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ï7ULYHQL�*DLNZDG��ð 6DPUXGGKL�,QJDOH��ñ6XMDO�&KDYDQ��ၪ$GLW\D�%KDJZDW��ၫ'U��
9LVKDO�3XUDQLN

ïၱၪ6WXGHQWV��ၫ3URIHVVRU�
'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�	�'DWD�6FLHQFH�(QJLQHHULQJ

$MHHQN\D�'��<��3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��0DKDUDVKWUD��,QGLD

$EVWUDFW

7KLV� SDSHU� SUHVHQWV� WKH� GHVLJQ� DQG� SURWRW\SH� HYLGHQFH� IRU� DQ� ,QWHUQHW� RI� 7KLQJV� �,R7��EDVHG� VPDUW�
DJULFXOWXUH� V\VWHP� GHVFULEHG� LQ� WKH� SURMHFW� SUHVHQWDWLRQ��7KH� SURSRVHG� V\VWHP�PRQLWRUV� VRLO� PRLVWXUH��
WHPSHUDWXUH��KXPLGLW\��ZDWHU� OHYHO��UDLQIDOO��DQG�OLJKW��DQ�(63���6��LV� OLVWHG�DV� WKH�HGJH�FRQWUROOHU��7KH�
GHVLJQ�FRQQHFWV�VHQVRU�DFTXLVLWLRQ�DQG�ORFDO�GLVSOD\�ZLWK�:L�)L�FRPPXQLFDWLRQ��FORXG�EDVHG�PRQLWRULQJ��
SURSRVHG�$,�DVVLVWHG�GHFLVLRQ�VXSSRUW��DQG�UHOD\�FRQWUROOHG�SXPS�RSHUDWLRQ��7KH�SDSHU�IROORZV�WKH�SURMHFW�
SUHVHQWDWLRQ¶V� V\VWHP� ZRUNIORZ� DQG� KDUGZDUH� LQYHQWRU\�� H[SODLQV� WKH� LQWHQGHG� GDWD� SDWK� DQG� FRQWURO�
IXQFWLRQV�� DQG� LQFOXGHV� WKH� VXSSOLHG� EORFN� GLDJUDP�� FLUFXLW� GUDZLQJ�� VLPXODWLRQ� YLHZ�� DQG� SURWRW\SH�
SKRWRJUDSK��7KH�OLVWHG�SURWRW\SH�FRPSRQHQWV�KDYH�DQ�DSSUR[LPDWH�WRWDO�FRVW�RI�,15��������7KH�SUHVHQWDWLRQ�
GRHV�QRW� VSHFLI\� D� WUDLQHG�PRGHO�� FORXG� VHUYLFH�� FRQWURO� WKUHVKROGV�� VHQVRU� FDOLEUDWLRQ�� WHVW� SURWRFRO�� RU�
PHDVXUHG� ZDWHU�XVH� DQG� DFFXUDF\� UHVXOWV�� 7KHUHIRUH��$,�� FORXG�� DQG� LUULJDWLRQ�HIILFLHQF\� IXQFWLRQV� DUH�
WUHDWHG�DV�GHVLJQ�REMHFWLYHV�UDWKHU�WKDQ�YDOLGDWHG�SHUIRUPDQFH��7KH�SDSHU�PDNHV�QR�TXDQWLWDWLYH�FODLP�RI�
ZDWHU� VDYLQJV� DQG� LGHQWLILHV� WKH� LPSOHPHQWDWLRQ� GHWDLOV� DQG� H[SHULPHQWV� QHHGHG� IRU� UHSURGXFLEOH�
HYDOXDWLRQ�

,QGH[�7HUPV��,QWHUQHW�RI�7KLQJV��VPDUW�DJULFXOWXUH��SUHFLVLRQ�LUULJDWLRQ��(63���6���VRLO�PRLVWXUH�VHQVLQJ��
DXWRPDWHG�LUULJDWLRQ�

,��,1752'8&7,21

,UULJDWLRQ�GHFLVLRQV�GHSHQG�RQ�VRLO�PRLVWXUH��ZDWHU�DYDLODELOLW\��ZHDWKHU��DQG�FURS�UHTXLUHPHQWV��$�VFKHGXOH�
EDVHG�RQO\�RQ�WLPH�PD\�QRW�UHIOHFW�FXUUHQW�ILHOG�FRQGLWLRQV��ZKLOH�PDQXDO�REVHUYDWLRQ�UHTXLUHV�D�SHUVRQ�WR�
UHSHDWHGO\�LQVSHFW�WKH�IDUP�DQG�RSHUDWH�WKH�SXPS��7KH�SURMHFW�SUHVHQWDWLRQ�DGGUHVVHV�WKHVH�LVVXHV�ZLWK�D�
VHQVRU�EDVHG�V\VWHP LQWHQGHG�WR�PRQLWRU�ILHOG�FRQGLWLRQV��DXWRPDWH�SXPS�VZLWFKLQJ��DQG�PDNH�UHDGLQJV�
DYDLODEOH� UHPRWHO\�� ,W� LGHQWLILHV� VRLO� PRLVWXUH�� WHPSHUDWXUH�� KXPLGLW\�� WDQN� OHYHO�� UDLQIDOO�� DQG� OLJKW� DV�
UHOHYDQW�LQSXWV��DQG�SURSRVHV�D�ORFDO�(63�EDVHG�FRQWUROOHU�ZLWK�FORXG�FRQQHFWLYLW\�DQG�D�ZHE�RU�PRELOH�
GDVKERDUG�

7KH�SURMHFW�REMHFWLYHV�DUH�WR�DFTXLUH�DQG�SURFHVV�DJULFXOWXUDO�VHQVRU�UHDGLQJV��FRQWURO�LUULJDWLRQ�DFFRUGLQJ�
WR�VRLO�DQG�ZDWHU�FRQGLWLRQV��GLVSOD\�DQG�WUDQVPLW�V\VWHP�VWDWXV��DQG�VXSSRUW�PRUH�LQIRUPHG�ZDWHU�XVH��7KH�
SUHVHQWDWLRQ� DOVR� SURSRVHV� WKH� XVH� RI� ZHDWKHU� LQIRUPDWLRQ� DQG�$,�0/� GHFLVLRQ�PDNLQJ�� ,W� GRHV� QRW��
KRZHYHU��SURYLGH�DQ�DOJRULWKP��PRGHO�SDUDPHWHUV��WUDLQLQJ�GDWD��RU�PHDVXUHG�LUULJDWLRQ�RXWFRPHV��,Q�WKLV�
SDSHU�� WKHVH� IXQFWLRQV� DUH� WKHUHIRUH� GHVFULEHG� DV� LQWHQGHG� FDSDELOLWLHV�� 7KH� GLVWLQFWLRQ� LV� LPSRUWDQW�� D�
GLDJUDP� RI� DQ�$,�DVVLVWHG� ZRUNIORZ� LV� QRW� HYLGHQFH� WKDW� D� WUDLQHG� PRGHO� RU� FORXG� VHUYLFH� KDV� EHHQ�
LPSOHPHQWHG�
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3ULRU�,R7�LUULJDWLRQ�VWXGLHV�SURYLGH�UHOHYDQW�GHVLJQ�FRPSDULVRQV��%HQ\H]]D�HW�DO��H[DPLQHG�ZLUHOHVV�VHQVLQJ�
DQG� IX]]\�ORJLF� FRQWURO� IRU� ]RQHG� LUULJDWLRQ� >�@�� 3HUHLUD� HW� DO�� SUHVHQWHG� DQ� (63���EDVHG� VPDUW� GULS�
LUULJDWLRQ�SURWRW\SH�ZLWK�VHQVLQJ�DQG�UHPRWH�PRQLWRULQJ�>�@��7]HUDNLV�HW�DO��GHYHORSHG�DQ�RSHQ�VRXUFH�,R7�
SODWIRUP�IRU�LUULJDWLRQ�VFKHGXOLQJ�DQG�GHFLVLRQ�VXSSRUW�LQ�ROLYH�JURYH�SDUFHOV�>�@��7KHVH�VWXGLHV�VKRZ�WKDW�
VHQVLQJ��FRPPXQLFDWLRQ��GHFLVLRQ�ORJLF��DQG�DFWXDWLRQ�FDQ�EH�LQWHJUDWHG�LQ�GLIIHUHQW�ZD\V��WKHLU�UHVXOWV�DUH�
QRW�PHDVXUHPHQWV�RI�WKH�V\VWHP�UHSRUWHG�KHUH�

7KH�UHPDLQGHU�RI�WKLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ�,,�UHYLHZV�UHODWHG�ZRUN��6HFWLRQ�,,,�GHVFULEHV�
WKH�SURMHFW�PHWKRGRORJ\��DUFKLWHFWXUH��KDUGZDUH��DQG�LQWHQGHG�RSHUDWLRQ��6HFWLRQ�,9�GLVFXVVHV�WKH�SURWRW\SH�
HYLGHQFH��FRVW��OLPLWDWLRQV��DQG�HYDOXDWLRQ�QHHGV��6HFWLRQ�9�FRQFOXGHV�DQG�LGHQWLILHV�IXWXUH�ZRUN�

,,��/,7(5$785(�6859(<

,R7�EDVHG� LUULJDWLRQ� UHVHDUFK� FRPPRQO\� FRPELQHV� ILHOG� VHQVRUV� ZLWK� HPEHGGHG� SURFHVVLQJ� DQG� D�
FRPPXQLFDWLRQ� OD\HU��ZKLOH� GLIIHULQJ� LQ� KRZ� LUULJDWLRQ� GHFLVLRQV� DUH�PDGH��%HQ\H]]D� HW� DO�� UHSRUWHG� D�
ZLUHOHVV�VHQVRU� DQG� IX]]\�FRQWURO� DSSURDFK� RUJDQL]HG� DURXQG� LUULJDWLRQ� ]RQHV� >�@�� ,WV� UHOHYDQFH� LV� WKH�
H[SOLFLW�VHSDUDWLRQ�RI�ILHOG�PHDVXUHPHQWV�IURP�FRQWURO�GHFLVLRQV��7KH�SURMHFW�GHVFULEHG�LQ�WKLV�SDSHU�DOVR�
SURSRVHV�VHQVRU�EDVHG�SXPS�FRQWURO��EXW�GRHV�QRW�VSHFLI\�]RQHV�RU�D�IX]]\�UXOH�EDVH�

3HUHLUD� HW� DO�� GHVFULEHG� DQ� (63���EDVHG� GULS�LUULJDWLRQ� V\VWHP� WKDW� LQWHJUDWHV� VHQVLQJ� ZLWK� UHPRWH�
PRQLWRULQJ�>�@��7KLV�ZRUN�LV�D�XVHIXO�HPEHGGHG�SODWIRUP�FRPSDULVRQ��WKH�SURMHFW�LQYHQWRU\�KHUH�LQVWHDG�
OLVWV�DQ�(63���6���D� VLQJOH� UHOD\�PRGXOH��DQG�QR� IORZ�VHQVRU��7]HUDNLV�HW� DO��SUHVHQWHG�DQ�RSHQ�VRXUFH�
PRQLWRULQJ�DQG�GHFLVLRQ�VXSSRUW�SODWIRUP�ZLWK�LPSOHPHQWDWLRQ�DW�ROLYH�JURYH�SDUFHOV�>�@��,W�LOOXVWUDWHV�WKH�
UROH� RI� GDWD� FROOHFWLRQ� DQG� VFKHGXOLQJ� VXSSRUW�� EXW� GRHV� QRW� HVWDEOLVK� SHUIRUPDQFH� IRU� WKLV� SURMHFW¶V�
KDUGZDUH�RU�SURSRVHG�$,�FRPSRQHQW�

7RJHWKHU��WKHVH�VWXGLHV�PRWLYDWH�D�PRGXODU�DUFKLWHFWXUH�ZLWK�VHQVLQJ��HGJH�SURFHVVLQJ��FRPPXQLFDWLRQV��
GHFLVLRQ� VXSSRUW�� DQG� DFWXDWLRQ��'LUHFW� FRPSDULVRQ� RI� LUULJDWLRQ� SHUIRUPDQFH�ZRXOG� UHTXLUH� HTXLYDOHQW�
FURSV�� VRLO�� VHQVRU� FDOLEUDWLRQ�� WHVW� GXUDWLRQ�� DQG�ZDWHU�YROXPH�PHDVXUHPHQWV��7KH� SURMHFW� SUHVHQWDWLRQ�
VXSSOLHV�QRQH�RI�WKRVH�FRPSDUDWLYH�PHDVXUHPHQWV��FRQVHTXHQWO\��WKLV�SDSHU�XVHV�WKH�OLWHUDWXUH�WR�IUDPH�WKH�
GHVLJQ�DQG�GRHV�QRW�WUDQVIHU�SXEOLVKHG�DFFXUDF\�RU�ZDWHU�VDYLQJ�UHVXOWV�WR�WKH�SUHVHQW�SURWRW\SH�

,,,��0(7+2'2/2*<

$��'HYHORSPHQW�0HWKRGRORJ\

7KH� V\VWHP� LV� RUJDQL]HG� DV� D� VHQVLQJ�WR�DFWXDWLRQ� ZRUNIORZ�� )LUVW�� ILHOG� VHQVRUV� REVHUYH� VRLO� DQG�
HQYLURQPHQWDO�FRQGLWLRQV��6HFRQG��WKH�(63���IDPLO\�FRQWUROOHU�FROOHFWV�UHDGLQJV�DQG�LV�LQWHQGHG�WR�ILOWHU�
RU�IRUPDW�WKHP��7KLUG��WKH�GHVLJQ�VHQGV�SURFHVVHG�PHDVXUHPHQWV�RYHU�:L�)L�WR�D�FORXG�VHUYLFH�IRU�VWRUDJH�
DQG�PRQLWRULQJ��)RXUWK��D�GHFLVLRQ�VWDJH�LV�LQWHQGHG�WR�FRQVLGHU�VHQVRU�YDOXHV�WRJHWKHU�ZLWK�ZHDWKHU�DQG�
FURS�UHTXLUHPHQWV��)LQDOO\��D�UHOD\�VZLWFKHV�WKH�LUULJDWLRQ�SXPS��ZKLOH�DQ�/&'�DQG�UHPRWH�GDVKERDUG�DUH�
LQWHQGHG�WR�SUHVHQW�UHDGLQJV��SXPS�VWDWH��DQG�DOHUWV��)LJ����VXPPDUL]HV�WKLV�OD\HUHG�DUUDQJHPHQW�DV�VKRZQ�
LQ�WKH�SURMHFW�SUHVHQWDWLRQ�
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)LJ����9HFWRU�UHGUDZ�RI�WKH�SURMHFW�EORFN�GLDJUDP��&ORXG�DQG�$,�DVVLVWHG�IXQFWLRQV�DUH�SURSRVHG�HOHPHQWV��
QRW�YHULILHG�GHSOR\PHQWV�

%��6\VWHP�,QSXWV�DQG�3URFHVVLQJ

7KH�OLVWHG�VHQVLQJ�FKDQQHOV�DUH�VRLO�PRLVWXUH��WHPSHUDWXUH��KXPLGLW\��ZDWHU�OHYHO��DQG�UDLQIDOO��/LJKW�LV�DOVR�
VKRZQ�LQ� WKH�DUFKLWHFWXUH�DQG�SURWRW\SH� LPDJHU\��EXW� LV�DEVHQW� IURP�WKH�SULFHG�FRPSRQHQW� OLVW�� LWV� ILQDO�
LQFOXVLRQ�VKRXOG�EH�FRQILUPHG��7KH�SUHVHQWDWLRQ�GRHV�QRW�LGHQWLI\�WKH�H[DFW�PRGHOV�RI�WKH�VRLO�PRLVWXUH��
ZDWHU�OHYHO��DQG�UDLQ�VHQVRUV��QRU�GRHV�LW�SURYLGH�SLQ�DVVLJQPHQWV��XQLWV��VDPSOLQJ�IUHTXHQF\��FDOLEUDWLRQ�
FXUYHV��RU�VHQVRU�DFFXUDF\��7KH�'+7���LV�WKH�RQO\�VSHFLILFDOO\�QDPHG�HQYLURQPHQWDO�VHQVRU�

)RU� UHSHDWDEOH� RSHUDWLRQ�� VHQVRU� UHDGLQJV� VKRXOG� EH� DVVRFLDWHG�ZLWK� D� WLPHVWDPS� DQG� D� GHYLFH� RU� SORW�
LGHQWLILHU��ZLWK�WKH�SXPS�VWDWH�UHFRUGHG�DORQJVLGH�WKH�PHDVXUHPHQWV��5DZ�UHDGLQJV�DQG�FDOLEUDWHG�YDOXHV�
VKRXOG�EH�GLVWLQJXLVKHG�VR�WKDW�ODWHU�DQDO\VLV�FDQ�WUDFH�VHQVRU�FRQYHUVLRQ�DQG�GHFLVLRQ�EHKDYLRU��7KHVH�DUH�
UHFRPPHQGHG�GDWD�UHFRUGLQJ�SUDFWLFHV��WKH�SUHVHQWDWLRQ�GRHV�QRW�VSHFLI\�D�GDWD�VFKHPD�RU�VWRUDJH�IRUPDW��
/LNHZLVH��ILOWHULQJ�DQG�FRQYHUVLRQ�DUH�GHVFULEHG�DW�D�KLJK�OHYHO��EXW�WKH�SURMHFW�ILOHV�GR�QRW�VWDWH�WKH�ILOWHUV��
YDOLGDWLRQ�FKHFNV��RU�KDQGOLQJ�RI�PLVVLQJ�DQG�LPSODXVLEOH�UHDGLQJV�

&��&LUFXLW�DQG�3RZHU�'HVLJQ

7KH�SURMHFW�FLUFXLW�GUDZLQJ�LV�UHSURGXFHG�LQ�)LJ�����,W�VKRZV�VHQVRU�FRQQHFWLRQV�WR�D�JHQHULF�(63�ODEHOOHG�
FRQWUROOHU��D�VHSDUDWH�(63����:L�)L�PRGXOH��UHOD\�VZLWFKLQJ��DQG�D�SXPS�RXWSXW��,Q�FRQWUDVW��WKH�ELOO�RI�
PDWHULDOV�VSHFLILHV DQ�(63���6��GHYHORSPHQW�ERDUG��ZKLFK�DOUHDG\�GLIIHUV�IURP�WKH�FRQWUROOHU�DQG�VHSDUDWH�
:L�)L�PRGXOH� UHSUHVHQWDWLRQ� LQ� WKH� GUDZLQJ�� 7KH� SUHVHQWDWLRQ� DOVR� GHSLFWV� DQ�$&� PDLQV� LQSXW� DQG� D�
UHFWLILHU�UHJXODWRU�SRZHU�VWDJH��7KHVH�LQFRQVLVWHQFLHV�PHDQ�WKH�LPDJH�VKRXOG�EH�WUHDWHG�DV�D�FRQFHSWXDO�
SURMHFW�VFKHPDWLF��QRW�DV�YHULILHG�FRQVWUXFWLRQ�LQVWUXFWLRQV��7KH�PDLQV�UHODWHG�SRUWLRQ�UHTXLUHV�UHYLHZ�E\�D�
TXDOLILHG� SHUVRQ� DQG� DSSURSULDWH� HOHFWULFDO� LVRODWLRQ� DQG� HQFORVXUH� GHVLJQ� EHIRUH� DQ\� SK\VLFDO�
LPSOHPHQWDWLRQ�
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)LJ�� �� &LUFXLW� GUDZLQJ� VXSSOLHG� LQ� WKH� SUHVHQWDWLRQ��&RQWUROOHU��:L�)L�� DQG� SRZHU�VWDJH� GHWDLOV� UHTXLUH�
YHULILFDWLRQ��WKLV�ILJXUH�LV�QRW�D�ZLULQJ�RU�PDLQV�VDIHW\�JXLGH�

'��&RPSRQHQWV�8VHG

7DEOH�,�VXPPDUL]HV�WKH�KDUGZDUH�QDPHG�LQ�WKH�SUHVHQWDWLRQ�DQG�LWV�LQWHQGHG�UROH��7KH�SURMHFW�DOVR�LGHQWLILHV�
D���î��/&'��EUHDGERDUG��DQG�MXPSHU�ZLUHV��7KH�SXPS�DSSHDUV�LQ�WKH�V\VWHP�GLDJUDPV��EXW�LW�LV�QRW�D�SULFHG�
OLQH� LWHP� LQ� WKH�FRPSRQHQW�FRVW� VOLGH��7KH� OLJKW� VHQVRU� LV�YLVLEOH� LQ�SURMHFW� LPDJHU\�EXW� OLNHZLVH� LV�QRW�
LQFOXGHG�LQ�WKDW�FRVW�OLVW�

7$%/(�,� +$5':$5(�&20321(176�$1'�7+(,5�,17(1'('�52/(6

&RPSRQHQW 5ROH�VWDWHG�RU�LPSOLHG�LQ�WKH�SURMHFW

(63���6��1��5��ERDUG (GJH�FRQWUROOHU�IRU�VHQVRU�DFTXLVLWLRQ�DQG�SURFHVVLQJ�

'+7���VHQVRU 0HDVXUHPHQW�RI�DPELHQW�WHPSHUDWXUH�DQG�KXPLGLW\�

6RLO�PRLVWXUH�VHQVRU 2EVHUYDWLRQ�RI�VRLO�ZDWHU�FRQGLWLRQ�IRU�LUULJDWLRQ�GHFLVLRQV�

:DWHU�OHYHO�VHQVRU 0RQLWRULQJ�RI�ZDWHU�DYDLODELOLW\�LQ�WKH�VRXUFH�RU�WDQN�

5DLQ�VHQVRU�PRGXOH 'HWHFWLRQ�RI�UDLQIDOO�FRQGLWLRQV�IRU�GHFLVLRQ�VXSSRUW�

��FKDQQHO���9�UHOD\ 6ZLWFKLQJ�LQWHUIDFH�EHWZHHQ�FRQWUROOHU�DQG�SXPS�

��î��/&' /RFDO�GLVSOD\�RI�V\VWHP�UHDGLQJV�RU�VWDWXV�

%UHDGERDUG�DQG�MXPSHU�ZLUHV 3URWRW\SH�DVVHPEO\�DQG�FRPSRQHQW�FRQQHFWLRQV�
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&RPSRQHQW 5ROH�VWDWHG�RU�LPSOLHG�LQ�WKH�SURMHFW

/LJKW�VHQVRU 6KRZQ�LQ�GLDJUDPV�DQG�SURMHFW�SKRWRJUDSK��QRW�LWHPL]HG�LQ�WKH�
FRPSRQHQW�OLVW�

7DEOH�,,�VHSDUDWHV�WKH�VRIWZDUH�DQG�FRPPXQLFDWLRQ�IXQFWLRQV�LQ�WKH�FRQFHSW�IURP�GHWDLOV�DFWXDOO\�VSHFLILHG��
1R�VRXUFH�FRGH��FORXG�SURYLGHU��GDVKERDUG�IUDPHZRUN��FRPPXQLFDWLRQ�SURWRFRO��RU�$,�PRGHO�LV�LGHQWLILHG�
LQ�WKH�VXSSOLHG�PDWHULDOV�

7$%/(�,,� 62)7:$5(�$1'�&20081,&$7,21�)81&7,216�,1�7+(�352326('�'(6,*1

)XQFWLRQ ,QWHQGHG�UROH 6SHFLILHG�GHWDLO

&RQWUROOHU�ILUPZDUH 5HDG��ILOWHU��DQG�IRUPDW�VHQVRU�YDOXHV� (63���6��OLVWHG��FRGH�DEVHQW�

:L�)L�XSOLQN 6HQG�UHDGLQJV�WR�UHPRWH�VWRUDJH� :L�)L�VKRZQ��SURWRFRO�DEVHQW�

&ORXG�GDVKERDUG 'LVSOD\�FXUUHQW�YDOXHV��KLVWRU\��DQG�DOHUWV� 6HUYLFH�DQG�DSSOLFDWLRQ�XQQDPHG�

$,�GHFLVLRQ�VXSSRUW &RPELQH�VHQVRU��ZHDWKHU��DQG�FURS�
FRQWH[W�

0RGHO�DQG�GDWD�DEVHQW�

3XPS�FRQWURO 8VH�UHOD\�WR�VZLWFK�LUULJDWLRQ� 7KUHVKROG�DQG�VDIHW\�ORJLF�DEVHQW�

(��6\VWHP�:RUNLQJ

)LJ����UHSURGXFHV�WKH�ZRUNIORZ�SUHVHQWHG�E\�WKH�SURMHFW�WHDP��$W�D�IXQFWLRQDO�OHYHO��WKH�SURSRVHG�RSHUDWLRQ�
LV�

���6HQVRUV�DFTXLUH�VRLO�PRLVWXUH��WHPSHUDWXUH��KXPLGLW\��ZDWHU�OHYHO��UDLQIDOO��DQG��LI�ILWWHG��OLJKW�UHDGLQJV�

���7KH�(63�IDPLO\�FRQWUROOHU�UHFHLYHV�WKH�VHQVRU�VLJQDOV�DQG�LV�LQWHQGHG�WR�FKHFN��ILOWHU��DQG�IRUPDW�WKHP�

���3URFHVVHG�YDOXHV�DUH�WUDQVPLWWHG�RYHU�:L�)L�WR�D�FORXG�VHUYLFH��ZKHUH�WKH�SURSRVHG�GHVLJQ�VWRUHV�GDWD�
IRU�PRQLWRULQJ�DQG�ODWHU�DQDO\VLV�

���7KH�GHFLVLRQ�VWDJH�LV�LQWHQGHG�WR�DVVHVV�LUULJDWLRQ�QHHG�IURP�VRLO�DQG�HQYLURQPHQWDO�UHDGLQJV��RSWLRQDO�
ZHDWKHU�LQIRUPDWLRQ��DQG�FURS�UHTXLUHPHQWV�

���,I�LUULJDWLRQ�LV�UHTXHVWHG��WKH�FRQWUROOHU�HQHUJL]HV�WKH�UHOD\�WR�VZLWFK�WKH�SXPS��WKH�SUHVHQWDWLRQ�GHVFULEHV�
VWRSSLQJ�DW�D�WDUJHW�PRLVWXUH�FRQGLWLRQ�

���7KH�/&'�DQG�ZHE�PRELOH�GDVKERDUG�DUH�LQWHQGHG�WR�GLVSOD\�VHQVRU�YDOXHV�DQG�SXPS�VWDWXV��ZLWK�DOHUWV�
IRU�GU\�VRLO��ORZ�ZDWHU��RU�DEQRUPDO�FRQGLWLRQV�
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)LJ���� 9HFWRU�UHGUDZ�RI�WKH�SURMHFW�ZRUNIORZ��7KH�GHFLVLRQ�DOJRULWKP��WKUHVKROGV��DQG�DOHUW�UXOHV�DUH�QRW�
VSHFLILHG�LQ�WKH�VXSSOLHG�PDWHULDOV�

7KH�VSHFLILF�GHFLVLRQ�UXOH��PRLVWXUH�WKUHVKROG��ZDWHU�OHYHO�LQWHUORFN��SXPS�WLPHRXW��DQG�PDQXDO�RYHUULGH�
DUH� QRW� GRFXPHQWHG��$� SUDFWLFDO� LPSOHPHQWDWLRQ� VKRXOG� FDOLEUDWH� WKUHVKROGV� IRU� WKH� VRLO� DQG� FURS�� XVH�
DSSURSULDWH�K\VWHUHVLV�WR�UHGXFH�UDSLG�UHOD\�VZLWFKLQJ��DQG�GHILQH�VDIH�EHKDYLRU�IRU�VHQVRU�IDXOWV�RU�QHWZRUN�
ORVV�� 7KHVH� DUH� HQJLQHHULQJ� UHTXLUHPHQWV� IRU� FRPSOHWLRQ�� QRW� IXQFWLRQV� YHULILHG� E\� WKH� VXSSOLHG�
SUHVHQWDWLRQ�

)��6LPXODWLRQ�DQG�3URWRW\SH�(YLGHQFH

7KH� SUHVHQWDWLRQ� LQFOXGHV� D� VLPXODWLRQ� LPDJH� DQG� D� SKRWRJUDSK� RI� D� SK\VLFDO� SURMHFW� DVVHPEO\�� 7KH�
VLPXODWLRQ� VFUHHQVKRW� LQ� )LJ�� �� YLVLEO\� ODEHOV� D� JHQHULF� (63��� DQG�'+7���� ZKLOH� WKH� FRPSRQHQW� OLVW�
VSHFLILHV�(63���6��DQG�'+7����,W�WKHUHIRUH�LOOXVWUDWHV�D�UHODWHG�FLUFXLW�DUUDQJHPHQW��EXW�GRHV�QRW�FRQILUP�
WKDW�WKH�VLPXODWHG�DQG�OLVWHG�FRQILJXUDWLRQV�DUH�LGHQWLFDO��)LJ����VKRZV�WKH�DVVHPEOHG�GHPRQVWUDWLRQ�VHWXS��
$�SKRWRJUDSK�HVWDEOLVKHV�WKDW�D�SURWRW\SH�DUUDQJHPHQW�LV�SUHVHQWHG��LW�GRHV�QRW�E\�LWVHOI�HVWDEOLVK�VHQVRU�
DFFXUDF\��UHOLDEOH�SXPS�RSHUDWLRQ��ILHOG�UHDGLQHVV��RU�ZDWHU�VDYLQJV�

)LJ���� 6LPXODWLRQ�YLHZ�VXSSOLHG�ZLWK�WKH�SURMHFW��9LVLEOH�FRQWUROOHU�DQG�VHQVRU�ODEHOV�GLIIHU�IURP�WKH�SULFHG�
FRPSRQHQW�OLVW�
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)LJ�� �� 3URMHFW� SKRWRJUDSK� IURP� WKH� SUHVHQWDWLRQ�� 7KH� YLVLEOH� DVVHPEO\� LV� LOOXVWUDWLYH� DQG� LV� QRW� D�
PHDVXUHPHQW�RI�RSHUDWLQJ�SHUIRUPDQFH�

,9��5(68/76�$1'�',6&866,21

7KH�SURMHFW�ILOHV�SURYLGH�D�FRPSRQHQW�LQYHQWRU\��V\VWHP�DQG�ZRUNIORZ�GLDJUDPV��D�VLPXODWLRQ�VFUHHQVKRW��
DQG�D�SURWRW\SH�SKRWRJUDSK��7KH\�GR�QRW�SURYLGH�WLPHVWDPSHG�VHQVRU�ORJV��FDOLEUDWLRQ�UHVXOWV��D�GHILQHG�
WHVW�GXUDWLRQ��D�FURS�VRLO�GHVFULSWLRQ��D�FRPSDULVRQ�EDVHOLQH��PHDVXUHG�SXPS�UHVSRQVH��RU�ZDWHU�YROXPH�
UHDGLQJV��1R�QXPHULF�DFFXUDF\��UHVSRQVH�WLPH��\LHOG��RU�ZDWHU�VDYLQJ�UHVXOW�FDQ�WKHUHIRUH�EH�UHSRUWHG��,Q�
SDUWLFXODU��WKH�$,�0/�FRPSRQHQW�UHPDLQV�D�SURSRVHG�GHFLVLRQ�VXSSRUW�IXQFWLRQ�EHFDXVH�QR�PRGHO��GDWDVHW��
WUDLQLQJ�SURFHGXUH��RU�HYDOXDWLRQ�LV�GRFXPHQWHG�

7DEOH�,,,�WUDQVFULEHV�WKH�DSSUR[LPDWH�FRPSRQHQW�FRVWV�IURP�WKH�SUHVHQWDWLRQ��7KH�OLVWHG�DPRXQWV�VXP�WR�
,15��������7KLV�WRWDO�LV�D�SURMHFW�HVWLPDWH��QRW�D�YHULILHG�SXUFKDVH�UHFRUG��DQG�LW�H[FOXGHV�XQSULFHG�LWHPV�
VXFK� DV� WKH� SXPS�� WKH� XQOLVWHG� OLJKW� VHQVRU�� FORXG� RU� FRQQHFWLYLW\� FKDUJHV�� DQG� DQ\� HQFORVXUH� RU� ILHOG�
SURWHFWLRQ�KDUGZDUH�

7$%/(� ,,,� $3352;,0$7(� 352727<3(� &20321(17� &267� 5(3257('� ,1� 7+(�
35(6(17$7,21

&RPSRQHQW &RVW��,15�

(63���6��1��5��GHYHORSPHQW�ERDUG ����
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&RPSRQHQW &RVW��,15�

'+7���WHPSHUDWXUH�DQG�KXPLGLW\�VHQVRU ���

6RLO�PRLVWXUH�VHQVRU ���

:DWHU�OHYHO�VHQVRU ���

5DLQ�VHQVRU�PRGXOH ���

��FKDQQHO���9�UHOD\�PRGXOH ���

��î��/&'�GLVSOD\ ���

%UHDGERDUG ���

0DOH�WR�PDOH�MXPSHU�ZLUHV ���

0DOH�WR�IHPDOH�MXPSHU�ZLUHV ���

$SSUR[LPDWH�OLVWHG�WRWDO ����

$�VXLWDEOH�YDOLGDWLRQ�VWXG\�VKRXOG�ILUVW�FDOLEUDWH�HDFK�VHQVRU�DJDLQVW�D�UHIHUHQFH�LQVWUXPHQW�DQG�UHSRUW�HUURU�
RYHU� WKH� LQWHQGHG� RSHUDWLQJ� UDQJH�� ,W� VKRXOG� WKHQ� WHVW� QRUPDO� DQG� IDXOW� FRQGLWLRQV�� LQFOXGLQJ� GU\� DQG�
DGHTXDWHO\�PRLVW� VRLO�� ORZ� WDQN� OHYHO�� GLVFRQQHFWHG� VHQVRUV�� DQG� QHWZRUN� LQWHUUXSWLRQ�� UHFRUGLQJ� SXPS�
FRPPDQGV�DQG�DFWXDO�DFWXDWLRQ��:DWHU�XVH�VKRXOG�EH�PHDVXUHG�ZLWK�D�GHILQHG�EDVHOLQH�DQG�HTXLYDOHQW�FURS��
VRLO�� DQG� WHVW�FRQGLWLRQV�� ,I�$,�0/� LV� LPSOHPHQWHG�� WKH�PRGHO��GDWDVHW� VRXUFH�� LQSXW� IHDWXUHV��GDWD� VSOLW��
WDUJHW�YDULDEOH��DQG�KHOG�RXW�PHWULFV�VKRXOG�EH�GRFXPHQWHG��7DEOH�,9�VXPPDUL]HV�WKH�HYLGHQFH�UHTXLUHG�
EHIRUH�SHUIRUPDQFH�FODLPV�FDQ�EH�PDGH�

7$%/(�,9� (9$/8$7,21�(9,'(1&(�1(('('�)25�48$17,7$7,9(�&/$,06

(YDOXDWLRQ�DUHD 0HDVXUHPHQW�UHTXLUHG��QRW�SUHVHQW�LQ�VXSSOLHG�ILOHV

6HQVRU�TXDOLW\ &DOLEUDWLRQ�PHWKRG��UHIHUHQFH�UHDGLQJV��PHDVXUHPHQW�HUURU��DQG�GULIW�

&RQWURO�UHOLDELOLW\ 7ULJJHU�VWRS�EHKDYLRU��ORZ�ZDWHU�UHVSRQVH��IDXOW�KDQGOLQJ��DQG�SXPS�
DFWXDWLRQ�ORJV�

&RQQHFWLYLW\ 8SGDWH�LQWHUYDO��GDWD�ORVV��DQG�HQG�WR�HQG�ODWHQF\�RYHU�D�VWDWHG�WHVW�GXUDWLRQ�

:DWHU�HIILFLHQF\ 3XPSHG�YROXPH�FRPSDUHG�ZLWK�D�GHILQHG�EDVHOLQH�XQGHU�HTXLYDOHQW�
FRQGLWLRQV�

$,�SHUIRUPDQFH 1DPHG�PRGHO��GDWDVHW��WUDLQ�WHVW�SURWRFRO��WDUJHW��DQG�KHOG�RXW�SHUIRUPDQFH�
PHWULFV�

7KH� FXUUHQW� GRFXPHQWDWLRQ� DOVR� OHDYHV� VHYHUDO� GHVLJQ� FKRLFHV� XQUHVROYHG�� 7KH� FRPSRQHQW� OLVW�� FLUFXLW�
GUDZLQJ��DQG�VLPXODWLRQ�XVH�GLIIHUHQW�FRQWUROOHU�RU�VHQVRU�ODEHOV��WKH�OLJKW�VHQVRU�DSSHDUV�LQ�GLDJUDPV�DQG�
WKH�SKRWRJUDSK�EXW�LV�QRW�FRVWHG��DQG�WKH�SXPS�LV�VKRZQ�EXW�DEVHQW�IURP�WKH�FRVW�WDEOH��7KH�FORXG�VHUYLFH��
GDVKERDUG��QHWZRUN�SURWRFRO��FRQWURO�ORFDWLRQ��VHQVRU�SLQV��DQG�SRZHU�GHVLJQ�OLNHZLVH�QHHG�FRQILUPDWLRQ��
7KHVH�LQFRQVLVWHQFLHV�GR�QRW�LQYDOLGDWH�WKH�FRQFHSW��EXW�WKH\�OLPLW�UHSURGXFLELOLW\�DQG�SUHYHQW�WKH�GLDJUDPV�
IURP�VHUYLQJ�DV�ILQDO�EXLOG�GRFXPHQWDWLRQ�
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9��&21&/86,21�$1'�)8785(�6&23(

7KLV�SDSHU�RUJDQL]HV�WKH�SURMHFW�SUHVHQWDWLRQ�LQWR�DQ�,(((�VW\OH�GHVFULSWLRQ�RI�DQ�,R7�VPDUW�DJULFXOWXUH�
V\VWHP��7KH�SURSRVHG�GHVLJQ�FRPELQHV�HQYLURQPHQWDO�DQG�VRLO�VHQVLQJ��(63���IDPLO\�HGJH�SURFHVVLQJ��
:L�)L�FORXG� PRQLWRULQJ�� $,�DVVLVWHG� LUULJDWLRQ� GHFLVLRQ� VXSSRUW�� DQG� UHOD\�EDVHG� SXPS� FRQWURO�� 7KH�
SUHVHQWDWLRQ� DOVR� VXSSOLHV� D� KDUGZDUH� OLVW�� GLDJUDPV�� D� VLPXODWLRQ� YLHZ�� D� SURMHFW� SKRWRJUDSK�� DQG� DQ�
DSSUR[LPDWH� FRPSRQHQW� FRVW� RI� ,15� ������� 7KH� DYDLODEOH� HYLGHQFH� VXSSRUWV� D� GHVLJQ� DQG� SURWRW\SH�
GHVFULSWLRQ��EXW�QRW�D�TXDQWLWDWLYH�FODLP�DERXW�SUHGLFWLRQ�DFFXUDF\�RU�ZDWHU�VDYLQJV�

)XWXUH�ZRUN�VKRXOG�UHFRQFLOH�WKH�ILQDO�FRQWUROOHU�DQG�VHQVRU�PRGHOV�DFURVV�WKH�ELOO�RI�PDWHULDOV��FLUFXLW��DQG�
VLPXODWLRQ�� GRFXPHQW� ZLULQJ� DQG� D� VDIH� SRZHU� DUFKLWHFWXUH�� LGHQWLI\� WKH� FORXG� DQG� GDVKERDUG�
LPSOHPHQWDWLRQ�� DQG� VSHFLI\� FDOLEUDWLRQ�� VDPSOLQJ�� WKUHVKROGV�� LQWHUORFNV�� DQG� IDXOW� KDQGOLQJ��7KH� WHDP�
VKRXOG�WKHQ�FROOHFW�UHSURGXFLEOH�VHQVRU��SXPS��DQG�ZDWHU�YROXPH�GDWD�XQGHU�VWDWHG�FURS�DQG�VRLO�FRQGLWLRQV��
,I�$,�0/�LV�UHWDLQHG��LWV�PRGHO�DQG�GDWDVHW�VKRXOG�EH�GHVFULEHG�DQG�HYDOXDWHG�RQ�KHOG�RXW�GDWD��0XOWL�]RQH�
LUULJDWLRQ�DQG�GHWDLOHG�ZDWHU�XVH�DQDO\WLFV�PD\�EH�H[SORUHG�ODWHU��EXW�WKH�FXUUHQW�ELOO�RI�PDWHULDOV�OLVWV�RQO\�
D�VLQJOH�UHOD\�DQG�GRHV�QRW�GRFXPHQW�D�PXOWL�]RQH�LPSOHPHQWDWLRQ�

5()(5(1&(6

>�@�+��%HQ\H]]D��0��%RXKHGGD��DQG�6��5HERXK��³=RQLQJ�LUULJDWLRQ�VPDUW�V\VWHP�EDVHG�RQ�IX]]\�FRQWURO�
WHFKQRORJ\�DQG�,R7�IRU�ZDWHU�DQG�HQHUJ\�VDYLQJ�´�-RXUQDO�RI�&OHDQHU�3URGXFWLRQ��YRO�������$UW��QR��
��������-XQ��������GRL����������M�MFOHSUR�������������

>�@�*��3��3HUHLUD��0��=��&KDDUL��DQG�)��'DURJH��³,R7�HQDEOHG�VPDUW�GULS�LUULJDWLRQ�V\VWHP�XVLQJ�(63���´�
,R7��YRO�����QR�����SS�����±�����������GRL����������LRW��������

>�@�.��7]HUDNLV��*��3VDUUDV��DQG�1��1��.RXUJLDODV��³'HYHORSLQJ�DQ�RSHQ�VRXUFH�,R7�SODWIRUP�IRU�RSWLPDO�
LUULJDWLRQ�VFKHGXOLQJ�DQG�GHFLVLRQ�PDNLQJ��,PSOHPHQWDWLRQ�DW�ROLYH�JURYH�SDUFHOV�´�:DWHU��YRO������QR��
���$UW��QR��������������GRL����������Z���������


