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��,QWURGXFWLRQ
&HOOXODU� SKRQHV� GHVLJQHUV� IDFH� LQFUHDVLQJ

SUHVVXUH�WR�GHVLJQ�VPDOOHU��OLJKWHU�DQG�OHVV�H[SHQVLYH
SKRQHV�� ,Q� WKH� VDPH� WLPH� WKH� JOREDOL]DWLRQ� RI
WHOHFRPPXQLFDWLRQV� OHDGV� WR� PRUH� DGYDQFHG
VWUXFWXUHV�� FDSDEOH� RI� RSHUDWLQJ� DOPRVW� HYHU\ZKHUH
LQ� WKH� ZRUOG� >��� �@�� 7RGD\¶V� OHDGHU� LQ� WKH
WHOHFRPPXQLFDWLRQ� PDUNHW�� *60� DQG� LWV� YDULDQWV�
FRYHU� DOPRVW� ���� RI� FHOOXODU� FRPPXQLFDWLRQ
GHPDQGV�� +HQFH� PXOWL�PRGH� SKRQHV� DUH� RI
LQFUHDVLQJ�LPSRUWDQFH�

6LQFH� FRVW� FRQVWLWXWHV� RQH� RI� WKH� PRVW� FULWLFDO
DVSHFWV��KHWHURG\QH�UHFHLYHUV�EHFRPH�PRUH�DQG�PRUH
SRSXODU� >��� �@�� 6XFK� D� WRSRORJ\��ZKHQ� FRPSDUHG� WR
WKH�VXSHUKHWHURG\QH�DUFKLWHFWXUH��UHGXFHV�WKH�QXPEHU
RI� ORFDO� RVFLOODWRUV�� PL[HUV�� DPSOLILHUV� DQG� ILOWHUV
QHHGHG��WKHUHE\�PLQLPL]LQJ�FXUUHQW�FRQVXPSWLRQ�DQG
VSXULRXV� VLJQDOV�� 7KH� FRPELQDWLRQ� RI� VLPSOLFLW\�
UHOLDELOLW\�DQG�GHFUHDVHG�KDUGZDUH�PDNH�WKLV�W\SH�RI
UHFHLYHUV�DQ�DWWUDFWLYH�FKRLFH��HVSHFLDOO\�VLQFH�GLUHFW
GRZQ� FRQYHUVLRQ� SUHVHQWV� SUREOHPV� OLNH� WKH� ORFDO
RVFLOODWRU� OHDNDJH� WR� WKH� DQWHQQD�� WKH� LQVWDQWDQHRXV
G\QDPLF� UDQJH� UHTXLUHPHQWV�DW� WKH� LQSXW� DQG� WKH�GF
RIIVHW�>�@�

7KH� SURSRVHG� DUFKLWHFWXUH� LV� WKH� VLQJOH� GRZQ
FRQYHUVLRQ�ORZ�,)��7KH�JRDO�LV�WR�WUDQVODWH�WKH�V\VWHP
VSHFLILFDWLRQV� >��� �@� LQWR� IHDVLEOH� EXLOGLQJ� EORFN
VSHFLILFDWLRQV� DQG� WR� RSWLPL]H� WKH� RYHUDOO� 5)
DUFKLWHFWXUH� DFFRUGLQJ� WR� WKLV�� 7KH� UHVXOWV� FDQ� EH

XWLOL]HG� WR� GULYH� WKH� EXLOGLQJ� EORFN� GHVLJQ� DQG� WR
HYDOXDWH�WKH�VLOLFRQ�LPSOHPHQWHG�GHVLJQV�

7KLV� SDSHU� DQDO\VHV� UHFHLYHU� DUFKLWHFWXUH� IRU
*60�OLNH� VWDQGDUGV�� 7KH� PDLQ� REMHFWLYH� LV� WR
GHWHUPLQH�WKH�SHUIRUPDQFH�UHTXLUHG�IRU�WKH�GLIIHUHQW
UHFHLYHU�EXLOGLQJ�EORFNV�� NHHSLQJ� LQ�PLQG� WKH� VWDWH�
RI�WKH�DUW�LQ�FRPSRQHQWV��2SWLPL]DWLRQ�LV�FDUULHG�RXW
LQ� RUGHU� WR� HQVXUH� UHDOLVWLF� GHVLJQV�� 7KH� UHFHLYHU
SHUIRUPDQFH� LV� HYDOXDWHG� E\� VLPXODWLRQ� DQG� LV
FRPSDUHG�WR�WKH�*60�VSHFLILFDWLRQV�

7KLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� ,Q� VHFWLRQ� �
WKH� RYHUDOO� 5)� VSHFLILFDWLRQV� DUH� GHWHUPLQHG
DFFRUGLQJ� WR� LQWHUQDWLRQDO� VWDQGDUGL]DWLRQ
RUJDQL]DWLRQV��,Q�VHFWLRQ���WKH�SURSRVHG�DUFKLWHFWXUH
LV� SUHVHQWHG� DQG� DQDO\]HG�� 7KHQ�� LQ� VHFWLRQ� �� WKH
VLPXODWLRQ� PHWKRGRORJ\� DQG� UHVXOWV� DUH� SUHVHQWHG�
OHDGLQJ� WR� WKH� RSWLPL]HG� UHFHLYHU� FKDLQ�� )LQDOO\�� LQ
VHFWLRQ� �� WKH� FRQFOXVLRQV� DUH� GUDZQ� DQG� IHDVLELOLW\
UHVXOWV�DUH�SUHVHQWHG�

���6\VWHP�5HTXLUHPHQWV
&RPSO\LQJ� ZLWK� WKH� *60�'&6�3&6

VSHFLILFDWLRQV��EDVLF�UDGLR�SHUIRUPDQFH�UHTXLUHPHQWV
VXFK�DV�QRLVH�ILJXUH��1)���WKLUG�RUGHU�LQSXW�LQWHUFHSW�
SRLQW��,,3����ORFDO�RVFLOODWRU��/2��SKDVH�QRLVH��FDUULHU
WR� LQWHUIHUHU� UDWLR� �&�,�� DQG� ELW� HUURU� UDWH� �%(5�
UHTXLUHPHQWV�PXVW� EH�PHW� >�@�� 6LQFH� WKH� UHFHLYHU� LV
RSWLPL]HG� IRU� PXOWLPRGH� RSHUDWLRQ�� LW� LV� HQRXJK� WR
PHHW� WKH�PRVW� GHPDQGLQJ� VWDQGDUG¶V� VSHFLILFDWLRQV�
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7KHVH�DUH�GHULYHG�XVLQJ�WKH�FR�FKDQQHO�DQG�DGMDFHQW
FKDQQHO�UHMHFWLRQ�DQG�WKH�EORFNLQJ�UHTXLUHPHQWV�>�@�

7DEOH����0XOWL�PRGH�UHFHLYHU�SHUIRUPDQFH�JRDOV�
1) ��G%
,,3� ��G%

/2�SKDVH�QRLVH ����G%F�+]
&�, !��G%
%(5 �����

,PDJH�5HMHFWLRQ ��G%

7KH�UHFHLYHU�VKRXOG�KDQGOH�ODUJH�EORFNLQJ�VLJQDOV
ZKLOH� UHFHLYLQJ� D� ZDQWHG� VLJQDO� DW� ���� G%P�� 7KH
PD[LPXP�LQ�EDQG�DQG�RXW�RI�EDQG�LQWHUIHUHUV�DUH����
G%P� DQG� �� G%P� UHVSHFWLYHO\�� 7KH� LPDJH� UHMHFWLRQ
UHTXLUHPHQW� LV� GHILQHG� FRQVLGHULQJ� WKH� LPDJH� DV� DQ
RXW�RI�EDQG� VSXULRXV� VLJQDO� DW� WKH� SRZHU� OHYHO� RI� ±
��G%P�>�@�

���6LQJOH�GRZQ�FRQYHUVLRQ�UHFHLYHU
7KH� SURSRVHG� UHFHLYHU� DUFKLWHFWXUH� LV� WKH� VLQJOH

GRZQ� FRQYHUVLRQ� ORZ� ,)� DQG� LWV� EORFN� GLDJUDP� LV
GHSLFWHG�LQ�)LJ����
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)LJ�����%ORFN�GLDJUDP�RI�WKH�UHFHLYHU�

7KH�5)�VHFWLRQ�FRPSULVHV�D�5)�ILOWHU��D�/1$�DQG
D� GRXEO\�EDODQFHG� LPDJH� UHMHFWLRQ� PL[HU�� 7KH� 5)
ILOWHU� DQG� WKH� /1$� SURYLGH� WKH� 5)� VHOHFWLYLW\�� DQG
WRJHWKHU�ZLWK�WKH�,5�PL[HU��WKH�LPDJH�UHMHFWLRQ��7KLV
MRLQW� SURYLVLRQ� RI� WKH� LPDJH� UHMHFWLRQ� DOORZV� WKH
UHOD[LQJ� RI� WKH� SKDVH� DQG� JDLQ� PDWFKLQJ
UHTXLUHPHQWV�RI� WKH�PL[HU��7KH�/1$�DQG� WKH� DFWLYH
PL[HU�SURYLGH�WKH�QHFHVVDU\�JDLQ�DW�WKH�5)��WR�HQVXUH
WKH� ZDQWHG� QRLVH� SHUIRUPDQFH�� 7KH� PL[HU� GRZQ�
FRQYHUWV� WR� WKH� UHODWLYHO\� ORZ� ,)�RI���0+]��$W� WKLV
IUHTXHQF\� WKH�ILOWHULQJ�UHTXLUHPHQWV�DUH� UHOD[HG�DQG
WKH� ILQDO� GRZQ� FRQYHUVLRQ� WR� EDVH�EDQG� GRHV� QRW
UHTXLUH�SURKLELWRU\�LQFUHDVHG�SRZHU�GLVVLSDWLRQ�IURP
WKH� $�'� FRQYHUWHU�� 7KH� ,)� VWDJH� FRPSULVHV� WZR� ,)
ILOWHUV�DQG�DQ�$*&�DPSOLILHU��7KH�WZR�ILOWHUV�SURYLGH
WKH� ,)� VHOHFWLYLW\�� DV� GHWHUPLQHG� E\� WKH� DGMDFHQW
FKDQQHO� UHMHFWLRQ� UHTXLUHPHQWV�� L�H�� WKH\� SHUIRUP
FKDQQHO� VHOHFWLRQ� DQG� DQWL�DOLDVLQJ� �VLQFH� VXE�
VDPSOLQJ� LV� XVHG��� 7KH\� DUH� SRVLWLRQHG� RQH� EHIRUH
WKH�$*&�WR�UHGXFH�LWV�OLQHDULW\�UHTXLUHPHQWV�DQG�WKH
RWKHU�DIWHU� WKH�$*&�WR�DFFRXQW� IRU� WKH�KDUPRQLFV� LW

JHQHUDWHV�� 7KH� $*&� SURYLGHV� WKH� QHFHVVDU\� ,)
DPSOLILFDWLRQ�DQG�SRZHU�DGMXVWPHQW�

7KH� PDLQ� DGYDQWDJH� RI� WKH� VLQJOH� GRZQ
FRQYHUVLRQ�ORZ�,)�DUFKLWHFWXUH�LV�WKH�XVH�RI�RQO\�RQH
GRZQ�FRQYHUVLRQ� VWDJH�� 7KLV� PDNHV� WKH� UHFHLYHU
EORFNLQJ� DQG� QRLVH� SHUIRUPDQFH� HDVLHU� WR� PHHW�
HVSHFLDOO\�IRU�DJJUHVVLYH�VSHFLILFDWLRQV� OLNH� WKRVH�RI
*60��DQG�UHGXFHV�SRZHU�FRQVXPSWLRQ�� ,)�VDPSOLQJ
DOORZV�WKH�ILQDO�FRQYHUVLRQ�WR�EDVH�EDQG�WR�EH�FDUULHG
RXW�GLJLWDOO\�� DGGLQJ� IOH[LELOLW\��7KH� FRPELQDWLRQ� RI
WKH� IURQW� HQG� DQG� ,5� PL[HU� IRU� LPDJH� UHMHFWLRQ
UHGXFHV� WKH� PDWFKLQJ� UHTXLUHPHQWV� RI� WKH� ODWWHU�
)LQDOO\�� WKH� VWULFW� ,)� ILOWHULQJ� UHGXFHV� WKH� OLQHDULW\
UHTXLUHPHQWV� RI� WKH� $*&� DQG� WKH� G\QDPLF� UDQJH
UHTXLUHPHQWV�RI�WKH�$'&�

2Q� WKH� RWKHU� KDQG�� WKH� WKUHH� UHTXLUHG� ILOWHUV� DQG
WKH� VWULFW� ,)� ILOWHULQJ� DUH� WKH� LQFRQYHQLHQFHV� RI� WKH
VLQJOH�GRZQ�FRQYHUVLRQ�UHFHLYHU��VLQFH�WKH�FKRLFH�RI
QRQ�LQWHJUDWHG� ILOWHULQJ� GHYLFHV� VHHPV� XQDYRLGDEOH�
)LQDOO\�WKLV�NLQG�RI�VWUXFWXUH�LV�KLJKO\�GHPDQGLQJ�IRU
OLQHDULW\�LQ�WKH�,)�VWDJH�

7DEOH����0XOWL�PRGH�ILOWHULQJ�UHTXLUHPHQWV
)LOWHU 3DUDPHWHU 9DOXH
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7KH� ILOWHUV� IRU� WKH� PXOWL�PRGH� RSHUDWLRQ� RI� WKH
FKDLQ��VHH�)LJ�����DUH�VXPPDUL]HG�LQ�7DEOH����7KHVH
DUH� VWDWH�RI�WKH�DUW� QRQ�LQWHJUDWHG� ILOWHUV� >�@�� 1R
RSWLPL]DWLRQ�RI� WKHLU�EHKDYLRXU� LV�DWWHPSWHG�� DV� WKLV
ZRXOG� LQFUHDVH� WKH� FRVW�� YROXPH� DQG� SRZHU
FRQVXPSWLRQ� RI� WKH� KDQGVHW�� 2QO\� WKH� UHVW� RI� WKH
UHFHLYHU� FKDLQ� LV� RSWLPL]HG� LQ� WKH� QH[W� VHFWLRQ� WR
DOORZ�IRU�WKH�ZDQWHG�SHUIRUPDQFH�JLYHQ�WKH�ILOWHUV�

���2SWLPL]DWLRQ�RI�WKH�5HFHLYHU�&KDLQ
6LPXODWLRQ�KDV�EHHQ�XVHG�IRU� WKH�RSWLPL]DWLRQ�RI

WKH� UHFHLYHU� FKDLQ�� )RU� WKLV�� 0$7/$%� KDV� EHHQ
HPSOR\HG�� 7KH� YDULRXV� EXLOGLQJ� EORFNV� KDYH� EHHQ
GHVFULEHG� XVLQJ� QRQ�LGHDO� PRGHOV� WKDW� LQFOXGH� QRQ�
OLQHDULW\�� QRLVH� ILJXUH�� EDQGZLGWK� RI� RSHUDWLRQ� DQG
LQVHUWLRQ� ORVV�� $GGLWLRQDOO\�� WKH� PRGHO� RI� WKH� ,5
PL[HU�LQFOXGHV�SKDVH�DQG�JDLQ�PLVPDWFKHV�DV�ZHOO�DV
/2� SKDVH� QRLVH�� )XUWKHUPRUH�� IRU� %(5
PHDVXUHPHQWV��WKH�FRPSOHWH�*06.�PRGHP�KDV�EHHQ
VHWXS�

7KH� JRDO� RI� WKH� VLPXODWLRQ� SURFHVV� LV� WKH
RSWLPL]DWLRQ�RI�WKH�UHFHLYHU�FKDLQ�WKDW�LV�RULHQWHG�WR
PXOWL�PRGH� RSHUDWLRQ�� L�H�� WKH� WUDQVLWLRQ� IURP� WKH
VWULFW� VSHFLILFDWLRQV� GLFWDWHG� E\� WKH� GULYHU� VWDQGDUGV
>��� �@�� WR� PRUH� IHDVLEOH� VSHFLILFDWLRQV� WKDW� DFWXDOO\
FRPSO\� ZLWK� WKHVH� VWDQGDUGV�� 7KH� UHVXOW� RI� WKLV
SURFHVV�LV�D�VHW�RI�EXLOGLQJ�EORFN�VSHFLILFDWLRQV�WR�EH
XVHG� E\� WKH� VLOLFRQ� GHVLJQHU�� 7KHVH� EXLOGLQJ� EORFN
VSHFLILFDWLRQV��DOWKRXJK�WKH\�LPSDLU�WKH�SHUIRUPDQFH
RI� WKH� UHFHLYHU�� WKH\� DUH� IHDVLEOH� DQG� DOORZ� WKH
FRUUHFW�RSHUDWLRQ�RI�WKH�UHFHLYHU��DV�LW�LV�HYDOXDWHG�E\
&�,� DQG�%(5�PHDVXUHPHQWV�� $Q� H[DPSOH� RI� WKLV� LV
WKH� DOORZDQFH� RI� QRQ�OLQHDULW\� WKDW� OHDGV� WR� JDLQ
FRPSUHVVLRQ��DV�ORQJ�DV�WKH�&�,�UHPDLQV�DERYH���G%�

7KH� UHFHLYHU� KDV� EHHQ� VXEMHFWHG� WR� WHVWV� WKDW
LQFOXGH�RXW��RI�EDQG�DQG� LQ�EDQG� �DGMDFHQW�FKDQQHO�
LQWHUIHUHUV�DQG�LPDJHU��7KH�UHVXOWLQJ�SHUIRUPDQFH� LV
VXPPDUL]HG�LQ�7DEOH����$OVR�WKH�RSWLPL]HG�EXLOGLQJ
EORFN�VSHFLILFDWLRQV�DUH�VKRZQ�LQ�7DEOH���

7DEOH����6XPPDU\�RI�PHDVXUHG�UHVXOWV�RI�UHFHLYHU�

&�, ���� G%
2YHUDOO�UHFHLYHU�*DLQ ����� G%
1) ��� G%
%(5 ����

,PDJH�5HMHFWLRQ ¡�� G%

,Q� )LJ�� �� WKH� FDSDELOLW\� RI� WKH� UHFHLYHU� WR� UHMHFW
JUDGXDOO\�DQ�DGMDFHQW�FKDQQHO�LQWHUIHUHU�RI�±���G%P
DW� ���� N+]� RIIVHW� IURP� WKH� ±��� G%P� *06.
PRGXODWHG� XVHIXO� VLJQDO� LV� SUHVHQWHG�� NHHSLQJ� � WKH
&�,�FULWHULRQ�ZHOO�DERYH�WKH����G%�
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)LJ�����$GMDFHQW�FKDQQ

$FFRUGLQJ� WR� WKH�VSHFLILFDWLR
LV� REYLRXV� WKDW� WKH� XVH� RI� PXOW
ILOWHUV� DQG� /1$V� LV� XQDYRLG
WXQDEOH� EDQGSDVV� ILOWHUV� DQG� Z
FDQ� EH� XVHG�� EXW� WKHLU� SHUIR
UHJDUGLQJ� WXQDELOLW\�� UHMHFWLRQ� I
UDQJH�

7KH� ,,3�� RI� ±�� G%P� JXDUD
UHPDLQV� DERYH� ��� G%�� DOWKRXJK�
DSSUR[LPDWHO\� ���� G%� RI� FRPSU
&RQVHTXHQWO\�IXUWKHU�UHGXFWLRQ�R
G%P��E\�XVLQJ�QRQ�PDWFKHG�ILJX
�� *DLQOQD�� SURGXFH� IXUWKHU� JDLQ�
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�,5�PL[HU

LJQDO�DIWHU
KH�VHFRQG
)�ILOWHU
$GMDFHQW

FKDQQHO
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HO�WHVW�UHVXOWV

QV� WDEOHV���DQG���� LW
LSOH� GHGLFDWHG� KHDG
DEOH�� $OWHUQDWLYHO\�
LGH�EDQG� DPSOLILHUV
UPDQFH� LV� OLPLWWHG
DFWRUV� DQG� G\QDPLF

QWHHV� WKDW� WKH� &�,
WKLV� ILJXUH� LPSRVHV
HVVLRQ� LQ� WKH� /1$�
I�WKH�PL[HU¶V�,,3����
UHV��,,3�PL[HU�Í�,,3�OQD

FRPSUHVVLRQ� RI� ���



G%�� 7KLV� JXDUDQWHH� D� IHDVLEOH� OLQHDULW\� UHTXLUHPHQW
IRU� WKH� DFWLYH�PL[HU� ZKLOH� VLPXOWDQHRXVO\� GRHV� QRW
KDYH� D� EDG� LPSDFW� RQ� WKH� RYHUDOO� UHFHLYHU
SHUIRUPDQFH�

7DEOH����2SWLPL]HG�EXLOGLQJ�EORFN�VSHFLILFDWLRQV�
%% 3DUDPHWHU 9DOXH 8QLW
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