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$EVWUDFW�
7KLV� SDSHU� SURSRVHV� DQ� DSSURDFK� LQ� JKRVW�
FDQFHOODWLRQ� IRU� WHOHYLVLRQ� VLJQDOV� E\� ]�GRPDLQ�
DQDO\VLV��=�GRPDLQ�DQDO\VLV�HVWLPDWHV�WKH�]HURV�WKDW�
ZHUH� DGGHG� E\� WKH� FKDQQHO�� )LUVW� WKH� ]�GRPDLQ�
FKDUDFWHULVWLFV� IRU� GLIIHUHQW� PXOWLSDWK� FKDQQHOV� DUH�
H[DPLQHG�� 3RVW�JKRVWV� JLYH� ]HURV� LQVLGH� WKH� XQLW�
FLUFOH�� ZKLOH� SUH�JKRVWV� UHVXOW� LQ� ]HURV� RXWVLGH� WKH�
XQLW� FLUFOH�� )URP� WKLV� WKH� LPSOLFDWLRQV� WKDW� WKH� ]�
GRPDLQ�FKDUDFWHULVWLFV�RI�WKH�FKDQQHO�KDYH�RQ�JKRVW�
FDQFHOODWLRQV�DUH�RXWOLQHG��7KH�]HURV�LQVLGH�WKH�XQLW�
FLUFOH� PD\� EH� FDQFHOOHG� GLUHFWO\� E\� SODFLQJ� WKH�
SROHV� RI� DQ� ,,5� ILOWHU� LQ� WKH� VDPH� ORFDWLRQV�� 7KH�
]HURV� RXWVLGH� WKH� XQLW� FLUFOH� UHVXOWLQJ� IURP� SUH�
JKRVWV� PXVW� EH� FRUUHFWHG� E\� XVLQJ� D� ),5� ILOWHU��
6HYHUDO� WHFKQLTXHV� RI� HVWLPDWLQJ� WKH� FKDQQHO�
FKDUDFWHULVWLFV�IURP�WKH�]�GRPDLQ�FKDUDFWHULVWLFV�DUH�
GHVFULEHG�� 7KH� FKDQQHO� HVWLPDWLRQ� FDQ� EH� GRQH�
ZLWKRXW�DQ\�VSHFLDO�UHIHUHQFH�VLJQDO�WUDQVPLWWHG�IRU�
WKLV� SXUSRVH�� +RZHYHU� WKH� HVWLPDWHV� DUH� PRUH�
UHOLDEOH� ZLWK� D� NQRZQ� DYDLODEOH� VLJQDO�� VXFK� DV�
KRUL]RQWDO� V\QFKURQLVDWLRQ� VLJQDO�� $� EOLQG� FKDQQHO�
FKDUDFWHULVDWLRQ�PHWKRG�EDVHG�RQ�PDWFKLQJ�]HURV�LV�
SURSRVHG�� +RZHYHU� WKLV� QHZ� DSSURDFK� LV� TXLWH�
VHQVLWLYH� WR�ERWK�QRLVH�DQG�URXQGLQJ�HUURUV��7KH�]�
GRPDLQ�DQDO\VLV�SHUIRUPHG�KHUH�FDQ�DOVR�EH�DSSOLHG�
WR�RWKHU�PXOWLSDWK�SURSDJDWLRQ�SUREOHPV��
���,QWURGXFWLRQ�
$W� WKH� IUHTXHQFLHV� XVHG� IRU� WHOHYLVLRQ� EURDGFDVW��
UDGLR� VLJQDOV� WUDYHO� LQ� VWUDLJKW� OLQHV�� ,Q� DGGLWLRQ� WR�
WKH� GLUHFW� SDWK� EHWZHHQ� WKH� WUDQVPLWWLQJ� DQWHQQD�
DQG�WKH�UHFHLYLQJ�DQWHQQD��WKH�VDPH�VLJQDO�DOVR�FDQ�
UHDFK� WKH� UHFHLYHU� YLD� UHIOHFWLRQV� RII� QHDUE\�
EXLOGLQJV�DQG�RWKHU�REMHFWV��8QGHU�VXFK�FRQGLWLRQV��
WKH� UHFHLYHU�ZLOO� VKRZ�PXOWLSOH� LPDJHV� ±� D� VWURQJ��
PDLQ� LPDJH� DQG� ZHDNHU� VKLIWHG� LPDJHV� IURP� WKH�
HFKRHV�� 7KHVH� PXOWLSOH� LPDJHV� DUH� FDOOHG� µJKRVWV¶�
EHFDXVH� WKH\� KDYH� WKH� VDPH� LQIRUPDWLRQ� EXW� RIIVHW�
LQ� WLPH�� JLYLQJ� WKH� DSSHDUDQFH� RI� D� JKRVW�� *KRVWV�
VHYHUHO\� GLVWUDFW� WHOHYLVLRQ� YLHZLQJ�� 7KH�
SURSDJDWLRQ� SDWKV� WR� HDFK� UHFHLYHU� KDYH� GLIIHUHQW�
FKDUDFWHULVWLFV� VR� WKH� RQO\� SUDFWLFDO� VROXWLRQ� WR�

JKRVW�UHGXFWLRQ�RQ�WKH�ILQDO�GLVSOD\�LV�WR�SURFHVV�WKH�
VLJQDO� DW� WKH� UHFHLYHU�� *KRVW� UHGXFWLRQ� FDQ� EH�
DFKLHYHG�E\�FKDUDFWHUL]LQJ�WKH�SURSDJDWLRQ�FKDQQHO�
IRU� WKDW� YLHZHU�� $OWKRXJK� WKH� FKDQQHO�
FKDUDFWHULVWLFV� XVXDOO\� YDU\� VORZO\� ZLWK� WLPH�� WKH\�
FDQ� EH� WUHDWHG� DV� WLPH� LQYDULDQW� IURP� IUDPH� WR�
IUDPH��+HQFH�DQ�DGDSWLYH�GLJLWDO� ILOWHU� FDQ�EH�XVHG�
IRU� WKH� HTXDOLVDWLRQ� ZLWK� WKH� ILOWHU� SDUDPHWHUV�
FKDQJHG�G\QDPLFDOO\�DFFRUGLQJ�WR�WKH�YDULDWLRQV�RI�
WKH�SURSDJDWLRQ�FKDQQHO��
*KRVWV� PD\� DOVR� DSSHDU� LQ� FDEOH� WHOHYLVLRQ� HLWKHU�
WKURXJK� LPSHGDQFH� PLVPDWFKHV�� RU� DV� D� UHVXOW� RI�
GLIIHUHQW� PRGHV� RI� SURSDJDWLRQ� ZLWKLQ� WKH� FDEOH��
:KLOH�WKH�FDXVHV�PD\�EH�GLIIHUHQW��WKH�HIIHFW�RQ�WKH�
YLHZHG�LPDJH�LV�VLPLODU��
���&KDQQHO�FKDUDFWHULVDWLRQ�WHFKQLTXHV�
6HYHUDO� WHFKQLTXHV� KDYH� EHHQ� GHYHORSHG� E\�
UHVHDUFKHUV� WR� PLWLJDWH� JKRVWLQJ� LQ� PXOWLSDWK�
WHOHYLVLRQ�VLJQDOV��
.RPL\D� >�@� SURSRVHG� DQ� DGDSWLYH� JKRVW� UHGXFWLRQ�
V\VWHP� FRQVLVWLQJ� RI� D� FDVFDGHG� JKRVW� UHGXFWLRQ�
ILOWHU� DQG� JKRVW� UHSURGXFWLRQ� ILOWHU�� 7KH� V\VWHP�
IXQFWLRQV� DV� D� EOLQG� GHFRQYROXWLRQ� V\VWHP� DQG� WR�
VDWLVI\� WKH�UHFLSURFLW\�RI�WUDQVIHU�IXQFWLRQV�RI�WKHVH�
WZR�ILOWHUV��DGDSWLYH�SURFHVV�IRUFH�WKH�V\VWHP�RXWSXW�
ZDYHIRUPV�WR�FRLQFLGH�ZLWK�WKH�LQSXW�ZDYHIRUPV��
.RXDP� HW� DO� >�@� GHYHORSHG� D� PHWKRG� FDSDEOH� RI�
HTXDOLVLQJ� ORQJ� GHOD\V� E\� D� PHWKRG� RI� ILOWHULQJ� LQ�
WKH� IUHTXHQF\� GRPDLQ� XVLQJ� VPDOO� ))7V�
LPSOHPHQWHG� E\�PHDQV� RI� D� GHFLPDWLRQ� WHFKQLTXH��
7KLV� WHFKQLTXH�PDNHV� XVH� RI� WHPSRUDO�ZLQGRZLQJ��
IUHTXHQF\�VXE�VDPSOLQJ��DQG�DXWRPDWLF�VHOHFWLRQ�RI�
WKH� QXPEHU� RI� ILOWHUV� UHTXLUHG��:LWK� WKLV� WHFKQLTXH�
LW� LV� SRVVLEOH� WR� FRUUHFW� HFKRHV� HYHQ� DW� KLJK�
VDPSOLQJ�IUHTXHQFLHV��
*UHHQEHUJ� >�@� GHVFULEHV� JKRVW� FDQFHOODWLRQ�XVLQJ� D�
VWDQGDUG�JKRVW�FDQFHOODWLRQ�UHIHUHQFH��*&5��VLJQDO��
7KH�*&5� VLJQDO� FRQVLVWV� RI� D� IUHTXHQF\� VZHHS� RU�
FKLUS� RI� FRQVWDQW� DPSOLWXGH�� 7KLV� PD[LPLVHV� WKH�
HQHUJ\� ZLWKLQ� WKH� VLJQDO� ZKLOH� SURYLGLQJ� D� IODW�
IUHTXHQF\� VSHFWUXP� ZLWKLQ� WKH� EDQGZLGWK� RI�
LQWHUHVW� �'&� WR� ��0+]� IRU� 3$/� DQG� ����0+]� IRU�
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176&��� 7KH� FKLUS� DOVR� KDV� WKH� SURSHUW\� WKDW� LWV�
DXWRFRUUHODWLRQ� IXQFWLRQ� LV� D� QDUURZ� VLQF� IXQFWLRQ��
HQDEOLQJ� WKH� FKDQQHO� LPSXOVH� UHVSRQVH� WR� EH�
REWDLQHG� E\� FRUUHODWLRQ� ZLWK� D� UHIHUHQFH� VLJQDO� DW�
WKH�UHFHLYHU��
7KHUH�DUH���ZRUOG�VWDQGDUGV�>�@�IRU�WKH�*&5�VLJQDO��
WKH� VSHFLILFDWLRQV� IRU� ZKLFK� DUH� ODLG� GRZQ� LQ� WKH�
,78�5� UHFRPPHQGDWLRQV� >�@�� 7HOHYLVLRQ� EURDGFDVW�
VHUYLFHV� XVH� D� VWDQGDUG� *&5� VLJQDO�� WUDQVPLWWHG�
GXULQJ� WKH� YHUWLFDO� EODQNLQJ� LQWHUYDO�� $� WHOHYLVLRQ�
UHFHLYHU� HTXLSSHG� ZLWK� D� *&5� GHFRGHU� XVHV� WKH�
UHIHUHQFH� VLJQDO� WR� FKDUDFWHULVH� WKH� FKDQQHO� DQG�
LPSOHPHQW�D�FRPSHQVDWLRQ�ILOWHU��
:DQJ� HW� DO� >�@� SURSRVH� D� IUHTXHQF\� GRPDLQ�
RSWLPLVDWLRQ� WHFKQLTXH�ZKHUH� D� IUHTXHQF\� GLYLVLRQ�
DOJRULWKP� KDV� EHHQ� PRGLILHG�� 7KLV� DSSURDFK� KDV�
VHYHUDO�GUDZ�EDFNV� VXFK�DV�D� ODUJH�QXPEHU�RI�))7�
DQG�LQYHUVH�))7�RSHUDWLRQV�DUH�UHTXLUHG�WR�FDOFXODWH�
WKH�ILOWHUV��DQG�WKH�UHVXOWV�ZLWK�IUHTXHQF\�GLYLVLRQ�LV�
QRW� UHOLDEOH� XQGHU� KLJK� QRLVH� DQG� ODUJH� JKRVW�
FRQGLWLRQV��
���$QDO\VLV�LQ�WKH�]�GRPDLQ��
7KLV� VHFWLRQ� FRQVLGHUV� WKH� HIIHFWV� RI� WKH� FKDQQHO�
�LQFOXGLQJ� JKRVWV�� LQ� WKH� ]�GRPDLQ�� )LUVW� WKH� ]�
GRPDLQ� FKDUDFWHULVWLFV� RI� WKH� FKDQQHO� DUH�
LQYHVWLJDWHG��6HFRQG��WKH�LPSOLFDWLRQV�WKHVH�KDYH�RQ�
JKRVW� FDQFHOODWLRQ� DUH� GLVFXVVHG�� )LQDOO\�� VHYHUDO�
WHFKQLTXHV�RI�HVWLPDWLQJ� WKH�FKDQQHO�FKDUDFWHULVWLFV�
IURP�WKH�]�GRPDLQ�DUH�SURSRVHG��
:KLOH� WKH� GHWDLOV� JLYHQ� KHUH� UHODWH� GLUHFWO\� WR�
JKRVWLQJ� LQ� WHOHYLVLRQ�VLJQDOV��PXFK�RI� WKH�DQDO\VLV�
LV� DOVR� DSSOLFDEOH� WR� RWKHU� PXOWLSDWK� SURSDJDWLRQ�
SUREOHPV��
����&KDQQHO�FKDUDFWHULVWLFV��
$ ]�GRPDLQ� DQDO\VLV� LPSOLFLWO\� DVVXPHV� WKDW� WKH�
FKDQQHO� LV� D� OLQHDU� WLPH� LQYDULDQW� �/7,�� V\VWHP��
:KLOH� WKLV� LV� QRW� VWULFWO\� FRUUHFW�� WKH� FKDQQHO�
FKDUDFWHULVWLFV� FKDQJH� VXIILFLHQWO\� VORZO\� WKDW� D�
OLQHDU� DQDO\VLV� SURYLGHV� D� XVHIXO� DSSUR[LPDWLRQ��
7KH� FKDQQHO� HIIHFWLYHO\� EHKDYHV� DV� D� ILOWHU�� DV�
VKRZQ�LQ�ILJXUH����

�)LJXUH��� 7KH�FKDQQHO�DV�D�ILOWHU��
7KH� HIIHFW� RI� PXOWLSDWK� HFKRHV� LV� WR� JLYH� WKH�
FKDQQHO� DQ� LPSXOVH� UHVSRQVH�RI� WKH� IRUP� VKRZQ� LQ�
ILJXUH����
:H�GHILQH�WKH�PDLQ�VLJQDO�WR�EH�WKH�VWURQJHVW�VLJQDO�
FRPSRQHQW�� 7KLV� LV� XVXDOO\� WKH� GLUHFW� VLJQDO��
DOWKRXJK� LQ� IULQJH� DUHDV�� HVSHFLDOO\� ZLWK� LUUHJXODU�

WHUUDLQ�� RQH� RI� WKH� UHIOHFWHG� VLJQDOV� PD\� EH� PXFK�
VWURQJHU�WKDQ�WKH�GLUHFW�VLJQDO��(DFK�DGGLWLRQDO�SDWK�
WR� WKH� UHFHLYHU�� UHVXOWLQJ� IURP� UHIOHFWLRQV� RII�
EXLOGLQJV� RU� RWKHU� REMHFWV�� FRQWULEXWHV� DQ� H[WUD�
LPSXOVH�LQ�WKH�LPSXOVH�UHVSRQVH��7KHVH�JKRVWV�KDYH�
ORZHU� DPSOLWXGH� WKDQ� WKH� PDLQ� VLJQDO� EHFDXVH� RI�
ORVVHV� DVVRFLDWHG� ZLWK� WKH� UHIOHFWLRQ� DQG� H[WUD�
SURSDJDWLRQ� GLVWDQFH�� ,Q� VRPH� FLUFXPVWDQFHV� �IRU�
H[DPSOH�LQ�FDEOH�WHOHYLVLRQ�RU�ZKHQ�WKH�PDLQ�VLJQDO�
LV� QRW� WKH� GLUHFW� VLJQDO�� WKHUH�PD\� EH� RQH� RU�PRUH�
SUH�JKRVWV��

)LJXUH����,PSXOVH�UHVSRQVH�RI�D�PXOWLSDWK�FKDQQHO��
7KH�FKDQQHO�WKHUHIRUH�FDQ�EH�FRQVLGHUHG�DV�D�ILQLWH�
LPSXOVH� UHVSRQVH� �),5�� ILOWHU� EHFDXVH� RI� LWV� ILQLWH�
H[WHQW�� DQG� LVRODWHG� LPSXOVHV�� ,W� LV� QHFHVVDU\� WR�
XQGHUVWDQG� WKH� FKDUDFWHULVWLFV�RI� WKLV� ILOWHU� LQ�RUGHU�
WR�GHYHORS�D�FRPSHQVDWLRQ�ILOWHU���
)LUVW�� OHW� XV�FRQVLGHU�D� VLQJOH�JKRVW�ZLWK�DPSOLWXGH�
RI� ���� UHODWLYH� WR� WKH� PDLQ� VLJQDO� DQG� GHOD\HG� E\�
RQH� VDPSOH�� DV� GHSLFWHG� LQ� ILJXUH� �D�� ,Q� WKH� ]�
GRPDLQ��ILJXUH��E��WKH�JKRVW�UHVXOWV�LQ�D�VLQJOH�]HUR�
DW�]� �������

)LJXUH��� �D��,PSXOVH�UHVSRQVH�RI�D�FKDQQHO�ZLWK�D�VLQJOH�SRVW�JKRVW�ZLWK�DPSOLWXGH�RI�������E��7KH�SROH�]HUR�SORW�IRU�WKLV�FKDQQHO��
,Q� JHQHUDO�� WKH�SRVLWLRQ�RI� WKH�]HUR�ZLOO�GHSHQG�RQ�
WKH�DPSOLWXGH�RI�WKH�JKRVW��,I�WKH�FKDQQHO�LV�

�� � �+ ] D]−= + � ����

&KDQQHO�+�]��
7UDQVPLWWHG�VLJQDO� 5HFHLYHG�VLJQDO



7KHQ�WKH�]HUR�ZLOO�EH�ORFDWHG�DW�]� ��D��
7KLV�LV�DQ�RYHU�VLPSOLILFDWLRQ��7KHUH�ZLOO�XVXDOO\�EH�
D� VLJQLILFDQW� WLPH� GHOD\� EHWZHHQ� WKH� PDLQ� VLJQDO�
DQG�DQ\�JKRVW��VR�WKH�JKRVW�ZLOO�VHOGRP�RFFXU�LQ�WKH�
VXEVHTXHQW� VDPSOH�� 7R� LOOXVWUDWH� WKH� HIIHFW� RI� VXFK�
GHOD\�� ILJXUH��� VKRZV� WKH� VDPH�JKRVW�GHOD\HG�E\���
VDPSOHV��

�

�)LJXUH�����D��$�FKDQQHO�ZLWK�D�VLQJOH�SRVW�JKRVW�GHOD\HG�E\���VDPSOHV���E��7KH�FRUUHVSRQGLQJ�SROH�]HUR�SORW��
$V�WKH�FKDQQHO�LV�QRZ�D��WK�RUGHU�V\VWHP��

�� � �+ ] D]−= + � ����
7KHUH� ZLOO� EH� �� ]HURV� LQ� WKH� ]�GRPDLQ�� 7KHLU�
ORFDWLRQV�DUH�DW��

� �� �] D= − � ����
7KLV�KDV�WKH�]HURV�VSDFHG�DW�HTXDO�DQJOHV�DQG�DW�WKH�
VDPH� GLVWDQFH� IURP� WKH� RULJLQ�� )RU� D� JLYHQ� JKRVW�
DPSOLWXGH�� WKH�PRUH� WKH�JKRVW� LV�GHOD\HG�� WKH�PRUH�
]HURV�DUH� LQWURGXFHG��DQG�WKH�FORVHU�WKH\�ZLOO�EH�WR�
WKH�XQLW�FLUFOH��6LPLODUO\��WKH�ODUJHU�WKH�DPSOLWXGH�RI�
WKH� JKRVW�� WKH� FORVHU� WKH� ]HURV� ZLOO� EH� WR� WKH� XQLW�
FLUFOH��
:KHQ� WKH� FKDQQHO� KDV� PXOWLSOH� SRVW�JKRVWV�� WKH�
QXPEHU� RI� ]HURV� LQ� WKH� V\VWHP� GHSHQGV� RQ� WKH�
ORQJHVW�GHOD\��7KLV�LV�LOOXVWUDWHG�LQ�ILJXUH����
:LWK� PXOWLSOH� JKRVWV�� WKH� ]HURV� DUH� QRW� DOO� DW� WKH�
VDPH�UDGLXV�RU�HTXDOO\�VSDFHG��,I�RQH�RU�PRUH�RI�WKH�
JKRVWV� DUH� VLJQLILFDQWO\� ODUJH� WKHQ� RQH� RU� PRUH� RI�
WKH� ]HURV� PD\� PRYH� RXWVLGH� WKH� XQLW� FLUFOH��
+RZHYHU�� IRU� SRVW�JKRVWV� HQFRXQWHUHG� LQ� SUDFWLVH��
WKH�JKRVW�DPSOLWXGH�ZLOO�GHFUHDVH�VLJQLILFDQWO\�ZLWK�
LQFUHDVHG� GHOD\�� DQG� DOO� RI� WKH� ]HURV� DUH� W\SLFDOO\�
LQVLGH�WKH�XQLW�FLUFOH�>�@���

�

�)LJXUH�����D��$�FKDQQHO�ZLWK�JKRVWV�GHOD\HG�E\���DQG����VDPSOHV���E��$�FKDQQHO�ZLWK�JKRVWV�GHOD\HG�E\���DQG����VDPSOHV��
$V� PHQWLRQHG� HDUOLHU�� LQ� VRPH� FLUFXPVWDQFHV� D�
JKRVW�PD\�DSSHDU�EHIRUH�WKH�PDLQ�VLJQDO�UDWKHU�WKDQ�
DIWHU�LW��7KH�HIIHFW�RI�WKLV�LV�VKRZQ�LQ�ILJXUH�����

�

�)LJXUH�����D��$�VLQJOH�SUH�JKRVW�FKDQQHO�RI�����DW������E��7KH�FRUUHVSRQGLQJ�SROH�]HUR�SORW��
7KH� HIIHFW� RI� JKRVWV� EHIRUH� WKH� PDLQ� VLJQDO� LV� WR�
SODFH� WKH� ]HURV� RXWVLGH� WKH� XQLW� FLUFOH�� 7KLV� LV�
EHFDXVH� WKH� VLJQDO� LV� LQFUHDVLQJ� LQ� DPSOLWXGH� ZLWK�
WLPH� UDWKHU� WKDQ� GHFUHDVLQJ�� $JDLQ�� WKH� QXPEHU� RI�
]HURV�GHSHQGV�RQ�WKH�SRVLWLRQ�RI�WKH�SUH�JKRVW��DQG�
WKH� UDGLXV� GHSHQGV� ERWK� RQ� WKH� SRVLWLRQ� DQG�
DPSOLWXGH���
:KHQ�SUH�JKRVWV�DQG�SRVW�JKRVWV�DUH�FRPELQHG��WKH�
]HURV� RXWVLGH� WKH� XQLW� FLUFOH� JHQHUDOO\� FRPH� IURP�
WKH� SUH�JKRVW�V�� DQG� WKRVH� LQVLGH� FRPH� IURP� WKH�
SRVW�JKRVWV�� 7KLV� LV� FOHDUO\� VHHQ� LQ� WKH� H[DPSOH� LQ�



ILJXUH����1RWH�WKDW�LW�LV�QRW�MXVW�VLPSOH�FRPELQLQJ�RI�
WKH�]HURV�RI�WKH�SUH��DQG�SRVW�JKRVW��$OO�RI�WKH�]HURV�
ZLOO� EH� SHUWXUEHG� E\� WKH� DGGLWLRQ� RI� DQRWKHU� JKRVW�
�HLWKHU�EHIRUH�RU�DIWHU�WKH�PDLQ�VLJQDO���

�

�)LJXUH�����D��$�0XOWLSDWK�FKDQQHO���E��$OO�]HURV�IURP�WKH�SRVW�JKRVWV�DUH�LQVLGH�WKH�XQLW�FLUFOH��DQG�WKRVH�IURP�WKH�SUH�JKRVWV�DUH�RXWVLGH��
:KLOH�WKH�QXPEHU�RI�]HURV�RXWVLGH�WKH�XQLW�FLUFOH�LV�
GHWHUPLQHG� SULPDULO\� E\� WKH� SRVLWLRQ� RI� WKH� SUH�
JKRVW��LW�LV�SRVVLEOH�WR�KDYH�DGGLWLRQDO�]HURV�RXWVLGH�
WKH�XQLW�FLUFOH�IURP�QHDU�SRVW�JKRVWV��SDUWLFXODUO\�LI�
WKH� SRVW�JKRVWV� KDYH� VLJQLILFDQW� DPSOLWXGH� WR�EULQJ�
RQH� RU�PRUH� ]HURV� FORVH� WR� WKH� XQLW� FLUFOH�� 7KLV� LV�
VKRZQ� LQ� ILJXUH� �� ZKHUH� DQ� DGGLWLRQDO� SRVW�JKRVW�
UHVXOWV� LQ� PRYLQJ� RQH� RI� WKH� ]HURV� RXWVLGH� RI� WKH�
XQLW�FLUFOH��

�

�)LJXUH�����D��$Q�DGGLWLRQDO�SRVW�JKRVW�ZLWK�DPSOLWXGH������DW�VDPSOH�����E��7KLV�SRVW�JKRVW�PRYHV�DQ�DGGLWLRQDO�]HUR�WR�RXWVLGH�XQLW�FLUFOH��

����,PSOLFDWLRQV�IRU�FRUUHFWLRQV�
*KRVW�DPSOLWXGHV�LQ�D�W\SLFDO�FKDQQHO�DUH�EHORZ����
G%� UHODWLYH� WR� WKH� PDLQ� VLJQDO�� 3UH�JKRVWV� PD\�
RFFXU�XS�WR����V�EHIRUH�WKH�PDLQ�VLJQDO��ZLWK�SRVW�
JKRVW� XS� WR� ����V� DIWHU� WKH�PDLQ� VLJQDO��:KHQ� WKH�
YLGHR�VLJQDO�LV�VDPSOHG�DW������0+]��JKRVWV�PD\�EH�
IRXQG�EHWZHHQ�VDPSOHV�����DQG�������
*KRVW� FRUUHFWLRQ� PD\� EH� DFFRPSOLVKHG� E\� D�
FRUUHFWLRQ� ILOWHU� DV� VKRZQ� LQ� ILJXUH� ��� ,GHDOO\� ZH�
UHTXLUH� � � � � �* ] + ] = � WR� FRPSOHWHO\� HOLPLQDWH� WKH�
HIIHFW�RI�PXOWLSDWK�UHIOHFWLRQV�ZLWKLQ�WKH�FKDQQHO��

�)LJXUH����&KDQQHO�FRUUHFWLRQ�XVLQJ�D�ILOWHU��
,GHDOO\�� ZKHQ� RQO\� SRVW�JKRVWV� DUH� SUHVHQW�� DOO� WKH�
]HURV�DUH�ZLWKLQ�WKH�XQLW�FLUFOH��,W�LV�WKHQ�SRVVLEOH�WR�
HTXDOLVH� WKH� FKDQQHO� E\�SODFLQJ� WKH�SROHV� RI� � �* ] �
RQ�]HURV�RI� � �+ ] �WR�FDQFHO�WKHP��WKXV�UHDOLVLQJ�WKH�
LQYHUVH� ILOWHU� RI� WKH� FKDQQHO� UHVSRQVH�� 6LQFH� DOO� RI�
WKH� SROHV� RI� WKH� LQYHUVH� ILOWHU� DUH� LQVLGH� WKH� XQLW�
FLUFOH�� WKLV� ZLOO� UHVXOW� LQ� D� VWDEOH� LQILQLWH� LPSXOVH�
UHVSRQVH��,,5��ILOWHU���
,I�WKH�FKDQQHO�UHVSRQVH�KDV�JKRVWV�ZLWK�DPSOLWXGH�Ji�ORFDWHG�DW�VDPSOH�Qi��WKH�FKDQQHO�FDQ�EH�UHSUHVHQWHG�DV��
� � � LQ
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7KH�FRUUHFWLRQ�ILOWHU�LV�WKHQ�JLYHQ�DV��
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7KHUHIRUH� WKH� ILOWHU� FRHIILFLHQWV� DUH� JLYHQ� GLUHFWO\�
IURP� WKH� VDPSOHG� LPSXOVH� UHVSRQVH�� ,I� WKH� JKRVW�
DPSOLWXGHV�DUH�VXIILFLHQWO\� ORZ�WKDW�DOO�RI�WKH�]HURV�
DUH�ZLWKLQ�WKH�XQLW�FLUFOH��ZKLFK�LV�XVXDOO\�WKH�FDVH��
WKH� ,,5� ILOWHU�PD\� EH� LPSOHPHQWHG� VDIHO\� XVLQJ� LWV�
GLUHFW� IRUP��7KLV� GRHV�QRW� HYHQ� UHTXLUH� IDFWRULVLQJ�
WKH�FKDQQHO�UHVSRQVH�WR�ORFDWH�WKH�]HURV���
:KHQ� WKH� FKDQQHO� LQWURGXFHV� SUH�JKRVWV�� WKH� VDPH�
FDQFHOODWLRQ� WHFKQLTXH� FDQ� QRW� EH� XVHG� GLUHFWO\��
6LQFH� D�SUH�JKRVW� LQWURGXFHV� ]HURV�RXWVLGH� WKH�XQLW�
FLUFOH�� WKH� UHVXOWLQJ� FDQFHOODWLRQ� ILOWHU� ZRXOG� KDYH�
SROHV�RXWVLGH�WKH�XQLW�FLUFOH��DQG�ZRXOG�WKHUHIRUH�EH�
XQVWDEOH��
3ROHV�RXWVLGH� WKH�XQLW� FLUFOH�FRUUHVSRQG� WR�D� VWDEOH�
LQILQLWH� DQWL�FDXVDO� VHTXHQFH��ZKLFK� LV� XQUHDOLVDEOH�
EHFDXVH�LW�LV�QRW�FDXVDO��+RZHYHU��WKH�VHTXHQFH�FDQ�
EH� WUXQFDWHG� �PDNLQJ� LW� ILQLWH�� DQG� WKHQ� GHOD\HG��
PDNLQJ� LW� FDXVDO�� 7KLV� SURFHVV� LV� LOOXVWUDWHG� LQ�
ILJXUH����IRU�WKH�SUH�JKRVW�VKRZQ�LQ�ILJXUH����:KHQ�
ERWK�SUH��DQG�SRVW�JKRVWV�DUH�SUHVHQW��WKH�FRUUHFWLRQ�

&KDQQHO�+�]��
&RUUHFWLRQ�ILOWHU�*�]��

5HFHLYHG�VLJQDO� &RUUHFWHGVLJQDO�7UDQVPLWWHG�VLJQDO�



ILOWHU� � �* ] �FDQ�EH�VSOLW�LQWR�WZR�FRPSRQHQWV��D�),5�
ILOWHU� WR� FDQFHO� WKH� SUH�JKRVW�� DQG� DQ� ,,5� ILOWHU� WR�
FDQFHO� WKH� SRVW�JKRVWV�� ,I� WKHUH� DUH� QR� QHDU� SRVW�
JKRVW�� WKH� ),5� ILOWHU� FDQ� EH� FDOFXODWHG� XVLQJ� RQO\�
WKH� SUH�JKRVWV�� 7KLV� LV� WKHQ� FRQYROYHG� ZLWK� WKH�
FKDQQHO� LPSXOVH� UHVSRQVH� WR� UHPRYH� WKH� SUH�JKRVW�
IURP�WKDW� UHVSRQVH��DQG�WKH�UHVXOWDQW�VLJQDO�XVHG�WR�
FDOFXODWH�WKH�,,5�ILOWHU���
:KHQ� WKHUH� DUH� QHDU� SRVW�JKRVWV�� WKH� SURFHVV� ZLOO�
QHHG� WR� EH� PRUH� FRPSOLFDWHG� EHFDXVH� WKH�
FRQYROXWLRQ� ZLOO� UHVXOW� LQ� IXUWKHU� LPSXOVHV� EHIRUH�
WKH� PDLQ� VLJQDO� FRPLQJ� IURP� WKH� QHDU� SRVW�JKRVW��
2QH� ZD\� DURXQG� WKLV� LV� WR� ILQG� WKH� URRWV� RI � �+ ] �
DQG� VHSDUDWH� WKH� ]HURV� LQVLGH� WKH� XQLW� FLUFOH� IURP�
WKRVH� RXWVLGH�� 7KHVH� FDQ� WKHQ� EH� XVHG�
LQGHSHQGHQWO\� IRU� GHYHORSLQJ� WKH� FRUUHVSRQGLQJ�
),5�DQG�,,5�FRPSHQVDWLRQ�ILOWHUV��7KLV�DSSURDFK�LV�
QRW� SDUWLFXODUO\� SUDFWLFDO� EHFDXVH� ILQGLQJ� WKH� URRWV�
RI� D� KLJKHU� RUGHU� SRO\QRPLDO� LV� QRW� WULYLDO�� DQG� LV�
YHU\� VXVFHSWLEOH� WR� URXQG�RII� HUURUV� ZKLOH�
SHUIRUPLQJ�WKH�FDOFXODWLRQV���
$Q� DOWHUQDWH� DSSURDFK� LV� WR� WDNH� WKH� SUH�JKRVW� DQG�
QHDU�SRVW�JKRVWV��ZLWKLQ����V��DQG�GHYHORS�WKH�),5�
ILOWHU� IRU� FDQFHOOLQJ� WKH� SUH�JKRVW� IURP� WKLV��:KLOH�
WKLV� VWLOO� LQYROYHV� IDFWRULVLQJ� D� SRO\QRPLDO�� WKLV� LV�
PRUH� SUDFWLFDO�� 2QFH� WKH� ),5� ILOWHU� KDV� EHHQ�
GHWHUPLQHG�� LW� FDQ�EH�FRQYROYHG�ZLWK� WKH�FRPSOHWH�
VLJQDO� DV�EHIRUH� WR�JLYH� WKH� ,,5�FRPSRQHQW��5DWKHU�
WKDQ� SHUIRUPLQJ� IDFWRULVDWLRQ�� WKH� ),5� ILOWHU� PD\�
DOVR� EH� GHYHORSHG� LWHUDWLYHO\�� IRU� H[DPSOH� XVLQJ�
DGDSWLYH�ILOWHU�DOJRULWKPV�>�@��
,I� WKH� FKDQQHO� LV� VXFK� WKDW� WKH� SRVW�JKRVWV� DUH�
VXIILFLHQWO\� ODUJH� WKDW� WKH\� UHVXOW� LQ� ]HURV� RQ� RU�
RXWVLGH� WKH�XQLW�FLUFOH��FDQFHOODWLRQ�LV�JHQHUDOO\�QRW�
SRVVLEOH��=HURV�RQ� WKH�XQLW�FLUFOH�ZLOO�UHVXOW� LQ�ORVV�
RI� LQIRUPDWLRQ� DW� WKH� FRUUHVSRQGLQJ� IUHTXHQF\� WKDW�
FDQQRW�EH� UHFRYHUHG��:KLOH�D�]HUR�RXWVLGH� WKH�XQLW�
FLUFOH�PD\�EH�FRPSHQVDWHG�IRU��WKLV�LV�JHQHUDOO\�QRW�
SUDFWLFDO��3ODFLQJ�D�SROH� MXVW�RXWVLGH� WKH�XQLW�FLUFOH�
ZLOO� UHTXLUH� D� YHU\� VORZO\� GHFD\LQJ� DQWL�FDXVDO�
VHTXHQFH�� &RQVHTXHQWO\�� D� ODUJH� QXPEHU� RI�
FRHIILFLHQWV� PXVW� EH� XVHG� IRU� WKH� JHQHUDWHG� ),5�
ILOWHU� WR� UHSUHVHQW� WKH� VHTXHQFH�ZLWK� DQ\� DFFXUDF\��
PDNLQJ� WKH� ILOWHU� WRR� ODUJH� IRU� SUDFWLFDO�
LPSOHPHQWDWLRQ��
����&KDUDFWHULVLQJ�WKH�FKDQQHO��
7KH� DQDO\VLV� LQ� WKH� SUHFHGLQJ� VHFWLRQ� DVVXPHV� WKDW�
WKH� FKDQQHO� LPSXOVH� UHVSRQVH� �RU� HTXLYDOHQWO\� WKH�
ORFDWLRQV�RI� WKH� ]HURV� LQ� WKH�]�GRPDLQ��DUH�NQRZQ��
7KLV�PD\�EH�GHWHUPLQHG� LQ�QXPEHU�RI�ZD\V�� HLWKHU�
GLUHFWO\�RU�LQGLUHFWO\��
7KH� GLUHFW� DSSURDFK� LV� WR� SHULRGLFDOO\� WUDQVPLW� DQ�
LPSXOVH� VLJQDO�� IRU� H[DPSOH� GXULQJ� WKH� YHUWLFDO�
EODQNLQJ� LQWHUYDO�� DQG� PHDVXULQJ� WKH� LPSXOVH�

UHVSRQVH� GLUHFWO\�� :KLOH� WKLV� JLYHV� WKH� LPSXOVH�
UHVSRQVH�GLUHFWO\��LW�LV�OLPLWHG�E\�KRZ�PXFK�HQHUJ\�
FDQ�EH�SODFH�ZLWKLQ�D�VLQJOH�LPSXOVH���
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�)LJXUH�����'HYHORSPHQW�RI�D�FRPSHQVDWLRQ�ILOWHU�IRU�D�SUH�JKRVW���D��'HVLUHG�SROH�ORFDWLRQV���E��&RUUHVSRQGLQJ��VWDEOH��LQILQLWH�DQWL�FDXVDO�VHTXHQFH���F��'HOD\HG�WUXQFDWHG�VHTXHQFH���G��,WV�FRUUHVSRQGLQJ�SROH�]HUR�SORW��
7KLV� DSSURDFK� PD\� EH� H[WHQGHG� E\� WUDQVPLWWLQJ�
RWKHU� NQRZQ� VLJQDOV�� DQG� GHFRQYROYLQJ� WKH�
UHVSRQVH� WR� FDOFXODWH� WKH� LPSXOVH� UHVSRQVH�� %HVW�
UHVXOWV� FDQ� EH� REWDLQHG� ZKHQ� WKH� LQSXW� VLJQDO� KDV�
FRPSRQHQWV� RYHU� WKH� IXOO� UDQJH� RI� IUHTXHQFLHV��
5DWKHU� WKDQ� XVH� GHGLFDWHG� VLJQDO�� WKH� OLQH�
V\QFKURQLVDWLRQ�SXOVH�PD\�EH�XVHG��:KLOH�QRW�LGHDO�
±�WKH�UHFWDQJXODU�SXOVH�KDV�D�VLQF�IUHTXHQF\�FRQWHQW�
ZLWK�QXOOV�±�LW�GRHV�KDYH�VLJQLILFDQWO\�KLJKHU�HQHUJ\�
WKDQ�D�VLQJOH�LPSXOVH��



,I� WKH� FKDQQHO� UHVSRQVH� WR� WKH� KRUL]RQWDO�
V\QFKURQLVDWLRQ� SXOVH� LV� FRQVLGHUHG� LQ� WKH� ]�
GRPDLQ��WKHUH�DUH�WZR�FRPSRQHQWV��
� � � � � �< ] + ] ; ]= � ����

7KH� KRUL]RQWDO� V\QFKURQLVDWLRQ� SXOVH� LV� D� ILQLWH�
OHQJWK� VLJQDO�� VR� � �; ] � ZLOO� FRQVLVW� RQO\� RI� ]HURV�
�DOO�WKH�SROHV�DUH�DW�WKH�RULJLQ���$V�VKRZQ�LQ�VHFWLRQ�
����� � �+ ] �DOVR�FRQVLVWV�RQO\�RI�]HURV��6LQFH� � �< ] �
LV� WKH� SURGXFW� RI� WKH� WZR�� LW� ZLOO� GLUHFWO\� FRPELQH�
WKH� ]HURV�RI� WKH� WZR� FRPSRQHQWV��6LQFH� � �; ] � LV� D�
NQRZQ� VLJQDO��ZLWK� ]HURV� VLWWLQJ� RQ� WKH� XQLW� FLUFOH��
WKHVH� ]HURV� PD\� EH� HOLPLQDWHG� IURP� � �< ] � OHDYLQJ�
RQO\�WKRVH�IURP� � �+ ] ��,Q�WKH�FDVH�RI�WKH�KRUL]RQWDO�
V\QFKURQLVDWLRQ� VLJQDO�� WKLV� LV� VWUDLJKW� IRUZDUG� DV�
WKH�]HURV�RI� � �; ] �DOO�OLH�RQ�WKH�XQLW�FLUFOH��
)URP�D�]�GRPDLQ�DQDO\VLV��LI�WKH�]HURV�RI�WKH�VLJQDO�
DUH� ZHOO� VHSDUDWHG� IURP� WKRVH� RI� WKH� FKDQQHO�� WKH�
]HUR�ORFDWLRQV�PD\�EH�IRXQG�ZLWK�PRUH�FRQILGHQFH��
$V� DOO� RI� WKH� SRVW�JKRVW� ]HURV� DUH� FORVH� WR�� DQG�
LQVLGH�WKH�XQLW�FLUFOH��LI�WKH�]HURV�RI�WKH�WUDQVPLWWHG�
VLJQDO� DUH� RXWVLGH� WKH� XQLW� FLUFOH�� WKLV� SHUPLWV� HDV\�
LGHQWLILFDWLRQ� RI� WKH� ]HURV� DVVRFLDWHG� ZLWK� WKH�
FKDQQHO�� 2QH� VLJQDO� ZLWK� VXFK� FKDUDFWHULVWLFV� LV� D�
WUXQFDWHG� H[SRQHQWLDOO\� JURZLQJ� VHTXHQFH��
$QRWKHU��VLPSOHU��VLJQDO�LV�D�OLQHDU�UDPS��
7KHUH� LV� QRW� VXFK� SUREOHP� ZLWK� SUH�JKRVW� ]HURV�
VLQFH� WKH� SUH�JKRVW� LV� UHODWLYHO\� FORVH� WR� WKH� PDLQ�
VLJQDO� DQG� VXIILFLHQWO\� ORZ� LQ� DPSOLWXGH� WKDW� WKH�
]HURV�RXWVLGH�WKH�XQLW�FLUFOH�FDQ�EH�HDVLO\�LGHQWLILHG��
7KLV� DSSURDFK� PD\� EH� H[WHQGHG� WR� DFKLHYH� EOLQG�
FKDQQHO� FKDUDFWHULVDWLRQ�� :KHQ� DQ� DUELWUDU\� LQSXW�
VLJQDO� LV� DSSOLHG� WR� WKH� FKDQQHO�� DJDLQ� WKH�]HURV�RI�
WKH� VLJQDO� ZLOO� FRPELQH� ZLWK� WKH� ]HURV� RI� WKH�
FKDQQHO�� 7KLV� WLPH� WKH� ]HURV� DUH� QRW� DEOH� WR� EH�
VHSDUDWHG� EHFDXVH� WKH� LQSXW� VLJQDO� LV� XQNQRZQ��
+RZHYHU�� ZLWK� PXOWLSOH� LQGHSHQGHQW� LQSXW� VLJQDOV��
WKH�]HURV�DVVRFLDWHG�ZLWK�WKH�FKDQQHO�VKRXOG�UHPDLQ�
LQ� WKH� VDPH� ORFDWLRQV�� ZKHUHDV� WKH� ]HURV� IURP� WKH�
LQSXW� VLJQDOV� ZLOO� FKDQJH�� 7KH� DGYDQWDJH� RI� WKLV�
DSSURDFK� LV� WKDW� LW� UHTXLUHV� QR� DGGLWLRQDO�
LQIRUPDWLRQ� �� WKH�EURDGEDQG� WHOHYLVLRQ� VLJQDO� LWVHOI�
FDQ�EH�XVHG�WR�FKDUDFWHULVH�WKH�FKDQQHO��
:KLOH� WKLV� DSSURDFK� WR� EOLQG� FKDQQHO�
FKDUDFWHULVDWLRQ� ZRUNV� LQ� WKHRU\�� LW� LV� VXEMHFW� WR�
WKUHH� LPSRUWDQW� OLPLWDWLRQV�� )LUVW�� IRU� PRVW� ZLGH�
EDQG� WHOHYLVLRQ� VLJQDOV�� WKH� ]�WUDQVIRUP�RI� D� VLQJOH�
OLQH�RI�YLGHR�ZLOO� WHQG�WR�KDYH�]HURV�VSUHDG�DURXQG�
WKH�XQLW�FLUFOH��7KLV� LV�H[DFWO\�ZKHUH�FKDQQHO�]HURV�
DUH� DOVR� OLNHO\� WR� EH� IRXQG�� 6HFRQG�� ORFDWLQJ� WKH�
]HURV�RI� WKH�]�WUDQVIRUP�RI�D� OLQH�RI�YLGHR� LV�QRW�D�
VWUDLJKW� IRUZDUG� EHFDXVH� RI� WKH� KLJK� V\VWHP�RUGHU��
7KHUH�DUH� ODUJH�QXPEHU�RI�]HURV�VSUHDG�DURXQG� WKH�
XQLW� FLUFOH�� DQG� WKHLU� SUHFLVH� ORFDWLRQ� UHTXLUHV� KLJK�
SUHFLVLRQ� FDOFXODWLRQV�� 5RXQG�RII� HUURUV� UHVXOWLQJ�

IURP� OLPLWHG� SUHFLVLRQ� DULWKPHWLF� FDQ� VLJQLILFDQWO\�
SHUWXUE�WKH�]HURV��7KLUG��WKH�KLJKHU�WKH�RUGHU�RI�WKH�
V\VWHP��WKH�PRUH�VHQVLWLYH�WKH�]HUR�ORFDWLRQV�DUH�WR�
DQ\� QRLVH� WKDW� ZLOO� LQHYLWDEO\� EH� SUHVHQW� RQ� WKH�
UHFHLYHG�VLJQDO���
,Q� SUDFWLFH�� WKHVH� OLPLWDWLRQV� PHDQ� WKDW� WKLV� EOLQG�
FKDQQHO�FKDUDFWHULVDWLRQ�DSSURDFK�UHDOO\�RQO\�ZRUNV�
ZLWK� VKRUW� VLJQDOV� XQGHU� UHODWLYHO\� ORZ� QRLVH�
FRQGLWLRQV��
���&RQFOXVLRQV��
=�GRPDLQ� DQDO\VLV� FDQ� EH� XVHG� WR� FKDUDFWHULVH� WKH�
SURSDJDWLRQ� FKDQQHOV� IRU� EURDGFDVW� WHOHYLVLRQ�� ,W� LV�
VKRZQ� WKDW� D� FKDQQHO�PD\� EH� FRQVLGHUHG� DV� D� ),5�
V\VWHP�� )RU� FKDQQHOV� ZLWK� RQO\� SRVW�JKRVWV� LW� LV�
SRVVLEOH� WR� GHYLVH� DQ� HTXDOLVDWLRQ� ILOWHU� WKDW�
FRPSOHWHO\� FRUUHFWV� IRU� WKH� HIIHFWV� RI� WKH� FKDQQHO�
SURYLGHG� WKDW� WKH� ]HURV� IURP� WKH� FKDQQHO� DUH� DOO�
ZLWKLQ�WKH�XQLW�FLUFOH��:KHQ�SUH�JKRVWV�DUH�SUHVHQW��
DQ� H[DFW� VWDEOH� HTXDOLVDWLRQ� ILOWHU� LV� QRW� SRVVLEOH��
+RZHYHU�� DQ� DUELWUDULO\� FORVH� DSSUR[LPDWLRQ� PD\�
EH� GHULYHG� XVLQJ� D� FRPELQDWLRQ� RI� ),5� DQG� ,,5�
ILOWHUV��:H�KDYH�DOVR�VKRZQ�WKDW�LW�LV�SRVVLEOH�WR�XVH�
WKH� ORFDWLRQV� RI� ]HURV� WR� HVWLPDWH� WKH� FKDQQHO�
FKDUDFWHULVWLFV� ZLWKRXW� VHQGLQJ� NQRZQ� UHIHUHQFH�
VLJQDOV� VSHFLILFDOO\� WUDQVPLWWHG� IRU� JKRVW�
FDQFHOODWLRQ��
���5HIHUHQFHV���>�@� 1RULDNL� .RPL\D�� ³*KRVW� 5HGXFWLRQ� E\�5HSURGXFWLRQ´�� SS� ��������� ,(((�7UDQVDFWLRQV� RQ� &RQVXPHU� (OHFWURQLFV�� 9RO������QR�����$XJXVW�������>�@� 0�� 'MRNR� .RXDP�� -�� 3DOLFRW�� ³)UHTXHQF\�'RPDLQ� *KRVW� &DQFHOODWLRQ� 8VLQJ� 6PDOO�))7¶V´�� SS� ��������� ,(((� 7UDQVDFWLRQV� RQ�&RQVXPHU�(OHFWURQLFV��9RO�� ���� QR�� ���$XJXVW�������>�@� &UDLJ� %�� *UHHQEHUJ�� ³*KRVW� &DQFHOODWLRQ�6\VWHP� IRU� WKH� 86� VWDQGDUG� *&5´�� SS� ��������� ,(((� 7UDQVDFWLRQV� RQ� &RQVXPHU�(OHFWURQLFV��9RO������QR�����1RYHPEHU�������>�@� 7LDQ�-��:DQJ��³)UHTXHQF\�'LYLVLRQ�$OJRULWKP�IRU� 0XOWL�3DWK� *KRVW� &DQFHOODWLRQ´�� SS� ��������� ,(((� 7UDQVDFWLRQV� RQ� &RQVXPHU�(OHFWURQLFV��9RO������QR�����1RYHPEHU�������>�@� ,78�5� %7�� ����� 5HFRPPHQGDWLRQ� RI� WKH�,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ��,78��5DGLR�VHFWRU��������>�@� $PDO�3XQFKLKHZD��³(YROYLQJ� WHFKQRORJLHV� IRU���VW� &HQWXU\´�� SS� ������� )ULHGULFK� (EHUW�6WLIWXQJ��6UL�/DQND����������
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