��7KH�SHUIRUPDQFH�RI� WZR� VXFK�FRDWLQJ� V\VWHPV�±� D�

VROYHQW�EDVHG�RQH� DQG�D�ZDWHU�EDVHG�RQH� LV� FRPSDUHG�� ,Q�ERWK� FDVHV� WKH� FRDWLQJV� FRQVLVW� RI� HSR[\� UHVLQ�

�KDUGHQHU� DQG�D� VLODQH��7KH�VLODQH� LV� QHFHVVDU\� WR�JLYH�K\GURO\WLFDOO\�GXUDEOH� HSR[\�EDVHG� FRDWLQJV��7KH�

EHVW�UHVXOWV�DUH�REWDLQHG�ZKHQ�WKH�VLODQH�LV�XVHG�DV�D�SULPHU��KRZHYHU�V\VWHPV�LQFRUSRUDWLQJ�WKH�VLODQH�LQ�

WKH� FRDWLQJ� DUH� DOPRVW� DV� HIIHFWLYH� DV�ZHOO� DV� EHLQJ�PRUH� SUDFWLFDOO\� YLDEOH��7R� VWXG\� WKH� VWUHQJWKHQLQJ�
PHFKDQLVP�ODUJH��µPRGHO¶�GHIHFWV�ZHUH�LQWURGXFHG�LQWR�WKH�JODVV�VXUIDFH�XVLQJ�9LFNHU¶V�LQGHQWDWLRQ��,W�ZDV�

IRXQG� WKDW� WKH� VWUHQJWK� GHJUDGDWLRQ� DULVLQJ� IURP� WKH� SUHVHQFH� RI� WKHVH� GHIHFWV� FRXOG� EH� FRPSOHWHO\�

RYHUFRPH��)UDFWRJUDSKLF�ZRUN�VKRZV�WKDW�WKH�FRDWLQJV�LQILOWUDWHV�WKH�ODUJH�µPRGHO¶�GHIHFWV�DQG�ILOOV�WKHP��

+RZHYHU� WKH� H[WHQW� RI� FUDFN� ILOOLQJ� LV� OHVV� ZLWK� WKH� ZDWHU� EDVHG� FRDWLQJV� WKDQ� ZLWK� WKH� VROYHQW� EDVHG�

FRDWLQJV��$�FORVXUH�VWUHVV�DULVLQJ�IURP�WKH�FRDWLQJ�ILOOLQJ�WKH�FUDFN�PD\�EH�FDOFXODWHG�DQG�LW�LV�VKRZQ�WKDW�

WKLV� OHYHO� RI� VWUHVV� PD\� DULVH� IURP� WKHUPDO� H[SDQVLRQ� PLVPDWFK� EHWZHHQ� WKH� JODVV� DQG� WKH� FRDWLQJV��

$GGLWLRQDO� IUDFWRJUDSKLF�ZRUN� VKRZV� WKDW� LQILOWUDWLRQ� RI� IODZV� E\� WKH� FRDWLQJV� � LV�PRUH� FRPSOLFDWHG� IRU�

µQDWXUDO¶� GDPDJH� WKDQ� IRU� WKH� ODUJH� PRGHO� GHIHFWV�� :LWK� QDWXUDO� GDPDJH� LW� LV� IRXQG� WKDW� VRPH� IODZ�

JHRPHWULHV�DUH�ILOOHG�PRUH�UHDGLO\�E\�WKH�FRDWLQJ�WKDQ�RWKHUV�OHDGLQJ�WR�GLIIHUHQW�GHJUHHV�RI�VWUHQJWKHQLQJ�

IRU�GLIIHUHQW�IODZ�SRSXODWLRQV��

�

,QWURGXFWLRQ�

7KH�VWUHQJWK�RI�JODVV�LV�XVXDOO\�GRPLQDWHG�E\�VXUIDFH�GHIHFWV��6XFK�GHIHFWV�FDQ�DULVH�DW�
YDULRXV�VWDJHV�RI�WKH�PDQXIDFWXULQJ�SURFHVV�DQG�LQ�VXEVHTXHQW�KDQGOLQJ��$OWKRXJK�LW�ZRXOG�
EH�GHVLUDEOH�LQ�SULQFLSOH�WR�SUHYHQW�IODZ�IRUPDWLRQ�LQ�SUDFWLFH�LW�LV�QRW�SRVVLEOH��H[FHSW�LQ�WKH�
SURGXFWLRQ�RI�ILEUH�RSWLFV�ZKLFK�DUH�WKHQ�FRDWHG�LPPHGLDWHO\�RQ�PDQXIDFWXUH�ZKLFK�ODUJHO\�
SUHYHQWV�VXEVHTXHQW�GDPDJH�WR�WKH�ILEUHV��$FFRUGLQJO\�WKHVH�JODVV�FRPSRQHQWV�FDQ�DFKLHYH�
VWUHQJWKV�DSSURDFKLQJ�WKH�WKHRUHWLFDO�VWUHQJWK���

*LYHQ� WKDW� IODZ� SUHYHQWLRQ� LV� QRW� LQ� JHQHUDO� SUDFWLFDEOH� LW� LV� REYLRXVO\� GHVLUDEOH� WR� WU\� WR�
REYLDWH�WKH�HIIHFW�RI�VXFK�IODZV�RU�HYHQ�WR�UHPRYH�WKHP��)ODZ�UHPRYDO�PD\�EH�DFKLHYHG�E\�
HWFKLQJ�ZLWK�K\GURIOXRULF�DFLG��KRZHYHU�WKLV�SURFHVV�LV�QRW�DFFHSWDEOH�RQ�KHDOWK�DQG�VDIHW\�
JURXQGV� DQG�� LQ� DGGLWLRQ� WKH� VWUHQJWK� JDLQV� DULVLQJ� IURP� IODZ� UHPRYDO� DUH� RQO\� WHPSRUDU\�
XQOHVV�IXUWKHU�SURWHFWLYH�PHDVXUHV�DUH�WDNHQ��3UDFWLFDOO\�WKHUHIRUH�REYLDWLQJ�WKH�HIIHFW�RI�SUH�
H[LVWLQJ�IODZV�LV�WKH�RQO\�YLDEOH�DSSURDFK��7KH�SURGXFWLRQ�RI�D�VXUIDFH�FRPSUHVVLYH�OD\HU�E\�
WKHUPDO�RU�FKHPLFDO�WHPSHULQJ�LV�HIIHFWLYH��+RZHYHU�WKHUPDO�WRXJKHQLQJ�LV�QRW�VXLWDEOH�IRU�
SURGXFWV�ZLWK�FRPSOLFDWHG�VKDSHV�VXFK�DV�FRQWDLQHUV�DQG�HGJH�GDPDJH�LQ�IODW�JODVV�PD\�EH�
SUREOHPDWLF�EHIRUH�WKH�WKHUPDO� WHPSHULQJ�SURFHVV�FDQ�EH�XQGHUWDNHQ��0HDQZKLOH�FKHPLFDO�
WHPSHULQJ� LV� D� OHQJWK\� DQG� WKHUHIRUH� H[SHQVLYH� SURFHVV�� 7KXV� DOWHUQDWLYH� URXWHV� VXFK� DV�
FRDWLQJ� DUH� RI� VLJQLILFDQW� LQWHUHVW� IRU� WKH� VWUHQJWKHQLQJ� RI� JODVV� DQG� D� QXPEHU� RI� VRO�JHO�
GHULYHG�FRDWLQJV��DQG�SRO\PHULF�EDVHG�FRDWLQJV��KDYH�EHHQ�UHSRUWHG��7KH�ZRUN�UHSRUWHG�KHUH�
H[DPLQHV�WKH�XVH�RI�SRO\PHULF�EDVHG�FRDWLQJV�EDVHG�RQ�DQ�HSR[\�UHVLQ�KDUGHQHU�PL[�XVHG�LQ�

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

��&XUUHQW�DGGUHVV��7HFKQLFDO�6HUYLFHV��$&,�3DFNDJLQJ����������)HUQWUHH�*XOO\�5RDG��1RUWK�&OD\WRQ��9LFWRULD�
������$XVWUDOLD��



FRQMXQFWLRQ� ZLWK� D� VLODQH� DQG� ZKLFK� FDQ� WKHUHIRUH� EH� UHIHUUHG� WR� DV� RUPRVLO�SRO\PHULF�
FRDWLQJV��

�

([SHULPHQWDO�

7ZR� VDPSOH� W\SHV� KDYH� EHHQ� XVHG�� 7KH� ILUVW� ZHUH� FRPPHUFLDO� VRGD�OLPH�VLOLFDWH�
PLFURVFRSH� VOLGHV� ZKLFK� ZHUH� LQLWLDOO\� �� PP� ORQJ� E\� �� PP�ZLGH� DQG� EHWZHHQ� ���� DQG�
��� PP� WKLFN�ZLWK� SROLVKHG� HGJHV� �VROYHQW� EDVHG� FRDWLQJV�ZRUN�� RU� ���PP� WKLFN�ZLWK� FXW�
HGJHV� �ZDWHU� EDVHG� FRDWLQJV� ZRUN��� 7KH� VOLGHV� ZHUH� FXW� LQ� KDOI� WR� SURGXFH� VDPSOHV� IRU�
FRDWLQJ��$OWKRXJK� FRQWUROOHG�GDPDJH�ZDV� LQWURGXFHG� LQWR� WKH�PDMRULW\�RI� WKHVH� VSHFLPHQV�
WKH�DELOLW\�RI�WKH�FRDWLQJV�VWXGLHG�WR�VWUHQJWKHQ�JODVV�RQO\�FRQWDLQLQJ�¶QDWLYH·�IODZV�ZDV�DOVR�
XQGHUWDNHQ� XVLQJ� WKLV� W\SH� RI� VSHFLPHQ�� 7KH� FRQWUROOHG� GDPDJH� ZDV� LQWURGXFHG� XVLQJ� D�
9LFNHU·V�LQGHQWHU�ZLWK�D���NJ�ORDG��7KLV�LQWURGXFHG�ODUJH��UHSURGXFLEOH��DSSUR[LPDWHO\�VHPL�
HOOLSWLFDO�GHIHFWV�ZLWK�D�VXUIDFH�OHQJWK��F��$IWHU�LQGHQWDWLRQ�WKH�VDPSOHV�ZHUH�DOORZHG�WR�DJH�
IRU����KRXUV�JLYLQJ� P¬�����±=F �ZLWK�DQ�DVSHFW�UDWLR�RI������VROYHQW�EDVHG�FRDWLQJV�ZRUN��

RU���ZHHN�JLYLQJ� P¬������ ±=F �ZLWK�DQ�DVSHFW�UDWLR�RI�������ZDWHU�EDVHG�FRDWLQJV�ZRUN���

7KH�GLVFUHSDQF\�LQ�DVSHFW�UDWLR�DULVHV�IURP�D��WKH�GLIIHUHQFH�LQ�VDPSOH�WKLFNQHVV�DQG�E��WKH�
IDFW�WKDW�WKH�FUDFN�FDQ�RQO\�JURZ�KRUL]RQWDOO\�DQG�QRW�GRZQZDUG�GXULQJ�DJLQJ�EHFDXVH�WKH�
JURZWK�LQ�WKH�ODWWHU�GLUHFWLRQ�LV�SUHYHQWHG�E\�WKH�DOUHDG\�IRUPHG�ODWHUDO�FUDFNV��

7KH�VHFRQG�VDPSOH�W\SH�ZHUH�IORDW�JODVV�VSHFLPHQV�VSHFLDOO\�SUHSDUHG�WR�FRQWDLQ�GDPDJH�

W\SLFDO�RI�WKDW�IRUPHG�E\�VHOYHGJH�UHPRYDO��7KHVH�VSHFLPHQV�ZHUH����×��×���PP�LQ�VL]H���

&RDWLQJ�SUHSDUDWLRQ�

%RWK� VROYHQW� EDVHG� DQG� ZDWHU� EDVHG� FRDWLQJ� V\VWHPV� KDYH� EHHQ� VWXGLHG�� 7KH� VROYHQW�
EDVHG� FRDWLQJV� ZHUH� SUHSDUHG� E\� PL[LQJ� ����� SDUWV� RI� WULHWK\OHQHWHWUDDPLQH� KDUGHQHU�
�+<�����&LED�*HLJ\��ZLWK�����SDUWV�RI�D�SODVWLFLVHG�ELVSKHQRO�$��HSR[\�UHVLQ��0<�����&LED�
*HLJ\�� DW����&� IRU����PLQXWHV��7KH� UHVXOWDQW�PL[WXUH�ZDV�GLOXWHG� WR���ZW��ZLWK�DFHWRQH��
7KH� VDPSOHV� ZHUH� FOHDQHG� E\� ZLSLQJ� ZLWK� WLVVXH� SDSHU� DQG� WKHQ� GLSSHG� LQWR� WKH� FRDWLQJ�
PL[WXUH�XVLQJ�D�GLS�FRDWLQJ�DSSDUDWXV��ZLWK�D�GLSSLQJ�DQJOH�RI�����DQG�D�GLSSLQJ�VSHHG�RI�

��� PP V²�� D� FRDWLQJ� WKLFNQHVV�RI� �µP�ZDV� REWDLQHG��7KH� UHVLQ� FRDWLQJ�ZDV� FXUHG� IRU� ���
KRXUV� DW� URRP�WHPSHUDWXUH�DQG�SRVW�FXUHG�DW�����&�IRU���KRXU��&RDWLQJV�SUHSDUHG� LQ� WKLV�
IDVKLRQ� DUH� UHIHUUHG� WR� DV� (+VRO� FRDWLQJV��:DWHU� EDVHG� FRDWLQJ� V\VWHPV� ZHUH� SUHSDUHG� E\�
PL[LQJ��J�RI�D�SURSULHWRU\�EOHQG�RI�ELVSKHQRO�$�DQG�)�HSR[\�UHVLQ��3<�������&LED�*HLJ\��
ZLWK����J�RI�D�SRO\DPLGRDPLQH�KDUGHQHU��+=�����&LED�*HLJ\���$Q�HPXOVLRQ�ZDV�FUHDWHG�E\�
VORZO\� DGGLQJ���J�RI�GHLRQLVHG�ZDWHU� DQG�PL[LQJ� IRU����PLQXWHV��$JDLQ� WKH�FRDWLQJV�ZHUH�

DSSOLHG� WKH� VOLGHV� LQWR� WKH�SUHSDUHG�PL[WXUH� DW� DQ�DQJOH�RI� ��°� DQG� D�ZLWKGUDZDO� VSHHG�RI�
��� PP V−�� WR�JLYH�D� FRDWLQJ� WKLFNQHVV�RI�DSSUR[LPDWHO\���µP��7KH�FRDWLQJV�ZHUH�GULHG�DW�
URRP� WHPSHUDWXUH� IRU� ������ PLQXWHV� DQG� WKHQ� FXUHG� DW� ����&� IRU� ��� PLQXWHV� LQ� D� IDQ�
DVVLVWHG�RYHQ��&RDWLQJV�SUHSDUHG�LQ�WKLV�IDVKLRQ�DUH�UHIHUUHG�WR�DV�(+:��FRDWLQJV���

3UHYLRXV�ZRUN�KDV�GHPRQVWUDWHG� WKDW�XVH�RI� D� VLODQH�SULPHU�SULRU� WR�GLS�FRDWLQJ� LPSURYHV�
WKH� K\GURO\WLF� GXUDELOLW\� RI� WKH� UHVXOWDQW� FRDWLQJ��� )RU� WKH� VROYHQW� EDVHG� FRDWLQJ� V\VWHP� D�
VLODQH�SULPHU�VROXWLRQ�ZDV�SUHSDUHG�E\�DGGLQJ�DQ�DPLQRHWK\O�DPLQRSURS\O�WULPHWKR[\�VLODQH�
�=������ 'RZ� &RUQLQJ�� GURSZLVH� WR� GLVWLOOHG� ZDWHU� DW� URRP� WHPSHUDWXUH�� 7KH� ILQDO�
FRQFHQWUDWLRQ� ZDV� �ZW��� 7KH� VOLGHV� ZHUH� LPPHUVHG� LQ� WKH� VROXWLRQ� IRU� �� KRXU� DW� URRP�



WHPSHUDWXUH� DQG� WKHQ� LPPHUVHG� LQ� GLVWLOOHG�ZDWHU� DW� URRP� WHPSHUDWXUH� IRU� D� IXUWKHU� KRXU�
�6S�:57�(+VRO�VDPSOHV���WKLV�SURFHVV�LV�UHSRUWHG�DV�UHPRYLQJ�D�ZHDN�OD\HU�RI�VLODQH�JHO�IURP�

WKH� VXUIDFH��� ,Q� VRPH� FDVHV� WKLV� WUHDWPHQW�ZDV� IROORZHG�E\� LPPHUVLRQ� LQ�GLVWLOOHG�ZDWHU� DW�

��°&� IRU� �� KRXU� �6S�:���(+VRO� VDPSOHV��� 6LODQH� SULPHG� FRDWLQJV� IRU� ZKLFK� WKH� ZDWHU�

H[WUDFWLRQ�WUHDWPHQW�ZDV�QRW�XVHG�DUH�UHIHUUHG�WR�DV�6S�(+VRO�VDPSOHV��,Q�DOO�FDVHV�WKH�VOLGHV�

ZHUH� GULHG� DIWHU� WKH� SULPLQJ� WUHDWPHQW� IRU� ��� PLQXWHV� DW� ����&� DQG� FRROHG� WR� URRP�
WHPSHUDWXUH�EHIRUH�FRDWLQJ�ZLWK�WKH�VROYHQW�EDVHG�FRDWLQJ�GHVFULEHG�DERYH��7KHVH�FRDWLQJV�
ZHUH�DJDLQ�FXUHG�IRU����KRXUV� DW� URRP�WHPSHUDWXUH� IROORZHG�E\�D�SRVW�FXUH� IRU���KRXU� DW�
����&�� � )RU� WKH� ZDWHU� EDVHG� V\VWHP� D� ��� DTXHRXV� VROXWLRQ� RI� £�
JO\FLGR[\SURS\OWULPHWKR[\VLODQH� �=������'RZ�&RUQLQJ��ZDV�SUHSDUHG�E\�PL[LQJ� WKH� VLODQH�
ZLWK�GHLRQLVHG�ZDWHU�IRU�WZR�KRXUV��7KH�VOLGHV�ZHUH�KDQG�GLSSHG�LQWR�WKH�VLODQH�VROXWLRQ�DQG�

GULHG�DW����°&�IRU����PLQXWHV�DIWHU�ZKLFK�WKH\�ZHUH�LPPHUVHG�LQ�FROG�ZDWHU�IRU���KRXU�WR�
JLYH�6S�:57�(+:�VDPSOHV��$JDLQ�LQ�VRPH�FDVHV�WKLV�WUHDWPHQW�ZDV�IROORZHG�E\�LPPHUVLRQ�

LQ�ZDWHU� DW� ��°&�IRU� ��KRXU� �6S�:���(+:� VDPSOHV��� 6LODQH�SULPHG�FRDWLQJV� IRU�ZKLFK� WKH�
ZDWHU�H[WUDFWLRQ�WUHDWPHQW�ZDV�QRW�XVHG�DUH�UHIHUUHG�WR�DV�6S�(+:�VDPSOHV��,Q�DOO�FDVHV�WKH�

VDPSOHV�ZHUH�GULHG�DQG�WKHQ�FRDWHG�ZLWK�WKH�ZDWHU�EDVHG�FRDWLQJ�V\VWHP�GHVFULEHG�DERYH��

$V�WKH�XVH�RI�D�VLODQH�SULPHU�WR�LPSURYH�FRDWLQJ�GXUDELOLW\�LV�D�OHQJWK\�WZR�VWHS�SURFHGXUH��
ZKLFK� ZRXOG� QRW� EH� FRPPHUFLDOO\� YLDEOH�� DGGLWLRQDO� H[SHULPHQWV� ZHUH� FRQGXFWHG� ZLWK�
FRDWLQJV�WKDW�FRQVLVWHG�RI�PL[WXUHV�RI�VLODQH��HSR[\�UHVLQ�DQG�KDUGHQHU��,Q�WKLV�FDVH�IRU�WKH�
VROYHQW�EDVHG� V\VWHP�DIWHU�SUH�UHDFWLRQ�RI� WKH�HSR[\�KDUGHQHU�PL[WXUH�����ZW��RI�=�����
VLODQH�ZDV� DGGHG�� WKLV� DPRXQW� RI� VLODQH� KDV� SUHYLRXVO\� EHHQ� VKRZQ� WR� JLYH� WKH�PD[LPXP�
VWUHQJWKHQLQJ� HIIHFW��� 7KH� UHVXOWDQW� PL[WXUH� ZDV� GLOXWHG� WR� ��ZW�� ZLWK� DFHWRQH�� 7R�
K\GURO\VH� WKH�VLODQH�KDOI� WKH�VWRLFKLRPHWULF�DPRXQW�RI�ZDWHU� ������SDUWV�SHU�KXQGUHG�SDUWV�
UHVLQ��ZDV�WKHQ�DGGHG��7KH�UHVXOWLQJ�VROXWLRQ�ZDV�VWLUUHG�IRU���KRXUV�EHIRUH�WKH�VOLGHV�ZHUH�
GLS� FRDWHG� DV� GHWDLOHG� DERYH�� 7KHVH� FRDWLQJV� DUH� UHIHUUHG� WR� DV� (+VRO6� FRDWLQJV� DQG�ZHUH�
FXUHG� LQ� WKH� VDPH� IDVKLRQ� DV� WKH�RWKHU� VROYHQW�EDVHG� FRDWLQJV�� 6RPH�(+:6� FRDWLQJV�ZHUH�
DOVR�SUHSDUHG�E\�UHSODFLQJ����J�RI�WKH�UHVLQ�ZLWK����J�RI�=�����VLODQH��,Q�WKLV�FDVH�WKH�VLODQH�
ZDV�PL[HG�ZLWK�GHLRQLVHG�ZDWHU�IRU�WZR�KRXUV�DIWHU�ZKLFK�WKH�VROXWLRQ�ZDV�FRPELQHG�ZLWK�
WKH� UHVLQ�KDUGHQHU�PL[WXUH�� 7KH� FRDWLQJV�ZHUH� DSSOLHG� E\� GLSSLQJ� DQG� FXUHG� LQ� WKH� VDPH�
IDVKLRQ�DV�WKH�RWKHU�ZDWHU�EDVHG�FRDWLQJV��

6RPH�(+:6�FRDWLQJV�ZHUH� DOVR�DSSOLHG� WR� WKH� IORDW�JODVV� VDPSOHV� LQ�ZKLFK�FDVH� WKH\�ZHUH�
KDQG�GLSSHG�LQWR�D�WURXJK�DQG�WKHQ�GULHG�DQG�FXUHG�DV�GHVFULEHG�DERYH��

0HFKDQLFDO�WHVWLQJ�

7KH�VOLGH�VDPSOHV�ZHUH�WHVWHG�LQ�IRXU�EHQG�EHQGLQJ�ZLWK�D�ORDGLQJ�UDWH�RI����PPPLQ²��
RQ� D�0D\HV� 60���� XQLYHUVDO� WHVWLQJ�PDFKLQH��$� IOH[LEOH� VXSSRUW� VWDJH�ZDV�XVHG� WR� DYRLG�
SDUDVLWLF�EHQGLQJ�PRPHQWV��$GKHVLYH�WDSH�SODFHG�RQ�WKH�FRPSUHVVLYH�VXUIDFH�RI�WKH�VDPSOHV�
HQVXUHG�UHWHQWLRQ�RI�WKH�IUDJPHQWV�DIWHU�IUDFWXUH��

�

5HVXOWV�DQG�GLVFXVVLRQ�

)LJXUH� �� VKRZV� WKH�PHDQ�EHQGLQJ� VWUHQJWKV� IRU� WKH� VROYHQW�EDVHG�FRDWLQJ� V\VWHP�DQG�
WKH�ZDWHU�EDVHG�FRDWLQJ�V\VWHP��,W�FDQ�EH�VHHQ�WKDW�WKHUH�DUH�QRWLFHDEOH�GLIIHUHQFHV�EHWZHHQ�
WKH� WZR� V\VWHPV� ZLWK� WKHUH� EHLQJ� D� PXFK� OHVV� VLJQLILFDQW� YDULDWLRQ� LQ� WKH� GHJUHH� RI�



VWUHQJWKHQLQJ�REWDLQHG�ZLWK�GLIIHUHQW� VLODQH�SULPLQJ� WUHDWPHQWV� LQ� WKH�ZDWHU�EDVHG�FRDWLQJ�
V\VWHP� WKDQ� LQ� WKH� VROYHQW�EDVHG�FRDWLQJ� V\VWHP��7KH� UHVXOWV� IRU� WKH� VROYHQW�EDVHG� V\VWHP�
KRZHYHU� DUH� FRPSDWLEOH� ZLWK� WKH� VXJJHVWLRQ� WKDW� WKH� URRP� WHPSHUDWXUH� ZDWHU� H[WUDFWLRQ�
WUHDWPHQW� GRHV� UHPRYH� D� OD\HU� RI�ZHDNO\� ERQGHG� VLODQH�� ,Q� ERWK� FDVHV� LW� LV� FOHDU� WKDW� WKH�
FRDWLQJV�LQ�ZKLFK�WKH�VLODQH�LV�LQFRUSRUDWHG�ZLWK�HSR[\�DQG�WKH�KDUGHQHU�UDWKHU�WKDQ�DSSOLHG�
VHSDUDWHO\� DV� D�SULPHU�JLYH� ULVH� WR� ORZHU�VWUHQJWK� LQFUHDVHV� WKDQ� WKH� VLODQH�SULPHG�V\VWHPV��
+RZHYHU� DV� QRWHG� DERYH� WKH� FRPELQHG� V\VWHPV� DUH� RI� JUHDWHU� SUDFWLFDO� LQWHUHVW� DV� WKH�
DSSOLFDWLRQ�SURFHVV�LV�VLPSOHU���

&RDWLQJ�SHQHWUDWLRQ�LQWR�PRGHO�IODZV�

)UDFWRJUDSKLF�ZRUN�RQ�VDPSOHV�FRQWDLQLQJ�FRQWUROOHG�GHIHFWV�FRDWHG�ZLWK�VROYHQW�EDVHG�
FRDWLQJV� FOHDUO\� VKRZHG� WKDW� WKH�FRDWLQJV� FRPSOHWHO\� ILOOHG� WKH�PHGLDQ�UDGLDO� FUDFNV�RI� WKH�
PRGHO�GHIHFWV�DQG�WKDW�FRDWLQJ�SHQHWUDWLRQ�ZDV�D�QHFHVVDU\�FRQGLWLRQ�IRU�VWUHQJWKHQLQJ��7ZR�
W\SHV�RI�IDLOXUH�ZHUH�REVHUYHG�RQ�WKH�IUDFWXUH�VXUIDFH�²�DGKHVLYH�ZKHUHLQ�IDLOXUH�RFFXUUHG�DW�
WKH�FRDWLQJ�FUDFN�VXUIDFH�LQWHUIDFH�DQG�FRKHVLYH�ZKHUHLQ�IDLOXUH�RFFXUUHG�ZLWKLQ�WKH�FRDWLQJ�
�VHH�ILJXUH��D���7KH�UHJLRQ�RI�DGKHVLYH�IDLOXUH�ZDV�DGMDFHQW�WR�WKH�WRS�VXUIDFH�RI�WKH�JODVV�DQG�
ZDV� URXJKO\� WULDQJXODU� LQ� VKDSH� �VHH� ILJXUH� �D�� ZLWK� D� VXUIDFH� OHQJWK� HTXDO� WR� WKH� �IL[HG��
VXUIDFH�FUDFN�OHQJWK��7KH�H[WHQW�RI�DGKHVLYH�IDLOXUH�ZDV�GHSHQGHQW�RQ�FRDWLQJ�FRPSRVLWLRQ�
DQG� DV� VKRZQ� LQ� ILJXUH� �E� WKH� IUDFWXUH� VWUHVV� LQFUHDVHG� DV� WKH� H[WHQW� RI� DGKHVLYH� IDLOXUH�
GHFUHDVHG���

,Q�FRQWUDVW�LW�ZDV�IRXQG�WKDW�ZDWHU�EDVHG�FRDWLQJV�GLG�QRW�IXOO\�ILOO�WKH�FUDFNV�DW�WKH�FRDWLQJ�
FRQFHQWUDWLRQ� XVHG�� ,QVWHDG� LW� ZDV� REVHUYHG� ZLWK� WKH� (+:� FRDWLQJV� WKDW�� LI� WKH� FRDWLQJ�
FRQFHQWUDWLRQ� ZDV� DOWHUHG� E\� FKDQJLQJ� WKH� DPRXQW� RI� GHLRQLVHG� ZDWHU� DGGHG� WR� WKH�
HSR[\�KDUGHQHU�PL[WXUH��WKH�H[WHQW�RI�IODZ�ILOOLQJ�LQFUHDVHG�XS�WR�D�HPXOVLRQ�FRQFHQWUDWLRQ�
RI� ���� �VHH� ILJXUH� ���� $V� RQH� ZRXOG� H[SHFW� WKH� PHDQ� EHQG� VWUHQJWK� DOVR� LQFUHDVHG� ZLWK�
LQFUHDVLQJ�HPXOVLRQ�FRQFHQWUDWLRQ�XS�WR�D�FRQFHQWUDWLRQ�RI������WKH�FRQFHQWUDWLRQ�XVHG�LQ�
WKH�UHVW�RI�WKH�ZRUN�RQ�ZDWHU�EDVHG�FRDWLQJV�GHVFULEHG�KHUH���+RZHYHU�DV�VKRZQ�LQ�ILJXUH���
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)LJXUH����%HQG�VWUHQJWKV�IRU�VLODQH�SULPHG�DQG�VLODQH�FRQWDLQLQJ�FRDWLQJV�D��VROYHQW�EDVHG�

FRDWLQJ�V\VWHPV�DQG�E��ZDWHU�EDVHG�FRDWLQJ�V\VWHPV���



WKH� PHDQ� EHQG� VWUHQJWK� WKHQ� GHFUHDVHG� IURP� �����03D� ZLWK� D� ���� FRQFHQWUDWLRQ�
HPXOVLRQ�WR������03D�ZLWK�D�����FRQFHQWUDWLRQ�HPXOVLRQ�GHVSLWH�WKH�FRQWLQXHG�LQFUHDVH�
LQ�SHQHWUDWLRQ�� ,W� LV� QRW� HQWLUHO\� FOHDU�ZK\� WKLV� GURS� LQ�PHDQ�EHQG� VWUHQJWK�ZLWK�D� IXUWKHU�
LQFUHDVH� LQ� FRQFHQWUDWLRQ�RFFXUUHG��+RZHYHU� DV� WKH�����HPXOVLRQ�ZDV�PRUH�YLVFRXV� WKDQ�
WKH�RWKHU�IRUPXODWLRQV� LW� LV�VXVSHFWHG� WKDW� WKLV�HPXOVLRQ�ZDV� OHVV�ZHOO�PL[HG�DQG�WKHUHIRUH�
OHVV�KRPRJHQHRXV�WKDQ�WKH�RWKHUV��

$V�ZHOO�DV�LQFRPSOHWH�SHQHWUDWLRQ�RI�WKH�ODUJH�PRGHO�IODZV�E\�WKH�ZDWHU�EDVHG�FRDWLQJV�LW�ZDV�
IRXQG� WKDW� WKHUH� ZDV� QR� LQGLFDWLRQ� RI� DQ\� DGKHVLYH� IDLOXUH� ZLWK� DQ\� RI� WKH� ZDWHU� EDVHG�
FRDWLQJ� V\VWHPV� VWXGLHG�XQOLNH�ZLWK� WKH� VROYHQW� EDVHG� V\VWHP��7KH� IDFW� WKDW� IUDFWXUH� DW� DOO�
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)LJXUH����D��7\SLFDO�IUDFWXUH�VXUIDFH�IRU�DQ�(+VRO�FRDWHG�FUDFN�±�D�LV�WKH�UHJLRQ�RI�

DGKHVLYH�IDLOXUH��F�LV�WKH�UHJLRQ�RI�FRKHVLYH�IDLOXUH�DQG�W�PDUNV�WKH�FUDFN�WLS��E��IUDFWXUH�

VWUHVV�YHUVXV����DGKHVLYH�UHJLRQ�GHSWK��IRU�VROYHQW�EDVHG�FRDWLQJV�

(PXOVLRQ�FRQFHQWUDWLRQ���
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��)LJXUH����7KH�HIIHFW�RI�HPXOVLRQ�FRQFHQWUDWLRQ�IRU�(+:�FRDWLQJV�RQ�EHQG�VWUHQJWK�DQG�

SHUFHQWDJH�ILOOLQJ�RI�WKH�FUDFN�E\�WKH�FRDWLQJ��OLQHV�GUDZQ�WR�JXLGH�WKH�H\H�RQO\���

����
¬
P

�

D�

F�

W�



VWDJHV� SURSDJDWHG� FRKHVLYHO\� VXJJHVWV� WKDW� WKH� UHVLQ�JODVV� ERQG� LV� VWURQJHU� WKDQ� WKH� UHVLQ�
QHWZRUN��7KHUHIRUH�XVLQJ�D�VLODQH�SULPHU�ZLWK�DQ�(+:�FRDWLQJ�ZLOO�QRW�IXUWKHU�LQFUHDVH�WKH�
VWUHQJWK� RI� WKH� FRDWHG� VSHFLPHQV� VLQFH�� DOWKRXJK� WKH� LQWHUIDFH� VWUHQJWK� PD\� ZHOO� EH�
LPSURYHG�ZKHQ� WKH�SULPHU� LV�SUHVHQW�� WKH�VWUHQJWK�RI� WKLV� LQWHUIDFH� LV�QRW�SHUWLQHQW� WR� WKH�
IDLOXUH�DV�LW�DOUHDG\�H[FHHGV�WKH�FRKHVLYH�VWUHQJWK�RI�WKH�FRDWLQJ��

5RDFK�HW�DO���KDYH�VXJJHVWHG�WKDW�ZKHQ�D�PDWHULDO�ILOOV�DQG�WKHUHIRUH�EULGJHV�D�FUDFN�WKHQ�WKLV�
PDWHULDO� H[HUWV� D� FORVXUH� VWUHVV� ³FO� RQ� WKH� FUDFN�� 7KH� VWUHVV� LQWHQVLW\� IDFWRU� DW� WKH� WLS� RI� D�
FRPSOHWHO\� ILOOHG� LQGHQWDWLRQ� FUDFN� �VXFK� DV� WKRVH� VHHQ� ZLWK� WKH� ZDWHU� EDVHG� V\VWHP�� LV�
WKHUHIRUH�JLYHQ�E\��

F°³
F

F°³. FO����
������

����
���,F ++= � � � � � � >�@�

ZKHUH�.,F�LV�WKH�IUDFWXUH�WRXJKQHVV�RI�WKH�JODVV��7KH�FDOFXODWHG�FORVXUH�VWUHVVHV�DUH�JLYHQ�LQ�
WDEOH� �� �WKH� QHJDWLYH� VLJQ� LQGLFDWHV� WKDW� WKH� FORVXUH� VWUHVV� LV� FRPSUHVVLYH���:LWK� WKH�ZDWHU�
EDVHG� V\VWHP�WKH�FUDFN� LV� ILOOHG�EHWZHHQ�D�GLVWDQFH� F�� IURP�WKH�FHQWHU�RI� WKH� LQGHQW� WR� WKH�
LQGHQWDWLRQ�WLS�DQG�WKXV�WKH�VWUHVV�LQWHQVLW\�IDFWRU�DW�WKH�FUDFN�WLS�LV�JLYHQ�E\�
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)LJXUH����0DWFKLQJ�IUDFWXUH�VXUIDFHV�IURP�D�(+:�FRDWHG�VSHFLPHQ�VKRZLQJ�FRKHVLYH�

IDLOXUH��7KH�DUURZHG�OLQH�LQGLFDWHV�WKH�PD[LPXP�H[WHQW�RI�IODZ�ILOOLQJ�E\�WKH�FRDWLQJ��

7DEOH����&DOFXODWHG�FORVXUH�VWUHVVHV�IRU�ERWK�VROYHQW�DQG�ZDWHU�EDVHG�FRDWLQJ�V\VWHPV��

6ROYHQW�EDVHG�
FRDWLQJ�V\VWHP�

&DOFXODWHG�FORVXUH�
VWUHVV��03D�

:DWHU�EDVHG�
FRDWLQJ�V\VWHP�

&DOFXODWHG�FORVXUH�
VWUHVV��03D�

(+VRO� î����� (+:� î������
6S�(+VRO� î����� 6S�(+:� î�����
6S�:57�(+VRO� î������ 6S�:57�(+:� î������
6S�:���(+VRO� î����� 6S:���(+:� î�������
(+VRO6� î����� (+:6� î�����



7KH�VOLJKW�GLIIHUHQFHV�LQ�WKH�QXPHULFDO�WHUPV�LQ�HTXDWLRQV���DQG���DULVHV�IURP�WKH�GLIIHUHQFHV�
LQ�WKH�PRGHO�IODZ�GLPHQVLRQV�XVHG�LQ�WKH�VROYHQW�DQG�ZDWHU�EDVHG�FRDWLQJV�ZRUN��VHH�DERYH���
$JDLQ�WKH�FDOFXODWHG�FORVXUH�VWUHVVHV�DUH�JLYHQ�LQ�WDEOH����,W�FDQ�EH�VHHQ�WKDW� LQ�JHQHUDO�WKH�
FORVXUH�VWUHVVHV�DUH�JUHDWHU�IRU�WKH�ZDWHU�EDVHG�FRDWLQJV�WKDQ�IRU�WKH�VROYHQW�EDVHG�FRDWLQJV��
+DQG�HW�DO���KDYH�VKRZQ�WKDW�FORVXUH�VWUHVVHV�RI�WKLV�VL]H�PD\�DULVH�IURP�WKHUPDO�H[SDQVLRQ�
PLVPDWFK� EHWZHHQ� WKH� FRDWLQJ� DQG� WKH� JODVV�� KRZHYHU� DQ� H[DFW� FDOFXODWLRQ� LV� QRW� SRVVLEOH�
EHFDXVH� WKH� WKHUPDO� H[SDQVLRQ� FRHIILFLHQW� RI� WKH� UHVLQV� XVHG� LV� QRW�ZHOO� FKDUDFWHULVHG� DQG�
EHFDXVH�WKH�LQWHUOD\HUV�WKDW�PD\�RFFXU��SDUWLFXODUO\�LQ�WKH�VLODQH�FRQWDLQLQJ�V\VWHPV��DUH�DOVR�
SRRUO\�FKDUDFWHULVHG��6XFK�DQ�DSSURDFK�GRHV��KRZHYHU��VXJJHVW�WKDW�WKH�ZDWHU�EDVHG�FRDWLQJ�
V\VWHPV�VKRXOG�JLYH�KLJKHU�FORVXUH�VWUHVVHV�EHFDXVH�RI�KLJKHU�WKHUPDO�H[SDQVLRQ�PLVPDWFK�
VWUHVVHV�VLQFH�WKH�ZDWHU�EDVHG�FRDWLQJV�DUH�FXUHG�DW�D�VLJQLILFDQWO\�KLJKHU�WHPSHUDWXUH��7KXV�
DOWKRXJK� WKH�ZDWHU�EDVHG�FRDWLQJV�GR�QRW� ILOO� WKH� FUDFN�DV� FRPSOHWHO\� DV� WKH� VROYHQW�EDVHG�
FRDWLQJV�� EHFDXVH� WKH� ZDWHU� EDVHG� FRDWLQJV� DUH� FXUHG� DW� KLJKHU� WHPSHUDWXUHV�� WKH� WKHUPDO�
H[SDQVLRQ� PLVPDWFK� VWUHVVHV� DQG� WKHUHE\� WKH� FORVXUH� VWUHVVHV� DUH� JUHDWHU� JLYLQJ� D� VLPLODU�
RYHUDOO�FRDWLQJ�SHUIRUPDQFH��

)LOOLQJ�RI�QDWXUDO�IODZV�E\�WKH�FRDWLQJ�

,W�LV�FOHDU�WKHUHIRUH�WKDW�ILOOLQJ�RI�WKH�IODZ�E\�WKH�FRDWLQJ�LV�DQ�LPSRUWDQW�DVSHFW�RI�WKH�
VWUHQJWKHQLQJ� SURFHVV� IRU� VDPSOHV� FRQWDLQLQJ� ODUJH� ¶PRGHO·� IODZV�� .LQJVWRQ� DQG� +DQG��
VWXGLHG� WKH� FRDWLQJ� RI� JODVV� VXUIDFHV� WKDW� KDG� RQO\� ¶QDWXUDO·� GDPDJH� ZLWK� (+VRO� FRDWLQJV��
7KHVH� ¶QDWXUDO·� VXUIDFH� IODZV� ZHUH� FDWHJRUL]HG� DV� LQGHQW� IODZV�� KDOI�SHQQ\� IODZV� �ZKHQ� D�
PHGLDQ� FUDFN� KDG� IRUPHG��� VFUDWFKHV� DQG� RWKHUV�� ,W� ZDV� IRXQG� WKH� SHUFHQWDJH� RI� IDLOXUHV�
IURP� WKH� GLIIHULQJ� IODZ� W\SHV� ZDV� GLIIHUHQW� IRU� FRDWHG� DV� FRPSDUHG� WR� XQFRDWHG� VDPSOHV�
�ILJXUH� ����:LWKLQ� HDFK� FDWHJRU\� RI� IODZ� LW�ZDV� DOVR� IRXQG� WKDW� WKH� VL]H� RI� WKH� IODZV� IURP�
ZKLFK� IDLOXUH� ZDV� RFFXUULQJ� ZDV� UHGXFHG� ZKLFK� VXJJHVWHG� WKDW� ODUJHU� IODZV� DUH� PRUH�
HIIHFWLYHO\�ILOOHG�E\�WKH�FRDWLQJ�DQG�DUH�WKHUHE\�PRUH�HIIHFWLYHO\�REYLDWHG��

,Q� WKH� FXUUHQW�ZRUN� WKH� VWUHQJWKHQLQJ� RI� HGJH� IODZV� RFFXUULQJ� RQ� WKH� ¶FXW·� HGJHV� RI� IORDW�
JODVV�KDV�EHHQ�VWXGLHG��(GJH�IODZV�FDQ�EH�FDWHJRUL]HG�LQWR�VKDUN·V�WRRWK�IODZV��DOVR�NQRZQ�DV�
WHHWK���� VFRULQJ�GDPDJH�DQG�EUHDNRXW�GDPDJH�DQG� WKH� VWXGLHV�ZHUH�FDUULHG�RXW�RQ� VDPSOHV�
VSHFLDOO\� SUHSDUHG� WR� FRQWDLQ� RQH� IODZ� W\SH�� $V� WKH� HGJH� IODZ� ZRUN� ZDV� FDUULHG� RXW� RQ�
VSHFLDOO\� SUHSDUHG� VDPSOHV� HDFK� FRQWDLQLQJ� RQO\� RQH� GHIHFW� W\SH� WKH� W\SH� RI� IODZ� FDXVLQJ�
IDLOXUH� GLG� QRW� FKDQJH� RQ� FRDWLQJ� KRZHYHU�� DV� VKRZQ� LQ� ILJXUH� ��� WKH� OHYHO� RI� VWUHQJWK�
LPSURYHPHQW�GLG�YDU\�IURP�RQH�IODZ�W\SH�WR�DQRWKHU��,W�ZLOO�EH�DSSUHFLDWHG�WKDW�ILJXUH���DOVR�
LQGLFDWHV� WKDW� WKH� VHYHULW\� RI� HDFK� HGJH� IODZ� W\SH� LV� GLIIHUHQW� DQG� WKXV� DQ\� SHUFHQWDJH�

8QFRDWHG

,QGHQW

+DOI�SHQQ\

6FUDWFK

2WKHU

&RDWHG

�

)LJXUH����7\SHV�RI�VXUIDFH�IODZ�FDXVLQJ�IDLOXUH�ZLWK�XQFRDWHG�DQG�(+VRO�FRDWHG�VDPSOHV�
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�
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LPSURYHPHQW� LQ� VWUHQJWK� LV� OLDEOH� WR� EH�GLIIHUHQW��+RZHYHU� WKH� DEVROXWH� OHYHOV� RI� VWUHQJWK�
DFKLHYHG� DUH� DOVR� GLIIHUHQW� DQG� LW� LV� QRWDEOH� WKDW� VDPSOHV� FRQWDLQLQJ� PRGHO� �LQGHQWDWLRQ��
IODZV��VKRZQ�IRU�FRPSDULVRQ�LQ�ILJXUH����ZHUH�LQLWLDOO\�ZHDNHU�WKDQ�WKH�HGJH�IODZ�VDPSOHV��L�H��
WKH\� FRQWDLQ� WKH�PRVW� VHYHUH� IODZV�� EXW� WKH\� DFKLHYHG� KLJK� DEVROXWH� VWUHQJWKV� RQ� FRDWLQJ��
7KLV�DJDLQ�VXJJHVWV�WKDW�ODUJHU�IODZV�DUH�LQ�IDFW�PRUH�UHDGLO\�ILOOHG�E\�WKH�FRDWLQJ�OHDGLQJ�WR�D�
JUHDWHU�VWUHQJWKHQLQJ�HIIHFW��

7KH�H[DFW�IODZ�JHRPHWU\�LV�DOVR�LPSRUWDQW�LQ�GHWHUPLQLQJ�ZKHWKHU�ILOOLQJ�RI�WKH�IODZ�E\�WKH�
FRDWLQJ�FDQ�RFFXU��)UDFWRJUDSKLF�LQYHVWLJDWLRQV�IDLOHG�WR�UHYHDO�DQ\�FRDWLQJ�SHQHWUDWLRQ�LQWR�
WKH�IUDFWXUH� LQLWLDWLQJ� IODZV�IRU�HLWKHU�VFRULQJ�RU�EUHDNRXW�GDPDJH��VHH�ILJXUH��D�DQG�E���,Q�
FRPSDULVRQ�ZLWK�VKDUN·V�WRRWK�IODZV�LQILOWUDWLRQ�RI�WKH�IUDFWXUH�LQLWLDWLQJ�IODZ�E\�WKH�FRDWLQJ�
FDQ� EH� LGHQWLILHG� �VHH� ILJXUH� �F���&OHDUO\� EHFDXVH� WKH�PHDQ� IUDFWXUH� VWUHQJWK� KDV� LQFUHDVHG�
ZLWK� WKH� DSSOLFDWLRQ�RI� WKH� FRDWLQJ� �VHH� ILJXUH� ��� WKH� FRDWLQJ�KDV� KDG� DQ� HIIHFW� RQ� DW� OHDVW�
VRPH�RI�WKH�VFRULQJ�GDPDJH�DQG�EUHDNRXW�GDPDJH�IODZV��&DOFXODWLRQ�RI�WKH�:HLEXOO�PRGXOL�
IRU�WKH�YDULRXV�IODZ�W\SHV�LQGLFDWHV�WKDW�WKHUH�LV�OLWWOH�RU�QR�FKDQJH�LQ�WKH�ZLGWK�RI�WKH�IODZ�
GLVWULEXWLRQ�RQ�FRDWLQJ��VHH�WDEOH����ZKLFK�VXJJHVWV�WKDW�DOO�WKH�IODZV�DUH�HIIHFWHG�WR�D�VLPLODU�
H[WHQW�� ,QWHUHVWLQJO\� WKH�:HLEXOO�PRGXOXV� IRU� WKH� LQGHQWHG� VDPSOHV� GURSV� VLJQLILFDQWO\� RQ�
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)LJXUH����6WUHQJWK�RI�VSHFLPHQV�FRQWDLQLQJ�HGJH�GDPDJH�FRDWHG�ZLWK�(+:6�FRDWLQJV��

7KH�GDWD�IRU�LQGHQWHG�VDPSOHV�LV�LQFOXGHG�IRU�FRPSDULVRQ�

7DEOH����:HLEXOO�PRGXOL�IRU�XQFRDWHG�DQG�(+:6�FRDWHG�HGJH�GDPDJH�VDPSOHV��

,QGHQWDWLRQ�GDWD�DUH�LQFOXGHG�IRU�FRPSDULVRQ��

� :HLEXOO�PRGXOL�
'DPDJH�W\SH� 8QFRDWHG�VDPSOHV� (+:6�FRDWHG�VDPSOHV�

6KDUN·V�WRRWK� ���� ����
6FRULQJ� ���� ����
%UHDNRXW� ���� ����
,QGHQWDWLRQ� ����� ����



FRDWLQJ� LQGLFDWLQJ� WKDW� DOWKRXJK� WKH� OHYHO� RI� GDPDJH� SURGXFHG� E\� LQGHQWDWLRQ� LV� YHU\�
FRQVLVWHQW� WKH� LQWHUDFWLRQ� RI� WKH� FRDWLQJ� ZLWK� WKHVH� QRPLQDOO\� LGHQWLFDO� IODZV� LV� OHVV�
FRQVLVWHQW���

2YHUDOO� WKHUH� LV� FOHDU� HYLGHQFH� WKDW� ERWK� VROYHQW� EDVHG� DQG� ZDWHU� EDVHG� HSR[\�KDUGHQHU�
FRDWLQJV�LQFRUSRUDWLQJ�D�VLODQH�FDQ�VWUHQJWKHQ�JODVV�E\�IODZ�LQILOWUDWLRQ��+RZHYHU�WKH�H[WHQW�
RI�WKH�LQILOWUDWLRQ�LV�GHSHQGHQW�RQ�IODZ�W\SH�DQG�WKXV�WKH�W\SHV�RI�IODZV�WR�EH�IRXQG�LQ�DQ\�
SDUWLFXODU�SLHFH�RI�JODVV�ZLOO�WR�VRPH�H[WHQW�GHWHUPLQH�WKH�HIILFDF\�RI�WKH�FRDWLQJ��

�

&RQFOXVLRQV�

(SR[\�EDVHG�FRDWLQJV�VWUHQJWKHQ�JODVV�E\�D�IODZ�ILOOLQJ�PHFKDQLVP��$V�WKH�FRDWLQJV�DUH�
FXUHG� DW� WHPSHUDWXUH� LW� LV� VXJJHVWHG� WKDW� WKHUPDO�PLVPDWFK� VWUHVVHV� DULVLQJ� RQ� FRROLQJ� DUH�
VXIILFLHQW�WR�JLYH�D�FORVXUH�VWUHVV�WKDW�DFWV�WR�VWUHQJWKHQ�WKH�JODVV��7KH�OHYHO�RI�FORVXUH�VWUHVV�
JHQHUDWHG� LV� KLJKHU� IRU� WKH�ZDWHU� EDVHG� V\VWHP� VWXGLHG� WKDQ� IRU� WKH� VROYHQW� EDVHG� V\VWHP�
VWXGLHG��7KXV�DOWKRXJK� WKH�ZDWHU�EDVHG�FRDWLQJV� DUH� OHVV� HIIHFWLYH� DW� ILOOLQJ� WKH�FUDFNV� WKH\�
JLYH�ULVH�WR�DQ�RYHUDOO�VLPLODU�OHYHO�RI�VWUHQJWKHQLQJ�DV�WKH�VROYHQW�EDVHG�V\VWHPV��

:LWK� ERWK� FRDWLQJ� V\VWHPV� SULPLQJ� WKH� VXUIDFH� ZLWK� D� VLODQH� EHIRUH� DSSO\LQJ� WKH�
HSR[\�KDUGHQHU�FRDWLQJ� OHDGV�WR�PRUH�HIIHFWLYH�VWUHQJWKHQLQJ�WKDQ�LQFRUSRUDWLQJ�WKH�VLODQH�
LQ�WKH�FRDWLQJ�PL[WXUH�EHIRUH�DSSOLFDWLRQ��+RZHYHU�WKH�ODWWHU�URXWH�ZLOO�REYLRXVO\�EH�FKHDSHU�
DQG�PRUH�SUDFWLFDO�IURP�D�FRPPHUFLDO�SHUVSHFWLYH��

�

�

)LJXUH����)UDFWXUH�LQLWLDWLQJ�IODZV�LQ�(+:6�FRDWHG�VDPSOHV�ZLWK�D��VFRULQJ�GDPDJH��E��

EUHDNRXW�GDPDJH�DQG�F��VKDUN
V�WRRWK�IODZV��&RDWLQJ�LQILOWUDWLRQ�FDQ�RQO\�EH�REVHUYHG�LQ�
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6DPSOHV� FRQWDLQLQJ� UHDO� HGJH�GDPDJH� KDYH� EHHQ� VXFFHVVIXOO\� VWUHQJWKHQHG� XVLQJ� WKH�ZDWHU�
EDVHG� (+:6� FRDWLQJ� V\VWHP�� 7KH� OHYHO� RI� VWUHQJWKHQLQJ� LV� OHVV� WKDQ� WKDW� VHHQ� ZLWK� WKH�
¶PRGHO·� GDPDJH� DQG� WKLV� UHIOHFWV� WKH� IDFW� WKDW� LW� LV� HDVLHU� IRU� WKH� FRDWLQJ� WR� LQILOWUDWH� DQG�
WKHUHE\�REYLDWH�VRPH�IODZV�JHRPHWULHV�WKDQ�RWKHUV��

�

$FNQRZOHGJHPHQWV�

:H�ZLVK�WR�WKDQN�3LONLQJWRQ�SOF�DQG�WKH�(365&�IRU�IXQGLQJ�%5:�DQG�WKH�8QLYHUVLW\�
RI�6KHIILHOG�IRU�IXQGLQJ�)+:�ZKLOVW�WKLV�ZRUN�ZDV�FDUULHG�RXW��:H�DOVR�ZLVK�WR�WKDQN�0U�*�
&XPPLQJV�RI�3LONLQJWRQ�SOF� IRU�SUHSDULQJ� WKH� VSHFLPHQV�FRQWDLQLQJ�FRQWUROOHG�HGJH� IODZV�
DQG�%U\DQ�(OOLV�IRU�XVHIXO�GLVFXVVLRQV���

�
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��%'�)DEHV�DQG�*'�%HUU\��-��1RQ�&U\VW��6ROLGV������S������������������0�&KHQ��3)�-DPHV�DQG�

)5�-RQHV��-��1RQ�&U\VW��6ROLGV������S�����������������

��)+�:DQJ��;0�&KHQ��%�(OOLV��5-�+DQG�DQG�$%�6HGGRQ��0DWHU��6FL��7HFKQRO������S����������

��������9�9HUJDQHODNLV��3'�1LFRODRX�DQG�*�.RUGDV��*ODVV�7HFKQRO������S����������������

��5-�+DQG��)+�:DQJ��%�(OOLV�DQG�$%�6HGGRQ��3K\V��&KHP��*ODVVHV�����S������������������

��7�+�&KHQJ��)5�-RQHV�DQG�'�:DQJ��&RPSRVLWHV�6FL��7HFKQRO������S�������������

��5-�+DQG��)+�:DQJ��%�(OOLV�DQG�$%�6HGGRQ��-��6RO�*HO�6FL��7HFKQRO������S������������������

��'+�5RDFK��6�/DWKDEDL�DQG�%5�/DZQ��-��$PHU��&HUDP��6RF������S�����������������

��5-�+DQG��%�(OOLV��%5�:KLWWOH�DQG�)+�:DQJ��-��1RQ�&U\VW��6ROLGV��VXEPLWWHG�IRU�SXEOLFDWLRQ��

��-*5�.LQJVWRQ�DQG�5-�+DQG��-��3K\V��&KHP��*ODVVHV�����S��������������

��/$�6KLWRYD��19�/DO\NLQ�DQG�7$�.X]QHWVRYD��*ODVV�DQG�&HUDPLFV�����S������������������
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