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)URP������WR�������YLYR�&RPPXQLFDWLRQV�5HVHDUFK�,QVWLWXWH�KDV�UHOHDVHG�WKUHH�ZKLWH�SDSHUV�RQ�
WKH�YLVLRQ�IRU��*�DQG�WKH�SRWHQWLDO�HQDEOLQJ�WHFKQRORJLHV��LQFOXGLQJ��'LJLWDO�/LIH�����������*�9LVLRQ��
5HTXLUHPHQWV��DQG�&KDOOHQJHV���DQG���*�6HUYLFHV��&DSDELOLWLHV��DQG�(QDEOLQJ�7HFKQRORJLHV��>���@��
7KLV�ZKLWH�SDSHU�IRFXVHV�RQ�RQH�RI�WKH�NH\�HQDEOHUV��WKH�,QWHJUDWHG�6HQVLQJ�DQG�&RPPXQLFDWLRQ�
�,6$&�� WHFKQRORJ\�� ,Q� SDUWLFXODU�� WKH� SDSHU� HODERUDWHV� RQ� WKH� GHŀQLWLRQ�� WKH� IHDVLELOLW\�� DQG� WKH�
V\VWHP�IUDPHZRUN�� WKHQ�IROORZHG�E\�WKH� LQWURGXFWLRQ�RI�VHYHUDO�NH\�WHFKQRORJLHV��H�J���ZDYHIRUP�
DQG�VLJQDO�GHVLJQ��PXOWL�EDQG�FROODERUDWLYH�VHQVLQJ��DQG�PXOWL�DQWHQQD�WHFKQRORJLHV��$ORQJ�ZLWK�
RXU�LQGXVWU\�SDUWQHUV��ZH�DUH�FRQWLQXRXVO\�FRQWULEXWLQJ�WR�WKH�WHFKQLFDO�GHYHORSPHQW�DQG�WKH�SURWR�
W\SH�YHULŀFDWLRQ�RI� ,6$&�� WRZDUGV�FRQVWUXFWLQJ�D� IUHHO\� FRQQHFWHG�GLJLWDO�DQG�SK\VLFDO� LQWHJUDWHG�
ZRUOG�IRU�������
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'HŀQLWLRQ�RI�,6$&
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'XH�WR�WKH�H[LVWHQFH�RI�VXUURXQGLQJ�REMHFWV�RU�WKH�HQYLURQPHQW��WKH�FKDUDFWHULVWLFV�RI�ZLUHOHVV�
VLJQDOV�ZLOO�EH�FKDQJHG�GXULQJ�SURSDJDWLRQ��VXFK�DV�DPSOLWXGH�DQG�SKDVH��7KHUHIRUH��WKH�UHFHLYHU�
FDQ�QRW�RQO\�REWDLQ�WKH�LQIRUPDWLRQ�FDUULHG�E\�WKH�VLJQDOV��EXW�DOVR�H[WUDFW�WKH�NQRZOHGJH�DERXW�WKH�
IHDWXUHV�RI�WKH�REMHFWV�RU�WKH�HQYLURQPHQW��,Q�RWKHU�ZRUGV��HOHFWURPDJQHWLF�ZDYHV�KDYH�DQ�LQKHUHQW�
VHQVLQJ�FDSDELOLW\�LQ�DGGLWLRQ�WR�WKHLU�DELOLW\�WR�WUDQVPLW�LQIRUPDWLRQ��&RQYHQWLRQDOO\��FRPPXQLFDWLRQ�
DQG�VHQVLQJ�V\VWHPV�ZHUH�VWXGLHG�VHSDUDWHO\�GXH�WR�WKHLU�GLłHUHQW�GHVLJQ�REMHFWLYHV��+RZHYHU��ERWK�
RI�WKHP�DFWXDOO\�DFTXLUH�DQG�WUDQVPLW�LQIRUPDWLRQ�EDVHG�RQ�WKH�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�HOHFWUR�
PDJQHWLF�ZDYHV��7KH\�VKDUH�PDQ\�VLPLODULWLHV� LQ�WKH�ZRUNLQJ�SULQFLSOHV��V\VWHP�DUFKLWHFWXUHV��DQG�
RSHUDWLQJ�IUHTXHQF\�EDQGV��+HQFH��LW�LV�SRVVLEOH�WR�UHGXFH�H[SHQGLWXUH�FRVWV�DQG�LPSURYH�VSHFWUXP�
XWLOL]DWLRQ� HŃFLHQF\� E\� LQWHJUDWLQJ� FRPPXQLFDWLRQ� DQG� VHQVLQJ� IXQFWLRQV� LQ� WKH� VDPH� V\VWHP�
WKURXJK�VKDUHG�VSHFWUXP��KDUGZDUH��DQG�VLJQDO��ZKLFK�LV�UHIHUUHG�WR�DV�,6$&�

$V�RQH�RI�WKH�KRW�WRSLFV�LQ��*�VWXGLHV��,6$&�KDV�EHHQ�ZLGHO\�UHFRJQL]HG�E\�RUJDQL]DWLRQV�VXFK�DV�
,QWHUQDWLRQDO� 7HOHFRPPXQLFDWLRQ� 8QLRQ��5DGLR� FRPPXQLFDWLRQ� 6HFWRU� �,78�5��� &KLQD� ,07������ ��*��
3URPRWLRQ�*URXS��1H[W�*�$OOLDQFH��(XURSHDQ�7HOHFRPPXQLFDWLRQV�6WDQGDUGV�,QVWLWXWH��(76,���+H[D�;��
,QVWLWXWH� RI� (OHFWULFDO� DQG� (OHFWURQLFV� (QJLQHHUV� �,(((��� DQG� WKH� �UG� *HQHUDWLRQ� 3DUWQHUVKLS� 3URMHFW�
��*33���,Q�WKH�UHFRPPHQGDWLRQ�RI��)UDPHZRUN�DQG�RYHUDOO�REMHFWLYHV�RI�WKH�IXWXUH�GHYHORSPHQW�RI�,07�
IRU������DQG�EH\RQG���>�@�E\�,78�5��,6$&�LV�UHFRJQL]HG�DV�RQH�RI�WKH�W\SLFDO�XVDJH�VFHQDULRV�RI��*��7KLV�
VFHQDULR�HQDEOHV��*�V\VWHPV�WR�VHQVH�DQG�DFTXLUH�VSDWLDO�LQIRUPDWLRQ�DERXW�ERWK�XQFRQQHFWHG�REMHFWV�
�VXFK�DV�KXPDQ�ERGLHV��DQG�FRQQHFWHG�GHYLFHV��VXFK�DV�PRELOH�SKRQHV���H�J��� WKH�PRYHPHQWV�DQG�
VXUURXQGLQJV�
���������,6$&�SURYLGHV�DQRWKHU�SURPLVLQJ�RSSRUWXQLW\�IRU�ZLUHOHVV�QHWZRUNV�DQG�LV�H[SHFWHG�WR�UDLVH�D�
ZLGH�UDQJH�RI�GLYHUVH�XVH�FDVHV�IRU�VHQVLQJ��)RU�H[DPSOH��LQ�LQWHOOLJHQW�WUDQVSRUWDWLRQ��,6$&�V\VWHPV�
FDQ�LGHQWLI\�HPHUJHQFLHV�E\�GHWHFWLQJ�YHKLFOH�SRVLWLRQ��YHORFLW\�DQG�SHGHVWULDQ�VWDWXV�IURP�D�JOREDO�
YLHZ��9HKLFOHV�FDQ�QRW�RQO\�EH�WKH�VHQVLQJ�WDUJHWV��EXW�DOVR�VHUYH�DV�GXDO�IXQFWLRQ�FRPPXQLFDWLRQ�
DQG� VHQVLQJ� QRGHV� WR� ZRUN� WRJHWKHU� ZLWK� URDGVLGH� ,6$&� EDVH� VWDWLRQV� �%6�� IRU� VLPXOWDQHRXVO\�
SHUIRUPLQJ�FRPPXQLFDWLRQ�WDVNV�DQG�VHQVLQJ�WKH�HQYLURQPHQW�� WKXV�DFKLHYLQJ�UHDO�WLPH�REVWDFOH�
DYRLGDQFH�� URXWH� VHOHFWLRQ�� GHWHFWLRQ� RI� HPHUJHQFLHV�� DQG� FRPSOLDQFH� ZLWK� WUDŃF� UHJXODWLRQV��
%HVLGHV�� ,6$&�V\VWHPV�FDQ�FRQGXFW� UHDO�WLPH� WUDŃF�VHQVLQJ� LQ�DOO�ZHDWKHU� FRQGLWLRQV�DQG�D�ZLGH�
FRYHUDJH�ZLWKRXW�DGGLWLRQDO�GHSOR\PHQW�FRVWV��ZKLFK�FDQ�HłHFWLYHO\�UHGXFH�VDIHW\�KD]DUGV�LQ�URDG�
WUDŃF�VFHQDULRV�
���������,6$&�FDQ�DOVR�SOD\�DQ�LPSRUWDQW�UROH�LQ�VPDUW�KRPH��VXFK�DV�SHUVRQDO�KHDOWK�PRQLWRULQJ�DQG�
KRPH�VHFXULW\�� 9LWDO� VLJQV� VXFK�DV� UHVSLUDWLRQ�DQG�KHDUW� UDWH�SURYLGH� LPSRUWDQW� FOXHV� IRU�PHGLFDO�
LVVXHV��%RG\�V\PSWRPV�VXFK�DV�UDSLG�EUHDWKLQJ�RU�EUHDWKLQJ�GLŃFXOWLHV�GXULQJ�VOHHS�DQG�DEQRUPDO�
KHDUW�UDWH�GXULQJ�DFWLYLW\�UHŁHFW�WKH�QRQ�KHDOWK\�FRQGLWLRQ�RI�WKH�ERG\��0RQLWRULQJ�YLWDO�VLJQV� LV�RI�
JUHDW�VLJQLŀFDQFH�IRU�SHUVRQDO�PHGLFDO�FDUH��7UDGLWLRQDO�FRQWDFW�EDVHG�GHWHFWLRQ�LV�ZLGHO\�XVHG�LQ�
KRVSLWDO�PRQLWRULQJ��EXW�LW�LV�QRW�VXLWDEOH�IRU�KRPH�XVH��EHFDXVH�RI�WKH�GLVFRPIRUW�GXULQJ�VOHHS�DQG�
WKH�H[SHQVLYH�VSHFLDOL]HG�HTXLSPHQW��%\�XVLQJ�,6$&��FKDUDFWHULVWLF�LQIRUPDWLRQ�DERXW�UHVSLUDWLRQ�RU�
KHDUW�UDWH�FDQ�EH�REWDLQHG�WKURXJK�ZLUHOHVV�VLJQDOV��,Q�DGGLWLRQ�WR�YLWDO�VLJQV��GDLO\�DFWLYLWLHV�VXFK�DV�
IDOOV�RI�WKH�HOGHUO\�RU�FKLOGUHQ�FDQ�DOVR�EH�FRQWLQXRXVO\�PRQLWRUHG�IRU�KRPH�VDIHW\��&RPSDUHG�ZLWK�
WUDGLWLRQDO�PHWKRGV�EDVHG�RQ�FDPHUDV�RU�ZHDUDEOH�GHYLFHV��,6$&�KDV�JUHDW�DGYDQWDJHV��VXFK�DV�QR�
QHHG�IRU�SK\VLFDO�FRQWDFW�� ORZ�FRVW��UREXVW�WR�OLQH�RI�VLJKW�FRQGLWLRQV�DQG�OLJKWLQJ�FRQGLWLRQV��DQG�
KLJK�SULYDF\�SUHVHUYDWLRQ�
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,Q�DGGLWLRQ�WR�WKH�VFHQDULRV�RI�LQWHOOLJHQW�WUDQVSRUWDWLRQ�DQG�VPDUW�KRPH��WKH�DSSOLFDWLRQ�RI�,6$&�
ZLOO�DOVR�FRYHU�RWKHU�DVSHFWV�RI� IXWXUH�VRFLDO� OLIH�� VXFK�DV� ORZ�DOWLWXGH�XQPDQQHG�DHULDO� YHKLFOHV��
LQGXVWULDO� DXWRPDWLRQ�� PHGLFDO� KHDOWK�� ZDUHKRXVLQJ� ORJLVWLFV�� VHFXULW\� PRQLWRULQJ�� DJULFXOWXUDO�
PHWHRURORJ\��OHLVXUH�DQG�HQWHUWDLQPHQW�>�@��

+LJK�VSHFWUDO�HŃFLHQF\$OO�ZHDWKHU :LGH�FRYHUDJH

)XUWKHUPRUH��VHQVLQJ�DVVLVWHG�FRPPXQLFDWLRQ�LV�DQRWKHU�LPSRUWDQW�VFHQDULR�>���@��6HQVLQJ�FDQ�
DFTXLUH�WKH�HQYLURQPHQWDO�LQIRUPDWLRQ�KHOSIXO�WR�FRPPXQLFDWLRQV��VXFK�DV�WKH�HQYLURQPHQW�LQIRU�
PDWLRQ�DQG�WKH�FRPPXQLFDWLRQ�QRGH�LQIRUPDWLRQ��:LWK�WKLV�KHOSIXO�LQIRUPDWLRQ��WKH�FRPPXQLFDWLRQ�
V\VWHPV� FDQ� DFKLHYH� HŃFLHQW� EHDP� PDQDJHPHQW�� LPSURYH� FKDQQHO� HVWLPDWLRQ� SHUIRUPDQFH��
UHGXFH� FKDQQHO�PHDVXUHPHQW� IHHGEDFN�RYHUKHDG��DQG�DGMXVW� VLJQDO� FRQŀJXUDWLRQ�DQG� UHVRXUFH�
DOORFDWLRQ�VWUDWHJLHV�

)LJ�������7KH�DSSOLFDWLRQ�RI�,6$&�LQ�LQWHOOLJHQW�WUDQVSRUWDWLRQ�DQG�VPDUW�KRPH�
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,6$&� KDV� WKH� IRXQGDWLRQV� LQ� WHUPV� RI� GHPDQG��
SULQFLSOHV��DQG�KDUGZDUH�FRQGLWLRQV��DQG�RłHUV�PDQ\�
EHQHŀWV��+RZHYHU�� WKHUH�VWLOO�H[LVW�GLłHUHQFHV� LQ� WHUPV�
RI�WKH�SHUIRUPDQFH�PHWULFV�DQG�VLJQDO�SURFHVVLQJ�ŁRZ��
&RPPXQLFDWLRQ�V\VWHPV�QHHG�WR�MRLQWO\�WUDQVPLW�PRGX�
ODWLRQ�V\PEROV�WKDW�FDUU\�LQIRUPDWLRQ�WRJHWKHU�ZLWK�SLORW�
V\PEROV�� 7KH� FKDQQHO� HVWLPDWLRQ� DOJRULWKPV� RQO\�
HVWLPDWH�WKH�FRPSRVLWH�FKDQQHO�ZLWK�D�OLPLWHG�QXPEHU�
RI� XQNQRZQ� SDUDPHWHUV�� ZLWK� D� IRFXV� RQ� GHFRGLQJ�
SHUIRUPDQFH�� L�H��� WKURXJKSXW� DQG� WUDQVPLVVLRQ�
UHOLDELOLW\�� ,Q�FRQWUDVW��VHQVLQJ�V\VWHPV�GR�QRW�QHHG�WR�
FRQVLGHU�LQIRUPDWLRQ�WUDQVPLVVLRQ�LVVXHV��DQG�W\SLFDOO\�
XVH� XQPRGXODWHG� WUDQVPLW� VLJQDOV�� 6HQVLQJ� V\VWHPV�
IRFXV�RQ�WKH�FKDQJHV�WKDW�VHQVLQJ�WDUJHWV�EULQJ�WR�WKH�
WUDQVPLW�VLJQDOV��ZLWK�WKH�RSWLPL]DWLRQ�JRDO�RI�LPSURY�
LQJ�SDUDPHWHU�HVWLPDWLRQ�DFFXUDF\�

��
)HDVLELOLW\�$QDO\VLV
RI�,6$&
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$V�PHQWLRQHG�HDUOLHU��,6$&�FDQ�EH�DFKLHYHG�WKURXJK�VKDUHG�VSHFWUXP��KDUGZDUH��DQG�VLJQDO��
7\SLFDO�UDGDU�V\VWHPV�ZRUN�LQ�IUHTXHQF\�EDQGV�VXFK�DV�6������*+]���&������*+]���;�������*+]���.X�
�������*+]���.D��������*+]���DQG�PLOOLPHWHU�ZDYH��VXFK�DV����*+]���:LWK�WKH�FRQWLQXRXV�HYROXWLRQ�
RI�PRELOH�FRPPXQLFDWLRQ�V\VWHPV��HDFK�QHZ�JHQHUDWLRQ�RI�PRELOH�FRPPXQLFDWLRQ�V\VWHPV�ZLOO�
EH�DOORFDWHG�QHZ�VSHFWUXP�UHVRXUFHV��7KH�RSHUDWLQJ�IUHTXHQF\�EDQGV�XVHG�IRU�FRPPXQLFDWLRQ�
DQG� WKRVH� IRU�VHQVLQJ�DUH� LQFUHDVLQJO\�RYHUODSSHG��1DWXUDOO\�� LW� LV�SRVVLEOH� IRU�FRPPXQLFDWLRQ�
DQG�VHQVLQJ�WR�VKDUH�VSHFWUXP�UHVRXUFHV��WKXV�LPSURYLQJ�VSHFWUXP�XWLOL]DWLRQ�

)URP� WKH� SHUVSHFWLYH� RI� WKH� WUDQVPLWWHU�� FRPPXQLFDWLRQ� DQG� VHQVLQJ� FDQ� VKDUH�PRGXOHV�
VXFK�DV�EDVHEDQG�VLJQDO�JHQHUDWLRQ��GLJLWDO�DQDORJ��'�$��FRQYHUVLRQ��5)�IURQW�HQG��DQG�WUDQV�
PLWWLQJ�DQWHQQD�DUUD\�� )URP� WKH�SHUVSHFWLYH� RI� WKH� UHFHLYHU�� FRPPXQLFDWLRQ�DQG� VHQVLQJ� FDQ�
VKDUH�WKH�UHFHLYLQJ�DQWHQQD�DUUD\��7R�UHGXFH�WKH�LPSDFW�RI�VHOI�LQWHUIHUHQFH��VHQVLQJ�V\VWHPV�FDQ�
DOVR�XVH�D�VHSDUDWH�UHFHLYLQJ�DQWHQQD�DUUD\�SK\VLFDOO\� LVRODWHG�IURP�WKH� WUDQVPLWWLQJ�DQWHQQD�
DUUD\� WR� UHFHLYH� WKH� HFKR� VLJQDO�� $GGLWLRQDOO\�� WKH� GDWD� SUHSURFHVVLQJ� SURFHVVHV� VXFK� DV�
GRZQ�FRQYHUVLRQ�� DQDORJ�GLJLWDO� �$�'�� FRQYHUVLRQ�� WLPH�IUHTXHQF\� V\QFKURQL]DWLRQ�� DQG�
WLPH�IUHTXHQF\�FRQYHUVLRQ�DW�WKH�UHFHLYLQJ�VWDJH�DUH�XVXDOO\�WKH�VDPH�IRU�ERWK�FRPPXQLFDWLRQ�
DQG�VHQVLQJ��&RPPXQLFDWLRQ�V\VWHPV�XVH�FKDQQHO�HVWLPDWLRQ�WR�REWDLQ�FKDQQHO�LQIRUPDWLRQ�IRU�
VXEVHTXHQW�HTXDOL]DWLRQ�SURFHVVLQJ��FRPSOHWLQJ�WKH�GHPRGXODWLRQ�DQG�GHFRGLQJ�SURFHVV��6HQV�
LQJ�V\VWHPV�XWLOL]H�FKDQQHO�LQIRUPDWLRQ�IRU�SDUDPHWHU�HVWLPDWLRQ�WR�REWDLQ�FRUUHVSRQGLQJ�VHQV�
LQJ�LQIRUPDWLRQ��$�W\SLFDO�VFKHPH�IRU�VKDULQJ�WKH�WUDQVPLWWHU�DQG�UHFHLYHU�PRGXOHV�EHWZHHQ�FRP�
PXQLFDWLRQ� DQG� VHQVLQJ� V\VWHPV� LV� VKRZQ� LQ� )LJ�� ����� 7KH� UHG� ER[� LQGLFDWHV� VHQVLQJ�VSHFLŀF�
SURFHVVLQJ�PRGXOHV�� WKH�EOXH�ER[� LQGLFDWHV� FRPPXQLFDWLRQ�VSHFLŀF�SURFHVVLQJ�PRGXOHV��DQG�
WKH�EODFN�ER[�LQGLFDWHV�SURFHVVLQJ�PRGXOHV�WKDW�FDQ�EH�VKDUHG�E\�ERWK�

)LJ�� ����� 6FKHPH� IRU�PRGXOHV� VKDULQJ� RI� WUDQVPLWWHU� DQG� UHFHLYHU� EHWZHHQ� FRPPXQLFDWLRQ� DQG�

VHQVLQJ�V\VWHPV�

����)HDVLELOLW\�RI�,6$&�'HVLJQ
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7KH�SHUIRUPDQFH�PHWULFV�RI� ,6$&�FDQ�EH�FDWHJRUL]HG�LQWR�FRPPXQLFDWLRQ�SHUIRUPDQFH�
PHWULFV�DQG�VHQVLQJ�SHUIRUPDQFH�PHWULFV��2Q�RQH�KDQG��FRPPXQLFDWLRQ�SHUIRUPDQFH�PHWULFV�
PDLQO\� FRQWDLQ� ELW� HUURU� UDWLR�� ODWHQF\�� GDWD� UDWH�� FRQQHFWLRQ� GHQVLW\�� VSHFWUXP� HŃFLHQF\��
HQHUJ\� HŃFLHQF\�� DQG� UHOLDELOLW\��2Q� WKH� RWKHU� KDQG�� VHQVLQJ�SHUIRUPDQFH�PHWULFV� FRQWDLQ�
VHQVLQJ�DFFXUDF\��VHQVLQJ�UHVROXWLRQ��VHQVLQJ�UDQJH��UHIUHVK�UDWH��DQG�VHUYLFH�ODWHQF\�>�@�

7KH�VHQVLQJ�SHUIRUPDQFH�RI�,6$&�V\VWHPV�LV�UHODWHG�WR�PXOWLSOH�IDFWRUV��VXFK�DV�RSHUDWLQJ�
IUHTXHQF\� EDQGV�� WUDQVPLWWLQJ� SRZHU�� KDUGZDUH� DUFKLWHFWXUH�� UHFHLYLQJ� SURFHVVLQJ� DOJR�
ULWKPV�� DQG� VLJQDO� UHVRXUFH� DOORFDWLRQ�� 7KH� UHODWLRQVKLS� EHWZHHQ� VHQVLQJ� VLJQDO� UHVRXUFH�
DOORFDWLRQ�DQG�FRUUHVSRQGLQJ�VHQVLQJ�SHUIRUPDQFH�LV�VKRZQ�LQ�7DEOH�����>�����@��7KH�WLPH��
IUHTXHQF\��DQG�VSDWLDO�UHVRXUFHV�RI�VHQVLQJ�VLJQDOV�GHWHUPLQH�WKH�V\VWHP
V�VHQVLQJ�SHUIRU�
PDQFH�LQ�GLPHQVLRQV�VXFK�DV�'RSSOHU��GHOD\��DQG�DQJOH��UHVSHFWLYHO\��7KH�EDQGZLGWK��FRKHU�
HQW�SURFHVVLQJ� WLPH�� DQG�DQWHQQD�DSHUWXUH�RI� VHQVLQJ� VLJQDOV�GHWHUPLQH� WKH� UHVROXWLRQ�RI�
UDQJH�� 'RSSOHU�� DQG� DQJOH��ZKLOH� WKH� VDPSOLQJ� LQWHUYDO� RI� VHQVLQJ� VLJQDOV� GHWHUPLQHV� WKH�
PD[LPXP�XQDPELJXRXV�VHQVLQJ�UDQJH��)RU�ELVWDWLF�VHQVLQJ��WKH�UDQJH�DQG�YHORFLW\�PHDVXUH�
PHQW�SHUIRUPDQFH�DUH�DOVR�UHODWHG�WR�WKH�JHRPHWULF�SRVLWLRQ�RI�WKH�UHFHLYLQJ�DQG�WUDQVPLWWLQJ�
HTXLSPHQW�DQG�WKH�VHQVLQJ�WDUJHW�

6HQVLQJ�V\VWHPV�FDQ�UHXVH�H[LVWLQJ�VLJQDOV� LQ�FRPPXQLFDWLRQ�V\VWHPV�>��@�� LQFOXGLQJ�YDULRXV�

UHIHUHQFH�VLJQDOV�XVHG�IRU�FKDQQHO�PHDVXUHPHQW�DQG�FKDQQHO�HVWLPDWLRQ��V\QFKURQL]DWLRQ�VLJQDOV��

DQG�FRPPXQLFDWLRQ�GDWD�VLJQDOV��HWF��,Q�DGGLWLRQ��QHZ�GHGLFDWHG�VHQVLQJ�VLJQDOV�FDQ�EH�GHVLJQHG�

IRU�GLłHUHQW�VHQVLQJ�VFHQDULRV�DQG�WUDQVPLWWHG�WRJHWKHU�ZLWK�FRPPXQLFDWLRQ�VLJQDOV�WKURXJK�WLPH�

GLYLVLRQ�PXOWLSOH[LQJ��IUHTXHQF\�GLYLVLRQ�PXOWLSOH[LQJ��VSDWLDO�GLYLVLRQ�PXOWLSOH[LQJ��HWF��

����3HUIRUPDQFH�$QDO\VLV�RI�,6$&
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)LJ�������7KH�JHRPHWU\�RI�PRQRVWDWLF�DQG�ELVWDWLF�VHQVLQJ�V\VWHPV

ҡDҢ�PRQRVWDWLF�VHQVLQJ ҡEҢ�ELVWDWLF�VHQVLQJ

4JHOBM�3FTPVSDF�"MMPDBUJPO 4FOTJOH�1FSGPSNBODF

6LJQDO�%DQGZLGWK�%
*KRG_�8KYUR[ZOUT

8GTMK�8KYUR[ZOUT��SUTUYZGZOI�YKTYOTM��

8GTMK�8KYUR[ZOUT��HOYZGZOI�YKTYOTM�

)UHTXHQF\�'RPDLQ�
6DPSOLQJ�,QWHUYDO�ɦI

&RKHUHQW�3URFHVVLQJ�7LPH�7I

7LPH�'RPDLQ�6DPSOLQJ�
,QWHUYDO�ɦ7

$QWHQQD�$SHUWXUH�'

