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5HFRJQLWLRQ�RI�&DU�/LFHQVH�3ODWHVXVLQJ�D�QHRFRJQLWURQ�W\SH�RI$UWLILFLDO�1HXUDO�1HWZRUN
%�7K�0��&RUQHW�DQG�/�-�0��5RWKNUDQW]

'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\)DFXOW\�RI�,QIRUPDWLRQ�7HFKQRORJ\�DQG�6\VWHPV=XLGSODQWVRHQ���������%=�'HOIW��WKH�1HWKHUODQGVEDV�FRUQHW#HFW�QO��/�-�0�5RWKNUDQW]#FV�WXGHOIW�QO
$EVWUDFW��,Q�WKLV�SDSHU��ZH�GHVFULEH�WKH�DSSOLFDWLRQ�RI�D�FRPELQHG�QHRFRJQLWURQ�W\SH�RI�QHXUDO�QHWZRUNFODVVLILHU�LQ�D�JHQHULF�&DU�/LFHQVH�3ODWH�5HFRJQLWLRQ��&/35��V\VWHP��7KH�VXJJHVWHG�V\VWHP�FRQWDLQV�DQLPDJH�SURFHVVRU��D�VHJPHQW�SURFHVVRU�DQG�ILYH�FRXSOHG�QHRFRJQLWURQ�QHWZRUN�FODVVLILHUV� WKDW�DFW�DV�DFKDUDFWHU� UHFRJQL]HU�� 7KH� SUHVHQWHG� PRGHO� RI� WKH� V\VWHP� GHSHQGV� QHLWKHU� RQ� VSHFLILF� OLFHQVH� SODWHLPDJH�IHDWXUHV�QRU�RQ�OLFHQVH�SODWHV�FKDUDFWHU�VW\OH�DQG�VL]H��&RPELQLQJ�QHRFRJQLWURQ�FODVVLILHUV�ZDVPRWLYDWHG�E\�WKH�IDFW�WKDW�PDQXDOO\�WXQLQJ�D�WUDLQLQJ�VHW�IRU�D�ODUJH�QHRFRJQLWURQ�QHWZRUN�LV�WHGLRXV��,WLV�VKRZQ�KRZ�WUDLQLQJ�VHW�WXQLQJ�IRU�D�ODUJH�QHRFRJQLWURQ�QHWZRUN�FDQ�EH�DYRLGHG��%\�FRQQHFWLQJ�VPDOOQHRFRJQLWURQV�VSHFLILFDOO\�WUDLQHG�RQ�DPELJXRXV�FKDUDFWHU�FODVVHV��WKH�SHUIRUPDQFH�RI�WKH�UHFRJQL]HU�LQRXU�&/35�ZDV�LPSURYHG�HDVLO\��7KH�XVH�RI�D�QHRFRJQLWURQ�UHFRJQL]HU�FRQWULEXWHV�VLJQLILFDQWO\�WR�WKHJHQHUDOLW\� RI� D� &/35� V\VWHP�� %HVLGHV�� FKDUDFWHU� UHFRJQLWLRQ� UDWHV� RI� ���� DUH� UHDOL]HG� XVLQJ� WKHSURSRVHG�QHRFRJQLWURQ�
.H\ZRUGV��1HRFRJQLWURQ�QHXUDO�QHWZRUN��LPDJH�SURFHVVLQJ���OLFHQVH�SODWH�UHFRJQL]HU�V\VWHP���,QWURGXFWLRQ

,Q� WKH� ODVW� \HDUV��PDQ\� LQGXVWULDO� FRPSDQLHV� KDYH� EHHQ� LQYROYHG� LQ� V\VWHP� GHYHORSPHQW� RQDXWRPDWHG�YHKLFOH�LGHQWLILFDWLRQ��7KH�UHFRJQLWLRQ�UDWHV�DFKLHYHG�E\�WKHVH�V\VWHPV�YDU\�IURP�����LQ�DFRPPHUFLDO�DSSOLFDWLRQ��WRZDUGV�����IRU�WKH�9,385�V\VWHP�GHYHORSHG�E\�1LMKXLV>��@�$W� 'HOIW� 8QLYHUVLW\� WKHUH� LV� D� SURMHFW� UXQQLQJ� DLPHG� DW� DXWRPDWHG� UHFRJQLWLRQ� RI� UHJLVWUDWLRQLGHQWLILFDWLRQ� RQ� YDULRXV� REMHFWV� GHSLFWHG� RQ� GLJLWDO� SKRWRJUDSKV�� $V� D� ILUVW� DSSOLFDWLRQ�� D� &/35SURWRW\SH� KDV� EHHQ� GHYHORSHG� EDVHG� RQ� D� JHQHULF� PRGHO� IRU� FKDUDFWHU� UHFRJQLWLRQ� IURP� GLJLWDOSKRWRJUDSKV�0DQ\� DSSURDFKHV� KDYH� EHHQ� SURSRVHG� E\� UHVHDUFKHUV� LQ� WKH� &/35�ILHOG�� )RU� QXPEHUSODWHVHJPHQWDWLRQ� DQG� FKDUDFWHU� LVRODWLRQ� 1LMKXLV� >��@� XVHV� JUD\QHVV� DQG� WH[WXUH� IHDWXUHV�� IRU� FKDUDFWHUUHFRJQLWLRQ�FRPELQHG�IHDWXUH�EDVHG�QHXUDO�QHWZRUNV�DUH�XVHG��%DUURVR�>�@�VHDUFKHV�LQ�WKH�LPDJH�VFDQOLQHV� IRU� FHUWDLQ�JUH\�OHYHO�YDULDWLRQ� µVLJQDWXUHV¶� WKDW� LQGLFDWH� WKH�SUHVHQFH�RI� WKH� QXPEHUSODWH� DW� WKHVFDQ�OLQH�XQGHU�FRQVLGHUDWLRQ��IRU�FKDUDFWHU�UHFRJQLWLRQ�WHPSODWH�PDWFKHUV�DUH�XVHG��,Q� WKLV�SDSHU��ZHLQWURGXFH�VRPH�JHQHULF�WHFKQLTXHV�IRU�VHJPHQWDWLRQ�DQG�FKDUDFWHU�UHFRJQLWLRQ�WKDW�FDQ�EH�XVHG�LQ�DQ\FKDUDFWHU�UHFRJQLWLRQ�DSSOLFDWLRQ�2XU� &/35� V\VWHP� FRQVLVWV� RI� WZR� PDMRU� PRGXOHV�� DQ� LPDJH�SUHSURFHVVRU� DQG� D� FKDUDFWHUUHFRJQL]HU�� %DVLFDOO\�� RQO\� WZR� SUREOHPV� DUH� WR� EH� VROYHG� WR� UHFRYHU� WKH� FDU
V� OLFHQVH� SODWH� IURP� DGLJLWDO� LPDJH�� )LUVW� WKH� LQGLYLGXDO� OLFHQVH� SODWHV� FKDUDFWHUV� DUH� WR� EH� LVRODWHG� IURP� WKH� LPDJH� DQGVHFRQGO\�WKH�LVRODWHG�VHJPHQWV�DUH�WR�EH�FODVVLILHG�LQWR�DOSKDQXPHULFDO�FKDUDFWHUV�

)LJ�����7KH�FDU�OLFHQVH�SODWH�UHFRJQLWLRQ�V\VWHPV�EORFN�GLDJUDP
UHFRYHUHG�OLFHQVHSODWH�FKDUDFWHU�VWULQJ

,PDJHSURFHVVRU &KDUDFWHUUHFRJQL]HU'LJLWDO�LQSXW�LPDJH VHJPHQW�FXWRXWVRI�OLFHQVH�SODWHFKDUDFWHUV
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/LFHQVH�FKDUDFWHUV�FDQ�QRW�EH�VLPSOH�LVRODWHG�E\�VHDUFKLQJ�FHUWDLQ�UDQJHV�RI�LQWHQVLW\�YDOXHV�RIWKH� SL[HOV� GXH� WR� YDU\LQJ� LOOXPLQDWLRQ� FRQGLWLRQV�� ,VRODWLQJ� OLFHQVH� SODWHV� EDVHG� RQ� ORFDWLRQ�� VL]H� RUSK\VLFDO�GLPHQVLRQ�RI�WKH�OLFHQVH�SODWH�LV�QRW�D�SUDFWLFDO�VROXWLRQ�HLWKHU�EHFDXVH��WKHVH�PHDVXUHV�ZLOO�EHW\SLFDOO\� XQNQRZQ� GXH� WR� YDULDEOH� FDPHUD� SRVLWLRQV�� 7KHUH� DUH� GHVFULEHG�PDQ\� VROXWLRQV� IRU� OLFHQVHSODWH� VHJPHQWDWLRQ>�@>��@�� DOO� EDVHG� RQ� D� QXPEHU� RI� OLFHQVH� SODWHV� IHDWXUHV��:H� LQWURGXFH� D� OLFHQVHSODWH� FKDUDFWHU� LVRODWRU� EDVHG� RQ� RQO\� WZR� EDVLF� IHDWXUHV�� )LUVW�� WKH� FRORU� RI� D� QXPEHUSODWH� LVVLJQLILFDQWO\� GLIIHUHQW� IURP� WKH� REMHFW� LW� LV� DWWDFKHG� WR� �WKH� FDU
V� FKDVVLV��� 6HFRQGO\�� WKH� EDFNJURXQGFRORU�RI�OLFHQVH�SODWH�DQG�WKH�FRORU�RI�WKH�FKDUDFWHUV�UHSURGXFHG�RQ�LW�DUH�VLJQLILFDQWO\�GLIIHUHQW�7KH� UHFRJQL]HU�PRGXOH� RI� WKH�&/35� VKRXOG� FODVVLI\� FKDUDFWHUV� LQYDULDQW� RI� VW\OH�� ORFDWLRQ� DQG� VL]H�5HPHPEHU� WKDW� QR� H[SOLFLW� NQRZOHGJH� RI� WKH� QXPEHUSODWH� IHDWXUHV� LV� XVHG�� )XUWKHUPRUH� WKH� QXPEHUSODWH� FKDUDFWHUV� DV� LVRODWHG� IURP� WKH� LPDJH�� PD\� EH� GHIRUPHG� KLJKO\� EHFDXVH� RI� XQVKDUS� LPDJHUHFRUGLQJV��YDU\LQJ�FDPHUD�SRVLWLRQV��GLUW\�SODWHV�RU�EDG�LOOXPLQDWLRQ��0RVW�RI�WKH�&/35¶V�GHVFULEHG�LQWKH� OLWHUDWXUH� >��@>��@>��@>�@� XVH� 0/3� QHXUDO� QHWZRUNV� ZLWK� GLUHFW� RU� IHDWXUH� LQSXW� DV� FKDUDFWHUUHFRJQL]HUV��7KH�QHRFRJQLWURQ�QHXUDO�QHWZRUN�ZLOO�DFW�DV�WKH�FKDUDFWHU�UHFRJQL]HU�LQ�RXU�&/35�,Q�WKLV�SDSHU�D�PRGHO�IRU�DQ� LPDJH�YLVLRQ�V\VWHP�LV�SUHVHQWHG� WKDW� LV�FDSDEOH�RI� UHFRJQL]LQJFDU�OLFHQVH�SODWHV�LQGHSHQGHQW�IURP�SODWH�ORFDWLRQ��VL]H��GLPHQVLRQ��FRORU�DQG�FKDUDFWHU�VW\OH��)URP�WKLVPRGHO��D�VRIWZDUH�V\VWHP�KDV�EHHQ�LPSOHPHQWHG�XVLQJ�&�&���WKDW�UXQV�RQ�D�3HUVRQDO�&RPSXWHU��%DVHGRQ�D�OLFHQVH�SODWH�PRGHO��ZH�KDYH�LPSOHPHQWHG�DQ�LPDJH�SURFHVVRU�WR�LVRODWH� LQGLYLGXDO� OLFHQVH�SODWHFKDUDFWHUV� IURP� D� GLJLWDO� LPDJH�� )RU� FKDUDFWHU� UHFRJQLWLRQ�� ZH� KDYH� LPSOHPHQWHG� WKH� QHRFRJQLWURQQHWZRUN�DV�SURSRVHG�E\�)XNLVXPD�>�@��2XU�PRWLYDWLRQ�WR�XVH�WKLV�W\SH�RI�DUWLILFLDO�QHXUDO�QHWZRUN�ZDVEHFDXVH�RI� LWV�FDSDELOLW\� WR�UHDG�JHQHUDOL]HG�FKDUDFWHU�VW\OHV� LQGHSHQGHQW� IURP�VL]H�DQG� ORFDWLRQ��7KHFKDUDFWHULVWLFV�RI�WKH�QHRFRJQLWURQ�QHXUDO�QHWZRUN�IXQFWLRQDO�IHDWXUHV�GR�IXOO\�PDWFK�WKH�UHTXLUHPHQWVRI� D� FKDUDFWHU� UHFRJQL]HU� LQ� D�&/35��0RUHRYHU� WKLV� W\SH� RI� QHWZRUN�PDNHV�PDQ\� LPDJH� SURFHVVLQJVWHSV�VXSHUIOXRXV�DQG�WKHUHIRUH�PDNHV�WKH�V\VWHP�FRQFHSW�PRUH�JHQHUDO�DSSOLFDEOH�
6RPH� \HDUV� DJR� &/35� V\VWHP� WHFKQRORJ\� UHFHLYHG� UHQHZHG� LQWHUHVW� IURP� WKH� 'XWFK*RYHUQPHQW�EHFDXVH�RI� D�SROLWLFDO� UHVROXWLRQ� WR� LQWURGXFH�DXWRPDWHG� WROOJDWHV� DURXQG� WKH� IRXU�PDMRUFLWLHV��&RPPHUFLDO�&/35�V\VWHP�DSSOLFDWLRQV�DUH�ZLGHO\�XVHG�IRU�WUDIILF�ODZ�HQIRUFHPHQW�KRZHYHU�WKHQXPEHU�RI�SKRWRV�WR�EH�SURFHVVHG�E\�WKHVH�V\VWHPV�LV�ORZ�FRPSDUHG�WR�WKH�QXPHURXV�SKRWRV�WKDW�ZLOOEH� SURGXFHG� E\� WKH� SURSRVHG� WROOJDWH� FDPHUDV�� 0DQXDO� V\VWHP¶V� UHFRJQLWLRQ� YHULILFDWLRQ� LV� VXUHO\XQZDQWHG� LQ� DQ�(OHFWURQLF�5RDG�3ULFLQJ� V\VWHP��7KHUHIRU� WKH� DYDLODELOLW\� RI� DQ� DFFXUDWH�� UREXVW� DQGUHOLDEOH� &/35� V\VWHP� LV� PDQGDWRU\� WR� VXFFHVVIXOO\� LQWURGXFH� (53� V\VWHPV�� 2XU� &/35� PRGHO� DQGSURWRW\SH�DGG�VRPH�WHFKQLTXHV�WRZDUGV�VXFK�UHTXLUHG�KLJK�SHUIRUPLQJ�V\VWHPV����1HRFRJQLWURQ

����1HWZRUN�VWUXFWXUH
7KH� EDVLF� IXQFWLRQ� RI� WKH� QHRFRJQLWURQ� QHXUDO� QHWZRUN� LV� WR� DFW� DV� D� SDWWHUQ� UHFRJQLWLRQQHWZRUN�� 7KH� QHRFRJQLWURQ� LV�PDLQO\� XVHG� WR� FODVVLI\� VSDWLDO� ELQDU\� FKDUDFWHU� LPDJHV� LQWR� SDUWLFXODUFKDUDFWHUV��7KH�QHRFRJQLWURQ�LV�D�ODUJH�DQG�FRPSOH[�DUWLILFLDO�QHXUDO�QHWZRUN��,W�LV�QRW�RQO\�FRPSOH[�LQVWUXFWXUH� DQG� IXQFWLRQDOLW\� EXW� WKH� QHRFRJQLWURQ� LV� DOVR� FRPSOH[� FRPSXWDWLRQDO� ZLVH�� (YHQ� D� VLPSOHQXPEHU� UHFRJQL]HU� ZLOO� KDYH� PLOOLRQV� RI� FRQQHFWLRQV�� 7KH� QHRFRJQLWURQ� KDV� EHHQ� GHVFULEHGFRPSUHKHQVLYHO\� LQ� PDQ\� WH[WERRNV� >��@� DQG� PDQ\� SDSHUV� >�@>��@�� %HFDXVH� GHVFULELQJ� WKHQHRFRJQLWURQ�LQ�VKRUW�EXW�IRUPDO�PDWWHU�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU��RQO\�D�EULHI�GHVFULSWLRQ�RI�WKHPDLQ� FKDUDFWHULVWLFV� DQG� IXQFWLRQDOLW\� RI� WKH� QHRFRJQLWURQ� LV� JLYHQ�� 7KH� QHRFRJQLWURQ� LV� W\SLFDOO\� DKLHUDUFKLFDO� QHWZRUN�� FRPSRVHG� DV� FDVFDGHG� FRQQHFWHG� OD\HUV��1HRFRJQLWURQ� OD\HUV� RQ� WKHLU� WXUQ� DUHFRPSRVHG�RI�RQH�RU�PRUH�SODQHV��$�SODQH�LV�EXLOW�DV�D�WZR�GLPHQVLRQDO�DUUD\�RI�FHOOV��,Q�ILJXUH����WKHKLHUDUFKLFDO�VWUXFWXUH�RI�WKH�QHRFRJQLWURQ�LV�GHSLFWHG�7KH� FHOOV� XVHG� LQ� QHRFRJQLWURQ� QHWZRUNV� DUH� IXQGDPHQWDOO\� VLPSOH� REMHFWV�� ,Q� WKHQHRFRJQLWURQ�QHWZRUN�WKUHH�W\SHV�RI�FHOOV�DUH�GHILQHG��6�FHOOV��&�FHOOV�DQG�9�FHOOV��(DFK�W\SH�RI�FHOO�LVDVVLJQHG�WR�SHUIRUP�D�W\SLFDO�IXQFWLRQ�ZLWKLQ�WKH�QHRFRJQLWURQ�x 7KH� 6�FHOOV� LQ� WKH� QHRFRJQLWURQ� QHWZRUN� DUH� WKH� IHDWXUH� H[WUDFWLQJ� FHOOV�� 7KH� H[FLWDWLRQ� RI� DSDUWLFXODU�FHOO�ZLOO�EH�KLJK�RQO\�LI�D�VSHFLILF�LQSXW�SDWWHUQ�LV�SUHVHQWHG��D�SDUWLFXODU�IHDWXUH��WR�LWVLQSXWV��:KLFK�IHDWXUH�DQ�6�FHOO�VKRXOG�GHWHFW�LV�GHWHUPLQHG�E\�WUDLQLQJ��'XULQJ�WUDLQLQJ�WKH�LQSXWFRQQHFWLRQ�ZHLJKWV�RI�WKH�FHOO�DUH�UHLQIRUFHG�DFFRUGLQJ�WR�FHUWDLQ�UXOHV�x 7KH� 9�FHOOV� DUH� LQKLELWRU\� FHOOV�� WKH\� SUHYHQW� 6�FHOOV� WR� H[FLWDWH� RQ� LQSXW� IHDWXUHV� WKDW� DUHFRPELQDWLRQV�RI�WKH�VSHFLILF�IHDWXUHV�PHQWLRQHG�LQ�WKH�SUHYLRXV�SDUDJUDSK��7KHLU�LQSXW�FRQQHFWLRQZHLJKWV�DUH�IL[HG��WKHLU�RXWSXW�FRQQHFWLRQ�ZHLJKWV�DUH�UHLQIRUFHG�E\�WUDLQLQJ�
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x 7KH�&�FHOOV�KDYH�DQ�LPSRUWDQW�WDVN�WR�PDNH�WKH�QHWZRUN�WROHUDQW�IRU�VPDOO�SDWWHUQ�GLVWRUWLRQV�DQGGHIRUPDWLRQV�DQG�WUDQVODWLRQV�RI�SDWWHUQV��&�FHOOV�EOXU�WKH�H[FLWDWLRQ�SDWWHUQV�RI�WKH�6�FHOO�

)LJ�����7KH�KLHUDUFKLFDO�VWUXFWXUH�RI�WKH�QHRFRJQLWURQ

)LJ������1HRFRJQLWURQ�W\SH�FHOOV�ZLWK�FHOO�ZHLJKWV�D�E�F DQG�G DQG�FHOO�H[FLWDWLRQ�YDOXHV�8V DQG�8F�
(DFK�FHOO�WDNHV�LQSXW�IURP�VHYHUDO�FHOOV�RI�SODQHV�LQ�D�SUHYLRXV��VXE��OD\HU��7KH�VRXUFH�QHXURQVDUH�JURXSHG�ZLWKLQ�D�VTXDUH�DUHD��7KLV�DUHD�LV�UHIHUUHG�WR�DV�WKH�FRQQHFWDEOH�DUHD�RI�WKH�FHOO�FRQVLGHUHG�7KH�VL]H�RI�WKH�FRQQHFWDEOH�DUHD�ZLOO�W\SLFDOO\�YDU\�SHU�VXE�OD\HU��)LJXUH���VKRZV�WKH�FRQQHFWDEOH�DUHDRI��
��LQ�WKH�VRXUFH�SODQH�IRU�WKH�FHQWHU�FHOO�LQ�WKH�WDUJHW�SODQH�����1HWZRUN�7UDLQLQJ
7KH� QHRFRJQLWURQ� QHWZRUN� FDQ� EH� WUDLQHG� WR� FODVVLI\� LWV� LQSXW� VDPSOH� LPDJHV� XVLQJ� DVXSHUYLVHG�PHWKRG��7KH�VXSHUYLVHG� WUDLQLQJ�DSSURDFK� LQYROYHV� WKH�XVH�RI�GLUHFW� LQSXWV� WR� WKH�6�SODQH
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FHOOV�LQ�HDFK�VXEOD\HU�RI�WKH�QHWZRUN��7\SLFDOO\��WKH�QHWZRUN�OD\HUV�DUH�WUDLQHG�IURP�VLPSOH�EDVLF�LQSXWIHDWXUHV�LQ�WKH�ILUVW�OD\HU�WRZDUGV�W\SLFDO�VDPSOH�LPDJHV�LQ�WKH�ODVW�OD\HU�RI�WKH�QHWZRUN��7KHVH�W\SLFDOVDPSOHV� XVHG� IRU� WUDLQLQJ� WKH� ODVW� OD\HU� DUH� WKH� SDWWHUQV� WKDW� WKH� QHRFRJQLWURQ� LV� GHVLJQHG� IRU� WRUHFRJQL]H�� 7KH� OD\HUV� QXPEHU� RQH� WKURXJK� IRXU� LQ� WKH� QHWZRUN� GHSLFWHG� LQ� ILJXUH� �� DUH� WUDLQHGUHVSHFWLYHO\�RQ�WKH�IROORZLQJ�FKDUDFWHULVWLF�IHDWXUHV��� 6LPSOH�DQG�VPDOO�VWUDLJKW�OLQH�FRPSRQHQWV��� /RFDO�IHDWXUHV�RI�FKDUDFWHUV�OLNH�FRUQHUV��FXUYDWXUHV��LQWHUVHFWLRQV�DQG�OLQH�HQGSRLQWV��� *OREDO�IHDWXUHV�FRPSRVHG�RI�ORFDO�IHDWXUHV�RI�WKH�SUHYLRXV�OD\HU�WKDW�IRUP�FRPSOHWH�FKDUDFWHUV�RUPDMRU�FKDUDFWHULVWLF�SDUWV�RI�D�VSHFLILF�FKDUDFWHU��� 7\SLFDO�VDPSOHV�RI�DOSKDQXPHULFDO�FKDUDFWHUV�����1HRFRJQLWURQ�QHWZRUN�XVHG�DV�UHFRJQL]HU�LQ�WKH�&/35
)XNLVXPD>�@�KDV�SURSRVHG�D�QHWZRUN�FRQILJXUDWLRQ�DQG�WUDLQLQJ�VHW�SDWWHUQV�IRU�D�QHRFRJQLWURQWKDW� FODVVLILHV� KDQGZULWWHQ� DOSKDQXPHULFDO� FKDUDFWHUV�� 7KLV� QHWZRUN� H[KLELWV� D� YHU\� SRRU� UHFRJQLWLRQUDWH�RQ�D�W\SLFDO�VHW�RI�FKDUDFWHUV�ZLWK�D�IRQW�LQ�XVH�RQ�'XWFK�OLFHQVH�SODWHV��7KH�SRRU�UHFRJQLWLRQ�UDWH�LVGXH� WR� WKH� GLIIHUHQW� VW\OH� EHWZHHQ� KDQGZULWWHQ� FKDUDFWHUV� DQG� OLFHQVH� SODWH� FKDUDFWHUV� RI� 'XWFKQXPEHUSODWHV�� )XUWKHUPRUH�� WKH� VNHOHWRQL]DWLRQ� RSHUDWLRQ� UHTXLUHG� KDV� D� QHJDWLYH� LPSDFW� RQ� WKHUHFRJQLWLRQ�UDWH��5HPHPEHU�WKH�QHRFRJQLWURQ�XVHG�LV�GHVLJQHG�WR�UHFRJQL]H�IHDWXUHV�WKDW�KDYH�RQO\�OLQHVHJPHQWV� RI� RQH� SL[HO� WKLFN�� WKHUHIRUH� D� WKLQQLQJ� RSHUDWLRQ� LV� DSSOLHG� RQ� WKH� VHJPHQW� EHIRUH� WKHVHJPHQW� LPDJH� LV� VXSSOLHG� WR� WKH� UHFRJQL]HU��:H� KDYH� XVHG� WKH�+LOOGLWFK� DOJRULWKP� DV� GHVFULEHG� E\*RQ]DOHV�LQ�>�@�WR�VNHOHWRQLVH�WKH�VHJPHQWV��7KLV�DOJRULWKP�GRHV�GHIRUP�VRPH�FKDUDFWHUV�LPDJH�KLJKO\�W\SLFDOO\�WKH�FKDUDFWHU�V\PEROV�µ.¶��¶1¶�DQG�µ;¶�5HGHVLJQLQJ� WKH� FRQILJXUDWLRQ� RI� WKH� QHWZRUN� DQG� WKH� WUDLQLQJ� VHW� LQFUHDVHG� WKH� UHFRJQLWLRQSHUIRUPDQFH��$V�VWDWHG�E\�)XNLVXPD��GHVLJQLQJ�D�QHWZRUN�DQG�ILQGLQJ�DQ�DSSURSULDWH�WUDLQLQJ�VHW�LV�QRWD� WULYLDO� WDVN�� 6SHFLILFDOO\� ILQGLQJ� WKH� WUDLQLQJ� VHW� UHTXLUHV� KDUG� ODERU� LQFUHDVLQJ�ZLWK� WKH� QXPEHU� RIFKDUDFWHUV�WR�EH�FODVVLILHG��7KH�QXPEHU�RI�RXWSXW�FHOOV�LV�OLPLWHG�WR�WKH����FKDUDFWHUV�WKDW�DUH�XVHG�RQ'XWFK�OLFHQVH�SODWHV�LQVWHDG�RI�WKH�RULJLQDO����RXWSXW�FHOOV�DV�VSHFLILILHG�LQ�>�@��%HFDXVH�FKDUDFWHUV�ZLWKD�IL[HG�IRQW�VKRZ�PXFK�PRUH�UHJXODULWLHV��D�WKUHH�OD\HU�QHWZRUN�VHHPHG�VXIILFLHQW�LQVWHDG�RI�WKH�IRXU�OD\HU� QHWZRUN� RULJLQDOO\� XVHG�� )XUWKHUPRUH�� WKH� IDFW� WKDW� WKH� QHRFRJQLWURQ� FDQ� FODVVLI\� LPDJHVLQGHSHQGHQW� IURP� VL]H� KDV� QRW� EHHQ� H[SORLWHG� WR� LWV� IXOO� H[WHQG�� )RU� WKH� QHRFRJQLWURQ� XVHG� LQ� RXUV\VWHP��ZH� UHTXLUH� RQO\� FKDUDFWHUV�ZLWK� KHLJKWV� LQ� WKH� UDQJH� IURP���� WR� ���SL[HOV� WR� EH� UHFRJQL]HG�&KDUDFWHU�VHJPHQWV�LVRODWHG�IURP�WKH�LPDJH�ZLWK�D�KHLJKW�QRW�LQ�WKLV�UDQJH�DUH�DXWRPDWLFDOO\�UHVL]HG�E\WKH� VHJPHQW� SURFHVVRU�� 7KH� UHGXFWLRQ� LQ� QHWZRUN� VL]H� DQG� WKH� IDFW� WKDW� ZH� GR� QRW� UHTXLUH� WKHQHRFRJQLWURQ�WR�FODVVLI\�D�EURDG�UDQJH�RI�FKDUDFWHU�LPDJH�VL]HV�PDNHV�WKH�SURFHGXUH�WR�ILQG�D�VXLWDEOHWUDLQLQJ�VHW�HDVLHU�,Q�ILJXUH���WKH�WUDLQLQJ�VHW�IRU�DOO�WKUHH�OD\HUV�RI�RXU�QHWZRUN�FRQILJXUDWLRQ�LV�JLYHQ��,Q�WKH�WH[WEHORZ�U GHQRWHV�WKH�VHOHFWLYLW\�SDUDPHWHU��7KLV�SDUDPHWHU�GHWHUPLQHV�WKH�PHDVXUH�RI�LQKLELWLRQ�E\�WKH9�FHOOV�LQ�WKH�QHWZRUN��7KH�� FRHIILFLHQW�GHWHUPLQHV�WKH�VWUHQJWK�RI�WKH�IL[HG�FRQQHFWLRQV�EHWZHHQ�WKH&�FHOOV� DQG� WKH�9�FHOOV�� 7KH� FRHIILFLHQWV� / DQG� /¶� � GHWHUPLQH� WKH� VWUHQJWK� RI� WKH� IL[HG� FRQQHFWLRQVEHWZHHQ�WKH�6�SODQHV�DQG�WKH�&�SODQHV��7KLV�SDUDPHWHU�GHWHUPLQHV�WKH�PHDVXUH�RI�µEOXUULQJ¶�WKDW�PDNHVWKH�QHWZRUN�LQYDULDQW�IRU�VPDOO�SRVLWLRQDO�VKLIWV��7KH�FRQILJXUDWLRQ�RI�RXU���OD\HU�QHWZRUN�LV�DV�IROORZV�

x 7KH�LQSXW�OD\HU�KDV���
���FHOOV�x )LUVW�OD\HU�����6�SODQHV�HDFK�KDYLQJ���
���FHOOV��&RQQHFWDEOH�DUHD�RI�WKH�6�FHOOV�LQ�WKH�ILUVW�OD\HU�LVD��
��DUHD����&�SODQHV�HDFK�KDYLQJ���
���FHOOV�DQG�D�FRQQHFWDEOH�DUHD�RI���
��FHOOV��7KH�QHWZRUNVHOHFWLYLW\�SDUDPHWHU�U ������� �����/ ����DQG�/¶ ���� IRU�DOO�SODQHV��7UDLQLQJ�VHW�SDWWHUQ�VL]H� IRUWKH�ILUVW�OD\HU�LV��
��x 7KH� VHFRQG� OD\HU� KDV����6�SODQHV�ZLWK�D� VL]H�RI���
��� FRQQHFWHG� WR� ���&�SODQHV�ZLWK� D� VL]H� RI��
����7KH�FRQQHFWDEOH�DUHD�RI�WKH�6�FHOOV�LQ�WKLV�OD\HU�LV���
���WKH�FRQQHFWDEOH�DUHD�RI�WKH�&�FHOOVLQ� WKLV� OD\HU� LV� �
���7KH�QHWZRUN� VHOHFWLYLW\� SDUDPHWHU� U ���� IRU� DOO� SODQHV� LQ� WKLV� OD\HU�� �� ����/ ����DQG�/¶ ����IRU�DOO�SODQHV��7KH�QHXURQJDS�SDUDPHWHU�IRU� WKLV� OD\HU�LV����7UDLQLQJ�VHW�SDWWHUQVL]H�IRU�WKH�VHFRQG�OD\HU�LV��
��x 7KH� WKLUG� OD\HU� RI� RXU� QHWZRUN� KDV� ��� 6�SODQHV� RI� VL]H� ��
��� DQG� ��� RXWSXW� &�FHOOV�� 7KHFRQQHFWDEOH�DUHD�IRU�WKH�6�FHOOV�LQ�WKLV�OD\HU�LV���
����7KH�FRQQHFWDEOH�DUHD�RI�WKH�RXWSXW�FHOOV�LQWKH�&�SODQH� RI� WKLV� OD\HU� LV� �
��� 7KH� QHWZRUN� SDUDPHWHUV� IRU� WKLV� OD\HU� DUH� VHW� WR� WKH� IROORZLQJYDOXHV�� VHOHFWLYLW\� SDUDPHWHU� U ����� � ����� / ���� DQG� /¶ ���� IRU� DOO� SODQHV�� 7KH� QHXURQJDSSDUDPHWHU�IRU�WKLV�OD\HU�LV����7KH�WKLUG�OD\HU�LV�WUDLQHG�XVLQJ�VDPSOHV�RI���
���SL[HOV�
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)LJ�����7UDLQLQJ�VHW�SDWWHUQV�IRU�WKH�QHRFRJQLWURQ�XVHG�ZLWKLQ�RXU�&/35�V\VWHP��7KH�YHUWLFDO�OLQHV�RQWKH� OHIW� RI� WKH� WUDLQLQJ� VHW� VDPSOHV� LQGLFDWH� WKDW� WKH� SODQHV� DUH� MRLQHG� RQWR� RQH� SODQH� LQ� WKH� QH[WVXEOD\HU�
,Q�ILJXUH����WKH�UHFRJQLWLRQ�UDWHV�DUH�VKRZQ�RI�FKDUDFWHUV�ZLWK�WKH�IRQW�LQ�XVH�RQ�'XWFK�OLFHQVHSODWHV� XVLQJ� )XNLVXPD¶V� RULJLQDO� QHWZRUN>�@� DQG� WKH� QHWZRUN� FRQILJXUDWLRQ� XVHG� LQ� RXU� SURWRW\SH&/35���7KH�FKDUDFWHU�VDPSOHV�XVHG�LQ�WKLV�WHVW�DUH�UHSURGXFHG�IURP�����RULJLQDO�KLJK�UHVROXWLRQ�GLJLWDOSKRWR�LPDJHV�WDNHQ�IURP�'XWFK�OLFHQVH�SODWHV��7KH�FKDUDFWHU�VDPSOHV�XVHG�GR�QRW�FRQWDLQ�PXFK�QRLVHDQG� VKRZ� DOPRVW� QR� GHIRUPDWLRQ�� 2EYLRXVO\�� WKH� UHFRJQLWLRQ� UDWH� RQ� DOSKDQXPHULFDO� FKDUDFWHUV� RI'XWFK�OLFHQVH�SODWHV�KDV�LQFUHDVHG�VLJQLILFDQWO\��:KHQ�YHULI\LQJ�WKH�QHZO\�FRQILJXUHG�QHWZRUN�RQ�UHDO�OLIH�SKRWRJUDSKV�ZH�REVHUYH�VOLJKWO\�ORZHU�UHFRJQLWLRQ�UDWH�EHFDXVH�WKH�FKDUDFWHU�LPDJH�VHJPHQWV�IURPWKHVH�SKRWRJUDSKV�VKRZ�PRUH�LUUHJXODULWLHV��GHIRUPDWLRQ�DQG�QRLVH�$V�ZLWK�PDQ\�RWKHU�FKDUDFWHU� LPDJH�UHFRJQL]HUV�ZH�REVHUYH� WKDW�VRPH�FKDUDFWHU� LPDJHV�DUHKDUG�WR�GLVWLQFW�IURP�HDFK�RWKHU��7\SLFDO�H[DPSOHV�DUH�WKH�QXPHULFDO�µ�¶�DQG�WKH�DOSKD�FKDUDFWHU�µ2¶�RUWKH�QXPHULFDO� µ�¶�DQG� WKH�DOSKD�FKDUDFWHU� µ,¶��1HLWKHU� WKH�FKDUDFWHU� µ,¶�QRU� µ2¶�DUH�XVHG� LQ� WKH�'XWFKOLFHQVH�SODWH�DOSKDEHW��EXW�LQ�RXU�FDVH�UHODWLYHO\�PXFK�PLVFODVVLILFDWLRQV�EHWZHHQ���'�����6����%�DQG���=ZHUH�REVHUYHG��,Q�WKH�QH[W�VHFWLRQ��ZH�SURSRVH�D�FRQILJXUDWLRQ�RI�FRPELQHG�QHRFRJQLWURQ�FODVVLILHUV�WRHOLPLQDWH�WKHVH�HUURUV�LQ�UHFRJQLWLRQ�

)LJ�����5HFRJQLWLRQ�UDWH�YHUVXV�FKDUDFWHU�VL]H�REVHUYHG�RQ�VNHOHWRQL]HG�FKDUDFWHU�LPDJHV�ZLWK�D�IRQW�LQXVH�RQ�'XWFK�/LFHQVH�3ODWHV������������� )XNLVXPD¶V�QHWZRUN�GHVLJQHG�WR�FODVVLI\�KDQGZULWWHQ�FKDUDFWHUV>�@���� WKLV�QHWZRUN�DSSURDFK�WXQHG�VSHFLILFDOO\�RQ�'XWFK�OLFHQVH�SODWH�FKDUDFWHUV
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)LJ�����7KH�2�'�GLVFULPLQDWRU�QHRFRJQLWURQ�FRQILJXUDWLRQ�OD\RXW�DQG�LW¶V�WUDLQLQJ�VHW����0RGHO�IRU�FRPELQLQJ�QHRFRJQLWURQ�FODVVLILHUV
7XQLQJ� WKH� WUDLQLQJ� VHW� RI� WKH� QHRFRJQLWURQ� VXFK� WKDW� PLVFODVVLILFDWLRQV� EHWZHHQ� VLPLODUFKDUDFWHU�OLNH���'�RU���=�DUH�SUHYHQWHG�VHHPHG�YHU\�KDUG�WR�PRGHO��,I�ZH�WXQH�WKH�UHFRJQLWLRQ�UDWH�RIµ�¶�DQG� µ'¶�E\�DGMXVWLQJ� WKH� WUDLQLQJ� VHW�SDWWHUQV� LQ� OD\HU���� D� VHYHUH�GHFUHDVH� LQ� UHFRJQLWLRQ� UDWH� RQRWKHU�DOSKDQXPHULFDO�FKDUDFWHUV�OLNH�IRU�H[DPSOH�³�´�´5´�RU�³3´�ZDV�REVHUYHG��7KLV�LV�EHFDXVH�VSHFLILFSODQHV�LQ�OD\HU���GR�QRW�RQO\�GHWHUPLQH�WKH�UHFRJQLWLRQ�RI���'�EXW�DOVR�PD\�FRQWULEXWH�VLJQLILFDQWO\�WRWKH� FODVVLILFDWLRQ� RI� WKH� ³�´�´5´� RU� ³3´�� $V� VWDWHG� HDUOLHU�� ILQGLQJ� D� JRRG� WUDLQLQJ� VHW� UHTXLUHV� KDUGODERU�� 'HILQLQJ� D� WUDLQLQJ� VHW� IRU� D� QHRFRJQLWURQ� WKDW� RQO\� KDV� WR� FODVVLI\� LQWR� WZR� DOSKDQXPHULFDOFKDUDFWHUV� LV� UHODWLYHO\�HDV\��6XFK�D�QHWZRUN�KDV� W\SLFDOO\�RQO\� WKUHH� OD\HUV� DQG�D� OLPLWHG�QXPEHU�RISODQHV�� :LWK� WKLV� W\SH� RI� QHWZRUN�� WKH� WUDLQLQJ� VHW� FDQ� HYHQ� EH� WXQHG� E\� VWXG\LQJ� LQGLYLGXDO� FHOOH[FLWDWLRQV�RQ�FHUWDLQ�WUDLQLQJ��RU� WHVW�VDPSOHV��0DQXDOO\�WXQLQJ�D�WUDLQLQJ�VHW�RQ�WKH���OD\HU�QHWZRUNGHVLJQHG�WR�UHFRJQL]H����GLIIHUHQW�FKDUDFWHUV�RI�YDULRXV�VW\OHV�LV�D�YHU\�WHGLRXV�MRE�,Q�ILJXUH���WKH�QHRFRJQLWURQ�QHWZRUN�OD\RXW�DQG�WUDLQLQJ�VHW�LV�GHSLFWHG�ZKLFK�LV�XVHG�ZLWKLQ�RXU�&/35WR�GHFUHDVH�WKH�PLVFODVVLILFDWLRQV�EHWZHHQ�WKH�DPELJXRXV�FKDUDFWHUV� µ�¶�DQG� µ'¶�� ,Q� ILJXUH����D�EORFNGLDJUDP�LV�JLYHQ�KRZ�IRXU�VSHFLILF�QHRFRJQLWURQV�DUH�FRQQHFWHG�WR�WKH�³PDLQ´�QHRFRJQLWURQ�QHWZRUN�LQRXU� &/35� SURWRW\SH� VHWXS�� 7KH� VXJJHVWHG� FRPELQHG� QHRFRJQLWURQ� QHWZRUNV� KDYH� D� UHFRJQLWLRQ� UDWH�FRUUHFWO\� FODVVLILHG� VHJPHQWV�� RI� ��� �� RQ� D� VHW� RI� ���� FKDUDFWHU� LPDJHV� LVRODWHG� IURP� UHDO�ZRUOGSKRWRJUDSKV�

)LJ�����&RPELQHG�QHRFRJQLWURQ�QHWZRUNV�LQ�WKH�&/35�DSSOLFDWLRQ
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([FLWDWLRQ�RI�WKLV�QHXURQ�ZKHQ�LQSXW�LPDJH� �
2


([FLWDWLRQ�RI�WKLV�QHXURQ�ZKHQ�LQSXW�LPDJH� �
'


UHVWUXFWXUHG�OLFHQVHSODWH�FKDUDFWHU�FODVV
PDLQ�QHRFRJQLWURQFKDUDFWHUFODVVLILHU

��'�QHRFRJQLWURQFODVVLILHU
FKDUDFWHU�LPDJH X ��RU�X '

