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� ,QWURGXFWLRQ
0RELOH� WHOHFRPPXQLFDWLRQ� HTXLSPHQW� LV� DEOH� WR� WUDQVIHU� YRLFH�� DXGLR�� GDWD� DQG� YLGHRIDVWHU� WKDQ� HYHU� GRQH� EHIRUH�� 8076� �8QLYHUVDO� 0RELOH� 7HOHFRPPXQLFDWLRQV� 6\VWHP�HQDEOHG�PRELOH�GHYLFHV�PDNH�LW�SRVVLEOH�IRU�XVHUV�WR�EH�FRQQHFWHG�WR�WKH� ,QWHUQHW�DW�DQ\WLPH��,Q�WKLV�PDQQHU�PRELOH�WHOHFRPPXQLFDWLRQ�DQG�,QWHUQHW�³PHOWV´�WRJHWKHU�DQG�EHFRPHRQH� XQLYHUVDO� QHWZRUN� FRQVLVWLQJ� RI� ERWK� WKH� ZLUHOHVV� DQG� IL[HG� WHOHFRPPXQLFDWLRQVQHWZRUN�
0DUNHW�IRUHFDVWV�IRU�PRELOH�VHUYLFHV�DUH�HQRUPRXV�� ,Q�1RUZD\� WRGD\�����SHUFHQW�RI� WKHSRSXODWLRQ� LV� FDUU\LQJ� D�*60� WHOHSKRQH� DQG� LW� LV� IRUHFDVWHG� WKDW� LQ� DERXW� ��� \HDUV� WKHVDPH�DPRXQW�RI�XVHUV�ZLOO�ILQG�LQWHUHVW�LQ�8076��7HOHQRU�������DQG�1HWFRP���������7KH8076�)RUXP��ZKLFK�UHSUHVHQWV�WKH�JOREDO�PRELOH�LQGXVWU\��HVWLPDWHV�WKDW�E\������WKHUHZLOO�EH�DURXQG���ELOOLRQ�PRELOH�XVHUV�:RUOGZLGH�
:LWK�8076��D�ELW�UDWH�RI�XS�WR���0ELW�V�ZLOO�EH�DYDLODEOH�WR�LQGRRU��RXWGRRU�DQG�YHKLFOH�EDVHG�XVHUV��:LWK� WKLV�PDMRU� LQFUHDVH� LQ�EDQGZLGWK� IURP�*60¶V�FDSDFLW\�RI�����NELW�V�RSHQV� DQ� HQWLUH� 1HZ� :RUOG� RI� VHUYLFH� SRVVLELOLWLHV�� ,QFUHDVLQJO\� H[SORLWHG� DUHD� RIVHUYLFHV�RQ� ,QWHUQHW� LV� WKH�XWLOLVDWLRQ�RI� UHDO� WLPH�PXOWLPHGLD� VHUYLFHV� VXFK�DV�YLGHR�RQGHPDQG� DQG� YLGHR� FRQIHUHQFLQJ� �YLGHR� FKDWWLQJ��� 7KH� LPPLQHQW� DUULYDO� RI� 8076�ZLOOHQDEOH�XVHUV�WR�XWLOLVH�WKHVH�VHUYLFHV�DQG�PDQ\�EHOLHYH�WKDW�WKHVH�VHUYLFHV�DUH�JRLQJ�WR�EHH[WHQVLYHO\�H[SORLWHG�LQ�8076�
7KH�FKDOOHQJHV�EHFRPH�VXEVWDQWLDO�LQWURGXFLQJ�VHUYLFHV�ZLWK�FRQVLGHUDEOH�GHPDQGV�WR�WKHTXDOLW\� RI� VHUYLFH�� 7KLV� \LHOGV� VSHFLDOO\� IRU� VHUYLFHV� OLNH� YLGHR� FRQIHUHQFLQJ�� ZKLFKUHTXLUHV�WKDW�WKH�FRPPXQLFDWLRQ�VHVVLRQ�LV�SHUIRUPHG�LQ� UHDO� WLPH�� ,Q�RUGHU� WR�PDNH�WKHYLGHR� VHUYLFHV� ILQDQFLDOO\� DWWUDFWLYH� IRU� WKH� PRELOH� XVHUV�� WKH� DPRXQW� RI� EDQGZLGWKUHTXLUHG�IRU�WKH�VHUYLFH�PXVW�EH�UHGXFHG�WR�D�PLQLPXP�ZLWKRXW�VDFULILFLQJ�WKH�TXDOLW\�RIWKH� YLGHR�� 7UDQVPLVVLRQ� RI� GDWD� WKDW� UHTXLUHV� KLJK� TXDOLW\� LV� D�PDMRU� LVVXH� LQ� ZLUHOHVVQHWZRUNV�DQG�WKLV�W\SH�RI�QHWZRUN�WHQGV�WR�EH�HUURU�SURQH�GXH�WR�FHUWDLQ�DWPRVSKHULFDOO\GLVWXUEDQFHV� �H�J�� DWWHQXDWLRQ�� UHIOHFWLRQ� RU� GLIIUDFWLRQ��� ZKLFK� DIIHFW� WKH� WUDQVPLWWHG
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VLJQDO��$V� D� UHVXOW� RI� WKLV�� VWDWH� RI� WKH� DUW� YLGHR� FRPSUHVVLRQ� WHFKQLTXHV� OLNH�03(*���0RWLRQ�3LFWXUH�([SHUWV�*URXS��DQG�+����������KDYH�EHHQ�GHYHORSHG�WR�VXSSRUW�YHU\�ORZELW�UDWH�YLGHR�FRPSUHVVLRQ�DQG�HUURU� UREXVWQHVV� IRU�YLGHR� WUDQVPLVVLRQ�RYHU�HUURU�SURQHQHWZRUNV�VXFK�DV�8076�
��� 7KHVLV�VFRSH7KH� VFRSH� RI� WKLV� WKHVLV� LV� WR� FRQGXFW� D� VWXG\� RQ� YLGHR� VHUYLFHV� DQG� FRGHUV� IRU� XVH� LQPRELOH�DSSOLFDWLRQV��)LUVW�� WKH� WDVN� LV� WR�JLYH� DQ�RYHUYLHZ�RI� WKH�YDULRXV�YLGHR�VHUYLFHVWKDW�LV�SUHGLFWHG�WR�EH�ZLGHO\�XVHG�LQ�8076�
(YHQ� WKRXJK� 8076� PDNHV� DYDLODEOH� D� ELW�UDWH� WKDW� ZLOO� HQDEOH� WKH� WUDQVIHU� RI� YLGHRFRQWHQW��FRPSUHVVLRQ�RI�WKH�YLGHR�KDYH�WR�EH�SHUIRUPHG�GXH�WR�WKH�IDFW�WKDW�WKH�ELW�UDWH�DXQFRPSUHVVHG�YLGHR�UHTXLUHV� LV�HQRUPRXV��DERXW�����0ELW�V��FRPSDUHG� WR�ZKDW�8076RIIHUV��PD[LPXP��0ELW�V���7KHUHIRUH�D�VWXG\�RI�WKH�FRPPRQO\�XVHG�YLGHR�FRPSUHVVLRQWHFKQLTXHV�DQG�D�FRPSDULVRQ�RI�WKH�PRVW�FRPPRQ�RQHV�ZLOO�EH�SHUIRUPHG�
)XUWKHUPRUH�� D� VWXG\� WR� GHWHUPLQH� PHWKRGV� WR� HYDOXDWH� ORVV� RI� LQIRUPDWLRQ� GXH� WRHQFRGLQJ��GHFRGLQJ�DQG�QRLVH�ZLOO�EH�FDUULHG�RXW��7KH�PHWKRGV�WR�HYDOXDWH� ORVV�VKDOO�EHXVHG� WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI� WKH� YLGHR�� ZLWK� UHODWLYHO\� KLJK� UHDO� WLPHUHTXLUHPHQWV��$�VLPXODWLRQ�HQYLURQPHQW�LV�GHYHORSHG�WR�VWXG\�KRZ�WKH�UHVSRQG�WRZDUGVGLIIHUHQW�NLQGV�RI�³PRELOH´�QRLVH��ZLWK�D�YLHZ�WR�8076��
��� 2EMHFWLYH7KH�REMHFWLYH�LQ�WKLV�WKHVLV�LV�WR�JLYH�WKH�UHDGHU�DQ�RYHUYLHZ�RYHU�WKH�YLGHR�VHUYLFHV�WKDWDUH�JRLQJ�WR�EH�ZLGHO\�XVHG�LQ�8076��0RUHRYHU��D�GHWDLOHG�GHVFULSWLRQ�RI�YDULRXV�YLGHRFRGHFV�LV�SHUIRUPHG�WR�JHW�DQ�XQGHUVWDQGLQJ�IRU�WKH�LPSRUWDQFH�RI�YLGHR�FRPSUHVVLRQ�DQGFRQVROLGDWLRQ� RI� WKH� YLGHR� TXDOLW\� LQ� 8076�� )LQDOO\�� DIWHU� D� VLPXODWLRQ� SURFHVV�� WKHREMHFWLYH�LV�WR�JLYH�D�SUHVHQWDWLRQ�RQ�KRZ�WKH�YDULRXV�NLQGV�RI�QRLVH�FDQ�HIIHFW�WKH�TXDOLW\RI�WKH�YLGHR�
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��� .QRZQ�OLPLWDWLRQV&RQWLQXRXVO\� FKDQJLQJ� ELW�UDWH� ZLOO� QRW� EH� FRQVLGHUHG� LQ� WKH� VLPXODWLRQ� GXH� WR� DGGHGFRVWV�LQ�WHVWLQJ�HTXLSPHQW�
��� 0HWKRGRORJ\0RVW�RI�WKH�ZRUN�LV�EDVHG�RQ�H[DPLQDWLRQ�RI�UHVHDUFK�UHSRUWV�DQG�WHFKQLFDO�UHSRUWV�IURPVWDQGDUGLVDWLRQ�RUJDQLVDWLRQV��$�ORW�RI�WHVWLQJ�KDV�EHHQ�SHUIRUPHG�RQ�WKH�HUURU�UHVLOLHQFHRI�YDULRXV�YLGHR�FRGHFV��7KHUHIRUH��D�VWXG\�RI�VHYHUDO� WHVW�UHSRUWV�IRXQG�RQ�:::�ZDVSHUIRUPHG�LQ�RUGHU�WR�EH�DEOH�WR�GHYHORS�WKH�VLPXODWLRQ�HQYLURQPHQW�
��� 2XWOLQH7KH�WKHVLV�LV�VWUXFWXUHG�LQ�HLJKW�FKDSWHUV��ZKLFK�ZLOO�EH�GHVFULEHG�KHUH�EULHIO\��&KDSWHU��JLYHV� ILUVW� DQ� LQWURGXFWLRQ� WR� 8076� ZKHUH� WKH� HVVHQWLDO� DUHDV� WRJHWKHU� ZLWK� WKHDUFKLWHFWXUH� RI� 8076� DUH� GLVFXVVHG�� %DVHG� RQ� WKLV� D� VKRUW� RYHUYLHZ� RI� WKH� SRVVLEOHVHUYLFHV�LV�SUHVHQWHG�LQ�WKH�VDPH�FKDSWHU�
,Q� FKDSWHU� �� JLYHV� DQ� H[WHQGHG� RYHUYLHZ� RI� WKH� YLGHR� VHUYLFHV� ZLWK� HPSKDVLV� RQ� WKHWHFKQRORJ\�DQG�WKH�UHDO�WLPH�FKDUDFWHULVWLFV�IRU�HDFK�VHUYLFH�
7KH�QH[W�FKDSWHU��FKDSWHU����LV�WKH�PRVW�FRPSUHKHQVLYH�RQH�DQG�H[DPLQHV�YDULRXV�YLGHRFRGHFV��7KH�YLGHR�FRGHF�+�����DQG�03(*���DUH�GLVFXVVHG�LQ�GHWDLO�GXH�WR�LWV�LPSRUWDQFHIRU�YLGHR�WUDQVPLVVLRQ�LQ�HUURU�SURQH�QHWZRUNV�
&KDSWHU���SURYLGHV�DQ�RYHUYLHZ�RI�WKH�YDULRXV�IDFWRUV�WKDW�KDV�DQ�HIIHFW�RQ�WKH�TXDOLW\�RID�WUDQVPLVVLRQ�LQ�HUURU�SURQH�QHWZRUNV��,Q�DGGLWLRQ��PHWKRGV�IRU�HYDOXDWLRQ�TXDOLW\�RI�WKHYLGHR�DIWHU�WUDQVPLVVLRQ�DUH�GLVFXVVHG�
&KDSWHU� �� FRQWDLQV� WKH� VLPXODWLRQ� UHVXOWV� DQG� SHUIRUPDQFH� HYDOXDWLRQ�� 7KH� VLPXODWLRQUHVXOWV�DUH�GLVFXVVHG�IXUWKHU�LQ�FKDSWHU���
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7KH�ILQDO�FKDSWHU���FRQWDLQV�WKH�FRQFOXGLQJ�UHPDUNV�DQG�VXJJHVWHG�IXUWKHU�VWXGLHV�
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� 8076�6HUYLFHV
7KH�IROORZLQJ�VHFWLRQ�SUHVHQWV�D�EULHI�LQWURGXFWLRQ�WR�8076��7KLV�VHFWLRQ�ZLOO�KLJKOLJKWWKH�SURFHVV�RI�8076�DQG�ILQDOO\�WKH�VHUYLFHV�WKDW�FDQ�EH�RI�LQWHUHVW�IRU�XVHUV�RI�8076WHUPLQDOV�
��� $�EULHI�LQWURGXFWLRQ�WR�80768QLYHUVDO� 0RELOH� 7HOHFRPPXQLFDWLRQV� 6\VWHP� �8076�� LV� GHQRWHG� DV� D� �UG� FHOOXODUV\VWHP�DQG�LV�GHYHORSHG�ZLWKLQ�WKH�IUDPHZRUN�WKDW�KDV�EHHQ�GHILQHG�E\�WKH�,QWHUQDWLRQDO7HOHFRPPXQLFDWLRQV�8QLRQ� �,78�� �NQRZQ� DV� WKH�(XURSHDQ� YHUVLRQ� RI� ,07��������7KHSURFHVV� RI� VWDQGDUGLVLQJ� 8076� LV� FDUULHG� RXW� E\� WKH� (XURSHDQ� 7HOHFRPPXQLFDWLRQV6WDQGDUGV� ,QVWLWXWH� �(76,�� LQ� FR�RSHUDWLRQ� ZLWK� RWKHU� UHJLRQDO� DQG� QDWLRQDOVWDQGDUGLVDWLRQ�ERGLHV�DURXQG�WKH�JOREH�WR�SURGXFH�D�VWDQGDUG�WKDW�PHHWV� WKH�QHHGV�RI�DJURZLQJ�PDUNHW��8076�)RUXP�5HSRUW�1R�����������
����� 0RELOLW\�DQG�FRYHUDJH8076�KDV�EHHQ�GHVLJQHG�ZLWK�WKH�REMHFWLYH�WR�EH�D�V\VWHP�ZLWK�JOREDO�FRYHUDJH��7KLV�LVGRQH� WKURXJK� LQWURGXFLQJ� ERWK� WHUUHVWULDO� DQG� JOREDO� VDWHOOLWH� FRPSRQHQWV�� 7KH� 8076WHUPLQDOV�ZLOO�DOVR�EH�EDFNZDUG�FRPSDWLEOH�ZLWK�WKH��QG JHQHUDWLRQ�V\VWHPV��ZKLFK�PDNHVLW�SRVVLEOH�IRU�D�WHUPLQDO�WR�URDP�EHWZHHQ�WKH�YDULRXV�QHWZRUNV��,QWHU�1HWZRUN�5RDPLQJ��8076�)RUXP�5HSRUW�1R�����������
,78�KDV� VHW� VRPH� LQGLFDWLYH�PLQLPXP� UHTXLUHPHQWV� FRQFHUQLQJ�GDWD� UDWHV�8076�PXVWVXSSRUW��7KH�XVHUV�RI�PRELOH�VHUYLFHV� WRGD\�PRYHV�EHWZHHQ� LQGRRU��RXWGRRU��XUEDQ�DQGUXUDO�HQYLURQPHQWV�ZKHUH�WKH�PRELOH�WHUPLQDOV�PRYHV�LQ�D�VSHHG�UDQJLQJ�IURP�SUDFWLFDOO\VWDWLRQDU\��H�J��RIILFH�HQYLURQPHQWV��XS�WR�YHU\�KLJK�VSHHGV��H�J��D�FDU���7KH�UHTXLUHPHQWV,78� KDV� ODLG� GRZQ� DUH� GHILQHG� DFFRUGLQJ� WR� WKH� PRELOLW\� RI� WKH� 8076� WHUPLQDO�� ,Q8076�GLIIHUHQW�FHOOV�RI�KLHUDUFKLFDO�VWUXFWXUH�LV�GHILQHG�ZKHUH�WKH�GDWD�UDWHV�DYDLODEOH�LQHDFK� FHOO� LV� GHSHQGHQW� RQ� WKH� OHYHO� RI� PRELOLW\� �VSHHG�� RI� WKH� 8076� WHUPLQDO� DQG
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SRSXODWLRQ� GHQVLW\�� )LJXUH� �� �8076� )RUXP� 5HSRUW� 1R�� ��� ������ GHSLFWV� KLHUDUFKLFDODVVHPEO\�RI�WKH�FHOO�FODVVLILFDWLRQ�WKDW�LV�W\SLFDO�IRU�8076�

)LJXUH�� 8076�FRYHUDJH
7KH�FHOO�W\SHV�LQ�8076�LV�GLYLGHG�LQWR�
x 3LFR�FHOO ±�7KHVH�DUH�FHOOV�RI� OLPLWHG�UDGLXV� WKDW�SURYLGHV�FRYHUDJH� LQ�DUHDV�VXFK�DVWUDLQ�VWDWLRQV��DLUSRUWV�DQG�RIILFH�ODQGVFDSH�� %LW�UDWH��� �����NELW�V� 7HUPLQDO�VSHHG��0RELOLW\��������NP�K� &HOO�UDGLXV�����±����P
x 0LFUR� FHOO ±� 7KHVH� FHOOV� DUH� GLUHFWHG� WR� SURYLGH� FRYHUDJH� LQ� GHQVH� DUHDV� �H�J�� DSHGHVWULDQ�ORFDWHG�EHWZHHQ�EXLOGLQJV��� %LW�UDWH������±������NELW�V� 7HUPLQDO�VSHHG��0RELOLW\���������NP�K� &HOO�UDGLXV������P
x 0DFUR�FHOO ±�3URYLGHV�FRYHUDJH�LQ�ODUJHU�DUHDV�VXFK�DV�VXEXUEV�RU�PRUH�UXUDO�DUHDV�� %LW�UDWH������±�����NELW�V� 7HUPLQDO�VSHHG��0RELOLW\��������±�����NP�K� &HOO�UDGLXV��������NP
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x :RUOG� �*OREDO�� FHOO� ± 0DNHV� 8076� VHUYLFHV� DYDLODEOH� JOREDOO\� WKURXJK� VDWHOOLWHWHFKQRORJ\��UHPRWH�DUHDV�VXFK�DV�PRXQWDLQV�RU�RFHDQV��� %LW�UDWH������±�����NELW�V� 7HUPLQDO�VSHHG��0RELOLW\�����������NP�K
����� 8076�DUFKLWHFWXUH7KH�8076�DUFKLWHFWXUH�LV�DQ�HYROXWLRQ�IURP�*60�SKDVH�����GXH�WR�WKH�IDFW��WKH�8076UHXVH�WKH�FRUH�QHWZRUN�LQ�*OREDO�6\VWHP�IRU�0RELOH�&RPPXQLFDWLRQ��*60��DQG�*HQHUDO3DFNHW�5DGLR�6\VWHP��*356���$Q�RYHUYLHZ�RYHU� WKH�8076�DUFKLWHFWXUH� LV� GHSLFWHG� LQILJXUH���

)LJXUH�� 8076�DUFKLWHFWXUH
7KH�8076�DUFKLWHFWXUH�XWLOLVHV�D�PRGXOH�SULQFLSOH�ZKHUH�WKH�DFFHVV��DQG�FRUH�QHWZRUN�LVFOHDUO\�VHSDUDWHG�DQG�GHYHORSHG�PRUH�RU�OHVV�LQGHSHQGHQWO\��7R�DFFRPSOLVK�WKH�KLJK�ELW�UDWHV� D� UDGLR� DFFHVV� V\VWHP� FDOOHG� 875$� �8076� 7HUUHVWULDO� 5DGLR� $FFHVV�� ZDVGHYHORSHG��7KH�875$�KDV�D�PD[LPXP� WUDQVIHU�FDSDELOLW\�RI���0ELW�V� LQ� WKH� IUHTXHQF\VSHFWUXP�RI������WR������0+]��9LQFN��������
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%HFDXVH�RI�WKH�PDMRU�LQFUHDVH�LQ�DYDLODEOH�EDQGZLGWK��8076�LV�DEOH�WR�VXSSRUW�UHDO�WLPHVHUYLFHV� LQFOXGLQJ�PXOWLPHGLD� DV�ZHOO� DV� SDFNHW� GDWD� VHUYLFHV�� 7KHUH� DUH� WZR� WUDQVSRUWPRGH� FDQGLGDWHV� IRU� WKH� FRUH� QHWZRUN�� $70� �$V\QFKURQRXV� 7UDQVIHU� 0RGH�� DQG� ,3�,QWHUQHW�3URWRFRO���7KH�LQWHQWLRQ�ZDV�WKDW�8076�ZDV�JRLQJ�WR�EH�EDVHG�H[FOXVLYHO\�RQ,3��EXW�PDQ\�EHOLHYHV�WKDW�$70�ZLOO�EH�VHOHFWHG�DV�WUDQVSRUW�PHFKDQLVP�IRU�8076�LQ�WKHFRUH� QHWZRUN�� ZKLOH� ,3� ZLOO� EH� XVHG� IRU� URXWLQJ� RI� SDFNHW� GDWD� LQ� WKH� FRUH� QHWZRUN�1HXEDXHU��������
��� 6HUYLFHV7KH� GDWD� UDWHV� WKDW� ZLOO� EH� RIIHUHG� E\� WKH� 8076� VWDQGDUG� ZLOO� PDNH� LW� SRVVLEOH� WRLQWURGXFH�D�JUHDW�GHDO�RI�QHZ�DSSOLFDWLRQV��,Q�WKH��QG V\VWHP��RQO\�VSHHFK�DQG�WUDQVIHU�RIVPDOO�DPRXQW�RI�GDWD�ZHUH�VXSSRUWHG��:KHUHDV�LQ�WKH��UG JHQHUDWLRQ�V\VWHP�XVHUV�ZLOO�EHDEOH� WR� XVH� VHUYLFHV� VXFK� DV� JDPHV�RQ�GHPDQG� LQGHSHQGHQWO\� RI� ORFDWLRQ� DQG� WLPH�� RUZDWFKLQJ�\HVWHUGD\¶V�QLQH�R¶FORFN�QHZV�RQ�D�WUDLQ��8076�)RUXP�5HSRUW�1R������������
7KH�VHUYLFHV�WKDW�8076�LV�RIIHULQJ�DUH�QRW�RQO\�IRU�OHLVXUH��6HUYLFHV�IRU�EXVLQHVV�VXFK�DVYLGHR�FRQIHUHQFLQJ�PDNHV� LW�SRVVLEOH� IRU�H�J�� D�PDQDJHU� WR�DWWHQG� WR�D�PHHWLQJ�ZLWKRXWVLWWLQJ� LQ� D� VSHFLILF HQYLURQPHQW�� ,Q� DGGLWLRQ�� WKH� KRVSLWDOV� FDQ� PDNH� XVH� RI� WKHWHOHPHGHFLQH�VHUYLFH�E\�VHQGLQJ�GHWDLOHG�VLWXDWLRQ�UHSRUWV�IURP�IRU�H[DPSOH�D�FDU�FUDVK�7KLV� FDQ� KHOS� WKH� PHGLFDO� WHDP� DW� D� KRVSLWDO� WR� JHW� D� EHWWHU� XQGHUVWDQGLQJ� RYHU� WKHVLWXDWLRQ�DQG�SHUIRUP�WKH�QHFHVVDU\�SUHSDUDWLRQ�SULRU�WR�WKH�SDWLHQW�V��DUULYDO�
$QRWKHU�SRVVLEOH�PDUNHW�ZKHUH�8076�FDQ�EH�EHQHILWHG�IURP�LV�WKH�DXWRPRELOH�LQGXVWU\�$OUHDG\��FDU�PDQXIDFWXUHV�KDYH�PDGH� ILHOG� WULDOV� WR� LQVWDOO�*60�FKLSVHWV� LQWR�YHKLFOHV�ZKLFK�PRQLWRUV�WKH�FDU¶V�SHUIRUPDQFH��7KLV�WHOHPDWLFV�VHUYLFH�FDQ�VHQG�ZDUQLQJV�WR� WKHPDQXIDFWXUHU�LQGLFDWLRQ�WKH�SUREOHP��)XUWKHU��WHOHPDWLFV�LV�SODQQHG�WR�EH�XVHG�WR�LQVWDOO�DQDYLJDWLRQ� V\VWHP� LQ� WKH� YHKLFOHV� WKDW� ZRXOG� LQFOXGH� UHDO� WLPH� PDSSLQJ� DQG� VWUHHWJXLGDQFH�VHUYLFH��8706�)RUXP�5HSRUW�1R������������
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0DQ\�VHUYLFHV�ZLOO�EH�ODXQFKHG�ZKHQ�WKH�8076�LV�DYDLODEOH�RQ�WKH�FRPPHUFLDO�PDUNHW�8076�)RUXP�KDV�PDGH�D�OLVW�RI�SRVVLEOH�VHUYLFHV�WKDW�PD\�EH�RIIHUHG�WR�WKH�FRQVXPHUV�7KH�YDULRXV�VHUYLFHV�DUH�OLVWHG�LQ�WDEOH���EHORZ��8706�)RUXP�5HSRUW�1R������������
7DEOH�� /LVW�RI�YDULRXV�8076�VHUYLFHV
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� 9LGHR�6HUYLFHV�LQ�8076
2YHU�WKH�ODVW�GHFDGH�WKH�PXOWLPHGLD�VHUYLFHV�RQ�WKH�,QWHUQHW�KDV�IORXULVKHG��1HZV�VWDWLRQVEURDGFDVWV�VWUHDPLQJ�QHZV�RQ�WKH�,QWHUQHW�DQG�XVHUV�DUH�DEOH�WR�GRZQORDG�PXVLF�YLGHR¶VWR� EH� SOD\HG� EDFN� RQ� WKHLU� FRPSXWHU� ZLWK� KHOS� RI� H�J�� :LQGRZV� 0HGLD� 3OD\HU�)XUWKHUPRUH��KDYH�FRQVXPHUV�EHHQ�DEOH�WR�GRZQORDG�D�SUHVHQWDWLRQ�RI�H�J��³+RZ�WR�EUHZ\RXU� RZQ� EHHU´� ZLWK� 3RZHU3RLQW� VOLGHV� ZLWK� DGGLWLRQDO� VSHHFK� IURP� D� SUHVHQWDWLRQOHFWXUHU�� %HFDXVH� RI� WKH� QHZ� FDSDELOLWLHV� WKDW� 8076� EULQJV�� WKHVH� VFHQDULRV� PD\� DOVREHFRPH�D�UHDOLW\�ZLWKLQ�WKH�WHOHFRPPXQLFDWLRQ�EXVLQHVV�
0XOWLPHGLD� VHUYLFHV� DUH� WHOHFRPPXQLFDWLRQ� VHUYLFHV� WKDW� KDQGOH� WZR� RU� PRUH� W\SHV� RIPHGLD� �H�J�� YLGHR� DQG� VSHHFK�� VLPXOWDQHRXVO\�� 7KH� PXOWLPHGLD� VHUYLFH� FDQ� LQYROYHPXOWLSOH�SDUWLHV��FRQQHFWLRQV�DQG�ZLWK�WKH�SRVVLELOLW\�WR�DGG�RU�GHOHWH�UHVRXUFHV�RU�XVHUVZLWKLQ�D�VLQJOH�FRPPXQLFDWLRQ�VHVVLRQ��,78�7�)������������
6HYHUDO� GLIIHUHQW� PHGLD� FRPSRQHQWV� FDQ� EH� XVHG� LQ� D� PXOWLPHGLD� VHUYLFH� FDOO�� 7KHFRPSRQHQWV�WKDW�DUH�UHJDUGHG�DV�PXOWLPHGLD�FRPSRQHQWV�DUH�DXGLR��H�J��$05�03��DQG:$9���VWLOO�LPDJHV��H�J��-3(*�DQG�*,)���JUDSKLFV�DQG�ODVWO\�YLGHR��H�J��+������03(*��DQG�4XLFN7LPH����*33�76����������������,Q�WDEOH���LW�LV�VKRZQ�WKH�LPSURYHPHQW�LQ�WKHGRZQORDG�WLPH�IRU�WKH�GLIIHUHQW�SODWIRUPV��8076�)RUXP�5HSRUW�1R������������
7DEOH�� 3ODWIRUPV�IRU�0XOWLPHGLD�$SSOLFDWLRQV6HUYLFHV �* 3671 ,6'1 �*� 8076(�PDLO����NE\WH� ��V ��V ��V ����V �����V:HE�SDJH���NE\WH� ��V ��V ��V ����V ���� V7H[W�ILOH����NE\WH� ���V ���V ��V ��V ����V/DUJH�5HSRUW���0E\WH� ���PLQ ��PLQ ��PLQ ��PLQ ��V9LGHR�FOLS���0E\WH� ���PLQ ���PLQ ��PLQ ��PLQ ���V)LOP�ZLWK�79�4XDOLW\ �����KU ����KU ����KU ���KU !��KU
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7KH� IRFXV� RI� WKLV� WKHVLV� LV� RQ� WKH� YLGHR� VHUYLFHV� WKDW� 8076� FDQ� SURYLGH�� 0DUNHWUHVHDUFKHUV�KDYH�GLIIHUHQW�PHDQLQJV�RI�ZKLFK�VHUYLFH� LV�JRLQJ� WR�EH� WKH�³NLOOHU´�VHUYLFH�WKH�PRVW� SURILWDEOH��� ,Q� WKH� �QG�JHQHUDWLRQ� V\VWHP�� WKH� 606� VHUYLFH�ZDV� VLJQLILFDQWO\XQGHUHVWLPDWHG�E\�WKH�WHOHFRPPXQLFDWLRQ�EUDQFK�DQG�EHFDPH�IDU�PRUH�OXFUDWLYH�VHUYLFHWKDQ�WKH\�ILUVW�WKRXJKW��,Q�WKH�OLJKW�RI�WKLV��SHUKDSV�WKH�0XOWLPHGLD�0HVVDJLQJ�6HUYLFH�LVJRLQJ� WR�EH� WKH�PRVW�FRVW�HIIHFWLYH�VHUYLFH� LQ�8076��+RZHYHU��177�'R&R0R�UHJDUGVWKH�YLGHR�VWUHDPLQJ�VHUYLFH�WR�EH�WKH�³NLOOHU´�DSSOLFDWLRQ��177�'R&R0R���������ZKHUHWKH�FRQVXPHUV�FDQ�ZDWFK�WKH�GDLO\�QHZV�RU�YLHZ�D�YLGHR�LQGHSHQGHQW�RI�ORFDWLRQ�RU�WLPH�
5HJDUGOHVV� RI� WKH� GLVFXVVLRQV� DERXW� ZKLFK� RI� WKH� 8076� VHUYLFHV� WKDW� DUH� JRLQJ� WREHFRPH� WKH� IDYRXULWH� DPRQJ� WKH� FRQVXPHUV�� YLGHR� VHUYLFHV� LV� JRLQJ� WR� EH� SRSXODU� DQGZLGHO\�XVHG��7KLV�FKDSWHU�GLVFXVVHV�WKH�GLIIHUHQW�NLQGV�RI�YLGHR�VHUYLFHV��HQYLVDJHG�WR�EHZLGHO\�XVHG�LQ�8076��LQ�GHWDLO�
��� 9LGHR�FRQIHUHQFLQJ
����� *HQHUDO$�YLGHR�FRQIHUHQFLQJ�VHUYLFH�LV�GHILQHG�WR�EH�DQ�DXGLR�YLVXDO�FRQYHUVDWLRQDO�FRQIHUHQFHVHUYLFH�SURYLGLQJ�WZR�ZD\�UHDO�WLPH�WUDQVIHU�RI�YRLFH�DQG�YLGHR�EHWZHHQ�JURXSV�RI�XVHUVLQ� WZR� RU� PRUH� VHSDUDWH� ORFDWLRQV�� $OEHLW� WKH� DXGLR� DQG� YLGHR� GDWD� DUH� WKH� PRVWIXQGDPHQWDO� SDUWV� RI� WKH� VHUYLFH�� RWKHU� W\SHV� RI� GDWD�� VXFK� DV� VWLOO� SLFWXUHV�� WH[W� RUJUDSKLFV�PD\�DOVR�EH�H[FKDQJHG��,78�7�)������������
7KH� YLGHR� FRQIHUHQFLQJ� VHUYLFH� LV� D� VHUYLFH� WKDW� HQDEOHV� D� XVHU� WR� DWWHQG� WR� PHHWLQJVZLWKRXW�EHLQJ�DW�WKH�PHHWLQJ�SK\VLFDOO\��7RGD\��YLGHR�FRQIHUHQFLQJ�LV�GRQH�ZLWK�KHOS�RIWKH� IL[HG� WHOHSKRQH� QHWZRUN�� 7KLV� UHTXLUHV� WKDW� H�J�� D� VDOHV� HPSOR\HH� KDYH� WR� JR� WR� DSDUWLFXODU� SK\VLFDO� ORFDWLRQ��$� WKLUG� JHQHUDWLRQ� QHWZRUN�PDNHV� LW� SRVVLEOH� IRU� WKH� VDOHVHPSOR\HH� WR� EH� RQ� WKH� PRYH� ZKLOH� DWWHQGLQJ� WR� D� PHHWLQJ�� 7KH� VDOHV� SHUVRQ� FDQ� EHSUHVHQW�DW�WKH�PHHWLQJ�ZKLOH�VLWWLQJ�RQ�D�EXV��RU�VLWWLQJ�LQ�D�FDU�ZKLOH�VWXFN�LQ�WUDIILF�
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����� 9LGHR�FRQIHUHQFLQJ�VHUYLFHV�GHILQHG7KH�YLGHR�FRQIHUHQFLQJ�VHUYLFH�KDV�KLJK�UHTXLUHPHQWV�UHJDUGLQJ�UHDO�WLPH�FKDUDFWHULVWLFV�'XULQJ�D�YLGHRFRQIHUHQFH�� WKH� ODWHQF\�RXJKW� WR�EH�NHSW� WR�D�PLQLPXP��7KLV�PHDQV� WKDWWKH�URXQG�WULS�GHOD\�EHWZHHQ�WKH�SDUWLHV�LQYROYHG�LQ�WKH�FRQYHUVDWLRQ�LV�DV�ORZ�DV�SRVVLEOH�����PV��LQ�RUGHU�WR�JHW�DQ�HIILFLHQW�WUDQVIHU�RI�WKH�DXGLR�DQG�YLGHR�LQIRUPDWLRQ��8VXDOO\RQH�GRHVQ¶W�ZDQW�WR�KDYH�EXIIHULQJ��ORZ�EXIIHULQJ��RI�GDWD�LQ�D�YLGHRFRQIHUHQFH�EHFDXVHLW� ZRXOG� FDXVH� DQ� H[WUD� GHOD\� FRPSRQHQW� LQ� WKH� FRQYHUVDWLRQ�� ,Q� VSLWH� RI� WKH� JUHDWHQKDQFHPHQWV� LQ�QHWZRUN�FDSDFLW\��QHWZRUN�SURYLGHUV�DUH� LQWHUHVWHG� LQ�RIIHU�D�&RQVWDQW%LW�5DWH��&%5��WR�WKH�SDUWLFLSDQWV�RI�WKH�YLGHRFRQIHUHQFH��7KXV��LW�LV�HDV\�IRU�WKH�QHWZRUNSURYLGHU� WR� DVVLJQ� V\VWHP� UHVRXUFHV� WR� WKH� FRQIHUHQFH�� +RZHYHU�� ZKHQ� WKH� QHWZRUNEHFRPHV�FRQJHVWHG��LW�LV�GHVLUDEOH�WR�RIIHU�9DULDEOH�%LW�5DWH��9%5��ZKLFK�SURGXFH�WUDIILFWKDW�YDULHV�EHWZHHQ�SURYLGLQJ�&%5�DQG�EHLQJ�LGOH��7UDQVPLVVLRQ�HUURUV�FDXVHG�EHWZHHQWKH� WHUPLQDOV�DUH�QRW� FRUUHFWHG�GXH� WR� WKLV�ZRXOG�DGG�GHOD\� WR� WKH� WUDQVIHU��7KLV�PHDQVWKDW� LI� DQ� HUURU� RFFXUV�� WKH� TXDOLW\� RI� WKH� LQIRUPDWLRQ�PD\� QHHG� WR� EH� FRPSURPLVHG� WRPHHW�WKH�ODWHQF\�UHTXLUHPHQWV���*33��6�5������������
����� 7KH�WHFKQRORJ\7KH� YLGHR� FRQIHUHQFLQJ� VHUYLFH� FRQVLVWV� RI� VHYHUDO� FRPSRQHQWV�� 7KHVH� FRPSRQHQWV� DUHUHVSRQVLEOH� IRU� HQFRGLQJ�� WUDQVPLVVLRQ�� LQWHUSUHWDWLRQ� DQG� GHFRGLQJ� RI� WKH� LQIRUPDWLRQH[FKDQJH�EHWZHHQ�WKH�SDUWLFLSDQWV��7KHUH�LV�QRW�VHW�DQ\�VWDQGDUGV�IRU�ZKDW�NLQG�RI�YLGHRFRGHF� WKDW�ZLOO� EH� XVHG� E\� WKH� 8076� WHUPLQDOV�� EXW� �*33�� KDYH� VXJJHVWHG� WKDW� ERWKFRGHF¶V�+�����DQG�03(*���LV�VXSSRUWHG���*33��6�5�������������7KHVH�WZR�VWDQGDUGVDUH�GHVLJQHG�WR�VXSSRUW�WUDQVPLVVLRQ�DW�ORZ�ELW�UDWHV��7KH�UHSRUW�IURP��*33��VWDWHV�WKDWWKH�YLGHR�FRQIHUHQFLQJ�VHUYLFH�VKDOO�RSHUDWH�ZLWK�D�WKURXJKSXW�RI���NELW�V�DQG�KLJKHU�IRUERWK� SDFNHW�VZLWFKHG� �36�� DQG� FLUFXLW�VZLWFKHG� �&6�� PRGH�� )RU� WKH� SDFNHW� VZLWFKHGVHUYLFHV� ZLOO� DQ� LQWHUQDWLRQDO� VWDQGDUG� SDFNHWLVDWLRQ� VFKHPH� VXFK� DV� ,78�7� +����� EHXVHG�� )RU� WKH� FLUFXLW� VZLWFKHG� VHUYLFHV�� ZLOO� DQ� LQWHUQDWLRQDO� VWDQGDUG� FLUFXLW� VZLWFKHGVXFK�DV�,78�7�+�����EH�XVHG��7KH�+�����FRQVLVWV�RI�WZR�OD\HUV�WKDW�FRQWURO�WKH�HUURUV�IRUWKH� YDULRXV� VWUHDPV�� SURYLGHV�PXOWLSOH[LQJ�GHPXOWLSOH[LQJ� IRU� WKH� DVVRUWHG� VWUHDPV� DQGDGDSWDWLRQ�WR�WKH�XQGHUO\LQJ�SK\VLFDO�OD\HU��(ULFVVRQ��������
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'HSHQGLQJ� RI� WKH� W\SH� RI� VHUYLFH� WKH� DXGLR� LQIRUPDWLRQ� DQG� YLGHR� LQIRUPDWLRQ� LVSDFNHWLVHG�PXOWLSOH[HG�EHIRUH�LW�LV�VHQW�WR�WKH�SDUWLFLSDQWV�RI�WKH�YLGHRFRQIHUHQFH��$W�WKHUHFLSLHQWV�� WKH� LQIRUPDWLRQ� LV� GHSDFNHWLVHG�GHPXOWLSOH[HG� EHIRUH� LW� LV� GHFRGHG�ZLWK� WKHFRUUHVSRQGLQJ� YLGHR� DQG� DXGLR� FRGHFV��7KH� VFRSH� RI� WKH� YLGHR� FRQIHUHQFLQJ� VHUYLFH� LVSUHVHQWHG�LQ�ILJXUH���EHQHDWK��(ULFVVRQ��������

)LJXUH�� 6FRSH�RI�9LGHR�&RQIHUHQFLQJ�6HUYLFH�
����� 4XDOLW\�RI�6HUYLFH$V� IRU� PRVW� RI� WKH� PXOWLPHGLD� VHUYLFHV�� WKH� YLGHR� FRQIHUHQFLQJ� VHUYLFH� KDV� KLJK� WKH4XDOLW\�RI�6HUYLFH��4R6��UHTXLUHPHQWV��)LUVW��LW�LV�LPSRUWDQW�WKDW�WKH�TXDOLW\�RI�WKH�YLGHRLV�RI�DFFHSWDEOH�VWDQGDUG�� ,Q�8076�� WKHUH�DUH�JUHDW�GHDOV�RI� IDFWRUV� WKDW� LQWHUYHQH�ZLWKXSKROGLQJ�WKH�TXDOLW\�RI�WKH�YLGHR�VHUYLFH��7KH�FRQIHUHQFLQJ�VHUYLFHV�VKDOO��LQ�DFFRUGDQFHWR� �*33�� VXSSRUW� EL�GLUHFWLRQDO� WUDQVPLVVLRQ� RI� YLGHR� LQ� ZLUHOHVV� SDFNHW�� DQG� FLUFXLW�VZLWFKHG�WUDQVPLVVLRQ�QHWZRUNV�
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,Q� WDEOH��� WKH�4R6� IHDWXUHV� IRU� WKH�YLGHR� FRQIHUHQFLQJ� VHUYLFH� OLVWHG� ��*33��6�5�����������
7DEOH�� 4R6�IHDWXUHV�IRU�WKH�YLGHR�FRQIHUHQFLQJ�VHUYLFH�)HDWXUH 'HVFULSWLRQ6\VWHP 6KDOO� EH� FRPSDWLEOH� WR� LQWHUQDWLRQDOVWDQGDUGLVHG� YLGHR� FRQIHUHQFLQJ� V\VWHPV�H�J�� ,78�7� +�����+������ ,(7)� 5)&� ���6,3���6KDOO�EH�DEOH�WR�H[FKDQJH�FRQWUROOLQJLQIRUPDWLRQ�ZLWK�SHHUV� �H�J�� ,78�7�+�����+����6\QFKURQLVDWLRQ 7KH� VHUYLFH� VKRXOG� PDLQWDLQV\QFKURQLVDWLRQ� EHWZHHQ� WKH� YLGHR� DQGDXGLR� FRPSRQHQWV�� ,QWHU�PHGLD� VNHZ� �� ��PV9LGHR�FRGHF 7KH� YLGHR� FRGHF� VKRXOG� EH� VWDQGDUGFRPSOLDQW� �H�J�� 03(*��� DQG� +������2SWLRQDO�DGGLWLRQ�RI�FRGLQJ� HIILFLHQF\�DQGHUURU�UREXVWQHVV�VKRXOG�EH�DYDLODEOH6SHHFK�FRGHF $SSURSULDWH�VSHHFK�FRGHF7KURXJKSXW !����NELW�V�� LQFO������NELW�V�DQG�����NELW�VIRU�SDFNHW��DQG�FLUFXLW�VZLWFKHG�PRGHV0XOWLSOH[LQJ ,QWHUQDWLRQDO�VWDQGDUG�PXOWLSOH[LQJ�VFKHPH�H�J�� ,78�7� +������ IRU� VSHHFK� DQG� YLGHRRYHU�FLUFXLW�VZLWFKHG�QHWZRUN�VHUYLFHV3DFNHWLVDWLRQ ,QWHUQDWLRQDO�VWDQGDUG�SDFNHWLVDWLRQ�VFKHPH�H�J�� ,78�7� +������ IRU� VSHHFK� DQG� YLGHRRYHU�SDFNHW�VZLWFKHG�QHWZRUN�VHUYLFHV3OD\RXW�GHOD\ ������PV�HQG�WR�HQG�GHOD\'HOD\�MLWWHU 7KH� V\VWHP� VKRXOG� EH� RSHUDWLRQDO� XQGHUWUDQVPLVVLRQ�GHOD\�MLWWHU�RI�XS�WR�����PV�(UURU�UDWH (QG�WR�HQG�%(5�IRU�FLUFXLW�VZLWFKHG������)(5�IRU�SDFNHW�VZLWFKHG������3LFWXUH�VL]H &,)� ����[����SL[HOV�� DQG�4&,)� ����[���SL[HOV�
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����� 3URGXFWV$� SURGXFW� WKDW� FRXOG� EH� XVHG� IRU� YLGHR� FRQIHUHQFLQJ� LQ� 8076� LV� 0LFURVRIW¶V1HW0HHWLQJ��� 7KLV� YLGHR� FRQIHUHQFLQJ� WRRO� LV� WRGD\� WDUJHWHG� IRU� FRQIHUHQFLQJ� RYHU,QWHUQHW�� KRZHYHU� WKH� ORZ� V\VWHP� UHTXLUHPHQWV� ZLOO� DOORZ�� ZLWK� WKH� ULJKW� DGMXVWPHQW�XWLOLVDWLRQ�LQ�8076��1HW0HHWLQJ�VKRXOG�WKHQ�PHHW�WKH�PLQLPXP�UHTXLUHPHQWV�IRU�4R6�VXJJHVWHG� E\� �*33��� %HQHDWK� D� SLFWXUH� RI� DQ� (ULFVVRQ� WHUPLQDO�� UXQQLQJ� 0LFURVRIW¶V1HW0HHWLQJ�

)LJXUH�� 0LFURVRIW¶V�1HW0HHWLQJ�DV�D�FRQIHUHQFLQJ�DSSOLFDWLRQ
��� 9LGHR�7HOHSKRQ\
����� *HQHUDO7KH��VW DQG��QG JHQHUDWLRQ�PRELOH�V\VWHPV�ZHUH�RQO\�VXLWDEOH�IRU�VSHHFK�DQG�VPDOO�GDWDWUDQVIHUV�GXH�WR�WKH�OLPLWHG�EDQGZLGWK��:KHQ�WKH�WKLUG�JHQHUDWLRQ�V\VWHP�LV�JRLQJ�WR�EHUHOHDVHG��FRQVXPHUV�ZLOO�EH�DEOH�WR�XVH�YLGHR�WHOHSKRQ\�WKDW�DOORZV�WKH�XVHUV�WR�VHH�HDFKRWKHU�ZKLOH�WDONLQJ��LPSOLHG�WKDW�WKH�PRELOH�WHUPLQDOV�DUH�HTXLSSHG�ZLWK�D�FDPHUD���7KHYLGHR� WHOHSKRQ\� VHUYLFH� LV� GHILQHG� E\� WKH� ,78�7� WR� EH� DQ� DXGLR�YLVXDO� FRQYHUVDWLRQDO
� 6HH�DOVR�VHFWLRQ��������3DFNHW�9LGHR�FDQ�DOVR�EH�XVHG�LQ�YLGHR�FRQIHUHQFLQJ�
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VHUYLFH�WKDW�SURYLGHV�D� WZR�ZD\�UHDO�WLPH�WUDQVPLVVLRQ�RI�YLGHR�DQG�DXGLR�EHWZHHQ� WZRGLIIHUHQW�ORFDWLRQV��3HUVRQ�WR�3HUVRQ���,78�7�)�������������
,PSOHPHQWLQJ�YLGHR�WHOHSKRQ\�LQWR�WKH��UG JHQHUDWLRQ�PRELOH�WHUPLQDOV�PD\�KHOS�VSHHFK�DQG�KHDULQJ�LPSDLUHG�SHUVRQV��7KLV�JURXS�RI�LPSDLUHG�SHUVRQV�KDV�KDG�OLWWOH�XVH�RI��VW DQG�QG JHQHUDWLRQ�PRELOH� WHUPLQDOV��:LWK�DQ��*�HQDEOHG� WHUPLQDO�� WKH\�FDQ�XVH� WKH�FDPHUDRQ�WKH�GHYLFH�WR�WUDQVIHU�VLJQ�ODQJXDJH��,W�PD\�UHTXLUH�VRPH�DGGLWLRQDO�UHTXLUHPHQWV��VXFKDV�VXSSRUW�IRU�LQFUHDVHG�UHVROXWLRQ��EHFDXVH�LW�ZLOO�EH�OLWWOH�XVH�IRU�VSHHFK��DQG�KHDULQJ�LPSDLUHG�SHUVRQV�WR�XVH�D�8076�WHUPLQDO�RI�4&,)�UHVROXWLRQ�
����� 9LGHR�WHOHSKRQ\ VHUYLFHV�GHILQHG7KH�YLGHR�WHOHSKRQ\�VHUYLFH�LV�VLPLODU�WR�WKH�FRQIHUHQFLQJ�VHUYLFH��7KH�GLIIHUHQFH�LV�WKDWLQ�D�FRQIHUHQFLQJ�VHUYLFH�\RX�DUH�DOORZHG�WR�KDYH�PXOWL�SRLQW�FRQQHFWLRQV��7KH�WHOHSKRQ\VHUYLFH�FRXOG�LQYROYH�VHYHUDO�SRVVLEOH�DSSOLFDWLRQV��,Q�WKH�,78�7�UHFRPPHQGDWLRQ�)����LW�LV�OLVWHG�VRPH�RI�WKHP�
� )DFH�WR�IDFH�GLDORJXH��ZKLFK�LQYROYHV�DW�OHDVW�KHDG�DQG�VKRXOGHU�LPDJHV� 'LDORJXH�WKDW�LQFOXGHV�LQWHUDFWLYH�YLHZLQJ�RI�GRFXPHQWV��VNHWFKHV��GLDJUDPV�RU�FKDUWVDQG�REMHFWV�WKDW�FDQ�EH�VKRZQ�RQ�WKH�VFUHHQ�� 5HPRWH�YLGHR�VXUYHLOODQFH
7KH�DUFKLWHFWXUH�RI�WKH�VHUYLFH�LV�WKH�VDPH�DV�ZLWK�WKH�FRQIHUHQFLQJ�VHUYLFH��VHFWLRQ����DQG�ILJXUH����

� 6SHHFK� VXSSRUWHG� E\� VWLOO� SLFWXUH� WUDQVPLVVLRQ� LV� QRW� UHJDUGHG� DV� D� SDUW� RI� YLGHRWHOHSKRQ\�
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����� 4XDOLW\�RI�6HUYLFH7KH�4R6�UHTXLUHPHQWV�IRU�YLGHR�WHOHSKRQ\�FDQ�EH�GHULYHG�IURP�WKH�UHTXLUHPHQWV�VHW�IRUWKH�FRQIHUHQFLQJ�VHUYLFH� �VHH� WDEOH��� IRU�GHWDLOV���1HYHUWKHOHVV�� IRU�YLGHR� WHOHSKRQ\� WKHUHTXLUHPHQW�RI�KDYLQJ� D�PXOWLSOH� FRQYHUVDWLRQDO� VHWXS� GRHV� QRW� DSSO\��$V� IRU� D� W\SLFDOYLGHR�FRQIHUHQFLQJ�VHVVLRQ��WKH�PRVW�LPSRUWDQW�REMHFW�LQ�D�VFHQH�LV�WKH�IDFH��WKXV�D�YLGHRVWDQGDUG�ZKLFK�REWDLQ�DGYDQWDJH�RI�REMHFW�EDVHG�HQFRGLQJ��H�J��03(*����� LV�SUHIHUDEO\XVHG�
����� 3URGXFWV$�JUHDW�QXPEHU�RI�FRPSDQLHV�DUH�GRLQJ�UHVHDUFK�DQG�GHYHORSV��*�WHUPLQDOV��%HQHDWK�LW�LVVKRZQ�WZR��*�WHUPLQDOV�IURP�(ULFVVRQ�

)LJXUH�� 8076�WHUPLQDOV�IURP�(ULFVVRQ
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��� 9LGHR�6WUHDPLQJ
����� *HQHUDO,W� LV� REYLRXV� WKDW� ZLWK� WKH� �UG JHQHUDWLRQ� PRELOH� V\VWHP� ZLOO� PDNH� LW� SRVVLEOH� IRUPXOWLPHGLD�DSSOLFDWLRQV��0DQ\�WU\�WR�SUHGLFW�WKH�VHUYLFH��RU�DSSOLFDWLRQ��WKDW�LV�JRLQJ�WREH�WKH�PRVW�SURILWDEOH�RQH��WKXV�PRVW�ZDQWHG�E\�WKH�FRQVXPHUV���2QH�RI�WKH�VHUYLFHV�WKDWVHYHUDO�EHOLHYH�WR�EH�WKH�RQH�LV�WKH�YLGHR�VWUHDPLQJ�VHUYLFH���9LGHR�VWUHDPLQJ�LV�D�VHUYLFHWKDW�FRQWDLQV�FRQWLQXRV�YLGHR�DQG�DXGLR�GDWD�GHOLYHUHG�WR�DQ�HQG�XVHU���*33��6�5������������ 7KH� YLGHR� VWUHDPLQJ� VHUYLFH� HQDEOHV� WKH� XVHU� WR� YLHZ� YLGHR� FRQWHQW� ZLWKRXWGRZQORDGLQJ� WKH� ZKROH� ILOH� EHIRUH� WKH� SOD\EDFN� VWDUWV�� ZKLFK� LV� D� KXJH� DGYDQWDJHFRPSDUHG� ZLWK� YLGHR� VHUYLFHV� ZKHUH� WKH� FRPSOHWH� YLGHR� ILOH� QHHGV� WR� EH� GRZQORDGHGEHIRUH�WKH�XVHU�FDQ�VWDUW�YLHZLQJ�WKH�FRQWHQW�
8VLQJ�WKLV�VHUYLFH�HQDEOHV�D�XVHU�WR�YLHZ�WKH���R¶FORFN�QHZV�LQ�1RUZD\�IURP�D�KRWHO�URRPLQ�$XFNODQG��1HZ�=HDODQG�RU�PD\EH�KRRN�XS�WR�D�IDPLO\�ZHE�FDP�WR�YLHZ�WKH�ELUWKGD\RI�\RXU�ZLIH�WKDW�\RX�FRXOGQ¶W�PDNH�EHFDXVH�\RX�KDG�WR�ZRUN�RYHUWLPH�
����� 9LGHR�VWUHDPLQJ VHUYLFHV�GHILQHG7KH�YLGHR�VWUHDPLQJ�VHUYLFH�LV�QRW�RQO\�D�³RQH�ZD\�YLGHR´�FRQIHUHQFLQJ�VHUYLFH��9LGHRVWUHDPLQJ�DOORZV�KLJKHU�GHOD\V�������VHF���ZKLFK�DOORZV�DGGLWLRQDO�EXIIHULQJ��7KLV�PDNHVLW� SRVVLEOH� WR� XVH� HUURU� FRUUHFWLRQ� PHFKDQLVPV� �RU� UHWUDQVPLVVLRQ�� ZKLFK� UHGXFHV� IRUH[DPSOH�ELW�HUURUV�DQG�SDFNHW�ORVV�DQG�FRQVHTXHQWO\�LPSURYHV�WKH�TXDOLW\�RI�WKH�WUDQVIHULQ�FRPSDULVRQ�ZLWK�WR�WKH�YLGHR�FRQIHUHQFLQJ�VHUYLFH�
����� 7KH�WHFKQRORJ\7KH�VWUHDPLQJ�VHUYLFH�RSHUDWHV�PRUH�RU� OHVV� LQ� WKH�VDPH�ZD\�DV� WKH�YLGHR�FRQIHUHQFLQJVHUYLFH��2QH� RI� WKH� GLIIHUHQFHV� DUH� WKDW� WKH� VWUHDPLQJ� VHUYLFH� FDQ� EH� FRQVLGHUHG� DV� DQDV\PPHWULFDO� VHUYLFH�EHFDXVH�PRVW�RI� WKH� LQIRUPDWLRQ� IORZV� LQ� RQH� GLUHFWLRQ�� IURP� WKH
� 177�'R&R0R�UHJDUGV�VWUHDPLQJ�PRUH�LPSRUWDQW�WKDQ�YLGHR�FRQIHUHQFLQJ��+DUWXQJ��������
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VHUYHU� ZKHUH� WKH� LQIRUPDWLRQ� LV� VWRUHG�� WR� RQH� RU� PRUH� FOLHQWV�� 7KH� UHTXHVWV� IURP� WKHFOLHQW�FDQ�EH�H�J��D�UHTXHVW�RI�UHWUDQVPLVVLRQ�GXH�WR�DQ�HUURU�LQ�WUDQVPLVVLRQ�
$V� ZLWK� WKH� YLGHR� FRQIHUHQFLQJ� VHUYLFH�� QR� VWDQGDUG� IRU� WKH� YLGHR� FRGHF� KDYH� EHHQGHWHUPLQHG�DW�WKH�PRPHQW��EXW�WKH�UHFRPPHQGDWLRQ�LV�WKDW�WKH�FRGHF�VKRXOG�EH�VWDQGDUGFRPSOLDQW� ��*33��6�5�������������2Q� WKH�PDUNHW� WRGD\�YDULRXV� VWDQGDUGV� DUH� VXLWDEOHIRU�XVH�LQ�WKH�VWUHDPLQJ�VHUYLFH��7KH�VWDQGDUGV�WKDW�DUH�YHU\�HIILFLHQW��JRRG�FRPSUHVVLRQUDWLR�� DUH� DOVR� IHHEOHU� WR� WUDQVPLVVLRQ� HUURUV� FRPSDUHG�ZLWK� DQ� DOJRULWKP� WKDW� LV� QRW� VRHIILFLHQW�� �*33�� VXJJHVW� WKDW� WKH� VWUHDPLQJ� DSSOLFDWLRQV� KDYH� RSWLRQV� WKDW� WKH� XVHU� FDQFKRRVH�IURP�GHSHQGLQJ�RQ�WKH�TXDOLW\�WKH�XVHU�GHVLUHV�
)LJXUH� �� VKRZV� WKH� SULQFLSDO� RI� WKH� YLGHR� VWUHDPLQJ� VHUYLFH�� 7KH� YLGHR� �DQG� DXGLR�LQIRUPDWLRQ� LV� VWRUHG� RQ� D� VHUYHU� LQ� ZKLFK� WKH� FRQVXPHU� FDQ� DFFHVV� DQG� UHTXHVW� IRU� DYLGHR�FOLS��H�J��D�SUH�UHFRUGHG�QHZV�XSGDWH��

)LJXUH�� 6FRSH�RI�9LGHR�6WUHDPLQJ�6HUYLFH
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7KH� ELW�UDWH� LQ� ZLUHOHVV� V\VWHP� WHQGV� WR� IOXFWXDWH� D� JUHDW� GHDO� FRPSDUHG� ZLWK� D� IL[HGQHWZRUN� WKDW� RIIHUV� PRUH� RU� OHVV� WKH� VDPH� EDQGZLGWK� GXULQJ� D� WUDQVPLVVLRQ�� DQG� WKHEDQGZLGWK�RIIHUHG�LQ�IL[HG�QHWZRUNV�LV�PXFK�KLJKHU��7R�GHDO�ZLWK�WKH�YDU\LQJ�EDQGZLGWKWKDW� WKH�ZLUHOHVV� QHWZRUNV� RIIHUV�� WKH� XVH� RI� YLGHR� FRGHFV� WKDW� VXSSRUWV� VFDODEOH� YLGHRFRPSUHVVLRQ�LV�ZDQWHG��+RUQ��6FKHLGHU��+DUWXQJ�DQG�1LHEHUW���������+�����DQG�03(*��YLGHR� FRGLQJ� DOJRULWKPV� VXSSRUWV� VFDODEOH� YLGHR� FRPSUHVVLRQ��� ZKLFK� PHDQV� WKDW� WKHYLGHR�FRGHF�VXSSRUWV�FRPSUHVVLRQ�DW�GLIIHUHQW�ELW�UDWHV��,Q�VKRUW��WKH�HQFRGHU�DGGV�D�WDJ�WRHDFK�HQFRGHG�IUDPH�FRQWDLQLQJ�DQ�LQGLFDWLRQ�RI�WKH�ELW�UDWH�WR�WKH�GDWD�IUDPH�WKDW�HQDEOHVD�VWUHDPLQJ�SUR[\�WR�FKDQJH�WKH�ELW�UDWH�WR�D�ZDQWHG�WUDQVPLVVLRQ�UDWH��)LJXUH���LOOXVWUDWHVWKH�ZLUHOHVV�VWUHDPLQJ�SODWIRUP�GHYHORSHG�E\�(ULFVVRQ�

)LJXUH�� (ULFVVRQ�ZLUHOHVV�VWUHDPLQJ�SODWIRUP

� (ULFVVRQ� ZLUHOHVV� VWUHDPLQJ� SODWIRUP� XVHV� D� VFDODEOH� +������ YLGHR� FRGHF� DQG� D� VWUHDPLQJ� SUR[\� IRUVFDODEOH�WUDQVPLVVLRQ�
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����� 4XDOLW\�RI�6HUYLFH7KH�YLGHR�VWUHDPLQJ�VHUYLFH�KDV� UHODWLYHO\�KLJK�4XDOLW\�RI�6HUYLFH� �4R6�� UHTXLUHPHQWV�KRZHYHU��VLQFH�YLGHR�VWUHDPLQJ�VHUYLFH�LV�QRW�D�EL�GLUHFWLRQDO�FRQYHUVDWLRQDO�VHUYLFH�WKHUHTXLUHPHQWV�LV�QRW�WKDW�ULJLG�DV�LW�LV�ZLWK�YLGHR�FRQIHUHQFLQJ�VHUYLFHV��,Q�FRPSOLDQFH�ZLWK�*33�� VKDOO� WKH� YLGHR� VWUHDPLQJ� VHUYLFH� VXSSRUW� RQH�ZD\� WUDQVPLVVLRQ� RI� YLGHR�DXGLRVWUHDPV�LQ�ZLUHOHVV�SDFNHW�VZLWFKHG�DQG�FLUFXLW�VZLWFKHG�WUDQVPLVVLRQ�QHWZRUNV�
,Q�WDEOH���WKH�4R6�IHDWXUHV�IRU�WKH�YLGHR�FRQIHUHQFLQJ�VHUYLFH�LV�OLVWHG���*33��6�5�����������
7DEOH�� 4R6�IHDWXUHV�IRU�WKH�YLGHR�VWUHDPLQJ�VHUYLFH�)HDWXUH 'HVFULSWLRQ6\VWHP 6KDOO� EH� FRPSDWLEOH� WR� LQWHUQDWLRQDO� YLGHRVWUHDPLQJ�IRUPDWV��H�J��$6)��60,/�6\QFKURQLVDWLRQ 7KH� VHUYLFH� VKRXOG� PDLQWDLQV\QFKURQLVDWLRQ� EHWZHHQ� WKH� YLGHR� DQGDXGLR� FRPSRQHQWV� RI� WKH� VWUHDP�� ,QWHU�PHGLD�VNHZ������PV9LGHR�FRGHF 7KH� YLGHR� FRGHF� VKRXOG� EH� VWDQGDUGFRPSOLDQW� �H�J�� 03(*��� DQG� +������2SWLRQDO�DGGLWLRQ�RI�FRGLQJ� HIILFLHQF\�DQGHUURU�UREXVWQHVV�VKRXOG�EH�DYDLODEOH6SHHFK�FRGHF 7KH� DXGLR� FRGHF� VKRXOG� EH� VWDQGDUGFRPSOLDQW�� &DQ� RSHUDWH� DW� ��� ��� DQG� ���NELW�V0LQLPXP�EDQGZLGWK !���NELW�V�IRU�YLGHR�DQG�DXGLR��!�����NELW�VIRU��VWUHDPV�ZLWK�DXGLR�RQO\3OD\RXW�GHOD\ �����VHFRQGV'HOD\�MLWWHU 7KUHH�WLPHV�WKH�5/3�UHWUDQVPLVVLRQ�WLPH�LQWKH�QHWZRUN�ZLWK�UHWUDQVPLVVLRQ�DFWLYDWHG(UURU�UDWH (QG�WR�HQG�%(5�IRU�FLUFXLW�VZLWFKHG������)(5�IRU�SDFNHW�VZLWFKHG������3LFWXUH�VL]H &,)� ����[����SL[HOV�� DQG�4&,)� ����[���SL[HOV�
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����� 3URGXFWV$� SURGXFW� WKDW� FRXOG� EH� XVHG� LQ� 8076� IRU� YLGHR� VWUHDPLQJ� VHUYLFHV� LV� 3DFNHW9LGHR3OD\HU� �393OD\HU���� 393OD\HU� LV� GHOLYHUHG� E\� 3DFNHW� 9LGHR� DQG� LV� D� ZLUHOHVV� VWDQG�DORQH� VWUHDPLQJ� DSSOLFDWLRQ� IRU� YLGHR� HQDEOHG� PRELOH� GHYLFHV� ZLWK� OLPLWHG� SURFHVVLRQSRZHU�� 7KH� WHFKQRORJ\� HQDEOHV� RQH�ZD\� YLGHR� �VWUHDPLQJ�� DQG� WZR�ZD\� YLGHR�FRQIHUHQFLQJ��

)LJXUH�� 0RELOH�GHYLFH�ZLWK�393OD\HU�VRIWZDUH��3DFNHW�9LGHR�������
393OD\HU�LV�EDVHG�RQ�WKH�YLGHR�FRPSUHVVLRQ�VWDQGDUG�03(*���DQG�VXSSRUWV�GHOLYHU\�RIGDWD�UDQJLQJ�IURP�����NELW�V�WR�����NELW�V��VFDODELOLW\���7KH�393OD\HU�VXSSRUWV�GHOLYHU\�RIGDWD�RYHU�FRQVWDQW�ELW�UDWH�FKDQQHOV��FLUFXLW�VZLWFKHG���DQG�YDULDEOH�UDWH�FKDQQHOV��SDFNHWVZLWFKHG���7DEOH� �� WDNHQ� IURP� WKH� 3DFNHW�9LGHR�7HFKQRORJ\�2YHUYLHZ� �3DFNHW�9LGHR�������VKRZV�WKH�YDULRXV�OHYHOV�RI�03(*���DQG�FRUUHVSRQGLQJ�SDUDPHWHUV�
7DEOH�� 5HTXLUHPHQWV�RI�03(*���VLPSOH�SURILOH&RPSOLDQFH/HYHO 0D[�)UDPH6L]H 0D[�)UDPH5DWH 0D[�%LW5DWH 0D[�9LGHR3DFNHW�/HQJWK 0D[�%XIIHU6L]H� 4&,) ���ISV ���NELW�V ����E\WHV ���NE\WH� &,) ���ISV ����NELW�V ����E\WHV ���NE\WH� &,) ���ISV ����NELW�V �����E\WHV ���NE\WH
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� 9LGHR�FRPSUHVVLRQ�DOJRULWKPV
7KH�QHHG�IRU�PRELOH�FRPPXQLFDWLRQV�LV�HYHU�LQFUHDVLQJ�GXH�WR�WKH�VHQVH�RI�WLPHOLQHVV�DQGIOH[LELOLW\�LW�RIIHUV��7KH�LQFUHDVLQJ�GLYHUVLW\�RI�PRELOH�VHUYLFHV�LV�EDQGZLGWK�GHPDQGLQJFRPPXQLFDWLRQV�� QRW� RQO\� LQ� WKH� IRUP� RI� VSHHFK� DQG� GDWD�� EXW� DOVR�ZLWK� V\QWKHWLF� DQGQDWXUDO� LPDJHV� DQG� YLGHR� DQG� LV� UHIHUUHG� WR� DV� PRELOH� PXOWLPHGLD�� 1HYHUWKHOHVV�PXOWLPHGLD� LV� H[SHQVLYH� LQ� WKH� VHQVH� RI� LWV� EDQGZLGWK� UHTXLUHPHQW�� ZLWK� YLGHR� EHLQJKLJKO\�EDQGZLGWK�LQWHQVLYH��3XUL��(OHIWKHULDGLV��������
0XOWLPHGLD� VHUYLFHV� DUH� LQ�ZLGHVSUHDG�XVH�RQ� WKH� ,QWHUQHW� WRGD\� DQG� D� ODUJH� YDULHW\� RIYLGHR� FRPSUHVVLRQ� WHFKQLTXHV� LV� LQ� XVH� WR� ORZHU� WKH� YLGHR¶V� UHTXLUHPHQW� WR� WKHEDQGZLGWK�� 3RSXODU� YLGHR� VWUHDPLQJ� IRUPDWV� XVHG� RQ� ORZ�EDQGZLGWK� ,QWHUQHW¶V� YLGHRVHUYLFHV�DW�SUHVHQW�WLPH�LV�4XLFN7LPH���5HDO9LGHR�DQG�:LQGRZV�0HGLD��7KRXJK��WKHVHYLGHR�VWUHDPLQJ�VROXWLRQV�DUH�ZLGHO\�XVHG��WKH�TXDOLW\�DQG�WKH�HUURU�UHVLOLHQFH�WKH\�RIIHUDUH�UDWKHU�OLPLWHG�
7KH� IRFXV� RI� WKLV� WKHVLV� LV� WR� VWXG\� SDUWLFXODU� FRQWHPSODWLRQV� IRU� ³UHDO� WLPH� YLGHRWUDQVPLVVLRQ�LQ�8076´��$V�DQ�HSKHPHUDO�RULHQWDWLRQ��,62�03(*���YLGHR�VWDQGDUG�ZDVGHYHORSHG� WR� HQFRGH� YLGHRV� RI� 9+6� TXDOLW\� RQWR� YLGHR� FRPSDFW� GLVFV�� 7KH� VHFRQGVWDQGDUG�03(*��� IRFXVHG� RQ� EHWWHU� TXDOLW\� YLGHR�ZLWKRXW� WKH� FRQVWUDLQW� RI� EDQGZLGWKDQG� LV� WRGD\� XVHG� IRU� ERWK� '9'�9LGHR� GLVFV� DQG� GLJLWDO� WHOHYLVLRQ�� )XUWKHUPRUH�WUDQVPLVVLRQ�RI�YLGHR�XVLQJ�WKH�03(*���VWDQGDUG�DVVXPHV�D�UHODWLYHO\�HUURU�IUHH�FKDQQHODQG�03(*���VWDQGDUG�FRQVLGHUV�YHU\�EDVLF�HUURU�UHVLOLHQFH�WHFKQLTXHV��%HVLGHV�WKHVH�WZR,62� VWDQGDUGV�� ,78�7� KDV� DOVR� GHYHORSHG� YLGHR� FRGLQJ� VWDQGDUGV�� 7KH� ILUVW� VWDQGDUG+�����ZDV�GHYHORSHG�WR�VXSSRUW�IRU�XVH�RI�YLGHR�WHOHSKRQ\�RYHU�,6'1�
,Q� WKLV� FKDSWHU�� DQ� RYHUYLHZ� RI� WKHVH� WKUHH� VWDQGDUGV� ZLOO� EH� SHUIRUPHG� GXH� WR� LWVZLGHVSUHDG� XVH� LQ� WRGD\¶V� YLGHR� DSSOLFDWLRQV��+RZHYHU�� WZR� RWKHU� VWDQGDUGV��03(*��DQG�+���������KDYH�EHHQ�GHYHORSHG�WR�VXSSRUW�YLGHR�WUDQVPLVVLRQ�LQ�HUURU�SURQH�QHWZRUNV
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DQG� WKHVH�ZLOO� EH� H[WHQVLYHO\� H[SORUHG� GXH� WR� LWV� LPSRUWDQFH� IRU� YLGHR� WUDQVPLVVLRQ� LQ8076�
��� %DFNJURXQG7KH� QHHG� IRU� YLGHR� FRPSUHVVLRQ� LV� VLJQLILFDQW� LQ� ZLUHOHVV� WHOHFRPPXQLFDWLRQ�� 7KHEDQGZLGWK� RI� DQ� RULJLQDO� YLGHR� VHTXHQFH� LV� WRR� ODUJH� WR� ILW� WKH� EDQGZLGWK� DYDLODEOH� LQ8076��7DNH�LQWR�FRQVLGHUDWLRQ�WKH�YLGHR�VWUHDPLQJ�VHUYLFH��ZKLFK�FDQ�EH�XVHG�WR�YLHZ�DPRYLH�� ZRXOG� XQFRPSUHVVHG� IXOO�VFUHHQ�IXOO�PRWLRQ� YLGHR� UHTXLUH� D� GDWD� UDWH� RI� ���0ELW�V� RU� PRUH�� 7KH� PD[LPXP� EDQGZLGWK� 8076� RIIHU� LQ� SLFR� FHOOV� LV� RQ� �� 0ELW�V�+RZHYHU�� XVH� RI�PRELOH�8076� WHUPLQDOV� LQ� SLFR� FHOOV� LPSOLHV� WKDW� WKH� WHUPLQDO� LV� QRWPRYLQJ� ����NP�K��� ,Q� HQYLURQPHQWV� ZKHUH� WKH� WHUPLQDO� LV� DOORZHG� WR�PRYH� LQ� VSHHGVEH\RQG� ��� NP�K� �PLFUR��� PDFUR�� DQG� JOREDO�FHOOV�� WKH� DYDLODEOH� EDQGZLGWK� LV� UDQJLQJIURP�����NELW�V�WR�����NELW�V��7KXV�WKH�QHHG�RI�FRPSUHVVLRQ�RI�WKH�YLGHR�LQIRUPDWLRQ�LVSUHVHQW�
&RPSUHVVLQJ�WKH�YLGHR�LQIRUPDWLRQ�ZLOO�KDYH�DQ�HIIHFW�RQ�WKH�TXDOLW\�RI�WKH�PRWLRQ�YLGHR�7KH�TXDOLW\�RI�D�YLGHR�VHTXHQFH�LV�UHSUHVHQWHG�E\�WKUHH�PDLQ�IDFWRUV��$GREH�6\VWHPV�,QF�������
� )UDPH�5DWH LV�WKH�QXPEHU�RI�SLFWXUHV�EHLQJ�VKRZQ�SHU�VHFRQG�WR�JLYH�WKH�YLHZHU�WKHLPSUHVVLRQ�RI�PRWLRQ��7KH�KLJKHU�IUDPH�UDWH��WKH�VPRRWKHU�SOD\EDFN��7KH�IUDPH�UDWHIRU�IXOO�PRWLRQ�PRYLHV�VKRZQ�LQ�WKHDWUHV�LV����IUDPHV�SHU�VHFRQG��ISV��
� 7KH�VHFRQG�IDFWRU�LV�WKH�&RORXU�'HSWK��ZKLFK�UHSUHVHQW�WKH�QXPEHU�RI�ELWV�SHU�SL[HOIRU� GHQRWLQJ� WKH� FRORXU� LQIRUPDWLRQ�� ,I� UHSUHVHQWDWLRQ� RI� WKH� WKUHH� 5HG�� *UHHQ� DQG%OXH� � �5*%�� ZHUH� RQ� HDFK� �� ELWV�� ZRXOG� WKH� WRWDO� ELWV� RI� UHSUHVHQWLQJ� WKH� FRORXULQIRUPDWLRQ�EH����ELWV�����ELWV�FDQ�GHQRWH������PLOOLRQ�������FRORXUV�
� 7KH� ODVW� IDFWRU� WKDW� KDV� D� PDMRU� LPSDFW� RQ� WKH� TXDOLW\� RI� WKH� PRWLRQ� YLGHR� LV� WKH5HVROXWLRQ� RI� WKH� IUDPH� 7KH� QXPEHU� RI� LQGLYLGXDO� SLFWXUH� HOHPHQWV� �SL[HOV��KRUL]RQWDO�DQG�YHUWLFDO��H�J�����[�����XVXDOO\�UHSUHVHQWV�WKH�UHVROXWLRQ�
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5HGXFLQJ�WKH�IUDPH�UDWH�WR�D�IXOO�PRWLRQ�PRYLH�E\�KDOI����ISV���ZLOO�DOVR�UHGXFH�WKH�VL]HRI�WKH�YLGHR�LQIRUPDWLRQ�E\�KDOI�DV�ZHOO��+RZHYHU��D�UHGXFWLRQ�LQ�WKH�IUDPH�UDWH�ZLOO�DOVRLQIOXHQFH�WKH�VPRRWKQHVV�RI�WKH�SOD\EDFN��$�IUDPH�UDWH�EHORZ���ISV�ZLOO�FDXVH�MHUNLQHVVLQ�WKH�SOD\EDFN��)XUWKHUPRUH��WKH�H\H�LV�PRUH�VHQVLWLYH�WR�WKH�OXPLQDQFH��<�FRPSRQHQW�RI�DQ�LPDJH�WKDQ�WKH�FKDQJHV�LQ�WKH�FRORXU��8��&E��DQG�9��&U����7KLV�PHDQV�WKDW�RQH�FDQUHGXFH� WKH� QXPEHU� RI� ELWV� LQ� UHSUHVHQWLQJ� WKH� FRORXU� GHSWK� ZLWKRXW� WKH� KXPDQ� H\HQRWLFLQJ� LW�� 7KLV� ZLOO� DGGLWLRQDOO\� UHGXFH� WKH� VL]H� RI� WKH� YLGHR� LQIRUPDWLRQ�� /DVWO\�GLPLQLVK� WKH� UHVROXWLRQ� RI� HDFK� IUDPH� ZLOO� FRPSUHVV� WKH� YLGHR� IXUWKHU�� )RU� H[DPSOH�VFDOLQJ�GRZQ�D�IXOO�VFUHHQ�3&�GLVSOD\�����[�����WR�D�UHVROXWLRQ�RI����[����ZLOO�UHGXFHWKH�VL]H�RI�WKH�YLGHR�LQIRUPDWLRQ�WR�RQH�HLJKW�RI�LWV�RULJLQDO�VL]H��%HQHDWK�LW�LV�LOOXVWUDWHGWKH�GDWD�UDWH�E\�YDULRXV�IUDPH�UDWHV��UHVROXWLRQV�DQG�FRORXU�UHSUHVHQWDWLRQV�
7DEOH�� 'LIIHUHQW�FRPSUHVVLRQ�UDWLRV&RPSUHVVLRQ )UDPH�5DWH 5HVROXWLRQ &RORXU�'HSWK 'DWD�5DWH1RQH ���ISV ���[����SL[HOV ���ELW ����0ELW�V���� ���ISV ���[����SL[HOV ���ELW ���0ELW�V���� ���ISV ���[����SL[HOV ��ELW ���0ELW�V
,W�LV�HDV\�WR�FRQFOXGH�WKDW�D�QHHG�IRU�IXUWKHU�FRPSUHVVLRQ�PXVW�EH�LQ�SODFH�WR�GHDO�ZLWK�WKHORZ�UDWHV�LI�\RX�FRPSDUH�WKH�GDWD�UDWHV�UHTXLUHG�IRU�WKH�GLIIHUHQW�FRPSUHVVLRQ�UDWLRV�DQGWKH�ELW�UDWHV�WKDW�LV�RIIHUHG�LQ�8076��!����NELW�V�IRU�YLGHR�FRQIHUHQFLQJ�LQ�8076��
)XUWKHU�FRPSUHVVLRQ�RI�WKH�YLGHR�LQIRUPDWLRQ�LV�DFKLHYHG�E\�XVH�RI�D�YLGHR�FRGHF��&RGHFLV�DQ�DFURQ\P�DQG�V\PEROLVHV�FRGLQJ�GHFRGLQJ��FRPSUHVVLRQ�GHFRPSUHVVLRQ���$�FRGHF�LVD� VRIWZDUH� FRPSRQHQW�� ZKLFK� WUDQVODWHV� YLGHR� EHWZHHQ� LWV� XQFRPSUHVVHG� IRUP� DQG� WKHFRPSUHVVHG�IRUP�LQ�ZKLFK�LW�LV�VWRUHG�E\�XVH�RI�VHYHUDO�DOJRULWKPV��&RGHF&HQWUDO��������
7KHVH�YLGHR�FRGHFV�WDNHV�WKH�DGYDQWDJH�RI�WKH�IDFW�WKDW�WKH�LQIRUPDWLRQ�RI�HDFK�IUDPH�LQ�DYLGHR�VHTXHQFH�YDULHV�OLWWOH�FRPSDUHG�ZLWK�WKH�IUDPHV�DURXQG�LW��7KXV��LQVWHDG�RI�VWRULQJWKH�HQWLUH� IUDPH�� LW� VWRUHV�RQO\� WKH�FKDQJHV�EHWZHHQ� WKH� FXUUHQW� IUDPH�DQG� WKH�SUHYLRXVRQH�� 7KLV� FRPSUHVVLRQ� PHWKRG� LV� FDOOHG� ³LQWHU�IUDPH´� FRPSUHVVLRQ� �WHPSRUDOFRPSUHVVLRQ�� DQG� LV� DOVR� XVHG� WRJHWKHU� ZLWK� ³LQWUD�IUDPH´� FRPSUHVVLQJ� �VSDWLDO
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FRPSUHVVLRQ�� WHFKQLTXHV� VXFK� DV� UHGXFWLRQ� LQ� WKH� QXPEHU� RI� ELWV� XVHG� WR� UHSUHVHQW� WKHFRORXUV�LQ�D�IUDPH�
,Q� WKH� IROORZLQJ� VHFWLRQV� RI� WKH� FKDSWHU� LW� LV� H[SODLQHG� LQ� PRUH� GHWDLO� WKH� WHFKQRORJ\EHKLQG�YDULRXV�YLGHR�FRGHFV�ZLWK�HPSKDVLV�RQ�WKH�FRGHFV�WKDW�DUH�RI�LPSRUWDQFH�IRU�XVHLQ�8076�
��� +����7KH�+�����YLGHR�FRGHF�IRU�DXGLRYLVXDO�VHUYLFHV�DW�S�[����NELW�V��S�UDQJHV�IURP�������ZDVFUHDWHG� E\� WKH� ,78� LQ� ����� IRU� JOREDO� YLGHR� WHOHSKRQH� DQG� YLGHR� FRQIHUHQFLQJDSSOLFDWLRQV� RYHU� ,6'1� DQG� LV� VSHFLILHG� E\� ,78�7� +������ 7KH� FKDUDFWHULVWLFV� IRU� WKH+�����YLGHR�FRPSUHVVLRQ�FRGHF�DUH�YLHZHG�LQ�WDEOH���EHQHDWK��,78�7�+�����������
7DEOH�� &KDUDFWHULVWLFV�IRU�WKH�+�����YLGHR�FRPSUHVVLRQ�FRGHF5HVROXWLRQ )UDPH�5DWH %LW�5DWH4&,)�±����[���&,)�±����[��� ����������������ISV ���NELW�V�±���0ELW�V
+�����PDNH�XVH�RI�ERWK�LQWUDIUDPH�DQG�LQWHUIUDPH�HQFRGLQJ��+�����GHILQHV�WZR�GLIIHUHQWSLFWXUH�IRUPDWV��&,)��&RPPRQ�,QWHUPHGLDWH�)RUPDW��DQG�4&,)��4XDUWHU�&,)���,Q�ZKLFKWKH�4&,)�RSHUDWLRQ�LV�FRPSXOVRU\��ZKLOH�&,)�RSHUDWLRQ�LV�RSWLRQDO��4&,)�LV�XVXDOO\�XVHGIRU� ORZ� ELW�UDWHV�� VXFK� DV� S��� ����� .ELW�V��� 7KH� YLGHR� IUDPHV� DUH� FRPSRVHG� RI� WKUHHFRORXU� FRPSRQHQWV�� OXPLQDQFH� DQG� WZR� FRORXU� GLIIHUHQFHV�� :KHUH� WKH� WZR� FRORXUGLIIHUHQFH� FRPSRQHQWV� FRQWDLQ� KDOI� WKH� DPRXQW� RI� LQIRUPDWLRQ� FRPSDUHG� ZLWK� WKHOXPLQDQFH�FRPSRQHQW�
7KH�LQWUDIUDPH�HQFRGLQJ�VFKHPH�XVHG�LQ�+�����RSHUDWHV�PRUH�RU�OHVV�LQ�WKH�VDPH�PDQQHUDV� ZLWK� -3(*� �-RLQW� 3LFWXUH� ([SHUW� *URXS��� :KHQ� LQWHUIUDPH� HQFRGLQJ� LV� XVHG�� DSUHGLFWLRQ� IRU� OLPLWHG� DUHDV� LQ� WKH� FXUUHQW� YLGHR� IUDPH� LV�PDGH� EDVHG� RQ� WKH� SUHYLRXVYLGHR�IUDPH��)XUWKHU��TXDQWLVLQJ�VWHSV�DUH�XVHG� WR�GHWHUPLQH� WKH�DPRXQW�RI� LQIRUPDWLRQ
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WKDW� LV� VHQW�� 7KH� VWDQGDUG� LV� QRW� IXUWKHU� GHYHORSHG�ZLWKLQ� WKH� ,78� GXH� WR� WKH� IDFW� WKDW+�����FDQ�EH�VHHQ�DV�D�VXEVHW�RI�+�����Y���DQG�Y����gUEULQN��������
��� +�����YHUVLRQ��7KH�+�����LV�,78�7¶V�UHFRPPHQGDWLRQ�IRU�ORZ�ELW�UDWH�FRPPXQLFDWLRQ��7KLV�FRGHF�LV�DQH[WHQVLRQ� RI� WKH� ,78�7� UHFRPPHQGDWLRQ� +����� DQG� WDUJHWV� YLGHR� HQFRGLQJ� EHORZ� ��NELW�V�� ,W� SURYLGHV� EHWWHU� SLFWXUH� TXDOLW\� DW� ORZ� ELW�UDWHV� �&{WH�� (URO�� *DOODQW� DQG.RVVHQWLQL��������DQG�EHWWHU�HUURU� UHFRYHU\�SHUIRUPDQFH��&KHUULPDQ���������7KH�+����YHUVLRQ� �� �+������� LV� DQ� HQKDQFHPHQW� RI�+����� WKDW� SURYLGHV� EHWWHU� SHUIRUPDQFH� RYHUSDFNHW�VZLWFKHG� QHWZRUNV� DQG� SHUPLWV� VFDODEOH� ELW� VWUHDPV� �$OQXZHLUL�� .RVVHQWLQL� DQG(URO��������
����� 9LGHR�IUDPH�VWUXFWXUH:KLOH� +����� RQO\� VXSSRUWV� WZR� VWDQGDUGLVHG� SLFWXUH� IRUPDWV� �&,)� DQG� 4&,)��� WKH+�����+������DGRSWV�WKUHH�DGGLWLRQDO�VWDQGDUGLVHG�SLFWXUH�IRUPDWV��VXE�4&,)���&,)�DQG��&,)���)XUWKHU�� LW� LV� DOVR�SRVVLEOH� WR�QHJRWLDWH�D� FXVWRP�SLFWXUH� IRUPDW� �,78�7�+�����������
(DFK�SLFWXUH�DUH�FRGHG�DV�OXPLQDQFH�DQG�WZR�FRORXU�GLIIHUHQFH�FRPSRQHQWV��<��&E�DQG&U���7KH�OXPLQDQFH��<��UHSUHVHQWV�EULJKWQHVV�LQIRUPDWLRQ�LQ�SLFWXUH�DQG�WKH�FKURPLQDQFH�&E�DQG�&U�� UHSUHVHQWV� FRORXU�GLIIHUHQFH� FRPSRQHQWV�� )RU� WKH� GLIIHUHQW� SLFWXUH� IRUPDWVWKH� OXPLQDQFH� VDPSOLQJV� VWUXFWXUH� LV�G[ SHU� OLQH��G\ OLQHV� SHU� SLFWXUH� LQ� DQ� RUWKRJRQDODUUDQJHPHQW��6DPSOLQJ�RI�HDFK�WKH�WZR�FRORXU�GLIIHUHQFH�FRPSRQHQWV�LV�DW�G[���SL[HOV�SHUOLQH��G\���OLQHV�SHU�SLFWXUH��RUWKRJRQDO��,78�7�+������������
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,Q�WDEOH���WKH�YDULRXV�VWDQGDUGLVHG�+�����SLFWXUH�IRUPDWV�DUH�OLVWHG�
7DEOH�� 1XPEHU�RI�SL[HOV�SHU�OLQH�DQG�QXPEHU�RI�OLQHV�IRU�HDFK�RI�WKH�SLFWXUH�IRUPDWV3LFWXUHIRUPDW 1R��RI�SL[HOVIRU�OXPLQDQFH�G[�

1R��RI�OLQHVIRU�OXPLQDQFH�G\�
1R��RI�SL[HOV�IRUFKURPLQDQFH�G[���

1R��RI�OLQHV�IRUFKURPLQDQFH�G\���6XE�4&,) ��� �� �� ��4&,) ��� ��� �� ��&,) ��� ��� ��� ����&,) ��� ��� ��� �����&,) ���� ���� ��� ���
(DFK�SLFWXUH�LQ�WKH�YLGHR�VHTXHQFH�LV�GLYLGHG�LQWR�JURXSV�RI�EORFNV��*2%����)RU�D�SLFWXUHRI� 4&,)� UHVROXWLRQ�� WKH� QXPEHU� RI� *2%� LV� ��� (DFK� *2%� LV� IXUWKHU� GLYLGHG� LQWRPDFUREORFNV��(DFK�PDFUREORFN� FRQVLVWV� RI� IRXU� OXPLQDQFH� EORFNV� RI� �� SL[HOV�[� �� OLQHVDQG�WKH�VSDWLDOO\�FRUUHVSRQGLQJ���SL[HOV�E\���OLQHV�RI�&E�DQG�&U��,78�7�+�������������,QILJXUH����DQ�LOOXVWUDWLRQ�RI�WKH�SLFWXUH��VWUXFWXUH�DW�4&,)�UHVROXWLRQ�LV�JLYHQ��&{WH�HW��DO��������

)LJXUH�� +�����SLFWXUH�VWUXFWXUH�DW�4&,)�UHVROXWLRQ
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)LJXUH��� +�����HQFRGHU
����� 0RWLRQ�HVWLPDWLRQ�DQG�FRPSHQVDWLRQ+����� VXSSRUWV� LQWHU�SLFWXUH� SUHGLFWLRQ�� ZKLFK� LV� EDVHG� RQ� PRWLRQ� HVWLPDWLRQ� DQGFRPSHQVDWLRQ�� 7KH� FRGLQJ� PRGH� LQ� ZKLFK� WHPSRUDO� SUHGLFWLRQ� LV� DSSOLHG� LV� FDOOHG,17(5�PRGH� �3�SLFWXUHV�� ±� ZKHUH� RQO\� WKH� GLIIHUHQFH� EHWZHHQ� RULJLQDO� SLFWXUHV� DQGPRWLRQ�FRPSHQVDWHG� SUHGLFWHG� SLFWXUHV� QHHGV� WR� EH� HQFRGHG�� :KHUH� QR� WHPSRUDOSUHGLFWLRQ� LV� DSSOLHG� �QR� UHIHUHQFH� WR� DQ\� RWKHU� SLFWXUH��� WKH� FRGLQJ� PRGH� LV� FDOOHG,175$�PRGH��,�SLFWXUHV��FRGLQJ��,Q�WKH�FDVH�RI�WKH�3%�PRGH�LV�%�SLFWXUHV�DOZD\V�FRGHGLQ� ,17(5�PRGH�� %�SLFWXUHV� DUH� EL�GLUHFWLRQDOO\� SUHGLFWHG�� L�H�� SUHGLFWHG� ERWK� IURP� WKHSUHYLRXV� GHFRGHG� 3�SLFWXUH� DQG� WKH� 3�SLFWXUH� FXUUHQWO\� EHLQJ� GHFRGHG� �,78�7� +�������������)LJXUH�����LOOXVWUDWHV�KRZ�WKH�YDULRXV�SLFWXUHV�DUH�SUHGLFWHG�
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)LJXUH��� 3LFWXUH�SUHGLFWLRQ
,Q�VKRUW��DUHDV�LQ�WKH�SLFWXUH��ZKLFK�GR�QRW�FKDQJH��H�J��EDFNJURXQG���ZLOO�QRW�EH�HQFRGHG�)XUWKHU� UHGXFWLRQ� RI� WKH� VL]H� RI� WKH� SLFWXUH� LQIRUPDWLRQ� LV� DFKLHYHG� E\� DWWHPSWLQJ� WRHVWLPDWH�ZKHUH� DUHDV� RI� WKH� SUHYLRXV� SLFWXUH� KDYH�PRYHG� WR� LQ� WKH� FXUUHQW� SLFWXUH� DQGFRPSHQVDWH�IRU�WKLV�PRYHPHQW��7ZR�GLPHQVLRQDO�PRWLRQ�YHFWRUV��09��LV�XVHG�WR�GHQRWHWKLV�PRWLRQ� LQIRUPDWLRQ��$�PRWLRQ�HVWLPDWLRQ��0(��PRGXOH�FRPSDUHV�HDFK�PDFUREORFNLQ�WKH�FXUUHQW�SLFWXUH�ZLWK� LWV�VXUURXQGLQJ�DUHD� LQ� WKH�SUHYLRXV�SLFWXUH� WR� ILQG�PDWFKLQJDUHDV� DQG� PRYHV� WKHVH� DUHDV� LQWR� WKH� FXUUHQW� PDFUREORFN� E\� XVH� RI� WKH� PRWLRQFRPSHQVDWRU�PRGXOH��)XUWKHU��WKH�PRWLRQ�FRPSHQVDWHG�PDFUREORFN�LV�VXEWUDFWHG�IURP�WKHFDQGLGDWH� PDFUREORFN�� 7KH� PRVW� ZLGHO\� XVHG� PHWKRG� WR� UHVROYLQJ� WKH� EHVW� PDWFKLQJEORFNV�LQ�PRWLRQ�HVWLPDWLQJ�LV�WKH�6XP�RI�$EVROXWH�'LIIHUHQFH��6$'��GXH�WR�WKLV�PHWKRGGHPDQGV�ORZ�FRPSXWDWLRQDO�FRPSOH[LW\�DQG�SHUIRUPDQFH��&{WH�HW��DO����������7KH�6$'RSHUDWLRQ�LV�GHILQHG��$OQXZHLUL�HW��DO���������

��ZKHUH
1��0� ±�GLPHQVLRQV�RI�WKH�EORFN;P��Q� ±�YDOXH�RI�WKH�EORFN�HOHPHQW�ORFDWHG�LQ�URZ�P�DQG�FROXPQ�Q;P�L��Q�M� ±�YDOXH�RI�WKH�EORFN�ORFDWHG�LQ�URZ�P�L�DQG�FROXPQ�Q�M�LQ�UHIHUHQFH�WR�WKHSUHFHGLQJ�SLFWXUH
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����� 'LVFUHWH�&RVLQH�7UDQVIRUP��'&7�7KH�'LVFUHWH�&RVLQH�7UDQVIRUP��'&7��LV�WKH�PRVW�FRPSXWDWLRQDOO\�LQWHQVLYH�SDUW�RI�WKH+�����EDVHOLQH�HQFRGLQJ��$OQXZHLUL�HW��DO����������'&7�KDYH�WKH�SXUSRVH�WR�GHFRUUHODWHWKH� �� [� �� EORFNV� RI� RULJLQDO� SL[HOV� DQG� WR� FRPSDFW� WKHLU� HQHUJ\� LQWR� D� VHW� RI� VSDWLDOIUHTXHQF\�FRPSRQHQWV��7KRXJK� WKH���[���'&7� LV� FRPSXWDWLRQDOO\� LQWHQVLYH� LW� LV� UDWKHUVLPSOH�DQG�HIILFLHQW��7KH���[���'&7�LV�GHILQHG�E\��,62�,(&��������������
��ZKHUH

X��Y��[��\� ���������«�[��\�±�DUH�VSDWLDO�FRRUGLQDWHV�LQ�WKH�VDPSOH�GRPDLQX��Y�±�DUH�FRRUGLQDWHV�LQ�WKH�WUDQVIRUP�GRPDLQDQG� )�X�� Y�� GHQRWHV� WKH� FRHIILFLHQWV� RI� WKH� �� [� �� '&7� WUDQVIRUPHG� EORFN� DQG� I�[�� \�GHQRWHV�[��\WK SL[HO�RI�WKH���[���RULJLQDO�EORFN�
����� 4XDQWLVDWLRQ7KH� KXPDQ� H\H� LV�PRUH� VHQVLWLYH� WR� UHFRQVWUXFWLRQ� HUURUV� WKDW� DUH� DVVRFLDWHG�ZLWK� ORZVSDWLDO� IUHTXHQFLHV� WKDQ� WKH� DVVRFLDWHG� KLJK� VSDWLDO� IUHTXHQFLHV� �-D\DQW�� -RKQVWRQ� DQG6DIUDQHN���������7KH�FKDQJHV�WKDW�DUH�LPSRUWDQW�IRU�WKH�H\H�DUH�WKH�JUDGXDO�OLQHDU�FKDQJHVLQ�WKH�LQWHQVLW\�RU�FRORXU��ORZ�IUHTXHQFLHV���7KH�IUHTXHQFLHV�WKDW�FKDQJH�UDSLGO\�LV�QRW�VRLPSRUWDQW� GXH� WR� WKH� IDFW� WKDW� WKH\�PD\� QRW� EH� QRWLFHG�� WKXV� WKHVH� IUHTXHQFLHV�PD\� EHWKUXVW� DVLGH��'LYLGLQJ� HYHU\� FRHIILFLHQW� LQ� WKH� '&7�� RXWSXW�PDWUL[� E\� DQ� LQWHJHU� VFDOHIDFWRU�DQG�WUXQFDWLQJ�WKH�UHVXOW�GRHV�WKLV��7KH�TXDQWLVDWLRQ�YDOXH�LV�GHILQHG�E\��&{WH�HW�DO���������
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��ZKHUH
&P��Q�±�LV�WKH��P��Q�WK '&7�FRHIILFLHQW�DQG�4P��Q ±�LV�WKH��P��Q�WK TXDQWLVDWLRQ�LQWHJHU�VFDOH�IDFWRU
,Q�PRUH�OD\PDQ�WHUPV��IRU�D�QRUPDO�EORFN�RI�SL[HOV��PRVW�RI�WKH�FRHIILFLHQWV�SURGXFHG�E\WKH�'&7�DUH�FORVH�WR�]HUR��7KH�TXDQWLVDWLRQ�UHGXFHV�WKH�DFFXUDF\�RI�HYHU\�FRHIILFLHQW�VRWKDW�WKH�FRHIILFLHQWV�WKDW�DUH�QHDU�]HUR�DUH�VHW�WR�]HUR�DQG�RQO\�D�IHZ�VLJQLILFDQW�QRQ�]HURFRHIILFLHQWV�DUH�OHIW�
,Q�+������ TXDQWLVDWLRQ� LV� DFKLHYHG�XVLQJ� WKH� VDPH� VWHS� VL]H�ZLWKLQ� D�PDFUR� EORFN�� 7KHTXDQWLVLQJ�VWHS�HVWLPDWHV�WKH�DPRXQW�RI�LQIRUPDWLRQ�WKDW�LV�VHQW��,I�WKH�VWHS�VL]H�YDOXH�LVLQFUHDVHG� LW� UHVXOWV� LQ� PRUH� LQIRUPDWLRQ� VHQW� DQG� EHWWHU� YLGHR� TXDOLW\� LV� DFKLHYHG�0RUHRYHU�� RI� FRXUVH�� LI� WKH� TXDQWLVLQJ� VWHS� VL]H� GHFUHDVHV�� OHVV� LQIRUPDWLRQ� DERXW� WKHYLGHR�IUDPH�LV�VHQW�UHVXOWLQJ�LQ�D�SRRUHU�TXDOLW\�
����� (QWURS\�HQFRGHU7KH� HQWURS\� HQFRGHU� LV� D� W\SH� RI� HQFRGHU� WKDW� XVHV� D� FRGH� WDEOH� WR� UHSODFH� IUHTXHQWO\RFFXUULQJ�YDOXHV�E\�VKRUW�OHQJWK�FRGHV�DQG�OHVV�IUHTXHQW�RFFXUULQJ�YDOXHV�E\�ORQJHU�FRGHV�9/&¶V���7KLV�OHDGV�WR�WKDW�WKH�TXDQWLVHG�'&�FRHIILFLHQWV�DUH�FRPSUHVVHG�DQG�UHVXOWLQJ�LQD� VHTXHQFH� RI�9/&¶V�� )XUWKHU��ZLOO� WKHVH� FRGHV� EH� FRPELQHG�ZLWK� V\QFKURQLVDWLRQ� DQGFRQWURO�LQIRUPDWLRQ��H�J��WKH�PRWLRQ�YHFWRUV��WR�IRUP�WKH�+�����ELWVWUHDP�
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��� +�����YHUVLRQ��7KH�+�����YHUVLRQ���FRPPHQFHG� D�EHWWHU� FRPSUHVVLRQ�HIILFLHQF\�DQG� LPSURYHG�SLFWXUHTXDOLW\�ZLWK�D�VPDOO�DPRXQW�RI�DGGLWLRQDO�FRPSOH[LW\��DOWKRXJK�WKH�FRGLQJ�VWUXFWXUH�ZDVEDVHG�RQ�+������7KH�GHYHORSPHQW�RI�+�����YHUVLRQ����+�������LQWURGXFHG�D�QXPEHU�RIRSWLRQDO�IHDWXUH�HQKDQFHPHQWV�WKDW�DUH�VXSSOHPHQWHG�WR�WKH�FRUH�V\QWD[�DQG�VHPDQWLFV�RI+������ �7KHVH�HQKDQFHPHQWV�ZHUH�GHYHORSHG� WR�PDNH�+�����PRUH� UHVLOLHQW� WR�HUURUV� LQHUURU�SURQH�QHWZRUNV��$OQXZHLUL�HW��DO���������
7R�DFFRPSOLVK�D�PRUH�HUURU�UHVLOLHQW�YLGHR�FRGLQJ�PHWKRG��+������LQWURGXFH�WKH�FRQFHSWRI�VFDODEOH�YLGHR�FRGLQJ��6FDODEOH�YLGHR�FRGLQJ�PDNHV�LW�SRVVLEOH�WR�VHSDUDWH�WKH�YLGHR�ELWVWUHDP�LQWR�PXOWLSOH�ORJLFDO�FKDQQHOV��ZLWK�WKH�LQWHQWLRQ�WKDW�VRPH�GDWD�FDQ�EH�GLVFDUGHGZLWKRXW� KDUPLQJ� WKH� YLGHR� UHSUHVHQWDWLRQ�� /HDYLQJ� RXW� VRPH� YLGHR� LQIRUPDWLRQ� FDQ� EHEHQHILWHG� IURP� LI� WKH� EDQGZLGWK� DYDLODEOH� LQ� D� QHWZRUN� GHFUHDVHV� FRQVLGHUDEO\�� $VPHQWLRQHG� HDUOLHU� WKLV� ZD\� RI� WUDQVPLWWLQJ� YLGHR� LQIRUPDWLRQ� LV� WDNHQ� DGYDQWDJH� RI� LQYLGHR�VWUHDPLQJ�VHUYHUV��
7KH� W\SHV� RI� SLFWXUH� VFDODELOLW\� +������ HPSOR\� DUH� WHPSRUDO��� VSDWLDO�� DQG� 615VFDODELOLW\�
����� 7HPSRUDO�VFDODELOLW\7HPSRUDO� VFDODELOLW\� VXSSOLHV� WKH�PHDQV� IRU� HQKDQFLQJ�SHUFHSWXDO� TXDOLW\�E\� LQFUHDVLQJWKH� YLGHR� SLFWXUH� UDWH�� 7HPSRUDO� VFDODELOLW\� LV� DFKLHYHG� XVLQJ� ELGLUHFWLRQDOO\�SUHGLFWHGSLFWXUHV��%�SLFWXUHV���7KH�%�SLFWXUHV�LV�LQVHUWHG�EHWZHHQ�DQFKRU�SLFWXUH�SDLUV��EHWZHHQ�,�SLFWXUHV� DQG� 3�SLFWXUHV�� DV� LOOXVWUDWHG� LQ� ILJXUH� ���� $FFRUGLQJO\�� IRU� HTXDO� TXDQWLVLQJOHYHO��WKLV�SURSHUW\�JHQHUDOO\�UHVXOWV�LQ�LPSURYHG�FRPSUHVVLRQ�HIILFLHQF\�DV�FRPSDUHG�WRWKDW�RI�3�SLFWXUHV��,78�7�+�������������ZKLFK�LV�RQO\�IRUZDUG�SUHGLFWHG�

� 6HH�VHFWLRQ�����IRU�PRUH�LQIRUPDWLRQ
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)LJXUH��� 7HPSRUDO�VFDODELOLW\
%�SLFWXUHV�DUH�QRW�XVHG�DV�UHIHUHQFH�SLFWXUHV�IRU�WKH�SUHGLFWLRQ�RI�DQ\�RWKHU�SLFWXUHV��7KLVSURSHUW\�DOORZV�IRU�%�SLFWXUHV�WR�EH�GLVFDUGHG�LI�QHFHVVDU\��ZLWKRXW�LPSDFWLQJ�WKH�YLVXDOSLFWXUH�TXDOLW\�RI�WKH�IXWXUH�SLFWXUHV�
7KRXJK� XVH� RI� WHPSRUDO� VFDODELOLW\�PD\� LQFUHDVH� WKH� SLFWXUH� TXDOLW\�� LW� DGGV� VWUXFWXUDOFRPSOH[LW\��ODUJHU�PHPRU\�LV�UHTXLUHG�DQG�DGGLWLRQDO�GHOD\�LV�LQWURGXFHG�
����� 615�6FDODELOLW\7KH� RWKHU� EDVLF� PHWKRG� WR� DFKLHYH� VFDODELOLW\� LV� WKURXJK� VSDWLDO�615� HQKDQFHPHQW�6SDWLDO�DQG�615�VFDODELOLW\�DUH�FORVHO\�UHODWHG��7KH�GLVWLQFWLRQ�LV� WKDW�VSDWLDO�VFDODELOLW\SURYLGHV� LQFUHDVHG�VSDWLDO� UHVROXWLRQ��7KH�QH[W� ILJXUH� �ILJXUH�����GHSLFWV� DQ�H[DPSOH�RI615� VFDODELOLW\�� 615� VFDODELOLW\� LQYROYHV� WKH� FUHDWLRQ� RI� PXOWLSOH� ELW� VWUHDPV�� 7KLVDOORZV� UHFRYHU\� RI� FRGLQJ� HUURUV�� RU� WKH� GLIIHUHQFH�� EHWZHHQ� DQ� RULJLQDO� SLFWXUH� DQG� DUHFRQVWUXFWHG�RQH��7KLV� LV�DFKLHYHG�WKURXJK�XVH�RI�D� ILQHU�TXDQWLVHU� IRU�HQFRGLQJ� LQ� WKHHQKDQFHPHQW�OD\HU�WR�HQFRGH�WKH�GLIIHUHQFH��7KH�H[WUD�GDWD�VHUYHV�WR�LQFUHDVH�WKH�VLJQDO�WR�QRLVH� UDWLR�RI� WKH�YLGHR�SLFWXUH�� DQG� KHQFH�� WKH� WHUP�615� VFDODELOLW\� �,78�7�+�����������
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)LJXUH��� 615�VFDODELOLW\
7KH�YHUWLFDO�DUURZV�IURP�WKH�EDVH�OD\HU�LOOXVWUDWH�WKDW�WKH�SLFWXUH�LQ�WKH�HQKDQFHPHQW�OD\HULV� SUHGLFWHG� IURP� D� UHFRQVWUXFWHG� DSSUR[LPDWLRQ� RI� WKDW� SLFWXUH� LQ� WKH� UHIHUHQFH� �EDVH�OD\HU��,I�SUHGLFWLRQ�LV�RQO\�IRUPHG�IURP�WKH�EDVH�OD\HU��WKHQ�WKH�HQKDQFHPHQW�OD\HU�SLFWXUHLV� UHIHUUHG� WR� DV� DQ� (,�SLFWXUH�� ,W� LV� SRVVLEOH�� KRZHYHU�� WR� FUHDWH� D� PRGLILHG� EL�GLUHFWLRQDOO\�SUHGLFWHG� SLFWXUH� XVLQJ� ERWK� D� SULRU� HQKDQFHPHQW� OD\HU� SLFWXUH� DQG� DWHPSRUDOO\�VLPXOWDQHRXV�ORZHU�OD\HU�UHIHUHQFH�SLFWXUH��7KLV�W\SH�RI�SLFWXUH�LV�UHIHUUHG�WRDV�DQ�(3�SLFWXUH�RU��(QKDQFHPHQW��3�SLFWXUH��,78�7�+������������
����� 6SDWLDO�VFDODELOLW\8VH� RI� VSDWLDO� VFDODELOLW\� PDNHV� LW� SRVVLEOH� WR� HQFRGH� ELW� VWUHDPV� RI� PRUH� WKDQ� RQHUHVROXWLRQ� WR� PHHW� YDU\LQJ� GLVSOD\� UHTXLUHPHQWV�FRQVWUDLQWV� IRU� D� ZLGH� UDQJH� RI� XVHUV�&RQVLGHULQJ� D� YLGHRFRQIHUHQFH� ZHUH� WKH� SDUWLFLSDQWV� XVH� GLVSOD\� WRROV� RI� GLIIHUHQWUHVROXWLRQ� FDSDELOLW\� �H�J�� D�8076� WHUPLQDO� RI�4&,)� UHVROXWLRQ� DQG� D� FRPSXWHU� VFUHHQZLWK�&,)�UHVROXWLRQ�FDSDELOLW\���D�VWUHDPLQJ�VHUYHU�FDQ�VHQG�YLGHR�RI�GLIIHUHQW�UHVROXWLRQWR� WKH� SDUWLFLSDQWV�� 7KH� QH[W� ILJXUH� �ILJXUH� ���� LOOXVWUDWHV� WKH� FRQFHSW� EHKLQG� VSDWLDOVFDODELOLW\�
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)LJXUH��� 6SDWLDO�VFDODELOLW\
$V�PHQWLRQHG�HDUOLHU�LV�6SDWLDO�DQG�615�VFDODELOLW\�HVVHQWLDOO\�WKH�VDPH��7KH�GLIIHUHQFHLV� WKDW� KHUH� D� VSDWLDO� HQKDQFHPHQW� OD\HU� WULHV� WR� UHFRYHU� WKH� FRGLQJ� ORVV� EHWZHHQ� DQXSVDPSOHG�YHUVLRQ�RI�WKH�UHFRQVWUXFWHG�EDVH�OD\HU�SLFWXUH�DQG�D�KLJKHU�UHVROXWLRQ�YHUVLRQRI� WKH�RULJLQDO�SLFWXUH� �&{WH�HW��DO����������)RU�H[DPSOH�� WKH�EDVH� OD\HU�FDQ�EH�RI�4&,)UHVROXWLRQ�DQG�WKH�HQKDQFHPHQW�OD\HU�PD\�EH�RI�&,)�UHVROXWLRQ��7KH�EDVH�OD\HU�PXVW�EHVFDOHG�LQ�D�ZD\�WKDW�WKH�SLFWXUH�LQ�WKH�HQKDQFHPHQW�OD\HU�FDQ�FRUUHFWO\�EH�SUHGLFWHG�IURPLW�� ,Q� +������ WKH� UHVROXWLRQ� FDQ� EH� LQFUHDVHG� E\� WKH� IDFWRU� RI� WZR� ERWK� GLUHFWLRQV�KRUL]RQWDOO\�DQG�YHUWLFDOO\��VHSDUDWHO\�RU�FRQFXUUHQWO\�
6LQFH� WKHUH� LV� YHU\� OLWWOH� V\QWDFWLFDO� GLVWLQFWLRQ� EHWZHHQ� SLFWXUHV� XVLQJ� 615� VFDODELOLW\DQG�SLFWXUHV�XVLQJ�VSDWLDO�VFDODELOLW\�� WKH�SLFWXUHV�XVHG�IRU�HLWKHU�SXUSRVH�DUH�FDOOHG�(,�DQG�(3�SLFWXUHV��,78�7�+������������
����� 2WKHU�HQKDQFHPHQWV7KRXJK�WKH�LQWURGXFWLRQ�RI�VFDODEOH�YLGHR�FRGLQJ�ZDV�WKH�NH\�HQKDQFHPHQW�LQ�+���������RWKHU�HQKDQFHPHQWV�ZHUH�DOVR�LQWURGXFHG��7KH�HQKDQFHPHQWV��ZKLFK�KDYH�DQ�LQIOXHQFH�RQWKH�HUURU�UHVLOLHQFH�RI�WKH�FRGHF��LV�OLVWHG�DQG�H[SODLQHG�EHORZ��,78�7�+������������
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� 6OLFH� 6WUXFWXUHG� �66��� 7KH� SXUSRVHV� RI� WKLV� PRGH� DUH� WR� SURYLGH� HQKDQFHG� HUURUUHVLOLHQFH�FDSDELOLW\��WR�PDNH�WKH�ELWVWUHDP�PRUH�DPHQDEOH�IRU�XVH�ZLWK�DQ�XQGHUO\LQJSDFNHW�WUDQVSRUW�GHOLYHU\��DQG�WR�PLQLPLVH�YLGHR�GHOD\
� 5HIHUHQFH� 3LFWXUH� 6HOHFWLRQ� �536��� ,PSURYHV� WKH� SHUIRUPDQFH� RI� UHDO�WLPH� YLGHRFRPPXQLFDWLRQ� RYHU� HUURU�SURQH� FKDQQHO� E\� DOORZLQJ� WHPSRUDO� SUHGLFWLRQ� IURPSLFWXUHV� RWKHU� WKDQ� WKH�PRVW� UHFHQWO\�VHQW� UHIHUHQFH� SLFWXUH�� ,Q� HUURU�SURQH� FKDQQHOHQYLURQPHQWV�� WKLV�PRGH� DOORZV� WKH� HQFRGHU� WR� RSWLPLVH� LWV� YLGHR� HQFRGLQJ� IRU� WKHFRQGLWLRQV�RI�WKH�FKDQQHO�
� ,QGHSHQGHQW� 6HJPHQW� 'HFRGLQJ� �,6'��� $OORZV� D� SLFWXUH� WR� EH� FRQVWUXFWHG� ZLWKRXWDQ\� GDWD� GHSHQGHQFLHV� ZKLFK� FURVV� *2%� RU�PXOWL�*2%� YLGHR� SLFWXUH� VHJPHQWV� RUVOLFH�ERXQGDULHV��7KLV�PRGH�SURYLGHV�HUURU�UREXVWQHVV�E\�SUHYHQWLQJ�WKH�SURSDJDWLRQRI�HUURQHRXV�GDWD�DFURVV�WKH�ERXQGDULHV�RI�WKH�YLGHR�SLFWXUH�VHJPHQW�DUHDV�
����� (UURU�UHVLOLHQFH�DQG�UREXVWQHVV�LQ�HUURU�SURQH�HQYLURQPHQWV,Q� HQYLURQPHQWV�ZKHUH� WKH� DYDLODEOH�EDQGZLGWK� LV� OLPLWHG�� DQG� WKH� WUDQVPLVVLRQ� VXIIHUVIURP�ELW�HUURUV��WKH�QHHG�IRU�SRVW�SURFHVVLQJ�PHFKDQLVP�LV�SUHVHQW��7KHVH�SRVW�SURFHVVLQJPHFKDQLVPV� DUH� DOVR� NQRZQ� DV� )RUZDUG� (UURU� &RUUHFWLRQ� �)(&�� WRROV�� EHFDXVH� WKH\SURYLGHV�WKH�PHDQV�IRU�HUURU�FRUUHFWLRQ�DW�WKH�HQFRGHU�IRU�XVH�LQ�WKH�GHFRGHU��7KLV�VHFWLRQFRQWDLQV�SRVW�SURFHVVLQJ�PHFKDQLVPV�WKDW�DUH�WDNHQ�DGYDQWDJH�RI�LQ�+������
������� (UURU�GHWHFWLRQ�DQG�UHV\QFKURQLVDWLRQ%HIRUH� DQ\� DWWHPSWV� WR� FRQFHDO� WKH� HUURUV� DW� WKH� GHFRGHU�� WKH� HUURUV�PXVW� EH� GHWHFWHG�5HPHPEHU�IURP�FKDSWHU���WKDW�WKH�,78�7�+�����FDQ�FRQWURO�HUURUV�IRU�YDULRXV�VWUHDPV��$PHGLD�SDFNHW�LQ�+�����LV�FDOOHG�DQ�$GDSWDWLRQ�/D\HU�3URWRFRO�'DWD�8QLW��$/�3'8���7KLV$/�3'8�FRQVLVWV�RI�DQ�RSWLRQDO�FRQWURO�ILHOG��PHGLD�SD\ORDG��ZKLFK�LQ�WKLV�FDVH�LV�YLGHRLQIRUPDWLRQ��DQG�D�&\FOLF�5HGXQGDQF\�&KHFN��&5&��FKHFNVXP��7KH�+�����LV�FDSDEOH�RIGHWHFWLQJ� HUURUV� RU� ORVV� RI� PHGLD� SDFNHWV� �WKURXJK� EORFN� QXPEHULQJ� LQ� WKH� YLGHR� ELWVWUHDP��XVLQJ�&5&�FKHFNVXP� LQIRUPDWLRQ� DQG�SDVV� WKLV� LQIRUPDWLRQ�RQ� WR� WKH�GHFRGHU�
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7KH�GHFRGHU�FDQ�WKHQ�FKRRVH�ZKHWKHU�WR�GURS�WKH�FRPSOHWH�SDFNHW�LI�HUURUV�DUH�GHWHFWHG�RULQGLFDWHG� �&{WH�� .RVVHQWLQL� DQG� 6KLUDQL�� ������� :KHQ� GHWHFWLRQ� RI� HUURUV� IDLOV� LQ� WKHPXOWLSOH[LQJ� OD\HU��PHGLD� SDFNHWV� FRQWDLQLQJ� HUURUV� DUH� SDVVHG� RQ� WR� WKH� GHFRGHU�� 7KHGHFRGHU�FDQ�VWLOO�GHWHFW�ELW�HUURUV�XVLQJ�V\QWDFWLF�RU�VHPDQWLF�YLRODWLRQV�RI�WKH�ELW�VWUHDP�7KHVH�LQFOXGH��&{WH��.RVVHQWLQL�DQG�6KLUDQL��������� 0RWLRQ�YHFWRU�RXWVLGH�DOORZDEOH�UDQJH�� ,QYDOLG�9/&�WDEOH�HQWU\�� '&7�FRHIILFLHQW�RXW�RI�UDQJH�� 1XPEHU�RI�'&7�FRHIILFLHQWV�LQ�D�EORFN�LV�H[FHHGHG�
7HFKQLTXHV�WR�DFFRPSOLVK�UHV\QFKURQLVDWLRQ�GXH�WR�HUURUV�DUH�LQWURGXFHG�LQ�+�������7KHXVH�RI�UHV\QFKURQLVDWLRQ�HQDEOHV� WKH�GHFRGHU� WR�GHFRGH�YDOLG�YLGHR�LQIRUPDWLRQ�DIWHU�DQHUURU� KDV� RFFXUUHG�� 8VXDOO\� WKH� ORFDWLRQ� RI� GHFRGHG� ELWV� ZLWKLQ� WKH� SLFWXUH� FDQQRW� EHGHWHUPLQHG�EHFDXVH�ZKHQ�DQ�HUURU�RFFXU�� WKH�QXPEHU�RI�PLVVLQJ�V\PEROV� LV�QRW�NQRZQ�7R�JHW�ULG�RI�WKLV�GLOHPPD��XQLTXH�UHV\QFKURQLVDWLRQ�FRGH�ZRUGV�LQ�UHJXODU�LQWHUYDOV�DUHLQVHUWHG��VHH�ILJXUH������,Q�+���������WKHVH�FRGH�ZRUGV�DUH�SODFHG�LQ�WKH�*2%�KHDGHU�WRSURYLGH�DQ�DEVROXWH�ORFDWLRQ�LQ�WKH�SLFWXUH��7KLV�LQWURGXFHV�FRQFHUQV�GXH�WR�WKH�IDFW�WKDWWKH� VL]H� RI� WKH� *2%¶V� LV� YDU\LQJ ��� 7KLV� UHVXOWV� LQ� WKDW� WKH� UHV\QFKURQLVDWLRQ� PDUNHUVZLWKLQ�D�ELW�VWUHDP�LV�RI�FKDQJLQJ�JDSV�

� 03(*���KDV�VROYHG�WKLV�SUREOHP�E\�LQVHUWLQJ�UHV\QFKURQLVDWLRQ�PDUNHUV�HYHU\�1�ELWV��VHH�VHFWLRQ���������� ([SHULPHQWV� VKRZV� WKDW� WKLV�PHWKRG� LV� D�PRUH� HIILFLHQW� ZD\� RI� UHFRYHULQJ� IURP� WUDQVPLVVLRQHUURUV�
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)LJXUH��� 5HV\QFKURQLVDWLRQ�PDUNHUV�LQ�DQG�+������ELW�VWUHDP
������� (UURU�FRQFHDOPHQW$IWHU�GHWHFWLQJ� WKH�HUURU�� HUURU� FRQFHDOPHQW� LV�SHUIRUPHG��(UURU�FRQFHDOPHQW� LV�XVHG� WRKLGH� YLVXDO� GLVWRUWLRQ� EHFDXVH� RI� UHVLGXDO� HUURUV�� 7KHUH� H[LVWV� WZR� EDVLF� PHWKRGV� WRSHUIRUP�HUURU�FRQFHDOPHQW�
� 6SDWLDO�HUURU�FRQFHDOPHQW� 0RWLRQ�FRPSHQVDWHG�WHPSRUDO�HUURU�FRQFHDOPHQW
2QH�RU�ERWK�RI� WKHVH�DSSURDFKHV�FDQ�EH�XVHG�GHSHQGLQJ�RQ�WKH�FRQGLWLRQ��:KHQ�VSDWLDOHUURU�FRQFHDOPHQW�LV�XVHG��WKH�PLVVLQJ�SL[HO�YDOXHV�DUH�UHFRQVWUXFWHG�XVLQJ�QHLJKERXULQJ*2%V�VSDWLDO� LQIRUPDWLRQ�� � ,Q� WHPSRUDO�HUURU�FRQFHDOPHQW� WKH� ORVW�GDWD� LV� UHFRQVWUXFWHGIURP�WKH�VDPH�*2%�LQ�WKH�SUHYLRXV�IUDPH��&{WH��.RVVHQWLQL�DQG�6KLUDQL��������
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��� 03(*���DQG�03(*��
����� 03(*��7KH�03(*��0RWLRQ�3LFWXUHV�([SHUW�*URXS��FRPPLWWHH�ZDV�IRUPHG�LQ������E\�WKH�KDQGVRI�/HRQDUGR�&KDLULJORLRQH�DQG�+LURVKL�<DVXGD�ZLWK�WKH�REMHFWLYH�RI�VWDQGDUGLVLQJ�YLGHRDQG�DXGLR�IRU�FRPSDFW�GLVFV�
,Q� ������ D� PHHWLQJ� ZLWK� ,62� �,QWHUQDWLRQDO� 6WDQGDUGV� 2UJDQLVDWLRQ�� DQG� ,(&�,QWHUQDWLRQDO� (OHFWURWHFKQLFDO� &RPPLVVLRQ�� UHVXOWHG� LQ� WKH� ILUVW� 03(*� VWDQGDUG� IRUDXGLR�DQG�YLGHR�FRGLQJ��03(*�����7KLV�VWDQGDUG�WDUJHWHG�WR�WKH�VWRUDJH�DQG�UHWULHYDO�RIYLGHR�DQG�DXGLR�RQ�FRPSDFW�GLVF��&KLDULJOLRQH���������KRZHYHU�LW�DOVR�FRXOG�EH�XVHG�WRGHOLYHU\� RI� YLGHR� RYHU� WHOHFRPPXQLFDWLRQV� QHWZRUNV� �IL[HG� QHWZRUNV�� �6LNRUD�� ����D��7KH� 03(*��� VWDQGDUG� LV� D� JHQHULF� VWDQGDUG�� L�H�� D� VWDQGDUG� WKDW� LV� LQGHSHQGHQW� RI� DSDUWLFXODU� DSSOLFDWLRQ� DQG� RI� WKH� GHOLYHU\� PHGLD�� KRZHYHU�� LW� FRXOG� QRW� LJQRUH� WKHUHTXLUHPHQWV�RI�WKH�DSSOLFDWLRQV��0DUWLQV�DQG�7HL[HLUD���������03(*���LV�SURJUHVVLYHO\VFDQQHG�YLGHR��QRQ�LQWHUODFHG���$QG�WKH�SHUIRUPDQFH�LV�RSWLPLVHG�IRU�6,)��6RXUFH�,QSXW)RUPDW�� UHVROXWLRQ� LPDJHV� DW� ���� [� ���� �LQ� (XURSH� DW� ��� +]�� DW� ��� ISV� DW� D� ELW�UDWHUDQJLQJ�IURP�����0ELW�V�WR�����0ELW�V��7LPVDUL�DQG�6KDKDEL��\HDU�XQNQRZQ��
7KH�03(*���DOJRULWKP�ZDV�GHYHORSHG�ZLWK�UHVSHFW�WR�WKH�-3(*�DQG�+�����DFWLYLWLHV��,WZDV�GHYHORSHG�WR�PDLQWDLQ�D�VLPLODULW\�WR� WKH�+�����VR�WKDW� LPSOHPHQWDWLRQV�VXSSRUWLQJERWK�VWDQGDUGV�ZHUH�SRVVLEOH��6LNRUD������D���+RZHYHU��03(*���ZDV�SULPDULO\�WDUJHWHGIRU�VWRUDJH�DQG�UHWULHYDO�RI�YLGHR�DQG�DXGLR�RQ�FRPSDFW�GLVF�
����� 03(*��03(*��� EHFDPH� D� VWDQGDUG� LQ� ����� ZLWK� WKH� REMHFW� WR� VXSSRUW� D� ZLGHU� FROOHFWLRQ� RIDSSOLFDWLRQV�DQG�FDQ�EH�VHHQ�DV�D�VXSHUVHW�RI�03(*���DQG�LV�EDFNZDUG�FRPSDWLEOH�ZLWK03(*��� �/HH�� ������� ,Q�03(*��� QHZ� FRGLQJ� FKDUDFWHULVWLFV� ZDV� DGGHG� DQG� PDGH� LWSRVVLEOH� WR� LPSURYH� WKH� IXQFWLRQDOLW\� DQG� TXDOLW\� DW� KLJKHU� ELW�UDWHV� �XS� WR� ���0ELW�V��
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7KXV� SUHGLFWLRQ�PRGHV�ZHUH� GHYHORSHG� WR� VXSSRUW� HIILFLHQW� FRGLQJ� RI� LQWHUODFHG� YLGHR�L�H�� WZR� LQWHUOHDYHG� ILHOGV�DUH�XVHG� WR� VFDQ� RXW�RQH�YLGHR� IUDPH�� ,Q� DGGLWLRQ� LQWURGXFHG03(*���VFDODEOH�YLGHR�FRGLQJ��7KLV�DOORZV�GLYLVLRQ�RI�WKH�FRQWLQXRV�ELWVWUHDP�LQWR�WZRRU�PRUH�FRGHG�ELW�VWUHDPV�WKDW�UHSUHVHQWV�WKH�YLGHR�DW�GLIIHUHQW�UHVROXWLRQV��SLFWXUH�TXDOLW\RU�SLFWXUH�UDWHV���0DUWLQV�DQG�7HL[HLUD��������
7KH�FRGHG�YLGHR� LQIRUPDWLRQ� FRQVLVWV� RI� DQ�RUGHUHG� VHW� RI�ELW� VWUHDPV�� FDOOHG� OD\HUV�� ,IWKHUH� LV�RQO\�RQH� OD\HU�� WKH�FRGHG�YLGHR�VWUHDP�LV� LGHQWLILHG�DV�D�QRQ�VFDODEOH�YLGHR�ELWVWUHDP��)RU�WZR�OD\HUV�RU�PRUH��WKH�FRGHG�YLGHR�LQIRUPDWLRQ�LV�FDOOHG�D�VFDODEOH�YLGHR�ELWVWUHDP��,62�,(&����������������
������� 1RQ�VFDODEOH�V\QWD[7KH� QRQ�VFDODEOH� V\QWD[� LQ�03(*��� LV� GLIIHUHQW� IURP� WKH� RQH� LQ�03(*���� GXH� WR� WKHH[WUD� FRPSUHVVLRQ� WRROV� IRU� LQWHUODFHG� YLGHR� VLJQDOV�� 7KH� DOJRULWKP� LV� VLPLODU� WR� WKHFRPSUHVVLRQ� DOJRULWKP� XVHG� LQ� 03(*���� )LUVW� RI� DOO� WKH� DOJRULWKP� XVHV� EORFN�EDVHGPRWLRQ�FRPSHQVDWLRQ� WR� UHGXFH� WKH� WHPSRUDO� UHGXQGDQF\��0RWLRQ�FRPSHQVDWLRQ� LV�XVHGERWK� IRU� FDVXDO� SUHGLFWLRQ� RI� WKH� FXUUHQW� SLFWXUH� IURP� D� SUHYLRXV� SLFWXUH�� DQG� IRU� QRQ�FDVXDO�� LQWHUSRODWLYH� SUHGLFWLRQ� IURP� SDVW� DQG� IXWXUH� SLFWXUHV�� 7KH� SUHGLFWLRQ� HUURU� LVIXUWKHU�FRPSUHVVHG�XVLQJ�'LVFUHWH�&RVLQH�7UDQVIRUP�WR�UHPRYH�VSDWLDO�FRUUHODWLRQ�EHIRUHLW� LV� TXDQWLVHG�� )LQDOO\�� WKH� HQWURS\� HQFRGHU� FRPELQHV� WKH� PRWLRQ� YHFWRUV� ZLWK� WKHTXDQWLVHG�'&7�LQIRUPDWLRQ�DQG�HQFRGHG�XVLQJ�YDULDEOH�OHQJWK�FRGHV��,62�,(&���������������
������� 6FDODEOH�V\QWD[7KH� VFDODEOH� V\QWD[� LV� GHVLJQHG� WR� DFFRPSOLVK� VXSSRUW� IRU� DSSOLFDWLRQV� EH\RQG� WKRVHVXSSRUWHG�ZLWK�WKH�QRQ�VFDODEOH�V\QWD[��VLQJOH�OD\HU�FRGLQJ���7KH�REMHFWLYH�RI�WKLV�FRGLQJPHWKRG�LV�WR�RIIHU�LQWHURSHUDELOLW\�DPRQJ�YDULRXV�VHUYLFHV�DQG�SURYLGH�DGGLWLRQDO�VXSSRUWIRU� UHFHLYHUV�ZLWK� GLYHUVH� GLVSOD\� FDSDELOLWLHV� �/HH�� �������$SSOLFDWLRQV� VXFK� DV� LQ� WKHDUHD� RI� YLGHR� WHOHFRPPXQLFDWLRQ�� YLGHR� RQ� $V\QFKURQRXV� 7UDQVIHU� 0RGH� �$70�QHWZRUNV��LQWHUQHWZRUNLQJ�RI�YLGHR�VWDQGDUGV�DQG�YLGHR�VHUYLFH�KLHUDUFKLHV�ZLWK�PXOWLSOH



5HDO�7LPH�9LGHR�7UDQVPLVVLRQ�LQ�8076

���� �

VSDWLDO�� WHPSRUDO� DQG� TXDOLW\� UHVROXWLRQV� DUH� VRPH� WKH� QRWHZRUWK\� DSSOLFDWLRQ� DUHDV�,62�,(&����������������
6RPH�UHFHLYHUV�DUH�QRW�FDSDEOH�WR�UHFRQVWUXFW�WKH�IXOO�UHVROXWLRQ�YLGHR��:LWK�WKH�VFDODEOHFRGLQJ� V\QWD[�� WKHVH� FRGHUV� KDYH� WKH� SRVVLELOLW\� WR� GHFRGH� VXEVHWV� RI� WKH� ELWVWUHDP� WRSOD\EDFN�WKH�YLGHR�DW�ORZHU�RU�WHPSRUDO�UHVROXWLRQ�RU�ZLWK�ORZHU�TXDOLW\��
����� 03(*���DQG�03(*���FRPSDUHG7KH�PDMRU�GLIIHUHQFHV�EHWZHHQ�03(*���DQG�03(*���DUH�RXWOLQHG�EHORZ��DQG�WKH�W\SLFDOFRGLQJ�SDUDPHWHUV�LV�VWDWHG�LQ�WKH�IROORZLQJ�WDEOH����6LNRUD������D��
'LIIHUHQFHV�EHWZHHQ�03(*���DQG�03(*���
� 03(*��� ±� DOORZV� SURJUHVVLYH� VHTXHQFHV� DQG� LQWHUODFHG� RQHV�� ZKLOH�03(*��� RQO\DOORZV�IRU�SURJUHVVLYH�SLFWXUH�VHTXHQFH
� 03(*���±�DOORZV�KLJKHU�ELWUDWHV�WKDQ�03(*��
� 03(*���±�DOORZV�VXUURXQG�VRXQG��DQG�DOWHUQDWH�ODQJXDJH�FKDQQHOV
� 03(*���±�KDV�H[WUD�VSDWLDO�VFDODELOLW\�LQIRUPDWLRQ�VR�WKDW�GLIIHUHQW�GHFRGHUV�FDQ�JHWGLIIHUHQW�TXDOLW\�RXWSXWV
� 03(*���±�DOORZV�VFDODELOLW\�VR� WKDW�RQH�VWUHDP�FDQ�EH�GLVSOD\HG�DW�GLIIHUHQW� IUDPHUDWHV

� 0RUH�LQIRUPDWLRQ�RQ�WHPSRUDO��615�DQG�VSDWLDO�VFDODELOLW\�FDQ�EH�IRXQG�LQ�VHFWLRQ������+����������
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7DEOH�� 7\SLFDO�SDUDPHWHUV�IRU�WKH�WZR�VWDQGDUGV�03(*�� 03(*��6WDQGDUGLVHG ���� ����0DLQ�$SSOLFDWLRQ 'LJLWDO�YLGHR�RQ�&'�520 'LJLWDO�79��DQG�+'79�6SDWLDO�5HVROXWLRQ &,)�)RUPDW������79� 79����[�79�����[�����SL[HOV������[������SL[HOV�7HPSRUDO�5HVROXWLRQ ��������IUDPHV�V ������ILHOGV�V���������ILHOGV�V�%LW�5DWH ����0ELW�V ��0ELW�V����0ELW�V�4XDOLW\ FRPSDUDEOH�WR�9+6 &RPSDUDEOH�WR�176&�3$/
&RPSUHVVLRQ�5DWLR ������� ������������
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��� 03(*��03(*��� �WRJHWKHU� ZLWK� +������ KDV� EHHQ� VHOHFWHG� DV� D� PXOWLPHGLD� VWDQGDUG� IRU� �UGJHQHUDWLRQ�ZLUHOHVV�QHWZRUN�E\�7KLUG�*HQHUDWLRQ�3DUWQHU�3URMHFW���*33���03(*���LV�DQ,62�,(&� VWDQGDUG� GHYHORSHG� E\� 03(*� LQ� ������ 7KLV� VWDQGDUG� ZDV� PDGH� ZLWK� WKHSXUSRVH�WR�EH�WKH�QH[W�VWDQGDUG�LQ�WKH�ZRUOG�RI�PXOWLPHGLD��ZKLFK�VXSSRUWV�YHU\�ORZ�ELW�UDWHV�� 'LVVLPLODU� ZLWK� 03(*��� DQG� 03(*���� ZKLFK� IRFXVHG� RQ� EHWWHU� FRPSUHVVLRQHIILFLHQF\��03(*���HPSKDVLVHV�RQ�QHZ�IXQFWLRQDOLWLHV�
7KLV� VWDQGDUG� VXSSOLHV� WKH� XVHUV�ZLWK� WKH� RSSRUWXQLW\� WR� DFKLHYH� D� YDULHW\� RI� IRUPV� RILQWHUDFWLYLW\�ZLWK�DXGLR�DQG�YLGHR�LQIRUPDWLRQ�IURP�D�VFHQH�DQG�WR�PHUJH�V\QWKHWLF�DQGQDWXUDO� DXGLR� DQG� YLGHR� FRQWHQW� �&KLDULJOLRQH�� �������03(*��� LV� GHVLJQHG� WR� SURYLGHKLJK�GHJUHH�RI� IOH[LELOLW\�DQG�H[WHQVLELOLW\� LQ�RUGHU� WR� WDNH� WKH� DGYDQWDJH�RI� WKH� UDSLGO\HYROYLQJ�WHFKQRORJLHV�VXFK�DV�LQ�ZLUHOHVV�FRPPXQLFDWLRQ�V\VWHPV��0DUWLQV�DQG�7HL[HLUD��������0RUHRYHU�03(*���YLGHR�VXSSRUWV�D�ZLGH�UDQJH�RI�ELWUDWHV��DQG�LV�WDUJHWHG�WR�EH������NELW�V�IRU�PRELOH�DSSOLFDWLRQV�DQG�XS�WR���0ELW�V�IRU�79�DSSOLFDWLRQV�
����� 7KH�YLGHR�IXQFWLRQDOLWLHV7KH� VWDQGDUG� LQWURGXFHV� QHZ� YLGHR� IXQFWLRQDOLWLHV� ZKLFK� KDYH� EHHQ� GHVFULEHG� LQ� WKH03(*���3URSRVDO�3DFNDJH�'HVFULSWLRQ��03(*�$2(�*URXS��������FDQ�EH�JURXSHG�LQ�WRWKUHH�FODVVHV��FRQWHQW�EDVHG�LQWHUDFWLYLW\��FRGLQJ�HIILFLHQF\�DQG�XQLYHUVDO�DFFHVV��DQG�DUHGHILQHG�EHORZ�
������� &RQWHQW�EDVHG�LQWHUDFWLYLW\
� &RQWHQW�EDVHG�PDQLSXODWLRQ�DQG�ELW�VWUHDP�HGLWLQJ� +\EULG�QDWXUDO�DQG�V\QWKHWLF�GDWD�FRGLQJ� ,PSURYHG�WHPSRUDO�UDQGRP�DFFHVV
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,Q�WKH�WZR�SUHYLRXV�03(*�VWDQGDUGV��03(*���DQG�03(*�����PDQLSXODWLRQ�RI�WKH�YLGHRVHTXHQFH�ZDV�RQO\�SRVVLEOH�LQ�WKH�RULJLQDO�GRPDLQ��7KLV�PHDQV�WKDW�WKH�FRPSUHVVHG�YLGHRVHTXHQFH� KDV� WR� EH� GHFRGHG� WR� WKH� RULJLQDO� IRUPDW� EHIRUH� HQFRGHG� LQ� WR� GHVLUHGFRPSUHVVHG�ELWVWUHDP��03(*���PDNHV�LW�SRVVLEOH�WR�DFFHVV�DQG�PDQLSXODWH�YLVXDO�REMHFWVLQ� D� FRPSUHVVHG� GRPDLQ��7KLV� UHVXOWV� LQ� D� UHGXFWLRQ� LQ� FRPSOH[LW\�� UHGXFHG� EDQGZLGWKUHTXLUHPHQWV��ORZ�GHOD\��QR�TXDOLW\�ORVV�DQG�REMHFW�EDVHG�PDQLSXODWLRQ��=KDQJ��������
)XUWKHU�� 03(*��� SURYLGHV� WKH� PHDQV� IRU� KDUPRQLRXV� LQWHUDFWLRQ� RI� YLGHR� REMHFWV� RIYDULRXV�RULJLQV��ZKLFK�FDQ�EH�HLWKHU��QDWXUDO�RU�V\QWKHWLF��,62�,(&�����������������7KLVPHDQV� WKDW� LW� LV� SRVVLEOH� WR� HQFRGH� D� YLGHR� VHTXHQFH� LQ� D� ZD\� WKDW� DOORZV� VHSDUDWHGHFRGLQJ�DQG�UHFRQVWUXFWLRQ�RI�REMHFWV�LQ�D�VFHQH�DQG�DOORZ�PDQLSXODWLRQ�RI�WKH�RULJLQDOVFHQH�E\�VLPSOH�RSHUDWLRQV�RQ� WKH�ELW� VWUHDP��7KLV� LV�SRVVLEOH�EHFDXVH� WKH�ELW� VWUHDP� LV³REMHFW� OD\HUHG´� DQG� WKH� VKDSH� DQG� WUDQVSDUHQF\� RI� HDFK� REMHFW� DUH� GHVFULEHG� LQ� WKHVWUHDP�RI�HDFK�REMHFW�OD\HU��6LNRUD���������7KHUHIRUH��D�UHFHLYHU�RI�D�ELW�VWUHDP�KDYH�WKHRSSRUWXQLW\� WR�FKRRVH� LI� WKH�ELW� VWUHDP�VKDOO� EH� UHFRQVWUXFWHG� IXOO\�RU� LQ� D�PDQLSXODWHGIRUP�
,Q�ILJXUH����LW�LV�LOOXVWUDWHG�KRZ�DQ�03(*���ELW�VWUHDP�FDQ�EH�PDQLSXODWHG�

)LJXUH��� 0DQLSXODWHG�ELW�VWUHDP
$V�LOOXVWUDWHG�LQ�WKH�ILJXUH��WKH�YLGHR�REMHFW�92��LV�PDQLSXODWHG�DQG�PDGH�ODUJHU�WKDQ�LWZDV�RULJLQDOO\��,Q�DGGLWLRQ��92� DQG�92� KDYH�FKDQJHG�SRVLWLRQ��'XH�WR�WKH�IDFW�WKDW�WKHELW�VWUHDP�RI�WKH�VHTXHQFH�LV�RUJDQLVHG�LQ�DQ�³REMHFW� OD\HUHG´�IRUP��WKH�PDQLSXODWLRQ�LV
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DFKLHYHG�RQ�ELW� VWUHDP�OHYHO�ZLWKRXW� WKH�QHHG�RI� WUDQVFRGLQJ� �L�H��GHFRGH� WKH�ELWVWUHDP�PDQLSXODWH�LW�DQG�HQFRGH�LQWR�FRPSUHVVHG�ELWVWUHDP��
/DVWO\��LQ�WKH�WHUPV�RI�FRQWHQW�EDVHG�LQWHUDFWLYLW\��03(*���SURYLGHV�HIILFLHQW�PHWKRGV�WRUDQGRPO\� DFFHVV�� ZLWKLQ� D� OLPLWHG� WLPH� DQG� ZLWK� ILQH� UHVROXWLRQ�� SDUWV� �H�J�� IUDPHV� RUREMHFWV��IURP�D�YLGHR�VHTXHQFH��=KDQJ��������
������� &RGLQJ�HIILFLHQF\
� ,PSURYHG�FRGLQJ�HIILFLHQF\� &RGLQJ�RI�PXOWLSOH�FRQFXUUHQW�GDWD�VWUHDPV
,Q� QHWZRUNV� ZKHUH� WKH� DYDLODEOH� EDQGZLGWK� LV� UDWKHU� OLPLWHG� �ZLUHOHVV� QHWZRUNV��� LW� LVLPSRUWDQW� WKDW� LPSURYHG� FRGLQJ� HIILFLHQF\� LV� SURYLGHG�� 03(*��� RIIHUV� WRROV� DQGDOJRULWKPV�WKDW�RIIHUV�EHWWHU�FRPSUHVVLRQ�ZLWKRXW�DIIHFWLQJ�WKH�TXDOLW\�RI�WKH�YLGHR��7KLVPDNHV� LW�SRVVLEOH� IRU�XVH�RI�DSSOLFDWLRQV� VXFK� DV�YLGHR�FRQIHUHQFLQJ� DQG�±VWUHDPLQJ� LQPRELOH� QHWZRUNV�� ,Q�� DGGLWLRQ�03(*��� SURYLGHV�PHWKRGV� WR� FRGH�PXOWLSOH� YLHZV� RI� DVFHQH�HIILFLHQWO\�
������� 8QLYHUVDO�DFFHVV
� 5REXVWQHVV�LQ�HUURU�SURQH�HQYLURQPHQWV� &RQWHQW�EDVHG�VFDODELOLW\
7KH� SUREOHP� ZLWK� PDQ\� FRPSUHVVLRQ� DOJRULWKPV� LV� WKDW� ZKHQ� WKH� FRPSUHVVLRQ� UDWLRLQFUHDVHV� WKH� ULVN� IRU�ELW� HUURU� LQ� WKH� WUDQVPLWWHG� VWUHDP� LQFUHDVHV�� HVSHFLDOO\� LQ�PRELOHV\VWHPV�� 7\SLFDO� IRU� PRELOH� QHWZRUNV� LV� WKDW� WKH� WUDQVPLVVLRQ� FKDQQHOV� DUH� VXEMHFW� WRQRLVH�� IDGLQJ�� VKDGRZLQJ� DQG� LQWHUIHUHQFH�� ZKLFK� SUHVHQW� D� VLJQLILFDQW� FKDOOHQJH� WRSURYLGH� D� UHOLDEOH� WUDQVPLVVLRQ� RI� WKH� FRGHG� YLGHR� VHTXHQFH� �=KDQJ�� ������� 03(*��SURYLGHV� HUURU� UREXVWQHVV� FDSDELOLWLHV� IRU� VWRUDJH�� �H�J�� YLGHR�RQ�GHPDQG� DSSOLFDWLRQV�
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DQG�FRPPXQLFDWLRQ�DSSOLFDWLRQV��H�J��YLGHR�FRQIHUHQFLQJ�DSSOLFDWLRQV��LQ�KHWHURJHQHRXVHUURU�SURQH� HQYLURQPHQWV� WKDW�PD\� VXIIHU� IURP� VHYHUH� HUURU� FRQGLWLRQV� �H�J�� ORQJ� HUURUEXUVWV���6LNRUD��������
7KH�NH\�IXQFWLRQDOLW\�RI�03(*���LV�FRQWHQW�EDVHG�VFDODELOLW\��ZKLFK�SURYLGHV�WKH�DELOLW\WR� DWWDLQ� VFDODELOLW\� ZLWK� ILQH� JUDQXODULW\� LQ� FRQWHQW�� TXDOLW\� DQG� FRPSOH[LW\�� ,QWUDQVPLVVLRQ� VFHQDULRV� ZKHUH� WKH� DYDLODEOH� EDQGZLGWK� VXGGHQO\� FKDQJHV�� VFDODELOLW\SURYLGHV� WKH� DELOLW\� WR� UHGXFH� WKH� TXDOLW\� RI� WKH� YLGHR� IUDPHV� WUDQVPLWWHG� DQGFRQVHTXHQWO\�UHGXFHV�WKH�EDQGZLGWK�UHTXLUHPHQWV�WR�WKH�DSSOLFDWLRQ��GHVFULEHG�IXUWKHU�LQVHFWLRQ����������
����� 6WUXFWXUH�RI�WKH�YLGHR�FRGLQJ�DOJRULWKP7KH� YLGHR� FRGLQJ� DOJRULWKP� ZLOO� VXSSRUW� DOO� WKH� IXQFWLRQDOLWLHV� WKDW� LV� SURYLGHG� LQ03(*��� DQG� 03(*���� 7KLV� LQFOXGHV� WKH� SURYLVLRQ� WR� HIILFLHQWO\� FRPSUHVV� VWDQGDUGUHFWDQJXODU� VL]HG� LPDJH� VHTXHQFHV� DW� YDU\LQJ� OHYHOV� RI� LQSXW� IRUPDWV�� IUDPH� UDWHV�� ELW�UDWHV�DQG�GLIIHUHQW�OHYHOV�RI�VSDWLDO���WHPSRUDO��DQG�TXDOLW\�VFDODELOLW\�
)LJXUH�EHORZ�LOOXVWUDWHV�WKH�EDVLF�FODVVLILFDWLRQ�RI�WKH�ELW�UDWHV�DQG�IXQFWLRQDOLWLHV�WKDW�LVSURYLGHG�E\�WKH�03(*���YLVXDO�VWDQGDUG�IRU�QDWXUDO�LPDJHV�DQG�YLGHR��ZLWK�WKH�DWWHPSWWR�FOXVWHU�ELW�UDWH�OHYHOV�YV��VHWV�RI�IXQFWLRQDOLWLHV�

)LJXUH��� 6WUXFWXUH�RI�WKH�03(*���YLGHR�FRGLQJ�VWDQGDUG

�����N
ELW�V

���NE
LW�V���

0ELW�
V

+%9&RUH
9/%9&RUH

)XQFWLRQDOLWLHV

&RQWHQW�EDVHGIXQFWLRQDOLWLHV�6KDSH�VFDODELOLW\�
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7KH� 9/%9� �9HU\� /RZ� %LW� UDWH� 9LGHR�� &RUH� SURYLGHV� DOJRULWKPV� DQG� WRROV� IRUDSSOLFDWLRQV�� ZKLFK� ZRUNV� DW� ELW�UDWHV� LQ� WKH� UDQJH� RI� ����� NELW�V�� ,W� HVSRXVHV� LPDJHVHTXHQFHV�ZLWK�UHODWLYHO\�ORZ�VSDWLDO�UHVROXWLRQ��VXFK�DV�&,)�����[������DQG�ORZHU�IUDPHUDWHV� ��� ��� ISV���7KH�9/%9�&RUH� VXSSRUWV� YDULRXV� DSSOLFDWLRQV� VSHFLILF� IXQFWLRQDOLWLHVWKDW�FRQVLVW�RI�FRGLQJ�RI�UHFWDQJXODU�VL]H�LPDJHV�ZLWK�KLJK�FRGLQJ�HIILFLHQF\��KLJK�HUURUUREXVWQHVV�DQG�ORZ�FRPSOH[LW\�DQG�ODWHQF\�IRU�UHDO�WLPH�DSSOLFDWLRQV��H�J��UHDO�WLPH�YLGHRWUDQVPLVVLRQ�LQ�ZLUHOHVV�V\VWHPV��
)XUWKHUPRUH��+%9�&RUH�SURYLGHV�WKH�VDPH�EDVLF�IXQFWLRQDOLWLHV�DV�IRU�9/%9��+RZHYHUWKH�ELW�UDWHV�SURYLGHG� WR� WKH� DSSOLFDWLRQV� LV� UDQJLQJ� IURP����NELW�V� XS� WR���0ELW�V��7KHDSSOLFDWLRQV�LQFOXGH�EURDGFDVW�RU�LQWHUDFWLYH�UHWULHYDO�RI�VLJQDOV�ZLWK�TXDOLWLHV�FRPSDUDEOHWR�GLJLWDO�79��&KLDULJOLRQH��������
$Q� 03(*��� 9HULILFDWLRQ� 0RGHO� �90�� ZDV� GHILQHG� LQ� RUGHU� WR� HYROYH� YLGHR�FRGLQJWHFKQLTXHV�LQ�D�FRPELQHG�HIIRUW��7KH�03(*���YHULILFDWLRQ�PRGHO�VSHFLILHV�WKH�LQSXW�DQGRXWSXW� IRUPDWV� IRU� WKH�XQFRGHG� LQIRUPDWLRQ�DQG� WKH� IRUPDW�RI� WKH�ELW� VWUHDP�FRQWDLQLQJWKH� FRGHG� LQIRUPDWLRQ�� )XUWKHU�� LW� GHPRQVWUDWHV� D� GHILQHG� FRUH� YLGHR� FRGLQJ� DOJRULWKPSODWIRUP�IRU�WKH�VWDQGDUG�LQ�SURJUHVV��7KH�03(*���YLGHR�YHULILFDWLRQ�PRGHO�VXSSRUWV�WKHPDLQ�IHDWXUHV�VXPPDULVHG�XQGHUQHDWK��6LNRUD��������
� 6WDQGDUG� <�8�9� OXPLQDQFH� DQG� FKURPLQDQFH� LQWHQVLW\� UHSUHVHQWDWLRQ� RI� UHJXODULW\VDPSOHG�SL[HOV�LQ�������IRUPDW��7KH�LQWHQVLW\�RI�HDFK�<��8�RU�9�SL[HO�LV�TXDQWLVHG�LQWR��ELWV��7KH�VL]H�DQG�VKDSH�RI�WKH�LPDJH�GHSHQGV�RQ�WKH�DSSOLFDWLRQ�
� &RGLQJ�RI�PXOWLSOH� ³9LGHR�2EMHFW�3ODQHV´� �923¶V�� DV� LPDJHV�RI� DUELWUDU\� VKDSH� WRVXSSRUW�PDQ\�RI�WKH�FRQWHQW�EDVHG�IXQFWLRQDOLWLHV�
� &RGLQJ�RI�VKDSH�DQG�WUDQVSDUHQF\�LQIRUPDWLRQ�RI�HDFK�923�E\�FRGLQJ�ELQDU\�RU�JUH\VFDOH� DOSKD� SODQH� LPDJH� VHTXHQFHV� XVLQJ� D� SDUWLFXODUO\� RSWLPLVHG� 0RGLILHG� 5HHG&RGH�PHWKRG�
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� 6XSSRUW� IRU� LQWUD� �,�� FRGHG� 923¶V� DV� ZHOO� DV� WHPSRUDOO\� SUHGLFWHG� �3�� DQG� EL�GLUHFWLRQDOO\� �%�� SUHGLFWHG� 923¶V�� 6WDQGDUG�03(*� DQG� +����� ,�� 3�� %� IUDPHV� DUHVXSSRUWHG�DV�VSHFLDO�FDVH�
� 6XSSRUW�RI�IL[HG�DQG�YDULDEOH�IUDPH�UDWHV�RI�WKH�LQSXW�923�VHTXHQFHV�RI�DUELWUDU\�RUUHFWDQJXODU�VKDSH�
� �[�� SL[HO� EORFN�EDVHG� DQG� ��[��� SL[HO� 0DFUREORFN�EDVHG� PRWLRQ� HVWLPDWLRQ� DQGFRPSHQVDWLRQ� RI� WKH� SL[HO� YDOXHV� ZLWKLQ� 923¶V�� LQFOXGLQJ� SURYLVLRQV� IRU� EORFNRYHUODSSLQJ�PRWLRQ�FRPSHQVDWLRQ�
� 7H[WXUH� FRGLQJ� LQ� ,�� 3� DQG� %� 923¶V� XVLQJ� DQ� �[�� '&7� RU� DOWHUQDWLYHO\� D� VKDSHDGDSWLYH�'&7��6$'&7��DGRSWHG�WR�UHJLRQV�IRU�DUELWUDU\�VKDSH��IROORZHG�E\�03(*��DQG�03(*���RU�+�����DQG�+�����OLNH�TXDQWLVDWLRQ�DQG�UXQ�OHQJWK�FRGLQJ�
� (IILFLHQW�SUHGLFWLRQ�RI�'&�DQG�$&�FRHIILFLHQWV�RI�WKH�'&7�LQ�LQWUD�FRGHG�923¶V�
� 6XSSRUW� IRU�HIILFLHQW� VWDWLF�DV�ZHOO� DV�G\QDPLF�635,7(�SUHGLFWLRQ�RI� JOREDO�PRWLRQIURP�D�923�SDQRUDPLF�PHPRU\�XVLQJ���JOREDO�PRWLRQ�SDUDPHWHUV�
� 7HPSRUDO�DQG�VSDWLDO�VFDODELOLW\�IRU�DUELWUDU\�VKDSHG�923¶V�
� $GDSWLYH�PDFUREORFN�VOLFHV�DV�ZHOO�DV�LPSURYHG�ELW�VWXIILQJ�DQG�PRWLRQ�PDVNHUV�IRUUHV\QFKURQLVDWLRQ�LQ�HUURU�SURQH�HQYLURQPHQWV�
� $OPRVW�EDFNZDUG�FRPSDWLELOLW\�ZLWK�WKH�VWDQGDUGV�+������+�����DQG�03(*���FRGLQJDOJRULWKPV� LI� WKH� LQSXW� LPDJH� VHTXHQFHV� DUH� FRGHG� LQ� D� VLQJOH� OD\HU� XVLQJ� D� VLQJOHUHFWDQJXODU�923�VWUXFWXUH�
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������� 9LGHR�2EMHFW��9LGHR�2EMHFW�/D\HU��92/��DQG�9LGHR�2EMHFW�3ODQH��923�,Q�FRQWUDVW�WR�WKH�IUDPH�EDVHG�YLGHR�FRGLQJ�DOJRULWKPV�VXFK�DV�03(*����03(*����+����DQG�+������03(*���LV�DQ�REMHFW�EDVHG�DOJRULWKP��7KH�03(*���YLGHR�FRGLQJ�DOJRULWKPSURYLGHV� DQ� HIILFLHQW� UHSUHVHQWDWLRQ� RI� YLVXDO� REMHFWV� RI� DUELWUDU\� VKDSH��� ZLWK� WKHREMHFWLYH� WR� VXSSRUW� ³FRQWHQW�EDVHG³� IXQFWLRQDOLWLHV�� 7KH� FRQWHQW�EDVHG� IXQFWLRQDOLWLHVPDNH�LW�SRVVLEOH�WR�VHSDUDWH�WKH�HQFRGLQJ�DQG�GHFRGLQJ�RI�SK\VLFDO�REMHFWV�LQ�D�VFHQH��L�H�HDFK�SK\VLFDO�REMHFW�LV�HQFRGHG�GHFRGHG�LQGLYLGXDOO\����:LWKLQ�WKH�FRQWH[W�03(*����WKHDELOLW\�WR�LGHQWLI\�DQG�VHOHFWLYH�GHFLGH�DQG�UHFRQVWUXFW�YLGHR�FRQWHQW�RI�LQWHUHVW�LV�UHIHUUHGWR�DV�³FRQWHQW�EDVHG�VFDODELOLW\´��6LNRUD������E��

)LJXUH��� 6WUXFWXUH�RI�92
7KH� UHSUHVHQWDWLRQ� DUFKLWHFWXUH� HQYLVLRQHG� LQ� WKH� YHULILFDWLRQ� PRGHO� LV� EDVHG� RQ� WKHFRQFHSW�RI�9LGHR�2EMHFW�3ODQHV��923¶V���923¶V�LV�D�QXPEHU�RI�DUELWUDU\�VKDSHG�LPDJHUHJLRQV� ZKHUH� HDFK� UHJLRQ� FDQ� FRYHU� SDUWLFXODU� YLGHR� FRQWHQW�� L�H�� GHVFULELQJ� SK\VLFDOREMHFWV�RU�FRQWHQW�ZLWKLQ�VFHQHV��7KXV�WKH�YLGHR�LQSXW�FRQWHQW�LV�QR�ORQJHU�FRQVLGHUHG�WREH�D�UHFWDQJXODU�UHJLRQ�DV�ZLWK�03(*���DQG�03(*���YLGHR�VWDQGDUGV��7KH�YLGHR�LQSXWFDQ�EH�D 923�LPDJH�UHJLRQ�RI�DUELWUDU\�VKDSH�ZKHUH�WKH�VKDSH�DQG�WKH�ORFDWLRQ�YDU\�RYHUWLPH�
� ,Q� DGGLWLRQ�� 03(*��� VXSSRUWV� FRQYHQWLRQDO� UHFWDQJXODU� YLGHR�� VLPLODU� WR� WKH� 03(*��� DQG� 03(*��FRGLQJ�� ,I�VFHQH�VHJPHQWDWLRQ�LV�QRW�DYDLODEOH�RU�QRW�XVHIXO��H�J��LQ�D�YHU\�VLPSOH�ZLUHOHVV�YLGHR�FRPPXQLFDWLRQ�WKH�VWDQGDUG�GHILQHV�WKH�HQWLUH�VFHQH�DV�RQH�SK\VLFDO�REMHFW��)LW]HN�DQG�5HLVVOHLQ��������
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923¶V� WKDW� EHORQJV� WR�� RU� GHVFULEHV� WKH� VDPH� SK\VLFDO� REMHFW� LQ� D� VFHQH� LV�� FRPPRQO\NQRZQ� DV� ³9LGHR�2EMHFWV´��92¶V�� (DFK�92�PD\� KDYH� WZR� RU�PRUH� VFDODELOLW\� OD\HUV�ZKHUH� WKH� ORZHVW� OHYHO� LV� D� EDVH� OD\HU� DQG� WKH� RWKHU� OD\HUV� IXQFWLRQ� DV� HQKDQFHPHQWOD\HUV�� UHIHUUHG� WR� DV� 9LGHR� 2EMHFW� /D\HUV� �92/¶V��� 7KH� 92/¶V� FRQWDLQV� WKH� VKDSH�PRWLRQ� DQG� WH[WXUH� LQIRUPDWLRQ� RI� 923¶V� WKDW� EHORQJV� WR� WKH� VDPH� 92�� )XUWKHU�� WKH92/¶V�FRQWDLQV�UHOHYDQW�LQIRUPDWLRQ�WKDW�LV�QHFHVVDU\�WR�LGHQWLI\�HDFK�RI�WKH�92/¶V�DQGKRZ� WKH� GLIIHUHQW� 92/¶V� DUH� RUJDQLVHG� DW� WKH� UHFHLYHU� WR� UHFUHDWH� WKH� HQWLUH� RULJLQDOVHTXHQFH��7KLV�PDNHV� LW�SRVVLEOH� WR�H[SORLW� VHSDUDWH�GHFRGLQJ�RI� WKH�923¶V�DQG�DOORZVFRQWHQW�EDVHG�PDQLSXODWLRQ�ZLWKRXW�WKH�QHHG�IRU�WUDQVFRGLQJ�
������� &RGLQJ�RI�VKDSH��PRWLRQ�DQG�WH[WXUH�LQIRUPDWLRQ�IRU�HDFK�923,Q�RUGHU� WR�VXSSRUW� VHSDUDWH�GHFRGLQJ�RI�92¶V� WKH�GDWD�DVVRFLDWHG� WR� WKH� VKDSH��PRWLRQDQG� WH[WXUH� IRU� WKH� 923¶V� �EHORQJLQJ� WR� WKH� VDPH�92�� DUH� FRGHG� LQWR� VHSDUDWH� 92/�OD\HUV��GHSLFWHG�LQ�ILJXUH������7KH�9LGHR�90�H[SORLWV�DQ�LGHQWLFDO�DOJRULWKP�IRU�FRGLQJRI� VKDSH�� PRWLRQ� DQG� WH[WXUH� LQIRUPDWLRQ� LQ� HDFK� RI� WKH� 92/¶V�� 7KH� FRGLQJ� VFKHPH03(*���SURYLGHV�LI�WKH�LQSXW�YLGHR�VHTXHQFH�RQO\�FRQVLVWV�RI�UHFWDQJXODU�VL]HG�LPDJHVKDYH�WKH�VDPH�VWUXFWXUH�FRPSDUDEOH� WR�03(*���DQG�03(*���YLGHR�FRGLQJ�DOJRULWKPV�,Q�WKLV�FDVH��WKH�VKDSH�LQIRUPDWLRQ�IRU�WKH�923¶V�LV�QRW�WUDQVPLWWHG�WR�WKH�GHFRGHU�

)LJXUH��� &RGLQJ�RI�YLGHR�VHTXHQFH�XVLQJ�03(*��
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'&7 4XDQWLVHU 0RWLRQWH[WXUHFRGLQJ�

0RWLRQHVWLPDWLRQ
6KDSHFRGLQJ

9LGHR�PXOWLSOH[
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3UHGLFWLRQ��
3UHGLFWLRQ��
3UHGLFWLRQ��

6ZLWF
K
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,'&7

��

��

)LJXUH����LOOXVWUDWHV�WKH�EDVLF�DSSURDFK�RI�WKH�03(*���YLGHR�DOJRULWKPV�WR�HQFRGH�LQSXWYLGHR� VHTXHQFHV� �.RHQHQ�� ������� 7KH�03(*��� FRPSUHVVLRQ� DOJRULWKP� XVHG� WR� HQFRGHUHFWDQJXODU� DV� ZHOO� DV� DUELWUDU\� VKDSHG� LQSXW� 923� LPDJH� VHTXHQFHV� LV� EDVHG� RQ� WKHFRGLQJ�WHFKQLTXH�WKDW�LV�XVHG�LQ�WKH�RWKHU�03(*�FRGLQJ�VWDQGDUGV�

)LJXUH��� 6WUXFWXUH�RI�9LGHR�2EMHFW�3ODQH��923��EDVHG�HQFRGHU
$V�GHSLFWHG�LQ�ILJXUH����03(*���FRGLQJ�DOJRULWKP�HQFRGHV�WKH�ILUVW�923�LQ�,QWUD�IUDPH923�FRGLQJ�PRGH��1H[W� IUDPH� LV� FRGHG� XVLQJ�923� LQWHU� IUDPH�SUHGLFWLRQ�ZKHUH� RQO\QHDUHVW� SUHYLRXVO\� GHFRGHG� 923� IUDPH� LV� XVHG� IRU� PRWLRQ� SUHGLFWLRQ�� )RU� DGYDQFHGTXDOLW\�RI�WKH�LPDJHV��03(*���VXSSRUWV�DOVR�XVH�RI�EL�GLUHFWLRQDOO\�FRGHG�923¶V���

�� 6HH�FKDSWHU�RQ�PRWLRQ�FRPSHQVDWLRQ�IRU�+�����IRU�IXUWKHU�LQIRUPDWLRQ
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)LJXUH��� 923�SUHGLFWLRQ
03(*��� YLGHR� DOJRULWKP� XVHV� D� EORFN�EDVHG� DSSURDFK� WR� SURFHVV� LPDJHV� RI� D� 923VHTXHQFH� �VLPLODU� WR� WKH� RWKHU� 03(*� DOJRULWKPV��� 7KH� 923� LPDJHV� FRORXU� LQSXW� LVVHSDUDWHG� LQWR� PDFUREORFNV� WKDW� GRHVQ¶W� RYHUODS� HDFK� RWKHU�� (DFK� RI� WKH� PDFUREORFNVFRQWDLQV� �� OXPLQDQFH�� DQG� �� FKURPLQDQFH�EORFNV� ZLWK� D� VL]H� RI� �[�� RU� ��[��� SL[HOV�:KHQ�D�923�SLFWXUH�LV�VHQW��LW�ZLOO�EH�VWRUHG�LQ�D�923�SLFWXUH�VWRUH��LQGLFDWLQJ�WKDW�WKLV�LVWKH�SUHYLRXV�923�SLFWXUH��1����VHQW�� LQ�ERWK�HQFRGHU�DQG�GHFRGHU��7KLV�923�SLFWXUH� LVXVHG� IRU� PRWLRQ� FRPSHQVDWLRQ�� 0RWLRQ� FRPSHQVDWLRQ� LV� DFKLHYHG� RQ� D� EORFN� RUPDFUREORFN� EDVLV� DQG� RQO\� RQH� PRWLRQ� YHFWRU� LV� HVWLPDWHG� EHWZHHQ� 923� SLFWXUH� �1��FXUUHQW�923�SLFWXUH��DQG�923�SLFWXUH��1����IRU�D�EORFN�DQG�D�PDFUREORFN�WR�EH�HQFRGHG�6LNRUD������E���7KH�PRWLRQ�FRPSHQVDWLRQ�SUHGLFWLRQ� HUURU� LV� FDOFXODWHG�E\� VXEWUDFWLQJHDFK�SL[HO�LQ�D�EORFN�RU�PDFUREORFN�WKDW�EHORQJV�WR�WKH�FXUUHQW�923�SLFWXUH��1��ZLWK�LWVVXUURXQGLQJ�DUHD�LQ�WKH�SUHYLRXV�923�SLFWXUH��1�����)XUWKHU�LV�DQ��[��RU���[���'&7��RUDOWHUQDWLYHO\�VKDSH�DGDSWLYH�'&7����DGGHG� WR� WKH��[��RU���[���EORFNV�FRQWDLQHG� LQ� WKHEORFN�RU�PDFUREORFN�IROORZHG�E\�TXDQWLVDWLRQ�RI�WKH�'&7�FRHIILFLHQWV�WR�GLYHVW�WKH�KLJKIUHTXHQFLHV�� 7KH� VL]H� RI� WKH� TXDQWLVLQJ� VWHSV� IRU� WKH� '&7� FDQ� EH� DGMXVWHG� IRU� HDFKPDFUREORFN�GHSHQGLQJ�RQ�WKH�WDUJHWHG�ELW�UDWH��/DVWO\�VXEVHTXHQW�UXQ�OHQJWK�FRGLQJ�DQGHQWURS\�FRGLQJ�LV�DGGHG��VHH�+�����FKDSWHU��
�� 7KH�VKDSH�DGDSWLYH�'&7��6$'&7��LV�DSSOLHG�WR�WKH�ERXQGDU\��[��EORFNV�RI�WKH�923��DQG�WKH�FRQFHSW�LVWR�SHUIRUP�YHUWLFDO�'&7V�RI�WKH�DFWLYH�SL[HOV�ILUVW�DQG�WKHQ�SHUIRUP�KRUL]RQWDO�'&7V�RI�WKH�YHUWLFDO�'&7FRHIILFLHQWV�ZLWK�WKH�VDPH�IUHTXHQF\�LQGH[��/L��������
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,QSXW� LPDJHV� LQ� WKH�923� OD\HUV� WKDW� LV� JRLQJ� WR� EH� HQFRGHG� DUH� RI� DUELWUDU\� VKDSH� DQGORFDWLRQ�WKDW�YDULHV�ZLWK�WLPH�LI�LW�LV�FRPSDUHG�WR�D�UHIHUHQFH�ZLQGRZ��$OO�WKH�92/V�WKDWLV�JRLQJ�WR�EH�HQFRGHG�IRU�D�JLYHQ�LQSXW�YLGHR�VHTXHQFH�DUH�GHILQHG�ZLWK�UHIHUHQFH�WR�WKHUHIHUHQFH�ZLQGRZ��)LJXUH���� LOOXVWUDWHV� D�923� LPDJH� LQVLGH� D� UHIHUHQFH�ZLQGRZ� DQG�DVKDSH�DGDSWLYH�PDFUREORFN�JULG�IRU�WKH�923�LPDJH�

)LJXUH��� $Q�03(*���PDFUREORFN�JULG�IRU�D�923�LPDJH
7KH�PDFUREORFN�JULG� LV�XVHG�IRU� WKH�923¶V�VKDSH� LQIRUPDWLRQ��PRWLRQ�HVWLPDWLRQ�DQG��FRPSHQVDWLRQ�DQG�IRU�EORFN�DQG�'&7�EDVHG�WH[WXUH�FRGLQJ��7KH�923�ZLQGRZ�LV�EXLOW�XSLQ�PXOWLSOHV�RI����SL[HOV�LQ�ERWK�KRUL]RQWDO�DQG�YHUWLFDO�GLUHFWLRQ�RI�WKH�923�LPDJH��E\��[���SL[HO�PDFUR�EORFNV�



5HDO�7LPH�9LGHR�7UDQVPLVVLRQ�LQ�8076

���� �

6KDSH�FRGLQJ,Q� 03(*���� LW� LV� DVVXPHG� WKDW� 92¶V� LV� SURYLGHG� ZLWK� LWV� FRUUHVSRQGLQJ� VKDSHLQIRUPDWLRQ��7KLV�VKDSH�LQIRUPDWLRQ�LV�SUHVHQWHG�LQ�WZR�IRUPDWV��%UDLOHDQ��������
� %LQDU\�IRUPDW�±�LV�PDGH�XS�RI�D�SL[HO�PDS��ZKHUH�HDFK�SL[HO�KDV�YDOXH�LQIRUPDWLRQZKHWKHU�WKH�SL[HO�LV�ZLWKLQ�WKH�92�RU�QRW�
� *UH\�VFDOH�IRUPDW�±�LV�VLPLODU� WR�ELQDU\�IRUPDW��KRZHYHU� WKH�SL[HO�YDOXH�FDQ�KDYH�DYDOXH� UDQJLQJ� IURP��������9DOXH��� LQGLFDWHV� WUDQVSDUHQF\� DQG����� LQGLFDWH� WKDW� WKHSL[HO� LV� RSDTXH��9DOXHV� EHWZHHQ� �� DQG� ���� LQGLFDWH� WR� DQ� LQWHUPHGLDWH� LQWHQVLW\� RIWUDQVSDUHQF\�
7KH� VKDSH� LQIRUPDWLRQ� LV� HQFRGHG� E\� ERXQGLQJ� WKH� 923� ZLWK� D� UHFWDQJXODU� ER[�UHIHUHQFH�ZLQGRZ�� DQG� WKHQ�GLYLGLQJ� WKH�ERXQGLQJ�ER[� LQWR� VKDSH�EORFNV��(DFK� VKDSHEORFN�LV�FODVVLILHG�DV�O\LQJ��VHH�ILJXUH�����LQVLGH�WKH�REMHFW��RQ�WKH�ERUGHU�RI�WKH�REMHFW�RURXW�VLGH�WKH�REMHFW��LQVLGH�WKH�UHIHUHQFH�ZLQGRZ��
0RWLRQ�HVWLPDWLRQ�DQG�FRPSHQVDWLRQ$V� IRU� 03(*���� 03(*���� +����� DQG� +������ 03(*��� JDLQ� EHQHILW� RI� EORFN�EDVHGPRWLRQ�HVWLPDWLRQ�DQG�FRPSHQVDWLRQ�WHFKQLTXHV�WR�H[SORUH�WHPSRUDO�UHGXQGDQFLHV�RI�WKHYLGHR� LQIRUPDWLRQ� LQ� WKH� VHSDUDWH�923� OD\HUV��7KH�SULQFLSOH� IRU�PRWLRQ� HVWLPDWLRQ� DQGFRPSHQVDWLRQ� LV� GHSLFWHG� LQ� ILJXUH� ����ZKHUH� WKH� LQWHQWLRQ� LV� WR� ILQG� WKH� EHVW�PDWFKHGEORFN�LQ�WKH�SUHYLRXV�923�IUDPH�IRU�HYHU\�EORFN�LQ�WKH�FXUUHQW�RQH��$�PRWLRQ�YHFWRU�LVHVWLPDWHG� IRU� HDFK� FXUUHQW� EORFN� DQG� LQGLFDWHV� WKH� GLVSODFHPHQW� RI� WKH� SUHYLRXV� EORFN�7KH�PRWLRQ�FRPSHQVDWHG�SUHGLFWLRQ�HUURU�LV�HVWLPDWHG�E\�VXEWUDFWLQJ�WKH�SL[HO�YDOXHV�RIWKH�SUHGLFWHG�EORFN�IURP�WKH�SL[HO�YDOXHV�RI�WKH�FXUUHQW�EORFN��/L��������
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)LJXUH��� 0RWLRQ�(VWLPDWLRQ�DQG�&RPSHQVDWLRQ
0RWLRQ� HVWLPDWLRQ� DQG� FRPSHQVDWLRQ� LQ� 03(*��� LQWURGXFH� IXUWKHUPRUH� D� ³SDGGLQJWHFKQLTXH´� WKDW�H[FOXGHV� WKH�SL[HOV�QRW�EHORQJLQJ� WR� WKH� DFWLYH�923�DUHD��7KH�SDGGLQJSURFHGXUH�FDQ�EH�UHJDUG�DV�D�SUHGLFWLRQ�RI�WKH�SL[HOV�RXWVLGH�RI�WKH�923�EDVHG�RQ�SL[HOVLQVLGH� LW� �UHVXOW� RI� D�SDGGLQJ� WHFKQLTXH� LV� LOOXVWUDWHG� LQ� ILJXUH� ����� )LUVW� SDGGLQJ� RI� WKHSUHYLRXV�UHIHUHQFH�923�IUDPH�LV�GRQH��$IWHU�WKLV�RSHUDWLRQ�D�³SRO\JRQ´�PDWFKLQJ�PHWKRGLV�XWLOLVHG�WR�GHILQH�WKH�SDUW�RI�WKH�PDFUR�EORFN�ZKLFK�LV�ORFDWHG�RQ�WKH�ERUGHU�RI�WKH�923WKDW�EHORQJV�WR�WKH�DFWLYH�DUHD�LQVLGH�RI�WKH�FXUUHQW�923�IUDPH�WR�EH�HQFRGHG�

)LJXUH��� ,PDJH�SDGGLQJ�WHFKQLTXH�LOOXVWUDWHG
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7H[WXUH�FRGLQJ5HPHPEHU�WKDW�WKH�PRWLRQ�FRPSHQVDWHG�SUHGLFWLRQ�HUURU� LV�HVWLPDWHG�E\�VXEWUDFWLQJ�WKHSL[HO�YDOXHV�RI�WKH�SUHGLFWHG�EORFN�IURP�WKH�SL[HO�YDOXHV�RI�WKH�FXUUHQW�EORFN��$IWHU�WKLV�WH[WXUH�FRGLQJ�LV�SHUIRUPHG�RQ�WKH�SUHGLFWLRQ�HUURU�EORFN��7KH�FRGHG�PRWLRQ�YHFWRU�DQGWKH�FRGHG�WH[WXUH�LQIRUPDWLRQ�LV�WKHQ�VHQW�WR�WKH�GHFRGHU��7KH�GHFRGHU�FDQ�WKHQ�PDNH�XVHRI�WR�UHFRQVWUXFW�WKH�FXUUHQW�EORFN�E\�DGGLQJ�WKH�TXDQWLVHG�HUURU�SUHGLFWLRQ�EORFN�WR�WKHSUHGLFWHG�EORFN�DFFRUGLQJ�WR�WKH�PRWLRQ�YHFWRU�
������� &RGLQJ�HIILFLHQF\03(*���FRGLQJ�DOJRULWKP�SURYLGHV�D�YHU\�KLJK�FRGLQJ�HIILFLHQF\�RYHU�D�YHU\�H[WHQVLYHUDQJH�RI�ELW�UDWHV��'XH�WR�WKH�IDFW� WKDW�03(*���PDNHV� LW�SRVVLEOH� WR�FRGH�RQO\�D�VLQJOHREMHFW�OD\HU� WKH� 923� LQSXW� LPDJH� VHTXHQFH� IRUPDW� DQG� WKH� 03(*��� YLGHR� FRGLQJDOJRULWKP�FDQ�EH�PDGH�QHDUO\�FRPSDWLEOH�ZLWK�+�����DQG�03(*���
������� 6FDODEOH�FRGLQJ�RI�YLGHR�REMHFWV5HPHPEHU�IURP�WKH�VHFWLRQ�DERXW�WKH�03(*���YLGHR�IXQFWLRQDOLWLHV��VHFWLRQ��������VWDWHGWKDW�RQH�RI�WKH�NH\�IXQFWLRQDOLWLHV�LQ�03(*���LV�WKDW�WKH�YLGHR�FRGLQJ�DOJRULWKP�VXSSRUWVFRQWHQW�EDVHG� VFDODELOLW\�� 7KLV� DOORZV� HQG�XVHUV� WR� VHOHFW� IURP� YDULRXV� EDQGZLGWKV�GLVSOD\� FDSDELOLWLHV� RU� GLVSOD\� UHTXHVWV� WR� DOORZ� YLGHR� GDWDEDVH� EURZVLQJ� DQG� PXOWL�UHVROXWLRQ�SOD\EDFN�RI� WKH�YLGHR�FRQWHQW�EDVHG�RQ� WKH�EDQGZLGWK� UHVRXUFHV� DYDLODEOH� LQWKH� SDUWLFXODU�PRELOH� QHWZRUN�� )XUWKHU�� DQRWKHU� LPSRUWDQW� FRQFHSW� WKDW�03(*��� YLGHRSURYLGHV� VXSSRUW� IRU�� LV� LQ� WKH� DUHD� RI� REMHFW�EDVHG� IXQFWLRQDOLWLHV�� 2EMHFW�EDVHGIXQFWLRQDOLWLHV�DOORZ�FRGLQJ�RI�92¶V�RI�DUELWUDU\� VKDSHV��7KLV� LPSOLHV� WKDW� XVHUV� WKDW� LVHLWKHU� QRW� FDSDEOH� RI� RU� QRW�ZLOOLQJ� WR� UHFRQVWUXFW� WKH� IXOO� UHVROXWLRQ� DUELWUDULO\� VKDSHG923¶V�LV�DEOH�WR�GHFRGH�VXEVHWV�RI�WKH�OD\HUHG�ELW�VWUHDP�WR�GLVSOD\�WKH�DUELWUDULO\�VKDSHG923¶V�FRQWHQW�RU�REMHFWV�DW�ORZHU�UHVROXWLRQ�RU�TXDOLW\�
7KH�VFDODELOLW\�IUDPHZRUN�LV�UHIHUUHG�WR�DV�JHQHUDOLVHG�VFDODELOLW\�DQG�LQFOXGHV�WKH�VSDWLDODQG�WHPSRUDO�VFDODELOLWLHV��7KHVH�WZR�VFDODELOLW\�W\SHV�DUH�GLVFXVVHG�LQ�WKH� UHPDLQGHU�RIWKLV�VHFWLRQ�
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6SDWLDO�VFDODELOLW\)LJXUH���� LOOXVWUDWHV� WKH�REMHFWLYH�EHKLQG� VSDWLDO� VFDODELOLW\� VFKHPH�� ,Q� WKLV� LOOXVWUDWLRQ�WZR�OD\HUV�DUH�SURYLGHG�ZKHUH�WKH�³PLG�SURFHVVRU´�SHUIRUPV�VSDWLDO�XS�RU�GRZQ�VDPSOLQJRI�WKH�LQSXW��(DFK�RI�WKH�OD\HUV�VXSSRUWV�D�923�DW�GLIIHUHQW�VSDWLDO�UHVROXWLRQ�VFDOHV��7KHGRZQVFDOHG�YHUVLRQ�RI� WKH�923� LV� HQFRGHG� LQWR� WKH�EDVH� OD\HU�RI� WKH�ELW� VWUHDP�DQG� LVHQFRGHG� ZLWK� D� QRQ�VFDODEOH� FRGLQJ� WHFKQLTXH�� 7KH� 923� LQ� WKH� HQKDQFHPHQW� OD\HU� LVHLWKHU�HQFRGHG�DV�D�3�923��LQWHU�SUHGLFWHG�923��RU�D�%�923��EL�GLUHFWLRQDOO\�SUHGLFWHG923��

)LJXUH��� 6SDWLDO�VFDODELOLW\�VFKHPH
7KLV� PDNHV� LW� SRVVLEOH� IRU� D� HQG�XVHU� WR� FKRRVH� WR� GLVSOD\� 923� VLJQDOV� ZLWK� IXOOUHVROXWLRQ� RU�923� VLJQDOV� WKDW� LV� UHFRQVWUXFWHG� E\� GHFRGLQJ� WKH� EDVH� OD\HU� ELW� VWUHDPV�6LNRUD������E��
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7HPSRUDO�VFDODELOLW\7KH� WHPSRUDO� VFDODELOLW\� RIIHUV� VFDODELOLW\� RI� WKH� WHPSRUDO� UHVROXWLRQ� DQG� ILJXUH� ��LOOXVWUDWHV� WKH� REMHFWLYH� EHKLQG� WKH� WHPSRUDO� VFDODELOLW\� VFKHPH�� ,Q� WKLV� FDVH� WKH� ³PLGSURFHVVRU�GRHV�QRW�SHUIRUP�DQG�VSDWLDO�UHVROXWLRQ�FRQYHUVLRQ��,62�,(&����������������/D\HULQJ� LV� DFKLHYHG� WKURXJK� WHPSRUDO� SUHGLFWLRQ� IRU� WKH� HQKDQFHPHQW� OD\HU� EDVHG� RQFRGHG�YLGHR�IURP�WKH�ORZHU�OD\HUV��8VLQJ�03(*���WHPSRUDO�VFDODELOLW\�PDNHV�LW�SRVVLEOHWR� VXSSO\� GLIIHUHQW� GLVSOD\� UDWHV� RQ� GLIIHUHQW� 92/¶V� ZLWKLQ� WKH� VDPH� YLGHR� VHTXHQFH�6LNRUD������E��

)LJXUH��� 7HPSRUDO�VFDODELOLW\�VFKHPH
������� (UURU�UHVLOLHQFH�DQG�UREXVWQHVV�LQ�HUURU�SURQH�HQYLURQPHQWV$V�PHQWLRQHG�HDUOLHU�03(*���SURYLGHV� WKH�PHDQV�RI� HUURU� UREXVWQHVV�DQG� UHVLOLHQFH� WRDOORZ� DFFHVVLQJ� YLGHR� LQIRUPDWLRQ� RYHU� ZLUHOHVV� QHWZRUNV�� 7KH� HUURU� UHVLOLHQFH� WRROV�)(&�WRROV��SURYLGHG�LQ�03(*���LV�GLYLGHG�LQWR�WKUHH�GLIIHUHQW�DUHDV��UHV\QFKURQLVDWLRQ�GDWD� UHFRYHU\� DQG� HUURU� FRQFHDOPHQW�� 7KH� WRROV� FRQWDLQHG� LQ� WKHVH� FDWHJRULHV� DUH� QRWXQLTXH� IRU� 03(*���� EXW� KDYH� EHHQ� GHYHORSHG� WR� SURYLGH� HUURU� UHVLOLHQFH� IRU� YLGHRWUDQVPLVVLRQ� �.RHQHQ�� ������� � ,Q� WKLV� VHFWLRQ�� D� GHVFULSWLRQ� RI� WKH� HUURU� UHVLOLHQFH� DQGUREXVWQHVV�WRROV�LV�SURYLGHG�
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5HV\QFKURQLVDWLRQ7KH�WRROV�SURYLGHG�LQ�UHV\QFKURQLVDWLRQ�HQDEOHV�UHV\QFKURQLVDWLRQ�DIWHU�HUURUV�KDYH�EHHQGHWHFWHG��7KH�UHV\QFKURQLVDWLRQ�DSSURDFK�LPSOHPHQWHG�LQ�03(*���LV�D�SDFNHW�DSSURDFKDQG� LV� EDVHG� RQ� SURYLGLQJ� SHULRGLF� UHV\QFKURQLVDWLRQ�PDUNHUV� DW� HYHU\�1� ELWV� �1� LV� DQDUELWUDU\� LQWHJHU� YDOXH�� WKURXJKRXW� WKH� ELW� VWUHDP�� 8VH� RI� UHV\QFKURQLVDWLRQ� PDUNHUVDOORZV�WKH�GHFRGHU�WR�PRYH�IRUZDUG�WR�WKH�QH[W�UHV\QFKURQLVDWLRQ�PDUNHU�ZKHQ�LW�GHWHFWVDQ�XQFRUUHFWDEOH�HUURU��WKXV�OHVVHQLQJ�WKH�DPRXQW�RI�GDWD�WKDW�PXVW�EH�GLVFDUGHG�ZKHQ�DUHV\QFKURQLVDWLRQ� ORVV� RFFXUV�� )LJXUH� ��� JLYHV� DQ� H[DPSOH� RQ� ORVV� RI� GDWD� LQ� D� YLGHRIUDPH��$V� WKH� ILJXUH� GHSLFWV�� DOPRVW� DOO� WKH� GDWD� LQ� WKH� YLGHR� IUDPH� LV� ORVW�ZKHQ� IURPZKHUH�WKH�HUURU�RFFXUV�

)LJXUH��� 1RUPDO�YLGHR�IUDPH��$�ORW�RI�GDWD�ORVW�LQ�WKH�IUDPH
:KHQ� WKH�YLGHR�IUDPH� LV�GLYLGHG� LQWR�YLGHR�SDFNHWV�ZLWK� UHV\QFKURQLVDWLRQ�PDUNHUV� LQ�EHWZHHQ�� OHVV� GDWD� ZLOO� EH� ORVW� GXH� WR� WKH� IDFW� WKDW� WKH� YLGHR� SDFNHWV� FDQ� EH� GHFRGHGLQGHSHQGHQWO\�� �&KLDULJOLRQH���������GHSLFWHG�LQ�ILJXUH�����

�� 7KH�PDUNHU�KHDGHU�FRQWDLQV�DOO�WKH�QHFHVVDU\�LQIRUPDWLRQ�WR�UHVWDUW�WKH�GHFRGLQJ�SURFHVV
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)LJXUH��� 5HV\QFKURQLVDWLRQ�PDUNHUV�ZLWKLQ�D�YLGHR�IUDPH�GLYLGHG�LQWR�YLGHR�SDFNHWV
'DWD�UHFRYHU\:KHQ� WKH� V\QFKURQLVDWLRQ� KDV� EHHQ� UH�HVWDEOLVKHG�� WRRO� IRU� GDWD� UHFRYHU\� DWWHPSWV� WRUHFRYHU� GDWD� WKDW� LQ� JHQHUDO�ZRXOG� EH� ORVW��7KHVH� WRROV� DUH� QRW� WRROV� WKDW� SURYLGH� HUURUFRUUHFWLRQ��EXW� WHFKQLTXHV�WKDW�HQFRGH�WKH�GDWD� LQ�DQ�HUURU� UHVLOLHQW�EHKDYLRXU� �%UDLOHDQ��������$� WRRO�ZKLFK�03(*��� SURYLGHV� LV�5HYHUVLEOH�9DULDEOH� /HQJWK�&RGLQJ� �59/&�ZKHUH�WKH�YDULDEOH�OHQJWK�FRGH�ZRUGV�DUH�GHVLJQHG�VR�LW�LV�SRVVLEOH�WR�UHDG�WKHP�LQ�ERWKIRUZDUG�DQG�LQ�D�UHYHUVH�PDQQHU�
,Q�WUDQVPLVVLRQV�ZKHUH�DQ�HUURU�KDV�FRUUXSWHG�D�VHFWLRQ�RI�WKH�YLGHR�SDFNHW��DOO� WKH�GDWDEHWZHHQ� WZR� UHV\QFKURQLVDWLRQ� PDUNHUV� ZLOO� QRUPDOO\� EH� ORVW� ZLWKRXW� XVH� RI� 59/&�)LJXUH����LOOXVWUDWHV�WKDW�E\�XVH�RI�59/&�VRPH�RI�WKH�GDWD�FDQ�EH�UHFRYHUHG��7KRXJK�WKLVZLOO� LPSURYH� WKH� HUURU� UHVLOLHQFH� VLJQLILFDQWO\�� WKH� FRPSUHVVLRQ� HIILFLHQF\� ZLOO� EHDEULGJHG�
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'LVFDUGHG�GDWD

)LJXUH��� ([DPSOH�RQ�XVH�RI�59/&
(UURU�FRQFHDOPHQW$Q� H[WUHPHO\� YLWDO� HOHPHQW� RI� DQ\� HUURU� UREXVW� YLGHR� FRGHF� LV� HUURU� FRQFHDOPHQW�� 7KHHUURU�FRQFHDOPHQW�WRRO�LV�GHSHQGHQW�RQ�WKH�SHUIRUPDQFH�RI�WKH�UHV\QFKURQLVDWLRQ�VFKHPHDQG�LI�WKH�UHV\QFKURQLVDWLRQ�PHWKRG�LV�DEOH�WR�HIIHFWLYHO\�LGHQWLI\�WKH�HUURU�WKHQ�WKH�HUURUFRQFHDOPHQW�SUREOHP�EHFRPHV�D�JUHDW�GHDO�PRUH�WUDFWDEOH��,62�,(&����������������

)LJXUH��� 'DWD�SDUWLWLRQLQJ
7R� IXUWKHU� HQKDQFH� WKH� HUURU� FRQFHDOPHQW� FDSDELOLWLHV� DQG� DGYDQFH� WKH� DELOLW\� RI� WKHGHFRGHU� WR� LGHQWLI\� HUURUV� DQ� DSSURDFK� FDOOHG� ³GDWD�SDUWLWLRQLQJ´� LV� H[SORLWHG���� 'DWD
�� 7KH� ELWVWUHDP� LV� SDUWLWLRQHG� EHWZHHQ� WKH� FKDQQHOV� VR� WKH� PRUH� FULWLFDO� SDUWV� RI� WKH� ELWVWUHDP� DUHWUDQVPLWWHG� LQ� WKH�FKDQQHO�ZLWK� WKH�EHVW� HUURU�SHUIRUPDQFH�� DQG� OHVV� FULWLFDO� GDWD� LV� WUDQVSRUWHG� LQ� WKHFKDQQHO�ZLWK�SRRUHU�SHUIRUPDQFH�
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SDUWLWLRQLQJ�VHSDUDWHV�PRWLRQ�DQG�KHDGHU�GDWD�IURP�WH[WXUH�GDWD�ZLWKLQ�HDFK�RI�WKH�YLGHRSDFNHWV�E\�LQVHUWLQJ�D�VHFRQG�UHV\QFKURQLVDWLRQ�PDUNHU��'DWD�SDUWLWLRQLQJ�LV�VLJQDOOHG�WRWKH� GHFRGHU� LQ� WKH� 92/�� ,I� DQ� HUURU� RFFXUV� DQG� WKH� WH[WXUH� LQIRUPDWLRQ� LV� ORVW�� GDWDSDUWLWLRQLQJ� PDNHV� XVH� RI� WKH� PRWLRQ� GDWD� WR� FRQFHDO� WKH� HUURU� E\� XVLQJ� WKH� PRWLRQLQIRUPDWLRQ� WR� PRWLRQ� FRPSHQVDWH� WKH� SUHYLRXVO\� GHFRGHG� 923� �,62�,(&� ��������������
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� 6LPXODWLRQ�HQYLURQPHQW
��� ,QWURGXFWLRQ7UDQVPLVVLRQ� RI� LQWHUDFWLYH� YLGHR� FRPPXQLFDWLRQ� VHUYLFHV� RYHU� ZLUHOHVV� QHWZRUNVLQWURGXFHV� D� JUHDW� GHDO� RI� WHFKQLFDO� FKDOOHQJHV�� ,W� LV� LPSRUWDQW� IRU� WKH� XVHUV� RI� D� YLGHRVHUYLFH� WKDW� WKH� TXDOLW\� RI� WKH� UHFHLYHG� YLGHR�PHHWV� WKH� H[SHFWDWLRQV�� 7UDQVPLWWLQJ� UHDOWLPH�YLGHR�RYHU�ZLUHOHVV�QHWZRUNV�LV�FKDUDFWHULVHG�DV�D�YHU\�GHPDQGLQJ�VHUYLFH�LQ�WHUPVRI� ELW�UDWH� HUURU� VHQVLWLYLW\� DQG� GHOD\� WROHUDQFH�� )XUWKHUPRUH�� WUDQVPLVVLRQV� LQ�ZLUHOHVVQHWZRUNV� VXIIHU� RFFDVLRQDOO\� IURP�KLJK� ELW�HUURU� UDWHV� DQG� YDU\LQJ� ELW�UDWH��&RQQHFWLQJWKH� ZLUHOHVV� QHWZRUN� WR� WKH� ,QWHUQHW� LQWURGXFHV� DOVR� WKH� HUURU� FKDUDFWHULVWLFV� RIWUDQVPLVVLRQ� RYHU� WKH� ,3�QHWZRUN�� ZKLFK� FDQ� EH� LQ� WHUPV� RI� H�J�� SDFNHW� ORVV� DQGWUDQVPLVVLRQ�GHOD\�
%HFDXVH� WKH�ELW�UDWH�RIIHUHG� LQ�ZLUHOHVV�QHWZRUNV� LV� OLPLWHG�� LQ�FRPSDULVRQ�ZLWK�ZKDW�DWUDQVPLVVLRQ� RI� LQWHUDFWLYH� YLGHR� UHTXLUHV� IURP� WKH� QHWZRUN���� YLGHR� FRPSUHVVLRQ� LVQHHGHG�LQ�RUGHU�WR�GHFUHDVH�WKH�EDQGZLGWK�GHPDQG�RI�YLGHR�DSSOLFDWLRQV��7KH�KLJKHU�WKHYLGHR� FRPSUHVVLRQ� UDWH� LV� PDNHV� LW� H[FHHGLQJO\� YXOQHUDEOH� WR� WUDQVPLVVLRQ� HUURUV�� ,QDGGLWLRQ��WKH�ZLUHOHVV�WUDQVPLVVLRQ�PHGLD�LV�KLJKO\�XQUHOLDEOH�GXH�WR�WKDW�WKH�YLGHR�VLJQDOPD\�EH� DWWHQXDWHG� GXULQJ� WKH� WUDQVPLVVLRQ� LQ� WKH� UDGLR� FKDQQHO�� )ROORZLQJ� SKHQRPHQDHQFRXQWHUHG�LQ�D�PRELOH�UDGLR�FKDQQHO�QRUPDOO\�FDXVHV�WKLV�XQUHOLDELOLW\�
� 0XOWLSDWK�IDGLQJ��H�J��5D\OHLJK��DQG�IUHTXHQF\�VHOHFWLYH�IDGLQJ��� VKDGRZLQJ� �L�H��REVWUXFWLRQV�EHWZHHQ� WKH� WUDQVPLWWHU�DQG� WKH� UHFHLYHU�� H�J��EXLOGLQJVRU�KLOOV�� SDWK�ORVV�GHOD\� GRSSOHU�VKLIW� DGGHG�QRLVH
�� �UG JHQHUDWLRQ� QHWZRUNV� RSHQV� IRU� LQWHUDFWLYH� YLGHR� FRPPXQLFDWLRQ�� KRZHYHU� WKH� YLGHR� QHHGV� WR� EHFRPSUHVVHG�
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7KHVH� FKDUDFWHULVWLFV� PD\� KDYH� PXOWLSOH� HIIHFWV� RQ� WKH� WUDQVPLWWHG� YLGHR� VLJQDO� DQGWULJJHUV�WKH�UHFHLYHU�WR�GHDO�ZLWK�D�ELWVWUHDP�WKDW�PD\�FRQVLVW�RI�UDQGRPO\�RFFXUULQJ�ELW�HUURUV� RU� EXUVW�HUURUV� �H�J�� JDXVVLDQ�ZKLWH� QRLVH��� 2Q� WRS� RI� WKLV� WKH� UHFHLYHU� YLGHR� ELWVWUHDP�PD\�DOVR�EH�LQIOXHQFHG�E\�WKH�FKDUDFWHULVWLFV�SUHVHQW�ZKHQ�VHQGLQJ�YLGHR�RYHU�,3�H�J��SDFNHW�ORVV��
,Q� RUGHU� WR� FRPSUHKHQG� WKH� HIIHFW� RI� WKH� YDULRXV� QRLVH� IDFWRUV� FRQVHTXHQFH� RQ� WKHWUDQVPLWWHG� YLGHR� VHTXHQFH�� D� VLPXODWLRQ� HQYLURQPHQW� KDV� EHHQ� GHYHORSHG�� 7KHUHPDLQGHU�RI� WKLV�FKDSWHU�SUHVHQWV� WKH�FRQVWUXFWLRQ�RI� WKH�VLPXODWLRQ�HQYLURQPHQW�DORQJZLWK� D� SRUWUD\DO� RI� WKH� HYDOXDWLRQ� PHWKRGV� XVHG� WR� DVVHVV� WKH� TXDOLW\� RI� WKH� YLGHRVHTXHQFH�DIWHU�WKH�GLVWRUWLRQ�IDFWRUV�DUH�VLPXODWHG�
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��� 9LGHR�SHUIRUPDQFH�H[SHULPHQWV([SHULPHQWV� ZHUH� SHUIRUPHG� WR� WHVW� WKH� TXDOLW\� RI� WKH� 03(*��� YLGHR� FRGHF� XQGHUGLIIHUHQW� FRQGLWLRQV� RI� PRELOH� QRLVH�� 7R� HYDOXDWH� WKH� TXDOLW\� RI� D� GHJUDGHG� YLGHRVHTXHQFH�ZLWK�WKH�RULJLQDO�RQH��WZR�HYDOXDWLRQ�PHWKRGV�ZHUH�VLQJOHG�RXW�WR�PHDVXUH�WKHTXDOLW\�
'LVWRUWLRQ�0HDVXUH*HQHUDOO\��WKH�5RRW�0HDQ�6TXDUH�(UURU��506(��LV�XVHG�DV�D�PHDVXUH�WR�DVVHVV�WKH�YLGHRGHJUDGDWLRQ� GXH� WR� QRLVH� WKDW� LV� SUHVHQW� LQ� WKH� UDGLR� FKDQQHO��7R� FRPSXWH� WKH� YDOXH� RI506(��WKH�YLGHR�VHTXHQFH�KDV�WR�EH�GLYLGHG�LQWR�JUH\�VFDOH����ELW��IUDPHV�RI�VL]H�1[0SL[HOV��IRU�4&,)�����[�������7KHQ�WKH�RULJLQDO�SL[HO�IUDPH�LV�FRPSDUHG�ZLWK�WKH�GHJUDGHGRQH��VHH�IRUPXOD�EHQHDWK��

:KHUH�I�[��\�� ±�LV�WKH�RULJLQDO�IUDPH��DQGI�[��\���±�LV�WKH GHJUDGHG�IUDPH
7KH�506(�YDOXH�ZLOO�EHFRPH�]HUR�ZKHQ� WKH�RULJLQDO��DQG�GHJUDGHG� IUDPH� LV� LGHQWLFDO�7KH� ILQDO� 506(� YDOXH� LV� FDOFXODWHG� DV� DQ� DYHUDJH� YDOXH� FDOFXODWHG� IURP� DOO� WKHWUDQVPLWWHG�YLGHR�IUDPHV��7KH�DFWXDO�DYHUDJH�YDOXH�WKDW�LV�FDOFXODWHG�KDV�QR�PHDQLQJ�LQ�LWVHOI�� KRZHYHU� D� FRPSDULVRQ� RI� WZR� YDOXHV� IRU� GLIIHUHQW� UHFRQVWUXFWHG� YLGHR� VHTXHQFHVSUHVHQWV�D�PHDVXUH�IRU�TXDOLW\��6WXKOP�OOHU��)lUEHU��/LQN�DQG�*LURG��������
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7KH�PRUH�FRPPRQ�DSSURDFK�WR�PHDVXUH�TXDOLW\�RI�YLGHR�LV�WR�FDOFXODWH�WKH�3HDN�6LJQDO�WR1RLVH�5DWLR��3615���3615�LV�GHULYHG�XVLQJ�506(�WR�UHIHU�WR�D�YLGHR�IUDPH�RI�GHJUDGHGTXDOLW\�IURP�WKH�RULJLQDO�LQ�G%��VHH�IRUPXOD���6WXKOP�OOHU�HW��DO���������
3615� ����ORJ�� ��ZKHUH
WKH�YDOXH�����LV�GHULYHG�IURP�DVVXPLQJ�WKDW�LW�LV�DQ�HLJKW�ELW�YLGHR�IUDPH�������7KH�3615YDOXHV�ZHUH�FDOFXODWHG�IRU�HDFK�IUDPH�DQG�WKHQ�DYHUDJHG�RYHU�WKH�WRWDO�QXPEHU�RI�IUDPHVLQ�WKH�YLGHR�VHTXHQFH�

)LJXUH��� 2EMHFWLYH�HYDOXDWLRQ�VHW�XS
7KH�DSSURDFK�RI�FDOFXODWLQJ�WKH�506(�DQG�3615�LV�VKRZQ�LQ�ILJXUH�����)LUVW�RI�DOO�WKHRULJLQDO�YLGHR�VHTXHQFH�LV�FRPSUHVVHG�LQWR�D�GHVLUHG�IRUPDW�RI�YLGHR��LQ�WKLV�FDVH�03(*���RI�4&,)�UHVROXWLRQ���:LWK�KHOS�D�YLGHR�PDQLSXODWLRQ�DSSOLFDWLRQ��YLUWXDOGXE�FRP���WKHRULJLQDO�FRPSUHVVHG�IRUPDW��SULRU�WR�QRLVH�LQVHUWLRQ��LV�VHJPHQWHG�LQ�WR�LQGLYLGXDO�IUDPHVRI�JUH\�VFDOH�IRUPDW�RI���ELW����)XUWKHUPRUH�� WKH�RULJLQDO�FRPSUHVVHG�YLGHR�LV�VLPXODWHGYDULRXV� GLVWRUWLRQ� IDFWRUV� E\� KHOS� RI� UHDGLQJ� WKH� YLGHR� VHTXHQFH� LQWR� D� &�SURJUDP

���506(

6LPXODWH�QRLVH
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�GHYHORSHG�ZLWKLQ�WKH�IUDPHZRUN�RI�WKLV�WKHVLV��ZKHUH�YDULRXV�ILOWHU�IXQFWLRQV�KDYH�EHHQFRGHG�WR�PDQLSXODWH�WKH�FRQWHQW�RI�WKH�YLGHR�VHTXHQFH��$SSHQGL[�%��³VLPXODWH�QRLVH�F´��7KLV� GLVWRUWHG� YLGHR� VHTXHQFH� LV� WKHQ� IUDJPHQWHG� DV� GHVFULEHG� HDUOLHU�� )LQDOO\�� WKHLPSDLUHG�YLGHR�IUDPH�LV�FRPSDUHG��$SSHQGL[�%�³3615�FDOFXODWLRQ�F´��ZLWK�WKH�RULJLQDOFRPSUHVVHG�IUDPH�WR�HVWLPDWH�WKH�3HDN�6LJQDO�WR�1RLVH�5DWLR�
6XEMHFWLYH�HYDOXDWLRQ$QRWKHU�LPSRUWDQW�DVSHFW�LQ�HYDOXDWLQJ�WKH�TXDOLW\�RI�WKH�YLGHR�LV�WR�SHUIRUP�D�VXEMHFWLYHDVVHVVPHQW�RQ�WKH�UHVXOWLQJ�GHJUDGHG�YLGHR�VHTXHQFH��7KLV�LV�EHFDXVH�WKDW�WKH�FDOFXODWHG3615� YDOXHV� GR� QRW� HQOLJKWHQ� ZLWKRXW� D� SHUVRQ¶V� YLHZ� RI� WKH� GLIIHUHQFH� EHWZHHQ� WKHRULJLQDO�DQG�WKH�GHJUDGHG�YLGHR�VHTXHQFH��7KH�VXEMHFWLYH�MXGJHPHQW�ZDV�YDOLG�IRU�DOO�RIWKH�GLIIHUHQW�HUURU�UDWHV�DQG�ZDV�UDWHG�IURP���WR���ZKHUH���LV�ORZ�TXDOLW\�DQG���LV�LPSOLHVWKDW�WKH�YLGHR�LV�RI�JRRG�TXDOLW\�
7KH� DSSURDFK� WR� JR� WKURXJK� ZLWK� WKH� VXEMHFWLYH� DVVHVVPHQW� RI� WKH� YLGHR� TXDOLW\� LVFRPSDUDEOH�ZLWK�WKH�ZD\�VHOHFWHG�LQ�WKH�REMHFWLYH�HYDOXDWLRQ��VHH�ILJXUH�����QH[W�SDJH��7KH�GLIIHUHQFH�LV�WKDW�WKH�YLGHR�VHTXHQFH�GRHV�QRW�KDYH�WR�EH�VHJPHQWHG�LQ�WKH�VDPH�ZD\DV�IRU�WKH�REMHFWLYH�HYDOXDWLRQ��+HUH�LV�WKH�YLGHR�VHTXHQFH�ORDGHG�GLUHFWO\�LQWR�WKH�ILOWHUIXQFWLRQV�ZKLFK�VLPXODWHV�WKH�QRLVH�WKDW�PD\�DIIHFW�WKH�VLJQDO�LQ�D��UG JHQHUDWLRQ�PRELOHQHWZRUN�

�� ,W�LV�QRUPDO�WR�PHDVXUH�WKH�3615�RI�RQO\�WKH�OXPLQDQFH��EULJKWQHVV��LQ�WKH�YLGHR�IUDPH
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6LPXODWH�QRLVH
���� �

XUH��� 6XEMHFWLYH�HYDOXDWLRQ�VHW�XS
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� 6LPXODWLRQ�UHVXOWV
7KH� YLGHR� VHTXHQFH� XVHG� LQ� WKH� H[SHULPHQWV� ZDV� WKH� $NL\R� YLGHR� VHTXHQFH�� 7KLVVHTXHQFH� LV� UHJDUGHG� DV� D� ORZ�PRWLRQ� VHTXHQFH� �W\SLFDO� IRU� YLGHRFRQIHUHQFLQJ�� DQG� LVVHOHFWHG� IURP� D� VWDQGDUG� VHW� RI� WHVW� VHTXHQFHV� WKH� KDYH� EHHQ� XVHG� WKURXJKRXW� WKHGHYHORSPHQW�RI�ERWK�WKH�+�����DQG�03(*���VWDQGDUG��7KH�YLGHR�VHTXHQFH�FRQWDLQHG�QRDGGLWLRQDO� DXGLR�� 7KH� WDEOH� EHQHDWK� VKRZV� WKH� VLPXODWLRQ� SDUDPHWHUV� WR� WKH� YLGHRVHTXHQFH�
7DEOH��� 6LPXODWLRQ�SDUDPHWHUV

7KH� VLPXODWLRQ� HQYLURQPHQW� KDG� WKH� FDSDELOLW\� RI� JHQHUDWLQJ� ELW� HUURUV�� EXUVW� HUURUV�SDFNHW�ORVV�DQG�*DXVVLDQ�ZKLWH�QRLVH��UDQGRP�ELW�HUURUV���7KH�YLGHR�VHTXHQFH�ZDV�WKHQWHVWHG� RQ� YDULRXV� LPSDLUPHQW� GHJUHHV� WR� JHW� DQ� XQGHUVWDQGLQJ� RI� WKH� HIIHFWV� WKDW� WKHYDULRXV�IRUPV�RI�QRLVH�FRXOG�KDYH�RQ�WKH�YLGHR��7KH�HIIHFWV�DQG�HYDOXDWLRQ�RI�WKH�UHVXOWVLV�VKRZQ�DQG�FRPPHQWHG�WKURXJK�WKH�UHPDLQGHU�RI�WKLV�FKDSWHU�
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��� (IIHFWV�GXH�WR�ELW�HUURU7R�VLPXODWH�ZKDW�HIIHFW�ELW�HUURUV�KDYH�RQ�WKH�TXDOLW\�RI�WKH�YLGHR��ELW�HUURU�UDWHV��%(5�UDQJLQJ�IURP����� WR����� ZHUH�LQVHUWHG�LQWR�WKH�ELW�VWUHDP�

)LJXUH��� 3615�YDOXHV�IRU�ELW�HUURU�QRLVH�VLPXODWLRQ
7KH�ILJXUH�DERYH�VKRZV�WKH�FDOFXODWHG�3615�YDOXHV�IRU�HDFK�RI�WKH�IUDPHV�LQ�WKH�YLGHRVHTXHQFH�� $V� ZH� FDQ� VH� IURP� WKH� ILJXUH� WKH� TXDOLW\� VHYHUHO\� GHJUDGHV� ZKHQ� WKH� %(5EHFRPHV� ODUJHU� WKDQ� ������ 7KH� VDPH� GLVFRYHU\� FDQ� EH� PDGH� E\� VWXG\LQJ� WKH� ILJXUHVEHQHDWK�ZHUH�VQDSVKRWV�RI�WKH�YLGHR�TXDOLW\�LV�VKRZQ�DW�VHOHFWHG�ELW�HUURU�UDWHV�

������ ������ ������)LJXUH��� 9LGHR�TXDOLW\�IRU�YDULRXV�ELW�HUURU�UDWHV
7KH�VQDSVKRW�ZHUH�WKH�%(5�LV����� FOHDUO\�VKRZV�WKDW� WKH�LPDJH�LV�GHJUDGHG�LQ�IRUP�RIEORFNLQHVV��ZKHUH�DV�IRU�WKH�VQDSVKRWV�ZHUH�WKH�%(5�LV����� DQG����� LW�LV�GLIILFXOW�WR�VHHDQ\�GHJUDGDWLRQ�DW�DOO��7KRXJK�LW�LV�WULFN\�WR�VHH�WKH�GHJUDGDWLRQ�FDXVHG�E\�ELW�HUURUV� LQ
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WKH� WZR� ODWWHU� FDVHV�� LW� LV� SRVVLEOH� WR� FRPSDUH� WKH� UHVXOWV� E\� FRPSDULQJ� WKH� FDOFXODWHGDYHUDJH�3615�IRU�WKH�WZR�YLGHR�VHTXHQFHV��7KH�DYHUDJH�3615�YDOXHV�WRJHWKHU�ZLWK�WKHVXEMHFWLYH�MXGJHPHQW�LV�VXPPDULVHG�LQ�WKH�WDEOH�EHQHDWK�
7DEOH��� (IIHFWV�RI�ELW�HUURU�RQ�WKH�YLGHR�TXDOLW\�IRU�WKH�$NL\R�YLGHR�VHTXHQFH9LGHR�6HTXHQFH %LW�HUURU�UDWH 6XEMHFWLYH�MXGJHPHQW $YHUDJH�3615���� ������������������YHU\�SRRU� 1�$���� ������������������YHU\�SRRU� ������G%���� ����������������������������IDLU� ������G%���� ��±��������������������JRRG� ������G%
$NL\R�����NELW�V��03(*��� � �������������������������JRRG� 1�$
��� (IIHFWV�GXH�WR�EXUVW�HUURU7KH� VHFRQG� H[SHULPHQW� FRQGXFWHG� ZDV� WR� VHH� KRZ� WKH� YLGHR� EHKDYHG� ZKHQ� VLPXODWHGEXUVW� HUURUV�ZHUH�DGGHG� WR� WKH�ELW� VWUHDP��'XH� WR� WKH� OLPLWDWLRQV� LQ� WKH� VRIWZDUH�3615YDOXHV� RU� VXEMHFWLYH� HYDOXDWLRQ� FRXOG� QRW� EH� SHUIRUPHG� IRU� %(5� RQ� ������ 0HDQZKLOH�VLPXODWLRQ�RQ�WKH�HIIHFWV�EXUVW�HUURU�KDG�RQ�WKH�YLGHR�FRXOG�EH�SHUIRUPHG�IRU�%(5�����DQG�������ZKHUH�WKH�OHQJWK�RI�WKH�EXUVW�HUURUV�ZDV�VHW�WR�ODVW���PLOOLVHFRQG�

)LJXUH��� 3615�YDOXHV�IRU�EXUVW�HUURU�QRLVH�VLPXODWLRQ
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$JDLQ��ILJXUH����VKRZV�WKH�3615�YDOXHV�RI� WKH�VLPXODWLRQ�IRU� WZR�GLIIHUHQW�HUURU�UDWHV�&RPSDULQJ� LW�ZLWK� WKH� FDVH�ZKHUH� RQO\� VLQJOH� ELW� HUURUV� RFFXUUHG�� RQH� FDQ� VHH� WKDW� WKH3615�YDOXHV�KDYH�GHFUHDVHG�ZKHQ�QXPHURXV�EXUVW�HUURUV�ZHUH�DGGHG�WR�WKH�ELW�VWUHDP�)XUWKHUPRUH��WKH�HUURUV�PRUH�YLVLEOH�DW�WKH�%(5����� DQG����� GXH�WR�WKDW�WKH�HUURU�EXUVWVODVWV�IRU�DERXW���PLOOLVHFRQG�

������ ������)LJXUH��� 9LGHR�TXDOLW\�IRU�YDULRXV�EXUVW�UDWHV
$�UHFDS�RI�WKH�TXDOLW\�WR�WKH�YLGHR�VHTXHQFH�LV�VKRZQ�LQ�WKH�WDEOH�EHQHDWK��7KH�DYHUDJH3615�IRU�%(5����� FRXOG�QRW�EH�DFKLHYHG�EHFDXVH�WKH�TXDOLW\�ZDV�WRR�EDG�
7DEOH��� (IIHFWV�RI�EXUVW�HUURU�RQ�WKH�YLGHR�TXDOLW\�IRU�WKH�$NL\R�YLGHR�VHTXHQFH����PV�9LGHR�6HTXHQFH %XUVW�HUURU�UDWH 6XEMHFWLYH�MXGJHPHQW $YHUDJH�3615���� ������������������YHU\�SRRU� 1�$���� ������������������YHU\�SRRU� 1�$���� ������������������������SRRU� ������G%���� �������������������������JRRG� ������G%
$NL\R�����NELW�V��03(*��� � �������������������������JRRG� 1�$
��� (IIHFWV�GXH�WR�SDFNHW�ORVV7R�VLPXODWH�ORVV�RI�SDFNHWV�LQ�WKH�VLPXODWLRQ�HQYLURQPHQW�ZDV�VLPSO\�GRQH�E\�UHSODFLQJWKH�RULJLQDO�FRQWHQW�LQ�WKH�YLGHR�ILOH�ZLWK�VHULHV�RI��¶V�ZKHUH�HDFK���ZDV�UHSUHVHQWHG�E\RQH� E\WH�� 7KH� OHQJWK� RI� WKH� SDFNHWV� ZDV� IL[HG� WKURXJK� WKH� ZKROH� ³WUDQVPLVVLRQ´�� 7KH3615�YDOXHV�IRU�GLIIHUHQW�SHUFHQWDJH�RI�SDFNHW�ORVV�UDWH�LV�GHSLFWHG�LQ�ILJXUH����
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)LJXUH��� 3615�YDOXHV�IRU�SDFNHW�ORVV�VLPXODWLRQ
7KH� ILJXUHV� EHQHDWK� VKRZ� WKH� TXDOLW\� RI� WKH� YLGHR� GXULQJ� SOD\EDFN� RI� WKH� YLGHR� IRUGLIIHUHQW�SHUFHQWDJH�SDFNHW� ORVV��1RW� VXUSULVLQJO\��GHFUHDVHV� WKH�TXDOLW\�RI� WKH�YLGHR� DVWKH�ORVV�RI�SDFNHW¶V�LQFUHDVHV�

����� �����

���� ����)LJXUH��� 9LGHR�TXDOLW\�IRU�YDULRXV�SDFNHW�ORVV�UDWHV
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/RRNLQJ�DW�WKH�YLVXDO�UHVXOW�RI�WKH�GDPDJH�WKH�SDFNHW�ORVV�KDYH�DGGHG�WR�WKH�YLGHR�LW�ZDVHYDOXDWHG�DQG�LQVHUWHG�LQWR�D�WDEOH�WRJHWKHU�ZLWK�WKH�FDOFXODWHG�DYHUDJH�3615�WR�FRPSDUHLW�ZLWK�UHVXOWV�RI�WKH�GHJUHHV�RI�SDFNHW�ORVV�
7DEOH��� (IIHFWV�RI�SDFNHW�ORVV�RQ�WKH�YLGHR�TXDOLW\�IRU�$NL\R�YLGHR�VHTXHQFH9LGHR�6HTXHQFH 3DFNHW�ORVV 6XEMHFWLYH�MXGJHPHQW $YHUDJH�3615���� ������������������YHU\�SRRU� ������G%���� ��±����������SRRU�WR�IDLU� ������G%��� �������������������IDLU�SRRU� ������G%$NL\R�����NELW�V��03(*��� ��� �������������������������JRRG� ������G%
��� (IIHFWV�GXH�WR�JDXVVLDQ�QRLVH7KH� ODVW� VLPXODWLRQ�SHUIRUPHG�ZDV� WR� LQYHVWLJDWH� WKH�YLGHR�TXDOLW\�ZKHQ� WKH�ELW� VWUHDPZDV�H[SRVHG�WR�UDQGRP�ELW�HUURU�UDWHV�UDQJLQJ�IURP����� WR�������7KLV�ZDV�DFFRPSOLVKHGWKURXJK�XVLQJ�WKH�³UDQG���´�IXQFWLRQ�LQ�&�

)LJXUH��� 3615�YDOXHV�IRU�*DXVVLDQ�QRLVH�VLPXODWLRQ
,QVHUWLQJ�ELW�HUURU�UDQGRPO\�PD\�FDXVH�WKDW�DOO�WKH�ELW�HUURU�LV�ORFDWHG�YHU\�FORVH�WR�HDFKRWKHU��)URP�WKH�ILJXUH�DERYH��RQH�FDQ�QRWLFH�WKDW�WKLV�KDV�KDSSHQHG�IRU�%(5� ����� LQ�WKHIUDPH�LQWHUYDO�IURP�IUDPH�QXPEHU�����±������7KRXJK�LQ�VRPH�FDVHV�UDQGRPO\�RFFXUULQJELW�HUURUV�PD\�YLVXDOO\�DSSHDU�ZRUVH�WKDQ�ELW�HUURUV�VSUHDG�RYHU�WKH�HQWLUH�YLGHR�VHTXHQFH�WKH�DYHUDJH�3615�ZLOO�EH�SUHWW\�PXFK�WKH�VDPH�
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������ ������� ������)LJXUH��� 9LGHR�TXDOLW\�IRU�YDULRXV�JDXVVLDQ�HUURU�UDWHV
,I�\RX�FRPSDUH�WDEOH����DQG�����\RX�FDQ�VHH�WKDW�WKH�FDOFXODWHG�3615�YDOXHV�DUH�VLPLODU�+RZHYHU��WKH�YLVXDO�TXDOLW\�ZDV�VOLJKWO\�ZRUVH�ZKHQ�%(5�ZDV������
7DEOH��� (IIHFWV�RI�*DXVVLDQ�QRLVH�RQ�WKH�YLGHR�TXDOLW\�IRU�$NL\R�YLGHR�VHTXHQFH9LGHR�6HTXHQFH %LW�HUURU�UDWH 6XEMHFWLYH�MXGJHPHQW $YHUDJH�3615���� ������������������YHU\�SRRU� 1�$���� ������������������YHU\�SRRU� ������G%���� �������������������IDLU�SRRU� ������G%���� ��±��������������������JRRG� �������G%
$NL\R�����NELW�V��03(*��� � �������������������������JRRG� 1�$