$QWHQQD�(OHPHQW�6SDFLQJ�G

3DUDPHWHU�([SODQDWLRQ�
Ɔ�LV�WKH�ELVWDWLF�DQJOH�RI�ELVWDWLF�VHQVLQJ��DV�VKRZQ�LQ�)LJ������
Ƌ ��ZKHQ�WKH�WDUJHW
V�PRWLRQ�GLUHFWLRQ�LV�NQRZQ��HOVH�Ƌ �Ѷ
IF�LV�WKH�FDUULHU�IUHTXHQF\��Ə�LV�WKH�FDUULHU�ZDYHOHQJWK��
1�LV�WKH�QXPEHU�RI�DQWHQQD�HOHPHQWV��DQG�ƌ�LV�WKH�EHDP�GLUHFWLRQ�

1 BW'  

2R c B'  

� �2 cos 2R c B E'  

3G^OS[S�;TGSHOM[U[Y�*KRG_

3G^OS[S�;TGSHOM[U[Y�8GTMK��SUTUYZGZOI�YKTYOTM�

3G^OS[S�;TGSHOM[U[Y�8GTMK��HOYZGZOI�YKTYOTM��

max 1 fW  '

max 2R c f '

� �max 2 cos 2R c f E '

cosNdT O T'  

� �1
max sin 2dT O� r

E

TT

7DEOH������5HODWLRQVKLS�EHWZHHQ�6HQVLQJ�6LJQDO�5HVRXUFHV�DQG�6HQVLQJ�3HUIRUPDQFH

1d ff T'  

2 c fv c f T'  

� �2 cos 2c fv c f T E'  

*UVVRKX�8KYUR[ZOUT

<KRUIOZ_�8KYUR[ZOUT��SUTUYZGZOI�YKTYOTM�

<KRUIOZ_�8KYUR[ZOUT��HOYZGZOI�YKTYOTM�

,max 1df TK '

max 2 cv c f TK '

� �max 2 cos 2cv c f TK E '

3G^OS[S�;TGSHOM[U[Y�*UVVRKX

3G^OS[S�;TGSHOM[U[Y�<KRUIOZ_��SUTUYZGZOI�YKTYOTM�

3G^OS[S�;TGSHOM[U[Y�<KRUIOZ_��HOYZGZOI�YKTYOTM��

'TMRK�8KYUR[ZOUT

3G^OS[S�;TGSHOM[U[Y�'TMRK

08



7KH� VHQVLQJ� DFFXUDF\� JHQHUDOO\� GHSHQGV� RQ� WKH� VHQVLQJ� UHVROXWLRQ� DQG� WKH� VLJQDO�WR�QRLVH� UDWLR� �615�� RU�
VLJQDO�WR�LQWHUIHUHQFH�SOXV�QRLVH�UDWLR��6,15��RI�WKH�UHFHLYHG�VLJQDO�>��@��)LJ������VKRZV�WKH�VLPXODWLRQ�UHVXOWV�RI�WKH�
VHQVLQJ�6,15�IRU�PRQRVWDWLF�VHQVLQJ��L�H���WKH�EDVH�VWDWLRQ�VHQGV�DQG�UHFHLYHV�VHQVLQJ�VLJQDOV��DQG�ELVWDWLF�VHQVLQJ��
L�H���WKH�EDVH�VWDWLRQ�VHQGV�VHQVLQJ�VLJQDOV�DQG�WKH�XVHU�HTXLSPHQW��8(��UHFHLYHV�VHQVLQJ�VLJQDOV��LQ�WKH�XUEDQ�PLFUR�
�80L��VFHQDULR��7KH�VHQVLQJ�6,15�UHSUHVHQWV�WKH�UDWLR�RI�WKH�VLJQDO�SRZHU�RI�WKH�SDWK�V��RU�FOXVWHU�V��UHŁHFWHG�E\�WKH�
VHQVHG�WDUJHW�WR�WKH�LQWHUIHUHQFH�DQG�QRLVH��DQG�WKH�VLPXODWLRQ�FRQVLGHUV�FR�FKDQQHO�LQWHUIHUHQFH�IURP�RWKHU�FHOOV�
H[FHSW�IRU�WKH�WKUHH�VWURQJHVW�LQWHUIHULQJ�FHOOV��7KH�UDGDU�FURVV�VHFWLRQ��5&6��RI�YHKLFOHV�DQG�SHGHVWULDQV�DV�VHQVLQJ�
WDUJHWV�LV�DVVXPHG�WR�EH���Pt�DQG�����Pt��UHVSHFWLYHO\��)RU�ELVWDWLF�VHQVLQJ��LW�LV�DVVXPHG�WKDW�WKH�GLVWDQFH�EHWZHHQ�
WKH�VHQVLQJ�WDUJHW�DQG�WKH�8(�LV�QRW�ODUJHU�WKDQ����PHWHUV��7KH�IUHTXHQF\�GRPDLQ�VXEFDUULHU�VSDFLQJ�RI�WKH�VHQVLQJ�
VLJQDO�LV�����N+]��ZLWK�D�IUHTXHQF\�RI���*+]�DQG�D�EDQGZLGWK�RI�����0+]��)RU�KLJK�VSHHG�WDUJHWV�VXFK�DV�YHKLFOHV��
WKH�VLJQDO�WUDQVPLVVLRQ�SHULRG�LV�������PV�ZLWK�D�FRKHUHQW�SURFHVVLQJ�WLPH�RI����PV��IRU�ORZ�VSHHG�WDUJHWV�VXFK�DV�
SHGHVWULDQV��WKH�VLJQDO�WUDQVPLVVLRQ�SHULRG�LV������PV�ZLWK�D�FRKHUHQW�SURFHVVLQJ�WLPH�RI�����PV��8QGHU�WKH�WZR�
W\SLFDO� VLJQDO� UHVRXUFH� FRQŀJXUDWLRQV� PHQWLRQHG� DERYH�� XVLQJ� WZR�GLPHQVLRQDO� )RXULHU� WUDQVIRUP� IRU� VHQVLQJ�
VLJQDO�SURFHVVLQJ�FDQ�DFKLHYH�D�SURFHVVLQJ�JDLQ�RI�DSSUR[LPDWHO\����G%��3URFHVVLQJ�JDLQ�LV�FRQVLGHUHG�LQ�WKH�VHQV�
LQJ�6,15��6LPXODWLRQ�UHVXOWV�VKRZ�WKDW�GXH�WR�WKH�VKRUWHU�GLVWDQFH�EHWZHHQ�WKH�VHQVLQJ�UHFHLYLQJ�QRGH�DQG�WKH�VHQV�
LQJ�WDUJHW��ELVWDWLF�VHQVLQJ�FDQ�DFKLHYH�EHWWHU�VHQVLQJ�FRYHUDJH�SHUIRUPDQFH�WKDQ�PRQRVWDWLF�VHQVLQJ�LQ�PRELOH�
FHOOXODU�QHWZRUN�
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)LJ�������6HQVLQJ�SHUIRUPDQFH�VLPXODWLRQ�UHVXOWV�LQ�WKH�8PL�VFHQDULR�

7KH� VHQVLQJ� DFFXUDF\� JHQHUDOO\� GHSHQGV� RQ� WKH� VHQVLQJ� UHVROXWLRQ� DQG� WKH� VLJQDO�WR�QRLVH� UDWLR� �615�� RU�
VLJQDO�WR�LQWHUIHUHQFH�SOXV�QRLVH�UDWLR��6,15��RI�WKH�UHFHLYHG�VLJQDO�>��@��)LJ������VKRZV�WKH�VLPXODWLRQ�UHVXOWV�RI�WKH�
VHQVLQJ�6,15�IRU�PRQRVWDWLF�VHQVLQJ��L�H���WKH�EDVH�VWDWLRQ�VHQGV�DQG�UHFHLYHV�VHQVLQJ�VLJQDOV��DQG�ELVWDWLF�VHQVLQJ��
L�H���WKH�EDVH�VWDWLRQ�VHQGV�VHQVLQJ�VLJQDOV�DQG�WKH�XVHU�HTXLSPHQW��8(��UHFHLYHV�VHQVLQJ�VLJQDOV��LQ�WKH�XUEDQ�PLFUR�
�80L��VFHQDULR��7KH�VHQVLQJ�6,15�UHSUHVHQWV�WKH�UDWLR�RI�WKH�VLJQDO�SRZHU�RI�WKH�SDWK�V��RU�FOXVWHU�V��UHŁHFWHG�E\�WKH�
VHQVHG�WDUJHW�WR�WKH�LQWHUIHUHQFH�DQG�QRLVH��DQG�WKH�VLPXODWLRQ�FRQVLGHUV�FR�FKDQQHO�LQWHUIHUHQFH�IURP�RWKHU�FHOOV�
H[FHSW�IRU�WKH�WKUHH�VWURQJHVW�LQWHUIHULQJ�FHOOV��7KH�UDGDU�FURVV�VHFWLRQ��5&6��RI�YHKLFOHV�DQG�SHGHVWULDQV�DV�VHQVLQJ�
WDUJHWV�LV�DVVXPHG�WR�EH���Pt�DQG�����Pt��UHVSHFWLYHO\��)RU�ELVWDWLF�VHQVLQJ��LW�LV�DVVXPHG�WKDW�WKH�GLVWDQFH�EHWZHHQ�
WKH�VHQVLQJ�WDUJHW�DQG�WKH�8(�LV�QRW�ODUJHU�WKDQ����PHWHUV��7KH�IUHTXHQF\�GRPDLQ�VXEFDUULHU�VSDFLQJ�RI�WKH�VHQVLQJ�
VLJQDO�LV�����N+]��ZLWK�D�IUHTXHQF\�RI���*+]�DQG�D�EDQGZLGWK�RI�����0+]��)RU�KLJK�VSHHG�WDUJHWV�VXFK�DV�YHKLFOHV��
WKH�VLJQDO�WUDQVPLVVLRQ�SHULRG�LV�������PV�ZLWK�D�FRKHUHQW�SURFHVVLQJ�WLPH�RI����PV��IRU�ORZ�VSHHG�WDUJHWV�VXFK�DV�
SHGHVWULDQV��WKH�VLJQDO�WUDQVPLVVLRQ�SHULRG�LV������PV�ZLWK�D�FRKHUHQW�SURFHVVLQJ�WLPH�RI�����PV��8QGHU�WKH�WZR�
W\SLFDO� VLJQDO� UHVRXUFH� FRQŀJXUDWLRQV� PHQWLRQHG� DERYH�� XVLQJ� WZR�GLPHQVLRQDO� )RXULHU� WUDQVIRUP� IRU� VHQVLQJ�
VLJQDO�SURFHVVLQJ�FDQ�DFKLHYH�D�SURFHVVLQJ�JDLQ�RI�DSSUR[LPDWHO\����G%��3URFHVVLQJ�JDLQ�LV�FRQVLGHUHG�LQ�WKH�VHQV�
LQJ�6,15��6LPXODWLRQ�UHVXOWV�VKRZ�WKDW�GXH�WR�WKH�VKRUWHU�GLVWDQFH�EHWZHHQ�WKH�VHQVLQJ�UHFHLYLQJ�QRGH�DQG�WKH�VHQV�
LQJ�WDUJHW��ELVWDWLF�VHQVLQJ�FDQ�DFKLHYH�EHWWHU�VHQVLQJ�FRYHUDJH�SHUIRUPDQFH�WKDQ�PRQRVWDWLF�VHQVLQJ�LQ�PRELOH�
FHOOXODU�QHWZRUN�
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,Q�WKLV�FKDSWHU��ZH�ŀUVW�LQWURGXFH�WKH�V\VWHP�

IUDPHZRUN� RI� ,6$&� V\VWHPV�� DQG� WKHQ� DQDO\]H�

VHYHUDO�NH\�WHFKQRORJLHV�RI�,6$&�V\VWHPV�

��
)UDPHZRUN�DQG�.H\�
7HFKQRORJLHV�
RI�,6$&�6\VWHPV
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)LJ�������7KH�ORJLFDO�IUDPHZRUN�RI�,6$&�V\VWHP

6HQVLQJ�VHUYLFH�WULJJHULQJ��

7KH� V\VWHP� ORJLFDO� IUDPHZRUN�RI� ,6$&� V\VWHP� LV� VKRZQ� LQ� )LJ�� ����� 7KH� IXQFWLRQDO�GHYLFHV�
UHODWHG�WR�WKH�VHQVLQJ�VHUYLFH�LQ�WKH��*�QHWZRUN�LQFOXGH�WKH�VHQVLQJ�FRQWURO�GHYLFH��WKH�VHQVLQJ�
GDWD�SURFHVVLQJ�GHYLFH��DQG�WKH�VHQVLQJ�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GHYLFH��7KH�VHQVLQJ�FRQWURO�
GHYLFH�LV�XVHG�IRU�VLJQDOLQJ�DQG�VWUDWHJ\�FRQWURO�UHODWHG�WR�WKH�VHQVLQJ�VHUYLFH��LQFOXGLQJ�VHQVLQJ�
ŁRZ�FRQWURO�VXFK�DV�VHQVLQJ�4R6�JXDUDQWHH��VHQVLQJ�SULYDF\�DQG�VHFXULW\��DQG�FRQŀJXUDWLRQ�RI�
VHQVLQJ�VLJQDOV�DQG�VHQVLQJ�PHDVXUHPHQWV��7KH�VHQVLQJ�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GHYLFHV�DUH�
XVHG�WR�SHUIRUP�WKH�UHFHSWLRQ�DQG�WUDQVPLVVLRQ�RI�VHQVLQJ�VLJQDOV��PHDVXUHPHQWV��DQG�REWDLQ�
LQJ�LQIRUPDWLRQ�DERXW�WKH�HQYLURQPHQW�RU�WDUJHW�REMHFWV��,W�FDQ�EH�HLWKHU�D�EDVH�VWDWLRQ�RU�8(��RU�
RWKHU�VLPLODU�GHYLFHV�

����7KH�/RJLFDO�)UDPHZRUN�RI�,6$&�6\VWHP

6HOHFWLRQ�RI�VHQVLQJ�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GHYLFHV�

([HFXWLRQ�RI�VHQVLQJ�PHDVXUHPHQWV��

*HQHUDWLRQ�RI�VHQVLQJ�UHVXOWV�

%DVHG�RQ�)LJ�������DQ�H[HPSOLŀHG�ŁRZ�RI�D�VHQVLQJ�VHUYLFH�LV�GHSLFWHG�DV�IROORZV�

:KHQ�D�FRQVXPHU�UHTXHVWV�VHQVLQJ�VHUYLFHV�IURP�WKH�QHWZRUN��WKH�VHQVLQJ�FRQWURO�GHYLFH�ŀUVW�WULJJHUV�WKH�VHQVLQJ�DXWKRUL]D�
WLRQ�DQG�VHFXULW\�YHULŀFDWLRQ�SURFHVV�WR�FRQŀUP�WKDW�WKH�FRQVXPHU�FDQ�REWDLQ�UHOHYDQW�LQIRUPDWLRQ�DERXW�WKH�VHQVLQJ�WDUJHW��
,Q�DGGLWLRQ��WKH�VHQVLQJ�FRQWURO�GHYLFH�DSSOLHV�FRUUHVSRQGLQJ�VHQVLQJ�VHUYLFH�3&&��SROLF\�DQG�FKDUJLQJ�FRQWURO��VWUDWHJLHV��
DQG�SURYLGHV�GLłHUHQWLDWHG�VHQVLQJ�VHUYLFH�JXDUDQWHHV�IRU�FRQVXPHUV�

%DVHG�RQ�WKH�VHUYLFH�UHTXLUHPHQWV��WKH�VHQVLQJ�FRQWURO�GHYLFH�GHWHUPLQHV�WKH�DSSURSULDWH�VHQVLQJ�PRGH�DQG�VHOHFWV�WKH�
DSSURSULDWH�VHQVLQJ�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GHYLFHV��7KH�DSSURSULDWH�VHQVLQJ�PRGH�FDQ�EH�D�PL[WXUH�RI�PXOWLSOH�VHQVLQJ�
PRGHV�

7KH�VHQVLQJ�FRQWURO�GHYLFH�WULJJHUV�WKH�VHQVLQJ�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GHYLFHV�WR�SHUIRUP�VLJQDO�UHFHSWLRQ��WUDQVPLVVLRQ��
DQG�PHDVXUHPHQW�DFFRUGLQJ�WR�WKH�FRUUHVSRQGLQJ�VHQVLQJ�PRGH�V���0XOWLSOH�VHQVLQJ�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GHYLFHV�FDQ�
SHUIRUP�PXOWLSOH�VHQVLQJ�PRGHV��DQG�WKH�3&&�VWUDWHJ\�QRW�RQO\�QHHGV�WR�HQVXUH�WKH�FRRUGLQDWLRQ�EHWZHHQ�GLłHUHQW�VHQVLQJ�
WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GHYLFHV��EXW�DOVR�EHWZHHQ�FRPPXQLFDWLRQ�VHUYLFHV�DQG�VHQVLQJ�VHUYLFHV�

7KH�VHQVLQJ�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GHYLFHV�UHSRUW�WKH�JHQHUDO�VHQVLQJ�GDWD�WR�WKH�VHQVLQJ�GDWD�SURFHVVLQJ�GHYLFH�LQ�WKH�
QHWZRUN��7KH�VHQVLQJ�GDWD�SURFHVVLQJ�GHYLFH�DQDO\]HV�WKH�VHQVLQJ�GDWD�WR�REWDLQ�WKH�JHQHUDO�VHQVLQJ�LQWHUPHGLDWH�UHVXOWV��
DQG� $,� FDSDELOLWLHV� FDQ� EH� FRQVLGHUHG� GXULQJ� WKH� SURFHVV�� 7KH� VHQVLQJ� GDWD� SURFHVVLQJ� GHYLFH� IHHGV� EDFN� WKH� VHQVLQJ�
LQWHUPHGLDWH�UHVXOWV�WR�FRQVXPHUV��DQG�EXVLQHVV�FRQVXPHUV�SURFHVV�WKHP�DFFRUGLQJ�WR�WKHLU�RZQ�EXVLQHVV�ORJLF�WR�JHQHUDWH�
WKH�ŀQDO�VHQVLQJ�UHVXOWV�
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�$PRQJ�WKHP��VHQVLQJ�PRGH�����DQG�����EHORQJ�WR�PRQRVWDWLF�VHQVLQJ��DQG�WKH�RWKHU�PRGHV�EHORQJ�

WR�ELVWDWLF�VHQVLQJ��7KH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�GLłHUHQW�VHQVLQJ�PRGHV�DUH�VXPPDUL]HG�LQ�

7DEOH������,Q�DGGLWLRQ�WR�WKH�VL[�EDVLF�VHQVLQJ�PRGHV�PHQWLRQHG�DERYH��WKH�,6$&�V\VWHP�IUDPHZRUN�ZLOO�

DOVR�DGDSW�WR�QRQ��*33�VHQVLQJ��1RQ��*33�VHQVLQJ�UHIHUV�WR�WKH�XVH�RI�VHQVRUV��FDPHUDV��UDGDU�GHYLFHV��

DQG�RWKHU�GHYLFHV�H[LVWLQJ�LQ�WKH�FRPPXQLFDWLRQ�QHWZRUN�WR�REWDLQ�VHQVLQJ�GDWD�

)URP�WKH�SHUVSHFWLYH�RI�UHFHSWLRQ�DQG�WUDQVPLVVLRQ�RI�VHQVLQJ�VLJQDOV��WKH�,6$&�V\VWHP�LV�
FODVV�LŀHG�LQWR�VL[�EDVLF�VHQVLQJ�PRGHV�

��%DVH� VWDWLRQ� VLPXOWD�
QHRXVO\� WUDQVPLWV� DQG�
UHFHLYHV�VHQVLQJ�VLJQDOV�

��%DVH� VWDWLRQ� $� WUDQV�
PLWV� DQG� EDVH� VWDWLRQ� %�
UHFHLYHV�VHQVLQJ�VLJQDOV�

��%DVH� VWDWLRQ� WUDQVPLWV�
DQG�8(� UHFHLYHV� VHQVLQJ�
VLJQDOV�

��8(� WUDQVPLWV�DQG�EDVH�
VWDWLRQ� UHFHLYHV� VHQVLQJ�
VLJQDOV�

��8(�VLPXOWDQHRXVO\�WUDQV�
PLWV� DQG� UHFHLYHV� VHQVLQJ�
VLJQDOV�

VL[�EDVLF�
VHQVLQJ�PRGHV

��8(�$�WUDQVPLWV�DQG�8(�%�
UHFHLYHV�VHQVLQJ�VLJQDOV�
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7DEOH������'LłHUHQW�OHYHOV�RI�VHQVLQJ�LQIRUPDWLRQ

7KH�VHQVLQJ�XVH�FDVHV�IRU�,6$&�DUH�GLYHUVH�DQG�QXPHURXV��DQG�GLłHUHQW�XVH�FDVHV�PD\�KDYH�
GLłHUHQW�UHTXLUHPHQWV�IRU�VHQVLQJ�PHDVXUHPHQW�TXDQWLW\��2Q�RQH�KDQG��LW�LV�QHFHVVDU\�WR�VRUW�DQG�
FODVVLI\�WKH�VHQVLQJ�PHDVXUHPHQW�TXDQWLW\�WR�IRUP�D�XQLŀHG�IUDPHZRUN��SDYLQJ�WKH�ZD\�IRU�IXWXUH�
VWDQGDUGL]DWLRQ�ZRUN��2Q�WKH�RWKHU�KDQG��IRU�VRPH�XVH�FDVHV��WKH�WUDQVPLVVLRQ�RYHUKHDG�RI�VHQVLQJ�
PHDVXUHPHQW�TXDQWLW\�PD\�EH�WRR�ODUJH��,Q�WKH�SURFHVV�RI�UHSRUWLQJ�VHQVLQJ�PHDVXUHPHQWV��GDWD�
FRPSUHVVLRQ� LV� UHTXLUHG�� DQG� WKH�GDWD� FRPSUHVVLRQ� VKRXOG�QRW� FDXVH� VLJQLŀFDQW� ORVV� LQ� VHQVLQJ�
TXDOLW\��7KH�GHŀQLWLRQ�RI�GLłHUHQW� OHYHOV�RI� VHQVLQJ� LQIRUPDWLRQ� LV� VKRZQ� LQ�7DEOH������ZKHUH� WKH�
UHFHLYHG� VLJQDO� RU� UDZ� FKDQQHO� LQIRUPDWLRQ� LV� WKH�PRVW� EDVLF� VHQVLQJ� LQIRUPDWLRQ�� ZLWK� D� ODUJH�
DPRXQW�RI�GDWD�WKDW�QHHGV�WR�EH�IXUWKHU�SURFHVVHG�DQG�DQDO\]HG�WR�REWDLQ�VHQVLQJ�PHDVXUHPHQW�
TXDQWLW\�DQG�VHQVLQJ�UHVXOWV�

7DEOH������7KH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�GLłHUHQW�VHQVLQJ�PRGHV

4FOTJOH�NPEFT %JTBEWBOUBHFT"EWBOUBHFT
%DVH�VWDWLRQ�VLPXOWDQHRXV�
O\� WUDQVPLWV� DQG� UHFHLYHV�
VHQVLQJ�VLJQDOV

1R� V\QFKURQL]DWLRQ� LVVXHV� EHWZHHQ�
WUDQVPLVVLRQ�DQG�UHFHSWLRQ

7KH� EDVH� VWDWLRQ� QHHGV� WR� KDYH�
IXOO�GXSOH[�FDSDELOLW\

%DVH� VWDWLRQ� $� WUDQVPLWV�
DQG�EDVH�VWDWLRQ�%�UHFHLYHV�
VHQVLQJ�VLJQDOV

%DVH�VWDWLRQ�WUDQVPLWV�DQG�
8(�UHFHLYHV�VHQVLQJ�VLJQDOV

8(� WUDQVPLWV� DQG� EDVH�
VWDWLRQ� UHFHLYHV� VHQVLQJ�
VLJQDOV

8(� VLPXOWDQHRXVO\� WUDQV�
PLWV� DQG� UHFHLYHV� VHQVLQJ�
VLJQDOV�VHQVLQJ�VLJQDOV

8(� $� WUDQVPLWV� DQG� 8(� %�
UHFHLYHV�VHQVLQJ�VLJQDOV

1R�IXOO�GXSOH[�FDSDELOLW\�LV�UHTXLUHG

,W�FDQ�UHXVH�RU�HQKDQFH�H[LVWLQJ�VLJQDOV��
GRHV� QRW� UHTXLUH� IXOO�GXSOH[� FDSDELOLW\��
DQG�E\�VHOHFWLQJ�VXLWDEOH�8(��WKH�VHQVLQJ�
FRYHUDJH�SHUIRUPDQFH�FDQ�EH�LPSURYHG

,W�FDQ�UHXVH�RU�HQKDQFH�H[LVWLQJ�VLJQDOV��
GRHV� QRW� UHTXLUH� IXOO�GXSOH[� FDSDELOLW\��
DQG�E\�VHOHFWLQJ�VXLWDEOH�8(��WKH�VHQVLQJ�
FRYHUDJH�SHUIRUPDQFH�FDQ�EH�LPSURYHG

1R� V\QFKURQL]DWLRQ� LVVXHV� EHWZHHQ�
WUDQVPLVVLRQ� DQG� UHFHSWLRQ�� DQG�
VXSSRUWV� VHQVLQJ� LQ� DUHDV� ZLWKRXW�
QHWZRUN�FRYHUDJH

,W� FDQ� UHXVH� RU� HQKDQFH� H[LVWLQJ�
UHIHUHQFH� VLJQDOV�� GRHV� QRW� UHTXLUH�
IXOO�GXSOH[� FDSDELOLW\�� DQG� VXSSRUWV�
VHQVLQJ� LQ� DUHDV� ZLWKRXW� QHWZRUN�
FRYHUDJH�

6\QFKURQL]DWLRQ� HUURUV� EHWZHHQ�
WUDQVPLVVLRQ� DQG� UHFHSWLRQ� ZLOO�
DłHFW�VHQVLQJ�SHUIRUPDQFH

(VWLPDWLRQ� HUURUV� LQ� 8(� SRVLWLRQ��
RULHQWDWLRQ�� DQG� YHORFLW\�� DV� ZHOO� DV�
V\QFKURQL]DWLRQ� HUURUV� EHWZHHQ�
WUDQVPLVVLRQ� DQG� UHFHSWLRQ�� ZLOO�
DłHFW�VHQVLQJ�SHUIRUPDQFH

(VWLPDWLRQ�HUURUV�LQ�WHUPLQDO�SRVLWLRQ��
RULHQWDWLRQ�� DQG� YHORFLW\�� DV� ZHOO� DV�
V\QFKURQL]DWLRQ� HUURUV� EHWZHHQ�
WUDQVPLVVLRQ� DQG� UHFHSWLRQ�� ZLOO�
DłHFW�VHQVLQJ�SHUIRUPDQFH

7KH� 8(� QHHGV� WR� KDYH� IXOO�GXSOH[�
FDSDELOLW\

(VWLPDWLRQ�HUURUV�LQ�WHUPLQDO�SRVLWLRQ��
RULHQWDWLRQ�� DQG� YHORFLW\�� DV� ZHOO� DV�
V\QFKURQL]DWLRQ� HUURUV� EHWZHHQ�
WUDQVPLVVLRQ� DQG� UHFHSWLRQ�� FDQ�
DłHFW�VHQVLQJ�SHUIRUPDQFH

4FOTJOH�JOGPSNBUJPO $POUFOUT�PG�TFOTJOH�JOGPSNBUJPO
5HFHLYHG�VLJQDO�RU�UDZ�FKDQQHO�
LQIRUPDWLRQ

6HQVLQJ�PHDVXUHPHQW�TXDQWLW\

6HQVLQJ�UHVXOWV��VHQVLQJ�
LQWHUPHGLDWH�UHVXOWV

&RPSOH[�UHVXOWV�RI�WKH�UHFHLYHG�VLJQDO�RU�FKDQQHO�UHVSRQVH

'HOD\��'RSSOHU��DQJOH��VWUHQJWK��DQG�WKHLU�PXOWL�GLPHQVLRQDO�FRPELQHG�
UHSUHVHQWDWLRQ

3UHVHQFH�RU�DEVHQFH�RI� WDUJHW�� GLVWDQFH�� YHORFLW\�� RULHQWDWLRQ��DFFHOHUD�
WLRQ�� SRVLWLRQ�� WUDMHFWRU\�� PRYHPHQW�� H[SUHVVLRQ�� UHVSLUDWLRQ� UDWH�KHDUW�
UDWH��LPDJLQJ�UHVXOWV��ZHDWKHU��DLU�TXDOLW\��PDWHULDO�DQG�FRPSRVLWLRQ��HWF�
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����,6$&�ZDYHIRUP�DQG�VLJQDO�GHVLJQ�

:DYHIRUP�GHVLJQ� LQ� ,6$&� LV�D�FULWLFDO� UHVHDUFK�DVSHFW��GXH� WR� LWV�FKDUDFWHULVWLFV� LPSDFWLQJ�
VHQVLQJ�SHUIRUPDQFH��,6$&�ZDYHIRUP�FDQ�EH�GHVLJQHG�EDVHG�RQ�HLWKHU�FRPPXQLFDWLRQ�ZDYH�
IRUPV�RU� VHQVLQJ�ZDYHIRUPV��QDPHO\��HLWKHU� WKH�HQDEOHG�FRPPXQLFDWLRQ�ZDYHIRUPV�VXSSRUW�
VHQVLQJ�IXQFWLRQV�RU�WKH�HQDEOHG�VHQVLQJ�ZDYHIRUPV�VXSSRUW�FRPPXQLFDWLRQ�IXQFWLRQV��+RZHY�
HU��WKLV�DSSURDFK�KDV�ORZHU�UHVRXUFH�XWLOL]DWLRQ�HŃFLHQF\��$OWHUQDWLYHO\��D�QHZ�ZDYHIRUP�GHVLJQ�
FDQ�EH�XVHG�WR�LQWHJUDWH�FRPPXQLFDWLRQ�DQG�VHQVLQJ�IXQFWLRQV�LQWR�D�VLQJOH�ZDYHIRUP��DFKLHY�
LQJ�DQ�LQWHJUDWHG�GHVLJQ��6HYHUDO�SRWHQWLDO�,6$&�ZDYHIRUPV�DUH�JLYHQ�EHORZ�

����,6$&�:DYHIRUP�'HVLJQ

&RPPXQLFDWLRQ�ZDYHIRUPV

7KH�GHVLJQ�EDVHG�RQ� FRPPXQLFDWLRQ�ZDYHIRUPV�DLPV� WR� DFKLHYH� VHQVLQJ� IXQFWLRQV�
ZKLOH�HQVXULQJ�HŃFLHQW�FRPPXQLFDWLRQ�WUDQVPLVVLRQ��&RPPRQ�FRPPXQLFDWLRQ�ZDYHIRUPV�
LQFOXGH� 2UWKRJRQDO� )UHTXHQF\� 'LYLVLRQ� 0XOWLSOH[LQJ� �2)'0��� 'LVFUHWH� )RXULHU� 7UDQVIRUP�
6SUHDG�2)'0��')7�V�2)'0���6LQJOH�&DUULHU�)UHTXHQF\�'RPDLQ�(TXDOL]DWLRQ��6&�)'(���DQG�
)LOWHU�%DQN�0XOWL�&DUULHU��)%0&���2)'0�LV�D�W\SLFDO�PXOWLFDUULHU�PRGXODWLRQ�WHFKQRORJ\�ZLGHO\�
XVHG� LQ� �*��*�PRELOH� FRPPXQLFDWLRQ� V\VWHPV��ZLWK�KLJK� VSHFWUDO� HŃFLHQF\�DQG�ŁH[LEOH�
EDQGZLGWK�UHVRXUFH�DOORFDWLRQ��2)'0�ZDYHIRUP�LV�XVHG� LQ�SDUDPHWHU�HVWLPDWLRQ�ZLWKRXW�
UDQJH�'RSSOHU�FRXSOLQJ�HłHFW��DQG�WKH�GHWHFWLRQ�DOJRULWKP�EDVHG�RQ�)RXULHU�WUDQVIRUP�DW�
WKH� UHFHLYHU� LV� VLPSOH� DQG� HŃFLHQW��0RUHRYHU�� WKH� WUDQVPLWWHU�PHFKDQLVPV� RI� UDGDU� DQG�
FRPPXQLFDWLRQ�V\VWHPV�EDVHG�RQ�2)'0�ZDYHIRUPV�DUH�DOPRVW�WKH�VDPH��PDNLQJ�LW�HDVLHU�
WR�DFKLHYH�,6$&�GHVLJQ��+RZHYHU��2)'0�ZDYHIRUP�KDV�SUREOHPV�VXFK�DV�KLJK�SHDN�WR�DY�
HUDJH�SRZHU�UDWLR��3$35��DQG�VHQVLWLYLW\�WR�'RSSOHU�DQG�SKDVH�QRLVH��ZKLFK�UHTXLUH�UHODWHG�
RSWLPL]DWLRQ�� 7KH� XVH� RI� &(�2)'0� �&RQVWDQW� (QYHORSH�2UWKRJRQDO� )UHTXHQF\� 'LYLVLRQ�
0XOWLSOH[LQJ��GHVLJQ�FDQ�DOOHYLDWH�WKH�SUREOHP�RI�QRQOLQHDU�GLVWRUWLRQ�LQ�KLJK�SRZHU�DPSOL�
ŀHUV�FDXVHG�E\�WKH�3$35�RI�WUDGLWLRQDO�2)'0�ZDYHIRUPV�>��@��')7�V�2)'0�ZDYHIRUP�XVHV�
')7�H[WHQVLRQ�WR�SURYLGH�VLQJOH�FDUULHU�FKDUDFWHULVWLFV��WKHUHE\�UHGXFLQJ�3$35��6RPH�VWXGLHV�
KDYH� DSSOLHG� IUHTXHQF\� GRPDLQ� VSHFWUXP� VKDSLQJ� �)'66�� WR� ')7�V�2)'0� ZDYHIRUP� WR�
IXUWKHU�UHGXFH�RXW�RI�EDQG��22%��HPLVVLRQ�DQG�LQWHU�V\PERO�LQWHUIHUHQFH��,6,��>��@��)RU�WKH�
,(((�������DG�V\VWHP�WKDW�XVHV�6&�)'(�ZDYHIRUP��WKH�VKRUW�WUDLQLQJ�ŀHOG��67)��DQG�FKDQQHO�
HVWLPDWLRQ� ŀHOG� �&()�� LQ� WKH� ZLUHOHVV� IUDPH� DUH� FRPSRVHG� RI� FRPSOHPHQWDU\� *ROD\�
VHTXHQFHV��ZKLFK�DUH�XVHG� IRU� FRPPXQLFDWLRQ� V\VWHP� IUDPH�V\QFKURQL]DWLRQ�� IUHTXHQF\�
RłVHW�HVWLPDWLRQ��FKDQQHO�HVWLPDWLRQ��DQG�FDQ�DOVR�EH�XVHG�IRU�UDGDU�V\VWHP�WDUJHW�GHWHF�
WLRQ��UDQJH�PHDVXUHPHQW��DQG�YHORFLW\�PHDVXUHPHQW�>��@��$GGLWLRQDOO\��)%0&�FDQ�EH�XVHG�
DV�DQ�,6$&�ZDYHIRUP�ZLWK�JRRG�VSHFWUDO�FKDUDFWHULVWLFV�DQG�XVXDOO\�GRHV�QRW�UHTXLUH�D�F\FOLF�
SUHŀ[��+RZHYHU�� LW�KDV� WKH�VDPH�SUREOHP�RI�KLJK�3$35�DV�2)'0�DQG�XVXDOO\�XVHV�RłVHW�
TXDGUDWXUH� DPSOLWXGH�PRGXODWLRQ� �24$0�� WR� DYRLG� LQWHU�FDUULHU� LQWHUIHUHQFH� �,&,��� ZKLFK�
PDNHV�WKH�FDOFXODWLRQ�RI�WKH�VHQVLQJ�LQIRUPDWLRQ�PRUH�FRPSOLFDWHG�DW�WKH�UHFHLYHU�>��@�
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5DGDU�ZDYHIRUPV
)UHTXHQF\� 0RGXODWHG� &RQWLQXRXV� :DYH� �)0&:�� LV� WKH� ZLGHO\� XVHG� UDGDU� ZDYHIRUP�� )0&:�

UDGDU�WUDQVPLWV�D�VHTXHQFH�RI�FKLUSV�DQG�GHWHFWV�WKH�HFKR�VLJQDOV��7KH�FKLUS�VLJQDO�LV�DOVR�NQRZQ�DV�
/LQHDU�)UHTXHQF\�0RGXODWLRQ��/)0��VLJQDO��ZKRVH�IUHTXHQF\�OLQHDUO\�FKDQJHV�ZLWK�WLPH��/)0�VLJQDO�
KDV�WKH�DGYDQWDJHV�VXFK�DV�ODUJH�WLPH�EDQGZLGWK�SURGXFW��FRQVWDQW�HQYHORSH��DQG�JRRG�DXWRFRU�
UHODWLRQ�SURSHUWLHV��7KH�VLJQDO�GHWHFWLRQ�RI�/)0�VLJQDOV�FDQ�EH�GLUHFWO\�FRPSOHWHG�E\�PL[LQJ��ZKLFK�
VLPSOLŀHV�WUDQVFHLYHU�DUFKLWHFWXUH�DQG�VLJQDO�SURFHVVLQJ�ŁRZ��7R�HQDEOH�FRPPXQLFDWLRQ�FDSDELOLWLHV�
ZLWK�)0&:��GDWD�FDQ�EH�HPEHGGHG�LQWR�)0&:�ZDYHIRUPV��)RU�H[DPSOH��FRPPXQLFDWLRQ�LQIRUPD�
WLRQ�FDQ�EH�FDUULHG�E\�FKDQJLQJ�WKH�IUHTXHQF\�VORSHV�RU�LQLWLDO�IUHTXHQFLHV��)XUWKHUPRUH��,6$&�GHVLJQ�
EDVHG�RQ�UDGDU�ZDYHIRUPV�FDQ�DOVR�EH�FRPELQHG�ZLWK�VSDWLDO�PRGXODWLRQ�RU�JHQHUDOL]HG�VSDWLDO�
PRGXODWLRQ��VXFK�DV�FDUU\LQJ�FRPPXQLFDWLRQ�LQIRUPDWLRQ�E\�VHOHFWLQJ�GLłHUHQW�WUDQVPLWWLQJ�DQWHQ�
QDV��ZKLFK�FDQ�DYRLG�FKDQJLQJ�WKH�FKDUDFWHULVWLFV�RI�WKH�VHQVLQJ�VLJQDO�DQG�PLQLPL]H�WKH�LPSDFW�RQ�
VHQVLQJ� SHUIRUPDQFH�� 7KH� DERYH� VFKHPHV� WKDW� LPSOHPHQW� FRPPXQLFDWLRQ� IXQFWLRQV� EDVHG� RQ�
)0&:�W\SLFDOO\�VXłHU�IURP�ORZ�FRPPXQLFDWLRQ�HŃFLHQF\�

1HZ�ZDYHIRUPV�IRU�,6$&
2UWKRJRQDO�7LPH�)UHTXHQF\�6SDFH��27)6��LV�D�QHZ�FDQGLGDWH�RI�WKH��*�,6$&�ZDYHIRUP��27)6�

WHFKQRORJ\�GHŀQHV�D�WUDQVIRUPDWLRQ�EHWZHHQ�WKH�GHOD\�'RSSOHU�GRPDLQ�DQG�WKH�WLPH�IUHTXHQF\�
GRPDLQ�DQG�PDSV�FRPPXQLFDWLRQ�GDWD�DQG�SLORW�VLJQDOV�WR�WKH�GHOD\�'RSSOHU�GRPDLQ�IRU�SURFHVV�
LQJ��([LVWLQJ�UHVHDUFK�KDV�VKRZQ�WKDW�27)6�LV�FRPSDUDEOH�WR�2)'0�ZDYHIRUPV�LQ�WHUPV�RI�VHQVLQJ�
SDUDPHWHU� HVWLPDWLRQ� SHUIRUPDQFH�� DQG� LWV� F\FOLF� SUHŀ[� RYHUKHDG� LV� VPDOOHU� WKDQ� WKDW� RI�2)'0��
ZKLFK�PHDQV�27)6�DFKLHYHV�KLJKHU�VSHFWUDO�HŃFLHQF\�DW�WKH�FRVW�RI�KLJKHU�FRPSOH[LW\�>��@��6RPH�
VWXGLHV�KDYH�DOVR�GHVLJQHG�QHZ�,6$&�ZDYHIRUPV�E\�FRPELQLQJ�FKLUS�DQG�2)'0��&KLUS�VLJQDOV�DUH�
XVHG�LQVWHDG�RI�VLQJOH�IUHTXHQF\�VLJQDOV�DV�VXEFDUULHUV�LQ�2)'0�V\VWHPV��ZKLFK�UHGXFHV�3$35�FRP�
SDUHG�WR�WUDGLWLRQDO�2)'0�ZDYHIRUPV�ZLWKRXW�LQFUHDVLQJ�WKH�FRPSOH[LW\�RI�WKH�UHFHLYLQJ�HQG�>��@�
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�6HTXHQFH�GHVLJQ

,6$&� VLJQDO� GHVLJQ� LQFOXGHV� VHTXHQFH�GHVLJQ�DQG� UHVRXUFH�PDSSLQJ�GHVLJQ�� 7KH�GHVLJQ�
SULQFLSOH� LV� WR� SXUVXH� WKH�RSWLPDO�PHDVXUHPHQW� SHUIRUPDQFH�RI� EDVLF� VHQVLQJ�PHDVXUHPHQW�
TXDQWLWLHV�VXFK�DV�GHOD\��'RSSOHU��DQG�DQJOH�ZKLOH�VDWLVI\LQJ�FHUWDLQ�VLJQDO�UHVRXUFH�FRVWV�

����,6$&�6LJQDO�'HVLJQ

6HTXHQFHV�ZLWK� JRRG� DXWR�FRUUHODWLRQ� SURSHUWLHV� VXFK� DV� %DUNHU� FRGHV�� *ROG� VHTXHQFHV��
.DVDPL�VHTXHQFHV��DQG�=DGRł�&KX�VHTXHQFHV��DUH�XVXDOO\�XVHG�LQ�WKH�GHVLJQ�RI�SKDVH�FRGHG�
UDGDU� VLJQDOV� DQG� FRPPXQLFDWLRQ� SLORW� VLJQDOV�� ,Q� DGGLWLRQ� WR� DXWRFRUUHODWLRQ� FKDUDFWHULVWLFV��
FURVV�FRUUHODWLRQ�FKDUDFWHULVWLFV��HQYHORSH�FKDUDFWHULVWLFV��DQG�VHTXHQFH�OHQJWK�DUH�DOVR�LPSRUW�
DQW� LQ�VHTXHQFH�GHVLJQ�� ,Q�2)'0�FRPPXQLFDWLRQ�V\VWHPV��D�F\FOLF�SUHŀ[� LV�JHQHUDOO\�DGGHG�WR�
HDFK�V\PERO��DQG�OHDVW�VTXDUH��/6��FKDQQHO�HVWLPDWLRQ�LV�XVHG�WR�REWDLQ�FKDQQHO�LQIRUPDWLRQ�IRU�
VHQVLQJ�� VXFK� DV� UDQJH� DQG� 'RSSOHU�� 7KH� DXWRFRUUHODWLRQ� FKDUDFWHULVWLFV� RI� WKH� WUDQVPLWWHG�
VHTXHQFH�JHQHUDOO\�GR�QRW�DłHFW�WKH�FKDQQHO�LQIRUPDWLRQ�DFTXLVLWLRQ��+RZHYHU��RWKHU�FKDUDFWHULV�
WLFV�RI�WKH�VHTXHQFH�ZLOO�DłHFW�WKH�SHUIRUPDQFH�RI�LQWHUIHUHQFH�UHVLVWDQFH�DQG�QRLVH�UHVLVWDQFH��
KHQFH�VHTXHQFH�GHVLJQ�LV�VWLOO�DQ�LPSRUWDQW�DVSHFW�WR�EH�FRQVLGHUHG�LQ�VHQVLQJ�VLJQDO�GHVLJQ�

6HTXHQFH�GHVLJQ�LQ�FRPPXQLFDWLRQ�V\VWHPV�XVXDOO\�RQO\�FRQVLGHUV�VHTXHQFH�FKDUDFWHULVWLFV�
LQ�WKH�WLPH�GRPDLQ�RU�IUHTXHQF\�GRPDLQ��ZKLOH�VHQVLQJ�GDWD�SURFHVVLQJ�XVXDOO\�UHTXLUHV�FRPELQ�
LQJ�PXOWLSOH�V\PEROV�RU�PXOWLSOH� WLPH�VORWV��DQG�ERWK� WLPH�DQG�IUHTXHQF\�GRPDLQ�GLPHQVLRQDO�
FKDUDFWHULVWLFV�RI�WKH�VHTXHQFH�QHHG�WR�EH�FRQVLGHUHG��)RU�H[DPSOH��IRU�FRPPXQLFDWLRQ�UHIHUHQFH�
VLJQDOV� JHQHUDWHG� DQG� PDSSHG� LQ� WKH� IUHTXHQF\� GRPDLQ�� WKH� WLPH�GRPDLQ� DXWRFRUUHODWLRQ�
VLGHOREHV�RI�PXOWLSOH�2)'0�V\PEROV�DUH�UHODWLYHO\�KLJK��7R�LPSURYH�WKHLU�WLPH�GRPDLQ�DXWRFRU�
UHODWLRQ� FKDUDFWHULVWLFV�� WLPH�GRPDLQ� VFUDPEOLQJ� FDQ� EH� XVHG�� $VVXPLQJ� WKDW� HDFK� FRKHUHQW�
SURFHVVLQJ�WLPH�IRU�VHQVLQJ�FRQWDLQV�0�2)'0�V\PEROV��DQG�HDFK�V\PERO�FDUULHV�D�UHIHUHQFH�VLJQDO�
VHTXHQFH�RI�OHQJWK�1��L�H�����D�VHTXHQFH��ZLWK�JRRG�DXWRFRUUHODWLRQ�DQG�FURVV�FRUUHODWLRQ�FKDUDF�
WHULVWLFV�LV�XVHG�WR�SKDVH�PRGXODWH�WKH�UHIHUHQFH�VLJQDO�VHTXHQFHV�FDUULHG�E\�GLłHUHQW�V\PEROV��
UHVXOWLQJ� LQ� � �� 7KH� QHZ� VLJQDO� GHVLJQ� LPSURYHV� WKH� WLPH�GRPDLQ� VHTXHQFH� FKDUDFWHULVWLFV� E\�
SKDVH�PRGXODWLQJ�WKH�UHIHUHQFH�VLJQDO�VHTXHQFHV�ZLWK�GLłHUHQW�V\PEROV��ZLWKRXW�DłHFWLQJ�WKH�
IUHTXHQF\�GRPDLQ�VHTXHQFH�FKDUDFWHULVWLFV��5HJDUGLQJ�WKH�PXOWL�WDUJHW�SHUFHSWLRQ�� WKLV�GHVLJQ�
FDQ�UHGXFH�LQWHUIHUHQFH�DQG�LPSURYH�VHQVLQJ�SHUIRUPDQFH�ZKHQ�FRPSDUHG�ZLWK�FRPPXQLFDWLRQ�
UHIHUHQFH�VLJQDO�GHVLJQV�ZKHUH�RQO\�IUHTXHQF\�GRPDLQ�VHTXHQFH�FKDUDFWHULVWLFV�DUH�FRQVLGHUHG�

,Q�RUGHU�WR�IXUWKHU�PDNH�IXOO�XVH�RI�WKH�VLJQDO�UHVRXUFHV�LQ�WKH�,6$&�V\VWHP�DQG�LPSURYH�WKH�
VHQVLQJ�SHUIRUPDQFH��FRPPXQLFDWLRQ�GDWD�FDQ�DOVR�EH�XVHG�WR�DVVLVW�VHQVLQJ�PHDVXUHPHQW��)RU�
WKH�ELVWDWLF�VHQVLQJ�PRGH��VLQFH�WKH�WUDQVPLWWHG�GDWD�DUH�XQNQRZQ�WR�WKH�UHFHLYHU��GDWD�GHPRGX�
ODWLRQ�DQG�GHFRGLQJ�DUH�UHTXLUHG�WR�UHFRYHU�WKH�WUDQVPLWWHG�GDWD�EHIRUH�FDOFXODWLQJ�WKH�VHQVLQJ�
UHVXOWV��,Q�FRPPXQLFDWLRQ�V\VWHPV��FRPPXQLFDWLRQ�GDWD�W\SLFDOO\�UHTXLUH�PRUH�UHVRXUFH�DOORFD�
WLRQ��8VLQJ�FRPPXQLFDWLRQ�GDWD�VLJQDOV�WR�DVVLVW�VHQVLQJ�PHDVXUHPHQW�FDQ�LPSURYH�SURFHVVLQJ�
JDLQ��'XH�WR�WKH�LQFUHDVHG�WLPH�IUHTXHQF\�GRPDLQ�UHVRXUFH�GHQVLW\��WKH�PD[LPXP�XQDPELJXLW\�
PHDVXUHPHQW�UDQJH�FDQ�EH�LQFUHDVHG��+RZHYHU��WKH�VHQVLQJ�SHUIRUPDQFH�PD\�EH�FRPSURPLVHG�
E\�WKH�GHFRGLQJ�HUURUV�DW�WKH�UHFHLYHU�DQG�WKH�PLVDOLJQPHQW�RI�WKH�EHDP�GLUHFWLRQV�EHWZHHQ�WKH�
GDWD�VLJQDOV�DQG�WKH�VHQVLQJ�VLJQDOV�
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6LJQDO�UHVRXUFH�PDSSLQJ�GHVLJQ

7KH� PDSSLQJ� RI� VHQVLQJ� VLJQDO� UHVRXUFHV� QHHGV� WR� FRQVLGHU� PHHWLQJ� SHUIRUPDQFH�
UHTXLUHPHQWV� VXFK� DV� VHQVLQJ� UHVROXWLRQ� DQG� VHQVLQJ�PHDVXUHPHQW� UDQJH�� /DUJHU� VLJQDO�
EDQGZLGWK� DQG� ORQJHU� VLJQDO� GXUDWLRQ� FDQ� SURYLGH� KLJKHU� UDQJH� UHVROXWLRQ� DQG� YHORFLW\�
�'RSSOHU��UHVROXWLRQ��UHVSHFWLYHO\��,QFUHDVLQJ�VLJQDO�IUHTXHQF\�GRPDLQ�GHQVLW\�DQG�WLPH�GR�
PDLQ�GHQVLW\�FDQ�SURYLGH�D�ODUJHU�XQDPELJXRXV�UDQJH�DQG�XQDPELJXRXV�YHORFLW\��'RSSOHU���
UHVSHFWLYHO\��,Q�WUDGLWLRQDO�UDGDU�VHQVLQJ��VLJQDOV�ZLWK�ORQJ�GXUDWLRQ�DQG�ODUJH�EDQGZLGWK�DUH�
W\SLFDOO\�VHQW�ZLWK�FRQWLQXRXV�UHVRXUFHV��+RZHYHU��LQ�,6$&�V\VWHPV��WKH�LPSDFW�RQ�FRPPXQL�
FDWLRQ�GDWD�UDWH�DOVR�QHHGV�WR�EH�FRQVLGHUHG��ZKLFK�OLPLWV�WKH�UHVRXUFH�DOORFDWLRQ�IRU�VHQVLQJ�
WR�VRPH�H[WHQW��7KH�GHVLJQ�RI�VLJQDO�UHVRXUFH�PDSSLQJ�SDWWHUQV�QHHGV�WR�EH�EDVHG�RQ�WKH�
GLłHUHQW�UHTXLUHPHQWV�IRU�WKH�DIRUHPHQWLRQHG�VHQVLQJ�SHUIRUPDQFH�LQ�VHQVLQJ�DSSOLFDWLRQV��
)RU�H[DPSOH��LQ�ORZ�VSHHG�WDUJHW�GHWHFWLRQ�VFHQDULRV�ZLWK�D�KLJK�YHORFLW\�UHVROXWLRQ�UHTXLUH�
PHQW��D� VLJQDO�SDWWHUQ�ZLWK�D� ORQJHU�GXUDWLRQ�� ORZHU� WLPH�GRPDLQ�GHQVLW\�� VPDOOHU�EDQG�
ZLGWK��DQG�ORZHU�IUHTXHQF\�GRPDLQ�GHQVLW\�FDQ�EH�XVHG��$QRWKHU�RSWLRQ�LV�WR�DEDQGRQ�VRPH�
WLPH�IUHTXHQF\� UHVRXUFH� HOHPHQWV�ZKLOH� HQVXULQJ� VHQVLQJ� UHVROXWLRQ�� WKDW� LV�� QRW� XVLQJ� D�
UHJXODU�UHFWDQJXODU�UHVRXUFH�SDWWHUQ��$W�WKH�VDPH�WLPH��WKH�PD[LPXP�EDQGZLGWK�LQ�WKH�LUUHJ�
XODU�UHVRXUFH�SDWWHUQ�QHHGV�WR�PHHW�WKH�UDQJLQJ�UHVROXWLRQ�UHTXLUHPHQWV�RU�WKH�PD[LPXP�
WLPH�GRPDLQ�UHVRXUFH�OHQJWK�QHHGV�WR�PHHW�WKH�YHORFLW\��'RSSOHU��UHVROXWLRQ�UHTXLUHPHQWV��
$OWHUQDWLYHO\��D�UHVRXUFH�SDWWHUQ�GHVLJQ�ZLWK�QRQ�XQLIRUP�VDPSOLQJ�LQWHUYDOV�FDQ�EH�XVHG�WR�
EDODQFH�WKH�FRQWUDGLFWLRQ�EHWZHHQ�VHQVLQJ�PHDVXUHPHQW�UDQJH�DQG�UHVRXUFH�DOORFDWLRQ�

6WHSSHG�IUHTXHQF\� UDGDU�ZLWK� KLJK�UDQJH� UHVROXWLRQ� LV� ZLGHO\� XVHG�� 'UDZLQJ� RQ� WKH�
LGHD� RI� XVLQJ� QDUURZ� LQVWDQWDQHRXV� EDQGZLGWK� WR� DFKLHYH� ODUJH� V\VWHP� EDQGZLGWK� LQ�
VWHSSHG�IUHTXHQF\� UDGDU�� IUHTXHQF\� KRSSLQJ� LV� XVHG� WR�PDS� VHQVLQJ� VLJQDO� UHVRXUFHV� WR�
REWDLQ�KLJK�VHQVLQJ�UHVROXWLRQ��8VLQJ�&RVWDV�FRGHV�ZLWK�DQ�DSSUR[LPDWH��WKXPEWDFN��DPEL�
JXLW\�IXQFWLRQ�WR�UHSODFH�VWHSSHG�IUHTXHQF\�FRGHV�FDQ�DOOHYLDWH�WKH�UDQJH�'RSSOHU�FRXSOLQJ�
SUREOHP�LQ�VWHSSHG�IUHTXHQF\�UDGDU�DQG�LPSURYH�UDGDU�GHWHFWLRQ�SHUIRUPDQFH�>��@��,Q�WKH�
GHVLJQ�RI� ,6$&�V\VWHPV��WKH�IUHTXHQF\�KRSSLQJ�LGHD�RI�&RVWDV�FRGHV�FDQ�DOVR�EH�XVHG�IRU�
VLJQDO�UHVRXUFH�PDSSLQJ��)LJ������VKRZV�WKH�UHVRXUFH�PDSSLQJ�UHODWLRQVKLS�RI�WZR�&RVWDV�
DUUD\V�LQ�DQ�2)'0�V\VWHP�ZLWK�RUGHUV�RI���DQG�����UHVSHFWLYHO\�

)LJ�������5HVRXUFH�PDSSLQJ�UHODWLRQVKLS�RI�&RVWDV�DUUD\V�LQ�DQ�2)'0�V\VWHP
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,Q�RUGHU�WR�UHGXFH�WKH�UHVRXUFH�RYHUKHDG�RI�VHQVLQJ�VLJQDOV�LQ�WLPH��IUHTXHQF\��DQG�VSDWLDO�
GLPHQVLRQV��VXE�1\TXLVW�VDPSOLQJ�PHWKRG�FDQ�EH�HPSOR\HG�WR�GHVLJQ�VHQVLQJ�VLJQDOV�EDVHG�RQ�
FRPSUHVVLYH� VHQVLQJ� WKHRU\�� DV� VKRZQ� LQ� )LJ�� �����:KHQ� VHQVLQJ� VLJQDO� LV� GHVLJQHG� EDVHG� RQ�
VXE�1\TXLVW�VDPSOLQJ�PHWKRG��WKH�VDPSOLQJ�SRVLWLRQ�RI�VHQVLQJ�VLJQDO�VKRXOG�VDWLVI\�WKH�UHVWULFW�
HG�LVRPHWU\�SURSHUW\��5,3��>��@��,Q�JHQHUDO��UDQGRP�VDPSOLQJ�SRVLWLRQ�FRXOG�VDWLVI\�WKH�5,3��ZKLFK�
OHDGV�WR�PXFK�FRQYHQLHQFH�WR�VHQVLQJ�VLJQDO�GHVLJQ�EDVHG�RQ�VXE�1\TXLVW�VDPSOLQJ��%HVLGHV��WKH�
VDPSOLQJ�QXPEHU�FDQQRW�EH�DUELWUDULO\�VPDOO��DQG�WKH�UHODWLRQVKLS�RI��VKRXOG�EH�VDWLVŀHG��ZKHUH�0�
LV�WKH�VDPSOLQJ�QXPEHU�RI�VXE�1\TXLVW�VDPSOLQJ��1�LV�WKH�FRUUHVSRQGLQJ�VDPSOLQJ�QXPEHU�RI�IXOO�
VDPSOLQJ��.�LV�WKH�QXPEHU�RI�VHQVLQJ�WDUJHWV�DQG�ƅ�LV�D�FRQVWDQW��7KHUHIRUH��LI�WKH�QXPEHU�RI�VHQV�
LQJ�WDUJHWV�LV�VPDOOHU�LQ�WKH�HQYLURQPHQW��WKH�VDPSOLQJ�QXPEHU�RI�VXE�1\TXLVW�VDPSOLQJ�FDQ�EH�
FRQŀJXUHG�VPDOOHU��ZKLFK�OHDGV�WR�OHVV�UHVRXUFH�RYHUKHDG��,W�LV�ZRUWK�QRWLQJ�WKDW��VHQVLQJ�VLJQDO�
GHVLJQ�EDVHG�RQ�VXE�1\TXLVW�VDPSOLQJ�UHTXLUHV�KLJKHU�VLJQDO�SURFHVVLQJ�FDSDELOLW\�DW�WKH�VHQVLQJ�
UHFHLYHU�DQG�WKH�RYHUKHDG�RI�VLJQDO�FRQŀJXUDWLRQ�LV�KLJKHU��FRPSDUHG�WR�WKH�WUDGLWLRQDO�VHQVLQJ�
VLJQDO�GHVLJQ�EDVHG�RQ�IXOO�VDPSOLQJ�

)LJ�������6HQVLQJ�VLJQDO�EDVHG�RQ�VXE�1\TXLVW�VDPSOLQJ
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0XOWL�EDQG�FROODERUDWLYH�VHQVLQJ�FDQ�IXOO\�XWLOL]H�VSHFWUXP�UHVRXUFHV�DQG�WKXV�LPSURYH�VSHFWUXP�XWLOL]D�
WLRQ�HŃFLHQF\��2Q�RQH�KDQG��PXOWL�EDQG�FROODERUDWLYH�VHQVLQJ�H[SDQGV�WKH�EDQGZLGWK�UHVRXUFHV��EHQHŀWLQJ�
KLJK�UHVROXWLRQ�VHQVLQJ��0RUHRYHU�� WKH�VLJQDO�ZDYHOHQJWKV� LQ�GLłHUHQW� IUHTXHQF\�EDQGV�DUH�GLłHUHQW��DQG�
WKHLU�FKDQQHO�UHVSRQVH�FKDUDFWHULVWLFV�DUH�GLłHUHQW��0DNLQJ�IXOO�XVH�RI�GLłHUHQW�IUHTXHQF\�EDQGV�IRU�VHQVLQJ�
FDQ�REWDLQ�PRUH�FRPSUHKHQVLYH�VHQVLQJ� LQIRUPDWLRQ��2Q�WKH�RWKHU�KDQG��YDULRXV�W\SHV�RI�FRPPXQLFDWLRQ�
QHWZRUNV��VXFK�DV��*���*��:L�)L�FRH[LVW��DQG�PXOWL�EDQG�FROODERUDWLYH�VHQVLQJ�WHFKQRORJ\�FDQ�HQDEOH�GLłHUHQW�
W\SHV�RI�FRPPXQLFDWLRQ�QHWZRUNV�WR�FROODERUDWH�LQ�VHQVLQJ��WKHUHE\�LPSURYLQJ�WKH�VWDELOLW\�RI�,6$&�V\VWHPV�
DQG� H[SDQGLQJ� WKHLU� DSSOLFDWLRQ� VFRSH��0XOWL�EDQG� FROODERUDWLYH� VHQVLQJ� FDQ� EH� GLYLGHG� LQWR�PXOWL�EDQG�
LQGHSHQGHQW� PHDVXUHPHQW� DQG� PXOWL�EDQG� MRLQW� PHDVXUHPHQW�� GHSHQGLQJ� RQ� KRZ� VHQVLQJ� GDWD� DUH�
SURFHVVHG�

0XOWL�EDQG�LQGHSHQGHQW�PHDVXUHPHQW�UHIHUV�WR�REWDLQLQJ�VHQVLQJ�PHDVXUHPHQWV�RQ�GLłHUHQW�IUHTXHQF\�
EDQGV�VHSDUDWHO\��DQG�WKHQ�IXVLQJ�WKH�VHQVLQJ�UHVXOWV�IRU�GLłHUHQW�IUHTXHQF\�EDQGV��2Q�RQH�KDQG��GLłHUHQW�
VHQVLQJ�PHDVXUHPHQW�TXDQWLWLHV�FDQ�EH�DVVLJQHG�WR�GLłHUHQW�IUHTXHQF\�EDQGV�IRU�PHDVXUHPHQW�EDVHG�RQ�
WKH�FKDUDFWHULVWLFV�RI�HDFK�IUHTXHQF\�EDQG��2Q�WKH�RWKHU�KDQG��WKH�VDPH�VHQVLQJ�PHDVXUHPHQW�TXDQWLW\�FDQ�
DOVR�EH�DVVLJQHG�WR�GLłHUHQW�IUHTXHQF\�EDQGV��DQG�WKHQ�WKH�UHVXOWV�REWDLQHG�IURP�HDFK�EDQG�FDQ�EH�QRQ�FR�
KHUHQWO\�FRPELQHG��,Q�DGGLWLRQ��GLłHUHQW�IUHTXHQF\�EDQGV�FDQ�DOVR�ZRUN�WRJHWKHU�LQ�D�FRRSHUDWLYH�PDQQHU�
GXULQJ� WKH�PHDVXUHPHQW�SURFHVV�� )RU�H[DPSOH�� FRDUVH�JUDLQHG�PHDVXUHPHQWV� FDQ�EH�EDVHG�RQ� ORZ�IUH�
TXHQF\�EDQGV�ŀUVW��DQG�DIWHU� WKDW��ŀQH�JUDLQHG�PHDVXUHPHQWV�FDQ�EH�EDVHG�RQ�KLJK�IUHTXHQF\�EDQGV�WR�
REWDLQ�WKH�ŀQDO�PHDVXUHPHQW�UHVXOWV��7KH�DGYDQWDJH�RI�PXOWL�EDQG�LQGHSHQGHQW�PHDVXUHPHQW�IRU�FROODER�
UDWLYH�VHQVLQJ�LV�WKDW�LW�EULQJV�VLPSOLFLW\�IRU�LPSOHPHQW��+RZHYHU��LW�PD\�OHDG�WR�UHGXQGDQW�LQIRUPDWLRQ�DQG�
LQFRQVLVWHQW� VHQVLQJ� UHVXOWV�� DQG� FDQQRW� IXOO\� XWLOL]H� WKH� DGYDQWDJHV� RI� LQFUHDVHG� EDQGZLGWK� UHVRXUFHV�
EURXJKW�E\�PXOWL�EDQG�FROODERUDWLYH�VHQVLQJ�

0XOWL�EDQG� MRLQW�PHDVXUHPHQW� UHIHUV� WR� WKH� MRLQW� DFTXLVLWLRQ� DQG� IXVLRQ� RI� VHQVLQJ� GDWD� RQ� GLłHUHQW�
IUHTXHQF\�EDQGV��ZKLFK�FDQ�REWDLQ�PRUH�FRPSUHKHQVLYH�DQG�DFFXUDWH�VHQVLQJ�UHVXOWV��7KH�VHQVLQJ�UDQJH�
UHVROXWLRQ�LV�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�VLJQDO�EDQGZLGWK��,Q�SUDFWLFDO�V\VWHPV��GXH�WR�UHVRXUFH�RYHUKHDG�
OLPLWDWLRQV��GLłHUHQW�XVHU� UHVRXUFH�VFKHGXOLQJ�DQG�DOORFDWLRQ�VWUDWHJLHV��KDUGZDUH�SHUIRUPDQFH�DQG�RWKHU�
IDFWRUV��LW�PD\�QRW�EH�SRVVLEOH�WR�XVH�FRQWLQXRXV�ODUJH�EDQGZLGWK�VLJQDOV�IRU�VHQVLQJ�PHDVXUHPHQWV��8VLQJ�
PXOWLSOH�GLVFRQWLQXRXV� IUHTXHQF\�EDQGV� IRU� UDQJH�PHDVXUHPHQW� FDQ� LPSURYH� WKH� UDQJH� UHVROXWLRQ��&RP�
SDUHG�ZLWK�WKH�VHQVLQJ�EDVHG�RQ�D�VLQJOH�FRQWLQXRXV�EDQG�ZLWK�EDQGZLGWK�RI� �%��%���� WZR�GLVFRQWLQXRXV�
IUHTXHQF\�EDQGV�ZLWK�EDQGZLGWK�%��DQG�%��IRU�VHQVLQJ�PHDVXUHPHQW�DQG�FRKHUHQW�SURFHVVLQJ�FDQ�REWDLQ�D�
KLJKHU� UDQJH� UHVROXWLRQ�� GXH� WR� D� ODUJHU� VSDQ� RI� GLVFRQWLQXRXV� IUHTXHQF\� EDQGV�� 7KH� ODUJHU� WKH� LQWHUYDO�
EHWZHHQ�WKH�WZR�GLVFRQWLQXRXV�EDQGV��WKH�KLJKHU�WKH�UDQJH�UHVROXWLRQ�

+RZHYHU��FRPSDUHG�WR�WKH�FRQWLQXRXV�IUHTXHQF\�EDQG��PHDVXUHPHQW�EDVHG�RQ�GLVFRQWLQXRXV�IUHTXHQF\�
EDQGV�PD\�LQWURGXFH�DGGLWLRQDO�LQWHUIHUHQFH�GXH�WR�WKH�ODFN�RI�VDPSOLQJ�LQIRUPDWLRQ���7KHUHIRUH��LWV�SHUIRU�
PDQFH�LQ�ORZ�615�UHJLRQ�LV�QRW�DV�JRRG�DV�WKDW�RI�VHQVLQJ�XQGHU�FRQWLQXRXV�IUHTXHQF\�EDQG��7KH�FKDOOHQJH�
RI�PXOWL�EDQG� MRLQW�PHDVXUHPHQW�DOVR� OLHV� LQ� WKH�IDFW� WKDW� WKHUH�PD\�EH�UDQGRP�LQLWLDO�SKDVH�SUREOHPV� LQ�
GLłHUHQW�IUHTXHQF\�EDQGV��ZKLFK�FDQ�KDYH�D�VHULRXV� LPSDFW�RQ�WKH�XVH�RI�FRKHUHQW�SURFHVVLQJ�� ,W� UHTXLUHV�
VSHFLDO�UHFHLYHU�SURFHVVLQJ�DQG�WUDQVPLWWHU�VLJQDO�GHVLJQ�WR�VROYH�WKH�SKDVH�GLVWRUWLRQ�SUREOHP�EHWZHHQ�WKH�
EDQGV��OHDGLQJ�WR�D�KLJK�OHYHO�RI�LPSOHPHQWDWLRQ�FRPSOH[LW\�

����0XOWL�%DQG�&ROODERUDWLYH�6HQVLQJ
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,Q�ZLUHOHVV�FRPPXQLFDWLRQV��ZLWK�WKH�KHOS�RI�PXOWL�DQWHQQD�WHFKQRORJLHV��VSDWLDO�GLYHUVLW\�DQG�VSDWLDO�
PXOWLSOH[LQJ�FDQ�EH�DFKLHYHG��ZKLFK�FDQ�UHVSHFWLYHO\�LPSURYH�FRPPXQLFDWLRQ�UHOLDELOLW\�DQG�FRPPXQLFD�
WLRQ�FDSDFLW\��0XOWL�DQWHQQD�WHFKQRORJLHV�DUH�DOVR�YLWDO�IRU�ZLUHOHVV�VHQVLQJ�DV�WKH\�H[SDQG�WKH�VHQVLQJ�
GLPHQVLRQ��WKDW�LV��HQDEOH�WKH�V\VWHP�WR�KDYH�WKH�DELOLW\�WR�VHQVH�WKH�D]LPXWK�DQG�HOHYDWLRQ�RI�WKH�WDUJHW��,W�
DOVR�FDQ�HQKDQFH�WKH�VHQVLQJ�SHUIRUPDQFH��DQG�LPSURYH�VHQVLQJ�UHOLDELOLW\�DQG�HQHUJ\�HŃFLHQF\�

7KURXJK�GLJLWDO�DQDORJ�EHDPIRUPLQJ�� WKH� ,6$&� V\VWHP�HTXLSSHG�ZLWK�PXOWLSOH�DQWHQQDV� FDQ� IRUP�
KLJK�JDLQ�QDUURZ�EHDPV��ZKLFK�FRQFHQWUDWH�PRVW�RI�WKH�HQHUJ\�RI�WKH�VHQVLQJ�VLJQDO�LQ�WKH�VHQVLQJ�DUHD�
RU�VHQVLQJ�WDUJHW��LPSURYLQJ�WKH�615�RI�WKH�UHŁHFWHG�VLJQDO��:KHQ�WKH�DQJOH�UDQJH�RI�WKH�VHQVLQJ�DUHD�LV�
ODUJH��RU�WKHUH�DUH�PXOWLSOH�WDUJHWV�DUHDV�WR�EH�VHQVHG��EHDP�VZHHSLQJ�PD\�EH�UHTXLUHG��+RZHYHU��EHDP�
VZHHSLQJ�WDNHV�ORQJHU�WLPH�WKDQ�VLQJOH�VKRW�PHDVXUHPHQW��PDNLQJ�LW�XQVXLWDEOH�IRU�UHDO�WLPH�VHQVLQJ��,I�D�
ZLGHU�EHDP�LV�XVHG�WR�FRYHU�WKH�WDUJHW�DUHD��LW�VDFULŀFHV�WKH�VHQVLQJ�DFFXUDF\�RU�VHQVLQJ�615��XQGHU�WKH�
DVVXPSWLRQ�WKDW�WKH�WRWDO�WUDQVPLVVLRQ�SRZHU�LV�WKH�VDPH�

)XWXUH�PXOWL�DQWHQQD�,6$&�V\VWHPV�DUH�OLNHO\�WR�KDYH�ERWK�0,02�FRPPXQLFDWLRQ�DQG�0,02�UDGDU�IXQF�
WLRQV�>��@��DQG�FDQ�XWLOL]H�WKH�YLUWXDO�DUUD\��9$���ZKLFK�LV�SURSRVHG�LQ�WKH�ŀHOG�RI�0,02�UDGDU��WR�LPSURYH�WKH�
DQJOH�VHQVLQJ�DFFXUDF\��%DVHG�RQ�WKH�9$�SULQFLSOH��E\�GHSOR\LQJ�WKH�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�DQWHQQDV�
LQ�D�UHDVRQDEOH�PDQQHU��DQ�DQJOH�UHVROXWLRQ�FRUUHVSRQGLQJ�WR�01�HOHPHQW�DUUD\�FDQ�EH�REWDLQHG�XVLQJ�
RQO\�0�1�DQWHQQD�HOHPHQWV��:KHQ�WKH�QXPEHU�RI�DQWHQQDV�RQ�RQH�VLGH�RI�WKH�0,02�V\VWHP�LV�OLPLWHG��VXFK�
DV�WKH�8(�VLGH���KLJK�UHVROXWLRQ�VHQVLQJ�FDQ�EH�DFKLHYHG�E\�LQFUHDVLQJ�WKH�QXPEHU�RI�DQWHQQD�HOHPHQWV�
XVHG�RQ�WKH�RWKHU�VLGH�� ,Q�DGGLWLRQ�� WKLV�WHFKQRORJ\�FDQ�HłHFWLYHO\�VXSSUHVV�FOXWWHU� LQWHUIHUHQFH�WKURXJK�
DUUD\�VLJQDO�SURFHVVLQJ�PHWKRGV�VXFK�DV�VSDWLDO�ŀOWHULQJ�

����0XOWL�DQWHQQD�7HFKQRORJLHV
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,Q�PXOWL�DQWHQQD�,6$&�V\VWHP��LW�LV�UHDVRQDEOH�WR�XVH�ERWK�EHDPIRUPLQJ�DQG�9$�WHFKQRORJ\��,Q�
WKLV�FRPELQDWLRQ��WKH�EHDPIRUPLQJ�SURFHVV�FDQ�UHIHU�WR�WKH�EHDP�PDQDJHPHQW�RI�WKH�H[LVWLQJ��*�
V\VWHP��7KH�RSWLPDO�VHQVLQJ�EHDP�FDQ�EH�GHWHUPLQHG�EDVHG�RQ�WKH�PHDVXUHG�YDOXHV�RI�WKH�VHQVLQJ�
PHDVXUHPHQW�TXDQWLWLHV��VXFK�DV�'RSSOHU��UDQJH��DQG�DQJOH��RU�WKH�VHQVLQJ�SHUIRUPDQFH�LQGLFDWRUV�
�VXFK�DV�VHQVLQJ�615���)LJ������LV�D�VFKHPDWLF�GLDJUDP�RI�PXOWL�DQWHQQD�,6$&�V\VWHP�IRU�LOOXVWUDWLRQ��
ZKLFK�FRQVLVWV�RI�EDVH�VWDWLRQ�DQG�8(�� ,Q� WKLV� VFHQDULR�� WKH�8(�VHQGV�DQ� ,6$&�VLJQDO��DQG� WKH�%6�
UHFHLYHV�WKH�VLJQDO�WR�VHQVH�WKH�SRVLWLRQV�RI�WKH�YHKLFOHV�LQ�WKH�HQYLURQPHQW��ZKLOH�FRPPXQLFDWLRQ�LV�
DOVR�FDUULHG�RXW�EHWZHHQ�WKH�8(�DQG�WKH�%6��7KH�%6�LV�HTXLSSHG�ZLWK�PXOWLSOH�GLJLWDO�FKDQQHOV��HDFK�
RI�ZKLFK� LV�FRQQHFWHG� WR�DQ�DQWHQQD�VXEDUUD\��$VVXPLQJ�WKDW� WKH�%6�KDV���DQWHQQD�SRUWV� �L�H�����
GLJLWDO� FKDQQHOV�� DQG� WKH� 8(� KDV� �� DQWHQQD� SRUWV� �L�H��� �� GLJLWDO� FKDQQHOV��� WKH� %6� DQG� 8(� FDQ�
FRQVWUXFW�D�9$�ZLWK�D�PD[LPXP�RI����DQWHQQD�SRUWV��7KH�V\VWHP�FDQ�REWDLQ�PHDVXUHG�YDOXHV�RI�
FRPPXQLFDWLRQ�PHDVXUHPHQW�TXDQWLWLHV�DQG�VHQVLQJ�PHDVXUHPHQW�TXDQWLWLHV��WKURXJK�WZR�LQGH�
SHQGHQW�EHDP�VZHHSLQJ�SURFHVVHV�ZKLFK�FRUUHVSRQG�WR�FRPPXQLFDWLRQ�DQG�VHQVLQJ�UHVSHFWLYHO\��
RU�D�MRLQW�EHDP�VZHHSLQJ�SURFHVV��WR�GHWHUPLQH�WKH�FRPPXQLFDWLRQ�EHDPV�DQG�VHQVLQJ�EHDPV��$V�
VKRZQ�LQ�)LJ�������WKH�VHQVLQJ�EHDPV�SRLQW�WR�WKH�VHQVLQJ�WDUJHW��ZKLOH�WKH�FRPPXQLFDWLRQ�EHDPV�
SRLQW�WR�WKH�%6�DQG�8(��,W�VKRXOG�EH�SRLQWHG�RXW�WKDW��WKH�GHVLJQ�RI�K\EULG�DQDORJ�GLJLWDO�ODUJH�VFDOH�
0,02�DUFKLWHFWXUH�ZLWK�ORZ�FRVW�DQG�ŁH[LELOLW\��DV�ZHOO�DV�KLJK�SUHFLVLRQ�SKDVH�FRQWURO�VFKHPH��DUH�
WKH�SUHUHTXLVLWHV�IRU�WKH�SUDFWLFDO�LPSOHPHQWDWLRQ�RI�WKH�DIRUHPHQWLRQHG�PXOWL�DQWHQQD�,6$&�WHFK�
QRORJLHV�� ,Q�DGGLWLRQ��ŁH[LEOH�DQG�ORZ�FRPSOH[LW\� ,6$&�EHDPIRUPLQJ�DQG�SUHFRGLQJ�VFKHPHV�DUH�
QRW�\HW�PDWXUH�UHTXLULQJ�IXUWKHU�UHVHDUFK�LQ�WKH�IXWXUH�

)LJ�������,OOXVWUDWLRQ�RI�EHDP�PDQDJHPHQW�IRU�PXOWL�DQWHQQD�,6$&�V\VWHP
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7DEOH������7KH�GLłHUHQFHV�EHWZHHQ�DVVLVWLQJ�8(�IRU�VHQVLQJ�DQG�UHJXODU�8(

2QH�EHQHŀW�RI�PRQRVWDWLF�VHQVLQJ�LV�WKDW�WKHUH�DUH�QR�V\QFKURQL]DWLRQ�LVVXHV�EHWZHHQ�WKH�
UHFHLYLQJ�DQG�WUDQVPLWWLQJ�QRGHV��2QH�RI�LWV�GUDZEDFNV��KRZHYHU��LV�WKDW�WKH�VHQVLQJ�QRGH�QHHGV�
WR�KDYH� IXOO�GXSOH[� FDSDELOLW\� WR�DYRLG� VHOI�LQWHUIHUHQFH��$QRWKHU�GUDZEDFN� LV� WKDW� WKH� VHQVLQJ�
QRGH�FDQ�RQO\��VHH��RQH�VLGH�RI�WKH�VHQVLQJ�WDUJHW�WKDW�LV�IDFLQJ�WRZDUGV�WKH�QRGH��DQG�FDQQRW�
�VHH��WKH�RWKHU�VLGHV�RI�WKH�WDUJHW��7KLV�LV�EHFDXVH�WKH�UDGDU�FURVV�VHFWLRQ��5&6��RI�PRVW�VHQVLQJ�
WDUJHWV�YDULHV�DW�GLłHUHQW�DQJOHV��ZKLOH�WKH�DQJOHV�KDYLQJ�D�VPDOOHU�5&6�ZLOO�DłHFW�WKH�VHQVLQJ�
SHUIRUPDQFH�

7R�DGGUHVV�WKH�GUDZEDFNV�RI�PRQRVWDWLF�VHQVLQJ��LW�LV�SRVVLEOH�WR�FRQVLGHU�LQWURGXFLQJ�&RRU�
GLQDWHG�0XOWLSOH�3RLQWV��&R03��IRU�VHQVLQJ��%LVWDWLF�VHQVLQJ�LV�WKH�VLPSOHVW�IRUP�RI�&R03�IRU�VHQV�
LQJ��ZKLFK�LQFOXGHV�%6�WR�%6�ELVWDWLF�VHQVLQJ��DV�ZHOO�DV�%6�WR�8(�ELVWDWLF�VHQVLQJ�DQG�8(�WR�%6�
ELVWDWLF�VHQVLQJ��,Q�%6�WR�%6�ELVWDWLF�VHQVLQJ��%6�ORFDWLRQV�DUH�JHQHUDOO\�ŀ[HG��WKXV�WKHUH�PD\�EH�
VLWXDWLRQV�ZKHUH�WKH�EDVH�VWDWLRQ�LV�IDU�IURP�WKH�VHQVLQJ�WDUJHW��UHVXOWLQJ�LQ�GLŃFXOW\�LQ�PHHWLQJ�
WKH�VHQVLQJ�UHTXLUHPHQWV�IRU�FHUWDLQ�WDUJHW�ORFDWLRQV�

%6�WR�8(�ELVWDWLF�VHQVLQJ�DQG�8(�WR�%6�ELVWDWLF�VHQVLQJ�FDQ�UHXVH�H[LVWLQJ�IUDPH�VWUXFWXUHV�DQG�
H[LVWLQJ�VLJQDOV��%\�VHOHFWLQJ�VXLWDEOH�8(��VXFK�DV�WKRVH�FORVHU�WR�WKH�VHQVLQJ�WDUJHW��WR�SDUWLFLSDWH�
LQ�WKH�VHQVLQJ�SURFHVV��WKH�VHQVLQJ�FRYHUDJH�SHUIRUPDQFH�FDQ�EH�LPSURYHG��+RZHYHU��WKH�GUDZ�
EDFN�LV�WKH�HVWLPDWLRQ�HUURU�RI�8(�SRVLWLRQ��RULHQWDWLRQ��DQG�YHORFLW\��DV�ZHOO�DV�V\QFKURQL]DWLRQ�
HUURUV�EHWZHHQ�%6�DQG�8(��ZKLFK�FDQ�DłHFW� WKH�VHQVLQJ�SHUIRUPDQFH��$�IHDVLEOH�VROXWLRQ� LV� WR�
LQWURGXFH�D�VSHFLDO�W\SH�RI�8(��WKDW�LV��DVVLVWLQJ�8(�IRU�VHQVLQJ��$VVLVWLQJ�8(�IRU�VHQVLQJ�FDQ�EH�
SODFHG�WR�WKH�ORFDWLRQV�FORVHU�WR�WKH�VHQVLQJ�WDUJHW��DQG�NHSW�UHODWLYHO\�VWDWLRQDU\��7KHLU�SRVLWLRQ�
DQG�RULHQWDWLRQ�DUH�NQRZQ�WR�DYRLG�WKH�LPSDFW�RI�HVWLPDWLRQ�HUURUV�RI�8(�SRVLWLRQ��RULHQWDWLRQ��
DQG�YHORFLW\�RQ� VHQVLQJ�SHUIRUPDQFH��3OHDVH� UHIHU� WR� 7DEOH����� IRU�PRUH�GLłHUHQFHV�EHWZHHQ�
DVVLVWLQJ�8(�IRU�VHQVLQJ�DQG�UHJXODU�8(�

����&RRUGLQDWHG�0XOWLSOH�3RLQWV��&R03��IRU�6HQVLQJ�

"UUSJCVUFT 3FHVMBS�6&"TTJTUJOH�6&�GPS�TFOTJOH
2ZQHU 2SHUDWRUV�RU�LQGXVWU\�XVHUV�RU�FRQVXPHUV &RQVXPHUV

:KHWKHU�LW�LV�PRELOH�RU�QRW 5HODWLYHO\�VWDWLRQDU\ 0RELOH

3RZHU�VXSSO\�PHWKRG %DWWHU\��RU�WKURXJK�ZLUHG�RU�ZLUHOHVV�FKDUJLQJ %DWWHU\

8SOLQN�DQG�GRZQOLQN�
FDSDELOLWLHV

%RWK�XSOLQN�DQG�GRZQOLQN�FDSDELOLWLHV��RU�RQO\�
GRZQOLQN��RU�RQO\�XSOLQN

%RWK�XSOLQN�DQG�GRZQOLQN

7KH�KDUGZDUH�FDSDELOLWLHV��
VL]H��DQG�QXPEHU�RI�DQWHQQDV

+LJKHU��ODUJHU��DQG�PRUH�QXPHURXV�WKDQ�WKRVH
�RI�UHJXODU�WHUPLQDOV

�

6\QFKURQL]DWLRQ�FDSDELOLW\�
EHWZHHQ�WKH�WHUPLQDO�DQG�
WKH�EDVH�VWDWLRQ

6\QFKURQL]H�ZLWK�WKH�EDVH�VWDWLRQ�WKURXJK�ZLUHG
�FRQQHFWLRQ��*166��RU�DLU�LQWHUIDFH�

6\QFKURQL]H� ZLWK� WKH�
EDVH� VWDWLRQ� WKURXJK� DLU�
LQWHUIDFH
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)LJ�������'HYHORSPHQW�SDWK�IURP�PRQRVWDWLF�VHQVLQJ�WR�ELVWDWLF�VHQVLQJ�WR�&R03�VHQVLQJ

)XUWKHUPRUH��RQ�WKH�EDVLV�RI�ELVWDWLF�VHQVLQJ��PRUH�FRPSOLFDWHG�IRUPV��L�H���&R03�IRU�VHQVLQJ�
FDQ�EH�FRQVLGHUHG��DV� LOOXVWUDWHG�LQ�)LJ�������&R03�IRU�VHQVLQJ�FRQWDLQV�VHQVLQJ�ZLWK�PRUH�QRGHV�
�H�J���PRUH� WKDQ� WZR��� &R03� VHQVLQJ�ZLWK� GLłHUHQW� VHQVLQJ�PRGHV�� &R03� VHQVLQJ�ZLWK� GLłHUHQW�
IUHTXHQF\�EDQGV��DQG�&R03�VHQVLQJ�ZLWK�LQWHJUDWHG�5)�VHQVLQJ�DQG�QRQ�5)�VHQVLQJ�

&RPSDUHG� ZLWK� PRQRVWDWLF� VHQVLQJ�� &R03� VHQVLQJ� FDQ� LPSURYH� VHQVLQJ� FRYHUDJH� UDQJH��
HQKDQFH�VHQVLQJ�SHUIRUPDQFH��DQG�LPSURYH�V\VWHP�UREXVWQHVV�DQG�LQWHUIHUHQFH�UHVLVWDQFH�DELOLW\��
,Q�SDUWLFXODU��&R03�VHQVLQJ�FDQ�VROYH�SUREOHPV�LQFOXGLQJ�WKH�EOLQG�VSHHG�SUREOHP�FDXVHG�E\�WKH�
VSHFLDO�PRWLRQ�GLUHFWLRQ�RI�WKH�VHQVLQJ�WDUJHW� LQ�PRQRVWDWLF�VHQVLQJ�RU�ELVWDWLF�VHQVLQJ��WKH�EOLQG�
VSRW�IRU�GLVWDQFH�GHWHFWLRQ�FDXVHG�E\�WKH�VHQVLQJ�WDUJHW�ORFDWHG�QHDU�WKH�OLQH�FRQQHFWLQJ�WZR�QRGHV�
RI�ELVWDWLF�VHQVLQJ��DV�ZHOO�DV�WKH�DQJOH�PHDVXUHPHQW�DPELJXLW\�FDXVHG�E\�WKH�VHQVLQJ�WDUJHW�EHLQJ�
LQ�WKH�VDPH�SODQH�DV�WKH�UHFHLYLQJ�DQWHQQD�SDQHO�� ,Q�&R03�VHQVLQJ�� LW� LV�QHFHVVDU\�WR�FROOHFW�DQG�
SURFHVV� VHQVLQJ� LQIRUPDWLRQ� IURP�PXOWLSOH� QRGHV� WR� JHQHUDWH� WKH� ŀQDO� VHQVLQJ� UHVXOWV�� DQG� LW� LV�
QHFHVVDU\�WR�FRQVLGHU�WKH�WUDGH�Rł�EHWZHHQ�WKH�YROXPH�RI�WKH�VHQVLQJ�LQIRUPDWLRQ�GDWD�DQG�WKH�
FRRSHUDWLYH�JDLQ�RI�&R03�

7KH� FKDOOHQJHV� RI� &R03� VHQVLQJ� LQFOXGH� V\QFKURQL]DWLRQ� LVVXHV� EHWZHHQ� WKH� SDUWLFLSDWLQJ�
UHFHLYLQJ�DQG�WUDQVPLWWLQJ�QRGHV��KDUGZDUH�LQFRQVLVWHQF\�LVVXHV��DQG�WKH�YDULRXV�W\SHV�RI�LQWHUIHU�
HQFH�LQFOXGLQJ�LQWUD�FHOO�LQWHU�FHOO�FR�IUHTXHQF\�LQWHUIHUHQFH��FURVV�OLQN�LQWHUIHUHQFH��HWF�
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)LJ�������3URFHGXUH�RI�OLQN�DGDSWDWLRQ�WHFKQRORJ\�IRU�,6$&

7R�DFKLHYH�RSWLPDO�DOORFDWLRQ�RI�VLJQDO� UHVRXUFHV�ZKLOH�PHHWLQJ�WKH�VHQVLQJ�SHUIRUPDQFH�
UHTXLUHPHQWV�RI�VHQVLQJ�XVH�FDVHV��WKH�QHWZRUN�QHHGV�WR�DGDSWLYHO\�DGMXVW�WKH�UHVRXUFH�DOORFD�
WLRQ�RI�VHQVLQJ�VLJQDOV��ZKLFK�LV�NQRZQ�DV�OLQN�DGDSWDWLRQ�WHFKQRORJ\�RI�,6$&��,W�KHOSV�WR�LPSURYH�
WKH�RYHUDOO�HŃFLHQF\�RI�,6$&�V\VWHP�

7KH�EDVLF�SURFHGXUH�RI�WKH�OLQN�DGDSWDWLRQ�WHFKQRORJ\�IRU�VHQVLQJ�LV�VKRZQ�LQ�)LJ�������7KH�
VHQVLQJ�UHFHLYHU�UHFHLYHV�WKH�VHQVLQJ�VLJQDO�VHQW�E\�WKH�VHQVLQJ�WUDQVPLWWHU�DQG�REWDLQV�WKH�VHQV�
LQJ�PHDVXUHPHQW�TXDQWLWLHV��$IWHU�WKDW��WKH�VHQVLQJ�UHFHLYHU�SURYLGHV�VSHFLŀHG�VHQVLQJ�PHDVXUH�
PHQW�TXDQWLWLHV�WR�WKH�QHWZRUN��%DVHG�RQ�WKH�VHQVLQJ�PHDVXUHPHQW�TXDQWLWLHV�DQG�LQ�FRQVLGHU�
DWLRQ�RI�RWKHU�IDFWRUV��WKH�QHWZRUN�GHWHUPLQHV�ZKHWKHU�LW�QHHGV�WR�XSGDWH�WKH�UHVRXUFH�DOORFDWLRQ�
RI�WKH�VHQVLQJ�VLJQDO�� ,I�QHFHVVDU\��WKH�QHWZRUN�QRWLŀHV�WKH�VHQVLQJ�WUDQVPLWWHU�RI�WKH�XSGDWHG�
VHQVLQJ�VLJQDO�UHVRXUFH�FRQŀJXUDWLRQ�

����/LQN�$GDSWDWLRQ�7HFKQRORJ\

Sensing 
receiver NetworkSensing 

transmitter

Sensing measurement
quantities

Update the resource configuration of 
sensing signal

Sensing signals
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7R�SHUIRUP�WKH�OLQN�DGDSWDWLRQ�IRU�VHQVLQJ��WKH�QHWZRUN�QHHGV�WR�FROOHFW�WKH�VHQVLQJ�PHDVXUH�
PHQW�TXDQWLŀHV�DQG�WKHQ�WR�H[HFXWH�WKH�DGDSWLYH�DGMXVWPHQW�RI�UHVRXUFH�DOORFDWLRQ�LQ�SRZHU��WLPH��
IUHTXHQF\�DQG�VSDWLDO�GRPDLQ�

$GDSWLYH�DGMXVWPHQW�LQ�SRZHU�GRPDLQ

7KH�VHQVLQJ�UHFHLYHU�VKDOO�IHHGEDFN�WKH�VHQVLQJ�VLJQDO�SRZHU�DQG�WKH�VHQVLQJ�615�WR�WKH�QHWZRUN��ZLWK�
ZKLFK� WKH� QHWZRUN� PDNHV� WKH� GHFLVLRQ� DQG� H[HFXWH� WKH� DGDSWLYH� DGMXVWPHQW� RI� WUDQVPLWWHG� SRZHU� RI�
VHQVLQJ�VLJQDO��7KH�VHQVLQJ�VLJQDO�SRZHU�UHSUHVHQWV�WKH�VLJQDO�SRZHU�RI�WKH�FHUWDLQ�UD\V�RU�FOXVWHUV�ZKLFK�
DUH�UHŁHFWHG�WKURXJK�WKH�VHQVLQJ�WDUJHW��DQG�WKH�VHQVLQJ�615�LV�WKH�UDWLR�RI�WKH�VHQVLQJ�VLJQDO�SRZHU�WR�WKH�
QRLVH�

$GDSWLYH�DGMXVWPHQW�LQ�VSDWLDO�GRPDLQ

7KH�VHQVLQJ�UHFHLYHU�QHHG�WR�IHHGEDFN�WKH�WDUJHW�DQJOH�WR�WKH�QHWZRUN��,Q�WKH�SUHPLVH�RI�VDWLVI\LQJ�WKH�
UHTXLUHPHQWV�RI� WKH�PHDVXUHPHQW� UHVROXWLRQ�DQG�PD[LPXP�XQDPELJXRXV�VFRSH�RI� WDUJHW�DQJOH�� IHZHU�
DQWHQQD�HOHPHQWV�DQG�ODUJHU�DQWHQQD�LQWHUYDO�FDQ�KHOS�WR�UHGXFH�WKH�UHVRXUFH�RYHUKHDG�RI�VHQVLQJ�VLJQDO�

$GDSWLYH�DGMXVWPHQW�LQ�IUHTXHQF\�GRPDLQ

7KH�VHQVLQJ� UHFHLYHU�QHHG� WR� IHHGEDFN� WKH� WDUJHW�GHOD\�RU� UDQJH� WR� WKH�QHWZRUN�� ,Q� WKH�SUHPLVH�RI�
VDWLVI\LQJ�WKH�UHTXLUHPHQWV�RI�WKH�PHDVXUHPHQW�UHVROXWLRQ�DQG�PD[LPXP�XQDPELJXRXV�VFRSH�RI�GHOD\�RU�
WDUJHW�UDQJH��VPDOOHU�VDPSOLQJ�LQWHUYDO�LQ�IUHTXHQF\�GRPDLQ��ZKLFK�PHDQV�PRUH�VXEFDUULHUV�DOORFDWHG�WR�
VHQVLQJ�VLJQDO��ZLOO�KHOS�WR�LPSURYH�WKH�FRKHUHQW�SURFHVVLQJ�JDLQ�RI�WKH�VHQVLQJ�VLJQDO��DQG�ŀQDOO\�UHVXOWV�LQ�
KLJKHU�VHQVLQJ�VLJQDO�SRZHU�DQG�VHQVLQJ�615�

$GDSWLYH�DGMXVWPHQW�LQ�WLPH�GRPDLQ

7KH�VHQVLQJ�PHDVXUHPHQW�TXDQWLWLHV�WKDW�VHQVLQJ�UHFHLYHU�QHHG�WR�IHHGEDFN�LQFOXGH�'RSSOHU�RU�WDUJHW�
YHORFLW\��WKH�YDULDQFH�RI�'RSSOHU�RU�WDUJHW�YHORFLW\��WKH�YDULDQFH�RI�GHOD\�RU�WDUJHW�UDQJH��DQG�WKH�YDULDQFH�RI�
WDUJHW�DQJOH�� ,Q� WKHVH�PHDVXUHPHQWV�� YDULDQFH�RI�'RSSOHU�RU� WDUJHW� YHORFLW\�� YDULDQFH�RI�GHOD\�RU� WDUJHW�
UDQJH��DQG� WKH�YDULDQFH�RI� WDUJHW�DQJOH��FDQ�H[SUHVV� WKH�YDULDWLRQ�RI� WKH� WDUJHW�YHORFLW\�� ,Q� WKH�DGDSWLYH�
DGMXVWPHQW�RI�WLPH�UHVRXUFH��WKH�SUHFRQGLWLRQ�LV�WKDW�WKH�UHTXLUHPHQWV�RI�WKH�PHDVXUHPHQW�UHVROXWLRQ�DQG�
WKH�PD[LPXP�XQDPELJXRXV�VFRSH�RI�'RSSOHU�RU�WDUJHW�YHORFLW\�VKRXOG�EH�VDWLVŀHG��6PDOOHU�WLPH�VDPSOLQJ�
LQWHUYDO�KHOSV�WR�LPSURYH�WKH�VHQVLQJ�VLJQDO�SRZHU�DQG�VHQVLQJ�615��DQG�VPDOOHU�VHQVLQJ�XSGDWH�SHULRG�
KHOSV�WR�PDLQWDLQ�WKH�VWDEOH�WUDFNLQJ�IRU�WKH�VHQVLQJ�WDUJHW��+RZHYHU��ODUJHU�VHQVLQJ�IUDPH�LQWHUYDO�UHVXOWV�
LQ� WKH�SUREOHPV�RI� UDQJH�PLJUDWLRQ��7KHUHLQ�� WKH�VHQVLQJ�XSGDWH�SHULRG�VKRXOG�EH�FKRVHQ�EHWZHHQ�WZR�
VKRWV�RI�VHQVLQJ�VLJQDO�SURFHVVLQJ�
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$FFRUGLQJ� WR� WKH� DERYH� GLVFXVVLRQ�� LQ� WKH� DGDSWLYH� DGMXVWPHQW� RI� VHQVLQJ� VLJQDO�� WKH� DGMXVWLQJ�
SDUDPHWHUV�DQG�WKH�FRUUHVSRQGLQJ�VHQVLQJ�PHDVXUHPHQW�TXDQWLWLHV�DUH�DV�OLVWHG�LQ�7DEOH������

7DEOH������$GMXVWLQJ�SDUDPHWHUV�DQG�VHQVLQJ�PHDVXUHPHQW�TXDQWLWLHV�LQ�DGDSWLYH�DGMXVW�
PHQW�RI�VHQVLQJ�VLJQDO

%PNBJO 4FOTJOH�NFBTVSFNFOU�RVBOUJUJFT"EKVTUJOH�QBSBNFUFST
3RZHU (35( 6HQVLQJ�VLJQDO�SRZHU��VHQVLQJ�615

7LPH

)UHTXHQF\ 'HOD\�UDQJH

6SDWLDO $QJOH

7HPSRUDO� VDPSOLQJ� LQWHUYDO�� VHQVLQJ�
IUDPH�LQWHUYDO��VHQVLQJ�XSGDWH�SHULRG

)UHTXHQF\�VDPSOLQJ�LQWHUYDO��EDQGZLGWK

1XPEHU� RI� DQWHQQD� HOHPHQWV�� LQWHUYDO�
RI�DQWHQQD�HOHPHQWV�

'RSSOHU�YHORFLW\�YDULDQFH�RI�'RSSOHU�YHORFL�
W\�YDULDQFHRI�GHOD\�UDQJH��YDULDQFH�RI�DQJOH
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7KH�PRELOLW\�PDQDJHPHQW�IRU�,6$&�DLPV�WR�HQVXUH�VHUYLFH�FRQWLQXLW\��ZKLFK�LQFOXGHV�WZR�
DVSHFWV�� WKH�FRQWLQXLW\�RI�FRPPXQLFDWLRQ�VHUYLFH�DQG�WKH�FRQWLQXLW\�RI�VHQVLQJ�VHUYLFH��7KH�
FKDQJHV�RI�WKH�VWDWHV��LQFOXGLQJ�VSDWLDO�SRVLWLRQ��VSDWLDO�RULHQWDWLRQ��YHORFLW\��HWF���RI�WKH�VHQV�
LQJ�WDUJHW�DQG�WKH�VHQVLQJ�QRGHV��RU�WKH�FKDQJHV�RI�WKH�HQYLURQPHQW�PD\�DłHFW�WKH�VHQVLQJ�
SHUIRUPDQFH�RI�WKH�,6$&�V\VWHP��,Q�DGGLWLRQ�WR�WKH�DIRUHPHQWLRQHG�EHDP�PDQDJHPHQW�IRU�
,6$&�ZKLFK�HQVXUHV�WKH�4XDOLW\�RI�6HUYLFH��4R6���WKH�QHWZRUN�PD\�QHHG�WR�FDUU\�RXW�WKH�PRELOLW\�
PDQDJHPHQW��

����0RELOLW\�0DQDJHPHQW

)LJ�������,OOXVWUDWLRQV�RI�VHQVLQJ�QRGH�KDQGRYHU�ZLWK�ELVWDWLF�VHQVLQJ�PRGH
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,Q� ZKDW� IROORZV�� ZH� PDNH� D� EULHI� GLVFXVVLRQ� RI� VHYHUDO� W\SLFDO� VHQVLQJ� KDQGRYHU� VFHQDULRV�� ,W� LV�
DVVXPHG�WKDW�WKH�VHQVLQJ�VLJQDO�RU�,6$&�VLJQDO�LV�WUDQVPLWWHG�IURP�WKH�%6�DQG�UHFHLYHG�E\�WKH�8(��DQG�WKH�
8(�FDQ�SHUIRUP�UDQJH�PHDVXUHPHQW�DQG�YHORFLW\�PHDVXUHPHQW�IRU�WKH�PRELOH�YHKLFOH�LQ�WKH�VHQVLQJ�DUHD��

)LJ�������D��VKRZV�WKH�VFHQDULRV�ZKHUH�WKH�8(V�SHUIRUP�KDQGRYHU��:KHQ�WKH�WDUJHW�PRYHV�IURP�QHDU�8(�
�� WR�QHDU�8(���� WKH�TXDOLW\�RI� WKH� VHQVLQJ� VLJQDO�RU� ,6$&� VLJQDO� UHŁHFWHG�E\� WKH� WDUJHW�PD\� VLJQLŀFDQWO\�
GHFUHDVH��GXH�WR�WKH�LQFUHDVH�RI�WKH�SURSDJDWLRQ�GLVWDQFH�EHWZHHQ�8(���DQG�WKH�WDUJHW��RU�WKH�FKDQJHV�RI�
WKH�WDUJHW
V�5DGDU�&URVV�6HFWLRQ��5&6���,W�UHVXOWV�LQ�D�SHUIRUPDQFH�GHFUHDVH�RU�LQWHUUXSWLRQ�RI�WKH�VHQVLQJ�
VHUYLFH�� %6V� RU� VHQVLQJ� IXQFWLRQ� LQ� WKH� FRUH� QHWZRUN� FDQ� VFKHGXOH�8(� �� DV� WKH� QHZ� VHQVLQJ� QRGH� DIWHU�
KDQGRYHU��EDVHG�RQ�WKH�8(�LQIRUPDWLRQ�WKH\�DFTXLUH�IRU�WKH�ORFDO�DUHD��

)LJ�� ���� �E�� VKRZV� WKH� VFHQDULR� ZKHUH� WKH� %6V� SHUIRUP� KDQGRYHU�� 6LPLODUO\�� WKH� VHQVLQJ� VHUYLFH� LV�
SHUIRUPHG�VHDPOHVVO\��WKURXJK�WKH�%6����L�H���WKH�VRXUFH�QRGH��RU�WKH�VHQVLQJ�IXQFWLRQ�VFKHGXOHV�%6����L�H���
WKH�WDUJHW�QRGH��DV�WKH�QHZ�VHQVLQJ�QRGH��)LJ�������F��VKRZV�WKH�VFHQDULR�ZKHUH�ERWK�WKH�%6V�DQG�8(V�FDUU\�
RXW�KDQGRYHU��%HIRUH�WKH�KDQGRYHU��%6���DQG�8(���SHUIRUP�WKH�UDQJH�DQG�YHORFLW\�PHDVXUHPHQWV�IRU�WKH�
WDUJHW��DQG�DIWHU�WKH�KDQGRYHU��%6���DQG�8(���SHUIRUP�WKH�UDQJH�DQG�YHORFLW\�PHDVXUHPHQWV�IRU�WKH�WDUJHW�

)RU�WKH�PRQRVWDWLF�VHQVLQJ�PRGH��LW�LV�DOVR�QHFHVVDU\�WR�SHUIRUP�KDQGRYHU�EHWZHHQ�GLłHUHQW�VHQVLQJ�
QRGHV��LQFOXGLQJ�%6V�DQG�8(V��WR�HQVXUH�WKH�FRQWLQXLW\�RI�VHQVLQJ�VHUYLFH��DV�VKRZQ�LQ�)LJ�������D���7KH�%6���
RU�WKH�VHQVLQJ�IXQFWLRQ�FDQ�VFKHGXOH�%6���DV�WKH�QHZ�VHQVLQJ�QRGH�DIWHU�KDQGRYHU�EDVHG�RQ�WKH�LQIRUPD�
WLRQ�RI�RWKHU�%6V�LQ�WKH�DUHD��DQG�SHUIRUP�PRQRVWDWLF�VHQVLQJ��7KLV�VLWXDWLRQ�LV�VLPLODU�WR�8(�PRQRVWDWLF�
VHQVLQJ��DV�VKRZQ�LQ�)LJ�������E��

)LJ�������,OOXVWUDWLRQV�RI�VHQVLQJ�QRGH�KDQGRYHU�ZLWK�PRQRVWDWLF�VHQVLQJ�PRGH
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&RQVLGHULQJ�WKH�GLłHUHQFHV� LQ�VHQVLQJ�FDSDELOLWLHV�DPRQJ�GLłHUHQW�VHQVLQJ�QRGHV��LQFOXGLQJ�
%6V�DQG�8(V���DQG�WKH�LUUHJXODU�GLVWULEXWLRQ�RI�VHQVLQJ�QRGHV��KDQGRYHU�EHWZHHQ�VHQVLQJ�QRGHV�PD\�
DOVR�EH�DFFRPSDQLHG�E\�WKH�VZLWFKLQJ�RI�GLłHUHQW�VHQVLQJ�PRGHV��$JDLQ��ZH�WDNH�WKH�UDQJH�PHD�
VXUHPHQW� DQG� YHORFLW\�PHDVXUHPHQW� RI�PRELOH� YHKLFOH� DV� H[DPSOH�� )LJ�� ���� VKRZV� D� VFKHPDWLF�
GLDJUDP�RI�VHQVLQJ�PRGH�VZLWFKLQJ��$VVXPLQJ�WKDW�EHIRUH�VZLWFKLQJ��WKH�%6�SHUIRUPV�UDQJH�DQG�
YHORFLW\�PHDVXUHPHQWV�WR�WKH�YHKLFOH�ZLWK�PRQRVWDWLF�VHQVLQJ�PRGH��7KH�%6�WUDQVPLWV�WKH�VHQVLQJ�
VLJQDO�RU�,6$&�VLJQDO�DQG�UHFHLYH�WKH�HFKR��:KHQ�WKH�WDUJHW�JUDGXDOO\�PRYHV�DZD\�IURP�WKH�%6��D�
SHUIRUPDQFH�GHJUDGDWLRQ�RU�LQWHUUXSWLRQ�RI�WKH�VHQVLQJ�VHUYLFH�PD\�RFFXU�GXH�WR�WKH�LQFUHDVH�RI�WKH�
URXQG�WULS�SURSDJDWLRQ�GLVWDQFH��RU�WKH�FKDQJHV�RI�WKH�WDUJHW
V�5&6��$W�WKLV�SRLQW��WKH�%6�RU�VHQVLQJ�
IXQFWLRQ�FDQ�VFKHGXOH�D�8(�DQG�D�%6�QHDU�WKH�WDUJHW�EDVHG�RQ�LQIRUPDWLRQ�RI�DOO�WKH�%6V�DQG�8(V�LQ�
WKH�YLFLQLW\�RI�WKH�WDUJHW��7KH�UDQJH�DQG�YHORFLW\�PHDVXUHPHQWV�WR�WKH�WDUJHW�FDQ�EH�FRQWLQXRXVO\�
SHUIRUPHG�ZLWK�%6�8(�ELVWDWLF�VHQVLQJ�PRGH��,W�LV�QRWHG�WKDW�LQ�WKLV�VFHQDULR��WKH�%6�SDUWLFLSDWLQJ�LQ�
VHQVLQJ�DIWHU�WKH�VHQVLQJ�PRGH�VZLWFKLQJ�FDQ�EH�GLłHUHQW�IURP�WKH�VRXUFH�%6�

)LJ�������,OOXVWUDWLRQ�RI�VHQVLQJ�PRGH�VZLWFKRYHU
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,Q� WKH� ,6$&�DSSOLFDWLRQ�� WKH� VHQVLQJ�QRQ�LGHDO� IDFWRUV�ZKLFK�DUH�FDXVHG�E\� WKH�QRQ�LGHDO�
QDWXUH�RI�GHYLFHV�FDQ�OHDG�WR�VHULRXV�PHDVXUHPHQW�HUURUV��ZKLFK�LQ�WXUQ�DłHFWV�WKH�DFFXUDF\�RI�
VHQVLQJ��>������@��7KH�VHQVLQJ�QRQ�LGHDO�IDFWRUV�PDLQO\�LQFOXGH�WLPLQJ�RłVHW��72���ORFDO�IUHTXHQF\�
RłVHW� �/)2��� FKDQQHO� LQFRQVLVWHQF\�� DQG� WHPSRUDO� UDQGRP� SKDVH�� 7KHVH� VHQVLQJ� QRQ�LGHDO�
IDFWRUV�PD\�QRW�KDYH�VLJQLŀFDQW� LPSDFW�RQ�FRPPXQLFDWLRQ�SHUIRUPDQFH��EXW�FDQ�VLJQLŀFDQWO\�
LPSDFW�WKH�VHQVLQJ�SHUIRUPDQFH��6KDULQJ�WKH�FORFN�EHWZHHQ�WKH�WUDQVPLWWHU�DQG�UHFHLYHU�RI�WKH�
VHQVLQJ�VLJQDO� LV� WKH�PRVW�GLUHFW�PHWKRG�IRU�VROYLQJ�WKH�SUREOHP�RI�72�DQG�/)2�>��@��%HVLGHV��
IROORZLQJ�DUH�RWKHU�VROXWLRQV�RI�VHQVLQJ�QRQ�LGHDO�IDFWRUV�

����6ROXWLRQ�WR�6HQVLQJ�1RQ�LGHDO�)DFWRUV

7KH�GLYLVLRQ�RSHUDWLRQ�RU� FRQMXJDWH�PXOWLSOLFDWLRQ� IRU� WKH� UHFHLYHG� VLJQDOV� IURP�PXOWLSOH�
UHFHLYLQJ�DQWHQQDV�VKDULQJ�FRPPRQ�FORFN�VRXUFH��FDQ�EH�XVHG�WR�VXSSUHVV�WKH�LQŁXHQFH�RI�WKH�
/)2�DQG�WHPSRUDO�UDQGRP�SKDVH�EHWZHHQ�WKH�WUDQVPLWWHU�DQG�UHFHLYHU��DQG�H[WUDFW�WKH�'RSSOHU�
IUHTXHQF\�RI�WKH�VHQVLQJ�WDUJHW�

7KH�EDVLF� SULQFLSOH� RI� &6,� UDWLR� RU� FRQMXJDWH�PXOWLSOLFDWLRQ� LV� WKDW� WKH� /)2�DQG� WHPSRUDO�
UDQGRP�SKDVH�RQ�WKH�UHFHLYHG�VLJQDOV�RI�WZR�DQWHQQDV�DUH�WKH�VDPH�LI�WKH�WZR�DQWHQQDV�DUH�
FRQQHFWHG�WR�WKH�VDPH�5)��5DGLR�)UHTXHQF\��DQG�EDVHEDQG�PRGXOH��7KXV��WKH�/)2�FDQ�EH�HDVLO\�
UHPRYHG�DIWHU�GLYLVLRQ�RSHUDWLRQ�RU�FRQMXJDWH�PXOWLSOLFDWLRQ��)XUWKHUPRUH��ZKHQ�WKH�SRZHU�RI�
WKH�VWDWLF�SDWK�LV�GRPLQDQW��WKH�&6,�UDWLR�PHWKRG�FDQ�H[WUDFW�WKH�'RSSOHU�IUHTXHQF\�RI�WKH�VHQV�
LQJ�WDUJHW�ZKLFK�LV�QRW�DłHFWHG�E\�WKH�LPDJH�IUHTXHQF\�RI�WKH�'RSSOHU�IUHTXHQF\�VKLIW�

7KH� &6,� UDWLR� RU� FRQMXJDWH� PXOWLSOLFDWLRQ� KDV� VRPH� OLPLWDWLRQV�� )LUVWO\�� RQO\� WKH� 'RSSOHU�
IUHTXHQF\�RI�WKH�VHQVLQJ�WDUJHW�FDQ�EH�H[WUDFWHG��ZKLOH�WKH�GHOD\�DPELJXLW\�FDXVHG�E\�72�FDQQRW�
EH�VROYHG��6HFRQGO\��WKLV�PHWKRG�UHTXLUHV�WKDW�RQO\�WKH�G\QDPLF�SDWK��ZLWK�'RSSOHU�VKLIW��FRUUH�
VSRQGLQJ� WR� WKH� VHQVLQJ� WDUJHW� GRPLQDWHV� LQ� WKH� VHQVLQJ� HQYLURQPHQW�� DQG� DOO� RWKHU� SDWKV�
VKRXOG� EH� WKH� VWDWLF� SDWKV�� 7KLV�PHDQV� WKDW� WKHUH� VKRXOG� EH� QR� RWKHU�PRYLQJ� WDUJHWV� LQ� WKH�
HQYLURQPHQW��/DVWO\��WKH�'RSSOHU�IUHTXHQF\�H[WUDFWHG�ZLWK�FRQMXJDWH�PXOWLSOLFDWLRQ�VXłHUV�IURP�
WKH�SUREOHP�RI�DPELJXLW\��ZKLFK�FRPHV�IURP�WKH�LPDJH�IUHTXHQF\�LQ�WKH�UHVXOWV�RI�FRQMXJDWH�
PXOWLSOLFDWLRQ�

����&6,�UDWLR�RU�&6,�FRQMXJDWH�PXOWLSOLFDWLRQ

$�UHIHUHQFH�SDWK�LV�D�SDWK�ZKRVH�SDUDPHWHUV�FDQ�EH�GHWHUPLQHG�LQ�DGYDQFH�EDVHG�RQ�WKH�
SULRU�LQIRUPDWLRQ�LQ�D�VHQVLQJ�PHDVXUHPHQW�HQYLURQPHQW��7KH�FRUH�LGHD�LV�WR�HVWLPDWH�WKH�DGGL�
WLRQDO�GHOD\�DQG�'RSSOHU� IUHTXHQF\� �L�H���72�DQG�/)2��VXSHULPSRVHG�RQ� WKLV�SDWK� WKURXJK� WKH�
NQRZQ�VLJQDO�SURSDJDWLRQ�GHOD\�DQG�'RSSOHU�IUHTXHQF\�RI�WKH�UHIHUHQFH�SDWK��$V�VKRZQ�LQ�)LJ��
�����D���WKH�PRVW�W\SLFDO�UHIHUHQFH�SDWK�LV�WKH�OLQH�RI�VLJKW��/26��SDWK�>��@��

����5HIHUHQFH�SDWK
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)LJ��������5HIHUHQFH�3DWK�0HWKRG

�D��/26�3DWK�DV�5HIHUHQFH�3DWK �E��5HIHUHQFH�3DWK�$IWHU�5,6�5HŁHFWLRQ

:KHQ�WKHUH�LV�QR�/26�SDWK�EHWZHHQ�WKH�WUDQVPLWWHU�DQG�UHFHLYHU�RI�VHQVLQJ�VLJQDO�GXH�WR�
VKDGRZLQJ�RU�VRPH�RWKHU�UHDVRQV��WKH�5HFRQŀJXUDEOH�,QWHOOLJHQW�6XUIDFH��5,6��FDQ�EH�XVHG�IRU�
UHOD\�WR�REWDLQ�WKH�UHIHUHQFH�SDWK�>��@��DV�VKRZQ�LQ�)LJ�������E���*LYHQ�WKH�SRVLWLRQ�RI�WKH�5,6��WKH�
UHDO�GHOD\�DQG�'RSSOHU�IUHTXHQF\�FDQ�EH�FDOFXODWHG�DFFRUGLQJ�WR�WKH�SRVLWLRQ�UHODWLRQVKLS�RI�WKH�
WUDQVPLWWHU�� WKH�5,6�DQG�WKH�UHFHLYHU��6LPLODU� WR�WKH�FDVH�RI�/26�SDWK�� WKH�72�DQG�/)2�FDQ�EH�
REWDLQHG�E\�FRPSDULQJ� WKH�PHDVXUHG�GHOD\�DQG�PHDVXUHG� IUHTXHQF\�RI� WKH� UHIHUHQFH�SDWK�
UHŁHFWHG�E\�5,6�ZLWK�WKH�UHDO�GHOD\�DQG�'RSSOHU�IUHTXHQF\��)XUWKHUPRUH��5,6�FDQ�PRGXODWH�WKH�
VHQVLQJ�VLJQDO��DQG�WKH�UHFHLYHU�RI�WKH�VHQVLQJ�VLJQDO�FDQ�LGHQWLI\�WKH�UHIHUHQFH�SDWK�UHŁHFWHG�
E\�5,6�WKURXJK�WKH�PRGXODWLRQ�LQIRUPDWLRQ�RI�5,6�>��@�

33

\O\U�)USS[TOIGZOUTY�8KYKGXIN�/TYZOZ[ZK



)LJ��������577�0HDVXUHPHQW�0HWKRG

6LPLODU�WR�WKH�5RXQG�7ULS�7LPH��577��PHWKRG�>��@�LQ�15��1HZ�5DGLR��SRVLWLRQLQJ��LQ�,6$&�V\VWHP��
WKH� 72� DQG� /)2� EHWZHHQ� WUDQVPLWWHU� DQG� UHFHLYHU� RI� VHQVLQJ� VLJQDO� FDQ� EH� HVWLPDWHG� WKURXJK�
URXQG�WULS�PHDVXUHPHQW��7KH�EDVLF�DVVXPSWLRQ�LV�WKDW��LQ�D�VKRUW�SHULRG��IRU�H[DPSOH��IHZ�PLOOLVHF�
RQGV�WR�WHQV�RI�PLOOLVHFRQGV���WKH�PRYHPHQW�VWDWH��SRVLWLRQ�DQG�YHORFLW\��RI�WKH�VHQVLQJ�WDUJHW�GRHV�
QRW�FKDQJH��7RZDUGV�WKH�VDPH�VHQVLQJ�WDUJHW��ZKHQ�WKH�VHQVLQJ�VLJQDO�LV�WUDQVPLWWHG�DQG�UHFHLYHG�
LQ�D�URXQG�WULS�PRGH�EHWZHHQ�WKH�WUDQVPLWWHU�DQG�UHFHLYHU��VLJQDO�SURSDJDWLRQ�GHOD\V�RU�'RSSOHU�
IUHTXHQFLHV�LQ�WKH�URXQG�WULS�DUH�WKH�VDPH��ZKLOH�WKH�72�RU�/)2�KDYH�WKH�VDPH�DEVROXWH�YDOXH�DQG�
RSSRVLWH�VLJQV�LQ�WKH�URXQG�WULS��7KHUHIRUH��WKH�72�DQG�/)2�FDQ�EH�H[WUDFWHG�RU�VXSSUHVVHG�

����5RXQG�WULS�PHDVXUHPHQW

Device A

Device B

Sensing target
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7KH� LQWURGXFWLRQ� RI� VHQVLQJ� SURYLGHV� QHZ�EXVLQHVV� FDSDELOLWLHV� IRU�ZLUHOHVV� FRPPXQLFDWLRQ�
V\VWHPV��EXW�LW�DOVR�EULQJV�QHZ�VHFXULW\�DQG�SULYDF\�LVVXHV��6RPH�RI�WKH�LQIRUPDWLRQ�REWDLQHG�IURP�
VHQVLQJ�PD\�EH�SULYDWH�LQ�QDWXUH��DQG�WKHUH�LV�D�ULVN�RI�LQIRUPDWLRQ�OHDNDJH��VXFK�DV�WKH�ORFDWLRQ�RU�
EHKDYLRU�RI�WKH�WDUJHW��WKH�PRQLWRULQJ�GDWD�RI�YLWDO�VLJQV��DQG�WKH�LPDJLQJ�UHVXOWV�RI�D�VSHFLŀF�DUHD��
7KHUHIRUH��FRUUHVSRQGLQJ�UHJXODWRU\�UXOHV�DQG�PHDQV�DUH�QHHGHG�WR�UHJXODWH�VHQVLQJ�DSSOLFDWLRQV��
DV�ZHOO�DV�HłHFWLYH�WHFKQLFDO�PHDQV�WR�SURWHFW�VHQVHG�LQIRUPDWLRQ�WR�SUHYHQW�SULYDF\�OHDNDJH�DQG�
RWKHU� VHFXULW\� LQFLGHQWV�� 6RPH� SRWHQWLDO� VHQVLQJ� VHFXULW\� DQG� SULYDF\� SURWHFWLRQ� VFKHPHV� DUH�
GHVFULEHG�EHORZ�

,Q�YLHZ�RI�WKH�FKDUDFWHULVWLFV�RI�VHQVLQJ�VLJQDOV�RI�2)'0�ZDYHIRUPV��WKH�SULYDF\�SUREOHP�RI�
VHQVLQJ�UHVXOWV�FDQ�EH�VROYHG�E\�VWDUWLQJ�IURP�WKH�ZLUHOHVV�VHQVLQJ�VLJQDO�WUDQVPLWWLQJ�DQG�PHDVXU�
LQJ�SURFHVV��7KH�WUDQVPLWWLQJ�RU� UHFHLYLQJ�GHYLFHV�RI�VHQVLQJ�VLJQDOV�HQFU\SW� WKH�VHQVLQJ�VLJQDOV�
DFFRUGLQJ�WR�WKH�GHPDQG�RI�VHQVLQJ�HQFU\SWLRQ�� L�H���HQFU\SWLQJ�WKH�VHQVLQJ�LQIRUPDWLRQ�VXFK�DV�
GHOD\��UDQJH��DQG�'RSSOHU��YHORFLW\��E\�PHDQV�RI�WLPH�DQG�IUHTXHQF\�GRPDLQ�VFUDPEOLQJ��7KHUH�
IRUH��RQO\�VSHFLŀF�GHYLFHV�FDQ�DFTXLUH�WKH�FRUUHFW�VHQVLQJ�PHDVXUHPHQW�UHVXOWV��7KH�WUDQVPLWWLQJ�
GDWD�ZLWK�WKH�QXPEHU�RI�VXEFDUULHUV�1�DQG�WKH�QXPEHU�RI�V\PEROV�0�LV�UHSUHVHQWHG�LQ�PDWUL[�IRUP�
DV

:KHUH���������UHSUHVHQWV�WKH�PRGXODWLRQ�GDWD�FDUULHG�RQ�WKH�N�WK�VXEFDUULHU�DQG�O�WK�V\PERO��7DNLQJ�
GHOD\��UDQJH��HQFU\SWLRQ�DV�DQ�H[DPSOH��EDVHG�RQ�WKH�VFUDPEOLQJ�VHTXHQFH������������������������������������������������WKH�
WUDQVPLWWLQJ�GDWD�PDWUL[�LV�VFUDPEOHG�DORQJ�WKH�IUHTXHQF\�GRPDLQ�GLPHQVLRQ��7KH�UHFHLYHG�VLJQDO�FDQ�
EH�UHSUHVHQWHG�DV�

����6HQVLQJ�6HFXULW\�DQG�3ULYDF\�3URWHFWLRQ�6FKHPHV

����6HQVLQJ�VLJQDO�HQFU\SWLRQ

ZKHUH��������UHSUHVHQWV�WKH�GHOD\�FDXVHG�E\�WKH�T�WK�WDUJHW�����������UHSUHVHQWV�WKH�'RSSOHU�VKLIW�FDXVHG�
E\�WKH�UHODWLYH�YHORFLW\�RI�WKH�T�WK�WDUJHW���������LV�WKH�2)'0�V\PERO�GXUDWLRQ���������UHSUHVHQWV�WKH�FKDQQHO�
DPSOLWXGH�DWWHQXDWLRQ�IDFWRU��DQG����������UHSUHVHQWV�WKH�QRLVH��%DVHG�RQ�WKH�RULJLQDO�VHQGLQJ�VLJQDO�;��WKH�
FKDQQHO�LQIRUPDWLRQ�REWDLQHG�E\�/6�FKDQQHO�HVWLPDWLRQ�FDQ�EH�UHSUHVHQWHG�DV�
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)LJ��������(QFU\SWLRQ�DQG�UHFRYHU\�RI�VHQVLQJ�LQIRUPDWLRQ�EDVHG�RQ�VHTXHQFH�VFUDPEOLQJ

�D��'LUHFW�GHWHFWLRQ�UHVXOW� �E��5HFRYHUHG�GHWHFWLRQ�UHVXOW

'LUHFWO\�XVLQJ� � � � � IRU�GHOD\�'RSSOHU�GHWHFWLRQ�FDQQRW�REWDLQ�DFFXUDWH�GHOD\� LQIRUPDWLRQ�� 7KH�

VFUDPEOLQJ�VHTXHQFH�LV�QHHGHG�WR�UHFRYHU�WKH�GHWHFWLRQ�UHVXOWV�WR�REWDLQ�WKH�WUXH�GHWHFWLRQ�UHVXOWV��

DV�VKRZQ�LQ�)LJ�������

,Q�RUGHU�WR�SURWHFW�WKH�SULYDF\�RI�VHQVLQJ�DUHDV�DQG�VHQVLQJ�WDUJHWV��DV�ZHOO�DV�WKH�VHFXULW\�RI�
VHQVLQJ�GHYLFHV��WKH�QHWZRUN�QHHGV�WR�MXGJH�ZKHWKHU�D�VHQVLQJ�UHTXHVW�LV�DOORZHG�RU�QRW�EDVHG�RQ�
DXWKRUL]DWLRQ� LQIRUPDWLRQ�� �*�PRELOH� QHWZRUNV� QHHG� WR� DGGUHVV�PXOWLSOH� GLPHQVLRQV� RI� VHQVLQJ�
DXWKRUL]DWLRQ� DQG� DXWKHQWLFDWLRQ�� LQFOXGLQJ�� ��� DXWKRUL]DWLRQ� DQG� DXWKHQWLFDWLRQ� RI� WKH� VHQVLQJ�
DUHD�����DXWKRUL]DWLRQ�DQG�DXWKHQWLFDWLRQ�RI�WKH�VHQVLQJ�WDUJHW�����DXWKRUL]DWLRQ�DQG�DXWKHQWLFDWLRQ�
RI�8(V��EDVH�VWDWLRQV�DQG�QHWZRUN�IXQFWLRQV�DV�VHQVLQJ�GHYLFHV�

7KH�VHQVLQJ�DUHD�LV�WKH�DUHD�ZKHUH�WKH�QHWZRUN�SHUIRUPV�VHQVLQJ��VXFK�DV�WKH�QR�Ł\�DUHD�LQ�WKH�
8$9�UHJXODWRU\�DSSOLFDWLRQ�VFHQDULR��7KH�VHQVLQJ�WDUJHW�LV�WKH�REMHFW�VHQVHG�E\�WKH�PRELOH�QHWZRUN��
VXFK�DV� WKH�SHUVRQ� LQ� WKH�JHVWXUH�DQG�DFWLRQ� UHFRJQLWLRQ�DSSOLFDWLRQ�VFHQDULR��7KH�DXWKRUL]DWLRQ�
LQIRUPDWLRQ�RI� WKH�VHQVLQJ�UHJLRQ�DQG�WKH�VHQVLQJ�WDUJHW�PD\�EH�SURYLGHG�E\� WKH�FRUUHVSRQGLQJ�
UHJLRQ� DQG� WDUJHW� RZQHU� RU�PDQDJHU�� DQG�PD\� LQFOXGH� LQIRUPDWLRQ� VXFK� DV�ZKHWKHU� VHQVLQJ� LV�
DOORZHG��ZKDW�LV�DOORZHG�WR�EH�VHQVHG��H�J���UDQJH��YHORFLW\��UHVSLUDWLRQ��HWF����SHUPLWWHG�UHTXHVWLQJ�
SDUW\� IRU� VHQVLQJ��SHUPLWWHG� UHFLSLHQW�RI� VHQVLQJ� UHVXOWV�� DQG�SHUPLWWHG�DFFXUDF\�RI� VHQVLQJ�� 7KH�
DXWKRUL]DWLRQ�RI�VHQVLQJ�DUHDV�DQG�VHQVLQJ�WDUJHWV�LV�PDLQWDLQHG�E\�D�QHWZRUN�IXQFWLRQ��ZKLFK�PD\�
EH�PDLQWDLQHG�DQG�XVHG�E\�PXOWLSOH�QHWZRUN�IXQFWLRQ�LQVWDQFHV�DFFRUGLQJ�WR�VHQVLQJ�JHRJUDSKLF�
ORFDWLRQ�RU�VHQVLQJ�EXVLQHVV�DWWULEXWHV��HWF�

:LWK�WKH�GHYHORSPHQW�RI�VHQVLQJ�WHFKQRORJ\��PRUH�ZLUHOHVV�VHQVLQJ�IXQFWLRQV�ZLOO�HPHUJH��DQG�
WKH�SULYDF\�UHTXLUHPHQWV�ZLOO�EHFRPH�PRUH�GLYHUVH�DQG�FRPSOH[��,W�PD\�EH�QHFHVVDU\�WR�HQDEOH�RU�
GLVDEOH�VRPH�RI�WKH�VHQVLQJ�IXQFWLRQV�RI�VSHFLŀHG�GHYLFHV�XQGHU�FHUWDLQ�FRQGLWLRQV�EDVHG�RQ�VHFXUL�
W\�DQG�SULYDF\� UHTXLUHPHQWV�RU�SROLFLHV�� )RU�H[DPSOH�� LQ� VRPH�VLWXDWLRQV�� LW�PD\�EH�QHFHVVDU\� WR�
GLVDEOH�WKH�VHQVLQJ�FDSDELOLWLHV�RI�VRPH�EDVH�VWDWLRQV�WR�SUHYHQW�WKRVH�EDVH�VWDWLRQV�IURP�EHLQJ�
XVHG�WR�WUDFN�XVHU�ORFDWLRQ�LQIRUPDWLRQ��,W�LV�DOVR�SRVVLEOH�WR�HQDEOH�RU�GLVDEOH�VSHFLŀF�VHQVLQJ�IXQF�
WLRQV�RI�WKH�GHYLFH�DFFRUGLQJ�WR�WKH�DFWXDO�VLWXDWLRQ��)RU�H[DPSOH��VRPH�VHQVLQJ�IXQFWLRQV�ZLWK�ORZ�
SULYDF\�UHTXLUHPHQWV��VXFK�DV�ZHDWKHU�FRQGLWLRQV�DQG�DLU�TXDOLW\�GHWHFWLRQ��DUH�QRW�UHVWULFWHG��+RZ�
HYHU��VHQVLQJ�IXQFWLRQV�ZLWK�KLJK�SULYDF\�UHTXLUHPHQWV��VXFK�DV�YLWDO�VLJQV�DQG�ORFDWLRQ�LQIRUPDWLRQ��
DUH�GLVDEOHG�

�����(QDEOLQJ�'LVDEOLQJ�RI�VHQVLQJ�IXQFWLRQV

����6HQVLQJ�DXWKRUL]DWLRQ�DQG�DXWKHQWLFDWLRQ
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,Q� WKLV�GLVFXVVLRQ�� WKH�VHQVLQJ�EDVHG�RQ��*�RU��*� ,6$&�V\VWHP�LV�GHŀQHG�DV��*33�VHQVLQJ�� ,Q�
DGGLWLRQ� WR� �*33� VHQVLQJ�� DOO� WKH� RWKHU� VHQVLQJ�PHWKRGV� DUH� GHŀQHG� DV� QRQ��*33� VHQVLQJ�� 7KH�
W\SLFDO�QRQ��*33�VHQVLQJ�PRGXOH�LQFOXGHV�PLOOLPHWHU�ZDYH�UDGDU��FDPHUD��DFFHOHURPHWHU�DQG�J\UR�
VFRSH�� HWF�� �*33� VHQVLQJ� DQG� QRQ��*33� VHQVLQJ� FRPSOHPHQW� HDFK� RWKHU� DQG� FDQ� EH� HŃFLHQWO\�
LQWHJUDWHG�� SURYLGLQJ� DQ� LPSRUWDQW� ZD\� IRU� WKH� PRUH� FRQYHQLHQW�� HŃFLHQW�� DQG� DFFXUDWH� GLJLWDO�
FRQVWUXFWLRQ�RI�WKH�SK\VLFDO�ZRUOG�

�����2WKHU�.H\�7HFKQRORJLHV

����,QWHJUDWLRQ�RI��*33�VHQVLQJ�DQG�QRQ��*33�VHQVLQJ

7R� DFKLHYH� HŃFLHQW� LQWHJUDWLRQ� EHWZHHQ� �*33� VHQVLQJ� DQG� QRQ��*33� VHQVLQJ�� LW� LV�
QHFHVVDU\� WR� VWDQGDUGL]H� WKH�PHDVXUHPHQW� TXDQWLWLHV� RI� QRQ��*33� VHQVLQJ�DQG� UHTXLUH�
QHWZRUN� VXFK�DV�FRUH�QHWZRUN� WR� VXSSRUW�XQLŀHG�FRQWURO�RI�QRQ��*33�VHQVLQJ�DQG��*33�
VHQVLQJ�

7KH�LQWHJUDWLRQ�RI��*33�VHQVLQJ�DQG�QRQ��*33�VHQVLQJ��PDLQO\�FRQWDLQV�WKH�IROORZLQJ�DVSHFWV�

7KH�QRQ��*33�VHQVLQJ�PRGXOH��*36�DFFHOHURPHWHU�J\URVFRSH��HTXLSSHG�RQ�8(�RU�%6�
FDQ�SURYLGH�WKH�VWDWH�LQIRUPDWLRQ�RI�8(�RU�%6��LQFOXGLQJ�WKH�SRVLWLRQ��YHORFLW\�DQG�GLUHFWLRQ�RI�
8(�RU�%6��2Q�RQH�KDQG��VROXWLRQ�WR�VHQVLQJ�QRQ�LGHDO�IDFWRUV�GHSHQG�RQ�WKH�8(�RU�%6�VWDWH�
LQIRUPDWLRQ��2Q�WKH�RWKHU�KDQG��FRQYHUVLRQ�IURP�WKH�VHQVLQJ�PHDVXUHPHQW�TXDQWLWLHV�WR�WKH�
VHQVLQJ�UHVXOWV�DOVR�UHO\�RQ�WKH�8(�RU�%6�VWDWH�LQIRUPDWLRQ��7KHUHIRUH��WKH�SUHFLVLRQ�RI�8(�RU�
%6�VWDWH�LQIRUPDWLRQ�GHWHUPLQHV�WKH�SUHFLVLRQ�RI�VHQVLQJ�UHVXOWV�

$IWHU�REWDLQLQJ�GLVWDQFH�YHORFLW\�DQJOH�RU�SRLQW�FORXG� LQIRUPDWLRQ�RI�VHQVLQJ� WDUJHWV�
WKURXJK��*33�VHQVLQJ��LW�LV�VRPHWLPHV�GLŃFXOW�WR�DFFXUDWHO\�PDWFK�WKHP�ZLWK�WKH�UHDO�VHQV�
LQJ� WDUJHWV� LQ� WKH� SK\VLFDO�ZRUOG�� 1RQ��*33� VHQVLQJ� FDQ� KHOS� WR� VROYH� WKLV� SUREOHP�� )RU�
H[DPSOH��WKH�DPRXQW�DQG�FDWHJRU\�RI�VHQVLQJ�WDUJHW�REWDLQHG�ZLWK�FDPHUD�FDQ�EH�SURYLGHG�
WR�WKH��*33�VHQVLQJ�PRGXOH��7KHQ�WKH�DPRXQW�DQG�FDWHJRU\�RI�VHQVLQJ�WDUJHW�FDQ�EH�DVVRFL�
DWHG�ZLWK�WKH�LQIRUPDWLRQ�RI�UDQJH�YHORFLW\�DQJOH�SRLQW�FORXG�

,QWHJUDWLRQ�RI�WKH�PHDVXUHPHQW�TXDQWLWLHV�REWDLQHG�IURP��*33�VHQVLQJ�DQG�QRQ��*33�
VHQVLQJ�FDQ�KDYH�WKH�IROORZLQJ�HłHFWV��,QWHJUDWLRQ�RI�WKH�VDPH�W\SH�RI�VHQVLQJ�PHDVXUH�
PHQW�TXDQWLWLHV�FDQ� LPSURYH�WKH�VHQVLQJ�DFFXUDF\��ZKLOH� LQWHJUDWLRQ�RI�GLłHUHQW� W\SHV�RI�
VHQVLQJ�PHDVXUHPHQW�TXDQWLWLHV�FDQ�HQULFK�WKH�W\SHV�RI�VHQVLQJ�PHDVXUHPHQW�TXDQWLWLHV��
PDNLQJ�WKH�VHQVLQJ�UHVXOWV�PRUH�PXOWLGLPHQVLRQDO�

&ROODERUDWLRQ� EHWZHHQ� �*33� VHQVLQJ� DQG� QRQ��*33� VHQVLQJ� FDQ� LPSURYH� VHQVLQJ�
HŃFLHQF\��)RU�H[DPSOH��WKH�LQIRUPDWLRQ�SURYLGHG�E\�QRQ��*33�VHQVLQJ�FDQ�EH�XVHG�DV�SULRU�
LQIRUPDWLRQ�IRU�VHQVLQJ��WKHUHE\�UHGXFLQJ�WKH�VHDUFK�ORDG�RI��*33�VHQVLQJ�RU�LPSURYLQJ�WKH�
HŃFLHQF\�RI�VLJQDO�SURFHVVLQJ�RI��*33�VHQVLQJ�
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%DFNVFDWWHU� &RPPXQLFDWLRQ� LV� RQH� RI� WKH� PRVW� UHSUHVHQWDWLYH� WHFKQRORJLHV� WR� UHDOL]H�
XOWUD�ORZ�SRZHU� FRPPXQLFDWLRQ�� %DFNVFDWWHU� GHYLFHV�� VXFK� DV� 5DGLR� )UHTXHQF\� ,GHQWLŀFDWLRQ�
�5),'�� WDJV�� KDYH� WKH� DGYDQWDJHV� RI� ORZ� FRVW�� ORZ� SRZHU� FRQVXPSWLRQ�� DQG� HDV\� ODUJH�VFDOH�
GHSOR\PHQW�� %DFNVFDWWHU�DVVLVWHG� ,6$&�� E\� LQVWDOOLQJ� WDJ�GHYLFHV�RQ� VSHFLŀF� VHQVLQJ� WDUJHWV� RU�
GHSOR\LQJ� WKHP� LQ� VSHFLŀF� VHQVLQJ�DUHDV�� FRPSDUHG� WR�GHYLFH�IUHH� ,6$&�� FDQ�QRW�RQO\�DFKLHYH�
EDVLF� VHQVLQJ� IXQFWLRQV��EXW�DOVR�REWDLQ�DGGLWLRQDO� VHQVLQJ� WDUJHW� LQIRUPDWLRQ�� WKHUHE\� IXUWKHU�
HQKDQFLQJ�WKH�SHUIRUPDQFH�RI�,6$&��

([LVWLQJ�UHVHDUFK�VKRZV�WKDW�EDFNVFDWWHU�DVVLVWHG�,6$&�KDV�WKH�IROORZLQJ�DGYDQWDJHV��DVVLVW�
LQJ� DQG� HQKDQFLQJ� VHQVLQJ� SHUIRUPDQFH�� LPSURYLQJ� VHQVLQJ� 615�� DFKLHYLQJ� VHQVLQJ� RI� ZHDN�
VLJQDOV��DQG�H[SDQGLQJ�WKH�VHQVLQJ�UDQJH�>�����@��,Q�DGGLWLRQ��KLJK�VSHHG�ORQJ�GLVWDQFH�EDFN�
VFDWWHU�WHFKQRORJ\�>��@�OD\V�WKH�IRXQGDWLRQ�IRU�DFKLHYLQJ�FHOOXODU�EDVHG�DQG�EDFNVFDWWHU�EDVHG�
,6$&��+RZHYHU��WKHUH�DUH�VWLOO�VRPH�WHFKQLFDO�FKDOOHQJHV�WKDW�QHHG�WR�EH�DGGUHVVHG�IRU�EDFNVFDW�
WHU�DVVLVWHG� ,6$&�� LQFOXGLQJ� WKH�HOLPLQDWLRQ�RI� QRQ�LGHDO� IDFWRUV� VXFK�DV� V\QFKURQL]DWLRQ�HUURU��
LPSURYHPHQW�RI�VHQVLQJ�UHOLDELOLW\��DQG�IXUWKHU�LPSURYHPHQW�RI�VHQVLQJ�DFFXUDF\�DQG�UDQJH�

����%DFNVFDWWHU�DVVLVWHG�,6$&�WHFKQRORJ\

5,6�DVVLVWHG� SRVLWLRQLQJ� V\VWHPV� FDQ� LPSURYH� SRVLWLRQLQJ� DFFXUDF\� E\� RSWLPL]LQJ� WKH� SKDVH�
DGMXVWPHQW�SDUDPHWHUV�RI�5,6��5HIHUHQFH�>��@�DQDO\]HV�WKH�&5%�RI�WKH�SRVLWLRQLQJ�V\VWHP�DQG�SRLQWV�
RXW�WKDW�PD[LPL]LQJ�WKH�VLJQDO�VWUHQJWK�RI�WKH�YLUWXDO�/26�SDWK��7KH�SDWK�RI�WKH�VLJQDO�IURP�WKH�WUDQV�
PLWWHU�WR�WKH�UHFHLYHU�WKURXJK�5,6�UHŁHFWLRQ��FDQ�OHDG�WR�WKH�RSWLPDO�&5%��7KHUHIRUH��WKH�EHDP�DOLJQ�
PHQW�RI�5,6� LV�D�NH\�RSHUDWLRQ�LQ�WKH�5,6�DVVLVWHG�SRVLWLRQLQJ�SURFHVV��ZKLFK�GLUHFWO\�DłHFWLQJ�WKH�
SRVLWLRQLQJ�DFFXUDF\��0HDQZKLOH��WKH�IRUZDUGLQJ�EHDP�DQJOH�RI�5,6�FDQ�DOVR�EH�XVHG�DV�DX[LOLDU\�
LQIRUPDWLRQ�LQ�WKH�SRVLWLRQLQJ�HVWLPDWLRQ�SURFHVV��WR�GHWHUPLQH�WKH�SRVLWLRQ�RI�WKH�WHUPLQDO�UHODWLYH�
WR�WKH�5,6��:KHQ�VHQVLQJ�GHYLFH�IUHH�REMHFWV�LQ�WKH�HQYLURQPHQW��WKH�UHFHLYHU�QHHGV�WR�VHSDUDWH�WKH�
UHŁHFWLRQ� SDWK� RI� WKH� VHQVLQJ� REMHFW� IURP� WKH� PXOWLSDWK� VLJQDO� WKURXJK� VLJQDO� SURFHVVLQJ�� DQG�
HVWLPDWH�WKH�FKDUDFWHULVWLFV�RI� WKH�VHQVLQJ�REMHFW�EDVHG�RQ�WKH�UHŁHFWLRQ�SDWK� LQIRUPDWLRQ�RI� WKH�
VHQVLQJ�REMHFW��&XUUHQWO\��DOJRULWKPV�IRU�VHQVLQJ�GHYLFH�IUHH�REMHFWV�PDLQO\�IRFXV�RQ�WKH�GHVLJQ�RI�
WKH� WUDQVPLWWHU� DQG� UHFHLYHU�� 5,6�DVVLVWHG� VHQVLQJ� WHFKQRORJ\� SURYLGHV� D� QHZ� VLJQDO� SURFHVVLQJ�
GLPHQVLRQ�IRU�REWDLQLQJ�WKH�UHŁHFWLRQ�SDWK�RI�WKH�VHQVLQJ�REMHFW��5,6�UHŁHFWLRQ�EHDPV�FDQ�IRUP�D�
PLUURU�RI�WKH�EDVH�VWDWLRQ��H[SDQGLQJ�WKH�REVHUYDWLRQ�DQJOH�RI�WKH�VHQVLQJ�REMHFW�>��@��7KH�5,6�UHŁHF�
WLRQ�VLJQDO�FDQ�EH�XVHG�WR�VXSSUHVV�WKH�LQWHUIHUHQFH�SDWKV��LQFUHDVLQJ�WKH�HQHUJ\�UDWLR�RI�WKH�VLJQDO�
FRUUHVSRQGLQJ�WR�WKH�UHŁHFWLRQ�SDWK�RI�WKH�VHQVLQJ�REMHFW�>��@�

����5,6�DVVLVWHG�,6$&�WHFKQRORJ\
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&KDQQHO�PHDVXUHPHQW�DQG�PRGHOOLQJ�DUH� WKH�
IRXQGDWLRQ� RI� VLPXODWLRQ� HYDOXDWLRQ�� 6LPXODWLRQ�
HYDOXDWLRQ�DQG�SURWRW\SH�YHULŀFDWLRQ�DUH�FUXFLDO� WR�
LGHQWLI\� WKH� SRWHQWLDO� SUREOHPV� UDLVHG� LQ� SULQFLSOH�
YHULŀFDWLRQ��V\VWHP�GHVLJQ��KDUGZDUH� LPSOHPHQWD�
WLRQ��DQG�DOJRULWKP�GHVLJQ��WR�ŀQG�WKH�FRUUHVSRQG�
LQJ�VROXWLRQV��DV�ZHOO�DV�WR�SURPRWH�WKH�IXWXUH�FRP�
PHUFLDO� LPSOHPHQWDWLRQ�� 7KLV� FKDSWHU� DQDO\]HV�
FKDQQHO� PHDVXUHPHQW� DQG� PRGHOOLQJ�� DV� ZHOO� DV�
SURWRW\SH�YHULŀFDWLRQ�IRU�,6$&�

��
&KDQQHO�0RGHOOLQJ
DQG�3URWRW\SH�
,PSOHPHQWDWLRQ
IRU�,6$&
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,6$&�FKDQQHO�PRGHOOLQJ�SURYLGHV�D�IRXQGDWLRQ�IRU�UHVHDUFK�DQG�VLPXODWLRQ�HYDOXDWLRQ�RI�YDULRXV�NH\�
WHFKQRORJLHV�� &KDQQHO� PHDVXUHPHQW� IXUWKHU� HQDEOHV� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� FKDUDFWHULVWLFV� DQG�
YDULDWLRQ�UXOHV�RI�VHQVLQJ�FKDQQHOV�LQ�GLłHUHQW�VFHQDULRV��SURYLGLQJ�D�UHIHUHQFH�EDVLV�IRU�FKDQQHO�PRGHOOLQJ��
YLYR�&RPPXQLFDWLRQV�5HVHDUFK�,QVWLWXWH��LQ�FROODERUDWLRQ�ZLWK�%HLMLQJ�-LDRWRQJ�8QLYHUVLW\��FRQGXFWHG�FKDQQHO�
PHDVXUHPHQW�DQG�5D\�WUDFLQJ�EDVHG�VLPXODWLRQ�JHQHUDOL]DWLRQ�IRU�,6$&�FKDQQHOV�LQ�LQGRRU�VFHQDULRV�VXFK�
DV�KXPDQ�UHVSLUDWLRQ�DQG�IDOOV�>������@��$QDO\VLV�RI�VLPXODWHG�DQG�PHDVXUHG�FKDQQHO�SDUDPHWHUV�UHYHDOV�
WKDW� WKHUH� DUH� FHUWDLQ� VLPLODULWLHV� DQG� UHJXODULWLHV� LQ� WKH� VWDWLVWLFDO� FKDUDFWHULVWLFV� RI� FRPPXQLFDWLRQ� DQG�
VHQVLQJ�FKDQQHOV�� 7KHUHIRUH�� LW� LV� UHDVRQDEOH�DQG� IHDVLEOH� WR�EXLOG�XS� ,6$&�FKDQQHO�PRGHOOLQJ�EDVHG�RQ�
H[LVWLQJ�FRPPXQLFDWLRQ�FKDQQHO�PRGHOV�

&XUUHQWO\�� �*33� 75� ������� KDV� VXSSRUWHG� FRPPXQLFDWLRQ� FKDQQHO� PRGHOOLQJ� LQ� WKH� ���a���*+]�
IUHTXHQF\� EDQG� >��@�� ZKLFK� LV� PDLQO\� XVHG� IRU� FRPPXQLFDWLRQ� V\VWHP� SHUIRUPDQFH� HYDOXDWLRQ� ZLWKRXW�
FRQVLGHULQJ�WKH�VHQVLQJ�V\VWHP�IXQFWLRQ��7KH�,6$&�FKDQQHO�PRGHOOLQJ�FDQ�EH�EDVHG�RQ�WKH�JHRPHWU\�EDVHG�
VWRFKDVWLF�PRGHO��*%60��PHWKRG�LQ��*33�75��������ZLWK�WKH�DGGLWLRQ�RI�WKH�PRGHOOLQJ�RI�VHQVLQJ�WDUJHWV��
DQG�LW�FDQ�DOVR�EH�PRGHOOHG�GHWHUPLQLVWLFDOO\�XVLQJ�PHWKRGV�VXFK�DV�UD\�WUDFLQJ��57��

&KDQQHO� FOXVWHUV�DVVRFLDWHG�ZLWK� VHQVLQJ� WDUJHWV�DQG�FKDQQHO� FOXVWHUV�DVVRFLDWHG�ZLWK�QRQ�VHQVLQJ�
WDUJHWV�QHHG�WR�EH�FRQVLGHUHG�IRU�,6$&�FKDQQHO�PRGHOOLQJ��,Q�SDUWLFXODU��ZKHQ�PRGHOOLQJ�EDVHG�RQ��*33�75�
�������� WZR�PRGHOOLQJ�DSSURDFKHV�� VHJPHQWHG�PRGHOOLQJ�RU�QRQ�VHJPHQWHG�PRGHOOLQJ��FDQ�EH�XVHG� WR�
PRGHO�WKH�VHQVLQJ�WDUJHW�>��@��7KH�VHJPHQWHG�PRGHOOLQJ�VFKHPH�LV�WR�PRGHO�WKH�FKDQQHO�IURP�WKH�VHQVLQJ�
WUDQVPLWWHU� WR� WKH�VHQVLQJ� WDUJHW�DQG� WKH�FKDQQHO� IURP�WKH�VHQVLQJ� WDUJHW� WR� WKH�VHQVLQJ� UHFHLYHU�DV� WZR�
FDVFDGHG�VHJPHQWV��,Q�HDFK�VHJPHQW��ERWK�/26�DQG�1/26�FOXVWHUV�FDQ�EH�PRGHOOHG�WR�FDUYH�RXW�WKH�FKDQQHO�
FKDUDFWHULVWLFV� RI� WKH� FOXVWHUV� RI� VLQJOH�UHŁHFWLRQ� DQG� PXOWLSOH�UHŁHFWLRQ� FKDQQHOV� DVVRFLDWHG� ZLWK� WKH�
VHQVLQJ�WDUJHW��7KH�FOXVWHU�GHOD\��SRZHU��DQJOH�DQG�RWKHU�SDUDPHWHUV�RI�HDFK�FKDQQHO�VHJPHQW�DUH�JHQHUDW�
HG�E\�IROORZLQJ�WKH��*33�75�������VPDOO�VFDOH�PRGHOOLQJ�SURFHVV��7KH�FKDQQHO�FRHŃFLHQWV�IURP�WKH�VHQVLQJ�
WUDQVPLWWHU�WR�WKH�VHQVLQJ�UHFHLYHU�FDQ�EH�JHQHUDWHG�DV�D�ZKROH�EDVHG�RQ�WKH�FKDQQHO�FKDUDFWHULVWLFV�RI�WKH�
VHQVLQJ�WUDQVPLWWHU��WKH�VHQVLQJ�UHFHLYHU��DQG�WKH�SKDVH�FKDQJH�GXH�WR�WKH�VHQVLQJ�WDUJHW�PRYHPHQW��7KH�
FKDQQHO�FRHŃFLHQWV�IURP�WKH�VHQVLQJ�WUDQVPLWWHU�WR�WKH�VHQVLQJ�WDUJHW�DQG�IURP�WKH�VHQVLQJ�WDUJHW�WR�WKH�
VHQVLQJ�UHFHLYHU�FDQ�DOVR�EH�JHQHUDWHG�VHSDUDWHO\��DQG�WKHQ�WKH�WZR�FKDQQHO�FRHŃFLHQWV�DUH�FRQYROYHG�WR�
JHQHUDWH�WKH�ŀQDO�FKDQQHO�FRHŃFLHQWV��8QVHJPHQWHG�PRGHOOLQJ��RQ�WKH�RWKHU�KDQG��PRGHOV� WKH�FKDQQHO�
IURP�WKH�VHQVLQJ�WUDQVPLWWHU�WR�WKH�VHQVLQJ�WDUJHW�DQG�WKH�FKDQQHO�IURP�WKH�VHQVLQJ�WDUJHW�WR�WKH�VHQVLQJ�
UHFHLYHU�DV�D�MRLQW�VHJPHQW�RI�WKH�FKDQQHO��PRGHOV�WKH�VHQVLQJ�WDUJHW�DV�VLQJOH�RU�PXOWLSOH�VHQVLQJ�FOXVWHUV��
ZLWK�WKH�GHOD\�DQG�DQJOH�LQIRUPDWLRQ�RI�WKH�VHQVLQJ�FOXVWHUV�EHLQJ�GHWHUPLQLVWLFDOO\�JHQHUDWHG�EDVHG�RQ�WKH�
SRVLWLRQ�RI� WKH�VHQVLQJ� WDUJHW��8QVHJPHQWHG�PRGHOOLQJ�RQO\� FRQVLGHUV� WKH�FKDQQHO� FKDUDFWHULVWLFV�RI� WKH�
VLQJOH� UHŁHFWLYH� FKDQQHO� FOXVWHU� DVVRFLDWHG� ZLWK� WKH� VHQVLQJ� WDUJHW� �PXOWLSOH� UHŁHFWLYH� FKDQQHO� FOXVWHUV�
DVVRFLDWHG�ZLWK�WKH�VHQVLQJ�WDUJHW�DUH�QRW�FRQVLGHUHG�IRU�WKH�WLPH�EHLQJ�RU�DUH�JHQHUDWHG�UDQGRPO\���ZKLFK�
FDQ�DOVR�EH�FRQVLGHUHG�DV�D�VLPSOLŀHG�YHUVLRQ�RI�WKH�VHJPHQWHG�PRGHOOLQJ�DSSURDFK�

����&KDQQHO�0HDVXUHPHQW�DQG�0RGHOOLQJ

)LJ�������6FKHPDWLF�GLDJUDP�IRU�PRGHOOLQJ�WKH�,6$&�FKDQQHO
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7KH�FKDQQHO� FOXVWHUV�DVVRFLDWHG�ZLWK�QRQ�VHQVLQJ� WDUJHWV� �H�J��� HQYLURQPHQW� FOXWWHU�� FDQ�EH�
VWDWLVWLFDOO\�PRGHOOHG�IRU�QRQ�VHQVLQJ�WDUJHWV�DQG�UDQGRPO\�JHQHUDWHG�DFFRUGLQJ�WR�WKH��*33�75�
������� FKDQQHO� PRGHO�� RU� D� QXPEHU� RI� QRQ�VHQVLQJ� WDUJHWV� FDQ� EH� UDQGRPO\� VSULQNOHG� LQ� WKH�
HQYLURQPHQW�DQG�DVVRFLDWHG�FKDQQHO�FOXVWHUV�FDQ�EH�JHQHUDWHG�EDVHG�RQ�WKHLU��'�SRVLWLRQV��WKH�
JHQHUDWLRQ�PHWKRG�FDQ�EH�UHIHUUHG�WR�WKH�PHWKRG�RI�VHQVLQJ�WDUJHWV���7KH�FKDQQHO�FOXVWHUV�DVVRFL�
DWHG�ZLWK�VHQVLQJ�WDUJHWV�DQG�WKH�FKDQQHO�FOXVWHUV�DVVRFLDWHG�ZLWK�QRQ�VHQVLQJ�WDUJHWV�DUH�PHUJHG�
DQG�VXSHULPSRVHG�ZLWK� ODUJH�VFDOH�IDGLQJ�WR�REWDLQ�WKH�ŀQDO�FKDQQHO�FRHŃFLHQWV��7KH�SDWK�ORVV�
PRGHOOLQJ�LQ�WKH�ODUJH�VFDOH�PRGHOOLQJ�LV�DVVRFLDWHG�ZLWK�WKH�SRVLWLRQV�RI�WKH�VHQVLQJ�WDUJHW��VHQV�
LQJ� WUDQVPLWWHU�DQG� UHFHLYHU��DV�ZHOO�DV� WKH�VHQVLQJ� WDUJHW�5&6� IHDWXUHV��7KH�5&6� IHDWXUHV�RI� WKH�
VHQVLQJ�WDUJHW�FDQ�DOVR�EH�UHŁHFWHG�LQ�WKH�VPDOO�VFDOH�PRGHOOLQJ�RQ�WKH�FKDQQHO�FOXVWHU�SRZHU�

����,6$&�3URWRW\SH�,PSOHPHQWDWLRQ

)LJ�������/D\RXW�RI�PRQRVWDWLF�UDQJH�DQG�YHORFLW\�PHDVXUHPHQW�,6$&�SURWRW\SH

ҟ�Ҡ0RQRVWDWLF�,6$&�SURWRW\SH�IRU�UDQJH�DQG�YHORFLW\�PHDVXUHPHQW�
$�W\SLFDO�,6$&�XVH�FDVH�LV�WR�DFKLHYH�UDQJH�DQG�YHORFLW\�PHDVXUHPHQWV�RI�SHGHVWULDQV�RU�RWKHU�

PRYLQJ�REMHFWV�LQ�D�ZLUHOHVV�VLJQDO�SURSDJDWLRQ�HQYLURQPHQW�ZKLOH�SHUIRUPLQJ�FRPPXQLFDWLRQ��,Q�
RUGHU�WR�YHULI\�WKH�IHDVLELOLW\�RI�WKLV�LVVXH��ZH�KDYH�GHYHORSHG�D�2)'0�EDVHG�PRQRVWDWLF�,6$&�SURWR�
W\SH�IRU�UDQJH�DQG�YHORFLW\�PHDVXUHPHQW��7KH�KDUGZDUH�RI�WKH�SURWRW\SH�FRQVLVWV�RI�WZR�XQLYHUVDO�
VRIWZDUH�UDGLR�SHULSKHUDOV��8653���DV�VKRZQ�LQ�)LJ�������$PRQJ�WKHP��8653���LV�WKH�FRPPXQLFDWLRQ�
WUDQVPLWWHU��8653���LV�WKH�FRPPXQLFDWLRQ�UHFHLYHU��DQG�8653���DOVR�VHUYHV�DV�WKH�VHQVLQJ�WUDQVPLWWHU�
DQG�UHFHLYHU�
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)LJ�������3KRWRV�RI�PRQRVWDWLF�UDQJH�DQG�YHORFLW\�PHDVXUHPHQW�,6$&�SURWRW\SH

7KH�SRVW�SURFHVVLQJ�RI�FRPPXQLFDWLRQ�DQG�VHQVLQJ�VLJQDOV�LV�FRPSOHWHG�E\�D�JHQHUDO�FRPSXW�
LQJ�XQLW��'XH�WR�WKH�IDFW�WKDW�WKH�WUDQVPLWWHU�DQG�UHFHLYHU�RI�WKH�VHQVLQJ�VLJQDO�VKDUH�WKH�VDPH�5)�
PRGXOH�DQG�EDVHEDQG�PRGXOH��WKH�VHQVLQJ�PRGH�RI�WKLV�SURWRW\SH�LV�VLPLODU�WR�WKDW�RI�D�PRQRVWDWLF�
UDGDU�� 7R� VXSSUHVV� VHOI�LQWHUIHUHQFH� RI� WKH� GLUHFW� SDWK�� WKH� WUDQVPLWWLQJ� DQWHQQD� DQG� UHFHLYLQJ�
DQWHQQD�IRU�VHQVLQJ�DUH�VHSDUDWHG�E\�DQ�DSSURSULDWH�GLVWDQFH��L�H�������PHWHU�LQ�WKH�WHVW���3HGHVWUL�
DQV�DQG�FRUQHU�UHŁHFWRUV�DFW�DV�WKH�VHQVLQJ�WDUJHWV�GXULQJ�WKH�WHVW��7KH�FRUQHU�UHŁHFWRU�LV�SODFHG�RQ�
WKH�SODWIRUP�RI�D�PHFKDQLFDO�JXLGH�UDLO��

7KH�PRWLRQ�YHORFLW\�RI�WKH�SODWIRUP�RQ�WKH�JXLGH�UDLO�FDQ�EH�VHW�DFFRUGLQJ�WR�WKH�WHVW�UHTXLUH�
PHQWV��DQG�FDQ�EH�UHJDUGHG�DV�WKH�WUXH�YDOXH��)LJ������VKRZV�WKH�SKRWRV�RI�WKH�SURWRW\SH�

7KH�FHQWHU�IUHTXHQF\�LV���*+]��DQG�WKH�EDQGZLGWK�LV�����0+]�LQ�WKH�WHVW��7KH�SURWRW\SH�ZRUNV�LQ�
WKH�PRQRVWDWLF�VHQVLQJ�PRGH�ZLWK�SURSHU�LVRODWLRQ�IRU�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�DQWHQQD��DQG�FDQ�
DFKLHYH�UHDO�WLPH�UDQJH�DQG�YHORFLW\�PHDVXUHPHQWV�RI�WKH�WDUJHW�LQ�WKH�DUHD��:H�XVH�WKH�SK\VLFDO�
GRZQOLQN� VKDUHG� FKDQQHO�GHPRGXODWLRQ� UHIHUHQFH� VLJQDO� �3'6&+�'056��DV� WKH� VHQVLQJ� VLJQDO�� ,Q�
RUGHU� WR� DFKLHYH� VWDWLF� WDUJHW� GHWHFWLRQ�� FOXWWHU� VXSSUHVVLRQ� LV� QHHGHG�� 7KH� HQYLURQPHQWDO� FOXWWHU�
VLJQDOV� DUH� UHFRUGHG� EHIRUH� WKH� WHVW�� 7KH� UDQJH� DQG� YHORFLW\� PHDVXUHPHQW� UHVXOWV� DUH� REWDLQHG�
WKURXJK�WKH�FRPPRQO\�XVHG�WZR�GLPHQVLRQDO�IDVW�IRXULHU�WUDQVIRUP���'�))7��>��@��%HIRUH�SHUIRUPLQJ�
VHQVLQJ�� WKH� V\VWHP� UHFRUGV� WKH� HQYLURQPHQWDO� FOXWWHU�� DQG� WKHQ� VXEWUDFWV� LWV� LPSDFWV� IURP� WKH�
UDQJH�YHORFLW\�VSHFWUXP�GXULQJ�VHQVLQJ�PHDVXUHPHQW��7R�UHGXFH�WKH�LQWHUIHUHQFH�RI�QRLVH��PXOWLSOH�
PHDVXUHPHQWV� RI� VWDWLF� FOXWWHU� FDQ� EH� WDNHQ� DQG� DYHUDJHG�� ,Q� DGGLWLRQ�� E\� SODFLQJ� REMHFWV� ZLWK�
SUHFLVH�NQRZQ�GLVWDQFHV�LQ�WKH�HQYLURQPHQW�DV�UHIHUHQFHV��WKH�ŀ[HG�GHOD\�RłVHWV�FDXVHG�E\�QRQ�LGH�
DO�IDFWRUV�RI�WKH�HTXLSPHQW�DUH�HOLPLQDWHG��$�GHWDLOHG�VLJQDO�SURFHVVLQJ�SURFHVV�LQFOXGLQJ�DOJRULWKP�
GHVLJQ�FDQ�EH�IRXQG�LQ�UHIHUHQFH�>��@�
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)LJ�������([DPSOHV�RI�WHVW�UHVXOWV�RI�PRQRVWDWLF�UDQJH�DQG�YHORFLW\�PHDVXUHPHQW�,6$&�SURWRW\SH

7KH�SURWRW\SH�KDV�XQGHUJRQH�FHUWLŀFDWLRQ�WHVWLQJ�E\�WKH�,07��������*��3URPRWLRQ�*URXS��7KH�UDQJH�
PHDVXUHPHQW�UHVXOWV�DUH�VKRZQ�LQ�)LJ�������D���7KH�5RRW�0HDQ�6TXDUH�(UURU��506(��RI�WKH�PHDVXUHG�UDQJH�
LV� DSSUR[LPDWHO\� �������PHWHU�� ,Q� YHORFLW\�PHDVXUHPHQW�� WKH� YHORFLW\� RI� WKH�PRYLQJ� WDUJHW� WRZDUGV� WKH�
UHFHLYLQJ�DQWHQQD�RI�WKH�VHQVLQJ�UHFHLYHU�YDULHV�EHWZHHQ�����P�V�DQG���P�V��7KH�YHORFLW\�PHDVXUHPHQW�
UHVXOWV�DUH�VKRZQ�LQ�)LJ�������E���ZLWK�DQ�506(�RI�DSSUR[LPDWHO\��������P�V��&RPPXQLFDWLRQ�LV�VLPXOWDQH�
RXV� GXULQJ� WKH� VHQVLQJ�� )LJ�� ���� �F�� VKRZV� WKH�PHDVXUHG� ��� TXDGUDWXUH� DPSOLWXGH�PRGXODWLRQ� �4$0��
FRQVWHOODWLRQ��ZLWK�D�PHDVXUHG�FRPPXQLFDWLRQ�WKURXJKSXW�RI�DSSUR[LPDWHO\�������*ESV��ZKLFK�LV�FRQVLV�
WHQW�ZLWK�WKH�WKHRUHWLFDO�SUHGLFWLRQ�EDVHG�RQ�FRPPXQLFDWLRQ�FRQŀJXUDWLRQV�
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ҟ�Ҡ%LVWDWLF�,6$&�SURWRW\SH�IRU�UHVSLUDWRU\�PRQLWRULQJ�
+HDOWK�PRQLWRULQJ�LV�DQ�LPSRUWDQW�DSSOLFDWLRQ�VFHQDULR�RI�,6$&��DQG�RQH�RI�WKH�PRVW�FRPPRQ�XVH�FDVHV�

LQ�KHDOWK�PRQLWRULQJ�LV�UHVSLUDWRU\�PRQLWRULQJ��YLYR�&RPPXQLFDWLRQV�5HVHDUFK�,QVWLWXWH�KDV�GHYHORSHG�D�UHVSL�
UDWRU\�PRQLWRULQJ�SURWRW\SH�EDVHG�RQ�FRPPHUFLDO��*�VPDOO�EDVH�VWDWLRQ�DQG�WKHLU�RZQ�GHYHORSHG��*�8(��7KLV�
SURWRW\SH�FDQ�DFKLHYH�KXPDQ�UHVSLUDWLRQ�UDWH�PRQLWRULQJ�ZKLOH�SHUIRUPLQJ�FRPPXQLFDWLRQ�VHUYLFH�

'XH�WR�WKH�SHULRGLFDO�PRYHPHQW�RI�WKH�KXPDQ�FKHVW�ZKHQ�EUHDWKLQJ��WKH�SKDVH�RI�WKH�GRZQOLQN�FKDQQHO�
VWDWH�LQIRUPDWLRQ��&6,��REWDLQHG�E\�WKH�UHFHLYHU�SHULRGLFDOO\�FKDQJHV��%\�H[WUDFWLQJ�WKLV�SKDVH�FKDQJH��UHVSL�
UDWLRQ�UDWH�FDQ�EH�REWDLQHG��,Q�SUDFWLFH��GXH�WR�WKH�GLłHUHQFH�LQ�WKH�FORFNV�RI�WUDQVPLWWHU�DQG�UHFHLYHU��WKHUH�
H[LVWV�VRPH�QRQ�LGHDO�IDFWRUV�VXFK�DV�FDUULHU�IUHTXHQF\�RłVHW��&)2��DQG�SKDVH�QRLVH��31���ZKLFK�FDQ�VLJQLŀ�
FDQWO\�DłHFW�WKH�SHUIRUPDQFH�RI�UHVSLUDWRU\�PRQLWRULQJ�EDVHG�RQ�&6,��:H�FDQ�XVH�&6,�UDWLR�RU�&6,�FRQMXJDWH�
PXOWLSOLFDWLRQ�WR�HOLPLQDWH�WKHVH�QRQ�LGHDO�IDFWRUV�>��@�

7KH�UHVSLUDWRU\�PRQLWRULQJ�SURWRW\SH�EDVHG�RQ��*�V\VWHP�LV�VKRZQ�LQ�)LJ�������7KH�FDUULHU�IUHTXHQF\�LV�����
*+]��DQG�WKH�EDQGZLGWK�LV�����0+]��'XULQJ�WKH�VHQVLQJ�SURFHGXUH��WKH�8(�UHFHLYHV�WKH�VHQVLQJ�VLJQDO�WUDQV�
PLWWHG�E\�WKH�%6��7KH�DQWHQQD�UHVRXUFHV�IRU�VHQVLQJ�LQ�WKLV�SURWRW\SH�DUH���WUDQVPLWWLQJ�DQWHQQD�DQG���UHFHLY�
LQJ�DQWHQQDV��7KH�FKDQQHO�VWDWH�LQIRUPDWLRQ�UHIHUHQFH�VLJQDO��&6,�56��LV�XVHG�DV�WKH�VHQVLQJ�VLJQDO��ZLWK�D�
WUDQVPLVVLRQ�SHULRG�RI����PV�DQG�D�IUHTXHQF\�GRPDLQ�GHQVLW\�RI����L�H���WKHUH�LV�RQH�UHVRXUFH�HOHPHQW��5(��IRU�
&6,�56�LQ�RQH�SK\VLFDO�UHVRXUFH�EORFN��35%���6LQFH�WKH�GRZQOLQN�UHIHUHQFH�VLJQDO�RI��*�V\VWHP�LV�XVHG�IRU�VHQV�
LQJ�ZLWKRXW�DGGLWLRQDO�VHQVLQJ�UHVRXUFH�RYHUKHDG��LW�KDV�QR�LPSDFWV�RQ�WKH�FRPPXQLFDWLRQ�GDWD�UDWH�DQG�
QRUPDO�XSOLQN�DQG�GRZQOLQN�FRPPXQLFDWLRQ�VHUYLFHV�FDQ�EH�FDUULHG�RXW�

)LJ�������3KRWRV�RI�ELVWDWLF�UHVSLUDWRU\�PRQLWRULQJ�,6$&�SURWRW\SH
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)LJ�������%LVWDWLF�&R03�EDVHG�,6$&�3URWRW\SH�IRU�7UDMHFWRU\�7UDFNLQJ���D��/D\RXW�RI�WKH�SURWRW\SH���E��
3KRWR�RI�WKH�SURWRW\SH

ҟ�Ҡ%LVWDWLF�&R03�EDVHG�,6$&�SURWRW\SH�IRU�WUDMHFWRU\�WUDFNLQJ
7KH�SRVLWLRQLQJ�DQG�WUDMHFWRU\�WUDFNLQJ�RI�PRYLQJ�WDUJHWV�LV�DQRWKHU�W\SLFDO� ,6$&�XVH�FDVH��7KH�

QHWZRUN�FDQ�DFKLHYH�WUDMHFWRU\�WUDFNLQJ�RI�WKH�VHQVLQJ�WDUJHW�VXFK�DV�SHGHVWULDQ��YHKLFOH��DQG�GURQH��
WKURXJK�&R03�VHQVLQJ��,Q�RUGHU�WR�YHULI\�WKH�IHDVLELOLW\�RI�&R03�VHQVLQJ�ZLWK�ELVWDWLF�VHQVLQJ�PRGH��ZH�
KDYH�EXLOW�D�WUDMHFWRU\�WUDFNLQJ�,6$&�SURWRW\SH�EDVHG�RQ�RXU�RZQ�GHYHORSHG��*�SODWIRUP��

)LJ�������([DPSOHV�RI�GDWD�SURFHVVLQJ�UHVXOWV�RI�ELVWDWLF�UHVSLUDWRU\�PRQLWRULQJ�,6$&�SURWRW\SH

$IWHU�REWDLQLQJ�WKH�IUHTXHQF\�FKDQQHO�UHVSRQVH��WKH�8(�SHUIRUPV�SUHSURFHVVLQJ�VXFK�DV�QRLVH�
VXSSUHVVLRQ��RXWOLHU�UHPRYDO��DQG�VPRRWKLQJ��$IWHU�WKDW��WKH�GDWD�LQ�DQWHQQD�DQG�IUHTXHQF\�GRPDLQ�
LV�ŀOWHUHG�DQG�PHUJHG��)LQDOO\��WKH�'RSSOHU�GRPDLQ�LQIRUPDWLRQ�LV�H[WUDFWHG��DQG�WKH�KXPDQ�UHVSLUD�
WLRQ�UDWH�UHVXOW�LV�REWDLQHG��DV�VKRZQ�LQ�)LJ������
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)LJ�������,OOXVWUDWLRQ�RI�WKH�WUDFNLQJ�UHVXOWV�IRU�GLłHUHQW�WUDMHFWRULHV

,Q�VLJQDO�SURFHVVLQJ��WKH�PXOWLSOH�VLJQDO�FODVVLŀFDWLRQ��086,&��DOJRULWKP�LV�XVHG�WR�HVWLPDWH�WKH�

'RSSOHU�IUHTXHQF\�RI�WKH�G\QDPLF�SDWK��:H�XVH����FRQVHFXWLYH�&6,�VDPSOHV�LQ�WKH�WLPH�GRPDLQ�IRU�

HDFK� HVWLPDWLRQ�� DQG� WKH�SHULRG� RI� &6,�56� LV� ���PV�� 7KH� WDUJHW� FDQ�EH� FRQVLGHUHG� WR�PRYH� DW� D�

FRQVWDQW�VSHHG�ZLWKLQ�����PV��)LJ������VKRZV�WKH�WHVW�UHVXOWV�RI�GLłHUHQW�WDUJHW�WUDMHFWRULHV�IRU�H[DP�

SOHV�� 7KH� UHG� FXUYH� UHSUHVHQWV� WKH� DFWXDO� SHGHVWULDQ� PRYHPHQW� WUDMHFWRU\� DQG� WKH� EOXH� FXUYH�

UHSUHVHQWV�WKH�HVWLPDWHG�RQH��,W�LV�VKRZQ�WKDW�WKH�WZR�WUDMHFWRULHV�DUH�ZHOO�PDWFKHG�ZLWK�HDFK�RWKHU�

'XH� WR� WKH� LQGHSHQGHQW� FORFN�DW� WUDQVPLWWHU�DQG� UHFHLYHU�� WKHUH�H[LVWV� ORFDO� IUHTXHQF\�RłVHW��

ZKLFK� FDXVHV� &)2�� 7KH� VXSHUSRVLWLRQ� RI� &)2� DQG� 'RSSOHU� IUHTXHQF\� RłVHW� UHVXOWV� LQ� WUDMHFWRU\�

HVWLPDWLRQ�HUURU��,Q�RXU�SURWRW\SH��WZR�IUHTXHQF\�RłVHW�FDQFHOODWLRQ�PHWKRGV��&6,�UDWLR�DQG�FDOLEUD�

WLRQ�EDVHG�RQ� UHIHUHQFH�SDWK� �H�J��� WKH�/26�SDWK���ZHUH�HYDOXDWHG��7KH� UHVXOWV� VKRZHG� WKDW�ERWK�

PHWKRGV�FRXOG�REWDLQ�DFFXUDWH�'RSSOHU�HVWLPDWLRQV�� ,Q�WKH�IXWXUH��WKH�FRPPXQLFDWLRQ�IXQFWLRQ�RI�

WKH�SURWRW\SH�ZLOO�EH�LPSURYHG��0RUHRYHU��ZH�ZLOO�FRQWLQXH�WR�LPSURYH�WKH�DFFXUDF\�DQG�UHOLDELOLW\�RI�

WUDMHFWRU\�WUDFNLQJ��7KH�JRDO�LV�WR�DFKLHYH�UHDO�WLPH�DQG�KLJK�SUHFLVLRQ�SRVLWLRQLQJ�DQG�WUDFNLQJ�RI�

PRYLQJ�WDUJHWV�LQ�WKH�HQYLURQPHQW��ZKLOH�SHUIRUPLQJ�FRPPXQLFDWLRQ�

7KH�SURWRW\SH�XVHV�DQ���FKDQQHO�8653�WR�VLPXODWH�WKH�%6��7KH�%6�WUDQVPLWV�WKH�VHQVLQJ�VLJQDO�
�L�H��� WKH�&6,�56��ZLWK�RQH�DQWHQQD�SRUW��7KH�FDUULHU�IUHTXHQF\�LV���*+]��DQG�WKH�EDQGZLGWK�LV�����
0+]��0HDQZKLOH��DQRWKHU���SRUW�8653�LV�XVHG�WR�VLPXODWH�����8(V��ZLWK�����UHFHLYLQJ�DQWHQQD�SRUWV�
IRU�HDFK�8(��,Q�WKH�WHVW��DW�OHDVW�WZR�8(V�FRQWLQXRXVO\�REWDLQ�GRZQOLQN�&6,��%DVHG�RQ�WKH�GRZQOLQN�
&6,V��WKH�'RSSOHU�IUHTXHQF\�RI�WKH�G\QDPLF�SDWK�UHŁHFWHG�E\�WKH�VHQVLQJ�WDUJHW��L�H���KXPDQ�ERG\�RU�
FRUQHU�UHŁHFWRU��WR�WKH�8(�FDQ�EH�REWDLQHG��7KH�PHDVXUHG�'RSSOHU�IUHTXHQFLHV�DUH�UHSRUWHG�WR�D�
FRPSXWHU��7KH�FRPSXWHU�FDQ�FDOFXODWH�WKH�YHORFLW\�DQG�PRYLQJ�GLUHFWLRQ�RI�WKH�WDUJHW�DQG�IXUWKHU�
HVWLPDWH�WKH�WUDMHFWRU\��EDVHG�RQ�WKH�UHSRUWHG�'RSSOHU�IUHTXHQFLHV�DQG�WKH�SRVLWLRQ�FRRUGLQDWHV�RI�
WKH�8(V�DQG�%6�� ,W�VKRXOG�EH�SRLQWHG�RXW�WKDW�� WR�UHDOL]H�WKH�WUDMHFWRU\�WUDFNLQJ��DW� OHDVW���8(V�DUH�
QHHGHG��)LJ�������D��VKRZV�WKH�V\VWHP�OD\RXW��L�H���XVLQJ�WZR�UHFHLYLQJ�8(V�DV�H[DPSOH���DQG�)LJ������
�E��VKRZV�WKH�SKRWRV�RI�WKH�SURWRW\SH�
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&RQFOXVLRQV
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&RPSDUHG� WR� WKH�SUHYLRXV�JHQHUDWLRQV�RI�PRELOH� FRPPXQLFDWLRQ� V\VWHPV�� WKH� �*� V\VWHP� LV�
H[SHFWHG� WR� RSHUDWH� DW� KLJKHU� IUHTXHQFLHV�� UHTXLUH� ODUJHU� EDQGZLGWKV�� DQG� IHDWXUH� ODUJHU� VFDOH�
DQWHQQDV�DQG�GHQVHU�QHWZRUN�GHSOR\PHQW��7KURXJK�,6$&���*�FDQ�SURYLGH�KLJK�SUHFLVLRQ�VHQVLQJ�
VHUYLFHV� LQ�DGGLWLRQ�WR�VXSHU�FRPPXQLFDWLRQ�FDSDELOLWLHV��7KH��*�V\VWHP�ZLOO�QDWLYHO\�VXSSRUW� WKH�
LQWHJUDWHG�GHVLJQ�RI� FRPPXQLFDWLRQ�DQG�VHQVLQJ��DQG�ZLOO� XWLOL]H� NH\� WHFKQRORJLHV� VXFK�DV� ,6$&�
ZDYHIRUP�DQG�VLJQDO�GHVLJQ��PXOWL�EDQG�FROODERUDWLYH�VHQVLQJ��PXOWL�DQWHQQD�WHFKQRORJLHV��&R03��
OLQN�DGDSWDWLRQ��PRELOLW\�PDQDJHPHQW��VROXWLRQ�WR�VHQVLQJ�QRQ�LGHDO�IDFWRUV��DQG�VHQVLQJ�VHFXULW\�
DQG�SULYDF\�SURWHFWLRQ�VFKHPHV��LQ�FRQMXQFWLRQ�ZLWK�WKH�LPSURYHPHQW�IRU�WKH�SHUIRUPDQFH�RI�ERWK�
FRPPXQLFDWLRQ�DQG�VHQVLQJ��UHGXFH�WKH�UHVRXUFH�FRQVXPSWLRQ��DQG�VXSSRUW�ULFKHU�VHQVLQJ�IXQF�
WLRQV�DQG�VFHQDULRV�
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�'�))7 7ZR�'LPHQVLRQDO�)DVW�)RXULHU�7UDQVIRUPDWLRQ

�*33 �UG�*HQHUDWLRQ�3DUWQHUVKLS�3URMHFW

)%0& )LOWHU�%DQN�0XOWL�&DUULHU

)'66 )UHTXHQF\�'RPDLQ�6SHFWUXP�6KDSLQJ

)0&: )UHTXHQF\�0RGXODWHG�&RQWLQXRXV�:DYH

*%60 *HRPHWU\�%DVHG�6WRFKDVWLF�0RGHO

*36 *OREDO�3RVLWLRQLQJ�6\VWHP

,&, ,QWHU�&DUULHU�,QWHUIHUHQFH

,((( ,QVWLWXWH�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHUV

,6, ,QWHU�6\PERO�,QWHUIHUHQFH

�* 7KH�ŀIWK�JHQHUDWLRQ�PRELOH�FRPPXQLFDWLRQ
V\VWHPV

�* 7KH�VL[WK�JHQHUDWLRQ�PRELOH�FRPPXQLFDWLRQ
V\VWHPV

&() &KDQQHO�(VWLPDWLRQ�)LHOG

&(�2)'0 &RQVWDQW�(QYHORSH�2)'0

&6, &KDQQHO�6WDWH�,QIRUPDWLRQ

&6,�56 &KDQQHO�6WDWH�,QIRUPDWLRQ�5HIHUHQFH�6LJQDO

')7�V�2)'0 'LVFUHWH�)RXULHU�7UDQVIRUP�6SUHDG�2)'0

(76, (XURSHDQ�7HOHFRPPXQLFDWLRQV�6WDQGDUGV
,QVWLWXWH

,78�5 ,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ�5DGLR
FRPPXQLFDWLRQ�6HFWRU
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/26 /LQH�2I�6LJKW

/6 /HDVW�VTXDUH

/)0 /LQHDU�)UHTXHQF\�0RGXODWLRQ

0,02 0XOWLSOH�,QSXW�0XOWLSOH�2XWSXW

086,& 0XOWLSOH�6LJQDO�&ODVVLŀFDWLRQ

2)'0 2UWKRJRQDO�)UHTXHQF\�'LYLVLRQ�0XOWLSOH[LQJ

22% 2XW�2I�%DQG

24$0 2łVHW�4XDGUDWXUH�$PSOLWXGH�0RGXODWLRQ

3$35 3HDN�WR�$YHUDJH�3RZHU�5DWLR

3&& 3ROLF\�DQG�&KDUJLQJ�&RQWURO

27)6 2UWKRJRQDO�7LPH�)UHTXHQF\�6SDFH

35% 3K\VLFDO�5HVRXUFH�%ORFN

5( 5HVRXUFH�(OHPHQWV

6&�)'( 6LQJOH�&DUULHU�)UHTXHQF\�'RPDLQ�(TXDOL]DWLRQ

6,15 6LJQDO�WR�,QWHUIHUHQFH�SOXV�1RLVH�5DWLR

615 6LJQDO�WR�1RLVH�5DWLR

67) 6KRUW�7UDLQLQJ�)LHOG

8PL 8UEDQ�0LFUR

8( 8VHU�(TXLSPHQW

9$ 9LUWXDO�$UUD\

3'6&+�'056 3K\VLFDO���'RZQOLQN���6KDUHG�
&KDQQHO�'HPRGXODWLRQ�5HIHUHQFH�6LJQDO
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