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$EVWUDFW�
�1RZDGD\V� LW·V� WKH� DJH� RI� GLJLWDO� FRQWHQW� DQG� DV� \RX� NQRZ� GLJLWDO� FRQWHQW� LV� IRU� FRS\LQJ��4XRWDWLRQ��UHYLVLRQ��SODJLDULVP��DQG�ILOH�VKDULQJ�DOO�FUHDWH�FRSLHV��(DV\�DFFHVV�WR�WKH�ZHE�KDV�OHG�WR�LQFUHDVHG�SRWHQWLDO�IRU�VWXGHQWV�FKHDWLQJ�RQ�DVVLJQPHQWV�E\�SODJLDUL]LQJ�RWKHUV·�ZRUN��2YHUODS�GHWHFWLRQ�WRROV�DUH�HDV\�WR�XVH�DQG�DFFXUDWH�LQ�SODJLDULVP�GHWHFWLRQ��VR�WKH\�FDQ�EH�DQ�H[FHOOHQW�GHWHUUHQW� WR�SODJLDULVP��&RQVLGHU� D� ODUJH� FROOHFWLRQ�RI�GRFXPHQWV�VXEPLWWHG� WR� DQ�RQOLQH� VXEPLVVLRQ� V\VWHP� LQ� D� FRQIHUHQFH� RU� D� FRXUVH�PDQDJHPHQW� V\VWHP�� %HFDXVH� RI� WKH�QDWXUH� RI� RQOLQH� VXEPLVVLRQ� V\VWHPV�� FHUWDLQO\� WKHUH·UH� VRPH� SODJLDUL]HG� GRFXPHQWV�ZKLFK�VRPH� DUH� IRROLVKO\� SODJLDUL]HG� WKRURXJKO\� IURP� DQRWKHU� GRFXPHQW� DQG� VRPH� DUH� VKUHZGO\�SODJLDUL]HG� IURP�GLIIHUHQW� SDUWV� RI� GLIIHUHQW� GRFXPHQWV��:H�ZDQW� WR� GHVLJQ� DQG� LPSOHPHQW�87�3ODJ�DV�D�SODJLDULVP�GHWHFWLRQ�VRIWZDUH�WKDW�LQ�IXWXUH�ZLOO�EH�D�SDUW�RI�87&0�� 1RZ�RXU�V\VWHP� LV� VLPLODU� WR�0266�� D�ZLGHO\�XVHG� SODJLDULVP�GHWHFWLRQ� VRIWZDUH� DW�%HUNHOH\��7KH�UHVXOWV�DUH�LQFOXGHG�DW�WKH�HQG�RI�WKLV�UHSRUW��7KHUH�\RX�FDQ�YLVLW�RXU�IXWXUH�SODQ�WR�HQKDQFH�87�3ODJ���

� ,QWURGXFWLRQ�
����� :KDW·V�SODJLDULVP"�
�7KLV� LV� WKH� ILUVW� TXHVWLRQ� WKDW� QDWXUDOO\� FRPHV� WR�PLQG��:KDW·V�SODJLDULVP"�:KDW� GR�ZH�ZDQW� WR� GHWHFW"� 6RPH� LPSRUWDQW� GHILQLWLRQV� WKDW� DUH� DFFHSWDEOH� LQ� RXU�ZRUN� FRPH� LQ� WKH�IROORZLQJ��3ODJLDULVP�UHIHUV�WR���
x 7KH� XVH� RI� DQRWKHU
V� LGHDV�� LQIRUPDWLRQ�� ODQJXDJH�� RU� ZULWLQJ�� ZKHQ� GRQH� ZLWKRXW�SURSHU�DFNQRZOHGJPHQW�RI�WKH�RULJLQDO�VRXUFH�>�@���
x %X\LQJ�D�SDSHU�IURP�D�UHVHDUFK�VHUYLFH�RU�WHUP�SDSHU�PLOO�>�@���
x 7XUQLQJ�LQ�DQRWKHU�VWXGHQW
V�ZRUN�ZLWKRXW�WKDW�VWXGHQW
V�NQRZOHGJH�>�@���
x &RS\LQJ�D�SDSHU�IURP�D�VRXUFH�WH[W�ZLWKRXW�SURSHU�DFNQRZOHGJPHQW�>�@���
x &RS\LQJ�PDWHULDOV�IURP�D�VRXUFH�WH[W��VXSSO\LQJ�SURSHU�GRFXPHQWDWLRQ��EXW�OHDYLQJ�RXW�TXRWDWLRQ�PDUNV�>�@���
x 3DUDSKUDVLQJ�PDWHULDOV�IURP�D�VRXUFH�WH[W�ZLWKRXW�DSSURSULDWH�GRFXPHQWDWLRQ�>�@���,Q�RXU�GRPDLQ�VSHFLILF�SUREOHP� LQ�87&0��SODJLDULVP�PHDQV�VXEPLVVLRQ�RI�RWKHUV·�ZRUN�LQWR�WKLV�FRXUVH�PDQDJHPHQW�V\VWHP��$V�ZH�VDLG�EHIRUH�WKLV�SODJLDUL]HG�YHUVLRQ�FRXOG�EH�D�IRROLVKO\�WKRURXJK�FRS\�RU�D�VKUHZGO\�UHRUGHUHG�DQG�FKDQJHG�RQH��
� 8QLYHUVLW\�RI�7HKUDQ�&RXUVH�0DQDJHPHQW�V\VWHP�
� 0HDVXUH�2I 6RIWZDUH�6LPLODULW\�
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���� 3ODJLDULVP�'HWHFWLRQ�
�1RZ� ZH� ZDQW� WR� LQYHVWLJDWH� WKH� UHDVRQV� WKDW� OHG� XV� WR� GHVLJQ� DQG� LPSOHPHQW� VXFK� D�V\VWHP��%HLQJ�WHDFKHU�DVVLVWDQWV�IRU�DERXW�WZR�\HDUV��ZH�IRXQG�WKDW�SODJLDULVP�LV�JURZLQJ�UDSLGO\�DPRQJ�VWXGHQWV��1RZ�WKH\�DUH�VR�VNLOOHG�LQ�SODJLDULVP��8VXDOO\�WKH\�IRUP�FRORQLHV�LQ�ZKLFK�HDFK�RQH�SHUIRUPV�RQH�DVVLJQPHQW�DQG�DOO�RI�WKHP�KDQG�LQ�RWKHUV�ZRUN��7KH�PRVW�LPSRUWDQW�FRQFHUQ�LV�WKDW�WKH\�RFFDVLRQDOO\�KDQG�LQ�IXOO�FRSLHV��7KH\�XVXDOO\�JOXH�GLIIHUHQW�SDUWV�RI� WKHLU� IULHQGV�ZRUNV�DQG� LQWHUQHW� DUWLFOHV�� WKHQ�VKXIIOH� WKH�SDUDJUDSKV�DQG�DW� ODVW�LQVHUW�D� OLWWOH�RI� WKHLU�VHOI�RSLQLRQV�� ,Q� ODUJH�FROOHFWLRQ�RI�GRFXPHQWV� LW·V�VR�KDUG�WR�GHWHFW�VXFK� NLQGV� RI� SODJLDUL]HG� GRFXPHQWV�PDQXDOO\� ZLWKRXW� DLG� RI� DQ\� VRIWZDUH� WRRO�� 7KXV��VWXGHQWV�SODJLDUL]H�DQG�PRVW�RI�SODJLDUL]HG�ZRUNV�ZRQ·W�EH�GHWHFWHG��7KLV�LV�D�GDQJHURXV�LVVXH� WKDW� FDXVHV� JURZWK� LQ� GLJLWDO� SODJLDULVP�� :H� GRQ·W� KDYH� DQ\� VWDWLVWLFV� DERXW�SODJLDULVP� LQ�8QLYHUVLW\�RI�7HKUDQ��RU� HYHQ� LQ� ,UDQ��%XW�KHUH�ZH�PHQWLRQ�VRPH� VWDWLVWLFV�IURP�WKH &$,� ZKLFK�LV�WLOO�-XQH�������>�@���
x 2Q�PRVW�FDPSXVHV������RI�VWXGHQWV�DGPLW�WR�VRPH�FKHDWLQJ��&ORVH�WR�RQH�TXDUWHU�RI�WKH�SDUWLFLSDWLQJ� VWXGHQWV� DGPLWWHG� WR� VHULRXV� WHVW� FKHDWLQJ� LQ� WKH� SDVW� \HDU� DQG� KDOI�DGPLWWHG�WR�RQH�RU�PRUH�LQVWDQFHV�RI�VHULRXV�FKHDWLQJ�RQ�ZULWWHQ�DVVLJQPHQWV��

�

x $FDGHPLF� KRQRU� FRGHV� HIIHFWLYHO\� UHGXFH� FKHDWLQJ�� 6XUYH\V� FRQGXFWHG� LQ� ������ ������DQG� ������ LQYROYLQJ� RYHU� ������� VWXGHQWV� RQ� ��� GLIIHUHQW� FDPSXVHV�� GHPRQVWUDWH� WKH�LPSDFW�RI�KRQRU�FRGHV�DQG�VWXGHQW�LQYROYHPHQW�LQ�WKH�FRQWURO�RI�DFDGHPLF�GLVKRQHVW\��6HULRXV�WHVW�FKHDWLQJ�RQ�FDPSXVHV�ZLWK�KRQRU�FRGHV�LV�W\SLFDOO\�����WR�����ORZHU�WKDQ�WKH� OHYHO�RQ�FDPSXVHV� WKDW�GR�QRW�KDYH�KRQRU�FRGHV��7KH�OHYHO�RI� VHULRXV�FKHDWLQJ�RQ�ZULWWHQ�DVVLJQPHQWV�LV�����WR�����ORZHU��
�

x ,QWHUQHW� SODJLDULVP� LV� D� JURZLQJ� FRQFHUQ� RQ� DOO� FDPSXVHV� DV� VWXGHQWV� VWUXJJOH� WR�XQGHUVWDQG� ZKDW� FRQVWLWXWHV� DFFHSWDEOH� XVH� RI� WKH� ,QWHUQHW�� ,Q� WKH� DEVHQFH� RI� FOHDU�GLUHFWLRQ� IURP� IDFXOW\��PRVW� VWXGHQWV� KDYH� FRQFOXGHG� WKDW� 
FXW� 	� SDVWH
� SODJLDULVP� ��XVLQJ�D�VHQWHQFH�RU�WZR��RU�PRUH��IURP�GLIIHUHQW�VRXUFHV�RQ�WKH�,QWHUQHW�DQG�ZHDYLQJ�WKLV� LQIRUPDWLRQ� WRJHWKHU� LQWR� D� SDSHU�ZLWKRXW� DSSURSULDWH� FLWDWLRQ� �� LV� QRW� D� VHULRXV�LVVXH��:KLOH�����RI�VWXGHQWV�DGPLWWHG�WR�HQJDJLQJ�LQ�VXFK�EHKDYLRU�LQ�������DOPRVW�����DGPLW� WR� GRLQJ� VR� LQ� WKH� $VVHVVPHQW� 3URMHFW� VXUYH\V�� $� PDMRULW\� RI� VWXGHQWV� ������EHOLHYH�VXFK�FKHDWLQJ�LV�QRW�D�YHU\�VHULRXV�LVVXH��
�

x )DFXOWLHV�DUH�UHOXFWDQW�WR�WDNH�DFWLRQ�DJDLQVW�VXVSHFWHG�FKHDWHUV��,Q�$VVHVVPHQW�SURMHFW�VXUYH\V�LQYROYLQJ�DOPRVW��������IDFXOW\�LQ�WKH�ODVW�WKUHH�\HDUV������RI�WKRVH�ZKR�ZHUH�DZDUH�RI�VWXGHQW�FKHDWLQJ�LQ�WKHLU�FRXUVH�LQ�WKH�ODVW�WKUHH�\HDUV��KDYH�QHYHU�UHSRUWHG�D�VWXGHQW� IRU� FKHDWLQJ� WR� WKH� DSSURSULDWH� FDPSXV� DXWKRULW\�� 6WXGHQWV� VXJJHVW� WKDW�FKHDWLQJ�LV�KLJKHU�LQ�FRXUVHV�ZKHUH�LW�LV�ZHOO�NQRZQ�WKDW�IDFXOW\�PHPEHUV�DUH�OLNHO\�WR�LJQRUH�FKHDWLQJ��
�

x /RQJLWXGLQDO� FRPSDULVRQV� VKRZ� VLJQLILFDQW� LQFUHDVHV� LQ� VHULRXV� WHVW�H[DPLQDWLRQ�FKHDWLQJ�DQG�XQSHUPLWWHG�VWXGHQW�FROODERUDWLRQ��)RU�H[DPSOH�� WKH�QXPEHU�RI�VWXGHQWV�VHOI�UHSRUWLQJ� LQVWDQFHV� RI� XQSHUPLWWHG� FROODERUDWLRQ� DW� QLQH� PHGLXP� WR� ODUJH� VWDWH�XQLYHUVLWLHV�LQFUHDVHG�IURP�����LQ�D������VXUYH\�WR�����LQ�������7KLV�WUHQG�VHHPV�WR�EH�
� &HQWHU�IRU�$FDGHPLF�,QWHJULW\�
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FRQWLQXLQJ��EHWZHHQ������DQG�������LQVWDQFHV�RI�XQSHUPLWWHG�FROODERUDWLRQ�DW����VPDOO�WR�PHGLXP�VFKRROV�LQFUHDVHG�IURP�����WR������
�

x 6WXGLHV� RI� ������� VWXGHQWV� DW� ��� VFKRROV�� FRQGXFWHG� LQ� WKH� ODVW� IRXU� \HDUV�� VXJJHVW�FKHDWLQJ�LV�DOVR�D�VLJQLILFDQW�SUREOHP�LQ�KLJK�VFKRRO�²�RYHU�����RI�UHVSRQGHQWV�DW�SXEOLF�DQG�SDURFKLDO� VFKRROV� DGPLWWHG� WR� RQH� RU�PRUH� LQVWDQFHV� RI� VHULRXV� WHVW� FKHDWLQJ� DQG�RYHU� ���� DGPLWWHG� WR� VRPH� IRUP� RI� SODJLDULVP�� 6OLJKWO\� OHVV� WKDQ� KDOI� RI� WKH�UHVSRQGHQWV�IURP�SULYDWH�VFKRROV�DGPLWWHG�VLPLODU�EHKDYLRUV��$ERXW�KDOI�RI�DOO�VWXGHQWV�DGPLWWHG�WKH\�KDG�HQJDJHG�LQ�VRPH�OHYHO�RI�SODJLDULVP�XVLQJ�WKH�,QWHUQHW���6R�DFFRUGLQJ�WR�WKHVH�VWDWLVWLFV�ZH�VKRXOG�WKLQN�DERXW�D�GHWHUUHQW�VROXWLRQ��2XU�VROXWLRQ�LV�87�3ODJ��7KLV�YHUVLRQ�������RI�87�3ODJ�GRHV�QRW�VXSSRUW�GHWHFWLRQ�RI�SODJLDULVP�IURP�WKH�:RUOG�:LGH�:HE��%XW� LW�ZLOO� EH� IHDVLEOH� LQ� IXWXUH� YHUVLRQV�� ,W·V� D� FUXFLDO� FRQFHUQ�� ,I� \RX�GRQ·W�NQRZ�WKH�UHDVRQ�YLVLW�IROORZLQJ�WRROV�WKDW�VWXGHQWV�XVH�WR�SODJLDUL]H�WKHLU�ZRUN�IURP�WKH�:RUOG�:LGH�:HE���
x KWWS���IDVWSDSHUV�FRP�
x KWWS���VFKRROVXFNV�FRP�
x KWWS���ZZZ�FROOHJHWHUPSDSHUV�FRP�
x KWWS���UHVHDUFK�HVVD\V�FRP�
x KWWS���DQWLHVVD\V�FRP�
x KWWS������KHOSPH�FRP�
x HWF���6R� WR� WUHDW� DOO� VWXGHQWV� FRQVLVWHQWO\�� LQYHVWLJDWH� WKHLU�ZRUN� IDLUO\�� DQG� HQDEOH� FRQYHQLHQW�DQG� IDLU�HOHFWURQLF�VXEPLVVLRQ�V\VWHPV� OLNH�87&0�ZH�VKRXOG�GHWHFW�SODJLDULVP�SUHFLVHO\�E\�VRPH�SRZHUIXO�VRIWZDUH�OLNH�87�3ODJ����

���� 0DLQ�3UREOHPV�
�,Q�WKH�SURFHVV�RI�GHWHFWLQJ�SODJLDULVP�WKHUH·UH�VRPH�LPSRUWDQW�SUREOHPV��7KH�ILUVW�SUREOHP�LV�WKDW�ZH�ZDQW�WR�GHWHFW�SDUWLDO�FRSLHV��:H�GRQ·W�ZDQW�WR�MXVW�ILQG�WKH�H[DFW�PDWFK��$V�ZH�VDLG�DERYH�VKXIIOLQJ�LV�D�SRSXODU�DSSURDFK�IRU�VKUHZG�VWXGHQWV�WR�HVFDSH�IURP�GHWHFWLRQ�RI�WKHLU�SODJLDUL]HG�ZRUN���$QRWKHU� SUREOHP� LV� WKH� DFFXUDF\� RI� RXU�PHWKRG�� 2XU� VRIWZDUH� VKRXOG� EH� DEOH� WR�GHWHFW�SODJLDUL]HG�GRFXPHQWV�DFFXUDWHO\��)DOVH�SRVLWLYHQHVV�DQG�IDOVH�QHJDWLYHQHVV�VKRXOG�EH�DV�PLQLPL]HG�DV�SRVVLEOH��$V�\RX�NQRZ�LW�KDV�D�GHVWUXFWLYH�HIIHFW�LI�RXU�VRIWZDUH�GHWHFWV�DQ LQQRFHQW�VWXGHQW·V�GRFXPHQW�DV�D�SODJLDUL]HG�YHUVLRQ�RI�RWKHUV·�RQHV��7KHUH� LV� RQH�PRUH� SUREOHP� DQG� WKDW·V� WKH� HIILFLHQF\� RI� RXU� VRIWZDUH��:H� VKRXOG�GHVLJQ�DQG�LPSOHPHQW�VRIWZDUH�ZLWK�UHDVRQDEOH�HIILFLHQF\��,W·V�VR�DZIXO�WR�ZDLW�IRU�D�ORQJ�WLPH�WR�ILQG�RXW�WKDW�WKHUH�DUH�VRPH�SODJLDULVPV�LQ�WKH�VXEPLWWHG�FROOHFWLRQ�RU�QRW���$V�ZH�PHQWLRQHG�EHIRUH� LQFOXGLQJ�ZHE�GDWD� LV�DQRWKHU�GLIILFXOW� LVVXH��:H�SODQ� WR�DGG�WKLV�IHDWXUH�WR�RXU�V\VWHP�LQ�IXWXUH�UHOHDVHV���
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� 87�3ODJ�LQ�'HWDLOV
$V�ZH� VDLG� EHIRUH��87�3ODJ� ���� LV�PRVWO\� EDVHG� RQ�0266� >�@�� D�ZLGHO\� XVHG� SODJLDULVP�GHWHFWLRQ�VRIWZDUH��+HUH�LQ�WKLV�VHFWLRQ�ZH·OO�UHSRUW�VRPH�EDVLF�IHDWXUHV�RI�RXU�VRIWZDUH���
���� 'HVLUDEOH�3URSHUWLHV�
�$V�D�JOREDO�UXOH�HYHU\�SODJLDULVP�GHWHFWLRQ�PHWKRG�VKRXOG�PHHW�WKHVH�WKUHH�SURSHUWLHV�>�@����� :KLWHVSDFH�LQVHQVLWLYLW\�,Q�PDWFKLQJ�WH[W�ILOHV��PDWFKHV�VKRXOG�EH�XQDIIHFWHG�E\�VXFK�WKLQJV�DV�H[WUD�ZKLWHVSDFH��FDSLWDOL]DWLRQ��SXQFWXDWLRQ��HWF��,Q�RWKHU�GRPDLQV�WKH�QRWLRQ�RI�ZKDW�VWULQJV�VKRXOG�EH�HTXDO� LV� GLIIHUHQW³IRU� H[DPSOH�� LQ� PDWFKLQJ� VRIWZDUH� WH[W� LW� LV� GHVLUDEOH� WR� PDNH�PDWFKLQJ�LQVHQVLWLYH�WR�YDULDEOH�QDPHV����� 1RLVH�VXSSUHVVLRQ�'LVFRYHULQJ�VKRUW�PDWFKHV�LV�XQLQWHUHVWLQJ��$Q\�PDWFK�PXVW�EH�ODUJH�HQRXJK�WR�LPSO\�WKDW� WKH�PDWHULDO�KDV�EHHQ� FRSLHG�DQG� LV�QRW� VLPSO\�D� FRPPRQ�ZRUG�RU� LGLRP�RI� WKH�ODQJXDJH�LQ�ZKLFK�GRFXPHQWV�DUH�ZULWWHQ����� 3RVLWLRQ�LQGHSHQGHQFH�&RDUVH�JUDLQHG�SHUPXWDWLRQ�RI�WKH�FRQWHQWV�RI�D�GRFXPHQW��H�J���VFUDPEOLQJ�WKH�RUGHU�RI�SDUDJUDSKV�� VKRXOG� QRW� DIIHFW� WKH� VHW� RI� GLVFRYHUHG�PDWFKHV�� $GGLQJ� WR� D� GRFXPHQW�VKRXOG� QRW� DIIHFW� WKH� VHW� RI� PDWFKHV� LQ� WKH� RULJLQDO� SRUWLRQ� RI� WKH� QHZ� GRFXPHQW��5HPRYLQJ�SDUW�RI�D�GRFXPHQW�VKRXOG�QRW�DIIHFW� WKH�VHW�RI�PDWFKHV� LQ�WKH�SRUWLRQ�WKDW�UHPDLQV���
���� N�JUDPV�
�$ N�JUDP�LV�D�FRQWLJXRXV�VXEVWULQJ�RI�OHQJWK�N� 'LYLGH�D�GRFXPHQW�LQWR�N�JUDPV��ZKHUH�N LV�D SDUDPHWHU� FKRVHQ�E\� WKH�XVHU�� )RU� H[DPSOH��)LJXUH���F�� FRQWDLQV�DOO� WKH���JUDPV�RI� WKH�VWULQJ�RI�FKDUDFWHUV�LQ�)LJXUH���E���1RWH�WKDW�WKHUH�DUH�DOPRVW�DV�PDQ\�N�JUDPV�DV�WKHUH�DUH�FKDUDFWHUV� LQ� WKH� GRFXPHQW�� DV� HYHU\� SRVLWLRQ� LQ� WKH� GRFXPHQW� �H[FHSW� IRU� WKH� ODVW� N ï� ��SRVLWLRQV��PDUNV�WKH�EHJLQQLQJ�RI�D�N�JUDP��1RZ�KDVK�HDFK�N�JUDP�DQG�VHOHFW�VRPH�VXEVHW�RI� WKHVH� KDVKHV� WR� EH� WKH� GRFXPHQW·V� ILQJHUSULQWV�� ,Q� DOO� SUDFWLFDO� DSSURDFKHV�� WKH� VHW� RI�ILQJHUSULQWV� LV� D� VPDOO� VXEVHW� RI� WKH� VHW� RI� DOO� N�JUDP�KDVKHV��$� ILQJHUSULQW� DOVR� FRQWDLQV�SRVLWLRQDO� LQIRUPDWLRQ��ZKLFK�ZH�GR�QRW�VKRZ��GHVFULELQJ�WKH�GRFXPHQW�DQG�WKH�ORFDWLRQ�ZLWKLQ�WKDW�GRFXPHQW�WKDW�WKH�ILQJHUSULQW�FDPH�IURP��,I�WKH�KDVK�IXQFWLRQ�LV�FKRVHQ�VR�WKDW�WKH�SUREDELOLW\�RI�FROOLVLRQV�LV�YHU\�VPDOO��WKHQ�ZKHQHYHU�WZR�GRFXPHQWV�VKDUH�RQH�RU�PRUH�ILQJHUSULQWV��LW�LV�H[WUHPHO\�OLNHO\�WKDW�WKH\�VKDUH�D�N�JUDP�DV�ZHOO���)RU�HIILFLHQF\��RQO\�D�VXEVHW� RI� WKH� KDVKHV� VKRXOG� EH� UHWDLQHG� DV� WKH� GRFXPHQW·V� ILQJHUSULQWV�� ,Q� QH[W� VHFWLRQV�ZH·OO�LQWURGXFH�RXU�PHWKRG�RI�VHOHFWLQJ�ILQJHUSULQWV�DQG�FRPSDUH�LW�WR�VRPH�RWKHU�PHWKRGV��>�@��
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)LJXUH����)LQJHU�SULQWLQJ�VRPH�VDPSOH�WH[W�>�@�
+HUH�\RX�FDQ�VHH�WKDW�XVLQJ�N�JUDPV�SURYLGHV�´1RLVH�VXSSUHVVLRQµ��:KHQ�\RX�FKRRVH�N DVWKH�VL]H�RI� WKH�DWRPLF�YLHZ�RI�D�GRFXPHQW� LW�PHDQV� WKDW�HDFK�VWULQJ�PDWFK�ZLWK�VL]H� OHVV�WKDQ�N�ZRXOG�EH�LJQRUHG�DQG�FRXOG�QRW�EH�FRQVLGHUHG�DV�D�ILQJHUSULQW��87�3ODJ�XVHV�WKLV�DSSURDFK�DQG� WKXV� LW�ZLOO� VXSSRUW�´1RLVH� VXSSUHVVLRQ�´�� �´:KLWHVSDFH� LQVHQVLWLYLW\µ�DQG�´3RVLWLRQ� LQGHSHQGHQFHµ� ERWK� KDYH� EHHQ� FRQVLGHUHG� LQ� 87�3ODJ�� /DWHU�ZH·OO� GLVFXVV� WKH�DOJRULWKP�LQ�GHWDLO���
���� .DUS�5RELQ�6WULQJ�0DWFKLQJ�>�@�
�.DUS�DQG�5DELQ·V�DOJRULWKP�LV�RQH�RI�WKH�HDUOLHVW�YHUVLRQ�RI�VXEVWULQJ�PDWFKLQJ�WHFKQLTXHV�EDVHG� RQ� N�JUDPV�� 3UHFLVHO\� ZH� FDQ� VD\� WKDW� WKH� PDLQ� JRDO� RI� WKLV� DOJRULWKP� LV� WR� ILQG�RFFXUUHQFHV�RI�D�SDUWLFXODU�VWULQJ�V RI�OHQJWK�N ZLWKLQ�D�PXFK�ORQJHU�VWULQJ�OLNH�D�GRFXPHQW��7KH� LGHD� LV�WR�FRPSDUH�KDVKHV�RI�DOO�N�JUDPV� LQ� WKH�ORQJ�VWULQJ�ZLWK� WKH�KDVK�RI�V� %XW�WR�DFFRPSOLVK� WKLV�ZH�QHHG� WR�SURSRVH�D�´UROOLQJµ�KDVK� IXQFWLRQ��7KH�TXHVWLRQ� WKDW�PD\�EH�SRSSHG�WR�PLQG�E\�QRZ�LV�WKLV��:KDW·V�D�UROOLQJ�KDVK�IXQFWLRQ"�,I�WKH�KDVK�IRU�WKH�L��VW�N�
JUDP� LV� FRPSXWHG�TXLFNO\� �2� ����� IURP� WKH�KDVK�RI� WKH� L WK N�JUDP��ZH� VD\� WKDW� WKH�KDVK�IXQFWLRQ�LV�D�UROOLQJ�KDVK�IXQFWLRQ��,Q�RXU�SUREOHP�ZH�WUHDW�D�N�JUDP�DV�D�N�GLJLW�QXPEHU�LQ�EDVH�E� ,Q�87�3ODJ�����ZH·YH�XVHG�-DYD·V�KDVK�IXQFWLRQ�WKDW�KDV�D�UROOLQJ�EHKDYLRU�DV�.DUS�
5DELQ·V� DOJRULWKP� VXJJHVWV�� +DYLQJ� & �«& N DV� D� N�JUDP� �N�GLJLW� QXPEHU� LQ� EDVH� E���
+�& �«& N � LV�LWV�KDVK�YDOXH�WKDW�LV�FRPSXWHG�DFFRUGLQJ�WR�IROORZLQJ�KDVK�IXQFWLRQ��
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%XW�DV�ZH�PHQWLRQHG�DERYH��DFFRUGLQJ�WR�.DUS�5DELQ·V�DOJRULWKP�ZH�QHHG�D�KDVK�IXQFWLRQ�ZLWK�UROOLQJ�EHKDYLRU�WR�FRPSXWH�KDVK�YDOXHV�DV�TXLFNO\�DV�SRVVLEOH��)ROORZLQJ�VKRZV�WKH�UROOLQJ�EHKDYLRU�RI�VXJJHVWHG�KDVK�IXQFWLRQ��
�

�6LQFH� E ��N LV� D� FRQVWDQW�� WKLV� DOORZV� HDFK� VXEVHTXHQW� KDVK� WR� EH� FRPSXWHG� IURP� WKH�SUHYLRXV�RQH�ZLWK�RQO\�WZR�DGGLWLRQV�DQG�WZR�PXOWLSOLFDWLRQV��)XUWKHU��WKLV�LGHQWLW\�KROGV�ZKHQ� DGGLWLRQ� DQG� PXOWLSOLFDWLRQ� DUH� PRGXOR� VRPH� YDOXH� �H�J��� WKH� VL]H� RI� WKH� ODUJHVW�UHSUHVHQWDEOH�LQWHJHU���VR�WKLV�PHWKRG�ZRUNV�ZHOO�ZLWK�VWDQGDUG�PDFKLQH�DULWKPHWLF��$V�DQ�DVLGH��WKLV�UROOLQJ�KDVK�IXQFWLRQ�KDV�D�ZHDNQHVV��%HFDXVH�WKH�YDOXHV�RI�WKH�& L DUH�UHODWLYHO\�VPDOO�LQWHJHUV��GRLQJ�WKH�DGGLWLRQ�ODVW�PHDQV�WKDW�WKH�ODVW�FKDUDFWHU�RQO\�DIIHFWV�D�IHZ�RI�WKH�ORZ�RUGHU�ELWV�RI�WKH�KDVK��$�EHWWHU�KDVK�IXQFWLRQ�ZRXOG�KDYH�HDFK�FKDUDFWHU�& L SRWHQWLDOO\�DIIHFW�DOO�RI� WKH�KDVK·V�ELWV��$V�QRWHG�LQ� >�@�� LW� LV�HDV\� WR� IL[� WKLV�E\�PXOWLSO\LQJ�WKH�HQWLUH�KDVK�RI�WKH�ILUVW�N�JUDP�E\�DQ�DGGLWLRQDO�E DQG�WKHQ�VZLWFKLQJ�WKH�RUGHU�RI�WKH�PXOWLSO\�DQG�DGG�LQ�WKH�LQFUHPHQWDO�VWHS��
�

7KHUHIRUH��QRZ�ZH�ZLVK�WR�FRPSDUH�DOO�SDLUV�RI�N�JUDPV�LQ�WKH�FROOHFWLRQ�RI�GRFXPHQWV��$OO�WR�DOO�QDWXUH�RI�WKLV�FRPSDULVRQ�LV�WKH�PDMRU�GLIILFXOW\��)RU�H[DPSOH�FRQVLGHU�WKH�SUREOHP�RI�DOO�WR�DOO� PDWFKLQJ� RQ� $6&,,� WH[W�� 8VLQJ� ��ELW� LQWHJHU� KDVK� YDOXHV� IRU� HDFK� N�JUDP� ZLOO�HYHQWXDWH� WR� DQ� LQGH[� LQIUDVWUXFWXUH� PXFK� ORQJHU� WKDQ� WKH� RULJLQDO� GRFXPHQW�� $� ZHOO�NQRZQ�VROXWLRQ�WR�WKLV�SUREOHP�LV�´)LQJHUSULQWLQJµ����
� )LQJHUSULQWV�
�)LQJHUSULQWLQJ�PHDQV� WKDW�ZH�UHGXFH� WKH�VHW�RI�KDVK�YDOXHV�RI�D�GRFXPHQW�LQ�RUGHU�WR�KDYH�D�VPDOOHU�ORJLFDO�UHSUHVHQWDWLRQ�RI�WKDW�GRFXPHQW�� ,Q� RXU� WHUPLQRORJ\� ZH� UHIHU� WR� WKHVH� VHOHFWHG� KDVK�YDOXHV� DV� ILQJHUSULQWV� RI� WKH� GRFXPHQW�� %XW� D� QHZ�SUREOHP�KDV�EHHQ�DULVHQ��+RZ�WR�VHOHFW�GRFXPHQW�ILQJHUSULQWV"�+HUH�ZH·OO�EULHIO\�LQYHVWLJDWH�VRPH�GLIIHUHQW�DSSURDFKHV�WR�VHOHFW�GRFXPHQW�ILQJHUSULQWV���
x 6HOHFW�HYHU\�L WK KDVK�YDOXH�RI�D�GRFXPHQW�

$ VLPSOH�EXW�LQFRUUHFW�VWUDWHJ\�LV�WR�VHOHFW�HYHU\�L WK KDVK�RI�D�GRFXPHQW��EXW�WKLV�LV�QRW�UREXVW�DJDLQVW�UHRUGHULQJ��LQVHUWLRQV�DQG�GHOHWLRQV��,Q�IDFW��SUHSHQGLQJ�RQH�FKDUDFWHU�WR�D ILOH� VKLIWV� WKH�SRVLWLRQV�RI�DOO�N�JUDPV�E\�RQH��ZKLFK�PHDQV� WKH�PRGLILHG� ILOH�VKDUHV�QRQH�RI�LWV�ILQJHUSULQWV�ZLWK�WKH�RULJLQDO��7KXV��DQ\�HIIHFWLYH�DOJRULWKP�IRU�FKRRVLQJ�WKH�ILQJHUSULQWV� WR� UHSUHVHQW� D� GRFXPHQW� FDQQRW� UHO\� RQ� WKH� SRVLWLRQ� RI� WKH� ILQJHUSULQWV�ZLWKLQ�WKH�GRFXPHQW��
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x 6HOHFW�DOO�KDVKHV�RI�D�GRFXPHQW�WKDW�DUH�� PRG�S�>�@�,Q�WKLV�ZD\�ILQJHUSULQWV�DUH�FKRVHQ�LQGHSHQGHQW�RI�WKHLU�SRVLWLRQ��DQG�LI�WZR�GRFXPHQWV�VKDUH�D�KDVK�YDOXH�WKDW�LV���PRG�S�LW�LV�VHOHFWHG�LQ�ERWK�GRFXPHQWV��6RPH�FRPPHUFLDO�V\VWHPV�XVH� WKLV� WHFKQLTXH�� EXW� LW� QHHGV� VRPH� LPSURYHPHQWV� WR�ZRUN�ZHOO��+RZHYHU�WKLV�DSSURDFK�LV�D�SRSXODU�PHWKRG�RI�GRFXPHQW�ILQJHUSULQWLQJ���
x 6HOHFW�Q�VPDOOHVW�KDVKHV�RI�DOO�N�JUDPV�RI�D�GRFXPHQW�%\�IL[LQJ� WKH�QXPEHU�RI�KDVKHV�SHU�GRFXPHQW�� WKH�V\VWHP�ZRXOG�EH�PRUH�VFDODEOH�DV�ODUJH�GRFXPHQWV�KDYH�WKH�VDPH�QXPEHU�RI�ILQJHUSULQWV�DV�VPDOO�GRFXPHQWV��7KLV� LGHD�ZDV� ODWHU� XVHG� WR� VKRZ� WKDW� LW� ZDV� SRVVLEOH� WR� FOXVWHU� GRFXPHQWV� RQ� WKH� :HE� E\�VLPLODULW\�� 7KH� SULFH� IRU� D� IL[HG�VL]H� ILQJHUSULQW� VHW� LV� WKDW� RQO\� QHDU�FRSLHV� RI� HQWLUH�GRFXPHQWV� FRXOG� EH� GHWHFWHG�� 'RFXPHQWV� RI� YDVWO\� GLIIHUHQW� VL]H� FRXOG� QRW� EH�PHDQLQJIXOO\�FRPSDUHG��IRU�H[DPSOH��WKH�ILQJHUSULQWV�RI�D�SDUDJUDSK�ZRXOG�SUREDEO\�FRQWDLQ�QR� ILQJHUSULQWV�RI� WKH�ERRN�WKDW� WKH�SDUDJUDSK�FDPH�IURP��&KRRVLQJ�KDVKHV���PRG�S��RQ�WKH�RWKHU�KDQG��JHQHUDWHV�YDULDEOH�VL]H�VHWV�RI�ILQJHUSULQWV�IRU�GRFXPHQWV�EXW�JXDUDQWHHV� WKDW�DOO� UHSUHVHQWDWLYH� ILQJHUSULQWV� IRU� D�SDUDJUDSK�ZRXOG�DOVR�EH� VHOHFWHG�IRU� WKH� ERRN�� 7KHVH� WZR� GLIIHUHQW� DSSURDFKHV� FRXOG� EH� FODVVLILHG� WR� ILQJHUSULQWLQJ� DV�EHLQJ�DEOH�WR�GHWHFW�RQO\�´UHVHPEODQFHµ�EHWZHHQ�GRFXPHQWV�RU�DOVR�EHLQJ�DEOH�WR�GHWHFW�´FRQWDLQPHQWµ�EHWZHHQ�GRFXPHQWV���
x :LQQRZLQJ�>�@�,Q�HDFK�ZLQGRZ�VHOHFW�WKH�PLQLPXP�KDVK�YDOXH��,I�WKHUH�LV�PRUH�WKDQ�RQH�KDVK�ZLWK�WKH�PLQLPXP�YDOXH�� VHOHFW� WKH� ULJKWPRVW�RFFXUUHQFH��1RZ�VDYH�DOO� VHOHFWHG�KDVKHV�DV� WKH�ILQJHUSULQWV�RI�WKH�GRFXPHQW��:H·YH�XVHG�:LQQRZLQJ� LQ�87�3ODJ������6R�ZH·OO�GLVFXVV� WKLV�PHWKRG� LQ�GHWDLOV� LQ� WKH�QH[W�VHFWLRQ��
�

� :LQQRZLQJ�
1RZ��ZH
OO�GLVFXVV�DERXW�GHWDLOV�RI�ZLQQRZLQJ�DV�D�ILQJHUSULQWLQJ� DOJRULWKP�� )URP� >�@� ZH� PHQWLRQ� DQ�XSSHU� ERXQG� RQ� WKH� SHUIRUPDQFH� RI� ZLQQRZLQJ��H[SUHVVHG� DV� D� WUDGH�RII� EHWZHHQ� WKH� QXPEHU� RI�ILQJHUSULQWV� WKDW�PXVW� EH� VHOHFWHG� DQG� WKH� VKRUWHVW�PDWFK�WKDW�ZH�DUH�JXDUDQWHHG�WR�GHWHFW��:LQQRZLQJ�JXDUDQWHHV� WR� ILQG� VXEVWULQJ� PDWFKHV� WKDW� VDWLVI\�WZR�SURSHUWLHV���
� x *UHDWHU�WKDQ�W �JXDUDQWHH�WKUHVKROG��

x 1RW�VPDOOHU�WKDQ�N �QRLVH�WKUHVKROG��
�7KH�FRQVWDQWV�W DQG�N � W DUH�FKRVHQ�E\�WKH�XVHU��:H�DYRLG�PDWFKLQJ�VWULQJV�EHORZ�WKH�QRLVH�WKUHVKROG�E\�FRQVLGHULQJ�RQO\�KDVKHV�RI�N�JUDPV��7KH�ODUJHU�N LV��WKH�PRUH�FRQILGHQW�ZH�FDQ�EH�WKDW�PDWFKHV�EHWZHHQ�GRFXPHQWV�DUH�QRW�FRLQFLGHQWDO��2Q�WKH�RWKHU�KDQG��ODUJHU�YDOXHV�
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RI�N DOVR�OLPLW�WKH�VHQVLWLYLW\�WR�UHRUGHULQJ�RI�GRFXPHQW�FRQWHQWV��DV�ZH�FDQQRW�GHWHFW�WKH�UHORFDWLRQ�RI�DQ\�VXEVWULQJ�RI�OHQJWK�OHVV�WKDQ�N� 7KXV��LW�LV�LPSRUWDQW�WR�FKRRVH�N WR�EH�WKH�PLQLPXP�YDOXH�WKDW�HOLPLQDWHV�FRLQFLGHQWDO�PDWFKHV��)LJXUHV���D���G��DUH�UHSURGXFHG�IURP�)LJXUH� �� IRU� FRQYHQLHQFH�DQG� VKRZ�D� VHTXHQFH� RI� KDVKHV�RI� ��JUDPV�GHULYHG� IURP�VRPH�VDPSOH�WH[W��
*LYHQ�D�VHTXHQFH�RI�KDVKHV�K �«K Q � LI�Q ! W ï N� WKHQ�DW�OHDVW�RQH�RI�WKH�K L PXVW�EH�FKRVHQ�WR�JXDUDQWHH�GHWHFWLRQ�RI�DOO�PDWFKHV�RI� OHQJWK�DW� OHDVW�W� 7KLV�VXJJHVWV�WKH�IROORZLQJ�VLPSOH�
DSSURDFK��/HW�WKH�ZLQGRZ�VL]H�EH�Z  �W�ï�N����� &RQVLGHU�WKH�VHTXHQFH�RI�KDVKHV�K �K �«K QWKDW� UHSUHVHQWV� D� GRFXPHQW�� (DFK� SRVLWLRQ� � �� L� �� Q� ï� Z� �� �� LQ� WKLV� VHTXHQFH� GHILQHV� D�
ZLQGRZ� RI� KDVKHV� K L«K ��� ZL � 7R�PDLQWDLQ� WKH� JXDUDQWHH� LW� LV� QHFHVVDU\� WR� VHOHFW� RQH�
KDVK�YDOXH�IURP�HYHU\�ZLQGRZ�WR�EH�D�ILQJHUSULQW�RI�WKH�GRFXPHQW��)LJXUH������7KLV�LV�DOVR�VXIILFLHQW�>�@��,Q�87�3ODJ�����ZH�KDYH�XVHG�WKH�IROORZLQJ�VWUDWHJ\�DV�ZRUNV�ZHOO�LQ�0266��D�SUDFWLFDO�DQG�ZLGHO\�XVHG�SODJLDULVP�GHWHFWLRQ�VRIWZDUH���

)LJXUH����:LQGRZ�VL]H�WR�PDLQWDLQ�WKH�JXDUDQWHH�
�
�
�
�'HILQLWLRQ����:LQQRZLQJ� �

� �,Q�HDFK�ZLQGRZ�VHOHFW�WKH�PLQLPXP�KDVK�YDOXH��,I�WKHUH�LV�PRUH�WKDQ�RQH�KDVK�ZLWK�WKH�PLQLPXP�YDOXH�� VHOHFW� WKH� ULJKWPRVW� RFFXUUHQFH��1RZ� VDYH� DOO� VHOHFWHG�KDVKHV� DV� WKH�ILQJHUSULQWV�RI�WKH�GRFXPHQW��
�

�
�)LJXUH���H��JLYHV�WKH�ZLQGRZV�RI�OHQJWK�IRXU�IRU�WKH�VHTXHQFH�RI�KDVKHV�LQ�)LJXUH���G���(DFK�KDVK�WKDW� LV�VHOHFWHG� LV�VKRZQ�LQ�EROGIDFH� �EXW�RQO\�RQFH�� LQ� WKH�ZLQGRZ�WKDW�ILUVW�VHOHFWV�WKDW�KDVK���7KH�LQWXLWLRQ�EHKLQG�FKRRVLQJ�WKH�PLQLPXP�KDVK�LV�WKDW�WKH�PLQLPXP�KDVK�LQ�RQH�ZLQGRZ� LV� YHU\� OLNHO\� WR� UHPDLQ� WKH�PLQLPXP�KDVK� LQ� DGMDFHQW�ZLQGRZV�� VLQFH� WKH�RGGV�DUH�WKDW�WKH�PLQLPXP�RI�Z UDQGRP�QXPEHUV�LV�VPDOOHU�WKDQ�RQH�DGGLWLRQDO�UDQGRP�QXPEHU�� 7KXV�� PDQ\� RYHUODSSLQJ� ZLQGRZV� VHOHFW� WKH� VDPH� KDVK�� DQG� WKH� QXPEHU� RI�ILQJHUSULQWV�VHOHFWHG�LV�IDU�VPDOOHU�WKDQ�WKH�QXPEHU�RI�ZLQGRZV�ZKLOH�VWLOO�PDLQWDLQLQJ�WKH�JXDUDQWHH��)LJXUH���I��VKRZV�WKH�VHW�RI�ILQJHUSULQWV�VHOHFWHG�E\�ZLQQRZLQJ�LQ�WKH�H[DPSOH��,Q�PDQ\�DSSOLFDWLRQV�LW�LV�XVHIXO�WR�UHFRUG�QRW�RQO\�WKH�ILQJHUSULQWV�RI�D�GRFXPHQW��EXW�DOVR�WKH� SRVLWLRQ� RI� WKH� ILQJHUSULQWV� LQ� WKH� GRFXPHQW�� )RU� H[DPSOH�� ZH� QHHG� SRVLWLRQDO�LQIRUPDWLRQ�WR�VKRZ�WKH�PDWFKLQJ�VXEVWULQJV�LQ�D�XVHU�LQWHUIDFH��,Q�YHUVLRQ�����RI�87�3ODJ�ZH�XVH�DQ�LQWHJHU�QXPEHU�WR�VKRZ�WKH�RIIVHW�RI�IRXQG�PDWFK�LQ�WKH�GRFXPHQW��$Q�HIILFLHQW�LPSOHPHQWDWLRQ� RI� ZLQQRZLQJ� DOVR� QHHGV� WR� UHWDLQ� WKH� SRVLWLRQ� RI� WKH� PRVW� UHFHQWO\�VHOHFWHG� ILQJHUSULQW�� )LJXUH� ��I�� VKRZV� WKH� VHW� RI� >ILQJHUSULQW�� SRVLWLRQ@� SDLUV� IRU� WKLV�H[DPSOH� �LQ� WKLV� ILJXUH� WKH� ILUVW�SRVLWLRQ� LV�QXPEHUHG����EXW� LQ�87�3ODJ�����ZH�XVHG��� WR�LQGLFDWH�WKH�ILUVW�RIIVHW���

W
N

� W ��N
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�
�
�

)LJXUH����:LQQRZLQJ�VDPSOH�WH[W�
�
�7R�DYRLG�WKH�QRWDWLRQDO�FRPSOH[LW\�RI�LQGH[LQJ�DOO�KDVKHV�ZLWK�WKHLU�SRVLWLRQ�LQ�WKH�JOREDO�VHTXHQFH�RI�KDVKHV�RI�N�JUDPV�RI�D�GRFXPHQW��ZH�VXSSUHVV�PRVW�H[SOLFLW�UHIHUHQFHV�WR�WKH�SRVLWLRQ�RI�N�JUDPV� LQ�GRFXPHQWV� LQ�RXU�SUHVHQWDWLRQ��%XW�QRZ�LQ�87�3ODJ����� WKHUH·V�QR�JUDSKLFDO�XVHU�LQWHUIDFH�WR�KLJKOLJKW�WKH�PDWFKHV������� ([SHFWHG�'HQVLW\��

�
�
�
�'HILQLWLRQ����([SHFWHG�'HQVLW\� �

� �7KH�GHQVLW\�RI�D�ILQJHUSULQWLQJ�DOJRULWKP�LV�WKH�H[SHFWHG�IUDFWLRQ�RI�ILQJHUSULQWV�VHOHFWHG�IURP�DPRQJ�DOO�WKH�KDVK�YDOXHV�FRPSXWHG��JLYHQ�UDQGRP�LQSXW��
�
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1RZ��IURP�>�@��ZH�PHQWLRQ�WKH�DQDO\VLV�DERXW�WKH�GHQVLW\�RI�ZLQQRZLQJ��ZKLFK�JLYHV�WKH�WUDGH�RII� EHWZHHQ� WKH� JXDUDQWHH� WKUHVKROG� DQG� WKH� QXPEHU� RI� ILQJHUSULQWV� UHTXLUHG��&RQVLGHU�WKH�IXQFWLRQ�& WKDW�PDSV�WKH�SRVLWLRQ�RI�HDFK�VHOHFWHG�ILQJHUSULQW�WR�WKH�SRVLWLRQ�RI� WKH� ILUVW� �OHIWPRVW�� ZLQGRZ� WKDW� VHOHFWHG� LW� LQ� WKH� VHTXHQFH� RI� DOO� ZLQGRZV� IRU� D�GRFXPHQW�� :H� VD\� ZH� DUH� FKDUJLQJ� WKH� FRVW� RI� VDYLQJ� WKH� ILQJHUSULQW� WR� WKH� LQGLFDWHG�ZLQGRZ��7KH�FKDUJH�IXQFWLRQ�LV�PRQRWRQLF�LQFUHDVLQJ�WKDW�LV��LI�S DQG�T DUH�WKH�SRVLWLRQV�RI�WZR�VHOHFWHG�ILQJHUSULQWV�DQG�S ��T� WKHQ�&�S����&�T��
�
�
�7R�SURFHHG� IXUWKHU� UHFDOO� WKDW� WKH�VHTXHQFH� RI� KDVKHV�ZH� DUH�ZLQQRZLQJ� LV� UDQGRP��:H�DVVXPH� WKDW� WKH� VSDFH� RI� KDVK� YDOXHV� LV� YHU\� ODUJH� VR� WKDW� ZH� FDQ� VDIHO\� LJQRUH� WKH�SRVVLELOLW\�WKDW�WKHUH�LV�D�WLH�IRU�WKH�PLQLPXP�YDOXH�IRU�DQ\�VPDOO�ZLQGRZ�VL]H��&RQVLGHU�DQ�
LQGLFDWRU�UDQGRP�YDULDEOH�; L WKDW� LV�RQH� LII� WKH� L WK ZLQGRZ�: L LV�FKDUJHG��&RQVLGHU� WKH�
DGMDFHQW� ZLQGRZ� WR� WKH� OHIW�: ��L � 7KH� WZR� LQWHUYDOV� RYHUODS� H[FHSW� DW� WKH� OHIWPRVW� DQG�
ULJKWPRVW� SRVLWLRQV�� 7KHLU� XQLRQ� LV� DQ� LQWHUYDO� RI� OHQJWK� Z��� &RQVLGHU� WKH� SRVLWLRQ� S
FRQWDLQLQJ�WKH�VPDOOHVW�KDVK�LQ�WKDW�XQLRQ�LQWHUYDO��$Q\�ZLQGRZ�WKDW�LQFOXGHV�S VHOHFWV�K S

DV�D�ILQJHUSULQW��7KHUH�DUH�WKUHH�FDVHV�>�@���
��� ,I�S  �L�ï��� WKH�OHIWPRVW�SRVLWLRQ�LQ�WKH�XQLRQ��WKHQ�: ��L VHOHFWV�LW��6LQFH�S L:� � ZH�

NQRZ�: L PXVW�VHOHFW�D�KDVK�LQ�DQRWKHU�SRVLWLRQ��T� 7KLV�KDVK�LV�FKDUJHG�WR�: L VLQFH�
: L VHOHFWHG� LW�� : ��L GLG� QRW� VHOHFW� LW�� DQG� WKH� FKDUJH� IXQFWLRQ� LV� PRQRWRQLF�
LQFUHDVLQJ��7KXV�LQ�WKLV�FDVH��; L  ����

��� ,I�S  �L���Z�ï��� WKH�ULJKWPRVW�SRVLWLRQ�LQ�WKH�XQLRQ�LQWHUYDO��WKHQ�: L VHOHFWV�LW��: LPXVW�EH�FKDUJHG�IRU� LW��DV�:L�LV�DOVR�WKH�YHU\�OHIWPRVW� LQWHUYDO�WR�FRQWDLQ�S� $JDLQ���
; L  ����

��� ,I�S LV� LQ� DQ\�RWKHU�SRVLWLRQ� LQ� WKH�XQLRQ� LQWHUYDO�� ERWK�: ��L DQG�: L VHOHFW� LW��1R�PDWWHU� ZKR� LV� FKDUJHG� IRU� LW�� LW� ZRQ·W� EH�: L � VLQFH�: ��L LV� IXUWKHU� OHIW� DQG� DOVR�
VHOHFWHG�LW��7KXV�LQ�WKLV�FDVH��; L  ��

7KH�ILUVW�WZR�FDVHV�KDSSHQ�ZLWK�SUREDELOLW\�� ���Z������ DQG�VR�WKH�H[SHFWHG�YDOXH�RI�; L LV���
� ���Z������ 5HFDOO�WKDW�WKH�VXP�RI�WKH�H[SHFWHG�YDOXHV�LV�WKH�H[SHFWHG�YDOXH�RI�WKH�VXP��HYHQ�LI� WKH� UDQGRP� YDULDEOHV� DUH� QRW� LQGHSHQGHQW�� 7KH� WRWDO� H[SHFWHG� QXPEHU� RI� LQWHUYDOV�FKDUJHG��DQG�WKHUHIRUH�WKH�WRWDO�QXPEHU�RI�ILQJHUSULQWV�VHOHFWHG��LV�MXVW�WKLV�YDOXH�WLPHV�WKH�GRFXPHQW�OHQJWK��7KXV�WKH�GHQVLW\�LV��G  �������Z������
1RZ�ZH�FRPSDUH�WKH�� PRG�S�DOJRULWKP�DQG�:LQQRZLQJ�DW�WKH�VDPH�GHQVLW\��7KDW�LV��ZH�WDNH�S  �����G� ��Z���������� )RU�D�VWULQJ�RI�OHQJWK�W  �Z���N�ï���FRQVLGHU�WKH�HYHQW�WKDW�WKH��
PRG�S�DOJRULWKP�IDLOV�WR�VHOHFW�DQ\�ILQJHUSULQW�DW�DOO�ZLWKLQ�LW���5HFDOO�WKDW�ZLQQRZLQJ�ZRXOG�QHYHU�IDLO�WR�GR�VR���:H�QRZ�FRPSXWH�WKH�SUREDELOLW\�RI�WKLV�HYHQW�IRU�RQH�JLYHQ�VWULQJ���
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3OHDVH�QRWH�WKDW�IRU�WZR�RYHUODSSLQJ�VXFK�VWULQJV�WKHVH�HYHQWV�DUH�QRW� LQGHSHQGHQW��7KXV�WKH�SUREDELOLW\�ZH�FRPSXWH�LV�QRW�D�JRRG�HVWLPDWH�IRU�WKH�IUDFWLRQ�RI�DOO�VXFK�VXEVWULQJV�RI�D�WH[W�WKDW�GR�QRW�KDYH�D�ILQJHUSULQW�VHOHFWHG�XVLQJ�WKH�� PRG�S�DOJRULWKP��$JDLQ�ZH�DVVXPH���LQGHSHQGHQW� XQLIRUPO\� GLVWULEXWHG� KDVK� YDOXHV�� $OVR� ZH� DVVXPH� ODUJH� Z�� 7KXV�� WKH�SUREDELOLW\�WKDW�WKH�JXDUDQWHH�IDLOV�LQ�D�JLYHQ�VHTXHQFH�RI�WH[W�RI�OHQJWK�W� L�H��WKDW�QR�KDVK�LQ�D�JLYHQ�VHTXHQFH�RI�Z�KDVKHV�LV�� PRG�S� LV��

���� 5REXVW�:LQQRZLQJ�
�
�:LQQRZLQJ��KRZHYHU��KDV�D�GLIIHUHQW�SUREOHP��,Q�ORZ�HQWURS\�VWULQJV�WKHUH�DUH�PDQ\�HTXDO�KDVK�YDOXHV�� DQG� WKXV�PDQ\� WLHV� IRU� WKH�PLQLPXP�KDVK� LQ� D� JLYHQ�ZLQGRZ��7R�EH� WUXO\�ORFDO� DQG� LQGHSHQGHQW� RI� JOREDO�SRVLWLRQ�� LW� LV�QHFHVVDU\� WR� WDNH�� VD\�� WKH� ULJKWPRVW� VXFK�KDVK�LQ�WKH�ZLQQRZLQJ�ZLQGRZ��%XW�LQ�WKH�H[WUHPH�FDVH��VD\�D�ORQJ�VWULQJ�RI��·V�ZLWK�RQO\�RQH� N�JUDP�� QHDUO\� HYHU\� VLQJOH� KDVK� LV� VHOHFWHG�� EHFDXVH� WKHUH� LV� RQO\� D� VLQJOH� N�JUDP�ILOOLQJ�WKH�HQWLUH�ZLQQRZLQJ�ZLQGRZ�DQG�DW�HDFK�VWHS�RI�WKH�DOJRULWKP�ZH�PXVW�FKRRVH�WKH�ULJKWPRVW�FRS\³ZKLFK�LV�D�QHZ�FRS\�LQ�HYHU\�ZLQGRZ��7KHUH�LV��KRZHYHU��DQ�HDV\�IL[�IRU�WKLV�SUREOHP��,Q�87�3ODJ�ZH
YH�XVHG�WKH�UHILQHG�YHUVLRQ�RI�ZLQQRZLQJ�DV�IROORZV�>�@���

�
�
�
�'HILQLWLRQ����5REXVW�:LQQRZLQJ �

� �,Q�HDFK�ZLQGRZ�VHOHFW� WKH�PLQLPXP�KDVK�YDOXH�� ,I�SRVVLEOH�EUHDN�WLHV�E\�VHOHFWLQJ� WKH�VDPH�KDVK�DV� WKH�ZLQGRZ�RQH�SRVLWLRQ�WR� WKH� OHIW�� ,I�QRW��VHOHFW� WKH� ULJKWPRVW�PLQLPDO�KDVK��6DYH�DOO�VHOHFWHG�KDVKHV�DV�WKH�ILQJHUSULQWV�RI�WKH�GRFXPHQW��
�

5REXVW�ZLQQRZLQJ�DWWHPSWV�WR�EUHDN�WLHV�E\�SUHIHUULQJ�D�KDVK�WKDW�KDV�DOUHDG\�EHHQ�FKRVHQ�E\�D�SUHYLRXV�ZLQGRZ��7KLV�LV�QR�ORQJHU�D�ORFDO�DOJRULWKP��EXW�RQH�HDVLO\�REVHUYHV�WKDW�IRU�DQ\�WZR�PDWFKLQJ�VXEVWULQJV�RI�OHQJWK�W  �Z���N�ï���ZH�JXDUDQWHH�WR�VHOHFW�WKH�VDPH�KDVK�YDOXH�DQG�VR�WKH�PDWFK�LV�VWLOO�IRXQG��ZH�VLPSO\�QR�ORQJHU�JXDUDQWHH�WKDW�WKHVH�ILQJHUSULQWV�DUH�LQ�WKH�VDPH�UHODWLYH�SRVLWLRQ�LQ�WKH�VXEVWULQJV��+RZHYHU��WKH�WZR�ILQJHUSULQWV�DUH�FORVH��ZLWKLQ�GLVWDQFH�Z�ï����7KLV�WHFKQLTXH�UHGXFHV�WKH�GHQVLW\�RQ�D�VWULQJ�VXFK�DV�´�����������µ�IURP�DV\PSWRWLFDOO\���WR�MXVW���Z��RQH�ILQJHUSULQW�VHOHFWHG�SHU�ZLQGRZ�OHQJWK����
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���� (QJLQH�%DVLF�6RXUFH�&RGH�
)LJXUH���VKRZV�WKH�SVHXGRFRGH�RI�0266�DQG�87�3ODJ�����HQJLQH��:H
YH�LPSOHPHQWHG�WKLV�HQJLQH�SVHXGRFRGH��:H�GRQ
W�SUHIHU� WR� H[SODLQ�PRUH�DERXW� WKLV�SVHXGRFRGH�KHUH�� ,I� \RX�ZDQW�WR�OHDUQ�PRUH�DERXW�LW�UHDG�WKLV�SVHXGRFRGH�DQG�LWV�FRPPHQWV�H[DFWO\���

)LJXUH����3VHXGRFRGH�RI�87�3ODJ�����HQJLQH�
����� &OXVWHULQJ�WKH�5HVXOWV�
�:H
YH�RQH�PRUH�IHDWXUH�WKDW�LW
V�QRW�\HW�VXSSRUWHG�LQ�0266�DQG�PRVW�RWKHU�ZHOO�NQRZQ�V\VWHPV��:H�FOXVWHU�WKH�UHVXOWV��:H VKRZ�WKH�UHVXOWV�LQ�VRPH�GLVWLQFW�JURXSV�LQ�ZKLFK�WKHUH
V�DW OHDVW�RQH�GRFXPHQW��,I�WKHUH
UH�PRUH�WKDQ�RQH�GRFXPHQW�LQ�D RXWSXW�FOXVWHU�LQ�PHDQV�WKDW�SUREDEO\�WKHVH�GRFXPHQWV�DUH�SODJLDUL]HG� YHUVLRQ� RI� HDFK� RWKHU�� 7KLV� ZDV� D� YHU\� QLFH�VXJJHVWLRQ�IURP�'U��)DUKDG�2URXPFKLDQ���
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2XU�PDLQ�JRDO�ZDV�WR�XQGHUVWDQG�WKH�UHVXOWV�HDVLHU��:H�VWDUW�ZLWK�RULJLQDO�GRFXPHQWV�DV�LQGLYLGXDO� FOXVWHUV�� 7KHQ� ZH� PHUJH� WKH� WZR� PRVW� VLPLODU� FOXVWHUV� LQWR� RQH� FOXVWHU� DQG�UHSHDW� WKLV� WLOO� WKH�KLJKHVW� VLPLODULW\� EHWZHHQ� FOXVWHUV�GURS�EHORZ�D� WKUHVKROG� OLNH�6��:H�XVHG�YHFWRU�VSDFH��OWF�OWF��WR�FRPSXWH�WKH�VLPLODULW\�EHWZHHQ�WKH�FHQWURLGV�RI�WZR�FOXVWHUV��

� )XWXUH�:RUNV�

87�3ODJ� LV� LQ� LWV� HDUO\� VWDJH�� ,W
V� VR� \RXQJ��:H�SUHSDUHG�YHUVLRQ�����RI�87�3ODJ� IRU� ILQDO�SURMHFW�RI� ,QWHOOLJHQW� ,QIRUPDWLRQ�5HWULHYDO� FRXUVH� LQ�8QLYHUVLW\�RI�7HKUDQ��%XW� IRU� IXWXUH�ZH�SODQ�WR�HQKDQFH�LW�DQG�DGG�VRPH�KHOSIXO�IHDWXUHV��)ROORZLQJV�DUH�VRPH�RI�WKHVH�IXWXUH�ZRUNV���
� 'HVLJQ�D�JUDSKLFDO�XVHU�LQWHUIDFH�WKDW�OHWV�WKH�XVHU�VXEPLW�D�FROOHFWLRQ�RI�GRFXPHQWV�LQWR�V\VWHP�DQG�YLHZ�LWV�UHVXOWV�SURSHUO\���
� 'HVLJQ� VRPH� IURQW� HQG� XQLWV� WR� VXSSRUW� VRPH� RWKHU�ZLGHO\� XVHG� ILOH� W\SHV� UDWKHU�WKDQ�SODLQ�WH[W���
� 'HVLJQ�VRPH�IURQW�HQG�XQLWV�WR�VXSSRUW�VRPH�ZLGHO\�XVHG�SURJUDPPLQJ�ODQJXDJHV�ILOHV�OLNH�-DYD��&�&����9HULORJ�+'/��3URORJ��HWF���
� 8VH�VRPH�RWKHU�LQIRUPDWLRQ�UHWULHYDO�WHFKQLTXHV�WR�HQKDQFH�87�3ODJ��OLNH�VLJQDWXUH�H[WUDFWLRQ�XVLQJ���PRG�S�WHFKQLTXHV���

� &RQFOXVLRQ�
�:H KDYH�SUHVHQWHG�ZLQQRZLQJ��D�GRFXPHQW�ILQJHUSULQWLQJ�DOJRULWKP�WKDW�LV�ERWK�HIILFLHQW�DQG�JXDUDQWHHV�WKDW�PDWFKHV�RI�D�FHUWDLQ�OHQJWK�DUH�GHWHFWHG��:H�KDYH�DOVR�SUHVHQWHG�WKH�VSHFLILF�IHDWXUHV�RI�87�3ODJ�����DQG�ILQDOO\�GLVFXVVHG�RXU�H[WUD� IHDWXUH�UDWKHU� WKDQ�0266�DQG�RXU�IXWXUH�SODQ�WR�HQKDQFH�87�3ODJ��2XU�HQJLQHV�SVHXGRFRGH�LV�DOVR�LQFOXGHG�LQ�DERYH�SDJHV���
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� $FNQRZOHGJHPHQWV�
+HUH� ZH� ZLVK� WR� WKDQN� 'U�� 2URXPFKLDQ� IRU� IDPLOLDUL]LQJ� XV� ZLWK� LQIRUPDWLRQ� UHWULHYDO�WRSLFV� DQG�KLV� JRRG� VXJJHVWLRQV� WR�GHYHORS� VXFK�D� V\VWHP��:H�VKRXOG� DOVR� WKDQN�0266�GHVLJQHUV� IRU� SXEOLVKLQJ� PRVW� LPSRUWDQW� WRSLFV� DERXW� WKHLU� ZLGHO\� XVHG� SODJLDULVP�GHWHFWLRQ�VRIWZDUH���

� 5HIHUHQFHV�
>�@� KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�3ODJLDULVP� YLVLWHG�RQ�������������>�@� :LOKRLW�6��´+HOSLQJ�VWXGHQWV�DYRLG�SODJLDULVPµ��&ROOHJH�7HDFKLQJ�������������������������
>�@� ´7KH�&HQWHU�)RU�$FDGHPLF�,QWHJULW\��&$,�5HVHDUFKµ� 5HWULHYHG�RQ�����������IURP���� KWWS���ZZZ�DFDGHPLFLQWHJULW\�RUJ�FDLBUHVHDUFK�DVS
>�@� KWWS���ZZZ�FV�EHUNHOH\�HGX�aDLNHQ�PRVV�KWPO� YLVLWHG�RQ����������
>�@� 6�6FKOHPLHU�HW��DO���´:LQQRZLQJ��/RFDO�$OJRULWKPV�IRU�'RFXPHQW�)LQJHUSULQWLQJµ�5HWULHYHG�RQ�����������IURP���� KWWS���WKHRU\�VWDQIRUG�HGX�aDLNHQ�SXEOLFDWLRQV�SDSHUV�VLJPRG���SGI
>�@� 5DSKDHO��$��)LQNHO�HW��DO���´6LJQDWXUH�H[WUDFWLRQ�IRU�RYHUODS�GHWHFWLRQ�LQ�GRFXPHQWVµ�5HWULHYHG�RQ����������IURP���� KWWS���FUSLW�FRP�FRQISDSHUV�&53,79�)LQNHO�SGI
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$ERXW�$XWKRUV�
�

1DHHP�(VIDKDQL�
�%�6F��XQGHUJUDGXDWH�VWXGHQW�LQ�FRPSXWHU�HQJLQHHULQJ��8QLYHUVLW\�RI�7HKUDQ��<HDU�����������
�+RPHSDJH��KWWS���NKRUVKLG�XW�DF�LU�aQDHHP(PDLO��QDHHP�$#7�DFP�RUJ�

0LVDJK�%DJKHULDQ�
�%�6F��XQGHUJUDGXDWH�VWXGHQW�LQ�FRPSXWHU�HQJLQHHULQJ��8QLYHUVLW\�RI�7HKUDQ��<HDU�����������
�+RPHSDJH��KWWS���NKRUVKLG�XW�DF�LU�aPLVDJK(PDLO��PLVDJK�EDJKHULDQ�$#7�JPDLO�FRP�


