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)LJXUH�����,QYDVLYH�LPDJLQJ
SUREH

8/75$6281'�$33/,&$7,216

7KH�ZLGH�IUHTXHQF\�UHVSRQVH�DQG�SK\VLFDO�DWWULEXWHV�RI�LWV�SRO\PHULF�FRQVWUXFWLRQ�PDNHV�SLH]R�ILOP
D�PDWHULDO�RI�FKRLFH�LQ�FHUWDLQ�PHGLFDO�SUREHV�DQG�LQ�QRQGHVWUXFWLYH�WHVWLQJ�DSSOLFDWLRQV�
$GGLWLRQDOO\��WKH�ILOP�VHQVRUV�DUH�ILQGLQJ�DSSOLFDWLRQ�LQ�XOWUDVRQLF�EDVHG�VHQVLQJ�GHYLFHV��OLNH�DLU�
UDQJLQJ�XOWUDVRXQG�IRU�GLVWDQFH�PHDVXUHPHQW��LQ�IOXLG�OHYHO�VHQVRUV��DQG�LQ�IORZ�PHDVXUHPHQW
LQVWUXPHQWV�XVLQJ�GRSSOHU�VKLIW�RI�VRXQG�YHORFLW\�SHUWXUEDWLRQV�ZKLFK�DUH�SURSRUWLRQDO�WR�IOXLG�IORZ�

0HGLFDO�,PDJLQJ�8OWUDVRXQG

3LH]RHOHFWULF�FHUDPLF�PDWHULDOV�DUH�XVHG�LQ�PHGLFDO�LPDJLQJ�WUDQVGXFHUV�EHFDXVH�RI�WKHLU�KLJK
VHQVLWLYLW\�DQG�EURDG�EDQGZLGWK��7KH�G

��
�FRQVWDQW��VWUDLQ�GHYHORSHG�IRU�DQ�DSSOLHG�YROWDJH��LV�DERXW

DQ�RUGHU�RI�PDJQLWXGH�KLJKHU�IRU�SLH]R�FHUDPLFV�WKDQ�IRU�SLH]R�SRO\PHU��$�GLVDGYDQWDJH�RI�SLH]R
FHUDPLF�LV�LWV�KLJK�DFRXVWLF�LPSHGDQFH��DERXW����05D\OV����05D\O� �����NJ�P�V��LQ�FRQWUDVW�WR
DERXW�����05D\OV�IRU�ERG\�WLVVXH��7KLV�LPSHGDQFH�PLVPDWFK�FDQ�EH�FRPSHQVDWHG�E\�TXDUWHU
ZDYHOHQJWK�PDWFKLQJ�OD\HUV��EXW�WKHVH�FDQ�GHJUDGH�WKH�XOWUDVRQLF�SXOVH�GXH�WR�DGKHVLYH�OD\HUV�DQG
FRQVWUXFWLRQ�PHWKRGV��7KH�DFRXVWLF�LPSHGDQFH�RI�SLH]R�ILOP�LV�DERXW���05D\OV��D�PXFK�EHWWHU
PDWFK��$GGLWLRQDOO\��LQ�KLJKHU�IUHTXHQF\�DSSOLFDWLRQV�UHTXLULQJ�YHU\�WKLQ�SLH]R�HOHPHQWV��FHUDPLFV�DUH
WRR�IUDJLOH��DQG�FDQQRW�EH�VKDSHG�WR�GHVLUHG�JHRPHWULHV��

,QYDVLYH�LPDJLQJ�UHTXLUHV�ORZHU�SRZHUHG�GHYLFHV�WKDQ
H[WHUQDO�SUREHV��5HVROXWLRQ�RI�WKH�LPDJH�LV�FRQVLGHUDEO\
LPSURYHG�DW�WKH�KLJKHU�IUHTXHQFLHV�RI�LQYDVLYH�FDWKHWHUV��$
PHGLFDO�LPDJLQJ�FRPSDQ\�KDV�GHYHORSHG�DQ�LQYDVLYH�LPDJLQJ
SUREH�ZLWK�SLH]R�ILOP�IRU�D�WKHUDSHXWLF�ODVHU�SURVWDWH�FDWKHWHU
�)LJXUH�������7KH�SLH]R�ILOP�VHQVRU�LV�DERXW����PLFURQV�WKLFN�
DQG�LV�ORFDWHG�QHDU�WKH�FDWKHWHU�WLS��7KH�XQLW�RSHUDWHV�DW
IUHTXHQFLHV�RI���0+=�DQG�KLJKHU��7KLV�QHZ�FDWKHWHU
SURPLVHV�WR�JUHDWO\�LPSURYH�WKH�VXFFHVV�RI�SURVWDWH�VXUJHU\�
ZLWK�PXFK�OHVV�GLVFRPIRUW�DQG�EOHHGLQJ�WKDQ�FXUUHQW
PHWKRGV�

6WHHUHG�LQ�YLYR�SKDVHG�DUUD\�LPDJHV�XVLQJ�SLH]R�SRO\PHU�ILOP
KDYH�EHHQ�SURGXFHG�IRU�WKH�ILUVW�WLPH�E\�UHVHDUFKHUV�DW�'XNH
8QLYHUVLW\��$����HOHPHQW�DUUD\�RI����PP�[�����PP�HOHPHQWV
ZDV�IDEULFDWHG�DQG�WHVWHG�ZLWK�D�ZHOO�PDWFKHG�FLUFXLW�GHVLJQHG
WR�RSWLPL]H�WKH�WUDQVGXFHU��7KH�UHVXOW�ZDV����G%�ORZHU
VHQVLWLYLW\�WKDQ�3=7�WUDQVGXFHUV�DW�����0+=�RSHUDWLQJ�IUHTXHQF\��+RZHYHU��WKH�SLH]R�ILOP�DUUD\�KDG
LPSURYHG�D[LDO�UHVROXWLRQ��EHWWHU�DQJXODU�UHVSRQVH����G%�SXOVH�HFKR�UHVSRQVH�DW����GHJUHHV���DQG�D
ORZ�LQWHUHOHPHQW�FURVV�FRXSOLQJ�RI�����G%��,W�LV�H[FHSWLRQDOO\�GLIILFXOW�WR�GLDPRQG�EODGH�VDZ�3=7
FHUDPLF�LQWR�WKHVH�VPDOO�HOHPHQWV��ZKLOH��IRU�SLH]R�ILOP��FRPSOH[�SDWWHUQV�DUH�UHDGLO\�HWFKHG�LQWR�WKH
VXUIDFH�JROG�HOHFWURGH��3=7�PXVW�EH�GLFHG�GXH�WR�WKH�VHYHUH�LQWHUHOHPHQW�FRXSOLQJ�SUREOHP��'XNH
8QLYHUVLW\�UHVHDUFKHUV�SODQ�WR�LPSURYH�WKH�SRO\PHU�SUREH�E\�H[SDQGLQJ�WKH�QXPEHU�RI�DUUD\
HOHPHQWV�WR�����

9HU\�KLJK�UHVROXWLRQ�DUUD\V�FDQ�EH�IRUPHG�E\�HWFKLQJ�DQ�HOHFWURGH�SDWWHUQ�RQ�WKH�VXUIDFH�RI�D�SLH]R
ILOP��$�QHZ�WHFKQLTXH�XQGHU�GHYHORSPHQW�LV�WKH�GHSRVLWLRQ�RI�WKH�FRSRO\PHU�GLUHFWO\�RQWR�VLOLFRQ
ZDIHUV��7KH�ZDIHUV�DUH�HWFKHG�WR�PLQLPL]H�LQWHUHOHPHQW�FRXSOLQJ��WKHQ�WKH�FRSRO\PHU�LV�DSSOLHG�E\
VSLQ�FRDWLQJ��IROORZHG�E\�SROLQJ��7KHQ�D�WRS�HOHFWURGH�LV�DSSOLHG�DQG�LQWHU�FRQQHFWLRQV�PDGH��7KLV
DGYDQFH�PD\�UHVXOW�LQ�KLJK�UHVROXWLRQ�LPDJLQJ�QRW�SRVVLEOH�ZLWK�WRGD\
V�PHWKRGV�
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1RQ'HVWUXFWLYH�7HVWLQJ��1'7�

$GYDQFHG�FRPSRVLWH�PDWHULDOV�DUH�YHU\�GHVLUDEOH�DV�VWUXFWXUDO�PHPEHUV��/LJKW�ZHLJKW��KLJK�VWUHQJWK�
FRUURVLRQ�UHVLVWDQFH��DQG�QRQ�PDJQHWLF�DUH�DPRQJ�WKH�DGYDQWDJHV�IRU�WKHVH�PDWHULDOV��7KH�QHHG�IRU
YHU\�URXWLQH�QRQGHVWUXFWLYH�WHVWLQJ�RI�VXFK�VWUXFWXUHV�WR�SUHYHQW�FDWDVWURSKLF�IDLOXUH�GXH�WR
GHODPLQDWLRQ��LV�RQH�RI�WHFKQRORJ\
V�JUHDWHVW�FRQFHUQV��)OH[LEOH�VKHHWV�RI�SLH]RHOHFWULF�SRO\PHU
WUDQVGXFHU�DUUD\V��DFRXVWLFDOO\�ZHOO�PDWFKHG�WR�WKH�FRPSRVLWHV��DUH�GHVLUDEOH�IRU�XVH�IRU
QRQGHVWUXFWLYH�WHVWLQJ��2QH�H[DPSOH�LV�DV�DQ�1'7�DUUD\�IRU�WHVWLQJ�URFNHW�PRWRU�KRXVLQJV�SULRU�WR
ODXQFK��7KHVH�DUUD\V�FDQ�EH�DSSOLHG�WR�WKH�VXUIDFHV�RI�FRPSRVLWH�IXHO�KRXVLQJV��DQG�HDFK�HOHPHQW
VHTXHQWLDOO\�DFWLYDWHG�WR�SURYLGH�D�SXOVH�HFKR�UHVSRQVH��$Q�DUUD\�HOHPHQW�VL]H�RI�DERXW�����WR��
VTXDUH�LQFK�LV�VXIILFLHQW�IRU�WKLV�DSSOLFDWLRQ��DV�ZHOO�DV�PRVW�ODUJH�DUHD�1'7��&HQWHU�IUHTXHQFLHV�RI���
���0+=�DQG����G%�IUDFWLRQDO�EDQGZLGWKV�H[FHHGLQJ������DUH�W\SLFDO�ZLWK�VXFK�WUDQVGXFHU�DUUD\V�

6\VWHPV�DQG�,QVWUXPHQWDWLRQ��/WG��SHUVRQQHO�XVH�SLH]R�ILOP�IRU�1'7�RI�DHURVSDFH�HQJLQH�SDUWV�
1'7�WUDQVGXFHUV�FDSDEOH�RI�GHWHFWLQJ�IODZV�GRZQ�WR�����WK�LQFK�DUH�QRZ�UHTXLUHG��)XUWKHU��WKH
IUHTXHQF\�UHVSRQVH�UDQJH�RI�WKHVH�QHZ�PDWHULDOV�DUH�EURDGHU�WKDQ�WKH�EDQGZLGWK�RI�FRQYHQWLRQDO
WUDQVGXFHUV��6	,��/WG��ILQG�WKDW�D�VLQJOH�EURDGEDQG�WUDQVGXFHU�FRYHUV�WKH�EDQGZLGWK�RI�LQWHUHVW�
7KHLU�WUDQVGXFHUV�DUH�DOVR�XVHG�LQ�QHDU�VXUIDFH�1'7�DSSOLFDWLRQV��ZKHUH�KLJK�UHVROXWLRQ�DQG�VKRUW
SXOVH�GXUDWLRQ�DUH�UHTXLUHG��'HIHFWV��RI�����PP�LQ�VL]H��O\LQJ�ZLWKLQ���PP�RI�WKH�VXUIDFH��KDYH�EHHQ
GHWHFWHG�ZLWK�WKH�6	,�SUREHV����

&ULWLFDO�SRLQWV�RU�LQDFFHVVLEOH�WHVW�DUHDV�ZLWKLQ�D�FRPSRVLWH�VWUXFWXUH��OLNH�VXSSRUW�VWUXW�PRXQWV�
ZKHUH�GHODPLQDWLRQ�RU�RWKHU�GDPDJH�LV�HVSHFLDOO\�OLNHO\��FDQ�KDYH�FXVWRP�IDEULFDWHG�1'7�DUUD\V
SHUPDQHQWO\�DIIL[HG�IRU�LQ�VHUYLFH�WHVWLQJ�DQG�PRQLWRULQJ��,W�LV�SRVVLEOH�WR�DFKLHYH�XQLIRUPLW\�RI���
G%�EHWZHHQ�WKH�HOHPHQWV�RI�D�PXOWL�HOHPHQW�WUDQVGXFHU�DUUD\��6SHFLDO�VKDSHG�WUDQVGXFHUV��SURYLGLQJ
VSHFLDO�IRFDO�FKDUDFWHULVWLFV��KDYH�DOVR�EHHQ�EXLOW�ZLWK�WKHVH�SRO\PHU�WUDQVGXFHUV���

$FRXVWLF�(PLVVLRQ

$FRXVWLF�HPLVVLRQ�RI�PDWHULDOV�LQFOXGLQJ�ILEHU�UHLQIRUFHG�FRPSRVLWHV��DOXPLQXP��VWHHO�DQG�JODVV�FDQ
EH�SHUIRUPHG�ZLWK�FRQWDFW�PLFURSKRQHV�RI�SLH]R�ILOP��RU��DV�ZLWK�1'7��E\�ODUJH�DUHD�DUUD\V���7KHVH
DUUD\V�FDQ�FRQWLQXRXVO\�PRQLWRU�VWUXFWXUHV�IRU�����������0+=�DFRXVWLF�HPLVVLRQ��WKH�SUHFXUVRU�WR
VWUXFWXUDO�IDLOXUH��3LH]R�ILOP��EHLQJ�EURDG�EDQG��UHVSRQGV�ZHOO�DW�WKHVH�IUHTXHQFLHV��7KLV�FDSDELOLW\�LV
HVSHFLDOO\�QHFHVVDU\�IRU�FULWLFDO�DSSOLFDWLRQ�OLNH�WDQN�UDLO�FDUV�FDUU\LQJ�WR[LF�SURGXFWV��XQGHUJURXQG
IXHO�VWRUDJH�WDQNV��QXFOHDU�SODQWV��HWF����

)OXLG�/HYHO�6HQVRU

7KHUH�DUH�D�YDULHW\�RI�IOXLG�OHYHO�VHQVLQJ�WUDQVGXFHU�WHFKQRORJLHV�DYDLODEOH�WR�WKH�GHVLJQHU��$�IORDW
DUP��DWWDFKHG�WR�D�VOLGLQJ�SRWHQWLRPHWULF�GHYLFH�LV�VWLOO�ZLGHO\�XVHG�LQ�DXWRPRELOHV��8OWUDVRQLF�SXOVH�
HFKR�GHYLFHV�WKDW�PHDVXUH�WKH�GLVWDQFH�IURP�D�IL[HG�WUDQVGXFHU�WR�WKH�IOXLG�VXUIDFH�IURP�DERYH
WKURXJK�DLU��RU�IURP�EHORZ�WKURXJK�WKH�IOXLG��DUH�SRSXODU��1HZHU�FDSDFLWDQFH�W\SHV��ZKHUH�WKH�IOXLG
EHFRPHV�WKH�GLHOHFWULF��DUH�DOVR�XVHG��(DFK�RI�WKHVH�WHFKQRORJLHV�UHSUHVHQW�WUDGHRIIV�LQ�V\VWHP�FRVW�
SHUIRUPDQFH�DQG�UHOLDELOLW\��$�QHZ�XOWUDVRXQG�OHYHO�VHQVRU��LQ�GHYHORSPHQW�E\�06,��KROGV�SURPLVH�DV
D�GLJLWDO��VROLG�VWDWH�XOWUDVRQLF�OHYHO�VHQVRU�

7KH�QRYHO�FRQVWUXFWLRQ�LV�D�OHYHO�VHQVRU�ZLWK�XOWUDVRQLF�WKURXJK�WUDQVPLVVLRQ�ZLWK�PXOWLSOH
WUDQVPLWWHUV�DQG�D�VLQJOH��FRPPRQ�UHFHLYHU��7KH�VHQVRU�LV�IDEULFDWHG�E\�DWWDFKLQJ�DQ�XQPHWDOOL]HG
VWULS�RI�SLH]R�ILOP�WR�D�SULQWHG�FLUFXLW�ERDUG�FRQWDLQLQJ�HOHFWURGH�SDWWHUQV��FRQGXFWRUV��DQG
LQWHUFRQQHFWLRQV�WR�FLUFXLWU\�RQ�WKH�RSSRVLWH�VLGH�RI�WKH�ERDUG��7KH�HOHFWURGH�SDWWHUQV�DUH
FDSDFLWLYHO\�FRXSOHG�WR�WKH�SLH]R�ILOP�OD\HU��EHFRPLQJ�WKH�PXOWLSOH�WUDQVPLWWHU�HOHPHQWV��$�VHFRQG
FRQGXFWRU�EDU��SDUDOOHO�WR�WKH�SDWWHUQHG�HOHPHQWV�EHFRPHV�WKH�FRPPRQ�UHFHLYHU��
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)LJXUH�����$LU�UDQJLQJ�XOWUDVRXQG
WUDQVGXFHUV

7KH�SUHVHQFH�RI�IOXLG�FRXSOHV�WKH�WUDQVPLW�VLJQDO�WR�WKH�UHFHLYHU�WR�D�PXFK�JUHDWHU�H[WHQW����G%�
WKDQ�ZKHQ�WKH�XOWUDVRXQG�HQHUJ\�LV�FRXSOHG�E\�WKH�DLU�DERYH�WKH�IOXLG��7KH�H[FLWDWLRQ�VLJQDO�IRU�WKH
WUDQVPLWWHU�LV�D�����0+=�VLQH�ZDYH�WRQH�EXUVW�ZLWK�DQ�DPSOLWXGH�RI����YROWV�SHDN�WR�SHDN��7KH
UHTXLUHG�FLUFXLWU\�FRQVLVWV�RI�D�KLJK�IUHTXHQF\�RVFLOODWRU�DQG�FORFN��DQ�DUUD\�RI�DQDORJ�VZLWFKHV��D
VLQJOH�UHFHLYHU�DPSOLILHU�ZLWK�LQSXW�JDWH��DQG�D�WKUHVKROG�GHWHFWRU��7KHVH�HOHFWURQLFV�FDQ�EH�UHGXFHG
WR�WKH�FKLS�OHYHO��DQG�DUH�LQFRUSRUDWHG�RQ�WKH�EDFNVLGH�RI�WKH�FLUFXLW�ERDUG�

� � � � �
5HVROXWLRQ�RI�WKH�OHYHO�VHQVRU�LV�GHWHUPLQHG�E\�WKH�UHVROXWLRQ�RI�WKH�SDWWHUQHG�WUDQVPLW�HOHFWURGHV�RQ
WKH�FLUFXLW�ERDUG��3DUDOOHO�HOHPHQWV�RI���PP�ZLGWK�DQG�����PP�VSDFLQJ�EHWZHHQ�HOHPHQWV�LV�D
UHSUHVHQWDWLYH�FDSDELOLW\��7KH�JURXQG�HOHFWURGH�IRU�WKH�WUDQVPLWWHUV�LV�D�IXOO\�JROG�PHWDOOL]HG�VXUIDFH
RQ�WKH�IOXLG�VLGH�RI�WKH�SLH]R�ILOP�WUDQVPLWWHU�DUUD\��7KH�UHFHLYHU�LV�IRUPHG�E\�WKH�VDPH�SLHFH�RI
SLH]R�ILOP��FDSDFLWLYHO\�FRXSOHG�WR�WKH�VLJQDO�HOHFWURGH�ZKLFK�LV�D�VHSDUDWH�FRQGXFWRU�WUDFH�RQ�WKH
SULQWHG�FLUFXLW�ERDUG��3&%���$JDLQ��WKH�JURXQG�LV�WKH�EDFNVLGH�HOHFWURGH�RQ�WKH�ILOP����

7KH�QHZ�OHYHO�VHQVRU�KDV�VHYHUDO�XQLTXH�DGYDQWDJHV��7KH�VSDFLQJ�EHWZHHQ�WUDQVPLWWHU�HOHPHQWV�QHHG
QRW�EH�XQLIRUP��)RU�WDQNV�WKDW�GR�QRW�KDYH�D�XQLIRUP�YROXPH�WKURXJKRXW�WKH�WDQN�KHLJKW��D�VLPSOH
3&%�OD\RXW�FDQ�OLQHDUL]H�WKH�QRQOLQHDU�WDQN�YROXPH�E\�VHWWLQJ�WKH�WUDQVPLWWHU�HOHPHQW�VSDFLQJ
DFFRUGLQJO\��7KH�RXWSXW�RI�WKH�GHYLFH�LV�GLJLWDO³QR�H[SHQVLYH�$�'�FRQYHUVLRQ�LV�UHTXLUHG��7KH�OHYHO
VHQVRU�LV�VPDOO�LQ�ZLGWK��OHVV�WKDQ���LQFK��VR�LW�FDQ�EH�LQVHUWHG�LQWR�D�VPDOO�GLDPHWHU�WXEH��7KH�WXEH
FRQILQHV�WKH�PRWLRQ�RI�WKH�IOXLG��UHGXFLQJ�ODUJH�VZLQJV�LQ�IOXLG�KHLJKW�UHDGLQJV�FDXVHG�E\�PRWLRQ��DV
ZLWK�DQ�DXWRPRELOH�IXHO�WDQN�GXULQJ�FRUQHULQJ��5HOLDELOLW\�LV�JUHDWO\�LPSURYHG��7KH�OHYHO�VHQVRU�LV�VHOI
GLDJQRVWLF�WR�WKH�H[WHQW�WKDW�WKH�WUDQVPLWWHU�UHFHLYHU�SDLU�PXVW�EH�RSHUDWLRQDO�WR�GHOLYHU�D�PHDQLQJIXO
VLJQDO��7KH�DEVHQFH�RI�WKH�VLJQDO�LQGLFDWHV�D�IDXOW�FRQGLWLRQ��)RU�D�GHWDLOHG�GLVFXVVLRQ�RQ��8OWUDVRQLF
,QN�/HYHO�6HQVLQJ��VHH�$SSHQGL[�&�

$LU�5DQJLQJ�8OWUDVRXQG

8OWUDVRQLF�GHYLFHV�XVHG�LQ�SXOVH�HFKR�PRGHV�DUH�XVHG�LQ
URERWLFV��YHKLFOH�VDIHW\�DQG�FRQWURO�V\VWHP��REMHFW
UHFRJQLWLRQ�V\VWHPV�DQG�RWKHU�UHPRWH�GLVWDQFH
PHDVXUHPHQW�GHYLFHV��7KH�VHQVRUV�SURYLGH�KLJK
UHVROXWLRQ�LQ�WKH�WDUJHWHG�GLUHFWLRQ��DQG�FDQ�EH�XVHG�WR
PHDVXUH�WKH�HODSVHG�WLPH�IURP�WUDQVPLW�WR�UHFHLYH�WR
GHWHUPLQH�WKH�GLVWDQFH�WR�DQ�REMHFW��8QOLNH�SLH]R
FHUDPLF�DQG�HOHFWURVWDWLF�GHYLFHV��SLH]R�ILOP�FDQ�GHOLYHU�D
YHU\�VKRUW�SXOVH��GXH�WR�LWV�ORZ�4���DOORZLQJ�WKH�VDPH
GHYLFH�WR�EH�XVHG�DV�ERWK�WUDQVPLWWHU�DQG�UHFHLYHU��HYHQ
LQ�WKH�QHDU�ILHOG�RI�WKH�WUDQVGXFHU�

0XOWLSOH�SLH]R�ILOP�HOHPHQWV�FDQ�EH�HDVLO\�IDEULFDWHG��DV
VKRZQ�LQ�)LJXUH�����7KH�JHRPHWULHV�RI�WKHVH�F\OLQGULFDOO\
VKDSHG�HOHPHQWV��OHQJWK��UDGLXV�RI�FXUYDWXUH��QXPEHU�RI�HOHPHQWV��FDQ�EH�GHVLJQHG�WR�FRQWURO�WKH�
GLUHFWLYLW\�SDWWHUQ�DQG�DFRXVWLF�SURSHUWLHV��7UDQVGXFHUV�ZLWK�RSHUDWLQJ�IUHTXHQFLHV�IURP��������N+]
KDYH�EHHQ�PDGH��(ORWHFK�*PE+�UHSRUWV�DYHUDJH�YDOXHV�RI�WUDQVGXFHU�VHQVLWLYLW\�DUH�������P9�3D�LQ
WKH�UHFHLYH�PRGH��QRLVH�ZDV�����9��DQG�������P3D�9�LQ�WKH�WUDQVPLW�PRGH�IRU���P�RI�GLVWDQFH�
7KH�PLQLPXP�GLVWDQFHV�PHDVXUHG�LQ�SXOVH�HFKR�PRGH�ZDV����PP��'LVWDQFHV�WR����PHWHUV�KDYH
EHHQ�PHDVXUHG�ZLWK�D�PDLQ�EHDP�ZLGWK�RI�OHVV�WKDQ����GHJUHHV��DQG�PD[LPXP�VLGH�OREH�DPSOLWXGHV
WKDW�DUH����G%�GRZQ�DW����N+]��([DPSOHV�RI�GLUHFWLYLW\�SDWWHUQV�IRU�VLQJOH�DQG�PXOWLSOH�HOHPHQW
WUDQVGXFHUV�DUH�VKRZQ�LQ�)LJXUH�����
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)LJXUH������$LU�UDQJLQJ�GLUHFWLYLW\
SDWWHUQV

0XOWLSOH�HOHPHQWV�FDQ�DOVR�EH�XVHG�IRU�VFDQQLQJ�RI�REMHFWV
ZLWKRXW�SK\VLFDOO\�PRYLQJ�WKH�WUDQVGXFHU��(DFK�HOHPHQW
ZLWKLQ�WKH�WUDQVGXFHU�FDQ�EH�DFWLYDWHG�VHTXHQWLDOO\��DV�ZLWK
XOWUDVRQLF�DUUD\V�

$SSOLFDWLRQV�IRU�WKHVH�XOWUDVRXQG�DLU�UDQJLQJ�XQLWV�LQFOXGH
YHKLFOH�VDIHW\�V\VWHP�ZDUQLQJ�GHYLFHV�IRU�WUXFNV�DQG�IDUP
HTXLSPHQW��DQG�V\VWHPV�IRU�KLJKZD\�YHKLFOH�GHQVLW\
PRQLWRULQJ��$W�WKH�RWKHU�H[WUHPH�DUH�SLH]R�ILOP�WUDQVGXFHU
DUUD\V�WR�SURILOH�WKH�JDS�WKLFNQHVV�RI�PRGHUQ�DLUIUDPH
VWUXFWXUHV�WR�LPSURYH�WKH�ILW�EHWZHHQ�ODPLQDWLRQV��$LU�JDS
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