5HDO�7LPH�9LGHR�7UDQVPLVVLRQ�LQ�8076

���� �

� 'LVFXVVLRQ
:KHQ� ,� ILUVW� VDW� GRZQ� DQG�ZURWH� WKH� VFRSH� RI� WKLV� WKHVLV�� WKH� LQWHQWLRQ�ZDV� WR� XVH� WKHYLGHR� FRGHFV�03(*��� DQG�'9� LQ� WKH� VLPXODWLRQ� H[SHULPHQW��7KH� LQWHQWLRQ�ZDV� WR� XVH'9� DV� D� UHIHUHQFH� IRUPDW� DQG� HQFRGH� LW� WR� 03(*���� VLPXODWH� QRLVH� DQG� HYDOXDWH� WKHUHVXOWV��+RZHYHU��VLQFH�03(*���LV�IDU�IURP�EHLQJ�D�VWDQGDUG�XVHG�LQ�YLGHR�WUDQVPLVVLRQLQ�KHWHURJHQHRXV�ZLUHOHVV�QHWZRUNV�LW�FDPH�WR�P\�PLQG�WKDW�WKLV�ZDV�TXLWH�³ODPH´��$IWHUUHDGLQJ�SDSHUV�RQ�YLGHR� WUDQVPLVVLRQ�RYHU�ZLUHOHVV�QHWZRUNV�� ,� OHDUQHG� WKDW� WKHUH�ZHUHWZR� FRGHFV� WKDW� GLVFHUQHG� WKHPVHOYHV� IURP� WKH� UHVW� RI� WKH� FRGHFV�� 7KHVH� WZR� FRGHFV+���������DQG�03(*���DUH�RSWLPLVHG�IRU�WUDQVPLVVLRQ�DW�YHU\�ORZ�ELW�UDWHV�����NELW�V�WR��� NELW�V� IRU�+����� DQG� �� NELW�V� WR� ��0ELW�V� IRU�03(*���� DQG� DOORZV� WUDQVPLVVLRQ� LQKHWHURJHQHRXV�HUURU�SURQH�HQYLURQPHQWV��+RZHYHU��GXH�WR�WKDW�03(*���DQG�+���������LVVWURQJO\�EDVHG�RQ�WKH�SUHFHGLQJ�VWDQGDUGV�03(*�����DQG�+�����,�IHOW�WKDW�DQ�RYHUYLHZ�RIWKHVH� VWDQGDUGV� KDG� WR� EH� JLYHQ� GXH� WR� WKH� LPSRUWDQFH� RI� WKHP� LQ� WKH� SDVW� �9LGHR&'�'9'��YLGHR�FRQIHUHQFLQJ�LQ�,6'1�QHWZRUN��
6HOHFWLQJ� WKHVH� WZR� YLGHR� FRGHFV� IRU� XVH� LQ� WKH� VLPXODWLRQ�� ,� OHDUQHG� WKDW� YHU\� IHZFRPPHUFLDO� VRIWZDUH� SURJUDPV� ZHUH� GHYHORSHG�� 0RUHRYHU�� QRQH� RI� WKHVH� FRPPHUFLDOSURGXFWV� ZDV� PDGH� WR� VXSSRUW� HUURU� UHVLOLHQFH�� (QFRGHUV� DQG� GHFRGHUV� KDYH� EHHQGHYHORSHG�LQ�UHVHDUFK�HQYLURQPHQWV�DQG�DW�8QLYHUVLWLHV��EXW�DUH�GLIILFXOW�WR�JHW�UHDFK�RI�7KHUHIRUH�,�XVHG�D�FRPELQDWLRQ�RI�FRPPHUFLDO�VRIWZDUH�ZHUH�,�ZDV�DEOH�WR�HQFRGH�YLGHRVHTXHQFHV� LQWR�03(*��� IRUPDW� DQG� D� VHOI� GHYHORSHG� VLPXODWLRQ� HQYLURQPHQW� EDVHG� RQWKH�SURJUDPPLQJ�ODQJXDJH�&�ZHUH�VLPXODWLRQ�RI�QRLVH�DQG�HYDOXDWLRQ�RI�WKH�TXDOLW\�DIWHUQRLVH� VLPXODWLRQ� FRXOG� EH� SHUIRUPHG�� 7KH� RQO\� FRQVWUDLQW� WKDW� UHPDLQHG�ZDV� WKDW� HUURUUHVLOLHQFH�WRROV�FRXOG�QRW�EH�DGGHG�WR�WKH�HQFRGHG�VHTXHQFH�GXH�WR�OLPLWDWLRQV�LQ�VRIWZDUHDQG�WLPH�
:LWK� WKLV� LQ� PLQG�� VLPXODWLRQV� ZHUH� GRQH� DQG� UHVXOWV� ZHUH� SURGXFHG�� 7KH� IROORZLQJVHFWLRQV� GLVFXVV� ZKDW� P\� IRXQGDWLRQ� RI� IRU� HYDOXDWLRQ� FULWHULD� ZDV� WRJHWKHU� ZLWK� WKHUHVXOWV�IURP�WKH�VLPXODWLRQ�DQG��ILQDOO\��WKH�YDOLGLW\�RI�WKH�VLPXODWLRQ�SURFHVV�
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��� (YDOXDWLRQ�FULWHULD
����� (YDOXDWLRQ�PHWKRGV'XULQJ�VLPXODWLRQ�RI�QRLVH��WZR�HYDOXDWLRQ�PHWKRGV�ZHUH�XVHG�WR�HVWLPDWH�WKH�TXDOLW\�RIWKH�YLGHR��7KH�GHFLVLRQ�RI�REMHFWLYH�DQG�VXEMHFWLYH�HYDOXDWLRQ�KDG�WR�EH�LQ�SODFH�WR�JHW�WKHULJKW�MXGJHPHQW�RI�WKH�YLGHR�TXDOLW\�
6HOHFWLQJ� RQO\� RQH� RI� WKHVH�PHWKRGV� FRXOG� QRW� JLYH� D� FRPSOHWH� SLFWXUH� RI� WKH� YLGHR¶VTXDOLW\��)RU�H[DPSOH��DQ�REMHFWLYH�HYDOXDWLRQ�ZRXOG�JLYH�\RX�D�SURGXFW�RI�D�FDOFXODWLRQ�ZKLFK�FDQ�EH�XVHG�WR�FRPSDUH�YLGHR�VHTXHQFHV�ZLWK�YDULRXV�GHJUHH�RI�HUURU��+RZHYHU��LWZRXOG�QRW�GLVSOD\�DQ\WKLQJ�DERXW�WKH�YLVXDO�TXDOLW\��,Q�DGGLWLRQ��IRU�H[DPSOH�VLPXODWLRQRI�D�XQLIRUPO\�GLVWULEXWHG�%(5�RI����� ZRXOG�JLYH�PRUH�RU�OHVV�WKH�VDPH�UHVXOW��3615��DVD�%(5�RI����� RI�*DXVVLDQ�GLVWULEXWLRQ��7KLV�FDQ�EH�FRQFOXGHG�EHFDXVH�WKH�QXPEHU�RI�ELWHUURUV�LQ�WKH�YLGHR�VWUHDP�ZRXOG�EH�WKH�VDPH��EXW�ZLWK�*DXVVLDQ�GLVWULEXWLRQ�WKH�ELW�HUURUVZRXOG� EH� SODFHG� UDQGRPO\� DQG� PLJKW� UHVXOW� LQ� WKDW� WKH� ELW� HUURUV� LV� VLWXDWHG� LQ� RQO\VHFWLRQV�RI�WKH�YLGHR�VWUHDP��7KLV�UHVXOW�LQ�WKDW�VRPH�SRUWLRQV�RI�WKH�ELW�VWUHDP��YLVXDOO\�ZRXOG� EH� RI� YHU\� GHILFLHQW� TXDOLW\� DQG� RWKHU� SRUWLRQV� PLJKW� QRW� YLVXDOO\� VKRZ� DQ\GHJUDGDWLRQ�DW�DOO�
����� 9LGHR�6HTXHQFH9DULRXV�YLGHR�VHTXHQFHV�KDYH�EHHQ�XVHG�E\�WKH�LQGXVWU\�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RIWKH� YLGHR� FRGHFV�� 2QH� RI� WKHVH� YLGHR� VHTXHQFHV� ZDV� DOVR� XVHG� LQ� WKH� VLPXODWLRQHQYLURQPHQW�GHVFULEHG�LQ�FKDSWHU����7KH�DGYDQWDJH�RI�VHOHFWLQJ�D�YLGHR�VHTXHQFH�WKDW�LVXVHG� LQ� WHVWV� LV� WKDW� WKH� UHVXOWV� FDQ� EH� FRPSDUHG� WR� VHH� LI� WKH\� KDYH� PHDQLQJ�� $GLVDGYDQWDJH� FRXOG� EH� WKDW� \RX� DUH� ³EOLQGHG´� E\� WKH� UHVXOWV� LQ� VXFK� ZD\� WKDW� \RXUHYDOXDWLRQ�LV�QRW�RQO\�EDVHG�RQ�\RXU�RZQ�VLPXODWLRQ�UHVXOWV�
7R� JHW� D� WUXVWZRUWK\� HYDOXDWLRQ� RI� WKH� YLGHR� VHTXHQFHV¶� UHVSRQVH� WR� HUURUV� LQ� WKH� ELWVWUHDP�� WKH� VHTXHQFH� FRXOG� QRW� EH� WR� VKRUW�� 7KH� REMHFWLYH� HYDOXDWLRQ�ZDV� EDVHG� RQ� DQDYHUDJH�FDOFXODWLRQ�RI�WKH�3615��$�YLGHR�VHTXHQFH�WKDW�ZDV�WR�VKRUW�ZRXOG�QRW�SURYLGHDQ�DYHUDJH�3615�WKDW�ZDV�DSSOLFDEOH�GHVFULELQJ�WKH�YLGHR¶V�TXDOLW\�
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7KH�TXDOLW\�RI�WKH�YLGHR�VHTXHQFHV�GHJUDGHV�ZKHQ�WKH�HQFRGLQJ�ELW�UDWH�OHVVHQV��6HOHFWLQJD� YLGHR� VHTXHQFH� HQFRGHG� DW� D� ORZ� ELW�UDWH� ZRXOG� DOVR� PDNH� WKH� VHTXHQFH� PRUHYXOQHUDEOH� WR� GLVWRUWLRQV� LQ� WKH� WUDQVPLVVLRQ� F\FOH�� 7KLV� PHDQV� WKDW� D� YLGHR� VHTXHQFHHQFRGHG�DW�D�ELW�UDWH�RI�H�J������NELW�V�PD\�EH�H[WUD�YXOQHUDEOH�WRZDUGV�HUURU�SURSDJDWLRQLQ�WKH�ELW�VWUHDP��FRPSDUHG�ZLWK�D�VHTXHQFH�HQFRGHG�DW�����NELW�V� WKDW�ZDV�XVHG�LQ�WKLVVLPXODWLRQ��$V�DQ�HIIHFW��ELW�VWUHDPV�FRQWDLQLQJ�HUURUV�FDQ�EH�GLIILFXOW�WR�GHFRGH�EHFDXVHPRVW� RI� WKH� FRPPHUFLDO� GHFRGHUV� RQ� WKH� PDUNHW� WRGD\� DUH� QRW� RSWLPLVHG� IRU� KDQGOLQJVWUHDPV�FRQWDLQLQJ�ELW�HUURUV�
)XUWKHU��WKH�IUDPH�UDWH�ZRXOG�KDYH�DQ�HIIHFW�RQ�WKH�WUDQVLWLRQ�EHWZHHQ�HDFK�IUDPH�LQ�WKHVHTXHQFH��'HFLGLQJ�RQ�D�IUDPH�UDWH�WKDW�LV�ORZ��H�J����ISV��PLJKW�FDXVHG�D�MHUNLQHVV�HIIHFWLQ� WKH�SOD\EDFN�RI� WKH�YLGHR��KRZHYHU� WKLV�ZRXOG�FDXVH� WKDW� WKH�DPRXQW�RI� LQIRUPDWLRQWUDQVPLWWHG�LV�YHU\�OLWWOH�FRPSDUHG�ZLWK�VHOHFWLQJ�D�UHODWLYHO\�KLJK�IUDPH�UDWH��H�J�����ISV��,Q�WKLV�VLPXODWLRQ��WKH�YLGHR�VHTXHQFH�NHSW�WKH�RULJLQDO�IUDPH�UDWH�RI����ISV�EHFDXVH�WKHQLW� ZDV� HDVLHU� WR� HYDOXDWH� WKH� YLVXDO� TXDOLW\� DIWHU� HUURU� VLPXODWLRQ�� 6HOHFWLQJ� D� YLGHRVHTXHQFH�HQFRGHG�DW����ISV�ZRXOG�LQ�LW�VHOI�GHJUDGHG�WKH�TXDOLW\�RI�WKH�YLGHR�DQG�PDGH�LWPRUH�GLIILFXOW�WR�HYDOXDWH�WKH�FRQVHTXHQFHV�GXH�WR�HUURU�SURSDJDWLRQ�
��� 5HVXOWV7KH� YLGHR� FRGHFV� RI� FXUUHQW� LQWHUHVW� �03(*��� DQG�+������ IRU� XVH� LQ� 8076� SURYLGHVPHDQV� IRU�XSKROGLQJ� WKH�TXDOLW\�RI� WKH�YLGHR�VHQW�RYHU� WKH�ZLUHOHVV�QHWZRUN��7KH� HUURUUHVLOLHQFH� SDUDPHWHUV� DUH� QRW� QHFHVVDULO\� WXUQHG� RQ� DV� VWDQGDUG�� $V� IRU� WKH� GHFRGHUV�FRPPHUFLDO�HQFRGHUV�DUH�QRW�RSWLPLVHG�IRU�SURYLGLQJ�WKH�WHFKQLTXHV�WR�SUHVHUYH�WKH�HUURUUHVLOLHQFH�RI�D�YLGHR�FRGHF��6SHFLDO�FRQILJXUDWLRQ�ILOHV�PXVW�EH�LQ�SODFH�WR�HQDEOH�WKH�)(&�)RUZDUG�(UURU�&RUUHFWLRQ�� WRROV� �H�J�� HUURU� FRQFHDOPHQW�� WKDW� LV� WDNHQ� DGYDQWDJH� RI� LQWKHVH�WZR�FRGHFV�
8VLQJ� D� FRPPHUFLDO� HQFRGHU� DQG� GHFRGHU� LPSOLHG� WKDW� QRQH� RI� WKH� )(&� WRROV� ZDVLPSOHPHQWHG� LQ� WKH� VLPXODWLRQ� HQYLURQPHQW� VR� WKDW� HYDOXDWLRQ� ZDV� GRQH� VROHO\� RQ� WKHHIIHFWV�RI�HUURUV�RFFXUUHQFH�LQ�WKH�YLGHR�VHTXHQFH�
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����� %LW�HUURU7KH� SUHVHQWDWLRQ� RI� WKH� VLPXODWLRQ� UHVXOWV� IRU� LQVHUWLRQ� VLQJOH� ELW� HUURUV� DUH� VKRZQ� LQILJXUHV����DQG����DQG�DUH�VXPPDULVHG�LQ�WDEOH�����$�%(5�RI����� ZDV�DOVR�VLPXODWHG�WRVHH�LI�WKHUH�ZDV�GLIIHUHQFH�LQ�TXDOLW\�FRPSDUHG�ZLWK�D�%(5�RI�������$V�GHSLFWHG�LQ�ILJXUH����WKH�3615�YDOXHV�IRU�HDFK�YLGHR�IUDPH�VLPXODWHG�ZLWK�%(5�RI����� DUH�PRUH�RU� OHVVFRQVWDQW� WKH� ZKROH� LQWHUYDO�� 7KLV� LPSOLHV� WKDW� OLWWOH� RU� QR� HUURU� LV� IRXQG� LQ� D� YLGHRVHTXHQFH� VLPXODWHG�ZLWK� D�%(5� RI� ���� DQG� WKH� DYHUDJH� 3615�YDOXH� IRU� DQ� HUURU� IUHHYLGHR�VHTXHQFH�ZLOO�EH�FORVH�WR�WKH�%(5�RI�������������G%���7KLV�FRUUHVSRQGV�ZLWK�RWKHUVLPXODWLRQV�ZHUH�QR�RU�OLWWOH�GHJUDGDWLRQ�RI�WKH�YLGHR�VLJQDO�RFFXUV�DW�%(5�RI������
7KH�REMHFWLYH�UHVXOWV��3615�YDOXHV��FRUUHVSRQG�ZLWK�WKH�VXEMHFWLYH�REVHUYDWLRQ�LQ�ILJXUH���� 'HJUDGDWLRQ� FDQ� EH� VHHQ� DW� WKH� FHQWUH� ERWWRP� RI� WKH� SLFWXUH� DQG� PD\� KDYH� EHHQHOLPLQDWHG�E\�XVH�RI�)(&�WRROV�
$V� DQWLFLSDWHG�� ERWK� WKH� REMHFWLYH� DQG� VXEMHFWLYH� UHVXOWV� EHFDPH�ZRUVH�ZKHQ� WKH� %(5LQFUHDVHG��1RWLFH�WKDW�WKH�TXDOLW\�VHYHUHO\�GHJUDGHV�ZKHQ�PRYLQJ�IURP�%(5����� WR�%(5������,I�\RX�REVHUYH�IRU�%(5������ WKH�VLJQDO�UHWXUQV�WR�WKH�³RSWLPDO´�YDOXH�RI�SHULRGLFDOO\�7KH� UHDVRQV� IRU� WKLV� LV� GXH� WR� WKH� ,175$� FRGHG� SLFWXUHV�� ZKLFK� FRQWDLQ� DOO� WKHLQIRUPDWLRQ�DERXW�D�SLFWXUH��)RU�WKH�%(5�RI����� WKH�GHQVLW\�RI�WKH�ELW�HUURU�RFFXUV�LV�VRLPPHQVH�WKDW�ELW�HUURU�RFFXUV�LQ�DOO�RI�WKH�,�SLFWXUHV��DV�IRU�%(5����� RQO\�D�IHZ�,�SLFWXUHVDUH�FRUUXSWHG�
����� %XUVW�HUURU1RW�XQH[SHFWHGO\�KDG�VLPXODWLRQ�RI�EXUVW�HUURU�LQFUHDVHG�GHJUDGDWLRQ�HIIHFW�RQ�WKH�YLGHRVHTXHQFH�FRPSDUHG�ZLWK�LQVHUWLRQ�RI�VLQJOH�ELW�HUURUV��)URP�WKH�REMHFWLYH�UHVXOWV��ZH�FDQVHH�WKDW�WKH�3615�YDOXHV�IRU�D�%XUVW�(UURU�5DWH�RI������IOXFWXDWHV�D�JUHDW�GHDO��+RZHYHU�WKH�VXEMHFWLYH�UHVXOW�ZDV�QRW�HVSHFLDOO\�SRRU��2I�FRXUVH�ZDV�WKH�GHJUDGDWLRQ�RI�WKH�VLJQDODGGLWLRQDOO\�YLVLEOH��EXW�WKH�RYHUDOO�YLHZ�ZDV�JRRG�
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&RQYHUVHO\��ZKHQ� WKH�%XUVW�(UURU�5DWH�EHFDPH����� WKH�SRYHUW\� LQ� WKH� VLJQDO� LQFUHDVHGGUDPDWLFDOO\�� ,Q� FRPSDULVRQ� ZLWK� VLPXODWLRQ� RI� VLQJOH� ELW� HUURUV�� ZHUH� 3615� GURSSHGIURP�������G%�������� WR�������G%���������� WKH�3615�UHVXOWV�IHOO�IURP�������G%�������� WR������G%��������
7KH�UHDVRQ�IRU�WKLV�LV�TXLWH�REYLRXV��EHFDXVH�VLQJOH�ELW�HUURUV�DSSHDUV�LQ�³FKXQNV´��EXUVWV�WKDW� LV�SUHVHQW� LQ���PV�DQG�YLVXDOO\�FDXVH�QDVW\�DSSHDUDQFHV� LQ� WKH�YLGHR�VHTXHQFH� �VHHILJXUH����DQG�������
����� 3DFNHW�ORVV,Q�WKLV�FDVH��WKH�FRPPHUFLDO�VRIWZDUH�ZDV�PRUH�WROHUDQW�WR�WKH�HUURUV�WKDW�RFFXUUHG�LQ�WKHYLGHR�VHTXHQFH��$�UHDVRQ�IRU� WKLV�FRXOG�EH�GXH� WR� LQVHUWLRQ�RI�]HURV� LQ�FRQWUDGLFWLRQ� WRLQVHUW�D�PL[�RI�]HURV�DQG�RQHV�WKDW�LV�GRQH�LQ�WKH�RWKHU�VLPXODWLRQV�
7KH�DSSHDUDQFH�RI�HUURUV�IRU�D�SDFNHW�ORVV�RI����ZDV�TXLWH�XQQRWLFHDEOH�LQ�WKH�VXEMHFWLYHHYDOXDWLRQ��2Q� WKH� RWKHU� KDQG�� LQFUHDVLQJ� WKH� SDFNHW� ORVV� WR� ��� WKH� DSSHDUDQFH� RI� WKHYLGHR�EHFRPHV�OHVV�DSSUHFLDWHG��7KH�GURS�LQ�TXDOLW\�RI�WKH�YLGHR�VHTXHQFH�IRU�SDFNHW�ORVVUDWHV�IRU����WR����DQG�IURP����WR�����LV�TXLWH�QRWLFHDEOH�IURP�D�VXEMHFWLYH�SHUVSHFWLYH�&RQYHUVHO\�� IRU�SDFNHW� ORVV� UDWH� IURP����� WR������ WKH�GURS� LQ�YLVXDO� TXDOLW\� LV� QRW� VRREYLRXV��GHVSLWH�WKH�IDFW�WKDW�WKH�IDOO�RII�IRU�WKH�DYHUDJH�3615�YDOXHV�EHWZHHQ�DOO�RI�WKHSDFNHW�ORVV�UDWHV�LV�LQ�WKH�UDQJH�RI���G%�DQG���G%�
����� *DXVVLDQ�QRLVH,Q�WKLV�VLPXODWLRQ��LW�FRXOG�EH�H[SHFWHG�WR�JHW�D�UHVXOW�FORVH�WR�WKH�DYHUDJH�3615�YDOXHVFDOFXODWHG�IRU�VLPXODWLRQ�VLQJOH�ELW�HUURUV��7KLV�FDQ�EH�SUHGLFWHG�GXH�WR�WKDW�WKH�WRWDO�ELWHUURUV� DUH� WKH� VDPH�� EXW� LQ� WKH� *DXVVLDQ� GLVWULEXWLRQ� RI� WKH� ELW� HUURUV� LPSOLHV� WKDW� WKHHUURUV�DUH�UDQGRPO\�VLWXDWHG�LQ�WKH�ELW�VWUHDP�
7KH� UHVXOWV� VKRZV� WKDW� WKH� DYHUDJH� 3615� YDOXHV� LV� FORVH� WR� WKH� YDOXHV� IRXQG� IRUVLPXODWLRQ�RI�VLQJOH�ELW�HUURUV�� ,Q�DGGLWLRQ�� LI�ZH�VWXG\�WKH�3615�YDOXHV� IRU�HDFK�YLGHR
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IUDPH�LQ�ILJXUH����ZH�FDQ�VHH�WKDW�WKH�ELW�HUURUV�KDYH�TXLWH�VLPLODU�SDWWHUQ��7KLV�ZDV�TXLWHXQH[SHFWHG��WKHUHIRUH�WKH�VLPXODWLRQ�ZDV�H[HFXWHG�D�FRXSOH�RI�WLPHV�WR�VHH�LI�WKH�UDQGRPIXQFWLRQ� LQ� &� PDQDJHG� WR� FUHDWH� D� SDWWHUQ� ZKHUH� LW� FOHDUO\� GHPRQVWUDWHG� ZKDW� FRXOGKDSSHQ�ZLWK�*DXVVLDQ�GLVWULEXWLRQ�RI�WKH�ELW�HUURUV��7KH�UHVXOW�ZDV�WKDW�LW�IRU�RQH�LQVWDQFHFUHDWHG� D� VHTXHQFH� WKDW� LOOXVWUDWHG� WKH� FDVH� RI� ZKDW� PD\� EH� SRVVLEOH� IRU� ELW� HUURUV� RI*DXVVLDQ�GLVWULEXWLRQ�DQG�LV�FOHDUO\�GLVSOD\HG�LQ�WKH�LQWHUYDO�IURP�IUDPH�QXPEHU����� WR����
��� 9DOLGLW\�RI�WKH�VLPXODWLRQ�PHWKRG7KH� HQWLUH� VLPXODWLRQ� PHWKRG� ZDV� EDVHG� RQ� IXQFWLRQV� ZULWWHQ� LQ� &�SURJUDPPLQJODQJXDJH��7KH�VWUXFWXUH�RI�WKH�FRGH��VKRZQ�LQ�DSSHQGL[�%��ZDV�YHU\�VLPSOH�DQG�VKRXOGQRW�EH�KDUG�WR�XQGHUVWDQG�
����� 1RLVH�VLPXODWLRQ7KH�VLPXODWLRQ�HQYLURQPHQW�IRU�VLPXODWLRQ�YDULRXV�NLQGV�RI�QRLVH�FRQVLVWV�RI� IRXU�PDLQIXQFWLRQV�� ILOWHUBELWBHUURU� ILOWHUBEXUVWBHUURU� ILOWHUBSDFNHWBORVV� ILOWHUBJDXVVBHUURU
0DQLSXODWLQJ� WKH� YLGHR� VHTXHQFH� ZDV� TXLWH� VWUDLJKWIRUZDUG�� $OO� YLGHR� ILOHV� KDV� D� ILOHKHDGHU�WKDW�GHVFULEHV�WKH�VWUXFWXUH�RI�WKH�ILOH��W\SH�RI�YLGHR��OHQJWK��ELW�UDWH��HWF����7KXV�WKH� RQO\� WKLQJ� WKDW� KDG� WR� EH� FRQVLGHUHG� EHIRUH� WKH� VLPXODWLRQ� RI� WKH� YDULRXV� HUURUFRQGLWLRQV�ZDV�WR�LPSOHPHQW�DQ�HUURU�IUHH�SHULRG�LQ�WKH�EHJLQQLQJ�RI�WKH�YLGHR�VHTXHQFH�,Q� ³UHDO� OLIH´�� WKLV�HUURU� IUHH�SHULRG� FRXOG�EH� LPSOHPHQWHG�E\�XVLQJ� WKH� GDWD�SRUWLRQLQJWRRO� LQ�03(*���� 8VH� RI� WKLV� WRRO� PDNHV� LW� SRVVLEOH� WR� JLYH� WKLV� SRUWLRQ� RI� WKH� YLGHRVHTXHQFH�D�KLJKHU�SULRULW\�VR�WKDW�WKLV�SRUWLRQ�KDV�KLJKHU�HUURU�UREXVWQHVV�ZKHQ�LW�LV�VHQGRYHU�WKH�PRELOH�QHWZRUN�
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7KH� FRQWHQW� RI� WKH� YLGHR� VHTXHQFH�ZDV� UHDG� LQ� WR� WKH� IXQFWLRQV� RQ� E\WH� E\� E\WH� EDVLV�7KHUHIRUH��D�.(<�ZDV�XVHG�WR�VLPXODWH�DQ�RFFXUUHQFH�RI�D�ELW�HUURU�ZLWKLQ�D�ELW�VWUHDP�7KH�OHQJWK�RI�WKLV�.(<�ZDV�RQH�E\WH�DQG�KDG�WKH�DELOLW\�WR�FKDQJH�WKH�YDOXH�RI�D�ELW�LQ�DE\WH�E\�[RU¶LQJ�WKHVH�WZR�E\WH�YDOXHV��7KLV�.(<�KDG�WKH�VDPH�YDOXH�IRU�HDFK�E\WH�WKDWZDV�UHDG�DQG�PDQLSXODWHG��$�YDULDEOH�.(<�WKDW�KDG� WKH�DELOLW\� WR�FKDQJH�GLIIHUHQW�ELWVIRU� HDFK� E\WH� ZRXOG� KDYH� EHHQ� LQWHUHVWLQJ� H[SORUH� WR� VHH� LI� LW� KDG� DQ� HIIHFW� RQ� WKHFDOFXODWHG�3615�UHVXOWV�IRU�WKH�VDPH�YLGHR�VHTXHQFH�DQG�HTXDO�HUURU�FRQGLWLRQV��EXW�ZDVQRW�FRQVLGHUHG�
7KH�VDPH�.(<�YDOXH�ZDV�XVHG�LQ�PDQLSXODWLRQ�RI�WKH�YLGHR�VHTXHQFH�IRU�VLPXODWLQJ�ERWKEXUVW�DQG�*DXVVLDQ�HUURU�SDWWHUQV��0D\EH�RQH�FDQ�TXHVWLRQ�WKH�XVH�RI�WKH�UDQGRP��UDQG���±� IRU� &� SURJUDPPLQJ� ODQJXDJH�� IXQFWLRQ� WR� JHQHUDWH� WKH� *DXVVLDQ� QRLVH� VDPSOHV�+RZHYHU� XVLQJ� RI� WKLV� IXQFWLRQ� JDYH� DQ� LQVLQXDWLRQ� RI� KRZ� WKH� YLGHR¶V� TXDOLW\� ZDVDIIHFWHG�
6LPXODWLQJ�SDFNHW�ORVV��WKH�SURJUDP�VLPSO\�RYHUZULWHV�WKH�RULJLQDO�FRQWHQW�ZLWK�VHULHV�RI³�´V�� 7KH� OHQJWK� RI� WKH� YLGHR� SDFNHWV� WKDW� LV� VHQW� RYHU� SDFNHW� VZLWFKHG� QHWZRUNV�PD\YDU\��,Q�,3Y���WKH�OHQJWK�RI�WKH�SDFNHW�YDULHV�DFFRUGLQJ�WR�KRZ�PXFK�WKH�GDWD�URXWHUV�DUHFDSDEOH�RI�VHQGLQJ��,Q�WKH�XSFRPLQJ�,3Y���LW�LV�SRVVLEOH�WR�QHJRWLDWH�D�SDFNHW�OHQJWK�WKDWLV�YDOLG�IRU�WKH�FRPSOHWH�WUDQVPLVVLRQ��HQG�WR�HQG���0LQLPXP�OHJDO�SDFNHW�OHQJWK�RI�DQ�,3SDFNHW� LV� ���� E\WHV�� 7KLV� LQFOXGHV� ,3�KHDGHU� DQG� VHOHFWLYHO\� 573� KHDGHU� �IRUYLGHRVWUHDPLQJ��DQG�RWKHU�KHDGHU�LQIRUPDWLRQ�QHFHVVDU\�LQ�WKH�WUDQVPLVVLRQ��,Q�8076��LWZLOO�PD\EH�EH�PRVW�SURILWDEOH�WR�QHJRWLDWH�WR�JHW�D�SDFNHW�RI�PLQLPXP�VL]H�WR�DYRLG�WRRKLJK�ORVV�RI�LQIRUPDWLRQ�ZKHQ�WKH�FRQGLWLRQV�EHFRPH�EDG�
����� 2EMHFWLYH�QRLVH�HYDOXDWLRQ7KH�FKRLFH�RI�FDOFXODWLQJ�WKH�3615�YDOXHV�IRU�WKH�OXPLQDQFH�FRPSRQHQW�RQO\�PLJKW�QRWJLYH�WKH�IXOO�YLHZ�RI�WKH�TXDOLW\�RI�WKH�GHJUDGHG�YLGHR�VHTXHQFH��+RZHYHU��WKH�KXPDQ�H\HLV� PRUH� VHQVLWLYH� WR� OXPLQDQFH� RI� DQ� LPDJH� WKDQ� WKH� FKDQJHV� LQ� FRORXU� �H[SODLQHG� LQ
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VHFWLRQ� ������ 7KHUHIRUH� FDOFXODWLQJ� D� 3615� YDOXH� IRU� RQO\� WKH� OXPLQDQFH� FRPSRQHQWSURYLGHV�VXIILFLHQW�DPRXQW�RI�LQIRUPDWLRQ�DERXW�WKH�YLGHR�TXDOLW\�
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� &RQFOXVLRQ
,Q� WKH� IUDPHZRUN� RI� WKLV� WKHVLV�� YLGHR� VHUYLFHV� DQG� YLGHR� FRPSUHVVLRQ� VWDQGDUGV� IRUVXSSRUWLQJ� UHDO� WLPH� YLGHR� WUDQVPLVVLRQ� RYHU� 8076� KDYH� EHHQ� GLVFXVVHG�� 2I� DOO� WKHVHUYLFHV� DYDLODEOH� IRU� WKH� �UG JHQHUDWLRQ�PXOWLPHGLD� V\VWHPV�� WUDQVPLVVLRQ� RI� UHDO� WLPHYLGHR� LV� WKH�PRVW�GHPDQGLQJ�RQH� LQ� WHUPV�RI�EDQGZLGWK� UHTXLUHPHQWV�DQG� WUDQVPLVVLRQGHOD\��,Q�DGGLWLRQ�WR�WKH�ULJLG�UHTXLUHPHQWV�RI�EDQGZLGWK�UHTXLUHPHQWV�DQG�WUDQVPLVVLRQGHOD\��7KH�WUDQVPLVVLRQ�RI�YLGHR�PXVW�PDLQWDLQ�FHUWDLQ�TXDOLW\�RI�VHUYLFH�UHTXLUHPHQWV�
7KH� VWDQGDUGLVDWLRQ� RI� KLJKHU� EDQGZLGWK� QHWZRUNV� OLNH� 8076�� WRJHWKHU� ZLWK� YLGHRFRPSUHVVLRQ� WHFKQLTXHV� PDNHV� LW� SRVVLEOH� WR� WUDQVPLW� YLGHR� RYHU� PRELOHWHOHFRPPXQLFDWLRQV�QHWZRUNV��7KH�HUURU�SURSDJDWLRQ�LQ�VXFK�QHWZRUNV��KRZHYHU��HIIHFWVWKH� YLVXDO� UHSUHVHQWDWLRQ� RI� WKH� WUDQVPLWWHG� YLGHR�� ,Q� DGGLWLRQ�� WKH� KLJKO\� FRPSUHVVHGYLGHR�GDWD� LV�H[WUHPHO\�YXOQHUDEOH� WRZDUGV� WUDQVPLVVLRQ� HUURU��6LQFH� ORZ�ELW�UDWH�YLGHRFRGLQJ� VFKHPHV� UHO\� RQ� LQWHUIUDPH� FRGLQJ� WR� DFKLHYH� KLJK� FRGLQJ� HIILFLHQF\�&RQVHTXHQWO\��WKH�ORVV�RI�RQH�WUDQVPLWWHG�YLGHR�IUDPH�KDV�PDMRU�LPSDFW�RQ�WKH�TXDOLW\�RIWKH�IROORZLQJ�YLGHR�IUDPHV�
(UURU� FRUUHFWLRQ� PHWKRGV� LQ� IRUP� RI� UHWUDQVPLVVLRQ� PD\� EH� XVHG� WR� FRQWHQG� WKH� HUURUSURSDJDWLRQ� LQ� WKH� PRELOH� QHWZRUN�� EXW� LQ� YLGHR� VHUYLFHV� OLNH� YLGHRFRQIHUHQFLQJ�� WKHUHTXLUHPHQWV� WR� GHOD\� DUH� VWULFW� VR� WKDW� DQ\� IRUP� RI� UHWUDQVPLVVLRQ� LV� QRW�ZDQWHG�� 7KHYLGHR� FRGHFV� OLNH�03(*��� DQG�+����� ����SURYLGH� IRUZDUG� HUURU� FRUUHFWLRQ�PHWKRGV� WRFRPSUHKHQG�VRPH�RI�WKH�FRUUXSWHG�LQIRUPDWLRQ��+RZHYHU��EHFDXVH�WUDQVPLVVLRQ�HUURUV�LQKHWHURJHQHRXV�PRELOH�FKDQQHOV�FDQ�UDQJH�IURP�VLQJOH�ELW�HUURUV��EXUVW�HUURUV��SDFNHW�ORVVRU�PD\EH� FRPSOHWHO\� ORVV� RI� VLJQDO�� WKH� IRUZDUG� HUURU� FRUUHFWLRQ�PHWKRGV�PD\� QRW� EHHIILFLHQW�
7KH� XVH� RI� WKH� VFDODELOLW\� LQ� 03(*��� DQG� +����� ���� FDQ� EH� XVHIXO� WR� FRQWHQG� WKHFKDQJLQJ�ELW�UDWHV�SUHVHQW� LQ� WKH�PRELOH�QHWZRUN��9LGHR� LQ� WKHVH� WZR�VWDQGDUGV�PD\�EHHQFRGHG�LQ�VHYHUDO�OD\HUV��RQH�EDVH�OD\HU�DQG�RQH�RU�PRUH�HQKDQFHPHQW�OD\HUV��SURYLGLQJGLIIHUHQW�ELW�UDWHV�DW�D�FHUWDLQ�OD\HU��,I�WKH�DYDLODEOH�EDQGZLGWK�DOORZV�YLGHR�WUDQVPLVVLRQ
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RI�JRRG�TXDOLW\�WKH�EDVH�OD\HU�DQG�WKH�HQKDQFHPHQW�OD\HUV�PD\�EH�GHFRGHG��$�FRQJHVWHGQHWZRUN�PD\�QRW�EH�DEOH�WR�DVVLJQ�WKH�QHFHVVDU\�EDQGZLGWK�IRU�WKH�WUDQVPLVVLRQ�RI�DOO�WKHYLGHR� OD\HUV�� ,I� WKH� QHWZRUN� FDQ� SURYLGH� WKLV� LQIRUPDWLRQ� WR� IRU� H[DPSOH� D� VWUHDPLQJVHUYHU�� WKH� VHUYHU� FDQ� WKHQ� MXVW� OHDYH�RXW� WKH�YLGHR�GDWD�RI�RQH� OD\HU��7KLV� SURYLGHV� DQHIIHFWLYH� PHFKDQLVP� WR� PDNH� DYDLODEOH� GLIIHUHQW� ELW�UDWHV� IDVW� DQG� PD\� SUHYHQW� DFRQJHVWHG�QHWZRUN��7KLV�LV�RQ�H[SHQVH�RQ�WKH�TXDOLW\��EXW�FRPSDUHG�ZLWK�D�YLGHR�ZLWKRXWVFDOLQJ� SRVVLELOLWLHV� ZKHUH� WKH� HQWLUH� VLJQDO� PD\� GLVDSSHDU�� WKH� VROXWLRQ� LV� YHU\� PXFKDFFHSWDEOH�
:KHQ� LW� FRPHV� WR� ZKDW� NLQG� RI� YLGHR� FRGHF� WR� VHOHFW� IRU� D� YLGHR� VHUYLFH� WKH� FKRLFHGHSHQGV� RQ� WKH� XVHUV� H[SHFWDWLRQV� RI� WKH� 4R6� DV� ZHOO� DV� RQ� QHWZRUN� FRQGLWLRQV� DQGFRQVWUDLQWV� LQ� WKH� KDUGZDUH� RI� DQ�8076� WHUPLQDO�� )RU� H[DPSOH��03(*��� SURYLGHV� WKHPHDQV� IRU� REMHFW� EDVHG� VFDODEOH� FRGLQJ��:LWKLQ� D� YLGHRFRQIHUHQFH� RU� YLGHR� WHOHSKRQ\VHVVLRQ�WKH�PRVW�LPSRUWDQW�REMHFW�WR�WUDQVIHU�LV�WKH�SHUVRQ�LWVHOI��7KLV�PHDQV�WKDW�D�EDVHOD\HU� RI� D� YLGHR� VWUHDP� PD\� RQO\� FRQVLVW� RI� WKDW� REMHFW� DQG� WKH� HQKDQFHPHQW� OD\HUVFRQWDLQ�DGGLWLRQDO�LQIRUPDWLRQ�DERXW�WKH�EDFNJURXQG�DQG�VR�IRUWK��+RZHYHU��03(*���LV�DFRGHF� WKDW� KDV� VXEVWDQWLDO� UHTXLUHPHQWV� WR� SURFHVVLQJ� SRZHU� GXH� WR� LWV� FRPSOH[LW\FRPSDUHG� ZLWK� +����� ����� )RU� D� KDQGKHOG� 8076� WHUPLQDO� ZLWK� OLPLWHG� PHPRU\� DQGFRPSXWHU�SRZHU�+���������PD\�EH�WKH�ULJKW�YLGHR�FRGHF�WR�FKRRVH���*33��VXJJHVWV�DOVRWKDW� WKLV� PD\� EH� XS� WR� WKH� XVHU� RI� WKH� VHUYLFH� WR� VHOHFW� WKH� HUURU� UREXVWQHVV� ZLWKLQ� DFRPPXQLFDWLRQ�VHVVLRQ�
7KH� VLPXODWLRQ� DQDO\VLV�ZLWKLQ� WKLV� WKHVLV� JLYHV� D� EDVLV� IRU� FRPSUHKHQGLQJ�ZKDW� HIIHFWHUURU� SURSDJDWLRQ� LQ� D�PRELOH� FKDQQHO� FDQ� KDYH� RQ� DQ�03(*��� HQFRGHG� YLGHR� VWUHDPZLWKRXW� HUURU� UHVLOLHQFH�� 7KH� YLGHRFRQIHUHQFLQJ� DQG� YLGHR� VWUHDPLQJ� VHUYLFH� VKDOO�DFFRUGLQJ� WR� �*33��� ZRUN� XQGHU� FRQGLWLRQV� RI� %(5� ���� DQG� D� SDFNHW� ORVV� RI� ����%HDULQJ� WKLV� LQ�PLQG�� WKH� VLPXODWLRQ� UHVXOWV� VKRZ� WKDW� WKH� QHHG� IRU� HUURU� UREXVWQHVV� LVHQRUPRXV�IRU�WUDQVPLVVLRQV�RYHU�PRELOH�QHWZRUNV�DV�ZHOO�DV�IL[HG�,3�QHWZRUNV�
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��� )XUWKHU�VWXGLHV,Q� WKLV� WKHVLV�D� VLPXODWLRQ�RI� WKH�03(*���YLGHR�FRGHF�ZDV�SHUIRUPHG�� ,Q�DGGLWLRQ�� WKHYLGHR� FRGHF� ZDV� VLPXODWHG� ZLWKRXW� DQ\� IRUP� RI� HUURU� UHVLOLHQFH� WRROV� DGGHG�� )XUWKHUVWXGLHV� FDQ� EH� GRQH� ZHUH� YDULRXV� HUURU� UHVLOLHQFH� DGGLWLRQV� DUH� H[SHULPHQWHG� ZLWK�0RUHRYHU��D�VWXG\�RQ�WKH�SHUIRUPDQFH�RI�WKH�WZR�YLGHR�FRGHFV�FRXOG�EH�FDUULHG�RXW�WR�VHHZKLFK� YLGHR� VHUYLFH� WKH\� DUH� VXLWHG� IRU� DQG� ZKLFK� RI� WKH� WZR� FRGHFV� SHUIRUPV� EHWWHUXQGHU�YDULRXV�QHWZRUN�LPSDLUPHQW�FRQGLWLRQV�ZKHQ�HUURU�UHVLOLHQFH�WRROV�DUH�DSSOLHG�
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� %LEOLRJUDSK\
� �*33� 76*� 7HUPLQDOV� 76� ������� Y� ������ ��������0XOWLPHGLD� 0HVVDJLQJ� 6HUYLFH�006��)XQFWLRQDO�GHVFULSWLRQ�6WDJH��� >2QOLQH@�$YDLODEOH��KWWS���ZZZ��JSS�RUJ
� �*33��6SHFLILFDWLRQ�6�5�������������9LGHR�&RQIHUHQFLQJ�6HUYLFHV��6WDJH�� >2QOLQH@$YDLODEOH��KWWS�����������������GRFV�QHZVG��*33�B6SHFVB'RFB1HZ�KWPO
� �*33�� 6SHFLILFDWLRQ� 6�5����� ��������9LGHR� 6WUHDPLQJ� 6HUYLFHV�� 6WDJH� � >2QOLQH@$YDLODEOH��KWWS�����������������GRFV�QHZVG��*33�B6SHFVB'RFB1HZ�KWPO
� $GREH�6\VWHPV�,QF��'\QDPLF�0HGLD�*URXS���������$�'LJLWDO�9LGHR�3ULPHU >2QOLQH@$YDLODEOH��KWWS���ZZZ�DGREH�FRP
� $OQXZHLUL��+���.RVVHQWLQL��)��DQG�(URO��%����������,(((�WUDQVDFWLRQV�RQ�&LUFXLWV�DQG6\VWHPV�IRU�9LGHR�7HFKQRORJ\��1R�����SS����������6HSWHPEHU�������(IILFLHQW�&RGLQJDQG�0DSSLQJ�$OJRULWKPV�IRU�6RIWZDUH�RQO\�5HDO�7LPH�9LGHR�&RGLQJ�DW�/RZ�%LW�5DWHV
� %UDLOHDQ��-����������,6&$6�7XWRULDO�RQ�03(*����&KDSWHU���� >2QOLQH@$YDLODEOH��KWWS���EV�KKL�GH�PSHJ�YLGHR�FRQWULE�LVFDV���
� &KHUULPDQ��'U��3����������+�����9LGHR�&RGLQJ >2QOLQH@$YDLODEOH��KWWS���ZZZ�PRELOH�HFV�VRWRQ�DF�XN�SHWHU�K����K����KWPO
� &KLDULJOLRQH��/����������03(*�DQG�PXOWLPHGLD�FRPPXQLFDWLRQV >2QOLQH@$YDLODEOH��KWWS���ZZZ�FVHOW�LW�OHRQDUGR�SDSHU�OFSDSHU�KWP
� &KLDULJOLRQH��/����������03(*����ZK\�XVH�LW"�>2QOLQH@$YDLODEOH��KWWS���ZZZ�FVHOW�LW�OHRQDUGR�SDSHU�OFSDSHU�KWP

