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1RUGEDKQKRI� 6WXWWJDUW ZKHQ WKH GHYLFH¶V FDPHUD LV SRLQWLQJ WR WKHP� 6WDWH RI WKH DUW RI� � � � � � � � � � � � � � �

RXWGRRU PRELOH $5 WHFKQRORJLHV DUH VWXGLHG DQG UHYLHZHG� 7KLV WKHVLV SURSRVHV WKH� � � � � � � � � � � �

FRQFHSWV DQG PHWKRGRORJ\ RI WKH YLGHR�EDVHG $5 YLVXDOL]DWLRQ DQG WKH GHYHORSPHQW RI WKH� � � � � � � � � � � � �

DSS� 7KH LPSOHPHQWDWLRQ RI WKH FRQFHSWV DQG PHWKRGRORJ\ LV GRFXPHQWHG DQG WKH� � � � � � � � � � � �

LPSOHPHQWDWLRQ�SURFHVV�DQG�UHVXOW�DUH�HYDOXDWHG���
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)LJXUH���9LVXDOL]DWLRQ�RI�D�EXLOGLQJ�LQ�6WXWWJDUW�1RUGEDKQKRI�%XLOGLQJ�ZLWK�JUD\VFDOH�

ILOWHU�DQG�PDVN�HGLWHG�ZLWK�3KRWRVKRS�

$UFKLWHFWV��ODQGVFDSH�DUFKLWHFWV��XUEDQ�GHVLJQHUV�DQG�XUEDQ�SODQQHUV�XVH�YLVXDO�DV�WKHLU�SULPDU\�

PHDQV�RI�FRPPXQLFDWLRQ��:KLOH�GHDOLQJ�ZLWK�WKH�FRPSOH[�DQG�G\QDPLF�VLWXDWLRQ�RI�XUEDQ�

GHYHORSPHQW�DORQJ�ZLWK�QXPHURXV�LQYROYLQJ�VWDNHKROGHUV�DQG�SK\VLFDO�DQG�DEVWUDFW�SURFHVVHV��

WKH�SURIHVVLRQDOV�UHO\�VWURQJO\�RQ�YLVXDOL]DWLRQ�WR�FRQYH\�WKHLU�ILQGLQJV��LGHDV��DQG�DVSLUDWLRQV��

�6PLWK��'RGJH�DQG�'R\OH��������7KURXJKRXW�WKH�\HDUV��GLIIHUHQW�YLVXDOL]DWLRQ�WHFKQRORJLHV��

PHWKRGV�DQG�VNLOOV�KDYH�EHHQ�WHVWHG��GHYHORSHG�DQG�DGRSWHG�LQWR�WKH�ILHOG��3KRWRV��GUDZLQJV��

DQG�GLDJUDPV�KDYH�DOZD\V�EHHQ�LPSRUWDQW�PHGLD��$V�D�ODQGVFDSH�DUFKLWHFW��,DQ�0F+DUJ�

LQWURGXFHG�KLV�PDS�RYHUOD\�PHWKRG�LQ�WKH�����V�DQG�ODWHU�EHFDPH�RQH�RI�WKH�PRVW�VLJQLILFDQW�

SLRQHHUV�RI�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6����7XUQHU��������'HFDGHV�ODWHU��ODQGVFDSH�

DUFKLWHFWV�DQG�SODQQHUV�FRQWLQXH�WR�H[SORUH�WKH�SRVVLELOLW\�RI�XVLQJ�*,6�WR�DLG�UHJLRQDO�SODQQLQJ�

DQG�YLVXDOL]LQJ�DQDO\VLV���1LMKXLV���������'�FLW\�PRGHOLQJ�DQG�SKRWRUHDOLVWLF�UHQGHULQJ�DUH�DOVR�

FRPPRQ�YLVXDOL]DWLRQ�WHFKQLTXHV�DSSOLHG�WR�WKH�ILHOG�ZKLFK�SURYLGHV�XVHUV�DQ�LPPHUVLYH�

H[SHULHQFH�DQG�D�EHWWHU�XQGHUVWDQGLQJ�RI�ZKDW�WKH�GHVLJQ�ZRXOG�WXUQ�RXW�WR�EH��

�

$UFKLWHFWV�DQG�SODQQHUV�GHYHORS�WKHLU�YLVXDO�FRPPXQLFDWLRQ�VNLOOV�WKURXJK�OHDUQLQJ��H[SHULHQFH��

DQG�H[SHULPHQW��7KURXJK�H[SHULPHQWDWLRQ�DQG�H[SORUDWLRQ��HIIHFWLYH�YLVXDOL]DWLRQ�PHWKRGV�

ZRXOG�EH�DGRSWHG�DQG�XWLOL]HG���3LQJDOH��'DPXJDGH�DQG�-LUJH��������,Q�WKLV�WKHVLV��RQH�

YLVXDOL]DWLRQ�WHFKQLTXH��ZKLFK�LV�FRPPRQO\�DGRSWHG�E\�SURIHVVLRQDOV��LV�VHOHFWHG�WR�EH�WKH�

IRFXV��'XULQJ�WKH�VLWH�DQDO\VLV�SURFHVV��DUFKLWHFWV�DQG�SODQQHUV�ZRXOG�RIWHQ�XVH�SKRWRV�WR�
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SURYLGH�D�ILUVW�EULHI�LPSUHVVLRQ�RI�WKH�VLWH��,QVWHDG�RI�XVLQJ�WKH�SKRWRV�GLUHFWO\��SURIHVVLRQDOV�

ZRXOG�FKRRVH�WR�DSSO\�D�JUD\VFDOH�ILOWHU�WR�WKH�LPDJH��ZKLOH�OHDYLQJ�WKH�VHOHFW�IHDWXUH�WR�EH�LQ�

FRORU��ZKHQ�WKH\�DUH�WU\LQJ�WR�JXLGH�WKH�UHDGHUV�WR�IRFXV�RQ�WKH�VDLG�IHDWXUH��7KLV�YLVXDOL]DWLRQ�

WHFKQLTXH�FUHDWHV�DWWHQWLRQ�WRZDUGV�D�VHOHFWHG�EXLOGLQJ�RU�XUEDQ�HOHPHQW�ZKLOH�VWLOO�SURYLGLQJ�

VXUURXQG�FRQWH[W�LQIRUPDWLRQ�ZLWKRXW�RYHUZKHOPLQJ�WKH�UHDGHU���,Q�FXUUHQW�SUDFWLFH��WKLV�

YLVXDOL]DWLRQ�LV�XVXDOO\�FUHDWHG�ZLWK�SKRWR�HGLWLQJ�VRIWZDUH�VXFK�DV�$GREH�3KRWRVKRS�ZLWK�VWLOO�

LPDJHV���

�
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)LJXUH���/DQGVFDSH�$UFKLWHFW�XVLQJ�WKH�JUD\VFDOH�ILOWHU�WR�KLJKOLJKW�XUEDQ�IHDWXUHV��

�/HXQJ��������

:KLOH�VRFLDO�SDUWLFLSDWLRQ�KDV�EHFRPH�PRUH�LPSRUWDQW�\HW�PRUH�FRPSOLFDWHG�LQ�WKH�SURFHVV�RI�

XUEDQ�SODQQLQJ��WKH�TXDOLW\�RI�FRPPXQLFDWLRQ�LV�FUXFLDO��8QOLNH�WKH�SURIHVVLRQDOV��XVXDO�FLWL]HQV�

DUH�QRW�WUDLQHG�WR�UHDG�DQG�XQGHUVWDQG�FRPSOH[�GLDJUDPV�DQG�GUDZLQJV��3UHVHQWLQJ�DFFHVVLEOH�

LQIRUPDWLRQ�WKDW�LV�XQGHUVWDQGDEOH�IRU�WKH�JHQHUDO�SXEOLF�FRXOG�UHGXFH�WKH�GLIILFXOWLHV�DQG�

FRPSOH[LW\�RI�VRFLDO�SDUWLFLSDWLRQ���.LUNKDXJ��������$XJPHQWHG�UHDOLW\��$5��FRXOG�EH�DQ�

DQVZHU�WR�WKLV�FDOO��0RELOH�$5�DSSOLFDWLRQ�SURYLGHV�XVHUV�DQ�LQWHUDFWLYH�LPPHUVLYH�H[SHULHQFH�

WKDW�FRQQHFWV�WR�WKH�UHDO�ZRUOG�ZKLFK�ZRXOG�EH�DEOH�WR�WDON�WR�WKH�XVHU�LQ�DQ�XQGHUVWDQGDEOH�

SUHVHQWDWLRQ���$53RVW��������0RELOH�$5�DSSOLFDWLRQV�KDYH�EHHQ�DQG�DUH�EHLQJ�GHYHORSHG�IRU�

XVH�LQ�WKH�XUEDQ�SODQQLQJ�DQG�GHVLJQ�ILHOG�LQ�UHFHQW�\HDUV��([DPSOHV�FDQ�EH�VHHQ�WKDW�

SURIHVVLRQDOV�DUH�XVLQJ�PRELOH�$5�WHFKQRORJLHV�WR�VKRZFDVH�KLVWRULFDO�EXLOGLQJV�RU�WKHLU�RZQ�

GHVLJQ��8WLOL]LQJ�$5�WHFKQRORJ\�LQ�WKH�ILHOG�LV�D�ULVLQJ�WUHQG�DQG�ZLOO�JDLQ�IXUWKHU�DWWHQWLRQ�DQG�

LQYHVWLJDWLRQ�IURP�QRZ�RQ���/\SFKHQNR��������
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�

6HHLQJ�WKH�SRVVLELOLW\�RI�WKH�IDVW�GHYHORSLQJ�$5�WHFKQRORJ\�DQG�WKH�QHHG�IRU�EHWWHU�SUHVHQWHG�

YLVXDOL]DWLRQ�LQ�WKH�XUEDQ�SODQQLQJ�DQG�GHVLJQ�ILHOG��WKLV�SURMHFW�DLPV�WR�GHYHORS�D�PRELOH�$5�

DSSOLFDWLRQ�WKDW�DOORZV�XVHUV�WR�DSSO\�WKH�JUD\VFDOH�PDVNLQJ�ILOWHU�YLVXDOL]DWLRQ�WR�EXLOGLQJV�DQG�

VSHFLDO�XUEDQ�IHDWXUHV��7KH�DSSOLFDWLRQ�VKRXOG�OHW�WKH�XVHUV�ILQG�WKH�GHVLJQDWHG�EXLOGLQJ�DQG�LQ�

UHDO�WLPH�DSSO\�WKH�JUD\VFDOH�ILOWHU�WR�WKH�VXUURXQGLQJ�FRQWH[W��7KH�VHOHFWHG�EXLOGLQJ�ZRXOG�EH�

OHIW�LQ�FRORU��7KLV�SURMHFW�ZRXOG�XVH�WKH�1RUGEDKQKRI�'LVWULFW�LQ�6WXWWJDUW�DV�WKH�VHOHFWHG�VLWH��

8VLQJ�WKH�GLVWULFW�DV�WKH�WHVWLQJ�VLWH�RQ�RQH�KDQG�ZRXOG�EH�D�JRRG�FKDQFH�WR�WHVW�WKH�DSSOLFDWLRQ�

LQ�D�ZHOO�FRQVWUXFWHG�XUEDQ�DUHD�ZLWK�VHYHUDO�GLIIHUHQW�NLQGV�RI�EXLOGLQJV��:LWK�WKH�DSSOLFDWLRQ��

XVHUV�ZRXOG�EH�DEOH�WR�YLVXDOL]H�WKH�EXLOGLQJ�LQ�WKH�VDLG�DUHD�ZLWK�WKH�PHQWLRQHG�VW\OH��7KH�VWDWH�

RI�WKH�DUW�RI�RXWGRRU�PRELOH�$5�WHFKQRORJLHV�ZLOO�EH�VWXGLHG�DQG�UHYLHZHG�DW�WKH�HDUO\�VWDJH�RI�

WKH�WKHVLV�WR�ILQG�RXW�DSSOLFDEOH�H[LVWLQJ�WHFKQRORJ\��7KH�WKHVLV�ZRXOG�SURYLGH�WKH�FRQFHSWV�DQG�

PHWKRGRORJ\�RI�WKH�DSS�GHYHORSPHQW���DQG�GRFXPHQWDWLRQ�RI�LWV�LPSOHPHQWDWLRQ��$Q�HYDOXDWLRQ�

RI�WKH�DSSOLFDWLRQ�ZLOO�DOVR�EH�FDUULHG�RXW�LQ�RUGHU�WR�VHHN�WKH�UDQJH�RI�SRVVLEOH�LPSURYHPHQWV���

�

�

�

�

�

�

�

�

�

�

�

�

�

²���²�



�
�0DVWHU�7KHVLV������

-XVWLQ�-LQJ�+XL�
�

����5HODWHG�UHVHDUFK�
�

$5�H[SHULHQFH�LQ�XUEDQ�SODQQLQJ�DQG�GHVLJQ�

�
$XJPHQWHG�UHDOLW\�KDV�EHHQ�DSSOLHG�WR�WKH�ILHOG�RI�XUEDQ�SODQQLQJ�DQG�GHVLJQ��/HH�HW�DO��������

FUHDWHG�WKH�&LW\9LHZ$5�DSSOLFDWLRQ�SURYLGLQJ�$5�LQIRUPDWLRQ�YLVXDOL]DWLRQ�LQ�&KULVWFKXUFK��

1HZ�=HDODQG��7KH�FLW\�H[SHULHQFHG�VHYHUDO�PDMRU�HDUWKTXDNHV�LQ������DQG�������7KH�DSS�ZDV�

GHVLJQHG�WR�DLG�WKH�UHFRYHU\�RI�WKH�GHVWUR\HG�EXLOGLQJV�DQG�WKH�IXWXUH�GHYHORSPHQW�RI�WKH�FLW\�

DIWHU�WKH�QDWXUDO�GLVDVWHU��,W�SURYLGHV�JHRORFDWHG�LQIRUPDWLRQ�RI�WKH�GHVWUR\HG�KLVWRULFDO�EXLOGLQJV�

DV�ZHOO�DV�WKH��'�PRGHO�RI�WKH�EXLOGLQJV�RQ�VLWH��7KLV�SURMHFW�SURYLGHV�WKH�JHQHUDO�SXEOLF�D�

ULFKHU�H[SHULHQFH�RI�WKH�FLW\�DQG�DOVR�SURYLGHG�D�JXLGHOLQH�IRU�WKH�IXWXUH�GHYHORSPHQW�RI�RXWGRRU�

PRELOH�$5�DSSOLFDWLRQV���

�
)LJXUH���&LW\9LHZ$5�VKRZLQJ�EXLOGLQJV�LQ�WKH�FLW\�EHIRUH�WKH�GDPDJH���/HH�HW�DO��������

�

$QDJQRVWRX�DQG�9ODPRV��������GHVLJQHG�6TXDUH�$5��DQ�DSSOLFDWLRQ�WKDW�DOVR�DLPV�WR�HQFRXUDJH�

FLYLF�SDUWLFLSDWLRQ�LQ�WKH�SURFHVV�RI�XUEDQ�SODQQLQJ��7KLV�DSSOLFDWLRQ�DOORZV�XVHUV�WR�RYHUOD\�

OD\HUV�VXFK�DV�YHJHWDWLRQ��WUDQVSRUWDWLRQ�DQG�EXLOGLQJV�RQ�WRS�RI�SULQWHG��'�PDSV�YLUWXDOO\�ZLWK�

D�VLPSOH�JULGGHG�V\VWHP��ZKLFK�DOORZV�GLIIHUHQW�LQGLYLGXDOV�WR�FRQWULEXWH�WKHLU�HQYLVLRQV�

WRZDUGV�WKH�FLW\¶V�IXWXUH���

�

$V�D�PRUH�FRPPHUFLDOO\�IRFXVHG�SURMHFW��<$5'�LV�DQ�DSSOLFDWLRQ�GHYHORSHG�E\�6WUXFWXUH�

6WXGLRV���������7KH�DSSOLFDWLRQ�DOORZV�XVHUV�WR�SODFH�SUH�EXLOW��'�PRGHOV�RQWR�D�GHVLJQDWHG�VLWH��

YLVXDOL]LQJ�WKHLU�GHVLJQ�LQ�UHDO�OLIH��7KH�UHDOLVWLF�YLVXDOL]DWLRQ�DOORZV�GHVLJQHUV�DQG�SODQQHUV�WR�

FRPPXQLFDWH�ZLWK�WKHLU�FOLHQWV�PRUH�HIIHFWLYHO\�DQG�HIILFLHQWO\��7KH�DSSOLFDWLRQ�DOVR�SURYLGHV�D�
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VHULHV�RI�VDPSOH��'�IHDWXUHV�VXFK�DV�EHQFKHV�DQG�SODQWHUV�LQ�GLIIHUHQW�VW\OHV��DOORZLQJ�WKHP�WR�

EUDLQVWRUP�QHZ�LGHDV�DQG�GHPRQVWUDWH�WKHP�LQ�D�IDVW�H[FKDQJH���

�

$SDUW�IURP�WKH�SUDFWLFDO�LPSOHPHQWDWLRQ�RI�$5�WHFKQRORJ\�E\�GHYHORSHUV��XUEDQ�GHVLJQHUV�

ZRXOG�DOVR�HQYLVLRQ�ZKDW�WKH�WHFKQRORJ\�FRXOG�EULQJ�WR�WKH�FRPPXQLW\�IURP�WKHLU�RZQ�SRLQW�RI�

YLHZ��0DOLVKHY��������JDYH�KLV�YLVLRQ�RQ�KRZ�$5�FRXOG�SRVVLEO\�FKDQJH�WKH�XUEDQ�ODQGVFDSH�LQ�

WKH�FRQFHSWXDO�SURMHFW�&(/26&$3(��,Q�WKH�SURMHFW��KH�HQYLVLRQHG�WKDW�$5�FRXOG�SOD\�

RSSRUWXQLWLHV�LQVLGH�D�GHQVH�XUEDQ�FHQWHU��ZKLFK�FUHDWHV�DQ�H[WHQVLRQ�RI�WKH�SXEOLF�VSDFH��7KH�

SOD\�RSSRUWXQLWLHV�ZRXOG�DOVR�HQFRXUDJH�KXPDQ�LQWHUDFWLRQ�DQG�EXLOG�D�PRUH�FRKHVLYH�

FRPPXQLW\��

�

5HDO�WLPH�PDVNLQJ�

�
7KH�FRQFHSW�RI�DSSO\LQJ�PDVNV�RQWR�WKH�VXUURXQGLQJ�HQYLURQPHQW�WR�DOWHU�WKH�ZD\�WKH�ZRUOG�

ORRNV�KDG�EHHQ�DSSOLHG�WR�SURMHFWV�IURP�GLIIHUHQW�ILHOGV�RI�SUDFWLFH��7KH�PHQWLRQHG�SURMHFW�E\�

%ODQFR�3RQV�HW�DO��������LV�PDVNLQJ�WKH�EXLOGLQJV�LQ�WKH�VLWH�ZLWK�WKHLU�KLVWRULFDO�IDFDGH��,W�

UHQGHUV�WKH�IDFDGH�DFFRUGLQJ�WR�WKH�UHDO�WLPH�OLJKWLQJ�DQG�HQYLURQPHQW�WR�SURYLGH�D�EHWWHU�IHHO�RI�

UHDOLVP��3DLQW�FRPSDQ\�6KHUZLQ�:LOOLDPV�GHYHORSHG�WKH�DSSOLFDWLRQ�&RORUVQDS�9LVXDOL]HU�ZLWK�

*RRJOH¶V�$5�&RUH�6'.���������7KH�DSSOLFDWLRQ�DOORZV�XVHUV�WR�FKDQJH�WKH�FRORU�RI�WKH�SDLQW�RQ�

WKH�ZDOO�RI�WKHLU�KRPH�WR�WHVW�RXW�GLIIHUHQW�FRORU�FRPELQDWLRQV�DQG�ILJXUH�RXW�ZKLFK�SDLQW�WR�EX\��

7KLV�YLVXDOL]DWLRQ�PHWKRG�LV�VLPLODU�WR�WKH�RQH�WKDW�LV�EHLQJ�IRFXVHG�LQ�WKLV�SURMHFW�DQG�FRXOG�EH�

D�XVHIXO�UHIHUHQFH�SRLQW�LQ�WHUPV�RI�SHUIRUPDQFH�DQG�XVHU�H[SHULHQFH��

�

)LJXUH���5HDO�WLPH�VZDSSLQJ�RI�ZDOO�SDLQW�FRORU�XVLQJ�&RORUVQDS�9LVXDOL]HU�

�6KHUZLQ�:LOOLDPV��������

²����²�



�
�0DVWHU�7KHVLV������

-XVWLQ�-LQJ�+XL�
�

����2EMHFWLYHV��.H\�TXHVWLRQV��

6HHLQJ WKH FRQWH[WXDO DQG WHFKQRORJLFDO RSSRUWXQLWLHV� WKLV SURMHFW DLPV WR GHYHORS DQ RXWGRRU� � � � � � � � � � � � �
PRELOH $5 DSSOLFDWLRQ WKDW YLVXDOL]HV EXLOGLQJV DQG FRQWH[W ZLWK WKH JUD\VFDOH PDVNLQJ ILOWHU� � � � � � � � � � � � �
WKDW FRXOG FDWHU WR WKH QHHG RI XUEDQ SODQQHUV DQG GHVLJQHUV� 7KH SURMHFW ZLOO KDYH WKH IROORZLQJ� � � � � � � � � � � � � � � � �
IRFXV�TXHVWLRQV��

�� :KDW LV WKH FXUUHQW VWDWH RI WKH DUW GHYHORSPHQW LQ WHUPV RI RXWGRRU PRELOH DXJPHQWHG� � � � � � � � � � � � � � �
UHDOLW\�WHFKQRORJ\�DQG�LWV�SRVVLEOH�DSSOLFDWLRQ�WR�WKH�XUEDQ�SODQQLQJ�DQG�GHVLJQ�ILHOG"�

�

�� +RZ WR DSSO\ DQ RXWGRRU WUDFNLQJ V\VWHP IRU EXLOGLQJ UHFRJQLWLRQ LQ WKH FDVH RI� � � � � � � � � � � � � �
6WXWWJDUW�1RUGEDKQKRI�'LVWULFW"�

�

�� ,V LW SRVVLEOH WR DSSO\ D PDVN JUD\VFDOH ILOWHU RQ EXLOGLQJV DQG FRQWH[W ZLWK YLGHR�EDVHG� � � � � � � � � � � � � � �
$5� WKDW WKH YLVXDOL]DWLRQ ZRXOG DVVLVW WKH FRPPXQLFDWLRQ RI XUEDQ SODQQHUV DQG� � � � � � � � � � � �
GHVLJQHUV"�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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� 6WDWH�RI�WKH�$UW�
�

����0RELOH�$5�
�

'HILQHG�E\�$]XPD��������DQG�ZLGHO\�DFNQRZOHGJHG�ODWHU��$XJPHQWHG�5HDOLW\�DV�D�V\VWHP�KDV�

WKUHH�FKDUDFWHULVWLFV��LW�FRPELQHV�UHDO�DQG�YLUWXDO��LV�LQWHUDFWLYH�LQ�UHDO�WLPH��DQG�LV�UHJLVWHUHG�LQ�

��'��7KH�LQWHJUDWLRQ�RI�WKH�UHDO�ZRUOG�DQG�YLUWXDO�FRQWHQWV�DOORZV�XVHUV�WR�UHFHLYH�VHQVRU\�

H[SHULHQFHV�EH\RQG�UHDOLW\�LQ�UHDO�WLPH���4LDR�HW�DO��������7KH�GHYHORSPHQW�RI�$5�WHFKQRORJLHV�

EHJDQ�LQ�WKH�����V��,Q�������,YDQ�6XWKHUODQG�FUHDWHG�WKH�ZRUOG
V�ILUVW�$5�V\VWHP��7KH�V\VWHP�

RSHUDWHV�RQ�D�KHDG�PRXQWHG�VHH�WKURXJK�GLVSOD\�ZLWK�RQH�PHFKDQLFDO�DQG�RQH�XOWUDVRQLF�VHQVRU��

7KLV�$5�V\VWHP�ZDV�DEOH�WR�GLVSOD\�VLPSOH�ZLUHIUDPH�JUDSKLFV�RQ�WRS�RI�WKH�RSWLFV�LQ�UHDO�WLPH��

�$UWK�HW�DO��������

�

�
)LJXUH���,YDQ�6XWKHUODQG¶V�ZRUOG
V�ILUVW�$5�V\VWHP�LQ�������%DVX��������

�

,Q�WKH�IROORZLQJ�GHFDGHV��WKH�GHYHORSPHQW�RI�ODSWRS�DQG�KDQGKHOG�FRPSXWHUV��PRELOH�SKRQHV��

QDYLJDWLRQ�V\VWHPV�DQG�RXWGRRU�VHQVRUV�ODLG�WKH�IRXQGDWLRQ�IRU�WKH�SRVVLEOH�IXWXUH�GHYHORSPHQW�

RI�PRELOH�DXJPHQWHG�UHDOLW\��,Q�������D�³7RXULQJ�0DFKLQH´�ZDV�FUHDWHG�E\�)HLQHU�HW�DO��ZKLFK�

LV�NQRZQ�DV�WKH�ILUVW�PRELOH�$5�PRGHO�SURWRW\SH��7KH�SURWRW\SLFDO�PRGHO�DWWHPSWV�WR�FRPELQH�

$5�WHFKQRORJ\�DQG�WKH�PRELOH�FRPSXWHU�LQWHUIDFH�WKDW�ZDV�XQGHU�GHYHORSPHQW�DW�WKH�WLPH��$5�

ZDV�XVXDOO\�DSSOLHG�IRU�ILHOGV�VXFK�DV�DVVLVWLQJ�VXUJHU\�RSHUDWLRQ�RU�IOLJKW�FRQWURO��ZKLOH�WKLV�

7RXULQJ�0DFKLQH�ZDV�DLPLQJ�IRU�SURYLGLQJ�D�FDPSXV�WRXU�LQ�&ROXPELD�8QLYHUVLW\��7KH�PRGHO�
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FRQWDLQV�D�KHDGZRUQ�VHH�WKURXJK�GLVSOD\��ZKLFK�RYHUOD\V�WH[WXDO�ODEHOV�IRU�GLIIHUHQW�EXLOGLQJV�LQ�

WKH�FDPSXV��7KH�GLVSOD\�LV�GULYHQ�E\�D�FRPSXWHU�ZRUQ�DV�D�EDFNSDFN��7KH�XVHU�ZRXOG�DOVR�KROG�

D�KDQGKHOG�GLVSOD\�DQG�D�VW\OXV�IRU�LQWHUDFWLRQ��7KH�PRGHO�ZDV�PRELOH�\HW�EXON\��'XH�WR�WKH�

FRPSXWLQJ�SRZHU�UHTXLUHG�DQG�WKH�WHFKQRORJLFDO�OLPLWDWLRQ��WKH�ZKROH�V\VWHP�ZHLJKHG�MXVW�

DERXW����SRXQGV��,W�DOVR�IDFHV�SUREOHPV�VXFK�DV�LQVXIILFLHQW�TXDOLW\�RI�GLVSOD\�DQG�WUDFNLQJ��

�)HLQHU�HW�DO���������&RRUV�DQG�-DVQRFK�ODWHU�XVHG�D�VPDOOHU�ZHDUDEOH�FRPSXWHU�WR�GHYHORS�D�

ZHDUDEOH�*,6�WKDW�DFFRPSDQLHV�WRXULVWV�LQ�+HLGHOEHUJ��D�FLW\�LQ�*HUPDQ\�ZLWK�ULFK�KLVWRULFDO�

IHDWXUHV��7KH�VPDOOHU�FRPSXWHU�SURYLGHV�XVHUV�KLJKHU�PRELOLW\�ZKLFK�DOORZV�WKHP�WR�QDYLJDWH�

RXWGRRUV�PRUH�HDVLO\���������

�

�
)LJXUH���7KH�7RXULQJ�0DFKLQH��)HLQHU�HW�DO��������

�

)LJXUH���:HDUDEOH�*,6���&RRUV�DQG�-DVQRFK��������

�

6FLHQWLVWV�FRQWLQXH�WKH�GHYHORSPHQW�RI�PRELOH�$5�V\VWHPV��(IIRUWV�DQG�H[SHULPHQWV�KDYH�EHHQ�

SXW�LQWR�FUHDWLQJ�WKH�GHYLFHV�LQ�WKH�IRUP�RI�KHOPHWV��KHDGVHWV��RU�JODVVHV��'HYLFHV�GHGLFDWHG�WR�

$5�HPHUJHG��VXFK�DV�*RRJOH�*ODVV��0LFURVRIW�+ROROHQV��DQG�0DJLF�/HDS��7KHVH�GHYLFHV�IXHOHG�
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WKH�IXUWKHU�GHYHORSPHQW�RI�PRELOH�$5�WHFKQRORJ\���4LDR�HW�DO��������,Q�WKH�ODWH�����V�DQG�HDUO\�

����V��WKH�LQWURGXFWLRQ�RI�KLJK�SHUIRUPDQFH�VPDUWSKRQHV�SURYLGHV�DQ�RSSRUWXQLW\�IRU�$5�

V\VWHPV�WR�EH�EXLOW�DQG�UXQ�RQ�WKHVH�KDQGKHOG�PRELOH�GHYLFHV��7KH�FRPSXWLQJ�DQG�JUDSKLF�

SURFHVVLQJ�SRZHU��EXLOW�LQ�FDPHUD�DQG�LQHUWLDO�VHQVRU�DOORZ�WKH�$5�V\VWHP�WR�SUHYDLO���<XDQ��

������,Q�������RYHU�����ELOOLRQ�RI�WKH�SRSXODWLRQ�DURXQG�WKH�ZRUOG�DUH�VPDUWSKRQH�XVHUV�DQG�WKH�

QXPEHU�NHHSV�RQ�LQFUHDVLQJ���2
'HD��������7KH�SRSXODUL]DWLRQ�RI�VPDUWSKRQH�XVDJH�DOORZV�

PRELOH�$5�WHFKQRORJLHV�WR�IORXULVK�FRPPHUFLDOO\�LQ�UHFHQW�\HDUV��DSSOLHG�LQ�D�ZLGHU�UDQJH�RI�

ILHOGV�LQFOXGLQJ�HQWHUWDLQPHQW��DGYHUWLVHPHQW��HGXFDWLRQ��QDYLJDWLRQ��PDLQWHQDQFH��HWF��2QH�

SRSXODU�H[DPSOH�RI�WKH�FRPPHUFLDO�VXFFHVV�RI�$5�DSSOLFDWLRQV�LV�3RNpPRQ�*2��3RNpPRQ�*2�

LV�D�ORFDWLRQ�EDVHG�$5�FDSWXUH�JDPH�EXLOW�IRU�D�SRSXODU�-DSDQHVH�LQWHOOHFWXDO�SURSHUW\�WKDW�KDV�D�

IDQEDVH�DOO�RYHU�WKH�ZRUOG��7KH�JDPH�ZDV�UHOHDVHG�ZRUOGZLGH�LQ�PLG������DQG�UHFRUGHG�����

PLOOLRQ�GRZQORDGV�ZLWKLQ�WKH�ILUVW�\HDU���%KDVLQ��������7KH�SKHQRPHQDO�ILQDQFLDO�VXFFHVV�RI�

3RNpPRQ�*R�DWWUDFWV�LQYHVWRUV�DQG�FDSLWDO��7KH�$5�DQG�95�PDUNHW�LV�SURMHFWHG�WR�UHDFK������

ELOOLRQ�86'�LQ������DQG�ZLOO�FRQWLQXH�WR�JURZ���%ORRPEHUJ��������7KH�LQIOX[�RI�LQYHVWPHQW�

DOORZV�WKH�WHFKQRORJ\�WR�FRQWLQXH�WR�GHYHORS��

�

$V�VPDUWSKRQHV�DUH�QRZ�WKH�PRVW�SRSXODU�SODWIRUP�IRU�UXQQLQJ�PRELOH�$5�V\VWHPV��VFLHQWLVWV�

FRQWLQXH�WKH�GHYHORSPHQW�RI�LPSURYLQJ�WKH�WHFKQRORJ\��4LDR�HW�DO�VXJJHVWHG�WKDW�:HE�EDVHG�

$5�FRXOG�EH�WKH�³SURPLVLQJ�IXWXUH�RI�$5´���������:KLOH�FXUUHQW�$5�DSSOLFDWLRQV�FDQ�UXQ�RQ�

KLJK�SHUIRUPDQFH�VPDUWSKRQHV��WKH\�IDFH�WKH�FKDOOHQJH�WKDW�WKH�IOH[LELOLW\�LV�OLPLWHG��7KH�

SHUIRUPDQFH�RI�WKH�$5�V\VWHP�GHSHQGV�RQ�HDFK�LQGLYLGXDO�GHYLFHV¶�KDUGZDUH�VSHFLILFDWLRQ��)RU�

H[DPSOH��*RRJOH¶V�$5&RUH�6'.�LV�RQO\�VXSSRUWHG�E\�D�OLPLWHG�QXPEHU�RI�GHYLFHV��2OGHU�

GHYLFHV�RU�GHYLFHV�ZLWK�ORZHU�FRPSXWDWLRQ�FDSDELOLW\�DUH�QRW�DEOH�WR�UXQ�WKH�DSSOLFDWLRQV�

GHYHORSHG�ZLWK�$5&RUH��7KH�YDULHW\�RI�RSHUDWLQJ�V\VWHPV��HJ��$QGURLG��L26��/LQX[��DOVR�SRVHV�

DQ�LQFUHDVH�LQ�GHYHORSPHQW�FRVW�ZKHQ�FURVV�SODWIRUP�VXSSRUW�LV�QHHGHG��6HHLQJ�FXUUHQW�

OLPLWDWLRQV�DQG�DOVR�WKH�RSSRUWXQLWLHV�RI�IDVWHU�LQWHUQHW�QHWZRUNV�LQ�WKH�IXWXUH��WKH�ZHE�EDVHG�$5�

V\VWHP�LV�SURSRVHG���

�

7KH�:HE$5�WHFKQRORJ\�FDQ�EH�FDWHJRUL]HG�LQWR�WZR�DSSURDFKHV��WKH�VHOI�FRQWDLQHG�PHWKRG�DQG�

WKH�FRPSXWDWLRQ�RXWVRXUFLQJ�PHWKRG��7KH�VHOI�FRQWDLQHG�:HE$5�V\VWHP�XWLOL]HV�HLWKHU�D�

-DYD6FULSW�/LEUDU\�RU�DQ�H[WHQVLRQ�RI�D�ZHE�EURZVHU�NHUQHO��:LWK�PRUH�VWDQGDUGL]DWLRQ�HIIRUWV��

WKHVH�PHWKRGV�FRXOG�EH�D�VROXWLRQ�IRU�WKH�FXUUHQW�FURVV�SODWIRUP�LQWHURSHUDELOLW\�SUREOHP�DQG�

DOVR�DOORZV�D�FURVV�XVHU�$5�H[SHULHQFH��7KH�FRPSXWDWLRQ�RXWVRXUFLQJ�PHWKRG�LV�ZKHUH�WKH�$5�

FRPSXWDWLRQ�LV�GRQH�LQ�D�FORXG�VHUYHU��:LWK�WKH�ILIWK�JHQHUDWLRQ���*��QHWZRUNV¶�LQIUDVWUXFWXUH�

VWDUWLQJ�WR�WDNH�RYHU�WKH�FRYHUDJH��D��*%�SHU�VHFRQG�LQWHUQHW�VSHHG�DOORZV�WKH�$5�V\VWHP�WR�

RSHUDWH�ZLWK�UHDO�WLPH�LQWHUDFWLRQ�DQG�OHVV�GHOD\��7KH�FRPSXWDWLRQ�RXWVRXUFLQJ�PHWKRG�WDFNOHV�
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WKH�SUREOHP�RI�GHYLFHV¶�GLVSDULW\���4LDR�HW�DO��������6XNKPDQL�HW�DO¶V�VXUYH\�VXJJHVWHG�WKDW�WKH�

HGJH�FDFKLQJ�WHFKQRORJ\�ZLOO�IXUWKHU�ERRVW�WKH�SHUIRUPDQFH�RI�:HE$5���������7KH�WHPSRUDU\�

VWRUDJH�RI�D�VHOHFWLRQ�RI�FRQWHQW�LQ�D�VHUYHU�FORVHU�WR�WKH�XVHUV�FDQ�IXUWKHU�LQFUHDVH�WKH�

FRPSXWDWLRQ�VSHHG�DQG�UHGXFH�WKH�ODWHQF\��:KLOH�WKH�:HE$5�V\VWHP�LV�SURPLVLQJ�XQGHU�

FLUFXPVWDQFHV��LW�VWLOO�IDFHV�VHYHUDO�FKDOOHQJHV�DW�WKH�PRPHQW�VXFK�DV�UHQGHULQJ�DQG�HQHUJ\�

HIILFLHQF\��SULYDF\�DQG�VHFXULW\�SUREOHPV��DQG�LQWHURSHUDELOLW\��

�

�

����0RELOH�$5�$SSV�GHYHORSPHQW�

�
������'HYHORSPHQW�.LWV�IRU�0RELOH�$5�$SSV�

$SDUW�IURP�WKH�HPHUJHQFH�DQG�RSWLPL]DWLRQ�RI�KDUGZDUH�GHYLFHV��WKH�DGYDQFHPHQW�RI�SRZHUIXO�

GHYHORSPHQW�NLWV�DOVR�IXHOHG�IXUWKHU�UHVHDUFK�DQG�GHYHORSPHQW�RI�PRELOH�$5���4LDR�HW�DO��������

,Q�WKH�����V��PRELOH�$5�V\VWHPV�ZHUH�GHYHORSHG�ZLWK�D�FRPELQDWLRQ�RI�DYDLODEOH�VRIWZDUH�DQG�

H[WHQVLYH�FRGLQJ��8VLQJ�WKH�³7RXULQJ�0DFKLQH´�PHQWLRQHG�LQ�WKH�SUHYLRXV�VHFWLRQ�DV�DQ�

H[DPSOH��7KH�DSSOLFDWLRQ�RI�WKH�V\VWHP�ZDV�LPSOHPHQWHG�LQ�DSSUR[LPDWHO\������OLQHV�RI�

FRPPHQWHG�5HSR�FRGH��7KH�VRIWZDUH�ZDV�UXQQLQJ�RQ�D�:LQGRZV�17����3&��7KH�JUDSKLF�

SDFNDJH�ZDV�D�PRGLILHG�YHUVLRQ�RI�2EOLT��'��D�GLVSOD\�OLVW�EDVHG��'�JUDSKLFV�SDFNDJH���)HLQHU�

HW�DO��������

�

$5WRRONLW�ZDV�ILUVW�SUHVHQWHG�E\�.DWR�DQG�%LOOLQJKXUVW�LQ�������$5WRRONLW�VWDUWHG�DV�DQ�RSHQ�

VRXUFH�VRIWZDUH�OLEUDU\�IRU�$5�DSSOLFDWLRQ�GHYHORSPHQW�ZULWWHQ�LQ�&�DQG�&���ODQJXDJH��7KH�

WRRO�NLW�WDFNOHG�WKH�GLIILFXOWLHV�RI�HVWDEOLVKLQJ�RULHQWDWLRQ�DQG�SRVLWLRQ�RI�WKH�XVHU¶V�FDPHUD�DW�

WKH�WLPH���/DPE��������7KH�VRIWZDUH�OLEUDU\�DOORZV�GHYHORSHUV�WR�HDVLHU�FUHDWH�DSSOLFDWLRQV�ZLWK�

PDUNHU�EDVHG�YLGHR�$5�WUDFNLQJ�DQG�UHDO�WLPH��'�YLVXDOL]DWLRQ��SRZHUHG�E\�WKH�DOJRULWKPV�

GHYHORSHG�E\�.DWR�DQG�%LOOLQJKXUVW���������$5WRRONLW�FRQWLQXHG�WR�GHYHORS�DV�DQ�RSHQ�VRXUFH�

VRIWZDUH�OLEUDU\�ZLWK�VHYHUDO�RWKHU�FRQWULEXWRUV��,Q�������$5WRRONLW�VXSSRUWHG�PXOWL�SODWIRUP�

GHYHORSPHQW��3&�:LQGRZV��0DF�26�;��3&�/LQX[��HWF����FRQWDLQHG�DQ�H[WHQVLYH�FROOHFWLRQ�RI�

VXSSRUWHG�PDUNHUV��DQG�VXSSRUWHG�WUDFNLQJ�ZLWK�VLPSOH�EODFN�VTXDUHV��$5WRRONLW�KDV�VWHPPHG�

LQWR�D�FRPPHUFLDO�OLFHQVLQJ�EXVLQHVV�VLQFH�������7KH�FRPSDQ\�$57RROZRUNV�QRZ�SURYLGHV�

WRRONLWV�IRU�GHVNWRS�$5�GHYHORSPHQW�DV�ZHOO�DV�WRRONLWV�IRU�$QGURLG�DQG�L26��ZKLFK�VXSSRUWV�

LPDJH�EDVHG�WUDFNLQJ�RQ�WRS�RI�WKH�RULJLQDO�PDUNHU�EDVHG�WUDFNLQJ�PHWKRG���$57RROZRUNV��

������$V�WKH�SLRQHHU�RI�$5�GHYHORSPHQW�WRRO�NLWV��$57RRONLWV�LV�FRPPRQO\�XVHG�QRZDGD\V��

�

:LNLWXGH�LV�DQRWKHU�FXUUHQWO\�DYDLODEOH�6'.�IRU�PRELOH�$5��:LNLWXGH�ZDV�ODXQFKHG�LQ������

LQLWLDOO\�DV�DQ�$QGURLG�PRELOH�DSSOLFDWLRQ�IRU�ZRUOG�EURZVLQJ�ZLWK�UHDO�WLPH�$5�FDPHUD�YLHZ�
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RYHUODLG�ZLWK�LQIRUPDWLRQ�UHWULHYHG�IURP�:LNLSHGLD���$UWK�HW�DO��������7KH�FRPSDQ\�ODWHU�

VZLWFKHG�IRFXV�DQG�ODXQFKHG�WKH�:LNLWXGH�6'.�IRU�PXOWLSODWIRUP�$5�GHYHORSPHQW�VXSSRUWLQJ�

$QGURLG�DQG�L26�GHYLFHV�DQG�PRUH��7KH�:LNLWXGH�6'.�LV�D�SDLG�OLFHQVH�VHUYLFH��SURYLGLQJ�

IXQFWLRQDOLWLHV�VXFK�DV�LPDJH�WUDFNLQJ�ZLWK�D�FDSDFLW\�RI�XS�WR������WUDFNDEOH�LPDJHV�LQ�WKH�

UHIHUHQFH�OLEUDU\��REMHFW�WUDFNLQJ�ZKLFK�WUDFNV��'�REMHFWV�VXFK�DV�WR\V�DQG�IXUQLWXUH��

JHR�ORFDWLRQ�EDVHG�WUDFNLQJ�ZLWK�*36��DQG�FORXG�GDWDEDVH�VHUYLFH��:LWK�WKHLU�PDUNHWHG�

FXVWRPL]DEOH�HQWHUSULVH�OLFHQVHV�DQG�VXSSRUW�WHDP��:LNLWXGH�6'.�LV�SRSXODU�DPRQJVW�WKH�

FRPPHUFLDO�VHFWRU�ZLWK�FRPSDQLHV�VXFK�DV�%0:�DQG�'LVQH\�RQ�WKH�FXVWRPHU�OLVW���:LNLWXGH��

������

�

9XIRULD�$5�6'.�ZDV�ODXQFKHG�LQ�������%HLQJ�DOVR�D�SDLG�OLFHQVH�VHUYLFH��9XIRULD�$5�6'.�

DOVR�RIIHUV�LPDJH�WUDFNLQJ�DQG��'�PRGHO�WUDFNLQJ�ZLWK�&$'�PRGHOV�DV�LQSXW�IRU�DSS�

GHYHORSPHQW��2Q�WRS�RI�WKDW��LW�DOVR�RIIHUV�DQ�REMHFW�WUDFNLQJ�V\VWHP��ZKHUH�WKH�GHYHORSHUV�FDQ�

VFDQ�D�VPDOO�REMHFW�LQ�UHDO�OLIH�VXFK�DV�D�WR\�ZLWK�9XIRULD¶V�$QGURLG�2EMHFW�6FDQQHU�DSS��7KH�

VFDQQHG�REMHFW�ZLOO�WXUQ�LQWR�DQ�2EMHFW�'DWD���RG��ILOH�DQG�FDQ�EH�XVHG�DV�D�UHIHUHQFH�LQSXW��

9XIRULD�SURYLGHV�D�FORXG�VHUYHU�IRU�HDFK�FXVWRPHU�WR�VWRUH�WKHLU�UHIHUHQFH�GDWDEDVH�RQOLQH��7KH�

6'.�LV�RSWLPL]HG�IRU�D�ZLGH�UDQJH�RI�GHYLFHV�ZKHQ�RQO\�D�YLVLRQ�EDVHG�WUDFNLQJ�LV�XVHG��HYHQ�

IRU�VHYHUDO�GLIIHUHQW�$5�KHDGVHWV�DQG�JODVVHV�DQG�VRPH�ROGHU�VPDUWSKRQH�PRGHOV���9XIRULD��

������

�

$V�VPDUWSKRQHV�DQG�WDEOHWV�DUH�EHFRPLQJ�WKH�PRVW�SRSXODU�GHYLFHV�IRU�WKH�LPSOHPHQWDWLRQ�RI�

PRELOH�$5�DSSOLFDWLRQV��FRPSDQLHV�KDYH�GHYHORSHG�WKHLU�RZQ�$5�6'.�GHVLJQHG�DQG�RSWLPL]HG�

IRU�WKHLU�RZQ�PRELOH�GHYLFHV¶�RSHUDWLQJ�V\VWHPV��*RRJOH�ODXQFKHG�$5&RUH�LQ�������$V�D�

IROORZ�XS�GHYHORSPHQW�WR�WKHLU�SURMHFW�7DQJR�LQ�������WKH�QHZ�$5&RUH�6'.�GRHV�QRW�UHTXLUH�

DQ\�DGGLWLRQDO�KDUGZDUH��:LWK�WKHLU�PLVVLRQ�VWDWHPHQW�³WR�EULQJ�$5�WR�HYHU\RQH´��$5&RUH�LV�

IUHH�WR�XVH���%XUNH��������&XUUHQWO\��$5&RUH�VXSSRUWV�IHDWXUHV�VXFK�DV�LPDJH�WUDFNLQJ��FORXG�

DQFKRU�WKDW�DOORZV�XVHUV�WR�SODFH�REMHFWV�WKURXJK�D�FORXG�VHUYHU�DQG�YLVXDOL]H�DFURVV�GLIIHUHQW�

GHYLFHV��IDFH�UHFRJQLWLRQ��SODQH�WUDFNLQJ�IRU�GHWHFWLRQ�IODW�VXUIDFHV�VXFK�DV�WKH�IORRU�RU�D�

WDEOHWRS��DQG�LPPHUVLYH�YLVXDOL]DWLRQ�VHUYLFHV�VXFK�DV�WKH�'HSWK�$3,�DQG�/LJKWLQJ�(VWLPDWLRQ��

�*RRJOH�$5&RUH���������

�

$SSOH�RQ�WKH�RWKHU�KDQG�ODXQFKHG�$5.LW�LQ�������6LQFH�WKH�FRPSDQ\�KDV�D�PRUH�IRFXVHG�OLQHXS�

RI�PRELOH�GHYLFHV��WKH�$5.LW�6'.�LV�DEOH�WR�VXLW�WKH�IXQFWLRQDOLW\�RI�WKHLU�L3KRQHV�DQG�L3DGV�

PRUH�SHUIHFWO\��7KH�6'.�KDV�D�\HDUO\�XSGDWH�WR�RSWLPL]H�IRU�WKH�QHZ�GHYLFHV�WKH\�SXW�RQ�WKH�

PDUNHW��$V�SHU�������RQ�WRS�RI�WKH�VLPLODU�VHUYLFH�DV�$5&RUH�VXFK�DV�LPDJH�WUDFNLQJ�DQG�IDFH�

UHFRJQLWLRQ��$5.LW���FRQWDLQV�IXQFWLRQDOLWLHV�VXFK�DV��'�VFDQQLQJ�ZLWK�WKH�/L'$5�VFDQQHU�
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LQVWDOOHG�LQ�WKH�L3KRQH����3UR��L3KRQH����3UR�0D[��DQG�L3DG�3UR�PRGHOV��DQG�/RFDWLRQ�$QFKRU�

WKDW�SURYLGHV�ORFDWLRQ�EDVHG�$5�EXLOW�RQ�WKHLU�PDS�VHUYLFH���$SSOH��������

�

7KH�6'.V�DQG�WRRONLW�PHQWLRQHG�DERYH�DUH�DOO�DYDLODEOH�WR�ZRUN�LQ�8QLW\��8QLW\�LV�D�

PXOWL�SODWIRUP�JDPH�HQJLQH�WKDW�H[WHQGV�LQWR�WKH�ILHOGV�RI�LQGXVWU\��FLQHPD�DQG�DUFKLWHFWXUH��,WV�

DELOLW\�WKDW�DOORZV�GHYHORSHUV�DQG�DUWLVWV�WR�FUHDWH�LPPHUVLYH�H[SHULHQFHV�PDNHV�LW�SRSXODU�ZLWK�

D�ZLGH�UDQJH�RI�DSSOLFDWLRQV���8QLW\�7HFKQRORJLHV��������8VLQJ�$5�6.'V�LQ�8QLW\�DOORZV�

GHYHORSHUV�ZLWK�OHVV�FRGLQJ�NQRZOHGJH�WR�GHYHORS�D�UREXVW�PRELOH�$5�DSSOLFDWLRQ�IRU�PXOWLSOH�

DQG�VLPXOWDQHRXVO\�FUHDWH�D�XVHU�LQWHUIDFH�DQG�RWKHU�IXQFWLRQDOLW\�IRU�WKH�DSS�YLVXDOO\��7R�

IXUWKHU�VWUHDPOLQH�WKH�SURFHVV�RI�PRELOH�$5�DSS�GHYHORSPHQW��8QLW\�KDV�ODXQFKHG�WKH�

$5)RXQGDWLRQ�6'.��$5)RXQGDWLRQ�ZUDSSHG�WKH�FRPPRQ�IXQFWLRQDOLWLHV�RI�$5&RUH��$5.LW��

0DJLF�/HDS��DQG�:LQGRZV�$5�3OXJLQ�LQWR�RQH�DQG�DOORZV�GHYHORSHUV�WR�FUHDWH�DSSOLFDWLRQV�IRU�

DOO�WKHVH�SODWIRUPV�DQG�RSHUDWLQJ�V\VWHPV�LQ�RQH�JR���

�
�

7DEOH���&RPSDULVRQ�RI�FRPPRQ�$5�6'.V�

�
7KH�WDEOH�DERYH�LV�D�FRPSDULVRQ�RI�VHYHUDO�FRPPRQ�$5�6'.V�PHQWLRQHG��$57RRONLW��$5&RUH�

DQG�$5.LW�DUH�WKH�RSWLRQV�WKDW�DUH�IUHH�WR�XVH�RU�D�IUHH�RSWLRQ�LV�SURYLGHG��$57RRONLW�KRZHYHU�

KDV�D�VPDOOHU�UDQJH�RI�IXQFWLRQV�SURYLGHG��7KH�FRPPHUFLDO�RSWLRQV�VXSSRUW�PRUH�SODWIRUPV�

²����²�
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�'�7UDFNLQJV� �'�7UDFNLQJV� /RFDWLRQ�
%DVHG�$5�

0RELOH�3ODWIRUPV� &RVW�

$57RRONL
W�

0DUNHU�%DVHG��
,PDJH�%DVHG�

�� 1R� $QGURLG��L26� 2SHQ�6RXUFH��
&RPPHUFLDO�
OLFHQVH�

:LNLWXGH� ,PDJH�%DVHG� �'�2EMHFW�%DVHG��
3ODQH�DQG�6XUIDFH�
'HWHFWLRQ�

<HV� $QGURLG��L26��
:LQGRZV��(SVRQ�
0RYHULR��+ROR/HQV��
9X]L[�

a�����86'���\U�
XS�IRU�XSGDWLQJ�
6'.�

9XIRULD� 0DUNHU�%DVHG��
,PDJH�%DVHG�

�'�2EMHFW�%DVHG��
6HOI�VFDQQHG�0RGHO���
$UHD�7DUJHW��3ODQH�
'HWHFWLRQ�

1R� $QGURLG��L26��
:LQGRZV��/XPLQ�26�

����86'��\U�XS�
IRU�%DVLF�3ODQ�

$5&RUH� ,PDJH�%DVHG� 3ODQH�'HWHFWLRQ��
)DFH�'HWHFWLRQ�

1R� $QGURLG��L26� )UHH�

$5.LW� ,PDJH�%DVHG� �'�2EMHFW�%DVHG��
3ODQH�'HWHFWLRQ��
)DFH�'HWHFWLRQ��
'HSWK�$3,�ZLWK�
/L'$5�

<HV� L26� )UHH�
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LQFOXGLQJ�$5�JODVVHV�DQG�KHDGVHWV��7KH\�DOVR�SURYLGH�D�FXVWRPL]DWLRQ�SODQ�IRU�WKHLU�FXVWRPHU�WR�

SLFN�WKH�VHUYLFHV�WKH\�QHHGHG�WR�EH�LQFOXGHG�LQ�WKH�VXEVFULSWLRQ��

�

������0RELOH�$5�$SS�'HYHORSPHQW�*XLGHOLQH�

�

7KH�6'.V�DUH�FRQYHQLHQW�WRROV�WR�KHOS�WKH�GHYHORSPHQW�RI�PRELOH�$5�DSSV��+RZHYHU��

GHYHORSLQJ�D�SURSHU�DSSOLFDWLRQ�UHTXLUHV�QRW�RQO\�WKH�VXLWDEOH�WRRO�EXW�DOVR�D�SURSHU�GHVLJQ�WR�

ZHOO�VXLW�WKH�GHVLJQDWHG�XVHUV¶�VLWXDWLRQ��<XHQ�SURSRVHG�D�GHVLJQ�JXLGHOLQH�IRU�PRELOH�$5�DSS�

IRU�EXLOGLQJ�UHFRQVWUXFWLRQ���������7KH�JXLGHOLQH�FRXOG�EH�VXPPDUL]HG�LQ���DVSHFWV���

�

���6HOHFWLQJ�D�VXLWDEOH�WUDFNLQJ�PHWKRG���

���+DYLQJ�TXDOLW\��'�PRGHOV���

���'HFLGLQJ�RQ�WKH�OHYHO�RI�LQWHUDFWLYLW\���

���6WRU\WHOOLQJ���

���3URYLGLQJ�XVHU�JXLGH�DQG�IHHGEDFN���

���3UHYHQWLQJ�FRJQLWLYH�RYHUORDG���

�

$OWKRXJK�WKH�JXLGHOLQH�ZDV�GHVLJQHG�VSHFLILFDOO\�IRU�EXLOGLQJ�UHFRQVWUXFWLRQ�DQG�FRQVHUYDWLRQ�

SXUSRVHV��LGHDV�IURP�WKDW�FRXOG�EH�WDNHQ�DQG�DSSO\�WR�D�EURDGHU�ILHOG�RI�PRELOH�$5�DSSOLFDWLRQ��

6HOHFWLQJ�D�VXLWDEOH�WUDFNLQJ�PHWKRG�VKRXOG�DOZD\V�EH�LPSRUWDQW�LQ�DQ\�$5�GHYHORSPHQW��$�

ZHOO�VHOHFWHG�DQG�LPSOHPHQWHG�WUDFNLQJ�PHWKRG�FDQ�UHGXFH�WKH�ODWHQF\�DQG�LQFUHDVH�WKH�

DFFXUDF\�RI�WKH�DXJPHQWDWLRQ��ZKLFK�KHOSV�DFKLHYH�WKH�XOWLPDWH�JRDO�RI�DQ�DXJPHQWHG�UHDOLW\�

V\VWHP��WR�SURYLGH�DQ�LPPHUVLYH�VHQVRU\�H[SHULHQFH�EH\RQG�UHDOLW\��2Q�WKH�FRQWUDU\��GHOD\�DQG�

LQDFFXUDF\�LQ�WUDFNLQJ�ZLOO�FDXVH�SRVLWLRQDO�DQG�WHPSRUDO�PLVSODFHPHQWV�RI�DXJPHQWDWLRQV��

ZLWKGUDZLQJ�WKH�XVHUV�IURP�WKH�ZRUOG�EXLOGLQJ��0RUH�DERXW�WUDFNLQJ�PHWKRGV�IRU�RXWGRRU�

PRELOH�$5�V\VWHPV�ZLOO�EH�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ��

�

³+DYLQJ�TXDOLW\��'�PRGHOV´�LV�UHIHUULQJ�WR�WKH�UHFRQVWUXFWHG�EXLOGLQJ�PRGHOV�LQ�WKLV�FDVH�IRU�

EXLOGLQJ�UHFRQVWUXFWLRQ�DQG�FRQVHUYDWLRQ��7R�YLVXDOL]H�WKH�KLVWRULFDO�RXWORRN�RI�D�GDPDJHG�RU�

UHQRYDWHG�EXLOGLQJ��D�GHWDLOHG�FRPSXWHU�JHQHUDWHG�EXLOGLQJ�PRGHO�KDV�WR�EH�SUHSDUHG��$�EHWWHU�

EXLOW�PRGHO�ZLOO�KDYH�D�EHWWHU�UHSUHVHQWDWLRQ�RI�WKH�RULJLQDO�EXLOGLQJ�ZKHQ�DGGHG�WR�WKH�UHQGHUHG�

$5�H[SHULHQFH��'HWDLOV�OLNH�WKH�IDFDGH
V�WH[WXUH�DQG�GHWDLOHG�DUWLIDFWV�FDQ�DOVR�KHOS�XVHUV�WR�JDLQ�

D�PRUH�LPSDFWIXO�XQGHUVWDQGLQJ�RI�WKH�ROG�EXLOGLQJ��7R�DSSO\�WKLV�FRQFHSW�WR�D�EURDGHU�

LPSOLFDWLRQ�SRVVLELOLW\��WKH�UXOH�FDQ�EH�PRGLILHG�LQWR�³KDYLQJ�TXDOLW\�DXJPHQWDWLRQ�REMHFWV´��

'LIIHUHQW�DSSOLFDWLRQV�RI�PRELOH�$5�DUH�DLPLQJ�IRU�D�GLIIHUHQW�YLVXDOL]DWLRQ�RXWFRPH��$QG�WKH�

RXWFRPHV�DUH�QRW�OLPLWHG�WR�YLVXDOL]LQJ��'�PRGHOV��9LGHRV��DQLPDWLRQV��DQDO\]HG�GDWD��
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LQIRUPDWLRQ��DQG��'�LPDJHV�DUH�DOO�SRVVLEOH�REMHFWV�WR�EH�DGGHG�LQ�DQ�$5�H[SHULHQFH��7KH�

TXDOLW\�RI�WKHVH�REMHFWV�LV�FUXFLDO�WR�WKH�$5�H[SHULHQFH�DV�WKH\�DUH�WKH�WKLQJV�WR�EH�DGGHG�RQ�WRS�

RI�UHDOLW\���

�

³'HFLGLQJ�RQ�WKH�OHYHO�RI�LQWHUDFWLYLW\´�DQG�³6WRU\WHOOLQJ´�FRXOG�EH�JHQHUDOL]HG�DV�WKH�KLJKHU�

FRQFHSWXDO�GHVLJQ�LGHD�RI�WKH�$5�DSS��7KLV�SURFHVV�LV�EHWWHU�WR�EH�VRUWHG�RXW�DQG�GRQH�EHIRUH�WKH�

VWDUW�RI�WKH�GHYHORSPHQW�SKDVH��GHFLGLQJ�WKH�SXUSRVH�RI�WKH�DSS��'HFLVLRQV�VKRXOG�EH�PDGH�WR�

GHFLGH�ZKDW�NLQG�RI�$5�H[SHULHQFH�WKDW�WKH�DSS�ZLOO�EULQJ�WR�WKH�XVHUV��)RU�H[DPSOH��LQ�WKH�ILHOG�

RI�XUEDQ�SODQQLQJ��LI�WKH�DSS�LV�XVHG�IRU�FROODERUDWLYH�GHVLJQ��WKH�LQWHUDFWLYLW\�VKRXOG�EH�KLJK��,I�

WKH�DSS�LV�DLPLQJ�IRU�VKRZLQJ�WKH�UHDO�ZRUOG�ZLWK�D�VSHFLILHG�YLVXDOL]DWLRQ�VW\OH��KRZ�WR�SUHVHQW�

WKH�YLVXDOL]DWLRQ�ZLOO�WKHQ�EHFRPH�WKH�PDLQ�HPSKDVLV��³3UHYHQWLQJ�FRJQLWLYH�RYHUORDG´�DOVR�

SUHVHQWV�D�VLPLODU�FRQFHSW�RI�KDYLQJ�D�FDUHIXO�FRQFHSWXDO�GHVLJQ�IRU�WKH�DSS��,I�WKH�$5�

H[SHULHQFH�IURP�WKH�DSS�LV�ZHOO�GHILQHG�DQG�H[HFXWHG�LQ�WKH�GHYHORSPHQW��WKH�DSS�VKRXOG�ZRUN�

DFFRUGLQJ�WR�WKH�FRQFHSW�DQG�QRW�RYHUORDG�WKH�XVHUV�ZLWK�LQIRUPDWLRQ��

�

³3URYLGLQJ�XVHU�JXLGH�DQG�IHHGEDFN´�FDQ�EH�VHSDUDWHG�LQWR�WZR�GLIIHUHQW�FRQFHSWV��3URYLGLQJ�D�

XVHU�JXLGH�LV�KHOSIXO�IRU�LPSURYLQJ�WKH�XVDELOLW\�RI�WKH�DSS��8VHUV�VKRXOG�EH�DEOH�WR�RSHUDWH�WKH�

DSS�DQG�JDLQ�WKH�GHVLUHG�H[SHULHQFH�IURP�WKH�DSS�ZLWK�LQIRUPDWLRQ�LQVLGH�WKH�DSS�ZLWKRXW�DQ\�

DGGLWLRQDO�KHOS��7KLV�FDQ�EH�DFKLHYHG�E\�GHVLJQLQJ�D�JRRG�XVHU�LQWHUIDFH�DQG�SURYLGLQJ�FOHDU�

LQVWUXFWLRQ�ZLWKLQ�WKH�DSS��2Q�WKH�RWKHU�KDQG��³XVHU�IHHGEDFN´�FDQ�EH�RQH�LPSRUWDQW�HOHPHQW�LQ�

WKH�HYDOXDWLRQ�SURFHVV��(YDOXDWLQJ�WKH�GHYHORSHG�DSS�LV�XVHIXO�IRU�PDLQWHQDQFH�DQG�KHOSV�WKH�

XSGDWLQJ�GHYHORSPHQW�RI�WKH�DSS���

�

2YHUDOO��WKLV�JXLGHOLQH�FDQ�EH�VXPPDUL]HG�LQWR�WKUHH�PDMRU�VWDJHV�IRU�$5�DSS�GHYHORSPHQW��

FRQFHSWXDO�GHVLJQ�DQG�SODQQLQJ��WHFKQLFDO�LPSOHPHQWDWLRQ��DQG�HYDOXDWLRQ��7KHVH�VWDJHV�FDQ�EH�

DSSOLHG�WR�D�YDVW�PDMRULW\�RI�PRELOH�$5�DSSOLFDWLRQ�GHYHORSPHQW�SURMHFWV��7KH�GHWDLOHG�UXOHV�RQ�

WKH�RWKHU�KDQG�FDQ�QHHG�VRPH�PRGLILFDWLRQ�LQ�RUGHU�WR�DSSO\�IRU�GLIIHUHQW�GHYHORSPHQW�

SURFHVVHV�IURP�FDVH�WR�FDVH��

�

�

�

�
�

�
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����2XWGRRU�$5�7UDFNLQJ�

�
$V�PHQWLRQHG�LQ�WKH�SUHYLRXV�VHFWLRQ��$5�LV�D�FRPELQDWLRQ�RI�YLUWXDO�FRQWHQW�DQG�WKH�UHDO�ZRUOG��

7R�FUHDWH�DQ�LPPHUVLYH�H[SHULHQFH�ZLWK�WKH�VXUURXQGLQJ�HQYLURQPHQW�DQG�SURSHU�LQWHUDFWLRQV��

WKH�$5�V\VWHP�DQG�GHYLFH�QHHG�WR�XQGHUVWDQG�LWV�SRVLWLRQ�DQG�UHODWLRQVKLS�EHWZHHQ�LWVHOI�DQG�WKH�

UHDO�ZRUOG��7R�DFTXLUH�LWV�UHJLVWUDWLRQ�LQ�WKH�UHDO�ZRUOG��D�WUDFNLQJ�V\VWHP�LV�UHTXLUHG��$�WUDFNLQJ�

V\VWHP�XVHV�WKH�VHQVRUV�RU�FDPHUDV�LQ�WKH�GHYLFH�WR�ORRN�IRU�VSHFLILF�SDWWHUQV�RU�SRLQWV�RI�

UHIHUHQFH��%\�PDWFKLQJ�WKRVH�ZLWK�WKH�VWRUHG�UHIHUHQFH�LQ�WKH�$5�V\VWHP��LW�UHJLVWHUV�LWVHOI�D�

SRVLWLRQ�DQG�LV�DEOH�WR�ILQG�RXW�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�XVHU�DQG�WKH�ZRUOG���.DLVHU��������

�

,I�WKH�PRELOH�$5�V\VWHP�LV�WR�EH�XVHG�LQ�DQ�RXWGRRU�XUEDQ�VHWWLQJ��LPSOHPHQWLQJ�DGHTXDWH�

RXWGRRU�WUDFNLQJ�LV�LPSRUWDQW��,Q�JHQHUDO��WUDFNLQJ�DSSURDFKHV�FRXOG�EH�GLYLGHG�LQWR�WZR�JHQHUDO�

FDWHJRULHV��PDUNHU�EDVHG�DQG�PDUNHUOHVV�WUDFNLQJ��7KH�IRUPHU�XWLOL]HV�ILGXFLDO�PDUNV�DQG�WKH�

ODWWHU�XVHV�QDWXUDO�IHDWXUHV�RQ�WKH�REMHFW���%ODQFR�3RQV�HW�DO��������)RU�RXWGRRU�WUDFNLQJ��

PDUNHU�EDVHG�WUDFNLQJ�LV�XVXDOO\�KDUGHU�WR�LPSOHPHQW�DV�WKH�ILGXFLDO�PDUNV�FDXVH�SRVVLEOH�

GDPDJHV�WR�WKH�EXLOGLQJ��,Q�HDUOLHU�GHYHORSPHQW�RI�RXWGRRU�PRELOH�$5�V\VWHPV��*36��PDJQHWLF�

FRPSDVV�DQG�LQHUWLDO�VHQVRUV�DUH�KHDYLO\�UHOLHG�RQ�IRU�SRVLWLRQ�PHDVXUHPHQW�DQG�RULHQWDWLRQ��

�5HLWPD\U�DQG�'UXPPRQG��������$V�WKH�ILUVW�PRELOH�$5�V\VWHP��PHQWLRQHG�LQ�VHFWLRQ�������WKH�

7RXULQJ�0DFKLQH�FDUULHV�D�7ULPEOH�'60�*36�UHFHLYHU��7KH�WRXU�DSSOLFDWLRQ�FRQWLQXRXVO\�WDNHV�

WKH�*36�UHDGLQJ�DV�LQSXW��%DVHG�RQ�WKH�*36�LQSXW�DQG�WKH�GDWDEDVH�RI�EXLOGLQJV¶�LQIRUPDWLRQ��

WKH�FRPSXWHU�JHQHUDWHV�JUDSKLFV�WR�RYHUOD\�RQ�WKH�UHDO�ZRUOG���)HLQHU�HW�DO��������

�

7KH�*36�WUDFNLQJ�V\VWHPV�DUH�VWLOO�DSSOLFDEOH�LQ�PRUH�UHFHQW�RXWGRRU�$5�V\VWHPV�DQG�FRXOG�EH�

VHHQ�LQ�XUEDQ�SODQQLQJ�UHODWHG�LPSOHPHQWDWLRQ��&LUXOLV�DQG�%ULJPDQLV��������VXJJHVWHG�XVLQJ�

$5�WHFKQRORJ\�WR�HQKDQFH�WKH�³LPPHUVLRQ�OHYHO�RI�XUEDQ�SODQQLQJ�VROXWLRQ´��7KH�&LW\��'�$5�

SURMHFW�XVHV�D�V\VWHP�WKDW�DOORZV�XVHUV�WR�SODFH��'�EXLOGLQJ�PRGHOV�LQ�WKH�UHDO�ZRUOG�

HQYLURQPHQW�XVLQJ�*36�ORQJLWXGH�DQG�ODWLWXGH�FRRUGLQDWHV��%\�PDWFKLQJ�WKH�GDWD�JDWKHUHG�IURP�

WKH�*36�DQG�RULHQWDWLRQ�VHQVRUV�LQ�WKH�PRELOH�GHYLFH�WR�WKH�FRRUGLQDWHV�FRQILJXUHG�LQ�WKH�XVHU¶V�

PRGHO��WKH�DSSOLFDWLRQ�DOORZV�2%-�RU�2))�ILOHV�WR�EH�SODFHG�DQG�UHQGHUHG�LQ�UHDO�VSDFH��8VLQJ�

*36�WUDFNLQJ�LV�HIILFLHQW�DQG�OLJKWZHLJKW�LQ�WKH�XUEDQ�SODQQLQJ�ILHOG��DV�XVXDOO\�WKHUH�DUH�PRUH�

WKDQ�RQH�EXLOGLQJ�RU�XUEDQ�IHDWXUH�WKDW�QHHGV�WR�EH�WUDFNHG��7KH�V\VWHP�UHTXLUHV�RQO\�WKH�

FRRUGLQDWHV�DQG�RULHQWDWLRQ�LQ�WKH�GDWDEDVH�WR�PDWFK�ZLWK�WKH�*36�UHDGLQJV��7KLV�WHFKQLTXH�

KRZHYHU�LV�IDFLQJ�GLIILFXOWLHV�LQ�DFFXUDF\�LQ�XUEDQ�VHWWLQJV��$OWKRXJK�FLYLOLDQ�*36�FDQ�KDYH�

VDWLVIDFWRU\�SHUIRUPDQFH�LQ�RSHQ�VSDFH��WKH�DFFXUDF\�UHGXFHV�LQ�DQ�XUEDQ�VHWWLQJ��HVSHFLDOO\�LQ�D�

GHQVH�XUEDQ�HQYLURQPHQW�ZKHUH�VLJQDOV�DUH�VKDGHG�E\�EXLOGLQJV�DQG�WKH�*36�VHQVRUV�PLJKW�QRW�

IXOO\�SHUIRUP���5HLWPD\U�DQG�'UXPPRQG��������
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�

2XWGRRU�$5�WUDFNLQJ�LV�DOVR�SRVVLEOH�ZLWKRXW�D�*36�VHQVRU�LQ�WKH�GHYLFH��%HKULQJHU��3DUN��DQG�

6XQGDUHVZDUDQ��������GHYHORSHG�D�PRGHO�EDVHG�DSSURDFK�WR�RXWGRRU�WUDFNLQJ��7KH�V\VWHP�XVHV�

�'�&$'�PRGHOV�DV�WKH�UHIHUHQFH�GDWDEDVH��:LWK�D�FDPHUD�DWWDFKHG�WR�WKH�KHDGVHW��WKH�$5�

WUDFNLQJ�V\VWHP�FDSWXUHV��'�LPDJHV�DQG�SHUIRUPV�D�JUDGLHQW�VFDQ�LQ�UHDO�WLPH�WR�H[WUDFW�HGJHV��

7KH�V\VWHP�WKHQ�PDWFKHV�WKH�H[WUDFWHG�HGJHV�DQG�PDWFKHV�WKHP�ZLWK�WKH��'�&$'�PRGHO�LQ�WKH�

GDWDEDVH��7KLV�WUDFNLQJ�PHWKRG�KDV�KLJK�DFFXUDF\��+RZHYHU��LW�UHOLHV�KHDYLO\�RQ�WKH�SUHFLVLRQ�

DQG�WKH�OHYHO�RI�GHWDLO�RI�WKH��'�PRGHO��:KLOH�5HLWPD\U�DQG�'UXPPRQG��������KDG�D�VLPLODU�

PRGHO�EDVHG�DSSURDFK�WR�WKHLU�RXWGRRU�$5�WUDFNLQJ��WKH\�IXUWKHU�LQFRUSRUDWHG�WKH�*36�DQG�

LQHUWLDO�VHQVRUV�WR�WKHLU�LPSOHPHQWDWLRQ�IRU�D�PRUH�UREXVW�V\VWHP��7KH\�VXJJHVWHG�WKDW�WKH�*36�

UHDGLQJV�FRXOG�DFW�DV�DQ�LQGH[�WR�OLPLW�WKH�VHDUFK�UDQJH�LQVLGH�WKH�GDWDEDVH��IXUWKHU�LQFUHDVLQJ�

WKH�HIILFLHQF\�RI�WKH�WUDFNLQJ�V\VWHP��&RPSDUDWLYHO\��WKH�PRGHO�EDVHG�DQG�K\EULG�WUDFNLQJ�

V\VWHP�KDV�KLJKHU�DFFXUDF\�WKDQ�WKH�*36�WUDFNLQJ�V\VWHPV��7KH�SRVVLEOH�SUHFLVLRQ�RI�WKHVH�

WUDFNLQJ�PHWKRGV�FDQ�EH�XS�WR�RQH�SL[HO��7KH�DFWXDO�HUURU�LV�KRZHYHU�XS�WR�WKH�FDPHUD�OHQV��

�%HKULQJHU��3DUN��DQG�6XQGDUHVZDUDQ��������

�

�

)LJXUH���&RPSXWLQJ�SURFHVVHV�RI�PRGHO�EDVHG�WUDFNLQJ�%HKULQJHU��3DUN��DQG�

6XQGDUHVZDUDQ��������

�

0RGHO�EDVHG�DQG�K\EULG�WUDFNLQJ�PHWKRGV�SURYLGH�D�KLJK�DFFXUDF\��+RZHYHU��WKH\�UHTXLUH�ODUJH�

PHPRU\�VSDFH�IRU�WKH�GDWDEDVH�DV�KLJKO\�GHWDLOHG��'�PRGHOV�DUH�FUXFLDO�IRU�HIIHFWLYH�WUDFNLQJ��

,PDJH�WUDFNLQJ�RQ�WKH�RWKHU�KDQG�LV�D�OLJKWHU�ZHLJKW�RSWLRQ�DV�RQO\�UDVWHU�LPDJHV�DUH�QHHGHG�WR�

EXLOG�WKH�UHIHUHQFH�OLEUDU\��,PDJH�WUDFNLQJ�LV�D�PDUNHUOHVV�WUDFNLQJ�PHWKRG�RIWHQ�XVHG�LQ�ILHOGV�

OLNH�DGYHUWLVHPHQW��WRXULVP�DQG�HGXFDWLRQ��HWF��$Q�LPDJH�WUDFNLQJ�V\VWHP�GHWHFWV�SRLQWV�RI�

LQWHUHVW�LQ�WKH�UHIHUHQFH�LPDJHV�DQG�PDWFKHV�WKHP�ZLWK�WKH�UHDO�WLPH�LQSXW�IURP�WKH�FDPHUD�RI�

WKH�GHYLFH���*RRJOH�$5&RUH��������,PDJH�EDVHG�WUDFNLQJ�LV�RSWLPL]HG�IRU�WUDFNLQJ��'�LPDJHV�

DQG�WKHUHIRUH�QRW�RSWLPLVHG�IRU�WUDFNLQJ�EXLOGLQJV�RU�XUEDQ�IHDWXUHV��%ODQFR�3RQV�HW�DO�KRZHYHU�

GHYHORSHG�D�V\VWHP�WR�DSSO\�D�OLJKWZHLJKW�LPDJH�EDVHG�RXWGRRU�WUDFNLQJ�IRU�EXLOGLQJV���������

$Q�DSSOLFDWLRQ�ZDV�GHYHORSHG�IRU�YLVXDOL]LQJ�WKH�KLVWRULFDO�RXWORRN�RI�WKH�EXLOGLQJV�LQ�

3DUOLDPHQW�+LOO��2WWDZD��7KH�SURMHFW�LQWURGXFHV�WKH�PXOWL�LPDJH�V\VWHP��ZKHUH�PXOWLSOH�LPDJHV�
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WDNHQ�DW�WKH�VDPH�ORFDWLRQ�DW�GLIIHUHQW�WLPH�SRLQWV�DUH�XVHG�WR�WDFNOH�WKH�SUREOHP�RI�WKH�FKDQJLQJ�

HQYLURQPHQW��ZHDWKHU�DQG�OLJKWLQJ�DW�GLIIHUHQW�WLPHV�RI�WKH�GD\��$Q�DQDO\VLV�RI�SRVVLEOH�

HQYLURQPHQWDO�FKDQJHV�ZDV�FDUULHG�RXW�WR�OLPLW�WKH�QXPEHU�RI�LPDJHV�XVHG�IRU�RQH�VSRW��7KLV�

DSSURDFK�LV�FRPSDUDWLYHO\�OLJKWZHLJKW�DQG�FRXOG�EH�DSSOLHG�WR�GLIIHUHQW�VLWXDWLRQV��

�

$UWLILFLDO�LQWHOOLJHQFH��$,��KDV�KDG�D�SUROLILF�GHYHORSPHQW�DQG�JDLQHG�LQWHUHVW�LQ�UHFHQW�\HDUV��

7KH�WHFKQRORJ\�FDQ�EH�XVHG�IRU�REMHFW�GHWHFWLRQ�DQG�WDUJHW�WUDFNLQJ�ZKHQ�DSSOLHG�WR�FHUWDLQ�

GHYLFHV�VXFK�DV�8QPDQQHG�$HULDO�9HKLFOHV���5RKDQ��5DEDK�DQG�.LP��������6DKX��<RXQJ�DQG�

5DL�VXJJHVWHG�WKDW�³$,�LV�D�SURPLVLQJ�VROXWLRQ�WR�LQFUHDVH�WKH�DGDSWDELOLW\�DQG�YHUVDWLOLW\�RI�$5�

V\VWHPV�´��������7KH�$,�VXEVHW�'HHS�/HDUQLQJ��'/��WHFKQLTXH�KDV�VKRZQ�D�EHWWHU�SHUIRUPDQFH�

LQ�WKH�ODVW�GHFDGH�LQ�WHUPV�RI�REMHFW�GHWHFWLRQ�FRPSDUHG�WR�GHFDGHV�RI�GHYHORSPHQW�LQ�FODVVLF�

$5�GHWHFWLRQ�PHWKRGV��$�'/�EDVHG�WUDFNLQJ�V\VWHP�FDQ�SHUIRUP�ZHOO�LQ�WUDFNLQJ�QDWXUDO�

IHDWXUHV�GHVSLWH�WKH�FKDQJH�RI�HQYLURQPHQW��7KH�WHFKQLTXH�FDQ�GHOLPLW�WKH�$5�V\VWHP�IURP�

FRQWUROOHG�REMHFWV�DQG�HQYLURQPHQW��$,�FDQ�DOVR�UHGXFH�WKH�ODWHQF\�RI�DQ�$5�V\VWHP�ZLWK�LWV�

SRVVLELOLW\�RI�DFFRPSOLVKLQJ�GHWHFWLQJ��WUDFNLQJ��DQG�RWKHU�WDVNV�VLPXOWDQHRXVO\��*RRJOH��DV�RQH�

RI�WKH�PDMRU�GULYLQJ�IRUFHV�RI�$5�GHYHORSPHQW�LQ�WKH�FRPPHUFLDO�VHFWRU��KDV�UHOHDVHG�WKH�$5�

QDYLJDWLRQ�IXQFWLRQ�ZLWKLQ�*RRJOH�0DS�LQ�������+DYLQJ�WKH�DGYDQWDJH�RI�SRVVHVVLQJ�D�ODUJH�

DPRXQW�RI�GDWD�FROOHFWHG�IURP�WKHLU�VWUHHW�YLHZ�VHUYLFH��*RRJOH�LV�DEOH�WR�XWLOL]H�WKH�GDWD�ZLWK�

WKH�KHOS�RI�GHHS�OHDUQLQJ�WHFKQRORJ\�WR�SURYLGH�DFFXUDWH�UHDO�WLPH�RXWGRRU�WUDFNLQJ�IRU�$5�

QDYLJDWLRQ��$SSO\LQJ�$,�LQ�WKH�$5�V\VWHP�LV�VWLOO�LQ�LWV�EHJLQQLQJ�SKDVH�RI�GHYHORSPHQW��%XW�

ZLWK�WKH�SURPLVLQJ�RSSRUWXQLW\�DQG�GHYHORSPHQW�SDFH��$,�DVVLVWHG�$5�V\VWHPV�FDQ�EH�PRUH�

ZLGHO\�DGRSWHG�DQG�PDWXUHG�LQ�WKH�IRUHVHHDEOH�IXWXUH���6DKX��<RXQJ�DQG�5DL��������

�

����$SSOLFDWLRQ�RI�$5�9LVXDOL]DWLRQ�0HWKRGV�LQ�8UEDQ�3ODQQLQJ�
�
$SSURDFKHV�WR�XUEDQ�SODQQLQJ�KDYH�EHHQ�FRQWLQXRXVO\�HYROYLQJ��7KH�PHWKRGV�NHHS�RQ�FKDQJLQJ�

WR�WDFNOH�PRGHUQ�XUEDQ�SUREOHPV�VXFK�DV�WKH�UDSLG�SDFH�RI�XUEDQL]DWLRQ�JOREDOO\�DQG�WKH�QHHG�

IRU�VXVWDLQDELOLW\��2QH�RI�WKH�PRVW�PHQWLRQHG�DSSURDFKHV�LQ�WKH�ILHOG�LV�FDOOHG�WKH�ERWWRP�XS�

DSSURDFK��$OWKRXJK�WKHUH�D�FOHDU�JXLGHOLQH�LV�QRW�GHILQHG�DQG�IROORZHG�XQLYHUVDOO\��WKH�

ERWWRP�XS�DSSURDFK�LQ�XUEDQ�SODQQLQJ�JHQHUDOO\�PHDQV�WKDW�WKH�SODQQLQJ�SURFHVV�LV�LQLWLDWHG�

IURP�WKH�JHQHUDO�FLWL]HQV�VWDUWLQJ�IURP�WKH�LQGLYLGXDOV�DQG�FRPPXQLW\�DQG�LV�UHYROYLQJ�DURXQG�

WKHLU�RSLQLRQ��LGHD��DQG�QHHGV��:LWK�WKH�LQYROYHPHQW�RI�WKH�ORFDO�LQGLYLGXDOV�DQG�FRPPXQLWLHV�

WKDW�DUH�QRW�XUEDQ�SODQQHUV�RU�GHVLJQHUV��WKH�SODQQLQJ�SURFHVV�FDQ�SRWHQWLDOO\�LGHQWLI\�WKH�DFWXDO�

VRFLDO��HQYLURQPHQWDO�DQG�HFRQRPLF�SUREOHPV�LQ�TXDOLW\�GHWDLOV�UDWKHU�WKDQ�JHQHUDWLQJ�DQDO\WLFV�

RQO\�EDVHG�RQ�TXDQWLWDWLYH�GDWD��:LWK�WKH�LQVLJKWV�IURP�WKH�XVHUV�WKDW�DUH�DFWXDOO\�OLYLQJ�DQG�

SDUWLFLSDWLQJ�LQ�WKH�XUEDQ�VSDFH��WKH\�FDQ�KHOS�ILOO�WKH�JDSV�EHWZHHQ�WKH�SHUFHSWLRQ�RI�D�KDQGIXO�
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RI�SURIHVVLRQDOV�DQG�WKH�DFWXDO�SUREOHPV�WKDW�H[LVW�LQ�WKH�DUHD��6ROXWLRQV�JHQHUDWHG�IURP�WKH�

ERWWRP�XS�DSSURDFK�DUH�ORFDOO\�JURXQGHG�DQG�WKHUHIRUH�FDQ�DGGUHVV�WKH�ORFDO�SUREOHP�PRUH�

SURSHUO\���'LDV�HW�DO��������$XJPHQWHG�UHDOLW\�FDQ�EH�D�YHU\�KHOSIXO�WRRO�WR�DFKLHYH�D�ERWWRP�XS�

XUEDQ�GHVLJQ�DV�LW�SURYLGHV�LQWHUDFWLYLW\�DQG�LPSURYHG�VHQVRU\�H[SHULHQFHV�WKDW�FDQ�EULQJ�WKH�

JHQHUDO�SXEOLF�LQWR�WKH�SODQQLQJ�SURFHVV��'LIIHUHQW�$5�YLVXDOL]DWLRQ�WHFKQLTXHV�FDQ�EH�DSSOLHG�

WR�GLIIHUHQW�VWDJHV�LQ�WKH�SODQQLQJ�SURFHVV��LQFOXGLQJ�WKH�JDWKHULQJ�DQG�SUHVHQWLQJ�RI�WKH�VLWH¶V�

LQIRUPDWLRQ��GHVLJQLQJ�FROODERUDWLYHO\��DQG�SUHVHQWLQJ�WKH�GHVLJQ�LQ�DQ�HQKDQFHG�UHDOLW\��HWF��

�

7R�LQFUHDVH�WKH�SDUWLFLSDWLRQ�RI�WKH�JHQHUDO�SXEOLF�LQ�WKH�XUEDQ�SODQQLQJ�SURFHVV�WR�DFKLHYH�D�

ERWWRP�XS�GHVLJQ��WKH�WUDQVSDUHQF\�RI�GDWD�DQG�LQIRUPDWLRQ�LV�LPSRUWDQW��$NDKRVKL�HW�DO�

GHYHORSHG�DQ�$5�SURWRW\SH�FDOOHG�WKH��$5�&RQVHQVXV�IRUPDWLRQ�V\VWHP��WR�YLVXDOL]H�JHRVSDWLDO�

GDWD�JDWKHUHG�E\�WKH�-DSDQHVH�JRYHUQPHQW¶V�L�85�SURMHFW��7KH�SURMHFW�JDWKHUHG�GDWD�VXFK�DV�

WUDQVSRUWDWLRQ�LQIUDVWUXFWXUH��SRSXODWLRQ�GHQVLW\��DQG�XUEDQ�VSUDZO�WUHQGV�DQG�YLVXDOL]HG�WKH�GDWD�

ZLWK�WKH�LQFRUSRUDWLRQ�RI�WKH�&LW\*0/�GDWD��7KH��$5�&RQVHQVXV�IRUPDWLRQ�V\VWHP��LV�

GHYHORSHG�WR�YLVXDOL]H�WKH�GDWD�WKURXJK�+ROROHQV�DW�WKH�VDPH�WLPH�IRU�PXOWLSOH�XVHUV��7KH�

YLVXDOL]DWLRQ�LV�FRQWUROOHG�E\�D�WDEOHW�DQG�DOORZV�D���������PDS�ZLWK�RYHUODLG��'�GDWD�VXFK�DV�D�

SRSXODWLRQ�GHQVLW\�JULG�WR�SURMHFW�RQ�D��[�PHWHU�VXUIDFH��7KH�YLVXDOL]DWLRQ�FDQ�EH�PRGLILHG�LQ�

UHDO�WLPH�DQG�DOORZV�D�ODUJH�JURXS�RI�SHRSOH�WR�EURZVH�DQG�H[SHULHQFH�WKH�VKDUHG�FRQWHQWV��

�������7KLV�$5�YLVXDOL]DWLRQ�PHWKRG�LV�KHOSIXO�DW�WKH�EHJLQQLQJ�VWDJH�RI�VRFLDO�HQJDJHPHQW�LQ�

XUEDQ�SODQQLQJ��7KH�VKDULQJ�RI�LQIRUPDWLRQ�LQ�DQ�HDV\�WR�XQGHUVWDQG�IRUPDW�ZLWK�FXVWRPL]DWLRQ�

ZKLFK�DOORZV�FRQWULEXWLRQ�IURP�WKH�JURXS�FDQ�HPSRZHU�WKH�FRPPXQLW\�DQG�HQFRXUDJH�WKHP�WR�

FRQWULEXWH�WKHLU�LQVLJKW��

�

�

)LJXUH���7KH�$5�&RQVHQVXV�IRUPDWLRQ�V\VWHP�RI�WKH�L�85�SURMHFW��$NDKRVKL�HW�DO��������

�

$SDUW�IURP�WKH�LQGRRU�YLVXDOL]DWLRQ�ZLWK�$5�V\VWHP��RXWGRRU�PRELOH�$5�YLVXDOL]DWLRQ�LV�DOVR�

DSSOLHG�IRU�WKH�HDUO\�SKDVHV�RI�WKH�XUEDQ�SODQQLQJ�SURFHVV��%HGQDUF]\N�DQG�7HPSOLQ�KDG�

GHYHORSHG�DQ�$5�DSS�WKDW�YLVXDOL]HV�JHRVSDWLDO�GDWD�RQ�WRS�RI�EXLOGLQJV¶�IDFDGHV���������7KH�
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$5�DSS�XVHV�WKH�*36��*166�WUDFNLQJ�PHWKRG�FRPELQHG�ZLWK�WKH�LPDJH�WUDFNLQJ�PHWKRG�DQG�

YLVXDOL]HV�LQIRUPDWLRQ�RI�EXLOGLQJV�VXFK�DV�FRQVWUXFWLRQ�HOHPHQWV��GHIHFWV��DQG�KLVWRULFDO�

IDFDGHV��7KH�DSS�ZRUNV�LQ�FOLHQW�VHUYHU�DUFKLWHFWXUH�DQG�FDOOV�WKH�ZHE�EDVHG�DSS�WR�WKH�PRELOH�

GHYLFH�WKURXJK�DQ�+773�UHTXHVW��7KH�LQIUDVWUXFWXUH�RI�WKLV�SURMHFW�LV�UREXVW�EXW�WKH�YLVXDOL]DWLRQ�

RI�LW�LV�UHODWLYHO\�VLPSOH��7KH�YLVXDOL]DWLRQ�LV�PDLQO\�WH[W�DQG�OLQH�EDVHG�GDWD��7KH�ZHE�EDVHG�

V\VWHP�KRZHYHU�DOORZV�WKH�DSS�WR�OLQN�WR�ZHEVLWHV�WKDW�FRQWDLQ�PRUH�LQIRUPDWLRQ�DERXW�WKH�

EXLOGLQJV�RQ�VLWH��7KLV�DSS�SUHVHQWV�GDWD�WKDW�DUH�PRUH�SURIHVVLRQDO�RULHQWHG��EXW�WKH�DSSOLHG�

WHFKQRORJ\�VKRZV�WKH�RSSRUWXQLW\�RI�YLVXDOL]LQJ�GDWD�RXWGRRUV�RQ�GHVLJQDWHG�EXLOGLQJV��,I�WKH�

YLVXDOL]DWLRQ�VW\OH�IRU�WKLV�V\VWHP�LV�GHVLJQHG�IRU�D�ZLGHU�WDUJHW�DXGLHQFH��LW�FRXOG�LQYLWH�WKH�

JHQHUDO�SXEOLF�WR�GLVFRYHU�DQG�QDYLJDWH�WKH�XUEDQ�VSDFH�DQG�VKDUH�LQIRUPDWLRQ�VLPLODU�WR�WKH�

L�85�SURMHFW���

�

)LJXUH����9LVXDOL]DWLRQ�RI�LQIRUPDWLRQ�RQ�EXLOGLQJV�IDFDGH�ZLWK�$5��%HGQDUF]\N�DQG�

7HPSOLQ��������

�

$5�YLVXDOL]DWLRQ�FDQ�DOVR�EH�DSSOLHG�WR�WKH�ODWHU�VWDJH�RI�XUEDQ�SODQQLQJ�DQG�GHVLJQ�WKDQ�WKH�

LQLWLDO�SKDVH�RI�JDWKHULQJ��DQDO\]LQJ��DQG�SUHVHQWLQJ�WKH�LQIRUPDWLRQ�RI�WKH�VLWH�WR�HQFRXUDJH�

SXEOLF�LQYROYHPHQW��,PRWWHVMR�HW�DO�SUHVHQWHG�WKH�SURWRW\SH�RI�8UEDQ�&R%XLOGHU�LQ�������7KH�

SURWRW\SH�DOORZV�VHYHUDO�XVHUV�WR�FRQWULEXWH�WR�DQ�XUEDQ�GHVLJQ�SLHFH�E\�DGGLQJ�GHVLJQ�HOHPHQWV�

RQ�WKH�VLWH�WKURXJK�WKH�$5�V\VWHP��7KH�SURMHFW�XWLOL]HG�WKH�PDUNHU�EDVHG�WUDFNLQJ�PHWKRG�LQ�DQ�

RXWGRRU�VHWWLQJ��%HLQJ�VLWH�VSHFLILF�DOORZV�WKH�PDUNHUV�WR�EH�SODFHG�RQ�WKH�SRVLWLRQ�WKDW�D�GHVLJQ�

HOHPHQW�FRXOG�EH�DGGHG��'LIIHUHQW�W\SHV�RI�GHVLJQ�HOHPHQWV�VXFK�DV�EXLOGLQJV��RSHQ�VSDFHV��DQG�

WUHHV�DUH�VWRUHG�LQ�WKH�V\VWHP�DV��'�PRGHOV��7KH�XVHUV�FDQ�DGG�WKH�GHVLJQ�HOHPHQWV�UHDO�WLPH�RQ�

D�JULG�EDVHG�V\VWHP�RQ�VLWH�DW�ZLVK�DQG�DSSO\�D�GLIIHUHQW�WH[WXUH�WR�WKH�PRGHOV��7KH\�FDQ�WKHQ�
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VZLWFK�WR�D�ELUG�H\H�YLHZ�ZLWK�D�IXOO\�UHQGHUHG��'�&*�VFHQH�WR�VSHFWDWH�WKH�GHVLJQ�IURP�D�

GLIIHUHQW�SRLQW�RI�YLHZ��7KLV�SURWRW\SH�FUHDWHV�D�JDPH�OLNH�V\VWHP�WKDW�FDQ�EH�HDVLO\�XVHG�E\�

DQ\RQH�ZKR�KDV�PLQLPXP�GHVLJQ�NQRZOHGJH�WR�SUHVHQW�DQG�H[SUHVV�WKHLU�LGHD�RQ�LPSURYLQJ�WKH�

XUEDQ�VSDFH��ZKLFK�FDQ�IXUWKHU�LPSURYH�WKH�SXEOLF�LQYROYHPHQW�UDWH�WKURXJKRXW�WKH�ERWWRP�XS�

XUEDQ�SODQQLQJ�SURFHVV��

�

)LJXUH����$GGLQJ�GHVLJQ�HOHPHQW�RQ�VLWH�WKURXJK�WKH�8UEDQ�&R%XLOGHU�$5�DSS�

�

7KH�UHYLHZHG�$5�YLVXDOL]DWLRQ�DSS�IRU�XUEDQ�SODQQLQJ�VKRZV�D�UDQJH�RI�SRVVLELOLWLHV�IRU�WKH�

WHFKQRORJLHV�WR�EH�DSSOLHG�WR�SUDFWLFDO�XUEDQ�SODQQLQJ�SURFHVVHV�WR�HQFRXUDJH�LQYROYHPHQW�IURP�

LQGLYLGXDOV�DQG�FRPPXQLWLHV��7KH�$5�DSS�WR�EH�GHYHORSHG�LQ�WKLV�WKHVLV�ZLOO�DLP�WR�YLVXDOL]H�WKH�

EXLOGLQJV�DV�D�IRFDO�SRLQW�LQ�WKH�XUEDQ�FRQWH[W��7KH�HQKDQFHG�YLVXDO�SHUFHSWLRQ�RI�WKH�EXLOGLQJV�

WKURXJK�$5�FDQ�KHOS�XUEDQ�SODQQHUV�SUHVHQW�WKHLU�LGHD�PRUH�HIILFLHQWO\�DQG�DOORZ�WKH�JHQHUDO�

SXEOLF�WR�XQGHUVWDQG�WKH�FRQWH[W�PRUH�HDVLO\��7KH�YLVXDOL]DWLRQ�FDQ�EH�XVHG�IRU�WKH�HDUO\�VWDJH�RI�

WKH�XUEDQ�SODQQLQJ�SURFHVV�WR�SURYLGH�FRQWH[W�WR�WKH�SURMHFW��

�

�

�

�

�
�
�
�
�

�
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� &RQFHSWV�DQG�0HWKRGRORJ\��

����'HVLJQ�*XLGHOLQH�
�

7KH�DSSOLFDWLRQ�WR�EH�GHYHORSHG�ZLOO�EH�XVLQJ�RXWGRRU�PRELOH�$5�WHFKQRORJLHV�WR�YLVXDOL]H�

EXLOGLQJV�DQG�FRQWH[W�ZLWK�WKH�JUD\VFDOH�PDVNLQJ�ILOWHU��7KH�DSS�ZLOO�UXQ�RQ�$QGURLG�PRELOH�

GHYLFHV��7KH�GHYLFHV�VKRXOG�DFW�OLNH�D�YLHZSRUW�IRU�WKH�XVHU��:KHQ�WKH�DSS�LV�RQ��XVHUV�DUH�DEOH�

WR�REVHUYH�WKH�UHDO�ZRUOG�WKURXJK�WKH�FDPHUD�RI�WKH�GHYLFH��7KH�DXJPHQWDWLRQ�FRPHV�ZKHQ�WKH�

XVHU�LV�ORRNLQJ�DW�RQH�RI�WKH�GHVLJQDWHG�EXLOGLQJV�LQ�WKH�DUHD�RI�6WXWWJDUW�1RUGEDKQKRI��7KH�$5�

V\VWHP�VKRXOG�UHFRJQL]H�WKH�EXLOGLQJ��DQG�LQVWHDG�RI�RYHUOD\LQJ�LQIRUPDWLRQ�RU�JUDSKLFV�RQ�WKH�

EXLOGLQJ��LW�WXUQV�WKH�VXUURXQGLQJ�FRQWH[W�DQG�EDFNJURXQG�LQWR�PRQRFKURPH��OHDYLQJ�WKH�

GHVLJQDWHG�EXLOGLQJ�LQ�FRORU��:LWK�WKLV�YLVXDOL]DWLRQ��WKH�EXLOGLQJ�LV�KLJKOLJKWHG��,W�SURYLGHV�

FRQWH[W�WR�WKH�EXLOGLQJ�EXW�DOVR�UHGXFHV�WKH�DPRXQW�RI�LQIRUPDWLRQ�IHHGLQJ�WR�WKH�XVHUV¶�

SHUFHSWLRQ��8VHUV�VKRXOG�EH�DEOH�WR�WHOO�IURP�WKH�LQIRUPDWLRQ�LQ�WKH�DSS�ZKHUH�WKH�GHVLJQDWHG�

EXLOGLQJV�DUH�DQG�ZKHUH�WR�ILQG�WKHP�RQ�VLWH�� �

�
)LJXUH����'HPRQVWUDWLRQ�RI�WKH�GHVLUHG�YLVXDOL]DWLRQ�PHWKRG�IRU�WKLV�$5�DSS�

�
0RGLILHG�IURP�WKH�$5�DSS�GHVLJQ�JXLGHOLQH�E\�<XHQ�PHQWLRQHG�LQ�VHFWLRQ������WKH�GHYHORSPHQW�
RI�WKLV�DSSOLFDWLRQ�ZLOO�IROORZ�WKH�IROORZLQJ�FRQVLGHUDWLRQV��
�

�� &KRRVLQJ�DQG�LPSOHPHQWLQJ�D�VXLWDEOH�WUDFNLQJ�PHWKRG�
�� *DWKHULQJ�DQG�FUHDWLQJ�VXLWDEOH�PRGHOV�IRU�YLVXDOL]DWLRQ�
�� 'HILQLQJ�DQG�H[HFXWLQJ�WKH�YLVXDOL]DWLRQ�
�� &ODULW\�DQG�XVDELOLW\�IRU�XVHUV�
�� (YDOXDWLRQ��

�
7KH�JXLGHOLQH�LV�PRGLILHG�WR�EHWWHU�VXLW�WKH�QDWXUH�RI�WKLV�$5�DSS��ZKLFK�HPSKDVL]HV�PRUH�
KHDYLO\�RQ�WKH�YLVXDOL]DWLRQ�PHWKRG�WKDQ�WKH�RWKHU�DVSHFWV��³&KRRVLQJ�DQG�LPSOHPHQWLQJ�D�
VXLWDEOH�WUDFNLQJ�PHWKRG´�LV�LPSRUWDQW�IRU�DOPRVW�HYHU\�$5�SURMHFW�DQG�LV�GLUHFWO\�WUDQVSODQWHG�
IURP�WKH�RULJLQDO�JXLGHOLQH��$�KLJK�DFFXUDF\�DQG�ORZ�ODWHQF\�WUDFNLQJ�PHWKRG�FDQ�JXDUDQWHH�WKH�
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XVHUV�DQ�HQKDQFHG�VHQVRU\�H[SHULHQFH��+DYLQJ�TXDOLW\�GLJLWDO�PRGHOV�LV�LPSRUWDQW�IRU�$5�
YLVXDOL]DWLRQ�DV�LW�SURYLGHV�WKH�IRXQGDWLRQ�IRU�WKH�UHQGHULQJ��7KH�PRGHOV�WKDW�ZLOO�EH�XVHG�LQ�WKLV�
DSS�ZLOO�EH�RYHUODLG�RQ�WKH�EXLOGLQJ�LQ�WKH�UHDO�ZRUOG�DQG�DWWHPSW�WR�PDWFK�WKH�RXWOLQH�RI�WKHP���
�
³'HILQLQJ�DQG�H[HFXWLQJ�WKH�YLVXDOL]DWLRQ´�LV�FRQFHSWXDOO\�FRPELQLQJ�WKH�³VWRU\WHOOLQJ´�DQG�
³LQWHUDFWLYLW\´�DVSHFWV�LQ�<XHQ¶V�RULJLQDO�JXLGHOLQH��7KLV�$5�DSS�DLPV�WR�DSSO\�DQG�VKRZFDVH�
WKH�GHVLUHG�YLVXDOL]DWLRQ�VW\OH�IRU�XUEDQ�SODQQHUV��ZKLFK�GRHV�QRW�UHTXLUH�D�ORW�RI�LQWHUDFWLYLW\�
DQG�KDV�D�VHW�³VWRU\´�WR�WHOO�RQFH�WKH�YLVXDOL]DWLRQ�VW\OH�LV�GHILQHG���7KH�YLVXDOL]DWLRQ�VW\OH�IRU�
WKLV�DSS�LV�DOUHDG\�GHILQHG�DERYH��0RUH�FRQFHSWV�DERXW�H[HFXWLQJ�WKH�YLVXDOL]DWLRQ�VW\OH�ZLOO�EH�
GLVFXVVHG�LQ�WKH�ODWHU�VHFWLRQV��
�
³&ODULW\�DQG�XVDELOLW\�IRU�XVHUV´�LV�PRGLILHG�IURP�WKH�³SURYLGLQJ�XVHU�JXLGH´�UXOH�DQG�ZLOO�EH�
DFKLHYHG�E\�GHVLJQLQJ�D�VXLWDEOH�XVHU�LQWHUIDFH�DQG�H[SHULHQFH�IRU�WKH�DSS��8VHUV�VKRXOG�EH�DEOH�
WR�OHDUQ�DQG�XVH�WKH�DSS�HDVLO\�ZLWKLQ�WKH�DSSOLFDWLRQ�ZLWKRXW�DQ\�DGGLWLRQDO�KHOS��7KH�XVHU�
LQWHUIDFH�VKRXOG�EH�NHSW�PLQLPDOLVWLF�IRU�PLQLPL]LQJ�WKH�LQWHUUXSWLRQ�WR�WKH�YLVXDOL]DWLRQ��2WKHU�
IXQFWLRQV�FDQ�EH�DGGHG�WR�FDWHU�WR�WKH�SUDFWLFDO�QHHGV�RI�XUEDQ�SODQQHUV���
�
³(YDOXDWLRQ´�LV�LPSRUWDQW�IRU�WKH�PDLQWHQDQFH�RI�DQ�DSS�DQG�FDQ�SURYLGH�LQVLJKWV�IRU�IXWXUH�
GHYHORSPHQW��)XUWKHU�GLVFXVVLRQ�DERXW�WKH�HYDOXDWLRQ�FULWHULD�RI�WKLV�SDUWLFXODU�DSS�ZLOO�DOVR�EH�
GLVFXVVHG�LQ�WKH�ODWHU�VHFWLRQV��
�

����3URMHFW�6HWXS�
�

7KH�DSSOLFDWLRQ�ZLOO�EH�EXLOW�RQ�8QLW\�ZLWK�WKH�$5)RXQGDWLRQ�6'.�DQG�$5&RUH�H[WHQVLRQ��$V�

UHYLHZHG�LQ�VHFWLRQ������8QLW\�LV�D�PXOWL�SODWIRUP�JDPH�HQJLQH�WKDW�H[WHQGV�LQWR�WKH�ILHOGV�RI�

LQGXVWU\��FLQHPD�DQG�DUFKLWHFWXUH��,WV�DELOLW\�WKDW�DOORZV�GHYHORSHUV�DQG�DUWLVWV�WR�FUHDWH�

LPPHUVLYH�H[SHULHQFHV�PDNHV�LW�SRSXODU�ZLWK�D�ZLGH�UDQJH�RI�DSSOLFDWLRQV���8QLW\�7HFKQRORJLHV��

������:KLOH�WKH�JDPH�HQJLQH�KDV�HQGOHVV�SRWHQWLDO�IRU�UHQGHULQJ�DQG�YLVXDOL]DWLRQ��GHYHORSLQJ�

ZLWK�8QLW\�GRHV�QRW�UHTXLUH�DV�PXFK�SURJUDPPLQJ�DQG�FRGLQJ�NQRZOHGJH�DV�RWKHU�GHYHORSLQJ�

SODWIRUPV�VXFK�DV�XVLQJ�$QGURLG�1'.��8QLW\�LV�IUHH�WR�XVH��ZKLFK�FDQ�PDNH�WKLV�PHWKRGRORJ\�

DSSOLFDEOH�LQ�PRUH�GLIIHUHQW�FLUFXPVWDQFHV��0RUHRYHU��8QLW\�DOORZV�GHYHORSHUV�WR�GHYHORS�DQG�

SXEOLVK�PRELOH�DSSOLFDWLRQV�LQ�RQH�VLWWLQJ��$SDUW�IURP�FUHDWLQJ�WKH�$5�V\VWHP��RWKHU�IXQFWLRQV�

DQG�HOHPHQWV�RI�WKH�DSS�FDQ�DOVR�EH�GRQH�LQ�WKH�VDPH�HQJLQH���

�

8QLW\�VXSSRUWV�PXOWLSOH�FRPPRQ�$5�6'.V��7KLV�PRELOH�$5�DSSOLFDWLRQ�ZLOO�EH�EXLOW�ZLWK�WKH�

$5)RXQGDWLRQ�6'.�DQG�LWV�$5&RUH�H[WHQVLRQ��$5&RUH�SURYLGHV�VHYHUDO��'�DQG��'�WUDFNLQJ�

VHUYLFHV�DQG�LV�RSWLPL]HG�IRU�D�OLVW�RI�$QGURLG�PRELOH�GHYLFHV��$5&RUH�LV�DOVR�IUHH�WR�XVH��ZKLFK�

DJDLQ�EHQHILWV�WKH�LGHD�RI�JLYLQJ�WKLV�GHYHORSPHQW�PHWKRG�D�ZLGHU�LPSOHPHQWDWLRQ�SRVVLELOLW\��

%HLQJ�ZUDSSHG�LQVLGH�$5)RXQGDWLRQ��XVLQJ�WKLV�6'.�FUHDWHV�WKH�RSSRUWXQLW\�IRU�FURVV�SODWIRUP�

SXEOLVKLQJ�LQ�WKH�IXWXUH��
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�

$V�D�JDPH�HQJLQH��WKH�VHWXS�RI�D�8QLW\�SURMHFW�VWDUWV�ZLWK�VFHQHV��(DFK�VFHQH�LQ�D�SURMHFW�FRXOG�

EH�XQGHUVWRRG�DV�D�VWDJH�LQ�D�JDPH��$�GHIDXOW�VFHQH�VWDUWHG�ZLWK�WKH�PDLQ�FDPHUD��ZKLFK�GLUHFWV�

DQG�FRQWUROV�WKH�ILHOG�RI�YLHZ�RI�WKH�SOD\HU��DQG�D�OLJKW�VRXUFH�FDOOHG�'LUHFWLRQDO�/LJKW��

'HYHORSHUV�FDQ�WKHQ�DGG�DQ\�REMHFWV��REVWDFOHV��GHFRUDWLRQ�DQG�FRPPDQG�RQ�WRS�RI�WKH�VFHQH�

DQG�VWDUW�EXLOGLQJ�WKH�ZRUOG�LQ�WKH�JDPH���8QLW\�7HFKQRORJLHV��������$V�D�PRELOH�$5�

DSSOLFDWLRQ��WKH�PDLQ�VFHQH�RI�WKH�DSS�ZLOO�QDWXUDOO\�EH�WKH�$5�VFHQH��7KH�PRVW�EDVLF�VHWXS�RI�

DQ�$5�VFHQH�ZLWK�WKH�$5)RXQGDWLRQ�6'.�ZLOO�FRQVLVW�RI�DQ�$56HVVLRQ�DQG�DQ�

$56HVVLRQ2ULJLQ��$56HVVLRQ�FRQWUROV�WKH�OLIHF\FOH�RI�WKH�$5�V\VWHP��:KHQ�DQ�$56HVVLRQ�

VWDUWV��WKH�GHYLFH�ZLOO�VWDUW�WUDFNLQJ�WKH�VXUURXQGLQJ�HQYLURQPHQW��$56HVVLRQ2ULJLQ�RQ�WKH�RWKHU�

KDQG�WUDQVIRUPV�WKH�WUDFNDEOHV�LQWR�LQIRUPDWLRQ�VXFK�DV�SRVLWLRQ�DQG�RULHQWDWLRQ��)RU�H[DPSOH��

ZKHQ�D�SODQH�VXUIDFH�LV�GHWHFWHG�LQ�WKH�VFHQH��$56HVVLRQ2ULJLQ�WUDQVIRUPV�WKH�SRLQWV�DQG�

YRUWLFHV�RQ�WKH�SODQH�LQWR�FRRUGLQDWHV�DQG�URWDWLRQ�GHJUHHV��7KH�$56HVVLRQ2ULJLQ�LV�DOVR�WKH�

SDUHQW�RI�WKH�$5&DPHUD��7KH�$5&DPHUD�UHSUHVHQWV�WKH�FDPHUD�RI�WKH�XVHUV¶�GHYLFH��,Q�DQ�$5�

VFHQH��WKH�$5&DPHUD�VKRXOG�EH�VHW�DV�WKH�³PDLQ�FDPHUD´���8QLW\��������7KH�LPDJH�EHORZ�

VKRZV�D�EDVLF�VHW�XS�RI�DQ�$5�VFHQH�LQ�8QLW\��7KH�RULJLQ�SRLQW�UHSUHVHQWV�WKH�SRVLWLRQ�RI�WKH�

$5&DPHUD��7KH�SURMHFWHG�ZKLWH�ZLUHIUDPH�LV�WKH�ILHOG�RI�YLHZ�RI�WKH�FDPHUD��7KH�EOXH�DQG�JUD\�

LV�WKH�6N\ER[�LQ�8QLW\��2QFH�WKH�DSS�LV�EXLOW�DQG�UXQQLQJ�RQ�DQ�$QGURLG�GHYLFH��LW�ZLOO�EH�

FRYHUHG�E\�WKH�UHQGHUHG�UHFRUGLQJ�IURP�WKH�DFWLYH�FDPHUD��

�

��

)LJXUH����%DVLF�VHWXS�RI�DQ�$5�VFHQH�LQ�8QLW\�

�

:LWK�WKH�PDLQ�$5�VFHQH��$56HVVLRQ�DQG�$56HVVLRQ2ULJLQ�VHW�XS��WKH�SURMHFW�LV�UHDG\�IRU�

PRELOH�$5�DSS�GHYHORSPHQW��&RPPDQG�DQG�FRQILJXUDWLRQV�IRU�$5�WUDFNLQJ�FDQ�EH�DGGHG�DQG�
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VHW�XQGHU�$56HVVLRQ2ULJLQ��2EMHFWV�WKDW�QHHG�WR�EH�UHQGHUHG�FDQ�EH�SXW�LQVLGH�WKH�VFHQH��8QLW\�

LV�DEOH�WR�EXLOG�DQG�UXQ�WKH�DSS�RQ�D�SOXJJHG�LQ�$QGURLG�GHYLFH�DQG�WHVWLQJ�FRXOG�EH�GRQH�XSRQ�

WKDW��

�

����,PDJH�7UDFNLQJ�6\VWHP�

7R�DFKLHYH�WKH�YLVXDOL]DWLRQ�IRU�WKLV�DSS��WKH�WUDFNLQJ�PHWKRG�KDV�WR�EH�ZRUNLQJ�LQ�DQ�RXWGRRU�

HQYLURQPHQW�ZLWK�GHQVHO\�EXLOW�EXLOGLQJV��DV�WKH�VLWH�LV�LQ�6WXWWJDUW�1RUGEDKQKRI��ZKHUH�KLJK�

ULVH�RIILFH�EXLOGLQJV�DQG�VHYHUDO�UHVLGHQWLDO�EXLOGLQJV�DUH�ORFDWHG��6LQFH�WKH�DSS�LV�GHVLJQHG�WR�

FDWHU�WR�XUEDQ�SODQQHUV��DQG�WKH\�RIWHQ�ZRUN�RQ�D�GLVWULFW�ZLGH�VFDOH�LQVWHDG�RI�D�VLQJOH�EXLOGLQJ��

WKH�WUDFNLQJ�V\VWHP�ZLOO�KDYH�WR�EH�DEOH�WR�WUDFN�RQ�PXOWLSOH�EXLOGLQJV��7KH�DFFXUDF\�RI�WUDFNLQJ�

QHHGV�WR�EH�UHODWLYHO\�KLJK�WR�SURYLGH�D�PRUH�HIIHFWLYH�YLVXDOL]DWLRQ��/RZ�DFFXUDF\�LQ�WUDFNLQJ�

PLJKW�UHVXOW�LQ�JDSV�DQG�VKLIWLQJ�LQ�WKH�SODFHPHQW�RI�WKH�PDVNLQJ�ILOWHU���

�

2Q�WKH�RWKHU�KDQG��WKH�WUDFNLQJ�PHWKRG�IRU�WKLV�DSS�DOVR�KDV�WR�EH�NHSW�OLJKWZHLJKW��6LQFH�WKH�

V\VWHP�KDV�WR�UHFRJQL]H�PXOWLSOH�EXLOGLQJV��WKHUH�VKRXOG�QRW�EH�WRR�PXFK�UHIHUHQFH�GDWD�IRU�WKH�

$5�V\VWHP�WR�UXQ�WKURXJK��5XQ�WLPH�IRU�WUDFNLQJ�HDFK�EXLOGLQJ�VKRXOG�EH�NHSW�2WKHUZLVH��

ODWHQF\�LV�OLNHO\�WR�RFFXU�ZKHQ�WKH�V\VWHP�KDV�WR�UXQ�WKURXJK�PRUH�WKDQ����EXLOGLQJV�LQ�UHDO�

WLPH���

�

$�VHULHV�RI�DYDLODEOH�RXWGRRU�WUDFNLQJ�PHWKRGV�KDYH�EHHQ�UHYLHZHG�LQ�VHFWLRQ������,Q�PRVW�FDVHV��

WKH�GHYHORSHG�PHWKRGV�DLP�WR�YHU\�SUHFLVHO\�WUDFN�D�EXLOGLQJ��+RZHYHU��WKH�UHYLHZHG�

WHFKQRORJLHV�RIWHQ�DUH�MXVW�LPSOHPHQWLQJ�WKH�WUDFNLQJ�V\VWHP�RQ�RQH�GHVLJQDWHG�EXLOGLQJ��)RU�

H[DPSOH��WKH�PHQWLRQHG�K\EULG�PHWKRG�WKDW�FRPELQHG�*36�SRVLWLRQ�DQG��'�PRGHO�SURYLGHV�D�

UREXVW�DQG�DFFXUDWH�RXWGRRU�WUDFNLQJ�IRU�EXLOGLQJV��+RZHYHU��LW�UHTXLUHV�GHWDLOHG��'�EXLOGLQJ�

PRGHOV�DV�LQSXW�UHIHUHQFH�DQG�FDQ�WDNH�XS�D�ORW�RI�PHPRU\�VSDFH��7KH�FRPSOLFDWHG�FRPSXWDWLRQ�

PHWKRG�FDQ�DOVR�SRVVLEO\�VORZ�GRZQ�WKH�V\VWHP�DQG�LPSRVH�ODWHQF\�ZKHQ�WKHUH�DUH�PXOWLSOH�

WDUJHWV�WKDW�QHHG�WR�EH�WUDFNHG��$�WUDFNLQJ�PHWKRG�WKDW�UHTXLUHV�D�VPDOOHU�GDWD�LQSXW�ZLOO�EH�PRUH�

LGHDO�IRU�WKLV�SDUWLFXODU�$5�DSS��

�

:KLOH�LW�LV�QRW�RSWLPL]HG�IRU�RXWGRRU�WUDFNLQJ�ZLWK�EXLOGLQJV��%ODQFR�3RQV�HW�DO¶V�SURMHFW�SURYH�

WKDW�LW�LV�SRVVLEOH�WR�LPSOHPHQW�DQ�LPDJH�EDVHG�WUDFNLQJ�V\VWHP�IRU�WUDFNLQJ�EXLOGLQJV��8QOLNH�

VRPH�RWKHU�PRYLQJ�XUEDQ�IHDWXUHV�VXFK�DV�YHKLFOHV�DQG�WUDLQV��EXLOGLQJV�VLW�VWLOO�ZLWK�D�UHODWLYHO\�
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VWDWLF�VXUURXQGLQJ�FRQWH[W��$OVR��IURP�D�SHGHVWULDQ¶V�SRLQW�RI�YLHZ��ZKHQ�KROGLQJ�D�FDPHUD��WKH\�

DUH�RQO\�DEOH�WR�REVHUYH�WKH�ZKROH�VLOKRXHWWH�RI�D�EXLOGLQJ�IURP�D�FHUWDLQ�VWDQGSRLQW�DQG�

GLUHFWLRQ��7KHVH�FULWHULD�FUHDWH�WKH�RSSRUWXQLW\�WR�WUHDW�EXLOGLQJV�DQG�WKHLU�FRQWH[WV�DV�³�'�

LPDJHV´�ZKHQ�WKH\�DUH�IUDPHG�LQ�D�FHUWDLQ�ZD\�WKURXJK�D�FDPHUD��0DNLQJ�LW�WKHUHIRUH�SRVVLEOH�

WR�LPSOHPHQW�DQ�LPDJH�EDVHG�WUDFNLQJ�V\VWHP�WR�WUDFN�EXLOGLQJV��

�

7KH�$5)RXQGDWLRQ�6'.�DQG�$5&RUH�H[WHQVLRQ�FRPH�ZLWK�WKH�³$XJPHQWHG�,PDJH´�IXQFWLRQ��

ZKLFK�PDNHV�LW�HDVLHU�WR�LPSOHPHQW�DQ�LPDJH�EDVHG�WUDFNLQJ�V\VWHP�LQ�WKH�$5�DSS��,PDJH�EDVHG�

WUDFNLQJ�UHTXLUHV�RQO\�UDVWHU�LPDJHV�DV�LQSXW��2QFH�LPSOHPHQWHG��WKH�V\VWHP�ZLOO�UXQ�WKURXJK�

WKH�LPDJHV�DQG�H[WUDFW�SRLQWV�RI�LQWHUHVW�IURP�WKHP��2QFH�WKH�WUDFNLQJ�VHVVLRQ�VWDUWV��WKH�

DSSOLFDWLRQ�ZLOO�FRPSDUH�DQG�PDWFK�WKH�SRLQWV�RI�LQWHUHVW�LQ�WKH�UHIHUHQFH�LPDJHV�DQG�WKH�UHDO�

WLPH�LQSXW�IURP�WKH�$5�FDPHUD��,I�WKH�V\VWHP�UHFRJQL]HV�WKDW�WKH�XVHU�LV�ORRNLQJ�DW�DQ�³LPDJH´�

WKDW�DSSHDUV�DOVR�LQ�WKH�UHIHUHQFH�GDWDEDVH��LW�ZLOO�UHJLVWHU�WKH�RULHQWDWLRQ�DQG�ORFDWLRQ�RI�WKH�XVHU�

DQG�WKH�WUDFNHG�REMHFW��6LQFH�RQO\�UDVWHU�LPDJHV�DUH�QHHGHG�DV�LQSXW�DQG�RQO\�WKH�H[WUDFWHG�

IHDWXUHV�DUH�VWRUHG�LQ�WKH�GDWDEDVH��HDFK�UHIHUHQFH�LPDJH�ZLOO�WDNH�XS�RQO\��NE�RI�PHPRU\��7KH�

PDWXULW\�DQG�UHODWLYH�VLPSOLFLW\�RI�WKLV�WUDFNLQJ�PHWKRG�SURYLGHV�LW�ZLWK�DGHTXDWH�DFFXUDF\�DQG�

DOORZV�IDVW�FRPSXWLQJ�ZLWK�OHVV�SRVVLELOLW\�RI�ODWHQF\��

�

�

�

�

����5HIHUHQFH�,PDJH�/LEUDU\�
�

7R�LPSOHPHQW�DQ�LPDJH�EDVHG�WUDFNLQJ�V\VWHP�ZLWK�$5)RXQGDWLRQ��D�UHIHUHQFH�LPDJH�OLEUDU\�

QHHGV�WR�EH�EXLOW��7KH�GHYHORSHUV¶�JXLGH�IRU�$5&RUH�KDV�SURYLGHG�UHTXLUHPHQWV�DQG�VXJJHVWLRQV�

RQ�KRZ�WR�SURSHUO\�JDWKHU�UHIHUHQFH�LPDJHV�DQG�EXLOG�WKH�OLEUDU\��5HIHUHQFH�LPDJHV�DUH�

FRQYHUWHG�LQWR�JUD\VFDOH�LQ�WKH�V\VWHP�DQG�IHDWXUHV�LQ�WKH�LPDJH�ZLOO�EH�H[WUDFWHG��7KHUHIRUH��

WKH�FRORU�LQIRUPDWLRQ�RI�WKH�LPDJH�LV�QRW�XVHG�DOWKRXJK�FRORU�LPDJHV�FDQ�EH�XVHG��7KH�LPDJHV�

VKRXOG�EH�DW�OHDVW����[����SL[HOV�LQ�UHVROXWLRQ��EXW�XVLQJ�LPDJHV�ZLWK�KLJK�UHVROXWLRQ�GRHV�QRW�

LPSURYH�SHUIRUPDQFH��7KH�LPDJHV�KDYH�WR�EH�IRUPDWWHG�DV�-3(*�RU�31*��&RPSUHVVLRQ�RQ�WKH�

LPDJH�KDV�WR�EH�DYRLGHG�EHFDXVH�LW�ZLOO�DIIHFW�WKH�IHDWXUH�H[WUDFWLRQ�SURFHVV��,PDJHV�ZLWK�WRR�

PDQ\�RU�WRR�IHZ�JHRPHWULFDO�IHDWXUHV�VKRXOG�DOVR�EH�DYRLGHG�DV�WKH\�FDQ�UHVXOW�LQ�SRRU�GHWHFWLRQ�

DQG�WUDFNLQJ�SHUIRUPDQFH���
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�

,Q�RUGHU�IRU�WKH�LPDJH�WUDFNLQJ�WR�ZRUN��WKH�LPDJH�PXVW�IROORZ�WKH�IROORZLQJ�UHTXLUHPHQWV��

�

� ,W�PXVW�ILOO�DW�OHDVW�����RI�WKH�FDPHUD�IUDPH�WR�EH�LQLWLDOO\�GHWHFWHG���

� ,W�PXVW�EH�IODW��IRU�H[DPSOH��QRW�ZULQNOHG�RU�ZUDSSHG�DURXQG�D�ERWWOH����

� ,W�PXVW�EH�LQ�FOHDU�YLHZ�RI�WKH�FDPHUD��7KH\�VKRXOG�QRW�EH�SDUWLDOO\�REVFXUHG��YLHZHG�DW�

D�KLJKO\�REOLTXH�DQJOH��RU�YLHZHG�ZKHQ�WKH�FDPHUD�LV�PRYLQJ�WRR�IDVW�GXH�WR�PRWLRQ�

EOXU����$5&RUH�GHYHORSHUV¶�JXLGH��������

�

,I�WKH�LPDJH�WUDFNLQJ�V\VWHP�LV�XVHG�IRU�WUDFNLQJ�VPDOOHU�REMHFWV��VXFK�DV�ORJRV�SULQWHG�RQ�D�

SURGXFW��WKH�FRPPRQ�SUDFWLFH�LV�WR�KLQW�WKH�XVHU�WR�PRYH�WKH�REMHFW�FORVHU�WR�WKH�FDPHUD��XQWLO�LW�

ILOOV�DW�OHDVW�����RI�WKH�FDPHUD��,Q�WKLV�FDVH��WKH�DSS�ZLOO�EH�XVHG�LQ�DQ�RXWGRRU�VHWWLQJ�ZLWK�

EXLOGLQJV�WKDW�FDQQRW�EH�PRYHG�DURXQG��7KH�DSSOLFDWLRQ�VKRXOG�JXLGH�WKH�XVHU�WR�ZDON�XS�WR�D�

VSRW�ZKHUH�WKH�WDUJHW�REMHFW�LV�IUDPHG�FRUUHFWO\�LQ�WKH�FDPHUD���

�

7KH�LPDJH�PXVW�EH�IODW�ZLWKRXW�EHLQJ�ZULQNOHG�RU�FXUYHG�LV�PHQWLRQHG�LQ�WKH�GHYHORSHUV¶�JXLGH��

7KLV�UXOH�LV�DSSOLHG�WR��IRU�H[DPSOH��SULQWHG�LPDJHV�LQ�WKH�UHDO�ZRUOG��,I�WKH�LPDJHV�DUH�SULQWHG�

RQ�SDSHU�RU�VRPH�RWKHU�VRIW�PDWHULDOV��ZULQNOLQJ�RU�EHQGLQJ�RI�WKH�PDWHULDO�DQG�WKH�LPDJH�ZLOO�

REVFXUH�WKH�GHWHFWLRQ�SURFHVV��,Q�WKLV�FDVH�IRU�RXWGRRU�WUDFNLQJ��WKH�WDUJHW�REMHFWV�DUH�EXLOGLQJV�

EHLQJ�WUHDWHG�DV�D�³IUDPHG�LPDJH��VFHQH´�LQVWHDG�RI�DFWXDO�SULQWHG�LPDJHV��7KH�VFHQHU\�FDQ�QRW�

EH�ZULQNOHG�RU�FXUYHG��7KHUHIRUH��WKLV�UXOH�VKRXOG�QRW�EH�D�ZRUU\�LQ�WKLV�DSSOLFDWLRQ��

�

7R�DVVXUH�WKH�REMHFW�WR�EH�LQ�FOHDU�YLHZ�RI�WKH�FDPHUD��VHYHUDO�FRQVLGHUDWLRQV�PXVW�EH�WDNHQ�

GXULQJ�WKH�UHIHUHQFH�LPDJH�FROOHFWLRQ�SURFHVV��:KHQ�FDSWXULQJ�WKH�UHIHUHQFH�LPDJH�IRU�WKH�

EXLOGLQJV��PDNH�VXUH�WKH�EXLOGLQJV�DUH�IUDPHG�SURSHUO\�LQ�WKH�SKRWR��7KH�SKRWRV�VKRXOG�EH�WDNHQ�

LQ�DQ�DFFHVVLEOH�VSRW�IRU�SHGHVWULDQV�ZLWK�DQ�DQJOH�WKDW�FDQ�EH�FRPIRUWDEO\�UHDFKHG��$YRLG�

WLOWLQJ�WKH�FDPHUD�WRR�PXFK�WR�DYRLG�D�KLJKO\�REOLTXH�DQJOH��6LQFH�WKLV�DSS�LV�GHVLJQHG�IRU�XVHUV�

WR�ZDON�DURXQG�WKH�GLVWULFW�DQG�YLVXDOL]H�WKH�EXLOGLQJV��WKH�FDPHUD�PRYLQJ�WRR�IDVW�RU�PRWLRQ�

EOXU�VKRXOG�QRW�EH�D�SUREOHP��7KH�GHYHORSHUV¶�JXLGH�DOVR�VXJJHVWV�WKDW�ZKHQ�WUDFNLQJ�ODUJH�

REMHFWV��WKH�GLPHQVLRQ�RI�WKH�LPDJH�LQ�WKH�UHDO�ZRUOG�VKRXOG�EH�VSHFLILHG�WR�LPSURYH�WUDFNLQJ�

DQG�GHWHFWLRQ�SHUIRUPDQFH���

�

,Q�RUGHU�WR�FUHDWH�DQ�DGHTXDWH�UHIHUHQFH�LPDJH�OLEUDU\�DQG�LPSOHPHQW�D�IXQFWLRQLQJ�LPDJH�

WUDFNLQJ�V\VWHP�IRU�WKLV�DSS��WKH�IROORZLQJ�VWHSV�ZLOO�EH�IROORZHG�LQ�WKH�SURFHVV�RI�FDSWXULQJ�

UHIHUHQFH�LPDJHV��

�
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�

�� 6HW�XS�D�URXWH�IRU�WKH�XVHUV�

�

7KH�DSS�UHTXLUHV�WKH�XVHUV�WR�ZDON�DURXQG�WKH�GLVWULFW�WR�ILQG�WKH�GHVLJQDWHG�EXLOGLQJV�

IRU�YLVXDOL]DWLRQ��,I�WKH�GHVLJQDWHG�EXLOGLQJV�DUH�VFDWWHUHG�DOO�DURXQG�WKH�SODFH��LW�ZLOO�

LPSRVH�GLIILFXOWLHV�IRU�WKH�XVHU�WR�ILQG�WKHP��6HOHFWLQJ�D�URXWH�WKDW�DOORZV�WKH�XVHUV�WR�

REVHUYH�PXOWLSOH�EXLOGLQJV�ZLWK�D�FOHDU�YLHZ�FDQ�KHOS�QDUURZ�GRZQ�WKH�VHDUFK��SURYLGH�

EHWWHU�WUDFNLQJ��DQG�LPSURYH�WKH�RYHUDOO�$5�H[SHULHQFH��

�

�� 6HOHFW�WKH�REVHUYDWLRQ�SRLQWV��

�

2QFH�WKH�URXWH�LV�GHILQHG��REVHUYDWLRQ�SRLQWV�KDYH�WR�EH�SLFNHG��2Q�HDFK�REVHUYDWLRQ�

SRLQW��D�EXLOGLQJ�VKRXOG�EH�LQ�D�FOHDU�YLHZ�RQ�WKH�OHYHO�RI�WKH�XVHU
V�FDPHUD�RU�H\H�OHYHO��

7KH�RXWOLQH�RI�WKH�EXLOGLQJ�VKRXOG�EH�VHHQ�ZLWKRXW�ORRNLQJ�XS�WRR�PXFK�WR�DYRLG�

H[FHVVLYH�WLOWLQJ�RI�WKH�FDPHUD�DQG�RYHUO\�REOLTXH�DQJOH��

�

�� &DSWXUH�WKH�LPDJHV�LQ�GD\�WLPH�ZLWK�QHXWUDO�ZHDWKHU�DQG�OLJKWLQJ�

�

/LJKWLQJ�DQG�ZHDWKHU�SOD\V�D�ELJ�UROH�LQ�FDSWXULQJ�D�KLJK�TXDOLW\�UHIHUHQFH�LPDJH��

/LJKWLQJ�VKRXOG�EH�PLOG�EXW�DGHTXDWH�ZKHQ�FDSWXULQJ�WKH�LPDJH��,QVXIILFLHQW�OLJKWLQJ�

FRXOG�UHGXFH�WKH�FODULW\�RI�WKH�IHDWXUHV�RQ�WKH�EXLOGLQJ��6WURQJ�OLJKWLQJ�RU�VKDGRZ�RQ�WKH�

RWKHU�KDQG�ZLOO�LQGXFH�RYHU�RU�XQGHU�H[SRVXUH�DQG�REVFXUH�WKH�IHDWXUH�GHWHFWLRQ��7KH�

ZHDWKHU�VKRXOG�DOVR�EH�QHXWUDO�ZKHQ�FDSWXULQJ�WKH�UHIHUHQFH�LPDJH��6RPH�ZHDWKHU�

FRQGLWLRQV�ZLOO�FUHDWH�XQQHFHVVDU\�IHDWXUHV�LQ�WKH�LPDJH��)RU�H[DPSOH��VQRZLQJ�ZLOO�DGG�

IHDWXUHV�WR�WKH�URRI�DQG�WKH�JURXQG��&XPXOXV�FORXGV�ZLOO�DOVR�JLYH�WKH�VN\�H[WUD�IHDWXUHV�

WKDW�PLJKW�QRW�EH�VHHQ�LQ�WKH�QH[W�YLVLW��

�

,PDJHV�ZLOO�EH�FDSWXUHG�E\�DQ�$QGURLG�VPDUWSKRQH�DV�LW�SURYLGHV�FRQYHQLHQFH�DQG�

DGHTXDWH�UHVROXWLRQ��%\�GRLQJ�VR��WKH�YLHZLQJ�DQJOH�RI�WKH�XVHUV�FDQ�DOVR�EH�WHVWHG�ZKLOH�

FDSWXULQJ�WKH�UHIHUHQFH�LPDJH��

� �

�� ,PSRUW�WKH�LPDJHV�DQG�HVWLPDWH�WKH�GLPHQVLRQV�

�

$IWHU�WKH�LPDJHV�DUH�FDSWXUHG��WKH\�DUH�LPSRUWHG�WR�WKH�GHYHORSPHQW�SODWIRUP��

'LPHQVLRQV�KDYH�WR�EH�VSHFLILHG�DFFRUGLQJ�WR�WKH�VL]H�RI�WKH�REMHFW�LQ�WKH�UHDO�ZRUOG�WR�
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LPSURYH�WKH�WUDFNLQJ�SHUIRUPDQFH��7KH�KHLJKW�RI�WKH�EXLOGLQJ�FDQ�EH�HVWLPDWHG�IURP�

UHIHUHQFH�GDWD���'�PRGHOV��RU�IURP�WKH�QXPEHUV�RI�VWRULHV�WKH�EXLOGLQJV�KDYH��

� �

:LWK�WKHVH�VWHSV��WKH�UHIHUHQFH�LPDJH�IRU�WKLV�DSS�VKRXOG�EH�RSWLPDO�IRU�WKH�WUDFNLQJ�V\VWHP��7KH�

IHDWXUHV�LQ�WKH�LPDJHV�DUH�DW�DQ�DGHTXDWH�OHYHO�RI�FRPSOH[LW\��7KH�DQJOHV�RI�REVHUYDWLRQ�DUH�QRW�

REVFXUH��7KH�XVHUV�VKRXOG�EH�DEOH�WR�ILQG�WKH�YLHZLQJ�SRLQW�HDVLO\�DQG�WKH�V\VWHP�FDQ�SHUIRUP�

WKH�WUDFNLQJ�HIILFLHQWO\�� �

�

����*DWKHULQJ�DQG�FUHDWLQJ�VXLWDEOH�PRGHOV�IRU�YLVXDOL]DWLRQ�

$�VHW�RI�&LW\*0/�GDWD�LV�DYDLODEOH�IRU�WKH�6WXWWJDUW�1RUGEDKQKRI�DUHD��7KH�GDWDVHW�FRQWDLQV��'�

EXLOGLQJ�PRGHOV�WKDW�DUH�DW�WKH�/HYHO�RI�'HWDLO����/2'����/2'��EXLOGLQJV�PRGHO�LV�GHILQHG�E\�

WKH�&LW\*0/�VSHFLILFDWLRQ�DV�GLIIHUHQWLDWHG�URRI�VWUXFWXUH�DQG�GLIIHUHQWLDWHG�ERXQGDU\�VXUIDFHV��

�*U|JHU�HW�DO���������7KH�&LW\*0/�GDWD�FDQ�EH�H[WUDFWHG�ZLWK�)0(�DQG�H[SRUWHG�LQWR�

LQGLYLGXDO�EXLOGLQJ�PRGHOV�WKDW�DUH�RQ�WKH�VDPH�VFDOH�DV�WKH�DFWXDO�EXLOGLQJV��7KH�JHRPHWU\�RI�

WKH�/2'��PRGHOV�FDQ�DW�OHDVW�SDUWLDOO\�PDWFK�WKH�RXWOLQH�RI�WKH�EXLOGLQJ�LQ�WKH�UHDO�ZRUOG�DQG�EH�

XVHG�DV�WKH�PDVNLQJ�REMHFW�WR�EH�SODFHG�LQ�WKH�$5�DSS��6LQFH�WKH��'�02'��PRGHOV�DUH�UHDGLO\�

DYDLODEOH�DQG�RQO\�ILOH�FRQYHUVLRQ�DQG�H[SRUWLQJ�DUH�QHHGHG��XVLQJ�&LW\*0/�FDQ�SRWHQWLDOO\�EH�

DQ�HIILFLHQW�RSWLRQ�WR�EH�XVHG�WR�EXLOG�WKH�$5�DSS�ZLWK�WKH�GHVLUHG�YLVXDOL]DWLRQ��

�

�

)LJXUH����%XLOGLQJ�PRGHOV�IURP�/2'��WR�/2'���2*&��������

$�/2'���'�EXLOGLQJ�PRGHO�PLJKW�KRZHYHU�QRW�FRQWDLQ�D�VXIILFLHQW�DPRXQW�RI�GHWDLO�ZKHQ�D�

YHU\�DFFXUDWH�PDVN�LV�ZDQWHG�IRU�WKH�YLVXDOL]DWLRQ��/2'��PRGHOV�GR�QRW�FRQWDLQ�GHWDLOHG�

DUWLIDFWV�VXFK�DV�FKLPQH\V�DQG�DQWHQQDV��:KHQ�WKH\�DUH�EHLQJ�SODFHG�WR�PDVN�WKH�GHVLUHG�

EXLOGLQJ�LQ�WKH�UHDO�ZRUOG��WKRVH�DUWLIDFWV�ZLOO�EH�H[FOXGHG�LQ�WKH�YLVXDOL]DWLRQ��$QRWKHU�

GLIILFXOW\�RI�XVLQJ�WKH�/2'��PRGHOV�ZRXOG�EH�WKH�SRVLWLRQDO�SODFHPHQW�RI�WKHP��,PDJH�EDVHG�

WUDFNLQJ�LV�D��'�V\VWHP��7KH�PDWFKLQJ�RI��'�LPDJHV�ZLWK�WLOWHG�SHUVSHFWLYH�DQG��'�PRGHOV�FDQ�

EH�FKDOOHQJLQJ���
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/2'���'�EXLOGLQJ�PRGHO�ZLOO�EH�XVHG�DQG�WHVWHG�LQ�WKH�GHYHORSPHQW�SURFHVV�RI�WKH�DSS��,I�WKHVH�

PRGHOV�DUH�QRW�VXIILFLHQW�IRU�HIIHFWLYH�YLVXDOL]DWLRQ��DOWHUQDWLYH�PHWKRGV�ZLOO�EH�VRXJKW��2QH�

SRVVLEOH�DOWHUQDWLYH�ZLOO�EH�PDQXDOO\�FUHDWLQJ�WKH�VXUIDFH�WKDW�FRQWDLQV�WKH�EXLOGLQJV�LQ�D�&$'�

VRIWZDUH�DFFRUGLQJ�WR�WKH�UHIHUHQFH�LPDJH��7KH�FRQFHSW�EHKLQG�WKLV�PHWKRG�LV�WKDW�DV�WKH�LPDJH�

EDVHG�WUDFNLQJ�V\VWHP�LV�XVHG��WKH�EXLOGLQJV�ZLOO�EH�UHFRJQL]HG�E\�WKH�$5�V\VWHP�RQO\�IURP�D�

FHUWDLQ�SRLQW�RI�YLHZ�IURP�WKH�XVHUV��)URP�WKDW�SRLQW�RI�YLHZ��WKH�VWDWLF�EXLOGLQJ¶V�RXWOLQH�FDQ�EH�

IRXQG��7KDW�RXWOLQH�FDQ�EH�XVHG�WR�FUHDWH�D�SRO\JRQ�WKDW�RYHUOD\V�WKH�EXLOGLQJ�SHUIHFWO\�LQ�WKH�

³IUDPHG�VFHQH´�IURP�WKH�$5�FDPHUD��7KDW�FDQ�OHDG�WR�PRUH�SUHFLVH�PDVNLQJ�RI�WKH�EXLOGLQJ�DQG�

H[HFXWH�WKH�YLVXDOL]DWLRQ�PRUH�HIIHFWLYHO\��

����$XWKRULQJ�6KDGHUV�DQG�WKHLU�DSSOLFDWLRQ�IRU�YLVXDOL]DWLRQ�
�

7R�FUHDWH�DQG�DSSO\�WKH�GHVLUHG�YLVXDOL]DWLRQ�VW\OH�WR�WKH�$5�DSSOLFDWLRQ��VHYHUDO�VKDGHUV�DUH�

FUHDWHG��$FFRUGLQJ�WR�8QLW\¶V�RIILFLDO�GRFXPHQWDWLRQ��VKDGHUV�DUH�³VPDOO�VFULSWV�WKDW�FRQWDLQ�WKH�

PDWKHPDWLFDO�FDOFXODWLRQV�DQG�DOJRULWKPV�IRU�FDOFXODWLQJ�WKH�FRORU�RI�HDFK�SL[HO�UHQGHUHG��EDVHG�

RQ�WKH�OLJKWLQJ�LQSXW�DQG�WKH�0DWHULDO�FRQILJXUDWLRQ�´��������,Q�RWKHU�ZRUGV��VKDGHUV�DUH�WKH�

SLHFHV�RI�SURJUDPV�WKDW�UHQGHU�SL[HOV�RQ�WKH�VFUHHQ�RI�D�GHYLFH�WDNLQJ�PHVKHV��YHUWLFHV��HWF��DQG�

RWKHU�FRQILJXUDWLRQV�DV�LQSXWV���+RFNLQJ��������7KH�GLDJUDP�EHORZ�VKRZV�D�EULHI�GHVFULSWLRQ�RI�

WKH�UHQGHULQJ�ZRUNIORZ�RI�8QLW\�ZKLFK�KHOSV�IXUWKHU�GHVFULEH�WKH�UROH�RI�D�VKDGHU�LQ�WKH�

UHQGHULQJ�SURFHVV��(YHU\�REMHFW�SODFHG�LQ�XQLW\�UHTXLUHV�DQ�DVVLJQHG�PDWHULDO�WR�EH�UHQGHUHG��

$QG�HYHU\�PDWHULDO�FRQWDLQV�D�VKDGHU��7KH�PDWHULDO�DFWV�DV�D�ZUDSSHU�IRU�WKH�VKDGHU�DQG�DOORZV�

WKH�YDOXHV�WR�EH�VHW�IRU�HDFK�SURSHUW\�DQG�SHULPHWHU�LQ�WKH�VKDGHU���=XFFRQL��������8OWLPDWHO\�

WKH�VKDGHU�FRPPXQLFDWHV�ZLWK�WKH�*38�DQG�UHQGHUV�WKH�REMHFW�DFFRUGLQJ�WR�LWV�JHRPHWU\�DQG�WKH�

YDOXHV�VHW�LQ�WKH�DVVLJQHG�PDWHULDO���

�

)LJXUH����'LDJUDP�VKRZLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�VKDGHUV��PDWHULDOV��DQG��'�

PRGHOV�LQ�8QLW\��=XFFRQL���������
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�

6KDGHUV�LQ�8QLW\�DUH�ZULWWHQ�LQ�WKH�+LJK�/HYHO�6KDGLQJ�/DQJXDJH��+/6/��DQG�ZUDSSHG�LQ�WKH�

6KDGHU/DE�V\QWD[����8QLW\��������(YHU\�SLHFH�RI�VKDGHU�SURJUDP�LQ�8QLW\�FRQVLVWV�RI�WZR�

WKLQJV��3URSHUWLHV�DQG�6XE6KDGHU��,Q�WKH�3URSHUWLHV�EORFN��YDULDEOHV�GHFODUHG�ZLOO�WKHQ�EHFRPH�

WKH�YDOXHV�DQG�SDUDPHWHUV�WR�EH�WZHDNHG�DQG�DGMXVWHG�LQ�WKH�PDWHULDOV��6RPH�FRPPRQ�SURSHUW\�

W\SHV�LQFOXGH��'�UDVWHU�WH[WXUH��&RORU��5*%$���9HFWRU��;<=:��RQ�WRS�RI�,QW��)ORDW��DQG�5DQJH��

7KH�6XE6KDGHU�EORFNV�DUH�WKH�DFWXDO�FRPPDQGV�WKDW�ZLOO�EH�JLYHQ�WR�WKH�*38�WR�SHUIRUP�WKH�

UHQGHULQJ��0XOWLSOH�6XE6KDGHU�EORFNV�FRXOG�EH�IRXQG�LQ�D�SLHFH�RI�VKDGHU�SURJUDP�FRQWDLQLQJ�

GLIIHUHQW�DUJXPHQWV���=XFFRQL��������

�

6KDGHUV�DOORZ�FXVWRPL]DWLRQ�RQ�D�ODUJH�YDULHW\�RI�TXDOLWLHV��LQFOXGLQJ�EXW�QRW�OLPLWHG�LQ��WKH�

FRORU��VDWXUDWLRQ��EULJKWQHVV��FRQWUDVW��KXH��WH[WXUH��DQG�WKH�LQWHUDFWLRQ�RI�WKH��'�PRGHO�ZLWK�

OLJKW��FUHDWLQJ�EOXUULQJ�HIIHFW��ERNHK��UHIUDFWLRQ�DQG�GLVWRUWLRQ��HWF��6KDGHUV�DUH�HYHQ�FDSDEOH�RI�

UHQGHULQJ�DQLPDWLRQ��%\�LPSRVLQJ�D�VKLIWLQJ�UDQJH�RI�YDOXH�LQ�WKH�VFULSW��WKH�VKDGHU�FDQ�EH�DEOH�

WR�DQLPDWH�WKH��'�REMHFW�ZLWK�HIIHFWV�VXFK�DV�WLGHOLQJ�ZDWHU�DQG�LOOXPLQDWLQJ�OLJKW��7KH�LPDJH�

EHORZ�GHPRQVWUDWHV�WKH�FDSDELOLW\�RI�D�VKDGHU�LQ�8QLW\��:LWK�WKH�VKDGHU�FUHDWHG�E\�/RJKLQ�

�������DSSOLHG��D��'�PHVK�LV�UHQGHUHG�ZLWK�WKH�WH[WXUH�RI�ZDWHU��7KH�³ZDWHU�VXUIDFH´�UHIOHFWV�WKH�

IHDWXUHV�DERYH�LQFOXGLQJ�WKH�VN\��7KH�WH[WXUH�RI�IRDP�FRXOG�EH�DGGHG�DQG�FXVWRPL]HG��7KH�

XQGHUZDWHU�IHDWXUHV�DUH�UHQGHUHG�WKURXJK�WKH�WUDQVSDUHQF\�RI�WKH�ZDWHU�ZLWK�GLIIXVLRQ�DQG�

UHIUDFWLRQ�RI�OLJKW��$QG�LQ�JDPHSOD\��WKHUH�DUH�PRYLQJ�ZDYHV�ZLWK�FXVWRPL]DEOH�LQWHQVLW\�DQG�

VWHHSQHVV���

�

��

)LJXUH����'HPRQVWUDWLQJ�WKH�6KDGHU¶V�9LVXDOL]DWLRQ�3RVVLELOLW\��/RJKLQ��������

�
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7R�FDWHU�WR�WKLV�FRPSOH[LW\�RI�GHYHORSLQJ�D�VKDGHU��8QLW\�KDG�FUHDWHG�D�YLVXDO�VKDGHU�HGLWRU�LQ�

�����QDPHG�6KDGHU�*UDSK��6KDGHU�*UDSK�DOORZV�GHYHORSHUV�WR�XVH�D�QRGH�EDVHG�VKDGHU�QHWZRUN�

WR�GHYHORS�VKDGHUV�YLVXDOO\��,QVWHDG�RI�ZULWLQJ�FRGHV��GHYHORSHUV�FDQ�FRQQHFW�QRGHV�DQG�DVVLJQ�

YDOXHV�LQ�D�JUDSK�QHWZRUN��7KH�HGLWRU�YLVXDOL]HV�WKH�UHVXOW�LQ�UHDO�WLPH��6KDGHU�*UDSK�SURYLGHV�

DQ�RSSRUWXQLW\�IRU�DUWLVWV�RU�RWKHU�GHYHORSHUV�ZLWK�OHVV�SURJUDPPLQJ�VNLOOV�WR�EH�DEOH�WR�DXWKRU�

VKDGHUV�DW�HDVH���&RRSHU��������:KLOH�6KDGHU�*UDSK�LV�DQ�DGHTXDWH�WRRO�IRU�DXWKRULQJ�FRPSOH[�

DQG�VRSKLVWLFDWHG�VKDGHUV��WKH�YLVXDOL]DWLRQ�VW\OH�WR�EH�DFKLHYHG�LQ�WKLV�SURMHFW�LV�UHODWLYHO\�

VLPSOH��&UHDWLQJ�D�JUD\VFDOH�ILOWHU�WR�YLVXDOL]H�EXLOGLQJV�DQG�FRQWH[W�LQ�DQ�XUEDQ�HQYLURQPHQW�

VKRXOG�EH�DEOH�WR�EH�DFKLHYHG�E\�FRGLQJ�ZLWK�LPDJH�SURFHVVLQJ�HTXDWLRQV��7KH�EXLOGLQJV�ZKLFK�

ZLOO�UHPDLQ�LQ�FRORU�VKRXOG�EH�DEOH�WR�DFKLHYH�WKURXJK�SURJUDPPLQJ�ORJLF��7R�DYRLG�

FRPSOLFDWLRQV�DQG�VKRZFDVH�WKH�ORJLF�EHKLQG�WKH�YLVXDOL]DWLRQ�PHWKRG��WKH�VKDGHU�LQ�WKLV�SURMHFW�

ZLOO�EH�FUHDWHG�E\�FRGLQJ�ZLWK�6KDGHU/DE�UDWKHU�WKDQ�EHLQJ�FRQVWUXFWHG�LQ�6KDGHU�*UDSK��7KH�

VKDGHUV�VKRXOG�UHPDLQ�VLPSOH�DQG�VWUHDPOLQHG���

�

7KHRUHWLFDOO\��WKH�WDUJHWHG�YLVXDOL]DWLRQ�FDQ�EH�DFKLHYHG�ZLWK�RQO\���VKDGHUV��RQH�IRU�FUHDWLQJ�D�

JUD\VFDOH�ILOWHU��DQG�RQH�IRU�PDVNLQJ�WKH�EXLOGLQJ�DQG�OHDYLQJ�WKHP�WR�EH�UHQGHUHG�LQ�FRORU��(DFK�

VKDGHU�ZLOO�EH�ZUDSSHG�LQ�D�PDWHULDO��7KH�PDWHULDO�ZLWK�WKH�FRORU�UHQGHULQJ�VKDGHU�ZLOO�EH�

DSSOLHG�WR�WKH��'�EXLOGLQJ�PRGHO�RU�PDQXDOO\�FRQVWUXFWHG�EXLOGLQJ�FRQWRXU�PHQWLRQHG�LQ�WKH�

SUHYLRXV�VHFWLRQ��7KH�PDWHULDO�ZLWK�WKH�JUD\VFDOH�ILOWHU�VKDGHU�ZLOO�QHHG�D�VHSDUDWHO\�EXLOW�PRGHO�

WKDW�VXUURXQGV�WKH�$5�FDPHUD�DQG�SURYLGHV�D�ILOWHU�IRU�WKH�VFHQH�DOO�DURXQG�WKH�XVHU��

�

�

�

�

����+DUGZDUH�

�

7KLV�SURMHFW�ZLOO�EH�LPSOHPHQWHG�DQG�WHVWHG�RQ�DQ�$QGURLG�PRELOH�GHYLFH��7KH�PRELOH�GHYLFH�LV�

LPSRUWDQW�IRU�DQ�$5�DSS�DV�WKH�FRPSXWDWLRQ��WUDFNLQJ�DQG�YLVXDOL]DWLRQ�DUH�JRLQJ�WR�UXQ�RQ�LW��

7KH�VSHFLILFDWLRQ�RQ�WKH�GHYLFH�QHHGV�WR�VXSSRUW�UHDO�WLPH�FRPSXWDWLRQ��7KH�SHUIRUPDQFH�RI�

$QGURLG�GHYLFHV�LV�LPSURYLQJ�UDSLGO\�LQ�UHFHQW�\HDUV���+RZHYHU��GHVSLWH�WKH�LQFUHDVLQJ�QXPEHU��

QRW�DOO�$QGURLG�PRELOH�GHYLFHV�DUH�VXSSRUWHG�E\�$5&RUH��7KH�*RRJOH�$5&RUH�'HYHORSHUV�

7HDP�SURYLGHV�D�OLVW�RI�VXSSRUWHG�GHYLFHV�RQ�WKHLU�ZHEVLWH���������7KH�GHYLFH�WKDW�ZRXOG�EH�

XVHG�LQ�WKLV�SURMHFW�IRU�UXQQLQJ�DQG�WHVWLQJ�LV��
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7DEOH���6SHFV�RI�*DOD[\�$���

�

7KLV�GHYLFH�KDV�RQH�RI�WKH�ORZHU�VSHFLILFDWLRQV�RQ�WKH�OLVW�RI�$5&RUH�VXSSRUWHG�GHYLFHV��,I�WKH�

GHYHORSHG�$5�DSS�FDQ�UXQ�VPRRWKO\�RQ�WKLV�GHYLFH��PRVW�RI�WKH�RWKHU�GHYLFHV�RQ�WKH�OLVW�

WKHRUHWLFDOO\�FDQ�DOVR�VXSSRUW�LW���

�

����:RUNIORZ�

6XPPDUL]LQJ�WKH�SUHYLRXV�VHFWLRQV�LQ�WKLV�FKDSWHU��WKH�GHYHORSPHQW�RI�WKH�DSS�ZLOO�IROORZ�WKH�

IROORZLQJ�ZRUNIORZ�ZLWK�WKH�FRQFHSWV�GLVFXVVHG�DSSOLHG���

�

�� &DSWXULQJ�5HIHUHQFH�,PDJHV�DQG�%XLOGLQJ�WKH�5HIHUHQFH�,PDJH�/LEUDU\�

�

$W�WKH�ILUVW�SKDVH�RI�WKH�GHYHORSPHQW��UHIHUHQFH�LPDJHV�ZLOO�EH�FDSWXUHG�IROORZLQJ�WKH�VWHSV�

PHQWLRQHG�LQ�VHFWLRQ�����IRU�EXLOGLQJ�WKH�UHIHUHQFH�LPDJH�OLEUDU\��$�KLJK�TXDOLW\�UHIHUHQFH�

LPDJH�OLEUDU\�FDQ�JXDUDQWHH�D�EHWWHU�SHUIRUPDQFH�IRU�WKH�GHSOR\HG�LPDJH�WUDFNLQJ�V\VWHP�DQG�

LPSURYH�WKH�XVHUV¶�H[SHULHQFH�LQ�WKH�ODWHU�VWDJH��7KLV�SURFHVV�FRXOG�UHTXLUH�VHYHUDO�VLWH�YLVLW�

VHVVLRQV�IRU�VFRXWLQJ�DQG�FDSWXULQJ��7KH�UHIHUHQFH�LPDJH�OLEUDU\�FDQ�EH�XSGDWHG�DFFRUGLQJ�WR�WKH�

ODWHU�GHYHORSPHQW�LQ�WKH�QH[W�VWHSV��

�

�� ,PSOHPHQWLQJ�DQG�7HVWLQJ�RI�WKH�2XWGRRU�,PDJH�%DVHG�7UDFNLQJ�6\VWHP�

�

:LWK�WKH�UHIHUHQFH�LPDJH�OLEUDU\�UHDG\��WKH�QH[W�VWHS�LV�WR�EXLOG�WKH�WUDFNLQJ�V\VWHP�DQG�SXW�LW�WR�

WHVW��$V�GLVFXVVHG�LQ�VHFWLRQ������WKLV�DSS�ZLOO�DGRSW�WKH�LPDJH�EDVHG�WUDFNLQJ�PHWKRG��7KH�

WUDFNLQJ�V\VWHP�ZLOO�EH�EXLOW�ZLWK�WKH�$XJPHQWHG�,PDJH�$3,�LQ�$5)RXQGDWLRQ�ZLWKLQ�8QLW\��,W�

KDV�WR�EH�DEOH�WR�WUDFN�PXOWLSOH�RXWGRRU�EXLOGLQJV�DQG�VSDZQ�GLIIHUHQW�REMHFWV�DFFRUGLQJ�WR�WKH�

²����²�
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GHWHFWHG�EXLOGLQJ��7KH�V\VWHP�ZLOO�EH�WHVWHG�LQGRRU�IRU�WKH�EDVLF�ORJLF�DQG�ODWHU�RXWGRRU�RQ�VLWH�

WR�VHH�LWV�SHUIRUPDQFH�RQ�WUDFNLQJ�WKH�DFWXDO�EXLOGLQJV��

�

�� *DWKHULQJ��)RUPDWWLQJ�DQG�&UHDWLQJ�6XLWDEOH�0RGHOV�IRU�9LVXDOL]DWLRQ�

�

7KH�&LW\*0/�GDWD�ZLOO�EH�H[WUDFWHG�LQ�)0(�IRU�WKH��'�/2'��EXLOGLQJ�PRGHOV��7KH�EXLOGLQJ�

PRGHOV�ZLOO�WKHQ�EH�H[SRUWHG�DV��2%-�ILOHV�DV�LQGLYLGXDO�EXLOGLQJV��7KH�PRGHOV�ZLOO�EH�

RULHQWDWHG�DQG�WHVWHG�ZLWK�WKH�WUDFNLQJ�V\VWHP�WR�VHH�LI�WKH\�DUH�DGHTXDWH�IRU�WKH�YLVXDOL]DWLRQ�LQ�

WHUPV�RI�WKH�OHYHO�RI�GHWDLOV�DQG�SODFHPHQW��,I�WKH�TXDOLW\�RI�WKHVH�PRGHOV�FRXOG�QRW�PHHW�WKH�

GHVLUHG�UHVXOW��QHZ�PRGHOV�ZLOO�EH�EXLOW�PDQXDOO\�WR�FUHDWH�WKH�EHVW�RXWFRPH�IRU�WKH�YLVXDOL]DWLRQ�

PHWKRG��

�

�� 'HYHORSLQJ�WKH�PDVN�ILOWHU�YLVXDOL]DWLRQ�PHWKRG�

�

$V�PHQWLRQHG�LQ�VHFWLRQ������YLVXDOL]DWLRQ�VW\OHV�ZLOO�EH�DFKLHYHG�E\�DXWKRULQJ�VKDGHUV�LQ�8QLW\��

��GLIIHUHQW�VKDGHUV�DUH�SODQQHG�WR�EH�ZULWWHQ��7KH�ILUVW�RQH�LV�IRU�DFKLHYLQJ�WKH�JUD\VFDOH�ILOWHU�

DSSOLHG�WR�WKH�$5�FDPHUD��7KH�VHFRQG�RQH�LV�IRU�WKH�PDVN�DSSOLHG�WR�WKH�EXLOGLQJV�WR�H[FOXGH�

WKHP�IURP�WKH�JUD\VFDOH�ILOWHU�DQG�OHW�WKHP�EH�UHQGHUHG�LQ�FRORU��(DFK�VKDGHU�ZLOO�EH�DSSOLHG�WR�

VXLWDEOH��'�PRGHOV�WR�DFKLHYH�WKH�YLVXDOL]DWLRQ��7KH�VW\OH�RI�WKH�ILOWHU�VKRXOG�HIIHFWLYHO\�FRQYH\�

WKH�LGHD�EHKLQG�WKH�YLVXDOL]DWLRQ�VW\OH��ZKLFK�LV�WR�IRFXV�RQ�D�VHOHFWHG�EXLOGLQJ�ZLWKRXW�

RYHUZKHOPLQJ�WKH�YLHZHU�ZLWK�VXUURXQGLQJ�LQIRUPDWLRQ�QRU�FXWWLQJ�RXW�DOO�WKH�FRQWH[W��7HVWLQJ�

ZLOO�EH�GRQH�RQ�VLWH�WR�DFWXDOO\�VHH�DQG�IHHO�WKH�YLVXDOL]DWLRQ�LQ�WKH�UHDO�ZRUOG��

�

�� ,PSURYH�WKH�XVHU�H[SHULHQFH�RI�WKH�DSSOLFDWLRQ�

�

7KH�XVHUV�NQRZ�KRZ�WR�XVH�WKH�DSS�EDVHG�RQ�LQIRUPDWLRQ�ZLWKLQ�LW��7KH�DSS�VKRXOG�SURYLGH�

LQIRUPDWLRQ�IRU�WKH�XVHUV�RQ�WKH�ORFDWLRQ�RI�WKH�EXLOGLQJV�DQG�WKHLU�YLHZLQJ�SRLQW�LQ�RUGHU�WR�OHW�

WKH�V\VWHP�WUDFN�WKHP�DQG�YLVXDOL]H�WKHP��7KH�XVHU�LQWHUIDFH�VKRXOG�EH�FOHDQ�DQG�PLQLPDOLVWLF�WR�

NHHS�WKH�YLVXDOL]DWLRQ�WKH�PDLQ�IRFXV��2WKHU�IXQFWLRQV�FDQ�EH�DGGHG�WR�WKH�DSS�WR�LPSURYH�WKH�

XVDELOLW\�RI�XUEDQ�SODQQHUV��

�

�� (YDOXDWLRQ��

�

(YDOXDWLRQ�LV�LPSRUWDQW�IRU�WKH�LPSURYHPHQW�RI�DQ�DSS�DQG�FDQ�SURYLGH�LQVLJKWV�IRU�IXWXUH�

GHYHORSPHQW��7KH�HYDOXDWLRQ�ZLOO�EH�GRQH�IRU�WKLV�DSS�LQ�WHUPV�RI�LWV�GHYHORSPHQW�PHWKRG�DQG�

WKH�ILQDO�SURGXFW��7KH�FULWHULD�RI�HYDOXDWLRQ�ZLOO�EH�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ��
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����(YDOXDWLRQ�&ULWHULD��

�
7KH�HYDOXDWLRQ�RI�WKH�DSS�LV�JRLQJ�WR�EH�GLYLGHG�LQWR�WKUHH�JHQHUDO�FDWHJRULHV��

�

�� 6HOHFWLRQ�DQG�SHUIRUPDQFH�RI�WKH�6'.�

�

7KH�$5)RXQGDWLRQ�6'.�DQG�WKH�$5&RUH�H[WHQVLRQ�DUH�VHOHFWHG�IURP�D�ZLGH�UDQJH�RI�

DYDLODEOH�$5�GHYHORSPHQW�WRRONLWV��7KH�HYDOXDWLRQ�VHFWLRQ�ZLOO�UHYLHZ�WKHLU�

SHUIRUPDQFH�LQ�WKH�DSS�GHYHORSPHQW�SURFHVV��SRLQWLQJ�RXW�WKH�EXJV�DQG�JOLWFKHV�IRXQG�

GXULQJ�WKH�SURFHVV��GLVFXVV�WKH�OLPLWDWLRQV�RI�WKH�GRFXPHQWDWLRQ�DQG�KHOS�SURYLGHG��DQG�

GLVFXVV�WKH�SURV�DQG�FRQV�RI�VHOHFWLQJ�WKH�6'.�IRU�D�PRELOH�$5�DSS�GHYHORSPHQW���

�

�� 6HOHFWLRQ�DQG�SHUIRUPDQFH�RI�WKH�VHOHFWHG�WUDFNLQJ�PHWKRG�

�

7KH�PXOWL�LPDJH�EDVHG�WUDFNLQJ�PHWKRG�LV�FKRVHQ�IRU�WKLV�RXWGRRU�PRELOH�$5�DSS��

$OWKRXJK�WKH�PHWKRG�LV�FKRVHQ�GXH�WR�LWV�OLJKWZHLJKWQHVV�DQG�UREXVWQHVV��LPDJH�

WUDFNLQJ�LV�QRW�RSWLPL]HG�IRU�WUDFNLQJ�ELW�RXWGRRU��'�IHDWXUHV�VXFK�DV�EXLOGLQJV��7KH�

HYDOXDWLRQ�ZLOO�UHYLHZ�WKH�FKDOOHQJH�DQG�OLPLWDWLRQV�IDFHG�LQ�WKH�GHYHORSPHQW�SURFHVV�

ZKHQ�WKH�WUDFNLQJ�V\VWHP�LV�LPSOHPHQWHG���

�

�� &RPSDULVRQ�RI�WKH�WZR�EXLOGLQJ�PRGHO�W\SHV�

�

$V�PHQWLRQHG�LQ�VHFWLRQ������WZR�GLIIHUHQW�DSSURDFKHV�ZLOO�EH�GRQH�IRU�JDWKHULQJ�DQG�

FUHDWLQJ�WKH�VXLWDEOH�EXLOGLQJ�PRGHOV�IRU�WKH�YLVXDOL]DWLRQ��7KH�HYDOXDWLRQ�ZLOO�FRPSDUH�

WKH�WZR�DSSURDFKHV�LQ�WHUPV�RI�WLPH�FRVW�HIIHFWLYHQHVV��SUHFLVHQHVV��DQG�YLVXDOL]DWLRQ�

HIIHFWLYHQHVV���

�

7KH�WLPH�RI�LPSOHPHQWDWLRQ�RI�HDFK�PRGHO�W\SH�ZLOO�EH�UHFRUGHG�DQG�FRPSDUHG��

&DOFXODWLRQ�ZLOO�EH�GRQH�WR�DQDO\]H�KRZ�PDQ\�SL[HOV�OD\�LQVLGH�DQG�RXWVLGH�WKH�EXLOGLQJ�

DV�GHFLGHG��DV�DQ�DFFRXQW�IRU�WKH�SUHFLVHQHVV�RI�XVLQJ�HDFK�W\SH�RI�WKH�EXLOGLQJ�PRGHO��

&RPPHQWV�ZLOO�EH�PDGH�IRU�WKH�YLVXDOL]DWLRQ�HIIHFWLYHQHVV�EDVHG�RQ�WKH�$5�H[SHULHQFH�

WKH\�FDQ�SURYLGH�WR�WKH�XVHUV��

�

�
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�

� ,PSOHPHQWDWLRQ�

����,PSOHPHQWLQJ�WKH�,PDJH�7UDFNLQJ�6\VWHP�
�

:LWK�WKH�FRQFHSWV�DQG�JXLGHOLQHV�H[SODLQHG�LQ�FKDSWHU����WKLV�VHFWLRQ�ZLOO�IRFXV�RQ�WKH�

LPSOHPHQWDWLRQ�RI�WKH�LPDJH�EDVHG�WUDFNLQJ�V\VWHP�IRU�WUDFNLQJ�PXOWLSOH�EXLOGLQJV�RXWGRRUV�LQ�

WKH�DUHD�RI�6WXWWJDUW�1RUGEDKQKRI��7KH�LPSOHPHQWDWLRQ�LV�EURNHQ�GRZQ�LQWR���SKDVHV��

�

���%XLOGLQJ�WKH�UHIHUHQFH�LPDJH�OLEUDU\�

���0RGLI\LQJ�WKH�³$XJPHQWHG�,PDJH´�$3,�LQ�$5)RXQGDWLRQ�WR�WUDFN�PXOWLSOH�WDUJHWHG�

EXLOGLQJV�

���7HVWLQJ�DQG�PRGLILFDWLRQ�

�

������5HIHUHQFH�,PDJH�/LEUDU\��

�

7KH�FDSWXUH�RI�WKH�UHIHUHQFH�LPDJH�DQG�FRQVWUXFWLRQ�RI�WKH�UHIHUHQFH�LPDJH�OLEUDU\�ZLOO�IROORZ�

WKH�VWHSV�OLVWHG�LQ�VHFWLRQ�����DERYH��7KH�VWHSV�RSWLPL]H�WKH�GDWDEDVH�IRU�HIIHFWLYH�RXWGRRU�

WUDFNLQJ�DQG�DOVR�SURYLGH�D�EHWWHU�XVHUV¶�$5�H[SHULHQFH�ZKHQ�QDYLJDWLQJ�ZLWK�WKH�DSS���

�

�� 6HW�XS�D�URXWH�IRU�WKH�XVHUV�

�

7KH�URXWH�VHOHFWHG�IRU�WKLV�$5�DSS�VWDUWV�IURP�/|ZHQWRUEU�FNH�DQG�HQGV�DW�3UHVVHOVWUDVVH��7KH�

URXWH�VWDUWHG�RQ�D�OLIWHG�IRRWEULGJH�DQG�VORZO\�GHFOLQHG�WR�JURXQG�OHYHO��,W�SDVVHV�WKURXJK�D�

VHULHV�RI�RIILFH�KLJK�ULVH�EXLOGLQJV�LQ�WKH�EORFN�ZLWK�D�FOHDU�YLHZ��7KH�URXWH�WKHQ�WXUQV�WR�D�VWUHHW�

ZKHUH�VRPH�UHVLGHQWLDO�EXLOGLQJV�FDQ�EH�IRXQG���

�
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�

)LJXUH����0DS�IRU�WKH�6HOHFWHG�5RXWH�IRU�WKH�$5�DSS�VWDUWLQJ�DW�/|ZHQWRUEU�FNH�DQG�

HQGLQJ�DW�3UHVVHOVWUDVVH�

�

7KH�URXWH�LV�SLFNHG�IRU�WKH�IROORZLQJ�UHDVRQV��

�

� ,W�SURYLGHV�FOHDU�YLHZV�RI�D�VHULHV�RI�EXLOGLQJV�RQ�D�SHGHVWULDQ�OHYHO��7KLV�LV�WKH�PRVW�

FUXFLDO�FULWHULRQ��&OHDU�YLHZV�RI�EXLOGLQJV�DOORZ�WKH�V\VWHP�WR�SURSHUO\�GHWHFW�DQG�WUDFN�

WKHP�IURP�WKH�XVHUV¶�SRLQW�RI�YLHZ��

� 7KH�VHOHFWLRQ�RI�EXLOGLQJV�KDV�YDULHWLHV��,W�FRQWDLQV�KLJK�ULVH�RIILFH�EXLOGLQJV�ZLWK�

XQLTXH�IRUPV�DQG�DOVR�PRUH�VWDQGDUGL]HG�UHVLGHQWLDO�EXLOGLQJV��7KLV�SURYLGHV�WKH�

RSSRUWXQLW\�WR�WHVW�RXW�WKH�FDSDFLW\�RI�WKH�WUDFNLQJ�V\VWHP��

� ,W�OLHV�RQ�D�UHODWLYHO\�TXLHW�ZDON�SDWK��7KH�URXWH�WKDW�VHWV�RQ�D�OHVV�EXV\�VWUHHW�FDQ�

LQFUHDVH�WKH�OHYHO�RI�VDIHW\�IRU�WKH�XVHUV��ZKLOH�WKH\�DUH�SDUWLDOO\�IRFXVHG�RQ�WKH�PRELOH�

GHYLFH�IRU�WKH�$5�H[SHULHQFH��

� ,W�PDLQO\�FRQVLVWV�RI�D�³SHGHVWULDQ�RQO\´�SDWK��7KH�DEVHQFH�RI�FDUV�DQG�RWKHU�PRYLQJ�

REMHFWV�FDQ�UHGXFH�WKH�GLVWXUEDQFH�DQG�LQFUHDVH�WKH�DFFXUDF\�RI�WKH�WUDFNLQJ��

�

�

�

�
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�� 6HOHFW�WKH�REVHUYDWLRQ�SRLQWV�

�

'HILQHG�LQ�VHFWLRQ�����WKH�REVHUYDWLRQ�SRLQWV�VKRXOG�FRQWDLQ�D�FOHDU�YLHZ�RI�D�EXLOGLQJ�WKURXJK�

WKH�FDPHUD�RI�D�VPDUWSKRQH��7KH�SRLQW�VKRXOG�QRW�EH�WRR�KDUG�WR�UHDFK�WR�HQVXUH�WKH�VDIHW\�RI�WKH�

XVHUV��7KH�YLHZLQJ�DQJOH�VKRXOG�QRW�EH�WRR�WLOWHG��)RU�H[DPSOH��LW�VKRXOG�QRW�UHTXLUH�WKH�XVHUV�WR�

ORRN�ZLWK�WKHLU�KHDGV�XS��2WKHUZLVH��WKH�RYHUO\�WLOWHG�DQJOH�ZLOO�REVFXUH�WKH�GHWHFWLRQ�IURP�WKH�

WUDFNLQJ�V\VWHP���

�

�

)LJXUH����0DS�VKRZLQJ�WKH�VHOHFWHG�REVHUYDWLRQ�SRLQWV��YLHZ�GLUHFWLRQ��DQG�GHVLJQDWHG�

EXLOGLQJV��

�

7KH�UHG�FLUFOHV�LQ�WKH�LPDJH�DERYH�VKRZ�WKH�VHOHFWHG�REVHUYDWLRQ�SRLQWV��7KH�SLQN�DUURZKHDG�

UHSUHVHQWV�WKH�GLUHFWLRQ�IRU�YLHZLQJ��7KH�SXUSOH�EXLOGLQJV�LQ�WKH�PDSV�VKRZ�WKH�WDUJHWHG�

EXLOGLQJV�WKDW�DUH�JRLQJ�WR�EH�WUDFHG�DQG�YLVXDOL]HG�LQ�WKLV�$5�DSS��7KHUH�DUH�VRPH�EXLOGLQJV�LQ�

WKH�DUHD�WKDW�ZLOO�QRW�EH�LQFOXGHG�LQ�WKH�DSS��7KH�UHDVRQV�LQFOXGH��

�

� 7RR�PXFK�REVWUXFWLRQ�VXFK�DV�SODQWV�RU�RWKHU�EXLOGLQJV�LV�VLWWLQJ�LQ�IURQW�RI�WKH�EXLOGLQJ���

� 6RPH�EXLOGLQJV�DUH�WRR�WDOO�WR�EH�VHHQ�ZKROH�ZLWKRXW�WLOWLQJ�WKH�FDPHUD�WRR�PXFK��

� 7KH�/RFDWLRQV�RI�WKH�EXLOGLQJV�DUH�WRR�FORVH�WR�WKH�URXWH��2QO\�SDUW�RI�WKH�IDFDGH�FDQ�EH�

VHHQ��

�

,Q�WRWDO�����REVHUYDWLRQ�SRLQWV�DUH�VHOHFWHG��PHDQLQJ�WKDW�WKHUH�ZLOO�EH����GHVLJQDWHG�EXLOGLQJV�LQ�

WKH�DSS�WKDW�FDQ�EH�YLVXDOL]HG�ZLWK�WKH�JUD\VFDOH�PDVNLQJ�ILOWHU��
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�

�� &DSWXUH�WKH�LPDJHV�LQ�WKH�GD\WLPH�ZLWK�QHXWUDO�ZHDWKHU�DQG�OLJKWLQJ�

�

2QFH�WKH�REVHUYDWLRQ�SRLQWV�DQG�GHVLJQDWHG�EXLOGLQJV�DUH�VHOHFWHG��WKH�QH[W�VWHS�ZLOO�EH�WR�

DFWXDOO\�FDSWXUH�WKH�LPDJHV�IRU�WKH�UHIHUHQFH�LPDJH�OLEUDU\��)ROORZLQJ�WKH�UXOHV�VWDWHG�LQ�VHFWLRQ�

�����WKH�LPDJHV�QHHG�WR�EH�WDNHQ�LQ�D�GD\WLPH�ZLWK�QHXWUDO�ZHDWKHU�DQG�DGHTXDWH�OLJKWLQJ��

,PDJHV�DUH�WDNHQ�DQG�VHOHFWHG�DW�WKH����REVHUYDWLRQ�SRLQWV���

�

�

)LJXUH����&DSWXUHG�UHIHUHQFH�LPDJHV�IRU�WKH�UHIHUHQFH�LPDJH�OLEUDU\�

�

7KH�LPDJHV�DUH�WDNHQ�RQ�D�FORXG\�DIWHUQRRQ��$�FORXGOHVV�VN\�FRXOG�KDYH�EHHQ�D�EHWWHU�

DOWHUQDWLYH��EXW�LW�LV�UDUH�LQ�WKH�ZLQWHU�RI�6WXWWJDUW��,Q�WKLV�FDVH��WKH�VN\�LV�FRYHUHG�E\�D�OD\HU�RI�

VWUDWXV�FORXG��7KH�KRPRJHQHLW\�RI�WKH�FORXG�FRYHU�SURYLGHV�DQ�DFFHSWDEOH�UHVXOW�IRU�WKH�LPDJHV��
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1R�SUHFLSLWDWLRQ�ZDV�UHFRUGHG�RQ�WKH�GD\�RI�FDSWXULQJ�WKH�LPDJHV��(DFK�LPDJH�LV�����̴î̴�����

LQ�UHVROXWLRQ�ZLWK�WKH������SURSRUWLRQ��

�

0RYLQJ�REMHFWV�VXFK�DV�RWKHU�SHGHVWULDQV�DQG�YHKLFOHV�DUH�DYRLGHG�ZKHQ�FDSWXULQJ�WKH�LPDJHV��

+RZHYHU��IHDWXUHV�VXFK�DV�WUHH�EUDQFKHV�DQG�URDG�VLJQV�DUH�GLIILFXOW�WR�DYRLG��%XW�VLQFH�WKHVH�

IHDWXUHV�DUH�PRVWO\�JRLQJ�WR�VWD\�WKHUH�ZKHQ�WKH�XVHUV�DUH�XVLQJ�WKH�DSS��WKH\�VKRXOG�QRW�SRVH�

DQ\�VHULRXV�SUREOHP�WR�WKH�WUDFNLQJ�V\VWHP��

�

�

�� ,PSRUW�WKH�LPDJHV�DQG�HVWLPDWH�WKH�GLPHQVLRQV�

�

,I�WKH�$5)RXQGDWLRQ�6'.�LV�SURSHUO\�LQVWDOOHG�DQG�VHW�XS�LQ�WKH�8QLW\�SURMHFW�IROORZLQJ�WKH�

VWHSV�LQ�VHFWLRQ������D�5HIHUHQFH�,PDJH�/LEUDU\�SUHIDE�FDQ�EH�DGGHG�LQ�WKH�SURMHFW��7KH�

5HIHUHQFH�,PDJH�/LEUDU\�SUHIDE�FDQ�VWRUH�XS�WR������LPDJHV�DQG�WUDFN�XS�WR����LPDJHV�DW�RQH�

WLPH��$IWHU�LPSRUWLQJ�WKH�FDSWXUHG�LPDJHV�WR�8QLW\�DV�DVVHWV��WKH\�FDQ�EH�DGGHG�WR�WKH�5HIHUHQFH�

,PDJH�/LEUDU\�SUHIDE�E\�KROGLQJ�DQG�GUDJJLQJ��)RU�HDFK�LPDJH��D�FXVWRP�GLPHQVLRQ�FDQ�EH�

VSHFLILHG��6SHFLI\LQJ�WKH�VL]H�RI�WKH�LPDJHV�DFFRUGLQJ�WR�WKHLU�VL]H�LQ�WKH�UHDO�ZRUOG�FDQ�KHOS�WKH�

WUDFNLQJ�V\VWHP�WR�PRUH�HDVLO\�UHFRJQL]H�DQG�UHJLVWHU�WKH�REMHFW���

�

7KH�VL]H�RI�WKH�LPDJHV�LQ�WKH�UHDO�ZRUOG�ZDV�URXJKO\�HVWLPDWHG�E\�WKH�KHLJKW�RI�WKH�EXLOGLQJV��

7KH�KHLJKW�RI�WKH�EXLOGLQJV�LV�UHIHUHQFHG�WR�WKH�&LW\*0/�GDWD��$IWHU�NQRZLQJ�WKH�KHLJKW�RI�WKH�

EXLOGLQJ��WKH�OHQJWK�RI�WKH�VSDFH�RXWVLGH�WKH�EXLOGLQJ�LV�HVWLPDWHG�DQG�DGGHG�WR�WKH�WRWDO�KHLJKW�

RI�WKH�HQWLUH�LPDJH��7KH�V\VWHP�ZLOO�DXWRPDWLFDOO\�FDOFXODWH�WKH�ZLGWK�RI�WKH�LPDJHV�DIWHU�WKH�

KHLJKW�LV�LQSXW�LQ�PHWHUV��

�
������7UDFNLQJ�PXOWLSOH�LPDJHV�

�

7KH�$5)RXQGDWLRQ�6'.�SURYLGHV�WKH�³$XJPHQWHG�,PDJHV´�$3,�IRU�LPDJH�EDVHG�WUDFNLQJ�LQ�

8QLW\��,W�FDQ�EH�DGGHG�DV�D�GHIDXOW�FRPSRQHQW�FDOOHG�³$5�7UDFNHG�,PDJH�0DQDJHU´�XQGHU�WKH�

$56HVVLRQ2ULJLQ�DV�D�FKLOG��7KH�$3,�VXSSRUWV�D�5HIHUHQFH�,PDJH�/LEUDU\�DV�DQ�LQSXW�WKDW�FDQ�

FRQWDLQ�XS�WR������LPDJHV�DQG�FDQ�WUDFN�XS�WR����PRYLQJ�LPDJHV�DW�RQH�WLPH�DV�PHQWLRQHG�LQ�

WKH�SUHYLRXV�VXEVHFWLRQ��7KH�QXPEHU�RI�WUDFNHG�LPDJHV�DW�RQH�WLPH�LV�FXVWRPL]DEOH�E\�WKH�

GHYHORSHU�IRU�RSWLPL]LQJ�KDUGZDUH�SHUIRUPDQFH��7KHUH�LV�DOVR�D�ILHOG�WR�VHW�WKH�³7UDFNHG�,PDJH�

3UHIDE´��WKDW�ZLOO�LQVWDQWLDWH�ZKHQ�HDFK�RI�WKH�LPDJHV�LV�EHLQJ�WUDFNHG��+RZHYHU��WKH�$3,�RQO\�

DOORZV���SUHIDE�WR�EH�VSDZQHG�HYHQ�ZKHQ�GLIIHUHQW�LPDJHV�DUH�EHLQJ�WUDFNHG���
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�

7KLV�DSS�UHTXLUHV�D�GLIIHUHQW�PRGHO�WR�EH�LQVWDQWLDWHG�ZKHQ�D�GLIIHUHQW�EXLOGLQJ�LV�EHLQJ�

GHWHFWHG��(DFK�GHVLJQDWHG�EXLOGLQJ�UHTXLUHV�LWV�RZQ�PRGHO�WR�EH�PDVNHG��7R�DFKLHYH�WKDW��D�&��

VFULSW�LV�ZULWWHQ�WR�SURYLGH�H[WUD�FRPPDQGV�WR�WKH�$XJPHQWHG�,PDJH�$3,��7KH�VFULSW�ZLOO�DOORZ�

WKH�$3,�WR�VSDZQ�GLIIHUHQW�SUHIDEV�ZKHQ�D�GLIIHUHQW�LPDJH�LV�EHLQJ�WUDFNHG�DFFRUGLQJ�WR�WKH�ILOH�

QDPHV�RI�WKH�SUHIDEV�DQG�WKH�LPDJHV��

�

7R�VWDUW�ZLWK��WKH�VFULSW�QHHGV�WR�LPSRUW�VRPH�QDPHVSDFHV�WKDW�DUH�UHTXLUHG�WR�DFFHVV�DQG�XVH�WKH�

FODVVHV�UHODWHG�WR�$5�WUDFNLQJ��,PSRUWLQJ�WKHVH�QDPHVSDFHV�DOORZV�WKH�XVH�RI�IXQFWLRQV�VXFK�DV�

$57UDFNHG,PDJH0DQDJHU�LQ�WKH�VFULSW��

�
$IWHU�LPSRUWLQJ�WKH�QHHGHG�QDPHVSDFHV��D�IHZ�YDULDEOHV�DUH�GHFODUHG��$�VHULDOL]HG�ILHOG�WKDW�LV�

DQ�DUUD\�RI�JDPH�REMHFWV�LV�GHFODUHG�DV�SODFHDEOH3UHIDEV��7KLV�ZLOO�ODWHU�DOORZ�WKH�SUHIDEV�WKDW�

ZLOO�VSDZQ�ZLWK�WKH�WUDFNHG�EXLOGLQJV�WR�EH�DGGHG�WR�WKH�OLVW��$�SULYDWH�GLFWLRQDU\�LV�GHFODUHG�DV�

VSDZQHG3UHIDEV�WR�FRQWDLQ�WKH�QDPH�RI�WKH�SUHIDEV�LQ�WKH�OLVW���$�3ULYDWH�

$57UDFNHG,PDJH0DQDJHU�LV�DOVR�GHFODUHG���

�

�
7R�SRSXODUL]H�WKH�GLFWLRQDU\�GHFODUHG�DERYH��D�IRU�HDFK�ORRS�LV�XVHG�WR�JR�WKURXJK�DOO�DQG�HDFK�

RI�WKH�SODFHDEOH�SUHIDEV�LQ�WKH�VHULDOL]HG�OLVW�DV�WKH�VFULSW�LQVWDQFH��7KH�ORRS�SUHVSDZQV�WKH�

SUHIDEV��JHWV�WKH�QDPHV�RI�WKHP��DQG�DGGV�WKH�JDPH�REMHFWV�DQG�WKH�QDPHV�LQWR�WKH�GLFWLRQDU\��

�
�
�
�
�
�
�
�
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XVLQJ�8QLW\(QJLQH�;5��
XVLQJ�8QLW\(QJLQH�;5�$5)RXQGDWLRQ��
XVLQJ�8QLW\(QJLQH�;5�$56XEV\VWHPV��

>6HULDOL]H)LHOG@�
SULYDWH�*DPH2EMHFW>@�SODFHDEOH3UHIDEV��
�
SULYDWH�'LFWLRQDU\�VWULQJ��*DPH2EMHFW!�VSDZQHG3UHIDEV� �QHZ�'LFWLRQDU\�VWULQJ��
*DPH2EMHFW!����
�
SULYDWH�$57UDFNHG,PDJH0DQDJHU�WUDFNHG,PDJH0DQDJHU��
�
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�

7KH�QH[W�SDUW�RI�WKH�VFULSW�LV�WR�VHW�D�IXQFWLRQ�WR�JHW�WKH�VWDWXV�RI�WKH�WUDFNHG�LPDJH�DQG�FKDQJH�

WKH�EHKDYLRXU�RI�WKH�SURJUDP�ZKHQ�WKH�VWDWXV�LV�FKDQJHG��7KH�VWDWXV�RI�WKH�WUDFNHG�LPDJHV�LV�

REWDLQHG�IURP�WKH�FODVV�$57UDFNHG,PDJHV&KDQJHG(YHQW$UJV��,W�WHOOV�LI�WKH�VWDWXV�RI�WKH�LPDJH�

LV�DGGHG��XSGDWHG�RU�UHPRYHG��7KLV�IXQFWLRQ�JLYHV�D�FRPPDQG�WKDW�LI�D�QHZ�LPDJH�LV�GHWHFWHG�RU�

PRYHG�GXULQJ�WKH�WUDFNLQJ�LQ�WKH�DSS��WKH�LPDJH�ZLOO�EH�XSGDWHG�WR�WKH�VFULSW�IRU�WKH�QH[W�

IXQFWLRQ��,I�WKH�WDFNHG�LPDJH�LV�UHPRYHG�IURP�WKH�FDPHUD��WKH�VSDZQHG�SUHIDE�ZLOO�EH�VHW�

LQDFWLYH�DQG�UHPRYHG�IURP�WKH�VFHQH��

�

�
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SULYDWH�YRLG�$ZDNH���
^�

WUDFNHG,PDJH0DQDJHU� �)LQG2EMHFW2I7\SH�$57UDFNHG,PDJH0DQDJHU!����
�

IRUHDFK�*DPH2EMHFW�SUHIDE�LQ�SODFHDEOH3UHIDEV��
^�

*DPH2EMHFW�QHZ3UHIDE� �,QVWDQWLDWH�SUHIDE��9HFWRU��]HUR��
4XDWHUQLRQ�LGHQWLW\���

QHZ3UHIDE�QDPH� �SUHIDE�QDPH��
VSDZQHG3UHIDEV�$GG�SUHIDE�QDPH��QHZ3UHIDE���

`�
`�

SULYDWH�YRLG�,PDJH&KQDJHG�$57UDFNHG,PDJHV&KDQJHG(YHQW$UJV�HYHQW$UJV��
^�

IRUHDFK�$57UDFNHG,PDJH�WUDFNHG,PDJH�LQ�HYHQW$UJV�DGGHG��
^�

8SGDWH,PDJH�WUDFNHG,PDJH���
`�
IRUHDFK�$57UDFNHG,PDJH�WUDFNHG,PDJH�LQ�HYHQW$UJV�XSGDWHG��
^�

LI��WUDFNHG,PDJH�WUDFNLQJ6WDWH�  �7UDFNLQJ6WDWH�7UDFNLQJ��
� ^�
� 8SGDWH,PDJH�WUDFNHG,PDJH���
� `�
�
� HOVH�
� ^�
� 'HVWUR\�VSDZQHG3UHIDEV>WUDFNHG,PDJH�QDPH@���
� VSDZQHG3UHIDEV>WUDFNHG,PDJH�QDPH@�6HW$FWLYH�IDOVH���
� �`�

`�
IRUHDFK�$57UDFNHG,PDJH�WUDFNHG,PDJH�LQ�HYHQW$UJV�UHPRYHG��
^�

VSDZQHG3UHIDEV>WUDFNHG,PDJH�QDPH@�6HW$FWLYH�IDOVH���
`�

`�
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7KH�ODVW�IXQFWLRQ�RI�WKH�VFULSW�LV�WR�JHW�WKH�QDPH�RI�WKH�WUDFNHG�LPDJH�WKDW�LV�LQVLGH�WKH�UHIHUHQFH�

LPDJH�OLEUDU\��,I�WKH�QDPH�RI�WKH�LPDJH�PDWFKHV�WKH�QDPH�RI�WKH�SUHIDE�LQ�WKH�SODFHDEOH�SUHIDEV�

OLVW��WKH�SUHIDE�ZLOO�VSDZQ�DFFRUGLQJ�WR�WKH�SRVLWLRQ�DQG�WKH�URWDWLRQ�RI�WKH�WUDFNHG�LPDJH��7KH�

VSDZQHG�SUHIDEV�ZLOO�PRYH�DQG�URWDWH�ZKHQ�WKH�FDPHUD�RU�WKH�WUDFNHG�LPDJH�PRYHV��,I�D�SUHIDE�

KDV�D�QDPH�WKDW�GRHV�QRW�PDWFK�DQ\�RI�WKH�WUDFNHG�LPDJHV��LW�ZLOO�EH�VHW�DV�LQDFWLYH�DQG�ZLOO�QRW�

EH�UHQGHUHG�LQ�WKH�VFHQH��

�

�

�
7KH�ILQLVKHG�VFULSW�LV�DGGHG�DV�D�QHZ�FRPSRQHQW�WR�WKH�$56HVVLRQ2ULJLQ��7KH�GHFODUHG�

VHULDOL]HG�ILHOG�RI�SODFHDEOH�SUHIDEV�QRZ�DOORZV�WKH�QXPEHU�RI�SODFHDEOH�SUHIDEV�WR�EH�VHW�DQG�

DGGHG�WR�WKH�DUUD\�RQ�8QLW\¶V�XVHU�LQWHUIDFH��2QFH�WKH�SODFHDEOH�SUHIDEV�DUH�DGGHG�WR�WKH�OLVW��WKH�

VFULSW�FDQ�QRZ�EH�WHVWHG�ZLWK�D�EXLOW�DSS�UXQQLQJ�RQ�WKH�GHYLFH���

�
������7HVWLQJ�DQG�0RGLILFDWLRQ��

�

7KH�PXOWL�LPDJHV�WUDFNLQJ�V\VWHP�LV�LPSOHPHQWHG�DQG�WHVWHG�LQGRRUV�ZLWK�VPDOOHU�REMHFWV��7ZR�

GLIIHUHQW�FXERLGV�LQ�GLIIHUHQW�VL]HV�DUH�EXLOW�LQ�8QLW\�WR�VSDZQ�ZKHQ�D�SDSHU�ER[�DQG�D�PLQW�

FDQG\�ER[�DUH�EHLQJ�WUDFNHG��7KH�WHVW�UHVXOW�VKRZV�WKDW�WKH�V\VWHP�LV�DEOH�WR�WUDFN�WKH�WZR�ER[HV�

DQG�VSDZQ�WKHLU�FRUUHVSRQGLQJ�REMHFW�VXFFHVVIXOO\��7KH�IROORZLQJ�ILJXUH�VKRZV�WKH�UHIHUHQFH�

REMHFW�DQG�WKH�WHVW�UHVXOW�RQ�WKH�GHYLFH��

²����²�

SULYDWH�YRLG�8SGDWH,PDJH�$57UDFNHG,PDJH�WUDFNHG,PDJH��
^�

VWULQJ�QDPH� �WUDFNHG,PDJH�UHIHUHQFH,PDJH�QDPH��
9HFWRU��SRVLWLRQ� �WUDFNHG,PDJH�WUDQVIRUP�SRVLWLRQ��
4XDWHUQLRQ�URWDWLRQ� �WUDFNHG,PDJH�WUDQVIRUP�URWDWLRQ��

�
*DPH2EMHFW�SUHIDE� �VSDZQHG3UHIDEV>QDPH@��
SUHIDE�WUDQVIRUP�SRVLWLRQ� �SRVLWLRQ��
SUHIDE�WUDQVIRUP�URWDWLRQ� �URWDWLRQ��
SUHIDE�6HW$FWLYH�WUXH���

�
IRUHDFK�*DPH2EMHFW�JR�LQ�VSDZQHG3UHIDEV�9DOXHV��
^�

LI�JR�QDPH�� �QDPH��
^�

JR�6HW$FWLYH�IDOVH���
`�

`�
`�



�
�0DVWHU�7KHVLV������

-XVWLQ�-LQJ�+XL�
�

�

)LJXUH����7HVWLQJ�UHVXOW�RI�WKH�PXOWL�LPDJH�WUDFNLQJ�LPSOHPHQWDWLRQ�

�

+RZHYHU��D�SUREOHP�LV�VKRZQ�GXULQJ�WKH�WHVW��$OWKRXJK�EHLQJ�LQFOXGHG�LQ�WKH�IXQFWLRQ�LQ�WKH�

SUHYLRXV�VFULSW��WKH�V\VWHP�VRPHWLPHV�IDLOV�WR�GHDFWLYDWH�WKH�VSDZQHG�REMHFW�HYHQ�LI�WKH�WUDFNHG�

LPDJH�LV�UHPRYHG�IURP�WKH�VFHQH��7KH�VSDZQHG�SUHIDE�ZLOO�VWD\�DQG�KRYHU�DW�WKH�HGJH�RI�WKH�$5�

VFHQH��7KH�SUREOHP�LV�OLNHO\�D�JOLWFK�LQ�WKH�$5)RXQGDWLRQ�6'.��7R�WDFNOH�WKH�SUREOHP��DQ�H[WUD�

EXWWRQ�DQG�&��VFULSW�DUH�DGGHG�WR�WKH�DSS��%\�SXVKLQJ�WKH�EXWWRQ��WKH�DSS�ZLOO�WHUPLQDWH�WKH�

FXUUHQW�VFHQH�DQG�$56HVVLRQ�DQG�UHVWDUW�WKHP��%\�UHVHWWLQJ�WKH�$56HVVLRQ��DOO�WUDFNLQJ�SURJUHVV�

ZLOO�EH�UHVHW��WKH�RULJLQ�SRLQWV�RI�WKH�$5�GHYLFH�ZLOO�EH�UHFDOFXODWHG��DQG�DOO�VSDZQHG�REMHFWV�

ZLOO�EH�GHVWUR\HG��7KH�V\VWHP�ZLOO�VWDUW�WUDFNLQJ�IURP�WKH�JURXQG�XS�DJDLQ���

�

�
7KH�VFULSW�VLPSO\�XVHG�WKH�/RDG6FHQH�FODVV�LQ�WKH�6FHQH0DQDJHPHQW�QDPHVSDFH�DQG�WKH�5HVHW�

FODVV�IRU�$56HVVLRQ�WR�UHVWDUW�WKH�ZKROH�VHVVLRQ��7KH�SXEOLF�$56HVVLRQ�YDULDEOH�LV�GHILQHG�LQ�

WKH�8QLW\�LQWHUIDFH�DV�WKH�FXUUHQW�XVLQJ�$56HVVLRQ��7KH�SXEOLF�YRLG�YDULDEOH�LV�OLQNHG�WR�D�

EXWWRQ�WR�DFWLYDWH�RQ�FOLFN��

²����²�

XVLQJ�6\VWHP�&ROOHFWLRQV��
XVLQJ�6\VWHP�&ROOHFWLRQV�*HQHULF��
XVLQJ�8QLW\(QJLQH��
XVLQJ�8QLW\(QJLQH�;5�$5)RXQGDWLRQ��
XVLQJ�8QLW\(QJLQH�6FHQH0DQDJHPHQW��
�
SXEOLF�FODVV�UHVHWV���0RQR%HKDYLRXU^�

�
SXEOLF�$56HVVLRQ�VHVVLRQ��

�
SXEOLF�YRLG�UHVHWVHVVLRQ���

� ^�
� 6FHQH0DQDJHU�/RDG6FHQH��,PDJH7UDFNLQJ����
� VHVVLRQ�5HVHW����
� `�
`�
�
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����*DWKHULQJ�DQG�FUHDWLQJ�VXLWDEOH�PRGHOV�IRU�YLVXDOL]DWLRQ�
�

$V�GLVFXVVHG�LQ�VHFWLRQ������D�FROOHFWLRQ�RI�KLJK�TXDOLW\�DQG�VXLWDEOH�PRGHOV�ZLOO�EHQHILW�WKH�

YLVXDOL]DWLRQ�DV�WKH\�SURYLGH�WKH�IRXQGDWLRQ�DQG�JHRPHWU\�IRU�WKH�UHQGHULQJ��,Q�WKLV�FDVH��D�

VXLWDEOH�EXLOGLQJ�PRGHO�FDQ�KHOS�WR�RXWOLQH�WKH�GHVLJQDWHG�EXLOGLQJ�DQG�SURYLGH�D�PRUH�SUHFLVH�

PDVNLQJ�IRU�WKH�PDVNHG�JUD\VFDOH�YLVXDOL]DWLRQ��,Q�WKLV�SURMHFW����GLIIHUHQW�W\SHV�RI�PRGHOV�ZLOO�

EH�WHVWHG��7KH�ILUVW�W\SH�LV�WKH��'�/2'��EXLOGLQJ�PRGHOV�IURP�D�UHDGLO\�DYDLODEOH�VHW�RI�

&LW\*0/�GDWD��7KH�VHFRQG�W\SH�ZLOO�EH�D�VHW�RI�PDQXDOO\�FUHDWHG�EXLOGLQJ�PRGHOV�LI�WKH�OHYHO�RI�

GHWDLO�LQ�WKH�&LW\*0/�GDWD�LV�QRW�VXIILFLHQW��

�

������8VLQJ�WKH�&LW\*0/�/2'��%XLOGLQJ�0RGHO�

�

'DWD�([WUDFWLRQ�DQG�&RQYHUVLRQ�

�

$�VHW�RI�&LW\*0/�GDWD�LV�DYDLODEOH�IRU�WKH�6WXWWJDUW�1RUGEDKQKRI��7R�XWLOL]H�WKH�GDWD�LQ�WKLV�DSS��

WKH�EXLOGLQJ�PRGHOV�LQ�WKH�&LW\*0/�GDWDVHW�QHHG�WR�EH�H[WUDFWHG�DQG�FRQYHUWHG�LQWR�LQGLYLGXDO�

EXLOGLQJ�PRGHOV�DV��2%-�ILOHV��ZKLFK�LV�D�ILOH�IRUPDW�VXSSRUWHG�E\�8QLW\��7R�VWDUW�ZLWK��DQ�)0(�

ZRUNEHQFK�LV�VHW�XS�WR�H[WUDFW�WKH�EXLOGLQJ�PRGHOV�IURP�WKH�GDWDVHW��7KH�UHVXOWV�IURP�WKH�)0(�

ZRUNEHQFK�DUH�D��'�FLW\�PRGHO�WKDW�RQO\�FRQWDLQV�WKH�EXLOGLQJV���

�

�

)LJXUH����%XLOGLQJ�0RGHOV�H[WUDFWHG�IURP�WKH�&LW\*0/�'DWD�

�

7KH�PRGHOV�DUH�LPSRUWHG�LQWR�D��'�&$'�VRIWZDUH��7KH�LQGLYLGXDO�EXLOGLQJ�PRGHOV�WKDW�DUH�LQ�

WKH�OLVW�RI�GHVLJQDWHG�EXLOGLQJV�DUH�VHOHFWHG�DQG�H[SRUWHG�LQWR�LQGLYLGXDO�2%-�ILOHV��$Q�2%-�ILOH�

VWRUHV�WKH�JHRPHWU\�RI�WKH�EXLOGLQJ�PRGHO�DQG�LV�VXSSRUWHG�E\�8QLW\��7KH�H[SRUWHG�ILOH�KDV�WR�
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XVH�D�ILOHQDPH�WKDW�LV�WKH�VDPH�DV�LWV�DFFRUGLQJ�UHIHUHQFH�LPDJH�LQ�RUGHU�IRU�WKH�PXOWL�LPDJH�

WUDFNLQJ�V\VWHP�WR�ZRUN��

�

2ULHQWDWLQJ�WKH�0RGHO�

�

2QFH�WKH�LQGLYLGXDO�2%-�ILOHV�DUH�UHDG\�DQG�LPSRUWHG�LQWR�8QLW\��WKH�QH[W�VWHS�LV�WR�RULHQWDWH�

WKHP�VR�WKDW�WKH\�ZLOO�EH�VSDZQHG�LQ�WKH�FRUUHFW�ORFDWLRQ�ZLWK�WKH�FRUUHFW�URWDWLRQ�ZKHQ�WKH�

DFFRUGLQJ�EXLOGLQJ�LV�GHWHFWHG�E\�WKH�LPDJH�WUDFNLQJ�V\VWHP��7KH�SODFHPHQW�RI�VSDZQHG�REMHFWV�

ZLWK�WKH�$5)RXQGDWLRQ�6'.¶V�$XJPHQWHG�,PDJH�$3,�LV�QRW�YHU\�FOHDUO\�GRFXPHQWHG��7KHUH�

DUH�DOVR�QR�YLVXDO�DLGV�WKDW�UHIHUHQFH�WKH�SRVLWLRQ�RI�WKH�UHIHUHQFH�LPDJHV�IRU�WKH�RULHQWDWLRQ�RI�

WKH�SODFHDEOH�SUHIDEV��7HVWV�KDYH�WR�EH�GRQH�WR�ILQG�RXW�WKH�H[DFW�SRVLWLRQ�RI�WKH�VSDZQHG�REMHFW�

LQ�UHODWLRQ�WR�WKH�UHIHUHQFH�LPDJH���

�

$IWHU�VRPH�WHVWV��LW�ZDV�IRXQG�RXW�WKDW�WKH�VSDZQHG�REMHFW�ZLOO�EH�SODFHG�LQ�D�SRVLWLRQ�WKDW�LV�DV�

LI�WKH�UHIHUHQFH�LPDJH�LV�SODFHG�RQ�WKH�;=�SODQH��7KH�FHQWHU�RI�WKH�UHIHUHQFH�LPDJH�ZLOO�EH�RQ�

WKH�RULJLQ�RI�WKH�SODQH����������7R�SURSHUO\�RULHQWDWH�WKH�EXLOGLQJ�PRGHOV��D�TXDG�LV�SODFHG�RQ�WKH�

;=�SODQH�ZLWK�WKH�GLPHQVLRQV�RI�WKH�UHIHUHQFH�LPDJH��7KH�UHIHUHQFH�LPDJH�ZDV�XVHG�DV�D��'�

WH[WXUH�SODFHG�RQ�WKH�TXDG��1RZ��ZLWK�WKH�UHIHUHQFH�LPDJH�YLVLEOH�LQ�WKH�V\VWHP�DW�WKH�FRUUHFW�

SRVLWLRQ��WKH�EXLOGLQJ�PRGHOV�FDQ�EH�RULHQWDWHG�DFFRUGLQJO\�DQG�VDYHG�DV�D�SODFHDEOH�SUHIDE��

�

�

)LJXUH����2ULHQWDWLQJ�WKH�EXLOGLQJ�PRGHO�LQ�8QLW\�ZLWK�LWV�UHIHUHQFH�LPDJH�

�

+RZHYHU��HYHQ���ZKHQ�WKH�/2'��PRGHOV�FDQ�EH�RULHQWDWHG�ZLWK�WKH�UHIHUHQFH�LPDJHV�ORFDWHG�DW�

WKH�FRUUHFW�ORFDWLRQ�LQ�WKH�V\VWHP��LW�LV�VWLOO�GLIILFXOW�WR�SHUIHFWO\�PDWFK�WKH��'�PRGHO�ZLWK�D��'�

LPDJH�DW�D�VOLJKWO\�WLOWHG�DQJOH�ZLWK�D�SHUVSHFWLYH��7KHUH�DUH�DOVR�SDUWV�RI�WKH�EXLOGLQJ�WKDW�DUH�
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QRW�FRQVWUXFWHG�LQ�WKH��'�PRGHO��$V�D�UHVXOW��DV�VKRZQ�LQ�WKH�LPDJH�DERYH��WKHUH�DUH�VRPH�SDUWV�

RI�WKH�EXLOGLQJ�WKDW�DUH�QRW�LQFOXGHG�LQ�WKH�EXLOGLQJ�ZKLOH�VRPH�SDUWV�RI�WKH�EDFNJURXQG�DUH�

LQFOXGHG��

�

������0DQXDOO\�%XLOW�0RGHOV�

7KH�VHFRQG�W\SH�RI�PRGHO�WHVWHG�IRU�WKLV�DSS�LV�D�PDQXDOO\�FUHDWHG�EXLOGLQJ�PRGHO��7KH�DLP�RI�

EXLOGLQJ�WKH�PRGHO�LV�WR�FUHDWH�D�PRUH�VXLWDEOH�PRGHO�WKDW�FDQ�ILW�WKH�HQWLUHW\�RI�WKH�EXLOGLQJ¶V�

VLOKRXHWWH�DQG�WKHUHIRUH�SURYLGH�D�PRUH�SUHFLVH�YLVXDOL]DWLRQ��7KH�PDQXDOO\�FUHDWHG�PRGHOV�DUH�

EXLOW�LQ�WKH��'�&$'�VRIWZDUH���

�

,Q�WKH�VRIWZDUH��WKH�UHIHUHQFH�LPDJH�RI�HDFK�GHVLJQDWHG�EXLOGLQJ�ZDV�LPSRUWHG�DV�D�EDFNJURXQG�

ELWPDS��7KH�ELWPDS�LV�VFDOHG�DQG�SRVLWLRQHG�LQ�WKH�V\VWHP�DFFRUGLQJ�WR�WKHLU�SRVLWLRQ�LQ�8QLW\�

PHQWLRQHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ��:LWK�WKH�UHIHUHQFH�LPDJH�FRUUHFWO\�SODFHG��WKH�RXWOLQH�RI�

WKH�EXLOGLQJV�ZDV�WUDFHG�DV�D�SRO\OLQH��7KH�HQFORVHG�SRO\OLQH�LV�WKHQ�FRQYHUWHG�WR�D�VXUIDFH��7KH�

VXUIDFH�VKRXOG�FRYHU�WKH�EXLOGLQJV�DV�VKRZQ�LQ�WKH�UHIHUHQFH�LPDJH�SHUIHFWO\��(DFK�VXUIDFH�FDQ�

WKHQ�EH�H[SRUWHG�LQ�2%-�ILOHV�DQG�LPSRUWHG�LQWR�8QLW\�DQG�VDYHG�DV�D�SODFHDEOH�SUHIDE��

�

)LJXUH����&UHDWHG�VXUIDFH�WKDW�FRYHUV�WKH�ZKROH�EXLOGLQJ�LQ�WKH�UHIHUHQFH�LPDJH�

7KH�LPDJH�DERYH�VKRZV�DQ�H[DPSOH�RI�RQH�RI�WKH�VXUIDFHV�FUHDWHG�DV�D�EXLOGLQJ�PRGHO�IRU�WKH�

DSS��6LQFH�WKH�PRGHO�LV�PDQXDOO\�EXLOW��DOO�WKH�YLVLEOH�DUWLIDFWV�RI�WKH�EXLOGLQJV�VHHQ�LQ�WKH�

UHIHUHQFH�LPDJH�FDQ�EH�LQFOXGHG��LQFOXGLQJ�FKLPQH\V��ZLQGRZVLOOV�DQG�FORWKHV�UDFNV��$OO�RI�

WKHVH�DUWLIDFWV�ZLOO�EH�LQFOXGHG�LQ�WKH�YLVXDOL]DWLRQ�LQ�WKH�DSS�DIWHU�GHSOR\PHQW��+RZHYHU��VLQFH�

WKH�PRGHO�LV�RQO\�FUHDWHG�DFFRUGLQJ�WR�WKH�UHIHUHQFH�LPDJH��WKH�YLVXDOL]DWLRQ�ZLOO�ZRUN�SHUIHFWO\�

EXW�RQO\�LQ�WKH�VHOHFWHG�YLHZSRLQW�IRU�WKH�XVHUV��
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����,PSOHPHQWLQJ�WKH�9LVXDOL]DWLRQ�0HWKRG�
�

$V�GLVFXVVHG�LQ�VHFWLRQ������WKH�GHVLUHG�YLVXDOL]DWLRQ�LV�DFKLHYHG�E\�DXWKRULQJ�VKDGHUV�LQ�8QLW\��

6KDGHU�FRPPDQGV�WKH�*38�WR�SHUIRUP�WKH�GHVLUHG�UHQGHULQJ�PHWKRG��,Q�8QLW\��VKDGHUV�DUH�

ZUDSSHG�LQ�D�PDWHULDO�DQG�DSSOLHG�WR�D��'�REMHFW��7R�DFKLHYH�WKH�JUD\VFDOH�ILOWHU�ZLWK�PDVNHG�

EXLOGLQJ�YLVXDOL]DWLRQ��WZR�VKDGHUV�DUH�DXWKRUHG��7KH\�DUH�ERWK�ZUDSSHG�LQ�WKHLU�FRUUHVSRQGLQJ�

PDWHULDOV�DQG�DSSOLHG�WR�WKH�VXLWDEOH��'�REMHFWV��2QH�RI�WKH�VKDGHUV�LV�JRLQJ�WR�EH�D�JUD\VFDOH�

ILOWHU�WKDW�ZLOO�VXUURXQG�WKH�$5�FDPHUD�DQG�WXUQ�WKH�ZKROH�VFHQH�LQWR�PRQRFKURPH��7KH�RWKHU�

VKDGHU�LV�JRLQJ�WR�EH�DSSOLHG�WR�WKH�EXLOGLQJ�PRGHOV�FUHDWHG�LQ�WKH�SUHYLRXV�VHFWLRQ�WR�H[FOXGH�

WKH�EXLOGLQJV�IURP�WKH�JUD\VFDOH�UHQGHULQJ��

�

�

�

������&UHDWLQJ�D�JUD\VFDOH�ILOWHU�IRU�$5�FDPHUD�

�

7KH�FRQFHSW�RI�FUHDWLQJ�D�JUD\VFDOH�ILOWHU�LV�VWUDLJKWIRUZDUG��7KH�VKDGHU�QHHGV�WR�JHW�WKH�5*%�

GDWD�RI�WKH�SL[HOV�EHKLQG�WKH�ILOWHU�DQG�UHQGHU�WKHP�ZLWK�D�VLPSOH�HTXDWLRQ�WKDW�WXUQV�WKH�5*%�

YDOXHV�LQWR�PRQRFKURPH��7KH�ILOWHU�QHHGV�WR�EH�XQLYHUVDOO\�DSSOLHG�WR�WKH�$5�FDPHUD��$��'�

PRGHO�QHHGV�WR�EH�EXLOW�IRU�WKDW�SXUSRVH�WR�FRYHU�DOO�WKH�GLUHFWLRQV�IURP�WKH�FDPHUD��

�

7KH�6KDGHU�

�

7KH�VKDGHU�IRU�FUHDWLQJ�WKH�JUD\VFDOH�ILOWHU�XVHV�D�VSHFLILF�SDVV�W\SH�FDOOHG�³*UDE�3DVV´��,W�JUDEV�

WKLQJV�WKDW�OD\�EHKLQG�WKH�REMHFW�ZKHQ�UHQGHULQJ�DQG�WXUQV�WKHP�LQWR�D�WH[WXUH��7KH�WH[WXUH�FDQ�

WKHQ�EH�XVHG�IRU�RWKHU�SDVVHV�FRPPDQGV�IRU�GLIIHUHQW�LPDJH�EDVHG�HIIHFWV��

�

7KH�ILUVW�SDUW�RI�WKH�VKDGHU�VHWV�WKH�UHQGHULQJ�RUGHU�RI�WKH�REMHFW��6HWWLQJ�LW�DV�³7UDQVSDUHQW´�

DOORZV�LW�WR�EH�UHQGHUHG�DIWHU�DQ\�RWKHU�JHRPHWULHV�DQG�WKH�EDFNJURXQG��SURYLGLQJ�WKH�REMHFW�D�

FKDQFH�WR�JUDE�ZKDW�VWDQGV�EHKLQG�LW�DIWHU�WKH\�DUH�UHQGHUHG��7KH�*UDESDVV�FRPPDQG�LV�WKHQ�

GHFODUHG�LQ�WKH�VXEVKDGHU��7KH�FRQWHQW�WKDW�LW�JUDEV�ZLOO�WXUQ�LQWR�WKH�WH[WXUH�FDOOHG�

�B%DFNJURXQG7H[WXUH����

�

�

�

�

�
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:LWK�WKH�WH[WXUH�JHQHUDWHG�E\�WKH�*UDE3DVV�FRPPDQG��WKH�QH[W�VWHS�LV�WR�UHQGHU�WKH�WH[WXUH�ZLWK�

D�JUD\VFDOH�HIIHFW��7R�GR�WKDW�WKH�SDVV�QHHGV�WR�ILUVW�FDOFXODWH�WKH�FOLS�VSDFH�RI�WKH�YHUWH[�DQG�JHW�

WKH�FRUUHFW�FRRUGLQDWHV�RI�WKH�WH[WXUH�VR�WKDW�WKH�WH[WXUH�ZLOO�EH�UHQGHUHG�LQ�WKH�FRUUHFW�SRVLWLRQ�

RQ�WKH�VFUHHQ��8QLW\2EMHFW7R&OLS3RV�IURP�8QLW\&*�FJLQF�LV�XVHG�WR�FDOFXODWH�WKH�YHUWH[�

SRVLWLRQ��$QG�&RPSXWH*UDE6FUHHQ3RV�LV�XVHG�WR�JHW�WKH�FRRUGLQDWHV�RI�WKH�WH[WXUH�VDPSOHG�

IURP�*UDESDVV��

�

�

7KH�ODVW�SDUW�RI�WKH�VKDGHU�XVHV�WKH�WH[WXUH�IRUP�*UDESDVV�DQG�WXUQV�WKH�FRORU�LQWR�D�

PRQRFKURPH��7KH�KDOI��YHFWRU�QDPHG�EJFRORU�LV�XVHG�WR�JHW�WKH�5��*��%��DQG�DOSKD�YDOXHV�IURP�

²����²�

�������7DJV�^��4XHXH�� ��7UDQVSDUHQW��`�

� �

��������*UDE3DVV�

��������^�

�������������B%DFNJURXQG7H[WXUH��

��������`�

&*352*5$0�

�������������SUDJPD�YHUWH[�YHUW�

�������������SUDJPD�IUDJPHQW�IUDJ�

�������������LQFOXGH��8QLW\&*�FJLQF��

�

������������VWUXFW�Y�I�

������������^�

����������������IORDW��JUDE3RV���7(;&225'���

����������������IORDW��SRV���69B326,7,21��

������������`��

�

������������Y�I�YHUW�DSSGDWDBEDVH�Y��^�

����������������Y�I�R��

����������������R�SRV� �8QLW\2EMHFW7R&OLS3RV�Y�YHUWH[���

����������������R�JUDE3RV� �&RPSXWH*UDE6FUHHQ3RV�R�SRV���

����������������UHWXUQ�R��

������������`�



�
�0DVWHU�7KHVLV������

-XVWLQ�-LQJ�+XL�
�

WKH�B%DFNJURXQG7H[WXUH��7KH�UHWXUQ�XVHV�D�VLPSOH�LPDJH�SURFHVVLQJ�HTXDWLRQ��FDOFXODWLQJ�WKH�

DYHUDJH�YDOXH�RI�5��*��DQG�%�WR�FUHDWH�D�PRQRFKURPH�YDOXH�IRU�HDFK�SL[HO��

�

�

7KH�VKDGHU�LV�WHVWHG�LQ�8QLW\�XVLQJ�D�FRORU�LPDJH��$�FXEH�LV�FUHDWHG�RQ�WRS�RI�WKH�LPDJH�DQG�WKH�

VKDGHU�LV�DSSOLHG�WR�WKH�FXEH��7KH�UHVXOW�VKRZV�WKDW�WKH�VKDGHU�LV�DEOH�WR�VXFFHVVIXOO\�UHQGHU�WKH�

WH[WXUH�IURP�WKH�FRORU�LPDJH�DQG�WXUQ�LW�LQWR�JUD\VFDOH��7KH�IROORZLQJ�LPDJH�GHPRQVWUDWHV�WKH�

UHVXOW��7KH�UHG�ER[�UHSUHVHQWV�WKH�FRYHUDJH�RI�WKH�FXEH�ZLWK�WKH�DSSOLHG�VKDGHU��7KH�DUHD�

FRYHUHG�E\�WKH�FXEH�LV�UHQGHUHG�LQ�PRQRFKURPH�DQG�DQ\ZKHUH�RXWVLGH�LV�LQ�FRORU��

�

�

)LJXUH����'HPRQVWUDWLRQ�RI�WKH�UHQGHULQJ�UHVXOW�RI�WKH�JUD\VFDOH�ILOWHU�VKDGHU��

�

�

�

�
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$FKLHYLQJ�D�PRUH�HIIHFWLYH�JUD\VFDOH�ILOWHU�

�

7KH�WHVW�UHVXOW�VKRZV�WKDW�WKH�VKDGHU�LV�DEOH�WR�JHW�WKH�EDFNJURXQG�DQG�UHQGHU�LW�LQWR�D�JUD\VFDOH�

WH[WXUH��+RZHYHU��LQ�D�YLVXDO�SRLQW�RI�YLHZ��WKH�DYHUDJH�PHWKRG�FDOFXODWLQJ�WKH�PHDQ�RI�WKH�5��

*��DQG�%�YDOXHV�LV�D�EDVLF�HTXDWLRQ�IRU�FRQYHUWLQJ�FRORU�LPDJHV�LQWR�JUD\VFDOH��%XW�WKH�

YLVXDOL]DWLRQ�LV�D�ELW�EODQG�DQG�XQLQWHUHVWLQJ�WR�WKH�KXPDQ�H\HV��

�

�
2QH�DOWHUQDWLYH�WR�WKH�DYHUDJH�PHWKRG�IRU�FRQYHUWLQJ�FRORU�LPDJHV�WR�JUD\VFDOH�LV�FDOOHG�WKH�

OXPLQRVLW\�PHWKRG��7KH�OXPLQRVLW\�PHWKRG�LV�D�ZHLJKWHG�DYHUDJH�RI�WKH�5*%�YDOXHV�ZLWK�WKH�

FRORU�SHUFHSWLRQ�RI�WKH�KXPDQ¶V�H\HV�WDNHQ�LQWR�DFFRXQW��$V�WKH�KXPDQ¶V�H\HV�DUH�PRUH�

VHQVLWLYH�WR�WKH�FRORU�JUHHQ��WKH�HTXDWLRQ�ZHLJKWHG�WKH�5�YDOXH�KLJKHU�WKDQ�WKH�RWKHU�WZR��,Q�

WKHRU\��XVLQJ�WKH�OXPLQRVLW\�PHWKRG�FDQ�UHVXOW�LQ�D�PRUH�YLEUDQW�DQG�FRQWUDVWLQJ�JUD\VFDOH�

LPDJH���&RRN��������

�

�

7KH�OXPLQRVLW\�PHWKRG�LV�DGGHG�WR�WKH�VKDGHU�DQG�WHVWHG�ZLWK�WKH�VDPH�LPDJH�DERYH��7KH�LPDJH�

EHORZ�VKRZV�WKH�FRPSDULVRQ�EHWZHHQ�WKH�UHVXOW�RI�WKH�FRQYHUVLRQ�ZLWK�WKH�DYHUDJH�PHWKRG�DQG�

WKH�FRQYHUVLRQ�ZLWK�WKH�OXPLQRVLW\�PHWKRG��7KH�FRPSDULVRQ�VKRZV�WKDW�WKH�UHVXOW�IURP�WKH�

OXPLQRVLW\�PHWKRG�VKRZV�D�VKDUSHU�YLVXDOL]DWLRQ�ZLWK�D�PRUH�GHILQHG�UHQGHULQJ��,W�ZLOO�SURYLGH�

D�PRUH�HIIHFWLYH�JUD\VFDOH�ILOWHU�WR�WKH�DSS�DQG�LV�DSSOLHG�WR�WKH�VKDGHU�IRU�WKH�ILOWHU��

²����²�

7KH�DYHUDJH�PHWKRG�IRU�FRORU�WR�JUD\VFDOH�FRQYHUVLRQ��
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7KH�OXPLQRVLW\�PHWKRG�IRU�FRORU�WR�JUD\VFDOH�FRQYHUVLRQ��
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�

)LJXUH����&RPSDULVRQ�RI�WKH�UHVXOWV�EHWZHHQ�WKH�JUD\VFDOH�FRQYHUVLRQ�RI�WKH�DYHUDJH�

PHWKRG�DQG�WKH�OXPLQRVLW\�PHWKRG�

�

7KH�HTXDWLRQ�LV�DGGHG�WR�WKH�ODVW�SDUW�RI�WKH�VKDGHU�DQG�UHSODFHG�WKH�DYHUDJH�FRQYHUVLRQ�HTXDWLRQ�

VR�WKDW�WKH�ILQDO�UHQGHULQJ�ZLOO�UHWXUQ�ZLWK�WKH�UHVXOW�OXPLQRVLW\�FRQYHUVLRQ���

�

�
�
%XLOGLQJ�WKH��'�0RGHO�IRU�5HQGHULQJ�WKH�*UD\VFDOH�)LOWHU�

�

$V�PHQWLRQHG�LQ�VHFWLRQ������HDFK�VKDGHU�QHHGV�WR�EH�ZUDSSHG�LQ�D�PDWHULDO�DQG�DSSOLHG�WR�D��'�

PRGHO�LQ�RUGHU�WR�DFWXDOO\�UHQGHU�RQ�WKH�VFUHHQ�RI�WKH�GHYLFH��7KH�VKDGHU�RI�WKH�JUD\VFDOH�ILOWHU�

LV�QRZ�FRPSOHWHG�DQG�D�JHQHULF�PDWHULDO�LV�FUHDWHG�WR�ZUDS�WKH�VKDGHU��1R�H[WUD�VHWWLQJ�LV�

QHHGHG�RQ�WKH�PDWHULDO��7KH�PDWHULDO�QRZ�QHHGV�D�VXLWDEOH��'�PRGHO�LQ�RUGHU�WR�SURYLGH�D�

JUD\VFDOH�ILOWHU�XQLYHUVDOO\�WR�WKH�$5�FDPHUD���

�

7KH�LGHD�IRU�WKH��'�PRGHO�LQ�WKLV�FDVH�LV�WR�VXUURXQG�DQG�HQFORVH�WKH�$5�FDPHUD�ZLWK���RXWZDUG�

IDFLQJ�³ZLQGRZV´��(DFK�ZLQGRZ�ZLOO�EH�XVLQJ�WKH�JUD\VFDOH�ILOWHU�VKDGHU��:LWK�WKDW��QR�PDWWHU�

LQ�ZKLFK�GLUHFWLRQ�WKH�FDPHUD�LV�ORRNLQJ�DW��LW�ZLOO�DOZD\V�ORRN�LQWR�RQH�RI�WKH�RXWZDUG�IDFLQJ�

ILOWHUV�DQG�WKH�VFHQH�ZLOO�EH�UHQGHUHG�LQ�JUD\VFDOH��

²����²�

KDOI��IUDJ�Y�I�L����69B7DUJHW�
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�

�

)LJXUH����'HPRQVWUDWLRQ�RI�WKH�LGHD�RI�FUHDWLQJ�RXWZDUG�IDFLQJ�ZLQGRZV�IRU�WKH�JUD\VFDOH�

ILOWHU�

�

7KH��'�PRGHO�LV�EXLOW�LQ�8QLW\�ZLWK���TXDGV��(DFK�TXDG�LV�IDFLQJ�RXWZDUGV��7KH�GLPHQVLRQV�RI�

WKHP�DUH���[���PHWHUV��7KH�VL]H�RI�WKH�PRGHO�SUHYHQWV�WKH�XVHUV�IURP�ZDONLQJ�RXWVLGH�WKH�

HQFORVHG�ILOWHU�ER[��7KH�ERUGHUV�RI�WKH���TXDGV�DUH�LQWHUVHFWLQJ�ZLWK�HDFK�RWKHU��IRUPLQJ�D�

��[��[���PHWHUV�FXEH��7KH�FHQWURLG�RI�WKH�FXEH�LV�ORFDWHG�DW����������ZKLFK�LV�DW�WKH�VDPH�

ORFDWLRQ�DV�WKH�$5�FDPHUD��

�

�

)LJXUH����'HPRQVWUDWLRQ�RI�WKH�HQFORVHG�FXEH�EXLOW�LQ�8QLW\�

�
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:LWK�WKH�PRGHO�EXLOW�DQG�WKH�VKDGHU�DSSOLHG��WKH�DSS�LV�EXLOW�DQG�UXQ�RQ�WKH�$QGURLG�GHYLFH�IRU�

WHVWLQJ��7KH�LPDJH�EHORZ�VKRZV�WKH�ILQDO�WHVWLQJ�UHVXOW�RI�WKH�JUD\VFDOH�ILOWHU�DSSOLHG�WR�WKH�$5�

FDPHUD��7KH�ILOWHU�DSSOLHV�WR�DOO�WKH�GLUHFWLRQV�DURXQG�WKH�FDPHUD�DQG�VXFFHVVIXOO\�WXUQV�WKH�

VXUURXQGLQJ�HQYLURQPHQW�LQWR�PRQRFKURPH�RQ�WKH�GHYLFH¶V�GLVSOD\��

�

�

)LJXUH����7KH�WHVWLQJ�UHVXOW�RI�WKH�JUD\VFDOH�ILOWHU�DSSOLHG�WR�WKH�$5�FDPHUD�

�

������&UHDWLQJ�D�VKDGHU�WR�H[FOXGH�SODFHG�REMHFW�IURP�WKH�JUD\VFDOH�ILOWHU�

�

7KH�VHFRQG�VKDGHU�DXWKRUHG�IRU�WKLV�DSS�LV�D�VKDGHU�WKDW�ZLOO�H[FOXGH�WKH�EXLOGLQJV�IURP�WKH�

JUD\VFDOH�ILOWHU��7KLV�ZLOO�EH�DFKLHYHG�E\�UXQQLQJ�D�VWHQFLO�EXIIHU�ZLWK�WKH�VKDGHU�DSSOLHG�WR�WKH�

EXLOGLQJ�PRGHOV��$�VWHQFLO�EXIIHU�ZLOO�FRPSDUH�WKH�UHIHUHQFH�QXPEHU�VHW�LQ�HDFK�RI�WZR�GLIIHUHQW�

VKDGHUV�DQG�WHVW�LI�WKH\�DUH�SDVVLQJ�WKH�FRQGLWLRQ�VHW��,I�WKH�FRQGLWLRQ�LV�SDVVHG��WKH�RYHUODSSLQJ�

SL[HOV�RI�WKH�WZR�REMHFWV�DSSOLHG�ZLWK�WKRVH�WZR�VKDGHUV�ZLOO�EH�UHQGHUHG�QRUPDOO\��%XW�LI�LW�GRHV�

QRW�SDVV�WKH�VWHQFLO�WHVW��WKH�SL[HO�ZLOO�EH�RPLWWHG�DQG�ZLOO�QRW�EH�UHQGHUHG���

�

�

)LJXUH����$�IDLOHG�VWHQFLO�WHVW�ZLOO�RPLW�WKH�UHQGHULQJ�ZKHUH�WZR�REMHFWV�RYHUODS�

�
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7KH�LPDJH�DERYH�GHPRQVWUDWHV�WKH�SRVVLEOH�IXQFWLRQDOLW\�RI�WKH�VWHQFLO�EXIIHU��,Q�WKLV�FDVH�WKH�

ZKLWH�FXEH�DQG�WKH�UHG�ER[�DUH�DSSOLHG�ZLWK�WZR�GLIIHUHQW�VKDGHUV��,Q�ERWK�RI�WKH�VKDGHUV��WKH�

UHIHUHQFH�QXPEHU�IRU�WKH�VWHQFLO�WHVW�LV�VHW�DV����+RZHYHU��WKH�SDVVLQJ�FRQGLWLRQ�LQ�WKH�VKDGHU�RI�

WKH�ZKLWH�FXEH�LV�VHW�DV�³1RW(TXDO´��PHDQLQJ�WKDW�WKH�RYHUODSSLQJ�SL[HOV�ZLOO�EH�UHQGHUHG�RQO\�

ZKHQ�WKH�UHIHUHQFH�QXPEHU�LQ�WKH�WZR�VKDGHUHV�DUH�QRW�HTXDO�WR�HDFK�RWKHU��,Q�WKLV�FDVH��VLQFH�

WKH�UHIHUHQFH�QXPEHU�LQ�WKH�WZR�VKDGHUV�DUH�ERWK�VHW�DV����LW�FDQ�QRW�SDVV�WKH�VWHQFLO�WHVW��$V�D�

UHVXOW��ZKHQ�WKH�ZKLWH�FXEH�LV�O\LQJ�EHKLQG�WKH�UHG�ER[�RQ�WKH�VFHQH��WKH�SL[HO�RI�WKH�RYHUODSSHG�

ZKLWH�FXEH�ZLOO�QRW�EH�UHQGHUHG��PDNLQJ�WKDW�SDUW�RI�WKH�FXEH�GLVDSSHDU�EHKLQG�WKH�UHG�ER[��

�

7KH�LGHD�RI�WKLV�LV�WR�DSSO\�WKH�VDPH�VWHQFLO�EXIIHU�WHVW�WR�WKH�JUD\VFDOH�ILOWHU�DQG�WKH�VKDGHU�IRU�

WKH�EXLOGLQJ�PRGHOV�LQ�D�ZD\�WKDW�WKH\�GR�QRW�SDVV�WKH�FRQGLWLRQ�WHVW��$V�D�UHVXOW��WKH�UHQGHULQJ�

TXHXH�ZLOO�LJQRUH�WKH�SL[HO�ZKHUH�WKH�JUD\VFDOH�ILOWHU�LV�FRYHUHG�E\�WKH�EXLOGLQJ�PRGHO��OHDYLQJ�

WKH�DUHD�RI�WKH�EXLOGLQJ�RXW�RI�WKH�JUD\VFDOH�ILOWHU��:LWK�WKLV��WKH�YLVXDOL]DWLRQ�RI�WKH�PDVNHG�

EXLOGLQJ�ZLWK�D�JUD\VFDOH�FRQWH[W�FDQ�EH�DFKLHYHG��

�

7KH�VKDGHU�IRU�WKH�EXLOGLQJ�PRGHOV�LV�D�UDWKHU�VLPSOH�RQH��$V�LW�GRHV�QRW�UHTXLUH�DQ\�VSDWLDO�

HIIHFW�ZKHQ�UHQGHUHG��WKH�VKDGHU�RQO\�QHHGV�WR�VSHFLI\�WKH�UHIHUHQFH�QXPEHU�IRU�WKH�VWHQFLO�WHVW�

DQG�WKH�SDVV�W\SH�RI�WKH�VWHQFLO�EXIIHU��,Q�WKLV�FDVH��WKH�UHIHUHQFH�QXPEHU�LV�VHW�DV���DQG�WKH�SDVV�

W\SH�LV�VHW�DV�³UHSODFH´�LQ�RUGHU�WR�JLYH�WKH�ZKROH�DUHD�RI�WKH�REMHFW�WKH�YDOXH����

�

��

7KH�VWHQFLO�WHVW�ZRXOG�QRW�ZRUN�ZLWKRXW�WZR�GLIIHUHQW�VKDGHUV�SDUWLFLSDWLQJ��7KHUHIRUH��D�VWHQFLO�

EXIIHU�IXQFWLRQ�DOVR�QHHGV�WR�EH�DGGHG�WR�WKH�JUD\VFDOH�EXIIHU�VKDGHU�PHQWLRQHG�LQ�WKH�SUHYLRXV�

VXEVHFWLRQ��,Q�WKH�JUD\VFDOH�ILOWHU�VKDGHU��D�SURSHUW\�LV�DGGHG�VR�WKDW�WKH�FRQGLWLRQ�IRU�WKH�VWHQFLO�

²����²�
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��������=ZULWH�RII�

��������&RORUPDVN���

��������&XOO�RII�

�
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WHVW�FRXOG�EH�VHW�LQ�WKH�PDWHULDO�LQWHUIDFH�ODWHU��$�VWHQFLO�IXQFWLRQ�LV�DGGHG�WR�WKH�VXEVKDGHU��7KH�

UHIHUHQFH�QXPEHU�LV�DOVR�VHW�DV����

�

�

7KH�WHVW�FRQGLWLRQ�LV�WKHQ�VHW�DV�³1RW(TXDO´�LQ�WKH�PDWHULDO�IRU�WKH�JUD\VFDOH�ILOWHU��:LWK�WKDW�VHW��

VLQFH�WKH�ERWK�VKDGHUV�FRXOG�QRW�SDVV�WKH�VWHQFLO�WHVW��WKH�SDUW�RI�WKH�JUD\VFDOH�ILOWHU�FRYHUHG�E\�

WKH�EXLOGLQJ�PRGHO�ZLOO�QRW�EH�UHQGHUHG��FUHDWLQJ�D�PDVNHG�ILOWHU�IRU�WKH�EXLOGLQJV��

�

������7HVWLQJ�WKH�UHVXOW�RI�WKH�YLVXDOL]DWLRQ�RQ�VLWH�

�

$W�WKLV�SRLQW��DOO�RI�WKH�FRPSRQHQWV�IRU�DFKLHYLQJ�WKH�$5�YLVXDOL]DWLRQ�DUH�UHDG\��7KH�VKDGHU�IRU�

WKH�JUD\VFDOH�LV�DSSOLHG�WR�WKH�FRQVWUXFWHG�FXEH��7KH�PRGHO�LV�VHW�DV�D�SUHIDE�WKDW�ZLOO�VSDZQ�

ZKHQ�DQ\�RQH�RI�WKH�UHIHUHQFH�LPDJHV�LV�EHLQJ�WUDFNHG��7KH�VWHQFLO�EXIIHU�VKDGHU�LV�DSSOLHG�WR�

WKH�PDQXDOO\�FUHDWHG�EXLOGLQJ�PRGHOV�PHQWLRQHG�LQ�VHFWLRQ������(DFK�RI�WKH�EXLOGLQJ�PRGHOV�LV�

WXUQHG�LQWR�D�SUHIDE�LQ�8QLW\�ZLWK�D�ILOHQDPH�WKDW�LV�WKH�VDPH�DV�WKHLU�FRUUHVSRQGLQJ�UHIHUHQFH�

LPDJH��7KHVH�SUHIDEV�DUH�DGGHG�WR�WKH�OLVW�RI�SODFHDEOH�SUHIDEV�LQ�WKH�PXOWL�LPDJH�WUDFNLQJ�

V\VWHP�PHQWLRQHG�LQ�VXEVHFWLRQ���������

�

:LWK�WKHVH�HOHPHQWV�DOO�VHW�DQG�UHDG\�WR�JR��WKH�DSS�LV�EXLOW�DQG�UXQ�LQ�WKH�$QGURLG�GHYLFH��$�

WHVWLQJ�VHVVLRQ�ZDV�FDUULHG�RXW�LQ�WKH�1RUGEDKQKRI�GLVWULFW�WR�WU\�YLVXDOL]H�WKH�EXLOGLQJV�ZLWK�WKH�

PDVNHG�JUD\VFDOH�ILOWHU��7KH�IROORZLQJ�DUH�VRPH�RI�WKH�LPDJHV�FDSWXUHG�GXULQJ�WKH�WHVW�VKRZLQJ�

WKH�UHVXOWV�RI�WKH�YLVXDOL]DWLRQ��

²����²�
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�

)LJXUH����([DPSOHV�RI�WKH�YLVXDOL]DWLRQ�UHVXOW�WHVWHG�RQ�VLWH�

�

7KH�UHVXOW�VKRZV�WKDW�WKH�V\VWHP�LV�DEOH�WR�GHWHFW�WKH�GHVLJQDWHG�EXLOGLQJV�DQG�DSSO\�D�PDVNLQJ�

ILOWHU�WR�WKHP��7KH�EXLOGLQJV�DUH�UHQGHUHG�LQ�FRORU�ZKLOH�WKH�VXUURXQGLQJ�FRQWH[W�LV�LQ�JUD\VFDOH��

7KH�RYHUDOO�SUHFLVLRQ�RI�WKH�SODFHPHQW�RI�WKH�PDVN�LV�KLJK��DOWKRXJK�VRPH�RI�WKH�VPDOOHU�

DUWLIDFWV�RQ�VRPH�EXLOGLQJV�DUH�PLVVHG��

�

�

����8VHU�([SHULHQFH�

�
7KH�$5�WUDFNLQJ�V\VWHP�DQG�YLVXDOL]DWLRQ�LV�DOUHDG\�FRPSOHWHG�DW�WKLV�VWDJH��+RZHYHU�D�IHZ�

DGGLWLRQDO�IXQFWLRQV�DUH�QHHGHG�WR�LQFUHDVH�WKH�XVDELOLW\�DQG�LPSURYH�WKH�$5�H[SHULHQFH�IRU�WKH�

XVHUV��0HQWLRQHG�LQ�VHFWLRQ������WKH�DSS�VKRXOG�SURYLGH�LQIRUPDWLRQ�IRU�WKH�XVHUV�RQ�WKH�ORFDWLRQ�

RI�WKH�EXLOGLQJV�DQG�WKHLU�YLHZLQJ�SRLQW�LQ�RUGHU�WR�OHW�WKH�V\VWHP�WUDFN�WKHP�DQG�YLVXDOL]H�WKHP��
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7KH�GHVLJQ�RI�WKH�XVHU�LQWHUIDFH�VKRXOG�EH�PLQLPDOLVWLF�WR�NHHS�WKH�XVHUV¶�IRFXV�RQ�WKH�

YLVXDOL]DWLRQ��,Q�WKLV�FDVH��DQ�LPDJH�FDSWXUH�IXQFWLRQ�LV�DOVR�DGGHG�WR�WKH�DSS�IRU�XUEDQ�SODQQHUV�

WR�UHFRUG�WKH�YLVXDOL]DWLRQ�RU�NHHS�WKH�LPDJHV�IRU�SULQWLQJ�RU�IXUWKHU�HGLWLQJ��

�

������$GGLWLRQ�RI�QDYLJDWLRQ�PDS�

�

7KH�WUDFNLQJ�PHWKRG�FKRVHQ�IRU�WKLV�DSS�LV�WKH�LPDJH�EDVHG�WUDFNLQJ�PHWKRG��:LWK�WKLV�PHWKRG��

WKH�WUDFNHG�EXLOGLQJV�DUH�WUHDWHG�DV�D�³IUDPHG�VFHQH´��7KH�V\VWHP�LV�RQO\�DEOH�WR�GHWHFW�WKH�

EXLOGLQJV�ZKHQ�WKH�XVHU�LV�DEOH�WR�ILQG�DQG�SXW�WKH�³IUDPHG�VFHQH´�ZLWKLQ�WKH�FDPHUD�RI�WKHLU�

GHYLFH��)RU�WKLV�UHDVRQ��LW�LV�LPSRUWDQW�IRU�WKH�XVHUV�WR�NQRZ�ZKHUH�DQG�KRZ�WR�ILQG�WKH�

GHVLJQDWHG�EXLOGLQJV��$�QDYLJDWLRQ�PDS�LV�DGGHG�WR�WKH�DSS�WR�FDWHU�WKLV�QHHG��7KH�PDS�XVHV�WKH�

*36�VHQVRU�LQ�WKH�GHYLFH�RI�WKH�XVHUV�DQG�DOORZV�WKHP�WR�QDYLJDWH�DQG�NQRZ�WKHLU�FXUUHQW�

SRVLWLRQ��7KH�REVHUYDWLRQ�SRLQWV�DUH�DGGHG�WR�WKH�PDS�ZLWK�WKHLU�YLHZ�GLUHFWLRQ��7KH�XVHUV�FDQ�

XVH�WKH�PDS�WR�ILQG�WKH�REVHUYDWLRQ�SRLQWV��ORRN�LQWR�WKH�FRUUHFW�GLUHFWLRQ��DQG�DOORZ�WKH�V\VWHP�

WR�GHWHFW�DQG�YLVXDOL]H�WKH�GHVLJQDWHG�EXLOGLQJV��

�

7R�DFKLHYH�WKDW��WKH�0DSER[�6'.��7KH�0DSER[�6'.�SURYLGHV�WKH�VHUYLFH�IRU�EXLOGLQJ�ORFDWLRQ�

EDVHG�JDPHV�LQ�8QLW\��,W�SURYLGHV�DQ�$3,�WR�DFFHVV�WKH�VW\OHG�PDSV�WKURXJK�WKH�DSSOLFDWLRQ��

7KHUH�LV�DQ�RQOLQH�SODWIRUP�IRU�FXVWRPL]LQJ�WKH�PDSV��DGGLQJ�JHRORFDWLRQ�GDWD��DQG�SXEOLVKLQJ�

WKHP��7KH�0DSER[�6'.�LV�IUHH�WR�XVH�ZLWK�D�PRQWKO\�OLPLWHG�DFFHVV���

�

,Q�WKLV�FDVH��D�VLPSOH�PDS�LV�FUHDWHG�RQ�WKHLU�RQOLQH�SODWIRUP��7KH�GDWD�RI�WKH�REVHUYDWLRQ�SRLQWV�

DUH�DGGHG�WR�WKHLU�VHUYHU�DORQJ�ZLWK�WKH�YLHZLQJ�GLUHFWLRQ��7KH�PDS�LV�SXEOLVKHG�DQG�DFFHVVHG�

WKURXJK�WKH�6'.��7KH�DSS�ZLOO�DVN�IRU�WKH�XVHU¶V�SHUPLVVLRQ�WR�XVH�WKH�*36�LQ�WKHUL�GHYLFH��7KH�

PDS�LQ�WKH�DSS�ZLOO�XSGDWH�DFFRUGLQJ�WR�WKH�FXUUHQW�ORFDWLRQ�RI�WKH�XVHU�DQG�WHOO�WKHP�WKH�

ORFDWLRQ�RI�WKH�REVHUYDWLRQ�SRLQW��7KH�LPDJH�EHORZ�VKRZV�WKH�QDYLJDWLRQ�PDS�LQ�WKH�DSS��7KH�

SLQN�QDYLJDWRU�VKRZV�WKH�FXUUHQW�ORFDWLRQ�RI�WKH�XVHU��7KH�EOXH�GRWV�DUH�WKH�ORFDWLRQ�RI�WKH�

REVHUYDWLRQ�SRLQWV�DQG�WKH�DUURZV�DUH�WKH�GLUHFWLRQ�RI�YLHZ��7KH�XVHUV�FDQ�ZDON�DURXQG�WKH�DUHD��

ORRN�IRU�WKH�EOXH�GRWV�DQG�VHH�WKH�YLVXDOL]DWLRQ�WKURXJK�WKH�$5�VFHQH��

�
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)LJXUH����1DYLJDWLRQ�0DS�DGGHG�LQ�WKH�DSS�

�

$�EXWWRQ�DQG�D�VLPSOH�&��VFULSW�LV�DOVR�DGGHG�WR�DOORZ�WKH�XVHUV�WR�VZLWFK�EHWZHHQ�WKH�$5�VFHQH�

DQG�WKH�PDS��7KH�VFULSW�VLPSO\�XVHV�WKH�FODVV�³/RDG6FHQH´�XQGHU�WKH�6FHQH�0DQDJHU�

QDPHVSDFH�WR�DOORZ�WKH�XVHUV�WR�VZLWFK�WKURXJK�WKH�WZR�VFHQHV�RQ�FOLFN��

�

�
������,PDJH�FDSWXUH��

�

&RQVLGHULQJ�WKDW�WKH�XVHUV�PLJKW�QHHG�WR�VDYH�WKH�YLVXDOL]DWLRQ�IRU�IXWXUH�SUHVHQWDWLRQ��VKDULQJ��

IXUWKHU�HGLWLQJ��DQG�SULQWLQJ��DQ�LPDJH�FDSWXUH�IXQFWLRQ�LV�DGGHG�WR�WKH�DSS�DV�WKH�ILQDO�DGGLWLRQ��

7KH�IXQFWLRQ�FDSWXUHV�WKH�$5�VFHQH�LQ�D�KLJKHU�UHVROXWLRQ�DQG�VDYHV�WKH�ILOH�DV�D�31*�UDVWHU�LQWR�

WKH�DSS¶V�IROGHU�ORFDOO\�LQ�WKH�GHYLFH��7KH�IXQFWLRQ�LV�DFKLHYH�E\�D�SLHFH�RI�&��VFULSW���

�

7KH�8QLW\�VFULSWLQJ�$3,�KDV�WKH�&DSWXUH6FUHHQVKRW�FODVV�WKDW�DOORZV�WKH�DSS�WR�FDSWXUH�D�

VFUHHQVKRW�DQG�VDYH�LW�LQ�D�ORFDO�ILOH��7R�ZULWH�D�XQLTXH�ILOH�HYHU\�WLPH�ZLWKRXW�RYHUZULWLQJ�WKH�

SUHYLRXV�LPDJH��WKH�WLPH�DQG�GDWH�RI�WKH�VFUHHQVKRW�LV�DGGHG�LQ�WKH�ILOHQDPH��7KH�ILOH�H[WHQVLRQ�

³�SQJ´�LV�DOVR�DGGHG�WR�VSHFLI\�WKH�ILOH�W\SH�ZKHQ�WKH�VFUHHQVKRW�LV�VDYHG��7KH�LQWHJHU���LV�IRU�

VSHFLI\LQJ�WKH�UHVROXWLRQ�RI�WKH�VDYHG�LPDJH��,Q�WKLV�FDVH�LW�ZLOO�EH���WLPHV�WKH�UHVROXWLRQ�RI�WKH�

VFUHHQ�RI�WKH�GHYLFH��$V�WKH�GDWH�DQG�WLPH�RI�WKH�V\VWHP�ZLOO�RQO\�XSGDWH�ZKHQ�WKH�VFHQH�LV�

ORDGHG��WKH�/RDG6FHQH�FODVV�LV�DGGHG�WR�WKH�VFULSW�WR�UHORDG�WKH�VFHQH�HYHU\�WLPH�D�VFUHHQVKRW�LV�

VDYHG�WR�XSGDWH�WKH�WLPH�DQG�SUHYHQW�RYHUZULWLQJ�RI�ILOHV��

²����²�
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�

7KH�FDSWXUHG�VFUHHQVKRW�ZLOO�EH�VDYHG�LQ�WKH�SDWK�³�VWRUDJH�HPXODWHG����

$QGURLG�GDWD��SDFNDJHQDPH!�ILOHV´��QDPHG�ZLWK�D�VSHFLILF�WLPH�DQG�GDWH�DQG�IRUPDWWHG�DV�D�

31*�ILOH��7KH�XVHUV�ZLOO�EH�DEOH�WR�DFFHVV��VKDUH��RU�HGLW�WKH�LPDJHV�RQFH�WKH�ILOH�LV�VDYHG��

�

)LJXUH����,PDJHV�VDYHG�LQ�WKH�ORFDO�ILOH�RI�WKH�GHYLFH�ZLWK�WKH�LPDJH�FDSWXUH�IXQFWLRQ�

�

�

�

�

�

²����²�

����6WULQJ�WKLV'DWH�� �'DWH7LPH�1RZ�7R6WULQJ��00GG\\\\+PPVV����

�

����SXEOLF�YRLG�FDSWXUH���

����^�

� 6FUHHQ&DSWXUH�&DSWXUH6FUHHQVKRW��DUVF��WKLV'DWH����SQJ�������

� 6FHQH0DQDJHU�/RDG6FHQH��,PDJH7UDFNLQJ����
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� (YDOXDWLRQ�

����3HUIRUPDQFH�RI�WKH�LPDJH�EDVHG�WUDFNLQJ�PHWKRG�
�

%HLQJ�DEOH�WR�WUDFN�WKH�REMHFW�LQ�UHDO�WLPH�DQG�VSDZQ�WKH�YLVXDOL]DWLRQ�ZLWKRXW�ODWHQF\�LV�FUXFLDO�

WR�DQ�$5�YLVXDOL]DWLRQ�DSS�WR�SURYLGH�DQ�LPPHUVLYH�H[SHULHQFH��7R�DFKLHYH�WKDW��DQ�HIILFLHQW�DQG�

HIIHFWLYH�WUDFNLQJ�PHWKRG�QHHGV�WR�EH�LPSOHPHQWHG��)RU�WKLV�DSS��DQ�LPDJH�EDVHG�WUDFNLQJ�

PHWKRG�ZDV�FKRVHQ�IRU�LWV�OLJKWZHLJKWQHVV��$ERXW�D�GR]HQ�GLIIHUHQW�EXLOGLQJV�QHHGHG�WR�EH�

WUDFNHG�RQ�WKH�VLWH�IRU�WKLV�DSS��$Q�LPDJH�EDVHG�WUDFNLQJ�FDQ�UHGXFH�WKH�VL]H�RI�WKH�UHIHUHQFH�

GDWDEDVH��UHGXFH�WKH�WLPH�RI�WKH�KDUGZDUH�VHDUFKLQJ�WKURXJK�LW�DQG�SRVVLEO\�UHGXFH�WKH�ODWHQF\�

RI�WKH�WUDFNLQJ�SURFHVV��

�

7R�WULDO�DQG�HYDOXDWH�WKH�LPSOHPHQWHG�LPDJH�EDVHG�WUDFNLQJ��D�WUDFNLQJ�VSHHG�WHVW�ZDV�

FRQGXFWHG�WR�FDOFXODWH�WKH�WLPH�QHHGHG�IRU�WKH�V\VWHP�WR�WUDFN�WKH�EXLOGLQJ�DQG�YLVXDOL]H�WKH�

HIIHFWV���7KH�DSS�ZDV�EXLOW�DQG�LQVWDOOHG�WR�WKH�GHYLFH�PHQWLRQHG�LQ�VHFWLRQ������7KH�DSS�ZDV�

WHVWHG�RQ�VLWH��:KLOH�WKH�DSS�LV�UXQQLQJ��D�VFUHHQ�UHFRUGLQJ�LV�SHUIRUPHG�IRU�HDFK�EXLOGLQJV¶�

YLVXDOL]DWLRQ��7KH�VFUHHQ�ZLOO�EH�UHFRUGHG�DW�D����IUDPH�SHU�VHFRQG�IUDPH�UDWH��7KH�UHFRUGHG�

YLGHR�ZLOO�WKHQ�EH�DQDO\VHG�IRU�WKH�QXPEHU�IUDPHV�QHHGHG�IRU�WKH�V\VWHP�WR�JR�IURP�VWDUWLQJ�WKH�

$5�VHVVLRQ�WR�WKH�YLVXDOL]DWLRQ�LV�FRPSOHWHG��(DFK�IUDPH�QHHGHG�LV�HTXDO�WR������RI�D�VHFRQG��

)RU�WKDW�WKH�WLPH�QHHGHG�IRU�HDFK�WUDFNHG�EXLOGLQJ�WR�EH�YLVXDOL]HG�FDQ�EH�UHFRUGHG��

�

7KH�UHVXOW�RI�WKH�WHVW�LV�OLVWHG�DV�IROORZLQJ��

7DEOH���7KH�WLPH�QHHGHG�IRU�LQLWLDWLQJ�WKH�YLVXDOL]DWLRQ�RQ�HDFK�EXLOGLQJ�

²����²�

%XLOGLQJ�QDPH� )UDPHV�QHHGHG����ISV�� 7LPH�QHHGHG��6��

.UHLVZHKUHUVDW]DPW� �� �������������

.DUULHUHFHQWHU� �� ����

'LDNRQLVFKHV�:HUN� �� �������������

$2.� �� ����

6FKXOHQWZLFNOXQJ� �� �������������

'HXWVFKH�%DKQ� �� �������������

6FKXOHQWZLFNOXQJ�+LQWHU� �� ����

+',� �� �������������

7DNNW� �� ����

+RXVH�� �� ����

+RXVH�� �� ����

:HFNKHUOLQ�+DXV� �� �������������
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7KH�DYHUDJH�IUDPH�QHHGHG�WR�DOO�WKH�GHVLJQDWHG�EXLOGLQJV�WR�JHW�UHFRJQL]HG�DQG�YLVXDOL]HG�LV�

������:LWK�WKH����ISV�IUDPH�UDWH��WKH�DYHUDJH�WLPH�XVHG�IRU�WKH�YLVXDOL]DWLRQ�LV�DERXW������

VHFRQG��7KH�ODWHQF\�LV�RQO\�D�WHQWK�RI�D�VHFRQG�DQG�RQ�WKH�DSS�LW�IHHOV�OLNH�WKH�YLVXDOL]DWLRQ�LV�

KDSSHQLQJ�LQ�UHDO�WLPH��7KH�WUDFNLQJ�V\VWHP�LV�VXFFHVVIXO�LQ�WHUPV�RI�NHHSLQJ�WKH�FRPSXWDWLRQ�

IDVW�DQG�WKH�ODWHQF\�RI�YLVXDOL]DWLRQ�ORZ��

�

/LPLWDWLRQ�RI�8VLQJ�D�,PDJH�%DVHG�7UDFNLQJ�6\VWHP�IRU�2XWGRRU�%XLOGLQJ�7UDFNLQJ�

�

7KH�LPSOHPHQWHG�WUDFNLQJ�V\VWHP�LV�HIILFLHQW�LQ�WHUPV�RI�VSHHG�DQG�WUDFNLQJ�HIILFLHQF\��

+RZHYHU��WR�WUDFN�DQG�YLVXDOL]H�REMHFWV�LQ�DQ�RXWGRRU�VHWWLQJ��WKH�PHWKRG�VWLOO�SRVHV�D�IHZ�

QRWDEOH�OLPLWDWLRQV���

�

7KH�LPDJH�EDVHG�WUDFNLQJ�PHWKRG�LV�D��'�EDVHG�WUDFNLQJ��7R�LPSOHPHQW�WKDW�IRU�WUDFNLQJ��'�

EXLOGLQJV��WKH�EXLOGLQJV�KDYH�WR�EH�WUHDWHG�DV�D�³IUDPHG�SLFWXUH´��$V�D�UHVXOW��WKH�V\VWHP�FDQ�

RQO\�UHFRJQL]H�D�EXLOGLQJ�IURP�RQH�VSHFLILF�GLUHFWLRQ��7KH�XVHUV�DUH�WKHUHIRUH�UHTXLUHG�WR�VHDUFK�

IRU�WKRVH�VSHFLILF�SRLQWV�DQG�GLUHFWLRQV�LQ�RUGHU�WR�YLVXDOL]H�WKH�EXLOGLQJ�LQ�WKH�DSS��7KLV�UHGXFHV�

WKH�XVDELOLW\�RI�WKH�DSS�DQG�FRQVWUDLQV�WKH�DQJOH�WKDW�WKH�EXLOGLQJV�DUH�EHLQJ�YLVXDOL]HG��7KH�

XVHUV�FDQQRW�ZDON�DURXQG�WKH�VDPH�EXLOGLQJ�DQG�DSSO\�WKH�VDPH�HIIHFW�WR�WKH�GLIIHUHQW�IDFDGHV�

XQOHVV�WKHUH�DUH�UHIHUHQFH�LPDJHV�LQ�WKH�GDWDEDVH�IRU�WKDW�SDUWLFXODU�DQJOH��7KH�LPDJH�EDVHG�

WUDFNLQJ�PHWKRG�DOVR�FDQQRW�WUDFN�DQ�LPDJH�IURP�DQ�RYHUO\�WLOWHG�DQJOH��0HDQLQJ�WKDW�LI�D�

EXLOGLQJ�LV�WRR�WDOO�DQG�UHTXLUHV�WKH�XVHUV�WR�ORRN�XS��WKH�WUDFNLQJ�PD\�IDLO��

�

$��'�WUDFNLQJ�PHWKRG�DOVR�DSSOLHV�WKDW�WKH�V\VWHP�GRHV�QRW�XQGHUVWDQG��'�VSDFH��'HSWK�RI�WKH�

REMHFW�UHODWHG�WR�WKH�VXUURXQGLQJ�LV�QRW�UHJLVWHUHG�LQ�WKH�V\VWHP�VLQFH�WKH��'�EXLOGLQJ�LQ�WKH�UHDO�

ZRUOG�LV�QRW�WUHDWHG�DV�DQ��'�REMHFW�LQ�WKH�DSS��$V�D�UHVXOW��WKH�WUDFNLQJ�PHWKRG�FDQQRW�DYRLG�WKH�

DUWLIDFWV�VWDQGLQJ�LQ�IURQW�RI�WKH�GHVLJQDWHG�EXLOGLQJV��,I�WKHUH�DUH�DUWLIDFWV�VXFK�DV�WUHHV��FDUV��

DQG�SHGHVWULDQV�VWDQGLQJ�LQ�IURQW�RI�WKH�EXLOGLQJ��LW�ZLOO�LQFOXGH�WKRVH�DUWLIDFWV�LQWR�WKH�FRORUHG�

YLVXDOL]DWLRQ�LQVWHDG�RI�WXUQLQJ�WKHP�WR�PRQRFKURPH���

�

7KH�IROORZLQJ�LPDJH�VKRZV�WKH�UHVXOW�RI�WKH�YLVXDOL]DWLRQ�DSSOLHG�WR�RQH�RI�WKH�EXLOGLQJV��$V�

WKHUH�LV�D�FDU�SDUNHG�LQ�IURQW�RI�WKH�EXLOGLQJ�DQG�LV�RYHUODSSLQJ�ZLWK�WKH�EXLOGLQJ¶V�RXWOLQH��SDUW�

RI�WKH�FDU�LV�UHQGHUHG�LQ�FRORU��7KLV�SUREOHP�LV�KDUG�WR�EH�IL[HG�ZLWK�WKH��'�LPDJH�WUDFNLQJ�

PHWKRG�DSSOLHG�WR�WUDFN��'�EXLOGLQJV���

�
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�
)LJXUH����3DUW�RI�WKH�FDU�LV�UHQGHUHG�LQ�JUD\VFDOH�

�

����&RPSDULVRQ�RI�WKH�WZR�EXLOGLQJ�PRGHO�W\SHV�
�

$FFXUDF\�WHVW�

�

7ZR�GLIIHUHQW�W\SHV�RI�EXLOGLQJ�PRGHOV�ZHUH�WHVWHG�IRU�WKH�YLVXDOL]DWLRQ�GXULQJ�WKH�GHYHORSPHQW�

SURFHVV��2QH�LV�WKH�/2'��H[WUDFWHG�IURP�WKH�&LW\*0/�GDWD�DQG�WKH�RWKHU�RQH�LV�WKH�PDQXDOO\�

FUHDWHG�PRGHO�VSHFLILFDOO\�PDGH�IRU�WKLV�YLVXDOL]DWLRQ�PHWKRG��,Q�WKH�DSS��WKH�PDQXDOO\�FUHDWHG�

PRGHO�LV�DGRSWHG�IRU�WKH�ILQDO�UHVXOW�DV�LW�SURYLGHV�D�PRUH�DFFXUDWH�DQG�SUHFLVH�YLVXDOL]DWLRQ��

6LQFH�WKH�PRGHO�LV�FUHDWHG�IRU�HDFK�YLHZSRLQW�VSHFLILFDOO\��LW�FDQ�FRYHU�WKH�HQWLUH�EXLOGLQJ�ZKHQ�

LW�LV�YLHZHG�IURP�WKDW�YLHZSRLQW��$V�D�UHVXOW�LW�SURYLGHV�D�PRUH�FRQYLQFLQJ�YLVXDO�HIIHFW���

�

7KH�LPDJHV�EHORZ�VKRZ�RQH�RI�WKH�UHVXOWV�RI�WKH�YLVXDOL]DWLRQ�XVLQJ�ERWK�RI�WKH�PRGHO�W\SHV��

7KH�EXLOGLQJ�EHLQJ�WUDFNHG�LQ�WKLV�FDVH�LV�D�FRPSDUDWLYHO\�VPDOOHU�UHVLGHQWLDO�EXLOGLQJ�LQ�WKH�VLWH��

7KH�/2'��PRGHO�SHUIRUPV�WKH�EHVW�RQ�FDVHV�OLNH�WKHVH�ZKHQ�WKH�EXLOGLQJ�LV�VPDOOHU�DQG�LWV�IRUP�

LV�UHODWLYHO\�VLPSOH��7KH�UHVXOW�XVLQJ�WKH�/2'��PRGHO��OHIW��VKRZV�WKDW�WKHUH�DUH�VWLOO�DUWLIDFWV�RQ�

WKH�EXLOGLQJ���VXFK�DV�WKH�FKLPQH\�RQ�WKH�URRI��DQG�WKH�EDOFRQ\�RQ�WKH�VLGH��WKDW�DUH�OHIW�LQ�

JUD\VFDOH�GXH�WR�WKH�LQVXIILFLHQF\�RI�WKH�OHYHO�RI�GHWDLO��7KHUH�DUH�DOVR�SDUWV�RI�WKH�VN\�WKDW�DUH�

UHQGHUHG�LQ�FRORU�GXH�WR�WKH�SODFHPHQW�RI�WKH�PRGHO��+RZHYHU��WKH�RYHUDOO�UHVXOW�LV�VWLOO�YLVXDOO\�

DFFHSWDEOH��2Q�WKH�RWKHU�KDQG��WKH�RQH�XVLQJ�WKH�PDQXDOO\�FUHDWHG�PRGHO��ULJKW��VKRZV�WKDW�

DOPRVW�WKH�HQWLUHW\�RI�WKH�EXLOGLQJ�LV�UHQGHUHG�LQ�FRORU�DQG�QR�ELJ�DUHD�RI�WKH�VXUURXQGLQJ�LV�

LQFOXGHG��

²����²�
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)LJXUH����&RPSDULVRQ�RI�WKH�YLVXDOL]DWLRQ�UHVXOW�XVLQJ�/2'���OHIW���DQG�PDQXDOO\�FUHDWHG�

�ULJKW��EXLOGLQJ�PRGHOV�ZLWK�D�UHVLGHQWLDO�EXLOGLQJ�

�

7KH�YLVXDOL]DWLRQ�UHVXOW�XVLQJ�WKH�/2'��PRGHO�LV�LPSHUIHFW�\HW�SURPLVLQJ�ZKHQ�LW�LV�DSSOLHG�WR�

VPDOOHU�EXLOGLQJV�ZLWK�VLPSOHU�IRUPV��+RZHYHU��LI�WKH�EXLOGLQJV�DUH�ODUJHU�ZLWK�D�PRUH�

FRPSOLFDWHG�GHVLJQ��WKH�YLVXDOL]DWLRQ�UHVXOW�ZLOO�EH�YDULHG��2QH�RI�WKH�PDMRU�FKDOOHQJHV�ZKHQ�

LPSOHPHQWLQJ�WKH�/2'��PRGHOV�LV�WR�SURSHUO\�RULHQWDWH�WKH��'�PRGHOV�ZLWK�WKH��'�UHIHUHQFH�

LPDJH�ZKHQ�WKH�DQJOH�RI�WDNLQJ�WKH�LPDJHV�LV�WLOWHG�DQG�SHUVSHFWLYH�LV�SUHVHQW��7KH�FKDOOHQJH�

EHFRPHV�PRUH�QRWLFHDEOH�ZKHQ�WKH�EXLOGLQJ�LV�ELJJHU�DQG�LV�KDUGHU�WR�EH�FDSWXUHG�LQ�RQH�IUDPH�

ZLWKRXW�WLOWLQJ�WKH�FDPHUD�DQJOH��7KH�LPDJHV�EHORZ�VKRZ�DQ�H[DPSOH�ZKHUH�WKH�/2'��PRGHO�LV�

DSSOLHG�WR�DQ�RIILFH�EXLOGLQJ�RQ�WKH�VLWH��$�WLOHG�DQJOH�RI�YLHZ�LV�QHHGHG�WR�FDSWXUH�WKH�VLOKRXHWWH�

RI�WKH�EXLOGLQJ��$V�D�UHVXOW��RULHQWDWLQJ�WKH�PRGHO�LV�PRUH�GLIILFXOW�DQG�WKH�YLVXDOL]DWLRQ�VKRZV�D�

ODUJHU�DUHD�RI�WKH�VN\�EHLQJ�LQFOXGHG�LQ�WKH�FRORU�PDVN���

�

�

)LJXUH����9LVXDOL]DWLRQ�UHVXOW�XVLQJ�/2'��PRGHOV�RQ�DQ�RIILFH�EXLOGLQJ�

�

7KHUH�DUH�DOVR�FDVHV�ZKHUH�WKH�GDWD�FRPHV�LQ�LQVXIILFLHQW��7KH�/2'��PRGHOV�XVHG�LQ�WKH�DSS�LV�

IURP�WKH�6WXWWJDUW�&LW\*0/�GDWDVHW��7KH�IROORZLQJ�LPDJHV�VKRZ�WKH�YLVXDOL]DWLRQ�UHVXOW�RI�WKH�

EXLOGLQJ�.DUULHUHFHQWHU�RQ�+HLOEURQQHU�6WUD�H������������6WXWWJDUW��,Q�WKLV�FDVH��WKH�PRGHO�RI�

WKLV�SDUWLFXODU�EXLOGLQJ�EXLOW�IRU�WKH�&LW\*0/�GDWD�ZDV�EXLOW�LQ�/2'���7KH�LPDJH�VKRZV�WKDW�

²����²�
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WKHUH�LV�D�ODUJH�SDUW�RI�WKH�URRI�VWUXFWXUHV�WKDW�LV�QRW�LQFOXGHG�LQ�WKH�PRGHO��$V�D�UHVXOW��WKDW�SDUW�

RI�WKH�EXLOGLQJ�FDQ�QRW�EH�LQFOXGHG�LQ�WKH�YLVXDOL]DWLRQ��FDXVLQJ�D�VSLNH�LQ�WKH�LPSUHFLVHQHVV��

�

�

)LJXUH����&RPSDULVRQ�RI�WKH�YLVXDOL]DWLRQ�UHVXOW�XVLQJ�/2'���OHIW���DQG�PDQXDOO\�FUHDWHG�

�ULJKW��EXLOGLQJ�PRGHOV�RQ�.DUULHUHFHQWHU���+HLOEURQQHU�6WUD�H������������6WXWWJDUW�

�

7R�PRUH�DFFXUDWHO\�VXUYH\�WKH�³LPSUHFLVHQHVV´�RI�XVLQJ�HDFK�W\SH�RI�PRGHO��WKH�IROORZLQJ�

HTXDWLRQ�LV�XVHG��

�

�

7KH�HTXDWLRQ�FDOFXODWHV�WKH�SHUFHQWDJH�RI�DUHD�WKDW�LV�ZURQJO\�YLVXDOL]HG�LQ�WKH�DSS�FRPSDUHG�WR�

WKH�VXUIDFH�DUHD�RI�WKH�EXLOGLQJ�LQ�WKH�$5�VFHQH��7KH�UHVXOW�RI�WKH�FDOFXODWLRQ�LV�OLVWHG�LQ�WKH�

IROORZLQJ�WDEOH��

�

7DEOH���&RPSDULVRQ�RI�WKH�LPSUHFLVHQHVV�RI�XVLQJ�WKH�WZR�PRGHO�W\SHV�

²����²�
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�

7KH�DYHUDJH�LPSUHFLVHQHVV�RI�WKH�/2'��PRGHO�LV�DERXW�������ZKLOH�WKH�DYHUDJH�IRU�WKH�

PDQXDOO\�FUHDWHG�PRGHOV�VWDQGV�DW�DURXQG��������7KH�QXPEHU�VXJJHVWHG�WKH�PDQXDOO\�FUHDWHG�

PRGHO�LV����WLPHV�PRUH�SUHFLVH�LQ�PDVNLQJ�WKH�EXLOGLQJ�FRPSDUHG�WR�WKH�UHDGLO\�DYDLODEOH�/2'��

�'�PRGHOV��

�

7LPH�FRVW�UHFRUG�

�

7KH�GLIIHUHQFH�LQ�WHUPV�RI�YLVXDOL]DWLRQ�SUHFLVHQHVV�LV�REYLRXV�EHWZHHQ�WKH�WZR�PRGHO�W\SHV�

WHVWHG�IRU�WKH�DSS��+RZHYHU��WKH�SUHFLVHQHVV�VKRXOG�QRW�EH�WKH�RQO\�FRQVLGHUDWLRQ�ZKHQ�FKRRVLQJ�

ZKLFK�W\SH�RI�PRGHOV�WR�DGRSW��7KH�FRVW�RI�LPSOHPHQWDWLRQ�VKRXOG�DOVR�EH�WDNHQ�LQWR�DFFRXQW�

ZKHQ�PDNLQJ�WKH�GHFLVLRQ��,Q�WKLV�FDVH��WKH�WLPH�FRVW�IRU�LPSOHPHQWLQJ�RQH�/2'��PRGHO�LV�

REYLRXVO\�JRLQJ�WR�EH�ORZHU�WKDQ�FUHDWLQJ�D�PDQXDOO\�FUHDWHG�PRGHO�DV�WKH�IRUPHU�LV�DOUHDG\�

UHDGLO\�DYDLODEOH�DQG�RQO\�RULHQWDWLRQ�LQ�8QLW\�LV�UHTXLUHG��)RU�D�PRUH�GHWDLOHG�FRPSDULVRQ��WKH�

WLPH�QHHGHG�IRU�LPSOHPHQWLQJ�WKH�ERWK�W\SHV�RI�PRGHOV�DUH�UHFRUGHG�DQG�OLVWHG�RQ�WKH�WDEOH�

EHORZ��

7DEOH���&RPSDULVRQ�RI�WLPH�QHHGHG�WR�LPSOHPHQW�HDFK�PRGHO�W\SH�

�

7KH�DYHUDJH�WLPH�QHHGHG�WR�LPSOHPHQW�RQH�/2'��PRGHO�LQWR�WKH�$5�V\VWHP�LV�DERXW���PLQXWHV��

ZKLOH�WKH�DYHUDJH�WLPH�QHHGHG�IRU�HDFK�PDQXDOO\�FUHDWHG�PRGHO�LV����PLQXWHV��0RUHRYHU��VLQFH�

WKH�/2'��PRGHOV�DUH��'�PRGHOV��WKH�VDPH�LPSOHPHQWHG�PRGHO�FDQ�EH�XVHG�IRU�GLIIHUHQW�YLHZ�

GLUHFWLRQV�WRZDUGV�WKH�VDPH�EXLOGLQJ��+RZHYHU��DV�WKH�PDQXDOO\�FUHDWHG�PRGHOV�DUH�FUHDWHG�

²����²�
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DFFRUGLQJ�WR�WKH�VLOKRXHWWH�RI�WKH�EXLOGLQJ�LQ�RQH�VSHFLILF�YLHZSRLQW��LI�WKH�DSS�UHTXLUHV�WR�

YLVXDOL]H�WKH�EXLOGLQJ�IURP�PRUH�WKDQ�RQH�GLUHFWLRQ��PRUH�PRGHOV�DUH�QHHGHG�WR�EH�FUHDWHG�IRU�

WKH�VDPH�EXLOGLQJ��7KH�LPSOHPHQWDWLRQ�WLPH�ZLOO�HDVLO\�PXOWLSO\�ZKHQ�WKHUH�DUH�PRUH�WKDQ�RQH�

REVHUYDWLRQ�SRLQW�HVWDEOLVKHG�IRU�D�VLQJOH�EXLOGLQJ��

�

2YHUDOO��WKH�/2'��PRGHOV�DUH�D�PRUH�WLPH�HIILFLHQW�RSWLRQ�IRU�WKLV�YLVXDOL]DWLRQ��7KH�PDQXDOO\�

FUHDWHG�PRGHOV�FDQ�DFKLHYH�D�PRUH�SUHFLVH�DQG�LPPHUVLYH�YLVXDOL]DWLRQ��+RZHYHU��LW�UHTXLUHV�D�

PRUH�ODERXU�LQWHQVLYH�SURFHVV��7KH�WLPH�QHHGHG�IRU�WKLV�PHWKRG�FDQ�EH�D�IHZ�WLPHV�PRUH�WKDQ�

XVLQJ�WKH�/2'��PRGHOV��,I�WKH�GHYHORSPHQW�SURFHVV�KDV�D�OLPLWHG�WLPH�SHULRG�RU�EXGJHW��WKH�

&LW\*0/�GDWD�FDQ�EH�DQ�HIILFLHQW�VXEVWLWXWLRQ�DOWKRXJK�WKH�DFFXUDF\�ZLOO�EH�VDFULILFHG���

�

����3HUIRUPDQFH�RI�WKH�$5)RXQGDWLRQ�6'.�

�
7KH�$5)RXQGDWLRQ�6'.�DQG�$5&RUH�H[WHQVLRQ�SURYLGHV�D�ZLGH�UDQJH�RI�IHDWXUHV�WKDW�KHOSV�WKH�

GHYHORSPHQW�RI�WKLV�DSS��7KH�6'.�LV�HDV\�WR�DGRSW�DQG�XVH��,I�D�VLPSOH�$5�DSS�LV�QHHGHG�WR�EH�

EXLOW�ZLWKRXW�PDQ\�FXVWRPL]DWLRQ��WKH�GHYHORSHU�GRHV�QRW�QHHG�PXFK�FRGLQJ�NQRZOHGJH�WR�OD\�

WKH�IRXQGDWLRQ��8QLW\�DQG�WKH�6'.�DOORZV�VLPSOH�³GUDJ�DQG�GURSV´�RI�FRPSRQHQWV�DQG�D�IHZ�

DGMXVWPHQWV�DQG�WKH�DSS�LV�UHDG\�WR�EXLOG�DQG�UXQ�LQ�WKH�GHYLFH��7KH�6'.�SURYLGHV�KDQG\�DQG�

UHDGLO\�DYDLODEOH�$3,V�VXFK�DV�3ODQH�'HWHFWLRQ�DQG�$XJPHQWHG�,PDJHV�IRU�D�TXLFN�DQG�

FRQYHQLHQW�LPSOHPHQWDWLRQ��7KH�V\VWHP�KDV�FOHDU�QRWLILFDWLRQ�IRU�EXJV�LQ�WKH�FXVWRPL]HG�VFULSW�

DQG�SURYLGHV�FOHDU�LQVWUXFWLRQV�IRU�ZKHUH�WR�FKHFN�DQG�KRZ�WR�IL[�WKHP���

�

+RZHYHU��GHVSLWH�WKH�XVHU�IULHQGOLQHVV��D�IHZ�VKRUWFRPLQJV�DUH�IRXQG�GXULQJ�WKH�DSS�

GHYHORSPHQW�SKDVHV�ZLWK�$5)RXQGDWLRQ�6'.��2QH�RI�WKH�PDMRU�SUREOHPV�GLVFRYHUHG�LV�WKDW�

WKHUH�DUH�VRPH�ODFNLQJ�SDUWV�RI�GRFXPHQWDWLRQ�SURYLGHG�E\�*RRJOH�DQG�8QLW\��7KH�$XJPHQWHG�

,PDJH�$3,�LQ�$5)RXQGDWLRQ�LV�XVHG�IRU�WUDFNLQJ�WKH�EXLOGLQJV�LQ�WKH�DSS��2QH�RI�WKH�PRVW�

FUXFLDO�SDUWV�RI�DQ�LPDJH�WUDFNLQJ�V\VWHP�LV�WR�SODFH�WKH�REMHFW�RQ�D�GHVLUHG�SRVLWLRQ�DFFRUGLQJ�

WR�WKH�WUDFNHG�LPDJH��)RU�VRPH�RWKHU�6'.�DYDLODEOH�LQ�WKH�PDUNHW��D�YLVXDO�DLG�LV�XVXDOO\�

SURYLGHG�WR�PDWFK�WKH�SRVLWLRQ�RI�WKH�UHIHUHQFH�LPDJH�DQG�WKH�VSDZQHG�REMHFW��$�SUR[\�

UHIHUHQFH�LPDJH�ZLOO�EH�DGGHG�WR�WKH�VFHQH�DQG�WKH�LQLWLDO�VSDZQ�SRVLWLRQ�DQG�URWDWLRQ�RI�WKH�

REMHFW�FDQ�EH�DGMXVWHG�DQG�VDYHG�WR�WKH�V\VWHP��+RZHYHU��WKH�$5)RXQGDWLRQ�6'.�GRHV�QRW�

SURYLGH�WKLV�DLG��7KH�SRVLWLRQ�DQG�RULHQWDWLRQ�RI�WKH�WUDFNHG�LPDJH�DQG�WKHLU�UHODWLRQVKLS�WR�WKH�

GHYLFH¶V�RULHQWDWLRQ�LV�QRW�VWDWHG�LQ�DQ\�GRFXPHQWDWLRQ�SURYLGHG��([SHULPHQWV�KDG�WR�EH�GRQH�WR�

ILQG�RXW�KRZ�WR�FRUUHFWO\�SRVLWLRQ�WKH�SODFHDEOH�REMHFWV�DFFRUGLQJ�WR�WKH�UHIHUHQFH�LPDJH��7KH�

UHVXOWV�VKRZ�WKDW�WKH�WUDFNDEOH�LPDJHV�DUH�SURMHFWHG�WR�WKH�;=�SODQH�LQ�8QLW\��2QFH�WKH�
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GLPHQVLRQV�IRU�WKH�LPDJHV�DUH�VHW��WKH�FHQWHU�RI�WKH�LPDJH�ZLOO�EH�UHIHUHQFHG�WR�WKH�RULJLQ�SRLQW�

���������7KH�KHLJKW�RI�WKH�LPDJH�ZLOO�EH�WKH�OHQJWK�RQ�=�D[LV�DQG�WKH�ZLGWK�ZLOO�EH�OHQJWK�RQ�WKH�

;�D[LV��7R�YLVXDOL]H�WKH�UHIHUHQFH�LPDJHV�IRU�YLVXDO�DLGV�WR�WKH�SRVLWLRQLQJ�RI�PRGHOV��D�TXDG�

FDQ�EH�FUHDWHG�RQ�WKH�;=�SODQH��6FDOH�WKH�TXDG�DFFRUGLQJ�WR�WKH�VL]H�RI�WKH�LPDJH�DQG�DSSO\�DQ�

XQOLW�PDWHULDO�ZLWK�WKH�RULJLQDO�LPDJH�XVHG�DV�D��'�WH[WXUH��7KH�TXDG�ZLOO�EH�SODFHG�FHQWHUHG�DW�

WKH�RULJLQ�SRLQW�DQG�WKH�LPDJH�ZLOO�EH�YLVXDOL]HG�DV�D�UHIHUHQFH�� �

�

$QRWKHU�QRWDEOH�OLPLWDWLRQ�RI�WKH�$5)RXQGDWLRQ�LV�WKH�EXJV�DQG�JOLWFKHV�IRXQG�GXULQJ�WKH�DSS�

GHYHORSPHQW�SURFHVV��$OUHDG\�PHQWLRQHG�LQ�VHFWLRQ��������WKH�$5)RXQGDWLRQ�QDPHVSDFH�KDV�D�

FODVV�WKDW�WHOOV�WKH�VWDWXV�RI�WKH�WUDFNHG�LPDJHV��7KH�FODVV�LV�VXSSRVHG�WR�EH�DEOH�WR�WHOO�ZKHQ�D�

WUDFNHG�LPDJH�LV�QR�ORQJHU�REVHUYDEOH�WKURXJK�WKH�FDPHUD��+RZHYHU��LQ�WKH�GHYHORSPHQW�

SURFHVV��LW�LV�IRXQG�RXW�WKDW�WKH�V\VWHP�VRPHWLPHV�IDLOV�WR�UHFRJQL]H�WKDW�WKH�LPDJH�LV�QRW�EHLQJ�

WUDFNHG�DQ\PRUH��,Q�WKH�DSS��WKH�VFULSW�LV�ZULWWHQ�WKDW�ZKHQ�WKH�LPDJH�LV�QRW�EHLQJ�WUDFNHG�

DQ\PRUH��WKH�VSDZQHG�REMHFW�ZLOO�EH�VHW�LQDFWLYH�LQ�WKH�VFHQH��+RZHYHU��VLQFH�WKH�V\VWHP�IDLOV�WR�

WHOO�ZKHQ�WKH�LPDJH�LV�QR�ORQJHU�LQ�WKH�VFHQH��WKH�VSDZQHG�REMHFW�ZLOO�VWD\�DW�WKH�HGJH�RI�WKH�

VFHQH��7KLV�SUREOHP�DOVR�OHDGV�WR�D�IDLOXUH�ZKHQ�WKH�V\VWHP�QHHGV�WR�WUDFN�WKH�QH[W�LPDJH��7KH�

VWDWXV�RI�WKH�ILUVW�REMHFW�FDQ�QRW�FKDQJH�WR�EH�³UHPRYHG´�DQG�LW�FDQ�QRW�SURFHHG�WR�GHWHFW�WKH�

QH[W�REMHFW��

�

$�PDMRU�JOLWFK�DOVR�DSSHDUHG�LQ�WKH�GHYHORSPHQW�SURFHVV��7KH�DSS�ZDV�ILUVW�EXLOW�ZLWK�

$5)RXQGDWLRQ�9HUVLRQ���������ZKLFK�LV�WKH�YHULILHG�YHUVLRQ�IRU�8QLW\���������I���'XULQJ�WKH�

GHYHORSPHQW�DQG�WHVWLQJ�SURFHVV��RQH�RI�WKH�EXLOW�YHUVLRQV�RI�WKH�DSS�H[SHULHQFHG�D�JOLWFK�WKDW�

JLYHV�WKH�$5�FDPHUD�D�IODVKLQJ�JUHHQ�FRORU��3DUW�RI�WKH�VFUHHQ�ZDV�IOLFNHULQJ�EHWZHHQ�D�QRUPDO�

FDPHUD�YLHZ�DQG�D�EULJKW�JUHHQ�FRORU��7KH�EXJ�ZDV�UHSRUWHG�DOVR�E\�VRPH�RWKHU�RQJRLQJ�

SURMHFWV��7KH�SUREOHP�ZDV�VROYHG�DW�WKH�HQG�E\�XSGDWLQJ�WKH�6'.�WR�9HUVLRQ��������ZKLFK�LV�D�

QHZHU�EXW�XQYHULILHG�YHUVLRQ��

�
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� &RQFOXVLRQ�

�

,Q�WKLV�WKHVLV��DQ�PRELOH�$XJPHQWHG�5HDOLW\�DSSOLFDWLRQ�LV�GHYHORSHG�WR�VKRZFDVH�WKH�

WHFKQLFDOLW\�RI�YLVXDOL]LQJ�IRFXV�DQG�FRQWH[W�RQ�EXLOGLQJV�ZLWK�JUD\VFDOH�PDVNLQJ�ILOWHUV��7KH�

YLVXDOL]DWLRQ�DSSOLFDWLRQ�LV�RULHQWHG�WRZDUGV�WKH�QHHGV�RI�XUEDQ�SODQQHUV�DQG�GHVLJQHUV�DQG�LW�

VXFFHVVIXOO\�LQFRUSRUDWHG�WKH�YLVXDOL]DWLRQ�PHWKRGV�ZLWK�WKH�YLGHR�EDVHG�PRELOH�$5�

WHFKQRORJLHV���

�

7KH�VWDWH�RI�WKH�DUW�RI�WKH�PRELOH�$5�WHFKQRORJLHV�ZDV�UHYLHZHG�DORQJVLGH�ZLWK�WKH�RXWGRRU�

WUDFNLQJ�PHWKRGV��GHYHORSPHQW�SODWIRUPV�DQG�PHWKRGV��DQG�WKHLU�DSSOLFDWLRQ�WR�WKH�ILHOG�RI�

XUEDQ�SODQQLQJ�DQG�GHVLJQ��6XLWDEOH�WHFKQRORJLHV��FRQFHSWV�DQG�PHWKRGRORJLHV�DUH�VHOHFWHG�DQG�

DSSOLHG�WR�WKH�LPSOHPHQWDWLRQ�RI�WKLV�DSSOLFDWLRQ��7KH�LPDJH�EDVHG�WUDFNLQJ�PHWKRG�ZDV�

VHOHFWHG�IRU�WKLV�DSS��'HVSLWH�QRW�EHLQJ�RSWLPLVHG�IRU�WUDFNLQJ�RXWGRRU��'�REMHFWV�VXFK�DV�

EXLOGLQJV��WKH�GHYHORSPHQW�RI�WKLV�SURMHFW�SURYHV�WKDW�ZLWK�D�SURSHU�LPSOHPHQWDWLRQ�DQG�

SODQQLQJ��WKH�LPDJH�EDVHG�WUDFNLQJ�PHWKRG�FDQ�EH�DSSOLHG�IRU�WUDFNLQJ�EXLOGLQJV�LQ�DQ�XUEDQ�

HQYLURQPHQW��%XLOGLQJ�WKH�UHIHUHQFH�LPDJH�OLEUDU\�ZLWK�VHOHFWHG�EXLOGLQJV�DQG�YLHZSRLQWV�DQG�

DGGLQJ�D�FOHDU�QDYLJDWLRQ�PDS�FDQ�DOORZ�XVHUV�WR�ILQG�WKH�VSHFLILF�ORFDWLRQV�DQG�SRLQWV�RI�YLHZ�

ZKHUH�WKH�GHVLJQDWHG�EXLOGLQJV�FDQ�EH�IRXQG�DQG�GHWHFWHG��,QSXWWLQJ�WKH�GLPHQVLRQV�RI�WKH�

EXLOGLQJV�DOVR�KHOSV�WKH�V\VWHP�WR�GHWHFW�WKH�EXLOGLQJV�PRUH�HDVLO\��7KH�UHVXOW�RI�WKH�LPSOLFDWLRQ�

LV�D�V\VWHP�ZLWK�D�OLJKWZHLJKW�GDWDEDVH�WKDW�FDQ�WUDFN�EXLOGLQJV�DQG�YLVXDOL]H�WKH�YLVXDO�HIIHFW�LQ�

UHDO�WLPH�ZLWK�ORZ�ODWHQF\��

�

7KH�YLVXDOL]DWLRQ�PHWKRG�ZDV�LPSOHPHQWHG�E\�DXWKRULQJ�WZR�GLIIHUHQW�VKDGHUV��2QH�VKDGHU�LV�

XVLQJ�WKH�*UDESDVV�PHWKRG�WR�JDWKHU�LQIRUPDWLRQ�EHKLQG�DQ�REMHFW�DQG�UHFDOFXODWH�WKH�5*%�

YDOXHV�LQWR�D�JUD\VFDOH�YDOXH��$SSOLHG�WKDW�VKDGHU�WR�D��'�PRGHO�VXUURXQGLQJ�WKH�$5�FDPHUD�

DQG�D�XQLYHUVDO�JUD\VFDOH�ILOWHU�FDQ�EH�DFKLHYHG��7KH�PDVNLQJ�HIIHFW�FDQ�EH�DFKLHYHG�E\�D�VKDGHU�

XVLQJ�WKH�VWHQFLO�EXIIHU�WHFKQLTXH��$QG�ZKHQ�WKH�VKDGHU�LV�DSSOLHG�WR�D�VXLWDEOH�EXLOGLQJ�PRGHO��

WKH�EXLOGLQJ�LQ�UHDO�OLIH�ZLOO�EH�RPLWWHG�IURP�WKH�JUD\VFDOH�ILOWHU��&RPELQLQJ�WKH�WZR�VKDGHUV��

WKLV�DSS�LV�DEOH�WR�YLVXDOL]H�WKH�EXLOGLQJV�LQ�1RUGEDKQKRI��6WXWWJDUW�ZLWK�WKH�JUD\VFDOH�PDVNHG�

ILOWHU��

�

8VLQJ�VXLWDEOH�EXLOGLQJ�PRGHOV�LV�DOVR�LPSRUWDQW�IRU�DSSO\LQJ�WKLV�YLVXDOL]DWLRQ�PHWKRG�LQWR�DQ�

$5�V\VWHP��:LWK�WKH�WZR�GLIIHUHQW�PRGHO�W\SHV�WHVWHG�LQ�WKLV�WKHVLV��LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�

/2'���'�EXLOGLQJ�PRGHOV�LV�D�PRUH�FRVW�HIILFLHQW�VROXWLRQ�ZKHQ�WKH�&LW\*0/�GDWD�LV�DYDLODEOH��

7KH�SUHFLVLRQ�RI�YLVXDOL]DWLRQ�ZLWK�WKLV�VROXWLRQ�LV�KRZHYHU�ORZHU��,I�D�PRUH�DFFXUDWH�DQG�
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SUHFLVH�YLVXDOL]DWLRQ�LV�QHHGHG��PRGHOV�KDYH�WR�EH�PDQXDOO\�FUHDWHG�IRU�HDFK�EXLOGLQJ�IURP�HDFK�

YLHZSRLQW�DFFRUGLQJ�WR�WKH�UHIHUHQFH�LPDJHV��,Q�WKLV�FDVH��WKH�ODERXU�WLPH�FRVW�ZLOO�EH�KLJKHU�

WKDQ�XVLQJ�WKH�/2'��PRGHOV��

�

)XWXUH�:RUN�5HFRPPHQGDWLRQ�

�

7KLV�WKHVLV�PDLQO\�IRFXVHV�RQ�WKH�WHFKQLFDOLW\�RI�DSSO\LQJ�D�PDVNHG�ILOWHU�WR�EXLOGLQJV�LQ�DQ�

XUEDQ�VHWWLQJ�ZLWK�PRELOH�$5�WHFKQRORJLHV��7KH�LPSOHPHQWHG�YLVXDOL]DWLRQ�PHWKRGV�VXFK�DV�WKH�

JUD\VFDOH�ILOWHU�DQG�WKH�OXPLQRVLW\�FRORU�WR�JUD\VFDOH�FRQYHUVLRQ�PHWKRG�ZDV�VHOHFWHG�EDVHG�RQ�

WKH�DVVXPSWLRQ�WKDW�WKH\�DUH�KHOSIXO�WR�XUEDQ�SODQQHUV�DQG�GHVLJQHUV��7KH�DVVXPSWLRQ�ZDV�PDGH�

E\�REVHUYLQJ�WKH�ZRUNV�IURP�XUEDQ�SODQQHUV�DQG�GHVLJQHUV��+RZHYHU��LQ�DFWXDO�SUDFWLFHV��WKH�

SURIHVVLRQDOV�RIWHQ�QHHG�WR�IDFH�HYHUFKDQJLQJ�SUREOHPV�DQG�FDQ�GHPDQG�GLIIHUHQW�YLVXDOL]DWLRQ�

VW\OHV�IRU�GLIIHUHQW�VLWXDWLRQV��7R�PDNH�WKLV�GHYHORSHG�WHFKQRORJ\�PRUH�YHUVDWLOH�DQG�DSSOLFDEOH�

LQ�PRUH�GLIIHUHQW�VLWXDWLRQV��D�KLJKHU�OHYHO�RI�FXVWRPL]DWLRQ�FDQ�EH�SURYLGHG��PHDQLQJ�WKDW�WKH�

XVHUV�FDQ�WZHDN�WKH�YLVXDOL]DWLRQ�VW\OH�LQ�UHDO�WLPH�ZKHQ�XVLQJ�WKH�DSS��)RU�H[DPSOH��VOLGHUV�FDQ�

EH�DGGHG�IRU�WKH�XVHUV�WR�DGMXVW�WKH�EULJKWQHVV��FRQWUDVW��VDWXUDWLRQ�OHYHO��RU�VKDUSQHVV�RI�WKH�

YLGHR�IURP�WKH�$5�FDPHUD��:LWK�WKHVH�FXVWRPL]DWLRQ�DYDLODEOH��WKH�XUEDQ�SODQQHUV�DQG�

GHVLJQHUV�ZLOO�EH�DEOH�WR�DGDSW�D�GLIIHUHQW�YLVXDOL]DWLRQ�VW\OH�LI�GHVLUHG��7KDW�FDQ�DOVR�WDFNOH�WKH�
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