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8QLYHUVLW\�RI�$OEHUWD�DQG�&URVV�&DQFHU�,QVWLWXWH��(GPRQWRQ��$OEHUWD��&DQDGD

&KURPRVRPDO�DQDO\VLV�LV�D�FULWLFDOO\�LPSRUWDQW�GLDJQRVWLF�WRRO�IRU�GLVHDVH�
VWUDWLÀ�FDWLRQ�DQG�WUHDWPHQW�GHFLVLRQV��EXW�Á�XRUHVFHQFH�LQ�VLWX�K\EULGL]D�
WLRQ��),6+��LV�QRW�DYDLODEOH�LQ�PDQ\�FHQWHUV�GXH�WR�FRVW�DQG�FRPSOH[LW\�
:LWK� WKHVH� OLPLWDWLRQV� LQ� PLQG�� ZH� KDYH� GHYHORSHG� D� QRYHO� URERWLF�
),6+�SODWIRUP�WKDW�LQFRUSRUDWHV�ODE�RQ�D�FKLS�WHFKQRORJ\�DQG�PDFKLQH�
LQWHOOLJHQFH�WR�´FDOOµ�WKH�UHVXOWV�IRU�),6+�VWDLQLQJ�RI�ERQH�PDUURZ�FHOOV�
ORFDOL]HG�LQ�D�PLFURÁ�XLGLF�FKDQQHO��

,Q�WKLV�ZRUN�ZH�SUHVHQW�H[DPSOHV�ZLWK�XQIUDFWLRQDWHG�ERQH�PDUURZ�PRQR�
QXFOHDU�FHOOV�EHFDXVH�WKH\�SURYLGH�LQWHUQDO�QRUPDO�FHOO�FRQWUROV�WR�YDOLGDWH�
WKH�VWDLQLQJ�SURFHVV��DV�LQ�WKH�UHVXOWV�LQ�)LJXUH�����KRZHYHU��WKH�GHVFULEHG�
WHFKQRORJ\�LV�HTXDOO\�VXLWDEOH�IRU�VWDLQLQJ�RI�SXULÀ�HG�SODVPD�FHOOV�
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:H� KDYH� GHYHORSHG� D� QRYHO� URERWLF� ),6+� SODWIRUP� WKDW� LQFRUSRUDWHV�
ODE�RQ�D�FKLS� WHFKQRORJ\��$Q� DOSKD� SURWRW\SH� KDV� EHHQ� GHYHORSHG� IRU�
SURFHVVLQJ�),6+��VWDLQLQJ�LPPRELOL]HG�FHOOV�ZLWKLQ�D�PLFURÁ�XLGLF�FKDQ�
QHO��LQWHJUDWLQJ�D�FXVWRP�GLVSHQVHU�ZLWK�D�EDQN�RI�SRVLWLYH�GLVSODFHPHQW�
V\ULQJH�SXPSV��7KH�SURWRW\SH�LQFOXGHV�KHDWLQJ�FRROLQJ�VWHSV��DQG�LV�UHDG\�
WR� DFFHSW� DQ� LQWHJUDWHG� UHDJHQW� GHOLYHU\� V\VWHP� DQG� LPDJH� FROOHFWLRQ�
FDSDELOLWLHV��UXQ�E\�D�PHQX�GULYHQ�XVHU�LQWHUIDFH���,W�LQFRUSRUDWHV�URERWLF
EDFN�	�IRUWK�PRYHPHQW�RI�D�VWDJH�KROGLQJ�WKUHH�),6+�FKLSV��VLGH�WR�VLGH�
PRYHPHQW�IRU� WKH�UHDJHQW�KROGHU��DQG�XS�GRZQ�PRYHPHQW�IRU� UHDJHQW�
SLFN�XS�	�GLVSHQVLQJ�E\�V\ULQJHV�ZLWK�VWHHO�QHHGOHV�IRU�SLHUFLQJ�UHDJHQW�
UHVHUYRLU�SDFNV��1HHGOHV�DUH�GHVLJQHG�WR�SLHUFH�HDFK�UHDJHQW�UHVHUYRLU�
IRU�HDFK�RI�WKH�VWHSV�LQ�WKH�),6+�VWDLQLQJ�SURWRFRO���7KH�V\ULQJHV�KDYH�
EHHQ�HQJLQHHUHG�WR�DFFXUDWHO\�GHOLYHU�������QO�GURSOHWV�WR�ZHOOV�RI�HDFK�
FKDQQHO�RQ�WKH�PLFURÁ�XLGLF�),6+�FKLS��ZLWK�URERWLF�YDFXXP�V\VWHPV�WR�
´SXOOµ�UHDJHQWV�LQWR�WKH�FKLS��7KH�URERWLF�VWDJH�KDV�D�KXPLGLW\�ER[�DQG�D�
VHDOHG�OLG�WR�PDLQWDLQ�WKH�OHYHO�RI�KXPLGLW\�QHHGHG�WR�SUHYHQW�HYDSRUDWLRQ
RI�UHDJHQWV��2QFH�IXOO\�RSWLPL]HG��ZKHQ�D�FKLS�LV�SODFHG�LQ�WKH�GLVSHQVHU�
WKH�UHDJHQW�SODFHPHQW��ULQVLQJ��DQG�WKHUPDO�F\FOLQJ�VWHSV�ZLOO�UXQ�́ KDQGV�
IUHHµ�DV�IDU�DV�WKH�RSHUDWRU�LV�FRQFHUQHG��7KH�URERWLF�VWDJH�IRU�WKH�DOSKD�
SURWRW\SH�DFFHSWV�PXOWLSOH�FKLSV��HQDEOLQJ�KLJK�WKURXJKSXW�IRU�FOLQLFDO�
XVH��(DFK�FKLS�FDQ� WHVW�D�GLIIHUHQW�SDWLHQW�RU�GLIIHUHQW�SDQHOV�RI�SUREH�
VHWV��DOORZLQJ�YHUVDWLOLW\�LQ�GLDJQRVWLFV�DQG�PRQLWRULQJ�

7KH� XVH� RI� D�PXOWL�FKDQQHO�PLFURÁ�XLGLF� FKLS�
�)LJ����� WRS��DOORZV�VLPXOWDQHRXV� LQGHSHQGHQW�
WHVWLQJ�ZLWK����GLIIHUHQW�SUREH�VHWV�RU�VDPSOHV�
DW� D� FRVW� ORZHU� WKDQ� WKDW� IRU� D� VLQJOH�FRQYHQ�
WLRQDO�),6+�WHVW��3ODVWLF�FKLSV�IDEULFDWHG�IURP�
&2&� RU� 300$� ZHUH� DOVR� PDGH� DQG� WHVWHG��
%0&� DGKHUH� WR� WKH� SODVWLF� FKDQQHOV�� VWDLQLQJ�
LV� H[FHOOHQW� IRU�00�%0&�� DQG� WKH� FKLSV� DUH�
RSWLFDOO\� WUDQVSDUHQW� DV� LQGLFDWHG� LQ� )LJ�� ��
ERWWRP����[�PDJQLÀ�FDWLRQ���7KLV�RIIHUV�VLJQLÀ��
FDQW�DGYDQWDJHV�IRU�DXWRPDWHG�),6+�RQ�D�&KLS�
VLQFH�SODVWLF�FKLSV�FDQ�EH�UHDGLO\�IDEULFDWHG�E\�
KRW�HPERVVLQJ�RU�LQMHFWLRQ�PROGLQJ�WR�SURGXFH�
DQ�LQH[SHQVLYH�FKLS�WKDW�DSSHDUV�WR�SHUIRUP�DV�
ZHOO�DV�JODVV��)XUWKHUPRUH��WKH�ORZ�FRVW�HQVXUHV�
WKDW�FKLSV�FDQ�EH�GLVSRVDEOH�DV�LV�HVVHQWLDO�IRU�D�
FOLQLFDOO\�XVHIXO�WHVW�SODWIRUP�

&ROOHFWLYHO\��WKHVH�SK\VLFDO�DQG�FRPSXWDWLRQDO�LPSURYHPHQWV�ZLOO�LQFUHDVH�
WKH�OHYHO�RI�DXWRPDWLRQ�GXULQJ�VFUHHQLQJ�ZKLOH�UHGXFLQJ�WKH�FRVW�SHU�WHVW��
7KH�SODVWLF�FKLSV�XVHG�E\�WKH�V\VWHP�FDQ�DOVR�EH�UHDGLO\�PDVV�SURGXFHG�IRU�
VLJQLÀ�FDQW�FRVW�VDYLQJV��7KH�UHVXOW�LV�D�YLDEOH�DSSURDFK�IRU�QHDU�SRLQW�RI�
FDUH�GLDJQRVWLFV��7KLV�SODWIRUP�ZLOO�PDNH�),6+�PRUH�ZLGHO\�DFFHVVLEOH�
DV�D�VWDQGDUGL]HG�VFUHHQLQJ�VWUDWHJ\�IRU�PXOWLSOH�P\HORPD��SHUIRUPHG�DW�
QHDU�SRLQW�RI�FDUH��ZLWK�UHVXOWV�LQ�OHVV�WKDQ����KRXUV�
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0DFKLQH�OHDUQLQJ�DQG�SDWWHUQ�DQDO\VLV�VRIWZDUH�ZLOO�HQKDQFH�WKH�DXWRPD�
WLRQ�RI�WKLV�),6+�RQ�D�&KLS�SODWIRUP�E\�PDNLQJ�LW�SRVVLEOH�WR�LQWHOOLJHQWO\�
VHW�WKUHVKROGV�DQG�HYDOXDWH�HDFK�WHVW�LQ�WKH�FRQWH[W�RI�WKH�SUREH�DSSURDFK�
EHLQJ� XVHG�� WKH� SUHVHQFH� RI� FRQWUROV�� UHJLRQDO� SRSXODWLRQ� GLIIHUHQFHV��
DQG�HQG�XVHU�SUHIHUHQFHV��2XU�DSSURDFK�DOVR�HQDEOHV�WKH�FDOOLQJ�RI�),6+�
UHVXOWV� HYHQ� ZLWK� ORZ�UHVROXWLRQ� LPDJHV�� PLQLPL]LQJ� FRPSXWDWLRQDO�
UHTXLUHPHQWV�DQG�JUHDWO\�UHGXFLQJ�WKH�RYHUDOO�FRVW�DQG�VL]H�RI�WKH�LPDJLQJ�
V\VWHP��6RIWZDUH�FXUUHQWO\�SURYLGHV�́ RQH�FOLFNµ�LQWHJUDWLRQ�RI�LQGLYLGXDO
FHOO� GHWHFWLRQ�� ),6+� SUREH� GHWHFWLRQ�� SUREH� UHODWLRQVKLS� DQDO\VLV� IRU�
GLIIHUHQW�DVVD\�W\SHV��DQG�HQG�VWDJH�SURFHVVLQJ�WKDW�VXPPDUL]HV�SDWWHUQ�
UHODWHG�VWDWLVWLFV�IRU�DOO�SUREH�VHWV�ZLWKLQ�D�GLDJQRVWLF�FRQWH[W���2EWDLQHG�FHOO�
GHWHFWLRQ�DQG�SUREH�DQDO\VLV�DJUHHV�ZLWK�H[SHUW�ODEHOHG�LPDJHV��)LJ�����
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