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WR� H[SHFW� KLJKO\� UHOLDEOH� VHUYLFH� GXH� WR� DQ� LQFUHDVHG�
FXVWRPHU�DZDUHQHVV�DQG� WR� WKH�VHQVLWLYH�HOHFWULF�GHYLFHV�
XWLOL]HG� LQ� WRGD\
V� WHFKQRORJLFDOO\� DGYDQFHG� VRFLHW\��
:KHQ� WKH� HOHFWULF� VHUYLFH� LV� GLVUXSWHG�� HYHQ� IRU� D� VKRUW�
SHULRG�RI� WLPH��7KH�UHVXOW�FDQ�EH�DQ\WKLQJ�IURP�D�PLQRU�
LQFRQYHQLHQFH� WR� D� PDMRU� HFRQRPLF� ORVV�� WKH� KLJK�
SHUFHQWDJH� RI� WHPSRUDU\� IDXOWV� RI� 2+/� DOORZV� WKH�
DSSOLFDWLRQ�RI�D�GHYLFH�ZLWK�D�GXDO�WLPLQJ�FKDUDFWHULVWLF�
WR� FRRUGLQDWH� ZLWK� OLPLW� IXVHV� DQG� VHFWLRQDOLVHUV� SODFHG�
RQ� WKH� V\VWHP�� 7KHVH� GHYLFHV� ZHUH� GHYHORSHG� WR� UHGXFH�
FLUFXLW�RXWDJHV�DQG�LQFUHDVH�WKH�UHOLDELOLW\�RI�GLVWULEXWLRQ�
V\VWHPV�� 7KH� QXPEHU� RI� UHFORVLQJ� VHWWLQJ�� WKH� UHFORVLQJ�
LQWHUYDO� GHOD\V� IDVW� DQG� WLPH� GHOD\� �DOVR� UHIHUUHG� WR� DV�
VORZ��FXUYH�VHOHFWLRQ�DQG�PLQLPXP�WULS�VHOHFWLRQ�PXVW�EH�
FKRVHQ� WR� VDWLVI\�D�QXPEHU�RI�REMHFWLYHV��7KH�YDULDELOLW\�
LQ� VHWWLQJV�� FRPELQHG�ZLWK� WKH�PXOWLSOH� UHFORVLQJ�HYHQWV��
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�HIIHFWV�RI��D�IDXOW�WR�WKH�VPDOOHVW�SRVVLEOH�DUHD�E\�SURWHFWLQJ�XSVWUHDP� GHYLFHV� XVLQJ� FXUUHQW�OLPLWLQJ� IXVHV�� 7KLV� LV�QRUPDOO\�GRQH�WKURXJK�7LPH�&XUUHQW�&KDUDFWHULVWLF�&XUYH�FRRUGLQDWLRQ�SUDFWLFHV�DQG�E\�XVH�RI�WKH�OLPLWV�RQ�WKH�,�VTX�WOHW�WKURXJK��7LPH�&XUUHQW�&KDUDFWHULVWLF�&XUYH�FRRUGLQDWLRQ�LV�GRQH�E\�VLPSO\�RYHUOD\LQJ�WKH�FXUYHV�DQG�FRPSDULQJ�WKH�PD[LPXP�FOHDULQJ�FXUYH�RI�WKH�SURWHFWLQJ�'HYLFH�ZLWK�WKH�PLQLPXP� PHOW� FXUYH� RI� WKH� SURWHFWHG� IXVH�� )ROORZLQJ�W\SLFDO�FRRUGLQDWLRQ�UXOHV��WKH�PD[LPXP�FOHDULQJ�FXUYH�RI�WKH� FXUUHQW�OLPLWLQJ� IXVH� VKRXOG� EH� WR� WKH� OHIW� RI� WKH�XSVWUHDP�GHYLFH¶V�WULS�FXUYH��:KHQ�WKLV�LV�GRQH�WKH�FXUUHQW�OLPLWLQJ�IXVH�ZLOO�FOHDU�EHIRUH�WKH�XSVWUHDP�GHYLFH�WULS��,Q�YHU\�VKRUW�WLPHV�������VHFRQGV�RU�OHVV��WKH�FXUUHQW�OLPLWLQJ�IXVH�FOHDU�FXUYH�PD\�FURVV�WKH�XSVWUHDP�IXVH�PHOW�FXUYH��$V�D UHVXOW� WKHUH�ZRXOG�EH�FRQFHUQ�WKDW�WKH�XSVWUHDP�GHYLFH�ZRXOG� RSHQ� EHIRUH� LW� LQWHUUXSWV� WKH� FXUUHQW�� ,�VTX�WFRRUGLQDWLRQ�DOORZV�WKLV�WR�EH�DVVHVVHG��,�VTX�W YDOXHV�SURYLGH�WZR�IDFWRUV�WR�FRQVLGHU��PLQLPXP�PHOW�,�VTX�W DQG�PD[LPXP�OHW�WKURXJK�,�VTX�W��7KH�PLQLPXP�PHOW�,�VTX�W LV�WKH�DPRXQW�RI�HQHUJ\�QHFHVVDU\� WR�PHOW�D�IXVH�HOHPHQW��7KH�OHW�WKURXJK�,�VTX�W LV�WKH�PD[LPXP�³HQHUJ\´�WKH�IXVH�ZLOO�OHW�WKURXJK��,I�WKH�PD[LPXP�OHW�WKURXJK�,�VTX�W RI�WKH�FXUUHQW�OLPLWLQJ�IXVH�LQ�D WUDQVIRUPHU� LV� OHVV� WKDQ� WKH� GHYLFH� WULS� ,�VTX�W RI� WKH�SURWHFWLQJ�XSVWUHDP� UHFORVHU�� D� IDXOW� WKDW� WKH� WUDQVIRUPHU�IXVH�RSHUDWHV�DJDLQVW�ZLOO�QRW�OHW�HQRXJK�,�VTX�W WKURXJK�WR�FDXVH� WKH� XSVWUHDP� GHYLFH� WR� RSHUDWH�� 7KLV� SUHYHQWV�XSVWUHDP� GHYLFH� RSHUDWLRQV�� DQG� DOORZV� WKH� UHVW� RI� WKH�V\VWHP�WR�UHPDLQ�RQ�OLQH��VHUYLQJ�FXVWRPHUV��
�����&RRUGLQDWLQJ�5HFORVHUV�DQG�IXVH�OLQNV
5HFORVHUV�PXVW�EH�FRRUGLQDWHG�ZLWK�ERWK�VRXUFH�VLGH�DQG�ORDG�VLGH�IXVH�OLQNV���)RU�SURSHU�DSSOLFDWLRQ�RI�UHFORVHUV�LQ�GLVWULEXWLRQ� V\VWHPV�� WKH� IROORZLQJ� EDVLF� FRRUGLQDWLRQ�SULQFLSOHV�PXVW�EH�REVHUYHG��7KH�ORDG�VLGH�GHYLFH�PXVW��

)LJ�����/LPLW�)XVH�&RRUGLQDWLRQ�
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FOHDU�D�SHUPDQHQW�RU�WHPSRUDU\�IDXOW�EHIRUH�WKH�VRXUFH�VLGH�GHYLFH� LQWHUUXSWV� WKH� FLUFXLW� �IXVH� OLQN�� RU� RSHUDWHV� WR�ORFNRXW� �5HFORVHU��� 2XWDJHV� FDXVHG� E\� SHUPDQHQW� IDXOWV�PXVW�EH�UHVWULFWHG�WR�WKH�VPDOOHVW�VHJPHQW�RI�WKH�V\VWHP�����
�����6RXUFH�VLGH�5HFORVHU�DQG�/RDG�VLGH�IXVH��
�)RU�WHPSRUDU\�IDXOW�FRRUGLQDWLRQ��WKH�UHFORVHU
V�IDVW�FXUYH�RSHUDWLRQV�VKRXOG�QRW�FDXVH�IXVH�OLQN�GDPDJH��WKLV�LQFOXGHV�WKH� FXPXODWLYH� KHDWLQJ� HIIHFWV� RI� PXOWLSOH� IDVW� FXUYH�RSHUDWLRQV�ZLWK�YHU\�VKRUW�UHFORVLQJ�LQWHUYDO����

)LJ�����7UDQVLHQW�IDXOW�LQ�D�V\VWHP�SURWHFWHG�E\�FXUUHQW�OLPLWLQJ�IXVHV��)RU�SHUPDQHQW� IDXOWV�� WKH� UHFORVHU
V� GHOD\HG�RSHUDWLRQV�VKRXOG�EH�VORZHU�WKDQ�WKH�IXVH
V�PD[LPXP�FOHDU�FXUYH��7KLV�ZLOO�HQVXUH�WKDW�WKH�IXVH�OLQN�PHOWV�DQG�FOHDUV�DQ\�SHUPDQHQW�IDXOWV�EHIRUH�WKH�UHFORVHU�RSHUDWHV�RQ�LWV�GHOD\�FXUYH��:LWK�ORDG�VLGH�IXVH�FRRUGLQDWLRQ��WKH�.�IDFWRU�,V�DSSOLHG�WR�WKH�UHFORVHU
V�IDVW�FXUYH�WR�DFFRXQW�IRU�WKH�FXPXODWLYH�KHDWLQJ�HIIHFWV�SURGXFHG�E\� WKH�VXFFHVVLYH� IDVW�RSHUDWLRQV�RI� WKH�VRXUFH�VLGH�UHFORVHU��7KLV�HQVXUHV�WKDW�WKH�IXVH�OLQN�,V�QRW�GDPDJHG�GXULQJ�WKH�IDVW�WULS�RSHUDWLRQV�RI�WKH�UHFORVHU��XS�WR�WKH�PD[LPXP�DYDLODEOH�IDXOW�FXUUHQW���
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)LJ�����:DYHIRUPV�IRU�EUHDNLQJ�RI�DQ�$�&��VKRUW�FLUFXLW�E\�D�FXUUHQW�OLPLWLQJ�IXVH�
�������� VRXUFH�VLGH� 5HFORVHU� DQG� ORDG�VLGH� IXVH�FRRUGLQDWLRQ�IRU�WHPSRUDU\�IDXOWV���
�3KDVH�WULS���FRRUGLQDWLRQ�FKHFN�LV�EDVHG�RQ�WKH�VRXUFH�VLGH�UHFORVHU��SKDVH�IDVW�FXUYH���.�IDFWRU��DSSOLHG�WR�WKH�5HFORVHU�FXUYH�� ZLWK� WKH� ORDG�VLGH� IXVH� PLQLPXP� PHOW� FXUYH��
*URXQG�7ULS� &RRUGLQDWLRQ�FKHFN�LV�EDVHG�RQ�WKH�VRXUFH�VLGH�5HFORVHU�SKDVH�JURXQG�FRPSRVLWH�IDVW�FXUYH��.�IDFWRU�DSSOLHG� WR� WKH� 5HFORVHU� FXUYH�� ZLWK� WKH� ORDG�VLGH� IXVH�PLQLPXP�PHOW�FXUYH���
������� 6RXUFH�VLGH� 5HFORVHU� DQG� /RDG�6LGH� )XVH��&RRUGLQDWLRQ�IRU�3HUPDQHQW�)DXOWV��3KDVH�7ULS��&RRUGLQDWLRQ�FKHFN�LV�EDVHG�RQ�WKH�VRXUFH�VLGH�

5HFORVHU� SKDVH� WLPH� GHOD\�� FXUYH� ���� SHUFHQW� WROHUDQFH�DSSOLHG�WR�5HFORVHU�FXUYH��ZLWK�WKH�ORDG�VLGH�IXVH�PD[LPXP�
FXUYH��*URXQG�7ULS��&RRUGLQDWLRQ�FKHFN�LV�EDVHG�RQ�WKH�VRXUFH�VLGH� UHFORVHU� SKDVH�JURXQG� FRPSRVLWH� WLPH� GHOD\�FXUYH�������SHUFHQW�WROHUDQFH�DSSOLHG�WR�UHFORVHU�FXUYH��ZLWK�WKH�ORDG�VLGH��XVH�PD[LPXP�FOHDU�FXUYH��
������&RRUGLQDWLQJ�5HFORVHUV�DQG�6HFWLRQDOLVHU��
6HFWLRQDOLVHUV�DUH�LQVWDOOHG�LQ�EUDQFKHV�ZKLFK�DUH�ORQJ�DQG�KDYH� KLJK� UDWH� RI� IDXOWV�� 6HFWLRQDOL]LQJ� GHSHQGV� RQ� WKH�DELOLW\� RI� WKH� /%6� WR� FRXQW� WKH� RSHUDWLRQV� �WULSV�� RI� DQ�XSVWUHDP� 5HFORVHU�� $Q� XSVWUHDP� WULS� DW� WKH� 5HFORVHU� LV�GHWHFWHG�E\�D�IDXOW�IROORZHG�E\�QR�FXUUHQW�DQG�QR�YROWDJH��7KLV� FRQGLWLRQ� LV� FDOOHG� D�6XSSO\� ,QWHUUXSWLRQ��$ VXSSO\�LQWHUUXSWLRQ�RFFXUV�ZKHQ�WKH�FXUUHQW�GURSV�IURP�DERYH�WKH�IDXOW� WKUHVKROG� WR� ]HUR� ZLWKLQ� RQH� VHFRQG� DQG� WKH� RWKHU�SKDVHV�DOVR�UHGXFH�WR�]HUR�FXUUHQW��]HUR�FXUUHQW�LV�GHILQHG�DV�DOO�WKUHH�SKDVH�FXUUHQWV�OHVV�WKDQ�����$PS���,QWHUUXSWLRQ�RI�VXSSO\�LV�FRQILUPHG�E\�HQVXULQJ�WKDW�WKH�VRXUFH�DQG�ORDG�VLGH�YROWDJHV�IDOO�EHORZ�WKH�³/LYH� WKUHVKROG�YDOXH´��7KLV�FDXVHV�WKH�6XSSO\�,QWHUUXSW�&RXQW�WR�LQFUHPHQW��ZKHQ�WKH�WLPHU�H[SLUHV�WKH�VXSSO\�LQWHUUXSW�FRXQW�LV�FOHDUHG���
��',675,%87,21�)(('(5�$8720$7,21�
'LVWULEXWLRQ�$XWRPDWLRQ�LV�WKH�DELOLW\�WR�UHPRWHO\�PRQLWRU�DQG�FRQWURO� WKH�GLVWULEXWLRQ�QHWZRUN��FROOHFW�LQIRUPDWLRQ��DQG�SURYLGH� LQIRUPDWLRQ� LQ�D�XVHIXO�PDQQHU� WR� WKH�XVHUV��'LVWULEXWLRQ� $XWRPDWLRQ� SURYLGHV� D� EXLOGLQJ� EORFN� IRU�SURWHFWLRQ�� PHWHULQJ�� � FRQWURO� DQG� PRQLWRULQJ� RI� WKH�GLVWULEXWLRQ�V\VWHP��'LVWULEXWLRQ�$XWRPDWLRQ�SURGXFWV�DUH�GHVLJQHG� IRU� LQWHURSHUDELOLW\� DQG� UDSLG� DXWRPDWLRQ�LPSOHPHQWDWLRQ�� 