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$EVWUDFW
,Q� WKLV� UHSRUW� D� PRGHO� IRU� DQ� LPDJH� YLVLRQ� V\VWHP� LV� SUHVHQWHG� WKDW� LV� FDSDEOH� RI� UHFRJQL]LQJ� FDUOLFHQVH�SODWHV� � LQGHSHQGHQW�IURP�SODWH� ORFDWLRQ�� � �VL]H�� � ��GLPHQVLRQ���FRORU�DQG��FKDUDFWHU�VW\OH��:HSURSRVH�WKH�DSSOLFDWLRQ�RI�D�FRPELQHG�QHRFRJQLWURQ�W\SH�RI�QHXUDO�QHWZRUN�FODVVLILHU�LQ�D�JHQHULF�FDUOLFHQVH��SODWH�UHFRJQLWLRQ��&/35��V\VWHP�7KH� VXJJHVWHG� V\VWHP� FRQWDLQV� DQ� LPDJH�SURFHVVRU�� D� VHJPHQW�SURFHVVRU� DQG� ILYH� FRPELQHGQHRFRJQLWURQ� QHWZRUN� FODVVLILHUV� ZKLFK� DFW� DV� D� FKDUDFWHU� UHFRJQL]HU�� 7KH� SUHVHQWHG� PRGHO� RI� WKHV\VWHP�GHSHQGV�QHLWKHU�RQ�VSHFLILF�OLFHQVH�SODWH�LPDJH�IHDWXUHV�QRU�RQ�OLFHQVH�SODWHV�FKDUDFWHU��VW\OHDQG� � VL]H�� &RPELQLQJ� � QHRFRJQLWURQ� FODVVLILHUV� � ZDV� PRWLYDWHG� E\� WKH� IDFW� WKDW� PDQXDOO\� WXQLQJ� DWUDLQLQJ�VHW�IRU�D�ODUJH�QHRFRJQLWURQ�QHWZRUN�LV�WHGLRXV��,W�LV�VKRZQ�KRZ�WUDLQLQJ�VHW�WXQLQJ�IRU�D�ODUJHQHRFRJQLWURQ� QHWZRUN� FDQ� EH� DYRLGHG�� %\� FRQQHFWLQJ� VPDOO� QHRFRJQLWURQV� VSHFLILFDOO\� WUDLQHG� IRUFKDUDFWHU� FODVVHV� WKDW�ZHUH� IUHTXHQWO\�ZURQJO\� FODVVLILHG�� WKH� SHUIRUPDQFH� RI� WKH� UHFRJQL]HU� LQ� RXU&/35�ZDV�EH�LPSURYHG�VLJQLILFDQWO\��7KH�XVH�RI�D�QHRFRJQLWURQ��UHFRJQL]HU�FRQWULEXWHV�VLJQLILFDQWO\WR�WKH�JHQHUDOLW\�RI�D�&/35��V\VWHP��%HVLGHV��FKDUDFWHU�UHFRJQLWLRQ�UDWHV�RYHU�����DUH�LQ�UHDFK�XVLQJWKH�SURSRVHG�QHRFRJQLWURQ�FRQILJXUDWLRQ�
7KH� RQO\� XQLYHUVDO� FKDUDFWHU� UHFRJQL]HU� LV� WKH� KXPDQ� YLVXDO� V\VWHP�� 0LPLF� RQO\� VRPH� RI� WKHFDSDELOLWLHV�RI�KXPDQ�YLVLRQ�VHHPHG�QRW�D�WULYLDO�WDVN��+RZHYHU�LW�LV�GHPRQVWUDWHG�WKDW�WKH�LQWURGXFHGWHFKQLTXHV� IRU� LPDJH�� SURFHVVLQJ�� LPDJH� VHJPHQWDWLRQ� DQG� FKDUDFWHU� UHFRJQLWLRQ� PDNH� WKHFRQVWUXFWLQJ�RI� D� JHQHULF�&/53� V\VWHP� LQ� VRIWZDUH� SRVVLEOH��2XU� � SURWRW\SH� � V\VWHP� QHHGV� IXUWKHUDQDO\VLV��DQG�GHYHORSPHQW�EXW�LW�FXUUHQWO\�H[KLELWV�DQ�RYHUDOO�SODWH�UHFRYHU\�UDWH�RI�����LQ�ODERUDWRU\FRQGLWLRQV�� 7KH� RYHUDOO� SHUIRUPDQFH� FDQ� EH� HDVLO\� SXVKHG� WRZDUGV� UDWHV� WKDW� DUH� FODLPHG� E\FRPPHUFLDO�DSSOLFDWLRQV�LQ�WKLV�DUHD�
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3UHIDFH
7KLV� UHSRUW� GLVFXVVHV� D� QHZO\� GHYHORSHG� &DU� /LFHQVH� 3ODWH� 5HFRJQLWLRQ� �&/35�� V\VWHP�� ZKLFKSHUIRUPV� UHFRJQLWLRQ� RI� QXPEHUSODWH� FKDUDFWHUV� IURP� GLJLWDO� SKRWR� LPDJHV� RI� FDUV�� 7KH� V\VWHPFRQVLVWV�RI�WZR�PDMRU�VXEV\VWHPV�
)LUVW�� ZH� KDYH� GHYHORSHG� D� SURWRW\SH� IRU� LPDJH� SURFHVVLQJ�� 7KLV� VXEV\VWHP� LPSOHPHQWV� H[LVWLQJDOJRULWKPV� RQ� LPDJH�HQKDQFLQJ� DQG� LPDJH�VHJPHQWDWLRQ�� WR� ILQG� WKH� LQGLYLGXDO� FKDUDFWHUV� RQ� WKHSLFWXUH��:H� KDYH� PDQDJHG� WR� LVRODWH� LQGLYLGXDO� OLFHQVH� SODWH� FKDUDFWHUV� IURP� ORZ� UHVROXWLRQ� JUH\�VFDOHG�LPDJHV�ZLWKRXW�DSSO\LQJ�VR�FDOOHG�VL]H�FRQVWUDLQWV�DQG�ZLWKRXW�VHOHFWLQJ�WKH�UHOHYDQW�REMHFWV�E\ORRNLQJ� DW� FHUWDLQ� LQWHQVLW\� YDOXHV� RI� SL[HOV� RI� WKH� QXPEHU� SODWH�� 2I� FRXUVH� WKHUH� DUH� FHUWDLQUHVWULFWLRQV� UHJDUGLQJ� WKH� µTXDOLW\¶� RI� WKH� LPDJH� EXW� RXU� SUH�SURFHVVRU� GRHV� LVRODWH� LQGLYLGXDOFKDUDFWHUV�RI��'XWFK�OLFHQVH�SODWHV�ZLWK�D�UHDVRQDEOH�VXFFHVV�UDWH�ZLWKRXW�XVLQJ�H[SOLFLW�NQRZOHGJH�RQWKH�QXPEHUSODWH�VL]H���GLPHQVLRQV���FRORU�DQG��ORFDWLRQ�7KH�VHFRQG�VXEV\VWHP�GHDOV�ZLWK�UHFRJQL]LQJ�WKH�LVRODWHG�VHJPHQWV�DV�DOSKDQXPHULFDO�FKDUDFWHUV��)RUWKLV� VXEV\VWHP��ZH� KDYH� LPSOHPHQWHG� D� QHRFRJQLWURQ� VLPXODWRU� WKDW� UXQV� RQ� D� 3HUVRQDO� &RPSXWHU�:KHUH�RWKHU�&/35�V\VWHPV�GR�XVH�PXOWLOD\HU�SHUFHSWURQ���0/3��DUWLILFLDO�QHXUDO�FODVVLILHUV�ZKLFK�JHWWKHLU�LQSXW�DV�D�GHULYHG�VHW�RI�VSHFLILF�IHDWXUHV��H�J��SULQFLSOH�FRPSRQHQWV��PRPHQWV�RU�SURMHFWLRQV��RIWKH� SUHVHQWHG� LPDJH�� ZH� KDYH� VHOHFWHG� WR� SDVV� WKH� FKDUDFWHU� LPDJHV� GLUHFWO\� WR� WKH� UHFRJQL]HU��:HPDNH� XVH� RI� D� PXOWLOD\HU� QHRFRJQLWURQ� DUWLILFLDO� W\SH� RI� QHWZRUN� DV� D� FKDUDFWHU� UHFRJQL]HU�� 7KHQHRFRJQLWURQ�LV�RQH�RI�WKH�PRVW�FRPSOH[�QHXUDO�QHWZRUN�DUFKLWHFWXUHV��1HYHUWKHOHVV�� WKLV�QHWZRUN�LVFKRVHQ�EHFDXVH�WKLV�QHWZRUN�LV�VXFFHVVIXOO\�DSSOLHG�WR�VLPLODU�SUREOHPV��UHFRJQLWLRQ�RI�KDQGZULWLQJV�DQG�EHFDXVH� WKH�QHRFRJQLWURQ�FDQ�SURFHVV� LQSXW�� LQGHSHQGHQW� IURP�VL]LQJ�DQG�SRVLWLRQ�RI� WKH�REMHFWSLFWXUH�LQ�WKH�YLVXDO�ILHOG�
7KHUH� LV� D� ORW� RI� PDWHULDO� FRYHUHG� LQ� WKLV� UHSRUW� DQG� VLQFH� QRW� DOO� UHDGHUV� ZRXOG� KDYH� WKH� VDPHEDFNJURXQG�RU�LQWHUHVW��ZH�KDYH�GLYLGHG�WKH�WH[W�LQWR�WKUHH�PDLQ�SDUWV�
x 3DUW� ,� FRYHUV� DQ� RYHUYLHZ� RI� WKH� IXQGDPHQWDO� VWHSV� ZLWKLQ� DQ� DXWRPDWHG� LPDJH� XQGHUVWDQGLQJV\VWHP�� ,W� JLYHV� DQ� LQWURGXFWLRQ� WR� WKH� PDLQ� FKDUDFWHULVWLFV� RI� LPDJH� DFTXLVLWLRQ�� LPDJHSUHSURFHVVLQJ�� LPDJH� VHJPHQWDWLRQ� DQG� SDWWHUQ� UHFRJQLWLRQ�� 0RVW� RI� WKH� LPDJH� SUHSURFHVVLQJDOJRULWKPV� GHVFULEHG� LQ� WKLV� SDUW� DUH� XVHG� ODWHU� LQ� RXU� &/35� LPSOHPHQWDWLRQ�� ,Q� FKDSWHU� �� DQLQWURGXFWLRQ�RQ�WKH�DUFKLWHFWXUH�DQG�IXQFWLRQDOLW\�RI�D�QHRFRJQLWURQ�QHXUDO�QHWZRUN�LV�JLYHQ�ZKLFKLV�XVHG�DV�WKH�FKDUDFWHU�UHFRJQL]HU�LQ�RXU�V\VWHP�
x 3DUW� ,, SURYLGHV� D� FRPSUHKHQVLYH� GHVFULSWLRQ� RI� RXU� &/35� DUFKLWHFWXUH�� &KDSWHU� �� JLYHV� WKHRYHUDOO�GHVLJQ�RI�WKH�&/35�V\VWHP�DQG�FKDSWHU���GHDOV�ZLWK�WKH�SURFHGXUHV�IROORZHG�WR�FRQILJXUHDQG�WUDLQ�WKH�QHRFRJQLWURQ�QHXUDO�QHWZRUN�XVHG�
x 3DUW� ,,,� JLYHV� WKH� VRIWZDUH� LPSOHPHQWDWLRQ� RI� WKH� &/35�� $Q� RYHUYLHZ� RI� WKH� V\VWHP� VRIWZDUHOD\HUV� LV�JLYHQ�DQG��ZKHUH�DSSOLFDEOH�� WKH� IXQFWLRQDOLW\�RI� WKH� VRIWZDUH� OLEUDULHV� LV� JLYHQ��2I�DOOUHOHYDQW� LPDJH� SURFHVVLQJ� DQG� XVHULQWHUIDFH� IXQFWLRQV�� LPSOHPHQWDWLRQ� GHWDLOV� DUH� GHVFULEHG� LQ
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FKDSWHU���� ,Q�&KDSWHU��� WKH� V\VWHP� LV� HYDOXDWHG�DQG� VRPH� VXJJHVWLRQV�DUH�PDGH� WR� LPSURYH� WKHRYHUDOO�SHUIRUPDQFH�RI�WKH�V\VWHP�
7KH�DSSHQGL[�FRQWDLQV�x 7KH�VRIWZDUH�VSHFLILFDWLRQ�RI�WKH�LPSOHPHQWHG�QHRFRJQLWURQ�VLPXODWRU�x 7KH�XVHG�QHRFRJQLWURQ�QHWZRUN�FRQILJXUDWLRQV�DQG�WUDLQLQJ�VHW�SDWWHUQV�x 7KH�WHVW�UHVXOWV�RQ�WKH�XVHG�QHRFRJQLWURQ�QHWZRUNV�x $�OLEUDU\�RI�GLJLWDO�SKRWRJUDSKV�XVHG��LQ�WKH�YHULILFDWLRQ�RI�WKH�V\VWHP�7KH�VRXUFH�FRGH�RI�ERWK�WKH�&/35�SURWRW\SH�DQG�WKH�QHRFRJQLWURQ�VLPXODWRU�DUH�DYDLODEOH�RQ�D�&'�520��7KLV�&'�520��DOVR�FRQWDLQV�D�FRS\�RI�WKLV�UHSRUW��WKH�DSSHQGLFHV��WKH�WUDLQLQJ�VHW�SDWWHUQ�ILOHV�QHWZRUN�FRQILJXUDWLRQ�ILOHV�DQG�WKH�SKRWRJUDSKV�XVHG�IRU�V\VWHP�YHULILFDWLRQ�DQG�V\VWHP�HYDOXDWLRQ�
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$FNQRZOHGJHPHQWV
,�WKDQN�DOO�WKRVH�ZKR�HQDEOHG�DQG�HQFRXUDJHG�PH�WR�VWDUW�P\�VWXG\�,QIRUPDWLRQ�7HFKQRORJ\�DW�'HOIW8QLYHUVLW\�RI�7HFKQRORJ\�DQG�ILQDOO\�VHH�PH�FRPSOHWH�WKLV�VWXG\�ZLWK�WKLV�UHSRUW�
)LUVW�� ,� ZDQW� WR� WKDQN� P\� ZLIH� -DFTXHOLQH� DQG� RXU� FKLOGUHQ� 6HEDVWLDDQ� DQG� &KULVWLDDQ� IRU� WKHLUXQGHUVWDQGLQJ��SDWLHQFH�� DQG� WROHUDQFH�GXULQJ� WKH�PRQWKV� ,� VSHQW� SUHSDULQJ� WKLV� UHSRUW�� ,� VXUHO\�ZLOOILQG�PXFK�PRUH� WLPH� WR�PDNH�XS� IRU� WKH�PDQ\�SRVWSRQHG� IDPLO\� WULSV� DQG�SDUWLHV� DQG� WR� ILQLVK� WKHPDQ\�³/(*2���SURMHFWV´�P\�VRQV�DQG�,�KDYH�VWDUWHG�
,� RZH� D� JUHDW� GHDO� WR� 'UV�'U�� /HRQ� 5RWKNUDQW]�� +H� KDV� JXLGHG� PH� WKURXJK� WKH� ILHOG� RI� LPDJHXQGHUVWDQGLQJ� DQG� WKH� XVDJH� RI� DUWLILFLDO� QHXUDO� QHWZRUNV� LQ� D� WHFKQLFDO� DSSOLFDWLRQ�� :LWKRXW� KLVFRDFKLQJ�DQG�VXSSRUW�LW�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�WR�ZULWH�WKLV�UHSRUW�DQG�ILQLVK�P\�VWXG\�LQ�VXFK�DUHODWLYHO\�VKRUW�SHULRG�RI�WLPH��,�ZRXOG�DOVR�OLNH�WR�WKDQN��,U��0LFKDO�6WHXHU��+H�OHW�PH�XVH�KLV�VRIWZDUHLPSOHPHQWDWLRQ� DQG� GRFXPHQWDWLRQ� RI� D� QHRFRJQLWURQ� QHWZRUN� VLPXODWRU�� 7KH� DYDLODELOLW\� RI� KLVRULJLQDO�GHVLJQ�DQG�VRXUFH�FRGH�VDYHG�PH�D�ORW�RI�WLPH�ZKHQ�LPSOHPHQWLQJ�WKH�QHRFRJQLWURQ�RQ�D�3&IRU�XVH�LQ�D�FDU�OLFHQVH�SODWH�UHFRJQLWLRQ�V\VWHP��)LQDOO\��,�ZRXOG�OLNH�WR�WKDQN�'U��+DUULH�+HQGULFN[DQG� IRU� UHYLHZLQJ� WKLV� UHSRUW��+LV� UHFRPPHQGDWLRQV� RQ� WKH� VW\OH� DQG� FRQWHQWV� RI� WKLV� UHSRUW�ZDV� RIJUHDW�YDOXH�



�

,QWHQWLRQDOO\�OHIW�EODQN



�

&RQWHQWV
,1752'8&7,21����������������������������������������������������������������������������������������������������������������������������������
3$57�,&+$37(5��,0$*(�81'(567$1',1* ��������������������������������������������������������������������������������������������������������������������������,PDJH�DFTXLVLWLRQ���������������������������������������������������������������������������������������������������������������������������'LJLWDO�LPDJH�SUHSURFHVVLQJ ������������������������������������������������������������������������������������������������������������,PDJH�GHILQLWLRQ�DQG�EDVLF�WUDQVIRUPV��������������������������������������������������������������������������������������&RPSOH[�LPDJH�WUDQVIRUPV�������������������������������������������������������������������������������������������������������6SDWLDO�GRPDLQ�LPDJH�HQKDQFHPHQWV ����������������������������������������������������������������������������������������)UHTXHQF\�GRPDLQ�ILOWHULQJ�����������������������������������������������������������������������������������������������������,PDJH�VHJPHQWDWLRQ�������������������������������������������������������������������������������������������������������������������������'LVFRQWLQXLW\�GHWHFWLRQ�������������������������������������������������������������������������������������������������������������5HJLRQ�RULHQWHG�VHJPHQWDWLRQ ������������������������������������������������������������������������������������������������3DWWHUQ�UHFRJQLWLRQ�������������������������������������������������������������������������������������������������������������������������,QWHUSUHWDWLRQ�RI�UHVXOWV��������������������������������������������������������������������������������������������������������������&+$37(5��$1�,1752'8&7,21�72�&+$5$&7(5�5(&2*1,7,21�86,1*�$�1(2&2*1,7521�7<3(�2)�$57,),&,$/1(85$/�1(7:25. �����������������������������������������������������������������������������������������������������������������������������������'HVFULSWLRQ�RI�WKH�QHRFRJQLWURQ ������������������������������������������������������������������������������������������������������&HOOV������������������������������������������������������������������������������������������������������������������������������������������3ODQHV����������������������������������������������������������������������������������������������������������������������������������������/D\HUV ���������������������������������������������������������������������������������������������������������������������������������������1HWZRUN ����������������������������������������������������������������������������������������������������������������������������������7UDLQLQJ�WKH�QHRFRJQLWURQ�QHWZRUN �������������������������������������������������������������������������������������������������7UDLQLQJ�LQGLYLGXDO�QHRFRJQLWURQ�FHOOV �������������������������������������������������������������������������������������$Q�H[DPSOH�RQ�KRZ�WR�FUHDWH�D�WUDLQLQJ�VHW�����������������������������������������������������������������������������'HVLJQ�DQG�GLPHQVLRQ�RI�D�QHWZRUN�IRU�KDQGZULWWHQ�FKDUDFWHU�UHFRJQLWLRQ ����������������������������������1HWZRUN�UHFRJQLWLRQ�SHUIRUPDQFH�������������������������������������������������������������������������������������������������5HFRJQL]LQJ�SULQWHG�FKDUDFWHUV�������������������������������������������������������������������������������������������������3$57�,,&+$37(5��7+(�$5&+,7(&785(�)25�$�/,&(16(�3/$7(�&+$5$&7(5�5(&2*1,=(5 �������������������������������������������������������'HVLJQ�EDFNJURXQG��������������������������������������������������������������������������������������������������������������������������7KH�OLFHQVH�SODWH�SDUDGLJP �������������������������������������������������������������������������������������������������������,PSOHPHQWDWLRQ�OLPLWDWLRQV� ����������������������������������������������������������������������������������������������������6\VWHP�FRQFHSW ������������������������������������������������������������������������������������������������������������������������������7KH�LPDJH�SURFHVVRU����������������������������������������������������������������������������������������������������������������������7KH�VHJPHQW�SURFHVVRU �����������������������������������������������������������������������������������������������������������������&KDUDFWHU�UHFRJQLVHU ����������������������������������������������������������������������������������������������������������������������&/35�EOXH�SULQW�������������������������������������������������������������������������������������������������������������������������&+$37(5��
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,QWURGXFWLRQ
6RPH�\HDUV�DJR�&DU�/LFHQVH�3ODWH�5HFRJQLWLRQ�6\VWHP�WHFKQRORJ\�UHFHLYHG�UHQHZHG�LQWHUHVW�IURP�WKH'XWFK� JRYHUQPHQW� EHFDXVH� RI� D� SROLWLFDO� UHVROXWLRQ� WR� LQWURGXFH� DXWRPDWHG� WROOJDWHV� DURXQG� WKH� �PDMRU� FLWLHV�� &RPPHUFLDO� &/35� V\VWHP� DSSOLFDWLRQV� DUH� ZLGHO\� XVHG� LQ� WUDIILF� ODZ� HQIRUFHPHQWV\VWHPV�LQ�RUGHU�WR�SURFHVV�SKRWRV�WKDW�UHFRUG�VSHHG�OLPLW�H[FHVV�DXWRPDWLFDOO\��7KH�QXPEHU�RI�SKRWRVWR�EH�SURFHVVHG�E\�WKHVH�V\VWHPV�LV�ORZ�FRPSDUHG�WR�WKH�QXPHURXV�SKRWRV�WKDW�ZLOO�EH�SURGXFHG�E\�WKHSURSRVHG� WROOJDWH� FDPHUDV�� 7KH� DYDLODELOLW\� RI� DQ� DFFXUDWH�� UREXVW� DQG� UHOLDEOH� &/35� V\VWHP� LVPDQGDWRU\�WR�VXFFHVVIXOO\�LQWURGXFH�WKHVH�WROOJDWHV�WKDW�VHHPV�GHVLUDEOH�E\�'XWFK�SROLWLFLDQV�
$�&/35� V\VWHP� LV� DOVR� WKH� REMHFW� RI� UHVHDUFK� LQ� WKLV� JUDGXDWLRQ� SURMHFW�� ,QLWLDOO\� WKLV� UHVHDUFK� ZDVVWDUWHG�WR�ILQG�D�PRGHO�IRU�D�XQLYHUVDO�FKDUDFWHU�UHFRJQL]HU�IRU�SKRWRJUDSKV�WKDW�VKRZ�D�ZLGH�UDQJH�RIREMHFWV� WKDW� DOO� FRXOG� EH� LGHQWLILHG� E\� DQ� DOSKDQXPHULFDO� FKDUDFWHU� VWULQJ�� &DU� OLFHQVH� SODWHV�VLJQSRVWLQJ� �� VHD�FRQWDLQHUV� DQG� ZDJRQQXPEHUV� RQ� WUDLQV� DUH� RQO\� D� IHZ� H[DPSOHV� RI� REMHFWV� WKDWFRXOG�EH�UHFRJQL]HG�
$OWKRXJK� LQWXLWLYHO\� ZH� NQRZ� VXFK� D� XQLYHUVDO� V\VWHP� ZRXOG� EH� YHU\� KDUG� RU� HYHQ� LPSRVVLEOH� WRLPSOHPHQW�� D� PRGHO� IRU� VXFK� D� V\VWHP� VKRXOG� QRW� QHFHVVDULO\� EH� YHU\� FRPSOH[�� %DVLFDOO\� VXFK� DV\VWHP�QHHGV��RQO\�D�QXPEHU�RI��LQGHSHQGHQW�ZHOO�GHILQHG��SURFHVVLQJ�VWHSV�x ,VRODWHG�DOO�SRVVLEOH�FKDUDFWHU�LPDJH�VHJPHQWV�RQ�WKH�SKRWRJUDSK�x ([WUDFW�IHDWXUHV�IURP�WKH�LVRODWHG�VHJPHQWV�x 3DVV�DOO�FDWFKHG�VHJPHQWV�WR�D�FKDUDFWHU�UHFRJQL]HU�x $SSO\�GRPDLQ�NQRZOHGJH�WR�WKH�VWULQJ�RI�DOSKDQXPHULFDO�FKDUDFWHUV�IRXQG�%\�XVLQJ�H[LVWLQJ�LPDJH�SURFHVVLQJ�WHFKQLTXHV��LW�ZLOO�QRW�EH�D�PDMRU�SUREOHP�WR�H[WUDFW�DOO�SRVVLEOHFKDUDFWHU� LPDJHV�RI�D�SKRWR��:H�FDQ� ORRN�IRU�H[DPSOH�DW�KLJK�IUHTXHQF\�FRPSRQHQWV� LQ� WKH�)RXULHUWUDQVIRUP� RI� DQ� LPDJH�� RU� ILQG� REMHFWV� RI� HTXDO� VL]H� RU� FRORU� WKDW� DUH� DUUDQJHG� LQ� OLQH� RU� WKDW� DUHVXUURXQGHG�E\�ERUGHU�IUDPHV��:H�FDQ�SDVV�WKH�LVRODWHG�DQG�SUH�SURFHVVHG�VHJPHQWV�WR�D�QHRFRJQLWURQQHWZRUN� ZKLFK� LV� FDSDEOH� RI� FODVVLI\LQJ� DQ\� NLQG� RI� FKDUDFWHU� VW\OH� LQYDULDQW� RI� ORFDWLRQ� DQG� VL]H�)LQDOO\� ZH� PDNH� XVH� RI� D� NQRZOHJGH� EDVHG� V\VWHP� WKDW� PD\� GHWHFW� DQG� HYHQ� FRUUHFW� HUURQHRXVFKDUDFWHU� FODVVLILFDWLRQV� EDVHG� RQ� GRPDLQ� NQRZOHGJH�� +RZHYHU� WKH� RQO\� XQLYHUVDO� FKDUDFWHUUHFRJQL]HU� LV� WKH� KXPDQ� YLVXDO� V\VWHP�� DQG� RQO\� PLPLF� VRPH� RI� WKH� FDSDELOLWLHV� RI� � KXPDQ� YLVLRQVHHPHG�QRW�D�WULYLDO�WDVN�
,Q�WKLV�UHSRUW�D�PRGHO�IRU�DQ�LPDJH�YLVLRQ�V\VWHP�LV�SUHVHQWHG�WKDW�LV�FDSDEOH�RI�UHFRJQL]LQJ�FDU�OLFHQVHSODWHV� LQGHSHQGHQW� IURP� SODWH� ORFDWLRQ�� VL]H�� GLPHQVLRQ�� FRORU� DQG� FKDUDFWHU� VW\OH�� 2I� FRXUVH�� FDUOLFHQVH�SODWHV�KDYH� VWDQGDUG� IRUPDWV��+RZHYHU� LI�ZH�ZDQW� WR� JHQHUDOL]H� WR� RWKHU� REMHFWV��ZH�GR�QRWZDQW�WR�XVH�WKLV�D�SULRUL�NQRZOHGJH��%\�IDU�RXU�PRGHO�LV�QRW�D�XQLYHUVDO�FKDUDFWHU�UHFRJQL]HU�V\VWHP�KRZHYHU� ZH¶YH� WULHG� WR� LQWURGXFH� VRPH� WHFKQLTXHV� WKDW� DUH� JHQHUDOO\� DSSOLFDEOH� LQ� VXFK� D� V\VWHP�)URP�WKLV�PRGHO��D�VRIWZDUH�V\VWHP�KDV�EHHQ�LPSOHPHQWHG��%DVHG�RQ�D�OLFHQVH�SODWH�PRGHO��ZH�KDYHLPSOHPHQWHG� D� VLPSOH� LPDJH� SURFHVVRU� WR� LVRODWH� LQGLYLGXDO� OLFHQVH� SODWH� FKDUDFWHUV�� )RU� FKDUDFWHUUHFRJQLWLRQ��ZH� KDYH� LPSOHPHQWHG� WKH� QHRFRJQLWURQ�QHWZRUN� LQ� VRIWZDUH� DV� SURSRVHG�E\�)XNLVXPD�2XU� PRWLYDWLRQ� WR� XVH� WKLV� W\SH� RI� DUWLILFLDO� QHXUDO� QHWZRUN� ZDV� EHFDXVH� RI� LWV� FDSDELOLW\� WR� UHDG
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JHQHUDOL]HG� FKDUDFWHU� VW\OHV� LQGHSHQGHQW� IURP� VL]H� RU� ORFDWLRQ�� 7KLV� W\SH� RI� QHWZRUN� ZRXOG� PDNHPDQ\� LPDJH�SUHSURFHVVLQJ� VWHSV� VXSHUIOXRXV�DQG� WKHUHIRUH�� LW�ZRXOG�PDNH� WKH� V\VWHP�FRQFHSW�PRUHJHQHUDO�DSSOLFDEOH�,Q�WKLV�UHSRUW� WKH�UHDGHU�ZLOO�QRW� ILQG�D�GHVFULSWLRQ�RI�D�XQLYHUVHO�FKDUDFWHUV�UHFRJQL]HU�V\VWHP�QRU�DFRPSOHWH�PRGHO�IRU�VXFK�D�V\VWHP��EXW�LQVWHDG�D�SURWRW\SH�DQG�PRGHO�IRU�D�&/35�LV�GHVFULEHG�EDVHGRQ�D�QHRFRJQLWURQ�W\SH�RI�DUWLILFDO�QHWZRUN��2XU�V\VWHP�QHHGV� IXUWKHU�DQDO\VLV�DQG�GHYHORSPHQW�EXW�EDVHG� RQ� WKH� UHFRJQLWLRQ� UDWH� LW� FXUUHQWO\� H[KLELWV�� ZH� EHOLHYH� WKH� UHFRJQLWLRQ� SHUIRUPDQFH� FDQ� EHHDVLO\�SXVKHG�WRZDUGV�UHFRJQLWLRQ�UDWHV�WKDW�DUH�FODLPHG�E\�FRPPHUFLDO�DSSOLFDWLRQV�LQ�WKLV�DUHD�
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,QWHQWLRQDOO\�OHIW�EODQN
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&KDSWHU��
,PDJH�XQGHUVWDQGLQJ
7R�ILQG�D�VROXWLRQ�LQ�WKH�SUREOHP�GRPDLQ�RI�LPDJH�XQGHUVWDQGLQJ��WKH�IROORZLQJ�PRGHO�LV�FRPPRQO\XVHG�

)LJ������$�JHQHUDOL]HG�LPDJH�XQGHUVWDQGLQJ�V\VWHP
x ,PDJH�DFTXLVLWLRQ GHDOV�ZLWK�WKH�SUREOHP�RI�JHWWLQJ�D�GLJLWDO�LPDJH�UHSUHVHQWDWLRQ�RI�WKH�VFHQH�RILQWHUHVW�x 3UH�SURFHVVLQJ DUH� DOO� LPDJH� WUDQVIRUPDWLRQV� WKDW� µLPSURYH¶� WKH� LPDJH� LQ� RUGHU� WR� LQFUHDVH� WKHFKDQJH�RQ�VXFFHVVIXOO\�VHJPHQWDWH��DQG�HYHQWXDOO\�XQGHUVWDQG��WKH�LPDJH�x 6HJPHQWDWLRQ LV�GHILQHG�DV�SDUWLWLRQLQJ� WKH�SUH�SURFHVVHG� LPDJH� VXFK� WKDW� DUHDV� RI� LQWHUHVW�PD\HDVLO\�EH�FDSWXUHG�x )HDWXUH� H[WUDFWLRQ LV� WKH� SURFHVV� RI� GHWHUPLQLQJ� VSHFLILF� IHDWXUHV� RI� WKH� REMHFWV� VHOHFWHG� LQ� WKHSUHYLRXV�VWHS�LQ�RUGHU�WR�GHFUHDVH�WKH�YDULHW\�RI�DOO�SRVVLEOH�REMHFW�DSSHDUDQFHV�x 5HFRJQLWLRQ GHDOV�ZLWK�FODVVLILFDWLRQ�RI�WKH�REMHFW�DFFRUGLQJ�WR�LWV�SUHYLRXV�GHWHUPLQHG�IHDWXUHV�x ,QWHUSUHWDWLRQ��WKH�ODVW�VWHS�LQ�WKH�LPDJH�XQGHUVWDQGLQJ�PRGHO�GHDOV�ZLWK�YHULILFDWLRQ�RI�WKH�UHVXOWVEDVHG�RQ�H[SOLFLW�NQRZOHGJH�RI�WKH�REMHFWV�UHFRJQL]HG�
,Q� RUGHU� WR� LQFUHDVH� WKH� SHUIRUPDQFH� RI� LPDJH� XQGHUVWDQGLQJ� V\VWHPV�� VRPH� VWDJHV� LQ� WKH� SURFHVVSURYLGH� IHHGEDFN� WR� SUHYLRXV� VWHSV��7KH�QDWXUH� RI� IHHGEDFN�GDWD� GHSHQGV�PDLQO\� RQ� WKH� DSSOLFDWLRQDUHD��7KH�PRUH�FRPSOH[�WKH�VXEMHFW�� WKH�PRUH� IHHGEDFN�ORRSV�PD\�EH�UHTXLUHG�WR�EXLOG�D�UREXVW�DQGUHOLDEOH�V\VWHP�,Q� WKH� QH[W� VHFWLRQV�� WKH�PDLQ� WRSLFV� RI� WKH� GLIIHUHQW� VWDJHV� LQ� WKH� LPDJH� XQGHUVWDQGLQJ� SURFHVV� DUHGHVFULEHG� LQ�PRUH� GHWDLO�� 7KLV� FKDSWHU� GRHVQ¶W� SUHWHQG� WR� JLYH� D� FRPSOHWH� RYHUYLHZ� RQ� DOO� SRVVLEOHWHFKQLTXHV� LQYROYHG� LQ� WKH� ILHOG� RI� LPDJH� XQGHUVWDQGLQJ�� 0DLQO\� WKRVH� WHFKQLTXHV� DQG� DVSHFWV� DUHGHVFULEHG� ZKLFK� DUH� XVHG� ZLWKLQ� RXU� FDU� OLFHQVH� SODWH� UHFRJQLWLRQ� V\VWHP�� %HORZ� LQ� WDEOH� ���� DQRYHUYLHZ�LV�JLYHQ�RQ�WKH�VXEMHFWV�GHVFULEHG�LQ�WKLV�FKDSWHU��3HU�VHFWLRQ�LQGLFDWLRQV�DUH�JLYHQ�ZKHWKHUWKH�VXEMHFW�ZDV�LPSOHPHQWHG�LQ�VRIWZDUH�DQG�ZKHWKHU�DSSOLHG�IRU�OLFHQVH�SODWH�UHFRYHU\��,Q�RXU�LPDJHUHFRJQLWLRQ� V\VWHPV� DSSURDFK� WKHUH� ZDV� QR� QHHG� IRU� D� IHDWXUH� H[WUDFWLRQ� VWDJH� LQ� WKH� SURFHVVLQJSLSHOLQH��7KHUHIRUH�WKLV�VXEMHFW�LV�QRW�GHVFULEHG�LQ�WKLV�FKDSWHU�

LPDJHDFTXLVWLRQ LPDJHSUHSURFHVVLQJ LPDJHVHJPHQWDWLRQ IHDWXUHH[WUDFWLRQ VHJPHQWUHFRJQLWLRQ LQWHUSUHWDWLRQ
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7DEOH�����6WDJHV�LQ�WKH�LPDJH�XQGHUVWDQGLQJ�SURFHVV
6HFWLRQ 6XEMHFW ,PSO
 $SSO� 5HPDUN
����,PDJH�DFTXLVLWLRQ %DFNJURXQG�LQIRUPDWLRQ�RQO\ 1 � 8VHG�H[LVWLQJ�GLJLWDO�LPDJHV
����'LJLWDO�LPDJH�SUHSURFHVVLQJ �%DVLF�WUDQVIRUPV�&RPSOH[�WUDQVIRUPV�6SDWLDO�GRPDLQ�HQKDQFHPHQWV�)UHTXHQF\�GRPDLQHQKDQFHPHQWV

<<<<
<1<1

,QYHUVH��JUH\�VFDOLQJ)RXULHU�WUDQVIRUPV%LQLDUL]DWLRQ��DUHD�ILOOLQJ��ILOWHULQJ,QYHUVH�)RXULHU�WUDQVIRUPV
����,PDJH�VHJPHQWDWLRQ �'LVFRQWLQXLW\�GHWHFWLRQ�5HJLRQ�RULHQWHG�VHJPHQWDWLRQ << 1< 6REHO�RSHUDWLRQ3L[HO�DJJUHJDWLRQ
����3DWWHUQ�UHFRJQLWLRQ �0XOWL�/D\HU�3HUFHSWURQ�1HRFRJQLWURQ << 1< 6116�0/3�SURWRW\SH�ZDV�WULHG3&�LPSOHPHQWDWLRQ�QHRFRJQLWURQ
����,QWHUSUHWDWLRQ�RI�UHVXOWV %DFNJURXQG�LQIRUPDWLRQ�RQO\ 1 � 7\SLFDOO\�SRVW�SURFHVVRU�DVSHFWV

�LQGLFDWHV�ZKHWKHU�VRIWZDUH�IXQFWLRQDOLW\�LV�ZULWWHQ�DQG��DYDLODEOH�LQ�WKH�SURWRW\SH�&/35��LQGLFDWHV�WKH�DSSOLFDWLRQ�RI�WKH�WHFKQLTXH�GHVFULEHG�WR�DFWXDOO\�UHFRYHU�FDU�OLFHQVH�SODWHV

����,PDJH�DFTXLVLWLRQ
7KH�ILUVW�VWHS�LQ�WKH�LPDJH�XQGHUVWDQGLQJ�SURFHVV�LV�LPDJH�DFTXLVLWLRQ��,PDJH�DFTXLVLWLRQ�HQFRPSDVVHVD�EURDG�UDQJH�RI�PHFKDQLVPV�DQG�WKHRUHWLFDOO\�XQGHUSLQQLQJV�WKDW�ZRXOG�JR�IDU�EH\RQG�WKH�VFRSH�RIWKLV� UHSRUW�� 6LQFH�� LQ� RXU� SURWRW\SH� &/35� V\VWHP� DQ� LPDJH� DFTXLVLWLRQ� V\VWHP� KDV� QRW� EHHQLPSOHPHQWHG��ZH�FRQILQH�ZLWK�RQO\�D�EULHI�LQWURGXFWLRQ�RQ�LPDJH�DFTXLVLWLRQ�
7KH� LPDJLQJ� GHYLFH� LQ� DQ� LPDJH� XQGHUVWDQGLQJ� V\VWHP� ZRXOG� QRUPDOO\� EH� D� FDPHUD�� $� FDPHUDSHUIRUPV�D�SHUVSHFWLYH�WUDQVIRUPDWLRQ��,W�SURMHFWV�WKH�OLJKW�UHIOHFWHG�E\�WKUHH�GLPHQVLRQDO�REMHFWV�RQWRD�WZR�GLPHQVLRQDO�SODQH��$OWKRXJK�WKH�KXPDQ�H\H�GRHV�VKRZ�VRPH�SULQFLSDO�GLIIHUHQFHV�FRPSDUHG�WRD�FDPHUD�� WKH\�ERWK�FRQVLVWV�RI� WZR�EDVLF�FRPSRQHQWV�� D� OHQV�DQG�GLVFUHWH� OLJKW� UHFHSWRU�SODQH�� ,Q�DFDPHUD�� DQ� RSWLFDO� OHQV� IRFXVHV� DQ� LPDJH�RI� WKH� UHIOHFWHG� OLJKW� RI� WKH� REMHFW� RU� VFHQH� SKRWRJUDSKHGRQWR�D�SKRWRJUDSKLF�ILOP�RU�HOHFWURQLF�LPDJH�FKLS��7KH�OLJKW�LQWHQVLW\�YDOXHV�UHFRUGHG�E\�WKH� ILOP�RUWKH� LPDJH� FKLS� IRUPV� WKH� LQSXW� LQIRUPDWLRQ� IRU� DQ� LPDJH� XQGHUVWDQGLQJ� V\VWHP��:LWKLQ� WKH� KXPDQYLVXDO�V\VWHP�OLJKW�UHIOHFWHG�E\�D�VFHQHU\�H[FLWDWHV�WKH�VR�FDOOHG�FRQHV DQG�URGV�LQ�WKH�H\H��ZKLFK�RQWKHLU�WXUQ�VHQG�HOHFWULFDO�LPSXOVHV�WR�WKH�YLVXDO�FRUWH[�IRU�KXPDQ�SHUFHSWLRQ�
,W�ZRXOG�EH�YHU\�LQWHUHVWLQJ�WR�UHVHDUFK�KRZ�PXFK�WKH�SK\VLFDO�FRQVWUXFWLRQ�DQG�PHFKDQLVP�LQ�WKH�H\HFRQWULEXWHV� WR� WKH� IDFW� WKDW� KXPDQV� FDQ� LQWHUSUHW� LPDJHV� VHHPLQJO\� HIIRUWOHVV�� ,Q� DXWRPDWHG� LPDJHXQGHUVWDQGLQJ�V\VWHPV��ZH�VKDOO�KDYH�WR�PDNH�VKLIW�ZLWK�PHFKDQLFDO�FDPHUDV�
$V� VWDWHG� LQ� WKH� SUHYLRXV� VHFWLRQ� WKH� WDVN� RI� WKH� LPDJH� DFTXLVLWLRQ� PRGXOH� ZLWKLQ� DQ� LPDJHXQGHUVWDQGLQJ�V\VWHP�LV�WR�JHW�D�GLJLWDO�LPDJH�UHSUHVHQWDWLRQ�RI�WKH�VFHQH�RI�LQWHUHVW�7KH�LPDJH�DFTXLVLWLRQ�PRGXOH�ZLWKLQ�DQ�LPDJH�XQGHUVWDQGLQJ�V\VWHP�VKRXOG�VXSSO\�WKH�SUHSURFHVVLQJVWHS� ZLWK� DV� PXFK� DV� SRVVLEOH� LQIRUPDWLRQ�� ,W� VKRXOG� GHOLYHU� µJRRG� TXDOLW\¶� SKRWRJUDSKV� XQGHU� DOOFRQGLWLRQV�LW�ZDV�VSHFLILHG�IRU��,PDJH�DFTXLVLWLRQ�PRGXOHV�FDQ�EH�YHU\�FRPSOH[�EHFDXVH�WKH\�KDYH�WRFRPSHQVDWH� IRU� DOO� NLQG� RI� SK\VLFDO� UHFRUGLQJ� OLPLWDWLRQV� HYHQ� PRGHUQ� FDPHUDV� KDYH�� ,Q� D� &/35V\VWHP�XVHG�IRU�ODZ�WUDIILF�HQIRUFHPHQW�IRU�H[DPSOH�WKH�FDPHUD�VKRXOG�QRW�RQO\�GHOLYHU�VKDUS�LPDJHVRI� PRYLQJ� FDUV� XQGHU� EDG� LOOXPLQDWLRQ� FRQGLWLRQV� EXW� DOVR� WKH� LPDJH� DFTXLVLWLRQ� V\VWHP� VKRXOGPHDVXUH�WKH�VSHHG�DQG�W\SH�RI�WKH�FDUV�,Q�RXU�SURWRW\SH�V\VWHP�WKHUH�H[LVWV�QRW�DQ�DXWRPDWHG�LPDJH�DFTXLVLWLRQ�PRGXOH�DV�VXFK��,Q�VWHDG��ZHKDYH�XVHG� LPDJHV�SURGXFHG�E\�D�GLJLWDO�SRFNHW�FDPHUD�DQG�VRPH�GLJLWDO� VFDQQHG�VOLGH�LPDJHV�PDGHDYDLODEOH�E\�WKH�'XWFK�SROLFH�



��

)LJ������7KH�LPDJLQJ�GHYLFH�IRU�WUDIILF�ODZ�HQIRUFHPHQW
����'LJLWDO�LPDJH�SUHSURFHVVLQJ
1RZDGD\V�� GLJLWDO� LPDJH�SURFHVVLQJ� LV� DSSOLHG� LQ�PDQ\�GLIIHUHQW� XVHU� DUHDV��(QKDQFLQJ�SLFWXUHV� IRUKXPDQ� LQWHUSUHWDWLRQ�� DXWRPDWLRQ� RI� YLGHR� DQLPDWLRQ� DQG� HQYLURQPHQW� VLPXODWLRQ� LQ� YLUWXDO� UHDOLW\V\VWHPV� DUH� RQO\� D� IHZ� H[DPSOHV� ZHUH� GLJLWDO� LPDJH� SURFHVVLQJ� LV� XVHG� H[WHQVLYHO\�� 3URFHVVLQJ� RILPDJH�GDWD�LQ�UHODWLRQ�WR�FRPSXWHUL]HG�SHUFHSWLRQ�LV�DQRWKHU�DUHD�RI�XVH��+RZHYHU�� LQ�DOO�DSSOLFDWLRQDUHDV� WKH� EDVLF� LGHD� EHKLQG� WKH� SURFHVVLQJ� RI� DQ� LPDJH� LV� WUDQVIRUPDWLRQ�� ,Q� WKH� ILHOG� RI� KXPDQSHUFHSWLRQ�� WKH� WUDQVIRUPDWLRQ� RI� D� SLFWXUH� VHUYHV� IRU� H[DPSOH� VKDUSHQLQJ�� PDJQLILFDWLRQ� RUEHDXWLILFDWLRQ��7KH�JRDO�RI�SLFWXUH�WUDQVIRUPDWLRQ�IRU�DXWRPDWHG�PDFKLQH�SHUFHSWLRQ� LV� WR� UHGXFH� WKHGDWD�RI�WKH�LPDJH��VXFK�WKDW�IHDWXUHV�RU�DUHDV�RI�LQWHUHVW�PD\�EH�IDU�HDVLHU�LVRODWHG�,Q� OLWHUDWXUH�� PDQ\� GLIIHUHQW� WHFKQLTXHV� DQG� DOJRULWKPV� IRU� LPDJH� SURFHVVLQJ� DUH� GHVFULEHG�� 7KHTXLQWHVVHQFH�ZLWK� UHVSHFW� WR� SDWWHUQ� UHFRJQLWLRQ� V\VWHPV� LV� WR� VHOHFW� WKRVH� VHULHV� RI� WUDQVIRUPDWLRQVWKDW� ILW� EHVW� WR� SUHSDUH� WKH� LPDJH� IRU� IXUWKHU� VWHSV� WKDW� OHDG� WRZDUGV� LPDJH� LQWHUSUHWDWLRQ�� ,Q� WKHUHPDLQGHU� RI� WKLV� VHFWLRQ� WKH� WKHRUHWLFDO� EDFNJURXQG�� WHUPLQRORJ\�� DQG� EDVLF� SURSHUWLHV� RI� VRPHJHQHUDO�LPDJH�WUDQVIRUPDWLRQV�DUH�JLYHQ�������,PDJH�GHILQLWLRQ�DQG�EDVLF�WUDQVIRUPV
,PDJH�GHILQLWLRQ
$Q�LPDJH�PD\�EH�UHSUHVHQWHG�E\�D�IXQFWLRQ RU�D�PDSSLQJ�

(TXDWLRQ����
,Q�WKLV�HTXDWLRQ��] UHSUHVHQWV�WKH�EULJKWQHVV�RU�FRORU�RI�DQ�LPDJH�DW�WKH�VSDWLDO�FRRUGLQDWHV�[ DQG�\��$GLJLWDO�LPDJH��ERWK�VSDWLDO�DQG�FRORU�YDULDEOHV�KDYH�GLVFUHWH�YDOXHV��LV�UHSUHVHQWHG�E\�D�PDWUL[��

��� \[I]  



��

(TXDWLRQ����
:KHUH� PDWUL[� HOHPHQWV� YDOXHV� LQGLFDWH� WKH� EULJKWQHVV�FRORU� YDOXHV� RI� DQ� LPDJH� DW� WKH� VSDWLDOFRRUGLQDWHV� Q DQG� P�� :KLFK� UHSUHVHQWDWLRQ� LV� WDNHQ�� LV� GHSHQGHQW� RQ� WKH� FKDUDFWHULVWLF� RI� WKHWUDQVIRUPDWLRQ��,Q�RXU�FDVH�ZH�ZLOO�FRQVLGHU�RQO\�JUH\�VFDOHG�LPDJHV�ZKHUH�WKH�JUH\�VFDOH�UDQJHV�IURP�� WR� ����� = LQ� HTXDWLRQ� ���� LV� FKDUDFWHUL]HG� E\� WZR� FRPSRQHQWV�� WKH� IUDFWLRQ� RI� OLJKW� UHFHLYHG� E\REMHFWV� �L� RQ� � WKH� VFHQH� DQG� WKH� IUDFWLRQ� RI� OLJKW� UHIOHFWHG� E\� WKH� REMHFW� �U�� LQ� WKH� GLUHFWLRQ� RI� WKHFDPHUD� (TXDWLRQ�����PD\�WKHUHIRUH�EH�ZULWWHQ�DV�D�SURGXFW�RI��L DQG��U�

(TXDWLRQ����
,QYHUVLRQ
7KH�QHJDWLYH�RI�DQ�LPDJH�LV�REWDLQHG�E\�DVVLJQLQJ�HDFK�SL[HO�LQ�WKH�LPDJH�LWV�µQHJDWLYH¶�YDOXH��,I��RQ�DJUH\�VFDOH� LPDJH� WKH� LQWHQVLW\� YDOXHV� RI� � SL[HOV� DUH� LQ� D� UDQJH� RI� >�����@�� 7KH� LPDJH� QHJDWLYH� LVGHILQHG�E\�

(TXDWLRQ����
&RQWUDVW�VWUHWFKLQJ
:LWKLQ�DOO�VHJPHQWDWLRQ�SURFHGXUHV��GHWHFWLRQ�RI��LQWHQVLW\�YDOXHV�WUDQVLWLRQV�SOD\V�DQ�LPSRUWDQW�UROH�,Q� JHQHUDO�� � LPDJH� FRQWUDVW� LPSURYHPHQW� ZLOO� LQFUHDVH� WKH� VXFFHVV� UDWH� RI� VHJPHQWDWLRQ� HVSHFLDOO\ZKHQ� WKH� LPDJH� VXIIHUV� SRRU� LOOXPLQDWLRQ�� 7KHUHIRUH� D� FRQWUDVW� VWDJH� LQ� DQ� LPDJH� SUHSURFHVVLQJSURFHGXUH� LV�RIWHQ�XVHG��7KH�IROORZLQJ�JUDSK�VKRZV� WKH�JUH\�VFDOH� IXQFWLRQ�ZKLFK� LV� DSSOLHG�RQ� WKHLPDJH�GHSLFWHG�LQ�ILJXUH�����

)LJ�������,PDJH�FRQWUDVW�VWUHWFKLQJ�IXQFWLRQ
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)LJ�������/HIW�WKH�RULJLQDO�SLFWXUH��ULJKW�WKH�FRQWUDVWHG�VWUHWFKHG�RQH
%RWK�WKH�QHJDWLYH�LPDJH�WUDQVIRUP�DQG�FRQWUDVW�VWUHWFKLQJ�WUDQVIRUP�DUH�XVHG�LQ�RXU�DSSOLFDWLRQ��7KHUHH[LVW�PDQ\�PRUH�SRLQW�SURFHVVLQJ�WUDQVIRUPDWLRQ�WHFKQLTXHV�WKH�DERYH�PHQWLRQHG�DOLNH��DPRQJ�RWKHUV�JUH\�OHYHO� VOLFLQJ� WR� KLJKOLJKW� VSHFLILF� JUH\�OHYHO� UDQJHV�� � ELWSODQH� VOLFLQJ� WR� KLJKOLJKW� RU� UHPRYHFHUWDLQ�JUH\�OHYHOV�RU�LQWHQVLW\�YDOXH�WUDQVIRUPV�EDVHG�RQ�WKH�LPDJH�FRORU�KLVWRJUDP��6LQFH�WKHVH�DUHQRW�XVHG�LQ�RXU�ZRUN���D�GHVFULSWLRQ�LV�QRW�JLYHQ�KHUH�
������&RPSOH[�LPDJH�WUDQVIRUPV
7KHUH�H[LVWV�PDQ\�WUDQVIRUPDWLRQV�RQ�GLJLWDO�LPDJHV�WKDW�UHYHDO�FKDUDFWHULVWLFV�WKDW�PD\�EH�YHU\�XVHIXOLQ�DXWRPDWHG�LPDJH�UHFRJQLWLRQ�V\VWHPV��7KH�)RXULHU�LQWHJUDO�WUDQVIRUP�RQ�D�LPDJH�PD\�EH�XVHIXO�LQWH[WXUH�DQDO\VLV��2Q�D�KLJK�FRQWUDVW�LPDJH�ZH�ZLOO�ILQG�PRUH�KLJK�IUHTXHQF\�FRPSRQHQWV�DQG�ZH�ZLOOILQG��PDLQO\�ORZHU�YDOXHV�IRU�WKH�IUHTXHQF\�FRPSRQHQWV�LQ�D�ORZ�FRQWUDVW�LPDJH��6HH�ILJXUH�����7KH�)RXULHU� WUDQVIRUP� LV�EDVHG�RQ� WKH� IDFW� WKDW� DQ\� FRQWLQXRXV� IXQFWLRQ�GHILQHG�RQ� D� ILQLWH� LQWHUYDOFRXOG�EH�H[SDQGHG�LQWR�D�VHULHV�RI�VLQH�DQG�FRVLQH�IXQFWLRQV��6LQFH�DQ�LPDJH�PD\�EH�UHSUHVHQWHG�E\�DIXQFWLRQ��ZH�PD\�WUDQVIRUP�WKH�EULJKWQHVV�YDOXHV�LQ�WKH�[�\ SODQH�RI�WKH�LPDJH�

)LJ������/HIW�WKH�RULJLQDO�SLFWXUHV��ULJKW�WKH�DEVROXWH�YDOXH�RI�WKH�IUHTXHQF\FRPSRQHQWV��:KLWH�FRUUHVSRQGV�WR�WKH�KLJK�YDOXHV��EODFN�WR�ORZ�YDOXHV$�)RXULHU�WUDQVIRUP�RI�IXQFWLRQ I�[��LV�GHILQHG�DV�



��

(TXDWLRQ����
,Q� FDVH� RI� DQ� LPDJH� EULJKWQHVV� IXQFWLRQ� DV� GHVFULEHG� LQ� VHFWLRQ� ���� WKH� RQH�GLPHQVLRQDO� )RXULHUWUDQVIRUP�LV�H[WHQGHG�WR�

(TXDWLRQ����
,Q�SUDFWLFH�ZH�RQO\�KDYH�GLVFUHWH�IXQFWLRQV�I�[�\��WKH�)RXULHU�WUDQVIRUP�RI�DQ�LPDJH�ZLOO�WKHUHIRUH�EHGHILQHG�E\�

(TXDWLRQ����
,I�ZH�FRQVLGHU�RQO\�LPDJHV�ZKHUH�1 0��HTXDWLRQ�������PD\�EH�ZULWWHQ�DV�

(TXDWLRQ����

ZKHUH
(TXDWLRQ����

$� )RXULHU� WUDQVIRUP� RI� D� ��'� LPDJH� PD\� HDVLO\� EH� SHUIRUPHG� ZLWKLQ� WZR� VXFFHVVLYH� ��'� )RXULHUWUDQVIRUPV�� 7KH� SLFWXUHV� LQ� ILJXUH� ���� DUH� FUHDWHG� E\� LPSOHPHQWLQJ� HTXDWLRQV� ���� DQG� ���� LQSURJUDPPLQJ�FRGH�WRJHWKHU��XVLQJ�DQ�H[LVWLQJ���'�IDVW�)RXULHU�LPSOHPHQWDWLRQ��$�)RXULHU� WUDQVIRUPDWLRQ� DV� GHVFULEHG� DERYH�PD\� EH� XVHG� LQ� WH[WXUH� DQDO\VLV� RI� WKH� LPDJH� DQG� IRULPDJH�HQKDQFHPHQWV�DQG�±VHJPHQWDWLRQ�WHFKQLTXHV�E\�ILOWHULQJ�RXW�VSHFLILF�IUHTXHQF\�FRPSRQHQWV�

� :ULWWHQ�E\�'RQ�&URVV�GFURVV#LQWHUVUY�FRP DYLDODEOH�DW�KWWS���ZZZ�LQWHUVUY�FRP�aGFURVV�IIW�KWPO

� � � � G[H[I) L[ZSZ ��f
f�³ 

� � � � � �G[G\H\[I) \[L ZXSZX ��³³ ���
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������6SDWLDO�GRPDLQ�LPDJH�HQKDQFHPHQWV
��������3RLQW�SURFHVVLQJ
3RLQW�SURFHVVLQJ�WHFKQLTXHV�DUH�EDVHG�RQ�WKH�LQWHQVLW\�YDOXH�RI�LQGLYLGXDO�SL[HOV�RI�WKH�LPDJH��,Q�WKHOLWHUDWXUH� PDQ\� WHFKQLTXHV� DUH� GHVFULEHG� WR� HQKDQFH� DQ� LPDJH�� ,Q� VHFWLRQ� ������� VRPH� EDVLFWUDQVIRUPDWLRQV� KDYH� EHHQ� GLVFXVVHG�� ,Q� WKLV� VHFWLRQ� VRPH� DVSHFWV� RI� LPDJH� ELQLDUL]DWLRQ� DQG� DUHDILOOLQJ�DOJRULWKPV�DUH�JLYHQ� %LQLDUL]DWLRQ
%LQLDUL]DWLRQ�RU�WUHVKROGLQJ�PD\�EH�FRQVLGHUHG�DV�D�VSHFLDO�IRUP�RI�KLJK�SDVV� ILOWHULQJ��7KH�UHVXOW�RIWKH�IROORZLQJ�ILOWHU�ZLOO�KLJKOLJKW�DOO�SL[HOV�WKDW�KDYH�LQWHQVLW\�YDOXHV�DERYH�D�FHUWDLQ�OHYHO�

(TXDWLRQ�����
7KLV� W\SH�RI� ILOWHU� LV�RI�SUDFWLFDO�XVH�RQO\� LQ� KLJKO\�FRQWUROOHG�HQYLURQPHQWV��7KH�SUREOHP�ZLWK� WKLVNLQG�RI�ILOWHU�LV�VHOHFWLQJ�WKH�WKUHVKROG�YDOXH�7 VXFK�WKDW�IRU�DOO�SRVVLEOH�LQSXW�LPDJHV�D�ELQDU\�LPDJH�LVFUHDWHG�ZKHUH� WKH� LQWHQGHG� EODFN�ZKLWH� UHODWLRQ� LV� SUHVHUYHG�� ,Q� OLWHUDWXUH�� WKH� ELQLDUL]DWLRQ�PHWKRGGHVFULEHG� DERYH� LV� RIWHQ� ODEHOHG� DV� JOREDO� WUHVKROGLQJ�� $V� RSSRVHG� WR� JOREDO� WUHVKROGLQJ� VHYHUDOWHFKQLTXHV�� UHIHUUHG� DV� ORFDO� WUHVKROGLQJ� KDYH� EHHQ� GHYHORSHG�� 7KHVH� WHFKQLTXHV� KDYH� G\QDPLFWKUHVKROG�YDOXHV�EDVHG�RQ�LQWHQVLW\�YDOXHV�RI�QHLJKERULQJ�SL[HOV�
)LJXUH����� VKRZV� WKH� UHVXOWV�RI� WKH�ELQLDUL]DWLRQ�SURFHGXUHV�RI� HTXDWLRQ������DQG�������)LJXUH� ����EVKRZV�WKH�EODFN�ZKLWH�LPDJH�ZKHQ������LV�DSSOLHG�ZLWK�D�IL[HG�WUHVKROG�YDOXH�7��)LJXUH�����F�VKRZVWKH�EODFN�ZKLWH� LPDJH�ZKHQ� WKH� WUHVKROG� YDOXH� IRU� HDFK�SL[HO� LV� DGMXVWHG��7KH� WUHVKROG� YDOXH� LQ� WKHODWWHU�LV�DVVLJQHG�DV�WKH�DYHUDJH�YDOXH�RI�WKH�VXUURXQGLQJ�SL[HOV�

(TXDWLRQ�����
/RRNLQJ�DW�HTXDWLRQ������LW�LV�H[SHFWHG�WKDW�WKLV�WUHVKROG�DSSOLHG�ZRXOG�UHVXOW�LQ�D�YHU\�QRLVLQJ�EODFNDQG�ZKLWH�LPDJH��EHFDXVH�HYHQ�VPDOO�GLIIHUHQFHV�LQ�LQWHQVLW\�YDOXHV�RI�VXUURXQGLQJ�SL[HOV�PD\�WXUQ�DSL[HO�IRUP�EULJKW�WR�EODFN�RU�IRUP�GDUN�WR�ZKLWH��7KDW�LV�H[DFWO\�ZKDW�LW�GRHV��$V�VKRZQ�ODWHU�LQ�VHFWLRQ���� WKLV� WUDQVIRUPDWLRQ� LV� YHU\� XVHIXO� WR� KLJKOLJKW� WKH� QXPEHUSODWH� ERXQGDU\� DV� ZHOO� DV� WKHQXPEHUSODWH�FKDUDFWHUV�XQGHU�SDUWLFXODU�FRQGLWLRQV�

)LJ�����D�E�F�/HIW�WKH�RULJLQDO�SLFWXUH��JOREDO�WUHVKROGLQJ�DSSOLHG�RQ�PLGGOH�SLFWXUH��ULJKWVKRZV�WKH�UHVXOW�RI�WKH�ORFDO�WUHVKROGLQJ�SURFHGXUH

:+,7(WR\[SL[HOVHWHOVH %/$&.WR\[SL[HOVHW7\[ILI ��� ������ !

� � � � � � � � � �� � ����������� �������� \[I\[I\[I\[I\[I7
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$UHDILOOLQJ��DOJRULWKPV
9DULRXV� DOJRULWKPV� KDYH� EHHQ� GHILQHG� WR� ILOO� LPDJH� DUHDV� ZLWK� D� SUHGHILQHG� FRORU�� 7KH� IORRGILOODOJRULWKP�LV�WKH�PRVW�SUDFWLFDO�ZKHQ�GHDOLQJ�ZLWK�GLJLWDO�SKRWRJUDSKV��7KH�IORRGILOO�DOJRULWKP�VWDUWV�DWD�SL[HO�LQVLGH�WKH�LQWHULRU�RI�DUHD�WKDW�LV�WR�EH�ILOOHG�ZLWK�D�VSHFLILF�FRORU��,I�WKH�LQWHQVLW\�YDOXH�RI�WKHVWDUWLQJ�SL[HO�GRHV�QRW�HTXDO� WKH�YDOXH� VSHFLILHG�DV� WKH�ERXQGDU\�� WKH�FRORU�RI� WKH�SL[HO� LV� VHW� WR� WKHVSHFLILHG� ILOO� FRORU�� 7KH� DOJRULWKP� WKHQ� FRQWLQXRV� E\� DSSO\LQJ� WKH� VDPH� SURFHGXUH� IRU� DOO� WKHVXUURXQGLQJ�SL[HOV��,I�WKH�SL[HO�XQGHU�FRQVLGHUDWLRQ�KDV�HLWKHU�WKH�VSHFLILHG�ILOO�FRORU�RU�WKH�VSHFLILHGERXQGDU\�FRORU�WKH�DOJRULWKP�VWRSV��%HORZ�D�FRGH�VDPSOH�RI�D�UHFXUVLYH�IXQFWLRQ�LV�JLYHQ�WKDW�WXUQV�DOOSL[HOV�RI�D�PRQRFKURPH��LPDJH�WR�ZKLWH�H[FHSW�WKRVH�WKDW�OLH�ZLWKLQ�DQ�HQFORVHG�ZKLWH�DUHD�

IORRGILOO��LQW�[��LQW�\�^LI�E>[@>\@ %/$&.^E>[@>\@� �:+,7(IORRGILOO��[���\�IORRGILOO��[�\���IORRGILOO��[���\�IORRGILOO��[�\���``
��������6SDWLDO�ILOWHULQJ
6SDWLDO� ILOWHULQJ� UHIHUV� WR� ILOWHULQJ� WHFKQLTXHV� ZKHUH� SL[HO� PDVNV� DUH� XVHG� � WR� HQKDQFH� WKH� LPDJH�6SDWLDO� ILOWHULQJ�� DV� RSSRVHG�� WR� SRLQW� SURFHVVLQJ� HQKDQFHPHQWV�� FRQVLGHUV� WKH� LQWHQVLW\� YDOXHV� RIQHLJKERXULQJ�SL[HOV�WR�GHWHUPLQH�QHZ�LQWHQVLW\�YDOXHV�

/RZ�SDVV�ILOWHULQJ
/RZ�SDVV� ILOWHUV� DUH� RIWHQ�XVHG� WR� FOHDQ� WKH� QRLVH� RQ� DQ� LPDJH��$� VLGH� HIIHFW� RI� QRLVH� UHGXFWLRQ� E\DSSO\LQJ� ORZ�SDVV�VSDWLDO� ILOWHUV� LV� LPDJH�EOXUULQJ��*HQHUDOO\�� D�PDVN�GHVFULEHV� ILOWHU�RSHUDWLRQV��%\PRYLQJ� WKH�PDVN�RYHU� WKH�ZKROH�SLFWXUH��HDFK�SL[HO� LQ� WKH� LPDJH� LV� DVVLJQHG�D�QHZ� LQWHQVLW\�YDOXH�7KH�YDOXH�] LV�VHW� WR� WKH� VXP�RI� WKH�SURGXFWV�RI� WKH�PDVNV�ZHLJKW�YDOXHV� �Z���Z���DQG� WKH� LQWHQVLW\YDOXHV� ]L RI� WKH� SL[HOV� XQGHU� WKH� PDVN�� 7KH� IROORZLQJ� VSDWLDO� ILOWHU� LV� RIWHQ� XVHG� WR� HQKDQFH� QRLV\SLFWXUHV�

Z� Z� Z���� Z� Z� Z�Z� Z� Z�
:KHUH

(TXDWLRQ�����
%HORZ�LQ�ILJXUH�����WKH�HIIHFW�RI�WKH�ILOWHU�LV�VKRZQ�

)LJ������/HIW�WKH�RULJLQDO�LPDJH��ULJKW�ORZSDVV�ILOWHUHG�LPDJH

����� ����������� ]Z]Z]Z]Z]Z]DQGZL ����  



��

+LJK�SDVV�ILOWHULQJ
+LJK�SDVV�ILOWHUV�DUH��DV�RSSRVHG�WR�WKHUH�ORZ�SDVV�HTXLYDOHQW��XVHG�WR�VKDUSHQ�WKH�SLFWXUH��+LJK�SDVVILOWHUV�µKLJKOLJKW¶�GHWDLOV�ZKLOH�ORZ�FRQWUDVW�DUHDV�RI�DQ�LPDJH�UHPDLQ�XQFKDQJHG��(GJH�HQKDQFHPHQWLV� RIWHQ� LPSOHPHQWHG� E\� DSSO\LQJ� D� KLJK�SDVV� ILOWHU�� 7KH� IROORZLQJ� ILJXUH� JLYHV� DQ� H[DPSOH� RI� DVSHFLDO�KLJK�ERRVW�ILOWHU�

Z� Z� Z���� Z� Z� Z�Z� Z� Z�
:KHUH

(TXDWLRQ�����

)LJ�������/HIW�WKH�RULJLQDO�LPDJH�ULJKW�WKH�KLJKERRVW�ILOWHUHG�LPDJH
������)UHTXHQF\�GRPDLQ�ILOWHULQJ
,PDJH�ILOWHULQJ�LQ�WKH�IUHTXHQF\�GRPDLQ�LV�LQ�SULQFLSOH�VWUDLJKWIRUZDUG��)LUVW��WKH�)RXULHU�WUDQVIRUP�RIWKH� LPDJH� LV� FRPSXWHG�� WKH� UHVXOW� LV� PXOWLSOLHG� E\� D� ILOWHU� WUDQVIHU� IXQFWLRQ� DQG� ILQDOO\� WKH� LQYHUVH)RXULHU�WUDQVIRUP�LV�WDNHQ�
/RZSDVV�ILOWHUV
6KDUS� WUDQVLWLRQV� LQ� JUH\�OHYHOV� EHWZHHQ� FRQQHFWHG� SL[HOV� GR� FRQWULEXWH� WR� WKH� KLJK� IUHTXHQF\FRPSRQHQWV� LQ� WKH� )RXULHU� WUDQVIRUP� RI� WKH� LPDJH��:H� UHFDOO� HTXDWLRQ� �����:KHQ� PXOWLSO\LQJ� WKLVIXQFWLRQ�E\�K�Y�Z� IURP�HTXDWLRQ������ZH�FDQ�HDVLO\�UHPRYH�DOO�VKDUS�WUDQVLWLRQ�EHWZHHQ�SL[HOV�RQ�WKHLPDJH�MXVW�E\�WDNHQ�WKH�LQYHUVH�WUDQVIRUP��)LJXUH�����GHPRQVWUDWHV�WKH�UHVXOW�

(TXDWLRQ������)XQFWLRQ�XVHG�LQ�EDFNZDUG�))7

���������� ���
�����������
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)LJ�������/HIW�RULJLQDO�SLFWXUH�ULJKW�WKH�LQYHUVH�WUDQVIRUP�XVLQJ�HTXDWLRQ�����
+LJK�SDVV�ILOWHUV
$V�RSSRVHG�WR�ORZ�SDVV�ILOWHULQJ�LQ�RUGHU�WR�VPRRWK�WKH�LPDJH��WKH�)RXULHU�WUDQVIRUP�FDQ�EH�PXOWLSOLHGE\���IRU�DOO� ORZ�IUHTXHQF\�FRPSRQHQWV��XVH�HTXDWLRQ��������7KH�LQYHUVH�WUDQVIRUP�RI�WKH� LPDJH�ZLOOVKRZ�RQO\�WKH�VKDUS�WUDQVLWLRQV�RI�WKH�RULJLQDO��6HH�ILJXUH����

(TXDWLRQ������)XQFWLRQ�XVHG�LQ�EDFNZDUG))7��WR�ILOWHU�RXW�ORZ�IUHTHQF\�FRPSRQHQWV

)LJ�������/HIW�RULJLQDO�SLFWXUH�ULJKW�WKH�LQYHUVH�WUDQVIRUP�XVLQJ�HTXDWLRQ�����
����,PDJH�VHJPHQWDWLRQ
:LWKLQ� WKH� SUH�SURFHVVLQJ� VWDJH� RI� DQ� DXWRPDWHG� LPDJH� XQGHUVWDQGLQJ� V\VWHP�� QRUPDOO\� QRLQIRUPDWLRQ� LV� H[WUDFWHG� IURP� WKH� LPDJH��*HQHUDOO\�� LPDJH�SUH�SURFHVVLQJ� VWHSV�PDS� DQ� LPDJH� IURPRQH�GLVJXLVH�RQWR�DQRWKHU�,PDJH� VHJPHQWDWLRQ�� VXEGLYLGHV� WKH� LPDJH� LQWR� SDUWV� WKDW� DUH� FRQVLGHUHG� WR� EH� WKH� REMHFWV� IRUUHFRJQLWLRQ�� 7KH� RXWSXW� RI� LPDJH� VHJPHQWDWLRQ� DV� RSSRVHG� WR� SUH�SURFHVVLQJ�� LV� QRW� D� WUDQVIRUPHGLPDJH�EXW�HLWKHU�FXWRXWV�RI�WKH�RULJLQDO�LPDJH�RU�GDWD�UHODWHG�WR�VHJPHQW�SURSHUWLHV�6HJPHQWDWLRQ�DOJRULWKPV�DUH�EDVHG�RQ�WZR�EDVLF�SURSHUWLHV�RI�WKH�VHJPHQW�VHDUFKLQJ�IRU�x /RFDO�GLVFRQWLQXLW\�LQ�SL[HO�LQWHQVLW\�OHYHO�x 3L[HO�FRQQHFWLRQ�EDVHG�RQ�FHUWDLQ�FRORU�VLPLODULWLHV�
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������'LVFRQWLQXLW\�GHWHFWLRQ
,Q� WKLV� VHFWLRQ� WKH� PRVW� XVHG� OLQH� GHWHFWLRQ� DOJRULWKP� LV� SUHVHQWHG�� WKH� 6REHO� RSHUDWRU�� 6LPLODURSHUDWRUV� FDQ�EH� XVHG� IRU� SRLQW� RU� HGJH�GHWHFWLRQ��7KH� 6REHO� RSHUDWRU� WR� FRPSXWH� WKH� GHULYDWLYH� RILPDJH�SL[HO�LQWHQVLW\�YDOXHV�LQ�WKH�\�GLUHFWLRQ�LV�JLYHQ�E\�WKH�IROORZLQJ�PDVN�

�� �� ��� � �� � �
7KH�6REHO�RSHUDWRU�WR�FRPSXWH�WKH�GHULYDWLYH�RI�LPDJH�SL[HO�LQWHQVLW\�YDOXHV�LQ�WKH�[�GLUHFWLRQ�LV�JLYHQE\�WKH�IROORZLQJ�PDVN�

�� � ��� � ��� � �
7KH� EODFN� DUHDV� LQ� WKH� SLFWXUH� RI� ILJXUH� ����E� LQGLFDWH� WKDW� DEVROXWH� YDOXHV� RI� WKH� SL[HO� LQWHQVLW\GHULYDWLYHV�DUH�DERYH�D�FHUWDLQ�OHYHO�LQ�HLWKHU�[ RU�\ GLUHFWLRQ�

(TXDWLRQ������6REHO�RSHUDWLRQ

)LJ������D�E��/HIW�RULJLQDO�LPDJH��ULJKW�WKH�LPDJH�DIWHU�WKH�6REHORSHUDWLRQ�RI��(TXDWLRQ������KDV�EHHQ�DSSOLHG
������5HJLRQ�RULHQWHG�VHJPHQWDWLRQ
'LVFRQWLQXLW\�GHWHFWLRQ�DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�GRHV�JLYH�XV�FOXHV�RI�ZKDW�SL[HO�DUHDV�WRVHOHFW� LQ�RUGHU� WR�FXWRXW� WKH�DUHD�RI� LQWHUHVW��$OWKRXJK� WKH�QXPEHUSODWH�RI� WKH� WUXFN� VKRZQ� LQ� ILJXUH����� LV� VXUURXQGHG�E\�EODFN�SL[HOV�� IXUWKHU� SURFHVVLQJ� � LV� UHTXLUHG� WR� FXWRXW� WKH� DFWXDO� OLFHQVH� SODWHSL[HOV�� $� WHFKQLTXH� WR� DFFRPSOLVK� WKLV� LV� UHIHUUHG� WR� DV� UHJLRQ� JURZLQJ� E\� SL[HO� DJJUHJDWLRQ�� 7KLVSURFHGXUH�JURXSV�SL[HOV�WKDW�KDYH�WKH�VDPH�FRORU�DQG�WKDW�DUH�FRQQHFWHG�LQWR�D�UHJLRQ�
,Q�RUGHU�WR�UHYHDO�WKH�DEVROXWH�SL[HO�FRRUGLQDWHV�RI�WKH�HGJHV�RI�WKH�QXPEHUSODWH�ZH�FRXOG�ZRUN�RXW�WKHIROORZLQJ�DOJRULWKP��� 7DNH�WKH�FRRUGLQDWHV�RI�XWPRVW�OHIW�ERWWRP�SL[HO�RI�WKH�LPDJH�WR�VWDUW�ZLWK��� 7UDYHO�IURP�WKLV�FRRUGLQDWH�IURP�OHIW�WR�ULJKW�DORQJ�HDFK�VFDQ�OLQH�RI�WKH�LPDJH�XQWLO�D�EODFN�SL[HOLV�KLW��� 7KLV�SL[HO�ZLOO�EH�WKH�ILUVW�SL[HO�RI�WKH�VHW�RI�SL[HOV�EHORQJLQJ�WR�WKH�VHJPHQW��� $GG�UHFXUVLYHO\�DOO�FRQQHFWHG�EODFN�SL[HOV�WR�WKH�VHW�
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�� )LQDOO\�GHWHUPLQH�WKH�PD[LPXP�[��DQG�\�FRRUGLQDWH�HQ�PLQLPXP�[��DQG�\ FRRUGLQDWH�RI�DOO�SL[HOVWKDW�EHORQJ�WR�WKH�VHW��� /LFHQVH�SODWH�HGJH�FRRUGLQDWHV�ZLOO�EH �[PLQ��\PLQ ����[PLQ��\PD[ ����[PD[��\PLQ��DQG��[PD[��\PD[���� 5HGR�IURP���WR�JUDE�WKH�QH[W�VHJPHQW�LI�QHFHVVDU\�
,Q�RXU�DSSOLFDWLRQ�ZH�KDYH� LPSOHPHQWHG�DQ�DOJRULWKP�DV� VXFK� WR�JUDE� WKH�DUHDV� LQ�ZKLFK� LQGLYLGXDOFKDUDFWHUV�RI�WKH�QXPEHU�SODWH�UHVLGH�
����3DWWHUQ�UHFRJQLWLRQ
$V�ZLWK� LPDJH�SURFHVVLQJ��SDWWHUQ� UHFRJQLWLRQ� LV� DSSOLHG� LQ�PDQ\�GLIIHUHQW� DUHDV�� VSHHFK�SURFHVVLQJHDUO\�IDLOXUH�GHWHFWLRQ�LQ�PDFKLQHU\�E\�WUHQGLQJ�FKDUDFWHULVWLF�SDUDPHWHUV�DQG�VKDUH�YDOXH�IRUHFDVWLQJDUH�RQO\�D�IHZ�H[DPSOHV�$XWRPDWHG�SDWWHUQ� UHFRJQLWLRQ�V\VWHPV�DUH�KDUG� WR� LPSOHPHQW�� ,Q� >�@�%LVKRS� VWDWHG�� ³�2IWHQ�SDWWHUQUHFRJQLWLRQ� SUREOHPV�PD\� VHHPLQJO\� EH� VROYHG� E\� KXPDQV� HIIRUWOHVV�� FRPSXWHU� LPSOHPHQWDWLRQV� IRUWKLV�SUREOHP�KDYH�LQ�PDQ\�FDVHV�SURYHQ�WR�EH�LPPHQVHO\�GLIILFXOW�KRZHYHU�´
7UDGLWLRQDO�SURJUDPPLQJ�SURYLGHV�HQRXJK�IOH[LELOLW\��H[SUHVVLYH�SRZHU��DQG�WKHRUHWLFDO�IRXQGDWLRQ�WRVROYH� WKH� PDMRU� SUREOHPV� LQ� WKH� LPDJH� SUH�SURFHVVLQJ�� LPDJH� VHJPHQWDWLRQ�� DQG� IHDWXUH� H[WUDFWLRQVWDJH� RI� DQ� LPDJH� XQGHUVWDQGLQJ� V\VWHP� UHODWLYHO\� HDV\�� 7KHUH� GRHV� QRW� H[LVW� D� VHULRXV� KDUGZDUHERWWOHQHFN�LQ�HLWKHU�SUH�SURFHVVLQJ�RU�LQ�VHJPHQWDWLQJ�D�GLJLWDO�LPDJH��+RZHYHU��VROXWLRQV�IRU�SDWWHUQUHFRJQLWLRQ� SUREOHPV� LQ� GLJLWDO� LPDJHV� DUH� OHVV� REYLRXV�� 7KH� FKDOOHQJH� ZLWKLQ� DXWRPDWHG� SDWWHUQUHFRJQLWLRQ�LV��WR�SURJUDP�D�PDFKLQH�VXFK�WKDW�LQVWDQFHV�RI�LQSXW�SDWWHUQV�FDQ�EH�UHFRJQL]HG�ZLWK�DQH[SHFWDEOH�ORZ�PLVFODVVLILFDWLRQ�UDWH�0DWKHPDWLFDOO\��D�SDWWHUQ�UHFRJQLWLRQ�SUREOHP�PD\�EH�IRUPXODWHG�DV�IROORZV��³ILQG�D�IXQFWLRQ�ZKLFKPDSV� LQVWDQFHV�RI� WKH� LQSXW� VDPSOH� WR�EH� UHFRJQL]HG�RQWR�RQH�RI� WKH�FODVVHV� WKDW� DUH�GHILQHG�RQ� WKHSDWWHUQ�VHDUFKHG�IRU´��2IWHQ�LW� LV�FRQYHQLHQW� WR�GHQRWH�WKH� LQSXW�VDPSOH�DV�D�YHFWRU�[�DQG� WKH�RXWSXWFODVVHV�WR�YHFWRU�\�

(TXDWLRQ�����
,I�WKHUH�H[LVWV�D�³PDQ\�WR�RQH´��UHODWLRQ�EHWZHHQ�[ DQG�\ DQG�WKH�LQSXW�UDQJH�DQG�GLPHQVLRQ�DUH�VPDOOQXPEHUV��WKHQ�RQH�FDQ�DOZD\V�ILQG�DQ�LPSOHPHQWDWLRQ�RI�WKH�IXQFWLRQ�LQ�HTXDWLRQ�������MXVW�E\�VLPSOHFRQVWUXFWLQJ�D�PDSSLQJ�WDEOH�E\�HQXPHUDWLRQ�,Q�SUDFWLFH�KRZHYHU��1 DQG�0 ZLOO�QRW�EH�VPDOO�QXPEHUV�DQG�PRUH�VHULRXVO\��ZH�HYHQ�PLJKW�QRW�KDYH�DFOXH�WR�IRUPXODWH�D�VHQVLEOH�UHODWLRQ�EHWZHHQ�WKH�LQSXW�YHFWRU�DQG�WKH�RXWSXW�YHFWRU�
6WDWLVWLFV� IRUP� WKH� IUDPHZRUN� WR� IRUPXODWH� VROXWLRQV� IRU� SDWWHUQ� UHFRJQLWLRQ� SUREOHPV�� 1HXUDOQHWZRUNV�KDYH�VKRZQ�PDQ\�SRZHUIXO�UHVXOWV�LQ�WKH�ILHOG�RI�SDWWHUQ�UHFRJQLWLRQ�DQG�PD\�EH�YLHZHG�DVDQ�H[WHQVLRQ�RQ�FRQYHQWLRQDO�WHFKQLTXHV�LQ�VWDWLVWLFV��:H�ZLOO�XVH�QHXUDO�QHWZRUN�SDWWHUQ�UHFRJQL]HUVZLWKRXW�JLYHQ�DQ� LQWURGXFWLRQ� WR�VWDWLVWLFDO�SDWWHUQ� UHFRJQLWLRQ�EHFDXVH� WKLV�ZRXOG�EH� IDU�EH\RQG� WKHVFRSH�RI�WKLV�UHSRUW�1HXURFRPSXWLQJ�DV�RSSRVHG�WR�WUDGLWLRQDO�SURJUDPPLQJ��JLYHV�XV�WRROV�WR�ILQG�IXQFWLRQV�OLNH�HTXDWLRQ����� WKDW� HYHQWXDOO\� PD\� VHUYH� DV� D� SDWWHUQ� UHFRJQL]HU� IXQFWLRQ� RQ� D� VSHFLILF� SUREOHP�� 1RZDGD\V�RIWHQ�WKH�WHUP�FRQQHFWLVP�LV�XVHG�IRU�D�FODVV�RI�DOJRULWKPV�WKDW�KDYH�D�VWUXFWXUH�DQG�EHKDYLRU�DOLNH�WKHPRGHO� WKDW� FXUUHQWO\� H[LVWV� RQ� WKH� IXQFWLRQLQJ� RI� WKH� KXPDQ� EUDLQ�� 7\SLFDOO\�� D� QHXUDO� QHWZRUN� LVWUDLQHG� WR� UHFRJQL]H� SDWWHUQ�FODVVHV� LQ� WKH� LPDJH� E\� VXSSO\LQJ� LW� ZLWK� VXIILFLHQW� VDPSOHV�� ,I� WKHUHFRJQLWLRQ� UDWH� LV� DFFHSWDEOH� DIWHU� D� FHUWDLQ� WLPH� RI� WUDLQLQJ� WKH� QHWZRUN� PD\� EH� XVHG� DV� DQDSSUR[LPDWLRQ�RI�WKH�IXQFWLRQ��ZH�ZHUH�ORRNLQJ�IRU��DV�VSHFLILHG�LQ�HTXDWLRQ������
0RVW�RI� WKH�QHXUDO�QHWZRUN�DSSOLFDWLRQV� UHTXLUH� WKH�RULJLQDO� LQSXW� VDPSOH� WR�EH�FODVVLILHG� WR�EH�SUH�SURFHVVHG�� 7KLV� SUH�SURFHVVLQJ�� RIWHQ� UHIHUUHG� DV� IHDWXUH� H[WUDFWLRQ�� KDV� RIWHQ� JUHDWO\� LPSURYHG� WKHSHUIRUPDQFH�RI�WKH�UHFRJQLWLRQ�V\VWHP��7KLV�LV�PDLQO\�EHFDXVH�ZH�UHGXFH�WKH�GLPHQVLRQ�1�LQ�IRUPXOD������ 6XSSRVH� ZH� ZDQW� WR� UHFRJQL]H� D� FKDUDFWHU� ILJXUH� RQ� D� ���
���� SL[HO� LPDJH�� :H� FRXOG� XVHVLPSO\�DOO��������SL[HO�YDOXHV�GLUHFWO\�DV�LQSXW�WR�WKH�QHXUDO�QHWZRUN��0�ZRXOG�EH����LQ�WKLV�FDVH�LI�DOO
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DOSKDQXPHULFDO� FKDUDFWHUV� DUH� FRQVLGHUHG��1�ZRXOG� EH� ������� �� � 7KLV� LV� QRW� QHFHVVDULO\� D� SUREOHPFRPSXWDWLRQDO�ZLVH�EXW�WKH�VL]H�RI�WKH�WUDLQLQJ�VHW�ZRXOG�EH�KXJH��7KHUHIRUH��ZH�VHOHFW�RQO\�VSHFLILFIHDWXUHV�RQ� WKH� LQSXW�VDPSOH��0RPHQWV�DQG�SULQFLSOH�FRPSRQHQWV�RI� WKH� LPDJH� WR�EH� UHFRJQL]HG�DUHRIWHQ�H[WUDFWHG�EHIRUH�WKH�LPDJH�LV�IHG�WR�WKH�QHXUDO�QHWZRUN�UHFRJQL]HU�
:H�KDYH�XVHG�WZR�W\SHV�RI�QHXUDO�QHWZRUNV�x $�PXOWLSOH�OD\HU�SHUFHSWURQ�QHWZRUN�XVLQJ���
���ELQDU\�SL[HOV�GLUHFWO\�ZLWKRXW�SUHSURFHVVLQJ�x $�QHRFRJQLWURQ�W\SH�QHXUDO�QHWZRUN�
,PDJH�VHJPHQW�VDPSOHV�WR�EH�UHFRJQLVHG�FDQ�EH�XVHG�GLUHFWO\�LQ�D�QHRFRJQLWURQ��SURYLGHG�VRPH�WULYLDOSUHSURFHVVLQJ� RQ� WKH� LQSXW� VHJPHQW� LV� SUHIRUPHG� OLNH� ELQLDUL]DWLRQ�� 9LHZHG� IRUP� WKH� RXWVLGH� DQHRFRJQLWURQ�QHWZRUN�W\SH�KDV�WKH�VDPH�SURFHVVLQJ�IXQFWLRQ�DV�DQ\�RWKHU�W\SH�RI�DUWLILFLDO�QHWZRUN��,WSURYLGHV�D�PDSSLQJ�OLNH�HTXDWLRQ�������7UDLQLQJ�OHDUQLQJ�WKH�QHWZRUN�FDQ�EH�FDUULHG�RXW�H[SOLFLWO\�DVRSSRVHG�WR�0/3¶V�ZKLFK�KDYH�LPSOLFLW�WUDLQLQJ�PHWKRGV�
����,QWHUSUHWDWLRQ�RI�UHVXOWV
+XPDQV� FDQ�RIWHQ� UHFDOO� FRPSOHWH� LQIRUPDWLRQ� IURP�SDUWLDO� RU� XQFOHDU� REVHUYDWLRQV��(YHU\ERG\� FDQLQWHUSUHW� WKLV� WH[W� HYHQ� LI� ZH� GQ¶W� SUQW� WK� � YZOV� EW� QO\� WK� FQVQQWV�� 6RPHKRZ�� ZH� KDYH� H[SOLFLWNQRZOHGJH�DERXW� WH[W��:H�NQRZ�WKH�V\QWD[�DQG�JUDPPDU�VWUXFWXUH�DQG�UXOHV�DSSOLHG� WR� WH[W�DQG�XVHWKLV�NQRZOHGJH�DIWHU�KDYLQJ�UHFRJQL]HG�WKH�XQGHUOLQHG�SULQWHG�WH[W�DERYH��$QRWKHU�H[DPSOH�RI�H[SOLFLWNQRZOHGJH��ZH�ZRXOG�QHYHU�FODVVLI\�DQ�REMHFW�DV�DQ�HOHSKDQW�LI�REVHUYHG�DV�VRPHWKLQJ�ELJ��KLJK�DERYHXV�LQ�WKH�VN\��VLQFH�ZH�NQRZ�HOHSKDQWV�GR�QRW�IO\�XVXDOO\��,W�ZRXOG�EH�PRUH�OLNHO\�DQ�DLUSODQH�RU�DQ8)2�
7KH�LPDJH�SURFHVVRU��IHDWXUH�H[WUDFWRU�DQG�UHFRJQL]HU�PRGXOH�LQ�DQ�LPDJH�XQGHUVWDQGLQJ�V\VWHP�ZLOOQHYHU� SHUIRUP�������0LVFODVVLILFDWLRQ�ZLOO� LQHYLWDEO\� RFFXU�� 7KHUHIRUH��PDQ\� LPDJH� XQGHUVWDQGLQJV\VWHPV� KDYH� LQWHUSUHWDWLRQ� PRGXOHV� DWWDFKHG� DV� ILQDO� VWHS� LQ� WKH� SURFHVVLQJ� FKDLQ�� 7KHVH� SRVW�SURFHVVRU�PRGXOHV�GR�KROG�WKH�H[SOLFLW��NQRZOHGJH�RI�WKH�SUREOHP�GRPDLQ�7KHUH� LV� QR� JHQHUDO� DUFKLWHFWXUH� RI� VXFK� D� PRGXOH� VLQFH� WKLV� KLJKO\� GHSHQGV� RQ� WKH� GRPDLQ� RI� WKHLPDJH�XQGHUVWDQGLQJ�V\VWHP�� ,Q�FDVH�RI�D�&/35�IRU�'XWFK� OLFHQVH�SODWHV�� D�KDUGFRGHG�SURFHGXUH�RIVRPH� V\QWD[� UXOHV� PD\� EH� XVHG� WR� WU\� WR� HOLPLQDWH� RU� FRUUHFW� UHFRJQLWLRQ� HUURUV�� ,I� D� VLOKRXHWWHUHFRJQL]HU�IRU�IO\LQJ�REMHFWV�LV�WKH�VXEMHFW�RI�RXU�LPDJH�XQGHUVWDQGLQJ�V\VWHP��D�NQRZOHGJH�EDVH�DQGDQ�LQWHUIHUHQFH�HQJLQH�ZRXOG�EH�QHFHVVDU\�WR�LQFUHDVH�WKH�XQGHUVWDQGLQJ�SHUIRUPDQFH�RI�WKH�V\VWHP�,Q�RXU�V\VWHP�GHVLJQ��WKH�SRVW�SURFHVVRU�LV�JLYHQ�D�SODFH�LQ�WKH�DUFKLWHFWXUH��:H�KDYH�QRW�LPSOHPHQWHGDQ\�VRIWZDUH�PRGXOH�KRZHYHU��WKDW�DFWV�DV�D�SRVW�SURFHVVRU�
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&KDSWHU��
$Q�LQWURGXFWLRQ�WR�FKDUDFWHU�UHFRJQLWLRQ�XVLQJD�QHRFRJQLWURQ�W\SH�RI�DUWLILFLDO�QHXUDO�QHWZRUN
����'HVFULSWLRQ�RI�WKH�QHRFRJQLWURQ
7KH�EDVLF�IXQFWLRQ�RI�WKH�QHRFRJQLWURQ�LV�WR�DFW�DV�D�SDWWHUQ�UHFRJQLWLRQ�QHWZRUN��7KH�QHRFRJQLWURQ�LVPDLQO\� XVHG� WR� FODVVLI\� VSDWLDO� ELQDU\� FKDUDFWHU� LPDJHV�� 7KH� QHRFRJQLWURQ� KDV� EHHQ� GHVFULEHGFRPSUHKHQVLYHO\�LQ�PDQ\�WH[WERRNV��L�H�+HFKW�1LHOVHQ>�@�SS���������DQG�PDQ\�SDSHUV��L�H��)XNLVXPD>�@>�@��� %HFDXVH� GHVFULELQJ� WKH� QHRFRJQLWURQ� LQ� VKRUW� EXW� IRUPDO� PDWWHU� LV� D� UDWKHU� GLIILFXOW� WDVN�EHFDXVH�RI�WKH�FRPSOH[LW\�RQ�IXQFWLRQDOLW\�DQG�DUFKLWHFWXUH���ZH�ZLOO�RQO\�EULHIO\�H[SODLQ�WKH�LWHPV�RIWKH�RULJLQDO�QHRFRJQLWURQ�SURSRVHG�E\�)XNLVXPD>�@>�@�ZKLFK�PD\�EH� UHOHYDQW� IRU� LPSOHPHQWLQJ� WKHQHRFRJQLWURQ�LQ�VRIWZDUH�DQG�XVLQJ�WKH�QHRFRJQLWURQ�DV�D�FKDUDFWHU�UHFRJQL]HU�LQ�D�&/35�
7KH�QHRFRJQLWURQ��GHYHORSHG�EHWZHHQ������DQG������� LV� W\SLFDOO\�D�KLHUDUFKLFDO�QHWZRUN��FRPSRVHGDV�FDVFDGHG�FRQQHFWHG�OD\HUV��1HRFRJQLWURQ�OD\HUV�RQ�WKHLU�WXUQ�DUH�FRPSRVHG�RI�RQH�RU�PRUH�VODEV�RUSODQHV�� $� SODQH� LV� EXLOW� DV� D� WZR�GLPHQVLRQDO� DUUD\� RI� FHOOV�� 2IWHQ� WKH� QHRFRJQLWURQ� QHWZRUN� LVGHVFULEHG�WRS�GRZQ�LQ�OLWHUDWXUH��)URP�D�ORJLFDO�QHWZRUN�PRGHO� WRZDUGV�LQGLYLGXDO�FHOOV��,Q� WKH�QH[WVHFWLRQV�ZH�KDYH�VHOHFWHG�WR�GHVFULEH�WKH�QHWZRUN�ERWWRP�XS��7KDW�LV�VWDUWLQJ�ZLWK�WKH�FHOO�GHVFULSWLRQDQG�HQGLQJ�ZLWK�D�FRPSOHWH�QHWZRUN�PRGHO�������&HOOV
7KH� FHOOV� XVHG� LQ� QHRFRJQLWURQ� QHWZRUNV� DUH� IXQGDPHQWDOO\� VLPSOH� REMHFWV�� ,Q� WKH� QHRFRJQLWURQQHWZRUN� WKUHH� W\SHV�RI�FHOOV�DUH�GHILQHG��6�FHOOV��&�FHOOV�DQG�9�FHOOV��&HOOV�PD\�EH�FRPSDUHG� WR� WKHFODVVLFDO�SHUFHSWURQV�XVHG�LQ�0/3�DUWLILFLDO�QHXUDO�QHWZRUNV��(DFK�W\SH�RI�FHOO�LV�DVVLJQHG�WR�SHUIRUP�DW\SLFDO�IXQFWLRQ�ZLWKLQ�WKH�QHRFRJQLWURQ�7KH�6�FHOOV�LQ�WKH�QHRFRJQLWURQ�QHWZRUN�DUH�WKH�IHDWXUH�H[WUDFWLQJ�FHOOV��7KH�H[FLWDWLRQ�RI�D�SDUWLFXODUFHOO�ZLOO�EH�KLJK�RQO\�LI�D�VSHFLILF�LQSXW�SDWWHUQ�LV�SUHVHQWHG��D��SDUWLFXODU�IHDWXUH��WR�LWV�LQSXWV��:KLFKIHDWXUHV�D�6�FHOO� VKRXOG�GHWHFW� LV�GHWHUPLQHG�E\� � WUDLQLQJ��7UDLQLQJ� LV�EDVLFDOO\� UHLQIRUFLQJ� WKH� LQSXWFRQQHFWLRQ�ZHLJKWV�RI�WKH�FHOO�DFFRUGLQJ��WR��FHUWDLQ�UXOHV��7KHVH�UXOHV�DUH�SUHVHQWHG�ODWHU��$�6�FHOO�LVGHSLFWHG�LQ�ILJXUH����D��7KH�H[FLWDWLRQ�RI�D�6�FHOO�LV�FDOFXODWHG�E\�HTXDWLRQ����D�

(TXDWLRQ����D
»»»¼
º

«««¬
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,Q�HTXDWLRQ����D�$ LV�WKH�VHW�RI�DOO�FHOOV�LQ�WKH�FRQQHFWDEOH�DUHD��7KH�FRQQHFWDEOH�DUHD�ZLOO�EH�H[SODLQHGODWHU��M LV�GHILQHG�D�IXQFWLRQ��PD[������[����7KH�FRQVWDQW�U�LV�FDOOHG�WKH�VHOHFWLYLW\�SDUDPHWHU�DQG�ZLOODOVR�EH�H[SODLQHG�ODWHU�
7KH�9�FHOOV� DUH� LQKLELWRU\�FHOOV�� �7KHLU� LQSXW� FRQQHFWLRQ�ZHLJKWV� DUH� IL[HG�� WKHLU� RXWSXW� FRQQHFWLRQVZHLJKW� LV� UHLQIRUFHG� E\� WUDLQLQJ�� $� 9�FHOO� LV� GHSLFWHG� LQ� ILJXUH� ����� 7KH� H[FLWDWLRQ� RI� D� 9�FHOOV� LVFDOFXODWHG�E\�HTXDWLRQ����E�7KH� &�FHOOV� KDYH� DQ� LPSRUWDQW� WDVN� WR� PDNH� WKH� QHWZRUN� WROHUDQW� IRU� VPDOO� SDWWHUQ� GLVWRUWLRQV� DQGGHIRUPDWLRQV� DQG� � WUDQVODWLRQV� RI� SDWWHUQV��+RZ� WKLV� LV� DFFRPSOLVKHG� ZLOO� EH� H[SODLQHG� LQ� WKH� QH[WVHFWLRQ��$��&�FHOO�LV�GHSLFWHG�LQ�ILJXUH������7KH�H[FLWDWLRQ�RI�D��&�FHOOV�LV�FDOFXODWHG�E\�HTXDWLRQ����F�&�FHOOV�KDYH�SUHGHILQHG�LQSXW�FRQQHFWLRQ�ZHLJKWV�ZKLFK�FDQQRW�EH�FKDQJHG�GXULQJ�WUDLQLQJ�

)LJ������1HRFRJQLWURQ�W\SH�FHOOV��D�E�F�DQG�G��DUH�WKH�GLIIHUHQW�FHOO�ZHLJKWV�YDOXHV��8F�8Y�DQG�8V�DUHFHOO�H[FLWDWLRQ�YDOXHV

(TXDWLRQ����E

(TXDWLRQ����F
:KHUH�\ LV�D�IXQFWLRQ�GHILQHG�DV�IROORZV���[��������[��������3ODQHV
$V� WKHUH� H[LVW� WKUHH� NLQGV� RI� FHOOV� LQ� D� QHRFRJQLWURQ�� WKHUH� DOVR� H[LVW� WKUHH� NLQGV� RI� SODQHV� LQ� DQHRFRJQLWURQ�DUFKLWHFWXUH��7KHLU�QDPHV�ZLOO�QRW�EH�YHU\�VXSSULVLQJ���6�SODQHV��&�SODQHV��DQG�9�SODQHV�3ODQHV�KROG�WZR�GLPHQVLRQDO�DUUD\V�RI�6�FHOOV��&�FHOOV�RU�9�FHOOV�

¦� $L LLFF88Y �
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7KH�QXPEHU�RI�SODQH�RXWSXWV�HTXDOV�WKH�QXPEHU�RI�FHOOV�LQ�WKH�SODQH�DQG�WKH�QXPEHU�RI�LQSXWV�HTXDOVWKH�QXPEHU�RI�FHOOV�WLPHV�WKH�QXPEHU�RI�LQSXW�FRQQHFWLRQV�SHU�FHOO��3HU�SODQH��DOO�FHOOV�KDYH�H[DFWO\�WKHVDPH�VWUXFWXUH��WKHLU�ZHLJKWV�KRZHYHU�ZLOO�EH�GLIIHUHQW�EHFDXVH�RI�WUDLQLQJ��DV�ZH�ZLOO�VHH�ODWHU�&�FHOOV� DQG� 9�FHOOV� DUH� RIWHQ� PRGHOHG� WRJHWKHU� RQ� RQH� SODQH� EHFDXVH� HDFK� &�FHOO� LV� FRQQHFWHG� WRH[DFWO\�RQH�9�FHOO�DQG�EHFDXVH�WKHLU�LQSXWV�DUH�FRQQHFWHG��7KLV�LV�VKRZQ�LQ�ILJXUH������$�PRGHO�RI�DQ6�SODQH�LV�GLVSOD\HG�LQ�ILJXUH�����

)LJ������9�6�FHOO�FRQQHFWLRQ
:LWKLQ� D� QHRFRJQLWURQ� QHWZRUN�� WZR� VSHFLILF� W\SHV� RI� &�SODQHV� DUH� GHILQHG�� RQH� LQSXW� SODQH� DQGVHYHUDO��PRUH�WKDQ�RQH��RXWSXW�SODQHV��7KH�FHOOV�RI�WKH�LQSXW�SODQH�RQO\�KDYH�RXWSXW�FRQQHFWLRQV�ZKLOHWKH� RXWSXW� &�SODQH� W\SLFDOO\� KDV� RQO\� RQH� FHOO�� 7KHUH� H[LVWV� DV� PXFK� RXWSXW� SODQHV�� DV� WKHUH� DUHGLIIHUHQW�SDWWHUQ�FODVVHV�WR�EH�UHFRJQL]HG�E\�WKH�QHWZRUN�
)RU�H[DPSOH�D�QHRFRJQLWURQ�GHVLJQHG�WR�UHFRJQL]H�WKH�QXPHULFDO�FKDUDFWHUV���WKURXJK���IURP�D����E\���SL[HO�ELQDU\�LPDJH�ZLOO�KDYH�DQ�LQSXW�&�SODQH�ZLWK�����FHOOV�ZKLOH�LW�ZLOO�KDYH����RXWSXW�&�SODQHV�6XFK�D�QHRFRJQLWURQ�EDVLFDOO\�LPSOHPHQWV�D�PDSSLQJ�DV�GHILQHG�LQ�HTXDWLRQ�����

(TXDWLRQ����
,Q�WKH�IROORZLQJ�VHFWLRQ�LW�ZLOO�EH�H[SODLQHG�KRZ�WKH�µKLGGHQ¶�SODQHV�DQG�WKHLU�LQWHUFRQQHFWLRQV�DUHRUJDQL]HG�LQ�VR�FDOOHG�QHWZRUN�OD\HUV�

)LJ������$��
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������/D\HUV
$�QHRFRJQLWURQ�QHWZRUN�ZLOO�KDYH�RQH�RU�PRUH�KLGGHQ� OD\HUV��(DFK�KLGGHQ� OD\HU�KDV� WZR�VXEOD\HUV�WKHVH�DUH�FDOOHG�D�&��DQG�6�VXEOD\HU��&�VXEOD\HUV�KROG�D�RQH�GLPHQVLRQDO� DUUD\� �D� URZ��ZLWK�RQH�RUPRUH�&�SODQHV��6�VXEOD\HUV�KROG�RQH�RU�PRUH�6�SODQHV��DOVR�RUJDQL]HG�LQ�D�URZ��DQG�H[DFWO\�RQH�9�SODQH��7KH�QXPEHU�RI�&�SODQHV�LV�OHVV�RU�HTXDO�WR�WKH�QXPEHU�RI�6�SODQHV��6LQFH�ZH�ZRXOG�KDYH�PRUHWKDQ�RQH�SODQH�SHU�VXEOD\HU��ZH�QHHG�DGGLWLRQDO�LQGH[HV�WR�LQGLFDWH�WKH�RXWSXW�RI�D�VSHFLILF�FHOO�ZLWKLQD�OD\HU��7KHUHIRU�ZH�UHZULWH�HTXDWLRQV����D���E�DQG�±F�E\�

(TXDWLRQ����
:KHUH��K LV�WKH��[�\��SRVLWLRQ�RI�D�FHOO�ZLWKLQ�D�SODQH�DQG�N LV�WKH�SODQH�QXPEHU�ZLWKLQ�D�OD\HU��1RWHWKDW�WKH�RXWSXW�RI�9�FHOO�KDV�QR�SODQH�LQGH[�N��EHFDXVH�WKHUH�LV�RQO\�GHILQHG�RQH�9�SODQH�SHU�OD\HU�

)LJ�������7KH�VWUXFWXUH�RI�D�KLGGHQ�OD\HU�RI�D�QHRFRJQLWURQ
%HIRUH� H[SODLQLQJ� KRZ� VLJQDOV� DUH� SURSDJDWHG� EHWZHHQ� VXEOD\HUV�� ZH� LQWURGXFH� WZR� QHZ� FRQFHSWV�FRQQHFWDEOH�DUHD DQG�QHXURQ�JDS��7KHVH�WZR�HQWLWLHV�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�FRQILJXUDWLRQ�RI�WKHQHWZRUN�DQG�GHWHUPLQH�WKH�LQWHUFRQQHFWLRQV�RI�FHOOV�(DFK� QHXURQ� RU� FHOO� WDNHV� LQSXW� IRUP� VHYHUDO� FHOOV� RI� SODQHV� LQ� D� SUHYLRXV� �VXE�� OD\HU�� 7KH� VRXUFHQHXURQV�DOO�OLH�ZLWKLQ�D�VTXDUH�DUHD��7KLV�DUHD�LV�UHIHUUHG�DV�WKH�FRQQHFWDEOH�DUHD�RI�WKH�FHOO�FRQVLGHUHG�)LJXUH�����VKRZV�WKH�FRQQHFWDEOH�DUHD�RI��
��LQ�WKH�VRXUFH�SODQH�IRU�WKH�FHQWHU�FHOO�LQ�WKH�WDUJHW�SODQH�
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)LJ�������7KH�FRQQHFWDEOH�DUHD�EHWZHHQ�WZR�SODQHV
,Q�ILJXUH�����ERWK�WKH�VRXUFH�DQG�WDUJHW�SODQH�DUH�RI�WKH�VDPH�VL]H�DQG�QHXURQ�GHQVLW\��7KH�QHXURQ�JDSIRU�WKH�WDUJHW�SODQH�LV����7KH�QHXURQ�JDS�LV�GHILQHG�DV�WKH�GLVWDQFH�RI�QHXURQV�LQ�WKH�OD\HU�FRQVLGHUHGFRPSDUHG�WR�WKH�GLVWDQFHV�EHWZHHQ�QHXURQV�LQ�WKH�VRXUFH�SODQH��)LJXUH�����LOOXVWUDWHV� WKH�QHXURQ�JDSSDUDPHWHU� LI�ZH�KDYH�GLIIHUHQW� OD\RXWV�RI�VRXUFH�DQG�WDUJHW�SODQHV��$V�VKRZQ�LQ�ILJXUH����E�ZH�PD\XVH�WKH�QHXURQ�JDS�SDUDPHWHU�WR�HQODUJH�WKH�DUHD�RI�WKH�VRXUFH�SODQH�WKDW�LV�YLVLEOH�E\�WKH�WDUJHW�SODQH�

)LJ�����D�5HDFKDEOH�DUHD�LI�QHXURQJDS ��������)LJ�����E��ZKHQ�QHXURQJDS� ��
/D\HU�LQWUD�FRQQHFWLRQV�
:LWKLQ�D�OD\HU�WKH�&�SODQHV�DUH�FRQQHFWHG�WR�6�SODQHV��$�&�SODQH�PD\�EH�FRQQHFWHG�WR�RQH�RU�PRUH�6�SODQHV��7KH�GHVLJQHU�RI�WKH�QHWZRUN�GHWHUPLQHV�WKHVH�LQWUD��FRQQHFWLRQV��:KLFK�SODQH�LV�FRQQHFWHG�WRZKLFK�LV�JLYHQ�E\�D�GLVFUHWH�IXQFWLRQ��M��N�U��� M � LI�SODQHV��N DQG�U DUH�FRQQHFWHG���M � RWKHUZLVH�%DVLFDOO\�� SODQHV� DUH� FRQQHFWHG� WKURXJK� WKH� FHOO� FRQQHFWLRQV� VKRZQ� LQ� ILJXUH� ����� (DFK� FHOO� LQ� WKHWDUJHW� SODQH� LV� OLQNHG� WR� µPDQ\¶� FHOOV� LQ� WKH� VRXUFH� SODQH�� 7KH� VL]H� RI� WKH� FRQQHFWDEOH� DUHD� DQG� WKHYDOXH�RI�WKH�QHXURQJDS�SDUDPHWHU�GHWHUPLQH�FHOO¶V�FRQQHFWLRQ�
/D\HU�LQWHU�FRQQHFWLRQV�
2YHUDOO�D�OD\HU��DOO�6�SODQHV�DUH�FRQQHFWHG�WR�DOO�&�SODQHV�LQ�WKH�SUHYLRXV�OD\HU��6�SODQHV�DUH�FRQQHFWHGWR�&�SODQHV�LQ�WKH�VDPH�ZD\�DV�OD\HU�LQWUD�FRQQHFWLRQV�KDYH�EHHQ�GHILQHG��7KH�VLQJOH�9�SODQH�LQ�WKHOD\HU� LV� DOVR� FRQQHFWHG� E\� FHOO� FRQQHFWLRQV�� (DFK� 9�SODQH� FHOO� LV� FRQQHFWHG� WR� DOO� &�SODQHV� RI� WKHSUHYLRXV�OD\HU��7KH�9�SODQH�FHOO�RXWSXWV�DUH�FRQQHFWHG�WR�D�VSHFLDO�LQKLELWRU\�LQSXW�RI�WKH�FHOOV�LQ�WKH6�SODQH�RI�WKH�VDPH�OD\HU�,Q� ILJXUH� ���� VRPH� RI� WKH� LQWUD� DQG� LQWHU� SODQH� FRQQHFWLRQV� DUH� GUDZQ�� 2EYLRXVO\� SDLQWLQJ� DQHRFRJQLWURQ�LQ�LWV�IXOO�JORU\�ZRXOG�UHVXOW�LQ�D�EHDXWLIXO�EXW�YHU\�FRPSOH[�SLFWXUH��,Q�WKH�QH[W�VHFWLRQ�D�PRUH�VFKHPDWLF�SLFWXUH�LV�JLYHQ�RI�WKH�QHRFRJQLWURQ�



��

)LJ�������,QWUD��DQG�,QWHU�OD\HU�FRQQHFWLRQV
������1HWZRUN
%HIRUH�WKH�SURSDJDWLRQ�IXQFWLRQV�SHU�FHOO�W\SH�DUH�JLYHQ�LQ�HTXDWLRQ����D���F�ZH�SUHVHQW�LQ�WDEOH�����WKHLGHQWLILHU�V\PEROV�XVHG�LQ�WKHVH�HTXDWLRQV�

7DEOH�����)RUPXOD�LQGHQWLILHUV�XVHG�WR�GHVFULEH�WKH�QHRFRJQLWURQ
,QGHQWLILHU 'HVFULSWLRQ
8V��8F��8Y 2XWSXW�RI�D�6���&���9�&HOOK �[�\��DEVROXWH�FHOO�SRVLWLRQ�LQ�D�SODQHN DQG�U ,QGH[�QXPEHUV�RI�VRXUFH�DQG�WDUJHW�SODQHO /D\HU�LQGH[�QXPEHUQ �[�\��UHODWLYH�FHOO�SRVLWLRQ�LQ�D�FRQQHFWDEOH�DUHDU 6HOHFWLYLW\�SDUDPHWHU. 6HW�RI�QXPEHUV�RI�SODQHV�LQ�D�VXEOD\HU$ 6HW�RI�HOHPHQWV�Q H�J�^�����������������������������������������������������`�IRU�D��
��DUHDT 7UDLQLQJV�FRHIILFLHQW�QRUPDOO\�VHW�DSUR[�������D�E 5HLQIRUFDEOH�FHOO�ZHLJKWVF�G )L[HG�FHOO�ZHLJKWV��VHH��HTXDWLRQ�����J��G��G�EDU 1HWZRUN�FRQVWDQWV�GHWHUPLQHG�E\�GHVLJQ�WR�VHW�WKH�IL[HG�FHOO�ZHLJKWVM�N�U� &RQQHFWLRQ�IXQFWLRQ�M $�PD[LPXP�IXQFWLRQ��VHH�HTXDWLRQ�����\ $�QRUPDOLVDWLRQ�IXQFWLRQ��VHH�HTXDWLRQV�����
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(TXDWLRQ�����:HLJKW�IXQFWLRQV

(TXDWLRQ�����7KH�PD[LPXP�IXQFWLRQ

(TXDWLRQ�����7KH�QRUPDOLVDWLRQ�IXQFWLRQ
(TXDWLRQ�����WRJHWKHU�ZLWK�WKH�NQRZOHGJH�WKDW�6�SODQHV�DQG�&�SODQHV�DUH�EDVHG�RQ�D�FRQQHFWDEOH�DUHDDQG�WKH�QHXURQ�JDS�SDUDPHWHU�OHWV�XV�UHZULWH�WKH�RXWSXW�H[FLWDWLRQ�IXQFWLRQ�RI�&��6��DQG�9�SODQH�FHOOVDV�HDUOLHU�GHILQHG�LQ�HTXDWLRQ�����

(TXDWLRQ����D�E�F��&�FHOO�H[FLWDWLRQ���9�FHOO�H[FLWDWLRQ�DQG��6�FHOO�H[FLWDWLRQ
8VLQJ� WKH� HTXDWLRQ� DERYH� ZH� FDQ� SURSDJDWH� WKH� H[FLWDWLRQV� RI� WKH� LQSXW� SODQH� WRZDUGV� WKH� RXWSXWSODQHV��7KHVH�IXQFWLRQV�PD\�QRW�VHHP�WR�EH�YHU\�WULYLDO�KRZHYHU�RQH�WKLQJ�LV�FOHDU��RQ�ZKDWHYHU�LQSXW�ZH�ZRQ¶W�JHW�DQ\�RWKHU�RXWSXW�YDOXHV�WKDQ���EHFDXVH�WKH�ZHLJKWV�D�DQG�E�DUH�LQLWLDOO\�VHW�WR�]HUR��7KHZHLJKW�YDOXHV�D DQG�E VKRXOG�EH�VHW�WR�VHQVLEOH�YDOXHV��7KLV�LV�DFFRPSOLVKHG�E\�WUDLQLQJ�WKH�QHWZRUN�+RZ�WKLV�LV�GRQH�LV�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ�,Q� ILJXUH� ����� ILQDOO\� D� VFKHPDWLF� RYHUYLHZ� LV� JLYHQ� RQ� D� QHRFRJQLWURQ� FRQILJXUDWLRQ� GHVLJQHG� WRUHFRJQL]H� KDQGZULWWHQ� FKDUDFWHUV�� 7KH� VTXDUHV� GUDZQ� ZLWKLQ� WKH� SODQH� ERXQGDULHV� GHVLJQDWH� WKHFRQQHFWDEOH�DUHDV��7KH�FLUFOHV�RQ�WKH�ODVW�VXEOD\HU�µ8F�¶�GHVLJQDWH�WKH�VLQJOH�FHOO�SODQHV�IURP�ZKLFKILQDOO\�WKH�FODVVLILFDWLRQ�RI�WKH�LQSXW�LPDJH�VDPSOH�LV�GHULYHG�

� � � �
� �

� �
»»»
»
¼
º

«««
«
¬
ª ���
� {

 {
»¼º«¬ª {

¦¦
¦¦
¦ ¦

 ��

 ��

 �

�

�

�

�����
���

�

���
� �

� ��

�

����
���

������

�������

KOOO
O

N OQ O
OO

N OQ OO

N OQ OO

U
ONQM

Q
QUN\

NQK
UK

NQKK

NQKUK

Q

.
$

.
$

.
$

8YEU U
8FDU8V8V

F8F8Y8Y
8VGM8F8F

Q

Q

Q

� �� � QOOO
QOO GGQ JQ   GF

����� ����� t � [[ [[MM

��� ���� [[[ MM\ � 



��

)LJ�������+LHUDUFKLFDO�QHWZRUN�VWUXFWXUH�RI��QHRFRJQLWURQ�PRGHO��7KLVPRGHO�LV�XVHG�WR�LPSOHPHQW�)XNLVXPD¶V�KDQGZULWWHQ�FKDUDFWHU�UHFRJQL]HU
����7UDLQLQJ�WKH�QHRFRJQLWURQ�QHWZRUN
7UDLQLQJ�D�QHRFRJQLWURQ�LV�D�FRPSOH[�WDVN��)XNLVXPD�KDV�IRUPDOO\�GHILQHG�KRZ�D�QHRFRJQLWURQ�LV�WR�EHWUDLQHG��7KLV�LV�GHVFULEHG�LQ�VHFWLRQ��������8QIRUWXQDWHO\��WKHUH�LV�QR�IRUPDO�GHILQLWLRQ�RQ�KRZ�WR�FUHDWHD�VXLWDEOH�WUDLQLQJ�VHW�IRU�D�QHRFRJQLWURQ��,Q�VHFWLRQ�������DQ�H[DPSOH�SURFHGXUH�DQG�VRPH�JXLGHOLQHVDUH�JLYHQ�WR�LPSOHPHQW�D�WUDLQLQJ�VHW�WR�UHFRJQL]H�VLPSOH�REMHFWV��$V�ZLOO�EH�GHPRQVWUDWHG�LQ�VHFWLRQ�������WUDLQLQJ�VHW�VDPSOHV�DUH�IRXQG�LQWXLWLYHO\�E\�VWXG\LQJ�WKH�FKDUDFWHULVWLF�OD\RXW�RI�WKH�REMHFWV�WREH�FODVVLILHG��$�IRUPDO�SURFHGXUH�WR�FKRRVH�WUDLQLQJ�IHDWXUHV�EDVHG�RQ�QHWZRUN�UHVSRQVH�RQ�WKH�OHYHORI�LQGLYLGXDO�FHOO�H[FLWDWLRQV�LQ�WKH�KLGGHQ�OD\HUV�LV�QRW�\HW�DYDLODEOH�������7UDLQLQJ�LQGLYLGXDO�QHRFRJQLWURQ�FHOOV
7KH� QHRFRJQLWURQ� QHWZRUN� FDQ� EH� WUDLQHG� WR� FODVVLI\� LWV� LQSXW� VDPSOH� LPDJHV� XVLQJ� D� VXSHUYLVHGPHWKRG� RU� WKURXJK� VHOI�RUJDQL]DWLRQ�� DOVR� FDOOHG� XQVXSHUYLVHG� WUDLQLQJ�� $OWKRXJK� WKH� QHRFRJQLWURQVLPXODWRU� XVHG� KDV� IXQFWLRQDOLW\� EXLOG� LQ� WR� SHUIRUP� ZHLJKW� VKDULQJ� DQG� XQVXSHUYLVHG� WUDLQLQJ�� WKHSURFHGXUHV�IRU�XQVXSHUYLVHG�WUDLQLQJ�DUH�QRW�GHVFULEHG�LQ�WKLV�UHSRUW��EHFDXVH�LQ�RXU�DSSOLFDWLRQ��ZH�GRQRW�XVH�WKH�XQVXSHUYLVHG�WUDLQLQJ�PHWKRG�7KH� VXSHUYLVHG� WUDLQLQJ� DSSURDFK� LQYROYHV� WKH� XVH� RI� ³GLUHFW´� LQSXWV� WR� WKH� 6�SODQH� FHOOV� LQ� HDFKVXEOD\HU�LQ�WKH�QHWZRUN��7KH�IROORZLQJ�UXOHV�DSSO\�RQ�D�VXSHUYLVHG�WUDLQLQJ�VHVVLRQ�x $OO�WUDLQLQJ�SDWWHUQV�DUH�SDVVHG�WR�WKH�LQSXW�SODQH�RI�WKH�QHWZRUN�x (DFK�6�SODQH�LV�OHDUQHG�WR�UHFRJQL]H�RQH�VSHFLILF�LQSXW�SDWWHUQ�x (DFK�FHOO�LQ�D�VSHFLILF�6�SODQH�ZLOO�KDYH�WKH�VDPH�ZHLJKWV�VHWWLQJ�DIWHU�WUDLQLQJ�x 7UDLQLQJ�VHW�LPDJH�VDPSOHV�DUH�FHQWHUHG�DW�WKH�LQSXW�SODQH�x 6XSHUYLVHG� WUDLQLQJ� VWDUWV�ZLWK� OD\HU� QXPEHU� ��� VXEVHTXHQW� OD\HUV� DUH� WUDLQHG� DIWHU� DOO� SODQHV� LQSUHYLRXV�OD\HUV�KDYH�ILQLVKHG�WUDLQLQJ�x 7UDLQLQJ�VHW�SDWWHUQV�DUH�ELQDU\�LPDJHV�ZLWK�LQWHQVLW\�YDOXHV���DQG���
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$V� VWDWHG� HDUOLHU�� WUDLQLQJ� WKH� QHWZRUN� LV� DGMXVWLQJ� WKH� ZHLJKWV� D� DQG� E� RI� WKH� 6�� DQG� 9�FHOOUHVSHFWLYHO\��)XNLVXPD�KDV�GHILQHG� WKH� IROORZLQJ� IRUPXOD¶V� WR�DGMXVW� WKH�ZHLJKW�D DQG�E GXULQJ� WKHVXSHUYLVHG�WUDLQLQJ�VHVVLRQ�

(TXDWLRQ����D��E�D�ZHLJKW�DGMXVWLQJ��E�ZHLJKW�DGMXVWLQJ
/HW�XV�FRQVLGHU�WKH�IROORZLQJ�VLWXDWLRQ��:H�KDYH�FUHDWHG�D�QHZ�QHWZRUN��$OO�ZHLJKWV�DUH�LQLWLDOL]HG�WR]HUR��7KH� FRQQHFWDEOH� DUHD� RI� WKH�6�SODQHV� LQ� WKH� ILUVW� VXEOD\HU� LV� GHILQHG� DV� D� �
�� DUHD��7KH� LQSXWSODQH�DQG�WKH�6�SODQHV�LQ�WKH�ILUVW�VXE�OD\HU�KDYH�WKH�VDPH�VL]H�VR�WKH�QHXURQ�JDS�SDUDPHWHU�YDOXH�LVVHW�WR����)XUWKHUPRUH��ZH�KDYH�VHW�WKH�J SDUDPHWHU�WR�D�YDOXH�RI������7DEOH�����VKRZV�WKH�ZHLJKWV�RI�WKH6�FHOO�DQG�WKH�9�FHOO�DIWHU�EHLQJ�UHLQIRUFHG��2EYLRXVO\�WKH�ZHLJKWV�DUH�VHW�FRQIRUP�WKH�µOD\RXW¶�RI�WKHLQSXW�WUDLQLQJ�VHW�SDWWHUQ�

7DEOH������7KH�6�FHOO�ZHLJKWV�DIWHU�WUDLQLQJ�RQH�LQSXW�VDPSOH
5HODWLYH�SRVLWLRQ :HLJKW�µD¶�RI��WKH &�FHOO\pp [oo � � ��� ���� � �� � ����� ������ � � �

:HLJKW��E�RI�WKH�Y�FHOO �����
'RHV�WKH�SODQH�MXVW�WUDLQHG�DERYH�UHFRJQL]H�WKH�LQSXW�LPDJH�LW�ZDV�WUDLQHG�IRU"��<HV��LW�LV�QRW�GLIILFXOWWR�SURRI�WKDW�FHOOV�LQ�WKLV�SODQH�ZLOO�EH�DFWLYDWHG�RQO\�LI�WKH�OHDUQHG�LQSXW�SDWWHUQ�LV�SUHVHQWHG��1RWH�WKDWRXU� VWDUWLQJ� SRLQW� ZDV� µDOO� ZHLJKWV� LQLWLDOL]HG� WR� ]HUR¶�� +HQFH� 'D�  � D� DQG� � 'E�  � E�� :H� UHZULWHHTXDWLRQV�����DQG�VXEVWLWXWH�WKHVH�LQ����F��:H�ZLOO�JHW�HTXDWLRQ������IRU�WKH�RXWSXW�H[FLWDWLRQ�YDOXH�RIFHOOV�LQ�WKH�WUDLQHG�SODQH�

(TXDWLRQ�����5HZULWWHQ�ZHLJKW�YDOXHV

(TXDWLRQ�����
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)RXU�GLIIHUHQW� FDVHV�FDQ�EH�GLVWLQJXLVKHG��7DEOH����� VKRZV� DOO� IRXU� FDVHV��)URP������� WKH� H[FLWDWLRQYDOXH�RI�WKH�WUDLQHG�FHOO�V��LQ�WKH�6�SODQH�FDQ�EH�GHULYHG�
7DEOH������7UDLQHG�6�FHOO�H[FLWDWLRQV

3HUIHFW�PDWFK 3DUWO\�PDWFKHG 2YHU�PDWFKHG 1R�VLQJOH�PDWFK

4V 4Y�!!��� ! 4V�4Y� ! 4V��4Y� ! 4V 4Y �
&HOO�RXWSXW� �� &HOO�RXWSXW�| � ����&HOO�RXWSXW����� &HOO�RXWSXW� ��

0D[LPXP�FHOO�RXWSXW�WKDWFDQ�EH�UHDFKHG ,QKLELWRU\�Y�FHOO�ZLQV�RYHUH[FLWRU\�V�FHOO�LQSXWV 7ULYLDO

,Q�ILJXUH������WKH�UHODWLYH�RXWSXW�YDOXHV�DUH�JLYHQ�RI�D�QHWZRUN�SODQH�WUDLQHG�ZLWK�WKH�VDPSOH�LQ�WDEOH�����7KH�LQSXW�SODQH�VL]H�DQG�WKH�6�SODQH�VL]H�DUH����
����

)LJ������/HIW����VHJPHQWV�LQ�WKH�LQSXW�SODQH�QHWZRUN¶V��5LJKW��UHVSRQVH�RQ�ILUVW�OD\HU�6�SODQH
6R� IDU��ZH�KDYH�GHVFULEHG� WUDLQLQJ� WKH� ILUVW�SODQH� LQ� WKH� ILUVW� OD\HU��7UDLQLQJ� WKH� UHVW� RI� WKH� QHWZRUNKRZHYHU� LV�PRUH� RI� WKH� VDPH��ZH� WUDLQ� WKH� QHWZRUN� SODQH� E\� SODQH�� OD\HU� E\� OD\HU�� &RQVWDQWO\� DQGFRQVLVWHQWO\� DSSO\LQJ� WKH� IRUPXODV� IRU� FHOO� H[FLWDWLRQ� LQ� HTXDWLRQ� ���� DQG� WKH� IRUPXODV� IRU� ZHLJKWFKDQJLQJ� LQ� HTXDWLRQ� ���� ZLOO� EH� DZDUGHG� E\� JHWWLQJ� D� WUDLQHG� QHRFRJQLWURQ� QHWZRUN� IRU� LPDJHFODVVLILFDWLRQ�� ,W� ZLOO� EH� XQIHDVLEOH� WR� DQDO\WLFDOO\� ZULWH� GRZQ� WKH� EHKDYLRU� RI� WKH� QHWZRUN� GXULQJWUDLQLQJ� LQ�DQ�XQGHUVWDQGDEOH�PDWWHU��EXW� MXVW� WKDW� LV�RQH�RI� WKH� VHFUHWV�RI� WKH�QHRFRJQLWURQ�DUWLILFLDOQHWZRUN��,Q�WKH�QH[W�VHFWLRQ�DQ�H[DPSOH�LV�JLYHQ�RQ�KRZ�D�WUDLQLQJ�VHW�LV�GHVLJQHG�IRU�UHFRJQLWLRQ�RILPDJHV�RI�DUURZ�V\PEROV�
������$Q�H[DPSOH�RQ�KRZ�WR�FUHDWH�D�WUDLQLQJ�VHW
6XSSRVH�ZH�DUH�DVNHG� WR� GHVLJQ� D� QHRFRJQLWURQ� QHWZRUN� WKDW� UHDGV� WKH� GLUHFWLRQ� WR�ZKLFK� DQ� DUURZV\PERO�SRLQWV��,Q�RUGHU�WR�NHHS�WKH�QHWZRUN�VPDOO�DQG�VLPSOH��ZH�UHTXLUH�WKH�QHWZRUN�RQO\�WR�FODVVLI\DUURZV� SRLQWLQJ� XS� RU� SRLQWLQJ� GRZQ�� )XUWKHUPRUH�� WKH� QHWZRUN� RQO\� KDV� WR� UHFRJQL]H� DUURZV� RI� DFHUWDLQ�VW\OH��,Q�ILJXUH������VRPH�H[DPSOHV�RI�DUURZV�WR�EH�UHFRJQL]HG�DUH�JLYHQ�%HIRUH� WKH� QHWZRUN� FDQ� EH� WUDLQHG�� D� QHWZRUN� FRQILJXUDWLRQ� LV� WR� EH� GHWHUPLQHG�� 7KH� GHVLJQ� DQGFRQILJXUDWLRQ� RI� WKH� OD\HUV� LQ� WKH� QHWZRUN� KRZHYHU� LV� GHSHQGHG� RQ� WKH� WUDLQLQJ�VHW� UHTXLUHG�� %\



��

DQDO\]LQJ� WKH�EDVLF�SURSHUWLHV�RI� W\SLFDO�VDPSOH� LPDJHV�RI� WKH�REMHFWV� WR�EH� UHFRJQL]HG� WKLV� FKLFNHQDQG�HJJ�VLWXDWLRQ�LV�DYRLGHG��3URSHUW\�DQDO\VLV�DSSOLHV�WR�WKH�IROORZLQJ�SURFHGXUH�
�� )LQG�WKH�EDVLF�VPDOOHVW��OLQH�VHJPHQWV�RI�WKH�LPDJHV�WR�EH�UHFRJQL]HG��� )LQG�FRPELQDWLRQV�RI�EDVLF�OLQH�VHJPHQWV�WKDW�IRUP�SDUWV�RI�WKH�REMHFW��� )LQG�PRUH�FRPSOH[�FRPELQDWLRQV�WKDW�VSHFLI\�FKDUDFWHULVWLFV��ODUJHU��SDUWV�RI��WKH�REMHFWV��� )LQDOO\��ILQG�WKH�W\SLFDO�VWUXFWXUDO�OD\RXW�RI�DOO�REMHFW�FODVVHV�6WHS� �� LV� UHSHDWHG� GHSHQGLQJ� RQ� WKH� FRPSOH[LW\� RI� WKH� LPDJHV� DQG� WKH� QXPEHU� RI� FODVVHV� WR� EHUHFRJQL]HG�
7KXV��DV�GHVFULEHG�DERYH��WKH�ILUVW�OD\HU�LV�WUDLQHG�ZLWK�UDWKHU�VLPSOH�LPDJHV��WKH�VXFFHVVRU�OD\HUV�DUHWUDLQHG� ZLWK� PRUH� FRPSOH[� SDWWHUQV� RI� ODUJHU� VL]H�� 1RUPDOO\� WKH� WUDLQLQJVVHW� SDWWHUQV� RI� VXFFHVVRUOD\HUV�DUH�FRPELQDWLRQV�RI�SDWWHUQV�LQ�SUHYLRXV�OD\HUV��7KH�ODVW�SODQH�LV�WUDLQHG�ZLWK�W\SLFDO�VDPSOHV�RIWKH�LPDJHV�ILQDOO\�WR�EH�FODVVLILHG�7KH���SDWWHUQV�VKRZQ�LQ�ILJXUH������DUH�GHVLJQHG�WR�GHWHFW�OLQH�VHJPHQWV�DW�YDULRXV�RULHQWDWLRQV��,Q�WKHW\SLFDO� VDPSOHV� VKRZQ� LQ� ILJXUH� ����� ZH� RQO\� ILQG� KRUL]RQWDO�� YHUWLFDO� DQG� �� GHJUHH� DQJOH� OLQHVHJPHQWV�

)LJ��������6DPSOHV�RI�REMHFWV�WR�EH�UHFRJQL]HG�LQ�WKLV�H[DPSOH )LJ�������%DVLF�OLQH�VHJPHQWV
,Q� ILJXUH� ����� DOO� UHOHYDQW� FRPELQDWLRQV� RI� EDVLF� OLQH� VHJPHQWV� DUH� VKRZQ�� 1RWH� WKDW� RQO\� WKRVHFRPELQDWLRQV�RI�EDVLF� OLQH� VHJPHQWV�DUH�FKRVHQ� WKDW� DFWXDOO\� IRUP�D�SDUW�RI� WKH� DUURZ� LPDJHV� WR� EHUHFRJQL]HG��)LQDOO\��LQ�ILJXUH������W\SLFDO�DUURZ�VDPSOHV�DUH�GHSLFWHG�

)LJ�������&RPELQHG�EDVLF�OLQH�VHJPHQWV������������ )LJ�������7\SLFDO�REMHFW�OD\RXW
6LQFH� WKH�QXPEHU�RI�SDWWHUQV� �VKRZQ� LQ� ILJXUH������ WKURXJK�������SHU� OD\HU�DUH�NQRZQ�� WKH� QHWZRUNOD\RXW�FDQ�EH�GHWHUPLQHG�� ,Q� ILJXUH������ WKH�QHWZRUN� OD\RXW�RI� WKH� µDUURZ¶� UHFRJQL]HU� LV�JLYHQ��7KHLQSXW�SODQH�LV�GHILQHG�DV�D���
���FHOO�SODQH��7KH�RXWSXW�&�OD\HU�FRQVLVWV�RI�WZR�SODQHV�ERWK�KDYLQJ�RQHFHOO��WKH�XSSHU�FHOO�LQGLFDWHV�WKH�DUURZ�LV�SRLQWLQJ�XS��ORZHU�FHOO�LQGLFDWHV�WKH�DUURZ�LV�SRLQWLQJ�GRZQ�7ZR� KLGGHQ� OD\HUV� DUH� GHILQHG�� 7KH� ILUVW� OD\HU� LV� FDSDEOH� RI� UHFRJQL]LQJ� WKH� VPDOO� HOHPHQWDU\� OLQHVHJPHQWV�RI�DUURZ�LPDJHV��WKH�VHFRQG�OD\HU�LV�WUDLQHG�WR�UHFRJQL]H�WKH�FRPELQDWLRQV�RI�OLQH�VHJPHQWVWKDW� RFFXU� LQ� WKH� V\PERO� LPDJHV� WR� EH� UHFRJQL]HG�� 7KH� ODVW� OD\HU�� WKH� RXWSXW� OD\HU� LV� WUDLQHG� ZLWK



��

W\SLFDO�VDPSOHV�RI�WKH�V\PEROV�WR�EH�UHFRJQL]HG��,Q�ILJXUH�������WKH�WUDLQLQJ�VHW�VDPSOHV�DUH�JLYHQ�IRUHDFK�OD\HU��1RWH�WKDW�D�SODQH�PD\�WUDLQHG�XVLQJ�PRUH�WKDQ�RQH�WUDLQLQJ�VHW�VDPSOH��7KLV�VXSHULPSRVHGWUDLQLQJ�PDNHV�WKH�QHWZRUN�PRUH�UREXVW�DJDLQVW�GHIRUPDWLRQV�DQG�VFDOH�LQYDULDQW�

)LJ�������7KH�FRPSOHWH�WUDLQLQJ�VHW�RI�WKH�µDUURZ¶�UHFRJQL]HU
,Q� WKLV� FDVH�� WKH� QHWZRUN� SDUDPHWHUV� OLNH� VHOHFWLYLW\�� JDPPD� DQG� GHOWD� DUH� VHW� WR� WKH� VDPH� YDOXHV)XNLVXPD�XVHV�LQ�KLV�QHWZRUN�IRU�KDQGZULWWHQ�FKDUDFWHU�UHFRJQLWLRQ��7KH�QHWZRUN�SDUDPHWHU�YDOXHV�GRJUHDWO\� LQIOXHQFH� WKH� UREXVWQHVV� DQG� DFFXUDF\� RI� WKH� QHWZRUN�� KRZHYHU� LQ� WKLV� H[DPSOH� WKH� H[DFWYDOXHV�RI�WKHVH�SDUDPHWHUV�DUH�QRW�YHU\�UHOHYDQW��7KH�VDPH�FRXQWV�IRU�WKH�FRQQHFWDEOH�DUHDV��:H�KDYHVHOHFWHG� VRPH� VHQVLEOH� UDQJHV�� WKH� H[DFW� VL]HV� RI� WKH� FRQQHFWDEOH� DUHDV� DUH� QRW� YHU\� UHOHYDQW� LQ� WKLVH[DPSOH�HLWKHU��)LJXUH������VKRZV�WKH�QHWZRUN�OD\RXW�RI�WKH�DUURZ�UHFRJQL]HU�

)LJ��������7KH�DUURZ�UHFRJQL]HU
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GLPHQVLRQ�SODQHV�DQG�OD\HUVLQSXW�VDPSOHV

DUURZ�XS

DUURZ�GRZQ
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%HIRUH� WKH� WRWDO� QHWZRUN� LV� WUDLQHG� DFFRUGLQJ� WR� WKH� WUDLQLQJ�VHW� SDWWHUQV� GHILQHG� LQ� ILJXUH� ������ZHGHPRQVWUDWH�WKH�LQGLYLGXDO�UHVSRQVH�SHU�OD\HU�SHU�SODQH�RI�D�SDUWO\�WUDLQHG�QHWZRUN�

)LJ������D�F�,QGLYLGXDO�FHOO�H[FLWDWLRQV�RQ�OLQH�VHJPHQWV�DQG�OLQH�FRPELQDWLRQV
,Q�ILJXUH�����D�WKH�QHWZRUN�LV�VXSSOLHG�DQ�LQSXW�VDPSOH�ZLWK�DOO�SRVVLEOH�EDVLF� OLQH�VHJPHQWV�� ,Q� WKHSODQHV�RI�WKH�OD\HU�ODEHOHG�8V���WKH�H[FLWDWLRQ�RI�WKH�FHOOV�LV�YLVLEOH��1RWH�WKDW�RQO\�WKRVH�FHOOV�LQ�WKHSODQHV�DUH�H[FLWDWHG�IRU�ZKLFK�LW�ZDV�WUDLQHG��7KH�ILUVW�SODQH��FRXQWLQJ�WRS�GRZQ��ZDV�WUDLQHG�WR�GHWHFWKRUL]RQWDO�OLQHV�VHJPHQWV��,W�FOHDUO\�VKRZV�LW�KDV�GHWHFWHG�D�KRUL]RQWDO� OLQH�VHJPHQW� LQ�WKH�XSSHU�OHIWFRUQHU�RI�WKH�LQSXW�SODQH��7KH�VHFRQG�SODQH�ZDV�WUDLQHG�WR�GHWHFW�YHUWLFDO�OLQHV�VHJPHQWV��&HOOV�LQ�WKLVSODQH�FOHDUO\�VKRZV�D�YHUWLFDO�OLQH�VHJPHQW�ZDV�GHWHFWHG�LQ�WKH�XSSHU�ULJKW�FRUQHU�RI�WKH�LQSXW�SODQH�,Q�ILJXUH�����E�DQG�����F�WKH�H[FLWDWLRQ�RI�OLQH�FRPELQDWLRQV�DUH�JLYHQ�IRU�ERWK�OD\HU���DQG�OD\HU����,QILJXUH�����F��SODQH���LQ�WKH�OD\HU�ODEHOHG�8V��LV�WUDLQHG�WR�GHWHFW�D�FRPELQDWLRQ�RI�D�KRUL]RQWDO�DQG��D�±���GHJUHH�DQJOH�OLQH�VHJPHQWV��,QGLYLGXDO�FHOOV� LQ� WKH�SODQH�FRQVLGHUHG�VKRZ�WKDW�VXFK�D� IHDWXUH�KDVEHHQ�GHWHFWHG�LQ�WKH�XSSHU�OHIW�FRUQHU�RI�WKH�LQSXW�SODQH�$V�VWDWHG�LQ�WKH�SUHYLRXV�VHFWLRQ�WKH�QHWZRUN�LV�WUDLQHG�SODQH�E\�SODQH��OD\HU�E\�OD\HU�DQG�DOO�WUDLQLQJVDPSOHV� DUH� VXSSOLHG� WKURXJK� WKH� LQSXW� OD\HU�� 7UDLQLQJ� WKH� IHDWXUH� FRPELQDWLRQ� DV� GHVFULEHG� LQ� WKHSUHYLRXV�SDUDJUDSK�IRU�IRXUWK�SODQH�LQ�OD\HU�8V��LV�LPSOLFLWO\�DFFRPSOLVKHG�E\�WKH�QHWZRUN��,Q�IDFW�ZHGR�WUDLQ�WKLV�SODQH�E\�DGMXVWLQJ�WKH�LWV�FHOO�ZHLJKWV�EDVHG�RQ�WKH�H[FLWDWLRQ�LQ�WKH�SUHYLRXV�&�OD\HU��WKHILUVW� SODQH� DQG� WKLUG� SODQH� LQ� OD\HU� 8F�� LQ� WKLV� FDVH�� DQG� QRW� EDVHG� RQ� WKH� WUDLQLQJ�VHW� VDPSOH� DVDYDLODEOH�IURP�WKH�LQSXW�SODQH�GLUHFWO\��,Q�ILJXUH������LW�LV�VKRZQ�WKDW�LQ�WKLV�VLPSOH�FDVH�LW�LV�UHODWLYHO\HDV\�WR�WUDFH�WKH�LQGLYLGXDO�FHOO�H[FLWDWLRQV�WKURXJK�WKH�QHWZRUN�FDXVHG�E\�D�WUDLQLQJ�VHW�VDPSOH��,Q�DQHRFRJQLWURQ�QHWZRUN�GHVLJQHG�IRU�FKDUDFWHU�UHFRJQLWLRQ�ZH�KDYH�IRU�H[DPSOH����SODQHV�LQ�OD\HU���DQG���SODQHV�LQ�OD\HU���DOO�FRQQHFWHG�WR�HDFK�RWKHU��,Q�VXFK�D�QHWZRUN�LV�LW�ZRXOG�EH�YHU\�GLIILFXOW�WR�ILQGWKH�UHODWLRQ�EHWZHHQ�LQGLYLGXDO�FHOO�H[FLWDWLRQV�RI�WKH�SODQH�XQGHU�WUDLQLQJ�DQG�DQ\�WUDLQLQJ�VHW�LPDJHVRI�SUHYLRXV�SODQHV�



��

)LJ�������7UDLQLQJ�VHW�VDPSOH�SURSDJDWLRQ
)LQDOO\�� LQ� ILJXUH� ����� LW� LV� GHPRQVWUDWHG� WKDW� WKH� QHWZRUN� DQG� LWV� WUDLQLQJ� GHVFULEHG� LQ� WKLV� VHFWLRQLQGHHG� FODVVLILHV� WKH� GLUHFWLRQ� RI� WKH� DUURZ� RI� WKH� VDPSOH� LPDJH� FRUUHFWO\�� 7KH� QHWZRUN� H[KLELWVUREXVWQHVV� DJDLQVW� LPDJH� GHIRUPDWLRQ� DQG� FOHDUO\� WKH� QHWZRUN� UHFRJQL]HV� REMHFW� ORFDWLRQ� LQYDULDQW�1RWH�WKH�QHWZRUN�UHVSRQVH�RI�WKH�ODVW�QHWZRUN�LPDJH�LQ�ILJXUH�������ERWK�RXWSXW�FHOOV�KDYH�WKH�VDPHH[FLWDWLRQ��7KH�QHWZRUN�FODVVLILHV�WKLV�VDPSOH�DV�µXS¶�DQG�µGRZQ¶�



��

)LJ�������1HWZRUN�UHVSRQVH�RQ�GLIIHUHQW�µDUURZ¶�LPDJH�VDPSOHV���2XW��� XS��2XW�� GRZQ�
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�����'HVLJQ�DQG�GLPHQVLRQ�RI�D�QHWZRUN�IRU�KDQGZULWWHQFKDUDFWHU�UHFRJQLWLRQ
)XNLVXPD�KDV�SURSRVHG�D���OD\HU�QHRFRJQLWURQ�QHWZRUN�WR�FODVVLI\�KDQGZULWWHQ�FKDUDFWHUV��$V�VWDWHG�LQ>�@�� LW� LV� GLIILFXOW� WR� VKRZ� SUHFLVHO\� KRZ� WR� FKRRVH� WKH� QHWZRUN� FRQILJXUDWLRQ� DQG� KRZ� WR� VFDOHSDUDPHWHUV��KRZHYHU�D�IHZ�JXLGHOLQHV�FDQ�EH�JLYHQ��,I�WKH�FRPSOH[LW\�RI�WKH�SDWWHUQV�WR�EH�UHFRJQL]HGLV�KLJK�� WKH�VL]H�RI� WKH�FRQQHFWDEOH�DUHD�ZRXOG�EH� VPDOO��ZKLOH� WKH� QXPEHU�RI� OD\HUV� LQ� WKH� QHWZRUNZRXOG� EH� KLJK�� ,Q� RWKHU� ZRUGV� WKH� PRUH� FRPSOH[� WKH� SDWWHUQV� WKH� ILQHU� LQGLYLGXDO� FHOO� WXQH� LQ� RQIHDWXUHV�WR�EH�UHFRJQL]HG�DQG�WKH�µZLGHU¶�WKH�QHWZRUN�EHFRPHV��,I�D�QHWZRUN�KDV�WR�UHFRJQL]H�EHWZHHQD�ODUJH�QXPEHU�RI�FODVVHV�WKH�QHWZRUN�EHFRPHV�µKLJKHU¶�WKDW�LV�WKH�OD\HUV�ZRXOG�KDYH�D�ODUJHU�QXPEHURI�SODQHV�
$QRWKHU� GHVLJQ� FRQVLGHUDWLRQV� DUH� WKH� UREXVWQHVV� RI� WKH� QHWZRUN� DJDLQVW� GHIRUPDWLRQV� DQG� LWVJHQHUDOL]DWLRQ� FDSDELOLWLHV�� 7KHVH� QHWZRUN� FKDUDFWHULVWLFV� DUH� PDLQO\� GHSHQGHG� RQ� WKH� VL]H� RI� WKHFRQQHFWDEOH�DUHD��/DUJH� VL]HV�RI� WKH�FRQQHFWDEOH�DUHD� UHVXOW� LQ� OHVV� UREXVWQHVV�DJDLQVW�GHIRUPDWLRQV�VPDOO�FRQQHFWDEOH�DUHDV�VHUYH�JRRG�GHIRUPDWLRQ�WROHUDQFH�$V�ZLWK�WKH�FRQILJXUDWLRQ�RI�WKH�QHWZRUN��LW�VHHPHG�DOVR�GLIILFXOW�WR�GHWHUPLQH�µJRRG¶�WUDLQLQJ�VHWV�IRUWKH� QHWZRUN�� ,Q� WKH� ORZHU� VWDJHV� DQG� WKH� ODVW� VWDJH�� WKH� WUDLQLQJVHW� LPDJHV� PD\� ORRN� REYLRXV�'HWHUPLQLQJ�WKH�WUDLQLQJ�VHW�SDWWHUQV�IRU�WKH�KLGGHQ�OD\HUV�KRZHYHU�LV��XVLQJ�)XNLVXPD¶V�ZRUGV��KDUGODERU��:H�KDYH�WKH�VDPH�H[SHULHQFH��$OWKRXJK�LQVLJKW�LQ�WKH�DUFKLWHFWXUH�RI�WKH�QHWZRUN�DQG�WKH�EDVLFIXQFWLRQDOLW\� LV� PDQGDWRU\�� RQH� QHHGV� SDWLHQFH�� VRPH� IHHOLQJ� DQG� DERYH� DOO� JRRG�OXFN� WR� ILQG� DQRSWLPDO�WUDLQLQJ�VHW�SDWWHUQ�IRU�WKH�UHFRJQLWLRQ�SUREOHP�ZKLFK�KDV�WR�EH�UHVROYHG�$� IRUPDO� GHVFULSWLRQ� RI� )XNLVXPD� RULJLQDO� QHWZRUN� LV� JLYHQ� LQ� DSSHQGL[� ����� %HORZ� WKH� PDLQFKDUDFWHULVWLFV�RI�)XNLVXPD¶V�QHWZRUN�DUH�JLYHQ�RQ�WKH�WUDLQDEOH�SODQHV�LQ�WKH�6�VXEOD\HUV�
7DEOH������)XNLVXPD¶V�RULJLQDO�QHWZRUN�PDLQ�FKDUDFWHULVWLFV
OD\HU �SODQHV 3ODQH�7UDLQLQJVL]H

&RQQHFW�DEOH�DUHD JJ 3XUSRVH
LQSXW � ��
�� � � 5HFHSWDEOH�RI�LQSXW�LPDJH�IRU�WUDLQLQJ�RU�UHFRJQLWLRQ�
� �� ��
����
� �
� ��� ([WUDFWLRQ� RI� VLPSOH� DQG� VPDOO� VWUDLJKW� OLQH� FRPSRQHQWV�6LQJOH�SDWWHUQ�WUDLQLQJ�
� �� ��
����
� �
� ��� ([WUDFWLQJ� ORFDO� IHDWXUHV� RI� FKDUDFWHUV� OLNH� FRUQHUV�FXUYDWXUHV�� LQWHUVHFWLRQV�� OLQH� HQGSRLQWV�� 6XSHULPSRVHGWUDLQLQJ�RQ�DOO�SODQHV�
� �� ��
�����
�� �
� ��� *OREDO�IHDWXUH�H[WUDFWHU��,Q�WKLV�OD\HU�ORFDO�LPDJH�IHDWXUHV�DUHFRPELQHG�WR�IRUP�FRPSOHWH�FKDUDFWHUV�RU�PDMRU�FKDUDFWHULVWLFSDUWV�RI�D�VSHFLILF�FKDUDFWHUV��6XSHULPSRVHG�WUDLQLQJ�RQ� HDFKSODQH�
� �� �
����
�� �
� ��� 7KLV�OD\HU�LV�WUDLQHG�ZLWK�W\SLFDO��VDPSOHV�RI�DOSKDQXPHULFDOFKDUDFWHUV�� )RU� PRVW� DOSKDQXPHULFDO� FKDUDFWHUV� WKHUH� LVGHILQHG� PRUH� WKDQ� RQH� SODQH� WR� UHIOHFW� WKH� GLIIHUHQW� VW\OHVWKHUH�H[LVWV� IRU� FKDUDFWHU� µSULQWV¶��6XSHULPSRVHG� WUDLQLQJ�VHWVDPSOHV�DUH�XVHG�WR�WUDLQ� WKLV�SODQH�RQ�GLIIHUHQW� VL]HV�RI� WKHFKDUDFWHU�
RXWSXW �� � �
� ��� 6LQJOH�FHOO�SODQHV�ZKLFK�RXWSXW�H[FLWDWLRQV�DUH�XVHG�WR�ILQDOO\FODVVLI\�WKH�LQSXW�VDPSOH��
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�����1HWZRUN�UHFRJQLWLRQ�SHUIRUPDQFH
,Q�DSSHQGL[������ WKH� VSHFLILFDWLRQ�DQG� WUDLQLQJ�VHW� LV�JLYHQ�RI� WKH�QHWZRUN�GHVFULEHG� LQ� WKH� SUHYLRXVVHFWLRQ��7KLV�QHWZRUN�KDV�EHHQ�XVHG�WR�YHULI\�RXU�QHRFRJQLWURQ�VLPXODWRU�VRIWZDUH�LPSOHPHQWDWLRQ��,QWKLV� VHFWLRQ�ZH�ZLOO� GHPRQVWUDWH� WKDW� RXU� LPSOHPHQWDWLRQ� LQGHHG� GRHV� WKH� WKLQJV� WKDW� )XNLVXPD� KDVLQWHQGHG�LWV�UHFRJQL]HU�VKRXOG�GR�$OWKRXJK�ZH�KDYH�WULHG�WR�LPSOHPHQW�WKH�QHRFRJQLWURQ�VLPXODWRU�LQ�D�VWUXFWXUHG�PDQQHU�WKH�SURJUDPHYHQWXDOO\� EHFRPHV� VHHPLQJO\� ODUJH� DQG� FRPSOH[�� %RWK� DVSHFWV� DUH� LQKHUHQW� WR� WKH� QDWXUH� RI� WKHQHRFRJQLWURQ�QHWZRUN��,Q�RUGHU�WR�OHW�WKH�VRIWZDUH�JLYH�UHDVRQDEOH�UHVSRQVH�WLPHV��ZH�KDYH�QRW�DOZD\VIROORZHG� WKH� UXOHV�DFFRUGLQJ� WR�ZKLFK�SHUIHFW�22�V\VWHP�VKRXOG�EH�EXLOG��7KH�QHRFRJQLWURQ�RXWSXWUHVXOWV�JLYHQ� LQ� WKLV� VHFWLRQ�ZLOO� VXIILFLHQWO\� VXVWDLQ� WKH�FODLP� WKDW�RXU�QHRFRJQLWURQ� LV� LPSOHPHQWHGFRUUHFWO\��$W�OHDVW�RXU�QHRFRJQLWURQ�LV�LPSOHPHQWHG�DFFRUGLQJ�WR�)XNLVXPD¶V�RULJLQDO�GHVLJQ�,Q�ILJXUH������DQ�H[DPSOH�LV�JLYHQ�RI� WKH�UHVSRQVH�RI� WKH�QHWZRUN�ZKHQ�WKH�LQSXW� LV�VXSSOLHG�ZLWK�DELQDU\� LPDJH�RI� WKH�FKDUDFWHU� µ$¶��)LUVW�RI�DOO� WKH� QHWZRUN� LQGHHG� UHFRJQL]HV� WKH� OHWWHU� FRUUHFWO\�EXWDOVR�WKH�UHVSRQVHV�RI�LQGLYLGXDO�FHOOV�LQ�HDFK�SODQH�FRPSDUHV�FRUUHFWO\�WR�)XNLVXPD>���SS������)LJ���@

)LJ��������$Q�H[DPSOH�RI�WKH�UHVSRQVH�RI�WKH�QHWZRUN�LQ�RXU�QHRFRJQLWURQ�VLPXODWRU��2QO\�WKH�&�FHOOVDUH�GLVSOD\HG��1RWH�WKDW�WKH�SODQHV�KDYH�GLIIHUHQW�µFHOO�UHVROXWLRQV¶�SHU�OD\HU
)LJXUH������VKRZV�WKH�H[DPSOH�FKDUDFWHU�LPDJHV�ZH�VXSSOLHG�WR�WKH�QHWZRUN�WR�UHFRJQL]H��7KLV�VDPSOHFRPSDUHV� WR� WKH� LQSXW� VDPSOH� )XNLVXPD� KDV� DOVR� YHULILHG� KLV� QHWZRUN� ZLWK� )XNLVXPD>��� SS�� ���)LJ���@� �� 7KH� UHVXOW� RI� RXU� YHULILFDWLRQ� WHVW� LV� VKRZQ� LQ� WDEOH� �����2EYLRXVO\� RXU� QHWZRUN� GRHV� QRWUHFRJQL]H�DOO� FKDUDFWHUV� FRUUHFWO\��2QO\�DERXW�����RI� WKH� LQSXW� VDPSOH� LPDJHV� KDYH�EHHQ� FODVVLILHGFRUUHFWO\�
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$W� WKLV�SRLQW�ZH�PXVW�FRQFOXGH� WKDW�RXU�QHWZRUN�GRHV�QRW� H[DFWO\� LPSOHPHQWV�)XNXVKLPD¶V�RULJLQDOGHVLJQ� VLQFH� WKH� UHVXOW� RI� RXU� ODVW� WHVW� FRQWUDGLFWV�ZLWK� )XNLVXPD¶V� FODLP� WKDW� DOO� WKHVH� VDPSOHV� DUHFRUUHFWO\� UHFRJQL]HG�� ([WHQVLYH� FRGH� UHYLHZV� DQG� GHEXJJLQJ� RI� RXU� V�Z� LPSOHPHQWDWLRQ� GRHV� QRWUHYHDO�DQ\�VLJQLILFDQW�PLVPDWFKHV�ZLWK�)XNLVXPD¶V�DUFKLWHFWXUH�DQG�GHVLJQ�RI�WKH�QHWZRUN��7KHUH�DUHKRZHYHU�IRXU�DVSHFWV�WKDW�PD\�FODULI\�WKH�GLIIHUHQW�UHFRJQLWLRQ�UDWHV�
��� ,Q� RXU� LPSOHPHQWDWLRQ�� ZH� FDQQRW� KDYH� GLIIHUHQW� VHOHFWLYLW\� YDOXHV� RI� LQGLYLGXDO� SODQHV� LQ� DVXEOD\HU�� $OO� SODQHV� LQ� D� VXEOD\HU� LQ� RXU� QHWZRUN� KDYH� WKH� VDPH� VHOHFWLYLW\� YDOXH� DVVLJQHG� DWLQLWLDOL]DWLRQ��)XNLVXPD¶V�V\VWHP�LV�GHVLJQHG�VR� WKDW�DGMXVWPHQW�RI� WKH�VHOHFWLYLW\�SDUDPHWHU�FDQEH�GRQH�SHU�SODQH��,Q�PRVW�OD\HUV�WKHUH�ZDV�QR�DSSDUHQW�QHHG�IRU�KDYLQJ�GLIIHUHQW�YDOXHV�KRZHYHU)XNLVXPD� GRHV� VSHFLI\� VOLJKW� GLIIHUHQW� VHOHFWLYLW\� YDOXHV� IRU� VRPH� 6�FHOO� SODQHV� LQ� WKH� VHFRQGVXEOD\HU��:KHUH� ZH� XVH� ���� IRU� DOO� SODQHV�� )XNLVXPD� XVHV� ���� IRU� DOO� SODQHV� H[FHSW� VRPH� DUHDVVLJQHG�D�YDOXH�������)URP�LWV�SXEOLFDWLRQ�>�@�LW�UHPDLQV�XQFOHDU�ZK\�GLIIHUHQW�VHOHFWLYLW\�YDOXHVDUH�FKRVHQ�ZLWKLQ�RQH�OD\HU��� ,W�ZDV�REVHUYHG�WKDW�RXU�WUDLQLQJ�SDWWHUQV�XVHG� IRU� OD\HU��� WKURXJK� OD\HU���GR�QRW�H[DFWO\�PDWFKWKH� WUDLQLQJ�VHW�SDWWHUQV�)XNLVXPD�KDV�XVHG��7KH�UHDVRQ�IRU� WKLV�PLVPDWFK� LV�EHFDXVH�ZH�KDG� WRLQSXW�WKH�SDWWHUQV�PDQXDOO\��DV�UHDG�IURP�D�ODUJHO\�PDJQLILHG�SKRWRFRS\�RI�D�SULQW�RI�)XNLVXPD¶VSDSHU��'XULQJ�WKLV�ODERU�LQWHQVLYH�DFWLYLW\��YLVXDO�PLVLQWHUSUHWDWLRQV�DQG�W\SLQJ�HUURUV�KDYH�FDXVHGRXU�WUDLQLQJ�VHWV�WR�EH�VOLJKWO\�GLIIHUHQW�IURP�WKH�WUDLQLQJ�VHW�)XNLVXPD�KDG�LQWHQGHG��� 7KH�LQSXW�H[DPSOHV�DV�GHSLFWHG�LQ�ILJXUH�����GR�QRW�H[DFWO\�PDWFK�)XNLVXPD¶V�H[DPSOH�VHW��2XUVDPSOH�ILOHV�DUH�FUHDWHG�E\�RSWLFDOO\�VFDQQLQJ�WKH�SULQW�RI�WKH�SDSHU�DQG�SURFHVVLQJ�WKH�ELWPDS�ILOHRI�WKH�VFDQ�ZLWK�D�SDLQW�SURJUDP�WR�DGMXVW�VFDOH�DQG�FRORU�YDOXHV��,W�ZDV�QRW�SRVVLEOH�WR�FRUUHFW�DOOGHYLDWLRQV�LQ�WKH�VFDQQHG�LPDJH��� 7KHUH� PD\� EH� DQRWKHU� LPSOHPHQWDWLRQ� DVSHFW� WKDW� FRXOG� FODULI\� VOLJKWO\� GLIIHUHQW� UHFRJQL]HGYDOXHV��:H�KDYH�LPSOHPHQWHG�UHDO�QXPHULFDO�YDOXHV�DV�IORDW�GDWDW\SHV��,I��LQVWHDG�ZH�KDG�XVHG�WKHGRXEOH�W\SH�IRU�IORDWLQJ�SRLQW�QXPEHUV��WKH�RXWSXW�YDOXHV�RI�WKH�WUDLQHG�QHWZRUN�FRXOG�KDYH�EHHQMXVW� EH� D� OLWWOH� GLIIHUHQW� EHFDXVH� RI� URXQGLQJ� HUURUV� LQ� WKH� QXPHURXV� VXFFHVVLYHO\� IORDWLQJ� SRLQWFDOFXODWLRQV�GXULQJ�WUDLQLQJ�DQG�XVLQJ�RI�WKH�QHWZRUN�
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)LJ�������6RPH�H[DPSOHV�RI�GHIRUPHG�LQSXW�SDWWHUQVZLWK�ZKLFK�WKH�QHRFRJQLWURQ�KDV�EHHQ�YHULILHG�DJDLQVW
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7DEOH�����5HVXOWV�RI�UHFRJQLWLRQ�RI��WKH�³KDQGZULWWHQ�FKDUDFWHUV´�IURP�ILJXUH�����XVLQJ�WKH�RUJLQDO�)XNLVXPD�QHWZRUN
&KDUDFWHU &ROXPQ &ROXPQ &ROXPQ &ROXPQ 5HFRJQLVHG��� ��� ��� ��� &RUUHFWO\

� 0CS6Q 0SC69 0CS69 0C6S0 ����� 1J400 14000 1I000 1J4U0 ����� 2S000 2Z000 2QS00 2S000 ����� 30000 38000 ????? 30C00 ���� 40000 4L000 40000 40000 ����� 5FE00 FE000 5DFE0 50000 ���� S6000 60S00 ????? 60S00 ���� 7T000 70000 7T000 7T000 ����� 80000 BQ800 80000 80000 ���� 9QSC0 9Q000 9Q0C0 9Q000 ����$ AM400 AM000 A0000 A0000 ����% B0000 PRD00 DE000 D0000 ���& C0000 CQS90 CG000 C0000 ����' DPSR0 DPRS0 D0000 DPR00 ����( EF000 EFL00 E0000 EFL00 ����) FE000 FE000 FE500 FE000 ����* QGC09 GQC09 CG000 GC000 ���+ H4100 41H00 H4100 4H000 ���, I1000 I0000 I1000 I1000 ����- J1000 VNW00 J4100 JU000 ���. K1400 K0000 K0000 K1000 ����/ L1E00 LE000 LE000 L0000 ����0 MA400 M0000 M0000 M1000 ����1 NVW00 NV100 N0000 N4000 ����3 PRD00 PRD00 P0000 PRD00 ����4 Q0000 Q9S00 Q90CS Q9C0S ����5 RPDFB RP000 RPD00 RP000 ����6 S06D0 S0000 S6D00 S0000 ����7 T0000 T0000 T0000 TF000 ����8 U1400 U0000 U1000 UJ000 ����9 VWN00 VWN00 VNW00 VWN00 ����: WVN00 WVN00 NWV00 WVN00 ���; XK000 X0000 X0000 XK000 ����< Y0000 Y0000 Y0000 Y0000 ����= Z2F00 Z0000 Z0000 Z2000 ����5HFRJQLVHG&RUUHFWO\ ��� ��� ��� ��� ���

)LQDOO\�� D� EULHI� UHPDUN� RQ� UHVSRQVH� WLPHV� SHUIRUPDQFH�� 7KH� WLPH� WR� WUDLQ� WKH� QHWZRUN� DV� GHVFULEHGDERYH� LV� DERXW� ��� PLQXWHV� RQ� DQ� RUGLQDU\� 3HUVRQDO� &RPSXWHU�� � $V� VWDWHG� HDUOLHU� WKH� QHWZRUN� ZDVWUDLQHG�WKH�VXSHUYLVHG�ZD\�RQO\���7KH�&38�WLPH�WKDW�LV�QHHGHG�IRU�WKH�QHWZRUN�WR�WUDLQ�RQO\�GHSHQGVRQ�WKH�QXPEHU�RI�OD\HUV��WKH�QXPEHU�RI�SODQHV�DQG�WKH�VL]H�RI�WKH�FRQQHFWDEOH�DUHD¶V���8QOLNH�D�0/3WUDLQLQJ� WLPHV�DUH�KLJKO\� SUHGLFWDEOH��7KH� WLPH� QHHGHG� IRU� WKH� QHWZRUN� WR� UHFRJQL]H� DQ� LQSXW� LPDJHVDPSOH�LV�DERXW���VHFRQGV��$OWKRXJK�WKHVH�UHVSRQVH�WLPHV�GR�QRW�FRPSDUH�WR�UHVSRQVH�WLPHV�ZH�ZRXOGPHDVXUH�ZKHQ�XVLQJ�D�0/3�QHWZRUN��WKHUH�LV�QR�UHDVRQ�QRW�WR�XVH�D�QHRFRJQLWURQ�LQ�D�&/35�V\VWHPZKHQ�RQO\�UXQQLQJ�WLPHV�DUH�FRQVLGHUHG�
�����5HFRJQL]LQJ�SULQWHG�FKDUDFWHUV
2EYLRXVO\�)XNLVXPD�KDG�QRW�KLUHG�D�SHUVRQ�VSHFLDOL]HG�LQ�FDOOLJUDSK\�WR�SURGXFH�WKH�LQSXW�VDPSOH�DVVKRZQ� LQ� ILJXUH� ������ ,Q� JHQHUDO�� KDQGZULWLQJV� PD\� EH� FODVVLILHG� DV� D� JHQHUDOL]DWLRQ� RI� D� IRUPDOO\GHILQHG� FKDUDFWHU� IRQW�� 2QH� VKRXOG� H[SHFW� WKH� QHRFRJQLWURQ� GHILQHG� LQ� E\� )XNLVXPD>�@� ZLOO� KDYHFRPSDUDEOH�UHFRJQLWLRQ�UDWHV�IRU�FKDUDFWHUV�SURGXFHG�E\�EHDXWLIXO�DQG�SHUIHFW�KDQGZULWLQJ��:H�GLG�QRWKLUH� D� FDOOLJUDSKHU� HLWKHU� EXW� LQVWHDG� ZH� VXSSOLHG� WKH� QHWZRUN� ZLWK� SULQWHG� FKDUDFWHUV� IURP� DSUHGHILQHG�IRQW��7DEOH�����VKRZV�WKH�UHVXOWV�RI�WKHVH�WHVWV�
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7DEOH������3HUFHQWDJH�RI��FKDUDFWHUV�UHFRJQL]HG�FRUUHFWO\�XVLQJ�WKH�RUJLQDO�)XNLVXPD�WUDLQLQJ�VHW�
)RQW�6W\OH ��SW ��SW ��SW ��SW ��SW ��SW ��SW �SW DYHUDJH
$ULDO � �� �� �� �� �� �� ��$ULDO�%ROG � �� �� �� �� �� �� ��9HUDQGD � �� �� �� �� �� �� ��9HUDQGD�%ROG � �� �� �� �� �� �� ��	74156+.' � �� �� �� �� �� �� ��	74156+.'��1.& � �� �� �� �� �� �� ��/LFHQVH�3ODWH �� � �� �� �� �� �� �7RWDO �� �� �� �� �� �� �� �� ��

7KH�WDEOH�����LV�VXPPDUL]HG�IURP�WKH�UHVXOWV�DV�SUHVHQWHG�LQ�DSSHQGL[������WDEOH��������WLOO���������7KH$ULDO��9HUDQGD DQG�	741�6+.' FKDUDFWHU�IRQW�VDPSOHV�DUH�FUHDWHG�E\�D�SDLQW�SURJUDP�ZKLOH�WKH�OLFHQVHSODWH�IRQW�FKDUDFWHUV�DUH�UHSURGXFHG�IURP����RULJLQDO�KLJK�UHVROXWLRQ�GLJLWDO�SKRWR�LPDJHV�WDNHQ�IURP'XWFK� OLFHQVH� SODWHV�� ,W�PD\� EH� FOHDU� WKDW� WKH� RULJLQDO� )XNLVXPD¶V� QHWZRUN� FRQILJXUDWLRQ� FDQQRW� EHXVHG�LQ�RXU�&/35�V\VWHP�GXH�WR�SRRU�UHFRJQLWLRQ�SHUIRUPDQFH�$�TXLFN�UHYLHZ�RI��WDEOH�������LQ�DSSHQGL[�����KRZHYHU�UHYHDOV�WKDW�WKH�VSUHDG�LQ�UHFRJQLWLRQ�UDWH�SHUFKDUDFWHU�LV�KLJK��VRPH�FKDUDFWHUV�DUH�UHFRJQL]HG�ZLWK�DFFHSWDEOH�KLJK�UDWH¶V�H�J��µ(¶�¶)¶�¶/¶�DQG��µ7¶DQG� VRPH�DUH� UHFRJQL]HG�ZLWK�GUDPDWLF� ORZ� UDWHV� H�J�� µ�¶�¶;¶�DQG� ¶%¶� �� ,W� LV� H[SHFWHG� WKDW� D� UHILQHGWUDLQLQJ�VHW�ZRXOG�LQFUHDVH�WKH�SHUIRUPDQFH�RI�UHFRJQLWLRQ�RI�SULQWHG�FKDUDFWHUV�,Q�FKDSWHU���ZH�ZLOO�FODULI\� WKH�SRRU� UHVXOWV�GHVFULEHG�DERYH�DQG�H[SODLQ�RXU�SURFHGXUH� IROORZHG� WRLQFUHDVH�WKH�SHUIRUPDQFH�RI�D�QHRFRJQLWURQ�UHFRJQL]LQJ�OLFHQVH�SODWH�IRQW�FKDUDFWHUV�XS�WR������
)XNLVXPD�PXVW�KDYH�KDG� IRUHVLJKW� QRW� WR�KLUH�D� FDOOLJUDSKHU�� VLQFH� WKRVH�SHRSOH�RIWHQ�EHDXWLI\� WKHLUFKDUDFWHUV�ZLWK�VHULIV��-XVW�RXW�RI�FXULRVLW\��ZH�KDYH�WHVWHG�RXU�QHWZRUN�VXSSO\LQJ�LW�ZLWK�D�VHULI�IRQWOLNH�7LPHV5RPDQ���SW��7KH�UHFRJQLWLRQ�UDWH�IRXQG�DW�WKLV�WHVW�ZDV�YHU\�SRRU��DERXW��������%HORZ�WKHLQSXW�VDPSOHV�XVHG�LQ�RXU�UHFRJQLWLRQ�V\VWHP�UHSUHVHQWLQJ�WKH�'XWFK�OLFHQVH�SODWH�FKDUDFWHU�IRQW�

)LJ�������5HSURGXFHG�'XWFK�OLFHQVH�SODWHV�FKDUDFWHUV�IURP�RULJLQDO�KLJK�UHVROXWLRQ�GLJLWDOSKRWR�LPDJHV
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,QWHQWLRQDOO\�OHIW�EODQN



��

3DUW�,,



��

,QWHQWLRQDOO\�OHIW�EODQN
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&KDSWHU��
7KH�DUFKLWHFWXUH�IRU�D�OLFHQVH�SODWH�FKDUDFWHUUHFRJQL]HU
7KHUH�LV�QR�VXFK�WKLQJ�DV�D�XQLYHUVDO�FDU�OLFHQVH�SODWH�UHFRJQLWLRQ��&/35���V\VWHP��,I�ZH�UHFDOO��ILJXUH�����LQ�FKDSWHU����HDFK�VWHS�LQ�WKH�LPDJH�XQGHUVWDQGLQJ�SURFHVV�PXVW�EH�WDLORUHG�WR�WKH�LQSXW�LPDJH�DQGWR�WKH�REMHFW�FKDUDFWHULVWLFV�ZH�DUH�ORRNLQJ�IRU�x )LUVW� RI� DOO� HDFK�&/35� DSSOLFDWLRQ� ZLOO� EH� HTXLSSHG�ZLWK� D� VSHFLILF� LPDJH DFTXLVLWLRQ� V\VWHP�FDPHUD� W\SHV�PD\� YDU\�� FDPHUD� SRVLWLRQ�ZLWK� UHVSHFW� WR� GLVWDQFH� DQG� GLUHFWLRQ� IRUP�ZKLFK� WKHLPDJH�LV�SKRWRJUDSKHG��LPDJH�UHVROXWLRQ�DQG�LOOXPLQDWLRQ�FRQGLWLRQV�ZLOO�EH�GLIIHUHQW�x 7KH�UHTXLUHG�WUDQVIRUPDWLRQV�LQ�WKH�LPDJH�SUHSURFHVVLQJ VWHSV�ZLOO�EH�GHSHQGHG�RQ�WKH�TXDOLW\�RIWKH�LQSXW�LPDJH�DQG�WKH�VL]H�LQ�SL[HOV�RI�WKH�FKDUDFWHU�REMHFWV�WR�VHJPHQW�x 7KH� LPSOHPHQWDWLRQ� RI� WKH� VHJPHQWDWLRQ� VWHS ZLOO� EH� GHSHQGHG� RQ� FKDUDFWHU� IHDWXUHV� DQG� WKHQXPEHU�RI�FKDUDFWHUV�WR�VHJPHQW�x $OWKRXJK� WKH�FKDUDFWHU�UHFRJQLWLRQ LV� LPSOHPHQWHG�XVLQJ�QHXUDO�FRPSXWLQJ�� LW� LV�TXLWH�GLIIHUHQWZKHWKHU� WR�UHFRJQL]H�D�-DSDQHVH�V\PERO�VWULQJ�RI�YDULDQW� OHQJWK�RU�D� IL[HG� OHQJWK�'XWFK� OLFHQVHSODWH�FKDUDFWHU�VWULQJ�ZLWK�D�SUHGHILQHG�IRQW�x )LQDOO\��WKH�LQWHUSUHWDWLRQ�VWHS�PD\�YDU\�GXH�WR�WKH�V\QWD[�RI�WKH�OLFHQVH�SODWH�WH[W�
,Q�WKLV�FKDSWHU�WKH�RYHUDOO�GHVLJQ�RI�RXU�&/35�LV�JLYHQ��6WDUWLQJ�SRLQW�LQ�WKH�GHVLJQ�LV�WR�FRQVWUXFW�WKHV\VWHP�ZLWK� D�PLQLPXP�RI� DVVXPSWLRQV� UHJDUGLQJ� LWV� LQSXW�� 2XU� V\VWHP� LV� LQYDULDQW� WR� LPDJH� VL]H�OLFHQVH�SODWH�GLPHQVLRQV�� OLFHQVH�SODWH�FRORU� DQG� ORFDWLRQ��)LJXUH�����GHSLFWV� WKH�FRQWH[W�GLDJUDP�RIRXU�FKDUDFWHU�UHFRJQLWLRQ�V\VWHP�

)LJ������7RS�OHYHO�GLDJUDP�RI�WKH�&/35

&/35

ELWPDSVWRUH XVHU

RXWSXWGLVSOD\�ILOH

JUD\�VFDOHGLPDJHV FRPPDQGV

FKDU
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�����'HVLJQ�EDFNJURXQG
�������7KH�OLFHQVH�SODWH�SDUDGLJP
,Q�WKH�UHDO�ZRUOG��LW�PD\�EH�REVHUYHG�WKDW��� 7KH�FRORU�RI�WKH�ERUGHU�RI�D�QXPEHUSODWH�LV�GLIIHUHQW�IURP��WKH�REMHFW�LW�LV�DWWDFKHG�WR��HLWKHU�WKHFDUV�FKDVVLV�RU�WKH�FDUV�EXPSHUV���� 7KH� EDFNJURXQG� FRORU� RI� OLFHQVH� SODWH� DQG� WKH� FRORU� RI� WKH� FKDUDFWHUV� UHSURGXFHG� RQ� LW� DUHGLIIHUHQW�
7KH�ODWWHU�PD\�EH�WULYLDO��HYHQ�IRU�KXPDQV�LW�ZRXOG�EH�LPSRVVLEOH�WR�GLVFULPLQDWH�FKDUDFWHUV�SULQWHG�LQWKH� VDPH� FRORU� DV� WKHLU� EDFNJURXQG�� 3UDFWLFDOO\�� WKH� ILUVW� REVHUYDWLRQ� ZRXOG� QRW� DOZD\V� EH� WUXH�+RZHYHU��HYHQ�LI�QXPEHUSODWHV�GRQ¶W�KDYH�D�SK\VLFDO�ERUGHU�RU�GLIIHUHQW�FRORU�IURP�LWV�EDFNJURXQG�LWLV�DWWDFKHG�WR��D�GLIIHUHQFH�LQ�LQWHQVLW\�OHYHOV�EHWZHHQ�WKH�SK\VLFDO�QXPEHU�SODWH�DQG�LV�EDFNJURXQG�RQWKH�SLFWXUH�ZRXOG�DOZD\V�H[LVWV�6LQFH� QXPEHUSODWHV� DUH�PDGH� RI� VSHFLILF� UHWURIOH[� PDWHULDO� ZLWK� GLIIHUHQW� UHIOHFWLRQ� FRPSRQHQWV� DVWKHLU�EDFNJURXQG�RQH�PD\�FRQFOXGH�WKDW�LQWHQVLW\�OHYHOV�ZLOO�DOZD\V�H[LVW��UHFDOO�WKH�LPDJH�GHILQLWLRQHTXDWLRQ�����LQ�VHFWLRQ������)LJXUH� ����D�G�� VKRZV� VRPH� W\SLFDO� H[DPSOHV� RI� HLWKHU� LPDJHV� WKDW� FRQILUP� WKH� DERYH� GHILQLWLRQ� RIQXPEHUSODWHV�� 7KH� QXPEHUSODWH� GHILQLWLRQ� DERYH� ZLOO� EH� WKH� VWDUWLQJ� SRLQW� IRU� WKH� LPDJH� SURFHVVRUPRGXOH�GHVLJQ�

)LJ�����D�F�QXPEHU�SODWHV�)LJ�����G��VXSHU�LQVFULSWLRQ
�������,PSOHPHQWDWLRQ�OLPLWDWLRQV�
7KH�V\VWHP�LV�GHVLJQHG�DV�D�SURWRW\SH�&/35��7KH�PDLQ�SXUSRVH�RI�WKH�V\VWHP¶V�LPSOHPHQWDWLRQ�LV�WRGHPRQVWUDWH�GLIIHUHQW�WHFKQLTXHV�RQ�LPDJH�SURFHVVLQJ�DQG�SDWWHUQ�UHFRJQLWLRQ�LQ�VRIWZDUH��7KHUH�LV�QRIRUPDO� VSHFLILFDWLRQ� JLYHQ� RQ� WKH� &/35� V\VWHP� KRZHYHU�� WKH� VWDUWLQJ� SRLQWV�� ZKLFK� RXU� GHVLJQ� DUHEDVHG�XSRQ��DUH�OLVWHG�EHORZ�x :LWKRXW�ORVLQJ�JHQHUDOLW\�WKH�LQSXW�LV�UHVWULFWHG�WR�VHULHV�RI���ELW�JUH\�VFDOHG�LPDJHV�RI� OHVV�WKHQ���
����SL[HO�IRUPDW��$Q\�SLFWXUH�ZLWK�GLIIHUHQW�VSHFLILFDWLRQV�QHHGV�WR�EH�UHIRUPDWWHG�x 7KH�V\VWHPV�XVHULQWHUIDFH�ZLOO�UXQ�RQ�D�VWDQGDUG�3&�XQGHU�:LQGRZV���17�x $OWKRXJK� WKH� LPDJH� DQDO\]HU�� VHJPHQW� DQDO\]HU�� DQG� FKDUDFWHU� UHFRJQL]HU� DUH� GHVLJQHG� 2�6LQGHSHQGHQW��LQ�RXU�&/35�V\VWHP�WKHVH�PRGXOHV�ZLOO�DOVR�UXQ�D�3&�XQGHU�:LQGRZV���17�x 7KH�PLQLPXP�VL]H�RI�FKDUDFWHUV�UHFRJQL]HG�ZRXOG�EH����SL[HOV�KHLJKW�
,Q�WKH�GHVLJQ�RI�RXU�&/35��UHXVDELOLW\�RI�FRGH�LV�DFFRXQWHG�IRU�DV� ORQJ�DV� LW�ZLOO�QRW�DIIHFW� WKH�WLPHQHHGHG� WR� LPSOHPHQW� FHUWDLQ� PRGXOHV� WRR� PXFK�� 7KH� QHXUDO� QHWZRUN� VRIWZDUH� LPSOHPHQWDWLRQ� LVJHQHUDWHG�E\�HLWKHU� WKH�6116�ZRUNEHQFK�>�@��IRU�0/3�XVDJH��RU�RXU� UHIDFWRUHG�6XQ�1�FXEH�&?&��YHUVLRQ�RI�WKH�QHRFRJQLWURQ�LPSOHPHQWDWLRQ�>��@�LV�XVHG�



��

�����6\VWHP�FRQFHSW
7KH� V\VWHP� VKRXOG� EH� LQYDULDQW� WR� WKH� SRVLWLRQ� RI� WKH� OLFHQVH� SODWH� RQ� WKH� LPDJH�� WKH� FRORU� RI� WKHOLFHQVH�SODWH�EDFNJURXQG��WKH�FRORU�RI�WKH�FKDUDFWHUV�RQ�WKH�SODWH�DQG�WKH�GLPHQVLRQV�RI�WKH�SODWH��2IFRXUVH� WKHUH�DUH� LQSXW� UHVROXWLRQ�UHVWULFWLRQV�� UHFRJQL]LQJ�FKDUDFWHUV�RI�GLUW\�RU�YDJXH�SODWH�ZLWK� WRRVPDOO�VL]H��ZLOO�VXUHO\�IDLO�ZKDWHYHU�WHFKQLTXHV�XVHG�
7KH�EDVLF�SURFHGXUH�WR�DXWRPDWLFDOO\�UHDG�QXPEHUSODWH�FKDUDFWHUV�IURP�D�GLJLWDO�LPDJH�LV�SHUIRUPHG�LQWKH�IROORZLQJ�VWHSV��� %LQDUL]H�WKH�LPDJH�VXFK�WKDW�DW�OHDVW�WKH�LQGLYLGXDO�FKDUDFWHUV�IRUP�FRQQHFWHG�VHJPHQWV��� 6XFFHVVLYHO\�WDNH�DOO�FRQQHFWHG�VHJPHQWV�SURGXFHG�LQ�WKH�SUHYLRXV�VWHS�DQG�GHWHUPLQH�ZKHWKHU�LWFRXOG�EH�D�FKDUDFWHU�E\�DSSO\LQJ�GLPHQVLRQ�FKHFNV��� $SSO\�D�FKDUDFWHU�UHFRJQLWLRQ�SURFHGXUH�RQ�DOO�FDQGLGDWH�VHJPHQWV��� 'HWHUPLQH�ZKHWKHU�WKH�UHFRJQL]HG�FKDUDFWHUV�LQ�VWHS���IURP�D�YDOLG�FKDUDFWHU�QXPEHUSODWH�VWULQJ�
,Q� WKH� IROORZLQJ� VHFWLRQV� RI� WKLV� FKDSWHU�� LW� ZLOO� EH� GLVFXVVHG� KRZ� WR� RYHUFRPH� WKH� PRVW� WULYLDOSUREOHPV�WKDW�VXUHO\�ZLOO�EH�HQFRXQWHUHG�ZKHQ�LPSOHPHQWLQJ�WKH�SURFHGXUH�DERYH�x :KLFK�WKUHVKROG�KDV�WR�EH�DSSOLHG�WR�ELQLDUL]H�WKH�LPDJH�FRUUHFWO\�"x +RZ�WR�NHHS�WKH�QXPEHU�RI�VHJPHQWV�LQ�VWHS���VPDOO�LQ�RUGHU�OLPLW�SURFHVVLQJ�WLPH"x :LOO�WKH�UHFRJQL]HU�DFFHSW�DOO�UHDO�FKDUDFWHUV�IURP�WKH�VHJPHQWV�"
,Q�ILJXUH�����WKH�')'�RI�RXU�&/35�LV�JLYHQ�GHSLFWLQJ�WKH�PDLQ�SURFHVVRU�PRGXOHV�DQG�WKH�PDLQ�GDWD�

)LJ������7KH�GDWDIORZ�GLDJUDP�WKH�&/35
�����7KH�LPDJH�SURFHVVRU
7KH�SUREOHP�WR�EH�VROYHG�E\�RXU�LPDJH�DQDO\VLV�PRGXOH�LV�ILQGLQJ�DOO�OLFHQVH�SODWH�FKDUDFWHUV�ZLWKRXWFRQVLGHULQJ�OLFHQVH�SODWH�SURSHUWLHV��:H�KDYH�XVHG�D�%HOJLXP�QXPEHUSODWH�DV�DQ�H[DPSOH�LQ�WKH�WH[W�RIVHFWLRQ� ���� DQG� VHFWLRQ� ���� WR� VKRZ� WKDW� WKH� SURSRVHG� LPDJH� SURFHVVRU� PHFKDQLVPV� DQG� FRQFHSWVLQGHHG�UHPDLQV�LQGHSHQGHG�RQ�VL]H��ORFDWLRQ�DQG�FRORU�RI�WKH�QXPEHUSODWH�

VHJPHQW�ORFDWLRQDQG�VL]H
LPDJHSURFHVVRU

VHJPHQWSURFHVVRU

ELWPDS

LPDJH��
FKDUDFWHUUHFRJQLVHU

VHJPHQW�


V\QWD[DQDO\VHU
FKDUDFWHU�


XVHU
FRPPDQGV

ELWPDSV

LPDJHV

VHJPHQWV
FKDUDFWHU


ILOH
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7KH�PDLQ�IXQFWLRQ�RI�WKH�LPDJH�SURFHVVRU�LV�WR�ELQLDULVH�WKH�LPDJH�VXFK�WKDW�WKH�LQWHQGHG�µEODFN�ZKLWH¶UHODWLRQ� RI� WKH� QXPEHUSODWH� EDFNJURXQG� DQG� WKH� QXPEHUSODWH� FKDUDFWHUV� LV� SUHVHUYHG�� 7KH� LPDJHSURFHVVRU�DOVR�VKRXOG�UHPRYH�DOO�SRVVLEOH�QRQ�FKDUDFWHU�DUHDV�RQ�WKH�ELQLDUL]HG�LPDJH�$V� VWDWHG� LQ� WKH� µOLFHQVH� SODWH� SDUDGLJP¶� VHFWLRQ�������� WKH� SL[HOV� EHORQJLQJ� WR� WKH� SULQWV� RI� OLFHQVHSODWH�FKDUDFWHUV�KDYH�GLIIHUHQW� LQWHQVLW\�YDOXHV�DV� WKH�SL[HOV�EHORQJLQJ�WR�WKH�EDFNJURXQG�DUHD�RI� WKHFKDUDFWHUV��%\�DSSO\LQJ�D�ELQLDUL]DWLRQ�IXQFWLRQ�RYHU�WKH�WRWDO�LPDJH�ZH�GLYLGH�WKH�LPDJH�LQ�WZR�SDUWV�2QH�SDUW�GRHV�KROG�RQO\�UHJLRQV�RI�ZKLWH�SL[HOV�FRQQHFWHG��WKH�RWKHU�SDUW�GRHV�KROG�UHJLRQV�ZLWK�RQO\EODFN� FRQQHFWHG� SL[HOV� �UHIHU� ILJXUH� ������ 6LQFH� ZH� GR� QRW� NQRZ� LQ� ZKDW� FRORU� D� OLFHQVH� SODWHEDFNJURXQG�DQG�LWV�FKDUDFWHUV�DSSHDU��ZH�QHHG�WR�DSSO\�D�ORFDO�ELQLDUL]DWLRQ�PHWKRG�$OO�EODFN�SL[HO�FRQQHFWHG�UHJLRQV�DUH�FDQGLGDWH�OLFHQVH�SODWH�FKDUDFWHUV��+RZHYHU��DV�VKRZQ�LQ�ILJXUH����WKHUH�PD\�EH�WRR�PDQ\�RI� WKHVH�DUHDV��7KH�µOLFHQVH�SODWH�SDUDGLJP¶�DOVR�VWDWHV� WKDW� WKHUH�DOZD\VZRXOG� EH� VRPH� NLQG� RI� ERXQGDU\� DURXQG� OLFHQVH� SODWHV� FKDUDFWHUV�� ,I� ZH� LPSOHPHQW� WKH� ORFDOELQLDUL]DWLRQ�IXQFWLRQ�DV�NLQG�RI��HWFKLQJ�ILOWHU��WKLV�ERXQGDU\�ZRXOG�DOVR�EH�DQ�DUHD�RI�EODFN�FRQQHFWHGSL[HOV��)LJXUH�����VKRZV�WKH�RULJLQDO�SLFWXUH�LQ�ZKLFK�D�SDUW�RI�LW�LV�ORFDOO\�ELQLDUL]HG��2EYLRXV�ZH�VHHWKH� FKDUDFWHUV� DV� FRQQHFWHG� EODFN� SL[HO� UHJLRQV� DV� ZHOO� DV� D� ERXQGDU\� HQFORVLQJ� WKH� OLFHQVH� SODWHFKDUDFWHUV�

)LJ�������$�FXWRXW�RI�DQ�RULJLQDO����
������ELW�ELWPDS�LPDJH
,I�ZH�RQO\� VHOHFW� WKH� UHJLRQV� RI� EODFN�SL[HOV� FRQQHFWHG�ZLWKLQ� DQ� HQFORVHG� DUHD� RI� EODFN� FRQQHFWHGSL[HOV�ZH�ZRXOG�KDYH�DOO�OLFHQVH�SODWH�FKDUDFWHU�VHJPHQWV�LVRODWHG�IRUP�WKH�RULJLQDO�SLFWXUH��7KH�PDLQWULFN�LV�KRZ�WR�GLPHQVLRQ�WKH�HWFKLQJ�ILOWHU�VXFK�WKDW�FKDUDFWHUV�DUH�IRUPHG�DV�FRQQHFWHG�EODFN�SL[HOUHJLRQV�DQG�WKH�OLFHQVH�SODWH�FKDUDFWHUV�DUH�HQFORVHG�E\�D�EODFN�SL[HO�ERUGHU���7KH�LPSOHPHQWDWLRQ�RIWKLV�IXQFWLRQ�LV�JLYHQ�LQ�VHFWLRQ�������
2QFH�ZH�KDYH�GHILQHG�WKH�ILOWHU��LVRODWLQJ�WKH�FKDUDFWHUV�IURP�WKH�RUJLQDO�LPDJH�LV�QRW�D�SUREOHP�DQ\PRUH��)LQDOO\�WKH�LPDJH�SURFHVVRU�VKRXOG�KDYH�WKH�IROORZLQJ�EDVLF�LPDJH�WUDQVIRUPDWLRQ�IXQFWLRQV�
x &RQWUDVW�VWUHWFKLQJ� �WR�UHPRYH�ODUJH�HTXDO�LQWHQVLW\�DUHDV�RQ�WKH�LPDJH��x /RZ�SDV�ILOWHULQJ����� �WR�EOXU�WKH�LPDJH�DQG�PDNH�LV�OHVV�QRLV\��x /RFDO�ELQLDUL]DWLRQ �WR�KLJKOLJKW�OLFHQVH�SODWH�FKDUDFWHUV�DQG�ERXQGDULHV��x $UHD�ILOOLQJ�IXQFWLRQV���WR�UHPRYH�DOO�VHJPHQWV�ZKLFK�GR�QRW�OLH�ZLWKLQ�DQ�HQFORVHG�DUHD��
�����7KH�VHJPHQW�SURFHVVRU
)LJXUH� ���� VKRZV� D� SDUW� RI� WKH� LPDJH� DIWHU� WKH� DUHD� ILOOLQJ� SURFHGXUHV� KDYH� EHHQ� DSSOLHG� RQ� WKHELQLDUL]HG�VHFWLRQ�RI�ILJXUH������$V�VKRZQ�WKH�QXPEHU�RI�VHJPHQWV�KDYH�EHHQ�GHFUHDVHG�VLJQLILFDQWO\�7KH�VHJPHQW�SURFHVVRU�VKRXOG�WDNH�DOO�FRQQHFWHG�EODFN�SL[HO�UHJLRQV��GHWHUPLQH�WKH�UHFWDQJXODU�DUHDRI�WKH�RULJLQDO�ORFDWLRQ��FDWFK��DQG�FXWRXW�WKH�VHJPHQW�IURP�WKH�RULJLQDO�LPDJH��$�SURFHGXUH�WR�GR�VR�LV
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GHVFULEHG�LQ�VHFWLRQ��������$V�VKRZQ�LQ�ILJXUH�����ZH�HQODUJH�WKH�FRQQHFWHG�UHJLRQ�RQH�SL[HOV�RQ�DOOVLGHV��$V�GHVFULEHG�ODWHU�LQ�WKLV�VHFWLRQ�WKLV�ERXQGDU\�H[WHQVLRQ�ZLOO�EH�YHU\�KHOSIXO�LQ�SURFHVVLQJ�WKHVHJPHQW�

)LJ������7KH�ZRUN�RI�WKH�VHJPHQW�DQDO\VHU
1RWLFH�WKDW�WKH�WRWDO�QXPEHU�RI�VHJPHQWV�LQ�ILJXUH�����LV�VWLOO�UHODWLYHO\�KLJK�FRPSDUHG�WR�WKH�QXPEHURI�VHJPHQWV�WKDW�DFWXDOO\�IRUP�WKH�FKDUDFWHUV�RI�WKH�OLFHQVH�SODWH��0RUHRYHU��ZH�KDYH�GHSLFWHG�RQO\�DVPDOO�SDUW�RI� WKH�DQDO\]HG� LPDJH��7KH�VHJPHQW�SURFHVVRU�VKRXOG� UHPRYH�RU� LJQRUH�DOO� VHJPHQWV� WKDWFRXOG� QRW� EH� FRQVLGHUHG� FKDUDFWHU� LPDJHV�� %HIRUH� WKH� LVRODWHG� VHJPHQW� LV� VHQG� WR� WKH� UHFRJQL]HUPRGXOH�D�YDOLGDWLRQ�SURFHGXUH�VKRXOG�EH�DSSOLHG�� �7KH�VHJPHQW�SURFHVVRU�VKRXOG�SHUIRUP�RQH�RWKHUIXQFWLRQ��6LQFH�ZH�VHOHFW�UHFWDQJOH�DUHDV� IRUP�WKH�RULJLQDO�SLFWXUH�ZH�VKRXOG�ELQLDUL]HG� WKH�VHJPHQWDJDLQ��7KH�SURFHGXUH�WR�ELQLDUL]H�DQ�LVRODWHG�VHJPHQW�WDNHQ�IRUP�WKH�RULJLQDO�LPDJH�LV�DV�IROORZV�
x 'HWHUPLQH�WKH�DYHUDJH�SL[HO�LQWHQVLW\�YDOXHV�RI�DOO�ERXQGDU\�SL[HOV�RI�WKH�VHJPHQW�x 'HWHUPLQH�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�SL[HO�LQWHQVLW\�YDOXHV�VHW�x $VVLJQ�WKH�DYHUDJH�SL[HO�LQWHQVLW\�YDOXH�����
VWDQGDUG�GHYLDWLRQ�WR�WKH�WUHVKROG�YDULDEOH�x 7XUQ�DOO�SL[HOV�ZKLWH�WKDW�KDYH�LQWHQVLW\�YDOXHV�KLJKHU�RU�HTXDO�WKHQ�WKH�WUHVKROG�x 7XUQ�DOO�SL[HOV�EODFN�WKDW�KDYH�LQWHQVLW\�YDOXHV�OHVV�WKHQ�WKH�WUHVKROG�
)LJXUH�����VKRZV�WKH�RULJLQDO�VHJPHQW�DQG�WKH�ELQLDUL]HG�VHJPHQW�DIWHU�WKH�SURFHGXUH�GHVFULEHG�DERYHKDV�EHHQ�DSSOLHG�

�������������������������������������������������������������������������������������������
)LJ�������7KH�VHJPHQW�ELQLDUL]HU

$V�VWDWHG�DERYH�WKH�VHJPHQW�DQDO\]HU�DOVR�KDV�WKH�WDVN�WR�UHPRYH�RU� LJQRUH�DOO�VHJPHQWV� WKDW�GR�QRWGHSLFW�D�FKDUDFWHU��7KH�VHJPHQW�DQDO\]HU�FKHFNV�ELQLDUL]HG�VHJPHQWV�OLNH�LQ�ILJXUH�����DERYH�DJDLQVW�
x 0LQ�DQG�0D[�KHLJKW�LQ�SL[HOV���DGMXVWDEOH�E\�����V\VWHP�FRQVWDQW�������x 0LQ�DQG�0D[�ZLGWK�LQ�SL[HOV����DGMXVWDEOH�E\����V\VWHP�FRQVWDQW�������x +HLJKW�ZLGWK�UDWLR�� �DGMXVWDEOH�E\�D�V\VWHP�FRQVWDQW�!���x 5DWLR�RI�ZKLWH�EODFN�SL[HOV�LQ�WKH�VHJPHQW�
$V�VWDWHG�LQ�VHFWLRQ�����ZH�KDYH�XVHG�D�QHRFRJQLWURQ�W\SH�RI�QHWZRUN�DV�FKDUDFWHU�UHFRJQL]HU��6LQFHWKH� QHRFRJQLWURQ� RQO\� XVHV� VNHOHWRQLVHG� LPDJH� VDPSOHV� GLUHFWO\� RQ� D� � IL[HG� VL]H� LQSXW� SODQH�� WKUHHRWKHU�IXQFWLRQV�DUH�GHILQHG�IRU�WKH�VHJPHQW�SURFHVVRU�PRGXOH�
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x 6FDOLQJ�WKH�FXWRXW�VHJPHQW�WRZDUGV�WKH�VWDQGDUG�KHLJKW��QRW�QHFHVVDU\�IRU�WKH�QHRFRJQLWURQ��x &RS\�SDVWH�WKH�FXWRXW�VHJPHQW�RQWR�D�IL[HG���
���SL[HO�SODQH�x 7KLQQLQJ�WKH�VHJPHQW��QHFHVVDU\�IRU�WKH�QHRFRJQLWURQ�
5DWKHU� WKDQ� GHILQLQJ� WKH� DOJRULWKPV� KHUH�� ZKLFK� SHUIRUP� WKH� IXQFWLRQV� OLVWHG� DERYH�� LQ� WKH� WH[W� ZHLOOXVWUDWH�RQO\�WKH�ZRUNRXW�RI�WKHVH�IXQFWLRQV�LQ�ILJXUH����D�DQG����E��,Q����D�WKH�RULJLQDO��
���SL[HOFXWRXW�LV�VFDOHG�WR�D�VWDQGDUG�KHLJKW�VHJPHQW�RI���
���SL[HOV��,Q����E�WKH�ELQLDUL]HG�VHJPHQW�LV�SDVWHGRQ�D���
���SODQH�DQG�VXFFHVVLYHO\�VNHOHWRQL]HG��7KH�IXQFWLRQ�GHILQLWLRQV�DQG�LPSOHPHQWDWLRQV�FDQ�EHIRXQG��LQ�VHFWLRQ�����

)LJ�����D�7KH�VFDOLQJ�RSHUDWLRQ�RQ�VHJPHQWV�WR�D�VWDQGDUG�KHLJKW
�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
)LJ�����E�7KH�FRS\�SDVWH�DQG�WKH�WKLQQLQJ�RSHUDWLRQ�RQ�DQ�LVRODWHG�VHJPHQW

����&KDUDFWHU�UHFRJQLVHU
7KH� PDLQ� FKDUDFWHU� UHFRJQL]HU� PRGXOH� LQ� RXU� &/35� LV� D� QHRFRJQLWURQ� QHXUDO� QHWZRUN�� 7KHDUFKLWHFWXUH�RI�RXU�&/35�V\VWHP�SURYLGHV�IRU�DQ\�W\SH�RI�QHXUDO�QHW�DV�ORQJ�DV�LW�ZLOO�XVH�ELQDU\�LPDJHLQSXWV�GLUHFWO\��7KH�FKDUDFWHU�UHFRJQL]HU�WDNHV�RQH�VHJPHQW�DW�WKH�WLPH�DV�LQSXW��DQG�RXWSXWV�D�VHULHV�RIFKDUDFWHU�YDOXHV�RQ�HDFK�VHJPHQW��7KHVH�FKDUDFWHU�YDOXHV�DUH�VRUWHG�LQ�WKH�RUGHU�RI�WKH�QHXURQ¶V�RXWSXWH[FLWDWLRQ��)RU�H[DPSOH�D�FKDUDFWHU� µ%¶�PD\�EH�FODVVLILHG�DV�³%������´�DQG�³�������´��7KHVH�YDOXHVDUH�WDNHQ�GLUHFWO\�IURP�WKH�RXWSXW�QHXURQ�RI�WKH�FODVVLILHU��7KH�RXWSXW�RI�WKH�QHXURQ�WUDLQHG�WR�FODVVLI\D�%�KDV�YDOXH�������LQ�WKLV�FDVH��DQG�WKH�RXWSXW�RI�WKH�QHXURQ�WUDLQHG�WR�FODVVLI\�DQ���KDV�YDOXH�������LQWKLV�FDVH��1RWH�WKDW�WKH�RXWSXW�YDOXHV�DUH�RQO\�UHODWLYH�QXPEHUV�,W�LV�IRU�WKH�FKDUDFWHU�UHFRJQL]HU�WR�ILQG�RXW�ZKLFK�VHJPHQWV�DUH�DFWXDO�FKDUDFWHUV�DQG�ZKLFK�VHJPHQWVVKRXOG�EH�FRQVLGHUHG�LVRODWHG�HUURQHRXVO\�IURP�WKH�LPDJH��$�SRVW�SURFHVVRU�VKRXOG�UHPRYH�DOO�IDXOW\UHFRJQL]HG�VHJPHQWV��)RU�SRVW�SURFHVVLQJ�SXUSRVHV� WKH�FKDUDFWHU� UHFRJQL]HU�ZLOO�QRW�RQO\�RXWSXW� WKHPRVWO\�OLNHO\�FKDUDFWHU�FODVV�SHU�VHJPHQW�EXW�DOVR�RXWSXW�WKH�DFWXDO�VL]H�DQG�ORFDWLRQ�RI�WKH�VHJPHQW�LQWKH� RULJLQDO� SLFWXUH�� 8QFODVVLILHG� FKDUDFWHUV� DUH� DVVLJQHG� D� µ"¶� YDOXH�� 7KHVH� VHJPHQWV� PD\� EHFRQVLGHUHG� UHMHFWHG� FKDUDFDFWHUV�� $IWHU� DOO� VHJPHQWV� RQ� WKH� LPDJH� KDYH� EHHQ� SURFHVVHG� E\� WKHUHFRJQL]HU�� DQ� RXWSXW� IRUPDWWHU� ZLOO� VRUW� WKH� VHJPHQWV� VXFK� WKDW� WKH� VHTXHQFH� LQ� WKH� RXWSXW� VWULQJZRXOG� UHIOHFW� WKH� VDPH� VHTXHQFH� DV� FKDUDFWHUV� RQ� WKH� DFWXDO� SODWH�� 7KH� GDWDIORZ� GLDJUDP� RI� WKHFKDUDFWHU�UHFRJQL]HU�LV�GHSLFWHG�LQ�ILJXUH�����
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)LJ������7KH�UHFRJQLVHU�GDWDIORZ
����&/35�EOXH�SULQW
)LJXUH�����VKRZV�WKH�FRQFHSWXDO�VRIWZDUH�PRGHO�RI�RXU�&/35�V\VWHP��:LWKLQ�HDFK�EXLOGLQJ�EORFN��WKHPDLQ�IXQFWLRQV�UHTXLUHG�DUH�JLYHQ�LQ�WKH�EXOOHW�OLVWV��,I�WKLV�EOXHSULQW�RI�RXU�&/35�LV�FRPSDUHG�DJDLQVWWKH�PRGHO� GHSLFWHG� LQ� ILJXUH� �����ZH�ZLOO� ILQG� WKH� LPDJH� DFTXLVLWLRQ�� IHDWXUH� H[WUDFWLRQ�� DQG� V\QWD[DQDO\VLV�EXLOGLQJ�EORFNV�PLVVLQJ��7KH�UHDVRQV�IRU�WKLV�DUH�
x 7KH�LPDJHV�WR�EH�SURFHVVHG�DUH�FRQVLGHUHG�WR�EH�DYDLODEOH�IURP�D�GDWDVWRUH�x )HDWXUH�H[WUDFWLRQ�IXQFWLRQ��VHHPHG�QRW�EH�QHFHVVDU\�LQ�RXU�VHWXS�x 6\QWD[�DQDO\VLV�LV�OHIW�XQGHILQHG�
$V� ZLOO� EH� GHVFULEHG� LQ� FKDSWHU� ��� WKH� EXLOGLQJ� EORFNV� LQ� ILJXUH� ���� DUH� LPSOHPHQWHG� DV� SK\VLFDOO\VHSDUDWHG� VRIWZDUH� PRGXOHV� H[FHSW� IRU� WKH� �VXE�EORFNV� µELWPDS� [IRUPHU¶�� µVHJPHQW� FDWFKHU¶� DQGµRXWSXW� IRUPDWWHU¶�� ,Q� RUGHU� WR�PDNH� WKH� &/35� VRIWZDUH� SODWIRUP� LQGHSHQGHQW� ZH� KDYH� VHOHFWHG� WRLQFRUSRUDWH�WKH��µELWPDS�[IRUPHU¶��µVHJPHQW�FDWFKHU¶��DQG�µRXWSXW�IRUPDWWHU¶�LQ�WKH�XVHU�LQWHUIDFH�7KH�ELWPDS�[IRUPHU� WUDQVODWHV� D�0)&�ELWPDS� VWUXFWXUH� LQWR� D� VLPSOHU� IRUPDW� WKDW� LV�PRUH� HDVLO\� WRPDQLSXODWH��7KH�VHJPHQW�FDWFKHU�DQG�WKH�RXWSXW�IRUPDWWHU�KHDYLO\�UHO\�RQ�WKH�*8,�VLQFH�ERWK�EXLOGLQJEORFNV�DUH�XVLQJ�GLVSOD\�ZLQGRZV�DV�RXWSXW�GHYLFH�GXULQJ�SURFHVVLQJ�

��
���ELQDU\VHJPHQW QHRFRJQLWURQQHWZRUN
 RXWSXW�UDQNHU

����
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FKDU�

RXWSXWIRUPDWWHU
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�ORFDWLRQ�VL]H�FKDU��


FKDU�
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VHOHFW�WKH�ILYHKLJKHVW�H[FLWDWLRQYDOXHVRI�WKH�RXWSXW�FHOOV
FODVVLI\�WKHVHJPHQW�
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)LJ������7KH�&/35�EOXHSULQW&DU�/LFHQVH�3ODWH�5HFRJQLVHU
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y FRQWUDVW�VWUHWFKLQJy ORZSDVV�ILOWHULQJy ELQLDUL]LQJy DUHD�ILOOLQJy VHJPHQW�ORFDWLQJ

y SDVWLQJy VFDOLQJy WKLQQLQJ

y VWDUWy VWRSy SUH�SURFHVV y VHJPHQWDWH

y UHFRJQLVH

y 0/3y QHRFRJQLWURQ

FRQWUROIORZ GDWD�IORZ
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&KDSWHU��
)LQGLQJ�DQ�RSWLPDO�QHRFRJQLWURQ�FRQILJXUDWLRQWR�UHFRJQLVH�FKDUDFWHUV�RI�FDU�OLFHQVH�SODWHV
����5HYLHZLQJ�WKH�UHVXOWV�XVLQJ�)XNLVXPD¶V�RULJLQDO�QHWZRUN�
7KH� UHVXOWV� RI� WKH� YHULILFDWLRQ� RI� RXU� VRIWZDUH� LPSOHPHQWDWLRQ� RI� )XNLVXPD¶V� QHRFRJQLWURQ� DVSUHVHQWHG� LQ� FKDSWHU� �� GR� QRW� KDUP� KLV� FODLP� WKDW� WKH� QHRFRJQLWURQ� SURSRVHG� LQ� >�@� LV� FDSDEOH� RIGHIRUPDWLRQ��� ORFDWLRQ��� DQG� VL]H�LQYDULDQW� YLVXDO� FKDUDFWHU� UHFRJQLWLRQ�� +RZHYHU�� LW� VRXQGVFRQWUDGLFWRU\� WKDW� WKLV� VSHFLILF� QHWZRUN� GHVLJQHG� WR� UHFRJQL]H� KDQGZULWWHQ� FKDUDFWHUV� SHUIRUPV� VRSRRUO\�RQ�SULQWHG�FKDUDFWHUV��7DEOH�����LOOXVWUDWHV�WKLV�SRRU�SHUIRUPDQFH�RQ�D�QXPEHU�RI�FKDUDFWHUV�LQWKH�(XURVWLOH�IRQW�WKDW�ZHUH�XVHG�LQ�RXU�HDUOLHU�WHVWV��VHH�DOVR�DSSHQGL[������WDEOH��������
7DEOH������ 7\SLFDO�(XURVWLOH�IRQW�FKDUDFWHUV
	741�6+.'�(106 N F � � � � �5HFRJQLWLRQ�UDWH ��� ��� ��� ��� ��� ��� ���

7KH�FKDUDFWHUV�VKRZQ�LQ�WDEOH�����DUH�QRW�UDQGRPO\�VHOHFWHG�IURP�WKH�UHVXOW�WDEOHV�LQ�WKH�DSSHQGL[�����:H� WRRN� WKHVH�FKDUDFWHUV�ZLWK� WKH� LQWHQWLRQ� WR�FODULI\� WKH� IDFW� WKH\� DUH� UHFRJQL]HG�ZLWK� VXFK�D�SRRUSHUIRUPDQFH��,I�ZH�FRPSDUH�WKH�FKDUDFWHULVWLF�OD\RXW�RI�WKHVH�LQSXW�VDPSOH�FKDUDFWHUV�WR�WKH�WUDLQLQJ�VHWV�)XNLVXPD¶V�SURSRVHG�IRU�WKH�WKLUG�DQG�IRXUWK�OD\HU�ZH�ILQG�QRWLFHDEOH�GLIIHUHQFHV�
x 7KH�µ�¶�KDV��PRUH�WKH�IRUP�RI�D�VTXDUH�UDWKHU�WKDQ�WKDW�RI�D�FLUFOH�RU�HOOLSVH�x 1RWLFH�WKH�SHUSHQGLFXODU�OLQH�VHJPHQW�FURVVLQJ�LQ�WKH�ORZHU�OHIW�FRUQHU�RI�WKH�FKDUDFWHU�µ�¶�x %RWK�KXPSV�RI�WKH�OHWWHU�µ%¶�KDYH�WKH�VDPH�ZLGWK�HDFK�x 7KH�WKUHH�µOHJV¶�RI�OHWWHU�µ0¶�GR�HQG�DW�WKH�VDPH�ERWWRP�OLQH�x 7KH�QRUPDOO\�REOLTXH�OHIW�OLWWOH�OHJ�RI�FKDUDFWHU�µ5¶�LV�SDUDOOHO�WR�WKH�OLQH�VHJPHQW�RQ��ULJKW�VLGH�RIWKH�FKDUDFWHU�x 1RWLFH�WKH�DPLGVKLSV�SDUW�RI�WKH�OHWWHU�¶6¶�ZKLFK�LV�D�SXUH�KRUL]RQWDO�OLQH�VHJPHQW�x )LQDOO\��OHWWHU��µ:¶�ZKLFK�KDV�DOVR�WKUHH�OHJV�RI�WKH�VDPH�OHQJWK�
7KH�WUDLQLQJ�VHW�SDWWHUQV�RI�DOO�OD\HUV�XVHG�LQ�)XNLVXPD¶V�RULJLQDO�QHWZRUN�DUH�GHSLFWHG�LQ�WKH�DSSHQGL[����� )LJXUH� ���� LOOXVWUDWHV� RXU� ILQGLQJV� GHVFULEHG� DERYH� E\� VKRZLQJ� WKH� VSHFLILF� WUDLQLQJ� FKDUDFWHULPDJHV�XVHG�WR�WUDLQ�OD\HU����2EYLRXVO\��WKHVH�HOHPHQWV�RI�WKH�WUDLQLQJ�VHW�DQG�WKH�FKDUDFWHUV�OLVWHG�LQWDEOH�����KDYH�GLIIHUHQW�VW\OHV�



��

)LJ������/D\HU����WUDLQLQJ�VHW��LPDJHV�RQ�WKH�FKDUDFWHUV�RI�WDEOH����
2I�FRXUVH��WKH�IRXUWK�OD\HU�GRHV�QRW�VROHO\�GHWHUPLQH�WKH�UHFRJQLWLRQ�SHUIRUPDQFH�RQ�WKHVH�FKDUDFWHUV�7KH�WUDLQLQJ�VHW�SDWWHUQV�RI�SUHYLRXV�OD\HUV�PD\�EH�HYHQ�PRUH�LPSRUWDQW��+RZHYHU��ZH�IRXQG�RXW�WKDWLI� \RX�GR�QRW� IL[� WKHVH�PLVPDWFKHV� EHWZHHQ� WKH� FKDUDFWHU� VW\OH� DQG� WKH� WUDLQLQJ�VHW� VW\OH�� LW� LV� YHU\GLIILFXOW�WR�LQFUHDVH�UHFRJQLWLRQ�SHUIRUPDQFH�
7KLQJV�FDQ�JHW�HYHQ�ZRUVH�ZLWK�UHVSHFW� WR�FKDUDFWHU�VW\OHV��7KH�)XNLVXPD�QHWZRUN�XVHG� LV�GHVLJQHGRQO\� WR�DFFHSW� FKDUDFWHU�SDWWHUQV�FRQVLVWLQJ�RI� OLQH� VHJPHQWV�RI�RQH�SL[HO�ZLGWK��$OO� LQSXW� FKDUDFWHULPDJHV�VKRXOG�WKHUHIRUH�EH�µWKLQQHG¶�EHIRUH�WKH\�FDQ�EH�IHG�WR�WKH�QHRFRJQLWURQ¶V�LQSXW�SODQH�7KLQQLQJ�WKH�LQSXW�FKDUDFWHU�LPDJHV�LV�QRW�WKH�SUREOHP��KRZHYHU�WKLQQLQJ�ZLOO�GHIRUP�WKH�FKDUDFWHUVWR�EH� UHFRJQL]HG�HYHQ�PRUH��7KH� µFKDUDFWHU� VW\OH�SUREOHP¶�GHVFULEHG� DERYH�JHWV� HYHQ�ZRUVH� GXH� WRWKLQQLQJ�
7KH�RQO\�ZD\�WR�VROYH�WKLV�SUREOHP�LV�WR�UHILQH�WKH�WUDLQLQJ�VHWV�DQG�DGDSW�WKHP�WR�WKH�VW\OHV�ZH�FRXOGH[SHFW� RI� WKH� VNHOHWRQV� RI� SULQWHG� FKDUDFWHUV�� )LJXUH� ���� LOOXVWUDWHV� WKH� GHIRUPDWLRQ� DQG�RU� VW\OHFKDQJHV�WKDW�RFFXU�ZKHQ�VDPSOHV�RI�WKH�OLFHQVH�SODWH�IRQW�FKDUDFWHUV�DUH�VNHOHWRQL]HG��'R�QRWH�WKH�KLJKGHIRUPDWLRQ�FDXVHG�E\�WKLQQLQJ�RQ�WKH�OHWWHUV�µ.¶�DQG�µ;¶�LQ�WKH�ILUVW�VHULHV�RI�FKDUDFWHUV�LQ�ILJXUH�����7KH�WKLQQLQJ�DOJRULWKP�XVHG�FDQ�HYHQ�GHIRUP�WKH�FKDUDFWHUV�VXFK�WKDW�LW�PDNHV�LW�HYHQ�YHU\�KDUG�IRUKXPDQV�WR�LQWHUSUHW� WKH�LPDJH�FRUUHFWO\��1RWH�IRU�H[DPSOH�WKH�OHWWHUV� µ�¶��µ1¶��DQG�µ7¶� LQ� WKH�VHFRQGVHULHV�RI�FKDUDFWHUV�LQ�ILJXUH�����

)LJ�������7KLQQHG�FKDUDFWHUV�RI�WKH�OLFHQVH�SODWH�VDPSOH�RI�ILJXUH�����RQ�D���
���SL[HO�UDVWHU��2QO\���SW�DQG���SW�FKDUDFWHUV�DUH�VKRZQ
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����5HGHILQLQJ�WUDLQLQJ�SDWWHUQV
������5HILQLQJ�WKH�H[LVWLQJ�WUDLQLQJ�VHW
,Q� WKH� SUHYLRXV� VHFWLRQ� ZH� GHPRQVWUDWHG� WKDW� WKH� RQO\� ZD\� WR� LPSURYH� WKH� SHUIRUPDQFH� RQ� SULQWHGFKDUDFWHUV� LV� WR� UHILQH� WKH� WUDLQLQJ�VHW� DQG� DGDSW� WKHP� WR� WKH� VW\OH�ZH� FRXOG� H[SHFW� RQ� VNHOHWRQV� RIFKDUDFWHUV�WKDW�VKRXOG�EH�UHFRJQL]HG�x )LUVW�RI�DOO�ZH�SDVVHG�DOO�LPDJH�VDPSOHV�DV�UHSURGXFHG�IURP�'XWFK�OLFHQVH�SODWHV�FKDUDFWHUV�IURPKLJK�UHVROXWLRQ�GLJLWDO�SKRWR�LPDJHV��VHH�ILJXUH������WKURXJK�RXU�WKLQQLQJ�DOJRULWKP�x 7KHQ�ZH�VWXGLHG�WKH�VNHOHWRQV�ZH�JRW�x )LQDOO\� ZH� WULHG� WR� DGDSW� WKH� WUDLQLQJ�VHW� IRU� OD\HU� �� DQG� OD\HU� �� RI� WKH� QHWZRUN� VXFK� WKDW� WKHQHWZRUN�ZLOO�EHFRPH�LQYDULDQW�IRU�WKH�GHIRUPDWLRQV�DV�VKRZQ�LQ�ILJXUH�����RQ�FHUWDLQ�FKDUDFWHUV�
:H�FKDQJHG�WKRVH�WUDLQLQJ�SDWWHUQV�LQ�OD\HUV���DQG�OD\HUV���RI�ZKLFK�ZH�WKLQN�WKH\�FRQWULEXWH�PRVW�WRUHFRJQL]H�WKH�µ�¶��µ1¶��µ;¶�DQG�µ.¶��)XUWKHUPRUH��ZH�PDGH�VRPH�PLQRU�FKDQJHV�WR�VHYHUDO�WUDLQLQJVHWSDWWHUQV�RQ�FKDUDFWHUV�ZKRVH�VW\OH�ZLOO�QRW�HYHU�DSSHDU�RQ�QXPEHUSODWHV��)RU�H[DPSOH��WKH�VHFRQG�VW\OHRI�µ�¶�DQG�WKH�OHWWHU�µ5¶�DV�GHILQHG�LQ�ILJXUH�������LQ�DSSHQGL[�����)LJXUH�������DQG�������LQ�WKH�DSSHQGL[�VKRZ�WKH�QHZ�WUDLQLQJVHW�IRU�OD\HU���DQG����1RWH�WKDW�ZH�KDYHQRW�FKDQJHG�WKH�WUDLQLQJ�VHW�RI�OD\HU����QHLWKHU�ZH�KDYH�FKDQJHG�WKH�QHWZRUN�FRQVWDQWV�VHOHFWLYLW\��QRUWKH�JDPPD�RU�GHOWDV�
+RZ�RXU�QHZ�QHWZRUN�SHUIRUPV�RQ�WKH�VDPH�WHVWVHW�DV�XVHG�LQ�FKDSWHU���LV�VKRZQ�LQ�WDEOH������2Q�WKHDYHUDJH��ZH�JRW�D�UHFRJQLWLRQ�UDWH�LPSURYHPHQW�RI�DERXW�����RQO\��2Q�OLFHQVH�SODWH�FKDUDFWHU�VDPSOHV�ZH�JRW�D������LQFUHDVH�RQ�UHFRJQLWLRQ�UDWH��PRVW�OLNHO\�WKLV�LV�EHFDXVH�ZH�IRFXVHG�RQ�WKH�WUDLQLQJ�VHWSDWWHUQV�RI�WKLV�IRQW�VSHFLILFDOO\��,I�ZH�WDNH�RQO\�LQWR�DFFRXQW� WKH�OLFHQVH�SODWH�FKDUDFWHUV�ZLWK�D�VL]HJUHDWHU� WKHQ� ��� SW� ZH� JRW� DQ� LQFUHDVH� LQ� SHUIRUPDQFH� RI� � ��� �� ������ YHUVXV� ������� 7KLV� ��� �LPSURYHPHQW�FRQILUPV�WKDW�WKH�UHILQHG�WUDLQLQJVVHW�SDWWHUQ�KDV�VRUWHG�VRPH�HIIHFW�

7DEOH����� 3HUFHQWDJH�RI��FKDUDFWHUV�UHFRJQL]HG�FRUUHFWO\�XVLQJ�D�PRGLILHG��)XNLVXPD�WUDLQLQJ�VHW�QHWZRUN�VSHFLILHG�LQ�DSSHQGL[����
)RQW�6W\OH ��SW ��SW ��SW ��SW ��SW ��SW ��SW �SW WRWDO
$ULDO � ������� ������ ������ ������ ������ ������ ������$ULDO�%ROG � ������ ������ ������ ������ ������ ������ ������9HUDQGD � ������ ������ ������ ������ ������ ������ ������9HUDQGD�%ROG � ������ ������ ������ ������ ������ ������ ������	74156+.' � ������ ������ ������ ������ ������ ������ ������	74156+.'��1.& � ������ ������ ������ ������ ������ ������ ������/LFHQVH�3ODWH ������ � ������ ������ ������ ������ ������ � ������
WRWDO ������ ������ ������ ������ ������ ������ ������ ������ ������

,W� PD\� EH� FOHDU� WKDW� D� QHWZRUN� ZKLFK� H[KLELWV� D� ����� UHFRJQLWLRQ� UDWH� RQ� LQGLYLGXDO� FKDUDFWHUV� LVDEVROXWHO\�QRW�XVDEOH� LQ�D�&/35��:KHQ�XVLQJ� WKLV�QHWZRUN� WKH�FKDQFH� WR� UHDG�D�'XWFK� OLFHQVH�SODWHFRUUHFWO\�ZRXOG�EH�OHVV�WKDQ��������������n ���������0RGLI\LQJ�WKH�H[LVWLQJ�WUDLQLQJ�VHW
7KHUHIRU�ZH�VWDUWHG�D�VHFRQG�URXQG�WR�LPSURYH�WKH�SHUIRUPDQFH�E\�PRGLI\LQJ�WKH�QHWZRUN�WUDLQLQJ�VHWSDWWHUQV��6LQFH�LW�EHFRPHV�FOHDU� WKDW� WUDLQLQJ�VHW�SDWWHUQV�VLJQLILFDQWO\�GHWHUPLQH� WKH� UHFRJQLWLRQ� UDWH
� ,Q�EUDFNHWV�WKH�UHFRJQLWLRQ�UDWH�RI�)XNLVXPD�RULJLQDO�QHWZRUN�LV�JLYHQ�



��

RQ�FHUWDLQ�FKDUDFWHU� IRQWV��ZH�GHFLGH� WKDW� IURP�QRZ�RQ�ZH�FRQFHQWUDWH�RQ�JDLQLQJ� UHFRJQLWLRQ� UDWHVLPSURYHPHQWV�RQ�OLFHQVH�SODWH�FKDUDFWHUV�RQO\��7KLV�PD\�EH�MXVWLILHG�EHFDXVH�FRQVWUXFWLQJ�DQ�DUWLILFLDOQHWZRUN�IRU�UHFRJQL]LQJ�OLFHQVH�SODWH�FKDUDFWHUV�LV�RXU�REMHFWLYH��%HVLGHV�LW�ZRXOG�PDNH�WKH�WUDLQLQJ�VHW�VPDOOHU�DQG�WKH�QHWZRUN�FRQILJXUDWLRQ�D�IUDFWLRQ�OHVV�FRPSOH[�FRPSXWDWLRQDO�ZLVH�
:H�FDUULHG�RXW�WKH�IROORZLQJ�PRGLILFDWLRQV�LQ�RXU�VHFRQG�WU\�WR�JHW�D�EHWWHU�SHUIRUPLQJ�QHWZRUN�RQOLFHQVH�SODWH�FKDUDFWHUV�
x 7KH�QHWZRUN�JHWV�RQO\����RXWSXW�QHXURQV�HDFK�VSHFLILFDOO\�WUDLQHG�WR�UHFRJQL]H�RQH�FKDUDFWHU�LQWKH�VHW��^���������������������%�&�'�(�)�*�+�-�.�/�1�3�5�6�7�9�;�<�= `�x :H�FKDQJH�WKH�FRQILJXUDWLRQ�RI�OD\HU����,QVWHDG�RI�KDYLQJ�PXOWLSOH�6�SODQHV�FRQQHFWHG�WR�RQH�&�SODQH�ZH�KDYH�FRQQHFWHG�DOO�6�SODQHV�WR�H[DFWO\�RQH�&�SODQH�LQ�WKLV�FRQILJXUDWLRQ��x %\�VWXG\LQJ�UHVXOWV�VKRZQ�WKH�WDEOH�������HQ�������LQ�WKH�DSSHQGL[�ZH�KDYH�WULHG�WR�LPSURYH�WKHWUDLQLQJ�VHW�E\�GHFUHDVLQJ�WKH�PLVFODVVLILFDWLRQ�UDWH�RQ�FHUWDLQ�FKDUDFWHUV��6HH�WDEOH������EHORZ�

7DEOH�����+LJKHVW�PLVFODVVLILFDWLRQV�UDWHV
0LVFODVVLILFDWLRQUDWH 5HODWLYHO\�KLJK�UDWHWR�EH�PLVFODVVLILHG�DV

� ������ 4�RU�'� ������ �� ������ 4�RU�%� ������ 4% ������ '�RU�3&� ������ )* ������ &- ������ �.� ������ �1 ������ �5 ������ 3�RU�'9 ������ �:� ������ 1= ������ �
�&KDUDFWHUV�ZLOO�QRW�DSSHDU�RQ��'XWFK�OLFHQVH�SODWHV�

$IWHU� VHYHUDO� LWHUDWLRQV�� ZH� IRXQG� D� QHWZRUN� WUDLQLQJVHW� WKDW� SURGXFHV� FRPSDUDEOH� UHVXOWV� WR� WKHSUHYLRXV� RQH�� ,W� VHHPHG� KDUG� WR� LPSURYH� WKH� UHFRJQLWLRQ� SHUIRUPDQFH� XVLQJ� WKH� FRQILJXUDWLRQ� DQGEDVLF� WUDLQLQJ�VHW� )XNLVXPD� KDV� SURSRVHG� LQLWLDOO\�� :H� H[SHULHQFHG� WKDW� RQH� FDQ� LQFUHDVH� WKHUHFRJQLWLRQ�UDWH�RI�VRPH�LQGLYLGXDO�FKDUDFWHUV�MXVW�E\�PDWFKLQJ�WKH�H[SHFWHG�LQSXW�SDWWHUQV�WR�WUDLQLQJ�VHW�SDWWHUQV�DQG�VWXG\LQJ�WKH�H[FLWDWLRQ�RI�LQGLYLGXDO�SODQHV��+RZHYHU�LQFUHDVLQJ�WKH�UHFRJQLWLRQ�UDWHRI�WKH�QXPHULFDO�µ�¶�FRXOG�HDVLO\�OHDG�WR�D�VLJQLILFDQW�GURS�RI�UHFRJQLWLRQ�UDWH�RI�H�J�FKDUDFWHUV�OLNH�µ3¶�µ%¶�RU�µ5¶�6LQFH� WKH�QHRFRJQLWURQ�KDV� VR�PDQ\�FRQQHFWLRQV� LW�PDNHV� LW� DOPRVW� LPSRVVLEOH� WR� WUDFH�ZK\�H[DFWO\WKHUH�H[LVW� VXFK�DQ�REVHUYHG�QHJDWLYH�FRUUHODWLRQ� LQ� UHFRJQLWLRQ� UDWH�RI� VRPH�FKDUDFWHUV�� ,Q� WRWDO�ZHWULHG�DERXW���GLIIHUHQW� WUDLQLQJVHW�SDWWHUQV�DQG�QHWZRUN�FRQILJXUDWLRQV�� DOO� DOLNH�)XNLVXPD¶V� RULJLQDORQH��7KHUH�VHHPV�VRPH�PD[LPXP�WR�H[LVWV�LQ�RYHUDOO�UHFRJQLWLRQ�UDWH�RI�DERXW�����
7DEOH�����&DU�OLFHQVH�SODWH�FKDUDFWHU�UHFRJQLWLRQ�UDWHV�LQ���RQ�GLIIHUHQW��FRQILJXUDWLRQV�RI)XNLVXPD¶V�RUJLQDO�QHWZRUN

1HWZRUN ��SW ��SW ��SW ��SW ��SW ��SW WRWDO
)XNLVXPD� �UHIHU�VHFWLRQ����� �� �� �� �� �� �� ��)LUVW�DWWHPSW� �UHIHU�VHFWLRQ������� �� �� �� �� �� �� ��6HFRQG�DWWHPSW� �UHIHU�VHFWLRQ������� �� �� �� �� �� �� ��

� :LWK�WKLV�µW\SH¶�RI�OD\HU�RQH�FRXOG�EHWWHU�VWXG\�ZKLFK�QHXURQV�KDYH�ODUJH�H[FLWDWLRQV�RQ�H[DFWO\�ZKDWVSHFLILF�LQSXW�SDWWHUQ
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2QH�RWKHU�WKLQJ�ZH�H[SHULHQFHG�ZDV�WKDW�WXQLQJ��RQ�PRUH�WKDQ�RQH�RI�WKH�SDUDPHWHUV�OLNH�VHOHFWLYLW\�JDPPDV�� RU� GHOWDV� DW� WKH� WLPH�� FRXOG� OHDG� WR� YHU\� SRRU� SHUIRUPDQFH� UDWHV�� 7KH� QHZ� QHWZRUNFRQILJXUDWLRQ�VXJJHVWHG�LQ�WKLV�VHFWLRQ�LV�GHVFULEHG�LQ�DSSHQGL[����
7DEOH������&RPSDULVLRQ�RI�UHFRJQLWLRQ�UDWHV�RI�WZR�GLIIHUHQW�QHWZRUNV�SHULQGLYLXDO�FKDUDFWHU
5HFRJQLWLRQ5DWH�LQ�� 2XU�QHWZRUN��LQ�VHFWLRQ������ )XNLVXPD¶V�RUJLQDO�QHWZRUN�IURP6HFWLRQ����FODVVLILHG 0LV� 8Q� FODVVLILHG 0LV� 8Q�FRUUHFWO\ FODVVLILHG FODVVLILHG FRUUHFWO\ FODVVLILHG FODVVLILHGLQSXW � �� �� �� �� �� ��� �� �� �� �� �� ���
 �� �� � �� �� ��
 �� �� �� � �� ���
 �� � �� �� �� ��� �� �� � �� �� �� �� �� � �� �� ��� ��� ��� ��� �� � �� �� �� �� �� �� ��� �� �� �� �� �� ��$� �� �� �� �� �� ��% �� �� �� �� �� ��& �� �� � �� �� �'
 �� � � �� �� �( �� � � �� � ��) �� � � �� � �* �� �� � �� �� �+
 �� � � �� �� �, � � � � �� �- �� �� � �� �� ��.� �� �� � �� �� �/ ��� � � �� � �0 �� �� � �� �� ��1 �� �� � �� �� �3 �� � � �� � �5 �� �� � �� �� ��6
 �� �� � �� �� ��7 �� �� � �� � �8 �� �� � �� � �9� �� �� � �� �� �: �� �� �� �� �� �;
 �� �� �� �� �� ��< �� �� � �� �� �= �� �� � �� �� �WRWDO �� �� � �� �� ��

VLJQLILFDQWO\�LPSURYHG�UHFRJQLWLRQ�UDWHV�VLJQLILFDQWO\�GHFUHDVHG�UHFRJQLWLRQ�UDWHV

)LQDOO\�� ZH� VKRZ� LQ� WDEOH� ���� �GHULYHG� IRUP� WDEOHV� ������ DQG� ������ LQ� DSSHQGL[� �� ��� WKH� RYHUDOOUHFRJQLWLRQ�UDWH�SHU�FKDUDFWHU��7KH�RQO\�FRQFOXVLRQ�ZH�FDQ�GUDZ�VR�IDU�LV�WKDW�LQ�JHQHUDO�ZH�FDQ�RQO\LQFUHDVH� SHUIRUPDQFH� VOLJKWO\�� RQ� D� QHWZRUN� FRQVLGHUHG� WR� UHFRJQL]H� GLIIHUHQW� FKDUDFWHU� IRQWV� DQGVL]HV��VLPXOWDQHRXVO\��:H�PDQDJHG�WR�GR�VR�RQ�RQH�VSHFLILF�IRQW��WKH�OLFHQVH�SODWH�FKDUDFWHU�IRQW��DQGDOVR�ZH�PDQDJHG�WR�LQFUHDVH�WKH�UHFRJQLWLRQ�UDWH�RI�FHUWDLQ�FKDUDFWHUV��VHH�WKH�DQQRWDWHG�FKDUDFWHUV�LQWDEOH������EXW�RYHUDOO�SHUIRUPDQFH�UHPDLQV�SRRU�� ,Q� WKH�QH[W� VHFWLRQ��ZH�VXJJHVW�D�GLIIHUHQW�QHWZRUNOD\RXW�ZLWK�PRUH�GUDVWLFDO�FKDQJHV� WR� WKH�QHWZRUN� WUDLQLQJ�VHW�SDWWHUQV��D�QHRFRJQLWURQ�QHWZRUN� WKDWVKRZV�VLJQLILFDQW�EHWWHU�UHVXOWV��:H�UHIHU�WR�DSSHQGL[�VHFWLRQ�����DQG�����VSHFLILFDOO\��WDEOH�������DQGWDEOH�������IRU�FRPSUHKHQVLYH�GDWD�UHJDUGLQJ�WKH� UHFRJQLWLRQ�EHKDYLRXU�RI� WKH�QHWZRUNV�GHVFULEHG� LQWKLV�VHFWLRQ�



��

�����0RGLI\LQJ�OD\HU�DQG�SODQH�FRQILJXUDWLRQ
$V� VWDWHG� HDUOLHU� WKH� QHRFRJQLWURQ� LV� FDSDEOH� RI� GHIRUPDWLRQ��� ORFDWLRQ��� DQG� VL]H�LQYDULDQW� YLVXDOFKDUDFWHU�UHFRJQLWLRQ��+RZHYHU��GR�ZH�DOO�QHHG�WKHVH�IHDWXUHV�"
x 7KH�FKDUDFWHU�LPDJHV�RI�OLFHQVH�SODWHV�WR�EH�UHFRJQL]HG�DUH�WR�VRPH�H[WHQG�GHIRUPHG�EXW�WKH\�DUHDOO�RI�WKH�VDPH�VW\OH�x :H�FRXOG�HDVLO\�IL[�WKH�ORFDWLRQ��x $GMXVWLQJ�WKH�VL]H�RI�WRR�VPDOO�FKDUDFWHUV�LV�QRW�D�SUREOHP�LQ�VRIWZDUH�
,Q�WKH�SUHYLRXV�VHFWLRQ��ZH�FDPH�WR�WKH�FRQFOXVLRQ�WKDW�VRPHKRZ�WKH�LQWHUFRQQHFWLRQV�EHWZHHQ�FHUWDLQSODQHV� DUH� WRR� WLHG� DIWHU� WUDLQLQJ�� 6LQFH� FKDQJLQJ� D� WUDLQLQJ�VHW� RI� D� SODQH� REYLRXVO\� PHQG� DV� DNH\SOD\HU�LQ�UHFRJQL]LQJ�WKH�QXPHUDO�µ�¶�DSSHDUHG�WR�ZRUVHQ�WKH�UHFRJQLWLRQ�UDWH�RI�IRU�H[DPSOH�WKHFKDUDFWHU�µ3¶��7KH�ODWHVW�PD\�EH�SODXVLEOH�EXW�KDUG�WR�SURRI�DQG�HYHQ�PRUH�GLIILFXOW�WR�IL[�
7DNHQ�DOO� WKHVH� IDFWV� LQWR�DFFRXQW�ZH�GHVLJQHG�D�QHRFRJQLWURQ�QHWZRUN�ZLWK�RQO\��� OD\HUV��7KH�ILUVWWZR� OD\HUV� FRPSDUDEOH� WR� )XNLVXPD¶V� FRQILJXUDWLRQ�� /D\HU� �� VHUYHV� DV� D� OLQH� H[WUDFWRU�� OD\HU� �� LVWUDLQHG�WR�GHWHFW�SDUWV�RI�DQ\�DOSKDQXPHULFDO�FKDUDFWHUV��:H�DGGHG�D�QXPEHU�RI�SODQHV�WR�OD\HU����7KHDGGHG�SODQHV�DUH�WUDLQHG�RQ�SDUWV�RI�WKH�FKDUDFWHUV�µ�¶��µ9¶�� µ;¶�DQG�µ=¶��7KHVH�FKDUDFWHUV�KDYH�EHHQSURYHQ�HDUOLHU�WR�EH�UHFRJQL]HG�ZLWK�GLIILFXOW\�/D\HU� �� LV� WUDLQHG� GLUHFWO\� ZLWK� FKDUDFWHU� LPDJHV� LQVWHDG� RI� XVLQJ� WKLV� OD\HU� DV� FRPELQHG� IHDWXUHH[WUDFWRU�DV�)XNLVXPD�GRHV��7UDLQLQJ�D�SODQH�ZLWK�PRUH�WKDQ�RQH�SDWWHUQ�LQFUHDVHV�LWV�DELOLW\�WR�H[WUDFWGHIRUPHG�IHDWXUHV��6LQFH�ZH�GR�QRW�H[SHFW�RXU�FKDUDFWHUV� �KDYH�WRR�PXFK�GHIRUPDWLRQV�ZH� WUDLQ� WKHSODQH�LQ�OD\HU���ZLWK�RQO\�RQH�WUDLQLQJ�VDPSOH�SHU�SODQH��7KH�UHTXLUHG�UREXVWQHVV�DJDLQVW�GHIRUPDWLRQLV� VHW�ZLWK� WKH� VHOHFWLYLW\� SDUDPHWHU� RI� WKH� SODQHV� LQ� WKLV� OD\HU�� 7KH� IRUPDO� GHVFULSWLRQ� RI� WKLV� QHZQHWZRUN�FDQ�EH�IRXQG�LQ�DSSHQGL[�����
7KH�QHWZRUN�GHVFULEHG�DERYH�KDV� LQGHHG� ORVW�VRPH�RI� LW� IXQFWLRQDO� IHDWXUHV�ZLWK� UHVSHFW� WR� VL]H�DQGORFDWLRQ�FRQVWUDLQWV�EXW�SHUIRUPV�TXLWH�ZHOO�RQ�WKH�WHVW�VHW�FRQWDLQLQJ�WKH�OLFHQVH�SODWHV�FKDUDFWHUV�ZHXVHG�LQ�VHFWLRQ�����DV�VKRZQ�LQ�WDEOH������EHORZ�
$W� WKLV� SRLQW�� ZH� ZDQW� WR� UHFDOO� RXU� SUHYLRXV� UHVXOWV� LQ� WDEOH� ����� ,I� WKH� UHFRJQLWLRQ� UDWH� RI� RXUQHRFRJQLWURQ�LV�SORWWHG�DJDLQVW�WKH�VL]H�RI�WKH�FKDUDFWHUV��ZH�JHW�WKH�IROORZLQJ�JUDSK�ILJXUH�����
2EYLRXVO\��WKH�QHWZRUN�UHFRJQLWLRQ�SHUIRUPDQFH�VWDUWV�WR�GHJUDGH�VLJQLILFDQWO\�DW�FKDUDFWHUV�OHVV�WKHQ���SL[HOV�KHLJKW�RQ�HDFK�FRQILJXUDWLRQ�EDVHG�RQ� WKH�RULJLQDO�)XNLVXPD¶V�QHWZRUN��7KH�XSSHU� OLQH� LQWKH� JUDSK� GHSLFWHG� LQ� ILJXUH� ���� VKRZV� WKH� UHFRJQLWLRQ� UDWH� RI� WKH� QHRFRJQLWURQ� GHVFULEHG� LQ� WKLVVHFWLRQ�WR�GURS�VLJQLILFDQWO\�DW�DERXW����SW¶V��7KLV�LV�YHU\�SODXVLEOH�VLQFH�ZH�GR�QRW�H[SOLFLWO\�WUDLQ�WKHQHWZRUN�RQ�WKH�VPDOO�FKDUDFWHUV�DQ\PRUH�,Q�RUGHU� WR� LQFUHDVH� WKH� UHFRJQLWLRQ� UDWH�SHUIRUPDQFH�RI�RXU�QHWZRUN�RQ�DOO� FKDUDFWHU� VL]HV�ZH�KDYHFDUULHG�RXW�WZR�RWKHU�H[SHULPHQWV��7KH�UHVXOWV�DUH�VKRZQ�LQ�WDEOH������� )LUVW�RI�DOO�ZH�PDJQLILHG�DOO�FKDUDFWHU�LPDJHV�WR�D�VWDQGDUG�VL]H�RI����SL[HOV�KHLJKW��� 6HFRQGO\��WR�JHW�WKH�EHVW�RI�ERWK�ZRUOGV��ZH�PDJQLILHG�RQO\�WKH�FKDUDFWHU�LPDJHV�WR����SL[HOV�WKDWKDG�D�KHLJKW�HTXDO�RU�OHVV�WKDQ����SL[HOV��$V�VKRZQ�LQ�WDEOH������ZH�DFKLHYHG�D�UHFRJQLWLRQ�UDWH�RQLQGLYLGXDO�FKDUDFWHUV�RI�RXW�RI�RXU�WHVW�VHW�RI�DERXW������

� ,Q�IDFW��WKH�DUH�DOUHDG\�SRVLWLRQHG�DW�D�IL[�ORFDWLRQ�LQ�WKH�LQSXW�SODQH�RI�WKH�QHRFRJQLWURQ��2XUVHJPHQWDWLRQ�URXWLQH�LPSOLFLWO\�FHQWHUV�WKH�LPDJH�RQ�WKH�LQSXW�SODQH�
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)LJ��������5HFRJQLWLRQ�UDWH�YHUVXV�FKDUDFWHUV�VL]H
7DEOH������5HFRJQLWLRQ�RI�VWDQGDUGLVHG�FDU�OLFHQVH�SODWH�FKDUDFWHUV�E\�WKHQHWZRUN�VXJJHVWHG�LQ�VHFWLRQ����

)RQW /LFHQVH�3ODWH 5HFRJQLVHG6L]H ��S[ ��S[ ��S[ ��S[ ��S[ ��S[ &RUUHFWO\&KDUDFWHU� 0DG83 0D8G0 0G830 0D900 ????? 40000 ��� 1YVN0 1YVN0 1YVN0 T0000 10000 10000 ��� 2Z000 2Z000 2Z000 ????? 2LZ00 ????? ��� 3J000 3J000 3J000 3J000 30000 70000 ��� 40000 40000 40000 40000 40000 40000 ���� 5B000 5S000 5S000 50000 50000 ????? ��� 60000 60000 60000 60000 ????? 40000 ��� 7TZ00 7TZ00 70000 7T000 70000 70000 ���� B8G30 B8D60 B8000 B9000 ????? ????? �� 90000 90000 90000 94000 40000 ????? ��% B8DP0 BD8PR BDP80 B8P60 B8600 B0000 ���' D0B8G DB000 DB000 DB200 D0000 D0000 ���) FP500 FP000 FP000 FP000 F0000 F0000 ���* G0000 G0000 G0000 G0000 ????? ????? ��+ HKN00 HNKV0 HKN00 HK000 HK000 HK000 ���- J3000 J3000 J3000 J0000 J0000 J0000 ���. HK1N0 KN000 KNV00 KN000 KN000 K0000 ��/ L2000 L2000 L2000 L0000 L0000 L0000 ���1 NVKH0 NVHKX NVKH0 NV000 NK000 NK000 ���3 PR000 PR000 PR000 PR000 PR000 ????? ��5 RP000 RP000 RP000 RP800 RP000 ????? ��6 S0000 SG000 S5000 S0000 50000 ????? ��7 T7000 10000 T0000 T0000 10000 10000 ��9 VNYX0 VNY1X VNY00 VN000 VK000 ????? ��; XY000 YX000 XYKNV YXVNK XY000 KY000 ��< YVX10 YVX10 YVXN0 YVXK0 YV000 YVK00 ���= Z2700 Z2700 Z2000 Z2000 Z2L00 Z2L00 ���5HFRJQLVHG&RUUHFWO\ �� �� �� �� �� �� ��
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�� �� �� �� �� �� ��FKDUDFWHU�VL]H�LQ�SL[HOV
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)XNLVXPD�RULJLQDO�QHWZRUN��VHH�VHFWLRQ�����5HILQHG�WUDLQLQJV�VHW�SDWWHUQV��VHH�VHFWLRQ�������PRGLILHG�WUDLQLQJ�VHW�SDWWHUQV��VHH�VHFWLRQ�������7KUHH�OD\HU�QHWZRUN��VHH�VHFWLRQ�����
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7DEOH�����5HFRJQLWLRQ�UDWH�DIWHU�VL]LQJ��WKH�FKDUDFWHU�LPDJH�VDPSOHV
6L]LQJ�WKH�LQSXW�LPDJH ��SW ��SW ��SW ��SW ��SW ��SW WRWDO
2QO\�ZKHQ�KHLJWK�RU�ZLGWK�!����SL[HOV �� �� �� �� �� �� ��$OO�LPDJHV�VL]HG�WR���
���SL[HOV �� �� �� �� �� �� ��2QO\�VL]H�WR���
���LI��!���RU������SL[HOV �� �� �� �� �� �� ��

6R� IDU�� ZH� KDYH� RQO\� WHVWHG� WKH� QHWZRUN� ZLWK� VDPSOHV� SURGXFHG� IURP� VWDQGDUGL]HG� LPDJHV� RILQGLYLGXDO�FKDUDFWHUV��+RZ�WKLV�QHWZRUN�SHUIRUPV�RQ�FKDUDFWHU�LPDJHV�LVRODWHG�IURP�UHDO�SKRWRJUDSKVRI�FDUV�RQ�WKH�URDG�LV�JLYHQ�LQ�WKH�QH[W�VHFWLRQ��$�ILQDO�UHPDUN�RQ�WKLV�VHFWLRQ��,I�\RX�ORRN�DW�WKH�UHVXOWVRQ� UHFRJQLWLRQ� RI� WKH� QXPHULFDO� µ�¶� � LQ� WDEOH� ����� \RX� ZLOO� ILQG� HLWKHU� LW� LV� UHFRJQL]HG� DV� µ%¶� RU� LWUHPDLQV�XQUHFRJQL]HG��:H�ZLOO�IL[�WKLV�SUREOHP�LQ�WKH�QH[W�VHFWLRQ�
�����$�FRPELQHG�QHRFRJQLWURQ�QHWZRUN
������5HFRJQLWLRQ�SHUIRUPDQFH�LQFUHDVH�PHDVXUHG�RQ�UHDO�ZRUOG�SKRWRJUDSKV
7DEOH������JLYHV�DQ�RYHUYLHZ�RQ�WKH�UHFRJQLWLRQ�UDWHV�REWDLQHG�XVLQJ�WKH�YDULRXV�GHVFULEHG�QHWZRUNVRQ� FKDUDFWHU� VHJPHQW� LPDJHV� LVRODWHG� IURP� UHDO� SKRWRJUDSKV��$V� H[SHFWHG� WKH� WDEOH� EHORZ� VKRZV� DVOLJKWO\� ORZHU� UHFRJQLWLRQ� UDWH� WKDQ� WKH� UHFRJQLWLRQ� UDWHV� REVHUYHG� LQ� WKH� SUHYLRXV� WHVWV� ZLWK� WKHYDULRXV�QHWZRUN�FRQILJXUDWLRQV�XVLQJ�D�VWDQGDUGL]HG�FKDUDFWHU�VHW��7KLV�LV�FDXVHG�E\�WKH� IDFW� WKDW� WKHVHJPHQWV�LVRODWHG�IURP�UHDO�SKRWRJUDSKV�VKRZ�PRUH�LUUHJXODULWLHV�DQG�QRLVH�WKDQ�WKH�VHJPHQWV�LVRODWHGIRUP�WKH�ELQDU\�LPDJH�VKRZQ�LQ� ILJXUH������7KH�LPDJHV�UHIHUHHG� WR� LQ� WDEOH������DUH�����
������ ELWJUH\�VFDOHG�SLFWXUHV�SURGXFHG�E\�DQ�2O\PSXV�&$0(',$�GLJLWDO�FDPHUD�&����/��,Q�DSSHQGL[�,9�ILQGRI�WKH�SKRWRJUDSKV�XVHG�DUH�SUHVHQWHG�
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7DEOH������5HFRJQLWLRQ�RI�FDU�OLFHQVH�SODWHV�XVLQJ��WKH�YDULRXV�QHWZRUNV
UHI LPDJH SODWH FKDU 1HWZRUN�FRQILJXUDWLRQ

� LGHQW VL]H�LQS[ )XNLVXPD¶V�QHWZRUN 1HWZRUNLQ 1HWZRUNLQ 1HWZRUNLQ 1HWZRUNLQVHFWLRQ��� VHFWLRQ����� VHFWLRQ����� VHFWLRQ��� VHFWLRQ���
� ��� ���'5�*5 �� 4"'�"� 4�'�*4 ��'�*" ��'5*5 ��'5*5� ��� ���'5�*5 �� �/'5�3 ��'5*3 ��'5*3 ��'5*5 ��'5*5� ��� ���'5�*5 �� &='�"5 ��'�)5 ��'")5 ��'5*5 ��'5*5� ��� ���'5�*5 �� &�'5"" &�'5�; ��'5"; ��'5*5 ��'5*5� ��� ���'5�*5 �� ��65&5 ��'5&5 ��'5*5 ��'5*5 ��'5*5� ��� ���'5�*5 �� �/'"&5 ��'"*5 ��'"*5 ���5*5
 ��'5*5� ��� ���'5�*5 �� 4/'5"5 4�'5)5 ��';)5 ��'5*5 ��'5*5� ��� /6�%=��� �� /�'/"� /6'="� /6%=�� /6%=�� /6%=��� ��� 3*�=*��� �� 5&/"(� 3*=)�� 3*=)�� 3*=*�� 3*=*���� ��� +-�;7��� �� +�.)(� +�;"�4 ��;)�� +-;7�� +-;7���� ���H ���))�11 �� ��))11 ��))11 ��))11 ��))11 ��))11�� ��� ���))�11 �� �.")11 �;))11 ��))11 �"))11 �"))11�� ��� 56�=)��� �� 5"/)�" 56�)�� 56�)�� 56=)�� 56=)���� ��� ���'%�%7 �� ""''47 �"'''7 �%"'%7 �%'%%7
 �%'%%7�� ��� 3'����'- �� 56=�6� 34��'� 3"���� 3���'-
 3'��'-�� ��� 7)�7)��� �� 7)3"'� 7)3"%" 7)3)'� 7"")"� 7"")"��� ���H 1;�13��� � �"3""� �.�<"� �."<"� 1;13��� 1;13���� ��� 9/����'1 � 9//"�" .//"�" "//��- "/=�'1� "/=�'1�� ��� -6�37��� � �)3�$" ��3""" ��3�"" -637��� -�37���� ��� 9*����*' �� �����6 �*+�*' �*+�*� 9*��*�
 9*��*'�� ���H /7�7/��� �� /"7/�" /;7/�� /;)/�� /77/�� /77/���� ��� +3�%*��� �� ��'&�� +4'*�� ��%*�� +3%*�� +3%*���� ��� 3;�+7��� �� 3.+74� 3;+74� 3;+7�� 3;+7�� 3;+7���� ���H 95����1. � B�3.�" �3.�". B""��" 95��".� 95��".�� ��� ���9+�57 �� �4<+57 �4<+57 ���+5) ��9+57 ��9+57�� ���H +1�/;��� �� +�/�4� +�/;�6 +1/;�� +1/;%6
 +1/;%��� ��� -*�;*��� �� ��""�� �*;)4� �*;)�� �*;*�� -*;*���� ���H .=����;5 �� ����.5 ����;5 ����;5 .=��;5 .=��;5�� ��� B3����5' �� B3""5' B3��5' B3�"5' B3��5' B3��5'�� ��� 96����=7 �� 9"""=) .�""=) �6""�) <6��=7 <6��=7�� ��� %%�3%��� �� '"6%�� %%3%4� %%3'�� %%5%�� %%5%���� ���H %%�1+��� �� '%.+�" 3".+�" 3"1+�% %%1+�� %%1+���� ��� %*�=*��� �� 3&/""� %&=*�� '*=*�� �*=*��
 �*=*���� ��� 9;�5=��� �� 99�"04 1�"=0' "�"=�" ";5=�� ";5=���� ��� =)����)< �� /)�")< �)��)< �)��)< =)��)< =)��)<�� ��� ���9*�67 �� �69��7 �69*67 ���*�7 ��9*67 ��9*67�� ���H -;����57 �� ����5� �;��5� �;��;� -;+�57 -;+�57�� ��� 6-�*1��� �� ":�1'� ��"1%� ��"1"� 6-*1�6
 6-*1���� ���H +=�/+��� �� �/���� �=��"� 1���"� 1=/+�� 1=/+���� ��� ;1�='��� �� "./,�� ;�='�� ;;='�� ;.='�% ;.='���� ��� 31�1*��� �� 31�&�� 31�*�� 31"*�� 311*�� 311*���� ��� 56�%-��� �� 5�'��� 56'��� 56'��� 56%-�� 56%-���� ��� ;-�3-��� �� .�5��� ;�5-�� ;�3-�� ;�3-��
 ;-3-��

FKDUDFWHU�UHFRJQLWLRQ�UDWH ����� ����� ����� ����� �����SODWH�UHFRJQLWLRQ�UDWH ���� ���� ����� ����� �����

��'�����6�����%�����=��RU���-�SUREOHP��6L]HV�OHVV�WKDQ���SL[HOV

$OWKRXJK�ZH�KDYH�PDQDJHG�WR�LQFUHDVH�WKH�UHFRJQLWLRQ� UDWH�RI�D�ELQDU\�FKDUDFWHU� LPDJH� IURP������XVLQJ�)XNLVXPD¶V�RULJLQDO�QHRFRJQLWURQ��XS�WR�DOPRVW�����XVLQJ�D���OD\HU�QHRFRJQLWURQ�WUDLQHG�IRU�WKHOLFHQVH�SODWH�FKDUDFWHU� IRQW� VSHFLILFDOO\�� WKH�RYHUDOO� UHFRJQLWLRQ� UDWH�RQ�SODWH� OHYHO� LV� VWLOO�SRRU�DERXW����
,W�VKRXOG�EH�QRWHG�WKDW�PDQ\�RI� WKH�XQFODVVLILHG�FKDUDFWHUV�PDUNHG�DV�µ"¶V� LQ�WDEOH�����DUH�FDXVHG�E\VKRUWFRPLQJV�RI�WKH�VHJPHQWDWLRQ��RU�WKLQQLQJ�SURFHVVLQJ�SURFHGXUHV��+RZHYHU��HYHQ�LI�WKH�LPDJH�SUH�SURFHVVLQJ� DQG� VHJPHQW� HQKDQFHPHQW� URXWLQHV� ZRXOG� FDUU\� RXW� WKH� MRE� SHUIHFWO\�� ZH� ZRXOG� VWLOO



��

REVHUYH�PDQ\�FKDUDFWHU�PLVFODVVLILFDWLRQV�� ,Q� ILJXUH������ DQ�H[DPSOH� LV� JLYHQ�RQ�KRZ�D� FKDUDFWHU� LVGHIRUPHG�WRR�PXFK�DV�D�UHVXOW�RI�IDLOXUH�LQ�WKH�VNHOHWRQL]LQJ�SURFHGXUH�

)LJ�������1RW�DOO�VHJPHQWV�DUH�SURFHVVHG�FRUUHFWO\��7KH�LPDJH�OHIW�LV�D����
����SL[HO�FXWRXW�RI�RULJLQDOSLFWXUH��7KH�FKDUDFWHU�VL]H�LQ�WKLV�FDVH�������SL[HOV��6HH�LPDJH�UHI����RQ�WDEOH����
������&RPELQLQJ�QHRFRJQLWURQ�FODVVLILHUV
$V�ZLWK�PDQ\�RWKHU�FKDUDFWHU� LPDJH�UHFRJQL]HUV�ZH�REVHUYH� WKDW�VRPH�FKDUDFWHU� LPDJHV�DUH�KDUG� WRGLVWLQFW� IURP�HDFK�RWKHU��7\SLFDO� H[DPSOHV�DUH� WKH�QXPHULFDO� µ�¶� DQG� WKH� DOSKD� FKDUDFWHU� µ2¶� RU� WKHQXPHULFDO�µ�¶�DQG�WKH�DOSKD�FKDUDFWHU�µ,¶��7R�D�OHVVHU�H[WHQG�ZH�REVHUYHG�PLVFODVVLILFDWLRQV�EHWZHHQWKH�DPELJXRXV�FKDUDFWHUV���'�����=����6����%�DQG�HYHQ���-��,I�ZH�FRXOG�HOLPLQDWHG�DOO� WKHVH�HUURUV� LQUHFRJQLWLRQ��ZH�FRXOG� LPSURYH� WKH� UHFRJQLWLRQ� UDWH�RQ�FKDUDFWHU� OHYHO� �XS� WR������DQG� OLFHQVH�SODWHUHFRJQLWLRQ�UDWH�XS�WR�����:KHQ� RQO\� FRQVLGHULQJ� 'XWFK� OLFHQVH� SODWHV� ZH� FRXOG� SDUVH� WKH� UHFRJQL]HG� VWULQJ�� DSSO\� D� V\QWD[FKHFN��DQG�FRUUHFW�WKH�RXWSXW�DFFRUGLQJ�WR�FHUWDLQ�UXOHV��:H�VKRZ�VRPH�W\SLFDO�H[DPSOHV�LQ�WDEOH����WR�LOOXVWUDWH�WKLV�

7DEOH����� $SSO\LQJ�V\QWD[�UXOHV�WR�FRUUHFW�PLVFODVVLILFDWLRQVE\�WKH�QHRFRJQLWURQ
UHI ,PDJH� 3ODWHLGHQW 5HFRJQLVHGVWULQJ &RUUHFWHG�VWULQJ
�� ��� ���'%�%7 �%'%%7 ��'%%7�� ��� 3'����'- 3���'- 3'��'-�� ���H +1�/;��� +1/;%6 +1/;%6�RU�+1/;��

:H� VXJJHVW� D� GLIIHUHQW� PHWKRG� KRZHYHU� WR� FRUUHFW� IRU� QHRFRJQLWURQ� PLVFODVVLILFDWLRQV� RQ� WKHDOSKDQXPHULFDO�FKDUDFWHUV�^���������������%��'��-��6��=`���,Q�FDVH�WKH�RXWSXW�RI�WKH�QHRFRJQLWURQ�LV�RQHRI�WKH�DOSKDQXPHULFDO�FKDUDFWHUV�LQ�WKH�VHW�PHQWLRQHG�DERYH�ZH�OHW�D�GHGLFDWHG�QHRFRJQLWURQ�QHWZRUNFRQILUP�RU�FRUUHFW�WKH�RXWSXW�RI�WKH�µPDLQ¶�QHRFRJQLWURQ�
:K\�GRQ¶W�ZH� LPSURYH� WKH� WUDLQLQJ�RI� WKH�PDLQ� QHRFRJQLWURQ� VXFK� WKDW� WKHVH�PLVFODVVLILFDWLRQV� DUHSUHYHQWHG�WR�KDSSHQ"��7KLV�VHHPHG�YHU\�KDUG�WR�PRGHO��,I�ZH�WU\�WR�WXQH�WKH�UHFRJQLWLRQ�UDWHV�RI� µ�¶DQG�µ'¶�E\�DGMXVWLQJ�WKH�WUDLQLQJ�VHW�SDWWHUQV�LQ�OD\HU���RI�WKH�QHRFRJQLWURQ��VSHFLILHG�LQ�VHFWLRQ������RIWKH�DSSHQGL[��ZH�REVHUYH�VHYHUH�GHFUHDVH�LQ�UHFRJQLWLRQ�UDWHV�RQ�RWKHU�DOSKDQXPHULFDO�FKDUDFWHUV�OLNHIRU�H[DPSOH���5�RU�3��7KLV�LV�EHFDXVH�VSHFLILF�SODQHV�LQ�OD\HU���GR QRW�RQO\�GHWHUPLQH�WKH�UHFRJQLWLRQRI���'�EXW�DOVR�PD\�FRQWULEXWH�VLJQLILFDQWO\�WR�WKH�UHFRJQLWLRQ�RI�WKH����5�RU�3�
,I�ZH�EXLOG�VSHFLDOL]HG�QHWZRUNV�ZKLFK�DUH�RQO\�XVHG�WR�GLVFULPLQDWH�EHWZHHQ�D�µ�¶�RU�µ'¶�ZH�FRXOGIUHHO\�DGMXVW�WUDLQLQJ�VHW�VDPSOHV�LQ�HDFK�SODQH�RI�WKH�ORZHU�OD\HUV�ZLWKRXW�GLVWXUELQJ�WKH�EHKDYLRU�RI



��

WKH�PDLQ�QHWZRUN��:KLFK�UXOHV�WR�DSSO\�H[DFWO\�IRU�FRUUHFWLRQ�DQG�RU�FRQILUPDWLRQ�LQ�RUGHU�WR�KDYH�WKHEHVW� RYHUDOO� SHUIRUPDQFH�� VKRXOG� EH� GHWHUPLQHG� E\� YHULILFDWLRQ� WHVWLQJ�� :H� KDYH� VHOHFWHG� WKHDUFKLWHFWXUH� GHSLFWHG� LQ� ILJXUH� ����� ,PSOHPHQWDWLRQ� RI� WKLV� PRGHO� LV� QRW� GLIILFXOW�� VLQFH� RXULPSOHPHQWDWLRQ�LV�2EMHFW�2ULHQWHG��:H�MXVW�LQVWDQWLDWH�D�QXPEHU�RI�DGGLWLRQDO�REMHFWV�RI�WKH�&1HWZRUNFODVV� DQG� DGG� VRPH� LI�VWDWHPHQWV� WR� LQFOXGH� WKH� ORJLF� ZH� VXJJHVW�� :KDW� LV� OHIW� LV� GHILQLQJ� WKHFRQILJXUDWLRQ�DQG�WUDLQLQJ�VHW�SDWWHUQV�RI�WKH�GHGLFDWHG�QHWZRUNV�

)LJ�������&RQQHFWHG�QHRFRJQLWURQV��X LV�WKH�FKDUDFWHU�FODVV�ZLWK�WKH�KLJKHVW�H[FLWDWLRQ�YDOXH
,Q�ILJXUH������WKH�FRQILJXUDWLRQ�DQG�WKH�WUDLQLQJ�VHW�SDWWHUQV�RI�D�QHWZRUN�WR�GLVFULPLQDWH�EHWZHHQ�µ�¶DQG� µ'¶� DUH� JLYHQ�� 7KLV� QHWZRUN� VHUYHV� RQO\� DV� DQ� H[DPSOH�� %XLOGLQJ� D� QHWZRUN� WKDW� KDV� WRGLVFULPLQDWH�EHWZHHQ�RQO\�WZR�FODVVHV�LV�PXFK�HDVLHU�WKDQ�EXLOGLQJ�D�QHWZRUN�WKDW�VKRXOG�UHFRJQL]H���GLIIHUHQW� FODVVHV�� 0DLQO\� EHFDXVH� ZH� PXVW� RQO\� FRQFHQWUDWH� RQ� D� VPDOO� QXPEHU� RI� VSHFLILFFKDUDFWHULVWLFV�RI�WKH�FKDUDFWHUV�WR�EH�UHFRJQL]HG��%HVLGHV�WKDW��WKH�GHGLFDWHG�QHRFRJQLWURQV�DUH�VPDOO�WKHLU�WUDLQLQJ�VHW�LV�HDV\�WR�PDQLSXODWH��DQG�WUDLQLQJ�WLPHV�DUH�VKRUW��$OO�WKLV�PDNHV�WKH�PDQXDO�SURFHVVRI� LWHUDWLYHO\� UHFRQILJXULQJ� WKH� QHWZRUN� LQ� RUGHU� WR� ILQG� DQ� RSWLPDO� SHUIRUPLQJ� QHWZRUN� DSSDUHQWO\HDVLHU��7KH�H[DFW�VSHFLILFDWLRQ�RI�WKLV�QHWZRUN�FDQ�EH�IRXQG�LQ�DSSHQGL[�������

UHVWUXFWXUHG�OLFHQVHSODWH�FKDUDFWHU�FODVV
PDLQ�QHFRJQLWURQFKDUDFWHUFODVVLILHU

��'�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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)LJ�����D��$Q���'�GLVFULPLQDWRU�QHRFRJQLWURQ�QHWZRUN�������������)LJ�����E�&RUUHVSRQGLQJ�WUDLQLQJ�VHW
'RHV� LW� ZRUN�� � WKH� PLQL�QHRFRJQLWURQV� "� � %HORZ� ZH� ZLOO� GHPRQVWUDWHG� WKDW� WKH� VSHFLILF� µ��'¶GLVFULPLQDWRU� QHRFRJQLWURQ� GRHV� LQGHHG� FRUUHFW� RU� FRQILUP� DQ\� � µ'¶� FKDUDFWHUV� IRXQG� � RQ� � WKHQXPEHUSODWHV�RI�WKH�FDUV�LQ�SLFWXUH����DQG�SLFWXUH����RI�WDEOH�����,Q�WDEOH��������WKH�ILYH�KLJKHVW�RXWSXW�FHOO�H[FLWDWLRQV�DQG�WKHLU�DVVRFLDWHG�FKDUDFWHU�FODVVHV�RI�WKH�PDLQQHRFRJQLWURQ�DUH�JLYHQ�IRU�DQ\�µ'¶FKDUDFWHU�LQ�ERWK�SODWHV�FRQVLGHUHG��2EYLRXVO\�WKH�ILUVW�µ'¶�LQ�SODWH³3'����'-´�DQG�WKH�µ'¶�LQ�SODWH��³9*����*'´��DUH�PLVFODVVLILHG�DV�µ�¶�E\�WKH�PDLQ�QHRFRJQLWURQ�
7DEOH��������5HFRJQLWLRQ�RI�µ�¶�LQVWHDG�RI�µ'¶
UHI LPDJH 3ODWH 1HWZRUN�FRQILJXUDWLRQ�DV�VSHFLILHG�LQ�VHFWLRQ����� ,GHQW 2XWSXW 3ODWHPDLQQHWZRUN UHFRJQL]HGDV )LYH�KLJKHVW�YDOXHV�RI��H[LWDWLRQ�RI��WKH�RXWSXW�SODQHV
�� �� 3'����'- >�'�*�@ 3���'- ������ ������ '����� *����� �������� �� 3'����'- >'�%�*@ 3���'- ������ ������ %����� '����� *������� �� 9*����*' >�'*%�@ 9*��*� ������ ������ %����� '����� *�����

$V�OLVWHG�LQ�WKH�WDEOH�DERYH��GLVFULPLQDWLRQ�EHWZHHQ���DQG�'�LV�D�FORVH�UDFH��,Q�ILJXUH�����KRZHYHU�WKHVSHFLDOL]HG� µ��'¶�GLVFULPLQDWRU� QHRFRJQLWURQ� QHWZRUN� GRHV� SURQRXQFH� LWV� MXGJHPHQW� RQ� ZKDWFKDUDFWHUV�LV�ILQDOO\�UHFRJQL]HG�
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([FLWDWLRQ�RI�WKLV�QHXURQ�ZKHQ�LQSXW�LPDJH� �
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([FLWDWLRQ�RI�WKLV�QHXURQ�ZKHQ�LQSXW�LPDJH� �
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)LJ�������2XWSXWV�RI�2�'�FODVVLILHU�LQ�WKH�FRPELQHG�QHRFRJQLWURQ�QHWZRUN�IRU�WKH�µ'¶�FKDUDFWHUV�RI�WKHSODWHV�FRQVLGHUHG
$FFRUGLQJ� WR� WKH� RXWSXWV� RI� WKH� QHRFRJQLWURQ� VKRZQ� DERYH�� WKH� ILUVW� OHWWHU� µ'¶� LQ� SODWH� 3'����'-VKRXOG�EH�FODVVLILHG�DV�µ'¶�DQG�QRW�DV�µ�¶��WKH�VHFRQG�OHWWHU�µ'¶�LQ�WKH�VDPH�SODWH�LV�FRQILUPHG�DV�µ'¶REYLRXVO\�DQG�ILQDOO\�WKH�ODVW�FKDUDFWHU�LQ�SODWH� µ9*����*'¶�LV�±VXFFHHGHG�E\�WKH�VNLQ�RI�RQH�WHHWK�FODVVLILHG� DV� µ'¶��)LQDOO\�� WKH� SODWHV� GR� UHDG� 3'��'- DQG� �9*��*' VXFFHVVLYHO\��ZKLFK� LV� FRUUHFWDIWHU�DOO�,Q�WDEOH�����ODVW�FROXPQ�WKH�UHFRJQLWLRQ�UHVXOWV�DUH�OLVWHG�DIWHU�ZH�KDYH�FRUUHFWHG�WKH�RXWSXW�XVLQJ�PLQLQHRFRJQLWURQ�FRUUHFWRUV�IRU�WKH�FKDUDFWHU�FRPELQDWLRQV��2�'����=����6����%�DQG���-��2Q�RXU�YHULILFDWLRQVHW�RI�LPDJHV�OLVWHG�LQ�WDEOH�����ZH�JRW�D�SODWH�UHFRJQLWLRQ�UDWH�RI�������,Q�FKDSWHU���WKH�UHFRJQLWLRQUHVXOWV�DUH�JLYHQ�RQ�D�ODUJHU�QXPEHU�RI�SKRWRJUDSKV�WDNHQ�RQ�WKH�78�'HOIW�SDUNLQJ�ORWV�
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,QWHQWLRQDOO\�OHIW�EODQN
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3DUW�,,,
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,QWHQWLRQDOO\�OHIW�EODQN
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&KDSWHU��
6RIWZDUH�LPSOHPHQWDWLRQ�RI�WKH�OLFHQVH�SODWHUHFRJQL]HU
3UHFHGLQJ�WKH�GHVFULSWLRQ�RI�WKH�PRGHO�RI�WKH�VRIWZDUH�RI�WKH�LPSOHPHQWHG�SURWRW\SH�&/35��ILJXUH����JLYHV�WKH�RYHUDOO�EORFN�VWUXFWXUH�DQG��ILJXUH�����VKRZV�D�W\SLFDOO\�VHWXS�RI�WKH�FXUUHQW�XVHU�LQWHUIDFH�

)LJ������7KH�&/35�EXLOGLQJ�EORFNV�DV�LPSOHPHQWHG�LQ�VRIWZDUH
$�FDU�OLFHQVH�SODWH�LV�UHFRYHUHG�IURP�DQ�LPDJH�E\�WKH�IROORZLQJ�XVHU�DFWLRQV��$��WKH�V\VWHP�LV�ORDGHG�%�� VHOHFW� DQG� RSHQ� D� ELWPDS� ILOH� &�� LQLWLDWH� LPDJH� SUH�SURFHVVLQJ� DQG� ILQDOO\� '�� WULJJHU� LPDJHVHJPHQWDWLRQ�DQG�UHFRJQLWLRQ��6WHSV�%��&�DQG�'�DUH�SUHIRUPHG�DXWRPDWLFDOO\�ZKHQ�SURFHVVLQJ�VHULHVRI�ELWPDS�ILOHV��,QWHUQDOO\�WKH�V\VWHP�H[HFXWHV�WKH�IXQFWLRQV���WKURXJK����VXFFHVVLYHO\�DV�JLYHQ�LQ�WKHEORFN�GLDJUDP�DERYH��1RWH�WKDW�IXQFWLRQ���XQWLO����DUH�UHSHDWHG�IRU�HDFK�VHJPHQW�FDWFKHG�,Q�WKH�UHPDLQGHU�RI�WKH�FKDSWHU�WKH�RYHUDOO�VRIWZDUH�VWUXFWXUH�RI�WKH�&/35�SURWRW\SH�LV�JLYHQ�DQG�WKHGHVFULSWLRQV� RI� WKH� PDLQ� IXQFWLRQV� RI� WKH� LPDJH� SURFHVVRU�� VHJPHQW� SURFHVVRU� DQG� UHFRJQL]HU� DUH

JUDSKLFDO�XVHU�LQWHUIDFH

VHJPHQW�SURFHVVRU

LPDJH�SURFHVVRU

LQLWLDOL]H�GLVSOD\VLQVWDQWLDWH�QHXUDOQHWZRUNV���

UXQWLPHQHRFRJQLWURQFRQILJXUDWLRQV
ELWPDS�ILOHVWRUHUHDG�DQG�FRQYHUWELWPDS�ILOH�V����

UXQ�$�RSHQ�%�

JUH\VFDOLQJ��� ILOWHULQJ��� ELQLDUL]LQJ��� DUHDILOOLQJ��� LPDJHREMHFWWHPSRUD\VWRUH

PHWKRGH�,�,,�,,
�&�

JHWVHJPHQW��� LVYDOLG��� VFDOH��� ELQLDUL]H���� VNHOHWRQL]H����

VWDWXVGLVSOD\PDLQGLVSOD\

VHJPHQWGLVSOD\
VHJPHQW�OLVWWHPSRUD\VWRUH VWDWXVGLVSOD\

1HRFRJQLWURQ
�'�

UHFRJQL]HU
UH�UHFRJ�����UHFRJQL]H����

VHJPHQW�OLVW�SURFHVVRU
VRUWVHJPHQWOLVW����� IRUPDW�OLVW	GLVSOD\����

QH[W
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JLYHQ�� 7KH� SURWRW\SH�&/35� LV� ZULWWHQ� LQ� &���� $OO� WH[W� LQ� UHPDLQGHU� RI� WKLV� FKDSWHU� SULQWHG� LQ� WKHFRXULHU�QHZ IRQW�DUH�WR�EH�FRQVLGHUHG�LPSOLFLW�UHIHUHQFHV�WR�WKH�VRXUFH�FRGH�

)LJ������7KH�XVHULQWHUIDFH�RI�WKH�&/35�V\VWHP��SURWRW\SH
����6\VWHPV�VRIWZDUH�FRPSRQHQWV
������6RIWZDUH�OD\HUV
)LJXUH�����VKRZV� WKH� OD\HUHG�VWUXFWXUH�DFFRUGLQJ� WR�ZKLFK� WKH�VRIWZDUH�RI� WKH�&/35� LV� FRQVWUXFWHG�7KH� XVHULQWHUIDFH� OD\HU� SURYLGHV� IRU� VRPH� GLVSOD\V� WR� SDLQW� LPDJHV� DQG� VHJPHQWV�� LW� SURYLGHV� IRUEXWWRQV�WR�VWDUW�VWRS�WKH�DSSOLFDWLRQ��WR�PDQXDOO\�VHOHFW�LQGLYLGXDO�LPDJH�SUHSURFHVVLQJ�IXQFWLRQV�DQGPDQXDOO\� VWDUW� VHJPHQW� UHFRJQLWLRQ�� 7KH� XVHULQWHUIDFH� LV� QDPHG� 6\V8,� DQG� LV� EXLOG� XVLQJ� WKH0LFUR6RIW�)RXQGDWLRQ�&ODVV�OLEUDU\��0)&��$ERYH�WKH�XVHULQWHUIDFH��WZR�REMHFW�YLHZ�OD\HUV�DUH�DYDLODEOH��7KH�6\V29�OD\HU�KROGV�DOO�GHFODUDWLRQVDQG� �GHILQLWLRQV�RI� WKH�FODVVHV� UHOHYDQW� IRU� LPDJH�SURFHVVLQJ�DQG� LPDJH� VHJPHQWDWLRQ��7KHVH�FODVVHVDUH� &,PDJH��&6HJPHQW� DQG� &6HJPHQW/LVW�� 7KH� 1HR29� OD\HU� KROGV� WKH� FODVV� &1HWZRUN DQG� DOO� LWVGHULYHG�FODVVHV�OLNH�&/D\HU DQG�&3ODQH��)LQDOO\��D�XWLOLW\�OD\HU�LV�XVHG��7KH�1HR87�OD\HU�KROGV�VRPHFODVVHV�KHOSIXO� IRU� ORJJLQJ�DQG�GHEXJJLQJ�ZKLOH� WKH�6\V87�KROGV�D�FROOHFWLRQ�RI�GLIIHUHQW� IXQFWLRQVZKLFK�ZHUH�QRW�LPSOHPHQWHG�LQ�&����$PRQJ�RWKHUV��D�UHFXUVLYH�ILOOLQJ�IXQFWLRQ�DQG�D�0/3�FKDUDFWHUUHFRJQL]HU�IXQFWLRQ��7KH�1HR2Y�DQG�1HR8,�DUH�GHVFULEHG�FRPSUHKHQVLYHO\�LQ�DSSHQGL[�,�

DXWRPDWLF�SUH�SURFHVVLQJV�PHWKRGV
PDQXDO�SUH�SURFHVVLQJV�PHWKRGV

VHJPHQWDWLRQGHPRQVWUDWLRQ

UHFRJQL]HUV

VHJPHQW�DQQRWDWLRQV RULJLQDOVHJPHQWFXWRXWV

ORJJHU�VWDWXV�GLVSOD\ UHFRYHUHGFKDUDFWHUVWULQJ
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6\V87 1HR87
6\V29 1HR29
6\V8, 1HR8,
0)&
)LJ�������7KH�VRIWZDUH�OD\HUV�RI�D�OLFHQVH�SODWH�FKDUDFWHU�UHFRJQL]HU������6RIWZDUH�PRGXOHV

7KH�&/35� LV� EXLOG� DV� RQH� H[HFXWDEOH� SURJUDP� FDOOHG� V\VXL�H[H�� 7KH� SURJUDP� LV� EXLOG� DFFRUGLQJ� WRILJXUH�����EHORZ��7KH�WZR�REMHFW�YLHZV�6\V2Y�DQG�1HR2Y�DUH�DYDLODEOH�IURP�D�OLEUDU\�DQG�VWDWLFDOO\OLQNHG� RQWR� WKH� H[HFXWDEOH�� 7KH� VDPH� FRXQWV� IRU� ERWK� 87�OLEUDULHV�� 0)&� FODVVHV� DUH� OLQNHGG\QDPLFDOO\� XVLQJ� D� 0LFUR6RIW� '//�� 7KH� JUDSKLFDO� XVHU�LQWHUIDFH� �JXL�� LV� SURJUDPPHG� LQ� DQHYROXWLRQDU\� ZD\�� XVLQJ� WKH� 9LVXDO6WXGLR� :L]DUG�� $� IRUPDO� GHVLJQ� DQG� VSHFLILFDWLRQ� RQ� JXL�FODVVPHPEHUV�LV� WKHUHIRUH�QRW�JLYHQ� LQ� WKLV�FKDSWHU�� ,Q� WKH� UHPDLQGHU�RI� WKLV�FKDSWHU�ZH�ZLOO�RQO\�EULHIO\GHVFULEH�WKH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�FODVVHV�LQ�WKH�LPDJH��DQG�VHJPHQW�SURFHVVRU�PRGXOH���%HFDXVHD� FRPSUHKHQVLYH� GHVFULSWLRQ� RI� WKH� IXQFWLRQDOLW\� SURYLGHG� E\� WKH� 1HR2Y�/LE� FDQ� EH� UHDG� LQ� WKHDSSHQGL[�����WKURXJK������ZH�ZLOO�RQO\�LQGLFDWH�KRZ�WKH�QHRFRJQLWURQ�VLPXODWRU�LV�XVHG�LQ�WKH�V�Z�RIRXU�&/35�DSSOLFDWLRQ�



��

)LJ������7KH�FODVV�GLDJUDP�RI�WKH�&/35
����7KH�LPDJH�SURFHVVRU
7KH�LPDJH�SURFHVVRU�IXQFWLRQV�DUH�DOO�FDSWXUHG�WKH�&,PDJH FODVV��7KH�VL]H�RI�WKH�LPDJH�LV�JLYHQ�E\�WKHSULYDWH�GDWDPHPEHUV�PB+HLJKW�DQG�PB:LGWK��7KH�SL[HO� LQWHQVLW\�YDOXHV�DUH�VWRUHG�LQ�WKH�PB9DOXHVGDWDPHPEHU��7KH�GDWDW\SH�RI�PB9DOXHV��D�SRLQWHU�WR�DQ�DUUD\�RI�XQVLJQHG�FKDU��UHVWULFWV�XV�WR�RQO\���ELW� JUH\�VFDOHG� LPDJHV�� ,Q� WKH� VHFWLRQV� WKDW� IROORZ� VRPH� GHWDLOV� RI� VSHFLILF� LPSOHPHQWDWLRQV� RQ� WKHFODVV�RSHUDWLRQV�XVHG�ZLWKLQ�RXU�&/35�DUH�GHVFULEHG�

1HR87�/LE

1HR29�/LE

6\V8,�([H

6\V29�/LE

/RJLFDO�9LHZ
&/RJ)LOH

&,PDJH &6HJPHQW/LVW

&6HJPHQW

&1HWZRUN

&6\V8,$SS &6\V8,'OJ &6\V8,6WDWXV'OJ

&6\V8,6HJPHQW'OJ

&6\V8,&RQWURO'OJ

6\V87�/LE

0)&�GOO
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&,PDJH
��XQVLJQHG�FKDU��
PB9DOXHV��LQW�������������PB+HLJKW��LQW�������������PB:LGWK
��&,PDJH����&,PDJH�FRQVW�XQVLJQHG�FKDU�
E��FRQVW�LQW�K��FRQVW�LQW�Z�
��a&,PDJH��
��LQW��*HW+HLJKW���YRLG���LQW��*HW:LGWK����YRLG���LQW��*HW6L]H�����YRLG���ERRO�*HW6HJ0HQW��LQW��&6HJPHQW�
�
��YRLG�6HW,PDJH��FRQVW�XQVLJQHG�FKDU�
E��FRQVW�LQW�K��FRQVW�LQW�Z�
���LPDJH�WUDQVIRUPDWLRQV��ERRO�,QYHUW������YRLG���ERRO�*UD\6FDOH���YRLG���ERRO�)LOWHU/RZ���YRLG���ERRO�)LOWHU+LJK��YRLG���ERRO�%ODFN:KLWH��LQW�*/2%$/__�/2&$/��LQW�OHYHO ������ERRO�%RXQGDU\����LQW�%/$&.�__�:+,7(���ERRO�)ORRG)LOO���LQW�%/$&.�__�:+,7(���ERRO�1RLVH�������LQW�%/$&.�__�:+,7(���ERRO�6REHO�������YRLG�

)LJ������7KH�LPDJH�FODVV������&RQWUDVW�VWUHWFKLQJ
&RQWUDVW� VWUHWFKLQJ� LV� SHUIRUPHG� E\� WKH� RSHUDWLRQ� &,PDJH��*UD\6FDOH��� %DVLFDOO\�� WKLV� RSHUDWLRQSHUIRUPV�WKH�IXQFWLRQ�DV�GHSLFWHG�LQ� ILJXUH������7KH�JUH\�VFDOH�ERXQGDULHV�DUH�JLYHQ�E\� WZR�V\VWHPVFRQVWDQWV�GHILQHG�LQ�D�KHDGHU�ILOH��&XUUHQWO\�WKHVH�YDOXHV�DUH�VHW�WR��GHILQH�/2:(56/,&(%281'����GHILQH�833(56/,&(%281'����������)LOWHULQJ
7KH�ILOWHULQJ�SURFHGXUH�WR�EOXU�WKH�LPDJH�LV�D��
��PDVN�DFFRUGLQJ�HTXDWLRQ�������)LOWHULQJ�WKH�LPDJH�LVSHUIRUPHG�E\�&,PDJH��)LOWHU/RZ���:H�KDYH�H[SHULHQFHG�WKDW�D�ODUJHU�ILOWHU�\LHOGV�EHWWHU�SURFHVVLQJUHVXOWV��:LWKLQ�WKH�ILOWHULQJ�EORFN�LQ�ILJXUH�����WKLV�PHWKRGH�LV�FDOOHG�WZLFH�������%LQLDUL]DWLRQ
7KH�LPSOHPHQWDWLRQ�RI�WKH�ORFDO�ELQLDUL]DWLRQ�URXWLQH�GHYLDWHV�VOLJKWO\�IURP�WKH�DOJRULWKP�SUHVHQWHG�LQVHFWLRQ� ������� 7KH� ORFDO� ELQLDUL]DWLRQ� SURFHGXUH� LV� DSSOLHG� E\� FDOOLQJ� WKH� &,PDJH��%ODFN:KLWH��PHWKRG� ZLWK� SDUDPHWHU� */2%$/� %DVLFDOO\�� WKH� IXQFWLRQV� GHILQHG� LQ� HTXDWLRQ� ����� DQG� ����� DUHLPSOHPHQWHG�� 7KH� WUHVKROG� YDOXH� XVHG� WR� VHW� HDFK� SL[HO� RI� WKH� LPDJH� WR� HLWKHU� EODFN� RU� ZKLWH� LVGHWHUPLQHG� E\� WDNHQ� WKH� DYHUDJH� RI� WKH� ILYH� SL[HOV�� )RXU� VXUURXQGLQJ� SL[HOV� SOXV� WKH� SL[HO� XQGHUFRQVLGHUDWLRQ�
,I�WKH�DYHUDJH�YDOXH�KRZHYHU�LV�JUHDWHU�WKHQ�D�FHUWDLQ�OHYHO��GHILQHG�E\�WKH�833(5*5$</(9(/ FRQVWDQW�DQG�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�DQG�PLQLPXP�YDOXH�RI�WKH�SL[HO�LQWHQVLW\�YDOXHV�RI�WKH�ILYHSL[HOV�FRQVLGHUHG�LV�DERYH�D�FHUWDLQ�YDOXH��GHILQHG�E\�833(5*5$<5$1*(��7KH�WUHVKROG�YDOXH�LV�DGMXVWHGWR���PLQLPXP�YDOXH�����PD[LPXP�YDOXH�±�PLQLPXP�YDOXH����$QRWKHU� VLWXDWLRQ�ZKHUH� WKH� WUHVKROG� YDOXH� LV� DGMXVWHG� LV�� LI� WKH� DYHUDJH� YDOXH� LV� OHVV� WKHQ� D� FHUWDLQOHYHO� �GHILQHG� E\� WKH� /2:(5*5(</(9(/ FRQVWDQW�� DQG� WKH� GLIIHUHQFH� EHWZHHQ� WKH� PD[LPXP� DQGPLQLPXP� YDOXH� RI� WKH� SL[HO� LQWHQVLW\� YDOXHV� RI� WKH� ILYH� SL[HOV� FRQVLGHUHG� LV� DERYH� D� FHUWDLQ� YDOXH�GHILQHG�E\�/2:(5*5(<5$1*(���7KH� WUHVKROG�YDOXH� LV� DOVR�DGMXVWHG� WR��PLQLPXP�YDOXH� ��� �PD[LPXPYDOXH� ±�PLQLPXP� YDOXH����� 7KLV� WUHVKROG� DGMXVWLQJ� EDVHG� RQ� WKH�PD[LPXP� DQG�PLQLPXP� LQWHQVLW\YDOXHV�RI�WKH�VXUURXQGLQJ�SL[HOV�GHVFULEHG�DERYH�SUHYHQWV�WKH�ELQDU\�LPDJH�WR�EHFRPH�WRR�QRLV\��7KH



��

ELQLDUL]DWLRQ�FRQVWDQWV� DUH�JLYHQ�E\� IRXU� V\VWHPV�FRQVWDQWV�GHILQHG� LQ�D� KHDGHU� ILOH��&XUUHQWO\� WKHVHYDOXHV�DUH�VHW�WR��GHILQH�833(5*5$</(9(/�����GHILQH�/2:(5*5$</(9(/����GHILQH�833(5*5$<5$1*(����GHILQH�/2:(5*5$<5$1*(���������$UHD�ILOOLQJ
$IWHU�WKH�LPDJH�KDV�EHHQ�ELQLDUL]HG��ILOOLQJ�RSHUDWLRQV�DUH�DSSOLHG�WR�JHW�ULG�RI�DOO�VHJPHQWV�ZKLFK�DUHQRW�SRWHQWLDO�QXPEHU�SODWHV�FKDUDFWHUV��$UHDILOOLQJ�LV�SHUIRUPHG�E\�WKH &,PDJH��)ORRG)LO���PHWKRG�7KH�RSHUDWLRQ�&,PDJH��)ORRG)LO�LQW��LV�FDOOHG�ZLWK�WKH�ILOOLQJ�FRORU�UHTXLUHG��(LWKHU�WKH�SDUDPHWHULV�%/$&. RU� WKH�SDUDPHWHU� LV :+,7(�7KH�&,PDJH��)ORRG)LOO��PHWKRG� FDOOV� D� UHFXUVLYH� F�IXQFWLRQIRUP�WKH�6\V87�OLEUDU\�WR�SHUIRUP�WKH�DFWXDO�ILOOLQJ�������6HJPHQW�ORFDWRU
7KH�&,PDJH��*HW6HJPHQW�LQW��&VHJPHQW�
� GRHV�ORFDWH�WKH�VHJPHQWV�RQ�WKH�ELQLDUL]HG�LPDJH��QRWHWKDW�VHJPHQWV�DUH�FRQVLGHUHG�JURXSV�RI�EODFN�FRQQHFWHG�SL[HOV���7KH�LQWHJHU�SDUDPHWHU�JLYHV�WKH�VWDUWORFDWLRQ� IRU� VHDUFKLQJ� RQ� WKH� LPDJH�� 7KH� &6HJPHQW� SRLQWHU� LV� WKH� RXWSXW� SDUDPHWHU�� 7KH&,PDJH��*HW6HJPHQW��PHWKRG� FDOOV� D� UHFXUVLYH� F�IXQFWLRQ� IRUP� WKH� 6\V87� OLEUDU\� WR� SHUIRUP� WKHUHJLRQ�RULHQWHG�VHJPHQWDWLRQ�
����7KH�VHJPHQW�SURFHVVRU
7KH� FHQWUDO� REMHFW� LQ� WKH� LPDJH� SURFHVVRU� VWHS� RI� RXU� LPDJH�&/35� V\VWHP� LV� DQ� LQVWDQFH� IURP� WKHVHJPHQW�FODVV��$V�VWDWHG�HDUOLHU�D�VHJPHQW� LV� WKH� µUDZ¶�FXWRXW� IURP�WKH�RULJLQDO� LPDJH��7KH�VHJPHQWORFDWRU�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ�JLYHV�XVH�WKH�H[DFW�ORFDWLRQ��7KH�VHJPHQW�FDWFKHU�DV�SDUW�RIWKH�JXL� DFWXDOO\�FXWV�RXW� WKH� VHJPHQW� IURP� WKH�RULJLQDO� LPDJH�SUHVHUYLQJ� WKH�RULJLQDO�SL[HO� LQWHQVLW\YDOXHV�� )LJXUH� ���� JLYHV� DOO� GDWD� PHPEHUV� DQG� RSHUDWLRQV� DYDLODEOH� RQ� WKH� VHJPHQW� FODVV�� ,Q� WKLVVHFWLRQ��ZH�RQO\�EULHIO\�GHVFULEH�WKH�PRVW�UHOHYDQW�RSHUDWLRQV�RQ�VHJPHQWV�



��

&VHJPHQW
��LQW��PB+HLJKW��LQW��PB:LGWK��LQW��PB/LQH��LQW��PB3RV��FKDU�PBFKDU>�@
��&6HJPHQW����a&6HJPHQW����&6HJPHQW	�RSHUDWRU ��FRQVW�&6HJPHQW	�UKV��
��YRLG�6HW6HJPHQW��������FRQVW�LQW�PD[[��FRQVW�LQW�PD[\�FRQVW�LQW�PLQ[��FRQVW�LQW�PLQ\����YRLG�6HW6HJPHQW:LGWK���FRQVW�LQW�ZLGWK�����YRLG�6HW6HJPHQW+HLJKW��FRQVW�LQW�KHLJKW����YRLG�6HW6HJPHQW3L[HOV��YRLG����YRLG�6HW6HJPHQW3L[HOV��LQW���LQW����YRLG�6HW6HJPHQW&KDU����FKDU�
���YRLG�6HW3RV������������LQW����YRLG�6HW/LQH�����������LQW��
��LQW������������*HW6HJPHQW:LGWK������YRLG����LQW������������*HW6HJPHQW+HLJKW�����YRLG����LQW������������*HW/LQH��������������YRLG����LQW������������*HW3RV���������������YRLG����FKDU
����������*HW6HJPHQW&KDU�������YRLG����XQVLJQHG�FKDU
�*HW6HJPHQW3L[HOV�����YRLG����ERRO�����������,V9DOLG6HJPHQW�������YRLG��
���VHJPHQW�WUDQVIRUPDWLRQV��YRLG�(Q/DUJH6HJPHQW��������YRLG���YRLG�5HPRYH%RUGHU����������YRLG���YRLG�6HW&RUUHFW'LPHQVLRQ���YRLG���YRLG�6HW&RUUHFW6FDOH�������LQW�LQW���ERRO�%LQLDULVH �IORDW�OHYHO ������YRLG�7KLQQLQJ �ERRO�
��ERRO�RSHUDWRU�  ��FRQVW�&6HJPHQW	�VHJ��FRQVW��ERRO�RSHUDWRU�� ��FRQVW�&6HJPHQW	�VHJ��FRQVW��ERRO�RSHUDWRU�!���FRQVW�&6HJPHQW	�VHJ��FRQVW��ERRO�RSHUDWRU�����FRQVW�&6HJPHQW	�VHJ��FRQVW
��LQW PB0D[[��LQW PB0D[\��LQW PB0LQ[��LQW PB0LQ\��XQVLJQHG�FKDU
��PB3L[HOV

)LJ������7KH�VHJPHQW�FODVV������6HJPHQW�VFDOLQJ
&6HJPHQW��6HW&RUUHFW6FDOH�LQW�LQW� UHIRUPDWV� WKH� VHJPHQW� DV� FXWRXW� IURP� WKH� LPDJH�� 7KLVRSHUDWLRQ�LV�RQO\�SHUIRUPHG�LI�D�VHJPHQW� LV� WRR�ODUJH�WR�ILW�RQ�D���
���SODQH�RU� LI� WKH�VHJPHQW�WR�EHUHFRJQL]HG�LV�WRR�VPDOO��UHIHU� WR�VHFWLRQ�����IRU�RXU�PRWLYDWLRQ���7KH�RULJLQDO�UDWLR�RI� WKH�VHJPHQW�LVSUHVHUYHG� LQ� RUGHU� WR� SUHYHQW� FKDUDFWHU� GHIRUPDWLRQ�� (�J��� D� VHJPHQW� KROGLQJ� DQ� LPDJH� RI� WKHQXPHULFDO�FKDUDFWHU�µ�¶�RI�VL]H���
��ZLOO�EH�UHVL]HG�WR�D�VHJPHQW�RI���
���7KH�VFDOLQJ�RSHUDWLRQ�GRHVFKDQJH�WKH�VHJPHQW¶V�UHVROXWLRQ��7KH�VHJPHQW�LV�HLWKHU�PDJQLILHG�RU�UHGXFHG��LQ�ERWK�FDVHV�QHZ�SL[HOVLQWHQVLW\�YDOXHV�DUH�FDOFXODWHG�E\�OLQHDU�LQWHUSRODWLRQ�������6HJPHQW�ELQLDUL]HU
$IWHU� WKH� VHJPHQW� KDV� EHHQ� VFDOHG�� WKH� VHJPHQW� LV� ELQLDUL]HG� DFFRUGLQJ� WKH� SURFHGXUH� H[SODLQHG� LQVHFWLRQ������'XULQJ�ELQLDUL]DWLRQ�WKH�QXPEHU�RI�EODFN�DQG�ZKLWH�SL[HOV�DUH�FRXQWHG��7KH�ELQLDUL]DWLRQRSHUDWLRQ� YDOLGDWHV� WKH� VHJPHQW� DJDLQVW� WZR� V\VWHP� FRQVWDQWV�� 0,13(5&(17$*(%/$&. DQG0$;3(5&(17$*(%/$&. &XUUHQWO\�WKHVH�YDOXHV�DUH�VHW�WR��GHILQH�0,13(5&(17$*(%/$&.��GRXEOH������GHILQH�0$;3(5&(17$*(%/$&.��GRXEOH�����7KLV� YDOLGDWLRQ� SUHYHQWV� VHJPHQWV�� FDWFKHG� E\� SUHYLRXV� VWHSV�� WR� EH� FRQVLGHUHG� DV� FKDUDFWHUVHUURQHRXVO\�



��

������6HJPHQW�FRS\LQJ�SDVWLQJ
&6HJPHQW��6HW6HJPHQW3L[HOV�� LV� WKH� RSHUDWLRQ� ZKLFK� LV� FDOOHG� DIWHU� WKH� VHJPHQW� KDV� EHHQELQLDUL]HG�DQG�YDOLGDWHG��%DVLFDOO\�WKLV�RSHUDWLRQ�SDVWHV�WKH�ELQDU\�FKDUDFWHU�LPDJH�RQWR�D���
���SODQHWR�EH�XVHG�GLUHFWO\� E\� WKH� QHRFRJQLWURQ� UHFRJQL]HU�� ,Q� RXU�&/35� WKH� VHJPHQW� SL[HOV�ZLOO� EH� SODFHGFHQWUDOO\�RQ�WKH���
���SODQH��KRZHYHU�DQ�RYHUORDGHG�RSHUDWLRQ&6HJPHQW��6HW6HJPHQW3L[HOV�LQW�LQW�LV� DYDLODEOH� WR� SODFH� WKH� VHJPHQW� RQ� DQ\� ORFDWLRQ� RQ� WKHSODQH��WKLV�RSHUDWLRQ�PD\�EH�XVHG�WR�YHULI\�WKH�ORFDWLRQ�LQYDULDQFH�RI�WKH�QHRFRJQLWURQ�UHFRJQL]HU��������6HJPHQW�WKLQQLQJ
$V�VWDWHG�HDUOLHU�WKH�QHRFRJQLWURQ�XVHG�LV�GHVLJQHG�WR�UHFRJQL]H�IHDWXUHV�WKDW�KDYH�RQO\�OLQH�VHJPHQWVRI�RQH�SL[HO�WKLFN��WKHUHIRUH�D�WKLQQLQJ�RSHUDWLRQ�LV�DSSOLHG�RQ�WKH�VHJPHQW�EHIRUH�WKH�VHJPHQW�LPDJHLV� VXSSOLHG� WR� WKH� UHFRJQL]HU�� :H� KDYH� LPSOHPHQWHG� WKH� µ+LOOGLWFK¶� DOJRULWKP� WR� VNHOHWRQLVH� WKHVHJPHQW��:H�KDYH�VOLJKWO\�FKDQJHG� WKH�SURFHGXUH�GHVFULEHG� LQ�:RRGV>���SS����@� WR�SUHYHQW� FHUWDLQOLQH�VHJPHQWV�WR�EH�ZLSHG�RXW�FRPSOHWHO\��/DWHU�LQ�FKDSWHU���LW�ZLOO�EH�PHQWLRQHG�WKDW�ILQGLQJ�D�EHWWHUVNHOHWRQL]LQJ�RSHUDWLRQ�ZLOO� LPSURYH� WKH�RYHUDOO�SHUIRUPDQFH�RI�RXU�&/35� V\VWHP�� 6NHOHWRQLVLQJ� LVSHUIRUPHG�E\�FDOOLQJ�WKH�&6HJPHQW��7KLQQLQJ��PHWKRG�
����7KH�FKDUDFWHU�UHFRJQL]HU
:LWKLQ� WKH� &/35�� WZR� W\SHV� RI� QHXUDO� QHWZRUNV� FDQ� EH� XVHG�� D� 0/3� XVLQJ� GLUHFW� LQSXW� DQG� DQHRFRJQLWURQ�QHWZRUN��7KH�0/3�LV�XVHG�RQO\�IRU�YHULILFDWLRQ�DQG�QRW�GHVFULEHG�LQ�WKLV�GRFXPHQW��7KHQHRFRJQLWURQ�VLPXODWRU�VRIWZDUH�LV�GHVFULEHG�LQ�WKH�DSSHQGL[��7KH�LQFRUSRUDWLRQ�RI� WKH�QHRFRJQLWURQUHFRJQL]HU�LQ�WKH�&/35�LV�VWUDLJKWIRUZDUG��:KDW�LV�LPSRUWDQW�IRU�WKH�&/35�VRIWZDUH�LPSOHPHQWDWLRQPD\�EHVW�EH�H[SODLQHG�E\�WKH�FRGH�IUDJPHQW�OLVWHG�EHORZ�
�LQFOXGH�³QHWZRUN�K´
IORDW
�]� ���SRLQWHU�WR�DUUD\�RI�DOO�QHWZRUNV�RXWSXW�FHOOVLQW����PD[BOD\HU� ���LQWHJHU�GHILQLQJ�WKH�OD\HU�QXPEHU
���LQVWDQWLDWH�WKH�QHWZRUN�REMHFWPB1HW:RUN� �QHZ�&1HWZRUN���
���ORDG�WKH�QHWZRUN�FRQILJXUDWLRQPB1HW:RUN�!,QVWDOO�6XSHUYLVHG)XNXVKLPD��³F�?0\1HWZRUN)LOH�QHW´��
���OHW�WKH�QHWZRUN�UHFRJQLVH�DQ�LQSXW�VDPSOHPB1HW:RUN�!7HVW�D�SRLQWHU�WR�DQ�DUUD\�FRQWDLQLQJ�WKH�LPDJH�VDPSOH��
���JHW�WKH�QHWZRUNV�RXWSXW]� �PB1HW:RUN�!*HW3ODQH2XWSXW����
&
��
)LJ�����6DPSOH�FRGH�WR�LQFOXGH�WKH�QHRFRJQLWURQ�LQ�WKH�DSSOLFDWLRQ
,Q�WKH�PDLQ�SURJUDP�RI� WKH�&/35��D�SRLQWHU� WR� WKH�QHWZRUN�REMHFW� LV�FUHDWHG��2QFH� WKH�QHWZRUN�KDVEHHQ�FUHDWHG��WKH�QHWZRUN�FRQVWDQWV�DQG�ZHLJKWV�DUH�LQVWDOOHG�IURP�DQ�H[LVWLQJ�QHWZRUN�FRQILJXUDWLRQILOH��PB1HW:RUN�!,QVWDOO��� $IWHU�LQVWDOODWLRQ��WKH�QHWZRUN�LV�VXSSOLHG�ZLWK�D�FKDUDFWHU�DUUD\�KROGLQJWKH�LPDJH�VHJPHQW�WR�EH�UHFRJQL]HG� PB1HW:RUN�!7HVW���:KDW�IROORZV�LV�UHWULHYLQJ�WKH�RXWSXW�DIWHUWKH� QHWZRUN� KDV� SURSDJDWHG� WKH� RXWSXW� QHXURQ� H[FLWDWLRQV�� 7KLV� LV� DFFRPSOLVKHG� E\� WKH� PHWKRGPB1HW:RUN!*HW3ODQH2XWSXW���



��

����7KH�XVHU�LQWHUIDFH
$V�VKRZQ�LQ�ILJXUH�����WKHUH�DUH�PDQ\�EXWWRQV�WR�SXVK�RQ�WKH�FRQWURO�SDQHO�RI� WKH�XVHULQWHUIDFH��:HZLOO�QRW�H[SODLQ� WKH�ZRUNLQJ�RXW�RI� HDFK�EXWWRQ� LQ� WKLV� UHSRUW�EHFDXVH�PDQ\�DUH� VHOI�H[SODLQLQJ�DQGEHFDXVH�VXFK�D�GHVFULSWLRQ�VKRXOG�EH�JLYHQ�LQ�D�XVHU�PDQXDO��%DVLFDOO\��WKH�V\VWHP�FDQ�EH�RSHUDWHG�LQWZR� ZD\V�� (LWKHU� DOO� SURFHVVLQJ� VWHSV� LQFOXGLQJ� ORDGLQJ� WKH� LPDJH� DUH� LQLWLDWHG� VHSDUDWHO\� E\VXFFHVVLYHO\�SXVKLQJ�WKH�EXWWRQV�WKDW�FDOO�WKHLU�FRUUHVSRQGLQJ�RSHUDWLRQV�RU�WKH�V\VWHP�LV�SUHVHQWHG�DILOH�FRQWDLQLQJ�D�OLVW�RI�LPDJHV�WR�EH�SURFHVVHG�µDXWRPDWLFDOO\¶�%\�SXVKLQJ�WKH�µ)LOH6HULHV¶�EXWWRQ��D�)LOHGLDORJ%R[�LV�SUHVHQWHG�WR�VHOHFW�D�ILOH�FRQWDLQLQJ�DOO�ILOHV�WREH�SURFHVVHG��$IWHU�WKH�ILOH�KDV�EHHQ�VHOHFWHG�WKH�V\VWHP�VWDUWV�SURFHVVLQJ�DOO� LPDJH�OLVWHG�LQ�WKH�ILOHDXWRPDWLFDOO\��$IWHU�DOO�LPDJHV�OLVWHG�LQ�WKH�ILOH�KDYH�EHHQ�SURFHVVHG��DQ�RXWSXW�ILOH�ZLOO�EH�DYDLODEOHZLWK�WKH�UHFRJQLWLRQ�UHVXOWV��%HORZ�VRPH�OLQHV�RI�DQ�RXWSXW�ILOH�DUH�OLVWHG�DV�DQ�H[DPSOH�
��),/(���&�?$IVWXGHHU?3,&������%03 5($'��>"/=�'1@),/(���&�?$IVWXGHHU?3,&������%03 5($'��>-637��@),/(���&�?$IVWXGHHU?3,&������%03 5($'��>9*��*�@),/(���&�?$IVWXGHHU?3,&�����H�%03 5($'��>/77/��@),/(���&�?$IVWXGHHU?3,&������%03 5($'��>+3%*��@��)LJ�����)LOH�VDPSOH�FRQWDLQLQJ�WKH�DQDO\]HG�ELWPDS�LPDJHV�DQG�WKH�UHFRYHUHG�FDU�OLFHQVH�SODWH



��

,QWHQWLRQDOO\�OHIW�EODQN



��

&KDSWHU��
(YDOXDWLRQ
����6\VWHPV�SHUIRUPDQFH
%HORZ��LQ�ILJXUH������LW�LV�GHPRQVWUDWHG�WKDW�RXU�&/35�GRHV�UHFRJQL]H�OLFHQVH�SODWHV�RQ�SKRWRJUDSKVSURGXFHG�E\�DXWRPDWHG� URDG�FDPHUDV�RSHUDWHG�E\� WKH�'XWFK�SROLFH�� ,W�ZRXOG�KDYH�EHHQ�EH\RQG� WKHVFRSH�RI� WKLV� UHVHDUFK� WR�YHULI\� RXU� V\VWHP�DJDLQVW� D� ODUJH�QXPEHU�RI� WKHVH� W\SHV� RI� SKRWRJUDSKV� LQRUGHU� WR�PHDVXUH� WKH� UHFRJQLWLRQ� VXFFHVV� UDWH�RI� WKH�SURWRW\SH�GHVFULEHG� LQ� WKLV� UHSRUW�� ,Q� VWHDG�� IRUHYDOXDWLRQ� RI� RXU� SURWRW\SH� V\VWHP�ZH� KDYH� SURGXFHG� D� QXPEHU� RI� SKRWRJUDSKV� RI� FDUV� SDUNHG� RQVHYHUDO� SDUNLQJ� ORWV� RI� WKH�'HOIW�8QLYHUVLW\� FDPSXV��7KH�SLFWXUHV�ZHUH� WDNHQ�XVLQJ� D� GLJLWDO� SRFNHWFDPHUD�HTXLSSHG�ZLWK�D����PP�OHQV��$OO�LPDJHV�WDNHQ�KDYH�D����
����SL[HO���ELW�JUH\�VFDOH�IRUPDW�)LJXUH�����VKRZV�D�UHSUHVHQWDWLYH�VDPSOH�RI�RXU�HYDOXDWLRQ�VHW�

)LJ������$�SURFHVVLQJ�H[DPSOH�RI�D�SKRWRJUDSK�SURGXFHG�E\�DQ�DXWRPDWHG�FDPHUDRSHUDWHG�E\�WKH�'XWFK�SROLFH��7KH�LPDJH�FXW�RXW�LV����
����SL[HOV��±ELW�JUH\�VFDOHG



��

)LJ������$�UHSUHVHQWDWLYH�VDPSOH�RI�WKH�HYDOXDWLRQ�VHW�XVHG
������3HUIRUPDQFH�GHILQLWLRQ
2EYLRXVO\��RXU�V\VWHP�LV�QRW�D�UHDG\�WR�XVH�DXWRPDWHG�&/35�WR�EH�XVHG�IRU�WUDIILF�ODZ�HQIRUFHPHQW�2QO\� FHUWDLQ� DVSHFWV� RI� LPDJH� SURFHVVLQJ� DQG� FKDUDFWHU� UHFRJQLWLRQ� KDYH� EHHQ� VWXGLHG� DQGLPSOHPHQWHG� LQ� VRIWZDUH��1HYHUWKHOHVV�� LW� LV� SRVVLEOH� WR� FRPSDUH� WKH� SHUIRUPDQFH� RI� RXU� &/35� WRRWKHU�V\VWHP�DUFKLWHFWXUHV�GHVFULEHG�LQ�VFLHQWLILF�DUWLFOHV�RU�RWKHU�FRPPHUFLDO�V\VWHPV��,Q�WKLV�FKDSWHUZH�ZLOO�SUHVHQW�WKH�UHVXOWV�RI�RXU�V\VWHP�UHJDUGLQJ�WKH�LPDJH�SURFHVVRU�DQG�WKH�UHFRJQLWLRQ�UDWH�RI�WKHQHRFRJQLWURQ��EDVHG�RQ�WKH�GHILQLWLRQV�GHVFULEHG�EHORZ�2XU� SURWRW\SH� &/35� LV� EDVHG� RQ� WKH� EORFN� GLDJUDP� RI� D� JHQHUDO� LPDJH� XQGHUVWDQGLQJ� V\VWHP� DVSUHVHQWHG�LQ�ILJXUH������+RZHYHU��QRW�DOO�EXLOGLQJ�EORFNV�KDYH�EHHQ�LPSOHPHQWHG�x 7KHUH�LV�QR�DXWRPDWHG�LPDJH�DFTXLVLWLRQ�x )HDWXUH�H[WUDFWLRQ�VHHPHG�VXSHUIOXRXV�LQ�RXU�VHWXS�x $�SRVW�SURFHVVRU�KDV�EHHQ�GHILQHG�EXW�ZDV�QRW�LPSOHPHQWHG�x )LQDOO\��WKHUH�H[LVWV�QR�IHHGEDFN�LQ�WKH�SURFHVVLQJ�FKDLQ�RI�RXU�SURWRW\SH�
%DVLFDOO\��RXU�V\VWHP�FRQWDLQV�RQO\�WZR�FRPSRQHQWV��� $Q� LPDJH� SURFHVVRU� WKDW� WUDQVIRUPV� DQ� LQSXW� LPDJH� LQWR� D� VHULHV� RI� ELQDU\� LPDJH� FXWRXWVUHSUHVHQWLQJ�LQGLYLGXDO�OLFHQVH�SODWH�FKDUDFWHUV��� $�FKDUDFWHU�UHFRJQL]HU�WKDW�FODVVLILHV�WKH�ELQDU\�LPDJH�FXWRXWV�LQWR�DOSKDQXPHULFDO�FKDUDFWHUV�

)LJ�������7KH�PRGHO�RI�RXU�V\VWHP�XVHG�WR�GHILQH�SHUIRUPDQFH�PHDVXUHV
%HORZ�WZR�PHDVXUHV�DUH�GHILQHG�ZKLFK�DUH�XVHG� WR�TXDOLI\� WKH�V\VWHP¶V�RYHUDOO�SHUIRUPDQFH�� ,Q� WKHQH[W� WZR� VHFWLRQV� WKHVH�PHDVXUHV�DUH�H[SODLQHG�DQG�TXDQWLILHG� IRU� WKH�&/35�SURWRW\SH�GHVFULEHG� LQWKLV�UHSRUW�
x 6XSSO\�WKH�LPDJH�SURFHVVRU�DQ�LPDJH��KRZ�ZHOO�GRHV�LW�VHJPHQWDWH�WKH�OLFHQVH�SODWH�FKDUDFWHUV"7KLV�PHDVXUH�KDV�EHHQ�GHILQHG�DV�WKH�LPDJH�SURFHVVRU�VXFFHVV�UDWH��356&�x *LYHQ�D�ELQDU\�VHJPHQW�FXWRXW�UHSUHVHQWLQJ�D�OLFHQVH�SODWH�FKDUDFWHU�LV�LW�UHFRJQL]HG�FRUUHFWO\"7KLV�PHDVXUH�KDV�EHHQ�GHILQHG�WKH�UHFRJQLWLRQ�UDWH��55

UHFRJQL]HULPDJH�SURFHVVLQJ
LPDJHSUHSURFHVVLQJ LPDJHVHJPHQWDWLRQ VHJPHQWVNHOHWRQL]LQJ VHJPHQWUHFRJQLWLRQ



��

������,PDJH�SURFHVVRU�SHUIRUPDQFH
,GHDOO\�� WKH� LPDJH�SURFHVVRU�ZRXOG� UHWXUQ� H[DFWO\� WKH� QXPEHU� RI� FKDUDFWHU� FXWRXWV� WKH� OLFHQVH� SODWHKDV�� � RI� HDFK� ELWPDS� SKRWR� SUHVHQWHG� WR� WKH� V\VWHP��2XU� LPDJH� SURFHVVRU� GRHV� QRW�� ,Q� VWHDG� LW� FDQUHWXUQ��� 1RW�D�VLQJOH�YDOLG�VHJPHQW��� 0DQ\�VHJPHQW�EXW�QRQH�RI�WKHP�PD\�EH�FRQVLGHUHG�FKDUDFWHU�FXWRXWV��� $�VHW�RI��VHJPHQWV�FRQWDLQLQJ�QRW�DOO�OLFHQVH�SODWH�FKDUDFWHU�FXWRXWV��� $�VHW�RI�VL[�RU�PRUH�VHJPHQW��DPRQJ�ZKLFK�DUH�DOO�OLFHQVH�SODWH�FKDUDFWHU�FXWRXWV�
,W�ZLOO�EH�FOHDU� WKDW�D�&/35�RQO\�FDQ�UHFRYHU�WKH�FDU¶V� OLFHQVH�SODWH� LI� WKH�LPDJH�SURFHVVRU�UHWXUQV�DYDOXH� WKDW� IDOO�ZLWKLQ�FDWHJRU\���RI� WKH� OLVW�JLYHQ�DERYH���� ,I� WKH� LPDJH�SURFHVVRU� UHWXUQV� DW� OHDVW� DOOOLFHQVH�SODWH�FKDUDFWHU�FXWRXWV�� WKH� LPDJH�SURFHVVRU� VWHS� LV� FRQVLGHUHG� VXFFHVVIXO�� ,Q�DOO�RWKHU�FDVHV�WKH�LPDJH�SURFHVVRU�KDV�IDLOHG��DQG�HYHQWXDOO\�WKH�&/35�V\VWHP�ZRXOG�QRW�UHDG�WKH�OLFHQVH�SODWH��2XULPDJH�SURFHVVRU�SHUIRUPDQFH�LV�GHILQHG�E\�WKH�VXFFHVVUDWH�DFKLHYHG�ZKHQ�SURFHVVLQJ�WKH�LPDJH�

(TXDWLRQ�����,PDJH�SURFHVVRU�VXFFHV�UDWH
:H�KDYH�WDNHQ�LQ�WRWDO�����SLFWXUHV��1LQHWHHQ�RI� WKHP�VHHPHG�XQXVDEOH��(LWKHU� WKH�SLFWXUH�ZDV�RYHUH[SRVHG��VXIIHUHG�IX]]LQHVV�FDXVHG�E\�PRYHPHQW�RU�WKH�FDU�KDV�EHHQ�SKRWRJUDSKHG�IURP�D�GLVWDQFH�WRRIDU�DZD\��)LQDOO\�ZH�HQGHG�XS�ZLWK������SKRWRJUDSKV������RI� WKHP�ZHUH�SUH�SURFHVVHG�VXFFHVVIXOO\�7KLV�\LHOGV�D�LPDJH�SURFHVVRU�VXFFHVV�UDWH�RI������2I�FRXUVH��WKLV�QXPEHU�PD\�YDU\�GHSHQGLQJ�RQ�WKHFKDUDFWHULVWLFV�RI�WKH�SKRWRJUDSKV�LQ�WKH�WHVWVHW��,W�ZLOO�JR�XS�LQ�D�KLJKO\�FRQWUROOHG�HQYLURQPHQW��DQG�LWZLOO�VXUHO\�EH�PXFK�ORZHU�XQGHU�EDG�OLJKWLQJ�FRQGLWLRQV��+RZHYHU�LW�JLYHV�D�JRRG�LQGLFDWLRQ�WKDW�WKHWHFKQLTXHV� DQG� DOJRULWKPV� XVHG� LQ� WKH� SUH�SURFHVVRU� PD\� ZRUN� TXLWH� VDWLVIDFWRU\� LQ� WKLV� NLQG� RIVRIWZDUH�DSSOLFDWLRQ�
8QIRUWXQDWHO\� LQ� PRVW� FDVHV� WKH� LPDJH� SURFHVVRU� UHWXUQV� PRUH� WKDQ� VL[� VHJPHQWV�� $V� ZLOO� EHGHPRQVWUDWHG�LQ�VHFWLRQ�������WKLV�VKRXOG�QRW�FDXVH�DQ\�SHUIRUPDQFH�GHJUDGDWLRQ�RQ�WKH�WRWDO�V\VWHPEXW�LW�PDNHV�LW�PDQGDWRU\�WR�LQFOXGH�D�SRVW�SURFHVVRU�LQ�WKH�&/35��$QRWKHU�SUREOHP�ZLWK� WKH�PDQ\HUURQHRXVO\�LVRODWHG�VHJPHQWV�LV�UHODWHG�WR�UXQ�WLPH�SHUIRUPDQFH��&XUUHQWO\�WKH�VHWXS�RI�RXU�V\VWHP�LVVXFK� WKDW� DOO� LVRODWHG� VHJPHQWV� DUH� FRQVLGHUHG� FDQGLGDWH� OLFHQVH� SODWH� FKDUDFWHUV�� 7KH� QHRFRJQLWURQUHFRJQL]HU�ZLOO� WKHUHIRU�DQDO\]H�DOO�RI� WKHP��6LQFH� WKH� QHRFRJQLWURQ�QHWZRUN� VLPXODWRU� LV�E\� IDU� WKHPRVW�&38�F\FOHV�FRQVXPLQJ�SDUW�RI�WKH�V\VWHP��ORQJ�SURFHVVLQJ�WLPHV�LPDJHV�VKRXOG�EH�DQWLFLSDWHG�$� UHFRJQLWLRQ� F\FOH� IRU� RQH� VHJPHQW� WDNHV� DERXW� �� VHFRQGV� RQ� DQ� �����0K]� 3HQWLXP� 3&� XVLQJ� DUHOHDVH�YHUVLRQ�RI� WKH�QHRFRJQLWURQ�VLPXODWRU��%HORZ�LQ� ILJXUH�����D�KLVWRJUDP�LV�JLYHQ�VKRZLQJ� WKHIUHTXHQF\�RI�WKH�QXPEHU�RI�VHJPHQWV�LVRODWHG�SHU�LPDJH�

� UHPHPEHU�ZH�GR�QRW�FDWFK�FRPSOHWH�OLFHQVH�SODWHV�EXW�FRQVLGHU�LQGLYLGXDO�FKDUDFWHUV�LQ�RXUVHJPHQWDWLRQ�SURFHGXUHV

LPDJHVWRWDO LVRODWHGFKDUDFWHUVDOOOHDVWDWLPDJHV356& �� 



��

)LJ������7KH�IUHTXHQF\�RQ�WKH�QXPEHU�RI�VHJPHQWV�FDWFKHG
:KDW�JRHV�ZURQJ� LQ� WKH� LPDJH�SURFHVVRU"�7KH�PDLQ� UHDVRQ� WKH�SUH�SURFHVVRU� IDLOV� WR� LVRODWH� OLFHQVHSODWH�FKDUDFWHUV�LV�EHFDXVH�WKH�HWFKLQJ�ILOWHU�XVHG�LQ�WKH�ELQLDUL]DWLRQ�PHWKRG�VHHPV�QRW�WR�HQFORVH�WKHOLFHQVH�SODWH�FKDUDFWHUV�FRPSOHWHO\��7KH�ILOOLQJ�RSHUDWLRQV�DSSOLHG�DIWHU�WKH�LPDJH�KDV�EHHQ�ELQLDUL]HGGR�ZLSH�RXW�FRPSOHWHO\�WKH�FKDUDFWHUV��6HH�ILJXUH������7KLV�KDSSHQV�ZKHQ�WKH�OLFHQVH�SODWH�FRORU�LV�WRRPXFK�DOLNH�WKH�FRORU�RI�WKH�FDUV�FKDVVLV�

)LJ������OHIW�����
����SL[HO�FXWRXW�IURP�RULJLQDO�SLFWXUH�������PLGGOH��ELQLDUL]HG�LPDJH�ULJKW��QR�SODWHOHIW�
$QRWKHU� UHDVRQ� ZK\� VHJPHQWDWLRQ� IDLOV� LV� WKDW� LQGLYLGXDO� FKDUDFWHUV� EHFRPH� PXWXDO� FRQQHFWHG� RUEHFRPH� FRQQHFWHG� WR� WKH� SODWH� ERXQGDU\�� 7KH� ILOOLQJ� RSHUDWLRQ� LQ� WKLV� FDVH� GRHV� ZLSH� RXW� WKH� QRWFRPSOHWHO\�LVRODWHG�FKDUDFWHUV��6HH�ILJXUH������7KLV�SUREOHP�DOVR�GRHV�RFFXU�RQ�GLUW\�QXPEHUSODWHV�RUZKHQ�IRU�H[DPSOH�WRR�ELJ�VFUHZV�KDYH�EHHQ�XVHG�WR�DWWDFK�WKH�QXPEHUSODWH�

)LJ������OHIW�����
����SL[HO�FXWRXW�IURP�RULJLQDO�SLFWXUH�������PLGGOH��ELQLDUL]HG�LPDJH�ULJKW��PLVVLQJµ6¶�FKDU
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� � �� �� �� �� �� �� �� 0RUH1XPEHU�RI�VHJPHQW�SHU�LPDJH

)UHTX
HQF\



��

������5HFRJQLWLRQ�SHUIRUPDQFH
7KH�UHFRJQLWLRQ�SHUIRUPDQFH�RI�WKH�V\VWHP�LV�GHILQHG�E\�HTXDWLRQV�����

(TXDWLRQ�����UHFRJQLWLRQ�VXFFHV�UDWH
,W�VKRXOG�EH�QRWHG�WKDW�UHFRJQLWLRQ�VXFFHVV�UDWH��55�� LV�GHWHUPLQHG�E\�ERWK�WKH�VHJPHQW�VNHOHWRQL]HUDQG� WKH� QHRFRJQLWURQ� QHWZRUN�� 5HIHU� ILJXUH� ����� )URP� WKH� VHW� RI� ���� SLFWXUHV� VXFFHVVIXOO\� SUH�SURFHVVHG�� ZH� OHDYH� RXW� �� SLFWXUHV� WKDW� KDYH� OLFHQVH� SODWH� FKDUDFWHU� LPDJHV� RI� OHVV� WKHQ� ��� SL[HOVKHLJKW��7KH�UHPDLQLQJ����� ��
�����FKDUDFWHUV�ZHUH�SDVVHG�WKURXJK�WKH�QHRFRJQLWURQ�UHFRJQL]HU����RXW�RI�����ZHUH�QRW�FODVVLILHG�DW�DOO�� ����RXW�RI�����ZHUH�PLVFODVVLILHG��UHIHU� WDEOH������2Q�FKDUDFWHUOHYHO��WKH�UHFRJQL]HU�SDUW�RI�WKH�&/35�V\VWHP�H[KLELWV�WKH�IROORZLQJ�SHUIRUPDQFH�ILJXUHV�

7DEOH�����&KDUDFWHU�OHYHO�UHFRJQL]HU�SHUIRUPDQFH
5HFRJQLWLRQ�RQ�FKDUDFWHU�OHYHO 55FKDUOHYHO
5HFRJQLWLRQ�UDWH��FRUUHFWO\�FODVVLILHG�VHJPHQWV� ������(UURU�UDWH����� �PLVFODVVLILHG�VHJPHQWV� ������5HMHFWLRQ�UDWH���� �XQFODVVLILHG�VHJPHQWV� ������

7KH�ILJXUHV�DERYH�DUH�GHULYHG�IURP�WDEOH������� LQ� WKH�DSSHQGL[��7DEOHV����� OLVWV� WKH� UHFRJQLWLRQ� UDWHSHUIRUPDQFH� RQ� OLFHQVH� SODWH� OHYHO�� ,W� VKRZV� WKH� SHUFHQWDJH� RI� LPDJHV� IURP� ZKLFK� DOO� VL[DOSKDQXPHULFDO� FKDUDFWHUV�RI� WKH� QXPEHUSODWH� KDYH�EHHQ� UHFRJQL]HG� FRUUHFWO\� �UHFRJQLWLRQ� UDWH��� WKHSHUFHQWDJH� RI� LPDJH� ZKHUH� QRW� DOO� FKDUDFWHUV� KDYH� EHHQ� UHFRJQL]HG� FRUUHFWO\� �HUURU� UDWH�� DQG� WKHSHUFHQWDJH�RI�QXPEHUSODWHV�WKDW�VKRZ�RQH�XQFODVVLILHG�FKDUDFWHU��UHMHFWLRQ�UDWH��DW�OHDVW�
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