http://bs.hhi.de/mpeg-video/contrib/iscas97/
http://www.adobe.com/
http://ww.3gpp.org/
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� &RGHF&HQWUDO���������*ORVVDU\��>2QOLQH@$YDLODEOH��KWWS���ZZZ�LFDQVWUHDP�WY�LQIR�JORVVDU\�KWPO
� &{WH�� *��� (URO�� %��� *DOODQW�� 0�� DQG� .RVVHQWLQL�� )�� �������� ,(((� WUDQVDFWLRQV� RQ&LUFXLWV�DQG�6\VWHPV�IRU�9LGHR�7HFKQRORJ\��SS�����������1RYHPEHU�������+������9LGHR�&RGLQJ�DW�/RZ�%LW�5DWHV
� &{WH��*���.RVVHQWLQL�� )�� DQG�6KLUDQL�� 6�� ������� ,(((� -RXUQDO� RQ�6HOHFWHG�$UHDV� LQ&RPPXQLFDWLRQV��YRO������QR�����SS�����������-XQH�������2SWLPDO�PRGH�VHOHFWLRQ�DQGV\QFKURQL]DWLRQ�IRU�UREXVW�YLGHR�FRPPXQLFDWLRQV�RYHU�HUURU�SURQH�QHWZRUNV �
� (ULFVVRQ���������,QWHUQDO�WHFKQLFDO�GRFXPHQWV
� )LW]HN��)��DQG�5HLVVOHLQ��0����������7.1�*URXS�78�%HUOLQ��7HFKQLFDO�5HSRUW�7.1�������� 03(*��� DQG� +����� 9LGHR� 7UDFHV� IRU� 1HWZRUN� 3HUIRUPDQFH(YDOXDWLRQ�>2QOLQH@$YDLODEOH��KWWS���ZZZ�WNQ�HH�WX�EHUOLQ�GH�aILW]HN�75$&(�SXE�KWPO
� +RUQ�� 8��� 6FKHLGHU�� $��� +DUWXQJ�� )� DQG� 1LHEHUW�� 1�� �������� 3URFHHGLQJV� :RUOG7HOHFRPPXQLFDWLRQV� &RQJUHVV� �:7&�,66������� %LUPLQJKDP�� 8.�� 0D\� �����0RELOH�0XOWLPHGLD�6WUHDPLQJ�±�7KH�5HDO�&KDOOHQJH�IRU�8076
� ,62�,(&� �������� �������� ,QIRUPDWLRQ� WHFKQRORJ\� ±� *HQHULF� FRGLQJ� RI� PRYLQJSLFWXUHV�DQG�DVVRFLDWHG�DXGLR�LQIRUPDWLRQ��9LGHR
� ,62�,(&�����������������,QIRUPDWLRQ�WHFKQRORJ\�±�&RGLQJ�RI�DXGLR�YLVXDO�REMHFWV�±3DUW����9LVXDO
� ,78�7�5HFRPPHQGDWLRQ�)�������������)UDPHZRUN�5HFRPPHQGDWLRQ�IRU�0XOWLPHGLD6HUYLFHV
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� ,78�7�5HFRPPHQGDWLRQ�)�������������0XOWLPHGLD�&RQIHUHQFH�6HUYLFHV
� ,78�7�5HFRPPHQGDWLRQ�)�������������9LGHR�7HOHSKRQ\�6HUYLFHV�±�*HQHUDO
� ,78�7�5HFRPPHQGDWLRQ�+�������������9LGHR�&RGHF�IRU�$XGLRYLVXDO�6HUYLFHV�DW�S�[���NELW�V
� ,78�7�5HFRPPHQGDWLRQ�+�������������9LGHR�FRGLQJ�IRU�ORZ�ELW�UDWH�FRPPXQLFDWLRQ
� -D\DQW��1���-RKQVWRQ��-��DQG�6DIUDQHN��5����������3URF��,(((��SS�������������2FWREHU������6LJQDO�&RPSUHVVLRQ�EDVHG�RQ�PRGHOV�RI�KXPDQ�SHUFHSWLRQ
� .RHQHQ� 5�� �(GLWRU��� ,62�,(&� -7&��6&���:*��� 1������ �������� 2YHUYLHZ� RI� WKH03(*���VWDQGDUG
� /HH��+�� ��������6WDQGDUG�&RGLQJ� IRU�03(*����03(*���DQG�$GYDQFHG�&RGLQJ� IRU03(*���>2QOLQH@�$YDLODEOH��KWWS���FLWHVHHU�QM�QHF�FRP�OHH��VWDQGDUG�KWPO
� /L��:����������,6&$6�7XWRULDO�RQ�03(*����&KDSWHU���� >2QOLQH@$YDLODEOH��KWWS���EV�KKL�GH�PSHJ�YLGHR�FRQWULE�LVFDV���
� 0DUWLQV�� 0�� DQG� 7HL[HLUD�� /�� �������� (XURSHDQ� &RQIHUHQFH� RQ� 0XOWLPHGLD$SSOLFDWLRQV��6HUYLFHV�DQG�7HFKQLTXHV��3URFHHGLQJV�3DUW�,,��SS�����������/RXYDLQ�OD�1HXYH��%HOJLXP��0D\�������9LGHR�&RPSUHVVLRQ��7KH�03(*�6WDQGDUGV
� 03(*� $2(� *URXS�� �������� 3URSRVDO� 3DFNDJH� 'HVFULSWLRQ� �33'�� ±� 5HYLVLRQ� �7RN\R�PHHWLQJ��GRFXPHQW�,62�,(&�-7&��6&���:*���1����-XO\�����
� 1HXEDXHU�� 7�� �������� 8076� �� 8QLYHUVDO� 0RELOH� 7HOHFRPPXQLFDWLRQV� 6\VWHP �>2QOLQH@�$YDLODEOH��KWWS���ZZZ�QW�WXZLHQ�DF�DW�PRELOH�SURMHFWV�8076�

http://www.nt.tuwien.ac.at/mobile/projects/UMTS/
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� 1HWFRP����������5HVXOWDW�IRU����NYDUWDO����� ��>2QOLQH@$YDLODEOH��KWWS���ZZZ�QHWFRP�QR�SUHVVH�PHU�FIP"SUHVVHBLG ���
� 177�'R&R0R���������>2QOLQH@�$YDLODEOH��KWWS���ZZZ�QWWGRFRPR�FRP
� 3DFNHW�9LGHR���������>2QOLQH@�$YDLODEOH��KWWS���ZZZ�SDFNHWYLGHR�FRP
� 3XUL�� $�� DQG� (OHIWKHULDGLV�� $�� �������� $&0� 0RELOH� 1HWZRUNV� DQG� $SSOLFDWLRQV-RXUQDO��6SHFLDO�,VVXH�RQ�0RELOH�0XOWLPHGLD�&RPPXQLFDWLRQV��$XJXVW�������LQYLWHGSDSHU���03(*����$Q�2EMHFW�EDVHG�0XOWLPHGLD�&RGLQJ�6WDQGDUG� VXSSRUWLQJ�0RELOH$SSOLFDWLRQV�
� 6LNRUD��7�������D���03(*���DQG�03(*���'LJLWDO�9LGHR�&RGLQJ�6WDQGDUGV� >2QOLQH@$YDLODEOH��KWWS���ZZZDP�KKL�GH�PSHJ�YLGHR�SDSHUV�VLNRUD�PSHJ�B��PSHJ�B��KWP
� 6LNRUD��7�������E���,(((�WUDQVDFWLRQV�RQ�&LUFXLWV�DQG�6\VWHPV�IRU�9LGHR�7HFKQRORJ\�9RO�� ��� 1R�� ��� )HEUXDU\� ������ 7KH� 03(*��� 9LGHR� 6WDQGDUG� 9HULILFDWLRQ� 0RGHO>2QOLQH@�$YDLODEOH��KWWS���ZZZDP�KKL�GH�PSHJ�YLGHR�
� 6WXKOP�OOHU��.���)lUEHU��1���/LQN��0��DQG�*LURG��%����������,(((�-RXUQDO�RQ�6HOHFWHG$UHDV� LQ� &RPPXQLFDWLRQV�� 6SHFLDO� ,VVXH� RQ� (UURU� 5HVLOLHQW� ,PDJH� DQG� 9LGHR7UDQVPLVVLRQ��SS���������������������-XQH�������$QDO\VLV�RI�9LGHR�7UDQVPLVVLRQ�RYHU/RVV\�&KDQQHOV
� 7HOHQRU� �������� ����� �� (W� JRGW� PRELOH� nU� L� 1RUJH �� >2QOLQH@� $YDLODEOH�KWWS���WHOHQRUPRELO�QR�RPWHOHQRUPRELO�SUHVVH�Q\KHWVDUNLY������������MVS
� 8076�)RUXP�5HSRUW�1R������������7KH�3DWK�WRZDUGV�8076�±7HFKQRORJLHV� IRU� WKH,QIRUPDWLRQ�6RFLHW\��>2QOLQH@�$YDLODEOH��KWWS���ZZZ�XPWV�IRUXP�RUJ�UHSRUWV�KWPO

http://www.umts-forum.org/reports.html
http://wwwam.hhi.de/mpeg-video/
http://www.nttdocomo.com/
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� 8076�)RUXP�5HSRUW�1R�������������(QDEOLQJ�8076�7KLUG�*HQHUDWLRQ�6HUYLFHV�DQG$SSOLFDWLRQV >2QOLQH@�$YDLODEOH��KWWS���ZZZ�XPWV�IRUXP�RUJ�UHSRUWV�KWPO
� 9LQFN��%���(GLWRU����������2YHUYLHZ�RI�8076�DUFKLWHFWXUH ��>2QOLQH@$YDLODEOH��KWWS���ZZZ�XVHFD�IUHHVHUYH�FR�XN�
� =KDQJ��<����������,6&$6�7XWRULDO�RQ�03(*����&KDSWHU���� >2QOLQH@$YDLODEOH��KWWS���EV�KKL�GH�PSHJ�YLGHR�FRQWULE�LVFDV���
� gUEULQN�� 7�� �������� +RZ� WR� PHHW� WKH� XVHU� UHTXLUHPHQWV� RI� URRP�EDVHG� YLGHRFRQIHUHQFLQJ >2QOLQH@$YDLODEOH��KWWS���ZZZ�VWDFNHQ�NWK�VH�aWRELDV�5HVHDUFK�SDSHUV�KWPO

http://www.stacken.kth.se/~tobias/Research/papers.html
http://www.umts-forum.org/reports.html
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$FURQ\PV
�* 7KLUG�*HQHUDWLRQ�*33 7KLUG�*HQHUDWLRQ�3DUWQHU�3URMHFW�*33� 7KLUG�*HQHUDWLRQ�3DUWQHU�3URMHFW��$& $OWHUQDWLQJ�&XUUHQW$/�3'8 $GRSWLRQ�/D\HU�3URWRFRO�'DWD�8QLW$05 $OWHUQDWLQJ�0RWLRQ�5DWH$6) $GYDQFHG�6WUHDPLQJ�)RUPDW$70 $V\QFKURQRXV�7UDQVIHU�0RGH%(5 %LW�(UURU�5DWH%66 %DVH�6WDWLRQ�6\VWHP&%5 &RQVWDQW�%LW�5DWH&,) &RPPRQ�,QWHUPHGLDWH�)RUPDW&5& &\FOLF�5HGXQGDQF\�&KHFN&6 &LUFXLW�6ZLWFKHG'& 'LUHFW�&XUUHQW'&7 'LVFUHWH�&RVLQH�7UDQVIRUP(, (QKDQFHPHQW�,�SLFWXUH(3 (QKDQFHPHQW�3�SLFWXUH(76, (XURSHDQ�7HOHFRPPXQLFDWLRQV�6WDQGDUGV�,QVWLWXWH)(& )RUZDUG�(UURU�&RUUHFWLRQ)(5 )UDPH�(UURU�5DWH)36 )UDPHV�3HU�6HFRQG**61 *DWHZD\�*356�6XSSRUW�1RGH*,) *UDSKLFV�,QWHUFKDQJH�)RUPDW*2% *URXS�2I�%ORFNV*356 *HQHUDO�3DFNHW�5DGLR�6HUYLFH*60 *OREDO�6\VWHP�IRU�0RELOH�FRPPXQLFDWLRQV+%9 +LJK�%LW�UDWH�9LGHR
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+'79 +LJK�'HILQLWLRQ�79+/5 +RPH�/RFDWLRQ�5HJLVWHU,'&7 ,QYHUVH�'LVFUHWH�&RVLQH�7UDQVIRUP,(& ,QWHUQDWLRQDO�(OHFWURWHFKQLFDO�&RPPLVVLRQ,(7) ,QWHUQHW�(QJLQHHULQJ�7DVN�)RUFH,3 ,QWHUQHW�3URWRFRO,6' ,QGHSHQGHQW�6HJPHQW�'HFRGLQJ,6'1 ,QWHJUDWHG�6HUYLFHV�'LJLWDO�1HWZRUN,62 ,QWHUQDWLRQDO�2UJDQLVDWLRQ�IRU�6WDQGDUGLVDWLRQ,78 ,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ-3(* -RLQW�3KRWRJUDSKLF�([SHUWV�*URXS0% 0DFUR�%ORFN0( 0RWLRQ�(VWLPDWLRQ03(* 0RWLRQ�3LFWXUHV�([SHUW�*URXS03� 03(*���DXGLR�OD\HU��06& 0RELOH�VHUYLFH�6ZLWFKLQJ�&HQWUH09 0RWLRQ�9HFWRU176& 1DWLRQDO�7HOHYLVLRQ�6WDQGDUGV�&RPPLWWHH3$/ 3KDVH�$OWHUQDWLRQ�/LQH36 3DFNHW�6ZLWFKHG3615 3HDN�6LJQDO�WR�1RLVH�5DWLR4&,) 4XDUWHU�&RPPRQ�,QWHUPHGLDWH�)RUPDW4R6 4XDOLW\�RI�6HUYLFH5)& 5HTXHVW�)RU�&RPPHQWV5/3 5DGLR�/LQN�3URWRFRO506( 5RRW�0HDQ�6TXDUH�(UURU536 5HIHUHQFH�3LFWXUH�6HOHFWLRQ573 5HDO�7LPH�3URWRFRO5763 5HDO�7LPH�6WUHDPLQJ�3URWRFRO59/& 5HYHUVLEOH�9DULDEOH�/HQJWK�&RGH6$' 6XP�RI�$EVROXWH�'LIIHUHQFH
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6*61 6HUYLQJ�*356�6XSSRUW�1RGH6,) 6RXUFH�,QSXW�)RUPDW60,/ 6\QFKURQLVHG�0XOWLPHGLD�,QWHJUDWLRQ�/DQJXDJH606 6KRUW�0HVVDJH�6HUYLFH615 6LJQDO�WR�1RLVH�5DWLR66 6OLFH�6WUXFWXUHG8076 8QLYHUVDO�0RELOH�7HOHFRPPXQLFDWLRQV�6\VWHP875$�1� 8076�5DGLR�$FFHVV��1HWZRUN�9%5 9DULDEOH�%LW�5DWH9+6 9LGHR�+RPH�6\VWHP9/%9 9HU\�/RZ�%LW�UDWH�9LGHR9/& 9DULDEOH�/HQJWK�&RGH90 9HULILFDWLRQ�0RGHO92 9LUWXDO�2EMHFW92/ 9LUWXDO�2EMHFW�/D\HU923 9LUWXDO�2EMHFW�3ODQH:$9 :DYH
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$SSHQGL[�$�,QLWLDO�WKHVLV�GHILQLWLRQ
7KH� VFRSH� RI� WKLV� WKHVLV� LV� WR� FRQGXFW� D� VWXG\� RQ� YLGHR� VHUYLFHV� DQG� FRGHUV� IRU� XVH� LQPRELOH�DSSOLFDWLRQV��)LUVW�RI�DOO��WKH�WDVN�LV�WR�JLYH�DQ�RYHUYLHZ�RYHU�WKH�FRPPRQO\�XVHGYLGHR�FRGHUV��RQ�ZHE�DQG�LQ�YDULRXV�FRQIHUHQFH�DQG�EURDGFDVWLQJ�V\VWHPV���DQG�FRPSDUHWKH�PRVW�FRPPRQ�RQHV��FRGLQJ�SULQFLSDO��SLFWXUH�TXDOLW\��%:�UHTXLUHPHQWV�DQG�UHDO�WLPHFKDUDFWHULVWLFV��
6HFRQG�� D� VWXG\� WR� GHWHUPLQH�PHWKRGV� WR� HYDOXDWH� ORVV� GXH� WR� HQFRGLQJ�� GHFRGLQJ� DQGQRLVH�ZLOO�EH�SHUIRUPHG��6RPH�RI�WKHVH�PHWKRGV�ZLOO�EH�FKRVHQ�WR�WHVW�WKH�YDULRXV�YLGHRHQFRGHUV� �IRUPDWV� '9� DQG� 03(*�� DUH� VHOHFWHG��� ZLWK� UHODWLYHO\� KLJK� UHDO� WLPHUHTXLUHPHQWV�� LQ� D� VLPXODWHG� HQYLURQPHQW� WR� VWXG\� KRZ� WKH� UHVSRQG� WRZDUGV� GLIIHUHQWNLQGV�RI�³PRELOH´�QRLVH��ZLWK�D�YLHZ�WR�8076���7KH�QRLVH�FDQ�EH�ZKLWH�QRLVH�RU�QRLVHZLWK� FKDUDFWHULVWLFV� IURP� PRELOH� WHOHSKRQH� QHWZRUN�� 1RLVH� IURP� WKH� IL[HG� QHWZRUN�,6'1��ZLOO�QRW�EH�DQ� LVVXH�EHFDXVH� ,6'1�SURYLGHV�QR�QRLVH�� FRQVWDQW�GHOD\� DQG� IL[HG%:��7KH�SDFNHW�ORVV�FDXVHG�LQ�WKH�,3�QHWZRUN�ZLOO�EH�FRQVLGHUHG�DV�D�QRLVH�IDFWRU�
&RQWLQXRXVO\� FKDQJLQJ� ELW�UDWH� ZLOO� QRW� EH� HYDOXDWHG� GXH� WR� DGGHG� FRVWV� LQ� WHVWLQJHTXLSPHQW��)XUWKHUPRUH��D�VWXG\�RQ�LQ�ZKDW�GHJUHH�RI�HUURU�FRUUHFWLRQ�FDQ�EH�SHUIRUPHGZLWKRXW�KDUPLQJ�WKH�UHDO�WLPH�FKDUDFWHULVWLFV�
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$SSHQGL[�%�$SSOLFDWLRQ�VRXUFH�FRGH
6LPXODWH�QRLVH�F�LQFOXGH��VWGLR�K!�LQFOXGH��VWGOLE�K!�LQFOXGH��PHPRU\�K!�LQFOXGH��VWULQJ�K!�LQFOXGH��PDOORF�K!�LQFOXGH��PDWK�K!�LQFOXGH��WLPH�K!
�GHILQH�%8))6,=(��������� ���PD[LPXP�VL]H�RQ�WKH�EXIIHU�GHILQH�%8))B12,6(������ ���PD[LPXP�VL]H�RQ�WKH�EXIIHU�GHILQH�.(<��[���� ���FKDUDFWHU�A3
�
���������������������������������������������LQLWLDOLVDWLRQV�������������������������������������������
�
XQVLJQHG�FKDU�
�EXIIHU� ���WKH�EXIIHU�DVVRFLDWHG�ZLWK�YLGHR�VWUHDPVXQVLJQHG�FKDU�QRLVHBEXIIHU�>%8))B12,6(@����HOHPHQWV�LQ�EXIIHU�LV�UHS��E\�RQH�E\WHXQVLJQHG�FKDU�EXUVWBQRLVH�>%8))B12,6(@�
FKDU�
�LQSXWBILOH� ��LQSXWBILOH�� ���RULJLQDO�YLGHR�VHTXHQFHFKDU�
�RXWSXWBILOH�FKDU�
�QRLVHBILOH�
),/(�
�LQSXW��
�RXWSXW��
�QRLVHBVLP� ���VWUHDPV�DVVRFLDWHG�ZLWK�WKH�YLGHR�ILOHVLQW�LWHPVBUHDG��LWHPVBUHDGBQRLVH� ���QR�RI�HOHPHQWV�UHDG�IURP�YLGHR�ILOH
LQW�YLGHRBKHDGHU� ������� ���GHIDXOW�IRU�03(*��
YRLG�VLPBELWBHUURU���FKDU�
�LQSXWBILOH��FKDU�
�RXWSXWBILOH���YRLG�VLPBEXUVWBHUURU���FKDU�
�LQSXWBILOH��FKDU�
�RXWSXWBILOH���YRLG�VLPBSDFNHWBORVV���FKDU�
�LQSXWBILOH��FKDU�
�RXWSXWBILOH��FKDU�
�QRLVHBILOH���YRLG�VLPBJDXVVBQRLVH��FKDU�
�LQSXWBILOH��FKDU�
�RXWSXWBILOH���YRLG�RSHQBILOH��FKDU�
�ILOH��FKDU�
�PRGH��YRLG�ILOWHUBELWBHUURU���IORDW�%(5��YRLG�ILOWHUBEXUVWBHUURU���IORDW�%(5���YRLG�ILOWHUBSDFNHWBORVV���IORDW�3(5��LQW�SDFNHWBVL]H���YRLG�ILOWHUBJDXVVBHUURU���IORDW�%(5���
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�
��������������������������������������������������PDLQ������������������������������������������������
�
YRLG�PDLQ��^

LQW�VLPBVHOHFW�
���DOORFDWLRQ�RI�PHPRU\�IRU�WKH�LQSXW�VHTXHQFH
EXIIHU� ���XQVLJQHG�FKDU�
���FDOORF���%8))6,=(��VL]HRI���XQVLJQHG�FKDU�����
���OLVWLQJ�RI�PHQX�VHOHFWLRQ
SULQWI���)URP�WKH�RSWLRQV�EHORZ��VHOHFW�WKH�NLQG�RI?Q��QRLVH�WR�EH�VLPXODWHG��7\SH�LQ�WKH�QXPEHU��?Q?Q���
SULQWI�� �����%LW�(UURU?Q������%XUVW�(UURU?Q������3DFNHW�ORVV?Q������*DXVVLDQ�:KLWH�1RLVH?Q��?Q6HOHFWLRQ�����
VFDQI����G���	VLPBVHOHFW��
VZLWFK���VLPBVHOHFW��^

FDVH��� SULQWI���?Q<RXU�VHOHFWLRQ�ZDV�VLPXODWLRQ�RI�ELW�HUURU�?Q?Q���
���YLGHR�RXWSXWRXWSXWBILOH� ��RXWSXW�ILOH��
���FDOO IXQFWLRQ�IRU��ELW�HUURUVLPBELWBHUURU���LQSXWBILOH��RXWSXWBILOH���EUHDN�

FDVH��� SULQWI���?Q<RXU�VHOHFWLRQ�ZDV�VLPXODWLRQ�RI�EXUVW�HUURU�?Q?Q���
���YLGHR�RXWSXWRXWSXWBILOH� ��RXWSXW�ILOH��
���FDOO�IXQFWLRQ�IRU EXUVW�HUURUVLPBEXUVWBHUURU���LQSXWBILOH��RXWSXWBILOH���EUHDN�
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FDVH��� SULQWI���?Q<RXU�VHOHFWLRQ�ZDV�VLPXODWLRQ�RI�SDFNHW�ORVV�?Q?Q���
���YLGHR�RXWSXWRXWSXWBILOH� ��RXWSXW�ILOH��
QRLVHBILOH� ��VLPBSDFNHWBORVV�GDW��� ���ILOH�ZLWK�VHULHV�RI��¶V
���FDOO�IXQFWLRQ�IRU�SDFNHW�ORVVVLPBSDFNHWBORVV��LQSXWBILOH��RXWSXWBILOH��QRLVHBILOH���EUHDN�

FDVH��� SULQWI���?Q<RXU�VHOHFWLRQ�ZDV�VLPXODWLRQ�RI�*DXVVLDQ�1RLVH�?Q?Q���
���YLGHR�RXWSXWRXWSXWBILOH� ��RXWSXW�ILOH��
���FDOO�IXQFWLRQ�IRU��*DXVVLDQ�1RLVHVLPBJDXVVBQRLVH���LQSXWBILOH��RXWSXWBILOH���EUHDN�

GHIDXOW�SULQWI���?Q<RXU�VHOHFWLRQ�ZDV�QRW�LQ�WKH�OLVW��7U\�DJDLQ�?Q?Q���EUHDN�`����HQG�VZLWFK`���PDLQ
�
�������������������������������������������VLPBELWBHUURU��������������������������������������������
�
YRLG�VLPBELWBHUURU���FKDU�
�LQSXWBILOH��FKDU�
�RXWSXWBILOH��^

IORDW�%(5�
RSHQBILOH���LQSXWBILOH���UE���� ���RSHQ�WKH�LQSXW�ILOH�IRU�ELQDU\�UHDGIFORVH��LQSXW�� ���FORVH�LQSXW
SULQWI���?Q6HOHFW�%(5���%LW�(UURU�5DWH��?Q���SULQWI���?Q%(5�����VFDQI����I���	%(5��
ILOWHUBELWBHUURU���%(5��� ���FDOO�ILOWHURSHQBILOH���RXWSXWBILOH���ZE��� ���RSHQ�WKH�RXWSXW�ILOH�IRU�ELQDU\�ZULWHIFORVH���RXWSXW���`����VLPBELWBHUURU
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�
������������������������������������������VLPBEXUVWBHUURU�������������������������������������������
�
YRLG�VLPBEXUVWBHUURU���FKDU�
�LQSXWBILOH��FKDU�
�RXWSXWBILOH��^

IORDW�%(5�
RSHQBILOH���LQSXWBILOH���UE����� ���RSHQ�WKH�LQSXW�ILOH IRU�ELQDU\�UHDGIFORVH��LQSXW�� ���FORVH�LQSXW
SULQWI���?Q6HOHFW�%(5���%XUVW�(UURU�5DWH��?Q���SULQWI���?Q%(5�����VFDQI����I���	%(5��
ILOWHUBEXUVWBHUURU���%(5��� ���FDOO�ILOWHURSHQBILOH���RXWSXWBILOH���ZE��� ���RSHQ�WKH�RXWSXW�ILOH�IRU�ELQDU\�ZULWHIFORVH���RXWSXW���`����VLPBEXUVWBHUURU

�
������������������������������������������VLPBSDFNHWBORVV������������������������������������������
�
YRLG�VLPBSDFNHWBORVV���FKDU�
�LQSXWBILOH��FKDU�
�RXWSXWBILOH��FKDU�
�QRLVHBILOH��^

IORDW�3(5�LQW�SDFNHWBVL]H�
RSHQBILOH���LQSXWBILOH���UE���� ���RSHQ�WKH�LQSXW�ILOH�IRU�ELQDU\�UHDGIFORVH��LQSXW�� ���FORVH�LQSXW
RSHQBILOH���QRLVHBILOH���UE��� ���RSHQ�WKH�QRLVH�ILOH�IRU�ELQDU\�UHDGIFORVH���QRLVHBVLP��� ���FORVH�QRLVHBVLP
SULQWI���?Q6HOHFW�3(5���3DFNHW�(UURU�5DWH��DQG�VL]H�RI�WKH�SDFNHWV��?Q���SULQWI���?Q3(5�����VFDQI����I���	3(5��SULQWI���?Q3DFNHW�VL]H�����VFDQI����G���	SDFNHWBVL]H��
ILOWHUBSDFNHWBORVV���3(5��SDFNHWBVL]H�������FDOO�IXQFWLRQ�SDFNHW�ORVV
RSHQBILOH���RXWSXWBILOH���ZE��� ���RSHQ�WKH�RXWSXW�ILOH�IRU�ELQDU\�ZULWHIFORVH���RXWSXW��� ���FORVH�RXWSXW

`����HQG�VLPBSDFNHWBORVV
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�
�������������������������������������������VLPBJDXVVBQRLVH����������������������������������������
�
YRLG�VLPBJDXVVBQRLVH���FKDU�
�LQSXWBILOH��FKDU�
�RXWSXWBILOH��^

IORDW�%(5�
RSHQBILOH���LQSXWBILOH���UE����� ���RSHQ�WKH�LQSXW�ILOH�IRU�ELQDU\�UHDGIFORVH��LQSXW�� ���FORVH�LQSXW
SULQWI���?Q6HOHFW�%(5���%LW�(UURU�5DWH��?Q���SULQWI���?Q%(5�����VFDQI����I���	%(5��
ILOWHUBJDXVVBHUURU���%(5��� ���FDOO�IXQFWLRQ�ILOWHURSHQBILOH���RXWSXWBILOH���ZE��� ���RSHQ�WKH�RXWSXW�ILOH�IRU�ELQDU\�ZULWHIFORVH���RXWSXW���

`����HQG�VLPBJDXVVBQRLVH
�
����������������������������������������������RSHQBILOH����������������������������������������������
�
YRLG�RSHQBILOH��FKDU�
�ILOH��FKDU�
�PRGH�^

SULQWI���?Q?Q,16,'(�)81&7,21�RSHQBILOH?Q?Q���
LI���ILOH�  �LQSXWBILOH�^

LQSXW� �IRSHQ��ILOH��PRGH�� ���RSHQ�LQSXW�ILOH�IRU�ELQDU\�UHDG
LI��LQSXW�  �18//�^SULQWI���(UURU��)LOH�
�V
�FRXOG�QRW�EH�RSHQHG�?Q���LQSXWBILOH���`����HQG�LI
HOVH�SULQWI���)LOH�
�V
�RSHQHG�VXFFHVVIXOO\�?Q���LQSXWBILOH��
LWHPVBUHDG� �IUHDG��EXIIHU�������������� ���DUUD\�RI�HOHPHQWVVL]HRI�XQVLJQHG�FKDU��� ���VL]H�RI�HDFK�HOHPHQW%8))6,=(�� ���PD[�QR�RI�HOHPHQWV�WR�UHDGLQSXW������������������� ���LQSXW�VWUHDP�DVV�ZLWK�YLGHR

`����HQG�LI
HOVH�LI���ILOH�  �RXWSXWBILOH�^
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RXWSXW� �IRSHQ��ILOH��PRGH�� ��RSHQ�RXWSXW�ILOH�IRU�ELQDU\�ZULWH
LI��RXWSXW�  �18//�^SULQWI����(UURU��)LOH�
�V
�FRXOG�QRW�EH�RSHQHG�?Q���RXWSXWBILOH���`����HQG�LI
HOVH�SULQWI���)LOH�
�V
�RSHQHG�VXFFHVVIXOO\�?Q���RXWSXWBILOH��
IZULWH��EXIIHU� ���DUUD\�RI�HOHPHQWVVL]HRI�XQVLJQHG�FKDU�� ���VL]H�RI�HDFK�HOHPHQWLWHPVBUHDG� ���QR�RI�HOHPHQWV�WR�ZULWHRXWSXW�� ���RXWSXW�VWUHDP�DVV��ZLWK�YLGHR

`����HQG�HOVH�LI
HOVH�LI���ILOH�  �QRLVHBILOH�^

QRLVHBVLP� �IRSHQ��ILOH��PRGH�� ���RSHQ�QRLVH�ILOH�IRU�ELQDU\�UHDG
LI��QRLVHBVLP�  �18//�^SULQWI���(UURU��)LOH�
�V
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