��=�QHRFRJQLWURQFODVVLILHU
X ��RU�X =

��6�QHRFRJQLWURQFODVVLILHU
X ��RU�X 6

��%�QHRFRJQLWURQFODVVLILHU
X ��RU�X %

X SURSDJDWH

SURSDJDWH
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���'HVFULSWLRQ�RI�WKH�V\VWHP
����$UFKLWHFWXUH

,Q�ILJXUH���WKH�V\VWHP�DUFKLWHFWXUH�GLDJUDP�LV�JLYHQ��7KH�V\VWHP�FRQWDLQV�WKUHH�PDMRU�VRIWZDUHPRGXOHV��7KH�LPDJH�SURFHVVRU��WKH�VHJPHQW�SURFHVVRU�DQG�WKH�FRPELQHG�QHRFRJQLWURQ�QHWZRUN���:LWKLQWKH�XVHULQWHUIDFH��DQ�RXWSXW�IRUPDWWHU�LV�LQFOXGHG���7KH�RXWSXW�IRUPDWWHU�GRHV�QRW�UHDOO\�FRQWULEXWH�WR�WKHLPDJH�XQGHUVWDQGLQJ�SURFHVV�� LW�RQO\� MRLQV� WKH� UHVXOWV�RI� WKH� VHJPHQW�SURFHVVRU�DQG� WKH�QHRFRJQLWURQQHWZRUN�LQWR�WKH�RXWSXW�ILOH�RI�WKH�V\VWHP�7KH� LPDJH� SURFHVVRU ELQLDUL]HV� WKH� RULJLQDO� LPDJHV� VXFK� WKDW� DOO� SRVVLEOH� FKDUDFWHU� LPDJHV� IRUPFRQQHFWHG�EODFN�SL[HO�UHJLRQV��7KLV�LV�DFFRPSOLVKHG�E\�D�QXPEHU�RI�EDVLF�LPDJH�WUDQVIRUPV��)LUVW�WKHRULJLQDO�LPDJH�LV�JUD\�VFDOHG�WR�LPSURYH�LPDJH�FRQWUDVW��DQG�WKHQ�WKH�LPDJH�LV�SDVVHG�WKURXJK�D�ORZ�SDVV� ILOWHU� WR� UHGXFH� QRLVH�� 1H[W�� D� ORFDO� ELQLDUL]DWLRQ� PHWKRG� LV� DSSOLHG�� 7KH� ELQLDUL]DWLRQ� PHWKRG�ZKLFK�ZDV� IRXQG�H[SHULPHQWDOO\��ZKLWHQV� WKH�QXPEHUSODWH¶V�EDFNJURXQG��EODFNHQV� WKH� QXPEHUSODWH¶VFKDUDFWHUV�DQG�HQFORVHV�WKH�QXPEHUSODWH�E\�D�FRQQHFWHG�EODFN�ERXQGDU\�UHJLRQ��7KLV�PHWKRG�ZDV�EDVHGRQ� WKH� WZR� EDVLF� OLFHQVH� SODWH� IHDWXUHV� PHQWLRQ� LQ� VHFWLRQ� ��� )LQDOO\�� E\� DSSO\LQJ� WZR� IORRG�ILOOLQJSURFHGXUHV�RQ�WKH�ELQLDUL]HG�LPDJH�WKH�LQSXW�LPDJH�IRU�WKH�VHJPHQW�SURFHVVRU�LV�REWDLQHG�7KH� VHJPHQW� SURFHVVRU GHWHUPLQHV� WKH� ORFDWLRQ� DQG� VL]H� RI� DOO� FRQQHFWHG� EODFN� SL[HO� UHJLRQV�� ,WVXFFHVVLYHO\�FXWV�RXW�WKH�VHJPHQWV�IURP�WKH�RULJLQDO�LPDJH��7KH�FXWRXWV�DUH�HLWKHU�HQODUJHG�RU�UHGXFHGLI�WKH�KHLJKW�OHVV�WKHQ����RU�JUHDWHU�WKHQ����SL[HOV��1H[W�WKH�VHJPHQW�SURFHVVRU�DGDSWLYHO\�ELQLDUL]HV�WKHUHVL]HG� VHJPHQWV�� )LQDOO\� WKH� VHJPHQW� SURFHVVRU� DSSOLHV� D� WKLQQLQJ� SURFHGXUH� RQ� WKH� VHJPHQWV� DQGSDVWHV� WKH� WKLQQHG� FKDUDFWHU� LPDJH� VDPSOH� RQWR� WKH� ��
��� SL[HO� LQSXW� SODQH� RI� WKH� FRPELQHGQHRFRJQLWURQ�UHFRJQL]HU�7KH�FRPELQHG�QHRFRJQLWURQ�UHFRJQL]HU FODVVLILHV�WKH�LQSXW�VDPSOH�SURGXFHG�E\�WKH�VHJPHQW�SURFHVVRUE\�SURSDJDWLQJ�LWV�LQSXW�SODQH�VLJQDOV�WR�WKH�RXWSXW�FHOOV�RI�WKH�QHWZRUN��7KH�PDLQ�QHRFRJQLWURQ�UHWXUQVWKH�FKDUDFWHU�FODVV�EHORQJLQJ� WR� WKH�RXWSXW� FHOO� WKDW�KDV� WKH�KLJKHVW� H[FLWDWLRQ�YDOXH�RI� WKH����RXWSXWFHOOV�� ,I� WKH� FODVV� KDSSHQV� WR� EH� LQ� WKH� VHW� ^��� ��� ��� ��� '�� =�� 6�� %`�� RQH� RI� WKH� VSHFLILFDOO\� WUDLQHGQHRFRJQLWURQV� LV� WULJJHUHG� WR� UH�UHFRJQL]H� WKH� LQSXW� VDPSOH��7KH� ODWHVW� QHWZRUN� ILQDOO\� GHWHUPLQHV� WRZKLFK�FKDUDFWHU� FODVV� WKH� LQSXW� VDPSOH� LPDJH�EHORQJV�� ,QSXW� VDPSOHV� WKDW�GR�QRW� H[FLWDWH� DQ\�RXWSXWFHOO�RI�WKH�PDLQ�QHRFRJQLWURQ�DUH�PDUNHG�E\�D�TXHVWLRQ�PDUN��7KHVH�FKDUDFWHU� LPDJHV�DUH�FRQVLGHUHGUHMHFWHG�FKDUDFWHUV�

)LJ�����7KH�DUFKLWHFWXUH�RI�WKH�&/35�SURWRW\SH
8QIRUWXQDWHO\�� WKH� LPDJH�SURFHVVRU�HUURQHRXVO\�FXWV�RXW� VHJPHQWV� WKDW�DUH�QRW� OLFHQVH�SODWHVFKDUDFWHUV��7\SLFDOO\�� WKH�LPDJH�SURFHVVRU� LVRODWHV�REMHFWV� IURP�WKH�EDFNJURXQG�VFHQHU\� LQ� WKH� LPDJHWKDW� KDYH� WKH� VDPH� FKDUDFWHULVWLFV� DV� WKH� OLFHQVH� SODWH� FKDUDFWHUV�� ,Q�PRVW� FDVHV�� WKH� UHFRJQL]HU� ZLOO

FODVVLILHG�OLFHQVHSODWH�FKDUDFWHU

,PDJH�SURFHVVRU

,QSXW�LPDJHJUH\�VFDOHG����FRORUV���
����SL[HOV %LQDUL]HG�LPDJH��FKDUDFWHUVDSSHDU�DV�FRQQHFWHG�EODFNSL[HO�UHJLRQV!����SL[HOV�KHLJKW
FKDUDFWHU�FXWRXWV�EDVHGRQ�ORFDWLRQ�DQG�VL]H�RIFRQQHFWHG�UHJLRQV�LQ�WKHELQLDUL]HG�LPDJH PDJQLILHG��ELQLDUL]HG�DQGVNHOHWRQL]HG���
���SL[HOSODWH�FKDUDFWHU�VDPSOHV6HJPHQW�SURFHVVRU

&RPELQHGQHRFRJQLWURQQHWZRUN

2XWSXWIRUPDWWHU�SRVW�SURFHVVRU�

VHJPHQWORFDWLRQVDQG�VL]HV UHFRYHUHG�OLFHQVHSODWH�FKDUDFWHUVWULQJ



�

UHMHFW� WKHVH� VHJPHQWV�� $� IXWXUH� SRVW�SURFHVVRU� VKRXOG� GHOHWH� DOO� WKHVH� QRQ� OLFHQVH� SODWH� FKDUDFWHUVHJPHQWV��5HJUHWWDEO\��WKLV�LV�WR�EH�DFFRPSOLVKHG�E\�XVLQJ�WKH�ORFDWLRQ�DQG�VL]H�GDWD�RI�WKH�VHJPHQW�DVVDYHG�E\�WKH�VHJPHQW�SURFHVVRU��7KLV�LQWURGXFHV�WKH�XVH�RI�VRPH�NLQG�RI�H[SOLFLW�NQRZOHGJH�DERXW�SODWHFKDUDFWHUV��$�SRVW�SURFHVVRU�LV�QRW�LPSOHPHQWHG�LQ�WKH�&/35�SURWRW\SH��LQVWHDG�ZH�LQFOXGHG�DQ�RXWSXWIRUPDWWHU�WR�VKRZ�WKH�RXWSXW�RI�WKH�&/35�LQ�WKH�FXUUHQW�VHWXS�����,PSOHPHQWDWLRQ
7KH� V\VWHP� SURWRW\SH� LV� PRGHOHG� DQG� LPSOHPHQWHG� XVLQJ� 2EMHFW� 2ULHQWDWLRQ�� 7KH� WDUJHWSODWIRUP� IRU� WKH� &/35� SURWRW\SH� LV� DQ� ,QWHO� 3&� UXQQLQJ� :LQGRZV17�� 7KH� LPDJH� SURFHVVRU�� WKHVHJPHQW�SURFHVVRU��DQG�WKH�QHRFRJQLWURQ�DUH�LPSOHPHQWHG�LQ�$16,�&����7KH�RXWSXW�IRUPDWWHU�PRGXOHLV� LQFOXGHG� LQ� WKH� XVHULQWHUIDFH� RI� WKH� V\VWHP� DQG� GHSHQGV� RQ� :LQGRZV17�� 7KH� QHRFRJQLWURQLPSOHPHQWDWLRQ�LQ�WKLV�V\VWHP�LV�GHULYHG�IURP�HDUOLHU�ZRUN�RI�6WHXHU�>��@��:H�KDYH�XVHG�KLV�RULJLQDOVRIWZDUH�GHVLJQ�RI�D�QHRFRJQLWURQ�VLPXODWRU�WKDW�UDQ�RQ�D�SDUDOOHO�FRPSXWHU�XQGHU�WKH�81,;�RSHUDWLQJV\VWHP��7KH�UXQWLPH�IRU� WKH�QHRFRJQLWURQ�QHHGHG�WR�FODVVLI\�DQ�LQSXW�VDPSOH�LV�DERXW���VHFRQGV��7KHWLPH�QHHGHG�WR�WUDLQ�WKH�QHWZRUN�XVLQJ�WKH�FRQILJXUDWLRQ�DQG�WUDLQLQJ�VHW�)XNLVXPD�VXJJHVWHG�LQ�>�@�LVDERXW����PLQXWHV��7KH�DYHUDJH� WLPH� IRU� UHFRYHULQJ� DOO� OLFHQVH� SODWH� FKDUDFWHUV� IURP�D� ���
������ELWJUH\�VFDOHG� LPDJH� LV� ��� VHFRQGV�� $OO� WLPHV� REVHUYHG� ZKHQ� XVLQJ� D� 3&� HTXLSSHG� ZLWK� D� �����0K]3HQWLXP�,9�SURFHVVRU��7KH�PLQLPXP�KHLJKW�RI�D�FKDUDFWHU�WKDW�WKH�&/35�V\VWHP�ZLOO�KDQGOH�LV�OLPLWHGWR����SL[HOV�����3URFHVVLQJ�H[DPSOH
:H� FRQFOXGH� WKLV� VHFWLRQ� ZLWK� D� VHULH� RI� ILJXUHV� DV� DQ� LOOXVWUDWLRQ� RI� WKH� SURFHVVLQJ� VWHSVGHVFULEHG� DERYH�� 7KH� VL]H� RI� WKH� OLFHQVH� SODWH� FKDUDFWHUV�� RI� WKH�'XWFK� QXPEHUSODWH� RQ� WKH� H[DPSOHLPDJH��LV����SL[HOV��7KH�UHVXOWV�RI�WKH�LPDJH�SURFHVVRU�VWHSV�DUH�GHSLFWHG�LQ�ILJXUH����7KH�UHVXOWV�RI�WKHVHJPHQW�SURFHVVRU�VWHSV�DUH�GHSLFWHG�LQ�ILJXUH�����1RWH�WKDW�WKH�RULJLQDO�FKDUDFWHU�FXWRXWV�DUH�PDJQLILHGIURP� ��� SL[HOV� WR� ��� SL[HOV� E\� WKH� VHJPHQW� SURFHVVRU�� ,Q� ILJXUH� ���� WKH� UHVSRQVH� RI� WKH� PDLQQHRFRJQLWURQ� LV� JLYHQ� ZKHQ� UHFRJQL]LQJ� WKH� ILUVW� µ'¶� FKDUDFWHU� RI� WKH� OLFHQVH� SODWH�� 2EYLRXVO\�� WKLVFKDUDFWHU� LV� UHFRJQL]HG� DV� µ�¶� LQVWHDG� RI� µ'¶�� 7KH� ��'� GLVFULPLQDWRU� QHWZRUN� KRZHYHU� FRUUHFWV� WKLVFODVVLILFDWLRQ�WR�µ'¶�DV�VKRZQ�LQ�ILJXUH�����)LQDOO\��LQ�ILJXUH����WKH�RXWSXW�ILOH�SURGXFHG�E\�WKH�RXWSXWIRUPDWWHU� LV� VKRZQ�� ,Q� WKLV� ILOH� WKH� RULJLQDO� ORFDWLRQ� DQG� VL]H� RI� DOO� VHJPHQW� FXWRXWV� DUH� GLVSOD\HGLQFOXGLQJ� WKH�FKDUDFWHU� FODVVHV�EHORQJLQJ� WR� WKH���PRVW� KLJKHVW� RXWSXW� QHXURQ� H[FLWDWLRQ�RI� WKH�PDLQQHRFRJQLWURQ�QHWZRUN��7KH�DVWHULVN�LQ�WKH�OLQH�RI�VHJPHQW�QXPEHU���LQGLFDWHV�WKDW�WKH�LQLWLDO�FKDUDFWHUFODVVLILFDWLRQ�E\�WKH�PDLQ�QHRFRJQLWURQ�KDV�EHHQ�FRUUHFWHG�E\�DQ�DVVRFLDWHG�GLVFULPLQDWRU�QHWZRUN�

)LJ�����7KH�LPDJH�SURFHVVRU�VWHSV��5HVSHFWLYHO\�WKH�UHVXOWV�RI�WKH�IROORZLQJ�LPDJH�WUDQVIRUPDWLRQV�DUHGLVSOD\HG��RULJLQDO�LPDJH��JUH\�VFDOLQJ��ILOWHULQJ��ELQLDUL]LQJ�DQG�IORRGILOOLQJ�WZLFH�
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)LJ������7KH�VHJPHQW�SURFHVVRU�VWHSV��6HJPHQW�FXWRXWV�IURP�WKH�RULJLQDO�LPDJH��EDVHG�RQ�WKH�ORFDWLRQRI�EODFN�FRQQHFWHG�SL[HO�UHJLRQV�RI�WKH�ILQDO�LPDJH�SURGXFHG�E\�WKH�LPDJH�SURFHVVRU��VHJPHQW�VFDOLQJ�VHJPHQW�ELQLDUL]DWLRQ�DQG�VHJPHQW�WKLQQLQJ

)LJ������0DLQ�QHRFRJQLWURQ�FHOO�H[FLWDWLRQV������������������)LJ��������'�QHRFRJQLWURQ�FHOO�H[FLWDWLRQV
�������� 1HZ�%LWPDS�/RDGHG )LOH &�?$IVWXGHHU?SLF?���JUD\60?3,&������EPS 6L]H ���
����������� %LWPDS�3UHSURFHVVHG�XVLQJ�PHWKRG�,�������� 6WDUW�UHFRJQL]LQJ�SLFWXUH�VHJPHQWV�������� DQDO\VLQJ�VHJPHQW�QXP >��@ ORF >���������������@ 1HR&RJQLWURQ�2XWSXW >35���@�������� DQDO\VLQJ�VHJPHQW�QXP >��@ ORF >���������������@ 1HR&RJQLWURQ�2XWSXW >'�*�%@�������� DQDO\VLQJ�VHJPHQW�QXP >��@ ORF >���������������@ 1HR&RJQLWURQ�2XWSXW >�=���@�������� DQDO\VLQJ�VHJPHQW�QXP >��@ ORF >���������������@ 1HR&RJQLWURQ�2XWSXW >�9<��@�������� DQDO\VLQJ�VHJPHQW�QXP >��@ ORF >���������������@ 1HR&RJQLWURQ�2XWSXW >'����@�������� DQDO\VLQJ�VHJPHQW�QXP >��@ ORF >���������������@ 1HR&RJQLWURQ�2XWSXW >-����@�������� ,Q9DOLG�VHJPHQW�QXP >��@ ORF >���������������@ VNLSSHG�������� ,Q9DOLG�VHJPHQW�QXP >��@ ORF >���������������@ VNLSSHG�������� ,Q9DOLG�VHJPHQW�QXP >��@ ORF >���������������@ VNLSSHG�������� (QG�UHFRJQL]LQJ�SLFWXUH�VHJPHQWV�������� 3URFHVVLQJ�VHJPHQW�OLVW�VHOHFWLQJ�SODWH�FDQGLGDWH�FKDUDFWHUV�������� VHJPHQW�QXP >��@ ORF >���������������@ VL]H >�������@ SRV >�������@ UHFRJ >35���@�������� VHJPHQW�QXP >��@ ORF >���������������@ VL]H >�������@ SRV >�������@ UHFRJ >'�*�%@�������� VHJPHQW�QXP >��@ ORF >���������������@ VL]H >�������@ SRV >�������@ UHFRJ >�=���@�������� VHJPHQW�QXP >��@ ORF >���������������@ VL]H >�������@ SRV >�������@ UHFRJ >�9<��@�������� VHJPHQW�QXP >��@ ORF >���������������@ VL]H >�������@ SRV >�������@ UHFRJ >'����@�������� VHJPHQW�QXP >��@ ORF >���������������@ VL]H >�������@ SRV >�������@ UHFRJ >-����@�������� 1R�0RUH�&KDUDFWHUV�)RXQG
)LJ������7KH�RXWSXW�ORJ�ILOH�FUHDWHG�E\�WKH�RXWSXW�IRUPDWWHU
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���(YDOXDWLRQ

)LJ�������$�UHSUHVHQWDWLYH�VDPSOH�RI�WKH�HYDOXDWLRQ�VHW�XVHG
)RU�HYDOXDWLRQ�RI�RXU�SURWRW\SH�V\VWHP��WKH�UHFRJQLWLRQ�VXFFHVV�UDWH�RI�WKH�SURWRW\SH�KDV�EHHQPHDVXUHG�E\�XVLQJ�D�QXPEHU�RI�SKRWRJUDSKV�RI�FDUV�SDUNHG�RQ�WKH�SDUNLQJ�ORWV�RI�WKH�'HOIW�8QLYHUVLW\RI�7HFKQRORJ\��)LJXUH����DERYH�VKRZV�D�UHSUHVHQWDWLYH�VDPSOH�RI�RXU�HYDOXDWLRQ�VHW��7KH�LPDJHV�XVHGDUH����
������ELW�JUH\�VFDOHG�ELWPDSV��7KH�OLFHQVH�SODWH�FKDUDFWHU�KHLJKWV�YDU\� IURP����WR����SL[HOV�7KH�SKRWRV�ZHUH�WDNHQ�XQGHU�YDU\LQJ�LOOXPLQDWLRQ�FRQGLWLRQV�DQG�YDULDEOH�FDPHUD�SRVLWLRQV�,Q�WRWDO�����LPDJHV�ZHUH�SDVVHG�WKURXJK�WKH�SURWRW\SH�&/35��7KH�LPDJH�SURFHVVRU�IDLOHG�WRFUHDWH�D�VXLWDEOH� LPDJH� IRU� WKH�VHJPHQW�SURFHVVRU� LQ����FDVHV��3ODWH�FKDUDFWHUV�ZHUH� ORVW�GXH� WR�GLUW\SODWHV�� VFUHZV�� SXOO�KRRNV� RU� XQVKDUS� LPDJHV� RU� EHFDXVH� WKH� SODWHV� FRORU� ZDV� WRR� VLPLODU� WR� LWVEDFNJURXQG�FDXVLQJ�WKH�ELQLDUL]DWLRQ�RSHUDWLRQ�IDLO�WR�FUHDWH�D�SURSHU�SODWH�ERXQGDU\�7KH� UHPDLQLQJ� ���� LPDJHV� FRXOG� EH� SURFHVVHG� IXOO\� E\� WKH� &/35� SURWRW\SH�� 7KH� FRPELQHGQHRFRJQLWURQ�QHWZRUN�H[KLELWV�D� UHFRJQLWLRQ� UDWH� �FRUUHFWO\�FODVVLILHG�VHJPHQWV��RQ�FKDUDFWHU� OHYHO�RI������DQ�HUURU�UDWH��PLVFODVVLILHG�VHJPHQWV��RI����DQG�D�UHMHFWLRQ�UDWH���XQFODVVLILHG�VHJPHQWV��RI�����REVHUYHG�RQ�D�VDPSOH�VHW�ZLWK�����FKDUDFWHUV�GHULYHG�IURP�WKH�SKRWRJUDSKV�LQ�WKH�HYDOXDWLRQ�VHW�

)LJ����D��5HFRJQL]HU�IDLOXUH�GXH�WR�WKLQQLQJ��������������� )LJ����E��*HQXLQH�UHFRJQLWLRQ�IDLOXUHV
2Q�SODWH�OHYHO��ZH�REVHUYHG�UDWHV�RI������������DQG�����UHVSHFWLYHO\���7DEOH���JLYHV�DQ�RYHUYLHZ�RQWKH�UHFRJQLWLRQ�SHUIRUPDQFH�SHU�FKDUDFWHU�FODVV��$�EULHI�DQDO\VLV�VKRZHG�WKH�IDLOXUHV�RI�WKH�FRPELQHGQHRFRJQLWURQ�QHWZRUN�IDOO�LQ�HLWKHU�RQH�RI�WKUHH�FDWHJRULHV�EHORZ��� 6RPH� DOSKDQXPHULFDO� FKDUDFWHUV� LQ� WKH� VHW� ^��� ��� ��� ��� '�� =�� 6�� %`� DUH� VWLOO� ZURQJO\� FODVVLILHGGHVSLWH�WKH�VSHFLILF�GLVFULPLQDWRU�QHRFRJQLWURQ��� 7KH� WKLQQLQJ� RSHUDWLRQ� RQ� WKH� VHJPHQWV� VHHPV� QRW� WR� EH� DEOH� WR� SURFHVV� FHUWDLQ� LQSXW� SDWWHUQVFRUUHFWO\��,Q�ILJXUH���D��VRPH�W\SLFDO�H[DPSOHV�DUH�JLYHQ�RI�VNHOHWRQL]HU�HUURUV��� 7KH�UHVW�RI�WKH�IDLOXUHV�DUH�GXH�WR�WKH�QHRFRJQLWURQ�IDLOXUH��6HHPLQJO\��WKH�WUDLQLQJ�VHW�SDWWHUQV�IRUWKH� QHWZRUN� DQG�RU� LWV� FRQILJXUDWLRQ� ZHUH� QRW� VXIILFLHQW� WR� FRUUHFWO\� FODVVLI\� WKH� LQSXW� VDPSOHV�)LJXUH���E�JLYHV�VRPH�H[DPSOHV�RI�VHJPHQWV�WKDW�EHORQJ�WR�WKLV�FDWHJRU\�$ERXW������RI�DOO�ZURQJO\�FODVVLILHG�LPDJHV�DUH�GXH�WR�VNHOHWRQL]HU�FKDUDFWHU�GHIRUPDWLRQV��7DNHQ�WKLVLQWR�DFFRXQW�D�FKDUDFWHU�UHFRJQLWLRQ�UDWH�RI�DERXW�����ZLWK�WKH�SURSRVHG�QHRFRJQLWURQ�FRQILJXUDWLRQ�LVDFKLHYDEOH�
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7DEOH����7KH�QHRFRJQLWURQ�FODVVLILHU�FRQIXVLRQ�PDWUL[
oo 5HFRJQL]HG�DV,QSXW�FKDUDFWHUpp � � � � � � � � � � % ' ) * + - . / 1 3 5 6 7 9 ; < = "
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 "� �UHMHFWHG�FKDUDFWHUV� ��� �PLVFODVVLILHG�FKDUDFWHUV%ROG  �DPELJXRXV�FKDUDFWHU�PLVFODVVLILFDWLRQV

�� &RQFOXVLRQ
,Q� WKLV� SDSHU��ZH� KDYH� SURSRVHG� DQ� DUFKLWHFWXUH� IRU� D� JHQHULF� &/35� V\VWHP�� ZLWKRXW� XVLQJH[SOLFLW� NQRZOHGJH� DERXW� FKDUDFWHU� VL]H�� �FRORU�� �ORFDWLRQ� DQG� �VW\OH� RU� SODWH� GLPHQVLRQV�� 'XULQJSURFHVVLQJ� ZH� ORVH� DERXW� ���� RI� WKH� LPDJHV� LQ� WKH� LPDJH� SURFHVVRU� PRGXOH� GXH� WR� VHJPHQWDWLRQIDLOXUHV��7KH�FKDUDFWHU�UHFRJQL]HU�UHFRYHUV������RI�WKH�QXPEHUSODWHV�RI�WKH�FDUV�GHSLFWHG�RQ�WKH�VHW�RISKRWRJUDSKV�XVHG�IRU�V\VWHP�HYDOXDWLRQ�ZKLFK�SDVW�WKH�LPDJH�SURFHVVRU�VXFFHVIXOO\�$V�VWDWHG�LQ�VHFWLRQ���WKH�V\VWHP�UHTXLUHV�D�SRVW�SURFHVVRU�PRGXOH��:LWKLQ�WKLV�SRVW�SURFHVVRU�PRGXOH�D�V\QWD[�DQDO\]HU�VKRXOG�EH�LQFRUSRUDWHG��,Q�FDVH�RI�'XWFK�OLFHQVH�SODWHV�ZH�ZLOO�JDLQ�PXFK�UHFRJQLWLRQSHUIRUPDQFH� RQ� DPELJXRXV� FKDUDFWHUV� � OLNH� ^��� ��� ��� ��� '�� =�� 6�� %`� E\� RQO\� DSSO\LQJ� VRPH� VLPSOHV\QWD[� IRUFLQJ�� $GGLWLRQDO� V\QWD[� IRUFLQJ� ZRXOG� \LHOG� D� OLFHQVH� SODWH� UHFRYHU\� RI� DERXW� � ���� RQVXFFHVVIXOO\�VHJPHQWDWHG�LPDJHV��7KH�RYHUDOO�SHUIRUPDQFH�RI�WKH�V\VWHP�FDQ�EH�HDVLO\�SXVKHG�WRZDUGV����E\�ERWK�LQFUHDVLQJ�WKH�LPDJH�SURFHVVRU¶V�SHUIRUPDQFH�DQG�WKH�UHFRJQL]HU¶V�SHUIRUPDQFH�

7KH�LPDJH�SURFHVVRU�SHUIRUPDQFH�FDQ�EH�LQFUHDVHG�E\�x 'HYHORSLQJ�D�EHWWHU�ORFDO�ELQLDUL]DWLRQ�PHWKRG�x 7XQLQJ�WKH�VHJPHQW�YDOLGDWRU�WR�GHFUHDVH�WKH�QXPEHU�RI�HUURQHRXVO\�LVRODWHG�VHJPHQWV�
7KH�UHFRJQL]HU�SHUIRUPDQFH�FDQ�EH�LQFUHDVHG�E\�x 0RGLI\LQJ� WKH� VHJPHQW� WKLQQLQJ� DOJRULWKP� E\� WDNHQ� WKH� RULJLQDO� JUD\�VFDOHV� RI� WKH� ELQLDUL]HGVHJPHQW�LQWR�DFFRXQW�x (QODUJLQJ� WKH� QHRFRJQLWURQ� LQSXW� SODQH� WR� ��
��� SL[HOV�� /DUJHU� FKDUDFWHU� LPDJH� VDPSOHV� ZRXOGVXIIHU�OHVV�IURP�WKH�WKLQQLQJ�GHIRUPDWLRQV�GHPRQVWUDWHG�LQ�ILJXUH���D�x 7UDLQ�WKH�QHRFRJQLWURQ�LQ�WKH�XQVXSHUYLVHG�ZD\�WR�PDNH�LW�EHWWHU�FODVVLI\�DPELJXRXV�FKDUDFWHUV�x $GGLQJ�D�SRVW�SURFHVVRU�WR�LQFOXGH�V\QWD[�IRUFLQJ�DQG�SODWH�YDOLGDWLRQ�WR�UHGXFHG�WKH�HUURU�UDWH�
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