7KHVH� SURGXFWV� SURYLGH� 6XSHUYLVRU\�&RQWURO�DQG�'DWD�$FTXLVLWLRQ�6\VWHP��6&$'$��LQWHUIDFH�DQG�HQDEOH�IHHGHU�DXWRPDWLRQ�ZLWK�FRPPXQLFDWLRQV��KHOS�WR�VWUHQJWKHQ�H[LVWLQJ�GLVWULEXWLRQ�V\VWHPV�DQG�SURYLGH�D�VWURQJ�IRXQGDWLRQ�IRU�EXLOGLQJ�D�IXOO\�LPSOHPHQWHG�IHHGHU�VFKHPH�LQ� WKH�IXWXUH��)HHGHU�DXWRPDWLRQ�SURGXFWV�DUH�D�SRZHUIXO�WRRO�IRU�LPSURYLQJ�FXVWRPHU�VHUYLFH�DQG�UHGXFLQJ�RSHUDWLRQ�FRVWV��6ROXWLRQV�QRW�RQO\�KDYH�WR�EH�MXVWLILHG�EDVHG�RQ�KDUG�EHQHILWV�� ZKLFK� DUH� PHDVXUDEOH� WR� WKH� ERWWRP�OLQH� �H�J���GHIHUUHG� RU� HOLPLQDWHG� FDSLWDO� H[SHQGLWXUHV�� UHGXFHG�RSHUDWLQJ�DQG�PDLQWHQDQFH�FRVWV��LQFUHDVHG�.ZK�VDOHV���WKH\�PXVW�DOVR�VDWLVI\�WKH�QHHG�RI�OHVV�WDQJLEOH�EHQHILWV���
���5(/,$%,/,7<�,1'(;��
,Q�WRGD\
V�XWLOLW\�HQYLURQPHQW��GLVWULEXWLRQ�V\VWHP�UHOLDELOLW\�LV� EHFRPLQJ� PRUH� LPSRUWDQW�� 7KHUH� DUH� VHYHUDO� LQGLFHV�GHYHORSHG�IRU�UHOLDELOLW\�RI�VHUYLFH�WKDW�XWLOLWLHV�DFFRXQW�IRU�DQG�WUDFN��7KHVH�LQGLFHV�LQFOXGH��6$,),����6$,',����&$,',��	 �0$,),����7KH�GLVWULEXWLRQ�FLUFXLW��VKRZQ�LQ�)LJXUH�������ZLOO�EH�XVHG�WR�GHPRQVWUDWH�WKH�UHODWLYH�YDOXH�RI�UHFORVLQJ�VFKHPHV�IRU�D�VXEXUEDQ�UXUDO�V\VWHP��7KLV�V\VWHP�KDV�WKH�IROORZLQJ�FKDUDFWHULVWLFV�����PLOHV�RI� OLQH���� ODWHUDO� WDSV��/DWHUDOV�DUH���PLOHV�ORQJ��7RWDO�RI������FXVWRPHUV��
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� )LJ�������±�0RGHO�'LVWULEXWLRQ�6\VWHP�&DVH�������:LWKRXW�$XWR�5HFORVHU��

)LJ���������&DVH�������:LWK�RQH�$XWR�5HFORVHU��

)LJ���������)LJ� ������ �� VKRZQ�EHORZ�� LOOXVWUDWHV� WKH�YDOXH�RI� WKH� OLQH�UHFORVHU�� $V� FDQ� EH� VHHQ�� WKH� XVH� RI� WKH� OLQH� UHFORVHU��FRPSDULQJ� FDVHV� �� DQG� ��� UHGXFHV� DOO� WKH� LQGLFHV�DSSUR[LPDWHO\������
&DVH�������:LWK�PLG�$XWR�5HFORVHU��

�
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�&DVH�������:LWK�WZR�$XWR�5HFORVHUV��

�)LJ���������)LJ����������&DVH����VKRZV�WKH�HIIHFW�RI�XVLQJ�D�PDQXDO�WLH�DQG� ILJ���� ��� �&DVH� ��� VKRZV� WKH� YDOXH� RI� UHSODFLQJ� WKH�PDQXDO�WLH�ZLWK�D�UHFORVHU�DQG�LPSOHPHQWLQJ�D�/RRS�6FKHPH�UHVWRUDWLRQ� V\VWHP�� $GGLQJ� WKLV� DXWRPDWLF� WLH� SRLQW� DQG�LPSOHPHQWLQJ� D� ORRS� VFKHPH�DV� LQGLFDWHG� LQ� WKLV�PDQXDO�SURYLGHV�LPSURYHPHQW�LQ�WKH�6$,),�DQG�6$,',��
�&DVH�������/RRS�&RQILJXUDWLRQ�ZLWK�0DQXDO�6ZLWFK

�

&DVH�������� $XWRPDWLF�5HFORVHUV�/RRS�6FKHPH

�
� )LJ���������$ ���� UHGXFWLRQ� LQ� 6$,',� FDQ� EH� REWDLQHG� XVLQJ� WKLV�VFKHPH�

�&DVH�������� 5HFORVHUV�/RRS�6FKHPH
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�$ VXPPDU\�RI�WKH�EHQHILWV�RI�UHFORVLQJ�LV�VKRZQ�EHORZ��$V�FDQ�EH�VHHQ��SURWHFWLRQ�VFKHPHV�WR�LPSURYH�UHOLDELOLW\�DUH�FOHDUO\�D�FDVH�RI�GLPLQLVKLQJ�UHWXUQV�EXW��LI�D�XWLOLW\�UHTXLUHV�WKHVH�GLIIHUHQW�WLHUV�RI�UHOLDELOLW\��UHFORVHUV�DUH�FOHDUO\�WKH�ZD\�WR�JR��
7DEOH�����VXPPDU\�RI�DOO�FDVHV�
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���&$6(�678'<���1'('&�3,/27�352-(&7���
������,PSRUWDQW��*RDOV��RI��1'('&�FRPSDQ\�DUH�
�>$@�(QVXUH�WKH�FRQWLQXLW\�RI�SRZHU��VXSSO\��WR��FXVWRPHUV��
>%@�'HFUHDVH��WKH�XQVHUYHG�HQHUJ\��>&@�,PSURYHV����TXDOLW\��� RI���SRZHU�VXSSO\���LQ��LWV��FRYHUDJH��]RQH��E\��GHFUHDVLQJ�WLPH�RI�VXSSO\�ORVV��7R�DFKLHYH�WKLV��RXU�FRPSDQ\�GHFLGHG�WR�LQVWDOO�WKH�$XWR�UHFORVHU�V\VWHP�DQG�WKH�6HFWLRQDOLVHU�RQ�WKH�PHGLXP�YROWDJH�RYHUKHDG�OLQHV��
$V�D�5HVXOW�2Q� ����������� � � RXU� � � � FRPSDQ\� � � � LQYLWHG����VRPH����H[SHUW��FRPSDQLHV�ZKLFK�DUH�FRQFHUQHG�LQ�WKLV�ILHOG��WR�LQVWDOO��WKLV��SLORW���3URMHFW�LQ�(*<37����$XWR�5HFORVHU��	��6HFWLRQDOLVHU��RQ� � WKH� � � �PRVW� � � �IDXOW\�� � � OLQHV�� � � �ZKLFK����HQDEOH� � � RXU� � � FRPSDQ\� � � WR� HYDOXDWH� � WKH� SURMHFW�SHUIRUPDQFH� � IRU� � �� � PRQWKV� � IURP� WKH� EHJLQQLQJ� � � RI���RSHUDWLRQ�DQG�PDNH�D�IHDVLELOLW\�VWXG\��IRU�WKH��SURMHFW�DV�ZHOO�DV�6FKQHLGHU�DQG�$%%�FRPSDQLHV�SURSRVDOV�KDYH�PHW�RXU� � UHTXLUHPHQWV� � � DQG� WHFKQLFDO� � � VSHFLILFDWLRQV� �� RXU�FRPSDQ\� � DFFHSWHG� � WKHLU� � RIIHUV� �� 7KHVH� 6\VWHPV� $UH�LQVWDOOHG�LQ��
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