
:HLJKLQJ�6\VWHPV 

ZZZ�VFUDS-PDQ�FRP  3DJH�� 

7KLV�GRFXPHQW�GHVFULEHV�KRZ�ORDG�FHOOV�ZRUN�DQG�
H[SORUHV�WKH�FRQFHSWV�LQYROYHG�LQ�FDOLEUDWLRQ«�� 
 
,QWURGXFWLRQ��FRQWHPSRUDU\�ZHLJKLQJ�V\VWHPV�XVH�ORDG�FHOOV�WR�
PHDVXUH�IRUFH��WKHVH�DUH�ELOOHWV�RI�V�V�DOOR\�PDFKLQHG�LQ�VXFK�D�ZD\�
DV�WR�GHOLEHUDWHO\�LQFOXGH�D�ZHDN�DUHD�WKDW�LV�LQWHQGHG�WR�GHIRUP�
ZKHQ�WKH�ORDG�FHOO�LV�VXEMHFWHG�WR�D�PHFKDQLFDO�ORDG���7KH�DUHD�RI�
GHIRUPDWLRQ�KDV�D�VPDOO�HOHFWURQLF�FLUFXLW�FDOOHG�D�VWUDLQ�JDXJH�
ERQGHG�WR�LW�DQG�WKLV�GHYLFH�KDV�D�VPDOO�H[FLWDWLRQ�YROWDJH�DSSOLHG�
WR�LW��WKHUH�DUH�WZR�RWKHU�WHUPLQDOV�RQ�WKH�JDXJH�IRU�VHQVLQJ��7KH�
YROWDJH�EHWZHHQ�WKH�VHQVH�WHUPLQDOV�FKDQJHV�ZLWK�UHVSHFW�WR�WKH�
ORDG�DSSOLHG�WR�WKH�ORDG�FHOO�DQG�LQ�GLUHFW�SURSRUWLRQ���,Q�WKHRU\��D��
YROWPHWHU�FRXOG�EH�XVHG�WR�PHDVXUH�ORDG�EXW�LW�ZRXOG�EH�QHFHVVDU\�WR�FRQYHUW�WKH�YROWDJH�UHDGLQJ��H[SUHVVHG�LQ�P9��
LQWR�OEV��JUDPV��.J�RU�7RQQHV���+RZHYHU��XVXDOO\�WKLV�IXQFWLRQ�LV�DFFRPSOLVKHG�ZLWK�WKH�XVH�RI�H[WHUQDO�DPSOLILHUV��
FRPSXWHUV�RU�LQVWUXPHQWDWLRQ�� 

7KH�ORDG�FHOOV�XVHG�LQ�6HDFRP�WUDLOHUV�DUH�HIIHFWLYHO\�GLJLWDO���7KH\�LQFOXGH�DOO�RI�WKH�IHD�
WXUHV�PHQWLRQHG�DERYH�EXW�LQ�DGGLWLRQ�DOVR�LQFOXGH�D�VPDOO�EXW�SRZHUIXO�PLFURFRPSXWHU��
�VHH�OHIW��WR�FRQYHUW�WKH�PLQXWH�YROWDJH�FKDQJHV�LQWR�PHDQLQJIXO�(QJLQHHULQJ�8QLWV��OEV��
JUDPV��.J��7RQQHV�HWF�����7KLV�PLFURFRPSXWHU�LV�DFWXDOO\�ILWWHG�LQVLGH�D�V�V�KRXVLQJ�DW�WKH�
HQG�RI�WKH�ORDG�FHOO�LWVHOI��VHH�EHORZ�OHIW��DQG�WKH�ORDG�GDWD�LV�WUDQVPLWWHG�LQ�56����IRUPDW�
WR�WKH�FHQWUDO�HPEHGGHG�3&�RQ�WKH�WUDLOHU��EHORZ�FHQWUH�� 

$OO�WKH�ORDG�FHOOV�DUH�DOO�ZLUHG�EDFN�WR�WKH�HPEHGGHG�3&��DERYH�FHQWUH��ZKLFK�FRQVROLGDWHV�WKH�LQGLYLGXDO�UHDGLQJV�E\�
VHTXHQWLDOO\�DQG�FRQVWDQWO\�SROOLQJ�DOO�IRXU�FHOOV�DQG�DGGLQJ�WKH�LQGLYLGXDO�UHDGLQJV�WR�SURYLGH�D�WRWDO�ZHLJKW���7KHUH�
DUH�RWKHU�IHDWXUHV�LQ�WKH�VRIWZDUH�IRU�VPRRWKLQJ�DQG�GDPSLQJ�WKH�ORDG�EXW�LQ�HVVHQFH��WKH�FHQWUDO�WUDLOHU�FRPSXWHU�
DGGV�WKH�LQGLYLGXDO�ORDG�FHOO�UHDGLQJV�DQG�RUJDQLVHV�WKH�WUDQVPLVVLRQ�WR�DQ�H[WHUQDO�KRVW�V\VWHP�YLD�:L)L� 

0LFURFRPSXWHU�
+RXVLQJ 

'RXEOH�6KHDU�%HDP�/RDG�&HOO� 

7KLV�GHVLJQ�SKLORVRSK\�DOORZV�SUH-FDOLEUDWLRQ�LQ�D�WHVW�ODERUDWRU\�ZKHUH�WKH�KLJKHVW�VWDQGDUGV�RI�DFFXUDF\�FDQ�EH�
REWDLQHG���7KH�ORDG�FHOO�LV�ORDGHG�WR�D�WHVW�ULJ��DERYH�ULJKW��DQG�XVLQJ�VRPH�VSHFLDOLVW�VRIWZDUH�RQ�D�3&�FRQQHFWHG�WR�
WKH�PLFURFRPSXWHU��WKH�YDOXHV�RI�=(52�ORDG�DQG�)XOO�6FDOH�'HIOHFWLRQ��6SDQ��DUH�VHW�ZLWK�WKH�DSSURSULDWH�QXPHULF�
YDOXH�DV�WKH�WHVW�ORDG�LV�DSSOLHG���:LWK�QR�PHFKDQLFDO�ORDG�D�QXPHULF�YDOXH�RI���LV�HQWHUHG�DQG�ZLWK�UDWHG�PD[LPXP�
ORDG��H�J���������7RQQHV��D�QXPHULF�YDOXH�RI����������.J��LV�HQWHUHG���7KHVH�YDOXHV�GHILQH�WKH�VORSH�RI�WKH�JUDSK�RI�
SK\VLFDO�ORDG�DJDLQVW�ORDG�YDOXH�WUDQVPLWWHG��VHH�SDJH����DQG�DUH�VWRUHG�LQ�QRQ-YRODWLOH�PHPRU\�ZLWKLQ�WKH�ORDG�FHOO�
PLFURFRPSXWHU��WKHVH�YDOXHV�UHPDLQ�LQGHILQLWHO\�XQOHVV�GHOLEHUDWHO\�FKDQJHG�DQG�WKLV�DFWLRQ�ZRXOG�RQO\�QRUPDOO\�EH�
GRQH�LQ�D�WHVW�ODERUDWRU\�ZLWK�VXLWDEOH�IDFLOLWLHV�WR�WKRVH�XVHG�LQ�WKH�LQLWLDO�FDOLEUDWLRQ� 

 
,W�LV�LPSRUWDQW�WR�EHDU�LQ�PLQG�WKDW�GXH�WR�WKH�YHU\�ODUJH�WHVW�ZHLJKWV�UHTXLUHG�DQG� 
WKH�FKDOOHQJLQJ�HQYLURQPHQW�RI�WKH�6WHHOZRUNV��LW�ZRXOG�EH�YLUWXDOO\�LPSRVVLEOH� 

WR�UHSOLFDWH�RU�GXSOLFDWH�WKLV�VWDQGDUG�RI�DFFXUDF\�LQ�WKH�6FUDS�<DUG� 
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3RWHQWLDO�6RXUFHV�RI�HUURU 
$VLGH�IURP�D�ORDG�FHOO�IDLOXUH�ZKLFK�LV�XVXDOO\�TXLWH�REYL�
RXV�DQG�QHFHVVLWDWHV�UHSODFHPHQW��WKHUH�DUH�VHYHUDO�SRVVL�
EOH�VRXUFHV�RI�ZHLJKLQJ�HUURUV� 
 
�� %XLOG-XS�RI�'HEULV��D� 
'HEULV�FDQ�EXLOG�XS�DURXQG�WKH�ORDG�FHOO�DQG�WKLV�FDQ�DIIHFW�
WKH�SHUIRUPDQFH���7KH�PRVW�XVXDO�SODFH�LV�XQGHU�WKH�FHQWUH�
VWUXW�RI�WKH�XSSHU�SDUW�RI�WKH�ORDG�FHOO�FUDGOH�DV�VKRZQ�LQ�
WKH�SLFWXUH�RQ�WKH�ULJKW���8QGHU�IXOO�UDWHG�ORDG��WKH�ORDG�
FHOO�FDQ�GHIOHFW�E\�XS�WR��PP�����WK�LQFK��DQG�DQ\WKLQJ�
WKDW�LQKLELWV�WKDW�GHIOHFWLRQ�ZLOO�DOVR�VHULRXVO\�DIIHFW�WKH�
DSSDUHQW�DFFXUDF\���'HEULV�FDQ�HLWKHU�EH�VROLG��VFUDS�
LWHPV��RU�D�EXLOG-XS�RI�OLPH�GXVW�ZKLFK�FDQ�IRUP�D�FRQFUH�
WLRQ�LI�DOORZHG�WR�JHW�ZHW�DQG�WKHQ�VXEVHTXHQWO\�VROLGLI\� 

$YRLG�GHEULV� 
EXLOG-XS�KHUH 

�� %XLOG-XS�RI�'HEULV��E� 
$QRWKHU�VRXUFH�RI��SUREOHP�LV�WKH�EXLOG-XS�RI�GHEULV��VFUDS��RQ�WKH�ZHLJKLQJ�SODWIRUP�GXH�WR�VSLOODJH�ZKHQ�ORDGLQJ��
LW�PXVW�EH�UHPHPEHUHG�WKDW�LI�VFUDS�LV�RQ�WKH�ZHLJKLQJ�SODWIRUP�,7�:,//�%(�:(,*+('���7KH�VDPH�LV�WUXH�RI�
VFUDS�WKDW�LV�FDXJKW�RQ�WKH�VFUDS�EDVNHW��LW�ZLOO�DOO�EH�ZHLJKHG�DQG�UHSRUWHG�EDFN�WR�WKH�KRVW�V\VWHP���1HYHUWKHOHVV��
WKLV�VFUDS�:,//�127�*(7�/2$'('�72�7+(�)851$&(�7KHUH�LV�QR�ZD\�WKH�WUDLOHU�FRPSXWHU�RU�WKH�KRVW�FRP�
SXWHU�V\VWHP�FDQ�DFFRXQW�IRU�WKLV��LW�UHTXLUHV�YLVXDO�LQVSHFWLRQ�DQG�SK\VLFDO�LQWHUYHQWLRQ�WR�KDQGOH� 
 
'HSHQGLQJ�RQ�KRZ�WKH�H[WHUQDO�VRIWZDUH�DGGV�WKH�PDWHULDO�ZHLJKWV�LQ�WKH�KRVW�V\VWHP�WKLV�DSSDUHQW�ORVV�PD\�DIIHFW�
WKH�DSSDUHQW�\LHOG���7KH�VKRUWDJH�LV�RQO\�DSSDUHQW�VLQFH�WKH�PDWHULDO�KDVQ
W�EHHQ�ORVW—LWV�VWLOO�RQ�WKH�WUDLOHU�RU�LI�LWV�
IDOOHQ�RII��LWV�VWLOO�LQ�WKH�VFUDS�\DUG� 
 
%\�UHPRWH�PRQLWRULQJ�RI�WKH�ZHLJKLQJ�V\VWHP�XVLQJ�WKH�ZHE�EURZVHU��GHEULV�RQ�WKH�SODWIRUP�KDV�EHHQ�REVHUYHG�WR�
ZHLJK�XS�WR���RU���7RQQHV��7KLV�LV�GHGXFHG�E\�D�FRPSDULVRQ�RI�7$5(�:HLJKWV�IRU�D�SDUWLFXODU�VFUDS�EDVNHW�ZKRVH�
HPSW\��7$5(��ZHLJKW�VHHPV�WR�JURZ�HDFK�WLPH�WKH�HPSW\�EDVNHW�LV�SXW�EDFN�RQ�WKH�WUDLOHU���&OHDUO\�WKLV�GRHVQ¶W�KDS�
SHQ�EXW�LI�WKH�SODWIRUP�LV�FOHDQHG�RII��WKH�7$5(�ZHLJKW�RI�WKH�EDVNHW�UHYHUWV�WR�ZKDW�LW�VKRXOG�EH� 
 
�� 8QHYHQ�7HUUDLQ 
,I�WKH�WUDLOHU�LV�VORSLQJ�RU�SDUNHG�RQ�XQHYHQ�WHUUDLQ�VXIILFLHQW�WR�LQGXFH�D�FKDVVLV�WZLVW��HUURUV�FDQ�EH�LQWURGXFHG�GXH�WR�
WKH�DOLJQPHQW�RI�WKH�ORDG�FHOOV�SODQH�RI�RSHUDWLRQ��QRUPDOO\�DW�ULJKW-DQJOHV�WR�WKH�SODQH�RI�WKH�FKDVVLV��ZLWK�UHVSHFW�WR�
WKH�YHUWLFDO�IRUFH�RI�JUDYLW\���$����VORSH�FDQ�LQWURGXFH�DQ�HUURU�RI�������D�����WLOW��DOWKRXJK�YHU\�XQOLNHO\��ZRXOG�LQ�
WURGXFH�DQ�HUURU�RI������LQ�DOO�FDVHV��WKH�ZHLJKLQJ�V\VWHP�ZRXOG�XQGHU-UHDG���$W�����VORSH�WKH�WUDLOHU�ZRXOG�QHHG�
������7�ORDGHG�WR�GLVSOD\�������7���,Q�WKH�ORDG�YHFWRU�GLDJUDP�RQ�WKH�OHIW��WKH�0HDVXUHG�:HLJKW��:P��LV�UHGXFHG�
EHFDXVH�WKH�ORDG�FHOO�LV�DW�DQ�DQJOH��WKH�IRUPXOD�WR�FDOFXODWH�WKDW�PHDVXUHG�ORDG�LV���:P� �:W��[�&RVLQH�D�
ZKHUH�:W�LV�WKH�7UXH�:HLJKW�DQG�D�LV�WKH�$QJOH�RI�WLOW� 
 
7KLV�SRWHQWLDO�SUREOHP�LV�H[DFHUEDWHG�LI�WKH�WUDLOHU�LV�VORSLQJ�GXULQJ�WKH�FDOLEUDWLRQ�SURFHGXUH�VLQFH�WKH�LQLWLDO�
HUURU�ZLOO�EH�LQFOXGHG�LQ�WKH�FDOLEUDWLRQ�DQG�UHSOLFDWHG�LQGHILQLWHO\���WKLV�LV�ZK\�DQ\�FDOLEUDWLRQ�0867�EH�GRQH�

RQ�QHDU-SHUIHFW��IODW�DQG�OHYHO�JURXQG� 
 
H�J���$�SUHFLVH�GHDG�ZHLJKW�RI�������7�ZRXOG��DW����EH�PHDVXUHG�DW������7��LI�GXULQJ�FDOLEUDWLRQ�
WKH�IXOO�VFDOH�GHIOHFWLRQ�ZDV�WKHQ�VHW�DW�������7��DOO�VXEVHTXHQW�PHDVXUHPHQWV�ZRXOG�EH�RXW�E\�
������XQOHVV�PHDVXUHG�RQ�WKH�VDPH�VORSH����7KLV�PHDQV�WKDW�DOO�ORDGV�ZRXOG�QHHG�DQ�H[WUD������
RI�PDWHULDO�WR�UHDFK�D�VSHFLILHG�WDUJHW�WKXV�XVLQJ�PRUH�VWRFN� 
 
,W�VKRXOG�EH�QRWHG�WKDW�D�PRELOH�ZHLJKLQJ�V\VWHP�FDQ�QHYHU�EH�DV�DFFXUDWH�DV�D�VWDWLF�RQH��ORDG�
FHOOV�LQ�D�VWDWLF�ZHLJKEULGJH�DUH�SXUHO\�FRPSUHVVLRQ�FHOOV�DQG�RQO\�KDYH�WR�VXSSRUW�ZHLJKW��WKH\�
DUH�QRW�UHTXLUHG�WR�EH�D�FRPSRQHQW�RI�WKH�FKDVVLV�DQG�EH�DEOH�WR�ZLWKVWDQG�EXPSV�DQG�MROWV���$O�
VR��DOO�WKH�VWUXFWXUDO�VWHHOZRUN�LQ�D�ZHLJKEULGJH�LV�VHFXUHO\�PRXQWHG�RQ�D�FRQFUHWH�IRXQGDWLRQ�

ZKLFK�LV��RU�DW�OHDVW�VKRXOG�EH��SHUIHFWO\�IODW�DQG�OHYHO� 
 
�� 0HFKDQLFDO�&RQWDFW�EHWZHHQ�ZHLJKLQJ�SODWIRUP�DQG�FKDVVLV 
,QDFFXUDF\�FDQ�EH�LQWURGXFHG�LI�WKHUH�LV�DQ\�PHFKDQLFDO�FRQWDFW�EHWZHHQ�WKH�SODWIRUP�DQG�WKH�FKDVVLV�DQG�PD\�RQO\�
RFFXU�ZKHQ�)8//<�/2$'('���7KLV�FDQ�DSSDUHQWO\�UHGXFH�WKH�ZHLJKW�WKDW�VKRXOG�DOO�EH�WKURXJK�WKH�ORDG�FHOOV� 
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:HLJKW�&KHFNLQJ�DQG�&DOLEUDWLRQ 
,W�PD\�EH�D�UHTXLUHPHQW�WR�FDUU\�RXW�UHJXODU�:HLJKW�&+(&.6�RQ�HDFK�WUDLOHU�XVLQJ�WHVW�ZHLJKWV�LQ�FRQMXQFWLRQ�ZLWK�
WKH�ZHE�EURZVHU�VRIWZDUH�LQ�HDFK�WUDLOHU�EXW� 
 

'2�127�86(�WKH�FDOLEUDWLRQ�IXQFWLRQ�WR�FKHFN 
:HLJKW�DFFXUDF\��XVH�WKH�7DUHG�:HLJKW�VFUHHQ 

7KLV�LV�DYDLODEOH�IURP�WKH�ZHLJKLQJ�V\VWHP�KRPH�SDJH� 
 
,I�WKH�FDOLEUDWLRQ�SURFHGXUH�LV�XVHG�ZLWKRXW�KDYLQJ�D�FOHDU�XQGHUVWDQGLQJ�RI�ZKDW¶V�LQYROYHG�WKHUH�LV�D�ULVN�RI�LQWUR�
GXFLQJ�VLJQLILFDQW�HUURUV��PXFK�ODUJHU�WKDQ�WKRVH�\RX¶UH�DWWHPSWLQJ�WR�HOLPLQDWH��VRPH�DUH�FRYHUHG�RQ�SDJH��� 

������.J�/RDG =HUR�/RDG 

7DUHG�:HLJKW 
6FUHHQ�%XWWRQ 

,Q�WKH�DERYH�H[DPSOH��ZLWK�DQ�HPSW\�SODWIRUP��WKH�7$5(�EXWWRQ�ZDV�SUHVVHG�ZLWK�D�*URVV�:HLJKW�RI������7��D���7�
�������.J��WHVW�ZHLJKW�ZDV�ORDGHG�DQG�WKH�ZHLJKW�UHFRUGHG���7KLV�H[DPSOH�KDV�D�VPDOO�HUURU�RI����.J��WKLV�HTXDWHV�
WR�������ZLWK�UHVSHFW�WR�WKH�QHW�ORDG�DQG�������ZLWK�UHVSHFW�WR�WKH�JURVV�ORDG���7KLV�WUDLOHU�6+28/'�127�EH�FDOL�
EUDWHG��LW�GRHVQ¶W�QHHG�LW� 
 

:H�VWURQJO\�DGYLVH�XVLQJ�WKH�3OD\6WDWLRQ�WR�H[SHULPHQW�ZLWK�WKH� 
FDOLEUDWLRQ�SURFHGXUH�WR�JDLQ�H[SHULHQFH 

7HVW�:HLJKWV 
,W�LV�YHU\�LPSRUWDQW�WR�UHPHPEHU�WKDW�WKH�HPSW\�VFUDS�EDVNHW�XVHV�DERXW�D�����RU�����RI�WKH�WRWDO�FDSDFLW\�RI�WKH�
ZHLJKLQJ�V\VWHP��FRQVHTXHQWO\��WKH�DUHD�RI�LQWHUHVW�WKHUHIRUH�LV�LQ�WKH�XSSHU�����RU������FKHFNLQJ�DQG�FDOLEUDWLRQ�LQ�
WKH�ORZHU�����RI�WKH�V\VWHP�VSDQ�LV�DFWXDOO\�SRLQWOHVV� 
 
,W�LV�WKHUHIRUH�FRXQWHU�SURGXFWLYH��WR�XVH�D�VPDOO�VHW�RI�ZHLJKWV�WKDW�EDUHO\�WLFNOH�WKH�ZHLJKLQJ�V\VWHP���)RU�H[DPSOH��
VHWWLQJ�]HUR�ZLWK�QR�ORDG�DQG�WKHQ�XVLQJ�D�VLQJOH����7�WHVW�ZHLJKW�WR�VHW�VSDQ�DW�������.J���7KLV�PHWKRG�UHOLHV�RQ�
H[WUDSRODWLRQ�IRU�ZHLJKWV�JUHDWHU�WKDQ���7�DQG�LV�QRWRULRXVO\�LQDFFXUDWH��IRU�D�����7RQQH�WUDLOHU��WKLV�LV�RQO\����RI�
WKH�UDWHG�ORDG�DQG�DQ\�HUURUV�DW�WKLV�OHYHO�ZLOO�EH�VLJQLILFDQWO\�DPSOLILHG�DV�ORDG�LV�LQFUHDVHG��VHH�JUDSK���RQ�SDJH��� 
 
,Q�WKH�VDPH�ZD\�WKDW�WKH�21/<�ZD\�WR�UHOLDEOH�FDOLEUDWH�D�WHPSHUDWXUH�PHDVXUHPHQW�V\VWHP�LV�WR�ERLO�IUHVK�ZDWHU�DW�
VHD�OHYHO�WR�VHW�WKH�YDOXH�RI�����&�WKHUH�LV�QR�VXEVWLWXWH�IRU�XVLQJ�DFFXUDWH��WHVW�ZHLJKWV�WR�FKHFN�DQG�FDOLEUDWH�ZHLJK�
LQJ�V\VWHPV�DQG�XQIRUWXQDWHO\��WKHVH�QHHG�WR�EH�/$5*(���7KH�XVH�RI�PDQ\�VPDOO�ZHLJKWV�LV�IUDXJKW�ZLWK�SUREOHPV���
WKHVH�DUH� 
 
�� 7KH\�WDNH�D�ORW�RI�WLPH�WR�ORDG���XQORDG 
�� 7KH\�DUH�SRWHQWLDOO\�GDQJHURXV�LI�VWDFNHG-XS 
�� ,QGLYLGXDO�HUURUV�RQ�HDFK�ZHLJKW�ZLOO�DFFXPXODWH�DQG�LQWURGXFH�LQDFFXUDFLHV 
�� 7KH�WHVW�ZHLJKWV�QHHG�WR�EH�V\PPHWULFDOO\�SRVLWLRQHG�FORVH�WR�WKH�&HQWUH�RI�*UDYLW\�RI�WKH�6FUDS�%DVNHW�DQG�ORWV�

RI�VPDOO�ZHLJKWV�PDNH�WKLV�GLIILFXOW�WR�DFKLHYH� 
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3ULQFLSOHV�RI�FDOLEUDWLRQ�SURFHGXUHV 
7KH�6FUDS0DQ�ZHLJKLQJ�FRPSXWHU�DULWKPHWLFDOO\�DGGV�WKH�ZHLJKW�UHDGLQJV�IURP�WKH�LQGLYLGXDO�ORDG�FHOOV��DV�DOUHDG\�
GHFULEHG��WKHVH�DUH�DOUHDG\�GLJLWLVHG�DQG�VFDOHG�LQ�HQJLQHHULQJ�XQLWV�RI�.J�DW�WKH�ORDG�FHOO�LWVHOI��$QG�WKLV�FDOLEUDWLRQ�
ZDV�GRQH�LQ�D�WHVW�ODERUDWRU\�XVLQJ�VSHFLDOLVW�HTXLSPHQW�DQG�WR�D�VWDQGDUG�WKDW�ZRXOG�EH�LPSRVVLEOH�WR�DFKLYH�LQ�WKH�
VFUDS�\DUG���7KH�FDOLEUDWHG�YDOXHV�ZLWKLQ�HDFK�ORDG�FHOO�FDQQRW�EH�FKDQJHG�RQ�VLWH��RQO\�LQ�D�WHVW�ODE�ZLWK�VXLWDEOH�
HTXLSPHQW�DQG�VRIWZDUH��+RZHYHU��WKH�WUDLOHU�FRPSXWHU�GRHV�LQFOXGH�VRPH�VRIWZDUH�WR�WR�SHUPLW�WKH�UHVXOWDQW�WRWDO�
ZHLJKW�WR�EH�WZHDNHG�XS�RU�GRZQ�LI��ZLWK�WKH�SDVVDJH�RI�WLPH��ZHLJKLQJ�HUURUV�DUH�REVHUYHG���7KLV�LV�DFFRPSOLVKHG�E\�
DGMXVWLQJ�WKH�:HLJKW�*$,1�IDFWRU�LQ�RQH�RI�WKH�WH[W�ILOHV�UHVLGLQJ�LQ�WKH�&�)�FDUG��WKH�ILOH�LV�FDOOHG�&DOLEUDWLRQ6HW�
WLQJV�[PO�DQG�W\SLFDOO\�ORRNV�OLNH«�� 
 
�"[PO�YHUVLRQ ������HQFRGLQJ �XWI-��"! 
�6HWWLQJV! 
�:HLJKW! 
�*DLQ!�����*DLQ! 

�8VH2IIVHW!IDOVH��8VH2IIVHW! 
�2IIVHW!���2IIVHW! 
��--�&DO�ZHLJKW�LQ�.J�--! 
�&DO:HLJKW!�������&DO:HLJKW! 
��:HLJKW! 
�%DWWHU\! 
�*DLQ!�����*DLQ! 
��%DWWHU\! 
��6HWWLQJV! 
 
7KH�:HLJKW�*$,1�VKRZQ�LQ�5('�LV�VHW�E\�GHIDXOW�WR�EH������7KLV�PHDQV�WKDW�LI�WKH�DULWKPHWLFDO�VXP�RI�DOO�IRXU�ORDG�
FHOOV�LV�������.J�WKHQ�WKH�ZHLJKW�WUDQVPLWWHG�WR�WKH�KRVW�V\VWHP�ZKHQ�UHTXHVWHG�LV�DOVR�������.J��:LWK�WKH�VDPH�
ZHLJKW��LI�WKH�*DLQ�ZDV�FKDQJHG�WR�����WKHQ�WKH�WUDQVPLWWHG�ORDG�ZRXOG�EH�������.J���������[������RU�FRQYHUVHO\��LI�
WKH�*DLQ�ZDV�VHW�WR�����WKH�WUDQVPLWWHG�ORDG�ZRXOG�EH�������.J���������[��������7KH�*DLQ�WKHUHIRUH�LV�VLPSO\�D�QXP�
EHU�E\�ZKLFK�WKH�PHDVXUHG�ZHLJKW�LV�PXOWLSOLHG-E\���7KLV�:HLJKW�*DLQ�FDQ�EH�VHW�E\�HGLWLQJ�WKH�&DOLEUDWLRQ6HW�
WLQJV�[PO�ILOH�RU��PRUH�XVXDOO\��XVLQJ�WKH�FDOLEUDWLRQ�SURFHGXUH�GHVFULEHG�LQ�WKH�PDQXDO���,Q�HVVHQFH��WKLV�LV�GRQH�E\�
VHWWLQJ�=HUR��ZLWK�QR�ORDG��DQG�6SDQ��)XOO�6FDOH�'HIOHFWLRQ��ZLWK�D�NQRZQ�GHDG�ZHLJKW�DSSOLHG�ZKLFK�VKRXOG�EH�
FORVH�RU�HTXDO-WR�WKH�UDWHG�ORDG�RI�WKH�WUDLOHU� 
 
+RZHYHU��WKLV�VKRXOG�RQO\�HYHU�EH�DWWHPSWHG�LI�WKH�IROORZLQJ�FRQGLWLRQV�FDQ�EH�PHW� 
 
�� 7KH�WUDLOHU�0867�EH�RQ�ILUP��IODW�DQG�OHYHO�JURXQG 
�� 7KH�WHVW�ZHLJKWV�0867�EH�FORVH�WR�WKH�UDWHG�PD[LPXP�ORDG�RI�WKH�WUDLOHU 
�� 8VLQJ�ORVWV�RI�VPDOO�ZHLJKWV�LV�SRWHQWLDOO\�GDQJHURXV 
�� 6XLWDEOH�OLIWLQJ�JHDU�PXVW�EH�DYDLODEOH 
�� 7HVW�ZHLJKWV�QHHG�WR�EH�ORDGHG�V\PPHWULFDOO\�FORVH�WR�WKH�&�RI�*�RI�WKH�VFUDS�EDVNHW 
 
7KH�&DO:HLJKW�ILJXUH�LQ�*UHHQ�LV�VLPSO\�WKH�GHIDXOW�WHVW�ZHLJKW�YDOXH��LQ�WKLV�FDVH����7��������.J����,I�\RX�KDYH�D�
WHVW�ZHLJKW�RI���������.J�WKLV�YDOXH�FDQ�EH�W\SHG�LQWR�WKH�WH[W�ILOH�DV�WKH�GHIDXOW�YDOXH� 
 
([DPSOHV�RI�KRZ�HUURUV�FDQ�EH�LQWURGXFHG�DUH�DV�IROORZV� 
 
�� ,I�D�WHVW�ZHLJKW�EHOLHYHG�WR�EH�������.J��EXW�LQ�IDFW�ZDV�������.J��ZDV�ORDGHG�WR�WKH�SODWIRUP�DQG�WKH�VSDQ�VHW�

WR��������WKHQ�DQ�LQKHUHQW�HUURU�RI����.J��DERXW�������KDV�EHHQ�LQWURGXFHG�DQG�WKH�ZHLJKW�*DLQ�ZRXOG�WKHQ�EH�
VHW�WR���������$OO�VXEVHTXHQW�UHDGLQJV�ZRXOG�EH�PXOWLSOLHG�E\�������DQG�KHQFH�EH�LQFRUUHFW� 

�� $Q�HYHQ�ELJJHU�HUURU�FDQ�EH�LQWURGXFHG�LI�WKH�WHVW�ZHLJKW�LV��IRU�H[DPSOH����������OEV��LI�WKH�HQJLQHHU�LQSXWV�D�
QXPHULFDO�YDOXH�RI�VSDQ�RI����������WKH�ZHLJKLQJ�V\VWHP��ZKLFK�LV�H[SHFWLQJ�.J��ZLOO�EH�RXW�E\�D�IDFWRU�RI�
���������WKH�UDWLR�RI�OEV—.J����7KH�*DLQ�)DFWRU�ZRXOG�WKHQ�EH���������DQG�DOO�VXEVHTXHQW�ORDG�UHDGLQJV�RXW�E\�
D�KXJH�IDFWRU� 

 
,I�WKLV�HYHU�KDSSHQV��WKH�HDVLHVW�VROXWLRQ�LV�WR�HGLW�WKH�&DOLEUDWLRQ6HWWLQJV�[PO�ILOH�DQG�VHW�WKH�JDLQ�EDFN�WR���� 

 
 

:HLJKW�*$,1�9DOXH�IRU�ILQH-WXQLQJ 

&DOLEUDWLRQ�7HVW�:HLJKW��WKLV�FDQ�EH�DGMXVWHG�WR�VXLW�WKH�
$FWXDO�7HVW�:HLJKWV 

%DWWHU\�*$,1��GR�QRW�FKDQJH�WKLV�YDOXH��LW�LV�UHODWHG�WR�
WKH�EDWWHU\�YROWDJH�PHDVXUHPHQW���,W�FDQ�EH�DGMXVWHG�XS�
RU�GRZQ�LI�WKH�YROWDJH�PHDVXUHPHQW�KDV�EHHQ�IRXQG�WR�
KDYH�GULIWHG� 



:HLJKLQJ�6\VWHPV 

ZZZ�VFUDS-PDQ�FRP  3DJH�� 

*UDSKV�VKRZLQJ�WKH�GLIIHUHQW�HIIHFWV�RI�FDOLEUDWLRQ�ZHLJKWV� 
([DPSOH���LV�WR�EH�DYRLGHG��([DPSOH���LV�2. 

:URQJ 

&RUUHFW 



:HLJKLQJ�6\VWHPV 

ZZZ�VFUDS-PDQ�FRP  3DJH�� 

$QRWKHU�VRXUFH�RI��SUREOHP�LV�WKH�EXLOG-XS�RI�GHEULV��VFUDS��RQ�WKH�ZHLJKLQJ�SODWIRUP�GXH�WR�VSLOODJH�ZKHQ�ORDGLQJ��LW�PXVW�EH�
UHPHPEHUHG�WKDW�LI�VFUDS�LV�RQ�WKH�ZHLJKLQJ�SODWIRUP�,7�:,//�%(�:(,*+('���7KH�VDPH�LV�WUXH�RI�VFUDS�WKDW�LV�FDXJKW�RQ�
WKH�VFUDS�EDVNHW��LW�ZLOO�DOO�EH�ZHLJKHG�DQG�UHSRUWHG�EDFN�WR�WKH�KRVW�V\VWHP���1HYHUWKHOHVV��WKLV�VFUDS�:,//�127�*(7�
/2$'('�72�7+(�)851$&(�7KHUH�LV�QR�ZD\�WKH�WUDLOHU�FRPSXWHU�RU�WKH�KRVW�FRPSXWHU�V\VWHP�FDQ�DFFRXQW�IRU�WKLV��LW�
UHTXLUHV�YLVXDO�LQVSHFWLRQ�DQG�SK\VLFDO�LQWHUYHQWLRQ�WR�KDQGOH� 
 
'HSHQGLQJ�RQ�KRZ�WKH�H[WHUQDO�VRIWZDUH�DGGV�WKH�PDWHULDO�ZHLJKWV�LQ�WKH�KRVW�V\VWHP�WKLV�DSSDUHQW�ORVV�PD\�DIIHFW�WKH�DSSDU�
HQW�\LHOG���7KH�VKRUWDJH�LV�RQO\�DSSDUHQW�VLQFH�WKH�PDWHULDO�KDVQ
W�EHHQ�ORVW—LWV�VWLOO�RQ�WKH�WUDLOHU�RU�LI�LWV�IDOOHQ�RII��LWV�VWLOO�LQ�
WKH�VFUDS�\DUG� 
 
%\�UHPRWH�PRQLWRULQJ�RI�WKH�ZHLJKLQJ�V\VWHP�XVLQJ�WKH�ZHE�EURZVHU��GHEULV�RQ�WKH�SODWIRUP�KDV�EHHQ�REVHUYHG�WR�ZHLJK�XS�WR�
��RU���7RQQHV��7KLV�LV�GHGXFHG�E\�D�FRPSDULVRQ�RI�7$5(�:HLJKWV�IRU�D�SDUWLFXODU�VFUDS�EDVNHW�ZKRVH�HPSW\��7$5(��ZHLJKW�
VHHPV�WR�JURZ�HDFK�WLPH�WKH�HPSW\�EDVNHW�LV�SXW�EDFN�RQ�WKH�WUDLOHU���&OHDUO\�WKLV�GRHVQ¶W�KDSSHQ�EXW�LI�WKH�SODWIRUP�LV�FOHDQHG�
RII��WKH�7$5(�ZHLJKW�RI�WKH�EDVNHW�UHYHUWV�WR�ZKDW�LW�VKRXOG�EH� 

&DOLEUDWLRQ�E\�6WDWLVWLFDO�$QDO\VLV 
7KHUH�LV�D�PHWKRG�RI�FDOLEUDWLRQ�WKDW�PD\�EH�DSSURSULDWH�IRU�VRPH�VWHHOZRUNV�RSHUDWLRQV��LW�ZRXOG�EH�EDVHG�RQ�WKH�
<LHOG�IURP�WKH�IXUQDFH�ZLWK�FRPSDULVRQ�WR�WKH�ZHLJKW�RI�PDWHULDO�6XSSOLHG�WR�WKH�IXUQDFH�DQG�ZRXOG�UHO\�RQ�ORQJ-
WHUP�VWDWLVWLFDO�DQDO\VLV���$V�D�PHWKRG�RI�FDOLEUDWLRQ��DOWKRXJK�QRW�VWULFWO\�VSHDNLQJ�YHU\�DFFXUDWH��LW�LV�VXEVWDQWLDOO\�
VLPSOHU��TXLFNHU�DQG�OHVV�H[SHQVLYH�WKDQ�ORDGLQJ�YHU\�ODUJH�WHVW�ZHLJKWV� 
 
7KLV�LV�DOOXGHG-WR�RQ�3DJH���XQGHU�SRWHQWLDO�VRXUFHV�RI�HUURU«�� 

,I�RYHU�D�SHULRG�RI�WLPH�WKHUH�ZDV�GHHPHG�WR�EH�DQ�DSSDUHQW�ORVV�RI�PDWHULDO-LQ�FRPSDUHG�WR�PDWHULDO-RXW��+RW�0HW�
DO��DQG�WKLV�ZDV�VWDWLVWLFDOO\�FRQVLVWHQW�RYHU�WLPH�DQG�DFURVV�DOO�WUDLOHUV�LW�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�WKLV�GLVFUHSDQ�
F\�LV�GXH�WR�PDWHULDO�EHLQJ�ZHLJKHG�%87�127�ORDGHG�WR�WKH�IXUQDFH���$V�DOUHDG\�VWDWHG��WKLV�LV�DQ�DSSDUHQW�ORVV�LQ�
WKDW�WKH�PDWHULDO�LV�VWLOO�LQ�WKH�\DUG�VRPHZKHUH� 
 
7KLV�VLWXDWLRQ�FRXOG�EH�KDQGOHG�E\�FKDQJLQJ�WKH�:HLJKW�*$,1�IDFWRU�E\�WKH�DPRXQW�RI�WKH�<LHOG�HUURU��IRU�H[DPSOH��
LI�WKH�\LHOG�ZDV�GHHPHG�WR�EH�����WKH�:HLJKW�*$,1�FRXOG�EH�FKDQJHG�WR��������7KLV�ZRXOG�WKHRUHWLFDOO\�IRUFH�DQ�
H[WUD����RI�PDWHULDO�WR�EH�ORDGHG�WR�WKH�VFUDS�EDVNHW�EXW�VLQFH�WKDW�PDWHULDO�LV�VWDWLVWLFDOO\�XQOLNHO\�WR�JHW�ORDGHG�WR�
WKH�IXUQDFH�DQ\ZD\��RYHUDOO�LW�LV�TXLWH�FRUUHFW� 
 
,Q�WKH�DERYH�H[DPSOH��WKH�&DOLEUDWLRQ6HWWLQJV�[PO�ILOH�ZRXOG�ORRN�OLNH« 
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:HLJKLQJ�6\VWHPV 

ZZZ�VFUDS-PDQ�FRP  3DJH�� 

3OD\6WDWLRQ�([SHULPHQWDWLRQ 
,W�LV�D�JRRG�LGHD�WR�SUDFWLFH�DQG�H[SHULPHQW�ZLWK�WKH�FDOLEUDWLRQ�SURFHGXUHV�XVLQJ�WKH�3OD\6WDWLRQ�DQG�VSDUH�FRPSXWHU 
EXW�HQVXUH�WKH�:HLJKW�*$,1�YDOXH�LV�VHW�EDFN�WR�����EHIRUH�XVLQJ�WKH�FRPSXWHU�RU�&RPSDFW�)ODVK�FDUG�LQ�WKH�VFUDS 
\DUG��WKLV�LV�WKH�YDULDEOH�SURJUDPPHG�LQWR�WKH�&DOLEUDWLRQ6HWWLQJV�[PO�ILOH��VKRZQ�EHORZ�� 
 
7KH�W\SLFDO�VHW-XS�LV�VKRZQ�EHORZ�ZLWK�3OD\6WDWLRQ��ZHLJKLQJ�SODWIRUP��VHW�RI�WHVW�ZHLJKWV��VSDUH�FRPSXWHU��ZLUHOHVV 
URXWHU�DQG�D�3&��7KH�ZHLJKLQJ�SODWIRUP�KDV�IRXU�ORDG�FHOOV�DQG�OLNH�WKH�DFWXDO�WUDLOHU��HDFK�KDV�D�0DQWUDFRXUW�0LFUR�
FRQWUROOHU�LQFOXGHG�IRU�WKH�GLJLWLVLQJ�RI�WKH�ZHLJKW�PHDVXUHPHQW��7KHVH�ORDG�FHOOV�KDYH�EHHQ�DUWLILFLDOO\�VFDOHG�WR 
PHDVXUH�LQ�7RQQHV�LQVWHDG�RI�JUDPV� 
 
 
(DFK�KDV�D�QRPLQDO�FDSDFLW\�RI�����JUDP���WKHVH�ZHUH�ORDGHG�ZLWK�WHVW�ZHLJKWV�WR��������JUDP�EXW�WKH�PLFURFRPSXW�
HU�LQ�HDFK�FHOO�ZDV�VFDOHG�ZLWK�WHVW�VRIWZDUH�WR�DSSDUHQWO\�UHDG��������.J����7RQQHV��WR�DGG�VRPH�UHDOLVP�WR�VRIW�
ZDUH������������VFDOH���7KLV�PHDQV�WKDW�ZLWK�D�ORDG�RQ�HDFK�FHOO�RI�VD\����JP��WKH�ORDG�FRPLQJ�EDFN�IURP�WKH�ORDG 
FHOO�PLFURFRPSXWHU�ZDV��������.J��7KLV�����������VFDOLQJ�ZDV�VHW�GXULQJ�PDQXIDFWXUH�DQG�FDQQRW�EH�FKDQJHG�ZLWK�
RXW�VSHFLDOLVW�VRIWZDUH� 

)RXU-RII�0DQWUDFRXUW�/RDG�&HOO�
0LFURFRPSXWHUV 

/RDG�&HOO�DQDORJXH�FDEOHV 

/RDG�&HOO�'LJLWDO�FDEOHV 

/RDG�&HOO�[�� 

7KH�3OD\6WDWLRQ�VKRXOG�EH�XVHG�IRU�H[SHULPHQWDO�SXUSRVHV�DQG�HIIRUWV�PDGH�WR�GHOLEHUDWHO\�LQWURGXFH�HUURUV�VXFK�DV�
FDOLEUDWLQJ�RQ�D�VORSH�RU�HQWHULQJ�WKH�ZURQJ�QXPHULF�YDOXH�RI�DFWXDO�WHVW�ZHLJKWV���7KLV�ZLOO�DOORZ�H[SHULHQFH�WR�EH�
JDLQHG�DW�VSRWWLQJ�SUREOHPV�DQG�WKH�VXEVHTXHQW�UHFWLILFDWLRQ���$IWHU�HYHU\�H[SHULPHQWDWLRQ�VHVVLRQ��UHPRYH�WKH�&�)�
FDUG�DQG�XVLQJ�1RWHSDG��LQVSHFW�WKH�&DOLEUDWLRQ6HWWLQJV�[PO�ILOH�DQG�ORRN�DW�WKH�*$,1«��� 
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1�%� 
7KH�:HLJKW�*$,1�LV�WKH�QXPEHU�WKDW�$//�UHSRUWHG 
ZHLJKWV�DUH�PXOWLSOLHG�E\«�� 
:KHQ�ILQLVKHG�H[SHULPHQWV��HQVXUH�WKDW�WKH�:HLJKW�
*$,1�YDOXH�LV�5(6(7�WR���� 

$�VXFFHVVIXO�FDOLEUDWLRQ�VKRXOG�HQG�XS�ZLWK�D�:HLJKW�
*$,1�RI�DERXW����,W�VKRXOG�QHYHU�EH�OHVV�WKDQ�����RU�
JUHDWHU�WKDQ������HLWKHU�FRQGLWLRQ�ZRXOG�LQGLFDWH�D�PLVWDNH�
RU�D�IDXOW\�ORDG�FHOO��$IWHU�FDOLEUDWLRQ��D�W\SLFDO�&DOLEUD�
WLRQ6HWWLQJV�[PO�ILOH�PD\�ORRN�OLNH«�� 
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